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Abstract

The notion of fuzzy sets initiated to overcome the uncertainty of an object. Fuzzy topological space, in-
tuitionistic fuzzy sets in topological structure space, vagueness in topological structure space, rough sets in
topological space, theory of hesitancy and neutrosophic topological space, etc. are the extension of fuzzy sets.
Soft set is a family of parameters which is also a set. Fuzzy soft topological space, intuitionistic fuzzy soft and
neutrosophic soft topological space are obtained by incorporating soft sets with various topological structures.
This motivates to write a review and study on various soft set concepts. This paper shows the detailed review
of soft topological spaces in various sets like fuzzy, Intuitionistic fuzzy set and neutrosophy. Eventually, we
compared some of the existing tools in the literature for easy understanding and exhibited their advantages and
limitations.

Keywords: Soft sets, fuzzy soft topological space, intuitionistic fuzzy soft topological space, neutrosophic
soft topological space.

1 Introduction

In the year 1999, Molodtsov*Z proposed the concept of soft sets (SS). This concept developed to overcome
the difficulty to fix membership for each case. SS is a family of parameterization of the universe of discourse.
Parameters may be numbers, meaningful words, sentences, etc. Anyone could define the parameterization for
their convenient. This technique is very useful to model the uncertainties. Also, Molodtsov defined some basic
operations and presented some uses of SS, such as stability and operations research, etc.

The first definition of soft spaces was introduced by the authors Shabir and Naz’" and it is defined on the
universe of discourse with a fixed set of parameters. Also they proved that a soft topological space provides
a parameterized family of topological spaces. The researchers!®22274 are developed the concept of soft set
theory.

Fuzzy set (FS) was introduced by Zadeh®!' in the year 1965, every element ‘a’ in A has a membership
value, where A is mapped from the universe of discourse to [0, 1]. Later Chang?* introduced the concept
fuzzy topology in the literature, which satisfies the three axioms of topology and also Chang used the same
notation in fuzzy topology as Zadeh used for FS. After few years, Lowen® defined fuzzy topology which is
different from definition by Chang. Maji et al.** proposed the concept of fuzzy soft set (FSS) and defined
some basic operations. Later, Tanay et al.”? introduced fuzzy soft topological space (FSTS)and established
the basic definitions of FSTS by incorporating the fuzzy topology and soft set. FSTS was applied in various
ways say, game theory, analysis, etc. Fuzzy soft set in topological space further studied by Roy.®"%3 The
authors V225036435054 are successfully applied FSTS in real life.

FS failed to address the rejection of an object in the set. So Atanassovi? proposed the theory where
every object in a set has both acceptance and rejection with subject to the constraint that sum of acceptance
and rejection should not exceed 1 and non-negative and that theory is called Intuitionistic fuzzy set theory.
Intuitionistic fuzzy set A(a) is an generalization of fuzzy set where every element a in A is a subset of universal
set have degree of membership and degree of non- membership and each function map from the universe of

Doi :10.5281/zenodo.4008341 96
Received: April 29, 2020 Accepted: August 14, 2020


HP
Typewriter
Received: April 29, 2020         Accepted: August 14, 2020


International Journal of Neutrosophic Science (IJNS) Vol. 10, No. 2, PP. 96-104, 2020

discourse to the interval [0, 1]. Researchers developed the theory by generalising it and got new result through
extension @2ORTI [ ater, Maji et al*¥ introduced the notion of intuitionistic fuzzy soft set (IFSS). D.
Coker?Z initiated the concept of IFSTS and followed by>*>#76 developed the concept in decision making.

Atanassov failed to address the problem when indeterminacy occurs in the object. To address the difficulty,
Smarandache®”¥ originated the concept called neutrosophic set. Every element in the neutrosophic set has
truth, indeterminacy and falsity values respectively and which are maps from universe of discourse to [0, 1]
with the constraint that truth, indeterminacy and falsity values should not exceed 3 and not less than zero
under addition. Many complex problems in statistics, in graph theory when relationship between the object
have acceptance, rejection and also indeterminacy, physics, image processing, networking and in decision
making which can’t be solved by existing classical methods. The generalisation of this notion also exist in the
literature, namely neutrosophic soft topology, neutrosophic nano topology, neutrosophic nano ideals topology,
neutrosophic support soft set,® neutrosophic soft supra topological spaces in various sets, etc. Maji et al !
presented the concepts of neutrosophic soft set. Maji** successfully applied the concept of neutrosophic soft
sets (NSS) in pattern recognition, reasoning etc. Thereafter, Bera'®!? initiated the concept of neutrosophic
soft topological space (NSTS). The following authors”&122866l are developed NSTS. In this work, soft sets in
various topological spaces are studied in detail. Advantages and limitations of different soft topological spaces
are presented. Eventually comparison table of classical soft topological space, FSTS, IFSTS, NSTS are also
presented.

2 Preliminaries

This section is a collection of definitions initiated by!2182720-23/64677281

various uncertainty sets.

for the development of soft sets in

Definition 2.1. Fuzzy set A(a) of universal set X is defined by A = {(a, pa(a)) : a € X}, where 4 represent
the degree of membership and it is mapped from the universal set X to the unit interval [0, 1].

Definition 2.2. The pair (F, A) is called a FSS over X, where the mapping F' : A — F(U), F(U) is the set of
all fuzzy subsets of non-empty set X and A is a subset of the set of parameters E.

Definition 2.3. Let the pair (X, 7) be a FSTS and 7 be a family of FSS over X # (). The pair (X, 7) is said
to be a FSTS if it satistfying the following conditions: (i) Og,1g € 7. (i) If fa,, f4, in 7, then fa, A fa, in
7. (i) If (fa); in 7, for all i in J, then union of (f4); in 7. Then 7 is called a topology of fuzzy soft sets on X.

Definition 2.4. Let (X, 7) be FSTS and f4 € F(X, E). The closure of fuzzy soft set f4 is intersection of all
fuzzy soft closed supersets of f4.

Definition 2.5. Let (X, 7) be FSTS and f4 € F (X, E). The interior of fuzzy soft set f4 is union of all fuzzy
soft open subsets of f4.

Definition 2.6. Intuitionistic fuzzy set A(a) on the non-empty set X is defined by A = {(a, pa(a),va(a)) :
a € X}, where p4 denotes truth value and v4 denote the falsehood and the map of truth value and falsehood
from the universal set X to the interval [0, 1] and satisfying the constraint that sum of truth and falsehood value
is lies between 0 and 1, for each a € X.

Definition 2.7. Let X and E be the initial universe and set of all parameters respectively and A is a subset of
the parameter set E. Let IF(U) be the set of all power set of X. If the mapping F from the set A to IF(U), then
the pair (F, A) is said to be intuitionistic soft set over X.

Definition 2.8. Neutrosophic set A (a) on the non-empty set X is defined by A = {(a, pa(a),c4(a),va(a)) :
a € X}, where p4 represent the degree of membership, o 4 represent the degree of indeterminacy and v 4
represent the degree of non-membership and the map of membership , indeterminacy and non-membership
from the universal set X to the interval [0, 1] and with the constraint 0 < p4(a) + oc4(a) + va(a) < 3, for
eacha € X .

Definition 2.9. Let X be a non-empty set and the parameters set be E. The power set of X is denoted by P(X)
and is defined as the collection of all neutrosophic set. The pair (F, I) is called the NSS over X, where I is a
subset of X and the map F from I to P(X).

Definition 2.10. Let X and E are the non-empty set and set of parameters respectively and NSTS (X, 7) is a
subset of NSS (X, E) satisfying the following:

(1) Null and universal soft set are the members of 7. (2) Finite intersection of member of any finite sub
collection of 7 also in 7. (3) Arbitrary union of member of any sub collection of 7 also a member of 7.
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3 Soft Topological Spaces in Various Sets

3.1 Fuzzy soft set

In 2008, Yao’ presented the concept of soft fuzzy set and this concept tested for the significance of existing
soft fuzzy set. Lastly, FSS relations and soft fuzzy set relations are compared with some example. Cagman=>
modified the definition of FSS and studied the concept with some of its properties. Finally, fuzzy soft aggre-
gation operator is defined for effective construction of decision process.

Generalized FSS introduced by Majumdar*® in 2010. Some properties of generalized FSS and its applica-
tions are presented by Manjumdar. Tanay’# first introduced the concept of FSTS to the literature. The authors
also defined the notion of neighbourhood, family of neighborhood, interior and closure of FSS, Basis for FSTS
and finally subspace of FSTS along with the some properties. Gunduz. C3!' defined interior, closure of FSTS.
Further, Gunduz introduced open and closed sets in respect of FSS and continuous mapping in FSS, homeo-
morphism of FSTS. Characteristics of fuzzy soft topological structure also discussed. In 2011, Zhi Kong et
al®2 discussed FSS to present a real life problem with grey relation analysis theory. The result is verified with
some cases. Mahanta*® introduced and studied fuzzy soft point and its neighbourhood in a FSTS. Closure and
interior of FSS are studied and investigated separation axioms and connectedness of FSTS. Abd El — Latif*
developed and studied the concept of pre-connected, pre-separated, pre-soft subspace of FSTS. Generally, Pre
- disconnectedness of FSTS is not traditional property proved by Abd El — Latif# In 2012, Varol”® brought
the notion of fuzzy soft continuity and projection mapping of FSTS. Simsekler®” defined fuzzy soft open sets
and fuzzy soft closed sets in FSTS and also fuzzy Q-neighbourhood of fuzzy soft points are defined. Roy
et al'®183 defined the concept of accumulation point using Q-neighbourhood and also proved that separation
axioms exists using Q-neighbourhood in FSS.

Yang et al” combined the concept of multi-fuzzy set and soft set to produce a new result called multi-
fuzzy soft set. Also defined some theoretic operations say, union, intersection and complementary. Yang et
al’”! developed an algorithm using multi-fuzzy soft set. Eventually using the proposed algorithm, decision
making problem is analysed. Roy and Maji®? analysed the decision making problems using fuzzy soft sets.
They construct an algorithm for selecting object from universe of discourse by considering maximum value
among the score using score function. Cetkin® established the concept of continuous mappings in FSTS and
presented the idea of anti-chain and isomorphism to FSTS.

In 2015, Kandil*Z introduced the concept of semi connected set, semi s-connected set, semi separated set in
FSTS. Sabir Hussain® defined the soft pre-open set, soft alpha-open set in FSS and studied soft neighbourhood
at fuzzy soft points. Also introduced soft regular open set and studied further. Finally, the relationships
between the above proposed concepts are presented. Pre-open, pre-closed set of FSTS introduced by Abd El-
Latif’3 and studied some properties of pre-regular, pre-normal space of FSTS. Fuzzy a-connected set, fuzzy
a-separated set, fuzzy a-S-connected set in FSTS established by A.M. Abd El-Latif

A. Kandil et al®® defined fuzzy soft point based on equivalence classes in the year 2015 and described
that Universal fuzzy soft set can be written as the union of disjoint connected component. G. Kalpana et al®
introduced fuzzy soft r-open and fuzzy soft r-closed mappings, fuzzy soft r-closure, fuzzy soft r-interior, fuzzy
soft r-continuous mapping through fuzzy soft set. Abd El-Latif* initiated the notion of 3-open soft sets and
[-separation axioms in FSTS and established the properties of 5-closure and /3 — regular, S-normal space in
FSTS.

3.2 Intuitionistic Fuzzy Soft Set

Here, we present the initialization, extensions and generalization of intuitionistic fuzzy soft set in topological
structure. Yang’® originated the concept of interval - valued IFSS, defined the set theoretic operations and
finally decision making problem solved by adopting existing algorithm. Mukherjee*” proposed and studied a
new type of sequence of intuitionistic fuzzy soft multi sets and some of its properties are investigated. Also
the increasing, decreasing and convergent sequences of intuitionistic fuzzy soft multi- topological spaces are
introduced by Mukherjee#? Finally, cluster intuitionistic fuzzy soft multi topological space and their properties
are studied. In 2010, Xu” presented the concept of IFSS by merging K.Atanassov intuitionistic fuzzy set and
soft set. Developed some basic operations and applying this tool to target the type recognition problem. Jiang et
al®¥ combined the two classical methods viz. soft set and interval-valued intuitionistic fuzzy set and produced
a new result called interval-valued IFSS. Union, intersection and complement of interval-valued IFSS defined
and established some basic properties.

In 2012 Yin et al’”® introduced further the concept of IFSS. In particular, theoretical operations such
as union, intersection and complement, etc. are introduced. Mapping on IFSS introduced and their basic
properties also presented. Li et al*? proposed the novel notion called IFSTS in the year 2013. The author
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also defined the interior, closure, base, relative complement and absolute IFSS and IFSTS. Some properties of
IFSTS also presented.

In 2013, Agarwal et al® developed the concept of generalized IFSS and this developed a generalized pa-
rameter to pool the intuitionistic fuzzy numbers. The author has developed three different algorithms mainly
for decision making. One is for in medical diagnosis to compare the intuitionistic fuzzy numbers and remain-
ing for measure the similarity, if any in selecting the supplier. Kumud Borgohain®® studied IFSTS and defined
intuitionistic fuzzy soft separation axioms, normal space and finally completely normal space of IFSTS. Os-
manoglu et al>* introduced intuitionistic fuzzy soft finer and coarser topological space, Intuitionistic fuzzy
soft discrete topology and intuitionistic fuzzy soft indiscrete topology. Further, soft points and complement of
intuitionistic fuzzy soft points and separation axioms of the same introduced and their properties also studied.
Cetkin®® introduced the definition of closure intuitionistic supra fuzzy soft topological space.

In 2014, Bayramov. S introduced the basic definitions of IFSTS namely, null and absolute IFSTS, interior
and closure, associated closure of IFSTS. Some basic properties also investigated. Mukherjee”! established
the notion of intuitionistic fuzzy soft multi topological space for the parameterized family and also established
the basic structure of intuitionistic fuzzy soft multi topological structure.

Shuker Mahmood”!' studied and established soft b-closed, soft b-continuous mapping, soft b- closed dis-
connectedness of IFSTS. In 2017, Yogalakshmi®” initiated the concept of various compactness of IFSTS,
namely almost compact, nearly compact, etc and also studied intuitionistic soft fuzzy filter and intuitionistic
soft fuzzy prime filter of IFSTS.

3.3 Neutrosophic soft set

This section contains the overview of various studies on NSS. In 2012, Maji*!' defined the concept of NSS
by combining soft set and neutrosophic set. Some basic operations of NSS, such as union, intersection and
complement are defined and developed some properties of NSS. In the year 2013, Said Broumi?’ presented
the concept of generalized NSS with basic definitions and properties of generalized NSS. Deli*? defined the
notion of relation on NSS. The composition of NSS is used to compose two different NSS. Deli*” examined the
following concepts, namely equivalence relation, equivalence class and quotient of NSS. Deli also analyzed
the decision making problem using NSS relation. Arockiarani” defined a distance measure and score function
to present a decision making problem using the existing tool called NSS.

In 2017, Al-Quran'! introduced the notion of neutrosophic vague soft set which is an extended concept of
classical soft set. Some basic operations and properties are defined and studied and at the end of the work,
presented the decision making problem using the proposed concept to show the effectiveness. Parimala et al >°
introduced an algorithm to analyze the medical diagnosis problem using interval-valued FSTS. In their work,
some basic theoretic operations are also investigated.

Beral¥ introduced the concept of NSTS. In the introduction paper, the authors are also defined interior,
closure, base for NSTS, subspace of NSTS and regular NSTS. Finally some properties of NSTS and separation
axioms with different characteristics are studied and investigated.

In 2018 Bera'” introduced neutrosophic soft connected and compact topological space along with some
properties. Finally the concept of continuous mapping on NSTS introduced and studied. Gunduz Aras et al 2
established the definition of NSS and introduced the neutrosophic soft point. Finally separation axioms and
subspace of NSTS are studied in detail. Parimala et al®? proposed a new concept by incorporating NSS with
hesitancy degree, which is exclusively for finding the residual of NSS.

4 Advantages and Limitations

Advantages and limitation of classical topological space and other topological spaces, such as FSTS, IFSTS,
NSTS are presented here.
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Types Advantages Limitations

General topology It’s a classical method and it is basic for | We could not apply the classical
all other topological space. approach for uncertainties and for

many real life fields.

Fuzzy topology In fuzzy topology, every element has | Rejection part of membership does
membership grade which lies between [0, | not exist in the fuzzy topology.
1].

Intuitionistic ~ fuzzy | Every element in the set has truth and | It’s difficult to apply when some ele-

topology falsehood value. ment have indeterminacy or indeter-

minate form.

Neutrosophic topol-
ogy

Every element in the non-empty set has
acceptance, rejection and indeterminacy
value. So all variables in the universe of
discourse have value between [0,1].

Residual part may lead to some ob-
vious errors in the solution.

Fuzzy soft topology

A non-empty set can be written as disjoint
union of parameters set. One can sepa-
rate the characteristic from the universal
set and investigate according to the need
of problem.

Non-acceptance of an element in the
parameter does not consider.

Intuitionistic =~ fuzzy | Every element in the parameterization has | Omitting the possibility of neutral-
soft topology possibility of acceptance and possibility | ity.

of non-acceptance value.
Neutrosophic soft | Here we consider acceptance rate, non- | Accuracy may affect if the residual
topology acceptance rate and neutrality rate of all | rate is high.

elements in the parameter.

The following table emphasize the comparison of various tools which we discussed in this overview.

Sets Image Pre-Image Uncertainty | Truth False Indeterminacy
Value of | value of | of parameter.
Parame- | Parame-
ter ter
Classical sets | Universal | Integer Set. - - - -
set
Soft Topology | Initial Power set whose | - - - -
Universe | ranges from
closed interval 0
tol
Fuzzy  Soft | Initial Power set whose | Present Present - -
Topology Universe | ranges from
closed interval 0
to 1l
Intuitionistic Initial Power set whose | Present Present Present -
Soft Topolog- | Universe | ranges from
ical Space closed interval 0
to 1
Neutrosophic | Initial Power set whose | Present Present Present present
soft topologi- | Universe | ranges from
cal space closed interval 0
to 1

5 Conclusions

Topological space has several applications in mathematics and in other fields like operations research, physics,
data science, etc. But sometimes applying the concept of topology for real life application is difficult, because
of uncertainties, inconsistent, incomplete information of the element. Fuzzy soft topological space introduced
to overcome the difficulty in classical set which deals uncertainty of the object and intuitionistic fuzzy soft
topological space established to solve some problem which encounter in fuzzy soft topology. Some cases,
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object has indeterminacy value, for those cases the previous tools can’t be used. So Neutrosophic set has been
introduced to deal the uncertainty, incomplete and inconsistent. This paper is thorough study of all these tools.
Advantages and limitations of all existing tools are discussed.
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