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Abstract

The rapid development of emerging information technologies and the acceleration of global eco-
nomic integration have intensified competition among international powers. Intelligent manufac-
turing has become a critical strategy for China to address dynamic market demands and achieve
transformation toward digitization, automation, intelligence, and low-carbon development. Flexi-
ble job shop scheduling is a vital problem in production planning within intelligent manufacturing
systems. Its NP-hard nature and the uncertainties in real-world operational environments present
significant challenges to existing solutions. This study investigates a multi-objective flexible job
shop scheduling problem with stochastic processing times. The objectives are to minimize the
makespan, tardiness-early cost, and total machine load. A novel method based on an improved
NSGAII, called N-MOSF]J, is proposed. The method designs a preference-based population initializa-
tion strategy to enhance the quality and diversity of initial solutions. Reference lower bounds are
constructed to guide the algorithm’s iterations in a dynamically changing solution space with sto-
chastic processing times. A performance-aware factor is introduced to improve local exploitation,
while a dynamic positioning factor accelerates global exploration. An integrated fitness evaluation
mechanism ensures an objective assessment of individual solution quality. To balance conflicts
among multiple objectives, a hybrid selection strategy combining diversity and quality priorities is
adopted. This is integrated with a quality-constrained “elite reproduction and multiple reproduc-
tion” crossover and mutation strategy. By comparing and validating the algorithm on simulation
datasets and publicly available domain datasets, experimental results show that the proposed algo-
rithm demonstrates good effectiveness and stability.
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Figure 1. Crossover and mutation operators with quality constraints
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Figure 3. Box plot of algorithm results
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