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Abstract. This paper aims to introduce a single valued
neutrosophic soft approach to rough sets based on neu-
trosophic right minimal structure. Some of its properties
are deduced and proved. A comparison between tradi-
tional rough model and suggested model, by using their
properties is concluded to show that Pawlak’s approach

to rough sets can be viewed as a special case of single
valued neutrosophic soft approach to rough sets. Some of
rough concepts are redefined and then some properties of
these concepts are deduced, proved and illustrated by
several examples. Finally, suggested model is applied in
a decision making problem, supported with an algorithm.
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1 Introduction

Set theory is a basic branch of a classical mathematics,
which requires that all input data must be precise, but
almost, real life problems in biology, engineering,
economics, environmental science, social science, medical
science and many other fields, involve imprecise data. In
1965, L.A. Zadeh [1] introduced the concept of fuzzy logic
which extends classical logic by assigning a membership
function ranging in degree between 0 and 1 to variables.
As a generalization of fuzzy logic, F. Smarandache in 1995,
initiated a neutrosophic logic which introduces a new
component called indeterminacy and carries more
information than fuzzy logic. In it, each proposition is
estimated to have three components: the percentage of
truth (t %), the percentage of indeterminacy (i %) and the
percentage of falsity (f %), his work was published in [2].
From scientific or engineering point of view, neutrosophic
set’s operators need to be specified. Otherwise, it will be
difficult to apply in the real applications. Therefore, Wang
et al.[3] defined a single valued neutrosophic set and
various properties of it. This thinking is further extended to
many applications in decision making problems such as [4,
5].

Rough set theory, proposed by Z. Pawlak [6], is an
effective tool in solving many real life problems, based on
imprecise data, as it does not need any additional data to
discover a knowledge hidden in uncertain data. Recently,
many papers have been appeared to development rough set
model and then apply it in many real life applications such
as [7-11]. In 1999, D. Molodtsov [12], suggested a soft set
model. By using it, he created an information system from

a collected data. This model has been successfully used in
the decision making problems and it has been modified in
many papers such as [13-17]. In 2011, F. Feng et al.[18]
introduced a soft rough set model and proved its properties.
E.A. Marei generalized this model in [19]. In 2013, P.K.
Maji [20] introduced neutrosophic soft set, which can be
viewed as a new path of thinking to engineers,
mathematicians, computer scientists and many others in
various tests. In 2014, Broumi et al. [21] introuduced the
concept of rough neutrosophic sets. It is generalized and
applied in many papers such as [22-31]. In 2015, E.A.
Marei [32] introduced the notion of neutrosophic soft
rough sets and its modification.

This paper aims to introduce a new approach to soft
rough sets based on the neutrosophic logic, named single
valued neutrosophic soft (VNS in short) rough set
approximations. Properties of VNS-lower and VVNS-upper
approximations are included along with supported proofs
and illustrated examples. A comparison between traditional
rough and single valued neutrosophic soft rough
approaches is concluded to show that Pawlak’s approach to
rough sets can be viewed as a special case of single valued
neutrosophic soft approach to rough sets. This paper delves
into single valued neutrosophic soft rough set by defining
some concepts on it as a generalization of rough concepts.
Single valued neutrosophic soft rough concepts (NR-
concepts in short) include NR-definability, NR-
membership function, NR-membership relations, NR-
inclusion relations and NR-equality relations. Properties of
these concepts are deduced, proved and illustrated by
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several examples. Finally, suggested model is applied in a
decision making problem, supported with an algorithm.

2 Preliminaries

In this section, we recall some definitions and properties
regarding rough set approximations, neutrosophic set, soft
set and neutrosophic soft set required in this paper.

Definition 2.1 [6] Lower, upper and boundary
approximations of a subset X < U , with respect to an
equivalence relation, are defined as
E(X) = A ¥ < XHEX) = A 2 [Xle 0 X # 6},
BND. (X) = E(X)—E(X), where
[Xle ={x eU:E(X)=E(x)}.
Definition 2.2 [6] Pawlak determined the degree of
crispness of any subset X < U by a mathematical tool,
named the accuracy measure of it, which is defined as

ag (X) = E(X)/E(X),E(X) # ¢.

Obviously, 0 < (X) <1. If E(X)=E(X), then X is
crisp (exact) set, with respect to E, otherwise x is rough
set.

Properties of Pawlak’s approximations are listed in the fol-
lowing proposition.
Proposition 2.1 [6] Let (U, E) be a Pawlak

proximation space and let X,Y < U . Then,

(@) E(X)c= X E(X)-

(b) E(p)=¢=E(p) and EU)=U=EV)-

(€) E(X UY)=E(X)UE()-

(d) E(XNY)=E(X)nE(Y):

(€) X <Y, then E(X) < E(Y) and E(X) < E(Y)-

() E(X WY) 2 E(X)wE(Y).

(@) E(X NY) < E(X)NE(Y)-

(h) E(x ) =[E(x)]°, X isthe complement of X .

() E(x ") =[ECOT"

() E(E(X))=E(E(X))=E(X)-

(k) E(E(X))=E(E(X))=E(X)-

Definition 2.3 [33] An information system is a quadruple
IS=(U,AV, f), whereu is a non-empty finite set of

objects, A is a non-empty finite set of attributes,
V= ec AT, is the value set of attribute € ,

f:UxA->V is called an
function.

information (knowledge)

Definition 2.4 [12] Let U be an initial universe set, E be
a set of parameters, A E and let pu) denotes the

power set of U . Then, a pair s=(F,A) is called a soft set
overy , where F is a mapping given by F: A— PU).
In other words, a soft set over U is a parameterized family
of subsets of U . For e € A, F(e) may be considered as
the set of e -approximate elements of s.

Definition 2.5 [2] A neutrosophic set Aon the universe of
discourse U is defined as
A= {(x,TA(x), IA(x), FA(X)> :xeU},where

- + -0t
0T ()+1,(9+F () <3 ,andT,I,FaJ 01 [

Definition 2.6 [20] Let U be an initial universe set and E
be a set of parameters. Consider A< E , and let
P(U)denotes the set of all neutrosophic sets ofu . The
collection (F,A)is termed to be the neutrosophic soft set
over U, where F isa mapping givenby F : A— P(U).

Definition 2.7 [3] Let X be a space of points (objects),
with a generic element in X denoted by X . A single
valued neutrosophic set A in X is characterized by
truth-embership function T,, indeterminacy-membership

function |, and falsity-membership function F,. For
each point X in X, T,(X),I ,X),F.(X) €[0]. When X is
continuous, a single valued neutrosophic set A can be
written as A =], (T(x),I(x),Fx))/xxe X . When X is
discrete, A can be writtenas A =x" (T(x,)I(x, )F(x ))/x X € X.

3 Single valued soft

approximations

In this section, we give a definition of a single valued
neutrosophic soft (VNS in short) set. VNS-lower and
VNS-upper approximations are introduced and their
properties are deduced, proved and illustrated by many
counter examples.

Definition 3.1 Let U be an initial universe set and E be a
set of parameters. Consider Ac E , and let
P (U ) denotes the set of all single valued neutrosophic sets
ofU . The collection (G,A) is termed to be VNS set over
U , where G is a mapping given by G : A — P(U).

neutrosophic rough set

For more illustration the meaning of VNS set, we
consider the following example
Example 3.1 Let U be a set of cars under consideration
and E is the set of parameters (or qualities). Each
parameter is a neutrosophic word. Consider E = {elegant,
trustworthy, sporty, comfortable, modern}. In this case, to
define a VNS means to point out elegant cars, trustworthy
cars and so on. Suppose that, there are five cars in the
universe U , given byu ={n, h,, h, h,, h.}and the set of
parameters A={e,e,, e, e}, Where Ac E and each ¢ is
a specific criterion for cars: e, stands for elegant, e, stands
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for trustworthy, e, stands for sporty and e, stands for
comfortable.

A VNS set can be represented in a tabular form as shown
in Table 1. In this table, the entries are Cj orresponding to
the car h; and the parameter e \*/here C; (true
membership value of p;, mdetermlnacy membershlp value
of h;, falsity membership value of ;) in G(e;) -

U ) &, & e,

hi (6,62 (84,3 (7.4.3) (8.6 4)
h2 (4,66 (624 (6.4.3) (7,6 6
hs (6,42 (8.1,3) (7.2.5) (7,6 4)
he (6,33 (8.2.2) (5.2.6) (7,5 .6
hs (8,23 (83.2) (7.3.4) (9 5.7

Tablel: Tabular representation of (G, A) of Example 3.1.
Definition 3.2 Let (G, A) be a VNS set on a universe U .

For any element heU , a neutrosophic right
neighborhood, with respect to e € Ais defined as follows
h ={h eU:
T.(h) =T, (h), I.(h) = 1. (), F.(h) < F.(h)}

Definition 3.3 Let (G,A) be a VNS set on U. Neutrosophic
right minimal structure is defined as follows

¢ ={U,phe:heU,ec A}

INlustration of Definitions 3.2 and 3.3 is introduced in the
following example

Example 3.2 According Example 3.1, we can deduce the
following results: b, =hy, =h, =h, =} h,

=h, =
{hhy o, = qhhhhd by =gh bbb h, =h ={h 0}

My, ={0 0, h b3 Ry =g hhde by, =gk e by, =0}
Ny, =U s by, ={0h hhYhe, =t =hy, ={h} hy, =£{h,h 3}
It follows that,

¢ ={{h s} {h,, h ;. {h, h; 3. {h;, hs }.{h, . hs },
{h. hy he 3 {h by b3 {h by hs 3 {hy by by hy 3
1{h1' h2 ’ h4 ’ hS}V{hl’ h3 ’ h4 ’ h5}!U !¢}

Proposition 3.1 Let (G, A) be a VNS set on a universe U ,

& is the family of all neutrosophic right neighborhoods on
it, and let

R,:U = &R(h)=h,
Then,
(@) R, is reflexive relation.

(b) R,is transitive relation.

(c) R, may be not symmetric relation.
Proof  Let (h T (h).1 (n )F () <h T (h )1 (h).F (h))
and (h, T (h),'1 (h), F.(h ) cG(A): Then!
(a) Obviously, T (h)=T (h ). I (h)=1 (h)and F (h)
=F (h)- Forevery ec A, h, € h,.Then h R, h and
then R is reflexive relation.
(b)Lethn R h andh R h ,thenph €h andph €

1 e 2 2 e 3 2 le 3

h . Hence, T (h) =T (h) 1 (h)21(h) F(h)

< F (h) T(h,) I (h) and

F(h) <

2T ()l ()=
F (h ). Consequently, we have T (h ) 2
e 2 e 3

T (h) 1 .(h) 2 I (h) and F (h) < Fe(hl)-”

followsthat, h € h .Thenn R h andthen R is
3 le 1 e 3 e

transitive relation.
The following example proves (c) of Proposition 3.1.

Example 3.3 From Example 3.2, we have, h, ={h} and
={n.h} Hence, (hz,hl)e R, but (h h)e R,
hén R, ish’t symmetric relation.
Deflnltlon 3.4 Let (G,A) be a VNS seton U , and let ¢ be
a neutrosophic right minimal structure on it. Then, VNS-
lower and VNS-upper approximations of any subset X
based on ¢, respectively, are

S.X =Y ed:Y c X},
S'X=n{Yel:Y 22X}

Remark 3.1 For any considered set X in a VNS set (G,A),
the sets

PNRX = S« X, NygX =[s"X1°,

byrX =S X - Pyr X

are called single valued neutrosophic positive, single
valued neutrosophic negative and single valued
neutrosophic boundary regions of a considered set X ,
respectively. The real meaning of single valued
neutrosophic positive of X is the set of all elements which
are surely belonging to X, single valued neutrosophic
negative of X is the set of all elements which are surely not
belonging to X and single valued neutrosophic boundary of
X is the elements of X which are not determined by (G,A).
Consequently, the single valued neutrosophic boundary
region of any considered set is the initial problem of any
real life application.

VNS rough set approximations properties are introduced in
the following proposition.

Proposition 3.2 Let (G,A) be a VNS set on U, and let

X,Z < U . Then the following properties hold
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(@ s, XcXcS'X.

(b) s,o=5'0=0.
(c)su=sU=U.

(d XcZ = s,XcS.Z.
() XcZ — S'XcS'Z.
(M) S.(XNZ)=S,XNS,Z.
(@) S.(XuZ)2S,XUS,Z.
(h) (X "Z) =S X nS°Z

(i) S"(X UZ) S X US*Z.

Proof
(@) From Definition 3.3, obviously, we can deduce that,

S XcXcS'X.

(b) From Definition 3.4, we can deduce that S ¢ =¢ and
Sp={Yel:Y2}=¢.

(c) From Property (a), we have U < S*U but U isthe
universe set, thenS'U U . Also, from Definition 3.4, we
have SU = Y e£:Y cU}, butU e £. Then,SU =U
(d) Let X = Z and heS, X, then there exists Y e & such

that heY c X.But X ¢ Z,then heY < Z. Hence,
heS,zZ.Consequently S X = S,Z.

(e)Let X cZand hgS"Z.ButS*Z =n{Yeé:Y o
.hegYandY oZ suchthatU e & there exists Then. Z}
But X cZ,thenY 2> X and heY .Hence hgsz.
Thus s*x = s°Z.

(Let heS,(XNZ)=AY e&:Y = X nZ}. So, there
exists Y e £suchthat, heY c X nZ,then heY < X
and heY < Z. Consequently, heS Xand heS,Z,
then he S, X nS,Z. Thus S (X nZ) =S, X NS, Z.

(@LethegS,(XuzZ)=UY e&:Y c XuZ}. So, forall
Yeé heY,wehave Y ¢ X UZ , then Y & X and
Y & Z.Consequently, hg S, X and hg S.Z . So
heS,X US,Z.Thus S,(X UZ) 5 S.X US,Z.

(hyLet hg S*X nS*Z.Then, hg S*X or hg S*Z and
then there exists Y e £suchthat Y o X,hgY or Y o X,
h &Y . Consequently h¢S*(X nZz). Thus

S*(XNZ)c S XNS*Z.

(Let hgs (Xuz).Buts'(xuz)y==n{Y e:Y >

X W Z}. Then, there exists Ye& suchthat Y o> X U Z
and hegVY .Then, Y o X,hgY andY>Z, hegY.
It follows that, h ¢ S*X U S"Z . Thus $*(X UZ) o S'X
uSZ.

The following example illustrates that the converse of
Property (a) doesn’t hold

Example 3.4 From Example 3.1, if X ={n,},then S X =
X #8"X andS X # X Hence. s°x ={h,,h}and ¢

The following example illustrates that the converse of
Property (d) doesn’t hold

Example 3.5 From Example 3.1, if X ={h,} and Z =
{h,h} thens X =¢, 5.z ={h,h,}. Thus S X #S.Z.

The following example illustrates that the converse of
Property (e) doesn’t hold

Example 3.6 From Example 3.1, if X = {h,}and
Z ={h,,h;}. then,s*x ={nh3and s*Z = {h,, h,,
h,,h,}. Hence, S"X = S"Z.

The following example illustrates that the converse of
Property (f) doesn’t hold

Example 3.7 From Example 3.1, If X ={h,,h,,h,}
and zZ ={h,,h,,h.}, then s X ={n ,h,,h,}, S.Z=4%h,
S.(XNZ)=S,X Hence. S, (X nZ)={n}andh,,h}
NS, Z

The following example illustrates that the converse of
Property (g) doesn’t hold

Example 3.8 From Example 3.1, if X ={h,}andZ =
{h,}then S X ={h}, S,Z =gand S, (X UZ)={h,h}.
Hence S, (X uZ)= S,XUS,Z.

The following example illustrates that the converse of
Property (h) doesn’t hold

Example 3.9 From Example 3.1, if X ={nh,,h,,h,} and
Z ={h,,h,,h}then s*X ={h,,h,,h,},

sz ={h,h,,h,,h.} and s*(X nZz) ={h,,h,}. Hence
S'(XNZ)#S'XNSZ

The following example illustrates that the converse of
Property (i) doesn’t hold

Example 3.10 From Example 3.1, if X = {nh,,h,} and
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Z ={hy}then s*x ={h,,h,,h;} $*Z ={h,}and
S*(XwZ)=U .Hence S"(XUZ)=S'XUS'Z.

Proposition 3.3 Let (G, A) be a neutrosophic soft set on

aunverse U , and let X,Z c U . Then the following
properties hold.

(@) S.5,X =S.X
(b) S°S*X =S°X
(© §,"X =S*X

(d)s*s,Xx o8,X
Proof

(@) Letw=5,X and heW =U{Y € :Y < X}. Then, for
some e € A, we have heY cW. So heSW . Hence W
cSW.Thus, SW c S,S,W . Also, from Property (a) of
Proposition 3.2, we have S X < X and by using Property
(d) of Proposition 3.2, we get .S, X < S, X .
Consequently. S, X =S,S, X

(b) Let W =S"X and h ¢ W, from Definition 3.4, we
have W ={Y € £:Y o X}. Then there exists Y € £, such

that Y > X andh ¢ Y . Hence, there exists Y e £, such
that Y oW and h Y , it follows thath ¢ S'W.
Consequently W o S*W . Also, by using Property (a) of
Proposition 3.2, we have W < S'W . Thus S*S*W =S*'W

Properties (c) and (d) can be proved directly from
Proposition 3.2.

The following example illustrates that the converse of
Property (c) doesn’t hold.

Example 3.11 From Example 3.1, if X ={h,}. Then
S*X ={h,}ands s*X =¢. Hence,S,S"X = S°X.

The following example illustrates that the converse of
Property (c) doesn’t hold.

Example 3.12 From Example 3.1, if X ={n ,h,,h.}, then
S.X ={nh,h,,h}and s°S X ={h,,h,,h,,hs}- Hence

S°S.X #8,X

Proposition 3.4 Let (G, A) be a VNS seton U and let
X,Z < U .Then

S.(X-Z)cS,X-S.Z

Proof

Let e S (X-2Z)=Y e&:Y < (X -2Z)}- So, there
exists Y € & suchthat heY c (X -Z),then heY < X

and heY ¢ Z . Consequently,he S X andhg S, 7, then
hes,X -S,Z. Therefore S (X -Z)cS,X-S,Z.

The following example illustrates that the converse of
Proposition 3.4 doesn’t hold.

Example 3.13 From Example 3.1, if X ={h,,h,,h}

andz ={n, h}. then s.x ={n h,h}. 5.2 ={, h},
S.(X-Z)=g¢and s X —-S,Z ={h,}. Hence, S (X -Z) =
S, X-S,Z

Proposition 3.5 Let (G, A) be a VNS seton U and let
X,Z < U . Then the following properties don’t hold

(@) s, X° =[S"X]°
(b) s*X° =[S,X]°
(€) S*(X-2)=S8"X-5"Z

The following example proves Properties (a) and (b) of
Proposition 3.5.

Example 3.14 From Example 3.1, if X ={n}. Then,
S.X =S"X ={h} $,X°¢ ={h,,h.3and S"X* =U. Thus
S, X =[S"X]Fands*X ¢ =[S, X]°

The following example proves Property (c) of Proposition
3.5.

Example 3.15 From Example 3.1, if X ={nh,h,}and

Z ={h} Then s*X ={h,,h,},S'Z={h}, S*(X-2)=
{h,,h,}. Hence " (X -2)#$'X -S'Z.

Remark 3.2 A comparison between traditional rough and
single valued neutrosophic soft rough approaches, by using
their properties, is concluded in Table 2, as follows

4 Single valued neutrosophic soft rough concepts

In this section, some of single valued neutrosophic soft
rough concepts (NR-concepts in short) are defined as a
generalization of traditional rough concepts.

Definition 4.1 Let (G, A) bea VNS seton U . A subset
X cU iscalled

(a) NR-definable (NR-exact) setif S, X =S*X = X

(b) Internally NR-definable set if S X =X and S™X = X
(c) Externally NR-definable set if S X =X and S$'X =X
(d) NR-rough set if S, X = X and S"X = X

The following example illustrates Definition 4.1.
Example 4.1 From Example 3.1, we can deduce that {h },

hsh{h, b oAb hod Ay, bk dhy bk s {hy, by, by by, by 3y,

hy,he}.{h,h,, he}{h, by g, 0} {hy 0y by e} {hy, g by bR are
NR-definable sets, {n ,h,,nh.}{n,h, h, h}are internally

NR-definable sets, {h,},{h,,h,}.{h,h,,h,} are externally
NR-definable sets and the rest of proper subsets of U are
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NR-rough sets.

We can determine the degree of single valued neutrosophic
soft-crispness (exactness) of any subset X < U by using
NR-accuracy measure, denoted by C_X , which is defined
as follows
Definition 4.2 Let (G,A) be aVNSon U ,and let X cU.
Then

C.X=S,X/S'X, X #¢

Remark 4.1 Let (G,A) be a VNS onU . Asubset X cU is
NR-definable (NR-exact) if and only if C X =1.

Definition 4.3 Let (G,A) be aVNS on U and let X cU,

X ¢ X.NR-membership function of an element X to a set
X denoted by 4, x is defined as follows:

XA X, VX | 1], |, where x, = ~{x, ;e e A} and x, isa
neutrosophic right neighborhood, defined in Definition 3.2.

Proposition 4.1 Let (G,A)beaVNSon U, X cU and let
uy x be the membership function defined in Definition 4.3.
Then

Hy X €[0]]
Proof
Where ¢ < x, N X < x,then 0<|x, N X| S‘XA‘and then
0< u x<1.

Proposition 4.2 Let (G,A) be a VNS on U and let X cU,
then

Uy X=1=>Xxe X
Proof
Let 4, x =1, then gA AX| =X, Consequantly x, < X .
From Proposition 3.1, we have R_ is a reflexive relation
foralle € A.Hence x e x_ e e A. It follows that x e x,, .
Thus X € X

The following example illustrates that the converse of
Proposition 4.2 doesn’t hold.

Example 4.2 From Example 3.2, we get h,, ={n,,h.}. If
X :{h2’h3‘h5}' then uxh, =1/2. Although h, € X
Proposition 4.3 Let (G,A) be a VNS on U and let X,Z c
U. If X ¢ Z, then the following properties hold

(@) fx X< f1; X
(b) 415 x X < pug 7 X
(©) Ugy X =t X

Proof
(@) Where X cU, forany xcU we can deduce that
Uy X< g, X Thus ‘XAQX‘S‘XAmz‘then X, NZ, X, N X

We get the proof of Properties (b) and (c) of Proposition
4.3, directly from property (a) of Proposition 4.3 and
properties (d) and (e) of Proposition 3.2.

Traditional rough properties VNS rough properties

E(XUZ)=EXUEZ S (XuZ)2S'XusSZ

E(XNY)=E(X)NE(Y) S.(XNZ)c= S, X "S,Z
E (E(X)) = E(X) S.S*X = S*"X

E (E(X)) = E(X) $*S,X oS, X

E (X% =[E(X)° S.X° =#[S"X]°
E(X®)=[E (X)I° S*X° #[S.X]°

Table 2: Comparison between traditional, VNS rough

Proposition 4.4 Let (G,A) be a VNS on U and let XcU,
then the following properties hold

(@) Hs x X< py X
(b) ,uXXS,uS,XX
(©) g x< Hee X

Proof can be obtained directly from Propositions 3.2 and
property (a) of Proposition 4.3.

Definition 4.4 Let (G,A) be a VNS seton U, and let xeU,
X cU. NR-membership relations, denoted by e, ande”
are defined as follows

xe, Xif xeS,Xand xe* X if xeS*X

Proposition 4.5 Let (G,A) be a VNS seton U, and let x €
U, XcU.Then

(@ xe, X=>xeX

() xg" X = x¢g X

Proof

(a) Let x e, X, hence by using Definition 4.4, we get
xeS, X.
But from Proposition 3.2, we have S _X < X, then
Xxe X.

(b) Let X € X, according to Proposition 3.2, we have
X = S*X, then x € S* X, by using Definition 4.4,
we can deduce that x € X .
Consequently xg" X = x ¢ X.

The following example illustrates that the converse of
Proposition 4.5 doesn’t hold.

Example 4.3 From Example 3.1, if X ={h,,h.}, then
S,X = {nyandS'X = fn, h, n, h}. Hence, h, ¢, X,
although h, e X and h, ¢ X, although h, " X .

Proposition 4.6 Let (G,A) be a VNS on U and let X cU.
Then the following properties hold
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(@ xe, X=u,x=1
(b) uyx=1=xe" X

Proof can be obtained directly from Definition 4.4 and
Propositions 4.2 and 4.5.

The following example illustrates that the converse of
property (a) does not hold.

Example 4.4 From Example 3.1, if
S, X ={h}and h, ={h} .
Although h, ¢, X

X ={h,,h,} then
it follows that ;. h, =1 .

The following example illustrates that the converse of
property (b) does not hold.
Example 4.5 From Example 3.1,
S'X ={h,h} and hy, ={h.h,} >
although 4, h, =1

if X ={h,}, then
it follows that h,e" X ,

Proposition 4.7 Let (G,A) be a VNS on U and let
X cU . Then

(@ uyx=0=>xgX
(b) u,x=0=>xg, X
Proof is straightforward and therefore is omitted.

The following example illustrates that the converse of
property (a), does not hold.

Example 4.6 From Example 3.1, if X {hlvhslh yand from
Example 3.2, we get h,, ={n,,h,}, then x,h, =0, although
h, ¢ X

The following example illustrates that the converse of
property (b), does not hold.

Example 4.7 From Example 3.1, if X ={n,h,,h,}, then
S.X ={n,h,,h;}, from Example 3.2, we get h,, ={n,, h,}, it
follows that 4, h, =0, although h, ¢, X

Proposition 4.8 Let (G,A) be a VNS on U and let XcU.
The following property does not hold

U Xx=0=xg" X

The following example proves Proposition 4.8.

Example 4.8 From Example 3.1, if X ={h,}then S*X
={h,h,}, from Example 3.2, we get h, ={n}, it follows that
h €' X, although 4, h =0

Definition 4.5 Let (G,A) be a VNS on U and let X,Z
U. NR-inclusion relations, denoted by =, and <" which
are defined as follows

Xc,ZIf §XcS.Z

Xc"ZIf $XcS'Z

Proposition 4.9 Let (G,A) be a VNS on U and let X,Z
cU. Then
XcZ=>Xc,ZAXS Z

Proof comes directly From Proposition 3.2.

The following example illustrates that, the converse of
Proposition 4.9 doesn’t hold.

Example 4.9 In Example 3.1, if X ={h,,h,} and Z ={h ,h,
hs} . then S X ={h}, S.z={h.h, h}  S°X {hl,h} and
$'z={h,h,,h, h} - Hence, X c,Z and X c
Although X &« Z

From Definition 4.5 and Proposition 4.3, the following
remarks can be deduced

Remark 4.2 Let (G,A) beaVNSon U andlet X,Z cU .
If X <, Z, then the following properties hold

(@) Hs x X< pis 7 X

(b) Hs x X< pz X

(©) pgyx< Hgoy X

Remark 4.3 Let (G,A)beaVNSon U andlet X,Z cU .
If X <* Z, then the following properties hold

(@) Mg X< 1. X
®) ux= pa._x

(c) s x X < p1. X

Definition 4.6 Let (G,A) be a VNS onU and let X,Z ¢
U. NR-equality relations are defined as follows

X=ZIf SX=S57
X="ZIf S'X=S5"Z
Ifx ="z X=2AX="Z

The following example illustrates Definition 4.6.
Example 4.10 According to Example 3.1. Let A={e },

then ¢&={ug.{h}dhbdhh b hhdhhoh 3y - 1 X ={h},
X, ={n}, X, ={h,h}, X, ={h,,h,} and X, ={h,,h,}, then S X,
=S.X,=¢, $°X,=5"X, ={h,,h,}, $,X, =S,X, =gand S*X, =
$'X, =U- Consequently X, =, X,, X, = xgand X, = X

Proposition 4.10 Let (G,A) be a VNS set on U and let
X,ZcU. Then

@X=,S,X

(b) X =" S*X

) X=z=X=2

d) XczZ,2=¢=>X=¢
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e Xcz,X=U=72=U
N Xcz,Z2="¢p=>X=¢
@ Xcz,X="U=z="U

Proof. From Definition 4.6 and Propositions 3.2 and 3.3
we get the proof, directly.

From Definition 4.6 and Proposition 4.3, the following
remarks can be deduced

Remark 4.4 Let (G,A) beaVNSon U andlet X,Z cU .
If X =, Z, then the following properties hold

@) Hs x X = Hsz X
(b) Hs x X< iz X
(c) s x X < p1 . X

Remark 4.5 Let (G,A) beaVNSon U and let X,Z cU .
If X =" Z, then the following properties hold

(@) Moo X< 1 X
®) x= pr_x
(c) s x X < p1 X

The following remark is introduced to show that Pawlak’s
approach to rough sets can be viewed as a special case of
proposed model.

Remark 4.6 Let (G,A)beaVNSon U andlet X,Z cU .

If we consider the following case
(If 1,(h)>05, then e(h) =1, otherwise e(h)=0)

and the neutrosophic right neighborhood of an element h is
replaced by the following equivalence class

[h], ={h, €U :e(h)=e(h).e  A}.

Then VNS-lower and VNS-upper approximations will be
traditional Pawlak’s approximations. It follows that NR-
concepts will be Pawlak’s concepts. Therefor Pawlak’s
approach to rough sets can be viewed as a special case of
suggested single valued neutrosophic soft approach to
rough sets.

5 A decision making problem

In this section, suggested single valued neutrosophic
soft rough model is applied in a decision making problem.
We consider the problem to select the most suitable car
which a person X is going to choose from ncars (h,h
h,) by using m parameters (ee,,...€,)-

Since these data are not crisp but neutrosophic, the
selection is not straightforward. Hence our problem in this
section is to select the most suitable car with the choice

) yeey

parameters of the person X. To solve this problem, we need
the following definitions

Definition 5.1 Let (G,A) be a VNS seton U ={h,, h,,...,
h.} as the objects and A={ee,,.e } is the set of
parameters. The value matrix is a matrix whose rows are
labeled by the objects, its columns are labeled by the
parameters and the entries c, are calculated by

¢, =M, ()+1,(0)-F,(), 1=i<nl<j<m

Definition 5.2 Let (G,A) be a VNS set on U ={h,h,....,
h,}, where A= {e e,,.e,} The score of an object h; is
defined as follows

S(hj) = ZT:lcij
Remark 5.1 Let (G, A) be a VNS set on U and
A={e e, then isthe set of parameters. . e }

@ -1<c <2 1<i<nl<j<m
(b) —m<S(h)<2m, h eU

The real meaning of C_A is the degree of crispness of A.
Hence, if C_A=1, then A is NR-definable set. It means
that the collected data are sufficient to determine the set A.
Also, from the meaning of the neutrosophic right
neighborhood, we can deduce the most suitable choice by
using the following algorithm.

Algorithm

1. Input VNS set (G,A)

Compute the accuracy measures of all singleton sets
Consider the objects of NR-definable singleton sets
Compute the value matrix of the considered objects

Compute the score of all considered objects in a tabular
form

Find the maximum score of the considered objects

7. If there are more than one object has the maximum
scare, then any object of them could be the suitable
choice

8. If there is no NR-definable singleton set, then we
consider the objects of all NR-definable sets consisting
two elements and then repeat steps (4-7), else, consider
the objects of all NR-definable sets consisting three
elements and then repeat steps (4-7),and so on...

ok wn

S

For illustration the previous technique, the following
example is introduced.

Example 5.1 According to Example 3.1, we can create
Tables 3, as follows
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Singleton sets

thy tht {h} {h} {hs}

C. X 1 0 0 0 1

Table 3: Accuracy measures of all singleton sets.

Hence C {h}=C {h.,}=1. It follows that h andh, are the
NR-definable singleton sets. Consequently ]h1 and hare
concidered objects. Therefore Table 4 can be created as
follows

Object €, e, €, €

h (662 (84.3) (7423 (8.6.2)
he (8.2.3) (8.3.2) (7.3.4) (9,.5.7)

Table 4: Tabular representation of considered objects.

The value matrix of considered objects can be viewed as
Table 5.

Object € e, €, e,
h, 1 0.9 0.8 1
h, 0.7 0.9 0.6 0.7

Table 5: Value matrix of considered objects.

Finally, the scores of considered objects are concluded in
Table 6, as follows

Object Score of the object
h, 3.7
h. 2.9

Table 6: The scores of considered objects.

Clearly, the maximum score is 3.7, which is scored by the
car h,. Hence, our decision in this case study is that a car
h, is the most suitable car for a person X, under his choice
parameters. Also, the second suitable car for him is a car

h,.

OSbvioust, the selection is dependent on the choice
parameters of the buyer. Consequently, the most suitable
car for a person X need not be suitable car for another
person Y .

Conclusion

This paper introduces the notion of single valued
neutrosophic soft rough set approximations by using a new
neighborhood named neutrosophic right neighborhood.
Suggested model is more realistic than the other traditional
models, as each proposition is estimated to have three
components: the percentage of truth, the percentage of
indeterminacy and the percentage of falsity. Several
properties of single valued neutrosophic soft rough sets
have been defined and propositions and illustrative
examples have been presented. It has been shown that
Pawlak’s approach to rough sets can be viewed as a special
case of single valued neutrosophic soft approach to rough

sets. Finally, proposed model is applied in a decision
making problem, supported with algorithm.
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