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Abstract: Rough set is a very powerful invention to the whole world for dealing with
uncertain, incomplete and imprecise problems. Also soft set theory and neutrosophic set
theory both are advance mathematical tools to handle these uncertain, incomplete, inconsis-
tent information in a better way. The purpose of this article is to expand the scope of rough
set, soft set and neutrosophic set theory. We have introduced the concept of neutrosophic
soft set with roughness without using full soft set. Some definition, properties and examples
have been established on neutrosophic soft rough set. Moreover, dispensable and equalities

are written on roughness with neutrosophic soft set.
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1 Introduction

The rough set theory was introduced by Z. Pawlak[13] in 1982, which is enlightened
to the researcher of Artificial Intelligence, Mathematics and Computer Science. Here an
inexact set “S” is categorized by two exact sets that is the lower approximation and upper

approximation of the set “S” through an equivalence relation.

Rough set is based on the knowledge about ones ability to discern the objects, data,
phenomenon ete. In 1983, W. Zakowski[17] defines the rough set using the covering instead of
equivalence relation (or partition) where the lower approximation of the set “S’ is the interior
of “S” and upper approximation of “S” is the closure of “S”. Later T.Y. Lin([9], 1988) defines
rough set through neighborhood operators(a new covering). Many researcher found different

approximation operators based on the covering and 1-neighborhood operators.

In 1999, F. Smarandache[16] introduced the concept of neutrospohic set(NS). Neutro-
sophic set is described by three functions: a membership function, indeterminacy function
and a non-membership function that are independently related, where the membership, in-

determinacy and non-membership functional values belong to |70, 17].
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In the same year, that is in 1999, D. Molodtsov[12] proposed the soft set theory for
dealing with uncertainties. The soft set is defined through a parameter set A and a mapping
F is defined from A to power set of the universal set. Soft set theory has a potential for
application in several direction. Maji, Biswas, Roy[7] in 2002 narrates the operations AND,
OR, Compliment and other set theoretic operations which attracts the researchers to study
more on soft set theory. P.K. Maji [8] in 2010 produced the concept “neutrosophic soft
set”. Feng feng et al[4] in 2009 published a paper on soft rough set and rough soft set. K.
Bhutani and S. Aggarwal([2],2017) defined neutrosophic soft rough sets and also in 2018 A.
Al-Quran, N. Hassan and E. Marei[1] defined the same.

In this note, we define roughness on neutrosophic soft set in a new manner which is
different from the above two and we believe it is the best approach to handle the uncertainty,

vague and imprecise data.

2 Rough set

Here we present the definition and some properties of rough set introduced by Z. Pawlak.
Let U be the universal set and M be an equivalence relation(a knowledge) on U called an in-
discernibility relation. U/M be the family of all equivalence classes of M known as categories
or concepts of M and for = € U, [z]p is an equivalence class of x. The relational system
K = (U, M) is called a approximation space. The M-lower and M-upper approximations of
a set X C U under the indiscernibilty relation M are defined as

MX = {zeU:[z]y CX} and
MX = {ze€U:[z]uNX # ¢}, respectively.

Definition 2.1. [13] Let U be universal set and M be an equivalence relation(a knowledge)
on U. For theset X C U, X is rough with respect to knowledge M if and only if M X # MX.

Otherwise X is called definable (or exact) set with respect to M. Also the M-positive, M-
negative and M-boundary region of X are defined as POSy(X) = MX, NEGy(X) =
U— MX and BNy/(X) = MX — MX, respectively.

Example 2.2.

Let U = {hl, ho,--- ,hg} be the universe of discourse, there are eight pebbles of different

colors. Let M be the knowledge(an equivalence relation) on U, so we get a partition of U as

U/M = {{hb h5}7 {hg, h4> h8}7 {h3}, {h(,, h7}},
that is {hl, h5} are the pebbles of blue color, {hQ, hy, hg} are of red color, {hg} is of green

color and {h67 h7} are of yellow color.



Let X = {h4, he, h7} C U. The lower and upper approximation of X is
MX = {hﬁ, h7}
MX = {hg, hy, he, hr, hg}
Hence, MX # MX. So, the set X is rough with respect to knowledge M.
Proposition 2.3. [1/] Suppose that (U, M) is an approzimation space and X,Y C U. Then
(1 MXCXCMX

)
(2) Mo=Mp=¢, MU=MU=U
(3) M(XUY)=MXUMY
(4)  M(XNY)=MXNMY
(5) XCY=MXCMY
6) XCY=MXCMY
(7) MXUY)DMXUMY
8) M(XNY)CMXNMY
9 M(-X)=-MX
(10) M(—X)=-MX

3 Soft Set

The concept of soft set was introduced by Molodtsov[12] in 1999. Here we discuss about

the soft set theory with some properties.

Definition 3.1. ([7, 10, 12]) Let U be an initial universe, £ be the set of parameters
related to U. Let P(U) denotes the power set of U, A C E and F be a mapping given by
F: A — P(U), then the pair (F, A) is called soft set over U. In other words the soft set is
characterized by a parameter set and a mapping on parameters. For every e € A, F(e) is
said to be e-approximate elements of U and soft set can be viewed as a parameterized family
of subsets of U.

A soft set (F, A) is called full soft set if UecaF'(e) = U.
Definition 3.2. ([4, 7]) For A, B C E, two soft sets (F,A) and (G, B) over a common

universe U, we find the set theoretic operations on soft set as

(1) Soft Subset: The soft set (F, A) is soft subset of (G, B) denoted by (F, A) C (G, B)
if AC Band F(x) C G(z) for all z € A. At that time (G, B) is said to be a soft super
set of (F, A).



(2)  Soft Equality:

Two soft sets (F, A) and (G, B) over a common universe U are said to be soft equal,
denoted by (F,A) = (G, B), if (F,A) is a soft subset of (G, B) and (G, B) is a soft
subset of (F, A) that is (F, A) C (G, B) and (G, B) 2 (F,A).

(3) Soft Union:

The union of two soft sets (F, A) and (G, B) over the common universe U is the soft

set (H,C'), where C = AU B and for all e € C,

F(e),ifec A—B
H(e) = { G(e),ifec B— A
Fe)UG(e),ifec ANB

We denote (H,C) = (F,A) U (G, B).

(4)  Soft Intersection: The intersection of two soft sets (F, A) and (G, B) over the
common universe U is the soft set (H,C'), where C'= AN B and for all e € C,
H(e) = F(e)NG(e). We denote (F, A)N (G, B) = (H,C).

(5) INOT set of a set of parameters:

Let £ = {el, ZIRRE ,en} be a set of parameters. The NOT set of E denoted by |FE
and is defined by 1E = {Je1,]ea, -+, ]en}, where Je; = not ¢;, for all i, 1 <i < n.

(6) Soft Complement:

The complement of a soft set (F, A) is denoted by (F, A)¢ and is defined by (F, A)¢ =
(F°,]A), where F*° :]A — P(U) is a mapping given by F“(e) = U — F(]e), for all
e €| A. Clearly, complement of (F¢,|A) is (F, A), that is ((F, A)°)° = (F,A). But in
general the complement of a soft set (F, A) that is, (F°,]A) is not a soft set, since
le: # E.

Example 3.3.

Let U = {$1,I’2, e ,x7} be the set of houses under consideration, ¥ = {al,ag,ag, a4,a5}
be set of parameters on U that is a; stands for expensive, as stands for beautiful, as stands
for wooden, a4 stands for cheap and as stands for green surrounding. Let a mapping F' :
E — P(U) be given by that is an expert is giving his views as F(a;) = {5, 26}, F(a2) = ¢,
Flaz) = {z4}, F(as) = {x3,27}, F(as) = {z1,26} and G : E — P(U) be a mapping(that is
another expert giving his views) given by G(a1) = {:1:4, x5, 336}, G(az) = ¢, G(az) = {332, 3:4},
Glay) = {xﬁ,x7}, G(as) = {xl,x@-}. Let A = {al,a4} CE,B= {al,a4,a5} C FE then the

soft set



(F,A) = {(al,G ) (a4,G(a4))}
= {(al,{xg),xﬁ}) (a4,{x3,$7})}
(G,B) = {(a1,G(a1)), (as, G(as)), (a5, G(as))}
= {(al,{x4,x5,x6}) (a4,{x3,x7}),(a5,{$1,x6})}

Hence, (F, A) C (G, B). Since A C B and F(a) C G(a), for all a € A.

Soft Complement (G, B)¢ = (G¢, |B)={(not expensive houses, {x1,zs,x3,27}), (not
cheap houses, {x1, z9, x3, x4, 25}), (not in the green surrounding, {z, 3, x4, x5, x7})}
= {(Mh {$1,$2,I37$7}), (]a4, {901,$2,$3,$4,$5}), (1615, {$2,$3,5E4,$57$7})}
Example 3.4.
Let U = {xl, To, -+ ,xg} be the initial universe, £ = {al, ag, - - - ,a5} be set of parameters
with respect to U. Let F' : E — P(U) be a mapping given by F(a;) = {:c'g,x5,:v6,x7},
F(ay) = {xl,mg,xﬁ}, F(a3) = {$6,x7}, F(ay) = {asg,x5,x7}, F(as) = {ml,x7}, and
G : E — P(U) be a mapping given by G(a1) = {z2, 25}, G(as) = {22, 26, 35}, Glaz) =
{xg,a:5,x7,x8}, G(ay) = {Il,xﬁ,xg}, G(as) = {xg,xg,x7}. Let A = {al,ag,a5} C FE,
B= {&2, g, a5} C E then the soft set are

(F.A) = {(ar.F()), (a2, F(az)), (as, F(as)) }

(a1, {xz, 5, %6, 7}), (a2, {21, 22, 76}), (a5, {x1,27}) }
(a2, ) (a4,G(a4)),(a5,G(a5))}
(

a2, {IQ, e, Is}) (64, {961, L6, $8}), (a5, {$2, I3, f?})}

{
(G.B) = {
{

The union of two soft set (F, A) and (G, B) is denoted by (F, A) U (G, B), is defined by the
soft set (H,C'), where C' = AU B and for all e € C, that is

(F,A)U(G,B) = (H C (H {al,ag,a4,a5})
= {((11, H(al)), (CLQ, H(CLQ)), (CL4, H(a4)), (CL5, H((l5))}
= {(a1, {902,%7%’, 907}), (a2, {$1,$2, e, ZES}), (a4, {$17$7, 958}),

(a5, {21, 22, 73, 27}) }

The intersection of two soft set (F, A) and (G, B) is denoted by (F, A) N (G, B), is defined
by the soft set (H,C), where C'= AN B and for all e € C, that is

(F,A)N(G,B) = (H,C)=(H, {az,a5})
= {(a2, H(a2)), (a5, H(as)) } = {(az, {wa, 26}), (a5, {w7})}
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4 Neutrosophic Set

It is some how a generalization of fuzzy set and intuitionistic fuzzy set theories known
as neutrosophic set theory, introduced by F. Smarandache. In this section we present the

definition and some operations on neutrosophic set.

Definition 4.1. [3, 6] The neutrosophic set A is a set of objects which defines on the universe

of discourse U as

X

x),va(x),wa

A= {<MA(

where the function p,v,w : U —]70,17[and 0 < pa(z) +va(x) +wa(z) < 3T forallz € U.

(x)>,:)3€U},

Here, pa(x), va(z), and wa(x) are named as the degree of membership(or Truthness), the
degree of indeterminacy, and the degree of non-membership(or Falsehood) of the element
x € U to the set A. For two neutrosophic sets A and B,

A = {<uA(x),VA(x),wA(x)>:xEU}’ and
B = {{ & )iz eU},

pp(r), vp(z), wp(T)

the relations on neutrosophic set are given as follows:

(1)  Subset:
The neutrosophic set A is a subset of neutrosophic set B if and only if ps(z) <
pp(x), va(z) > vp(z), wa(r) > wp(z).

(2) Equality:
The neutrosophic set A is equal to neutrosophic set B if and only if ua(x) = pp(z), va(zx)
vp(z), wa(r) = wp(z).

(3) Intersection:
The intersection of these two neutrosophic sets A and B is given by

i

ANB= , xe Uy,
i @) e @) maa(w), va @) masoaa),woa@) | < V)
(4)  Union:
The union of these two neutrosophic sets A and B is given by
x
AUB = {( )z eU},

maz(pa(x), pp(x)), min(va(z), vp(z)), min(wa(z), ws(r))
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(5) Complement:
The complement of neutrosophic sets A is denoted by A¢ and defined by

1= va(2), pa(z)

A = xeUy,
ot e e U}
(6) 0,=(0,a,1)and 1, = (1,0,0) for 0 < a < 1, are called null neutrosophic condition

and unit neutrosophic condition respectively.

Example 4.2.
Let U = {xl,mg, xs, x4,az5} be a set of quality of features that is, x; is for sharpness, x5 is
for sound, x3 is for color, x4 is for internet facilities and x5 is for video. Here A is LG TV

and B is Sony TV.

T T2 T3 Ty x5
Let A =
¢ {<o.9, 0.5, 0.4>’ <0.7, 0.5, 0.3>’ <O.8, 0.2, o.7>’ <0.6, 0.7, o.1>’ <o.o, 0.8, 1.0>}
B X1 To X3 Xy
N {<O.9, 0.5, 0.4>’ <0.7, 0.5, 0.3>’ <0.8, 0.2, O.7>’ <0.6, 0.7, O.1>}

Here, for the sharpness x; in LG TV, the degree of quality of goodness is 0.9, the degree
of quanlity of indeterminacy is 0.5 and the degree of worstness is 0.4 and so on. The video
quality x5 is not considered in LG TV, because the degree of membership is 0 and degree of
non-membership is 1.

4
0.9,0.5,0.3

T2
0.7,0.5,0.2

€3
0.9,0.1,0.5

Tyq

Ts
0.7,0.5, 0.1>’ <0.67 0.4, 0.8>}

Let B = {{

) ) )

Here, for the sharpness x; in Sony TV, the degree of quality of goodness is 0.9, the degree of

quanlity of indeterminacy is 0.5 and the degree of worstness is 0.3 and so on. Hence. A C B.

Example 4.3.
Let U = {xl,xQ,xg,u,xg,} be different treatments that is, x; stands for physical therapy,
2o stands for radiology, x3 stands for immunotherapy, x4 stands for phototherapy and zs

stands for chemotherapy. Here A is Delhi city and B is Mumbai.

T T2 T3 Ty T
Let A =
‘ {<0.7,0.2,0.5>’ <O.8,0.4,0.3>’ <0.5,0.5,0.5>7 <O.5,0.7,0.2>’ <0.8,0.5,0.3>}
T X9 T3 Ty Ty
dB =
an {<0.9, 0.2, 0.5>7 <0.7, 0.4, O.3>’ <0.8, 0.7, 0.1>7 <O.5, 0.7, 0.6>’ <0.6, 0.4, 0.2>}

be neutrosophic sets. Then union, intersection and compliment of two neutrosophic sets A
and B is

T T XT3 Ty Ty
AUB =
N {<0.9,0.2,0.5>’ <0.8,0.4,0.3>’ <0.8,0.5,0.1>7 <0.5,0.7,0.2>’ <0.8,0.4,0.2>}
T X9 T3 Ty Ts
ANB =
" {<0.7,0.2,0.5>’ <O.7,0.4,0.3>’ <0.5,0.7,0.5>’ <O.5,0.7,0.6>’ <O.6,0.5,0.3>}
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For the city Delhi and Mumbai, we get the degree of quality of goodness in physical therapy
is atleast 0.7, degree of indeterminacy is atmost 0.2 and degree of quality of worstness is
atmost 0.5.

=

1 X2 €3 {7

s
0.5,0.8,0.7>’ <O.3,0.6,0.8>’ <0.5,0.5,0.5>’ <O.2,0.3,0.5>’ <0.3,0.5,0.8>}

5 Neutrosophic soft set(NSS)

Maji[8] introduced the concept of neutrosophic soft set in 2013, also see more details
K. Bhutani and S. Aggarwal[2], D.Mohanty and N. Kalia[11].

Definition 5.1. [8] Let U be an initial universe set and E be the set of parameters on U,
A C E. Let NS(U) be the set of all neutrosophic sets of U, then the collection (Fi, A) is
called neutrosophic soft set over U, where Fy is a mapping given by Fy : A — NS(U).

Example 5.2.
Let U be the set of dresses under consideration and E be the set of parameters. Let
U = {Qfl,IQ,ZE37$4,]I5} and A = {al,aQ,ag} C E ,where E = {al,aQ,ag,a4,a5} that is
E:{beautiful, shinning, costly, modern, regular}. Suppose that

1 T x3

T4 Ts

F p—
N(al) {<0.6, 0.5, 0.4>’ <0.4, 0.7, ().3)’ <0.8, 0.5, O.4>’ <0.9, 0.6, 0.2>’ <O.O, 0.7, 1.0>}
T T2 T3 T4 Ts
F p—
N(GQ) {<0.9, 0.6, 0.3>’ <0.77 0.4, 0.2>’ <0.6, 0.2, 0.3>7 <0.7, 0.3, 0.2>7 <0.8, 0.2, 0.3>}
T ) X3 Ty Ts
F =
w(as) {<0.7, 0.4, 0.6>’ <0.9, 0.3, O.5>’ <0.7, 0.8, O.5>’ <O.O, 0.5, 1.0>’ <0.6, 0.1, 0.8>}

Then the neutrosophic soft set (Fy, A), where Fiy : A — NS(U) is defined as

NS4(U) = (Fn,A) = {(al,FN(al)), (ag,FN(a2)), (CLg,FN(CL3))}

B T i) I3 Ty
= o, {<0.6, 0.5, 01 <0.4, 0.7, 03 <0.8, 0.5, 04 <0.9, 0.6, 02}

T o) T3 T4 T
(ag, {<0.9, 0.6, 0.3>’ <0.7, 0.4, O.2>’ <0.6, 0.2, 0.3>’ <0.7, 0.3, 0.2>’ <0.8, 0.2, 0.3>})’

T ) T3 Ty
(a3 {<0.7, 0.4, 06 <0.9, 0.3, 05 <o.7, 0.8, 05 <0.6, 0.1, o5}

Now we define neutrosophic soft subset, equal, union and intersection on U.

Definition 5.3. [8] Let (Fy, A) and (Gy, B) be two neutrosophic soft sets over the com-
mon universe U. (Fy, A) is said to be neutrosophic soft subset of (Gn,B) if A C B, and
TFN(a)(:c) < TGN(Q)(JZ), IFN(Q)(m) > IGN(a)(x), FFN(G)(x) > FGN(Q)(JZ),VCL €A xeU We
denote it by (Fi, A) C (Gy, B). At that time we say (G, B) be the neutrosophic soft super
set of (Fiy, A).



Definition 5.4. [8] Two NSSs (Fix, A) and (Gy, B) over the common universe U are said
to be equal if (Fi, A) is neutrosophic soft subset of (Gy, B) and (G, B) is neutrosophic
soft subset of (Fy, A). We denote it by (Fn, A) = (Gn, B).

Definition 5.5. [8] Let (Hy, A) and (Gy, B) be two neutrosophic soft sets over the com-
mon universe U. Then the union of (Hy, A) and (Gy, B) is denoted by (Hy, A) U (Gy, B)
and is defined by (Hy,A) U (Gy,B) = (Ky,C), where C = AU B and for m € U the
truth-membership, indeterminacy-membership and falsity-membership of (Ky,C) are fol-

lows, respectively

Thy@(m), fac A—B
Try@(m) = Tay@(m), ifae B— A
maz(Tiry @)(m), Tay@(m)), ifa € ANB

]HN y(m), ifac A-B
@(m), ifaec B—A
IHN )(m) + Iy () (M)

2
FHN(a( ), ifaec A—B
FKN(Q)(m) = FGN(a ( ), ifae B—A
min(Fry@)(m), Fay@(m)), ifa€ ANB

Ty (m) =
,ifae ANB

Definition 5.6. [8] Let (Hy, A) and (G, B) be two neutrosophic soft sets over the common
universe U. Then the intersection of (Hy, A) and (Gy, B) is denoted by (Hy, A) N (Gy, B)
and is defined by (Hy,A) N (Gn,B) = (Ky,C), where C = AN B and for m € U the
truth-membership, indeterminacy-membership and falsity-membership of (Ky,C) are fol-

lows, respectively

TKN(“)(m> = mm(THN (m) TGN (m))
Igy@(m) = maz(lny@(m), ley@(m))
Fry@(m) = maz(Fuy@)(m), Fay@(m)), Va € C.

For example see P.K. Maji[§]

6 Neutrosophic soft set with roughness

In this section, N.Ss-lower and N Sy-upper approximations are introduced and their

properties are deduced and illustrated by examples. We can find the notation S4(X), for
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X CU and FE is a set of parameters, A C F,
Sa(X)={ueU:3eecAuc F(e) C X|}.
Clearly, S4(X) C X, Sa(¢) = ¢ and So(U) C U.
We note here that, neutrosophic soft rough set is defined without using full soft set.

Definition 6.1. Let U be a nonempty universe. Let E be set of parameters, A C F
and NS(U) be the set of all neutrosophic sets of U. The collection S = (Fy, A) be the
neutrosophic soft set(NSS) over U, where Fy be a mapping given by Fy : A — NS(U).
Then P = (U, Fy, A) is called neutrosophic soft approximation space. Now for X C U, we
define NS 4-lower and NS -upper approximation as

aprys, (X) = {(e sy € NSaU) s u € Sa(0)}

and apryg,(X) = NSa(U) —apr . (X9,

where S4(X)={ueU:Je€ Aue F(e) C X]}.
It aprys. (X) # apryg,(X), then X is neutrosophic soft rough set. Otherwise X is called

neutrosophic soft definable set.

Example 6.2.

Let U = {ml, XTo, - ,:1:10} be ten private new buildings are be sold and F = {fl, fo, f3, fa, f5}
be a set of parameters such that f; be the parameter that the building looks like police
quarter, the parameter f, be the buildings looks like peons quarters, f3 be the doctor’s
quarter, fy be officer’s quarter and f5; be teacher’s quarter. Let F' : E — P(U) be a
mapping given by F(f1) = {x1, 24,25}, F(f2) = ¢, F(fs) = {xs,25}, F(fs) = {21, 2, 23},
F(fs) = {xg,xﬁ}, and F(fg) = {xg,x4,x7}.

Now we define a mapping Fy : E — NS(U) by

Fn(f1) = Fy(building looks like police quarter)

B X1 To x3 Xyq Ts
B {<0.7, 0.5, 03 <0.0, 0.5, 0" <0.0, 0.9, 0" <O.8, 0.3, 05 <0.9, 0.7, 02"
Tg X7 xrs Tg Z10
<0.0, 0.8, 1.0>7 <0.0, 0.2, 1.0>’ <0.07 0.7, 1.0>’ <0.0, 0.6, 1.0>7 <O.O, 0.5, 1.0>}

. I L4 s
B {<0.7, 0.5, 0.3>’ <0.8, 0.3, 0.5>’ <0.9, 0.7, o.2>}

Here, building x, x3, g, 7, X3, g9 and x19 are not considered because the degree of member-

ship is 0 and degree of non-membership is 1.

Fn(fy) = Fy(building looks like peons quarter) = ¢

Fy(f;) = Fy(building looks like doctor’s quarter) = {( o

Ty
0.9,0.5, O.6>’ <0.8, 0.6, O.3>}
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X1 2

Fn(fs) = Fy(building looks like officer’s quarter) = {<0.8, 0.3, 0‘2>> <O.9, 0.4, 0'7>=

xs3
<().6, 0.7, 0.3>}

Fn(fs) = Fy(building looks like teacher’s quarter) = {( o

Te
0.7,0.4, O.1>’ <0.5, 0.3, 0.6>}

Now neutrosophic soft set over U is

(Fv,B) = {(fr, En(f), (fa Ex(f2)), (f3, Fn(f3)), (fa, En(fa)), (f5, Fn(f5)) }

N L1, Ly L5 Ty
- {(fl’{<0.7,0.5,0.3>’<0.8,0.3,0.5>’<0.9,0.7,0.2>}>’(fm)’<f3’{<0.9,0.5,0.6>’
Ts T ) T3
<0.8, 0.6, 0.3>}>’ (fa, {<0.8, 0.3, 03 <0.9, 0.4, o7 <0.6, 0.7, o.3>})’
T3 Tg
(fs. {<0.7, 0.4, 0.1>’ <0.5, 0.3, 0.6>})}

Let X = {334,.7}5,338} 5 X = {;1:1,372,233,;136,:1:7,339,3:10} CUand A= {fl7f3af5} CE. Herea
Sa(X) = {4, 25} € X C U. Then the neutrosophic soft set (Fy, A) is

(Fn,A) = {(fi, Fn(f1)), (f3, Ex(fs)), (fs, Fn(f5))}

L1, T Ty o
(o {<0.7, 0.5, 03" <0.8, 0.3, 05" <0.9, 0.7, o.2>})’ (fs, {<m>,
L5 T3 Tg
<0-8,0-6,0.3>})’ (5 {<0.7,0.4,0.1>’ <0.5,0.3,0.6>}>} = N5a(U)

Now, NS -lower approximation of X is

Ty T5
0.9, 0.5, 0.6>’ <O.8, 0.6, o.3>})}
T3

Ze
0.7,0.4, 0.1>’ <0.5, 0.3, ()6)})}

apryg (X)) = {(s{(
@NSA(XC) = {(f57{<

The NS 4-upper approximation of X is

T1, Ty T5 Ty

aprys, (X) = 1, {<o.7, 0.5, 03 <0.8, 0.3, 05 <0.9, 0.7, 0.2>})’ (Fs, {<0.9, 0.5, 06

<0.87 0.56, 03>})}

Thus, X is rough with respect to knowledge NS4, since @NSA(X) # apryg, (X).

Theorem 6.3. Let S = (Fn,A) be neutrosophic soft set over U, P = (U, Fyn,A) be a
neutrosophic soft approximation space and X,Y C U, then we have
2. %NSA(U) = NSA(U> = WNSA(U)?
3 XCY = %NSA(X) C %NSA(Y),
)

4. X CY = apryg, (X) C aprys, (V).
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5. %NSA(XHY) C %NSA(X) H%NSA(Y),
6. %NSA(XUY) 2 %NSA(X) U%NSA(Y),
7. apryg, (X NY) Capryg, (X) Napryg, (V).

Proof. From definition of N S-lower and NS4 upper approximation, (1) and (2) are straight-
forward. So we prove the remaining.

Assume that X C Y.

Let u € apr, . (X), by definition there exists one a € A such that u € F(a) C X and

(a, {<MA(U),VA<U>,WA(U)>}) € NSa(U).
So that u € F(a) € X CY and (a, {{

u

pra(u), va(u), wa(u

))}) € NS4(U).
This implies u € apr, . (Y).

Hence, %NSA(X) Capryg, (Y). This proves (3).

Remaining properties comes directly.

]

Definition 6.4. Let S = (Fy, A) be a neutrosophic soft set over U. For any ej,eq € A,

there exists e3 € A such tlr;at F(e3) = F(e1)NF(ez) # ¢ and (e, {<MA(U), VA(U),WA<U>>}) €
NSA(U)’ (627 {<

@ o) € NEaU), palw) vatw).walu) € [0,1] for w € U,

then S is called intersection complete neutrosophic soft set.

Proposition 6.5. Let S = (Fy, A) be an intersection complete neutrosophic soft set over U

and P = (U, Fy, A) be a neutrosophic soft approximation space. Then we have
@NSA(X ny) = @NSA(X) ﬂ@NSA(Y).
Proof. We have only to show apr e (XNY)D @NSA(X) Napryq. (Y), since,
@NSA(X nyY) C @NSA(X) Napr . (Y) is proved in theorem 6.3.

Let u € @NSA(X) O@NSA(Y), then there exists ej,es € A such that u € F(e;) C X,

u
e, € NSp(U),and u € F(e3) CY (eq, €
( 1 {<MA(U)7VA(U),WA<U>>}) A( ) ( 2) ( 2 {<MA(U)7VA(U),WA<U>>})
NS4(U). By definition of intersection complete soft set , there exists e3 € A such that

u€ Fleg) = F(e;) N F(eg) CXNY.
Hence, u € @NSA(X ny).

Therefore,
apr g (X)Nvapry o (V) Capry  (XNY)
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Example 6.6.

Let U = {hl,h27"' ,hlg} be universe of discourse and E = {61,62, e ,67} be a set of
parameters. Let F : E — P(U) be a mapping given by F(ei) = {hi,hs}, F(e2) = ¢,
F(e3) = {hg}, F(eq) = {hl,hlo}, F(es) = {h5}, F(eg) = {hG} and F(e7) = {hg,hlo}.

Let X = {hy, hs, hs, hr,hs, ho}, Y = {hi, ho, hs, hio},then X¢ = {ha, hy, he, h1o},, Y =
{hy, hs, he, h7, hg, ho} C U and letA = {ey, e3,¢e4,€5,¢6} C E.

Thus, Sa(X) = {h1, hs, hs} C X and S4(Y') = {h1, hs, hs, hio} C Y. Then neutrosophic soft

set over U be

hy hs hy
(P, E) = {<€1’{<0.2,0.4,0.5>’<0.9,0.7,0.1>})’(62’¢>’<63’{<0.9,0.2,0‘4>})’
h/l th h5
(64’{<0.7,0.2,0.1>’<1.0,0.1,0.5>}>’(e5’{<O.8,O.5,0.5>})’
hﬁ h9 h’lO
<€6’{<o.7,0.1,0.3>})’(67’{<o.9,o.1,0.0>’<1.o,o.3,0.5>})}
(Fi, 4) = {(61’“0.2,(?.14,0.5)’<0.9,(§L.57,o.1>})’(63’{<o.9,(?.?§,0.4>})’
h’l hl[) h5
(64’{<0.7,0.2,0.1>’<1.0,0.1,O.5>})’(65’{<0.8,O.5,0.5>})’
he
<€6’{<o.7,0.1,0.3>})}

h,l h5 h3
apryg, (X) = {(61’{<0.2,0.4,0.5>’<0.9,0.7,0.1>}>’(63’{<o.9,0.2,0.4>})}
aprys, (V) = {(61’{<0.2,(§L.14,0.5>’<0.9,(;l.57,0.1>})’(63’{<o.9,gz,0.4>})’

h’l hl[)

(64’{<0.7,0.2,0.1>’<1.0,0.1,0.5>})}

Now, X NY = {hy, hs}, (X NY) = {hg, hy, hs, he, hz, hs, hg, hio}

wrys, (X0Y) = (e (g paop D)
]’Ll h5

Hence, apry, (XNY) C apr (X)O@NSAO/):{(61’{<o.2,0.4,0.5>’<0.9,0.7,0.1>})’

— NS4
hs

(63, {<m>})}

Next, X U Y = {hl, hg, hg, h5, h7, hg, hg, th} and

hy
0.2,0.4, 05

hy
(e4, {<0.7, 0201

hs h
090701 e Uggoa02

hio hs
o005 @ Gsos05 )

apryg (XUY) = {(er,{{
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Therefore, aprys. (X) Uapr s, (Y) Capr, . (XUY).

NSy
c h5 h@
Now, apr .o (XNY)9) = {(es, {<m>})’ (€6, {<m>})}
h1 h5 h3
Wy, (X NY) = {(61’{<0.2,0.4,0.5>’<o.9,0.7,0.1>})’(€3’{<0.9,0.2,0.4>})’
ha h1o
(64’{<0.7,0.2,0.1>’<1.0,0.1,0.5>})}
a7 g (X) = (oo, { (gD D)} = aprygg (7). So that
hl h5 h3
apr g, (X) = apryg, (V) = {(61,{<0‘2’0‘4’0‘5>7<0‘9’0.770.1>})7(€3={(m)}),
hy hio hs

(€4, {<o.7,o.2,0.1>’ <1.0,0.1,0.5>})’ (e, {<0.8,0.5,0.5>}>}
Therefore, apryg, (X NY) Capryg, (X) Napryg, (V).

7 Equality on neutrosophic soft rough set

Definition 7.1. Let (Fy, A) be an NSS on a universe U, A C E. For all X|Y C U, we

define binary relation

1. Sets X and Y are bottom NS4 equal (X =<ns, Y) if and only if @NSA(X) =
wpryg, )

2. Sets X and Y are top NSy equal (X g, Y) if and only if apryg, (X) = apryg, (V)

3. Sets X and Y are NS4 equal (X ~yg, V) if and only if@NSA(X) = apr
apr s, (X) = apryg, (Y)

(Y) and

NS4

Proposition 7.2. Let (Fy, A) be NSS over universe U, A C E. Then

1. If X CY and Y Xns, ¢, then X Zng, ¢,
2. If X CY and X <ng, U, then Y <yg, U,
3. If X CY and Y <Xns, ¢, then X <ns, ¢,

4. [fX Q Y andY %NSA U, then X %NSA U.

14



Proof. (1) Given X CY and Y Xyg, ¢, so that apryg, (X) C apryg, (V) and apryg, (V) =
0.

Hence, apryg,(X) = ¢ =apryg, ()

(2) Given, X 4NSA U and X g Y, then WNSA(X) == WNSA(U) and WNSA(X) -

apr g, (Y). But we know that
aprys,(Y) Capryg, (U), hence

apr s, (Y) = apryg, (U)
Remaining properties comes directly.

We note here that X <yg, YV if and only if X NY Xyg, X and X NY <y, Y is not true

in general. [l

8 Dispensable

In this section, we shall discuss about dispensable and indispensable of NSS. Let
(Ly,A), (My,B) and (Py,C) be NSS on U, where A, B, C C S and Ly : A - NS(U),
My : B— NS(U), Py : C — NS(U) be the mappings. Let (Fy, S) = {(Ly, 4), (My, B), (Py,C)}.
We define approximate NSS, which is denoted by APP and defined by

APP((Fy,S)) = APP{(Ln,A),(My,B),(Py,C)}
= {(la,ms,ps), {Ln(la), Mn(mp), Pn(ns)}| 1 < o, 8,6 < n}
= {(e;, Fn(ei))|e; € S},

wherel, € A,mg € B,ps € Cande; € S C AXBxC, Fy(e;) = {Ln(la), Mn(mg), Py(ns)}.
Also we write the difference in approximate NSS as APP((Fy,S) — (Ln,A)) =
APP((My, B), (Py,C))

Definition 8.1. T'wo approximate Neutrosophic soft sets APP(Iy, X) and APP(Jy,Y) are
said to be equal that is, APP(In, X)=APP(Jy,Y) if for every x; € X there exists one y; € Y
such that Iy (z;) = Jn(y;) for some 1 <, j < n and for every y; € Y there exists one x; € X
such that Jy(y;) = In(z;) for some 1 < 4,5 < n, where X,Y C E and Iy : X — NS(U),
Jx Y — NS(U).

Definition 8.2. The NSS (Ly, A) is dispensable in {(Ly, A), (My, B), (Py,C)} if APP((Fn,S)) =
APP((Fy,S)—(Ly,A)). And if APP((Fy,S)) # APP((Fn,S)— (Ly,A)), then (Ly, A) is
indispensable in (Fy, S).
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Definition 8.3. The NSS (Fl, S) is independent if each (Ly, A) C (F,.S) is indispensable
in (Fy,S). Otherwise NSS (Fy, S) is dependent.

Example 8.4.

Let U = {x1,2, - ,x¢} be six most affected states in India due to Corona virus infection.
Here z is a group of persons from the state Maharashtra whose corona positive is detected,
x9 is a group of persons from the state Kerala whose corona positive is detected, x3 is
from Tamil Nadu, x4 is from Delhi, x5 is from Uttar Pradesh and x4 is from Karnnataka.
Let E = {ej,ea,--- ,e11} be the set of parameters with respect to corona virus infection
in the human body such that e; is aches, ey is difficult in breathing, es is tiredness, ey is
chill. e5 is fever and cough, eg is sore throat, e; is loss of smell, eg is loss of taste, eg is
headache, ejo is diaarhea and eq; is severe vomiting. Let A = {ey,eq,e5}, B = {eg, €7, €3},
C = {eg,e19,e11} C E. Assume that Ly(e;) = {z3, 25,26} that is, aches symptoms is
marked in human body due to corona infection in states Tamil Nadu, Uttar Pradesh and
Karnataka, Ly(es) = {xq, x4} that is, difficulty breathing is marked in human body due
to corona infection in states Kerala and Delhi and Ly(es) = {x1, 3,24} that is, fever and
cough is marked in human body due to corona infection in states Maharashtra, Tamil Nadu
and Delhi. My(eg) = {x1, 25,26}, My(e7) = {xe, x3, 24} and My(es) = {x2,z6}. Similary,
Pn(eg) = {xa, 25,26}, Pn(e10) = {1,725} and Py(e11) = {x3, 24}

Now, (Ly,A) = {(el,LN(el)),(eg,LN(eg)),(e5,LN(e5))}

xs3 X5 Te X2

- {<el’{<1.0,0.9,0.8>’<0.7,O.6,O.9>’<O.8,0.3,0.7>})’(62’{<0.7,0.6,0.9>’

Ty T I3 Ty
<0.8, 0.6, 09)1) (s {<0.6, 0.3, 03 <0.7, 0.8, 06 <0.3, 0.5, 0.8>})}

(My,B) = {(es, Mn(es)), (ez, Mn(ez)), (es, M /(es)) }

o 1 Ty Tg a1
- {(66’{<0.7,0.4,O.1>’<O.8,O.5,O.7>’<O.8,0.3,0.7>})’(67’{<O.7,0.4,0.1>’
T3 Ty ) Tg
(500406 0602037 550106 ‘To0s, 031}

(PN,C) = {<€97PN(69>>7(6107PN(elo))7(€117PN<611))}

. T2 T T I
- {(69’{<1.0,0.6,0.4>’<0.9,0.2,O.7>’<0.7,O.4,0.3>})’(610’{<0.9,0.3,O.1>’
Ts x3 Xyq
Omoa01) G5 0003) 0702, o1

APP((Ln,A), (M, B),(Pn,C)) = APP((Fn,5))(say)
= {((61766769)7{<

Zs
{<0.7, 0.6,0.9

((61768769)7{<

Ts
0.7,0.6, 0.9>’<

>})7<<617677611)7{<

0.7,0.5,0.7

Te
0.8,0.4,0.7

xs3

0.8,0.9, 0.8>})’
>})7((627677611)7{<

Ty
0.6,0.6,0.9
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(s, €6, e10), {55 (ﬁ g2/ (e enen) A5 (;Ugé 06" 03, (;645 os D}
= {(s1, Fn(51)), (52, Fiv(52)), (53, Fn(53)), (54, Fn(54)); (55, F(85)),

(s6, Fn(s6)), (s7, Fn(s7)) };

L5 Tg
d . As L N
{<0.8,0.5,0.6>’<O.6,0.4,0.3>} and so on. As Ly(er)

My (eg) N Py(e11) = ¢ the element ((eq, g, €11), ) in APP(Fy,S) is not written.

where s1 = (ey,eq,6€9), Fn(s1) =

Now, APP((Fy,S) — (Ly,A)) = APP((My,B),(Py,C)) = APP(Zy,T), suppose

Ts Ze

= s en) U507 (G007 (e ew).
{67 0.11, 01 o, 0.55, o)1) (ler ew) (G = 0.2, 01t
((er, en). {55 (f.i AT gi 03)3) ((es0),
oy 0.26, 06" ‘0. 0.65, o3}

= {(t1, Zn (1)), (t2; Zn(t2)), (ts, Zn(13)), (ta, Zn(ts)),
(ts, Zn(ts))}
# APP((Fy,5))

Ts Te

e thongh (1) = (75 7)) = 0 ) =) £
(0 1% 1% 5 ) = g ol # 20 (e = At gal) #
it () = (g g)) # (e Pl = (i) # (), ) -
i (;B.Z,o.l% o7 096.55,0.7” 7 Fiv(sj) and Z(ts) = {<0.9,(§C.26,0.6> (o7 0 5 03/ 7 Enlsi)
where 1 < j < 7.
Hence, (Ly, A) is indispensable in (Fy, S).
Now, APP((Fx,S) — (My,B)) = APP((Ly,A),(Py,C)) = APP(Qy, R), say
- {((el’eg)’{<o.7,§%,o.9>’<0.7,§%,0.9>}>’((61’610)’
Uo7, 556,0.9»’<(€1’611)’{<0.8,(i;,0.8>})’((62769)’
o (?.26,0.9>})’((62’611)’{<0.7, 52,0.9”’((6"”610)’
“0.6,(%,0.2»’((65’6“)’{<0.7, (;g.?é’;,o.e’>’ <0.3,§;,0.8>)}

= {(7‘1, Qn(r1)), (r2, Qn(r2)), (13, @n(13)), (T4, @n(T4)),
(r5,Qn(r5))}
# APP((Fy,5))
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Hence, (My, B) is indispensable in (Fy, 5).

APP((Fy,S) = (Pn,C)) = APP((Ln,A),(My,B)) = APP(Vy, D)

- {<(61’eﬁ)’{<0.7,556,0.9>’<0.6,§.§,0.7>})’((61’67)’“0.9,5;,0.8»’
(eres) (oo (e en). { (oo s ((eases),
&7 o.is, 09 ((es.¢0)- UGy 0.11, 02 ((esen) gy 0.11, 02
(o o.?é, 0603, 0.45, 08

= {(d1, Vn(dh)), (d2, Vv (dy)), (ds3, Viv(ds)), (da, Viv(da)), (ds, Viv(ds)) }

# APP((Fy,5))

Hence, (Py,C) is indispensable in (Fy,S). Therefore, (Fy, S) is independent.

9 Conclusion

In this note it is defined the notion of neutrosophic soft rough set in new manner which
is a combination of three theories that is rough set theory, soft set theory and neutrosophic
set theory. We have studied some of their basic properties like union, intersection and
complement. Some authors have defined neutrosophic soft rough set using full soft set which
is not convenient to handle indeterminant and incomplete data. In this article neutrosophic
soft rough set is established without using full soft set and also equality and dispensability

on neutrosophic soft rough set are illustrated with examples.
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