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Abstract. In this study, a new perspective in neutrosophic topology is brought

to some open set definitions in general topology and previously interpreted in
different ways in some other non-standard topological spaces. Then, some

types of functions and continuity are introduced using these new open sets. In

addition to these, the relations between the types of open sets, which we have
brought different perspectives, with the continuity and function types that we

reinterpreted in neutrosophic topology, are examined and these relations are

clarified by giving examples and counterexamples.

1. Introduction

The concept of neutrosophic sets was introduced by Smarandache in his classical
paper [10]. After the discovery of the neutrosophic subsets, much attention has
been paid to generalize the basic concepts of classical topology in neutrosophic
setting and thus a modern theory of neutrosophic topology is developed. The
notion of neutrosophic subsets naturally plays a significant role in the study of
neutrosophic topology which was introduced by Salama and Alblowi [9] in 2012. In
2021, Acikgoz et. all [1], introduced the concepts of neutrosophic quasi-coincidence
and neutrosophic q-neighbourhoods. As in [2, 3], these new concepts were used
very effectively and gave some mathematicians the opportunity to reconsider some
of the cornerstones of the world of topology in neutrosophic setting. In 1985, Rose
[8] defined weakly open functions in a topological spaces. In 1997 J.H. Park et. all
[7] introduced the notion of weakly open functions for a fuzzy topological space. In
[4], Caldas et. all, introduced and discussed the concept of fuzzy weakly semiopen
function which is weaker than fuzzy weakly open and fuzzy almost open functions
introduced by [7] and Nanda [6] respectively and obtained several properties and
characterizations of these functions comparing with the other functions. In this
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study, using the concepts of neutrosophic quasi-coincidence and neutrosophic q-
neighbourhoods, we reinterpreted this function and open set variants and got reality
of that neutrosophic semiopenness implied neutrosophic weakly semiopenness but
converse was not true. We also showed that the reverse statement was also true
when certain conditions were met.

2. Preliminaries

In this section, we present the basic definitions related to neutrosophic set theory.

Definition 2.1. [9]A neutrosophic set A on the universe set X is defined as:

A = {〈x, TA (x) , IA (x) , FA (x)〉 : x ∈ X} ,

where T , I, F : X → ]−0, 1+[ and −0 ≤ TA (x) + IA (x) + FA (x) ≤ 3+.

Scientifically, membership functions, indeterminacy functions and non-membership
functions of a neutrosophic set take value from real standart or nonstandart subsets
of ]−0, 1+[. However, these subsets are sometimes inconvenient to be used in real
life applications such as economical and engineering problems. On account of this
fact, we consider the neutrosophic sets, whose membership function, indeterminacy
functions and non-membership functions take values from subsets of [0, 1].

Definition 2.2. [5] Let X be a nonempty set. If r, t, s are real standard or non
standard subsets of ]−0, 1+[ then the neutrosophic set xr,t,s is called a neutrosophic
point in X given by

xr,t,s(xp) =

{
(r, t, s), if x = xp
(0, 0, 1), if x 6= xp

For xp ∈X, it is called the support of xr,t,s, where r denotes the degree of membership
value, t denotes the degree of indeterminacy and s is the degree of non-membership
value of xr,t,s.

Definition 2.3. [8] Let A be a neutrosophic set over the universe set X. The
complement of A is denoted by Ac and is defined by:

Ac =
{〈
x, FF̃ (e)(x), 1− IF̃ (e)(x), TF̃ (e)(x)

〉
: x ∈ X

}
.

It is obvious that [Ac]c = A.

Definition 2.4. [8] Let A and B be two neutrosophic sets over the universe set X.
A is said to be a neutrosophic subset of B if TA(x) ≤ TB(x), IA(x) ≤ IB(x), FA(x) ≥
FB(x), every x in X. It is denoted by A ⊆ B. A is said to be neutrosophic soft
equal to B if A ⊆ B and B ⊆ A. It is denoted by A = B.

Definition 2.5. [8] Let F1 and F2 be two neutrosophic soft sets over the universe
set X. Then their union is denoted by F1 ∪ F2 = F3 is defined by:

F3 = {〈x, TF3(x), IF3(x), FF3(x) : x ∈ X〉},

where

TF3(x) = max{TF1(x), TF2
(x)},

IF3(x) = max{IF1(x), IF2(x)},

FF3(x) = min{FF1(x), FF2
(x)}.
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Definition 2.6. [8] Let F1 and F2 be two neutrosophic soft sets over the universe
set X. Then their intersection is denoted by F1 ∩ F2 = F4 is defined by:

F4 = {〈x, TF4
(x), IF4

(x), FF4
(x) : x ∈ X〉},

where

TF4(x) = min{TF1(x), TF2
(x)},

IF4(x) = min{IF1(x), IF2
(x)},

FF4(x) = max{FF1(x), FF2
(x)}.

Definition 2.7. [8]A neutrosophic set F over the universe set X is said to be a
null neutrosophic set if TF (x) = 0, IF (x) = 0, FF (x) = 1, every x ∈ X. It is
denoted by 0X .

Definition 2.8. [8] A neutrosophic set F over the universe set X is said to be an
absolute neutrosophic set if TF (x) = 1, IF (x) = 1, FF (x) = 0, every x ∈ X. It is
denoted by 1X .

Clearly 0cX = 1X and 1cX = 0X .

Definition 2.9. [8] Let NS(X) be the family of all neutrosophic sets over the
universe the set X and τ ⊂ NS(X). Then τ is said to be a neutrosophic topology
on X if:

1) 0X and 1X belong to τ ;
2) The union of any number of neutrosophic soft sets in τ belongs to τ ;
3) The intersection of a finite number of neutrosophic soft sets in τ belongs to

τ .
Then (X, τ) is said to be a neutrosophic topological space over X. Each member of
τ is said to be a neutrosophic open set [8].

Definition 2.10. [8] Let (X, τ) be a neutrosophic topological space over X and F
be a neutrosophic set over X. Then F is said to be a neutrosophic closed set iff its
complement is a neutrosophic open set.

Definition 2.11. [2] A neutrosophic point xr,t,s is said to be neutrosophic quasi-
coincident (neutrosophic q-coincident, for short) with F , denoted by xr,t,s q F if
and only if xr,t,s * F c. If xr,t,s is not neutrosophic quasi-coincident with F , we
denote by xr,t,s q̃ F .

Definition 2.12. [2] A neutrosophic set F in a neutrosophic topological space
(X, τ) is said to be a neutrosophic q-neighborhood of a neutrosophic point xr,t,s
if and only if there exists a neutrosophic open set G such that
xr,t,s q G ⊂ F .

Definition 2.13. [2] A neutrosophic set G is said to be neutrosophic quasi-
coincident (neutrosophic q-coincident, for short) with F , denoted by G q F if and
only if G * F c. If G is not neutrosophic quasi-coincident with F , we denote by G
q̃ F .

Definition 2.14. [3] A neutrosophic point xr,t,s is said to be a neutrosophic interior
point of a neutrosophic set F if and only if there exists a neutrosophic open q-
neighborhood G of xr,t,s such that G ⊂ F . The union of all neutrosophic interior
points of F is called the neutrosophic interior of F and denoted by F ◦.
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Definition 2.15. [2] A neutrosophic point xr,t,s is said to be a neurosophic cluster
point of a neutrosophic set F if and only if every neutrosophic open q-neighborhood
G of xr,t,s is q-coincident with F . The union of all neutrosophic cluster points of

F is called the neutrosophic closure of F and denoted by F .

Definition 2.16. [2] Let f be a function from X to Y . Let B be a neutrosophic
set in Y with members hip function TB(y), indeterminacy function IB(y) and non-
membership function FB(y). Then, the inverse image of B under f , written as
f−1(B), is a neutrosophic subset of X whose membership function, indetermi-
nacy function and non-membership function are defined as Tf−1(B)(x) = TB(f(x)),
If−1(B)(x) = IB(f(x)) and Ff−1(B)(x) = FB(f(x)) for all x in X, respectively.
Conversely, let A be a neutrosophic set in X with membership function TA(x), in-
determinacy function IA(x) and non-membership function FA(x). The image of A
under f , written as f(A), is a neutrosophic subset of Y whose membership function,
indeterminacy function and non-membership function are defined as

Tf(A)(y) =

{
supz∈f−1(y){TA(z)}, if f−1(y) is not empty,

0, if f−1(y) is empty,

If(A)(y) =

{
supz∈f−1(y){IA(z)}, if f−1(y) is not empty,

0, if f−1(y) is empty,

Ff(A)(y) =

{
supz∈f−1(y){FA(z)}, if f−1(y) is not empty,

0, if f−1(y) is empty,

for all y in Y , where f−1(y) = {x : f(x) = y}, respectively.

3. Some Definitions

This section provides some new definitions that form the cornerstones of the
sections that follow.

Definition 3.1. A neutrosophic set F in a neutrosophic topological space (X, τ) is
said to be

a) Neutrosophic semiopen, if F ⊆
(
F ◦
)
,

b) Neutrosophic semiclosed, if
(
F
)◦ ⊆ F ,

c) Neutrosophic preopen, F ⊆
(
F
)◦

,

d) Neutrosophic regular open, if F =
(
F
)◦

,

e) Neutrosophic α-open, if F ⊆
((
F ◦
))◦

,

f) Neutrosophic β-open, F ⊆
(
F

)◦
. Equivalently, if there exists a

neutrosophic preopen set A such that A ⊆ F ⊆ A.

Definition 3.2. If, F be a neutrosophic set in neutrosophic topological space (X, τ)
then, F s =

⋂
{F : F ⊆ A, A is neutrosophic semiclosed} (resp. F ◦s =

⋃
{F : F ⊆

A, A is neutrosophic semiopen}) is called a neutrosophic semiclosure of F (resp.
neutrosophic semi-interior of F).

A neutrosophic set F in a neutrosophic topological space (X, τ) is neutrosophic
semiclosed (resp. neutrosophic semiopen) if and only if F = F s (resp. F = F ◦s ).
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Definition 3.3. Let f : (X, τ) → (Y, σ) be a function from a neutrosophic topo-
logical space (X, τ) into a neutrosophic topological space (Y, σ). The function f is
said to be:

a) Neutrosophic semiopen, if f(F ) is a neutrosophic semiopen set
of Y for each neutrosophic open set F in X.

b) Neutrosophic weakly open, if f(F ) ⊆
(
f
(
F
))◦

is for each neu-

trosophic open set F in X.
c) Neutrosophic almost open, if f(F ) is a neutrosophic open set of
Y for each neutrosophic regular open set F in X.
d) Neutrosophic β-open, if f (F) is a neutrosophic β-open set of Y
for each neutrosophic open set F in X.

Definition 3.4. Let f : (X, τ) → (Y, σ) be a function from a neutrosophic topo-
logical space (X, τ) into a neutrosophic topological space (Y, σ). The function f is
said to be neutrosophic semicontinuous, if f−1(A) is a neutrosophic semiopen set
of X, for each A ∈ σ.

4. Neutrosophic Weakly Semiopen Functions

Since the concepts of neutrosophic semicontinuity and neutrosophic semiopen-
ness are indispensable for each other, how the concepts of neutrosophic weak
semiopenness and the neutrosophic weak semicontinuity is clarified in this study.

Definition 4.1. Let f : (X, τ) → (Y, σ) be a function from a neutrosophic topo-
logical space (X, τ) into a neutrosophic topological space (Y, σ). The function f is

said to be neutrosophic weakly semiopen, if f
(
A
)
⊆
(
f

(
A

))◦
s

, for each A ∈ σ.

Obviously, every neutrosophic weakly open function is neutrosophic weakly semiopen
and every neutrosophic semiopen function is also neutrosophic weakly semiopen.

Example 4.1. Let X = x, y, z, Y = a, b, c and neutrosophic sets λ and µ are
defined as: λ = {〈x, 0, 0, 1〉 , 〈y, 0.3, 0.3, 0.7〉 , 〈z, 0.2, 0.2, 0.8〉}
µ = {〈a, 0, 0, 1〉 , 〈b, 0.2, 0.2, 0.8〉 , 〈c, 0.1, 0.1, 0.9〉}
Let τ = {0, λ, 1} and σ = {0, µ, 1}. Then the mapping f : (X, τ) → (Y, σ) defined
by f(x) = a, f(y) = b and f(z) = c is neutrosophic weakly semiopen but neither
neutrosophic semiopen nor neutrosophic weakly open.

Definition 4.2. A neutrosophic point xr,t,s is said to be a neutrosophic θ-cluster
point of a neutrosophic set λ, if, for every neutrosophic open q-nbd µ of xr,t,s , µ
is q-coincident with λ. The set of all neutrosophic θ-cluster points of λ is called
the neutrosophic θ-closure of λ and will be denoted by λθ. A neutrosophic λ will
be called neutrosophic θ-closed if and only if λ = λθ. The complement of a neutro-
sophic θ-closed set is called of neutrosophic θ-open and the neutrosophic θ-interior
of λ denoted by λ◦θ is defined as λ◦θ = {xr,t,s | for some neutrosophic open q −
nbd, β of xr,t,s, β ⊆ λ}.

Lemma 4.1. Let λ be a neutrosophic set in a neutrosophic topological space X,
then:

1) λ is a neutrosophic θ-open if and only if λ = λ◦θ.

2)
(
λ◦θ
)c

=
(
λc
)
θ

and
(
λc
)◦
θ

=
(
λθ
)c

.
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3) λθ is a neutrosophic closed set but not necessarily is a neutro-
sophic θ-closed set.

Theorem 4.2. Let f : (X, τ)→ (Y, σ) be a function from a neutrosophic topological
space (X, τ) into a neutrosophic topological space (Y, σ). Then, following conditions
are equivalent:

(i) f is neutrosophic weakly semiopen;

(ii) f
(
λ◦θ
)
⊆
(
f(λ)

)◦
s

for every neutrosophic subset λ of X;

(iii)

(
f−1

(
β
))◦

θ

⊆ f−1
(
β◦s
)

for every neutrosophic subset β of Y ;

(iv) f−1
(
βs

)
⊆
(
f−1

(
β
))

θ

for every neutrosophic subset β of Y ;

(v) For each neutrosophic θ-open set λ in X, f(λ) is neutrosophic
semiopen in Y ;
(vi) For any neutrosophic set β of Y and any neutrosophic θ-closed
set λ in X containing f−1(β), where X is a neutrosophic regular
space, there exists a neutrosophic semiclosed set δ in Y containing
β such that f−1(δ) ⊆ λ.

Proof. (i)⇒ (ii): Let λ be any neutrosophic subset of X and xr,t,s be a neutrosophic
point in λ◦θ. Then, there exists a neutrosophic open q − nbd γ of xr,t,s such that
γ ⊆ γ ⊆ λ. Then, f(γ) ⊆ f(γ) ⊆ f(λ). Since f is neutrosophic weakly semiopen,
f(γ) ⊆ (f(γ))◦s ⊆ (f(λ))◦s. It implies that f(xr,t,s) is a point in (f(λ))◦s. This shows
that xr,t,s ∈ f−1((f(λ))◦s). Thus λ◦θ ⊆ f−1((f(λ))◦s), and so f(λ◦θ) ⊆ (f(λ))◦s.
(ii)⇒ (i): Let µ be a neutrosophic open set in X. As µ ⊆ (µ)◦θ implies,
f(µ) ⊆ f((µ)◦θ) ⊆ (f(µ))◦s. Hence f is neutrosophic weakly semiopen.
(ii)⇒ (iii): Let β be any neutrosophic subset of Y . Then by (ii), f((f−1(β))◦θ) ⊆ β◦s .
Therefore, (f−1(β))◦θ ⊆ f−1(β◦s ).
(iii) ⇒ (ii): This is obvious.
(iii) ⇒ (iv): Let β be any neutrosophic subset of Y . Using (iii), we have[(

f−1(β)
)
θ

]c
=[(

f−1(β)
)c]◦

θ
=[

f−1(βc)
]◦
θ
⊆ f1

((
βc
)◦
s

)
=

f−1
((
βs
))c

=
[
f−1

(
βs
)]c

.

Therefore, we obtain f−1(βs) ⊆ (f−1(β))θ.
(iv) ⇒ (iii): Similary we obtain, [f−1(β◦s )]c ⊆ [(f−1(β))◦θ]

c, for every neutrosophic
subset β of Y , i.e., (f−1(β))◦θ ⊆ f−1(β◦s ).
(iv)⇒ (v): Let λ be a neutrosophic θ-open set in X. Then, (f(λ))c is a neutrosophic
set in Y and by (iv),

f−1
(((

f(λ)
)c)

s

)
⊆ f−1

((
f(λ)

)c)
θ

.

Therefore,
[
f−1

((
f(λ)

)◦
s

)]c
⊆
(
λc
)
θ

= λc. Then, we have λ ⊆ f−1(
(
f(λ)

)◦
s
)

which implies f(λ) ⊆ (f(λ))◦s. Hence f(λ) is neutrosophic semiopen in Y .
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(v)⇒ (vi): Let β be any neutrosophic set in Y and λ be a neutrosophic θ-closed set
in X such that f−1(β) ⊆ λ. Since λc is neutrosophic θ-open in X, by (v), f(λc) is

neutrosophic semiopen in Y . Let δ =
[
f(λc)

]c
. Then δ is neutrosophic semiclosed

and also β ⊆ δ. Now, f−1(δ) = f−1([f(λc)]c) = [f−1(f(λ))]c ⊆ λ.

(vi)⇒ (iv): Let β be any neutrosophic set in Y . Then, λ = f−1(β)θ is neutrosophic
θ-closed set in X and neutrosophic f−1(β) ⊆ λ. Then, there exists a neutrosophic
semiclosed set δ in Y containing β such that f−1(δ) ⊆ λ. Since δ is neutrosophic

semiclosed f−1(βs) ⊆ f−1(δ) ⊆ f−1(β)θ. �

Furthermore, we can prove the following.

Theorem 4.3. Let f : (X, τ)→ (Y, σ) be a bijective function. Then the following
statements are equivalent:

(i) f is neutrosophic weakly semiopen.

(ii) f(λ)s ⊆ f(λ) for each neutrosophic open set λ in X.

(iii) f(β◦)s ⊆ f(β) for each neutrosophic closed set β in X.

Proof. (i) ⇒ (iii): Let β be a neutrosophic closed set in X. Then we have

f(βc) =
(
f(β)

)c ⊆ (f(βc))◦
s

and so
(
f(β)

)c ⊆ (f(β◦)s
)c

. Hence f(β◦)s ⊆ f(β).

(iii)⇒ (ii): Let λ be a neutrosophic open set in X. Since λ is a neutrosophic closed

set and λ ⊆
(
λ
)◦

by (iii) we have f
(
λ
)
s
⊆ f

((
λ
)◦)

s
⊆ f

(
λ
)
.

(ii) ⇒ (iii): Similar to (iii) → (ii).
(iii) ⇒ (i) : Clear. �

For the following theorem, the proof is mostly straightforward and is omitted.

Theorem 4.4. For a function f : (X, τ) → (Y, σ) the following conditions are
equivalent: We define one additional near neutrosophic semiopen condition. This
condition when combined with neutrosophic weak semiopenness imply neutrosophic
semiopenness.

(i) f is neutrosophic weakly semiopen;
(ii) For each neutrosophic closed subset β of X, f(β◦) ⊆ (f(β))◦s;

(iii) For each neutrosophic open subset λ of X, f
((
λ
)◦) ⊆ (f(λ))◦

s
;

(iv) For each neutrosophic regular open subset λ of X, f
(
λ
)
⊆(

f
(
λ
))◦
s
;

(v) For every neutrosophic preopen subset λ of X, f
(
λ
)
⊆
(
f
(
λ
))◦
s
;

(vi) For every neutrosophic α-open subset λ of X, f
(
λ
)
⊆
(
f
(
λ
))◦
s
.

We define one additional near neutrosophic semiopen condition. This con-
dition when combined with neutrosophic weak semiopenness imply neutrosophic
semiopenness.

Definition 4.3. A function f : (X, τ) → (Y, σ) is said to satisfy the neutrosophic

weakly semiopen interiority condition if
(
f
(
λ
))◦
s
⊆ f

(
λ
)

for every neutrosophic
open subset λ of X.

Definition 4.4. A function f : (X, τ)→ (Y, σ) is said to be neutrosophic strongly
continuous, if for every neutrosophic subset λ of X, f

(
λ
)
⊆ f

(
λ
)
.
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Obviously, every neutrosophic strongly continuous function satisfies the neutro-
sophic weakly semiopen interiority condition but the converse does not hold as is
shown by the following example.

Example 4.2. Let X = {a, b}, Y = {x, y} and neutrosophic sets λ and µ are de-
fined as: λ = {〈a, 0.3, 0.3, 0.7〉, 〈b, 0.4, 0.4, 0.6〉} µ = {〈x, 0.7, 0.7, 0.3〉, 〈y, 0.8, 0.8, 0.2〉}.
Let τ = {0, λ, 1} and σ = {0, µ, 1}. Then the mapping f : (X, τ) → (Y, σ) defined
by f(a) = x, f(b) = y satisfies neutrosophic weakly semiopen interiority but is not
neutrosophic strongly continuous.

Theorem 4.5. Every function that satisfies the neutrosophic weakly semiopen in-
teriority condition into a neutrosophic discrete topological space is neutrosophic
strongly continuous.

Theorem 4.6. If f : (X, τ) → (Y, σ) is neutrosophic weakly semiopen and satis-
fies the neutrosophic weakly semiopen interiority condition, then f is neutrosophic
semiopen.

Proof. Let λ be a neutrosophic open subset of X. Since f is neutrosophic weakly
semiopen f

(
λ
)
⊆
(
f
(
λ
))◦
s
. However, because f satisfies the neutrosophic weakly

semiopen interiority condition, f
(
λ
)

=
(
f
(
λ
))◦
s

and therefore f(λ) is neutrosophic
semiopen. �

Corollary 4.7. If f : (X, τ) → (Y, σ) is neutrosophic weakly semiopen and neu-
trosophic strongly continuous, then f is neutrosophic semiopen.

The following example shows that neither of this neutrosophic interiority condi-
tion yield a decomposition of neutrosophic semiopenness.

Example 4.3. Let X = {a, b, c}, Y = {x, y, z}. Define λ and µ as follows : λ =
{〈a, 0, 0, 1〉, 〈b, 0.2, 0.2, 0.8〉, 〈c, 0.7, 0.7, 0.3〉}, µ = {〈x, 0, 0, 1〉, 〈y, 0.2, 0.2, 0.8〉, 〈z, 0.2, 0.2, 0.8〉}.
Let τ = {0, λ, 1} and σ = {0, µ, 1}. Then the mapping f : (X, τ) → (Y, σ) defined
by f(a) = x, f(b) = y and f(c) = z is neutrosophic semiopen but not neutrosophic
weakly semiopen interiority .

A function f : (X, τ) → (Y, σ) is said to be neutrosophic contra-open (resp.
neutrosophic contra-closed) if f(λ) is a neutrosophic closed set (resp. neutrosophic
open set) of Y for each neutrosophic open (resp. neutrosophic closed) set λ in X.

Theorem 4.8. Let f : (X, τ) → (Y, σ) be a neutrosophic function. Then, the
following statements hold.

(i) If f : (X, τ)→ (Y, σ) is neutrosophic preopen and neutrosophic
contra-open, then f is a neutrosophic weakly semiopen function.
(ii) If f : (X, τ)→ (Y, σ) is neutrosophic contra-closed, then f is a
neutrosophic weakly semiopen function.

Proof. (i) Let λ be a neutrosophic open subset of X. Since f is neutrosophic pre-

open f(λ) ⊆ (f(λ))◦ and since f is neutrosophic contra-open, f(λ) is neutrosophic

closed. Therefore f(λ) ⊆ (f(λ))◦ = (f(λ))◦ ⊆ (f(λ))◦.

(ii) Let λ be an neutrosophic open subset of X. Then, we have f(λ) ⊆ f(λ) ⊆
(f(λ))◦s. �

The converse of Theorem 4.6 does not hold. Can be seen in Example 4.1.
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Theorem 4.9. Let X be a neutrosophic regular space. Then, f : (X, τ) → (Y, σ)
is neutrosophic weakly semiopen if and only if f is neutrosophic semiopen.

Proof. The sufficiency is clear.
Necessity. Let λ be a non-null neutrosophic open subset of X. For each xr,s,t
neutrosophic point in λ, let µxr,s,t be a neutrosophic open set such that xr,s,t ∈
µxr,s,t ⊆ xr,s,t ⊆ λ. Hence, we obtain that

λ =
⋃
{µxr,s,t

: xr,s,t ∈ λ} =
⋃
{xr,s,t : xr,s,t ∈ λ}

and
f(λ) =

⋃
{f(µxr,s,t

) : xr,s,t ∈ λ} ⊆
⋃
{(f(xr,s,t))

◦
s : xr,s,t ∈ λ} ⊆

(f(
⋃
{xr,s,t : xr,s,t ∈ λ}))◦s = (f(λ))◦s.

Thus, f is semiopen. �

Note that, f : (X, τ) → (Y, σ) is said to be neutrosophic contra-pre-semiclosed
provide that f(λ) is neutrosophic semi-open for each neutrosophic semi-closed sub-
set λ of X.

Theorem 4.10. If f : (X, τ)→ (Y, σ) is neutrosophic weakly semiopen and Y has
the property that union of neutrosophic semi-closed sets is neutrosophic semi-closed
and if for each neutrosophic semi-closed subset β of X and each fiber

f−1(yr,s,t) ⊆ βc

there exists a neutrosophic open subset µ of X for which β ⊆ µ and f−1(yr,s,t)q̃µ,
then f is neutrosophic contra-pre-semiclosed.

Proof. Assume β is a neutrosophic semi-closed subset of X and let yr,s,t ∈ (f(β))c.
Thus, f−1(yr,s,t) ⊆ βc and hence there exists a neutrosophic open subset µ of X
for which β ⊆ µ and f−1(yr,s,t))q̃µ. Therefore, yr,s,t ∈ (f(µ))c ⊆ (f(β))c. Since f
is neutrosophic weakly semiopen f(µ) ⊆ (f(µ))◦s. By complement, we obtain

yr,s,t ∈ (f(µ))cs ⊆ (f(β))c

Let δyr,s,t = (f(µ))cs. Then δyr,s,t is a neutrosophic semi-closed subset of Y contain-
ing yr,s,t. Hence (f(β))c =

⋃
{δyr,s,t : yr,s,t ∈ (f(β))c} is neutrosophic semi-closed

and therefore f(β) is neutrosophic semi-open. �

Theorem 4.11. If f : (X, τ) → (Y, σ) is an neutrosophic almost open function,
then it is neutrosophic weakly semiopen. The converse is not generally true.

Proof. Let λ be a neutrosophic open set in X. Since f is neutrosophic almost open
and (λ)◦ is neutrosophic regular open, f((λ)◦) is neutrosophic open in Y and hence
f(λ) ⊆ f((λ)◦) ⊆ (f(λ))◦ ⊆ (f(λ))◦s. This shows that f is neutrosophic weakly
semiopen. �

Example 4.4. The function f defined in Example 4.3 is neutrosophic weakly
semiopen but not neutrosophic almost open.

Lemma 4.12. If f : (X, τ) → (Y, σ) is a neutrosophic continuous function, then

for any neutrosophic subset λ of X, f(λ) ⊆ (f(λ)).

Theorem 4.13. If f : (X, τ) → (Y, σ) is a neutrosophic weakly semiopen and
neutrosophic continuous function, then f is a neutrosophic β-open function.
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Proof. Let λ be a neutrosophic open set in X. Then, by neutrosophic weak
semiopenness of f , f(λ) ⊆ (f(λ))◦s. Since f is neutrosophic continuous f(λ) ⊆ f(λ)

and since for any neutrosophic subset β of X, (β)◦s ⊆ β ∩ ((β)◦), we obtain that,

f(λ) ⊆ (f(λ))◦s ⊆ ((f(λ))◦s ⊆ (((f(λ))◦). Thus, f(λ) ⊆ (((f(λ))◦) which shows
that f(λ) is a neutrosophic β-open set in Y . Hence, f is a neutrosophic β-open
function. �

Corollary 4.14. If f : (X, τ)→ (Y, σ) is a neutrosophic weakly semiopen and neu-
trosophic strongly continuous function. Then f is a neutrosophic β-open function.

Definition 4.5. A neutrosophic topological space (X, τ) is said to be a neutrosophic
connected space, if there don’t exist neutrosophic clopen sets λ and β such that λq̃β
and λcq̃βc.

Definition 4.6. A neutrosophic topological space (X, τ) is said to be a neutrosophic
semiconnected space, if there don’t exist neutrosophic semiclopen sets λ and β such
that λq̃β and λcq̃βc.

Theorem 4.15. If f : (X, τ)→ (Y, σ) is a neutrosophic weakly semiopen of a space
X onto a neutrosophic semiconnected space Y , then X is neutrosophic connected.

Proof. Let X be not connected. Then there exist neutrosophic open sets β and γ in
X such that βq̃γ and βcq̃γc. This implies that f(β)q̃f(γ) and f(βc)q̃f(γc). Since f
is neutrosophic weakly semiopen, we have f(β) ⊆ (f(β))◦s and f(γ) ⊆ (f(γ))◦s and
since β and γ are neutrosophic open and also neutrosophic closed, we have f(β) =
f(β), f(γ) = f(γ). Hence f(β) and f(γ) are neutrosophic semiopen and semiclosed
in (Y, σ) such that f(β)q̃f(γ) and ((fβ))cq̃(f(γ))c. Hence, this contrary to the fact
that Y is neutrosophic semi-connected. Thus X is neutrosophic connected. �

Definition 4.7. A space X is said to be neutrosophic hyperconnected if every non-
null neutrosophic open subset of X is neutrosophic dense in X.

Theorem 4.16. If X is a neutrosophic hyperconnected space, then a function
f : (X, τ) → (Y, σ) is neutrosophic weakly semiopen if and only if f(X) is neutro-
sophic semi-open in Y .

Proof. The necessity is clear.
For the sufficiency observe that for any neutrosophic open subset λ of X,
f(λ) ⊆ f(X) = (f(X))◦s = (f(λ))◦s. �

5. Conclusion

In this study, after presenting the factors that inspired us to focus on this subject
and giving the necessary preliminary information, in the third section, we adapted
some open set types previously defined in the general topology to neutrosophic
spaces, and then we defined some types of functions and continuity using these
open set types. In the fourth section, we continued to present new open set and
continuity types and illustrated the relationships between them by enriching them
with examples. Additionally, we examined the properties of these new types of con-
tinuities and open sets and brought a new perspective to the concept of connected
space. Our expectation from this study is that it will be one of the cornerstones
of various studies to be carried out in the world of mathematics and that it will
encourage scientists to conduct various research related to our study.
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