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Flips between conflict-free colorings

Graph coloring plays a central role in discrete mathematics, and especially in combinatorics. Many everyday
problems, such as finding the smallest number of time slots needed for tests, can be modeled as graph
coloring problems. Other applications can be found in wireless communication and robot navigation. Here,
the colors correspond to a unique assignment of transmission frequencies. Especially in the latter case, it is
often mandatory that a robot can communicate to one of its neighbors on a unique frequency. This condition
is referred to as a conflict-free coloring. Formally, a conflict-free k-coloring of a graph is an assignment of &k
many colors to the nodes of the graph, so that for each node at least one node in its neighborhood is assigned
a unique color. A distinction can also be made between closed and open neighborhoods; a node can therefore
be its own conflict-free neighbor or not.

In the context of robot navigation, it may be necessary to change the frequencies over time. For this purpose,
exactly one node can change its color in each step. At the same time, however, it must be ensured that a
valid conflict-free coloring is maintained throughout. Questions of this kind have already been investigated in
the setting of classical graph colorings; many questions remain unanswered.

The goal of this thesis is relatively open and can be adapted to the taste and ideas of the student. However,
among other things, there is the question of providing bounds for the required number of colors so that
arbitrary reconfiguration is possible. This question can be investigated first on restricted graph classes such
as trees, circles, and/or cacti, with the subsequent goal of obtaining results for broader classes of graphs.
Furthermore, questions regarding the diameter and radius of the respective flip graphs are also of interest.
For this project, it is desirable for the student to have some basic knowledge in reconfiguration problems and
possibly computational complexity theory.

Figure 1: A tree with different conflict-free 3-colorings. Along the double arrows, exactly one node changes
color.
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