Wisatis Evelutionary
4 gl ek il Somputation?
EMo'nary : - .‘ g

. %ﬂputation : ) Mtraction fromithe theory of

bielogicallevolution that is used to
- createYoptimization procedures or
: methodelegies, usually implemented on
Solving preblems ’ computers, that are used to solve
with technigues problems.
' inspired by biology.

BempLRents of Evolutionary
’ ‘ Jiaxenomy . ‘Cmmputing
g COMPUTATIONAL G@ptic Algeritiims

a J THISENCE inventeaNsy John Holland! (University of

- SOFT COMPUTING: Michigam)iin the 11960°s
e ————— Evolution Strategies

Neural Fi 1 A
invented by Ingo' Rechenberg (Technical

University Berlin) in the 1960’s

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

: “Hist-ory . ‘T'hg Vietaphor

i gell 1962 (San Diego, CA): ‘ EV6LUT|ON PROBLEM SOLVING
Volllyeyay Programiming -

Jl Holland 1962 (Ann Arbor, Mi): Indiyig ey Candidate Solution

GenenecAlgorithms

|. Rechenberg & H.-P. Schwefel 1965 FFitness Quality

(Berlin, Germany): Evolution Strategies

J. Koza 1989 (Palo Alto, CA): Environment Problem
Genetic Programming




7 A . Snigligence and Evolution
4 ﬁe'l ngr'edlents Ole wa%anding intelligence is as the capability of a creature to

el UIeRaN ever-changing environment

i _— et vy WERBTmapthinsiadapiation asichanges in the characteristics
‘ REgRcon (Inclbidiho BEhaVieUrs) of 2 single animal iniresponse to experiences over
—— — itsif
selection Bl adapiationiEraiseichiange over the characteristics of a species, over
- the generations)in reeponse to environmental change

A creaturenmusidealiwithiother creatures of the same species who
compete for reseUIEes, mates etc.

There is also rivalry fiom 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

mutation o ati natural selection that characteristics that serve the members well tend to
recombination be passed on to the next generation, while those that didn’t die out

EVEIUNoN as Optimisation
PEVOlNtion canbeseen as aprocess leading to the optimisation of a
popula Itoisurviverandithus reproduce in a specific
EnViro, anilityAisimeasured as evolutionary fitness

MHSIEVOINTGRaAtAESS - ithe measure gf-the ability to respond
adegpately’io the environment, is the g that is actually optimised
ig) gm@lﬁp

Gonsider a normal ;?pulation of rabivig bbits are faster than
others. Any cligracteristic has a range Ogg plgme natural, and is due
to sexualie uction and mutation

We may say thatith) t5p Lol fitness, since they
have a greater ch O TUXES, ST g and then breeding

If two parents ha FEUEISIHEEERIEIERERF J0o0d chance that a
combination SGEIIPEHEERIIEIEHNE Brfspring with even higher
fitness. We SEV I CIERAPEEIVEMENEEL. e parents genes

Over successive generations, e entiréPpopulation of rabbits tends to
become faster to meet their environment challenges in the face of foxes

s T ey |
o EWt'lonary Computation

sU| niis a seresioffoptimisation algorithms, usually based on a
simple’Setoficharacteristics — the equivalent of genome

-
Recalllthatioptiiffisationiiteratively improves the quality of solutions to some
problemi untillanfoptimeali(or at least feasible) solution is found

Evo/u'onary computanenisimulates evolutionion a computer. The result of

Evolutionary computation: is an umbrella term that includes genetic
sslaction oper. i 3 is algorithms (Holland; 1975),, evolution strategies (Schwefel, 1981) and
genetic programming (Koza, 1994)
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ommjm . r:wnrjom copying . : A-life researchers frequently experiment with populations of organisms put
r'~r~or;1‘bm . - Tt - : into artificial competition and subjected to the laws of natural selection
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4 Mimian'Evolution

Wal oftthefittest

SEIECHBROnIPhENoYPE
Thrgggh environment

Genotypicinieritance
Reproduction
Blind variation

2l Natural Selection
Evolu onary Analysis (Freeman & Herron, 2001)"

Natural Evelution'acts...
ividuals; buttherGonseguences occur in the population

Onindividialsy netigroups:

On Phenotypesibut evolution consist of changes in the Genotype

On exil traits, but'can/produce new traits

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

Thﬁrblgtion—Mechanism

Sing diversity; Decreasing diversity
PYIGENELIC OPErators by selection
mu@on of parents
recompination of survivors

4 Mimian'Evolution

osillates
Individuals\withinispecies are variable
SomeloiteNEations are passed on to offspring
Inievi eneration), more offspring are produced than can
SUrVive:
The survival'and reproduction of individuals are not random:
The individuals who 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)

o Emomary‘Algorithms

Wms that arelinspired by natural evolution
OrEVIZINElIements:

Groupof Ihgividuals - Population
Soé of Variation - Genetic Operators

Reproductive Fitness - Fitness

Survival ef the Fittest - Selection
Search Process

Trial and Error

Recipe for chosing next trial

/ T@E\xglutionary Cycle
g Selection

|
-

] Recombination
Mutation

Replacement




/ Wn‘s OiwApplication

Wrical, Combinatorial Optimization
SystenVedeling and Identification
Planrmg andlControl
Engineering Design
Data Mining
Machine Learning
Artificial Life

/ ‘I—\@ant—ages

CIPrestmptions W.r.t. problem space
Iyaznplicable
Cow, d@ve‘bpment & application costs
Easytelincorporate other methods
Solutions are interpretable (unlike NN)

Can be run interactively, accommodate

user proposed solutions
Provide many alternative solutions

3 "’hej Argument

Eﬁgﬂ{on liasieplimized biological
PIOCESSes;

- iherefore
Adoptienteitihe evolutionary paradigm to
computation and other problems can

help us findleptimal solutions.

/ dae;formance

ccEptabIe performance at acceptable
Il Wideriange: of problems
Intrinsicparallelism (robustness, fault
toleranice)
SUpErofio other techniques on
complex preblems with
lots of data, many free parameters

complex relationships between
parameters

many (local) optima

/ d’rsgdvantages

Warantee o optimal solution within
finite time.
Weakstheoretical basis
Vay needfparameter tuning

Often computationally expensive, i.e.
slow

Wed numberof resources
Compeﬁt'@n resultsiinistruggle for existence

Sueeess depends on fitness --
fithess oian individual: how well-adapted an
individlial is toitheir 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




(57 ViajeirAgents of Genetic
“VWisen ehianges occur ... * Glingelinindividuals

Merevibusly “fit" (well-adapted) Wibtation in genes
individuialsawillino longer be best-suited mayiPexlie to various sources (e.g. UV
for el envirenment rayepehemicals, ete.)
Somemembers of the population will Start:
have genes that confer different 100100:1001001001001001
characteristics than “the norm”. Some
of these characteristics can make them
more “fit” in the changing environment.

Location of Mutation

After Mutation:
1001000001001001001001

ViaierrAgents of Genetic g e
ClhghtejinIndividuals (2) / hetici@perators

é bination Chromosome Crossing-over %S—OVGI’

(Crossingroyer)
Niri — | 1010101010010100111010101 |
OCCUrSﬁunng 1010101010010100111010101

reproduction =
X q
sections off genetic

«
material exchanged

between two Mutation
chromosomes

P Production of New

" Chremosomes

%ﬂ’ents give fiserto 2 children Wﬁy.!,se evolutlon as a model
for seiviig computational

"
problems




Tﬁe wof{s)omﬁltational Problems

—

e searchifrough many
possiviliiestto find'a solution
(Exgr searchithrough sets of rules for one set
thaybesipredictsithe 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

Vel Proves to be a Good
ViodelforSolving these Types of
“Problems
tion IS inleifect a method of
searchiﬁg‘for the best (optimal) solution
iliomiengreat number of possibilities
Pessibilities -- all'individuals
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)

hentie Use Evolutionary
5 w’puting'Strategies

%@1 spaceltode searched is large
Wientiiesest” solution is not
negsessarily required
Approachiio solving a problem not well-
understood
Problems with many parameters that
need to be simultaneously optimized

Problems that are difficult to describe
mathematically

irComputational Problems
S

ﬁ@yire algprithim toibe adaptive or to
constiticieriginal solution

(Exgr interfaces that must adapt to
idiosynerasies of different users)

Vel Proves to be a Good
ViodelforSolving these Types of
Preblems (2)

Wtion can e seen as a method that
designs‘r;gw (original) selutions to a
changdiigenvironment

o @eﬂc Algorithms

Q@ggly iicllows abiolegical approach to
problerﬁ-s‘)lving

-
A simulgied pepulation of randomly

selected individuals is generated then
allowed'to evolve




. BEBig/Genetic Algorithm

%1. (EEnenate a random population
‘o‘n chromosomes

Stepi2h Assign a fithess to each
naividual
Step 8. Repeat until n children have

been produced
Choose 2 parents based on fithess proportional
selection
Apply genetic operators to copies of the parents
Produce new chromosomes

- W&Search Space

Mdomly generated population of
ndividiraisawill be randomly distributed
threuelieUt thersearch space

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

W Ultimate Goal
%@ Suseguent generation will evolve
toward‘l’ha global maximum
-
After sufficient generations a near

optimal selution will be present in the
population of chromosomes

r ﬂmgss Elnction

%aeh individualiin the population,
evaluate-'&s relative fitness
-
For a prewlem with m parameters, the

fitness can be plotted in an m+1
dimensional space

& ‘%gnerations

@ch new.generation of nindividuals
is genem@d, they replace their parent
genelieiion

Toachieve the desired results, 500 to
5000 generations are required

o MamiC‘Evolution

G@@tic algerithims can adapt to a
dynamiﬁa&y changing search space
-
Seek olifiine moving maximum via a
parasitic fitness function

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




