3 £y
N S.S Neutrosophic Sets and Systems, Vol.28 , 2019

T V University of New Mexico
4 -

New Operators on Interval Valued Neutrosophic Sets

Abhijit Saha*! and Said Broumi?

! Techno College of Engg. Agartala, Faculty of Basic Science & Humanities, Maheshkhola, Tripura-799004, India,
E-mail: abhijit84.math@gmail.com
2 Laboratory of Information Processing, Faculty of Science Ben M’Sik, University Hasan II, B.P 7955, Casablanca,
Morocco,
E-mail: broumisaid78@gmail.com

*Correspondence: Abhijit Saha ; abhijit84.math@gmail.com

Abstract. As a generalization of fuzzy sets and intuitionistic fuzzy sets, neutrosophic sets have been de-
veloped by F. Smarandache to represent imprecise, incomplete and inconsistent information existing in
the real world. A neutrosophic set is characterized by a truth-membership function, an indeterminacy-
membership function, and a falsity-membership function. An interval neutrosophic set is an instance of
a neutrosophic set, which can be used in real scientific and engineering applications. In this paper we
have defined some new operators on interval valued neutrosophic sets and studied their properties. In
addition, we give numerical examples to illustrate the defined operations.
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1 Introduction

In 1999, a Russian scientist Molodstov [1] initiated the concept of soft set theory as a fundamental
mathematical tool for modelling uncertainty, vague concepts and not clearly defined objects.
Although various traditional tools, including but not limited to rough set theory [2], fuzzy set theory
[3], intuitionistic fuzzy set theory [4] etc. have been used by many researchers to extract useful
information hidden in the uncertain data, but there are inherent complications connected with each of
these theories. Additionally, all these approachess lack in parameterizations of the tools and hence
they couldn’t be applied effectively in real life problems, especially in areas like environmental,
economic and social problems. Soft set theory is standing uniquely in the sense that it is free from the
above mentioned impediments and obliges approximate illustration of an object from the beginning,
which makes this theory a natural mathematical formalism for approximate reasoning.

The notion of intuitionistic fuzzy set (IFS) was initiated by Atanassov as a significant
generalization of fuzzy set. Intuitionistic fuzzy sets are very useful in situations when description of a
problem by a linguistic variable, given in terms of a membership function only, seems too complicated.
Recently intuitionistic fuzzy sets have been applied to many fields such as logic programming,
medical diagnosis, decision making problems etc. The intuitionistic fuzzy sets can only handle the
incomplete information considering both the truth membership (or simply membership) and falsity
membership (or non-membership) values. But it doesn’t handle the indeterminate and inconsistent
information which exists in belief system. In 1995, F. Smarandache [05, 06] introduced the concept of
neutrosphic set which is a mathematical tool for handling problems involving imprecise,
indeterminacy and inconsistent data. This concept has been successfully applied to many fields such
as databases [7, 8], medical diagnosis problem [9], decision making problem [10], topology [11],
control theory [12] etc.
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Presently works on the neutrosophic set theory is progressing rapidly. Bhowmik and Pal [13, 14]
defined intuitionistic neutrosophic set. Later on Salam and Alblowi [15] introduced another concept
called Generalized neutrosophic set. Wang et al. [16] proposed another extension of neutrosophic set
which is single valued neutrosophic. Also Wang et al. [17] 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. Ye [18, 19]
defined similarity measures between interval neutrosophic sets and their multicriteria decision-
making method. Majumdar and Samanta [20] proposed some types of similarity and entropy of
neutrosophic sets. Broumi and Smarandache [21, 22, 23] proposed several similarity measures of
neutrosophic sets. S. Broumi and F. Smarandache defined four new operations on interval-valued
intuitionistic hesitant fuzzy sets and studied their important properties. F.G. Lupianez [24] defined the
notion of neutrosophic topology on the non-standard interval. Majumder [25] discussed the distance
and similarity between two neutrosophic sets . He also introduced the notion of entropy to measure
the amount of uncertainty expressed by a neutrosophic set. H. Zhang et al. [26] defined operations for
interval neutrosophic sets and a comparison approach was put forward based on the related research
of interval valued intuitionistic fuzzy sets. He also developed two interval neutrosophic number
aggregation operators and using these, a multi-criteria decision making problem was explored.
H.Wang et al. [27] presented various properties of interval neutrosophic sets based on set theoretic
operators. In 2017, Bera and Mahapatra [28] initiated the concept of neutrosophic soft matrix and they
successfully applied it to solve decision making problems. Song et al. [29] applied neutrosophic sets
to ideals in BCK/BCI algebras. Shahzadi et al [30] applied single valued neutrosophic sets in medical
diagnosis. Recently, Thao and Smaran [31] proposed the concept of divergence measure on
neutrosophic sets with an application to medical problem. Some recent applications of neutrosophic
sets can be found in [32-39].

This paper is an attempt to define some new operators on interval valued neutrosophic sets and
to study their properties. In addition to that, we have given numerical examples to illustrate the
defined operations. The organization of this paper is as follow: In section 2, we briefly present some
basic definitions which will be used in the rest of the paper. In section 3, we define some new

operations on interval valued neutrosophic sets and discuss their properties. In section 5, conclusion is
given. Lastly all the related references are given.

2 Preliminaries
2.1 Definition [3]:
Let U be a non empty set. Then a fuzzy set T on U is a set having the form
T ={(x, u(x)):xe U}
where the function p :U—[0, 1] is called the membership function and ut(x) represents the

degree of membership of each element X € U.

2.2 Definition [4]:
Let U be a non empty set. Then an intuitionistic fuzzy set (IFS for short) T is an object having the form

T= {<x, w(x), v, (x)>: X € U} where the functions p_:U—[0,1] and y_:U—[0, 1] are called

membership function and non-membership function respectively. (X) and vy (X) represent the degree of

membership and the degree of non-membership respectively of each element xe U and
0<p,(x)+y,(x)<1 foreach x e U.
We denote the class of all intuitionistic fuzzy sets on U by IFSY.
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2.3 Definition [5, 6]:

Let U be a non empty set. Then a neutrosophic set (NS for short) I'isan object having the form
= {<X, K- (X), Yr ()(),5F (X) >: X € U} where the functions p.,y., 6.:U—]0,1"[ and
0<p, (X) +vr (X) + 0 (X) < 3". From philosophical point of view, the neutrosophic set takes the

value from real standard or non-standard subsets of ] 0, 1'[. But in real life applications in scientific
and engineering problems it is difficult to use neutrosophic sets with value from real standard or non-

standard subsets of ] 0, 1°[. Hence we consider the neutrophic set which takes the value from the
subset of [0, 1] ie; O0<p, (X)+ Yr (X) +0r (X) <3 where H,yand O, are called truth

membership function, indeterminacy membership function and falsity function respectively.
We denote the class of all neutrosophic sets on U by NSU.

2.4 Definition [17]:

Let U be a non empty set. Then an interval valued neutrosophic set (IVNS for short) I'is an
object having the form

F:{<X, [infuF (x),suppr(x } [mfyr ,supyr(x )},[infé‘r(x),sup5r(x)]>: Xe U}

where the functions p..,v., 8.:U — Int([0, 1]) and O<supp (X)+Sup Yr (X) +sup o (X) <3.

We denote the class of all interval valued neutrosophic sets on U by IVNSU.

2.5 Definition [17]:
Let I', €2 be two interval neutrosophic sets on U. Then

(a) T is called a subset of Q, denoted by I < €2 if

infu, (x) <infp,, (x), SUp [, (x) <supp,, (x),inﬁ(F (x) >infy, (x),sup Yr (x) >supy, (x),
inf 5. (x) <inf 5, (x),sup 5. (x) <supd, (x) VxeU.
(b) The intersection of I" and Q is denoted by I' M €2 and is defined by

r Q= {{[min(infu (x),infig (), min (supy (x),suppy (x)) ]
[max (infy (x),inf v, (x)),max (supy, (x),supva (x)) |
[max(inf 8¢ (x),inf 8, (X)), max (sup 5. (x),sup 5, (x)) D X e U}.
(c) The union of " and Q is denoted by I \W €2 and is defined by
ruQ = ([ max(infu (x),infiug (x)), max (supsy (), supg ()) ]
[min(infyr(x),infyg(x)),min(supyr ,Sup Y, (x )}
[min(inf 8 (x),inf 8, (x)), min(sup 5. (x),sup J, (x)) ]> XEU}.

(d) The complement of T" is denoted by I'° and is defined by
re {< [Inf5 Sup5 ] [1 Supyr( ) 1- 1nf\(r ] [mf,ur ),sup,ur (x)]> X e U}
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3. New Operators on Interval Valued Neutrosophic Sets

In this section we have proposed two new operators defined on interval valued neutrosophic sets.
We also present their basic properties.

3.1 Definition:

The operator [J:IVNS® — IVNS” is defined by
U= {<X, [infuF (x),supp, (x)], [infyr (x),supy, (x)] ,[inf§r (x),1-sup . (x)] >: X € U} :
for T e IVNS".

3.2 Example:
Let us consider an interval valued neutrosophic set I on U given by

r={(a [0.2,04],[0.6,03],[0.3,05]),(b, [0.6,0.8], [0.5,0.6],[0.1,0.4] }}.
Then we have [T ={(a, [0.2,0.4], [0.6,0.3],[0.3,05] ), (b, [0.6,0.8], [0.5,0.6],[0.1,0.6] )}.

3.3 Definition:

The operator € : IVNS® — IVNS” is defined by
oI = {<X, [infur (X),l—sup5r (X)], [infyr (X),supyr (x)] ,[infé'r(x) ,Supo;. (X)] > D Xe€ U} ,

for I e IVNSV.
3.4 Example:

Let us consider an interval valued neutrosophic set I"on U given by

r={(a [0.2,04],[0.6,03],[0.3,0.5]),(b, [0.3,0.8], [05,0.6],[0.1,0.4] )}.

Then we have 0T ={(a, [0.2,05], [0.6,0.3],[0.3,0.5] ), (b, [0.3,0.6], [0.5,0.6],[0.1,0.4] )}.

3.5 Theorem:
For I' € IVNS", we have the followings
@ (O0re) =or

b (or°) =r
o [ I'cT'cor
4 0(0r)=r
e) O(0r)=0r
f) J(0r)=0r
g) O(Ur)=Ir
Proof:

(@ T'= {<X, [infur (x),sup [T (x)], [infyF (x),sup Y, (x)],[inf o, (x),sup 0, (x)] >: X € U}
=I°= {<X, [infé'r (X),Sup o, (X)], [1-Supyr (x),l—infyr (x)],[inf ya (X),sup y7a (X)] >: X e U}

.~ o~ o~ o~ o~ o~
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-0r° ={(x, [infs, (x),sup s, (x)], [L-supy, (x),1-inf y_ (x)].[inf z, (x),1-supd, (x)]): x € U}.
Hence (DF° )c

={(x[inf 1 (x).1-sups; (x)], [inf v, (x).supy, (x)].[infs, (x).supd; (x)] ): x e U} =0T

(b) I'= {<X, [infur (x),sup [T (x)], [infyF (x),sup Y, (x)],[inf o, (x),sup 0, (x)] >: X € U}

=T° ={(x, [infs, (x),sups; (x)], [1-supy, (x).1-inf y, (x)].[inf 2. (x).sup 1. (x)]): x € U}
SO = {<x [infs, (x),1-sup & (x)]. [1-supy, (x),1—inf y, (x)].[inf 2. (x),sup 4 (x)] >: X e U}.
Hence (0r°)’

:{<X,[inf ,ul_(x),sup,ur(x)], [inf yr(x),supyr (x)],[infé‘r (x),l—sup,ur (x)] >: X eU} =T

(c) Proof is straight forward.

(d) F={<X, [infpr(x),supur(x)], [mfyr(x) sup vy, X)] [1nf5 ( ,Supo;. (x)]> X€ U}

:>LIF={<X, [infur (x),supur (x)], [mfyr( ,Sup Y, (x ] [1nf5 (x 1 sup,ur( )]> XeU}

:>U(UF)={<X, [infur (x),supur (x)], [mfyr( ),supyr (x)],[mfé'r (x),l—sup,ur( )]> X e U}
=T.

(e) Proof is similar to (d).

(f) F={<X, [infur (x),supur(x)], [infy ( ) supyr ] [mfé' x) supd;. ( )]> X€E U}

:<>F={<X, [infl,tr(x),l—supér (x)] [mfyF (x) supyr ] [1nf5 ) sup5r( )]> X € U}

:>U(<>F)={<X, [infpr(x),l—supé'r (x)], [mfyr (x),supyr( )],[mfé'r( ),sup5r (x)]> X € U}
=0I.

(g) Proof is similar to (f).

3.6 Theorem:

For I', Q2 € IVNS”, we have the followings
a) (TuQ)=IrulQ

I NQ)=IrNIQ
)

We have,
F:{<X, [infpr(x),supuF X ] [mfyr ,supyp(x )],[inf&F (x),supd; (X)]> Xe U} and

Q={<x, [infug(x),supuQ X ] [mfyQ ,SuUp Y, (x )],[inf&Q (x),supd, (x)]> X € U} .
(@ I'uQ
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= {([max(infu (x),infig (x)), max (suppr (x),supity (x))]
[min(infy, (x).inf v, (x)). min (supy, (x).supyg (x))]:
[min(inf 8¢ (x),inf 5, (x)), min(sup 5 (x),sup 5, (x)) ]> X e U}.

Hence (T'u Q)

= {{[max (infu (). infity (x)), max (suppy (x),5upq ()) ]

;min (supyy (x),sup74 (x)) ],

) 1- Sup(max(sup T (X),suqu(x)))D: X e U}

0r = {(X, [infur (x),supp, (X):I, [infyr (x),supy, (x)],[inf S (x),1-sup s (X):I >: X e U}

and

DQ={<X, [inf;,tg(x),supuQ ] [mny ,Sup Y, (x ],[infé‘Q (x),1-sup u, (X):'> X e U}

ﬁence OroutQ
= {{[max (infu (). infity (x)), max (suppy (x),suptq (x))]
[ min (infy, (x).inf v, (x))min (supy, (x),supvq (x))].
[min(inf &;.(x),inf &, (x)), min (L-sup . (x),1-supiy (x)) ]} : x € U}

Consequently, | (F U Q) = rullQ.

(b) Proof is similar to (a).

) TuQ
:{<[max(infur( ).infl, (x)), max (supp, (x),supp, (X))},
[mln mfyF mny(X)),min(squr(X)aSUPYQ(X))]’

(
(inf 5. (x),inf 5, (x)),min(sup 5. (x),sup &, (X)) ]> X € U}.
Hence O(FUQ)

[mln

( ), l—sup(rnin(supé'F (x),sup &, (x)))},
[ n(lnfyr (x),infy, (x ),min(supyr (x),supyg(x))},
[ in(inf 5. (x),inf 5Q(x)),min(sup5r(x),sup&Q(x))]>:XGU}

{<[max infu (x),infu, (x

)
)
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= ([ infs (x).infh (x)). max (1-spiy (x).1=supta (x)) |
[min (infyr (x),infy,, (x)),min (sup\(r (x),supy, (x))],
[min (inf &, (x),inf &, (x)), min(supJ;. (x),supd, (x))]> X e U}.
Again

or {< [Infur ),1-supd; (x ] [mfyF ,supyr(x } [1nf5 X),sup &y (x)] >: X € U}

and

OQ:{<X, [infug(x),l—supég(x)], [infyg( X),supy, (x ] [1nf5 (x),supd, (X)]> Xe U}
Hence UT"UQ
:{<[max(infur (x),infp,, (X)), max(l—sup&r (x),1-supd, (x))],
[min(infyr(x),infyQ (x)),min(supyr (x),supy, (X)):|,
[min (inf 5. (x),inf &, (x)), min (sup 3, (x),supd, (x))]> X € U}.
Consequently, D(F UQ) =ullQ.
(d) Proof is similar to (c).

3.7 Definition:
The operator © - IVNS® — IFS" is defined by

o[ = {<X, infu,. (X), infy, (X),inf O (X) >: X € U}, I e IVNSY.

3.8 Example:

Let us consider an interval valued neutrosophic set I"on U given by

={(a, [0.2,04], [0.6,0.3],[0.3,0.5] ), (b, [0.6,0.8], [0.5,0.6],[0.1,0.4] }}.
Then we have <" ={(a, 0.2, 0.6,0.3),(b, 0.6, 0.5,0.1)}.

3.9 Theorem:

For I € IVNS" | we have
(a) o(IT) =o'
(b) o(OT) =eI'

Proof:
We have,

F={<X, [infur(x),supuF ] [mfyF ,supyr(x )],[infé‘F (x),supd; (x)]> = U}.
Then

(a) DF={< [Infur supul. ] [mfyr ) supyr ] [mfé' ) 1—sup p (X)]> X e U}
and so O(DF):{<X, infu, (x), infy, (x),inf &, (x) >: X eU} =ol.

(b) Proof is similar to (a).
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3.10 Theorem:

For I',Q € IVNS”, we have the followings
(@) o(FUQ)=cTUcQ
(b) o(FNQ)=c MO

Proof:
We have,

F:{<X, [infur(x),supur(x)], [infyr (x),supy, (x ] [mfé‘ (x),supd; (x)] >: X e U} and

Q={<x, [infug(x),supuQ (x)], [infyQ X),supy, (x ] [mf& X),sup &, (x)]> X € U} :
(@ TuQ

= {(x [ max(infu (x).infit, (x)), max (supu (x),suppg (x))]
[min(infyr(x),infyg(x)),min(supyr( ,Sup Y, (x )]
[min(inf 8¢ (x),inf 8, (x)), min(sup 5, (x),sup 5, (x)) ]> XEU}.
o(FTUQ)

= {{x, max(infy (x),infiy (x)), min (infy, (x), inf v (x)), min (inf & (x),inf &, (x))): x € U}.

Again we have, o["UoQ)
= {<X, infu, (x), infy. (x),inf & (x) >: X € U}u{<x, infu,, (x), infy, (x),inf &, (X) >: Xe U}
= {{x, max(infy (x),infiy (x)), min (infy, (x), inf v (x)), min (inf & (x),inf &, (x))): x € U}.

Consequently © (F U Q) =o[TUo().

(b) Proof is similar to (a).

4. Conclusions

Neutrosophic set is a part of neutrosophy which studies the origin, nature, and scope of neutralities,
as well as their interactions with different ideational spectra. In this paper we have defined the set-
theoretic operators on interval valued neutrosophic sets and studied some properties. We hope that
this paper will promote the future study on interval valued neutrosophic sets to carry out a general
framework for their application in practical life. Moreover, with the motivations of ideas presented in
the paper, one can think of similar operations on interval valued neutrosophic sets of type-2, hesitant
interval valued neutrosophic sets, interval valued neutrosophic soft sets and interval valued hesitant

neutrosophic soft sets.
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