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Simulation is All You Need
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Motivated by online matching markets and network revenue management (NRM) problems with many types
(e.g., fulfillment optimization), we study dynamic spatial matching (DSM) in which supply and demand live
in d dimensional space and need to be matched with each other dynamically. If demand and supply have
the same spatial distribution, greedy matching suffices, and achieves average match distance of the same
order as the distance to the nearest neighbor, except for the case of d=1 and both supply and demand arriving
dynamically over time. If demand and supply have different spatial distributions, the matching constraint
has bite and greedy matching fails. We introduce a unifying and practical algorithmic principle for NRM and
DSM dubbed SOAR: Simulate, Optimize, Assign, Repeat, which repeatedly simulates the future to enable good
matching decisions. Simulating one sample path at each stage already enables SOAR to produce near optimal
regret for the majority of NRM models in the literature, and for DSM with non-atomic demand and supply
distributions. For more challenging NRM and DSM models, SOAR with multiple simulated sample paths at
each stage achieves near optimal regret.
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