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Abstract. This paper aims to introduce and discuss anew
mathematical tool for dealing with uncertainties, which is
a combination of neutrosophic sets, soft sets and rough
sets, namely neutrosophic soft rough set model. Also, its
modification is introduced. Some of their properties are
studied and supported with proved propositions and
many counter examples. Some of rough relations are re-

defined as a neutrosophic soft rough relations. Compari-
sons among traditional rough model, suggested neutro-
sophic soft rough model and its modification, by using
their properties and accuracy measures are introduced.
Finally, we illustrate that, classical rough set model can
be viewed as a special case of suggested models in this

paper.
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1 Introduction

In recent years, many theories based on uncertainty have
been proposed, such as fuzzy set theory [36], intuitionistic
fuzzy set theory [5], vague set theory [10] and interval-
valued fuzzy set theory [11].

In 1982, Pawlak [22] initiated his rough set model, based
on equivalence relations, as a new approach towards soft
computing finding a wide application. Rough set model
has been developed, in many papers, as a generalization
models. These models based on reflexive relation,
symmetric relation, preference relation, tolerance relation,
any relation, coverings, different neighborhood operators,
using uncertain function, etc. [12, 15, 16, 24, 25, 29, 32-34,
37 ]. Also, many papers, recently, have been appeared to
apply it in many real life applications such as [2, 3, 7, 17,
27, 28, 30, 35].

In 1995, Smarandache, started his study of the theory of
neutrosophic set as a new mathematical tool for handling
problems involving imprecise data. Neutrosophic logic is a
generalization of intuitionistic fuzzy logic. In neutrosophic
logic a proposition is 7% true, ;9% indeterminate, and
1% false. For example, let’s analyze the following
proposition: Let x(0.6,0.4,0.3) belongs to A means,
with probability of 60% (X in A), with probability of
30% ( x not in A )and with probability of 40%
(undecidable).

Soft set theory [21], proposed by Molodtsov in 1999, is
also a mathematical tool for dealing with uncertainties.
Recently, traditional soft model has been developed and
applied in some decision making problems in many papers
suchas[1,4,6,8, 13,14, 18, 19, 31].

In 2011, Feng et al. [9] introduced the soft rough set model
and proved its properties. In 2013, Maji [20] introduced
neutrosophic soft set.

In this paper, we introduce a combination of neutrosophic
sets, soft sets and rough sets, called neutrosophic soft
rough set model. Also, a modification of it is introduced.
Basic properties and concepts of suggested models are
deduced. We compare between traditional rough model
and proposed models to illustrate that traditional rough
model is a special case of these proposed models.

2 Preliminaries

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

The following definitions and proposition are given in [22],
as follows

Definition 2.1 An equivalence class of an element X €U ,
determined by the equivalence relation E is

[x], ={x"eU: E(x) = E(x")}

Definition 2.2 Lower, upper and boundary approximations
of asubset X < U are defined as

E(X) = uilx], - [x], < xy,

E(X) = uilx], [x], nx # ¢l
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BND . (X) = E(X) - E(X).

Definition 2.3 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

ap(X) = E(X)/ E(X), E(X) # @.
Properties of Pawlak’s approximations are listed in the fol-
lowing proposition.
Proposition 2.1 Let (¢/, £) be a Pawlak approximation
space and let x,y — ¢/ . Then,
(@ E(X)c X C E(X).
(b) E(¢)=¢=E($) and EU)=U =E(U).
© E(XUY)=E(X)UE(Y).
d) E(XNY)=EX)NE(Y).
) X Y, then E(X)< E(Y) and E(X)C E(Y).
0O E(XVY)D E(X)VE(Y).
(© E(X NY)S E(X)NE(Y).
(h) E(X)=[E(X)] > X is the complement of X .
() E(xX")=[E@X)] -
(i) E(E(X)) = E(E(X))=E(X).

& E(E(X))=E(E(X))=E(X).

Definition 2.4 [23] An information system is a quadruple
IS = (U, A,V, f),where U is a non-empty finite set of

objects, 4 is a non-empty finite set of attributes,

V= U{V;,e € A}, I/e is the value set of attribute e,
an £ :Ux A4 —V , is called an information (knowledge)
function.

Definition 2.5 [21] Let U be an initial universe set, £ be
a set of parameters, 4 — £ and let P(U) denotes the
power set of U . Then, a pair S = (F, A) is called a soft
set over U , 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 € 4, F(e)
may be considered as the set of e -approximate elements
of §.

Definition 2.6 [26] A neutrosophic set 4 on the universe
of discourse U is defined as

A={x,T,(x),,(x),F,x)):xeU},where
0T, (x)+1,(x)+F,(x)<3" ,where
T,1,F:U —]0,1.

Definition 2.7 [20] Let U be an initial universe set and
E be a set of parameters. Consider 4 — E , and let
P(U) denotes the set of all neutrosophic sets of U . The
collection (F', A) is termed to be the neutrosophic soft set
over U , where F' is a mapping given by

F:A— PU).

3 Neutrosophic soft lower and upper concepts
and their properties

In this section, neutrosophic soft rough lower and upper
approximations are introduced and their properties are
deduced and proved. Moreover, many counter examples
are obtained.

For more illustration the meaning of neutrosophic soft set,
we consider the following example

Example 3.1 Let U be a set of cars under consideration
and £ is the set of parameters (or qualities). Each
parameter is a generalized neutrosophic word or sentence
involving generalized neutrosophic words. Consider £ =
{beautiful, cheap, expensive, wide, modern,in good repair,
costly, comfortable}. In this case, to define a neutrosophic
soft set means to point out beautiful cars, cheap cars and so
on. Suppose that, there are five cars in the universe U ,
given by, U = A, hy by hsy and the set of
parameters A4 = {e;.e,.¢5.¢,}  where each e, is a specific
criterion for cars: e, stands for (beautiful), €, stands for
(cheap), €5 stands for (modern), €, stands for (comfortab-
le). Suppose that,

F(beautiful) =
{(#,,0.6,0.6,0.2),({A,,0.4,0.6,0.6),{4,,0.6,0.4,

0.2), (h,,0.6,0.3,0.3), {(h,0.8,0.2,0.3)}

F(cheap) =
{(h,,0.8,0.4,0.3),{h,,0.6,0.2,0.4),{h,,0.8,0.1,
0.3), <(h,,0.8,0.2,0.2), (h,,0.8,0.3,0.2)},

F(modern) =
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{(h,,0.7,0.4,0.3),(h,,0.6,0.4,0.3),(h,,0.7, 0.2,
0.5), (h,,0.5,0.2,0.6), { h;,0.7,0.3,0.4)},

F(comfortable)=

{(h,0.8,0.6,0.4),(h,,0.7,0.6,0.6),(h,,0.7,0.6,
0.4), (%,,0.7,0.5,0.6 },{h.,0.9,0.5,0.7)} .

In order to store a neutrosophic soft set in a computer, we
could represent it in the form of a table as shown in Table
1 (corresponding to the neutrosophic soft set in Example
3.1). In this table, the entries are ¢ corresponding to the
car /1, and the parameter e It where ¢, = (true membership
value of 1, indetenninacy-members}/lip value of i, , falsity
membership value of /2,) in F'(e,) . Table 1, represents the
neutrosophic soft set (F, A) as follows

U € e, e, €,

hl (0.6,0.6,0.2) (0.8,0.4,0.3) (0.7,0.4,0.3) (0.8,0.6,0.4)
h2 (0.4,0.6,0.6) (0.6,0.2,0.4) (0.6,0.4,0.3) (0.7, 0.6, 0.6)
h3 (0.6,0.4,0.2) (0.8,0.1,0.3) (0.7, 0.2, 0.5) (0.7, 0.6, 0.4)
h4 (0.6,0.3,0.3) (0.8,0.2,0.2) (0.5,0.2,0.6) (0.7, 0.5, 0.6)
hS (0.8,0.2,0.3) (0.8,0.3,0.2) (0.7,0.3,0.4) (0.9,0.5,0.7)

Tablel: Tabular representation of (F, A) of Example 3.1.

Definition 3.1 Let (G, A) be a neutrosophic soft set on a
universe U . For any element /1 € U , a neutrosophic right
neighborhood, with respect to e € A is defined as follows

h,=1{h eU:
T.(h)2T,(h),1 ()2 1,(h), F,(h) < F (h)}.

Definition 3.2 Let (G, A) be a neutrosophic soft set on a
universe U . For any element 4 € U , a neutrosophic right
neighborhood, with respect to all parameters A4 is defined
as follows

hl, =nih, e € 4}.

For more illustration of Definitions 3.1 and 3.2, the
following example is introduced.

Example 3.2 According Example 3.1, we can deduce the
following results:

h, =h, =h, =h, = {hl}’hzg1 = hy,,
= {0, N Y b, = bk, = G
bbb, = g = U R =
}14,}15},}1363 = {hl’hg’h5}’h4eu = {hl’h3’h4}’
M, = Mhuhy b, = Uk, =
b bbb, = by = by = (),
= {h,h } Itfollowsthat, h ] =<{h}, h] =
1”7s 1 17

{hl’hz}’h3]A = {hl’h3}’h4]A =
hs]A = {hs}'

{h4 } and

Proposition 3.1 Let (G, A) be a neutrosophic soft set on
a universe U , & is the family of all neutrosophic right
neighborhoods on it, and let

R :U—>&,R (h)=h . Then,
(a) R is reflexive relation.

e
(b) R is transitive relation.

(©) Re may be not symmetric relation.

Proof Let

T ()1 (R )F (b)), T (h )T (h)F (b))
and (h3 , Te (h3 ), Ie (h3 ), Fe (h3 )) € G(A). Then,
(a) Obviously,

Te(hl):Te(hl)’ Ie(hl) =Ie(hl) and

FE (hl) = Fe (hl). Hence, for every e € A4, hl € h1g’

Then h1 R hl and then R is reflexive relation.

leth R h andh R h . Thenh eh
and h e b Hence, T (h) 2T (h). I (h)>
1(h),F(h)<FGh)THh)>T(h),
I.(h) =1 (h)adF (h)<F(h).
Consequently, we have T () = T (h ), I (h) >
I.(h)and F (h) < F (h).Ttfollows that, h_ e

Emad Marei, More on neutrosophic soft rough sets and its modification



Neutrosophic Sets and Systems, Vol. 10, 2015

21

h1 . Then hl R |’\3 and then R is transitive relation.
e e e

The following example proves (c), of Proposition 3.1.

Example 3.3 From Example 3.2, we have,

h, ={hl} and hy, = {h1’h3} . Hence, (hs’h1) €
R, but (hl,h3) ¢ R, .Then, R, isn’t symmetric
relation.

Neutrosophic soft lower and upper approximations are
defined as follows

Definition 3.3. Let (G, A) be a neutrosophic soft set on
U . Then, neutrosophic soft lower, upper and boundary
approximations of X < U , respectively, are

NRX =Ulh] :heU,h] <X},
4 4
NRX =Ulh] :heU,h] NnX+@},
4 4
b X =NRX — NRX.
NR —

Properties of neutrosophic soft rough set approximations
are introduced in the following proposition.
Proposition 3.2 Let (G, A) be a neutrosophic soft set on
U, and let X,Z cU . Then the following properties
hold
(a) NRX < X < NRX .
(b) NRO=NRD =D .
() NRU=NRU =U.
(d XcZ = NRXC NRZ .
e XcZ = NRX QWQZ.
(O NR(XNZ) = NRX n NRZ.

® MR(XWZ) o NRX U NRZ.

(h) NR(X~Z) < NRX ~ NRZ.

() NR(XUZ) = NRX U NRZ.

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

NRX c X . Also,let he X ,but R , defined in

Proposition 3.1, is reflexive relation. Then, for all e € A,

there exists A
e

Soh] NX # J.Hence, he NRX . Therefor
4

suchthat, 7€ h ,andthen h € h]
¢ A

NRX € X < NRX .

(b) Proof of (b), follows directly, from Definition 3.3 and
Property (a).
(c) From Property (a), we have U < NRU ,but U is

the universe set, then NRU = U . Also, from Definition

3.3,wehave NRU = U{h] :h] < U}, butforall
A A

h € U,wehave h € h] < U .Hence, NRU =

A

U . Therefor NRU = NRU = U.

(dLet X < Z and p € NRX . Then, there exists

h] suchthat, p € h] < X .But X < Z,then
A A

p € h] < Z .Hence, p € NRZ . Therefor
4
NRX < NRZ.

(e)Let X < Z and p € NRX . Then, there exists
h] suchthat, p € h] ,h] NX # . But X
4 4

A

C Z,then h] NZ # O .Hence, p € NRZ .

4

Therefor NRX c NRZ .

(OLlet p € NR(XNZ) =

uih]l h] < (X NZ)}.So,thereexists #] such
4 4 4

that, pe h] < (X NZ),then pe h] < X
A A

and pe h] < Z.Consequently, p € NRX and
4

pe NRZ  then pe NRX ™ NRZ . Thus,
NR(XNZ) < NRX m NRZ . Conversely, let p
€ NRX m NRZ . Hence pe NRX and pe NRZ .
Then there exists #] suchthat, pe h] < X and

4 4

pe hl < Z.,then pe h] < (XNZ).
A A

Consequently, p € NR(X NZ), it follows that NRX
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N NRZ < NR(X NZ).Therefor NR(X "NZ) =
NRX  NRZ.

(@ Let p ¢ NR(XLZ) =
Uih]l :h] < XUZ}. So,forall h] ,such that
4 4 4

,wehave h] & X U Z, then forall /]
4 4 4

¢ Xandh]l ¢ Z.
4

p e h]

containing p , we have /]
4

Consequently, p ¢ NRX and p ¢ NRZ ,then p ¢

NRX U NRZ . Therefor NR(X UZ) o NRX

u NRZ.

(hLet pe NR(XNZ) = Uh] :h] n(XNZ)+D}.
44

suchthat, p€ h] and h] N

A A A

(XNZ)# D,thenh] NnX # Dand h] NZ
4 4

So, there exists /]

# . Consequently, p € NRX and pe NRZ , then
pE NRX ~ NRZ . Therefor m(XﬁZ) c
NRX ~ NRZ.

() Let p ¢ NR(XUZ) = Ufhl h] n(XUZ)+J}.
A A

So, forall 4] containing p , we have
4

h] N(XUZ) = O, then forall h] containing p,
4 4

wehave h] NX = Dand h] NZ = .
4 4

Consequently, p & NRX and pé& NRZ ,then p &
NRX U NRZ . Then, NR(XUZ) o NRX U
NRZ . Conversely, let p ﬁ(){ U Z) . Then, there

exists #] suchthat, peh] and h] N(XUZ)
4 y

A

+ &, it follows that, /]
4

NX # DBorh] NZ
4

# . Consequently, p € NRX or pe NRZ , hence,
pE NRX U Wz,thenﬁx u NRZ -)
NR(X UZ) . Therefor NRX U NRZ =

NR(X UZ).

The following example illustrates that, containments of
Property (a), may be proper.

Example 3.4 From Example 3.1, If
X ={h },then NRX = {h } and NRX =
{h,h ,h } Hence, NRX # X and X # NRX .

The following example illustrates that, containments of
Properties (d) and (e), may be proper.
Example 3.5 From Example 3.1, If

X = {h Yand Z={h ,h },then NRX =
NRZ = {h }, NRX = {h h }and NRZ =
th ,h_,h }.Hence, NRX # NRZ and NRX =
NRZ .

The following example illustrates that, a containment of
Property (g), may be proper.

Example 3.6 From Example 3.1, If X = {hl} and
Z={h2},then NRX = {hl}, NRZ = & and
NR(XUZ) = {hl,hz}.Therefor NR(XUZ) #
NRX U NRZ.

The following example illustrates that, a containment of
Property (h), may be proper.

Example 3.7 From Example 3.1, If X = {hl,h4} and
Z=1th ,h } then NRX = {h ,h ,h ,h }, NRZ
274 177277377,
= {hl’hz’h4} and NR( X "Z) = {h4} . Therefor

NR(XZ) # NRX ~ NRZ.

Proposition 3.3 Let (G, A) be a neutrosophic soft set on
aunverse U ,andlet X,Z < U . Then the following
properties hold.

(@ NR NRX = NRX .
() NR NRX = NRX .
Proof

(@) Let W =NRX and peW = U{h] :h] cX}.
4

A

Then, there exists some /]  containing p , such that

A

hl < W .So, pe NRW .Hence, W < NRW .
4
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Thus, NRX < NR NRX . Also, from Property (a), of
Proposition 3.2, we have NRX < X and by using
Property (d), of Proposition 3.2, we get NR NRX <
NRX . Therefor NR NRX = NRX .

(b) Let W = WX , by using Property (a), of Proposition

3.2, wehave NRW < W .Conversely,let pe W =

U{h]l :h] N X # D}, hence there exists /]
y y

A

containing p such that, p € h] c W , it follows that,

A

p € NRW . Consequently, W < NRW ,then W =
NRW ,but W = NRX . Thus, NENRX = NRX .

Proposition 3.4 Let (G, A) be a neutrosophic soft set on

U ,andlet X,Z < U . Then, the following properties
don’t hold

(@ NR NRX = NRX .

(b)) NR NRX = NRX.

() NRX" = [NRX] .
) NRX = [NRX] .
(e) NR(X —Z)= NRX — NRZ.
(f) NR(X —Z)= NRX — NRZ.

The following example proves (a) of Proposition 3.4.

Example 3.8 From Example 3.1, If X = {h2 } , then
NRX = {hl,hz}andﬁ NRX = {h,h,h}.
Hence, NR NRX # NRX .

The following example proves (b) of Proposition 3.4.

Example 3.9 From Example 3.1, If X = {h1 }, then
NRX = {h} and NR NRX = {h,h ,h}.
Hence, NR NRX # NRX .

The following example proves (c) of Proposition 3.4.

Example 3.10 From Example 3.1, If X = {h2 } , then

NRX" = {h h b h} and [NRX] =
{hg,hA,hS}.Therefor MXC + [N_RX]C

The following example proves (d) of Proposition 3.4.
Example 3.11 From Example 3.1, If X =
{hl ,h3,h4,h5},then NRX = {hl’hz} and

[NRX] = {h,}. Therefor NRX® #+ [NRX] .
The following example proves (e), (f) of Proposition 3.4.
Example 3.12 From Example 3.1, If X = {hl’hz} and
Z={h,h},then NRX = {h,h} NRZ =
th,h}, NR(X~Z) = @, NRX = {h,h.h 3},
NRZ = {h,,h ,h}, NR(X-Z) = {h,h }.
Therefor NR(X —Z) # NRX — NRZ and
NR(X-Z) # NRX - NRZ.

4 Modification of suggested neutrosophic soft
rough set approximations

In this section, we introduce a modification of suggested
neutrosophic soft rough set approximations, introduced in
Section 3. Some basic properties are introduced and proved.
Finally, a comparison among traditional rough set model,
suggested neutrosophic soft rough set model and its
modification, by using their properties.
Modified neutrosophic  soft lower and
approximations are defined as follows

Definition 4.1 Let (G, A) be a neutrosophic soft set on
U . Then, modified neutrosophic soft lower, upper and
boundary approximations of X < U , respectively, are

NRXZU{h] cheU,h] <X},
A

A

upper

N'X=[N X7,
b X=NX-N X.
NR R

Modified neutrosophic  soft lower and upper
approximations properties are introduced in the following
proposition.

Proposition 4.1 Let (G, A) be a neutrosophic soft set on
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U . and let X,Z <—U . Then the following properties
hold

() NRXngNRX.

) N B=N'O=2.

© NRUZNRUZU.
dXcZ = NRXgNRZ.

©XcZ=>NXcN'Z.
N (XnZ)= N X AN Z

(g) NR(XUZ) -] NRX U NRZ.

W N (XnZ) c N"X A N"Z.
R R R

O N (Xuz)= N°X UNZ.

OGN N X=NX.

R _ R R
kKN N X =N X.

ON X = N X1
m N' X =[N X].

Proof
Properties (a)-(i) are proved at the same way as Proposition

(j') Let

WZNRX and peW = Ut{h] :h] < X}.
4

A

Then, there exists some /]  containing p , such that
4

hl] < W.So, pe NRW.Hence, W c NRW.

y
Thus, NRX c N o NR X . Also, from Property (a), of

Proposition 3.2, we have NRX < X and by using

Property (d), of Proposition 3.2, we can deduce that N o
N X N X.Therefor N N X = N X.
R R R R R

N NX = N [N X = v
&) VX =V

c_c_c_c

IV, X7)]

Proposition 4.1, we can deduce that N o N RX =

[NR NRXC]C , from Property (j) of

N X.Then [N N X" =[N X', from
R R R R

Definition 4.1, we have [NRXC]C = N RX . Therefor
R _ R R

N N X =N X.

Properties (1), (m) can be proved, directly, by using
Definition 4.1.

The following example illustrates that, containments of
Property (a), may be proper.

Example 4.1 From Example 3.1, If X = {hl }, then

R
NRX = {hl} and N X = {hl,hz,hg}.Hence,
N X # XandX # N X,

The following example illustrates that, containments of
Properties (d) and (e), may be proper.

Example 4.2 From Example 3.1, If X = {hz} and
Z={h2,h4},then NRX = @,NRZ = {h4},
N“X = {h }and N"Z = {h ,h }.Hence.
NX#NZamiN'X#NZ

The following example illustrates that, a containment of
Property (g), may be proper.

Example 4.3 From Example 3.1, If X {hl} and
Z={h2},then NRZ =9, NRX {hl} and
NR(XuZ) = {hl,hz}.Therefor NR(XUZ) #
NRX v, NRZ.

The following example illustrates that, a containment of
Property (h), may be proper.

Example 4.4 From Example 3.1, If X = {hl,h4} and
Z={h h Y, then N'X = {h h b ,h},N"Z
2274 1772273

= {hz’h4} and N (Xn2Z) = {h4}.Theref0r
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NR (XNZ) = N R X A N RZ . Rough proierties T N M
Proposition 4.2 Let (G, A) be a neutrosophic soft set on E@)=E@)=9 i i *
aunverse U , and let X,Z < U . Then, the following = _
properties don’t hold EU)=EU)=U : : .
R R _
(a) NR N X =N X. E(X)c X< E(X) * * *
R — —_ _
(b) N NRX = NRX. E(XVUY)=EX)UVEX) * * *
©N (X=-2)=N X-N 2 EXnY)=EX)nEY) «  + =
R R R _ _ _
N (X-2)=N X-N Z. EXNY)CE(X)NEY) = * *

The following example proves (a) of Proposition 4.2.

Example 4.5 From Example 3.1, If X={h2},then E( )2 EX)VED)

N“X = {n}and N N"X = @ Hence, N E(X)=[EX)] * *
N“X % N"X. v C c « *
. . E(X ) =[E(X)]
The following example proves (b) of Proposition 4.2.
Example 4.6 From Example 3.1, If X = {hl } , then XcY—->EX)cCEQY) * * *
R

NRX = {hl} and N NRX = {hl,hz,hg}. XY —EX)c EY) . . .
Hence,NR N X # NRX.

: E(E(X)) = E(X) * * *

The following example proves (c), (d) of Proposition 4.2.
Example 4.7 From Example 3.1, If X = {hl , hz} and E(E(X))=E(X) * *

Z={h1,h3},then NRX = {h1’h2}’ NRZ = E_?(E(X))=E(X) .

hoh ), N (X-2Z)= @, N X ={n,h ,h} _ _ _
PR LY E(EWX) = E(X) . -

R R
N'Z={h,h,h} N (X-2) =14h}.
2 3 2 Table 2: Comparison among traditional rough and suggested models, by
Therefor N (X—-Z2) # N X — N Z and using their properties.
R R R

NR (X-Z) # N R X - N RZ. To compare between suggested neutrosophic soft upper
approximation and its modification, the following

Remark 4.1 A comparison among traditional rough model, ~proposition is introduced.

suggested neutrosophic soft rough model and its Proposition 4.3 Let (G, A) be a neutrosophic soft set on

modification, by using their properties, is concluded in a unverse U . For any considered set X < U , the

Table 2, where traditional rough are symboled by ( T ), following property holds

neutrosophic soft rough by( N ), its modification by ( M ) R —

and (*) means that, this property is satisfied, as follows N X < NRX
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Proof Obvious.

The following example illustrates that a containment
relationship between suggested neutrosophic soft upper
and its modification, may be proper.

Example 4.7 According to Example 3.1, Table 3 can be

created as follows

X

R
N X

NRX

1}

2

{n}

{h.n}

{h} {h} th.h}
{h .h} {h.h}  {n.h.h}
{h.h} thoh}  {hhh
{h .h} {h.h} {hhh)
{hh} thoh} Lk
{h.h} {hoh} Gk

thoh.h3}  {n.h.h} gk hh )

TS SR N SV I

{hoh h3  {nohohY otk ko k)

{h,h.h} o ghLhhY dhh kL

{hz’hs’h4’h5} {hz’hs’h4’h5}

U

Table 3: Comparison between suggested upper approximation and its

modification.

From Table 3, we can deduce that, for any considered set
X, the modified upper approximation is decreased. It

follows that its boundary region is decreased.

5 Neutrosophic soft rough concepts and their

modification

In this section, some of neutrosophic soft rough concepts
are defined as a generalization of rough concepts. Their
modification are introduced and compare with them.

Neutrosophic soft rough NR-definability and N -

definability of any subset X U , is defined as follows
Definition 5.1. Let (G, A) be a neutrosophic soft set on

U ,andlet X cU . Asubset X U , is called
(2) NR -definable, if NRX = NRX = X .

R
N X = X.

() N . -definable, if N RX

X and

(c) Internally NR -definable, if NRX
NRX #X.

(d) Internally N o -definable, if N RX = X and

NEX # X.

(e) Externally NR -definable, if NRX # X and

NRX = X.

(f) Externally NR -definable, if NRX # X and

N“X = X.

(2) NR -rough, if NRX # X and NRX # X .
() N_-rough it N X # X and NTX + X.

Proposition 5.1 Let (G, A) be a neutrosophic soft set on
U . For any considered set X cU , the following
properties hold

(a) X is NR-definable set — X is N - -definable set.

(b) X isexternally NR -definable set = X is
externally N . -definable set.

() X is N . -rough set = X is NR -rough set.

Proof Obvious.

The following example proves that the inverse of
Proposition 5.1, does not hold.

Example 5.1 According to Example 3.1, Table 4 can be
created, where (Ex) means externally definable and (R)
means rough as follows

Emad Marei, More on neutrosophic soft rough sets and its modification



Neutrosophic Sets and Systems, Vol. 10, 2015

27

Ex- NR EX-NR N R NR-R

R

{n} {h}

2

i}

3

{hh}

{h}
{h,.h}
{h.h} {h .h}
{h.h} {h .h}
{h h3} {hh}

{h3 ' hs} {hs ! hs}

{h ,h,h} {h .h.h}
{h.h.h} {h.h.h}
{h .h.h} {h .h.h}
{h,h.h} {h.,h,.h}

{hz’hs’h4’h5} {hz’ha’h4’h5}

Table 4: Comparison between NJR -definabilityand its modification.

From Table 4, it is clear that, by using a modified
suggested upper approximation, any considered set has a
big chance to change from NR -rough set to externally

N . -definable set. The reason of this is that its suggested

modified upper approximation is decreased in some
degrees.

In the following definition neutrosophic soft rough
membership relations and their modifications are defined.
Definition 5.2 Let (G, A) be a neutrosophic soft set on
U.,andlet XeU, X cU . Then

xe X,if xeNRX,
NR

Xe X,If XGWX,
NR

— . R

XEN X,if xeN X.
R

Proposition 5.2 Let (G, A) be a neutrosophic soft set on
aunverse U ,andlet XeU , X < U . Then,

Xe

X—>XeX->Xxe X-oXxe X,
NR N

NR
R

Proof From Propositions 3.2, 4.1 and 4.3, we can deduce
that

R —
NRX < X < N X < NRX . Then, by using
Definition 5.2, we get the proof, directly.

The following example illustrates that, the inverse of
Proposition 5.2, doesn’t hold.

Example 5.2 In Example 3.1, if

X ={h}and Z= {h } then NRZ = @, NRZ
={n,h}.N"Z ={h }and N'X =
{h,,h_,h } Hence, h_ gNRZ,although, h ez, h

e Z , although, h € Zandh ¢ X , although,
N 1 MR 3

R
h € X.
3 N
R

In the following definition neutrosophic soft rough
inclusion relations and their modifications are defined.
Definition 5.3 Let (G, A) be a neutrosophic soft set on
U.,andlet X,Z cU . Then

X< Z,if NRX < NRZ,

—

NR

XZNR Zif NRX — NRZ,

N

Xc

N
R

. R R
Zjf N XcN Z

In the following definition neutrosophic soft rough equality
relations and their modifications are defined.
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Definition 5.4 Let (G, A) be a neutrosophic soft set on a
unverse U , and let X,Z < U . Then

X= Zif NRX =NRZ,
~ MR

-

X=_ Zif NRX = NRZ,

-

X= Zif N'x=N"z,

Zijf X= Z and X=

NR
- NR NR

Xz Z9

X~ Zif X= Z and X= Z
N - N

R NR R

The following examples illustrate Definition 5.4.
Example 5.3 In Example 3.1, if

X1 = {hz}’ X2 = {hs}’ X3 = {hl,hz}and X4
= {hl,hS}.Then, N_R)(1 = MXZ = & and

NRX = NRX = N'X = N'X =
{hl,hz,hs}.Consequently, Xl jNR Xz’
X = X and X = X .

3 AR 4 30N 4

R

Example 5.4 According to Example 3.1,if A =

{el €. } . Tabular representation of Neutrosophic soft set

(G, A) canbe seen in Table 5, as follows

A h h h h h

€ (6,.6,2) (4,.6,.6) (64,2 (63,3 (8.2.3)

€ (7.4.3) (6,4.3) (7.2.5 (5.2..6 (7.3,4)

Table 5: Tabular representation of neutrosophic soft set in Example 5.4.
It follows that,

hl] . = {hl}’ hz] .

A

- {h1’h2}’ hs] T

A

(oo = thhh Y and b = )

If we take X1 = {h3} and X2 = {h3,h4},then
NRX = NRX = @andml = WU{Z =
R R
{h1’h3’h4} and N )(1 =N X2 = {hs’h4}'

Therefor X ~ X and X =~ X .
1 M2 soN T2

Proposition 5.3 Let (G, A) be a neutrosophic soft set on
aunverse U, X,Z cU andlet I € {NR,NR}.
Then,

(@) X =

NR

NRX .

(b) X =

N
R

N X.
R

© X= N'x.
NR

@X=Y > X~ Z.

e XcZ—>Xc Zad X Z.
-1 I

HhXczZ,Z= D > X= 0.

1 1

@ XcZ,X=U —>7Z=U.

1 1

(h)XgZ,ZzIQ - X=[®.

WNXcZ, X=U > 7Z= U.
I 1

Proof From Propositions 3.2, 3.3 and 4.1, we get the proof,
directly.

We can determine the degree of neutrosophic soft

NR -definability and N . ~definability of X cU, by
using their accuracy measures denoted by CNR X and
C Ny X , respectively, which are defined as follows

Definition 5.5 Let (G, A) be a neutrosophic soft set on
U andlet X U . Then,
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NRX modified approximations, we notice that, for any
C AR X==—, X=#9¢, considered neutrosophic soft rough set, its boundary region
NRX is decreased. It leads to more accurate results of any real
NR X life application.
CN B N x X#9 Remark 5.1 Let (G, A) be a neutrosophic soft set on
R

Proposition 5.4 Let (G, A) be a neutrosophic soft set on
U andlet X U, the following statements are satisfied

@0<C _(X)<C_ (X)<I.

=

(b) X is NR -definable, if and only if, CNR (X)=1.
(c) X is N . -definable, if and only if, C N, = 1.

Proof From Definitions 3.3, 4.1, 5.1 and 5.5, we get the
proof, directly.

A comparison between suggested neutrosophic soft rough
model and its modification, by using their accuracy
measures, is concluded in Table 6.

Example 5.5 From Example 3.1, we can create Table 6, as
follows

Accur acy measures

Sets C Cr,
ih,.h} 0.33 0.50
h.h} 0.33 0.50
th,.h } 0.33 0.50
th,.h.h} 0.50 0.67
ih,.h .h} 0.50 0.67
th,.h.h h} 0.40 0.50

Table 6: Comparison between suggested neutrosophic soft rough model
and its modification, by using their accuracy measures.

From Table 6, by wusing suggested modified
approximations, the degree of definability of all these
subsets is increased. It means that, when we use suggested

aunverse U ,andlet AU, X cU . If we consider the
following case : If

T,(h ) >0.5, then e(h) = 1, otherwise, e(h) = 0.

Hence, neutrosophic right neighborhood of an element /
is replaced by the following equivalence class

[A]=1{h € U: e(h )=e(h), e A} .1t follows that,

neutrosophic soft rough set approximations will be
returned to Pawlak’s rough set approximations.
Consequently, all properties of traditional rough set
approximations will be satisfied. Hence, Pawlak’s
approach to rough sets is a special case of the proposed
approaches in this paper.

Conclusion

The difference in neutrosophic logic is that there is a
component of indeterminate / , which means, for example
in decision making and control theory, that we have (/%)
hesitating to take a decision. It follows that proposed
models, in this paper, are more realistic than Pawlak’s
model. Pawlak’s approach to rough sets can be viewed as a
special case of neutrosophic soft approach to rough sets.
Our future work, aims to apply them in solving many
practical problems in medical science.
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