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Numerical Optimization:
Inspiration from Nature
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Crystallization — Simulated Annealing

Thermodynamics: Trend to increased disoder

Ordered structures: Miracle — not yet disroyed — or ???

Crystals: Increased order with reduced total energy!
Why do we not see big crystals everywhere?
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Evolution — Evolution Strategies etc.
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Pure chance would never create plants and animals — driving force?
Darvin: Recombinations, mutations, selection: survival of the fittest
Is evolution an efficient strategy to increase fithess?

Will robots be a next step in evolution?
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Genetics — Genetic Algorithms, Genetic Programming

Phenotype=Blue Eyes Phenotype=Brown Eyes

Genes contain
instructions
for making
proteins

i . : Genotype=bb Genotype = Bb or BB
Y | Romog. » 0 | Recessive=h Dominant =B

Proteins act alone

or in complexes to
perform many cellular
functions

Mechanism behind evolution: Genetics — genotype/phenotype
Close to binary representation of objects in computers
Do genes speed-up evolution? Is sexual reproduction beneficial?

September 2014 Institute of Electromagnetic Fields (IEF)



ETH IF=F

Eidgendssische Technische Hochschule Zirich Department of Information Technology
Swiss Federal Institute of Technology Zurich and Electrical Engineering

Collaboration of ants — Ant Colony

Collaboration helps some animals (+ hopefully humans) to be more powerful
Why are not all animals collaborating?

Will selfish animals survive in the long term?

E.g., ants or spiders?
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Swarms — Particle Swarm Optimization

What are swarms good for?
Is this a good search strategy?
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Brain — Artificial Neural Networks
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Huge differences between brain and CPU

Brain is efficient for pattern recognition, prediction, etc.

Has the ability to learn

Consists of many neurons that are organized in a huge network
How to mimic a brain in a computer? — Good for optimization?
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