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Background

Public transport networks are a crucial transport infrastructure. Their design is the main factor in their potential
success. Determining route planning, timetables, and vehicle dispatching is a complex set of interrelated tasks.
Development is usually tackled by hand, with multiple objectives requiring time-consuming consideration. Within
each task, decisions require multi-criteria optimisation. These planning steps are usually performed sequentially for
simplicity (Liebchen and Mé&hring 2004). However, research has shown that integrated approaches lead to better
solutions, but on the other hand, they also increase computational complexity (Schiewe 2020). Thereby, iterative
approaches provide a powerful means to trade computation complexity against solution quality.

Problem description

Many iterative approaches allow to the consideration of more than one planning step. For instance, Fuchs and Corman
(2019) propose an iterative framework that allows iterating between line planning, timetabling and vehicle scheduling.
Alternatively, Pétzold et al. (2017) propose an efficient look-ahead-heuristic, which limits the set of available candidate
services in the line planning stage by looking ahead. Schobel (2017) provides a general approach, the Eigenmodel, to
formalise any iterative approach.

However, iterative approaches offer limited interactions between the models. This weakness bears a risk. Essen-
tially, some properties of a solution found in one model might be violated in the subsequent model. For instance, it
is conceivable that initially, a line plan promises a connection for an OD relation. However, the subsequent timetable
does not yield transfers of the promised quality due to infrastructure limitations. Thus, the iterative approach might
lead to an inconsistent result, as the line planning model needs to be made aware of the unacceptable quality of the
connection.

This proposal addresses this gap by requiring the student to provide an iterative approach that considers the
stages of line planning and timetabling in an iterative approach such that the connections promised in the line plan
are also available in the corresponding timetable. They should combine a state-of-the-art line planning model, based
on Pétzold et al. (2017), Burggraeve et al. (2017), Fuchs et al. (2022) and periodic timetabling model as GroSmann
(2011), Gattermann et al. (2016), Fuchs et al. (2022).
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Figure F1: Workflows

Figure F1b provides an overview on the expected iterative model. The line planning and the timetabling model
should interact with each other, such that the line planning model is, on the one hand, aware of infrastructure conflicts
as proposed by Fuchs et al. (2022) and, on the other hand, that a subsequent check assures that all connections



promised in the line planning model are also provided in the timetable. Consequently, the thesis can be seen as an
extension of Fuchs et al. (2022). In essence, this process describes a logic benders decomposition, where the master
problem is the line planning problem and the subproblem is the timetabling problem, focusing on feasibility (Hooker
and Ottosson 2003).

Approach

As the topic covers two planning stages, the task is challenging. To mitigate the challenge and manage the risks,
we offer support in the form of the OpenBusToolBox (Fuchs and Corman 2019). This toolbox provides all essential
optimisation models and data structures implemented in Python 3.10.X Thereby, it is not necessary to implement basic
requirements since the OpenBusToolBox is usable in a plug-and-play fashion. Furthermore, as additional support, we
provide the complete implementation of the approach proposed by Fuchs et al. (2022). If desired, the student may use
this code base as a starting ground and then adapt it throughout the thesis. Finally, the resulting approach should be
validated and investigated on a case study network. As a baseline, we offer the case study considered in Fuchs et al.
(2022), fully implemented and available.
Essentially, we require two tasks to be performed by the student.

A Using the OpenBusToolBox, they should be capable of adapting the existing implementations of the line plan-
ning and timetabling problems such that they explicitly incorporate the connections for passengers.

B Once the models are implemented, it is required to implement the iterative process similar to Fuchs et al. (2022),
which is provided as a template.

Research Question
While conducting the thesis, the following research questions should be considered and addressed:
e How can an iterative approach combine the tasks of line planning and timetabling planning?

e Which decisions regarding required connection-quality can be taken while planning lines and which must be
taken in the timetabling?

e How should the models/stages interact during the iterations such that optimality is maintained?

Note that these questions should serve as a guideline, and the student may choose to adapt and deviate according
to their desire. Furthermore, additional (sub) questions may be formulated.
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