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Fractals – even the math can be interesting 
autor:   Michal Čičatka
vedoucí práce: Mgr. Martina Šauerová

What is a fractal? These days by fractals we imagine beautiful formations which can be seen in nature or used in art. The reality is different. Fractals are not just pretty. They are also very interesting from the mathematical point of view. After all a lot of well-known mathematicians consider them as the most complicated formations in general. Some of them have infinite perimeter others occupy infinitearea. The paradox is that they often have a very simple construction.
It is very difficult to describe what fractals look like. Sometimes they may not even have a regular structure. The examples of fractals from everyday life could be for example a cloud, mountain, snowflake or even a city. But I want to present three most famous ones from the field of math.   

The first one (also the most simple one) is called the Cantor set. It was discovered by English mathematician Henry John Stephen Smith. Let me describe how is it constructed. Imagine a line segment.Divide it into thethirds and erase the middle third. Now you have two line segments. Apply the same process on the new emerging line segments to infinity. The result is Cantor set. Cantor set is in picture 1. 
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Picture 1
The next fractal I would like to present to you is the Koch curve. It obtained its name after Swedish mathematician Helge von Koch in 1904. The process of creation is a bit similar to the Cantor set. You have a line segment divided to thirds. The difference is you do not erase the middle third but you replace it with an equilateral triangle that is missing a base (picture 2). You will get a curve made out of four line segments and you can apply the same process on each of them. For the better imagination you can look at picture 3. If you put three Koch curves together you will get even more famous fractal – the Koch snowflake (picture 4). Interesting fact about the Koch snowflake is it has infinite area and perimeter. 
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Picture 3
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Picture 4
The third one was discovered by Polish mathematician WaclawSierpinski in 1915. And how is it created?In equilateral triangle are projected other equilateral triangles that have the vertexes in the centre of the original triangles. This creation process is illustrated in picture 5.  
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Picture 5
I have already explained what a fractal is and I have describedthe three most well-known fractals. This information is just a theory. But if we have this kind of knowledge we are able to develop apps that can help us generate our own pictures and make the whole topic much more interesting. 

Let us talk IT. 

There are two most common types of fractal-generating apps. The first and also the simplestsolutionis recursive programs. Let me clear up the term recursion.The recursion means defining an object byit self. For us a more important term (close-knit with the recursion) is a recursive function. The recursive function is a function in program that repeatedly calls it-self and it is the bedrock of recursive programs.If function calls it self a cycle starts. 
For proper functionality a condition is needed. The condition must “tell” the cycle when to stop otherwise our computer will run out of the memory and the program will crash. Recursive programs have one big disadvantage. Without a huge intervention in the source code one recursive program is able to generate just one pattern. This makes the program more or less inapplicable in any work. Which bring us to the other option of generating fractals. The L-systems. 

The L-systems, Lindermeyer’s systems or parallel string-rewrite systems were invented by Hungarian biologist AristidLindermayer. Originally it helped him to imagine the cell division.  Now to its principle. For correct working you need to know three important pieces of information. The first one is the alphabet. Usually it contains at least four signs: “F”, “B”, “+” and “-”. The second is the seed sometimes also the axiom or the initiator. It defines the start phase of an L-system. And finally the last one – the production (rewriting) rules. These rules are written in a forma→ b. The left side “a”says which letter or string will be replaced and the right side “b” sayswith what it will be replaced. When we know all of this information we can begin a process of rewriting. During this process signs inthe axiom will be replaced according to the production rules. The result of this process is growing of the string. The length depends on number of iterations andthe final string is drawn by a depiction app. As a depiction app is usually used so-called turtle graphics. The final drawing is a track of an imaginary turtle that moves by the final string. Each sign commands the turtle to go in different ways. Signs “F” and “B” rules the turtle to go forwards or backwards. “+” and “-” turns the turtle left or right by a certain angle usually set by the user. I can understand that this is a bit hard to imagine so let me make an example. 

Let us generate a Koch snowflake. The alphabet contains three signs – “F”, “+” and “-”. The axiom is “F++F++F” and the productions rule is “F→F-F++F-F”. The turning angle is 60°. Now the rewriting process begins. The rule says that in axiom all signs “F” must be replaced with the string “F-F++F-F”. The result after just one iteration would be “F-F++F-F++F-F++F-F++F-F++F-F”. This string would be drawn with the turtle graphics base program. Let me show you how the turtlewould depict a small part of the final string: “F-F++F-F”.The turtle would go: Forward, turn left, forward, turn right, turn right, forward, turn left and forward.The result (turtle’s track) is in picture 6. 
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Picture 6
Now we know everything that we have to for developing our own fractal-generating app. To be fair I have already done it and you can see some of the results in pictures 7, 8, 9, 10,11, 12. I hope these pictures successfully convinced you and fulfil your expectation that even the math can be interesting. Thank you, fractals. 
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Picture 7





     Picture 8
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Picture 9



Picture 11
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Picture 10





Picture 12








