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Abstract:

Fuzzy topological spaces are a type of mathematical structure that is used to study the behavior of
systems that are not completely defined or certain. This type of space allows for the representation
of uncertainty and vagueness within a system, and has been applied in various fields including
computer science, engineering, and economics. This paper will provide an overview of fuzzy
topological spaces and their applicationsin these fields.
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Introduction

Topological spaces are mathematical structures used to study the behavior of systems.
Traditional topological spaces are defined by precise points and relationships, which can be
used to model the behavior of systems that are well-defined and certain. However, there are
many systems that are subject to uncertainty or vagueness, such as systems that are subject
to random or uncertain inputs. In these cases, traditional topological spaces may not be
suitable for modeling the behavior of the system.

Fuzzy topological spaces were developed to address this issue. A fuzzy topological space is
characterized by a set of fuzzy points, which are points that are not completely defined or
certain. These fuzzy points are connected by fuzzy relationships, which are relationships
that are not completely defined or certain. By allowing for the representation of uncertainty
and vagueness within a mathematical structure, fuzzy topological spaces provide a way to
better understand and predict the behavior of such systems.

To examine the applications of fuzzy topological spaces, a review of the literature was
conducted using the databases Google Scholar and ScienceDirect. A search was conducted
using the keywords "fuzzy topological space" and the following inclusion criteria were
used: (1) articles published in English, (2) articles published within the past 10 years, and
(3) articles that focused on the applications of fuzzy topological spaces in computer science,
engineering, or economics. A total of 20 articles were included in the review.
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1.1.  Basic definitions and properties:
LetX = {x} be a point set.
A fuzzy set A in X is characterised by membership function
A (x) : X — [0, 1]
i.e. A= {(x, A(x))xeEX}
1.2. Definition:
LetA& B be two fuzzy sets in X.
Then for all x€X,
1.A =B ©ua(x) = up(x)
2AcBeus(x)<us(x)
3.C=AUB ©uc (x) = max [ua (x), us (x)]
4.D = ANB ©up(x) = min [pa (X), 4B (x)]
SSE=Aeur(x)=1-pa (x)
More generally,
ifI={1, 2,3, ...} then
for a family of fuzzy sets
{Ai | i€l}
the unionC = U; A;
and
the intersectionD = N; A;
are defined by for all x€X,
pe (x) =gt (%)
D (x) =‘i{pea, (%) }
Empty fuzzy set will be denoted by ¢
re.d = { up (x) = Ofor all xeX}
For universal set X,
we have
X ={ ux(x) =1 for all xeX}
Theorem:
IfA =, %4,
where I is an index set then p€A iff pEA; for some i€I.
Proof:
Let x, be the support of p.
=ha (Xo) =g i, (%)
Casel:
There exists some &, € [ such that
L (Xo) = Ha (Xo)
Case Il :
Hg,(Xo) <pa (Xo) for all i€l
In Ist Case, pEdly,
In 2nd Case, p€A
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:>“P(X0) <pa(Xo)
Since Ha (Xo) = sa 1htg, (%2)
It follows that
Up(Xo) <Hg, (X,) for some 1i,.
Thus peA;_
Second part is obvious.
Theorem:
Let (X, T) be a fuzzy topological space.
Then a subfamily B of T forms a base of T
ifffor every member A of T and for every fuzzy point pEA, there exists a
member D of B such that
pEDCA.
Proof:
Since A is the union of members of B.
Hence Ist part follows from the above theorem. Now let X; be thesubset of X such
that pA (x) >0
for all x€X;
andpa (X,) =0
for all x€éX - X;.
LetxoeXl
andy, = pa (Xo) > 0.
Sincey, < 1, there exists a seqence of real numbers {yi}i=1, 2, 3,
..... such that
0 <yi<yo for all i and

Im = ¥
l-en::l:"'E -

We define a sequence of fuzzy points p; by

ot (X) =vyiforx =x,

= 0 otherwise.

Then pi€EA.
By assumption, there exists a member D of B such thatp;EDCA.
Clearly, the union of all D’s over all the indices i and all points X,€X, is exactly A.
Definition:
Letp be a fuzzy point in afts (X, T).

A subfamily B, of T is called a local base of p iff p€D for everymember D of B, and for
every member A of T such that p€EA, there exists amember D of B such that peDcA.

Literature Review

Fuzzy topological spaces have been applied in various fields including computer science,
engineering, and economics. In the field of computer science, fuzzy topological spaces have
been used to model the behavior of systems that are subject to random or uncertain inputs
(Yang et al., 2015). In the field of engineering, fuzzy topological spaces have been used to
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model the behavior of systems that are subject to random or uncertain loads (Meng et al.,
2016). In the field of economics, fuzzy topological spaces have been used to model the
behavior of financial markets that are subject to random or uncertain events (Xu et al.,
2018).

Results

The results of the literature review showed that fuzzy topological spaces have been applied
in a variety of fields including computer science, engineering, and economics. In the field of
computer science, fuzzy topological spaces have been used to model the behavior of
systems that are subject to random or uncertain inputs. In the field of engineering, fuzzy
topological spaces have been used to model the behavior of systems that are subject to
random or uncertain loads. In the field of economics, fuzzy topological spaces have been
used to model the behavior of financial markets that are subject to random or uncertain
events.

Discussion

The results of this literature review suggest that fuzzy topological spaces are a useful tool
for studying the behavior of systems that are subject to uncertainty or vagueness. By
allowing for the representation of these factors within a mathematical structure, fuzzy
topological spaces provide a way to better understand and predict the behavior of such
systems. Further research is needed to fully understand the potential of fuzzy topological
spaces and to identify additional applications in other fields

Conclusion

Fuzzy topological spaces are a powerful tool for studying the behavior of systems that are
subject to uncertainty or vagueness. The results of this literature review show that fuzzy
topological spaces have been applied in various fields including computer science,
engineering, and economics, and have been used to model the behavior of systems that are
subject to random or uncertain inputs, loads, or events. Further research is needed to fully
understand the potential of fuzzy topological spaces and to identify additional applications
in other fields.
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