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Outline

What is evolutionary computation (EC):
Genetic Algorithms (GA) and Genetic
Programming (GP)

How does EC work?

What good is EC?

What are the open problems?

What are we doing about them?



What is Evolutionary Computation?
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{ Population of J

Potential Solutions

e Chromosomes represent individuals: either
solutions (GA) or programs which provide
solutions (GP)

e A Fitness function evaluates individuals; highly fit
individuals represent better solutions to the
objective function

e Individuals are selected for mating at random, with
a bias toward fitter individuals

e Crossover mixes information from selected
individuals

e Mutation randomly alters individuals

e Iterate until population converges or meets the
termination condition



What are Genetic Algorithms? (GA)

Representation Chromosomes: binary strings

Crossover Swap substrings

After Selection After Crossover

(1100101000011101 ) (1100101 )
( ) ( 000011101)

Crossover Point

Mutation Randomly change a bit

This Session
e Strategies for game playing (Lam)
e Stock Portfolios (Foster, Shoaf)
e Selections of songs (Weinberg)
e Two-Stroke Engines (Danielson)

e Subgraphs of a graph (Soule, Foster)



What is Genetic Programming? (GP)

Representation Chromosomes: syntax trees
with terminal and non-terminal nodes

Crossover Swap subtrees

Mutation Randomly change a node

This Session Robot motion control (Soule,
Foster)

Illustrations on next slide.



GP After Selection, Before Crossover

Crossover
@ Points

(Mult x (Add (Mult x pi) y)) (Add (Multy pi) (Sin (Add x y)))

X * ((x * pi) +Y) (y * pi) +sin (x +y)



GP After Crossover
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(Mult x (Add (Add x y) y)) (Add (Mult y pi) (Sin (Mult x pi)))

x*((x+y)+y) (y * pi) + Sin(x*pi)



How does EC work?

Schema Theorem Chromosomes with
above average fitness are sampled with
exponentially increasing frequency

Building Block Hypothesis Short, highly fit
parts of individuals are combined to
improve solutions

EC works surprisingly well for complicated,
large, multi-dimensional search spaces.



What good is EC?

Areas in which EC has been successfully
applied:

e Game playing (chess, go, tic tac toe, tic tac
dough)

e Economics and politics (prisoner’s dilemma,
evolution of co-operation)

e Planning (robot control, air traffic control)

e Scheduling (job shop, precedence-constrained
problems, workload distribution)

e Machine vision
e Manufacturing
e VLSI design

e Many, many more
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Open problems/current work

When does EC not work? (Soule)

How to solve specific problems with EC?
(Soule, Shoaf, Leon)

How to keep GP chromosomes small?
(Soule)

What are effects of pseudorandom
numbers? (Meysenberg)
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