Handbook of Research
on Generalized and
Hybrid Set Structures
and Applications for Soft

Computing

Sunil Jacob John
National Institute of Technology Calicut, India

A volume in the Advances in Computational : ¥
Intelligence and Robotics (ACIR) Book Series Informatlon Science

An Imprint of 1GI Global



Published in the United States of America by
Information Science Reference (an imprint of IGI Global)
701 E. Chocolate Avenue
Hershey PA, USA 17033
Tel: 717-533-8845
Fax: 717-533-8661
E-mail: cust@igi-global.com
Web site: http://www.igi-global.com

Copyright © 2016 by IGI Global. All rights reserved. No part of this publication may be reproduced, stored or distributed in
any form or by any means, electronic or mechanical, including photocopying, without written permission from the publisher.
Product or company names used in this set are for identification purposes only. Inclusion of the names of the products or
companies does not indicate a claim of ownership by IGI Global of the trademark or registered trademark.

Library of Congress Cataloging-in-Publication Data

Library of Congress Cataloging-in-Publication Data

Names: John, Sunil Jacob, 1973- editor.
Title: Handbook of research on generalized and hybrid set structures and
applications for soft computing / Sunil Jacob John, editor.
Description: Hershey, PA : Information Science Reference, [2016] | Includes
bibliographical references and index.
Identifiers: LCCN 20150438531 ISBN 9781466697980 (hardcover) | ISBN
9781466697997 (ebook)
Subjects: LCSH: Soft computing--Mathematics--Handbooks, manuals, etc. | Set
theory--Handbooks, manuals, etc.
Classification: LCC QA76.9.S63 .H348 2016 | DDC 006.3--dc23 LC record available at http://lccn.loc.gov/2015043853

This book is published in the IGI Global book series Advances in Computational Intelligence and Robotics (ACIR) (ISSN:
2327-0411; eISSN: 2327-042X)

British Cataloguing in Publication Data
A Cataloguing in Publication record for this book is available from the British Library.

All work contributed to this book is new, previously-unpublished material. The views expressed in this book are those of the

authors, but not necessarily of the publisher.

For electronic access to this publication, please contact: eresources @igi-global.com.



280

Chapter 14

Neutrosophic Soft Sets
and Their Properties

Mumtaz Ali
Quaid-i-azam University Islamabad, Pakistan

Florentin Smarandache
University of New Mexico, USA

ABSTRACT

Soft set plays an important role in the theory of approximations, as parameterized family of subsets in
the universe of discourse. On the other hand, neutrosophic set is based on the neutrosophic philosophy,
which states that: Every idea A has an opposite anti(A) and its neutral neut(A). This is the main theme
of neutrosophic sets and logics. This chapter is about the hybrid structure called neutrosophic soft set,
i.e. a soft set defined over a neutrosophic set. This chapter begins with the introduction of soft sets and
neutrosophic sets. The notions of neutrosophic soft sets are defined and their properties studied. Then
the algebraic structures associated with neutrosophic soft sets are debated. After that, the mappings on
soft classes are studied with some of their properties. Finally, the notion of intuitionistic neutrosophic
soft sets is taken into consideration.

1. INTRODUCTION

The data associated with real world problems like engineering problems, social problems, economic
problems, computer problems, decision making, medical diagnosis etc. are often uncertain or imprecise.
All data are not necessarily crisp, precise, and of deterministic nature because of their fuzziness. Dif-
ferent theories and approaches have been proposed to solve these problems associated with real data.
In 1965, Zadeh proposed fuzzy set sets to overcome these problems. A huge amount of research has
been conducted on different aspects of fuzzy sets such interval valued fuzzy sets, intuitionistic fuzzy
sets, type-2 fuzzy sets and so on. Fuzzy sets have been successfully applied in several areas like signal
processing, knowledge representation, decision making, stock markets etc.

A Russian mathematician, Molodstov in 1999, proposed a new mathematical framework so called soft
sets. A soft set is a parameterized collection of subsets of the crisp set. It is completely a new approach
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Neutrosophic Soft Sets and Their Properties

to modeling vagueness and uncertain data and therefore soft set theory is free from the hurdles which
affect the existing methods. In other words, soft sets are neighborhood systems and thus are a special
case of context dependent fuzzy sets. A lot of research has been done on soft sets. There are a lot of
hybrid structures that have been introduced such as fuzzy soft sets, intuitionistic fuzzy soft sets, rough
soft sets and so on. Soft sets are more general which have more capabilities to handling uncertainty.
The theory of soft sets have been successfully applied in several fields such as smoothness of functions,
game theory, operation research, Riemann integration, Parron integration, decision making, probability
and so on. Kharal studies mappings on soft classes and fuzzy soft classes.

Smarandache in 1995, introduced the theory of neutrosophic sets under the neutrosophy which is a
new branch of philosophy that study the origin, nature, and scope of neutralities as well as their interac-
tion with ideational spectra. A neutosophic set is basically characterized by a truth membership function
T, an indeterminacy membership function I and falsity membership function F. Neutrosophic set is a
generalized framework to several other theories such as fuzzy sets, intuitionistic fuzzy sets, paraconsistent
set and so on. Neutrosophic sets can handle uncertainty, inconsistent, incomplete, indeterminate etc. The
neutrosophic set and set theoretic operators need to be specified from scientific or engineering point of
view. Indeterminacy in neutrosophic sets are quantified explicitly, and T, I, and F are complementally
independent, which is very significant in several applications such as information fusion, physics, com-
puter, networking, decision making, information theory etc.

In this chapter, we present the notions of neutrosophic soft sets, which is a parameterized family of
subsets of the neutrosophic set. In section 1, we give a brief introduction. In section 2, we present some
of the basic definitions and notions of soft sets, neutosophic sets and intuitionistic neutrosophic sets.
Then, we study neutrosophic soft sets with some of their basic properties in section 3. In the next sec-
tion, the algebraic structures associated with neutrosophic soft sets are introduced, such as semirings,
semigroups, lattices etc. In section 5, the mappings on neutrosophic soft classes are studied. Section 6
explores the notions of intuitionistic neutrosophic soft sets. We also study some of their properties with
an application in section 7.

2. NEUTROSOPHIC SOFT SETS

In this section the neutrosophic soft set is introduced and studied some of their basic properties with
illustrative examples.

Definition 2.1: Let U be a universe of discourse and E is a set of parameters and ACE. Let P(U) denote
the power set of all neutrosophic sets of U. A pair (F,A) is called a neutrosophic soft set over U
where Fis a mapping given by F: A—P(U).

In other words, a soft set over U is a parameterized family of subsets of the universe U. For a€A,
F(a) may be considered as the set of a-elements of the soft set (F,A), or as the set of a-approximate ele-
ments of the soft set.

For illustration, consider the following example.

Example 2.2: Let U be the set of houses under consideration and E is the set of parameters. Each pa-
rameter is a neutrosophic word or sentence involving neutrosophic words. Consider
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E={beautiful, wooden, costly, very costly, moderate, green souroundings, in good repair, in bad repair,
cheap, expensive}.

In this case, to define a neutrosophic soft set means to point out beautiful houses, wooden houses,

houses in the green surrounding and so on. Suppose that there are five houses in the universe U = {h,,

h,, h,, h,, h.} and the set of parameters A = {a,a,, a,a,}, where a, stands for the parameter ‘beautiful’,

a, stands for the parameter ‘wooden’, a, stands for the parameter ‘costly’, and a, stands for the parameter
‘moderate’. Suppose that,
F(beautiful) = {(h,, 0.5, 0.6,0.3), (h,,0.4,0.7,0.6), (h,, 0.6,0.2,0.3), (h,, 0.7,0.3,0.2), (h,, 0.8,0.2,0.3) },
F(wooden) = {{h,0.6,0.3,0.5), (h,, 0.7,0.4,0.3), (h,,0.8,0.1,0.2), (h,, 0.7,0.1,0.3), (A, 0.8, 0.3, 0.6) },
F(costly) = {¢h,0.7,0.4,0.3), (h,, 0.6,0.7,0.2), {h,,0.7,0.2,0.5), {h,, 0.5,0.2, 0.6), (h,, 0.7,0.3,0.4)},
F(moderate) = {(h,, 0.8, 0.6,0.4), (h,,0.7,0.9, 0.6), (h., 0.7, 0.6, 0.4), (h,, 0.7, 0.8, 0.6), (h,, 0.9, 0.5, 0.7) }.
The neutrosophic soft set (F,E) is a parameterized family {F' (aj), j=1,2,...10} of all neutrosophic
sets of U and describe a collection of approximation of an object. The mapping F here is ‘house(.)’,
where dot(.) is to be filled up by a parameter a€E. Therefore, F(a,) means ‘houses(beautiful)” whose
functional-value is the neutrosophic set
{¢h,,0.5,0.6,0.3), (h,, 0.4,0.7,0.6), (h,, 0.6,0.2,0.3), (h,, 0.7,0.3,0.2), (h, 0.8, 0.2, 0.3) }.
Thus the neutrosophic soft set (F;A) can be viewed as a collection of approximation as below:
(FA) = {F(beautiful) = {(A, 0.5, 0.6, 0.3), (h,, 0.4,0.7,0.6), (h,, 0.6,0.2,0.3), (h,,0.7,0.3,0.2), (h,, 0.8,0.2, 0.3)},
F(wooden) = {(h,, 0.6, 0.3,0.5), (h,, 0.7, 0.4,0.3), (h,, 0.8, 0.1,0.2), {h,, 0.7,0.1, 0.3), (h, 0.8,0.3, 0.6) },
F(costly) = {{h,,0.7,04,0.3), (h,,0.6,0.7,0.2), (h,,0.7,0.2,0.5), (h,, 0.5, 0.2, 0.6), (h,, 0.7,0.3,0.4)},

F(moderate) = {(,, 0.8,06,04), (h,0.7,09,0.6), (h,, 0.7, 0.6,04), (,, 0.7,08,0.6), (h,09,05,0.7)}},

where each approximation has two parts: (1) a predicate p, and (2) an approximate value-set v. For ex-
ample, for the approximation “beautiful houses”

={(h,,0.5,0.6,0.3), (h,, 0.4,0.7, 0.6), (h3, 0.6,0.2,0.3), (h,,0.7,0.3,0.2), (h5, 0.8,0.2,0.3)},
we have

1. The predicate name beautiful houses, and
2. The approximate value-set is
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{(h,0.5,0.6,0.3), (h,, 0.4,0.7, 0.6), (h, 0.6,0.2, 0.3), (h,, 0.7,0.3, 0.2), (h., 0.8, 0.2, 0.3)}.

Thus the neutosophi soft set (F; E) can be viewed as a collection of approximation like (FA) = {p =v,
DPy=Vo oos Prg=Vygs-

The class of all value sets of a neutrosophic soft set (F,E) is termed as value-class of the neutrosophic
soft set and is denoted by Cirpy Clearll C E)CP(U). For two neutrosophic soft sets (F,A) and (G,B) over a
common universe U, (F,A) is said to be a neutrosophic soft subset of (G,B) if ACB and TF(a)(x)sTG(a)(x),
L=, (), and F, ()<F (x) for all a€A, x€U. It is denoted by (FA)C (G,B). Similarly (FA)
is called neutrosophic soft super set of (G,B) if (G,B) is a neutrosophic soft subset of (F,A), which is
denoted as (F,A)2 (G,B). Two neutrosophic soft sets (F,A) and (G, B) are said to be equal if (F,A) is a

neutrosophic soft subset of (G,B) and (G,B) is a soft subsets of (F;A). This is denoted by (F,A)= (G, B).

Definition 2.3: Let E be a set of parameters. The NOT set of E, denoted by |E and is defined by |IE={ Iej,‘v’j }
where Iej:notej.

Definition 2.4: The complement of a neutrosophic soft set (F,A) is denoted by (F,A)¢ and is defined by
(FE,A)¢ =(F¢, |A) where F¢: |A—P(U) is a mapping given by F“(a)= neutrosophic soft complement

with TFC(X) = FF(X) , [Fﬁ(x) = ]F(X) , and FFC(X) = TF(X) , for all a€A. It is clear that ((F,A)°)°=(F,A).

Definition 2.5: A neutosophic soft set (H,A) over the universe of discourse U is termed to be empty or
null neutrosophic soft set with respect to the parameter set A if TH(a)(m)=0, F H(a)(m)=0, and/ H(a)(m)=0
for all m€U and a€A. The null neutrosophic soft set is denoted by @, .

Definition 2.6: The union of two neutrosophic soft sets (F,A) and (G, B) over a universe U is a neutro-
sophic soft set (H,C) which is denoted as (F,A)U(G,B)=(H,C) where C=AUB and for all ceC, the

truth-membership, indeterminacy-membership and falsity-membership of (H,C) are as follows:

Ty, (m), if ceA-B,
T, ,(m)= Tg((y (M), if ceB-A4A,
max(TF(C)(m),TG(C)(m)), if ceANB.

Iy, (m), if ceA-B,
1y, (m) = Ly (M), if ceB-A4,
]F(c)(m) g (m) L if cednB.
2
Fyy (m), if ceA-B,
Fyo(m) = F ) (m), if ceB—-A,

min (F,,(m),F,,(m)), if ceANB.
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Definition 2.7: The intersection of two neutrosophic soft sets (F,A) and (G, B) over U is a neutrosophic
soft set (H,C) which is denoted as (F,A)N(G,B)=(H,C) where C=AUB and for all ceC, the truth-
membership, indeterminacy membership and falsity-membership of (H,C) are as following:

Ty, (m), if ceA-B,

TH(C)(m) = TG(c)(m)a if ceB-4,

min (T, (m), Ty, (m)), if ceANB.

Iy, (m), if ceA-B,
1y, (m) = Ly (M), if ceB-A,
IF(C)(m) +[G(c)(m) . if cednB.
2
Fyy (M), if ceA-B,
FH(C)(m) = FG(C)(m)a if ceB-4,

max (Fy, (m),Fy, (m)), if ceANB.

Proposition 2.8: For any two neutrosophic soft sets (F,A)and (G,B), the following holds.

1.

A

6.

(FA)U (FA) = (FA),

(F,A) U (G,B) = (G,B) U (FA),
(FA) N (FA) = (FA),

(F,A) N (G,B) = (G,B) N (KA),
(FA) U @, =(FA),
(EA)ND, =,

Proposition 2.9: For any three neutrosophic soft sets (F,A), (G,B) and, we have

1.

2.
3.
4.

(FA UGB U HCO]=[FEAU(GB)]UHO),
(FA)N[(GB) N H O] =[(FA) N (GB)] N (HO),
(FA) VU [(G,B)n (H,O)] = [(FA) U (GB)]N[(FA) U (HCO)],
(FA)N[(G,B) U (HO)] =[(FA) N (GB)] U [(FA) U (HO)].

The proofs are simple and thus omitted.

Definition 2.10: Let (F,A) and (G,B) be two neutrosophic soft sets over a common universe U. Their
‘AND’ operation, denoted as (F,A)A (G,B), and is defined by (F,A)A (G,B)=(H, AXB), where the
truth membership, indeterminacy membership and falsity membership of (H, AXB) are as follows:

T () = min(T, (m), T, (m)),
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Ir) (m)+IG(b) (m)

[H(a,b) (m) = 2 N

FH(a,b)(m) = maX(FF(a)(m)9 FG(b)(m))
for all (a,b)e AXB.
Definition 2.11: The ‘OR’ operation (F,A) and (G, B) denoted as (F,A)V (G,B), and is defined by (F,A)V

(G,B)= (H, AXB), where the truth membership, indeterminacy membership and falsity member-
ship of (H, AXB) are as follows:

TH(a, b)(m) = max(TFw)(m), TG(b)(m)),

i (m)+IG(b) (m)

[H(a,b) (m) = 2 5

F,,(m) =min(F,(m), F,, (m))

H(a,b) Fa)

for all (a,b)e AXB.
Proposition 2.12: For two neutrosophic soft sets, the following are true.

L [(FA) Vv (GB)] = (EA) A (G,BY),
2. [(FA)AGB) =(FEA)V(GB).

3. DISTRIBUTIVE LAWS FOR NEUTROSOPHIC SOFT SETS

In this section we present distributive laws on the collection of neutrosophic soft set. It is interesting to
see that the equality does not hold in some assertions and counter example is given to show it.
Let U be an initial universe and E be the set of parameters. We denote the collection as follows:

NSS(U)E: The collection of all neutrosophic soft sets over U.

NSS(U),: The collection of all those neutrosophic soft sets over U with a fixed parameter set A.

Theorem 3.1: Let (H,A) and (G, B) be two neutrosophic soft sets over the common universe U. Then
1. (HA)U,(HA)=(HA)and (HA)Nn, (HA)=(HA),

HA)N, ®, =,

(HA)U, ®, = (HA),

(H,A) U UA = UA’

(HA) N, U, = (HA),

(HA) U, (G,B))" = (HA) N, (G,B)".

(HA)n, (G,B)) = (HA U, (GB)"

A
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Table 1. Distributive Laws for neutrosophic soft sets

C
)

o
=

C
)

o

=

=

nE
1
0
1
1

c|D|Cc|D
—_ =] =]
— =] =]
— =]~

=

Proof: Straightforward.
Remark 3.2: Let o, p € {U,, N, U, N}, if (HA) a ((G,B) B (K,C)) = (HA) a(G,B)) p (H,A) a (K,C))
holds, then we have 1, otherwise 0 in Table 1.

Proofs in the cases where equality holds can be followed by definition of respective operations. For
which the equality does not hold, see the following example.

Example 3.3: Let U be the set of houses under consideration and E is the set of parameters. Each pa-
rameter i8 a neutrosophic word. Consider U = {h, h, h,, h,, h.} and E={beautiful, wooden, costly,
green surroundings, good repair, cheap, expensive} .

Suppose that A={beautiful, wooden, costly, green surroundings}, B={costly, good repair, green
surroundings }, and C={costly, good repair, beautiful}. Let (F,A), (G,B), and (H,C) be the neutrosophic
soft sets over U, which are defined in Boxes 1, 2, and 3.

Let (FA) U, ((G,B) U, (H,C)) =, Au(Bn () and (FA) U, (G,B)) U, (FA) U, (H,C))=(J, (AU
B)Nn (AU ()). Then we get Boxes 4 and 5

Thus,

(FA) U, (G.B) U, (H.C)) # (F.A) U, (G.B)) U, (FA) U, (H,0)).
Similarly we can show that,
(FA) 0, (G.B) N, (H.C)) # (F.A) n, (G.B) N, (FA) n, (H,0).
and
(FA) U, (G,B) N, (H,0) # (FA) U, (G,B)) N, (FA) U, (H,C)),
(FA) N, ((G,B) U, (H,0)) # (FA) N, (G,B)) U, (FA) N, (H,C)).
We now initiate the study of algebraic structures associated with single and double binary operations,
for the set of all neutrosophic soft sets over the universe U, and the set of all neutrosophic soft sets with
a fixed set of parameters. Recall that, let U be an initial universe and E be the set of parameters. Then

we have: NSS(U)": The collection of all neutrosophic soft sets over U. NSS(U), The collection of all
those neutrosophic soft sets over U with a fixed parameter set A.

286



Neutrosophic Soft Sets and Their Properties

Commutative Monoids

From Theorem 4.1, it is clear that (NSS(U)E, a) are idempotent, commutative, semigroups for ae {Up>
Ngs Up, Npa -

1.  (NSS(U)E, U,) is a monoid with ®, as an identity element, (NSS(U),, U,) is a subsemigroup of
(NSS(U)", U).

2. (NSS(U):, ng) is a monoid with @, as an identity element, (NSS(U),, N,) is a subsemigroup of
(NSS(U)F, ny).

3. (NSS(U)", u,) is a monoid with @ as an identity element, (NSS(U),, U,) is a subsemigroup of
(NSS(U)F, u)).

4. (NSS(U)E, Ny) is a monoid with @ as an identity element, (NSS(U),, N,) is a subsemigroup of
(NSS(U)F, ny)

Semirings

(NSS(U)F, U, n,) is a commutative, idempotent semiring with U . as an identity element.
(NSS(U)E, Ug» Up) is a commutative, idempotent semiring with ®_ as an identity element.
(NSS(U)", U, N,) is a commutative, idempotent semiring with ®_ as an identity element.
(NSS(U)F, N, U,) is a commutative, idempotent semiring with @ as an identity element.
(NSS(U)E, Ng» Up) is a commutative, idempotent semiring with @ as an identity element.
(NSS(U)F, N, N,) is a commutative, idempotent semiring with ®_ as an identity element.
(NSS(U)F, U, N,) is a commutative, idempotent semiring with @ as an identity element.
(NSS(U)E, Ng» Up) is a commutative, idempotent semiring with @, as an identity element.

Sl IS i S e

Lattices

Remark 3.4: Let o,pe {U,, N, U, N, }. If the absorption law (FA) a ((FA) B (G,B)) = (F,A) holds we
write 1 otherwise 0 in Box 6.

1. (NSS(U)E, @, . Up, N,) and(NSS(U)E, @, |, N, U) are lattices with (NSS(U),, @,, U,
Ug, Ng) and (NSS(V),, @,, U +» Ng» Up) as their sublattices respectively.

2. (NSS(U)E, @, U » Yp, Np) and (NSS(U)E, o, U » Ny» Up) are lattices with (NSS(U),, @, U "
Ug, N) and (NSS(U),, @, U L N» Up) as their sublattices respectively.

The above mentioned lattices and sublattices are bounded distributive lattices.

Proposition 3.5:For the lattice of neutrosophic soft set (NSS(U), @, | J,, U,, n,) for any (H,A) and
(G,B) € NSS(U)E, then
o
1. (H, A)c(G, B) if and only if (H,A) U, (G,B) = (H,A)
=
2. (H, A)c(G, B) if and only if (H,A) n, (G,B) = (G,B)
Proof: Straightforward.
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Proposition 3.6: For the lattice of neutrosophic soft set (NSS(U)¥, @, | J,, U,. n,) for any (H,A) and
(G,B) € NSS(U)E, then
1. (HA) C(G,B)if and only if (H,A) U, (G,B) = (G,B)
2. (HA) C(G,B)if and only if (H,A) N, (G,B) = (H,A)

Proof: Straightforward.

4. MAPPINGS ON NEUTROSOPHIC SOFT CLASSES

In this section, we introduce the notion of mapping on neutrosophic soft classes. Neutrosophic soft classes
are collections of neutrosophic soft sets. We also define and study the properties of neutrosophic soft
images and neutrosophic soft inverse images of neutrosophic soft sets, and support them with example
and theorems.

Definition 4.1: Let X be a universe and E be a set of parameters. Then the collection of all neutro-
sophic soft sets over X with parameters from F is called a neutrosophic soft class and is denoted
as (X,E).

Definition 4.2: Let ()?,E) and (I//TE ") be neutrosophic soft classes. Let r: X—Y and s:E — E be
mappings. Then a mapping f': ()/(TE )— (}7,\5 ") is defined as follows:

For a neutrosophic soft set (F,A) in (ﬁ) , fTE,A) is a neutrosophic soft set in ()T,E') obtained as
follows:

v (vF(a))a

xer l(y) a
f(F,A)(ﬂ)(y)z ifr_] (y)?&@ and s_l(ﬁ)ﬁA;t@,
(0,0,0) otherwise.

for B e s(E ) c E', yeY and VYaes(B)nA. f{F,A) is called a neutrosophic soft image of the neutro-
sophic soft set (F,A).

Definition 4.3: Let ()/(\,E ) and ()/’,\E/ ") be neutrosophic soft classes. Let 7: X—Y and s:E — E be
mappings. Then a mapping f ' : ()?TE )—> (17,\E/') is defined as follows:

For a neutrosophic soft set (G,B) in (?:EJ') ,f(G,B) is a neutrosophic soft set in ()?:E ) obtained as
follows:

G(s(a))(r(x),) ifs(a) € B,

(0, 0, 0) otherwise.

f](G,B)(a)(X)={
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for aes™'(B)CE andxeX. f'(G,B is called a neutrosophic soft inverse image of the neutrosophic soft set
(G,B).
Example 4.4: Let X = {x, x,, x}, Y={y,y,y,} andlet E={e e, e,} and E = {ei,e;,e;} . Suppose
that ()/(?E ) and (17,\ET ") are neutrosophic soft classes. Define 7: X—Y and s: E — E  as follows:
r(x)=y,, r(x,)=y,, r(x,)=y,, s(e) = ei , s(ey)= e;, s(ey) = e'2.
Let (F,A) and (G, B) be two neutrosophic soft sets over X and Y respectively such that

(F,A)={(el,{<x1,0.4,0.2,0.3>, (%,,0.7,0.3,0.4), (x,,0.5,02,02)}), (e,,{(%,02,02,0.7),

(%,,0.3,0.1,0.8), (x,,02,03,0.6)}), <e3,{<xl,0.8,0.2,0.1>,<x2,0.9,0.1,0.1>,<x3,0.1,0.4,0.5>})},

(G,B)={(e{,{<yl,o.2,0.4,0.5>, (12,0.1,02,0.6), (,,02,05,03)}), (&,{(1,038,0.1,0.1)

(12,05,0.5,0.5), (¥5,0.3,04,04)}), (&,,{(1,0.7,03,03), (1,,0.9,02,0.1), <y3,0.8,0.2,0.1>})}.

Then we define a mapping f: ()/(:E )—> (Z\E ") as follows:

For a neutrosophic soft set (F,A) in (/\/’,\E ), f(IF,A) is a neutrosophic soft set in (?:E/ ") and is obtained
as follows:

F(F.A) (e )(»)= (xerl(yl)(jF(“))] B (xe\{/xl}(ae\{/el}F(a)D

:( v ({<xl,o.4,0.2,0.3>,<x2,o.7,o.3,o.4>,<x3,0.5,0.2,0.2>})):(0,4,0,2,0,3)

v ({(,04,02,03), (x,,0.7,03,04), <x3,0.5,0.2,0.2>}))_

03+0.2

(

F(F.A) e ) (3:)= (xer\l/(ys)(\;F(a))j - (xe{;fm(ae\{/el}F(a )D
(
(

,min(0.4,0.2)j =(0.7,0.25,0.2)

289



Neutrosophic Soft Sets and Their Properties

By similar calculations, consequently, we get

(f(F,A),B)={(el',{<yl,o.4,o.2,o.3>, (12,0,0,0), (15,0.7,0.25,0.2)}), (e5.{(1,.0.8,02,0.1),

(1,,0,0,0), <y3,0.9,0.25,0.1>}),(e;,{(yl,0.2,0.2,0.7>,<y2,0,0,0>,(y3,0.3,0.2,0.6>})}.

Next for the neutrosophic soft inverse images, the mapping /' :()?:E) - (IT,F) is defined as fol-
lows:

For a neutrosophic soft set (G,B) in (?:EJ Y, (f'(G,B),A) is a neutrosophic soft set in ()f(:f) obtained
as follows:

£7(G.B)(e)(x)=(G(s(e)(r(x))=(C(e) (1)) =(02,04,05),
£7(G.B)(e)(x:) = (G(s(a))(r(x))) = (G(e)(3:)) = (02,05,03),
77(G.B)(@) (%) =((s(@))(r(x)) = (e )(33)) =(02,05,03).

By similar calculations, consequently, we get

( f‘l(G,B),A)={(el,{<x1,0.2,0.4,0.5>, (%,,02,05,03), (x,,02,05,03)}), (&,,{(,0.7,03,03),

(%,,08,0.2,0.1), (x;,0.8,0.2,0.1)}}), (e5,{(x,0.8,0.1,0.1), (x,,0.3,0.4,0.4), <x3,0.3,0.4,0.4>})}.

Definition 4.5: Let f': ()?TE) - (}/’TE/ ") be a mapping and (F,A) and (G,B) neutrosophic soft sets in
(X,E). Then for B € E', yeY, the neutrosophic soft union and intersection of neutrosophic soft
images (F,A) and (G,B) are defined as follows:

(£ (F.4)

F,A) £(G.B))(B)(»)= £ (F.A)B)(»)v f(G.B)(B)(»)-
(f(F,A)A f(G,

(G, B)) (B = f (F, A)(B)(¥) f(G.B)(B)(»).

—~~

Definition 4.6: Let f': ()/(TE) - (17,\E/ ") be a mapping and (F,A) and (G,B) neutrosophic soft sets in
(X ,E ) Then for aeE, x€X, the neutrosophic soft union and intersection of neutrosophic soft

inverse images (F,A) and (G,B) are defined as follows:
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Theorem 4.7: Let f: ()/(TE’ )— (}/’TE ") be a mapping. Then for neutrosophic soft sets (F,A) and (G,B)
in the neutrosophic soft class ()f(:f ),

1(2)-2.

Y.

f((F.4)%(G.B))= f(F.4)¥ f(G.B).

f((F,4)A(G,B))c f(F,4)A f(G,B).
e. If(FA)C(G,B),then iFA)Cf(G,B).

Proof: For (a), (b) and (e) the proof is trivial, so we just give the proof of (c) and (d).

/e o o e

c. For BeE and yeY, we want to prove that

S((F.4)%(G.B))(B)(y)= 1 (F.4)(B)(»)V f(G.B)(B)(»)
For left hand side, consider f((F,A)\7 (G,B))(ﬂ)(y) =f(H,AUB)(B)(»). Then

v (vH(a)),

xer(y)\a

f(HaAUB)(ﬁ)(y): jfr‘l(y);t@ and s_l(ﬂ)ﬁ(AUB)?f@, W
(0,0,0) otherwise.

where H(a) = U(F(a),G()).
Considering only the non-trivial case, then Equation 1 becomes:

F(H.AUB)B))= v, (vU(F(a).G(a) @

xer l(y)

For right hand side and by using Definition 3.4, we have

(/(F,4)% £(G.B))(B)(»)= 1 (F.4)(B)(»)v F(G.B)(B)(»)

= F G 3
(xer\/](y)(aes]\(/ﬁ)ﬁA (a )j\J Y (xer\/](y)(aes_l\(/ﬁ)mg (a )Jj ( )

(tenF@ @)y, (ot

xer™! (y) aes™ (ﬂ)ﬁ(AuB)

From Equations 2 and 3, we get (c).

d. For B eE andyeY, and using Definition 3.4, we have
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(P AGENBY = 11 ABNBO)= v [ )]

B)(AUB)
SRR B S O ) R

XEFr l(y) ! ﬁ)ﬁ(AuB)

F G
g(xerv( )(aev (B) (a)jJ/\(xervl(y)(aesl\(/ﬁ)r\B (a)j]

=7 ((F.A))(B)3)A((G.B))(B)(»)=(/ (F.4) A 1 (G B))(B)(»)-

This gives (d).

Theorem 4.7: Let f: ()/(\,E )—> (Z\E ") be mapping. Then for neutrosophic soft sets (F,A), (G,B) in the

neutrosophic soft class (X JE ) , we have:

1. f(@)=9.

2. (=X

3. f((F.4)9(G,B))=f"(F.4)v /' (G.B).
4. f((F.4)A(G,B))=f"(F.4)X f7(G,B).
5. If(FA)C (G,B), then FU(FA) CF(G,B).

5. INTUITIONISTIC NEUTROSOPHIC SOFT SET

In this section, we will initiate the study on hybrid structure involving both intuitionistic neutrosophic
set and soft set theory.

Definition 5.1: Let U be an initial universe set and A CE be a set of parameters. Let N(U) denotes the set
of all intuitionistic neutrosophic sets of U. The collection (F,A) is termed to be the soft intuitionistic
neutrosophic set over U, where F is a mapping given by F: A — N(U).

Remark 5.2: We will denote the intuitionistic neutrosophic soft set defined over an universe by INSS.

Let us consider the following example.
Example 5.3: Let U be the set of blouses under consideration and E is the set of parameters (or quali-

ties). Each parameter is a intuitionistic neutrosophic word or sentence involving intuitionistic
neutrosophic words. Consider

= {Bright, Cheap, Costly, very costly, Colorful, Cotton, Polystyrene, long sleeve, expensive}.
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In this case, to define a intuitionistic neutrosophic soft set means to point out Bright blouses, Cheap
blouses, Blouses in Cotton and so on. Suppose that, there are five blouses in the universe U given by, U =
{b,;b,,b,.,b,,b.} and the set of parameters A = {a ,a,,a,,a,}, where each a is a specific criterion for blouses:

a, stands for ‘Bright’,
a, stands for ‘Cheap’,
a, stands for ‘costly’,
a, stands for ‘Colorful’,

Suppose that,
F(Bright) = {(b,, 0.5, 0.6,0.3), (b,, 0.4,0.7,0.2), (b,, 0.6,0.2,0.3), (b,, 0.7, 0.3,0.2), (b, 0.8, 0.2, 0.3) }.
F(Cheap) = {(b,, 0.6,0.3,0.5), (b,, 0.7,0.4,0.3), (b, 0.8,0.1,0.2), {b,, 0.7, 0.1, 0.3), (b,, 0.8, 0.3, 0.4}.
F(Costly) = {(b,,0.7,0.4,0.3), (b,, 0.6,0.1,0.2), (b,, 0.7,0.2,0.5), (b,, 0.5, 0.2, 0.6), (b,, 0.7,0.3, 0.2) }.
F(Colorful) = {(b, 0.8,0.1,0.4), (b,, 0.4,0.2, 0.6), (b,, 0.3,0.6,0.4), (b,, 0.4, 0.8, 0.5), (b, 0.3,0.5,0.7) }.

The intuitionistic neutrosophic soft set (INSS) (F, E) is a parameterized family {F(e,),i = 1,---,10} of
all intuitionistic neutrosophic sets of U and describes a collection of approximation of an object. The
mapping F here is ‘blouses (.)’, where dot(.) is to be filled up by a parameter e.€ E. Therefore, F(e )
means ‘blouses (Bright)’ whose functional-value is the intuitionistic neutrosophic set

{(b,, 0.5, 0.6,0.3), (b,, 0.4, 0.7,0.2), (b, 0.6, 0.2, 0.3), (b, 0.7,0.3, 0.2), (b, 0.8, 0.2, 0.3)}.

Thus we can view the intuitionistic neutrosophic soft set (INSS) (F, A) as a collection of approxima-
tion as below:

(F, A) = {Bright blouses = {(b,, 0.5, 0.6, 0.3), (b,, 0.4, 0.7, 0.2), (b, 0.6, 0.2, 0.3), (b, 0.7, 0.3, 0.2),
(b, 0.8, 0.2, 0.3)}, Cheap blouses = {(b,, 0.6, 0.3, 0.5), (b, 0.7, 0.4, 0.3), (b,, 0.8, 0.1, 0.2), (b,, 0.7,
0.1,0.3), (b, 0.8, 0.3, 0.4)}, costly blouses = {(b , 0.7, 0.4, 0.3), (b,, 0.6, 0.1,0.2), (b,, 0.7, 0.2, 0.5,
(b,,0.5,0.2,0.6), (b, 0.7,0.3,0.2)}, Colorful blouses = {(b,, 0.8,0.1,0.4), (b, 0.4,0.2,0.6), (b, 0.3,
0.6, 0.4), (b,,0.4,0.8,0.5), (b,,0.3,0.5,0.7)}},

where each approximation has two parts: (i) a predicate p, and (ii) an approximate value-set v (or simply

to be called value-set v).
For example, for the approximation

“Bright blouses = {(b,, 0.5, 0.6, 0.3), (b,, 0.4, 0.7, 0.2), (b,, 0.6, 0.2, 0.3), (b,, 0.7, 0.3, 0.2), (b_, 0.8,
0.2,0.3)}".

we have (i) the predicate name ‘Bright blouses’, and (ii) the approximate value-set is
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{(b,0.5,0.6,0.3), (b,, 0.4,0.7,0.2), (b, 0.6,0.2, 0.3), (b,, 0.7,0.3,0.2), (b, 0.8, 0.2, 0.3)}.

Thus, an intuitionistic neutrosophic soft set (F, E) can be viewed as a collection of approximation
like (F, E) = {p, = v,,p, = V,,=,p,, = V,,}- In order to store an intuitionistic neutrosophic soft set in a
computer, we could represent it in the form of a table as shown below (corresponding to the intuitionistic
neutrosophic soft set in the above example). In this table, the entries are ¢, corresponding to the blouse
b. and the parameter e, where ¢, = (true-membership value of b,, indeterminacy-membership value of
b, falsity membership value of b)) in F(e). The Table 2 represent the intuitionistic neutrosophic soft set
(F, A) described above.

Remark 5.4: An intuitionistic neutrosophic soft set is not an intuituionistic neutrosophic set but a pa-
rametrized family of an intuitionistic neutrosophic subsets.
Definition 5.5: For two intuitionistic neutrosophic soft sets (F, A) and (G, B) over the common universe
U. We say that (F, A) is an intuitionistic neutrosophic soft subset of (G, B) if and only if
1. ACB.
2. F(a) is an intuitionistic neutrosophic subset of G(a).
Or TF(a)(x) < TG(a)(x), IF(a)(X) < IG(a)(X), FF(a)(x) >F. (x),Vae A, xel.
We denote this relationship by (F, A) C (G, B).
(F, A) is said to be intuitionistic neutrosophic soft super set of (G, B) if (G, B) is an intuitionistic
neutrosophic soft subset of (F, A). We denote it by (F, A) D (G, B).

G(a)

Table 2. Tabular form of the INSS (F, A)

U Bright Cheap Costly Colorful

b, (0.5, 0.6, 0.3) 0.6, 0.3, 0.5) (0.7,0.4,0.3) (0.8,0.1,0.4)
b, 0.4,0.7,0.2) (0.7,0.4,0.3) 0.6,0.1,0.2) 0.4,0.2,0.6)
b, 0.6,0.2,0.3) (0.8,0.1,0.2) (0.7,0.2,0.5) (0.3,0.6,0.4)
b, (0.7,0.3,0.2) (0.7,0.1,0.3) 0.5,0.2,0.6) 0.4,0.8,0.5)
b, (0.8,0.2,0.3) (0.8,0.3,0.4) (0.7,0.3,0.2) (0.3,0.5,0.7)

Table 3. Tabular form of the INSS (F, A)

U Small Large Colorful

o, (0.4,0.3,0.6) (0.3,0.1,0.7) (0.4,0.1,0.5)
0, (0.3,0.1,0.4) 0.4,0.2,0.8) 0.6, 0.3, 0.4)
o, (0.6, 0.2, 0.5) (0.3,0.1, 0.6) (0.4,0.3,0.8)
o, (0.5,0.1, 0.6) (0.1, 0.5, 0.7) (0.3,0.3,0.8)
O (0.3,0.2,0.4) (0.3,0.1, 0.6) (0.5,0.2,0.4)
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Table 4. Tabular form of the INSS (G, B)

U Small Large Colorful Very Smooth
0Ol (0.6,0.4,0.3) 0.7,0.2,0.5) (0.5,0.7,0.4) (0.1,0.8,0.4)
02 (0.7,0.5,0.2) 0.4,0.7,0.3) (0.7,0.3,0.2) (0.5,0.7,0.3)
03 (0.6,0.3,0.5) 0.7,0.2,0.4) 0.6,0.4,0.3) 0.2,,0.9,0.4)
04 (0.8,0.1,0.4) (0.3,0.6,0.4) (0.4,0.5,0.7) (0.4,0.4,0.5)
05 (0.5,04,0.2) 0.4,0.1,0.5) 0.6,0.4,0.3) (0.5,0.8,0.3)

Example 5.6: Let (F,A) and (G,B) be two INSSs over the same universe U = {0,,0,,0,,0,,0,}. The INSS
(F,A) describes the sizes of the objects whereas the INSS (G, B) describes its surface textures.
Consider the tabular representation of the INSS (F, A) is shown in Table 3.

The tabular representation of the INSS (G, B) is given by Table 4.
Clearly, by definition 3.5 we have (F, A) C (G, B).

Definition 5.7: Two INSSs (F, A) and (G, B) over the common universe U are said to be intuitionistic
neutrosophic soft equal if (F, A) is an intuitionistic neutrosophic soft subset of (G, B) and (G, B)
is an intuitionistic neutrosophic soft subset of (F, A) which can be denoted by (F, A)= (G, B).

Definition 5.8:The complement of an intuitionistic neutrosophic soft set (F, A) is denoted by (F,A) and
is defined by (F,A)*=(F¢,]A), where F*:]A — N(U) is a mapping given by F(a) = intutionistic
neutrosophic soft complement with T.*  =F, 15 =1 jandF< =T

Example 5.9:As an illustration consider the example presented in the example 3.2. the complement
(F,A)" describes the ‘not attractiveness of the blouses’. is given below.

F(not bright) = {(b,, 0.3, 0.6, 0.5), (b,, 0.2,0.7,0.4), (b,, 0.3,0.2, 0.6), (b4, 0.2, 0.3,0.7), (b,, 0.3, 0.2, 0.8) }.
F(not cheap) = {(b,, 0.5,0.3,0.6), (b,, 0.3,0.4,0.7), (b,, 0.2, 0.1,0.8), (b,, 0.3, 0.1, 0.7), (b,, 0.4,0.3,0.8) }.

F(not costly) = {(b,, 0.3,0.4,0.7), (b,, 0.2, 0.1, 0.6), (b,, 0.5, 0.2, 0.7), {b,, 0.6,0.2, 0.5), (b,, 0.2, 0.3,0.7) }.

F(not colorful) = {{b,, 0.4, 0.1, 0.8), (b,, 0.6, 0.2, 0.4), (b, 0.4, 0.6,0.3), (b,, 0.5, 0.8, 0.4), (b, 0.7, 0.5, 0.3) }.
Definition 5.10: An intuitionistic neutrosophic soft set (F,A) over U is said to be empty or null intuition-

istic neutrosophic soft (with respect to the set of parameters) denoted by @, or (®,A) if TF(E)(m) =
0F (m)=0andI_(m)=0VymeU,VaeEA.

F(e) F()
Example 5.11: Let U = {b ,b,b,,b,.b.}, the set of five blouses be considered as the universal set and A
= {Bright, Cheap, Colorful } be the set of parameters that characterizes the blouses. Consider the

intuitionistic neutrosophic soft set (F, A) which describes the cost of the blouses and

F(bright) = {(b,, 0, 0, 0), (b, 0, 0, 0), (b,, 0, 0, 0), (b,, 0, 0, 0), (b, 0, 0, 0)},
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F(cheap) = {(b,, 0, 0, 0), (b,, 0, 0, 0), (b,, 0,0, 0), (b,, 0,0, 0), (b, 0,0, 0)},
F(colorful) = {{b,, 0, 0, 0), (b,, 0, 0, 0}, (b, 0, 0, 0), (b,, 0, 0, 0), (b, 0, 0, 0)}.
Here the NINSS (F, A) is the null intuitionistic neutrosophic soft set.
Definition 5.12: Let (F,A) and (G,B) be two INSSs over the same universe U.Then the union of (F,A)

and (G,B) is denoted by ‘(F,A)U(G,B)’ and is defined by (F,A)U(G,B)=(K,C), where C=AUB and
the truth-membership, indeterminacy-membership and falsity-membership of (K,C) are as follows:

Ty =T (m), ife € A - B,
=T, (m), if e € B - A,
= max (T, (m),T; (m)),ife € AN B.

IK(e)(m) =IF(E)(m), ifee A—-B,
=IG(e)(m), ifeeB-A,
= min (IF(E)(m),IG(e)(m)), ife e AnB.
=FF(e)(rn), ifee A—-B,
=FG(e)(m), ifee B-A,
= min (FF(E)(m),FG(e)(m)), ifee AnB.
Example 5.13: Let (F, A) and (G, B) be two INSSs over the common universe U. Consider the tabular
representation of the INSS (F, A) is shown in Table 5.

F

~

K(e)(m

The tabular representation of the INSS (G, B) is shown in Table 6.
Using definition 3.12 the union of two INSS (F, A) and (G, B) is (K, C) can be represented into Table 7.

Table 5. Tabular form of the INSS (F, A)

Bright Cheap Colorful
b, (0.6,0.3,0.5) (0.7,0.3,0.4) 0.4,0.2,0.6)
b, (0.5,0.1,0.8) (0.6,0.1,0.3) (0.6,0.4,0.4)
b, (0.7,0.4,0.3) (0.8,0.3,0.5) 0.5,0.7,0.2)
b, (0.8,04,0.1) (0.6,0.3,0.2) 0.8,0.2,0.3
b, (0.6,0.3,0.2) (0.7,0.3,0.5) (0.3,0.6,0.5

Table 6. Tabular form of the INSS (G, B)

U Costly Colorful

b, 0.6,0.2,0.3) 0.4,0.6,0.2)
b, 0.2,0.7,0.2) 0.2,0.8,0.3)
b, (0.3,0.6, 0.5) 0.6,0.3,0.4)
b, (0.8,0.4,0.1) 0.2,0.8,0.3)
b, (0.7,0.1,0.4) (0.5,0.6,0.4)
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Table 7. Tabular form of the INSS (K, C)

U Bright Cheap Colorful Costly

b, (0.6,0.3,0.5) (0.7,0.3,0.4) 0.4,0.2,0.2) 0.6,0.2,0.3)
b, (0.5,0.1,0.8) (0.6,0.1,0.3) (0.6,0.4,0.3) 0.2,0.7,0.2)
b, (0.7,0.4,0.3) (0.8,0.3,0.5) 0.6,0.3,0.2) (0.3,0.6,0.5)
b, (0.8,0.4,0.1) (0.6,0.3,0.2) 0.8,0.2,0.3) (0.8,0.4,0.1)
b, 0.6,0.3,0.2) (0.7,0.3,0.5) (0.5,0.6,0.4) 0.7,0.1,0.4)

Definition 5.14: Let (F,A) and (G,B) be two INSSs over the same universe U such that A N B#0. Then
the intersection of (F,A) and (G,B) is denoted by ‘(F,A) N (G, B)’ and is defined by (F, A) N(G,
B) = (K,C),where C =ANnB and the truth-membership, indeterminacy membership and falsity-
membership of (K, C) are related to those of (F,A) and (G,B) by:

T, m)=min (T (m),TG(e)(m)),

K(e)( F(e)

[ o) =min (I (m), L, (m)),

Fy © (m) =max (F

(m),F_ (m)), for all e €C.

F(e) G(e)

Example 5.15: Consider the above example 3.15. The intersection of (F, A) and (G, B) can be repre-
sented into Table 8.

Proposition 5.16: If (F, A) and (G, B) are two INSSs over U and on the basis of the operations defined
above, then:
1.  Idempotency laws:

(F,A)U (F,A) = (F,A) and (F,A) n (F,A) = (F,A).
2. Commutative laws:
(F,A)U (G,B) =(G,B) U (F,A) and (F,A) n (G,B) = (G,B) n (F,A).

3. FEAUD = (FA).
4. FANDO=0.
5. [FA)Y]F=FA).
Proof: The proof of the propositions 1 to 5 are obvious.
Proposition 5.17: If (F, A), (G, B) and (K, C) are three INSSs over U,then:
1. FEA)NIG,B)NnK,O]=I[FA) n(G,B)]nKLCO).
2. FEA)UVIG,B)U KOOI =[FA) U(G,B)]UKCO).
3. Distributive laws: (F,A) U [(G.B) n (K,C)] = [(F,A) U (G,B)] n [(F,A) U (K,C)].
4. (FA)N[GB)UKO]=I[HA NGB)]UI[FA) N KC)]
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Example 5.18: Let (F,A) = {(b,, 0.6, 0.3,0.1), (b,, 0.4,0.7,0.5), (b,, 0.4,0.1,0.8) }, (G,B) = {{(b,, 0.2,
0.2,0.6), (b,,0.7,0.2,0.4), (b,, 0.1,0.6, 0.7) } and (K,C) = {{b,, 0.3, 0.8, 0.2), (b,, 0.4, 0.1, 0.6),
(b,, 0.9, 0.1, 0.2) } be three INSSs of U. Then,

(F.A)U(G,B) = {{(b,,0.6,0.2,0.1), (b,, 0.7, 0.2, 0.4), (b,, 0.4, 0.1, 0.7) }.

(F,A) U (K,C) = {(b,, 0.6,0.3,0.1), (b,, 0.4, 0.1, 0.5), (b,, 0.9, 0.1, 0.2) }.

(G.B)n (K,C)] = {(b,,0.2,0.2,0.6), (b,, 0.4, 0.1, 0.6), (b,, 0.1, 0.1, 0.7) }.

(F,A) U [(G,B) n (K,O)] = {(b,, 0.6, 0.2, 0.1), (b,, 0.4, 0.1, 0.5), (b,, 0.4, 0.1, 0.7) }.

[((F,A) U (G.B)] n[(FA) U (K.O] = {(b,0.6,0.2,0.1), (b,, 0.4, 0.1, 0.5), (b, 0.4, 0.1, 0.7) }.

Hence distributive (3) proposition verified. Proof, can be easily proved from definition 3.14.and 3.16.

Definition 5.19:Let (F, A) and (G, B) be two INSSs over the same universe U. then (F, A) “AND (G, B)
denoted by ‘(F, A) A (G, B)and is defined by (F, A) A (G, B) = (K, A X B), where K(a, f)=F(x)n
B(p) and the truth-membership, indeterminacy-membership and falsity-membership of (K, AXB)
are as follows:

Ty @) = min(T, (m), T (m)),

L o p(m) = min(I, (m),I;  (m)),

Vae A,Vpe B.

Example 5.20: Consider the same example 3.15 above. Then the tabular representation of (F,A) AND
(G, B) is shown in Table 9.

Table 8. Tabular form of the INSS (K, C)

=

Colorful
0.4,0.2,0.6)
0.2,0.4,0.4)
0.6,0.3,0.4)
(0.8,0.2,0.3)
(0.3,0.6, 0.5)

)

W

IS

o |o|o|o | o

o
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Definition 5.21:If (F,A) and (G,B) be two INSSs over the common universe U then ‘(F,A) OR(G,B)’
denoted by (F,A) Vv (G,B) is defined by (F, A) Vv (G, B) = (O,AXB), where, the truth-membership,
indeterminacy membership and falsity-membership of O(a, B) are given as follows:

T (.p)(m) = max (T (o)(m), T (B)(m)),
I (o, p)(m) =min(I (a)(m),1;(f)(m)),
F(o,p)(m) = min(F (o)(m),F(B)(m)),
VoaeAVpeB.

Example 5.22: Consider the same example 3.14 above. Then the tabular representation of (F, A) OR
(G, B) is shown in Table 10.
Proposition 5.23: If (F, A) and (G, B) are two INSSs over U, then
1.  [(F,A) A (G,B)]° = (F, AV (G,B),
2. [(F,A) Vv (G,B)] = (FA)*A (GB).
Proof:
1. Let (FA)={(b, T (b), I (), F, ())Ib € U} and (G,B) = {(b, T, (b), L, (b), F; (b))
Ib € U} be two INSSs over the common universe U. Also let (K,A X B) = (F,A) A (G,B),
where, K(a, B) = F(ar) N G(p) for all (o, p) € A X B then K(a, ) = {( b, min(TF(“)(b),TG(ﬁ)(b)),

min(IF(a)(b),IG(ﬁ)(b)), max(FF(u)(b),FG(ﬁ)(b)) YbeU}.
Therefore,
[(F,A)A (G,B)*=(K,AXxB)={(b, max(FF(a)(b),FG(ﬁ)(b)), min(IF(a)(b),IG(ﬁ)(b)), min(TF(a)(b),TG(ﬁ)(b)) b

e U}.

Table 9. Tabular representation of the INSS (K, A x B)

u (Bright, Costly) (Bright, Colorful) (Cheap, Costly)
b, (0.6,0.2,0.5) 0.4,0.3,0.5) 0.6,0.2,0.4)
b, 0.2,0.1,0.8) 0.2,0.1,0.8) 0.2,0.1,0.3)
b, (0.3,04,0.5) (0.6,0.3,0.4) (0.3,0.3,0.5)
b, (0.8,04,0.1) 0.2,0.4,0.3) (0.6,0.3,0.2)
b, (0.6,0.1,0.4) (0.5,0.3,0.4) (0.7,0.1,0.5)
u (Cheap, Colorful) (Colorful, Costly) (Colorful, Colorful)
b, (0.4,0.3,0.4) 0.4,0.2,0.6) (0.4,0.2,0.6)
b, 0.2,0.1,0.3) 0.2,0.4,04) 0.2,04,04)
b, (0.6,0.3,0.5) (0.3,0.6,0.5) (0.5,0.3,0.4)
b, 0.2,0.3,0.3) (0.8,0.2,0.3) 0.2,0.2,0.3)
b, (0.5,0.3,0.5) (0.3,0.1,0.5) (0.3,0.6,0.5)
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Table 10. Tabular representation of the INSS (O, A X B)

u (Bright, Costly) (Bright, Colorful) (Cheap, Costly)
b, 0.6,0.2,0.3) (0.6,0.3,0.2) 0.7,0.2,0.3)
b, (0.5,0.1,0.2) (0.5,0.1,0.3) (0.6,0.1,0.2)
b, (0.7,0.4,0.3) (0.7,0.3,0.3) (0.8,0.3,0.5)
b, (0.8,0.4,0.1) (0.8,0.4,0.1) (0.8,0.3,0.1)
b, 0.7,0.1,0.2) (0.6,0.3,0.4) 0.7,0.1,0.4)
u (Cheap, Colorful) (Colorful, Costly) (Colorful, Colorful)
b, (0.7,0.3,0.2) 0.6,0.2,0.3) 0.4,0.2,0.2)
b, 0.6,0.1,0.3) (0.6,0.4,0.2) (0.6,0.4,0.3)
b, (0.8,0.3,0.4) (0.5,0.6,0.2) 0.5,0.7,0.2)
b, 0.6,0.3,0.2) 0.8,0.2,0.1) (0.8,0.2,0.3)
b, (0.7,0.3,0.4) 0.7,0.1,0.4) (0.5,0.6,0.4)

Again

(FAXV (GB) = {(b, max(F° (b).F (b)), min( (b).I5, (b)), min(T. (b), T () b €
U}

= {(b, min(T

F(a)

(b),T_ (b)), min(I_ (b),]

G(p) F(o) G(ﬁ)(b))’ maX(F

v ).Fg (D) b e U

G(B)

= {(b, max(F__(b), F_ (b)), min(I. (b),I. (b)), min(T_ (b),T.. (b)))IbeU}.

Fo) G) F(a) G(P) F(w) G(B)

It follows that [(F,A) A (G,B)]° = (F,A)°v (G,B)°.

2. Let(F, A) = {{b, TF(X)(b), IF(X)(b), FF(X)(b)> Ib € U} and (G,B) = {(b, TG(X)(b),IG(X)(b),FG(X)(b)) Ibe U}
be two INSSs over the common universe U. Also let (O,A X B) = (F,A) Vv (G,B), where, O (a,f)
= F(a)UG(p) for all (o) € A X B. then

O(a,p) = {(b, max (T, (b),T, (b)), min(I.  (b).I;, (b)), min(F (b).F, (b)) b€ U}.
[(F,A)V(G,B)]c = (O,AXB)° ={(b, min(F, _(b).F (b)), min(l, (b).I; (b)), max(TF(u)(b),TG(ﬁ)(b))) be
U}.

Again
(H,A¥A (G,B) = {(b, min(F (b).F (b)), min(I5 (b).IS (b)), max(TFC(u)(b),TGc(ﬁ)(b)))I b €
U}.
= {(b, max(T, (), T; (b)), min(L* (0).1;°, (b)), min(FF(@(b),FG(ﬁ)(b)))I beU}°.
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= {(b, min(F__(b),F_. (b)), min(I__(b),I

G(p) F(a) G(g)(b))a maX(T

(b),T. . (b)) be U}

F(a) Fa) G(B)

It follows that [(F,A) V (G,B)]° = (F,A)A (G,B)° .

6. AN APPLICATION OF INTUITIONISTIC NEUTROSOPHIC
SOFT SET IN A DECISION MAKING PROBLEM

For a concrete example of the concept described above, we revisit the blouse purchase problem in Ex-
ample 3.3. So let us consider the intuitionistic neutrosophic soft set S = (F,P) (see also Table 10 for its
tabular representation), which describes the “attractiveness of the blouses” that Mrs. X is going to buy.
on the basis of her m number of parameters (e .€,.,....€_) out of n number of blouses(b ,b,,...,b ). We also
assume that corresponding to the parameter ej(j =1,2,--,m) the performance value of the blouse b, (i =
1,2,+-,n) is a tuple p; = (T Fei (b).1 Fi (b),T Fei (b)), such that for a fixed i that values p; G=12,-,m)
represents an intuitionistic neutrosophic soft set of all the n objects. Thus the performance values could
be arranged in the form of a matrix called the ‘criteria matrix’. The more are the criteria values, the
more preferability of the corresponding object is. Our problem is to select the most suitable object i.e.
the object which dominates each of the objects of the spectrum of the parameters e. Since the data are
not crisp but intuitionistic neutrosophic soft the selection is not straightforward. Our aim is to find out
the most suitable blouse with the choice parameters for Mrs. X. The blouse which is suitable for Mrs.
X need not be suitable for Mrs. Y or Mrs. Z, as the selection is dependent on the choice parameters of
each buyer. We use the technique to calculate the score for the objects.

Definition 6.1: Comparison matrix. The Comparison matrix is a matrix whose rows are labelled by the
object names of the universe such as b,b,,---,b_and the columns are labelled by the parameters
€,,€,,7€ .

The entries are ¢, where ¢, is the number of parameters for which the value of b, exceeds or is equal
to the value b The entrles are calculated by ¢, =a+ d - ¢, where ‘a’ is the integer calculated as ‘how
many times T o (ej) exceeds or equal to T, (e) for b. #b,, Vb € U, ‘d’is the integer calculated as ‘how
many times Ibi(ej) exceeds or equal to I .’ i, for b, # b kae U and ‘c’ is the integer ‘how many times

F,, ) exceeds or equal to Fbk(ej)’, forb, #b,, kae U.

Definition 6.2: Score of an object. The score of an object b, is S, and is calculated as:

S, =2 ¢,
Now the algorithm for most appropriate selection of an object will be as follows.
Algorithm
1. Input the intuitionistic Neutrosophic Soft Set (F, A).

2. Input P, the choice parameters of Mrs. X which is a subset of A.
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U Bright Costly Polystyreneing Colorful Cheap
b, (0.6,0.3,0.4) (0.5,0.2, 0.6) (0.5,0.3,04) (0.8,0.2,0.3) (0.6,0.3,0.2)
b, (0.7,0.2,0.5) (0.6,0.3,0.4) (0.4,0.2, 0.6) (0.4,0.8, 0.3) (0.8,0.1,0.2)
b, (0.8,0.3,0.4) (0.8,0.5,0.1) (0.3,0.5, 0.6) (0.7,0.2,0.1) (0.7,0.2,0.5)
b, (0.7,0.5,0.2) (0.4,0.8,0.3) (0.8,0.2,0.4) (0.8,0.3,0.4) (0.8,0.3,0.4)
b, 0.3,0.8,0.4) (0.3,0.6,0.1) (0.7,0.3,0.2) 0.6,0.2,0.4) (0.6, 0.4, 0,2)
Box 1. Neutrosophic soft set (F,A)
U Costly Good Repair Green Surrounding
h, (0.6,0.5, 0.4) (0.7,0.2,0.5) (0.6,0.2,0.7)
h, (0.7,0.3, 0.6) (0.6, 0.6, 0.8) (0.4,0.5,0.2)
h, (0.7, 0.6, 0.3) (0.1,0.7, 0.5) (0.6,0.4,0.7)
Box 2. Neutrosophic soft set (G,B)
U Beautiful Wooden Costly Green Surrounding
h, (0.7,0.4,0.5) (0.6, 0.7, 0.8) (0.8,0.1, 0.7) (0.5,0.3, 0.7)
h, (0.8,0.5, 0.3) (0.2,04,0.7) (0.5, 0.8, 0.9) (0.6,0.2,0.3)
h, (0.4, 0.6, 0.8) (0.8, 0.4, 0.6) (1.0, 0.3, 0.4) (0.7,0.1,0.5)
Box 3. Neutrosophic soft set (H,C)
U Costly Good Repair Green Surrounding
h, (04,04, 0.6) (0.5,0.7, 0.4) (0.6,0.8,0.4)
h, (0.3,0.7, 0.4) (0.3,0.7, 0.4) (0.5,0.3,0.3)
h, (0.2,0.4, 0.3) (0.4,0.5,0.3) (0.8,0.5, 0.8)
Box 4. Neutrosophic soft set (I, AU (Bn C))
U Beautiful Wooden Costly Green Good Repair
Surrounding
h, (0.7,0.4, 0.5) (0.6,0.7, 0.8) (0.8,0.1, 0.7) (0.5,0.3,0.7) (0.7,0.7, 0.4)
h, (0.8,0.5,0.3) (02,04, 0.7) (0.5,0.8, 0.9) (0.6, 0.2, 0.3) (0.6,0.7, 0.4)
h, (0.4, 0.6, 0.8) (0.8, 0.4, 0.6) (1.0,0.3, 0.4) (0.7,0.1, 0.5) (1.0,0.7,0.3)
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Box 5. Neutrosophic soft set (J, (AUB)N (AU C))

U Beautiful Wooden Costly Green Good Repair
Surrounding

h, (0.7,0.8,0.4) (0.6,0.7,0.8) (0.8,0.5,0.7) (0.6,0.3,0.7) (0.7,0.7,0.4)

h, (0.8,0.5,0.3) (0.2,04,0.7) (0.7,0.8,0.4) (0.6,0.5,0.2) (0.6,0.7,0.4)

h, (0.8, 0.6, 0.8) (0.8, 0.4, 0.6) (1.0, 0.6, 0.3) (0.7,0.4,0.5) (1.0,0.7,0.3)

Box 6. Absorption law for neutrosophic soft sets

n, U, N, U,
N, 0 0 0 1
u, 0 0 1 0
N, 0 1 0 0
U, 1 0 0 0
Table 12. Comparison matrix of the INSS (F, P)
U Bright Costly Polystyreneing Colorful Cheap
b, 0 2 3 0 2
b, -1 1 2 2 2
b, 3 5 0 4 -1
b, 6 3 3 3 4
b, 7 2 6 -1 3
Table 13. Score table
U Score (S,)
b, 3
b, 2
b, 11
b, 19
b, 17

Consider the INSS (F, P) and write it in tabular form.
Compute the comparison matrix of the INSS (F, P).

Compute the score S, of b,,Vi.

Find S, = maxi S,

If k has more than one value then any one of b, may be chosen.

N kW

To illustrate the basic idea of the algorithm, now we apply it to the intuitionistic neutrosophic soft
set based decision making problem.
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Suppose the wishing parameters for Mrs. X where
P = {Bright, Costly, Polystyreneing, Colorful, Cheap}.

Consider the INSS (F, P) presented into Table 11.

Clearly, the maximum score is the score 19, shown in Table 11 for the blouse b,. Hence the best
decision for Mrs. X is to select b,, followed by b..

The comparison-matrix of the above INSS (F, P) is represented into Table 12.

Next we compute the score for each b, as shown in Table 13.

7. CONCLUSION

Soft set theory is a mathematical framework to handle uncertain information. Several hybrid structures
have been introduced since its appearance. In this chapter, the authors presented the study on neutrosophic
soft set which is a hybridized structure of soft set and neutrosophic set. Some set theoretic operations are
studied in this chapter such as union, intersection, AND operation, OR operations etc. The authors also
studied the algebraic structures associated with neutrosophic sets such as semigroups, semirings, lattices,
bounded lattices etc. Further, mappings on soft neutrosophic classes have been presented under discus-
sion in this chapter to capture more properties of neutrosophic soft set. Intuitionistic neutrosophic soft
set is also under consideration in this chapter to which studied neutrosophic soft set in a broader sense.
At the end, a decision making application is presented to show the application practice of neutrosophic
sets in the real life problems.
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KEY TERMS AND DEFINITIONS

Neutrosophic Set: Let X be a universe of discourse and a neutrosophic set A on X is defined as A
= {{x, T,(x), I,(x), F,(x)), x€X} where T, I, F: X—]0,1*[ and "0<T,(x) + I,(x) + F,(x)<3*. From philo-
sophical point of view, neutrosophic set takes the value in the interval [0,1], because it is difficult to use
neutrosophic set with value from real standard or non-standard subsets of ]-0,17[ in real life application
like scientific and engineering problems.

Neutrosophic Subset: A neutrosophic set A is contained in another neutrosophic set B, if T,(x) <
T (x), 1,(x) <1,(x), F,(x) < F(x) for all x€X.

Significant Element: An element x of U is called significant with respect to neutrosophic set A of U
if the degree of truth-membership or falsity-membership or indeterminacy-membership value, i.e.,T,

orF, jorl, <0.5. Otherwise, we call it insignificant. Also, for neutrosophic set the truth-membership,

indeterminacy-membership and falsity-membership all can not be significant. We define an intuitionistic

neutrosophic set by A = {{ x: T, o) s Faco },x € U},wheremin { T, Fa } <05, min{T, I, '}<

0.5, min { FA(X), IA(X) } < 0.5, for all x €U, with the condition 0 < TA(X) + IA(X) + FA(X) <2.
Soft Intersection: The extended intersection of two soft sets (F,A) and (G, B) over the common uni-
F (e) ifeec A-B
verse U is the soft set (H,C), where C=AUB and for all e€C, H(e) = G(e) ifee B-—A4

F(e)mG(e) ifee ANB.
We write (FA) N, (G,B) = (H,C).

Soft Set: Let U be an initial universe set and E be the set of parameters. Let P(U) denote the power
set of U and let A be a non-empty subset of E. A pair (F,A) is called soft set over U, where F is mapping
given by F: A—»P(U) .

Soft Subset: For two soft sets (F,A) and (G, B) over a common universe U, we say that (F,A) is a soft
subset of (G,B) if (i) ACB, (ii) F(e)CG(e)Ve€eA. We write (F,A) C (G,B). Two soft sets (F,A) and (G, B)
over a common universe Uare said to be soft equal if (F,A) is a soft subset of (G,B) and (G,B) is a soft
subset of (F,A).
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Soft Union: The union of two soft sets (F,A) and (G,B) over the common universe U is the soft set
F (e) ifee A-B
(H,C), where C=AUB and for all e€C, H (e)=1 G(e) ifee B—A4 We write (FA) U,
F(e)uG(e) ifee ANB.
(G,B) = (H,0).
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