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The Genetic Algorithm

* Provide efficient, effective techniques for optimization and machine
learning applications
= i B S L ]
* Widely-used today in business, scientific and engineering circles.
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Simple Genetic Algorithm

Population <lall Ja

Evaluate auil

Reproduction LS

Recombination S Al 34s)

Offspring Jesll

Mutation 3 ikl

Simple Genetic Algorithm

{ initialize population; <liall Jad) L)
evaluate population; J:d) auid

while Termination Criteria Not Satisfied

(Al ) e Cliall gy uilaa

select parents for reproduction; s

perform recombination and mutation;3 ikl 5 cus Al sae)

evaluate population; JiaJl auid }
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Components of a GA

A problem to solve, and ...

v Encoding technique  (gene, chromosome) s ill 43k

v Initialization procedure (&) creation) sl Slel jal

v’ Evaluation function  (environment 4ix) auiill Ji g8

v" Selection of parents (reproductionz 5! 3ale1) (uall gl LS4

v Genetic operators (mutation, recombination) 4l Sllaall

v" Parameter settings (practice and art)<i_Aidl Sl

The GA Cycle of Reproduction

. ) “Frilalren r " .
reproduction | < modification |
T ——
| modified
JTreEry children
r -
———=_ population . evaluation
evaluated childen
dhatenad
Rembers
-I-'- - ]
. discard |

" population _

- Chromosomes could be:

+ Bit strings (0101 . 1100)
+ Real numbers (43.2-331..00892)
+ Permutations of element (E11 E3 ET ... E1 E15)
+ Lists of rules IR1R2R3 .. R22 R23)
+ Program elements (genetic pragramming)

+ ... any data structure ..
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Reproduction

children

reproduction

parents

Parents are selected at random with selection
chances biased in relation to chromosome
evaluations.
sl o Al a3 ey ae Gl pdie JS0 LY LSR) A%
oo ga g SN el el SlENe

Chromosome Modification

— (mod'rﬁcation)
modified children
« Modifications are randomly triggered
« Operator types are: i g Bamil) Jual ,-u .
+ Mutation -ML:: :

+ Crossover (recombination) (s 33l g 50

Mutation: Local Modification
Before: (101/10110
After: 011000110

Before: (1.38 |-69.4 | 326.44 0.1)
After: (1.38 |-67.5 | 326.44 0.1)
« Causes movement in the search space
{local or global) Lol Jas 438 a

« Restore lost information to the population
Sl B gkl e glaal) Balaiod




dagl ) s yal) allu jas 2 duls) s

Crossover: Recombination

P1 (01@01000) (01@01000) Ct
P2 (1110111010) (111/11010) c2

Crossover is a critical feature of genetic

algorithms:
+ It greatly accelerates search early in
evolution of a population

+ It leads to effective combination of
schemata (subsolutions on different

chromosomes)
Evaluation
modified
evaluared children

children
- Deletion

discarded members

( discard )

« Generational GA:entire populations replaced with
each iterationJssl Juall Jlaiul oi ) &5 8 4

o Steady-state GAIla) i sl s sle il e L
a few members replaced each generation



dagl ) s yal) allu jas 2 duls) s

Genetic Algorithms

Representation Jia Binary strings

Recombination z s & N-point or uniform s22a. Ll
Sl g g

Mutation 5_sakli Bitwise bit-flipping with fixed

probability & 3aa. 4
Adlaia) e g ol

Parent selection s sl L5l | Fitness-Proportionate 43

Al Tia
Survivor selection =l All children replace parents
Cpalill paall aadl o falt gl 8 Bl
Specialty_=swass Emphasis on crossover
Jpad e 38 A

Genetic Algorithms

1. Select parents for the mating pool s/ il e est pall ol 2oa
(size of mating pool = population size)
Shuffle the mating poolz s/ iill 45 y Li5
3. For each consecutive pair apply crossover with probability
p. , otherwise copy parents

Cpell gl i Yl g ¢ donae Lullaiad e ablif fuuksd it = ¢ ; JSS

4. For each offspring apply miutation (bit-flip with probability
P independently for each bit) Jleia/ as cu ) § b fubd i (K]
(o K e Sl a3

5. Replace the whole population with the resulting offspring
Sl dlly LS psea Lo
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Crossover .5/

Crossover combines inversion and
recombination:

Parent1 3 572 1 614 8)
Parent2 (2 5[ 6 B_']] 3 4)

Child1 2 5722 1.8 3 4)

Child2 3516 814 8)
Select parents & Mutation

2021222324 2“2122232“ 202122034 2021222324
13 8 |em| 19 | |wvp|

01101 | 11000 |n1non| 10011 | es5
B | —

01100 11001 01011 10000 || do

m
01170 || 10001 | | 01010 | 00000

Survivor selection

2027222394 _
' 01110 | 10001 | | 01010 | 00000 |

[ Erd+3=14 | [ 16+1=17 | I B+2=10 ] ]

| Survivar selection |

| 10001 | 01010 | | e e |
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Probability <Ylaay)

) Jaall catlatial S Sl
1. Select new population from old offspring
with new population.
U | - | PR | P W PRIC TN | g Lo | I N
.. Chose only from Survivor. sl fe e laaty)

z. Mix from all populations. Jea¥! aea S 7 e

evaluate populationz=lill Jaall auis

Sl phas Wl peds Bale) g Batma g DA e G g E_'-u'l_'\.“ el ‘_’jl__).ua:lj] l_;lasé__ylue
EFTEN VR TN g -1

When we will stop the GA?

o GA will stop when we get the result that satisfied
the criteria
JeasY) Sllie i 55 Lasie Ggial) Gue 1 Al i 555 130
O e e Jseandl pa ol SUS Sl JEL | JE DG
Lezie Aue i) sidl 2805 a8 g0 A0 glie ol 2l 61l LY e Lalad walidd slae )
.{eﬁf'i"' O gAY Ao sl LY Do Lalad oy silian {H’-“’J‘P'L‘Hi' et

Some GA Application Types 4l 4z 530l Slipks £1 5l

Domain Application Types

Control gas pipeline, pole balancing, missile evasion, pursuit

Design semiconductor layout, aircraft design, keyboard
configuration, communication networks

Scheduling manufacturing, facility scheduling, resource allocation

Robotics trajectory planning

Machine Learning desiglning neural_net'.-.rﬂrks__ improving classification
algorithms, classifier systems

Signal Processing filter design
Game Playing poker, checkers, prisoner’s dilemma

Combinatorial set covering, travelling salesman, routing, bin packing,
Optimization graph colouring and partitioning



