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Introduction to Genetic algorithm 
 Genetic algorithms are a technique to 

solve problems by finding an 
optimum solution 

 GA’s are a subclass of Evolutionary 
Computation 

 GA’s are based on Charles Darwin’s 
theory of evolution 
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Introduction to Genetic algorithm 
 The origin of species: “Preservation of favorable 

variations and rejection of unfavorable variations.” 

 There are more individuals born than can survive by self-
adapt to a different environment. 

 Environment changing -> Adaptation -> Survival  
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History of Evolutionary Computations 
 1948, Turing: 
 proposes “Genetically or evolutionary search” 
 1962, Bremermann  
 optimization through evolution and recombination 
 1964, Rechenberg 
 introduces evolution strategies (ES) 
 1965, L. Fogel, Owens and Walsh 
 introduce evolutionary programming (EP) 
 1975, John Holland 
 introduces genetic algorithms (GA) 
 1992, Koza 
 introduces genetic programming (GP) 

5 



Understand Optimization Algorithms 
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Understand Optimization Algorithm 
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Enumeration:  
The collection of items is a complete, ordered listing of all 
of the items in that collection. The term is commonly used 
in mathematics and theoretical computer science to refer 
to a listing of all of the elements of a set.  



Understand Optimization Algorithm 
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Deterministic optimization is a 
system in which no randomness.  
A deterministic model produces 
the same output from a given 
staring condition or initial state. 



Understand Optimization Algorithm 
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Stochastic optimization are optimization 
methods that generate and use random 
variables.  



Hill Climbing 

 The strategy of the Hill Climbing is iterate the process 
of select a neighbor for a candidate solution and only 
accept it if it results in an improvement. The strategy 
was proposed to address the limitations of 
deterministic hill climbing techniques that were likely 
to get stuck in local optima due to their greedy 
acceptance of neighboring moves.  
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 Local minima / Local maxima (Local solution) 

 Global minimum / Global maximum (Optimum solution) 
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An example GA on peaks function 
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Biological background 

Genotype 

Phenotype 

Crossover & Mutation 

Selection 

Chromosome representation 
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• Every animal cell is a complex of many small “factories” working together 

• The center of this all is the cell nucleus 

• The nucleus contains the genetic information 

Biological background (1) 



• Genetic information is stored in the 
chromosomes 

• Each chromosome is build of DNA 

• Chromosomes in humans form pairs 

• There are 23 pairs 

• The chromosome is divided in parts: genes 

• Genes code for properties 

• The posibilities of the genes for one property 
is called: allele 

• Every gene has an unique position on the 
chromosome: locus 

Biological background (2) 



 DNA   Chromosome  Gene 

 Genotype, DNA inside is the observable in level of 
gene or chromosome inside individual. 

 Phenotype is the observable characteristics of an 
individual. 
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Sexual Recombination 
 GA called Crossover 

 Crossover is the primary 
operator to introduce 
diversity in population 
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Asexual 
 GA called Mutation 

 Crossover is the second 
operator to introduce 
diversity in population 
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Genetic Selection techniques 
 Uniform selection 

 Roulette wheel selection 

 Tournament selection 

 Random selection 
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Genetic Selection techniques 
 Uniform selection 

 Roulette wheel selection 

 Tournament selection 

 Random selection 
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Uniform selection: is the selection by using same pattern.  
Example: 
 select:   1 5 8 9 10 23 45  



Genetic Selection techniques 
 Uniform selection 

 Roulette wheel selection 

 Tournament selection 

 Randome selection 
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Roulette selection: is random selection applying concept of 
roulette board. 
 
 
 
 
 



Genetic Selection techniques 
 Uniform selection 

 Roulette wheel selection 

 Tournament selection 

 Randome selection 
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Tournament selection: is the selection by comparing each 
pair of population.  In each pair, the selection may select a 
population by randomness.  
 
 
 
 
 



Genetic Selection techniques 
 Uniform selection 

 Roulette wheel selection 

 Tournament selection 

 Random selection 
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Random selection is the randomness selecting. 
 
Example:    C-code   srand(), rand() 
  Excel   random   
   



Fitness value 
 Fitness value is a value of 

quality to measure result 
of solving a problem. 

 

 PA has high fitness value 
then PB. 
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Population A 

Population B 



Chromosome Representation 
 Problem representation can 

be encoding two techniques. 

 Binary chromosome 

 Real number chromosome 
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Glossary--GA 
 Evolutionary Computation 

 GA 
 EC 
 EA 
 GP 
 EP 

 Selection 
 Roulette wheel 
 Uniform  
 Tournament 
 Random 

 Crossover (Recombination) 
 Mutation 
 Chromosome 

 Gene 

 Phenotype Genotype 
 Fitness 
 Populations 

 A population = Individual 
 Old population (Parent) 
 New population (Offspring) 

 Encode Chromosome 
 Binary 
 Real 

 Generation 
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Process in Flow chart 

Code 
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GA process 
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Start 

Create initial 
population 

Selection 

Crossover Mutation 

Replacement 

Stop 

Final 

Yes 



Represent problem 
 Problem 

 z = x2+y2 

 What is the value x, y at z =0?  

 Step1 
 Encode problem (Example use Binary Chromosome)  
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Example   

 X = 9 = 1001  

    Y = 3 = 0011 

Then, a population uses two gene 1001|0011 



Create population 
 Parents 

P1:  1001|0011  x=? y=? z=? 

P2: 0101|0110  x=? y=?  z=?  

P3: 0011|0010  x=? y=?  z=? 

P4: 1001|0011  x=? y=?  z=? 

P5: 1101|0010  x=? y=?  z=? 
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Create population 
 Parents 

P1:  1001|0011  x=9 y=3 z=90 

P2: 0101|0110  x=5 y=6 z=61 

P3: 0011|0010  x=3 y=2 z=13 

P4: 1001|0011  x=9 y=3 z=90 

P5: 1101|0010  x=13 y=2 z=139 

 

Which population has best fitness? 
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Selection 
 Use roulette wheel 

generating 5 offspring 
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Selection 

 Parents 

P1:  1001|0011  x=9 y=3 z=90 

P2: 0101|0110  x=5 y=6 z=61 

P3: 0011|0010  x=3 y=2 z=13 

P4: 1001|0011  x=9 y=3 z=90 

P5: 1101|0010  x=13 y=2 z=139 

Sum z = 393 

 

Which population has best fitness? 
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Selection 

 Parents 

P1:  1001|0011  x=9 y=3 z=90/393 

P2: 0101|0110  x=5 y=6 z=61/393 

P3: 0011|0010  x=3 y=2 z=13/393 

P4: 1001|0011  x=9 y=3 z=90/393 

P5: 1101|0010  x=13 y=2 z=139/393 

Sum z = 393 

 

Which population has best fitness? 
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Selection 

 Parents 

P1:  1001|0011  x=9 y=3 z=0.229 

P2: 0101|0110  x=5 y=6 z=0.1552 

P3: 0011|0010  x=3 y=2 z=0.033 

P4: 1001|0011  x=9 y=3 z=0.229 

P5: 1101|0010  x=13 y=2 z=0.353 

Sum z = 393 
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Selection 

 Parents 

P1:  1001|0011  x=9 y=3 z=0.229 

P2: 0101|0110  x=5 y=6 z=0.1552 

P3: 0011|0010  x=3 y=2 z=0.033 

P4: 1001|0011  x=9 y=3 z=0.229 

P5: 1101|0010  x=13 y=2 z=0.353 

Sum z = 393 
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Selection 

 Parents 

P1:  1001|0011  x=9 y=3 z=1-0.229 

P2: 0101|0110  x=5 y=6 z=1-0.1552 

P3: 0011|0010  x=3 y=2 z=1-0.033 

P4: 1001|0011  x=9 y=3 z=1-0.229 

P5: 1101|0010  x=13 y=2 z=1-0.353 

Sum z = 393 
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Selection 

 Offspring 

P6: 0011|0010 x=3 y=2 z=1-0.033 

P7: 0101|0110  x=5 y=6 z=1-0.1552 

P8: 0011|0010 x=3 y=2 z=1-0.033 

P9: 1001|0011  x=9 y=3 z=1-0.229 

P10: 0101|0110 x=5 y=6 z=1-0.1552 
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Crossover 
 Crossover techniques 

 One point  

 Two point 

 N-point 
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Crossover 

 Select P6 and P10 by random control with 
Crossover Probability 

 

P6:  0011|0010 x=3 y=2  

P10: 0101|0110 x=5 y=6  

 

 Random select gene to swap  

P6:  0111|0110  x=? y=? z=? 

P10: 0001|0010 x=? y=? z=? 
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Mutation 
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Crossover 

 Select P6 by random control with mutation 
probability (pm) 

 

P6:  0011|0010 x=3 y=2  

  

 Random select gene to give new value 

P6:  0001|1010 x=? y=? 
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Replacement 
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Selection  Offspring 

P6: 0011|0010 x=3 y=2 z=? 

P7: 0111|0100 x=5 y=6 z=? 

P8: 1011|0010 x=3 y=2 z=? 

P9: 1001|0011 x=9 y=3 z=? 

P10: 0111|0110 x=5 y=6 z=? 
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 Parents 

P1:  1001|0011  x=9 y=3  

P2: 0101|0110  x=5 y=6  

P3: 0011|0010  x=3 y=2  

P4: 1001|0011  x=9 y=3  

P5: 1101|0010  x=13 y=2 



Termination? 
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Example GA 
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