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Abstract This paper proposes regionally centralized multistage reverse logistics (cmRL)
networks and regionally decentralized multistage reverse logistics (dmRL) networks. cmRL
considers whole area of RL network, while dmRL regionally distributed area of RL network.
Each type is formulated by the mixed integer programming (MIP) models, which are
realized in genetic algorithm (GA) approach. Two types of numerical experiments using RL
network are presented and various measures of performance are used for comparing the
efficiency of the cmRL and the dmRL. Finally, it is proved that the performance of the
cmRL is superior to that of the dmRL.
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<Table 1> Numerical Example 1(T-1) for cmRL and dmRL

Customer Collection Remanufacturing  Redistribution Secondary
Center Center Center Market
cmRL 20 12 8 3 12
dmRL Region 1 5 3 2 2 3
Region 2 5 3 2 2 3
Region 3 5 3 2 2 3
Region 4 5 3 2 2 3
<Table 2> Numerical Example 2(T-2) for cmRL and dmRL
Customer Collection Remanufacturing  Redistribution Secondary
Center Center Center Market
cmRL 40 24 16 16 24
dmRL Region 1 10 6 4 4 6
Region 2 10 6 4 4 6
Region 3 10 6 4 4 6
Region 4 10 6 4 4 6
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<Table 3> Measures of Performance

Measure of
Performance
CPU Time
Optimal
solution

Description

Average CPU Time (unit: Sec.)

The value of minimizing the sum of
handling cost, fixed cost, and
transportation cost resulting from
each stage

Opening or closing decisions at each
centers, and secondary markets in the
optimal solution

Optimal
setting
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<Table 4> Computation result for T-1

Optimal setting Optimal CPU
solution time
Opening Handling Fixed Transp. Total
Cost Cost Cost cost

cmRL C.C. 11 50.0 135.0 308.6
M.C. 6 76.0 138.0 187.0
D.C. 7 32.0 126.8 126.5
S.M. 6 40.0 111.0 119.0

Total Cost 198.0 510.8 741.1 1449.4 2.2
dmRL Region 1 C.C. 2 12.5 125.4 35.5
M.C. 1 19.0 127.8 20.1
D.C. 2 8.0 136.9 17.7
S.M. 2 10.0 111.4 17.3
Region 2 C.C. 1 12.5 127.4 46.7
M.C. 1 19.0 172.2 25.5
D.C. 2 8.0 174.5 21.6
S.M. 3 10.0 111.0 135
Region 3 C.C. 3 12.5 113.6 53.0
M.C. 2 19.0 138.0 33.4
D.C. 2 8.0 143.2 13.0
S.M. 2 10.0 115.8 24.2
Region 4 C.C. 2 12.5 135.0 61.8
M.C. 1 19.0 109.0 29.5
D.C. 1 8.0 126.3 20.6
S.M. 1 10.0 116.5 27.5

Total Cost 198.0 2084.0 460.9 2742.9 2.5

* C.C.: Collection  center, M.C.: Remanufacturing center, D.C.: Redistribution center, S.M.: Secondary market

<Table 4>& AHRY WA CPU timed 4%  H&2 20840 (1254 + . + 1165)°] HAch A=
cmRLO] dmRLET ofgh whE AE Hola Ay ugHg FHoA ®¥ cmRLe] dmRLETE <F
a1 Aol7b ZA] evkal Wtk Optimal setting®  75.0% A %(510.8/2084.0) B4 T Tratz Aoz B
AnE AWEY, cmRLY dmRLe] 77t /fAdEE AEh o8 Ane dmRLY A 7F ARG vl
Bl 2 23A1 o] thEr dmRLe ASol= AR & ztzkol AE 9 MA]XJOl N = A g
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2 AL & F k. AR AFAYH LS cmRL,  EE uAEo] 3 Fdo FHAHET AES By
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<Table 5> Computation result for T-2

Optimal setting Optimal CPU
solution time
Opening Handling Fixed Transp. Total
Cost Cost Cost cost
cmRL C.C. 17 34.0 128.8 666.2
M.C. 8 140.0 139.9 419.0
D.C. 15 96.0 114.8 240.4
S.M. 15 72.0 147.2 213.6
Total Cost 392.0 530.7 1539.2 2461.9 3.8
dmRL Region 1 C.C. 2 21.0 137.7 74.8
M.C. 1 35.0 101.5 72.5
D.C. 2 24.0 150.9 35.7
S.M. 5 18.0 125.3 29.8
Region 2 C.C. 2 21.0 110.3 85.7
M.C. 3 35.0 100.4 50.5
D.C. 3 24.0 114.8 32.9
S.M. 3 18.0 139.8 51.1
Region 3 C.C. 2 21.0 137.7 74.8
M.C. 1 35.0 101.5 72.5
D.C. 2 24.0 150.9 35.7
S.M. 5 18.0 125.3 29.8
Region 4 C.C. 2 21.0 125.4 77.6
M.C. 2 35.0 101.2 73.8
D.C. 1 24.0 138.9 29.6
S.M. 1 18.0 117.9 26.3
Total Cost 392.0 1979.5 853.1 3224.6 4.1
o] 7oA AmEolxl A 2ol 7t dAEE 117 o] AAEAME L} AT AEHE AH HEHoR
H= Ay 9 23 A AFEAEE g 99l Al & e 23 e R Hifjo] A= As ¢ A
FAH &2 A2 2 22 dAdA neE= th <Fig. 9> dmRLAIA S B8-S BT e
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Y37
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<Appendix 1> Site coordinate information for T-1

No. Customer Col. Center Rem. Center Red. Center Sec. Market
X N X y X y X y X v

1 4.3 1.4 8.0 15.2 7.1 10.3 5.4 9.7 7.3 11.7

2 17.4 8.7 13.4 11.0 2.2 13.3 8.1 19.4 13.4 12.4

3 17.1 4.9 11.4 17.8 23.2 4.7 23.0 17.7 8.0 3.0

4 9.9 14.1 20.3 7.9 38.5 17.9 36.0 18.7 26.7 18.9

5 8.1 9.0 36.1 16.2 9.4 31.4 5.6 38.9 27.1 11.0

6 27.6 5.9 25.0 1.2 12.0 24.6 13.7 32.8 28.6 19.9

7 30.2 15.0 2.0 21.7 28.8 25.9 22.8 23.8 2.5 35.5

8 39.4 2.4 14.3 37.2 36.9 214 31.1 22.1 5.0 25.9

9 22.4 6.3 1.9 25.8 7.7 31.0

10 24.8 8.7 24.9 37.7 21.0 34.9

11 4.6 28.2 20.8 20.9 39.3 36.4

12 19.6 204 35.9 28.5 32.9 32.5

13 9.6 354

14 44  35.0

15 4.3 34.6

16 214 34.9

17 254 29.2

18 23.7 20.9

19 375 289

20 23.8 376

<Appendix 2> Fixed costs and unit handling costs for T-1

Fixed Unit handling Fixed Unit handling
Cost cost Cost cost

Collection Center 1 158.0 2.5 Redistribution center 1 163.3 1.6
Collection Center 2 125.4 ¢ Redistribution center 2 136.9 ¢
Collection Center 3 184.6 ¢ Redistribution center 3 187.7

Collection Center 4 127.4 ¢ Redistribution center 4 1745

Collection Center 5 130.6 ¢ Redistribution center 5 175.9

Collection Center 6 187.2 ¢ Redistribution center 6 143.2

Collection Center 7 129.7 ‘ Redistribution center 7 126.3 ¢
Collection Center 8 144.7 ¢ Redistribution center 8 177.9 ¢
Collection Center 9 113.6 “ Secondary market 1 138.3 2
Collection Center 10 188.2 ¢ Secondary market 2 111.4 ¢
Collection Center 11 135.0 ¢ Secondary market 3 168.8 “
Collection Center 12 159.6 ¢ Secondary market 4 186.4 ¢
Remanufacturing center 1 127.8 3.8 Secondary market 5 188.3 “
Remanufacturing center 2 123.5 “ Secondary market 6 111.0 “
Remanufacturing center 3 172.2 “ Secondary market 7 149.8 “
Remanufacturing center 4 198.5 “ Secondary market 8 115.8 “
Remanufacturing center 5 162.6 “ Secondary market 9 165.9 ¢
Remanufacturing center 6 138.0 “ Secondary market 10 116.5 ¢
Remanufacturing center 7 109.0 ¢ Secondary market 11 168.1 “
Remanufacturing center 8 153.4 ¢ Secondary market 12 184.5 ¢
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<Appendix 3> Site Coordinate Information for T-2

No. Customer Col. Center Rem. Center Red. Center Sec. Market
X y X y X y X y X y

1 16.4 2.5 19.5 5.4 13.0 1.8 18.4 1.2 15.8 7.1

2 14.8 2.9 48 155 17.4 4.2 19.7  19.0 14.8 114

3 6.4 3.2 11.9 127 12.4 15.4 179 131 10.3  16.9

4 19.2 189 11.9 7.8 4.8 5.8 89 121 9.9 10.2

5 56 137 14.7 2.1 27.4 17.4 36.5 105 0.2 2.9

6 2.9 135 18.7  14.7 24.7 3.5 30.2 4.7 114 164

7 5.1 6.1 28.4 4.3 34 11.6 244 157 38.9 146

8 4.4 8.9 32.9 5.2 29.6 114 24.7 9.2 36.6 7.7

9 7.2 5.0 33.5 0.5 18.4 31.7 144 348 37.3 1.4

10 12.0 18.8 28.9 2.7 4.6 22.4 181 349 28.1 134

11 36.7 16.1 314 164 12.4 34.3 142 30.6 37.7 0.7

12 37.8 8.9 27.2 7.4 17.1 26.6 6.5 28.3 24.1 3.9

13 354 181 5.6 267 22.3 29.1 327 299 12.8 285

14 28.3 5.8 11.0  28.8 36.7 39.1 21.3  22.7 11.8  38.6

15 31.9 8.3 194  32.2 32.5 30.1 266 314 105 30.8

16 32.5 8.0 1.3 253 35.3 21.5 21.1 284 16.4  25.0

17 29.5  10.3 14.0 218 9.0 273

18 23.3 6.3 06 215 11.8  34.3

19 21.3 167 37.3  34.2 289 314

20 225 116 26.5  32.3 30.7 318

21 10.6  34.8 394 32.1 34.8 286

22 7.2 30.1 26.0  27.0 20,5 225

23 19.1  34.3 38.6 213 33.8 311

24 8.1 309 21.8 377 233 321

25 3.6 34.0

26 42 36.0

27 3.0 26.0

28 9.3 334

29 2.1 329

30 13.9 37.1

31 29.9 218

32 284 304

33 35.6  25.2

34 24.6  35.3

35 30.0 32.3

36 28.0 225

37 315 332

38 215 215

39 36.0 38.2

40 33.3  35.0
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<Appendix 4> Fixed costs and unit handling costs for T-2

Fixed Unit handling Fixed Unit handling

cost cost cost cost
Collection center 1 193.1 2.1 Redistribution center 1 117.3 2.4
Collection center 2 142.0 ¢ Redistribution center 2 163.3 ¢
Collection center 3 155.0 ¢ Redistribution center 3 126.7 “
Collection center 4 181.1 ¢ Redistribution center 4 161.6 ¢
Collection center 5 100.6 ¢ Redistribution center 5 158.7 “
Collection center 6 199.6 ¢ Redistribution center 6 151.7 “
Collection center 7 147.8 ¢ Redistribution center 7 114.8 ¢
Collection center 8 110.3 ¢ Redistribution center 8 155.1 “
Collection center 9 177.9 ¢ Redistribution center 9 162.0 ¢
Collection center 10 181.7 ¢ Redistribution center 10 150.9 “
Collection center 11 189.6 ¢ Redistribution center 11 1744 “
Collection center 12 167.3 ¢ Redistribution center 12 183.1 “
Collection center 13 168.7 ¢ Redistribution center 13 138.9 ¢
Collection center 14 137.7 ¢ Redistribution center 14 195.2 “
Collection center 15 192.2 ¢ Redistribution center 15 141.7 ¢
Collection center 16 177.7 ¢ Redistribution center 16 135.9 “
Collection center 17 128.8 ¢ Secondary market 1 114.1 1.8
Collection center 18 149.3 ¢ Secondary market 2 101.4 ¢
Collection center 19 187.9 “ Secondary market 3 176.4 ¢
Collection center 20 125.4 ¢ Secondary market 4 163.4 ¢
Collection center 21 107.9 “ Secondary market 5 169.8 ¢
Collection center 22 128.0 ¢ Secondary market 6 196.1 ¢
Collection center 23 143.8 ¢ Secondary market 7 195.1 “
Collection center 24 126.9 ¢ Secondary market 8 186.2 “
Remanufacturing center 1 176.9 3.5 Secondary market 9 139.8 “
Remanufacturing center 2 100.4 ¢ Secondary market 10 171.5 “
Remanufacturing center 3 190.7 ¢ Secondary market 11 155.5 “
Remanufacturing center 4 133.3 ¢ Secondary market 12 159.5 ¢
Remanufacturing center 5 174.6 ¢ Secondary market 13 188.5 “
Remanufacturing center 6 138.2 ¢ Secondary market 14 196.6 “
Remanufacturing center 7 100.4 ¢ Secondary market 15 186.9 ¢
Remanufacturing center 8 122.8 ¢ Secondary market 16 147.2 “
Remanufacturing center 9 101.5 ¢ Secondary market 17 125.3 ¢
Remanufacturing center 10 179.8 ¢ Secondary market 18 144.8 “
Remanufacturing center 11 144.5 ¢ Secondary market 19 117.9 “
Remanufacturing center 12 139.9 ¢ Secondary market 20 161.3 “
Remanufacturing center 13 152.7 ¢ Secondary market 21 197.0 “
Remanufacturing center 14 101.2 ¢ Secondary market 22 144.7 ¢
Remanufacturing center 15 170.4 ¢ Secondary market 23 179.7 ¢
Remanufacturing center 16 111.1 ¢ Secondary market 24 155.2 “
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= A T 920149 059 159
12k k5 20149 0749 03¢
A A g g d 20149 07 18
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