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Report on the PhD Thesis of Piotr Ostropolski-Nalewaja entitled
“Chasing the chase: The chase as a tool of database theory”

The presented PhD thesis is concerned with several important topics from
database theory: chase termination, query rewriting, decidable expressive
query languages, and determinacy. What unifies all these topics is the use
of tuple-generating dependencies (TGDs) and of the widely-known chase
procedure that starts from a database and then applies TGDs as rules. In
chase termination, for example, TGDs are used as an (open world)
constraint language and the chase is the subject of study. In determinacy,
the problem formulation does neither mention TGDs nor the chase, but
TGDs can be used to provide a natural and useful characterization that is
the starting point for proving interesting technical results.

The thesis is cumulative, that is, it consists of an introductory part of almost
50 pages followed by six papers that have been published at the
international conferences LICS2018, ICDT2019, IJCAI2020, PODS2020,
PODS2022, and ICDT2023. While all of these papers have multiple
authors, Piotr Ostropolski-Nalewaja lists his personal contribution to each
of them and | am convinced that it is very substantial. The introductory part
mainly consists of a gentle introduction to the various versions of the
chase, including the oblivious chase, the Skolem chase, and the restricted
chase, as well as to the problem of query determinacy and its connection
to the chase. This part of the thesis s example-based and kept somewhat
informal, which actually makes up for a very smooth and comprehensible
read. In the following, | will dicuss the content of the six conference papers
that constitute the main part of the thesis.

Fakultat fiir Mathematik und

Informatik

Institut fiir Informatik
Wissensreprisentation
Prof. Dr. Carsten Lutz

Universitiit Leipzig
Fakultit fir Mathematik und
Informatik

Institut fiir Informatik
Augustusplatz 10

04109 Leipzig

Telefon
+49 341 97-32343

Fax
+49 341 97-32299

E-Mail

carsten.lutz@uni-leipzig.de

Web

www.uni-leipzig.de

Postfach intern

212101

Kein Zugang fiir elektronisch
signierte sowie fiir verschliisselte
elektronische Dokumente

All-Instances Oblivious Chase Termination is Undecidable for Single-Head Binary TGDs,
published at IJCAI2020. The authors consider the following problem: given a finite set of
TGDs T, decide whether for any database D the oblivious chase of D with T naturally
terminates. This problem had previously been shown to be undecidable by Gogacz and
Marcinkowski, but the construction used ternary relation symbols. In the presented paper,
this is improved to arity two and TGDs with a single head atom. The non-trivial proof is
based on the one given by Gogacz and Marcinkowski and in particular it also uses a
reduction from a problem that concerns Conway function. The challenge to be overcome is
that the previous proof used a ternary relation symbol to express multiplication, which is no



longer available. Piotr Ostropolski-Nalewaja and his coauthors show that this issue can be
solved by rearranging the reduction so that instead of being based on a path, as in the
previous version, it now uses a clever tree-based encoding

A Journey to the Frontiers of Query Rewritability, published at PODS2022. Motivated by the
FUS/FES conjecture, the authors of this paper study the interplay between several
properties of sets of existential rules, namely: bounded derivation depth (BDD, also known
as FUS), finite expansion set (FES), and uniformly bounded derivation depth (UBDD). The
FUS/FES conjecture states that FUS+FES implies UBDD. While the authors do not solve
the conjecture, they make significant progress in understanding the involved properties and
in understanding why the conjecture, if true, is difficult to prove. A main result of the paper
is that if the arity of relation symbols is restricted to two (and rule heads contain only a single
atom), then the FUS/FES conjecture holds. In fact, something more general is proved:
Locality+FES implies UBDD where “Locality” means that there is a constant ¢ such that for
every database D, the chase of D with the set of existential rules is the union of the chase
of all subdatabases of D that contain at most c facts. This is more general because, as is
also proved, every set of existential rules that is FUS and contains only binary relations
symbols is also local. Another main result consists of the insight that this is far from being
true when relation symbols of higher arity are admitted. In fact, the authors exhibit several
non-obvious examples that are not local but FUS. The most advanced of these has the
additional interesting property that the size of the CQs in the UCQ rewritings are
exponentially large.

Finite-Cliquewidth Sets of Existential Rules, published at ICDT2023. In this paper, the
authors propose a novel class of existential rules related to the well-known class BTS of
rule sets that for every database possess a universal model of finite treewidth. The idea for
obtaining the new class FCS is to replace finite treewidth with finite cliquewidth, and to
exploit the fact that MSO s still decidable on this class of structures to show that querying
FCS rule sets is still decidable. This is in fact proved, using general enumeration-style
arguments, for a rather expressive query language, DaMSOQ, the intersection of Datalog
and MSO. A cruciall issue in the definition of FCS is that the standard definition of
cliquewidth applies only to finite structures and needs to be generalized in a suitable and
not entirely obvious way. The authors also study the connection between FCS and BTS,
and between FCS and FUS. While as expected FCS generalizes BTS in the case that all
relations are of arity at most 2, somewhat surprisingly this is no longer the case for higher
arities. By switching the schema, however, querying BTS can still be reduced to querying
FCS also in the higher arity case. Similar effects occur for FUS where for binary arity and
single-head rules, FCS generalizes FUS. When the condition of single-headedness is
dropped, this already fails; an observation that is closely related to the previous paper in
the thesis.

Can One Escape Red Chains? Regular Path Determinacy is Undecidable, published at
LICS 2018. This is the first of three papers in the thesis that are concerned with the
determinacy problem. Its topic is the determinacy of regular path queries (RPQs) and it
contains a single seminal and technically very challenging result: this problem is
undecidable. To appreciate this result, despite being a negative one, it is useful to recall
that the problem solved here had already been studied for decades, without too much
progress. Quite a few results had been obtained “around” the one proved here, considering
variations and strong simplifications, but the main problem had remained open. The authors
solve it by an ingenious and rather complex reduction from a tiling problem, utilizing a
reformulation of the problem in terms of the chase and a certain escape game.

The First Order Truth Behind Undecidability of Regular Path Queries Determinacy,
published at ICDT2019. In this paper, the authors further improve the result from the
previous paper by replacing RPQs with unions of conjunctive path queries, that is, with the
intersection of RPQs and conjunctive queries. This is a really simple class of queries and it
is quite surprising that determinacy is still undecidable. It should be noted that for
conjunctive path queries without union, determinacy was long known to be decidable. The



authors use a strategy that is similar to the one pursued in the previous paper, but they had
to rework many of the details and constructions.

On Monotone Determinacy and Rewritability for Recursive Queries, published at
PODS2020. This paper is concerned with monotonic determinacy, a “weakened” variant of
determinacy that has better computational properties and is closely related to query
rewritability over views into a monotonic query language. In fact, rewritability into such a
language implies monotonic determinacy, but the converse is, in general, false. The authors
consider a broad range of monotone query and view languages, with a special emphasis of
various natural variants of Datalog, and study two questions: in which cases does this
converse hold true and what is the complexity and decidability status of monotonic
determinacy? They obtain a varied picture. There are interesting and natural cases where
the converse holds true and also such cases where it fails. They also show that, possibly
as expected, monotonic determinacy is decidable in many cases where standard
determinacy is not. The techniques needed are nontrivial and the complexities range from
NP-complete to 3-Exptime.

| consider the presented PhD thesis to be very strong. It consists of six very substantial
articles, each of them published at a highly regarded international conference, and each of
them addressing an interesting and relevant problem. This is significantly more than what
one would expect from an average PhD thesis. In addition, several of the presented articles
are mathematically exceptionally strong; in particular, this is the case for the publications
that establish undecidability of determinacy for regular path queries and unions of
conjunctive path queries. | emphasize again that these results close long-standing open
problems in the area. Also the introductory part is well-written and a pleasant read that
prepares (as much as possible) for the technical constructions in the articles in the main
part. There is nothing left to be desired here.

| warmly recommend the thesis to receive the predicate “with distinction”.

With best regards,

Coole.

Prof. Dr. Carsten Lutz



