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The Vehicle Routing Problem (VRP) has evolved into one of the most studied optimiza-
tion problems in the transportation and operations research literature, with numerous
applications encountered across a wide array of practical contexts. In broad terms,
the VRP deals with the optimal assignment of a set of customer orders to a fleet of
vehicles and the determination of the corresponding service sequences over a period
of time. The problem comes in many variants, which differ based on the type of
operation, the time frame for decision making, the objective, the types of constraints
that must be adhered to, and in certain cases, the dynamic and/or stochastic features
present. As a result of their combinatorial nature and intrinsic complexity, vehicle rout-
ing and scheduling problems have led to major developments in both the realms of
exact and metaheuristic algorithms. For a complete discussion of the field, interested
readers are referred to a number of books [4,9,10,15,19] and recent survey papers
[1–3,5–8,11–14,16–18,20,21].

Despite the progress and contributions made in recent years, many questions remain
unanswered, and new ones are constantly emerging. The aim of this special issue was
to compile original high-quality papers that address recent trends and advances in
the theory, development, and application of optimization methods for Vehicle Rout-
ing and Scheduling problems. Overall, the issue received an overwhelming response
from the community and, after a rigorous review process, a number of papers were
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selected for publication. Collectively, the issue features (a) a mix of novel exact and
metaheuristic solution frameworks to address important variants; (b) definitions and
formulations for new problem variants that capture important practical realities; (c)
ways to efficiently incorporate uncertainty in vehicle routing models; (d) theoreti-
cal tight bounds stemming from worst-case analysis; and (e) new best solutions and
certificates of optimality for benchmark problem instances of the literature. A short
overview of the papers included in this issue is provided below. We hope that such
a compilation of papers will provide for an informative, stimulating, and pleasant
read.

Archetti et al. address the Capacitated Team Orienteering Problem and quan-
tify the effect of allowing for incomplete service and split deliveries. They per-
form a comprehensive computational study to collect evidence and couple those
with theoretically-derived bounds for the optimal solution of the incomplete service
variant. Their findings suggest that such strategies can be economically beneficial
when one is dealing with customers whose demands are comparable to the vehicle
capacities.

Assis et al. tackle the VRP with Fixed Delivery and Optional Collections, a
bi-objective variant that aims to minimize the total routing cost and the number of
unfulfilled pickups. The authors propose a multi-objective adaptation of the iterated
local search metaheuristic algorithm, which is shown to computationally outperform
other solution approaches in terms of coverage, hypervolume and cardinality on a test
set of benchmark problem instances with up to 199 customers.

Benjamin and Beasley study the use of metaheuristic algorithms, namely Tabu
Search, Variable Neighborhood Search and Variable Neighborhood Tabu Search
to address the Waste Collection VRP with Time Windows. They propose various
enhancements upon their previously-published methods, including a disposal-facility
positioning procedure to evaluate potential routes. The enhanced methods result in sig-
nificantly improved solutions on real-life instances involving up to 2,092 customers
and 19 disposal facilities.

Bosco et al. study the Mixed Capacitated General Routing Problem that generalizes
node and arc routing problems. The aim is to find a set of capacitated vehicle routes over
a mixed graph, such that each vertex/arc/edge is serviced by exactly one vehicle, and
the total traveling cost is minimized. The authors develop a branch-and-cut approach
based on a generalized formulation and cut separation techniques for various inequal-
ities, the validity of which the authors extend from other problems. A comprehensive
computational study suggests that, despite the complexity of the generalized model,
the exact approach proposed can address the majority of instances within reasonable
time requirements.

Ceselli et al. study combined location and routing problems that involve both profits
and costs, and they investigate the relative importance of location and routing decisions
in a number of scenarios that involve a different mix of two types of distribution
methods. The authors present a general formulation to capture these variants as well
as a unified branch-and-cut-and-price solution methodology—equipped with dynamic
programming pricing routines, strengthening cuts, primal heuristics, stabilization and
ad-hoc branching rules—that is able to address instances with up to a few hundred
nodes.
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Le et al. study a multi-period inventory routing problem where the products pos-
sess finite shelf-lives. The authors propose a path-flow formulation and develop valid
inequalities to be used as cutting planes in an exact algorithm. A heuristic procedure
based on column generation is also developed. The computational results demonstrate
the effectiveness of the heuristic approach and elucidate the impact of considering
inventory costs in addition to routing costs.

Mendoza and Villegas address the VRP with Stochastic Demands of known proba-
bility distributions. The authors propose a multi-space sampling heuristic that is based
on first extracting elements from TSP solutions, and then recombining these sam-
pled elements into feasible solutions for the VRP via a set-partitioning formulation.
Computational experiments showcase the competitiveness of the proposed approach,
which was able to obtain new best solutions for four literature benchmark problem
instances.

Panchamgam et al. introduce the Hierarchical Traveling Salesman Problem (HTSP),
which generalizes the TSP by assigning customers in priority groups. Among other
areas, the new variant is important to humanitarian logistics, as it can be used to model
relief routing operations. The authors provide tight bounds on the worst-behavior of
the HTSP as compared to TSP, capturing tradeoffs between total distance and node
priorities.

Pillac et al. introduce the Technician Routing and Scheduling Problem, which con-
siders the routing of heterogeneously skilled and equipped staff to address requests
for service. Typical applications include maintenance operations in public utilities
and dispatching of medical personnel. The authors present a parallel metaheuris-
tic algorithm that is comprised of an Adaptive Large Neighborhood Search and a
Set-Covering post-optimizer to consider all routes generated during the heuristic
search. The performance of the approach is tested on problem instances originally
proposed for the VRP with time windows as well as on extensions of those that
accommodate the new problem components.

Santos et al. present a new formulation for the Two-Echelon VRP, which considers
the delivery of products to customers by first routing them via satellite depots. The
problem is very important in the context of supply chains that possess both long-
haul and short-haul components, as significant cost savings can be found when these
components are optimized concurrently. The authors address the problem via a branch-
and-price method and consider two different variants for the associated pricing prob-
lem. New best bounds, including two new certificates of optimality, are presented for
literature benchmark instances.

Soyris et al. propose a robust optimization model to address the VRP with soft
time windows under service-time uncertainty. The problem arises in the dispatching
of technicians to customer sites to repair broken equipment. In this context, significant
service-time uncertainty exists due to the high potential for misdiagnosis of the failure
at the time when the client requests a repair. The authors develop a branch-and-price
method to solve the problem under several uncertainty descriptions and apply their
approach on real data sets from the industry.

Subramanian et al. present the first branch-and-cut-and-price solution approach
for the VRP with Simultaneous Pick-up and Delivery. The authors extend previ-
ous approaches developed for the Capacitated VRP by considering pd-routes in the
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column-generation procedure. The new approach outperformed previous methods on
a set of benchmark instances from the literature and was able to obtain four new
certificates of optimality.

Tarantilis employs an adaptive multi-restart Tabu Search metaheuristic algorithm
to solve the multi-source VRP with a cross-docking facility. Cross-docks allow for
the consolidation of freight and offer an alternative warehousing strategy that has the
potential to drastically reduce inventory costs. This paper considers both open- and
closed-network configurations as well as a number of practically relevant features.
New best solutions are reported for a number of benchmark problem instances.

Xiong et al. address the VRP with Split Deliveries and Minimum Delivery Amounts.
This problem variant admits split deliveries but only as long as each delivery satisfies a
minimum percentage of the total customer demand. It is relevant to contexts where the
cost of performing the delivery visit (e.g., approach of delivery vehicle, setting up the
loading dock) is substantial and, thus, each visit must be consequential. The authors
perform a worst-case analysis and derive tight theoretical bounds on the maximum
possible savings by allowing split deliveries.

Yakici and Karasakal introduce a new min–max VRP variant that involves multi-
ple regions, multiple types of service, heterogeneous fleets and split deliveries. VRPs
that attempt to minimize the latest service completion time instead of the total cost are
extremely important in the context of rescue/relief operations among many other appli-
cations. The problem presented here is NP-hard, and the authors present a heuristic
approach that consists of three main steps, namely column (route) generation, solution
of the set-covering problem and demand splitting. The approach is tested on a new set
of problem instances.

Finally, Yucel et al. introduce the multiple-vehicle Collection for Processing Prob-
lem, which considers the transfer of products that accumulate over time at customer
sites to a central processing facility. A notable application of this problem is the collec-
tion of medical specimens that are produced daily at clinical testing laboratories. The
authors prove that trying to minimize makespan in this context is NP-hard. Theoreti-
cal bounds are derived for the case of a single collection site, while a constant-factor
approximation algorithm that runs in polynomial time is provided for the general case.

In conclusion, we would like to thank a number of people who made this special
issue possible. First and foremost, our thanks go to the Editor-in-Chief of Optimization
Letters, Professor Panos M. Pardalos, who embraced our idea of hosting a special
issue on the topic and entrusted us with carrying it through. Professor Pardalos was
instrumental in providing us with the necessary support, advice and encouragement
throughout this effort. We would also like to thank Mr. Rameshbabu Rathinam of
Springer’s Journals Editorial Office, who on each and every occasion provided prompt
and critical assistance with the editorial management system. Furthermore, we thank
the authors of all submitted manuscripts for considering this special issue as a worthy
outlet for their manuscripts. Last but not least, our deepest appreciation goes to the
referees who accepted our invitations to review the submitted papers. They provided
their valuable time and effort to perform these reviews, and they offered constructive
comments that helped the authors improve the overall presentation and quality of their
work.
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