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1Mixed Integer Linear Programming (MILP)  
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3 Robustness (dependability) 
4 Response time 
5 Uncertainty 
6 Branch and Bound (B&B) 
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4Genetic Algorithm (GA)  
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6 Membership Function 
7 Single allocation 
8 Complete Hub Network 
9 Cover radius 
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1 Fitness function 
2 Crossover (Recombination) 
3 Repair 
4 Mutation 
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Begin 

Get the best chromosome founded by purposed GA   S 

While (the cover radius constraint is met) do 

            Randomly remove a hub in hub array of  S 

            Correct the allocation of spokes of  S 

 End 

Report (S)

CAB

(Australian Post)AP

http://people.brunel.ac.uk/~mastjjb/jeb/info.html
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(CAB data set  = .2)
 

n Obj CPU Time(s) 

 
10 4 0.1 

 
15 4 3 

LINGO 20 4 5 

 
25 6 16 

    

 
10 4 0.12 

 
15 4 1.75 

Hybrid  heuristic 

algorithm 
20 4 3.58 

 
25 6 11.19 

(CAB data set  = .4) 

 
n Obj CPU Time(s) 

 
10 3 0.13 

 
15 4 4 

LINGO 20 6 7 

 
25 6 19 

    

 
10 3 0.11 

 
15 4 2.17 

Hybrid heuristic 

algorithm 
20 6 3.37 

 
25 6 14.19 

(CAB data set  = .6)

 
n Obj CPU Time(s) 

 
10 5 0.1 

 
15 5 5 

LINGO 20 3 12 

 
25 6 18 

    

 
10 4 0.18 

 
15 5 1.47 

Hybrid heuristic 

algorithm 
20 3 8.23 

 
25 5 19.04 

و نرم افزار  يبيترک يتم ابتکاريلگورا يسه خروجي. مقا5جدول 

 (CAB data set  = .8) نگويل

 
n Obj CPU Time (s) 

 
10 4 1 

 
15 4 5 

LINGO 20 4 8 

 
25 7 15 

    

 
10 4 0.16 

 
15 4 2.12 

Hybrid heuristic 

algorithm 
20 4 3.33 

 
25 7 10.2 

و نرم افزار  يبيترک يتم ابتکاريالگور يسه خروجي. مقا2جدول 

 (CAB data set  = .2) نگويل

 

 
n Obj CPU Time(s) 

 
10 4 0.1 

 
15 4 3 

LINGO 20 4 5 

 
25 6 16 

    
 

10 4 0.12 

 
15 4 1.75 

Hybrid  heuristic algorithm 20 4 3.58 

 
25 6 11.19 

 

و نرم افزار  يبيترک يبتکارتم ايالگور يسه خروجي. مقا2جدول 

 (CAB data set  = .2) نگويل

 

 
n Obj CPU Time(s) 

 
10 4 0.1 

 
15 4 3 

LINGO 20 4 5 

 
25 6 16 

    
 

10 4 0.12 

 
15 4 1.75 

Hybrid  heuristic algorithm 20 4 3.58 

 
25 6 11.19 
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Hybrid  heuristic algorithm 20 4 3.58 
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(CAB data set  = )  

 
n Obj CPU Time (s) 

 
10 3 0.1 

 
15 3 3 

LINGO 20 4 13 

 
25 5 42 

    

 
10 3 0.13 

 
15 3 1.57 

Hybrid heuristic 

algorithm 
20 4 8.2 

 
25 5 24.08 

AP][

=

AP0.75α 

n     

     

n=10 40382.7 34772.4 32574.2 32531.2 

n=20 45954.2 4 3400.4 3 8607.3 37868.1 

n=25 53207.5 4 6608.3 4 5552.5 37868.1 

n=40 61682.5 5 81 92.8 5 2265.3 49741.2 

n=50 66523.4 6 0132.1 5 2905.8 50707.9 

n=100 65914.8 60658.9 54243.5 51860 

 

    

(AP data set  = .75)

 
n Obj CPU Time (s) 

 
10 4 0.2 

 
20 7 18 

LINGO 25 9 36 

 
40 not found 

 
50 not found 

 
100 not found 

    

 
10 4 1.15 

 
20 7 6 

Hybrid heuristic 

algorithm 
25 9 13.8 

 
40 14 21.08 

 
50 18 36.3 

 
100 29 352.4 
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