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The domain of this doctoral thesis is formal languages, automata theory, and combina-
torics of words. The thesis contains remarkable achievements in three areas: synchro-
nization of automata, word equations, and databases theory.

An important part of the thesis contains new insights into synchronizing automata.
Synchronizing automata are finite-state deterministic automata for which there is a
synchronizing word (i.e. a word such that one reaches the same state after reading
the word, regardless of the initial state of the automaton). A famous long-standing
open conjecture in this area is Černý’s conjecture which says that an n-state complete
deterministic synchronizing automaton has a synchronizing word of length at most (n−
1)2. Although the conjecture has been proved for some particular classes of automata,
only a cubic upper bound of the length of a shortest synchronizing word is obtained for
the general case.

Robert Ferens considers the class of completely reachable automata which are complete
deterministic automata such that each subset S of the set of states Q of the automaton
is reachable, i.e. there is word w such that the image of Q under the transition labeled
by w is exactly the state S. This property is stronger than synchronizing and this
class of automata contains some already studied classes of automata like automata
with full transition monoids or synchronizing automata with simple idempotents. The
class was introduced in 2016 by Bonder and Volkov who asked open questions about
the complexity of deciding whether an automaton is completely reachable, and about
an upper bound of the reachability threshold (the minimum length of a shortest word
reaching exactly the subset S from Q). A polynomial complexity for the first question
had been obtained only for binary automata and only a cubic upper bound was obtained
for the reachability threshold. Don conjectured in 2016 that each set of size k can be
reached with a word of length at most n(n− k).

The results of Robert Ferens on completely reachable automata are remarkable. He gives
a polynomial time of O(|Σ|n3) to decide whether an n-state automaton is completely
reachable, where Σ is the alphabet of the transitions. This solves the open question
raised by Bonder and Volkov seven years ago. The algorithm is very clever and contains



a bunch of optimizations to obtain the final complexity. He also obtains an upper bound
of 2n(n − k) for the size of a shortest word reaching a subset S of size k in an n-state
completely reachable automaton. This proves a weaker version of Don’s conjecture. It
follows also that a completely reachable automaton has a synchronizing word (i.e. a word
reaching a singleton state) of size at most 2n2−n log n− 4n+ 2. This new upper bound
improves the previous cubic bound and improves over the previously known bounds for
some interesting proper subclasses of completely reachable automata.

Other results related to synchronization concern the k-avoiding threshold, i.e. the mini-
mum size of a word w such that the set of states reached after reading w avoids a subset
S of states of size k when such a word exists. Avoiding a set is closely related to subset
reachability and better upper bounds on avoiding thresholds may lead to better upper
bounds on the reset threshold of synchronizing automata. The k-avoiding threshold is
in O(nk) for a fixed k, by results from Szyku la. Robert Ferens tackles the problem of
constructing automata with large avoiding thresholds. He shows that the 1-avoiding
threshold can be equal to 2n− 3 for every number of states n and this is met by a series
of strongly connected and synchronizing automata. He gives a general construction of
strongly connected complete deterministic n-state automata with a k-avoiding threshold
of Θ(nk) for a fixed k, meeting the known upper bounds. This bound is asymptotically
tight for k ≥ 3 but the cases of k = 1 and k = 2 remain open.

A third work on synchronization is devoted to synchronization on partial finite automata
(or incomplete automata), i.e. on deterministic automata which may have undefined
transitions. Several notions of synchronization exist for these automata. Robert Fer-
ens considers here the following notion of synchronization: an incomplete deterministic
automaton is synchronizing if there is a word w such that the action of w maps every
state to a singleton state when the action is defined (and at least one action has to be
defined). The reset threshold of the automaton is the minimum size of such a word
w when it exists. Robert Ferens proves that the maximal threshold for n-state incom-
plete automata is bounded by the maximal threshold for n-state complete automata
plus some O(n4/3). He further proves that deciding synchronization has the same time
complexity as for complete automata i.e. O(n2) for fixed alphabets. He also proves that
one can compute a synchronization word in O(n3). A breakthrough is also obtained for
automata being the flower automata of prefix codes including Huffman codes. These
automata model Huffman decoders. An upper bound of O(n log3 n) has been obtained
for the synchronizing word of such synchronizing automata for the complete case by
Berlinkov and Szyku la. In this thesis, the same bound is obtained for the more general
case of incomplete automata.

The second part of the thesis contains very interesting contributions in the area of word
equations, that is formal equations with symbols of variables and letters, solutions being
sets of t-uples of words in free monoids of in free groups. Word equations have received
a lot of attention since they are related to the 10th Hilbert’s problem. It was shown by
Makanin in 1977 that word equations problem are decidable for free monoids. Makanin’s
algorithm has also been generalized to the free group case. Robert Ferens focuses on a
variant of the word equation problem in which there is only one variable with possibly
many occurrences. Such a variant has been considered in a free monoid or a free group
with a linear algorithm from Jeż in 2013 for the free monoid. The thesis presents a
remarkable contribution with a new algorithm for the free group in O(n2m), where n is
the length of the equation and m is the number of occurrences of the unique variable,
improving greatly the previous known complexity of O(n5). The set of solutions is also
characterized.

Finally, a third part of the thesis is a contribution to knowledge bases involving an in-
complete database represented as a finite set of positive facts, and a logical layer used



to infer information from the stored data. The logical layer is usually encoded by some
formal ontology language. The thesis focuses on existential rules which are first-order
formulas. The rulesets possess a universal model: given an incomplete database D and
a set of existential rules, there exists a larger database that is sufficient to determine
query answers for all extensions D satisfying the existential rules. Robert Ferens inves-
tigates different methods for computing universal models. One popular method, which
originated from database theory, called the chase, is a saturation-based algorithm. But
the chase may not terminate. So a natural question is to check whether, for a given set
of existential rules, the chase terminates on all possible databases. The problem was
shown to be undecidable for sets of ternary existential rules. The contribution of the
thesis is a proof of the undecidability of the problem for sets of existential rules of arity
at most two, which is a relevant case in practice.

The organization of the manuscript is the following: the first chapter presents the main
contributions of the other chapters containing five papers accepted in top-level confer-
ences of the domain: ICALP 2023, MFCS 2021, STACS 2021 (two papers), and IJCAI
2020. It is well-written and clearly organized.

In conclusion, the quality of the results contained in the thesis is outstanding. I recom-
mend the thesis for acceptance and I also recommend it for a distinction.


