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Review of Doctoral Dissertation of Mateusz Wasylkiewicz

Dear Committee Members,

Herewith | submit my review of the dissertation of Mateusz Wasylkiewicz, entitled “Restricted
t-matchings in bipartite and degree-bounded graphs via half-edges.”

The overall topic of the dissertation is to find maximum size matchings with additional
constraints. Matching theory is one of the corner stones of combinatorial optimization and
computing matchings efficiently or allowing constraints leads to important steps forward in
the research. The constraints studied in the dissertation include the absence of certain types
of cycles, the absence of certain types of cliques, and degree restrictions. After a comprehen-
sive introduction of concepts and notation, the results are presented in sections 2 to 6. | will
therefore provide reviews of the results in that order.

In Chapter 2, the candidate considers restricted 2-matchings in subcubic graphs. The first
result is to find maximum weight triangle free 2-matchings in subcubic graphs. While it is
known that one can compute triangle-free 2-matchings in polynomial time, even in general
graphs, the focus lies in the use of half-edges, preparing for the subsequent results. The work
is performed with a sequence of neat technical results. Based on that result, the candidate
solves the more substantial version of the result, for square-free 2-matchings. Itis to note that
now triangles are allowed again. Interestingly, the results work for the weighted version of
the problem. Finding an analogous result for general graphs is a major open question, which
would have an impact for a number of results. In fact, the presented results are related to
some open problems in subcubic graphs.

In Chapter 3, the candidate continues with a similar type of result, but with a different fla-
vor: given is a bipartite graph and the goal is to find ¢t-matchings (i.e., vertices in the solution
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have degree t) with the property that the solution does not contain the complete bipartite
graph K. Within this context, the candidate starts with a side-result which is interesting
by itself: finding a maximum-cardinality square-free 2-matching in bipartite graphs. Techni-
cally, the proofs in this section are related to those from Chapter 2. Clearly, the half-edge
gadgets needed for the results are tailor-made for the specific problems. The results of this
section require rather complicated gadgets., but overall the candidate uses simple combina-
torial objects. The result is then generalized to the weighted version of the above-mentioned
problem, which requires a long and complicated analysis. Finally the author delivers on what
is promised by the title of section: K, ,-freeness. Observe that a K, is a square, therefore
the last part is a proper generalization of the previous results presented in the section: these
previous results were consequences of developing the techniques for the final result. The
section is highly non-trivial and uses a number of techniques including half-edges, linear pro-
gramming, and the Hungarian method. While the polynomial time solvability of the problem
at hand was known, the complete description using the techniques at hand is an advantage.
Furthermore, the presented algorithm has a better time complexity than previous results.

In Chapter 4, the candidate focuses on bounded degree graphs. Again, the aim is to maxi-
mize the weight of the solution while excluding given sub-graphs. More specifically, the can-
didate considers ¢-matchings in graphs of maximum degree ¢ + 1. For these matchings, the
authors manage to exclude complete-partite subgraphs K. The subgraph is specified by hav-
ing p color-classes, each of size p. Then edges from one color class are incident to all vertices
of all other color classes. While the problem formulation is less natural than in the former
results, the authors present the first polynomial time algorithm for the mentioned problem.
Again, the candidate uses a host of interesting techniques including potential functions.

The quest for fast algorithms continues in Chapter 5, where the candidate studies per-
fect matchings in bridgeless cubic multigraphs. As running time is important, one of the
crucial tools used are link-cut trees which maintain forests of vertex-disjoint unrooted trees
efficiently. To obtain the result, an number of non-trivial gadges have to be constructed. A
further advantage of the result from this section is its simplicity, as it is a purely combinatorial
algorithm.

Chapter 6 finally concludes with three small results, two of which are unpublished; the third
resultis published as additional result in the paper belonging to Chapter 3.

Two of the results of the dissertation were published at the renowned conference ESA,
which is the best European conference specialized on the theoretical analysis of Algorithms.
One result was published in the journal Information Processing Letters. Additionally, one re-
sult has been published as pre-print, and the dissertation additionally contains some smaller
results. While overall the number of publications is average, the quality of the results is clearly
above average. This is also certified due to that the venues where these results were pub-
lished. | can therefore confidently certify that the candidate has met the criteria required
for obtaining the degree of PhD in Computer Science. Overall | think that Mr. Wasylkiewicz
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provided an excellent dissertations and | highly recommend to grant him a doctoral degree.

Sincerely your:

Tobias Momke
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