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1. Introduction

In the real world, we face many problems involving uncertainty and vagueness re-
lated to areas such as economics, engineering, environment, social sciences, medical
sciences and business management. Uncertain data in these applications could be
caused by complexities and difficulties in classical mathematical modeling. There-
fore, researchers need new approaches for mathematical modeling. Some of these
new approaches are fuzzy set theory introduced by Zadeh [44], intuitionistic fuzzy set
theory introduced by Atanassov [4] as a generalized of fuzzy set theory, soft set the-
ory [38], intuitionistic fuzzy soft set theory [4], fuzzy soft set theory [13, 34], neutro-
sophic soft set theory [33] and so on. Recently, the properties and applications on the
neutrosophic soft set theory have been studied extensively (see [15, 17, 18, 19, 20]).

The idea of the soft set which is completely a new approach for modeling fuzzy,
not clearly defined objects, was introduced by Molodtsov [38], in 1999. Then, Maji
et al.[36] defined several operation on soft sets and made a theoretical study on the
theory of soft set. Soft set theory has a rich potential for application in solving prac-
tical problems in economics, social science, medical science etc. Many interesting
results of soft set theory have been studied by embedding the ideas of fuzzy sets and
intuitionistic fuzzy set. Some of them are fuzzy soft sets [7, 6, 8, 13, 21, 26, 34, 37, 39]
and intuitionistic fuzzy soft sets [14, 23, 24, 31, 35, 40, 41]. The algebraic structures
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of soft sets were first studied by Aktaş and Çag̃man [2]. Aktaş and Çag̃man in-
troduced the basic properties of soft sets to the related concept of fuzzy sets as
well as rough sets. Then, they gave a definition of soft group and derived the ba-
sic properties. The algebraic structure of soft set theory has also been studied in
detail [1, 3, 5, 22, 25, 26, 27, 28, 30, 32, 42, 43, 45, 46, 47, 48]. In 2011, Çağman
et al. defined concepts of fuzzy parameterized fuzzy soft set [8] and fuzzy param-
eterized soft set [9] by assigning fuzzy values to the elements of parameter set,
respectively. In 2012, Çağman and Deli [10] defined t-norm and t-conorm products
of fuzzy parameterized soft sets (FP-soft sets) and proposed two decision making
methods called AND − FP−soft decision making method and OR − FP−soft de-
cision making method. Also they defined means of FP-soft sets [11]. Intuitionistic
fuzzy parameterized soft set was defined by Çağman and Deli [16] and intuitionistic
fuzzy parameterized fuzzy soft set and its operations were introduced by Karaaslan
[29].

In this study, we take parameter set of an intuitionistic fuzzy soft as an intu-
itionistic fuzzy set and so we get a generalization of the soft set [38], fuzzy soft set
[34], intuitionistic fuzzy soft set [35], fuzzy parameterized soft set [13], fuzzy pa-
rameterized fuzzy soft set [8], intuitionistic fuzzy soft set [14], intuitionistic fuzzy
parameterized soft set [16] and intuitionistic fuzzy parameterized fuzzy soft set [29].

From the discussion above, initially we present some basic definitions required
in next sections of the paper in section 2. Then we define concept of intuitionistic
fuzzy parameterized (ifp) intuitionistic fuzzy soft set. After we define set theoretical
operations of the (ifp)−intuitionistic fuzzy soft sets, we investigate some properties
of these operations.We also define ifp-aggregation operator to form ifp-intuitionistic
fuzzy soft decision making method that allows constructing more efficient decision
processes. We finally present an example which shows that the method can be
successfully applied to many problems that contain uncertainties.

2. Preliminaries

In this section, we present definitions and some results of soft set, fuzzy set, fuzzy
soft set, intuitionistic fuzzy set and intuitionistic fuzzy soft set theory that can be
found details [4, 8, 12, 24, 34, 36, 38, 44].

Throughout this subsection U refers to an initial universe, E be the set of param-
eters, P (U) is the power set of U .

Definition 2.1 ([12]). Let U be an initial universe, P (U) be the power set of U , E
be the set of all parameters and A ⊆ E. Then, a soft set FA on the universe U is
defined by a function fA representing a mapping

fA : E → P (U) such that fA(x) = ∅ if x /∈ A

Here, fA is called approximate function of soft set FA, and the value fA(x) is a
set called x-element of the soft set for all x ∈ E. It is worth nothing that the set
fA(x) may be arbitrary. Some of them may be empty, some may have nonempty
intersection. Thus, a soft set FA over U can be represented by the set of ordered
pairs

FA = {(x, fA) : x ∈ E, fA(x) ∈ P (U)}
608
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Note that the set of all soft sets over U will be denoted by S(U).

Definition 2.2 ([44]). Let U be an initial universal set. A fuzzy set X over U is a
set defined by a function µX representing a mapping

µX : U → [0, 1]

Here, µX called membership function of X and the value µX(u) is called the
grade of membership of u ∈ U . The value represents the degree of u belonging to
fuzzy set X. Thus, a fuzzy set X over U can be represented as follows,

X = {(u, µX(u)) : u ∈ U, µX(u) ∈ [0, 1]}
Note that the set of all the fuzzy sets over U will be denoted by F (U).

Definition 2.3 ([4]). An intuitionistic fuzzy set (IFS) X over U is defined as an
object of the following form

X = {(x, µX(u), νX(u)) : u ∈ U},
where the functions µX : U → [0, 1] and νX : U → [0, 1] define the degree of
membership and the degree of non-membership of the element u ∈ U , respectively,
and for every u ∈ U ,

0 ≤ µX(u) + νX(u) ≤ 1.

In addition for all u ∈ U , U = {(u, 1, 0) : u ∈ U} , ∅ = {(u, 0, 1) : u ∈ U} are
intuitionistic fuzzy universal and intuitionistic fuzzy empty set, respectively.

Theorem 2.4 ([4]). Let X and Y be two intuitionistic fuzzy sets. Then

(1) X ⊆ Y ⇔ ∀u ∈ U, µX(u) ≤ µY (u), νX(u) ≥ νY (u).
(2) X ∩ Y = {(u,min{µX(u), µY (u)},max{νX(u), νY (u)}) : u ∈ U}.
(3) X ∪ Y = {(u,max{µX(u), µY (u)},min{νX(u), νY (u)}) : u ∈ U}.
(4) Xc = {(u, νX(u), µX(u)) : u ∈ U}.

Note that the set of all the intuitionistic fuzzy sets over U will be denoted by
IF(U).

Definition 2.5 ([14]). Let U be an initial universe, IF(U) be the set of all intu-
itionistic fuzzy sets over U , E be a set of all parameters and A ⊆ E. Then, an
intuitionistic fuzzy soft set (IFS-set) γA over U is a function from E into IF(U).

Where, the value γA(x) is an intuitionistic fuzzy set over U. That is, γA(x) =
{(u, γA(x)(u), γ

A(x)
(u)) : x ∈ E, u ∈ U)}, where γA(x)(u) and γ

A(x)
(u) are the

membership and non-membership degrees of u to the parameter x, respectively.

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

Definition 2.6 ([14]). Let A,B ⊆ E, γA and γB be two IFS-sets. Then, γA is said
to be an intuitionistic fuzzy soft subset of γB if

(1) A ⊆ B and
(2) γA(x) is an intuitionistic fuzzy subset of γB(x) ∀x ∈ A.

This relationship is denoted by γA⊆̃γB . Similarly, γA is said to be an intuitionistic
fuzzy soft superset of γB , if γB is an intuitionistic fuzzy soft subset of γA and denoted
by γA⊇̃γB .
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Definition 2.7 ([14]). Let γA and γB be two intuitionistic fuzzy soft sets over
IF(U). Then, γA and γB are said to be intuitionistic fuzzy soft equal if and only if
γA is an intuitionistic fuzzy soft subset of γB and γB is an intuitionistic fuzzy soft
subset of γA, and written by γA=γB .

Definition 2.8 ([14]). Let γA be an IFS-set over IF(U). If γA(x) = ∅ for all
x ∈ E, then γA is called empty IFS-set and denoted by γφ.

Definition 2.9 ([14]). Let γA be an IFS-set over IF(U). If γA(x) = {(u, 1, 0) :
∀u ∈ U} for all x ∈ A, then γA is called A-universal IFS-set and denoted by γÂ.

If A=E, then the A-universal IFS-set is called universal IFS-set and denoted by
γÊ .

Definition 2.10 ([14]). Let γA and γB be two IFS-sets over IF(U). Union of γA
and γB , denoted by γA∪̃γB , and is defined by

γA∪̃γB = {(x, γA∪̃B(x)) : x ∈ E}

where

γA∪̃B(x) = {(u,max{γA(x)(u), γB(x)(u)},min{γ
A(x)

(u), γ
B(x)

(u)}) : u ∈ U}.

Definition 2.11 ([14]). Let γA and γB be two IFS-sets over IF(U). Intersection
of γA and γB , denoted by γA∩̃γB , and is defined by

γA∩̃γB = {(x, γA∩̃B(x)) : x ∈ E}

where

γA∩̃B(x) = {(u,min{γA(x)(u), γB(x)(u)},max{γ
A(x)

(u), γ
B(x)

(u)}) : u ∈ U}.

Definition 2.12 ([14]). Let γA be an IFS-set over IF(U). Complement of γA,
denoted by γcA, and is defined by

γcA = {(x, γAc(x)) : x ∈ E}

where γAc(x) = γcA(x) is the complement of intuitionistic fuzzy set γA(x), defined
by

γcA(x) = {(u, γ
A(x)

(u), γA(x)(u)) : u ∈ U}

for all x ∈ E.

Definition 2.13 ([14]). Let γA and γB be two IFS-sets over IF(U). ∧−product of
γA and γB , denoted by γA ∧ γB , and is defined by

γA ∧ γB = {((x, y), γA∧B(x, y)) : (x, y) ∈ E × E}

where

γA∧B(x, y)) = {(u,min(µγA(x)
(u), µγB(x)

(u))),max(νγA(x)
(u), νγB(x)

(u))) : u ∈ U}

for all x, y ∈ E.

Definition 2.14 ([14]). Let γA and γB be two IFS-sets over IF(U). ∨−product of
γA and γB , denoted by γA ∨ γB , and is defined by

γA ∨ γB = {((x, y), γA∨B(x, y)) : (x, y) ∈ E × E}
610



Faruk Karaaslan /Ann. Fuzzy Math. Inform. 11 (2016), No. 4, 607–619

where

γA∨B(x, y)) = {(u,max(µγA(x)
(u), µγB(x)

(u))),min(νγA(x)
(u), νγB(x)

(u))) : u ∈ U}

for all x, y ∈ E.

Definition 2.15 ([8]). Let U be an initial universe, E be the set of all parameters
and X be a fuzzy set over E with the membership function µX : E → [0, 1] and
γX(x) be a fuzzy set over U for all x ∈ E. Then, and fpfs−set ΓX over U is a set
defined by a function γX(x) representing a mapping

γX : E → F (U) such that γX(x) = ∅ if µX(x) = 0

Here, γX is called fuzzy approximate function of (fpfs-set) ΓX , and the value
γX(x) is a fuzzy set called x−element of the fpfs−set for all x ∈ E. Thus, an
fpfs−set ΓX over U can be represented by the set of ordered pairs

ΓX = {(µX(x)/x, γX(x)) : x ∈ E, γX(x) ∈ F (U), µX(x) ∈ [0, 1]},

It must be noted that the sets of all fpfs-sets over U will be denoted by FPFS(U).

Definition 2.16 ([16]). Let U be an initial universe, P (U) be the power set of U ,
E is the set of all parameters and X be a intuitionistic fuzzy set over E with the
membership function µX : E → [0, 1] and non-membership function νX : E → [0, 1].
Then, an ifps−set FX over U is a set defined by a function fX representing a
mapping

fX : E → P (U) such that fX(x) = ∅ if µX(x) = 0, νX(x) = 1

Here, fX is called approximate function of the ifps-set FX , and the value fX(x) is
a set called x−element of ifps-set for all x ∈ E. Thus, ifps−set FX over U can be
represented by the set of ordered pairs

FX = {((µX(x), νX(x))/x, fX(x)) : x ∈ E, fX(x) ∈ P (U), µX(x), νX(x) ∈ [0, 1]}

3. Intuitionistic fuzzy parameterized (Ifp) intuitionistic fuzzy soft
sets

In this section, we define intuitionistic fuzzy parameterized intuitionistic fuzzy
soft sets and their operations with examples.

Throughout this work, we use ΩX ,ΩY ,ΩZ , ...,etc. for ifp-intuitionistic fuzzy
soft sets and ωX , ωY , ωZ , ...,etc. for their intuitionistic fuzzy approximate functions,
respectively.

Definition 3.1. Let U be an initial universe, E be the set of all parameters and X
be an intuitionistic fuzzy set over E with the membership function µX : E → [0, 1]
and non-membership function νX : E → [0, 1]. An ifp-intuitionistic fuzzy soft set
ΩX over IF(U) is defined as follows:

ΩX = {
(
(µX(x), νX(x))/x, ωX(x)

)
: x ∈ E,ωX(x) ∈ IF(U)},

where ωX : E → IF(U) and ωX(x) is called intuitionistic fuzzy approximation of
ifp-intuitionistic fuzzy soft set ΩX .

611



Faruk Karaaslan /Ann. Fuzzy Math. Inform. 11 (2016), No. 4, 607–619

Note that, If µX(x) = 0, νX(x) = 1 and ωX(x) = ∅, we don’t display such
elements in the ifp-intuitionistic fuzzy soft set. Also, it must be noted that the sets
of all ifp-intuitionistic fuzzy soft set ΩX over IF(U) will be denoted by Ω(U).

From now on, to be more comprehensible we will use ωX((µ(x), ν(x))/x) instead
of the notation ωX(x) for all x ∈ E.

Example 3.2. Assume that U = {u1, u2 u3, u4, u5} is a universal set and E =
{x1, x2, x3, x4} a set of parameters. If
X = {(0.5, 0.2)/x1, (0.6, 0.3)/x3, (1.0, 0.0)/x4},
ωX((0.5, 0.2)/x1) = {(0.7, 0.2)/u1, (0.5, 0.4)/u4},
ωX((0.0, 1.0)/x2) = ∅,
ωX((0.6, 0.3)/x3) = {(0.4, 0.3)/u2, (0.8, 0.1)/u3, (0.6, 0.3)/u5},
ωX((1.0, 0.0)/x4) = U ,

then the ΩX is written as follow

ΩX = {((0.5, 0.2)/x1, {(0.7, 0.2)/u1, (0.5, 0.4)/u4}),
((0.6, 0.3)/x3, {(0.4, 0.3)/u2, (0.8, 0.1)/u3, (0.6, 0.3)/u5}),
((1.0, 0.0)/x4, U)}.

Definition 3.3. Let ΩX ∈ Ω(U). If ωX((µ(x), ν(x))/x) = ∅ for all (µ(x), ν(x))/x ∈
X, then ΩX is called an X-empty ifp-intuitionistic fuzzy soft set, denoted by Ω∅X

.
If X = ∅, then the X−empty ifp-intuitionistic fuzzy soft set (Ω∅X

) is called empty
ifp-intuitionistic fuzzy soft set, denoted by Ω∅. Here, ∅ mean that intuitionistic
fuzzy empty set.

Definition 3.4. Let ΩX ∈ Ω(U). If µX(x) = 1, νX(x) = 0 and ωX((µ(x), ν(x))/x) =
U for all (µ(x), ν(x))/x ∈ X, then ΩX is called X-universal ifp-intuitionistic fuzzy
soft set, denoted by ΩX̃ .

If X is equal to intuitionistic fuzzy universal set over E, then the X-universal
ifp-intuitionistic fuzzy soft set is called universal ifp-intuitionistic fuzzy soft set,
denoted by ΩẼ . Here, U mean that intuitionistic fuzzy universal set.

Example 3.5. Let U = {u1, u2, u3, u4} be a universal set and E = {x1, x2, x3, x4}
be a set of parameters. If

X = {(0.2, 0.5)/x2, (0.5, 0.3)/x3, (1.0, 0.0)/x4} and

ωX((0.0, 1.0)/x1) = ∅,
ωX((0.2, 0.5)/x2) = {(0.5, 0.4)/u1, (0.7, 0.3)/u5},
ωX((0.5, 0.3)/x3) = ∅,
ωX((1.0, 0.0)/x4) = U,

then the ifp-intuitionistic fuzzy soft set ΩX is written by

ΩX = {((0.2, 0, 5)/x2, {(0.5, 0.4)/u1, (0, 1.0)/u2, (0, 1.0)/u3,
(0.7, 0.3)/u4}), ((0, 5.0, 3)/x3,∅), ((1.0, 0)/x4, U)}.

If Y = {(1.0, 0)/x1, (0.7, 0.2)/x4} and ωY ((1.0, 0)/x1) = ∅, ωY ((0.7, 0.2)/x4) = ∅
then the ifp-intuitionistic fuzzy soft set ΩY is an Y -empty ifp-intuitionistic fuzzy
soft set, i.e., ΩY = ΩΦY

.
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If Z = {(1.0, 0)/x1, (1.0, 0)/x2}, ωZ((1.0, 0)/x1) = U , and ωZ((1.0, 0)/x2) = U ,
then the ifp-intuitionistic fuzzy soft set ΩZ is Z-universal ifp-intuitionistic fuzzy
soft sets, i.e., ΩZ = ΩZ̃ .

If X = γE and ωX((µ(xi), ν(xi))/xi) = U for all xi ∈ γE , where i = 1, 2, 3, 4,
then the ifp-intuitionistic fuzzy soft set ΩX is a universal ifp-intuitionistic fuzzy
soft set, i.e., ΩX = ΩẼ .

Definition 3.6. Let ΩX ,ΩY ∈ Ω(U). Then, ΩX is an ifp-intuitionistic fuzzy

soft subset of ΩY , denoted by ΩX⊆̃ΩY , if µX(x) ≤ µY (x), νX(x) ≥ νY (x) and
ωX((µ(x), ν(x))/x) ⊆ ωY ((µ(x), ν(x))/x) for all x ∈ E.

Proposition 3.7. Let ΩX ,ΩY ∈ Ω(U). Then

i. ΩX⊆̃ΩẼ.

ii. ΩΦX
⊆̃ΩX .

iii. ΩΦ⊆̃ΩX .
iv. ΩX⊆̃ΩX .
v. ΩX⊆̃ΩY and ΩY ⊆̃ΩZ ⇒ ΩX⊆̃ΩZ .

Proof. The proofs can be proved easily by using the intuitionistic fuzzy approximate
and membership functions of the ifp-intuitionistic fuzzy soft sets. �

Definition 3.8. Let ΩX ,ΩY ∈ Ω(U). Then, ΩX and ΩY are ifp intuitionistic fuzzy
soft equal, written as ΩX = ΩY , if and only if µX(x) = µY (x), νX(x) = νY (x) and
ωX((µ(x), ν(x))/x) = ωY ((µ(x), ν(x))/x) for all x ∈ E.

Proposition 3.9. Let ΩX ,ΩY ,ΩZ ∈ Ω(U). Then

i. ΩX = ΩY and ΩY = ΩZ ⇔ ΩX = ΩZ .
ii. ΩX⊆̃ΩY and ΩY ⊆̃ΩX ⇔ ΩX = ΩY .

Proof. The proofs are trivial. �

Definition 3.10. Let ΩX ∈ Ω(U). Then, the complement of ΩX , denoted by Ωc̃X ,
is defined by

Ωc̃X = {((νX(x), µX(x))/x, ωcX((µ(x), ν(x))/x)) : x ∈ E,ωcX((µ(x), ν(x))/x) ∈ IF(U)}
where ωcX(x) is complement of the intuitionistic fuzzy set ωX(x), that is,
ωcX((µ(x), ν(x))/x) = ωXc((µ(x), ν(x))/x) for every x ∈ E.

Proposition 3.11. Let ΩX ∈ Ω(U). Then

i. (Ωc̃X)c̃ = ΩX .
ii. Ωc̃Φ = ΩẼ.

Proof. i. Let ΩX ∈ Ω(U). Then, from Definition 3.10, we know that

Ωc̃X = {((νX(x), µX(x))/x, ωcX((µ(x), ν(x))/x)) : x ∈ E,ωcX((µ(x), ν(x))/x) ∈ IF(U)}.
Since (ωcX)c(x) = ωX((µ(x), ν(x))/x),

(Ωc̃X)c̃ = {((µX(x), νX(x))/x, (ωcX)c((µ(x), ν(x))/x)) : x ∈ E,
(ωcX)c((µ(x), ν(x))/x) ∈ IF(U)}

= ΩX .
613
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ii. From Definition 3.3, ΩΦ = {((0, 1)/x,Ø) : x ∈ E,Ø ∈ IF(U)}. By Definition
3.10, Ωc̃Φ = {((1, 0)/x, U) : x ∈ E,U ∈ IF(U)}. We have that Ωc̃Φ = ΩẼ . �

Definition 3.12. Let ΩX ,ΩY ∈ Ω(U). Then, union of ΩX and ΩY , denoted by
ΩX ∪̃ΩY , is defined by

ΩX ∪̃ΩY = {((µX∪̃Y (x), νX∩̃Y (x)/x, ωX∪̃Y ((µ(x), ν(x))/x) : x ∈ E}.

Here,

µX∪̃Y (x) = max{µX(x), µY (x)}, νX∪̃Y (x) = min{νX(x), νY (x)} and

ωX∪̃Y ((µ(x), ν(x))/x) = ωX((µ(x), ν(x))/x) ∪ ωY ((µ(x), ν(x))/x), for all x ∈ E.

Proposition 3.13. Let ΩX ,ΩY ,ΩZ ∈ Ω(U). Then

i. ΩX ∪̃ΩX = ΩX .
ii. ΩX ∪̃ΩΦ = ΩX .

iii. ΩX ∪̃ΩẼ = ΩẼ.

iv. ΩX ∪̃ΩY = ΩY ∪̃ΩX .
v. (ΩX ∪̃ΩY )∪̃ΩZ = ΩX ∪̃(ΩY ∪̃ΩZ).

Proof. The proofs can be easily obtained from Definition 3.12. �

Definition 3.14. Let ΩX ,ΩY ∈ Ω(U). Then, intersection of ΩX and ΩY , denoted
by ΩX ∩̃ΩY , is defined by

ΩX ∩̃ΩY = {((µX∩̃Y (x), νX∪̃Y (x))/x, ωX∩̃Y ((µ(x), ν(x))/x) : x ∈ E}.

Here,

µX∩̃Y (x) = min{µX(x), µY (x)}, νX∩̃Y (x) = max{νX(x), νY (x)}
and

ωX∩̃Y ((µ(x), ν(x))/x) = ωX((µ(x), ν(x))/x) ∩ ωY ((µ(x), ν(x))/x) for all x ∈ E.

Note that here ωX((µ(x), ν(x))/x) and ωY ((µ(x), ν(x))/x) are intuitionistic fuzzy
set. Thus, in operations of between ωX((µ(x), ν(x))/x) and ωY ((µ(x), ν(x))/x), we
use the operations of intuitionistic fuzzy sets.

Proposition 3.15. Let ΩX ,ΩY ,ΩZ ∈ Ω(U). Then

i. ΩX ∩̃ΩX = ΩX .
ii. ΩX ∩̃ΩΦ = ΩΦ.

iii. ΩX ∩̃ΩẼ = ΩX .

iv. ΩX ∩̃ΩY = ΩY ∩̃ΩX .
v. (ΩX ∩̃ΩY )∩̃ΩZ = ΩX ∩̃(ΩY ∩̃ΩZ).

Proof. The proofs can be easily obtained from Definition 3.14. �

Remark 3.16. Let ΩX ∈ Ω(U). If ΩX 6= ΩΦ or ΩX 6= ΩẼ , then ΩX ∪̃Ωc̃X 6= ΩẼ
and ΩX ∩̃Ωc̃X 6= ΩΦ.

Proposition 3.17. Let ΩX ,ΩY ∈ Ω(U). Then De Morgan’s laws are valid

i. (ΩX ∪̃ΩY )c̃ = Ωc̃X ∩̃Ωc̃Y .
ii. (ΩX ∩̃ΩY )c̃ = Ωc̃X ∪̃Ωc̃Y .
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Proof. i. Firstly, for all x ∈ E,

ω(X∪̃Y )c̃((µ(x), ν(x))/x) = ωcX∪̃Y ((µ(x), ν(x))/x)

= (ωX((µ(x), ν(x))/x) ∪ ωY ((µ(x), ν(x))/x))c

= (ωX((µ(x), ν(x))/x))c ∩ (ωY ((µ(x), ν(x))/x))c

= ωcX((µ(x), ν(x))/x) ∩ ωcY ((µ(x), ν(x))/x)

= ωX c̃((µ(x), ν(x))/x) ∩ ωY c̃((µ(x), ν(x))/x)

= ωX c̃∩̃Y c̃((µ(x), ν(x))/x),

ΩY = {(max{µX(x), µY (x)},min{νX(x), νY (x)))/x,

ωX∪̃Y ((µ(x), ν(x))/x) : x ∈ E}

and

(ΩX ∪̃ΩY )c̃ = {((min{νX(x), νY (x)},max{µX(x), µY (x)})/x,
ω(X∪̃Y )c((µ(x), ν(x))/x)) : x ∈ E}

= {((min{νX(x), νY (x)},max{µX(x), µY (x)})/x,
ωXc∩̃Y c((µ(x), ν(x))/x)) : x ∈ E}

= {((νX(x), µX(x))/x, ωXc((µ(x), ν(x))/x)) : x ∈ E}
∩ {((νY (x), µY (x)))/x, ωY c((µ(x), ν(x))/x)) : x ∈ E}

= Ωc̃X ∩̃Ωc̃Y .

The proof of (ii) can be made similarly. �

Proposition 3.18. Let ΩX ,ΩY ,ΩZ ∈ Ω(U). Then

i. ΩX ∪̃(ΩY ∩̃ΩZ) = (ΩX ∪̃ΩY )∩̃(ΩX ∪̃ΩZ).
ii. ΩX ∩̃(ΩY ∪̃ΩZ) = (ΩX ∩̃ΩY )∪̃(ΩX ∩̃ΩZ).

Proof. i. For all x ∈ E,

µX∪̃(Y ∩̃Z)(x) = max{µX(x), µY ∩̃Z(x)}
= max{µX(x),min{µY (x), µZ(x)}}
= min{max{µX(x), µY (x)},max{µX(x), µZ(x)}}
= min{µX∪̃Y (x), µX∪̃Z(x)}
= µ(X∪̃Y )∩̃(X∪̃Z)(x),

νX∪̃(Y ∩̃Z)(x) = min{νX(x), νY ∩̃Z(x)}
= min{νX(x),max{νY (x), νZ(x)}}
= min{max{νX(x), νY (x)},max{νX(x), νZ(x)}}
= min{νX∪̃Y (x), νX∪̃Z(x)}
= ν(X∪̃Y )∩̃(X∪̃Z)(x)
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and

ωX∪̃(Y ∩̃Z)((µ(x), ν(x))/x) = ωX((µ(x), ν(x))/x) ∪ ωY ∩̃Z((µ(x), ν(x))/x)

= ωX((µ(x), ν(x))/x)

∪ (ωY ((µ(x), ν(x))/x) ∩ ωZ((µ(x), ν(x))/x))

= (ωX((µ(x), ν(x))/x) ∪ ωY ((µ(x), ν(x))/x))

∩ (ωX((µ(x), ν(x))/x) ∪ ωZ((µ(x), ν(x))/x))

= ωX∪̃Y ((µ(x), ν(x))/x) ∩ ωX∪̃Z((µ(x), ν(x))/x)

= ω(X∪̃Y )∩̃(X∪̃Z)((µ(x), ν(x))/x)

The proof of (ii) can be made similarly. �

4. Ω-aggregation operator

In this section, we define an aggregate intuitionistic fuzzy set of an ifp-intuitionistic
fuzzy soft set and Ω-aggregation operator that produce an aggregate intuitionistic
fuzzy set from an ifp-intuitionistic fuzzy soft set and its intuitionistic fuzzy param-
eter set.

Definition 4.1. Let ΩX ∈ Ω(U). Then Ω-aggregation operator, denoted by Ωagg,
is defined by

Ωagg : IF(E)× Ω(U)→ IF(U), Ωagg(X,ΩX) = Ω∗X

where
Ω∗X = {(µΩ∗

X
(u), νΩ∗

X
(u))/u : u ∈ U}

which is an intuitionistic fuzzy set over U . The value Ω∗X is called aggregate intuition-
istic fuzzy set of the ΩX . Here, the membership degree µΩ∗

X
(u) and nonmembership

degree νΩ∗
X

(u)of u is defined as follows

µΩ∗
X

(u) =
1

|E|
∑
x∈E

µX(x)µωX((µ(x),ν(x))/x)(u)

and

νΩ∗
X

(u) =
1

|E|
∑
x∈E

νX(x)νωX((µ(x),ν(x))/x)(u)

where |E| is the cardinality of E and µωX((µ(x),ν(x))/x)(u) is membership degree of
u ∈ U and νωX((µ(x),ν(x))/x)(u) non-membership degree of u ∈ U in the intuitionistic
fuzzy set ωX((µ(x), ν(x))/x).

5. Decision making method

In this section, we give to choose optimum element a decision making method
using intuitionistic fuzzy set obtained using operation Ωagg defined as above. We
can construct this decision making method by the following algorithm.

Step 1 : Construct an ifp-intuitionistic fuzzy soft set ΩX over U ,

Step 2 : Find the aggregate intuitionistic fuzzy set Ω∗X of ifp-intuitionistic
fuzzy soft set ΩX ,

616



Faruk Karaaslan /Ann. Fuzzy Math. Inform. 11 (2016), No. 4, 607–619

Step 3 : Find
max(u) = max{µΩ∗

X
(u) : u ∈ U} and min(v) = min{νΩ∗

X
(v) : v ∈ U}

Step 4 : Find α ∈ [0, 1] such that (max(u), α)/u ∈ Ω∗X and β ∈ [0, 1] such that
(β,min(v))/v ∈ Ω∗X

Step 5 : Find max(u)
max(u)+α = α′ and β

min(v)+β = β′

Step 6 : Opportune element of U is denoted by Opp(u) and it is chosen as
follow

Opp(u)=

{
u, if α′ ≥ β′
v, if α′ < β′

Example 5.1. In this example, we present an application for the ifp-intuitionistic
fuzzy soft-decision making method.

Let us assume that a company wants to fill a position. There are five candidates
who form the set of alternatives, U = {u1, u2, u3, u4, u5}. The choosing committee
consider a set of parameters, E = {x1, x2, x3, x4}. For i = 1, 2, 3, 4, 5, the parameters
xi stand for ”experience”, ”computer knowledge”, ”young age” and ”good speaking”,
respectively.

After a serious discussion each candidate is evaluated from point of view of the
goals and the constraint according to a chosen subset
X = {(0.7, 0.2)/x2, (0.8, 0, 2)/x3, (0.6, 0.3)/x4} of E. Finally, the committee con-
structs the following ifp-intuitionistic fuzzy soft set over U .

Step 1: Let the constructed ifp-intuitionistic fuzzy soft set ΩX , be as follows,

ΩX =

{
(0.7, 0.2)/x2, {(0.4, 0.3)/u1, (0.7, 0.3)/u2, (0.6, 0.2)/u3, (0.1, 0.5)/u4,

(0.9, 0.1)/u5}), ((0.8, 0.2)/x3, {0.8, 0.1)/u1, (0.8, 0.2)/u2, (0.5, 0.3)/u3,

(0.7, 0.3)/u4}), ((0.6, 0.3)/x4, {(0.5, 0.5)/u1, (0.6, 0.1)/u3, (0.3, 0, 6)/u5})
}
.

Step 2: The aggregate intuitionistic fuzzy set can be found as,

Ω∗X = {(0.318, 0.057)/u1, (0.248, 0.100)/u2, (0.295, 0.033)/u3, (0.158, 0.115)/u4,
(0.203, 0.100)/u5}

Step 3: max(u) = 0.318 and min(v) = 0.033

Step 4: (0.318, 0.057)/u1 ∈ Ω∗X and (0.295, 0.033)/u3 ∈ Ω∗X

Step 5: α′ = 0.318
0.318+0.057 = 0.848 and β′ = 0.295

0.295+0.033 = 0.899

Step 6: Since α′ < β′, Opp(u) = u3.

Note that, although membership degree of u1 is bigger than u3, opportune element
of U is u3. This example show how the effect on decision making of non-membership
degrees of elements.
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6. Conclusion

In this paper, firstly we have defined ifp-intuitionistic fuzzy soft sets and their op-
erations. Then we have presented a decision making method on the ifp-intuitionistic
fuzzy soft set theory. Finally, we have provided an example that demonstrating that
this method can successfully work. It can be applied to problems of many fields
that contain uncertainty. In the future, methods of similarity measure and com-
puting correlation coefficient under ifp-intuitionistic fuzzy soft environment can be
improved by researchers.
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[13] N. Çağman, S. Enginoğlu and F. Çıtak, Fuzzy soft set theory and its applications, Iran. J.

Fuzzy Syst. 8 (3) (2011) 137–147.

[14] N. Çağman and S. Karataş, Intuitionistic fuzzy soft set theory and its decision making, Journal
of Intelligent Fuzzy Systems 24 (4)(2013) 829–836.

[15] I. Deli, npn-Soft Sets Theory and Applications, Ann. Fuzzy Math. Inform. 10 (6) (2015) 847–

862.
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