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Sehr geehrte Damen und Herren,
in dem oben genannten Promotionsverfahren wird die Annahme der Dissertation
Comparing and Computing Parameters for Directed Graphs

von den Berichterstattern PD Dr. F. Gurski und Prof. Dr. E. Wanke beantragt. Sie kann zusammen mit den
Gutachten in der Zeit
vom 26.02.2022 bis 15.03.2022

eingesehen werden. Bitte wenden Sie sich zur Einsicht an das Promotionsbiro (promotionmnf@hhu.de).

Einspriiche gegen diese Dissertation kénnen nur zwei Tage nach der vorgenannten Frist
geltend gemacht werden. Erfolgt kein Einspruch, so gilt die Dissertation als angenommen
(§ 7 ziffer (5) PO).

Sofern die Dissertation angenommen wird, findet die miindliche Priifung am

18.03.2022 um 09:15 Uhr
im 25.12.02.33 statt. Als Prifer sind vorgesehen:
Prof. Dr. D. Baumeister, Prof. Dr. M. Schmidt und Prof. Dr. G. Klau.

Zuhorer sind bei der Prifung nicht zugelassen.

Mit freundlichen Grif3en
im Auftrag

Nina Lonnendonker



Comparing and Computing Parameters for Directed Graphs

The field of undirected graph parameters is a very huge one and has been well-researched since the
1980s. A graph parameter, also called width measure, is a function that associates a positive integer with
every graph. Probably the most considered undirected graph parameters in literature are path-width and
tree-width as well as clique-width . All of these parameters allow strong algorithmic results considering
fixed-parameter-tractability. Especially for tree-width and clique-width there is an often cited Theorem by
Courcelle, which states that all graph problems describable in monadic second-order logic on
quantification over vertices and vertex sets (and additionally on quantification over edges and edge sets)
are computable in polynomial time for bounded clique-width (tree-width).

This leads to the question, if there exist directed width measures that are as strong as the undirected
ones. There have been numerous attempts to define directed width measures which admit as many
algorithmical results as tree-width and path-width and there has been some well-known research to
compare these parameters.

Having studied this matter for some time, one comes to the conclusion that none of the known directed
width parameters allows as strong results as the undirected ones. However, this does not mean that
directed width parameters are not worth working on. Especially when not considered for all digraphs in
general, but on special digraph classes, interesting results on these parameters remain possible.

In this work, several width measures on digraphs are considered. We investigate especially directed path-
width and directed tree-width, but particularly for tree-width there have been many different attempts to
define a directed version. As the idea of undirected tree-width comes from Robertson and Seymour, it
seems to be reasonable to consider mainly the paper by Johnson, Robertson, Seymour and Thomas in
which they define not only a directed version of tree-width, but also directed path-width. But even they
themselves later published an addendum, in which they suggested to slightly change the definition.

We also consider the directed tree-width versions by Reed, by Kreutzer and Ordyniak in “Quantitative
Graph Theory”, by Kreutzer and Kwon in “Classes of Directed Graphs” and the idea of Courcelle and Olariu
to use the underlying undirected graph. As an interesting fact we can see, that all these different
definitions of directed tree-width but the last mentioned are equivalent, which means they only differ by
a constant factor.

Other ideas for directed versions of the well-known tree-width that are studied in this work are DAG-
width and Kelly-width.

Directed Clique-width and directed NLC-width and their linear versions are definable very similar to their
undirected versions. Nevertheless they are interesting to consider, as they allow the strongest algorithmic
results on directed graphs in general.

Further directed graph parameters are directed vertex separation number, directed cut-width, directed
neighbourhood-width, directed linear rank-width, DFVS-Number, cycle rank, DAG-depth, and directed
modular width.

As there are such an amount of different parameters, it seems very likely to compare them. In this work,
we first present linear, then non-linear directed graph parameters. Many linear width measures are
comparable in general, whereas this is not possible for the non-linear ones. Therefore, we regard several
directed graph classes and compare directed width parameters in this restricted area.

On several graph classes, this leads to the computability of these graph parameters in polynomial or even
linear time. We give algorithms for the computation of different graph parameters and relations between
them on tree-like digraphs, directed co-graphs, their superclass directed distance-hereditary graphs,
sequence digraphs and semicomplete graphs.



