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1. Introduction

As an elaboration of Zadeh’s fuzzy sets [19] from 1965 and Atanassav’s intuitionistic fuzzy
sets [4] from 1983, Smarandache has proposed and described neutrosophic sets.He [13] defined
neutrosophic set on a non empty set by considering three components, namely membership,
Indeterminacy and non-membership whose sum lies between 0 and 3. Some more proper-
ties of neutrosophic sets are presented by Smarandache [13-15], Salama and Alblowi [11]
, Lupiadnez [9]. Smarandache’s Neutrosophic concepts have wide range of real time appli-
cations for the fields of Information systems, Computer science, Artificial Intelligence, Ap-
plied Mathematics and Decision making. In 2008, Lupidnez |9] introduced the neutrosophic
topology as a extension of intuitionistic fuzzy topology. Since 2008 many authors such as
Lupianez [9,10], Salama et.al. [11,/12] Karatas and Cemil [§], Acikgoz and his coworkers [1],
Dhavaseelan et.al. [5], Al-Musaw [2], Dey and Ray [?] and others contributed in neutrosophic
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topological spaces. Recently, many weak and strong forms of neurosophic open sets such as neu-
trosophic regular open [3], neutrosophic a-open [3], neutrosophic semi open [3,7],neutrosophic
pre open [3,/18] neutrosophic semi pre open [3}/16],neutrosophic b-open [6], neutrosophic d-open
sets [17], neutrosophic §-pre open [17] and weak and strong forms of neurosophic continuity
such as neutrosophic semi continuity,and neurosophic precontinuity [3}{18] and neurosophic a-
continuity [3], and neurosophic semi pre continuity [3,|16], neutrosophic b-continuity [6] have
been investigated by different authors. In this paper we introduce a super class of above
classes of neutrosophic open sets and a super class above mentioned neutrosophic continuity

of mappings and studied their characterizations and properties.

2. Preliminaries

This section contains some basic definitions and preliminary results which will be needed in

the sequel.
Definition 2.1. [13] A Neutrosophic set (NS) in X is a structure

A={<z,pa(x),wa(x),va(x) > 2 € X}

where pq: X —]70,17[, wA : X —]70,17[, and 74 : X —]70,1"[ denotes the membership,
indeterminacy, and non-membership of A satisfies the condition if ~0 < pa(x) + wa(z) +
ya(z) <3t Ve X.

In the real life applications in scientific and engineering problems it is difficult to use neutro-
sophic set with value from real standard or non-standard subset of |70, 17 [. Hence we consider
the neutrosophic set which takes the value from the closed interval [0,1] and sum of member-
ship, indeterminacy, and non-membership degrees of each element of universe of discourse lies

between 0 and 3.

Definition 2.2. [12] Let X be a non empty set and the neutrosophic sets A and neu-
trosophic set B be in the form A = {< z,pa(z),wa(z),y4(x) > =z € X}, B = {<
z,up(z),wp(x),yp(z) >: x € X} and let {4; : i € J} be a arbitrary family of neutrosophic
sets in X. Then:
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Definition 2.3. [9,/11] A neutrosophic topology on a non empty set X is a family 7 of
neutrosophic sets in X, satisfying the following axioms:

(T1)0and 1 €7

(T) Gi (G2 €T

(T3) Gi1 U Ga e T

In this case the pair ( X, 7) is called a neutrosophic topological space and each neutrosophic
set in 7 is known as a neutrosophic open set in X. The complement A€ of a neutrosophic open

set A is called a neutrosophic closed set in X.

Definition 2.4. |11] Let ( X, 7) be a neutrosophic topological space and A be a neutrosophic
set in X. Then the neutrosophic interior and neutrosophic closure of A are defined by:

Cl(A) = N {K: K is a neutrosophic closed set such that A C K }

Int(A) = U {K: K is a neutrosophic open set such that K C A }

Definition 2.5. [5] Let a,n, 8 € [0,1] and 0 < a +n+ 8 < 3. A neutrosophic point x4, 3
of X is a neutrosophic set in X defined by

(a,n,B) ify=ux
a = 1
“ans) W) 0,0,1) ify#a o

Definition 2.6. |[1] Let x(4 5 3 be a neutrosophic point in X and A = {< =z, s, w4, 74 >:
x € X} is a neutrosophic set in X. Then T(an3) © A if and only if & C pa(x) , n C w4, and

B2 va(z).

Definition 2.7. [1] A nuetrosophic point T(a,,8) 18 sald to be quasi-coincident (q-coincident,
for short) with A, denoted by (4, 8)¢A iff (a8 ¢ Ac. If T(ay,3) 18 nOt quasi-coincident
with A, we denote by [(z(a,55)7A4)-

Definition 2.8. [1] T'wo neutrosophic set A and B of X said to be g-coincident (denoted by
A,B) it A¢ Be.

Lemma 2.9. [1] For any two neutrosophic sets A and B of X , |(A4B) < A C B°. where
1(AyB) A is not g-coincident with B.

Definition 2.10. [3] A neutrosophic set A of a NT'S (X, 7) is called neutrosophic regular
open set ( resp. neutrosophic regular closed) if A = int(cl(A)) (resp. A = cl(int(A))).

Remark 2.11. [3] Every neutrosophic regular open (resp. neutrosophic regular closed) set

is neutrosophic open (resp. neutrosophic closed), But the converse may not be true.

Definition 2.12. [17] The é-interior (denoted by dint) of a neutrosophic set A of a NT'S

(X, 7) is the union of all neutrosophic regular open sets contained in A.
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Definition 2.13. [17] The d-closure (denoted by dcl) of a neutrosophic set A of a NT'S (X, 1)

is the intersection of all neutrosophic regular closed sets containing A.

Definition 2.14. [3|6,(17] A neutrosophic set A of a NT'S (X, 7) is called neutrosophic
semiopen ( resp. neutrosophic preopen ,, neutrosophic a-open, neutrosophic semi preopen |,
|Jneutrosophic d-open , neutrosophic §-preopen, neutrosophic §-semiopen , neutrosophic b-open
if ACcl(int(A)) (resp. A Cint(cl(A)), A Cint(cl(int(A))),A C cl(int(cl(A))), A = Jint(A),
A Cint(ocl(A)) , A Ccl(dint(A)), A C cl(int(A)) Uint(cl(A))).

The family of all neutrosophic semiopen (resp. neutrosophic preopen, neutrosophic
a-open, neutrosophic semi preopen, neutrosophic d-open, J-preopen, neutrosophic -
semiopen, neutrosophic 7-open) sets of a NTS (X,7) is denoted by NSO(X) (resp.
NPO(X),NaO(X),NSPO(X),NoO(X), N6PO(X), N6SO(X), NbO(X)).

Definition 2.15. [3}|6L|17] A neutrosophic set A in a NT'S (X, 7) is called neutrosophic neu-
trosophic semiclosed (resp. neutrosophic preclosed, neutrosophic a-closed, neutrosophic semi

preclosed, neutrosophic d-preclosed, neutrosophic d-semiclosed, neutrosophic vy-closed) if A€ €
NSO(X) (resp. NPO(X),NaO(X),NSPO(X),N6O(X),NGPO(X), NoSO(X), NbO(X)).

Remark 2.16. [3||16-18] Every neutrosophic d-open (resp. neutrosophic d-closed) set is
neutrosophic open (resp. neutrosophic closed), every neutrosophic open (resp. neutrosophic
closed) set is neutrosophic a-open (resp. neutrosophic a-closed), every neutrosophic a-open
(resp. neutrosophic a-closed) set is neutrosophic semiopen (resp. neutrosophic semiclosed) as
well as neutrosophic preopen (resp. neutrosophic preclosed) and every neutrosophic semiopen
(resp. neutrosophic semiclosed) set and every neutrosophic preopen (resp. neutrosophic pre-
closed) set is neutrosophic semi-preopen (resp. neutrosophic semi-preclosed). But the separate

converses may not be true.

Remark 2.17. [17] Every neutrosophic preopen (resp. neutrosophic preclosed) set is neutro-

sophic d-preopen (resp. neutrosophic d-preclosed) but the converse may not be true.

Remark 2.18. [6] Every neutrosophic semiopen (resp. neutrosophic semiclosed) and neutro-
sophic preopen (resp. neutrosophic preclosed) set is neutrosophic b-open (resp.neutrosophic
b-closed), and every neutrosophic b-open (resp.neutrosophic b-closed)set is neutrosophic semi-

preopen (resp.neutrosophic semi-preclosed )but the separate converses may not be true.

Definition 2.19. [1] Consider that f is a mapping from X to Y.

(a) Let A be a neutrosophic set in X with membership function p4(x), indeterminacy
function w4 (x) and non-membership function o 4(z). The image of A under f, written
as f(A), is a neutrosophic set of Y whose membership function, indeterminacy function

and non-membership function are defined as

M. Thakur, F. Smarandache, S. S. Thakur., Neutrosophic semi &-preopen sets and Neutrosophic
semi &- pre continuity



Neutrosophic Sets and Systems, 0. 8F, RRRS 404

sup  {pa(x)}, if f7Hy) # ¢,
fpay(y) =  #€/71W)
0, if f71(y) = ¢,

sup  {wa(x)}, if fH(y) # ¢,
W (A) (y) = { z€f"H(y)

0, iff ) = ¢,

inf {ya(2)}, if f7H(y) # ¢
Vi (y) = {7 W

[ 0. if 17 () = &,
V,y €Y. Where f~1(y) = {z: f(z) = y}.
(b) Let B be a neutrosophic set in Y with membership function pp(y), indeterminacy
function wp(y) and non-membership function yp(y). Then, the inverse image of B
under f, written as f~!(B) is a neutrosophic set of X whose membership function,

indeterminacy function and non-membership function are defined as p;-1(p) (x) =

pe(f(x)), wp-1()(x) = wp(f(z)) , and v-1(p)(z) = v8(f(2)), respectively V z € X.

Definition 2.20. [3,6,17] A mapping f : (X,7) — (Y, 0) is called neutrosophic semi contin-
uous ( resp. neutrosophic pre continuous , neutrosophic a-continuous,neutrosophic semi pre
continuous, neutrosophic é-pre continuous, neutrosophic b-continuous if f~1(A) € NSO(X)
(resp. f~1(A) € NPO(X), f~}(A) € NaO(X), f~1(A) € NSPO(X), f~Y(A) € NOPO(X),
f71(A) € NbO(X) ) for each neutrosophic set A € o.

Remark 2.21. [3,/16,/17] Every neutrosophic continuous mappings is neutrosophic «-
continuous, every neutrosophic a-continuous mapping is neutrosophic semi continuous and
neutrosophic pre continuous , every neutrosophic semi continuous (resp. neutrosophic pre
continuous) mapping is neutrosophic b-continuous and neutrosophic b-continuous mapping is
neutrosophic semi pre continuous but the separate converses may not be true.The concepts of

neutrosophic semi continuous and neutrosophic pre continuous mappings are independent.

Remark 2.22. [17] Every neutrosophic pre continuous mapping is neutrosophic d-pre con-

tinuous but the converse may not be true.

3. Neutrosophic semi )-preopen sets

In this section, we introduce the concept of neutrosophic semi §-preopen set and study some

of their properties in neutrosophic topological spaces.

Definition 3.1. A neutrosophic set A in a NT'S (X, 7) is called:
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(a) neutrosophic semi d-preopen if there exists a neutrosophic d-preopen set O such that
O C ACécl(0).
(b) neutrosophic semi d-preclosed if there exists a neutrosophic d-preclosed set F' such that

Sint(F) CACF.

The family of all neutrosophic semi d-preopen (resp. neutrosophic semi d-preclosed) sets of
a NTS (X, 7) is denoted by NS6PO(X) (resp. NSIPC(X)).

Remark 3.2. Every neutrosophic d-semiopen (resp. neutrosophic §-semiclosed)set is neutro-

sophic semiopen (resp. neutrosophic semiclosed) but the converse may not be true.

Example 3.3. Let X = {a,b} and neutrosophic sets A, B, O are defined as follows:
A={<a,0.3,0.5,0.7>,<b,0.4,05,0.6 >}

B =1{<a,0.4,0.5,0.6 > <b,0.3,0.5,0.7 >}
O ={<a,05,0.5,0.5 >, < b,0.6,0.5,0.4 >}

let 7 ={0,A4,B, AU B, AN B,1} be the neutrosophic topology on (X, 7). Then O is neutro-

sophic semiopen but not neutrosophic d-semiopen.

Remark 3.4. Every neutrosophic d-open (resp. neutrosophic d-closed) set is neutrosophic
d-semiopen (resp. neutrosophic d-semiclosed) but the converse may not be true. For, in the
NTS (X, 1) of example (3.3]), the neutrosophic set A is neutrosophic J-semiopen but not

neutrosophic d-open.

Remark 3.5. The concepts of neutrosophic d-semiopen and neutrosophic open sets are in-
dependent. For, in the NT'S (X, 1) of example (3.3)), the neutrosophic set O is neutrosophic
d-semiopen but not neutrosophic open and neutrosophic A is neutrosophic open but not neu-

trosophic d-semiopen.
Theorem 3.6. An neutrosophic set A € NSOSPC(X) if and only if A° € NSGPO(X).

Remark 3.7. Every neutrosophic semi preopen (resp. neutrosophic semi preclosed) set and
Every neutrosophic d-preopen (resp. neutrosophic d-preclosed) set is neutrosophic semi J-

preopen (resp. neutrosophic semi d-preclosed). But the separate converse may not be true.

Example 3.8. Let X = {a, b} and neutrosophic sets A, B, O, F' are neutrosophic sets defined
as follows:

A={<a,05,0.5,0.5>,<b,0.3,0.5,0.7 >}
B =1{<a,0.5,0.5,0.5 >,<b,0.1,0.5,0.9 >}
0 ={<a,0.5,0.5,0.5>,<b,0.9,0.5,0.1 >}
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F={<4a,05,0.50.5 >,<b,0.6,0.504 >}

let 7 = {0, A, B, 1} be a neutrosophic topology on (X, 7), Then
(a) O is neutrosophic semi d-preopen (resp. O€ neutrosophic semi preclosed) but not
neutrosophic semi preopen (resp. neutrosophic semi preclosed).
(b) F' is neutrosophic semi d-preopen (resp. F° is neutrosophic semi preclosed) but not

neutrosophic d-preopen (resp. neutrosophic d-preclosed).

Remark 3.9. It is clear that from remark ([2.11)), (2.16), (2.17), (2.18). (3-2),
(3.4), (3.5) and (3.7]) that the following figure of implications is true.

Neutrosophic §-open
( Neutrosophic §-closed)

/ \

Neutrosophls 5»sem|‘open Neutrosophic open
( Neutrosophic §-semi closed) ( Neutrosophic closed)

l J

Neutrosophic semi open : Neutrosophic @-open
( Neutrosophic semi closed) ( Neutrosophic a@-closed)

Ny 7

Neutrosophicb open Neutrosophic preopen

( Neutrosophic b-closed) ( Neutrosophic preclosed)
Neutrosophic semi preopen Neutrosophic &- preopen
( Neutrosophic semi preclosed) ( Neutrosophic -preclosed)

Neutrosophic semi §- preopen /

( Neutrosophic semi §-preclosed)

Figure 1

Theorem 3.10. Let (X,7) be a NT'S . Then

(a) Any union of neutrosophic semi d-preopen sets is neutrosophic semi 0-preopen.

(b) Any intersection of neutrosophic semi d-preclosed sets is neutrosophic semi d-preclosed.

Theorem 3.11. A neutrosophic set A € NSSPO(X) if and only if for every neutrosophic
point x(q.p 3) € A there exists a neutrosophic set O € NSSPO(X) such that x (., 8 € O C A.
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Proof. If A € NSSPO(X) then we may take O = A for every z(, , g € A.
Conversely. We have A = (am.pEA U{x(amﬁ)} Cafamp EA UO C A.The result now follows

from the fact that any union of neutrosophic d-preopen sets is neutrosophic §-preopen.

Theorem 3.12. Let (X,7) be a NTS .

(a) If AC O Cocl(A) and A € NSSPO(X) then O € NS§PO(X),
(b) If 0int(B) C F C B and B € NS§PC(X) then F € NSSPC(X)

Proof. (a) Let O € NGPO(X) such that O C A C dcl(Oy).

Clearly O; C O and A C 6cl(O1) implies that dcl(A) C dcl(O;). Consequently,
01 C O C4cl(0y). Hence O € NS§PO(X).

(b) Follows from (a). [

Lemma 3.13. An neutrosophic set A € NOPO(X) if and only if there exists a neutrosophic
set O such that A C O C dcl(A).

Proof. Necessity If A € NoPO(X) then A C int(dcl(A)).

Put O = int(dcl(A)) then O is a neutrosophic open and A C O C dcl(A).

Sufficiency Let O be a neutrosophic open set such that A C O C écl(A), then A C int(O) C
int(ocl(A)). Hence A € NoPO(X).

Lemma 3.14. Let Y be a neutrosophic subspace of NT'S (X, 7) and A be a neutrosophic set
inY. If A€ NOPO(X) then A € NGPO(Y).

Proof. Since A € N6PO(X), By Lemma ({3.13), there exists a neutrosophic set O in (X, 1)
such that A C O C dcl(A). Therefore ANY CONY Ccl(A)NY = ocly(A). It follows that
A C O Cécly(A). Hence by Lemma (3.13), A € NoPO(Y).

Theorem 3.15. Let Y be a neutrosophic subspace of NT'S (X,7) and A be a neutrosophic
setinY. If Ae NSOPO(X) then A€ NSSPO(Y).

Proof. Let O € N6PO(X) such that O C A C ¢l(O). Then ONY C ANY C c(O)NY.
It follows that O C A C cly(O). Now by Lemma (3.14), O € N6PO(Y) and hence A €
NSSPO(Y). [

Theorem 3.16. Let X and Y be NT'S |, such that X is product related to Y.

(a) If A€ N6PO(X) and O € N6PO(Y), then A x O € N6PO(X x Y).
(b) N A€ NSSPO(X) and O € NSSPO(Y), then A x O € NSSPO(X x Y).
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Proof. (a) N A€ NOPO(X) and O € NOoPO(Y). Then A x O Cint(dcl(A)) x int(dcl(0)) =
int(dcl(A x O)).

(b) Let F C A C §cl(F) and ¢ C O C écl(¢), F € N6PO(X) and v € N6PO(Y). Then
Fxy CAxOCoc(F) xdcl(v) = dcl(A x ). Now the result follows from (a).

Definition 3.17. Let (X,7) be a NT'S and A be a neutrosophic set of X. Then the neutro-
sophic semi d-preinterior (denoted by sopint) and neutrosophic semi d-preclosure (denoted by
sdpcl) of A respectively defined as follows:

sopint(A) =U{O : O C A;0 € NS§PO(X)},

sépcl(A) =N{O: 0 D A;0 € NSSPC(X)}.

The following theorem can be easily verified.

Theorem 3.18. Let A and O be neutrosophic sets in a NT'S (X, 7). Then:
(a) sdpcl(A) C cl(A)
(b) sdpcl(A) is a neutrosophic semi d-preclosed.
(¢c) Ae NSOPC(X) < A= sopcl(A).
(d) AC O = sdpcl(A) C sopcl(O).
(e) int(A) C sdpint(A).
(f) sdpint(A) is a neutrosophic semi preopen.
(g) A€ NSSPO(X) & A = sopint(A).
(h) A C O = sopint(A) C sopint(O).
(i) sdpint(A°) = (sdpcl(A))©.

Definition 3.19. Let A be a neutrosophic sets in a NT'S (X, 7) and z(,,, ) is a neutrosophic
point of X. Then A is called:

(a) neutrosophic semi d-preneighborhood of T(qy,p) if there exists a neutrosophic set O €
NS§PO(X) such that z(, 3 € O C A.

(b) neutrosophic semi é-pre Q-neighborhood of z(,, 3) if there exists a neutrosophic set
O € NS6PO(X) such that z(,, 8,0 C A.

Theorem 3.20. An neutrosophic set A € NSSPO(X) if and only if for each neutrosophic

point T(qy ) € A, A is a neutrosophic semi d-preneighborhood of x4y g)-

Theorem 3.21. Let A be a neutrosophic sets in a NTS (X, 7). Then a neutrosophic point
T(an,p) € SOpcl(A), if and only if every neutrosophic semi 6-pre Q-neighborhood of x(q.y gy s

quasi-coincident with A.

Proof. Necessity Suppose 7,y ) € sdpcl(A) and if possible let there exists a neutrosophic

semi d-pre Q-neighborhood O of z(, ,, gy such that [(OyA). Then there exists a neutrosophic set

a,n,B
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0O, € NS6PO(X) such that T(an,3)q01 € O1 € O which show that 1(014A) and hence A C Of.
As Of € NS6PC(X), sépcl(A) C OF. Since x(qy g € Of, we obtain that z(, ., g ¢ sdpcl(A)
which is a contradiction.

Sufficiency Suppose every neutrosophic semi d-pre (-neighborhood of z(,, g) is quasi-
coincident with A. If x(,, ) ¢ sdpcl(A) then there exists a neutrosophic semi J-preclosed
set O 2 A such that 24, ¢ O. So O° € NSGPO(X) such that x4, 3),0° and [(OgA) a

contradiction. [

a,n,B

Definition 3.22. A mappings f : (X,7) — (Y, 0) is said to be neutrosophic d-preirresolute if
f71(A) € NSSPO(X) for every neutrosophic set A € N6PO(Y).

Theorem 3.23. If f : (X,7) — (Y,0) is a neutrosophic d-pre irresolute and neutrosophic
open mapping, then f~1(A) € NSSPO(X), for every A € NSSPO(Y).

Proof. Let A € NS6PO(Y). Then there exists a neutrosophic set O € N6PO(X) such that
O C A C 6cl(O). Therefore f~1(0) C f~1(A) C f~1(6cl(O)) since f is neutrosophic open and
d-pre irresolute. f~1(0) C f~1(A) C f~1(5cl(0)) C dcl(f~(0)) and f~1(0) € NSSPO(X).
Hence f~1(A) € NS6PO(X). ¢

4. Neutrosophic semi §-precontinuous mappings

Definition 4.1. A mappings f : (X,7) — (Y,0) is said to be neutrosophic semi J-
precontinuous if f~1(A) € NSSPO(X) for every neutrosophic set A € o.

Remark 4.2. Every neutrosophic d-pre continuous (resp. neutrosophic semi precontinuous)

mappings is neutrosophic semi d-precontinuous but the converse may not be true.

Example 4.3. Let X = {a,b} and Y = {p, q} and neutrosophic sets A, B,O, F' are defined

as follows:
A={<a,0.5,0.50.5><b,0.3,05,0.7 >}
B =1{<a,0.5,0.5,0.5 >,<b,0.1,0.5,0.9 >}
O ={<p,0.5,0.5,0.5 >,< ¢,0.9,0.5,0.1 >}
F ={<p,0.5,0.5,0.5 >,< ¢,0.6,0.5,0.4 >}

let 71 = {0, A, B,1}, 75 = {0,0,1} and 73 = {0, F,1}. Then the mapping f : (X, 1) — (Y, )
defined by f(a) = p, f(b) = ¢ is a neutrosophic semi J-pre continuous but not neutrosophic
semi precontinuous and the mapping ¢ : (X, 71) — (Y, 73) defined by g(a) = p, g(b) = ¢q is a

neutrosophic semi §-precontinuous but not neutrosophic §-pre continuous.
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Remark 4.4. Remark (2.21)), (2.22)) and (4.2]) reveals that the following figure of implications

is true.

Neutrosophic continuous

J

Neutrosophic @-continuous

Neutrosophic

Neutrosophic . Neutrosophic :
semi continuous :f b-continuous <: precontinuous

171

Neutrosophic semi Neutrosophic  §-
precontinuous pre continuous

L 7

Neutrosophic
§- pre continuous

Figure 2

Theorem 4.5. Let f : (X,7) — (Y,0) be a mapping from a NTS (X,7) to NTS (Y,0).
Then the following statements are equivalent:

(a) f is neutrosophic semi d-precontinuous.

(b) for every neutrosophic closed set A in'Y, f~1(A) € NSSPC(X).

(c) for every meutrosophic point x(qy gy in X and every neutrosophic open set A such
that f(x(an,p) € NSOPO(X) there is a neutrosophic set O € NSSPO(X) such that
T(amp) € O and f(O) C A.

(d) for every meutrosophic point x4, of X and every mneighborhood A  of
f(@ans) f71(A) is a neutrosophic semi §-pre neighborhood of T(am,B)-

(e) for every neutrosophic point (4, ) of X and every neighborhood A of f(x(q.y,s)), there
is a meutrosophic semi d-pre neighborhood U of x4y gy such that f(U) C A.

(f) for every neutrosophic point x(, , gy of X and every neutrosophic open set A such that
f(x(amp))qA, there is a neutrosophic set O € NSSPO(X) such that x O and
1(0) € A.

(g) for every neutrosophic point x(qnp of X and every Q-neighborhood A of
f(@ans) f71(A) is a neutrosophic semi §-pre Q-neighborhood of T(am,B)-

a,n,6)q
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(h) for every neutrosophic point x4, gy of X and every Q-neighborhood A of f(x(ay.8)),
there is a neutrosophic semi pre Q-neighborhood U of x (.. gy such that f(U) C A.

(i) f(sdpcl(A)) C cl(f(A)), for every neutrosophic set A of X.

(j) sdpel(f~1(0)) C f~1(cl(0)), for every neutrosophic set O of Y.

(k) f~1(int(0)) C sdpint(f~1(0)), for every neutrosophic set O of Y.

Proof. (a) = (b) Obvious.

(a) = (c) Let (4, ) be a neutrosophic point of X and A be a neutrosophic open set in
Y such that f(z(a,g) € A. Put O = f71(A4), then by (a), O € NSSPO(X) such that
T(anp €O and f(O) C A.

(¢) = (a) Let A be a neutrosophic open set in Y and z(, 5, ) € f~(A). Then f(z(4,4) € A
Now by (c) there is a neutrosophic set O € NS§PO(X) such that z(,, ) € O and f(O) C
Then #(,, 5 € O C f~'(A). Hence by theorem , f~YA) € NSSPO(X).

(a) = (d) Let x(4,p be a neutrosophic point of X and A be a neighborhood of
f(Z(a,8). Then there is a neutrosophic open set U such that f(z(,,3) € U € A. Now
F~Y(U) € NS6PO(X) and x(o5) € [~ (U) C f71(A). Thus f~*(A) is a neutrosophic semi
pre neighborhood of z(, , g) in X.

(d) = (e) Let w(,,ps) be a neutrosophic point of X and A be a neighborhood of
f(@@np) Then U = f~1(A) is a neutrosophic semi d-pre neighborhood of T
F(U) = F(F(A)) € A

(e) = (c) Let (3
that f(7(q,3)) € A. Then A is a neighborhood of f(z(4,,4)). So there is neutrosophic semi

am,8) and

) be a neutrosophic point of X and A be a neutrosophic open set such

d-pre neighborhood U of (4, 3) in X such that z(,, 3 € U and f(U) C A. Hence there is a
neutrosophic set O € NSIPO(X) such that z(,, 3 € O CU and so f(O) C f(U)C A

(a) = (f) Let z(4,, be a neutrosophic point of X and A be a neutrosophic open set
in Y such that f(z(an8) € A Let O = f71(A). Then O € NSGPO(X), T(44),0 and

F(O) = f(f71(A)) € A.

(f) = (a) Let A be a neutrosophic open set in Y and x4, g € f~1(A) clearly f(%(q5) €

A, choose the neutrosophic point a:fa 08) defined as

(Byn,a) ifz==x
¢ = 2
x(a,n,ﬁ)(z) (1,0,0) ifz#2 (2)

Then f(%(ay,8))qA and so by (f), there exists a neutrosophic set O € NSIPO(X), such that
(04777,6)110 and f(O) - A

Now z¢
(aym

”B)qO implies z ) € 0.

a,n,B
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Thus (4,4 € O C f~'(A). Hence by theorem (3.11) f~' € NS§PO(X).

(f) = (g) Let x(4,, gy be a neutrosophic point of X and A be a Q-neighborhood of f(x(q..8))-
Then there is a neutrosophic open set A; in Y such that f(z(,,4))41 € A. By hypothe-
sis there is a neutrosophic set O € NSSPO(X) such that z(,, 8,0 and f(O) C A;. Thus
T(am,5)q0 C [ (A1) C f1(A).

Hence f~1(A) is a neutrosophic semi §-pre Q-neighborhood of T(am,B)-

a,n,B

(9) = (h) Let x(4,, be a neutrosophic point of X and A be a Q-neighborhood of
f(@@anp) Then U = f~ 1(A) is a neutrosophic semi d-pre Q-neighborhood of T(qn,p) and

fFU)=f(f71(4) € A

(9) = (f) Let z(4,, 5 be a neutrosophic point of X and A be a neutrosophic open set such
that f(z(an))s € A- Then A is Q-neighborhood of f(x(4)). So there is a neutrosophic
semi J-pre Q-neighborhood d of x(,, 5) such that f(U) € A. Now U being a neutrosophic
semi §-pre Q-neighborhood of z(,, g). Then there exists a neutrosophic set O € NS§PO(X)
such that z(, , 3),0 € U. Hence z (4, 3,0 and f(O) C f(U) € A

(b) & (i) Obvious.
(h) < (j) Obvious.
() © (k) Obvious.

Theorem 4.6. Let X, X;, Xo be a neutrosophic topological spaces and p; : X1 X Xo —
X; (1 =1,2) be the projection of X1 x X into X;. Then if f : X1 x Xy is a neutrosophic semi
d- pre continuous mapping, it follows that p;of is also a neutrosophic semi §- pre continuous

mapping.

Theorem 4.7. Let f: (X,7) — (Y,0) be a mapping. If the graph mapping g : X — X xY

of f is a neutrosophic semi d-pre continuous, then f is a neutrosophic semi §-pre continuous.

Proof. Let O be a neutrosophic open set of Y. Then 1 x O is a neutrosophic open in X x Y.
Since ¢ is a neutrosophic semi d-pre continuous, ¢g~'(1 x O) € NSS§PO(X). But f~1(0) =
1N f10) = ¢g7'(1 x 0), f~1(O) € NSSPO(X). Hence f is a neutrosophic semi J-pre

continuous. pj

Theorem 4.8. Let X; and X; (i = 1,2) be a neutrosophic topological spaces such that X is
product related to Xo. If fi : X3 — X (i = 1,2) is a neutrosophic semi §-pre continuous, then

fi X fa: X1 x Xo = X' x X3 is a neutrosophic semi d-pre continuous.
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Proof. Let A = U(A, x Og) where Ays and O’ﬂs are neutrosophic open sets of X} and XJ
respectively, be a neutrosophic open sets of X7 x X3. We obtain (f; x f2) 1 (A) = U{f; ' (44) X

fy

1(0p)}. Since f1 and fo are neutrosophic semi §-pre continuous, f; *(Aa) € NSSPO(X1)

and f;'(Op) € NSSPO(X3). Therefore by theorem (3.16)(b), f;'(As) x f5 (Op) €
NSS§PO(X1 x Xa). Hence by theorem (3.10), (f1 x f2)7'(4) € NSSPO(X1 x Xa). ¢
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