
Bachelor/Master thesis
Listing spanning trees of a graph

Given a graph, we can consider the set of all of its spanning trees. For example, the graph with 5 edges
shown in Figure 1 has the 8 spanning trees shown at the bottom of the figure. This listing of spanning trees
has the interesting property that any two consecutive spanning trees in the list differ only a little bit, namely
in exchanging a single edge, i.e., one edge is removed and another edge is inserted to obtain the next tree.
Such a listing of combinatorial objects subject to some minimum-change condition is often referred to as a
Gray code [CGS21, MMW22].
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Figure 1: A 5-edge graph G (top) and an edge-exchange Gray code listing of its 8 spanning trees (bottom).
Below each spanning tree is the subset of edges that form this spanning tree. If in a step edge i is removed
and replaced by edge j, then this is denoted by −i and +j, respectively.

The goal of this thesis is to pursue questions such as: Are there similar listings for the spanning trees of
other graphs? Can we impose even stronger restrictions on the allowed edge exchanges, for example, by
exchanging only edges that share a common end vertex? If so, how can such listings be computed efficiently?
These and similar questions are raised for example in Donald Knuth’s famous book ‘The Art of Computer
Programming’ [Knu11].

Depending on the taste and background of the student, this thesis can have a theoretical and/or experimen-
tal/computational focus. In the first case, the goal would be to derive mathematical results and proofs, and in
the second case, the goal would be to conduct computer experiments to try out different strategies/heuristics.
One of the possible outcomes could be an implementation that is made publicly available on the Combinato-
rial Object Server platform [COS]. Some experience and knowledge in discrete mathematics, combinatorics,
optimization and/or algorithms is desirable.

Contact: Torsten Mütze, tmuetze@mathematik.uni-kassel.de
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