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Relations on Interval Valued Neutrosophic Soft Sets
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Abstract. Anjan Mukherjee [43] ntroduced the concept of interval valued intuitionstic fuzzy
soft relation. In this paper we will extend this concept to the case of interval valued
neutrosophic soft relation( IVNSS relation for short) which can be discussed as a
generalization of soft relations, fuzzy soft relation, intuitionstic fuzzy soft relation, interval
valued intuitionstic fuzzy soft relations and neutrosphic soft relations [44]. Basic operations
are presented and the various properties like reflexivity, symntedngitivity of [VNSS
relations are also studied.
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|.Introduction

In 1999, Florentin Smarandache introduced the theory of neutrosophic set (NS) [1] ,which is the
generalization of the classical sets, conventional fuzzy set [2], intuitionistic fuzzy set [3] and interval
valued fuzzy set [4]. This concept has been successfully applied to many fields such as Databases
[5,6], Medical diagnosis problem [7] ,Decision making problem [8],Topology [9 ],control theory
[10] etc .The concept of neutrosophic set handle indeterminate data whereas fuzzy set theory, and
intuitionstic fuzzy set theory failed when the relation are indeterminate.

Presently work on the neutrosophic set theory is progressing rapidly. Bhowmik and M.Pal [11,12]
defined “intuitionistic neutrosophic set”. Later on A.A.Salam, S.A.Alblowi [13] introduced another
concept called “Generalized neutrosophic set”. Wang et al [14] proposed another extension of
neutrosophic set which is” single valued neutrosophic”. Also Wang et al [15 ] introthecadtion

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.
K.Geogiev [ 16]Ye [ 17, 18],P. Majumdar and S.K. Samafit9 ] .S.Broumi and F. Smarandache
[20,21 ,22] L.Peid [23 ,] and so on

In 1999 a Russian researcher , Molodotsov proposed an new mathematical tool called” Soft set
theory [ 24], 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.
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Although there many authors [ 25,26,27,28,29,32,33] 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 sefuzzy parameterized soft set and so on, intuitionstic fuzzy soft set which is
based on a combination of the intuitionstic fuzzy sets and soft set matelsa lot of extentions of
intuitionistic fuzzy soft [34] are appeared such as Generalized intuitionistic fuzzy soft set [35],
Possibility Intuitionistic Fuzzy Soft Set [36] and so on . Few studies are focused on neutrosophication
of soft set theory. In [37] P.K.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,
S.Broumi and F. Smarandache [38] combined the intuitionistic neutrosophic and soft set which lead
to a new mathematical model called” intutionistic 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 [39] S.Broumi presented the concept of
“Generalized neutrosophic soft set” by combining the Generalized Neutrosophic Sets [40] and Soft
set Models ,studied some properties on it, and presented an application of Generalized Neutrosophic
Soft Set [39] in decision making problem. S.Broumi and F.smarandache [41 ] introduced the

necessity and possibility operators on intuitionstic neutrosophic and investigated some properties.

Recently, Irfan Deli [42 ] introduced the concept of interval valued neutrosophic soft set [42] as a
combination of interval neutrosophic set and soft set. This concept generalizes the concept of the soft
set [24 ], fuzzy soft set[26 ], intuitionstic fuzzy soft set [34 ],interval valued intuitionstic fuzzy soft
set[43] ,the concept of neutrosophic soft set[37] and intuitionistic neutrosophic soft set [38].

This paper is an attempt to extend the concept of interval valued intuitionistic fuzzy soft relation
(IVIFSS-relations) introduced by A.Mukherjee et al [45]to IVNSS relation .

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 varouis type of interval valued neutrosophic soft
relations. In section 5, we concludes the paper.

[I.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
, heutrosophic soft set and interval neutrosophic soft set.

For more detds, the reader may refer to [ 5,6,8,9,12].

Definition 1 (see[3]).Neutrosophic set

Let U be an universe of discourse then the wsophic set A is an object having the form A =X<

289



Florentin Smarandache Neutrosophic Theory and Its Applications. Collected Papers, I

K ax. V agr ® Ay >,X € U}, where the functiongt, v, @ : U—~]0,1] define respectively the degree
of membersthp , the degree of indeterminacy, and the degree of non-membership of the element x
X to the set A with the condition.

0 <Spap+ Vay T wan < 3"
From philosophical point of view, the neutrosophic set takes the value frorstaedard or non-
standard subsets of 0]1[.so instead of P,I[ we need to take the interval [0,1] for
technicalapplications, because0}1will be difficult to apply in the real applications such as in
scientificand engineering problems.

Definition 2 (see [3]) A neutrosophic set A is contained in another neutrosophic set BEB A
if X € U, pa(X) <pg(x), vaX) <va(X), wa(X) > wp(X).
A complete account of the operations and application of neutrsophic set can be seen in[3][10].

Definition 3 (see[7]). Interval neutrosophic set
Let X be a space of points (objects) with generic elements in X denoted by x. An interval valued

neutrosophic et (for short IVNS) A in X is characterized by truth-membership funcfig(x),
indeteminacymembership functiow, (x) and falsiy-membership functiorw, (x). For each point x
in X, we havehat p, (x), va(x), wa(x) € [0,] .

For wo IVNS,, Ayns ={ <X, [5G0, kIGO1, V56, viGOT , [w§ (9, i (0] > [x € X}

And Byns ={ <x, [uE ), ng )], [VE(), vi®)], [0k (), w3 (x)]> | x € X } the two relations are
defined as follows:

(1) Ayns € Biyns if and only if px (x) < p(x),u3 (x) < pg(x),vA(x) = vi(x) ,wi(®) = wg(®) ,
wg (%) 2 Fop(x) , wg (%) = 0g(x)

(2) Arvns = Bins ifand only if , pa(x) =pp(x) , va(x) =vg(x) , wa(x) =wp(x) for any xe X

As an illustration ,let us consider the following example.

Example 1Assume that the universe of discourse Us{xxs},where x characterizes the capability,

x2 characterizes the trustworthiness and x3 indicates the prices of the objects. It may be further
assumed that the values gf x, and xare 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 = {< x4,[0.3 0.4],[0.5 0.6],[0.4 0.5] >,<»x,[0.1 0.2],[0.3 0.4],[0.6 0.7]>,<3x[0.2 0.4],[0.4
0.5],[0.4 0.6] >}, where the deee 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 (see[4]).Soft set

Let U be an irtial universe set and E be a set of parameters. Let P(U) denotes the power set of U.
Consider a nonempty set A, A 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 Uz, {h ., }. Let E

be the set of some attributes of such houses, say E e.{e. ., @}, where g, &, . . ., @ stand for the
attributes “beautiful”, tostly’, “in the green surroundings‘ moderatg respectively.

In this cae, 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,
say Thomas, may be defined like this:
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A={e, e 6.6,6)
K(ey) = {h2, hs, he}, K(&) = {h2, hy}, K(e3) = {h4}, K(es) = U, K(&) = {hs, hs}.

Definition 5 [ ] (interval neutrosophic soft se} .
Let U be an initial universe set and@&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 : AVNS(U).
The interval neutrosophic soft set defined over an universe is denoted hy INSS
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
parameters a interval neutrosophic word or sentence involving interval neutrosophic words. Consider
E = { beautiful costly, in the green surroundingsioderateexpensive }. In this case, to define a
interval neutrosophic soft set means to point baautifulhousescostly houses, and so on. Suppose
that, thereare five houses in the universe U given by, U sHlhs, hs,hs} and the set of parameters A
={e1,&,63,&}, Whereeach g is a specific criterion for houses:

e, stands forbeautiful,

& stands forcostly,

&; stands forin the green surroundings

& stands formoderatge

Suppose that,

K(beautifu)={< h,,[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] >, < h;,[0.6,
0.7],[0.2 ,0.3],[0.3, 0.5] >,< h,,[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)={< by,[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] >,< h,,[0.7,0.8],[0.3, 0.4],[0.2, 0.4] >,< h;,[ 0.8, 0.4] ,[0.2 ,0.6],[0.3, 0.4] >}.

K(in the green surroundings{< h,,[0.5, 0.6], [0.6, 0.7], [0.3, 0.4]>,< b,,[0.4, 0.5], [0.7 ,0.8], [0.2,
0.3] >, < h;,[0.6, 0.7],[0.2 ,0.3],[0.3, 0.5] >,< h,,[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(moderatg={< h4,[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]
>, < h;,[0.6, 0.7],[0.2 ,0.3],[0.3, 0.5] >,< h,,[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] >}.

[1l.Relations on 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 a relation between them is defined as a pair (H, AxB), where H is mapping given by H:
AxB—-IVNS(U). This is called an interval valued neutrosophic saf$ selation ( IVNSS-
relation for short).the collection of relations on interval valued neutrosophic soft sets on Ax
Bover U is denoted by, (Ax B)
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Remark 1: Let U be an initial universe anél;( A,),( F3, A,),,...,(F,, A,), be n numbers of
interval valied neutrosophic soft sets over U. Then a relatitvetween them is defined as a
pair (H,A;xA,X...xA,,), where H is mapping given by H;xA,x.... XA, — IVIFS(U)

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 sgt \h={ hs,
h,, hs}.and the set of parameter A={beautifejl}, in the green surroundings;|}.

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

beautifule,)

in the green
surroundingsd;)

hy

([0.5, 06],[0.3 0.8],[0.3,0.4])

([0.2, 0.6],[0.1, 0.3],[0.2,0.8

hy

([0.2, 05],[0.4, 0.7],[0.5,0.6])

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

hs

([0.3, 04],[0.7, 0.91,[0.1,0.2])

hs

([0.1, 07],[0.2, 0.4],[0.6,0.7])

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

hs

([0.4, 05],[0.3, 0.5],[0.2,0.4])

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

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

(i) Now Let us consider an interval valued neutrosophic soft set (G,A) which describes the
“cost of the houses' under consideration. Let the universe sét,U & , hs, h,, hs}. and the
set of paramer A={costly(e,), moderated,)}.

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

costly(e,)

moderate €,)

hy

([0.3, 04],[0.7, 0.91,[0.1,0.2])

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

hy

([0.6, 08],[0.3, 0.41,[0.1,0.7])

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

hs

([0.3, 06],[0.2, 0.71,[0.3,0.4])

hs

([0.6, 07],[0.3, 0.4],[0.2,0.4])

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

hs

([0.2, 06],[0.2, 0.4],[0.3,0.5])

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

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

Let us consider the two IVNSS-relations P and Q on the two given interval valued
neutrosophic soft sets given below:

P=(H, A xB)
U | (e1.€2) (e1 ,64) (e3 ,e2) (e3 ,e4)
H1 | ([0.2,0.4],[0.3,0.4],[0.1,0.2]] ([0.3,0.4],[0.3, 0.5],[0.3,0.4]) ([0.3, 0.5],[0.3, 0.4],[0.3,0.5]) ([0.4, 0.5],[0.3, 0.6],[0.2] 1])
he | ((0.1,0.3],[0.4, 0.5],[1, 1]) (0.1, 0.2],[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]
hs | ([0.2,06],[0.1,0.4],[0.2,04])|  ([0.2,0.6],[0.1,0.3],[1, 1])|  ([0.2,0.3],[0.1, 0.3],[0.3,06])  ([0.2, 0.5],[0.2, 0.3],[0,0.4])
hs | ([0.2,04],[0.3, 0.5],[0, 1]) ([0.3,0.4],[0.4, 0.5],[0.1,0.2])  ([0.3, 0.4],[0.3, 0.4],[0.4,0.5]) ([0, 0.2],[0.4, 0.5],[0.6,0.F])
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Q= (JAXB)

U | (e1.e2) (e1 .e4) (es ,e7) (es ,e4)

H: | (0.2, 04],[0.3, 0.4],[0.1,0.2])| ([0.3,0.4],[0.3, 0.5],[0.3,0.4]) (0.3, 0.5],[0.3, 0.4],[0.3,0/5])  ([0.4, 0.5],[0.3, 0.6],[0.21])
h2 | ([0.1,0.3],[0.4, 0.5],[1, 1]) ([0.1, 0.2],[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]

hs

([0.2, 06],[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],[0.3,0.

6)) ((0.2,0.5],(0.2, 0.3],[0,0.4])

hs

([0.2, 04],[0.3, 0.5],[0, 1])

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

([0.3, 0.4],[0.3, 0.4],[0.4,0.

5]) ([0, 0.2],[0.4, 0.5],[0.6,0.F])

Thetabular representations of P and Q are called relational matrices for P and Q respectively.
From above we haveyy, ¢,)(h1)=[ 0.2 ,0.3], vy, ¢,)(h2) =[ 0.3, O.4]andooH(eile]_) =.

But this intevals lie on the 1st row-1st column and 2nd row -1st column respectively. So we
denoteyy (e, e,)(hi )@ 1)=[0.2, 0.3] andbye, ¢,)(h2)l(1,1y) =[ 0.3, 0.4] and‘)H(ei,ej)l(l,l) =

[0.3, 0.4] etc tomake the clear concept about what are the positions of the intervals in the
relational matrices.

Defintion 7 : The order of the relational matrix i¥9(A ), where 8 = number of the universal
points andl = nunber of pairs of parametrers considered in the relatio@dtix. In example
3 both the relational matrix for P and Q are of order (5,4).3f 1 ,then the relational matrix
is called a squa matrix

Defintion 8. Let P , Q€ o,(Ax B), P= (H, AxB) ,Q = (J, AxB) and the order of their
relational mé&ices are same.Then we define

0] P U Q= (HmJ, AxB) where Ha J:AxB —IVNS(V) is defined as
(H mJ)(e;e))=H(e;ej) Vv Jeje;) for (e;e;) € A x B, wherev denotestte interval
valued neutrosophignion.

(i) PN Q= ( HoJ, AXB) where HJ :AXxB —»IVNS(U) is defined as (kD)(e; e;)=
H(e,ej) A Jeie) for (eje)) € A x B, where A denotes he interval valued
neutrosophic intsection

(i)  P°=(~H, AxB) , where ~H :AxB =IVNS(U) is defined as

~H(e; e;)=[H(e; e;)] © for (e; e;) € A X B, wherec denotes the ietval valued
neutrosophic comphment.

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

P;=(J, Ax B):
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U | (e1 .e2) (e1 ,e4) (es ,e7) (es ,e4)
H1 | ([0.2, 0.4],[0.3, 0.4],[0.1,0.2]) ([0.3, 0.4],[0.3, 0.5],[0.3,0.4])  ([0.3, 0.5],[0.3, 0.4],[0.3,0.5])  ([0.4, 0.5],[0.3, 0.6],[0.2} 1])
h | ([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, 0.5],0.2, 0.4],[0.4, 0.5]
hs | ([0.2, 06],[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],[0.3,0.6])  ([0.2, 0.5],[0.2, 0.3],[0,0.4])
ha | ([0.2, 04],[0.3, 0.51,[0, 1]) ([0.3, 0.41,[0.4, 0.5],[0.1,0.2])  ([0.3, 0.4],[0.3, 0.4],[0.4,05]) ([0, 0.2],[0.4, 0.5],[0.6,0.F])
Q:=(J, AxB):
Ul (e1.6) (e1 ,e4) (e ,e2) (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],[0.2, 0.3],[1, 1])
h. | ([0.4, 05],[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],[0.2,05])  ([0.4, 0.5],[0.1, 0.2],[1, 1])
hs | ([0.2, 03],[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])
hs | ([0.3, 05],[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 B U Q; :
Ul (e1.6) (e1 ,e4) (e ,e2) (es ,e4)
H1 | ((0.5,0.8],[0.1, 0.2],/0.1,0.2]) ([0.3, 0.4],[0.3, 0.5],[0.3,0.4])  ([0.3 0.5],[0.3, 0.4],[0.2,04])  ([0.4, 0.5],0.2, 0.3],[0.2} 1])
h. | ([0.4, 05],[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, 06],[0.1, 0.4],0.2,0.4])|  ([0.3, 0.6],[0.1, 0.3],[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])
hs | ([0.3, 05],[0.3, 0.4],[0, 1]) ([0.3, 0.5],[0.2, 0.4],[0.1,0.2])  ([0.3, 0.4],[0.2, 0.3],[0,0.5] ([0.3, 0.7],0.1, 0.3],[0.6,0.7])
PLNQ;:
U | (e1,€2) (€1 ,64) (e3 ,e2) (e3 ,e4)
H1 | ((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, 0.4],[0.3, 0.6],[1, 1])
h. | ([0.1, 03],[0.4, 0.5],[1, 1]) ([0.1, 0.2],0.2, 0.3],[0.2,0.4])  ([0.4, 0.5],[0.4, 0.5],[0.2,05])  ([0.3, 0.5],[0.2, 0.4],[1, 1])
hs | ([0.2, 03],[0.5, 0.6],[0.2,0.4])|  ([0.2, 0.41,[0.4, 0.5],[1, 1])|  ([0.7, 0.81,[0.1, 0.3],[0.3,0.6])  ([0.2, 0.5],[0.3, 0.4],[0,0.4])
ha | ([0.2, 04],/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, 0.2],[0.4, 0.5],[0.6,0.F])
P,
Ul (e1.€2) (e1 ,€4) (e3 ,€7) (e3 ,4)
H1 | ((0.1,0.2],[0.6, 0.7],/0.2,0.4]) ([0.3, 0.4],[0.5, 0.7],[0.3,0.4])  ([0.30.5],[0.6, 0.7],[0.3,0/5])  ([0.2, 1],[0.4, 0.7],[0.4, 0.5])
h | (11, 1],[0.5, 0.6],[0.1, 0.3]) (0.2, 0.4],[1, 11,[0.1,0.2])|  ([0.2, 0.4],[0.7, 0.9],[0.4,055])  ([0.4, 0.5],[0.6, 0.8],[0.3,
0.5])
hs | ([0.2, 04],[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],[0.2,0.8]) ([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, 0.7],[0.5, 0.61,[0,012])
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Theorem 1. Let P, Q , Re o,(Ax B) and theorder of their relational matrices are
same.Then the fwwing properties hold:

a) (P UQ)=P°nQ°

b) (P NQ)°=P°U Q"

¢c) PU(QUR=PUQUR

d PN Q@nRBR=(PNnQ)NR

e) PNn(QURBR=(PNQU(PNR)
) PU(@NR=(PuQ)n (PUR)

Proof. a) let P£H, AxB), Q =(J,AxB) .then P @ = (HmJ ,AxB), where HmJ: Ax B
—-IVNS(U) is defined as

(HmJ) @, ) =H(e, ¢ ) VI g ) for (e, ¢ )E AXB.

So (P U Q¥=(~H mJAxB),where~H mJ:AXxB-IVNS(U) is defined as<H mJ) ;, ¢; )
=[H(e;, ;) V J(ei e )] €

=[{< B, Mgy )) 1D V(e ) (s @y ey (i) >y € UF V<

B 1y ) (i) (i), 0y ) (i) > By € UY] €

={< hy, [max (inf pyy (e, ¢ ) (i), infiyy e, oy (i), max (sup py (e, ¢ ) (i), supy e, ¢ ) (i1,

[min (inf vy, o ) (i), infuy, ¢y (i), min (sup vy, e ) (i), sUPpYy(e, ¢y (i )],

[min (inf we, ¢ ) (hic ), infooyg, ¢y (i), min (sup wy(e, e ) (i), sUPw(e, 0y (i )] > hye € U

={<hy, [min (inf 0y, ¢y (i), infwy(e, oy (hic), min (sup wy(e, ey (i), supwy(e, ¢y (],

[1- min (sup vy (e, ¢ ) (i), SUPVy(e, ¢y (i), 1-min (inf oy, oy Chie), infuy e, oy (i),

[max (inf py(e, ¢ ) (i), infye, oy (i), max (sup pyg(e, e ;) (hic ), SUPKy (e ey (hic )] > hye € U}

Now P¢ n Q¢ = (~H ,Ax B) n (~J ,A x B) \where ~H , ~J: A xB—=IVNS(U) are defined as
~ H(e;, ¢ )=[H(e; ;)] © and~ J(e;, e )=[J(e; ;)] € for (ej e;) € A X B, we have
(~H,AxB)n (~J ,AxB) =(~H o~J, AXB) ;, ¢ )

Now for (e;, ¢ ) € AX B., (~H o~J) (e;, ¢ )=~H(ej, e; ) A~J(e;, ¢ )=

{< hy, [inf wH(ei,ej) (hy), Supﬂ)n(ei'ej) (hy)], [1 = Sup UH(eye;) (), 1— infUH(ei,ej) (hy )], [inf HH(ese;) (hy), Sup“ﬂ(ei,ej) (h)] >: hy € U}
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A< hy, [inf 0y, ) (i), Supy o ) ()], [1 = Sup Uy, ) (i), 1= infuyce, ¢y (i )], [inf bye, ) (i), Supiye, ey (i )] >+ hy € U}
= {<hy , [min (inf 0y (e, )) (i), inf Wy (e, ) (i), Min (SUPOMK(e, ) (i), SUPWy (e, ) (i), ],

[ max (1 = Sup Vpy(e,e;) (hi))s (1 = SUP Vy(ee) ())) » MaX (1 = inf V() (i), (1 = infy(e e (N T,

[max (inf py(e, o ) (i), inf (e, o ) (i), Max Sup py(e; ) (i), SUP Wy, y (i ))] >: hye € U}

={<hy, [min (inf (*)H(ei,ej)(hk)rinfw](ei_ej)(hk ), min (sup Ol (e;e;) (hy ):Supw](ei,ej)(hk )1,

[1- min (sup vy, ¢ ) (i), SUPYy(e, ¢y (i), 1-min (inf oy, o) (i), infuy e, ¢ (i )],

[max (inf py (e, 0 ) (hic), infiy e, oy (i), max (sup pye, e ) (i), supy (e, e,y (i )] > hye € U}

Then ,(P U Q)¢ =P° n Q¢

b) Proof is simlar to a)

c) let P= (H, AxB), Q =(J, AxB) and R= (K, AxB).Then P Uu®(H mJ, A XB), where

H mJ : AXB-IVNS(U) is defiend as (i J)(e;e;) =H(ej, ¢ ) vV I(e;, ¢ ) for (eje;) EAXB.
So(P UQ)UR=((HmJ)mK, AxB), where (HmJ) mK : A xB—IVNS(U) is defined as
for (eje;)) EAXB (HmJ)mK) (eje;) =H(e;, ¢ ) VI, ¢ )V K(e;, e ) .Now as

(H(e;, ) vV Jli ¢ ) vV K(e;, ) =H(e;, ¢ ) vV (I, ¢ ) V Key, g )).therefore

(HmJ)mK) (eje;) =((H m (JmK)) (g; e;), Also we have B(QUR)=(PUQU R=(H m (J
mK),AxB).consequently, P (QU R)=(PU Q) UR

d) Proof is sinfar to c)

e) let P= (H, AxB), Q =(J,AxB) and R= (K,AxB).Then Q UR(J mK, A XB), where
JmK: AXxB—IVNS(U) is defiend as (J M) (e;¢;) = J;, ¢ ) VK(e;, ¢ ) for (eje;)) EAXB.
Then P n (QU R)=(( He (J mK), AxB), where H (J mK): A xB—IVNS(U) is defined as
for (eje;) € AX B, (He (JmK)) (eje;) =H(ei, ¢ ) A(Jei e ) VK, g )) .

since He;, ¢, ) A (Jei, ¢ ) V K(e;, ¢ ) =(H(ei, ¢ ) A (i, ¢ ) V(H(e;, € ) A K(ey, ¢ ). We
have (B (J mK)) (eje;) = (H(e;, ¢ ) A (Jis € ) V(H(es, € ) A Kley, g ).

Also we haveRnQ) U(Pn R)= (HeJ, AxB) U (H ¢ K, AxB) =(( Ho J) m(H¢K),A xB) Now for
(ejej)) EAXB, ((HoJ) m(HK)) (e e;) = (He J)(ejej) V (He K) (eje;) =(H(e;, ) AJde, g
)V (H(e;, ) A K(ey, € ) =(He (J mK)) (e e;). congquently, N (Q U R)=(PN Q)u (P n
R).

f)Proof is smilar to e)
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Definition 9. Let P, Qe o, (Ax B) and the ordrefdheir relational matrices are same. Then

PcQifH (ee) SJe;) for(eje) € AxBwhere P=(H, AxB)and Q=(J, AxB)

Example 5:

P

Ul (e1.€2) (1 ,€4) (e3 ,e2) (e3 ,e4)

hi | (0.2,0.3][0.2,03][0.4,0.5]) | ([0.2,0.3],[0.7, 0.8],[0.2,0.4]) ([0.3, 0.4],[0.7, 0.8],[0.2,0.5]) ([0.4, 0.6],[0.7, 0.8],[0.5,0.6])
h. | ([0.4, 05],[0.3, 0.5,[0.2,0.8]) ([1, 11,[0, 0],[0, 0]) ([0.1, 0.5],[0.4, 0.7],[0.5,0.6])  ([0.1, 0.3],[0.4, 0.7],[0.5,0.6])
hs | ([0.2,04],[0.3, 0.4],[0.3,0.4])| ([0.3, 0.5,[0.4 0.6],0.2,0.5] ([, 11,[0, 0},[0, 0]) ([0.1, 0.21,[0.4, 0.5],[0.3,0.5])
hs | (0.3, 05],[0.3, 0.4],[0.3,0.6])| ([0.2, 0.3],[0.7, 0.9],[0.4,0.5])  ([0.3, 0.4],[0.7, 0.9],0.3,0/41)0.2, 0.3],[0.3, 0.5],0.5, 0.6])

Q

Ul (e1,€2) (e1 ,€4) (e3 ,€2) (e3 ,€4)

he | (0.3,0.4[0.1,02],[0.3,04]) | ([0.4,0.6],[0.3,0.5],[0.1,0.4]) ([0.5, 0.6],[0.3, 0.5],[0.1,0.4]) ([0.5, 0.7],0.2, 0.3],[0.3,0.4])
h. | ([0.6, 08],[0.3, 0.4],(0.1,0.7]) ([, 11,0, 01,[0, 0]) ([0.3,0.6],[0.1, 0.3],[0.2,0.3])  ([0.3, 0.5],[0.3, 0.5],[0.2,0.4])
hs | ([0.3,06],[0.2, 0.3],[0.1,0.2])| ([0.4, 0.7],[0.1, 0.3],[0.2,0.4]) ([1, 11,[0, 0},[0, 0]) ([0.4, 0.71,[0.1, 0.3],[0.2,0.4])
hs | ([0.6, 07],[0.1, 0.2],[0.2,0.4])| ([0.3, 0.4],[0.4, 0.6],[0.1,0.2])  ([0.4, 0.6],[0.1, 0.4],[0.1,0(2])([0.4, 0.5],[0.1, 0.2],[0.2, 0.3])

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 defineded a8y =(Hg , A XB) whereH, (ei,ej):{<hk ,[0, 0],[1, 1],[1, 1]>;hy €
U} for (e;e;) € A XB.

Example 6. @Wnside the interval valued neutrosophic soft sets (F, A) and (G, B) given in

example 3. Then a null relation between them is given by

Ul (e1,e2) (1 ,64) (e3 ,e2) (e3 ,e4)

hy ([0, 0],[1, 1],[1, 1]) ([0, 0],[1, 1],[1, 1]) ([0, 0],[1, 1],[1, 1]) ([0, 0],[1, 1],[1, 1])
h ([0, 0],[1, 1].[1, 1]) ([0, 0,[1, 1].[1, 1]) ([0, 01,[1, 1].[1, 1]) ([0, 01,1, 1],[1, 1])
hs ([0, 0],[1, 1],[1, 1]) ([0, 0],[1, 1],[1, 1]) ([0, 0],[1, 1],[1, 1]) ([0, 0],[1, 1],[1, 1])
hs ([0, 0],[1, 1].[1, 1]) ([0, 0,[1, 1].[1, 1]) ([0, 0,[1, 1].[1, 1]) ([0, 01,1, 1],[1, 1])

Remark 2 .1t can be easily seen thatPOy; =P and P Oy =0y for any Pe€ o;;(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 alg; =(H;, A xB) whereH; (e; ¢;)={<hy, [1, 1],[0, 0],[0, O]>;h; €
U} for (el-'ej) € A xB.
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example 3. Then an absolute relation between them is given by

Ul (e1,e2) (1 ,64) (e3 ,e2) (e3 ,e4)

hy ([1, 1],[0, 01,0, 0]) (1, 11,[0, 0],[0, 0]) (1, 1},[0, 0],[0, 0]) ([1, 11,0, 01,[0, O])
h (f1, 1],[0, 1.0, O]) (11, 1],[0, 0],[0, 0O]) (f1, 1],[0, 0],[0, 0O]) (11, 1],[0, 0],[0, O])
hs ([1, 11,0, 01,0, 0]) (I1, 11,[0, 0],[0, 0]) (1, 11,[0, 0],[0, 0]) ([1, 11,0, 0],[0, O])
hs (f1, 1],[0, 1.0, O]) (f1, 1],[0, 0],[0, 0O]) (11, 1],[0, 0],[0, 0]) (11, 1],[0, 0],[0, O])

Remark 3 .1t can be easily seen thatPl; =I; and P n{ =P for any Pe g, (Ax B)

Definition 12 :Lett be a sub-collection of interval valued neutrosophic softedations of
the same order belonging tg,(Ax B).Thent is sid to form a relational topology over
oy (Ax B) if the following conditions are satisfied:

(|) OU y IU ET
iy I
(i) IfP,,P, et thenP NP, €7

Then we sayha (o,(Ax B) , 1) is a condional relational topological space

Example 8: Consder example 3. Then the collectias{0, I ,P,Q} forms a relational
topology onoy, (Ax B).

IV .Various type of interval valued neutrosophic soft relation

In this section , we present some basic properties of IVNSS relation.d.ef @x B)and
P=(H, AxB) and &(J, A xB) whose relational matrix is a square matrix

Defintion 13. An IVNSS-relation P is said to be reflexive if foy,(¢ ) € A x B andhy €
U, such thap—H(ei,e]-)(hk)l(m,n) =[1, 1] !UH(ei,e]-)(hk)l(m,n) =[0, O] ande(eilej)(hk)l(m,n)
= [0 0] for m =n=k

Example9: U={h, , h, , hs, h,}Let us consider the interval valued neutrosophic soft sets (F,
A) and (G, B)where A= {g e; } and B ={e, e, } then a reflexive IVNSS-relation between
them is

(1 ,€2) (1 ,64) (e3 ,e3) (e3 ,e4)

hy ({1, 11,[0, 01,[0, 0]) ([0.4, 0.6],[0.7, 0.8],[0.1,0.4])  ([0.4, 0.6],[0.7, 0.8],[0.1,0.4])  ([0.4, 0.6],[0.7, 0.8],[0.1,0.4])

h2 | (0.6, 08],[0.3, 0.4],[0.1,0.7]) ([1, 11,[0, 0],[0, O]) ([0.1, 0.5],[0.4, 0.7],[0.5,0.6])  ([0.1, 0.5],[0.4, 0.7],[0.5,d.6])

hs

([0.3, 06],[0.2, 0.7],[0.3,0.4])

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

)

(1, 11.[0, 01.[0, O))

([0.4, 0.7],[0.1, 0.3],[0.2,0

hy

([0.6, 07],[0.3, 0.4],[0.2,0.4])

([0.3, 0.4],[0.7, 0.91,[0.1,0.2

)

([0.3, 0.4],[0.7, 0.9],[0.1,0

2) ([1, 11,[0, 01,[0, O))
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Defintion 14. An IVNSS-relation P is said to be anti- reflexive if fef,e; ) € A x B and
h, € U, such that I‘J‘H(ei,ej)(hk)l(m,n) =[0, O] , UH(ei’e]_)(hk)km’n) =[0, 0] and
Wi (e e;) (k)| mny = [1 1] for m = n=k

Example 10: let U ={h; , h, , h3, h,}. Let us consider the interval valued neutrosophic soft
sets (F, A and (G, B) where A= {g e3 } an B ={e, e,} then an anti-reflexive IVNSS-
relation betveen them is

Ul (e1.,e2) (e1 ,64) (e3 ,e3) (e3 ,e4)

hy ([0, 01,0, O].[1, 1]) ([0.4, 0.6],[0.7, 0.8],[0.1,0.4])  ([0.4, 0.6],[0.7, 0.8],[0.1,0.4])  ([0.4, 0.6],[0.7, 0.8],[0.1,0.4])

h. | ((0.6, 08],[0.3, 0.4],[0.1,0.7]) ([0, 01,[0, 0,[1, 1]) ([0.1, 0.5],[0.4, 0.7],[0.5,0.8])  ([0.1, 0.5],[0.4, 0.7],[0.5,0.6])

hs | (0.3, 06],[0.2, 0.7],[0.3,0.4])| ([0.4, 0.7],[0.1, 0.3],[0.2,0.4]) ([0, 01,[0, O],[1, 1]) ([0.4, 0.7],[0.1, 0.3],[0.2,d.4])

hs | ((0.6, 07],[0.3, 0.4],[0.2,0.4])| (0.3, 0.4],[0.7, 0.9],[0.1,0.2]) (0.3, 0.4],[0.7, 0.9],[0.1,0|2]) ([0, 01,[0, O1.[1, 1])

Defintion 15. An IVNSS-relation P is said to be symmetric if fqr &g ) € A x B andhy, €
U 3 (e, ¢ ) EAXxBandh; € U suchthat I‘J'H(ei,ej)(hk)l(m,n) = UH(ep,eq)(hl)kn,m) ,

UH(ei_ej) (hk)l(m,n) = UH(ep_eq) (hl)l(n,m) and (‘?-{(ei_ej) (hk)l(m,n) = (‘)H(ep,eq) (hy )l(n,m)
Example 11: et U ={h; , h, , hs, h,}. Let us consider the interval valued neutrosophic soft

sets (F, A and (G, B) where A=4; e; } an B ={e, e, } then a symmetric IVNSS-relation
between themsi

Ul (er .e2) (e1 ,e4) (e5 ,e3) (e5 ,e4)
h. | ([0.3,04],[0.7, 0.9],[0.1,0.2])| ([0.5, 0.6],[0.6, 0.7],[0.3,0.4])  ([0.3, 0.6],[0.5, 0.7],[0.2,0/4])  ([0.4, 0.6],[0.3 0.4],[0.3,0.4])
h2 | (0.5, 06],[0.6, 0.7],[0.3,0.4]) ([0, O1,[1, 1],[1, 1]) ([0.4, 0.7],/0.1, 0.3],[0.2,0.4])  ([0.3, 0.4],[0.7, 0.9],[0.1,0.2])

hs | ([0.3, 06],[0.5, 0.7],[0.2,0.4])| ([0.4, 0.7],[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])

hs | ([0.4, 06],[0.3 0.4],/0.3,0.4]) | ([0.3,0.4],[0.7, 0.9],[0.1,0.2]) ([0.4, 0.5],[0.3, 0.4],[0.1,0/4])  ([0.2, 0.7],0.3, 0.4],[0.6,0.7])

Defintion 16. An IVNSS-relation P is said to be anti-symmetric if for eaghe() € A x B
andhy € U, 3 (e, ¢, )€ A x B andh; € U such hat eitherpH(eLej)(hk)km,n) *

i (epeq) (M) lmm) + Vn(ege;) (i) lmny) # Vn(e, eq) () lnm) and wy(e, ¢;) (i)l mn)

* Wy(e,e,) (M) Imm) — OF M (e;e;) (M) lmny = Ha(ep eq) (1) [mm) [ 0 O ,
Vn(eye;) M) lmm = V(e e) Wlom =[O0 .0 ] and - wy(e,e;) (i)l mn)

= Wn(ey e) (Ml nmy =11, 1]

Example 12:let U ={h; , h, , hs, h,}. Let us consider the interval valued neutrosophic soft

sets (F, A and (G, B) where A=4; e3 } an B ={e, e, } then an anti-symmetric IVNSS-
relation betveen them is
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(1 ,€2)

(1 ,€4)

(e3 ,e;)

(e3 ,e4)

hy

([0.3, 04],[0.7, 0.91,[0.1,0.2])

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

([0.3, 0.6],[0.5, 0.7],[0.2,0

4]

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

hy

([0.5, 06],[0.6, 0.7],[0.3,0.4])

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

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

i)

([0.3, 0.4],[0.7, 0.9],[0.1,0.

hs

([0.3, 06],[0.5, 0.7],[0.2,0.4])

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

([0.4, 0.6],[0.1, 0.3],[0.2,0

5)

hy

([0, 01,[0, O1.[1, 1])

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

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

2])
([0.4, 0.5],[0.3, 0.4],[0.1,0.4])
([0.2, 0.7],[0.3, 0.4],[0.6,0.7]

Defintion 17 . An IVNSS-relation P is said to be perfectly anti-symmetric if for eaghe(

)E A x B andhy € U, 3
HH(ese)) (hi)| (m,n)

(e, ¢j)) EA x B and hy
> 0, inf vy, ey (i) lmm > 0

uH(ep,eq)(hl )l(n,m) =[0,0] !UH(ep,eq)(hl )l(n,m) =[0,0] ande(ep,eq)(hl )l(n,m) =[1, 1]

€ U such bhat whenever inf
and inwa(ei’e]_)(hk)km,n) >0,

Example 13 let U ={h; , h, , h3, h,}. Let us consider the interval valued neutrosophic soft
sets (F, A and (G, B) where A=4; es} an B ={e, e,} then a perfectly anti-symmetric
IVNSS-rehtion between them is

U | (e1.€2) (e1 ,€4) (e3 ,e2) (e3 ,e4)

H1 | (0.3, 0.4],[0.7, 0.91,[0.1,0.2] ([0.5, 0.6],[0.6, 0.7],[0.3,0.4])  ([0.3, 0.6],[0.5, 0.7],[0.2,0.4]) ([0, O1,[0, OL[1, 1])

ho | ([0, 0],[0, 01,[1, 1]) ([0.4,0.7],[0.1, 0.3],[0.2,0.4])  ([0.4, 0.6],[0.1, 0.3],[0.2,0.5]) ([0, 0],[0, O],[1, 1])

hs | ([0.3, 06],0.5, 0.7],[0.2,0.4]) ([0, 01,[0, O],[1, 1]) ([0.4, 0.6],[0.1, 0.3],[0.2,0.3]) ([0, 0.5],[0, 0.4],[0,0.4])

ha | ([0, 0.6}[0, 0.2],0, 1]) ([0.3, 0.4],[0.7, 0.91,[0.1,0.2]) ([0, 0.6],[0, 0.3],[0,0.5]) ([0.2, 0.7],[0.3, 0.41,[0.6,4.

)

In the following, we define two composite of interval valued neutrosophic soft relation.

Definition 18 : Let P ,Q € oy (Ax A) and P =(H,AxA), Q=(J,AxA) and the order of their
relationalmatrices are same.Then the compostion of P and Q, denoted by P*Q is defined by
P*Q =(He J,AXA) where H J :AXA - IVNS(U)

Is defined as(He J)(e; ;) ={<hi, g ) (eie)) M) Vette 1y eg ) i s O py(ege) (i )> hic € U}

Where

bt )y eve;) (i =Tmas, (minGin (g, o) (i inf (g oy (i), mas, (min(sup e, o0 (i) SUP Iy ey (D)

Ve ) (ey ) (B )= ming (max(inf Vg, ey (B )TV ¢ ) (i), miny (MaX(Sup Vi, ) (i) SUPVy e, o) (i),

And

0t (g e;) (e )= [ iny (MaX(inf @y ) (i inF g, ) (B ))) iy (MAX(SUP Wiy ) (i) SUPOy ) (i )]

For (e;ej)) EAX A

Example 14:U ={h, , h, , hs, h,}.let us consider the interval valued neutrosophic soft sets

(F,A) and (GA) where A={e;

where P:
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Ul (e1.€2) (1 ,€4) (e3 ,e2) (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]j0.2, 0.3],[0.3, 0.6],[0.2, 0.3])

he | (11, 11,[0, 0],[1, 1]) ([0.1,0.2],[0, 01,[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 | ([0.2,06],[0.1,0.4],0.3,04])| ([0.2,0.6],[0.1,0.3],[1,1])| ([0.2,0.3],[0.1,0.3,[0.2,0B]) ([0.2, 0.5],[0.2, 0.3],[0,0.4])
hs | ([0.2, 04],[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, 0.5],[0.6,0.7])
Q:

Ul (e1.€2) (e1 ,€4) (e3 ,€5) (e3 ,€4)

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],[0.2, 0.3],[1, 1)
ho | ([0.4,05],[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],[0.2,05])  ([0.4, 0.5],[0.1, 0.2],[1, 1])
hs | ((0.2,03],[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],[0.2,05])  ([0.3, 0.5],[0.3, 0.4],[0,0.4])
ha | ([0.3, 05],[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, 0.71,[0.1, 0.3],[0.6,0.7])
Then

P*Q

U | (e1.€2) (e1 ,€4) (e3 ,e2) (e3 ,e4)

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]j0.2, 0.3],[0.2, 0.6],[0.3, 0.4])

b | (0.4,05][0.2 041[0.3 05) | ([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 | ((0.2,06],[0.1,0.3],[00.4]) | (0.2 05],[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])
hs | ([0.2,04],[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 € oy (Ax A) and P =(H,AxA), Q=(J,AxA) and the order of their
relationd matrices are same.Then the compostion of P and Q, denoted(®ysRlefined by
Po Q =(He J,AxA) where H J :AxA - IVNS(U)

Is defined as(He J)(e; ;) ={<hi, Kepre 1) (ege;) M Ds Vitte yege;) M) O y(ege;) (i )>: e € U}

Whre

Htto 1) (ege;) (i )=[ming (max(inf pye, o) (i ),inf e oy (hie D)) , ming (max(sup (e, e) (hic ) SUP Ry (e, ) (i ))],

Vet () (i D=L ma (MInGins Uyye, o) (i) if Uy, ) (i ))) , Maxy (min(sup Uy, ) (hie);SUPVy g, ey (i),

And

0 510y e e) (e )= [ M, (MIN(Inf @y (hae)iNf @1, ¢ (i) , My (MIn(sup gy, ) (B ). SUPWy e, ) (i )]

For (e;ej)) EAX A

Example 15 :Let U ={h, , h, , h3, h,}.let us consider the interval valued neutrosophic soft
sets (F,A)and (G,A) where A=, ,e, } .Let P ,Q€ g, (Ax A) and P =(H, AxA), Q=(J,AxA)
where P:
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)

p.-71)

Ul (e1.€2) (e1 ,€4) (e3 ,e2) (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])

ho | ([1, 11,[0, O],[1, 1]) ([0.1,0.21,[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 | ([0.2,06],[0.1, 0.4],(0.3,0.4])|  ([0.2,0.6],(0.1,0.3],[, 1])|  ([0.2,0.3],[0.1, 0.3],[0.2,05]) ([0.2, 0.5],[0.2, 0.3],[0,0.4])
hs | ([0.2, 04],[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, 0.5],[0.6,0.
Q:

U | (e1.€2) (€1 ,64) (e3 ,€2) (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],[0.2,044])  ([0.2, 0.4],[0.2, 0.3],[1, 1])
h: | ([0.4,05],[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],[0.2,05])  ([0.4, 0.5],[0.1, 0.2],[1, 1])
hs | ([0.2, 03],[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])
hs | ((0.3, 05],[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,
Then

PoQ

Ul (e1.€2) (1 ,€4) (e3 ,€7) (e3 ,€4)

H1 | ([0.2,0.5],(0.3,0.4],[0.3,0.4]) ([0.2,0.4],[0.3, 0.4],[0.3,0.4]) ([0.2 0.4],[0.3, 0.4],[0.2,0/4]}0.2, 0.3],[0.2, 0.6],[0.3, 0.4])

h> | (0.4,05][0.1,0.3][0.2,05) | ([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, 0.5],[0.1, 0.3],[1, 1]

hs | ((0.2, 03],[0.2, 0.3],[1,1]) (0.2, 0.41,[0.2,0.41,[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 | (03,04][0.3 0.41[03,07) | ([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.

)

Definition 20: Let P € oy (Ax A) and P =(H,AxA).Then P is called transitive IVNSS-relation

if P*PS P, i.e U(H(e,e;) NH(ee)) S H(esey), e,

MaX(lnf uH(ei’eZ) (hk )! inf uH(el'ej) (hk )) <inf uH(ei’ej) (hk )!

Max(sup Hi(e; e)) (hi), sup IJ-H(el_e]-) (hi)) < sup H—I(ei’ej)(hk),

Min(inf YH(e; ;) (hy), inf UH(el‘ej)(hk )) < inf YH(eje)) (hk ),

Min(SUpUH(ei_el) (hy ), SupUH(el‘ej) (h)) < SUpUH(ei,ej)(hk):

Mln(l nf "‘)H(ei,el) (hk )l Inf wH(el,e]-) (hk )) < Inf ‘*)H(ei,ej) (hk )!

Min(SUp(‘)H(ei,el) (hy ), Supﬂ)H(el‘ej) (hg)) < SUpmH(ei,ej) (hy),

Example 16:Let U ={h, , h, , hs, h,}.let us consider the interval valued neutrosophic soft

sets (F,A)and (G,A) where A=, ,e, } .Let P ,Q€ g,y (Ax A) and P =(H, AxA), Q=(J,AxA)
where P:
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Ul (e1.€2) (e1 ,€4) (e3 ,€5) (e3 ,4)

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],[0.2,0/4])  ([0.2, 0.3],[0.3, 0.6],[1, 1)
ho | (1, 11,[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 | ([0.2,06],[0.1,0.4],[0.2,04])| ([0.2, 0.6][0.1,0.3],[1,1])| ([0.2, 0.3],[0.1,0.3],[0.2,05]) (0.2, 0.5],[0.2, 0.3],[0,0.4])
hs | ([0.2,04],/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

U | (e1.€2) (e1 ,€4) (e3 ,e) (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],[0.2,0/4])  ([0.2, 0.3],[0.3, 0.6],[1, 1])
ho | (11, 11,[0, 01,11, 1]) ([0.1,0.2],[0, 01,[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 | ([0.2,08],[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],[0.2,05])  ([0.2, 0.5],[0.2, 0.3],[0,0.4])
ha | ([0.2, 04],[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€ o,;(Ax A) and P =(H,AxA).Then P is called equivalence IVNSS-
relation if P stisfies the following conditions:

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

Example 17:Let U ={h, , h, , h3}.let us consider the interval valued neutrosophic soft sets
(F,A) whee A={e, , e }.Let P ,Q €ag,(Ax A) and P =, AxA), where P:

Ul (e1.e2) (e1 ,€4) (e5 ,e2)

hy (1, 1],[0, 01,0, O]) ([0.2, 0.3],[0.2, 0.4],[0.3,0.4])  ([0.1, 0.5],[0.2, 0.4],[0.2,0.8])
h2 | (0.2, 03],[0.4, 0.6],[0.3,0.4]) (1, 11,[0, 01,0, O]) ([0.2, 0.3],0.1, 0.5],[0.2,0.3])
hs | (0.1, 05],[0.2, 0.4],[0.2,0.3])| ([0.2, 0.3],[0.1, 0.5],[0.2,0.3]) (1, 11,[0, 01,[0, O])

P*P

Ul (e1.e2) (e1 ,€4) (e5 ,e2)

hy (1, 1],[0, 01,0, O]) ([0.2, 0.3],[0.2, 0.4],[0.3,0.4])  ([0.1, 0.5],[0.2, 0.4],[0.2,0.8])
h2 | (0.2, 03],[0.4, 0.6],[0.3,0.4]) ([1, 11,[0, 0],[0, O]) ([0.2, 0.3],0.1, 0.5],[0.2,0.3])
hs | (0.1, 05],[0.2, 0.4],[0.2,0.3])| (0.2, 0.3],[0.1, 0.5],[0.2,0.3]) (1, 11,[0, 01,[0, O])

Then P is quivdence IVNSS-relation
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Conclusions

In this paperwe 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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