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In today's logistics system, shippers and third party logistics service providers
rely on carriers to execute a set of transport requests (referred to as shipments).
These carriers operate a logistics network that consists of hubs � which can act
both as the source or the destination of the shipments � and a set of links that
connect these hubs with each other. It is up to the carrier to deploy resources
(trucks, trains, barges,. . . ) on the di�erent links of their network to make sure
all shipments can be routed from their origin to their destination within their
respective time window.

The problem of the carrier can be represented mathematically by a multi-
commodity �ow problem over time. The multi-commodity �ow problem is de�ned
by a set of commodities (shipments) � each with their origin, destination, release
time, deadline and volume � and a graph G(V,A), in which V represents the set
of vertices (hubs) and A denotes the set of arcs that connecting these hubs with
each other.

With on average one-�fth (20.2%) of all road freight transports running with
empty vehicle within Europe in 2020 (ranging between 6% in Belgium and 44.3%
in Cyprus) and an average loading rate of the loaded vehicles around 50%, the
performance, e�ciency and sustainability of our logistics system is at least ques-
tionable. These poor results are mainly caused by a very fragmented sector, and
limited economies of scale as well as an unbalanced con�guration of the trans-
port requests at individual company level. The recent COVID crisis, the high
energy prices and increased uncertainty on the international markets increase the
pressure on the sector even more.

Over the last decade, the �eld on collaborative logistics has proven the po-
tential of horizontal collaboration in logistics with double-digit savings in both
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operational cost and environmental impact (e.g. CO2 emission) by means of
theoretical/computational studies as well as by reporting on actual case studies.
These results, however, assume a central decision maker at the level of the coali-
tion who has full information (in practice this is likely a neutral third party).
Such a construction not only lacks scalability, but creates suboptimal plan for
the individual members of the coalition.

Two streams of research can be distinguished within the context of our multi-
commodity �ow problem. First, there is the network-focused research. From
the point-of-view of a central decision maker (in our example: the carrier) all
�ows are optimally routed through the network. Methods range from ILP-based
formulations in combination with general solvers to speci�c algorithms for �ow
optimization using time-expanded networks [3]. Second, there is the commodity-
focused research, in which researchers study the behaviour of single �ow units
while moving through the network, often based on game theoretical principles in
the context of (a variant of) the congestion game [1,2].

In this research, we aim to bridge the gap between the network-focused and
the commodity-focused research by means of mixed strategies that cover di�erent
scenarios of decentralized decision making and combine the best of both worlds.

Next to the common con�gurations in which individual carriers operate their
own network (no collaboration) or a centralized planner at system level (full
collaboration), we investigate the potential of simple local routing protocols at
the level of the carrier, the hub and the individual shipment. Adopting a game
theoretical approach, we are interested in the e�ciency (with respect to social
optimum and price of anarchy) and stability (convergence to equilibrium) of these
protocols.

As such, our goal is to generate recommendations on how we could facilitate
the creation of an integrated logistics network (often referred to as the physical
internet) in a way that its protocols are intuitive, transparent, allow for free entry
and exit of entities in the system, and are easily scalable.
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