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Abstract In view of machine flexibility, worker flexibility and parallel operation flexibility in the job-shop scheduling, this paper
denotes the parallel operation flexibility by replacing sequence constraints between individual operations with sequence constraints
between priorities,and proposes a multi-flexible job-shop scheduling model with objectives of minimizing the maximum comple-
tion time, total energy consumption and average completion time. A four-chromosome coding method and corresponding crossover
and mutation operators are designed,in which two chromosomes are used to encode the processing sequence. A multi-objective
optimization algorithm is proposed,based on the combination of the structure of the invasive tumor growth optimization and the
screening mechanism of NSGAIIL The algorithm uses a fast non-dominant sorting method and a feature-based selection method to
classify and transform cells. A mechanism is designed to replace duplicate cells. Finally, the proposed algorithm is compared with
several intelligent algorithms in calculation examples by hypervolume.distribution and extensibility, which prove its effectiveness
and feasibility.
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