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Abstract. There is an increasing demand for cost- and time-efficient last-mile delivery due 
to the expansion of home-delivery systems. To respond to this need, many companies and 
academics have focused on inventive delivery schemes to reduce costs and improve the 
service level offered to customers. These efforts include integrating vehicles with walking 
carriers, which additionally dodges traffic and avoids an increase in the emission of 
greenhouse gases and other pollutants. The vehicle routing problem with time windows 
and multiple deliverymen models an example of such delivery systems. In this problem, 
each vehicle may travel with more than one deliveryman to serve more customers with each 
stop of the vehicle and reduce the overall time that the vehicle stays parked. As originally 
defined, this problem considers that the customers served from each parking location and 
the routes traveled by the deliverymen are predefined. We propose a variant of this problem 
in which both of these decisions can be optimized. The novel problem is formally defined 
and formulated. Theoretical properties and useful lower bounds are introduced and used to 
propose several valid inequalities. The problem is also decomposed in a Benders scheme 
and solved exactly by a branch-and-Benders-cut algorithm. Extensive computational 
experiments show the suitability of the proposed methodology to solve the problem. 
Furthermore, managerial insights indicate that the inclusion of the customer clustering and 
deliveryman routes in the optimization leads to an average cost reduction of over 10%, with 
this value being much higher for some instances. 

Keywords: routing, last-mile delivery, multiple deliverymen, Benders decomposition, 
parking 

Acknowledgements. This work was supported by the São Paulo Research Foundation 
(FAPESP) [grant numbers 2013/07375-0, 2021/14441-5, 2022/09679-5, 2022/05803-3], the 
Coordenação de Aperfeiçoamento de Pessoal de Nível Superior - Brasil (CAPES) [Finance 
Code 001], the National Council for Scientific and Technological Development (CNPq) [grant 
number 405702/2021-3, 304618/2023-3, 314079/2023-8], and the Natural Sciences and 
Engineering Research Council of Canada [grant number 2019-00094]. This support is greatly 
acknowledged. We thank the Digital Research Alliance of Canada for providing high-
performance parallel computing facilities. 

 
 
 
Results and views expressed in this publication are the sole responsibility of the authors and do not 
necessarily reflect those of CIRRELT. 
Les résultats et opinions contenus dans cette publication ne reflètent pas nécessairement la position 
du CIRRELT et n'engagent pas sa responsabilité. 
 
_____________________________ 

* Corresponding author: leandro.coelho@fsa.ulaval.ca 

Dépôt légal – Bibliothèque et Archives nationales du Québec 
  Bibliothèque et Archives Canada, 2025 

© Senna, Coelho, Morabito, Munari and CIRRELT, 2025 



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03



Last-mile Delivery with Multiple Deliverymen: Formulation and Exact Solution Methods for a Two-echelon Vehicle Routing Problem

CIRRELT-2025-03


	CIRRELT-2025-03-abstract.pdf
	Bibliothèque et Archives Canada, 2025




