A Declarative Rule-Based Formalization of R2RML: Bridging
Knowledge Graph Construction and Database Theory

Ali Elhalawati ", Anastasia Dimou' , and Jan Van den Bussche ?

' KU Leuven - Flanders Make@KULeuven - Leuven.Al, Leuven, Belgium
{ali.elhalawati,anastasia.dimou}@kuleuven.be
2 Hasselt University, Hasselt, Belgium
jan.vandenbussche@uhasselt.be
T Presenter

Declarative mapping languages are widely used to generate knowledge graphs from hetero-
geneous data sources [7]. Among them, R2RML [2] is a widely adopted W3C-recommendation
for generating knowledge graphs, in the form of RDF graphs, from relational databases.
R2RML enables viewing relational data as RDF, using a structure and vocabulary defined
by the mapping author. Several works [4] [5 [6] have attempted to formalize the semantics
of R2RML; however, none has provided a complete and precise formalization. As a result,
subsequent mapping languages [7] extended R2RML without clearly distinguishing which
components were reused or were newly introduced.

In this presentation, we show how to define declarative, computable, rule-based formal-
izations of R2RML as we demonstrated in [3]. For our formalizations we use Datalog [1], a
well-established rule-based query language in database theory widely used for declarative data
processing and reasoning in deductive databases. We present two formalization approaches
with different goals. The first translates a given set of R2RML mappings and input data
into a customized Datalog program that can be efficiently executed to generate RDF graphs,
with triples and quadruples represented as relations. The second is a “universal”, fixed Dat-
alog program that can be executed on any R2ZRML mapping and input data, eliminating the
need for translating R2ZRML mappings into Datalog rules, which offers greater expressivity
at the cost of reduced efficiency compared to the first approach. Finally, we demonstrate how
our Datalog-based formalization can be adapted to generate RML mappings, enabling the
construction of RDF graphs from heterogeneous data sources beyond relational databases.

We validated our Datalog-based semantics by executing the R2RML test cases with a
prototype implementation (https://github.com/dtai-kg/R2RML2Datalog-Tests). Fur-
thermore, we show that, even without optimization, our prototype (https://github.com/
dtai-kg/R2RML2Datalog-Translator) performs competitively with leading R2RML sys-
tems on a widely used benchmark covering diverse R2ZRML mapping scenarios.

Our work lays the foundation for formally studying R2RML and its extensions, unlocks
the benefits of Datalog reasoning in RDF generation, and introduces an efficient approach
for producing RDF graphs using standard Datalog engines.
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