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 Topology is a kind of geometry .Non-Euclid geometry in which size, side, angle, are 

not important. In topology we view ,square, circle, rhombus, and generally polygonal 
which are drawn on a page, as being  the same. In this article, firstly, all kinds of 

topological methods of connections in computer, graph, loop are surveyed and the 

application of each of them in different science is explained .Because the Graph Theory 
has widest range of applications, in different branches, Knots Theory  is a subsidiary 

branch of topology which has many in common with computer network and graphs. 

Therefore ,the researcher in this research tries the intuitive  investigation of  connective 
topology  and  its  application in different branches of mathematics specially non-

Euclid geometry and then explains how to build and also explain the detail properties 

of Klein Bottle and its applications. It should be mentioned that one of the properties of 
Klein Bottle is that it has one side which is common with Möbius strip and graphs. 
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INTRODUCTION 

 

 Topology is relatively one of the new branches of mathematics which investigates topological spaces. The 

name of this branch is derived from Greek word topo which means place and -logy which means the study of.  

This topic was first classified in the form of a collection of methods and questions by Henri Poincaré. 

 Topology is one of the important fields in mathematics which was formed after the advancement in 

concepts such as geometry, theory of collection like space, diameter, figures,  transformation.  

 Topology has many sub-branches. The most basic   and the oldest branch of which is the topology of dot-

collection in which the foundation of topology is set. This branch studies the field in compressed, continuum 

and connection. Algebra topology is one of the other sub-branches of topology which tries to calculate the 

degree of connection. In addition, there are other sub-branches such as network topology, graph topology and 

knot topology [2]. 

 In this article the researcher tries to introduce sub-branches of mathematics and their applications; although 

there is wide range of branches. 

 

Statement of the problem: 

 A group of students in Mathematics Association and I were working on the application of mathematics on 

everyday life. The group has already studied some of the applications of mathematics and made some 

handmade constructs and presented the idea in the form of article. This time the topic for the group discussion 

was mathematics and connection topology. Connection ,here, means the connection between computers, heads , 

intersections. 

 The researchers investigations in the field of topology started when each double groups of my classmates 

and I  in the Research Institute were searching about knots and circles , and suddenly the server was down. 

Everybody was inquisitive about the cause of disconnection. In the interim, an idea came to my mind i.e, this 

problem led me to the investigation of a novel subject. After a while, we found that the cause of disconnection 

was that the switch of the central computer went off. 

 Considering the fact that the researcher has already studied about topology field  and its applications in 

different fields such as computer, the researcher started with the following question: 

 How computer networks are connected? To which aspect of mathematics is it related? 

 After doing research, the researcher noticed that knots and graphs are the sub- branches topology. 

 Topology is the study of mathematics which focuses on the characteristics such as the change in figure after 

a hit or stretch in objects. Accordingly, the characteristics of the objects are fixed even after the hit or stretch (of 
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course tearing the object is not included). Topology is a kind of geometry. A non-Euclid geometry in which 

size, side and angle are not important. In topology we can change the figure of the objects but not tearing them 

or breaking them, [11]. 

 Because in topology dimension is considered, for example when objects which are the same as multi-sides 

are drawn on a surface, they remain in a two-dimensional space; a circle is equivalent with an oval we can 

change its shape by stretching it ,I.e.; a closed circle which doesn’t have any intersection and can be placed in  

bi-dimensional  space or a pancake  and a cup which both are in  tri-dimensional  space have  the same form, 

according to topological point of view. 

 

 
 

Picture 1: changing pancake to a cup from right to left. 

 

 In other words, if we have an elastic surface, and make the picture of a cup and a pancake in a tri-

dimensional space and we change their figure, for example we squeeze or bulk out some of their parts, in a way 

that we change the figure of the cup to become a pancake, these changes from topological point of view has no 

problem [1]. 

 Now this is the time to answer the question which was asked in the Mathematics Association which 

expresses the method of network connection as it follows: 

 The connection of the computers with each other and with central system follows the geometrical model 

which is called network topology. Topology is selected to carry out network, and play a role as an important 

factor in discovering errors and eliminate them in the network. 

 A computer network includes a combination of devices (computer, printer and …) which uses a connection 

method with wire(cable and fiber optics)or wireless (radio waves, satellite) to connect to each other. Networks 

can connect with each other and include sub-networks 

 The topologies of the network includes the following:   

 

1. Bus topology: 

 In a linear network several computers are connected to a cable called bus. Bus topology is the most current 

topology which is used in local networks. 

 

2. Ring or circular topology: 

 In bus topology, computers are connected to each other by a string of wires, the beginning and the end of 

this system is closed by 50 ohm resistor. In Ring Topology the two head parts of the wires are connected to each 

other instead of closing them, and as a result a circle is formed. 

    

3. Star Topology: 

 Medium and large networks always use Star Topology. In this configuration, more cables and hardware are 

used. But its management is easier and the probability for impairment is lower. 

  

4. Hybrid Topology: 

 A system which is the combination of Bus and Star is called hybrid. In this system some of the network 

routes are in Bus form and some others are in the form of Star. . (daneshnameh.roshd.ir)& [4].  

 

 
 

Picture 2: Network topology sample. 
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 One of the branches of topology science is graphs which has many similarities to the methods of 

connections in computers. 

 A graph includes two collections: a collection of graphs or Heads and a collection of manes which connect 

the Heads to each other. 

 For example the cities of a country can be considered as the heads and the roads between them can be 

viewed as the manes of a graph. 

 Manes are of two kinds: direction-oriented, non-direction-oriented. A direction-oriented graph is the one in 

which the direction of each mane is determined. In such graph, the order of heads in each mane is important and 

the manes are drawn with an arrow drawn from the beginning head to the end. In non-direction oriented graph, 

it is possible to move in both directions between the Heads and the order of manes’ Head is not important. 

 

 
 

Picture 3: Sample Graph. 

 

 The manes of a graph have either weight or are without weight. A graph which has manes with weight is 

called weight-oriented graph. Weight may indicates expense, distance, time or any specification of the mane for 

example in order to show the distance between two cities by a graph, we can use a weight –oriented graph and 

show the distance between the two cities using a number on each mane [6]. 

 The theory of graph is one of the most applicable theories in different branches of engineering science such 

as civil engineering and computer, archeology (finding the area of a civilization), basic science (biology, 

chemistry), geography and painting complexion. 

 The theory of knots is one of the sub-branches of the theory of topology. Because they have things in 

common with computer and knot  networks. Noticing the figure of a knot, one can see that knots at places called 

Heads meet and these intersections connect each other with manes. 

 A knot can be viewed as a closed curve. A closed curve is a simple curve. The beginning and its end points 

are fixed. The simplest kind of knot is in the form of zero. Knots are formed in a tri-dimensional space, but in 

order to be shown clearly and also determining the number of their intersection points they are shown in bi-

dimensional space [7]. 

 Knots may be in the form of one piece or several pieces. A knot with one piece is called Knot and a knot 

with several pieces is called a Chain. A one piece knot is made by twisting a rope, while a several- piece   knot 

is made by two or more than one piece knots which are connected to each other like a chain. 

 Knots are nominated based on the number of their intersections which is that very Heads in graphs. 

Here, several designs of the knots are shown: 

 

 
 

Picture 4: A sample knot 

 

 One of the applications of knot is in DNA in living creatures cells where a two- meters- long string is 

located at the core of the cell [8]. 

 In mountaineering, they need a knot which can easily be fastened, and also it should be safe to avoid the 

fall of the mountain climber and at the same time it should easily be unfastened.  Knots have also frequent 

application in  using mirror decoration inside buildings,  glazed tile façade and tile designs façade in buildings. 

 

Introducing and making Möbius strip and Klein Bottle: 

 We have already seen many surfaces, like common surfaces, globe, cylinder or complex surfaces. These 

surfaces have many similarities and difference. For example, a surface like a sheet of paper has front and back. 

The other surfaces which I enumerate such as globe, cylinder and other surfaces also have the same features [5]. 

 Making Möbius strip is as follow: 

I took a string of paper and twist it once, then I stick its edge to each other. Now I have a Möbius string. 
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Picture 5: How to make a Möbius String. 

 

 This simple method has an interesting topological characteristics. In fact Möbius String has one side. To 

test this fact, I colored it. I saw that without taking a pencil, it is possible to color its whole parts with one color. 

In comparison a common surface has two sides. The imaginary movement of the ants on the Möbius surface 

also proves the fact that Möbius String has one side [9]. 

 

 
 

Picture 6: The imaginary movement of ants on the Möbius string. 

 

 To satisfy my curiosity, once I cut the length of Möbius String, and I saw that another longer Möbius String 

developed. 

 

 
 

Picture 7: Cutting the length of Möbius String. 

  

 Then another question came to my mind: What happens if Möbius   String is cut    along its length for the 

second time? 

 

 
 

Picture 8: The second cut in Möbius String. 

 

 In the second cut, the two Möbius Strings twisted and formed a chain which was very interesting. 

Klein Bottle has a complicated figure. It has just one interior and exterior surface and both surfaces are the same 

as Möbius String [10].  

 
 

Picture 9: The stages of making Klein Bottle from left to right. 
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 The picture from left to right shows the stages of making a Klein Bottle. This picture shows that Klein 

Bottle has only one surface . It is formed as if it was first a cylinder which is flexible and by stretching or 

twisting it (according to topological definition) takes the form of a Klein Bottle.(Dodson and Parker 1997) 

 

 
 

Picture 10: Geometry of the Klein bottle. 

 

 
 

Picture 11: Klein bottle types. 

 

 I've designed a simple form and the characteristics of the Klein bottle 

 

 
 

Picture 12: Klein Bottle made. 

 

 One of the properties of Klein Bottle as it is shown in the picture is that if a glass, the water won’t pour out 

of the bottle. But if the bottle is turned from the other side (the curved side), water will pour out of the bottle. To 

see the pictures more clearly, I used a colored liquid. 

 

Results:  

 Topology has applications in different parts of mathematics such as Algebra, Real and mixed Analyze, 

Algebra geometry, and engineering science such as architecture, computer network, biology, archeology, 

graphic, mountaineering, and many other sciences. And, these applications are so wide that the study of each of 

these branches is difficult without using topological concepts. 

 In knots and graphs there is just one route i.e; if we suppose a bicycle runner who moves on a knot, this 

bicycle runner can run the whole route without any need to reduce its speed to zero and also without the need to 

pass any edge or any change in its direction and finally it returns to its starting point.Of course, Möbius string 

and Klein Bottle have the same properties. 

 The common characteristics of computer network with knots and graphs is the point that all of them have 

the same topology I,e; computers in computer networks are the same as heads in graphs and intersection in 

knots all of which are connected with manes and other connections.  
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