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ȼ ˊŬɟɞɨůŬ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ŮɔəɟɑɗɖəŮ ɞɛɧűɤɜŬ Ŭˊɧ Űɖɜ ɇɟɘɛŮɚɐ ȺɝŮŰŬůŰɘəɐ Ⱥˊɘ-

Űɟɞˊɐ ˊɞɡ ɞɟɑůɗɖəŮ Ŭˊɧ Űɖ ũɆȺɆ Űɞɡ ɇɛɐɛŬŰɞɠ ɆŰŬŰɘůŰɘəɐɠ əŬɘ ȷůűŬɚɘůŰɘəɐɠ ȺˊɘůŰɐɛɖɠ 

Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ɄŮɘɟŬɘɩɠ ůŰɖɜ ɡˊô Ŭɟɘɗɛ. éé.. ůɡɜŮŭɟɑŬůɐ Űɞɡ ůɨɛűɤɜŬ ɛŮ Űɞɜ ȺůɤŰŮ-

ɟɘəɧ ȾŬɜɞɜɘůɛɧ ȿŮɘŰɞɡɟɔɑŬɠ Űɞɡ ɄɟɞɔɟɎɛɛŬŰɞɠ ɀŮŰŬˊŰɡɢɘŬəɩɜ Ɇˊɞɡŭɩɜ ůŰɖɜ ȺűŬɟɛɞůɛɏɜɖ 
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ůŰɐɛɖɠ Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ɄŮɘɟŬɘɩɠ ŭŮɜ ɡˊɞŭɖɚɩɜŮɘ Ŭˊɞŭɞɢɐ Űɤɜ ɔɜɤɛɩɜ Űɞɡ ůɡɔɔɟŬűɏŬ. 
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ɆŰɖɜ ůɨɕɡɔɧ ɛɞɡ,  
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ȺɡɢŬɟɘůŰɑŮɠ 

 

ŪŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ Ⱥɑ́əɞɡɟɞ ȾŬɗɖɔɖŰɐ əɨɟɘɞ ɄŮɚɏəɖ ɁɘəɧɚŬɞ əŬɘ 

Űɞɜ Ⱥˊɑəɞɡɟɞ ȾŬɗɖɔɖŰɐ əɨɟɘɞ ȷɜɗɟɤˊɏɚɞ ɀɘɢŬɐɚ ˊɞɡ ɐŰŬɜ ɛɏɚɖ Űɖɠ ŮˊɘŰɟɞˊɐɠ Ŭ-

ɝɘɞɚɧɔɖůɖɠ Űɖɠ ȹɘˊɚɤɛŬŰɘəɐɠ ɛɞɡ ȺɟɔŬůɑŬɠ. ȽŭɘŬɑŰŮɟŬ ŮɡɢŬɟɘůŰɩ Űɞɜ ŮˊɘɓɚɏˊɞɜŰŬ 

Űɖɠ ȹɘˊɚɤɛŬŰɘəɐɠ ɛɞɡ ȺɟɔŬůɑŬɠ, ȷɜŬˊɚɖɟɤŰɐ ȾŬɗɖɔɖŰɐ əɨɟɘɞ ɀˊɞɨŰůɘəŬ ɀɘɢŬɐɚ 

ɔɘŬ Űɖɜ ŮɛˊɘůŰɞůɨɜɖ ˊɞɡ ɛɞɡ ɏŭŮɘɝŮ, ɔɘŬ Űɖɜ ˊɞɚɨŰɘɛɖ ɓɞɐɗŮɘŬ əŬɘ əŬɗɞŭɐɔɖůɖ ˊɞɡ 

ɛɞɡ ˊɟɞůɏűŮɟŮ əŬɗɩɠ əŬɘ ɔɘŬ Űɖɜ Ɏɣɞɔɖ ůɡɜŮɟɔŬůɑŬ ɛŬɠ. Ⱥˊɑůɖɠ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬ-

ɟɘůŰɐůɤ Űɖɜ ɞɘəɞɔɏɜŮɘŬ ɛɞɡ ɔɘŬ Űɖɜ ɖɗɘəɐ ůɡɛˊŬɟɎůŰŬůɖ əŬɘ ɓɞɐɗŮɘŬ ˊɞɡ ɛɞɡ ˊɟɞ-

ůɏűŮɟŮ əŬɗô ɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ Űɤɜ ůˊɞɡŭɩɜ ɛɞɡ.    
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ɄŮɟɑɚɖɣɖ 

 

ɆŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ ŬɜŬɚɨɞɜŰŬɘ ŰŬ ɓŬůɘəɎ ůŰɞɘɢŮɑŬ ˊɞɡ əŬɗɞɟɑɕɞɡɜ Űɖɜ ůɨůŰŬůɖ 

Ůɜɧɠ ɢŬɟŰɞűɡɚŬəɑɞɡ. ȺˊɘůɖɛŬɑɜŮŰŬɘ ɞ ůəɞˊɧɠ Űɖɠ ůɨɜɗŮůɖɠ Ůɜɧɠ ɢŬɟŰɞűɡɚŬəɑɞɡ əŬɗɩɠ 

əŬɘ ɖ ŬɝɑŬ Űɖɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ. ȺɝŮŰɎɕɞɜŰŬɘ ŬɜŬɚɡŰɘəɏɠ ɛɏɗɞŭɞɘ əŬɘ ɛɞɜŰɏɚŬ ŰŬ ɞˊɞɑŬ ɞŭɖ-

ɔɞɨɜ ůŮ əɚŮɘůŰɞɨɠ Űɨˊɞɡɠ əŬɘ ˊɟɞůŭɘɞɟɑɕɞɡɜ Űɖɜ ɓɏɚŰɘůŰɖ ůɨɜɗŮůɖ Ůɜɧɠ ɢŬɟŰɞűɡɚŬəɑɞɡ ŮˊŮɜ-

ŭɨůŮɤɜ, ŮɑŰŮ ŮɚŬɢɘůŰɞˊɞɘɩɜŰŬɠ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ɛɏŰɟɞ əɘɜŭɨɜɞɡ Űɞɡ ɢŬɟŰɞűɡɚŬəɑɞɡ ŮɑŰŮ ɛŮ-

ɔɘůŰɞˊɞɘɩɜŰŬɠ Űɖɠ ŬɜŬɛŮɜɧɛŮɜɖ ɤűŮɚɘɛɧŰɖŰɎ Űɞɡ. ɆŰɖ ůɨɔɢɟɞɜɖ ˊɟɞůɏɔɔɘůɖ Űɞɡ ˊɟɞɓɚɐɛŬ-

Űɞɠ ɛɏŰɟŬ ɧˊɤɠ Űɞ Sharpe ratio ůɡɜŭɡɎɕɞɡɜ əŬɘ ŰŬ ŭɨɞ. ɄŬɟɞɡůɘɎɕɞɡɛŮ Ůˊɑůɖɠ Űɘɠ ɓŬůɘəɧŰŮɟŮɠ 

Ŭˊɧ Űɘɠ əɚŬůůɘəɏɠ ɛŮɗɧŭɞɡɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɧˊɤɠ ɞ ŰŮŰɟŬɔɤɜɘəɧɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ, əŬɘ Ŭ-

ɜŬɚɨɞɡɛŮ ŮəŰŮɜɩɠ ɛɑŬ ɜɏŬ ůɢŮŰɘəɎ əŬŰɖɔɞɟɑŬ Ŭɚɔɞɟɑɗɛɤɜ ˊɞɡ ɞɜɞɛɎɕɞɜŰŬɘ ɀŮŰŬŮɡɟŮŰɘəɞɑ 

əŬɘ ɞɘ ɞˊɞɑɞɘ ɛˊɞɟɞɨɜ əŬɘ ŭɑɜɞɡɜ ˊɞɚɨ əŬɚɏɠ ɚɨůŮɘɠ ůŮ ˊɞɚɨ əŬɚɧ ɡˊɞɚɞɔɘůŰɘəɧ ɢɟɧɜɞ ŮˊɘŭŮɘ-

əɜɨɞɜŰŬɠ ŮɝŬɘɟŮŰɘəɐ Ŭˊɧŭɞůɖ əŬɘ Ůˊɑŭɞůɖ.  

ɆŰɖɜ ˊɟɩŰɖ ŮɜɧŰɖŰŬ ŬɜŬűŮɟɧɛŬůŰŮ ŬɜŬɚɡŰɘəɎ ůŰŬ ˊɘɞ ɓŬůɘəɎ ɛɞɜŰɏɚŬ ˊɞɡ ŭɘɏˊɞɡɜ 

Űɖɜ ůɨɔɢɟɞɜɖ ɗŮɤɟɑŬ ɉŬɟŰɞűɡɚŬəɑɞɡ ɧˊɤɠ Űɞ Markowitz Model, Űɞ Black Model əŬɘ Űɞ Tobin 

Model. ȳɚŬ ŬɡŰɎ ŰŬ ɛɞɜŰɏɚŬ ŰŬ ŮɝŮŰɎɕɞɡɛŮ Ŭˊɧ Űɖɜ ůəɞˊɘɎ Űɖɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɛŮ ˊŮɟɘɞɟɘ-

ůɛɞɨɠ, ɧˊɞɡ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ ɛŮɗɧŭɤɜ ɧˊɤɠ ɞɘ ˊɞɚɚŬˊɚŬůɘŬůŰɏɠ Űɞɡ Lagrange əŬɘ ɞɘ ŬɜŬɔəŬɑŮɠ 

ůɡɜɗɐəŮɠ Űɤɜ Karush-Kuhn-Tucker ɛˊɞɟɞɨɜ əŬɘ ŭɑɜɞɡɜ ůŮ ŬɟəŮŰɏɠ ˊŮɟɘˊŰɩůŮɘɠ əɚŮɘůŰɞɨ Űɨ-

ˊɞɡ ɚɨůŮɘɠ ůŰɖɜ ŬɜŬɕɐŰɖůɖ Űɞɡ ɓɏɚŰɘůŰɞɡ ɉŬɟŰɞűɡɚŬəɑɞɡ. ɆŮ ŮəŮɑɜŮɠ ɧɛɤɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ 

ɧˊɞɡ ŮɑŰŮ ɞ Ŭɟɘɗɛɧɠ ŮɑŰŮ Űɞ Ůɑŭɞɠ Űɤɜ ˊŮɟɘɞɟɘůɛɩɜ əŬɗɘůŰɎ Űɖɜ ŮɨɟŮůɖ ŬɜŬɚɡŰɘəɐɠ ɚɨůɖɠ Ŭ-

ŭɨɜŬŰɖ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŮ ŮˊɧɛŮɜɖ ŮɜɧŰɖŰŬ ɎɚɚŮɠ ŬɟɘɗɛɖŰɘəɏɠ ɛɏɗɞŭɞɘ ˊɟɞůɏɔɔɘůɖɠ Űɖɠ ɓɏɚ-

ŰɘůŰɖɠ ɚɨůɖɠ. 

ɆŰɖ ŭŮɨŰŮɟɖ ŮɜɧŰɖŰŬ ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŰɞɜ Űɟɧˊɞ ɚŮɘŰɞɡɟɔɑŬɠ əŬɘ ůŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

əɚŬůůɘəɩɜ Ŭɚɔɞɟɑɗɛɤɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ, ŬɚɚɎ əŬɘ Űɤɜ ˊɘɞ ůɨɔɢɟɞɜɤɜ ɛŮŰŬŮɡɟŮŰɘəɩɜ Ŭɚɔɞ-

ɟɑɗɛɤɜ (Metaheuristics) əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ ŬɡŰɩɜ Űɖɠ ɜɞɖɛɞůɨɜɖɠ ůɛɖɜɩɜ (Particle Swarm 

Optimization, Ant Colony Optimization) əŬɘ Űɖɠ ŰɡɢŬɑŬɠ ŬɜŬɕɐŰɖůɖɠ (Simulated annealing, 

Tabu search).  

ɆŰɖɜ ŰɟɑŰɖ ŮɜɧŰɖŰŬ ŬɜŬɚɨŮŰŬɘ ŮəŰŮɜɩɠ ɛɑŬ ŬəɧɛŬ ůɖɛŬɜŰɘəɐ əŬŰɖɔɞɟɑŬ Űɤɜ ɛŮŰŬŮɡɟŮ-

Űɘəɩɜ Ŭɚɔɞɟɑɗɛɤɜ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɞɘ ɔŮɜŮŰɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ (Genetic Algorithms) ɞɘ ɞˊɞɑɞɘ Ŭˊɞ-

ŰŮɚɞɨɜ əŬɘ Űɞ ɓŬůɘəɧ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ. ɀŮ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ əɩŭɘəɎ ɛɏůɤ 

Űɞɡ ˊɟɞɔɟŬɛɛŬŰɘůŰɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ Űɖɠ ɔɚɩůůŬɠ R, Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡɠ ůŮ ŭɘɎűɞɟŬ ˊŬɟŬ-

ŭŮɑɔɛŬŰŬ əŬɘ Űɖɜ ˊŬɟɞɡůɑŬůɖ ˊɘɜɎəɤɜ əŬɘ ɔɟŬűɖɛɎŰɤɜ ŬɜŬɚɨɞɜŰŬɘ ɞɘ ɛɖɢŬɜɘůɛɞɑ əŬɘ ɖ ɚŮɘ-

ŰɞɡɟɔɑŬ Űɞɡɠ. 

ɇɏɚɞɠ ůŰɖɜ ŰɏŰŬɟŰɖ ŮɜɧŰɖŰŬ ɔɑɜŮŰŬɘ ŮűŬɟɛɞɔɐ Űɤɜ ɔŮɜŮŰɘəɩɜ Ŭɚɔɞɟɑɗɛɤɜ ůŮ ɏɜŬ ˊɟŬ-

əŰɘəɧ ˊɟɧɓɚɖɛŬ (real case study) ɧˊɤɠ ŬɡŰɧ Űɖɠ ŮɨɟŮůɖɠ Űɖɠ ɓɏɚŰɘůŰɖɠ ůɨɜɗŮůɖɠ Ůɜɧɠ ŮˊŮɜ-

ŭɡŰɘəɞɨ ɢŬɟŰɞűɡɚŬəɑɞɡ ɓŬůɘɕɧɛŮɜɞɘ ůŮ ˊɟŬɔɛŬŰɘəɏɠ ŬˊɞŭɧůŮɘɠ ŭɘŬűɧɟɤɜ ŮˊŮɜŭɡŰɘəɩɜ ŰɑŰ-

ɚɤɜ. 
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Abstract 

 

In this MSc thesis we study  the key elements that determine the composition of a portfolio 

and highlight the advantages of diversification. Employing analytical methods and models that 

offer closed-form  solutions we determine the optimal composition of an investment portfolio, 

either by minimizing a specific portfolio risk or by maximizing its expected utility . In a modern 

approach of the problem, Sharpe indicators combine both of these approaches. We also present 

some classical optimization methods such as quadratic programming, and we extensively ana-

lyze a new class of  metaheuristic algorithms, which can deliver very good solutions in  rela-

tively fast computational time, offering excellent performance. 

In the first section we discuss in detail the most popular models of contemporary portfolio 

theory such as the Markowitz Model, the Black Model and the Tobin Model. Our review  stems 

from the perspective of constrained optimization, and with the assistance of methods such as 

Lagrange multipliers and the Karush-Kuhn-Tucker conditions, we  are able to derive  closed-

form solutions for the determination of the optimal composition of a financial portfolio. How-

ever, in cases where either the number or the type of constraints makes it impossible to find an 

analytical solution, we present in the next section appropriate numerical methods for approxi-

mating the optimal solution.  

In the second section we review the mechanisms of well-known optimization algorithms, as 

well as some recently proposed metaheuristic algorithms and more specifically, Particle Swarm 

Optimization, Ant Colony Optimization and Random Search (Simulated annealing, Tabu 

search).  

In the third section, which consists of the main subject of our thesis, we present in detail an 

important class of metaheuristic algorithms, the so-called Genetic Algorithms. By employing 

the R programming language environment, their mechanisms and performance with respect to 

their parameters are numerically studied  through specific examples, by presenting illustrating 

tables and graphs.  

Finally, in the fourth section, the genetic algorithms are applied to a specific case study re-

lated to the determination of the optimal composition of an investment portfolio based on his-

torical values of returns on various investment securities. 
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ȾȺūȷȿȷȽɃ  1 
 

ɆɨɜɗŮůɖ əŬɘ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ɉŬɟŰɞűɡɚŬəɑɞɡ 

 

Űɞ əŮűɎɚŬɘɞ ŬɡŰɧ ŬɜŬɚɨɞɜŰŬɘ ɞɘ ɛɏɗɞŭɞɘ ŮəŰɑɛɖůɖɠ Űɖɠ Ŭˊɧŭɞůɖɠ əŬɘ Űɞɡ əɘɜŭɨɜɞɡ ůŮ 

ɏɜŬ ŮˊŮɜŭɡŰɘəɧ ɉŬɟŰɞűɡɚɎəɘɞ. ɄŬɟɞɡůɘɎɕɞɜŰŬɘ ŮəŰŮɜɩɠ ŰŬ ˊɘɞ ůɖɛŬɜŰɘəɎ əŬɘ Ůɡɟɏɤɠ 

ŭɘŬŭŮŭɞɛɏɜŬ ɛɞɜŰɏɚŬ ůɨɜɗŮůɖɠ Ůɜɧɠ ɉŬɟŰɞűɡɚŬəɑɞɡ ɛŮ ɓŬůɘəɧ ŬɜŰɘəŮɑɛŮɜɞ Űɖɜ ȸŮɚ-

ŰɘůŰɞˊɞɑɖůɖ, əŬɘ ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ɓŬůɘůɛɏɜŬ ůŰɖ ůɨɔɢɟɞɜɖ ŪŮɤɟɑŬ ɉŬɟŰɞűɡɚŬəɑɞɡ ɧˊɞɡ 

ŭŮůˊɧɕɞɡɜ ɞɜɧɛŬŰŬ ɧˊɤɠ ŬɡŰɎ Űɤɜ Harry Markowitz, James Tobin əŬɘ William Sharpe. 

 

 

1.1 ȺɘůŬɔɤɔɐ  

 

 ɀŮ Űɞɜ ɧɟɞ ůɨɜɗŮůɖ ɉŬɟŰɞűɡɚŬəɑɞɡ ɜɞŮɑŰŬɘ ɞ ůɡɜŭɡŬůɛɧɠ ŭɘŬűɧɟɤɜ ŬɝɘɞɔɟɎűɤɜ (ɛŮŰɞ-

ɢɏɠ, ɞɛɧɚɞɔŬ, ɏɜŰɞəŬ ɔɟŬɛɛɎŰɘŬ, ŬɛɞɘɓŬɑŬ əŮűɎɚŬɘŬ, repos, ˊŬɟɎɔɤɔŬ ɢɟɖɛŬŰɞɞɘəɞɜɞɛɘəɎ 

ˊɟɞɥɧɜŰŬ, ə.Ŭ.) ůŮ ɏɜŬ ɢŬɟŰɞűɡɚɎəɘɞ. ȸŬůɘəɧɠ ůŰɧɢɞɠ əŬŰŬůəŮɡɐɠ Űɤɜ ɢŬɟŰɞűɡɚŬəɑɤɜ ŮɑɜŬɘ 

ɖ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɤɜ ŮˊŮɜŭɨůŮɤɜ, ŭɖɚŬŭɐ ɖ ɛŮɑɤůɖ Űɞɡ ŮˊŮɜŭɡŰɘəɞɨ əɘɜŭɨɜɞɡ ɢɤɟɑɠ ɜŬ ɗɡ-

ůɘɎɕŮŰŬɘ ŬˊŬɟŬɑŰɖŰŬ ɖ Ŭˊɧŭɞůɖ. ȷɜŰɑůŰɞɘɢŬ ɞ ɧɟɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ 

ŭɘŬŭɘəŬůɑŬ ŮɨɟŮůɖɠ Űɖɠ ɓɏɚŰɘůŰɖɠ ůɨɜɗŮůɖɠ Ůɜɧɠ ɢŬɟŰɞűɡɚŬəɑɞɡ ɖ ɞˊɞɑŬ ɗŬ ŭɖɛɘɞɡɟɔɐůŮɘ Űɖɜ 

ŬˊŬɟŬɑŰɖŰɖ ůŰŬɗŮɟɧŰɖŰŬ, ɛŮŰŬɝɨ Űɖɠ Ŭˊɧŭɞůɖɠ əŬɘ Űɞɡ əɘɜŭɨɜɞɡ ˊɞɡ ŮɛˊŮɟɘɏɢŮɘ. ɃɡůɘŬůŰɘəɎ 

ůŰɧɢɞɠ Űɖɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ŮɑɜŬɘ ɖ ůŰŬɗŮɟɧŰɖŰŬ Űɤɜ ŬˊɞŭɧůŮɤɜ ɛɏůŬ ůŰɞ ɢɟɧɜɞ. 

ȼ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ɤɠ əŬŰɖɔɞɟɑŬ Űɤɜ ɢɟɖɛŬŰɞɞɘəɞɜɞɛɘəɩɜ ŮɜŰɎůůŮŰŬɘ ůŰɖɜ ůŰɟŬŰɖɔɘəɐ Ŭ-

ɜŰɘůŰɞɑɢɘůɖɠ ɖ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑ əɞɛɛɎŰɘ Űɖɠ ˊŬɗɖŰɘəɐɠ ŭɘŬɢŮɑɟɘůɖɠ ɢŬɟŰɞűɡɚŬəɑɤɜ əŬɘ Ŭˊɞůəɞ-

ˊŮɑ ůŰɞ ůɢŮŭɘŬůɛɧ Ůɜɧɠ ɢŬɟŰɞűɡɚŬəɑɞɡ Űɞ ɞˊɞɑɞ ɗŬ ŬɜŰɘɔɟɎűŮɘ (replicate) Űɘɠ ŬˊɞŭɧůŮɘɠ Ůɜɧɠ 

ŭŮɑəŰɖ, ɞ ɞˊɞɑɞɠ ɗŬ ŮɑɜŬɘ ˊɟɧŰɡˊɞ (benchmark index), ɧˊɤɠ ŮɑɜŬɘ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɞ ɔŮɜɘəɧɠ 

ŭŮɑəŰɖɠ Űɖɠ ŬɔɞɟɎɠ, ɐ ɏɜŬɠ ůɡɔəŮəɟɘɛɏɜɞɠ əɚŬŭɘəɧɠ ŭŮɑəŰɖɠ ə.Ŭ. ȼ əŬŰŬůəŮɡɐ Űɞɡ ůŰɖɟɑɕŮŰŬɘ 

ůŰɘɠ ɘůŰɞɟɘəɏɠ ŬˊɞŭɧůŮɘɠ əŬɗɩɠ əŬɘ ůŰɘɠ ůɡůɢŮŰɑůŮɘɠ Űɤɜ ɛŮŰɞɢɩɜ Űɞɡ ŭŮɑəŰɖ, ŰŬ ŭŮŭɞɛɏɜŬ Űɤɜ 

ɞˊɞɑɤɜ ŮɘůɎɔɞɜŰŬɘ ůŮ ɏɜŬ ɛŬɗɖɛŬŰɘəɧ ɛɞɜŰɏɚɞ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ, ɛŮ ůəɞˊɧ Űɖɜ ŮɨɟŮůɖ Űɖɠ 

ɓɏɚŰɘůŰɖɠ ůɨɜɗŮůɐɠ Űɞɡ. 

ɆŰŬ ɛŬɗɖɛŬŰɘəɎ ŬɜŰɘůŰɞɑɢɤɠ, ɞ ɧɟɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŭɘŬŭɘəŬůɑŬ 

ŮɨɟŮůɖɠ Űɞˊɘəɩɜ əŬɘ ɞɚɘəɩɜ ɓɏɚŰɘůŰɤɜ ůɖɛŮɑɤɜ ɛɘŬɠ ŬɜŰɘəŮɘɛŮɜɘəɐɠ ůɡɜɎɟŰɖůɖɠ, ŬɜŮɝɎɟŰɖŰŬ 

Ŭɜ ŬɡŰɐ ɡˊɧəŮɘŰŬɘ ɐ ɛɖ ůŮ ˊŮɟɘɞɟɘůɛɞɨɠ. 

 

 

Ɇ 
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1.2 ȷˊɧŭɞůɖ əŬɘ Ⱦɑɜŭɡɜɞɠ 

 

ɀŮ Űɞɜ ɧɟɞ Ŭˊɧŭɞůɖ (return) ɞɟɑɕŮŰŬɘ ɖ ˊɞůɞůŰɘŬɑŬ ɛŮŰŬɓɞɚɐ ˊɞɡ ŬűɞɟɎ Űɖɜ ŬɝɑŬ Űɖɠ Ů-

ˊɏɜŭɡůɖɠ  əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Ůɜɧɠ ŭŮŭɞɛɏɜɞɡ ɢɟɞɜɘəɞɨ ŭɘŬůŰɐɛŬŰɞɠ ŭɘŬəɟɎŰɖůɖɠ πȟὸ əŬɘ 

ɞɟɑɕŮŰŬɘ ɤɠ Ůɝɐɠ: 

 

2ÉȟÔ
6ÉȟÔ6Éȟπ
6Éȟπ

 

ɧˊɞɡ: 

6Éȟπ: ȷɝɑŬ (ɐ əɧůŰɞɠ) Űɖɠ Ὥ Ůˊɏɜŭɡůɖɠ ůŰɖɜ Ŭɟɢɐ Űɖɠ ˊŮɟɘɧŭɞɡ ŭɘŬəɟɎŰɖůɖɠ 

6ÉȟÔ: ȷɝɑŬ Űɖɠ Ὥ Ůˊɏɜŭɡůɖɠ ůŰɞ Űɏɚɞɠ Űɖɠ ˊŮɟɘɧŭɞɡ ŭɘŬəɟŬŰɖůɖɠ 

ȺɜŬɚɚŬəŰɘəɎ ɖ Ŭˊɧŭɞůɖ ɛˊɞɟŮɑ ɜŬ ɞɟɘůŰŮɘ əŬɘ ɤɠ ɞ űɡůɘəɧɠ ɚɞɔɎɟɘɗɛɞɠ Űɤɜ 

ˊɞůɞůɞůŰɘŬɑɤɜ ˊɟɞůŬɡɝɐůŮɤɜ Űɖɠ Űɘɛɐɠ Űɖɠ Ůˊɏɜŭɡůɖɠ əŬɘ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ: 

 

2ÉȟÔὰὲ
6ÉȟÔ
6Éȟπ
Ȣ 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ɡˊɎɟɢŮɘ ˊɟɞůɓŬůɖ ůŮ ɘůŰɞɟɘəɎ ůŰɞɘɢŮɑŬ ɛɘŬɠ Ůˊɏɜŭɡůɖɠ, ɧˊɤɠ 

ɖɛŮɟɐůɘŮɠ Űɘɛɏɠ əɚŮɘůɑɛŬŰɞɠ əɎˊɞɘŬɠ ɛŮŰɞɢɐɠ, ŮɑɜŬɘ ŮűɘəŰɧ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɖ ɛɏůɖ Űɘɛɐ Űɤɜ 

ŬˊɞŭɧůŮɤɜ Űɖɠ ɛŮŰɞɢɐɠ, ɛŮ Űɞɜ ŬɟɘɗɛɖŰɘəɧ əŬɘ Űɞɜ ɔŮɤɛŮŰɟɘəɧ ɛɏůɞ. 

ȷɟɘɗɛɖŰɘəɧɠ ɀɏůɞɠ (Arithmetic  mean): ȽůɞɨŰŬɘ ɛŮ Űɞ ɎɗɟɞɘůɛŬ Űɤɜ ŬˊɞŭɧůŮɤɜ, ŭɘŬɘɟŮ-

ɛɏɜɞ ŭɘŬ Űɞɡ ůɡɜɞɚɘəɞɨ Ŭɟɘɗɛɞɨ Űɞɡɠ. ȼ ůɢɏůɖ ŬɡŰɐ ŬɜŬˊŬɟɑůŰŬŰŬɘ ɛŮ Űɞɜ Ůɝɐɠ Űɟɧˊɞ: 

 

ȷɟɘɗɛɖŰɘəɧɠ ɀɏůɞɠ: 

Ὑ 
1

n
 Rit 

H ɛɏůɖ ŬɟɘɗɛɖŰɘəɐ Ŭˊɧŭɞůɖ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬɘ ɤɠ ɛɑŬ ŮəŰɑɛɖůɖ ɔɘŬ Űɖɜ Ŭˊɧ-

ŭɞůɖ Űɖɠ ɢɟɞɜɘəɐɠ ˊŮɟɘɧŭɞɡ ˊɞɡ ŬəɞɚɞɡɗŮɑ ɎɛŮůŬ.  

ũŮɤɛŮŰɟɘəɧɠ ɀɏůɞɠ (Geometric mean): ɄɟɧəŮɘŰŬɘ ɔɘŬ Űɖɜ ɟɑɕŬ ὲ ŰɎɝɖɠ Űɞɡ ɔɘɜɞɛɏɜɞɡ 

Űɤɜ ὲ ŬɟɘɗɛɖŰɘəɩɜ ŬˊɞŭɧůŮɤɜ  ρ Rit , ɔɘŬ ὸ ρȟςȟȢȢȟὲȢ 

 

ũŮɤɛŮŰɟɘəɧɠ ɀɏůɞɠ: 

Ὑ  ρ Rit

Ⱦ

ρ 

ȺɎɜ ɞɘ ŬˊɞŭɧůŮɘɠ ɛɑŬɠ Ůˊɏɜŭɡůɖɠ ŮɑɜŬɘ ɑŭɘŮɠ ɔɘŬ ɧɚŮɠ Űɘɠ ˊŮɟɘɧŭɞɡɠ ŰɧŰŮ ɞ ɔŮɤɛŮŰɟɘəɧɠ əŬɘ 

ɞ ŬɟɘɗɛɖŰɘəɧɠ ɛɏůɞɠ ɏɢɞɡɜ Űɞ ɑŭɘɞ ŬˊɞŰɏɚŮůɛŬ, ɧɛɤɠ ŮɑɜŬɘ ɔɜɤůŰɧ əŬɘ Ŭˊɧ Űɖɜ ɆŰŬŰɘůŰɘəɐ ɧŰɘ 

ɞ ŬɟɘɗɛɖŰɘəɧɠ ɛɏůɞɠ ŮɑɜŬɘ ˊɘɞ ŮɡŬɑůɗɖŰɞɠ ůŮ ŬəɟŬɑŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ Ŭˊɧ Űɞɜ ɔŮɤɛŮŰɟɘəɧ, ɞˊɧŰŮ 
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ɧůɞ ɛŮɔŬɚɨŰŮɟɖ ŮɑɜŬɘ ɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɤɜ ŬˊɞŭɧůŮɤɜ Űɧůɞ ˊɘɞ ɛŮɔɎɚɖ əŬɘ ɖ ŭɘŬűɞɟɎ Űɤɜ 

ŭɨɞ ɛɏůɤɜ. 

ɋɠ əɑɜŭɡɜɞɠ ɞɟɑɕŮŰŬɘ əɎɗŮ Ŭˊɧəɚɘůɖ Űɞɡ ˊɟŬɔɛŬŰɘəɞɨ ŬˊɞŰŮɚɏůɛŬŰɞɠ Ŭˊɧ Űɞ ŬɜŬɛŮɜɧɛŮɜɞ 

ɐ ɡˊɞůɢɧɛŮɜɞ ŬˊɞŰɏɚŮůɛŬ. ȺəŰɧɠ Űɤɜ ŬůűŬɚɩɜ ŮˊŮɜŭɨůŮɤɜ ŮɑɜŬɘ ůɢŮŭɧɜ ɓɏɓŬɘɞ ɧŰɘ ŬɡŰɧ ˊɞɡ 

ɗŬ ɘůɢɨŮɘ ŮɑɜŬɘ Ri ὉὙ . ɆɡɔəŮəɟɘɛɏɜŬ ɤɠ əɑɜŭɡɜɞɠ ɛˊɞɟŮɑ ɜŬ ɞɟɘůŰŮɑ ɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ 

(variability) Űɤɜ ŭɡɜɖŰɘəɩɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɔɨɟɤ Ŭˊɧ Űɖɜ ŬɜŬɛŮɜɧɛŮɜɖ Űɘɛɐ Űɞɡɠ, ɧˊɞɡ ɛŮ-

ɔɎɚɖ ŭɘŬűɞɟɎ ŬɜɎɛŮůŬ ůŰɞ ˊɟŬɔɛŬŰɘəɧ əŬɘ Űɞ ŬɜŬɛŮɜɧɛŮɜɞ ŬˊɞŰɏɚŮůɛŬ ɛɑŬɠ Ůˊɏɜŭɡůɖɠ ůɡ-

ɜŮˊɎɔŮŰŬɘ əŬɘ ɛŮɔɎɚɞ ŮˊŮɜŭɡŰɘəɧ əɑɜŭɡɜɞ. ɇɞ ůɑɔɞɡɟɞ ŮɑɜŬɘ ɧŰɘ Űɞ ůɨɜɞɚɞ Űɤɜ ŮˊŮɜŭɨůŮɤɜ 

ŮɛˊŮɟɘɏɢɞɡɜ əɑɜŭɡɜɞ ɛŮ ůɡɜɏˊŮɘŬ ɞɘ ɛŮɚɚɞɜŰɘəɏɠ Űɞɡɠ ŬˊɞŭɧůŮɘɠ ɜŬ ŮɑɜŬɘ ŬɓɏɓŬɘŮɠ.  

ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ ɗŬ ˊɟɏˊŮɘ ɜŬ ŭɘŬɢɤɟɑůɞɡɛŮ əŬɘ Űɘɠ ɏɜɜɞɘŮɠ əɘɜŭɨɜɞɡ əŬɘ ŬɓŮɓŬɘɧŰɖŰŬɠ ůŰɖɜ 

ɞɘəɞɜɞɛɘəɐ ɗŮɤɟɑŬ. ɧˊɞɡ ůɨɛűɤɜŬ ɛŮ Űɞɜ Knight (1921) ɞ əɑɜŭɡɜɞɠ ŬɜŬűɏɟŮŰŬɘ ůŮ ˊŮɟɘˊŰɩ-

ůŮɘɠ ɧˊɞɡ ŮɑɜŬɘ ŬɓɏɓŬɘɞ Űɞ ŬˊɞŰɏɚŮůɛŬ ɧɛɤɠ ɛŮ Űɖɜ ɢɟɐůɖ ˊɘɗŬɜɞŰɐŰɤɜ ɛˊɞɟŮɑ ɜŬ ŮəŰɘɛɖɗŮɑ, 

ŬɜŰɑɗŮŰŬ ůŮ ůɡɜɗɐəŮɠ ŬɓŮɓŬɘɧŰɖŰŬɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ŮəŰɑɛɖůɖ Űɞɡ ŬˊɞŰŮɚɏůɛŬŰɞɠ ɞɨŰŮ ɛŮ 

ŮűŬɟɛɞɔɐ Űɖɠ ɗŮɤɟɑŬɠ ˊɘɗŬɜɞŰɐŰɤɜ.  

 

 

1.3 ȼ ȺəŰɑɛɖůɖ Űɖɠ ȷˊɧŭɞůɖɠ əŬɘ Űɞɡ Ⱦɘɜŭɨɜɞɡ  

 

ȳŰŬɜ əɎˊɞɘɞɠ ŮˊŮɜŭɡŰɐɠ  ˊɟɞɓŬɑɜŮɘ ůŮ ɛɘŬ Ůˊɏɜŭɡůɖ, ůŰɧɢɞɠ Űɞɡ ŮɑɜŬɘ ɜŬ ŬˊɞəɞɛɑůŮɘ əɎ-

ˊɞɘŬ Ŭˊɧŭɞůɖ. ȼ Ŭˊɧŭɞůɖ ˊɞɡ ŮˊɘɗɡɛŮɑ ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛˊɞɟŮɑ əŬɘ ɧɢɘ, ŮɑɜŬɘ ŭɖ-

ɚŬŭɐ ɛɘŬ ŰɡɢŬɑŬ ɛŮŰŬɓɚɖŰɐ  , ɖ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɖɠ ɞˊɞɑŬɠ ŮɑɜŬɘ ɞɡůɘŬůŰɘəɎ ɛɘŬ ŬɚɚɖɚɞɡɢɑŬ 

Űɘɛɩɜ ůŮ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ. ȼ ŬɜŬɛŮɜɧɛŮɜɖ Ŭˊɧŭɞůɖ Űɖɠ Ůˊɏɜŭɡůɖɠ   ɔɘŬ 

ŭɘŬəɟɘŰɏɠ əŬŰŬɜɞɛɏɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛŮ Űɞ ɎɗɟɞɘůɛŬ Űɤɜ ὲ ˊɘɗŬɜɩɜ ŬˊɞŭɧůŮɤɜ ůŰŬɗɛɘůɛɏɜɤɜ 

ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ˊɘɗŬɜɧŰɖŰŮɠ p
k
  ˊɞɡ ŮəŰɘɛɎŮɘ ɞ ŮˊŮɜŭɡŰɐɠ əŬɘ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ ˊŬɟŬəɎŰɤ 

Űɨˊɞ:  

Ὁὢ xkpk 

ȳˊɞɡ ÐË ɞɘ ŬɜŰɑůŰɞɘɢŮɠ ˊɘɗŬɜɧŰɖŰŮɠ Űɤɜ ˊɘɗŬɜɩɜ ŬˊɞŭɧůŮɤɜ ØË ȟ ɛŮ Ὧ ρȟςȟȢȢὲ. 

 

Ʉɟɞɖɔɞɡɛɏɜɤɠ ɤɠ əɑɜŭɡɜɞɠ ɞɟɑůŰɖəŮ əɎɗŮ Ŭˊɧəɚɘůɖ Űɞɡ ˊɟŬɔɛŬŰɘəɞɨ Ŭˊɧ Űɞ ŬɜŬɛŮɜɧɛŮɜɞ 

ŬˊɞŰɏɚŮůɛŬ, ɔɘŬ Űɖɜ ˊɞůɞŰɘəɞˊɞɑɖůɖ əŬɘ ŮəŰɑɛɖůɐ Űɞɡ ɞˊɞɑɞɡ ɝŮɢɤɟɑɕɞɡɜ ŰɟŮɘɠ ɓŬůɘəɏɠ əŬ-

ŰɖɔɞɟɑŮɠ ɛɏŰɟɤɜ əɘɜŭɨɜɞɡ ɞɘ ɞˊɞɑŮɠ ŭɑɜɞɜŰŬɘ ˊŬɟŬəɎŰɤ (ˊ.ɢ. ɓɚ. ȷɜɗɟɤˊɏɚɞɠ (2017), ȹɘŬɢŮɑ-

ɟɘůɖ ɉŬɟŰɞűɡɚŬəɑɞɡ ȺˊŮɜŭɨůŮɤɜ). 
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¶ ɀɏŰɟŬ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ (volatility ): ɛŮŰɟɞɨɜ Űɘɠ ŬˊɞəɚɑůŮɘɠ Űɖɠ Ŭˊɧŭɞůɖɠ ɔɨɟɤ Ŭˊɧ 

Űɖɜ ŬɜŬɛŮɜɧɛŮɜɖ / ˊɟɞůŭɞəɩɛŮɜɖ Ŭˊɧŭɞůɖ.  

¶ Ⱦɑɜŭɡɜɞɠ əŬɗɞŭɘəɐɠ Ŭˊɧəɚɘůɖɠ (downside risk): ŮůŰɘɎɕŮɘ ůŰɖɜ ŬɟɜɖŰɘəɐ Ŭˊɧəɚɘůɖ 

Űɖɠ Ŭˊɧŭɞůɖɠ əŬɘ ŮəűɟɎɕŮŰŬɘ ɤɠ ɖ çɢŮɘɟɧŰŮɟɖ Űɘɛɐè ˊɞɡ ɛˊɞɟŮɑ ɜŬ ůɡɛɓŮɑ ɛŮ əɎˊɞɘŬ ůɡ-

ɔəŮəɟɘɛɏɜɖ ˊɘɗŬɜɧŰɖŰŬ (ˊ.ɢ. ŬɝɑŬ ůŮ əɑɜŭɡɜɞ- VaR).  

¶ ȹŮɑəŰŮɠ ŮɡŬɘůɗɖůɑŬɠ (sensitivities): ɛŮŰɟɞɨɜ Űɖɜ ŮɡŬɘůɗɖůɑŬ Űɖɠ Ůˊɏɜŭɡůɖɠ ɤɠ ˊɟɞɠ 

ɏɜŬ ůɡɔəɟɘɛɏɜɞ ˊŬɟɎɔɞɜŰŬ əɘɜŭɨɜɞɡ ́ .ɢ. beta ɔɘŬ Űɖɜ ɛɏŰɟɖůɖ Űɞɡ ůɡůŰɖɛŬŰɘəɞɨ əɘɜŭɨɜɞɡ. 

 

 

1.3.1 ɀɏŰɟŬ ɀŮŰŬɓɚɖŰɧŰɖŰŬɠ 

 

ɇɞ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜɞ ɛɏŰɟɞ ˊɞůɞŰɘəɞˊɞɑɖůɖɠ Űɤɜ ŬˊɞəɚɑůŮɤɜ Űɤɜ ŬˊɞŭɧůŮɤɜ ɔɨɟɤ Ŭˊɧ Űɖɜ 

ˊɟɞůŭɞəɩɛŮɜɖ Ŭˊɧŭɞůɖ, ŭŮɜ ŮɑɜŬɘ Ɏɚɚɞ Ŭˊɧ Űɖɜ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ. ȼ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ ŬˊɞŰŮ-

ɚŮɑ ɏɜŬ ɛɏŰɟɞ Űɞɡ ůɡɜɞɚɘəɞɨ əɘɜŭɨɜɞɡ, ŮɑŰŮ Ůɜɧɠ ɢŬɟŰɞűɡɚŬəɑɞɡ ŮɑŰŮ Ůɜɧɠ ˊŮɟɘɞɡůɘŬəɞɨ ůŰɞɘ-

ɢŮɑɞɡ əŬɘ ɞ Űɨˊɞɠ ˊɞɡ Űɖɜ ɡˊɞɚɞɔɑɕŮɘ ŮɑɜŬɘ ɞ Ůɝɐɠ: 

ʎØ Ὁὢ Ὁὢ  

ɧ́ ɞɡ ʎØ , ɖ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ Űɤɜ ŬˊɞŭɧůŮɤɜȟ  ɖ ŰɡɢŬɑŬ ɛŮŰŬɓɚɖŰɐ ˊɞɡ ŮəűɟɎɕŮɘ Űɖɜ Ŭˊɧ-

ŭɞůɖ Űɖɠ Ůˊɏɜŭɡůɖɠ əŬɘ Ὁὢ ɖ ɛɏůɖ Űɘɛɐ Űɖɠ. 

ȷˊɧ Űɞɜ ɞɟɘůɛɧ əŬɘ Űɞɜ Űɨˊɞ Űɖɠ Űɡˊɘəɐɠ Ŭˊɧəɚɘůɖɠ, ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ ɧŰɘ ɖ ůx  ŮɑɜŬɘ ˊɎɜŰŬ 

ɗŮŰɘəɧɠ Ŭɟɘɗɛɧɠ, Ůɜɩ ɖ ɛɞɜŬŭɘəɐ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŮɑɜŬɘ ɑůɞɠ ɛŮ Űɞ π, ŮɑɜŬɘ ɧŰŬɜ ɖ ŰɡɢŬɑŬ ɛŮŰŬ-

ɓɚɖŰɐ   ŮɑɜŬɘ ɑůɖ ɛŮ Űɖɜ ɛɏůɖ Űɘɛɐ Űɖɠ ɛŮ ˊɘɗŬɜɧŰɖŰŬ ρ. ȺˊɘˊɟɞůɗɏŰɤɠ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞɘ 

ŭɘŬűɞɟɏɠ Ŭˊɧ Űɖɜ ɛɏůɖ Űɘɛɐ ŮɑɜŬɘ ɡɣɤɛɏɜŮɠ ůŰɞ ŰŮŰɟɎɔɤɜɞ, ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɖ Űɡˊɘəɐ Ŭ-

ˊɧəɚɘůɖ ɜŬ ŭɑɜŮɘ ɑŭɘŬ ɓŬɟɨŰɖŰŬ əŬɘ ůŰɘɠ ɗŮŰɘəɏɠ əŬɘ ůŰɘɠ ŬɟɜɖŰɘəɏɠ ŬˊɞəɚɑůŮɘɠ. ŪŮɤɟɖŰɘəɎ Ŭɜ 

ɐŰŬɜ ɔɜɤůŰɐ ɖ əŬŰŬɜɞɛɐ Űɖɠ Ű.ɛ.   ɧˊɤɠ ůŰɞ əɚŬůɘəɧ ɡˊɧŭŮɘɔɛŬ ˊŮɟɘɔɟŬűɐɠ Űɖɠ əɑɜɖůɖɠ Űɖɠ 

Űɘɛɐɠ ɛɘŬɠ ɛŮŰɞɢɐɠ, ɧˊɞɡ ɐ ˊɞůɞůŰɘŬɑŬ Ŭˊɧŭɞůɖ    ůŰɞɜ ɢɟɧɜɞ  , ŬəɞɚɞɡɗŮɑ Űɖ ɚɞɔŬɟɘɗɛɞəŬ-

ɜɞɜɘəɐ əŬŰŬɜɞɛɐ ὒὔ ‘ȟ „ ), əŬɘ ɎɟŬ ɞ ɚɞɔɎɟɘɗɛɞɠ ŬɡŰɐɠ ÌÎὢͯ ὔ ‘ȟ „ ȟŬəɞɚɞɡɗŮɑ əŬ-

ɜɞɜɘəɐ əŬŰŬɜɞɛɐ, (ˊ.ɢ. ɓɚ. ɀˊɞɨŰůɘəŬɠ (2018)), ŰɧŰŮ ůŰɞ ŭɘɎůŰɖɛŬ ( ‘ Ѝ „), ɖ ˊɘɗŬɜɧŰɖŰŬ 

ɜŬ ŮɛˊŮɟɘɏɢŮŰŬɘ ɖ Űɘɛɐ Űɖɠ ὰὲὢ, əŬŰɧˊɘɜ Űɡˊɞˊɞɑɖůɖɠ ɗŬ ɐŰŬɜ φψȢσϷ, Ůɜɩ ůŰŬ ŭɘŬůŰɐɛŬŰŬ 

 ‘ ςЍ „ əŬɘ  ‘ σЍ „, ωυȢυϷ əŬɘ ωωȢχ Ϸ ŬɜŰɑůŰɞɘɢŬ. ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ ˊɟɏˊŮɘ ɜŬ 

ŮˊɘůɖɛŬɜɗŮɑ ɧŰɘ ɡˊɎɟɢɞɡɜ ˊŮɟɘˊŰɩůŮɘɠ ɛŮ əŬŰŬɜɞɛɏɠ ˊɞɡ ɏɢɞɡɜ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ ɖ ɞˊɞɑŬ ŰŮɑ-

ɜŮɘ ůŰɞ ɎˊŮɘɟɞ, ɞˊɧŰŮ ɖ ɢɟɖůɘɛɞˊɞɑɖůɖ Űɖɠ Űɡˊɘəɐɠ Ŭˊɧəɚɘůɖɠ ɤɠ ɛɏŰɟɞ ŭɘŬůˊɞɟɎɠ ŮɑɜŬɘ ŬəŬ-

ŰɎɚɚɖɚɞ.  

ũɘŬ Űɖɜ ɔŮɜɘəɐ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ əŬŰŬɜɞɛɐ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ   ŮɑɜŬɘ ɎɔɜɤůŰɖ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ 

ɢɟɐůɖ Űɖɠ ŬɜɘůɧŰɖŰŬɠ Űɞɡ Chebyshev ɧˊɞɡ ŭɨɜŬŰŬɘ ɜŬ ɞɟɘůŰɞɨɜ əɎˊɞɘŬ ɧɟɘŬ ˊɘɗŬɜɧŰɖŰŬɠ ɔɘŬ 
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ŬɡŰɐɜ ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɖ ŭŮɨŰŮɟɖ ɟɞˊɐ Űɖɠ ŮɑɜŬɘ ˊŮˊŮɟŬůɛɏɜɖ ŭɖɚŬŭɐ Ὁȿὢȿ ЊȢ Ƀ ɛŬɗɖɛŬŰɘ-

əɧɠ Űɨˊɞɠ ɔɘŬ ŬɡŰɐɜ Űɖɜ ˊŮɟɑˊŰɤůɖ ŮɑɜŬɘ ɞ əɎŰɤɗɘ: 

ὖȿὢ Ὁὢȿ Ὧ„ ρ
ρ

Ὧ
 

ũɘŬ ˊŬɟɎŭŮɘɔɛŬ ɔɘŬ Ὧ σ,ɖ ˊɘɗŬɜɧŰɖŰŬ ὖὢᶰῴ  σ„  ŮɑɜŬɘ ŰɞɡɚɎɢɘůŰɞɜ ρ

ψψϷ. 

Ⱥˊɑůɖɠ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ ŬɜŬűŮɟɗŮɑ ɧŰɘ ɡˊɎɟɢɞɡɜ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ɞɘ ŮˊŮɜŭɡŰɏɠ Ůˊɘŭɘɩ-

əɞɡɜ Űɖɜ ůɨɔəɟɘůɖ Űɞɡ əɘɜŭɨɜɞɡ Űɤɜ ŭɘŬűɧɟɤɜ ŮˊŮɜŭɨůŮɤɜ ɞɘ ɞˊɞɑŮɠ ˊŬɟɞɡůɘɎɕɞɡɜ ůɖɛŬɜŰɘ-

əɏɠ ŭɘŬűɞɟɏɠ ɧůɞɜ ŬűɞɟɎ Űɘɠ ŬɜŬɛŮɜɧɛŮɜŮɠ ŬˊɞŭɧůŮɘɠ Űɞɡɠ. ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɖ ɢɟɐůɖ 

ŮɑŰŮ Űɖɠ ŭɘŬəɨɛŬɜůɖɠ ɐ Űɖɠ Űɡˊɘəɐɠ Ŭˊɧəɚɘůɐɠ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ɚɎɗɞɠ ůɡɛˊŮɟɎůɛŬŰŬ. 

ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ɔɘŬŰɑ Űɧůɞ ɖ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ ɧůɞ əŬɘ ɖ ŭɘŬəɨɛŬɜůɖ ŮɑɜŬɘ ŬˊɧɚɡŰŮɠ ɛŮŰɟɐůŮɘɠ 

Űɖɠ ŭɘŬůˊɞɟɎɠ ɛɑŬɠ əŬŰŬɜɞɛɐɠ. ȷɡŰɧ Űɞ ˊɟɧɓɚɖɛŬ ɛˊɞɟŮɑ ɜŬ ŮɝŬɚŮɘűɗŮɑ ɛɏůɤ Űɖɠ ɢɟɖůɘɛɞ-

ˊɞɑɖůɖɠ Ůɜɧɠ ůɢŮŰɘəɞɨ ɛɏŰɟɞɡ Űɖɠ ŭɘŬůˊɞɟɎɠ ɧˊɤɠ ɞ ůɡɜŰŮɚŮůŰɐɠ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ (coefficient  

of variation ï CV), ɞ ɞˊɞɑɞɠ ɛŮŰɟɎ Űɞɜ əɑɜŭɡɜɞ ŬɜɎ ɛɞɜɎŭŬ ŬɜŬɛŮɜɧɛŮɜɖɠ Ŭˊɧŭɞůɖɠ, əŬɗɞ-

ɟɑɕŮŰŬɘ Ŭˊɧ Űɞ ɚɧɔɞ Űɖɠ Űɡˊɘəɐɠ Ŭˊɧəɚɘůɖɠ ˊɟɞɠ Űɖɜ ŬɜŬɛŮɜɧɛŮɜɖ Űɘɛɐ əŬɘ ŮɑɜŬɘ əŬɗŬɟɧɠ Ŭ-

ɟɘɗɛɧɠ.  

ȼ ŬɜŬűŮɟɗŮɑůŬ ŬɡŰɐ ůɢɏůɖ ŬɜŬˊŬɟɑůŰŬŰŬɘ ɤɠ Ůɝɐɠ : 

ὅὠ  
„

Ὁὢ
 

 

Ⱥɜɩ Űɞ ůɖɛŬɜŰɘəɧŰŮɟɞ ˊɚŮɞɜɏəŰɖɛŬ Űɖɠ Űɡˊɘəɐɠ Ŭˊɧəɚɘůɖɠ ɤɠ ɛɏŰɟɞ əɘɜŭɨɜɞɡ ŮɑɜŬɘ ɧŰɘ 

ŮɑɜŬɘ Ŭˊɚɧ əŬɘ əŬŰŬɜɞɖŰɧ əŬɘ ɔɘŬ ŬɡŰɧ Űɞ ɚɧɔɞ ŮɑɜŬɘ əŬɘ Ůɡɟɏɤɠ ŭɘŬŭŮŭɞɛɏɜɞ, ɏɢŮɘ ɛɑŬ ůŮɘɟɎ 

Ŭˊɧ ɛŮɘɞɜŮəŰɐɛŬŰŬ:  

 

¶ ɆŮ əŬŰŬɜɞɛɏɠ ɧˊɞɡ ɖ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ ŭŮɜ ŮɑɜŬɘ ˊŮˊŮɟŬůɛɏɜɖ, ɖ ɢɟɖůɘɛɞˊɞɑɖůɖ Űɖɠ 

ɤɠ ɛɏŰɟɞ əɘɜŭɨɜɞɡ ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɐ. 

¶ ȹɑɜŮɘ ɑŭɘŬ ɓŬɟɨŰɖŰŬ əŬɘ ůŰɘɠ ɗŮŰɘəɏɠ (ˊ.ɢ. əɏɟŭɖ) əŬɘ ůŰɘɠ ŬɟɜɖŰɘəɏɠ ŬˊɞəɚɑůŮɘɠ (ˊ.ɢ. 

ɕɖɛɑŮɠ). 

¶ ȹŮɜ ɛŬɠ ˊŬɟɏɢŮɘ əŬɛɑŬ ˊɚɖɟɞűɞɟɑŬ ɔɘŬ Űɞ ˊɧůɞ ɛŮɔɎɚɖ ɕɖɛɑŬ ɛˊɞɟŮɑ ɜŬ ˊŬɟɞɡůɘŬůŰŮɑ, 

ˊ.ɢ. ůŮ əŬŰŬɜɞɛɏɠ ɛŮ ɑŭɘŬ ŭɘŬůˊɞɟɎ, ɧˊɤɠ ɖ Ɂ(0,2) əŬɘ ɖ Ô4ȟ ɖ ˊɘɗŬɜɧŰɖŰŬ ŮɛűɎɜɘůɖɠ ˊɞɚɨ 

ɛŮɔɎɚɖɠ ɕɖɛɑŬɠ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ ůŰɖɜ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ ŭɘɧŰɘ ɏɢŮɘ ɓŬɟɨŰŮɟɖ ɞɡɟɎ (ˊ.ɢ. 

ɓɚ. ɀˊɞɨŰůɘəŬɠ, (2018)). ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɚɞɘˊɧɜ ɤɠ ɛɏŰɟɞ əɘɜŭɨɜɞɡ Űɖɜ Űɡˊɘəɐ Ŭˊɧ-

əɚɘůɖ ɔɑɜŮŰŬɘ əŬŰŬɜɞɖŰɧ ɧŰɘ ŭŮɜ ɗŬ ŮɜŰɞˊɘůŰŮɑ ŬɡŰɐ ɖ ůɖɛŬɜŰɘəɐ ɚŮˊŰɞɛɏɟŮɘŬ.  

 

ɇɞ ɚɞɔɘəɧ ůɡɛˊɏɟŬůɛŬ ˊɞɡ ˊɟɞəɨˊŰŮɘ ɚɞɘˊɧɜ ŮɑɜŬɘ ɧŰɘ ɢɟŮɘɎɕɧŰŬɜ ɏɜŬ ɛɏŰɟɞ əɘɜŭɨɜɞɡ ˊɎɚɘ 

əŬŰŬɜɞɖŰɧ ůŬɜ ɏɜɜɞɘŬ əŬɘ Ŭˊɚɧ ůŰɖɜ ɢɟɐůɖ, ɧˊɞɡ ɗŬ ɛŬɠ ŭɑɜŮɘ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ ɔɘŬ Űɞ ɢŮɘɟɧŰŮɟɞ 

ŭɡɜŬŰɧ ůŮɜɎɟɘɞ (ɕɖɛɑŬ) ˊɞɡ ŬűɞɟɎ Űɖɜ ŮəɎůŰɞŰŮ Ůˊɏɜŭɡůɖ ůŮ ɏɜŬɜ ŭŮŭɞɛɏɜɞ ɢɟɞɜɘəɧ ɞɟɑɕɞ-

ɜŰŬ, ɏɜŬ ŰɏŰɞɘɞ ɛɏŰɟɞ Űɞ ɞˊɞɑɞ ɗŬ ŬɜŬɚɡɗŮɑ ůŰɖ ůɡɜɏɢŮɘŬ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ ůŰŬ ɉɟɖ-

ɛŬŰɞɞɘəɞɜɞɛɘəɎ ŮɑɜŬɘ ɖ ȷɝɑŬ ůŮ Ⱦɑɜŭɡɜɞ (VaR, Value at Risk). 
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1.3.2 Ⱦɑɜŭɡɜɞɠ əŬɗɞŭɘəɐɠ Ŭˊɧəɚɘůɖɠ (downside risk) 

 

ɄŬɟŬˊɎɜɤ ŬɜŬűɏɟɗɖəŮ ɖ ɏɜɜɞɘŬ Űɖɠ Ůˊɏɜŭɡůɖɠ, ɧˊɞɡ ɞɡůɘŬůŰɘəɎ ŮɑɜŬɘ ɛɘŬ ˊɟɎɝɖ ɛŮ ɢɟɧɜɞ 

ɏɜŬɟɝɖɠ  Ὕ π Űɖɜ ůŰɘɔɛɐ Űɖɠ Ůˊɏɜŭɡůɖɠ Űɞɡ Ŭɟɢɘəɞɨ əŮűŬɚŬɑɞɡ 6π ȟ (ˊ.ɢ. ɖ Ŭɟɢɘəɐ Űɘɛɐ əŰɑ-

ůɖɠ Ůɜɧɠ ŬɝɘɞɔɟɎűɞɡ) əŬɘ ɛŮ ɛŮɚɚɞɜŰɘəɐ ŬɝɑŬ 64  ůŰɞɜ ɢɟɧɜɞ Ὕ π ɖ ɞˊɞɑŬ ŮɑɜŬɘ ŰɡɢŬɑŬ ɛŮ-

ŰŬɓɚɖŰɐ əŬɗɩɠ ŭŮɜ ŮɑɜŬɘ ɔɜɤůŰɐ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ əŬɘ ɛˊɞɟŮɑ ɛɧɜɞ ɜŬ ŮəŰɘɛɖɗŮɑ. ɃɟɑɕŮŰŬɘ ɤɠ 

əɏɟŭɞɠ ɚɞɘˊɧɜ ůŰɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ πȟ  ɖ ˊɞůɧŰɖŰŬ ὖ 64 6π  (ɛŮ ˊɟɞŮɝɧűɚɖůɖ ůŮ ˊŬ-

ɟɞɜŰɘəɧ ɢɟɧɜɞ), əŬɘ ɤɠ ɕɖɛɑŬ ɖ ŬɜŰɑɗŮŰɖ ˊɞůɧŰɖŰŬ ὒ 64 6π ȟ (ŬɟɜɖŰɘəɐ ɕɖɛɑŬ ůɖɛŬɑɜŮɘ 

əɏɟŭɞɠ). ȸɎůŮɘ Űɤɜ ˊŬɟŬˊɎɜɤ Ůɜɜɞɘɩɜ Űɞɡ əɏɟŭɞɡɠ əŬɘ Űɖɠ ɕɖɛɑŬɠ, ˊɟɞəɨˊŰŮɘ Űɞ Ůɨɚɞɔɞ Ůɟɩ-

ŰɖɛŬ ˊɞɘŬ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɖ Űɘɛɐ Űɖɜ ɞˊɞɑŬ ɡˊŮɟɓŬɑɜŮɘ ɖ ɕɖɛɑŬ Űɖɠ Ůˊɏɜŭɡůɐɠ, ɛŮ ˊɘɗŬɜɧŰɖŰŬ 

‌ ůŮ ůɡɔəŮəɟɘɛɏɜɞ ɢɟɞɜɘəɧ ɞɟɑɕɞɜŰŬ. ɆŮ ŬɡŰɧ Űɞ ŮɟɩŰɖɛŬ ůŰɖɟɑɕŮŰŬɘ əŬɘ ɞ ˊŬɟŬəɎŰɤ ɞɟɘůɛɧɠ 

ɔɘŬ Űɖɜ ȷɝɑŬ ůŮ Ⱦɑɜŭɡɜɞ VaR: 

ɋɠ ȷɝɑŬ ůŮ Ⱦɑɜŭɡɜɞ ɚɞɘˊɧɜ ɞɟɑɕŮŰŬɘ ɖ ŬɜŬɛŮɜɧɛŮɜɖ ŬˊɩɚŮɘŬ ůŮ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ɢɟɞɜɘəɧ 

ɞɟɑɕɞɜŰŬ ůŮ əɎˊɞɘɞ ŭŮŭɞɛɏɜɞ ŮˊɑˊŮŭɞ ŮɛˊɘůŰɞůɨɜɖɠ. ȺɑɜŬɘ ŭɖɚŬŭɐ ɖ Űɘɛɐ Űɖɜ ɞˊɞɑŬ ɡˊŮɟɓŬɑɜŮɘ 

ɖ ɕɖɛɑŬ L  ɛŮ ˊɘɗŬɜɧŰɖŰŬ ‌ ɴ πȟρ . 

 

ὖὒ 6Á2 , ὥ 

 

Ƀɘ ˊɘɞ ɔɜɤůŰɏɠ ɛɏɗɞŭɞɘ ŮəŰɑɛɖůɖɠ Űɖɠ ȷɝɑŬɠ ůŮ Ⱦɑɜŭɡɜɞ VaR ŮɑɜŬɘ ɖ ˊŬɟŬɛŮŰɟɘəɐ ɛɏɗɞŭɞɠ, 

ɖ ɛɖ ˊŬɟŬɛŮŰɟɘəɐ ɛɏɗɞŭɞɠ əŬɘ ɖ ɀɏɗɞŭɞɠ Monte Carlo (ˊ.ɢ. ɓɚ. ɀˊɞɨŰůɘəŬɠ, (2018)). ɆŰɖɜ 

ˊɘɞ Ŭˊɚɐ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ŮɑɜŬɘ ɔɜɤůŰɧ ɧŰɘ ɖ əŬŰŬɜɞɛɐ Űɖɠ ɕɖɛɑŬɠ ŬəɞɚɞɡɗŮɑ Űɖɜ əŬɜɞɜɘəɐ 

əŬŰŬɜɞɛɐ (ɛŮ ɔɜɤůŰɏɠ ɐ ŮəŰɘɛɖɛɏɜŮɠ ˊŬɟŬɛɏŰɟɞɡɠ, ‘ȟ„) ˊɟɞəɨˊŰŮɘ ŮɨəɞɚŬ ɖ ˊŬɟŬəɎŰɤ 

ůɢɏůɖ: 

ὠὥὙ ὒ ‘ „ᾀ 

 

ȳ́ ɞɡ ᾀ ŮɑɜŬɘ Űɞ Ɏɜɤ ὥ-ůɖɛŮɑɞ Űɖɠ ´πȟρȢ 
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ȹɘɎɔɟŬɛɛŬ 1.1 Value at Risk 

 

 

1.3.3 ȹŮɑəŰŮɠ ŮɡŬɘůɗɖůɑŬɠ (sensitivities) 

 

Ƀ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜɞɠ ŭŮɑəŰɖɠ ŮɡŬɘůɗɖůɑŬɠ ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ‍, ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ Űɞ ɓŬůɘəɧ 

ɛɏŰɟɞ Űɞɡ ůɡůŰɖɛŬŰɘəɞɨ əɘɜŭɨɜɞɡ əŬɘ ɞɟɑɕŮŰŬɘ ɤɠ ɞ ɚɧɔɞɠ Űɖɠ ůɡɜŭɘŬəɨɛŬɜůɖɠ „  Űɤɜ Ŭˊɞ-

ŭɧůŮɤɜ Űɞɡ ɢŬɟŰɞűɡɚŬəɑɞɡ   ůŮ ůɢɏůɖ ɛŮ Űɘɠ ŬˊɞŭɧůŮɘɠ Űɖɠ ŬɔɞɟɎɠ ῼ, ˊɟɞɠ Űɖɜ ŭɘŬůˊɞɟɎ 

Űɤɜ ŬˊɞŭɧůŮɤɜ Űɖɠ ŬɔɞɟɎɠ „ : 

‍
„

„
 

 

ȼ ́ŬɟɎɛŮŰɟɞɠ ɓɐŰŬ ŮɑɜŬɘ ɖ ŮɡŬɘůɗɖůɑŬ ˊɞɡ ŮˊɘŭŮɘəɜɨŮɘ ɖ Ŭˊɧŭɞůɖ Űɞɡ ˊŮɟɘɞɡůɘŬəɞɨ ůŰɞɘ-

ɢŮɑɞɡ ůŰɖɜ Ŭˊɧŭɞůɖ Űɖɠ ŬɔɞɟɎɠ. ɇŬ ɢŬɟŰɞűɡɚɎəɘŬ ɐ ɢɟŮɧɔɟŬűŬ ɛŮ ůɡůŰɖɛŬŰɘəɧ əɑɜŭɡɜɞ ˊɘɞ 

ɡɣɖɚɧ Ŭˊɧ Űɖɜ ɛɞɜɎŭŬ ɓ  ρ ŮɑɜŬɘ ˊɘɗŬɜɧ ɜŬ ˊŬɟɞɡůɘɎůɞɡɜ ˊɘɞ ɡɣɖɚɏɠ ɛŮŰŬɓɞɚɏɠ Ŭˊɧ Űɖɜ 

ŬɔɞɟɎ, ɜŬ ŮɑɜŬɘ ŭɖɚŬŭɐ ˊɘɞ çŮˊɘɗŮŰɘəɎè əŬɘ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ɏɢɞɡɜ əŬɘ ɡɣɖɚɧŰŮɟɖ Ŭˊɧŭɞůɖ. 

ȷɜŰɘɗɏŰɤɠ ɧůŬ ɢŬɟŰɞűɡɚɎəɘŬ ɐ ɢɟŮɧɔɟŬűŬ ɏɢɞɡɜ ůɡůŰɖɛŬŰɘəɧ əɑɜŭɡɜɞ ˊɘɞ ɢŬɛɖɚɧ Ŭˊɧ Űɖ 

ɛɞɜɎŭŬȟɓ  ρ ŮɑɜŬɘ ˊɘɞ çŬɛɡɜŰɘəɎè əŬɘ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ŮɛűŬɜɑůɞɡɜ ɛɘəɟɧŰŮɟŮɠ ɛŮŰŬɓɞɚɏɠ 
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ůŮ ůɢɏůɖ ɛŮ Űɖɜ ŬɔɞɟɎ Ůɜɩ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ɏɢɞɡɜ əŬɘ ɢŬɛɖɚɧŰŮɟɖ ŬɜŬɛŮɜɧɛŮɜɖ Ŭˊɧŭɞůɖ. ȳůŬ 

ɢŬɟŰɞűɡɚɎəɘŬ ɐ ɢɟŮɧɔɟŬűŬ ɏɢɞɡɜ ůɡůŰɖɛŬŰɘəɧ əɑɜŭɡɜɞ ɛɖŭɏɜȟ ŭŮɜ ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ Űɞɜ 

Űɟɧˊɞ ɛŮ Űɞɜ ɞˊɞɑɞ ɛŮŰŬɓɎɚɚŮŰŬɘ ɖ ŬɔɞɟɎ.  

 

 

1.4 ɆɨɜɗŮůɖ ɉŬɟŰɞűɡɚŬəɑɞɡ əŬɘ ȹɘŬűɞɟɞˊɞɑɖůɖ 

 

ɇŬ əɟɘŰɐɟɘŬ Űɧůɞ Űɖɠ Ŭˊɧŭɞůɖɠ ɧůɞ əŬɘ Űɞɡ əɘɜŭɨɜɞɡ ɛˊɞɟŮɑ ɜŬ ɞɟɘůŰɞɨɜ əŬɘ ůŰɖɜ ˊŮɟɑ-

ˊŰɤůɖ Űɤɜ ɢŬɟŰɞűɡɚŬəɑɤɜ ɢɟŮɞɔɟɎűɤɜ, ɧˊɞɡ ɞ ɓŬůɘəɧɠ ɚɧɔɞɠ əŬŰŬůəŮɡɐɠ Űɞɡɠ ŮɑɜŬɘ ɖ ɛŮɑ-

ɤůɖ Űɞɡ ŮˊŮɜŭɡŰɘəɞɨ əɘɜŭɨɜɞɡ ɛɏůɤ Űɖɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ. ɆŰɖɜ ŬˊɚɞɨůŰŮɟɖ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ 

ŮɝŮŰɎɕɞɜŰŬɘ ŰŬ ɢŬɟŰɞűɡɚɎəɘŬ ŭɨɞ ɢɟŮɞɔɟɎűɤɜ, ɛŮ ŬɜŬɛŮɜɧɛŮɜŮɠ ŬˊɞŭɧůŮɘɠ ῴὶ  əŬɘ ῴὶ , 

ŭɘŬůˊɞɟɏɠ „ȟ„  əŬɘ ůɡɜŭɘŬəɨɛŬɜůɖ „ , ɞɟɑɕɞɜŰŬɠ ɤɠ ὼȟὼ ŰŬ ˊɞůɞůŰɎ Űɞɡ ŭɘŬɗɏůɘɛɞɡ əŮ-

űŬɚŬɑɞɡ ˊɞɡ ɗŬ ŮˊŮɜŭɡɗɞɨɜ ůŰɞ əɎɗŮ ɢɟŮɧɔɟŬűɞ, ɖ ŬɜŬɛŮɜɧɛŮɜɖ Ŭˊɧŭɞůɖ ῴὶ  əŬɘ ɞ əɑɜŭɡ-

ɜɞɠ „  Űɞɡ ɢŬɟŰɞűɡɚŬəɑɞɡ ɞɟɑɕɞɜŰŬɘ ɤɠ Ůɝɐɠ: 

¶ ȷˊɧŭɞůɖ ɔɘŬ ůɨɜɗŮůɖ ɢŬɟŰɞűɡɚŬəɑɞɡ ɛŮ 2 ŬɝɘɧɔɟŬűŬ 

ῴὶ ῴὼὶ ὼὶ ὼῴὶ ὼῴὶ  

¶ Ⱦɑɜŭɡɜɞɠ ɔɘŬ ůɨɜɗŮůɖ ɢŬɟŰɞűɡɚŬəɑɞɡ ɛŮ 2 ŬɝɘɧɔɟŬűŬ 

  „ ὠὼὶ ὼὶ ὼὠὶ ὼὠὶ ςὼὼ#ÏÖὶȟὶ  

ὼ„ ὼ„ ςὼὼʎ  

 

ȼ ůɡɜŭɘŬəɨɛŬɜůɖ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɘɠ Űɡˊɘəɏɠ ŬˊɞəɚɑůŮɘɠ Űɤɜ ŬˊɞŭɧůŮɤɜ ɓɎůŮɘ Űɖɠ ůɢɏůɖɠ 

„ ”„„ȟ ɧˊɞɡ ɛŮ ” ᶰ ρȟρȟ ůɡɛɓɞɚɑɕŮŰŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ůɡůɢɏŰɘůɖɠ Űɤɜ ŬˊɞŭɧůŮɤɜ 

Űɤɜ ɢɟŮɞɔɟɎűɤɜ. ȺɎɜ ɞ ůɡɜŰŮɚŮůŰɐɠ ůɡůɢɏŰɘůɖɠ ŮɑɜŬɘ ” ρ ŰɧŰŮ ɞɘ ŬˊɞŭɧůŮɘɠ Űɤɜ ŭɨɞ ɢɟŮ-

ɞɔɟɎűɤɜ ŮɑɜŬɘ  ɔɟŬɛɛɘəɎ ůɡůɢŮŰɘůɛɏɜŮɠ ŬɚɚɎ ɛŮŰŬɓɎɚɚɞɜŰŬɘ ˊɟɞɠ Űɘɠ ŬɜŰɑɗŮŰŮɠ əŬŰŮɡɗɨɜůŮɘɠ, 

ŮɎɜ ŮɑɜŬɘ ” ρ ŰɧŰŮ ɞɘ ŬˊɞŭɧůŮɘɠ Űɤɜ ɢɟŮɞɔɟɎűɤɜ ŮɑɜŬɘ ɔɟŬɛɛɘəɎ ůɡůɢŮŰɘůɛɏɜŮɠ əŬɘ ɛŮŰŬ-

ɓɎɚɚɞɜŰŬɘ ˊɟɞɠ Űɖɜ ɑŭɘŬ əŬŰŮɨɗɡɜůɖ, Ůɜɩ ɔɘŬ ” π ŭŮɜ ɡˊɎɟɢŮɘ ɔɟŬɛɛɘəɐ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ 

Űɤɜ ŬˊɞŭɧůŮɤɜ Űɤɜ ŭɨɞ ŬɝɘɞɔɟɎűɤɜ ɢɤɟɑɠ ŬɡŰɧ ɜŬ ůɖɛŬɑɜŮɘ ɧŰɘ ŮɑɜŬɘ əŬɘ ŬɜŮɝɎɟŰɖŰŮɠ, ˊŬɟɎ 

ɛɧɜɞ Ŭɜ ůɡɔɢɟɧɜɤɠ Ŭəɞɚɞɡɗɞɨɜ əŬɜɞɜɘəɐ əŬŰŬɜɞɛɐ. ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ ɗŬ ɞɟɘůŰŮɑ əŬɘ Űɞ ɢŬɟ-

ŰɞűɡɚɎəɘɞ ŮɚɎɢɘůŰɖɠ ŭɘŬəɨɛŬɜůɖɠ (Minimum  Variance Portfolio , MVP) ŭɖɚŬŭɐ ŬɡŰɧ ɛŮ 

Űɞɜ ɛɘəɟɧŰŮɟɞ əɑɜŭɡɜɞ, ɖ ůɨɜɗŮůɖ Űɞɡ ɞˊɞɑɞɡ ɔɘŬ ŭɨɞ ŬɝɘɧɔɟŬűŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛɖŭŮɜɑɕɞɜŰŬɠ 

Űɖɜ ɛŮɟɘəɐ ˊŬɟɎɔɤɔɞ ‬„ ‬ὼϳ , ɛŮ ὼ ὼ ρ. 

‬„

‬ὼ
π

‬

‬ὼ
ὼ„ ρ ὼ „ ςὼ ρ ὼ ʎ π 

ὼ
„ „

„ „ ς„
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ɆŰɖɜ ɔŮɜɘəɐ ˊŮɟɑˊŰɤůɖ Ůɜɧɠ ɢŬɟŰɞűɡɚŬəɑɞɡ Ʌ ŬˊɞŰŮɚɞɨɛŮɜɞ Ŭˊɧ ὲ ɢɟŮɧɔɟŬűŬ, ɖ ŬɜŬɛŮ-

ɜɧɛŮɜɖ Ŭˊɧŭɞůɖ əŬɘ ɞ əɑɜŭɡɜɞɠ Űɞɡ ɢŬɟŰɞűɡɚŬəɑɞɡ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɤɠ Ůɝɐɠ : 

¶ ȷˊɧŭɞůɖ ɔɘŬ ůɨɜɗŮůɖ ɢŬɟŰɞűɡɚŬəɑɞɡ ɛŮ ὲ ŬɝɘɧɔɟŬűŬ 

ῴὶ ὼ ῴὶ  

 

ȳˊɞɡ ῴὶ  ɖ ŮəŰɘɛɩɛŮɜɖ Ŭˊɧŭɞůɖ Űɞɡ ɢŬɟŰɞűɡɚŬəɑɞɡ, ὼ  Űɞ ˊɞůɞůŰɧ Űɞɡ ŭɘŬɗɏůɘɛɞɡ 

əŮűŬɚŬɑɞɡ ˊɞɡ ŮˊŮɜŭɨŮŰŬɘ ůŰɞ Ὥ ŬɝɘɧɔɟŬűɞ əŬɘ ῴὶ  ɖ ŬɜŬɛŮɜɧɛŮɜɖ Ŭˊɧŭɞůɖ ŬɡŰɞɨ. 

¶ Ⱦɑɜŭɡɜɞɠ ɢŬɟŰɞűɡɚŬəɑɞɡ ɛŮ ὲ ŬɝɘɧɔɟŬűŬ 

ʎ ØÉ ʎÉ ØÉ ØÊʎÉÊ 
ȟ

 

 

ȳˊɞɡ „  = ɖ ůɡɜŭɘŬəɨɛŬɜůɖ (covariance) ɛŮŰŬɝɨ Űɤɜ Ὥ əŬɘ Ὦ, ὼȟὼ  ŰŬ ˊɞůɞůŰɎ Űɞɡ əŮűŬ-

ɚŬɑɞɡ ́ ɞɡ ɏɢɞɡɜ ŮˊŮɜŭɡɗŮɑ ůŰŬ ŬɝɘɧɔɟŬűŬ Ὥ əŬɘ Ὦ ŬɜŰɑůŰɞɘɢŬ, ɛŮ Ὥ Ὦ  əŬɘ n ɞ ůɡɜɞɚɘəɧɠ Ŭɟɘɗ-

ɛɧɠ Űɤɜ ŬɝɘɞɔɟɎűɤɜ. Ƀɘ ˊɟɞŬɜŬűŮɟɧɛŮɜŮɠ ůɢɏůŮɘɠ ɛˊɞɟɞɨɜ ɜŬ Ŭˊɞŭɞɗɞɨɜ ŬˊɚɞɨůŰŮɟŬ ůŮ 

ɛɞɟűɐ ˊɘɜɎəɤɜ ɤɠ Ůɝɐɠ : 

Ὁὶ ►╣●ȟ    „ ●╣♅ ● 

ȳˊɞɡ: 

¶ ► ŮɑɜŬɘ ɞ ˊɑɜŬəŬɠ ï ůŰɐɚɖ Űɤɜ ŬɜŬɛŮɜɧɛŮɜɤɜ ŬˊɞŭɧůŮɤɜ, ŭɘɎůŰŬůɖɠ ὲ ρ əŬɘ ►♆ o 

ŬɜɎůŰɟɞűɧɠ Űɞɡ ŭɘɎůŰŬůɖɠ ρ ὲ. 

¶ ● ŮɑɜŬɘ ɞ ˊɑɜŬəŬɠ ï ůŰɐɚɖ Űɤɜ ˊɞůɞůŰɩɜ ůɡɛɛŮŰɞɢɐɠ Űɤɜ ɢɟŮɞɔɟɎűɤɜ ůŰɞ ɢŬɟŰɞűɡɚɎ-

əɘɞ, ŭɘɎůŰŬůɖɠ ὲ ρ əŬɘ ●♆ o ŬɜɎůŰɟɞűɧɠ Űɞɡ ŭɘɎůŰŬůɖɠ ρ ὲȢ 

¶ ♅ ɞ ˊɑɜŬəŬɠ ŭɘŬəɡɛɎɜůŮɤɜ ï ůɡɜŭɘŬəɡɛɎɜůŮɤɜ ŭɘŬůŰɎůŮɤɜ ὲ ὲ, o ɞˊɞɑɞɠ ˊɟɏˊŮɘ ɜŬ 

ŮɑɜŬɘ ůɡɛɛŮŰɟɘəɧɠ əŬɘ ɗŮŰɘəɎ ɞɟɘůɛɏɜɞɠ, ɔɘŬ ɜŬ ɡˊɎɟɢŮɘ əŬɘ ɞ ŬɜŰɑůŰɟɞűɧɠ Űɞɡ ♅ . 

 

ȳůɞɜ ŬűɞɟɎ Űɖɜ ŬɜŬɛŮɜɧɛŮɜɖ Ŭˊɧŭɞůɖ Űɞɡ ɢŬɟŰɞűɡɚŬəɑɞɡ ŰŬ ˊɟɎɔɛŬŰŬ ŭŮɑɢɜɞɡɜ ŬˊɚɎ 

əŬɗɩɠ ˊɟɧəŮɘŰŬɘ ɔɘŬ ɔɟŬɛɛɘəɐ ůɡɜɎɟŰɖůɖ Űɤɜ ŬˊɞŭɧůŮɤɜ Űɤɜ Ůˊɘɛɏɟɞɡɠ ŬɝɘɧɔɟŬűɤɜ ˊɞɡ Űɞ 

ŬˊɞŰŮɚɞɨɜ. ȯɟŬ ɗŮɤɟɩɜŰŬɠ ɧŰɘ ὼ π əŬɘ ɗɏŰɞɜŰŬɠ ɤɠ ØÊɕ ρ  Űɞ ˊɞůɞůŰɧ Űɞɡ əŮűŬɚŬɑɞɡ ́ ɞɡ 

ɗŬ ŮˊŮɜŭɡɗŮɑ ůŰɞ Ὦᶻ ŬɝɘɧɔɟŬűɞ ɛŮ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧŭɞůɖ əŬɘ ØÉ π ɔɘŬ əɎɗŮ Ɏɚɚɞ Ŭɝɘɧ-

ɔɟŬűɞ Ὥ Ὦᶻ, ɛˊɞɟŮɑ ɜŬ ɓɟŮɗŮɑ ɖ ɛɏɔɘůŰɖ Ŭˊɧŭɞůɖ Űɞɡ ɢŬɟŰɞűɡɚŬəɑɞɡ. ȷɡŰɧ ˊɞɡ ɢɟɐɕŮɘ ˊŮ-

ɟŬɘŰɏɟɤ ŬɜɎɚɡůɖɠ ŮɑɜŬɘ ɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ əɘɜŭɨɜɞɡ Űɞɡ ɢŬɟŰɞűɡɚŬəɑɞɡ ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ɛɖ 
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ɔɟŬɛɛɘəɐ ůɡɜɎɟŰɖůɖ Űɤɜ ˊɞůɞůŰɩɜ ůɡɛɛŮŰɞɢɐɠ Űɤɜ ɢɟŮɞɔɟɎűɤɜ. ȯɚɚɤůŰŮ ɧˊɤɠ ˊɟɞŬɜŬ-

űɏɟɗɖəŮ ůŰɧɢɞɠ Űɖɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ŮɑɜŬɘ ɖ ůŰŬɗŮɟɧŰɖŰŬ ˊɞɡ ŮɑɜŬɘ ɎɛŮůŬ ůɡɜɡűŬůɛɏɜɖ ɛŮ 

Űɞɜ əɑɜŭɡɜɞ, əŬɘ ɧɢɘ Űɧůɞ ɖ ɛŮɔɘůŰɞˊɞɑɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ. 

ɃɚɞəɚɖɟɩɜɞɜŰŬɠ ŮˊɘůɖɛŬɑɜŮŰŬɘ ɧŰɘ ɞ əɑɜŭɡɜɞɠ ˊɞɡ ŮɛˊŮɟɘɏɢŮɘ ɏɜŬ ɢŬɟŰɞűɡɚɎəɘɞ əŬɘ ɛˊɞ-

ɟŮɑ ɜŬ ŮɝŬɚŮɘűɗŮɑ ɛɏůɤ ŮűŬɟɛɞɔɐɠ Űɖɠ əŬŰɎɚɚɖɚɖɠ ůŰɟŬŰɖɔɘəɐɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ ɞɜɞɛɎɕŮŰŬɘ 

ɛɖ ůɡůŰɖɛŬŰɘəɧɠ əɑɜŭɡɜɞɠ (non-systematic risk) əŬɘ ŬűɞɟɎ ŬˊɞəɚŮɘůŰɘəɎ Űɞ əɎɗŮ ɢɟŮɧ-

ɔɟŬűɞ Űɞɡ ɢŬɟŰɞűɡɚŬəɑɞɡ ɢɤɟɑɠ ɜŬ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɖ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ ɡˊɞɚɞɑˊɤɜ ɢɟŮɞ-

ɔɟɎűɤɜ. Ⱥɜɩ Űɞ ɛɏɟɞɠ Űɞɡ əɑɜŭɡɜɞɡ ˊɞɡ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŮɝŬɚŮɘűɗŮɑ ɛɏůɤ Űɖɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ 

ŬűɞɟɎ Űɞɜ ůɡůŰɖɛŬŰɘəɧ əɑɜŭɡɜɞ (systematic risk), ɞ ɞˊɞɑɞɠ ɛˊɞɟŮɑ ɜŬ ˊɞůɞŰɘəɞˊɞɘɖɗŮɑ ɛɏůɤ 

Űɞɡ ůɡɜŰŮɚŮůŰɐ ‍ ɞ ɞˊɞɑɞɠ ŬɜŬűɏɟɗɖəŮ ůŮ ˊɟɞɖɔɞɨɛŮɜɖ ŮɜɧŰɖŰŬ. 

 

 

1.5 ȸŮɚŰɘůŰɞˊɞɑɖůɖ ɢŬɟŰɞűɡɚŬəɑɞɡ  

 

ȸɎůŮɘ Űɖɠ ˊŬɟŬˊɎɜɤ ŬɜɎɚɡůɖɠ ɏɔɘɜŮ əŬŰŬɜɞɖŰɧ ɧŰɘ ŭɨɜŬŰŬɘ ɜŬ ɛŮɘɤɗŮɑ ɞ əɑɜŭɡɜɞɠ ɛɘŬɠ 

Ůˊɏɜŭɡůɖɠ ɢɤɟɑɠ ŬˊŬɟŬɑŰɖŰŬ ɜŬ ɗɡůɘŬůŰŮɑ ɖ Ŭˊɧŭɞůɖ, ŮűŬɟɛɧɕɞɜŰŬɠ ɛɘŬ əŬɚɎ ůɢŮŭɘŬůɛɏɜɖ 

ůŰɟŬŰɖɔɘəɐ ŭɘŬűɞɟɞˊɞɑɖůɖɠ. ȼ ůɢɏůɖ ŬɡŰɐ Ŭˊɧŭɞůɖɠ əŬɘ əɘɜŭɨɜɞɡ ɗŬ ŮɑɜŬɘ ɞ ˊɡɟɐɜŬɠ əŬŰŬ-

ůəŮɡɐɠ Ůɜɧɠ ŮűɘəŰɞɨ ůɡɜɧɚɞɡ ɢŬɟŰɞűɡɚŬəɑɤɜ, ɧˊɞɡ ůŬɜ ŮűɘəŰɧ ůɨɜɞɚɞ ɢŬɟŰɞűɡɚŬəɑɤɜ 

(feasible set of portfolios), ɞɟɑɕŮŰŬɘ Űɞ ůɨɜɞɚɞ Űɤɜ ˊɘɗŬɜɩɜ ůɡɜŭɡŬůɛɩɜ ŬɜŬɛŮɜɧɛŮɜɖɠ Ŭˊɧ-

ŭɞůɖɠ əŬɘ Űɡˊɘəɐɠ Ŭˊɧəɚɘůɖɠ Űɤɜ ŬˊɞŭɧůŮɤɜ Űɤɜ ŬɝɘɞɔɟɎűɤɜ ˊɞɡ ŮɛˊŮɟɘɏɢɞɜŰŬɘ ůŮ ˊɞɚɚɎ 

ɢŬɟŰɞűɡɚɎəɘŬ (ɓɚ. ȸŬůɘɚŮɑɞɡ əŬɘ ȼɟŮɘɩŰɖɠ (2009)). ɄɎɜɤ ůŮ ŬɡŰɐ Űɖ ůɢɏůɖ ŬɜŬɛŮɜɧɛŮɜɖɠ 

Ŭˊɧŭɞůɖɠ əŬɘ əɘɜŭɨɜɞɡ ɗŬ ɗŮɛŮɚɘɤɗŮɑ əŬɘ Űɞ ɛŮɗɞŭɞɚɞɔɘəɧ ˊɚŬɑůɘɞ ˊɞɡ ŬɜɏˊŰɡɝŮ ɞ ɁɞɛˊŮɚɑ-

ůŰŬɠ Harry Markowitz ůŰɖ ŭŮəŬŮŰɑŬ Űɞɡ 1950 (ɓɚ. Markowitz, (1952)), ɧˊɞɡ əŬɘ ŮɘůɐɔŬɔŮ Űɖɜ 

ɏɜɜɞɘŬ Űɤɜ ŬˊɞŰŮɚŮůɛŬŰɘəɩɜ ɢŬɟŰɞűɡɚŬəɑɤɜ (efficient portfolios), ŭɖɚŬŭɐ Űɤɜ ɢŬɟŰɞűɡ-

ɚŬəɑɤɜ ŮəŮɑɜɤɜ Űɞɡ ŮűɘəŰɞɨ ůɡɜɧɚɞɡ ŰŬ ɞˊɞɑŬ ɡˊŮɟɏɢɞɡɜ ůŮ ůɢɏůɖ ɛŮ ŰŬ ɡˊɧɚɞɘˊŬ, əŬɗɩɠ ɔɘŬ 

ɏɜŬ ŭŮŭɞɛɏɜɞ ŮˊɑˊŮŭɞ əɘɜŭɨɜɞɡ ˊŬɟɏɢɞɡɜ Űɖɜ ɛɏɔɘůŰɖ ŭɡɜŬŰɐ Ŭˊɧŭɞůɖ, Ůɜɩ ɔɘŬ ŭŮŭɞɛɏɜɖ Ŭ-

ˊɧŭɞůɖ ŮɛˊŮɟɘɏɢɞɡɜ Űɞɜ ɛɘəɟɧŰŮɟɞ əɑɜŭɡɜɞ. ɇɞ əŬɚɨŰŮɟɞ ɢŬɟŰɞűɡɚɎəɘɞ Űɞ ɞˊɞɑɞ ˊɟɏˊŮɘ ɜŬ 

ŮˊɘɚɏɝŮɘ ɞ ŮˊŮɜŭɡŰɐɠ ůŮ ůɢɏůɖ ɛŮ Űɞ ůɨɜɞɚɞ Űɤɜ ŬˊɞŰŮɚŮůɛŬŰɘəɩɜ ɢŬɟŰɞűɡɚŬəɑɤɜ ɞɜɞɛɎɕŮŰŬɘ 

ɎɟɘůŰɞ ɐ ɓɏɚŰɘůŰɞ ɢŬɟŰɞűɡɚɎəɘɞ (optimal portfolio ) ɧˊɞɡ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖɜ Ůˊɘɚɞɔɐ Űɞɡ 

ŭɘŬŭɟŬɛŬŰɑɕɞɡɜ ɞɘ ˊɟɞŰɘɛɐůŮɘɠ Űɞɡ ŮəɎůŰɞŰŮ ŮˊŮɜŭɡŰɐ. ȳɛɤɠ əŬɜɏɜŬɠ ŮˊŮɜŭɡŰɐɠ ɞ ɞˊɞɑɞɠ Ůɑ-

ɜŬɘ ñɚɞɔɘəɧɠò ŭŮɜ ɗŬ ˊɟɞŰɘɛɞɨůŮ ɏɜŬ ɢŬɟŰɞűɡɚɎəɘɞ əɎŰɤ Ŭˊɧ Űɖɜ əŬɛˊɨɚɖ ŬˊɞŰŮɚŮůɛŬŰɘəɩɜ 

ɢŬɟŰɞűɡɚŬəɑɤɜ əŬɗɩɠ ɗŬ ɐŰŬɜ ɏɜŬ ŮűɘəŰɧ ɛŮɜ ŬɚɚɎ ɡˊɞŭŮɏůŰŮɟɞ ŭŮ ɢŬɟŰɞűɡɚɎəɘɞ. ũɘŬ ˊŬɟɎ-

ŭŮɘɔɛŬ ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ůɢɐɛŬ əŬɜŮɑɠ ŭŮɜ ɗŬ ŮˊɏɚŮɔŮ Űɞ ɢŬɟŰɞűɡɚɎəɘɞ ὖ əŬ-

ɗɧŰɘ ůŮ ɑŭɘɞ ŮˊɑˊŮŭɞ əɘɜŭɨɜɞɡ ɛŮ Űɞ ὖ, ůP „ ɡůŰŮɟŮɑ ůŮ Ŭˊɧŭɞůɖ ὉrP Ὁὶ , Ůɜɩ ůŮ 

ɑŭɘɞ ŮˊɑˊŮŭɞ Ŭˊɧŭɞůɖɠ ɛŮ Űɞ ὖ , ὉrP Ὁὶ  ˊŬɟɞɡůɘɎɕŮɘ ɛŮɔŬɚɨŰŮɟɞ əɑɜŭɡɜɞ əŬɗɩɠ 

ůP „  
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Ʉɖɔɐ:(Dietmar Maringer,2005) 

 ȹɘɎɔɟŬɛɛŬ 1.2 ȷˊɞŰŮɚŮůɛŬŰɘəɧ ůɨɜɞɟɞ Űɞɡ Markowitz 

 

ɄŬɟŬəɎŰɤ ŬɜŬɚɨɞɜŰŬɘ ŰŬ ˊɘɞ ɓŬůɘəɎ ɛɞɜŰɏɚŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ, ɔɘŬ ŰŬ ɞˊɞɑŬ ɤɠ ɛɏŰɟɞ əɘɜ-

ŭɨɜɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ŭɘŬəɨɛŬɜůɖ əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɖ ɖɛɘŭɘŬəɨɛŬɜůɖ, ɧɛɤɠ əɎɚɚɘůŰŬ 

ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ əŬɘ ɎɚɚŬ ɛɏŰɟŬ əɘɜŭɨɜɞɡ ɧˊɤɠ Űɞ VaR, ɖ ɕɖɛɑŬ L ɐ ŬəɧɛŬ ůŮ ˊɘɞ 

ůɨɔɢɟɞɜɖ ˊɟɞůɏɔɔɘůɖ, Űɞ Sharpe Ratio Űɞɡ ɢŬɟŰɞűɡɚŬəɑɞɡ, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɖ ŬɜɎ ɛɞɜɎŭŬ əɘɜ-

ŭɨɜɞɡ ɡˊŮɟɓɎɚɚɞɡůŬ ŬɜŬɛŮɜɧɛŮɜɖ Ŭˊɧŭɞůɖ (excess expected return) əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůɡ-

ɢɜɎ əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɎ ɤɠ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ ˊɟɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ 

ɛŮɔɘůŰɞˊɞɑɖůɖ. 

 

 

1.5.1 The Black Model 

 

ȷɟɢɘəɎ ɗŬ ŮɝŮŰŬůŰŮɑ ɖ ́ ɘɞ Ŭˊɚɐ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ŬɜŬɚɨŮŰŬɘ Űɞ ɛɞɜŰɏɚɞ ˊɞɡ ˊɟɞŰɎɗɖəŮ Ŭˊɧ 

Űɞɜ Black (1972) Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɞɡůɘŬůŰɘəɎ ˊɟɞɏəŰŬůɖ Űɞɡ ɛɞɜŰɏɚɞɡ Űɞɡ Markowitz ɛŮ Űɖɜ 

ŭɘŬűɞɟɎ ɧŰɘ ůŮ ŬɡŰɧ Űɞ ɛɞɜŰɏɚɞ ŮˊɘŰɟɏˊɞɜŰŬɘ ɞɘ ŬɜɞɘɢŰɏɠ ˊɤɚɐůŮɘɠ. ɀŮ Űɞɜ ɧɟɞ ŬɜɞɘɢŰɏɠ ˊɤ-

ɚɐůŮɘɠ (short selling) ŮɜɜɞɞɨɛŮ ɧŰɘ ɞ ŮˊŮɜŭɡŰɐɠ ɛˊɞɟŮɑ ɜŬ ŬɔɞɟɎůŮɘ ɏɜŬ ŬɝɘɧɔɟŬűɧ ůŰɖɜ ůɖ-

ɛŮɟɘɜɐ Űɞɡ Űɘɛɐ, Űɞ ŬɜŰɑŰɘɛɞ Űɞɡ ɞˊɞɑɞɡ ɛˊɞɟŮɑ ɜŬ əŬŰŬɓɎɚŮɘ ůŮ əɎˊɞɘŬ ůɡɛűɤɜɖɛɏɜɖ ůŰɘɔɛɐ 

ůŰɞ ɛɏɚɚɞɜ, ɞ ŮˊŮɜŭɡŰɐɠ ˊɟɞůŭɞəɎ ɧŰɘ ɛŮɚɚɞɜŰɘəɎ ɖ Űɘɛɐ Űɞɡ ŬɝɘɞɔɟɎűɞɡ ɗŬ ŬɜɏɓŮɘ əŬɘ ɖ 

ŭɘŬűɞɟɎ ŬɡŰɐ ŮɑɜŬɘ Űɞ ŮəŰɘɛɩɛŮɜɞ əɏɟŭɞɠ Űɞɡ. 

ɄɟŬəŰɘəɎ ɔɘŬ Űɞ ɛɞɜŰɏɚɞ ɛŬɠ ůɖɛŬɑɜŮɘ ɧŰɘ ŰŬ ˊɞůɞůŰɎ ůɡɛɛŮŰɞɢɐɠ Űɤɜ ŬɝɘɞɔɟɎűɤɜ ůŰɖɜ 

ůɨɜɗŮůɖ Űɞɡ ɢŬɟŰɞűɡɚŬəɑɞɡ ɛˊɞɟɞɨɜ ɜŬ ˊɎɟɞɡɜ əŬɘ ŬɟɜɖŰɘəɏɠ Űɘɛɏɠ, əŬɘ ŬɡŰɐ ŮɑɜŬɘ əŬɘ ɖ 
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ŭɘŬűɞɟɎ ɛŮ Űɞ ɛɞɜŰɏɚɞ Űɞɡ Markowitz Űɞ ɞˊɞɑɞ ɏɢŮɘ ɤɠ ˊŮɟɘɞɟɘůɛɧ Űɖɜ ɗŮŰɘəɧŰɖŰŬ Űɞɡ ŭɘŬɜɨ-

ůɛŬŰɞɠ Űɤɜ ɓŬɟɩɜ, ●  . ɇɞ ˊɟɧɓɚɖɛŬ ɚɞɘˊɧɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ŭɘŬɛɞɟűɩɜŮŰŬɘ ɤɠ Ůɝɐɠ: 

 

min         „ ●╣♅● 

ɄŮɟɘɞɟɘůɛɞɑ    ▄╣● ρ 

   ►╣● Ὑᶻ 

●ɴ ᴙ  

ȳˊɞɡ: 

¶ ▄ ŮɑɜŬɘ ɞ ˊɑɜŬəŬɠ ï ůŰɐɚɖ ŭɘɎůŰŬůɖɠ ὲ ὼ ρ, əŬɘ ▄╣o ŬɜɎůŰɟɞűɧɠ Űɞɡ ŭɘɎůŰŬůɖɠ ρ ὼ ὲ. 

¶ ● ŮɑɜŬɘ ɞ ˊɑɜŬəŬɠ ï ůŰɐɚɖ Űɤɜ ˊɞůɞůŰɩɜ ůɡɛɛŮŰɞɢɐɠ Űɤɜ ɢɟŮɞɔɟɎűɤɜ ůŰɞ ɢŬɟŰɞűɡ-

ɚɎəɘɞ, ŭɘɎůŰŬůɖɠ ὲ ρ əŬɘ ●♆ o ŬɜɎůŰɟɞűɧɠ Űɞɡ ŭɘɎůŰŬůɖɠ ρ ὼ ὲȢ 

¶ ► ŮɑɜŬɘ ɞ ˊɑɜŬəŬɠ ï ůŰɐɚɖ Űɤɜ ŬɜŬɛŮɜɧɛŮɜɤɜ ŬˊɞŭɧůŮɤɜ, ŭɘɎůŰŬůɖɠ ὲ ρ əŬɘ ►♆ o 

ŬɜɎůŰɟɞűɧɠ Űɞɡ ŭɘɎůŰŬůɖɠ ρ ὼ ὲȢ 

¶ ♅ ŮɑɜŬɘ ɞ ˊɑɜŬəŬɠ ŭɘŬəɡɛɎɜůŮɤɜ ï ůɡɜŭɘŬəɡɛɎɜůŮɤɜ ŭɘŬůŰɎůŮɤɜ ὲ ὲ. 

To ˊŬɟŬˊɎɜɤ ˊɟɧɓɚɖɛŬ ɛˊɞɟŮɑ ɜŬ ŭɩůŮɘ ɛɑŬ əɚŮɘůŰɞɨ Űɨˊɞɡ ɚɨůɖ ɔɘŬ ŰŬ ɓɎɟɖ ŮɚŬɢɘůŰɞ-

ˊɞɘɩɜŰŬɠ Űɞɜ əɑɜŭɡɜɞ, ɏɢɞɜŰŬɠ ůɡɔəŮəɟɘɛɏɜɞ əŬŰɩűɚɘ ɔɘŬ Űɖɜ ŮˊɘɗɡɛɖŰɐ Ŭˊɧŭɞůɖ. ȼ ɛɏɗɞŭɞɠ 

ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɓŬůɑɕŮŰŬɘ ůŰɞɡɠ ˊɞɚɚŬˊɚŬůɘŬůŰɏɠ Űɞɡ Lagrange. ɆɡɛɓɞɚɑɕɞɜŰŬɠ ɚɞɘ-

ˊɧɜ ɤɠ ‗ , ‗  Űɘɠ ɣŮɡŭɞɛŮŰŬɓɚɖŰɏɠ ́ ɞɡ ɞɜɞɛɎɕɞɜŰŬɘ ˊɞɚɚŬˊɚŬůɘŬůŰɏɠ Lagrange, əŬɗɞɟɑɕŮŰŬɘ 

ɖ ˊŬɟŬəɎŰɤ Lagrangian ůɡɜɎɟŰɖůɖ,  

ὒ
ρ

ς
●╣♅● ‗ ρ ▄╣● ‗ Ὑᶻ ►╣● 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ɞɘ ˊŬɟɎɔɤɔɞɘ ˊɟɩŰɖɠ ŰɎɝɖɠ Űɖɠ Lagrangian, ɤɠ ˊɟɞɠ ● əŬɘ ɤɠ ˊɟɞɠ Űɞɡɠ 

ˊɞɚɚŬˊɚŬůɘŬůŰɏɠ Lagrange ŰɑɗŮɜŰŬɘ ɑůɞɘ ɛŮ π əŬɘ ɚɨɜɞɡɛŮ Űɞ ˊŬɟŬəɎŰɤ ůɨůŰɖɛŬ ŮɝɘůɩůŮɤɜ. 

 

●
π  ᵼ♅● ‗▄ ‗► π      (1.1) 

π ᵼ▄╣● ρ     (1.2) 

π ᵼ►╣● Ὑᶻ     (1.3) 

ȷˊɧ Űɖɜ ůɢɏůɖ (1.1) ́ ɟɞəɨˊŰŮɘ ɧŰɘ: 

● ‗♅ ▄ ‗♅ ►    (1.4) 
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ȷɜŰɘəŬɗɘůŰɩɜŰŬɠ Űɞ ● ůŰɘɠ ůɢɏůŮɘɠ (1.2), (1.3) ˊɟɞəɨˊŰŮɘ Űɞ Ůɝɐɠ ůɨůŰɖɛŬ ŮɝɘůɩůŮɤɜ: 

‗ϛ▄╣♅  ▄  ‗Ϝ▄╣ ♅ ► ρ

‗ϛ►╣♅  ▄  ‗Ϝ►╣ ♅ ► Ὑ
 z

ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɞ ˊɑɜŬəŬɠ   ŮɑɜŬɘ ůɡɛɛŮŰɟɘəɧɠ ɘůɢɨŮɘ ɧŰɘ ►╣♅  ▄ = ▄╣ ♅ ► , ɗɏŰɞɜŰŬɠ 

ɚɞɘˊɧɜ ὥ ▄╣♅  ▄ ȟὦ ►╣♅  ▄ ȟὧ ►╣ ♅ ►  Űɞ ˊŬɟŬˊɎɜɤ ůɨůŰɖɛŬ ˊŬɑɟɜŮɘ Űɖɜ Ŭəɧ-

ɚɞɡɗɖ ɛɞɟűɐ.  

 
ὥ‗ ὦ‗ ρ
ὦ‗ ὧ‗ Ὑ

 z 

ɆŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ˊɞɚɚŬˊɚŬůɘɎɕɞɜŰŬɠ Űɖɜ ˊɎɜɤ ůɢɏůɖ ɛŮ ὦ əŬɘ Űɖɜ əɎŰɤ ɛŮ ‌ 

əŬɘ ˊɟɞůɗɏŰɞɜŰŬɠ əŬŰɎ ɛɏɚɖ ˊɟɞəɨˊŰɞɡɜ ŰŬ Ůɝɐɠ ŬˊɞŰŮɚɏůɛŬŰŬ: 

 
ὥ‗ ὦ‗ ρ
ὦ‗ ὧ‗ Ὑ

 z  
ᶻ

 
ὥὦ‗ ὦ‗ ὦ
ὥὦ‗ ὥὧ‗ ὥὙᶻ

  ‗  
 z 

  

 

ȷɜŰɑůŰɞɘɢŬ ůŰɖɜ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ ɞ́ɚɚŬˊɚŬůɘɎɕɞɜŰŬɠ Űɖɜ ˊɎɜɤ ůɢɏůɖ ɛŮ ὧ əŬɘ Űɖɜ 

əɎŰɤ ɛŮ ὦ əŬɘ ˊɟɞůɗɏŰɞɜŰŬɠ əŬŰɎ ɛɏɚɖ ˊɟɞəɨˊŰɞɡɜ ŰŬ Ůɝɐɠ ŬˊɞŰŮɚɏůɛŬŰŬ: 

 
ὥ‗ ὦ‗ ρ
ὦ‗ ὧ‗ Ὑ

 z  
ᶻ ὥὧ‗ ὦὧ‗ ὧ

ὦ‗ ὦὧ‗ ὦὙᶻ
 ‗   

  ᶻ

 

 

ɀŮ ɓɎůɖ ŰŬ ˊŬɟŬˊɎɜɤ ɚɞɘˊɧɜ ɛˊɞɟŮɑ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ɖ ůɨɜɗŮůɖ Űɞɡ ɓɏɚŰɘůŰɞɡ ɢŬɟŰɞ-

űɡɚŬəɑɞɡ, ŬɜŰɘəŬɗɘůŰɩɜŰŬɠ ŰŬ ‗ȟ‗ůŰɖɜ ůɢɏůɖ (1.4) ɧˊɞɡ ŰŮɚɘəɎ ˊɟɞəɨˊŰŮɘ: 

●  
ὧ  ὦὙᶻ

ὥὧὦ
ς ♅ ▄

‌Ὑᶻ  ὦ

ὥὧὦ
ς♅ ►   (1.5) 

 

ȷˊɧ Űɘɠ ůɢɏůŮɘɠ (1.1), (1.2), (1.3),  ɡˊɞɚɞɔɑɕŮŰŬɘ əŬɘ ɞ əɑɜŭɡɜɞɠ Űɞɡ ɓɏɚŰɘůŰɞɡ ɢŬɟŰɞűɡ-

ɚŬəɑɞɡ ɤɠ Ůɝɐɠ: 

 ● ‗▄ ‗► π
ᶻ●╣

●╣♅● ‗●╣▄ ‗●╣► π  

ᵼ „ ‗ ‗Ὑᶻ π    (1.6) 

„  
   z 

    (1.7) 
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ȳɚɖ ɖ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬɜŬɚɨɗɖəŮ ɞŭɖɔŮɑ ůŮ əɚŮɘůŰɞɨɠ Űɨˊɞɡɠ əŬɘ ůŮ Ůɨəɞɚɞɡɠ ɡˊɞɚɞɔɘ-

ůɛɞɨɠ, Űɤɜ ὥȟὦȟὧ ɔɘŬ Űɞɜ əŬɗɞɟɘůɛɧ Űɖɠ ůɨɜɗŮůɖɠ Űɞɡ ɓɏɚŰɘůŰɞɡ ɢŬɟŰɞűɡɚŬəɑɞɡ ˊɎɜŰŬ ɓɎůɖ 

Űɖɠ ŮˊɘɗɡɛɖŰɐɠ Ŭˊɧŭɞůɖɠ ˊɞɡ ŰɑɗŮŰŬɘ ůŰɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ. ȺɎɜ ůŰɖɜ ˊŬɟŬˊɎɜɤ ŬɜɎɚɡůɖ ŭŮɜ 

ɞɟɘůŰŮɑ ɤɠ ˊŮɟɘɞɟɘůɛɧɠ əɎˊɞɘɞ ŮˊɘɗɡɛɖŰɧ ŮˊɑˊŮŭɞ Ŭˊɧŭɞůɖɠ, ɗɏŰɞɜŰŬɠ ŭɖɚŬŭɐ ‗ π ŬɡŰɧ 

ˊɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ ŮɑɜŬɘ Űɞ ɢŬɟŰɞűɡɚɎəɘɞ ŮɚɎɢɘůŰɞɡ əɘɜŭɨɜɞɡ. 

 

ȷˊɧ Űɞ ůɨůŰɖɛŬ ŮɝɘůɩůŮɤɜ 

 
‌‗ ὦ‗ ρ
ὦ‗ ὧ‗ Ὑ

 z  

ˊɟɞəɨˊŰŮɘ ɧŰɘ ‗ ρ‌ϳ  Ŭˊɧ Űɖɜ ˊɟɩŰɖ ůɢɏůɖ, Ůɜɩ ŭɘŬɘɟɩɜŰŬɠ əŬŰɎ ɛɏɚɖ ˊɟɞəɨˊŰŮɘ ɧŰɘ Ὑᶻ

ὦ‌ϳ . 

ɆɨɛűɤɜŬ ɛŮ ŰŬ ˊŬɟŬˊɎɜɤ ɚɞɘˊɧɜ ɖ ůɨɜɗŮůɖ Űɞɡ ɢŬɟŰɞűɡɚŬəɑɞɡ ŮɚɎɢɘůŰɞɡ əɘɜŭɨɜɞɡ ɧˊɤɠ 

ˊɟɞəɨˊŰŮɘ əŬɘ Ŭˊɧ Űɘɠ ůɢɏůɖ (1.4) ɗŬ ŮɑɜŬɘ ɖ Ůɝɐɠ:  

● ‗♅ ▄ ‗♅ ► ● ‗♅  ▄ 
ϳ
 ●  

ρ

ὥ
♅  ▄ 

 
●  

♅  ▄

▄╣♅  ▄ 
 

 

 

ȾŬɘ ŬɜŰɑůŰɞɘɢŬ ɞ əɑɜŭɡɜɞɠ Űɞɡ ɢŬɟŰɞűɡɚŬəɑɞɡ ŮɚɎɢɘůŰɞɡ əɘɜŭɨɜɞɡ ɗŬ ŮɑɜŬɘ : 

„ ‗ ‗Ὑᶻ π „ ‗ 

 
„   

 

 

ȷəɞɚɞɡɗŮɑ ɛɘŬ Ŭˊɚɐ ŮűŬɟɛɞɔɐ Űɤɜ ˊŬɟŬˊɎɜɤ Űɨˊɤɜ ˊɞɡ ɞŭɖɔɞɨɜ ůŮ əɚŮɘůŰɞɨ Űɨˊɞɡ ɚɨůɖ, 

ůŮ ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ R. ɇɞ ˊŬɟɎŭŮɘɔɛŬ ŬűɞɟɎ 3 əɞɘɜɏɠ ɛŮŰɞɢɏɠ (Rachev, 2008) ɛŮ 

ŭɘɎɜɡůɛŬ ŬɜŬɛŮɜɧɛŮɜɤɜ ŬˊɞŭɧůŮɤɜ ►╣ = (1.8%, 2.5%, 1%) əŬɘ ŮˊɘɗɡɛɖŰɐ Ŭˊɧŭɞůɖ 

Ὑᶻ =1.8%. Ƀ ŬɜŰɑůŰɞɘɢɞɠ ˊɑɜŬəŬɠ ȹɘŬəɡɛɎɜůŮɤɜ ï ɆɡɜŭɘŬəɡɛɎɜůŮɤɜ ŭɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ: 

 

 

Ɇ = 
ρȢφψ   πȢστ   πȢσψ
πȢστ    σȢπω ρȢυω
πȢσψ ρȢυω   ρȢυτ
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ȾɩŭɘəŬɠ: 

###  Function  for  optimal  portfolio  with  Lagrangian  multipliers   ### 
Lagr  <-  function ( e, r , V, R) {  
   
 a<- t ( e)%*%solve ( V)%*%e 
 b<- t ( r )%*%solve ( V)%*%e 
 c<- t ( r )%*%solve ( V)%*%r  
 L1<- ( c- ( b* R))/(( a* c) - b^2)  
 L1<- as. numeric ( L1)  
 L2<- (( a* R) - b)/(( a* c) - b^2)  
 L2<- as. numeric ( L2)  
 X<- L1* solve ( V)%*%e + L2* solve ( V)%*%r  
 X<- c( round ( X, 3))  
 Sp <-  round ( as. numeric (( a* R̂ 2) - ( 2* b* R)+ c)/ as. numeric ( a* c- b^2), 3)  
    cat ( " Weights  = (" , X, ")" , " \ n" )  
  cat ( " Portfolio  Variance  = (" , Sp, ")" , " \ n" )  
 }  
###  Function inputs & execution  ###  
e < -  matrix ( c( 1, 1, 1), 3)  
r < -  matrix ( c( 0.018 , 0.025 , 0.01 ), 3)  
V < -  matrix ( c( 1.68 , 0.34 , 0.38 , 0.34 , 3.09 , - 1.59 , 0.38 , - 1.59 , 1.54 ), 3)  
R <-  0.018   
Lagr  (e, r, V, R)  
### Output   ### 
Weights  = ( 0.046 0.509 0.445 )  
Portfolio  Variance  = ( 0.42 )  
 

ɇŮɚɘəɎ Űɞ ˊɟɧɔɟŬɛɛŬ ɛŬɠ ŭɑɜŮɘ ůŬɜ ɓɏɚŰɘůŰɖ ɚɨůɖ ɧŰɘ ɞ ŮɚɎɢɘůŰɞɠ əɑɜŭɡɜɞɠ ŮɑɜŬɘ ɑůɞɠ ɛŮ: 

„  0.422 əŬɘ ŬɜŰɑůŰɞɘɢŬ ɓɎɟɖ ɑůŬ ɛŮ 0.046, 0.509 əŬɘ 0.445, ŭɖɚŬŭɐ ὼ τȢφϷ , ὼ

υπȢωϷ əŬɘ ● ττȢυϷ . ȷɡŰɧ ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ŮɑɜŬɘ ɧŰɘ ɔɘŬ Űɖɜ ɑŭɘŬ Ŭˊɧŭɞůɖ ►╣● πȢπρψ, 

ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŮˊŮɜŭɡɗŮɑ ɧɚɞ Űɞ əŮűɎɚŬɘɞ, ŭɖɚŬŭɐ ɜŬ ŭɞɗŮɑ ɓɎɟɞɠ ɑůɞ ɛŮ ρ, ɞ ůŰɖɜ ˊɟɩŰɖ 

ɛŮŰɞɢɐ ɖ ɞˊɞɑŬ ɏɢŮɘ Ŭˊɧŭɞůɖ ɑůɖ ɛŮ πȢπρψ, ŰɧŰŮ Űɞ ɢŬɟŰɞűɡɚɎəɘɞ ɗŬ ɐŰŬɜ ɛŮɜ ŮűɘəŰɧ ŬɚɚɎ ɧɢɘ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧ əŬɗɧŰɘ ɗŬ ŮɑɢŮ əɑɜŭɡɜɞ ɑůɞ ɛŮ ů ů  ρȢφψ. Ⱥŭɩ űŬɑɜŮŰŬɘ ɝŮəɎɗŬɟŬ əŬɘ 

Űɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ ɧˊɞɡ ɛŮ ɏɜŬɜ Ŭˊɚɧ ůɡɜŭɡŬůɛɧ σ ɛŮŰɞɢɩɜ ɢɤɟɑɠ ɜŬ ɗɡůɘŬ-

ůŰŮɑ ɖ Ŭˊɧŭɞůɖ, ɞ əɑɜŭɡɜɞɠ ɛŮɘɩɗɖəŮ ˊŮɟɑˊɞɡ τ űɞɟɏɠ ůŮ ůɢɏůɖ ɛŮ ŬɡŰɧɜ Űɖɠ ɛɑŬ ɛŮŰɞɢɐɠ. 

ȺɑɜŬɘ ˊɟɞűŬɜɏɠ ɧŰɘ Űɞ ˊŬɟŬˊɎɜɤ ˊɟɧɓɚɖɛŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ Űɞ ɞˊɞɑɞ ŬűɞɟɞɨůŮ Űɖɜ ŮɚŬ-

ɢɘůŰɞˊɞɑɖůɖ Űɞɡ əɘɜŭɨɜɞɡ ɛŮ ɓɎůɖ əɎˊɞɘɞ ŮˊɑˊŮŭɞ ˊɟɞůŭɞəɩɛŮɜɖɠ Ŭˊɧŭɞůɖɠ ɛˊɞɟŮɑ ɜŬ ɛŮ-

ŰŬŰɟŬˊŮɑ ůŮ ˊɟɧɓɚɖɛŬ ɛŮɔɘůŰɞˊɞɑɖůɖɠ Űɖɠ Ŭˊɧŭɞůɖɠ ɓɎůɖ əɎˊɞɘɞɡ ˊŮɟɘɞɟɘůɛɞɨ ɔɘŬ Űɞ Ůˊɘɗɡ-

ɛɖŰɧ ŮˊɑˊŮŭɞ əɘɜŭɨɜɞɡ, əŬɘ Űɞ ɞˊɞɑɞ ɗŬ ŭɘŬɛɞɟűɤɜɧŰŬɜ ɤɠ Ůɝɐɠ: 

 

max   ►╣● 

ɄŮɟɘɞɟɘůɛɞɑ:  ▄╣● ρ 

ρ

ς
●╣♅● ὡ 

●ᶰᴙ 
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ɇɞ ɛɞɜŰɏɚɞ Űɞɡ Black ˊɞɡ ŬɜŬűɏɟɗɖəŮ ŮɑɜŬɘ Űɞ ˊɘɞ Ŭˊɚɧ əŬɗɩɠ ŮˊɘŰɟɏˊŮɘ Űɘɠ ŬɜɞɘɢŰɏɠ ˊɤ-

ɚɐůŮɘɠ əŬɘ ŭŮɜ ɗɏŰŮɘ ˊŮɟɘɞɟɘůɛɧ ɤɠ ˊɟɞɠ Űɞ ˊɟɧůɖɛɞ Űɤɜ ɓŬɟɩɜ. ŪɏŰɞɜŰŬɠ ɧɛɤɠ ɤɠ ˊŮɟɘɞɟɘ-

ůɛɧ ůŰŬ ɓɎɟɖ ɜŬ ŮɑɜŬɘ ɗŮŰɘəɎ ŭɖɚŬŭɐ ● ɴ ᴙ  , ŬɡŰɧɛŬŰŬ Űɞ ˊɟɧɓɚɖɛŬ ɛŬɠ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ 

əɚŬůůɘəɐ ɏəűɟŬůɖ Űɞɡ ɡˊɞŭŮɑɔɛŬŰɞɠ ɛɏůɞɡ-ŭɘŬəɨɛŬɜůɖɠ (mean-variance), Űɞ ɞˊɞɑɞ ˊɟɞŰɎ-

ɗɖəŮ Ŭˊɧ Űɞɜ Markowitz (1952). 

 

 

1.5.2 The Markowitz Model  

 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ɗŬ ŮɝŮŰŬůŰŮɑ Űɞ əɚŬůůɘəɧ əŬɘ ˊɘɞ ɓŬůɘəɧ ɛɞɜŰɏɚɞ ůŰɖɜ ɓŮɚŰɘůŰɞˊɞɑ-

ɖůɖ ɢŬɟŰɞűɡɚŬəɑɞɡ, ŬɡŰɧ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɞ ɡˊɧŭŮɘɔɛŬ Űɞɡ Markowitz. ɃɡůɘŬůŰɘəɎ ɧˊɤɠ ɐŭɖ 

ɏɢŮɘ ŬɜŬűŮɟɗŮɑ, ůŰɞ ɛɞɜŰɏɚɞ ŬɡŰɧ ŭŮɜ ŮˊɘŰɟɏˊɞɜŰŬɘ ɞɘ ŬɜɞɘɢŰɏɠ ˊɤɚɐůŮɘɠ əŬɘ Űɞ ŬˊɞŰŮɚŮůɛŬ-

Űɘəɧ ɛɏŰɤˊɞ ɢŬɟŰɞűɡɚŬəɑɤɜ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ  ŮɚŬɢɘůŰɞˊɞɘɩɜŰŬɠ Űɞɜ əɑɜŭɡɜɞ ɔɘŬ ŭɘɎűɞɟŬ Ůˊɑ-

ˊŮŭŬ Ŭˊɧŭɞůɖɠ. ȾŬɘ ůŮ ŬɡŰɐɜ Űɖɜ ˊŮɟɑˊŰɤůɖ Ŭɜ ŭŮɜ ɞɟɘůŰŮɑ ɤɠ ˊŮɟɘɞɟɘůɛɧɠ əɎˊɞɘɞ ŮˊɑˊŮŭɞ 

ˊɟɞůŭɞəɩɛŮɜɖɠ Ŭˊɧŭɞůɖɠ, ŬɡŰɧ ˊɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ ŮɑɜŬɘ Űɞ ɢŬɟŰɞűɡɚɎəɘɞ ŮɚɎɢɘůŰɞɡ əɘɜŭɨɜɞɡ. 

ɇɞ ˊɟɧɓɚɖɛŬ ɚɞɘˊɧɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ŭɘŬɛɞɟűɩɜŮŰŬɘ ɤɠ Ůɝɐɠ: 

 

min   „ ●╣♅● 

ɄŮɟɘɞɟɘůɛɞɑ:  ▄╣● ρ 

     ►╣● Ὑᶻ 

      ●   π 

ȼ ɛɏɗɞŭɞɠ Ůˊɑɚɡůɖɠ ŬɡŰɞɨ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŬəɞɚɞɡɗŮɑ ůɢŮŭɧɜ Űɖɜ ɑŭɘŬ ɛŮɗɞŭɞɚɞɔɑŬ ɧˊɤɠ 

ŬɡŰɐ ŬɜŬɚɨɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ ŮˊɘɓɎɚɚɞɜŰŬɠ əɎˊɞɘŮɠ Ůˊɘˊɚɏɞɜ ůɡɜɗɐəŮɠ ɚɧɔɤ Űɖɠ ŬɜɘůɧŰɖ-

ŰŬɠ Űɞɡ ● ůŰɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ. ũɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŬɡŰɞɨ ɔɑɜŮŰŬɘ ɢɟɐůɖ ˊŮɟɘɞ-

ɟɘůɛɩɜ ˊɞɡ ŮɑɜŬɘ ɔɜɤůŰɞɑ ɤɠ ůɡɜɗɐəŮɠ Karush-Kuhn-Tucker (KKT ). ȼ ɚɞɔɘəɐ Űɞɡɠ ŮɑɜŬɘ 

ɧŰɘ Ůűɧůɞɜ ɓɟŮɗŮɑ ɚɨůɖ ˊɞɡ Űɘɠ ɘəŬɜɞˊɞɘŮɑ, ŰɧŰŮ ɖ ɚɨůɖ ŬɡŰɐ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ ɓɏɚŰɘůŰɞ ɢŬɟŰɞ-

űɡɚɎəɘɞ.  

ȼ Ůˊɑɚɡůɖ Űɤɜ ůɡɜɗɖəɩɜ ȾȾɇ ŮɑɜŬɘ ɛɘŬ Ůˊɑˊɞɜɖ ŮɟɔŬůɑŬ ˊɞɡ ŭɡůəɞɚŮɨŮɘ ɧůɞ ŬɡɝɎɜŮŰŬɘ ɞ 

Ŭɟɘɗɛɧɠ Űɤɜ ˊŮɟɘɞɟɘůɛɩɜ. ȼ ɛɖ ŬɟɜɖŰɘəɧŰɖŰŬ Űɤɜ ɓŬɟɩɜ ůŰɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ əŬɗɘůŰɎ Űɖɜ 

ŮɨɟŮůɖ ŬɜŬɚɡŰɘəɐɠ ɚɨůɖɠ ˊɟŬəŰɘəɎ ŬŭɨɜŬŰɖ, ɞɡůɘŬůŰɘəɎ ɛŮŰŬŰɟɏˊŮɘ Űɞ ɡˊɧŭŮɘɔɛŬ Űɞɡ Mar-

kowitz ůŮ NP ˊɟɧɓɚɖɛŬ (non-deterministic polynomial time complete) ɧˊɞɡ ŭŮɜ ɡˊɎɟɢŮɘ 

ɔɜɤůŰɧɠ ŬɜŬɚɡŰɘəɧɠ Ŭɚɔɧɟɘɗɛɞɠ ɜŬ ɛˊɞɟŮɑ ɜŬ ɓɟŮɘ ɚɨůɖ ůŮ ˊɞɚɡɤɜɡɛɘəɧ ɢɟɧɜɞ. ɆŮ ŬɡŰɐɜ Űɖɜ 

ˊŮɟɑˊŰɤůɖ ŬɟɘɗɛɖŰɘəɏɠ ɛɏɗɞŭɞɘ ɧˊɤɠ ɞ ŰŮŰɟŬɔɤɜɘəɧɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ ɛˊɞɟɞɨɜ ɜŬ ŭɩůɞɡɜ 

ɚɨůɖ ŮɜŰɧɠ ɚɞɔɘəɞɨ ɢɟɞɜɘəɞɨ ŭɘŬůŰɐɛŬŰɞɠ. ȷɡŰɧ Űɞ ɛɞɜŰɏɚɞ ɎɚɚɤůŰŮ ɗŬ ŮɑɜŬɘ əŬɘ Űɞ ɓŬůɘəɧ 

ŬɜŰɘəŮɑɛŮɜɞ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ůŮ ŮˊɧɛŮɜɖ ŮɜɧŰɖŰŬ ɛŮ ŮűŬɟɛɞɔɐ ɜɏɤɜ ˊɘɞ ŮɡɏɚɘəŰɤɜ ɛŮɗɧŭɤɜ 

ɓŬůɘůɛɏɜɤɜ ůŮ ɀŮŰŬŮɡɟŮŰɘəɞɨɠ Ŭɚɔɧɟɘɗɛɞɡɠ. 
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1.5.3 The Tobin Model 

 

Ƀ Tobin (1958,1965) ŮɘůɐɔŬɔŮ Űɖɜ ɏɜɜɞɘŬ Űɞɡ Ŭəɑɜŭɡɜɞɡ ɢɟŮɞɔɟɎűɞɡ ůŮ ɏɜŬ ɢŬɟŰɞűɡɚɎ-

əɘɞ, ɧŰɘ ŭɖɚŬŭɐ ɏɜŬ ɢŬɟŰɞűɡɚɎəɘɞ ŭŮɜ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ŬˊɞŰŮɚŮɑŰŬɘ ŬˊɞəɚŮɘůŰɘəɎ əŬɘ ɛɧɜɞ Ŭˊɧ 

ɢɟŮɧɔɟŬűŬ ˊɞɡ ŮɛˊŮɟɘɏɢɞɡɜ ŬɓŮɓŬɘɧŰɖŰŬ. Ƀ ŮˊŮɜŭɡŰɐɠ ɛˊɞɟŮɑ ɚɞɘˊɧɜ ɜŬ ŮˊŮɜŭɨůŮɘ ůŮ ɏɜŬ 

Ŭəɑɜŭɡɜɞ ɢɟŮɧɔɟŬűɞ, ɧˊɞɡ ɤɠ ŰɏŰɞɘɞ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ɏɜŬ ɏɜŰɞəɞ ɔɟŬɛɛɎŰɘɞ ŭɖɛɞůɑɞɡ, əŬɘ 

ɜŬ ɛˊɞɟŮɑ ŮɑŰŮ ɜŬ ŭŬɜŮɑůŮɘ ɛŮ ɛɘŬ ůɑɔɞɡɟɖ Ŭˊɧŭɞůɖ ὶ ŮɑŰŮ ɜŬ ŭŬɜŮɘůŰŮɑ ɛŮ ŮˊɘŰɧəɘɞ ὶȢ Ⱥűɧůɞɜ 

ɚɞɘˊɧɜ ɗŮɤɟɖŰɘəɎ ɡˊɎɟɢŮɘ ŬɡŰɧ Űɞ ɢɟŮɧɔɟŬűɞ əŬɘ ɛˊɞɟŮɑ ɜŬ ůɡɜŭɡŬůŰŮɑ ɛŮ ɏɜŬ Ůˊɘəɑɜŭɡɜɞ 

ɢŬɟŰɞűɡɚɎəɘɞ P, ́ ɟɞəɨˊŰɞɡɜ ŰŬ Ůɝɐɠ ŭŮŭɞɛɏɜŬ.  

ȼ ŬɜŬɛŮɜɧɛŮɜɖ Ŭˊɧŭɞůɖ Űɞɡ ŬɝɘɞɔɟɎűɞɡ ɢɤɟɑɠ əɑɜŭɡɜɞ (risk  free asset), ŮɑɜŬɘ ɛɘŬ ůɑɔɞɡɟɖ 

Ŭˊɧŭɞůɖ ɛŮ ˊɘɗŬɜɧŰɖŰŬ ρ əŬɘ ŮɑɜŬɘ ɑůɖ ɛŮ Űɖɜ ɛɏůɖ Űɘɛɐ Űɖɠ, ŭɖɚŬŭɐ Ὁr rȢ Ƀ əɑɜŭɡɜɞɠ 

Ůɜɧɠ ŰɏŰɞɘɞɡ ŬɝɘɞɔɟɎűɞɡ ɧˊɤɠ ŮɑɜŬɘ ɚɞɔɘəɧ ŮɑɜŬɘ ɑůɞɠ ɛŮ ɛɖŭɏɜ „ π  Ůɜɩ ɞ ůɡɜŰŮɚŮůŰɐɠ 

ůɡůɢɏŰɘůɖɠ Űɞɡ ɛŮ Űɞ Ůˊɘəɑɜŭɡɜɞ ɢŬɟŰɞűɡɚɎəɘɞ ŮɑɜŬɘ Ůˊɑůɖɠ ɛɖŭɏɜ ” π. Ⱥˊɑůɖɠ ůɡɛɓɞɚɑ-

ɕɞɡɛŮ ɛŮ ὉÒ ȟʎȟØ Űɖɜ ŬɜŬɛŮɜɧɛŮɜɖ Ŭˊɧŭɞůɖ, Űɞɜ əɑɜŭɡɜɞ Űɞɡ Ůˊɘəɑɜŭɡɜɞɡ ɢŬɟŰɞűɡɚŬ-

əɑɞɡ əŬɘ Űɞ ˊɞůɞůŰɧ Ůˊɏɜŭɡůɖɠ ůŮ ŬɡŰɧ. ȾŬɘ Űɏɚɞɠ ɧˊɤɠ ˊɟɞəɨˊŰŮɘ ɏɢɞɡɛŮ ὼ ρ ὼ , Űɞ 

ˊɞůɞůŰɧ Ůˊɏɜŭɡůɖɠ ůŰɞ Ŭəɑɜŭɡɜɞ ɢɟŮɧɔɟŬűɞ. ɀŮ ɓɎůɖ ɚɞɘˊɧɜ ŰŬ ˊŬɟŬˊɎɜɤ ɞ əɑɜŭɡɜɞɠ „  

ɧˊɤɠ ŬɡŰɧɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞɜ ůɡɜŭɡŬůɛɧ Ὢὴ , ŭɖɚŬŭɐ Űɞɡ Ůˊɘəɑɜŭɡɜɞɡ ɢŬɟŰɞűɡɚŬəɑɞɡ ɛŮ Űɞ 

Ŭəɑɜŭɡɜɞ ɢɟŮɧɔɟŬűɞ ɗŬ ŮɑɜŬɘ: 

„ ρ Ø „  Øʎ ςὼ ρ ὼ ” „„  

„  Øʎ   

ᵼ„ Ø „    (1.8) 

ȸɎůŮɘ Űɖɠ ˊŬɟŬˊɎɜɤ ůɢɏůɖɠ ŮˊŬɚɖɗŮɨŮŰŬɘ əŬɘ ŬɡŰɧ ˊɞɡ űŬɘɜɧŰŬɜ ɐŭɖ ɚɞɔɘəɧ, ŭɖɚŬŭɐ ɧŰɘ 

ɞ əɑɜŭɡɜɞɠ Űɞɡ ɢŬɟŰɞűɡɚŬəɑɞɡ Ὢὴ ŮɝŬɟŰɎŰŬɘ ɛɧɜɞ Ŭˊɧ Űɞɜ əɑɜŭɡɜɞ Űɞɡ Ůˊɘəɑɜŭɡɜɞɡ ɢŬɟŰɞűɡ-

ɚŬəɑɞɡ əŬɘ Űɞɡ ˊɞůɞůŰɞɨ Ůˊɏɜŭɡůɖɠ ůŮ ŬɡŰɧ. Ⱥˊɑůɖɠ Ŭˊɧ Űɖɜ ɑŭɘŬ ůɢɏůɖ ˊɟɞəɨˊŰŮɘ ɧŰɘȡ 

Ø  „ „ϳ        (1.9)  

 

ȷɜŰɑůŰɞɘɢŬ ɖ ŬɜŬɛŮɜɧɛŮɜɖ Ŭˊɧŭɞůɖ Ὁὶ  Űɞɡ ɢŬɟŰɞűɡɚŬəɑɞɡ ɗŬ ŮɑɜŬɘ: 

Ὁὶ ρ Ø Ò  ØὉὶ  

 

ȾŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ůɢɏůɖ (1.9) ˊɟɞəɨˊŰŮɘ 

ὉÒ Ò
Ὁὶ   Ò

„
„  
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ŪɏŰɞɜŰŬɠ —   
  Ò
 əŬɘ — Ò , ɖ Ŭˊɧŭɞůɖ ɗŬ ˊɎɟŮɘ Űɖɜ ɛɞɟűɐ ὉÒ — 

— „ , ˊɟɞəɨˊŰŮɘ ɚɞɘˊɧɜ ɧŰɘ ɖ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ɔɟŬɛɛɐ Űɞɡ ɛɞɜŰɏɚɞɡ Űɞɡ Tobin ŮɑɜŬɘ ɛɘŬ Ůɡ-

ɗŮɑŬ ɔɟŬɛɛɐ ɖ ɞˊɞɑŬ ŰɏɛɜŮɘ Űɞɜ ɎɝɞɜŬ Űɤɜ ώ ůŰɞ ůɖɛŮɑɞ — Ò  əŬɘ ɏɢŮɘ əɚɑůɖ — 

 
Ὁὶὴ  ÒὪ
„ὖ

  , Ůɜ ŬɜŰɘɗɏůŮɘ ɛŮ Űɞ ɛɞɜŰɏɚɞ Űɞɡ Markowitz , ́ ɞɡ Űɞ ŬˊɞŰŮɚŮůɛŬŰɘəɧ ůɨɜɞɟɞ ŮɑɜŬɘ 

əŬɛˊɨɚɖ ɔɟŬɛɛɐ. ȼ ůɢɏůɖ ɚɞɘˊɧɜ Űɖɠ Ŭˊɧŭɞůɖɠ Űɞɡ ɢŬɟŰɞűɡɚŬəɑɞɡ ŮɑɜŬɘ ɔɟŬɛɛɘəɐ ůɡɜɎɟ-

Űɖůɖ Űɞɡ əɘɜŭɨɜɞɡ „  ɧˊɤɠ ŬɡŰɧɠ ́ ɟɞəɨˊŰŮɘ Ŭˊɧ Űɞɜ ůɡɜŭɡŬůɛɧ Ὢὴ , ŭɖɚŬŭɐ Űɞɡ Ůˊɘəɑɜŭɡɜɞɡ 

ɢŬɟŰɞűɡɚŬəɑɞɡ ɛŮ Űɞ Ŭəɑɜŭɡɜɞ ɢɟŮɧɔɟŬűɞ. To ˊŬɟŬəɎŰɤ ůɢɐɛŬ ůɡɜŭɡɎɕŮɘ Űɖɜ ŬˊɞŰŮɚŮůɛŬ-

Űɘəɐ ɔɟŬɛɛɐ Űɞɡ Tobin, əŬɘ Űɞ ŬˊɞŰŮɚŮůɛŬŰɘəɧ ůɨɜɞɟɞ Űɞɡ Markowitz .  

 

 
ȹɘɎɔɟŬɛɛŬ 1.3 ȷəɑɜŭɡɜɞ ɢɟŮɧɔɟŬűɞ əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɧ ůɨɜɞɟɞ Űɞɡ Űɞɡ Markowitz 

 

ɆŰɞ ˊŬɟŬˊɎɜɤ ɛɞɜŰɏɚɞ ɧɚŬ ŰŬ ɢŬɟŰɞűɡɚɎəɘŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ůɡɜɗɏůŮɘ ɞ ŮəɎůŰɞŰŮ ŮˊŮɜŭɡŰɐɠ 

ɓɟɑůəɞɜŰŬɘ ˊɎɜɤ ůŰɘɠ ŮɡɗŮɑŮɠ ɧˊɞɡ Űɏɛɜɞɡɜ Űɞɜ ɎɝɞɜŬ Űɤɜ ώ ůŰɞ ůɖɛŮɑɞ — r . Ƀ ůɡɜŭɡŬ-

ůɛɧɠ Űɞɡ Ŭəɑɜŭɡɜɞɡ ɢɟŮɞɔɟɎűɞɡ əŬɘ əɎˊɞɘɞɡ ŬˊɞŰŮɚŮůɛŬŰɘəɞɨ Ůˊɘəɑɜŭɡɜɞɡ ɢŬɟŰɞűɡɚŬəɑɞɡ, 

ɔɘŬ Űɖɜ ůɨɜɗŮůɖ Űɞɡ ɢŬɟŰɞűɡɚŬəɑɞɡ Ὢὴ, ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɛŮ ɞˊɞɘɞŭɐˊɞŰŮ ɢŬɟŰɞűɡɚɎəɘɞ ˊɎɜɤ 

ůŰɞ ŬˊɞŰŮɚŮůɛŬŰɘəɧ ůɨɜɞɟɞ Űɞɡ Markowitz  ˊ.ɢ. ὖ, ὖȟ ɞɡůɘŬůŰɘəɎ ɧɛɤɠ ɖ ɛɧɜɖ ɚɞɔɘəɐ Ůˊɘ-

ɚɞɔɐ ŮɑɜŬɘ Űɞ Ůˊɘəɑɜŭɡɜɞ ɢŬɟŰɞűɡɚɎəɘɞ ὖ ůŰɞ ɞˊɞɑɞ ŮűɎˊŰŮŰŬɘ Űɞ ŬˊɞŰŮɚŮůɛŬŰɘəɧ ůɨɜɞɟɞ Űɞɡ 

Tobin, Ŭűɞɨ ɧɚŬ ŰŬ ɢŬɟŰɞűɡɚɎəɘŬ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɞ ŮɡɗɨɔɟŬɛɛɞ ŰɛɐɛŬ ὶ  ὖ , ɡˊŮɟŰŮ-

ɟɞɨɜ ɏɜŬɜŰɘ ɧɚɤɜ Űɤɜ Ɏɚɚɤɜ ˊ.ɢ. ὶ ὖȟ ὶ ὖ,əɚˊ. əŬɗɧŰɘ ůŮ ŭŮŭɞɛɏɜɞ ŮˊɑˊŮŭɞ əɘɜŭɨɜɞɡ 

Ŭˊɞŭɑŭɞɡɜ əŬɚɨŰŮɟŬ.  
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ũɘŬ Űɞ ˊɟɧɓɚɖɛŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ˊɞɡ ɗŬ əŬŰŬůəŮɡŬůŰŮɑ, ŰŬ ŭŮŭɞɛɏɜŬ ɛŬɠ ŮɑɜŬɘ:  

¶ Űɞ Ůˊɘəɑɜŭɡɜɞ ɢŬɟŰɞűɡɚɎəɘɞ ὖ ́ ɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ὲ ŬɝɘɧɔɟŬűŬ ůŰŬɗɛɘůɛɏɜŬ ɛŮ ŰŬ 

ŬɜŰɑůŰɞɘɢŬ ɓɎɟɖ ὼ , əŬɘ  

¶ Űɞ Ŭəɑɜŭɡɜɞ ɢɟŮɧɔɟŬűɞ ὶ ɛŮ ˊɞůɞůŰɧ ůɡɛɛŮŰɞɢɐɠ ὼ ρ В ὼ ɧˊɤɠ ŬɡŰɧ ˊɟɞ-

əɨˊŰŮɘ Ŭˊɧ Űɞɜ ˊŮɟɘɞɟɘůɛɧ В ὼ ὼ ρ  ɛŮ  ὼɴ ᴙ Ŭűɞɨ Űɞ ɛɞɜŰɏɚɞ ŮˊɘŰɟɏˊŮɘ 

Űɘɠ ŬɜɞɘɢŰɏɠ ˊɤɚɐůŮɘɠ əŬɘ ŭŮɜ ɏɢŮɘ ˊŮɟɘɞɟɘůɛɧ ɤɠ ˊɟɞɠ Űɞ ɗŮŰɘəɧ ˊɟɧůɖɛɞ Űɤɜ ɓŬɟɩɜ 

ȼ ŬɜŬɛŮɜɧɛŮɜɖ ɚɞɘˊɧɜ Ŭˊɧŭɞůɖ Űɞɡ ɢŬɟŰɞűɡɚŬəɑɞɡ Ὢὴ ŮɑɜŬɘ:  

Ὁr  xr xὉὶ  

əŬɘ ɗɏŰɞɜŰŬɠ ὼ  ρ В ὼ ˊɟɞəɨˊŰŮɘ ɧŰɘ : 

Ὁr r x Ὁὶ r  

əŬɘ ɛŮ ɛɞɟűɐ ˊɘɜɎəɤɜ:  

ὉÒ Ò ►  Ò▄ ╣●  

 

ɇɞ ˊɟɧɓɚɖɛŬ ɚɞɘˊɧɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ŭɘŬɛɞɟűɩɜŮŰŬɘ ɤɠ Ůɝɐɠ: 

min   „ ●╣♅● 

ɄŮɟɘɞɟɘůɛɞɑ:  ὶ ►  ὶ▄ ╣● Ὑᶻ 

   ●ᶰᴙ 

ɆɡɛɓɞɚɑɕɞɜŰŬɠ ɤɠ ⱦ Űɞɜ ˊɞɚɚŬˊɚŬůɘŬůŰɐ Lagrange, əŬɗɞɟɑɕŮŰŬɘ ɖ ˊŬɟŬəɎŰɤ Lagran-

gian ůɡɜɎɟŰɖůɖ,  

╛
ρ

ς
●╣♅● ⱦὙᶻ ὶ ►  ὶ▄ ╣● 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ɞɘ ɛŮɟɘəɏɠ ˊŬɟɎɔɤɔɞɘ ˊɟɩŰɖɠ ŰɎɝɖɠ Űɖɠ Lagrangian ɤɠ ˊɟɞɠ ● əŬɘ ɤɠ ˊɟɞɠ 

Űɞɜ ˊɞɚɚŬˊɚŬůɘŬůŰɐ Lagrange ŰɑɗŮɜŰŬɘ ɑůɞɘ ɛŮ π, əŬɘ ˊɟɞəɨˊŰŮɘ Űɞ ˊŬɟŬəɎŰɤ ůɨůŰɖɛŬ Ůɝɘ-

ůɩůŮɤɜ. 

‬ὒ

‬●
πᵼ ♅●  ‗ ►  ὶ▄ π 

♅z
●  ‗ ♅ ►  ὶ▄    (1.10) 

‬ὒ

‬‗
πᵼὙᶻ  ὶ ►  ὶ▄ ╣● π 
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ɇɞ ‗ ɗŬ ɡˊɞɚɞɔɘůŰŮɑ Ŭˊɧ Űɖɜ ůɢɏůɖ  Ὑᶻ  ὶ  ►  ὶ▄ ╣● π, ɧˊɞɡ ŬɜŰɘəŬɗɘůŰɩ-

ɜŰŬɠ Űɞ ● Ŭˊɧ Űɖɜ ůɢɏůɖ (1.10), ˊɟɞəɨˊŰɞɡɜ ŰŬ Ůɝɐɠ: 

 

 Ὑᶻ  ὶ  ►  ὶ▄ ╣ ‗ ♅ ►  ὶ▄ 

‗
Ὑᶻ  ὶ 

►  ὶ▄ ╣ ♅ ►  ὶ▄ 
 

ŪɏŰɞɜŰŬɠ ὧ ►  ὶ▄ ╣ ♅ ►  ὶ▄ ˊɟɞəɨˊŰŮɘ ɧŰɘ:  

‗  
 z   

 
    (1.11) 

ȷˊɧ Űɘɠ ůɢɏůŮɘɠ ɚɞɘˊɧɜ (1.10) əŬɘ (1.11) ˊɟɞəɨˊŰɞɡɜ ɞɘ Ůɝɐɠ əɚŮɘůŰɞɑ Űɨˊɞɘ ɡˊɞɚɞɔɘůɛɞɨ 

Űɖɠ ɓɏɚŰɘůŰɖɠ ůɨɜɗŮůɖɠ ● Űɞɡ ɢŬɟŰɞűɡɚŬəɑɞɡ Ὢὴ.  

●  ‗ ♅ ►  ὶ▄ ᵼ ●  
Ὑᶻ  ὶὪ  

ὧ 
 ♅ ►  ὶ▄ 

O Ⱦɑɜŭɡɜɞɠ Űɞɡ ɢŬɟŰɞűɡɚŬəɑɞɡ ɗŬ ɡˊɞɚɞɔɘůŰŮɑ ɤɠ Ůɝɐɠ:  

♅●  ‗ ►  ὶ▄ π
●z╣

 ●╣♅●  ‗ ●╣►  ὶ▄  π 

ŪɏŰɞɜŰŬɠ ●╣►  ὶ▄  Ὑᶻ  ὶ , əŬɘ ‗
Ὑ
ᶻ
  ὶὪ  

ὧ 
 ˊɟɞəɨˊŰŮɘ ɧŰɘ: 

●╣♅●   ‗Ὑᶻ ὶ   

əŬɘ ŰŮɚɘəɎ 

„
Ὑᶻ ὶ

ὧ
 

ȷˊɧ Űɖɜ ŰŮɚŮɡŰŬɑŬ ůɢɏůɖ ɔɘŬ Űɞɜ əɑɜŭɡɜɞ ˊɟɞəɨˊŰŮɘ əŬɘ ɖ ɔɟŬɛɛɘəɐ ůɢɏůɖ Ŭˊɧŭɞůɖɠ əɘɜ-

ŭɨɜɞɡ ˊɞɡ ŬɜŬűɏɟɗɖəŮ əŬɘ ŬɟɢɘəɎ ɔɘŬ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ɛɞɜŰɏɚɞ ŭɖɚŬŭɐ Ὑᶻ ὶ  ů Ѝὧ  

ɇɏɚɞɠ ŬɜŬűɏɟɗɖəŮ ɧŰɘ ɖ əɚɑůɖ Űɖɠ ŮɡɗŮɑŬɠ Űɞɡ ˊŬɟŬˊɎɜɤ ɛɞɜŰɏɚɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɞɜ 

Űɨˊɞ —  
  
 , əŬɘ ŮəűɟɎɕŮɘ Űɞ ɚɧɔɞ Űɖɠ ŮˊɘˊɟɧůɗŮŰɖɠ Ŭˊɧŭɞůɖɠ ˊɟɞɠ Űɞɜ əɑɜŭɡɜɞ Űɞɡ 

Ůˊɘəɑɜŭɡɜɞɡ ɢŬɟŰɞűɡɚŬəɑɞɡ ɐ Ŭɚɚɘɩɠ Sharpe Ratio Űɞɡ ɢŬɟŰɞűɡɚŬəɑɞɡ. ɄɟɞəɨˊŰŮɘ ɚɞɘˊɧɜ 

ɚɞɔɘəɎ ɧŰɘ ɖ ɓɏɚŰɘůŰɖ ŮɡɗŮɑŬ ˊɞɡ ůɡɜŭɏŮŰŬɘ ɛŮ Űɞ ɓɏɚŰɘůŰɞ ɢŬɟŰɞűɡɚɎəɘɞ Űɞɡ Markowitz , 

ŮɑɜŬɘ ŬɡŰɐ ˊɞɡ ɛŮɔɘůŰɞˊɞɘŮɑ Űɞ Sharpe Ratio, ŭɖɚŬŭɐ ŬɡŰɐ ɛŮ Űɖɜ ɛɏɔɘůŰɖ əɚɑůɖ ɖ ɞˊɞɑŬ ɞɜɞ-

ɛɎɕŮŰŬɘ Capital Allocation Line (CAL ) ɇɞ ˊŬɟŬˊɎɜɤ ˊɟɧɓɚɖɛŬ ɚɞɘˊɧɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ 

ɛˊɞɟŮɑ ɜŬ ɚɡɗŮɑ ŮɑŰŮ ɛŮ ˊɞɚɚŬˊɚŬůɘŬůŰɏɠ Lagrange ŮɑŰŮ ɛŮ ɛŮɟɘəɏɠ ˊŬɟŬɔɩɔɞɡɠ Ůɜɩ ŭɑɜŮɘ ɚɞ-

ɔɘəɐ ɚɨůɖ ɛŮ ŭŮŭɞɛɏɜɞ ɧŰɘ ɖ Ŭˊɧŭɞůɖ Űɞɡ Ŭəɑɜŭɡɜɞɡ ɢɟŮɞɔɟɎűɞɡ ŮɑɜŬɘ ɢŬɛɖɚɧŰŮɟɖ Ŭˊɧ Űɖɜ 

Ŭˊɧŭɞůɖ Űɞɡ ɢŬɟŰɞűɡɚŬəɑɞɡ ŮɚɎɢɘůŰɖɠ ŭɘŬəɨɛŬɜůɖɠ MVP , ŭɖɚŬŭɐ ɘůɢɨŮɘ ɖ ůɢɏůɖ ὶ  ὶ    

əŬɘ ŭɘŬɛɞɟűɩɜŮŰŬɘ ɤɠ Ůɝɐɠ: 
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max   —  
  

 

ɄŮɟɘɞɟɘůɛɞɑ:  ▄╣● x ρ 

●ᶰᴙ 

 

Ⱥɜɩ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŬˊŬɔɧɟŮɡůɖɠ Űɤɜ ŬɜɞɘɢŰɩɜ ˊɤɚɐůŮɤɜ Űɞ ˊɟɧɓɚɖɛŬ ŭɘŬɛɞɟűɩɜŮŰŬɘ 

ɤɠ Ůɝɐɠ: 

max   —  
  

 

ɄŮɟɘɞɟɘůɛɞɑ:  ▄╣● x ρ 

      ●  π 

 

ɇŬ ɛɞɜŰɏɚŬ ˊɞɡ ŬɜŬɚɨɗɖəŬɜ ůŮ ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ ŮɑŭŬɛŮ ɧŰɘ ŭɑɜɞɡɜ ɚɨůŮɘɠ ŬəɧɛŬ əŬɘ 

əɚŮɘůŰɞɨ Űɨˊɞɡ. ɆŮ ˊŮɟɘˊŰɩůŮɘɠ ɧɛɤɠ ɧˊɞɡ Űɞ ˊɟɧɓɚɖɛŬ ɏɔəŮɘŰŬɘ ůŮ ˊŮɟɘɞɟɘůɛɞɨɠ (əŬɘ ŬɜŬ-

ɚɧɔɤɠ əŬɘ Űɞɡ ˊɚɐɗɞɡɠ ŬɡŰɩɜ) ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŭɞɗŮɑ ŬɜŬɚɡŰɘəɐ ɚɨůɖ. ɆŮ ŬɡŰɧ Űɞ ˊɟɧɓɚɖɛŬ ɗŬ 

ˊɟɞůˊŬɗɐůɞɡɜ ɜŬ ŭɩůɞɡɜ ɚɨůɖ ůŮ ŮˊɧɛŮɜɖ ŮɜɧŰɖŰŬ ɜɏŮɠ ɛɏɗɞŭɞɘ əŬɘ ŰŮɢɜɘəɏɠ ɓŮɚŰɘůŰɞˊɞɑɖ-

ůɖɠ ɓŬůɘůɛɏɜŮɠ ůŰɞ ɀŮŰŬŮɡɟŮŰɘəɧ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ. 
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  ȾȺūȷȿȷȽɃ  2 
 

ȸŬůɘəɏɠ ɏɜɜɞɘŮɠ ȸŮɚŰɘůŰɞˊɞɑɖůɖɠ əŬɘ ȷɚɔɧɟɘɗɛɞɘ 

 

Űɞ əŮűɎɚŬɘɞ ŬɡŰɧ ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŰɘɠ ˊɘɞ ɓŬůɘəɏɠ Ŭˊɧ Űɘɠ əɚŬůůɘəɏɠ ɛŮɗɧŭɞɡɠ ɓŮɚŰɘ-

ůŰɞˊɞɑɖůɖɠ, ɧˊɞɡ ŮˊɘůɖɛŬɑɜɞɜŰŬɘ ɞ Űɟɧˊɞɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ əŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

Űɞɡɠ. ɆŰɖ ůɡɜɏɢŮɘŬ ɔɑɜŮŰŬɘ ɛɘŬ ůɡɜɞˊŰɘəɐ ŮɘůŬɔɤɔɐ ůŰɞɡɠ ɀŮŰŬŮɡɟŮŰɘəɞɨɠ Ŭɚɔɧɟɘɗ-

ɛɞɡɠ əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ ůŰɞɜ Ŭɚɔɧɟɘɗɛɞ ůɛɐɜɞɡɠ ůɤɛŬŰɘŭɑɤɜ (PSO), ůŰɖɜ Ŭˊɞɘ-

əɑŬ ɛɡɟɛɖɔəɘɩɜ (ACO), ůŰɖɜ ˊŮɟɘɞɟɘůɛɏɜɖ ŬɜŬɕɐŰɖůɖ (Tabu), ůŰɖɜ ˊɟɞůɞɛɞɘɤ-

ɛɏɜɖ ŬɜɧˊŰɖůɖ (SANN) Ůɜɩ ůŮ ŮˊɧɛŮɜɖ ŮɜɧŰɖŰŬ ɔɑɜŮŰŬɘ ŮəŰŮɜɏůŰŮɟɖ ŬɜɎɚɡůɖ ůŰɞɡɠ ɔŮɜŮŰɘ-

əɞɨɠ Ŭɚɔɧɟɘɗɛɞɡɠ(GA). 

 

 

2.1 ȺɘůŬɔɤɔɐ ůŰɖɜ ȸŮɚŰɘůŰɞˊɞɑɖůɖ 

 

ɀŮ Űɞɜ ɧɟɞ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ŮɜɜɞɞɨɛŮ Űɞ ˊɟɧɓɚɖɛŬ ŮəŮɑɜɞ əŬŰɎ Űɞ ɞˊɞɑɞ ŬɜŬɕɖŰɞɨɜŰŬɘ ŰŬ 

ŬəɟɧŰŬŰŬ ɛɘŬ ůɡɜɎɟŰɖůɖɠ. ɇŬ ˊɟɧɓɚɖɛŬ ůɡɜɐɗɤɠ ɏɔəŮɘŰŬɘ ůŰɖɜ ŬɜŬɕɐŰɖůɖ əɎˊɞɘɞɡ ɞɚɘəɞɨ 

ɓɏɚŰɘůŰɞɡ ɛɘŬɠ ˊɞɚɨˊɚɞəɖɠ ŬɜŰɘəŮɘɛŮɜɘəɐɠ ůɡɜɎɟŰɖůɖɠ, ůɡɜɐɗɤɠ ŬůɡɜŮɢɐɠ əŬɘ ɛɖ ˊŬɟŬɔɤɔɑ-

ůɘɛɖɠ ɛŮ ˊɚɖɗɩɟŬ Űɞˊɘəɩɜ ŬəɟɞŰɎŰɤɜ ŰŬ ɞˊɞɑŬ ŭŮɜ ŮɑɜŬɘ ŮˊɘɗɡɛɖŰɎ, ŮɜŰɧɠ Ůɜɧɠ əŬɗɞɟɘůɛɏɜɞɡ 

ɢɩɟɞɡ ŬɜŬɕɐŰɖůɖɠ. ȼ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ŬɡŰɐ ɞɜɞɛɎɕŮŰŬɘ ɞɚɘəɐ əŬɘ ɖ ɚɨůɖ Űɖɠ ˊɞɚɨ ůɡɢɜɎ ŭɨ-

ɜŬŰŬɘ ɜŬ ɘəŬɜɞˊɞɘŮɑ əɎˊɞɘŮɠ Ůˊɘˊɚɏɞɜ ůɡɜɗɐəŮɠ əŬɘ ˊŮɟɘɞɟɘůɛɞɨɠ ɩůŰŮ ɜŬ ŮɑɜŬɘ ŬˊɞŭŮəŰɐ.  

ɆŰɘɠ əɚŬůůɘəɏɠ ɛŮɗɧŭɞɡɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ŰŬ ɓŬůɘəɎ ˊɟɞɓɚɐɛŬŰŬ ŮůŰɘɎɕɞɜŰŬɘ ůŰɞ ɢɟɧɜɞ 

Ůˊɑɚɡůɖɠ əŬɘ ůŰɞɜ Ůɔəɚɤɓɘůɛɧ ůŮ ŰɞˊɘəɎ ɓɏɚŰɘůŰŬ, ˊɟɞɓɚɐɛŬŰŬ ůŰŬ ɞˊɞɑŬ ŭɑɜŮɘ Ŭɝɘɧɚɞɔɖ ɚɨůɖ 

ɛɘŬ ůɢŮŰɘəɎ ɜɏŬ əŬŰɖɔɞɟɑŬ Ŭɚɔɞɟɑɗɛɤɜ ˊɞɡ ɞɜɞɛɎɕɞɜŰŬɘ ɛŮŰŬŮɡɟŮŰɘəɞɑ (Metaheuristics) əŬɘ 

ɞɘ ɞˊɞɑɞɘ ŮɑɜŬɘ ŮɡɏɚɘəŰɞɘ, əŬŰŬɜŬɚɩɜɞɡɜ ɛɘəɟɐ ɡˊɞɚɞɔɘůŰɘəɐ ɘůɢɨ əŬɘ ŭɘŬɗɏŰɞɡɜ ɛɖɢŬɜɘůɛɞɨɠ 

ŬˊŮɔəɚɤɓɘůɛɞɨ Ŭˊɧ ŰɞˊɘəɎ ŬəɟɧŰŬŰŬ. ȷɡŰɧ Űɞ əŬŰŬűɏɟɜɞɡɜ əŬɗɩɠ ɧŰŬɜ ˊŬɔɘŭŮɡŰɞɨɜ ůŮ ɏɜŬ 

Űɞˊɘəɧ ɓɏɚŰɘůŰɞ, ŮɑŰŮ ůɡɜŮɢɑɕɞɡɜ Űɖɜ ŬɜŬɕɐŰɖůɖ ŭŮɢɧɛŮɜɞɘ ɛɘŬ ɡˊɞŭŮɏůŰŮɟɖ ɚɨůɖ ˊɟɞəŮɘɛɏ-

ɜɞɡ ɜŬ ŬˊŮɔəɚɤɓɘůŰɞɨɜ əŬɘ ɜŬ ŭɘŮɡɟɨɜɞɡɜ Űɞɜ ɢɩɟɞ ŬɜŬɕɐŰɖůɖɠ, ŮɑŰŮ ŭɘŬɗɏŰɞɡɜ ɛɖɢŬɜɘůɛɞɨɠ 

ɛŮ Űɞɡɠ ɞˊɞɑɞɡɠ ŮɜŬˊɞɗɏŰɞɡɜ ɛɘŬ ɛɘəɟɐ ˊɘɗŬɜɧŰɖŰŬ ŬəɧɛŬ əŬɘ ůŰɘɠ ˊɘɞ ŬˊɞɛŬəɟɡůɛɏɜŮɠ ˊŮ-

ɟɘɞɢɏɠ Űɞɡ ɢɩɟɞɡ ŬɜŬɕɐŰɖůɖɠ ɜŬ ŮɝŮɟŮɡɜɖɗɞɨɜ. 

ɆŰɞɜ ɧɟɞ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ŮɛˊŮɟɘɏɢɞɜŰŬɘ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ, ŬɡŰɐ Űɖɠ ŮɚŬɢɘůŰɞˊɞɑɖůɖɠ əŬɘ 

ŬɡŰɐ Űɖɠ ɛŮɔɘůŰɞˊɞɑɖůɖɠ, ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ɘůɞŭɨɜŬɛŮɠ əŬɗɧŰɘ Űɞ ɛɏɔɘůŰɞ ɛɘŬ ůɡɜɎɟŰɖůɖɠ  Ὢ , 

ŬˊɞŰŮɚŮɑ ŮɚɎɢɘůŰɞ ɔɘŬ Űɖɜ Ὢ. ȸɎůŮɘ ŬɡŰɐɠ Űɖɠ ɘŭɘɧŰɖŰŬɠ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ ɧŰɘ ɏɜŬ ˊɟɧɓɚɖɛŬ 

ɛŮɔɘůŰɞˊɞɑɖůɖɠ ŮɨəɞɚŬ ɛˊɞɟŮɑ ɜŬ ɛŮŰŬŰɟŬˊŮɑ ůŮ ˊɟɧɓɚɖɛŬ ŮɚŬɢɘůŰɞˊɞɑɖůɖɠ əŬɘ ŬɜŰɑůŰɟɞűŬ. 

ũŮɜɘəɎ ɏɜŬ ˊɟɧɓɚɖɛŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ (Ůɜ ˊɟɞəŮɘɛɏɜɤ ŮɚŬɢɘůŰɞˊɞɑɖůɖɠ) ɛˊɞɟŮɑ ɜŬ ɞɟɘůŰŮɑ 

ɤɠ Ůɝɐɠ.  

Ɇ 
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¶ ȹɞɗŮɑůɖɠ ɛɘŬɠ  ŬɜŰɘəŮɘɛŮɜɘəɐɠ ůɡɜɎɟŰɖůɖɠ Ὢȡ Ὓ ʝ  ᴙ  

¶ ɁŬ ɓɟŮɗŮɑ ὼᶻᶰὛ , ŰɏŰɞɘɞ ɩůŰŮ Ὢὼᶻ Ὢὼ, ᶅ  ὼ ɴ Ὓ 

 

ȳˊɞɡ ɔɘŬ ˊɟɧɓɚɖɛŬ ɢɤɟɑɠ ˊŮɟɘɞɟɘůɛɞɨɠ (unconstrained optimization problem), ɘůɢɨŮɘ ɧŰɘ 

Ὓ  ᴙ, Ůɜɩ ɔɘŬ ˊɟɧɓɚɖɛŬ ɛŮ ˊŮɟɘɞɟɘůɛɞɨɠ (constrained optimization problem) ɘůɢɨŮɘ  ὛṖ

 ᴙ. 

ɇɡˊɘəɎ ɔɘŬ ɛɘŬ ˊŬɟŬɔɤɔɑůɘɛɖ ůɡɜŮɢɐ ůɡɜɎɟŰɖůɖ Űɞ ɓɏɚŰɘůŰɞ ɛˊɞɟŮɑ ɜŬ ɓɟŮɗŮɑ ɛŮ Űɖɜ ɢɟɐůɖ 

Űɤɜ ˊɟɩŰɤɜ ɛŮɟɘəɩɜ ˊŬɟŬɔɩɔɤɜ, ɞɘ ɞˊɞɑŮɠ ŮɝɘůɩɜɞɜŰŬɘ ɛŮ Űɞ ɛɖŭɏɜ ‬ώ‬ὼ πϳ . To ůɖɛŮɑɞ 

ὼᶻ ɞɜɞɛɎɕŮŰŬɘ ɞɚɘəɧɠ ŮɚŬɢɘůŰɞˊɞɘɖŰɐɠ (global minimizer) Űɖɠ Ὢ ůŰɞ Ὓ, Ůɜɩ ɖ Űɘɛɐ Űɖɠ Ὢᶻ

 Ὢὼᶻ , əŬɚŮɑŰŬɘ ɞɚɘəɧ ŮɚɎɢɘůŰɞ (global minimum)  Űɖɠ Ὢ. ɇɏɚɞɠ ɏɜŬ ůɖɛŮɑɞ ὼᴂɴ Ὓ ɞɜɞɛɎɕŮ-

ŰŬɘ Űɞˊɘəɧɠ ŮɚŬɢɘůŰɞˊɞɘɖŰɐɠ (local minimizer), ɧŰŬɜ ɘůɢɨŮɘ Ὢὼᴂ  Ὢὼ,  ᶅὼ ɴ ί , ɧˊɞɡ 

ί ίɴ ὛȠὨὼȟὼ ‐ȿO ȟ ɛŮ Ὠ ůɡɛɓɞɚɑɕŮŰŬɘ ɖ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɞɡ ὼ əŬɘ Űɞɡ ὼ, ɖ ɞˊɞɑŬ 

ŮɑɜŬɘ ɑůɖ ɛŮ ɛɘŬ ɗŮŰɘəɐ Űɘɛɐ Ů. ȼ Űɘɛɐ Űɖɠ Ὢᴂ  Ὢὼᴂȟ əŬɚŮɑŰŬɘ Űɞˊɘəɧ ŮɚɎɢɘůŰɞ (local mini-

mum) Űɖɠ Ὢ. 

ɆŰɞ ˊŬɟŬəɎŰɤ ŭɘɎɔɟŬɛɛŬ ˊɞɡ ŬűɞɟɎ Űɖɜ Ŭˊɚɐ ɛɞɜɞŭɘɎůŰŬŰɖ ůɡɜɎɟŰɖůɖ Ὢὼ  ὼ

ὼ ὧέί ὼȟὼɴ ρπȟρπ ŮɑɜŬɘ Ůɨəɞɚɞ ɜŬ ŬɜŬɔɜɤɟɘůŰŮɑ ɧŰɘ ŰŬ ὼȟὼ ŮɑɜŬɘ Űɞˊɘəɞɑ ɓŮɚŰɘůŰɞ-

ˊɞɘɖŰɏɠ ɛŮ Ὢὼ ȟὪὼ  ŬɜŰɑůŰɞɘɢŬ ŰɞˊɘəɎ ɓɏɚŰɘůŰŬ (ɛɏɔɘůŰŬ), Ůɜɩ Űɞ ůɖɛŮɑɞ ὼ ŮɑɜŬɘ ɞɚɘəɧɠ 

ɓŮɚŰɘůŰɞˊɞɘɖŰɐɠ əŬɘ Ὢὼ  ɞɚɘəɧ ɓɏɚŰɘůŰɞ (ɛɏɔɘůŰɞ). 

 

 
ȹɘɎɔɟŬɛɛŬ 2.1 ũɟɎűɖɛŬ ůɡɜɎɟŰɖůɖɠ Ὢὼ  ὼ ὼ ὧέί ὼȟὼɴ ρπȟρπ 
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2.2 ɇɞˊɘəɎ əŬɘ ɃɚɘəɎ ȸɏɚŰɘůŰŬ 

 

ūɡůɘəɎ ŭŮɜ ŮɑɜŬɘ ˊɎɜŰŬ ɛɘŬ ůɡɜɎɟŰɖůɖ Űɧůɞ Ŭˊɚɐ əŬɘ ɖ ŭɘɎəɟɘůɖ ɛŮŰŬɝɨ Űɞˊɘəɩɜ əŬɘ ɞɚɘ-

əɩɜ ɓɏɚŰɘůŰɤɜ Űɧůɞ ŮɡŭɘɎəɟɘŰɖ. ɆŰɖɜ ˊŬɟŬˊɎɜɤ ˊŮɟɑˊŰɤůɖ ˊ.ɢ. ɘəŬɜɞˊɞɘŮɑŰŬɘ ɖ ŬɜŬɔəŬɑŬ 

ůɡɜɗɐəɖ ɧˊɞɡ ɖ ˊɟɩŰɖ ˊŬɟɎɔɤɔɞɠ ɛɖŭŮɜɑɕŮɘ ŭɖɚŬŭɐ Ὢ˃ ὼ   π, Ůɜɩ ɘůɢɨŮɘ əŬɘ ɧŰɘ  ɞɘ ɎɛŮůŬ 

ɔŮɘŰɞɜɘəɏɠ əɘɜɐůŮɘɠ ŮɑɜŬɘ ɡˊɞŭŮɏůŰŮɟŮɠ ŭɖɚŬŭɐ Ὢὼ   Ὢὼ ‐ ȿ ‐ȿO , ɞˊɧŰŮ ɔɑɜŮŰŬɘ ŬɜŰɘ-

ɚɖˊŰɧ ɧŰɘ ɏɜŬɠ əɚŬůůɘəɧɠ Ŭɚɔɧɟɘɗɛɞɠ ŮɨəɞɚŬ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŮɔəɚɤɓɘůŰŮɑ əŬɘ ɜŬ ɛɖɜ űŰɎůŮɘ 

ůŰɞ ůɖɛŮɑɞ ὼ ɧˊɞɡ ɓɟɑůəŮŰŬɘ Űɞ ɞɚɘəɧ ɓɏɚŰɘůŰɞ (ɛɏɔɘůŰɞ), Űɞ űŬɘɜɧɛŮɜɞ ŬɡŰɧ ˊŬɟɞɡůɘɎɕŮŰŬɘ 

ŬəɧɛŬ ˊɘɞ ɏɜŰɞɜŬ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ɛŮ ˊɘɞ ˊɞɚɨˊɚɞəŮɠ ůɡɜŬɟŰɐůŮɘɠ ˊɞɡ ŮɛˊŮɟɘɏɢɞɡɜ ˊɞɚɚɎ Űɞ-

ˊɘəɎ ɓɏɚŰɘůŰŬ. 

ȷɡŰɧ ˊɞɡ ůɡɛɓŬɑɜŮɘ ůŮ ɏɜŬ ˊɟɧɓɚɖɛŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ˊɞɚɚɏɠ űɞɟɏɠ ŮɑɜŬɘ ɜŬ Ŭˊɚɞˊɞɘɞɨ-

ɜŰŬɘ ɞɘ ůɡɜɗɐəŮɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɔɘŬ ɜŬ ɛˊɞɟŮɑ ɜŬ ɓɟŮɗŮɑ ɚɨůɖ. ɇɞ ɓŬůɘəɧŰŮɟɞ ɓɐɛŬ ŮɑɜŬɘ ɖ 

ŬɜŬɔɜɩɟɘůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ əŬɘ ɖ Ůˊɘɚɞɔɐ Űɖɠ əŬɚɨŰŮɟɖɠ ůŰɟŬŰɖɔɘəɐɠ Ůˊɑɚɡůɖɠ. ɀɘŬ ɏɜ-

ŭŮɘɝɖ Űɖɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ Ůɜɧɠ ˊɟɞɓɚɐɛŬŰɞɠ ŮɑɜŬɘ ɞ ŬůɡɛˊŰɤŰɘəɧɠ ɢɟɧɜɞɠ ˊɞɡ ɢɟŮɘɎɕŮŰŬɘ ɏ-

ɜŬɠ Ŭɚɔɧɟɘɗɛɞɠ ɔɘŬ ɜŬ ŭɩůŮɘ ɚɨůɖ. ɆŮ ɏɜŬ ˊɞɚɡɤɜɡɛɘəɧ ˊɟɧɓɚɖɛŬ ˊɟɩŰɞɡ ɓŬɗɛɞɨ ɛŮ ὲ ɛŮ-

ŰŬɓɚɖŰɏɠ ɏɜŬɠ Ŭɚɔɧɟɘɗɛɞɠ ŰɎɝɖɠ  ὲ ɗŬ əŬŰŬɜŬɚɩůŮɘ ˊŮɟɑˊɞɡ ὧz ὲ ɡˊɞɚɞɔɘůŰɘəɧ ɢɟɧɜɞ 

(CPU time) , ɧˊɞɡ ɖ ůŰŬɗŮɟɎ ὧ ŮɑɜŬɘ ŮɜŭŮɘəŰɘəɐ Űɖɠ ɡˊɞɚɞɔɘůŰɘəɐɠ ɘůɢɨɞɠ əŬɘ ɖ ŮˊɑŭɟŬůɐ Űɖɠ 

ɛŮɘɩɜŮŰŬɘ ŬɘůɗɖŰɎ ɧůɞ ŬɡɝɎɜŮŰŬɘ ɖ ɘůɢɨɠ Űɞɡ ŮˊŮɝŮɟɔŬůŰɐ. ɆŮ ɏɜŬ ˊɟɧɓɚɖɛŬ ὲ ɛŮŰŬɓɚɖŰɩɜ Ὧ 

ŰɎɝɖɠ ɔɘŬ Űɞɜ Ŭɚɔɧɟɘɗɛɞɠ  ὲ  ɞ ɢɟɧɜɞɠ ŭŮɜ ŬɡɝɎɜŮŰŬɘ ˊɚɏɞɜ ɔɟŬɛɛɘəɎ əŬɘ ɘůɞɨŰŬɘ ɛŮ ὧz ὲ 

,Ůɜɩ ůŮ ɏɜŬ ůɡɜŭɡŬůŰɘəɧ ˊɟɧɓɚɖɛŬ , ɞ ɢɟɧɜɞɠ ˊɞɡ ɗŬ ɢɟŮɘŬůŰŮɑ ɞ Ŭɚɔɧɟɘɗɛɞɠ    ŮɑɜŬɘ 

ŰɞɡɚɎɢɘůŰɞɜ 
Ȧ

Ȧ Ȧ
 . ũɑɜŮŰŬɘ ɚɞɘˊɧɜ ŬɜŰɘɚɖˊŰɧ ɧŰɘ ɧůɞ ŬɡɝɎɜŮŰŬɘ Űɞ Ὧ ŬəɧɛŬ əŬɘ ůŰŬ ůɢŮŰɘəɎ 

ŮɨəɞɚŬ ὖ (polynomial time) ˊɟɞɓɚɐɛŬŰŬ, ɞ ɢɟɧɜɞɠ ɛˊɞɟŮɑ ɜŬ ŬɡɝɖɗŮɑ ŮəɗŮŰɘəɎ, Ůɜɩ ůŰŬ NP 

(non-deterministic polynomial time complete) ́ ɟɞɓɚɐɛŬŰŬ ŭŮɜ ɡˊɎɟɢŮɘ ɔɜɤůŰɧɠ ŬɜŬɚɡŰɘəɧɠ 

Ŭɚɔɧɟɘɗɛɞɠ ɜŬ ɛˊɞɟŮɑ ɜŬ ɛˊɞɟŮɑ ɜŬ ɓɟŮɘ ɚɨůɖ ůŮ ˊɞɚɡɤɜɡɛɘəɧ ɢɟɧɜɞ. ɉŬɟŬəŰɖɟɘůŰɘəɎ ŰɏŰɞɘŬ 

ˊŬɟŬŭŮɑɔɛŬŰŬ ŮɑɜŬɘ ŰŬ ɔɜɤůŰɎ ˊɟɞɓɚɐɛŬŰŬ Űɞɡ ˊŮɟɘɞŭŮɨɞɜŰɞɠ ˊɤɚɖŰɐ (Travelling Salesman 

Problem (TSP)), ɧˊɞɡ ɏɜŬɠ ˊɤɚɖŰɐɠ ŬɜŬɕɖŰɎŮɘ Űɖɜ ůɡɜŰɞɛɧŰŮɟɖ ŭɘŬŭɟɞɛɐ ŬɜɎɛŮůŬ ůŰɘɠ ˊɧ-

ɚŮɘɠ ˊɞɡ ɗɏɚŮɘ ɜŬ ŮˊɘůəŮűŰŮɑ Ŭˊɧ ɛɑŬ űɞɟɎ, əŬɘ ɜŬ ŮˊɘůŰɟɏɣŮɘ ůŰɖɜ Ŭɟɢɘəɐ Űɞɡ ˊɧɚɖ, ɧˊɞɡ Ŭɜ 

ɡˊɎɟɢŮɘ ɎɛŮůɖ ůɨɜŭŮůɖ Űɤɜ ˊɧɚŮɤɜ ɞɘ ůɡɜŭɡŬůɛɞɑ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ɔɘŬ ὲ ́ ɧɚŮɘɠ ŮɑɜŬɘ ὲȦ Ⱥɜɩ 

əŬɘ ůŰɞ ˊɟɧɓɚɖɛŬ Űɞɡ ůŬəɘŭɑɞɡ, (Knapsack Problem(KP)), ɧˊɞɡ ůŮ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɖɠ ɢɤ-

ɟɖŰɘəɧŰɖŰŬɠ ůŬəɑŭɘɞ ˊɟɏˊŮɘ ɜŬ ɢɤɟɏůɞɡɜ ˊɞɚɨŰɘɛŮɠ ˊɏŰɟŮɠ ůɡɔəŮəɟɘɛɏɜɞɡ ɛŮɔɏɗɞɡɠ ɛŮɔɘůŰɞ-

ˊɞɘɩɜŰŬɠ Űɖɜ ŰŮɚɘəɐ Űɞɡ ŬɝɑŬ (Maringer, 2005). ũŮɜɘəɎ Űɞ əɚŮɘŭɑ Űɖɠ ŮˊɘŰɡɢɑŬɠ Ůɜɧɠ Ŭɚɔɞɟɑɗ-

ɛɞɡ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɏɔəŮɘŰŬɘ ůŰɖɜ ˊɞɘɧŰɖŰŬ ŬɜŬɕɐŰɖůɖɠ (explorative quality ), ɔɘŬ Űɖɜ Ůɨ-

ɟŮůɖ Űɖɠ ɓɏɚŰɘůŰɖɠ ɚɨůɖɠ. 
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2.3 ȾɚŬůůɘəɏɠ ŰŮɢɜɘəɏɠ ȸŮɚŰɘůŰɞˊɞɑɖůɖɠ 

 

 

ɄŬɟŬəɎŰɤ ɔɑɜŮŰŬɘ ɛɘŬ ůɡɜɞˊŰɘəɐ ŬɜŬűɞɟɎ ůŰɘɠ ˊŬɟŬŭɞůɘŬəɏɠ ŰŮɢɜɘəɏɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ 

əŬɘ ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ɞɘ Ůɝɐɠ. 

¶ ũɟŬɛɛɘəɧɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ (Linear  programming): ɀŮ Űɖɜ Ůɡɟɏɤɠ ŭɘŬŭŮŭɞ-

ɛɏɜɖ ɛɏɗɞŭɞ Simplex (Simplex Algorithm ), ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ŮűŬɟɛɞůŰŮɑ ůŮ ˊɟɞɓɚɐɛŬŰŬ 

ɧˊɞɡ əŬɘ ɖ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ, ŬɚɚɎ əŬɘ ɞɘ ˊŮɟɘɞɟɘůɛɞɑ ŮɑɜŬɘ ɔɟŬɛɛɘəɞɑ ůɡɜŭɡŬůɛɞɑ. 

ɀˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŰɖɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ɢŬɟŰɞűɡɚŬəɑɤɜ ŮɑŰŮ ɔɘŬ Űɖɜ Ŭˊɧŭɞůɖ ŮɑŰŮ 

ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ ŮˊŮɜŭɨůŮɤɜ, ŬɚɚɎ ɧɢɘ ůɡɜŭɡŬůŰɘəɎ ɛŮ Űɞɜ əɑɜŭɡɜɞ ˊɞɡ ŮɑɜŬɘ Ůɝɑůɤůɖ ŭŮɡ-

Űɏɟɞɡ ɓŬɗɛɞɨ. 

¶ ɇŮŰɟŬɔɤɜɘəɧɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ (Quadratic programming): ȺűŬɟɛɧɕŮŰŬɘ ůŮ 

ˊɟɞɓɚɐɛŬŰŬ ɧˊɞɡ ɖ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ, əŬɘ ɞɘ ˊŮɟɘɞɟɘůɛɞɑ ɛˊɞɟɞɨɜ ɜŬ ŮɑɜŬɘ əŬɘ ŭŮɡ-

Űɏɟɞɡ ɓŬɗɛɞɨ. ȺűŬɟɛɧɕŮŰŬɘ Ůɡɟɏɤɠ ůŰɖɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖ ɢŬɟŰɞűɡɚŬəɑɤɜ ɛŮ ɓɎůɖ Űɞ ɛɞ-

ɜŰɏɚɞ Űɞɡ Markowitz, ɧˊɞɡ ɞɡůɘŬůŰɘəɎ ˊɎɚɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ɛɏɗɞŭɞɠ Simplex, ɛŮ Űɖɜ 

ŮɜůɤɛɎŰɤůɖ Űɤɜ ŬɜŬɔəŬɑɤɜ ůɡɜɗɖəɩɜ Űɤɜ ȾȾɇ.  

¶ ȹɡɜŬɛɘəɧɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ (Dynamic programming): ȺűŬɟɛɧɕŮŰŬɘ əɡɟɑɤɠ ůŮ 

ůɨɜɗŮŰŬ ˊɞɚɡůŰŬŭɘŬəɎ ˊɟɞɓɚɐɛŬŰŬ ɛŮ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ɛŮŰŬɓɚɖŰɩɜ ŬˊɧűŬůɖɠ, ɧˊɞɡ Űɞ ůɡ-

ɜɞɚɘəɧ ˊɟɧɓɚɖɛŬ ŭɘŬɘɟŮɑŰŬɘ ůŮ ὲ ́ŬɟɧɛɞɘŬ ɡˊɞˊɟɞɓɚɐɛŬŰŬ ɛŮ ɛɘəɟɧŰŮɟɞ Ŭɟɘɗɛɧ ɛŮŰŬɓɚɖ-

Űɩɜ ɧˊɞɡ ɛˊɞɟɞɨɜ ɜŬ Ůˊɘɚɡɗɞɨɜ ŮɡəɞɚɧŰŮɟŬ, əŬɘ ɞɘ ɚɨůŮɘɠ Űɤɜ ɞˊɞɑɤɜ ůɡůɢŮŰɑɕɞɜŰŬɘ ɚɞ-

ɔɘəɎ. ȺɑɜŬɘ ɛɏɗɞŭɞɠ ɛŮɟɘəɐɠ ŬˊŬɟɑɗɛɖůɖɠ (partial  enumeration), əŬɘ ɖ əŬɚɨŰŮɟɖ ɚɨůɖ ůŮ 

əɎɗŮ ůŰɎŭɘɞ, ůɡɜŭɡŬůŰɘəɎ ŬɟɘůŰɞˊɞɘŮɑ Űɖɜ ůɡɜɞɚɘəɐ Ŭˊɧŭɞůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ. 

¶ ɆŰɞɢŬůŰɘəɧɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ (Stochastic programming): ȺűŬɟɛɧɕŮŰŬɘ ůŮ ˊɟɞ-

ɓɚɐɛŬŰŬ, ɧˊɞɡ ůŰɖɜ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ ŮɛˊŮɟɘɏɢɞɜŰŬɘ ŭŮŭɞɛɏɜŬ ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞ-

ɜŰŬɘ Ŭˊɧ ŬɓŮɓŬɘɧŰɖŰŬ. 

¶ ȯˊɚɖůŰɞɘ ȷɚɔɧɟɘɗɛɞɘ (Greedy Algorithms): ȷɚɔɧɟɘɗɛɞɘ ˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ Ůŭɩ ɧ-

ˊɤɠ Űɞɡ ŰɡɢŬɑɞɡ ɓɖɛŬŰɘůɛɞɨ (Random Walk), əŬɘ Űɖɠ ŬɜŬɟɟɑɢɖůɖɠ ɚɧűɤɜ (Hill -

Climbing), ɝŮəɘɜɎɜŮ Ŭˊɧ ɏɜŬ ŰɡɢŬɑŬ ŮˊɘɚŮɔɛɏɜɞ ůɖɛŮɑɞ (random guess) əŬɘ ɏɢɞɡɜ ɤɠ əɞɘɜɧ 

ɢŬɟŬəŰɖɟɘůŰɘəɧ ɧŰɘ ɛŮŰŬəɘɜɞɨɜŰŬɘ ůŮ ɏɜŬ ɜɏɞ ůɖɛŮɑɞ Űɖɠ ˊŮɟɘɞɢɐɠ ŬɜŬɕɐŰɖůɖɠ ɛɧɜɞ Ŭɜ 

ŬɡŰɧ ɓŮɚŰɘɩɜŮɘ Űɖɜ ŰɟɏɢɞɡůŬ Űɘɛɐ Űɖɠ ŬɜŰɘəŮɘɛŮɜɘəɐɠ ůɡɜɎɟŰɖůɖɠ Ὢ . ȷɡŰɧ ɏɢŮɘ ɤɠ Ŭˊɞ-

ŰɏɚŮůɛŬ ɜŬ ˊŬɔɘŭŮɨɞɜŰŬɘ ŮɨəɞɚŬ ůŮ ŰɞˊɘəɎ ɓɏɚŰɘůŰŬ əŬɘ ɜŬ ŰŮɟɛŬŰɑɕŮŰŬɘ ɖ ŬɜŬɕɐŰɖůɖ ˊɟɞɠ 

ɎɚɚŮɠ əŬɚɨŰŮɟŮɠ ɚɨůŮɘɠ. ɇɞ ɛɏɔŮɗɞɠ Űɖɠ ˊŮɟɘɞɢɐɠ ŬɜŬɕɐŰɖůɖɠ ˊŬɑɕŮɘ əŬɗɞɟɘůŰɘəɧ ɟɧɚɞ əŬ-

ɗɩɠ ɛŮɔɎɚɖ ůŮ ɛɏɔŮɗɞɠ ˊŮɟɘɞɢɐ ɓŮɚŰɘɩɜŮɘ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ ˊɟɞůɏɔɔɘůɖɠ Űɖɠ ɓɏɚŰɘůŰɖɠ ɚɨ-

ůɖɠ, ɧɛɤɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ əŬŰɎ Űɖɜ ɞˊɞɑŬ Űɞ Ŭɟɢɘəɧ, ŰɡɢŬɑɞ əŬɘ ŮűɘəŰɧ ůɖɛŮɑɞ Ŭˊɧ Űɞ ɞˊɞɑɞ 

ɝŮəɘɜɎŮɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ ŮɑɜŬɘ əɞɜŰɎ ůŰɖɜ ɓɏɚŰɘůŰɖ ɚɨůɖ, ŰɧŰŮ ɞ Ŭɚɔɧɟɘɗɛɞɠ ɛˊɞɟŮɑ ɜŬ Ŭˊɞ-

ɛŬəɟɡɜɗŮɑ Ŭˊɧ Űɖɜ ɚɨůɖ ŬɡŰɐ. 

¶ ȷɜŬɕɐŰɖůɖ əɚɑůɖɠ (Gradient Search): ȺűŬɟɛɧɕŮŰŬɘ ůŮ ŬɜŰɘəŮɘɛŮɜɘəɏɠ ůɡɜŬɟŰɐ-

ůŮɘɠ ˊŬɟŬɔɤɔɑůɘɛŮɠ əŬɘ ŬɡůŰɖɟɩɠ əɡɟŰɏɠ. ɇɞ ɓɏɚŰɘůŰɞ ɛˊɞɟŮɑ ɜŬ ɓɟŮɗŮɑ ɛŮ Űɖɜ ůɡɜɗɐəɖ 

Űɤɜ ˊɟɩŰɤɜ ɛŮɟɘəɩɜ ˊŬɟŬɔɩɔɤɜ ‬ώ‬ὼ πϳ . ȹɞɗɏɜŰɞɠ Űɖɠ ŰɟɏɢɞɡůŬɠ ɚɨůɖɠ ɡˊɞɚɞɔɑɕŮŰŬɘ 

ɖ əɚɑůɖ ​Ὢὼ ȟȣȟ  ɔɘŬ ὼ ὼ.  ȼ ɚɨůɖ ɡˊɞɚɞɔɑɕŮŰŬɘ ɝŬɜɎ ɔɘŬ ὼ ὼ

​Ὢὼ. Ƀɘ ɡˊɞɚɞɔɘůɛɞɑ ŮˊŬɜŬɚŬɛɓɎɜɞɜŰŬɘ ɛɏɢɟɘ ɜŬ ɓɟŮɗŮɑ Űɞ ɓɏɚŰɘůŰɞ ὼᶻ ɛŮ ​Ὢὼ ‏ π. 
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ȼ ɧɚɖ ŭɘŬŭɘəŬůɑŬ ɞɡůɘŬůŰɘəɎ ŮɝŮɟŮɡɜɎŮɘ Űɞ ɢɩɟɞ əŬɘ ɛŮ ˊɞɚɨ ɛɘəɟɏɠ ŬɚɚŬɔɏɠ ůŰɞ ὼ, ɣɎɢɜŮɘ 

ɜŬ ɓɟŮɘ Űɞ ůɖɛŮɑɞ ˊɞɡ ɛɖŭŮɜɑɕŮɘ ɖ əɚɑůɖ Űɖɠ ŮűŬˊŰɞɛɏɜɖɠ, əŬɘ Ŭɜ ɔɘŬ ɛɘəɟɐ ŬɚɚŬɔɐ ůŰɞ ὼ  

ɛŮŰɎ Ŭˊɧ ŬɡŰɧ Űɞ ůɖɛŮɑɞ ɖ ɚɨůɖ ɔɘŬ Űɖɜ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ ŮɑɜŬɘ ɡˊɞŭŮɏůŰŮɟɖ, ŰɧŰŮ 

ɗŮɤɟŮɑ ŬɡŰɧ Űɞ ůɖɛŮɑɞ ɤɠ Űɞ ɓɏɚŰɘůŰɞ. 

 

 

2.4 ɀŮŰŬŮɡɟŮŰɘəɞɑ ȷɚɔɧɟɘɗɛɞɘ ȷɜŬɕɐŰɖůɖɠ 

 

ɆŰɖɜ ŮɜɧŰɖŰŬ ŬɡŰɐ ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ɞɘ əɡɟɘɧŰŮɟɞɘ ɛŮŰŬŮɡɟŮŰɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ ŬɜŬɕɐŰɖůɖɠ 

ɞɘ ɞˊɞɑɞɘ ˊɚŮɞɜŮəŰɞɨɜ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ ɎˊɚɖůŰɞɡɠ ŮɡɟŮŰɘəɞɨɠ Ŭɚɔɧɟɘɗɛɞɡɠ ůŰɞ ɧŰɘ ɏɢɞɡɜ 

ůɢŮŭɘŬůŰŮɑ ɏŰůɘ ɩůŰŮ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ŬˊɞűŮɨɔɞɡɜ ɜŬ ˊŬɔɘŭŮɨɞɜŰŬɘ ůŮ ŰɞˊɘəɎ ɓɏɚŰɘůŰŬ. ɇɞ Ŭ-

ɜŰŬɔɤɜɘůŰɘəɧ Űɞɡɠ ˊɚŮɞɜɏəŰɖɛŬ ŮɑɜŬɘ ɖ ŮɡŮɚɘɝɑŬ ˊɞɡ ŮˊɘŭŮɘəɜɨɞɡɜ ŮˊɘŰɟɏˊɞɜŰŬɠ ŬəɧɛŬ əŬɘ 

ɡˊɞŭŮɏůŰŮɟŮɠ əɘɜɐůŮɘɠ ˊɟɞəŮɑɛŮɜɞɡ ɜŬ ɞŭɖɔɖɗɞɨɜ ɛŬəɟɞˊɟɧɗŮůɛŬ ůŮ əŬɚɨŰŮɟɖ ɚɨůɖ. ɆŮ ɔŮ-

ɜɘəɏɠ ɔɟŬɛɛɏɠ ɛɘŬ ɛŮŰŬŮɡɟŮŰɘəɐ ŬɜŬɕɐŰɖůɖ ŰŮɟɛŬŰɑɕŮɘ ɓɎůɖ Űɤɜ ˊŬɟŬəɎŰɤ əɟɘŰɖɟɑɤɜ (Hamdy 

A. Taha,2012): 

¶ ɇɞ ˊɚɐɗɞɠ ŮˊŬɜŬɚɐɣŮɤɜ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ɝŮˊŮɟɜɎŮɘ ɏɜŬ ɞɟɘůɛɏɜɞ əŬŰɩűɚɘ ŮˊŬɜŬɚɐ-

ɣŮɤɜ. 

¶ ɇɞ ˊɚɐɗɞɠ ŮˊŬɜŬɚɐɣŮɤɜ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ Ŭˊɧ Űɖɜ ŰŮɚŮɡŰŬɑŬ ɓɏɚŰɘůŰɖ ɚɨůɖ ɡˊŮɟɓŬɑɜŮɘ 

ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ɧɟɘɞ ŮˊŬɜŬɚɐɣŮɤɜ ɢɤɟɑɠ ˊŮɟŬɘŰɏɟɤ ɓŮɚŰɑɤůɖ Űɖɠ ɚɨůɖɠ ŬɡŰɐɠ. 

¶ ȼ ˊŮɟɘɞɢɐ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞ Űɟɏɢɞɜ ůɖɛŮɑɞ ŬɜŬɕɐŰɖůɖɠ ŮɑɜŬɘ ŮɑŰŮ əŮɜɐ ŮɑŰŮ ŭŮɜ ɛˊɞ-

ɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ɜɏŬ ɓɘɩůɘɛɖ əɑɜɖůɖ ŬɜŬɕɐŰɖůɖɠ. 

¶ ȼ ŰɟɏɢɞɡůŬ ɓɏɚŰɘůŰɖ ɚɨůɖ ŮɑɜŬɘ ŬˊɞŭŮəŰɐ. 

ɆŮ ŬɡŰɐɜ Űɖɜ ŮɜɧŰɖŰŬ ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ůɡɜɞˊŰɘəɎ  əɎˊɞɘɞɘ Ŭˊɧ Űɞɡɠ ɓŬůɘəɧŰŮɟɞɡɠ ɛŮŰŬ-

ŮɡɟŮŰɘəɞɨɠ Ŭɚɔɧɟɘɗɛɞɡɠ ŬɜŬɕɐŰɖůɖɠ ɧˊɤɠ: Űɞ ůɛɐɜɞɠ ůɤɛŬŰɘŭɑɤɜ (PSO), ɖ ŬˊɞɘəɑŬ ɛɡɟ-

ɛɖɔəɘɩɜ (ACO) ɖ ˊŮɟɘɞɟɘůɛɏɜɖ ŬɜŬɕɐŰɖůɖ (Tabu) əŬɘ ɖ ˊɟɞůɞɛɞɘɤɛɏɜɖ ŬɜɧˊŰɖůɖ 

(SANN), Ůɜɩ ŬɜŬɚɡŰɘəɧŰŮɟŬ ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ůŰɖɜ ŮˊɧɛŮɜɖ ŮɜɧŰɖŰŬ ɞɘ ɔŮɜŮŰɘəɞɑ Ŭɚɔɧɟɘɗ-

ɛɞɘ(GA). ȼ ɓŬůɘəɐ ŭɘŬűɞɟɞˊɞɑɖůɖ ɛŮŰŬɝɨ Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ Ŭɚɔɞɟɑɗɛɤɜ ŮɑɜŬɘ ɞ Űɟɧˊɞɠ ɛŮ 

Űɞ ɞˊɞɑɞ əŬŰŬűɏɟɜɞɡɜ ɜŬ ŬˊŮɔəɚɤɓɑɕɞɜŰŬɘ Ŭˊɧ ɏɜŬ Űɞˊɘəɧ ɓɏɚŰɘůŰɞ, əŬɘ ɞ Űɟɧˊɞɠ ˊɞɡ ŮɝŮɟŮɡ-

ɜɞɨɜ Űɞɜ ɢɩɟɞ ŬɜŬɕɐŰɖůɖɠ (exploration), Ůɜɩ əɞɘɜɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɞɡɠ ůɡɜɘůŰɎ ɖ ˊɟɞɞŭŮɡ-

Űɘəɐ ůɡɟɟɑəɜɤůɖ Űɞɡ ɢɩɟɞɡ ŬɜŬɕɐŰɖůɖɠ (exploitation) ɔɨɟɤ Ŭˊɧ Űɖɜ ɓɏɚŰɘůŰɖ ɚɨůɖ əŬɘ Űɖɜ 

Ŭˊɞűɡɔɐ Űɖɠ ŬˊɞɛɎəɟɡɜůɖɠ Űɞɡɠ Ŭˊɧ ŬɡŰɐ.  
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2.5 Ɂɞɖɛɞůɨɜɖ Ɇɛɖɜɩɜ 

 

 

Ƀ ɧɟɞɠ Ɂɞɖɛɞůɨɜɖ Ɇɛɖɜɩɜ (ɁɆ) (swarm intelligence), ɢŬɟŬəŰɖɟɑɕŮɘ Űɞɡɠ Ŭɚɔɧɟɘɗɛɞɨɠ 

ˊɞɡ ɏɢɞɡɜ ůŬɜ ˊɖɔɐ ɏɛˊɜŮɡůɖɠ əɎˊɞɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŮ əɞɘɜɤɜɘəɏɠ ɞɛɎ-

ŭŮɠ ůŰɖɜ űɨůɖ ŮɑŰŮ ˊɟɧəŮɘŰŬɘ ɔɘŬ ɞɛɎŭŮɠ ŮɜŰɧɛɤɜ əŬɘ ɕɩɤɜ ŮɑŰŮ ŬəɧɛŬ əŬɘ ɞɛɎŭŮɠ Ŭɜɗɟɩˊɤɜ. 

ȼ ůɡɚɚɞɔɘəɐ ůɡɛˊŮɟɘűɞɟɎ (collective behavior), əŬɘ ɖ ŮəŭɖɚɞɨɛŮɜɖ ɜɞɖɛɞůɨɜɖ (emergent 

intelligence), ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ əŬŰɎ Űɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɖ Űɤɜ ɞɜŰɞŰɐŰɤɜ ɛɏůŬ ůŮ ɛɘŬ əɞɘ-

ɜɤɜɘəɐ ɞɛɎŭŬ ůŬɜ Űɘɠ ˊɟɞŬɜŬűŮɟɗŮɑůŮɠ ɐ ůŮ ɏɜŬ ůɛɐɜɞɠ, ŮɑɜŬɘ ŬɡŰɎ ŰŬ ɞˊɞɑŬ ɛɘɛŮɑŰŬɘ ɏɜŬɠ 

Ŭɚɔɧɟɘɗɛɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ɜɞɖɛɞůɨɜɖ ůɛɖɜɩɜ. ɆŮ ŬɡŰɐ Űɖɜ ŮɜɧŰɖŰŬ ɗŬ 

ˊŬɟɞɡůɘŬůŰɞɨɜ ŭɨɞ ůɖɛŬɜŰɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŰɖɜ ɜɞɖɛɞůɨɜɖ Űɤɜ ůɛɖɜɩɜ, ɖ 

ŬˊɞɘəɑŬ ɛɡɟɛɖɔəɘɩɜ əŬɘ Űɞ ůɛɐɜɞɠ ůɤɛŬŰɘŭɑɤɜ. 

 

 

2.5.1 ȷɚɔɧɟɘɗɛɞɠ ŬˊɞɘəɑŬɠ ɀɡɟɛɖɔəɘɩɜ 

 

 

ɆŰɖɜ əŬŰɖɔɞɟɑŬ ŬɡŰɐ Ŭɚɔɞɟɑɗɛɤɜ ŬɜɐəŮɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ ȸŮɚŰɘůŰɞˊɞɑɖůɖɠ ɛŮ ŬˊɞɘəɑŬ ɀɡɟ-

ɛɖɔəɘɩɜ ((ȸȷɀ), Ant Colony Optimization), ɞ ɞˊɞɑɞɠ ŬɟɢɘəɎ ˊɟɞŰɎɗɖəŮ Ŭˊɧ Űɞɜ ȽŰŬɚɧ Ůˊɘ-

ůŰɐɛɞɜŬ Marco Dorigo Űɞ 1992, əŬɘ o ɞˊɞɑɞɠ ɛɘɛŮɑŰŬɘ Űɞɜ Űɟɧˊɞ ɛŮ Űɞɜ ɞˊɞɑɞ ɞɘ ŰŮɟɛɑŰŮɠ 

əŬŰŬɚɐɔɞɡɜ ɜŬ Ůˊɘɚɏɔɞɡɜ Űɖɜ ůɡɜŰɞɛɧŰŮɟɖ ŭɘŬŭɟɞɛɐ Ŭˊɧ Űɖɜ űɤɚɘɎ Űɞɡɠ (Nest), ůŰɖɜ ˊɖɔɐ 

Űɖɠ Űɟɞűɐɠ (Food), ŬɡŰɧ Űɞ ˊŮŰɡɢŬɑɜɞɡɜ ŬűɐɜɞɜŰŬɠ ɛɘŬ ɞɡůɑŬ ůŰɘɠ ŭɘŬŭɟɞɛɏɠ Űɞɡɠ ˊɞɡ ɞɜɞ-

ɛɎɕŮŰŬɘ űŮɟɞɛɧɜɖ, əŬɘ ɖ ɞˊɞɑŬ ɚŮɘŰɞɡɟɔŮɑ ůŬɜ ɞŭɖɔɧɠ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ ɔɘŬ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ 

ŰŮɟɛɑŰŮɠ.  

 

 
Ʉɖɔɐ: International Journal of Trade, Economics and Finance, Vol. 3, No. 2, April 2012 

ȺɘəɧɜŬ 2.2 ȷˊŮɘəɧɜɘůɖ Űɤɜ ůɢɖɛŬŰɘůɛɩɜ Űɤɜ ŰŮɟɛɘŰɩɜ 
 

ɇɞ ˊɟɩŰɞ ɓɐɛŬ ɚɞɘˊɧɜ ŮɑɜŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ űŮɟɞɛɧɜɖɠ, ɞ ɞˊɞɑɞɠ ɔɑɜŮŰŬɘ ɛŮ ŮűŬɟɛɞɔɐ 

Űɖɠ ˊŬɟŬəɎŰɤ ůɢɏůɖɠ. 
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ῳ†ȟ

ρ

ὒ
ȟ ʙ Ὥ “”‛‟ Ὦ‘‛”‏‌―‏

πȟ ʗ‖―†‐”‛•‌―‏

 

 

ȳˊɞɡ ῳ†ȟ ɖ ˊɞůɧŰɖŰŬ űŮɟɞɛɧɜɖɠ ˊɞɡ ŮɜŬˊɞɗɏŰŮɘ Űɞ Ὧ ɛɡɟɛɐɔəɘ Ŭˊɧ Űɞɜ əɧɛɓɞ Ὥ ůŰɞɜ əɧɛɓɞ 

Ὦ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ 0 Ŭɜ Űɞ ɛɡɟɛɐɔəɘ ŭŮɜ ɞɚɞəɚɖɟɩůŮɘ Űɖ ŭɘŬŭɟɞɛɐ Ŭˊɧ Űɞɜ əɧɛɓɞ Ὥ ůŰɞɜ əɧɛɓɞ 

Ὦ, əŬɘ  Ŭɜ Űɖɜ ɞɚɞəɚɖɟɩůŮɘ, ɧˊɞɡ ὒ Űɞ ɛɐəɞɠ Űɞɡ ɛɞɜɞˊŬŰɘɞɨ ὭȟὮ. ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɜ 

ɚɧɔɞ  ˊɟɞəɨˊŰŮɘ ɧŰɘ ɖ ˊɞůɧŰɖŰŬ űŮɟɞɛɧɜɖɠ ŮɑɜŬɘ ŬɜŰɘůŰɟɧűɤɠ ŬɜɎɚɞɔɖ ɛŮ Űɞ ɛɐəɞɠ Űɞɡ 

ɛɞɜɞˊŬŰɘɞɨ, ɏŰůɘ ŭɘŬůűŬɚɑɕŮŰŬɘ ɧŰɘ ŰŬ ɛɘəɟɧŰŮɟŬ ɛɞɜɞˊɎŰɘŬ ɗŬ ɏɢɞɡɜ ɛŮɔŬɚɨŰŮɟɖ ŮɜŬˊɧɗŮůɖ 

űŮɟɞɛɧɜɖɠ əŬɘ ŬɜŰɑůŰɟɞűŬ. 

 

 
ȺɘəɧɜŬ 2.3 ɆɢŮŭɘɎɔɟŬɛɛŬ ɛɐəɞɡɠ Űɤɜ ɛɞɜɞˊŬŰɘɩɜ  

 

ȰůŰɤ ůŰɞ ˊŬɟŬˊɎɜɤ ůɢŮŭɘɎɔɟŬɛɛŬ ὒ ɖ ŰɡɢŬɑŬ ɛŬɨɟɖ ŭɘŬŭɟɞɛɐ ˊɞɡ ŬəɞɚɞɡɗŮɑ Űɞ ɛɡɟɛɐ-

ɔəɘ Ɂ.1 əŬɘ ὒ ɖ ŰɡɢŬɑŬ ɔəɟɘ ŭɘŬŭɟɞɛɐ ˊɞɡ ŬəɞɚɞɡɗŮɑ Űɞ ɛɡɟɛɐɔəɘ Ɂ.2. ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ Űɖɜ 

űɤɚɘɎ (əɧɛɓɞɠ 1) ˊɟɞɠ Űɖɜ Űɟɞűɐ (əɧɛɓɞɠ 2), əŬɘ ŮˊɘůŰɟɏűɞɜŰŬɠ ˊɑůɤ ůŰɖɜ űɤɚɘɎ. ȺűŬɟɛɧ-

ɕɞɜŰŬɠ ɚɞɘˊɧɜ Űɞɜ ˊŬɟŬˊɎɜɤ Űɨˊɞ: 

ȰɢɞɡɛŮ ὒ ρτ  ᴼ ῳ†ȟ  , əŬɘ ὒ σρ  ᴼ ῳ†ȟ   .Ƀ Ŭɟɘɗɛɧɠ Űɤɜ ɛɡɟɛɖɔəɘɩɜ 

űɡůɘəɎ ˊɞɡ ŭɘŬůɢɑɕŮɘ ɏɜŬ ɛɞɜɞˊɎŰɘ ὭȟὮ ŮɑɜŬɘ ɛŮɔɎɚɞɠ, əŬɘ ɞ ůɡɜɞɚɘəɧɠ Ŭɟɘɗɛɧɠ Űɖɠ űŮɟɞɛɧɜɖɠ 
ˊɞɡ ŮɜŬˊɞŰɑɗŮŰŬɘ ɛŮ Űɞ ˊɏɟŬůɛŬ Űɞɡ ɢɟɧɜɞɡ ɢɤɟɑɠ ɜŬ ɚɖűɗŮɑ ɡˊɧɣɘɜ ɖ ŭɘŮɟɔŬůɑŬ Űɖɠ ŮɝɎŰɛɘ-

ůɖɠ, ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ: 

†ȟ  ῳ†ȟ 

ȳˊɞɡ m ɞ ůɡɜɞɚɘəɧɠ Ŭɟɘɗɛɧɠ Űɤɜ ɛɡɟɛɖɔəɘɩɜ.  
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ɆŰɖ ůɡɜɏɢŮɘŬ ɚɞɘˊɧɜ Űɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ əŬɘ ɓɎůŮɘ Űɞɡ ˊŬɟŬˊɎɜɤ Űɨˊɞɡ, ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ 

ůɡɜɞɚɘəɐ űŮɟɞɛɧɜɖ ˊɞɡ Ŭűɐɜɞɡɜ ůŮ əɎɗŮ ɛɞɜɞˊɎŰɘ əŬɘ ŰŬ ŭɨɞ ɛɡɟɛɐɔəɘŬ. 

 

 
ȺɘəɧɜŬ 2.4 ɆɢŮŭɘɎɔɟŬɛɛŬ ɛŮ Űɖɜ ɡˊɞɚɞɔɘůɛɏɜɖ ůɡɜɞɚɘəɐ űŮɟɞɛɧɜɖ ɢɤɟɑɠ ŮɝɎŰɛɘůɖ.   

 

ȸɎůŮɘ ɧůɤɜ ɏɢɞɡɜ ŮɘˊɤɗŮɑ ŮɑɜŬɘ ɚɞɔɘəɐ ɖ ɡˊɧɗŮůɖ ɧŰɘ ŰŬ ɛɞɜɞˊɎŰɘŬ ɛŮ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ 

ˊɞůɧŰɖŰŬ űŮɟɞɛɧɜɖɠ ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɑůɖ ɛŮ πȢρ, ɏɢɞɡɜ əŬɘ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ ˊɘɗŬɜɧŰɖŰŬ ɜŬ Ůˊɘ-

ɚŮɢŰɞɨɜ. 

ȼ ŮɝɎŰɛɘůɖ ŮɑɜŬɘ ɛɘŬ ŭɘŮɟɔŬůɑŬ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ ˊɞɡ ɞɡůɘŬůŰɘəɎ ˊɟɞůɞɛɞɘɩɜŮɘ Űɖɜ ɚŮɘŰɞɡɟ-

ɔɑŬ Űɞɡ űɡůɘəɞɨ ůɡůŰɐɛŬŰɞɠ ɧˊɞɡ ŮɝŬŰɛɑɕŮŰŬɘ əɎˊɞɘŬ ˊɞůɧŰɖŰŬ Ŭˊɧ ŰŬ ɑɢɜɖ űŮɟɞɛɧɜɖɠ ɛŮ Űɞ 

ˊɏɟŬůɛŬ Űɞɡ ɢɟɧɜɞɡ ˊ.ɢ. ɚɧɔɤ ɓɟɞɢɐɠ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ŮɜŬˊɞɗɏŰŮŰŬɘ ɝŬɜɎ Ŭˊɧ ŰŬ ɛɡɟɛɐɔəɘŬ. 

ũɘŬ ɜŬ ˊɟɞůɞɛɞɘɩůɞɡɛŮ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŮɝɎŰɛɘůɖɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ Űɞɜ ˊŬɟŬəɎŰɤ ɛŬ-

ɗɖɛŬŰɘəɧ Űɨˊɞ: 

†ȟ ρ ”†ȟ ῳ†ȟ 

ȳˊɞɡ †ȟ  ɖ ˊɞůɧŰɖŰŬ Űɖɠ űŮɟɞɛɧɜɖɠ ůŰɖɜ ὸ ρ ŮˊŬɜɎɚɖɣɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ, †ȟ ɖ ɡűɘ-

ůŰɎɛŮɜɖ ˊɞůɧŰɖŰŬ űŮɟɞɛɧɜɖɠ, əŬɘ В ῳ†ȟ ɞ ɜɏɞɠ ɞɚɘəɧɠ Ŭɟɘɗɛɧɠ Űɖɠ űŮɟɞɛɧɜɖɠ ˊɞɡ ŮɜŬ-

ˊɞŰɑɗŮŰŬɘ ɛŮŰɎ Űɖɜ ŮɝɎŰɛɘůɖ. ȺˊŮɝɖɔɩɜŰŬɠ Űɞɜ Űɨˊɞ ˊɟɞəɨˊŰŮɘ ɧŰɘ ɖ űŮɟɞɛɧɜɖ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ 

ɛŮ əɎɗŮ ɚɨůɖ ŮɝŬŰɛɑɕŮŰŬɘ (evaporate) ɛŮ ɟɡɗɛɧ ˊɞɡ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞɜ ůɡɜŰŮɚŮůŰɐ ”ᶰ

πȟρ. Ƀ ɟɡɗɛɧɠ ŮɝɎŰɛɘůɖɠ ŮɑɜŬɘ ŬɡŰɧɠ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑ əŬɘ ɘůɞɟɟɞˊɑŬ ɛŮŰŬɝɨ ŮɝŮɟŮɡɜɖůɖɠ 

(exploration) əŬɘ ŮəɛŮŰɎɚɚŮɡůɖɠ (exploitation), 

¶ ũɘŬ ” π, ŭŮɜ ɡˊɎɟɢŮɘ ŮɝɎŰɛɘůɖ, ɞ Űɨˊɞɠ ˊŬɑɟɜŮɘ Űɖɜ ɛɞɟűɐ  

†ȟ †ȟ ῳ†ȟ 
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əŬɘ ɞɡůɘŬůŰɘəɎ ˊɟɞůŰɑɗŮŰŬɘ ůŰɖɜ ɡűɘůŰɎɛŮɜɖ ˊɞůɧŰɖŰŬ űŮɟɞɛɧɜɖɠ ɖ ɜɏŬ ɞɚɘəɐ ˊɞůɧŰɖŰŬ 

űŮɟɞɛɧɜɖɠ. ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ ɚɨůŮɘɠ Ŭˊɧ ˊɟɞɖɔɞɨɛŮɜŮɠ ŮˊŬɜŬɚɐɣŮɘɠ ˊŬɑɕɞɡɜ əŬɗɞɟɘůŰɘəɧ 

ɟɧɚɞ. ȹɖɚŬŭɐ ůŰɖɜ ŮˊɧɛŮɜɖ ŮˊŬɜɎɚɖɣɖ ὸ ρ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ ɞɘ ˊɞůɧŰɖŰŮɠ űŮɟɞɛɧɜɖɠ ŮɑɜŬɘ 

ɡɣɖɚɎ ŮɝŬɟŰɩɛŮɜŮɠ Ŭˊɧ Űɖɜ ˊɞůɧŰɖŰŬ űŮɟɞɛɧɜɖɠ Űɖɠ ŰɟɏɢɞɡůŬɠ ɚɨůɖɠ əɎŰɘ ˊɞɡ ɞŭɖɔŮɑ ůŮ 

ŬɜŬɕɐŰɖůɖ ɔɨɟɤ Ŭˊɧ ŬɡŰɐɜ Űɖɜ ɚɨůɖ əŬɘ ɏŰůɘ ŮɜɘůɢɡŮŰŬɘ ɖ ɘəŬɜɧŰɖŰŬ ŮəɛŮŰɎɚɚŮɡůɖɠ 

(exploitation) Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ. 

¶ ȷɜŰɑůŰɞɘɢŬ ɔɘŬ ” ρ, ɞ ɟɡɗɛɧɠ ŮɝɎŰɛɘůɖɠ ŮɑɜŬɘ ůŰɞ ɛɏɔɘůŰɞ ɓŬɗɛɧ, ɞ Űɨˊɞɠ ˊŬɑɟɜŮɘ 

Űɖɜ ɛɞɟűɐ  

†ȟ ῳ†ȟ 

əŬɘ ɞɡůɘŬůŰɘəɎ ɧɚɖ ɖ ɡűɘůŰɎɛŮɜɖ ˊɞůɧŰɖŰŬ űŮɟɞɛɧɜɖɠ ŮɝŬŰɛɑɕŮŰŬɘ, ɏŰůɘ ŭɘŮɡɟɨɜŮŰŬɘ ɞ ɢɩ-

ɟɞɠ ŬɜŬɕɐŰɖůɖɠ əŬɘ ŮɜɘůɢɨŮŰŬɘ ɖ ɘəŬɜɧŰɖŰŬ ŮɝŮɟŮɨɜɖůɖɠ (exploration) Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ ɔɘŬ 

ɜɏŮɠ ɚɨůŮɘɠ. 

ɆŮ ůɡɜɏɢŮɘŬ ˊɎɚɘ Űɞɡ ˊŬɟŬŭŮɑɔɛŬŰɞɠ ɛŬɠ, ɏůŰɤ ɧŰɘ ɏɢɞɡɛŮ ɡűɘůŰɎɛŮɜɖ ˊɞůɧŰɖŰŬ űŮɟɞɛɧɜɖɠ 

ɑůɖɠ ɛŮ ρȢπ ɔɘŬ ŭɘŮɡəɧɚɡɜůɖ Űɤɜ ˊɟɎɝŮɤɜ, əŬɘ ɟɡɗɛɧ ŮɝɎŰɛɘůɖɠ ” ɑůɞ ɛŮ πȢυȢ ɓɎůŮɘ Űɞɡ ˊŬɟŬ-
ˊɎɜɤ Űɨˊɞɡ, ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ůɡɜɞɚɘəɐ űŮɟɞɛɧɜɖ ˊɞɡ Ŭűɐɜɞɡɜ ůŮ əɎɗŮ ɛɞɜɞˊɎŰɘ əŬɘ ŰŬ ŭɨɞ 

ɛɡɟɛɐɔəɘŬ ɛŮ ŮɜůɤɛŬŰɤɛɏɜɖ Űɖɜ ŭɘŮɟɔŬůɑŬ Űɖɠ ŮɝɎŰɛɘůɖɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰŬ ůɢŮŭɘŬɔɟɎɛ-

ɛŬŰŬ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ. 

 

 

ȺɘəɧɜŬ 2.5 ɆɢŮŭɘɎɔɟŬɛɛŬ ɛŮ ɡˊɞɚɞɔɘůɛɏɜɖ Űɖɜ ůɡɜɞɚɘəɐ űŮɟɞɛɧɜɖ ɛŮ ŮɝɎŰɛɘůɖ.   

 

ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ əŬɘ ɛŮŰɎ Űɖɜ ŭɘŮɟɔŬůɑŬ Űɖɠ ŮɝɎŰɛɘůɖɠ ŰŬ ɛɞɜɞˊɎŰɘŬ ˊɞɡ ŮɑɢŬɜ Űɖɜ ɡɣɖ-

ɚɧŰŮɟɖ ˊɞůɧŰɖŰŬ űŮɟɞɛɧɜɖɠ ŭɘŬŰɖɟɞɨɜ Űɖɜ ɘůɢɨ Űɞɡɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɛɖɜ ɢɎɜɞɜŰŬɘ ůŰɖɜ 

ˊɞɟŮɑŬ ɞɘ Ŭɟɢɘəɏɠ əŬɚɏɠ ɚɨůŮɘɠ. ȺɑŭŬɛŮ ɚɞɘˊɧɜ ɧŰɘ ɞɘ ŭɘŬŭɟɞɛɏɠ ɛŮ Űɖɜ ɡɣɖɚɧŰŮɟɖ ŮɜŬˊɧɗŮůɖ 

űŮɟɞɛɧɜɖɠ ŬɜɎ ɛɞɜɎŭŬ ɢɟɧɜɞɡ ůɡɛɓŬɑɜŮɘ ɜŬ ŮɑɜŬɘ əŬɘ ɞɘ ůɡɜŰɞɛɧŰŮɟŮɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɏ-

ɢɞɡɜ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ ˊɘɗŬɜɧŰɖŰŬ ɜŬ ŮˊɘɚŮɢɗɞɨɜ əŬɗɩɠ ɞɘ ŰŮɟɛɑŰŮɠ ˊɟɞŰɘɛɞɨɜ Űɖɜ ŭɘŬŭɟɞɛɏɠ 

ˊɞɡ ŮɑɜŬɘ ˊɘɞ ˊɚɞɨůɘŮɠ ůŮ ŬɡŰɐ. Ƀ Ŭɚɔɧɟɘɗɛɧɠ ACO ŮɑɜŬɘ ɞɡůɘŬůŰɘəɎ ɏɜŬ ˊɘɗŬɜɞɗŮɤɟɖŰɘəɧ 
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ɛɞɜŰɏɚɞ ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ ɛɞɜŰɏɚɞ űŮɟɞɛɧɜɖɠ (pheromone model) əŬɘ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ŭɘɎ-

ɜɡůɛŬ ˊŬɟŬɛɏŰɟɤɜ ♆ (pheromone trail  parameters). Ƀɘ ˊŬɟɎɛŮŰɟɞɘ Űɞɡ ŭɘŬɜɨůɛŬŰɞɠ ˊŬɑɟ-

ɜɞɡɜ Űɘɛɏɠ †ȟ  (pheromone values) əŬɘ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ˊɞůɧŰɖŰŬ Űɖɠ űŮɟɞɛɧɜɖɠ Űɖɠ əɎɗŮ 

ŭɘŬŭɟɞɛɐɠ 

ȼ ˊɘɗŬɜɧŰɖŰŬ ɜŬ ŮˊɘɚŮɢɗŮɑ Űɞ ɛɞɜɞˊɎŰɘ ὭȟὮ ŬɜɎɛŮůŬ ůŮ ɎɚɚŮɠ ŭɡɜŬŰɏɠ Ůˊɘɚɞɔɏɠ ŭɑɜŮŰŬɘ Ŭˊɧ 

Űɞɜ Űɨˊɞ: 

ὴὶέὦȟ  
†ȟ –ȟ

В†ȟ –ȟ
 

ȳˊɞɡ ɖ Űɘɛɐ –ȟ
ȟ
 ŭŮɑɢɜŮɘ Űɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ ɛɞɜɞˊŬŰɘɞɨ ɧˊɞɡ ɧˊɤɠ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ 

ŮɑɜŬɘ ůɡɜɡűŬůɛɏɜɖ ɛŮ Űɖɜ ŬˊɧůŰŬůɖ, əŬɘ ‌ᶰπȟρ, ‍ᶰπȟρ ɞɘ ˊŬɟɎɛŮŰɟɞɘ ɔɘŬ ɜŬ əŬɗɞɟɘůŰŮɑ 

ɖ ŮˊɑŭɟŬůɖ Űɖɠ űŮɟɞɛɧɜɖɠ †ȟ əŬɘ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɞɡ ɛɞɜɞˊŬŰɘɞɨ –ȟ ŬɜŰɑůŰɞɘɢŬ. ȷɡŰɐ ɖ ˊɟɞ-

ůɏɔɔɘůɖ ŭɘŬůűŬɚɑɕŮɘ ɧŰɘ əŬɚɏɠ ŭɘŬŭɟɞɛɏɠ (ɚɨůŮɘɠ) ˊɞɡ ŮɑɢŬɜ ŮˊɘɚŮɢŰŮɑ ůŰɞ ˊŬɟŮɚɗɧɜ ɏɢɞɡɜ ɛŮ-

ɔɎɚɖ ˊɘɗŬɜɧŰɖŰŬ ɜŬ ŮˊɘɚŮɢɗɞɨɜ əŬɘ ˊɎɚɘ, Ůɜɩ ŬűɐɜŮɘ əŬɘ ůɡɔəŮəɟɘɛɏɜɖ ˊɘɗŬɜɧŰɖŰŬ ůŮ ŬɜŮɝŮ-

ɟŮɨɜɖŰŬ ɛɞɜɞˊɎŰɘŬ ɜŬ ŮɝŮɟŮɡɜɖɗɞɨɜ əŬɘ Ŭɜ ŬˊɞŭŮɘɢɗɞɨɜ ůɡɜŰɞɛɧŰŮɟŬ (əŬɚɨŰŮɟɖ ɚɨůɖ) ɛŬ-

əɟɞˊɟɧɗŮůɛŬ ɜŬ ŮˊɘɚŮɢɗɞɨɜ ŮəŮɑɜŬ ůŬɜ ˊɘɞ ŮɚəɡůŰɘəɐ ŭɘŬŭɟɞɛɐ. ɆŰɞ ˊŬɟɎŭŮɘɔɛŬ ˊɞɡ Ŭəɞ-

ɚɞɡɗŮɑ űŬɑɜŮŰŬɘ ɞ Űɟɧˊɞɠ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ Ůˊɘɚɞɔɐɠ ɛɞɜɞˊŬŰɘɞɨ. ŪɡɛɑɕɞɡɛŮ ɧŰɘ 

űɤɚɘɎ ŮɑɜŬɘ ɞ əɧɛɓɞɠ 1 əŬɘ Űɟɞűɐ ɞ əɧɛɓɞɠ 2. 

 

 
ȺɘəɧɜŬ 2.6 ȹɘɎɔɟŬɛɛŬ əɧůŰɞɡɠ, űŮɟɞɛɧɜɖɠ əŬɘ ˊɘɗŬɜɩɜ ŭɘŬŭɟɞɛɩɜ. 

 

ɆŬɜ ŭŮŭɞɛɏɜŬ ɏɢɞɡɛŮ ɑŭɘɞ ŮˊɑˊŮŭɞ űŮɟɞɛɧɜɖɠ əŬɘ ɑůɞ ɛŮ Űɖɜ ɛɞɜɎŭŬ ɔɘŬ ɧɚŮɠ Űɘɠ ŭɘŬŭɟɞɛɏɠ 

(ɔɘŬ ŭɘŮɡəɧɚɡɜůɖ Űɤɜ ˊɟɎɝŮɤɜ), ŭɖɚŬŭɐ: 

¶ †ȟ ρȟ†ȟ ρȟ†ȟ ρ  

əŬɘ Ůˊɘˊɚɏɞɜ: 

¶ ‌  ‍  ρ ɾʅɻ ɿʅʀʆʝʇʑʉʎʂ ʐʖʉ ʌʍʗʊʀʖʉ 

¶ –ȟ ȟ–ȟ ȟ–ȟ   
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Ƀɘ ˊɘɗŬɜɧŰɖŰŮɠ ɚɞɘˊɧɜ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɤɠ Ůɝɐɠ: 

¶ ὴὶέὦȟ  
  

            
 πȢπυπφ 

¶ ὴὶέὦȟ  
  

            
 πȢχυωυ 

¶ ὴὶέὦȟ  
  

            
 πȢρψωω 

 

ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɖ ŭɘŬŭɟɞɛɐ 1-3 ŮɑɜŬɘ ɖ ˊɘɗŬɜɧŰŮɟɖ ɜŬ ŮˊɘɚŮɔŮɑ ɛŮ ˊɘɗŬɜɧŰɖŰŬ χφϷ əŬɘ ɖ 

1-2 ŮɑɜŬɘ ŬɡŰɐ ɛŮ Űɖɜ ɛɘəɟɧŰŮɟɖ ˊɘɗŬɜɧŰɖŰŬ əŬɘ ɑůɖ ɛŮ υϷ. ȸɎůŮɘ Űɤɜ ˊŬɟŬˊɎɜɤ ɛŮ Űɖɜ ɛɏ-
ɗɞŭɞ Roulette wheel ˊɞɡ ɗŬ ŮˊŮɝɖɔɖɗŮɑ ŬɜŬɚɡŰɘəɎ əŬɘ ůŰɖɜ ŮɜɧŰɖŰŬ Űɤɜ ɔŮɜŮŰɘəɩɜ Ŭɚɔɧɟɘɗ-

ɛɤɜ, ɗŮɤɟɞɨɛŮ ɏɜŬ əɡəɚɘəɧ ŭɘɎɔɟŬɛɛŬ (pie chart) ɧˊɞɡ ɖ ˊɘɗŬɜɧŰɖŰŬ ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ 

əɎɗŮ ɛɞɜɞˊŬŰɘɞɨ əŬŰŬɚŬɛɓɎɜŮɘ Űɞ ŬɜɎɚɞɔɞ əɞɛɛɎŰɘ (pie). ɆŰɖ ůɡɜɏɢŮɘŬ ɡˊɞɚɞɔɑɕŮŰŬɘ Űʋ ʌʍʋȤ

ʋɿʀʑʐʅʆʝ ʗʃʍʋʅʎʈɻ (cumsum) ʐʋ ʋʌʋʚʋ ʀʚʉɻʅ ʚʎʋ ʈʀ: 

╬◊□▼◊□   Ȣ    Ȣ    Ȣ  

¶ ȾŬɘ ́ ŬɟɎɔɞɜŰŬɠ ɏɜŬɜ Ŭɟɘɗɛɧ Ὑͯ Ὗπȟρ, Ŭɜ ́ ɟɞəɨɣŮɘ πȢςτ  Ὑ ρȢππ, ŮˊɘɚɏɔŮŰŬɘ ɖ 

ŭɘŬŭɟɞɛɐ 1-3, ɔɘŬ πȢπυ  Ὑ  πȢςτ, ŮˊɘɚɏɔŮŰŬɘ ɖ ŭɘŬŭɟɞɛɐ 1-4, əŬɘ ɔɘŬ πȢππ  Ὑ 

 πȢπυ ŮˊɘɚɏɔŮŰŬɘ ɖ ŭɘŬŭɟɞɛɐ 1-2. 

ȷɜŬűɏɟɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ ɧŰɘ ůŬɜ ŭŮŭɞɛɏɜŬ ɏɢɞɡɛŮ ɑŭɘɞ ŮˊɑˊŮŭɞ űŮɟɞɛɧɜɖɠ əŬɘ ɑůɞ ɛŮ 

Űɖɜ ɛɞɜɎŭŬ ɔɘŬ ɧɚŮɠ Űɘɠ ŭɘŬŭɟɞɛɏɠ (ɔɘŬ ŭɘŮɡəɧɚɡɜůɖ Űɤɜ ˊɟɎɝŮɤɜ), ŰɩɟŬ ɚɞɘˊɧɜ ɔɘŬ Űɞ ɑŭɘɞ 

ˊŬɟɎŭŮɘɔɛŬ ɗŬ ŬɚɚɎɝɞɡɛŮ ůŰɞ ɛɞɜɞˊɎŰɘ 1-4 Űɖɜ űŮɟɞɛɧɜɖ Ŭˊɧ ρȢπ ůŮ υȢπ ɔɘŬ ɜŬ ŭɞɨɛŮ Űɖɜ 
ŮˊɑŭɟŬůɐ Űɖɠ ůŰɖɜ ˊɘɗŬɜɧŰɖŰŬ Ůˊɘɚɞɔɐɠ ŭɘŬŭɟɞɛɐɠ. ȷəɞɚɞɡɗɞɨɜ ŬɜŬɚɡŰɘəɎ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ. 

¶ ὴὶέὦȟ  
  

            
 πȢπςψψ 

¶ ὴὶέὦȟ  
  

            
 πȢτσρχ 

¶ ὴὶέὦȟ  
  

            
 πȢυσωφ 

 

ɄŬɟŬŰɖɟɞɨɛŮ ŰɩɟŬ ɧŰɘ ɖ ŭɘŬŭɟɞɛɐ 1-4 ŮɑɜŬɘ ˊɘɗŬɜɧŰŮɟɞ ɜŬ ŮˊɘɚŮɔŮɑ ɏɜŬɜŰɘ Űɖɠ ŭɘŬŭɟɞɛɐɠ 

1-3 ˊɞɡ ɐŰŬɜ ɖ ŬɟɢɘəɎ ɖ ɡɣɖɚɧŰŮɟɖ, ŮɑɜŬɘ ɚɞɘˊɧɜ ŮɛűŬɜɐɠ ɖ ŮˊɑŭɟŬůɖ ˊɞɡ ɏɢŮɘ ɖ ˊɞůɧŰɖŰŬ 

űŮɟɞɛɧɜɖɠ ůŰɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ. ȺɑɜŬɘ ŬɜŰɘɚɖˊŰɧ ɧŰɘ ɛŮ Űɞɡɠ ˊŬɟŬˊɎɜɤ 

ɛɖɢŬɜɘůɛɞɨɠ ˊɞɡ ŬɜŬɚɨɗɖəŬɜ, ɞ Ŭɚɔɧɟɘɗɛɞɠ ŮɑɜŬɘ ɏŰůɘ ůɢŮŭɘŬůɛɏɜɞɠ ɩůŰŮ ɞɘ əŬɚɏɠ ɚɨůŮɘɠ ɜŬ 

ŭɘŬŰɖɟɞɨɜ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ ˊɞůɧŰɖŰŬ űŮɟɞɛɧɜɖɠ əŬɘ ŰŮɚɘəɎ ɜŬ ŰŮɟɛŬŰɑɕŮŰŬɘ ŮɑŰŮ ɛŮŰɎ Ŭˊɧ 

əɎˊɞɘɞ ůɡɜɞɚɘəɎ əŬɗɞɟɘůɛɏɜɞ Ŭɟɘɗɛɧ ŮˊŬɜŬɚɐɣŮɤɜ, ŮɑŰŮ ɛŮŰŬ Ŭˊɧ ŮɜɎ Ŭɟɘɗɛɧ ŮˊŬɜŬɚɖɣŮɤɜ 

ɧˊɞɡ ŭŮɜ ˊŬɟŬŰɖɟŮɑŰŬɘ ɓŮɚŰɑɤůɖ Űɖɠ ŰɟɏɢɞɡůŬɠ ɓɏɚŰɘůŰɖɠ ɚɨůɖɠ. (ˊ.ɢ. ɓɚ. Haqiqi, Kazemi 

(2012)). 
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2.5.2 ȸŮɚŰɘůŰɞˊɞɑɖůɖ ɛŮ Ɇɛɐɜɞɠ ɆɤɛŬŰɘŭɑɤɜ 

 

Ƀ ȷɚɔɧɟɘɗɛɞɠ Űɖɠ ȸŮɚŰɘůŰɞˊɞɑɖůɖɠ ɛŮ ůɛɐɜɞɠ ůɤɛŬŰɘŭɑɤɜ (ȸɆɆ),(Particle Swarm 

Optimization,(PSO)), ŮɑɜŬɘ ɛɘŬ ůŰɞɢŬůŰɘəɐ ŭɘŬŭɘəŬůɑŬ ŮɛˊɜŮɡůɛɏɜɖ Ŭˊɧ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ 

əɞɘɜɤɜɘəɩɜ ɞɛɎŭɤɜ ɧˊɤɠ ŰŬ ůɛɐɜɖ ˊɞɡɚɘɩɜ (ˊ.ɢ.ɓɚ. Panahian, Alizadeh, 2012). O Ŭɚɔɧɟɘɗɛɞɠ 

ŬɟɢɘəɞˊɞɘŮɑŰŬɘ ɛŮ ɏɜŬɜ ˊɚɖɗɡůɛɧ (swarm) Ŭˊɧ ŰɡɢŬɑŮɠ ɚɨůŮɘɠ ˊɞɡ ɞɜɞɛɎɕɞɜŰŬɘ ůɤɛŬŰɑŭɘŬ 

(particles). ȼ əɑɜɖůɖ Űɞɡ əɎɗŮ ůɤɛŬŰɘŭɑɞɡ ɔɑɜŮŰŬɘ ůŰɞɜ ɢɩɟɞ ŬɜŬɕɐŰɖůɖɠ ɛŮ ɛɘŬ ˊɟɞůŬɟɛɧ-

ůɘɛɖ ŰŬɢɨŰɖŰŬ (adaptable velocity), əŬɘ əɎɗŮ ɏɜŬ ŭɘŬŰɖɟŮɑ ůŰɖɜ ɛɜɐɛɖ Űɞɡ Űɖɜ əŬɚɨŰŮɟɖ ɗɏůɖ 

ˊɞɡ ŮˊɘůəɏűŰɖəŮ, ˊ.ɢ. ůŮ ɏɜŬ ˊɟɧɓɚɖɛŬ ɛŮɔɘůŰɞˊɞɑɖůɖɠ ɗŬ ŮɑɜŬɘ ɖ ɗɏůɖ ɛŮ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ 

ůɡɜŬɟŰɖůɘŬəɐ Űɘɛɐ. Ⱥˊɑůɖɠ ŰŬ ɛɏɚɖ Űɞɡ ˊɚɖɗɡůɛɞɨ ŬɜŰŬɚɚɎɕɞɡɜ əŬɘ ˊɚɖɟɞűɞɟɑŮɠ ɛŮŰŬɝɨ 

Űɞɡɠ ɤɠ ˊɟɞɠ Űɖɜ əŬɚɨŰŮɟɖ ɗɏůɖ ˊɞɡ ɏɢɞɡɜ ŮˊɘůəŮűŰŮɑ, əŬɘ ˊɟɞůŬɟɛɧɕɞɡɜ Űɖɜ ŰŬɢɨŰɖŰŬ Űɞɡɠ 

ɓɎůŮɘ Űɖɠ ŭɘəɘɎ Űɞɡɠ ŮɛˊŮɘɟɑŬɠ ŬɚɚɎ əŬɘ Űɖɠ ůɡɜɞɚɘəɐɠ ŮɛˊŮɘɟɑŬɠ Űɞɡ ůɛɐɜɞɡɠ: ŪŮɤɟɩɜŰŬɠ 

ɚɞɘˊɧɜ ɧŰɘ ɖ ˊŮɟɘɞɢɐ ŬɜŬɕɐŰɖůɖɠ ŮɑɜŬɘ ɛɘŬ ˊŮɟɘɞɢɐ ŭɘɎůŰŬůɖɠ Ὀ , əŬɘ ɞ ůɡɜɞɚɘəɧɠ Ŭɟɘɗɛɧɠ Űɤɜ 

ůɤɛŬŰɘŭɑɤɜ Űɞɡ ˊɚɖɗɡůɛɞɨ ŮɑɜŬɘ ὔ ɞɟɑɕɞɜŰŬɘ ŰŬ əɎŰɤɗɘ: 

 

¶ Ὢȡ Ὓ ʝ  ᴙ , ɧˊɞɡ ὛṖ ᴙ, ɔɘŬ ˊɟɧɓɚɖɛŬ ɛŮ ˊŮɟɘɞɟɘůɛɞɨɠ. 

¶ Ὓ ὼȟὼȟȢȢȢȟὼ , Űɞ ůɛɐɜɞɠ (swarm) ŬˊɞŰŮɚɞɨɛŮɜɞ Ŭˊɧ ὔ ůɤɛŬŰɑŭɘŬ 

¶ ●░ ὼȟὼȟȢȢȢȟὼ ᶰ ὛȟὭ ρȟςȢȢȢȟὔ ɖ ŰɟɏɢɞɡůŬ ɗɏůɖ (position) Űɞɡ Ὥ ůɤɛŬŰɘ-

ŭɑɞɡ. 

¶ ○░ ὺȟὺȟȢȢȢȟὺ ᶰ ὛȟὭ ρȟςȢȢȢȟὔ ɖ ŰɟɏɢɞɡůŬ ŰŬɢɨŰɖŰŬ (velocity) Űɞɡ Ὥ ůɤ-

ɛŬŰɘŭɑɞɡ. 

¶ ▬░ ὴȟὴȟȢȢȢȟὴ ᶰ ὛȟὭ ρȟςȢȢȢȟὔ ɖ əŬɚɨŰŮɟɖ ɗɏůɖ Űɞɡ Ὥ ůɤɛŬŰɘŭɑɞɡ 

¶ ▬▌ ὴ ȟὴ ȟȢȢȢȟὴ ᶰ ὛȟὫ ρȟςȢȢȢȟὔ ɖ əŬɚɨŰŮɟɖ ɗɏůɖ Űɞɡ ůɛɐɜɞɡɠ 

¶ ὸ   o ɛŮŰɟɖŰɐɠ ŮˊŬɜŬɚɐɣŮɤɜ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ 

 

ȸɎůŮɘ Űɤɜ ˊŬɟŬˊɎɜɤ ɖ ŰŬɢɨŰɖŰŬ Űɞɡ əɎɗŮ ůɤɛŬŰɘŭɑɞɡ ůŰɖɜ ὸ ρ  ŮˊŬɜɎɚɖɣɖ Űɞɡ Ŭɚɔɧ-

ɟɘɗɛɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ˊŬɟŬəɎŰɤ Ůɝɑůɤůɖɠ. 

 

ὺ ὸ ρ  ὺ ὸ  ὧὶὴ ὼ ὸ ὧὶὴ ὼ ὸ   (2.1) 

 

ȼ ŭɘŬűɞɟɎ ὴ ὼ ὸ  ˊɟŬəŰɘəɎ ŮəűɟɎɕŮɘ Űɖɜ ŬˊɧůŰŬůɖ Űɞɡ əɎɗŮ ůɤɛŬŰɘŭɑɞɡ Ŭˊɧ Űɖɜ 

əŬɚɨŰŮɟɖ ɡűɘůŰɎɛŮɜɖ ŬŰɞɛɘəɐ ɚɨůɖ, əŬɘ ɖ ŭɘŬűɞɟɎ ὴ ὼ ὸ  Űɖɜ ŬˊɧůŰŬůɖ Űɞɡ əɎɗŮ 

ůɤɛŬŰɘŭɑɞɡ Ŭˊɧ Űɖɜ əŬɚɨŰŮɟɖ ɡűɘůŰɎɛŮɜɖ ɞɚɘəɐ ɚɨůɖ. ɀŮ ὶȟὶ , ůɡɛɓɞɚɑɕɞɜŰŬɘ ŰɡɢŬɑɞɘ Ŭɟɘɗ-

ɛɞɑ Ŭˊɧ Űɖɜ ɞɛɞɘɧɛɞɟűɖ əŬŰŬɜɞɛɐ Ὗᶰπȟρ, ɞɘ ɞˊɞɑɞɘ ɛŮ ůŰɞɢŬůŰɘəɧ Űɟɧˊɞ ŬɡɝɎɜɞɡɜ ɖ ɛŮɘɩ-

ɜɞɡɜ Űɖɜ ŮˊɑŭɟŬůɖ ŬɡŰɩɜ Űɤɜ ŭɘŬűɞɟɩɜ. ɇɏɚɞɠ ɞɘ ὧȟὧ ŮəűɟɎɕɞɡɜ Űɞɜ ŬŰɞɛɘəɧ əŬɘ ˊɚɖɗɡ-

ůɛɘŬəɧ ɟɡɗɛɧ ŮəɛɎɗɖůɖɠ əŬɘ əŬɚɞɨɜŰŬɘ ɔɜɤůŰɘəɐ (cognitive) əŬɘ əɞɘɜɤɜɘəɐ (social) ŬɜŰɑ-

ůŰɞɘɢŬ, ɛŮ ŬɡŰɏɠ ɛˊɞɟŮɑ əŬɘ ɟɡɗɛɑɕŮŰŬɘ ɖ ɘůɞɟɟɞˊɑŬ ɛŮŰŬɝɨ ɘəŬɜɧŰɖŰŬɠ ŮɝŮɟŮɨɜɖůɖɠ 

(exploration) əŬɘ ɘəŬɜɧŰɖŰŬɠ ŮəɛŮŰɎɚɚŮɡůɖɠ (exploitation) Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ. 
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ȷˊɧ Űɖ ůŰɘɔɛɐ ˊɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ὥ ůɤɛŬŰɘŭɑɞɡ ůŰɖɜ ὸ ρ  ŮˊŬɜɎɚɖɣɖ Űɞɡ 

Ŭɚɔɧɟɘɗɛɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ əŬɘ ɖ ɜɏŬ ɗɏůɖ Űɞɡ ůɤɛŬŰɘŭɑɞɡ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ˊŬɟŬəɎŰɤ Ůɝɑ-

ůɤůɖɠ. 

 

ὼ ὸ ρ  ὼ ὸ  ὺ ὸ ρ      (2.2) 

 

ȼ ɞˊɞɑŬ ɚɏŮɘ ɧŰɘ ɖ ɗɏůɖ Űɞɡ Ὥ ůɤɛŬŰɘŭɑɞɡ ůŰɖɜ ὸ ρ ŮˊŬɜɎɚɖɣɖ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ, ɘůɞɨŰŬɘ 

ɛŮ Űɖɜ ŰɟɏɢɞɡůŬ ɗɏůɖ Űɞɡ ůɡɜ Űɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ ůŰɖɜ ὸ ρ  ŮˊŬɜɎɚɖɣɖ. 

ɆŰɖɜ ˊŬɟŬˊɎɜɤ ɏəŭɞůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ˊŬɟŬŰɖɟɐɗɖəŮ ɧŰɘ ɞɘ ŰŬɢɨŰɖŰŮɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ 

ɛˊɞɟɞɨůŬɜ ɜŬ ˊɎɟɞɡɜ ɔɟɐɔɞɟŬ ɛŮɔɎɚŮɠ Űɘɛɏɠ ɞŭɖɔɩɜŰŬɠ Űɞɜ Ŭɚɔɧɟɘɗɛɞ ɜŬ ůɡɔəɚɑɜŮɘ ůŮ ɛɑŬ 

ɛɖ ɞɚɘəɎ ɓɏɚŰɘůŰɖ ɚɨůɖ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɛŮɘɤɛɏɜɖ Űɞɡ Ŭˊɧŭɞůɖ. ȰŰůɘ əɟɑɗɖəŮ ŬˊŬɟŬɑŰɖŰɖ 

ɖ ́ɟɞůɗɐəɖ ɛɑŬɠ Ůˊɘˊɚɏɞɜ ˊŬɟŬɛɏŰɟɞɡ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ, ɖ ɞˊɞɑŬ 

ůɡɛɓɞɚɑɕŮŰŬɘ ɛŮ ύ əŬɘ ɞɜɞɛɎɕŮŰŬɘ ɓɎɟɞɠ ŬŭɟɎɜŮɘŬɠ (inertia  weight). ȷɡŰɐ ɖ ˊŬɟɎɛŮŰɟɞɠ ɟɡɗ-

ɛɑɕŮɘ Űɖɜ ɘůɞɟɟɞˊɑŬ ɛŮŰŬɝɨ ŮɝŮɟŮɨɜɖůɖɠ (exploration) əŬɘ ŮəɛŮŰɎɚɚŮɡůɖɠ (exploitation) Űɞɡ 

Ŭɚɔɧɟɘɗɛɞɡ. ȾŬŰɧˊɘɜ ɚɞɘˊɧɜ Űɤɜ ɜɏɤɜ ˊɟɞůɗɖəɩɜ ɖ ŰŬɢɨŰɖŰŬ Űɞɡ əɎɗŮ ůɤɛŬŰɘŭɑɞɡ əŬɘ Űɞ 

ɓɎɟɞɠ ŬŭɟɎɜŮɘŬɠ Űɞ ɞˊɞɑɞ ɛŮɘɩɜŮŰŬɘ ɔɟŬɛɛɘəɎ ɛŮ Űɞɜ Ŭɟɘɗɛɧ ŮˊŬɜŬɚɐɣŮɤɜ, ůɡɜɐɗɤɠ ɛŮ Ůɨɟɞɠ 

Űɘɛɩɜ Ŭˊɧ πȢω ůŮ πȢτ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɘɠ ˊŬɟŬəɎŰɤ ůɢɏůŮɘɠ: 

 

ὺ ὸ ρ  ύὺ ὸ  ὧὶὴ ὼ ὸ ὧὶὴ ὼ ὸ   (2.3) 

ύ ύ ὸ       (2.4) 

ȳˊɞɡ ύ  ɖ Ŭɟɢɘəɐ Űɘɛɐ Űɞɡ ɓɎɟɞɡɠ ŬŭɟɎɜŮɘŬɠ əŬɘ ύ  ɖ ŰŮɚɘəɐ, ὸ ɞ ɛŮŰɟɖŰɐɠ ŮˊŬɜŬɚɐ-

ɣŮɤɜ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ, əŬɘ ὸ  ɞ ɛɏɔɘůŰɞɠ Ŭɟɘɗɛɧɠ ŮˊŬɜŬɚɐɣŮɤɜ ˊɞɡ ŮəŰɏɚŮůŮ ɞ Ŭɚɔɧɟɘɗɛɞɠ 

PSO.  

 

 

2.5.3 ȿŮɘŰɞɡɟɔɑŬ Ŭɚɔɧɟɘɗɛɞɡ Ɇɛɐɜɞɡɠ ɆɤɛŬŰɘŭɑɤɜ 

 

¶ ūɎůɖ 0. ȺɘůŬɔɤɔɐ Ŭɟɢɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ .( ȟ́ὧȟὧȟύ ȟύ ȟὸ . 

¶ ūɎůɖ 1. ȷɟɢɘəɞˊɞɑɖůɖ Űɞɡ ˊɚɖɗɡůɛɞɨ  ́Űɞɡ ůɛɐɜɞɡɠ. 

¶ ūɎůɖ 2. Ɉˊɞɚɞɔɘůɛɧɠ Űɖɠ objective function ɔɘŬ əɎɗŮ ůɤɛŬŰɑŭɘɞ 

 ȷɜŬɓɎɗɛɘůɖ Űɖɠ ɡűɘůŰɎɛŮɜɖɠ əŬɚɨŰŮɟɖɠ ŬŰɞɛɘəɐɠ ɚɨůɖɠ ὴ, Ŭɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ. 

 ȷɜŬɓɎɗɛɘůɖ Űɖɠ ɡűɘůŰɎɛŮɜɖɠ əŬɚɨŰŮɟɖɠ ɞɚɘəɐ ɚɨůɖɠ ὴ , Ŭɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ. 

¶ ūɎůɖ 3. Ⱥɜɖɛɏɟɤůɖ Űɖɠ Űɘɛɐ Űɞɡ ɓɎɟɞɡɠ ŬŭɟɎɜŮɘŬɠ ύ. (Ⱥɨɟɞɠ πȢω πȢτ) 

 ȷɜŬɓɎɗɛɘůɖ Űɖɠ ŰɟɏɢɞɡůŬɠ ɗɏůɖ (position) ●░ Űɞɡ Ὥ ůɤɛŬŰɘŭɑɞɡ 

 ȷɜŬɓɎɗɛɘůɖ Űɖɠ ŰɟɏɢɞɡůŬɠ ŰŬɢɨŰɖŰŬɠ (velocity) ○░Űɞɡ Ὥ ůɤɛŬŰɘŭɑɞɡ. 
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¶ ūŬůɖ 4. Ⱥűɧůɞɜ ɘəŬɜɞˊɞɘɖɗŮɑ əɎˊɞɘɞ Ŭˊɧ ŰŬ əɟɘŰɐɟɘŬ ŰŮɟɛŬŰɘůɛɞɨ, ɞ Ŭɚɔɧɟɘɗɛɞɠ  

ůŰŬɛŬŰɎŮɘ əŬɘ ŮˊɘůŰɟɏűŮɘ ůŬɜ ɞɚɘəɧ ɓɏɚŰɘůŰɞ Űɖɜ ŰŮɚŮɡŰŬɑŬ ɞɚɘəɐ ɚɨůɖɠ ὴ , Ŭɚɚɘɩɠ 

ɗɏŰŮɘ ὸ  ὸ ρ əŬɘ ŮˊɘůŰɟɏűŮɘ ůŰɖɜ ūɎůɖ ς. 

 

 

2.5.4 ȺˊɑŭɟŬůɖ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ Ɇɛɐɜɞɡɠ ɆɤɛŬŰɘŭɑɤɜ 

 

ȳˊɤɠ ŮɘˊɩɗɖəŮ Űɞ ɓɎɟɞɠ ŬŭɟɎɜŮɘŬɠ ύ ŬˊɞŰŮɚŮɑ Űɞɜ ɛɖɢŬɜɘůɛɧ ɛŮ Űɞɜ ɞˊɞɑɞ ɞ Ŭɚɔɧɟɘɗɛɞɠ 

ɟɡɗɛɑɕŮɘ Űɖɜ ɘůɞɟɟɞˊɑŬ ɛŮŰŬɝɨ ŮɝŮɟŮɨɜɖůɖɠ əŬɘ ŮəɛŮŰɎɚɚŮɡůɖɠ. ɆŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ɚɞɘ-

ˊɧɜ əɟŬŰɩɜŰŬɠ ůŰŬɗŮɟɏɠ Űɘɠ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ὧȟὧ, ɝŮɢɤɟɑɕɞɡɜ ɞɘ Ůɝɐɠ ˊŮɟɘˊŰɩůŮɘɠ. 

¶  ũɘŬ ύ π, ɖ ŬɜŬɕɐŰɖůɖ (exploration), ŮɑɜŬɘ ůŰɞɜ ŮɚɎɢɘůŰɞ ɓŬɗɛɧ, Ůɜɩ ŮɑɜŬɘ ůŰɞɜ 

ɛɏɔɘůŰɞ ɓŬɗɛɧ ɔɘŬ ύ ρ. 

¶ ũɘŬ ύ πȢω πȢτ ɏɢŮɘ ŮɛˊŮɘɟɘəɎ ŮˊɘəɟŬŰɐůŮɘ ɧŰɘ ˊŮŰɡɢŬɑɜŮŰŮ ɖ əŬɚɨŰŮɟɖ ɘůɞɟɟɞˊɑŬ 

ɛŮŰŬɝɨ ŮɝŮɟŮɨɜɖůɖɠ (exploration)  əŬɘ ŮəɛŮŰɎɚɚŮɡůɖɠ (exploitation). 

 

ɆŰɖɜ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ əɟŬŰɩɜŰŬɠ ůŰŬɗŮɟɏɠ Űɘɠ Űɘɛɏɠ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ ύ, ɝŮɢɤɟɑɕɞɡɜ  

ɞɘ Ůɝɐɠ ˊŮɟɘˊŰɩůŮɘɠ. 

¶ ũɘŬ ὧ π, ˊɞɡ ůɖɛŬɑɜŮɘ ɧŰɘ əɎɗŮ ůɤɛŬŰɑŭɘɞ ŬəɞɚɞɡɗŮɑ ɛɧɜɞ Űɖɜ əŬɚɨŰŮɟɖ ɡűɘůŰɎ-

ɛŮɜɖ ɞɚɘəɐ ɚɨůɖ, ŭɖɚŬŭɐ ŭŮɜ ɏɢŮɘ ɞɡůɘŬůŰɘəɎ ŬŰɞɛɘəɐ ˊɚɖɟɞűɧɟɖůɖ, ˊŬɟɎ ɛɧɜɞ Űɖɜ ŮɛˊŮɘ-

ɟɑŬ Űɞɡ ůɛɐɜɞɡɠ, ɖ ɘəŬɜɧŰɖŰŬɠ ŮɝŮɟŮɨɜɖůɖɠ (exploration) ŮɑɜŬɘ ůŰɞɜ ɢŬɛɖɚɧŰŮɟɞ ɓŬɗɛɧ, 

ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖɜ ɘəŬɜɧŰɖŰŬ ŮəɛŮŰɎɚɚŮɡůɖɠ (exploitation) ˊɞɡ ŮɑɜŬɘ ůŰɞɜ ɛɏɔɘůŰɞ, ɔɘŬ 

ŬɡŰɧ əŬɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ ůɡɔəɚɑɜŮɘ ɔɟɐɔɞɟŬ ˊɟɞɠ ɛɑŬ ɓɏɚŰɘůŰɖ ɚɨůɖ ˊɞɡ ɓɎůŮɘ Űɖɠ ŮɛˊŮɘɟɑŬɠ 

Űɞɡ ůɛɐɜɞɡɠ ɗŮɤɟŮɑŰŬɘ Űɞ ɞɚɘəɧ ɓɏɚŰɘůŰɞ.  

¶ ȷɜŰɑɗŮŰŬ ɔɘŬ ὧ π, ˊɞɡ ůɖɛŬɑɜŮɘ ɧŰɘ əɎɗŮ ůɤɛŬŰɑŭɘɞ ɏɢŮɘ ɞɡůɘŬůŰɘəɎ ɛɧɜɞ ŬŰɞɛɘəɐ 

ˊɚɖɟɞűɧɟɖůɖ, əŬɘ ŭŮɜ ɡˊɎɟɢŮɘ ɖ ŮɛˊŮɘɟɑŬ Űɞɡ ůɛɐɜɞɡɠ, ɖ ɘəŬɜɧŰɖŰŬɠ ŮɝŮɟŮɨɜɖůɖɠ 

(exploration) ŮɑɜŬɘ ůŰɞ ɛɏɔɘůŰɞ ɓŬɗɛɧ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖɜ ɘəŬɜɧŰɖŰŬ ŮəɛŮŰɎɚɚŮɡůɖɠ 

(exploitation) ˊɞɡ ŮɑɜŬɘ ůŰɞɜ ŮɚɎɢɘůŰɞ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɞ Ŭɚɔɧɟɘɗɛɞɠ ɜŬ ɛɖɜ ɛˊɞɟŮɑ ɜŬ ůɡ-

ɔəɚɑɜŮɘ ůŮ əɎˊɞɘŬ ɚɨůɖ. 

 

 

2.6 ȷɚɔɧɟɘɗɛɞɠ ɄŮɟɘɞɟɘůɛɏɜɖɠ ȷɜŬɕɐŰɖůɖɠ Tabu 

 

ȼ ŬɜŬɕɐŰɖůɖ Tabu (TS) ɖ ɞˊɞɑŬ ŮɑɜŬɘ Űɞˊɘəɐ ŬɜŬɕɐŰɖůɖ ŬɜŬˊŰɨɢɗɖəŮ Ŭˊɧ Űɞɜ Fred W. 

Glover to 1986. ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ɛɖɜ ˊŬɔɘŭŮɨŮŰŬɘ ůŮ ɏɜŬ Űɞˊɘəɧ ɓɏɚŰɘůŰɞ əŬɘ ɜŬ ɛˊɞɟŮɑ ɜŬ 

ůɡɔəɚɑɜŮɘ ůŮ ɛɘŬ ɞɚɘəɎ ɓɏɚŰɘůŰɖ ɚɨůɖ, ŮˊɘɚɏɔŮɘ Űɖɜ ŮˊɧɛŮɜɖ əɑɜɖůɖ Űɖɠ ɖ ɞˊɞɑŬ ˊɘɗŬɜɧ ɜŬ 

ŮɑɜŬɘ əŬɘ ɡˊɞŭŮɏůŰŮɟɖ ɛˊɚɞəɎɟɞɜŰŬɠ Űɖɜ ŮˊŬɜŬɝɘɞɚɧɔɖůɖ ˊɟɞɖɔɞɨɛŮɜɤɜ ɚɨůŮɤɜ. ȷɡŰɧ Űɞ 
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əŬŰŬűɏɟɜŮɘ ɏɢɞɜŰŬɠ əŬŰŬɔɟɎɣŮɘ ůŮ ɛɘŬ ɚɑůŰŬ (tabu list), Űɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ əŬɘ Űɘɠ ɡˊɞŭŮɏůŰŮ-

ɟŮɠ əɘɜɐůŮɘɠ Űɖɠ, Űɘɠ ɞˊɞɑŮɠ ɏŰůɘ ɛˊɞɟŮɑ əŬɘ Űɘɠ óɗɡɛɎŰŬɘô, əŬɘ ɛŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ɛˊɞɟŮɑ əŬɘ 

Űɘɠ ɛˊɚɞəɎɟŮɘ ŮɜŰɧɠ ɛɘŬɠ əŬɗɞɟɘůɛɏɜɖɠ ˊŮɟɘɧŭɞɡ ɗɖŰŮɑŬɠ. ɀŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ˊŮɟɘɧŭɞɡ 

ŬɡŰɐɠ ɛɘŬ əɑɜɖůɖ tabu ŭɘŬɔɟɎűŮŰŬɘ Ŭˊɧ Űɖɜ ɚɑůŰŬ əŬɘ əŬɗɑůŰŬŰŬɘ əŬɘ ˊɎɚɘ ŮɜŮɟɔɐ ɔɘŬ Űɞ ɛɏɚ-

ɚɞɜ. ɇŬ Ůˊɘɛɏɟɞɡɠ ůŰɞɘɢŮɑŬ Ůɜɧɠ Ŭɚɔɧɟɘɗɛɞɡ TS ŮɑɜŬɘ ŰŬ əɎŰɤɗɘ (Hamdy A. Taha,2012): 

¶ Ὂὼ  H ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ ˊɟɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖ 

¶ Ὧ  ȷɟɘɗɛɧɠ ŮˊŬɜɎɚɖɣɖɠ  

¶ ὼ = ɇɟɏɢɞɡůŬ ŭɞəɘɛŬůŰɘəɐ ɚɨůɖ 

¶ ́ ὼ  ɄŮɟɘɞɢɐ ŬɜŬɕɐŰɖůɖɠ Űɞɡ ὼ 

¶ Ὑ   ɇɡɢŬɑɞɠ Ŭɟɘɗɛɧɠ πȟρ Ůˊɘɚɞɔɐɠ Űɖɠ ŰɡɢŬɑŬɠ əɑɜɖůɖɠ ὼ  Ŭˊɧ Űɖɜ ´ὼ  

¶ ὒ   Tabu ɚɑůŰŬ ɛŮ Űɘɠ ŬˊŬɔɞɟŮɡɛɏɜŮɠ Űɘɛɏɠ Űɞɡ ὼ əŬŰɎ Űɖɜ ŮˊŬɜɎɚɖɣɖ Ὧ 

¶ ὶ   Ʉɚɐɗɞɠ ŭɘŬŭɞɢɘəɩɜ ŮˊŬɜŬɚɐɣŮɤɜ Tabu, ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ Űɖɜ ɗɖŰŮɑŬ. 

¶ ὼᶻ   H ɓɏɚŰɘůŰɖ ɚɨůɖ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ŬɜŬɕɐŰɖůɖɠ. 

 

 

2.6.1 ȿŮɘŰɞɡɟɔɑŬ Ŭɚɔɞɟɑɗɛɞɡ ŬɜŬɕɐŰɖůɖɠ Tabu 

 

ȷɟɢɘəɎ ɞɟɑɕɞɡɛŮ Űɞ ůɨɜɞɚɞ Űɖɠ ˊŮɟɘɞɢɐɠ ŬɜŬɕɐŰɖůɖɠ  Űɞɡ ὼ, ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɩůŰŮ ɜŬ ŮɑɜŬɘ 

ŬɡůŰɖɟɩɠ ŬˊɞəɚŮɘůɛɏɜŬ ŰŬ ůɖɛŮɑŬ ˊɞɡ Ŭɜɐəɞɡɜ ůŰɘɠ ɛɖ ŮűɘəŰɏɠ ɚɨůŮɘɠ. Ƀ ɞɟɘůɛɧɠ ɛˊɞɟŮɑ ɜŬ 

ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ ´ὼ ὼ ɀ ήȟȣὼ ɀ ρȟὼ ρȟȣȟὼ  ή   ὒ  ɧˊɞɡ ή ɛɘŬ ŬəɏɟŬɘŬ 

ůŰŬɗŮɟɎ əŬɘ ὒ  ɖ ɚɑůŰŬ Tabu ɛŮ Űɘɠ ŬˊŬɔɞɟŮɡɛɏɜŮɠ Űɘɛɏɠ ὼ. Ⱥˊɑůɖɠ oɟɑɕŮŰŬɘ ɞ Ŭɟɘɗɛɧɠ ὶ, 

ŭɖɚŬŭɐ ɞɘ ŭɘŬŭɞɢɘəɏɠ ŮˊŬɜŬɚɐɣŮɘɠ, ɛŮŰŬ Űɖɜ ˊŬɟɏɚŮɡůɖ Űɤɜ ɞˊɞɑɤɜ ɗŬ ŬˊɞɟɟɑˊŰŮŰŬɘ ɏɜŬ 

ůŰɞɘɢŮɑɞ Ŭˊɧ Űɖɜ ɚɑůŰŬ Tabu ɛŮ ɓɎůɖ Űɖɜ ˊɞɚɘŰɘəɐ ˊɟɩŰɞ ɛɏůŬ-ˊɟɩŰɞ ɏɝɤ (FIFO). 

¶ ūɎůɖ 0. ũɘŬ Ὧ π, ŮˊɘɚɏɔŮŰŬɘ ŰɡɢŬɑŬ ɛɘŬ Ŭɟɢɘəɐ ɚɨůɖ ὼᶰὛ, ŬɟɢɘəɞˊɞɘŮɑŰŬɘ ɖ ɚɑůŰŬ 

Tabu ὒ  ɲ, əŬɘ əŬɗɞɟɑɕŮŰŬɘ Űɞ ɛɏɔŮɗɧɠ Űɖɠ. 

¶ ūɎůɖ 1. ɄɟɞůŭɘɞɟɑɕŮŰŬɘ ɖ ŮűɘəŰɐ ˊŮɟɘɞɢɐ ´ὼ . 

¶ ūɎůɖ 2. ȺˊɘɚɏɔŮŰŬɘ ŮɑŰŮ ŰɡɢŬɑŬ (Ůˊɘɚɞɔɐ ŰɡɢŬɑɞɡ ɓɖɛŬŰɘůɛɞɨ) ɖ ŮˊɧɛŮɜɖ əɑɜɖůɖ ὼ , 

Ŭˊɧ Űɞ ůɨɜɞɚɞ ´ὼ , Ůɜɩ ŭɨɜŬŰŬɘ ɜŬ ŮˊɘɚŮɔŮɑ ŬəɧɛŬ əŬɘ Ŭˊɧ Űɖɜ ɚɑůŰŬ ὒ Ŭɜ ɛˊɞɟŮɑ ɜŬ 

ˊɟɞůűɏɟŮɘ əŬɚɨŰŮɟɖ ɚɨůɖ, ŰŬɡŰɧɢɟɞɜŬ ŮɜɖɛŮɟɩɜŮŰŬɘ əŬɘ ɖ ɚɑůŰŬ tabu ὒ . 

¶ ūɎůɖ 3. Ⱥűɧůɞɜ ɘəŬɜɞˊɞɘɖɗŮɑ əɎˊɞɘɞ Ŭˊɧ ŰŬ əɟɘŰɐɟɘŬ ŰŮɟɛŬŰɘůɛɞɨ, ɞ Ŭɚɔɧɟɘɗɛɞɠ 

ůŰŬɛŬŰɎŮɘ Ŭɚɚɘɩɠ ɗɏŰŮɘ Ὧ  Ὧ ρ əŬɘ ŮˊɘůŰɟɏűŮɘ ůŰɖɜ ūɎůɖ ρ. 
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Ƀ Ŭɚɔɧɟɘɗɛɞɠ TS ŮɑɜŬɘ ůɢŮŭɘŬůɛɏɜɞɠ ɧˊɤɠ ɏɢŮɘ ɐŭɖ ŮɘˊɤɗŮɑ ɜŬ ɛɖɜ ŮˊɘŰɟɏˊŮɘ əɘɜɐůŮɘɠ ˊɞɡ 

ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ɚɑůŰŬ tabu, ɛɧɜɖ ŮɝŬɑɟŮůɖ ůŰɞ ɜŬ ŮɝŮŰŬůŰɞɨɜ ɞɘ ɛɖ ŮˊɘŰɟŮˊɧɛŮɜŮɠ əɘɜɐůŮɘɠ 

Űɖɠ ɚɑůŰŬɠ, ŮɑɜŬɘ ɧŰɘ ŬɡŰɏɠ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůɞɡɜ ůŮ ɛɑŬ ɓŮɚŰɘɤɛɏɜɖ ɚɨůɖ, ŮɎɜ Űɞ əɎɜɞɡɜ ɗŬ 

ˊɟɏˊŮɘ ɜŬ ɔɑɜɞɡɜ ŬˊɞŭŮəŰɏɠ ůŬɠ əɑɜɖůɖ ŬɜŬɕɐŰɖůɖɠ. ȷɡŰɐ ɖ ɓŮɚŰɑɤůɖ ɞɜɞɛɎɕŮŰŬɘ ȾɟɘŰɐɟɘɞ 

ɄɟɞůŭɞəɑŬɠ. Ⱥˊɑůɖɠ ŮɚɏɔɢɞɜŰŬɠ Űɞ ɛɏɔŮɗɞɠ Űɖɠ ɚɑůŰŬɠ ɛˊɞɟɞɨɛŮ ɜŬ ɡɚɞˊɞɘɐůɞɡɛŮ Űɘɠ 

ůŰɟŬŰɖɔɘəɏɠ Űɖɠ ȺɜŰŬŰɘəɞˊɞɑɖůɖɠ (exploitation) əŬɘ Űɖɠ ȹɘŬűɞɟɞˊɞɑɖůɖɠ (exploration). ȼ 

ŮɜŰŬŰɘəɞˊɞɑɖůɖ ůɡɜŮˊɎɔŮŰŬɘ ɛɘəɟɐ ɚɑůŰŬ, Űɞ ɞˊɞɑɞ ɏɢŮɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ Űɖɜ Ŭɨɝɖůɖ Űɞɡ 

ůɡɜɧɚɞɡ Űɖɠ ŮűɘəŰɐɠ ˊŮɟɘɞɢɐɠ ŮɜŰŮɑɜɞɜŰŬɠ Űɖɜ ŬɜŬɕɐŰɖůɖ ɔɨɟɤ Ŭˊɧ Űɖɜ ɎɟɘůŰɖ ɚɨůɖ. Ⱥɜɩ ɖ 

ŭɘŬűɞɟɞˊɞɑɖůɖ ůɡɜŮˊɎɔŮŰŬɘ ɛŮɔɎɚɖ ɚɑůŰŬ, əŬɘ ɓɞɖɗɎŮɘ ůŰɞɜ ŬˊŮɔəɚɤɓɘůɛɧ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ 

Ŭˊɧ əɎˊɞɘɞ Űɞˊɘəɧ ɓɏɚŰɘůŰɞ Ŭűɞɨ ŬűɐɜŮɘ ɛɘŬ ɛɘəɟɐ ˊɘɗŬɜɧŰɖŰŬ ŮɝŮɟŮɨɜɖůɖɠ ŬəɧɛŬ əŬɘ Űɤɜ 

ˊɘɞ óŬˊɞɛŬəɟɡůɛɏɜɤɜ ˊŮɟɘɞɢɩɜô  (Hamdy A. Taha,2012). Ƀɘ ˊŬɟŬˊɎɜɤ ɟɡɗɛɑůŮɘɠ ɏɢɞɡɜ űɡ-

ůɘəɎ ůŬɜ ůŰɧɢɞ Űɖɜ ˊɞɘɞŰɘəɐ ɓŮɚŰɑɤůɖ Űɖɠ ɚɨůɖɠ. 

 

 

2.7 ȷɚɔɧɟɘɗɛɞɠ Ʉɟɞůɞɛɞɘɤɛɏɜɖɠ ȷɜɧ́ Űɖůɖɠ (SANN) 

 

ȼ ɏɛˊɜŮɡůɖ ɔɘŬ Űɞɜ Ŭɚɔɧɟɘɗɛɞ Űɖɠ ˊɟɞůɞɛɞɘɤɛɏɜɖɠ ŬɜɧˊŰɖůɖɠ (Simulated Annealling ï 

SAɁɁ), ˊɟɞɐɚɗŮ Ŭˊɧ Űɖɜ ŭɘŬŭɘəŬůɑŬ ŬɜɧˊŰɖůɖɠ ůŰɖɜ ɛŮŰŬɚɚɞɡɟɔɑŬ, ɧˊɞɡ ɖ ɗɏɟɛŬɜůɖ əŬɘ ɖ 

ɣɨɝɖ Űɞɡ ɛŮŰɎɚɚɞɡ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŮɠ ŭɘŮɟɔŬůɑŮɠ ɔɘŬ Űɖɜ ůəɚɐɟɡɜůɐ Űɞɡ. ȼ ɡɘɞɗɏŰɖůɖ Űɖɠ 

ŭɘŬɚɏəŰɞɡ Ŭˊɧ Űɖɜ ɛŮŰŬɚɚɞɡɟɔɑŬ, ɛŮ ɚɏɝŮɘɠ ɧˊɤɠ ɗŮɟɛɞəɟŬůɑŬ ŮɑɜŬɘ ɔɘŬ əŬɗŬɟɎ 

ˊŬɟŬŭɞůɘŬəɞɨɠ ůəɞˊɞɨɠ ɢɤɟɑɠ ɜŬ ɏɢɞɡɜ ůɢɏůɖ ɛŮ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ. 

ɆŰɞ ɚŮɘŰɞɡɟɔɘəɧ əɞɛɛɎŰɘ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ŬɡŰɧ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŮˊɘůɖɛŬɜɗŮɑ ŬɟɢɘəɎ, ŮɑɜŬɘ ɞ 

Űɟɧˊɞɠ ˊɞɡ əŬŰŬűɏɟɜŮɘ ɜŬ ŬˊŮɔəɚɤɓɘůŰŮɑ Ŭˊɧ ŰɞˊɘəɎ ɓɏɚŰɘůŰŬ. ũɘŬ ɜŬ Űɞ ŮˊɘŰɨɢŮɘ ŬɡŰɧ 

ɢɟɖůɘɛɞˊɞɘŮɑ ɛɘŬ ůɡɜɗɐəɖ, ɧˊɞɡ ŬˊɞŭɏɢŮŰŬɘ ɛŮ ˊɘɗŬɜɧŰɖŰŬ ρ ɛɘŬ ɓŮɚŰɘɤɛɏɜɖ ŮˊɧɛŮɜɖ əɑɜɖůɖ, 

Ůɜɩ ŬˊɞŭɏɢŮŰŬɘ ɐ ŬˊɞɟɟɑˊŰŮɘ ɛɘŬ ɡˊɞŭɏŮůŰŮɟɖ ŮˊɧɛŮɜɖ əɑɜɖůɖ ɓɎůɖ ɛɘŬɠ ˊɘɗŬɜɧŰɖŰŬɠ, ɖ ɞˊɞɑŬ 

əŬɗɞɟɑɕŮŰŬɘ ɛŮ ɏɜŬɜ ůɡɔəŮəɟɘɛɏɜɞ Űɟɧˊɞ. ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɘŬ ˊŬɟɎɛŮŰɟɞ  , ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ 

ɗŮɟɛɞəɟŬůɑŬ əŬɘ ɖ ɞˊɞɑŬ ˊŬɟɞɡůɘɎɕŮɘ ɛɘŬ ˊɟɞɞŭŮɡŰɘəɐ ˊŰɩůɖ ɓɎůŮɘ ɛɘŬɠ ůŰŬɗŮɟɎɠ ὶ ŭɖɛɘɞɡɟ-

ɔŮɑŰŬɘ ɏɜŬ ɢɟɞɜɞŭɘɎɔɟŬɛɛŬ ɗŮɟɛɞəɟŬůɑŬɠ Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Ό ůŰɞɘɢŮɑŬ əŬɘ ɞɟɑɕŮŰŬɘ 

ɤɠ Ὕ ὝȟὭ  ρȟςȟȣȟὍȢ ȾɎɗŮ Ὕ ŮűŬɟɛɧɕŮŰŬɘ ɔɘŬ ůɡɔəŮəɟɘɛɏɜɞ Ŭɟɘɗɛɧ ŮˊŬɜŬɚɐɣŮɤɜ-Ŭˊɞ-

ŭɞɢɩɜ. ȹɞɗɏɜŰɞɠ ůŬɜ Ŭɟɢɘəɐ ůŰɟŬŰɖɔɘəɐ ŬɜŬɕɐŰɖůɖɠ Űɞ ί, Űɞ Ὕ ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ Ůɝɐɠ: 

¶ Ὕ  ὶ Ὂί ȟ     π   ὶ ρ 

¶ Ὕ  ὶ Ὕ ȟ         π   ὶ ρ ȟὭ  ρȟςȟȣὍ 

ɃɟɑɕɞɡɛŮ ɤɠ ί Űɖɜ ŰŮɚŮɡŰŬɑŬ ŬˊɞŭŮəŰɐ ůŰɟŬŰɖɔɘəɐ Ůˊɑɚɡůɖɠ. ȾŬŰɎ Űɖɜ ŮˊŬɜɎɚɖɣɖ Ὧ, ɖ 

ˊɘɗŬɜɞŰɘəɐ ůɢɏůɖ Ŭˊɞŭɞɢɐɠ ɛɘŬɠ ůŰɟŬŰɖɔɘəɐɠ ˊŮɟɘɞɢɐɠ Űɖɠ ŮˊɧɛŮɜɖ əɑɜɖůɖɠ ŬɜŬɕɐŰɖůɖɠ ί , 

ŭɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ: (Hamdy A. Taha,2012) 

¶ ὖ‌“‛‏‛…ʙ ί ȿί ᶰ´ί
ρȟ‌’ †‛Ὂί ʝ†‐”‛ ‌“ʝ †‛ Ὂί”―‐… ―‌’―‐ ’‐‏ 

Ὡ  Ὡ ȿȿϳȟ‏―‌•‛”‐†―‖ʗ
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ȷˊɧ Űɖɜ ŬɜɤŰɏɟɤ ůɢɏůɖ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ, ɧŰɘ ɖ ŮˊɧɛŮɜɖ əɑɜɖůɖ ŬɜŬɕɐŰɖůɖɠ ί  ɔɑɜŮŰŬɘ 

ŬˊɞŭŮəŰɐ ɛŮ ˊɘɗŬɜɧŰɖŰŬ ρ Ŭɜ ɖ Ὂί  ŭŮɜ ŮɑɜŬɘ ɢŮɘɟɧŰŮɟɖ Ŭˊɧ Űɖɜ Ὂί , ŭɘŬűɞɟŮŰɘəɎ Ŭɜ ɖ 

Ὂί  , ŮɑɜŬɘ ɛɘŬ ɡˊɞŭŮɏůŰŮɟɖ ɚɨůɖ, ɔɑɜŮŰŬɘ ŬˊɞŭŮəŰɐ ɛɧɜɞ Ŭɜ ɘůɢɨŮɘ ɖ ůɢɏůɖ: 

¶ Ὑ Ὡ ȿȿϳ   ɧˊɞɡ: Ὑ  = ɇɡɢŬɑɞɠ Ŭɟɘɗɛɧɠ πȟρ  

ȷɜ ́ɟɞəɨɣŮɘ ɧŰɘ Ὑ Ὡ ȿȿϳ  əŬɘ ŭŮɜ ɔɑɜŮɘ ŬˊɞŭŮəŰɐ ɖ ɜɏŬ ɚɨůɖ ŬˊŬɘŰŮɑŰŬɘ ŮˊŬɜŬŭŮɘɔɛŬ-

ŰɞɚɖɣɑŬ Ŭˊɧ Űɖɜ ŰŮɚŮɡŰŬɑŬ ŬˊɞŭŮəŰɐ ˊŮɟɘɞɢɐ ŬɜŬɕɐŰɖůɖɠ. 

 

ɇŬ Ůˊɘɛɏɟɞɡɠ ůŰɞɘɢŮɑŬ Ůɜɧɠ Ŭɚɔɧɟɘɗɛɞɡ SȷNN ŮɑɜŬɘ ŰŬ əɎŰɤɗɘ 

¶ Ὂί  H ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ ˊɟɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖ 

¶ Ὧ   ȷɟɘɗɛɧɠ ŮˊŬɜɎɚɖɣɖɠ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ  

¶ ί   ɇɟɏɢɞɡůŬ ŭɞəɘɛŬůŰɘəɐ ɚɨůɖ 

¶ ί  ɇŮɚŮɡŰŬɑŬ ŬˊɞŭŮəŰɐ ůŰɟŬŰɖɔɘəɐ Ůˊɑɚɡůɖɠ 

¶ ́ ί  ɄŮɟɘɞɢɐ ŬɜŬɕɐŰɖůɖɠ Űɞɡ ί  

¶ Ὕ  ŪŮɟɛɞəɟŬůɑŬ 

¶ ὸ  ȷˊɞŭɞɢɏɠ ɚɨůŮɤɜ ůŰɞ ˊɏɟŬɠ Űɤɜ ɞˊɞɑɤɜ ɗŬ ɛŮɘɤɗŮɑ ɖ ɗŮɟɛɞəɟŬůɑŬ 

¶ ὴ  ɀŮŰɟɖŰɐɠ Ŭˊɞŭɞɢɩɜ ï ŮˊŬɜŬɚɐɣŮɤɜ  

¶ ὶ = ɆŰŬɗŮɟɎ ɢɟɞɜɞŭɘŬɔɟɎɛɛŬŰɞɠ ɗŮɟɛɞəɟŬůɑŬɠ. 

ȷɡŰɧ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ŰŮɚŮɡŰŬɑŬ ůɢɏůɖ, ŮɑɜŬɘ ɧŰɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ ŭɑɜŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ 

Ŭˊɞŭɞɢɐɠ ɛɘŬ ɡˊɞŭŮɏůŰŮɟɖɠ ɚɨůɖɠ ŭɘŮɡɟɨɜɞɜŰŬɠ Űɞɜ ɢɩɟɞ əŬɘ Űɖɜ ɘəŬɜɧŰɖŰŬ ŬɜŬɕɐŰɖůɖɠ 

(exploration) ɧɛɤɠ ŰŬɡŰɧɢɟɞɜŬ ɖ ˊɘɗŬɜɧŰɖŰŬ ɜŬ ɔɑɜŮɘ ŬˊɞŭŮəŰɐ ɛɘŬ ɡˊɞŭŮɏůŰŮɟɖ ɚɨůɖ ɛŮɘɩ-

ɜŮŰŬɘ ɛŮ Űɖɜ ˊɟɞɞŭŮɡŰɘəɐ ɛŮɑɤůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ  . ȼ ɚŮɘŰɞɡɟɔɑŬ ŬɡŰɐ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ 

ɓŬůɑɕŮŰŬɘ ůŰɖɜ ɚɞɔɘəɐ Űɖɠ ˊɟɞɞŭŮɡŰɘəɐɠ ůɡɟɟɑəɜɤůɖɠ Űɞɡ ɢɩɟɞɡ ŬɜŬɕɐŰɖůɖɠ, əŬɘ Űɖɠ ůɨɔəɚɘ-

ůɖɠ ɔɨɟɤ Ŭˊɧ Űɖɜ ɓɏɚŰɘůŰɖ ɚɨůɖ, Űɞ ɞˊɞɑɞ ɞɜɞɛɎɕŮŰŬɘ ɘəŬɜɧŰɖŰŬ ŮəɛŮŰɎɚɚŮɡůɖɠ 

(exploitation). 

 

 

2.7.1 ȿŮɘŰɞɡɟɔɑŬ Ŭɚɔɞɟɑɗɛɞɡ Ʉɟɞůɞɛɞɘɤɛɏɜɖɠ ȷɜɧ́ Űɖůɖɠ (SANN) 

 

¶ ūɎůɖ 0. ũɘŬ Ὧ πȟὴ π əŬɘ Ὥ π ŮˊɘɚɏɔŮŰŬɘ ŰɡɢŬɑŬ ɛɘŬ Ŭɟɢɘəɐ ɚɨůɖ ίᶰὛ 

¶ ūɎůɖ 1. ɄɟɞůŭɘɞɟɑɕŮŰŬɘ ɖ ŮűɘəŰɐ ˊŮɟɘɞɢɐ ´ί , ɞɟɑɕŮŰŬɘ ɗŮɟɛɞəɟŬůɑŬ   Ὕ əŬɘ ɖ 

ůŰŬɗŮɟɎ ὶ. 
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¶ ūɎůɖ 2. ȺˊɘɚɏɔŮŰŬɘ ŰɡɢŬɑŬ (random) ɖ ŮˊɧɛŮɜɖ əɑɜɖůɖ Ó , Ŭˊɧ Űɞ ůɨɜɞɚɞ ´ί , 

ŮɎɜ ɖ Ὂί  ŭŮɜ ŮɑɜŬɘ ɢŮɘɟɧŰŮɟɖ Ŭˊɧ Űɖɜ ŰŮɚŮɡŰŬɑŬ ŬˊɞŭŮəŰɐ ɚɨůɖ Ὂί , ɐ Ŭɜ ɘůɢɨŮɘ 

Ὑ  ὖ ‌“‛‏‛…ʙ ί , ŰɧŰŮ ɔɑɜŮŰŬɘ ŬˊɞŭŮəŰɧ Űɞ ί , ɗɏŰɞɡɛŮ ὴ ὴ ρ əŬɘ 

ˊɟɞɢɤɟɎɛŮ ůŰɖɜ ūɎůɖ 3. ɆŮ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ ɗɏŰɞɡɛŮ ὔί  ´ί , Ὧ  Ὧ ρ, 

əŬɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ ŮˊɘůŰɟɏűŮɘ ůŰɖɜ ūŬůɖ ρ. 

¶ ūɎůɖ 3. Ⱥűɧůɞɜ ɘəŬɜɞˊɞɘɖɗŮɑ əɎˊɞɘɞ Ŭˊɧ ŰŬ əɟɘŰɐɟɘŬ ŰŮɟɛŬŰɘůɛɞɨ, ɞ Ŭɚɔɧɟɘɗɛɞɠ 

ůŰŬɛŬŰɎŮɘ Ŭɚɚɘɩɠ ɗɏŰŮɘ Ὧ  Ὧ ρ. ȺɎɜ ὴ  ὸ ɗɏŰɞɡɛŮ Ὥ  Ὥ ρ əŬɘ ŮˊɘůŰɟɏűɞɡɛŮ ůŰɖɜ 

ūŬůɖ ρ (Hamdy A. Taha,2012). 

 

ɀŮŰɎ Ŭˊɧ ŬɡŰɐɜ Űɖɜ ůɡɜɞˊŰɘəɐ ŮɘůŬɔɤɔɐ ɔɘŬ Űɞɡɠ ɛŮŰŬŮɡɟŮŰɘəɞɨɠ Ŭɚɔɧɟɘɗɛɞɡɠ ɓŮɚŰɘůŰɞ-

ˊɞɑɖůɖɠ, ůŰɖɜ ŮˊɧɛŮɜɖ ŮɜɧŰɖŰŬ ɗŬ ŬɜŬˊŰɡɢɗŮɑ ŬɜŬɚɡŰɘəɧŰŮɟŬ Ɏɚɚɖ ɛɑŬ əŬŰɖɔɞɟɑŬ Ŭɚɔɞɟɑɗɛɤɜ 

Űɞɡ ɛŮŰŬŮɡɟŮŰɘəɞɨ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ, ŬɡŰɐ Űɤɜ ɔŮɜŮŰɘəɩɜ Ŭɚɔɧɟɘɗɛɤɜ ˊɞɡ ŮɑɜŬɘ əŬɘ Űɞ ɓŬůɘəɧ 

ɛŬɠ ŬɜŰɘəŮɑɛŮɜɞ, ɛŮ ŮəŰŮɜɐ ŬɜɎɚɡůɖ ůŮ ɗŮɤɟɖŰɘəɧ əŬɘ ˊɟŬəŰɘəɧ ŮˊɑˊŮŭɞ, ɧˊɞɡ ɛŮ Ŭˊɚɏɠ ŮűŬɟ-

ɛɞɔɏɠ ɗŬ ŬɜŬŭŮɘɢŰɞɨɜ ɞɘ ɚŮɘŰɞɡɟɔɑŮɠ əŬɘ ɞɘ ŭɡɜŬŰɧŰɖŰɏɠ Űɞɡɠ.  
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  ȾȺūȷȿȷȽɃ  3 
 

ũŮɜŮŰɘəɞɑ ȷɚɔɧɟɘɗɛɞɘ (GA) 

 

Űɞ əŮűɎɚŬɘɞ ŬɡŰɧ ŬɜŬɚɨɞɜŰŬɘ ŮəŰŮɜɩɠ ɞɘ ũŮɜŮŰɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ (GA), ɔɑɜŮŰŬɘ ŮˊŮɝɐ-

ɔɖůɖ Űɞɡ ɗŮɤɟɖŰɘəɞɨ ɡˊɧɓŬɗɟɞɡ ůŰɞ ɞˊɞɑɞ ɓŬůɑɕɞɜŰŬɘ, Ůɜɩ ɛŮ Űɖɜ ɡɚɞˊɞɑɖůɖ əɩŭɘəɎ 

əŬɘ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡɠ ůŮ ˊŬɟŬŭŮɑɔɛŬŰŬ Ŭˊɚɩɜ ůɡɜŬɟŰɐůŮɤɜ ŬɜŬɚɨɞɜŰŬɘ ˊɚɐɟɤɠ ɞɘ 

ɛɖɢŬɜɘůɛɞɑ əŬɘ ɖ ɚŮɘŰɞɡɟɔɑŮɠ Űɞɡɠ. 

 

 

3.1 ũŮɜŮŰɘəɞɑ ȷɚɔɧɟɘɗɛɞɘ 

 

Ƀɘ ũŮɜŮŰɘəɞɑ ȷɚɔɧɟɘɗɛɞɘ (GA) ŮɑɜŬɘ ůŰɞɢŬůŰɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ ŬɜŬɕɐŰɖůɖɠ ɞɘ ɞˊɞɑɞɘ ŬɜŬˊŰɨ-

ɢɗɖəŬɜ Ŭˊɧ Űɞɜ John Holland Űɞ 1970. XɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůɡɟɏɤɠ ɚɧɔɤ Űɖɠ ŬˊɚɧŰɖŰŬɠ, Űɖɠ 

ŰŬɢɨŰɖŰŬɠ əŬɘ Űɖɠ ŬˊɞŭŮŭŮɘɔɛɏɜɖɠ ɘəŬɜɧŰɖŰɎɠ Űɞɡɠ ɜŬ ˊŮŰɡɢŬɑɜɞɡɜ ŮəŮɑ ˊɞɡ ɞɘ ɎɚɚŮɠ ŮűŬɟɛɞ-

ɕɧɛŮɜŮɠ ɛɏɗɞŭɞɘ ŬˊɞŰɡɔɢɎɜɞɡɜ. ȺűŬɟɛɧɕɞɜŰŬɘ ůŮ ˊɟɞɓɚɐɛŬŰŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ůɡɜŮɢɩɜ (ˊŬ-

ɟŬɔɤɔɑůɘɛɤɜ əŬɘ ɛɖ) əŬɘ ŭɘŬəɟɘŰɩɜ ůɡɜŬɟŰɐůŮɤɜ, ɛŮ ɐ ɢɤɟɑɠ Űɖɜ ŮɜůɤɛɎŰɤůɖ ˊŮɟɘɞɟɘůɛɩɜ . 

ȺɑɜŬɘ ŮɛˊɜŮɡůɛɏɜɞɘ Ŭˊɧ Űɞɜ ɓɘɞɚɞɔɘəɧ ɛɖɢŬɜɘůɛɧ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ ɖ űɨůɖ ɔɘŬ Űɖɜ Ůɝɏɚɘɝɖ 

Űɤɜ ɔɞɜɘŭɑɤɜ əŬɘ ŮɜŰɏɚŮɘ Űɤɜ Ůɘŭɩɜ. ȼ űɡůɘəɐ ŬɡŰɐ ŮɝŮɚɘəŰɘəɐ ŭɘŬŭɘəŬůɑŬ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ɘŭɏŬ 

ɧŰɘ ůɡɜŭɡɎɕɞɜŰŬɠ ɢɟɤɛɞůɩɛŬŰŬ ɛɏůɤ Űɖɠ Ůˊɘɚɞɔɐɠ əŬɘ Űɖɠ ŭɘŬůŰŬɨɟɤůɖɠ, ŬɚɚɎ əŬɘ Űɖɜ Ůˊɑ-

ŭɟŬůɖ Ɏɚɚɤɜ ůŰɞɢŬůŰɘəɩɜ ŭɘŬŭɘəŬůɘɩɜ ůŰɞ ɔɞɜɘŭɑɤɛŬ ɧˊɤɠ ɖ ɛŮŰɎɚɚŬɝɖ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞəɨ-

ɣɞɡɜ Ŭˊɧɔɞɜɞɘ ɓŮɚŰɘɤɛɏɜɞɘ ůŮ ůɢɏůɖ ɛŮ Űɖɜ Ŭɟɢɘəɐ ɔŮɜɘɎ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŮˊɘəɟɎŰɖůɖ Űɤɜ 

ɘůɢɡɟɧŰŮɟɤɜ Ůɝ ŬɡŰɩɜ. 

ɆŮ ɏɜŬ ˊɟɧɓɚɖɛŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ əɎɗŮ ŮűɘəŰɐ ɚɨůɖ ˊɞɡ ˊɟɞəɨˊŰŮɘ ɗŮɤɟŮɑŰŬɘ ůŬɜ ɢɟɤɛɧ-

ůɤɛŬ, ɞ ɧɟɞɠ ŮűɘəŰɐ ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ɚɨůɖ ŮəŮɑɜɖ ɖ ɞˊɞɑŬ ŭŮɜ ˊŬɟŬɓɘɎɕŮɘ Űɡɢɧɜ ˊŮɟɘɞɟɘůɛɞɨɠ 

əŬɘ ŬɜŬɔəŬɑŮɠ ůɡɜɗɐəŮɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. ɇɞ ɢɟɤɛɧůɤɛŬ ɤɠ ɔɜɤůŰɧ əŬɘ Ŭˊɧ Űɖɜ ȸɘɞɚɞɔɑŬ 

əɤŭɘəɞˊɞɘŮɑŰŬɘ Ŭˊɧ ɏɜŬ ůɡɜŭɡŬůɛɧ ɔɞɜɘŭɑɤɜ. Ƀ əɩŭɘəŬɠ Űɤɜ ɔɞɜɘŭɑɤɜ ɛˊɞɟŮɑ ɜŬ ŬɜŬˊŬɟŬ-

ůŰŬɗŮɑ ɛŮ ŭɨɞ Űɟɧˊɞɡɠ ůŬɜ ɛŮŰŬɓɚɖŰɐ ŬˊɧűŬůɖɠ, ŮɑŰŮ ɛŮ Űɘɠ ˊɟŬɔɛŬŰɘəɏɠ Űɘɛɏɠ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ  

(ŬɟɘɗɛɖŰɘəɧɠ), ŮɑŰŮ ɛŮ ɓɎůɖ Űɞ ŭɡŬŭɘəɧ ůɨůŰɖɛŬ ŬˊŬɟɑɗɛɖůɖɠ (ŭɡŬŭɘəɧɠ).  ũɘŬ ˊŬɟɎŭŮɘɔɛŬ 

ɛɘŬ ɛŮŰŬɓɚɖŰɐ ɛŮ ŭɘɎɜɡůɛŬ ŮűɘəŰɩɜ Űɘɛɩɜ ὢ  πȟρȟςȟσȟτ ɛˊɞɟŮɑ ɜŬ ŬɜŬˊŬɟŬůŰŬɗŮɑ, Ŭɟɘɗ-

ɛɖŰɘəɎ ůŬɜ πȟρȟςȟσȟτ əŬɘ ŭɡŬŭɘəɎ ůŬɜ ππππȟρπππȟπρππȟρρππȟππρπȢ ȰɢŮɘ ŮˊɘəɟŬŰɐůŮɘ ɧŰɘ 

ůŮ ŬɟɘɗɛɖŰɘəɎ ˊɟɞɓɚɐɛŬŰŬ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ŮɑɜŬɘ əŬɚɨŰŮɟɞ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ŬɟɘɗɛɖŰɘəɐ 

ŬɜŰɑ Űɖɠ ŭɡŬŭɘəɐɠ ŬɜŬˊŬɟɎůŰŬůɖɠ.  

ɀŮ Űɞɜ ɧɟɞ ˊɚɖɗɡůɛɧ Ɂ ɢɟɤɛɞůɤɛɎŰɤɜ ŮɜɜɞŮɑŰŬɘ Űɞ ůɨɜɞɚɞ Űɤɜ Ɂ ŮűɘəŰɩɜ ɚɨůŮɤɜ. ȾɎɗŮ 

ɚɨůɖ ŭɞəɘɛɎɕŮŰŬɘ ůŮ əɎɗŮ ŮˊŬɜɎɚɖɣɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ɔɘŬ Űɖɜ ɘəŬɜɧŰɖŰŬ Űɖɠ ɛɏůɤ ɛɘŬɠ ŭɘŬŭɘ-

əŬůɑŬɠ Ŭɝɘɞɚɧɔɖůɖɠ űɡůɘəɐɠ əŬŰɎůŰŬůɖɠ  (fitness evaluation), ɓɎůŮɘ ɛɘŬɠ ůɡɜɎɟŰɖůɖɠ ˊɞɡ 

Ɇ 
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ɞɜɞɛɎɕŮŰŬɘ ůɡɜɎɟŰɖůɖ ɘəŬɜɧŰɖŰŬɠ (fitness function), əŬɘ ˊɞɡ ůɡɜɐɗɤɠ ŮɑɜŬɘ ɖ ŬɜŰɘəŮɘɛŮɜɘəɐ 

ůɡɜɎɟŰɖůɖ ˊɟɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖ,  

ȼ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ɛŮŰɎ Űɞ ɓɐɛŬ Űɖɠ Ŭɝɘɞɚɧɔɖůɖɠ ůɡɜŮɢɑɕŮŰŬɘ ɛŮ Űɖɜ Ůˊɘɚɞɔɐ 

(selection) ŭɨɞ ɔɞɜɏɤɜ Ŭˊɧ Űɞɜ ˊɚɖɗɡůɛɧ ɓɎůɖ Űɖɠ Ŭɝɘɞɚɧɔɖůɖɠ ˊɞɡ ˊɟɞɖɔɐɗɖəŮ əŬɘ ŬɜŬɚɧ-

ɔɤɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ˊɞɡ ŮɝŮŰɎɕŮŰŬɘ. ɆŮ ɏɜŬ ˊɟɧɓɚɖɛŬ ɛŮɔɘůŰɞˊɞɑɖůɖɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ŰŬ 

ŭɨɞ ɢɟɤɛɞůɩɛŬŰŬ ɛŮ Űɖɜ ɡɣɖɚɧŰŮɟɖ Űɘɛɐ Ŭɝɘɞɚɧɔɖůɖɠ ŮɑɜŬɘ ˊɘɗŬɜɧŰŮɟɞ ɜŬ ŮˊɘɚŮɢɗɞɨɜ ůŬɜ 

ɔɞɜŮɑɠ ɔɘŬ Űɖ ůɡɜɏɢŮɘŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ, Ůɜɩ Űɞ ŬɜŰɑɗŮŰɞ ůɡɛɓŬɑɜŮɘ ůŮ ɏɜŬ ˊɟɧɓɚɖɛŬ ŮɚŬɢɘůŰɞ-

ˊɞɑɖůɖɠ. ɆŰɖ ůɡɜɏɢŮɘŬ ŰŬ ɔɞɜɑŭɘŬ Űɤɜ ŮˊɘɚŮɔɛɏɜɤɜ ɢɟɤɛɞůɤɛɎŰɤɜ ŭɘŬůŰŬɡɟɩɜɞɜŰŬɘ 

(crossover), ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŬɜŬ́ŬɟŬɔɤɔɐ (recombination) ŭɨɞ ˊŬɘŭɘɩɜ ɧˊɞɡ ɓɎůŮɘ əɎ-

ˊɞɘŬɠ ˊɘɗŬɜɧŰɖŰŬɠ ŭɘŬůŰŬɨɟɤůɖɠ (crossover probability ) ŮˊɘɚɏɔɞɜŰŬɘ ɐ ɧɢɘ ɔɘŬ Űɖɜ ůɡɜɏɢŮɘŬ 

Űɖɠ ŭɘŬŭɘəŬůɑŬɠ. ɆŰɖ ůɡɜɏɢŮɘŬ ůŰŬ ɢɟɤɛɞůɩɛŬŰŬ ˊɞɡ ůɡɜŮɢɑɕɞɡɜ, ŬɚɚɎɕɞɡɜ ɛŮ ŰɡɢŬɑɞ Űɟɧˊɞ 

ɞɘ Űɘɛɏɠ Űɤɜ ɔɞɜɘŭɑɤɜ. ȼ ŰɡɢŬɑŬ ŬɡŰɐ ŬɚɚŬɔɐ ɞˊɞɑŬ ɛɘɛŮɑŰŬɘ Űɞɜ ɔŮɜŮŰɘəɧ ɛɖɢŬɜɘůɛɧ Űɖɠ ɛŮ-

ŰɎɚɚŬɝɖɠ (mutation), ɚŬɛɓɎɜŮɘ ɢɩɟŬ əŬɘ ˊɎɚɘ ɓɎůɖ əɎˊɞɘŬɠ ˊɘɗŬɜɧŰɖŰŬɠ ɛŮŰɎɚɚŬɝɖɠ 

(mutation probability ). Ƀɘ Ŭˊɧɔɞɜɞɘ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭɜ əɟɘɗɞɨɜ əŬŰɧˊɘɜ Ŭɝɘɞɚɧɔɖůɖɠ ɘůɢɡ-

ɟɧŰŮɟɞɘ Ŭˊɧ ɐŭɖ ɡˊɎɟɢɞɜŰŬ əŬɘ ŬůɗŮɜɏůŰŮɟŬ ɢɟɤɛɞůɩɛŬŰŬ ŰŬ ŬɜŰɘəŬɗɘůŰɞɨɜ, əŬɘ əŬŰɧˊɘɜ 

ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ɞ əɨəɚɞɠ ɛŮ Űɖɜ Ůˊɘɚɞɔɐ ɜɏɤɜ ɔɞɜɏɤɜ. ɀŮ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɖɠ Ůˊɘɚɞɔɐɠ ɞ 

Ŭɚɔɧɟɘɗɛɞɠ ɞɡůɘŬůŰɘəɎ ɛɘɛŮɑŰŬɘ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ űɡůɘəɩɜ ɞɟɔŬɜɘůɛɩɜ ɧˊɞɡ ůŮ ɏɜŬ Ŭ-

ɜŰŬɔɤɜɘůŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ Ůˊɘɓɘɩɜɞɡɜ ɛɧɜɞ ɞɘ ɘůɢɡɟɧŰŮɟɞɘ ɞɟɔŬɜɘůɛɞɑ əŬɘ ɞɘ Ŭˊɧɔɞɜɞɑ Űɞɡɠ. 

ɇɞ ˊɤɠ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬɠ ˊɚɖɗɡůɛɧɠ ɐ Űɞ ˊɤɠ ŮˊɘɚɏɔɞɜŰŬɘ Ŭˊɧ Űɞɜ Ŭɟɢɘəɧ ˊɚɖɗɡůɛɧ ɞɘ ŭɨɞ 

ɔɞɜŮɑɠ, ɡˊɎɟɢɞɡɜ ŭɘɎűɞɟɞɘ Űɟɧˊɞɘ ɛŮ ˊɘɞ ůɨɜɖɗŮɠ Űɞɜ ŰɡɢŬɑɞ Űɟɧˊɞ ɓɎůɖ əɎˊɞɘŬɠ əŬŰŬɜɞɛɐɠ 

ˊ.ɢ. ɞɛɞɘɧɛɞɟűɖɠ. Ƀ əɨəɚɞɠ ȷɝɘɞɚɧɔɖůɖȺOˊɘɚɞɔɐȹOɘŬůŰŬɨɟɤůɖɀOŮŰɎɚɚŬɝɖ ůɡɜɘůŰɎ ɛɘŬ 

ɔŮɜɘɎ (generation) ůŰɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ. 

Ƀɘ ɓŬůɘəɏɠ ɛɏɗɞŭɞɘ Ůˊɘɚɞɔɐɠ Űɤɜ ŭɨɞ ɔɞɜɏɤɜ ŮɑɜŬɘ ɖ Roulette wheel selection, ɖ Rank 

selection, ɖ Tournament selection əŬɘ ɖ Sigma scaling selection. ȷɜŮɝŬɟŰɐŰɤɠ ˊɞɘŬ ɛɏɗɞŭɞɠ 

ɗŬ ŮˊɘɚŮɔŮɑ Űɞ ˊɟɩŰɞ ɓɐɛŬ ŮɑɜŬɘ ɜŬ ŰŮɗŮɑ ɛɘŬ Űɘɛɐ Ŭɝɘɞɚɧɔɖůɖɠ Ὢ ɔɘŬ əɎɗŮ ɚɨůɖ əŬɘ ɜŬ ɡˊɞ-

ɚɞɔɘůŰŮɑ ɖ ˊɘɗŬɜɧŰɖŰŬ ὴὶέὦ  ɔɘŬ Űɞ əɎɗŮ ɏɜŬ Ŭˊɧ ŰŬ  ́ɢɟɤɛɞůɩɛŬŰŬ Űɞɡ ˊɚɖɗɡůɛɞɨ ɤɠ Ůɝɐɠ: 

ὴὶέὦ  
Ὢ

В Ὢ
 

ɆŰɖɜ Roulette wheel ɛɏɗɞŭɞ Ůˊɘɚɞɔɐɠ əŬŰŬůəŮɡɎɕɞɡɛŮ ɏɜŬ əɡəɚɘəɧ ŭɘɎɔɟŬɛɛŬ (pie chart) 

ɧˊɞɡ əɎɗŮ ɢɟɤɛɧůɤɛŬ əŬŰŬɚŬɛɓɎɜŮɘ əɞɛɛɎŰɘ (pie) ŬɜɎɚɞɔɞ Űɖɠ Űɘɛɐɠ Ŭɝɘɞɚɧɔɖůɐɠ əŬɘ Űɖɠ 

ˊɘɗŬɜɧŰɖŰŬɠ ɜŬ ŮˊɘɚŮɢɗŮɑ ɧˊɤɠ ŬɡŰɐ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɞɜ ˊŬɟŬˊɎɜɤ Űɨˊɞ. ɇɞ əɡəɚɘəɧ ŭɘɎ-

ɔɟŬɛɛŬ ůŬɜ ɜɞɖŰɐ ɟɞɡɚɏŰŬ ŬɚɚɎ ɧɢɘ ɛŮ ɘůɞɛŮɟɐ ŰɛɐɛŬŰŬ ˊŮɟɘůŰɟɏűŮŰŬɘ əŬɘ ŮˊɘɚɏɔŮɘ ŰŬ ŭɨɞ 

əŬŰŬɚɚɖɚɧŰŮɟŬ ɢɟɤɛɞůɩɛŬŰŬ, ŮəŮɑɜŬ űɡůɘəɎ ɛŮ Űɖɜ əŬɚɨŰŮɟɖ Űɘɛɐ Ŭɝɘɞɚɧɔɖůɖɠ ɏɢɞɡɜ əŬɘ 

ɛŮɔŬɚɨŰŮɟɖ ˊɘɗŬɜɧŰɖŰŬ ɜŬ ŮˊɘɚŮɢɗɞɨɜ. ȷɡŰɧ ŮɑɜŬɘ əŬɘ Űɞ ɛŮɘɞɜɏəŰɖɛŬ Űɖɠ ɛŮɗɧŭɞɡ əŬɗɩɠ Ŭɜ 

ɡˊɎɟɢɞɡɜ ŭɨɞ ɢɟɤɛɞůɩɛŬŰŬ ɛŮ ŮɛűŬɜɩɠ əŬɚɨŰŮɟɖ Űɘɛɐ Ŭɝɘɞɚɧɔɖůɖɠ ůŮ ůɢɏůɖ ɛŮ ŰŬ ɎɚɚŬ əŬɘ 

ɧɢɘ ŬɜŬɔəŬůŰɘəɎ ɓɏɚŰɘůŰɖ ŬɡŰɎ ɗŬ ɔɑɜɞɡɜ ɞɘ ɔɞɜŮɑɠ ɔɘŬ ɧɚɞɡɠ Űɞɡɠ Ŭˊɞɔɧɜɞɡɠ Űɖɠ ɜɏŬɠ ɔŮɜɘɎɠ 

ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɛɖ ŭɘŮɨɟɡɜůɖ Űɞɡ ɢɩɟɞɡ ŬɜŬɕɐŰɖůɖɠ, əŬɘ Űɖɜ ɔɟɐɔɞɟɖ ůɨɔəɚɘůɖ Űɞɡ Ŭɚ-

ɔɞɟɑɗɛɞɡ ůŮ əɎˊɞɘɞ Űɞˊɘəɧ ɓɏɚŰɘůŰɞ. 

ɆŰɖɜ Rank ɛɏɗɞŭɞ Ůˊɘɚɞɔɐɠ ˊŬɑɟɜŮɘ ɓŬɗɛɧ Ŭɝɘɞɚɧɔɖůɖɠ (rank) ɞ ˊɚɖɗɡůɛɧɠ əŬɘ ɛŮŰɎ əɎɗŮ 

ɢɟɤɛɧůɤɛŬ ˊŬɑɟɜŮɘ Űɘɛɐ Ŭɝɘɞɚɧɔɖůɖɠ ɓɎůɖ ŬɡŰɞɨ Űɞɡ ɓŬɗɛɞɨ. ɇɞ ɢŮɘɟɧŰŮɟɞ ɢɟɤɛɧůɤɛŬ ɗŬ 

ˊɎɟŮɘ Űɘɛɐ ρὶὥὲὯϳ , Űɞ Ŭɛɏůɤɠ ŮˊɧɛŮɜɞ ςὶὥὲὯϳ  ə.ɞ.ə ɏɤɠ Űɞ əŬɚɨŰŮɟɞ ɢɟɤɛɧůɤɛŬ ˊɞɡ ɗŬ 
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ˊɎɟŮɘ Űɘɛɐ  ´ ὶὥὲὯϳ  , ɧˊɞɡ ȟ́ Űɞ ůɨɜɞɚɞ Űɤɜ ɢɟɤɛɞůɤɛɎŰɤɜ Űɞɡ ˊɚɖɗɡůɛɞɨ. ɀŮŰɎ Ŭˊɧ ŬɡŰɐɜ 

Űɖɜ ŭɘŬŭɘəŬůɑŬ ŮűŬɟɛɧɕɞɡɛŮ Űɖɜ Roulette wheel ɛŮ Űɖɜ ŭɘŬűɞɟɎ ɧŰɘ ŰɩɟŬ ɧɚŬ ŰŬ ɢɟɤɛɞůɩ-

ɛŬŰŬ ɏɢɞɡɜ ˊɘɗŬɜɧŰɖŰŬ ɜŬ ŮˊɘɚŮɔɞɨɜ, Ŭűɞɨ ˊɚɏɞɜ ɞɘ ŭɘŬűɞɟɏɠ Űɞɡɠ ŭŮɜ ŮɑɜŬɘ Űɧůɞ ɛŮɔɎɚŮɠ, əŬɘ 

ŬɡŰɧ ɏɢŮɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŬˊɞŰɟɏˊŮŰŬɘ ɖ ˊɟɧɤɟɖ ůɨɔəɚɘůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ. 

ɆŰɖɜ Tournament ɛɏɗɞŭɞ Ůˊɘɚɞɔɐɠ ɞɡůɘŬůŰɘəɎ ŬɜŰŬɔɤɜɑɕɞɜŰŬɘ ŰŬ ɢɟɤɛɞůɩɛŬŰŬ ŬɜɎ ŭɨɞ 

ŮˊɘɚŮɔɛɏɜŬ ůɡɔəɟɑɜɞɜŰŬɠ Űɖɜ Űɘɛɐ Ŭɝɘɞɚɧɔɖůɐɠ Űɞɡɠ ɛŮ Űɟɧˊɞ ůŰɞɢŬůŰɘəɧ. ȰɢɞɜŰŬɠ əŬɗɞɟɘ-

ůŰŮɑ ɛɘŬ ˊɘɗŬɜɧŰɖŰŬ, ˊŬɟɎɔŮŰŬɘ ŰɡɢŬɑŬ ɏɜŬɠ Ŭɟɘɗɛɧɠ ůŰɞ ŭɘɎůŰɖɛŬ πȟρ əŬɘ ůɡɔəɟɑɜŮŰŬɘ ɛŮ 

Űɖɜ ˊɟɞəŬɗɞɟɘůɛɏɜɖ ˊɘɗŬɜɧŰɖŰŬ. ȷɜ ɖ ŰɡɢŬɑŬ Űɘɛɐ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ ɐ ɑůɖ Űɖɠ ˊɟɞəŬɗɞɟɘůɛɏɜɖɠ 

ˊɘɗŬɜɧŰɖŰŬɠ ŮˊɘɚɏɔŮŰŬɘ Űɞ ɢɟɤɛɧůɤɛŬ ŮəŮɑɜɞ ɛŮ Űɖɜ əŬɚɨŰŮɟɖ Űɘɛɐ Ŭɝɘɞɚɧɔɖůɖɠ, Ŭɚɚɘɩɠ Ůˊɘ-

ɚɏɔŮŰŬɘ Űɞ ɢŮɘɟɧŰŮɟɞ Ŭˊɧ ŰŬ ŭɨɞ. ɀŮ ŬɡŰɧ Űɞ ɛɖɢŬɜɘůɛɧ ŬˊɞŰɟɏˊŮŰŬɘ ɖ ˊɟɧɤɟɖ ůɨɔəɚɘůɖ Űɞɡ 

Ŭɚɔɞɟɑɗɛɞɡ Ŭűɞɨ ŭɑɜŮŰŬɘ ɖ ˊɘɗŬɜɧŰɖŰŬ ɜŬ ŮˊɘɚŮɢŰɞɨɜ əŬɘ ˊɘɞ ŬŭɨɜŬɛŬ ɢɟɤɛɞůɩɛŬŰŬ. ɆŰɖɜ 

ˊɟɎɝɖ ůɡɛɓŬɑɜŮɘ ɖ ˊɟɞəŬɗɞɟɘůɛɏɜɖ ˊɘɗŬɜɧŰɖŰŬ ɜŬ ˊŬɑɟɜŮɘ Űɘɛɐ ˊɎɜɤ Ŭˊɧ πȢυ ɩůŰŮ ˊɎɜŰŬ ɜŬ 

ŮɡɜɞɞɨɜŰŬɘ ŮɚŬűɟɩɠ ŰŬ ˊɘɞ ŭɡɜŬŰɎ ɢɟɤɛɞůɩɛŬŰŬ. ɇŮɚɘəɎ ŰŬ ŭɨɞ əŬɚɨŰŮɟŬ Ŭˊɧ Űɞ ůɨɜɞɚɞ 

Űɤɜ ɢɟɤɛɞůɤɛɎŰɤɜ ˊɞɡ ŮˊɘɚɏɢŰɖəŬɜ ŰɡɢŬɑŬ ɜŬ ŭɘŬɔɤɜɘůŰɞɨɜ ŮɑɜŬɘ ŬɡŰɎ ˊɞɡ ɗŬ ŮˊɘɚŮɢɗɞɨɜ 

əŬɘ ɤɠ ɔɞɜŮɑɠ ɔɘŬ Űɖɜ ŮˊɧɛŮɜɖ ɔŮɜɘɎ. 

ɆŰɖɜ Sigma scaling ɛɏɗɞŭɞ Ůˊɘɚɞɔɐɠ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɘ Ůŭɩ ɏɜŬɠ ɛɖɢŬɜɘůɛɧɠ ŬˊɞŰɟɞˊɐɠ 

Űɖɠ ˊɟɧɤɟɖɠ ůɨɔəɚɘůɖɠ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ɧŰŬɜ ŮɝŬɟɢɐɠ ŮˊɘɚɏɔɞɜŰŬɘ ɢɟɤɛɞůɩɛŬŰŬ ɛŮ ˊɞɚɨ əŬ-

ɚɨŰŮɟɖ űɡůɘəɐ əŬŰɎůŰŬůɖ ůŮ ůɢɏůɖ ɛŮ ŰŬ ɡˊɧɚɞɘˊŬ. Ƀ ɛɖɢŬɜɘůɛɧɠ ɢɟɖůɘɛɞˊɞɘŮɑ ɤɠ ŬɜŬűɞɟɎ 

Űɖɜ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ Űɞɡ ˊɚɖɗɡůɛɞɨ ɩůŰŮ ɜŬ ɘůɞůəŮɚɑůŮɘ Űɘɠ ɛŮɔɎɚŮɠ ŭɘŬűɞɟɏɠ ŬɜɎɛŮůŬ ůŰŬ 

ɢɟɤɛɞůɩɛŬŰŬ, ɟɡɗɛɑɕɞɜŰŬɠ Űɘɠ Űɡˊɘəɏɠ ŬˊɞəɚɑůŮɘɠ Űɞɡɠ Ŭˊɧ Űɖɜ ɛɏůɖ Űɘɛɐ. ȰŰůɘ ɞ Ŭɚɔɧɟɘɗɛɧɠ 

əŬŰŬűɏɟɜŮɘ əŬɘ ˊŬɟɞɡůɘɎɕŮɘ ɛɘŬ ůŰŬɗŮɟɐ əŬŰɎůŰŬůɖ Ůˊɘɚɞɔɐɠ ůŰɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ 

Űɞɡ. 

ɆŰɞ ŮˊɧɛŮɜɞ ɓɐɛŬ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ Űɞ ɞˊɞɑɞ ŬűɞɟɎ Űɖɜ ŭɘŬůŰŬɨɟɤůɖ Űɤɜ ɔɞɜɘŭɑɤɜ Űɤɜ ŭɨɞ 

ɔɞɜɏɤɜ, ɞɘ ɓŬůɘəɧŰŮɟŮɠ ɛɏɗɞŭɞɘ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŬɟɢɘəɎ ɧůɞɜ ŬűɞɟɎ Űɖɜ ŭɡŬŭɘəɐ əɤŭɘ-

əɞˊɞɑɖůɖ ŮɑɜŬɘ ɞɘ Ůɝɐɠ (Hamdy A. Taha,2012): 

¶  Ƀɛɞɘɧɛɞɟűɖ ŭɘŬůŰŬɨɟɤůɖ (Uniform  crossover): ɆŮ ŬɡŰɐɜ Űɖɜ ˊŮɟɑˊŰɤůɖ ŭɘŬůŰŬɨ-

ɟɤůɖɠ, ŰŬ əɞɘɜɎ ɔɞɜɑŭɘŬ Űɤɜ ɔɞɜɏɤɜ ˊŮɟɜɎɜŮ əŬɘ ůŰŬ ŭɨɞ ˊŬɘŭɘɎ. ɇŬ ɡˊɧɚɞɘˊŬ ɔɞɜɑŭɘŬ ɔɘŬ 

Űɞ ɏɜŬ ˊŬɘŭɑ ŮˊɘɚɏɔɞɜŰŬɘ ɓɎůŮɘ Ůɜɧɠ ŰɡɢŬɑɞɡ Ŭɟɘɗɛɞɨ Ŭˊɧ Űɖɜ ɞɛɞɘɧɛɞɟűɖ əŬŰŬɜɞɛɐ, ˊ.ɢ. 

ɔɘŬ ɏɜŬ ŰɡɢŬɑɞ Ŭɟɘɗɛɧ Ὑͯ Ὗπȟρ , Ŭɜ π  Ὑ  πȢυ Űɞ ɔɞɜɑŭɘɞ ɗŬ ˊŬɑɟɜŮɘ Űɖɜ Űɘɛɐ ρ, Ŭɚ-

ɚɘɩɠ ɔɘŬ πȢυ  Ὑ  ρ ɗŬ ˊŬɑɟɜŮɘ Űɖɜ Űɘɛɐ π. ɆŰɞ ŭŮɨŰŮɟɞ ˊŬɘŭɑ ŰŬ ɔɞɜɑŭɘŬ ɚŬɛɓɎɜɞɡɜ 

Űɘɛɏɠ ŰŬ ůɡɛˊɚɖɟɩɛŬŰŬ Űɞɡ ˊɟɩŰɞɡ. 

 

¶  ȹɘŬůŰŬɨɟɤůɖ Ůɜɧɠ ůɖɛŮɑɞɡ (Single-point crossover): ɇŬ ɔɞɜɑŭɘŬ Űɤɜ ŭɨɞ ɔɞɜɏɤɜ 

ŭɘŬɢɤɟɑɕɞɜŰŬɘ ŰɡɢŬɑŬ ůŮ ɏɜŬ ůɖɛŮɑɞ, əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ŬɜŰŬɚɚɎůůɞɜŰŬɘ. 

 

¶  ȹɘŬůŰŬɨɟɤůɖ ˊɞɚɚŬˊɚɩɜ ůɖɛŮɑɤɜ (Ⱦ-point crossover): ȺˊɏəŰŬůɖ Űɖɠ ɛŮɗɧŭɞɡ Ů-

ɜɧɠ ůɖɛŮɑɞɡ ɔɘŬ ˊŮɟɘůůɧŰŮɟŬ ŰɡɢŬɑŬ ůɖɛŮɑŬ. 
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Ƀɘ ˊŬɟŬˊɎɜɤ Űɟɧˊɞɘ ŭɘŬůŰŬɨɟɤůɖɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɢɖɛŬŰɘəɎ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ. 

 

ɄɑɜŬəŬɠ 3.1: ȹɘŬůŰŬɨɟɤůɖ ɞɛɞɘɧɛɞɟűɖ, Ůɜɧɠ əŬɘ ˊɞɚɚŬˊɚɩɜ (ŭɨɞ) ůɖɛŮɑɤɜ. 

      Ƀɛɞɘɧɛɞɟűɖ              Ⱥɜɧɠ ůɖɛŮɑɞɡ   ȹɨɞ ůɖɛŮɑɤɜ 

ũɞɜɏŬɠ 1 10 0 | 1 01   100 | 101    10 | 01 | 01 

  

  

ũɞɜɏŬɠ 2 10 1 | 0 01   101 | 001    10 | 10 | 01 

 

 

ȷˊɧɔɞɜɞɠ 1 10 0   0 01   100   001      10  10  01 

 

ȷˊɧɔɞɜɞɠ 2 10 1   1 01   101   101      10  01  01 

 

 

ȳůɞɜ ŬűɞɟɎ Űɖɜ ŬɟɘɗɛɖŰɘəɐ əɤŭɘəɞˊɞɑɖůɖ Űɤɜ ɢɟɤɛɞůɤɛɎŰɤɜ ɞɘ ŮˊɧɛŮɜɞɘ Űɟɧˊɞɘ ŭɘŬ-

ůŰŬɨɟɤůɖɠ ŮɑɜŬɘ ŬɡŰɞɑ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ əŬɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ˊŬɟŬəɎŰɤ:   

¶ ȷɟɘɗɛɖŰɘəɐ ŭɘŬůŰŬɨɟɤůɖ (Arithmetic  crossover) : ɆŮ ŬɡŰɐɜ Űɖɜ ˊŮɟɑˊŰɤůɖ ŭɘŬ-

ůŰŬɨɟɤůɖɠ ŰŬ ɔɞɜɑŭɘŬ Űɤɜ ɔɞɜɏɤɜ ŭɘŬůŰŬɡɟɩɜɞɜŰŬɘ ɔɟŬɛɛɘəɎ ɓɎůŮɘ Ůɜɧɠ ˊɟɞəŬɗɞɟɘůɛɏ-

ɜɞɡ ůɡůŰɐɛŬŰɞɠ ŮɝɘůɩůŮɤɜ. ȰůŰɤ ɜʋʉʘɻʏ ρ  ὼ əŬɘ ɜʋʉʘɻʏ ς  ώ, ŰɧŰŮ Űɞ ůɨůŰɖɛŬ Ůɝɘ-

ůɩůŮɤɜ ɗŬ ŮɑɜŬɘ Űɞ Ůɝɐɠ: 

ȷˊɧɔɞɜɞɠ 1 = ‌ ὼz ρ ‌ ώz 
ȷˊɧɔɞɜɞɠ 2 = ρ ‌ ὼz ‌ ώz 

 

ȳˊɞɡ ὥɴ πȟρ ɏɜŬɠ ŰɡɢŬɑɞɠ Ŭɟɘɗɛɧɠ ˊɞɡ əŬɗɞɟɑɕŮɘ Űɞ ɓɎɟɞɠ Űɖɠ əɎɗŮ ɛŮŰŬɓɚɖŰɐɠ (ũɞɜɏŬ). 

¶ ȹɘŬůŰŬɨɟɤůɖ ŬɜɎɛŮɘɝɖɠ (Blending crossover): ȾŬɘ ůŮ ŬɡŰɐɜ Űɖɜ ˊŮɟɑˊŰɤůɖ ŭɘŬ-

ůŰŬɨɟɤůɖɠ ŰŬ ɔɞɜɑŭɘŬ Űɤɜ ɔɞɜɏɤɜ ŭɘŬůŰŬɡɟɩɜɞɜŰŬɘ ɔɟŬɛɛɘəɎ ɓɎůŮɘ Ůɜɧɠ ˊɟɞəŬɗɞɟɘůɛɏ-

ɜɞɡ ůɡůŰɐɛŬŰɞɠ ŮɝɘůɩůŮɤɜ. ȰůŰɤ ɜʋʉʘɻʏ ρ  ὼ əŬɘ ɜʋʉʘɻʏ ς  ώ, ŰɧŰŮ Űɞ ůɨůŰɖɛŬ Ůɝɘ-

ůɩůŮɤɜ ɗŬ ŮɑɜŬɘ Űɞ Ůɝɐɠ: 

ȷˊɧɔɞɜɞɠ 1 = ὼ ‍ᶻὼ ώ  

ȷˊɧɔɞɜɞɠ 2 = ώ ‍ᶻὼ ώ  

 

ȳˊɞɡ ‍ᶰπȟρ ɏɜŬɠ ŰɡɢŬɑɞɠ Ŭɟɘɗɛɧɠ ˊɞɡ əŬɗɞɟɑɕŮɘ Űɞ ɓɎɟɞɠ Űɖɠ əɎɗŮ ɛŮŰŬɓɚɖŰɐɠ (ũɞɜɏŬ). 

 

ɀŮŰɎ Űɖɜ ŭɘŬůŰŬɨɟɤůɖ ɖ əɎɗŮ ɚɨůɖ ɗŬ ɡˊɞůŰŮɑ ɛɘŬ ŰɡɢŬɑŬ ɛŮŰɎɚɚŬɝɖ ůŮ əɎˊɞɘɞ Ŭˊɧ ŰŬ 

ɔɞɜɑŭɘɎ Űɖɠ, ɓɎůɖ əɎˊɞɘŬ ˊɘɗŬɜɧŰɖŰŬɠ. 

ȼ ɛŮŰɎɚɚŬɝɖ ŬɡŰɧ ˊɞɡ ɞɡůɘŬůŰɘəɎ ˊɟɞůűɏɟŮɘ ŮɑɜŬɘ ɛɘŬ ɛɘəɟɐ ˊɘɗŬɜɧŰɖŰŬ ŰɡɢŬɑŬɠ ŬɜŬɕɐ-

Űɖůɖɠ, ɏŰůɘ ɩůŰŮ əŬɜɏɜŬ ůɖɛŮɑɞ Űɞɡ ɢɩɟɞɡ əŬŰɎ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ, ɜŬ ɛɖɜ ɏɢŮɘ 

ɛɖŭŮɜɘəɐ ˊɘɗŬɜɧŰɖŰŬ ŮɝŮɟŮɨɜɖůɖɠ. ȼ ɓŬůɘəɧŰŮɟɖ ɛɏɗɞŭɞɠ ɛŮŰɎɚɚŬɝɖɠ ŮɑɜŬɘ ɖ ɞɛɞɘɧɛɞɟűɖ 

(uniform), ɖ ɞˊɞɑŬ ŮˊɘɚɏɔŮɘ ɛŮ ŰɡɢŬɑɞ Űɟɧˊɞ əɎˊɞɘɞ ɔɞɜɑŭɘɞ ůŮ ɏɜŬ ɢɟɤɛɧůɤɛŬ, əŬɘ Űɞɡ ŬɚɚɎ-

ɕŮɘ Űɘɛɐ, ɛŮ əɎˊɞɘŬ Ɏɚɚɖ Űɘɛɐ ˊɞɡ ŭŮɜ ˊŬɟŬɓɘɎɕŮɘ Űɘɠ ůɡɜɗɐəŮɠ əŬɘ ˊŮɟɘɞɟɘůɛɞɨɠ Űɞɡ ˊɟɞɓɚɐ-

ɛŬŰɞɠ. 
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ɄɑɜŬəŬɠ 3.2: ȹɘŬŭɘəŬůɑŬ ɞɛɞɘɧɛɞɟűɖɠ ɛŮŰɎɚɚŬɝɖɠ 

 

Ʉɟɘɜ Űɖɜ ɛŮŰɎɚɚŬɝɖ   ȷˊɧɔɞɜɞɠ  1100001 0 101001 

ɀŮŰɎ Űɖɜ ɛŮŰɎɚɚŬɝɖ   ȷˊɧɔɞɜɞɠ  1100001 1 101001 

 

 

Ƀɘ ŭɨɞ ˊɞɚɨ ɓŬůɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ əŬŰɎ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ 

ɛŮŰŬŮɡɟŮŰɘəɩɜ Ŭɚɔɞɟɑɗɛɤɜ, ŬɡŰɐ Űɖɠ ŮɝŮɟŮɡɜɖůɖɠ (exploration) əŬɘ ŬɡŰɐ Űɖɠ ŮəɛŮŰɎɚɚŮɡůɖɠ 

(exploitation) ůɡɜŬɜŰɩɜŰŬɘ əŬɘ Ůŭɩ. ɀŮ Űɞɜ ɧɟɞ ŬɜŬɕɐŰɖůɖ (exploration) ŮɜɜɞɞɨɛŮ Űɖɜ 

ŭɘŬŭɘəŬůɑŬ ŭɖɛɘɞɡɟɔɑŬɠ ˊɚɖɗɡůɛɩɜ ŮɝŮɟŮɡɜɩɜŰŬɠ əŬɘ ŭɘŮɡɟɨɜɤɜŰŬɠ Űɞɜ ɢɩɟɞ ŬɜŬɕɐŰɖůɖɠ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɔŮɜŮŰɘəɞɨɠ ɛɖɢŬɜɘůɛɞɨɠ (genetic operators) ɧˊɤɠ ɖ ŭɘŬůŰŬɨɟɤůɖ 

(crossover) əŬɘ ɖ ɛŮŰɎɚɚŬɝɖ (mutation), Ůɜɩ ɛŮ Űɞɜ ɧɟɞ ŮəɛŮŰɎɚɚŮɡůɖ (exploitation), 

ŮɜɜɞɞɨɛŮ Űɖɜ ŭɘŬŭɘəŬůɑŬ ɛŮɑɤůɖɠ Űɖɠ ˊɞɘəɘɚɞɛɞɟűɑŬɠ Űɤɜ ˊɚɖɗɡůɛɩɜ ŭɘŬŰɖɟɩɜŰŬɠ ɛɧɜɞ Űɞɡɠ 

ɘůɢɡɟɧŰŮɟɞɡɠ Ŭˊɞɔɧɜɞɡɠ əŬɘ ɞɡůɘŬůŰɘəɎ ůɡɟɟɘəɜɩɜɞŰŬɠ ɏŰůɘ Űɤɜ ɢɩɟɞ ŬɜŬɕɐŰɖůɖɠ ɔɨɟɤ Ŭˊɧ 

Űɖɜ ɓɏɚŰɘůŰɖ ɚɨůɖ. ɆɡɢɜŬ ɔɘŬ ŬɡŰɧ Űɞ ůəɞˊɧ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛɘŬ ůŰɟŬŰɖɔɘəɐ (elitist strategy), 

ɖ ɞˊɞɑŬ ŮˊɘŰɟɏˊŮɘ ůŮ ɏɜŬ ˊɞůɞůŰɧ ɘůɢɡɟɩɜ ɢɟɤɛɞůɤɛɎŰɤɜ ɜŬ ŭɘŬŰɖɟɖɗɞɨɜ əŬɘ ůŰɘɠ ŮˊɧɛŮɜŮɠ 

ɔŮɜɘɏɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŬɡŰɎ ɔɘŬ əɎˊɞɘɞ ɚɧɔɞ ɛŮŰɎ Űɘɠ ŭɘŬŭɘəŬůɑŮɠ Űɖɠ ŭɘŬůŰŬɨɟɤůɖɠ əŬɘ 

Űɖɠ ɛŮŰɎɚɚŬɝɖɠ ŭŮɜ Ůˊɘɓɘɩůɞɡɜ. 

ɇɏɚɞɠ ɧůɞɜ ŬűɞɟɎ ŰŬ əɟɘŰɐɟɘŬ ŰŮɟɛŬŰɘůɛɞɨ ï ůɨɔəɚɘůɖɠ (convergence) Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ 

ŬɡŰɎ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɑŰŮ ɏɜŬ əŬɗɞɟɘůɛɏɜɞɠ Ŭɟɘɗɛɧɠ ŮˊŬɜŬɚɐɣŮɤɜ (iritations ) ŭɖɚŬŭɐ 

ŭɖɛɘɞɡɟɔɑŬɠ ɔŮɜŮɩɜ, ŮɑŰŮ ɏɜŬ ɛɏɔɘůŰɞɠ Ŭɟɘɗɛɧɠ ŮˊŬɜŬɚɐɣŮɤɜ əŬŰɎ Űɞɜ ɞˊɞɑɞ ŭŮɜ ɏɢŮɘ 

ˊŬɟŬŰɖɟɖɗŮɑ ɓŮɚŰɘɩůɖ Űɖɠ ɡˊɎɟɢɞɡůŬɠ ɚɨůɖɠ, ŮɑŰŮ ŬˊɚɎ ɛɑŬ ɓɏɚŰɘůŰɐ ɚɨůɖ ɖ ɞˊɞɑŬ əŬɚɨˊŰŮɘ 

Űɘɠ ŬɜɎɔəŮɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ əŬɘ ɔɑɜŮŰŬɘ ŬˊɞŭŮəŰɐ.  

ɃɚɞəɚɖɟɩɜɞɜŰŬɠ, ŬɡŰɧ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŮˊɘůɖɛŬɜɗŮɑ ŮɑɜŬɘ ɧŰɘ Űɞ ˊɚŮɞɜɏəŰɖɛŬ Űɞɡ 

Ŭɚɔɞɟɑɗɛɞɡ ɏɔəŮɘŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ɛˊɞɟŮɑ ɜŬ ŭɩůŮɘ ŬˊɞŭŮəŰɎ ˊɞɚɨ əŬɚɏɠ ɚɨůŮɘɠ, ɧɢɘ 

ŬˊŬɟŬɑŰɖŰŬ ɓɏɚŰɘůŰŮɠ, ůŮ ˊɞɚɨ əŬɚɧ ɧɛɤɠ ɢɟɧɜɞ, Ůɜɩ ɛŮɘɞɜŮəŰŮɑ ɧŰɘ ɢɟɤɛɞůɩɛŬŰŬ ɛŮ ɡɣɖɚɏɠ 

Űɘɛɏɠ Ŭɝɘɞɚɧɔɖůɖɠ ɛˊɞɟɞɡɜ ůŮ ɔɟɐɔɞɟɞ ɢɟɧɜɞ ɜŬ əŬŰŬəɚɡůɞɡɜ Űɞ ˊɚɖɗɡůɛɧ ɛŮ Ŭˊɞɔɧɜɞɡɠ 

ŬűɐɜɞɜŰŬɠ ɛɧɜɞ Űɞɜ ɛɖɢŬɜɘůɛɧ Űɖɠ ɛŮŰɎɚɚŬɝɖɠ ɔɘŬ ŮɝŮɟŮɨɜɖůɖ ɜɏɞɡ ɢɩɟɞɡ ɚɨůŮɤɜ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ Űɞ ɔɟɐɔɞɟɞ ŰŮɟɛŬŰɘůɛɧ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ. ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ůŰɎŭɘŬ 

ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ əŬɘ Űɞ ŭɘɎɔɟŬɛɛŬ ɟɞɐɠ Űɞɡ. 
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3.2 ȿŮɘŰɞɡɟɔɑŬ ũŮɜŮŰɘəɞɨ ȷɚɔɧɟɘɗɛɞɡ (GA) 

 

ūɎůɖ 0 

¶ ɇɞ əɎɗŮ ɢɟɤɛɧůɤɛŬ əɤŭɘəɞˊɞɘŮɑŰŬɘ ŮɑŰŮ ŭɡŬŭɘəɎ ŮɑŰŮ ŬɟɘɗɛɖŰɘəɎ ŬɜɎɚɞɔŬ Űɖ űɨůɖ 

Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. 

¶ ũɘŬ Ὧ π, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬɠ ŰɡɢŬɑɞɠ ˊɚɖɗɡůɛɧɠ   Ŭˊɧ  ´ ί ȟί ȟȢȢȢȟί  

ŮűɘəŰɎ ɢɟɤɛɞůɩɛŬŰŬ.  

¶ ȺəŰɘɛɎŰŬɘ ɖ ůɡɜɎɟŰɖůɖɠ ɘəŬɜɧŰɖŰŬɠ ὪὛ , Űɞɡ əɎɗŮ ɢɟɤɛɞůɩɛŬŰɞɠ ί, əŬɘ 

əŬŰŬɔɟɎűŮŰŬɘ ɤɠ ίᶻ, ɖ əŬɚɨŰŮɟɖ ŭɘŬɗɏůɘɛɖ ɚɨůɖ.  

 

ūɎůɖ 1 

¶  ȺəŰɘɛɎŰŬɘ ɖ ˊɘɗŬɜɧŰɖŰŬ ὴ  ὪВ Ὢϳ  ,ɧˊɞɡ ɓɎůŮɘ ŬɡŰɐɠ əŬɘ Űɖɠ əŬɗɞɟɘůɛɏɜɖɠ 

ɛŮɗɧŭɞɡ Ůˊɘɚɞɔɐɠ, ŮˊɘɚɏɔɞɜŰŬɘ (selection) ŭɨɞ ɢɟɤɛɞůɩɛŬŰŬ ï ɔɞɜŮɑɠ Ŭˊɧ Űɞɜ ˊɚɖɗɡůɛɧ 

 . 

¶ ȹɘŬůŰŬɡɟɩɜɞɜŰŬɘ (crossover) ŰŬ ɔɞɜɑŭɘɎ Űɞɡɠ, ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ŭɡɞ ɜɏɤɜ Ŭˊɞɔɧɜɤɜ 

ɛɏůɤ əŬɗɞɟɘůɛɏɜɖɠ ɛŮɗɧŭɞɡ ŭɘŬůŰŬɨɟɤůɖɠ. ȷɡŰɞɑ ˊŮɟɜɎɜŮ ůŰɖɜ ŮˊɧɛŮɜɖ ɔŮɜɘɎ ɛŮ Űɟɧˊɞ  

ůŰɞɢŬůŰɘəɧ ɓɎůŮɘ əɎˊɞɘŬɠ ˊɘɗŬɜɧŰɖŰŬɠ, ůɡɜɐɗɤɠ ɡɣɖɚɐɠ  ὴ πȢψ  ρȢπ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ 

ˊɞɡ ɖ ˊɘɗŬɜɧŰɖŰŬ ŭɘŬůŰŬɨɟɤůɖɠ ˊɎɟŮɘ Űɖɜ Űɘɛɐ π, ɞɘ Ŭˊɧɔɞɜoɘ ˊɟɞəɨˊŰɞɡɜ ŬɜŰɘɔɟɎűɞɜŰŬɠ 

(duplicating) ˊɚɐɟɤɠ Űɞɡɠ ɔɞɜŮɑɠ, əŬɘ ɏŰůɘ ɖ ŭɘŬŭɘəŬůɑŬ ŭŮɜ ŭɘŬəɧˊŰŮŰŬɘ. 

¶ ũɑɜŮŰŬɘ ɛŮŰɎɚɚŬɝɖ (mutation) ůŮ əɎˊɞɘŬ ɔɞɜɑŭɘŬ ůŰɞɢŬůŰɘəɎ ɓɎůŮɘ əɎˊɞɘŬɠ 

ˊɘɗŬɜɧŰɖŰŬɠ, ůɡɜɐɗɤɠ ɢŬɛɖɚɐɠ  ὴ πȢπρ  πȢρ 

¶ ȺɎɜ ɞɘ ɚɨůŮɘɠ ŭŮɜ ŮɑɜŬɘ ŮűɘəŰɏɠ ɔɑɜŮŰŬɘ ŮˊŬɜɎɚɖɣɖ Űɖɠ űɎůɖɠ ρ ɛɏɢɟɘ ɜŬ ŮˊɘŰŮɡɢɗŮɑ 

ŮűɘəŰɧŰɖŰŬ. ɆɢɖɛŬŰɑɕŮŰŬɘ ɚɞɘˊɧɜ ɜɏɞɠ ˊɚɖɗɡůɛɧɠ ´ ί ȟί ȟȢȢȢȟί   

ŮɜɖɛŮɟɩɜŮŰŬɘ ɖ əŬɚɨŰŮɟɖ ɚɨůɖ ίᶻ, Űɞ ɓɐɛŬ ŮˊŬɜɎɚɖɣɖɠ ŬɡɝɎɜŮŰŬɘ əŬŰɎ ɏɜŬ Ὧ Ὧ ρ əŬɘ 

ɞ Ŭɚɔɧɟɘɗɛɞɠ ˊŮɟɜɎŮɘ ůŰɖɜ űɎůɖ 2. 

¶ ɄɟɞŬɘɟŮŰɘəɎ ɔɘŬ əŬɚɨŰŮɟɖ ɘəŬɜɧŰɖŰŬ ŮəɛŮŰɎɚɚŮɡůɖɠ (exploitation) ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

əŬɘ ɛɘŬ ůŰɟŬŰɖɔɘəɐ ŭɘŬŰɐɟɖůɖɠ Ůɜɧɠ ˊɞůɞůŰɞɨ ůɡɜɐɗɤɠ υϷ ɘůɢɡɟɩɜ ɢɟɤɛɞůɤɛɎŰɤɜ 

(Elitism) ůŮ ŮˊɧɛŮɜŮɠ ɔŮɜɘɏɠ, ůŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŬɡŰɎ ɔɘŬ əɎˊɞɘɞ ɚɧɔɞ ŭŮɜ Ůˊɘɓɘɩůɞɡɜ. 
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ūɎůɖ 2 

Ⱥűɧůɞɜ ɘəŬɜɞˊɞɘɖɗŮɑ əɎˊɞɘɞ Ŭˊɧ ŰŬ əɟɘŰɐɟɘŬ ŰŮɟɛŬŰɘůɛɞɨ, ɞ Ŭɚɔɧɟɘɗɛɞɠ ůŰŬɛŬŰɎŮɘ əŬɘ 

Űɞ  ίᶻ  ὥὶὫάὥὼὪὛ , ŮɑɜŬɘ ɖ əŬɚɨŰŮɟɖ ŭɘŬɗɏůɘɛɖ ɚɨůɖ, Ŭɚɚɘɩɠ ɞ Ŭɚɔɧɟɘɗɛɞɠ 

ŮˊɘůŰɟɏűŮɘ ůŰɖɜ ūɎůɖ ρ (Hamdy A. Taha,2012). 

 
      Ʉɖɔɐ:(Journal of Statistical Software, Volume 53) 

ȺɘəɧɜŬ 3.1 ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ ɔŮɜŮŰɘəɞɨ Ŭɚɔɧɟɘɗɛɞɡ 

 

 

3.3 ȿŮɘŰɞɡɟɔɑŬ ũŮɜŮŰɘəɞɨ ȷɚɔɧɟɘɗɛɞɡ (GA) ɛɏůɤ əɩŭɘəɎ. 

 

ɆŰɖ ůɡɜɏɢŮɘŬ ɗŬ ˊŬɟɞɡůɘɎůŰɞɡɜ ŬɜŬɚɡŰɘəɎ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ əɩŭɘəɎ ɛɏůɤ Űɞɡ 

ˊɟɞɔɟŬɛɛŬŰɘůŰɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ Űɖɠ R ɧɚŮɠ ɞɘ ɓŬůɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ Űɞɡ ɔŮɜŮŰɘəɞɨ 

Ŭɚɔɧɟɘɗɛɞɡ, əŬɘ ɔɘŬ Űɖɜ ŭɡŬŭɘəɐ əŬɘ Űɖɜ ŬɟɘɗɛɖŰɘəɐ əɤŭɘəɞˊɞɘɐůɖ. ũɘŬ Űɖɜ ŭɡŬŭɘəɐ 

əɤŭɘəɞˊɞɘɐůɖ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɖ ŭɘŬůŰɎɡɟɤůɖ Ůɜɧɠ ůɖɛŮɑɞɡ (single-point crossover), Ůɜɩ 

ɔɘŬ Űɖɜ ŬɟɘɗɛɖŰɘəɐ əɤŭɘəɞˊɞɑɖůɖ  ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɖ ŬɟɘɗɛɖŰɘəɐ ŭɘŬůŰɎɡɟɤůɖ (arithmetic 

crossover). ɆŬɜ ŬɜŰɘəŮɘɛŮɜɘəɐ ůɡɜɎɟŰɖůɖ (objective function) ɖ ɞˊɞɑŬ ɗŬ ɚŮɘŰɞɡɟɔŮɑ əŬɘ ɤɠ 

ůɡɜɎɟŰɖůɖ ɘəŬɜɧŰɖŰŬɠ (Fitness function) ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůɡɛɓɞɚɘəɎ ɖ ɛŮŰŬɓɚɖŰɐ Ὢ ůŰɖɜ 

ɗɏůɖ Űɖɠ ɞˊɞɑŬɠ ɛˊɞɟŮɑ ɜŬ ɞɟɘůŰŮɑ ɞˊɞɘŬŭɐˊɞŰŮ ůɡɜɎɟŰɖůɖ. ɇɏɚɞɠ ɧůɞɜ ŬűɞɟɎ Űɖɜ ɛɏɗɞŭɞ 

Ůˊɘɚɞɔɐɠ əŬɘ ɛŮŰɎɚɚŬɝɖɠ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ Ŭˊɧ əɞɘɜɞɨ ɖ Roulette wheel Sellection method,  

əŬɘ ɖ Uniform Mutation.  
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3.3.1 ũŮɜŮŰɘəɧɠ ȷɚɔɧɟɘɗɛɞɠ ɛŮ ŭɡŬŭɘəɐ (binary ) əɤŭɘəɞˊɞɑɖůɖ  

 

ũɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ɚɞɘˊɧɜ ɧˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əɤŭɘəɞˊɞɑɖůɖ Űɤɜ ɢɟɤɛɞůɤɛɎŰɤɜ ɛŮ 

ŭɡŬŭɘəɏɠ Űɘɛɏɠ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ˊŬɟŬəɎŰɤ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɞɡ 

əɩŭɘəŬ. 

ūɎůɖ 0 

¶ ɇɞ əɎɗŮ ɢɟɤɛɧůɤɛŬ əɤŭɘəɞˊɞɘŮɑŰŬɘ ŭɡŬŭɘəɎ.  

¶ ũɘŬ Ὧ π, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬɠ ŰɡɢŬɑɞɠ ˊɚɖɗɡůɛɧɠ   Ŭˊɧ  ´ ί ȟί ȟȢȢȢȟί  

ŮűɘəŰɎ ɢɟɤɛɞůɩɛŬŰŬ ɛŮɔɏɗɞɡɠ ὰ ɔɞɜɘŭɑɤɜ (genes).  

#####    BINARY Initialization Function    #####  
  population < -  function(N,l) {  
  population < -  data.frame ( matrix ( ncol =  l, nrow =  N))  
  names(population)< - NULL 
  for(i in 1:l){  
    names(population)[i]< - paste ( "Gene" ,i, sep="" )  
    }  
    for (i in 1:N) {  
      for (j in 1:l) {  
        population[i,j]< -  round ( runif ( 1, 0, 1))  
      }  
    }  
  return (population)  
  }  
#####   Input Population parameters & Function Ex ecution   ##### 
  N <-                   # ǎȁǹǷǼȑȃ ǣȁȊǼǿȂȊǼȋȄȊǽ 
  l  <-  Problem. nVar     # ǎȁǹǷǼȑȃ ǲǿǽǹǳȎȊǽ( genes),  ȎȂǿȃ ǼǴ ǯȁǹǷǼȑ ǼǴȄǯǰǻǶȄȕǽ  
  population ( N,  l )  
 

¶ ȺəŰɘɛɎŰŬɘ ɖ ůɡɜɎɟŰɖůɖɠ ɘəŬɜɧŰɖŰŬɠ ὪὛ , Űɞɡ əɎɗŮ ɢɟɤɛɞůɩɛŬŰɞɠ ί. 

#####     ǜbjective function to be optimized    ##### 
  obj < -  function(x) {  
  y < -  rep ( 0,  ǚ)  
  for (i in 1:ǚ){  
  y[i] < -  f  
        }  
   return  (y)  
   }  
 #####   Fitness Function #####  
    fit < -  function(x) {  
    x$fitness_values < -  obj (x)  
    return (x)  
        }  
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ūɎůɖ 1 

¶  ȺəŰɘɛɎŰŬɘ ɖ ˊɘɗŬɜɧŰɖŰŬ ὴ  ὪВ Ὢϳ  ,ɧˊɞɡ ɛɏůɤ Űɖɠ Roulette wheel selection 

method, ŮˊɘɚɏɔɞɜŰŬɘ (selection) ŭɨɞ ɢɟɤɛɞůɩɛŬŰŬ ï ɔɞɜŮɑɠ Ŭˊɧ Űɞɜ ˊɚɖɗɡůɛɧ  . 

#####   Roulette Wheel SELECTION   ##### 
RW_selection < -  function(x) {  
    x < -  fit (population)  
# ǒǳȕ ǴǾǯȂȆǯǻȎǵǿȅǼǴ ȑȄǹ ǳǴǽ Ƿǯ ȌȈǿȅǼǴ ǯȁǽǶȄǹǺȌȃ ȄǹǼȌȃ ǹǺǯǽȑȄǶȄǯȃ,ȕȂȄǴ ȂȄǶ ȂȅǽȌȈǴǹǯ 
# ǽǯ ȅȀǿǻǿǲǹȂȄǿȒǽ ȂȊȂȄȋ ǿǹ ȂȈǴȄǹǺȌȃ Ǻǯǹ ǿǹ ǯǷȁǿǹȂȄǹǺȌȃ ȂȈǴȄǹǺȌȃ ȂȅȈǽȑȄǶȄǴȃ 
  if( any(x$fitness_values <  0)) {  
  a < -  1 
  b < -  min(x$fitness_values)  
  b < -  abs(b)  
  scaled_fitness_values < -  a*x$fitness_values +  b +  1 
  x$normalize_fitness_values < -  scaled_fitness_values /  sum(scaled_fitness_values)  
     }else{  
  x$normalize_fitness_values < -  x$fitness_values /  sum(x$fitness_values)  
            }  
# ǡȀǿǻǿǲǹȂǼȑȃ ȂȈǴȄǹǺȕǽ ȂȅȈǽǿȄȍȄȊǽ (ȀǹǷǯǽȑȄǶȄǯ), decreasing ordered     
  x$normalize_fitness_values< -  round (x$normalize_fitness_values, 4)    
  x < -  x[ order ( - x$normalize_fitness_values),]  
  row.names(x) < -  1:N    
# ǗǯȄǯȂǺǴȅȍ ȄǶȃ Roulette Wheel ǼȌȂȊ ȅȀǿǻǿǲǹȂǼǿȒ  
# ȄȊǽ ǯǷȁǿǹȂȄǹǺȕǽ ȂȈǴȄǹǺȕǽ ȂȅȈǽǿȄȍȄȊǽ (csum), decreasing ǯȀȑ Ȅǿ 1 Ȁȁǿȃ Ȅǿ 0     
  csum <-  rep ( 0, l ength (x$fitness_values))  
  for (i in 1: length (x$fitness_values)){  
  csum[i] < -  sum(x$normalize_fitness_values[i: N])  
    }  
  csum <-  round (csum, 3)  
  x$csum <-  csum          
# ǒȀǹǻǿǲȍ ǲǿǽȌǯ 1 ȂȅǲǺȁȎǽǿǽȄǯȃ Ȍǽǯ ȄȅȈǯȎǿ ǯȁǹǷǼȑ (0,1) ǯȀȑ ȄǶǽ ǿǼǿǹȑǼǿȁȆǶ ǺǯȄǯǽǿǼȍ 
# Ǻǯǹ ȄǶǽ ȄǹǼȍ ȄǶȃ ǯǷȁǿǹȂȄǹǺȍȃ ȂȅȈǽȑȄǶȄǯȃ Ȅǿȅ [i], ȈȁȊǼǿȂȕǼǯȄǿȃ.  
  i  <-  1 
   Parent 1 < -  x[ N,] # ǳǶǻȕǽǿȅǼǴ Ȃǯǽ Parent 1 Ȅǿ ȈǴǹȁȑȄǴȁǿ ȈȁȊǼȑȂȊǼǯ ǽǯ ǯȀǿȆȒǲǿȅǼǴ 
   # Ȅǿ ǻȋǷǿȃ ǯǽ ȀȁǿǺȒȉǴǹ runif  < ȈǴǹȁȑȄǴȁǿȅ fit  value  
    repeat  {  
      i  = i +1 
       if  ( runif  ( 1, 0, 1) >  x$csum[ i ]){  
        Parent 1 < -  x[ i - 1,]  
         break  
        }  
      }  
  # ǒȀǹǻǿǲȍ ǲǿǽȌǯ 2              
   j < -  1 
    Parent2 < -  x[N,]  
     repeat {  
       j =  j +1 
        if (( runif ( 1, 0, 1) >  x$csum[j]) &  ((j - 1) !=  (i - 1))){   # Ȅǿ & ǲǹǯ !=ǲǿǽǴȎȃ 
         Parent2 < -  x[j - 1,]  
          break  
        }   
      }  
   Parents < -  rbind (Parent1, Parent2)  
   return (Parents)  }  
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¶ ȹɘŬůŰŬɡɟɩɜɞɜŰŬɘ (crossover) ŰŬ ɔɞɜɑŭɘɎ Űɤɜ ɢɟɤɛɞůɤɛɎŰɤɜ, ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ŭɡɞ 

ɜɏɤɜ Ŭˊɞɔɧɜɤɜ ɛŮ Űɟɧˊɞ  ůŰɞɢŬůŰɘəɧ ɓɎůɖ əɎˊɞɘŬɠ ˊɘɗŬɜɧŰɖŰŬɠ, ůɡɜɐɗɤɠ ɡɣɖɚɐɠ  ὴ

πȢψ  ρȢπ.  

#####  BINARY Single Point CROSSOVER  ##### 
     
 Crossover < -  function(pc) {  
   Gene_no <-  l  
   Parents < -  RW_selection ( fit (population))  
   Parent1 < -  Parents[ 1, 1:l]  
   Parent2 < -  Parents[ 2, 1:l]  
       
# ǗǯǷǿȁǹȂǼȑȃ ȋǽȊ Ǻǯǹ ǺȋȄȊ ǿȁȎǿȅ ǼȍǺǿȅȃ ȈȁȊǼǿȂȊǼȋȄȊǽ.  
   UB <-  length ( Parent 1) Ƶ 1 # ǲǹǯ ǯȀǿȆȅǲȍ ȄǶȃ ȀǴȁȎȀȄȊȂǶȃ ǽǯ ǰǲǴǹ Ȅo cross _p 
=maxlength  

   LB <-  1 
       
# ǒȒȁǴȂǶ Ȅǿȅ ȄȅȈǯȎǿȅ ȂǶǼǴȎǿȅ ǲǹǯ Ȅǿǽ ǳǹǯȈȊȁǹȂǼȑ ȄȊǽ ǲǿǽǹǳȎȊǽ  
   Cross_P <-  round  (( UB -  LB) *  runif ( 1, 0, 1) +  LB)  
       
 # ǑǶǼǹǿȅȁǲȎǯ ǝǯǹǳǹǿȒ 1 
   Part 1 < -  Parent 1[ 1: Cross _P]  
   Part 2 < -  Parent 2[( Cross _P+1): Gene_no]  
   Child 1 < -  cbind ( Part 1, Part 2)  
                 
# ǝǹǷǯǽȑȄǶȄǯ ǳǹǯȂȄǯȒȁȊȂǶȃ ( pc), ǼǴ ȄǶǽ ǿȀǿȎǯ ȂȅǲǺȁȎǽǴȄǯǹ Ȍǽǯȃ ȄȅȈǯȎǿȃ ǯȁǹǷǼȑȃ (0,1)  
# ǯȀȑ ȄǶǽ ǿǼǿǹȑǼǿȁȆǶ Ǻǯǹ ǺǯǷǿȁȎǵǴȄǯǹ ǯǽ ȂȄǶǽ ǴȀȑǼǴǽǶ ǲǴǽǹȋ ȀǴȁȋȂǴǹ Ȅǿ ȀǯǹǳȎ 1 Ƕ ǿ 
ǲǿǽǹȑȃ 1.  
   if  ( runif ( 1, 0, 1) <=  pc) {  
   Child 1 < -  Child 1  
      } else {  
   Child 1 < -  Parent 1  
      }      
 # ǑǶǼǹǿȅȁǲȎǯ ǝǯǹǳǹǿȒ 2 
   Part 1 < -  Parent 1[( Cross _P+1): Gene_no]  
   Part 2 < -  Parent 2[ 1: Cross _P]  
   Child 2 < -  cbind ( Part 2, Part 1)  
            
 # ǝǹǷǯǽȑȄǶȄǯ ǳǹǯȂȄǯȒȁȊȂǶȃ ( pc) ǲǹǯ Ȅǿ ȀǯǹǳȎ 2.  
   if ( runif ( 1, 0, 1) <=  pc) {  
   Child2 < -  Child2  
      }else{  
   Child2 < -  Parent2  
      }  
   Children < -  rbind (Child1, Child2)  
   Children  
     return (Children)  
    }  
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¶ ũɑɜŮŰŬɘ ɛŮŰɎɚɚŬɝɖ (mutation) ůŮ əɎˊɞɘŬ ɔɞɜɑŭɘŬ ůŰɞɢŬůŰɘəɎ ɓɎůɖ əɎˊɞɘŬɠ 

ˊɘɗŬɜɧŰɖŰŬɠ, ůɡɜɐɗɤɠ ɢŬɛɖɚɐɠ  ὴ πȢπρ  πȢρ 

 

#####   BINARY MUTATION  ##### 
     
Mutation < -  function(pc,pm) {  
       
    children < -  Crossover (pc)  
    child1 < -  children [ 1,]  
    child2 < -  children [ 2,]  
# ǝǯȁȋǲǴȄǯǹƗ Ǻǯǹ ȂȅǲǺȁȎǽǴȄǯǹ Ȍǽǯȃ ȄȅȈǯȎǿȃ ǯȁǹǷǼȑȃ ƽʩƗʬƾ ǲǹǯ ǺȋǷǴ ǲǿǽȎǳǹǿ ǯȀȑ ȄǶǽ 
ǿǼǿǹȑǼǿȁȆǶ ǼǴ ȄǶǽ ǺǯǷǿȁǹȂǼȌǽǶ ȀǹǷǯǽȑȄǶȄǯ ǼǴȄȋǻǻǯǾǶȃ ƽpmƾƗ ǯǽ ǿ ǯȁǹǷǼȑȃ ǴȎǽǯǹ ǼǹƜ
ǺȁȑȄǴȁǿȃ Ȅǿȅ ƽpm) ,  ȄȑȄǴ ǯǽȄǹǺǯǷȎȂȄǯȄǯǹ ǯȀȑ Ȅǿǽ ȂȅǼȀǻǶȁȊǼǯȄǹǺȑ Ȅǿȅƚ 
     
ʨ ǐǹǯ Ȅǿ ǣȁȊǼȑȂȊǼǯ ƽǝǯǹǳȎ ʬƾ 
    for (k in 1:l){  
        if( runif ( 1, 0, 1) <  pm) {  
          child1[,k] < -  1- child1[,k]  
        }  
      }  
ʨ ǐǹǯ Ȅǿ ǣȁȊǼȑȂȊǼǯ ƽǝǯǹǳȎ ʭƾ     
    for (n in 1:l){  
        if( runif ( 1, 0, 1) <  pm) {  
          child2[,n] < -  1- child2[,n]  
        }  
      }  
      mutate_child1< -  child1  
      mutate_child2< -  child2  
      mutate_children < -  rbind (mutate_child1, mutate_child2)  
            return  (mutate_children)  
    }  
    
  
 

3.3.2 ũŮɜŮŰɘəɧɠ ȷɚɔɧɟɘɗɛɞɠ ɛŮ ŬɟɘɗɛɖŰɘəɐ (arithmetic ) əɤŭɘəɞˊɞɑɖůɖ  

 

ȳŰŬɜ ůŰɞɜ Ŭɚɔɧɟɘɗɛɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əɤŭɘəɞˊɞɘɐůɖ Űɤɜ ɢɟɤɛɞůɤɛɎŰɤɜ ɛŮ ˊɟŬɔɛŬŰɘəɏɠ 

Űɘɛɏɠ, ŬɡŰɧ ˊɞɡ ŬɚɚɎɕŮɘ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ŭɡŬŭɘəɐ ˊŮɟɑˊŰɤůɖ, ɞɡůɘŬůŰɘəɎ ŮɑɜŬɘ ɖ Ŭɟɢɘəɞˊɞɑɖůɖ 

Űɞɡ ˊɚɖɗɡůɛɞɨ Ŭűɞɡ ˊɚɏɞɜ ŰŬ ɔɞɜɑŭɘŬ ɛˊɞɟɞɨɜ ɜŬ ˊɎɟɞɡɜ ɞˊɞɘŬŭɐˊɞŰŮ ůɡɜŮɢɐ Űɘɛɐ ŮɜŰɧɠ 

Ůɜɧɠ ɞɟɘɞɗŮŰɖɛɏɜɞɡ ɢɩɟɞɡ ŬɜŬɕɐŰɖůɖɠ. Ⱥˊɑůɖɠ ŬɚɚɎɕŮɘ ɞ ɛɖɢŬɜɘůɛɧɠ Űɖɠ ŭɘŬůŰŬɨɟɤůɖɠ 

əŬɗɩɠ ɞɘ ˊɟɞɖɔɞɨɛŮɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ, ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ŮűŬɟɛɞůŰɞɨɜ. ȾŬɘ Űɏɚɞɠ ŭɘŬűɏɟŮɘ əŬɘ ɞ 

ɛɖɢŬɜɘůɛɧɠ ɛŮŰɎɚɚŬɝɖɠ, əŬɗɩɠ ŭŮɜ ɡˊɎɟɢŮɘ ˊɚɏɞɜ ɖ ɏɜɜɞɘŬ Űɖɠ ůɡɛˊɚɖɟɤɛŬŰɘəɐɠ Űɘɛɐɠ əŬɘ ɖ 

Űɘɛɐ Űɞɡ ɔɞɜɘŭɑɞɡ ˊɞɡ ɛŮŰŬɚɚɎůŮŰŬɘ ŰɡɢŬɑŬ, ɛˊɞɟŮɑ ɜŬ ŬɜŰɘəŬŰŬůŰŬɗŮɑ Ŭˊɧ ɛɑŬ ɞˊɞɘŬŭɐˊɞŰŮ 

ŰɡɢŬɑŬ ůɡɜŮɢɐ Űɘɛɐ ŮɜŰɧɠ Űɞɡ ˊɟɞəŬɗɞɟɘůɛɏɜɞɡ ɢɩɟɞɡ ŬɜŬɕɐŰɖůɖɠ. ȸɎůŮɘ ɧůɞɜ ŬɜŬűɏɟɗɖəŬɜ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɞɡ əɩŭɘəŬ ɞɘ ŬɚɚŬɔɏɠ ůŰɞɡɠ ɛɖɢŬɜɘůɛɞɨɠ ůŰɖɜ ɚŮɘŰɞɡɟɔɑŬ 

Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ, ɛŮ Ůˊɘˊɚɏɞɜ ˊɟɞůɗɐəɖ Űɞ ɓɐɛŬ ŭɖɛɘɞɡɟɔɑŬɠ Űɞɡ ɜɏɞɡ ˊɚɖɗɡůɛɞɨ əɎɗŮ ɔŮɜɏŬɠ 

əŬɘ Űɞɜ ˊɟɞŬɘɟŮŰɘəɧ ɛɖɢŬɜɘůɛɧ Űɖɠ ůŰɟŬŰɖɔɘəɐɠ ŭɘŬŰɐɟɖůɖɠ Űɤɜ ɘůɢɡɟɩɜ ɢɟɤɛŬůɤɛɎŰɤɜ 

(Elitism). 
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ūɎůɖ 0 

¶ ɇɞ əɎɗŮ ɢɟɤɛɧůɤɛŬ əɤŭɘəɞˊɞɘŮɑŰŬɘ ɛŮ ́ɟŬɔɛŬŰɘəɏɠ Űɘɛɏɠ (real ï valued).  

¶ ũɘŬ Ὧ π, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬɠ ŰɡɢŬɑɞɠ ˊɚɖɗɡůɛɧɠ   Ŭˊɧ  ´ ί ȟί ȟȢȢȢȟί  Ŭˊɧ 

ŮűɘəŰɎ ɢɟɤɛɞůɩɛŬŰŬ ŮɜŰɧɠ Ůɜɧɠ ɞɟɘɞɗŮŰɖɛɏɜɞɡ ůɡɜŮɢɞɨɠ ɢɩɟɞɡ ŬɜŬɕɐŰɖůɖɠ, ɛŮɔɏɗɞɡɠ 

ὰ ɔɞɜɘŭɑɤɜ (genes), ɧůŮɠ əŬɘ ɞɘ ɛŮŰŬɓɚɖŰɏɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. 

 

 #####  Input  Population  parameters    ##### 

Problem. nVar <-  1       ʨ ǎȁǹǷǼȑȃ ǼǴȄǯǰǻǶȄȕǽ Ȅǿȅ ȀȁǿǰǻȍǼǯȄǿȃ 
ǚ ˱-                    ʨ ǎȁǹǷǼȑȃ ǣȁȊǼǿȂȊǼȋȄȊǽ 
l  <-  Problem. nVar       ʨ ǎȁǹǷǼȑȃ ǲǿǽǹǳȎȊǽ 
ub <-  c ()             ʨ ǦǽȊ ȑȁǹǿ ȀǴȁǹǿȈȍȃ ǯǽǯǵȍȄǶȂǶȃ 
lb  <-  c()              ʨ ǗȋȄȊ ȑȁǹǿ ȀǴȁǹǿȈȍȃ ǯǽǯǵȍȄǶȂǶȃ 
 
#####    Real_Valued Initialization Function    #####  
population < -  function( ǚ,l,lb,ub) {  
a < -  rep ( 0,ǚ)  
b < -  rep ( 0,ǚ)  
      
 for(i in 1:ǚ){  
    a[i] < -  ((ub -  lb) *  runif ( 1, 0, 1) +  lb)  
  }  
population < - data.frame ( Gene = a, fitness_values =  b)  
   return (population)  
     }  
   
 population < -  population (ǚ,l,lb,ub)  

 

ūɎůɖ 1 

¶ ȹɘŬůŰŬɡɟɩɜɞɜŰŬɘ (crossover) ŰŬ ɔɞɜɑŭɘɎ Űɤɜ ɢɟɤɛɞůɤɛɎŰɤɜ 

¶ ȷɟɘɗɛɖŰɘəɐ ŭɘŬůŰŬɨɟɤůɖ (Arithmetic crossover) : 

##### Real _Valued  Arithmetic  CROSSOVER  ##### 
    Crossover  <-  function ( pc) {  
    Gene_no <-  l  
    Parents  <-  RW_selection ( fit ( population ))  
    Parent 1 < -  Parents [ 1, 1: l ]  
    Parent 2 < -  Parents [ 2, 1: l ]  
ʨ ǑǹǯǽȒȂǼǯȄǯ Ȁǯǹǳǹȕǽ 
    child 1 < -  rep ( 0, Gene_no)  
    child 2 < -  rep ( 0, Gene_no)       
# alpha  Ȍǽǯȃ ȄȅȈǯȎǿȃ ǯȁǹǷǼȑȃ ƽʩƗʬƾ ǯȀȑ ȄǶǽ ǿǼǿǹȑǼǿȁȆǶ ǺǯȄǯǽǿǼȍ  
ʨ Ȁǿȅ ǺǯǷǿȁȎǵǴǹ Ȅǿ ǰȋȁǿȃ ȄǶȃ ǺȋǷǴ ǼǴȄǯǰǻǶȄȍȃ ƽǐǿǽȌǯȃƾƚ 
    alpha  <-  runif  ( 1, 0, 1)  
#ǎȀȑǲǿǽǿȃ ʬ ˴ ‌ ὼz ρ ‌ ώz 
ʨǎȀȑǲǿǽǿȃ ʭ ˴ ρ ‌ ὼz ‌ ώz 
# ῲ‛’ʘ‌‟ ρ  ὼ Ǻǯǹ ῲ‛’ʘ‌‟ ς  ώ 
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# ǑǶǼǹǿȅȁǲȎǯ ǝǯǹǳǹǿȒ 1 
    child 1 < -  ( alpha  *  Parent 1[ 1]) +  (( 1-  alpha ) *  Parent 2[ 1])  
         
# ǑǶǼǹǿȅȁǲȎǯ ǝǯǹǳǹǿȒ 2   
    child 2 < -  (( 1-  alpha ) *  Parent 1[ 1]) +  ( alpha  *  Parent 2[ 1])  
       
ʨ ǝǹǷǯǽȑȄǶȄǯ ǳǹǯȂȄǯȒȁȊȂǶȃ ƽpcƾƗǼǴ ȄǶǽ ǿȀǿȎǯ ȂȅǲǺȁȎǽǴȄǯǹ Ȍǽǯȃ ȄȅȈǯȎǿȃ ǯȁǹǷǼȑȃ ƽʩƗʬƾ 
ʨ ǯȀȑ ȄǶǽ ǿǼǿǹȑǼǿȁȆǶ Ǻǯǹ ǺǯǷǿȁȎǵǴȄǯǹ ǯǽ ȂȄǶǽ ǴȀȑǼǴǽǶ ǲǴǽǹȋ ȀǴȁȋȂǴǹ Ȅǿ ȀǯǹǳȎ ʬ Ƕ ǿ 
ǲǿǽǹȑȃ ʬƚ 
    if ( runif ( 1, 0, 1) <=  pc) {  
      child1 < -  child1  
       }else{  
      child1 < -  Parent1  
    }  
       
ʨ ǝǹǷǯǽȑȄǶȄǯ ǳǹǯȂȄǯȒȁȊȂǶȃ ƽÐÃƾ ǲǹǯ Ȅǿ ȀǯǹǳȎ ʭ 
    if ( runif ( 1, 0, 1) <=  pc) {  
      child2 < -  child2  
      }else{  
      child2 < -  Parent2  
    }  
    children < -  rbind (child1, child2)  
    children  
    return (children)  
  }  
 

¶ ũɑɜŮŰŬɘ ɛŮŰɎɚɚŬɝɖ (mutation) ůŮ əɎˊɞɘŬ ɔɞɜɑŭɘŬ ůŰɞɢŬůŰɘəɎ ɓɎůɖ əɎˊɞɘŬɠ 

ˊɘɗŬɜɧŰɖŰŬɠ. 

#####  Real_Valued MUTATION ##### 
Mutation < -  function(l,pc,pm,lb,ub) {  
  children < -  Crossover (pc)  
  child1 < -  children [ 1,]  
  child2 < -  children [ 2,]  
     
ʨ ǝǯȁȋǲǴȄǯǹƗ Ǻǯǹ ȂȅǲǺȁȎǽǴȄǯǹ Ȍǽǯȃ ȄȅȈǯȎǿȃ ǯȁǹǷǼȑȃ ƽʩƗʬƾ ǲǹǯ ǺȋǷǴ ǲǿǽȎǳǹǿ ǯȀȑ ȄǶǽ 
ǿǼǿǹȑǼǿȁȆǶ ǼǴ ȄǶǽ ǺǯǷǿȁǹȂǼȌǽǶ ȀǹǷǯǽȑȄǶȄǯ ǼǴȄȋǻǻǯǾǶȃ ƽÐÍƾƗ ǯǽ ǿ ǯȁǹǷǼȑȃ ǴȎǽǯǹ ǼǹƜ
ǺȁȑȄǴȁǿȃ Ȅǿȅ ƽÐÍƾƗȄȑȄǴ ǯǽȄǹǺǯǷȎȂȄǯȄǯǹ ǯȀȑ Ȍǽǯǽ ȄȅȈǯȎǿ ȂȅǽǴȈȍ ǯȁǹǷǼȑ ǴǽȄȑȃ Ȅǿȅ ȈȕƜ
ȁǿȅ ǯǽǯǵȍȄǶȂǶȃƚ  
     
  ʨ ǐǹǯ Ȅǿ ǣȁȊǼȑȂȊǼǯ ƽǝǯǹǳȎ ʬƾ   
  if( runif ( 1, 0, 1) <  pm) {  
    child1 < -  ((ub[ 1] -  lb[ 1]) *  runif ( 1, 0, 1) +  lb[ 1])  
  }  
    
  ʨ ǐǹǯ Ȅǿ ǣȁȊǼȑȂȊǼǯ ƽǝǯǹǳȎ ʭƾ   
  if( runif ( 1, 0, 1) <  pm) {  
    child2 < -  ((ub[ 1] -  lb[ 1]) *  runif ( 1, 0, 1) +  lb[ 1])  
  }  
  mutate_child1< -  child1  
  mutate_child2< -  child2  
  mutate_children < -  rbind (mutate_child1, mutate_child2)  
  return  (mutate_children)  
}  
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¶ ȹɖɛɘɞɡɟɔŮɑŰŬɘ ɞ ɜɏɞ ˊɚɖɗɡůɛɧɠ (new_pop) ɛŮɔɏɗɞɡɠ ɑůɞɡ ɛŮ Űɞɜ Ŭɟɢɘəɧ, ɔɘŬ ŬɡŰɧ əŬɘ 

ɞɘ ɚŮɘŰɞɡɟɔɑŮɠ Selection - Crossover ï Mutation, ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ Ⱦ́ς űɞɟɏɠ ɧˊɞɡ  ́Űɞ 

ɛɏɔŮɗɞɠ Űɞɡ Ŭɟɢɘəɞɨ ˊɚɖɗɡůɛɞɨ. 

 

#####   New Population  after  Selection , Crossover , Mutation   ##### 
# O ǽȌǿȃ ǝǻǶǷȅȂǼȑȃ ȀȁȌȀǴǹ ǽǯ ǴȎǽǯǹ ȂǴ ǼȌǲǴǷǿȃ Ȏǳǹǿȃ ǼǴ Ȅǿǽ ǯȁȈǹǺȑ                                         
    new_pop <-  function ( pc, pm) {  
      df  <-  rep ( 0,ǚ)  
 
ʨ ǐǹǯ ǯȅȄȑ ǴȀǯǽǯǻǯǼǰȋǽǿȅǼǴ NƳʭ ȆǿȁȌȃ 
      for ( i  in  seq( from =1, to =ǚ, by=2)) {  
      df [ i :( i +1)] <-  Mutation ( l , pc, pm, lb , ub)  
      }  
      mut_pop <- data . frame ( Gene=df )  
      return ( mut_pop)  
    }  
 

¶ ɆŮ əɎɗŮ ɜɏɞ ˊɚɖɗɡůɛɧ ɧˊɤɠ ŬɡŰɧɠ ŭɖɛɘɞɡɟɔɐɗɖəŮ ˊŬɟŬˊɎɜɤ ŬɜŰɘəŬɗɑůŰŬɜŰŬɘ ŰŬ 

ɢɟɤɛɞůɩɛŬŰŬ ɛŮ Űɖɜ ɢŮɘɟɧŰŮɟɖ Ŭɝɘɞɚɧɔɖůɖ, Ŭˊɧ ŮəŮɑɜŬ ɛŮ Űɖɜ əŬɚɨŰŮɟɖ Ŭɝɘɞɚɧɔɖůɖ Ŭˊɧ 

Űɞɜ ˊɟɞɖɔɞɨɛŮɜɞ ˊɚɖɗɡůɛɧ, ůŮ ˊɞůɞůŰɧ ˊɞɡ əŬɗɞɟɑɕɞɡɛŮ ɛɏůɤ Űɞɡ Elite Ratio (Er ) . ȰŰůɘ  

ɞ ŰŮɚɘəɧɠ ˊɚɖɗɡůɛɧɠ Űɖɠ ɔŮɜɘɎɠ (new_population) əɟŬŰɎŮɘ əŬɚɏɠ ɚɨůŮɘɠ ˊɞɡ ˊɘɗŬɜɧɜ ɜŬ 

ɢɎɜɞɜŰŬɜ ůŰɖɜ ˊɞɟŮɑŬ.  

 
 #####   New Population  & Elitism    ##### 
new_population  <-  function ( pc, pm, Er) {  
   
# To Er ǴȎǽǯǹ Ȅǿ Elitism  Ratio  Ȅǿ ǿȀǿȎǿ ȀǿǻǻǯȀǻǯȂǹȋǵǴȄǯǹ ǼǴ Ȅǿǽ ȀǻǶǷȅȂǼȑ  
ʨ ǲǹǯ ǽǯ ǳǿȒǼǴ ȀȑȂǯ Elite  Chromosomes Ƿǯ ǳǹǯȄǶȁȍȂǿȅǼǴ ȂȄǶǽ ǽȌǯ ǲǴǽǹȋ   
     Elite _no <-  round ( Er* N)  
     x <-  fit ( population )  
   
ʨ ǠǯǾǹǽȑǼǶȂǶ Ȅǿȅ ȀȁǿǶǲǿȒǼǴǽǿȅ ȀǻǶǷȅȂǼǿȒ ǰǯȂȍ ȄȊǽ Fitness  Values  ǼǴ ȆǷȎǽǿȅȂǯ 
ȂǴǹȁȋƽbest ~worst )  
    elites  <-  data . frame ( matrix ( ncol  = 2, nrow = Elite _no))  
    x <-  x[ order ( - x$fitness _values ),]  
ʨ Ǻǯǹ ǯȀǿǷȍǺǴȅȂǶ ȄȊǽ Elite _No = ( Er * Nƾ ȀȁȕȄȊǽ Ǻǯǹ ǹȂȈȅȁǿȄȌȁȊǽ ȈȁȊǼǿȂȊǼȋȄȊǽ     
    elites [ 1: Elite _no,] < -  x[ 1: Elite _no,]  
     
ʨ ǠǯǾǹǽȑǼǶȂǶ Ȅǿȅ ǽȌǿȅ ȀǻǶǷȅȂǼǿȒ ǰȋȂǴǹ ȄȊǽ Fitness  Values  ǼǴ ǯȒǾǿȅȂǯ ȂǴǹȁȋ 
( worst ~best )    
    new_pop <-  new_pop( pc, pm)  
    new_pop <-  fit ( new_pop)  
    new_pop <-  new_pop[ order ( new_pop$fitness _values ),]  
ʨ Ǻǯǹ ǯǽȄǹǺǯȄȋȂȄǯȂǶ ȄȊǽ Elite _No = ( Er * Nƾ ȀȁȕȄȊǽ Ǻǯǹ ǯȂǷǴǽȌȂȄǴȁȊǽ ȈȁȊǼǿȂȊǼȋȄȊǽ 
ǼǴ Ȅǯ Elite  Ȁǿȅ ȌȈǿȅǼǴ ǯȀǿǷǶǺǴȒȂǴǹ       
    new_pop[ 1: Elite _no,] < -  elites [ 1: Elite _no,]  
    return ( new_pop)  
}  
population  <-  new_population ( pc, pm, Er)  
 
 



77 
 

3.4 ɄŬɟŬŭŮɑɔɛŬŰŬ ŮűŬɟɛɞɔɐɠ ũŮɜŮŰɘəɞɨ ȷɚɔɧɟɘɗɛɞɡ (GA) 

 

ɄŬɟŬˊɎɜɤ ŮɑŭŬɛŮ Ůˊɘɛɏɟɞɡɠ ŰŬ ɓŬůɘəɎ ůŰɎŭɘŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ɔŮɜŮŰɘəɞɨ Ŭɚɔɧɟɘɗɛɞɡ, ŮɑŰŮ 

ˊɟɧəŮɘŰŬɘ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɏɢɞɡɛŮ ŭɡŬŭɘəɐ əɤŭɘəɞˊɞɑɖůɖ Űɤɜ ɢɟɤɛɞůɤɛɎŰɤɜ, ŮɑŰŮ ɧ-

ŰŬɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞɘ ˊɟŬɔɛŬŰɘəɏɠ Űɘɛɏɠ. Ʉɟɘɜ Űɖɜ ɓŬůɘəɐ ŮűŬɟɛɞɔɐ ˊɞɡ ŬűɞɟɎ Űɖɜ ɓŮɚŰɘ-

ůŰɞˊɞɑɖůɖ ɢŬɟŰɞűɡɚŬəɑɞɡ ůŰɖɜ ŰɏŰŬɟŰɖ əŬɘ ŰŮɚŮɡŰŬɑŬ ŮɜɧŰɖŰŬ ɖ ɞˊɞɑŬ ɏɢŮɘ ɜŬ əɎɜŮɘ ɛŮ ˊɞɚɡ-

ŭɘɎůŰŬŰŮɠ ɛŮŰŬɓɚɖŰɏɠ, ŭɑɜɞɜŰŬɘ ŭɨɞ ŬˊɚɎ ˊŬɟŬŭŮɑɔɛŬŰŬ ŮűŬɟɛɞɔɐɠ Űɞɡ ɔŮɜŮŰɘəɞɨ Ŭɚɔɧɟɘɗɛɞɡ, 

ɛŮ ɛɞɜɞŭɘɎůŰŬŰŮɠ əŬɘ ŭɘůŭɘɎůŰŬŰŮɠ ɛŮŰŬɓɚɖŰɏɠ ɩůŰŮ ɜŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ˊɚɐɟɤɠ ɞɘ ɚŮɘŰɞɡɟɔɑŮɠ 

Űɞɡ ůŮ ˊɘɞ Ŭˊɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ, ɧˊɞɡ ɛŮ Űɖɜ ˊŬɟɞɡůɑŬůɖ ɔɟŬűɖɛɎŰɤɜ ˊɞɡ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ Ŭ-

ˊŮɘəɞɜɘůŰɞɨɜ ůŰɞ ɢɩɟɞ ɧŰŬɜ ŬɡɝɎɜŮŰŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ, ɜŬ ɛˊɞɟŮɑ ɜŬ əŬŰŬɜɞɖɗŮɑ 

ˊɚɐɟɤɠ ɖ ŮˊɑŭɟŬůɖ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɞɡ.  

 

 

3.4.1 ɄŬɟɎŭŮɘɔɛŬ 1 ï ɀɞɜɞŭɘɎůŰŬŰɖ ɛŮŰŬɓɚɖŰɐ 

 

ɆŰɞ ˊɟɩŰɞ ŬɡŰɧ ˊŬɟɎŭŮɘɔɛŬ ɗŬ ŮűŬɟɛɞůŰŮɑ ɞ Ŭɚɔɧɟɘɗɛɞɠ, ɩůŰŮ ɜŬ ɓɟŮɘ Űɞ ɞɚɘəɧ ɛɏɔɘůŰɞ 

Űɖɠ ůɡɜɎɟŰɖůɖɠ  Ὢὼ  ὼ ὼ ὧέίὼ ȟὼɴ ρπȟρπ, ɖ ɞˊɞɑŬ ˊŬɟɞɡůɘɎɕŮɘ ɔɜɤůŰɧ 

ɞɚɘəɧ ɛɏɔɘůŰɞ ɑůɞ ɛŮ τχȢχπυφς ůŰɞ ůɖɛŮɑɞ φȢυφπυσω. Ƀ Ŭɚɔɧɟɘɗɛɞɠ ɗŬ ŰɟɏɝŮɘ ɛŮ Űɞɡɠ ˊŬɟŬ-

əɎŰɤ ɛɖɢŬɜɘůɛɞɨɠ, Ůɜɩ ɞ əɩŭɘəŬɠ Űɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɞ ˊŬɟɎɟŰɖɛŬ Ʉ1 ůŰɞ Űɏɚɞɠ 

Űɞɡ ůɡɔɔɟɎɛɛŬŰɞɠ. 

Ⱥˊɘɚɞɔɐ ɛŮɗɧŭɤɜ ɓŬůɘəɩɜ ɛɖɢŬɜɘůɛɩɜ ɚŮɘŰɞɡɟɔɑŬɠ:  

¶ ɀɏɗɞŭɞɠ Ůˊɘɚɞɔɐɠ: Roulette wheel selection 

¶ ɀɏɗɞŭɞɠ ȹɘŬůŰŬɨɟɤůɖɠ: Arithmetic crossover 

¶ ɀɏɗɞŭɞɠ ɀŮŰɎɚɚŬɝɖɠ: Uniform mutation 

 

 

3.4.2  ȺəŰɏɚŮůɖ əɩŭɘəŬ ũŮɜŮŰɘəɞɨ ȷɚɔɧɟɘɗɛɞɡ (GA) ɛɞɜɞŭɘɎůŰŬŰɖɠ 

ɛŮŰŬɓɚɖŰɐɠ: 

 

ɆŰɖ ůɡɜɏɢŮɘŬ ɗŬ ŮəŰŮɚŮůŰŮɑ ɞ əɩŭɘəɎɠ ɔɘŬ ɛɑŬ ŮˊŬɜɎɚɖɣɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ɔɘŬ ŭɘɎűɞɟŮɠ 

Űɘɛɏɠ Űɤɜ ůɖɛŬɜŰɘəɧŰŮɟɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɞɡ, əŬɘ ɗŬ ɛŮɚŮŰɖɗŮɑ ɛɏůɤ Űɞɡ ŰŮɚɘəɞɨ ˊɚɖɗɡůɛɞɨ ɖ 

ŮˊɑŭɟŬůɖ ŬɡŰɩɜ ůŰɖɜ Ŭˊɧŭɞůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ. Ƀɘ ˊŬɟɎɛŮŰɟɞɘ ŬɡŰɞɑ ŮɑɜŬɘ ɖ ˊɘɗŬɜɧŰɖŰŬ 

ŭɘŬůŰŬɨɟɤůɖɠ (crossover probability), ɖ ˊɘɗŬɜɧŰɖŰŬ ɛŮŰɎɚɚŬɝɖɠ (mutation probability),  

əŬɘ Űɞ ˊɞůɞůŰɧ ŭɘŬŰɐɟɖůɖɠ ůŮ ŮˊɧɛŮɜɖ ɔŮɜɘɎ Űɤɜ ɘůɢɡɟɧŰŮɟɤɜ ɢɟɤɛɞůɤɛɎŰɤɜ (Elitism 

ratio).  
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ɆŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ɗŬ ˊŬɟŬɛŮŰɟɞˊɞɘɖɗŮɑ ɖ ˊɘɗŬɜɧŰɖŰŬ ŭɘŬůŰŬɨɟɤůɖɠ, ŮˊɘůɖɛŬɑɜɞɜŰŬɠ 

ɧŰɘ ˊŬɟɎɔŮŰŬɘ ɏɜŬɠ ŰɡɢŬɑɞɠ Ŭɟɘɗɛɧɠ πȟρ Ŭˊɧ Űɖɜ ɞɛɞɘɧɛɞɟűɖ əŬŰŬɜɞɛɐ əŬɘ Ŭɜ ŬɡŰɧɠ ɞ 

Ŭɟɘɗɛɧɠ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞɠ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ ŭɘŬůŰŬɨɟɤůɖɠ, ŰɧŰŮ ůŰɖɜ ŮˊɧɛŮɜɖ ɔŮɜɘɎ ůɡɜŮɢɑɕŮɘ 

Űɞ ɜɏɞ ɢɟɤɛɧůɤɛŬ-ˊŬɘŭɑ Ŭɚɚɘɩɠ ůŰɖɜ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ ůɡɜŮɢɑɕŮɘ Űɞ ɢɟɤɛɧůɤɛŬ ɛŮ Ŭəɟɘɓɐ 

ŬɜŰɘɔɟŬűɐ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡ ɔɞɜɘɞɨ. 

 

ɆŰŬɗŮɟɏɠ ˊɞɡ ŮɘůɎɔɞɜŰŬɘ: 

¶ ɄɘɗŬɜɧŰɖŰŬ ɛŮŰɎɚɚŬɝɖɠ (Mutation probability)  ὴ πȢρ 

¶ ɄɞůɞůŰɧ ŭɘŬŰɐɟɖůɖɠ Ƚůɢɡɟɩɜ ɉɟɤɛɞůɤɛɎŰɤɜ (Elitism Ratio) Ὁ πȢπυ 

¶ ɀɏɔŮɗɞɠ ˊɚɖɗɡůɛɞɨ (Population size) ὓ  ςπ 

ȾɟɘŰɐɟɘŬ ŰŮɟɛŬŰɘůɛɞɨ (convergence): 

¶ MŮɔɘůŰɞɠ Ŭɟɘɗɛɧɠ ŮˊŬɜŬɚɐɣŮɤɜ (number of generations) ὓὥὼὋὩὲ ρππ 

ɄŬɟɎɛŮŰɟɞɘ ˊɞɡ ɛŮŰŬɓɎɚɚɞɜŰŬɘ: 

¶ ɄɘɗŬɜɧŰɖŰŮɠ ŭɘŬůŰŬɨɟɤůɖɠ (Crossover probability ) ὴ πȟὴ πȢυȟὴ ρȢπ 

 

ȾɩŭɘəŬɠ: 

####  CONTROLLING PARAMETERS OF GA ALGORITHM  ###### 
Problem.nVar < -  1   # Number of problem Variables  
M <-  20             # Number of chromosomes (population)  
l < -  Problem.nVar   # Number of genes  
MaxGen <-  100       # Generations (iterations)  
pc < -  0, 0.5, 1.0    # Probability of Crossover  
pm <-  0.1            # Probability of Mutation  
Er < -  0.0 5          # Elitism Ratio  
ub < -  c( 10)         # UPPER BOUND FOR SEARCH SPACE 
lb < -  c( - 10)        # LOWER BOUND FOR SEARCH SPACE 
CGenetic_Algorithm  (M, l, MaxGen, pc, pm, Er, lb, ub)  
 
 

ɄɑɜŬəŬɠ 3.3 ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ ɛɑŬ ŮəŰɏɚŮůɖ Űɞɡ ɔŮɜŮŰɘəɞɨ Ŭɚɔɧɟɘɗɛɞɡ, ɔɘŬ ŭɘɎűɞɟŮɠ Űɘɛɏɠ Űɖɠ ὴ 

▬Ἣ ɀɏůɖ Űɘɛɐ 

● 

ɇɡˊɘəɐ Ŭ-

ˊɧəɚɘůɖ ● 

ȸɏɚŰɘůŰɖ 

Űɘɛɐ ● 

ɀɏůɖ Űɘɛɐ 

█● 

ɇɡˊɘəɐ Ŭ-

ˊɧəɚɘůɖ 

█● 

ȸɏɚŰɘůŰɖ 

Űɘɛɐ █● 

0.0 5.744323 2.262612 6.565472 40.35335 17.96719 47.70497 

0.5 6.116999 1.811473 6.560373 45.2802 10.65962 47.70562 

1.0 6.168343 1.823538 6.560545 45.31326 10.6674 47.70562 
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ȺɘəɧɜŬ 3.2 ɲʽʰʴˊʱ˃˃ʰˍʰ ̱ ʶ˂ʽˁˇˏ ˉ˂ʹʻˎˋ˃ˇˏ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ʴʽʰ ὴ πȟὴ  πȢυȟὴ ρȢπ 

 

ȷɜŬɚɨɞɜŰŬɠ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ, ɔɘŬ ὴ π Űɞ ɞˊɞɑɞ ˊɟŬəŰɘəɎ ůɖɛŬɑɜŮɘ ɧŰɘ ŭŮɜ ůɡɜŮɢɑɕɞɡɜ 

ˊŬɘŭɘɎ ůŰɘɠ ŮˊɧɛŮɜŮɠ ɔŮɜɘɏɠ ŬɚɚɎ ɛɧɜɞ ŰŬ ŬɜŰɑɔɟŬűŬ Űɤɜ ɔɞɜɏɤɜ əŬɘ ɛɧɜɞ ɛɏůɤ Űɞɡ ɛɖɢŬɜɘ-

ůɛɞɨ Űɖɠ ɛŮŰɎɚɚŬɝɖɠ ɛˊɞɟŮɑ ɜŬ ɓŮɚŰɘɩɜŮŰŬɘ ɞ ˊɚɖɗɡůɛɧɠ , ɖ ɓɏɚŰɘůŰɖ ɚɨůɖ ŮɑɜŬɘ ɖ ɢŮɘɟɧŰŮɟɖ 

Ůə Űɤɜ Űɟɘɩɜ, Ůɜɩ əŬɘ ɖ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ ˊɞɡ ůɖɛŬɑɜŮɘ ɧŰɘ ɞ ŰŮɚɘəɧɠ ˊɚɖɗɡ-

ůɛɧɠ ŮɑɜŬɘ ˊɘɞ ŭɘŬůəɞɟˊɘůɛɏɜɞɠ əŬɗɩɠ ŭŮɜ ɡˊɎɟɢŮɘ əŬɚɐ ɘůɞɟɟɞˊɑŬ ɛŮŰŬɝɨ ŮɝŮɟŮɨɜɖůɖɠ əŬɘ 

ŮəɛŮŰɎɚɚŮɡůɖɠ. ũɘŬ ὴ πȢυ ŮɝɎɔɞɜŰŬɘ ŰŬ əŬɚɨŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ əŬɗɩɠ ɡˊɎɟɢŮɘ əŬɚɨŰŮɟɖ 

ɘůɞɟɟɞˊɑŬ əŬɘ ɞ ŰŮɚɘəɧɠ ˊɚɖɗɡůɛɧɠ ůɡɔəŮɜŰɟɩɜŮŰŬɘ ɔɨɟɤ Ŭˊɧ Űɖɜ ɓɏɚŰɘůŰɖ ɚɨůɖ. ɇɏɚɞɠ ɔɘŬ 

ὴ ρȢπ, Űɞ ɞˊɞɑɞ ˊɟŬəŰɘəɎ ůɖɛŬɑɜŮɘ ůŰɘɠ ŮˊɧɛŮɜŮɠ ɔŮɜɘɏɠ ůɡɜŮɢɑɕɞɡɜ ɛɧɜɞ ˊŬɘŭɘɎ ŰŬ ŬˊɞŰŮ-

ɚɏůɛŬŰŬ ŮɑɜŬɘ Ůɝɑůɞɡ əŬɚɎ, ɧɛɤɠ űŬɑɜŮŰŬɘ Ŭˊɧ Űɘɠ ŬˊɞəɚɑůŮɘɠ ɧŰɘ Űɞ ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ ŮɚŬűɟɩɠ 

ɡˊɞŭŮɏůŰŮɟɞ. ɄŬɟŬəɎŰɤ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ˊɞɚɚŬˊɚɏɠ ŮˊŬɜŬɚɐɣŮɘɠ υ  ρπ ůŰɞɜ 

Ŭɟɘɗɛɧ, Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ɔɘŬ əɎɗŮ Ůˊɘɚɞɔɐ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ ŭɘŬůŰŬɨɟɤůɖɠ ὴ, əŬɘ ůŮ ˊɑɜŬəŬ ɗŬ 

əŬŰŬɔɟɎűɞɜŰŬɘ ɞɘ ŮəŰɘɛɐůŮɘɠ ɔɘŬ Űɖ ɛɏůɖ Űɘɛɐ əŬɘ Űɖ ŭɘŬůˊɞɟɎ Űɖɠ ɓɏɚŰɘůŰɖɠ ɚɨůɖɠ, əŬɗɩɠ 

əŬɘ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ MSE. ɈˊŮɜɗɡɛɑɕŮŰŬɘ ɧŰɘ Űɞ MSE Űɤɜ ŮəŰɘɛɐůŮɤɜ ŮɑɜŬɘ Űɞ 

ɎɗɟɞɘůɛŬ, Űɖɠ ŭɘŬəɨɛŬɜůɖɠ Űɤɜ ŮəŰɘɛɐůŮɤɜ əŬɘ Űɞɡ ŰŮŰɟŬɔɩɜɞɡ Űɖɠ ɛŮɟɞɚɖɣɑŬɠ (bias). Ƀ 

Ŭɚɔɧɟɘɗɛɞɠ ɚɞɘˊɧɜ ɗŬ ŰɟɏɝŮɘ ɛŮ ŰŬ ˊŬɟŬəɎŰɤ ŭŮŭɞɛɏɜŬ, Ůɜɩ ɞ əɩŭɘəŬɠ Űɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ 

ŬɜŬɚɡŰɘəɎ ůŰɞ ˊŬɟɎɟŰɖɛŬ Ʉ1 ůŰɞ Űɏɚɞɠ Űɞɡ ůɡɔɔɟɎɛɛŬŰɞɠ. 

 

ɆŰŬɗŮɟɏɠ ˊɞɡ ŮɘůɎɔɞɜŰŬɘ: 

¶ ɄɘɗŬɜɧŰɖŰŬ ɛŮŰɎɚɚŬɝɖɠ (Mutation probability)  ὴ πȢρ 

¶ ɄɞůɞůŰɧ ŭɘŬŰɐɟɖůɖɠ Ƚůɢɡɟɩɜ ɉɟɤɛɞůɤɛɎŰɤɜ (Elitism Ratio) Ὁ πȢπυ 

¶ ɀɏɔŮɗɞɠ ˊɚɖɗɡůɛɞɨ (Population size) ὓ  σπ 

ȾɟɘŰɐɟɘŬ ŰŮɟɛŬŰɘůɛɞɨ (convergence): 

¶ MŮɔɘůŰɞɠ Ŭɟɘɗɛɧɠ ŮˊŬɜŬɚɐɣŮɤɜ (number of generations) ὓὥὼὋὩὲ σπ 
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ɄɑɜŬəŬɠ 3.4 ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɖɜ ŮəŰɏɚŮůɖ Űɞɡ ɔŮɜŮŰɘəɞɨ Ŭɚɔɧɟɘɗɛɞɡ υz ρπ űɞɟɏɠ,  

ɔɘŬ ŭɘɎűɞɟŮɠ Űɘɛɏɠ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ ŭɘŬůŰŬɨɟɤůɖɠ ὴ . 

▬Ἣ ɀɏůɖ 

Űɘɛɐ ● 

ɇɡˊɘəɐ Ŭ-

ˊɧəɚɘůɖ ● 

ɀɏůɖ 

Űɘɛɐ █● 

ɇɡˊɘəɐ Ŭ-

ˊɧəɚɘůɖ 

█● 

MSE (●) 

0.00 6.558078 0.1229062 47.30626 0.8388510 0.01511199 

0.10 6.558017 0.0818489 47.53349 0.6976759 0.00670561 

0.20 6.553499 0.0782842 47.54617 0.7384685 0.00617799 

0.40 6.559390 0.0526273 47.63198 0.3862294 0.00277095 

0.60 6.553075 0.0489330 47.64392 0.4008724 0.00245015 

0.80 6.552030 0.0437163 47.65518 0.3064267 0.00198352 

0.81 6.553416 0.0434984 47.65577 0.2677651 0.00194284 

0.83 6.554850 0.0390467 47.66542 0.2567808 0.00155701 

0.85 6.555014 0.0367648 47.66997 0.1962943 0.00138217 

0.86 6.557374 0.0304820 47.68114 0.1648731 0.00093917 

0.87 6.555410 0.0330378 47.67707 0.2185269 0.00111781 

0.88 6.554780 0.0358220 47.67132 0.1741932 0.00131638 

0.95 6.556125 0.0364572 47.67182 0.3246406 0.00134861 

1.00 6.555662 0.0390009 47.66535 0.2451288 0.00154485 

 

 

ȺɘəɧɜŬ 3.3 ɲʽʰʴˊʱ˃˃ʰˍʰ ʵʽʰˋˉˇˊʱˌ ʴʽʰ ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ ˍʹˌ ˉʽʻʰ˄ˈˍʹˍʰˌ ʵʽʰˋˍʰˏˊ˖ˋʹˌ ὴΣ ˃ʶ  ˍˇ log(MSE) 

ˁʰʽ ˍˇ MSE ̱ ʹˌ ʰ˄ˍʾˋˍˇʽ˔ʹˌ ʶˁˍʽ˃ʹʻʶʾˋʰˌ ˂ˏˋʹˌ ˁ ʰʽ ʵʽʱʴˊʰ˃˃ʰ ˃ʶ ˁ ʰ˃ˉˏ˂ʹ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ ˁʰʽ ˃ʶ ʶˎʻʶʾʰ ˉʰπ

˂ʽ˄ʵˊˈ˃ʹˋʹˌ ˋʁ  ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ʷ˄ʰ ʵʶʵˇ˃ʷ˄ʰΦ 

 

ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ Űɞ əŬɚɨŰŮɟɞ ŬˊɞŰɏɚŮůɛŬ əŬŰŬɔɟɎűɖəŮ ɔɘŬ Űɘɛɐ ˊɘɗŬɜɧŰɖŰŬɠ ɑůɖ ɛŮ πȢψφ 

ɖ ɞˊɞɑŬ ŮɑɜŬɘ ŮɜŰɧɠ Űɞɡ Ůɨɟɞɡɠ ˊɘɗŬɜɞŰɐŰɤɜ ὴ πȢψ  ρȢπ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡɜɐɗɤɠ 

ɤɠ ˊɘɗŬɜɧŰɖŰŬ ŭɘŬůŰŬɨɟɤůɖɠ. Ⱥɜɩ Ŭˊɧ ŰŬ ˊŬɟŬˊɎɜɤ ŭɘŬɔɟɎɛɛŬŰŬ Űɞɡ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ 
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ůűɎɚɛŬŰɞɠ MSE űŬɑɜŮŰŬɘ ɧŰɘ Űɞ ŭɘɎůŰɖɛŬ ὴ πȢψ  ρȢπ ŮɑɜŬɘ Űɞ ŭɘɎůŰɖɛŬ ɛŮ Űɘɠ əŬɚɨŰŮɟŮɠ 

ŭɡɜŬŰɏɠ Ůˊɘɚɞɔɏɠ ˊɘɗŬɜɞŰɐŰɤɜ. Ⱥˊɑůɖɠ ŮəŰɘɛɎŰŬɘ ɛŮ ɛɘŬ əŬɛˊɨɚɖ ˊŬɚɘɜŭɟɧɛɖůɖɠ Űɞ ˊɤɠ 

ɛˊɞɟŮɑ ɜŬ ůɢŮŰɑɕŮŰŬɘ ɖ ˊɞɘɧŰɖŰŬ Űɖɠ ɚɨůɖɠ ɛŮ Űɖɜ ɛŮŰŬɓɞɚɐ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ ŭɘŬůŰŬɨɟɤůɖɠ 

ὴ. Ⱥɜɩ Ůˊɘˊɚɏɞɜ ŬˊŮɘəɞɜɑɕŮŰŬɘ əŬɘ ɞ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ůŰŬ ŭŮŭɞɛɏɜŬ 

ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏɜŬ ɔɟŬɛɛɘəɧ ɛɞɜŰɏɚɞ ˊɟɧɓɚŮɣɖɠ. 

 

ɆŰɖɜ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ ɗŬ ˊŬɟŬɛŮŰɟɞˊɞɘɖɗŮɑ ɖ ˊɘɗŬɜɧŰɖŰŬ ɛŮŰɎɚɚŬɝɖɠ, ɗɡɛɑɕɞɜŰŬɠ ɧŰɘ 

ˊŬɟɎɔŮŰŬɘ ɏɜŬɠ ŰɡɢŬɑɞɠ Ŭɟɘɗɛɧɠ πȟρ ɔɘŬ əɎɗŮ ɔɞɜɑŭɘɞ Ŭˊɧ Űɖɜ ɞɛɞɘɧɛɞɟűɖ əŬŰŬɜɞɛɐ əŬɘ Ŭɜ 

ŬɡŰɧɠ ɞ Ŭɟɘɗɛɧɠ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞɠ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ ɛŮŰɎɚɚŬɝɖɠ, ŰɧŰŮ ɖ Űɘɛɐ ŬɡŰɞɨ Űɞɡ ɔɞɜɘŭɑɞɡ 

ŬɜŰɘəŬɗɑůŰŬŰŬɘ Ŭˊɧ ɛɑŬ ŰɡɢŬɑŬ Űɘɛɐ Ŭˊɧ Űɞɜ ɞɟɘɞɗŮŰɖɛɏɜɞ ůɡɜŮɢɐ ɢɩɟɞ ŬɜŬɕɐŰɖůɖɠ.  

 

ɆŰŬɗŮɟɏɠ ˊɞɡ ŮɘůɎɔɞɜŰŬɘ: 

¶ ɄɘɗŬɜɧŰɖŰŬ ŭɘŬůŰŬɨɟɤůɖɠ (Crossover probability) ὴ π.8 

¶ ɄɞůɞůŰɧ ŭɘŬŰɐɟɖůɖɠ Ƚůɢɡɟɩɜ ɉɟɤɛɞůɤɛɎŰɤɜ (Elitism Ratio) Ὁ πȢπυ 

¶ ɀɏɔŮɗɞɠ ˊɚɖɗɡůɛɞɨ (Population size) ὓ  υπ 

ȾɟɘŰɐɟɘŬ ŰŮɟɛŬŰɘůɛɞɨ (convergence): 

¶ MŮɔɘůŰɞɠ Ŭɟɘɗɛɧɠ ŮˊŬɜŬɚɐɣŮɤɜ (number of generations) ὓὥὼὋὩὲ ρππ 

ɄŬɟɎɛŮŰɟɞɘ ˊɞɡ ɛŮŰŬɓɎɚɚɞɜŰŬɘ: 

¶ ɄɘɗŬɜɧŰɖŰŮɠ ɛŮŰɎɚɚŬɝɖɠ (Mutation probability)  ὴ πȟὴ πȢρȟὴ ρȢπ 

 

ȾɩŭɘəŬɠ: 

 

####  CONTROLLING PARAMETERS OF GA ALGORITHM  ###### 

Problem.nVar < -  1   # Number of problem Variables  

M <-  50             # Number of chromosomes (population)  

l < -  Problem.nVar   # Number of genes  

MaxGen <-  100       # Generations (iterations)  

pc < -  0.8   # Probability of Crossover  

pm <-  0, 0.1,1.0     # Probability of Mutation   

Er < -  0.0 5          # Elitism Ratio  

ub < -  c( 10)         # UPPER BOUND FOR SEARCH SPACE 

lb < -  c( - 10)        # LOWER BOUND FOR SEARCH SPACE 

CGenetic_Algorithm  (M, l, MaxGen, pc, pm, Er, lb, ub)  
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ɄɑɜŬəŬɠ 3.5 ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ ɛɑŬ ŮəŰɏɚŮůɖ Űɞɡ ɔŮɜŮŰɘəɞɨ Ŭɚɔɧɟɘɗɛɞɡ, ɔɘŬ ŭɘɎűɞɟŮɠ Űɘɛɏɠ Űɖɠ ὴ  

▬ἵ ɀɏůɖ 

Űɘɛɐ ● 

ɇɡˊɘəɐ Ŭ-

ˊɧəɚɘůɖ ● 

ȸɏɚŰɘ-

ůŰɖ Űɘɛɐ 

● 

ɀɏůɖ 

Űɘɛɐ █● 

ɇɡˊɘəɐ Ŭ-

ˊɧəɚɘůɖ 

█● 

ȸɏɚŰɘůŰɖ 

Űɘɛɐ █● 

0.0 6.62619 0.0149177 6.561994 47.583 0.0317661 47.70556 

0.1 6.31183 1.7514060 6.561112 46.09131 8.211501 47.70561 

1.0 -1.620165 5.9545900 6.556982 -2.03429 36.17828 47.70528 

 

 

ȺɘəɧɜŬ 3.4 ɲʽʰʴˊʱ˃˃ʰˍʰ ̱ ʶ˂ʽˁˇˏ ˉ˂ʹʻˎˋ˃ˇˏ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ʴʽʰ ὴ πȟὴ  πȢρȟὴ ρȢπ 
 

ȼ ɛŮŰɎɚɚŬɝɖ ŬˊɞŰŮɚŮɑ Űɞɜ ɛɖɢŬɜɘůɛɧ ɛŮ Űɞɜ ɞˊɞɑɞ ɞ Ŭɚɔɧɟɘɗɛɞɠ ŭɘŮɡɟɨɜŮɘ Űɞɜ ɢɩɟɞ ŬɜŬ-

ɕɐŰɖůɖɠ, ɏŰůɘ ɩůŰŮ əŬɜɏɜŬ ůɖɛŮɑɞ ɜŬ ɛɖɜ ɏɢŮɘ ɛɖŭŮɜɘəɐ ˊɘɗŬɜɧŰɖŰŬ ŮɝŮɟŮɨɜɖůɖɠ. ȷɜŬɚɨɞɜŰŬɠ 

ɚɞɘˊɧɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ, ὴ π, Űɞ ɞˊɞɑɞ ˊɟŬəŰɘəɎ ůɖɛŬɑɜŮɘ ɧŰɘ əŬɜɏɜŬ ɢɟɤɛɧůɤɛŬ 

ŭŮɜ ɡűɑůŰŬŰŬɘ ɛŮŰɎɚɚŬɝɖ, ɖ Űɞˊɘəɐ ŬɜŬɕɐŰɖůɖ ɔɨɟɤ Ŭˊɧ Űɖɜ ɚɨůɖ ŮɑɜŬɘ ůŰɞ ɛɏɔɘůŰɞ ɓŬɗɛɧ, ɞ 

ɢɩɟɞɠ ŬɜŬɕɐŰɖůɖɠ ŭŮɜ ŭɘŮɡɟɨɜŮŰŬɘ ˊŮɟŬɘŰɏɟɤ əŬɘ ɞ ŰŮɚɘəɧɠ ˊɚɖɗɡůɛɧɠ ŮɑɜŬɘ ůɡɔəŮɜŰɟɤɛɏɜɞɠ 

ŰɞˊɘəɎ əɎŰɘ ˊɞɡ űŬɑɜŮŰŬɘ əŬɘ Ŭˊɧ Űɖɜ ůɢŮŭɧɜ ɛɖŭŮɜɘəɐ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ Űɞɡ ŰŮɚɘəɞɨ ˊɚɖɗɡ-

ůɛɞɨ. ɆŰɖɜ Ŭəɟɘɓɩɠ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ ɔɘŬ ὴ ρ, ɖ əŬɗɞɚɘəɐ ŬɜŬɕɐŰɖůɖ ŮɑɜŬɘ ůŰɞɜ ɛɏɔɘ-

ůŰɞ ɓŬɗɛɧ əŬɘ űŬɑɜŮŰŬɘ əŬɗŬɟɎ ɧŰɘ ɏɢŮɘ əŬɚɡűɗŮɑ ˊɚɐɟɤɠ ɞ ɢɩɟɞɠ ŬɜŬɕɐŰɖůɖɠ, ɞ Ŭɚɔɧɟɘɗɛɞɠ 

ɚŮɘŰɞɡɟɔŮɑ ɞɡůɘŬůŰɘəɎ ůŬɜ  Ŭɚɔɧɟɘɗɛɞɠ ŰɡɢŬɑŬɠ ŬɜŬɕɐŰɖůɖɠ Ŭűɞɨ əɎɗŮ ɔɞɜɑŭɘɞ ɛŮŰŬɚɚɎůůŮŰŬɘ 

ŰɡɢŬɑŬ. Ƀ ŰŮɚɘəɧɠ ˊɚɖɗɡůɛɧɠ ˊŬɟɞɡůɘɎɕŮɘ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ ŭɘŬůˊɞɟɎ əɎŰɘ ˊɞɡ űŬɑɜŮŰŬɘ Ŭˊɧ 

Űɖɜ Űɘɛɐ Űɖɠ Űɡˊɘəɐɠ Ŭˊɧəɚɘůɖɠ ˊɞɡ ŮɑɜŬɘ ůŰɞ ɛɏɔɘůŰɞ ɓŬɗɛɧ. ɇɏɚɞɠ ɔɘŬ ὴ πȢρ ŮɝɎɔŮŰŬɘ ɖ 

ɓɏɚŰɘůŰɖ ɚɨůɖ ɧɚɤɜ, ɧˊɞɡ ɓɎůŮɘ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ əŬɘ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ ŮɑɜŬɘ ŮɛűŬɜɏɠ ɧŰɘ 

ɔɘŬ ŬɡŰɐ Űɖɜ Űɘɛɐ ɏɢɞɡɛŮ Űɖɜ ˊɘɞ ɘůɞɟɟɞˊɖɛɏɜɖ ˊɞɘɧŰɖŰŬ ŬɜŬɕɐŰɖůɖɠ. ɄŬɟŬəɎŰɤ ɗŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ˊɞɚɚŬˊɚɏɠ ŮˊŬɜŬɚɐɣŮɘɠ υ  ρπ ůŰɞɜ Ŭɟɘɗɛɧ, Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ɔɘŬ əɎɗŮ 

Ůˊɘɚɞɔɐ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ ɛŮŰɎɚɚŬɝɖɠ ὴ  əŬɘ ůŮ ˊɑɜŬəŬ ɗŬ əŬŰŬɔɟɎűɞɜŰŬɘ ɞɘ ŮəŰɘɛɐůŮɘɠ ɔɘŬ Űɖ 

ɛɏůɖ Űɘɛɐ əŬɘ Űɖ ŭɘŬůˊɞɟɎ Űɖɠ ɓɏɚŰɘůŰɖɠ ɚɨůɖɠ, əŬɗɩɠ əŬɘ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ MSE. 

Ƀ Ŭɚɔɧɟɘɗɛɞɠ ɚɞɘˊɧɜ ɗŬ ŰɟɏɝŮɘ ɛŮ ŰŬ ˊŬɟŬəɎŰɤ ŭŮŭɞɛɏɜŬ, Ůɜɩ ɞ əɩŭɘəŬɠ Űɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ 

ŬɜŬɚɡŰɘəɎ ůŰɞ ˊŬɟɎɟŰɖɛŬ Ʉ1 ůŰɞ Űɏɚɞɠ Űɞɡ ůɡɔɔɟɎɛɛŬŰɞɠ. 
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ɆŰŬɗŮɟɏɠ ˊɞɡ ŮɘůɎɔɞɜŰŬɘ: 

¶ ɄɘɗŬɜɧŰɖŰŬ ŭɘŬůŰŬɨɟɤůɖɠ (Crossover probability) ὴ π.86 

¶ ɄɞůɞůŰɧ ŭɘŬŰɐɟɖůɖɠ Ƚůɢɡɟɩɜ ɉɟɤɛɞůɤɛɎŰɤɜ (Elitism Ratio) Ὁ πȢπυ 

¶ ɀɏɔŮɗɞɠ ˊɚɖɗɡůɛɞɨ (Population size) ὓ  σπ 

ȾɟɘŰɐɟɘŬ ŰŮɟɛŬŰɘůɛɞɨ (convergence): 

¶ MŮɔɘůŰɞɠ Ŭɟɘɗɛɧɠ ŮˊŬɜŬɚɐɣŮɤɜ (number of generations) ὓὥὼὋὩὲ σπ 

 

 

ɄɑɜŬəŬɠ 3.6 ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɖɜ ŮəŰɏɚŮůɖ Űɞɡ ɔŮɜŮŰɘəɞɨ Ŭɚɔɧɟɘɗɛɞɡ υz ρπ űɞɟɏɠ,  

ɔɘŬ ŭɘɎűɞɟŮɠ Űɘɛɏɠ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ ɛŮŰɎɚɚŬɝɖɠ ὴ
ά

  

▬□ ɀɏůɖ 

Űɘɛɐ ● 

ɇɡˊɘəɐ Ŭ-

ˊɧəɚɘůɖ ● 

ɀɏůɖ 

Űɘɛɐ █● 

ɇɡˊɘəɐ Ŭ-

ˊɧəɚɘůɖ 

█● 

MSE (●) 

0.00 5.983495 2.568438 46.56433 3.243110 6.929856 

0.01 6.113335 2.316507 46.99357 2.495486 5.566194 

0.02 6.245132 1.931420 47.10207 2.271298 3.829863 

0.03 6.356684 1.547881 47.34880 1.675191 2.437494 

0.04 6.492735 0.835526 47.44737 1.216102 0.702702 

0.05 6.516505 0.593267 47.52165 0.922275 0.353905 

0.06 6.521102 0.606645 47.55976 0.860905 0.369573 

0.07 6.550167 0.067310 47.58947 0.707715 0.004638 

0.08 6.551306 0.050967 47.63718 0.357106 0.002682 

0.09 6.554608 0.040966 47.66124 0.220216 0.001713 

0.10 6.557374 0.0304820 47.68114 0.1648731 0.00093917 

0.11 6.555697 0.0382728 47.66987 0.4721207 0.00148825 

 

ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ Űɞ əŬɚɨŰŮɟɞ ŬˊɞŰɏɚŮůɛŬ əŬŰŬɔɟɎűɖəŮ ɔɘŬ Űɘɛɐ ˊɘɗŬɜɧŰɖŰŬɠ ɑůɖ ɛŮ πȢρπ 

ɖ ɞˊɞɑŬ ŮɑɜŬɘ ŮɜŰɧɠ Űɞɡ Ůɨɟɞɡɠ ˊɘɗŬɜɞŰɐŰɤɜ ὴ πȢπψ  πȢρ ́ ɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡɜɐɗɤɠ 

ɤɠ ˊɘɗŬɜɧŰɖŰŬ ɛŮŰɎɚɚŬɝɖɠ. Ⱥɜɩ Ŭˊɧ ŰŬ ˊŬɟŬəɎŰɤ ŭɘŬɔɟɎɛɛŬŰŬ Űɞɡ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ 

ůűɎɚɛŬŰɞɠ MSE űŬɑɜŮŰŬɘ ɧŰɘ Űɞ ŭɘɎůŰɖɛŬ ὴ πȢπψ  πȢρ ŮɑɜŬɘ Űɞ ŭɘɎůŰɖɛŬ ɛŮ Űɘɠ 

əŬɚɨŰŮɟŮɠ ŭɡɜŬŰɏɠ Ůˊɘɚɞɔɏɠ ˊɘɗŬɜɞŰɐŰɤɜ. Ⱥˊɑůɖɠ ŮəŰɘɛɎŰŬɘ ɛŮ ɛɘŬ əŬɛˊɨɚɖ ˊŬɚɘɜŭɟɧɛɖůɖɠ 

Űɞ ˊɤɠ ɛˊɞɟŮɑ ɜŬ ůɢŮŰɑɕŮŰŬɘ ɖ ˊɞɘɧŰɖŰŬ Űɖɠ ɚɨůɖɠ ɛŮ Űɖɜ ɛŮŰŬɓɞɚɐ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ 

ɛŮŰɎɚɚŬɝɖɠ ὴȢ Ⱥɜɩ ŮˊɘˊɚɏɞɜŬ Ŭ́ ŮɘəɞɜɑɕŮŰŬɘ əŬɘ ɞ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ 

ůŰŬ ŭŮŭɞɛɏɜŬ ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏɜŬ ɔɟŬɛɛɘəɧ ɛɞɜŰɏɚɞ ˊɟɧɓɚŮɣɖɠ. 

. 

. 
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ȺɘəɧɜŬ 3.5 ɲʽʰʴˊʱ˃˃ʰˍʰ ʵʽʰˋˉˇˊʱˌ ʴʽʰ ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ ˍʹˌ ˉʽʻʰ˄ˈˍʹˍʰˌ ɛŮŰɎɚɚŬɝɖɠ ὴ
ά

 ˃ʶ  ˍˇ log(MSEύ ˁʰʽ 

ˍˇ MSE ̱ ʹˌ ʰ˄ˍʾˋˍˇʽ˔ʹˌ ʶˁˍʽ˃ʹʻʶʾˋʰˌ ˂ˏˋʹˌ ˁ ʰʽ ʵʽʱʴˊʰ˃˃ʰ ˃ʶ ˁ ʰ˃ˉˏ˂ʹ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ ˁʰʽ ˃ʶ ʶˎʻʶʾʰ ˉʰ˂ʽ˄π

ʵˊˈ˃ʹˋʹˌ ˋʁ  ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ʷ˄ʰ ʵʶʵˇ˃ʷ˄ʰΦ  

 

ɆŰɖɜ ŰɟɑŰɖ ˊŮɟɑˊŰɤůɖ ɗŬ ˊŬɟŬɛŮŰɟɞˊɞɘɖɗŮɑ Űɞ ˊɞůɞůŰɧ ŭɘŬŰɐɟɖůɖɠ Űɤɜ ɘůɢɡɟɩɜ ɢɟɤɛɞ-

ůɤɛɎŰɤɜ Elitism ratio , ůŰɖɜ ŮˊɧɛŮɜɖ ɔŮɜɘɎ əŬɘ ɗŬ ŮɝŮŰŬůŰŮɑ ɖ ŮˊɑŭɟŬůɐ Űɞɡ ůŰɖɜ ɚŮɘŰɞɡɟɔɑŬ 

Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ. ȺˊɘůɖɛŬɑɜŮŰŬɘ ɧŰɘ ŬɡŰɧɠ ɞ ɛɖɢŬɜɘůɛɧɠ ɓɞɖɗɎŮɘ Űɖɜ ɘəŬɜɧŰɖŰŬ ŮəɛŮŰɎɚɚŮɡůɖɠ 

Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ, ŭɖɚŬŭɐ Űɖɜ ůɡɟɟɑəɜɤůɖ Űɞɡ ɢɩɟɞɡ ŬɜŬɕɐŰɖůɖɠ ɔɨɟɤ Ŭˊɧ Űɖɜ ɓɏɚŰɘůŰɖ ɚɨůɖ, 

əŬɘ ɞ ɚɧɔɞɠ ˊɞɡ ɡűɑůŰŬŰŬɘ ɤɠ ɛɖɢŬɜɘůɛɧɠ ŮɑɜŬɘ ɧŰɘ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɤɜ ŭɘŬŭɘəŬůɘɩɜ Űɖɠ 

Ůˊɘɚɞɔɐɠ, Űɖɠ ŭɘŬůŰŬɨɟɤůɖɠ əŬɘ Űɖɠ ɛŮŰɎɚɚŬɝɖɠ əŬɚɏɠ ɡűɘůŰɎɛŮɜŮɠ ɚɨůŮɘɠ ɛˊɞɟŮɑ ɜŬ ɢŬɗɞɨɜ. 

 

ɆŰŬɗŮɟɏɠ ˊɞɡ ŮɘůɎɔɞɜŰŬɘ: 

¶ ɄɘɗŬɜɧŰɖŰŬ ŭɘŬůŰŬɨɟɤůɖɠ (Crossover probability) ὴ π.8 

¶ ɄɘɗŬɜɧŰɖŰŮɠ ɛŮŰɎɚɚŬɝɖɠ (Mutation probability)  ὴ πȢρ 

¶ ɀɏɔŮɗɞɠ ˊɚɖɗɡůɛɞɨ (Population size) ὓ  υπ 

ȾɟɘŰɐɟɘŬ ŰŮɟɛŬŰɘůɛɞɨ (convergence): 

¶ MŮɔɘůŰɞɠ Ŭɟɘɗɛɧɠ ŮˊŬɜŬɚɐɣŮɤɜ (number of generations) ὓὥὼὋὩὲ ρππ 

ɄŬɟɎɛŮŰɟɞɘ ˊɞɡ ɛŮŰŬɓɎɚɚɞɜŰŬɘ: 

¶ ɄɞůɞůŰɧ ŭɘŬŰɐɟɖůɖɠ Ƚůɢɡɟɩɜ ɉɟɤɛɞůɤɛɎŰɤɜ (Elitism Ratio) Ὁ πȟὉ

πȢυȟὉ ρȢπ 
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ȾɩŭɘəŬɠ: 

####  CONTROLLING PARAMETERS OF GA ALGORITHM  ###### 
 
Problem.nVar < -  1   # Number of problem Variables  
M <-  50             # Number of chromosomes (population)  
l < -  Problem.nVar   # Number of genes  
MaxGen <-  100       # Generations (iterations)  
pc < -  0.8   # Probability of Crossover  
pm <-  0.1   # Probability of Mutation   
Er < -  0,0.5,1.0      # Elitism Ratio  
ub < -  c( 10)         # UPPER BOUND FOR SEARCH SPACE 
lb < -  c( - 10)        # LOWER BOUND FOR SEARCH SPACE 
CGenetic_Algorithm  (M, l, MaxGen, pc, pm, Er, lb, ub)  
 
  
ɄɑɜŬəŬɠ 3.7. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ ɛɑŬ ŮəŰɏɚŮůɖ Űɞɡ ɔŮɜŮŰɘəɞɨ Ŭɚɔɧɟɘɗɛɞɡ, ɔɘŬ ŭɘɎűɞɟŮɠ Űɘɛɏɠ Űɖɠ Ὁ 

╔► ɀɏůɖ 

Űɘɛɐ ● 

ɇɡˊɘəɐ Ŭ-

ˊɧəɚɘůɖ ● 

ȸɏɚŰɘ-

ůŰɖ Űɘɛɐ 

● 

ɀɏůɖ 

Űɘɛɐ █● 

ɇɡˊɘəɐ Ŭ-

ˊɧəɚɘůɖ 

█● 

ȸɏɚŰɘůŰɖ 

Űɘɛɐ █● 

0.0 5.775028 3.252864 6.562159 38.37311 29.46339 47.70555 

0.5 6.56054 5.5276e-09 6.5605 47.70562 2.6855e-15 47.70562 

1.0 -0.5158613 5.868707 6.564874 -0.3648077 33.43383 47.70512 

 

ȺɘəɧɜŬ 3.6 ɲʽʰʴˊʱ˃˃ʰˍʰ ̱ ʶ˂ʽˁˇˏ ˉ˂ʹʻˎˋ˃ˇˏ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ʴʽʰ Ὁ πȟὉ πȢυȟὉ ρȢπ 

 

ȷɜŬɚɨɞɜŰŬɠ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ, ɔɘŬ Ὁ π Űɞ ɞˊɞɑɞ ůɖɛŬɑɜŮɘ ɧŰɘ əŬɛɑŬ əŬɚɐ ɚɨůɖ ŭŮɜ ůɩ-

ɕŮŰŬɘ ɩůŰŮ ɜŬ ɛŮŰŬűŮɟɗŮɑ ůŰɖɜ ŮˊɧɛŮɜɖ ɔŮɜɘɎ, ɞ Ŭɚɔɧɟɘɗɛɞɠ ŭɞɡɚŮɨŮɘ əŬɜɞɜɘəɎ ɛŮ Űɞɡɠ Ɏɚɚɞɡɠ 

ɛɖɢŬɜɘůɛɞɨɠ əŬɘ ŭɑɜŮɘ ɛɘŬ əŬɚɐ ɚɨůɖ ŬɚɚɎ ɧɢɘ Űɖɜ əŬɚɨŰŮɟɖ. Ƀɘ ɛɖɢŬɜɘůɛɞɑ ˊɞɡ ɚŮɘŰɞɡɟɔɞɨɜ  

ůŮ ŬɡŰɐɜ Űɖɜ ˊŮɟɑˊŰɤůɖ ŮɑɜŬɘ əŬŰɎ ɓɎůɖ ɞɘ ɛɖɢŬɜɘůɛɞɑ ŮɝŮɟŮɨɜɖůɖɠ, əɎŰɘ Űɞ ɞˊɞɑɞ űŬɑɜŮŰŬɘ 

Ŭˊɧ Űɖɜ ŭɘŬůˊɞɟɎ Űɞɡ ˊɚɖɗɡůɛɞɨ ɞ ɞˊɞɑɞɠ ɏɢŮɘ əŬɚɨɣŮɘ ůɢŮŰɘəɎ ˊɚɐɟɤɠ Űɖɜ ˊŮɟɘɞɢɐ ŬɜŬɕɐ-

Űɖůɖɠ. ȷɜŰɑɗŮŰŬ ɔɘŬ Ὁ ρ ɧɚŮɠ ɞɘ Ŭɟɢɘəɏɠ ɚɨůŮɘɠ ɛŮŰŬűɏɟɞɜŰŬɘ Ŭˊɧ ɔŮɜɘɎ ůŮ ɔŮɜɘɎ əŬɘ ɞɡ-

ůɘŬůŰɘəɎ ɖ ɚɨůɖ ˊɞɡ ŭɑɜŮŰŬɘ ŮɑɜŬɘ ŬɡŰɐ Űɞɡ ŰɡɢŬɑɞɡ Ŭɟɢɘəɞɨ ˊɚɖɗɡůɛɞɨ əŬɘ ɖ ɢŮɘɟɧŰŮɟɖ. ɇɏɚɞɠ 

ɔɘŬ Ὁ πȢυ, ́ ŬɟŬŰɖɟŮɑŰŬɘ ɛŮɔɎɚɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ˊɚɖɗɡůɛɞɨ ɔɨɟɤ Ŭˊɧ Űɖ ɓɏɚŰɘůŰɖ ɚɨůɖ 
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əɎŰɘ ˊɞɡ ŮɝɖɔŮɑ əŬɘ Űɘɠ ɛɖŭŮɜɘəɏɠ Űɡˊɘəɏɠ ŬˊɞəɚɑůŮɘɠ ůŰɞɜ ŰŮɚɘəɧ ˊɚɖɗɡůɛɧ. ɃɡůɘŬůŰɘəɎ ŬɡŰɧ 

ˊɞɡ ůɡɛɓŬɑɜŮɘ ŮɑɜŬɘ ɧŰɘ ɛɧɚɘɠ ɓɟŮɗŮɑ ɏɜŬ ɘůɢɡɟɧ (elite) ɢɟɤɛɧůɤɛŬ ˊɞɚɨ əɞɜŰɎ ůŰɖ ɓɏɚŰɘůŰɖ 

ɚɨůɖ ɧɚŮɠ ɞɘ ɚɨůŮɘɠ əŬŰŮɡɗɨɜɞɜŰŬɘ ˊɟɞɠ ŰŬ ŮəŮɑ, əŬɘ ɛŮ ŰɏŰɞɘɞ ˊɞůɞůŰɧ ŭɘŬŰɐɟɖůɖɠ əŬɚɩɜ 

ɚɨůŮɤɜ Űɖɠ ŰɎɝɖɠ Űɞɡ 50%, ɧɚŮɠ ɞɘ ɡˊɧɚɞɘˊŮɠ ŭɘŮɟɔŬůɑŮɠ Űɖɠ Ůˊɘɚɞɔɐɠ, Űɖɠ ŭɘŬůŰŬɨɟɤůɖɠ əŬɘ 

Űɖɠ ɛŮŰɎɚɚŬɝɖɠ ɔɑɜɞɜŰŬɘ ɛŮŰŬɝɨ Elite ɢɟɤɛɞůɤɛɎŰɤɜ. ɇɞ ɗŮŰɘəɧ ŮɑɜŬɘ ɧŰɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ ɛˊɞɟŮɑ 

ɜŬ ůɡɔəɚɑɜŮɘ ɔɟɐɔɞɟŬ ˊɟɞɠ ɛɑŬ ˊɞɚɨ əŬɚɐ ɚɨůɖ əŬɗɩɠ ɓŮɚŰɘɩɜŮɘ ˊɞɚɨ Űɖɜ ɘəŬɜɧŰɖŰŬ ŮəɛŮ-

ŰɎɚɚŮɡůɐɠ Űɞɡ, ɧɛɤɠ ɖ ɚɨůɖ ŬɡŰɐ ɛˊɞɟŮɑ əŬɘ ɜŬ ɛɖɜ ŮɑɜŬɘ ɖ ɞɚɘəɎ ɓɏɚŰɘůŰɖ əŬɗɩɠ ɢŮɘɟɞŰŮɟŮɨŮɘ 

ɖ ɘəŬɜɧŰɖŰŬ ŮɝŮɟŮɨɜɖůɖɠ Űɞɡ, ůɡɟɟɘəɜɩɜŮŰŬɘ ŭɖɚŬŭɐ ŬɟəŮŰɎ ɔɟɐɔɞɟŬ ɞ ɢɩɟɞɠ ŬɜŬɕɐŰɖůɖɠ 

əŬɘ ɛˊɞɟŮɑ ˊŮɟɘɞɢɏɠ ɛŮ əŬɚɨŰŮɟŮɠ ɚɨůŮɘɠ ɜŬ ɛɏɜɞɡɜ ŬɜŮɝŮɟŮɨɜɖŰŮɠ. ɄŬɟŬəɎŰɤ ɗŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ˊɞɚɚŬˊɚɏɠ ŮˊŬɜŬɚɐɣŮɘɠ υ  ρπ ůŰɞɜ Ŭɟɘɗɛɧ, Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ɔɘŬ əɎɗŮ 

Ůˊɘɚɞɔɐ Űɞɡ ˊɞůɞůŰɞɨ ŭɘŬŰɐɟɖůɖɠ ɘůɢɡɟɩɜ ɢɟɤɛɞůɤɛɎŰɤɜ Ὁ, əŬɘ ůŮ ˊɑɜŬəŬ ɗŬ 

əŬŰŬɔɟɎűɞɜŰŬɘ ɞɘ ŮəŰɘɛɐůŮɘɠ ɔɘŬ Űɖ ɛɏůɖ Űɘɛɐ əŬɘ Űɖ ŭɘŬůˊɞɟɎ Űɖɠ ɓɏɚŰɘůŰɖɠ ɚɨůɖɠ, əŬɗɩɠ 

əŬɘ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ MSE. Ƀ Ŭɚɔɧɟɘɗɛɞɠ ɚɞɘˊɧɜ ɗŬ ŰɟɏɝŮɘ ɛŮ ŰŬ ˊŬɟŬəɎŰɤ ŭŮŭɞ-

ɛɏɜŬ, Ůɜɩ ɞ əɩŭɘəŬɠ Űɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɞ ˊŬɟɎɟŰɖɛŬ Ʉ1 ůŰɞ Űɏɚɞɠ Űɞɡ ůɡɔɔɟɎɛ-

ɛŬŰɞɠ. 

ɆŰŬɗŮɟɏɠ ˊɞɡ ŮɘůɎɔɞɜŰŬɘ: 

¶ ɄɘɗŬɜɧŰɖŰŬ ŭɘŬůŰŬɨɟɤůɖɠ (Crossover probability) ὴ π.86 

¶ ɄɘɗŬɜɧŰɖŰŮɠ ɛŮŰɎɚɚŬɝɖɠ (Mutation probability)  ὴ πȢρ 

¶ ɀɏɔŮɗɞɠ ˊɚɖɗɡůɛɞɨ (Population size) ὓ  σπ 

ȾɟɘŰɐɟɘŬ ŰŮɟɛŬŰɘůɛɞɨ (convergence): 

¶ MŮɔɘůŰɞɠ Ŭɟɘɗɛɧɠ ŮˊŬɜŬɚɐɣŮɤɜ (number of generations) ὓὥὼὋὩὲ σπ 

 

ɄɑɜŬəŬɠ 3.8 ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɖɜ ŮəŰɏɚŮůɖ Űɞɡ ɔŮɜŮŰɘəɞɨ Ŭɚɔɧɟɘɗɛɞɡ υz ρπ űɞɟɏɠ, 

ɔɘŬ ŭɘɎűɞɟŮɠ Űɘɛɏɠ Űɞɡ ˊɞůɞůŰɞɨ ŭɘŬŰɐɟɖůɖɠ ɘůɢɡɟɩɜ ɢɟɤɛɞůɤɛɎŰɤɜ Ὁὶ 

╔► ɀɏůɖ 

Űɘɛɐ ● 

ɇɡˊɘəɐ Ŭ-

ˊɧəɚɘůɖ ● 

ɀɏůɖ 

Űɘɛɐ █● 

ɇɡˊɘəɐ Ŭ-

ˊɧəɚɘůɖ 

█● 

MSE (●) 

0.00 6.550708 0.0455984 47.64989 0.2868165 0.00217587 

0.05 6.557374 0.0304820 47.68114 0.1648731 0.00093917 

0.10 6.555121 0.0303187 47.68094 0.1321167 0.00094858 

0.20 6.557423 0.0340496 47.67552 0.2086110 0.00116908 

0.50 6.556247 0.0342580 47.67431 0.1508950 0.00119203 

0.80 6.555858 0.0412811 47.66060 0.2973181 0.00172603 

1.00 5.479386 3.5765680 44.24901 4.6074750 13.9607300 

 

ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ Űɞ əŬɚɨŰŮɟɞ ŬˊɞŰɏɚŮůɛŬ ŮɝɎɔŮŰŬɘ ɔɘŬ Űɘɛɐ ˊɞůɞůŰɞɨ ŭɘŬŰɐɟɖůɖɠ 

ɘůɢɡɟɩɜ ɢɟɤɛɞůɤɛɎŰɤɜ Ὁ υϷ. Ⱥˊɑůɖɠ ŮəŰɘɛɎŰŬɘ ɛŮ ɛɘŬ əŬɛˊɨɚɖ ˊŬɚɘɜŭɟɧɛɖůɖɠ Űɞ ˊɤɠ 

ɛˊɞɟŮɑ ɜŬ ůɢŮŰɑɕŮŰŬɘ ɖ ˊɞɘɧŰɖŰŬ Űɖɠ ɚɨůɖɠ ɛŮ Űɖɜ ɛŮŰŬɓɞɚɐ Űɞɡ ˊɞůɞůŰɞɨ ŭɘŬŰɐɟɖůɖɠ ɘůɢɡɟɩɜ 

ɢɟɤɛɞůɤɛɎŰɤɜ Ὁ. 
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ȺɘəɧɜŬ 3.7 ɲʽʰʴˊʱ˃˃ʰˍʰ ʵʽʰˋˉˇˊʱˌ ʴʽʰ ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ Űɞɡ ˊɞůɞůŰɞɨ ŭɘŬŰɐɟɖůɖɠ ɘůɢɡɟɩɜ ɢɟɤɛɞůɤɛɎŰɤɜ Ὁ 

˃ʶ ˍˇ log(MSEύ ˁʰʽ ˍˇ MSE ̱ ʹˌ ʰ˄ˍʾˋˍˇʽ˔ʹˌ ʶˁˍʽ˃ʹʻʶʾˋʰˌ ˂ˏˋʹˌ, ˁ ʰʽ ʵʽʱʴˊʰ˃˃ʰ ˃ʶ ˁ ʰ˃ˉˏ˂ʹ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ 

 

ɄŬɟŬəɎŰɤ ŭɑɜɞɜŰŬɘ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ əŬɘ Űɞ ɘůŰɧɔɟŬɛɛŬ ɛŮ Űɘɠ υ ρπ ůŰɞɜ Ŭɟɘɗɛɧ, ŮəŰɘ-

ɛɐůŮɘɠ Űɤɜ ɚɨůŮɤɜ ɔɘŬ ὴ πȢψφȟ ὴ πȢρπȟ Ὁ πȢπυ, Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ˊɟɞɏəɡɣŮ ɖ ɓɏɚŰɘůŰɖ 

ɚɨůɖ əŬɘ ɖ ɞˊɞɑŬ ɐŰŬɜ ɔɘŬ ὼ φȢυυχσχτ əŬɘ ɞɚɘəɧ ɛɏɔɘůŰɞ Ὢὼ τχȢφψρρτ. 

 

 
ȺɘəɧɜŬ 3.8 ȽůŰɧɔɟŬɛɛŬ əŬɘ ŭʽʰʴˊʱ˃˃ʰˍʰ ˃  ʁ̱ ʽˌ ʶˁˍʽ˃ʺˋʶʽˌ ˍ˖˄ ˂ˏˋʶ˖˄ ˈˉ˖ˌ ̄ ˊˇˁˏˉˍˇˎ˄ ʰˉˈ υz ρπ  

ʶˉʰ˄ʰ˂ʺ˕ʶʽˌ ̱ ˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ʴʽʰ ὴ πȢψφȟ ὴ πȢρπȟ Ὁ πȢπυ 
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ɇɏɚɞɠ ɜŬ ŮˊɘůɖɛɎɜɞɡɛŮ ɧŰɘ ɞɘ ŮəŰɘɛɐůŮɘɠ υ ρπ ůŰɞɜ Ŭɟɘɗɛɧ, Űɖɠ ɓɏɚŰɘůŰɖɠ ɚɨůɖɠ ɔɘŬ 

əɎɗŮ Ůˊɘɚɞɔɐ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ ŭɘŬůŰŬɨɟɤůɖɠ ὴ, Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ ɛŮŰɎɚɚŬɝɖɠ ὴ, əŬɘ Űɞɡ ˊɞ-

ůɞůŰɞɨ ŭɘŬŰɐɟɖůɖɠ ɘůɢɡɟɩɜ ɢɟɤɛɞůɤɛɎŰɤɜ Ὁ ́ɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŮ ůɨůŰɖɛŬ Intel(R) 

Core(TM) i5-7400 CPU @ 3.00GHz (4 CPUs), ~3.0GHz ɛŮ 8192MB RAM, əŬɘ ɞ ɛɏůɞɠ ɢɟɧ-

ɜɞɠ ŮəŰɏɚŮůɖɠ ɔɘŬ Űɖɜ əɎɗŮ ɛɑŬ ɐŰŬɜ ˊŮɟɑˊɞɡ 7 ɚŮˊŰɎ. 

 

 

3.4.3 ɄŬɟɎŭŮɘɔɛŬ 2 ï ȹɘůŭɘɎůŰŬŰɖ ɛŮŰŬɓɚɖŰɐ 

 

ɆŰɞ ŭŮɨŰŮɟɞ ́ ŬɟɎŭŮɘɔɛŬ ɗŬ ŰɟɏɝŮɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ ɩůŰŮ ɜŬ ɓɟŮɘ Űɞ ɞɚɘəɧ ɛɏɔɘůŰɞ ɛɘŬɠ ůɡɜɎɟ-

Űɖůɖɠ ˊɞɡ əŬŰŬůəŮɡɎůŬɛŮ. H ɛŬɗɖɛŬŰɘəɐ ɏəűɟŬůɖ Űɖɠ ůɡɜɎɟŰɖůɖɠ Ὢ ŮɑɜŬɘ: 

Ὢὼȟὼ ὴ Ὢὼȟὼ ρ ὴὪὼȟὼ  

ȳˊɞɡ 

Ὢὼȟὼ
ρ

ς“
Ὡὼὴ 

ρ

ς
ὼ ρ ὼ ρ  

Ὢὼȟὼ
ρ

“Ѝρυ
Ὡὼὴ 

ψ

ρυ
ὼ ρ

ὼ ςȢυ

ς

ρ

τ
 ὼ ρ ὼ ςȢυ  

əŬɘ ὴ  πȢς. 

ȼ ŬɜɤŰɏɟɤ ůɡɜɎɟŰɖůɖ ůŰɞ ɢɤɟɑɞ τȟτ  τȟτ , ́ ŬɟɞɡůɘɎɕŮɘ Űɞˊɘəɧ ɛɏɔɘůŰɞ ůŰɞ ůɖ-

ɛŮɑɞ πȢωυυτφχȟπȢωυφφςςȟ əŬɘ ɞɚɘəɧ ɛɏɔɘůŰɞ ɑůɞ ɛŮ πȢπφυχυω ůŰɞ ůɖɛŮɑɞ  

πȢωωωυωωȟςȢτωψωυυ. Ⱥɜɩ ɖ ŬˊŮɘəɧɜɘůɖ Űɖɠ ůŰɞɜ ɢɩɟɞ ŭɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ: 

 

 
ȺɘəɧɜŬ 3.9 ȼ ŰɟɘůŭɘɎůŰŬŰɖ ŬɜŬˊŬɟɎůŰŬůɖ Űɖɠ Ὢ(●), ɧˊɞɡ ŭɘŬəɟɑɜɞɜŰŬɘ ŭɨɞ əɞɟɡűɏɠ. 
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Ƀ Ŭɚɔɧɟɘɗɛɧɠ ɚɞɘˊɧɜ ɔɘŬ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɗŬ ŰɟɏɝŮɘ ɛŮ Űɞɡɠ ˊŬɟŬəɎŰɤ ɛɖɢŬɜɘůɛɞɨɠ, Ůɜɩ 

ɞ əɩŭɘəŬɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɞ ˊŬɟɎɟŰɖɛŬ Ʉ2 ůŰɞ Űɏɚɞɠ Űɞɡ ůɡɔɔɟɎɛɛŬŰɞɠ.  

Ⱥˊɘɚɞɔɐ ɛŮɗɧŭɤɜ ɓŬůɘəɩɜ ɛɖɢŬɜɘůɛɩɜ ɚŮɘŰɞɡɟɔɑŬɠ:  

¶ ɀɏɗɞŭɞɠ Ůˊɘɚɞɔɐɠ: Roulette wheel selection 

¶ ɀɏɗɞŭɞɠ ȹɘŬůŰŬɨɟɤůɖɠ: Arithmetic crossover 

¶ ɀɏɗɞŭɞɠ ɀŮŰɎɚɚŬɝɖɠ: Uniform mutation 

 

 

3.4.4  ȺəŰɏɚŮůɖ əɩŭɘəŬ ũŮɜŮŰɘəɞɨ ȷɚɔɧɟɘɗɛɞɡ (GA) ŭɘůŭɘɎůŰŬŰɖɠ 

ɛŮŰŬɓɚɖŰɐɠ: 

 

ɆŰɖ ůɡɜɏɢŮɘŬ ɗŬ ŮəŰŮɚŮůŰŮɑ ɞ əɩŭɘəɎɠ ɔɘŬ ɛɑŬ ŮˊŬɜɎɚɖɣɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ɔɘŬ ŭɘɎűɞɟŮɠ 

Űɘɛɏɠ Űɤɜ ůɖɛŬɜŰɘəɧŰŮɟɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɞɡ, əŬɘ ɗŬ ɛŮɚŮŰɖɗŮɑ ɛɏůɤ Űɞɡ ŰŮɚɘəɞɨ ˊɚɖɗɡůɛɞɨ ɖ 

ŮˊɑŭɟŬůɖ ŬɡŰɩɜ ůŰɖɜ Ŭˊɧŭɞůɖ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ, ɧˊɤɠ Ŭəɟɘɓɩɠ əŬɘ ůŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ˊŮɟɑ-

ˊŰɤůɖ Űɖɠ ɛɞɜɞŭɘɎůŰŬŰɖɠ ɛŮŰŬɓɚɖŰɐɠ. 

ɆŰɖɜ ˊɟɩŰɖ ɚɞɘˊɧɜ ˊŮɟɑˊŰɤůɖ ɗŬ ˊŬɟŬɛŮŰɟɞˊɞɘɖɗŮɑ ɖ ˊɘɗŬɜɧŰɖŰŬ ŭɘŬůŰŬɨɟɤůɖɠ. 

 

ɆŰŬɗŮɟɏɠ ˊɞɡ ŮɘůɎɔɞɜŰŬɘ: 

¶ ɄɘɗŬɜɧŰɖŰŬ ɛŮŰɎɚɚŬɝɖɠ (Mutation probability)  ὴ πȢρ 

¶ ɄɞůɞůŰɧ ŭɘŬŰɐɟɖůɖɠ Ƚůɢɡɟɩɜ ɉɟɤɛɞůɤɛɎŰɤɜ (Elitism Ratio) Ὁ πȢπυ 

¶ ɀɏɔŮɗɞɠ ˊɚɖɗɡůɛɞɨ (Population size) ὓ  υπ 

¶ ɉɤɟɑɞ ŬɜŬɕɐŰɖůɖɠ τȟτ τȟτ    

ȾɟɘŰɐɟɘŬ ŰŮɟɛŬŰɘůɛɞɨ (convergence): 

¶ MŮɔɘůŰɞɠ Ŭɟɘɗɛɧɠ ŮˊŬɜŬɚɐɣŮɤɜ (number of generations) ὓὥὼὋὩὲ ρππ 

ɄŬɟɎɛŮŰɟɞɘ ˊɞɡ ɛŮŰŬɓɎɚɚɞɜŰŬɘ: 

¶ ɄɘɗŬɜɧŰɖŰŮɠ ŭɘŬůŰŬɨɟɤůɖɠ (Crossover probability ) ὴ πȟὴ πȢυȟὴ ρȢπ 
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ȾɩŭɘəŬɠ: 

####  CONTROLLING PARAMETERS OF GA ALGORITHM  ###### 
Problem.nVar < -  2   # Number of problem Variables  
M <-  50             # Number of chromosomes (population)  
l < -  Problem.nVar   # Number of genes  
MaxGen <-  100       # Generations (iterations)  
pc < -  0,0.5,1.0  # Probability of Crossover  
pm <-  0.1   # Probability of Mutation   
Er < -  0.05   # Elitism Ratio  
ub < -  c( 4,4 )        # UPPER BOUND FOR SEARCH SPACE 
lb < -  c( - 4, - 4)      # LOWER BOUND FOR SEARCH SPACE 
CGenetic_Algorithm  (M, l, MaxGen, pc, pm, Er, lb, ub)  
 

 

ɄɑɜŬəŬɠ 3.9 ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ ɛɑŬ ŮəŰɏɚŮůɖ Űɞɡ ɔŮɜŮŰɘəɞɨ Ŭɚɔɧɟɘɗɛɞɡ, ɔɘŬ ŭɘɎűɞɟŮɠ Űɘɛɏɠ Űɖɠ ὴ 

▬Ἣ ɀɏůɖ 

Űɘɛɐ ● 

ɇɡˊɘəɐ 

Ŭˊɧ-

əɚɘůɖ

 ● 

ɀɏůɖ 

Űɘɛɐ ● 

ɇɡˊɘəɐ 

Ŭˊɧ-

əɚɘůɖ

 ● 

ȸɏɚŰɘ-

ůŰɖ 

Űɘɛɐ ● 

ȸɏɚŰɘ-

ůŰɖ 

Űɘɛɐ ● 

ɀɏůɖ 

Űɘɛɐ 

█● 

ɇɡˊɘəɐ 

Ŭˊɧ-

əɚɘůɖ 

█● 

ȸɏɚŰɘ-

ůŰɖ 

Űɘɛɐ 

█● 

0.0 0.85708 0.65188 2.49192 0.20091 1.04653 2.49723 0.06013 0.01667 0.06568 

0.5 0.97440 0.61537 2.39605 0.53340 0.99767 2.49914 0.06061 0.01458 0.06575 

1.0 1.03472 0.50590 2.47395 0.11741 0.97232 2.49370 0.06144 0.01377 0.06573 

 

 
ȺɘəɧɜŬ 3.10 ɲʽʰʴˊʱ˃˃ʰˍʰ ̱ ʶ˂ʽˁˇˏ ˉ˂ʹʻˎˋ˃ˇˏ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ʴʽʰ ὴ πȟὴ  πȢυȟὴ ρȢπ 

ȷɜŬɚɨɞɜŰŬɠ ŰŬ ˊŬɟŬˊɎɜɤ űŬɑɜŮŰŬɘ əŬɘ ůŮ ŬɡŰɐɜ Űɖɜ ˊŮɟɑˊŰɤůɖ ɧŰɘ ɔɘŬ ὴ πȢυ ŮɝɎɔɞɜŰŬɘ 

ŰŬ əŬɚɨŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ əŬɗɩɠ ɡˊɎɟɢŮɘ əŬɚɨŰŮɟɖ ɘůɞɟɟɞˊɑŬ ɛŮŰŬɝɨ ŮɝŮɟŮɨɜɖůɖɠ əŬɘ Ůə-

ɛŮŰɎɚɚŮɡůɖɠ. 

ɄŬɟŬəɎŰɤ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ˊɞɚɚŬˊɚɏɠ ŮˊŬɜŬɚɐɣŮɘɠ ρπ ůŰɞɜ Ŭɟɘɗɛɧ, Űɞɡ 

Ŭɚɔɞɟɑɗɛɞɡ, ɔɘŬ əɎɗŮ Ůˊɘɚɞɔɐ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ ŭɘŬůŰŬɨɟɤůɖɠ ὴ əŬɘ ůŮ ˊɑɜŬəŬ ɗŬ 

əŬŰŬɔɟɎűɞɜŰŬɘ ɞɘ ŮəŰɘɛɐůŮɘɠ ɔɘŬ Űɖ ɛɏůɖ Űɘɛɐ əŬɘ Űɖ ŭɘŬůˊɞɟɎ Űɖɠ ɓɏɚŰɘůŰɖɠ ɚɨůɖɠ, əŬɗɩɠ 

əŬɘ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ MSE. ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɤɠ MSE ɗŮɤɟŮɑŰŬɘ ɖ ɛɏůɖ 

ŰŮŰɟŬɔɤɜɘəɐ ŬˊɧůŰŬůɖ  Űɖɠ ŮəŰɑɛɖůɖɠ Ŭˊɧ Űɞ ɓɏɚŰɘůŰɞ ůɖɛŮɑɞ, ůŰɞ ŮˊɑˊŮŭɞ, ŭɖɚŬŭɐ ὓὛὉρ
ὓὛὉς  ὉὨ ȟ  ʝʌʋʑ  

Ὠ ὢ ὼ ὢ ὼ  



91 
 

Ƀ Ŭɚɔɧɟɘɗɛɞɠ ɚɞɘˊɧɜ ɗŬ ŰɟɏɝŮɘ ɛŮ ŰŬ ˊŬɟŬəɎŰɤ ŭŮŭɞɛɏɜŬ, Ůɜɩ ɞ əɩŭɘəŬɠ Űɞɡ ˊŬɟɞɡůɘɎɕŮ-

ŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɞ ˊŬɟɎɟŰɖɛŬ Ʉ2 ůŰɞ Űɏɚɞɠ Űɞɡ ůɡɔɔɟɎɛɛŬŰɞɠ. 

ɆŰŬɗŮɟɏɠ ˊɞɡ ŮɘůɎɔɞɜŰŬɘ: 

¶ ɄɘɗŬɜɧŰɖŰŬ ɛŮŰɎɚɚŬɝɖɠ (Mutation probability)  ὴ πȢρ 

¶ ɄɞůɞůŰɧ ŭɘŬŰɐɟɖůɖɠ Ƚůɢɡɟɩɜ ɉɟɤɛɞůɤɛɎŰɤɜ (Elitism Ratio) Ὁ πȢπυ 

¶ ɀɏɔŮɗɞɠ ˊɚɖɗɡůɛɞɨ (Population size) ὓ  τπ 

ȾɟɘŰɐɟɘŬ ŰŮɟɛŬŰɘůɛɞɨ (convergence): 

¶ MŮɔɘůŰɞɠ Ŭɟɘɗɛɧɠ ŮˊŬɜŬɚɐɣŮɤɜ (number of generations) ὓὥὼὋὩὲ τπ 

 

ɄɑɜŬəŬɠ 3.10 ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɖɜ ŮəŰɏɚŮůɖ Űɞɡ ɔŮɜŮŰɘəɞɨ Ŭɚɔɧɟɘɗɛɞɡ ρπ űɞɟɏɠ,  

ɔɘŬ ŭɘɎűɞɟŮɠ Űɘɛɏɠ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ ŭɘŬůŰŬɨɟɤůɖɠ ὴ  

▬Ἣ ɀɏůɖ 

Űɘɛɐ ● 

 

ɇɡˊɘəɐ Ŭ-

ˊɧəɚɘůɖ 

● 

 

ɀɏůɖ 

Űɘɛɐ ● 

 

ɇɡˊɘəɐ Ŭ-

ˊɧəɚɘůɖ 

● 

 

ɀɏůɖ 

Űɘɛɐ 

█●ȟ●  

ɇɡˊɘəɐ Ŭ-

ˊɧəɚɘůɖ 

█●ȟ●  

MSE 

●ȟ●  

0.00 1.005426 0.0461981 2.504915 0.0489966 0.0656491 0.00015797 0.00833536 

0.10 0.9987564 0.0267886 2.507490 0.0368739 0.0657116 6.86569e-05 0.00857615 

0.20 1.0000650 0.0415932 2.507474 0.0370061 0.0656858 9.92774e-05 0.00853147 

0.40 0.9964449 0.0244056 2.495452 0.0256939 0.0657290 9.60064e-05 0.00471381 

0.60 0.9976997 0.0174991 2.494476 0.0206864 0.0657426 4.15124e-05 0.00486477 

0.80 0.9974609 0.0118017 2.495820 0.0169805 0.0657500 1.96141e-05 0.00379453 

0.82 0.9970519 0.0104859 2.496783 0.0131566 0.0657527 1.75099e-05 0.00334768 

0.84 0.9972913 0.0111049 2.497625 0.0140080 0.0657520 1.89742e-05 0.00266367 

0.85 0.9980269 0.0119009 2.497390 0.0115492 0.0657525 2.46507e-05 0.00221851 

0.86 0.9988304 0.0111314 2.498923 0.0118555 0.0657532 1.73625e-05 0.00076927 

0.87 0.9980021 0.0137689 2.496030 0.0175594 0.0657482 3.50002e-05 0.00333253 

0.88 0.9983114 0.0172108 2.495881 0.0183871 0.0657442 5.54298e-05 0.00333277 

0.95 0.9966690 0.0162724 2.497729 0.0148616 0.0657470 3.17126e-05 0.00317604 

1.00 0.9987591 0.0098866 2.494270 0.0214672 0.0657479 3.84624e-05 0.00475999 

 

Aˊɧ Űɞɜ ˊɑɜŬəŬ əŬɘ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ Űɞɡ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ MSE ˊɞɡ 

Ŭəɞɚɞɡɗɞɨɜ űŬɑɜŮŰŬɘ ɧŰɘ Űɞ ŭɘɎůŰɖɛŬ ὴ πȢψ  ρȢπ ŮɑɜŬɘ Űɞ ŭɘɎůŰɖɛŬ ɛŮ Űɘɠ əŬɚɨŰŮɟŮɠ 

ŭɡɜŬŰɏɠ Ůˊɘɚɞɔɏɠ ˊɘɗŬɜɞŰɐŰɤɜ. Ⱥˊɑůɖɠ ŮəŰɘɛɎŰŬɘ ɛŮ ŭɘŬűɞɟŮŰɘəɏɠ əŬɛˊɨɚŮɠ ˊŬɚɘɜŭɟɧɛɖůɖɠ Űɞ 

ˊɤɠ ɛˊɞɟŮɑ ɜŬ ůɢŮŰɑɕŮŰŬɘ ɖ ˊɞɘɧŰɖŰŬ Űɖɠ ɚɨůɖɠ ɛŮ Űɖɜ ɛŮŰŬɓɞɚɐ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ 

ŭɘŬůŰŬɨɟɤůɖɠ ὴ. 
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ȺɘəɧɜŬ 3.11 ɲʽʰʴˊʱ˃˃ʰˍʰ ʵʽʰˋˉˇˊʱˌ ʴʽʰ ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ ˍʹˌ ˉʽʻʰ˄ˈˍʹˍʰˌ ʵʽʰˋˍʰˏˊ˖ˋʹˌ ὴΣ ˃ʶ  ˍˇ 

log(MSEύ ˁʰʽ ˍˇ MSE ̱ ʹˌ ʰ˄ˍʾˋˍˇʽ˔ʹˌ ʶˁˍʽ˃ʹʻʶʾˋʰˌ ˂ˏˋʹˌ ˁʰʽ ˁʰ˃ˉˏ˂ʶˌ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌΦ 

 

ɆɡɜŮɢɑɕɞɜŰŬɠ ůŰɖɜ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ ɗŬ ˊŬɟŬɛŮŰɟɞˊɞɘɖɗŮɑ ɖ ˊɘɗŬɜɧŰɖŰŬ ɛŮŰɎɚɚŬɝɖɠ. 

ɆŰŬɗŮɟɏɠ ˊɞɡ ŮɘůɎɔɞɜŰŬɘ: 

¶ ɄɘɗŬɜɧŰɖŰŬ ŭɘŬůŰŬɨɟɤůɖɠ (Crossover probability) ὴ π.8 

¶ ɄɞůɞůŰɧ ŭɘŬŰɐɟɖůɖɠ Ƚůɢɡɟɩɜ ɉɟɤɛɞůɤɛɎŰɤɜ (Elitism Ratio) Ὁ πȢπυ 

¶ ɀɏɔŮɗɞɠ ˊɚɖɗɡůɛɞɨ (Population size) ὓ  υπ 

¶ ɉɤɟɑɞ ŬɜŬɕɐŰɖůɖɠ τȟτ τȟτ    

ȾɟɘŰɐɟɘŬ ŰŮɟɛŬŰɘůɛɞɨ (convergence): 

¶ MŮɔɘůŰɞɠ Ŭɟɘɗɛɧɠ ŮˊŬɜŬɚɐɣŮɤɜ (number of generations) ὓὥὼὋὩὲ ρππ 

ɄŬɟɎɛŮŰɟɞɘ ˊɞɡ ɛŮŰŬɓɎɚɚɞɜŰŬɘ: 

¶ ɄɘɗŬɜɧŰɖŰŮɠ ɛŮŰɎɚɚŬɝɖɠ (Mutation probability)  ὴ πȟὴ πȢρȟὴ ρȢπ 

ȾɩŭɘəŬɠ: 

####  CONTROLLING PARAMETERS OF GA ALGORITHM  ###### 
Problem.nVar < -  2   # Number of problem Variables  
M <-  50             # Number of chromosomes (population)  
l < -  Problem.nVar   # Number of genes  
MaxGen <-  100       # Generations (iterations)  
pc < -  0.8   # Probability of Crossover  
pm <-  0,0. 1,1.0  # Probability of Mutation   
Er < -  0.05   # Elitism Ratio  
ub < -  c( 4,4 )        # UPPER BOUND FOR SEARCH SPACE 
lb < -  c( - 4, - 4)      # LOWER BOUND FOR SEARCH SPACE 
CGenetic_Algorithm  (M, l, MaxGen, pc, pm, Er, lb, ub)  
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ɄɑɜŬəŬɠ 3.11 ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ ɛɑŬ ŮəŰɏɚŮůɖ Űɞɡ ɔŮɜŮŰɘəɞɨ Ŭɚɔɧɟɘɗɛɞɡ, ɔɘŬ ŭɘɎűɞɟŮɠ Űɘɛɏɠ Űɖɠ ὴ  

▬□ ɀɏůɖ 

Űɘɛɐ ● 

ɇɡˊɘəɐ 

Ŭˊɧ-

əɚɘůɖ

 ● 

ɀɏůɖ 

Űɘɛɐ ● 

ɇɡˊɘəɐ 

Ŭˊɧ-

əɚɘůɖ

 ● 

ȸɏɚŰɘ-

ůŰɖ 

Űɘɛɐ ● 

ȸɏɚŰɘ-

ůŰɖ 

Űɘɛɐ ● 

ɀɏůɖ 

Űɘɛɐ 

█● 

ɇɡˊɘəɐ 

Ŭˊɧ-

əɚɘůɖ 

█● 

ȸɏɚŰɘůŰɖ 

Űɘɛɐ 

█● 

0.0 1.02755 0.00552 2.40352 0.01917 1.00076 2.49652 0.06554 4.49e-05 0.06575 

0.1 0.98367 0.40746 2.49122 0.22909 0.99705 2.49966 0.06245 0.01161 0.065759 

1.0 0.39871 2.28008 0.02550 2.41129 1.01635 2.43032 0.01195 0.01745 0.06565 

 

 

 
ȺɘəɧɜŬ 3.12 ɲʽʰʴˊʱ˃˃ʰˍʰ ̱ ʶ˂ʽˁˇˏ ˉ˂ʹʻˎˋ˃ˇˏ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ʴʽʰ ὴ πȟὴ  πȢρȟὴ ρȢπ 

ȷɜŬɚɨɞɜŰŬɠ ɚɞɘˊɧɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ əŬɘ ˊɎɚɘ ɧŰɘ ɔɘŬ ὴ π, ɖ Űɞˊɘəɐ 

ŬɜŬɕɐŰɖůɖ ɔɨɟɤ Ŭˊɧ Űɖɜ ɚɨůɖ ŮɑɜŬɘ ůŰɞ ɛɏɔɘůŰɞ ɓŬɗɛɧ, əŬɘ ɞ ŰŮɚɘəɧɠ ˊɚɖɗɡůɛɧɠ ˊŬɟɞɡůɘɎɕŮɘ 

ɛɖŭŮɜɘəɐ ŭɘŬůˊɞɟɎ. ɆŰɖɜ Ŭəɟɘɓɩɠ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ ɔɘŬ ὴ ρ, ɖ əŬɗɞɚɘəɐ ŬɜŬɕɐŰɖůɖ 

ŮɑɜŬɘ ůŰɞɜ ɛɏɔɘůŰɞ ɓŬɗɛɧ əŬɘ űŬɑɜŮŰŬɘ əŬɗŬɟɎ ɧŰɘ ɏɢŮɘ əŬɚɡűɗŮɑ ˊɚɐɟɤɠ ɞ ɢɩɟɞɠ ŬɜŬɕɐŰɖůɖɠ, 

ɖ ŭɘŬůˊɞɟɎ Űɞɡ ŰŮɚɘəɞɨ ˊɚɖɗɡůɛɞɨ ŮɑɜŬɘ ůŰɞ ɛɏɔɘůŰɞ ɓŬɗɛɧ əŬɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ ɚŮɘŰɞɡɟɔŮɑ ɞɡ-

ůɘŬůŰɘəɎ ůŬɜ Ŭɚɔɧɟɘɗɛɞɠ ŰɡɢŬɑŬ ŬɜŬɕɐŰɖůɖɠ Ŭűɞɨ əɎɗŮ ɔɞɜɑŭɘɞ ɛŮŰŬɚɚɎůůŮŰŬɘ ŰɡɢŬɑŬ. ɇɏɚɞɠ 

ɔɘŬ ὴ πȢρ, ŮɝɎɔŮŰŬɘ ɖ ɓɏɚŰɘůŰɖ ɚɨůɖ əŬɗɩɠ ɔɘŬ ŬɡŰɐ Űɖɜ Űɘɛɐ ɏɢɞɡɛŮ Űɖɜ ˊɘɞ ɘůɞɟɟɞˊɖ-

ɛɏɜɖ ˊɞɘɧŰɖŰŬ ŬɜŬɕɐŰɖůɖɠ. ɄŬɟŬəɎŰɤ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ˊɞɚɚŬˊɚɏɠ ŮˊŬɜŬɚɐɣŮɘɠ 

ρπ ůŰɞɜ Ŭɟɘɗɛɧ, Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ɔɘŬ əɎɗŮ Ůˊɘɚɞɔɐ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ ɛŮŰɎɚɚŬɝɖɠ ὴ  əŬɘ ůŮ 

ˊɑɜŬəŬ ɗŬ əŬŰŬɔɟɎűɞɜŰŬɘ ɞɘ ŮəŰɘɛɐůŮɘɠ ɔɘŬ Űɖ ɛɏůɖ Űɘɛɐ əŬɘ Űɖ ŭɘŬůˊɞɟɎ Űɖɠ ɓɏɚŰɘůŰɖɠ ɚɨůɖɠ, 

əŬɗɩɠ əŬɘ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ MSE. Ƀ Ŭɚɔɧɟɘɗɛɞɠ ɗŬ ŰɟɏɝŮɘ ɛŮ ŰŬ ˊŬɟŬəɎŰɤ ŭŮŭɞ-

ɛɏɜŬ, Ůɜɩ ɞ əɩŭɘəŬɠ Űɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɞ ˊŬɟɎɟŰɖɛŬ Ʉ2 ůŰɞ Űɏɚɞɠ Űɞɡ ůɡɔɔɟɎɛ-

ɛŬŰɞɠ. 

ɆŰŬɗŮɟɏɠ ˊɞɡ ŮɘůɎɔɞɜŰŬɘ: 

¶ ɄɘɗŬɜɧŰɖŰŬ ŭɘŬůŰŬɨɟɤůɖɠ (Crossover probability) ὴ π.86 

¶ ɄɞůɞůŰɧ ŭɘŬŰɐɟɖůɖɠ Ƚůɢɡɟɩɜ ɉɟɤɛɞůɤɛɎŰɤɜ (Elitism Ratio) Ὁ πȢπυ 

¶ ɀɏɔŮɗɞɠ ˊɚɖɗɡůɛɞɨ (Population size) ὓ  τπ 

ȾɟɘŰɐɟɘŬ ŰŮɟɛŬŰɘůɛɞɨ (convergence): 

¶ MŮɔɘůŰɞɠ Ŭɟɘɗɛɧɠ ŮˊŬɜŬɚɐɣŮɤɜ (number of generations) ὓὥὼὋὩὲ τπ 
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ɄɑɜŬəŬɠ 3.12 ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɖɜ ŮəŰɏɚŮůɖ Űɞɡ ɔŮɜŮŰɘəɞɨ Ŭɚɔɧɟɘɗɛɞɡ ρπ űɞɟɏɠ,  

ɔɘŬ ŭɘɎűɞɟŮɠ Űɘɛɏɠ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ ɛŮŰɎɚɚŬɝɖɠ  ὴ   

▬□ ɀɏůɖ 

Űɘɛɐ ● 

 

ɇɡˊɘəɐ Ŭ-

ˊɧəɚɘůɖ 

● 

 

ɀɏůɖ 

Űɘɛɐ ● 

 

ɇɡˊɘəɐ Ŭ-

ˊɧəɚɘůɖ 

● 

 

ɀɏůɖ 

Űɘɛɐ 

█●ȟ●  

ɇɡˊɘəɐ Ŭ-

ˊɧəɚɘůɖ 

█●ȟ●  

MSE 

●ȟ●  

0.00 0.9620979 0.1487852 2.454838 0.1615451 0.0647017 0.00374610 0.05790189 

0.01 0.9646045 0.2007799 2.439838 0.3573296 0.0651127 0.00340632 0.06869783 

0.02 0.9773614 0.1995501 2.461484 0.3474452 0.0653605 0.00331107 0.04357312 

0.03 0.9935312 0.0282670 2.493110 0.0261224 0.0657215 9.80983e-05 0.00842478 

0.04 0.9981846 0.0236373 2.493291 0.0244234 0.0657312 7.79429e-05 0.00583836 

0.05 0.9973739 0.0211641 2.494304 0.0234923 0.0657367 7.14312e-05 0.00515544 

0.06 0.9960743 0.0170582 2.498439 0.0241946 0.0657405 5.45302e-05 0.00356237 

0.07 0.9979716 0.0156018 2.497600 0.0170187 0.0657468 3.64047e-05 0.00211789 

0.08 0.9980787 0.0113828 2.496510 0.0154645 0.0657512 2.51655e-05 0.00287929 

0.09 0.9977139 0.0136505 2.497363 0.0131890 0.0657502 3.15183e-05 0.00246721 

0.10 0.9988304 0.0111314 2.498923 0.0118555 0.0657532 1.73625e-05 0.00076927 

0.11 0.9983746 0.0122204 2.497673 0.0169609 0.0657498 2.4308e-05 0.00177242 

 

ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ Űɞ əŬɚɨŰŮɟɞ ŬˊɞŰɏɚŮůɛŬ ŮɝɎɔŮŰŬɘ ɔɘŬ Űɘɛɐ ˊɘɗŬɜɧŰɖŰŬɠ ɑůɖ ɛŮ πȢρπ, Ůɜɩ 

Ŭˊɧ ŰŬ ˊŬɟŬəɎŰɤ ŭɘŬɔɟɎɛɛŬŰŬ Űɞɡ ɛɏůɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ůűɎɚɛŬŰɞɠ MSE ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ 

űŬɑɜŮŰŬɘ ɧŰɘ Űɞ ŭɘɎůŰɖɛŬ ὴ πȢπψ  πȢρ ŮɑɜŬɘ Űɞ ŭɘɎůŰɖɛŬ ɛŮ Űɘɠ əŬɚɨŰŮɟŮɠ ŭɡɜŬŰɏɠ 

Ůˊɘɚɞɔɏɠ ˊɘɗŬɜɞŰɐŰɤɜ. Ⱥˊɑůɖɠ ŮəŰɘɛɎŰŬɘ ɛŮ ŭɘŬűɞɟŮŰɘəɏɠ əŬɛˊɨɚŮɠ ˊŬɚɘɜŭɟɧɛɖůɖɠ Űɞ ˊɤɠ 

ɛˊɞɟŮɑ ɜŬ ůɢŮŰɑɕŮŰŬɘ ɖ ˊɞɘɧŰɖŰŬ Űɖɠ ɚɨůɖɠ ɛŮ Űɖɜ ɛŮŰŬɓɞɚɐ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ ɛŮŰɎɚɚŬɝɖɠ ὴȢ 

 

 
ȺɘəɧɜŬ 3.13 ɲʽʰʴˊʱ˃˃ʰˍʰ ʵʽʰˋˉˇˊʱˌ ʴʽʰ ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ ˍʹˌ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ ɛŮŰɎɚɚŬɝɖɠ ὴ , ˃ ʶ ˍˇ log(MSE) 

ˁʰʽ ˍˇ MSE ̱ ʹˌ ʰ˄ˍʾˋˍˇʽ˔ʹˌ ʶˁˍʽ˃ʹʻʶʾˋʰˌ ˂ˏˋʹˌ, ˁ ʰʽ ˁʰ˃ˉˏ˂ʶˌ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ. 

 

 

 

 

 


