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Logistics
• Due this Wed 

– HW5 due at the end of class today

– Lab4: GA due online on Blackboard on Wed.

• Ideas for final papers 
– Proposals due next Monday

• Questions?

• HW 6 reading questions for Ch. 10-12 handed 
out next time



Evolution by Natural Selection

• Organisms inherit traits from parents

• Traits are inherited with some variation, 
via mutation and sexual recombination

• The organisms best adapted to the 
environment tend to produce the most 
offspring.

• This way traits producing adapted 
individuals spread in the population

Charles Darwin

in computers

Computer e.g., programs

or to satisfying fitness criteria

John Holland

Example: Evolving Strategies 
for Robby the Robot

• Lab4 RobbyGraphics.nlogo
• Input: Contents of N, S, E, W, 

C(urrent)
– A von Neumann neighborhood

• Possible actions (7 of them):
Move N, Move S, Move E, 
Move W, Move random, Stay 
put, Try to pick up can

• Reward/Penalties (fitness 
points):
Picks up a can: 10
Tries to pick up a can on 
empty site: – 1
Crashes into wall: – 5



Example Strategy

Encoding a Strategy



Random 
Initial 
Popu-
lation

Select Breeders Based on 
Fitness Scores



Randomly Chosen 
Cross-over Point

Recombination



Point Mutation

Each number in strategy 
has a small chance, e.g. 
0.005, of being replaced by 
a randomly chosen action 
(integer from 0 – 6).

Genetic algorithm for evolving 
strategies for Robby

1. Generate 200 random strategies (i.e., 
programs for controlling Robby)

2. For each strategy, calculate fitness (average 
reward minus penalties earned on random 
environments)

3. The strategies pair up and create offspring via 
“sexual recombination” with random mutations  
the fitter the parents, the more offspring they 
create.

4. Keep going back to step 2 until a good-enough 
strategy is found!



One Run of the Genetic Algorithm

Principles of Evolution Seen in 
Genetic Algorithms

• Natural selection works !

• Evolution proceeds via periods of stasis 
“punctuated” by periods of rapid innovation

• Exaptation is common

• Co-evolution speeds up innovation

• Dynamics and results of evolution are 
unpredictable and hard to analyze



Evolving Art

• Karl Sims
– http://www.karlsims.com/genetic-images.html

– http://www.karlsims.com/papers/siggraph91.html

• Evolving Darwin’s Gaze
– http://www.darwinsgaze.com/evolveit.php

– http://www.youtube.com/watch?v=8LChmQjR0O0
(5:48)

• Evolving artificial creatures (Nicolas Lassabe)
– http://www.youtube.com/watch?v=d4BGLp0wcdE

(4:43)

What is a cellular automaton?

• Models of parallel processes with simple 
rules
– Emergence

• light bulbs pictures

• relation to Turing machines
– “non-von-Neumann-style architecture”

• invented by von Neumann

• CAs and universal computation



Example: Game of Life 
(John Conway, 1970s)

• Neighborhood: 2 dimensional 3x3 neighborhood:

• Rules:
– A dead cell with exactly three live neighbors becomes 

a live cell (birth).

– A live cell with two or three live neighbors stays alive 
(survival).

– In all other cases, a cell dies or remains dead 
(overcrowding or loneliness).

• Demo: http://www.bitstorm.org/gameoflife/

A “glider”



Predictability?

• Is there a general way to predict the 
behavior of Life from a given initial 
configuration?

• No. Life is Universal.

Elementary cellular automata
• one-dimensional, two states (black and 

white = on and off)



Stephen Wolfram

• http://mathworld.wolfram.com/ElementaryCellula
rAutomaton.html


