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1 Comments

This paper presents an up-to-date review of the emerging literature on collaborative
vehicle routing. More generally, it summarizes the literature in operations research
(OR) and logistics that focuses on problems with multiple decision-makers. OR has
a long and successful history in solving computationally hard resource allocation
problems. The traveling salesman problem is a classical problem in this field and
its solution has seen enormous advances in the last 60 years. Although the problem
is computationally hard (NP-hard), instances with millions of cities can be solved
nowadays within 2-3% of an optimal tour (Rego et al. 2011). This is far beyond
what experts could imagine 20 years ago.

To a large extent, problems in OR have been solved from the point of view of a
single decision-maker. However, many of the problems and inefficiencies that we
experience in logistics and transportation nowadays arise from the fact that multiple
parties need to coordinate and allocate scarce resources efficiently. Such resources
might be loading docks at warehouses (Karaenke et al. 2018), airport time slots (Ball
et al. 2007), or road capacity (Cramton et al. 2018). There is a significant empirical
literature showing that these resources are not used efficiently, which is due to a lack
of coordination among the participants or inefficient allocation mechanisms. Gan-
sterer and Hartl mention that empty truck miles in the EU are estimated to range
between 15 and 20%, and that in the US, trailers of trucks are on average only 43%
full and 25% of the total miles traveled are with completely or nearly empty trail-
ers. The lack of coordination among carriers can be seen as a root cause for these
inefficiencies.

Economic theory suggests that markets allocate resources efficiently. The
Arrow—Debreu model shows that under convex preferences, perfect competi-
tion, perfectly divisible goods, and demand independence there must be a set of
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competitive equilibrium prices that implement the efficient outcome (Arrow and
Debreu 1954). Market participants are price-takers, and they sell or buy goods to
maximize their total utility subject to their budget or initial wealth in this model. The
results derived from the Arrow—Debreu model led to the well-known welfare theo-
rems, an important argument for markets as an efficient way to allocate resources.
The first theorem states any competitive equilibrium leads to a Pareto efficient allo-
cation of resources. The second theorem states that any efficient allocation can be
attained by a competitive equilibrium under the Arrow—Debreu model assumptions.

However, general equilibrium theory has strong assumptions, and the results of
these models do not necessarily carry over to the complex environments that we face
today in logistics, transportation and supply chain management. For example, goods
are indivisible (e.g., time slots at airports or warehouses), participants have complex
preferences including substitutes and complements (e.g., a package of a departure
and an arrival time slot), and supply and demand need to be matched dynamically
over time (e.g., trips matched to available road capacity over time). It is far from
obvious how markets need to be designed such that they maximize welfare and are
in a competitive equilibrium. Collaborative vehicle routing is an important problem
in this context and the focus of the survey by Gansterer and Hartl.

The authors motivate the topic with the inefficiencies that have been reported
empirically and that are due to a lack of coordination among carriers. The literature
is classified in centrally planned collaborations where the center has full information
and decentral collaborations, where partners agree only on mechanisms, but do not
have full information. In addition, they refer to horizontal collaborations for compa-
nies on the same level of the supply chain and vertical collaboration for cooperation
between manufacturers and carriers, for example.

Gansterer and Hartl focus on road transportation and papers with a focus on oper-
ations research in their work. After an introduction and motivation in Section 1, Sec-
tion 2 provides an overview of how literature was selected and definitions. Section 3
focuses on centrally planned collaborations. The authors survey 29 papers in this
category. Most of this literature focuses on LTL and only a few papers analyze FTL
shipments. The solutions presented are largely based on the traditional literature on
vehicle routing, but several studies discuss fair cost allocation (or profit sharing)
via the Shapley value or related concepts. Various problems arise even with central
planning and complete information. For example, workloads might be distributed
among the carriers unevenly and the planner needs to consider long-term business
relationship in the assignment. Some authors also analyze coalition formation and
the existence of core-stable solutions to such cooperative games. Gansterer and
Hartl derive four research directions from this survey: (1) integration of horizontal
and vertical collaborations, (2) collaborations in multi-layer networks, (3) coverage
of different problem classes, and (4) appropriate and fair profit sharing mechanisms.
Regarding the latter, the authors highlight the computational effort for computing
the Shapley value, but also the fact that only costs (or profit) are considered. In
collaborative vehicle routing, multiple-objective matter such as the number of re-
allocated customers or fairness across multiple periods rather than just one. Overall,
the assumption of a fully informed decision maker in centralized collaboration is a
strong one.
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The literature on decentralized collaborations takes the incomplete informa-
tion of participants into consideration. Gansterer and Hartl introduce economic
design desiderata such as efficiency, incentive compatibility, individual rationality,
and budget balance. Much less has been published on decentralized collaborative
vehicle routing. The authors highlight some articles on combinatorial auctions and
exchanges which allow for bidding on routes. Such mechanisms are particularly suit-
able to logistics where costs for lanes on a route are sub-additive. The survey pro-
vides five directions for future research including (1) the usage of real-world data,
(2) the application of data analytics methods, (3) information sharing, (4) alternative
allocation mechanisms, and (5) strategic behavior in auction-based collaborations.
Gansterer and Hartl provide ideas how machine learning can be used to recover not
only preferences of participants and emphasize the strategic difficulties in such auc-
tions, but also the fact that manipulation is challenging because of the informational
requirements participants would need to have.

The survey concludes with a brief summary, which highlights that there has been
increasing interest in collaborative vehicle routing, but that the research on dis-
tributed collaboration is still in its infancy. It is a field that requires new methods
and OR needs to be cognizant of work that has been published on market design in
the recent years. Market design is an interdisciplinary field that has drawn signifi-
cant attention in computer science, OR, and economics (Roth 2018; Bichler 2017).
For example, the INFORMS has a relatively new section on Auctions and Market
Design that combines research at the intersection of these three communities. Also,
several journals have established new departments to publish work in this field. The
survey by Gansterer and Hartl provides an up-do-date account of the market design
literature with a focus on collaborative vehicle routing and is a very good starting
point for everyone interested in this emerging field.
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