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Brief Introduction
i

e What are genetic algorithms?

* A search techniques to attempt find optimal
solutions according to a fitness function

e Why use them?
« To solve hard problems with medium epistasis
e Very robust

e Huge variations of methods

-

Compoenents Involved:
: ‘f. P
. Populqtiowﬁo’thesi%/Chromosomes
 Represented a8 Binary Strings™
e Fitness / Evaluation Function
* Genetic Operators:

» Crossover
« Mutation




Encoding a Problem
Representing a Hypothesis

-
a

e Each chromosomeiosed of a set of genes
e Each gene'must then coded into binary
e The genes are then'(xatenated to form a
chromosome
e Careful how you repre roblem
¢ |nvalid chr some
» Related G&\ tito each other
e Findingt ivalent to
finding the b i

Basic Process

Generate a initial population of hypotheses
Compute Fitness of each hypothesis
While the population has not converged
For (population-size + 2)
Select two hypotheses from the old generation for matting
Uses genetic operators on this pair to create offspring
Compute the fitness of the two offspring
Add the offspring to the new generation
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Uniform Crossover
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i ring
« If 1in the mask use the first parent
e If 0 n the mask use the second pal
For tgg.oecond offsprifig do the'€x
- s » ; ™ h?
Eliminates the problem of o o < g

Works as wggégzﬁaoint crosse

Crossover Mask
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Figure Z: Uniform Crossowver

FacePrints by Dr. Victor Johnston
Psychoelogy at NMSU

e System to.evolve faces based on human

evaluation

e Create the most ‘attractive, healthiest, ect. _
Male or Femaleface '

e Recreate_a sketch of a criminal from an eye
witness - o




Enceding of a human face

e Any unique face cén_be found in a
Multidimensional “ Face-Space”

The Cartesian dimensions corresponds
to the shapes and position of facial =
features

Each face is represented by 10 numbers

Five numbers to specify the.shape of
each feature (hair, eye, nose, moeuth, and
chin) :

Five numbers to specify the unique
proportions of each feature, specified by
Its values on the five-position axis.

Start)

Enter desired population size (e.g. N = 30), crossaver
ralg and mutation rate Generate a population of
random bit strings (fe 100100 etc) called genotypes.

»| DEcode next genotype into 3 facial
composite and display on computer screen

Collect user's evaluation; this is 3
measure of the Titness af the phenatype

Flow chart of
FacePrints
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%\heen evaluated?
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Breed (with crossover and mutation) the fittest genotype
in the population with one selected in proportion to
fitness. Decode and display one of the offspring

I
Allow user to freeze any feature, or modify any anthropometric
measurement, then collect user's evaluation of the mspiayed composite

|
- \\‘H\
= -1““-
wrrsnrmg FEGRIVAN BAlUALION. e
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‘ Replace least fit genotype in the population with the of fspring genotype.
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Genetic Properties of FacePrints

e Initially Random Population
ithess is'provided by ahuman
1 Crossover
e bit mutation

e Offspring are evaluated as they are
created

e Termination based on a perfect
fitness or after 200 evaluating faces

FaceRrints Fighting Crime

® Replaces a
sketch artist

e Reconstructs
a face after a
crimes

e Fitness: how
close the face
IS to the actual
face seen




Human Facial Beauty

° Be*ty IS view as arbitrary @and non-
ImpOrtant L

° The av% e face'in a population is
be most attracti

o Studles using FacePrints ha
shown the opposite

® Results explained by Darwin’s sexual# ..

L
selection - ‘_ .
h B

Characteristics of Attractiveness

e Shorter
Narrow Jaw

» Wider eyes

» Raised thin
eyebrows

 Full lips




Improvements in Representing Faces
Wi
e Every Face is variation of the
avera ace g

e Weig 0 set of c¢ s of the
maje ces arian

.

o P nent Ané
e UISEesS - .- ve

new & he i
¢ Shape and textt OMpone

b
Appearance Model
Wy




b
Creating| Synthesized Faces

Preliminary
Results

5559 &

(a) Steps in evolutionary process Target face

Evolve a known face from
an average face

Evolve a attractive face

(b) Attractiveness evolution

Modification constrained
by parameters

11
-

(c) Original face.
Random perturbations on the appearance

model parameters.
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Potential uses in Surgery

o Two!\portant modifications -r
« 3-D facial appearance .
fe VirtLillﬁeality, viewing andﬁ)tating?
D facté#fscanners
» Controlled variations g
» Modify faces based on what i
possible "..l-
* Relations g‘parameters and

surglcal procedures.

P

Maze Solver

-

® Uses a gér?&qlgorlthm to—f—md a p'ath'
through a maze.

e Chromosomes consist-of a string of
directions (N)orth, (S)outh,(E)ast, (W)est
« Eg. “NSNEWSENNNSSSEW™

e Initializes population w/ randomly

generated patMsg(ma: t b valid)
) Pa‘ths are fixed /
-

o CrosSoveronly creatwe offspring
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Crossover Methods

b S “122=§;§§;§E§'
o1 %ssover R

e 2 Point.€rossover

e Random — (plck a method arandom)

Procedure

Select percentage of survivors, i.e. the genes with the
highest fitness

Add new (random) genes to survival population

Cross survivor population to create the next generation
Mutate some of the next generation

'Optimize'

Evaluate

Sort according to weight (only to help the survivor
selection)

Show best fit genes (only to see how the GA evaluates)
Resolve Crowding
Mutate Maze if option is chosen
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Optimizations

® Optimizations (‘f
* Loop truncation and redundant step

eliminatiof r
e Dead End @tlo

* Bomb
generatio

e Locked chromosem-es‘!-'

.
Evaluation

-
e,
o Cartesian Distance Fitness function
o Walks the path spéc the
chra me.

e Kills 't
bomb

» Terminates if the en
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Crowding

® Prem ature.Convergence

O minate chromosome gets
copi ver and over even though.it
IS the best

e Force mutation with-in a radius of the
best.chromosome. (adjacent)
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Summary

e Genetic algorithms are very robust and
are vastly different among problems

e FacePrints creates a way to evolye a face
based on a fitn@®S function defined by a
hurpgn
» Used in police station and potentially in doctor

offices

e Maze Solver, finds a path through a
random maze. ,gf_good visualization tool to
understand genetig algorithms.

"
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