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Conference papers

[1] Blažej, V., Ganian, R., Knop, D., Pokorný, J., Schierreich, Š., Simonov, K., The Parameterized
Complexity of Network Microaggregation. In: Conference on Artificial Intelligence (AAAI), 2023.
Microaggregation is a classical statistical disclosure control technique which requires the input data to be partitioned into clusters while
adhering to specified size constraints. We provide novel exact algorithms and lower bounds for the task of microaggregating a given
network while considering both unrestricted and connected clusterings, and analyze these from the perspective of the parameterized
complexity paradigm. Altogether, our results assemble a complete complexity-theoretic picture for the network microaggregation prob-
lem with respect to the most natural parameteri- zations of the problem, including input-specified parameters capturing the size and
homogeneity of the clusters as well as the treewidth and vertex cover number of the network.

[2] Brand, C., Ganian, R., Simonov, K., A Parameterized Theory of PAC Learning. In: Conference on
Artificial Intelligence (AAAI), 2023.
Probably Approximately Correct (i.e., PAC) learning is a core concept of sample complexity theory, and efficient PAC learnability is
often seen as a natural counterpart to the class P in classical computational complexity. But while the nascent theory of parameterized
complexity has allowed us to push beyond the P-NP “dichotomy” in classical computational complexity and identify the exact boundaries
of tractability for numerous problems, there is no analogue in the domain of sample complexity that could push beyond efficient PAC
learnability. As our core contribution, we fill this gap by developing a theory of parameterized PAC learning which allows us to shed
new light on several recent PAC learning results that incorporated elements of parameterized complexity. Within the theory, we identify
not one but two notions of fixed-parameter learnability that both form distinct counterparts to the class FPT—the core concept at
the center of the parameterized complexity paradigm—and develop the machinery required to exclude fixed-parameter learnability. We
then showcase the applications of this theory to identify refined boundaries of tractability for CNF and DNF learning as well as for a
range of learning problems on graphs.

[3] Bandyapadhyay, S., Fomin, F. V., Golovach, P. A., Lochet, W., Purohit, N., Simonov, K., How
to Find a Good Explanation for Clustering? In: Conference on Artificial Intelligence (AAAI), pp.
3904–3912, 2022.
k-means and k-median clustering are powerful unsupervised machine learning techniques. However, due to complicated dependences on
all the features, it is challenging to interpret the resulting cluster assignments. Moshkovitz, Dasgupta, Rashtchian, and Frost proposed
an elegant model of explainable k-means and k-median clustering in ICML 2020. In this model, a decision tree with k leaves provides a
straightforward characterization of the data set into clusters. We study two natural algorithmic questions about explainable clustering.
(1) For a given clustering, how to find the “best explanation” by using a decision tree with k leaves? (2) For a given set of points, how
to find a decision tree with k leaves minimizing the k-means/median objective of the resulting explainable clustering? To address the
first question, we introduce a new model of explainable clustering. Our model, inspired by the notion of outliers in robust statistics,
is the following. We are seeking a small number of points (outliers) whose removal makes the existing clustering well-explainable. For
addressing the second question, we initiate the study of the model of Moshkovitz et al. from the perspective of multivariate complexity.
Our rigorous algorithmic analysis sheds some light on the influence of parameters like the input size, dimension of the data, the number
of outliers, the number of clusters, and the approximation ratio, on the computational complexity of explainable clustering.

[4] Fomin, F. V., Golovach, P. A., Sagunov, D., Simonov, K., Algorithmic Extensions of Dirac’s Theorem.
In: Symposium on Discrete Algorithms (SODA), pp. 406–416, 2022.
We introduce a general method for obtaining fixed-parameter algorithms for problems about finding paths in undirected graphs, where
the length of the path could be unbounded in the parameter. The first application of our method is a randomized algorithm, that given
a colored n-vertex undirected graph, vertices s and t, and an integer k, finds an (s, t)-path containing at least k different colors in time
2knO(1). This is the first FPT algorithm for this problem, and it generalizes the algorithm of Björklund, Husfeldt, and Taslaman [SODA
2012] on finding a path through k specified vertices. It also implies the first 2knO(1) time algorithm for finding an s, t)-path of length
at least k. Our method yields FPT algorithms for even more general problems. For example, we consider the problem where the input
consists of an n-vertex undirected graph G, a matroid M whose elements correspond to the vertices of G and which is represented over
a finite field of order q, a positive integer weight function on the vertices of G, two sets of vertices S, T ⊆ V (G), and integers p, k, w,
and the task is to find p vertex-disjoint paths from S to T so that the union of the vertices of these paths contains an independent set
of M of cardinality k and weight w, while minimizing the sum of the lengths of the paths. We give a 2p+O(k2 log(q+k))nO(1)w time
randomized algorithm for this problem.
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