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Abstract 

COVID-19 has exerted unprecedented impact on the manufacturing systems 

globally and has brought the resilience of such systems into a sharp relief. To ensure the 

uninterrupted manufacturing processes in the event of disruptions at the scale of COVID-

19, it is essential to implement the optimal design and control of the system. In this thesis, 

the possible actions of one manufacturing facility include production, outsourcing, 

preventive and corrective maintenance. As the production volume edges up, the machine 

degrades, and either corrective or preventive maintenance is needed to restore the machine 

status. When demand spikes above the production rate, the facility can choose to outsource 

the demand to avoid the backorder cost. The system state is thus characterized by product 

inventory and machine degradation, which vary as time evolves. As such, the production, 

maintenance and outsourcing scheduling can be formulated as a Markov Decision Process. 

In literature, the state variables are discretized into distinct levels, and reinforcement 

learning (RL) approaches are then implemented to find the optimal actions that can 

maximize the reward, considering the profit by satisfying the demand, the outsourcing, and 

the machine degradation cost. Owing to the curse of dimensionality, only a few levels are 

typically used in the RL settings. In this thesis, a large number of levels are considered to 

approximate the continuous state variation. To handle the resulting high-dimensionality 

issue, Deep-Q learning is further adopted to recognize the patterns of a part of steps and 

compare their rewards instead of mapping every single state, which can make the 
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discretized state of the system closer to the real continuous state. During the Deep-Q 

learning process, a neural network is trained to help make decisions in the maintenance and 

outsourcing of the system by showing the action and the reward in different states of a 

system. The thesis aims to use the training model to obtain the optimal control policy to 

minimize the cost of running a  manufacturing system. 

 

  


