
  

 

Self-Similarity and Fractals
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Self-Similarity and Fractals

Self-similarity is a property where parts of an object 
resemble the whole – the structure looks similar to itself at 
different levels of magnification.

Fractals are a kind of object that exhibit self-similarity at all 
(or at least many) scales.
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Fractals
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Fractals and Self-Similarity in Nature
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Functions Calling Other Functions

Functions can call other functions –

– e.g. calling size(), fill(), ellipse() etc from setup() 
and draw()

– e.g. calling drawSnowman() from draw()
– e.g. calling drawDrunkardUR() from drawDrunkardBlock()

– e.g. calling drawSnowman() from drawSnowman()

Recursion – a function calling itself –                                    
is a technique for drawing self-similar                               
patterns.
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Recursive Drawing Functions

Drawing function questions –

 
• What is being drawn?   

→ function name (and 
comments)

• What differs from one copy 
to the next?  

→ parameters

• How is it drawn?
→ function body

Recursive drawing function 
questions – 

• What is the whole pattern 
being drawn?  (not just 
one level)  

→ function name (and 
comments)

• What differs from one level 
to the next? 

→ parameters

• Additive or replacement 
pattern?  

→ function body
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Two Patterns for Recursive Designs

• additive
– each level adds to what has already been drawn

• replacement
– each level replaces what has already been drawn
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Additive Pattern for Recursive Designs

To draw the design, draw the shapes that make up one 
copy of the design, then draw the “smaller” copies.

– “smaller” generally means a decrease in size, but could also be 
a countdown or some other thing

  if ( the design is small enough ) {
    return;                   // we're done (draw nothing)

  } else {                    // draw the design
    draw the shapes for one copy of the design
    draw the smaller copies of the design
  }

recursive calls
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Implementing the Additive Pattern

what differs from one copy of the design to the 
next?  position and size

the design is small enough – based on the size of 
the snowman – w parameter

draw the shapes for one copy of the design – 
one copy is one snowman, with the position and 
size indicated by the parameters

what is one copy of the design?  one snowman 
(at the top level there is one snowman)

what is the whole design?  a family of snowmen

draw the smaller copies – there are two smaller 
snowmen on either side of the one
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Implementing the Additive Pattern

• call the recursive drawing function with the parameter 
values for the top level
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Replacement Pattern for Recursive Designs

To draw the design, draw the “smaller” copies.

– “smaller” generally means a decrease in size, but could also be 
a countdown or some other thing

  if ( the design is small enough ) {
    draw the base shape

  } else {                    
    draw the smaller copies of the design
  }

recursive calls
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Implementing the Replacement Pattern

what differs from one copy of the 
base shape to the next?  position 
and size

the design is small enough – based on the size of 
the base shape – w parameter

draw the base shape – one copy is one black 
square, with the position and size indicated by 
the parameters

what is the base shape?  a black 
square

what is the whole design?  
Sierpinski carpet

draw the smaller copies – there are smaller 
copies in each of the 8 subregions around the 
edge
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Implementing the Replacement Pattern

• call the recursive drawing function with the parameter 
values for the top level
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Recursion

Important implementation notes –

• the “when the design is small enough” case is essential
– called a base case

• the “draw smaller copies of the design” must be moving 
quantities closer to “small enough”
– so the base case is reached


