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The doctoral dissertation of Aleksander tukasiewicz belongs to the broad
area of algorithm design, although it contains results in three very diverse
topics within this area. The first topic is a variant of the classical search pro-
blem with noise, where the author introduces a kind of generalized b.iriary
search. The second topic belongs to the area of streaming algorithms, and
concerns the problem of estimating the number of distinct elements in a
data stream. As the third topic, the author studies the vector bin packing
problem through the lens of parameterized complexity.

Overview of the results

The first chapter of the thesis is devoted to the problem of searching for
an unknown element in a linear order, where the answers to queries may
be incorrect with some probability. A part of the chapter studies the more
general problem of searching a vertex in a graph, where the answer to a
query about a vertex is either the information that the vertex is the target,
or its neighbor on a shortest path to the target. The goal is to minimize
the number of queries. For both problems, there were previous algorithms
that performed the number of queries which was optimal up to low-order
terms. The author improves these algorithms by giving new algorithms that
improve the low-order terms but perhaps more importantly use a different
approach of multiplicative weight updates, what results in much simpler al-
gorithms with clear analysis. In the last part of the chapter, the author stu-
dies a the graph searching problem in the model which takes into account
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the time of computing the next query. Instead of computing the median
of the graph which takes O(n?) time, the author proposes to compute the
vertex which minimizes the total distance to a carefully chosen subset of
vertices. This results in an algorithm much better total running time, while
maintaining the same asymptotic query complexity.

The second chapter of the thesis is devoted to the problem of estimating the
number of distinct elements in a data stream. Here, the author observes the
following phenomenon: in practice, algorithms Loglog and HyperLoglLog
are used, but their theoretical analysis is very complicated and therefore
poorly understood. To address this issue, the author proposes new algori-
thms which are similar to LogLog and HyperLogLog, but are much simpler
and easier to analyze. To this end, the author applies a continuous distribu-
tion (called Gumbel distribution) in the classic hashing function approach
to the problem.

The third chapter of the thesis is devoted to the bin packing problem, in
which one needs to pack items into a minimum number of unit-size bins.
Let me elaborate on this part a little bit more, because this is the only part
of the thesis for which I can consider myself an expert.

The classical bin packing problem is well-known to be NP-hard, but it ad-
mits a polynomial algorithm in the special case when all the items to pack
are large, i.e., larger than 1/3. It is natural to ask how fast we can solve the
problem when the number & of small items (of size at most 1/3)is low. This
problem was proposed by Bannach et al. in 2020 who presented an algori-
thm with running time O*(k!4¥). Problems of this flavour are usually called
distance from triviality or parametrization above guarantee and belong to
the area of parameterized complexity. In the thesis, the author aims at ob-
taining an algorithm such that the dependence on % in its running time is
optimal. Since the polynomial case is solvable by a reduction to maximum
matching a natural approach, taken already by Bannach et al. is to introdu-
ce a generalized matching-like problem that can express bin packing and
solve it efficiently. To this end, Bannach et al. consider all O(k!) partitions of
small items into % containers in a brute-force style. For each partition it is
next relatively easy to pack the large items to the containers with decreased
sizes using a matching-like problem solvable in O*(2*) time. tukasiewicz in
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his solution proposes a more delicate approach. Instead of brute-forcing
over all partitions, he encodes all possible subsets of small items in the
weights of the auxiliary graph, and next finds a perfect matching of fixed
weight (so-called Exact Matching problem) in this graph. While the crux of
this approach is the reduction, the standard Mulmuley-Vazirani-Vazirani al-
gorithm for Exact Matching would give an O*(4%) algorithm. In the thesis
the author modifies the details of this algorithm to speed it up to O*(2),
which required deep understanding of the tools used by Mulmuley et al.:
computing Pfaffians and usage of the Isolation Lemma. Moreover, it is well
known that instead of Isolation Lemma one can often apply a different ap-
proach based on DeMillo-Lipton-Schwartz-Zippel Lemma, which usually re-
sults in smaller polynomial terms in the running time. I was happy to see
that the author explored this way as well. It is important to note that all the
results mentioned above are actually formulated for the vector bin packing
problem, which is a multidimensional generalization of bin packing.

Once an O*(2*) algorithm is established, one may ask whether furtherim-
provements are possible, i.e., can we get an O*(1.99%)-time solution? Using
an ingenious reduction from CNF-SAT, the author shows that, at least in the
case of vector bin packing, this is not the case, unless the Strong Exponential-
Time Hypothesis fails. Unfortunately, for the usual 1-dimensional bin pac-
king the question is still open. Nevertheless the tight lower bound for the
multidimensional case has been sorely lacking in the literature and is a very
valuable result.

Evaluation

With no doubts the results of the PhD thesis of tukasiewicz constitute an
important and impressive contribution to computer science. The technical
level of the thesis is high, and it shows that the author has a very versatile
set of skills and uses a wide range of mathematical tools. The thesis exhi-
bits also a great taste of the author, both for problems and their solutions.
The algorithms and their analyses are elegant and easy to grasp, which is
usually a sign of a good understanding of the underlying problem. Last but
not least, the dissertation is very well written.

To sum up, the dissertation fulfills the requirements for PhD theses in com-
puter science formulated by law and accepted in the community.
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