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Abstract 
 Combining multi-objective simulated annealing (MOSA) with an 
epidemiological computational engine to determine individual flows within a closed 
testing system, we develop a methodology to generate optimal testing protocols for 
COVID-19 in congregate settings.  Our method applies to screening tests for any 
infectious disease and can be deployed in a wide variety of settings where individuals 
regularly congregate.  For our implementation, the epidemiological computational 
engine is based on a SEIR (Susceptible-Exposed-Infected-Recovered) model that 
appeared in published work in the early months of the COVID-19 pandemic.  The 
archive-based MOSA algorithm is adapted from published work on evolutionary 
computing.  We employ these computational tools in an example setting of public 
schools in North Carolina, and we find that optimal protocols — based on objectives 
to minimize overall infections, minimize overall testing cost, and minimize overall 
false negative outcomes — are robust with regard to the testing regime across school 
districts.  We also explore the behavior of the solutions under various levels of 
environment-driven infection risks and virus transmission rates.   
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