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Abstract. In this paper, we first introduce the concept of neutrosophic vague soft
expert sets (NVSESs for short) which combines neutrosophic vague sets and soft
expert sets to be more effective and useful. We also define its basic operation,
namely complement, union, intersection, AND and OR along with illustrative ex-
amples, and study some related properties supporting proofs. In our model the user
can know the opinion of all experts in one model.
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1. Introduction

In reality, the limitation of precise research is increasingly being recognized in many
fields, such as economics, social science, and management science, etc. It is well known
that the real world is full of uncertainty, imprecision and vagueness, so researches on
these areas are of great importance. In recent years, uncertain theories such as proba-
bility theory, fuzzy set theory [1], intuitionistic fuzzy set theory [2], vague set theory
[3], rough set theory [4] and interval mathematics have developed greatly and achieve-
ments have been widely applied in lots of social fields. But as we know in some real life
problems for proper description of an object in uncertain and ambiguous environment,
we need to handle the indeterminate and incomplete information. But these theories do
not handle the indeterminate and inconsistent information. Thus neutrosophic set (NS in
short) is defined by Smarandache [5], as a new mathematical tool for dealing with prob-
lems involving incomplete, indeterminacy, inconsistent knowledge. In NS, the indeter-
minacy is quantified explicitly and truth-membership, indeterminacy membership, and
false-membership are completely independent. Furthermore, many research and applica-
tions in the literature based on neutrosophic set are undertaken such as some aggregation
operators of interval neutrosophic linguistic numbers for multiple attribute decision mak-
ing [6], similarity measures between interval neutrosophic sets and their applications in
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multicriteria decision-making [7], multicriteria decision-making method using aggrega-
tion operators for simplified neutrosophic sets [8] and improved correlation coefficients
of single valued neutrosophic sets and interval neutrosophic sets for multiple attribute
decision making [9] . However, all of these theories have their inherent difficulties, in
order to overcome these disadvantages, Molodtsov [10] firstly proposed a new mathe-
matical tool called soft set theory to deal with uncertainty and imprecision and it has
been demonstrated that this new theory brings about a rich potential for applications in
decision making, measurement theory, game theory, etc.
Presently, research on the theoretical and application aspects of soft sets and its various
generalizations are progressing rapidly. Thus After Molodtsovs work, some operations
and application of soft sets were studied by Chen et al.[11] and Maji et al. [12,13] Also
Maji et al.[14] have introduced the concept of fuzzy soft set, a more general concept,
which is a combination of fuzzy set and soft set and studied its properties, and also Roy
and Maji [15] used this theory to solve some decision-making problems. Vague soft set
theory was provided by Xu [16], later on Alhazaymeh and Hassan [17] introduced the
concept of generalized vague soft set and its application followed by possibility vague
soft set along with a few applications in decision making [18] , and interval-valued vague
soft sets and its application. [19], they also introduced the concept of Possibility Interval-
Valued Vague Soft Set [20]. By the concept of neutrosophic set and soft set, first time,
Maji [21] introduced neutrosophic soft set. As a combination of neutrosophic set and
vague set, Alkhazaleh [22] introduced the concept of neutrosophic vague set. Among the
significant milestones in the development of the theory of soft sets and its generalizations
is the element of expert sets which enables the users to know the opinion of all the experts
in one model without the need for any operations. This new aspect has further improved
the theory of soft sets and made it better suited to be used in solving decision making
problems, especially when used with the more accurate generalizations of soft sets such
as fuzzy soft sets, intuitionistic fuzzy soft sets, neutrosophic soft set and neutrosophic
vague soft set. this aspect was established by Alkhazaleh and Salleh (see [23]) .The duo
of Alkhazaleh and Salleh then proceeded to introduce the notion of fuzzy soft expert sets
[24] and gave the application of this concept in decision making and medical diagnosis
problems. Hassan and Alhazaymeh introduced the theory of vague soft expert sets (see
[25] ) and used it to solve decision making and medical diagnosis problems. They also
introduced the mapping on generalized vague soft expert set (see [26] ).
In this paper we introduce the concept of neutrosophic vague soft expert set which is a
combination of neutrosophic vague set and soft expert set, and then define its basic op-
eration, namely complement, union, intersection, AND, and OR, and study their proper-
ties.

2. Preliminaries

In this section, we recall some basic notions in neutrosophic vague set, neutrosophic
vague soft set, soft expert set and neutrosophic soft expert set.

DEFINITION 2.1. (see [22]) A neutrosophic vague set ANV (NVS in short) on the
universe of discourse X written as

ANV = {< x; T̂ANV (x); ÎANV (x); F̂ANV (x)>;x ∈ X}



whose truth-membership, indeterminacy - membership and falsity-membership func-
tions is defined as T̂ANV (x) = [T−,T+], ÎANV (x) = [I−, I+] and F̂ANV (x) = [F−,F+] where

(1) T+ = 1−F−, (2) F+ = 1−T− and (3) −0≤ T−+ I−+F− ≤ 2+.

DEFINITION 2.2. (see [22]) Let ΨNV be a NVS of the universe U where ∀ui ∈U ,
T̂ΨNV (x) = [1,1], ÎΨNV (x) = [0,0], F̂ΨNV (x) = [0,0], then ΨNV is called a unit NVS,
where 1≤ i≤ n. Let ΦNV be a NVS of the universe U where ∀ui ∈U , T̂ΦNV (x) = [0,0],
ÎΦNV (x) = [1,1], F̂ΦNV (x) = [1,1], then ΦNV is called a zero NVS, where 1≤ i≤ n.

DEFINITION 2.3. (see [22]) Let ANV and BNV be two NVSs of the universe U . If
∀ui ∈U,

(1) T̂ANV (ui) = T̂BNV (ui), (2) ÎANV (ui) = ÎBNV (ui) and (3) F̂ANV (ui) = F̂BNV (ui).

then the NVS ANV is equal to BNV , denoted by ANV = BNV , where 1≤ i≤ n.

DEFINITION 2.4. (see [22]) Let ANV and BNV be two NVSs of the universe U . If
∀ui ∈U,

(1) T̂ANV (ui)≤ T̂BNV (ui), (2) ÎANV (ui)≥ ÎBNV (ui) and (3) F̂ANV (ui)≥ F̂BNV (ui).

then the NVS ANV is included by BNV , denoted by ANV ⊆ BNV , where 1≤ i≤ n.

DEFINITION 2.5. (see [22]) The complement of a NVS ANV is denoted by Ac

and is defined by T̂ c
ANV

(x) = [1−T+,1−T−], Îc
ANV

(x) = [1− I+,1− I−] and F̂c
ANV

(x) =
[1−F+,1−F−].

DEFINITION 2.6. (see [22] The union of two NVSs ANV and BNV is a NVS CNV ,
written as CNV = ANV ∪BNV , whose truth-membership, indeterminacy-membership and
false-membership functions are related to those of ANV and BNV given by

T̂CNV (x) =
[
max

(
T−ANV x

,T−BNV x

)
,max

(
T+

ANV x
,T+

BNV x

)]
,

ÎCNV (x) =
[
min

(
I−ANV x

, I−BNV x

)
,min

(
I+ANV x

, I+BNV x

)]
and

F̂CNV (x) =
[
min

(
F−ANV x

,F−BNV x

)
,min

(
F+

ANV x
,F+

BNV x

)]
DEFINITION 2.7. (see [22]) The intersection of two NVSs ANV and BNV is a NVS

CNV , written as HNV =ANV ∩BNV , whose truth-membership, indeterminacy-membership
and false-membership functions are related to those of ANV and BNV given by

T̂HNV (x) =
[
min

(
T−ANV x

,T−BNV x

)
,min

(
T+

ANV x
,T+

BNV x

)]
,

ÎHNV (x) =
[
max

(
I−ANV x

, I−BNV x

)
,max

(
I+ANV x

, I+BNV x

)]
and

F̂HNV (x) =
[
max

(
F−ANV x

,F−BNV x

)
,max

(
F+

ANV x
,F+

BNV x

)]
DEFINITION 2.8. (see [22]) Let U be an initial universal set and let E be a set of

parameters. Let NV (U) denote the power set of all neutrosophic vague subsets of U and



let A ⊆ E. A collection of pairs (F̂ ,E) is called a neutrosophic vague soft set {NV SS}
over U where F̂ is a mapping given by

F̂ : A→ NV (U).

Let Ube a universe, E a set of parameters, X a set of experts (agents), and O a set of
opinions. Let Z = E×X×O and A⊆ Z .

DEFINITION 2.9. (see [23]) A pair ( F, A ) is called a soft expert set over U, where
F is a mapping given by

F : A→ P(U)

where P(U ) denotes the power set of U.

Let Ube a universe, E a set of parameters, X a set of experts (agents), and
O = {1 = agree,0 = disagree}a set of opinions. Let Z = E×X×O and A⊆ Z .

DEFINITION 2.10. (see [27]) A pair ( F, A ) is called a neutrosophic soft expert set
(NSES in short) over U, where F is a mapping given by

F : A→ P(U)

where P(U ) denotes the power neutrosophic set of U.

DEFINITION 2.11. (see [27]) Let (F, A) and (G, B) be two NSESs over the common
universe U. (F, A) is said to be neutrosophic soft expert subset of (G, B) , if A ⊂̃ B and
TF(e)(X) ≤̃ TG(e)(X), IF(e)(X) ≤̃ IG(e)(X), FF(e)(X) ≥̃ FG(e)(X) ∀ e ∈ A, X ∈U .
We denote it by (F,A)⊆̃(G,B) .

(F, A) is said to be neutrosophic soft expert superset of (G, B) if (G, B) is a neutro-
sophic soft expert subset of (F, A) . We denote by (F,A)⊇̃(G,B) .

DEFINITION 2.12. (see [27]) Two ( NSESs ) , (F, A) and (G, B) over the common
universe U are said to be equal if (F, A) is neutrosophic soft expert subset of (G, B) and
(G, B) is neutrosophic soft expert subset of (F, A) .We denote it by (F,A) = (G,B) .

DEFINITION 2.13. (see [27]) NOT set of set parameters. Let E = {−e1,e2, ...en}
be a set of parameters. The NOT set of E is denoted by ¬E = {¬e1,¬e2, ...¬en},
where¬ei = not ei,∀i.

DEFINITION 2.14. (see [27]) The complement of a NSES (F, A) denoted by (F,A)c

and is defined as (F,A)c = (Fc,¬A) where Fc : ¬A→ P(U) is mapping given by
Fc(x) = neutrosophic soft expert complement with TFc(X) = FF(X), IFc(X) = IF(X),
FFc(X) = TF(X) .

DEFINITION 2.15. (see [27]) An agree-NSES (F,A)1 over U is a neutrosophic soft
expert subset of (F, A) defined as follow



(F,A)1 = {F1(m) : m ∈ E×X×{1}}

DEFINITION 2.16. (see [27]) A disagree-NSES (F,A)0 over U is a neutrosophic
soft expert subset of (F, A) defined as follow

(F,A)0 = {F0(m) : m ∈ E×X×{0}}

DEFINITION 2.17. (see [27]) Let (H, A) and (G, B) be two NSESs over the com-
mon universe U. Then the union of (H, A) and (G, B) is denoted by (H,A)∪̃(G,B)
and is defined by (H,A)∪̃(G,B) = (K,C), where C = A∪B and the truthmembership,
indeterminacy-membership and falsity-membership of (K,C) are as follows:

TH(e)(m) =


TH(e)(m), i f e ∈ A−B,
TG(e)(m), i f e ∈ B−A,
max (TH(e)(m),TG(e)(m)), i f e ∈ A∩B,

IH(e)(m) =


IH(e)(m), i f e ∈ A−B,
IG(e)(m), i f e ∈ B−A,
IH(e)(m)+IG(e)(m)

2 , i f e ∈ A∩B,

FH(e)(m) =


FH(e)(m), i f e ∈ A−B,
FG(e)(m), i f e ∈ B−A,
min (FH(e)(m),FG(e)(m)), i f e ∈ A∩B.

DEFINITION 2.18. (see [27]) Let (H, A) and (G, B) be two NSESs over the com-
mon universe U. Then the intersection of (H, A) and (G, B) is denoted by (H,A)∩̃(G,B)
and is defined by (H,A)∩̃(G,B) = (K,C), where C = A∩B and the truth membership,
indeterminacy-membership and falsity-membership of (K,C) are as follows:

TK(e)(m) = min (TH(e)(m),TG(e)(m))

IK(e)(m) =
IH(e)(m)+ IG(e)(m)

2

FK(e)(m) = max (FH(e)(m),FG(e)(m)), i f e ∈ A∩B

DEFINITION 2.19. (see [27]) AND operation on two NSESs. Let (H, A) and (G, B)
be two NSESs over the common universe U. Then AND operation on them is denoted by
(H,A)∧̃(G,B) and is defined by (H,A)∧̃(G,B) =(K,A×B), where the truth-membership,
indeterminacy-membership and falsity-membership of (K,A×B) are as follows:

TK(α,β )(m) = min (TH(α)(m),TG(β )(m))

IK(α,β )(m) =
IH(α)(m)+ IG(β )(m)

2

FK(α,β )(m) = max (FH(α)(m),FG(β )(m)), ∀α ∈ A, ∀β ∈ B



.
DEFINITION 2.20. (see [27]) OR operation on two NSESs. Let (H, A) and (G, B)

be two NSESs over the common universe U. Then OR operation on them is denoted by
(H,A)∨̃(G,B) and is defined by (H,A)∨̃(G,B) =(O,A×B), where the truth-membership,
indeterminacy-membership and falsity-membership of (O,A×B) are as follows:

TO(α,β )(m) = max (TH(α)(m),TG(β )(m))

IO(α,β )(m) =
IH(α)(m)+ IG(β )(m)

2

FO(α,β )(m) = min (FH(α)(m),FG(β )(m)), ∀α ∈ A, ∀β ∈ B

3. Neutrosophic Vague Soft Expert Set

In this section, we introduce the definition of a neutrosophic vague soft expert set and
give basic properties of this concept.

Let Ube a universe, E a set of parameters, X a set of experts (agents), and
O = {1 = agree,0 = disagree}a set of opinions. Let Z = E×X×O and A⊆ Z .

DEFINITION 3.1. A pair ( F, A ) is called a neutrosophic vague soft expert set over
U, where F is a mapping given by

F : A→ NVU

where NVU denotes the power neutrosophic vague set of U.

Example 3.2. Suppose that a company produced new types of its products and
wishes to take the opinion of some experts about concerning these products. Let
U = {u1,u2,u3,u4} be a set of products, E = {e1,e2} a set of decision parameters where
ei(i = 1,2) denotes the decision easy to use, and quality, respectively, and let X = {p,q}
be a set of experts. Suppose that the company has distributed a questionnaire to three
experts to make decisions on the companys products, and we get the following:

F (e1, p,1) =
{

u1
〈[0.2,0.8];[0.1,0.3];[0.2,0.8]〉 ,

u2
〈[0.1,0.7];[0.2,0.5];[0.3,0.9]〉 ,

u3
〈[0.5,0.6];[0.3,0.7];[0.4,0.5]〉 ,

u4
〈[0.8,1];[0.1,0.2];[0,0.2]〉

}
F (e1,q,1) =

{
u1

〈[0.8,0.9];[0.3,0.4];[0.1,0.2]〉 ,
u2

〈[0.2,0.4];[0.2,0.4];[0.6,0.8]〉 ,
u3

〈[0,0.5];[0.5,0.7];[0.5,1]〉 ,
u4

〈[0.6,0.7];[0.2,0.4];[0.3,0.4]〉

}
,

F (e2, p,1) =
{

u1
〈[0.3,0.9];[0.1,0.3];[0.1,0.7]〉 ,

u2
〈[0.2,0.5];[0.2,0.5];[0.5,0.8]〉 ,

u3
〈[0.6,0.9];[0.1,0.7];[0.1,0.4]〉 ,

u4
〈[0.2,0.4];[0.2,0.2];[0.6,0.8]〉

}
F (e2,q,1) =

{
u1

〈[0.4,0.6];[0.1,0.4];[0.4,0.6]〉 ,
u2

〈[0.1,0.3];[0.2,0.4];[0.7,0.9]〉 ,



u3
〈[0.1,0.5];[0.5,0.7];[0.5,0.9]〉 ,

u4
〈[0.2,0.7];[0.2,0.4];[0.3,0.8]〉

}
,

F (e1, p,0) =
{

u1
〈[0.1,0.7];[0.2,0.3];[0.3,0.9]〉 ,

u2
〈[0.7,0.9];[0.5,0.5];[0.1,0.3]〉 ,

u3
〈[0.1,0.2];[0.3,0.4];[0.8,0.9]〉 ,

u4
〈[0.2,0.3];[0.2,0.4];[0.7,0.8]〉

}
F (e1,q,0) =

{
u1

〈[0.2,0.3];[0.3,0.5];[0.7,0.8]〉 ,
u2

〈[0.5,0.7];[0.3,0.4];[0.3,0.5]〉 ,
u3

〈[0.5,0.8];[0.6,0.7];[0.2,0.5]〉 ,
u4

〈[0.1,0.2];[0.4,0.5];[0.8,0.9]〉

}
,

F (e2, p,0) =
{

u1
〈[0.1,0.2];[0.3,0.3];[0.8,0.9]〉 ,

u2
〈[0.7,0.8];[0.4,0.5];[0.2,0.3]〉 ,

u3
〈[0.1,0.4];[0.5,0.7];[0.6,0.9]〉 ,

u4
〈[0.5,0.8];[0.2,0.5];[0.2,0.5]〉

}
F (e2,q,0) =

{
u1

〈[0.7,0.8];[0.3,0.4];[0.2,0.3]〉 ,
u2

〈[0.5,0.6];[0.8,0.9];[0.4,0.5]〉 ,
u3

〈[0.6,0.7];[0.6,0.7];[0.3,0.4]〉 ,
u4

〈[0.8,0.9];[0.2,0.4];[0.1,0.2]〉

}
.

The neutrosophic vague soft expert set (F, Z ) is a parameterized family
{F(ei), i = 1,2,3, ...} of all neutrosophic vague sets of U and describes a collection of
approximation of an object.

DEFINITION 3.3. Let (F, A) and (G, B) be two neutrosophic vague soft expert sets
over the common universe U. (F, A) is said to be neutrosophic vague soft expert subset
of (G, B) if

1. A⊆ B
2. ∀ε ∈ A, F(ε) is a neutrosophic vague subset of G(ε).

This relationship is denoted by (F,A)⊆̃(G,B). In this case (G, B) is called a neutrosophic
vague soft expert superset of (F, A) .

DEFINITION 3.4. Two neutrosophic vague soft expert sets (F, A)
and (G, B) over U are said to be equal if (F, A) is a neutrosophic vague soft expert subset
of (G, B) and (G, B) is a neutrosophic vague soft expert subset of (F, A).

Example 3.5.Consider Example 3.2. Suppose that the company takes the opinion of
the experts once again after a month of using the products. Let

A = {(e1, p,1),(e1,q,0)} and B = {(e1, p,1),(e1,q,0),(e2, p,1)}

Clearly A⊆ B. Let (F, A) and (G, B) be defined as follows:



(F,A) =
{(

(e1, p,1),
{

u1
〈[0.2,0.8];[0.1,0.3];[0.2,0.8]〉 ,

u2
〈[0.1,0.7];[0.2,0.5];[0.3,0.9]〉 ,

u3
〈[0.1,0.2];[0.6,0.7];[0.8,0.9]〉 ,

u4
〈[0.4,0.5];[0.1,0.2];[0.5,0.6]〉

})
,

(
(e1,q,0),

{
u1

〈[0.6,0.9];[0.2,0.4];[0.1,0.4]〉 ,
u2

〈[0.7,0.8];[0.3,0.5];[0.2,0.3]〉 ,
u3

〈[0.8,0.9];[0.3,0.4];[0.1,0.2]〉 ,
u4

〈[0.5,0.6];[0.5,0.6];[0.4,0.5]〉

})}
,

(G,B) =
{(

(e1, p,1),
{

u1
〈[0.3,0.9];[0.1,0.2];[0.1,0.7]〉 ,

u2
〈[0.5,0.7];[0.2,0.5];[0.3,0.5]〉 ,

u3
〈[0.5,0.6];[0.3,0.7];[0.4,0.5]〉 ,

u4
〈[0.8,1];[0.1,0.2];[0,0.2]〉

})
,(

(e1,q,0),
{

u1
〈[0.7,0.9];[0.2,0.3];[0.1,0.3]〉 ,

u2
〈[0.8,0.9];[0.2,0.4];[0.1,0.2]〉 ,

u3
〈[0.9,0.9];[0.1,0.3];[0.1,0.1]〉 ,

u4
〈[0.8,0.9];[0.3,0.4];[0.1,0.2]〉

})
,

(
(e2, p,1),

{
u1

〈[0.1,0.2];[0.2,0.4];[0.8,0.9]〉 ,
u2

〈[0.7,0.8];[0.3,0.5];[0.2,0.3]〉 ,
u3

〈[0.8,0.8];[0.1,0.4];[0.2,0.2]〉 ,
u4

〈[0.5,0.6];[0.5,0.6];[0.4,0.5]〉

})}
.

Therefore (F,A)⊆̃(G,B).

DEFINITION 3.6. An agree-neutrosophic vague soft expert set (F,A)1 over U is a
neutrosophic vague soft expert subset of (F, A) defined as follow

(F,A)1 = {F1(m) : m ∈ E×X×{1}}

Example 3.7. Consider Example 3.2. Then the agree-neutrosophic vague soft expert
set (F,A)1 over U is

(F,A)1 =
{(

(e1, p,1),
{

u1
〈[0.2,0.8];[0.1,0.3];[0.2,0.8]〉 ,

u2
〈[0.1,0.7];[0.2,0.5];[0.3,0.9]〉 ,

u3
〈[0.5,0.6];[0.3,0.7];[0.4,0.5]〉 ,

u4
〈[0.8,1];[0.1,0.2];[0,0.2]〉

})
,(

(e1,q,1),
{

u1
〈[0.8,0.9];[0.3,0.4];[0.1,0.2]〉 ,

u2
〈[0.2,0.4];[0.2,0.4];[0.6,0.8]〉 ,

u3
〈[0,0.5];[0.5,0.7];[0.5,1]〉 ,

u4
〈[0.6,0.7];[0.2,0.4];[0.3,0.4]〉

})
,

(
(e2, p,1),

{
u1

〈[0.3,0.9];[0.1,0.3];[0.1,0.7]〉 ,
u2

〈[0.2,0.5];[0.2,0.5];[0.5,0.8]〉 ,
u3

〈[0.6,0.9];[0.1,0.7];[0.1,0.4]〉 ,
u4

〈[0.2,0.4];[0.2,0.2];[0.6,0.8]〉

})
,

(
(e2,q,1),

{
u1

〈[0.4,0.6];[0.1,0.4];[0.4,0.6]〉 ,
u2

〈[0.1,0.3];[0.2,0.4];[0.7,0.9]〉 ,
u3

〈[0.1,0.5];[0.5,0.7];[0.5,0.9]〉 ,
u4

〈[0.2,0.7];[0.2,0.4];[0.3,0.8]〉

})}
.



DEFINITION 3.8. A disagree-neutrosophic vague soft expert set(F,A)0 over U is a
neutrosophic vague soft expert subset of (F, A) defined as follows:

(F,A)0 = {F0(m) : m ∈ E×X×{0}}

Example 3.9. Consider Example 3.2. Then the disagree-neutrosophic vague soft
expert set (F,A)0 over U is

(F,A)0 =
{(

(e1, p,0),
{

u1
〈[0.1,0.7];[0.2,0.3];[0.3,0.9]〉 ,

u2
〈[0.7,0.9];[0.5,0.5];[0.1,0.3]〉 ,

u3
〈[0.1,0.2];[0.3,0.4];[0.8,0.9]〉 ,

u4
〈[0.2,0.3];[0.2,0.4];[0.7,0.8]〉

})
,(

(e1,q,0),
{

u1
〈[0.2,0.3];[0.3,0.5];[0.7,0.8]〉 ,

u2
〈[0.5,0.7];[0.3,0.4];[0.3,0.5]〉 ,

u3
〈[0.5,0.8];[0.6,0.7];[0.2,0.5]〉 ,

u4
〈[0.1,0.2];[0.4,0.5];[0.8,0.9]〉

})
,

(
(e2, p,0),

{
u1

〈[0.1,0.2];[0.3,0.3];[0.8,0.9]〉 ,
u2

〈[0.7,0.8];[0.4,0.5];[0.2,0.3]〉 ,
u3

〈[0.1,0.4];[0.5,0.7];[0.6,0.9]〉 ,
u4

〈[0.5,0.8];[0.2,0.5];[0.2,0.5]〉

})
,

(
(e2,q,0),

{
u1

〈[0.7,0.8];[0.3,0.4];[0.2,0.3]〉 ,
u2

〈[0.5,0.6];[0.8,0.9];[0.4,0.5]〉 ,
u3

〈[0.6,0.7];[0.6,0.7];[0.3,0.4]〉 ,
u4

〈[0.8,0.9];[0.2,0.4];[0.1,0.2]〉

})}
.

4. Basic Operations on Neutrosophic Vague Soft Expert Sets

In this section, we introduce some basic operations on neutrosophic vague soft expert
sets, namely the complement, union and intersection of neutrosophic vague soft expert
sets , derive their properties, and give some examples.

We define the complement operation for neutrosophic vague soft expert set and give
an illustrative example and proved proposition.

DEFINITION 4.1 The complement of a neutrosophic vague soft expert set (F,A) is
denoted by (F,A)c and is defined by (F,A)c = (Fc,A) where Fc : A→ NVU

is a mapping given by

Fc(α) = c̃(F(α)),∀α ∈ A

where c̃ is a neutrosophic vague complement.

Example 4.2 Consider Example 3.2. By using the basic neutrosophic vague com-
plement, we have



(F,Z)c =
{(

(e1, p,1),
{

u1
〈[0.2,0.8];[0.7,0.9];[0.2,0.8]〉 ,

u2
〈[0.3,0.9];[0.5,0.8];[0.1,0.7]〉 ,

u3
〈[0.4,0.5];[0.3,0.7];[0.5,0.6]〉 ,

u4
〈[0,0.2];[0.8,0.9];[0.8,1]〉

})
,(

(e1,q,1),
{

u1
〈[0.1,0.2];[0.6,0.7];[0.8,0.9]〉 ,

u2
〈[0.6,0.8];[0.6,0.8];[0.2,0.4]〉 ,

u3
〈[0.5,1];[0.3,0.5];[0,0.5]〉 ,

u4
〈[0.3,0.4];[0.6,0.8];[0.6,0.7]〉

})
,

(
(e2, p,1),

{
u1

〈[0.1,0.7];[0.7,0.9];[0.3,0.9]〉 ,
u2

〈[0.5,0.8];[0.5,0.8];[0.2,0.5]〉 ,
u3

〈[0.1,0.4];[0.3,0.9];[0.6,0.9]〉 ,
u4

〈[0.6,0.8];[0.8,0.8];[0.2,0.4]〉

})
,

(
(e2,q,1),

{
u1

〈[0.4,0.6];[0.6,0.9];[0.4,0.6]〉 ,
u2

〈[0.7,0.9];[0.6,0.8];[0.1,0.3]〉 ,
u3

〈[0.5,0.9];[0.3,0.5];[0.1,0.5]〉 ,
u4

〈[0.3,0.8];[0.6,0.8];[0.2,0.7]〉

})
,

(
(e1, p,0),

{
u1

〈[0.3,0.9];[0.7,0.8];[0.1,0.7]〉 ,
u2

〈[0.1,0.3];[0.5,0.5];[0.7,0.9]〉 ,
u3

〈[0.8,0.9];[0.6,0.7];[0.1,0.2]〉 ,
u4

〈[0.7,0.8];[0.6,0.7];[0.2,0.3]〉

})
,

(
(e1,q,0),

{
u1

〈[0.7,0.8];[0.5,0.7];[0.2,0.3]〉 ,
u2

〈[0.3,0.5];[0.6,0.7];[0.5,0.7]〉 ,
u3

〈[0.2,0.5];[0.3,0.4];[0.5,0.8]〉 ,
u4

〈[0.8,0.9];[0.5,0.6];[0.1,0.2]〉

})
,

(
(e2, p,0),

{
u1

〈[0.8,0.9];[0.7,0.7];[0.1,0.2]〉 ,
u2

〈[0.2,0.3];[0.5,0.6];[0.7,0.8]〉 ,
u3

〈[0.6,0.9];[0.3,0.5];[0.1,0.4]〉 ,
u4

〈[0.2,0.5];[0.5,0.8];[0.5,0.8]〉

})
,

(
(e2,q,0),

{
u1

〈[0.2,0.3];[0.6,0.7];[0.7,0.8]〉 ,
u2

〈[0.4,0.5];[0.1,0.2];[0.5,0.6]〉 ,
u3

〈[0.3,0.4];[0.3,0.4];[0.6,0.7]〉 ,
u4

〈[0.1,0.2];[0.6,0.8];[0.8,0.9]〉

})}
.

Proposition 4.3. If (F, A) is a neutrosophic vague soft expert set over U, then

((F,A)c)c = (F,A)

Proof. From Definition 4.1. we have (F,A)c = (Fc,A) where Fc(α) = 1 −
F(α), ∀α ∈ A. Now, ((F,A)c)c = ((Fc)c,A) where (Fc)c(α) = 1− (1−F(α)), ∀α ∈ A

= F(α), ∀α ∈ A.

We define the union of two neutrosophic vague soft expert sets and give an illustra-
tive example.

DEFINITION 4.4 The union of two neutrosophic vague soft expert sets (F, A) and
(G, B) over U , denoted by(F,A)∪̃(G,B) , is a neutrosophic vague soft expert set (H,C)
where C = A∪B and ∀ε ∈C ,



(H,C) =

F (ε) , i f ε ∈ A−B,
G(ε) , i f ε ∈ B−A,
F (ε) ∪̃ G(ε) , i f ε ∈ A∩B.

where ∪̃ denote the neutrosophic vague set union.

Example 4.5 Consider Example 3.2. Let

A = {(e1, p,1),(e1,q,0),(e1, p,0)} and B = {(e1, p,1),(e1,q,0),(e2, p,1)}

Suppose (F, A) and (G, B) are two neutrosophic vague soft expert sets over U
such that:

(F,A) =
{(

(e1, p,1),
{

u1
〈[0.7,0.8];[0.1,0.3];[0.2,0.3]〉 ,

u2
〈[0.4,0.7];[0.2,0.5];[0.3,0.6]〉 ,

u3
〈[0.1,0.2];[0.6,0.7];[0.8,0.9]〉 ,

u4
〈[0.4,0.5];[0.1,0.2];[0.5,0.6]〉

})
,

(
(e1,q,0),

{
u1

〈[0.1,0.9];[0.2,0.4];[0.1,0.9]〉 ,
u2

〈[0.4,0.8];[0.3,0.5];[0.2,0.6]〉 ,
u3

〈[0.8,0.9];[0.3,0.4];[0.1,0.2]〉 ,
u4

〈[0.5,0.6];[0.5,0.6];[0.4,0.5]〉

})}
,

(
(e1, p,0),

{
u1

〈[0.5,0.8];[0.1,0.4];[0.2,0.5]〉 ,
u2

〈[0.4,0.9];[0.8,0.9];[0.1,0.6]〉 ,
u3

〈[0.2,0.3];[0.4,0.6];[0.7,0.8]〉 ,
u4

〈[0.5,0.7];[0.4,0.6];[0.3,0.5]〉

})}
,

(G,B) =
{(

(e1, p,1),
{

u1
〈[0.3,0.6];[0.1,0.4];[0.4,0.7]〉 ,

u2
〈[0.5,0.7];[0.2,0.5];[0.3,0.5]〉 ,

u3
〈[0.5,0.8];[0.3,0.7];[0.2,0.5]〉 ,

u4
〈[0.8,1];[0.1,0.2];[0,0.2]〉

})
,(

(e1,q,0),
{

u1
〈[0.1,0.9];[0.2,0.3];[0.1,0.9]〉 ,

u2
〈[0.8,0.9];[0.2,0.4];[0.1,0.2]〉 ,

u3
〈[0.9,0.9];[0.1,0.3];[0.1,0.1]〉 ,

u4
〈[0.8,0.9];[0.3,0.4];[0.1,0.2]〉

})
,

(
(e2, p,1),

{
u1

〈[0.1,0.4];[0.2,0.4];[0.6,0.9]〉 ,
u2

〈[0.5,0.8];[0.3,0.5];[0.2,0.5]〉 ,
u3

〈[0.8,0.8];[0.1,0.4];[0.2,0.2]〉 ,
u4

〈[0.5,0.6];[0.5,0.6];[0.4,0.5]〉

})}
.

By using basic neutrosophic vague union , we have(F,A)∪̃(G,B) = (H,C) where

(H,C) =
{(

(e1, p,1),
{

u1
〈[0.7,0.8];[0.1,0.3];[0.2,0.3]〉 ,

u2
〈[0.5,0.7];[0.2,0.5];[0.3,0.5]〉 ,

u3
〈[0.5,0.8];[0.3,0.7];[0.2,0.5]〉 ,

u4
〈[0.8,1];[0.1,0.2];[0,0.2]〉

})
,



(
(e1,q,0),

{
u1

〈[0.1,0.9];[0.2,0.3];[0.1,0.9]〉 ,
u2

〈[0.8,0.9];[0.2,0.4];[0.1,0.2]〉 ,
u3

〈[0.9,0.9];[0.1,0.3];[0.1,0.1]〉 ,
u4

〈[0.8,0.9];[0.3,0.4];[0.1,0.2]〉

})
,

(
(e1, p,0),

{
u1

〈[0.5,0.8];[0.1,0.4];[0.2,0.5]〉 ,
u2

〈[0.4,0.9];[0.8,0.9];[0.1,0.6]〉 ,
u3

〈[0.2,0.3];[0.4,0.6];[0.7,0.8]〉 ,
u4

〈[0.5,0.7];[0.4,0.6];[0.3,0.5]〉

})}
,

(
(e2, p,1),

{
u1

〈[0.1,0.4];[0.2,0.4];[0.6,0.9]〉 ,
u2

〈[0.5,0.8];[0.3,0.5];[0.2,0.5]〉 ,
u3

〈[0.8,0.8];[0.1,0.4];[0.2,0.2]〉 ,
u4

〈[0.5,0.6];[0.5,0.6];[0.4,0.5]〉

})}
.

We define the intersection of two neutrosophic vague soft expert sets and give an
illustrative example.

DEFINITION 4.6 The intersection of two neutrosophic vague soft expert sets (F,A)
and (G,B) over a universe U , is a neutrosophic vague soft expert set (H,C) , denoted by
(F,A) ∩̃(G,B) , such that C = A∪B and ∀e ∈ c

(H,C) =

F (e) , i f e ∈ A−B,
G(e) , i f e ∈ B−A,
F (e) ∩̃ G(e) , i f e ∈ A∩B.

where ∩̃ denoted the neutrosophic vague set intersection.

Example 4.7 Consider Example 4.5.By using basic neutrosophic vague intersection
, we have (F,A) ∩̃(G,B) = (H,C) where

(H,C) =
{(

(e1, p,1),
{

u1
〈[0.3,0.6];[0.1,0.4];[0.4,0.7]〉 ,

u2
〈[0.4,0.7];[0.2,0.5];[0.3,0.6]〉 ,

u3
〈[0.1,0.2];[0.6,0.7];[0.8,0.9]〉 ,

u4
〈[0.4,0.5];[0.1,0.2];[0.5,0.6]〉

})
,(

(e1,q,0),
{

u1
〈[0.1,0.9];[0.2,0.4];[0.1,0.9]〉 ,

u2
〈[0.4,0.8];[0.3,0.5];[0.2,0.6]〉 ,

u3
〈[0.8,0.9];[0.3,0.4];[0.1,0.2]〉 ,

u4
〈[0.5,0.7];[0.4,0.6];[0.3,0.5]〉

})
,

(
(e1, p,0),

{
u1

〈[0.5,0.8];[0.1,0.4];[0.2,0.5]〉 ,
u2

〈[0.4,0.9];[0.8,0.9];[0.1,0.6]〉 ,
u3

〈[0.2,0.3];[0.4,0.6];[0.7,0.8]〉 ,
u4

〈[0.5,0.7];[0.4,0.6];[0.3,0.5]〉

})}
,

(
(e2, p,1),

{
u1

〈[0.1,0.4];[0.2,0.4];[0.6,0.9]〉 ,
u2

〈[0.5,0.8];[0.3,0.5];[0.2,0.5]〉 ,
u3

〈[0.8,0.8];[0.1,0.4];[0.2,0.2]〉 ,
u4

〈[0.5,0.6];[0.5,0.6];[0.4,0.5]〉

})}
.

5. AND and OR Operations

In this section, we introduce the definitions of AND and OR operations for neutrosophic
vague soft expert set , and derive their properties.



DEFINITION 5.1 Let ( F, A ) and ( G, B ) be any two neutrosophic vague soft expert
sets over a soft universe ( U, Z ).
Then ” ( F, A ) AND ( G, B )” denoted (F,A)∧̃(G,B) is defined by :

(F,A)∧̃(G,B) = (H,A×B)

where (H,A×B) = H(α,β ), such that H(α,β ) = F(α)∩G(β ), f orall(α,β ) ∈ A×B .
And ∩ represent the basic intersection.

DEFINITION 5.2 Let ( F, A ) and ( G, B ) be any two neutrosophic vague soft expert
sets over a soft universe ( U, Z ).
Then ” ( F, A ) OR ( G, B )” denoted (F,A)∨̃(G,B) is defined by :

(F,A)∨̃(G,B) = (H,A×B)

where (H,A×B) = H(α,β ), such that H(α,β ) = F(α)∪G(β ), f orall(α,β ) ∈ A×B .
And ∪ represent the basic union.

Proposition 5.3 If ( F, A)and( G, B) are two neutrosophic vague soft expert sets over
a soft universe ( U, Z ). Then,

1. ((F,A)∧̃(G,B))c = (F,A)c∨̃(G,B)c

2. ((F,A)∨̃(G,B))c = (F,A)c∧̃(G,B)c

Proof (1) Suppose that (F, A) and (G, B) are two neutrosophic vague soft expert sets
over a soft universe (U, Z) defined as:
(F, A) = F(α) f orall α ∈A⊆ Z and(G,B) =G(β ) f orall β ∈B⊆ Z. Then by definitions
4.8 and 4.9 it follows that:

((F,A)∧̃(G,B))c = ((F(α)∧̃G(β ))c

= ((F(α)∩G(β ))c

= (c̃(F(α)∩G(β )))

= (c̃(F(α)∪ c̃G(β )))

= (F(α))c∨̃(G(β ))c

= (F,A)c∨̃(G,B)c.

(2) The proof is similar to that in part(1)and therefore is omitted.



6. Conclusion

In this paper, we reviewed the basic concepts of neutrosophic vague set and neutro-
sophic soft expert set, and gave some basic operations on both neutrosophic vague set
and neutrosophic soft expert set, the concept of neutrosophic vague soft expert set was
established.The basic operations on neutrosophic vague soft expert set, namely comple-
ment, union, intersection, AND, and OR operations, were defined. Subsequently, the ba-
sic properties of these operations such as De Morgans laws and other relevant laws per-
taining to the concept of neutrosophic vague soft expert set are proved. Finally, we in-
tend to further explore the applications of neutrosophic vague soft expert set approach
to solve certain decision making problems. This new extension will provide a signifi-
cant addition to existing theories for handling uncertainties, and lead to potential areas
of further research and pertinent applications.

7. Acknowledgements

The authors would like to acknowledge the financial support received from Universiti
Kebangsaan Malaysia under the research grant IP-2014-071.

References

[1] L.A.Zadeh, Fuzzy set, Information and Control, 8 (3) (1965), 338-353.
[2] K. Atanassov, Intuitionistic fuzzy sets, Fuzzy Sets Syst, 20 (1) (1986), 87-96.
[3] W.L.Gau, D.J. Buehrer, Vague sets, IEEE Transactions on Systems, Man and Cybernetics, 23 (2) (1993),

610-614.
[4] Z.Pawlak, (1982). Rough Sets, International Journal of Information and Computer Sciences, 11 (1982),

341-356.
[5] F. Smarandache, Neutrosophic set, a generalisation of the intuitionistic fuzzy sets, International Journal

of Pure and Applied Mathematics, 24 (3) (2005), 287-297.
[6] J.Ye, Some aggregation operators of interval neutrosophic linguistic numbers for multiple attribute de-

cision making, Journal of Intelligent and Fuzzy Systems, 27 (2014) 2231-2241.
[7] J.Ye, Similarity measures between interval neutrosophic sets and their applications in multicriteria

decision-making, Journal of Intelligent and Fuzzy Systems, 26 (2014), 165-172.
[8] J.Ye, A multicriteria decision-making method using aggregation operators for simplified neutrosophic

sets, Journal of Intelligent and Fuzzy Systems, 26 (2014), 2459-2466.
[9] J.Ye, Improved correlation coefficients of single valued neutrosophic sets and interval neutrosophic sets

for multiple attribute decision making, Journal of Intelligent and Fuzzy Systems, 27 (2014) 2453-2462.
[10] D. Molodtsov, Soft set theory–first results, Computers and Mathematics with Applications, 37(2)(1999),

19–31.
[11] D. Chen, E. C. C. Tsang, D. S. Yeung and X.Wang, The parameterization reduction of soft sets and its

applications, Computers and Mathematics with Applications, 49 (2005), 757-763.
[12] P. K. Maji, R. Biswas and A. R. Roy, Soft set theory, Computers and Mathematics with Applications, 45

(2003), 555-562.
[13] P. K. Maji, A. R. Roy, and R. Biswas, An application of soft sets in a decision making problem, Com-

puters and Mathematics with Applications, 44 (2002), 1077-1083.
[14] P. K. Maji, R. Biswas, and A. R. Roy, Fuzzy soft sets, Journal of Fuzzy Mathematics, 9 (3) (2001),

589-602.
[15] A. R. Roy and P. K. Maji, A fuzzy soft set theoretic approach to decision making problems, Journal of

Computational and Applied Mathematics, 203(2) (2007) 412-418.
[16] W. Xu, J. Ma, S. Wang and G. Hao, Vague soft sets and their properties, Computers and Mathematics

with Applications, 59 (2) (2010), 787-794.



[17] K. Alhazaymeh and N. Hassan, Generalized vague soft set and its application, International Journal of
Pure and Applied Mathematics, 77 (3) (2012), 391-401.

[18] K. Alhazaymeh and N. Hassan, Possibility vague soft set and its application in decision making, Inter-
national Journal of Pure and Applied Mathematics, 77 (4) (2012), 549 - 563.

[19] K. Alhazaymeh and N. Hassan, Interval-valued vague soft sets and its application, Advances in Fuzzy
Systems, Article ID 208489, 7 pages, 2012. doi:10.1155/2012208489.

[20] K. Alhazaymeh and N. Hassan, Possibility interval-valued vague soft set,Applied Mathematical Sci-
ences, 7 (140) (2013), 6989 - 6994.

[21] P. K. Maji, Neutrosophic soft set, Annals of Fuzzy Mathematics and Informatics, 5 (1) (2013), 157–168.
[22] S.Alkhazaleh, Neutrosophic vague set theory, Critical Review, Volume X (2015), 29-39.
[23] S. Alkhazaleh and A. R. Salleh, Soft expert sets, Advances in Decision Sciences, Article ID 757868, 12

pages, 2011. doi:10.1155/2011/757868.
[24] S. Alkhazaleh and A. R. Salleh, Fuzzy soft expert set and its application, Applied Mathematics, 5 (2013),

1349-1368.
[25] N. Hassan and K. Alhazaymeh, Vague soft expert set theory, American Institute of Physics Conference

Proceedings 1522 (2013), 953-958.
[26] K. Alhazaymeh and N. Hassan, Mapping on generalized vague soft expert set, International Journal of

Pure and Applied Mathematics , 93 ( 3 ) 2014, 369-376.
[27] M. Sahin, S. Alkhazaleh and V. Uluay, Neutrosophic soft expert sets, Applied Mathematics , 6 (2015),

116-127.


