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The doctoral dissertation by Robert Ferens consists of a clear and informative summary section,
followed by five original publications: three on the topic of synchronizing finite automata, one on
language equations and one on a chase algorithm in data base theory. The publications report
major results on these topics. All five have been presented at international conferences of highest
guality. In the following | discuss the contents of the publications and their significance one-by-one.

Automata and formal languages are classical concepts in theoretical computer science, and finite
automata are among the most fundamental automata models. While simple to define in elementary
terms, there remain surprisingly difficult unsolved guestions concerning synchronization of finite
automata. An input word is said to synchronize an automaton if the state of the automaton
becomes unigue and independent of the initial state after the input. Such a synchronizing input
word is called a reset word of the automaton. The oldest open problem — and undoubtedly the
raison d'étre behind the ever so high research activity on the topic — is the Cerny conjecture from
the 1960’s that claims that if a deterministic finite automaton (DFA) with n states has a reset word
then it is synchronized by a reset word of length at most (n-1)2. In this vein, much of the research
on the field has focused on bounding the lengths of words related to synchronization. Also
algorithmic questions on recognizing synchronization related properties are of great interest.

The first article of the dissertation (R. Ferens and M. Szykuta: Completely Reachable Automata: A
Polynomial Algorithm and Quadratic Upper Bounds. ICALP 2023) considers the class of
completely reachable automata. These are DFA in which every subset of the state set Q of the
automaton is obtained as the image of Q by a suitable input word. This class is significant as it
contains quite a few previously studied classes, as well as the Cerny-family of automata that have
so far the highest known reset thresholds. First, the authors refute the conjecture that recognizing
complete reachability is computationally hard by providing a polynomial-time algorithm. The
algorithm is based on a smart search procedure for a non-reachable subset of maximal size. Note
that it is non-trivial even to recognize such a witness. This feat (or more precisely, recognizing a
somewhat larger family of witness candidates) is accomplished with a nice observation about the
disjointness of the complements of predecessors of withess sets. The algorithm can be further
modified to provide short reset words for completely reachable DFA. More precisely, it is shown
that any set of size m can be reached by a word of length at most 2n(n-m), where n is the number
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of states of the DFA. This bound is remarkable and only twice the conjectured optimal n(n-m). It
also provides an excellent bound on the shortest reset word, improving known bounds for a
number of subclasses of completely reachable automata. In my opinion, this paper provides some
of the best results on synchronizing DFA in recent years, and it is my favorite publication in Ferens’
dissertation. The family of completely reachable DFA is a very natural and a fascinating class of
automata to study, and the authors extract beautiful results from a fairly simple disjointness

property.

The second article (R. Ferens, M. Szykufa and V. Vorel. Lower Bounds on Avoiding Thresholds.
MFCS 2021) provides a family of DFA with large 1-avoiding thresholds. An input word is said to
avoid a set S of states if no state in S can be reached by the word. The k-avoiding threshold of an
automaton is the maximum, over all avoidable sets S of size k, of the length of a shortest avoiding
word of S. Short avoiding words are helpful in synchronization as repeatedly avoiding sets one can
reduce the number of reached states. The authors provide, for every n, a strongly connected and
synchronizing n-state DFA whose 1-avoiding threshold is 2n-3. The authors also conjecture this to
be the largest possible, except for a finite number of exceptions with 1-avoiding thresholds equal to
2n-2. The presented family of DFA and the matching upper bound conjecture have a similar flavor
as the Cerny family of automata and the famous Cerny conjecture, except that here the conjecture
concerns avoiding a single state, which a simpler — and hence even more beautiful — concept than
synchronization. Even the gap between the best upper bound and the provided lower bound is
analogous to the Cerny case.

The article also presents another construction that provides for every number k an infinite family of
automata whose k-avoiding thresholds are proportional to n. This is asymptotically optimal for k
except for k=1 and k=2. The construction involves combining suitable gadgets: first taking disjoint
unions of the gadgets; then modifying the union to make the automata strongly connected by
having a letter that cycles through the gadgets. A final contribution of the paper is a nice
observation that links sufficiently low k-avoiding thresholds for small k to small reset thresholds.

The third article (M.V. Berlinkov, R. Ferens, A. Ryzhikov and M. Szykuta. Synchronizing Strongly
Connected Partial DFAs. STACS 2021) considers synchronizing partial finite automata (PFA) that
are deterministic but some input letters may not have corresponding transitions from all states.
There exist various concepts of synchronization in this setup, depending on how the undefined
transitions are to be treated. The authors consider the concept of reset words whose action may be
undefined on some states, but from all states where the action is defined (and there must be such
states) the word takes the automaton to the same unique state. It turns out that one can add
transitions to turn a strongly connected PFA into a DFA with similar synchronization characteristics.
With this technique the authors manage to reduce questions on synchronizing strongly connected
PFA into analogous questions concerning DFA.

Matematiikan ja tilastotieteen laitos FI-20014 Turun yliopisto, Finland ¢ www.utu.fi

Department of Mathematics and Statistics Puhelin/Telephone +358 2 333 6576
Faksi/Fax +358 2 333 6575

www.math.utu.fi



Turun yliopisto
University of Turku

While the first three articles concern synchronizing finite automata, the last two are on different
topics. The fourth article (R. Ferens and A. Jez. Solving One Variable Word Equations in the Free
Group in Cubic Time. STACS 2021) concerns another classical area of formal language theory:
word equations. The authors consider one variable equations in the free group, meaning that all
letters have inverses that cancel them. The variable and its inverse may appear in the equation
multiple times. Solutions to such equations are known to have parametric representations that can
be found in polynomial time. However, the previously known algorithm from 2009 has a time
complexity function that is a polynomial of high degree. The authors in the present article improve
the complexity, reducing it from O(n°) to O(n’m) where n is the length of the equation and m is the
number of occurrences of the variable. This represents a major improvement, making large
equations tractable in practice. It is also fair to argue, as the authors do, that the new time
complexity is hard or impossible to improve further. Moreover, the authors bound the size of the

parametric solution: the solution space of an equation of length n is a union of O(n?) sets of the

form uw?v.

The fifth article (B. Bednarczyk, R. Ferens and P. Ostropolski-Nalewaja. All-Instances Oblivious
Chase Termination is Undecidable for Single-Head Binary TGDs. IJCAI 2020) provides a detailed
proof of the undecidability of the all-instances Chase termination problem for a class of simple
existential rules, namely rules where all involved relations are at most binary and the head only
contains one atom. This provides an improvement on a previously known undecidability result on
more complicated existential rules with ternary relations. The undecidability proof is based on a
reduction from the boundedness problem for orbits of Conway functions. The main obstacle in the
proof is the fact that multiplications in Conway systems are inherently ternary relations, while only
binary relations are now available in the encoding. The improvement from ternary to binary
predicates is significant. It was previously only known that solving the binary case requires
exponential space — this lower bound was reported in 2014 in the same paper where the
undecidability of the ternary case we proved, and already this lower bound proof is involved.

The research reported in the dissertation by Robert Ferens is of very high quality. The publications
are presented at very competitive conferences with rigorous refereeing processes and low
acceptance rates. In fact, getting a paper accepted in these conferences is more difficult than in
many top tier journals. The only drawback is that some of the published papers have rather short
proof sketches rather than full proofs as the conferences impose strict page limits. In these cases,
fortunately, the author has posted the full versions with complete proofs on the online preprint
archive arXiv. This greatly helped in verifying the results. | also mention that — as is typical in
theoretical computer science — all five publications have their authors listed in the alphabetical
order, so it is not possible to assess the exact contributions by various authors. | have thus
assumed equal contributions by the authors.
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The amount and depth of the material in the thesis is outstanding and clearly more than sufficient
for a PhD degree. In my opinion, comparing the work with other theses | have evaluated, the work
ranks within the best 10% in the field internationally. | recommend the thesis to be accepted with

distinction.

Jarkko Kari
Professor of Mathematics
University of Turku, Finland
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