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 1.1 (Fractal Geometry)

 1 

 (Fractal Geometry)  Tessellation 

 1.1  

 1.2 Tessellation 

 

 

 

 

  (Fractals) 

     Fractal  

  ( )    Fractal  (self-

similar)       

  Fractal   

        

(recursion)    (iteration)   

 

  1 (1
st
 iteration) 

  2 (2
nd

 iteration)    1.1.1 

 3   plus fractal  
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 1.1.1 Plus Fractal  

 

Gaston Julia ( . . 1893-1978)       

 Gaston Julia  

 (rational function)  . . 1918 

    fractal   Julia set 

 

 1.1.2 Julia set 

 

Benoit Mandelbrot ( . . 1924- )       

Julia's Benoit Mandelbrot   Yale University 

  Julia sets  

 Mandelbrot set   
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 1.1.3 Mandelbrot set 

  Julia set   

 Julia set  Mandelbrot set  Julia set   

 ( )  (

) 

    

 Julia set  Mandelbrot set 

 

Waclaw Sierpinski ( . . 1882-1969)       

Waclaw Sierpinski   fractal 

 Mandelbrot  Sierpinski triangle  

   Sierpinski fractal 
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 1.1.4 Sierpinski fractal 

 

 

 (Iteration) 

       (iteration) 

  fractal   

     Koch snowflake  

 

 1  4   

 

 1.1.5 Koch Snowflake 
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  fractal     fractal   

     resolution    

    

 fractal  3  

1. Generator Iteration  fractal  

2. IFS Iteration  fractal  (transformation)   (dialtion) 

(rotation) (reflection)  

3. Formula Iteration  fractal 

 

 

Generator Iteration 

 fractal  (base)  

  base 

  (generator)  motif    

  fractal    fractal  base  motif  1.1.6   

 

 1.1.6 

 

 (base)    motif   1.1.7 

 

 1.1.7 

 12   12  motif  
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 1.1.8 

 

 2  fractal   fractal  the Koch 

Snowflake  1.1.5  Koch Snowflake fractal  4    

  fractal  Base-Motif fractal 

 Base-Motif fractal  

1.  base :     

2.  motif :   

3.  motif :   base 

 motif   fractal   Koch Snowflake 

 motif   Koch 

Antisnowflake  motif   1.1.9  

 

 1.1.9 Koch Snowflake  Koch Antisnowflake 

 

  motif   the 

regular Base-Motif fractal   

 sweep   base-motif  fractal  base, motif  

 motif    Levy Curve 
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 1.1.10 Levy Curve 

 motif  base  

 

Sierpinski Triangle  motif  

 

1.1.11 Sierpinski Triangle  

 

Koch Island  motif  

 

 1.1.12 Koch Island 

    Base-Motif 

fractal       

    Base-Motif fractal   (  ???) 
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IFS Iteration  

  IFS (Iterated Function System )  fractal  

    

 Sierpinski Triangle fractal     

 3    1.1.13 

 

 1.1.13 

 

 2  3   

   10  fractal  1.1.14 

 

 1.1.14 

 

 (Fern fractal) 

        1.1.15 

      

   (self-similarity)  
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 1.1.15 Fern Fractal 

   (geometric 

transformation)  Sierpinski Triangle Fractal  Fern fractal  2 

  (  )   (  

)   fractal 

  fractal   

      (reflection)  (invesion)  

fractal   fractal   6  

1.  

2.  

3.  

4.  

5.  

6.  

 z  

Formula Iteration 

  fractal    

  

 3  

1. Strange Attractor :        
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2. Julia Set :           

               

3. Mandelbrot Set :   (0,0)    

              (0,0)   

     

    (  ?)  

 fractal  Formula Iteration  

 

 1.1.16 Spider Fractal 

Strange Attractor 

  fractal  

  

 3   

1.  

           new z = f(z)   z   f  

2.  

new x = f(x, y) 

new y = g(x, y) 

 (x, y) ,   f and g  

3.  3  

new x = f(x, y, z) 

new y = g(x, y, z) 
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new z = h(x, y, z) 

 (x, y, z) ,   f, g  h  

 

 1.1.17  the Henon Attractor   fractal   

new x = 1 + y – 1.4x
2
 

new y = 0.3x 

 

 1.1.17 the Henon Attractor 

 

 fractal  

 fractal  Strange Attractor  

 Strange Attractor  

     

 fractal   Rossler Attractor 

Fractal  Lorenz Attractor Fractal  ( ?) 

   fractal 

 

 1.1.18 Levy Tapestry 
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 1.1.19 H-fractal 

 

 1.1.20 Box Fractal  

 

 1.1.21 Cantor Square Fractal  

    

 1.1.22  Peano Curve  
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 1.1.23  Hilbert Curve 

  

Pythagoras Tree    Skewed Pythagoras Trees 

Pythagoras Christmas tree 

 1.1.24  Pythagoras trees 

 Pythagoras trees  

1.  

2.  

 1.  

3.    

4. 

  

5.  

รูป 1.1.24
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 1.1.25 Cesaro Fractal 

 

              Koch snowflake                             Koch anti-flake                                       Koch island 

 1.1.26 Koch Curves 

 

Pentagon star fractal                                 Triangle star fractal 

 Square star fractal 

 1.1.27 Star Fractals  
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 1.1.28 Sierpinski Carpet  

 

 1.1.29 Square Ice Fractal  

  

 1.1.30 Anti-square Ice Fractal 

  

 1.1.31 Triangle Ice Fractal 

 

 1.1.32 Anti-triangle Ice Fractal 
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  1.1.33 Cross-Stitch Curve  

 

 1 

 fractal  

Web site   

 http://math.youngzones.org/Fractal%20webpages 
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 1.2 Tessellation 

 

 Tessellation  

Tessellation   (pattern)    (plane) 

   (Symmetry)  

 Tessellation  4  

 

1.  (Translation)  

  1.2.1 

 

 

 

 

 

 

 1.2.1  R 

 

 

2.  (Rotation) 

   (Center) 

 1.2.2 

 

 

 

 

 

 

 1.2.2  R   90  
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3.  (Reflection) 

  (Mirror Line) 

  

  1.2.3 

 

 

 

 

 

 1.2.3  R  

 

 

4.  (Glide Reflection)   

 2   

  1.2.4 

 1.2.4  R 

 

 

 Tessellation  

 Regular Tessellation 

 Regular Tessellation  Tessellation  (regular polygon)  
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 Regular Tessellation 

  

 

Tessellation of Triangles 

 

 

 

Tessellation of Squares 

 

 

Tessellation of Hexagons 

 

 

 1.2.5  Regular Tessellation 

 

 Semiregular Tessellation 
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  Regular Tessellation  Semiregular Tessellation  Tessellation 

  Tessellation     

 1.2.7 

   

              (a)                                                                                       (b) 

 1.2.7 (a)   Tessellation   

                        (b)  Tessellation  

 

 

Tessellation  

  Tessellation   1.2.8  

Tessellation  

  

 

 

 

 

 

 

 

               (a)                                                    (b) 

 1.2.8  Tessellation  (a)  (b)   
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 Tessellation  

    

  

   Tessellation   

  1.2.9-1.2.13  Tessellation    

 

 

 

 1.2.9  Tessellation  

 

 

 

 1.2.10  Tessellation  
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 1.2.11  Tessellation  
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 Tessellation 

 3      Regular Tessellation 

    

  1.2.14 - 1.2.17 

 

 

 

 1.2.14  

 

 

 

 

 1.2.15  Semiregular Tessellation 
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 1.2.17    Tessellation 
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1.  Tessellation  

2.  Tessellation   
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 2.1  (Game of Life) 

John Conway 

 (  n x m)  

    generation   (cell)  8  

   

1.  2  3   0  1 

   4  

  

2.  3  

 

 2  

    (stable pattern) 

 Conway  darwinian evolution 

 (stable atom)  (initial chaotic state) 
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Blinker  Block  Tub  Boat  Beehive 

  

 

Loaf  Pond  Mango  Glider 

 

 

 (cyclic pattern)  Blinker  Glider 

 

Web site  

www.math.kth.se/~gunnarj/LIFE/WLIF/wlcframes.html 
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 2.2  (Pigeonhole Principle) 

 

  k+1   k   
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  k+1    k  
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 k   k+1  

 

   

 1  367   2   
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  5  0 1 2 3   4   
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      0  100  101  

 101   102  
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 5  11   10    2   

  

 6  27  2   

 26    

 (  : The Generalized Pigeonhole Principle) 
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[N/k]  
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  [m]   m  [2.3] = 3, 

 [4.5] = 5,  [-2.3] = -2, [-0.5] = -1 

     

 

 7  100   [100/7] = 15   

 [100/12] = 9                                                                          

 8   6  

   

  x   

 [x/5] = 6   x  = 5(5)+1 = 26   

  26    6 

 

 9  51   50   

1    2    51   10  

 1   6  

 10  20   D2B ( )  3  

  20  

  

 3   

  x      [x/20] = 3  

  x = 20 (3-1) + 1 = 41  

    41  

 3  
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3.3.3   ( Euler  tour ) 

        ( Walk )    (Path)  (Cycle)  

    (Euler  tour)       (Vertex  

Degrees)   ( Connnected  Graph )   
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3.6.2   (Project Scheduling) 
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