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ABSTRACT: This paper study an alternative development of the nano soft topology which is known as moderate
nano soft topology. Also, we define the characterization and properties are studied. Further we investigate
moderate nano soft interior and moderate nano closure are discussed in details.
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1. INTRODUCTION

The theory of soft set was developed by
Molodtsov, D. in 1999 [1]. It is a mathematical tool for
handling problems involving imprecise, indeterminacy
and inconsistent data, which was free from the
difficulties that have troubled the usual theoretical
approaches. Maji et al, [2] first applied soft set to
solve the decision making problem. Shabir and Naz
first introduced the notion of soft topological spaces,
which are defined over an initial universe with a fixed
set of parameters, and showed that a soft topological
space gives a parameterized family of topological
spaces Shabir, M., and Naz, M.[3] . The concept of nano
topology was introduced by Lellis Thivagaret al. in the
year 2013 [4]. Several authors [5-11] have
contributed in soft set and nano topological spaces.
The motive of this paper is to study about the
modification of nano soft nano topology is called as
moderate nano soft topology. Likewise, we study the
MS- approximation space and also, we define their
properties of MS-lower, MS- upper approximations
and MS- boundary region. We discuss their properties
and examples are defined.

2. Preliminary
In this section we recall some relevant definitions.

Definition 2.1 [4]: Let U be a non-empty finite set of
objects called the universe and R be an equivalence
relation on U named as the indiscernibility relation.
Elements belonging to the same equivalence class are
said to be indiscernible with one another. The pair (U,
R) is said to be the approximation space. Let X<U .

(i) The lower approximation of X with respect
to R is the set of all objects, which can be for
certain classified as X with respect to R and
it is denoted by Lr(X). That is,Lr(X)=

U{R(x): R(x) c X} where R(x) denotes
xeU
the equivalence determined by x.

(i) The upper approximation of X with respect
to R is the set of all objects, which can be
possibly classified as X with respect to R
and it is denoted by Uy (X)- That is, Uy(X)=

L{]{R(x) TR(X)NX = ¢} ,where  R(x)
denotes the equivalence determined by x.

(iii) The boundary region of X with respect to R is
the set of all objects, which can be classified
neither as X nor as not -X with respect to R
and it is denoted by Br(X). That is,

Br(X) = U, (X) ~Lr(X).

Definition 2.2 [4]: Let U be an universe, R be an
equivalence relation on U and tr(X) = {U, ¢, Lr(X),
Ur(X), Br(X)}where XCU, tr(X) satisfies the following
axioms:

1 U andd € tr(X).

(i) The union of the elements of any sub-
collection of tr(X) is in r(X).

(iii) The intersection of the elements of any
finite sub-collection of 7r(X) is in Tr(X).

That is, 7r(X) forms a topology on U called the nano
topology on U with respect to X. We call (U, tr(X)) as
the nano topological space. The elements of 7z(X) are
called nano-open sets.

Definition 2.3: [3, 11] A soft set (F, A) denoted by F4
on the universe U is defined by the set of ordered pairs
Fa={(e F (e)) : e€E, F (e) €P (U)}, where F : E-P (V)
such that F (e) = @ if e€ A. Here, F is called an
approximate function of the soft set Fa. The set F(e) is
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called e-approximate value set or e-approximate set
which consists of related objects of the parameter e€
E.

Definition 2.4: [3, 6, 11] A soft set (F,A) over U is said
to be NULL soft set denoted by ¢, if Ve € A,F(e)= ¢.

Definition 2.5:[3, 6, 11] A soft set (F,A) over U is said
to be an absolute soft set denoted by “U, if Ve € A,
F(e)=U.

Definition 2.6:[ 3, 6, 11] A union of two soft sets Fa
and Gs over a common universe U is the soft set (H,C),

where C = AUB, and Ve € C,
F(e)ifee A-B
H(e)=1G(e)ifec B— A4

F(e)uG(e)ifee ANB

We write FaU Gp=Hc

Definition 2.7:[ 3, 6, 11] An intersection of two soft
sets Fa and Gs over a common universe U is the soft
set Hc,where C = ANB,and Ve € C,H(e) = F(e)nG(e). We
write Fa N G = Hc.

Definition2.8:[3, 6, 11] For two soft sets Fa and Gs
over a common universe U, we say that Fa is a soft
subset of G,s if (i) A € B and (ii) Ve € A, F(e) and G(e)
are identical approximations. we write Fac Gg. Fa is
said to be a soft super set of Gs, if Gs is a soft subset of
Fa. We denote it by FaD Gs.

3. MODERATE ON NANO SOFT TOPOLOGY

Inthissection,wedefinethenanotopologic
alspaceinducedbysoftidealissaidtobe“nano
soft ideal topological space” and their
properties areinvestigated.

Definition 3.1: Let U be nonempty finite
universe,Fsbe a soft set over U where Fis a
map F: A =P (U).Let ¢ : U ->P (U) be another
map defined as ¥(x) = {a : x €F (a)}. Then the
pair (U, 1) is a MS-approximation space and
for any X CU.

(i) The MS-lower approximation is defined

as Ly(X) ={xeX: yY(x) =y(y) forall y
€X},where X¢= U -X

(i1) TheMS-
upperapproximationisdefinedasUy(X)={x
eX:p(x)=y(y)forsome y €X}.

(i11) TheMS-
boundaryregionisdefinedasBy (X)=Uy(X)
—Ly(X).

Definition 3.2: Let U be a nonempty finite set of
objects called the universe, FaCFEis
ansoftsetoverU.Then(U,j)isanorderedpairofMS

—approximationspaceandrl/*J(X)={U,

q,’),L*l/}(X),UIZ(X),BIZ(X)}),WhereXEU.Thatis,rl/*)(X)f
ormsamoderatenanosofttopologyonUhavingth
eatmostfiveelementsofsoftsetandtripleordered
pairof(U,rJ,E)is
calledamoderatenanosofttopologicalspaceoverU
withrespecttoX,thenthemembersof
TJ)(X)aresaidtobemoderatenanosoftopensetsi
nU.

Example 3.3:Let U={(a, b, ¢, d e f } Dbe the
universe, E= {e1, ez, e3, es estand
A={e1ez es3}beasetofparameters.LetX={a,c,f}
CUsuchthaty (a)={es, ez}, (b)={ez}=y(c), Y (d)
={e1}, P (e)={e3}, Y (f)={ese3}.Sincec € Xandb € X* .
ThenLy(X)=

{af}. Uy (X)={abcf},andBy (X) ={b,c}.HenceTl&X)
={U,p{af}.{abcf}{bc}} is a moderate nano soft
topologicalspace.

Definition 3.4: Let FACFrbe a soft set over U
and (U, ¥) be a MS- approximation space and
X €U. We define the characterization of five
basic types of moderate nano soft topological
space as followsas:

(i) IfLy(X)= ¢ andUy(X)=U,then,(X)={U,

¢  }iscalledasMNS-indiscretetopology
onU.

(i1) IfLy(X)=Uy(X)=U,thentheMNS-
topology, 7y (X)={U,¢,Ly(X)}.

(i1i) IfLy(X)= ¢ andUy (X)=U,thenMNS-
topology,rl&X)={U,¢,U¢(X)}.

(iv) If  Ly(X)=¢
thenMNS-topology

(X)) = {U, ¢, Ly(X), By(X)}-

(v) If Ly(X) =
Uy(X),whereLy(X)=¢andUy(X)=U,thenMN
S-discretetopologyon 7y (X) = {U, ¢, Ly(X),
Uy(X), By(X)}.

Proposition 3.5: Let Fa be a soft set over U and
(U,y)is an approximation space Then

@ Ly(X)EX< Uy(X)

and Uy(X) =U,
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(ii) Ly(¢p)=¢andUy(p)=¢
(i)  Ly(U)SUCS Uy(U)

(iv) Ly (XNN=L, (X)NL, ()

M U, (XY SU, (X)AU,(Y)
w) L, (XUY)DL,(X)UL,(Y)
wi) U, (XuY)=U,(X)uU,(Y)
wii) XcY=L,(X)cL,()U,X)cU,({¥)
(ix) U, (X)=[L,(X)]°

®  LX)=[U, X))

x) U, (L, (X)=[L,(X]

i) L, (L, (X)) =[L,(X]

i) U, (L, (X)) =[U,(X]

xv) U, (U, (X)) =[U,(X]
Proof:

(1),(ii) and (iii) is directly from the definition.

(iv) Letue L, (X)L, (Y) .Then ue L, (X)and
u €L, (Y) By eX
wu)=py(v)vve X€© eY
w(u) # w(z)Vz € Y which implies thatue X NY

wu)zy(vVve XCUY® =

XN =ue L,(XNY) . Conversely, let
uel, (XNnY) , u eXnY , yw) =y
Vv e (X NY)" Therefore we have ue X, ucY,
ww)zy(v) YveX UYS Also, we have
L,(X)NL,(Y) Yve(X N Y)C .Therefore, we
have ueX , wu)zy(»)VveX  and ueY
w(u)#w(z)Vze Y ,which
€L,(X)and ue L, (Y) Since
Hence Ly (XNY)=L, (X)L, (Y).

definition, u

and u

implies that u
uel, (XNY)

(v) Letue U, (X UY). Wehave y(u) = (V) for
someveE X MY .Therefore we can (u) = (v) for
someve X and y(u)=y(v) forsomeve Y .Since
uelU,(X)andue U, (Y) .Thatisue L, (X)
NL,(Y) Hence U (X NY)c U, (X)"U (Y).

(vi)Letue L, (X) UL, (Y). Wehave ue L, (X)or
ue L, (Y) Sinceue X, y(u) 2y (v)Vve X oru
€Y w(u)#y(z)Vz € Y Therefore, in particular
ue X UY,p(u)zw((v) Vve (X UY)" Since
XcXUuY=Xur)cXxu
=>xeL,(XUY).Hence

L,(XUY)D L, (X)UL,(Y)

(vi)Let ue U, (X) WU, (Y) .Wehave u
eU,(X)orueU, (Y) which implies that
yvw)=y() Ywwe X ory(u)=y(z)vVzeY.
Therefore, we have (1) =y (v)Vv € X UY .Thus,
ueU, (X UY) Hence
U,(XuY)2U,(X)VU,(Y).Conversely, letu
ey, (X UY) inparticular ue X UY,
w(u)=w(v) forsomeve X UY .Sinceue X,
yu)=y(v)Vve Xoruel

w(u) =y (y)Vy €Y .Both the above conditions
imply thatue U, (X)orue U, (¥) .Thus,u
eU,(X UY) andso
U,(XxXwy)cU,(X)wU (YY) Hence

U, (Xvuy)=U, (X)W ,(Y).

(viii) Let X < Y and ue L, (X) ,which implies that
ww)zy(v) YveX® . As Y cXC©
w(u)#w(z)VzeY . Thus, ue L,(Y) We get
L,(X)cL,(Y). Now let velL, (X) that is
v(v)#yp(z) VvelX XcY |
y(v)=y(z)VzeY. Thus, veL, (Y) We get
u,(x)cU,().

.Since
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(ix) Letue[L, (X)]° =U—L,(X).ThenuelU
ugl, (X ©).This gives that /(1) =/(v) for some
ve (X=X, thus, ueU, w(u)=w(v) for
some V€ X, and so ue U, (X). Conversely, let u
€U, (X) .Then, uel, y(u)=y()
ve X, Sothatug LW(XC)that isue U—LW(XC)
elL, (X
U, (X)=[L, (X"

for some

.Thus u Hence

(x) Letue [UW(XC)]C = U—UW(XC) .Thenue U
,ugU, (X©).By definition (1) #w(v) for all

v € X .This shows that ue X because otherwise, if
uelU-X, w(u)=w(v) which contradicts the

above condition .Thus ue X, w(u) #y(v) for all
veX®, and so ue L,(X). Conversely, let u
€ L, (X).Then, by definition ue X, y(u) #y(v)
for all ve Xc, which gives ug Uu/ (XC) that is, u
eU-U, (X ©).This implies that ue v, (XOI°.

Hence L, (X)=[U,(X)].

(xi) From () weget L, (X) < U, (L, (X))
.Consider u c U, (L, (X)) .Then we haveu e U
w(u) =y (v) forsomev e L, (X).By definition 3.1
wehave ve X y(v) = y(z)Vz e X . As

w(u) =y (v) weget w(u)#w(z)Vz e X . Thus,
ug X thatis,ue X andso get u € L,(X)
L,(X)cL,(Y).Hence L, (X)2U,(L,(X))
and now we conclude that L, (X) =U, (L, (X)).
(xii) From definition 3.1 we have
L,(L,(X)={uel,(X):y(x)+#y(y)forall
ve(L, (X))“}. By (i) we have L,(X) < X which
gives L, (X)¢ 2 X Thus in particular we have
L,(L,(X)={uel,(X):y(x)+#y(y)forall
ve(L, (X)) = L, (X).

(xiii) By () we have U, (L, (X)cU,(X) .
Conversely, if veU, (L, (X)) then by definition
3.1, veU, (X) or
v(v)=w(z)Vz e [Uw (X)]C If veU,(X) then
we get our required result .In the later case

y(v)#y(z) for some ze€[U, (X)]° so that
zgU,(X) that is w(z) #y(w) for all we X.
then, w(v)=w(z), w(v)=w(w), for all
we X. (i).Therefore ,we have ve[L, (X )]€ that is
veU,(L, (X)) =U,(X) by (xi)
Uu,(X)cuU,(L,(X)) .Hence
U,(X)=U,(L, (X))

either

But

xiv)By () U, (U, (X)) 22U, (X).For the reverse
inclusion, let u €U, (U, (X)) jthen by definition
31, wu)=w(v) for some velU, (X) that is
w(v)=w(z) for some z€ X .This implies that
w(u) =y/(z) for some z € X .So, u €U, (X) Thus

u,u,(X)cu,(X)
U,(X)=U,U,(X)).

.Hence

Proposition 3.6: Let (U,TJ}E) be moderate nano soft

topological space and Fa be a soft set over U and (U,J)
is an approximation space .Then for any Xe P(U),

either both u,ve U, (X) or u,ve U, (X)

Proof: If u €U, (X) then y(u) =y (v) for some

ze X But, as,w(u)=w(v) ,s0 w(v)=w(z) for
some z € X .This implies that ve U, (X).

Definition 3.7: Let (U,TJ}E) be a moderate soft nano
topological space over U . The moderate nano soft
closure of F,'is the soft set. That is MsCI(FN') =

MN{G,":G,"is moderate nano soft closed and

F,'©G,'}. Clearly Mscl( F,') is the smallest

moderate nano soft closed set that containing F,'

Definition 3.8: Let (U,TJ}E) be a moderate soft nano

topological space over U. The moderate nano soft
interior of F,'is the soft set. That is Msint(FN') =
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U{0,"0," is moderate nano soft open and

O',cF', }. Clearly Msint( ') is the largest
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