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l Solving problems [ "t

with technigues
inspired by biology.

:T; Wat ISTEVolutionary
(i ‘fomput‘ation?

Mtraction fiom the theory of
biologicallevolution that is used to
creat&)ptimization procedures or
methodelegies, usually implemented on
computers, that are used to solve
problems.
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COMPUTATIONAL
INTELLIGENCE
or
SOFT COMPUTING

Neural Fuzzy
Networks Systems

G(émpt‘)nents oft Evolutionary

‘ Coemputing
@@ptic Algerithms

inventedpyJohn Holland (University of
Michigan)iin the1960's
EvolutioniStrategies

invented by Ingo Rechenberg (Technical
University Berlin) in the 1960’s

Started out as individual developments,
but have begun to converge in the last
ICAEEIS




ﬂﬁ)gel 1962 (SaniDiego, CA):

Voluerany Programming
J. Holland 1962 (Ann Arbor, Mi):
GeneticAlgorithms

|. Rechenberg & H.-P. Schwefel 1965
(Berlin, Germany): Evolution Strategies

J. Koza 1989 (Palo Alto, CA):
Genetic Programming
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‘; ‘T'he Vletaphor

‘ OLUTION PROBLEM SOLVING

InchLBI Candidate Solution
Eitness Quality

Environment Problem
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3Int|gence and Evolution

One Wal rstaniwg intelligence is as the capability of a creature to
adaptit Pteranlever-changing environment
Wemermalliathinkiciiadaptation as changes in the characteristics

(In INgWERaVIOUNS) ol a single animal iniresponse to experiences over
its %

Butiadaptationisialseichange over the characteristics of a species, over
the generationsiin r&ponse to environmental change

A creaturermustdealiwith other creatures of the same species who
compete for reseurnces;, mates etc.

There is also rivalry from other species which may be a direct (predator)
or indirect (food, water, land, etc.) threat

In nature, evolution operates on populations of organisms, ensuring by
natural selection that characteristics that serve the members well tend to
be passed on to the next generation, while those that didn’t die out




oy vout Ion as: Optimisation

Evolutlon CanbEISEEN as aprocess leading to the optimisation of a
popUlaterEsIEnli/tor suviverandithus reproduce in a specific
enyinen 1, g abiliyAisimeasured as evolutionary fitness

TihiSjevoelticRamAfithESS —ithe measure,gfrthe ability to respond
adeguatelyitortherenvironments Is the, qiiEiglity that is actually optimised
infnaturailiie .

Consider anoermalipepulation of rabNisSEsSIiiEaabbits are faster than
others. Any.chianacteristic has airange WelElpIIlsS natural, and is due
to sexuallrepreduction and mutation. =

We may say that thegEEiEI@eIsIie) ,)JS) S supagids fitness, since they
have a greater cheljiEREVeIbIRREERIIVYing and then breeding

Iftwo parents hzl] su,)erur fitness, there is ie[eleleReat-TaleRigE1&-]
combination & 'L s will produce ar Offspring with even higher
fitness. We sg f)&&)‘/-—‘f Jéf\f/v*é the parents genes

Over successive generations;-te ntrre population of rabbits tends to
become faster to meet their environment challenges in the face of foxes




Selection operates as survival and choice of mat

Recombination of ge is the mechanisrn tha
generation’s character Jst]cs
Sornetirnes randorn coo) fJJ arrors, ¢ "H@J mutations, occur ,Jur]rg the
recompination orocess, ) moortant becauss they lead
to new characteristic ) seless, ¢ QC:L)IOF]"J”/ 1claiptiy

J,—Ev ticnanRsComputation

’

E=Evolieran/compliatonsimulates evolution on a computer. The result of
suchrarsi enjis a seriesyeifoptimisation algorithms, usually based on a
simple serorehanacternistics — the equivalent of genome

3
Recall'that opti@;sation iteratively improves the quality of solutions to some
problem untilfanfeptimali(oer at least feasible) solution is found

Evolutionary:computationiis an umbrella term that includes genetic
algorithms (Holland; 1975),, evolution strategies (Schwefel, 1981) and
genetic programming (Koza, 1994)

A-life researchers frequently experiment with populations of organisms put
into artificial competition and subjected to the laws of natural selection




M\Iimian’Evolution

—

anl ofithe fittest

Seleclion on phenotype
Thrgggh environment

Genotypicinheritance
Reproduction
Blind variation

#Wostulates

Individugisfwithin'species are variable

Some ofitheNariations are passed on to offspring

In eve%eneration, more offspring are produced than can
Sunvive

The survivalland reproduction of individuals are not random:
The'individualsiwho survive and go on to reproduce, or who
reproduce the most, are those with the most favourable
variations. They are naturally selected.

On the Origin of Species by Means of Natural Selection (Darwin 1859)




atUef Natural Selection
Evolutig&ary Analysis’(Freeman & Herron, 2001)"

NaturalfEvelution'acts...
Widuals, buitheConsequences occur in the population
Onfindividuais;net groups
On' Phenoiypesybut evolution consist of changes in the Genotype
On exi traits, butican produce new. traits

Evolution...
Is backward looking
Is not perfect
Is nonrandom
Is not progressive

T
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- 'Ey@g.ﬁomary’Algorithms

Wthms thatarennspired by natural evolution
ourAViaimiElements:

Grou off Mividuals - Population

L 4

So oftVariation - Genetic Operators
Reproductive Fitness - Fitness
Survival'of the Fittest - Selection

Search Process
Trial and Error
Recipe for chosing next trial




- ol

T h@mlytion— Mechanism

asingrdiversity. Decreasing diversity
PYIAGENELCIOPErators by selection
mu@ion of parents

recomnpination of survivors

"'5""

- T@olutlenary Cycle

‘ Selection

-

a4 Recombination

Mutation

Replacement
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= = Doemeins of¥Application
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“\l@erical, Combinatorial Optimization
SystemViedeling and Identification
Planl’ﬁg and Control
Engineering Design
Data Mining
Machine Learning
Artificial Life

cceptable PErformance at acceptable
Sionia Widerange of problems
Intr|n3|c parallelism (robustness, fault
tolerﬁce)
Superiorto other techniques on
complex preblems with
lots of data, many free parameters

complex relationships between
parameters
many (local) optima

10
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3 ‘\dvantages

Olprestmptions W.r.t. problem space
I\aapplicable
Low, ggve?opment & application costs
Easy‘tenneorporate other methods
Solutions are interpretable (unlike NN)

Can be run interactively, accommodate
user proposed solutions

Provide many alternative solutions

-t
3 disadvantages

‘t\l@uarantee fereptimal solution within

finite tlme‘

Weakstheoretical basis
Viay: needfparameter tuning

Often computationally expensive, i.e.
slow
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“he Argument

E@@ﬂion naseptimized biological

processe.s‘

- therefore
Adoptioneifthe evolutionary paradigm to
computation and other problems can

help us find optimal solutions.

"ghe‘M“e'pt of
g Na%’Sglecﬂon

Wed AUMbErof resources
Competitign results in struggle for existence

SUEEESS depends on fitness --

fithessioran individual: how well-adapted an
individual is to their environment. This is determined
by their genes (blueprints for their physical and other
characteristics).

Successful individuals are able to
reproduce and pass on their genes




L TS %
. Wien changes occur .

“D@ously Hit*(Well-adapted)
individualg Will no longer be best-suited
fonthelf environment

Somemembers of the population will
have genes that confer different
characteristics than “the norm”. Some
of these characteristics can make them
more “fit” in the changing environment.

%ajr Agents of Genetic
-~ MQe imMndividuals

‘\HMetion INNGENES
may/ li%‘gd_ue to various sources (e.g. UV
rayssehemicals; etc.)
Start:

100100°001001001001001

Location of Mutation

After Mutation:
1001000001001001001001
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lVigjeirAgents ofi Genetic

Chignge in Individuals (2)

Chromosome Crossing-over

Réeombination

(CrossingE®yer)
occursidlring
reproduction=-
sections ofigenetic
material exchanged
between two
chromosomes

WEEneticiOperators
1Cress-0VEr

101010101001 071001110170101

101010101001010011

Mutation
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e Preduction of New

‘thromosomes

’Z,Gﬁ_rents givernise to 2 children

1111111111111111111111

1111111111111 111111111

Wﬁy&use evolution as a model
for selviiig computational
problems?

15



“‘{@yire seanchithrough many
possibiiitigs 10 find a solution

(E¥grsearch through sets of rules for one set
thattbestipredictsithe ups and downs of the
financial'markets)
Searchispace too big -- search won'’t return
within our lifetimes

These types of problems are better solved
using a parallel approach

',;’e INattreefiComputational Problems

f{@yire algenitim tebe adaptive or to
construt:t‘original solution

(Egrinterfaces that must adapt to
idiesyncrasies ofidifferent users)

16



) 1) Wreves to be a Good
— = WodelforsSolving these Types of
“Problems

=]

uoen Isyin effect a method of
searchihg‘for the best (optimal) solution
fromiaigreat number of possibilities
Possibilities -- allfindividuals
Best solution -- the most “fit” or well-adapted
individual
Evolution is'a parallel process

Testing and changing of numerous species and
individuals occur at the same time (or, in
parallel)

) 1) Wreves to be a Good
— = WodelforsSolving these Types of
Problems (2)

==

tien'can be seen as a method that
designS‘-r@w (eriginal) solutions to a
chan@ing environment




v mf e Ut Evolutionary

- muting’StrategieS

‘tM]gn spaceitove searched is large

Whenfthexbest” solution is not
necessarily required

Approachitto selving a problem not well-
understood

Problems with many parameters that
need to be simultaneously optimized

Problems that are difficult to describe
mathematically

‘Q@ely iollewsiabiological approach to
problerﬁg.olving

-

A simulated pepulation of randomly
selected individuals is generated then
allowed to evolve
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< B@ Genetic Algorithm

W
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SIEPHL GEnerate a random population
‘*OLn CAromosomes

Stepi2h Assign a fitness to each
individual
Step' 3. Repeat until n children have

been produced

Choose 2 parents based on fitness proportional
selection

Apply genetic operators to copies of the parents
Produce new chromosomes

f@ach individual'in the population,
evallaie {Ls relative fitness

-
For a preblem with m parameters, the

fitness can be plotted in an m+1
dimensional space
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e AWIe;Seérch Space

Mdomly generated population of
individu‘alg will'be randomly distributed
threughout the search space

Image from http://www2.informatik.uni-erlangen.de/~jacob/Evolvica/Java/
MultiModalSearch/rats.017/Surface.gif

) Generations
%@Ch new,generation of n individuals

IS genefa‘tgd, they replace their parent
genenaton

To achieve the desired results, 500 to
5000 generations are required

20



Supsequent.generation will evolve
toward“thg global maximum

-

After sufificient generations a near
optimal selution will be present in the
population of chromosomes

%tic algorithms can adapt to a
dynamit:aﬂy changing search space

-

Seek outithe moving maximum via a
parasitic fitness function

as the chromosomes adapt to the search
space, so does the fitness function
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