Abstract

Given n men, n women, and their preference lists containing all persons of the
opposite gender in order of preference, the Stable Marriage problem (SM) asks to
match men and women so that no two individuals of opposite gender prefer each
other to their current partners, that is, to find a matching that is stable according
to the preferences. The Stable Marriage problem, in which the preference lists may
contain ties, is denoted as SMT, and the Stable Marriage problem, in which the
preference lists may be incomplete, is denoted as SMI. SMTI denotes the Stable
Marriage problem, in which preference lists may contain ties and be incomplete.
The thesis deals with an algorithmic and complexity-theoretic study of matching

problems involving preferences under structural and geometric constraints.

The first part of the thesis introduces three novel variants of SMTI: SMTI-C
(preferences are consecutive), SMTI-INC (inclusive), and SMTI-STEP (steps-like
structure), motivated by realistic preference patterns arising in admission systems
and ranking-based markets. For these variants, we analyze classical decision and
optimization problems, including the existence of complete stable matchings and the
computation of maximum and minimum cardinality stable matchings. We establish
strengthened NP-completeness results, prove W[1]-hardness when parameterized by
the total number of ties, and identify polynomial-time solvable cases under additional

structural assumptions. Furthermore, we derive improved approximation guarantees
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for certain variants, thereby refining the known approximability landscape of SMTT.

The second part of the thesis focuses on stable matchings under geometric restric-
tions. In particular, we study strongly stable non-crossing matchings when persons
are arranged in parallel on line segments. The problem of determining the existence
of a strongly stable non-crossing matching is polynomial-time solvable in the clas-
sical setting without ties, but is known to be NP-complete in the presence of ties
in the lists. We show fixed-parameter tractability with respect to the total length
of ties and examine the complexity under alternative geometric layouts, including
circular and general 2-dimensional planar arrangements. Additionally, we introduce
an alternate stability concept— semi-strongly stable non-crossing matching, and
characterize its computational complexity, establishing both hardness results and
linear-time solvable instances.

We then turn to the Stable Minimum Crossing Matching (SMCM) problem,
which asks for a stable matching that minimizes the total number of crossings.
We answer an open problem by showing that SMCM is NP-hard in general, derive
lower and upper approximation bounds, and design polynomial-time algorithms for
structured instances based on master preference lists. Furthermore, we provide
fixed-parameter tractable algorithms parameterized by structural properties of the
underlying graph.

Motivated by the limitations on the existence of stable non-crossing matchings,
the final part of the thesis investigates relaxed geometric models in which the number
of crossings per edge is bounded, and relaxed stability models in which the num-
ber of blocking pairs is bounded. In the relaxed geometric model, we analyze the
classical and parameterized complexity of the stable matchings that admit at most
one, or at most k crossings per edge. In the relaxed stability model, we examine
non-crossing matchings that are ‘almost’ stable, that is, which admit the minimum
number of blocking pairs. We present NP-completeness and inapproximability re-

sults and discuss the polynomial-time solvable variants of this model.
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