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ȷɓɑɖɏɍɎ ɈɓɖɘɉɅɕɖɗɇɊɒɒɠɎ ɘɒɍɇɊɕɖɍɗɊɗ ɖɍɖɗɊɑ ɘɔɕɅɇɐɊɒɍɤ ɍ ɕɅɉɍɓɢɐɊɏɗɕɓɒɍɏɍ 

ȨɕɅɇɍɗɅɛɍɓɒɒɠɎ ɅɐɈɓɕɍɗɑ Å ȥɐɈɓɕɍɗɑ ɔɕɠɈɅɣɞɍɚ ɐɤɈɘɝɊɏ Å ȥɐɈɓɕɍɗɑ ɖɓɕɒɤɏɓɇ Å ȥɐɈɓɕɍɗɑ ɏɕɍɐɊɎ  



ȲɊɜɊɗɏɍɎ ɏɐɅɖɖɍəɍɏɅɗɓɕ 
2 

ʅʝʯʝʪʢʠʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ
ci  ɴC = {c1, c2, ȣ, cm}X = { x1, é, x|X|} 

X = {x1, ê, x|X|} ð 

ɑɒɓɋɊɖɗɇɓ ɓɆɟɊɏɗɓɇ; 

C = {c1, c2, . . ., cm} ð 

ɑɒɓɋɊɖɗɇɓ ɑɊɗɓɏ 

ɏɐɅɖɖɓɇ; 

Ali ð ɒɊɜɊɗɏɍɎ ɗɊɕɑ, 

ɚɅɕɅɏɗɊɕɍɌɘɣɞɍɎ l-ɠɎ 

ɔɕɍɌɒɅɏ ɇ i-ɓɑ ɔɕɅɇɍɐɊ 

(i Í[1, R]) 

Rij : ɽʉʃʀ x1 ʝʩʪʴ A1i ʀ x2 ʝʩʪʴ A2i ʀ é ʀ xn ʝʩʪʴ Ani ʊʆ class ʝʩʪʴ cj 

ȲɊɜɊɗɏɓɊ ɔɕɅɇɍɐɓ: 

x 
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b11 b12 b13 

ȲɊɜɊɗɏɓɊ ɕɅɌɆɍɊɒɍɊ ɔɕɍɌɒɅɏɅ 

)2)(exp()(
c

bx
xA

-
-=

ȨɅɘɖɖɓɇɅ əɘɒɏɛɍɤ 

ɔɕɍɒɅɉɐɊɋɒɓɖɗɍ 

ȷɊɕɑɠ ɍ ɔɕɅɇɍɐɅ əɓɕɑɍɕɘɣɗɖɤ 

ɅɐɈɓɕɍɗɑɓɑ ɈɊɒɊɕɅɛɍɍ ɖɗɕɘɏɗɘɕɠ 

ɗ = (b11, c11, b12, c12, b13, c13, b21, c21, é) 

ɗ ð ɇɊɏɗɓɕ ɔɅɕɅɑɊɗɕɓɇ ɖɍɖɗɊɑɠ; 

b, c ð ɔɅɕɅɑɊɗɕɠ ɗɊɕɑɅ; 

ȦɅɕɉɅɑɓɇɅ ȱ.Ȧ. ȶɕɅɇɒɍɗɊɐɡɒɠɎ ɅɒɅɐɍɌ ɢəəɊɏɗɍɇɒɓɖɗɍ ɑɊɗɅɢɇɕɍɖɗɍɜɊɖɏɍɚ ɅɐɈɓɕɍɗɑɓɇ ɔɕɍ ɔɓɖɗɕɓɊɒɍɍ Ȳȯ  



ȲɊɜɊɗɏɍɎ ɏɐɅɖɖɍəɍɏɅɗɓɕ 

ȳɛɊɒɏɅ ɖɗɊɔɊɒɍ 

ɔɕɍɒɅɉɐɊɋɒɓɖɗɍ 

ɏɅɋɉɓɑɘ ɔɕɅɇɍɐɘ 

ȶɗɕɓɏɅ ɍɌ 

ɗɅɆɐɍɛɠ 

ɒɅɆɐɣɉɊɒɍɎ 

ȦɅɌɅ 

ɔɕɅɇɍɐ 

 ὀ  ὃ ὼ  

 

ȴɓɍɖɏ 

ɑɅɏɖɍɑɅɐɡɒɓɈɓ 

ɌɒɅɜɊɒɍɤ  

 Ὦᶻ ÁÒÇÍÁØ 

ȯɐɅɖɖ 

ȳɔɕɊɉɊɐɊɒɍɊ 

ɖɓɓɗɇɊɗɖɗɇɘɣɞɊɈɓ 

ɏɐɅɖɖɅ 

ὧὰὥίί ὧz  

ȵɅɖɜɊɗ ɗɓɜɒɓɖɗɍ 

ɏɐɅɖɖɍəɍɏɅɛɍɍ 

Ὁ
ρ

ᾀ
ᶻ ὨὩὰὸὥὴȟ  

ὨὩὰὸὥὴȟ  
ρȟ̆ ̒̌̉ ὧ Ὢὀȟ

πȟ̉ ̘̎́̆
 

ȷɓɜɒɓɖɗɡ 

ȩɐɤ ɔɓɇɠɝɊɒɍɤ ɗɓɜɒɓɖɗɍ ɏɐɅɖɖɍəɍɏɅɗɓɕɅ ɒɊɓɆɚɓɉɍɑɅ 

ɓɔɗɍɑɍɌɅɛɍɤ ɇɊɏɗɓɕɅ ɔɅɕɅɑɊɗɕɓɇ ɖɍɖɗɊɑɠ Ȇ 

3 ȦɅɕɉɅɑɓɇɅ ȱ.Ȧ. ȶɕɅɇɒɍɗɊɐɡɒɠɎ ɅɒɅɐɍɌ ɢəəɊɏɗɍɇɒɓɖɗɍ ɑɊɗɅɢɇɕɍɖɗɍɜɊɖɏɍɚ ɅɐɈɓɕɍɗɑɓɇ ɔɕɍ ɔɓɖɗɕɓɊɒɍɍ Ȳȯ  



ȦɅɕɉɅɑɓɇɅ ȱ.Ȧ. ȶɕɅɇɒɍɗɊɐɡɒɠɎ ɅɒɅɐɍɌ ɢəəɊɏɗɍɇɒɓɖɗɍ ɑɊɗɅɢɇɕɍɖɗɍɜɊɖɏɍɚ ɅɐɈɓɕɍɗɑɓɇ ɔɕɍ ɔɓɖɗɕɓɊɒɍɍ Ȳȯ  

ð ɢɇɓɐɣɛɍɓɒɒɠɊ ɅɐɈɓɕɍɗɑɠ 

Å ɈɊɒɊɗɍɜɊɖɏɍɎ ɅɐɈɓɕɍɗɑ, ɉɍəəɊɕɊɒɛɍɅɐɡɒɅɤ 

ɢɇɓɐɣɛɍɤ, ɢɇɓɐɣɛɍɓɒɒɓɊ ɔɕɓɈɕɅɑɑɍɕɓɇɅɒɍɊ 

ð ɅɐɈɓɕɍɗɑɠ, ɍɑɍɗɍɕɘɣɞɍɊ ɔɕɓɛɊɖɖɠ ɇ 
ɜɊɐɓɇɊɜɊɖɏɓɑ ɓɆɞɊɖɗɇɊ 

Å ɏɘɐɡɗɘɕɒɠɎ ɅɐɈɓɕɍɗɑ, ɑɊɑɊɗɍɜɊɖɏɍɎ ɅɐɈɓɕɍɗɑ, 

ɅɐɈɓɕɍɗɑ ɏɕɊɅɗɍɇɒɓɈɓ ɓɆɘɜɊɒɍɤ, èɑɓɌɈɓɇɓɎ 

ɝɗɘɕɑé 

ð ɅɐɈɓɕɍɗɑɠ, ɍɑɍɗɍɕɘɣɞɍɊ ɔɓɇɊɉɊɒɍɊ 
ɋɍɇɓɗɒɠɚ 

Å ɅɐɈɓɕɍɗɑ ɕɓɤɞɍɚɖɤ ɜɅɖɗɍɛ, ɑɘɕɅɇɡɍɒɠɎ ɅɐɈɓɕɍɗɑ, 

ɅɐɈɓɕɍɗɑ ɔɜɊɐɍɒɓɎ ɏɓɐɓɒɍɍ, ɅɐɈɓɕɍɗɑ ɏɘɏɘɝɏɍ 

ð ɅɐɈɓɕɍɗɑɠ, ɍɑɍɗɍɕɘɣɞɍɊ ɔɕɍɕɓɉɒɠɊ 
ɔɕɓɛɊɖɖɠ ɍ ɤɇɐɊɒɍɤ 

Å ɈɅɕɑɓɒɍɜɊɖɏɍɎ ɔɓɍɖɏ, ɑɍɒɒɠɎ ɇɌɕɠɇ, ɅɐɈɓɕɍɗɑ 

ɍɑɍɗɅɛɍɍ ɓɗɋɍɈɅ 

ȱɊɗɅɢɇɕɍɖɗɍɜɊɖɏɍɊ ɅɐɈɓɕɍɗɑɠ ɓɔɗɍɑɍɌɅɛɍɍ 

ȯɕɍɗɊɕɍɎ ɉɓɖɗɍɈɒɘɗ

ȴɕɓɇɊɕɏɅ ɉɓɖɗɍɋɊɒɍɤ 

ɏɕɍɗɊɕɍɤ ɓɖɗɅɒɓɇɏɍ

ȧɠɇɓɉ ɐɘɜɝɊɈɓ 

ɕɊɝɊɒɍɤ

ȯɕɍɗɊɕɍɎ ɒɊ ɉɓɖɗɍɈɒɘɗ

ȭɒɍɛɍɅɐɍɌɅɛɍɤ 

ɔɓɔɘɐɤɛɍɍ

ȧɚɓɉɒɠɊ 

ɉɅɒɒɠɊ

ȱɍɈɕɅɛɍɤ 

ɔɓɔɘɐɤɛɍɍ
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GSA: ȨɕɅɇɍɗɅɛɍɓɒɒɠɎ ɅɐɈɓɕɍɗɑ 
5 

ȥɐɈɓɕɍɗɑ ɔɓɖɗɕɓɊɒ ɒɅ ɍɖɔɓɐɡɌɓɇɅɒɍɍ ɌɅɏɓɒɓɇ ɗɤɈɓɗɊɒɍɤ ȭɖɅɅɏɅ ȲɡɣɗɓɒɅ: 

ȬɅɏɓɒ ɗɤɈɓɗɊɒɍɤ: 

Ὂ Ὃᶻ
ᶻ

,  

ȬɅɏɓɒ ɉɇɍɋɊɒɍɤ: 

ὥ  , 

Å ɇɚɓɉɒɠɊ ɇɊɏɗɓɕɅ ð ɜɅɖɗɍɛɠ; 

Å ɜɅɖɗɍɛɠ ɓɆɐɅɉɅɣɗ ɑɅɖɖɓɎ, ɓɖɒɓɇɅɒɒɓɎ ɒɅ 

ɌɒɅɜɊɒɍɍ ɗɓɜɒɓɖɗɍ ɏɐɅɖɖɍəɍɏɅɛɍɍ; 

Å ɑɊɋɉɘ ɜɅɖɗɍɛɅɑɍ ɉɊɎɖɗɇɘɣɗ ɖɍɐɠ ɗɤɈɓɗɊɒɍɤ; 

Å ɖɍɐɠ ɗɤɈɓɗɊɒɍɤ ɔɕɍɉɅɣɗ ɜɅɖɗɍɛɅɑ ɘɖɏɓɕɊɒɍɊ 

ɇ ɒɅɔɕɅɇɐɊɒɍɍ ɐɘɜɝɊɈɓ ɕɊɝɊɒɍɤ.   
Max(E) 

Min(E) 

Rashedi E., Nezamabadi-pour H., Saryazdi S. GSA: A Gravitational Search Algorithm // Information Sciences. 2009. V.179. P. 2232-2248. 

V1 

ȦɅɕɉɅɑɓɇɅ ȱ.Ȧ. ȶɕɅɇɒɍɗɊɐɡɒɠɎ ɅɒɅɐɍɌ ɢəəɊɏɗɍɇɒɓɖɗɍ ɑɊɗɅɢɇɕɍɖɗɍɜɊɖɏɍɚ ɅɐɈɓɕɍɗɑɓɇ ɔɕɍ ɔɓɖɗɕɓɊɒɍɍ Ȳȯ  



ȧɚɓɉ: P, T, G0, ŭ, ů. 

Population   = {  ,  , ê,  }; 

ɛɍɏɐ ɔɓ t ɓɗ 1 ɉɓ T  
&ÉÎÄ ύέὶίὸὸ -ÁØὉ ȟὦὩίὸὸ -ÉÎὉ ; 

Ὃὸ Ὃὸ ᶻ
ὸ

ὸ
Ƞ 

ɛɍɏɐ ɔɓ i ɓɗ 0 ɉɓ P  

ά ὸ  ; 

ɏɓɒɊɛ ɛɍɏɐɅ ɔɓ i 

Normalization  (mi(t)); 

ɛɍɏɐ ɔɓ i ɓɗ 0 ɉɓ P  

ɛɍɏɐ ɔɓ j ɓɗ 0 ɉɓ P  

Ὑȟ  ; 

ɛɍɏɐ ɔɓ d ɓɗ 1 ɉɓ   

ὥ ὸ ὥ ὸ ὶὥὲὨz
ᶻ

ȟ
ᶻ— — ; 

ὠ ὸ ρ ὥ ὸ ὶὥὲὨzὠ ὸ; 

— ὸ ρ — ὸ ὠ ὸ ρ; 

ɏɓɒɊɛ ɛɍɏɐɅ ɔɓ d 

ɏɓɒɊɛ ɛɍɏɐɅ ɔɓ j 

ɏɓɒɊɛ ɛɍɏɐɅ ɔɓ i 

ɏɓɒɊɛ ɛɍɏɐɅ ɔɓ t 

ȧɠɚɓɉ: Ƞ 

♫ P ð ɏɓɐɍɜɊɖɗɇɓ ɇɊɏɗɓɕɓɇ-ɜɅɖɗɍɛ; 

♫ T ð ɏɓɐɍɜɊɖɗɇɓ ɍɗɊɕɅɛɍɎ; 

♫ G0 ð ɒɅɜɅɐɡɒɓɊ ɌɒɅɜɊɒɍɊ ɈɕɅɇɍɗɅɛɍɓɒɒɓɎ 

ɔɓɖɗɓɤɒɒɓɎ; 

♫ ŭ, ů ð ɏɓɒɖɗɅɒɗɠ; 

♫ qi ð ɑɅɖɖɍɇ ð ɇɊɏɗɓɕ ɔɅɕɅɑɊɗɕɓɇ ɖɍɖɗɊɑɠ;  

♫ E(qi) ð ɗɓɜɒɓɖɗɡ ɏɐɅɖɖɍəɍɏɅɗɓɕɅ, ɔɓɖɗɕɓɊɒɒɓɈɓ 

ɒɅ ɇɊɏɗɓɕɊ qi;  

♫ G(t) ð ɈɕɅɇɍɗɅɛɍɓɒɒɅɤ ɔɓɖɗɓɤɒɒɅɤ; 

♫ m ð ɑɅɖɖɅ ɜɅɖɗɍɛɠ; 

♫ R ð ɕɅɖɖɗɓɤɒɍɊ ɑɊɋɉɘ ɜɅɖɗɍɛɅɑɍ; 

♫ a ð ɘɖɏɓɕɊɒɍɊ; 

♫ V ð ɖɏɓɕɓɖɗɡ; 

♫ rand ð ɖɐɘɜɅɎɒɓɊ ɜɍɖɐɓ ɇ [0; 1]. 

♫ Normalization  ð ɓɔɊɕɅɛɍɤ ɒɓɕɑɍɕɓɇɅɒɍɤ 

ȨɕɅɇɍɗɅɛɍɓɒɒɠɎ ɅɐɈɓɕɍɗɑ 
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SFLA: ȥɐɈɓɕɍɗɑ ɔɕɠɈɅɣɞɍɚ ɐɤɈɘɝɊɏ 
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ȥɐɈɓɕɍɗɑ ɇɉɓɚɒɓɇɐɊɒ ɔɓɇɊɉɊɒɍɊɑ Ɉɕɘɔɔɠ 

ɐɤɈɘɝɊɏ ɇ ɔɕɓɛɊɖɖɊ ɔɓɍɖɏɅ ɔɍɞɍ 

ÅɇɚɓɉɒɠɊ ɇɊɏɗɓɕɅ ð ɐɤɈɘɝɏɍ; 

ÅɐɤɈɘɝɏɍ ɕɅɌɆɍɇɅɣɗɖɤ ɒɅ Ɉɕɘɔɔɠ - 

ɑɊɑɊɔɐɊɏɖɠ; 

Åɇ ɑɊɑɊɔɐɊɏɖɅɚ ɔɅɕɅɐɐɊɐɡɒɓ 

ɓɖɘɞɊɖɗɇɐɤɊɗɖɤ ɐɓɏɅɐɡɒɠɎ ɔɓɍɖɏ; 

ÅɔɓɖɐɊ ɍɖɗɊɜɊɒɍɤ ɍɗɊɕɅɛɍɎ ɐɓɏɅɐɡɒɓɈɓ 

ɔɓɍɖɏɅ ɐɤɈɘɝɏɍ ɔɊɕɊɑɊɝɍɇɅɣɗɖɤ ɍ 

ɌɅɒɓɇɓ ɕɅɌɆɍɇɅɣɗɖɤ ɒɅ ɑɊɑɊɔɐɊɏɖɠ.   

Narimani M.R. A New Modified Shuffle Frog Leaping Algorithm for Non-Smooth Economic Dispatch 

// World Applied Sciences Journal 12 (6): 803-814, 2011 

ȲɅɜɅɐɓ

ȴɓɔɘɐɤɛɍɤ, ɔɅɕɅɑɊɗɕɠ ɅɐɈɓɕɍɗɑɅ

ȶɓɕɗɍɕɓɇɏɅ ɍ ɕɅɌɉɊɐɊɒɍɊ ɔɓɔɘɐɤɛɍɍ 

ɒɅ ɑɊɑɊɔɐɊɏɖɠ

ȴɕɓɇɊɕɏɅ ɉɓɖɗɍɋɊɒɍɤ 

ɏɕɍɗɊɕɍɤ ɓɖɗɅɒɓɇɏɍ

ȰɓɏɅɐɡɒɠɎ ɔɓɍɖɏ

ȴɊɕɊɑɊɝɍɇɅɒɍɊ ɑɊɑɊɔɐɊɏɖɓɇ

ȯɕɍɗɊɕɍɎ ɒɊ ɉɓɖɗɍɈɒɘɗ

ȧɠɇɓɉ ɐɘɜɝɊɈɓ ɕɊɝɊɒɍɤ

ȯɕɍɗɊɕɍɎ ɉɓɖɗɍɈɒɘɗ

ȯɓɒɊɛ



ȧɚɓɉ: S, q, p, T, Iter, LB, UB. 

Population Ȇ = { Ȇ1, Ȇ2, ê, ȆS}; 

ɛɍɏɐ ɔɓ d ɓɗ 1 ɉɓ T 

&ÉÎÄ  ȟ ; 

3ÏÒÔ ὖέὴόὰὥὸὭέὲ ȟȣȟ ; 

PartitionMemeplex (Memeplex = {m1, m2,ê, mq}); 

ɛɍɏɐ ɔɓ k ɓɗ 1 ɉɓ Iter 

ɛɍɏɐ ɔɓ j ɓɗ 1 ɉɓ q 

ɛɍɏɐ ɔɓ i ɓɗ 1 ɉɓ p 

ὶὥὲὨz ; 

Ɋɖɐɍ (Ὁ  < Ὁ ), ɗɓ ; 

ɍɒɅɜɊ ὶὥὲὨz ; 

Ɋɖɐɍ (Ὁ  < Ὁ ), ɗɓ ; 

ɍɒɅɜɊ ὒὄ ὶὥὲὨzὟὄ ὒὄ; 

ɏɓɒɊɛ ɛɍɏɐɅ ɔɓ i; 

ɏɓɒɊɛ ɛɍɏɐɅ ɔɓ j; 

ɏɓɒɊɛ ɛɍɏɐɅ ɔɓ k; 

CombineMemeplex (Population = {Ȇ1, Ȇ2, ê,ȆS}); 

ɏɓɒɊɛ ɛɍɏɐɅ ɔɓ d; 

ȧɠɚɓɉ: . 

♫ S ð ɏɓɐɍɜɊɖɗɇɓ ɇɊɏɗɓɕɓɇ-ɐɤɈɘɝɊɏ; 

♫ q ð ɏɓɐɍɜɊɖɗɇɓ ɑɊɑɊɔɐɊɏɖɓɇ; 

♫ p ð ɏɓɐɍɜɊɖɗɇɓ ɇɊɏɗɓɕɓɇ ɇ ɑɊɑɊɔɐɊɏɖɊ; 

♫ T ð ɏɓɐɍɜɊɖɗɇɓ ɈɐɓɆɅɐɡɒɠɚ ɍɗɊɕɅɛɍɎ; 

♫ Iter ð ɏɓɐɍɜɊɖɗɇɓ ɐɓɏɅɐɡɒɠɚ ɍɗɊɕɅɛɍɎ; 

♫ LB, UB ð ɇɊɕɚɒɤɤ ɍ ɒɍɋɒɤɤ ɈɕɅɒɍɛɠ ɓɆɐɅɖɗɍ 

ɓɔɕɊɉɊɐɊɒɍɤ ɔɕɍɌɒɅɏɅ; 

♫ qi ð ɑɅɖɖɍɇ, ɇɊɏɗɓɕ ɔɅɕɅɑɊɗɕɓɇ ɖɍɖɗɊɑɠ;  

♫ E(qi) ð ɗɓɜɒɓɖɗɡ ɖɍɖɗɊɑɠ ɒɅ ɇɊɏɗɓɕɊ qi;  

♫ Ȇglobal ð ɈɐɓɆɅɐɡɒɓ ɐɘɜɝɍɎ ɇɊɏɗɓɕ; 

♫ rand ð ɖɐɘɜɅɎɒɓɊ ɜɍɖɐɓ ɇ [0; 1]. 

♫ Sort ð ɖɓɕɗɍɕɓɇɏɅ ɔɓɔɘɐɤɛɍɍ ɇ ɔɓɕɤɉɏɊ ɘɆɠɇɅɒɍɤ 

ɗɓɜɒɓɖɗɍ; 

♫ PartitionMemeplex ð ɕɅɌɉɊɐɊɒɍɊ ɔɓɔɘɐɤɛɍɍ ɒɅ 

ɑɊɑɊɔɐɊɏɖɠ; 

♫ CombineMemeplex ð ɓɆɟɊɉɍɒɊɒɍɊ ɑɊɑɊɔɐɊɏɖɓɇ ɇ 

ɓɉɒɘ ɔɓɔɘɐɤɛɍɣ; 

ȥɐɈɓɕɍɗɑ ɔɕɠɈɅɣɞɍɚ ɐɤɈɘɝɊɏ 
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ȳɗɕɅɋɅɊɗ ɔɓɇɊɉɊɒɍɊ ɖɓɕɒɤɏɓɇ 

ɒɅ ɓɈɕɅɒɍɜɊɒɒɓɎ ɗɊɕɕɍɗɓɕɍɍ ɇ 

ɆɓɕɡɆɊ ɌɅ ɇɠɋɍɇɅɒɍɊ:  

ÅɇɚɓɉɒɠɊ ɇɊɏɗɓɕɅ ð ɕɅɖɗɊɒɍɤ; 

ÅɕɅɖɗɊɒɍɤ ɔɕɓɍɌɇɓɉɤɗ ɖɊɑɊɒɅ, 

ɐɘɜɝɍɊ ɍɌ ɏɓɗɓɕɠɚ 

ɖɗɅɒɓɇɤɗɖɤ ɒɓɇɠɑɍ 

ɕɅɖɗɊɒɍɤɑɍ. 

   

IWO: ȶɓɕɒɤɏɓɇɠɎ ɅɐɈɓɕɍɗɑ 
9 ȦɅɕɉɅɑɓɇɅ ȱ.Ȧ. ȶɕɅɇɒɍɗɊɐɡɒɠɎ ɅɒɅɐɍɌ ɢəəɊɏɗɍɇɒɓɖɗɍ ɑɊɗɅɢɇɕɍɖɗɍɜɊɖɏɍɚ ɅɐɈɓɕɍɗɑɓɇ ɔɕɍ ɔɓɖɗɕɓɊɒɍɍ Ȳȯ  

Rad H. S., Lucas C. A Recommender System based in Invasive Weed Optimization Algorithm 

// IEEE Congress on Evolutionary Computation (CEC 2007). 2007. P. 4297ð4304.  

ȲɅɜɅɐɓ

ȴɓɔɘɐɤɛɍɤ, ɔɅɕɅɑɊɗɕɠ ɅɐɈɓɕɍɗɑɅ

ȳɔɕɊɉɊɐɊɒɍɊ ɏɓɐɍɜɊɖɗɇɅ ɖɊɑɤɒ, ɏɓɗɓɕɓɊ 

ɑɓɋɊɗ ɔɓɕɓɉɍɗɡ ɏɅɋɉɓɊ ɕɅɖɗɊɒɍɊ

ȴɕɓɇɊɕɏɅ ɉɓɖɗɍɋɊɒɍɤ 

ɏɕɍɗɊɕɍɤ ɓɖɗɅɒɓɇɏɍ

ȴɕɓɍɌɇɓɉɖɗɇɓ ɕɅɖɗɊɒɍɤɑɍ ɖɊɑɤɒ ɇ 

ɌɅɇɍɖɍɑɓɖɗɍ ɓɗ ɍɚ ɔɕɍɖɔɓɖɓɆɐɊɒɒɓɖɗɍ 

ȳɗɆɓɕ ɕɅɖɗɊɒɍɎ ɖ ɒɅɍɆɓɐɡɝɊɎ 

ɔɕɍɖɔɓɖɓɆɐɊɒɒɓɖɗɡɣ

ȯɕɍɗɊɕɍɎ ɒɊ ɉɓɖɗɍɈɒɘɗ

ȧɠɇɓɉ ɐɘɜɝɊɈɓ ɕɊɝɊɒɍɤ

ȯɕɍɗɊɕɍɎ ɉɓɖɗɍɈɒɘɗ

ȯɓɒɊɛ



ȧɚɓɉ: N, S, nmin, nmax, s. 

Population = { , ,ê, }; 

q0:= Generate_random (); 

Add_to_population (Population, q0) ; 

ɛɍɏɐ ɔɓ iter ɓɗ 1 ɉɓ N 

ɛɍɏɐ ɔɓ s ɓɗ 1 ɉɓ |Population| 

ὲ Ὁz—  ; 

ɛɍɏɐ ɔɓ j ɓɗ 1 ɉɓ ns 

„ „
ὔ ὭὸὩὶ

ὔ
Ƞ 

ό O ὔπȟ„  „ ᶻ ςÌÎὥÃÏÓς“ὦ; 

—
ᶻȟ

— ό; 

ɏɓɒɊɛ ɛɍɏɐɅ ɔɓ j; 

Add_to_population (Popul, ᶻȟ) ; 

ɏɓɒɊɛ ɛɍɏɐɅ ɔɓ s; 

Sort(Popul) 

Save_best(Popul, S); 

ɏɓɒɊɛ ɛɍɏɐɅ ɔɓ iter; 

ȧɠɚɓɉ: qbest := Search_best(Popul). 

♫ N ð ɏɓɐɍɜɊɖɗɇɓ ɍɗɊɕɅɛɍɎ; 

♫ S ð ɑɅɏɖɍɑɅɐɡɒɓɊ ɏɓɐɍɜɊɖɗɇɓ ɇɊɏɗɓɕɓɇ; 

♫ nmin, nmax ð ɑɍɒɍɑɅɐɡɒɓɊ ɍ ɑɅɏɖɍɑɅɐɡɒɓɊ 

ɏɓɐɍɜɊɖɗɇɓ ɉɓɜɊɕɒɍɚ ɇɊɏɗɓɕɓɇ;  

♫ s ð ɔɅɕɅɑɊɗɕ ɒɓɕɑɅɐɡɒɓɈɓ ɕɅɖɔɕɊɉɊɐɊɒɍɤ; 

♫ i ð ɌɒɅɜɊɒɍɤ ɓɗ 1 ɉɓ L; 

♫ L ð ɏɓɐɍɜɊɖɗɇɓ ɇɚɓɉɒɠɚ ɔɊɕɊɑɊɒɒɠɚ; 

♫ qi ð ɑɅɖɖɍɇ, ɇɊɏɗɓɕ ɔɅɕɅɑɊɗɕɓɇ ɖɍɖɗɊɑɠ;  

♫ E(qi) ð ɗɓɜɒɓɖɗɡ ɖɍɖɗɊɑɠ ɒɅ ɇɊɏɗɓɕɊ qi. 

 

ȥɐɈɓɕɍɗɑ ɖɓɕɒɤɏɓɇ 
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KHA: ɅɐɈɓɕɍɗɑ ɏɕɍɐɊɎ 

ÅɇɚɓɉɒɠɊ ɇɊɏɗɓɕɅ ð ɏɕɍɐɍ; 

Åɏɕɍɐɍ ɓɖɘɞɊɖɗɇɐɤɣɗ ɔɓɍɖɏ 

ɔɍɞɍ; 

ÅɇɊɏɗɓɕ ɔɊɕɊɑɊɞɊɒɍɤ ɏɕɍɐɤ 

Ў  ɖɏɐɅɉɠɇɅɊɗɖɤ ɍɌ ɗɕɊɚ 

ɒɅɔɕɅɇɐɊɒɍɎ: 

♫ɘɔɐɓɗɒɊɒɍɊ ɖɗɅɉɅ ɉɐɤ 

ɌɅɞɍɗɠ ɓɗ ɚɍɞɒɍɏɓɇ (N); 

♫ɔɓɍɖɏ ɔɕɓɔɍɗɅɒɍɤ (F); 

♫ɖɐɘɜɅɎɒɓɊ ɆɐɘɋɉɅɒɍɊ (D). 

Ў  Ἒ ἐ  Ὀ 

11 ȦɅɕɉɅɑɓɇɅ ȱ.Ȧ. ȶɕɅɇɒɍɗɊɐɡɒɠɎ ɅɒɅɐɍɌ ɢəəɊɏɗɍɇɒɓɖɗɍ ɑɊɗɅɢɇɕɍɖɗɍɜɊɖɏɍɚ ɅɐɈɓɕɍɗɑɓɇ ɔɕɍ ɔɓɖɗɕɓɊɒɍɍ Ȳȯ  

Gandomi A. H., Alavi A.H. Krill herd: A new bio-inspired optimization algorithm 

// Commun Nonlinear Sci. Numer. Simulat. ð 2012. ðV. 17ð P. 4831-4845 



ȧɚɓɉ: ȓf, ȓn, Nmax, Vf, Nkrill , Dmax, it, maxit, Ȃ, F
old, 

Nold, a, P. 

Population = { , ,ê, }; 

ɛɍɏɐ ɔɓ it ɓɗ 1 ɉɓ maxit  

Ὀ  Ὀ ὶzὥὲὨz ; 

ɛɍɏɐ ɔɓ b ɓɗ 0 ɉɓ Nkrill  

Ὂ  ὠ z  Ὂz ; 

ὔ ὔ  zὥ  ὔz ; 

— — ὔ Ὂ Ὀ; 

ɏɓɒɊɛ ɛɍɏɐɅ ɔɓ ὦ 

ɏɓɒɊɛ ɛɍɏɐɅ ɔɓ Ὥὸ 

ȧɠɚɓɉ: . 

♫ S ð ɏɓɐɍɜɊɖɗɇɓ ɇɊɏɗɓɕɓɇ-ɐɤɈɘɝɊɏ;  

♫ ȓf ɍ ȓn ð ɇɊɖɅ ɍɒɊɕɛɍɍ ɉɇɍɋɊɒɍɤ, 

ɔɕɍɒɍɑɅɣɞɍɊ ɌɒɅɜɊɒɍɊ ɇ ɉɍɅɔɅɌɓɒɊ ɓɗ 0 ɉɓ 

1;  

♫ Nmax, Dmax ɍ Vf ð ɑɅɏɖɍɑɅɐɡɒɠɊ ɖɏɓɕɓɖɗɍ;  

♫ Nkrill  ð ɏɓɐɍɜɊɖɗɇɓ ɏɕɍɐɊɎ;  

♫ maxit ð ɑɅɏɖɍɑɅɐɡɒɓɊ ɏɓɐɍɜɊɖɗɇɓ ɍɗɊɕɅɛɍɎ;  

♫ ‐ ð ɑɅɐɊɒɡɏɓɊ ɔɓɐɓɋɍɗɊɐɡɒɓɊ ɜɍɖɐɓ;  

♫ Nold ð ɏɓɐɍɜɊɖɗɇɓ ɖɓɖɊɉɊɎ ɕɅɖɖɑɅɗɕɍɇɅɊɑɓɈɓ 

ɏɕɍɐɤ;  

♫ a ð ɏɓɢəəɍɛɍɊɒɗ;  

♫ P ð ɏɓɐɍɜɊɖɗɇɓ ɇɚɓɉɒɠɚ ɇɊɏɗɓɕɓɇ. 

ȥɐɈɓɕɍɗɑ ɏɕɍɐɊɎ 
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ɂɏɖɔɊɕɍɑɊɒɗ ɒɅ ɒɅɆɓɕɅɚ ɉɅɒɒɠɚ KEEL 

ȥɐɈɓɕɍɗɑ 

ȲɅɆɓɕɠ ɉɅɒɒɠɚ 

iris wine glass newthyroid  Cleveland haberman bupa 

ȯɓɐɍɜɊɖɗɇɓ ɢɏɌɊɑɔɐɤɕɓɇ/ɔɕɍɌɒɅɏɓɇ/ɏɐɅɖɖɓɇ (ɔɕɅɇɍɐ) 

150/4/3  178/13/3  214/9/7  215/5/3  297/13/5  306/3/2  345/6/2  

GSA 97.3 97.1 50.8 98.1 62.6 76.1 69.0 

FLA 98.3 95.5 64.0 98.1 57.9 71.6 72.8 

IWO 96.0 96.1 56.9 96.8 55.5 73.8 60.3 

KHA 97.3 90.5 68.3 96.1 57.5 72.9 68.8 

D-MOFARC* 96.0 95.8 70.6 95.5 52.9 69.4 70.1 

FARC-HD* 95.3 95.5 69.0 94.4 58.3 73.5 66.4 

13 ȦɅɕɉɅɑɓɇɅ ȱ.Ȧ. ȶɕɅɇɒɍɗɊɐɡɒɠɎ ɅɒɅɐɍɌ ɢəəɊɏɗɍɇɒɓɖɗɍ ɑɊɗɅɢɇɕɍɖɗɍɜɊɖɏɍɚ ɅɐɈɓɕɍɗɑɓɇ ɔɕɍ ɔɓɖɗɕɓɊɒɍɍ Ȳȯ  

* - Fazzolari, F. A multi-objective evolutionary method for learning granularities based on fuzzy discretization to improve the accuracy-complexity trade-off of fuzzy rule-based 

classification systems: D-MOFARC algorithm / F. Fazzolari, R. Alcal§, F. Herrera// Applied Soft Computing. ð 2014. ð V.24. ð C. 470-481. 



ɂɏɖɔɊɕɍɑɊɒɗ ɒɅ ɒɅɆɓɕɅɚ ɉɅɒɒɠɚ KEEL 

ȥɐɈɓɕɍɗɑ 

ȲɅɆɓɕɠ ɉɅɒɒɠɚ 

balance Wisconsin pima spambaze thyroid  ring twonorm  

ȯɓɐɍɜɊɖɗɇɓ ɢɏɌɊɑɔɐɤɕɓɇ/ɔɕɍɌɒɅɏɓɇ/ɏɐɅɖɖɓɇ (ɔɕɅɇɍɐ) 

625/4/ 3 699/9/ 2 768/8/ 2 4597/57/2 7200/21/3 7400/20/2 7400/20/2 

GSA 81.8 96.3 74.0 69.7 99.3 82.5 94.4 

FLA 92.2 94.9 75.6 76.4 94.7 96.6 96.7 

IWO 88.3 95.3 72.2 60.6 92.6 61.0 97.2 

KHA 91.3 95.4 75.9 62.8 99.3 83.2 97.1 

D-MOFARC* 85.6 96.8 75.5 90.5 99.1 93.3 93.1 

FARC-HD*  91.2 96.2 76.2 91.6 94.1 94.0 95.1 

14 ȦɅɕɉɅɑɓɇɅ ȱ.Ȧ. ȶɕɅɇɒɍɗɊɐɡɒɠɎ ɅɒɅɐɍɌ ɢəəɊɏɗɍɇɒɓɖɗɍ ɑɊɗɅɢɇɕɍɖɗɍɜɊɖɏɍɚ ɅɐɈɓɕɍɗɑɓɇ ɔɕɍ ɔɓɖɗɕɓɊɒɍɍ Ȳȯ  

* - Fazzolari, F. A multi-objective evolutionary method for learning granularities based on fuzzy discretization to improve the accuracy-complexity trade-off of fuzzy rule-based 

classification systems: D-MOFARC algorithm / F. Fazzolari, R. Alcal§, F. Herrera// Applied Soft Computing. ð 2014. ð V.24. ð C. 470-481. 



ȬɅɏɐɣɜɊɒɍɊ 

ȵɊɌɘɐɡɗɅɗɠ ɢɏɖɔɊɕɍɑɊɒɗɅ ɔɓɌɇɓɐɤɣɗ ɖɉɊɐɅɗɡ ɇɠɇɓɉ ɓ ɒɅɐɍɜɍɍ ɘ 

ɔɊɕɊɜɍɖɐɊɒɒɠɚ ɑɊɗɅɢɇɕɍɖɗɍɜɊɖɏɍɚ ɅɐɈɓɕɍɗɑɓɇ ɇɠɖɓɏɍɚ 

ɔɕɓɈɒɓɖɗɍɜɊɖɏɍɚ ɖɔɓɖɓɆɒɓɖɗɊɎ. 

 

15 ȦɅɕɉɅɑɓɇɅ ȱ.Ȧ. ȶɕɅɇɒɍɗɊɐɡɒɠɎ ɅɒɅɐɍɌ ɢəəɊɏɗɍɇɒɓɖɗɍ ɑɊɗɅɢɇɕɍɖɗɍɜɊɖɏɍɚ ɅɐɈɓɕɍɗɑɓɇ ɔɕɍ ɔɓɖɗɕɓɊɒɍɍ Ȳȯ  

GSA FLA IWO  KHA 

D-MOFARC 0,98 0,78 0,53 0,82 

FARC-HD 0,8 0,55 0,65 0,91 

ȩɐɤ ɖɗɅɗɍɖɗɍɜɊɖɏɓɈɓ ɖɕɅɇɒɊɒɍɤ ɍɖɔɓɐɡɌɓɇɅɐɖɤ ɏɕɍɗɊɕɍɎ ȱɅɒɒɅ-ȸɍɗɒɍ-ȸɍɐɏɓɏɖɓɒɅ; 

ɘɕɓɇɊɒɡ ɌɒɅɜɍɑɓɖɗɍ ð 0,05. 

ȯɕɍɗɊɕɍɎ ȱɅɒɒɅ-ȸɍɗɒɍ-ȸɍɐɏɓɏɖɓɒɅ ɔɕɍ ɖɕɅɇɒɊɒɍɍ ɗɓɜɒɓɖɗɍ ɏɐɅɖɖɍəɍɏɅɛɍɍ ɒɅ ɒɅɆɓɕɅɚ KEEL 

ȴɓɐɘɜɊɒɒɠɊ ɇɊɕɓɤɗɒɓɖɗɍ 

ɖɇɍɉɊɗɊɐɡɖɗɇɘɣɗ ɓ ɖɗɅɗɍɖɗɍɜɊɖɏɓɎ 

ɒɊɕɅɌɐɍɜɍɑɓɖɗɍ ɕɊɌɘɐɡɗɅɗɓɇ ɔɓ 

ɗɓɜɒɓɖɗɍ ɔɕɓɈɒɓɌɍɕɓɇɅɒɍɤ ɔɓ 

ɖɕɅɇɒɊɒɍɣ ɖ ɌɅɕɘɆɊɋɒɠɑɍ ɅɒɅɐɓɈɅɑɍ 



ȶɔɅɖɍɆɓ ɌɅ ɇɒɍɑɅɒɍɊ! 

ȯɓɒɗɅɏɗɠ ɉɓɏɐɅɉɜɍɏɅ: 

ÅȦɅɕɉɅɑɓɇɅ ȱɅɕɍɒɅ ȦɓɕɍɖɓɇɒɅ, ɅɖɔɍɕɅɒɗ  

ȷɓɑɖɏɍɎ ɈɓɖɘɉɅɕɖɗɇɊɒɒɠɎ ɘɒɍɇɊɕɖɍɗɊɗ ɖɍɖɗɊɑ ɘɔɕɅɇɐɊɒɍɤ ɍ 

ɕɅɉɍɓɢɐɊɏɗɕɓɒɍɏɍ, ɏɅə. ȯȭȦɂȧȶ 

Å 722bmb@gmail.com 

ȲɅɘɜɒɠɎ ɕɘɏɓɇɓɉɍɗɊɐɡ: 

ÅɔɕɓəɊɖɖɓɕ, ɉ.ɗ.ɒ. ȺɓɉɅɝɍɒɖɏɍɎ ȭɐɡɤ ȥɐɊɏɖɅɒɉɕɓɇɍɜ 

Å hodashn@rambler.ru 
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0,5 6 10 2,2 7,4 10 0 ê 

ȲɊɔɕɊɕɠɇɒɠɎ ɈɕɅɇɍɗɅɛɍɓɒɒɠɎ ɅɐɈɓɕɍɗɑ GSAR 

17 

0 1,5 5 2,8 9 13 3 ê 

b11 c11 b12 c12 b13 c13 b21 ê 

ȬɅɉɅɜɅ ð ɒɅɖɗɕɓɎɏɅ ɔɅɕɅɑɊɗɕɓɇ Ȳȯ; 

ȧɚɓɉ ð ɇɊɏɗɓɕ ɔɅɕɅɑɊɗɕɓɇ ɐɍɒɈɇɍɖɗɍɜɊɖɏɍɚ ɗɊɕɑɓɇ; 

Ȇ1 

Ȇ2 

E(Ȇ1) 

E(Ȇ2) 

ȧɠɚɓɉ ð ɇɊɏɗɓɕ ɖ ɒɅɍɆɓɐɡɝɊɎ ɗɓɜɒɓɖɗɡɣ ɏɐɅɖɖɍəɍɏɅɛɍɍ. 

ȵɍɖɘɒɓɏ 4 ð Ȧɐɓɏ-ɖɚɊɑɅ GSAR 

x 

A(x) 

  

A11 A12 A13 

b11 b12 b13 

ȵɍɖɘɒɓɏ 3 ð ȲɊɜɊɗɏɓɊ ɕɅɌɆɍɊɒɍɊ ɔɕɍɌɒɅɏɅ x 

)2)(exp()(
c

bx
xA

-
-=

ȨɅɘɖɖɓɇɅ əɘɒɏɛɍɤ ɔɕɍɒɅɉɐɊɋɒɓɖɗɍ 

ɗ = (b11, c11, b12, c12, b13, c13, b21, c21, é) 

b, c ð ɔɅɕɅɑɊɗɕɠ 

ɗɊɕɑɅ; 

ɗ ð ɇɊɏɗɓɕ ɔɅɕɅɑɊɗɕɓɇ 

ɖɍɖɗɊɑɠ; 

ȲɅɜɅɐɓ

ȱɒɓɋɊɖɗɇɓ ɇɊɏɗɓɕɓɇ 

ɔɅɕɅɑɊɗɕɓɇ ɖɍɖɗɊɑɠ,

ɑɅɏɖɍɑɅɐɡɒɓɊ ɜɍɖɐɓ ɍɗɊɕɅɛɍɎ, 

ɔɅɕɅɑɊɗɕɠ ɅɐɈɓɕɍɗɑɅ

ȴɓɏɅ ɒɊ ɉɓɖɗɍɈɒɘɗɓ ɑɅɏɖɍɑɅɐɡɒɓɊ 

ɏɓɐɍɜɊɖɗɇɓ ɍɗɊɕɅɛɍɎ ɘɇɊɐɍɜɊɒɍɊ ɖɜɊɗɜɍɏɅ 

ɍɗɊɕɅɛɍɎ ɒɅ Ɋɉɍɒɍɛɘ

ȧɠɇɓɉ ɐɘɜɝɊɈɓ ɕɊɝɊɒɍɤ

ȯɓɒɊɛ

ȵɅɖɜɊɗ ɗɓɜɒɓɖɗɍ ɉɐɤ ɏɅɋɉɓɈɓ 

ɇɊɏɗɓɕɅ, ɓɔɕɊɉɊɐɊɒɍɊ ɐɘɜɝɊɈɓ ɍ 

ɚɘɉɝɊɈɓ ɔɓɏɅɌɅɗɊɐɤ 

ȧɠɜɍɖɐɊɒɍɊ ɚɅɕɅɏɗɊɕɍɖɗɍɏ ɉɐɤ 

ɏɅɋɉɓɈɓ ɇɊɏɗɓɕɅ: ɑɅɖɖ, ɖɍɐ, 

ɘɖɏɓɕɊɒɍɎ, ɖɏɓɕɓɖɗɊɎ, ɔɓɌɍɛɍɎ
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0 

0,2 

0,4 

0,6 

0,8 

1 

0 2 4 6 8 10 12 

ȭɐɐɣɖɗɕɅɛɍɤ ɑɊɗɓɉɅ ɔɕɠɈɅɣɞɍɚ ɐɤɈɘɝɊɏ 

a111
 b111 c111 a112

 ê c1X3 

a211
 b211 c211 a212

 ê c2X3 

a311
 b311 c311 a312

 ê c3X3 

a411
 b411 c411 a412

 ê c4X3 

a511
 b511 c511 a512

 ê c5X3 

a611
 b611 c611 a612

 ê c6X3 
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▬
ἿἷἺἻἼ 

Ἧ (
ἪἭἻἼ) 

. 

. 

. 
ȱɊɑɊɔɐɊɏɖ ɴ1 

ἪἭἻἼ 

▬
ἿἷἺἻἼ 

ȱɊɑɊɔɐɊɏɖ ɴ2 

ἪἭἻἼ 

▬
ἿἷἺἻἼ 

ȱɊɑɊɔɐɊɏɖ ɴ3 

E( Ἢ▄▼◄) 

E( Ἷἷ►▼◄)  

E( )  

E( )  

E( )  

E( )  

a111
 

b111 

c111 a112 

b112 b113 

a113 c112 c113 

q = 3; p = 6; N = 9.   ɐɤɈɘɝɏɍ ɔɓɔɘɐɤɛɍɍ 

ȰɍɒɈɇɍɖɗɍɜɊɖɏɍɊ ɗɊɕɑɠ ɉɐɤ ɓɉɒɓɈɓ ɔɕɍɌɒɅɏɅ 

. 

. 

. 

. 

. 

. 
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ɺʭʦʜ: ȟȟὔ ȟὠȟὔὯὶὭὰὰȟὈ ȟὭὸȟάὥὼὭὸȢ       

ɺʳʭʦʜ: ʟʥʘʯʝʥʠʝ ἪἭἻἼ. 
Population = { , ,é, Ἔ}; 
Ὥὸ:= 0; 
ʮʠʢʣ ʧʦʢʘ (Ὥὸ Í άὥὼὭὸ)  

Ὀ Ὀ ὶzὥὲὨz
Ὥὸ

άὥὼὭὸὩὶ
Ƞ 

ʮʠʢʣ ʧʦ ὥ ʦʪ 0 ʜʦ ὔὯὶὭὰὰ 

 ὥ ὑȟ ὢzȟ ; 
ʮʠʢʣ ʧʦ ή ʦʪ 0 ʜʦ ὔὯὶὭὰὰ 

 ή ὅ ὑz ὢz ; 

ʮʠʢʣ ʧʦ Ὧ ʦʪ 0 ʜʦ ὔὯὶὭὰὰ 
ὄὯ    ; 

ʮʠʢʣ ʧʦ Ὥ ʦʪ 0 ʜʦ ὔὯὶὭὰὰ 

ὊὭ ὠ  Ὂ ; 

ʮʠʢʣ ʧʦ e ʦʪ 0 ʜʦ ὔὯὶὭὰὰ 

ὥ Ὡ ὅ ὑȟ ὢȟ ; 
ʮʠʢʣ ʧʦ ὼ ʦʪ 0 ʜʦ ὔὯὶὭὰὰ 

ὥ ὼ В ὑȟὢȟ; 

ʮʠʢʣ ʧʦ ί ʦʪ 0 ʜʦ ὔὯὶὭὰὰ 

ὥί ὥ  ὥ ; 
ʮʠʢʣ ʧʦ ύ ʦʪ 0 ʜʦ ὔὯὶὭὰὰ 
ὔύ ὔ ὥ  ὔ ; 
ʮʠʢʣ ʧʦ Ὠ ʦʪ 0 ʜʦ ὔὯὶὭὰὰ 
—Ὠ ρ —Ὠ ὔ Ὂ Ὀ ; 
ʢʦʥʝʮ ʮʠʢʣʘ ʧʦ ὥ 
ʢʦʥʝʮ ʮʠʢʣʘ ʧʦ ή 
ʢʦʥʝʮ ʮʠʢʣʘ ʧʦ Ὧ 
ʢʦʥʝʮ ʮʠʢʣʘ ʧʦ Ὥ 
ʢʦʥʝʮ ʮʠʢʣʘ ʧʦ Ὡ 
ʢʦʥʝʮ ʮʠʢʣʘ ʧʦ ὼ 
ʢʦʥʝʮ ʮʠʢʣʘ ʧʦ ί 
ʢʦʥʝʮ ʮʠʢʣʘ ʧʦ ύ 
ʢʦʥʝʮ ʮʠʢʣʘ ʧʦ Ὠ 
Ὥὸ:= Ὥὸ + 1; 
ʢʦʥʝʮ ʮʠʢʣʘ ʧʦ Ὥὸ 
ʚʳʚʦʜ ἪἭἻἼ := Search_best(Population). 

ȦɅɕɉɅɑɓɇɅ ȱ.Ȧ. ȶɕɅɇɒɍɗɊɐɡɒɠɎ ɅɒɅɐɍɌ ɢəəɊɏɗɍɇɒɓɖɗɍ ɑɊɗɅɢɇɕɍɖɗɍɜɊɖɏɍɚ ɅɐɈɓɕɍɗɑɓɇ ɔɕɍ ɔɓɖɗɕɓɊɒɍɍ Ȳȯ  



ὸ Ўὸ ὸ Ўὸ , 

ȳȶȲȳȧȲȥɄ ȹȳȵȱȸȰȥ: 

Á  ð ɏɓɓɕɉɍɒɅɗɠ i ɏɕɍɐɤ; 

Á t  ð ɒɅɜɅɐɡɒɓɊ ɌɒɅɜɊɒɍɊ ɇɕɊɑɊɒɍ; 

ÁЎὸ ð ɏɓɢəəɍɛɍɊɒɗ ɔɕɓɔɓɕɛɍɓɒɅɐɡɒɓɖɗɍ ɇɊɏɗɓɕɅ ɖɏɓɕɓɖɗɍ; 

Á ὸ Ўὸ ð ɒɓɇɓɊ ɌɒɅɜɊɒɍɊ ɏɓɓɕɉɍɒɅɗɠ i ɏɕɍɐɤ; 

Á ὸ ð ɒɅɜɅɐɡɒɓɊ ɌɒɅɜɊɒɍɊ ɏɓɓɕɉɍɒɅɗɠ i ɏɕɍɐɤ; 

Á   ð ɇɊɏɗɓɕ ɖɏɓɕɓɖɗɍ. 
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ÁὈ ð ̅ ̃̉̇̆̎̉̆ȟ ̜̃̈̃́̎̎̏̆ ̘̉̈̉̆̒̋̉̍̕ ̑́̒̐̑̏̒̓̑́̎̆̎̉̆̍ ̋̑̉̌̆̊Ƞ 
ÁὈ  ð ̍ ̝̠́̋̒̉̍́̌̎́ ̝̒̋̏̑̏̒̓ ̠̑́̒̐̑̏̒̓̑́̎̆̎̉ȟ ̠̑́̃̎́ 
̐̑̏̍̆̇̔̓̋̔ ̏̓ 0.002  ̅ ̏ 0.010 □▼ ; 

Á I  ð  ̎ ̏̍̆̑ ̗̉̓̆̑́̉̉Ƞ 
ÁὍ  ð ̍ ̝́̋̒̉̍́̌̎̏̆ ̘̋̏̌̉̆̒̓̃̏ ̗̉̓̆̑́̉̊Ƞ 
Á ð ̒ ̘̌̔́̊̎̏̆ ̘̉̒̌̏ ̟̐̑̉̎̉̍́̆̆̚ ̘̠̈̎́̆̎̉ ̏̓ -1 ̅ ̏ 1; 

ˡ̏̑̍̔̌́ ̖̠̎́̏̇̅̆̎̉ ̠̅̃̉̇̆̎̉ȟ 
 ̃ ̜̈̃́̎̎̏̄̏ ̘̉̈̉̆̒̋̉̍̕ ̑́̒̐̑̏̒̓̑́̎̆̎̉̆̍ ╓░ : 

Ὀ Ὀ
Ὅ

Ὅ
 

21 



ÁἚἱ
ἶἭἿ ð ̅ ̃̉̇̆̎̉̆ȟ ̃ ̜̈̃́̎̎̏̆ ̅ ̑̔̄̉̍̉ ̋ ̠̑̉̌̍̉; 

Áὔ  ð ̝̠̍́̋̒̉̍́̌̎́ ̜̠̃̈̃́̎̎́ ̅̑̔̄̉̍̉ ̠̋̑̉̌̍̉ ̝̒̋̏̑̏̒̓ȟ ̠̑́̃̎́ 
0.01 □▼ ; 

Áɻ ð ̏ ̂̉̊̚ ̞ ̆̋̓̕̕; 
Á  ð ̃ ̆̒ ̉ ̗̎̆̑̉̉ Ἒἱ  ̅ ̠̃̉̇̆̎̉ȟ ̃ ̜̈̃́̎̎̏̄̏ ̃  ̅ ̉́̐́̈̏̎̆ ̏  ̓0 ̅  ̏1; 

ÁἚἱ
ἷἴἬ ð ̐ ̏̒̌̆̅̎̆̆ ̅ ̃̉̇̆̎̉̆ȟ ̃ ̜̈̃́̎̎̏̆ ̅ ̑̔̄̉̍̉ ̋ ̠̑̉̌̍̉. 

ˡ̏̑̍̔̌́ ̖̠̎́̏̇̅̆̎̉ ̠̅̃̉̇̆̎̉ȟ 
̜̃̈̃́̎̎̏̄̏ ̅̑̔̄̉̍̉ ̠̋̑̉̌̍̉ ╝░ : 

Ἒἱ
ἶἭἿ  ὔ   Ἒἱ

ἷἴἬ  
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