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ABSTRACT
The chase procedure is considered as one of the most fundamen-
tal algorithmic tools in database theory. It has been successfully
applied to different database problems such as data exchange, and
query answering and containment under constraints, to name a few.
One of the central problems regarding the chase procedure is all-
instance termination, that is, given a set of tuple-generating depen-
dencies (TGDs) (a.k.a. existential rules), decide whether the chase
under that set terminates, for every input database. It is well-known
that this problem is undecidable, no matter which version of the
chase we consider. The crucial question that comes up is whether
existing restricted classes of TGDs, proposed in different contexts
such as ontological query answering, make the above problem de-
cidable. In this work, we focus our attention on the oblivious and
the semi-oblivious versions of the chase procedure, and we give a
positive answer for classes of TGDs that are based on the notion of
guardedness. To the best of our knowledge, this is the first work
that establishes positive results about the (semi-)oblivious chase
termination problem. In particular, we first concentrate on the class
of linear TGDs, and we syntactically characterize, via rich- and
weak-acyclicity, its fragments that guarantee the termination of the
oblivious and the semi-oblivious chase, respectively. Those syn-
tactic characterizations, apart from being interesting in their own
right, allow us to pinpoint the complexity of the problem, which
is PSPACE-complete in general, and NL-complete if we focus on
predicates of bounded arity, for both the oblivious and the semi-
oblivious chase. We then proceed with the more general classes of
guarded and weakly-guarded TGDs. Although we do not provide
syntactic characterizations for its relevant fragments, as for linear
TGDs, we show that the problem under consideration remains de-
cidable. In fact, we show that it is 2EXPTIME-complete in general,
and EXPTIME-complete if we focus on predicates of bounded arity,
for both the oblivious and the semi-oblivious chase. Finally, we
investigate the expressive power of the query languages obtained
from our analysis, and we show that they are equally expressive
with standard database query languages. Nevertheless, we have
strong indications that they are more succinct.
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1. INTRODUCTION

1.1 The Chase Procedure
The chase procedure (or simply chase) is considered as one of

the most fundamental algorithmic tools in databases. It has been
successfully applied to a wide range of problems: containment of
queries under constraints [2], checking logical implication of con-
straints [5, 21], computing data exchange solutions [11], and query
answering under constraints [6], to name a few. The chase proce-
dure takes as input a database D and a set Σ of constraints and, if
it terminates (which is not guaranteed), its result is a finite instance
DΣ that enjoys two crucial properties:

1. DΣ is a model of D and Σ, i.e., it contains D and satisfies
the constraints of Σ; and

2. DΣ is universal, i.e., it can be homomorphically embedded
into every other model of D and Σ.

In other words, the chase is an algorithmic tool for computing uni-
versal models of D and Σ, which can be conceived as represen-
tatives of all the other models of D and Σ. This is precisely the
reason for the ubiquity of the chase in database theory, as accu-
rately discussed in [9]. Indeed, many key database problems, as the
ones above, can be solved by simply exhibiting a universal model.

A central class of constraints, which can be treated by the chase
procedure, is the class of tuple-generating dependencies (TGDs)
(a.k.a. existential rules). TGDs are implications of the form

∀X∀Y(φ(X,Y) → ∃Zψ(Y,Z)),

where φ and ψ are conjunctions of atoms, and they essentially state
that the presence of some tuples in an instance implies the existence
of some other tuples in the same instance. Given a databaseD and a
set Σ of TGDs, the chase adds new atoms to D (possibly involving
nulls that act as witnesses for the existentially quantified variables)
until the final result satisfies Σ.

Example 1. Consider the database D = {person(Bob)}, and
the TGD ∀X(person(X) → ∃Y hasFather(X,Y )∧person(Y )),
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which asserts that each person has a father who is also a person.
The database atom triggers the TGD, and the chase will add in D
the atoms hasFather(Bob, z1) and person(z1) in order to satisfy
it, where z1 is a (labeled) null representing some unknown value.
However, the new atom person(z1) triggers again the TGD, and
the chase is forced to add the atoms hasFather(z1, z2), person(z2),
where z2 is a new null. The result of the chase is the instance

{person(Bob), hasFather(Bob, z1)} ∪∪
i>0

{person(zi), hasFather(zi, zi+1)},

where z1, z2, . . . are nulls.

1.2 The Challenge of Infinity
As shown by Example 1, the chase procedure may run forever,

even for extremely simple databases and constraints. In the light
of this fact, there has been a long line of research on identifying
syntactic properties on TGDs such that, for every input database,
the termination of the chase is guaranteed. A prime example of
such a property is weak-acyclicity [11], which forms the standard
language for data exchange purposes, and guarantees the termina-
tion of the semi-oblivious and restricted chase. A similar formal-
ism, called constraints with stratified-witness, has been proposed
in [10]. Inspired by weak-acyclicity, the notion of rich-acyclicity
has been proposed in [19], which guarantees the termination of the
oblivious chase. Note that the key difference between the various
versions of the chase procedure is when a TGD is triggered. Many
other sufficient conditions for chase termination can be found in the
literature; see, e.g., [9, 16, 18, 22, 24] — this list is by no means
exhaustive, and we refer to [17] for a comprehensive survey.

With so much effort spent on identifying sufficient conditions
for the termination of the chase procedure, the question that comes
up is whether a sufficient condition that is also necessary exists.
In other words, given a set Σ of TGDs, is it possible to determine
whether, for every database D, the chase on D and Σ terminates?
This interesting question has been recently addressed in [12], and
unfortunately the answer is negative for all the versions of the chase
that are usually used in database applications, namely the oblivious,
semi-oblivious and restricted chase. The problem remains undecid-
able even if the database is known; this has been established in [9]
for the restricted chase, and it was observed in [22] that the same
proof shows undecidability also for the (semi-)oblivious chase.

1.3 Towards Positive Results
Although the chase termination problem is undecidable in gen-

eral, the proof in [12] does not show the undecidability of the prob-
lem for TGDs that enjoy some structural conditions, which in turn
guarantee favorable model-theoretic properties. Such a key condi-
tion is guardedness, a well-accepted paradigm that gives rise to ro-
bust rule-based languages [4, 6, 7] that capture important databases
constraints such as inclusion dependencies, and lightweight de-
scription logics such as DL-Lite [8] and EL [3]. A TGD is guarded
if it has an atom in the left-hand side that contains (or guards) all
the universally quantified variables. Guardedness guarantees the
tree-likeness of the underlying models, and thus the decidability
of central database problems such as query answering under con-
straints. The question that comes up is whether guardedness has
the same positive impact on the chase termination problem:

Question 1: Given a set Σ of guarded TGDs, is it possible to de-
cide whether, for every database D, the chase on D and Σ
terminates?

Of course, if the answer to the above question is positive, then
the next step is to understand how complex is the problem of deter-
mining whether the chase terminates:

Question 2: Given a set Σ of guarded TGDs, what is the exact
complexity of deciding whether, for every database D, the
chase on D and Σ terminates?

Our main goal in this work is to study in depth the chase termi-
nation problem for guarded TGDs, and give answers to the above
fundamental questions. In fact, we focus on the (semi-)oblivious
versions of the chase, and we show that deciding termination for
guarded TGDs is decidable. Surprisingly, this work is to our knowl-
edge the first one that establishes positive results for the chase ter-
mination problem. Although the (semi-)oblivious versions of the
chase are considered as non-standard ones, they have certain ad-
vantages that make them as important as the restricted chase, and
thus they deserve our attention. In particular, unlike the restricted
chase, the application of a TGD does not require checking if the
head of the TGD is already satisfied by the instance, and this guar-
antees technical clarity and efficiency; see [6, 22] for a discussion
on the advantages of the oblivious and semi-oblivious chase.

From our analysis, it turned out that to decide the termination
of the chase is inherently different from query answering under
guarded TGDs. For our purposes, we had to tame the combinatorial
nature of the chase procedure, and understand how different chase
derivations affect each other during the construction of the chase.
More precisely, we had to understand when a sequence of TGDs
gives rise to a valid derivation during the construction of the chase,
and whether such a derivation is infinite. These low level issues are
irrelevant for query answering, and this is the reason why the chase
termination problem is generally considered more challenging than
query answering.

It is clear that our positive results immediately give rise to new
decidable query languages that can directly exploit the chase pro-
cedure. Another goal of the present paper is to clarify the expres-
siveness of those languages:

Question 3: What is the relative expressive power of the query
language obtained from the fragment of guarded TGDs that
ensures the termination of the chase?

1.4 Impact
It is interesting to observe that key database problems may ben-

efit from our results. Such problems include: (i) computing data
exchange solutions [11], and (ii) answering conjunctive queries in
the presence of guarded TGDs [6, 7].

For data exchange, it is vital to use languages that guarantee the
termination of the chase, since data exchange solutions must be
materialized, and thus explicitly computable. Recall that the main
language for data exchange is the class of weakly-acyclic TGDs.
However, there are several data exchange scenarios that can be ex-
pressed via guarded TGDs, but not via weakly-acyclic TGDs. Our
results provide formal algorithmic tools for checking whether a set
of guarded TGDs, which is not necessarily weakly-acyclic, is suit-
able for data exchange purposes.

Regarding query answering, there are decision procedures that
allow us to answer conjunctive queries in the presence of guarded
TGDs, even if the chase is infinite. The main idea underlying
these procedures is to compute an initial finite portion of the chase,
whose size depends on the TGDs and the query, and then evaluate
the query over this finite instance. It is clear that, by following this
approach, for queries of different size we are forced to compute the
relevant part of the chase, which is an expensive task. However,

92



General Bounded Arity
Simple Linear NL-c NL-c

Linear PSPACE-c NL-c
Guarded 2EXPTIME-c EXPTIME-c

Weakly-Guarded 2EXPTIME-c EXPTIME-c

Table 1: Complexity of (Semi-)Oblivious Chase Termination.

if we know that the given set of TGDs guarantees the termination
of the chase, then we can simply compute once a (finite) universal
model, and then evaluate queries directly on that model.

1.5 Summary of Contributions
We first concentrate, in Section 4, on linear and simple linear

TGDs, two key subclasses of guarded TGDs. Linear TGDs have
only one atom in the left-hand side, while simple linear TGDs do
not allow the repetition of variables in the left-hand side. Despite
their simplicity, the above classes are powerful enough for captur-
ing prominent database dependencies, and in particular inclusion
dependencies, as well as key description logics such as DL-Lite.
We syntactically characterize the fragment of linear and simple lin-
ear TGDs that ensures the termination of the oblivious and semi-
oblivious chase via rich- and weak-acyclicity, respectively. More
precisely, we show that a set of simple linear TGDs ensures the
termination of the oblivious (resp., semi-oblivious) chase iff it is
richly-acyclic (resp., weakly-acyclic). However, for linear TGDs
we need to carefully extend rich- and weak-acyclicity. After ex-
posing the reasons why the above acyclicity notions are not pow-
erful enough for our purposes, we introduce critical-rich-acyclicity
and critical-weak-acyclicity, and we show that they characterize
the fragment of linear TGDs that guarantees the termination of the
oblivious and semi-oblivious chase, respectively.

The above syntactic characterizations, apart from being interest-
ing in their own right, allow us to obtain optimal upper bounds for
the chase termination problem under (simple) linear TGDs — we
simply need to analyze the complexity of deciding whether a set
of (simple) linear TGDs enjoys the above acyclicity-based condi-
tions. In particular, we show that the problem for simple linear
TGDs is NL-complete, even for unary and binary predicates, while
for linear TGDs is PSPACE-complete, in general, and NL-complete
for predicates of bounded arity. For the hardness results, a generic
technique, called the looping operator, is proposed, which allows
us to obtain lower bounds for the chase termination problem in a
uniform way. In fact, the goal of the looping operator is to pro-
vide a generic reduction from propositional atom entailment to the
complement of chase termination.

We then proceed, in Section 5, with guarded and the more gen-
eral language of weakly-guarded TGDs. Although there is no way
(at least no obvious one) to syntactically characterize the fragments
of (weakly-)guarded TGDs that ensure the termination of the chase,
it is possible to show that the problem of recognizing the above
classes is decidable, and in particular 2EXPTIME-complete, in gen-
eral, and EXPTIME-complete for predicates of bounded arity. The
upper bounds are obtained by exhibiting an alternating algorithm
that runs in exponential space, in general, and in polynomial space
in case of predicates of bounded arity. The lower bounds are ob-
tained by reductions from the acceptance problem of alternating
exponential (resp., polynomial) space clocked Turing machines,
i.e., Turing machines equipped with a counter. These reductions
are obtained by modifying significantly existing reductions for the
problem of propositional atom entailment under (weakly-)guarded
TGDs, and then exploiting the looping operator mentioned above.
The complexity results in this paper are summarized in Table 1.

Finally, in Section 6, we investigate the expressive power of our
languages. In particular, we show that the query language based on
the fragment of (simple) linear TGDs that guarantees the termina-
tion of the chase has the same expressive power as (simple) linear
UCQs (unions of conjunctive queries). Similarly, we show that the
query language based on the fragment of (weakly-)guarded TGDs
that guarantees the termination of the chase has the same expres-
sive power as (weakly-)guarded Datalog. The above results show
that the new languages obtained from our analysis do not provide
us with more expressive power compared to the standard database
query languages. Nevertheless, we have a strong indication that the
fragment of (weakly-)guarded TGDs that guarantees the termina-
tion of the chase is more succinct than (weakly-)guarded Datalog.

2. PRELIMINARIES

2.1 General Definitions
We define the following pairwise disjoint sets of symbols: a set

C of constants (constitute the “normal” domain of a database), a
set N of (labeled) nulls (used as placeholders for unknown values,
and thus can be also seen as (globally) existentially quantified vari-
ables), and a set V of (regular) variables (used in dependencies).
A fixed lexicographic order is assumed on (C∪N) such that every
null of N follows all constants of C. We denote by X sequences
(or sets, with a slight abuse of notation) of variables or constants
X1, . . . , Xk, with k > 0. Throughout, let [n] = {1, . . . , n}, for
any integer n > 1.

A (relational) schema R is a (finite) set of relational symbols
(or predicates), each with its associated arity. We write p/n to
denote that p is an n-ary predicate. A position p[i] (in a schema
R) is identified by a predicate p ∈ R and its i-th argument (or
attribute). The set of positions of R, denoted by pos(R), is defined
as {p[i] | p/n ∈ R and i ∈ [n]}. A term t is a constant, null or
variable. An atomic formula (or simply atom) has the form p(t),
where p is a predicate, and t a tuple of terms. An atom is called
ground if all of its terms are constants of C. For an atom a, we refer
to its predicate by pred(a), and we denote by dom(a), var(a)
and pos(a) the set of its terms, the set of its variables, and the
set of its positions, respectively. Given a set of positions Π, we
denote by var(a,Π) the set of variables occurring in a at positions
of Π. Furthermore, given a set of variables U, pos(a,U) is the
set of positions in a at which variables of U occur. The above
notations naturally extend to sets of atoms. Conjunctions of atoms
are often identified with the sets of their atoms. An instance I is a
(possibly infinite) set of atoms of the form p(t), where t is a tuple
of constants and nulls. A database D is a finite instance such that
dom(D) ⊂ C.

A substitution from a set of symbols S to a set of symbols S′

is a function h : S → S′ defined as follows: ∅ is a substitution
(empty substitution), and if h is a substitution, then (h∪{s→ s′})
is a substitution, where (s, s′) ∈ S × S′. The restriction of h to
T ⊆ S, denoted as h|T , is the substitution h′ = {t → h(t) | t ∈
T}. A homomorphism from a set of atoms A to a set of atoms
A′ is a substitution h : (C ∪ N ∪ V) → (C ∪ N ∪ V) such
that: t ∈ C implies h(t) = t, and r(t1, . . . , tn) ∈ A implies
h(r(t1, . . . , tn)) = r(h(t1), . . . , h(tn)) ∈ A′.

A tuple-generating dependency (TGD) σ is a first-order formula
∀X∀Y(φ(X,Y) → ∃Zψ(X,Z)), where (X ∪ Y ∪ Z) ⊂ V,
and φ,ψ are conjunctions of atoms; φ(X,Y) is the body of σ, de-
noted body(σ), while ψ(X,Z) is the head of σ, denoted head(σ).
The frontier of σ, denoted fr(σ), is the set of variables X, and we
define frpos(σ) as the set of positions pos(head(σ), fr(σ)). Let
also ex (σ) = Z. Assuming that head(σ) = a1 ∧ . . . ∧ ak, let
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(σ, i), where i ∈ [k], be the single-head TGD body(σ) → ai. The
schema of set Σ of TGDs, denoted sch(Σ), is defined as the set of
predicates occurring in Σ. An instance I satisfies σ, written I |= σ,
if the following holds: whenever there exists a homomorphism h
such that h(φ(X,Y)) ⊆ I , then there exists h′ ⊇ h|X such that
h′(ψ(X,Z)) ⊆ I . The instance I satisfies a set Σ of TGDs, written
I |= Σ, if I |= σ for each σ ∈ Σ. For brevity, we omit the univer-
sal quantifiers in front of TGDs, and use the comma (instead of ∧)
for conjoining atoms. For technical clarity, we focus our attention
on constant-free TGDs.

A TGD σ is guarded if there exists an atom a ∈ body(σ) that
contains (or “guards”) all the variables of body(σ) [6]. The class
of guarded TGDs, denoted G, is defined as the family of all possi-
ble sets of guarded TGDs. Weakly-guarded TGDs extend guarded
TGDs by requiring only the body-variables that appear at affected
positions, i.e., positions that can host nulls during the chase, to ap-
pear in the guard; for the formal inductive definition of affected
positions see [6]. The corresponding class is denoted WG. We
write guard(σ) for the guard of a (weakly-)guarded TGD σ. A key
subclass of G are the so-called linear TGDs [7], that is, TGDs with
just one body-atom (which is automatically a guard), and the corre-
sponding class is denoted L. A set of linear TGDs is called simple if
there is no repetition of variables in the body of the TGDs, and the
corresponding class is denoted SL. It is straightforward to verify
that SL ⊂ L ⊂ G ⊂ WG.

2.2 (Semi-)Oblivious TGD Chase Procedure
The TGD chase procedure (or simply chase) takes as input an

instance I and a set Σ of TGDs, and constructs a universal model
of I and Σ. The chase works on I by applying the so-called trigger
for a set of TGDs on I . In what follows, fix a set Σ of TGDs and
an instance I .

Definition 1. A trigger for Σ on I is a pair (σ, h), where σ ∈ Σ
and h is a homomorphism such that h(body(σ)) ⊆ I . An ap-
plication of (σ, h) to I returns J = (I ∪ h′(head(σ))), where
h′ ⊇ h|fr(σ) is such that, for each existentially quantified variable
Z ∈ ex (σ), h′(Z) ∈ N does not occur in I , and follows lexico-
graphically all nulls in I . Such a trigger application is written as
I⟨σ, h⟩J .

The choice of the type of the next trigger to be applied is crucial
since it gives rise to different variations of the chase procedure. In
this work, we mainly focus our attention on the oblivious [6] and
semi-oblivious [15, 22] chase.

Oblivious. A finite sequence I0, I1, . . . , In, where n > 0, is
said to be a terminating oblivious chase sequence of I0 w.r.t. a
set Σ of TGDs if: (i) for each 0 6 i < n, there exists a trig-
ger (σ, h) for Σ on Ii such that Ii⟨σ, h⟩Ii+1; (ii) for each 0 6
i < j < n, assuming that Ii⟨σi, hi⟩Ii+1 and Ij⟨σj , hj⟩Ij+1,
σi = σj implies hi ̸= hj , i.e., hi and hj are different homo-
morphisms; and (iii) there is no trigger (σ, h) for Σ on In such
that (σ, h) ̸∈ {(σi, hi)}06i6n−1. In this case, the result of the
chase is the (finite) instance In. An infinite sequence I0, I1, . . . of
instances is said to be a non-terminating oblivious chase sequence
of I0 w.r.t. Σ if: (i) for each i > 0, there exists a trigger (σ, h)
for Σ on Ii such that Ii⟨σ, h⟩Ii+1; (ii) for each i, j > 0 such that
i ̸= j, assuming that Ii⟨σi, hi⟩Ii+1 and Ij⟨σj , hj⟩Ij+1, σi = σj

implies hi ̸= hj ; and (iii) for each i > 0, and for every trigger
(σ, h) for Σ on Ii, there exists j > i such that Ij⟨σ, h⟩Ij+1; this is
known as the fairness condition, and guarantees that all the triggers
eventually will be applied. The result of the chase is ∪i>0Ii.

Semi-oblivious. The semi-oblivious chase is a refined version
of the oblivious chase, which avoids the application of some super-

fluous triggers. Roughly speaking, given a TGD σ, for the semi-
oblivious chase, two homomorphisms h and g that agree on the
frontier of σ, i.e., h|fr(σ) = g|fr(σ), are indistinguishable. To for-
malize this, we first define the binary relation ∼σ on the set of
homomorphisms Hσ = {h | h : var(body(σ)) → (C ∪ N)}
as follows: h ∼σ g iff h|fr(σ) = g|fr(σ). It is easy to verify that
∼σ is an equivalence relation on the elements of Hσ . A (termi-
nating or non-terminating) oblivious chase sequence I0, I1, . . . is
called semi-oblivious if the following holds: for every i, j > 0
such that i ̸= j, assuming that Ii⟨σi, hi⟩Ii+1 and Ij⟨σj , hj⟩Ij+1,
σi = σj = σ implies hi ̸̸∼σ hj , i.e., hi and hj belong to different
equivalence classes.

Henceforth, we write o-chase and so-chase for oblivious and
semi-oblivious chase, respectively.

3. CHASE TERMINATION PROBLEM
We know that, due to the existentially quantified variables, a ⋆-

chase sequence, where ⋆ ∈ {o, so}, may be infinite.

Example 2. Consider the database D = {p(a, b)}, and

Σ = {p(X,Y ) → ∃Z p(Y,Z)}.

There exists only one ⋆-chase sequence of D w.r.t. Σ, where ⋆ ∈
{o, so}, which is non-terminating, i.e., I0, I1, . . . with

I0 = {p(a, b)}
I1 = {p(a, b), p(b, z1)}
Ii = Ii−1 ∪ {p(zi−1, zi)}, for i > 2,

where z1, z2, . . . are nulls of N.

For a set of TGDs, a key question is whether all or some ⋆-chase
sequences are terminating on all databases. Before formalizing the
above problem, let us recall the following crucial classes of TGDs:

CT⋆
∀ = {Σ | ∀D, all ⋆ -chase sequences of

D w.r.t. Σ are terminating}
CT⋆

∃ = {Σ | ∀D, there exists a terminating
⋆-chase sequence of D w.r.t. Σ}.

The decision problems tackled in this work are as follows:

∀-SEQUENCE ⋆-CHASE TERMINATION:
Instance: A set Σ of TGDs.
Question: Does Σ ∈ CT⋆

∀?

∃-SEQUENCE ⋆-CHASE TERMINATION:
Instance: A set Σ of TGDs.
Question: Does Σ ∈ CT⋆

∃?

It would be quite beneficial for our later investigation to under-
stand how the above problems are related. To this aim, we recall
that CTo

∀ = CTo
∃ ⊂ CTso

∀ = CTso
∃ [15]. This implies that the pre-

ceding decision problems coincide for the (semi-)oblivious chase.
Henceforth, we refer to the ⋆-chase termination problem, and we
write CT⋆ for the classes CT⋆

∀ and CT⋆
∃, where ⋆ ∈ {o, so}.

Another useful notion is the so-called critical database for a set
of TGDs [22]. Formally, the critical database for a schema R is
the database Dc(R) = {p(c, . . . , c) | p ∈ R and c ∈ C}. The
critical database for a set Σ of TGDs is defined as the database
Dc(sch(Σ)); for brevity, we will refer to Dc(sch(Σ)) by Dc(Σ).
To check for the termination of the (semi-)oblivious chase it suf-
fices to focus on the critical database [22].
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Figure 1: (Extended) dependency graph of Example 3.

4. LINEARITY
We proceed to investigate the (semi-)oblivious chase termina-

tion problem for (simple) linear TGDs. The goal of this section is
twofold: for every ⋆ ∈ {o, so},

1. Syntactically characterize the classes (CT⋆∩SL) and (CT⋆∩
L); and

2. Pinpoint the complexity of the ⋆-chase termination problem
for sets of TGDs of (S)L.

For our first goal, we are going to exploit existing syntactic condi-
tions that guarantee the termination of every (semi-)oblivious chase
sequence on all databases; in fact, our analysis will build on rich-
acyclicity [19] and weak-acyclicity [11]. More precisely, we are
going to show that for simple linear TGDs rich-acyclicity (resp.,
weak-acyclicity) is enough for characterizing (CTo ∩ SL) (resp.,
(CTso ∩ SL)). However, for (non-simple) linear TGDs this is not
the case, and we need to carefully extend rich- and weak-acyclicity.
The above syntactic characterizations, apart from being interesting
in their own right, allow us to obtain optimal upper bounds for the
⋆-chase termination problem for (S)L, and thus achieving our sec-
ond goal — we simply need to analyze the complexity of deciding
whether a set of (simple) linear TGDs enjoys the above acyclicity-
based conditions. But let us first recall those conditions.

Weak- and Rich-Acyclicity
Both weak- and rich-acyclicity are defined via an acyclicity condi-
tion on a graph, which encodes how terms are propagated among
the positions of the underlying schema during the chase. In fact,
weak-acyclicity uses the well-known dependency graph [11], while
rich-acyclicity the so-called extended dependency graph [19]. In
the sequel, we assume a fixed order on the head-atoms of TGDs.

Definition 2. The dependency graph of a set Σ of TGDs is a
labeled directed multigraph DG(Σ) = (N,E, λ), where N =
pos(sch(Σ)), λ : E → Σ × N, and the edge-set E is as fol-
lows: for each σ ∈ Σ, for each V ∈ fr(σ), and for each π ∈
pos(body(σ), V ), with head(σ) = a1, . . . , ak:

1. for each i ∈ [k], and for each π′ ∈ pos(ai, V ), there is a
normal edge e = (π, π′) ∈ E with λ(e) = (σ, i);

2. for each W ∈ ex (σ), for each i ∈ [k], and for each π′ ∈
pos(ai,W ), there is a special edge e = (π, π′) ∈ E with
λ(e) = (σ, i);

3. no other edges are in E.

A normal edge (π, π′) in the dependency graph keeps track of
the fact that a term may propagate from π to π′ during the chase.
Moreover, a special edge (π, π′′) keeps track of the fact that prop-
agation of a value from π to π′ also creates a null at position π′′.

Example 3. Consider the set Σ consisting of the TGD

σ = p(X,Y ) → ∃Z s(X,Z), p(X,Z).

The graph DG(Σ) is depicted in Figure 1(a), where the dashed ar-
rows represent special edges. Observe that the normal edges occur
due to the variable X , while the special edges due to the existen-
tially quantified variable Z.

The extended dependency graph of a set Σ of TGDs, introduced
in [19], is obtained from the dependency graph of Σ by adding
some additional special edges from the positions where non-frontier
variables occur to the positions where existentially quantified vari-
ables appear. The extended dependency graph of Σ given in Exam-
ple 2 is shown in Figure 1(b); the additional special edges (dashed
arrows) are due to the non-frontier variable Y . Having the above
structures in place, we can recall weak- and rich-acyclicity. A set
Σ of TGDs is weakly-acyclic (resp., richly-acyclic) if no cycle in
DG(Σ) (resp., EDG(G)) contains a special edge. The correspond-
ing classes are WA and RA, respectively; clearly, RA ⊂ WA.

4.1 Characterizing (CTo ∩ SL) and (CTso ∩ SL)

4.1.1 Oblivious Chase
We start our investigation by showing that rich-acyclicity char-

acterizes the fragment of SL that guarantees the termination of the
oblivious chase. In particular, we prove that:

THEOREM 1. (CTo ∩ SL) = (RA ∩ SL).

To establish the above theorem it suffices to show that, for an
arbitrary set of TGDs Σ ∈ SL, Σ ∈ CTo iff Σ ∈ RA. The “if” di-
rection has been shown in [19]. Assume now that Σ ̸∈ RA. We are
going to show that there exists a databaseD, and a non-terminating
o-chase sequence of D w.r.t. Σ, which immediately implies that
Σ ̸∈ CTo. But let us first introduce our generic technical tool,
which will be used also for the semi-oblivious chase, and all the
other languages that we treat in this work. Given a TGD σ, ⋄⋆σ is
defined as ̸=, if ⋆ = o, and ̸∼σ , if ⋆ = so.

Definition 3. A set Σ of TGDs admits an infinite ⋆-chase deriva-
tion, where ⋆ ∈ {o, so}, if there exist infinite sequences I0, I1, . . .
and (σ0, h0), (σ1, h1), . . ., where I0 is a database, and σ0, σ1, . . . ∈
Σ, such that

1. for each i > 0, Ii⟨σi, hi⟩Ii+1; and
2. for each i ̸= j > 0, σi = σj = σ implies hi ⋄⋆σ hj .

It is possible to show that the ⋆-chase termination problem, where
⋆ ∈ {o, so}, is tantamount to the problem of deciding whether a set
of TGDs admits an infinite ⋆-chase derivation.

PROPOSITION 2. Consider a set Σ of TGDs. Σ ̸∈ CT⋆ iff Σ
admits an infinite ⋆-chase derivation, where ⋆ ∈ {o, so}.

The “only-if” direction is trivial. For the “if” direction, it suffices
to show that there exists a database D, and a non-terminating ⋆-
chase sequence of D w.r.t. Σ. By hypothesis, we have sequences
I0, I1, . . . and (σ0, h0), (σ1, h1), . . . as in Definition 3. A non-
terminating ⋆-chase sequence of I0 w.r.t. Σ is

J0, J
1
0 , . . . , J

k0
0 , J1, J

1
1 , . . . , J

k1
1 , J2, . . .

where,

- J0 = I0;
- for each i > 0, there exists a trigger (σ, h) for Σ on Ji such

that Ji⟨σ, h⟩J1
i ;

- for each i > 0 and 1 6 j < ki, there exists a trigger (σ, h)
for Σ on Ji such that Jj

i ⟨σ, h⟩J
j+1
i ;
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Figure 2: Cycles for Examples 4 and 5.

- for each i > 0, Jki
i ⟨σi, hi⟩Ji+1; recall that (σi, hi) is a

trigger occurring in the sequence obtained by hypothesis;
- for each pair of triggers (σ, h) and (σ′, h′) considered above,
σ = σ′ implies h ⋄⋆σ h′; and

- for each i > 0, ki > 0 is the maximal integer such that the
above conditions hold.

Roughly, the above chase sequence constructs the chase in a
level-by-level fashion, where level zero is defined as J0, and the
atoms of level i are obtained by applying TGDs on atoms of level
i−1, by giving priority to the triggers (σ0, h0), (σ1, h1), . . .. Thus,
the fairness condition is guaranteed, and Proposition 2 follows.

We proceed with the proof of Theorem 1. Recall that we need to
show the following: for the set Σ ∈ SL, Σ ̸∈ RA implies Σ ̸∈ CTo.
By Proposition 2, it suffices to show that, if Σ ̸∈ RA, then Σ admits
an infinite o-chase derivation. The rest of this section is devoted to
establish that indeed Σ admits an infinite o-chase derivation.

By hypothesis, there exists a cycle in EDG(Σ) that contains a
special edge; let (v0, v1), (v1, v2), . . . , (vn−1, vn) be such a cycle
(v0 = vn) with λ((vi, vi+1)) = (σi, ki), for each 0 6 i < n. In
the sequel, we refer to the above cycle by C. One may claim that,
starting from a database D that triggers the TGD σ0, the cycle C
will give rise to an infinite o-chase derivation, which in turn implies
that Σ admits an infinite o-chase derivation, as needed. However,
such a derivation may be invalid due to the fact that the involved
triggers are not distinct. There is no guarantee that the edges of C
that are labeled with the same TGD give rise to different triggers.

Example 4. Consider the set Σ′ ∈ SL consisting of

ρ1 = p(X,Y ) → ∃Z s(Z,Z)
ρ2 = s(X,Y ) → p(Y,X)
ρ3 = p(X,Y ) → s(X,Y ).

It is easy to verify that the cycle depicted in Figure 2(a), where
the dashed arrow represents a special edge, occurs in EDG(Σ′).
Starting from I0 = {p(c, c)}, where c ∈ C, if we apply the TGDs
as dictated by this cycle, we get an infinite sequence of instances
I0, I1, . . . with

I1 = I0 ∪ {s(z1, z1)}
I2 = I3 = I4 = I1 ∪ {p(z1, z1)}
I5 = I4 ∪ {s(z2, z2)}
I6 = I7 = I8 = I5 ∪ {p(z2, z2)}
. . .

where z1, z2, . . . are nulls. However, this sequence is not a valid
o-chase derivation since, for each i ∈ {1, 5, 9, 13, . . .}, assum-
ing that Ii⟨ρ2, h⟩Ii+1 and Ii+2⟨ρ2, h′⟩Ii+3, h = h′ = {X2 →
z⌈ i

4
⌉, Y2 → z⌈ i

4
⌉}. Thus, (ρ2, h), (ρ2, h′) are not distinct, as re-

quired by an infinite o-chase derivation.

Although C does not necessarily encode a valid infinite o-chase
derivation, it is possible to show that in EDG(Σ) there exists a
cycle C′, whose length is less or equal than the length of C, which
encodes a valid infinite o-chase derivation. Intuitively speaking,
if we avoid to reapply the repeated triggers that are involved in the

infinite sequence of instances obtained due toC, then we get a valid
o-chase derivation, which corresponds to C′. In fact, C′ is one of
the shortest cycles in EDG(Σ) that contains a special edge. Let us
illustrate this via an example that builds on Example 4.

Example 5. Consider the set Σ′ given in Example 4. As already
discussed above, starting from I0 = {p(c, c)}, and applying the
TGDs as dictated by the cycle of EDG(Σ) shown in Figure 2(a),
we obtain an infinite sequence of instances that is not a valid o-
chase derivation, since some of the involved triggers are repeated.
If we avoid to reapply those triggers, then we get an infinite se-
quence of instances J0 = I0, J1, . . . with

J1 = J0 ∪ {s(z1, z1)} J2 = J1 ∪ {p(z1, z1)}
J3 = J2 ∪ {s(z2, z2)} J4 = J3 ∪ {p(z2, z2)}
. . .

where z1, z2, . . . are nulls of N. It is easy to verify that J0, J1, . . .
is a valid infinite o-chase derivation, and that this derivation cor-
responds to the cycle of EDG(Σ′) depicted in Figure 2(b). This
cycle is of length two, and there is no shorter cycle that contains a
special edge.

From the above discussion, one can exploit the minimal cycles
in the extended dependency graph, and show that:

LEMMA 3. For every set Σ ∈ SL, if Σ ̸∈ RA, then Σ admits an
infinite o-chase derivation.

By Proposition 2 and Lemma 3, we immediately get that Σ ̸∈
CTo, and Theorem 1 follows.

4.1.2 Semi-Oblivious Chase
By following a similar approach, we can characterize the frag-

ment of SL that guarantees the termination of the semi-oblivious
chase. For a set of TGDs Σ, Σ ∈ (RA ∩ SL) implies Σ ∈ (CTo ∩
SL), which in turn implies Σ ∈ (CTso ∩ SL). However, the other
direction is, in general, not true. Consider the set Σ given in Exam-
ple 3. It is easy to verify that Σ ∈ (CTso∩SL), but Σ ̸∈ (RA∩SL),
since in its extended dependency graph, which is depicted in Fig-
ure 1, there exists a cycle that contains a special edge.

The main reason why rich-acyclicity is not enough for charac-
terizing (CTso ∩ SL), is the existence (in the extended dependency
graph) of the special edges from the positions where non-frontier
variables occur to the positions where existentially quantified vari-
ables appear. In fact, those edges encode erroneous propagations
of nulls that do not take place during the construction of the semi-
oblivious chase. Recall that after eliminating those problematic
special edges, we get a graph structure that coincides with the de-
pendency graph. This observation led us to conjecture that weak-
acyclicity is enough for characterizing (CTso ∩ SL). By giving
a proof similar to that of Lemma 3, with the difference that we
exploit the dependency graph instead of the extended dependency
graph, we show that:

LEMMA 4. For every set Σ ∈ SL, if Σ ̸∈ WA, then Σ admits
an infinite so-chase derivation.

By Proposition 2 and Lemma 4, we immediately get that Σ ̸∈
WA implies Σ ̸∈ CTso. Notice that the other direction is implicit
in [22], where the same has been shown for a superclass of WA,
and the next result follows:

THEOREM 5. (CTso ∩ SL) = (WA ∩ SL).
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Figure 3: Extended dependency graphs of Examples 6 and 7.

4.1.3 Consequences to Other Formalisms
Despite their simplicity, simple linear TGDs are powerful enough

for capturing prominent database dependencies, and in particular
inclusion dependencies; see, e.g., [1]. It is well-known that in-
clusion dependencies correspond to simple linear (constant-free)
TGDs with just one head-atom without repetition of variables, and
we refer to this formalism by ID. Furthermore, simple linear TGDs
generalize prominent ontology languages, and in particular DL-
LiteR [8]. In fact, DL-LiteR (ignoring non-membership and dis-
jointness axioms) corresponds to simple linear TGDs that use only
unary and binary predicates; we refer by DL-LiteTGD to this for-
malism. It is evident that our preceding results on simple linear
TGDs immediately imply the following:

COROLLARY 6. It holds that,

1. (CT⋆ ∩ ID) = (L(⋆) ∩ ID),
2. (CT⋆ ∩ DL-LiteTGD) = (L(⋆) ∩ DL-LiteTGD),

where ⋆ ∈ {o, so}, L(o) = RA, and L(so) = WA.

4.2 Characterizing (CTo ∩ L) and (CTso ∩ L)

4.2.1 Oblivious Chase
We proceed with the characterization of the fragment of L that

guarantees the termination of the oblivious chase. Let us first ex-
pose, by means of simple examples, the two reasons for which rich-
acyclicity is not enough for our purposes.

Example 6. Consider the set Σ ∈ L consisting of

σ1 = p(X,X) → ∃Z s(Z,X)
σ2 = s(X,X) → ∃Z p(Z,X).

It is easy to verify that in the extended dependency graph of Σ,
depicted in Figure 3(a), there exists a cycle that contains a special
edge. However, for every database D, every o-chase sequence of
D w.r.t. Σ is terminating.

As shown above, the first reason why rich-acyclicity is not enough
for characterizing (CTo∩L), is the fact that a cycle in the extended
dependency graph does not necessarily encode a chase derivation.
Consider, for example, the cycle (p[1], s[1]), (s[1], p[1]), where the
first edge is labeled by σ1, and the second edge by σ2. One expects
that, after applying σ1 during the chase, the obtained atom a may
trigger σ2. However, this is not the case, since a is necessarily of
the form s(t, t′), where t ̸= t′, which means that there is no homo-
morphism from body(σ2) to a. The atom a is of the above form
since, in the head-atom of σ1, at position s[1] we have an existen-
tially quantified variable, while at position s[2] a frontier variable.

The above informal discussion, demonstrates the need of find-
ing an effective way for guaranteeing that a cycle in the extended
dependency graph can indeed be traversed during the construction
of the chase, in which case is called active. To this end, we need
to understand when, for two single-head linear TGDs σ1 and σ2,

the atom obtained by applying σ1 may trigger σ2. Notice that we
focus on single-head TGDs, since, by definition, the edges of the
extended dependency graph are labeled by single-head TGDs. The
above property is captured by the notion of compatibility. In the
sequel, we assume the reader is familiar with the notion of unifica-
tion. Given two atoms a and b that unify, we denote by MGU(a, b)
their most general unifier.

Definition 4. Let σ1 and σ2 be single-head linear TGDs. Then,
σ1 is compatible with σ2 if: head(σ1) and body(σ2) unify, and for
each X ∈ var(body(σ2)), assuming Π = pos(body(σ2), {X}),
either var(head(σ1),Π) ⊆ fr(σ1), or, var(head(σ1),Π) = {Z},
for some Z ∈ ex (σ1).

Clearly, in Example 6, σ1 is not compatible with σ2, and vice-
versa. Having the notion of compatibility in place, one may be
tempted to claim that a sequence σ1, . . . , σn of single-head linear
TGDs is active if, for each i ∈ [n− 1], σi is compatible with σi+1.
However, this does not capture our intention. Instead, we need to
ensure that the resolvent of such a sequence, which is a single-head
linear TGD that simulates the behavior of σ1, . . . , σn, exists.

Definition 5. The resolvent of a sequence σ1, . . . , σn of single-
head linear TGDs, denoted R(σ1, . . . , σn), is inductively defined
as follows (for convenience, we write ρ for R(σ1, . . . , σn−1)):

1. R(σ1) = σ1; and
2. R(σ1, . . . , σn) = θ(body(ρ)) → θ(head(σn)), where θ =

MGU(head(ρ), body(σn)) if ρ ̸= ⊥ and ρ is compatible
with σn; otherwise, R(σ1, . . . , σn) = ⊥.

The sequence σ1, . . . , σn is active if R(σ1, . . . , σn) ̸= ⊥.

Apparently, in order to achieve our goal, we need to extend rich-
acyclicity to active-rich-acyclicity, by allowing cycles with special
edges to appear in the extended dependency graph, as long as they
do not give rise to active sequences of single-head linear TGDs.
Unfortunately, active-rich-acyclicity is still not expressive enough
for characterizing the fragment of linear TGDs that guarantees the
termination of the oblivious chase.

Example 7. Consider the set Σ ∈ L consisting of

σ1 = p(X,Y, Z) → s(X,Y, Z)
σ2 = s(X,Y,X) → ∃Z p(Y,Z,X).

It is easy to verify that in EDG(Σ), depicted in Figure 3(b), there
exists an active cycle that contains a special edge. For example,
C = (p[2], s[2]), (s[2], p[2]) gives rise to the sequence σ1, σ2.
Since σ1 is compatible with σ2, we get that R(σ1, σ2) ̸= ⊥, which
in turn implies that C is active. Even if Σ is not actively-richly-
acyclic, we can show that, for every D, every o-chase sequence of
D w.r.t. Σ is terminating. To this aim, it suffices to verify that ev-
ery o-chase sequence of the critical database Dc({p, s}) w.r.t. Σ is
terminating.

The above example exposes the second reason why rich-acyclicity
is not expressive enough for characterizing (CTo∩L). In particular,
even if a cycle in the extended dependency graph is active, which
means that it can be traversed at least once during the construction
of the chase, it is not guaranteed that it can be traversed infinitely
many times, and thus give rise to an infinite chase derivation. Con-
sider, for example, the cycle C = (p[2], s[2]), (s[2], p[2]), where
the first edge is labeled by σ1, and the second edge by σ2. Since
C is active, one expects that, starting from p(c, c, c), where p is the
predicate of body(σ1), we can apply σ1, σ2, σ1, . . . infinitely many
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times during the chase. However, after applying σ1, σ2, σ1, σ2, σ1,
we obtain a = s(t, t′, c), where t ̸= t′, and thus there is no ho-
momorphism from body(σ2) to a. In other words, the cycle C
can be traversed twice, but during its third traversal σ2 is not trig-
gered. The reason for this behavior is the fact that the sequence
R(σ1, σ2),R(σ1, σ2),R(σ1, σ2) of length three (the chase deriva-
tion is blocked during the third traversal of C) is not active.

It is clear that we need an effective way for ensuring that an ac-
tive cycle in the extended dependency graph can be traversed in-
finitely many times during the construction of the chase. In particu-
lar, assuming that an active cycle is labeled by the TGDs σ1, . . . , σn,
we need to ensure that, for every k > 0, if ρ = R(σ1, . . . , σn), the
sequence ρ, . . . , ρ of length k is active, in which case σ1, . . . , σn is
critical. Interestingly, as we shall see below, for ensuring the above
criticality condition, we only need to consider sequences of length
up to (ωσ1+1), where ωσ1 is the arity of the predicate of body(σ1).
This leads to the following definition of critical sequences. Hence-
forth, σk denotes the sequence σ, . . . , σ of length k:

Definition 6. A sequence σ1, . . . , σn of single-head linear TGDs
is critical if:

1. It is active; and
2. For each k ∈ [ωσ1 + 1], ρk, where ρ = R(σ1, . . . , σn), is

active.

We proceed to extend rich-acyclicity to critical-rich-acyclicity,
which, as we shall see, characterizes (CTo ∩ L).

Definition 7. Consider Σ ∈ L, and let EDG(Σ) = (N,E, λ).
A cycle (v0, v1), . . . , (vn−1, vn) in EDG(Σ) is called critical, if
λ((v0, v1)), . . . , λ((vn−1, vn)) is critical. Σ is critically-richly-
acyclic, if no critical cycle in EDG(Σ) contains a special edge,
and the corresponding class is denoted LCriticalRA.

The main result of this section follows:

THEOREM 7. (CTo ∩ L) = LCriticalRA.

The “if” direction of the above result is shown by giving a proof
similar to the one given in [19] for showing that Σ ∈ RA implies
Σ ∈ CTo. The interesting part is to show that, for a set Σ ∈ L,
Σ ̸∈ LCriticalRA implies Σ ̸∈ CTo. By Proposition 2, it suffices
to show that, if Σ ̸∈ LCriticalRA, then Σ admits an infinite o-chase
derivation. This is a rather non-trivial task, which requires some
intermediate results.

The equality type of an atom is a set of equalities among posi-
tions that perfectly describe its shape. Formally, given a (constant-
free) atom a = p(X1, . . . , Xn), the equality type of a is defined as
eqtype(a) = {p[i] = p[j] | Xi = Xj}. For a linear TGD σ, let
eqtype(σ) = eqtype(body(σ)). The following lemma establishes
a useful property about active sequences and equality types:

LEMMA 8. Let σ be a single-head linear TGD such that σi and
σi+1 are active, for some integer i > 0, and eqtype(R(σi)) =
eqtype(R(σi+1)). Then, σi+2 is active, and eqtype(R(σi+1)) =
eqtype(R(σi+2)).

The above result allows us to show that critical cycles can be tra-
versed infinitely many times during the construction of the chase,
starting from the critical database. Consider a critical sequence
σ1, . . . , σn of single-head linear TGDs, and let ρ = R(σ1, . . . , σn).
It is not difficult to show that there exists i ∈ [ωσ1 + 1] such that
ρi and ρi+1 are active, and eqtype(R(ρi)) = eqtype(R(ρi+1)).
By recursively applying Lemma 8, we conclude that, for every
k > [ωσ1 +1], ρk is active. Moreover, since σ1, . . . , σn is critical,
for every k ∈ [ωσ1 + 1], ρk is active. From the above discussion,
we get the following crucial result:

LEMMA 9. Let σ1, . . . , σn be a critical sequence of single-head
linear TGDs. Then, for every k > 0, ρk, where ρ = R(σ1, . . . , σn),
is active.

By using Lemma 9, and the fact that the resolvent of an active
sequence of single-head linear TGDs mimics the behavior of the
sequence during the chase, starting from the critical database (this
can be easily shown by induction on the length of the sequence),
we can establish that a minimal critical cycle that contains a special
edge gives rise to an infinite chase derivation, which in turn implies
the following:

LEMMA 10. For every set Σ ∈ L, if Σ ̸∈ LCriticalRA, then Σ
admits an infinite o-chase derivation.

By Proposition 2 and Lemma 10, we get that Σ ̸∈ LCriticalRA
implies Σ ̸∈ CTo, and Theorem 7 follows.

4.2.2 Semi-Oblivious Chase
By applying similar techniques, we can characterize the frag-

ment of L that guarantees the termination of the semi-oblivious
chase. To this end, we first need to introduce the notion of critical-
weak-acyclicity, which is defined as critical-rich-acyclicity, with
the difference that the desired condition is posed on the dependency
graph, and not on the extended dependency graph.

Definition 8. A set Σ ∈ L is critically-weakly-acyclic, if no crit-
ical cycle in DG(Σ) contains a special edge, and the corresponding
class is denoted LCriticalWA.

As already discussed in Section 4.1.2, the extended dependency
graph encodes propagations of nulls that do not take place during
the construction of the semi-oblivious chase, and this is exactly
the reason why we need to rely on the dependency graph for the
characterization of (CTso ∩ L). By giving a proof similar to that
of Lemma 10, with the difference that we exploit the dependency
graph instead of the extended dependency graph, we show that:

LEMMA 11. For every set Σ ∈ L, if Σ ̸∈ LCriticalWA, then Σ
admits an infinite so-chase derivation.

By Proposition 2 and Lemma 11, Σ ̸∈ LCriticalWA implies Σ ̸∈
CTso. The proof of the other direction is along the lines of the
proof given in [11] for showing that weak-acyclicity guarantees the
termination of the restricted chase, and we get that:

THEOREM 12. (CTso ∩ L) = LCriticalWA.

4.3 Complexity of Chase Termination
Let us now proceed with our second goal, that is, to pinpoint the

complexity of the ⋆-chase termination problem for sets of TGDs of
(S)L, where ⋆ ∈ {o, so}.

4.3.1 Simple Linear TGDs
We first focus on SL, and we show the following:

THEOREM 13. Consider a set Σ ∈ SL. The problem of decid-
ing whether Σ ∈ CT⋆, where ⋆ ∈ {o, so}, is NL-complete, even
for unary and binary predicates.

Upper Bound. To obtain the upper bound, by Theorems 1 and 5,
it suffices to show that deciding whether Σ is richly-acyclic (or
weakly-acyclic) is in NL.

LEMMA 14. Consider Σ ∈ SL. The problem of deciding if
Σ ∈ L, where L ∈ {RA,WA}, is in NSPACE(log(ω · |sch(Σ)|)),
where ω is the maximum arity of sch(Σ).
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The complement of the problem under consideration can be seen
as an instance of graph reachability. In fact, we need to decide
whether there exists a node v in the (extended) dependency graph
of Σ that is reachable from itself, with the additional condition that
the path from v to itself contains at least one special edge. This
can be done via a nondeterministic procedure, where at each step
needs to remember two consecutive edges of the graph (i.e., three
positions of sch(Σ)), the origin of the traversed cycle (i.e, the po-
sition v), and a binary value indicating whether a special edge has
been visited or not. All the above elements can be maintained in
O(log(ω · |sch(Σ)|)) space.

Lower Bound. Let us now proceed with the NL-hardness. We
first introduce the so-called looping operator, which will allow us
to establish a generic complexity tool for proving lower bounds for
the chase termination problem. Notice that this tool will be used,
not only for simple linear TGDs, but also for all the other languages
considered in this work. In fact, the goal of the looping operator is
to provide a generic reduction from propositional atom entailment
to the complement of chase termination. Recall that an instance of
propositional atom entailment consists of a database D, a set Σ of
TGDs, and a propositional (i.e., 0-ary) predicate q, and the question
is whether D ∪ Σ |= q, or, equivalently, whether q belongs to the
result of the chase of D w.r.t. Σ.

Let (D,Σ, q) be an instance of propositional atom entailment.
Given an atom a = p(t), where t = (t1, . . . , tn), occurring either
in D (i.e., t ∈ Cn) or in Σ (i.e., t ∈ Vn), we define, for some
Y ∈ V not in Σ, the atomic formula

aYΣ =

 ∃Xt1 . . .∃Xtn p(Y,Xt1 , . . . , Xtn), t ∈ Cn,

p(Y, t1, . . . , tn), t ∈ Vn,

where Xt1 , . . . , Xtn ∈ V do not appear in Σ. We define ΦY
D,Σ =

(
∧

a∈D a
Y
Σ ), and ΣY as the set of TGDs obtained by replacing each

atom a occurring in Σ with aYΣ . We are now ready to define the
looping operator.

Definition 9. Let (D,Σ, q) be an instance of propositional atom
entailment. The application of the looping operator on (D,Σ, q)
returns the set of TGDs

Loop(D,Σ, q) =

{loop(X,Y ) → ΦY
D,Σ} ∪ ΣY ∪ {q(Y ) → ∃Z loop(Y,Z)},

where loop ̸∈ sch(Σ). A class of TGDs L is closed under looping
if, for every instance (D,Σ, q) of propositional atom entailment,
where Σ ∈ L, Loop(D,Σ, q) ∈ L.

By using the looping operator, we can transfer, in a uniform way,
lower bounds from propositional atom entailment to chase termina-
tion. Our generic complexity result follows:

PROPOSITION 15. Let L be a class of TGDs that is closed un-
der looping, such that propositional atom entailment for (CT⋆∩L),
where ⋆ ∈ {o, so}, is C-hard, for a complexity class C that is closed
under log-space reductions. For a set Σ ∈ L, deciding whether
Σ ∈ CT⋆ is coC-hard.

To establish the above generic result, it suffices to reduce propo-
sitional atom entailment under (CT⋆ ∩ L) to the complement of
chase termination under L. Given a (non-empty) database D, a set
Σ ∈ (CT⋆ ∩ L), and a propositional predicate q, we need to con-
struct in log-space a set Σ′ ∈ L such that,D∪Σ |= q iff there exists
a database D′ such that a non-terminating ⋆-chase sequence of D′

w.r.t. Σ′ exists. It can be shown that the above equivalence holds for
Σ′ = Loop(D,Σ, q). The key idea underlying the looping operator
can be sketchily described as follows. Consider the simple linear
TGD σ = loop(X,Y ) → ∃Z loop(Y,Z). It is easy to verify that
there exists only one ⋆-chase sequence of {loop(a, b)} w.r.t. {σ},
which is non-terminating; for details, see Example 2. Our intention
is to mimic the behavior of σ using Σ′, with the key difference that
an atom of the form loop(t′, t′′) is obtained by applying σ on an
atom loop(t, t′) only ifD∪Σ |= q. This is achieved by “plugging”
between body(σ) and head(σ) the set ΣY , which, by hypothesis,
guarantees the termination of the chase. The given database D
is generated by the TGD loop(X,Y ) → ΦY

D,Σ, while the check
whether q is entailed is performed by q(Y ) → ∃Z loop(Y,Z).
Since, by assumption, L is closed under looping, Σ′ ∈ L, and
Proposition 15 follows.

By the Immerman-Szelepcsényi theorem, coNL = NL. Thus,
to obtain the NL-hardness for the chase termination problem under
simple linear TGDs, since SL is closed under looping, by Proposi-
tion 15, it suffices to show that propositional atom entailment under
(CT⋆ ∩ SL) is NL-hard, even for unary and binary predicates. This
is shown by giving a reduction from graph reachability. Given a
directed graph G = (N,E) and two nodes s, t ∈ N , we construct
a database D, a set Σ ∈ SL, and a propositional predicate q such
that D ∪ Σ |= q iff t is reachable from s. The idea is to construct
Σ in such a way that its predicate graph coincides with G, while D
stores the node s, and q represents the node t. We get that:

LEMMA 16. Propositional atom entailment under (CT⋆∩SL),
where ⋆ ∈ {o, so}, is NL-hard, even for unary and binary predi-
cates.

Theorem 13 follows from Proposition 15, and Lemmas 14 and 16.
Notably, Loop(D,Σ, q) belongs to ID and DL-LiteTGD, and thus
Theorem 13 holds also for inclusion dependencies and DL-LiteR.

4.3.2 Linear TGDs
We now focus on arbitrary linear TGDs, and we show the fol-

lowing:

THEOREM 17. Consider a set Σ ∈ L. The problem of deciding
whether Σ ∈ CT⋆, where ⋆ ∈ {o, so}, is PSPACE-complete, and
NL-complete for predicates of bounded arity.

Upper Bound. By Theorems 7 and 12, it suffices to show that
the problem of deciding whether Σ is critically-richly-acyclic (or
critically-weakly-acyclic) can be solved in polynomial space, in
general, and in nondeterministic logarithmic space, in case of pred-
icates of bounded arity.

LEMMA 18. Consider a set Σ ∈ L. The problem of decid-
ing if Σ ∈ L, where L ∈ {LCriticalRA, LCriticalWA}, is in
NSPACE(ω log(ω · |sch(Σ)|) + ω log(ω · |Σ|)), where ω is the
maximum arity over all predicates of sch(Σ).

The above technical lemma is shown by conceiving the comple-
ment of our problem as an extended version of graph reachability.
In particular, we need to decide whether there exists a node v in
the (extended) dependency graph of Σ that is reachable from itself
via a critical cycle that contains a special edge. As for Lemma 14,
this can be done via a nondeterministic procedure. However, in or-
der to check for the criticality of the traversed cycle, apart from the
two consecutive edges, the origin of the cycle, and the binary flag,
we also need to remember the resolvent of the TGDs that label the
visited edges. Such a resolvent can be computed and maintained in
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Figure 4: Infinite chase derivation

O(ω log(ω · |sch(Σ)|) + ω log(ω · |Σ|)) space, and its criticality
can be checked using the same space.

Lower Bound. The NL-hardness is immediately inherited from
Theorem 13. Concerning the PSPACE-hardness, since L is closed
under looping, by Proposition 15, it suffices to show that propo-
sitional atom entailment under (CT⋆ ∩ L) is PSPACE-hard. This is
shown by a reduction from the acceptance problem of a polynomial
space Turing machine M .

LEMMA 19. Propositional atom entailment under (CT⋆ ∩ L),
where ⋆ ∈ {o, so}, is PSPACE-hard.

Theorem 17 follows from Proposition 15, and Lemmas 18 and 19.

5. (WEAK-)GUARDEDNESS
We proceed to investigate the (semi-)oblivious chase termination

problem for guarded and weakly-guarded TGDs. Although there is
no way (at least no obvious one) to syntactically characterize the
classes (CT⋆ ∩WG) and (CT⋆ ∩G), where ⋆ ∈ {o, so}, as we did
for (simple) linear TGDs, it is possible to show that the problem of
recognizing the above classes is decidable.

For technical reasons, we focus on standard databases, that is,
databases that have at least two constants, let’s say 0 and 1, that
are available via the unary predicates 0(·) and 1(·), respectively.
The results presented below, unless stated otherwise, hold only for
standard databases. We show the following:

THEOREM 20. Consider a set Σ ∈ WG. The problem of decid-
ing whether Σ ∈ CT⋆, where ⋆ ∈ {o, so}, is 2EXPTIME-complete,
and EXPTIME-complete for predicates of bounded arity. The same
holds even if Σ ∈ G.

The goal of this section is to establish the above result.

5.1 Infinite Chase Derivations
We first focus our attention on weakly-guarded TGDs, and show

that the chase termination problem is decidable; this implies that
the problem is decidable also for guarded TGDs. By Proposition 2,
given a set Σ ∈ WG, to decide whether Σ ̸∈ CT⋆ (recall that we fo-
cus on standard databases), where ⋆ ∈ {o, so}, is tantamount to the
problem of deciding whether Σ admits an infinite ⋆-chase deriva-
tion that starts from a standard database i.e., there exist sequences
I0, I1, . . . and (σ0, h0), (σ1, h1), . . . as in Definition 3 with I0 be
a standard database. In what follows, we show that the latter is a
decidable problem by presenting an alternating algorithm, called
⋆-InfiniteDerivation.

A General Description. One may be tempted to claim that a set
of TGDs Σ admits an infinite ⋆-chase derivation that starts from a

standard database iff Σ admits an infinite ⋆-chase derivation that
starts from the critical database Dc(Σ). However, this is not true
since Dc(Σ) is not a standard database. Nevertheless, the notion of
the critical database can be naturally extended to the critical stan-
dard database, which is the standard database consisting of all pos-
sible atoms that can be formed using predicates of sch(Σ) and the
constants 0 and 1. Formally, the critical standard database for a set
Σ of TGDs (not necessarily weakly-guarded), denoted Dstd(Σ), is
defined as the database

{0(0), 1(1)} ∪ {p(t) | p/n ∈ sch(Σ), t ∈ {0, 1}n}.

It is clear that the size of Dstd(Σ) is exponential in general, and
polynomial when the maximum arity over all predicates of sch(Σ)
is fixed. By giving a proof similar to the one in [22] for the critical
database, we show the following:

LEMMA 21. Consider a set Σ of TGDs. It holds that, Σ admits
an infinite ⋆-chase derivation that starts from a standard database,
where ⋆ ∈ {o, so}, iff Σ admits an infinite ⋆-chase derivation that
starts from Dstd(Σ).

Our alternating algorithm, starting from an atom ofDstd(Σ), and
applying nondeterministically chase steps, identifies a finite basic
block of a chase derivation (if it exists), which can then be repeated
and give rise to an infinite chase derivation; this is graphically illus-
trated in Figure 4(a). In other words, the algorithm tries to identify
an atom a0 from which, after applying some valid (depending on
the version of the chase) triggers, an atom a1 isomorphic to a0 is
obtained — by isomorphism we mean that, starting from a0 and
a1, we obtain isomorphic atoms. The segment of the derivation
between a0 and a1 is the basic block that we can repeat infinitely
many times, and obtain an infinite chase derivation. Before giv-
ing the technical details of our algorithm, we need to briefly recall
some auxiliary notions and results.

Auxiliary Notions and Results. A set Σ ∈ WG can be effec-
tively transformed into a set Σ′ ∈ WG such that all the TGDs of
Σ′ are single-head [6]. It is not difficult to verify that this transfor-
mation preserves chase termination, i.e., Σ ∈ CT⋆ iff Σ′ ∈ CT⋆,
where ⋆ ∈ {o, so}. Henceforth, for technical clarity, we focus on
TGDs with just one atom in the head. LetD be a database, and Σ a
set of TGDs. Fix a ⋆-chase sequence I0 = D, I1, . . . of D w.r.t. Σ,
for ⋆ ∈ {o, so}. The instance ∪i>0Ii, denoted ⋆-chase(D,Σ), can
be naturally represented as a labeled directed graphG = (N,E, λ)
as follows: (1) for each atom a ∈ ⋆-chase(D,Σ), there exists
v ∈ N such that λ(v) = a; (2) for each i > 0, with Ii⟨σ, h⟩Ii+1,
and for each atom a ∈ h(body(σ)), there exists (v, u) ∈ E such
that λ(v) = a and {λ(u)} = Ii+1 \ Ii; and (3) there are no other
nodes and edges in G. The guarded chase forest of D and Σ, de-
noted gcf(D,Σ), is the forest obtained from G by keeping only
the nodes associated with guard atoms, and their children; for more
details, we refer the reader to [6].

Lemma 21 implies that our algorithm has to identify an infinite
path in gcf(Dstd(Σ),Σ). This is achieved by constructing nonde-
terministically such a path, starting from an atom of Dstd(Σ), until
a basic block that can be repeated is identified. During this process,
our algorithm exploits two key results established in [6], where the
problem of query answering under (weakly-)guarded TGDs is in-
vestigated. Let us recall those results, and explain how they are
applied; let D be an arbitrary database:

1. The subtree of gcf(D,Σ) rooted at some atom a is deter-
mined by the so-called cloud of a (modulo renaming of nulls)
[6, Theorem 5.16]. The cloud of a w.r.t. D and Σ, denoted
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cloud(a,D,Σ), is defined as

{b | b ∈ ⋆-chase(D,Σ) and
dom(b) ⊆ (dom(D) ∪ dom(a))},

i.e., the atoms occurring in the result of the chase with con-
stants from D and terms from a. This result allows us to
build the relevant path of gcf(D,Σ). In fact, an atom a
on this path can be generated by considering only its par-
ent atom a′ and the cloud of a′ w.r.t. D and Σ. Whenever
a new atom is generated, we nondeterministically guess its
cloud, and verify in a parallel universal computation of our
algorithm that indeed belongs to the result of the chase.

2. There exists a bound δ, which is double-exponential in the
maximum arity ω of sch(Σ) (and only ω appears in the sec-
ond exponent), up to which we have to construct the relevant
path of gcf(D,Σ) in order to guarantee that all the obtained
atoms are non-isomorphic. This implies that, for our pur-
poses, we simply need to construct the path up to depth (2·δ).
We use this fact to ensure that our algorithm terminates.

Let us clarify that in [6] only the oblivious chase has been con-
sidered, and the above results have been explicitly established for
the oblivious chase. Nevertheless, it is not difficult to extend these
results to the semi-oblivious chase.

The Alternating Algorithm. We have now all the ingredients
in place that are needed to define our algorithm. Given a set Σ =
{σ1, . . . , σn} as input, ⋆-InfiniteDerivation(Σ) consists of the fol-
lowing steps:

1. Cl := Dstd(Σ), Hσi := ∅, for each i ∈ [n], flag := 0 and
ctr := 0.

2. Guess an atom a ∈ D.
3. Guess a TGD σ ∈ Σ, and a trigger (σ, h) for Σ on Cl , where
h(guard(σ)) = a and h ⋄⋆σ h′, for each h′ ∈ Hσ; if there is
no such a trigger, then reject .

4. Let a be the atom obtained by applying (σ, h) to Cl , and
guess the cloud Cl of a w.r.t. D and Σ.

5. Universally goto steps 6 and 7.
6. If Cl is a valid cloud, then accept ; otherwise, reject .
7. Hσ := (Hσ ∪ {h}) \ Hσ,a, where Hσ,a ⊆ Hσ is the set

of homomorphisms that map a variable of var(body(σ)) to
a term not in dom(a).

8. If flag = 0, then guess to apply or skip the following:

(a) loop := (σ, a,Cl) and flag := 1.
(b) nulls := invent(a), where the latter is the set of nulls

invented in a; if nulls = ∅, the reject .
(c) Goto step 10.

9. If flag = 1, then do the following:

(a) nulls := (dom(a) ∩ nulls) ∪ invent(a).
(b) If (dom(a) ∩ nulls) = ∅, then reject .
(c) If (σ, a,Cl) and loop are the same (modulo bijective

null renaming), then accept .

10. If ctr = (2 · δ), then reject ; otherwise, ctr := ctr + 1 and
goto step 3.

By construction, ⋆-InfiniteDerivation(Σ), starting from an atom
a ∈ Dstd(Σ), identifies a basic block on a path P in the subtree of
gcf(Dstd(Σ),Σ) rooted at a, which can be repeated infinitely many
times. This allows us to safely conclude that P is an infinite path
(or chase derivation), and the algorithm accepts; if such a derivation
does not exist, the algorithm terminates and rejects. It remains to

explain why this derivation is a valid one, i.e., it does not contain
conflicting triggers (depending on the version of the chase).

Consider two triggers (σ, h) and (σ′, h′) occurring in the ob-
tained infinite ⋆-chase derivation. There are two possible cases:
either they occur in the same or in different basic blocks; this is
illustrated in Figure 4(b). In the first case, h ⋄⋆σ h′ is guaranteed by
construction; this is the reason why the setHσ is maintained during
the execution of the algorithm, which stores all the “dangerous” ho-
momorphisms that have been used to trigger σ. In the second case,
h⋄⋆σh′ is guaranteed since the atom h′(guard(σ)) necessarily con-
tains a null that does not appear in the atom h(guard(σ)); this is
why the set nulls is maintained, which actually stores the nulls that
can only appear in the atoms of a certain basic block. From the
above discussion, we get the desired result:

PROPOSITION 22. Consider a set Σ ∈ WG. It holds that, Σ
admits an infinite ⋆-chase derivation that starts from a standard
database, where ⋆ ∈ {o, so}, iff ⋆-InfiniteDerivation(Σ) accepts.

5.2 Complexity of Chase Termination

5.2.1 Upper Bounds
By Propositions 2 and 22, we get that, for a set Σ ∈ WG,

Σ ̸∈ CT⋆ iff ⋆-InfiniteDerivation(Σ) accepts, where ⋆ ∈ {o, so}.
Therefore, to establish the desired upper bounds, it suffices to show
that our alternating algorithm runs in exponential space, in general,
and in polynomial space, in the case of predicates of bounded arity;
recall that AEXPSPACE = 2EXPTIME and APSPACE = EXPTIME.
To this end, we show that the space required for the following tasks
is exponential in the maximum arity ω of sch(Σ), and polynomial
in all the other parameters of the input: (1) maintain Dstd(Σ) and
the cloud of an atom; (2) maintain the set Hσ , where σ ∈ Σ; (3)
maintain the integer value of ctr ; and (4) verify that the guessed
cloud is valid.

LEMMA 23. The algorithm ⋆-InfiniteDerivation, where ⋆ ∈
{o, so}, runs in double-exponential time, in general, and in expo-
nential time, for predicates of bounded arity.

The upper bounds of Theorem 20 follow from Propositions 2
and 22, and Lemma 23.

5.2.2 Lower Bounds
To establish the desired lower bounds, since G is closed under

looping, by Proposition 15, it suffices to show the following:

LEMMA 24. Propositional atom entailment under (CT⋆ ∩ G),
where ⋆ ∈ {o, so}, is 2EXPTIME-hard, and EXPTIME-hard for
predicates of bounded arity.

The 2EXPTIME-hardness is obtained by a significant modifica-
tion of the proof of Theorem 6.2 in [6], which shows the 2EXPTIME-
hardness of propositional atom entailment under arbitrary guarded
TGDs (not necessarily in CT⋆). That proof simulates an AEX-
PSPACE Turing machine that uses no more than 2n worktape cells;
this assumption can be made without affecting the generality of the
proof. For proving Lemma 24, we make, w.l.o.g., an additional as-
sumption: we assume the machine contains a counter of 2n−1 bits
(i.e., the second half of the tape) that is initialized to zero and can
count from 0 up to (22

n−1

− 1). The counter is incremented by
one until either the Turing machine stops, or it reaches the max-
imal value of (22

n−1

− 1), in which case the machine is forced
to stop in a rejecting state. This makes sure that the machine can-
not cycle and always stops within O(22

n

) steps. Adding counters
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to Turing machines, giving rise to the concept of clocked Turing
machines, is a well-known technique; see [20, 25]. The fact that
we consider a clocked Turing machine, together with the fact that
we focus on standard databases, allows us to construct the double-
exponentially many configurations of the machine using a set of
TGDs that ensures the termination of the chase, which is not the
case in the proof of Theorem 6.2 of [6]. By following a similar
approach, we can also show the EXPTIME-hardness in the case of
predicates of bounded arity, and Lemma 24 follows.

5.3 Non-Standard Databases
From the above discussion, it is clear that standard databases are

crucial for establishing the lower bounds in Proposition 24; in par-
ticular, to guarantee that the sets of guarded TGDs employed in the
reductions are indeed members of (CT⋆ ∩ G), where ⋆ ∈ {o, so}.
Interestingly, the upper bounds stated in Theorem 20 hold also
for non-standard databases. This can be shown by slightly mod-
ifying ⋆-InfiniteDerivation in such a way that, instead of starting
from Dstd(Σ), where Σ ∈ WG is the given set of TGDs, starts
from the critical database Dc(Σ). After applying this modifica-
tion, it is easy to see that Σ admits an infinite ⋆-chase derivation
(that starts from an arbitrary, not necessarily standard database) iff
⋆-InfiniteDerivation(Σ) accepts, and we immediately get the fol-
lowing result for arbitrary databases:

THEOREM 25. Consider a set Σ ∈ WG. The problem of decid-
ing whether Σ ∈ CT⋆, where ⋆ ∈ {o, so}, is in 2EXPTIME, and in
EXPTIME for predicates of bounded arity.

The exact complexity of the chase termination problem in case
of arbitrary (not necessarily standard databases) is still open.

6. RELATIVE EXPRESSIVE POWER
The results presented above, apart from giving an effective way

for deciding the termination of the (semi-)oblivious chase, provide
us with new decidable query languages, which are based on guard-
edness, that can directly exploit the chase procedure. A natural
question at this point is whether these new query languages, and in
particular the feature of existential quantification, give us more ex-
pressive power than existing ones. The goal of the current section
is to give an answer to the above crucial question.

Consider a class L of TGDs. An L query is a pair (Σ, q), where
Σ ∈ L, and q is a predicate that does not occur in the body of a
TGD in Σ. Given a database D, the answer to Q = (Σ, q) over
D, with q be an n-ary predicate, is defined as the set ans(Q,D) =
{t ∈ Cn | D ∪Σ |= q(t)}. Given two classes L and L′ of TGDs,
we say that L′ is more expressive than L, and we write L ◃ L′, if,
for every L query Q, we can construct an L′ query Q′ such that,
for every database D, ans(Q,D) = ans(Q′, D′). Finally, L and
L′ have the same expressive power, written L ≈ L′, if L ◃ L′ and
L′ ◃ L. Recall that our goal is to understand whether the exis-
tential quantification gives us more expressive power. Towards this
aim, we are going to compare the expressive power of the query
languages obtained from our previous analysis on chase termina-
tion, with the relevant fragments of Datalog. We write DAT for
the family of all Datalog programs, which can be seen as sets of
single-head TGDs without existentially quantified variables, and
UCQ (unions of conjunctive queries) for the family of all Datalog
programs where all the rules have the same head-predicate that does
not appear in a rule-body. The main result of this section states that
the existential quantification does not add expressive power to the
existing Datalog-based languages.

THEOREM 26. For each ⋆ ∈ {o, so},

1. (CT⋆ ∩ L) ≈ (UCQ ∩ L), where L ∈ {SL, L}; and
2. (CT⋆ ∩ L) ≈ (DAT ∩ L), where L ∈ {G,WG}.

The “�” direction is trivial since DAT guarantees the termina-
tion of the chase. For the “�” direction, we exploit recent rewriting
techniques proposed in different contexts [13, 14, 23].

Succinctness. The next question that comes up concerns the
succinctness of our new query languages. This challenging prob-
lem goes beyond the scope of the current work, and is something
that we are currently investigating. Nevertheless, we would like to
present a result, which can be seen as a strong indication that the
existential quantification allows us to build more succinct queries.

PROPOSITION 27. Given a (CT⋆ ∩ G) query Q, where ⋆ ∈
{o, so}, there is no (DAT∩G) (or even DAT) queryQ′ that is con-
structible in polynomial time such that, for every standard database
D, ans(Q,D) = ans(Q′, D).

Since EXPTIME ( 2EXPTIME, the above result follows from
Lemma 24, and the fact that Datalog is in EXPTIME in combined
complexity. In simple words, Proposition 27 says that, even if
(CT⋆ ∩ G) is not more succinct than (DAT ∩ G), to construct an
equivalent (DAT∩G) query of polynomial size will be a hard task.

7. CONCLUSIONS
We show that the (semi-)oblivious chase termination problem for

guarded-based TGDs is decidable, and we obtain precise complex-
ity bounds. To the best of our knowledge, this is the first work that
establishes positive results about the (semi-)oblivious chase termi-
nation problem. The next step is to perform similar analysis fo-
cussing on the restricted version of the chase. The nondeterministic
nature of the restricted chase makes the chase termination problem
even more challenging, and new techniques must be devised. We
have some preliminary positive results, and we are currently work-
ing towards the full settlement of the problem.
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