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∑ xj = 1D
j=1 0 ≤  xj  ≤

j = 1, . . . , D

Max  r = ∑ xiμi
N
i=1
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∑ qi = KN
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qi ∈ {0,1}
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Algorithm  NaKa_FA_PSO 

Definition: 
NP             // population size 
NRep           // archive size 
k              // cardinal size 
 
Begin 
1:  
      Rep = ∅,// archive  
Fn = 0; // number of evaluation function 
      Lb=𝜙; // lower bound 
      Up=𝜙; // upper bound 
      scale=|Up −  Lb|; 
Pattern_set=𝜙 // General pattern 
POS_select=𝜙  //  Binary trace for particle pattern  



 

 
𝑦 = 2 //   light absorption coefficient 
               𝐵0 = 2 //   light intensity 
 
2: 𝜓=  Calculate the inner strategy as formula (14)and Calculate the outer 
strategy RouletteWheelSelection (𝜓,k/2) as formula (15) 
 
3: For i=1 to NP 
4:    Randomly initialize the particle variable 𝑃𝑂𝑆𝑖,  
5:    Randomly initialize the velocity variable 𝑣𝑖,  
6:    Randomly initialize the selecting stock of particle variable 𝑃𝑂𝑆_𝑠𝑒𝑙𝑒𝑐𝑡𝑖,  
7:    idx= Calculate the formula B  RouletteWheelSelection(𝜓,k/2) 
8:    Set the elements of 𝑷𝑶𝑺_𝑺𝒆𝒍𝒆𝒄𝒕𝒊 to one based on the idx(index) 
9:    [Position, Index]=Call Algorithm  Allocation_Number (k,lb,ub, pattern_set, 

𝑷𝑶𝑺_𝑺𝒆𝒍𝒆𝒄𝒕𝒊) 
10:   normaliz_position = Evaluate the normal value for (Position, Index) 
11:  𝑃𝑂𝑆𝑖 ,.Cost= Evaluate the fitness value for normaliz_position  
12: End For 
 
13: While not stop 
14:For i=1 to NP 
15:       If rand<0.3 

16:           𝑉𝑖
(𝑘+1)

= 𝑤𝑣𝑖
(𝑘)
 + 𝑐1𝑟1(𝑝𝑏𝑒𝑠𝑡

(𝑘)
− 𝑃𝑂𝑆𝑖

(𝑘)
)+ 𝑐2𝑟2(𝐿𝑒𝑎𝑑𝑒𝑟1𝑏𝑒𝑠𝑡

(𝑘)
− 𝑃𝑂𝑆𝑖

(𝑘)
)                                                     

                                   +𝑐2𝑟2(𝐿𝑒𝑎𝑑𝑒𝑟2𝑏𝑒𝑠𝑡
(𝑘)

− 𝑃𝑂𝑆𝑖
(𝑘)
) ;                                                               

17:                             𝑃𝑂𝑆𝑖
𝑡+1=𝑃𝑂𝑆𝑖

𝑡 +𝑉𝑖
(𝑘+1)

; 
18:Else 

17:           𝑟 = 𝑚𝑒𝑎𝑛(√𝑠𝑢𝑚(𝑥𝑖
𝑡 − 𝐿𝑒𝑎𝑑𝑒𝑟1𝑏𝑒𝑠𝑡

(𝑘) 2
) + √𝑠𝑢𝑚(𝑥𝑖

𝑡 − 𝐿𝑒𝑎𝑑𝑒𝑟1𝑏𝑒𝑠𝑡
(𝑘) 2

)); 

18:           Pd= 2 (
𝜇

𝑤
)

𝜇 1

Γ(𝜇)
𝑥(2𝜇−1)𝑒

−𝜇𝑥2

𝑤   ;𝑤 = 0.5  , 𝜇 = 1 

19:           R= Generated Random (Pd,𝑝𝑏𝑒𝑠𝑡
(𝑘)

 ); 

20:           𝐵𝑒𝑡𝑎=𝐵0𝑒−𝑦𝑟2
; 

21:          𝑆𝑡𝑒𝑝𝑠=(√𝑠𝑐𝑎𝑙𝑒. 𝑅 ∗ 10−3); 

22:                             𝑥𝑖
𝑡+1=𝑥𝑖

𝑡 + 𝐵𝑒𝑡𝑎*(𝑝𝑏𝑒𝑠𝑡
(𝑡)

− 𝑃𝑂𝑆𝑖
(𝑡)
)+(𝑝𝑏𝑒𝑠𝑡

(𝑡)
− 𝐿𝑒𝑎𝑑𝑒𝑟1𝑏𝑒𝑠𝑡

(𝑡)
) +𝑆𝑡𝑒𝑝𝑠;          

23: End If                                                          
24:       idx= Calculate the formula B  RouletteWheelSelection(𝜓,k/2) 
25:       Set the elements of 𝑷𝑶𝑺_𝑺𝒆𝒍𝒆𝒄𝒕𝒊 to one based on the idx 
26:       Position=Call Algorithm  Allocation_Number (k,lb, 
ub,pattern_set,𝑷𝑶𝑺_𝑺𝒆𝒍𝒆𝒄𝒕𝒊) 
27:       normaliz_position = Evaluate the normal value for (Position, Index) as 
          (9,10) formula 
28:       𝑃𝑂𝑆𝑖 ,.Cost= Evaluate the fitness value for normaliz_position  
29:If  rand<pm 
30:             xnew=call Standard MutateGenetic 
31:             Set the elements of xnewto one with based on the random idx 
32:             Position= Call Algorithm  Allocation_Number (k,lb, 
ub,pattern_set, 𝐱𝐧𝐞𝐰) 
33:             normaliz_position = Evaluate the normal value for 
                (Position,Index) as (9,10) formula 
34:             𝑃𝑂𝑆𝑖,.Cost= Evaluate the fitness value for normaliz_position  
35:End If 
36:       Rep0= Specify New Members for New Resository 
37:       Rep-old=[Rep0 Rep-old] 
38:       Rep-old= Save Non-DminatedMemebrs for the Repository 
39:       Update Grid and Check if Repository is Full 



 

 
40:End For 
41: End While  
End 

 

 

Algorithm  Allocation_Number(k,xpos,lb, ub, pattern_set,𝑷𝑶𝑺_𝑺𝒆𝒍𝒆𝒄𝒕𝒊) 
Definition: 
𝛩1 // reward for Adding  
𝛩2// reward for removing 
    k // cardinal size 
xpos // particle position 
 
Begin 
1:  POS_select= 𝜙 //  Binary trace for particle pattern  
    SET= 𝜙 // preprocessed list  
Add_size  // the number of selected index 
Remove_size // the number of selected index 
    POS= 𝜙 // particle position  
Pattern_set= 𝜙 // General pattern 
POS_select= 𝜙 //  Binary trace for particle pattern  
2:  count= Calculates the number of element from POS_select  which is one 
3:If count>k 
4:        selectid=[ ]; 
5:Remove_size =count- k; 
6:        idx1=Find the index of (POS_select𝑖(:)>0); 
7:   [pattern_set,Selectid] = Call Algorithm Remove (SET, Remove_size, 
Pattern_set, POS_select, 𝜣𝟐) 
8:        set the index of POS_Selectito zero based on the Selected position 



 

 
9:        xpos=xpos.*POS_Selecti; 
10:Else Ifcount<k 
11:       selectid=[ ]; 
12:       ADD_size =k -count; 
13:       Find the element of POS_select𝑖 list which is greater than zero 
14:       𝑙𝑖𝑠𝑡1(idx1)=[ ]; 

15:   [pattern_set, Selectid] = Call Algorithm Add (SET, ADD_size, Pattern_set, 
POS_select, 𝜣𝟏) 
16:       set the index of POS_Selectito one based on the Selected position 
17:       xpos=xpos.*POS_Selecti; 
End IF 
End 

  

AlgorithmAdd (SET, ADD_size, Pattern_set, POS_select, 𝜣𝟏) 
Begin 
1: C=[ ]; 𝛩1 // the specified value of changing 
2:If sum(Pattern_set)==0 
3:     Selectid= generate random number index with considering 
Add_size 
4:     pattern_set(Selectid)=1; 

5:Else 
6:    R=pattern_set.* Gaussian(0, 1); 
7:    C=R/sum(R); 
8:    idxd= Sort C by ascending 
9:    idxd2=𝑆𝐸𝑇(idxd); 

10:   Selectid=𝑖𝑑𝑥𝑑2(1:ADD_SIZE); 

11:     𝑝𝑎𝑡𝑡𝑒𝑟𝑛_𝑠𝑒𝑡(Selectid))=𝑝𝑎𝑡𝑡𝑒𝑟𝑛_𝑠𝑒𝑡(Selectid)+𝛩1; 

12: End If 
End 

 

AlgorithmRemove(SET, Remove_size, Pattern_set, POS_select, 𝜣𝟐) 
Begin 
1: C=[]; 𝛩2 // the specified value of changing  
2:If sum(Pattern_set)==0 
3:    Selectid= generate random number index with 
      considering Add_size 
4:    𝑝𝑎𝑡𝑡𝑒𝑟𝑛_𝑠𝑒𝑡(Selectid)=1; 

5:Else 
6:    R=pattern_set.* Gaussian(0, 1); 
7:    C=R/sum(R); 
8:    idxd= Sort C by descending 
9:    idxd2=𝑆𝐸𝑇(idxd); 

10:   Selectid=𝑖𝑑𝑥𝑑2(1:REVMOVE_SIZE); 

11:   𝑝𝑎𝑡𝑡𝑒𝑟𝑛_𝑠𝑒𝑡(Selectid)=𝑝𝑎𝑡𝑡𝑒𝑟𝑛_𝑠𝑒𝑡(Selectid)+𝛩2; 

12:End If 
End 
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