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In the blockly exercise you learnt about how we can arrive at an estimate of π by generating pairs of
uniform random variables. For this portfolio task you should use a similar technique to estimate the
area of the Mandelbrot set.

The Mandelbrot set contains all the complex numbers, c, for which the orbit of 0 under iteration of
the quadratic map:

zn+1 = z2n + c

remains bounded. The python script below gives a method for calculating the area of the Mandelbrot
set.

import numpy as np
import cmath

npo ints = 1000
maxiter = 10000

nouts ide = 0
f o r i in range (0 , npo ints ) :

t r i a l p = complex (−2.0 + 2.5∗np . random . uniform (0 , 1 ) , 1 .125∗np . random . uniform (0 , 1 ) )
zn1 = t r i a l p
f o r j in range (0 , maxiter ) :

zn1 = zn1∗zn1 + t r i a l p
r , thet = cmath . po la r ( zn1 )
i f r > 2 :

nouts ide = nouts ide + 1
break

n in s i d e = npoints − nouts ide
area = 2 . 0∗ ( 2 . 5∗1 . 1 2 5 ) ∗ n in s i d e / npo ints

p r i n t ( n ins ide , area )

Listing 1: Calculating the area of the Mandelbrot set

Discuss how this code works and try to extend it so that is also outputs confidence limits on the
estimate of the area. In addition, write some software to generate an image of the Mandelbrot set.
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