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Evolutionary Algorithm vs SST

Single Search
(e.g. steepest Descent)

Genetic Search
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Evolutionary Algorithm

s

® Single Search Technique (SST) could be trapped
in undesirable minima

® Convergence of SST depends on the selected
initial condition
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Main Types of Evolutionary Algorithms

® Genetic Algorithms
® Evolutionary Strategies
® Evolutionary Programming
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Chromosome, Genes and
Genomes Chromosome
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Trail, Alleles and Locus

e Trail:

— Features associated with a gene (hair color)
e Allele:

— Possible settings of trail (black, blond, etc.)
e Locus:

— Position of gene in the chromosome
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Genotype and Phenotype

® Genotype:

— Particular set of genes in a genome

® Phenotype:
— Physical characteristic of the genotype (smart,
beautiful, healthy, etc.)

Genotype
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Basic Qperations of

Generate
Initial pop.

Basic Operations of
Evolutionary Algorithms

1. Selection of population pool
2. Selection of fitness function
3. Generate a new population
i. Selection of parents
ii. Cross over process
iii. Mutation process
4. Test
5. Loop or Stop »
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Genetic Algorithm

I

Phenotype and Genotype
Phenotype: a=5and f=3
Genotype (binary coding):

(1o 1]

a=35 p=3
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Coding of Population Pool

Fitness Evaluation

Ranked Individuals;

Individuals
#2 [ol1lolol1]ol1]
#1 [oloili[1]d . (of1]o[o[1o[1]
Fitness
#2 [o[i]olo[1]ol1] Computations #n [1lolil1]ol11o]
Normalize
#3 [oli[i]o[1]d () »| #4 [oliloliTo[1[o]
#P [o[ioliTol1lo] #p [oll1lolo[1]
#9 [T lolol1] #1 [1olo[i[1[1]o]
#n [Io[]olo #3 [{LNolold
m
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individual N
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#2  [olilololsfofsJoftofa s s oft]o] ~ [+of+]s ofo]s]o]
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GFitness Svaluation
Individuals Fitness (f) Fnormatized Pfio)
10111101 733 144
11011000 471 .093
01100011 937 .184
11101100 243 .048
10101110 .845 .166
01001010 788 155
00100011 416 .082
00110101 .650 .128
Sum of Fitness (f,.,) 5.083 1.0
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Iteration (New Generation)

® Parents Selection

— Highest fitness

— Deterministic or probabilistic process
® Crossover

— Generate new data for evaluation
® Mutation

— Generate new data for evaluation
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Parents Selection

Population Pool
(e N e R e R e R T

Selection Method

pd ~N
individual #1

New Population Pool (Parents)
m
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Parents Selection

o Selected methods
— Roulette wheel
— Generation gap
— Elitist strategy
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The spin is a

Roulette wheel random number
generator [r(360)]

Size of roulette

wheel’s wedge, Normalized
. fitness

or arc, is

proportional to

the normalized

fitness

of individual 1
l Sitness of
Total fitness=360°
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Roulette wheel

® Wheel is spun £ times (k is the number of
individuals in the population pool)

® An individual could be selected more than
once

@ It is possible that the best individual may
not be selected
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Parents Selection using Roulette Wheel

Population Pool
ez v e R e R P
\ v /
Roulette ‘
Wheel "

[ =

L indivic #1 indivic #3 indivic #2 individual #1 individual#SJ

New Population Pool (Parents)
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Generation Gap

@ It is possible that an individual with the
highest fitness value in a given generation
may not survive the roulette wheel
selection.

— An x% of the population with the best fitness
values are kept for the crossover process

@ It ensures that the population with the
best fitness at each iteration are used for
the cross over.
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Elitist Strategy

@ Individuals with the highest fitness is
always copied into the next
generation.

® Unlike the generation gap technique,
the individual in the elitist strategy is
not changed after each generation.

Crossover Process

® Crossover rate

® One-point Crossover
® Two-point Crossover
® Uniform Crossover
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Crossover rate

@ Selected individuals are arranged in
random.

® An overall probability is assigned to the
crossover process. This is called crossover
rate (0.65-0.8).

@ A random number is generated for each pair
individual. If the number is lower than the
crossover rate, crossover is performed.
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One-point Crossover

® One crossover point is obtained by a
random number generator

Crossover point

#plof1]ofr}o[1]o] Crossover | #p[o[1]o[1]o[o]7]
#qo “#a[4]o[1]1]0]1]0
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Two-point Crossover

@ Two crossover points are obtained by a
random number generator

Crossover points
l 2 1 2

#p:] Crossover | #p LTiiiTiloTilo]
#9 [0k l1l0lol1] :#CIM_&HNHH
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Two-point Crossover

@ The two crossover points could wrap
around

Crossover points
2 1 2 1

#p o [:] Crossover @ #p 1:1
#an11ao1 :#q\Lo11nlﬂL‘
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Uniform Crossover

® A random decision is made at each bit
position in the string as to whether or not to
crossover bits between the parent strings.

o If the output of the random number
generator is above a threshold, the bits and
exchanged
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Mutation

o It is possible that the roulette wheel
selects the same or similar individuals.

@ This could lead to a cross over between
identical or similar genes. The next
generation will have genes similar to
their parents.

o This stagnation can be prevented by the
mutation process
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Mutation

#0 o[ 1]0[1]o[o[1]
T

mutation
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Population Pool

[lindividual #1 l limﬁvidual#? l lindividual #3 l lindividual #8 l lindividual #K l J

\/

Roulette| @arent Selettion

Wheel

New Population Pool ‘

Matin,
[Paren%s
I
vl

Comments on GA

Binary encoding may require a large # of genes
to change status when a small change in the

parameter is needed.
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Other Encoding Method's

I

Value Encoding: Chromosome

Phenotype: a=1.5, =23, u=10.3, ...

Chromosome:

[15]23]03][72]11]0.1]

1

Al

M. A. El-Sharkawi, GA University of Washington 35

Ay

M. A. El-Sharkawi, GA University of Washington 36




Value Encoding: Crossover

Same as in binary encoding

[15]23 0372 1.1]01] |1.5\23\0.3\7.2-
|0.3\2.2\o.1\3.1i 1.1]0.1]
I I

Value Encoding: Mutation

Add small noise

I
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Permutation Encoding: Chromosome

Phenotype (Ranking): =3, =2, u=1, ...
Suitable for TSP type

Chromosome:
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Permutation Encoding: Crossover

One crossover point is selected, till this point the permutation
is copied from the first parent, then the second parent is
scanned and if the number is not yet in the offspring it is
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Permutation Encoding: Mutation

Two numbers are exchanges

M aTsT4] [1[s]a]2]5 6]
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