
Ontology-Based Data Access (OBDA)
Data is stored in a relational database D. However, the schema of D is often complex,
unfamiliar to the user, and does not reflect their information needs.

The user is provided with an ontology T created by a domain expert and defining a vo-
cabulary that is convenient for the user. The vocabulary of T is used to formulate SPARQL
queries.

The ontology is related to the data source D via a mappingM, which is formulated in the
RDB-to-RDF mapping language R2RML.

Query-rewriting approach to OBDA:
1. Rewrite Q into a first-order (FO) query q′(~x) such that

T ,M(D) |= q(~a) iff M(D) |= q′(~a),

for any data instance D and any tuple ~a of constants from D, where M(D) is the result of
applying the mappingM to D.

2. Use the mappingM to unfold q′(~x) into an SQL query q∗(~x) such that

M(D) |= q′(~a) iff D |= q∗(~a).

FO-rewritings of conjunctive queries are known to exist for ontologies T formulated in the
OWL 2 QL profile of the Web Ontology Language OWL 2.
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Movie Ontology http://www.movieontology.org

mo:title rdfs:domain mo:Movie .
mo:cast rdfs:domain mo:Movie .
mo:cast rdfs:range mo:Person .
mo:Movie rdfs:subClassOf [ a owl:Restriction;

owl:onProperty mo:title; owl:someValuesFrom owl:Thing ]
. . .

mo:Movie(m),
mo:title(m, t),
mo:year(m, y)

↑
title(m, t, y)

mo:cast(m, p),
mo:Person(p)

↑
castinfo(p,m, r)

IMDb.title

movie ID title production year
728 ‘Django Unchained’ 2012
912 ‘Pulp Fiction’ 1994
. . . . . . . . .

IMDb.castinfo

person ID movie ID person role
n37 728 1
n38 728 1

n233 728 5
. . . . . . . . .

Internet Movie Database (IMDb)
http://www.imdb.com

R2RML mappings

SPARQL query

SELECT ?t, ?y
WHERE {

?m a mo:Movie .
?m mo:title ?t .
?m mo:year ?y.
FILTER (y > 2010)

}

complicated schema
magic numbers
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Ontop is a state-of-the-art OBDA system developed in collaboration between
the Free University of Bozen-Bolzano and Birkbeck, University of London

Key Features
X T -mappings ensure shorter SQL rewritings
X Semantic Query Optimisation (SQO): database integrity constraints are used extensively

to optimise rewritings

Query Transformation
T -mappingMT is obtained by combining the ontology T and the mappingM

at the offline stage

Virtual ABox A′ can be thought of as the result of applying the T -mapping MT to data D
(the virtual ABox, however, is not materialised)

The process of transforming a SPARQL query into SQL is as follows:
1 user query q(~x) is rewritten into a first-order query q′ over the virtual ABox A′

2 the rewritten query q′ is unfolded using the T -mapping into an SQL query q∗

3 the optimised SQL query q∗ is evaluated over the data instance D

Semantic Query Optimisation is applied during both the T -mapping construc-
tion and query unfolding, and is crucial for avoiding exponential blow-up in
practice.

We aim to investigate possible ways of improving the SQO techniques that Ontop im-
plements at the moment. The modifications will affect the components of the system
highlighted in the diagram in red.

– Implement new versions of the SQL parser and the mapping analysis module for Ontop.
– Improve the current implementation of SQO in Ontop:

Foreign Keys (FKs), Primary Keys (PKs), Unique Constraints (UCs) and OR.
Support for LEFT JOIN, NULL values and arithmetic expressions.

– Further advanced SQO techniques, in particular, for queries with aggregation.
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