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Parameters Values 

A Random in [150, 250] 

hn Random in [1, 25] 

n Random in [20, 70] 

n Random in [80, 150] 

n Random in [0.1, 0.9] 

Dn Random in [100, 2000] 

n/Dn Random in [0.01, 0.40] 

n Random in [150, 250] 

n 0.1 (identical for each n) 

1/ n Random in [4000, 7000] 

sm,n Random in [17, 25] 

bm,n Random in [7, 15] 

c1,n Random in [0.1, 1.0] 

c2,n Random in [1.6, 3.4] 

c3,n Random in [4.2, 6.2] 

 

Table 2. Values assigned to parameters in each problem. 

Table 2
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  Computational time (sec.) Cost of solution 

No. of 
items 

Lower 
bound 

Algorithm 1 Algorithm 2 HGA Algorithm 1 Algorithm 2 HGA 

4 

14524 < 1 < 1 12 14837 (2.1%) 14837 (2.1%) 14837 (2.1%) 

14842 < 1 < 1 14 15079 (1.6%) 15079 (1.6%) 15079 (1.6%) 

17759 < 1 < 1 11 17790 (< 1%) 17790 (< 1%) 17790 (< 1%) 

15925 7 < 1 18 15937 (< 1%) 15940 (< 1%) 15937 (< 1%) 

15120 < 1 < 1 13 15167 (< 1%) 15167 (< 1%) 15167 (< 1%) 

10267 137 < 1 19 10290 (< 1%) 10290 (< 1%) 10290 (< 1%) 

11357 10 < 1 19 11400 (< 1%) 11400 (< 1%) 11400 (< 1%) 

11212 27 < 1 18 11262 (< 1%) 11271 (< 1%) 11262 (< 1%) 

8950 3 < 1 17 9178 (2.5%) 9178 (2.5%) 9178 (2.5%) 

5 

10215 < 1 < 1 37 10268 (< 1%) 10268 (< 1%) 10268 (< 1%) 

9923 16 < 1 33 10006 (< 1%) 10054 (1.3%) 10006 (< 1%) 

13624 14 < 1 31 13648 (< 1%) 13723 (< 1%) 13648 (< 1%) 

15109 48 < 1 33 15502 (2.6%) 15502 (2.6%) 15502 (2.6%) 

10104 4 < 1 29 10541 (4.3%) 10541 (4.3%) 10541 (4.3%) 

10215 < 1 < 1 33 10268 (< 1%) 10268 (< 1%) 10268 (< 1%) 

9923 13 < 1 29 10006 (< 1%) 10054 (1.3%) 10006 (< 1%) 

13624 12 < 1 26 13648 (< 1%) 13723 (< 1%) 13648 (< 1%) 

10464 3 < 1 21 10613 (1.4%) 10649 (1.8%) 10613 (1.4%) 

6 

12626 66 < 1 41 13172 (4.3%) 13181 (4.4%) 13172 (4.3%) 

27988 451 < 1 43 28907 (3.3%) 29165 (4.2%) 28907 (3.3%) 

13230 68 < 1 49 13356 (< 1%) 13356 (< 1%) 13356 (< 1%) 

20761 7 < 1 34 20923 (< 1%) 20923 (< 1%) 20923 (< 1%) 

19597 7 < 1 31 19848 (1.3%) 19856 (1.3%) 19848 (1.3%) 

10502 17332 < 1 46 10557 (< 1%) 10613 (1.1%) 10557 (< 1%) 

21075 < 1 < 1 37 21969 (4.2%) 21969 (4.2%) 21969 (4.2%) 

15483 85 < 1 53 15822 (2.2%) 15867 (2.5%) 15822 (2.2%) 

27723 < 1 < 1 32 27907 (< 1%) 27907 (< 1%) 27907 (< 1%) 

7 

27468 - < 1 59 - 28008 (2.0%) 27905 (1.6%) 

25408 - < 1 73 - 25729 (1.3%) 25599 (< 1%) 

13986 - < 1 97 - 14048 (< 1%) 14016 (< 1%) 

24809 - < 1 78 - 25866 (4.3%) 25819 (4.1%) 

20677 - < 1 71 - 20830 (< 1%) 20822 (< 1%) 

21255 - < 1 85 - 21413 (< 1%) 21376 (< 1%) 

23939 - < 1 61 - 24701 (3.2%) 24668 (3.0%) 

20867 - < 1 69 - 21232 (1.7%) 21209 (1.6%) 

20894 - < 1 66 - 21743 (4.0%) 21692 (3.8%) 

8 

24950 - < 1 74 - 25899 (3.8%) 25864 (3.7%) 

28454 - < 1 95 - 29036 (2.0%) 29009 (2.0%) 

28154 - < 1 113 - 29409 (4.4%) 29341 (4.2%) 

25616 - < 1 80 - 25908 (1.1%) 25862 (1.0%) 

24326 - < 1 73 - 24828 (2.1%) 24753 (1.8%) 

23484 - < 1 101 - 24119 (2.7%) 23998 (2.2%) 

18078 - < 1 97 - 18163 (< 1%) 18163 (< 1%) 

17299 - < 1 94 - 17348 (< 1%) 17348 (< 1%) 

26844 - < 1 100 - 28050 (4.5%) 28007 (4.3%) 

9 

22964 - < 1 123 - 23607 (2.8%) 23559 (2.6%) 

18891 - < 1 125 - 19177 (1.5%) 19177 (1.5%) 

19797 - < 1 126 - 20632 (4.2%) 20601 (4.1%) 

28626 - < 1 132 - 29709 (3.8%) 29590 (3.4%) 

22736 - < 1 140 - 23175 (1.9%) 23157 (1.8%) 

22591 - < 1 141 - 23079 (2.2%) 22970 (1.7%) 

13258 - < 1 133 - 13552 (2.2%) 13549 (2.2%) 

21933 - < 1 126 - 22703 (3.5%) 22635 (3.2%) 

25922 - < 1 136 - 26693 (3.0%) 26655 (2.8%) 

Table 5. Results of the comparative analysis in the second series of experiments. Within brackets, 
the APE with respect to the lower bound is shown. 
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Figure 1. Decision process to find the heuristic solution for fixed *
1,k L . 
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