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Abstract. In this paper, an integrated logistics network model with lo-

cation and allocation problem (ILN-LA) is designed. The ILN-LA 

which is composed forward and reverse logistics is represented by a 

nonlinear mixed integer programming (NMIP). The objective of the 

NMIP is to maximize the total profit resulting from the implementation 

of the ILN-LA. A hybrid genetic algorithm (HGA) approach is applied 

to solve the NMIP. In numerical experiment, three scales of the ILN-

LA are presented and their NMIPs are solved using the HGA approach 

and some conventional approaches.  Experimental results show that the 

HGA approach outperforms the others. 
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1. Introduction

Recent studies have shown a growing interest on integrated logistics network (ILN) 

[1-5]. Wang and Hsu[2] proposed an ILN with forward and reverse logistics which is 

composed supplier, manufacturer, distribution center, customer recycler and landfill 

area. For constructing the ILN, they divided the function of distribution center into 

two types. First type function is to send the product to customer and the second type 

one is to send the returned product to recycler. Especially, in the ILN, recycler checks 

and then disassembles the returned product into recoverable material and unrecovera-

ble one. The recoverable material is sent to manufacturer in forward logistics so that it 

is used for producing product and the unrecoverable material is sent to landfill area to 

be buried. Similar to Wang and Hsu[2], Amin and Zhang [3] also considered a ILN 
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with various components such as supplier, manufacturer, distribution center, retailer, 

disassembling center, refurbishing center and disposal center in forward and back-

ward logistics. As an integrated concept, two types of part are used for producing 

product. First type part from supplier and second type one from refurbishing center 

are sent to manufacturer, respectively.   

As shown in the previous works, most of researchers suggested various models 

based on the ILN. Unfortunately, however, they only used one or two integrated con-

cepts in the ILN, which can deteriorate the efficiency of the conventional models. To 

overcome the weakness of the conventional works, in this paper, we consider more 

various integrated concepts in the ILN. That is, reuse, resell and wasted disposal con-

cepts are used for constructing the ILN. Also we consider location and allocation 

problems in the ILN. For location problem, only one facility at each stage of the ILN 

is opened and the others are closed. The facilities opened at each stage send various 

numbers of part, product, and returned products to the facilities opened at the next 

stage for allocation problem. Therefore, the ILN proposed in this paper is called the 

ILN with location and allocation problem (ILN-LA). 

For effectively representing the ILN-LA, a nonlinear mixed integer programming 

(NMIP) is suggested. The objective of the NMIP is to maximize the total profit result-

ing from the implementation of the ILN-LA. A hybrid genetic algorithm (HGA) ap-

proach is applied to solve the NMIP. In numerical experiment, three scales of the 

ILN-LA are presented and their NMIPs are solved using the HGA approach and some 

conventional approaches.  Experimental results show that the HGA approach outper-

forms the others. 

2. Proposed Approach

For designing the ILN-LA, we use various facilities at each stage of forward and 

backward logistics. For forward logistics, parts are produced from part suppliers at 

each area and they are then sent to product manufacturers through module manufac-

turers. The products produced at product manufacturers are sent to retailers through 

distribution centers. Retailers sell the product to customers. For backward logistics, 

the product returned from customers are collected at collection centers. Collection 

centers check and disassemble them into recoverable products, recoverable parts and 

unrecoverable parts. The recoverable products are resold at secondary markets after 

their qualities are recovered at recovery centers. The recoverable parts are sent to 

module manufacturers to be used for making modules. The unrecoverable parts are 

sent to waste disposal centers to be reclaimed or burned. Figure 1 shows the concep-

tual structure of the ILN-LA. 
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Figure 1. Conceptual structure of ILN-LA 

For representing the ILN-LA, a mathematical formulation by a nonlinear mixed in-

teger programming (NMIP) is proposed. The objective is to maximize total profit 

which is consisted of total revenues and total costs resulting from the implementation 

process of the ILN-LA. Various constraints such as opening and closing decision at 

each stage are taken into consideration for maximizing the total profit.  

The NMIP is implemented using the HGA approach. The proposed HGA approach 

is a revised version of the Kanagaraj et al. [6]. The detailed implementation procedure 

is as follows: 

Step 1: GA approach 

Step 1.1: (Representation) 0-1 bit representation scheme is used. 

Step 1.2: (Selection) elitist selection scheme in enlarged sampling space is used. 

Step 1.3: (Crossover) two-point crossover operator is used 

Step 1.4: (Mutation0 random mutation operator is used 

Step 1.5: (Fitness evaluation) fitness evaluation by objective function under sat-

isfying all constraints is used. 

Step 2: Cuckoo search approach 

Step 2.1: (Applying Levy flight) Levy flight scheme [6] is adapted to the indi-

vidual which is randomly chosen from the GA population. 

Step 2.2: (Evaluation) compare the fitness value of the individual by Levy 

fight with that of the individual randomly chosen by the population and 

store the best individual among them. 

Step 2.3: (Iteration) repeat Steps 2.1 and 2.2 for all individuals of population. 

Step 3: Termination condition 

If pre-determined iteration number is reached, then store current best solution 

and exit all steps, else go to Step 1.2. 

3. Numerical Experiments

To prove the efficiency of the HGA, three scales of the ILN-LA is presented in 

numerical experiments. Table 1 shows the three scales. 
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TABLE I. THREE SCALES OF ILN-LA 
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1 2 3 4 

1 10 10 10 10 8 10 8 15 10 8 8 15 1 

2 15 15 15 15 10 15 10 20 15 10 10 20 2 

3 20 20 20 20 15 20 15 25 20 15 15 25 3 

For various comparisons, two conventional approaches (con-GA by Gen and 

Cheng [7], con-HGA by Kanagaraj et al. [6]) and a benchmark approach (Lingo by 

Lindo [8]) are used. Each approach except for Lingo uses the following parameters. 

Total iteration number is 1,000, population size 50, crossover rate 0.5 mutation rate 

0.3, and selection rate at cuckoo search 0.5. Total 30 trails are independently carried 

out to eliminate their randomness. The measures of performance are as following. 

Best solution and average solution mean the best value and average value resulting 

from each approach, respectively. Average time is the average running time of each 

approach. Percentage difference is the gap between the performances of each ap-

proach and that of Lingo. Table 2 shows the computation results by con-GA, con-

HGA, Lingo and our approach HGA under various measures of performance. 

In the scale 1 of Table 2, our approach HGA approach shows the best result in 

terms of the best solution, average solution and  when comparing con-GA, con-HGA 

and Lingo’s approach. However, unfortunately, in terms of the average time, the 

HGA approach shows the worst performance and the con-GA the best one. In scale 2, 

the performance of the HGA is significantly better than those of the con-GA, con-

HGA and Lingo in terms of the best solution, average solution and percentage differ-

ence. However, in terms of the average time, con-GA and con-HGA shows to be more 

efficient performances than the HGA. Similar results are also shown in the scale 3, 

that is, the HGA shows the best performances in terms of the best solution, average 

solution and percentage difference when compared with the con-GA, con-HGA and 

Lingo. However, the search speed of the HGA is about two times slower than those of 

the con-GA and con-HGA. By the computation results shown in Table 2, we can 

reach the following conclusions. 

- The search scheme used in the HGA is more efficient than those of the con-

HGA, though both have a hybrid search scheme using GA and Cuckoo search. 

- The HGA shows to be significantly slower performance in terms of the aver-

age time than the con-GA and con-HGA, which means that search process in 

Scale 1 Scale 2 Scale 3 

con- 

GA 
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HGA 

HGA Lingo con- 

GA 

con-

HGA 

HGA Lingo con- 

GA 

con-

HGA 

HGA Lingo 

Best 

solution 
390300 397800 426900 317788 394800 392700 429900 324844 381600 389400 416970 

37860

0 

Average 

solution 
385870 389130 413780 - 386390 386460 415670 - 374810 384570 417110 - 

Average 

Time 
14 15 33 - 16.7 16.8 46.0 - 40.5 44.9 87.6 - 

Per-

centage 
Differ-

ence 

22.82% 25.18% 34.33% 0.00% 21.54% 20.89% 32.34% 0.00% 0.79% 2.85% 10.13% 0.00% 
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the HGA is more complicated than the others, though the HGA locates better 

solutions than the others. 

4. Conclusion

In this paper, we have proposed an integrated logistics network model with location 

and allocation (ILN-LA). For designing the ILN-LA, various components such as part 

suppliers, module manufacturers, product manufacturers, etc. in forward and back-

ward logistics have been used. The ILN-LA has been represented by a nonlinear 

mixed integer programming (NMIP) in mathematical formulation. The NMIP is to 

maximize total profit which is consisted total revenues and total costs resulting from 

the implementation of the ILN-LA. The hybrid genetic algorithm (HGA) which is a 

revised version of the conventional HGA by Kanagaraj et al. [6] has been proposed to 

implement the NMIP. In numerical experiments, several scales of the ILN-LA have 

been presented and they have applied to compare the performance of the HGA with 

those of the conventional approaches (conventional GA, HGA by Kanagaraj et al. [6]). 

Experimental results have shown that the HGA proposed in this paper is more effi-

cient in most of measures of performance than the other competing approaches. How-

ever, we have only considered small scales of the ILN-LA in numerical experiments. 

Therefore, large-sized scales of the ILN-LA will be used for proving its efficiency. 

An effort to reduce the search speed of the HGA will be also required since the HGA 

have shown significantly slower speed than the others. The efforts for improving 

these weakness of the ILN-LA and HGA will be left to our future work. 
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