
1 

Graphics I 
Faramarz Samavati 

UNIVERSITY OF 
CALGARY 

Introduction to 
Fractal Geometry 

Graphics I 
Faramarz Samavati 

UNIVERSITY OF 
CALGARY  A simple triangle 

class point { 
public:

GLfloat x,y; 
}; 

point a,b,c; 

void triangle(point P, point Q, point R){ 
glBegin(GL_POLYGON); 

glVertex2f(P.x, P.y); 
glVertex2f(Q.x,Q.y); 
glVertex2f(R.x,R.y); 

glEnd(); 
} 

Main(){ 
a.x=­1.0; a.y=­1.0; 
b.x=1.0; b.y=­1.0; 
c.x=0.0; c.y=0;//or 2*sin(pi/3) ­1; 
triangle(a,b,c); 
glFlush(); 
}
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v Sierpinski gasket 

Serpinsky triangles 
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UNIVERSITY OF 
CALGARY  How to generate Serpinsky triangle? 

void divide_triangle(point a, point b, point c, int m){ 
//triangle subdivision using vertex numbers 
point v0, v1, v2; 
int j; 
if (m >0){ 

v0.x=(a.x+b.x)/2; 
v0.y=(a.y+b.y)/2; 
v1.x=(a.x+c.x)/2; 
v1.y=(a.y+c.y)/2; 
v2.x=(c.x+b.x)/2; 
v2.y=(c.y+b.y)/2; 
divide_triangle(a, v0, v1, m-1); 
divide_triangle(c, v1, v2, m-1); 
divide_triangle(b, v2, v0, m-1);    } 

else (triangle(a,b,c)); 
// draw triangle at end of recursion 

} 

Fractal
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UNIVERSITY OF 
CALGARY  What are common factors/aspects? 

v Complicated geometry 
v Repetitive structure 
v low-scales details (Wiggly) 
v Self-Similarity 

Fractals
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CALGARY  Self Similarity 

v “self similarity“ in nature 

v zoom sequence of a coastline 

v clouds, mountains, trees and 
plants 
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v What is the dimension of ? 

o Line 

o Curve 

v What is the dimension of ? 

o Plane 

o Surface 

v What is the dimension of ? 

o Cube 

o Volume 

Euclidean Dimension 
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CALGARY An Aluminum sheet 

v Bend and fold the sheet gradually 
v Continuous deformation of shape 
v Discontinuous variation of 

“dimension” 
v Extension of “dimension” to 

“fractions” or even any real numbers
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CALGARY  Effective Factors 

v Measuring of wiggliness and 

wrinkles 

v Much wiggliness means more 

dimension 

v Self similarity: small portion of 

object, when magnified, can 

reproduce larger portion 
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Self similarity as a measure: 
Fractal Dimension 
v 

v It relates to self-similarity 
property 

v e  : magnification factor 
v N : number of small self- 

similar objects 
v D F : dimension 
v 1/e is contraction factor 

e=2  , N=4 ,  D=2 

e=2  , N=8 ,  D=3 
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CALGARY  Von Koch Snowflake 

v A math monster ! 

1) Divide a given line into 3 equal 

segments 

2) Replace middle one by two equal 

segments forming part of an 

equilateral triangle 

v Repeat steps 1 and 2 for any new line 

segments
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CALGARY  Fractal Dimension of Snowflake 

v e = 3  , N = 4 
v 

v D F isn’t  an integer number 
v the Euclidean dimension 

(D E ) is one 
v snowflake is a fractal! 
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v e=1/r
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CALGARY  More Monsters 

v Serpinsky triangle and carpet 

v Menger sponge 
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UNIVERSITY OF 
CALGARY  summary 

v Complex shapes (strange length and 

volume!) 

v Self similarity 

v Good models for natural shapes and 

complicate mathematical models 

v Simple recursive algorithm for definition


