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Abstract – Topology is one of the active areas of all mathematics. Conventionally, it is considered one of the three 

areas of pure mathematics, together with algebra and analysis. Formally, if X is a set and τ a family of subsets of X, 

then τ is a topology on X if both the empty set and X are elements of, τ, any union of elements of τ is an element of, τ 

and any intersection of finitely many elements of τ is an element of τ. However, checking the topology of a set with 

cardinality manually is difficult and time-consuming. This study, therefore, introduced a technologically inclined 

approach (the Python programming language) with a well-developed user-interface for checking the topology of a set 

or sets with cardinality. The programming language (Python code) was developed using principles of set theory and 

the definition of the topology of a set. The friendly user-interface developed with the embedded algorithm is able to 

determine the topology of a set with a larger cardinality and also extract the open and closed sets of the topology, 

hence making it faster and cheaper. 
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I. INTRODUCTION 

Topology is a branch of mathematics that is used in real-world situations [18]. The study of shapes, including 

their properties, deformations applied to them, mappings between them, and configurations made up of them, is 

known as topology [6]. This is why topology is so important for anyone aspiring to be a mathematician. 

Furthermore, because topology is an abstract concept, discussing the unknowns makes mathematics appear to be 

a difficult subject for everyone [16]. Other studies were successful in explaining related concepts like metric 

space, hamming distance, and Levenshtein distance using real-world examples. The applicability of metric 

space was also demonstrated using DNA hybridity, [20]. Amoeba Proteus, a single-celled organism, was also 

successfully used to demonstrate the use of Homeomorphism [19]. However, in all these studies, the topological 

concepts used were checked using the traditional time-consuming approach. So, determining the topology, 

openness and closeness of a set continue to be a source of anxiety for students. Due to the difficulties in 

manually detecting the topology of sets, most students' and mathematicians' first loves are or will be algebra, 

analysis, geometry, mathematical biology, operation research, or statistics. As a result, topology must be made 

simple and interesting in order for them to consume it. Manually checking the topology of a set with cardinality 

     is difficult and time-consuming. We may be unable to determine whether or not a set A of 250 elements 

is a topology on X of 500 elements. As a result, this project took a more advanced approach to problem solving 

by writing codes (in a computer programming language) to check the topology of sets, as well as their closeness 

and openness. However, when compared to the manual method of checking for topology of sets, this will 

simplify and make the detection or checking of a topology of sets simple and interesting, facilitating teaching 

and learning of topology of sets. This work aims to use Python code based on a topology's definition or axioms 

to determine the topology of a given set or sets with larger cardinality .n Z   

II. PRELIMINARIES 

2.1. Set Theory 
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Georg Cantor (1845), a German mathematician, invented “the theory of sets” or “Set Theory.” He came 

across sets while working on “Problems on Trigonometric Series,” which have since become one of 

mathematics’ most fundamental concepts. If you do not understand sets, it will be difficult to explain other 

concepts such as relations, functions, sequences, probability, geometry, and so on. 

Definition 2.1.1  

A set is a clearly defined group of objects or people. Sets can be related to a variety of real-world examples, 

such as the number of rivers in Ghana, the number of colours in a rainbow, and so on. 

Definition 2.1.2  

If      for some class Y, then X is a set. If X Y  for any class Y, then X is a proper class. You will notice 

immediately that a set is exactly an element. This is the awkward aspect of our terminology: An axiomatic set 

theory requires us to accept the words “element” and “set” as synonyms, to be distinguished from proper 

classes, which are not sets, and cannot be elements of anything. Proper classes are a little like embarrassing 

relatives that we are forced to acknowledge, but we'd rather keep at arm's length. Those are the classes that may 

lead to paradox, and in order to do mathematics safely we want to be sure that we are dealing only with sets. So, 

the most important axioms of set theory are designed to provide the assurance that when we carry out operations 

on sets, for example when we form a generalized union of sets, we are not inadvertently creating a proper class 

[2]. 

To be precise, we want a guarantee that when performing operations on sets the results of the operations are 

sets and not proper classes. Since, intuitively, a set is any class that is not “too large”, we would certainly expect 

every subclass of a set to be a set. So, if A is not too large and B ⊆ A, then B should not be too large. 

Proposition 2.1:  

Every subclass of a set is also a set. 

Proof:  

If A ∩ B ⊆ A. Then A is a set, then A ∩ B is a set. That is, the intersection of any two sets is a set. With all this 

talk about sets, one would assume that we could exhibit one in other words, we could say, here, this is a set! 

Mighty oaks from little acorns grow. We shall see later that from the humble empty set, {} many more sets can 

be shown to exist. Consider the set {}: It has one element, namely the empty set. The set {{a}, {}} has two 

elements. It is reasonable to assume that if a and b are sets, then the doubleton {a, b}, with only two elements, is 

not too large to be a set. Also, if a and b are sets, then {a, b} is a set. It therefore follows immediately that if a  

is a set, then the singleton {a} is a set. The intersection is especially important, because they guarantee that if 

you combine sets into larger sets, for example by forming the generalized union of a family of sets, or a 

Cartesian product of many sets these larger collections are still sets [8]. 

Definition 2.1.3  

Let A be a set; by the power set of A we mean the class of all the subsets of A. In symbols, the power set of A 

is the class, is the class of all the sets B which satisfy B ⊆ A. 

Example 2.1.4 
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If A = {a, b}, then note that if and only if B ⊆ A., It is easy to see that is a larger class than A, for includes all 

the singletons {x} as x ranges over A. Thus, we may legitimately ask the following question: If A is a set, is it 

necessarily true that is a set? Or is it possible that may be too large to be a set? An analogous question may be 

raised in regard to the union of sets: if is a set of sets, is a set, or might it be too large to be a set? These 

questions may be answered intuitively as follows: None of the “giant” collections which cause contradictions in 

intuitive set theory can be obtained either as a power set of a set or as a union of a set of sets. Thus, we are 

justified in adopting the following as axioms. If A is a set, then power set of A is a set. If A and B are sets, then 

by set theory {A, B} is a set. 

2.2. Topological Space 

A topological space is a generalization of the notion of an object in three-dimensional space. It consists of an 

abstract set of points along with a specified collection of subsets, called open sets that satisfy three axioms, 

namely; 

 The set itself and the empty set are open sets; 

 The intersection of a finite number of open sets is open; and  

 The union of any collection of open sets is an open set. 

Example 2.2.1  

Let X ={a, b, c, d, e, f} and τ1={X, Ø,{a},{c, d},{a, c, d},{b, c, d, e, f}}. Then τ1 is a topology on X as it 

satisfies conditions (i), (ii) and (iii) of Definitions.  

Definition 2.2.1  

Let       be any topological space, then the members of   are said to be open sets, [18]. 

Example 2.2.2  

That, thus,    is a set. This shows that the union of two sets is a set. Several other axioms for sets have 

been proposed, but are not essential in everyday mathematical practice. One axiom, that we shall encounter 

again, is called the "Axiom of Foundation". It states the following: If A is any set, there is an element    such 

that      . This axiom has an equivalent form which has applications in real life situations. Any descending 

sequence of sets, say         is finite.  

In other words, you cannot have an infinite descending sequence of sets, each an element of the previous one. 

A very intriguing axiom, which has surprisingly far-reaching consequences is proper class, is in one-to-one 

correspondence with the universal class that is, with the class of all sets [10]. Though we shall not adopt this 

axiom here, it helps us to form an intuitive image of what proper classes are like. 

2.3. Open and Closed Sets 

Definition 2.3.1  

Let (X, τ) be any topological space. Then the members of τ are said to be open sets. 

Proposition 2.3.1  
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If (X, τ) is any topological space, then, 

(i) X and Ø are open sets,  

(ii) The union of any (finite or infinite) number of open sets is an open set, and  

(iii) The intersection of any finite number of open sets is an open set.  

Definition 2.3.2  

Let (X, τ) be a topological space. A subset S of X is said to be a closed set in (X, τ) if its complement in X, 

namely X\S, is open in (X, τ). 

Proposition 2.3.2  

If (X, τ) is any topological space, then  

(i) Ø and X are closed sets,  

(ii) The intersection of any (finite or infinite) number of closed sets is a closed set and  

(iii) The union of any finite number of closed sets is a closed set. 

Proof:  

It follows immediately from Proposition 2.3.1 and Definition 2.3.2, as the complement of X is Ø and the 

complement of Ø is X. To prove that (iii) is true, let S1, S2,...,Sn be closed sets. We are required to prove that 

S1 S2 ···  Sn is a closed set It suffices to show, by Definition 2.3.1, that X\(S1 S2 ···  Sn) is an open set. As 

S1, S2,...,Sn are closed sets, their complements X\S1, X\S2,...,X\Sn are open sets. But X\(S1 S2 ··· Sn) = 

(X\S1)∩(X\S2)∩···∩(X\Sn). 

As the right-hand side of (1) is a finite intersection of open sets, it is an open set. So, the left-hand side of (1) 

is an open set. Hence S1 S2 ··· Sn is a closed set, as required. So (iii) is true. The proof of (ii) is similar to that 

of (iii). 

Theorem 2.3.1  

Let A be a subset of a topological space X, and let A′ be the set of limit points of A. Then C1(A) = A   A′ [17]. 

Proof:  

We show that A   A′   C1(A) and Cl(A)   A   A′. First, we show that A   A′   Cl(A). Certainly, A   Cl(A), 

so all we need to show is that A′   Cl(A). Suppose X   A′. Then every neighbourhood of X intersects A. It hence 

follows that A′   Cl(A). Thus A   A′   Cl(A). In the former case, it follows that X   A   A′. Since X   Cl(A), 

the theorem above implies that every open set containing X intersects A. Since X of A, such an intersection must 

contain a point other than X. Thus, X is a limit point of A, and it follows that X   A   A′. In either case (X   A or 

X   C1(A)) we have X   A   A′, implying that Cl(A)   A   A′ [3].  

Corollary 2.3.1  

A subset A of a topological space is closed if and only if it contains all of its limit points [14]. 

Proof:  
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By theory A is closed if and only if A = Cl(A) if and only if A = A   A′ where A′ is the set of limit points of A. 

Finally, A = A   A′ holds if and only if A′   A. Thus, A is closed if and only A′   A. 

2.4. Interior, Closure, and Boundary 

An arbitrary subset A of a topological space might be neither open nor closed. However, it is often useful to 

associate a related open set or a related closed set to A. In particular, we can sandwich each set A between the 

largest open set contained in A and the smallest closed set containing A. These sets are known as the interior of 

A and the closure of A, respectively [1]. A fundamental defining property of the real number system is the least 

upper bound property: Every subset of the real number system R, that is bounded from above has a least upper 

bound. Equivalent to this property is the greatest lower bound property: Every subset of real number system R, 

that is bounded from below has a greatest lower bound. We denote the least upper bound and greatest lower 

bound of a set A by lub(A) and glb(A), respectively. 

Definition 2.4.1  

Let A be a subset of a topological space X. The interior of A, denoted A or lnt(A), is the union of all open sets 

contained in A. The closure of A, denoted A or Cl(A), is the intersection of all closed sets containing A, [1]. 

Clearly, the interior of A is open and a subset of A, and the closure of A is closed and contains A. Thus, we have 

the fore mentioned set sandwich, with A caught between an open set and a closed set: A ⊂ A ⊂ A. The 

following properties follow readily from the definition of interior and closure. 

Theorem 2.4.1  

Let X be a topological space and A and B be subsets of X: 

i. If U is an open set in X and U ⊂ A, then U ⊂ Int(A). 

ii. If C is a closed set in X and A ⊂ C, then Cl(A) ⊂ C.  

iii. If A ⊂ B then Int(A) ⊂ Int(B). 

iv. If A ⊂ B then Cl(A) ⊂ Cl(B). 

v. A is open if and only if A = Int(A). 

vi. A is closed if and only if A = Cl(A), [12]. 

Proof:  

From the above theorems, suppose that U is an open set in X and U ⊂ A. Since Int(A) is the union of all of 

the open sets that are contained in A, it follows that U is one of the sets making up this union and therefore is a 

subset of the union. That is, U ⊂ Int(A). Since A ⊂ B, Int(A) is an open set contained in B. This implies that 

every open set contained in B is contained in Int(B). Therefore Int(A) ⊂ Int(B). Again, if A = Int(A), then A is 

an open set, since by definition Int(A) is an open set. Now assume that A is open. We show that A = Int(A). 

First, Int(A) ⊂ A by definition of Int(A). Furthermore, since A is an open set contained in A, it follows that A ⊂ 

Int(A). Thus A = Int(A) as we have shown [11]. 

Theorem 2.4.2 

Every open set contained in A is contained in the interior of A. In this way Int(A) is the largest open set con- 
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-tained in A. Similarly, every closed set containing A also contains the closure of A, and thus Cl(A) is the 

smallest closed set containing A. 

III. RESULTS AND DISCUSSION 

3.1. Basis for Topology  

Let B be a basis on a set X. The topology τ generated by B is obtained by defining the open sets to be the 

empty set and every set that is equal to a union of basis elements [9]. We need to check that the resulting 

collection τ is actually a topology; we do that after looking at a couple of examples. 

Definition 3.1.1  

Suppose X is a non-empty set, a collection τ of subset of X is said to be a topology on X, if: 

i. X and the empty set, belongs to τ. 

ii. The union of any (finite or infinite) number of sets in τ belongs to τ. 

iii. The intersection of any two sets in τ belongs to τ. Where τ represent topology on X and X represent the 

non-empty set. The non-empty set X together with a topology τ on X is called a topological space [7].  

Proposition 3.1.2  

The topology τ generated by a basis B is a topology [7].  

Proof:  

The empty set {}, is in τ by definition. Since every point in X is contained in some basis element, it follows 

that X is the union of all of the basis elements and therefore is in τ. Next, we show that a finite intersection of 

sets in τ is in τ. Also assume that each is a union of basis elements. We show that is a union of basis elements. 

Finally, we show that an arbitrary union of sets in τ is in τ. Therefore, a collection of sets τ is a topology, and we 

are justified in calling it the topology generated by the basis, B [12]. 

Proposition 3.1.3  

If (X, τ) is a topological space such that for every x   X, the singleton set {x} is in τ, then τ is the discrete 

topology [13]. 

Proof:  

Every set is a union of its singleton subset. Let S, be a subset of X. Then S =        , since {x} is in τ, 

proposition 3.1.3 above imply that S   τ. As S is an arbitrary subset of x, we have that τ the discrete [13]. 

3.2. Cardinality 

The cardinality of a set is a measure of the set's "number of elements" in mathematics. For example, the set A 

= {2, 4, 6,} contains three elements, so A has a cardinality of three. Beginning in the late nineteenth century, this 

concept was generalized to infinite sets, allowing one to distinguish between different types of infinity and 

perform arithmetic on them. There are two approaches to cardinality: one that compares sets directly using 

bijections and injections, and another that uses cardinal numbers. When there is no possibility of confusion with 
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other notions of size, the cardinality of a set is also known as its size. 

3.3. Test of Developed Code 

In this section, the written python code is tested with different instances. The code will be referred to as 

“Topochecker” meaning Topology checker. See Appendix I for part of the developed code. 

3.4. Case 1  

Suppose x is a set in a topological space (X, τ ), when x is a non-empty set with the element:  X = {a, b, c, d, 

e, f}, τ = {X, {}, {a}, {c, d}, {a,  c, d}, {b, c, d, e, f}} where τ represent topology on x, and also satisfies all the 

axioms and Conditions. 

 

Fig. 3.1. Applying Topochecker to Case Study 1. 

From the outcome, of the topochecker: The first axiom was satisfied since, x and {} belongs to τ, so the 

topochecker interface displayed the set X = {a, b, c, d, e, f} thus the elements we input with its associated τ = 

{x, {}, {a}, {c, d}, {a, c, d}, {b, c, d, e, f}}. The second and the third axiom was also satisfied, since the 

intersection of: 

 X ∩ {} = {}.   

{c, d} ∩ {a, c, d} = {c, d}, 

{a, c, d} ∩ {b, c, d, e, f} = {c, d}.  

These results were all found in the τ. Thus to say that the intersection of any set in τ belongs to τ. Also, the 

union of: {a}   {c, d} = {a, c, d} {c, d}   {a, c, d} = {a, c, d}. {a, c, d}   {b, c, d, e, f} = {b, c, d}. Again, all the 

results were found in the τ. Thus, to say that the union of any set in τ belongs to the τ. 

3.5. Case 2  

Let x be a set in a topological space (X, τ), when x is a non-empty set with the element: X = {a, b, c, d, e} τ = 

{X, {}, {a}, {c, d}, {a, c, e}, {b, c, d, e}} where τ represent topology on x, and also satisfies all the axioms and 

conditions. From the outcome, of the topochecker: The various reasons behind how the given set was not a 

topology was well outlined, as detected by the topochecker.  
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Fig. 3.2. Applying Topochecker to Case Study 2. 

3.6. Case 3 (Error Detecting) 

Let x be a set in a topological space (X, τ), when x is a non-empty set with the element: X = {a, b, c, d, e, f} τ 

= {X, {}, {-}, {+}, {=}} Where τ represent topology on x, and also satisfies all the axioms and conditions. From 

the outcome, of the topochecker, the empty set and X which is always in the τ was satisfied since it is a trivial 

axiom to the topology. Moreover, it reflects how the topochecker works when you enter the sets in a different 

order or if the entries are not in line with what is prescribe by the programmer. 

 

Fig. 3.3. Applying Topochecker to Case Study 3. 

 

IV. CONCLUSIONS AND RECOMMENDATION 

4.1. Conclusions 

The topochecker results for Case 1 were correct because they correctly checked the fundamental axioms of 

topology and listed the open and closed sets. In Case 2, the code determined that the set does not have a 

topology with reasons. In Case 3, it reflects how the topochecker works correctly when the sets are entered in a 

different order or when the entries are not in the order specified by the programmer. 
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It is therefore advised that, in order to obtain the desired result, a user should take care to follow the simple 

right order of set entries. It is strongly recommended that all entries be done correctly, patiently, and accurately 

in order to produce accurate results. To maintain good interaction, it is recommended that a given set have a 

topology before the topochecker can classify it as an open or closed set. 

It is strongly advised that students work on projects to develop smarter or more technologically oriented 

techniques for determining other topological concepts such as limit points, closures, interior points, and so on. 

APPENDIX I 

from tkinter import * 

from PIL import ImageTk, Image 

from tkinter import ttk 

 

root = Tk() 

root.geometry("1100x480") 

 

#Creating the Title of the Program 

root.title('TOPO CHECKER') 

root.iconbitmap('icon2.ico') 

 

# Create A Main Frame 

main_frame = Frame(root) 

main_frame.pack(fill=BOTH, expand=1) 

 

# Create A Canvas 

my_canvas = Canvas(main_frame) 

my_canvas.pack(side=LEFT, fill=BOTH, expand=1) 

 

# Add A Scrollbar To The Canvas 

my_scrollbar = ttk.Scrollbar(main_frame, orient=VERTICAL, command=my_canvas.yview) 

my_scrollbar.pack(side=RIGHT, fill=Y) 

 

# Configure The Canvas 

my_canvas.configure(yscrollcommand=my_scrollbar.set) 

my_canvas.bind('<Configure>', lambda e: my_canvas.configure(scrollregion = my_canvas.bbox("all"))) 

 

# Create ANOTHER Frame INSIDE the Canvas 

second_frame = Frame(my_canvas) 

 

# Add that New frame To a Window In The Canvas 

my_canvas.create_window((0,0), window=second_frame, anchor=NW) 
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#Inserting the UMaT header 

my_img = ImageTk.PhotoImage(Image.open('umat_header.jpg')) 

my_header = Label(second_frame,image = my_img, anchor = CENTER).pack() 

#Creating and Displaying the Welcome to TOPO CHECKER 

L1 = Label(second_frame, text = ' ',fg = 'blue', font = 'Times 16 bold',anchor = N) 

L1.pack()#grid(row = 0, column = 0) 

#Creating and displaying the caption for the program 

 

L3 = Label(second_frame, text = 'Note that X should be of the form a,b,c,d,e,f. The elements of T should be 

entered in the form: ' 

                         'T = x, {}, {a}, {c,d}, {a,c,d}, {b,c,d,e,f}' 

                        '\n thus it should be entered seperated by comma and a space after the comman ' 

                        ' like the example above.' 

                        , bg = 'green',fg ='white',font = 'Times 14 italic bold',anchor = N 

                         ).pack() 

 

#Creating the second frame 

frame2 = LabelFrame(second_frame, padx = 220,pady = 20) 

frame2.pack(padx = 1, pady = 1) 

#A frame accepting the X input for processing 

L4 = Label(frame2, text = 'Element of X: ', font = 'Times 12').grid(row = 0, column = 0) 

entry_x = Entry(frame2, font ='Times 12 italic',width = 83, borderwidth = 2) 

entry_x.grid(row = 0, column = 1) 

#A frame accepting the T input for processing 

L5 = Label(frame2, text = 'Elements T: ',font = 'Times 12').grid(row = 1, column = 0) 

entry_T = Entry(frame2,font ='Times 16 italic', width = 60, borderwidth = 2) 

entry_T.grid(row = 1, column = 1) 

Ls1 = Label(frame2, text='Results will be displayed when the rules are followed' 

           ,font = 'Times 12 bold', bg = 'yellow', fg = 'green').grid(row=4, column=1) 

#Functions to clear input words when the clear button is clicked 

def clear1(): 

    entry_x.delete(0,END) 

 

def clear2(): 

    entry_T.delete(0,END) 

 

#Creating the clear buttons 

b1 = Button(frame2, text = 'Clear', font ='Times 9',command = clear1).grid(row=0,column = 2) 

b2 = Button(frame2, text = 'Clear', font = 'Times 9', command = clear2).grid(row=1,column = 2) 
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def check(): 

    frame_s = LabelFrame(second_frame, padx=220, pady=20) 

    frame_s.pack(padx=1, pady=1) 

    x = [] 

    for i in entry_x.get(): 

        i = i.strip() 

        if i != ',': 

            if i!='': 

                x.append(i) 

 

    x = set(x) 

    print(type(x)) 

    print(sorted(list(x))) 

 

    S = entry_T.get() 

    a = 0 

    T = [] 

    count_s = S.count(', ') 

    curly = 0 

    b = 0 

    if '{}' in S: 

        curly = 1 

    n = [',  ', ',   ',',    ','  ', '   ', '     ', '      ', '[',']', '.', '. ', ' .', ':','|', '+', '-', '=', '&', '%','$', '@', '!', '^', '*', '?', '<','>','\/', '/'] 

    for i in n: 

        if i in S: 

            b = 20 

 

    if 'x' in S or 'X' in S: 

        if '()' in S or '{}' in S: 

            NL = Label(frame_s, text='Congratulations!!!...The first axiom satisfied, ' 

                       , font='Times 12', anchor=N).grid(row=0, column=0) 

            print('First axiom satisfied') 

            T.append(x) 

            T.append(set()) 

            a = 1 

    else: 

        NL = Label(frame_s, text='Sorry!!! your T is not a topology since ' 

                                'X and {} are not found in T, ' 

                   , font='Times 12', anchor=N).grid(row=1, column=0) 
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        print('Sorry!!! your T is not a topology since X and {} are not found in T , ') 

    if a == 1: 

        s = 0 

        s= S.split(', ') 

        print ('s ', s) 

        for i in s: 

            if i != 'X' and i != 'x': 

                    if i != '()' and i != '{}': 

                            r = i.strip() 

                            r = i.strip('{}') 

                            print ('r ',r) 

                            u = [] 

                            e = r.split(',') 

                            for i in e: 

                                u.append(i.strip()) 

                            print (e) 

 

                            T.append(set(u)) 

        U = [] 

        for i in T: 

            U.append(sorted(i)) 

 

        if curly == 1: 

            if S.count('{') +1 != len(T) or b ==20: 

                a = 20 

                NL = Label(frame_s, text='Sorry!!!, T is not in the correct order, ' 

                                        'Check your input and try again.' 

                           ,font='Times 12', anchor=N).grid(row=2, column=0) 

                print('Sorry!!!, T is not in the correct order, Check your input and try again.') 

        else: 

            if S.count('{') + 2 != len(T) or b ==20: 

                a = 20 

                NL = Label(frame_s, text='Sorry!!!, T is not in the correct order, ' 

                                        'Check your input and try again.' 

                           , font='Times 12', anchor=N).grid(row=2, column=0) 

                print('Sorry!!!, T is not in the correct order, Check your input and try again.') 

        if a != 20: 

            NL = Label(frame_s, text='Good Job!, Your T is in the correct form' 

                       , font='Times 12', anchor=N).grid(row=3, column=0) 

            print('Your T is in the correct form') 
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            frame3 = LabelFrame(second_frame, padx=220, pady=20) 

            frame3.pack(padx=1, pady=1) 

            L6 = Label(frame3,text = 'Below are the information you enter...',font = 'Times 12') 

            L6.grid(row = 0, column = 0) 

            L7 = Label(frame3,text = 'Elements of X = {}'.format(sorted(list(x))),font = 'Times 12') 

            L7.grid(row = 1, column = 0) 

            L8 = Label(frame3, text='Elements of T = {}'.format(U), font = 'Times 12') 

            L8.grid(row=2, column=0) 

 

            #L6 = Label(frame2, text ='Loading...').grid(row = 3, column = 1) 

 

            i = 0 

 

            S_u = [] 

            S_i = [] 

            info_u = [] 

            info_n = [] 

            while i < len(T): 

                j = 1 

                while j < len(T): 

                    a = T[i] | T[j] 

                    w1 = '{} U {}'.format(sorted(T[i]), sorted(T[j])) 

                    info_u.append(w1) 

                    S_u.append(sorted(a)) 

                    b = T[i] & T[j] 

                    w2 = '{} n {}'.format(sorted(T[i]), sorted(T[j])) 

                    info_n.append(w2) 

                    S_i.append(sorted(b)) 

                    j += 1 

                i += 1 

 

            n = None 

            total = S_u + S_i 

            total_n = info_u + info_n 

 

            i = 0 

            T_new = [] 

            for i in T: 

                T_new.append(sorted(list(i))) 
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            chaf = [] 

            chaf_info = [] 

            q = 0 

            c = 5 

            Ls1 = Label(frame3, text='-------------------------------------------------' 

                                     '-------------------------------------------------',font = 'Times 12').grid(row=3, column=0) 

            for i in total: 

 

                if i not in T_new: 

                    chaf.append(i) 

                    chaf_info.append(total_n[q]) 

                    n = 2 

                q += 1 

            if n == 2: 

 

                L9 = Label(frame3, text = 'T is not a topology because:...',font = 'Times 12') 

                L9.grid(row = 4, column = 0) 

                print('T is not a topology because:...') 

                i = 0 

 

                while i < len(chaf): 

                    L10 = Label(frame3, text = '{} = {},'.format(chaf_info[i], chaf[i]),font= 'Times 12') 

                    L10.grid(row = c, column = 0) 

                    print('{} = {},'.format(chaf_info[i], chaf[i])) 

                    i += 1 

 

                    c +=1 

                L11 = Label(frame3, text = '...are not found in T', font = 'Times 12' ) 

                L11.grid(row = c, column =0) 

                print('...are not found in T') 

            else: 

                L12 = Label(frame3, text = 'T is a topology since it satisfies all the axioms', font = 'Times 12') 

                L12.grid(row = c+1, column = 0) 

                print('T is a topology since it satisfies all the axioms') 

                print() 

 

                x_new = list(x) 

                x_new.append([]) 

                m = None 

                open_set = [] 
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                for i in T_new: 

                    m = None 

                    for a in i: 

                        if a not in x_new: 

                            m = 2 

                    if m == 2: 

                        print(i, 'is not opened') 

                    else: 

                        open_set.append(i) 

 

                print() 

                L13 = Label(frame3, text = 'Open sets are: {}'.format(open_set),font = 'Times 12') 

                L13.grid(row = c+2, column = 0) 

                print('Open sets are: ', open_set) 

                print() 

                closed_set = [] 

                for i in open_set: 

                    closed = x.difference(set(i)) 

                    closed_set.append(sorted(closed)) 

                L14 = Label(frame3, text = 'Closed sets are: {}'.format(closed_set),font = 'Times 12') 

                L14.grid(row = c+3,column = 0) 

                print('Closed sets are: ', closed_set) 

 

b3 = Button(frame2, text='Check', font = 'Times 9',command = check).grid(row=2, column=1) 

 

root = mainloop() 
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