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Abstract— This paper proposed an improvement of genetic algorithm for solving the location-routing problem (LRP). In this study, tournament selection technique is applied to create customer routing in each depot. The algorithm is tested on four benchmark problems and compared with other three algorithms. The computation results illustrate that the proposed algorithm can produce optimal solutions similar to other methods: nearly same depots but different routes.  The findings prove that the algorithm for solving LRP should be improved in routing step for minimizing the total cost of distribution network.
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I.  Introduction

Managing the distribution of goods to customers is one of the most challenging problems for companies. The companies aim to minimize costs of the activities situation while the distribution of goods to customers increases. The location- routing problem (LRP) includes two basic planning problems in logistics. One is the locations of depots, warehouses, hubs, etc. and another is vehicle routes. The objective is to minimize the total cost of opening depots/facilities and outing to serve all customers.
When tackling such a problem, it is necessary to consider location and routing given that ignoring routes when setting up a facility will obviously increase the cost of the distribution system and lead to proper sub-solution [1]. The main objective of location-routing problem (LRP) is to minimize the total cost by simultaneously selecting a subset of depots and making routes by allocating customers to different depots while satisfied with the following constraints: first, the demands of each customer are satisfied, second, each customer shall be served by one route and assigned to one of the depot without exceeding the capacity of the vehicle or place, third, the number of vehicles are defined with a pre-specified limit, the last each route begins and ends at the same depot.
This paper propose an improvement of genetic algorithm for location-routing problem. The tournament selection is applied for generating an initialization of the populations. If initial population is sufficiently diversified then it is possible to choose the best solution for recombination and may reduce the computational time.
The following contents include: section 2 describes the location-routing problem (LRP). Section 3 presents the proposed algorithm in details. The experimental results are demonstrated in section 4. Finally, the conclusion is illustrated and discussed in section 5.
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Fig. 1. The locations of customer who are waiting for service 
II. Problem description
The LRP can be described in more detail as a problem of mathematical optimization including of three terms: cost of open depot, cost of vehicles used, and cost of the routes. The objective function is to be minimized cost form equation 1.
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 = set of potential depot nodes,
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III. The Proposed algorithm
This paper aims to improve the initialized population of genetic algorithm with tournament selection. The original of genetic algorithm is to solve the problem after generating population. The procedure for creating the proposed model includes the following steps:
Step 1: Initialization of the population; The structure of initial population consists of the following components: (i) all generated solutions for opening depot by equation 2. after that, sort the cost of each solution from ascending order. (ii) K-Means algorithm is applied to cluster of the customer for the depot. The number of cluster (k) is the same depots in the solution. (iii) Tournament selection is applied to create customer routing in each depot of solution.
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where 
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 = the maximum number of depots.
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Fig. 2. Example of   k-means clustering
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Fig. 3. Example of a chromosome from tournament selection.
After generating population the fitness objective function of the populations are evaluated.
Step 2: The selection step, using roulette wheel for random select two current individuals, P1 and P2.
Step 3: The crossover operation is performed in this step. The one-point crossover is applied for P1 and P2. After that, the depot part of the child consists of the left and the right part of first and second parent.
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Fig. 4. Example of chromosomes crossover
Step 4: The mutation applied for the permutation vector 
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Fig. 5. Example of chromosomes mutation.
All initial population and children from the purposed method will be evaluated their fitness value. Then, the new generations are selected by their ranking value. The new population will be improved continuously until the stopping condition is met.
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Fig. 6. The flowchart of the proposed algorithm
IV. Expermental results

The proposed algorithm is tested on the different 4 instances from Prins et al. [5] for the problem with capacities on vehicles and depots and implemented in Matlab language. The description of instances is shown in Table 1.
TABLE I.  The description of instance
	Instance
	# Depot 
	Capacity of Depot
	Capacity of Vehicle
	# Customer

	A1
	5
	140
	70
	20

	A2
	5
	300
	150
	20

	A7
	5
	350
	70
	50

	A10
	5
	350
	70
	50


The computational results in Table 2 are shown in comparison with other tree algorithms: (a) GRASP algorithm is taken from Prins et al [2] (b) MAPM algorithm is taken from Prins et al [3] and (c) LRGTS algorithm is obtained from Prins et al [4]. It indicates that the proposed algorithm produces results similar to the other three algorithms when considering the number of opened depots and using vehicles to serves all customer demand. The purposed algorithm results are still different in opened depot locations and vehicle routes by considering the setup costs of depot (Cd) and the routing costs (Cr) that leads to total cost difference. 
TABLE II.  The experimental result of the proposed algorithm

	Instance
	GRASP
	MAPM
	LRGTS
	Purposed

	
	Cost
	#dep
	#veh
	Cd
	Cr
	Cost
	#dep
	#veh
	Cd
	Cr
	Cost
	#dep
	#veh
	Cd
	Cr
	Cost
	#dep
	#veh
	Cd
	Cr

	A1
	55021
	3
	5
	25549
	29472
	54793
	3
	5
	25549
	29244
	55131
	3
	5
	25549
	29582
	55402
	3
	5
	25549
	29853

	A3
	48908
	3
	5
	24196
	24712
	48908
	3
	5
	24196
	24712
	48908
	3
	5
	24196
	24712
	56350
	3
	6
	24196
	26154

	A6
	64761
	2
	6
	15385
	49376
	63242
	2
	6
	15385
	47857
	63256
	2
	6
	15385
	47871
	64761
	2
	6
	15385
	49376

	A9
	84055
	3
	12
	19785
	64270
	51822
	3
	12
	19785
	64270
	84181
	3
	12
	19875
	64396
	102707
	3
	13
	19785
	69922
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Fig. 7. Illustration of the solution for the problem instance A1 with 20 
              customers
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Fig. 8. Illustration of the solution for the problem instance A3 with 20 
              customers
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Fig. 9. Illustration of the solution for the problem instance A6 with 50 
              customers
[image: image31.jpg]odmay Sownoloyon Nomiok
Wang Theng £

sz
g Rokam





Fig. 10.  Illustration of the solution for the problem instance A9 with 20 
              customers
V. Conclusions 
This paper proposed an improvement of genetic algorithm for location-routing problem (LRP). In order to improve the initialized population of genetic algorithm, tournament selection technique was applied to create customer routing in each depot of solution. The testing on four instances shows that the proposed algorithm provided the similar results (nearly the same depots but different routes) when compared to other three methodologies. The experimental results confirmed that the proposed algorithm was the new alternative methodology for solving the LRP. Future research on the present algorithm should be developed in terms of improving routing step in order to find optimal solution for minimizing the total cost of distribution network. 
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