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Abstract

In this work, we provide an overview of our recent work on SHACL validation, satisfiability and containment
[1, 2, 3], and specifically relate it to the setting in which SHACL constraints are paired with an ontology. This
allows for combining employing database constraints to detect inconsistencies with domain knowledge to reduce
gaps in the data: both standard techniques to address current data plagued by quality issues.
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1. Introduction

The Shape Constraint Language (SHACL) [4] and Web Ontology Language (OWL) [5] are two prominent
W3C standards for managing RDF data, a graph-based data model of the Web [6]. These standards
are based on fundamentally different assumptions and designed to be complementary. OWL was
standardised shortly after RDF, with the key aim of enhancing RDF datasets with domain knowledge
that enables the inference of missing facts from potentially incomplete data graphs: OWL enables to
capture repeating or generalisable knowledge in a precise manner. This is because OWL and its profiles
are based on Description Logics (DLs) [7].

Like other classical logics, DLs or OWL make the open-world assumption (OWA). Intuitively means
that the data only presents an incomplete description of the domain of interest: it asserts facts that
are known to be true, but does not rule out that additional facts may also be true, as long as they are
consistent with the current world description. OWL has been adopted in a wide range of applications
over the years, and thousands of OWL ontologies have been developed (see e.g., [8]). SHACL, in contrast,
was created for a different purpose: to describe and validate constraints on datasets. The main task of
interest is validation of a given a set of constraints paired with a selection of target nodes or concepts
from a given graph. Unlike OWL, SHACL operates under the closed-world assumption (CWA): it assumes
that the given data graph is complete, and validators evaluate the constraints over the input graph as is.

In this extended abstract, we aim to give an overview of our most recent work on SHACL [1, 2, 3],
with a focus on the combination with ontologies: what can be considered a natural semantics for
validation of SHACL in presence of OWL ontologies? For which fragments are concrete techniques
known? And what do we know about static analysis problems like containment and satisfiability for
SHACL, and specifically in presence of ontologies? In this way, we set the stage for a broader adaptation
of SHACL to detect data-inconsistencies, while at the same time filtering out the more straightforward
gaps, already taken care of because of the consideration of domain knowledge.

2. Validation

The first natural question we address is how to do validation in the presence of both OWL ontologies
and SHACL constraints. That is, if we have a possibly incomplete graph and ontological knowl-
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edge that implies additional facts, can we validate given SHACL constraints over graphs contain-
ing the implied facts? Consider as an example a toy database of pet owners containing the facts
hasPetBird(linda, blu), hasPet(john, ace); the simple constraint petOwnerShape <— JhasPet. T,
which says that everyone that has a pet is a pet owner; and the target pet owners linda and john. Clearly,
we would like to leverage the knowledge that all pet birds are pets, written as hasPetBird C hasPet in
description logics, which allows us to validate both targets. This type of validation is very natural, even
more so in the light of the large amount of ontologies that are already being used for describing data on
the web. It is in fact envisioned in the W3C SHACL specification, which calls for graph validation in
the presence of OWL entailment [4, Section 1.5], but unfortunately, does not provide guidance on how
to realise this. Nevertheless, there are approaches of reconciling the two [9, 10], and concrete ontology
and constraint pairs being constructed [11].

Choice of Semantics. The first major challenge we must face is that the semantics of SHACL
constraints in the presence of ontologies is not obvious, as we must simultaneously account for the
open-world semantics of description logics and for the closed-world view of SHACL. The knowledge in
the ontology implies additional facts, which can be added to the data graph so that it satisfies all the
ontological axioms. All such possible completions are models that must be taken into account according
to the traditional OWL/description logics semantics. However, SHACL allows for negation, which
makes this certain answer semantics too weak, and quickly results in non validation. Update for example
the toy database of pet owners we considered before to hasPet(john, ace), Hamster(ace), but with
the constraint petOwnerShape < FhasPet. T A VhasPet.—~Dangerous. Like before, this expresses
that pet owners own a pet. Moreover it is required that all pets are not dangerous. For john to validate
the petOwnerShape, it is not enough to make explicit in the ontology that hamsters are not dangerous
animals; it should also be enforced that any possible pet john might have cannot be dangerous.

For lightweight DLs, fragments of classical Horn logics that cannot express disjunctive information,
universal models can be obtained using standard, database-inspired chase procedures. These models
can be used for evaluating conjunctive, navigational and graph queries in the presence of ontologies,
see [12, 13, 14, 15, 16, 17] and their references. One of these options, using minimal models of the
Skolemnisation of the DL ontology, has been advocated for in the case of integrity constraints [18, 10].
But even such models give very weak semantics in formalisms with negation such as SHACL. Let us for
example consider again another version of the toy database containing pet owners: assume it contains
the facts hasPet(john, ace), PetOwner(john), Hamster(ace). It is conceivable to find an axiom like
PetOwner T JhasPet. T in the accompanying ontology. Now let the onlyHamsterShape be given
by the constraint enforcing all pets to be hamsters, onlyHamsterShape < VhasPet. Hamster, which
we want to validate for john. This is clearly the case for the original database. It is also true that the
given database is already satisfying all given ontology axioms, so it seems there is no reason to change
the validation result. However, the minimal model under the Skolem semantics adds a fresh node as a
hasPet-child of john, without the label Hamster, changing the validation result to negative.

Austere Canonical Model. To obtain stronger and more intuitive semantics, and to avoid the
problems presented in the previous example, we advocated in [19] for an austere canonical model
in which axioms are satisfied minimally, introducing as few successors as possible without losing
universality. We showed that for ontologies in DL-Liteg —the logic underlying OWL 2 QL [20]—such a
model can be represented by a so-called immediate successor function that describes the minimal set
of facts that need to be added to satisfy the axioms at a given point of the model construction. The
model itself can then be obtained in a deterministic, step-by-step fashion. This construction was first
extended to the logic ELHT [21], then we extended this significantly further to the more expressive
Horn-ALCHZQ [1], one of the largest fragments of OWL that is still contained in Horn logic. Crucially,
we show that the resulting model is a core in the traditional database sense. This provides strong evidence
in favour of our chosen semantics, since cores are often advocated as the adequate choice for languages
that are not closed under homomorphisms, but satisfy the weaker property of being closed under



isomorphisms [22, 23, 24]. In the light of this relationship, our austere model construction provides a
novel technique for building core models without the expensive core-checking step of traditional core
chase procedures. As we point out, the same applies to some previous model constructions from the DL
literature [23, 15].

Rewriting. With our semantics based on austere (i.e., core) models in place, we can tackle the problem
of devising an algorithm for validation. Constructing the austere model may be infeasible in practice,
since it is infinite in general. Instead, we use our finite representation of the model: as we are considering
a minimised form of a canonical model, and only have finitely many axioms, the austere canonical
model, if infinite, resorts to repeating patterns in the anonymous parts. This is captured by the good
successor configuration function, that in this way exactly provides the puzzle pieces of which the
austere canonical model is built.

Ideally, we would like to realise validation via rewriting (see our works [19, 21, 1] for the details).
That is, we want to compile a given ontology and a set of SHACL constraints into a new set of SHACL
constraints that incorporate the relevant knowledge of the ontology in such a way that the implicit
facts are taken into account in validation, without having to explicitly add them to the graph. Rewriting
techniques are very desirable as they open the way to reuse standard SHACL validators to perform
validation in the presence of ontologies. For the rewriting, we considered stratified (recursive) SHACL
under the least fixed point semantics, which coincides with the well-founded [25] and stable model
semantics [26]. These semantics are all asking for some form of justification for derived shape atoms,
whereas the supported model semantics asks whether it is possible to find any shape assignment.
The latter has the disadvantage that in general multiple assignments exist (as might happen for the
stable model semantics for non-stratified constraints), which makes it unclear how a rewriting for the
supported model semantics would look like.

So, for the least fixed point semantics, we use the good successor configuration, in its role of building
blocks of the austere canonical model, to derive which so-called 2-types can exist in the anonymous part.
These types intuitively represent an abstract copy of a possible object and its neighbours in the austere
model of a given data graph—enriched with information about the shapes that are (not) satisfied in
implied substructures. This structure is used to induce a modified set of SHACL constraints that validate
over a given data graph exactly when the original constraints validate over the austere canonical model
of the input graph and the ontology.

3. Static Analysis

The satisfiability problem is of major importance in the design and validation of SHACL-based solutions:
as SHACL becomes more popular, substantive efforts are put into the adoption of SHACL. As part of
this, we witness mining SHACL specifications from data [27, 28, 29], but how to assess the quality of
these machine-generated constraints? And how to combine multiple, possibly generated, specifications?
We note that the basic necessary condition here is compatibility, which boils down to satisfiability.

Given the importance of the problem, there are remarkably few results concerning its decidability
and complexity. Indeed, the most notable work in this direction, [30], is very coarse. It builds on a
tailored fragment of predicate logic to identify decidability and complexity bounds, but the basic logic
it considers is already close to the boundary of what could potentially be decidable in the presence of
cardinality constraints. Put differently, the base logic is already rather expressive (for instance already
containing nominals and inverses), which means that barely any features can be added for the logic
to remain decidable. That is, the positive results are mostly limited to formalisms that do not support
counting, and more often than not consider unrestricted (that is, potentially infinite) graphs, even
though finite graphs are a more relevant setting here.

Satisfiability. In our recent work [2], we revisit (recursive) SHACL satisfiability under the supported
model semantics, which is the least restrictive semantics for SHACL: recall it just asks for the existence



of a shape assignment. That is, if a shapes graph is unsatisfiable under this semantics, it is under any
semantics.

We build on Description Logics (DLs), a well-known family of languages for Knowledge Representa-
tion and Reasoning that offers decades of research in the fine-grained study of logical fragments and the
effect that the interaction between different shapes of subformulas has on the complexity of reasoning,.
The close relationship between DLs and SHACL is well-known, and in that paper, we leverage it to
paint a much finer boundary of SHACL fragments that have decidable satisfiability problems, both
over unrestricted graphs and over graphs with a finite domain. Moreover, we take a closer look at the
joint satisfiability of SHACL and OWL: can we find a (finite) model 7 that validates a given shapes
graph and is also a model of the given ontology? It turns out that also here, we can exploit the close
connection between SHACL and DLs: joint satisfiability is as hard as deciding (finite) satisfiability in
the least-expressive description logic capturing the expressivity of both the translated SHACL fragment,
following the translation as presented in this work, and the DL fragment [2].

Containment or Implication. A natural next step in assessing quality of data is tackling containment
or implication, for which satisfiability is a prerequisite. The main problem studied here is whether a
(set of) constraints, implies or subsumes another (set of) constraints. Knowing this, or having tools
to decide this, is particularly useful when trying to clean up sets of constraints: it allows to get rid of
superfluous parts and thus simplify constraint sets without affecting validation outcomes.

There are multiple types of SHACL containment one can consider: from shape containment to
document implication. The first problem, which addresses whether one constraint subsumes another
without considering any other constraints, is studied by Leinberger et al. [31], who also base their
techniques on a translation into DLs. However, as pointed out in [32], there are some issues with their
translation.

In our recent work [3], we address deciding shape containment with respect to a context of constraints,
and also the second type of containment: given two (possibly recursive) SHACL documents (Cy, 7;) and
(C2,T2), decide whether every (finite) graph that satisfies (C1, 7;) also satisfies (Co, 73). It turns out
that for the supported model semantics, the semantics for which we could reduce SHACL satisfiability
to DL satisfiability, containment is a different piece of cake: already for a base fragment of SHACL,
comparable to the description logic ALCZO, we find document implication to be undecidable. For the
stable model semantics this problem remains undecidable. However, decidability is regained for the
well-founded semantics. This is shown via a direct translation of SHACL documents into the hybrid
p-calculus, making ALCZO SHACL satisfiability and containment ExpTIME-complete [3].

Given these results, it is immediate it will remain undecidable to consider SHACL document implica-
tion in presence of ontologies for both the supported and the stable model semantics. However, in light
of the positive results and new techniques provided for the well-founded semantics, it is conceivable
that a combined translation of SHACL and DLs into hybrid p-calculus will provide the sought after
decidability results, probably making joint implication of SHACL documents under DL ontologies
ExpTiME-complete for certain fragments. The concrete translations and details are left for future work.

Finally, both satisfiability and containment or implication, as static analysis tools, are prerequisites for
more advanced services like optimisation, incremental validation and modularity. Also these problems,
both with and without ontologies present, remain open for future work.
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