
Artificial Neural Networks – Lab 6A

Genetic Algorithms

Purpose

To study how a genetic algorithm can be used for function optimization.

Presentation

The results from the exercise should be presented individually to one of the lab organizers. If a question
or sub-task appears with a box 1. then your respective answer must be presented.

To obtain 1 extra point to be added to the final exam mark, students must be present at the start of
the next lab to answer questions on their work. If two students work together in a pair, then both students
must be present and able to demonstrate the software that they have written and explain the answers.

Data and Matlab functions

Data and m-files can be downloaded from the course homepage (http://www.aass.oru.se/~tdt/ann).
The files you need for this lab are

plot_circle.m plot_landscape.m plot_population.m
rand_string.m rank_values.m roulette_wheel.m
sand_castle.m

Note: Read each task carefully before starting to solve it.

Preparation

Read the hand-out on genetic algorithms.

Task 1, Implementation of a genetic algorithm

In this task you have to solve a hard global optimization problem by using your own implementation of a
genetic algorithm in Matlab. The test problem is a 2-D landscape shown in figure 1. (It looks a bit like
a sand castle – imagine that you have to get an army of ants to find the top of the castle.) The genetic
algorithm should attempt to find the x and y values which give the maximum of the function

[c]f(x, y) = 0.5 cos2(nπr) exp(−r2/σ2) + (0.5− r2)
r2 = (x− 0.5)2 + (y − 0.5)2

where n = 0.9 and σ2 = 0.15 are constants, and the values of x and y lie between 0 and 1. The global
maximum is located at (x, y) = (0.5, 0.5) with f(x, y) = 1. This global maximum is surrounded by
concentric rings of local maxima at radial distances

rmax = {0.110192, 0.220385, 0.330582, 0.440782, 0.550986}

As usual, we have written an m-function sand_castle to calculate the values of this function for you.
For example, sand_castle(0.5,0.5) should return the maximum value of 1. We will use this function
to provide the fitness values in the genetic algorithm. You can use the function plot_landscape to plot
the fitness landscape – have a look at the code to see what it does.
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Figure 1: The “sand castle” function which your genetic algorithm should try to maximise.

This is a hard problem to optimize because the chances of finding the global maximum using a gradient-
based hill climbing method are very low (these methods can only go “up”, so your ants would most likely
get stuck on a local maximum somewhere). The probability of a randomly chosen starting point landing
close enough to the peak for this method to find the true global maximum is less than 1%.

So instead, you have to implement a genetic algorithm to solve this problem using the basic genetic
operators (reproduction, cross-over and mutation). To help you we have written a few basic m-functions
explained below. (If you want to challenge yourself and test your programming skills, then you don’t have
to use them – they are only intended as a guide.) Good luck!

Initialization

Before you start, you will need to decide upon a suitable coding for the chromosomes in the population.
Random binary strings can be generated using the function rand_string. You will need to write a function
to convert your random strings into real numbers (x, y) which can be used in the input to sand_castle.

Write an m-function init_population to create a random population of N strings, where N is the
size of the population. We suggest that you code this number as a constant, e.g., POP_SIZE, because you
will experiment with different population sizes later.

You can plot your new population using the function plot_population. Try to work out what it does,
e.g., using

>> plot_population(rand(2,30));

Reproduction

Write an m-function reproduction to randomly select the next population of chromosomes in the mating
pool. To help you, we have written two m-functions rank_values and roulette_wheel. Try using
something like

>> p1 = rand(1,10)
>> p2 = rank_values(p1)
>> p3 = roulette_wheel(p2)

and read the code (and use the help) to find out what they do.
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Cross-over

Write an m-function crossover to randomly cross-over the population of chromosomes selected by
reproduction. We suggest that you define a constant PROB_CROSS to specify the probability of cross-over;
a good value to start with would be something like 0.85.

Mutation

Write an m-function mutation to randomly change a very small number of the genes (i.e., bits 0 or 1).
We suggest that you define a constant PROB_MUTATE to specify the probability of mutation; a good value
to start with would be something like 0.005.

Useful Matlab Commands

Matlab contains some built-in commands for dealing with strings, e.g., bin2dec and strcat could be very
useful for this lab.

When writing programs with many functions, it can sometimes be useful to define global variables
which can be accessed by any of the functions. A global variable can be declared using

>> global MY_VARIABLE;
>> MY_VARIABLE = 666;

You also have to include global MY_VARIABLE in any function which requires access to this variable.
As in the previous lab, you can make a movie of your results by using the commands getframe and

movie (see the online help), and then look at it in real time after running your algorithm.

Deliverables

1. Run your algorithm with different number of chromosomes in the population (20, 40, 60, ...) and
different number of iterations (10, 25, 50, ...) to study the convergence. Your conclusions?

2. Save the best fitness value and the mean fitness value in the population after each iteration. After
each run, plot a graph of the best value and average value against the number of iterations (you
only need to show the graphs for a couple of interesting runs).

3. If you have time, you can try experimenting with more sophisticated genetic operators, e.g., using
multiple cross-over sites, etc.

*. Be prepared to demonstrate all of your programs to the lab organizer.
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