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RDF entailment [5], and by extension RDF queries, can
be computed using a kind of graph homomorphism known as
conceptual graphs projection [3]. Another approach, that has
been successfully used in graph databases [6], is to use regu-
lar expressions to find paths in a graph (i.e., given a directed
labeled graph G and a regular expression F, find all pairs of
nodes connected by a path such that the concatenation of the
labels along the path belongs to the language generated by E,
denoted by L*(E)).

However, some queries that can be expressed in one
approach cannot be expressed in the other. A query whose
homomorphic image in the database is not a path cannot be
expressed by a regular expression, while RDF semantics is
not meant to express paths of unknown length.

To benefit from both approaches, we present an extension
of RDF in which arcs can be labeled by regular expressions.
We call this extension Path RDF or PRDF. We define the syn-
tax and the semantics of this language. Then we have given a
sound and complete inference mechanism for PRDF queries
over RDF graphs, as well as for a particular case of PRDF
query containment.

1 PRDF syntax

Here we consider a vocabulary V' partitioned into a set U of
URIrefs, a set L, of plain literals, a set L; of typed literals
and a set B of blanks. The set R(V') of regular expressions
over V contains URIrefs of V' as atomic expressions, and the
expressions inductively constructed using the usual operators
-y |, +, *, and I. A PRDF triple is a simple extension of RDF
triples using regular expressions as predicates.

Definition 1 (PRDF Graphs). Let V' be an RDF vocabulary.
A PRDF triple over V is an element of: UU B X R(V) x V.
A PRDF graph over V is a set of PRDF triples over V.

2 PRDF semantics

A PRDF interpretation is an RDF interpretation [5]. How-
ever, an RDF interpretation must involve extra conditions to
be a model for a PRDF graph. We define here the condi-
tions required by two resources of an interpretation to satisfy
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aregular expression, effectively transposing classical path se-
mantics within RDF’s.

Definition 2 (Support of a regular expression). Let [ =
(IR, IP,IgxT, I3, IL,) be a PRDF interpretation of the vo-
cabulary V. A pair (z,y) of IR x IR supports a regular
expression E of R(V') in I iff:

o [fE=¢thenx=vy.

o [f E is an URIref, then (x,y) € IpxT(Is(F)).

o [fE = E; - Ey, then there exists a resource z of I R such
that (x, z) supports E1 and (z,y) supports Es in I.

o Otherwise, there exists m € L*(E) such that (z,y) sup-
ports m in I.

Now we generalize the usual semantic conditions [5] char-
acterizing the models of an RDF graph to: an interpretation
is a model of a PRDF graph G if there exists an extension I’
of I to blanks of G such that for every triple (s, E,0) € G,
(I'(s),I'(0)) supports E in I.

We note G Eprpr Q (G entails Q) if every model of G
is also a model of Q.

3 PRDF as a query language

We first consider PRDF graphs as queries over RDF graphs.
The projection mechanism used to compute RDF entailments
(based upon neighborhood) must be updated to take into ac-
count the complex paths of PRDF queries. We then use this
updated mechanism for a particular case of PRDF query con-
tainment.

3.1 PRDF for querying RDF graphs

We define an inference mechanism that takes a PRDF graph
as query and an RDF graph as a database. When using RDF
graphs projection [3], two nodes that are linked by a predi-
cate P must be mapped into nodes also linked by P. With
PRDF graphs, two nodes linked by a regular expression F
must be mapped into nodes linked by a path whose concatena-
tion ;- ... -E}, of labels is more specific than F, i.e., L*(F1-
. Ey) C L*(E).

Definition 3 (PRDF-projection). Let QQ and G be two PRDF
graphs over V. A PRDF-projection from @ into G is a map-
ping w from the nodes of Q into the nodes of G such that:

e for every node x of Q, label(mw(x)) < label(x);



o for every arc a of Q whose ends (denoted by ~y(a))

are (x,y), there exist arcs ai, .. ,ar of G with
Y(a1) = (m(z),n1), y(a2) = (ni,n2), ..
v(ar) = (ng—1,7(y)) such that L*(label(ai)- ...

dabel(ay)) C L*(label(a)).

Note that < is the smallest preorder on V' such that blanks
are more general than the other elements.

PRDF projection of a PRDF graph () into an RDF graph
G can be computed using standard projection techniques by
initially computing all pairs of nodes of G that satisfy regu-
lar expressions of (). This initial treatment can use the tech-
niques in [1; 6].
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Figure 1: A PRDF projection.

A PRDF projection from the PRDF graph Q)5 to the RDF
graph G is represented in dashed line in Fig. 1. Note that
the two nodes of the triple (ex:Amman, ex:Plane.ex:Train,
ex:Grenoble) of Q- are projected into two nodes that are not
neighbors in G, but are connected by a path.

The following theorem [2] expresses the soundness and com-
pleteness of PRDF projection with respect to our semantics.

Theorem 1. Let G be an RDF graph over V and @ be a
PRDF graph over V. Then G |=prpr Q iff there is a PRDF
projection from Q into G.

3.2 PRDF Query containment

Query containment (or entailment between PRDF queries)
consists of checking whether or not one query yields a sub-
set of the results of another one. It can be very useful when,
for instance, one wants to use queries as indexes over a set of
graphs.

PRDF projection is sound for computing PRDF queries
containment, but it is not complete in the general case [2].

Solving the general problem in a sound and complete way,
i.e., containment of union of conjunctive 2-way regular path
queries (UC2RPQs), is known to be EXSPACE-complete [4].

However, we exhibited several restrictions of the problem [2]
which have lower complexity.

One of these restrictions involves anchored PRDF graphs,
i.e., PRDF graphs in which the extremities of path-labeled
arcs are not blank nodes.

Definition 4 (Anchored PRDF graph). A PRDF triple
(s, E,0) over V is anchored if E is an atomic expression (i.e.,
an URIref) or if neither s nor o are blanks. A PRDF graph is
anchored if all its triples are anchored.

We proved [2] that query containment of an anchored
PRDF graph into a PRDF graph can be computed by PRDF
projection.

Theorem 2. Let Q1 and Q2 be two PRDF graphs over V
such that Q)1 is an anchored PRDF graph. Then Q2 Eprpr
Q1 iff there is a PRDF projection from Q1 into Q5.

For instance, consider the two PRDF graphs Q1 and Q)5 of
the Fig. 1. There exists a PRDF projection from (), into @2,
and Q7 is anchored, therefore, according to the theorem 2,
Q2 entails Q1 or (5 is contained in Q1.

4 Conclusion

For querying RDF graphs we introduced graphs labeled by
regular expressions as a query language. We found that graph
projection techniques are sound and complete for querying
RDF and that in the case of anchored PRDF graphs, query
containment can even be decided by projection. Both prob-
lems are thus NP-complete.

We plan to investigate how far this query language can be
extended by preserving good computational properties.
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