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Review of the PhD thesis
Chasing the chase: The chase as a tool of database theory

by Piotr Ostropolski-Nalewaja
The thesis under review lies at the intersection of logic, database theory, and knowledge
representation. It comprises 6 papers, prefaced by a gentle introduction to the area:
[A] All-Instances Oblivious Chase Termination is Undecidable for Single-Head Binary TGDs, B. Bednarczyk,

R. Ferens, P. Ostropolski-Nalewaja, IJCAI 2020
[B] A Journey to the Frontiers of Query Rewritability, P. Ostropolski-Nalewaja, J. Marcinkowski, D. Carral,

S. Rudolph, PODS 2022
[C] Finite-Cliquewidth Sets of Existential Rules: Towards a General Criterion for Decidable yet Highly Expres-

sive Querying, T. Feller, T. Lyon, P. Ostrolpolski-Nalewaja, S. Rudolph, ICDT 2023
[D] CanOne Escape Red Chains? Regular Path Queries Determinacy is Undecidable, G. Głuch, J. Marcinkowski,

P. Ostropolski-Nalewaja, LICS 2018
[E] The First Order Truth Behind Undecidability of Regular Path Queries Determinacy, G. Głuch, J. Marcin-

kowski, P. Ostropolski-Nalewaja, ICDT 2019
[F] On Monotonic Determinacy and Rewritability for Recursive Queries and Views, M. Benedikt, S. Kikot,

P. Ostropolski-Nalewaja, M. Romero, PODS 2020

The thesis is centered around a tool, rather than a problem. This tool, called the chase is
a well-known method, or rather a family of similar methods, for extending a given finite
structure (a database instance) to a structure that satisfies a given set of constraints. In its
basic form, the chase is applicable when the constraints are expressed as first-order for-
mulas ∀x̄ ϕ⇒ ∃ȳ ψ where ϕ and ψ are conjunctions of atoms over x̄ and x̄ȳ, respectively.
Constraints of this form are ubiquitous in database theory, where they are called tuple-
generating dependencies (TGDs), and in various branches of knowledge representation
where they are known as existential rules or Datalog±. The chase proceeds in steps, ex-
haustively saturating the structure, adding for each tuple x̄ such that ϕ holds a witnessing
tuple ȳ such that ψ holds. The key property it ensures is that the resulting structure, also
called the chase, is universal : it is the most general of all extensions satisfying the con-
straints, in the sense that it maps homomorphically into all of them (via a homomorphism
that preserves the original finite structure). This property, in certain contexts, allows rea-
soning about all extensions satisfying the constraints by manipulating only one of them:
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the chase. For example, in the ubiquitous query entailment problem one asks whether a
given query is entailed by a set of constraints and a database instance; that is, whether the
query holds in all extensions of the given database instance that satisfy the constraints.
For conjunctive queries (first-order formulas of the form ∃x̄ ϕ where ϕ is a conjunction of
atoms over variables x̄) the answer is affirmative iff the query holds in the chase.
The challenge is that the chase may be infinite and it is hard to tell when this will happen.
Indeed, a fair share of research in the area is devoted to the termination of the chase pro-
cedure. The fundamental problems here are to decide if the chase terminates on a given
database instance, or on all possible instances. More subtle approaches involve devising
restricted classes of constraints or restricted classes of sets of constraints, for which the
chase always terminates or for which termination is decidable. In [A] the authors show
that the all-instance termination of the chase is undecidable even when the signature is
binary and in each TGD the formula ψ (the head ) is a single atom. The authors work
with a specific variant of the chase, called oblivious, but the argument can be adapted to
other popular variants (standard and semi-oblivious ). The paper builds upon a previous
result by Gogacz and Marcinkowski that establishes undecidability for arbitrary TGDs. The
reused ingredients include Conway functions and the high-level encoding of their bound-
edness problem as an instance of chase termination. The main novelty is a clever and
elegant technical idea that allows encoding ternary relations as binary relations by ex-
ploiting the tree-like shape of the underlying structure. The paper is very well written,
clearly delineating the contribution (which is not easy in such papers) and relatively easy
to follow. While the original undecidability result was co-authored by the supervisor of
the PhD candidate, the set of authors of [A] does not include the supervisor, so under-
standing the technicalities of the original reduction was surely a non-trivial part of the
work. Given that the original undecidability result has already triggered several papers
identifying restricted decidable cases, the strengthening offered in [A] can be expected to
guide future attempts in this direction. Overall, this is a small and sweet paper.
Establishing that the chase is finite facilitates solving query entailment, but it is not nec-
essary. Indeed, one may not need the whole chase to evaluate a query. This gives rise to
two symmetric, widely studied conditions:
(FES) for each database instance there exists n such that for every conjunctive query, the

query is entailed iff it holds in the structure obtained after n steps of the chase;
(BDD) for each conjunctive query there exists n such that for every database instance,

the query is entailed iff it holds in the structure obtained after n steps of the chase.
Condition (FES) is equivalent to the existence of a finite universal extension satisfying the
constraints for each database instance, and to the all-instance termination of a trimmed
variant of the chase, called the core chase. Condition (BDD) is equivalent to the following,
which makes it particularly desirable:
(FUS) each conjunctive query can be rewritten into finitely many conjunctive queries such

that for each database instance, the original query is entailed iff one of the rewritten
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queries holds directly in the database instance.
The symmetry of (FES) and (BDD) prompts a common strengthening:
(UBDD) there exists n such that for every conjunctive query and every database instance,

the query is entailed if it holds in the structure obtained after n steps of the chase.
It had been conjectured that that (FES) and (BDD) together imply (UBDD), but a proof
attempt turned out to be incorrect. Later it was shown that the conjecture holds when
(FES) is replaced by a much stronger condition (all-instance termination of the Skolem
chase ). In [B] the authors revisit the conjecture. The common understanding of (BDD)
is that it involves certain locality of the set of TGDs. The authors put this intuition under
scrutiny. They propose a natural notion of locality, which implies (BDD), and show that
the conjecture holds when (BDD) is replaced by locality. They also show that locality is
equivalent to (BDD) over binary signatures if each TGD has a single atom in the head, but
over higher-arity signatures there are highly non-local sets of TGDs that are still (BDD).
The latter defies the common intuitions on (BDD) and will surely affect the area. While the
paper does not resolve the conjecture (which the authors had undoubtedly set out to do),
it is a rich exploration paper, offering several significant contributions and multiple new
insights. The introduced conditions are very clean and natural; it is even a bit surprising
that they had not been considered before. The developed techniques are highly nontrivial
and some of them have already found further use in [C]. Overall, a great paper.
While finiteness is highly desirable, dealing with an infinite chase is not always impossible.
Consider the following condition:
(BTS) for each database instance, there exists a universal extension of finite tree-width

that satisfies all the constraints.
If a set of TGDs satisfies (BTS), one can decide entailment by running in parallel two semi-
algorithms. The first semialgorithm tries to derive the query from the set of facts in the
database instance and the set of TGDs, using some proof system for first-order logic. The
second semialgorithm checks for increasing values of k if there is an extension of tree-
width k where the query does not hold, relying on a variant of Courcelle’s theorem. In [C],
the authors adapt this approach to clique-width, which results in the following condition:
(FCS) for each database instance, there exists a universal extension of finite clique-width

that satisfies all the constraints.
Decidability of query entailment follows similarly, except that this time one has to use a
variant of Courcelle’s theorem for clique-width, rather than tree-width. Comparing (FCS)
with (BDD/FUS), the authors show that under restriction to binary signatures and TGDs
with a single atom in the head, (BDD/FUS) implies (FCS), but when this restriction is lifted,
the implication does not hold. Moving from tree-width to clique-width seems mostly rou-
tine, involving several facts which might not have been present in the literature, but which
I would consider folklore. In this part of the paper the most interesting observation is that
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over infinite structures bounded tree-width implies bounded clique-width only if the sig-
nature is binary. It makes one wander if this is the right notion of clique-width for infinite
structures. In the comparison between (FCS) with (BDD/FUS) one can see strong parallels
with [B], both in the results and in the proofs; as in [B], the arguments are highly techni-
cal. Up to a certain refocusing, [C] can be seen as a companion to [B], further investigating
properties of the (BDD/FUS) class, this time in terms of the clique-width of universal mod-
els rather than locality. In my opinion, [C] becomes more interesting positioned like this.
Indeed, it is rather striking that the results are analogous. One is tempted to ask if this is
a coincidence, or if there are some deeper reasons behind it.
The chase can also be applied to an entirely different problem of query determinacy. In
this problem one is given a finite set of queries called views, and another query q, and one
has to decide if the answer to q depends only on the answers returned by the views; that is,
is it true that whenever each view returns identical answers over two database instances,
the query q also returns identical answers over these two database instances. This prob-
lem has been studied for almost 40 year, but only recently Gogacz and Marcinkowski fi-
nally closed the analysis for classical relational queries, showing that the problem is unde-
cidable when the query and the views are conjunctive queries. This result was obtained by
rephrasing the determinacy problem in terms of a chase procedure that simultaneously
produces two database instances, red and green. Initially the green instance satisfies the
query and the red instance is empty. Then, the chase saturates both instances, back and
forth, ensuring that all views agree on them. The query is determined by the views iff the
resulting red instance satisfies the query.
In [D], the authors look at the determinacy problem for regular path queries (RPQs), which
are a popular primitive in query languages for graph-shaped data (RDF, property graphs):
a regular path query is specified by a regular expression and it selects pairs of nodes
that are connected by a path such that the sequence of labels on the edges gives a word
generated by the regular expression. The authors show that the determinacy problem is
undecidable when the query and the views are RPQs, thus solving an open problem stated
by Calvanese, De Giacomo, Lenzerini, and Vardi in 2002. The proof seems easier than for
conjunctive queries, perhaps due to the greater flexibility of RPQs, or simply because
graphs are easier than general relational structures: the whole argument fits nicely within
the not-so-generous page limit of a conference paper. If this feels a bit less impressive
(if one can say this about a paper that solves a 20-years-old open problem), the authors
follow up in [E] by showing that in fact the problem is undecidable even if the RPQs do
not use Kleene star. Note that such queries are actually unions of very simple conjunctive
queries. This result is unexpected and much harder to prove. Seen together, papers [D]
and [E] are an impressive piece of work.
The last paper [F] studies the monotonic variant of the determinacy problem, and a re-
lated problem of rewritability, for Datalog queries. This is a big and dense paper with
multiple results, but the candidate’s contribution is limited to a single theorem: unde-
cidability of monotonic determinacy of monadic datalog queries by views expressed as
unions of conjunctive queries. The proof uses a reformulation of monotonic determinacy
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in terms of canonical tests, established earlier in the paper, and amounts to a trouble-free
encoding of the standard tiling problem. This is a relatively important narrative point in
the paper, showing the limits of what is doable, but it is not a big result. The thesis could
do without it.
Overall, the thesis is based on a rich and diverse body of work. The technical quality of
the results varies, but what I see as the two main segments, [B, the second part of C] and
[D,E], are in my opinion of very high quality. It is somehow nice that these two segments
have different nature: the first one is exploratory theory building, while the second is
essentially a single strong negative result. The overall quality of the work is confirmed
by the publication venues. Four papers were published at highly prestigious conferences
(CORE A*): two at PODS, one at LICS, and one at IJCAI. The remaining two were published
at ICDT (CORE A), which is the second best conference in database theory. There is no
doubt that the candidate has contributed to world-class research.
Based on the candidate’s declaration, confirmed by the supervisor, the candidate’s con-
tributions are significant. In [A] the main idea comes from a co-author, but all authors
contributed equally to its implementation. In [B] the order of authors is not alphabetical
(highly unusual in theory papers), and the candidate is the first author. This allows one
to believe that the paper is mostly the candidate’s work. One of the methods developed
in [B] is later applied in [C] and the candidate is indicated as the single contributor to
these particular results. The results in [D,E] were obtained in close collaboration between
co-authors, leading to equal contributions; as both papers have only three authors, all of
themmust have contributed significantly. Only in [F] the candidate’s contribution is small.
On the negative side, seen as a whole, the thesis somewhat unfocused, lacking a clear
objective. While the introduction realizes the pedagogical goal set by the candidate, it
does not offer any synthesis, leaving to the reader the hard work of making sense of the
fragmented landscape captured in the six papers. I would expect some sort of general
reflection on the obtained results and a broader outlook into the future, and here again
we are left with the specialized concluding sections of the six papers. Finally, the thesis
should demonstrate that the PhD candidate has a general understanding of the area, as
well as a sense of purpose and direction. Given the diversity of topics covered in the six
papers and the depth of the candidate’s contribution, I have no reason to doubt that this is
the case, but the introduction could have made it clear. As a minor point, the introduction
is also significantly less polished than the papers, indicating either lack of time or effort,
or heavy involvement of co-authors in the final redaction of the papers.
Despite these shortcomings I have no doubt that the thesis is more than sufficient to grant
the candidate a PhD degree.
Ocena. W mojej ocenie rozprawa doktorska spełnia ustawowe i zwyczajowe wymagania.
Wnoszę o dopuszczeniemgra Piotra Ostropolskiego-Nalewaji do dalszych etapów postępo-
wania w sprawie nadanie stopnia doktora w dyscyplinie informatyka.
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