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OBTAINING WEAKER FORM OF CLOSED SETS IN
TOPOLOGICAL SPACE USING PYTHON PROGRAM

M. VIVEK PRABU®* AND M. RAHINIP

ABSTRACT. The impact of programming languages in the research sector has helped
lot of researchers to broaden their view and extend their work without any limitation.
More importantly, even the complex problems can be solved in no matter of time
while converting them into a programming language. This convenience provides
upper hand for the researchers as it places them in a comfort zone where they
can work without much stress. With this context, we have converted the research
problems in Topology into programming language with the help of Python. In this
paper, we have developed a Python program to find the weaker form of closed sets
namely alpha closed set, semi closed set, pre closed set, beta closed set and regular
closed set.

1. INTRODUCTION

Python programming language is highly powerful and more reliable. More im-
portantly, it is user friendly as it can resolve complex problems also with few steps
because of its simple programming structure. The impact of programming languages
in the research sector has helped lot of researchers to broaden their view and extend
their work without any limitation. More importantly, even the complex problems
can be solved in no matter of time while converting them into a programming lan-
guage. This convenience provides upper hand for the researchers as it places them
in a comfort zone where they can work without much stress. With this context, we
have converted the research problems in Topology into programming language with
the help of Python. In our earlier research papers [7, 8], we constructed a python
program to test whether the given collection of subsets constitute a topology or not.

Further, we extended the coding to obtain the closure and interior of each subset
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of the given set. In this paper, we have developed a Python program to find the
weaker form of closed sets namely alpha closed set, semi closed set, pre closed set,

beta closed set and regular closed set.

2. PRELIMINARIES

In this section, we will be recollecting the preliminary definitions which remain
as the preamble for our study.
2.1. Definition Consider an arbitrary subset of any set which satisfy the three
specified axioms in topology, then the set together with its subset denominated as

topological space. Assume A is the subset of the topological space, then we can say

(1) Whenever the closure of interior of closure of each subset A is contained
in the respective subset A then the collection of such subsets constitutes «
closed sets.

(2) Whenever the interior of closure of interior of each subset A is contained
in the respective subset A then the collection of such subsets constitutes 3
closed sets.

(3) Whenever the interior of closure of each subset A is contained in the respec-
tive subset A then the collection of such subsets constitutes semi - closed
set.

(4) Whenever the closure of interior of each subset A is contained in the re-
spective subset A then the collection of such subsets constitutes pre - closed
set.

(5) Whenever the closure of interior of each subset A is equal to the respective

subset A then the collection of such subsets constitutes regular - closed set.
3. ALGORITHM

In our earlier research papers [7, 8], we constructed a python program to test
whether the given collection of subsets constitute a topology or not. Further, we
extended the coding to obtain the closure and interior of each subset of the given
set. In this paper, we have developed a Python program to find the weaker form of
closed sets namely alpha closed set, semi closed set, pre closed set, beta closed set and
regular closed set. Initially one has to obtain a topology from the user and complete
the process specified in our earlier paper entitled Application of Kuratowskis Closure
Operator in Python Program [8], after which the following algorithm can be followed

to find the weaker forms of closed sets.
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Step 1: Assign A with each subset one by one.

To find o closed sets and B open sets:

Step 2: Initially assume the closure of interior of closure of A as the whole set.
Step 3: Collect the subsets whose closure of interior of closure is contained in the
subset.

Step 4: Find the intersection of those subsets and store the same in the dictionary
of the alpha closed set.

Step 5: Find the complement of « closed sets.

To find semi closed sets and semi open sets:

Step 6: Initially assume the interior of closure of A as the whole set.

Step 7: Collect the subsets whose interior of closure is contained in the subset.
Step 8: Find the intersection of those subsets and store the same in the dictionary
of the semi closed set.

Step 9: Find the complement of semi closed sets.

To find pre closed sets and pre open sets:

Step 10: Initially assume the closure of interior of A as the whole set.

Step 11: Collect the subsets whose closure of interior is contained in the subset.
Step 12: Find the intersection of those subsets and store the same in the dictionary
of the pre closed set.

Step 13: Find the complement of pre closed sets.

To find B closed sets and 3 open sets:

Step 14: Initially assume the interior of closure of interior of A as the whole set.
Step 15: Collect the subsets whose interior of closure of interior is contained in the
subset.

Step 16: Find the intersection of those subsets and store the same in the dictionary
of the equation equation 8— closed set.

Step 17: Find the complement of equation equation S— closed sets.

To find regular closed sets and reqular open sets:

Step 18: Initially assume the closure of interior of A as the whole set.

Step 19: Collect the subsets whose closure of interior is equal to the subset and
store the same in the dictionary of the regular closed set.

Step 20: Find the complement of regular closed sets.

Step 21: Terminate the program.
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4. CODING
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Output:
Collection of Open sets: [{’a’}, {'b’}, {’b’, 'a’}, {’b’, ’¢’, ’a’}, 7]
Collection of Closed sets: [{’b’, '¢’}, {’c’, ’a’}, {’c’}, 7, {’b’, ’c’, 'a’}]
Dictionary of Closure = {"{’a’}”: {’¢’, ’a’}, "{"b’}”": {’b’, ¢’}, " {’b’, 'a’}": {’¢’, b,
Y, {0 L), {0 al Y {oel alt, T, e {7 e, T e, Y {Th)
e, )
Dictionary of Interior = {"{’a’}”: {’a’}, "{"b’}": {'b’}, "{’b’, ’a’}": {'b’, ’a’},
e} set(), 7 {0, s {Pa’), 7 {b, ¢ b, Y, e, ) ) ¢, Ca’))
Alpha Closed sets are: [{’a’, 'c’}, {’b’, 'a’, '¢’}, {’b’, ¢’} {'¢’}, 7]
Alpha Open sets are: [{'b’}, 7, {"a’}, {’b’, ’a’}, {’b’, ’a’, '¢’}]
Sk kR
Semi Closed sets are: [{’a’}, {’a’, 'c¢’'}, {'b’}, {’b’, a’, '¢’}, {’b’, ’c’}, {’¢’}, 7]
Semi Open sets are: [{’b’, 'c¢’}, {'b’}, {’a’, ¢}, 7, {’a’}, {'b’, "a’}, {’b’, ’a’, ¢’}
i,
Pre Closed sets are: [{’a’, 'c¢’}, {'b’, ’a’, ’c’}, {’b’, ’¢’}, {’c’}, 7]
Pre Open sets are: [{'b’}, 7, {"a’}, {"b’, ’a’}, {’b’, "a’, 'c’}]
Skoskosk sk oskoskok skoskok ok skoskok ok

Beta Closed sets are: [ {’a’}, {’a’, ’c’}, {'b’}, {'b’, ’a’, ¢’} {'b’, ’¢’}, {’c’}, 7]
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Beta Open sets are: [{'b’, '¢’}, {'b’}, {’a’, ’c’}, 7, {"a’}, {’b’, 'a’}, {’b’, ’a’, '¢’'}]
Skoskosk sk oskoskok skoskok ok skoskokokk

Regular Closed sets are: [{’a’, '¢’}, {"b’, ’a’, ’c’}, {'b’, ¢’}, 7]

Regular Open sets are: [{'b’}, 7, {"a’}, {’b’, 'a’, '¢’}]

Skskoskosk sk skosk sk skoskoskoskokoskokok

5. CONCLUSION

In this paper, we have developed a python program to find the weaker forms of
closed sets as an extension of our earlier research articles [7,8]. From the various
dictionaries, we have obtained the required subsets which fulfill the definition of
various weaker forms of closed sets like alpha closed sets, semi closed sets, pre closed
sets, beta closed sets and regular closed sets. We shall further extend this coding
to find the respective closures of these closed sets, which shall pave way for the
topologists to generalize these weaker forms and obtain much more weaker forms of

closed sets

ACKNOWLEDGMENT

The referees have reviewed the paper very carefully. The authors express their
deep thanks for the comments. The first author was supported by Basic Science Re-
search Program through the National Research Foundation of Korea(NRF) funded
by the Ministry of Education, Science and Technology(MEST')(2012008507).

REFERENCES

1. E. Balagurusamy: Introduction to Computing & Problem Solving Python. first edition,
published by McGraw Hill Education (India) Private Ltd., 2016.

2. Belal Nairat: On Some Properties of S-open sets. International Journal of Applied
Engineering Research, ISSN 0973-4562, Volume 13, Number 6 (2018).

3. A. Bogdanchikov, M Zhaparov & R Suliyev: Python to learn programming. April
2013, published by Journal of Physics conference series 423 (2013) 012027, doi:
10.1088/17426596,/423/1/012027.

4. James R. Munkres: Topology. Second edition, published by Pearson Education, 2000.

5. S.A. Kulkarni: Problem solving and python programming. Second edition, published
by Yes Dee Publishing Pvt. Ltd, 2017.

6. Pratap Kumar Saha & Amar Kumar Banerjee: Semi open sets in bispaces. CUBO A
Mathematical Journal, Vol.17, No. 01, (99106). March 2015.



102 M. Vivek PRABU & M. RAHINI

7. M. Vivek Prabu & M. Rahini: Usage of Python Program to Test the Topological
Axioms. (Communicated)

8. M. Vivek Prabu & M. Rahini: Application of Kuratowskis Closure Operator in Python
Program. (Communicated)

2ASSISTANT PROFESSOR, PG AND RESEARCH DEPARTMENT OF MATHEMATICS, (AUTONOMOUS),
G.N.MiLLs (Po), COIMBATORE - 641029, TAMIL NADU, INDIA.
Email address: vivekprabu m@kongunaducollege.ac.in

PH.D RESEARCH SCHOLAR, PG AND RESEARCH DEPARTMENT OF MATHEMATICS, KONGUNADU
ARTS AND SCIENCE COLLEGE (AUTONOMOUS), G.N.MILLs (P0), COIMBATORE - 641029, TAMIL
NADvU, INDIA.

Email address: rahini1697@gmail.com



