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Abstract — Mukherjee [34] introduced the concept of interval valued

intuitionistic fuzzy soft relation. In this paper we will extend this

concept to the case of interval valued neutrosophic soft relation Keywords — Soft sets,
(IVNSS relation for short) which can be discussed as a generalization  Neutrosophic soft sets,

of soft relations, fuzzy soft relation, intuitionistic fuzzy soft relation, Neutrosophic soft cartesian
interval valued intuitionistic fuzzy soft relations and neutrosophic product, Neutrosophic soft
soft relations. Basic operations are presented and the wvarious relation.

properties like reflexivity, symmetry, transitivity of IVNSS relations

are also studied.

1. Introduction

In 1999, Smarandache introduced the theory of neutrosophic set (NS) [37], which is
the generalization of the classical sets, conventional fuzzy set [44], intuitionistic fuzzy
set [7] and interval valued fuzzy set [38]. This concept has been successfully applied
to many fields such as databases [4,5], medical diagnosis problem [6], decision
making problem [26], topology [27], control theory [1] etc. The concept of
neutrosophic set handle indeterminate data whereas fuzzy set theory, and intuitionistic
fuzzy set theory failed when the relation are indeterminate.
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Presently works on the neutrosophic set theory is progressing rapidly. Bhowmik and
Pal [10,11] defined intuitionistic neutrosophic set. Later on Salam and Alblowi [36]
introduced another concept called Generalized neutrosophic set. Wang et al. [39]
proposed another extension of neutrosophic set which is single valued neutrosophic.
Also Wang et al. [40] introduced the notion of interval valued neutrosophic set which
IS an instance of neutrosophic set. It is characterized by an interval membership degree,
interval indeterminacy degree and interval non-membership degree. Geogiev [24]
explored some properties of the Neutrosophic logic and proposes a general
simplification of the neutrosophic sets into a subclass of theirs, comprising of elements
of R3. Ye [42,43] defined similarity measures between interval neutrosophic sets and
their multicriteria decision-making method. Majumdar and Samanta [31] proposed
some types of similarity and entropy of neutrosophic sets, Broumi and Smarandache
[16,17,18] proposed several similarity measures of neutrosophic sets. Chi and Peid
[19] extended TOPSIS to interval neutrosophic set, and so on.

In 1999 a Russian researcher, Molodotsov proposed an new mathematical tool called
soft set theory [33], for dealing with uncertainty and how soft set theory is free from
the parameterization inadequacy syndrome of fuzzy set theory, rough set theory,
probability theory.

Although there many authors [2,12,20,21,28,35,41] have contributed a lot towards
fuzzification which leads to a series of mathematical models such as fuzzy soft set,
generalized fuzzy soft set, possibility fuzzy soft set, fuzzy parameterized soft set and
so on, intuitionistic fuzzy soft set which is based on a combination of the intuitionistic
fuzzy sets and soft set models. Later a lot of extensions of intuitionistic fuzzy soft [29]
are appeared such as generalized intuitionistic fuzzy soft set [8], possibility
intuitionistic fuzzy soft set [9] and so on. Few studies are focused on
neutrosophication of soft set theory. In [30] Maji, first proposed a new mathematical
model called “Neutrosophic Soft Set” and investigate some properties regarding
neutrosophic soft union, neutrosophic soft intersection, complement of a neutrosophic
soft set, De Morgan law etc. Furthermore, in 2013, Broumi and Smarandache [13]
combined the intuitionistic neutrosophic and soft set which lead to a new mathematical
model called” intuitionistic neutrosophic soft set”. They studied the notions of
intuitionistic neutrosophic soft set union, intuitionistic neutrosophic soft set
intersection, complement of intuitionistic neutrosophic soft set and several other
properties of intuitionistic neutrosophic soft set along with examples and proofs of
certain results. Also, in [14] S.Broumi presented the concept of “generalized
neutrosophic soft set” by combining the generalized neutrosophic sets [15] and soft set
models, studied some properties on it, and presented an application of generalized
neutrosophic soft set [14] in decision making problem.

Recently, Deli [22] introduced the concept of interval valued neutrosophic soft set as a
combination of interval neutrosophic set and soft set. This concept generalizes the
concept of the soft set [33], fuzzy soft set [28], intuitionistic fuzzy soft set [29],
interval valued intuitionistic fuzzy soft set [25], the concept of neutrosophic soft set
[30] and intuitionistic neutrosophic soft set [13].

This paper is an attempt to extend the concept of interval valued intuitionistic fuzzy
soft relation (IVIFSS-relations) introduced by Mukherjee et al. [34] to IVNSS relation.
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The organization of this paper is as follow: In section 2, we briefly present some basic
definitions and preliminary results are given which will be used in the rest of the paper.
In section 3, relation interval neutrosophic soft relation is presented. In section 4
various type of interval valued neutrosophic soft relations. In section 5, we conclude
the paper.

2. Preliminaries

Throughout this paper, let U be a universal set and E be the set of all possible
parameters under consideration with respect to U, usually, parameters are attributes,
characteristics, or properties of objects in U. We now recall some basic notions of
neutrosophic set, interval neutrosophic set, soft set, neutrosophic soft set and interval
neutrosophic soft set.

For more details, the reader may refer to [22, 30, 33, and 40]

Definition 1. [30] Let U be a universe of discourse then the neutrosophic set A is an
object having the form

A = {< X pa), vaw), wax>x € U}
where the functions y, v, o : U—]70,17[ define respectively the degree of membership,

the degree of indeterminacy, and the degree of non-membership of the element x € X
to the set A with the condition.

"0 <pax) T vax) + wax < 3" (1)
From philosophical point of view, the neutrosophic set takes the value from real
standard or non-standard subsets of ]-0,17[. So instead of ]70,17[ we need to take the
interval [0,1] for technical applications, because ]70,1°[ will be difficult to apply in the
real applications such as in scientific and engineering problems.

Definition 2. [30] A neutrosophic set A is contained in another neutrosophic set B
i.e.

A C B if VX € U, pa(x) < ps(X), va(x) > va(X), wa(x) > ws(X).

Definition 3. [40] Let X be a space of points (objects) with generic elements in X
denoted by x. An interval valued neutrosophic set (for short IVNS) A in X is
characterized by truth-membership function pa(x) , indeteminacy-membership
function v, (x) and falsity-membership function w,(x). For each point x in X, we
have that p, (x),va(X), wa (%) € [0,1].

For two IVNS,

Ans={<X, [k (), 1E (01, V5 (0, vE (@], [wk (), 0§ ()] >|x € X}

and

Brvns= {<X, [u5 (0, mg (], [VE(), vg ()], [ws (), wp ()]> | x € X}
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Then,
1. Apns € Byynsifand only if

i (%) < PR < P VAR = VER) Wi (%) = wi (%), wg(x) =
Fos(x) 05 (%) = wp(x).

2. AIVNS = BIVNS if and Only lf,

ua (%) =pp(x) ,va(x) =vg(x) ,wa(x) =wg(x) for any x € X.

3. The complement of A;yys is denoted by A9,y and is defined by
Afyns={<x, [wE (), 03 (01>, [1 = va(0, 1 = vi()], [Wz (), u3 ()] | x € X}

4. AnB = { <x, [min(uz (), 5 (X)), min(kz (), 1z ()], [max (v (),vE (X)),
max(vy (x),vg ()], [max(w} (x),05 (x)), max(wg (x),05 ()] >: x € X }

5. AUB = {<x, [max(uk (), 1 (), max(n (0, f )], [min(v (0 v (9),
min(vy () ,vg ()], [min(ek (9,05 (), min(wd(),0d ()] > x € X }

As an illustration, let us consider the following example.

Example 1. Assume that the universe of discourse U={x1,X2,x3}, where x1 charac-
terizes the capability, xocharacterizes the trustworthiness and x3 indicates the prices of
the objects. It may be further assumed that the values of x1, X2 and xzare in [0, 1] and
they are obtained from some questionnaires of some experts. The experts may impose
their opinion in three components viz. the degree of goodness, the degree of
indeterminacy and that of poorness to explain the characteristics of the objects.
Suppose A is an interval neutrosophic set (INS) of U, such that,

A = {< x1, [0.3 0.4], [0.5 0.6], [0.4 0.5] >, < X2, [0.1 0.2], [0.3 0.4], [0.6 0.7]>,
< x3, [0.2 0.4], [0.4 0.5], [0.4 0.6] >}

where the degree of goodness of capability is 0.3, degree of indeterminacy of
capability is 0.5 and degree of falsity of capability is 0.4 etc.

Definition 4. [33] Let U be an initial universe set and E be a set of parameters. Let
P(U) denotes the power set of U. Consider a nonempty set A, A c E. A pair (K, A) is
called a soft set over U, where K is a mapping given by K: A — P(U).

As an illustration, let us consider the following example.

Example 2. Suppose that U is the set of houses under consideration, say U = {hi,
h2, ..., hs}. Let E be the set of some attributes of such houses, say E = {e1, ez, . . ., s},
where ey, e, . . ., € stand for the attributes “beautiful”, “cheap”, “green”, “costly”, “in
the green surroundings’”, “moderate”, respectively.
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In this case, to define a soft set means to point out expensive houses, beautiful houses,
and so on. For example, the soft set (K, A) that describes the “attractiveness of the
houses” in the opinion of a buyer, says Thomas, may be defined like this:

A: {91, e2, e3, e4; es}a

K(e1) = {h2, hs, hs},
K(ez2) = {hz, ha},
K(es) = {h1},

K(es) = U,

K(es) = {hs, hs}.

Definition 5. [22] Let U be an initial universe set and A c E be a set of parameters.
Let IVNS (U) denotes the set of all interval neutrosophic subsets of U. The collection
(K, A) is termed to be the soft interval neutrosophic set over U, where F is a mapping
given by K: A — IVNS(U).

The interval neutrosophic soft set defined over a universe is denoted by INSS.
Here, if Y and W be two INSS then,

1. Y is an ivn-soft subset of ¥, denoted by Y € W, if K(e) SL(e) for all e€E.

2. Y is an ivn-soft equals toW, denoted by Y = ¥, if K(e)=L(e) for all e€E.

3. The complement of Y is denoted by Y¢, and is defined by Y¢= {(x, K° (X)): XEE}
4. The union of Y and ¥ is denoted by Y U" W, if K(e) UL(e) for all e€E.

5. The intersection of Yand ¥ is denoted by Y n" W, if K(e) UL(e) for all e€E.

To illustrate let us consider the following example:

Let U be the set of houses under consideration and E is the set of parameters (or
qualities). Each parameter is a interval neutrosophic word or sentence involving
interval neutrosophic words. Consider E = {beautiful, costly, in the green surroundings,
moderate, expensive}. In this case, to define an interval neutrosophic soft set means to
point out beautiful houses, costly houses, and so on. Suppose that, there are five
houses in the universe U given by, U = {ha, h2, hs, hs, hs} and the set of parameters

A = {e1, e2, e3, e4}, where each e is a specific criterion for houses:

e1 stands for ‘beautiful’,

e2 stands for ‘costly’,

es stands for ‘in the green surroundings’,
es stands for ‘moderate’,

Suppose that,

K(beautiful)={<hy, [0.5, 0.6], [0.6, 0.7], [0.3, 0.4]>, <h., [0.4, 0.5], [0.7 ,0.8],
[0.2, 0.3] >, <hs, [0.6,0.7], [0.2, 0.3], [0.3, 0.5] >, <hg, [0.7, 0.8],
[0.3,0.4],[0.2, 0.4] >, <hs, [0.8, 0.4], [0.2, 0.6], [0.3, 0.4] >}.

K(costly)={< hi, [0.5, 0.6], [0.6, 0.7], [0.3, 0.4]>, <h,, [0.4, 0.5], [0.7 ,0.8],
[0.2, 0.3] >, <hs, [0.6, 0.7], [0.2, 0.3], [0.3, 0.5] >, <hs, [0.7, 0.8],



Journal of New Results in Science 5 (2014) 01-20 6

[0.3,0.4], [0.2, 0.4] >, <hs, [0.8, 0.4], [0.2, 0.6], [0.3, 0.4] >}.

K(in the green surroundings)= {< hy, [0.5, 0.6], [0.6, 0.7], [0.3, 0.4]>,< hy, [0.4, 0.5],
[0.7,0.8], [0.2, 0.3]>, < hs, [0.6, 0.7], [0.2, 0.3],
[0.3,0.5]>, < hg4, [0.7,0.8], [0.3, 0.4], [0.2, 0.4] >,
< hs, [0.8, 0.4], [0.2, 0.6], [0.3, 0.4] >},

K(moderate)={< hy,[0.5, 0.6], [0.6, 0.7], [0.3, 0.4]> < h2,[0.4, 0.5], [0.7, 0.8],
[0.2,0.3] >, < hs, [0.6, 0.7], [0.2, 0.3], [0.3, 0.5] >, < ha, [0.7, 0.8],
[0.3, 0.4], [0.2, 0.4] >, < hs, [0.8, 0.4], [0.2, 0.6], [0.3, 0.4] >}.

3. Relations on Interval Valued Neutrosophic Soft Sets

In this section, we define relations on interval valued neutrosophic soft sets and study
some desired properties of interval valued neutrosophic soft sets.

Definition 6. Let U be an initial universe and (F, A) and (G, B) be two interval valued
neutrosophic soft set. Then cartesian product of (F, A) and (G, B) denoted by (H,
AXB), where H is mapping given by H: AxB—IVNS (U) is defined as

H (a,b)=F(a)n G(b)

Let (F, A) and (G, B) be two interval valued neutrosophic soft sets. Then an interval
valued neutrosophic soft relation (IVNSS-relation for short) from (F, A) to (G, B) isan
interval valued neutrosophic soft subset of (H, AxB).

The collection of relations on interval valued neutrosophic soft sets on interval valued
neutrosophic soft universe (U, Ax B) is denoted by gy, (Ax B).

Example 3. (i) Let us consider an interval valued neutrosophic soft set (F, A) which
describes the “attractiveness of the houses’ under consideration. Let the universe set
U={h,, h,,h;,h,, hs} and the set of parameter A={beautiful(e;), in the green
surroundings (e3)}-

Then the tabular representation of the interval valued neutrosophic soft set (F, A) is
given below:

Table 1: The tabular representation of the ivn-soft set of (F, A)

U | Beautiful (e;) in the green surroundings (e3)
h: | ([0.5, 0.6],[0.3 0.8],[0.3,0.4]) | ([0.2, 0.6],[0.1, 0.3],[0.2,0.8])
h. | ([0.2,0.5],[0.4, 0.7],[0.5,0.6]) | ([0.4, 0.5],[0.3, 0.5],[0.2,0.4])
hs | ([0.3,0.4],[0.7, 0.9],[0.1,0.2]) | ([0.2, 0.3],[0.1, 0.3],[0.4,0.5])
ha | ([0.1,0.7],[0.2, 0.4],[0.6,0.7]) | ([0.5, 0.6],[0.4, 0.5],[0.3,0.4])
hs | ([0.4, 0.5],[0.3, 0.5],[0.2,0.4]) | ([0.3, 0.6],[0.2, 0.3],[0.5,0.6])

(i) Now Let us consider an interval valued neutrosophic soft set (G, B) which
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describes the “cost of the houses' under consideration. Let the universe set
U={h;,h,,h3,h,,hs} and the set of parameter B={costly(e,), moderate (e,)}.

Then the tabular representation of the interval valued neutrosophic soft set (G, B) is
given below:

Table 2: The tabular representation of the ivn-soft set of (G, B)

U | costly(e,)

moderate (e,)

h: | ([0.3, 0.4],[0.7, 0.9],[0.1,0.2])

([0.4, 0.6],[0.7, 0.8],[0.1,0.4])

h. | ([0.6, 0.8],[0.3, 0.4],[0.1,0.7])

([0.1, 0.5],[0.4, 0.7],[0.5,0.6])

hs | ([0.3,0.6],[0.2, 0.7],[0.3,0.4])

([0.4, 0.7],[0.1, 0.3],[0.2,0.4])

ha [ ([0.6,0.7],[0.3, 0.4],[0.2,0.4])

([0.3, 0.4],[0.7, 0.9],[0.1,0.2])

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

([0.5, 0.6],[0.6, 0.7],[0.3,0.4])

Let us consider the Cartesian product (H, AxB) of P and Q as;

Table 3: The tabular representation of Cartesian product (H, AxB) P€ (H, AXB)

(e1.,€3)

(€1 ,€4)

(es,€3)

(e ,€4)

(0.3, 0.41,0.7, 0.9], [0.3,0.4])

(0.4, 0.6,[0.7, 0.81,[0.3,0.4])

(0.2, 0.41,]0.7, 0.91,[0.2,0.8])

(0.2, 0.61,0.7, 0.8],[0.2,0.8])

([0.2, 0.5],[0.4, 0.71,[0.5,0.7])

([0.1, 0.5],0.4, 0.71,[0.5,0.6])

([0.4, 0.51,0.3, 0.5],[0.2,0.7])

([0.1, 0.5],[0.4, 0.7],[0.50.6])

([0.3,0. 41,[0.7, 0.91,[0.3,0.4])

([0.3,0.41,[0.7, 0.91,[0.2,0.4])

([0.2,0.3],[0.2, 0.7],[0.4,0.5])

([0.2,0.3],[0.1, 0.3],[0.4, 0.5]

([0.1, 0.7],[0.3, 0.41,[0.6,0.7])

([0.1, 0.4],[0.7, 0.91,[0.6,0.7])

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

([0.3, 0.41,[0,7, 0.9],[0.3,0.4])

([0.2, 0.51,[0.3, 0.5],[0.3,0.5])

([0.4, 0.5],[0.6, 0.7],[0.3,0.4])

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

([03, 0.61,[0.6, 0.7],[0.5,0.6])

Then, we consider the two IVNSS-relations P and Q on the two given interval valued
neutrosophic soft sets given below:

Table 4: The tabular representation of Pe (H,AxB)

(e1.€7)

(e1.€4)

(e3 .€7)

(e3 ,€4)

([0.2, 0.41,[0.3, 0.4],[0.1,0.2])

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

([0.3, 0.51,[0.3, 0.41,[0.3,0.5])

([0.4, 0.51,[0.3, 0.6],[0.2, 1])

([0.1,0. 3,[0.4, 0.5],[L, 1])

([0.1, 0.21,]0, 01,0.2,0.4])

([0.4, 0.51,[0.1, 0.3],[0.2,0.4])

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

([0.2, 0.61,]0.1, 0.41,[0.2,0.4])

([0.2, 0.6],[0.1, 0.31,[L, 1])

([0.2, 0.31,[0.1, 0.3],[0.3,0.6])

([0.2, 0.51,[0.2, 0.3],[0,0.4])

(0.2, 0.4],[0.3, 0.51,[0, 1])

(0.3, 0.4],[0.4, 0.5],[0.1,0.2])

([0.3,0.41,[0.3, 0.4],[0.4,0.5])

([0, 0.2],]0.4, 0.5],[0.6,0.7])

Table 5: The tabular representation of Q€(J,A xB)

(e1.,€5)

(€1 ,€4)

(e3 €3)

(93 N

([0.2, 0.41,[0.3, 0.4],[0.1,0.2])

(0.3, 0.41,[0.3, 0.5],[0.3,0.4])

([0.3, 0.51,[0.3, 0.4],[0.3,0.5])

([0.4, 0.5],[0.3, 0.6],[0.2, 1])

([0.1,0. 3],[0.4, 0.5],[1, 1])

([0.1, 0.21,[0, 01,0.2,0.4])

([0-4, 0.5],[0.1, 0.3],[0.2,0.4])

([0.3, 0.51,[0.2, 0.4],[0.4, 0.5]

([0.2, 0.6],]0.1, 0.41,[0.2,0.4])

([0.2, 0.6],[0.1, 0.31,[1, 1])

([0.2,0.3],[0.1, 0.3],[0.3,0.6])

([0.2, 0.5],[0.2, 0.3],[0,0.4])

(0.2, 0.4],[0.3, 0.5],[0, 1])

(0.3, 0.41,[0.4, 0.5],[0.1,0.2])

([0.3, 0.41,[0.3, 0.4],[0.4,0.5])

([0, 0.2],[0.4, 0.5],[0.6,0.7])

The tabular representations of P and Q are called relational matrices for P and Q

respectively. From above we have,uH(el_eZ)(hl):[0.2,0.3] ,UH(el_ez)(hz) =[0.3,0.4]
and W (e e;) = [0.1,0.2]. But this intervals lie on the 1st row-1st column and 2nd row-
1st column respectively. So we denote HH(el,ez)(h1)|(1,1) = [0.2, 0.3] and
UH(el,eZ)(hz)|(1,1) = [0.3, 0.4] and ‘”H(ei,e;)|(1,1) = [0.3, 0.4] etc to make the clear

concept about what are the positions of the intervals in the relational matrices.
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Definition 7. The order of the relational matrix is (8,4 ), where 8 = number of the
universal points and 4 = number of pairs of parametrers considered in the relational
matrix. In example 3 both the relational matrix for P and Q are of order (5,4). If 8 = 4,
then the relational matrix is called a square matrix
Definition 8. Let P, Q € ay(Ax B), P= (H, AxB), Q = (J, AxB) and the order of their
relational matrices are same. Then we define

PUQ=(H mJ, AXB)

where Hm J :AxB —»IVNS(U) is defined as
(H .J)(ei'ej): H(ei‘ej) \Y J(ej‘ej) for (ei‘ej) € AxB,

where Vv denotes the interval valued neutrosophic union.
P N Q= (HeJ, AxB)

where HeoJ :AxB —»IVNS(U) is defined as
(HoJd)(e;e;) = H (e e;) Al(e;e;) for (eje)) EAXB

where A denotes the interval valued neutrosophic intersection
P°= (~H, AXB)

where ~H :AxB —IVNS(U) is defined as ~H (e; e;) =[H(e; e;)] © for (e; e;) € AX B,
where ¢ denotes the interval valued neutrosophic complement.

Example 4. Consider the interval valued neutrosophic soft sets (F,A) and (G,B) given
in example 3. Let us consider the two IVNSS-relations P, and Q, given below:

Table 6: The tabular representation of P, P,=(J,AxB)

y (e1.€7) (e1.e4) (e3 .€7) (e3 ,€4)

([0.2, 0.41,]0.3, 0.41,[0.1,0.2])

([0.3, 0.41,]0.3, 0.5],[0.3,0.4])

(0.3, 0.51,[0.3, 0.41,[0.3,0.5])

([0.4, 0.5],[0.3, 0.61,[0.2, 1])

([0.1,0. 31,[0.4, 0.5],[L, 1])

([0.1, 0.21,[0, 01,0.2,0.4])

([0.4,0.5],[0.1, 0.3],[0.2,0.4])

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

([0.2, 0.61,]0.1, 0.41,[0.2,0.4])

([0.2, 0.6],[0.1, 0.31,[L, 1])

([0.2, 0.31,[0.1, 0.3],[0.3,0.6])

([0.2, 0.51,]0.2, 0.3],[0,0.4])

(0.2, 0.4],[0.3, 0.51,[0, 1])

(10.3, 0.41,[0.4, 0.51,0.1,0.2])

([0.3, 0.41,[0.3, 0.4],[0.4,0.5])

([0, 0.2],]0.4, 0.5],[0.6,0.7])

Table 7: The tabular representation of Q; Q;=(J,AXB):

(e1.€7)

(e1.e4)

(e3 .€7)

(e ,€4)

hy

([0.5, 0.81,[0.1, 0.2],[0.1,0.2])

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

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

([0.2, 0.41,[0.2, 0.3],[1, 1])

ha

([0.4, 0.5],[0.2, 0.4],[1, 1])

([0:4,0.61,[0.2, 0.3],[0.2,0.4])

([0.4, 0.51,[0.4, 0.5],[0.2,0.5])

([0.4, 0.5],[0.1, 0.2],[1, 1])

hs

([0.2,0.31,[0.5, 0.6],[0.2,0.4])

([0.3, 0.4],[0.4, 0.5],[1, 1])

([0.7,0.81,[0.1, 0.2],[0.2,0.5])

([0.3, 0.51,[0.3, 0.4],[0,0.4])

hs

([0.3, 0.5],[0.3, 0.41,]0, 1])

([0.3, 0.51,[0.2, 0.41,[0.1,0.2])

([0.2, 0.41,[0.2, 0.3],[0,0.5])

(0.3, 0.7],[0.1, 0.3],[0.6,0.7])

Then P, U Q; :
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Table 8: The tabular representation of P; U Q4

U (e1 ,€2) (€1 ,€4) (e3 .e5) (e3 ,e4)
hy ([0.5, 0.8],[0.1, 0.2],[0.1,0.2]) ([0.3, 0.41,[0.3, 0.51,[0.3,0.4]) ([0.30.5],[0.3, 0.4],[0.2,0.4]) ([0.4, 0.51,[0.2, 0.3],[0.2, 1])
ha ([0.4, 0.5],[0.2, 0.4],[1, 1]) ([0.4, 0.6],[0.2, 0.3],[0.2,0.4]) ([0.4, 0.5],[0.1, 0.3],[0.2,0.4]) ([0.4, 0.5],[0.1, 0.2],[0.4, 0.5])
hs ([0.2, 0.6],[0.1, 0.41,[0.2,0.4]) ([0.3,0.61,[0.1, 0.31,[1, 1]) ([0.7, 0.8],[0.1, 0.2],[0.2,0.5]) ([0.3, 0.5],[0.3, 0.4],[0,0.4])
hy ([0.3, 0.5],[0.3, 0.41,[0, 1]) ([0.3, 0.5],[0.2, 0.4],[0.1,0.2]) (0.3, 0.41,[0.2, 0.3],[0,0.5]) ([0.3,0.71,[0.1, 0.3]1,[0.6,0.7])
PiNQy:

Table 9: The tabular representation of P; N Q4
u (e1.€7) (e1.€4) (e3 ,€7) (e3 ,€4)
hy ([0.2, 0.4],[0.3, 0.4],[0.1,0.2]) ([0.2, 0.3],[0.3, 0.6],[0.3,0.4]) ([0.2 0.5],[0.3, 0.5],[0.3,0.5]) ([0.2, 0.41,[0.3, 0.6],[1, 1])
h, ([0.1,0.3],[0.4, 0.5],[1, 1]) ([0.1, 0.21,[0.2, 0.3],[0.2,0.4]) ([0.4, 0.5],[0.4, 0.5],[0.2,0.5]) ([0.3, 0.5],[0.2, 0.4],[1, 1])
hs ([0.2, 0.3],[0.5, 0.6],[0.2,0.4]) ([0.2, 0.4],[0.4, 0.5],[1, 1]) ([0.7, 0.8],[0.1, 0.3],[0.3,0.61]) ([0.2, 0.5],[0.3, 0.4],[0,0.4])
hy ([0.2, 0.4],[0.3, 0.5],[0, 1]) ([0.3, 0.4],[0.4, 0.5],[0.1,0.2]) (0.2, 0.4],[0.3, 0.4],[0.4,0.5]) ([0, 0.21,[0.4, 0.5],[0.6,0.7])
p,°

Table 10: The tabular representation of P, €

y (e1.€7) (e1.e4) (e3 .€7) (e ,€4)
h ([0.1, 0.2],[0.6, 0.7],[0.2,0.4]) ([0.3, 0.4],[0.5, 0.7],[0.3,0.4]) ([0.3 0.5],[0.6, 0.7],[0.3,0.5]) ([0.2, 1],[0.4, 0.7],[0.4, 0.5])
ha ([, 1],[0.5, 0.6],[0.1, 0.3]) ([0.2, 0.4],[1, 1],[0.1,0.2]) ([0.2, 0.4],[0.7, 0.9],[0.4,0.5]) ([0.4, 0.5],[0.6, 0.8],[0.3, 0.5])
hs ([0.2, 0.4],[0.6, 0.9],[0.2,0.6]) ([1, 1],[0.7, 0.9],[0.2, 0.6]) ([0.3, 0.6],[0.7, 0.9],[0.2,0.3]) ([0, 0.4],[0.7, 0.8],[0.2,0.5])
ha ([0, 0.1],[0.5, 0.7],[0.2, 0.4]) ([0.1, 0.2],[0.5, 0.6],[0.3,0.4]) ([0.4, 0.5,[0.6, 0.7],[0.3,0.4]) ([0.6, 0.71,[0.5, 0.6],[0,0.2])

Theorem 1: Let P, Q, R € 6y;(Ax B) and the order of their relational matrices are
same.Then the following properties hold:

a) (P UQ)*
b) (P N Q)°

:PC N QC
:PC U QC

c) PUQUR)=(PUQ)UR
APNQNR=PNQ)NR
e) PN(QUR)=PNQ)UPNR
) PUQNR)=(PUQ)N(PUR)

Proof. Let P= (H, AxB), Q =(J,AxB) .then P U Q = (H mJ ,AxB), where

a) H mJ: Ax B =IVNS(U) is defined as
( H .\]) (ei, €j ) = H(ei, €j ) \Y J(ei, €j ) for (ei, ej )E A X B.

So (P U Q)= (~H mJ, AxB), where ~H mJ:A xB—1VNS(U) is defined as

(~H mJ) (e;, e; )=[H(e;, €5 ) V J(ei )] €

:[{< hk , uH(ei'ej) (hk )lUH(ei'ej) (hk )' (*)H(ei,ej) (hk) > hk € U} \4

{< hy, UI(ei_ej) (hy )'U](ei_ej)(hk)’w](ei,ej)(hk) >: Iy € U}]C
={< hy, [max(inf pye, ¢ ) (i ), infiy, oy (hic),

max(sup HH(e;e)) (hy ), sup Hy(ese;) (hy)],

[min(infUH(ei’ej) (hy), inﬁ)](ei’ej) (hy),
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Min(sup Ve, ;) (hic ), SUPLy (e, ¢ ) (i )],
[min(inwa(ei,ej) (hy), inf(*)](ei,ej) (hy),

Min(sup w(, ) (hic ), supwy(e, ¢ y (i )1>: hye € U
={< [min(inf wy(,, ¢ ) (hi ), infooyce, ¢ ) (i),

min(sup (e, ey (i), supwy(e, ¢y (i )1,

[1- min(sup vy, ¢ ) (hic ), SUpvy(e, e ) (hic)

1 = min(inf vy, . y (i), infoye, ) (i )],

[max(inf py e, ) (i ), infiyy,, o ) (hic),

Max(sup Py, ¢;) (i), Supky(e, ¢ ) (i )] > hy € Uk

Now;
PN Q¢ =(~H,AxB)n(~J, AxB),

where ~H , ~J: A XxB—1VNS(U) are defined as
~ H(el-, €j )=[H(ei,ej)] ¢and ~ J(el-, ej )=[](ei,ej)] ¢ for (ej,ej) € AXB,

we have
(~H,AxB)n (~J,AxB)=(~H o~J, AXB) (e;, e )

Now for (e;, e; ) € AXB,

(~H o~J) (e;, €j )= ~H(ej, e; ) A~I(e;, € )=
{<hy, [inf(*)H(ei_e]-)(hk) ) SquH(eLej)(hk )], [1 — Sup UH(ei,ej)(hk ), 1—
inf Uy, ey (M) |, 0F iy ) (i), SUPHg(e,e ) (hic )] > hye € U}
AN<hy, [inf(ol(ei‘ej) (hg), Supwy(e,e)) (hg )], [1 - Sup U](ei,ej)(hk ),
1- infU](ei_e]-)(hk )], [inf U](ei,ej)(hk ), Supu](ei‘ej)(hk )] >: hy € U}

=<hy, [min(inf wye, ¢ ) (hic ), Inf Wy, ¢ ) (i )), MIn(Supwpgy(e, ¢ ) (hic ), Supwye, ¢y (i )1,
[ max ((1 = Sup vy(e, e,y (hic)), (1 = Sup vy, ¢y (hie))) , max (1 — infuge, ¢ ) (hic ),

(1 = infuyce, oy (i ))) ] .[max (infpy e, ey (hic ), inf e, oy (i )), Max (Sup pyg(e, ¢ ) (hic),
Sup (e, e;)(k))]>: hy € U}

=<y, [minGinf py, ¢ (i), oy ) (i D, MINCSUP ) (i Dy 5Py ) (i)
[1-min(sup vy, ) (hic ), SUpY)(g, ) (hic ) 1-

min(inf vy, ¢ ) (i), infoy g, oy (i,

[max(inf MH(ese;) (hy), infu](ei'ej) (hy), max(sup MH(ese;) (hy),sup W(ese;) (hg)] >: hy € U}

Then, (P U Q)¢ =P° n Q¢
b) Proof is similar to a)

b) let P=(H, AxB), Q =(J,AxB) and R= (K,AxB). Then,
P UQ=(HmJ, AXB),
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where H mJ : A xB—IVNS(U) is defiend as
(H. J)(ei,ej)ZH(ej, ej ) \ J(ei, €j ) for (ej‘ej) EAXB.

So(P UQ)UR=((H mJ) mK, AXB),
where (H mJ) mK: AXB—-IVNS(U) is defined as for (e;e;) € AXB
( H .J) .K) (ej'ej): H(ei, ej ) \ J(ei, ej ) \ K(ei, ej )

Now as
(H(ei, ej ) \ J(ei, ej )) \ K(ei, ej ) = H(el-, ej ) \Y (J(ei, ej ) \ K(el-, €j ))

Therefore; (H mJ) mK') (¢;¢;)=((H m (J mK)) (g; ¢;), also we have
PU(QUR)=(PUQ)UR=( Hm(JmK),AxB). Consequently, PU(QUR)=(PUQ)UR

d) Proof is similar to c)

C) let P= (H,AxB), Q=(J,AxB) and R=(K,AxB). Then Q U R = (JmK,AXB),

where; J mK: A xB—IVNS(U) is defiend as
(J lK)(el-,ej) = J(ej, €j ) \ K(el-, ej ) for (ej,ej) EAXB.

Then,
P N (Q U R)=((He (J mK), AxB),

where Ho (J mK): A xB—IVNS(U) is defined as for (e;e;) € AXB,
(Ho (3 mK)) (ej,e/)=H(ey, €5 ) AQ(e;, €5 ) V K(ey, €;))

since
H(e;, e; ) A(J(e;, e ) V K(ey, € ) =(H(e;, €; ) A (J(ey, € ))V(H(e;, € ) AK(ey, €;)).

We have
(Ho (J mK)) (ej.e;)= (H(e;, e ) A (Jey, ;) V(H(e;, ;) AK(ey, € ))

Also we have
(PNQ) U(PNR)= (H¢J, AXB) U (H ¢ K, AxB)=(( He J) m(H¢K),A xB)

Now for (e;e;) EAX B,
((He J) m(HoK)) (e e;) = (Ho J)(ejej) V (Ho K) (eje;) =(H(e;, e;) A(e;, e )) V
(H(e;, e ) A K(e;, € )) =(Ho (J mK)) (e e)).

Consequently,
PN(QUR)=PNQ)U (PNR).

g) Proof is similar to e)
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Definition 9. Let P, Q € g, (Ax B) and the order of their relational matrices are same.
Then
PcQifH (eje) <J(eje) for (eje;) €AxBwhere P=(H, AxB)and Q=(J, AxB)

Definition 10. Let U be an initial universe and (F, A) and (G, B) be two interval
valued neutrosophic soft sets. Then a null relation between them is denoted by Oy and
is defined as Oy =(Ho, A xB) where Hy (e; e;)={<hy.[0, O1,[1, 1].[1, 1]>;hy € U}
for (e;e;) € AxB.

Example 5. Consider the interval valued neutrosophic soft sets (F, A) and (G, B)
given in example 3. Then a null relation between them is given by

Table 11: The tabular representation of Oy

) (1 ,€2) (€1 ,€4) (e3 ,€7) (€3 ,€4)

h. | ([0, 0],[1, 1],[1, 1]) ([0, 0],[1, 1],[1, 1]) ([0, 01,11, 1],[1, 1]) ([0, 01,11, 1],[1, 1])
h. | ([0, 0],[1, 1],[1, 1]) ([0, 0],[1, 1],[1, 1]) ([0, 01,11, 1],[1, 1]) ([0, 01,11, 1],[1, 1])
hs | ([0, 0].[1, 1],[1, 1]) ([0, 0],[1, 1],[1, 1]) ([0, 01,11, 1],[1, 1]) ([0, 01,11, 1],[1, 1])
hs | ([0, 0],[1, 1],[1, 1]) ([0, 0],[1, 1],[1, 1]) ([0, 01,11, 1],[1, 1]) ([0, 01,11, 1],[1, 1])

Remark 2. It can be easily seen that P U Oy =P and P N Oy =0y for any P €
oy (Ax B)

Definition 11. Let U be an initial universe and (F, A) and (G, B) be two interval
valued neutrosophic soft sets. Then an absolute relation between them is denoted by

Iy and is defineded as Iy =(H;, AxB) where H; (e; e;) = {<hy,[1, 1],[0, 0],[0, 0]>;
hy, € U} for (e;e;) € AxB.

Example 6. Consider the interval valued neutrosophic soft sets (F, A) and (G, B)
given in example 3. Then an absolute relation between them is given by

Table 12: The tabular representation of Iy

u (el ,32) (el 184) (63 veZ) (63 ,34,)

h | ([1,1],[0, 01,0, O]) (1, 11,0, 0],[0, O]) ({1, 1].[0, 0],[0, O]) ({1, 1].[0, 0].[0, O])
ho | ({1, 1],[0, 01.[0, O]) ([1, 11,10, 0],[0, O]) ([1, 11,10, 0],[0, O]) ([1, 1].[0, 01,[0, O])
hs | ({1, 1],[0, 01.[0, O]) ([1, 11,10, 0],[0, O]) ([1, 11,10, 0],[0, O]) ([1, 11,10, 0],[0, O])
ha | ([1,1],[0, 01,0, O]) ([1, 11,10, 0],[0, O]) ([1, 11,10, 0],[0, O]) ([1, 11,10, 01,[0, O])

Remark 3. It can be easily seen that P U I =I; and P n I =P forany P € o,,(Ax B)

Definition 12. Let T be a sub-collection of interval valued neutrosophic soft set
relations of the same order belonging to oy (Ax B).Then t is said to form a relational
topology over oy (Ax B) if the following conditions are satisfied:

(|) OU ,IU ET
(i) Up€T,P ET
(i) IfP,,p, €T thenP, NP, €71

Then we say that (o, (Ax B),t) is a conditional relational topological space
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Example 7: Consider example 3. Then the collection 7= {Oy ,Iy, P,Q} forms a
relational topology on o, (Ax B).

4. Various type of interval valued neutrosophic soft relation

In this section, we present some basic properties of IVNSS relation. Let P €
oy (Ax B)and P=(H, A xB) and Q=(J, A xB) whose relational matrix is a square matrix.

Definition 13. An IVNSS-relation P is said to be reflexive if for (e;, e; ) € A x B and
hy € U, such that pyee,e;)(Mi)lmm =1 1] , Vy(e e (i) l@mmy = [0, 0] and
Wy(e; e;) i) |y = [0 0] form=n=k

Example 7. Let U = {h,, h, ,hs, hy} be a universe. Then, us consider the interval
valued neutrosophic soft sets (F, A) and (G, B) where A= {e,;e; } and B ={e, e, }
then a reflexive IVNSS-relation between them is

Table 13: The tabular representation of reflexive IVNSS-relation

U (e1 ,€5) (e ,e4) (es ,e3) (e ,€4)

hy

([, 11.[0, 0].[0, O])

([0.4, 0.61,[0.7, 0.8],[0.1,0.4])

([0.4, 0.61,[0.7, 0.81,[0.1,0.4])

([0.4, 0.61,[0.7, 0.81,[0.1,0.4])

([0.6, 0.8],[0.3, 0.41,[0.1,0.7])

([, 1].,[0, 0],[0, 0])

([0.1, 0.5],[0.4, 0.71,[0.5,0.6])

([0.1, 0.5],[0.4, 0.71,[0.5,0.6])

hs

([0.3, 0.61,[0.2, 0.7],[0.3,0.4])

([0-4, 0.71,[0.1, 0.3],[0.2,0.4])

([, 11.[0, 0].[0, O])

([0.4,0.71,[0.1, 0.3],[0.2,0.4])

hs

([0.6, 0.71,[0.3, 0.4],[0.2,0.4])

([0.3, 0.41,[0.7, 0.91,[0.1,0.2])

([0.3, 0.41,[0.7, 0.91,[0.1,0.2])

([, 11.[0, 0].[0, 0])

Definition 14. An IVNSS-relation P is said to be anti-reflexive if for (e;,e; )EAXB and
h, €U, such that”H(ei,ej)(hk)l(m,n) = [010]aUH(e,-,e,-)(hk)|(m,n) =[0,0] and for m=n=k

(‘)H(ei,e]-) (hk)l(m,n) =[11].
Example 9. Let U = {h; , h, ,h3, hy}. Then, us consider the interval valued

neutrosophic soft sets (F, A) and (G, B) where A= {e; e3 } an B = {e; e,} then an
anti-reflexive IVNSS-relation between them is

Table 14: The tabular representation of anti-reflexive IVNSS-relation

y (e1.€7) (e1.€4) (e3.,€7) (e ,€4)

hy

([0, 01.[0, O].[1, 1])

([0.4, 0.61,[0.7, 0.81,0.1,0.4])

([0.4, 0.61,[0.7, 0.81,[0.1,0.4])

([0.4, 0.61,[0.7, 0.8],[0.1,0.4])

ha

([0.6, 0.81,[0.3, 0.41,[0.1,0.7])

([0.01.[0, O],[1, 1])

([0.1, 0.5],[0.4, 0.71,[0.5,0.6])

([0.1, 0.5],[0.4, 0.7],[0.5,0.6])

hs

([0.3,0.61,[0.2, 0.7],[0.3,0.4])

(104, 0.71,[0.1, 0.31,0.2,0.4])

([0, 01.[0, O],[1, 1])

([0:4,0.71,[0.1, 0.3],[0.2,0.4])

hs

([0.6, 0.71,[0.3, 0.4],[0.2,0.4])

([0.3, 0.41,[0.7, 0.91,[0.1,0.2])

([0.3, 0.41,[0.7, 0.91,[0.1,0.2])

([0, 01.[0, O].[1, 1])

Definition 15: An IVNSS-relation P is said to be symmetric if for (e;, e;) EAXB and
hy €U,3 (e;, e; )EAXB and hy €U such that py(e, ;) (i) [mm) = Mu(e, e,) i) lmm).,

UH(ei,ej) (hy) |(m,n) = UH(ep‘eq) (h;) and (‘)H(ei,e]-) (hy )l(m,n) = wH(ep_eq) (hy )l(n,m)-

Example 10. Let U = {h,;, h,, hy, hy }. Let us consider the interval valued
neutrosophic soft sets (F, A) and (G, B) where A= {e;es} an B = {e,e,} then a
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symmetric IVNSS-relation between them is

14

Table 15: The tabular representation of symmetric IVNSS-relation

U (e1 ,€5)

(e1.€4)

(e3.€2)

(e3,€4)

h | ([0.3,0.4],[0.7, 0.91,[0.1,0.2])

([0.5, 0.61,[0.6, 0.71,0.3,0.4])

([0.3,0.61,[0.5, 0.7],[0.2,0.4])

([0.4,0.61,[0.3 0.4],[0.3,0.4])

h. | ([0.5,0.6],[0.6, 0.71,[0.3,0.4])

([0, 0].[1, 1],[L, 1])

([0.4,0.71,[0.1, 0.3],[0.2,0.4])

([0.3,0.41,[0.7, 0.9],[0.1,0.2])

hs | ([0.3,0.6],[0.5, 0.7],[0.2,0.4])

([0.4, 0.71,]0.1, 0.3],[0.2,0.4])

([0-4, 0.6],[0.1, 0.3],[0.2,0.5])

([0.4, 0.5],[0.3, 0.41,[0.1,0.4])

he ([0.4,0.61,[0.3 0.4],[0.3,0.4])

([0.3, 0.41,[0.7, 0.9,[0.1,0.2])

([0.4,0.51,[0.3, 0.4],[0.1,0.4])

([0.2,0.71,[0.3, 0.4],[0.6,0.7])

Definition 16. An IVNSS-relation P is said to be anti-symmetric if for each (e;, e; ) €
AxBandhy €U, 3(e;, e;) € Ax B and h; €U such that either

Mr(ese,) M mm) # Hu(eyeq) M nm)r Va(e, e)) M) lmn) # Vn(e, eg) (1)l nmy @nd
("‘)H(ei,ej) (hk)l(m,n) 2 “)H(ep‘eq)(hl)l(n,m) or

Miese;) (M)l amn) = (e, eq) M) nm) [0.0], Vr(e, e ) Mic ) mom)

= UH(ep,eq)(hl)I(n,m):[o’o] and WH(e;e)) (hk)l(m,n) = (*)H(ep‘eq)(hl)l(n,m):[l 1]

Example 11. Let U ={h, , h, ,h3, hy }. Let us consider the interval valued

neutrosophic soft sets (F, A) and (G, B) where A= {e; e3 } an B ={e, e, } then an
anti-symmetric 1VNSS-relation between them is

Table 16: The tabular representation of anti-symmetric IVNSS-relation

[S) (e1.,€7) (e ,e4) (es,€3) (e ,€4)

h: | ([0.3,0.4],[0.7, 0.9],[0.1,0.2])

([0.5, 0.61,0.6, 0.71,[0.3,0.4])

([0.3, 0.6],[0.5, 0.71,[0.2,0.4])

([0, 01.[0, O],[1, 1])

h. | ([05,0.6],[0.6, 0.7],[0.3,0.4])

([0, 0],[1, 1],[L, 1])

([0.4, 0.7],[0.1, 0.3],[0.2,0.4])

([0.3, 0.4],[0.7, 0.97,[0.1,0.2])

hs | ([0.3,0.6],[0.5, 0.7],[0.2,0.4])

([0-4, 0.71,0.1, 0.3],[0.2,0.4])

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

([0.4, 0.5],[0.3, 0.4],[0.1,0.4])

hg ([0, 01,[0, 01,[1, 1])

([0.3, 0.41,0.7, 0.9],[0.1,0.2])

([0, 01.[0, O],[1, 1])

([0.2, 0.7],[0.3, 0.41,[0.6,0.7])

Definition 17. An IVNSS-relation P is said to be perfectly anti-symmetric if for each
(e;,ej)EAxBandhy €U, 3 (e;, e;) € AXxBandh; € U such that whenever

inf uH(ei,ej)(hk)l(m,n)> 0, inf UH(ei‘ej)(hk)l(m,n) >0 and
inf Wy (e, e ) (i) mn) >0l (e, eq) D [nm)= [0, 01, V(e e0) (i) (n,my =[0,0]
and wH(ep,eq) (hl)l(n,m):[l’ 1]

Example 12. Let U = {h,, h,,h3, hy}. Then, us consider the interval valued
neutrosophic soft sets (F, A) and (G, B) where A= {e;es} an B = {e,e,} then a
perfectly anti-symmetric IVNSS-relation between them is

Table 17: The tabular representation of perfectly anti-symmetric IVNSS-relation

y (e1 .e7) (e1 .e4) (e3 ,€7) (e ,€4)

h ([0.3, 0.4],[0.7, 0.9],[0.1,0.2]) ([0.5, 0.6],[0.6, 0.7]1,[0.3,0.4]) ([0.3, 0.6],[0.5, 0.71,[0.2,0.4]) ([0, 0L,[0, O1,[1, 1])

ha ([0, 01,[0, 01,[1, 1]) ([0.4, 0.71,[0.1, 0.3],[0.2,0.4]) ([0.4, 0.6],[0.1, 0.3],[0.2,0.5]) ([0, 01,0, 01,[1, 1])

hs ([0.3, 0.6],[0.5, 0.7],[0.2,0.4]) ([0, 01,[0, OL,[1, 1]) ([0.4, 0.6],[0.1, 0.3],[0.2,0.5]) ([0, 0.5],[0, 0.41,[0,0.4])
hy ([0, 0.6],[0, 0.2],[0, 1]) ([0.3, 0.4],[0.7, 0.9],[0.1,0.2]) ([0, 0.6],[0, 0.3],[0,0.5]) ([0.2, 0.71,[0.3, 0.4],[0.6,0.7])

In the following, we define two composite of interval valued neutrosophic soft relation.
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Definition 18: Let P ,Q € ay(AxA) and P =(H,AxA), Q=(J,AxA) and the order of
their relational matrices are same.Then the compostion of P and Q, denoted by P*Q is
defined by P*Q =(HoJ, AXA) where HoJ : AXA — IVNS(U)

is defined as
(He J)(ei,ej) ={<hk Mo (esej) (hk)’U(Ho])(ei‘ej) (hk)’w(Ho])(ei,ej) (hy )>:hy € U}

where

Ko 1) (e e5) (i )=[max(min(inf wy e, ¢) (i )iinfiy e, e ) (i )))
max(min(sup g, e,) (hic),SUPHy (e, ) (i )],

V(Ho D) (ese;) (hy )=[mlin(max(inf UH(e; ¢;) (Nk )1infU](el‘ej) (hy)))
min(max(sup Vye, e,) (hic )SUPVy(e, ¢ ) (i )],

and
W(HoJ)(eze;) (hy )= [mlin(max(inf WH(e; er) (hye )’infwl(el.ej) (hi)))
,mlin(max(sup WH(e; ;) (hg ),SUpw](el_ej) (hi)))]

For (e;e) € AXA
Example 13. Let U ={h, , h, ,hs3, h,}.let us consider the interval valued neutrosophic

soft sets (F,A) and (G,A) where A={e, ,e; } .Let P ,Q € gy (Ax A) and P =(H,AxA),
Q=(J,AxA) where P:

Table 18: The tabular representation of P

9 (1 ,€5) (eq ,€4) (e3 ,e3) (e3 ,e4)

H1 | ([0.3,0.4],[0.3, 0.4],[0.1,0.2]) ([0.2, 0.4],[0.3, 0.5],[0.3,0.4]) ([0.2 0.5],[0.3, 0.4],[0.3,0.4]) ([0.2, 0.3],[0.3, 0.6],[0.2, 0.3])

hz ([1, 1],[0, 0,1, 1]) ([0.1, 0.2],[0, 0],[0.2,0.5]) ([0.4, 0.5],[0.1, 0.3],[0.3,0.5]) ([0.4,0.7],[0.1, 0.3],[1, 1])

hs ([0.2, 0.6],[0.1, 0.4],[0.3,0.4]) ([0.2, 0.6],[0.1, 0.3],[1, 1]) ([0.2, 0.3],[0.1, 0.3],[0.2,0.5]) ([0.2, 0.51,[0.2, 0.3],[0,0.4])

hs ([0.2, 0.4],[0.3, 0.5],[0, 1]) ([0.3, 0.4],[0.4, 0.5],[0.3,0.4]) ([0.3, 0.4],[0.2, 0.3],[0,0.5]) ([0, 0.2],[0.4, 0.51,[0.6,0.7])
Q: _

Table 19: The tabular representation of Q
U (1 ,€5) (1 ,€4) (e3 ,e3) (e3 ,e4)
H1 | ([0.5,0.8],[0.1, 0.2],[0.1,0.2]) ([0.2, 0.3],[0.3, 0.6],[0.3,0.4]) ([0.2 0.5],[0.3, 0.5],[0.2,0.4]) ([0.2, 0.4]1,[0.2, 0.3],[1, 1])
ha ([0.4, 0.5],[0.2, 0.4],[1, 1]) ([0.4, 0.6],[0.2, 0.3],[0.2,0.4]) ([0.4, 0.5],[0.4, 0.5],[0.2,0.5]) ([0.4, 0.5],[0.1, 0.2],[1, 1])
hs ([0.2, 0.3],[0.5, 0.6],[0.2,0.4]) ([0.3, 0.4],[0.4, 0.5],[1, 1]) ([0.7,0.8],0.1, 0.2],[0.2,0.5]) ([0.3, 0.5],[0.3, 0.4],[0,0.4])
ha ([0.3, 0.5],[0.3, 0.4],[0, 1]) ([0.3, 0.5],[0.2, 0.4],[0.1,0.2]) ([0.2, 0.4],[0.2, 0.3],[0,0.5]) ([0.3, 0.7],[0.1, 0.3],[0.6,0.7])
Then,
P*Q
Table 20: The tabular representation of P*Q

U (eq..€2) (e1.€4) (e3.€2) (e3.64)
H1 ([0.3, 0.4],[0.3, 0.4],[0.1,0.2]) ([0.2, 0.4],[0.3, 0.5],[0.2,0.3]) ([0.2 0.5],[0.3, 0.4],[0.2,0.4]) ([0.2, 0.3],[0.2, 0.6],[0.3, 0.4])
ha ([0.4, 0.5],[0.2, 0.4],[0.3, 0.5]) ([0.1, 0.6],[0.1, 0.2],[0.2,0.5]) ([0.4, 0.5],[0.2, 0.4],[0.2,0.5]) ([0.4, 0.5],[0.1, 0.3],[0.3, 0.5])
hs ([0.2, 0.6],[0.1, 0.3],[0,0.4]) ([0.2, 0.5],[0.3, 0.4],[0.1, 0.4]) ([0.2, 0.5],[0.2, 0.3],[0.2,0.4]) ([0.2, 0.5],[0.3, 0.4],[0.2,0.5])
ha ([0.2, 0.4],[0.3, 0.5],[0, 0.2]) ([0.3, 0.4],[0.2, 0.5],[0.3,0.4]) ([0.3, 0.4],[0.2, 0.4],[0.2,0.5]) ([0.3, 0.4],[0.3, 0.4],[0.2,0.5])

Definition 19. Let P ,Q € ay(AxA) and P =(H,AxA), Q=(J,AxA) and the order of
their relational matrices are same.Then the compostion of P and Q, denoted by Po Q is
defined by
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Po Q =(Ho J,AXA) where Ho J :AXA — IVNS(U)

is defined as (He J)(e; ¢;)
={<hk Mpo ) (eiej) (hi ), Uy D(ese;) (hy ), © e D(eiej) (hy )> :hy € U}

where
HHo1) (ese)) (hy ):[mlin(max(inf Hu(e;e) (hy )’inful(el,ej) (hi)))
min(max(sup Hy(e, e,) (i), SUPHy (e, ) (hic)))],

U(Ho ])(ei’ej) (hk ):[mlaX(mln(lnf UH(ei’el) (hk )’infU](el‘ej) (hk )))
ax(min(Sup Vy(e, e;) (i ):SUPVy e, e ) (i )IE

and

('O(Ho])(ei,ej)(hk): [mlalx(min(inf wH(ei,el)(hk)’infw](el‘ej)(hk )

,mlalx(min(sup (‘)H(ei,el)(hk ),supwl(el'ej)(hk )], for (ei,ej) EAXA.

Example 14. Let U ={h, , h, ,hs3, h,}.let us consider the interval valued neutrosophic

soft sets (F,A) and (G,A) where A={e; , e, } .LetP ,Q € o;(Ax A) and P =(H, AxA),
Q=(J,AxA) where P:

Table 21: The tabular representation of P

U (e1 .€5) (1 ,€4) (e3 .€5) (e3 ,e4)
H1 | ([0.3,0.4],[0.3,0.4],[0.1,0.2]) ([0.2, 0.4],[0.3, 0.5],[0.3,0.4]) ([0.2 0.5],[0.3, 0.41,[0.3,0.4]) ([0.2, 0.3],[0.3, 0.61,[0.2, 0.3])
h2 ([1, 1],[0, O,[1, 1]) ([0.1, 0.2],]0, 0],[0.2,0.5]) ([0.4, 0.5],[0.1, 0.3],[0.3,0.5]) ([0.4, 0.71,[0.1, 0.3],[1, 1])
hs ([0.2, 0.6],[0.1, 0.4],[0.3,0.4]) ([0.2, 0.6],[0.1, 0.3],[1, 1]) ([0.2, 0.3],[0.1, 0.3],[0.2,0.5]) ([0.2, 0.5],[0.2, 0.3],[0,0.4])
hy ([0.2, 0.41,[0.3, 0.51,[0, 1]) ([0.3, 0.41,[0.4, 0.5],[0.3,0.4]) ([0.3, 0.41,[0.2, 0.3],[0,0.5]) ([0, 0.2],[0.4, 0.5],[0.6,0.7])
Table 22: The tabular representation of Q

U (e1 .€5) (1 .€4) (e3 .€5) (e3 ,e4)
H1 ([0.5, 0.8],[0.1, 0.2],[0.1,0.2]) ([0.2, 0.3],[0.3, 0.61,[0.3,0.4]) ([0.2 0.5],[0.3, 0.5],[0.2,0.4]) ([0.2, 0.41,[0.2, 0.3],[1, 1])
hz ([0.4, 0.5],[0.2, 0.4],[1, 1]) ([0.4, 0.6],[0.2, 0.3],[0.2,0.4]) ([0.4, 0.51,[0.4, 0.5],[0.2,0.5]) ([0.4, 0.51,[0.1, 0.2],[1, 1])
hs ([0.2, 0.3],[0.5, 0.6],[0.2,0.4]) ([0.3, 0.4]1,[0.4, 0.5],[1, 1]) ([0.7, 0.8],[0.1, 0.2],[0.2,0.5]) ([0.3, 0.5],[0.3, 0.4]1,[0,0.4])
hy ([0.3,0.5],[0.3, 0.4],[0, 1]) ([0.3,0.51,[0.2, 0.4],[0.1,0.2]) ([0.2, 0.41,[0.2, 0.3],[0,0.5]) ([0.3, 0.7],[0.1, 0.31,[0.6,0.7])
Then PoQ;

Table 23: The tabular representation of PoQ
U (1 .€5) (eq .€4) (e3.65) (e3 ,e4)
H1 ([0.2, 0.5],[0.3, 0.4],[0.3,0.4]) ([0.2, 0.4]1,[0.3, 0.4],[0.3,0.4]) ([0.2 0.4],[0.3, 0.4],[0.2,0.4]) ([0.2,0.3]1,[0.2, 0.6],[0.3, 0.4])
h, ([0.4, 0.5],[0.1, 0.3],[0.2, 0.5]) ([0.4, 0.5],[0.1, 0.3],[0.3,0.5]) ([0.4, 0.5],[0.1, 0.3],[0.2,0.5]) ([0.4, 0.51,[0.1, 0.3],[1, 1])
hs ([0.2, 0.3],[0.2, 0.3],[1,1]) ([0.2, 0.4],[0.2, 0.4],[0.3, 0.5]) ([0.2, 0.5],[0.2, 0.4],[0.2,0.5]) ([0.2, 0.5],[0.1 0.3],[1,1])
hs ([0.3, 0.4],[0.3, 0.4],[0.3, 0.7]) ([0.2, 0.4],[0.3, 0.5],[0.2,0.5]) ([0.2, 0.5],[0.4, 0.5],[0.2,0.5]) ([0.2, 0.4],[0.2, 0.3],[0.6,0.7])

Definition 20. Let P € oy (AxA) and P = (H,AxA).Then P is called transitive IVNSS-
relation if P*P c P, i.e U(H(ei‘el) N H(el‘ej))g H(ei‘e]-), i.e,

max(inqu(ei’el) (hy), inqu(eLej) (h))< inqu(ei'ej) (hy),
MaX(SUPHy (e, e,) (N )y SUPHg (e, e ) (N )) < SUPHy(e, e ) (i),
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min(infug e, ¢,) (hi ), INfug (e, ¢y (hi)) < infuye, ¢ ) (hie),

Min(supv (e, ¢,) (i ), SUPUy (e, e) (hi )) < supUH(ei’e]_)(hk),

min(inwa(ei,el) (hk), inf‘*)H(el,ej)(hk )) < inf("‘)H(ei‘ej)(hk)’

MIN(SUPwy(e, ¢)) (hi ), SUPWH(e, e ) (i )) < SUPWy(e, e ) (i),

Example 15. Let U ={h, , h, ,hs3, h,}.let us consider the interval valued neutrosophic
soft sets (F,A) and (G,A) where A={e; , e, } .LetP ,Q € ay(4Ax A) and P =(H, AxA),
Q=(J,AxA) where P:

Table 24: The tabular representation of P

o) (e1.€) (e1.€4) (e3.€7) (e3 ,€4)

hy ([0.3, 0.4],[0.3, 0.4],[0.1,0.2]) ([0.2, 0.4],[0.3, 0.5],[0.3,0.4]) ([0.2 0.5],[0.3, 0.41,[0.2,0.4]) ([0.2, 0.3],[0.3, 0.6],[1, 1])
ha ([1, 1],[0, O,[1, 1]) ([0.1, 0.2],[0, 0],[0.2,0.4]) ([0.4, 0.5],[0.1, 0.3],[0.2,0.5]) ([0.4,0.7],[0.1, 0.3],[1, 1])
hs ([0.2, 0.6],[0.1, 0.4],[0.2,0.4]) ([0.2, 0.6],[0.1, 0.3],[1, 1]) ([0.2, 0.3],[0.1, 0.3],[0.2,0.5]) ([0.2, 0.5],[0.2, 0.3],[0,0.4])
hs ([0.2, 0.4],[0.3, 0.5],[0, 1]) ([0.3, 0.4],[0.4, 0.5],[0.1,0.2]) ([0.3, 0.4],[0.2, 0.3],[0,0.5]) ([0, 0.2],[0.4, 0.5],[0.6,0.7])
Then P*P;

Table 25: The tabular representation of transitive IVNSS-relation P*P

[S) (e1 .e5) (e ,e4) (e3 ,€3) (e ,€4)

h ([0.3, 0.4],[0.3, 0.4],[0.1,0.2]) ([0.2, 0.4],[0.3, 0.5],[0.3,0.4]) ([0.2 0.5],[0.3, 0.4],[0.2,0.4]) ([0.2, 0.3],[0.3, 0.6].[1, 1])
ha ([1, 1],[0, O,[1, 1]) ([0.1, 0.2],[0, 0],[0.2,0.4]) ([0.4, 0.5],[0.1, 0.3],[0.2,0.5]) ([0.4,0.7],[0.1, 0.3],[1, 1])
hs ([0.2, 0.6],[0.1, 0.4],[0.2,0.4]) ([0.2, 0.6],[0.1, 0.3],[1, 1]) ([0.2, 0.3],[0.1, 0.3],[0.2,0.5]) ([0.2, 0.5],[0.2, 0.3],[0,0.4])
hy ([0.2, 0.4],[0.3, 0.5],[0, 1]) ([0.3, 0.4],[0.4, 0.5],[0.1,0.2]) ([0.3, 0.4],[0.2, 0.3],[0,0.5]) ([0, 0.2],[0.4, 0.5],[0.6,0.7])

Thus, P*P € P and so P is a transitive IVNSS-relation.

Definition 21. Let P € oy(Ax A) and P = (H, AxA).Then P is called equivalence
IVNSS-relation if P satisfies the following conditions:

1. Reflexivity (see definition 13).
2. Symmetry (see definition 15).
3. Transitivity (see definition 20).

Example 16. Let U={h,, h,,h3;}. Then, us consider the interval valued neutrosophic
soft sets (F,A) where A={e; , e,}. Let P ,Q € o;(Ax A) and P =(H, AxA), where P:
P*pP

Table 26: The tabular representation of P*P

U (€1 ,€2) (€1 ,4) (€3 ,€7)

hy ([1, 11,[0, 01,[0, 0]) ([0.2,0.31,[0.2, 0.4],[0.3,0.4]) ([0.1, 0.51,[0.2, 0.4],[0.2,0.3])
h, ([0.2, 0.3],[0.4, 0.6],[0.3,0.4]) ([, 11,[0, 07,[0, O]) ([0.2,0.3],[0.1, 0.5],[0.2,0.3])
hs ([0.1, 0.5],[0.2, 0.4],[0.2,0.3]) ([0.2,0.31,[0.1, 0.5],[0.2,0.3]) ([, 11,[0, 07,0, 0])

Table 27: The tabular representation of equivalence IVNSS-relation

U (€1 ,62) (€1 ,4) (€3 ,€7)

hy ([1, 11,[0, 01,[0, 0] ([0.2,0.31,[0.2, 0.4],[0.3,0.4]) ([0.1, 0.51,[0.2, 0.4],[0.2,0.3])
h, ([0.2, 0.3],[0.4, 0.6],[0.3,0.4]) ([, 11,[0, 0],[0, O]) ([0.2, 0.31,[0.1, 0.5],[0.2,0.3])
hs ([0.1, 0.51,[0.2, 0.4],[0.2,0.3]) ([0.2,0.31,[0.1, 0.5],[0.2,0.3]) ([, 11,[0, 01,[0, O])
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Then P is equivalence IVNSS-relation.
5. Conclusions

In this paper we have defined, for the first time, the notion of interval neutrosophic
soft relation. We have studied some properties for interval neutrosophic soft relation.
We hope that this paper will promote the future study on IVNSS and IVNSS relation
to carry out a general framework for their application in practical life.
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