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Comparison of optimal and heuristic solution methods. Eﬁf"&" t:L U ZT{OK
No. § 0 # Customers  # Potential DCs  # Vehicles Optimal method Heuristic method
Average cost CPU time  Average cost CV CPU time  Gap (%)

1 0.003 0.7 4 2 2 1812.2 9 1812.2 0 1 0.00
2 0.003 0.7 4 3 2 2023.4 29 20234 0 1 0.00
3 0.003 0.7 6 2 2 24123 150 24123 0 2 0.00
4 0.003 0.7 6 3 2 2598.1 379 2598.1 0 3 0.00
5 0.003 0.7 6 4 3 2741.8 587 2741.8 0 4 0.00
6 0.003 0.7 8 3 3 3011.6 19,874 3038.7 0 9 0.90
7 0.003 0.7 9 3 2 3215.1 31,458 3250.3 0 11 1.09
8 0.003 0.7 11 4 3 3684.7 12 h limit 3414.3 0.0001 16 ~-7.34
9 0.003 0.7 13 4 3 4176.5 12 h limit 3750.6 0.0001 20 —-10.20
10 0.003 04 20 6 5 4462.8 24 h limit 3804.3 0.0001 34 -14.76
11 0.003 0.7 20 6 5 6800.6 24 h limit 5909.4 0.0001 35 ~13.10
12 0.02 07 20 6 5 8039.2 24 h limit 7279.1 0.0001 34 -9.45
13 0.003 04 40 12 12 7011.2 60 h limit 6093.7 0.0001 55 -13.09
14 0.003 07 40 12 12 10393.7 60 h limit 9056.1 0.0001 55 -12.87
15 0.02 0.7 40 12 12 15078.3 60 h limit  13252.9 0.0001 56 -12.11
16 0.002 03 50 15 15 9023.4 72 h limit 7743.8 0.0001 66 -14.18
17 0.002 07 50 15 15 15006.2 72 h limit  12262.2 0.0001 65 ~-18.29
18 0.02 07 50 15 15 228431 72 h limit  18955.1 0.0001 66 -17.02

© Gap (%) =100 x (Heuristic solution value — LINGO best solution value)/LINGO best solution value.

ATEDOBRENKELHEERBRREE L) ATAORIZKLE8ED
IREFIKRELTEHOTINS.
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Comparison of heuristic method based on hybrid TS-SA algorithm with heuristic method based on SA algorithm.

No. § 0 # Customers  # Potential DCs  # Vehicles Based on hybrid algorithm Based on SA algorithm
Average cost CV CPU time  Average cost CV CPU time

1 0.003 04 40 12 12 6093.7 0.0001 55 6171.2 0.0002 54
2 0.003 0.7 40 12 12 9056.1 0.0001 55 9154.1 0.0002 54
3 0.02 0.7 40 12 12 13252.9 0.0001 56 13427.5 0.0002 55
4 0.002 03 50 15 15 77438 0.0001 66 7864.2 0.0002 65
5 0.002 0.7 50 15 15 12262.2 0.0001 65 12469.1 0.0002 63
6 0.02 0.7 50 15 15 18955.1 0.0001 66 19226.8 0.0002 63
7 0.002 04 80 18 20 132304 0.0001 93 13547.7 0.0003 89
8 0.002 06 80 18 20 19133.9 0.0001 92 19635.6 0.0003 90
9 0.01 0.6 80 18 20 281243 0.0001 92 28839.7 0.0003 88
10 0.003 025 100 20 22 17943.3 0.0001 108 18571.2 0.0003 104
11 0.009 05 100 20 22 33516.8 0.0001 109 34775.9 0.0003 104
12 0.003 025 150 25 28 24219.5 0.0001 149 25188.6 0.0004 143
13 0.009 05 150 25 28 425771 0.0001 151 44374.2 0.0004 146
14 0.003 025 200 30 35 33847.1 0.0001 196 35446.3 0.0004 189
15 0.009 05 200 30 35 547304 0.0001 195 57546.1 0.0004 191
16 0.003 025 300 40 48 56277.6 0.0002 315 59285.9 0.0005 306
17 0.009 05 300 40 48 83964.7 0.0002 318 889474 0.0005 308
18 0.003 025 400 50 65 82751.2 0.0002 448 88085.6 0.0005 437
19 0.009 05 400 50 65 117271.8 0.0002 452 125307.5 0.0005 439

NATVIRRD AN ERNNSKGOTEYRVNEZROLHZENTETLNS
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Studying quality of lower bound presented in Section 3.2.4 for small instances.

No. p ) # Customers # Potential DCs # Vehicles Deviation (%)
1 0.003 0.7 4 2 2 7.41
2 0.003 0.7 4 3 2 7.53
3 0.003 0.7 6 2 2 6.92
4 0.003 0.7 6 3 2 6.93
5 0.003 0.7 6 4 3 6.85
6 0.003 0.7 8 3 3 6.64
7 0.003 0.7 9 3 2 6.52
8 0.003 0.4 10 4 3 6.46
9 0.003 0.7 10 4 3 6.45
10 0.02 0.7 10 4 3 6.38

° Deviation (%) = 100 x (optimal solution value — lower bound value)/lower bound value.
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Impacts of weight factors, computational results for 40 customers.

No. Input Output
p a # Potential DCs # Vehicles # Opened DCs Average cost CPU time
1 0.003 0.15 12 12 7 4305.1 54
2 0.003 0.4 12 12 6 6093.7 55
3 0.003 0.7 12 12 6 9056.1 55
4 0.003 0.7 12 12 6 9056.1 54
5 0.02 0.7 12 12 7 13252.9 56
6 0.04 0.7 12 12 7 18127.6 55
Impacts of weight factors, computational results for 300 customers.
No. Input Output
p a # Potential DCs # Vehicles # Opened DCs Average cost CPU time
1 0.003 0.15 40 48 29 49195.1 316
2 0.003 0.25 40 48 27 56277.6 315
3 0.003 0.5 40 48 23 68461.3 317
4 0.003 0.5 40 48 23 68461.3 317
5 0.009 0.5 40 48 25 83964.7 318
6 0.02 0.5 40 48 28 99761.2 318

BIEDEH BHKREVEDCHBIRERITIEEMT .
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Comparison of proposed model and Shen and Qi's model, computational results for 200 customers.

Average cost

No. B ) # Potential DCs # Vehicles Proposed model Shen and Qi's model Improvement (%)
1 0.003 0.15 30 35 27933.4 31923.3 14.28
2 0.003 0.25 30 35 32933.2 36961.6 1223
3 0.003 0.5 30 35 43274.6 47953.7 1081
4 0.003 0.5 30 35 43274.6 47953.7 1081
D 0.009 0.5 30 35 53375.9 60806.5 13.92
6 0.02 0.5 30 35 70149.8 83767.1 1941

Shen and Qi’'s model TI&AY —2 a3V -BEREIY LB TEEELNEZEL TLVELY
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