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Abstract: At the early stage of outbreak of an infectious disease, particularly a newly emerging disease, non-
pharmaceutical interventions play a crucial role in curbing the spread of disease. Compared to long-term or
infinite-term issues that the majority of existing work focus on, investigating the optimal implementation of
non-pharmaceutical interventions on short-term horizon has greater practical significance. This paper examines
a kind of short-term optimal control problems for an SIR model. To reflect the requirement that the disease
prevalence must not exceed the capacity of health-care system, the problem incorporates a state constraint.
The paper seeks to identify optimal non-pharmaceutical interventions, aimed at maximizing the final size of

susceptible individuals. In contrast to traditional approaches, based on prior results, this paper constructs a
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novel theoretical framework for solving the proposed problem. The optimal solution is proved to be a bang-

bang control involving a single switch, more precisely, the interventions are imposed at the maximum intensity

during the initial phase, and then lifted completely after an optimal switching point. This control form exhibits

good robust performance across varying initial conditions.

Key words: optimal control; non-pharmaceutical interventions; bang-bang control; short-term horizon;

capacity state constraint
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