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EVOLUTIONARY COMPUTATION
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Evolutionary Inspiration ™

Biological systems result from o
an evolutionary process

Biological systems are
* robust

* complex
 adaptive

Evolutionary Computation
attempts to copy process
of natural evolution for
automatic solution of
complex problems

i

Does natural evolution generate increasingly complex systems?

o L Companion slides for the book Bio-Inspired Artificial Intelligence: Theories,
- %— Methods, and Technologies by Dario Floreano and Claudio Mattiussi, MIT Press 2



The 4 Pillars of Evolution ~¢ i

All species derive from - ’s A *
common ancestor i v

Charles Darwin, 1859
On the Origins of Species

Seawead

Population

Group of several individuals

Diversity

Individuals have different characteristics

Heredity Q P— prokisirhs

Protists.

Characteristics are transmitted over generations
Selection

* Individuals make more offspring than the environment can support
 Better at food gathering = better at surviving = make more offspring

|

Companion slides for the book Bio-Inspired Artificial Intelligence: Theories,
Methods, and Technologies by Dario Floreano and Claudio Mattiussi, MIT Press 3
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EVOLUTIONARY APPROACH
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NEO-DARWINIAN PARADIGM
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Neo-Darwinian Paradigm
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FITNESS AND SURVIVAL
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GENERATING A POPULATION WITH INCREASING FITNESS
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SIMULATION OF NATURAL EVOLUTION
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GENETIC ALGORITHMS (GAS)

(1970s) John Holland bw 55 caw; 38520
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function GENETIC-ALGORITHM( population, FITNESS-FN) returns an individual
inputs: population, a set of individuals
FITNESS-FN, a function that measures the fitness of an individual

repeat
new _population < empty set
for : = 1 to S1ZE( population) do
T <+ RANDOM-SELECTION( population, FITNESS-FN)
y < RANDOM-SELECTION( population, FITNESS-FN)
child < REPRODUCE(z, )
if (small random probability) then child < MUTATE(child)
add child to new_population
population «— new _population
until some individual is fit enough, or enough time has elapsed
return the best individual in population, according to FITNESS-FN

function REPRODUCE(z, y) returns an individual
inputs: z, y, parent individuals

n «— LENGTH(z); ¢ « random number from 1 to n
return APPEND(SUBSTRING(z, 1, ¢), SUBSTRING(y, ¢ + 1,n))
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f(x) = 152 — 2?
r € {0,1,2,...,15)
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maximize f(z),

r s GA L (05) am Hlea b ail 5 oo Lag 55 5058

f(z) = 152 — 2

.z €{0,1,2,...,15}

Integer | Binary code | Integer | Binary code | Integer | Binary code
1 0001 6 0110 11 1011
2 0010 7 0111 12 1100
3 0011 8 1000 13 1101
4 0100 9 1001 14 1110
5 0101 10 1010 15 1111
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Sgilnpt  f(z) = 152 — 2

é Chromosome | Chromosome Decoded Chromosome Fimess
_cé’ label string integer fitness ratio, %
2 X1 1100 12 36 16.5
E X2 0100 4 44 20.2
E X3 0001 1 14 6.4
f; X4 1110 14 14 6.4
[ X5 0111 7 56 25.7
g X6 1001 9 54 24.8
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Chromosome | Chromosome Decoded Chromosome Fitness
label string integer fitness ratio, %
X1 1100 12 36 16.5
X2 0100 4 44 20.2
X3 0001 1 14 6.4
X4 1110 14 14 6.4
X5 0111 7 56 25.7
X6 1001 9 54 24.8
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Chromosome | Chromosome Decoded Chromosome Fitness
label string integer fitness ratio, %
X1 1100 12 36 16.5
X2 0100 4 44 20.2
X3 0001 1 14 6.4
X4 1110 14 14 6.4
X5 0111 7 56 25.7
X6 1001 9 54 24.8
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L= Generation (i + 1)
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(10001010), =1x27 +0x2% +0x2° +0x2* +1x2% +0x22 +1x2! +0x2° = (138),,

and

(00111011)5 =0x27 +0x2% +1x2% +1x2* +1x23 +0x22 +1x2' +1x2° = (59),,

3-(-3)_ 6

2°-1  256-1

=0.0235294 =

x=(138)19x0.0235294 -3 = 0.2470588

and
¥ =(59)10%0.0235294 -3 =-1.6117647
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Michael Negnevitsky,

Artificial Intelligence: A Guide to Intelligent Systems,
Pearson Education Canada, 2011.
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Evolutionary computation 7

Inwhich we consider the field of evolutionary computation, including
genetic algorithms, evolution strategies and genetic programming,
and their applications to machine leaming.

7.1 Introducti or can lution be intelligent?

Intelligence can be defined as the capability of a system to adapt its behaviour to
an ever-changing environment. According to Alan Turing (Turing, 1950), the
form or appearance of a system is irrelevant to its intelligence. However, from
our everyday experience we know that evidences of intelligent behaviour are
easily observed in humans. But we are products of evolution, and thus by
modelling the process of evolution, we might expect to create intelligent
behaviour. Evolutionary computation simulates evolution on a computer. The
result of such a simulation is a series of optimisation algorithms, usually based
on a simple set of rules. Optimisation iteratively improves the quality of
solutions until an optimal, or at least feasible, solution is found.

But is evolution really intelligent? We can consider the behaviour of an
individual organism as an inductive inference about some yet unknown aspects
of its environment (Fogel ¢t al, 1966). Then if, over successive generations, the
organism survives, we can say that this organism is capable of learning to predict
changes in its environment. Evolution is a tortuously slow process from the
human perspective, but the simulation of evolution on a computer does not take
billions of years!

The evolutionary approach to machine learning is based on computational
meodels of natural selection and genetics. We call them evolutionary computa-
tion, an umbrella term that combines genetic algorithms, evolution strategies
and genetic programming. All these techniques simulate evolution by using the
processes of selection, mutation and reproduction.

7.2 Sii ion of e i

On 1 July 1858, Charles Darwin presented his theory of evolution before the
Linnean Society of London. This day marks the beginning of a revolution in
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Evolutionary Computing

6.1 Introduction

‘We see a diversity of life on earth — millions of species each with its own unique behaviour
patterns and characteristics or traits. All of these planis, animals, birds, fishes and other
creatures have evolved, and continue evolving, over millions of years. They have adapied
themselves to a constantly shifting and changing eavironment in order to survive. Those
weaker and less fit members of species tend to die away, leaving the stronger and fitter to mate,
creale offspring and ensure the continuing survival of the species. Their lives are dictaled by
the laws of natural selection and Darwinian evolution — struggle for existence and survival of
the fittest. Such an evelutionary process is shown in Figure 6.1.

And it is upon these ideas that evolutionary computing (EC) is based. Evolutionary com-
puting is the emulation of the process of natural selection in a search procedure. In nature,
organisms have certain characteristics that influence their ability to survive and reproduce.
These characteristics are represented by encoding of information contained in the chromo-
somes of the organisms. New offspring chromosomes are created by means of mating and
reproduction mechanisms. The end result will be offspring chromosomes that contain the best
characteristics of each parent’s chromosomes, which enable them to survive in an adverse
environment. The process of natural selection ensures that more fit individuals have the oppor-
tunity to mate most of the lime, leading Lo the expectation that the offspring will have similar
or better fitness.

6.2 Evolutionary Computing

The population can be viewed simply as a collection of interacling creatures. As each genera-
tion of creatures comes and goes, the weaker ones tend to die away without producing children,
while the stronger male in the process of recombination to produce new and perhaps unique
children with attributes from both parents (o continue the evolutionary process. In nature, a
diverse population within a species tends to allow the species to adapt to ifs environment

Compuiatisnal intelligence: Synzepies af Fiuzzy Logic. Newral Networks and Evalutionary Compating. First Edition.
Nazmul Siddique and Hofjat Adali.
2013 John Wiley & Sans. Lid. Published

013 by Joha Wiley & Sons_ Lid




