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Chapter Description

At the end of this topic , student should be able to:-

« Understand the concept of Genetic algorithm and analyse using the
algorithm.
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BASIC CONCEPT

5.1
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1960s by
|. Rechenberg in his
work "Evolution
strategies"

Introduction

1975, Genetic
Algorithms (GAs)
by John Holland

1992, John Koza
evolved GA to
‘Genetic
Programming’
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Genetic Algorithm

5.2
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Introduction to GA

Calculus Base
Techniques

|
| Fibonacci |

Enumerative
Techniqes

DFS

| Tabu Search |

Dynamic BFS

Programming

Hill Simulated
Climbing Anealing
1
Genetic
Programming
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GA Components

NOILOATAS

POPULATION

MUTATION

NOILVNIGINOOdY
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GA Algorithm

Set of ~
Form new

population _
(chromosome) population
The more fit, Hoping the
the more new
chances to population is
reproduce better than
previous.

Form new
solution
(offspring)
according to
fitness.
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Set up GA

A Replace to use

Random Fitness of each chromosome new Return to best
chromosomes chromosome is created. . -
. population for solution.
are generated is evaluated (New
. further run.
population)

Selection

Crossover

Mutation

Accepting
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Case Study

5.3
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Example

 Model parameters are encoded into a binary string

x = (1.2,3.4,...,100) « (0101110011 . ..100011)

* For each parameter, a minimum value, step size and
encoding length has to be specified. For example
two parameters Xi, Xa:

x1€[-1...1 and xo € [0...3.1]

5-bit X1 X2 10-bit X1 X2
Basevalue -1 0 Basevalue -1 0
Stepsize 0.0625 | 0.1 | Stepsize 0.0002 | 0.003
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Example Cont'd

* During initialization, a population of N
random models is generated.

p1 = (0101110011) — (01011) = —1 + 26 * 0.0625 = 0.625
(10011) = 0+25%0.1 = 2.5

p> = (1111010110) — (11110) = —1 + 15 % 0.0625 = —0.0625
(10110) = 0 + 13 % 0.1 = 1.3

ps = (1001010001) — (10010) = —1 + 9 % 0.0625 = —0.4375
(10001) =0+ 17 %0.1 = 1.7

py = (0110100001) — (01101) = —1 + 22 % 0.0625 = 0.375  sems
. (00001) =0+ 16%0.1=1.6




Example Cont'd

For each member of the population calculate the value of the
objective function:
O(x1,x) = x? + x3

0(0.625,2.5) = 6.64
0(—0.0625,1.3) = 1.69
0(—0.4375,1.7) = 3.08

S S =
IR

pn — 0(0.375,1.6) = 2.70
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Based on the objective function value, a probability is assigned to
make it into the next generation P(p;) = f(O(x;)). In our example

1
PP = S~ max {00)} — O(x)

In our case: > . max{O(x;)} — O(x;) = 12.45 this gives:

(max10(xi); — O(xi))

Plpr) = e =0

P(py) — 6'6';‘2_4;'69:0.40
P(p3) = 6‘6112_42'08 — 0.28
S 6.6-112—42.70: 05

Now we can generate a new population of the same size.
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Selection

Each model’'s chance to mate is determined by their probability.
The offsprings undergo two steps: Crossover and Mutation

Mating Cand. | Old Pos. | Prob.
my P2 0.4
moy P3 0.28
ms P4 0.32
my P2 0.4
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Crossover

With probability P. two members of the population exchange their
genes after a randomly chosen point.

(000111) (000001)

(110001) (110111)

Typically 0.2 < P. < 0.7.
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Mutation

With a probability P,, one bit changes its value.
(000111) — (010111)

Typically Py, is chosen so that 80-90 percent of the population do
not mutate.
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Effect to reproduction

Result of selection, crossover and mutation:

New | Father | Mother | Cross. | Mut. Result O(x)
p1 my my (1111010110) 1.69
p3 m3 my 4 (0110/100001) — (0110010110) | 2.08
Pa m3 my 4 3 | (1111/010110) — (1101100001) | 3.03

The resulting genetic strings make up the new population.
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Maxima and Minima

* Let’s say that we have a function f(x) = x* — 6x + 5
* Find the turning point, and decide whether it is

minima or maxima! 1
* Solution : \ /fr,yftx)
* Find the differential of f{x) = o SRusmsammman
flr)=2x-6=0 ::W
x =3 RARME

* Substitute the value of x=3to f{x) 2 f(3) = 3% - 6"
34+5=—4 2 minima
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