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Abstract

In this paper, as a new separation axioms in neutrosophic supra topological space, Ns-Ti- space
(i=0,1,2) is built in this space. Moreover, SN.TiT>-open(closed) sets are defined in neutrosophic
supra bi-topological spaces. Also SNsi-Ti-space (i=0,1,2) is built on this new neutrosophic sets. And
their basic properties are presented. The relations between these new neutrosophic separation
axioms is studied. Finally, many examples are presented.
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1. Introduction

The idea of neutrosophic was invented and presented by F. Smarandache [1,2]. This science has
many applications in all science, including topology, where neutrosophic topological space was
defined by A. Salama and et al. in [3]. Also, the neutrosophic bi-topological space was defined by R.
K. Al-Hamido [4] as an extension of neutrosophic topological spaces in 2019. The concept of
neutrosophic supra bi-topological space has been studied in [5]. Also, the neutrosophic
Tri-topological space was defined by RK.Al-Hamido [6] as an extension of neutrosophic
bi-topological spaces in 2018. Also, in 2018, R. K. Al-Hamido, extended neutrosophic bi-topological
spaces to Neutrosophic Crisp Bi-Topological Spaces[7].

Later [8] studied the separations axioms but in neutrosophic crisp topological space via
neutrosophic crisp points which is defined in this paper. Moreover, these new definitions of
neutrosophic crisp points open the door to defined new types of separations axioms in neutrosophic
crisp topological space. such as neutrosophic crisp semi separation axioms in[9] and separation
axioms via neutrosophic crisp pre-open sets [10] in neutrosophic crisp topological spaces.

Based on neutrosophic crisp bi-topological space [7], separations axioms in neutrosophic crisp
bi-topological space were grounded by R. K. Al-Hamido et al. in [11].

Khattak et al. [12] worked on soft b-separation axioms in NSTS. Suresh and Palaniammal [13]
presented NS(WG) separation axioms in NTS.

Gunnuz Aras et al. [14] studied the separation axioms but in neutrosophic soft topological
spaces(NSTS).
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Mehmood et al. [15] worked on generalized neutrosophic separation axioms in NSTS.

Recently, Neutrosophic crisp set theory has been employed to model uncertainty in several areas of
application such as image processing [16],[17], and in geographic information systems[18] and
possible applications to database[19]. Also, neutrosophic sets [20] may have applications in the

medical field [21-22].

Recently, in 2021, A.Acikgoza et al. studied separations axioms in neutrosophic topological
space[23] for the first time.

Finally, R.Narmada et al. studied separation axioms in an ordered neutrosophic bitopological space
in [24]. For more detail about neutrosophic topology see [25-32].

In this paper, we will defined new patterns from neutrosophic sets in neutrosophic supra
bi-topological spaces, moreover we will defined separations axioms in neutrosophic supra
topological space and in neutrosophic supra bi-topological space depending on
SN.T1T2-open(closed) sets are defined in neutrosophic supra bi-topological spaces.

We will study the relationships among these new types of separations axioms, and we will also
examine the relationship between separations axioms in neutrosophic supra topological space and
neutrosophic supra bi-topological space.

2. Preliminaries

This section will discuss some basic definitions and properties of neutrosophic supra topology,
which are helpful in sequel.

Definition 2.1.[8]
let X be a non-empty set, D be a neutrosophic set in X, then:
D is said to be neutrosophic quasi-coincident (neutrosophic q-coincident, for short) with L, denoted

by DqL if and only if D L. If D is not neutrosophic quasi-coincident with L, we denote by D 7 L.

Definition 2.2: [25]

A neutrosophic supra topology (NST) on a non-empty set X is a family I' of neutrosophic subsets in
X satisfying the following axioms.

l.ixvand On belong to I'.

2.T is closed under arbitrary union.

The pair (X, I') is called neutrosophic supra topological space (NSTS) in X. Moreover, members of I
are known as neutrosophic supra open sets (NSOS).

The set of all neutrosophic supra open (closed) set is denoted NSOS(X) (NSCS(X) ).
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Definition 2.3. [5]

Let T1,T2 be two neutrosophic supra topology on a nonempty set X then (X,T1,T2) be a neutrosophic
supra Bi-topological space (SBi-NTS for short ).

3. Separation axioms in neutrosophic supra topological space

In this part, we have defined a new separation axioms in neutrosophic supra topological space,
namely Ns-Ti-space (i=0,1,2), for first time.

Definition 3.1.

A neutrosophic set F in NSTS (X,T) is called Ns-To-space if for any pair of neutrosophic points (NP)
x#yeX, there exists an Ue NOS(X) such that (xeU and yeU) or there exists Ve NOS(X); (yeV and
xgV).

Example 3.2.

Let X={n,m}, T={{nss1s, mee1e}:5€[0,1], e€[0,1] }

Then (X,T) is NSTS, (X,T) is Ns-To-space.

Definition 3.3.

A neutrosophic set F in NSTS (X,T) is called Ns-Ti-space if for any pair of neutrosophic points (NP)
xzy eX, there exists U, Ve NOS(X); (xeU and y¢U) and (yeV and xgV).

Example 3.4.

Let X={f,g}, T={{fss1s, gec1e}:s€[0,1],e€[0,1) }.

Then (X, T) is NSTS, (X,T) is Ns-To-space. But, (X,T) is not Ns-Ti-space, because, fi,1,0 and gi,10 are
neutrosophic points in (X, 1) ; f11,0 # g1,1,0 and the only neutrosophic supra open set that contains gi,10
is In.

Definition 3.5.

A neutrosophic set F in NSTS (X,T) is called Ns-T2-space if for any pair of neutrosophic points (NP)

x#yeX, there exists U,Ve NOS(X); (xeU and y¢U) and (yeV and xgV) : U§V.

Theorem 3.6.

Let (X,T) be a NSTS, then:

If (X,T) is Ns-T2-space then (X,T) is Ns-Ti-space.

Proof:

Let (X,T) is Ns-Tz-space, Then for any pair of neutrosophic points (NP) xzyeX there exists U,Ve

NOS(X); (xeU and y¢U) and (yeV and xgV) :U§V. so there exists U,VeNOS(X); (xeU and y¢U)
and (yeV and x¢V).

Therefore (X,T) is Ns-Ti-space.

Remark 3.7.

The converse of the theorem 3.6 is not true; see the following example:

Example 3.8.

In example 3.4, (X,T) is NSTS, X is Ns-To-space but not Ns-Ti-space, because, fi1,0 and gii0 are
neutrosophic points in (X, T) ; fi10 # gi10 and the only neutrosophic supra open set that contains
g110is In. Therefore, X is Ns-To-space but not Ns-T2-space.

Theorem 3.9.

Let (X,T) be a NSTS, then:

If (X,T) is Ns-T1-space, then (X,T) is Ns-To-space.

Proof:

Let (X,T) is Ns-Ti-space, Then for any pair of neutrosophic points (NP) xzyeX, there exists U,Ve
NOS(X); (xeU and y¢U) and (yeV and x¢V), so there exists U,VeNOS(X); (xeU and y¢U) or (yeV
and xgV).

Therefore (X,T) is Ns-To-space.

Remark 3.10.

The converse of the theorem 3.9 is not true, see the following example:
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Example 3.11.

In example 3.5, (X,T) is NSTS, X is Ns-To-space but not Ns-Ti-space, because, fi1,0 and gii0 are
neutrosophic points in (X, T) ; f11,0 # g11,0 and the only neutrosophic supra open set that contains gi,10
is In.

Remark 3.12.

Let (X,T) be a NSTS, then:

(X,T) is Ns-To-space = (X,T) is Ns-Ti-space = (X,T) is Ns-To-space.

Proof:

Proof following from theorem 3.9 and theorem 3.6.

4. Separation axioms in neutrosophic supra bi-topological space

In this part, we have defined for the first time a new separation axioms in neutrosophic supra

topological space, which named Nssi-Ti-space ( i=0,1,2).

Definition 4.1.
A neutrosophic set A in SBi-NTS (X,T1,T2) is called " Ns.TiT2-open set " if it is a neutrosophic open
set in (X, T1) or in (X, T2).

- A neutrosophic set B in SBi-NTS (X,T1,T2) is called " Ns.T1T2-closed set " iff its complement is

" Ns.T1T2-open set ".

- The set of all " Ns.TiT2-open (closed) sets " is denoted to be" Ns.T1T-NOS (Ns.T1T>-NCS)".
Definition 4.2.
A SBi-NTS (X,T1,T2) is called Nssi-To-space if :¥xzyeX , 3 Ue Ns. TiT>-NOS; (xeU and ygU) or 3 Ve
Ns. TiT>-NOS; (yeV and x¢ V).

Example 4.3.

Let X={n,m}, Ai={<n, 0.4, 0.4, 0.4>, <m, 0.5, 0.5, 0.5>}, A>={<n, 0.3, 0.3, 0.3>, <m, 0.6, 0.6, 0.6>},

Ti={ On, A1, A2, A1vA2, In}, To={ {ns515, Mee1e} 1 5€[0,1], e€[0,1] }

Then (X,T1,T2) is SBi-NTS, (X,T1,T2) is Nssi-To-space.

Definition 4.4.

A SBi-NTS (X,T1,T2) is called Nssi-Ti-space if :VxzyeX , 3 U,Ve Ns.TiT>-NOS; (xeU and y¢U) and
(yeV and xeV).

Example 4.5.

Let X={f,g}, A1={<{, 04,04, 0.4>,<g, 0.5, 0.5, 0.5}, A={<{, 0.3,0.3,0.3>, < g, 0.6, 0.6, 0.6>},

Ti={ 0N, A1, A2, A1v Az, IN}, To={ {fs,5 15, e e 1} :5€[0,1], e€[0,1) }

Then (X,T1,T2) is SBi-NTS, (X,T1,T2) is Nssi-To-space. But (X,T1,T2) is not Nssi-Ti-space.

Definition 4.6.

A SBi-NTS (X,T1,T2) is called Nssi-T2-space if :Vx#yeX , 3 U,Ve Ns.TiT-NOS; (xeU and yeU) and

(yeVand xeV) ; U§V.

Theorem 4.7.

Let (X,T1,T2) be a SBi-NTS, then:

(X, T1,T2) is Nssi-To-space <> (X, T1) is Ns-To-space or (X, T2) is Ns-To-space.

Proof :

=>:

Let (X, T1,T2) is Nssi-To-space then, Vx#yeX, 3 U,Ve Ns.T1T>-NOS; (xeU and y¢U) and (yeV and
x¢ V) so there existe U,Ve T1-NOS; (xeU and y¢U) and (yeV and x¢V) or there existe U,Ve
T2-NOS; (xeU and yeU) and (yeV and xgV) therefore (X,T1) is Ns-To-space or (X,Tz2) is
Ns-To-space.

=:
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Let (X, T1) be a Ns-To-space or (X,T2) be a Ns-To-space. Then, for every xzyeX , there existe U,Ve
T1-NOS; (xeU and yeU) and (yeV and x¢V)or U,Ve T>-NOS; (xeU and yeU) and (yeV and xgV),
so there exist U,Ve Ns.TiT>-NOS; (xeU and y¢U) or (yeV and x¢V). Therefore (X,T1,T2) is
Nsgi-To-space.

Theorem 4.8.

Let (X,T1,T2) be a SBi-NTS, then:

(X, T1,T2) is Nssi-Ti-space < (X,T1) is Ns-Ti-space or (X, T2) is Ns-Ti-space (i=1,2).

Proof:

In the same way of proof theorem 4.7.

Theorem 4.9.

Let (X,T1,T2) be a SBi-NTS, then:

(X, T1,T2) is Nspi-T2-space = (X,T1,T2) is Nssi-Ti-space

Proof:

Let (X,T1,T2) is Nggi-To-space, Then Vxz#yeX , 3 U,Ve Ns.TiT>-NOS; (xeU and y¢U) and (yeV and

xgV) 1 U§V. so there existe U,VeNs.TiT>-NOS; (xeU and y¢U) and (yeV and xgV).
Therefore (X,T1,T2) is Nggi-T1-space.

Remark 4.10.

The converse of the theorem 4.9 is not true, see the following example:

Example 4.11.

In example 4.5, (X,T1,T2) is SBi-NTS, X is Nggi-To-space but not Nggi-T;-space.
Therefore X is Nggi-To-space but not Nsgi-To-space.

Theorem 4.12.

Let (X,T1,T2) be a SBi-NTS, then:

(X,T1,T2) is Nggi-T1-space = (X,T1,T2) is Nsgi-To-space.

Proof:

Let (X,T1,T2) is Nggi-Ti-space, Then Vxz#yeX , 3 U,Ve Ns.TiT>-NOS; (xeU and y¢U) and (yeV and
x¢V), so there existe U,VeNs.T1T>-NOS; (xeU and y¢U) or (yeV and xe V).
Therefore (X,T1,T2) is Nggi-To-space.

Remark 4.13.

The converse of the theorem 4.12 is not true, see the following example:

Example 4.14.

In example 4.5, (X,T1,T2) is SBi-NTS, X is Nsgi-To-space but not Nggi-T;-space.
Remark 4.15.

Let (X,T1,T2) be a SBi-NTS, then:

(X, T1,T2) is Nggi-To-space = (X, T1,T2) is Nggi-T1-space = (X,T1,T2) is Nggi-To-space.
Proof:

Proof following from theorem 4.9 and theorem 4.12.

Theorem 4.16.

Let (X,T1,T2) be a SBi-NTS, then:

If (X,T1) is Ns-Ti-space and (X, Tz2) is Ns-Ti-space, then(X,T1,T2) is Nssi-Ti-space(i=0,1,2).
Proof :

From the theorem 4.7 and theorem 4.8.

Remark 4.17:

If (X,T1,T2) is Nssi-Ti-space(i=0,1,2) then may be(X,T1) or (X,T2) is not Ns-Ti-space, so the converse of
the Theorem 4.16 is not true.
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5. Conclusion

In this paper, we have defined for first time a new separation axioms in neutrosophic supra
topological space and neutrosophic supra bi-topological space which namely NS-Ti-space and
NSBi-Ti-space (i=0,1,2).

In the future, using these notions, various classes of separation axioms in neutrosophic supra
topological space and neutrosophic supra bi-topological space as NS-Ti-space and NSBi-Ti-space

(i=3,4,5) , and many researchers can be studied.

References

[1]Smarandache, F. A Unifying Field in Logics: Neutrosophic Logic, Neutrosophy, Neutrosophic
Set, Neutrosophic Probability, American Research Press, Rehoboth, NM, 1999.

[2] Smarandache, F. Neutrosophy and Neutrosophic Logic, First International Conference on
Neutrosophy, Neutrosophic Logic, Set, Probability, and Statistics, University of New Mexico,
Gallup, NM 87301, USA, 2002.

[3]Salma, A. A. Alblowi, S. A. Neutrosophic set and neutrosophic topological spaces, IOSR J.
Math, vol. 3, no. 4, pp. 31-35, 2012.

[4] Al-Hamido, R. K. A study of multi-Topological Spaces, PhD Theses ,AlBaath university , Syria,
2019.

[5]Al-Hamido, R. K. Neutrosophic Supra Bi-Topological Spaces, International Journal of
Neutrosophic Science, vol. 1, pp. 66-73, 2018.

[6] Al-Hamido, R. K. On Neutrosophic Tri-Topological space, Journal of newtheory, vol. 23, pp.
13-21, 2018.

[7]Al-Hamido, R. K. Neutrosophic Crisp Bi-Topological Spaces, Neutrosophic Sets and Systems,
vol. 21, pp. 66-73. 2018.

[8] AL-Nafee, A. B.; Al-Hamido, R. K.; Smarandache, F. Separation Axioms In Neutrosophic Crisp
Topological Spaces, Neutrosophic Sets and Systems, vol. 25, pp. 25-32, 2019.

[9] Al-Hamido, R. K.; Luai Salha; Taleb Gharibah; Neutrosophic Crisp Semi Separation Axioms In
Neutrosophic Crisp Topological Spaces, International Journal of Neutrosophic Science, vol. 6,
no. 1, pp. 32-40, 2020.

[10] Al-Hamido, R. K.; Luai Salha; Taleb Gharibah. Pre Separation Axioms In Neutrosophic
Crisp Topological Spaces, International Journal of Neutrosophic Science vol. 8, no. 2, pp.
72-79, 2020.

[11] Al-Hamido, R. K., Luai Salha, Taleb Gharibah, Pre Separation Axioms In Neutrosophic
Crisp Bi-Topological Spaces, International Journal of Neutrosophic Science, vol. 43, 2021.

[12]  Khattak, A. M.; Hanif, N.; Nadeem, F.; Zamir, M.; Park, C.; Nordo, G.; Jabeen S. Soft
b-separation axioms in neutrosophic soft topological structures, Annals of Fuzzy Mathematics
and Informatics, vol. 18, no. 1, pp. 93-105, 2029.

[13]  Suresh, R.; Palaniammal, S. NS(WG) separation axioms in neutrosophic topological
spaces, Journal of Physics: Conference Series, 012048, 2020.
doi:10.1088/1742-6596/1597/1/012048.

Riad K. Al-Hamido , Separation axioms in neutrosophic supra topological space and neutrosophic supra bi-topological
space



Neutrosophic Sets and Systems, Vol. 51, 2022 846

[14] Gunuuz Aras, C; Ozturk, T. Y.; Bayramov, S. Separation axioms on neutrosophic soft
topological space. Turkish Journal of Mathematics, vol. 43, pp. 498-510, 2019.

[15] Mehmood, A.; Nadeem, F.; Nordo, G.; Zamir, M.; Park, C.; Kalsoom, H.; Jabeen, S.; KHan
M. L. (2020). Generalized neutrosophic separation axioms in neutrosophic soft topological
spaces, Neutrosophic Sets and Systems, vol. 32, pp. 38-51.

[16] Salama, A. A.; Hanafy, I. M; Hewayda Elghawalby Dabash M.S, Neutrosophic Crisp
Closed Region and Neutrosophic Crisp Continuous Functions, New Trends in Neutrosophic
Theory and Applications.

[17]  Salama, A. A.; Hewayda Elghawalby, M.S.; Dabash, A. M.; NASR. Retrac Neutrosophic
Crisp System For Gray Scale Image, Asian Journal of Mathematics and Computer Research,
vol. 24, no. 22, pp. 104-117, 2018.

[18] Salama, A. A. Basic Structure of Some Classes of Neutrosophic Crisp Nearly Open Sets &
Possible Application to GIS Topology, Neutrosophic Sets and Systems, vol. 7, pp. 18-22, 2015.

[19] Salama, A. A.; Smarandache F. Neutrosophic Crisp Set Theory, Neutrosophic Sets and
Systems, vol. 5, pp. 1-9, 2014.

[20]  Smarandache, F. “Neutrosophy and Neutrosophic Logic, First International Conference
on Neutrosophy, Neutrosophic Logic, Set, Probability, and Statistics” University of New
Mexico, Gallup, NM 87301, USA 2002.

[21] M. Abdel-Basset; M. Mai, E. Mohamed; C. Francisco;H. Z. Abd El-Nasser. "Cosine
similarity measures of bipolar neutrosophic set for diagnosis of bipolar disorder diseases"
Artificial Intelligence in Medicine Vol. 101, 101735,(2019).

[22]  Abdel-Basset, M.; Mohamed, E.; Abduallah, G.; Smarandache, F. A novel model for

evaluation Hospital medical care systems based on plithogenic sets, Artificial intelligence in
medicine vol. 100., 101710, 2019.

[23]  Acikgoz, A.; Esenbel, F. A Look on Separation Axioms in Neutrosophic Topological
Spaces, AIP Conference Proceedings 2334, 020002, 2021; https://doi.org/10.1063/5.0042370.

[24] Narmada Devi, R.; Dhavaseelan, R.; Jafari, S. On Separation Axioms in an Ordered
Neutrosophic Bitopological Space, Neutrosophic Sets and Systems, vol. 18, pp. 27-36, 2017.

[25]  Jayaparthasarathy,G.; Little Flower V.F.; Arockia Dasan M.; Neutrosophic Supra
Topological Applications in Data Mining Process, Neutrosophic Sets and Systems, vol. 27, pp.
80-97, 2019.

[26] Parimala M.; Karthika M.; Smarandache F.; Broumi, S. On aw-closed sets and its
connectedness in terms of neutrosophic topological spaces, International Journal of

Neutrosophic Science, vol. 2, no. 2, PP. 82-88 , 2020.

[27]  Gowri, R.; Rajayal, A. K. R. On Supra Bitopological spaces, IOSR Journal of Mathematics
(IOSR-JM) .voi. 113, no.5, pp. 55-58, 2017.

[28]  Ozturk, T.Y.; Ozkan, A. Neutrosophic Bitopological Spaces, Neutrosophic Sets and
Systems, vol. 30, pp. 88-97, 2019.

[29] Al-Hamido, RK,; Imran, Q. H.; Alghurabi, K. A.; Gharibah, T. On Neutrosophic Crisp
Semi Alpha Closed Sets, Neutrosophic Sets and Systems, vol. 21, pp. 28-35, 2018.

[30] Imran, Q. H. Smarandache, F.; Al-Hamido, R.K.; Dhavasselan, R. On Neutrosophic
Semi Alpha open Sets, Neutrosophic Sets and Systems, vol. 18, pp. 37-42, 2017.

[31] Al-Hamido, RK. Gharibah, T. Jafari S.; Smarandache, F. On Neutrosophic Crisp
Topology via N-Topology, Neutrosophic Sets and Systems, vol. 21, pp. 96-109, 2018.

Riad K. Al-Hamido , Separation axioms in neutrosophic supra topological space and neutrosophic supra bi-topological
space


https://doi.org/10.1063/5.0042370

Neutrosophic Sets and Systems, Vol. 51, 2022 847

[32] Zararsiz, Z.; Riaz, M. Bipolar fuzzy metric spaces with application, Comp. Appl
Math. Vol. 41, no. 49, 2022. https://doi.org/10.1007/s40314-021-01754-6.

Received: June 24, 2022. Accepted: September 20, 2022.

Riad K. Al-Hamido , Separation axioms in neutrosophic supra topological space and neutrosophic supra bi-topological
space


https://doi.org/10.1007/s40314-021-01754-6

