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Abstract: We develop a new queueing optimization model for the design of a drone network
aimed at providing a quick response to time-sensitive medical events. The problem is motivated
by the delivery of automated external defibrillators to out-of-hospital cardiac arrests and
naloxone to opioid overdoses. The network is modeled as a collection of M/G/1 and M/G/K
queues in which the drone service times and the arrival of OHCA requests at drone bases are
random variables whose distribution parameters are determined endogenously. The model
takes the form of an integer nonlinear model with fractional and bilinear terms and minimizes
the average response time which is conducive to maximizing the chance of survival of patients.
We derive a mixed-integer linear programming (MILP) reformulation and propose a modular
solution method that features a warm-start and an optimality-based bound tightening (OBBT)
module embedded in a branch-and-cut algorithm. In particular, we propose four new MILP and
feasibility OBBT models that can derive multiple bounds at once. We use real-life data
from Virginia Beach (i) to ascertain the computational efficiency of our approach, and (ii) to
analyze the impact of drone-based delivery on response time and probability of survival of
patients.
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