Much of NSAI is borrowing nature’s tricks:
evolution has to be the biggest, most
general one!

Some reading on Biological Evolution:
e C. Darwin “On the Origin of Species” 1859 — still fresh

Everything Darwin wrote for free: http://darwin-online.orqg.uk/
* John Maynard Smith “The Theory of Evolution”
M. Ridley “Evolution” (textbook)
 Richard Dawkins “The Selfish Gene” etc.




Evolution

Thomas Malthus (1766-1834):

animals & plants produce far more offspring than can
survive, leading to inevitable competition and early
death for some

Darwin: “.. 1838... | happened to read for
amusement Malthus... it at once struck me that
under these circumstances favourable variations
would tend to be preserved, and unfavourable
ones to be destroyed. “




Evolution: Minimum Requirements

Selection acting repeatedly on heritable
variation

Variation: Usually blind (undirected)
-- mostly deleterious, occasionally beneficial

Selection: Gives direction - some varied individuals
are more likely to reproduce (or have more
offspring) than others

Heredity: Offspring are like their parents, so the
small variations favoured by selection can
accumulate




Selection

-- Perhaps the most important of the many big
differences between natural evolution and an
evolutionary/genetic algorithm (EA/GA)

-- In nature, selection arises from many complex
factors, including, eq: preditor/prey co-evolution;
sexual selection (eg. female mate choice);
competition with conspecifics; sperm
competition, etc, etc...

-- In EAs there Is often a clearly defined “fitness
function” guiding evolution towards a
predetermined objective.

See Biomorphs Demo




Evolution as Design

Evolution (directed accumulation of blind

variation) is very different to rational design.

— You can evolve things without having any
understanding of how they work!

Evolution can pick up on unexpected properties

& tricks, and craft apparently intricate and

Inscrutable systems.

Any other method, even an iterative design
orocess, needs some analysis to predict in
advance what sorts of design changes might be
peneficial: this limits what can be designed.

Only v. few examples of “accidental”
evolutionary design before Rechenberg 1964.
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Rechenberg,1964:

Hinged plates in wind tunnel



Algorithm:

1. Change (mutate)
a random angle
by a random
amount (small
changes more
likely)

2. Measure drag. If it
IS worse, undo the
change.

3. Goto1l






Genetics

* In the previous example, there was evolution
without genetics: variation operated directly on
the thing being designed --- the phenotype.

* |n nature, and often in EAs, a specification of the
phenotype Is encoded somehow as a genotype.
— Eg. the set of numbers (‘genes’) for the biomorph.

e |f there is a genotype, this Is what Is passed

from parent to offspring, so this is where
heritable variation must act.



Neo-Darwinism

Darwin @sos-1ss2) didn’t know how heredity works

Mendel 1s22-1882) Showed that characteristics of
pea plants were inherited in an all-or-nothing
fashion, iImplying “particulate” rather than
nlending/continuous variation and inheritance,
out the work lay unrecognised until 1900

Put the two together, add some maths (eqg.
R.A. Fisher), and the 1930’s recognised “the
modern synthesis” or neo-Darwinism.

This was before structure of DNA discovered
iIn 1953, and any idea of what “genes”
physically are!




Let's Code Rechenberg & Schwefel’s
Simplest “Evolutionsstrategie” (ES) in C

#define NUM_GENES 5 //one gene per angle
#define POPSIZE 2 //one parent, one child
float genotype[POPSIZE][NUM_ANGLES];

float fitness[POPSIZE];

randomise_genotype(0); //start with a random parent
fitness[0] = fitness_function(0);
do {
copy_ind(0,1);
mutate(1);
fitness[1] = fitness_function(1); I/ low values are better
If (fitness[1] <= fithess[0]) /[ allow neutral changes
copy_ind(1,0);
} until(good_enough_or_stuck _or_give up)



void randomise_genotype(int ind) {
Int gene;
for (gene=0; gene<NUM_GENES; gene++)
genotype[ind][gene] = random_angle();

void mutate(int ind) {
genelind][random_int(NUM_GENES)] += random_angle();

// Ought to make small changes more likely: Maybe use gaussian
/[ distribution (bell curve), or flip a weighted coin to mostly make a
// small change but sometimes a larger one.

// Could change more than one gene at once.



float fitness_function(int ind) {
return x;
// Where X is the calculated/simulated drag for the angles given in
// genotypel[ind][0...NUM_GENES]

void copy_ind(int from, int to) {
Int gene;
for (gene=0; gene<NUM_GENES; gene++)
genotype[to][gene] = genotype[from][gene];
fithess[to] = fitness[from];



Evolution Strategies

(m+]) ES: All of the mparents and | offspring
compete to form the next generation of m
parents

(m,l) ES: The next generation of mparents are
drawn entirely from the | offspring.

So we have just done a (1+1)ES. This is a simple
“hill-climber”: barely evolution at all to some
people. It works surprisingly well on some
problems!

Next we look at what some elaborations can do for
us...



