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Abstract of Thesis called: Deciding the existence of polynomial time al-
gorithms for some matching and voting problems

In this Thesis we show the following results.

1. In the problem GENERAL MATCHING (or B-Matching) we consider a graph
G = (V, E) and for each vertex v € V a set B,. The goal is to find a subset
of edges M C F such that degree of each vertex in M is in B,. If the gap
(that is a maximum distance between subsequent numbers in B,) is greater
than 1, deciding if such matching exists is known to be NP-hard. On the other
hand, Cornuejols presented an algorithm for finding a B-matching if gaps
are bounded by 1 [Cor88]. Based on [DP18], a paper written with Katarzyna
Paluch, we present an algorithm for finding maximum cardinality or maximum
weight general matching, if gaps are bounded by 1.

2. For the problem MINIMUM MAXIMAL MATCHING, in which the goal is to
choose from all Maximal Matchings the one that has the smallest size, we
show conditional hardness of approximation. In [DLM19], together with Jan
Marcinkowski and Mateusz Lewandowski, we showed that MINIMUM MAX-
IMAL MATCHING in general graphs is hard to approximate with a constant
better than 2, assuming UNIQUE GAMES CONJECTURE. Assuming a stronger
conjecture, either STRONG UNIQUE GAMES CONJECTURE or SMALL SET
ExpPANSION HYPOTHESIS, with Pasin Manurangsi and Jan Marcinkowski we
obtained the same bound for bipartite MINIMUM MAXIMAL MATCHING.

3. In Multi-winner Approval Based Voting rule called Thiele rule, given for each
voter a set of approved candidates, the goal is to select k candidates that
maximize total happiness of voters. For this problem, based on a paper written
with Pasin Manurangsi, Jan Marcinkowski, and Krzysztof Sornat [DMMS20],
we present an improved approximation algorithm and a matching hardness
proof.

4. Consider the STABLE MATCHING problem in bipartite graphs. The algorithm
solving this problem is well known [GS62]. The stable matching, however, may
be only half the size of the perfect matching. Instead our hard constraint is
that a matching has to be perfect, and among such matchings we want to find
the least unstable one, for some measure of instability. Biro et al. [BMM10]
and Hamada et al. [HIM09] showed that if we measure the instability as a
number of the blocking pairs, then the problem is not approximable with
any constant. We consider alternative definition of instability, introduced by
Florian Biermann [Biell], and we show that the resulting problem is NP-hard.



