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Tabu search and matheuristic algorithms for solving an integrated flow shop and vehicle routing problem

We consider in this paper an integrated scheduling and vehicle routing problem: jobs have to be produced and then transported to a customer place for a given due date. The manufacturing workshop is a flow shop and there is only one vehicle available. We are interested in the minimization of the total tardiness, related to the delivery completion times. Therefore, we are faced to three interdependent problems: scheduling the jobs in the flow shop environment, batching the completed jobs, and routing the batches. We propose two tabu search algorithms and a matheuristic algorithm. Computational experiments are performed on random data sets and show the efficiency of the methods.

Introduction and notations

We consider in this paper a scheduling problem where n jobs are supposed to be processed, and once completed, delivered at a customer place (one destination per job, some destinations may be identical). We denote by J = {J 1 , J 2 , ..., J n } the set of jobs and by j the site associated to job J j (1 ≤ j ≤ n). Only one vehicle is available, so after the delivery of the last job of a batch, the vehicle has to come back to the production site (site number 0) before starting a new tour with the next batch. The capacity of the vehicle is not limited. The jobs are processed in a manufacturing workshop composed by m machines organised as a permutation flow shop. To each job J j is associated a processing time p j,i on each machine M i and a delivery due date d j , representing the time at which the job is supposed to be delivered. Transportation times are known between any pair of sites and t j 1 ,j 2 denotes the transportation time between site j 1 and site j 2 (0 ≤ j 1 , j 2 ≤ n). The delivery date of J j is denoted by D j and the total tardiness is defined by T j = n j=1 max(0, D jd j ). The problem is illustrated in Fig. 1 with m = 3 machines and n = 4 jobs. The schedule is given by sequence (J 3 , J 2 , J 4 , J 1 ), two batches are defined with jobs J 3 and J 2 in the first batch and jobs J 4 and J 1 in the second. The routing of the first batch is (2, 3) and the routing of the second batch is [START_REF] Maniezzo | Matheuristics. Hybridizing Metaheuristics and Mathematical Programming[END_REF][START_REF] Billaut | A complete view of the scheduling problem of chemotherapy production with expensive and perishable raw materials[END_REF].

This problem comes from a real life situation in the context of production of chemotherapy drugs for cancer treatment. The production process is of type flow shop [START_REF] Billaut | A complete view of the scheduling problem of chemotherapy production with expensive and perishable raw materials[END_REF]. Each preparation (job) has to be delivered to one patient, and patients are scattered in a big hospital center. There is only one delivery man, and the objective is to organize the production and distribution of preparations to the patients so that the total waiting time is minimized. This problem is of interest because the production times and the transportation times are in the same order of magnitude. Suppose that the processing times are very small in comparison with the transportation times, then only the beginning of the schedule is important, but not the rest of the schedule (the completed jobs will be waiting for the vehicles) and the main problem to solve is the vehicle routing problem. Conversly, suppose that the processing times are very big in
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Figure 1: Gantt representation of a solution comparison with the transportation times, then the vehicle routing problem is not interesting, the main decisions are taken during the scheduling part of the problem. This problem, clearly strongly NP-hard, has been previsously studied by the authors. In [START_REF] Ta | Tabu search algorithms to minimize the total tardiness in a flow shop production and outbound distribution scheduling problem[END_REF], two tabu search algorithms with two different coding schemes are proposed. The authors have also studied the two-machine flowshop problem for total tardiness minimization and proposed genetic algorithms and matheuristic algorithms [START_REF] Ta | Recovering beam search and matheuristic algorithms for the F 2|| T j scheduling problem[END_REF][START_REF] Ta | Resolution of the F 2|| T j scheduling problem by genetic algorithm and matheuristic[END_REF]. In this paper, we propose an improved tabu search algorithm and a matheuristic algorithm for the integrated problem.

Tabu search and matheuristic algorithms

Tabu search is a well known algorithm, initially proposed by Glover (see [START_REF] Glover | Tabu Search[END_REF]). Matheuristic algorithms are a type of heuristic approach mixing classical metaheuristic algorithms and linear programming. These approaches present a real interest for solving some complicated problems [START_REF] Della Croce | A matheuristic approach for the two-machine total completion time flow shop problem[END_REF][START_REF] Maniezzo | Matheuristics. Hybridizing Metaheuristics and Mathematical Programming[END_REF].

A solution is given by a sequence of jobs, a composition of batches, and a route for each batch. It can be coded by a vector of 3n elements, where the first n elements indicate the sequence of jobs, and the 2n following elements give for each batch the number of jobs in the batch and the routing.

Following the example presented in Fig. 1, the corresponding coding is:

[(J 3 , J 2 , J 4 , J 1 )|(2), 2, 3, (2) 
, 4, 1, (0), (0)]

The matheuristic algorithm is based on multiple calls of an MILP model, which solves to optimality a partial solution of the problem. More precisely, the MILP computes an optimal sequence and an optimal batching and routing for the jobs in a subsequence σ, and reinsert this new sequence/batching/routing in the solution. Then, another subsequence σ is reoptimized and so on. This process is illustrated in Fig. 2.
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Conclusion

We consider in this study an original complex problem, integrating a scheduling problem and an outbound delivery problem. The objective is to minimize the total tardiness of delivery. We propose, in this work-in-progress, to present a new tabu search algorithm and a matheuristic algorithm, and to compare the performances of these methods with existing (and performing) algorithms.
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 2 Figure 2: Coding of a solution