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Abstract: A constraint programming based branch-and-bound algorithm is embedded into a memetic algorithm to solve multiprocessor task scheduling problem in hybrid flow-shop environments. Both methods are able to solve the problem by themselves but the combination of the two allows to solve larger problem in a shorter amount of time. Computational experiments are conducted on a large set of instances and the resulting memetic algorithm gives the best results so far. Keywords: Memetic algorithm - Constraint Programming - Hybrid flowshop
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Introduction



The hybrid flowshop problem can be stated as follows: a set of jobs J = {1, 2, . . . , n} has to be sequenced in a flowshop environment with k stages. For each stage i a set Mi = {1, 2, . . . , mi } of identical processors is considered. A job consists in a sequence of k tasks, one task denoted by Tij for each stage. Each task within a job requires one or several processors simultaneously to be proceeded (processor requirement for task Tij will be denoted by sizeij ). The processing time of task Tij will be denoted by pij . The goal is to minimise the makespan Cmax , i.e., the completion time of the last job at the last stage.
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Previous work



Based on previous results [2], we re-define a incremental version of a genetic algorithm (GA) with the best combination of components (mutation and crossover operators). An initial population is generated randomly and few good solutions are provided by list scheduling heuristics. A solution is coded as a permutation of the jobs at the first stage and a decoding algorithm (based on a generalized list scheduling algorithm) is used to sequence the jobs and obtain a feasible schedule. Selection is done by binary tournament. The NXO crossover and insertion mutation operators are taken from [2].
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Constraint programming



In Constraint Programming, the hybrid flowshop problem can be efficiently encoded in terms of variables and constraints in the following way [1]. Let Tij be the task i of job j. For each task Tij two variables are introduced, start(Tij ) and end(Tij ). They represent the start time and the end time of the task Tij , respectively. Temporal relations between tasks are expressed by linear constraints between the start and the end variables of tasks. Then, the precedence between two successive tasks Tij and Ti+1 j of the same job j is modeled by the linear constraint end(Tij ) ≤ start(Ti+1 j ). Such constraints are easily propagated using a standard arc-B-consistency algorithm. 1



Cumulative resource constraints represent the fact that tasks require some amount of a resource throughout their execution. For our problem, the propagation of the resource constraints mainly consists of maintaining arc-B-consistency on the formula ∀i ∈ {1, 2, . . . , k}, ∀t,



X



sizei,j ≤ mi



j∈{1,2,...,n} start(Tij )≤t 
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