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Abstract This paper is to evaluate the performance of a proposed hybrid genetic algorithm (pro-HGA)
approach using closed-loop supply chain (CLSC) model. The proposed CLSC model is a integrated supply
chain network model both with forward logistics and reverse logistics. In the proposed CLSC model,
the reuse, resale and waste disposal using the returned products are taken into consideration. For
implementing the proposed CLSC model, two conventional approaches and the pro-HGA are used in
numerical experiment and their performances are compared with each other using various measures
of performance. The experimental results show that the pro-HGA approach is more efficient in locating
optimal solution than the other competing approaches.
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Closed-Loop Supply Chain Model
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Table 2 Measures of Performance

Measure Description

Best Best solution among all solutions
Solution
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Table 1 Various Scales of Proposed Close-loop Supply Chain Model
Scale Part Module Product Distribution  Retailer  Collection  Recovery  Secondary Waste
Supplier Manufacturer  Manufacturer Center Center Center Market Disposal
Center
1 2 3 4
1 5 5 5 5 4 5 4 10 5 4 10 1
2 10 10 10 10 8 10 8 15 10 8 15 2
3 15 15 15 15 10 15 10 20 15 10 20 3
4 18 18 18 18 12 18 12 25 18 12 25 4
5 22 22 22 22 15 20 15 30 20 15 30 6
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Solution®ll Al <7+ o] 43 A3E BF1 7] FERANME F43 FHIAAS Kol g
A= AHE & 5 vk Average Timedl A= Tt shAIYE F 50M 0] o] Fol A= GAZF ©f ol
Scale 2 ¢ ®]52etAl pro-HGAZF 7HE =% & o S BolF4 Xsta lon, HGAE=
AMELE BT e S & F Ak oF 5004t o] F-ol °fite] FHAFES HoFaL

Table 49] Scale 4+ Scale 33 H]=3% 235 QAT GA, HGA 25 pro-HGA Hu+= ¢ §
HojFu Qe AHAE & 4 3tk F Best F8 FEIAANS HoFa A EI)

Table 3 Computation Results for Scales 1, 2, and 3
Scale 1 Scale 2 Scale 3
GA HGA pro— Lingo GA HGA pro— Lingo GA HGA pro— Lingo
HGA HGA HGA

gglsétion 162364 162364 162364 162400 163865 163582 163582 166530 164864 164754 164331 165660

é&ii?()gr? 162859 162745 162566 165349 165377 165063 172054 172492 171762

ﬁgfre;[ ?(%rel 18 31 15 59 35 31 87 43 72

l’%i\;ireage 53 5.6 6.2 6.1 6.6 9.6 10.2 10.8 13.7
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Table 4 Computation Results for Scales 4 and 5

Scale 4 Scale 5

GA HGA pro-HGA Lingo GA HGA pro-HGA Lingo
Best 165790 166361 165714 166085 170974 170732 170237 170646
Solution
Average 168500 168239 167708 172153 172493 171819
Solution
Average 94 31 15 199 58 60
Iteration
Average 18.7 18.8 42.0 48.0 49.0 82.0
Time

- =GA — ‘HGA ——Pro-HGA

0 00 30 A0 450 00 S50 600 S0 700 S0 O B0 900 950 K000
Number of Generation

Fig. 2 Convergence Behaviors of GA, HGA
and pro-HGA for Scale 4

|| - =GA —‘HGA ——Pro-HGA

0 150 00 B0 W00 B0 D 40 S0 0 60 650 0
Number of Generation

B0 sn s %00 S0 1000

Fig. 3 Convergence Behaviors of GA, HGA
and pro—-HGA for Scale 5

Figure 4% Scale 5914 7} $43 A3}
HolFa 9 pro-HGAS 7 AuWE B

22 HoFa v} Figure 4914 HE3F
REAZQA, AFAZAA, =FAEH, T
3| HAlE 7 SAERE ZSHA EA 5
g dAdA MAEE AS & 5 At

Part Supplier Module Product

Distribution, r
fributic Retailer

Fig. 4 Opening/Closing Decision of pro-HGA
for Scale 5

e e e A
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AFEE CS B AlHo] 7]E HGAONA AFe® CS
A B o e 2SS
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