 Using the Genetic Algorithm to Solve the Capacitated Facility Location Routing Problem with Stochastic Demand

1. Introduction
The Capacitated Location Routing Problem (CLRP) is an emerging issue regarding distribution management in the field of logistics. It is a strategic technique that  simultaneously considers aspects that are usually tackled separately: facility location and vehicle routing. A superior facility location routing plan can significantly reduce cost and travel time, as well as can result in better logistics service quality. Key papers include Tuzun and Burke (1999), who presented a two-phase tabu search architecture for solving the CLRP. A set of benchmarks was created and the two-phase approach was then applied, demonstrating significant improvements using the tabu search algorithm according to the output results. This approach is computationally efficient and integrates both facility location and routing decisions. Prins et al. (2007) also solved the CLRP using a two-phase method, generating a set of benchmarks to test the effectiveness of their method The routes and their customers were aggregated into supercustomers in the first phase, leading to a facility location problem which was solved by Lagrangean relaxation of the assignment constraints. The second phase used a granular tabu search heuristic to improve the routes resulting from the multi-depot vehicle routing problem. This process has been shown to outperform other methods in various cases. Further, Yu et al. (2010) proposed a simulated annealing-based heuristic for solving the CLRP, with output results indicating the proposed method was competitive in relation to other well-known algorithms. In addition, Barreto et al. (2007) integrated several hierarchical and non-hierarchical clustering techniques (with several proximity functions) in a sequential heuristic algorithm for the CLRP model to obtain some guidelines concerning the choice of a suitable clustering technique. In contrast to other research, Berger et al. (2007) considered a set-partitioning-based formulation of an uncapacitated location-routing model with distance constraints. By identifying an alternate set of constraints, the total number of constraints was significantly reduced and the linear programming relaxation bounds were dramatically improved. Other key research in this area includes Manzour-al-Ajdad et al. (2012), Belenguer et al. (2011), Prodhon (2011), Catanzaro et al. (2011) and Duhamel et al. (2010).
The objective of the CLRP is to minimize total cost as calculated by summing the facility opening cost, vehicle cost and traveling cost. Conventionally, the LRP 
treats the demand of each customer as deterministic, which is not always realistically practical. Many cases deal with uncertain demands, such as mail collection, vending machine replenishment and garbage collection. Furthermore, the CLRP is essentially a combination of the Facility Location Problem and the Vehicle Routing Problem where the former is a long-term planning issue and the latter is a short-term issue. As they deal with different time horizons, addressing these problems simultaneously can lead to a solution that does not reflect reality. 
Unless each customer’s demand stays constant during the period being planned for, the CLRP solution will not meet the realistic need. 

There have been limited studies regarding the CLRP with uncertain demand. 
One example is Albareda-Sambola et al. (2007), who solved a stochastic location-routing problem using a two-stage model. The first stage determined the set of plants and a family of routes while the second stage applied a recourse action to adapt these routes. The lower bound, which was based on bounding separate components of the cost of any feasible solution, was also provided. Other related research includes Laporte et al. (1989) and Chan et al. (2001).
Treating customer demand as a stochastic variable is intuitively more realistic in some cases. This problem will henceforth be referred to as the Capacitated Location Routing Problem with Stochastic Demand (CLRPSD). The CLRPSD presumes that customer demands follow some specific probability distributions that are known in advance. The location routing strategies should be adjusted according to the different combinations of demand probability distributions of the customers. The goals of the CLRPSD are to determine the open depots and the a priori routes 
that give the least expected total cost. The remainder of this paper is organized as follows. Section 2 details the problem description, including the assumptions and the mathematical programming. Section 3 introduces the solving process, including how to determine the open depots and how to use the Genetic Algorithm method to solve the problem. Section 4 gives some examples of the solving process in action. The output results are also listed. Finally, section 5 provides an analysis of the proposed methods and output results.
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