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Abstract — In this work, we introduce the concept of generalized interval Keywords — Soft set,
neutrosophic soft set and study their operations. Finally, we present an neutrosophic set,

application of generalized interval neutrosophic soft set in decision making neutrosophic soft set,
problem. decision making

1. Introduction

Neutrosophic sets, founded by Smarandache [8] has capability to deal with uncertainty, imprecise,
incomplete and inconsistent information which exist in real world. Neutrosophic set theory is a
powerful tool which generalizes the concept of the classic set, fuzzy set [16], interval-valued fuzzy set
[10], intuitionistic fuzzy set [13] interval-valued intuitionistic fuzzy set [14], and so on.

After the pioneering work of Smarandache, Wang [9] introduced the notion of interval neutrosophic set
(INS) which is another extension of neutrosophic set. INS can be described by a membership interval, a
non-membership interval and indeterminate interval, thus the interval value (INS) has the virtue of
complementing NS, which is more flexible and practical than neutrosophic set, and interval
neutrosophic set provides a morereasonable mathematical framework to deal with indeterminate and
inconsistent information.The theory of neutrosophic sets and their hybrid structures has proven useful in
many different fields such as control theory [25], databases [17,18], medical diagnosis problem [3,11],
decision making problem [1,2,15,19,23,24,27,28,29,30,31,32,34], physics[7], and etc.

In 1999, a Russian researcher [5] firstly gave the soft set theory as a general mathematical tool for
dealing with uncertainty and vagueness. Soft set theory is free from the parameterization inadequacy
syndrome of fuzzy set theory, rough set theory, probability theory. Recently, some authors have
introduced new mathematical tools by generalizing and extending Molodtsov’s classical soft set theory;
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fuzzy soft set [22], vague soft set [35], intuitionistic fuzzy soft set [20], interval valued intuitionistic
fuzzy set [36].

Similarity, combining neutrosophic set models with other mathematical models has attracted the
attention of many researchers: neutrosophic soft set [21], intuitionistic neutrosophic soft set [26],
generalized neutrosophic soft set [23], interval neutrosophic soft set [12].

Broumi et al. [33] presented the concept of rough neutrosophic set which is based on a combination of
the neutrosophic set and rough set models. Recently, Sahin and Kiigiik [23] generalized the concept of
neutrosophic soft set with a degree of which is attached with the parameterization of fuzzy sets while
defining a neutrosophic soft set, and investigated some basic properties of the generalized neutrosophic
soft sets.

In this paper our main objective is to extend the concept of generalized neutrosophic soft set introduced
by Sahin and Kiigiik [23] to the case of interval neutrosophic soft set [12].

The paper is structured as follows. In Section 2, we first recall the necessary background on
neutrosophic sets,soft set and generalized neutrosophic soft set. The concept of generalized interval
neutrosophic soft sets and some of their properties are presented in Section 3.In Section 4, we present
an application of generalized interval neutrosophic soft sets in decision making. Finally we conclude
the paper.

2. Preliminaries

In this section, we will briefly recall the basic concepts of neutrosophic set,soft sets and generalized
neutrosophic soft sets. Let U be an initial universe set of objects and E the set of parameters in relation
to objects in U. Parameters are often attributes, characteristics or properties of objects. Let P(U)
denote the power setof Uand A € E.

2.1 Neutrosophic Sets

Definition 2.1 [8]. Let U be an universe of discourse.The neutrosophic set 4 is an object having the
form A = {< x:uy(x), wy(x),v4(x) >:x € U},where the functions u,w,v : U - ]07,1*[define
respectively the degree of membership, the degree of indeterminacy, and the degree of non-
membership of the element x € U to the set A with the condition.

07 < uy(x) +wy(x) +v,(x)) <37

From philosophical point of view, the neutrosophic set takes the value from real standard or non-
standard subsets of ]0,1*[. So instead of ]0,17[ we need to take the interval [0,1] for
technical applications, because ]70,1*[will be difficult to apply in the real applicationssuch as in
scientific and engineering problems.

Definition 2.2 [8] A neutrosophicset Ais contained in the other neutrosophic set B, A € B iff
infuy (x) < infug(x), supuy(x) < supug(x), infw,(x) = infwg(x), supwy(x) = supwg(x)and
infv,(x) = infvg(x), supvs(x) = supvg(x) forall x € U.

An INS is an instance of a neutrosophic set, which can be used in real scientific and engineering
applications. In the following, we introduce the definition of an INS.
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2.2 Interval Neutrosophic Sets

Definition 2.3 [9] Let U be a space of points (objects) and Int[0,1] be the set of all closed subsets of
[0,1]. An INS A in U is defined with the form

A = {{x, ug (), wa (x), 14 (x)): x € U}

where u,(x): U — int[0,1] , wu(x):U — int[0,1] and v,(x): U — int[0,1] with 0 < supu,(x) +
supwy(x) + supv,(x) < 3 for all x € U. The intervals u,(x), ws(x) and v,(x) denote the truth-
membership degree, the indeterminacy-membership degree and the falsity membership degree of xto
A, respectively.

For convenience,

if let uy (x) = [ug (o), ug (0], wa(x) = [wy (o), wi ()] and v(x) = [y (x), v (x)], then
A = {(x, [ug (), uz (0], [wy ), wi (O], [va (o), vz ()]):x € U}

with the condition, 0 < supu} (x) + supwj (x) + supv;i(x) <3 for all x € U. Here, we only
consider the sub-unitary interval of [0,1]. Therefore, an INS is clearly a neutrosophic set.

Definition 2.4 [9] Let A and B be two interval neutrosophic sets,

A = {(x, [ug (), uz (0], [wa (), wi ()], [vg (x),v4 (0)]):x € U}
B = {(x, [ug (), uf ()], [wg (x), wg ()], [vg (x), v§ (x)]): x € U}.

Then some operations can be defined as follows:

1) AcB i uz(x) Sup(o),ug () < ug(x),wp (x) = wg (), wi (x) = wg (x)vg (x) =
vy (x),v5 (x) = vi(x) foreachx € U.

(2) A=BiffACBandBC A.

(B) A= {0 v (0, v ()] [1—wi (), 1 —wi (0], [ug (), ug (0)]):x € U}

2.3 Soft Sets

Defnition2.5 [5] A pair (F,A) is called a soft set over, where F is a mapping given by F : A —
P (U). In other words, a soft set over U is a mapping from parameters to the power set of U, and it is
not a kind of set in ordinary sense, but a parameterized family of subsets of U. For any parametere €
A, F (e) may be considered as the set of e —approximate elements of the soft set (F, A).

Example 2.6 Suppose that U is the set of houses under consideration, say U = {hy, h;,..., hs}. Let E
be the set of some attributes of such houses, say E = {e;, e,, e3,e,}, Where e, e,, e3, e, Stand for the
attributes “beautiful”, “costly”, “in the green surroundings” and “moderate”, respectively.

In this case, to define a soft set means to point out expensive houses, beautiful houses, and so on. For
example, the soft set (F, A) that describes the “attractiveness of the houses” in the opinion of a buyer,
say Thomas, may be defined like this:

F(e) = {hy h3, hs}, F(e;) = {hy hu}, F(es) = {hs hs}forA = {e, e, €4}
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2.4 Neutrosophic Soft Sets

Definition 2.7 [21] LetU be an initial universe set and A c E be a set of parameters. Let NS(U)
denotes the set of all neutrosophic subsets of U. The collection (F, A) is termed to be the neutrosophic
soft set over U, where F is a mapping given by F: A —» NS(U).

Example 2.8 [21] Let U be the set of houses under consideration and E is the set of parameters. Each
parameter is a neutrosophic word or sentence involving neutrosophic words. Consider E ={beautiful,
wooden, costly, very costly, moderate, green surroundings, in good repair, in bad repair, cheap,
expensive}. In this case, to define a neutrosophic soft set means to point out beautiful houses, wooden
houses, houses in the green surroundings and so on. Suppose that, there are five houses in the universe U
given byU = {hq, h,,..., hs} and the set of parameters

A = {e;, ey, e3,e,},Where e; stands for the parameter “beautiful’, e, stands for the parameter "wooden’,
e stands for the parameter "costly' and the parameter e,stands for ‘moderate’. Then the neutrosophic set
(F,A) is defined as follows:

(0.5,0.6,0.3)’ (0.4,0.7,0.6)’ (0.6,0.2,0.3)’ (0.7,0.3,0.2)’ (0.8,0.2,0.3)

)
hy hy hs hy hs )
)
)

( hy h, h; hy hs
€1
€2

(0.6,0.3,0.5)" (0.7,0.4,0.3) (0.8,0.1,0.2)’ (0.7,0.1,0.3) " (0.8,0.3,0.6)

(F,A) = E h, h, hs hy hs
(

®31(0.7,0.4,0.3)’ (0.6,0.7,0.2) ' (0.7,0.2,0.5)’ (0.5,0.2,0.6) " (0.7,0.3,0.4)
hy h, hs h, hs
(0.8,0.6,0.4)’ (0.7,0.9,0.6)" (0.7,0.6,0.4)’ (0.7,0.8,0.6)’ (0.9,0.5,0.7)

e
\ 4

2.5 Interval Neutrosophic Soft Sets

Definition 2.9 [12] LetU be an initial universe set and A c E be a set of parameters. Let INS(U)
denotes the set of all interval neutrosophic subsets of U. The collection (F, A) is termed to be the
interval neutrosophic soft set over U, where F is a mapping givenby F: A —» INS(U).

Example 2.10 [12] Let U = {x1,x,} be set of houses under consideration and E is a set of
parameters which is a neutrosophic word. Let E be the set of some attributes of such houses, say E =
{eq,e2,e3,e,4}, Where eq, e;, €3, e, stand for the attributes e; = cheap, e, = beautiful, e3 = in the
green surroundings, e4 = costly and eg = large, respectively. Then we define the interval
neutrosophic soft set A as follows:

X1 X2
(e1 [0.5,0.8],[0.5,0.9],[0.2,0.5]'[0.4,0.8],[0.2,0.5],[0.5,0.6]

X1 X2
[0.5,0.8],[0.2,0.8],[0.3,0.7]°[0.1,0.9],[0.6,0.7],[0.2,0.3]

)
)
X1 X3 )
)
)

(F,A) =+

[0.2,0.7],[0.1,0.5],[0.5,0.8] '[0.5,0.7],[0.1,0.4],[0.6,0.7]

(
(
( X1 X2
(

[0.4,0.5],[0.4,0.9],[0.4,0.9]'[0.3,0.4],[0.6,0.7],[0.1,0.5]
X1 X2

[0.1,0.7],[0.5,0.6],[0.1,0.5]'[0.6,0.7],[0.2,0.4],[0.3,0.7]
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2.6 Generalized Neutrosophic Soft Sets
The concept of generalized neutrosophic soft is defined by Sahin and Kii¢iik [23] as follows:

Definition 2.11 [23] LetU be an intial universe and E be a set of parameters. Let NS(U) be the set of
all neutrosophic sets of U. A generalized neutrosophic soft set F# over U is defined by the set of
ordered pairs

Ft-={(F(e),u(e)):e € E,F(e) €N(U),u(e) € [0,1]},

whereF isa mapping given byF:E — NS(U) x I and pu is a fuzzy set such that w: E — I = [0,1].
Here,F*is a mapping defined byF*: E - NS(U) % I.

For any parameter e € E, F(e) is referred as the neutrosophic value set of parameter e, i.e,

F(e) = {(x, up(ey (), Wr(ey (), Vi (o) (%)): x € U}

where u,w,v : U—- [0 ,1] are the memberships functions of truth, indeterminacy and falsity
respectively of the elementx € U.Foranyx € Uande € E,

0 < up(e) (X) + WE(e) (X) + Up(e) (X) <3.

In fact, F*is a parameterized family of neutrosophic sets overU, which has the degree of possibility of
the approximate value set which is represented by u (e) for each parameter e, so F* can be expressed
as follows:

X1 X2

xn
FaG e T )

o=

Definition 2.12 [4] A binary operation ®: [0,1] x [0,1] — [0,1]is continuous t —norm if ® satisfies
the following conditions:

(1) ® is commutative and associative,

(2) ® is continuous,

3) a®1=a,Vac€e|[01],

(4) a®b < c®dwhenevera <c,b <danda,b,c,d € [0,1].

Definition 2.13 [4] A binary operation é:[0,1] x [0,1] — [0,1]is continuous t —conorm if @
satisfies the following conditions:

(1) & is commutative and associative,

(2) @ is continuous,

(3) a®0=a,vae€ [0,1],

(4) a®b < cdwhenevera < c,b <danda,b,c,d € [0,1].
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3. Generalized Interval Neutrosophic Soft Set

In this section, we define the generalized interval neutrosophic soft sets and investigate some basic
properties.

Definition 3.1. Let U be an initial universe and E be a set of parameters.Suppose thatINS(U)is the set
of all interval neutrosophic sets overU and int[0,1]is the set of all closed subsets of [0,1]. A generalized
interval neutrosophic soft set F#* over U is defined by the set of ordered pairs

Ft={(F(e),u(e)):e € E,F(e) € INS(U),u(e) € [0,1]},

where F is a mapping given byF: E — INS(U) x I and u is a fuzzy set such that u: E - I = [0, 1].
Here,F*is a mapping defined byF#*: E — INS(U) X I.

For any parameter e € E,F(e) is referred as the interval neutrosophic value set of parameter e, i.e,
F(e) = {(X; Up(e) (%), Wr(e) (%), Vp(e)(X)): x € U}
Where ug (), Wr(e), Vr(e): U = int[0,1]with the condition
0 < supup(e(x) + sup wg(e)(x) +supvpE) (x) <3
forall x € U.

The intervals ug ) (x), wr(e) (x) and vee) (x)are the interval memberships functions of truth, interval
indeterminacy and interval falsity of the element x € U, respectively.

For convenience, if let

Up(e) () = [Up(e) (), Uy (V)]
Wi (e) () = [Wiey (1), Wiy ()]
Vr(e)(X) = [VE(ey (), ey (0)]

then

F(e) = {(x, [uf) (x),ug(e) )], [Wie (x),wg(e) )], [vﬁ(e)(x),vg(e) ()]):x € U}

In fact, F#is a parameterized family of interval neutrosophic sets on U, which has the degree of
possibility of the approximate value set which is represented by u (e) for each parameter e, so F#can
be expressed as follows:

x Xy

1 xn
oG T T ©)

o=

Example 3.2. Consider two generalized interval neutrosophic soft set F#and G¢. Suppose that U =
{hy,hy,,hy} is the set of house and E = {e;, e, ,e; } is the set of parameters where
e, =cheap,e, =moderate,e; =comfortable. Suppose that F* and G%are given as follows, respectively:
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(Frcen) = ( e a i (02))
v = \(70.2,0.31,[03,0.5],[0.2,0.31) ([0.3, 0-4], [0.3,0.4], [0.5, 0.6]) ’ ([0.5, 0.6], [0.2, 0-4], [0.5, 0.7] )
o h by s i
Fri(en) = (([0.1,0.4],[0.5,0.6],[0.3, 0.4])’ ([0.6,0.7], [0.4, 0.5],[0.5,0.8]) ' ([0.2, 0-4], [0.3, 0.6], [0.6, 0.9] ) /(05)

lF#(e Y= ( M ha hs ,(0.6) J
3) = \{[0.2,06],[0.2,0.5],[0.1,05])’ ([0.3,0.5], [0.3, 0.6], [0.4, 0.5]) ’ ([0.6, 0.8], [0.3,0.4], [0.2, 03] )

and
_ hl hz h3
{Gg(el) = (([0.1, 0.21,10.1,0.2],[0.1,02])’ (10.4,05],[02,0.3],[0.3,0.5]) * ([0.6,0.7], [0.1, 0.3], [0.2, 0. 3])) @. 4)}
Hore = ( - . & . - ).}
| ([0.2,0.5],[0.3,0.4],[0.2,0.3]) " ([0.7,0.8],[0.3,0.4], [0.4,0.6]) " ([0.3,0.6],[0.2,0.5],[0.4,0.6]) |
_ hy h, hs
(67e) = (([0.3, 051,101,031, [0.1,03])’ (104, 0.5, [0.1, 0.5], [0.2, 0.3]) * ([0.7,0.9], [0.2, 0.3], [0.1, 0.2] ) 08)

For the purpose of storing a generalized interval neutrosophic soft sets in a computer, we can present it
in matrix form. For example, the matrix form of F#can be expressed as follows;

([0.2,03],[0.3,05],[0.2,03]) ([0.3,0.4],[0.3,04],[05,06]) ([0.5,0.6], [0.2,04], [05,0.7]),(0.2)
([0.1,0.4],[0.5,0.6],[03,04]) ([0.6,0.7],[0.4,05],[0.508]) ([0.2,0.4],[0.3,0.6],[0.6 09]), (0.5
([0.2,06],[0.2,05],[0.1,05]) ([0.3,05],[0.3,06],[0.405]) ([o.608], [0.3,04],[0.2,03]), (0.6)

Definition 3.3. A generalized interval neutrosophic soft setF#over U is said to be generalized null
interval neutrosophic soft set ,denoted by @#, if @#: E —IN(U) XI such that

P (e) = {(F(e),u (e)}, where F(e) = {< x,([0,0],[1,1],[1,1]) >} and u (e) = 0 for each e €
Eandx € U.

Definition 3.4. A generalized interval neutrosophic soft setF#over U is said to be generalized
absolute interval neutrosophic soft set, denoted by U#, if U*:E — IN(U) x Isuch that U¥(e) =
{(F(e),u (e)},where F(e) = { < x,([1,1],[0,0],[0,0]) >}andu (¢) = 1 foreache € Eandx € U.

Definition 3.5. LetF#be a generalized interval neutrosophic soft set over U, where

F¥ (e) = {(F(e),u(e)}
and

F(e) = {(x’ [ull‘:(e)(x)’ug(e)(x)]’ [Wﬁ(e)(x)'wg(e)(x)]' [vé(e)(x)' vlg](e)(x)]):x € U}
forall e € E . Then, fore,, € E and x,, € U,

(@) F* = [F},Fplis said to be interval truth membership part of F#

whereF”* = {(F*mn (em) , u (em))} and F*pn (€) = {(xn' [ullé(em) (xn)'ug(em) (xn)])}v
2 F' = [F},F}]is said to be interval indeterminacy membership part of F*
whereF' = {F'pn (em) , 1t (em)} andF ' () = {(n, [Wi(e,) (Xn), Wie, ) Cend) )}
(3) F2 = [FA, Fjlis said to be interval falsity membership part of F#

whereF 4 :{FAmn (em) U (em)} and FAmn(em) = {(xn: [vﬁ(em) (xn)r vjl:'](em) (xn)])}

We say that every part of F* is a component of itself and is denote by F# = (F*,F',F#). Then matrix
forms of components of F#in example 3.2 can be expressed as follows:
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([0.2,0.3],[0.3,0.6],[0.4,0.5]) (0.1)
F*=| ([0.2,0.5],[0.3,0.5],[0.4,0.7]) (0.4)
([0.3,0.4],[0.1,0.3],[0.1,0.4]) (0.6)

([0.2,0.3],[0.3,0.5],[0.2,0.5]) (0.1)
F'=| ([0.2,0.5],[0.4,0.8],[0.3,0.8]) (0.4)
([0.3,0.4],[0.2,0.5],[0.2,0.3]) (0.6)

([0.2,0.3],[0.2,0.4],[0.2,0.6]) (0.1)
F4={ ([0.2,0.5],[0.8,0.9],[0.3,0.4]) (0.4)
([0.7,0.9],[0.3,0.7],[0.5,0.7])  (0.6)

where

F*n(en) = {(xn: [ué(em) (), ug(em) (xn)] >}
Fzmn (em) = {(xn' [Wé(em) (xn): Wg(em) (xn)]>}
F® mn(em) = {On [V (e, o), Ve, ) )}

are defined as the interval truth, interval indeterminacy and interval falsity values of n —th element the
according to m —th parameter, respectively.

Remark 3.6. Suppose that F* is a generalizedinterval neutrosophic soft set over U.Then we say that
each components of F#can be seen as the generalizedinterval valued vague soft set [15]. Also if it is
taken u (e) =1 for all e € E,the our generalized interval neutrosophic soft set concides with the
interval neutrosophic soft set [12].

Definition 3.7. Let U be an universe and E be a of parameters, F# and G? be two generalized
interval neutrosophic soft sets, we say that F# is a generalized interval neutrosophic soft subset G if

@ u is a fuzzy subset of 8,
2 Fore € E, F(e) is an interval neutrosophic subset ofG (e), i.e, for all e,,, € E and m,n € A,

F*mn(em) < G mn(em), Flmn(em) = G'mn(en) and F2 i (em) = G (em) where,
ué(em) (xn) < u(L;(em) (xn)'ull:'](em) (x) < ué’(em) (xn)
Wﬁ(em) (xn) = Wé(em) (xn).Wzy(em) (x) = W(l;](em) (xn)
Uﬁ(em)(xn) = vé(em)(xn),vé’(em)(xn) = vé’(em)(xn)

For x, € U.

We denote this relationship by F* = G?. Moreover ifG? is generalized interval neutrosophic soft
subset of F#, thenF* is called a generalized interval neutrosophic soft superset of G this relation is
denoted by F* 2 G°.

Example 3.8. Consider two generalized interval neutrosophic soft set F* and G .suppose that U=
{hy,hy,hs] is the set of houses and E = {e;, e, e3} is the set of parameters where
e,=cheap,e, =moderate,e; =comfortable. Suppose that F* and G ?are given as follows respectively:
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(Frce,) = ( o ha ha ,0.2))
v = \([0.1,0.2],[0.3,0.5],[0.2,0.3]) ([0.3, 0.4], [0.3, 0.4], [0.5, 0.6]) ’ (0.5, 0.6], [0.2, 0.4],[0.5,0.7] )
Fh(e,) = ( M ha s ,(0.5)
2) = \{[0.1,0.4],[0.5,0.6], [0.3, 0.4]) " ([0.6, 0.7], [0.4, 0.5], [0.5, 0.8]) ’ (0.2, 0.4], [0.3,0.6], [0.6,0.9] )
_ h1 h2 h'3
lF Hes) = (([0.2,0.6],[0.2,0.5],[0.1, 05])’ (10.3,0.51,10.3,0.6], [04 0.5]) ' (10.6,0.8], [0.3, 0.4], [0.2,0.3] ) - 0. 6)J
and
_ h1 h2 h'3
(6% = (([0.2, 031,10.1,0.2],10.1,02])’ (104,05],[02,0.3],10.3,05]) * ([0.6,0.7], 0.1, 031, [0.2, 0.3])) 0)
GO(e,) = ( e hz i 0.7
2) = \{10.2,0.5],10.3,0.4],[0.2,0.3]) " ([0.7, 0.8], [0.3, 0.4], [0.4, 0.6]) ’ ([0.3,0.6], [0.2,0.5], [04,0.6]))" "

_ h1 h2 h’3
lce(%) = (([0.3, 0.7],101,03],10.1, 03])’ ([04, 0.5], [0.1, 0.5],[0.2,03]) ' (10.7,09],[0.2, 03], [0.1, 0.2])) ' (O'S)J

Then FHis a generalized interval neutrosophic soft subset ofG¢, that isF# = G°.

Definition3.9. The union of two generalized interval neutrosophic soft setsF*andG®over U, denoted
by H* = F* 1 G? is a generalized interval neutrosophic soft setH*defined by

H* = ([Hi, Hy), [HL, Hy), [HE, HED
wherel (e,,) = 1 (e,)D0 (ey),

Hzmn = FZmn(em)G9GZmn(€m)
Hip = Flonn (Em)®GL, . ()
Hfmn = Ffmn (em)®Gl€mn(em)

and

Hin = Fiin () @Gy, (e)
Hz]mn - FUmn(em)®GUmn(em)
HlAlmn = 1:"Umn (em)®GUmn(em)

foralle,, e Eandm,n € A.

Definition 3.10. The intersection of two generalized interval neutrosophic soft setsF#and G%over U,
denoted by K& = F# 1 G%isa generalized interval neutrosophic soft setKdefined by

K¢ = ([KL,Ky) [ KL, Kyl [KZ, Kg])
wheree (e,,) = 1 (e,,)® 0 (e,),

Kl im = FLnn (€m)®GL  (er)
Ki’mn = F;’mn (em) Ganmn (em)
KIA,mn = Ffmn (em) @Gfmn (em)

and
Kb = Flpnn (€m)®Gy,,., (€m)
K;]mn = Fi}mn (em)eaGi]mn(em)

Kﬁmn = FlAJmn (em)eaGﬁmn(em)
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foralle,, e Eand m,n € A.

Example 3.11. Let us consider the generalized interval neutrosophic soft sets F*and G%defined in
Example 3.2. Suppose that the t-conorm is defined by @(a, b) = max{a, b} and the t —norm
by®(a, b) = min{a, b}fora,b € [0,1].Then H* = F* L G¥is defined as follows:

(H(ey) = ( i e i ,(0.4))
v = \([0.2,0.3],[0.1,0.2],[0.1,0.2]) ([0-4, 0.5], [0.2, 0.3], [0.3, 0.5]) ' ([0.6,0.7],[0.1,0.3],[0.2, 0.3] )
hy h; hs
Hie,) = (([0.2,0.5], [0.3,04],10.2,03])' (10.7,0.81, [0.3,0.4], [0.4,0.6]) ' (0.3, 0.6], [0.2, 0.5], [0.4, 0.6]) (0 7)
hy hy h
H(es) = (([0.3,0.6],[0.1, 0.31,10.1,03])’ ([04,0.5],[0.1,0.5],[0.2,03]) ' (10.7,0.91,[0.2,03], [0.1, 02] 0. 8)

Example 3.12. Let us consider the generalized interval neutrosophic soft sets F*and G9defined in
Example 3.2. Suppose that the ¢t —conorm is defined by@® (a,b) = max{a,b}and the t —norm by
®(a,b) = min{a,b} fora, b € [ 0,1].ThenK? = F* n G%is defined as follows:

(ke = a , i . & ). 02))

| (10.1,0.2],10.3, 0.5, [0.2, 0.3]) (0.3, 0.4], [0.3, 0.4], [0.5,0.6])  ([0.5, 0.6], [0.2, 0.4], [0.5, 0. 7]) |

{ _ hy h, hs 0.5 }

lK(EZ) - (([0.1, 0.4],[0.5,0.6], [0.3,0.4])’ ([0.6, 0.7], [0.4, 0.5], [0.5,0.8]) ’ ([0.2, 0.4], [0.3, 0.6], [0.6, 0.9] ) /( )|
3 hy h; h3

\fe(es) = (([0.2, 0.5],[0.2,0.5],[0.1,0.5])" ([0.3, 0.5, [0.3, 0.6, [04,0.5]) ’ (0.6, 0.8],[0.3,0.4], [0.2,0.3 )) 06))

Proposition 3.13. Let F#, G%and H* be three generalized interval neutrosophic soft sets over U.
Then

(1)  F*u G°=GP uF*H,
(2 F*n G9=G9nFH
(3) (F*u G%)u HA=F* 1 (G? u HY),
(4)  (F*n ¢°)nH*=F*n (6% n HY).

Proof. The proofs are trivial.

Proposition 3.14. Let F#,G%and H* be three generalized interval neutrosophic soft sets over U. If
we consider the t —conorm defined by @(a, b) = max{a, b} and the t —norm defined by®(a,b) =
min{a, b}for a,b € [ 0, 1], then the following relations holds:

(1) H*n@EF*u ¢?)=HANFH u(HNGY),
(2 H*u@E*n ¢%)=H*uFH n(H uGY).

Remark 3.15. The relations in above proposition does not hold in general.

Definition 3.16. The complement of a generalized interval neutrosophic soft sets F# over U, denoted
by F#©is defined byF#(© = ([F;©, F; 1, [F.9, FiOY, [ F2©, F57) where

uOen) = 1- pulem)
and

RO = B P = 1= F) 5 2O -

Lmn
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*(€) _ L () T TR ~T-Y (<) I
FUmn - FUmTl ! FUmn - 1 FLmTL' FUmn " Umn

Example 3.17. Consider Example 3.2. Complement of the generalized interval neutrosophic soft set
F* denoted by F(©) is given as follows:

u(c) hy ha hs
|(F (en) = (([0 2,0.3],[0.5,0.7],[0.2,0.3]) ([0.5,0.6], [0.6,0.7], [0.3,0.4]) ’ ([0.5, 0.7],[0.6, 0.8], [0.5,0.6]))'(0'8) \|
O = ( o < - ).05) |
¢2) = (0.3, 0.4],[0.4, 0.5], [0.1, 0.4])’ ([0.5, 0.8], [0.5, 0.6], [0.6, 0.7]) ' ([0.6, 0.9], [0.4, 0.7], [0.2,0.4])) " "
|F#(C)( )= ( hq h; h3 ) 0.4 |
{ €3 [0.1,0.5],[80.5,0.5],[0.2, 0.6])’ ([0.4, 0.5],[0.4, 0.7],[0.3,0.5]) ’ ([0.2,0.3], [0.6, 0.7], [0.6, 0.8]) 04)

Proposition 3.18. LetF* and G be two generalized interval neutrosophic soft sets over U. Then,

(1) F*is ageneralized interval neutrosophic soft subset of F# LI F#(€)
(2) FH*n F*©js a generalized interval neutrosophic soft subset of F#.

Proof: Itis clear.

Definition 3.19. ”And” operation on two generalized interval neutrosophic soft sets F#andG® over
U,denoted byH* = F* A G is the mappingH#: € — IN(U) x I defined by

H* = ([HL,Hyl [HL, Hy), [HE HED)
whereA (e,;;;) = min( u (ey), 0 (ep) and

HZ (em) = min{FZ(ekn)v GZ (ehn)}
Hi (em) = maX{Fi (exn), GEL (enn)
HE (em) = max {Ff (exn), GL (enn)}

and
HG (em) = min{FG (ekn)' G{(J (ehn)}
Hil (em) = maX{Fi} (exn), G;} (enn)}
HLAI(em) = max {FlA] (exn), Gﬁ(ehn)}

for alle,,, = (ex,ep) € C S E X Eand m,n,k,h € A.

Definition 3.20. "OR” operation on two generalized interval neutrosophic soft sets F#andG® over
U,denoted byK# = F* v G is the mappingK®: ¢ — IN(U) x Idefined by
K® = ([KL, Kyl [ki, Kyl [ KL, KBD)

where € (e,,)= max( u (e), 8 (ey) and

K (em) = max{F] (exn), GI (enn)}
Ki (em) = min{FlE (exn), Gi (enn)}
KIA, (em) = min{FLA (exn), GLA (enn)}

and

K{J(em) = max{Fj(exn), Gjy(enn)}
Ki} (em) = min{FlU(ekn): GZU (enn)}
Ks(em) = min{FlA] (exn), GLAI (ehn)}
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forall e, = (ex,ep) EC S EXEandm,n, k,h € A.

Definition 3.21. LetF*andG® be two generalizedinterval neutrosophic soft sets over UandC € E x E
, a function R: C —IN(U) xIdefined by R= F* A G%and R(e,,, en) = F*(en) A GO (ey)is said to be a

interval neutrosophic relation from F* to G %for all (e,,, e,) € C.

4. Application of Generalized Interval Neutrosophic Soft Set

Now, we illustrate an application of generalized interval neutrosophic soft set in decision making

problem.

Example 4.1. Supposethat the universe consists of three machines, that isU ={x;,x,,x3} and
consider the set of parameters E = {e;,e,,e3} Which describe their performances according to certain
specific task. Assumethat a firm wants to buy one such machine depending on any two of the
parameters only. Let there be two observations F* and G?by two experts A and B respectively,

defined as follows:

Fri(ey) = (( 0.2,03], 0. 2 o 3],[0.2,03])’ ([0.3,0.6], [0.;20.5], [0.2,0.4]) ’ ([0.4,0.5], [0 2 o 5],10.2,0.6 )) 0.2)
Fr(en) = (( 0.2,05], 02 o 5],[0.2,0.5])’ ([0.3, 0.5],[0.4720.8],[0.8, 0.9]) ’ ([04,0.7], [0 3 08 [03,04 )) 05
Fr(es) = (( 03,04],[03, 04] [0.7,0.9]) ([0-1, 0.3],[0.2720.5],[0.3, 0.7]) ’ ([0.1,0.4],[02, o 3],[0.5,0.7 )) (0.6)
67 (er) = ((0203 030H[azaﬂyqaaaﬂiaggﬂiaaoﬁb'qaaaﬂ[0204 0507))(°”
69 (e2) = ((010ﬂ osoa[o30ﬂ)(m607]ml%5Lm5n3D'aazaﬂ[0306 0609)>(0®
G%%):(aazaaiaghﬂJaLuﬂyaa&aﬂiagzﬁLmAnsn'aaaam[0304 ozo3>>(°”

To find the “AND” between the two GINSSs, we have F#and G R = F* A G? where

e; ([0.2,0.3],[0.3,0.6],[0.4,0.5]) (0.2)
(F”)*=<e2 ([0.2,0.5],[0.3,0.5], [0.4,0.7]) (0.5))
([0.3,0.4],[0.1,0.3],[0.1,0.4])  (0.6)

e, ([0.2,0.3],[0.3,0.5],[0.2,0.5]) (0.2)
(Fﬂ)*:(e2 ([0.2,0.5],[0.4,0.8], [0.3, 0.8]) (0.5))
es ([0.3,0.4],[0.2,0.5],[0.2,0.3]) (0.6)

([0.2,0.3],[0.2,0.4],[0.2,0.6]) (0.2)
(F*)A= e2 ([0.2,0.5],[0.8,0.9],[0.3,0.4]) (0.5)
([0.7,0.9],[0.3,0.7],[0.5,0.7])  (0.6)

([0.1,0.4],[0.6,0.7],[0.2,0.4])  (0.6)
([0.2,0.6],[0.3,0.5],[0.6,0.8]) (0.4)

(G¢%)=

([0.5,0.6],[0.4,0.5],[0.3,0.6])  (0.6)

([0.2,0.3],[0.3,0.4], [0.5, 0.6]) (0.3))
([0.2,0.5],[0.3,0.6], [0.3, 0.4]) (0.4))

e; ([0.3,0.5],[0.3,0.4],[0.2,0.4]) (0.3)
(GQ)(_ (ez
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e; ([0.2,0.3],[0.5,0.6],[0.5,0.7]) (0.3)
(69%={e, ([0.3,0.4],[0.5,0.8],[0.6,0.9]) (0.6)
es ([0.1,0.5],[0.4,0.5],[0.2,0.3]) (0.4)

We present the table of three basic component of R, which are interval truth —membership, Interval
indeterminacy membership and interval falsity-membership part.To choose the best candidate, we
firstly propose the induced interval neutrosophic membership functions by taking the arithmetic
average of the end point of the range, and mark the highest numerical grade (underline) in each row of
each table. But here, since the last column is the grade of such belongingness of a candidate for each
pair of parameters, its not taken into account while making. Then we calculate the score of each
component of R by taking the sum of products of these numerical grades with the corresponding
values of 1. Next, we calculate the final score by subtracting the score of falsity-membership part of R
from the sum of scores of truth-membership part and of indeterminacy membership part of R.The
machine with the highestscore is the desired machine by company.

For the interval truth membership function components we have:

e; ([0.2,0.3],[0.3,0.6],[0.4,0.5]) (0.2)
(F»)*=|e, ([0.2,0.5],[0.3,0.5],[0.4,0.7]) (0.5)
es ([0.3,0.4],[0.1,0.3],[0.1,0.4]) (0.6)

e; ([0.2,0.3],[0.3,0.4],[0.5,0.6]) (0.3)
(G%*=(e, ([0.1,0.4],[0.6,0.7],[0.2,0.4]) (0.6)
es ([0.2,0.6],[0.3,0.5],[0.6,0.8]) (0.4)

R)" =
(R)*(eq,e1) =

0.2, 03 [0.3, 04- "10.4, 05)'02

(R)(e1,e2) =

0.1,0.3]" 0306 "[0.2, 0. , 0.2

(R)*(ey,e3) =

X5
0.2,0.3]°[0.3, 05 "[0.2, 04)'02
58]

oz
(.
(x
Ry ez e0) = {(17
(7
(=
(x
(7

0.2,03]’ 0304 104,061/ %°
(R)'(e2,€2) = 0104 0305 0204)’05
(RY'(e2,69) =\[oz, 05 0305 0407)’04
(RY (s e0) = ({02,037 0103 0104)'03
(R) (€5, e2) = 0104 0103 0104)'06
(RY'(es,e5) = {(0204 0103 0104)’04}
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X1 X2 X3 H
(e1.,€1) [0.2,0.3] [0.3,0.4] [0.4,0.5] 0.2
(e1,€2) [0.1,0.3] [0.3,0.6] [0.2,0.5] 0.2
(e1,€3) [0.2,0.3] [0.3,0.5] [0.2,0.4] 0.2
(e5,e1) [0.2,0.3] [0.3,0.4] [0.4,0.6] 0.3
(e5,e3) [0.1,0.4] [0.3,0.5] [0.2,0.4] 0.5
(e;,e3) [0.2,0.5] [0.3,0.5] [0.4,0.7] 0.4
(e3,e1) [0.2,0.3] [0.1,0.3] [0.1,0.4] 0.3
(e3,e1) [0.1,0.4] [0.1,0.3] [0.1,0.4] 0.6
(e3,€3) [0.2,0.4] [0.1,0.3] [0.1,0.4] 0.4
Table 1: Interval truth membership function.
X1 X2 X3 H
(e1,€1) 0.25 0.35 0.45 0.2
(e1,€3) 0.2 0.45 0.35 0.2
(e1,e3) 0.25 0.4 0.3 0.2
(e5,eq1) 0.25 0.35 0.5 0.3
(e;,e5) 0.25 0.4 0.3 0.5
(e;,e3) 0.35 0.4 0.55 0.4
(e3.,eq) 0.25 0.2 0.25 0.3
(e3,e1) 0.25 0.2 0.25 0.6
(e3,e3) 0.3 0.2 0.25 0.4

Table 2: Induced interval truth membership function.

The value of representation interval truth membership function [a, b] are obtained using mean
value.Then, the scores of interval truth membership function of x,,x, andxare:

Sry(x1) = (0.25 % 0.3) + (0.25 x 0.6) + (0.3 x 0.4) = 0.325

Sry(x2) = (0.45%0.2) + (0.4 x 0.2) + (0.4 x 0.5)) = 0.37

Sry(x3) = (0.45 x0.2) + (0.5%0.3) + (0.55x 0.4)) + (0.25 x 0.3) + (0.25 x 0.6)
= 0.685.

For the interval indeterminacy membership function components we have:

([0.2,0.3],[0.3,0.5],[0.2,0.5]) (0.2)
(F*)'=| ([0.2,0.5],[0.4,0.8],[0.3,0.8]) (0.5)
([0.3,0.4],[0.2,0.5],[0.2,0.3])  (0.6)

([0.3,0.5],[0.3,0.4],[0.2,0.4]) (0.3)
(G%)=| ([0.5,0.6],[0.4,0.5],[0.3,0.6]) (0.6)
([0.2,0.5],[0.3,0.6],[0.3,0.4]) (0.4)

(R) =

(R)'(eq,e1) = {([0_;10.5] ' [0.;20.5] ’ [0.;30.5]) ’ 0'3}
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2 — X3 )
(R)'(er,e2) = (0506 0405] [03,06])%°
2 — X3 )
(R)'(e1, e5) = (0205 0306] (03,05 %*
2 — X3 )
(R)'(ez,e0) = (0305 0408] 03,08/ "
0 — X3 )
(R)'(ez,e2) = (0506 0408] 03,08 "¢
0 — X3 )
(R)'(ez,e3) = (0205 0408] 03,081 %"
X
R Ces e = (o3 o) 08)
(R)'(ese) = {03, 087" 0305] [0.2,0a])%¢
X
R)'Cese2) = {(f o) 08)
(RY'(es,e2) = ({55, 0,67 0405] (03,06 %¢
(R)(es, e5) = {( a ) 0. 6}
3073 03,0.5]’ 0306] [0.3,0.4])’
x1 x2 X3 !,l_
(e1,e1) [0.3,0.5] [0.3,0.5] [02,05] |03
(e1,e,) [0.5,0.6] [0.4,0.5] [03,06] |06
(e1,e5) [0.2,0.5] [0.3,0.6] [03,05] |04
(e, 1) [0.3,0.5] [0.4,0.8] [03,08] |05
(e,,e,) [0.5,0.6] [0.4,0.8] [03,08] |06
(e, e5) [0.2,0.5] [0.4,0.8] [03,08] |05
(es,e;) [0.3,05] [0.3,0.5] [02,04] |06
(es,e,) [0.5,0.6] [0.4,0.5] [03,06] |06
(e5,€,) [0.3,0.5] [0.3,0.6] [03,04] |06
Table 3: Interval indeterminacy membership function
X1 X2 X3 H
(e1,e1) 0.4 04 0.35 0.3
(e, e,) 0.55 0.45 0.45 0.6
(e, e5) 0.35 0.45 0.4 0.4
(e,,e,) 0.4 06 0.55 0.5
(e, ,e,) 0.55 0.6 0.55 0.6
(e, , es) 0.35 0.6 0.55 0.5
(e3,e1) 0.4 0.4 0.3 0.6
(es,e) 0.55 0.45 0.45 0.6
(es,€,) 0.4 0.45 0.35 0.6

Table 4: Induced interval indeterminacy membership function
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The value of representation interval indeterminacy membership function[a, b] are obtained using mean
value. Then, the scores of interval indeterminacy membership function of x,, x, andxsare:

Sery (¥1) = (0.4 x 0.3) + (0.55 % 0.6) + (0.4  0.6) + (0.55 % 0.6) = 1.02

Sery (¥2) = (0.4 x 0.3) + (0.45 x 0.4) + (0.6 X 0.5) + (0.6 X 0.6) + (0.6 X 0.5) + (0.4 X 0.60)

+ (045 % 0.6)+ = 1.77

Sy (x2) = 0.

For the interval indeterminacy membership function components we have:

GOLS

(GQ)A:

([0.2,0.3],[0.2,0.4], [0.2, 0.6])
([0.2,0.5],[0.8,0.9], [0.3, 0.4])
([0.7,0.9],[0.3,0.7], [0.5, 0.7])

([0.2,0.3],[0.5,0.6], [0.5, 0.7])
([0.3,0.4],[0.5,0.8], [0.6, 0.9])
([0.1,0.5],[0.4,0.5], [0.2, 0.3])

(R)" =
(R)* (e1,€1)

(R)* (e1,e2) =

(R)A (el , 63) -

(R)A (eZ , el) -

(R)* (e2,€3) =

(R)” (e3,e1) =

(R)% (e3,e3) =

(R)* (e3,e3) =

0.2)
(0.5)
(0.6)

0.3)
(0.6)
0.4)

oz
(=
(z
(z
(®)* ez ) = {(753%
(=
(757
(157

0.2,0.3]° 0506 0507)'03
0304 0508 0609)'06
0.2,0.5]" 0405 0206)'04
0.2,0.5]" 0809 0507)'05
0.3,0.5]° 0809 0609)'06
0.2,0.5]° 0809 0304)'05
0709 0507 0507)'06
0.7,0.9]" 0508 0609)'06
{(0709 0407 0507)'06}
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X1 X2 X3 2
(e1,e1) [0.2,0.3] [0.5,0.6] [0.5,0.7] 0.3
(e1,e2) [0.3,0.4] [0.5,0.8] [0.6,0.9] 0.6
(e;,e3) [0.2,0.5] [0.4,0.5] [0.2,0.6] 0.4
(e;,e1) [0.2,0.5] [0.8,0.9] [0.5,0.7] 0.5
(e, e5) [0.3,0.5] [0.8,0.9] [0.6,0.9] 0.6
(e;,e3) [0.2,0.5] [0.8,0.9] [0.3,0.4] 0.5
(e3,eq1) [0.7,0.9] [0.5,0.7] [0.5,0.7] 0.6
(e3,eq1) [0.7,0.9] [0.5,0.8] [0.6,0.9] 0.6
(e3,e3) [0.7,0.9] [0.4,0.7] [0.5,0.7] 0.6
Table 5: Interval falsity membership function.
X1 X2 X3
(e1,€1) 0.25 0.55 0.6 0.3
(e;,e3) 0.35 0.43 0.75 0.6
(e1,e3) 0.35 0.45 0.4 0.4
(e, ,e1) 0.35 0.85 0.6 0.5
(e, e5) 0.4 0.85 0.75 0.6
(e;,e3) 0.35 0.85 0.35 0.5
(e3,e1) 0.8 0.6 0.6 0.6
(e3,e1) 0.8 0.43 0.75 0.6
(e3,€3) 0.8 0.55 0.6 0.6

The value of representation interval falsity membership function [a, b] are obtained using mean value.

Table 6: Induced interval falsity membership function.

Then, the scores of interval falsity membership function of x;, x, and xsare:

Serys (1) = (0.8 % 0.6) + (0.8 % 0.6) + (0.8 0.6) = 1.44

Serys (¥2) = (0.45 x 0.4) + (0.85 x 0.5) + (0.85 x 0.6) + (0.85 x 0.5) = 1.54
Serys (x3) = (0.6 X 0.3) + (0.75 x 0.6) = 0.63.

Thus, we conclude the problem by calculating final score, using the following formula:

SO,

S(xi) = Swy*(x1) + Sy (%) — Srys (x3)

S(x;) = 0.325+1.02 — 1.44 = —0.095

S(x,) = 0.37 + 1.77 — 1.54 = 0.6

S(x3) = 0.685+ 0 — 0.63 = 0.055.

Then the optimal selection for Mr.X is the x,.

Table 1, Table 3 and Table 5 present the truth—-membership function, indeterminacy-membership
function and falsity-membership function in generalized interval neutrosophic soft set respectively.
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5. Conclusions

This paper can be viewed as a continuation of the study of Sahin and Kii¢iik [23]. We extended the
generalized neutrosophic soft set to the case of interval valued neutrosophic soft set and also gave the
application of GINSS in dealing with some decision making problems. In future work, will study
another type of generalized interval neutrosophic soft set where the degree of possibility are interval.

Acknowledgements

The authors are very grateful to the anonymous referees for their insightful and constructive comments
and suggestions, which have been very helpful in improving the paper.

References

[1] A. Kharal, A Neutrosophic Multicriteria Decision Making Method, New Mathematics
and Natural Computation, Creighton University, USA, 2013.

[2]1 A.Q. Ansaria, R. Biswas and S. Aggarwal, Neutrosophic classifier:An extension of fuzzy
classifer, Applied Soft Computing 13 (2013) 563-573.

[3] A. Q. Ansari, R. Biswas and S. Aggarwal, Proposal for Applicability of Neutrosophic Set
Theory in Medical Al, International Journal of Computer Applications, 27/5 (2011) 5-11.

[4] B. Schweirer, A. Sklar, Statistical metric space, Pacific Journal of Mathematics 10 (1960)
314-334.

[5] D. A. Molodtsov, Soft Set Theory First Result, Computers and Mathematics with
Applications, 37 (1999) 19-31.

[6] D. Rabounski F. Smarandache L. Borissova Neutrosophic Methods in General Relativity,
Hexis, (2005).

[71 F.G. Lupiaiiez, On neutrosophic topology, Kybernetes, 37/6 (2008) 797-800.

[8] F.Smarandache, A Unifying Field in Logics. Neutrosophy: Neutrosophic Probability, Set
and Logic. Rehoboth: American Research Press,(1998).

[9] H. Wang, F. Smarandache, Y. Zhang, and R. Sunderraman, Interval Neutrosophic Sets
and Logic: Theory and Applications in Computing, Hexis, Phoenix, AZ, (2005).

[10] I.B. Turksen, Interval valued fuzzy sets based on normal forms. Fuzzy Sets and Systems,
20 (1968) 191-210.

[11] I.Deli and S.Broumi,Neutrosophic multisets and its application in medical diagnosis,
2014, (submmited)

[12]1 I. Deli, Interval-valued neutrosophic soft sets and its decision making
http://arxiv.org/abs/1402.3130

[13] K. Atanassov, Intuitionistic fuzzy sets.Fuzzy Sets and Systems, 20 (1986) 87-96.

[14] K. Atanassov and G. Gargov, Interval valued intuitionistic fuzzy sets. Fuzzy Sets and
Systems.International Journal of General Systems 393, 31 (1998) 343-349.

[15] K.Alhazaymeh and N.Hassan,Generalized IntervalValued Vague Soft Set, Applied
Mathematical Sciences, 7 (2013) 6983 -
6988 ,http://dx.doi.org/10.12988/ams.2013.310575.

[16] L. A. Zadeh, Fuzzy sets. Information and Control, 8 (1965) 338-353.

[17] M. Arora, R. Biswas and U.S. Pandy, Neutrosophic Relational Database Decomposition,
International Journal of Advanced Computer Science and Applications, 2(8) (2011) 121-
125.

[18] M. Arora and R. Biswas, Deployment of Neutrosophic Technology to Retrieve Answers



Journal of New Results in Science 7 (2014) 29-47 47

for Queries Posed in Natural Language, in 3rdinternational Conference on Computer
Science and Information Technology, (2010) 435-439.

[19] P. Chi and L. Peide, An Extended TOPSIS Method for the Multiple Attribute Decision
Making Problems Based on Interval Neutrosophic, Neutrosophic Sets and Systems, 1
(2013) 63-70.

[20] P.K. Maji, R. Biswas, A.R. Roy, Intuitionistic fuzzy soft sets, J. Fuzzy Math. 9, 677-692
(2001).

[21] P.K. Maji, Neutrosophic Soft Set, Annals of Fuzzy Mathematics and Informatics,Vol 5,
No. 1, ISSN: 2093-9310, ISSN: 2287-623.

[22] P. K. Maji, R. Biswas and A. R. Roy, Fuzzy soft sets, J. Fuzzy Math. 9(3) (2001) 589-
602.

[23] R. Sahin and A. Kucuk, Generalised Neutrosophic Soft Set and its Integration to Decision
Making Problem, Appl. Math. Inf. Sci. 8(6) (2014) 2751-2759

[24] R. Sahin and A. Kii¢iik, On Similarity and Entropy of Neutrosophic Soft Sets, Journal of
Intelligent and Fuzzy Systems, DOI: 10.3233/IFS-141211.

[25] S. Aggarwal, R. Biswas and A. Q. Ansari, Neutrosophic Modeling and Control,
Computer and Communication Technology (2010) 718-723.

[26] S.Broumi and F. Smarandache, Intuitionistic Neutrosophic Soft Set, Journal of
Information and Computing Science, England, UK, 8(2)(2013) 130-140.

[271 S.Broumi, Generalized Neutrosophic Soft Set, International Journal of Computer Science,
Engineering and Information Technology, 3(2) (2013) 17-30.

[28] S.Broumi, F. Smarandache, Correlation Coefficient of Interval Neutrosophic set,
Periodical of Applied Mechanics and Materials, Vol. 436, 2013, with the title
Engineering Decisions and Scientific Research in Aerospace, Robotics, Biomechanics,
Mechanical Engineering and Manufacturing; Proceedings of the International Conference
ICMERA, Bucharest, October 2013.

[29] S.Broumi, F. Smarandache, Several Similarity Measures of Neutrosophic Sets,
Neutrosophic Sets and Systems, 1, (2013)54-62.

[30] S. Broumi, I. Deli, and F. Smarandache, Relations on Interval Valued Neutrosophic Soft
Sets, Journal of New Results in Science, 5 (2014) 1-20

[31] S. Broumi, F. Smarandache, More on Intuitionistic Neutrosophic Soft Sets, Computer
Science and Information Tech-nology 1(4): 257-268, 2013;DOl:
10.13189/csit.2013.010404.

[32] S.Broumi, I. Deli, F. Smarandache, Neutrosophic Parametrized Soft Set theory and its
decision making problem, International Frontier Science Lettre,Vol 1 NO 1,2014,1-11.

[33] S.Broumi, M.Dhar and F.Smarandache, Rough neutrosophic sets, (in press).

[34] L.Deli, and S.Broumi, Neutrosophic soft relations and some properties, Annals of Fuzzy
Mathematics and Informatics (AFMI), 2014.(accepted)

[35] W. Xu, J. Ma, S. Wang and G. Hao, Vague soft sets and their properties Comput. Math.
Appl. 59(2) (2010) 787-794.

[36] Y. Jiang, Y. Tang, Q. Chen, H. Liu, and J. Tang, Interval-valued intuitionistic fuzzy soft
sets and their properties. Computers and Mathematics with Applications 60, 906-918
(2010).



