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Abstract The Optimization of a Closed-Loop Supply Chain (CLSC) Model Using an Adaptive Hybrid
Genetic Algorithm (AHGA) Approach is Considered in this Paper. With Forward and Reverse Logistics
as an Integrated Logistics Concept, The CLSC Model is Consisted of Various Facilities Such as Part
Supplier, Product Manufacturer, Collection Center, Recovery Center, etc. A Mathematical Model and the
AHGA Approach are Used for Representing and Implementing the CLSC Model, Respectively. Several
Conventional Approaches Including the AHGA Approach are Used for Comparing their Performances in
Numerical Experiment.
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Fig. 1 Material Flows of the Proposed CLSC Model
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Step 1: GA Approach
Step 1.1: Initial Population
0-1 bit string representation scheme [5] is used;
Step 1.2: GA Operator
- Selection Operator
Elitist selection in enlarged sampling space[5] is
used;
- Crossover Operator
Two-point crossover operator [5] is used;
- Mutation operator

Random mutation operator [5] is used;

Step 1.3: Offspring
New offspring is generated after Mutation
operator;

Step 2: CS Approach
Step 2.1: Applying Levy Flight
Apply Levy Flight Scheme [7] to an individual
randomly selected in the offspring at Step 1.3;
Step 2.2: Comparison of Fitness Value
Compare the fitness value of the individual in
Step 2.1 with that of the individual randomly
selected in the offspring at Step 1.3, and store the
individual with better fitness value;
Step 2.3: New Population
Repeat Steps 2.1 and 2.2 as many as the number
of population size, and produce a new population
after sorting;
Step 3: Parameter Automation
The rates of crossover and mutation operators are
automatically regulated by adapting the parameter
automation scheme [11];
Step 4: Stop Condition
If a pre-determined stop condition is satisfied,
then produce current best solution and stop all
Steps, otherwise go to Step 1.2.

Fig. 2 Detailed Implementation Procedure of
AHGA Approach
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Table 1 Five Scales of the CLSC Model

Scale  Part Supplier Module Product Distribution Retailer Collection Recovery Secondary Waste
Manufacturer Manufacturer Center Center Center Market Disposal
1 2 3 4 Center
1 3 3 3 3 2 3 2 10 3 2 10 1
2 6 6 6 6 5 6 5 15 6 5 15 2
3 A% 1% A2 912 3 12 8 20 12 3 20 3
4 17 17 17 17 10 17 10 25 17 10 25 5
5 21 21 21 21 15 20 15 30 20 15 30 6
FI= HAE fa 71¥9 GA, HGA, LINGO £°] F 3089 w&s 33 & pad 714
AaHES g7 A8t 194 GA HawWe 5% éﬂrﬂ @3t} E4), Percentage Difference
Gen and Chengl[5]e] #l¢tst WH S A1&3H, = LINGOE %3 3]% Best Solution¥} 4+
Fig. 2014 A A8 Step 19 dAe sLslth. & A GA, HGA, AHGA HIHE 7142 Best
Al HGA HTW-2 Kanagaraj et al [717} #A|¢t  Solution¥}¢] =}o]E %= el gholtlh AA,
sk o g 7|E GAS CS HEWS AFE3StaL Average Iteratione ZF HWHEol F 303 9
Aok AR, HA s A A ol AMgEolR HES Fdd = FHE F Adge Hdas
LINGO[10]& A}&3tt). 3kch, WA, Average Solutio o 7 HEHE]
LINGOZ A¢]3 AHGA 2 7]¥€9 GA, HGA % 3039 wrE-& S3f3 T Fajz 30 23
HTHE Matlab R2015S& AMg3te] Zzadd o Hirzks 43t oAl Al Average Time(Unit:
Ao, Windows 374 (CPU: 340GHZ, Intel Sec.)& Z} HIWEo]l & 3039 whES S=33t
Core i7-3770, RAM: 8GB)ollAl A& #tt oirk % Faixl 30We] ZAye] HAPA e Fghks
LINGO® ZA$& 3FolM AAG S  wao)h
Table 17 v]-&## dolE & AH A&t 3 Table 29} 32 2t AIHEY FI= AxE
= Pt GA, HGA, AHGA HWolA A HolE3 Qlt}. Table 29] Scale 1914 F3 =
5+ EeEdALe gSs3 Ao fJAde A7) =< Best Solution® Percentage Difference )
50, WMol HI&: 05 EAWH] vl &: 02, T4 4AF LINGOE x3¢sto] GA, HGA, AHGA
i 1,00001™, 2 HEHES FddA B W BE sdd A3E 7k SHAIYE Average
He 2% dolHe #HPAAS AASHY] 98 £ Solutiondl A= 4 IR E] oFtte] Ado]
303 & wWhHEFstdrh. Egh Z1L Aol #3 g AnE HoFa gl = AHGA HHol
T oA 98 oAl A dHe el 2 b st A3E HoFlon HGA HH
=2 Ab&3%th WA Best Solutione ZF HEH o] /M A53 A3E HolFu ¢t} Average

Table 2 Computation Results of GA, HGA and AHGA using Scales 1, 2, and 3

Scale 1 Scale 2 Scale 3
GA HGA AHGA LINGO GA HGA AHGA LINGO GA HGA AHGA LINGO
Best Solution 164,773 164,773 164.773 164.773 163.865 163.865 163,865 165,616  164.703 164.681 164.480 164.952
Percentage Diff. 0.00% 0.00% 0.00% 0.00% -1.06% -1.06% -1.06% 0.00% -0.15% -0.16% -0.28% 0.00%
Average Solution 165,049 165,224 164,773 - 164,986 164.829 164,489 - 166450 166,690 166,008 -
Average Tteration 14 8 7 3 27 22 12 - 39 42 64 =
Averape Time 3.87 4.16 12.57 0.12 5.30 5.29 15.56 0.12 5.50 5.70 15.88 0.15
Table 3 Computation Results of GA, HGA and AHGA using Scales 4 and 5
Scale 4 Scale 5

GA HGA AHGA LINGO GA HGA AHGA LINGO

Best Solution 169.245 168,508 168,214 169.153 170.840 170,285 169,854 177,511

Percentage Diff. 0.05% -0.38% -0.56% 0.00% -3.76% -4.07% -4.31% 0.00%

Average Solution 171,044 171,019 170,299 N 172.680 172,414 171,768 =

Average Iteration 40 47 18 & 50 61 31 =

Average Time 6.25 5.73 16.63 0.27 6.64 6.49 18.1 0.10
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FI=7F M Esd AS d 0 Qdrh
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