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Contents

The thesis consists of a summary and 5 research publications:

[1] Robert Ferens, Marek Szykuta. Completely Reachable Automata: A Po-
lynomial Algorithm and Quadratic Upper Bounds. ICALP 2023

(2] Robert Ferens, Marek Szykula, Vojtéch Vorel. Lower Bounds on Avoiding
Thresholds. MFCS 2021

[3] Mikhail V. Berlinkov, Robert Ferens, Andrew Ryzhikov, Marek Szykula.
Synchronizing Strongly Connected Partial DFAs. STACS 2021

[4] Robert Ferens, Artur Jez. Solving One Variable Word Equations in the
Free Group in Cubic Time. STACS 2021

[5] Bartosz Bednarczyk, Robert Ferens, Piotr Ostropolski-Nalewaja. All-Inst-
ances Oblivious Chase Termination is Undecidable for Single-Head Binary
TGDs. IJCAI 2020

Articles [1-3] are about synchronization of finite automata. The two rema-
ining articles are devoted to other representations of formal languages, by word
equations [4] and by knowledge bases [5], and seem to be detached from the
first three (especially article [5]). On the other hand, in articles [4-5] the PhD
candidate has demonstrated a wider view in his research. Still, all the articles
can be included in one area of algorithmic and combinatorial aspects of formal
languages.

Articles [1-3] are all related to the famous Cerny conjecture which asserts
that a synchronizing deterministic finite automaton (DFA) with n states has a
reset threshold of at most (n — 1)2. Here a DFA is called synchronizing if the
image of the action of some word applied to all the states of the automaton is
a singleton; such a word is called a synchronizing word or a reset word, and the
minimum length of a reset word of a DFA is its reset threshold. Cerny conjecture
dates back to 1964 and continues to motivate research on synchronization of
automata.



Article [4] provides an algorithmic solution to a certain type of a word equ-
ation. In a word equation, both sides are concatenations of variables and con-
stants. Word equations have a long history of study. In article [4], word equations
over the free group are considered. In this case, the constants are generators of
the group. Word equations in the free monoid have also been studied extensively.

Article [5] concerns decidability of an algorithm called chase used in database
theory. The chase computes an extension of a database using a set of tuple-
generating dependencies (1'GDs); the extension can be even infinite. Both the
database and the TGDs can be defined formally using terms and relational
symbols.

Below I present a discussion and assessment of the contents of the respective
articles forming the thesis.

Article [1]

The main result of article [1] is a polynomial-time algorithm for checking if a
given DFA is completely reachable. A DFA is called completely reachable if every
subset of its states can be obtained as the image of the action of some word ap-
plied to all the states. An important motivation for completely reachable DFAs
is the fact that the automata in Cerng’s lower bound turn out to be completely
reachable. Existence of a polynomial-time algorithm checking if a DFA is com-
pletely reachable was posed as an open problem by Bondar and Volkov (DCFS
2016). The algorithm from article [1] solves this problem in O(|£|n?) time where
¥ is the alphabet of the automaton and n is the number of states.

The insights used to obtain the algorithm are then used to prove combina-
torial properties of completely reachable DFAs. The results include a proof that
in a completely reachable automaton with n states, every subset of k € [1,n)
states is reachable by a word of length smaller than 2n(n — k), and a quadratic
upper bound on the length of the shortest reset word of a completely reachable
DFA. The first result proves a weaker version of a conjecture by Don (Electron.
J. Comb., 2016), whereas the second result simultancously generalizes and im-
proves previous upper bounds obtained for subclasses of completely reachable
DFAs.

The algorithm from article [1] is obtained in several steps of increasing diffi-
culty; first, an algorithm in co-NP is presented, then a slower polynomial-time
algorithm, and then an optimized polynomial-time algorithm. The combinato-
rial foundations of the algorithm are well exposed. The improvements to the
time complexity are all based on insights into the structure of the problem. I
found the algorithm neat and interesting. The fact that the publication is for-
med by one major result and its implications makes it particularly strong for
the algorithms community.

Article [2]

Article (2] is devoted to avoiding thresholds of DFAs. A subset of states is called
avoidable if the image of the action of some word applied to all the states of the
automaton does not include states from this subset. The k-avoiding threshold
of a DFA is the smallest number such that every avoidable subset of k states
can be avoided with a word no longer than this number. The paper presents
several combinatorial results on avoiding thresholds of DFAs. This includes lower



bounds obtained via infinite families of DFAs, in particular, a family of DFAs
with k-avoiding thresholds (n*) where n is the number of states, which matches
a known upper bound for k > 3.

Article [2] is a collection of several smaller results. Still, I have found each
of them to be non-trivial. Even though the lower bound on the k-avoiding thre-
shold for £ = 3 is the most technically complicated result, it was written in
a clear and modular way. As mentioned by the authors, the lower bound for
1-avoiding thresholds could be considered as folklore. I enjoyed reading the re-
maining contents of the paper, which can be viewed as an extended discussion
about the relation between k-avoiding thresholds for different values of k and
the reset threshold. I also appreciate new conjectures stated by the authors that
can fuel further research in this area.

Article [3]

Article [3] generalizes the results on synchronizing automata from DFAs to par-
tial DFAs, in which some transitions can be undefined. Various definitions of
reset words are present in the literature; the authors selected the one that most
resembles the definition for complete DFAs. The authors mostly consider stron-
gly connected partial DFAs and so-called partial literal automala as a significant
subclass.

The article starts nicely with a big picture of the area. Some of the results
are relatively simple (like the application of firing automata to obtain a version
of Cerny-Pin conjecture), while others are more involved (the reset threshold of
the partial literal automaton using an induced automaton). The most surprising
result to me was that even though checking if a partial DFA is synchronizing is
PSPACE-complete, the same problem for a strongly connected partial DFA can
be solved in polynomial time by a reduction to the complete DFA case. In my
opinion, the authors did a good job of exploring a previously largely unexplored
area.

Unfortunately, the majority of proofs from this paper are only present in the
full version on arxiv.

Article [4]

A cubic-time algorithm is presented for solving a word equation over the free
group with (many occurrences of) only one variable. As a by-product, a new
representation of the set of solutions is shown. Word equations with one variable
over the free group were studied in several previous publications that mainly
presented gradually simpler characterizations of the solutions set. A polynomial-
time algorithm was presented by Bromotov, Gilman, and Myasnikov (J. Group
Theory, 2009); the authors of [4] claim that that algorithm can be improved to
work in time O(n®), where n is the size of the input. Article [4] can be seen
as a culminating point of this line of research. The algorithm extends the ideas
of Bromotov et al., and the resulting representation of the solutions set further
refines the previous representations. The authors argue that the complexity of
their algorithm, O(n*m) where m is the number of occurrences of the variable
in the equation, is unlikely to be improved.

The presented algorithm is elementary but very involved. The first half of
the publication [4] reads like a novel. Then the paper becomes quite technical,



but still it is reasonably well-written. The hardness of the paper is hidden in
more than a dozen of lemmas that are proved only in the full version (in more
than 30 additional pages). However, the authors made a considerable effort to
provide intuitions of the proofs. I consider [4] a strong result.

Article [5]

The result of the paper is stated in its title. Namely, for a set of TGDs of a
restricted type (binary and containing a single atom in their heads), it is shown
that the problem of checking if the chase terminates regardless of the database
is undecidable. Thus article [5] significantly improves upen the work by Gogacz
and Marcinkowski (ICALP 2014) who showed that the chase is undecidable on
ternary TGDs and that it is EXPSPACE-hard for TGDs of the type considered
in this work. The authors argue that single-head binary TGDs appear naturally
in certain parts of Web Ontology Languages (OWLs).

The undecidability proof builds upon several ideas of Gogacz and Marcin-
kowski and also contains interesting new ideas related to tree-like representa-
tions of instances. The proof itself is necessarily sketchy at some points due to
a limited space, but it attempts to convey the main intuitions.

General remarks

All the above articles were published at well-renowned, high-quality internatio-
nal conferences devoted to theoretical computer science (articles [1-4], core A
ranking) and artificial intelligence (article [5], core A* ranking). The advisors of
the PhD candidate are co-authors of articles [1-3] (the auxiliary advisor) and [4]
(the main advisor); article [5] is written with another set of authors. The sets of
authors in each paper are relatively small. The fact that the PhD candidate is
able to collaborate with authors both from the same institute and from abroad
is highly valued in research.

As stated in the abstract of [3], articles [1-3] use combinatorial, algebraic and
formal languages methods. However, methods related to automata are mostly
exposed, especially in articles [1-2]. Article [1] is standalone work which makes
it a pleasure to read; articles [2] and (especially) article [3] demonstrate authors’
command of existing techniques in automata theory. Article [4] proves the au-
thors’ deep knowledge about word equations and the ability to perform complex
reasonings in a clear way. Finally, article [5] develops an involved undecidabi-
lity proof of a problem from logic, but set in the context of database theory.
Overall, the papers apply contemporary as well as classic results in the field.
The summary of the thesis attempts to provide a broader view of the results in
articles [1-5], in particular, a logical order of the contributions in papers [1-3]
and a more detailed explanation of the intuition behind the chase procedure,
which I appreciated.

The write-up quality of the articles is high and they are easy to follow. The
references seem to be adequate. I have found occasional minor errors in formulas,
typos and grammar errors which did not impact general understanding of the
results. It is somehow unfortunate that significant parts of proofs of articles
[1,3-5] are not present in the thesis due to space constraints of the conferences.
I encourage the candidate to publish full versions of at least a part of this work
in a journal.



The contents of the thesis do not allow to asses the individual contribution
of the PhD candidate in the publications directly.

Conclusions

In my opinion, the PhD thesis is of high quality. The articles forming the thesis
contain new results in automata theory, word equations and database theory,
and often improve upon or extend previous work. I claim that Robert Ferens
should be granted the PhD title in computer science.

Whniosek koncowy

W mojej opinii rozprawa doktorska stoi na wysokim poziomie. Artykuly na-
ukowe tworzace rozprawe zawieraja nowe wyniki w teorii automatdéw, réwna-
niach na stowach i teorii baz danych i niejednokrotnie poprawiaja lub rozszerzaja
wezeéniej znane wyniki. W mojej ocenie rozprawa moze by¢ podstawg do
nadania stopnia doktora w dyscyplinie naukowej informatyka. Wnosze
o dopuszczenie mgr. Roberta Ferensa do dalszych etapéw postepowa-
nia w sprawie nadania stopnia doktora.
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