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By doing this, the OD matrix is not given but depends on the solution.
This gives not only a more realistic view, but also allows the TOC to
increase revenue through maximizing passenger satisfaction (and thus
demand). We model the TTP as a mixed integer programming problem
and solve it using a tailored heuristic for large scale network.

3 - Synchronizing transfers through integrated timetabling

and vehicle scheduling - an iterative matheuristic ap-

proach with public transit traffic assignment
Joao Fonseca, Tobias Zündorf, Evelien van der Hurk, Allan
Larsen

Transfer times add inconvenience to journeys and thus synchronizing
departures and arrival times of relevant lines improves the service for
passengers. As the timetable changes passengers may also change their
travel itineraries. Additionally, introducing small timetable modifica-
tions may also affect the operational costs, as the timetable defines a set
of feasible vehicle schedules. We address the Integrated Timetabling
and Vehicle Scheduling Problem (IT-VSP) with Public Transit Traffic
Assignment (PTTA). The IT-VSP is formulated as a MILP that mini-
mizes transfer costs with a budget on operational costs. Given an initial
non-cyclical timetable, time-dependent service times and passenger
demands, the transfer time cost is minimized by allowing modifications
to the timetable that respect a set of headway constraints. Timetable
modifications consist of shifts in departure time and addition of dwell
time at intermediate stops. We propose to solve the problem iterating
between solving a matheuristic for the IT-VSP and re-computing the
PTTA. The matheuristic solves the IT-VSP MILP allowing timetable
modifications for a subset of timetabled trips only, while solving the
full vehicle scheduling problem. Results for the Greater Copenhagen
area indicate that our approach finds better solutions faster than a com-
mercial solver and that allowing the addition of dwell time creates a
larger potential for reducing transfer costs. We also show that the inte-
gration with the PTTA model generat

4 - Timetabling with integrated passenger distribution
Johann Hartleb, Marie Schmidt, Markus Friedrich, Dennis
Huisman

We present two models to integrate passengers’ behavior into the op-
timization process for finding timetables. For fixed timetables, traffic
assignment models usually distribute travel demand on a set of con-
nections. However, state-of-the art timetabling formulations assume a
pre-fixed routing for each passenger, independent of the offered con-
nections. Since these two procedures highly depend on each other,
two integrated formulations are proposed. The first integrated formu-
lation is based on a linearized multinomial logit distribution, a com-
monly used traffic assignment model, and the second formulation is
based on a linear simulation framework for choice models, which can
be used to model the passenger distribution in the network. Given
a choice set of routes in a public transportation network with fixed
lines, a timetable and passenger distribution are computed simultane-
ously, ensuring good connections for the passengers on multiple routes
with each model. We compare timetables generated by these two ap-
proaches and a state-of-the art timetabling method with respect to dif-
ferent evaluation methods for timetables, among them travel time on
shortest paths and travel time according to a logit distribution. Further-
more, we evaluate the resulting timetables also by more comprehensive
evaluation functions considering other factors than travel time only.
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1 - Operations research in the Physical Internet: literature

review and opportunities for research

Manuel Lopes, Teresa Pereira, Pedro Lopes

The new Physical Internet paradigm for supply chain management is
presented as a valid alternative to achieve economically, environmen-
tally and socially efficient and sustainable transportation and distribu-
tion of goods. This new approach to the supply chain management
entails a major shift in logistics systems, with implications throughout
the supply chain, which has direct impact on the way operational re-
seach problems are currently addressed. Many of the problems studied
by Operational Research will have to be revisited to allow its applica-
bility in this new Physical Internet paradigm. Aware of this new reality,
this paper presents a state-of-the-art survey on Operational Research
problems in the Physical Internet. The review considers papers pub-
lished between 2009 and 2018 and it is intended to be a starting point
on the classification of the OR problems within the Physical Internet
paradigm, aiming to identify opportunity areas for future research.

2 - Simulation-based optimization approach for PI-

networks
Christian Haider, Stefanie Kritzinger, Alexander Kinast, Erik
Pitzer, Michael Affenzeller

Physical Internet (PI) aims to connect single logistics network together,
to create an open and global transportation network. Within the open-
ing and globalization, the networks complexity rises through the con-
sideration of many restrictions. Due to the high complexity of such
networks special methods have to be developed to solve this kind of
complex problems. One already known approach to solve such a task,
is simulation-based optimization. Simulation-based optimization com-
bines the two phase’s optimization and simulation with each other,
whereas the optimization is used to generate valid solution candidates,
which are evaluated through the simulation. Due to the intricacy of the
networks, metaheuristics are used for the optimization process. Based
on the already known problem representation a new problem repre-
sentation of vehicle routing for PI-networks containing a new date en-
coding was developed. For the creation of solution candidates, a ge-
netic algorithm is used and therefore some new manipulation methods,
which are suitable for the new data-encoding, have been implemented.
Since a PI-network is a complex system with many nodes of differ-
ent types, the simulation has to evaluate the candidates from the op-
timization step in a reasonable time. Therefore, a new algorithm for
the simulation step was developed. This new approach lacks a bit of
intelligence, but is more time efficient than a conventional simulation.

3 - Physical Internet: A study of the Containers Layer in the

NOLI Reference Model
Moustafa Nakechbandi, Jean-Yves Colin, Hervé Mathieu

The goal of a Physical Internet is to be a sharable, more efficient, lo-
gistics network. The NOLI Reference Model for a Physical Internet is
a Reference Model, inspired by the OSI Reference Model for data net-
works and Internet. A reference model divides the complexity of the
whole problem into easier sub-problems. As the OSI model, the NOLI
model includes 7 layers (Colin 2017). These layers are, from layer 1 at
the bottom, to layer 7 at the top: the Physical Handling Layer, the Link
Layer, the Network Layer, the Transport Layer, the Order Layer, the
Container Layer and the Product Layer. A first model, named OLI, was
proposed in 2009 by Montreuil et al (Montreuil 2009). It also included
7 layers. Its Layers are somewhat different from the ones in the NOLI
model. In this presentation, we study more precisely some functional-
ities of Layer 6, the Container Layer. We present its goal and location
in the NOLI model, some of the software and material services it must
provide, and the relationship it has with Layer 7 above, and Layer 5
below it. It also includes some algorithms to manage the handling of
the imbalance in specific containers (Colin 2015). We compare it with
the TCP/IP, the OSI and the OLI Reference Models.
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