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Review of Aleksander Łukasiewicz’s doctoral dissertation “Applications of continu-
ous mathematics in design and analysis of new combinatorial algorithms”

Overview. Aleksander Łukasiewicz’s doctoral dissertation presents new, efficient
algorithms for three distinct domains:

1. Searching with errors. The key example here is the task of finding the right
element in a sorted array. If we do not need to worry about errors, this task
can be easily solved with the elementary binary search algorithm, where we
can halve the search space in each iteration. However, the problem gets much
more challenging if we need to tolerate errors. The setting considered here
is, in essence, the same as in binary search, but when we compare elements
with each others, we may get the wrong answer with some probability p < 1/2.
What Łukasiewicz studies is the question of exactly how many queries are
sufficient to find the right element, in spite of all these errors.
This task can be also interpreted from the graph-theoretic perspective as the
task of searching for a node in a graph that is a path, and for each queried
node we receive feedback pointing us in the direction of the right target node.
This problem setting can be then generalized to arbitrary graphs in a natural
manner, and again we have the same question: how many queries suffice, if
the information that we receive can be wrong with some probability.
In his thesis, Łukasiewicz presents and analyzes new algorithms that improve
over state of the art; the bounds are very close to the best possible.

2. Cardinality estimation. This is the classic problem in streaming algorithms:
we observe a long sequence of input values, we can only remember a very
small number of bits of information related to what we have seen so far, yet
we need to estimate the number of distinct element. Here two well-known
efficient algorithms exist, so-called LogLog and HyperLogLog sketches. The
prior algorithms are simple, yet their analysis is anything but simple. In his
thesis, Łukasiewicz gives a new version of these sketches that leads to a much
simpler analysis; a key novel observation is the connection of these sketching
algorithms with so-called Gumbel distributions.
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3. Bin packing. Bin packing is a well-known computationally hard problem.
Łukasiewicz studies a generalization of bin packing (so-called vector bin pack-
ing) from the perspective of parameterized complexity and fine-grained com-
plexity. Vector bin packing is easy to solve as long as all input elements are
so large that we can only fit at most two of them in one bin; then we can find
a solution with the help of efficient algorithms for matching. However, if we
have many small elements, the problem is hard. Łukasiewicz analyzes the case
of instances with at most k small elements. By prior work, this case is known
to be solvable in time exponential in k; Łukasiewicz shows that the correct
base of the exponent is 2 (assuming the strong exponential time hypothesis).
Here the thesis has two main contributions: a faster algorithm and a hardness
result.

Evaluation. Overall, this is a strong thesis with significant contributions to funda-
mental algorithmic problems. Searching with errors is a classic problem, with a
wide range of prior work over many decades. It is impressive to see that Łukasiewicz
manages to design and analyze new algorithms that improve over all this prior
work, for such a well-studied problem. Furthermore, the algorithm is delightfully
simple, while its analysis showcases interesting applications of mathematical tools
related to probability theory.

Cardinality estimation is also a very well-studied task; the LogLog and Hyper-
LogLog algorithms are well known, widely used, and also easy to implement, and
they would be excellent textbook material except that their analysis has been so far
rather complex. I am very happy to see the new, much more elegant mathematical
approach that is presented here and that leads to a more accessible analysis of the
algorithms. This work could have direct impact also on how streaming algorithms
and sketching methods are taught in universities.

Bin packing is also a very well-known and classic problem, but this specific
parameterization of the problem was new to me, and I was happy to read on these
new ideas that elegantly connect the bin packing problem with exact-weight perfect
matchings. The surprising part is not that something like that works, but the
surprising part to me is that such an approach can lead to an optimal algorithm.

I found the thesis well written, and I was particularly delighted by the introduc-
tory material that took time to set up the scene and discuss the broader context
of this work, as well as the discussion of open questions and future work in each
chapter. While reading the thesis, I only noticed very minor typographic issues; the
language and presentation was overall very good.

The work presented in this thesis has already appeared in ICALP, ESA, STACS,
and IWOCA. All of these are well-known venues in theoretical computer science
and algorithms. In particular, ICALP, ESA, and STACS are highly competitive and
highly ranked conferences, and out of these ICALP (the flagship conference of the
European Association for Theoretical Computer Science) in particular is highly
prestigious. These publication forums demonstrate very well that the work done in
this thesis is indeed highly appreciated by the broad theoretical computer science
community.



Recommendation. I think the thesis as a whole clearly meets and exceeds the
criteria for a doctoral thesis in theoretical computer science. I am very happy to
strongly recommend that Aleksander Łukasiewicz is awarded a doctoral degree
based on this dissertation.

Sincerely,
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