Neutrosophic Sets and Systems, Vol. 75, 2025

University of New Mexico

gV
N1 a

Pairwise Approach to Neutrosophic Soft Bi-Topological Spaces: Exploring

Neutrosophic Soft Open Sets and Their Real-Life Applications

Maha Mohammed Saeed!, Samer Al Ghour?*, Arif Mehmood3*, Wahid Rehman?*, Fabio Souto de
Azevedo*, R. Seethalakshi’, Aamir Abbas3, M. Kaviyarasu®*
Department of Mathematics, Faculty of Sciences, King Abdulaziz University, P.O. Box 80203, Jeddah 21589, Saudi
Arabia; (mmmohammed@kau.edu.sa)
?Department of Mathematics and Statistics, Jordan University of Science and Technology, Irbid, 22110, Jordan;
(algore@just.edu.jo)
Institute of Numerical Sciences, Department of Mathematics Gomal University Dera Ismail Khan, KPK,
Pakistan; (mehdaniyal@gmail.com); (abbasaamirl13@gmail.com)
*Federal University of Rio Grande do Sul Campus Do Vale, Brazil;
(wahidkhattak601@gmail.com); (fabio.azevedo@ufrgs.br);
SDepartment of Mathematics (H&R), Rajalakshmi Institute of Technology Kuthambakkam, Chennai 600124, India;
(seethamaths79@gmail.com)
Department of Mathematics, Vel Tech Rangarajan Dr. Sagunthala R &D Institute of Science and Technology,
Avadi, Chennai 600062, Tamil Nadu, India; (kavitamilm@gmail.com)

*Corresponding authors email address; (algore@just.edu.jo);(mehdaniyal@gmail.com)

Abstract: In this article, eight new definitions are introduced in the context of neutrosophic soft

bi-topological spaces with respect to the soft points of the space. Among these new definitions, one

important concept known as the soft b** open set is selected for a pairwise discussion of different

structures. These structures include separation axioms, subspaces, the connections between
separation axioms and closures, results concerning interiors and closures, the product of separation
axioms, and their relationships with neutrosophic soft coordinate spaces regarding soft points.
Finally, the most significant structure known as entropy is discussed, and based on this structure, an
example related to engineering is presented. In this example, to achieve effective risk supervision in
the field of engineering, certain risks are classified along with specific parameters, and these risks are
evaluated by a team of expert engineers. Mehmood et al. [40] proposed a new approach to
generalized neutrosophic soft sets in neutrosophic soft topology concerning the soft points of the
space and discussed several structures related to this new approach. The references by Ozturk et al.

[32-35] led us to this present work, with [32] serving as a significant source of motivation. In this
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particular work, the author defined neutrosophic soft topological space in an exceptionally novel

way.

Keywords: Neutrosophic soft set, neutrosophic soft bi-topology, neutrosophic soft open set,

neutrosophic soft b** open sets, neutrosophic soft separation axioms and neutrosophic soft

entropy.

1. Introduction

Zadeh [1] proposed afuzzy set (FS) to solve ambiguous information. After that, it has been successfully used in
different areas [2-7]. Atanassov [8] extended FS to the intuitionistic fuzzy set (IFS) which is very effective to
deal with vagueness of the information. The IFS has the ability to express fuzziness and uncertainty of practical
situations which each element concludes membership degree, non-membership degree, and hesitation degree
and they are presented by exact numbers. The sum of these three functions is number 1. In general, the degrees
may be not exact numbers but interval values. Then the theory of IFS was extended to interval-valued IFS [9].
With the development of the theory of FS and its extension, they have been handled many uncertainties in
different real-life problems. But, there are many phenomena cannot be dealt by the FS and its extension. For
example, when we ask an expert about a complex statement, he or she may not give the exact answer of the
problem and say that the possibility that the statement is true is 0.6, that is false is 0.5 and the degree that he or
she is not sure is 0.3. This situation cannot be expressed by FS and IFS, and some new set is needed to express
the condition. Neutrosophic set (NS) was first proposed by Smarandache [10, 11] from philosophical point of
view. A NS is a set that each element has truth membership degree, indeterminacy membership degree and
falsity membership degree. As we known, it was difficult to apply the NS in real science and engineering fields.
Smarandache [50] made extension of soft set to hyper soft set, and then to plithogenic hyper soft set. The author
generalized the soft set to the hyper soft set by transforming the function F into a multi-attribute function and
also introduced the hybrids of crisp, fuzzy, intuitionistic fuzzy, neutrosophic, and plithogenic hyper-soft Set.
Smarandache [51] generalized the soft set to the hyper-soft set by transforming the function F into a
multi-attribute function. and in continuation, introduced the hybrids of crisp, Fuzzy, Intuitionistic Fuzzy,

Neutrosophic, and Plithogenic Hyper-soft Set Wang et al. [12, 13] proposed single valued neutrosophic set
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(SVNS) and interval valued neutrosophic set (IVNS). SVNS and IVNS are the subclasses of simplified
neutrosophic set which was proposed by Ye [14] and he presented the operators and relationships of the sets and
gave their different properties. Therefore, some new results of SNS appeared [15, 16].

Molodtsov developed soft set theory in a fundamentally different perspective. The application of this theory can
be used for meaningfully interpreting real life problems in pure and applied sciences involving imprecise data.
Current studies shows that ambiguities in data mining problems can also be solved using soft set theory
techniques. The soft set theory could be used to interrogate and extend the idea of probability, fuzzy set, rough
set and intuitionistic fuzzy set further. The disadvantage of lack of parameterization tool related to the concepts
mentioned above gave a higher realm to soft set theory. In short, unlimited nature of approximate description is
the greatest advantage of soft set theory. Molodtsov [17] published the paper titled “Soft set theory: first
results"”, which is considered as the origin of theory of soft sets. Apart from the basic notions of the theory, some
of its possible applications and some problems of the future research directions are also discussed in this paper.
This theory was further solidified by Maji et al. [18] by defining some fundamentals of the theory such as
equality of two soft sets, subset and super set of a soft set etc. As continuation of these ideas, many extensions,
hybridizations and extensions were put forward by many authors, some of them are the following: Maji et al.
[19] introduced fuzzy soft sets, Wang et al. [20] introduced hesitant fuzzy soft sets and Pei and Miao [21]
explore the relationship between fuzzy soft sets and classical information systems. The theory of soft sets is still
developing very rapidly both in theoretical as well as application perspectives.

John [22] introduced a soft structure over a set to make a certain discretization of such fundamental
mathematical concepts with effectively continuous nature. The benefit is that it provided new tools for the use
of the technology of mathematical analysis in real applications catching uncertainty or imperfect data. John
[23] studied qualitative properties of certain objects, called topological spaces that are invariant under certain
kinds of transformations, called continuous maps. The author also addressed some generalized structures.
John [24] have had a quick look into some structures. These are hybridizations including Fuzzy sets,
Intuitionistic fuzzy sets, Hesitant fuzzy sets, Rough sets etc.

Al-shami et al. [25] continuously worked on menger spaces and defined a weak type of soft menger spaces,
namely, nearly soft menger spaces and gave their complete description using soft s-regular open covers and

proved that they coincided with soft menger spaces in the class of soft regular spaces. Also, the authors
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studied the role of enriched and soft regular spaces in preserving nearly soft meagerness between soft
topological spaces and their parametric topological spaces. Finally, the authors established some properties of
nearly soft menger spaces with respect to hereditary and topological properties and product spaces. Al-shami
et al. [26] sorted out the weakest conditions that preserve some topologically inspired properties and
introduced the concept of an infra soft topological spaces which is a collection of subsets that extend the
concept of soft topology by dispensing with the postulate that the collection is closed under arbitrary union.
The authors studied the basic concepts of infra soft topological spaces such as infra soft open and infra soft
closed sets, infra soft interior and infra soft closure operators, and infra soft limit and infra soft boundary
points of a soft set. The authors devised some techniques to generate infra soft topologies and explored the
concept of continuity between infra soft topological spaces and determined the conditions under which the
continuity is preserved between infra soft topological space and its parametric infra topological spaces. Al-
shami et al. [27] discussed weak forms of soft separation axioms and fixed soft points. The authors discussed
soft separation axioms and other separation axioms with respect generalized open sets.  Al-shami et al. [28]
introduced the concept of infra soft connected and infra soft locally connected spaces and discussed the
behaviors of infra soft connected and infra soft locally connected spaces under infra soft homeomorphism
maps and a finite product of soft spaces. The authors discussed component of a soft point and established its
main properties. Al-shami [29] redefined the concept of soft mappings to be convenient for studying the
topological concepts and notions in different soft structures and introduced the concepts of open, closed, and
homeomorphism mappings in the content of infra soft topology. The authors established main properties and
investigated the transmission of these concepts between infra soft topology and its parametric infra topologies
and defined a quotient infra soft topology and infra soft quotient mappings and studied their main properties
with the aid of illustrative examples.

Al-shami [30] discussed infra soft compact and infra soft Lindelof spaces and described them using a family
of infra soft closed sets and displayed their main properties. The author focused on studying the “transmission”
of these concepts between infra soft topology and classical infra topology which helped us to discover the
behaviors of these concepts in infra soft topology using their counterparts in classical infra topology and vice
versa. Among the obtained results, these concepts are closed under infra soft homeomorphisms and finite

product of soft spaces. Finally, the author introduced the concept of fixed soft points and reveal main
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characterizations, especially those induced from infra soft compact spaces. Asad et al. [31] originated the notion
of soft bi-operators. Mehmood et al. [41] studied and discussed new operations of union, intersection, and
complement with the help of vague soft sets in a new way. On the basis of these operations, vague soft topology
is re-defined. Pairwise vague soft open sets and pairwise vague soft closed sets are also re-defined in vague soft
bitopological structures (VSBTS). Moreover, generalized vague soft open sets are introduced in VSBTS
concerning soft points of the space. On the basis of generalized vague soft open sets, separation axioms are also
introduced. In continuation, these separations axioms are engaged with other important results in VSBTS.

Mehmood et al. [42] installed a new concept of vague soft bi-topological space which is based on generalized

vague soft open set and is known as vague soft § open set and on the basis of this new concept few structures

are re-generated in vague soft bi-topological space with respect to soft points of the spaces. Abobala [48]
discussed maximal and minimal ideals of n-refined neutrosophic rings.

Vadivel et al. [52] introduced a new types of 3-open sets and 8-closed sets in neutrosophic topological spaces
which are a stronger form. Also, the notion of neutrosophic 6 mappings were introduced and also discuss their
relationship between near mappings in neutrosophic topological spaces. Moreover, the authors investigated
some of their basic properties and examples in neutrosophic topological spaces.

Ozturk et al. [32] pioneers of new operations on neutrosophic soft sets. These operations are union and
intersections and discussed basic results. Ozturk et al. [33] unveiled the concept of neutrosophic soft mapping,
neutrosophic soft open mapping and neutrosophic soft homeomorphism on the basis of operation defined in
[32]. Some results are secured with best understandable examples. Gunduz et al. [34] introduced separation
axioms in neutrosophic soft topological spaces with respect to soft points. Ozturk, Taha Yasin [35] introduced
new concepts in neutrosophic soft topological spaces. These concepts are boundary, dense set and neutrosophic
soft basis. In addition, the concept of soft subspace on neutrosophic soft topological spaces. Some interesting
results are addressed with respect to soft points. Some complicated results are secured with best examples.
Acikgoz and Esenbel [53] introduced the concepts of neutrosophic soft d—interior, neutrosophic soft quasi
coincidence, neutrosophic soft g-neighborhood, neutrosophic regular open soft set, neutrosophic soft —closure,
neutrosophic soft 6—closure, neutrosophic semi open soft set and established that the set of all neutrosophic soft

d—open sets is also a neutrosophic soft topology, which is called the neutrosophic soft 6—topology and the
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authors obtained equivalent forms of neutrosophic soft 6—continuity. Moreover, the notions of neutrosophic soft
d—compactness and neutrosophic soft locally 6—compactness are defined and their basic properties under
neutrosophic soft d—continuous mappings are investigated.

Mehmood et al. [36] introduced a new approach to neutrosophic soft bi topological spaces relative to soft points

of the spaces. Mehmood et al. [43] introduced neutrosophic soft ##; open set with the help of neutrosophic

soft & open set and_neutrosophic soft & open set and with the help of this new definition some neutrosophic

soft separation axioms and neutrosophic soft other separation axioms are addressed and in continuation, soft
countability and its engagements with other neutrosophic soft results are also addressed.

Deli and Broumi [37] installed concept of a relation on neutrosophic soft sets which permit to compose two
neutrosophic soft sets. It is devised to derive advantageous information through the composition of two
neutrosophic soft sets. Then, the authors scanned symmetric, transitive and reflexive neutrosophic soft relations
and many related concepts such as equivalent neutrosophic soft set relation, partition of neutrosophic soft sets,
equivalence classes, quotient neutrosophic soft sets, neutrosophic soft composition are given and their
propositions are discussed. Finally, a decision making technique on neutrosophic soft sets is presented. Bera
and Mahapatra [38] installed the new structure to the world of mathematics. This structure is known as
neutrosophic soft topology and in addition the authors discussed all the fundamentals. Maji [39] introduced
concept neutrosophic soft set. Some definitions and operations are introduced and established some properties.
Mehmood et al. [40] launched a new way to attempt generalized neutrosophic soft sets in neutrosophic soft
topology concerning neutrosophic soft points of the space and discussed few structures concerning these new
approached. Hayat et al. [57] developed a framework based on soft sets, TOPSIS and Shannon entropy to
identify customer preferences. TOPSIS provides integrated evaluations to obtain the best concept for two
customers, acceptable for both, satisfactory for both, and vise versa. Hayat et al. A simple graph's underlying
subgraphs (regular subgraphs, irregular subgraphs, cycles, and trees) were used by Hayat et al. [58] to
characterize type 2 soft graphs. The authors then presented regular type 2 soft graphs, irregular type 2 soft
graphs, and type 2 soft trees. Moreover, type 2 soft cycles, type 2 soft cut-nodes, and type 2 soft bridges were
introduced by the authors. In order to illustrate these new ideas, several operations on type 2 soft trees are

shown, along with various instances. Following references Ozturk et al. [32-35] leaded me to this present work.
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In section 1, the basic definitions are given which are necessary for the up-coming sections. These basic
definitions are neutrosophic soft set, complement of neutrosophic soft set, equality of neutrosophic soft sets,
union and intersection of neutrosophic soft sets, absolute neutrosophic soft set, neutrosophic soft topology and
neutrosophic soft closer. In section 2, pair-wise neutrosophic soft open sets in neutrosophic soft bi-topological
space and for the supportment of this structure an example is given. Intersection of two neutrosophic soft
topological space, the non-validity of union of two neutrosophic soft topological spaces is discussed with an
example. In this section, new types of open and close sets have been introduced in neutrosophic soft bi
topological spaces. Eight new neutrosophic soft open sets are introduced. Among these, neutrosophic soft b**
is chosen to generate the results pairwisly in neutrosophic soft bi-topological space with respect to soft points.
These results are different neutrosophic soft separations axioms and their interconnection among themselves.
In this section 3, neutrosophic soft limit point, neutrosophic soft interior point, few results on the basis of these

definitions are discussed. These results are discussed terms of neutrosophic soft interior and neutrosophic soft

closures with respect to soft points. In this section 4, some spaces are discussed in terms of product with respect

to soft points of the spaces. Product of neutrosophic soft T; spaces, neutrosophic soft Ty spaces, neutrosophic
soft T> spaces and their engagement with neutroSophic soft coordinate spaces with respect to soft points are

studied under soft B** open sets in neutrosophic soft bi-topological space. Finally the most important
structure known as entropy is discussed and on the basis of this structures an example is given which is related
to engineering which goes like this, in order to obtain an effective risk supervision in the field of engineering,
certain risks are classified along with some parameters and these risks are evaluated by the team of experts

(engineers). In the final section some concluding comments are summarized and future planning is given.

2. Preliminaries

In this section the basic definitions are given which are necessary for the up-coming sections. These
basic definitions are neutrosophic soft set, complement of  neutrosophic soft set, equality of
neutrosophic soft sets, union and intersection of neutrosophic soft sets, absolute neutrosophic soft set,

neutrosophic soft topology and neutrosophic soft closer.

Definition 1.1[18] Let X be auniversal setand = be a set of parameters. Let P(X') denote
the set of all neutrosophic sets of X then aneutrosophic soft set (F,8®) o v er

X is a set defined by a set of valued function representing a mapping F: & — P(X) where F
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is called approximate function of the neutrosophic soft set(F,%). In other words the

neutrosophic soft set is a parameterized family of some elements of the set P{X) and

therefore it can be written as a set of ordered
pairs,(F,R]) = {((e {2, Ty 0, Iy 0, Py o € I): eE R}}

Where, Ty, Iy, Fy 0 € [0,1] , respectively called the truth-membership,
indeterminacy-membership, falsity-membership function of F(e)Since supremum of each
T,LF is 1 so the inequality 0 = Ty, + Iy 0 + Fy 0 < 3 is obvious.

Definition 1.2[19] Let(F,®)be a neutrosophic soft set over universal set X and the
complement of (F,&) is denoted by (F,&)° and is defined by:

(F,R)° = {((e (2, Fy 30,1 — Dy 0, Ty 50 )2 € I):e € R}} and It is clear that
((F.8)°)" = (F.%).

Definition 1.3[20] Let (F,&) and (&,%) two neutrosophic soft sets over universal set
X.(F,8) is said to be neutrosophic soft sub set of (G.R) if
Tary® = Tapgy Ipg® < Do, Fa i = Far 0,V e € Rand ¥V x € X. It is denoted
by (F,®) € (G,8).(F,R)is is said to be neutrosophic soft equal to (G,&) if (F,R)is
neutrosophic soft sub set of (G,&) and (G,8&) is neutrosophic soft sub set if (F,%)and is
denoted by (F,®) = (G, 8R).

Definition 1.4[20] let (F,%)and(G, %) be two neutrosophic soft sub sets over universal
set X such that((F,8) = (G, ®) then their union is denoted by (F, &) u (G, 8) = (H,])

and |S def'ned by (ﬁ,ﬁj = {([E, [[.:-'J[", THI:E}'.I:"_, ]IHI:E}'.I:"_, ]Fﬂl:a}'.t" X E I]):E = R}

Where,
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Taeote = max[Tp @, T ]

Ip(o@ = max[ Iy, Tp,)]

Fyeoe = min[Fp o, Fa,) ]

Definition 1.5 [13] Let(F,®) and &, ®) be two neutrosophic soft sub sets over the
universal set X such that (F,R®)=(6.8) then their intersection is denoted
by (F,.8)n (6,8) =(A.8) and
is defined as follows (H,8) = {([e, [ Tg=, Igy@, Fyy:x € X]):e € R} where
Ty(o@ = min[Tpq e, Ty, ]

]Iﬂ'l:g:l"rl = ]‘nin[ ]IFI:E:I'.E', ]Iﬂl:g:l"rl]

]FHI:E:I'.K' = THM[IFFI:E}'.E', ]FSI:E:I'.I:"]

Definition 1.6 [16]  Neutrosophic soft set (¥, %)over the universal set X'is said to be a null
neutrosophic soft set

a0 = 0,150 = 0,Fg = = 1;¥eeRand ¥ x € X.
Itis denoted by 0 x g)-

Definition 1.7 [21]  Neutrosophic soft set (F,®) over universal set X is said to
be an absolute neutrosophical softness if ~ Ty = 1T = 1L, Fp 0 =0; Ve ER
and ¥V x € X. Itis signified as 1.y 5 clearly, 0/ x5 =1 xq and 1 x5 =0/ xa).
Definition 1.8[13] Let N55 (X) be the family of all neutrosophic soft sets over universal
set X and T © NSS (X7) then T is said to be neutrosophic soft topology on X if:

[l] ':.I X.R) j'l I‘,R}'E T
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(2): The union of any number of neutrosophic soft sets in T belongs to T,

(3): The intersection of a finite number of neutrosophic soft sets in in T belongs to 7 then
(X, ,%) is said to be a neutrosophic soft topological space over X. Each member of 7 is said
to be a neutrosophic soft open set.

Definition 1.9 [13] Let (X, t,8) be a neutrosophic soft topological space

over X and (F,8)be a neutrosophic soft set over X then (F,®)is supposed to be a

neutrosophic soft close set if and only if its complement is a neutrosophic set open set.
2. Neutrosophic Pairwise Approach

In this section, pair-wise neutrosophic soft open sets in neutrosophic soft bi-topological space and for
the supportment of this structure an example is given. Intersection of two neutrosophic soft
topological space, the non-validity of union of two neutrosophic soft topological spaces is discussed
with an example. In this section, new types of open and close sets have been introduced in
neutrosophic soft bi topological spaces. Eight new neutrosophic soft open sets are introduced. Among
these, neutrosophic soft b** is chosen to generate the results pairwisly in neutrosophic soft
bi-topological space with respect to soft points. These results are different neutrosophic soft

separations axioms and their interconnection among themselves.

Definition 2.1 If( X,t,,d) and { X, 5, @) are two neutrosophic soft topological space (NSTS)

then (X,ty,T5,8) is called neutrosophic soft bi topological space. A neutrosophic soft
sub-set {(#j,d} is said to be neutrosophic soft pairwise open in ( X, 1,,7,,8) if there exists a
neutrosophic soft open set (i, @} in t; neutrosophic soft open set (73,8} in T, such that
(7, @) = (i1, @) U (712, 9).

Example 2.2 Let X = {x), %, %3}, @ = {51,5:} and 11 = {Oxa) Lixan (21, 8), (2,8)],

T2 = {0ty Lixa), (J1,8), (J2,8) ), where(py,8), (p,,8),(J,,8) , (J.,@) being neutrosophic soft
sub sets are as following:
=3,02 % 1071 ,03 x 107,08 x 1071 =,

frp 8 (51) =| <x,02%107%,03 x 107,08 x 107* =,
<%;,02x1071,04x 107,03 x 1071 =
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<x,03x1071,02 x1071,06 x 1071 =,
< X,01 x1071,05 x 107,05 x 1071 =,
<%, 04%x 107,03 x 1071,04 x 1071 >

T

< ¥, 04 x 1071,05 x 1074,03 x 1071 >,
< x%3,03x1071,05x 107,02 x 107 >

< X,02 x1071,06 x 1071,04 x 1071 =,
< %5, 04%x 107106 x 107,03 x 1071 >

fl:;;,._fa::l {:5: } =

(:: %, 04 % 1071,03 x 1071,06 x 1071 },)

<x,03x1071,04 x1071,05x 1071 ‘:a)

figa (5) = | <x,,06 x 1071,06 x 107,02 x 1071 =,

< %3, 04x 107106 x107Y,01x 107t =

< X,03x 1071 ,07 x 107,03 x 1071 =,
< %5,05x1071,07x 107,01 x 1071 >

< 3x,05 %1071 ,04x 107,04 x 1071 ‘:a)
f([._,a}{:-"'\-g} = )

<x%,01 x1071,02x 107,07 x 1071 =,
< %,,03x1071,03x 107,03 x 107 =,
< x5, 01x 107102 x107Y02x 107t =

g (81) =

(:: %,04x 1071 06 x 107,03 x 1071 =,

< x,01x107%,02 x 107,07 x 107! >,
fy.9) (52) = | <%2,03x 107,03 x 1071,03 x 1071 >, |
< 33,01 x1071,02 % 107,02 x 1071 >

Therefore,t; and 1, are neutrosophic soft topological spaces on X and so (X, Ty,T,,3) is a
neutrosophic soft bi topological spaces.

Theorem 2.3 Let (X,Ty,T,@) be a neutrosophic soft topological space then T, Nt is a
neutrosophic soft topological space on X.

Proof. For this we have to verify all the three conditions of neutrosophic soft bi topological space.
Conditions (1) and (3) are obvious, for condition (2) , let {(p;,@);i €I} €1, M 12 then
(p;,0)ETy ,(p,@)ET, as Ty, T, are neutrosophic soft topological spaces on X, then
U; (2;,8) €1,,U; (p;,8) €1,. Thereforeu; (p;,8) € 1, N1,

Remark 2.4 Let {(X,t;,T.,3) be a neutrosophic soft topological space then T, U t,need not be a

neutrosophic soft topological space on X.
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Example 25 Let X = {x, %3, %3} , 8 = {s1,5;}
and T, = {ﬂ{x,a}J Lix,a}:":ﬁi: a), {ﬁ::a}:‘:ﬁa: )}, = {ﬂ{x,a}: l{x,a}:":]]l: a}:ﬂl::a}} ) where
(p.,8), (ps,@),(p5,8),(],,8) ,(J;,8)and being neutrosophic soft sub sets are as following:

<x,02x1071,03x 107,08 x 10~ >,
Flpya) (51) = | <%5,04x1071,04 x 1071,04 x 1071 >,
< %y,02%x1071,04x 107103 x 1071 >

<x%,03x1071,02 x107%,06 x 1071 =,
< %,,01 x1071,05x 107,05 x 1071 >,
<3, 04x 107103 x 107,05 x 1071 >

fipn8) (s2) =

e

<x,04x 107,03 x 107406 x 1071 =,
< X, 04x 1071 ,05x 107,03 x 1071 =,
<%;,03x1071,05x 107,02 x 107 >

fl:?-_,.._,',a:l {E"’J_} =

e

< %,,02 x1071,06 x 107,04 x 1071 >,
<3, 04x 107106 x 107,03 x 1071 >

£ pod) (s2) =

e

< X, 06 x 1071 ,06 x 107,02 x 1071 =,
< %;,04 x1071,06 x 107,00 x 1071 >

<3,05x 1071,04 % 1074,04 x 1071 =,
fl:,-v_,.a_,a:l{-t"l} =

< %,,03 x1071,07 x 107,03 x 1071 >,
< %3,05x 107107 x 107,01 x 1071 >

fi ped) (s2) =

(:: %,03 % 107,04 x 107,05 x 1071 =,

< x,04x 107106 x1071,03 x 1071 },)

fipoa () =| < x2,06 x 1071,06 x 107,02 x 1071 =,

< ¥, 04x1071,06 x 107,01 x 107 >

< %,,03 % 1071,07 x 107,03 x 1071 =,
< %3,05 x 107107 x 107,01 x 107! =

< x,05x1071,04x 107,04 x 1071 :}J)
g, (s2) = )

<3x,01 x1071,02x 107,07 x 1071 =,
< ¥,03x1071,03x 107,03 x 1071 =,
< %;,01x1071,02 x1071,02x 107 >

fl:[ya ] {51 } =

(«:: %, 04 x 1071 ,06 x 107,03 x 1071 =,

<x%,01x1071,02 x 1071,07 x 107! >,
fro) (52) = | <%2,03x 107,03 x 1071,03 x 1071 >, |
< x3,01 x1071,02x 107,02 x 1071 >
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Here T CI T = {ﬂ'::{',ﬂ}i l':I,B:'J{;ZﬂlJ a}.l {:.;t?:-'a}.l {:ﬁaja};{;ﬂij a}.l {:IIEJ a}} is not a neUtrosophiC soft

topological space on X

Definition 2.6 Let (X', t;,T5,8) be a neutrosophic soft topological space. Then a neutrosophic soft

set

{:IIJ a} = {{:E"J {{ X TIIE:'{X::I.I IIIE}{X}J P[|:E}{X} }}:X EX,sE a}

is called as a pairwise neutrosophic soft open set if there exist a neutrosophic soft open (J;, @) in
T;, nheutrosophic soft open (J.,@) in T, such that for all x&X such that
3,8 = (0,80 (J,,8) =

{( { <X, max{Tr.:E;.'[:Xl Tp:;}'[:X}}J }) }
s, _ _ _ _ s Ed
11*131»:{1[.:5;.'[_1(}; If.:E}'[_X]'}J lTlill{Fp:s}'[.X}: F['is}'[-X}} >

Definition 2.7 Let (X', 1;,T5,8) be a neutrosophic soft topological space. Then a neutrosophic soft

set

1.8 ={(s{< x Ty ®, )@, Fy9 () =}):x € X, s € 8}

is called as a pairwise neutrosophic soft closed set if (J, &) ¢ is a pairwise neutrosophic soft open. It
is clear that (J,@)is a pairwise neutrosophic soft closed set if there exist a pairwise neutrosophic soft
closed (J,,d@) in T;, pairwise neutrosophic soft closed (J., @) in T, such that for all x £ X

3.0) = (J1,0) 11 (J2,8) =

{(%{:‘: X 111111{1[.153.{_3:1 Tf.:E;.{_x}}J 1'11111{11-.:5:.{_}{], I[.:E;.{_x]},}): . 6‘}

m E'X{PII:E:I{:X}J P[(E}{:X}} =
The set of all pairwise neutrosophic soft closed in (X, ty,72,@) is denoted by PNSC (X, T, T2, @).

Definition 2.8 Let (X', 1y,8) and (X, t,,8) be two neutrosophic soft topological spaces over X then

(X, 12V T5,8) is the smallest neutrosophic soft topology on X that contains (X, 1> U T4, &)

Definition 29 Let (X,t.T,,8) be a neutrosophic soft topological space
over X and (. &) be a neutrosophic soft set over X then (7, 8)is said
(1): neutrosophic soft semi-open if (,8) € Nsc!(NSint[F,E)) . (2): neutrosophic soft

pre-open if(7,8) € NS:‘nt(NScl (1. E)}
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(3): neutrosophic soft a-open if(7,8) = NS:'nt(NScI (N.Sint [‘FE))) (4): neutrosophic
soft B-open if(f,8) < NScE(NSint(NSc! [’F,a)]).

(5): neutrosophic soft b-open if(7,8) NScl(NSint[’F,H)) U NSint (NScE[’F,H}). (6):
neutrosophic soft =, -open if (1,8) € NSc!(NS:‘nt[‘F,E)) N NSint [NSc![‘F,E)) . ()
neutrosophic soft b** -open
if (5,6) < NS:'nt(NSci (Nsmrﬁ,a)]) U NScl (NS:‘nt(NSci[F,a)]) . (8): neutrosophic
soft =#,-open if(f,8) < NS:'nt(NScI (N.Sint[f,ﬁ'))) N NScl (N.Sint (wscl(f, e))).

Definition 2.10 A neutrosophic soft bitopological space {(X,t,,t,.8}is called pairwise

neutrosophic soft Ty space if «,7* 2,52 be two neutrosophic soft points such

tyary ) T (st )

that 2‘1?;;.}1"‘_} ﬁﬂ’n?z = u[rﬂ).

“lepty )

If there exists neutrosophic soft b** open sets (1.6)&t, and (46) €1, such
that 21y E(R6). 2 | N(8.0) = 0z or

22 o E@0), 2ol N(76) = 0(z0).

= Enitn,

Definition 2.11 A neutrosophic soft bitopological space (X ,t,.T,,6)is called pair-wise

neutrosophic soft T, space if “"1?i.t. ) Ey foans) be two neutrosophic soft points such
that xluj;_,t._,u._} ﬂ;r:I::ytyu:} = 0(z.4)-

If there exists neutrosophic b** open sets (,8)ET, , (§.6)€t, such
that 210y E(0). 227, N(3.6) =0z and

= e = o o~ .
2 etang) € (0D, ""frs,,t,,uzzlnﬁ’ﬁ) = O(ze).
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Definition 2.12 A neutrosophic soft bitopological space {X,t,,t,,8}is called pair-wise

neutrosophic soft T, space if “"Li'.t. ) Ey fons) be two neutrosophic soft points such
4 FL e &2 = 0
that 'rj-u:s._,t._,u._} n'r:{syt:,u:} ul-i'ﬂ]'

If there exists neutrosophic soft b** open sets (1,8)E€rT, , (4.6) Et, such

that Il?;_,t._,u._} £ G, E) and x:?:-_,t:,u:} g [ﬁ, E), [:?,H)ﬁ[ﬁ, Ej = ﬂl:i',ﬂ:l'

Definition 2.13 In neutrosophic soft bitopological space (X.t,,T,.6)

T, said to be neutrosophic soft T, space with respect to 7, if for each pair of neutrosophic

soft points x5 PG e N, = 0O(zg) there exists 7,

|_‘E-_.-t-__.u__:| L |:5Tt:_,u::| |:5.__,t.__,1,|_._:| 2 =yt:_.u=:| =

L5

neutrosophic soft b**open set (7.6) and 7, neutrosophic soft b**open set (% 6) such

that ;rl?;__ﬂ__m;}%‘ﬁ,ﬁ) and ;rgg':ytyu:}ﬁ@ajEu,:i.ﬂ:, or ;r:E':yt”u_}E(ﬁ,E] and

;""1?;;.,11.;. N(g 6) = O(z,¢). Similarly, 7, said to be neutrosophic soft T, space with

respect to 1, if for each pair of neutrosophic soft points % (o ,

[ty my) (Saptnity )

=g P Bn
F E
J-lms.,t.,u.._]l N zl__syt:,u:

) = 0(z4) thereexists 7, neutrosophic soft b*“open set (7.6) and T,

neutrosophic  soft b** open set (& 6) such that % u_}i‘é”ﬁ,ﬂ) and

.’-&"HE: ﬂ(;ﬁ,ﬁ'j = ﬂl:j:',ﬂ) or I:?:yt:,;u:,} g (ﬁ, E) and :rlli:.;-_,‘t-_,u-_:l ﬂ(ﬁ, Ej = ul:i',ﬂj'

Slegtyg )
Definition 2.14 In neutrosophic soft bitopological space (X, t,,T,,8)

T, said to be neutrosophic soft T, space with respect to , if for each pair of neutrosophic

soft points x,% 0, . oxy Ny . = 0(zg) there exists 7,

(spfyany) Z(2ptpmg ) Leptamy) Sl Egln iy
neutrosophic soft b**open set (1,8) and T, neutrosophic soft b**open set (# 8) such

that TV €(1.9) and x5 N(2.6) =024 and

2(sptamiz)
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X E(g.6), 2,7

L Ay

toae) N(z6) = O(.). Similarly, 7, said to be neutrosophic soft

T, space with respect to T, if for each pair of neutrosophic soft points

g - - M. B2 ~ N, H : H
102 e a2t F et ) r],r:(zytyu:} 0(z4) there exists 7, neutrosophic soft

b** open set (1,6) and 1, neutrosophic soft b** open set (&6) such that

x, % €(1.e) and """ﬂizyt:,u:;.ﬁ@’ajE”ii‘ﬂ] and x5 €(g3.0)

(s,t,m,) 2 (5 tpiiy )

;rl?;.,t-_m-_} N(g.6) = ﬂ':f*'g:"

Definition 2.15 In neutrosophic soft bitopological space (X, t,,T,,8}

T, said to be neutrosophic soft T, space with respect to 7, if for each pair of neutrosophic

soft points x5 PG e N, }Eﬂ[mj there exists 7,

(sptyay) ' 2 (sptamg ) (= ptyay) Tl Egln iy

L5

neutrosophic soft b**open set (7.6) and 7, neutrosophic soft b**open set (% 6) such
that rl?;._,t._,u._} €(7.8) and ;r:?:ytyuz} €(z.6) (1.8)N(g06) = O(ze) - Similarly, 7

said to be neutrosophic soft T, space with respect to T, if for each pair of neutrosophic soft

points ;7" x,0 N Nwof ) = O(zg) there exists

(sptpty) " 2 (sptptig) Lisptymy) “lEply g

neutrosophic seft b* open set GE) and 7, neutrosophic soft b**open set (& 6) such
that =,%  E(1.6) and 2,7 & (3.6) (1.6) N(Z.6) = 0(z4).
Theorem 2.16 Let {X,t,,T,.8) be neutrosophic soft bitopological space. If

{x,t,,8) and {X,T,,8) are neutrosophic soft T, spaces. Then (X ,t,,T, 8} is a pair

wise neutrosophic soft T, space.
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Proof. Let x5 iy be neutrosophic soft points such that

(sptpay )’ (Sputnadls )

Xy N, = 0(z4) and suppose (X, T,,8) is neutrosophic soft T, space with

(5,4 0, ) (Sndy g )
respect to {X',T,,8) space then there exists T, neutrosophic soft b**open set (},8) and T,

neutrosophic ~ soft b** open set (g.6) such  that ;rlg';__ﬁ__m__}é‘ﬁ,e),

2,2 N(1.8) 20z or 22 E(3.6)x,7 N(1.6) =0z . Similarly,

“laqtang ) Spetndly ) (st

Let x, 5 I P be neutrosophic soft points such that

J-|=.t R (Sgutpadls )

o Na, = 0(z,9) and suppose {2, 1,,8) is neutrosophic soft T, space with

(5.t “(Snitn g )
respect to (X, t,,8) space then there exists T, neutrosophic soft b**open set (}.€) and T,

neutrosophic ~ soft open  set  (g.6) such  that 72 E(}.6),

:‘":?:ytz,uz;.nﬁﬁ) =0(zg) OF 237 . € (%5),%1?;__}_’“__}[’1@,9) =0(z4) . Hence,

atl

{(X,T,,T,,8) isapair wise neutrosophic soft T, space.

Theorem 2.17 Let {X,t,.,T,.8) be neutrosophic soft bitopological space. If
{X,t,,7,,8) isapair wise neutrosophic soft T, space then {X,t,vt,, 6) isa pair wise

neutrosophic soft T, space.

Proof. Let {(X,t,,T,.8) be neutrosophic soft bitopological space. If x, x,%

WS AR T TRl W A |

be neutrosophic soft points such that ;""1?;.;._, r‘u:r ) =0(gg) - Since

{X,t,,T,.8) is a pair wise neutrosophic soft T, space. So {X,t,,8) is neutrosophic soft
T, space with respect to {X,T,, 8} space then there exists T, neutrosophic soft b**open set

(f.6) and <, neutrosophic soft b** open set (#6) such that x,% u_}féﬁ,e),

% N(7.6) =0(zg or Xt i) © (%E):wli;__ﬂ__m__}ﬁﬁ,ﬂ} = 0(zg). Similarly,

“(sptaat, )
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Let a5t x,°" be neutrosophic soft points such that

Lis ) "7 2smtaatg )

x5t M, = 0(z) and suppose {X,T,,8) is neutrosophic soft T, space with

(sptyayd “lepdy ats) N
respect to (X, t,,8) space then there exists T, neutrosophic soft b**open set (}.€) and T,

neutrosophic ~ soft b** open set (g.6) such  that ;rlg';__ﬁ__m__}é‘ﬁ,e),

x, N(.6) =0(ze) or 2o E@GE),x7,  N([6) =0z . In either,

“leptymg ) Splas

case (1.6).(% 6) € (x,t,v1,,8)and hence (X, T,vT,.8) is a pair wise neutrosophic
soft T, space.

Theorem 2.18 Let {X.t,,T,.8) be neutrosophic soft bitopological space over X and Y be
a non-empty neutrosophic soft subset of X. If {X,t,,T,.8) is pair wise neutrosophic soft T,
space. Then {Y,T,v, Ty, 8} is pair wise neutrosophic soft T, space

Proof. Let {(X,Tt,,T,.6) be neutrosophic soft bitopological space over X

If JX,E be neutrosophic ~ soft  points  such  that

(8,11, ) _':Eyt:-'u:}

xyct N, =2 = 0(gp) - If {X,t,,7,,8} is pair wise neutrosophic soft T, space,

(5.t “(Snitn g )
then there exist T, neutrosophic soft b**open set (1,8) and T, neutrosophic soft

b* open set (8) Such that x;7r E(f8), a7z, N(1.8) =0zg or

LSpTys

52 = (ﬁiﬂj’xl?;_,t._,u._}nﬁ’e) =0(z08) - Now, %0t EY  and

“(gqtaat, )
x5t ., E(18) . Hence,  where 2355y EYN(R8) = (v;,6) where
(7.8) & =, Consider x,%  1(7.8) =0(sg) this means that « €6 for some « €86.

o2 EYN(},8) = (¥,8). There fore T,y is neutrosophic soft T, space with respect

“hEglpl

Ty Similarly, can preved thatt. is neutrosophic soft T, space with respect to T,y, that
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is ,rgl,vt =) €(g,6) and ;rl:;";_ﬂ__m__}ﬁ(ﬁ,ﬂj = 0rzg) then ;r:::*:muz} € (Y3 8)
and .rl"‘ . ﬂ (Y;8) = O(gg) - Thus (Y, T,y T2y, B) is pair wise neutrosophic soft T,

space.

Theorem 2.19 Let {X,t,,T,,8) be neutrosophic soft bitopological space. Then
(X,7,,T,.68) is a pair wise neutrosophic soft T, space if and enly if {(X,t,,8) and
{(X,1,.8) are neutrosophic soft T, space.

Proof. Suppose {(X.t,.8) and (X.,7,.8) are neutrosophic soft T, spaces.

If ;rf'- xy52 be  neutrosophic  soft  points  such  that

ey )T et )
;rl:?s._.,t., n'rf,git aiy) u|j" B then

1). T, isaneutrosophic soft T, space with respect to t,. So there exists T, neutrosophic soft

b**open set(},8) and T, neutrosophic soft b**open set (& 8) such thatx,: € (T.6),
;r:?:ﬂ:}uzjﬁﬁ,ﬁ] = 0(z,g) and ;r:?:ytz,uz} £ (ﬁ,ﬂ),:rl:?;—;__m__}ﬁﬁ,ﬂ) = O(z0)

2). T, is a neutrosophic soft T, space with respect to t,. So there exists T, neutrosophic soft
b**openset(}.8) and T, neutrosophic soft b**open set (. 6) such that ;rj'?;-_;t-_,u-_} e(re),

o 068) Z0mg ad w2 EGEExE, A(6) 2o Al

(sptpity ) sty
possibilities give the same result. So {X,t,,T,,8) isa pair wise neutrosophic soft T, space.
Conversely, we suppose that (X, T,,T,,8) is a pair wise neutrosophic soft T, space. Then
1). There exists some neutrosophic soft b**open setﬁ, Ei) € T, with respect to neutrosophic

soft b**open set (,6) € T, such x,7: . E(F.6). Ao ﬂf ) =0(zq and

%, €GO, | 1(5,6) =0

“(sptaat, )
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2). there exists some neutrosophic soft b**open set (1,8) € t,with respect to neutrosophic

soft b**open set(g,6) € Tysuch that x5 E(.6), 7 ) ,N(7.6) =0(z24) and

.Jf'n,_ (ﬁ, E]’xl?;._,t._,u-_}ﬁﬁ’ 5') = l:l[i-ﬂ].

“(sptaat, )

Thus{X,t,,8) and {X.t,,8) are neutrosophic soft T, spaces.

Theorem 2.20 Let {(X,t,,T,,8) be neutrosophic soft bitopological space. if
(X,T,,T,.0) is pair wise neutrosophic soft T,space then (X, t,vt,,8) is also neutrosophic

soft T, space.

Proof. If =7 x40 be neutrosophic soft points such that

sty ) 7T S (gt )

205 Dot = 0(z6) then exists n neutrosophic soft b open set (1.8) € T,with
respect to neutrosophic soft b**open set (g.8) € T,such that

1 oy € (16, Z2gs gy NHE) = 0(z9) and

:l__=..t..'u...
220 E @O N(16) =0(zg).

L Ay
Similarly, exists neutrosophic soft &**open set [’FH) € t,With respect to neutrosophic soft

b**open set (3,6) € Tysuch that 7 E(1.6), .7, N(7.8) =0(z4 and

w2, E(3.0)x,

Slegtyg ) '_.lt'_-'u'_:lﬁﬁ’ H) = u["r’gjl
= (1.6), (& 8) € T,vr,. So (X,T,vT,, 6) is neutrosophic soft T, space.
Theorem 2.21 Let {(X,t,,T,,8) be neutrosophic soft bitopological space and ¥ be

non-empty sub set of X.If {X,t,,T,,8) is pair wise neutrosophic soft T,  space then

(Y, T4y, Toy, B) is pair wise neutrosophic soft T, space.
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Proof. Let (X,t,,71,.8) be neutrosophic soft bitopological space and

ey F B p ey p =01 H H H
X104 a0 Foreay S OFL L n'rf-:sytz,uzyfuwﬁ-' If (X, T,,7,,8) is pair wise soft

neutrosophic soft T, then there exists T, neutrosophic soft b**open set [‘FEF} and

neutrosophic ~ soft b open set (38) su ch that 7 E(}6),

x N(7.6) =0(z¢) and xa

“leptymg )

todly ) g @rﬁjﬁ’f’ls;__ﬁ__m__}ﬂﬁ, E) = ﬂl:i',ﬂ:l'

Sl

Obviously, a2 EYN(E) = (¥;60) Then x,7 & Y(i(a) for some
«a €6 .This means that «€6 then =x,* & Yi(e) for some o€

Therefore, e YN(1.0) = (v:.9).

(ggtpaig )

o

Obviously, Xy oy € YN(g.6) = (Y,.9) where (&.8) E1, .Consider

;rlj?;_l_}u_}ﬁ(ﬁ,aj = O(z.6) and this means that « € 8 then Il?;.,t.,u.} e YNg(a) for

some « € & therefore “"1??1 €Yn(g6)=(Y,.6) hence 1,y is neutrosophic soft

2y )
T, space with respect ((Y,.8) to Ty Similarly, it can be proved that Ty is neutrosophic

soft T, space with respect to Tyy , that is a7 }E(E,E) and
S g Lally

xl?;-,t-_au;:'ﬁ(ﬁjﬁj = ﬂlr’nghen ;r:'?l:ytzgu::' g [YPJE:] and xl?;;;t;au;}ﬁ[&rprgj = ﬂl:i'_,ﬂj'

Thus (Y, T,v, T2y, B} is pair wise neutrosophic soft T, space.

Theorem 2.22 Every pair wise neutrosophic soft T, space is pair wise neutrosophic soft
T, space.
Proof. Let (X,t,,T,,8) be neutrosophic soft open bitopological space and

if a0t x50 be  neutrosophic  soft  points  such  that

(sptpmy) "7 S(sptp )
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x5t N, %2 = 0(gg) - If (X,7,,7,,8) is pair wise neutrosophic soft T, space

(5.t “(Snitn g )
and thatis, {X,t,, 75, 8) ispair wise neutrosophic soft T,space with respectto T, and T,
IS neutrosophic soft T, space with respect to T, and if T, is neutrosophic soft T,

space with respect to T, then there exists a T, neutrosophic soft b**open set (}.8) and

a T, neutrosophic soft b'* open set (3.6) such that x,7  E(f6)

:r::?:yt:}uﬂﬁﬁ,ﬁ) = O(z.6) and
23y €@0)x  N(3.60) =0(z4). Obviously 2 E(76),
xa o N(10) =0(zg) or 2,7 E(3.0).x7 | N(3.6) =0(zg). Therefore

T, IS neutrosophic soft T, space with respectto t,. Similarly, if T, is a neutrosophic soft

T, space with respect to T, then, there exists T, neutrosophic soft b**open set (,8) and

T, neutrosophic soft open set (2.8) such that
“"1?;';;._,11._;. £ [?,H),:rgz':yty N(1.6) =0z and
X ) [ﬁ,ﬁ],xiz‘;__ﬂ__m;}ﬁ[ﬁ,ﬁj = 0(z,0) Obviously 20 € (1.6),

x5 s }ﬁ[w i.6) =0(gg or ;r:?::_.t:,u: (2. 8), .rl L ﬂ(g,ﬂ) = 0(z,q) -Therefore

T, neutrosophic soft T, space with respect to T,. Thus {X.t,, T,.8) is a pair wise

neutrosophic soft Ty space.

Theorem 2.23 Every pair wise neutrosophic soft T, space is pair wise neutrosophic soft
T, space
Proof. Let (X,t,, 71,6} be a neutrosophic soft bitopological space and

if ;rl"‘"- Xyt be  neutrosophic  soft  points  such  that

T LT IR U
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a0, N, %2 = 0(gg)- If (X,7,,7,,8) is pair wise neutrosophic soft T,space and

(sutrity) | 2sptpig)
that is (X, t,,T,, 8} is pair wise neutrosophic soft T, space. If T, is neutrosophic soft T,
space with respect T, then there exists a T, neutrosophic soft open set GE} and T,
neutrosophic soft b** open set (&6) such that (7,8)€T, , (2.6) €1, such
thatx,f E(L6)and 2,7 E(g.6), (1.6)N(56) =0(z4).

Obviously ;""1;;._,1;,11._:. €(1,8) and ;r:E':Ttyuz}ﬁ['&,E) = 0(z¢) and ;r:E':ytyuz} € (28) ,
2 NE60) = 0(z0).

Therefore T, is neutrosophic soft T, space with respect to t,. Similarly, if T, is
neutrosophic soft T, space with respect to T, then there exists a T, n neutrosophic soft
b** open set (7.6) set and T, neutrosophic soft b** open set (&) such
that 7 E(L6)and x,7  €(3.6), (16)N(3.6) =0(z4).

Obviously ;""1?;._,1;,11;:. €(1,8) and ;rgg‘:ytyuz}ﬁ('ﬁ,ﬂj = 0(z¢) and I:?:ytz,uzjl € (3.8) ,
2 NE60) = 0(z0).

Therefore T, is neutrosophic soft T space with respect to T, thus {(X,t,.T,. 8} is pair
wise neutrosophic soft T,space.

Theorem 2.24 Let {(X,t,,7,,8} be neutrosophic soft bitopological space. If {X,t,,1,,8)
IS

Pair wise neutrosophic soft T,space. Then {X,t,vT,,8) also a neutrosophic soft T, space.

Proof. Since {(X,t,,1,8) be neutrosophic soft bitopological  space.

If ;rlj‘_'—t },;rﬂf"_:t , be neutrosophic ~ soft  points  such  that
L5ge Tyl TSl Ay

;‘"1?;__,»:_,“__;. n;"":?:ytyu:} =0(z0)-
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T, is neutrosophic soft T, space with respect to t, so for each pair of neutrosophic soft

points %t o2 , x5t N, =0(zg) there exists 7,

(spty )’ :u-_._,t,.,u ) (2t m,) “(&gtn s )

neutrosophic soft open set [’FE) and 7, neutrosophic soft b**open set (g,8) such that
Xy, ) Eﬁ,&) and ;r:?:_t_u_}'é‘ (g.6) (1.6)N(g.6) = O(zg) » Similarly, 7, is

neutrosophic soft T, space with respect to T, so for each pair of neutrosophic soft points

o o xy Nz, = 0(z4) there exists 7, neutrosophic soft

(5pdy iy} “(sptpmg ) ] (5pdpay ) “(5pdn g )

b** open set (1.6) and T, neutrosophic soft b** open set (§6) such that

;rlg‘;__ﬂ__}u__}é‘ﬁ,ﬂ) and ”2§:yt:,u=;.g(§’9) (1.6) N(3.6) = 0(gq) - In each case

(1.6) .(2.6) Ex,vr,and hence (X, T,vT,, B} is neutrosophic soft T, space.
Theorem 2.25 Let {X,t,,T,,8) be neutrosophic soft bitopological space and Y be a
non-empty sub set of X. If {X,t,,T,,8) is pair-wise neutrosophic soft T, space

then{Y, T4y, T2y, B) is pair wise neutrosophic soft T, space

Proof. Let (X, t,, T, 8) be neutrosophic soft bitopological space.Let
;""1.3'_1_,1;._} ,;r:E':TtTu:}be neutrosophic soft points then ”1?;_;._,11._} ﬁ;r:f'jﬁ" ) = 0(z4)-
If {X,1,,71,,8) is pairwise neutrosophic soft T, space, Then there exists 1,

neutrosophic soft b**open set (1,8) and 7, n neutrosophic soft b**open set (4.6) such

that xx,7r  E(R6) and a7 E(3.6) (1.6) N(2,6) = 0(z,). So foreacha € 6,

x5t € fa), x,™

L P O

, € 3(a), f()ng(a) =0(zq and this  implies
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:’f‘l?.' . gYﬁ?(a]-';r:?:Tt

(5,t,m,)

piig) € Yg(a) | f(c)Ng(a) = 0(zg .  Hence

2, %L £ (v 4 EZ & v
’rlri-_.t-_.u-_:l E {YT" B}!X:':Eytz_.u:} E {YPJH}

(V3,8) N {Y5,8) =034 . Where (¥3,8) is neutrosophic soft b** open set in Ty,
(Y3, 8} is neutrosophic soft b**open set in T,y therefore T,yis neutrosophic soft T, space
with respect to T,y. Similarly, it can be proved that T,y is neutrosophic soft T, space with
respect to T,y Thus (Y, T,y Toy. 8)  is pair wise neutrosophic soft T, space.

Theorem 2.26 Let {X,t,,1,,8) be neutrosophic soft bitopological space then the
following are equivalent

1). {X,t,.7,, 8) be a pair wise neutrosophic soft T, space.
2). Let ,rj' - ’”Lﬁyt:,u:} be neutrosophic soft points then

x, ﬂ.rﬂ, =0(gg) then there is a neutrosophic soft b*" open set

(st 1, S Ay
(7.6) € t, and 2, Ex—((e)
Proof. 1) implies 2) suppose {X,T,,T,.8} is a pair wise neutrosophic soft T, space and

for x5t x4, be neutrosophic soft points then

J-l-tu}" —l-_._.t,.u}
= e B2 =, H . -
X1e b)) ﬂ.rgcsytyuﬂ Oz.6) AX T, T,,8) pair wise neutrosophic soft T,

space implies there exists neutrosophic soft b**open set (1,8) € T, and (.6) € T, such

that 7 E(f6)Er, and (3.6) €t, such that =7 E(f6) and

x,% €(2.6) (1.6) N(36) = 0(zq). Similarly for the second case so that

L Ay

((7.8) € ((3.6))also ((f,8) )™+ is the smallest n neutrosophic soft b**close set in T,

that contains (7.8) , (26) and is a neutrosophic soft b** close set €T, .
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o @e=E@en . @me@enmT  Ths

2o tyna) €30 ((6))™" or a1 ex—(Go)= . Let
;""1?;._,1._,1;._} ,;rzg':ytyuz}be neutrosophic soft points, ;rj'?;-_at-_,u-_} mi"":,ﬂjﬁ" . = 0 )then there
exists a neutrosophic soft b*" open  set (fe) = T, such

that  a,% £(58) and x,™ ex—((18))=is ((£8))"= neutrosophic
J-L:.,t.,u._} ety mn) [ ) ( )

soft b* close set in T, so (38 =x—(F6)=€t1,. Now »,% .

€ (1.6) and

%0 o E@Oand  (16) n(3.8) =(1.6) N(X - (.6)™= € F.OHNX - (7.6).

Since (7.6) € ((5.8)) and hence
(1.6)N(3.6) € (7.6)N(X — (1.6) = 0z) and thus (1,68) N(Z.6) = 0(z4).
3. Results in Terms of Interior and Closure

In this section, neutrosophic soft limit point, neutrosophic soft interior point, few results on the basis
of these definitions are discussed. These results are discussed terms of neutrosophic soft interior and

neutrosophic soft closures with respect to soft points.

Definition 3.1 Let {(X,t,,T,,8) be neutrosophic soft bitopological space and

t.8) neutrosophic soft open set. A neutrosophic soft point a, ®* is called a
(F p p p point -,

neutrosophic soft limit point of (T,8) if every neutrosophic soft b** open set(& 8) where

(8.6) =(g.,6)U(55.6) such that (§.8)€ET, and (F.6)ET, containing

g1
Fliet,

., u_}contains at least one neutrosophic soft b** open set (& £) other than a7

5ty a1y )

that is[(ﬁ,ﬂ] — { x,7 }] N(7.8) # 0(z). The set of all neutrosophic soft limit point

(5t )
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of (1.8) is called the derived neutrosophic soft set and is denoted by (}.8) “. If there exists

neutrosophic soft b** open set (g.6) such that
([ﬁ,ﬂ) — ;rls';__ﬂ__m;})ﬁﬁ,ﬂ) = O(zg).Then w7 . is unable to be the neutrosophic

soft limit point of (F,6).

Definition 3.2 Let {X,t,,T,,8) be neutrosophic soft bitopological space and
(7.8) neutrosophic soft b** open  set. A soft point “"1?;;,1._,11._} £(7.8) is called
neutrosophic soft interior point of [‘FH) if we can search out neutrosophic seft 5™ open set
(.8), where (g.68) =(7..6)U(35.6) such that (g..8)Et, and (.0 ET,
containing ;rlz‘;-__ﬂ__m__}such that “"1?;_,1._,11._} £(4.8) € (7.9).

Theorem 3.3 Let {X,t,,t..8) be a neutrosophic soft bitopological space. If
(7.8). (3. 8) be neutrosophic soft subsets then

W@Ge) EE@a= (16 <SG

2 [(.6) U 3.0 = (.6)" U (3,0

3 [(6) D@ 6°E (7.6) N(5.6)°

Proof. Let «f,,, € [?,E)d so for every neutrosophic soft b** open set (h,8) where
(h,8) =(b,,6)U (b,,6) such that (b,,6) €1, and (h,.8) Et, containsxf,,,,, we

have ((8.6) — 20 ) 11(F.6) = 0(2)
But (.6) £(3.6) and so ((8,8) — 5., ) (1(3.6) = 0z implies 7., € (5.6)7 .

Hence (5,6)° &€ (3, 6)¢ Rest are trivial.
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Theorem 3.4 Let {(X,t,,7,,8) be neutrosophic soft bitopological space and (,8) be

neutrosophic soft subset, then (5,8) U (f,6)° is neutrosophic soft b** close set.

Proof. We will prove ([‘F,E)ﬁﬁ,ﬁ)d )c is neutrosophic soft b** open set. Let
i E((16) 0 G.0)° ) implies
X E(1.0)U [F,H)d implies 7., N(T.6) = 0(z4) xgm}ﬁ[f,e)“ % 0(z¢) and now
#5.490(7,6) #0(2,4) S0 we can find neutrosophic soft b** open set (g.6) where
(2.6) =(3,.,6) U(g5,6) such that (g..,8)Et, and (. 6)ET, such
that((,8) — .. ) (7, 8) # 0(s,)implies (Z, 6)A1(F, 8) = 0().....(1). we claim that
[E,E]ﬁﬁ,ﬂ)d =0(zg)  because if (;,a)ﬁ[ﬁa)‘* £0(zg)  then  there

exists Vo, € @0 e)° implies Yeida € (3.6) and

g,rf' ity € (F (1. E) implies g,r , is neutrosophic soft limit point of (7.6) so every
neutrosophic sof t b** open set (g. #)contains y;",.-r.-m,.-}intersects (7, 8)in some neutrosophic
soft point other than Yo/t ul) that is

([9,9) Vel }) N(T.8) = 0(zq)implies (3,6)N(, 8) # 0(z4) but it contradicts results

1) thms[ﬁ,ﬁ]ﬁﬁ,ﬁ) U [ﬁ,ﬁ']ﬁﬁ,ﬁ)d = R implies (g,6) € ([‘F,E) U ﬁr'g)d)c or

x4 € (8.6) € (ﬁ,e)ﬁﬁ,a}d)c implies xf,;,, is neutrosophic soft interior point
f (ﬁ,ﬂ)ﬁﬁ,a)d). Thus (ﬁ,a)ﬁﬁ,ﬂ)d)c is neutrosophic soft b open and

consequently (5.6) U (f,8)" s neutrosophic soft 5** close.
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Theorem 3.5 Let {X,t,,75,8) be neutrosophic soft bitopological space and [‘FE) be

neutrosophic soft subset, then (f,8) is neutrosophic soft b** close set if (5,6)° & (7,6)
Proof. We show (§,8)° & (1,6). Let x.,,, & (1.8)" implies #%..,, is neutrosophic soft
limit point of [FE') so for Et, and (g,,6) € T, contains iy » We  have

([ﬁ,ﬁ) —;rﬁm}) N(7.6) # 0(z4) .. (1). We are to show that x%,, , & (f,6) suppose on

contrary that x%,.., & (7.8) Then «%,,., € (7.6)". Then (5.8)° is neutrosophic seft b**

open because GE) is neutrosophic soft b** close. Since result (1) is true for all neutrosophic
soft b** close sets (& 6) containing «f..,, so replace (&6)by (7,8)° in (1), we

get ((7.6)° — 27,y )N(7.6) F0(zg) . Obviously (1.8)° —=xf,,, E(7.6)". This

implies (7,6)° N(f.6) % 0(z4). So we are forced to accept that 7, & (7,6) that is,

2,0 E(5.6)° implies 2%, E(5,6) therefore (7,6)° € (7,6) and conversely

let ((7,6)° € (7.6). We are to prove that neutrosophic soft close. (f,8) such that
(1.8) # (ﬁﬁ) 0 (TFE) such that (ﬂﬂ) €1, and (TFE) € 1, such that ('TCIE) and
ﬁmﬂ] are neutrosophic soft b*" close in their respective structures. Let
X € ﬁ,ﬁ')ﬂin'iplies:rf'im} € (1.8) but ﬁ,ﬂ]d € (1.8) o)

x50 € (T H)d implies xf.,,is not neutrosophic soft limit point of (T,8) we can search out

neutrosophic soft b*‘open set (ﬁﬁ) where (ﬁﬁ)%(ﬂﬁ]ﬁ(ﬂﬂ) such that
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(f.e)&x,  and  (f,€)&r,  such that 2(5.6)° or

A0 E ('fzﬂj € (. 8) implies x%, ,,,is neutrosophic soft interior point of (F,8)° implies

{ E)cis neutrosophic soft b**open and consequently(7, @) is neutrosophic soft b**close.

Theorem 3.6 Let {X,T,,T,,8) be neutrosophic soft bitopological space if ﬁﬁ) be
neutrosophic soft sub set then ([" E)] (5.6) U (5.6)°

Proof. ~ Since (f.8) is the smallest neutrosophic soft b** close set containing

(1.6) and so(f.6) € (7.9) implies([‘?,u'_ﬂil))d €(18)%. Also (F, EJ) C (,8) .Therefore

6)°€G6)*E(G0) = (5.6) c(5.6) also (6)EGe) =

(.6) 0 (.6)" € (7.6)--
Again since (7,8) U (F,6)" is a neutrosophic soft b**close set containing (§, 8). But (5.6)

is the smallest neutrosophic  soft close set containing (7,8), so

ﬁ,ﬁ)ﬁmﬁﬁ,ﬁ')ﬁﬁ,ﬂ)d that is Wﬁﬁ,ﬁ)ﬁﬁ,ﬁ)d ... (2). Hence
f6) =(Ge)0(e)

Theorem 3.7 Let (X,T,,7,,8) be neutrosophic soft bitopological space. If (1.8) be

neutrosophic soft set then (f,8) is neutrosophic soft b** close set if and only

if 5.8) =(%.9).
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Proof. Let (},8) be neutrosophicsoft set then (7,8) is neutrosophic soft b**close set so

that (7.6) = (ﬁﬂ) U (?9) such that (ﬂﬁ) £ 1, and ﬁuﬁ) 1, and are both
= d =

neutrosophic soft &**close sets in their respective domain. Then (fl,a) = (fl,ﬂ)this

implies (ﬁﬁ) U (ﬂﬂ) = (fl, ) = {ﬂﬂ} = (1,0) and conversely
let (7,8) = (§,8)this implies that (,6) U (5,6)° = (5.6) = (1.6)° =2 (1.6) = (7.9)is

neutrosophic soft b**close.
Theorem 3.8 Let (X.t,,T,,8) be neutrosophic soft bitopological space. If

(1.6) and (g.6) are neutrosophic soft subsets such that (1.8) € (g.6) then

.6) i) (1.6) U(z.6) € (1.6)N(5.6)

o,

) (1.6) €E(2.6)i) (1.8)U(g.6) =(1.6) U(

Proof. i) 1f(7,6) € (3.6) = (.6)U(5.6)" € (3.6)U (3.6) “ = (5.9) €(5.0) i

since (1,6) € (1.8)0(3.8) = (5.6) €E(18)U(2.9)... (1)

Also since (.6) €(1,6)U(3.6) = (3.6) €(1,8) U (3.6)... (2). Maxing results (1)

and (2) we have (5,8) U(g.8) € (1.8) U (g 6)...(3) to get the required result we proceeds

as since (1,6) £ (5,6) and (3.6)EG.0) = (1.6) U(5.6) €E(58) U(6) since

(7.8) and (Z 6) are neutrosophic soft b**close sets so is (f,8) U (g 6) and it contains

(.6) U (3.6) but (5,6)0U(g,6)is the smallest neutrosophic soft b** close sub set

containing (1.8)U(g.6). So (L8)U(z e < (18)U(z.6) €(18) U(G.0

= (1,8)U(3.8)E(1.8)U(36) ...(4) maxing results (3) and (4) we have

(16)0(g.0)=(16) U8
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iii) Since [’F,E') c [’F,E') : and

360 EG6)=(6)NE60)EG0)0 (20 €(56) U0 that is

GF0)0Go < Ge)NG .

4. Product of Few Mixed Structures

In this section some spaces are discussed in terms of product with respect to soft points of the spaces.

Product of neutrosophic soft T spaces, neutrosophic soft Ty spaces, neutrosophic soft Tz spaces
and their engagement with neutrosophic soft coordinate spaces with respect to soft points are studied

under soft b&** open sets in neutrosophic soft bi-topological space. Finally, the most important

structure known as entropy is discussed and on the basis of this structures an example is given which
is related to engineering which goes like this, in order to obtain an effective risk supervision in the
field of engineering, certain risks are classified along with some parameters and these risks are

evaluated by the team of experts (engineers).

Theorem 4.1. Let {X,Tt,,T,.68) be neutrosophic soft bi-topological space such that it is

neutrosophic soft Hausdorff space if and only if for every two neutrosophic soft points

% x,%2 xy u_}ﬁ:r:f? u_};ﬂ[r,ej there exists neutrosophic soft

I r = ry i)
(eptyay ) " Slsptzmg ) Splys LSl s

b**close sets (I1,8) and(l,6) that x,* & (1},6),,7 N(1..6) =0(z4) and

(gptyntn)

2o oy € (26)oxif  N(12,8) = 0(z0) and (11,6) T(12,6) = 0(z).

Proof. Let {X,t,,T,.8) be neutrosophic soft bi-topological space, then for neutrosophic

soft points ;7 x50 x, Na,™ }éﬂmg] we can find two

tyy ) ' :I:sytz,uz} ! (5t m,) &gty Mg

neutrosophic soft b**open sets such that 7 € (g.6)and x,7= }E (h, @) such
WSyl ety TS gplgally
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that (3.6) N(h.8) = 0(gg) . Since (3.6) N(h.6) = 0(zg) SO € (g.6) and

pipatiy)

m:?:yt:ﬂ:} € (ho)= “"‘1?;_1._,“._;. € (ﬁ,ﬁ'),m:g:yﬁmz} N(g.8) = 0(24) and
255y E (R6) , 213,y N(R,6) = 0(z) this implies
- e c o c
2,2 € (5,6)C,x,% (3,8)° and = L E (h8)", lf’;__ﬁ__m_} €(h8) or
. ~ b (5 n —_— ol C £n at ~ = -
xl?;;ﬁ'_-'u'_:' € [: b E) ! x:?EyT:M::‘ € (h’ H) and x:':fyt:au::' € (5;', H)clmll:i-_,t-_,u-_:' € (5;', E)c

Let (I;,8) = (h,8) and([,,8) = (3.6)° .Then (I5,8)and (I,.6) are neutrosophic soft

b** close sets and
ml?;-_:t-__.u._} [ (E;’E)’H‘:El:yt:;u:}ﬁ[ﬂ’ 9) = ﬂ|f,5:| and
x: ?:yt:.-u::' E [E‘E’E)’mj'?;'_ﬂ'_:u'_} ﬁ[ﬁ;g) = ﬂl:,f_,ﬂ:l' AISO

(7.6) U (1,.6) = G.6)° 0 (h6)° = (@ 6)N(%6)) = (0ze) =x . Conversely,

let us suppose that for every two neutrosophic soft points x, ™ t) and =z, . such

(Eaity )
that :rf't l‘"l:rrgl,_Jt ) =0(gg), there exists neutrosophic soft ™" close sets
(1,.6) and (1,.6) ) S € (I,.6), 0 ) €(1,,6) and

X7 E[ﬂ,&),mlz';__ﬂ__m__}ﬁ (,,8) and [ﬂﬁ)ﬁ ([,,8) =x. We prove that

Tl lyalig

{X,t,,1,,8) be a neutrosophic soft Hausdorff space. We proceed as fallow to catch the
required space. (g,6) = ([,,0) and (h8)= [!”B}E then (5.6) and (h8) are

neutrosophic - soft b™ open  sets and x,7 & (,8) x50 € (I.,8) and

{Snit _.'u.]l

X € (12,8), 2, ) E (12,8) implies that a7

metnilln )

ﬂ[ll,ﬂ) O(zg) and

Sntn iy )
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xi?;'—’t'—’u'—}ﬁ(gjg) = ':I[JE',E] = I:?:yt:ﬂ::’ g [E‘L‘E)E and xi?;-_ﬂ-_;u-_} g [E;’E)c
= xl?;-_,t-__.u._} € [ﬂ, 9) and :r:E':yt:Ju:} € (z.6). Moreover

(3,6) N(k,8) = (1,6) N(I,6)" = ([Tﬂ)ﬁ[ﬂﬂ)}c = X = 0(z4). This proves that

for every two soft neutrosophic soft points x,7*

and x,% such that
T, ) =[5t

A - !:I

210 ﬁ:r:?:yt”u"} = 0(#g) there exists neutrosophic soft b**open sets (g &)and

(h, 8)such hat 210 €@ Oand 2% (R,8)such that(,6) N(R,8) = 0(z4)

Theorem 4.2 If {X,t,,71,.68) and {Y.7,,7..68} be two neutrosophic soft Hausdorff space

then their product is also neutrosophic soft Hausdorff space.

Proof.  Let (3.8) and (3..8) be two neutrosophic soft points such
that (3,8) = (x,7 2y, ., ) and (3,.8) = (v, . Vo )

g tm,) ! ety (5,0,

and  (3,6)N (3,,8) = 0(zg) .  Suppose  (xy v Vi ) EXg

(sptymy ) LSpdy iy

and[xlg‘;__ﬂ__m__}, Fl?;_,t._,u._}] EY,if “"1E§._,t._,u._} # Fl?;_n._,u._} are two distinct points of Xz but

X, is given to be neutrosophic soft Hausdorff space so there exists two distinct

neutrosophic soft b*“open sets (g;,6) and (hy,68)such that (=, & (g;.6) and

v, oy € (hy,8).Now (g1,6) x ¥ and (h,,6) x ¥ are two distinct neutrosophic soft
b** open  sets in X XY containing (3.,6) and (3..6)  respectively that is

(3,68) €(g1,6) xYand (3,,6) € (hy,6) xYand (g,,0) x Y)N((h,6) X V) = 0z
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Thus X XY is a neutrosophic soft Hausdorff space. Now if

502 Fy, 0 xy Ny, = 0(4) are two neutrosophic soft points of

= Squtn g ) Tlaqtgag ' 7 S(qt g ) Lsgitqau,) -

X but Y is given to neutrosophic soft Hausdorff space so we can find two distinct

neutrosophic soft b*“open sets (gz.6)and (h,,8) such that x,= ., € (1.6) and

Var oy €(hy,8). Now X x (g3.8)and x x (I,,6)are two distinct neutrosophic soft

e

b** open  sets in X xY containing (3.,8) and (3,,8)  respectively that is
(3,,8) EX x(g5,6) and (32.6) € X x (h;,8) such that X % (g5.6)) N
(x % (h,,8) = O(z,g)- Hence the product of any finite number of neutrosophic soft

Hausdorff spaces is a neutrosophic soft Hausdorff space.
Theorem 4.3 The product of any number of neutrosophic soft Hausdorff spaces is a

neutrosophic soft Hausdorff space.

Proof. Let us suppose that X = [l.z; X, provided X,¥ i€ I is a neutrosophic soft

Hausdorff space at its own right. We need to show that X is neutrosophic soft Hausdorff

space. For this let =,7* }and Xy

(Sptn iz}

such that =, | N, = 0(z,q)be two

“lspty g}
neutrosophic soft points of [l;z; X; such that they are disjoint. This implies

i f
a .t a

x?s,t.u} = ( ‘:r?s,t.u}i)z’EI and F(s",‘c"‘,u"l} = ( Fl:s"l,t"l,u"l}z-)fEf Where :'r?s,t.u}i

and y&/./

), € XpViel. But xf,,and }r"r

are distinct, so (2t Jier and

')
[}’H'I-',t:',u-';.z_)ee; are distinct which leads to ¢ :,E_and yﬂtu are distinct for some i € 1.

is (ztn )

Since the neutrosophic soft projection m; : [lg X, ~ — X, defined by

Maha Mohammed Saeed, Samer Al Ghour, Arif Mehmood, Wahid Rehman, Fabio Souto de Azevedo4, R. Seethalakshi,
Aamir Abbas, M. Kaviyarasu, Pairwise Approach to Neutrosophic Soft Bi-Topological Spaces: Exploring Neutrosophic
Soft Open Sets and Their Real-Life Applications



Neutrosophic Sets and Systems, Vol. 75, 2025 118

Hl(_mﬁs,t-u}) = x?a.t..u}z- for all mss,t.u} = [:xEs,t.u}i:]iEI' Since a7 and F*E-I' € ‘f;'

(st ; (="t ) i

such that Xetm) and g,rf'_",.-t,.-u,.- are distinct and more over J’:Ei is neutrosophic soft
W= i 157,17

)
Hausdorff space. So there exist neutrosophic soft b** open sets (g,.8) and [EH) in X,

so that 7 E(5.6) yfru} € (hy,0) , (62,6) N(h,1.6) =024 .

x:?:th,uz} é (ﬁ::; E)JFEEE'}":I‘I}.‘[&"I:} é [JI-::;E).! (ﬁ::; E) n[h-::_, E) E Dl«.?_.ﬂ:l y
X3 € 028 va f € (hs.8) (G5 6)N(hs6) = 0(zg and in general
Xleen), € (5,,6), }’Htu}z € (h,8) and

(5.6 N(h,8) =055 = (7)) € (4, 6) :
T (f’ru}} E(h,0)= xf., Em,"(g,,6) and (f’ru}} eEm,”t(h, , €) and

let (§.6) =m,7%(g.6) and (h8) ==, Y(h.,8) . Then  obviously,

E II I I I
(s’ ')

X5 € (8,,6) and v € (h,8) since, m;7*(§,.6) and m;"*(h,.8) are neutrosophic

soft open in Il X , so do (g§.6) and (h8) it is enough to show that
(§,8)N(h.6) = 0z .Consider (§.0)N(h8) =r,7(g,8) and
Nm,7*(h,8) =77 (9,6)N(h,6)) =7, (0(z4)) = O(z4)-

Theorem 4.4 Let {m,%,, w)and (2,5, =) be two neutrosophic soft topological spaces on

the crisp set mand € respectively. {m,%,, @} * (€, §F,, @) be the neutrosophic soft product

space, then the neutrosophic soft product space ><:[[{ﬂ,?i,m}*{E;ﬁpm})i:iﬂ] Is
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neutrosophic soft b,™ space iff each neutrosophic soft coordinate space

[[{ﬂ,?i,m} x {ﬁ,ﬁi,m})i] is neutrosophic soft b, *“space.

Proof. Suppose each neutrosophic soft coordinate space [{{n,’fb @) * (8, Fy, m}}i] is neutrosophic
e ~ jiiEa
soft b**; space and let [(tlm':ﬁ"_,-ﬁ':.rﬁ'a:“m) ]be an element of x [({ﬂ,”fi,m} * (2, Ty, m}} ]then,
L™ T i g |((m3, @) (8,5, @) 1 for each j EA. Since [(m, T, @)= (2, Ty, Eﬂ*i is
t (B o)
i -
neutrosophic soft b, ** space, it follows that [(tlm,:nﬁﬂa;”m)] is T, nheutrosophic soft

b**closed for each j € A. Now, each neutrosophic soft projection mapping $' being neutrosophic
I i ~
soft continuous, it follows that {:b'}‘l[(tlm,:pﬁﬂajjm)] is soft %3, neutrosophic
. = iER .

soft b*  closed is * [({m“fi,m}x (g, ﬁl,m}} ] for every jeA

g i i . .
Consequently, [1;(% ]_l[(tim,:pﬁﬂa},m)] :(tim,:pﬁﬂa},m:l S0, every singleton neutrosophic
soft  subspace of x [({ﬂ,“fl,m}* (g, El,m}}i:iﬂ] is neutrosophic soft %,§§, neutrosophic
soft b**closed . Hence, X [{{*rrffljm}* {E,ﬁljm}}i:ia] is neutrosophic soft ##,, space and
conversely, let x [{{n,“fljm}* {Q ﬁljm}}i:iﬂ] is neutrosophic soft =+, space and let

. - jrieay P _ . .
(K [{{mrl,m}*{ﬂ, ﬂl,m}} ]) be an arbitrary neutrosophic soft coordinate space of
. . jrjEL m a e m! 1P
X [{{mrl,m}* (2,51, @) ] Let “(tl ,:H_J,_J,aym) ]] and [ t, [p__,.-’p:,.-’pa,.-:ljm)] be any
—— -:. :\. B
two neutrosophic  soft distinct points of x [({m“fl,m}x (g, ﬁl,m}}”E ] . Choose
II. - — i .:-E:'.
(tlm':ﬁ"_,-ﬁ'ﬂa}"m) and (t:m [F'_'II.-K':'II.-FE.'.I:l" m) In X [{{T[_.Tl_. IIE}* {E_. ﬁl, IIE}}“ ] Whose ﬁ = th
B ,.
coordinate is H(tlm'in;ﬂ-ﬁa}’m) IH and H(f::""' 'Zn-"',n--",na-"]*m)i]] respect i vely. Since
1B ,. 18

H(tlm':ﬂ;,-ﬂ':.-ﬁ'a:”m) I]] * “ T [K'-_"I:F':"I:F'a"lj’m) I]] we have
(tlm'in-_,x'-,.na}’m) > (g™ [n-_-",nz-":l*m) or (tlm'in -_,.nn,na}*m) = (t- " [n-_-",ng-",na-":l’m) or
(tim(p-_,pn,.na}’m) s {f_‘: m [K'-_"I,IC':"I.-F'E'II:IJW) or {tlmlzp;.{:ln_,{'a:"m) = (f;: ! [p-_-",p:-",pa-")’m) But
® [{{ﬂ,“fi,m}x (e, ﬁi,m}}i:iﬂ] being soft neutrosophic soft &**; space , corresponding to the

neutrosophic  soft distinct  points (f;l"",:p " _J,a},m) and (f;:"""[p_,.-m_,.-ma,.-:“m) of
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[{{ﬂ,“fl, @) * (2, Ty, m}}i:iﬂ] there exists neutrosophic soft b** open sets ffi and f- in
. . jHjex -
> [{{T[_. Ty, T_IE} * {E._, ﬁi-‘ T.IE}} ] such that f:'l ,:pﬂyh},m) = ﬁlEF but

8™ (o ol 0l m) € 1 and (f;_: ™ (o dal v} m) € fa but (tlmmﬂﬂajjm) € ff2. SO, there

exists basic neutrosophic  soft b* open sets flagp =x1{ fio :a€A}  and
fam =X { (fom J¥: x E A} such that
(tlml:p._,p__;pazl.lm) € faz Efiz  and ™ (p/ 02l 0a’)? m) € fax € (2 ) : Clearly,

f:g”"",:p__,.-m:,.-ma,.-jjm) & ffaz and (tl"",:;_1 " _ﬂa},m) € fum. Thus, ﬁmﬁ is neutrosophic soft

B ,.
b** open set containing (f;l”" but not (f;gm'.

'-F"_"I:F':"I;F'a".]’m) B ; and’ {:ﬁﬂm' }E is

'in;m-,na}’m)
neutrosophic soft ~ b**open set containing (f;:m"'[ n--‘ln--‘lm-"}lim) & but not (f;l"" B This

- ijea] B
shows that (x [{{ﬂ,“fi,m} # {2, Ty, m}}l = ]) is neutrosophic soft b, **space.

'in-_m-,.na}Jm)

Theorem 4.5 Let {(m, %, @) and (@, §,, @)be two neutrosophic soft topological spaces such that they

are neutrosophic soft b, "*space on the crisp set wand @respectively. {m, T,, @) * (€, §,, @) be the
neutrosophic soft  product space, then the product space [{{n,’fi,m}*{ﬂ, T, m}}“'Ed] is
neutrosophic soft  b," space if and only if each neutrosophic soft  coordinate space

[{{ﬂ,“fl, @) # (8, F,, m}}i] is neutrosophic soft b, **space.

Proof. Suppose each neutrosophic soft coordinate space x[{{ﬂ,’fl,m}*{ﬂ,ﬁi,m}}i] is

L el
neutrosophic soft b, space and let (%™ w1} and {(:1"" ) ) be two

(P bais)” (popapg)’ D

neutrosophic soft  space points of x[{{m“fljm}*{ﬂj ﬁljm}}i:iﬂ] such that

") Then, (tim(n-_,-n-,-ﬁ'a}‘m)ﬁ . (tim'in;-n:-na}’m)ﬁ for

jriEa
{(ti ':K';-F'"_.-F'a:"m) y> {{tl ':F;-F'"_.-F'a:"m)
P E ! E L. s
some for each B & A where {tlm,:pﬁﬂa},m) , f;:""'[p_,.-m",.-}m) = [{{Tr,’fl, @)+ (2, Fy, m}}ﬂ].
Now, [{m T, @) {0, Fy m}r]E is neutrosophic soft b,** space and
(4 ) (8 19) 1 s of (15,55, S0 e o
B e @ 5 (popap,)r @) are points o {m, 1y, @)+ (2,5, @) , So there exists a
-~ . . B
%, %, neutrosophic soft b** open sets (f, )8 and (#.5)B such that (tl’“,:p e _ijm) € (f1)F

B : P
and tl”".;p_jﬂa;.,m) E(fz)?  and  (fiz)®M(f2)? = Opa . Since

9F [{:(tlmin;,-nyna}’m)ﬂ}}] = {tlmu:u-,na:u“)ﬂ € (f1z)P and
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_ B B. .
5P {_(tlm,:nﬂﬂaym) )= (tim.;pﬂﬂg:m) € (ff2)F each neutrosophic soft projection mapping
mf being neutrosophic soft continuous, it follows that (:1""&,%,_;*,5;,1115) € (9F) "1 ((fiz)") and
0™ (0 ooy ) € (99) TH(F22)P)
and (5P) ~(F1o) PN (F2)B ] = (9P) ~2[0(2)] = O(ne) . Moreover by neutrosophic soft
continuity of $°,($8) “((f15)P), ($°) ~H((f)?) are a %, §, neutrosophic soft b** open in
X [{{ﬂffpw}* (2, ﬁle}}i:iE;]- Hence, x [{{ﬂffljm}* (g, ﬁlj“ﬁ}}i:iﬂ] is  neutrosophic soft
b, "space. Conversely, let x [({Tr,'l"’l,m}* (g, ﬁl,m}}i:ia] is neutrosophic soft b, " space and let
_ - jea] | B _ _ :
(K [{{TL T, @)« (8 Ty w}} ]:l be an arbitrary neutrosophic soft coordinate space of
X [({ﬂ,“fbm}* (e, Ebm}}i:iﬂ]. We must show that j:j € 3 is neutrosophic soft b,**space. Let

g
f:g”""[p__,.-,.- pall ’pa,.-,.-jjm) = {(f;_"""[p__,.-,.-m:,.-,.- ’pa,.-,.-jjm) } be neutrosophic soft fixed point of

X {{{'rr, T, * (8, Fy, m}}i} . Let (fz5) be  neutrosophic  soft  subset of
- 3
X {{{Tr, T, @)+ (2, FL @) } consisting of all points of the form
(tlml:n__’nynajjm) = {(tlm':ﬂ'_,-ﬂ:,-ﬂ'a:“m) i:iE:*::' SUCh that
B

(8% ™) = (6 ) =B 0 (67n) may b0y

— B 1= E (t:mllllll ¥ Iy [FaT m’x
neutrosophic soft point of (K [{{Trffl,m}* (2, Ty, m}}“E D . Let $ (vl 2allaalY fl be the

restriction of the neutrosophic soft projection mapping

b

5(1:3"‘-""“__,-.,- vall ra-"-":"mJ: [{{T[,Tli @) * (2, T, m}}i] -

(<[t 0+ @5} 10 (&7 1009)
such that

iy R
(tzm.-,-“ L
pofeas [ e M
9 (0" (o gy D) =

(x {{{’IT, T, @)+ (2§, m}}i:ia} :]E A : (paf 22! "“"I"':'Jmfl {:({tlm.:p ﬂypa},m)) =
9° {:((t' m'in;ﬂynal“m)) - (t— ! Iin-_-"-'ln:-"-"ma-""']’m) " .

‘v’(f-m m)E{f' ml m) Then {-‘;pt: '-r"'—""'"5""""3""":rmf| is clearly neutrosophic
1 ':K'-_,.-K'n_,.ﬁa_:"' = |.¥"_'I'I.rp:'l'l.-na.'l'ljl" ' ! y p

i

soft one-one and neutrosophic soft onto. Also, the projection mapping $F being neutrosophic soft

"

t:m” I X N ¥ IFRTL ] . R R
continuous, is a restriction 53( (va/ 2alaa /™) is therefore neutrosophic soft continuous. Now, let
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(fi=) be any neutrosophic soft bh** open set in the neutrosophic soft subspace

tfm”ujp-_-"-",nz-"-",na-"-"]’m)' Then, (fio) = tﬂ"‘”.;p._.-'.-',pz-"-",n3-"-"}m) N (fam) for some basic

neutrosophic ~ soft  b** open set  (ffaz) in K[{{ﬂﬁljm}*{ﬂﬂljm}}i]- Let

(fam) =% {(fimz)®: @ EN} , where, (fi5)® is neutrosophic soft b* open in
(< {(mrm« @F.)")) . Lot (han) =x [((Fi)*: BN where  (f10)° s
neutrosophic  soft &k** open in X [({n,’fljm}x{ﬂﬂi,m}}a]. And  consequently,
(1) = f:gm"l"l,:n__,.-,.- ol Jna,-,-jjm) M (x [{(#f15)%: @ EAJ]), Where (f,5)° is neutrosophic soft
b* open in (x {{{ﬂ,“fljm}*{E@l,m}}i:iﬂ})a for each w&n. Thus, either

(f1) = Opman Or (Fi) = {( tim.jp._,p:ma}’m ) E (™ (e el pgl 1) ): Pth coordinate of

A"

(%™ po 00 @) N (F1)"B }. Therefore F:r(t: (oalladl "“""":rmfliﬁ(f}"rm]} = O(ra or (f15)®, each

one of which is neutrosophic soft b**open. This shows that the neutrosophic soft image under

Y
9 Fadet¥et ]S of every  basic neutrosophic soft b**open set in (t:”" (pd .l ma,.-,.-),m) is
N

”"rml

1::"‘-"'"' IR NT,

neutrosophic soft &**open and therefore, 5‘3( (vl pallasllY =) g neutrosophic soft #;open. Thus,

5[':t'—m' Pi¥abs "m}, is neutrosophic soft homeomorphism and therefore,
" o ESI RGN . .

(K [{{m t,@) (8 Fa) ]) is the neutrosophic  soft homeomorphic  image

of f_-:m""[p_..-..-’p_..-..-’pa,-,-jJm). Now, every neutrosophic soft subspace of a neutrosophic soft

b, " space being neutrosophic soft b, “*space, (™" n--"-'lnn-"-"ma-"-"]’m) is neutrosophic soft b**open

A

tﬂll‘."l"l T
'Y

and therefore, i-“:r( o (aflaallesll)) is neutrosophic soft b, **space and so its

t"“-_u

neutrosophic soft homeomorphic image (x [{{*rr{flj @)+ (2, §y, m}}i:iE:‘D is soft neutrosophic soft

b, "*space. Hence, each neutrosophic soft coordinate space is neutrosophic soft b, **space.

Theorem 4.6 Let {m,%,, w)and {2,F,, =) be two neutrosophic soft topological spaces on

the crisp set ™ and € respectively. {(m,%,, @) = (€, F,, w)be the neutrosophic soft product

space, then the product space ><[[{ﬂ,?l,m}:ﬂ{ﬁ,ﬁl,m})i:iE:"] is neutrosophic soft
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b**-regular space itf each neutrosophic soft coordinate space [[{w,fl,m} * {ﬁ,ﬁl,m})i] IS

neutrosophic soft b**regular space.
Proof. Suppose each neutrosophic soft coordinate space x [ ({m, %, w) = {E,ﬁl,m})i]is

. jrjes
neutrosophic soft b**-regular space. Let (tlm"n-_,n-,n },m) = {(tl"’*m_j_’p },m) ) be any
neutrosophic ~ soft  point of  the  neutrosophic  soft  product  space

:=<[[{n,?l,m}*{ﬂ,ﬁl,m})i’ie”] and f, be any neutrosophic soft b™ open set in
:=<[[{n,?l,m}a{ﬂ,ﬁl,m})i’ia] such that (11”";”;#_* },m)?é#m then there exists a
neutrosophic soft b* open set (f.5) in >-<[[{n,%l,m}*{E,ﬁl,m})i’iE:”] such that

(-Ilm':ﬂ;-ﬂ:ﬂa}’m) € (f,.) € £, Let, x {((ﬁm] )i’iE:‘} is the neutrosophic soft product
space  such  that (#5 )" is  neutrosophic  soft #%,  open  in

X [[{ﬂ,?l,m}*{ﬁ,ﬁl,m}}i]. Since each{[{n,?l,m}*{ﬁ,ﬁl,m})i} is neutrosophic soft
b**  regular space and  ((#,) )i is  neutrosophic  soft  b* open in
X [[{n,fl,m} * {ﬁ,ﬁl,m})i]containing (Ilm.:u:,pa:.’m)i there exists a neutrosophic soft
b*  open set  ((fz5)) in X{({ﬂ,?l,m}*{ﬁ,ﬁl,m})i} such  that
(6 ®) E((£)) ad (o)) E(h). Let x[((8))"7]

then[[(#amj )i’iE:‘] is neutrosophic soft b**open set in x [[{n,fl,m} * {ﬁ,ﬁl,m})”E:‘] and

contains (tl""mﬂ_m,m). Also, % ((f:) )"'E:‘ =x {[(#h) )"'E:‘ = ﬂ].Further, since

((fs) ) & (f1.)' for each j, we have x [((£.) )" :j€ a] Ex [[(#EE) }i’iE:“] this
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shows that for every neutrosophic soft point
(1 m m) Ex {[{ﬂ,%l,m}#{E,ﬁl,m})i’ie‘} and every neutrosophic soft b* open

1 (pypamgl’

set (#,5) containing (tl""rp_ﬁ_},m) there exists a neutrosophic soft b*™ open set

X [((#20) )"'E:‘ = ﬁ] in X [[{n,?l,m} * {ﬁ,ﬁl,m})i’ie‘] such that

(tlmcu:,na}’m) Ex [[(#amj )i’iE:‘] and % ((fs0) )" Ex [[(#Em] )i’iE:‘] . Hence,

><[[{n,fl,m}x{ﬁ,ﬁl,m})”a] is neutrosophic soft b** -regular. Conversely, let the
non-empty neutrosophic soft product space x [[{ﬂ,?l,m} * {ﬁ,ﬁl,m})i”e‘] be neutrosophic

_ — ) ]
soft b*-regular and let x [[{n,?l,m} * {E,ﬁl,m})"'&] be an arbitrary neutrosophic soft
coordinate space. Then, we must show that it is a neutrosophic soft b**-regular. Let

(1 m )E be any neutrosophic soft point of (>< [[{ﬂ,?l,m} * {ﬁyﬁlrm})i:iﬂ] )Eand

L w
1 (pypamgl’

_ SN
let (#,)" be any neutrosophic soft b**open in (x [[{w,?i,m}a{ﬂ,ﬁl,m})"'e']) such
B
m = B m H
that (’li m_ﬂ:ma},m) € (#,5)°. now, choose, soft element (’li m_ﬂ:ma},m) in
- e . . E
>([[{ﬂ,fl,m}*{ﬂ,ﬁl,m'})llla] whose Bth coordinate in (tl""rn_ﬁ_ﬂ },m) . Let

(f1o) = Ejﬁ‘l[(tlmm__m:ma},mjl. Then, (*ll"‘{pﬁ:h},m}e (#,-) and by neutrosophic
soft continuity of $fF |, (#.) is neutrosophic soft b** open in
X [[{w,?l,m} . {ﬁ,ﬁl,m})"ie‘]. Since, x [[{n,?l,m} . {E,ﬁl,m})i’i'i:‘]is neutrosophic soft
b** -regular space so there exists a neutrosophic s o ft b™ open set

x[[(#h) )':'E:‘] and where each ((f,.)) is neutrosophic soft b™ open in
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(x [[{n,%l,m}a{ﬁ,ﬁl,m})i’i'i:‘] )E such that {tl""(pﬁ:ma},m) Ex{[(#amj )ME:‘} and
[((F) Y77 & (Bi). Now(ey™ @) & [(($s0) )| & (8) this implies that

(1 m m) € (fim) = 9% 1 ((#,5)F)  implies  that ( m)ﬁ € (1),

L tT.™,
1 (pypangl’ 1 (pypapgl’

Moreover, [[[#EE] )"'E:”] = [[[#EE] )i’iE:‘]and [[[#h] )"'E:‘] & (#,5)® This shows that

— F— B
(x {[{w,%l,m}*{E,El,m})"'a‘}) is neutrosophic soft b** regular and hence, each

coordinate space is neutrosophic soft b**regular.

Theorem 4.7 Let {(m,%,, @)} and {(2,F,, @) be two neutrosophic soft topological spaces  on

the crisp set  and € respectively. {m,T,, @} * (€, F,, w)be the soft product space, then the

product space x [[{’"ﬁlrm} “ (2,5, m})i:iﬂ] is neutrosophic soft b**close regular space if

each neutrosophic soft coordinate space {[{ﬂ,?l,m}*{ﬁ,ﬁl,m})i} is neutrosophic soft

close b**- space.

Proof. Let each soft coordinate space X [[{ﬂ,?l,m}*{ﬁ,ﬁl,m})i] is neutrosophic soft

b**close regular space. Then, we must show that the neutrosophic soft product space
X [[{ﬂ,?l,m}H{E,ﬁl,m})i:iﬂ]. Let #,, be any member of the usual neutrosophic soft
subbase for the neutrosophic soft product topology and let

(11"".',3;#.,;- },mjz {[11ml,n_ﬁ_m },m)“IE"} be any neutrosophic soft point in #,- Then
fio =5‘jﬁ_1[[f}:m]ﬂ) is neutrosophic soft b** open in [[{ﬂ,?i,m}*{ﬁ,ﬁi,m})ﬁ] and

B = : ,
contains (tlml'n_,.n K },m) ). Since, [[{n,fl,m}z{ﬁ,ﬁl,m})ﬁ]ls neutrosophic soft close
R T T ]

regular b*™  -space there exists a neutrosophic soft mapping
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——

. [[{n,?l,m} * {E,ﬁl,m})ﬁ] — [0,1] x [0,1] such that f((tlmrp_ oo },mjﬁ) = 0, and

—— !

f(’L."""I[p__..-’p:..-’pa..-],m) = Tme- Y& (y /p 0 g [[{ﬂ,?l,m} x {E:ﬁpm})ﬁ] — (£ ).

Since $* is neutrosophic soft continuous and f is neutrosophic soft continuous, so the

neutrosophic soft composite mapping

(FoHE ):x [[{ﬂ,fl,m} . {E,ﬁl,m})i:iﬂ] —s [0,1] x [0,1] is neutrosophic soft continuous.
Now, if {Jllm'in;.nzma}’m) € #,_.then (’.’tlm(p;p:ma},m) € Ejﬁ_l[[#lmjﬁ)

= 9F (Jllm'in-_,nz,na}’m) € (#hFjﬂ = f[gjﬁ (({tlmin;n;ma}’m))] - f((tlm'in-,.ng,na}’ mjﬁ) -

(@)

= (foHF )(hmrpﬁ_hym) =0(ro)- Again, if

(Ilm'in;ng,nab’m) EX [[{ﬂ, T,m) = (8, ﬁl,m})i:iﬂ] - #1E,then(tlm|:pﬂ=’pa},m) EX
[(m7y @) (0.5, 0) "% - o = (07, ) ESF T ((((mFp )+

{E, ﬁl; m})ﬁ] - 5‘3_1 ((#ﬂm’jﬁj

— (tlmiuzma}’m) € s‘jﬁ_i[[[{n,fl,m} * {E,ﬁlym})ﬂ] — (25)P) =
o ( (1lm'in;,n=,na}’m)) € [[h’?l’m} * {ﬁ,ﬁl,m})ﬂ] B (#h‘jﬁj =

9 ( (87 o0 ®))] = T = ©9°) (47 0,0 ®)) = Tem
Thus,
f[$B ( (timin;n:ma}’m})] -

T —if (e B
Dl‘n"m} lf (-IJ' ':F';,-F:.-F'a.:"m) € [#:EF] ]

Oy = if (11”"{“40:%},13) EX [[{w,%l,m} * {ﬁ,ﬁl,m})i’ia] —Fio-

— =)
Hence, x [{{m“fljm}* (g, ﬁl,m}}” ] is neutrosophic close b**regular space and conversely, let

the neutrosophic soft product space [{{*rr{flj w) o+ {8, glj m}}i:ia] be neutrosophic soft &**close
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regular b* - space and let x [{{Tr,'l"’l,m}* (g, gl,m}}i:iE:‘] be an arbitrary neutrosophic soft

coordinate space. Then by continuing, we can show that x [{{ﬂ,“fi,m}* (g, ﬁl,m}}i:iﬂ] is the
neutrosophic ~ soft  homeomorphic  image of a  neutrosophic  soft  subspace
of = [{{*rr,”flj w) * {8, @11 m}}':'E"]. Now, every soft subspace of a neutrosophic soft &** close regular

space being a neutrosophic soft b*“close regular space and neutrosophic soft homeomorphic image

of a neutrosophic soft b**close regular space being neutrosophic soft h**close regular space it

follows that x [{{*rr{fljm}* (g, gljw}}“ﬁ“] is neutrosophic soft h**close regular space. Hence,

each coordinate space of x [({'rr,’fl,m}* (g, gl,m}}“'h] is neutrosophic soft b**close regular

space.

Definition 4.8 Let #1: NSS(1) — [0,1] be a mapping, where NSS(TI) represents the set of
all (NSSs) on U. For {Q,, @) € NSS(U), £{Q,, w)is called the entropy of {0, =) if it
satisfies the following conditions:
1) ARQ,w)=0eVpewte U, Ty, (® =01y ({®=0and Fy (B =1or
To,n(0 = LIp,m(® =1 and Fy, (0 =0
2) O, wy=1VyeE®mtEU, Ty (0 = Iy,m(0 = Fy, (W) = 0.5
3) M0y, @) = A0y, m)°
4) ¥y €w,tE U when (0, w) € (02, @) and Tap(t) = Fo, (0, Ip, (1) = I (0if
I, (W) = 05 or
(0, @) 2 (03, w), and T () (1) = Fa(p) (1), then A0y, w) = A0, @) , Iy (D =

Example 4.9 In order to obtain an effective risk supervision in the field of engineering,
certain risks are classified along with some parameters and these risks are evaluated by the
team of experts (engineers). Assume that there is a set of three experts (engineers) assessing

the five different kinds of risks with the set of parameters.
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Let U denote the set of risks U = {t,,,, t;, ., P. } and let @ denote the set of parameters

W = {P Py Pa. e Pl
The neutrosophic soft set

1= describes the assessment of engineer 1.

1 (P1) (1) = {07 x107%,02 X 1074, 01 X 1074), fy, (0,) ()
={05x1071,05x 107,05 x 1071},

F1m(P3) () = (07 X 107,02 X 1074, 01 X 1074), 5 (o) (%)
={06x1071,07 x 107,08 x 1071,

fio (P )() = (07 x 107,05 x 107,04 x 1071).

fr () () = (08X 107%,03 X 1074, 04 X 107%), £, (»,) (%)
={07x1071,03x 107,02 x 1071,

1 (P3) () = (06 X 107,08 x 107%,09 X 1074), ;. (1) (%)
={08x1071,01x 107,09 x 1071,

fio(p () =(08x 107,02 x 1071, 01 x 1071).

fre () (25) = (04X 107%,06 X 107402 X 107%), ., (»,) (%5)
={03x 107107 x 107,02 x 1071,

1 (P3)(53) = (02X 107,09 % 1074,02 X 1074), ., (1) (5)
={04x 107106 x 107,05 x 1071}

fio(p () =(03x 107,08 x 107107 x 1071).
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Frm (P ) () = (04x 1071, 05x 1071, 03 x 1074), 4, (0, )(2,) = (03 x 101,06 X 107,07 X 10~
Fio (P () =(03x 1071, 05x 1071, 04 x 1074), £, (p,)(E,) = (03 x 107,04 x 107,05 x 10~
fio(p)(ty) =(04x 107108 x 107,03 x 1071%).
Fre(P)(t) = (03x 107502 x 1071, 07 X 1071 ), #, (0,) (%) = (02 x 1071,07 x 1071,01 X 10~
Fio () () =(03x 1071, 05x 1071, 04 x 1074), £, () (&) = (03 x 107,06 x 107,09 x 10~
fio () () = (04 x 1071 02x 107,01 x 107%).

The neutrosophic soft set #.. describes the assessment of engineer 2.

for (P ) () = (04 x 1071, 03 x 107,02 X 1071), 5 (0, () = (03 x 101,01 X 107,01 X 10~
For (05)(1,) = (05 % 1074, 05 % 107%,09 x 1071), £, (e, ) (1) = (04 x 107,05 x 107,04 x 10
for (05 )(g) = (04 x 107102 x 1071, 01 x 1071)

o (P () = {03 X 1074,04 X 107,05 X 107%), f, (p,) (1)
={03x 107,04 x 107,02 x107Y)

£, (p) () = (03 x 1074, 06 x 107,07 x 1071),£,_ (p)(L,)
={04x1071,09x 107,01 x 1071}

for (P)(T,) = (03 x 107,02 x 1074, 01 x 1071)

forr () (85) = (04 x 107,06 X 1072, 05 X 107%), £, (0,)(23)
=(03x 107109 x 1071, 08 x 1071 ), (0y)(2;)
=(03x 107108 x 107,01 x 1071), £, (0, ) (3)
=(04x 107107 x 1071, 08 x 1071),

For (=) (1) = (02 % 107%,04 % 107%,06 x 107%)

fre (1) (2) = (03 X 107,02 X 1074, 01 X 1071), 5, (9,) ()
={03x10",01x 1071, 02x 1071}

o (P3) () = (03X 107402 X 107,05 X 1071 ), f,, () (L)
={05% 1071,03 X 1074, 04 x 107%), £, (p5) (%)
={04x 107,06 x 107,08 x 107%)
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o (P)(55) = (04 X 1074,06 X 107,08 X 107%), f,, (p,) (15)
={03x107Y, 07 x 107,08 x 107Y)

fam (02) () = (04X 1074,02 X 107,06 X 1074 ), (0,) (15)
={(04x1071,02x 1071, 01 x 107%)

for (P)(2) = (03 x 107,04 x 1071, 08 x 1071)
The neutrosophic soft set 5. describes the assessment of engineer 3.

i (P (1) = (04 X 1074,05 X 1074, 01 X 107%), 3, () (1))
={03x107t,01x 107,01 x107%),

fam (02 (1) = (03 X 107%,02 x 1074, 03 X 107%), i, (0,) (1)
={03x1071,04x 107,07 x 1071,

Fam () () = (05x 1071,05 x 107,01 x 1071)

fam (0)(5) = (03 x 1074,04 x 1071,05 X 1071), #5 (0,)(2,)
={02x107t,01x107Y, 03 x 107Y),

foo (p)(,) = (03 x 107402 x 107,01 x 1071), £, (p)(1,)
={03x1071,05x 1071, 06 x 1071,

Fae () (1) = (05 % 107,04 x 107,01 x 1071)

fam (P1) (£5) = (03 X 107,07 X 107%,09 X 1071, 5, (9,) (%3)
={03x1071,01x 1071, 05x 1071},
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Fam (P3) (1) = (03 x 107,05 x 1071, 04 X 1071), #5 (po) ()
={03x1071,09x 107,08 x 1071,

fam (P5)(E3) = (03 X 107%,01 X 107,07 X 1071), 5, (0,) (L)
={03x1071,02x 1074, 06 x 107%), £, (,) (1)
={03x 107103 x 1071, 02x 107%),

fa (P3) (E5) = (03 X 107%,05 X 107,06 X 1071), 5, (»,)(Ty)
={03x1071,08x 107,09 x 1071,

fa (eg)(t,) = (03 x 1071, 01 x 107,08 x 1071)

o (e )(€) = (04 x 107,05 x 107%,09 X 1074}, f5_, (e,) (%)
={04x1071,05x 107,09 x 1071,

fa (e3) () = (04 x 107,05 x 107,07 x 107%),#5_ (&) (%)
={03x1071,07x 107,08 x 1071},

fa (eg)(t) = (03 x 1071, 02 x 107,06 x 1071)

Now

Fiilfym) = 00906 X 107°, A(fy,) = 01148 X 107%, Ai5(fy,) = 00984 X 107%,
figf o) = 01143 X 107% 4 {f, ) = 00746 x 10~*

Aiy{fag) = 01069 X 1077, £, (f,) = 00646 X 1077, fi5(f,;) = 00923 X 107°
At y{foy ) = 00918 x 107%, fig(f,, ) = 00857 x 107*

Fo{fam) = 01031 X 1074, fi,{fa ) = 00742 X 1074, fiy{fa ) = 01222 X 1074
A (f,. ) = 00822 X 107%, Ai(f,_ ) = 00706 x 107

Therefore,
A({f,_) = 00985 x 107, fi{f,_) = 0.0883 x 107, #i{fy_ ) = 00905 x 10~*,

Entropy is an significant idea for measuring ambiguous information. The less ambiguity
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information has the larger possibility to select the best. From the totaling we have

Alf. ) = Alffy ) = Al ) and therefore, the engineer 2 has larger opportunity to make

the decision on risk supervision than engineer 1 and engineer 3. According to engineer 2

#y{ff.) = 01069 X 10™* has the largest entropy value between the risks. Hence,

engineering risk has to be minimized to have an effective risk supervision system.

Conclusion
Neutrosophic soft set is considered to be the most important set in mathematics. This study concerns

the concept of new type of neutrosophic soft open sets in neutrosophic soft bi topological space. Eight

new neutrosophic soft open sets are introduced. Among these neutrosophic seft b** open set is

chosen to generate the results. In addition, some results are studied in terms of neutrosophic soft
interior and neutrosophic soft closures with respect to soft points. Finally, the most important
structure known as entropy is discussed and on the basis of this structures an example is given which
is related to engineering which goes like this, in order to obtain an effective risk supervision in the
field of engineering, certain risks are classified along with some parameters and these risks are
evaluated by the team of experts (engineers). In upcoming time, we will try to introduce new
structures which will play important role in decision making problem as in similarity measures. In
addition to this, we will try to see the pairwise structures and some engineering problems in [44, 45,
46, 47, 49, 54,55, 56] with respect new generliased open sets with respect to soft points and crisp
points of the space.
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