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A Bilinear Optimal Control Problem with
Application in Bee Colony Population Dynamics

Abstract We show that for a class of bilinear systems the optimal control for a reward that
is linear in the states can be solved by a simple change of variables. Sufficient conditions are
given for the optimal control to be of bang-bang type. This is applied to the modeling of the
population dynamics of eusocial bees, originally discussed by Macewicz and Oster. Next we give
an extension to the maximum principle for optimal control with delayed action and revisit the
allocation problem. Withµ the natural depletion or decay rate of the resource,ν the natural death
rate of bees,T the length of the season andτ the bee maturation delay, we show that the solution
remains of bang-bang type with a single switch at an analytically expressible time generalizing the
delay-free solution by Macevicz and Oster, and matching the field data obtained by ecologists.
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