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Relational source

• A relational source DB = {Ψ, Σ}, with Ψ a relational schema 
and Σ set of integrity constraints:

• nulls-not-allowed: 

• unique: 

• key:               , if                       and               

• inclusion: 

• foreign key: if                        and 

• exclusion: 

• covering: 

5

(r1[s1] ∪ . . . ∪ rm[sm]) ⊆ r0[s0]

r1[s1] ⊆ r2[s2]

(r1[s1] ∩ r2[s2]) = ∅

key(r2, s2)

r1[s1] ⊆ r2[s2]

key(r, A) nonnull(r, A) unique(r, A)

unique(r, A)

nonnull(r, A)
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Ontology language

• DLR-DB system S = {R, K}, with R a relational schema and K                                   
set of axioms involving names from R:    

• able to express common constraints of ER diagrams

• can be reduced to DL DLR-Lite

➡ use of efficient (LogSpace) query answering technique

➡ compatible with OWL

6

R[s] ! R′[s′] πsR
D ⊆ πs′R′D Inclusion

R[s] disj R′[s′] πsR
D ∩ πs′R′D = ∅ Disjointness

key(R[s1, . . . , sk]) for all φ1, φ2 ∈ RD with φ1 &= φ2, we have

φ1(si) &= φ2(si) for some si, 1 ≤ i ≤ k
Key

R1[s1], . . . , Rk[sk] coverR[s] πsR
D ⊆

[

i=1...k

πsiR
′D
i Covering

Fig. 1. Syntax and semantics of DLR-DB axioms.

2.2 Ontology Language

In this section we present the ontology language we shall deal in the rest of the
paper, and we give its semantics in terms of relational models. The ontology
language adopted can be seen as an alternative to the use of standard mod-
elling paradigms of ER or UML class diagrams and enables to represent their
commonly used modelling constructs (see [12]). The advantage over these for-
malisms lies on the fact that our adopted ontology language, besides enabling
the use of automatic reasoning to support the designer, also represents models
that preserve the relational ones (see Section 3.1).

We call a DLR-DB system S a tuple 〈R,K〉, where R is a relational schema
as described in Section 2.1 and K is a set of assertions involving names in R. The
DLR-DB ontology language, used to express the constraints in K, is based on
the idea of modelling the domain by means of axioms involving the projection
of the relation over the attribute. We call K an ontology.

An atomic formula is a projection of a relation R over one of its attributes,
denoted by R[s]. The attributes involved in the projections correspond to key
attributes of the respective relations. This reflects the fact that in conceptual
models non key attributes are not considered relevant to identify an element of
an entity or a relationship (see Example 1). Two attributes are compatible, if
their datatypes are equal. Then we say that two atomic formulae R[s] and R′[s′]
are compatible iff the two corresponding attributes s and s′ are compatible.

Given the atomic formulae R[s], R′[s′], Ri[si], an axiom is an assertion of the
form specified in Figure 17, where all the atomic formulae involved in the same
axiom must be compatible. In the same figure, we give the semantics of a DLR-
DB system 〈R,K〉, which is provided in terms of relational models for R, where
K plays the role of constraining the set of “admissible” models. A database D
is said to be a model for K if it satisfies all its axioms. The above conditions
are well defined because we assumed the compatibility of the atomic formulae
involved in the axioms.

Example 1. To provide the intuition on the use of the DLR-DB formalism we
show a simple example exhibiting some of the modelling constructs defined
7 In relational algebra, πsR

D denotes the projection of RD over attribute s [9].
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Ontology language: example
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orgunit_research[orgid]⊑Orgunit[id]

orgunit_research[actid]⊑ResearchAct[id]
Orgunit[id]⊑orgunit_research[orgid]

key(Orgunit[id])
key(Activity[id])
key(ResearchAct[id])
key(OrganisationalAct[id])
key(orgunit_research[orgid])

ResearchAct[id]⊑Activity[id]

OrganisationalAct[id]⊑Activity[id]
ResearchAct[id] disj OrganisationalAct[id]

1,1

idOrgunit Activityid

ResearchAct OrganisationalActorgunit_research

{disjoint}orgid actid
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Classification of relations

• Base, if K and FK don’t share attributes

• Relationship, if K is entirely composed of FK and |FK| > 1

• Specific, if K is among FK and either |FK| = 1, or K is 
referenced by some other relation

• Ambiguous, otherwise

9
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Correctness and completeness

• Correctness and completeness using the general concept of 
information capacities [Miller et al.; ‘93]

• Theorem: the ontology extraction procedure is an 
equivalence preserving schema transformation

➡ no information loss

➡ queries expressed over the ontology can be answered by simply 
expanding the generated views!
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CERIF case study

• CERIF (Common European Research Information 
Framework) database schema 

• http://cordis.europa.eu/cerif/src/toolkit.htm

• 123 tables; rich with constraints

• correct ontology constructs were generated for 77 tables

13

Relation type #Classified
base 52

relationship 25

specific 0
ambiguous 46

Axiom #Extracted
inclusion 68

key 63

disjointness 0
covering 0

http://cordis.europa.eu/cerif/src/toolkit.htm
http://cordis.europa.eu/cerif/src/toolkit.htm
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CERIF: ambiguous relations

• All 46 ambiguous relations fall into one of the two types:

14

res_int_language res_int_trans_type per_id keywords
... ...

... ... ... ...

PERSON_RESEARCH_INTEREST

proj_id per_id proj_per_role
... ... ...

... ... ...

PROJ_PERSON

per_id ... ...
... ... ...

... ... ...

PERSON

proj_id ... ...
... ... ...

... ... ...

PROJECT

proj_per_role ...
... ...

... ...

PROJ_PERS_ROLE
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res_int_language res_int_trans_type per_id keywords
... ...

... ... ... ...

PERSON_RESEARCH_INTEREST

proj_id per_id proj_per_role
... ... ...

... ... ...

PROJ_PERSON

per_id ... ...
... ... ...

... ... ...

PERSON

proj_id ... ...
... ... ...

... ... ...

PROJECT

proj_per_role ...
... ...

... ...

PROJ_PERS_ROLE
language trans_type

... ...

... ...

RESEARCH_INTEREST

➡a slight extension of the algorithm correctly generates CERIF 
ontology
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• [Astrova; ‘04], [Volz et al.; ’04] use DBRE to migrate DB content into an 
ontology and to deeply annotate a DB

• SWARD and Virtuoso automatically generate RDF views over RDBs

• Linking RDBs and ontologies

• D2R MAP, R2O, [Poggi et al.;’08] allow to declaratively state mappings

• [An et al; ’05] presents semi-automatic mapping discovery
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Advantages of our approach

• Extraction of a formal ontology wrapping relational sources

• automatic generation of mappings

• enables automated reasoning to support the designer

• Ensuring faithfulness of the extracted model

• no data loss
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Current work

• Tool for exploring the logical schema of a DB and for 
facilitating the annotation of the schema by means of 
constraints

• Experiments with other real-world DB schemas to identify 
other peculiarities that schemas exhibit
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