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A methodology for solving facility layout problem considering barriers-genetic algorithm coupled with A* search

INTRODUCTION

Facility Layout problem aims to place a set of facilities on a given area so that certain criteria are optimized. The most efficient layout can contribute to the overall efficiency of the operations and can reduce about 20-50% of the final operating cost [START_REF] Tarkesh | Facility layout design using virtual multi-agent system[END_REF]].

The facility layout problem (FLP) has broad applications in real life situations including layout of schools, hospitals and manufacturing systems [Ahmadi et al.2017]. In this study, we will interested by manufacturing perspective. The FLP can also be classified depending on the representation method. Generally, there are two representations [START_REF] Tompkins | Facilities Planning[END_REF]]: (i) discrete representation, (ii) continuous representation. The discrete layout problem is the traditional approach to the FLP. It aims to place equal area facilities having rectangular shape in a predetermined locations [Chraibi et al. 2014]. However, this discrete approach to FLP is even more unsuitable when facilities have unequal-area and shape or if there are different clearances between the facilities [START_REF] Drira | Facility layout problems: A survey[END_REF]]. The main idea is first to use the A* algorithm to identify the shortest path between equipment's in a more realistic way; in a facility area which contains obstacles and transportation routes. A Genetic algorithm is adapted and intertwined with A* algorithm to generate various candidate layouts. We study the effects of the GAs parameters on the quality of layout generation by using Monte Carlo Simulations. The best of class layouts obtained for every step of the simulation are collected and studied to find out the most interesting set of parameters and operators for the GA. The obtained facility arrangements are deeply discussed based on their material handling cost. The quality of the found arrangements obtained by using A* algorithm is compared to the use of Euclidian and rectilinear distances. The mix of GA and A* gives better layouts.

PROBLEM FORMULATION

The problem is to assign "m" machines in a given space in order to minimize transport costs between different machines. We define our workshop as a two-dimensional grid consisting of a set of units called non-transformable units. The workshop has a rectangular shape with predefined dimensions: a length (L) and a width (W). In addition, there is a defined horizontal corridor for the permanent transport of products. This corridor is characterized by two vertical positions or two limits ( ) and ( ) that divide the workshop into two sections. We also find obstacles such as walls, stairs, other barriers or corridors that can not be occupied by a machine. The coordinates of each obstacle are defined by , ). The machines have a rectangular shape and have the same size, they are defined by the horizontal ( ) and vertical dimensions ( ) and the coordinates of the centroid ( ), see figure 1. Among the constraints to be respected, we can mention that the assignment of the machines is done within the limits of the workshop, another set of constraints prevent the overlaps between the machines and guarantee the non-overlap between each machine and all obstacles. Other constraints ensure that no machine is assigned within the aisle. Genetic algorithm is a random search algorithm developed by [START_REF] Holland | Adaptation in natural and artificial systems: an introductory analysis with applications to biology, control, and artificial intelligence[END_REF]. Genetic algorithms operate with populations, which are named chromosomes and encoded solutions of the problem [Mazinani et al. 2013]. The initial population is randomly generated and at each iteration, the population is updating by producing new individuals which replace some of the old ones. The reproduction uses a crossing and mutation process to create new ones. In our case, the evolution process is terminated when maximum number of iterations is attained. Crossover operators exchange the proprieties of two parents to create two new offspring. Mutation operators integrate new genetic structures in the population by simple modification applied to an individual. A selection strategy is applied to select best individuals to participate to crossover and mutation process.

Generation of the initial population

The initial-solution individuals are randomly generated.

Each solution represents the coordinates ( i x , i y ) of the centroid of each machine in the workshop. The length of the chromosome corresponds to the number of machines.

Evaluation of initial individuals

Evaluation of the transportation costs associated to the shortest distances between facilities.Erreur ! Source du renvoi introuvable.

Selection of parents

Roulette wheel and tournament selection method.

Crossover process Crossover probability ( )

A normal distribution with =0.7 and = 0.1.

Crossover operator

One point crossover, two point crossover, three point crossover, and four point crossover

Mutation process Mutation probability

A normal distribution with =0.18 and = 0.06. These explored nodes are also make in the open list. For each of these nodes, the current node is considered as its 'parent square'. To determine if a node belong to the solution path its quality must be assessed. Three function are used in A* algorithm "f, g and h" to calculate the lowest cost path to go from the start node to a goal node where g(x) represent the cost to go from starting node to the considered node, h(x) determines the cost from the considered node to the goal node. Hence, the search cost f(x) is f(x)=h(x)+g(x). This operation will be repeated when the destination node is reached.

Mutation operator Exchange and inversion operator Evaluation of the children fitness value

NUMERICAL RESULTS

To evaluate the performance of the proposed methodology, we use an illustrative case inspired by the industrial environment. The problem has eight facilities, which are to be placed in an area of 30 * 20 square surface units. An aisle having the same length as the workshop and two different vertical dimensions ( = 12) was considered. The quantity of transported material between two machines is given in Table 1.

The input data about inner structures are reported in Table 2. Afterwards, a sensitivity analysis is made using Monte Carlo simulations to study the effects of various parameters on the transportation cost. Two sets of experiments are conducted in this work. In the first set of tests, the roulette (wheel selection) operator is used to select parents in order to create better offspring. The second set of tests is done with the tournament operator.

Table 1.Quantity of material flow from machine i to machine j for 8 facilities Regarding all the experimentations performed over 100 simulations; the combination of GA parameters that produces the best results is the following:

-Selection operator is tournament -Population size is 194 -Crossover probability is 0.8049 -Mutation probability is 0.1024 The best layout show the practicability of the proposed method. Further, they show that the suggested method is efficient for the arrangement of a set of rectangular machines within a planar site without overlapping respecting a set of others constraints. The main advantage of the suggested approach is its ability to explore a large space of solutions, by considering more realistic distances between the machines. As illustrated in Fig. 3, the different machines are concentrated in a specific zone, which allows companies to invest more for other projects.

CONCLUSION

This paper provides a new approach to find the most efficient layout in a given area. The main idea is to place machines in a restricted area while taking into consideration several kinds of geometric facility requirements. The objective function is to minimise the MHC which is associated to distance between different machines. A GA integrated with allows to explore the solution space. The algorithm allows to determine the shortest distance between two machines. The GA is used to generate different layout over a set of iterations. The proposed algorithm parameters are calibrated using Monte Carlo simulations. Our proposed approach is applied on an illustrative case and the obtained results demonstrate the applicability of the proposed model. For future study, authors aims to generalize the formulation of the problem by considering various shape of machines as well as of plant floor.
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  Figure1. Representation of the layout problem

Figure2. Our proposed approach 3 . 1 .

 31 Figure2. Our proposed approach 3.1.Overview of genetic algorithms (GAs)

The elitist strategy Stopping criteria 130 iterations 3 . 2 .

 32 Overview of A* search algorithm The A* algorithm attempts to determine the shortest path between two machines. It starts by making the starting node in the open list. The open list contains the list of nodes to be explored. The starting node move from the open list to another list named closed list after focusing on its entire adjacent squares. The closed list includes all the explored nodes. A node must first pass through the open list before moving to the closed list. At the beginning, we must looking at neighboring nodes of the starting node while neglecting nodes with obstacles.
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 3 Figure.3 Monte Carlo simulations and product flow obtained by A* algorithm: best configurations founded via roulette wheel selection method and tournament method
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 2 Input data of obstacles

		Coordinates (x,y)	Width	Length
	Obstacle 1	(12,3)	2	4
	Obstacle 2	(7,18)	4	2
	Discussion of the obtained results: