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« The population provides the algorithm with a means of defining a nonuniform probability distribution function (p.d.f.) governing
the generation of new points from S. This p.d.f. reflects possible interactions between points in S which are currently

represented in the population.

» This potentially complex p.d.f. contrasts with the globally uniform distribution of blind random search, and the locally uniform

distribution used by many other stochastic algorithms such as simulated annealing and various hill-climbing algorithms.
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/ ‘HOW Does the Simple EA Work' \

Let’s use the simple EA to maximise the function f(z) = z? with z
in the integer interval [0, 31], i.e., x =0,1,---,30,31.

The first step of EA applications is encoding (i.e., the
representation of chromosomes). We adopt binary representation
for integers. Five bits are used to represent integers up to 31.

Assume that the population size is 4.

1. Generate initial population at random, e.g., 01101, 11000,
01000, 10011. These are chromosomes or genotypes.

2. Calculate fitness value for each individual.

(a) Decode the individual into an integer (called phenotypes),

\ 01101 — 13,11000 — 24,01000 — &8,10011 — 19; /
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/ (b) Evaluate the fitness according to f(z) = 22, \

13 — 169,24 — 576,8 — 64,19 — 361.

3. Select two individuals for crossover based on their fitness. If

roulette-wheel selection is used, then

o i
' ijj

Two offspring are often produced and added to an intermediate

population. Repeat this step until the intermediate population
is filled. In our example,

p1(13) = 169/1170 = 0.14 p(24) = 576/1170 = 0.49
p3(8) = 64/1170 = 0.06  p4(19) = 361.1170 = 0.31

Assume we have crossover(01101,11000) and

\ crossover(10011,11000). We may obtain offspring 0110 0 and/
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. Apply mutation to individuals in the intermediate population

. Goto Step 2 if not stop.

~

1100 1 from erossover(01101,11000) by choosing a random
crossover point at 4, and obtain 10 000 and 11 011 from
crossover(10011,11000) by choosing a random crossover point

at 2. Now the intermediate population is

01100, 11001, 10000, 11011

with a small probability. A simple mutation is bit-flipping. For
example, we may have the following new population P(1) after

random mutation:

01101,11001,00000,11011

/
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String Initial |z Value| Fitness |Prob;|Expected|Actual

no. population f(z) = 22 count | count

1 01101 13 169 0.14 0.58 1

2 11000 24 576 0.49 1.97 2

3 01000 8 64 0.06 0.22 0

4 10011 19 361 0.31 1.23 1

Sum 1170 || 1.00 | 4.00 4 |[String Mating |Crossover| Offspring [z Value| Fitness

Average 293 11025 | 1.00 L llno. pool point |after xover f(z) = a?

Max a N8| bod | @ I 01101 4 01100 12 144
2 110010 4 11001 25 625
2 11]000 2 11011 27 729
4 10j011 2 10000 16 256

. . . . Sum 1754

String | Offspring Offsprmg x Value Fltn6582 Average 439

no after xover|after mutation = Max 799

1 01100 111100 26 676 = —————

2 11001| 11001 25 625

2 i 11011 g 729

4 10000 10100 18 324

Sum 2354

Average 588.5

Max 729
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Fig. 4.1. Bitwise mutation for binary encodings
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&E20: Child1: (x1,..., 25,0 Yet1 + (1 — @) - g1, .-y Y + (1 — @) - zp).

Child 2 is analogous, with z and y reversed

[0.1]0.2]0.3]0.4]0.5]0.6]0.7]0.8[0.9] [0.1]0.2]0.3]0.4]0.5[0.6]0.5]0.5] 0:6]

[0.3]0.2]0.3]0.2[0.3[0.2]0.3]0.2]0.3] [0.3]0.2]0.3]0.2]0.3[0.2]0:5]0.5] 06|
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an arithmetic formula:

Y,

a logical formula:

(z Atrue) = ((xVy)V(z & (xAYy))),

the following program:

1= kb
while (i < 20)
{

i=i+1;
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fitness proportional selection (FPS): Prrs(i) = fi/ i1 f;
BUERSIN: p(0) = maa(f(a) - (F - 09).0)
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SHLEERTR-PSO (Particle Swarm
Optimisation)
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