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1 Introduction

Zadeh'’s [1] classical concept of fuzzy sets is a strong mathemati-
cal tool to deal with the complexity generally arising from uncer-
tainty in the form of ambiguity in real life scenario. Researchers
in economics, sociology, medical science and many other several
fields deal daily with the vague, imprecise and occasionally in-
sufficient information of modeling uncertain data. For different
specialized purposes, there are suggestions for nonclassical and
higher order fuzzy sets since from the initiation of fuzzy set the-
ory. Among several higher order fuzzy sets, intuitionistic fuzzy
sets introduced by Atanassov [2] have been found to be very use-
ful and applicable. But each of these theories has it’s different
difficulties as pointed out by Molodtsov [3]. The basic reason
for these difficulties is inadequacy of parametrization tool of the
theories.

Molodtsov [3] presented soft set theory as a completely
generic mathematical tool which is free from the parametriza-
tion inadequacy syndrome of different theory dealing with un-
certainty. This makes the theory very convenient, efficient and
easily applicable in practice. Molodtsov [3] successfully applied
several directions for the applications of soft set theory, such as
smoothness of functions, game theory, operation reaserch, Rie-
mann integration, Perron integration and probability etc. Now,
soft set theory and it’s applications are progressing rapidly in dif-
ferent fields. Shabir and Naz [4] presented soft topological spaces
and defined some concepts of soft sets on this spaces and separa-
tion axioms. Moreover, topological structure on fuzzy, fuzzy soft,
intuitionistic fuzzy and intuitionistic fuzzy soft set was defined by
Coker [5], Li and Cui [6], Chang [7], Tanay and Kandemir [8],
Osmanoglu and Tokat [9], Neog et al. [10], Varol and Aygun
[11], Bayramov and Gunduz [12,13]. Turanh and Es [14] defined
compactness in intuitionistic fuzzy soft topological spaces.

The concept of Neutrosophic Set (NS) was first introduced
by Smarandache [15,16] which is a generalisation of classical
sets, fuzzy set, intuitionistic fuzzy set etc. Later, Maji [17] has
introduced a combined concept Neutrosophic soft set (NSS).

Using this concept, several mathematicians have produced their
research works in different mathematical structures for instance
Arockiarani et al.[18,19], Bera and Mahapatra [20], Deli [21,22],
Deli and Broumi [23], Maji [24], Broumi and Smarandache [25],
Salama and Alblowi [26], Saroja and Kalaichelvi [27], Broumi
[28], Sahin et al.[29]. Later, this concept has been modified by
Deli and Broumi [30]. Accordingly, Bera and Mahapatra [31-36]
have developed some algebraic structures over the neutrosophic
soft set.

The present study introduces the notion of connectedness,
compactness and neutrosophic soft continuous mapping on a
neutrosophic soft topological space. Section 2 gives some pre-
liminary necessary definitions which will be used in rest of this
paper. The notion of connectedness and compactness on neutro-
sophic soft topological spaces along with investigation of related
properties have been introduced in Section 3 and Section 4, re-
spectively. The concept of neutrosophic soft continuous mapping
has been developed in Section 5. Finally, the conclusion of the
present work has been stated in Section 6.

2 Preliminaries

In this section, we recall some necessary definitions and theo-
rems related to fuzzy set, soft set, neutrosophic set, neutrosophic
soft set, neutrosophic soft topological space for the sake of com-
pleteness.

Unless otherwise stated, I is treated as the parametric set through
out this paper and e € E, an arbitrary parameter.

2.1 Definition [31]

1. A binary operation x* : [0, 1] x [0, 1] — [0, 1] is continuous ¢ -
norm if  satisfies the following conditions :

(i) * is commutative and associative.

(ii) * is continuous.
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(ii)ax1=1%a=a, Ya €[0,1].
(ivy axb<cxd if a<c, b<d with a,b,c,del0,1].

A few examples of continuous ¢t-norm are a x b = ab,a * b =
min{a,b},a * b= max{a+b—1,0}.

2. A binary operation ¢ : [0, 1] x [0,1] — [0, 1] is continuous ¢ -
conorm (s - norm) if ¢ satisfies the following conditions :
(i) ©is commutative and associative.
(i1) ¢ is continuous.
(ii)ao0=0¢a=a, Va €[0,1].
(iv) aob<cod if a<e¢, b<d with a,b,c,d € [0,1].
A few examples of continuous s-norm are a ¢ b = a + b —
ab,a b= max{a,b},aob=min{a+b,1}.

2.2 Definition [15]

Let X be a space of points (objects), with a generic element
in X denoted by x. A neutrosophic set A in X is charac-
terized by a truth-membership function 74, an indeterminacy-
membership function I4 and a falsity-membership function Fy.
T4(z), Is(x) and F4(z) are real standard or non-standard sub-
sets of |70,1%[. That is Ta,Ia,Fa : X —]70,1%[. There
is no restriction on the sum of Ts(z),Ia(x), Fa(x) and so,
0 <supTa(x)+supla(x)+sup Fa(z) < 3.

2.3 Definition [3]

Let U be an initial universe set and E be a set of parameters. Let
P(U) denote the power set of U. Then for A C FE, a pair (F, A)
is called a soft set over U, where F' : A — P(U) is a mapping.

2.4 Definition [17]

Let U be an initial universe set and E be a set of parameters. Let
NS(U) denote the set of all NSs of U. Then for A C F, a pair
(F, A) is called an NSS over U, where F : A — NS(U) is a
mapping.

This concept has been modified by Deli and Broumi [30] as
given below.

2.5 Definition [30]

Let U be an initial universe set and E be a set of parameters. Let
NS(U) denote the set of all NSs of U. Then, a neutrosophic soft
set IV over U is a set defined by a set valued function fy repre-
senting amapping fy : E — NS(U) where fy is called approx-
imate function of the neutrosophic soft set V. In other words, the
neutrosophic soft set is a parameterized family of some elements
of the set NS(U) and therefore it can be written as a set of or-
dered pairs,

N = {(6,{< LE,TfN(e)(SL'),IfN(e)(ZL'),FfN(e)((E) >.x e U}) :
e€ E}

where Ty (o) (%), Iy (e) (), Frye)(z) € [0,1], respec-
tively called the truth-membership, indeterminacy-membership,
falsity-membership function of fx(e). Since supremum of each
T,1,F is 1 so the inequality 0 < Ty, (e)() + Lfy(e)(x) +
Fpy(ey(x) < 31is obvious.

2.5.1 Example

Let U = {hi,ho,h3} be a set of houses and E =
{e1(beautiful), eo(wooden), ez(costly)} be a set of parameters
with respect to which the nature of houses are described. Let,

fn(er) = {< hy,(0.5,0.6,0.3) >, < hs, (0.4,0.7,0.6) >, <
hs, (0.6,0.2,0.3) >};

fn(es) ={< h1,(0.6,0.3,0.5) >, < hy, (0.7,0.4,0.3) >, <
hs, (0.8,0.1,0.2) >};

fn(es) = {< h1,(0.7,0.4,0.3) >, < ho, (0.6,0.7,0.2) >, <
hs, (0.7,0.2,0.5) >};

Then N = {[e1, fn(e1)], le2, fn(e2)], [es, f(e3)]} is an NSS
over (U, E). The tabular representation of the NSS NV is as :

Table 1 : Tabular form of NSS V.

In(e1) In(e2) fn(es)
i | (05,0.603) (0.603.05 (0.7.0.4023)
hy | (040.7,06) (0.7,0403) (0.6,0.7,0.2)
hs | (0.6,0.2,0.3) (0.8,0.1,0.2) (0.7,0.2,0.5)

2.6 Definition [30]

1. The complement of a neutrosophic soft set NV is denoted by
N°€ and is defined by

Ne = {(e,{< @, Fryey(), 1 = Ipye)(x), Try(e)(w) > €
U}):e€ E}

2. Let Ny and N3 be two NSSs over the common universe (U, E).
Then V; is said to be the neutrosophic soft subset of Ns if Ve €
EandVx e U,

Tpy, (e)(@) < Ty, ) (@), Ly, () (@) 2 Ty, o) (@),
Fro (@) 2 Fry, o) (@)

We write N7 C N, and then Ns is the neutrosophic soft su-
perset of N.

2.7 Definition [30]

1. Let N7 and N3 be two NSSs over the common universe (U, E).
Then their union is denoted by N1 U Ny = N3 and is defined as :

N3 = {(6, {< vafN3(e)(x)aIfNB(e)(fE),FfNS(e)(.T) > x €
U}):e€ E}

where Ty (o) (2) = Ty ()() © Ty, (e) (@) Lpy,(0)(®) =
Ty () (®@) 5 Iy () (@), Fry, o) (%) = Fry 0) (%) * Fiy, () (2)-

2. Their intersection is denoted by N; N Ny = Ny and is defined
as :

Tuhin Bera and Nirmal Kumar Mahapatra: On Neutrosophic Soft Topological Space



Neutrosophic Sets and Systems, Vol. 19, 2018

N4 = {(e, {< .%‘,TfN4(e)(1'),IfN4(e)(x),FfN4(e)(x) >1x e
U}):e€ E}

where TfN4(e)(x) = Tle(e)(:r) * TfN2(e)(x),IfN4(e)(x) =
Tty () (@) 0 Ly, () (@), Fry, (e)(€) = Fiy () (@) © Fiy, () ().

2.8 Definition [33]

1. Let M, N be two NSSs over (U, E). Then M — N may be
defined as,Vx € U, e € E,

M =N ={<2,Tp )() * Fine)@)s Lai o) () © (1 =
Lj(e)(@)); Fpys () (@) © Try ey () >}

2. A neutrosophic soft set N over (U, E) is said to be null neu-
trosophic soft set if T () (2) = 0, I1y(e)(7) = 1, Fpy(e)(x) =
1,Ve € E,Vz € U. Itis denoted by ¢,,.

A neutrosophic soft set N over (U, E) is said to be ab-
solute neutrosophic soft set if Ty, (o)(x) = 1,17 ()(x) =
0, Fy(e)(x) = 0,Ve € E,Va € U. Itis denoted by 1,.

Clearly, ¢S, = 1,, and 1§ = ¢,,.

2.9 Definition [33]

Let NSS(U, E) be the family of all neutrosophic soft sets over U
via parameters in E and 7, C NSS(U, E). Then 7, is called
neutrosophic soft topology on (U, E) if the following conditions
are satisfied.

(ii) the intersection of any finite number of members of 7, also
belongs to .

(iii) the union of any collection of members of 7,, belongs to 7.

Then the triplet (U, E, 7,,) is called a neutrosophic soft topolog-
ical space. Every member of 7, is called 7,,-open neutrosophic
soft set. An NSS is called 7,-closed iff it’s complement is 7,-
open. There may be a number of topologies on (U, E). If 7,1 and
Tu2 are two topologies on (U, E) such that 7,1 C 72, then 7,1 is
called neutrosophic soft strictly weaker ( coarser) than 7,2 and in
that case 7,2 is neutrosophic soft strict finer than 7,:. Moreover
NSS(U, E) is a neutrosophic soft topology on (U, E).

2.9.1 Example

1. Let U = {hl,hg}, E = {61,62} and 7, =
{¢u, 1y, N1, No, N3, Ny} where N1, No, N3, N4 being NSSs are
defined as following :

Iy (e1) {< h1,(1,0,1) >, < ho,(0,0,1) >},
fN1(€2) - {< h17(0a170) >, < h25(170a0) >}7
sz(el) = {< h17(07170) >, < h2a(171a0) >}7
fn,(e2) = {<hy,(1,0,1) >, < he,(0,1,1) >};

fNa(el) {< h1=(17171) >7<h27(0a1a1) >}7
fN3(€2) = {< hla(oalvo) >7<h27(031a1) >}a
fN4(€1) = {< hl,(l,l,O) >,<h2,(1,1,0) >},
fN4(62) = {< h17(17070) >a<h27(0a1)1) >}a

Here N1 ﬂNl = NlaNl ONQ = (buaNl ﬂNg = N37N1 ﬂN4 =
Ni,Ny N Ny = No,Ny N\ N3 = o, Ny N Ny = Na, N3 N
N3 = N37N3 ﬂN4 = Ng,N4 ﬂN4 = N4 and N1 U N1 =
Ny,NtUN;=1,,NJUN3 = N;,NyUN, =1,,Na UNy =
Ny, NoUN3 = Ny, NoUNy = Nyy NsUN3 = N3, NsUNy =
Nyy Ny U Ny = Ny;

Corresponding ¢t-norm and s-norm are defined as a x b =
max{a + b — 1,0} and a © b = min{a + b,1}. Then 7, is a
neutrosophic soft topology on (U, E) and so (U, E, 7,) is a neu-
trosophic soft topological space over (U, E).

2. Let U = {z1,29,23}, E = {e1,e2} and 7, =
{éu, Ly, N1, No, N3} where N1, No, N3 being NSSs over (U, E)
are defined as follow :

le (61) = {< X1, (1.0, 0.5, 04) >, < T2, (0.6, 0.6, 06) >, <
x3,(0.5,0.6,0.4) >},

Iy (e2) = {< 21,(0.8,0.4,0.5) >, < 29,(0.7,0.7,0.3) >, <
x3,(0.7,0.5,0.6) >};

fn,(e1) = {< x1,(0.8,0.5,0.6) >, < 22, (0.5,0.7,0.6) >, <
x3,(0.4,0.7,0.5) >},

fn,(e2) = {< 21,(0.7,0.6,0.5) >, < x2,(0.6,0.8,0.4) >, <
x3,(0.5,0.8,0.6) >};

fN3 (61) = {< X1, (0.6, 0.6, 07) >, < T2, (0.4, 0.8, 08) >, <
x3,(0.3,0.8,0.6) >},

fns(e2) = {< x1,(0.5,0.8,0.6) >, < x2,(0.5,0.9,0.5) >, <
x3,(0.2,0.9,0.7) >};

The t-norm and s-norm are defined as a * b = min{a, b} and
acob= max{a,b}. Here N1 N N1 = Nl,Nl n N2 = NQ,Nl N
N3 = Ng,NQ ﬂN2 = NQ,NQ mNg = N37N3 mNg = N3 and
N1 UN; = Ny, Ny UNy = N;, Ny UN3 = Ny, Ny UN;y =
Ny, No U N3 = Ny, N3 U N3 = Ns. Then 7, is a neutrosophic
soft topology on (U, E) and so (U, E, 7,) is a neutrosophic soft
topological space over (U, E).

3. Let NSS(U, E) be the family of all neutrosophic soft sets over
(U, E). Then {¢y, 1, } and NSS(U, E) are two examples of the
neutrosophic soft topology over (U, E). They are called, respec-
tively, indiscrete (trivial) and discrete neutrosophic soft topology.
Clearly, they are the smallest and largest neutrosophic soft topol-
ogy on (U, E), respectively.

2.10 Definition [33]

Let (U, E,7,) be a neutrosophic soft topological space over
(U,E) and M € NSS(U, E) be arbitrary. Then the interior of
M is denoted by M° and is defined as :

Me° = U{N; : N; is neutrosophic soft open and Ny C M}

i.e., it is the union of all open neutrosophic soft subsets of M.
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2.10.1 Theorem [33]

Let (U, E,7,) be a neutrosophic soft topological space over
(U,E) and M, P € NSS(U, E). Then,

(i) M° C M and M? is the largest open set.

()M C P = M° C P°.

(iii) M? is an open neutrosophic soft seti.e., M° € 7,.

(iv) M is neutrosophic soft open set iff M° = M.

(v) (M°)° = M°.

(Vi)(¢u)® = ¢y and 18 = 1,,.

(vi) (M N P)° = M°nN P°.

(viii) M° U P° C (M U P)°.

2.11 Definition [33]

Let (U, E,7,) be a neutrosophic soft topological space over
(U,E) and M € NSS(U, E) be arbitrary. Then the closure of
M is denoted by M and is defined as :

M = N{Nj : N; is neutrosophic soft closed and N; D> M}

i.e., it is the intersection of all closed neutrosophic soft super-
sets of M.

2.11.1 Theorem [33]

Let (U, E,7,) be a neutrosophic soft topological space over
(U,E) and M, P € NSS(U, E). Then,

(i) M C M and M is the smallest closed set.
(i)McP=MCcCP.

(iii) M is closed neutrosophic soft seti.e., M € 7.

(iv) M is neutrosophic soft closed set iff M = M.

V)M =M.

(Vi) ¢y = ¢ and T,, = 1.

(vi) MUP=MUP.

(viii) MNP c MNP.

2.11.2 Theorem [33]

Let (U, E,7,) be a neutrosophic soft topological space over
(U,E) and M € NSS(U,E). Then, () (M)¢ = (M°)°
(i) (M) = (M¢)

2.12 Definition [33]

1. A neutrosophic soft point in an NSS N is defined as an element
(e, fn(€)) of N, for e € E and is denoted by ey, if fn(e) & ¢
and fn(€') € ¢y, Ve’ € E — {e}.

2. The complement of a neutrosophic soft point ey is another
neutrosophic soft point e$; such that f§ (e) = (fn(e))®.

3. A neutrosophic soft point ey € M, M being an NSS if for the
elemente € F, fy(e) < ful(e).

2.12.1 Example

LetU = {x1,z2,23} and E = {e1, ex}. Then,

ein = {< 1,(0.6,04,0.8) >,< 22,(0.8,0.3,0.5) >, <
x3,(0.3,0.7,0.6) >}

is a neutrosophic soft point whose complement is

ey = {< 21,(0.8,0.6,0.6) >, < 2,(0.5,0.7,0.8) >, <
x3,(0.6,0.3,0.3) >}.

For another NSS M defined on same (U, E), let,

fM(el) = {< X1, (07, 0.4, 07) >, < Zg, (0.8, 0.2, 04) >, <
x3,(0.5,0.6,0.5) >}.

Then, fx(e1) < fu(er) e, einy € M.

2.13 Definition [33]

Hausdorff space : Let (U, E, 7,) be a neutrosophic soft topo-
logical space over (U, E). For two distinct neutrosophic soft
points ey, eg, if there exists disjoint neutrosophic soft open sets
M, P suchthateyx € M and eg € P then (U, E, 7,,) is called T
space or Hausdorff space.

2.13.1 Example

Let U = {h1,ho}, E = {e} and 1, = {du, 1y, M, P} where
M, P being neutrosophic soft subsets of N are defined as fol-
lowing :

fau(e) ={< hq1,(1,0,1) >, < hy,(0,0,1) >};
fp(e) = {< h1, (0, 1,0) >, < ho, (1, 1,0) >};

Then 7, is a neutrosophic soft topology on (U, E) with respect
to the t-norm and s-norm defined as a * b = max{a + b — 1,0}
and a b = min{a + b,1}. Here ep; € M and ep € P with
enMm 75613 andMﬂP:qbu.

2.14 Definition [33]

Let (U, E,7,) be a neutrosophic soft topological space over
(U, E) where 7, is a topology on (U, E) and M € NSS(U, E)
an arbitrary NSS. Suppose 7py = {M N N; : N; € 7,}. Then
7 forms also a topology on (U, E). Thus (U, E, ps) is a neu-
trosophic soft topological subspace of (U, E, 7).

2.14.1 Example

Let us consider the example (2) in [2.9.1]. We define M €

NSS(U, E) as following :

fu(er) = {< x1,(0.4,0.6,0.8) >, < @2, (0.7,0.3,0.2) >, <
z3,(0.5,0.5,0.7) >};

Fu(es) = {< 21,(0.6,0.3,0.5) >, < 3, (0.4,0.7,0.6) >, <
x3,(0.8,0.3,0.5) >};

We denote M N ¢y = ¢y, M N1, = 1y, M NNy =
Ml,M n N2 = MQ,M N N3 = Mg; Then Ml,MQ,Mg are
given as following :
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far (e1) = {< 21,(0.4,0.6,0.8) >, < x5, (0.6,0.6,0.6) >, <
x3,(0.5,0.6,0.7) >};

oy (e2) = {< 21,(0.6,0.4,0.5) >, < x2,(0.4,0.7,0.6) >, <
x3,(0.7,0.5,0.6) >};

fa,(e1) = {< x1,(0.4,0.6,0.8) >, < x2,(0.5,0.7,0.6) >, <
x3,(0.4,0.7,0.7) >};

f]\/[2 (62) = {< X1, (0.67 0.6, 05) >, < T, (0.4, 0.8, 06) >, <
x3,(0.5,0.8,0.6) >};

fas(e1) = {< 21,(0.4,0.6,0.8) >, < z2,(0.4,0.8,0.8) >, <
x3,(0.3,0.8,0.7) >};

f]wS (62) = {< X1, (0.57 0.8, 06) >, < T, (0.47 0.9, 06) >, <
x3,(0.2,0.9,0.7) >};

Here M1 ﬁMQ = MQ,Ml ﬂMg = Mg,MQ ﬂMg = M3 and
M1 UM2 = Mg,Ml UM3 = Mg,MgUMg = M3. Thel’lT]w =
{édrr, 1as, My, Mo, M3} is neutrosophic soft subspace topology
on (U, E).

2.15 Theorem [33]

Let (U, E,T,) be a neutrosophic soft topological space over
(U,E)and M, N € NSS(U, E). Then,

(i) If B, is a base of 7, then By = {BN M : B € 8,} is a base
for the topology 7as.

(i) If @ is closed NSS in M and M is closed NSS in NV, then @
isclosed in N.

(iii) Let @ C M. If Q is the closure of @ then Q N M is the
closure of Q in M.

(iv) An NSS M € NSS(U, E) is an open NSS iff M is a neigh-
bourhood of each NSS N contained in M.

2.16 Proposition (De-Morgan’s law)[33]

Let N1, N2 be two neutrosophic soft sets over (U, E). Then,
(i) (NyUNo)® = NiSANoC (i) (N1 N N2)® = Ny€U N,

3 Connectedness

In this section, the concept of connectedness on neutrosophic
soft topological space has been introduced with suitable exam-
ple. Some related theorems have been developed in continuation.

3.1 Definition

Two neutrosophic soft sets N1, Ny of a neutrosophic soft topo-
logical space (U, E, ) over (U, E) are said to be separated if

(i) N1 N Ny = ¢, and (ii) Ny N Nz = ¢, or Ny N Ny = ¢,,.

3.2 Definition

Let (U, E,7,) be a neutrosophic soft topological space over
(U,E). Then a pair of nonempty neutrosophic soft open sets
Ny, Ny is called a neutrosophic soft separation of (U, F, 7,,) if
1, = N1y U Nz and Ny N Ny = ¢,,.

In the Example (1) of [2.9.1], the pair N7, N5 is a neutrosophic
soft separation of (U, E, 7,) as 1,, = NjUNy and N1N Ny = ¢,,.

3.3 Definition

A neutrosophic soft topological space (U, E,,) is said to be
neutrosophic soft connected if there does not exist a neutrosophic
soft separation of (U, E, 1,). Otherwise, (U, E, 1) is called neu-
trosophic soft disconnected.

The topological space in the Example (2) of [2.9.1] is con-
nected but (1) of [2.9.1] is disconnected.

3.4 Theorem

A neutrosophic soft topological space (U, E, 1) is said to be
neutrosophic soft disconnected iff there exists a nonempty proper
neutrosophic soft subset of 1, which is both neutrosophic soft
open and neutrosophic soft closed.

Proof. Let M C 1,,M # ¢, and M is both neutrosophic soft
open and closed. Then M¢ C 1,,M¢ # ¢, and M¢ is both
neutrosophic soft open and closed, also. Let P = M€ Then
M = M and P = P. Thus 1, can be expressed as the union
of two separated neutrosophic soft sets M, P and so, is neutro-
sophic soft disconnected.

Conversely, let 1,, be neutrosophic soft disconnected. Then
there exists nonempty neutrosophic soft open sets Ny, Ny such
that 1,, = N3 U Ng and N; N Ny = ¢,,. Then N; = N5 ie., N;
is closed, also. Similarly, No = Ny and so, V3 is closed.

3.5 Theorem

A neutrosophic soft topological space (U, E,,) is said to be
neutrosophic soft connected iff there exists neutrosophic soft sets
in NSS(U, E) which are both neutrosophic soft open and neutro-
sophic soft closed, are ¢,, and 1,,.

Proof. Let (U, E, 1,) be a connected neutrosophic soft topologi-
cal space. For contrary, we suppose that M is both neutrosophic
soft open and closed different from ¢,,, 1,,. Then M€ is also both
neutrosophic soft open and closed different from ¢,,,1,. Also
MNM°®=¢,and M UM =1,. Therefore M, M€ is a neu-
trosophic soft separation of 1,,. This is a contradiction. So, the
only neutrosophic soft closed and open sets in NSS(U, E) are ¢,
and 1,,.

Conversely, let M, P be a neutrosophic soft separation of
(U,E,7,). Then M # N ie., M = P¢, otherwise M = 1,
implies P = ¢,, a contradiction. This shows that M is both neu-
trosophic soft open and neutrosophic soft closed different from
@u, 1. This is a contradiction. Hence, (U, E, 7,,) is connected.

3.6 Theorem

If the neutrosophic soft sets N1, N5 form a neutrosophic soft sep-
aration of (U, E, 7,) and if (U, E, Tar) is a neutrosophic soft con-
nected subspace of (U, E, 7,,), then M C Ny or M C N».
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Proof. Here N1, N» € 7, such that Ny N Ny = ¢, and
N1 UN; =1,. Then NN M,No N M € 7 as (U,E,TM)
is a neutrosophic soft topological subspace of (U, E, 7). Now
(NiNnM)N(NoeNM)=(NNN)NM = ¢, N M = ¢, and
(NiNM)U(NoNM)=(NUN)NM=1,N"M = M.
Thus the pair Ny N M, Ny N M would constitute a neutrosophic
soft separation of (U, E, Ta), a contradiction.

Hence, one of Ny N M and Ny N M is empty and so M is
entirely contained in one of them.

3.7 Theorem

Let (U, E, 7ar) be a neutrosophic soft topological subspace of
(U,E,1,). A separation of (U, E,1y) is a pair of disjoint
nonempty neutrosophic soft sets M7, My whose union is M such
that M, N My = ¢, and My N M, = ¢,,.

Proof. Suppose M7, Ms forms a separation of (U, E, 7a7). Then
M, is both neutrosophic soft open and closed subset of M by
Theorem [3.4]. The neutrosophic soft closure of M; in M is
M; N M by Theorem [2.19]. Since M, is neutrosophic soft
closed in M then M; = M; N M. It implies M, N M, =
(Eﬁ M) N M2 = M1 N M2 = ¢u Slmllarly, Em M1 = ¢u
Conversely, let M = M; U My with My N Ms = ¢,, such that
M, N My = ¢, and My N M; = ¢,. Then M N M; = ¢, and
M N My, = ¢ = M, M, are neutrosophic soft closed in M.
Also M, = Mg implies both are neutrosophic soft open in M.

3.8 Theorem

Let (U, E, 7)) be a connected neutrosophic soft subspace of
(U,E,7,). If (U, E,7p) be any neutrosophic soft subspace of
(U, E,T,) such that M C P C M, then (U, E, 7p) is also neu-
trosophic soft connected.

Proof. Let the neutrosophic soft set P satisfy the hypothesis.
If possible, let P, P, form a neutrosophic soft separation of
(U,E,7p). Then M C Pyor M C P,. Let M N Py = ¢,.
So M C Pf and P¥ is closed NSS. It implies M C P C M C
Pt = P C Pf = PNnP, = ¢,. This is a contradiction to the
fact that P; U P, = P. Hence, (U, E, 7p) is neutrosophic soft
connected.

3.9 Theorem

Arbitrary union of connected neutrosophic soft subspaces of
(U, E, 1) having nonempty intersection is also neutrosophic soft
connected.

Proof. Let {(U, E, 7y,) : i € I'} be a class of connected neutro-
sophic soft subspaces of (U, F, 7,,) with nonempty intersection.
Let 7py = U;(7n, ). If possible, we take a neutrosophic soft sep-
aration P, Q of (U, E, 7ps). For each i, P N N; and Q N N; are
disjoint neutrosophic soft open sets in the subspace such that their
union is IV;. Since each (U, E, Ty, ) is connected, any of P N N;
and Q N V; must be empty. Let PN N; = ¢, = QNN; = N; =

N,CcQ,Viel'=UN,CcCQ=MCcQ=PUuQCc@="P
is empty, a contradiction. So, (U, E, 7)) is neutrosophic soft
connected.

3.10 Theorem

Arbitrary union of a family of connected neutrosophic soft sub-
spaces of (U, E, 7,) such that one of the members of the family
has nonempty intersection with every member of the family, is
neutrosophic soft connected.

Proof. Let {(U,E,7y,) : i € T'} be a class of connected neu-
trosophic soft subspaces of (U, F, 7,,) and N}, be a fixed member
such that N, N N; # ¢, foreach i € I'. Let M; = N U N;,.
Then by Theorem [3.9], (U, E, T, is a neutrosophic soft con-
nected for each ¢ € T. Now, U;M; = U;(Ny, UN;) =
(NkUNl)U(NkUNQ)U“- :NkU(NlLJNQU-'-) =U;N;
and N, M; = ﬂi(N}c U Ni) = (Nk U Nl) N (Nk U N2> n--- =
NkU(Nl ﬂNgﬂ"') % Gy

This completes the theorem.

4 Compactness

Here, the notion of compactness on neutrosophic soft topological
space is developed with some basic theorems.

4.1 Definition

Let (U, E, 7,,) be a neutrosophic soft topological space and M €
Tu- A family Q = {Q; : i € '} of neutrosophic soft sets is said
to be a cover of M if M C UQ;.

If every member of that family which covers M is neutrosophic
soft open then it is called open cover of M. A subfamily of €2
which also covers M is called a subcover of M.

4.1.1 Definition

Let (U, E, 7,,) be a neutrosophic soft topological space and M €
Tyu- Suppose €2 be an open cover of M. If ) has a finite subcover
which also covers M then M is called neutrosophic soft compact.

4.1.2 Example

In the Example (1) of [29.1], 1, = U} ,N,. So
{N1, N3, N3, N4} is an open cover of (U, E,7,). Also, 1, =
Ny UNyorl, = Ny UNy. So (U, E,,) is neutrosophic soft
compact topological space.

4.2 Theorem

Let (U, E, 1) be a neutrosophic soft compact topological space
and M be a neutrosophic soft closed set of that space. Then M
is also compact.

Proof. Let Q = {Q;

: i € I'} be an open cover of M.
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Then {Q;} U M€ is an open cover of (U, E,r,), obviously.
Since (U, E, 7,) is compact so there exists a finite subcover of
{Qi} U M* such that

1u:Q1UQ2U"'UQnUMC
= MClu:Q1UQ2U"'UQnUMc
= MCcQiuUuQ@aU---UQ, as M NM° = ¢,.

Hence, M has a finite subcover and so is compact.

4.3 Theorem

Let (U, E, 7,) be a neutrosophic soft Hausdorff topological space
and M be a neutrosophic soft compact set belonging to that
space. Then M is a closed NSS.

Proof. Let ey € M€ be a neutrosophic soft point. Then for
each eg € M, we have e # eg. So by definition of Hausdorff
space, there are disjoint neutrosophic soft open sets Nx, Ng so
that ex € Nk and eg € Ng. Let {Ng : es € M} be a neu-
trosophic soft open cover of M. Since M is neutrosophic soft
compact so it has a finite subcover, say, { Ng,, Ng,, - - - Ng, } i.e.,
M C Ng, UNg, U---UNg, = P,say. Then P is neutrosophic
soft open.

Let @ = Nk, N Nk, N---N Nk, where each Nk, is open
NSS corresponding to ex, € M€ Now, Ng, N Nk, = ¢, =
Ng, N Q = ¢, foreachi. Then PNQ = (Ng, U Ng, U--- U
Nsn)ﬂQZ (NS1 ﬂQ)U(NSz QQ)U”-U(NSH QQ) = ¢y-
Since M C Pand PNQ = ¢y, s0 MNQ = ¢, = Q C M°and
@ is open NSS. This implies M€ is open NSS i.e., M is closed.

4.4 Theorem

A neutrosophic soft topological space is compact iff each family
of neutrosophic soft closed sets with the finite intersection prop-
erty has a nonempty intersection.

Proof. Let (U, E, 7,,) be a compact neutrosophic soft topological
space. Consider 2 = {Q; : i € I'} be a family of closed NSSs
such that N;Q; = ¢,. We show ) can not have finite intersec-
tion property. Let A = {Q¢ : Q; € Q,i € T'}. Then A is an
open cover of (U, E, 7,) such that there exists a finite subcover
{Q5, Q5.+, Q5}. Now NP, Q; = 1, —(QSUQSU- - -UQS) =
1, — 1, = ¢, by Definition [2.8]. Hence, the ‘if part’ holds.

Next assume that (U, E, 7,,) is not compact. Then, a neutro-
sophic soft open cover {Q; : i € T'}, say, of (U, E, 7,,) has no
finite subcover i.e., Q1 U Q2 U --- U Q, # 1,. This implies
QINQsN---NQS # ¢, by Definition [2.8] and Proposition
[2.16]. Thus {QS : ¢ € '} has finite intersection property. Then
by hypothesis, N;Q§ # ¢, and U;Q); # 1,, which is a contradic-
tion. Hence, (U, E, 7,,) is compact.

5 Neutrosophic soft continuous map-
pings

In this section, first we define neutrosophic soft mapping, then
define image and pre-image of an NSS under a neutrosophic soft
mapping. In continuation, we introduce the notion of neutro-
sophic soft continuous mapping in a neutrosophic soft topologi-
cal space along with some of it’s properties.

In rest of the paper, if M be an NSS over U via parameter set F,
we write (M, E),anNSSover U i.e., (M, E) = {< e, far(e) >:
e€ E}.

5.1 Definition

Let, p : U — V and ¢ : E — FE be two functions where F is
the parameter set for each of the crisp sets U and V. Then the
pair (i, 1) is called an NSS function from (U, E) to (V, E). We
write, (¢,9): (U, E) = (V, E).

5.1.1 Definition

Let (M, E) and (N, E) be two NSSs defined over U and V,
respectively and (p,1) be an NSS function from (U, E) to
(V,E). Then,

(1) The image of (M,E) under (p,%),
(p, ) (M, E), is an NSS over V and is defined as :

(. )M, E) = (p(M),d(E)) = {< ¥(a), forar) (¥(a)) >:
a € E} where Vb € ¢(E),Vy € V.

denoted by

Tf¢(nf)(b)(y> = { 0

min )= min a)=b [I a (x)L ifx e Sofl(y)
Iﬁ,;(M)(b)( ){ 1 p(z)=y P(a) fa(a)

, otherwise.

, otherwise.

Fﬁ,;(M)@) (y) = { 1 , otherwise.

(2) The pre-image of (N,E) under (¢,v), denoted by
(p, ) Y(N, E), is an NSS over U and is defined by :

(o, )" (N,E) = (¢ YN),v» " (E)) where Va ¢
Y UE),Vz eU.
Ts, 1 (@) () Tty w0y (P(@))
I,y (@) () Ly (w(a)) (9(2))
Fy 1o @@) = Frywa)(p))

If ¢ and ¢ are injective (surjective), then (¢, 1) is injective (sur-
jective).

5.1.2 Proposition

Let, (p,%) : (U, E) — (V, E) be a neutrosophic soft mapping
and (M;, E) and (Ma, E) be two NSSs defined over U. Then
the followings hold.
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(1) (M, E) € (e, ) e, ¥) (M, B

) [(p, ) (M7, )] (¢, z/z)(Ml7 E)<, if ¢ is surjective.
My, E

(4) (80’ )[(Mla ) N (MQ,E)} = (90’1/})(M17E) N

(0, 9)(Ma, E)

Proof.

(D () (e, V) (M1, E)] = (p,9) " (M ),w(E)] =

[p=Hp(M)), ¥~ (¥(E))]. Then for a € ¢~'((E)) and

x € U, we have, T qu,(Ml)(w(a))(SO( z)) =
Max,, () MaXy(a)[Try (a) (7)) Now, Ty, (a) ()
maXp () MaXy(a) [Ty a) (@)] = Ty s 0, (@) (2)-
Similarly, Iy, (q)(z) > If@,l(@(All))(a) (z) and Fy,, (q)(7)

Ff i iy @ (2):

wil(w(Ml))( )( )

IN

Y

Hence, (M1, E) C (¢,9) (¢, 9) (M1, E)].
(2) Suppose, ¢ is surjective mapping. Here, (o, ¢) (M1, E)]¢ =
[(p(M))e, o (E)] and (o, ¢) (M, E)* = [p(MF),(E)].

For b € ¢(E) and y € V, we have, Tf(le))c(b)() =

Ff(w(Mm(b)(y) MiNg ()= mmw(a)—b[FfMl( y(z)].  But,
Tty arpy ) (¥) MAX () =y WXy (a)=b[Tfpre (o) (7)) =
mMaXe(z)=y maxi/)(a):b[FfM )( )] Thus, Tf(«p(lvfl))c(b) (y) <

ng;(Mf)(b) (y) ......... (1)
Similarly, Fy_ 0 c0)(y) >

ngp(Mf) (b) (y) .........
Finally, =

. Ifw(Ml)).C(b)(y) = 1 Ifm(zwl))(b)(y)
1 — ming )=y miny @)=s L1y, (o) ()] and Iy 00)(y) =
Mty (g)=y Mty (a)=b {0 (a) (2)] = M () =y Miny (@)=p[1 —

Ity (@) (@)

This shows, Ir () (Y) = If<p(Mf)(b) (y)«oeoveees (iii)
This completes the 2nd part.
(3) Let, (M1, E)U (M, E) = (M, E).
Then, (o, 9)[(My,E) U (M, E)] = (p,9)(M,E) =

[p(M),¥(E)]. So, forb € ¥(E) and y € V, we have,

T max max [T, (o) (T
fcp(M)(b)(y) ga(:r):yw(a):b[ Fau( )( )]
s, T, ) T 07
Next, (o,9)(M1,E) U (p,¢)(M2,E) = [p(M) U

p(Mz), ¥ (E)] = [P,¢(E)], say. Then,

Tty ()
= T, )W) Ts ) (Y)
= max max

p(z)=y P(a)=b

= max max

e(z)=y ¢ (a)=b

Tr., (o)(x)] o max max [Tr,, (o) (x
(Ttrs, () ()] @(z):yw(a):b[ oty (a) ()]

[TfMl (a) (I) < Tsz (a) (.Z‘)]

Thus, T, ., »)(¥) = Ty (y). Similar results also hold for

I,F
This completes the proof of part (3).

(4) Let (Mlu ) (M27E) = (M7 E)
Then, (p,¥)[(M1,E) N (M2, E)] = (p,¢)(M,E) =
[p(M),(E)]. So, forb € (E) and y € V, we have,

max max [T T
Jusx | ex, T (@)]

= max max [Ty, ) (@) *T},,. o) (T
Joax | max [T, /@) * Ty ()]

wa(M) () (y) =

Next, (¢,¢)(M1,E) N (p,9)(Ma, E) = [p(M1) N
(M2),¢(E)] = [Q, ¥ (E)], say. Then,
Tq0)()
chp(Ml)(b) (y) = ngp(MQ)(b) (y)
= max max [TfMl(a)(x)] * max max [Tsz(a)(x)]

e(x)=y Y(a)=b e(z)=y Y(a)=b

= Trir (a Tt (a
o, 18, L, @) * Ty ()

Thus, T, 6)(¥) = Tf,)(y). Similar results also hold for

I, F

)

This ends the last part.

5.1.3 Proposition

Let, (p,v¢) : (U, E) — (V, E) be a neutrosophic soft mapping
and (N1, E') and (N3, E') be two NSSs defined over V. Then the
followings hold.

(1)(<P,¢)[(<P $)~ (N1, )]=(N1,E),if(%¢)iSSUfjeCtiV6~
@) [(o,9)~ (Nl, )] (% ) Y(Ny, E)°

(o, 9)~ (N27 E)

@ (o w) (N, E) 0 (N2, )] = (p,9) (N1, E) N
(¢, )1 (N2, E)

Proof. We shall prove (2) and (3), only. The others can be proved
similarly.

(2) Here, [(¢,v) (N1, E)]* = [(¢7'(N))¢, ¢~ (E)]. Then,
fora € 1 (E),z € U,

Tf(Wl(N))c(a)(w)Z 1o @ (@) = Fryu(a)) (2(2)),
Ijvye@ @) =1=1Tp , a)(2) =1— IfN(w(a))(@(l"))
Ff( 71(N))c(a)(x> = 71(N)(a)($) TfN ( (LL'))
Next, (¢0,9) "1 (N1, E)® = [~ 1 (NT),¥)~ (E)] Then,

Tr, s ey @ (®) = Trye(a) (@) = Fry(ya (0(2)),

I, ey (@)(@) = Lpye(a) (@) = 1= IfN<w<a)>(<P(ﬂf );

Er 1 ey (@(@) = Frye(a)(@) = Ty (g(a)) ((2))-
Hence, the result is proved.
(3) Let, (Nl,E) U(Ny, E) = (N, E).
Then, (¢, 1/}) (N, E) U (Na, )] = () ' (V,E) =
[0~ Y(N), v~ 1(E)]. So, fora € ¥»~(E) and = € U, we have,

!
Ty ((a) (2(@))
= Ty, (w(a)) (0(2)) © Thy, (p(a)) (0(2))

Tf sy (@ (@)
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Next, (¢,9) '(N1,E) U (w )N (N, E) = [ {(N) U (9,9)(Q, E). Hence, [(¢,9)(Q,E)] C (¢,9)(Q,E) is ob-
0 H(Ny), v Y(E)] = [R,v~1(E)], say. Then, tained.

Conversely, suppose (Q, E) be a closed NSS in (U, E,7,)

Ttp(a) (@) qu,fl(Nl)(a)(iU) Ova—l(N2>(ﬂ.) (2) such that the given condition holds. Then (Q,E) = (Q,F)

and so (p,9)(Q,E) C_[(¢,¥)(Q,E)] C (9,9)(Q,E) =

= Ty, () (@(@)) © Try, ((a)) (0(2))

Thus, wail(N)(a) (.’L‘)
I,F.
This completes the proof of part (3).

= Tt (a) (). Similar results also hold for

5.2 Definition

Let (p,v) : (U, E,7,) — (V,E,7,) be a mapping where
(U,E,1,) and (V, E,1,) be two neutrosophic soft topological
spaces.

(1) For each neutrosophic soft open set (M, E) € (U, E, 1), if
the image (¢, %)(M, E) is open in (V, E, 7,,) then (¢, ¢) is said
to be neutrosophic soft open mapping.

(2) For each neutrosophic soft closed set (Q, F) € (U, E, 7,), if
the image (¢, ¥)(Q, E) is closed in (V, E, 7,,) then (¢, 1) is said
to be neutrosophic soft closed mapping.

5.3 Theorem

Let, (U, E, 7,) and (V, E, ,) be two neutrosophic soft topolog-
ical spaces and (¢,%) : (U, E,1,) — (V, E,7,) be a mapping.
Then,

(1) (p,%) is a neutrosophic soft open mapping iff for each
neutrosophic soft set (M,E) € (U,E,r,), there be hold
(0, ) (M, E)° C [(p,9)(M, E)]°.

(2) (¢,v) is a neutrosophic soft closed mapping iff for each
neutrosophic soft set (Q,E) € (U,E,7,), there be hold

[0, )@, B)] C (,9)(Q, E).

Proof. (1) Let (p,) is a neutrosophic soft open mapping and
(M,E) € (U,E,7,). Then (M,E)° is a neutrosophic soft
open set and (M, E)° C (M,E). Since (p,%) is a neutro-
sophic soft open mapping, (p,)(M, E)° is neutrosophic soft
open in (V,E,7,). Then (¢, %)(M,E)°* C (¢,4)(M, E).
But [(p,¥)(M, E)]° is the largest open NSS contained in
(. 1)(M, E). Hence, (¢, 0)(M. E)° C [(, (M, E)] is ob-
tained.

Conversely, suppose (M, E) be an open NSS in (U, E,7,)
such that the given condition holds. Then (M, E) = (M, E)°
and so (p,9)(M, E) = (¢, ¢)(M,E)° C [(¢,¥)(M, E)]°

(¢, 9)(M, E). Hence, [(¢,¢)(M, E)]” = (,¢)(M, E). This
ends the proof.

(2) Let (p,v) is a neutrosophic soft closed mapping and
(Q,FE) € (UE,r,). Then (Q,F) is a neutrosophic soft
closed set and (Q,FE) C (Q,FE). Since (p,v) is a neutro-
sophic soft closed mapping, (v, %)(Q, F) is neutrosophic soft

closed in (V,E, 7). Then (¢,9)(Q E) C (»9)(Q,E).
But [(¢,¥)(Q, E)] is the smallest closed NSS containing

( )
(0, ¥)(Q, E). Hence, [(p,¥)(Q,E)] = (p,9)(Q,E). This

completes the proof.

5.4 Definition

Let, (U, E,7,) and (V, E, 7,) be two neutrosophic soft topolog-
ical spaces. Then (¢, ) : (U, E,7,) — (V, E, 7,) is said to be
a neutrosophic soft continuous mapping if for each (N, E) € 7,
the inverse image (¢, %)~ }(N, E) € 7, i.., the inverse image of
each open NSS in (V| E, 7,,) is also open in (U, E, ,).

5.4.1 Example

For two neutrosophic soft topological spaces (U, E,7,) and
(V.E, 7). let (¢,9) : (U, E,7u) = (V, E,7,) be a mapping.
(1) If 7, is the neutrosophic soft indiscrete topology on V/, then
(¢, 1) is a neutrosophic soft continuous mapping.

(2) If 7, is the neutrosophic soft discrete topology on U, then
(¢, 1) is a neutrosophic soft continuous mapping.

@B) Let, U = {u,ug,us},V = {v,v,v3}, B =

{61762}77—1) = {¢v71v7(N17 E), (N2, )} Tu =
{(bu,1u,(M1,E),(M2,E),(M37E)} where (Nl,E) (NQ,E)

are as follows :

le (61) = {< U1, (08, 05,06) >, < Vg, (05, 07,06) >, <
vs,(0.4,0.7,0.5) >};

Iy (e2) = {<v1,(0.7,0.6,0.5) >, < v3,(0.6,0.8,0.4) >, <
v3, (0.5,0.8,0.6) >};

sz (61) = {< U1, (0.6, 06,07) >, < Vg, (0.4, 0.8,0.8) >, <
vs,(0.3,0.8,0.6) >};

fn,(e2) = {< v1,(0.5,0.8,0.6) >, < v3,(0.5,0.9,0.5) >, <
vs,(0.2,0.9,0.7) >};

and (M1, E), (Ms, E), (M3, E) are given as followings :

far (e1) = {< uy, (0.8,0.4,0.5) >, < us, (0.7,0.5,0.6) >, <
us, (0.7,0.7,0.3) >};

far (e2) = {< w1, (1.0,0.5,0.4) >, < ug, (0.5,0.6,0.4) >, <
us, (0.6,0.6,0.6) >};

fan(e1) = {< u1,(0.5,0.8,0.6) >, < ug, (0.2,0.9,0.7) >, <
us, (0.5,0.9,0.5) >1};

fan(e2) = {< u1,(0.6,0.6,0.7) >, < ug, (0.3,0.8,0.6) >, <
uz, (0.4,0.8,0.8) >1};

fars(e1) = {< uy,(0.7,0.6,0.5) >, < ug, (0.5,0.8,0.6) >, <
us, (0.6,0.8,0.4) >1;

fars(e2) = {< u1,(0.8,0.5,0.6) >, < ug, (0.4,0.7,0.5) >, <

us, (0.5,0.7,0.6) >};

The ¢-norm and s-norm in both 7, 7, are defined as a *x b =
min{a, b} and a © b = max{a,b}. Consider the mapping (¢, v))
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as © p(u1) = v, p(u2) = v3,p(uz) = vz and t(e;) =
e, ¥(e2) = er. Then (p, 1)~ (N1, E), (p,9) " (N2, E) € 7.

For convenience, the calculation of (p,v)~1(Ny, E) is pro-
vided for one parameter. The others are in similar way.

Tr sy en () = Ty, (e (P(u1)) = Ty, (en)(02) = 0.7
T5 s ey en (W) = Ty e (1)) = Ty, (e0) (V1) = 0.6
Fr 1 ey en (1) = Fry (pien) (9(w1)) = Fiy, (ez)(01) = 0.5
Tr s iy e (2) = Ty, () (P(U2)) = Ty, (en)(v3) = 0.5
5y ey (e (U2) = Tpy (uien)) (P(u2)) = Ify, (e5)(v3) = 0.8
Fr 1 ey en(2) = Firy (pien) (9(42)) = Fiy, (e)(v3) = 0.6
Tr s iy e (3) = Ty, () (P(43)) = Ty, (en)(v2) = 0.6
T5 sy en () = Ty, (e (9(ua)) = Iy, (ea) (v2) = 0.8
Fr 1 ey e (3) = Firy (wien) (9(U3)) = Fiy, (ez)(v2) = 0.4
5.4.2 Proposition
Let (p,9) (U,E,7,) — (V,E,7,) be a neutro-

sophic soft continuous mapping. Then for each e € F,
(p, ) (U, m8) — (V,78) is a neutrosophic continuous
mapping.

Proof. Let, (N,E) € 7,. Since (¢,v)
soft continuous mapping, so (p,¥) " Y(N,E) € 7, It
implies (o,¥) '({< e, fn(e) > e € E}) € 7, ie,
(0, 0) < e, fn(e) >) € ¢ for < e, fy(e) >€ 7€ This
follows the theorem.

be a neutrosophic

But the converse does not hold. The following example shows
the fact.
Let, U = {uhug,ug},V = {’1}1,’027’03}7E =
{61762}77—11 = {¢v71v7(N17E)7(N2>E)}7Tu =
{bu, 1y, (M1, E), (M3, E), (M3, E)}, where (N1, E), (No, E)
are as follows :

I, (e1) = {< v1,(0.8,0.5,0.6) >, < va,(0.5,0.7,0.6) >, <
vs,(0.4,0.7,0.5) >};

. (e2) = {<v1,(0.7,0.6,0.5) >, < v, (0.6,0.8,0.4) >, <
v, (0.5,0.8,0.6) >};

fn,(e1) = {<v1,(1.0,0.5,0.4) >, < v9,(0.6,0.6,0.6) >, <
vs,(0.5,0.6,0.4) >};

fn,(e2) = {< v1,(0.8,0.4,0.5) >, < v2,(0.7,0.7,0.3) >, <
v3,(0.7,0.5,0.6) >};
and (M, E), (Ms, E), (M3, E) are given as follows :
far, (e1) = {< u1,(0.6,0.6,0.6) >, < ug, (0.5,0.6,0.4) >, <

us, (1.0,0.5,0.4) >};

far, (e2) = {< w1, (0.7,0.7,0.3) >, < uz, (0.7,0.5,0.6) >, <
us, (0.8,0.4,0.5) >};

far, (1) = {< u1,(0.5,0.7,0.6) >, < uz, (0.4,0.7,0.5) >, <
us, (0.8,0.5,0.6) >};

Fan(e2) = {< w1, (0.5,0.9,0.5) >, < ug, (0.2,0.9,0.7) >, <
us, (0.5,0.8,0.6) >};

s (er) = {< w1, (0.5,0.6,0.6) >, < uz, (0.4,0.7,0.4) >, <
us, (0.9,0.5,0.5) >};

Fary(e2) = {< w1, (0.6,0.8,0.4) >, < us, (0.5,0.8,0.6) >, <
us, (0.7,0.6,0.5) >};

The ¢t-norm and s-norm in both 7, 7, are defined as a x b =
min{a, b} and a © b = max{a,b}. Define a neutrosophic soft

mapping (p, 1) as : p(u1) = va, p(uz) = v37ap(u3) = v; and

Pler) = e1,v¥(e2) = ea. We now calculate (¢, 1) "1 (Ny, E).
Ts, sy (e (W) = Ty (wien)) ((u1)) = Ty, (1) (v2) = 0.5
I5 sy e (W) = Ty, e (1)) = Ty, (1) (v2) = 0.7
Ff e (1) = Fry e (9(w)) = Fry, () (v2) = 0.6
Tfso*(Nl)(el)(uQ) =Ty, (w(en)) (p(u2)) = Ty, (er)(v3) = 0.4
Ir oy (e (2) = Try (e ((2)) = Ipy, (e)(vs) = 0.7
Fp, s o0 (U2) = Fry (e (9(u2)) = Fiy (e1) (v3) = 0.5
Ts, oy (e)(W3) = Ty (wien) ((u3)) = Thy, (er) (1) =
s,y (e (U3) = Ipy (en)) (P(U3)) = Ipn, (o) (01) =
Fp ey (e (3) = Fra wien) (9(ua)) = =

Ts, s i,y (e2) (W) = Ty (wiea)) (1)) = Ty, (ea)

Tty () (W) = Tpy () (P(01)) = Tpy, (e)(v2) =
Fr iy (e (1) = Fra (ea)) (P(u1)) = Fry, (e2)(v02) =
T, 1 ey (e2)(U2) = Ty, (w(e2)) (P(U2)) = Ty, () (v3) = 0.5

T, 1y () (U2) = Tpy (e2)) (P(U2)) = Ty, (e2)(v3) = 0.8
Fr 1y te) (U2) = Fry w(ea)) (9(2)) = Fiy, (e5)(v3) = 0.6
Ts, s o,y (e2)(3) = Ty (wiea)) ((U3)) = Ty, (e0) (v1) = 0.7

T5 ey (e2) (U3) = Ty, (wiea)) (9(u3)) = Ty, (eq) (V1) = 0.6
Fr iy te2)(U8) = Fry (w(ea)) (9(U3)) = Fiy, (eg)(v1) = 0.5

Thus (¢,v)"Y(N1,E) ¢ 7, though (p,9) 1(Ng, E) =
(My, E). So (¢, 1)1 is not neutrosophic soft continuous. Now,

T, = {(0’171 ,(1,0,0 7fM1(€1 7sz(el) st(el)}7
= ( (

€2

) ( ) )
Tu {(0’171)3(170 0)7fM1 e2)7fM2 € ) fM3(€2)}§
7_51 = {(07171)3(17070)3fN1(61)7fN2(61)}7
7-1‘132 = {(07171)’(17070)afN1(62)7fN2( )}7
Then, (p,) (U,me1) — (V,75) is neutrosophic con-
tinuous mapping because (p,v) 1[fn,(e1)] = fu,(e1) and
(0. ) fve(e)] = far (e1).

Similarly, (p,%) :
tinuous mapping as :

(0, 9) " fna(e2)] =

U, t) — (V 7E2) is neutrosophic con-

(00) fwi(e2)] = far(es) and
Jar, (e2).
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5.5 Theorem

For two neutrosophic soft topological spaces (U, E,T,) and
(V,E,1,), let (p,%) : (U E,7) — (V,E,7,) be a neu-
trosophic soft mapping. Then the following conditions are
equivalent.

(1) (p, 1) is neutrosophic soft continuous mapping.
(2) The inverse image of a closed NSS in (V| E, 7,,) is closed in

(U, E, ).

(3) For each (M,E) € NSS(U,E), (¢, ¥)(M,E) C
(2, )(M, E).

(4) For each (N,E) € NSS(V,E), (p,)"1(N,E) C
(0, 9)"H(N, E).

(5) For each (N, FE)
()" H(N, E)]°.

Proof. (1) = (2)

€ NSS(V.E), (¢.¢) 1 (N, E)° C

Let, (Q,E) be a closed NSS in (V,E,7,). Then
(Q,E)¢ € 7, and so by (1), (p,¥)"YQ,E)¢ € 7, But
(0, ¥)HQ, E)° = (v, ¥)"H(Q, E))". So (p,9) "1 (Q, E) isa
closed NSSin (U, E, 7,).
(2) =)

Let, (M,E) € NSS(UE). Since (M,E) C
(0, 9) " (0, ¥)(M, E)) and (p,9)(M,E) C (p,9)(M, E),
we have (M.E) C  (2,9) (g )ME)) C
(9,9)" (9, ) (M, E)).  Obviously, (p)(M.E) i

, E) is
closed in (V,E,7,). Then by (2), (¢,9) ' ((¢,¥)(M, E))
is closed in (U,E,T7,). But, since (M,E) C (M,E)
0

and (M,FE) is the smallest closed NSS, so (M,E) C

(M, E) C  (p0) M (p,0) (M, E)). This implies

(e )ME) (.9, ¥) (0, 9) (M, E))] e,

(o, 0)(M, E) C (p,%)(M, E) is obtained.

(3)=>(4)

Let, (N,E) € NSS(V,E) and (p,¢)"'(N,E) =

(M,E). Then (p,¢)"Y(N,E) = (M,E). But by
C (o) <so,w>(M,E>) ic.

(3), we have (M,FE
(o, ) ' (N,E) C (
(g, )1 (N,E) C

(o) 1 (N, B

(4) = (5)

Let, (N,E) € NSS(V, E). Replacing (N, E) by (N, E)¢ and
applying (4), we have (¢,9)~'(N, E)° C (¢,%) (N, E)°)
ie. [(0,)"H(N,E))° < () '(N,E)]°. By
Theorem (ii) of [2.15.2], since (N,E)° = [(N,E)s,
o (o, w>— VEY = () ((EF) =
(0, 0) (N, E)e))° - [(p, )1 (N, E)°]® =
[(0,9)TH(N, E)]°.
(5) = (1)

Let, (N,E) be an open NSS in (V,E,7,). Then
(N,E)> = (N,E).  Since [(p,¢)"'(NV,E)]” C
(p) M, B) = (p0) (N,E)® C [(, ) (N, E))°.

o [(p, ) Y (N,E)]° = (¢,0) YN, E) is obtalned Thus,
(p,1) " 1(N, E) is an open NSS in (U, E, 7,) and so (p, 1)) is

neutrosophic soft continuous mapping.

5.6 Theorem

Let, (U,E,7,) and (V, E,7,) be two neutrosophic soft topo-
logical spaces. Also let, (p,%) : (U, E,1,) — (V,E,7,) be
a continuous neutrosophic soft mapping. If (M, E) is neutro-
sophic soft compact in (U, E, 7,), then (p,4)(M, E) is so in
(V,E, 1,).

Proof. Let {(N;, E) : i € T'} be a neutrosophic soft open cov-
ering of (p,¥)(M, E) ie., (p,¥)(M,E) C U;(N;, E). Since,
(p,1) is neutrosophic soft continuous, {(p,v)"*(N;, E)
i € T} is a neutrosophic soft open cover of (M, E). But,
(M, E) is neutrosophic soft compact. So, there exists a fi-
nite subcover {(p,¥) 1 (N;,E) : 1 < i < k} such that
(M, E) c UE_,(¢,9)~1(V;, E) hold. Hence, (p,1)(M, E) C
(@»@)[U?ﬂ(%w_l(NmE)] =
U?:l(w’ w)[(gp, w)_l(Ni’ E)] = Uf:l(Ni’ E)

This shows that (p,1)(M, E) is covered by a finite number
of member of {(N;,F) : i € T'}. Hence, (,v)(M,FE) is
neutrosophic soft compact also.

5.7 Theorem

Let, (U, E,T,) be a neutrosophic soft topological space and
(V, E, T,) be a neutrosophic soft Hausdorff space. Then, a neu-
trosophic soft function (p, ) : (U, E,7,) — (V, E, 7,) is closed
if it is continuous.

Proof. Let (Q,FE) be any neutrosophic soft closed set in
(U, E,7,). Then by Theorem [4.2], (Q, F) is compact NSS.
Since (¢,v) is continuous neutrosophlc soft function then
(p,)(Q, E) is compact NSS in (V,E,7,). As (V,E,T,) is
neutrosophic soft Hausdorff space, so (¢, %)(Q, E) is closed by
Theorem [4.3].

6 Conclusion

Topology is a major sector in mathematics and it can give
many relationships between other scientific area and mathemati-
cal models. The motivation of the present paper is to extend the
concept of topological structure on neutrosophic soft set intro-
duced in the paper [33]. Here, we have defined connectedness
and compactness on neutrosophic soft topological space, neutro-
sophic soft continuous mappings. These are illustrated by suit-
able examples. Their several related properties and structural
characteristics have been investigated. We expect, this paper will
promote the future study on neutrosophic soft topological groups
and many other general frameworks.
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