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Abstract In this paper, the notion of the interval valued

neutrosophic soft set (ivn-soft sets) is defined which is a

combination of an interval valued neutrosophic set [35] and

a soft set [29]. Our ivn-soft sets generalizes the concept of

the soft set, fuzzy soft set, interval valued fuzzy soft set,

intuitionistic fuzzy soft set, interval valued intuitionistic

fuzzy soft set and neutrosophic soft set. Then, we introduce

some definitions and operations on ivn-soft sets sets. Some

properties of ivn-soft sets which are connected to opera-

tions have been established. Also, the aim of this paper is to

investigate the decision making based on ivn-soft sets by

level soft sets. Therefore, we develop a decision making

methods and then give a example to illustrate the devel-

oped approach.

Keywords Neutrosophic sets � Interval valued
neutrosophic sets � Soft sets � Fuzzy sets � Intuitionistic
fuzzy sets � Level soft set � Decision making

1 Introduction

Many fields deal with the uncertain data may not be

successfully modeled by the classical mathematics, since

concept of uncertainty is too complicate and not clearly

defined object. But they can be modeled a number of

different approaches including the probability theory,

fuzzy set theory [39], intuitionistic fuzzy set [3], rough

set theory [32], neutrosophic set theory [33] and some

other mathematical tools. These theories have been

applied in many real applications to handle uncertainty.

In 1999, Molodtsov [29] succesfully proposed a com-

pletely new theory so-called soft set theory by using

classical sets because its been pointed out that soft sets

are not appropriate to deal with uncertain and fuzzy

parameters. The theory is a relatively new mathematical

model for dealing with uncertainty from a parametriza-

tion point of view.

After Molodtsov, there has been a rapid growth of

interest in soft sets and their various applications such as;

algebraic structures (e.g. [1, 2, 5, 37, 41]), optimization

(e.g. [21]), lattice (e.g. [19, 31, 33]), topology (e.g. [8,11,

28, 34]), perron integration, data analysis and operations

research (e.g. [29, 30]), game theory (e.g. [14, 29]), clus-

tering (e.g. [4, 27]), medical diagnosis (e.g. [38]), and

decision making under uncertainty (e.g. [9, 10, 11, 13, 16,

20, 26]). In recent years, many interesting applications of

soft set theory have been expanded by embedding the ideas

of fuzzy sets (e.g. [9, 12, 16, 22]), rough sets (e.g. [15]) ,

intuitionistic fuzzy sets (e.g. [18, 23]), interval valued

intuitionistic fuzzy sets (e.g. [17, 40]), neutrosophic sets

(e.g. [24, 25]).

Intuitionistic fuzzy sets can only handle incomplete

information because the sum of degree true, indetermi-

nacy and false is one in intuitionistic fuzzy sets. But

neutrosophic sets can handle the indeterminate informa-

tion and inconsistent information which exists commonly

in belief systems in neutrosophic set since indeterminacy

is quantified explicitly and truth-membership, indetermi-

nacy-membership and falsity-membership are indepen-

dent. It is mentioned in [33, 35]. Therefore, Maji firstly

proposed neutrosophic soft sets with operations, which is

free of the difficulties mentioned above, in [25]. He also,

applied to decision making problems in [24]. After Maji,
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the studies on the neutrosophic soft set theory have been

studied increasingly (e.g. [6, 7]).

From academic point of view, the neutrosophic set and

operators need to be specified because is hard to be applied

to the real applications. So the concept of interval valued

neutrosophic sets [35] which can represent uncertain,

imprecise, incomplete and inconsistent information was

proposed. In this paper, we first define interval valued

neutrosophic soft sets (ivn-soft sets) which is generalizes

the concept of the soft set, fuzzy soft set, interval valued

fuzzy soft set, intuitionistic fuzzy soft set, interval valued

intuitionistic fuzzy soft sets. Then, we introduce some

definitions and operations of ivn-soft sets. Some properties

of ivn-soft sets which are connected to operations have

been established. Also, the aim of this paper is to investi-

gate the decision making based on ivn-soft sets. By means

of level soft sets, we develop an adjustable approach to ivn-

soft sets based decision making and a examples are pro-

vided to illustrate the developed approach.

The relationship among ivn-soft set and other soft sets is

illustrated as;

Soft set � Fuzzy soft set

� Intuitionistic fuzzy soft set (Interval valued fuzzy soft set)

� Interval valued intuitionistic fuzzy soft set

� Interval valued neutrosophic soft set

Therefore, interval valued neutrosophic soft set is a gen-

eralization other each the soft sets.

2 Preliminary

In this section, we present the basic definitions of neutro-

sophic set theory [33], interval valued neutrosophic set

theory [35] and soft set theory [29] that are useful for

subsequent discussions. More detailed explanations related

to this subsection may be found in [6, 7, 12, 17, 24, 25, 33,

35, 36].

Definition 2.1 [33] A neutrosophic set A on the universe

of discourse U is defined as

A ¼
�
hx; TAðxÞ; IAðxÞ;FAðxÞi : x 2 U

�

where TA; IA;FA : U !��0; 1þ½ and �0� TAðxÞ þ IAðxÞþ
FAðxÞ� 3þ. From philosophical point of view, the neu-

trosophic set takes the value from real standard or non-

standard subsets of ��0; 1þ½. But in real life application in

scientific and engineering problems it is difficult to use

neutrosophic set with value from real standard or non-s-

tandard subset of ��0; 1þ½. Hence we consider the neutro-

sophic set which takes the value from the subset of [0, 1].

Here, 1þ = 1 ? e, where 1 is its standard part and e its
non-standard part. Similarly, �0 = 0 - e, where 0 is its

standard part and e its non-standard part.

Definition 2.2 [36] Let U be a space of points (objects),

with a generic element in U denoted by u. A single valued

neutrosophic sets A in U is characterized by a truth-

membership function TA, a indeterminacy-membership

function IA and a falsity-membership function FA. TAðuÞ;
IAðuÞ and FAðuÞ are real standard or nonstandard subsets of

[0, 1]. It can be written as

A ¼ fhu; ðTAðuÞ; IAðuÞ;FAðuÞÞi : u
2 U; TAðuÞ; IAðuÞ;FAðuÞ 2 ½0; 1�g:

There is no restriction on the sum of TAðuÞ; IAðuÞ and

FAðuÞ, so 0� supTAðuÞ þ supIAðuÞ þ supFAðuÞ� 3.

Definition 2.3 [35] Let U be a space of points (objects),

with a generic element in U denoted by u. An interval value

neutrosophic set (IVN-sets) A in U is characterized by

truth-membership function TA, a indeterminacy-member-

ship function IA and a falsity-membership function FA. For

each point u 2 U; TA, IA and FA � ½0; 1�.
Thus, a IVN-sets over U can be represented by the set of

A ¼ fhTAðuÞ; IAðuÞ;FAðuÞi=u : u 2 Ug

Here, ðTAðuÞ; IAðuÞ;FAðuÞÞ is called interval value neutro-

sophic number for all u 2 U and all interval value neu-

trosophic numbers over U will be denoted by IVN(U).

Example 2.4 Assume that the universe of discourse U ¼
fu1; u2gwhereu1 and characterises the quality,u2 indicates the
prices of the objects. It may be further assumed that the values

of u1 and u2 are subset of [ 0, 1 ] and they are obtained from a

expert person. The expert construct an interval value neutro-

sophic set the characteristics of the objects according to by

truth-membership function TA, a indeterminacy-membership

function IA and a falsity-membership function FA as follows;

A ¼ fh½0:1; 1:0�; ½0:1; 0:4�; ½0:4; 0:7�i=u1;
h½0:6; 0:9�; ½0:8; 1:0�; ½0:4; 0:6�i=u2g

Definition 2.5 [35] Let A a interval valued neutrosophic

sets. Then, for all u 2 U,

1. A is empty, denoted A ¼ e;, is defined by

e; ¼ fh½0; 0�; ½1; 1�; ½1; 1�i=u : u 2 Ug

2. A is universal, denoted A ¼ eE, is defined by

eE ¼ fh½1; 1�; ½0; 0�; ½0; 0�i=u : u 2 Ug

3. The complement of A is denoted by A and is defined by

�A ¼ h½infFAðuÞ; supFAðuÞ�; ½1� supIAðuÞ; 1� inf I A(u)],f
½infTAðuÞ; supTAðuÞ�i=u : u 2 Ug
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Definition 2.6 [35] An interval valued neutrosophic set

A is contained in the other interval valued neutrosophic set

B, Ae�B, if and only if

infTAðuÞ� infTBðuÞ supIAðuÞ� supIBðuÞ
supIAðuÞ� supIBðuÞ infFAðuÞ� infFBðuÞ
infIAðuÞ� infIBðuÞ supFAðuÞ� supFBðuÞ

for all u 2 U.

Note that an interval valued neutrosophic number X ¼
ðTX ; IX ;FXÞ is larger than the other interval valued neu-

trosophic number Y ¼ ðTY ; IY ;FYÞ, denoted Xc� Y , if and

only if

infTX � infTY supIX � supIY
supTX � supTY supFX � supFY

infIX � infIY supFX � supFY

Definition 2.7 [35] Let A and B be two interval valued

neutrosophic sets. Then, for all u 2 U, a 2 Rþ,

1. Intersection of A and B, denoted by Ae\B, is defined by
Ae\B ¼ fh½minðinfTAðuÞ; infTBðuÞÞ;minðsupTAðuÞ; supTBðuÞÞ�;

½maxðinfIAðuÞ; infIBðuÞÞ;maxðsupIAðxÞ; supIBðuÞÞ�;
½maxðinfFAðuÞ; infFBðuÞÞ;maxðsupFAðuÞ; supFBðuÞÞ�i=

u : u 2 Ug

2. Union of A and B, denoted by Ae[B, is defined by

Ae[B ¼ fh½maxðinfTAðuÞ; infTBðuÞÞ;maxðsupTAðuÞ; supTBðuÞÞ�;
½minðinfIAðuÞ; infIBðuÞÞ;minðsupIAðuÞ; supIBðuÞÞ�;
½minðinfFAðuÞ; infFBðuÞÞ;minðsupFAðuÞ; supFBðuÞÞ�i=

u : u 2 Ug

3. Difference of A and B, denoted by AenB, is defined by

AenB ¼ fh½minðinfTAðuÞ; infFBðuÞÞ;minðsupTAðuÞ; supFBðxÞÞ�;
½maxðinfIAðuÞ; 1� supIBðuÞÞ;maxðsupIAðuÞ; 1� infIBðuÞÞ�;
½maxðinfFAðuÞ; infTBðuÞÞ;maxðsupFAðuÞ; supTBðuÞÞ�i=
u : u 2 Ug

4. Addition of A and B, denoted by AeþB, is defined by

AeþB ¼ fh½minðinfTAðuÞ þ infTBðuÞ; 1Þ;minðsupTAðuÞ þ supTBðuÞ; 1Þ�;
½minðinfIAðuÞ þ infIBðuÞ; 1Þ;minðsupIAðuÞ þ supIBðuÞ; 1Þ�;
½minðinfFAðuÞ þ infFBðuÞ; 1Þ;minðsupFAðuÞ þ supFBðuÞ; 1Þ�i=
u : u 2 Ug

5. Scalar multiplication of A, denoted by Ae:a, is defined
by

Ae:a ¼ fh½minðinfTAðuÞ:a; 1Þ;minðsupTAðuÞ:a; 1Þ�;
½minðinfIAðuÞ:a; 1Þ;minðsupIAðuÞ:a; 1Þ�;
½minðinfFAðuÞ:a; 1Þ;minðsupFAðuÞ:a; 1Þ�i=
u : u 2 Ug

6. Scalar division of A, denoted by Ae=a, is defined by

Ae=a ¼ fh½minðinfTAðuÞ=a; 1Þ;minðsupTAðuÞ=a; 1Þ�;
½minðinfIAðuÞ=a; 1Þ;minðsupIAðuÞ=a; 1Þ�;
½minðinfFAðuÞ=a; 1Þ;minðsupFAðuÞ=a; 1Þ�i=

u : u 2 Ug

7. Truth-Favorite of A, denoted by eMA, is defined by

eMA ¼ fh½minðinfTAðuÞ þ infIAðuÞ; 1Þ;minðsupTAðuÞ
þ supIAðuÞ; 1Þ�; ½0; 0�;
½infFAðuÞ; supFAðuÞ�i=u : u 2 Ug

8. False-Favorite of A, denoted by erA, is defined by

erA ¼ fh½infTAðuÞ; supTAðuÞ�; ½0; 0�;
½minðinfFAðuÞ þ infIAðuÞ; 1Þ;minðsupFAðuÞ
þ supIAðuÞ; 1Þ�i=u : u 2 Ug

Definition 2.8 [29] Let U be an initial universe, P(U) be

the power set of U, E be a set of all parameters and X � E.

Then a soft set FX over U is a set defined by a function

representing a mapping

fX : E ! PðUÞ such that fXðxÞ ¼ ; if x 62 X

Here, fX is called approximate function of the soft set FX ,

and the value fXðxÞ is a set called x-element of the soft set

for all x 2 E. It is worth noting that the set is worth noting

that the sets fXðxÞ may be arbitrary. Some of them may be

empty, some may have nonempty intersection. Thus, a soft

set over U can be represented by the set of ordered pairs

FX ¼ fðx; fXðxÞÞ : x 2 E; fXðxÞ 2 PðUÞg

Example 2.9 Suppose that U ¼ fu1; u2; u3; u4; u5; u6g is

the universe contains six house under consideration in a

real agent and E ¼ fx1 ¼ cheap; x2 ¼ beatiful; x3 ¼
greensurroundings; x4 ¼ costly; x5 ¼ largeg.

If a customer to select a house from the real agent then,

he/she can construct a soft set FX that describes the

characteristic of houses according to own requests. Assume

that fXðx1Þ ¼ fu1; u2g, fXðx2Þ ¼ fu1g, fXðx3Þ ¼ ;,
fXðx4Þ ¼ U, fu1; u2; u3; u4; u5g then the soft-set FX is

written by

FX ¼ fðx1; fu1; u2gÞ; ðx2; fu1; u4; u5; u6gÞ; ðx4;UÞ;
ðx5; fu1; u2; u3; u4; u5gÞg

The tabular representation of the soft set FX is as follow

(Table 1):

Definition 2.10 [26] Let U ¼ fu1; u2; . . .; ukg be an ini-

tial universe of objects, E ¼ fx1; x2; . . .; xmg be a set of

parameters and FX be a soft set over U. For any xj 2 E,
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fXðxjÞ is a subset of U. Then, the choice value of an object

ui 2 U is ci, given by ci ¼
P

j uij, where uij are the entries

in the table of the reduct-soft-set. That is,

uij ¼
1; ui 2 fXðxjÞ
0; ui 62 fXðxjÞ

�

Example 2.11 Consider the above Example 2.9. Clearly,

c1 ¼
X5

j¼1

u1j ¼ 4;

c3 ¼ c6 ¼
X5

j¼1

u3j ¼
X5

j¼1

u6j ¼ 2;

c2 ¼ c4 ¼ c5 ¼
X5

j¼1

u2j ¼
X5

j¼1

u4j ¼
X5

j¼1

u5j ¼ 3

.
Definition 2.12 [13] Let FX and FY be two soft sets.

Then,

1. Complement of FX is denoted by F~c
X . Its approximate

function fXcðxÞ ¼ U n fXðxÞ for all x 2 E

2. Union of FX and FY is denoted by FX ~[FY . Its

approximate function fX ~[FY
is defined by

fX ~[YðxÞ ¼ fXðxÞ [ fYðxÞ for all x 2 E:

3. Intersection of FX and FY is denoted by FX ~\FY . Its

approximate function f
Xe\Y is defined by

fX ~\YðxÞ ¼ fXðxÞ \ fYðxÞ for all x 2 E:

3 Interval-valued neutrosophic soft sets

In this section, we give interval valued neutrosophic

soft sets (ivn-soft sets) which is a combination of an

interval valued neutrosophic sets [35] and a soft sets

[29]. Then, we introduce some definitions and opera-

tions of ivn-soft sets sets. Some properties of ivn-soft

sets which are connected to operations have been

established. Some of it is quoted from [6, 7, 12, 13, 17,

18, 24, 25, 35].

Definition 3.1 Let U be an initial universe set, IVN( U )

denotes the set of all interval valued neutrosophic sets of U

and E be a set of parameters that are describe the elements

of U. An interval valued neutrosophic soft sets(ivn-soft

sets) over U is a set defined by a set valued function !K

representing a mapping

tK : E ! IVNðUÞ

It can be written a set of ordered pairs

!K ¼ fðx; tKðxÞÞ : x 2 Eg

Here, tK , which is interval valued neutrosophic sets, is

called approximate function of the ivn-soft sets !K and

tKðxÞ is called x-approximate value of x 2 E. The subscript

K in the tK indicates that tK is the approximate function of

!K .

Generally, tK , tL, tM ,… will be used as an approximate

functions of !K , !L, !M ,…, respectively.

Note that the sets of all ivn-soft sets over U will be

denoted by IVNS(U) .

Now let us give the following example for ivn-soft sets.

Example 3.2 Let U ¼ fu1; u2g be set of houses under

consideration and E is a set of parameters which is a

neutrosophic word. Consider E ¼ fx1 ¼ cheap; x2 ¼
beatiful; x3 ¼ greensurroundings; x4 ¼ costly; x5 ¼ largeg.
In this case, we give an (ivn-soft sets) !K over U as;

The tabular representation of the ivn-soft set !K is as fol-

low (Table 2):

Definition 3.3 Let !K 2 IVNSðUÞ. If tKðxÞ ¼ e; for all

x 2 E, then !K is called an empty ivn-soft set, denoted by

!b;
.

Definition 3.4 Let !K 2 IVNSðUÞ. If tKðxÞ ¼ eE for all

x 2 E, then !K is called a universal ivn-soft set, denoted by

!Ê.

Table 1 The tabular

representation of the soft set FX
U u1 u2 u3 u4 u5 u6

x1 1 1 0 0 0 0

x2 1 0 0 1 1 1

x3 0 0 0 0 0 0

x4 1 1 1 1 1 1

x5 1 1 1 1 1 0

!K ¼ fðx1; fh½0:6; 0:8�; ½0:8; 0:9�; ½0:1; 0:5�i=u1; h½0:5; 0:8�; ½0:2; 0:9�; ½0:1; 0:7�i=u2gÞ;
ðx2; fh½0:1; 0:4�; ½0:5; 0:8�; ½0:3; 0:7�i=u1; h½0:1; 0:9�; ½0:6; 0:9�; ½0:2; 0:3�i=u2gÞ;
ðx3; fh½0:2; 0:9�; ½0:1; 0:5�; ½0:7; 0:8�i=u1; h½0:4; 0:9�; ½0:1; 0:6�; ½0:5; 0:7�i=u2gÞ;
ðx4; fh½0:6; 0:9�; ½0:6; 0:9�; ½0:6; 0:9�i=u1; h½0:5; 0:9�; ½0:6; 0:8�; ½0:1; 0:8�i=u2gÞ;
ðx5; fh½0:0; 0:9�; ½1:0; 1:0�; ½1:0; 1:1�i=u1; h½0:0; 0:9�; ½0:8; 1:0�; ½0:2; 0:5�i=u2gÞg
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Example 3.5 Assume that U ¼ fu1; u2g is a universal set

and E ¼ fx1; x2; x3; x4; x5g is a set of all parameters.

Consider the tabular representation of the !b;
is as follows

(Table 3);

The tabular representation of the !Ê is as follows

(Table 4);

Definition 3.6 Let !K ;!L 2 IVNSðUÞ. Then, !K is an

ivn-soft subset of !L, denoted by !K
b�!L, if tKðxÞe�tLðxÞ

for all x 2 E.

Example 3.7 Assume that U ¼ fu1; u2g is a universal set

and E ¼ fx1; x2; x3; x4; x5g is a set of all parameters.

Consider the tabular representation of the !K is as follows

(Table 5);

The tabular representation of the !L is as follows

(Table 6);

Clearly, by Definition 3.6, we have !K
b�!L.

Remark 3.8 !K
b�!L does not imply that every element of

!K is an element of !L as in the definition of the classical

subset.

Proposition 3.9 Let !K ;!L;!M 2 IVNSðUÞ. Then,

1. !K
b�!Ê

2. !b;
b�!K

3. !K
b�!K

4. !K
b�!L and !L

b�!M ) !K
b�!M

Proof They can be proved easily by using the approxi-

mate function of the ivn-soft sets. h

Definition 3.10 Let !K ;!L 2 IVNSðUÞ. Then, !K and

!L are ivn-soft equal, written as !K ¼ !L, if and only if

tKðxÞ ¼ tLðxÞ for all x 2 E.

Proposition 3.11 Let !K ;!L;!M 2 IVNSðUÞ. Then,

1. !K ¼ !L and !L ¼ !M , !K ¼ !M

2. !K
b�!L and !L

b�!K , !K ¼ !L

Proof The proofs are trivial. h

Definition 3.12 Let !K 2 IVNSðUÞ. Then, the comple-

ment !ĉ
K of !K is an ivn-soft set such that

tĉKðxÞ ¼ tKðxÞ; for all x 2 E:

Example 3.13 Consider the above Example 3.7, the

complement !ĉ
L of !L can be represented into the follow-

ing table (Table 7);

Proposition 3.14 Let !K 2 IVNSðUÞ. Then,

1. ð!ĉ
KÞ

ĉ ¼ !K

2. !ĉ

b;
¼ !Ê

3. !ĉ
Ê
¼ !b;

Proof By using the fuzzy approximate functions of the

ivn-soft set, the proofs can be straightforward. h

Table 2 The tabular representation of the ivn-soft set !K

U u1 u2

x1 h½0:6; 0:8�; ½0:8; 0:9�; ½0:1; 0:5�i h½0:5; 0:8�; ½0:2; 0:9�; ½0:1; 0:7�i
x2 h½0:1; 0:4�; ½0:5; 0:8�; ½0:3; 0:7�i h½0:1; 0:9�; ½0:6; 0:9�; ½0:2; 0:3�i
x3 h½0:2; 0:9�; ½0:1; 0:5�; ½0:7; 0:8�i h½0:4; 0:9�; ½0:1; 0:6�; ½0:5; 0:7�i
x4 h½0:6; 0:9�; ½0:6; 0:9�; ½0:6; 0:9�i h½0:5; 0:9�; ½0:6; 0:8�; ½0:1; 0:8�i
x5 h½0:0; 0:9�; ½1:0; 1:0�; ½1:0; 1:1�i h½0:0; 0:9�; ½0:8; 1:0�; ½0:2; 0:5�i

Table 3 The tabular representation of the ivn-soft set !b;

U u1 u2

x1 h½0:0; 0:0�; ½1:0; 1:0�; ½1:0; 1:0�i h½0:0; 0:0�; ½1:0; 1:0�; ½1:0; 1:0�i
x2 h½0:0; 0:0�; ½1:0; 1:0�; ½1:0; 1:0�i h½0:0; 0:0�; ½1:0; 1:0�; ½1:0; 1:0�i
x3 h½0:0; 0:0�; ½1:0; 1:0�; ½1:0; 1:0�i h½0:0; 0:0�; ½1:0; 1:0�; ½1:0; 1:0�i
x4 h½0:0; 0:0�; ½1:0; 1:0�; ½1:0; 1:0�i h½0:0; 0:0�; ½1:0; 1:0�; ½1:0; 1:0�i
x5 h½0:0; 0:0�; ½1:0; 1:0�; ½1:0; 1:0�i h½0:0; 0:0�; ½1:0; 1:0�; ½1:0; 1:0�i

Table 4 The tabular representation of the ivn-soft set !Ê

U u1 u2

x1 h½1:0; 1:0�; ½0:0; 0:0�; ½0:0; 0:0�i h½1:0; 1:0�; ½0:0; 0:0�; ½0:0; 0:0�i
x2 h½1:0; 1:0�; ½0:0; 0:0�; ½0:0; 0:0�i h½1:0; 1:0�; ½0:0; 0:0�; ½0:0; 0:0�i
x3 h½1:0; 1:0�; ½0:0; 0:0�; ½0:0; 0:0�i h½1:0; 1:0�; ½0:0; 0:0�; ½0:0; 0:0�i
x4 h½1:0; 1:0�; ½0:0; 0:0�; ½0:0; 0:0�i h½1:0; 1:0�; ½0:0; 0:0�; ½0:0; 0:0�i
x5 h½1:0; 1:0�; ½0:0; 0:0�; ½0:0; 0:0�i h½1:0; 1:0�; ½0:0; 0:0�; ½0:0; 0:0�i

Table 5 The tabular representation of the ivn-soft set !K

U u1 u2

x1 h½0:5; 0:7�; ½0:8; 0:9�; ½0:2; 0:5�i h½0:3; 0:6�; ½0:3; 0:9�; ½0:2; 0:8�i
x2 h½0:0; 0:3�; ½0:6; 0:8�; ½0:3; 0:9�i h½0:1; 0:8�; ½0:8; 0:9�; ½0:3; 0:5�i
x3 h½0:1; 0:7�; ½0:4; 0:5�; ½0:8; 0:9�i h½0:2; 0:5�; ½0:5; 0:7�; ½0:6; 0:8�i
x4 h½0:2; 0:4�; ½0:7; 0:9�; ½0:6; 0:9�i h½0:3; 0:9�; ½0:6; 0:9�; ½0:3; 0:9�i
x5 h½0:0; 0:2�; ½1:0; 1:0�; ½1:0; 1:0�i h½0:0; 0:1�; ½0:9; 1:0�; ½0:2; 0:9�i

Table 6 The tabular representation of the ivn-soft set !L

U u1 u2

x1 h½0:6; 0:8�; ½0:8; 0:9�; ½0:1; 0:5�i h½0:5; 0:8�; ½0:2; 0:9�; ½0:1; 0:7�i
x2 h½0:1; 0:4�; ½0:5; 0:8�; ½0:3; 0:7�i h½0:1; 0:9�; ½0:6; 0:9�; ½0:2; 0:3�i
x3 h½0:2; 0:9�; ½0:1; 0:5�; ½0:7; 0:8�i h½0:4; 0:9�; ½0:1; 0:6�; ½0:5; 0:7�i
x4 h½0:6; 0:9�; ½0:6; 0:9�; ½0:6; 0:9�i h½0:5; 0:9�; ½0:6; 0:8�; ½0:1; 0:8�i
x5 h½0:0; 0:9�; ½1:0; 1:0�; ½1:0; 1:0�i h½0:0; 0:9�; ½0:8; 1:0�; ½0:2; 0:5�i
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Theorem 3.15 Let !K 2 IVNSðUÞ. Then, !K
b�!L ,

!ĉ
L
b�!ĉ

K

Proof By using the fuzzy approximate functions of the

ivn-soft set, the proofs can be straightforward. h

Definition 3.16 Let !K ;!L 2 IVNSðUÞ. Then, union of

!K and !L, denoted !K b[!L, is defined by

t
Kb[LðxÞ ¼ tKðxÞe[tLðxÞ for all x 2 E:

Example 3.17 Consider the above Example 3.7, the union

of !K and !L, denoted !K b[!L, can be represented into the

following table (Table 8);

Theorem 3.18 Let !K ;!L 2 IVNSðUÞ. Then, !K b[!L is

the smallest ivn-soft set containing both !K and !L.

Proof The proofs can be easily obtained from Definition

3.16. h

Proposition 3.19 Let !K ;!L;!M 2 IVNSðUÞ. Then,

1. !K b[!K ¼ !K

2. !K b[!b; ¼ !K

3. !K b[!Ê ¼ !Ê

4. !K b[!L ¼ !Lb[!K

5. ð!K b[!LÞb[!M ¼ !K b[ð!Lb[!MÞ

Proof The proofs can be easily obtained from Definition

3.16. h

Definition 3.20 Let !K ;!L 2 IVNSðUÞ. Then, intersec-
tion of !K and !L, denoted !K b\!L, is defined by

t
Kb\LðxÞ ¼ tKðxÞe\tLðxÞ for all x 2 E:

Example 3.21 Consider the above Example 3.7, the

intersection of !K and !L, denoted !K b\!L, can be rep-

resented into the following table (Table 9);

Proposition 3.22 Let !K ;!L 2 IVNSðUÞ. Then, !K b\!L

is the largest ivn-soft set containing both !K and !L.

Proof The proofs can be easily obtained from Definition

3.20. h

Proposition 3.23 Let !K ;!L;!M 2 IVNSðUÞ. Then,

1. !K b\!K ¼ !K

2. !K b\!b; ¼ !b;
3. !K b\!Ê ¼ !K

4. !K b\!L ¼ !Lb\!K

5. ð!K b\!LÞb\!M ¼ !K b\ð!Lb\!MÞ

Proof The proof of the Propositions 1- 5 are obvious. h

Remark 3.24 Let !K 2 IVNSðUÞ. If !K 6¼ !b;
or

!K 6¼ !Ê, then !K b[!ĉ
K 6¼ !Ê and !K b\!ĉ

K 6¼ !b;
.

Proposition 3.25 Let !K ;!L 2 IVNSðUÞ. Then, De

Morgan’s laws are valid

1. ð!K b[ !LÞĉ ¼ !ĉ
K
b\ !ĉ

L

2. ð!K b\ !LÞĉ ¼ !ĉ
K
b[ !ĉ

L:

Proof The proofs can be easily obtained from Definition

3.12, Definition 3.16 and Definition 3.20. h

Proposition 3.26 Let !K ;!L;!M 2 IVNSðUÞ. Then,

1. !K b[ð!Lb\!MÞ ¼ ð!K b[!LÞb\ð!K b[!MÞ
2. !K b\ð!Lb[!MÞ ¼ ð!K b\!LÞb[ð!K b\!MÞ
3. !K b[ð!K b\!LÞ ¼ !K

4. !K b\ð!K b[!LÞ ¼ !K

Proof The proofs can be easily obtained from Definition

3.16 and Definition 3.20. h

Definition 3.27 Let !K ;!L 2 IVNSðUÞ. Then, OR oper-

ator of !K and !L, denoted !K
bW!L, is defined by a set

valued function !O representing a mapping

Table 7 The tabular representation of the ivn-soft set !ĉ
L

U u1 u2

x1 h½0:1; 0:5�; ½0:1; 0:2�; ½0:6; 0:8�i h½0:1; 0:7�; ½0:1; 0:8�; ½0:5; 0:8�i
x2 h½0:3; 0:7�; ½0:2; 0:5�; ½0:1; 0:4�i h½0:2; 0:3�; ½0:1; 0:4�; ½0:1; 0:9�i
x3 h½0:7; 0:8�; ½0:5; 0:9�; ½0:2; 0:9�i h½0:5; 0:7�; ½0:4; 0:9�; ½0:4; 0:9�i
x4 h½0:6; 0:9�; ½0:1; 0:4�; ½0:6; 0:9�i h½0:1; 0:8�; ½0:2; 0:4�; ½0:5; 0:9�i
x5 h½1:0; 1:0�; ½0:0; 0:0�; ½0:0; 0:9�i h½0:2; 0:5�; ½0:0; 0:2�; ½0:0; 0:9�i

Table 8 The tabular representation of the ivn-soft set !K b[!L

U u1 u2

x1 h½0:6; 0:8�; ½0:8; 0:9�; ½0:1; 0:5�i h½0:5; 0:8�; ½0:2; 0:9�; ½0:1; 0:7�i
x2 h½0:1; 0:4�; ½0:5; 0:8�; ½0:3; 0:7�i h½0:1; 0:9�; ½0:6; 0:9�; ½0:2; 0:3�i
x3 h½0:2; 0:9�; ½0:1; 0:5�; ½0:7; 0:8�i h½0:4; 0:9�; ½0:1; 0:6�; ½0:5; 0:7�i
x4 h½0:6; 0:9�; ½0:6; 0:9�; ½0:6; 0:9�i h½0:5; 0:9�; ½0:6; 0:8�; ½0:1; 0:8�i
x5 h½0:0; 0:9�; ½1:0; 1:0�; ½1:0; 1:0�i h½0:0; 0:9�; ½0:8; 1:0�; ½0:2; 0:5�i

Table 9 The tabular representation of the ivn-soft set !K b\!L

U u1 u2

x1 h½0:5; 0:7�; ½0:8; 0:9�; ½0:2; 0:5�i h½0:3; 0:6�; ½0:3; 0:9�; ½0:2; 0:8�i
x2 h½0:0; 0:3�; ½0:6; 0:8�; ½0:3; 0:9�i h½0:1; 0:8�; ½0:8; 0:9�; ½0:3; 0:5�i
x3 h½0:1; 0:7�; ½0:4; 0:5�; ½0:8; 0:9�i h½0:2; 0:5�; ½0:5; 0:7�; ½0:6; 0:8�i
x4 h½0:2; 0:4�; ½0:7; 0:9�; ½0:6; 0:9�i h½0:3; 0:9�; ½0:6; 0:9�; ½0:3; 0:9�i
x5 h½0:0; 0:2�; ½1:0; 1:0�; ½1:0; 1:0�i h½0:0; 0:1�; ½0:9; 1:0�; ½0:2; 0:9�i
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tO : E � E ! IVNðUÞ

where

tOðx; yÞ ¼ tKðxÞe[tLðyÞ for all ðx; yÞ 2 E � E:

Definition 3.28 Let !K ;!L 2 IVNSðUÞ. Then, AND

operator of !K and !L, denoted !K
bV!L, is defined by a set

valued function !A representing a mapping

tA : E � E ! IVNðUÞ

where

tAðx; yÞ ¼ tKðxÞe\tLðyÞ for all ðx; yÞ 2 E � E:

Proposition 3.29 Let !K ;!L;!M 2 IVNSðUÞ. Then,

1. ð!K
bW!LÞĉ ¼ !ĉ

K
bV!ĉ

L

2. ð!K
bV!LÞĉ ¼ !ĉ

K
bW!ĉ

L:

3. ð!K
bW!LÞ b

W
!M ¼ !K

bWð!L
bW!MÞ

4. ð!K
bV!LÞ b

V
!M ¼ !K

bVð!L
bV!MÞ

Proof The proof of the Propositions 1–4 are obvious. h

Definition 3.30 Let !K ;!L 2 IVNSðUÞ. Then, difference
of !K and !L, denoted !K

bn!L, is defined by

t
KbnL

ðxÞ ¼ tKðxÞentLðxÞ for all x 2 E:

Definition 3.31 Let !K ;!L 2 IVNSðUÞ. Then, addition
of !K and !L, denoted !K bþ!L, is defined by

t
KbþL

ðxÞ ¼ tKðxÞeþtLðxÞ for all x 2 E:

Proposition 3.32 Let !K ;!L;!M 2 IVNSðUÞ. Then,

1. !KðxÞbþ!LðxÞ b¼!LðxÞbþ!KðxÞ
2. ð!KðxÞbþ!LðxÞÞbþ!MðxÞ ¼ !KðxÞbþð!LðxÞbþ!MðxÞÞ

Proof The proofs can be easily obtained from Definition

3.31. h

Definition 3.33 Let !K 2 IVNSðUÞ. Then, scalar multi-

plication of !K , denoted ab�!K , is defined by

ab�!K ¼ ae:tK for all x 2 E:

Proposition 3.34 Let !K ;!L;!M 2 IVNSðUÞ. Then,

1. !KðxÞb�!LðxÞ ¼ !LðxÞb�!KðxÞ
2. ð!KðxÞb�!LðxÞÞb�!MðxÞ ¼ !KðxÞb�ð!LðxÞb�!MðxÞÞ

Proof The proofs can be easily obtained from Definition

3.33. h

Definition 3.35 Let !K 2 IVNSðUÞ. Then, scalar division
of !K , denoted !K =̂a, is defined by

!K =̂a ¼ !K
e=a for all x 2 E:

Example 3.36 Consider the above Example 3.7, for

a ¼ 5, the scalar division of !K , denoted !K =̂5, can be

represented into the following table (Table 10);

Definition 3.37 Let !K 2 IVNSðUÞ. Then, truth-Favorite
of !K , denoted b4!K , is defined by

b4!K ¼ e4tK for all x 2 E:

Example 3.38 Consider the above Example 3.7, the truth-

Favorite of !K , denoted b4!K , can be represented into the

following table (Table 11);

Proposition 3.39 Let !K ;!L 2 IVNSðUÞ. Then,

1. b4 b4!K ¼ b4!K

2. b4ð!K b[!KÞb� b4!K b[ b4!K

3. b4ð!K b\!KÞb� b4!K b\ b4!K

4. b4ð!K bþ!KÞ ¼ b4!K bþ b4!K

Proof The proofs can be easily obtained from Definition

3.16, Definition 3.20 and Definition 3.37. h

Definition 3.40 Let !K 2 IVNSðUÞ. Then, False-Favorite
of !K , denoted b5!K , is defined by

Table 10 The tabular

representation of the ivn-soft set

!K =̂5

U u1 u2

x1 h½0:1; 0:14�; ½0:16; 0:18�; ½0:04; 0:1�i h½0:06; 0:12�; ½0:15; 0:18�; ½0:04; 0:16�i
x2 h½0:0; 0:06�; ½0:12; 0:16�; ½0:16; 0:18�i h½0:02; 0:16�; ½0:16; 0:18�; ½0:15; 0:25�i
x3 h½0:02; 0:14�; ½0:08; 0:1�; ½0:16; 0:18�i h½0:04; 0:1�; ½0:1; 0:14�; ½0:12; 0:16�i
x4 h½0:04; 0:08�; ½0:14; 0:18�; ½0:12; 0:18�i h½0:15; 0:18�; ½0:12; 0:18�; ½0:06; 0:18�i
x5 h½0:0; 0:04�; ½0:2; 0:2�; ½0:2; 0:2�i h½0:0; 0:05�; ½0:18; 0:2�; ½0:04; 0:18�i

Table 11 The tabular representation of the ivn-soft set b4!K

U u1 u2

x1 h½1:0; 1:0�; ½0:0; 0:0�; ½0:2; 0:5�i h½0:6; 1:0�; ½0:0; 0:0�; ½0:2; 0:8�i
x2 h½0:6; 1:0�; ½0:0; 0:0�; ½0:3; 0:9�i h½0:9; 1:0�; ½0:0; 0:0�; ½0:3; 0:5�i
x3 h½0:5; 1:0�; ½0:0; 0:0�; ½0:8; 0:9�i h½0:7; 1:0�; ½0:0; 0:0�; ½0:6; 0:8�i
x4 h½0:9; 1:0�; ½0:0; 0:0�; ½0:6; 0:9�i h½0:9; 1:0�; ½0:0; 0:0�; ½0:3; 0:9�i
x5 h½1:0; 1:0�; ½0:0; 0:0�; ½1:0; 1:0�i h½0:9; 1:0�; ½0:0; 0:0�; ½0:2; 0:9�i
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b5!K ¼ e5tK for all x 2 E:

Example 3.41 Consider the above Example 3.7, the

False-Favorite of !K , denoted b5!K , can be represented

into the following table (Table 12);

Proposition 3.42 Let !K ;!L 2 IVNSðUÞ. Then,

1. b5 b5!K b¼ b5!K

2. b5ð!K b[!KÞb� b5!K b[ b5!K

3. b5ð!K b\!KÞb� b5!K b\ b5!K

4. b5ð!K bþ!KÞ ¼ b5!K bþ b5!K

Proof The proof can be easily obtained from Definition

3.16, Definition 3.20 and Definition 3.40. h

Theorem 3.43 Let P be the power set of all ivn-soft sets

defined in the universe U. Then ðP; b\; b[Þ is a distributive

lattice.

Proof The proof can be easily obtained by showing

properties; idempotency, commutativity, associativity and

distributivity. h

4 ivn-soft set based decision making

In this section, we present an adjustable approach to ivn-

soft set based decision making problems by extending the

approach to interval-valued intuitionistic fuzzy soft set

based decision making [40]. Some of it is quoted from [18,

26, 35, 40].

Definition 4.1 Let !K 2 IVNSðUÞ. Then a relation form

of !K is defined by

R!K
¼ fðr!K

ðx; uÞ=ðx; uÞÞ : r!K
ðx; uÞ 2 IVNðUÞ; x 2 E; u

2 Ug

where r!K
: E � U ! IVNðUÞ and r!K

ðx; uÞ ¼ tKðxÞðuÞ for
all x 2 E and u 2 U.

That is, r!K
ðx; uÞ ¼ tKðxÞðuÞ is characterized by truth-

membership function TK , a indeterminacy-membership

function IK and a falsity-membership function FK . For

each point x 2 E and u 2 U; TK , IK and FK � ½0; 1�.

Example 4.2 Consider the above Example 3.7, then,

r!K
ðx; uÞ ¼ tKðxÞðuÞ can be given as follows

tKðx1Þðu1Þ ¼ h½0:6; 0:8�; ½0:8; 0:9�; ½0:1; 0:5�i,
tKðx1Þðu2Þ ¼ h½0:5; 0:8�; ½0:2; 0:9�; ½0:1; 0:7�i,
tKðx2Þðu1Þ ¼ h½0:1; 0:4�; ½0:5; 0:8�; ½0:3; 0:7�i,
tKðx2Þðu1Þ ¼ h½0:1; 0:9�; ½0:6; 0:9�; ½0:2; 0:3�i,
tKðx3Þðu1Þ ¼ h½0:2; 0:9�; ½0:1; 0:5�; ½0:7; 0:8�i,
tKðx3Þðu2Þ ¼ h½0:4; 0:9�; ½0:1; 0:6�; ½0:5; 0:7�i,
tKðx4Þðu1Þ ¼ h½0:6; 0:9�; ½0:6; 0:9�; ½0:6; 0:9�i,
tKðx4Þðu2Þ ¼ h½0:5; 0:9�; ½0:6; 0:8�; ½0:1; 0:8�i,
tKðx5Þðu1Þ ¼ h½0:0; 0:9�; ½1:0; 1:0�; ½1:0; 1:0�i,
tKðx5Þðu2Þ ¼ h½0:0; 0:9�; ½0:8; 1:0�; ½0:2; 0:5�i.

Zhang et al.[40] introduced level-soft set and different

thresholds on different parameters in interval-valued intu-

itionistic fuzzy soft sets. Taking inspiration these defini-

tions we give level-soft set and different thresholds on

different parameters in ivn-soft sets.

Definition 4.3 Let !K 2 IVNSðUÞ. For a; b; c � ½0; 1�,
the ða; b; cÞ-level soft set of !K is a crisp soft set, denoted

ð!K ; ha; b; ciÞ, defined by

ð!K ; ha; b; ciÞ ¼ fðxi; fuij : uij 2 U; lðuijÞ ¼ 1gÞ : xi 2 Eg

where,

lðuijÞ ¼ 1; ða; b; cÞ �̂ tKðxiÞðujÞ
0; others

�

for all uj 2 U.

Obviously, the definition is an extension of level soft

sets of interval-valued intuitionistic fuzzy soft sets [40].

Remark 4.4 In Definition 4.3, a ¼ ða1; a2Þ � ½0; 1� can be

viewed as a given least threshold on degrees of truth-

membership, b ¼ ðb1; b2Þ � ½0; 1� can be viewed as a

given greatest threshold on degrees of indeterminacy-

membership and c ¼ ðc1; c2Þ � ½0; 1� can be viewed as a

given greatest threshold on degrees of falsity-membership.

If ða; b; cÞc� tKðxiÞðuÞ, it shows that the degree of the truth-
membership of u with respect to the parameter xi is not less

than a, the degree of the indeterminacy-membership of u

with respect to the parameter xi is not more than c and the

degree of the falsity-membership of u with respect to the

parameter xi is not more than b. In practical applications of

inv-soft sets, the thresholds a, b, c are pre-established by

decision makers and reflect decision makers’ requirements

on ‘‘truth-membership levels’’, ‘‘indeterminacy-member-

ship levels’’ and ‘‘falsity-membership levels’’, respectively.

Example 4.5 Consider the above Example 3.7.

Clearly the ( [0.3, 0.4], [0.3, 0.5], [0.1, 0.2])-level soft

set of !K as follows

Table 12 The tabular representation of the ivn-soft set b5!K

U u1 u2

x1 h½0:5; 0:7�; ½0:0; 0:0�; ½1:0; 1:0�i h½0:3; 0:6�; ½0:0; 0:0�; ½0:5; 1:0�i
x2 h½0:0; 0:3�; ½0:0; 0:0�; ½0:9; 1:0�i h½0:1; 0:8�; ½0:0; 0:0�; ½1:0; 1:0�i
x3 h½0:1; 0:7�; ½0:0; 0:0�; ½1:0; 1:0�i h½0:2; 0:5�; ½0:0; 0:0�; ½1:0; 1:0�i
x4 h½0:2; 0:4�; ½0:0; 0:0�; ½1:0; 1:0�i h½0:3; 0:9�; ½0:0; 0:0�; ½0:9; 1:0�i
x5 h½0:0; 0:2�; ½0:0; 0:0�; ½1:0; 1:0�i h½0:0; 0:1�; ½0:0; 0:0�; ½1:0; 1:0�i
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ð!K ; h½0:3; 0:4�; ½0:3; 0:5�; ½0:1; 0:2�iÞ
¼ fðx1; fu1gÞ; ðx4; fu1; u2gÞg

Note 4.6 In some practical applications the thresholds

a; b; c decision makers need to impose different thresholds

on different parameters. To cope with such problems, we

replace a constant value the thresholds by a function as the

thresholds on truth-membership values, indeterminacy-

membership values and falsity-membership values,

respectively.

Theorem 4.7 Let !K ;!L 2 IVNSðUÞ. Then,

1. ð!K ; ha1; b1; c1iÞ and ð!K ; ha2; b2; c2iÞ are ha1; b1; c1i-
level soft set and ha2;b2; c2i-level soft set of !K ,

respectively. If ha2; b2; c2ic� ha1; b1; c1i, then we have

ð!K ; ha1; b1; c1iÞ ~�ð!K ; ha2; b2; c2iÞ.
2. ð!K ; ha; b; ciÞ and ð!L; ha; b; ciÞ are ha; b; c-level soft

set !K and !L, respectively. If !K
b�!L, then we have

ð!K ; ha; b; ciÞ ~�ð!L; ha;b; ciÞ.

Proof The proof of the theorems are obvious. h

Definition 4.8 Let !K 2 IVNSðUÞ. Let an interval-valued

neutrosophic set ha; b; ci!K
: E ! IVNðUÞ in U which is

called a threshold interval-valued neutrosophic set. The

level soft set of !K with respect to ha; b; ci!K
is a crisp soft

set, denoted by ð!K ; ha; b; ci!K
Þ, defined by;

ð!K ; ha; b; ci!K
Þ ¼ fðxi; fuij : uij 2 U; lðuijÞ ¼ 1gÞ : xi
2 Eg

where,

lðuijÞ ¼ 1; ha; b; ci!K
ðxiÞc� tKðxiÞðujÞ

0; others

�

for all uj 2 U.

Obviously, the definition is an extension of level soft

sets of interval-valued intuitionistic fuzzy soft sets [40].

Remark 4.9 In Definition 4.8, a ¼ ða1; a2Þ � ½0; 1� can be

viewed as a given least threshold on degrees of truth-

membership, b ¼ ðb1; b2Þ � ½0; 1� can be viewed as a

given greatest threshold on degrees of indeterminacy-

membership and c ¼ ðc1; c2Þ � ½0; 1� can be viewed as a

given greatest threshold on degrees of falsity-membership

of u with respect to the parameter x.

If ha; b; ci!K
ðxiÞc� tKðxiÞðuÞ it shows that the degree of

the truth-membership of u with respect to the parameter xi
is not less than a, the degree of the indeterminacy-

membership of u with respect to the parameter xi is not

more than c and the degree of the falsity-membership of u

with respect to the parameter xi is not more than b.

Definition 4.10 Let !K 2 IVNSðUÞ. Based on !K , we

can define an interval-valued neutrosophic set ha; b; ciavg!K
:

E ! IVNðUÞ by

ha; b; ciavg!K
ðxiÞ ¼

X

u2U
tKðxiÞðuÞ=jUj

for all x 2 E.

The interval-valued neutrosophic set ha; b; ciavg!K
is called

the avg-threshold of the ivn-soft set !K . In the following

discussions, the avg-level decision rule will mean using the

avg-threshold and considering the avg-level soft set in ivn-

soft sets based decision making.

Let us reconsider the ivn-soft set !K in Example 3.7.

The avg-threshold ha; b; ciavg!K
of !K is an interval-valued

neutrosophic set and can be calculated as follows:

ha; b; ciavg!K
ðx1Þ ¼

X2

i¼1

tKðx1ÞðuiÞ=jUj

¼ h½0:55; 0:8�; ½0:5; 0:9�; ½0:1; 0:6�i

ha; b; ciavg!K
ðx2Þ ¼

X2

i¼1

tKðx2ÞðuiÞ=jUj

¼ h½0:1; 0:65�; ½0:55; 0:85�; ½0:25; 0:5�i

ha; b; ciavg!K
ðx3Þ ¼

X2

i¼1

tKðx3ÞðuiÞ=jUj

¼ h½0:15; 0:9�; ½0:1; 0:55�; ½0:6; 0:75�i

ha; b; ciavg!K
ðx4Þ ¼

X2

i¼1

tKðx4ÞðuiÞ=jUj

¼ h½0:55; 0:9�; ½0:6; 0:85�; ½0:35; 0:85�i

Table 13 The tabular representation of the ivn-soft set b5!K

U u1 u2

x1 h½0:5; 0:7�; ½0:8; 0:9�; ½0:2; 0:5�i h½0:3; 0:6�; ½0:3; 0:9�; ½0:2; 0:8�i
x2 h½0:0; 0:3�; ½0:6; 0:8�; ½0:3; 0:9�i h½0:1; 0:8�; ½0:8; 0:9�; ½0:3; 0:5�i
x3 h½0:1; 0:7�; ½0:4; 0:5�; ½0:8; 0:9�i h½0:2; 0:5�; ½0:5; 0:7�; ½0:6; 0:8�i
x4 h½0:2; 0:4�; ½0:7; 0:9�; ½0:6; 0:9�i h½0:3; 0:9�; ½0:6; 0:9�; ½0:3; 0:9�i
x5 h½0:0; 0:2�; ½1:0; 1:0�; ½1:0; 1:0�i h½0:0; 0:1�; ½0:9; 1:0�; ½0:2; 0:9�i
U u3 u4

x1 h½0:5; 0:8�; ½0:8; 0:9�; ½0:3; 0:9�i h½0:1; 0:9�; ½0:5; 0:9�; ½0:2; 0:4�i
x2 h½0:9; 0:9�; ½0:2; 0:3�; ½0:3; 0:5�i h½0:7; 0:9�; ½0:1; 0:3�; ½0:5; 0:6�i
x3 h½0:8; 0:9�; ½0:1; 0:7�; ½0:6; 0:8�i h½0:8; 0:9�; ½0:1; 0:2�; ½0:5; 0:6�i
x4 h½0:6; 0:9�; ½0:6; 0:9�; ½0:6; 0:9�i h½0:5; 0:9�; ½0:6; 0:8�; ½0:5; 0:8�i
x5 h½0:8; 0:9�; ½0:0; 0:4�; ½0:7; 0:7�i h½0:7; 0:9�; ½0:5; 1:0�; ½0:6; 0:5�i
U u5 u6

x1 h½0:6; 0:8�; ½0:8; 0:9�; ½0:1; 0:5�i h½0:5; 0:8�; ½0:2; 0:9�; ½0:1; 0:7�i
x2 h½0:1; 0:4�; ½0:5; 0:8�; ½0:3; 0:7�i h½0:1; 0:9�; ½0:6; 0:9�; ½0:2; 0:3�i
x3 h½0:2; 0:9�; ½0:1; 0:5�; ½0:7; 0:8�i h½0:4; 0:9�; ½0:1; 0:6�; ½0:5; 0:7�i
x4 h½0:6; 0:9�; ½0:6; 0:9�; ½0:6; 0:9�i h½0:5; 0:9�; ½0:6; 0:8�; ½0:1; 0:8�i
x5 h½0:0; 0:9�; ½1:0; 1:0�; ½1:0; 1:0�i h½0:0; 0:9�; ½0:8; 1:0�; ½0:2; 0:5�i

Int. J. Mach. Learn. & Cyber. (2017) 8:665–676 673

123



ha; b; ciavg!K
ðx5Þ ¼

X2

i¼1

tKðx5ÞðuiÞ=jUj

¼ h½0:0; 0:9�; ½0:9; 1:0�; ½0:6; 0:75�i

Therefore, we have

ha; b; ciavg!K
¼ fh½0:55; 0:8�; ½0:5; 0:9�; ½0:1; 0:6�i=x1;
h½0:1; 0:65�; ½0:55; 0:85�; ½0:25; 0:5�i=x2;
h½0:15; 0:9�; ½0:1; 0:55�; ½0:6; 0:75�i=x3;
h½0:55; 0:9�; ½0:6; 0:85�; ½0:35; 0:85�i=x4;
h½0:0; 0:9�; ½0:9; 1:0�; ½0:6; 0:75�i=x5g

Example 4.11 Consider the above Example 3.7. Clearly;

ð!K ; ha; b; ciavg!K
Þ ¼ fðx5; fu2gÞg

Definition 4.12 Let !K 2 IVNSðUÞ. Based on !K , we

can define an interval-valued neutrosophic set

ha; b; ciMmm
!K

: A ! IVNðUÞ by

ha; b; ciMmm
!K

¼ h½maxu2UfinfTtKðxiÞðuÞg;maxu2UfsupTtKðxiÞðuÞg�;
n

½minu2UfinfItKðxiÞðuÞg;minu2UfsupItKðxiÞðuÞg�;

½minu2UfinfFtKðxiÞðuÞg;minu2UfsupFtKðxiÞðuÞg�i=xi : xi 2 E
o

The interval-valued neutrosophic set ha; b; ciMmm
!K

is

called the max-min-min-threshold of the ivn-soft set !K . In

what follows the Mmm-level decision rule will mean using

the max-min-min-threshold and considering the Mmm-

level soft set in ivn-soft sets based decision making.

Definition 4.13 Let !K 2 IVNSðUÞ. Based on !K , we

can define an interval-valued neutrosophic set ha; b; cimmm!K
:

E ! IVNðUÞ by
ha; b; cimmm!K

¼ h½minu2UfinfTtKðxiÞðuÞg;minu2UfsupTtKðxiÞðuÞg�;
n

½minu2UfinfItKðxiÞðuÞg;minu2UfsupItKðxiÞðuÞg�;

½minu2UfinfFtKðxiÞðuÞg;minu2UfsupFtKðxiÞðuÞg�i=xi : xi 2 E
o

The interval-valued neutrosophic set ha; b; cimmm!K
is

called the min-min-min-threshold of the ivn-soft set !K . In

what follows the mmm-level decision rule will mean using

the min-min-min-threshold and considering the mmm-level

soft set in ivn-soft sets based decision making.

Theorem 4.14 Let !K 2 IVNSðUÞ. Then, ð!K ;

ha; b; ciavg!K
Þ, ð!K ; ha; b; ciMmm

!K
Þ; ð!K ; ha; b; cimmm!K

ÞÞ are the

avg-level soft set, Mmm-level soft set, mmm-level soft set

of !K 2 IVNSðUÞ, respectively. Then,

1. ð!K ; ha; b; ciMmm
!K

Þ ~�ð!K ; ha; b; ciavg!K
Þ

2. ð!K ; ha; b; ciMmm
!K

Þ ~�ð!K ; ha; b; cimmm!K
Þ

Proof The proof of the theorems are obvious. h

Theorem 4.15 Let !K ;!L 2 IVNSðUÞ. Then,

1. Let ha1; b1; c1i
i
!K

and ha2; b2; c2i
i
!K

for i 2 favg;
Mmm;mmmg be two threshold interval-valued neutro-

sophic sets. Then, ð!K ; ha1; b1; c1i!K
Þ and

ð!K ; ha2; b2; c2i!K
Þ are ha1; b1; c1i!K

-level soft set

and ha2; b2; c2i!K
-level soft set of !K , respectively. If

ha2; b2; c2i!K

c� ha1; b1; c1i!K
, then we have

ð!K ; ha1; b1; c1i!K
Þ ~�ð!K ; ha2; b2; c2i!K

Þ.
2. Let ha; b; ci!K

be a threshold interval-valued neutro-

sophic sets. Then, ð!K ; ha; b; ci!K
Þ and

ð!L; ha; b; ci!K
Þ are ha; b; c-level soft set !K and !L,

respectively. If !K
b�!L, then we have

ð!K ; ha; b; ci!K
Þ ~�ð!L; ha; b; ci!K

Þ.

Proof The proof of the theorems are obvious. h

Now, we construct an ivn-soft set decision making

method by the following algorithm;

Algorithm:

1. Input the ivn-soft set !K ,

2. Input a threshold interval-valued neutrosophic set

ha; b; ciavg!K
(or ha; b; ciMmm

!K
; ha; b; cimmm!K

) by using

avg-level decision rule (or Mmm-level decision rule,

mmm-level decision rule) for decision making.

3. Compute avg-level soft set ð!K ; ha; b; ciavg!K
Þ (or Mmm-

level soft set (ð!K ; ha; b; ciMmm
!K

Þ, mmm-level soft set

ð!K ; ha; b; cimmm!K
ÞÞÞ

4. Present the level soft set ð!K ; ha; b; ciavg!K
Þ (or the level

soft set(ð!K ; ha; b; ciMmm
!K

, the level soft set

ð!K ; ha; b; cimmm!K
ÞÞÞ in tabular form.

5. Compute the choice value ci of ui for any ui 2 U,

6. The optimal decision is to select uk if ck ¼ maxui2Uci:

Remark 4.16 If k has more than one value then any one of

uk may be chosen.

If there are too many optimal choices in Step 6, we may

go back to the second step and change the threshold (or

decision rule) such that only one optimal choice remains in

the end.

Remark 4.17 The aim of designing the Algorithm is to

solve ivn-soft sets based decision making problem by using
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level soft sets. Level soft sets construct bridges between

ivn-soft sets and crisp soft sets. By using level soft sets, we

need not treat ivn-soft sets directly but only cope with crisp

soft sets derived from them after choosing certain thresh-

olds or decision strategies such as the mid-level or the

top?bottom-level decision rules. By the Algorithm, the

choice value of an object in a level soft set is in fact the

number of fair attributes which belong to that object on the

premise that the degree of the truth-membership of u with

respect to the parameter x is not less than ‘‘truth-mem-

bership levels’’, the degree of the indeterminacy-member-

ship of u with respect to the parameter x is not more than

‘‘indeterminacy-membership levels’’ and the degree of the

falsity-membership of u with respect to the parameter x is

not more than ‘‘falsity-membership levels’’.

Example 4.18 Suppose that a customer to select a house

from the real agent. He can construct a ivn-soft set !K that

describes the characteristic of houses according to own

requests. Assume that U ¼ fu1; u2; u3; u4; u5; u6g is the

universe contains six house under consideration in an real

agent and E ¼ fx1 ¼ cheap; x2 ¼ beatiful; x3 ¼
greensurroundings; x4 ¼ costly; x5 ¼ largeg.

Now, we can apply the method as follows:

1. Input the ivn-soft set !K as,

2. Input a threshold interval-valued neutrosophic set

ha; b; ciavg!K
by using avg-level decision rule for deci-

sion making as;

ha; b; ciavg!K
¼ h½0:41; 0:76�; ½0:56; 0:9�; ½0:18; 0:63�i=x1;f

½0:31; 0:7�; ½0:46; 0:66�; ½0:31; 0:58�i=x2;h
½0:41; 0:8�; ½0:21; 0:53�; ½0:61; 0:76�i=x3;h
½0:45; 0:81�; ½0:61; 0:86�; ½0:45; 0:86�i=x4;h
½0:25; 0:65�; ½0:7; 0:9�; ½0:61; 0:76�i=x5h g

3. Compute avg-level soft set ð!K ; ha; b; ciavg!K
Þ as;

ð!K ; ha; b; ciavg!K
Þ ¼ fðx2; fu3gÞ; ðx3; fu4gÞ; ðx4; fu6g;

ðx5; fu3gÞg

4. Present the level soft set ð!K ; ha; b; ciavg!K
Þ in tabular

form as (Table 14);

5. Compute the choice value ci of ui for any ui 2 U as;

c1 ¼ c2 ¼ c5 ¼
X5

j¼1

u1j ¼
X6

j¼1

u2j ¼
X5

j¼1

h5j ¼ 0;

c4 ¼ c6 ¼
X5

j¼1

u4j ¼
X6

j¼1

h6j ¼ 1

c3 ¼
X5

j¼1

u3j ¼ 2

6. The optimal decision is to select u3 since

c3 ¼ maxui2Uci:

Note that this decision making method can be applied

for group decision making easily with help of the Defini-

tion 3.27 and Definition 3.28.

5 Conclusion

In this paper, the notion of the interval valued neutrosophic

soft sets (ivn-soft sets) is defined which is a combination of

an interval valued neutrosophic sets[35] and a soft sets[29].

Then, we introduce some definitions and operations of ivn-

soft sets sets. Some properties of ivn-soft sets which are

connected to operations have been established. Finally, we

propose an adjustable approach by using level soft sets and

illustrate this method with some concrete examples. This

novel proposal proves to be feasible for some decision

making problems involving ivn-soft sets. It can be applied

to problems of many fields that contain uncertainty such as

computer science, game theory, and so on.
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