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Abstract:  
We consider the problem of optimal fleet sizing in a vehicle sharing system. Vehicles are 

available for short-term rental and are accessible from multiple locations. A vehicle rented at 

one location can be returned to any other location. The size of the fleet must account not only 

for the nominal load and for the randomness in demand and rental duration but also for the 

randomness in the number of vehicles that are available at each location due to vehicle roaming 

(vehicles not returning to the same location from which they were picked up). We model the 

dynamics of the system using a closed queueing network and obtain explicit and closed form lower and upper bounds on the 

optimal number of vehicles (the minimum number of vehicles needed to meet a target service level). Specifically, we show that 

starting with any pair of lower and upper bounds, we can always obtain another pair of lower and upper bounds with gaps 

between the lower and upper bounds that are independent of demand and bounded by a function of only the prescribed service 

level. We show that the generated bounds are asymptotically exact under several regimes. We use features of the bounds to 

construct a simple and closed form approximation that we show to be always within the generated lower and upper bounds and 

is exact under the asymptotic regimes considered. Extensive numerical experiments show that the approximate and exact values 

are nearly indistinguishable for a wide range of parameter values. The approximation is highly interpretable with buffer capacity 

expressed in terms of three explicit terms that can be interpreted as follows: (1) standard buffer capacity that is protection 

against randomness in demand and rental times, (2) buffer capacity that is protection against vehicle roaming, and (3) a 

correction term. Our analysis reveals important differences between the optimal sizing of standard queueing systems (where 

servers always return to the same queue upon service completion) and that of systems where servers, upon service completion, 

randomly join any one of the queues in the system. We show that the additional capacity needed to buffer against vehicle 

roaming can be substantial even in systems with vanishingly small demand. 
 

The talk will draw on material from the following paper, forthcoming in Management Science: (https://pubsonline.informs.org/doi/abs/10.1287/mnsc.2021.3957?journalCode=mnsc)  
 

Bio: Saif Benjaafar is Distinguished McKnight University Professor at the University of Minnesota. He is Head of the Department 

of Industrial & Systems Engineering at the University of Minnesota, where he also directs the Initiative on the Sharing Economy. 

He is a founding member of the Singapore University of Technology and Design where he served as Head of Engineering Systems 

and Design. He is the Editor in Chief of the INFORMS journal Service Science. He serves on the board of directors of Hourcar, a 

social car sharing organization. His research is in the area of operations management broadly defined, with a current focus on 

sustainable operations and innovation in business models, including sharing economy, on-demand services, and digital 

marketplaces. He is a Fellow of INFORMS and IISE.   


