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Abstract: Queueing networks are widely used in modeling supply chains, assembly lines and transportation systems.
The analytical results of queueing networks can help comparing the efficiency of different configurations and providing
guidance for system design. Closed Jackson network (CJIN) is frequently used to model these systems. In this paper, based
on the generating function of the closed Jackson network’s normalized parameters, the utilization’s analytical expression
is obtained. It is also proved that the limit of utilization exists when the total number of customers tends to infinity, and
utilization is a saturation function. Then the saturation point, which is the total number of customers required to reach
saturation state, can be calculated. Finally, this method is applied to a queuing network modeled from an actual automated
terminal to analyze the bottleneck and the saturation vehicle number of the terminal. The results from the closed Jackson
network are close to the results from simulation experiments. So queueing network is a feasible method to analyze the
performance of systems like container terminals.
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Fig. 9 QC utilization by simulation and queueing network
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