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Integrating Forward and Reverse Flow

Ho-Young Na'

- Sang-Heon Lee’

1Department of Mathematics, Korea Military Academy, Seoul, 139-799, Korea

2Department of Operations Research, Korea National Defense University, Seoul, 122-875, Korea

An effective management for reverse flows of products such as reuse, repair and disposal, has become an

important issue for every aspect of business. In this paper, we study the Location-Routing Problem (LRP)
in the multi-stage closed-loop supply chain network. The closed-loop supply chain in this study integrated
both forward and reverse flows. In forward flow, a factory, Distribution Center (DC) and retailer are
considered as usual. Additionally in reverse flow, we consider the Central Returns collection Center (CRC)
and disposal facility. We propose a mixed integer programming model for the design of closed-loop supply
chain integrating both forward and reverse flows. Since the LRP belongs to an NP-hard problem, we
suggest a heuristic algorithm based on genetic algorithm. For some test problems, we found the optimal

locations and routes by changing the numbers of

retailers and facility candidates. Furthermore, we

compare the efficiencies between open-loop and closed-loop supply chain networks. The results show that
the closed-loop design is better than the open one in respect to the total routing distance and cost. This
phenomenon enlarges the cut down effect on cost as an experimental space become larger.

Keyword: closed-loop supply chain, location-routing
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Figure 1. Closed-loop supply network
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Table 1. Objective function value by P¢ and P,

P & 0.1 0.2 0.5 0.8 1.0
0.1 8529.33 | 8522.21 | 8498.65 | 8513.22 | 8651.18
0.2 8477.22 | 8388.22 | 8372.21 | 8521.59 | 8734.22
0.5 8354.63 | 8392.30 | 8341.22 | 8512.31 | 8662.38
0.8 8346.87 | 8333.24 | 8351.93 | 8472.30 | 8578.45
1.0 8517.30 | 8447.82 | 8488.01 | 8641.73 | 8724.33

b 2 =59 GAE U Aol M 913 H 4 mieluH
o] 2§l 27| A TAHE 3:7, BAE(P) 0.8, EAH 0]
£(P,) 022 3} <Table 2>9} 742 GA ¥} 1| H & A &3t}

Table 2. Genetic Algorithm parameter

Parameters Value
Number of population 1,00074
Tournament size(K) 57
Critical value of tournament selection(P,) 0.8
Crossover vate(P) 0.8 (80%)
Mutation rate(P,) 0.2 (20%)
Initial population rate(heuristic : random) 3:7
Elite preserving Althg 174
wa g d S B S 2 A 544 AR na v
Ae) 420 atho 2 corat 8 33kol o @ walo] o]27]
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o
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HDCEY AF 5= AT AF o] 5 AT L DC A Al
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Table 3. Variable cost and rate

Cost Parameters Value
Fixed cost of opening facility 240
Transportation cost of unit distance 2
Fixed cost of vebicle dispatching 20
Returned rate(%) Ul5, 10}

*GARSAT

A2 et E & 483 GAS AP 2 H9 CPLEX 10.0& A
& HAsf ot Hlw £4E T & EA i GAY A5
< AP IRPY| S44 27 EAE AT 2 A
A AR AT HAFHE £ Y222 CPLEX
7t A E ATste 2P EA NN FATrgE At
<Table 4>+ 47HA] 2F AN A GAZ 1008] REE3 2 off 1}

EFUE 3 9] B 3kt CPLEXE ©] &3 H A oko] iwE B
o Zth. GAS] 735 2l S (mum_Retailer) 20, YA FHA] 4
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Table 4. Results comparison between GA and CPLEX

num nam GA CPLEX GAP

Retailer | Potential | Total Cost | Time(min) | Total Cost| Time(min) | (%)

b 5 560.32 0.03 560.32 6.63 0

10 528.14 0.70 528.14 9.54 0

5 1600.87 1.45 1600.87 | 41.25 0

20 10 153143 2.21 1512.18 | 24621 | 1.2
« AYPoA B &

T 2 do Bk YA FHA Ho|HE A3 &
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Table 5. Benchmark instance sets
num_Retailer num_Potential Dcapa Veapa
50 5/10 546 182
75 8/15 576 192
100 10/20 584 195
150 15/30 579 193

A W En| o 76 o) e vZtE 2

ZF WA ek o Ao &3 WA AMH 9 F F8%S DCY
SFA O E Yol 3G EA ol A A E o oF st 4 DC 1®
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Table 6. Experimental results of benchmark instance
num num DC CRC Total distance Total
Retailer Potential num Site (Dispatching) cost
50 5 3 235 1 1958.81(9) 4817.62
10 3 257 8 1807.04(8) 4494.08
8 4 3468 5 2608.61(12) 6417.22
» 15 4 3810 11 12 2312.27(11) 5804.54
100 10 6 2356810 9 3386.85(17) 8553.70
20 6 35810 14 20 9 3297.87(17) 8375.74
150 15 9 234568111214 1 4629.11(27) 11958.22
30 9 3689 1220 25 27 30 21 4501.60(26) 11683.20
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Table 7. Average distance of opened DC and CRC

Retaller 159 75 | 100 | 150

Potential Site
num_Retailer|5 33.83 31.69 | 2252 27.73
num_Retailer/10 23.13 2446 | 16.20 | 14.80
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Table 8. Result comparison of open-loop and closed loop

Cost
Benchmark | num | Total distance ; ;
instane | DC | Digpatching) | Tyl Veide rouing Lucating
Transport |  Dispatch
SEP| 3 2413.97(10) 5747.94 4827.94 200 720
1 |INT| 3 1958.81(9) 4817.62 3917.62 180 720
Saving(%) 18.86% 16.19% 18.86% 10.00% 0%
SEP| 3 2359.14(9) 5618.28 | 4718.28 180 720
2 |INT| 4 1807.04(8) 4734.08 | 3614.08 160 960
Saving(%) 23.40% 15.74% 23.40% 11.11% | -33.33%
SEP | 4 3267.77(14) 7775.54 | 6535.54 280 960
3 |INT| 4 2608.61(12) 6417.22 5217.22 240 960
Saving(%) 20.17% 17.47% 20.17% 14.29% 0%
SEP | 4 3131.14(14) 7502.28 | 6262.28 280 960
4 |INT| 4 2312.27(11) 5804.54 4729.64 220 960
Saving(%) 26.15% 22.63% | 26.15% | 21.43% 0%
SEP | 5 4143.24(19) 9866.48 | 8286.48 380 1200
5 |INT| 6 3386.85(17) 8553.70 6773.7 340 1440
Saving(%) 18.26% 13.31% 18.26% 10.53% | -20.00%
SEP| 5 4098.88(19) 9777.76 | 8197.76 380 1200
6 |INT| 6 3297.87(17) 8375.74 | 6595.74 340 1440
Saving(%) 19.54% 14.34% 19.54% 10.53% | -20.00%
SEP| 8 5911.74(30) 14343.48 | 11823.48 600 1920
7 |INT| 9 |4629.11.71(27) | 11958.22 | 9258.22 540 2160
Saving(%) 21.69% 16.63% 21.69% 10.00% | -12.50%
SEP| 8 5755.14(28) 13990.28 | 11510.28 560 1920
8 |INT| 9 4501.60(26) 11683.20 | 9003.20 520 2160
Saving(%) 21.78% 16.49% 21.78% 7.14% | -12.50%
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