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Regular path queries (RPQs) is a well-investigated query language that dates
back to the early 90’s, where its capabilities to navigate graph-structured data at-
tracted much attention in research on semistructured data and graph databases
[10,6]. This interest was revived in recent years, since in many application ar-
eas data is graph-structured and represented in graph database models. Notable
examples of applications of RPQs are querying biological networks, the seman-
tic web and social networks. Moreover, RPQs and its extensions are part of
SPARQL, which is the standard language recommended by the W3C to query
RDF data. Formally, a graph database consists of a labeled directed graph, where
edge labels correspond to binary predicates stating relations between data items.
A RPQ consists of a regular language over these labels, and retrieves pairs of
data items (a,b) that are connected by paths complying to the specified regu-
lar language. The extension of two-way RPQs (2RPQ) allows to traverse edges
backwards, and the more expressive language of conjunctive 2RPQs (C2RPQ)
allows conjunctions of 2RPQs that can share variables.

In scenarios where a RPQ yields no answers over a particular database, it can
be useful to relax the query to retrieve more than the classical answers, i.e., pairs
that are connected by paths that are “similar enough” to the paths required by
the query. This can be practical to provide feasible alternatives in applications
where data is gathered automatically from heterogeneous data sources and exact
semantics need not yield the expected results. Similarly, in applications where
the data is irregular and evolves in structure and content, it can be hard for
users to have full knowledge of its vocabulary and structure and queries that
approximate/relax the set of answers may be helpful.

Several approaches have been considered to address this problem, as for in-
stance, [8,9,7,12]. In particular, 7] proposes an elegant and tractable solution
that uses a weighted finite-state transducers to define the approximation se-
mantics. Roughly speaking, such a transducer is a mechanism that transforms
input words into corresponding output words, and computes a weight quantify-
ing the cost of the transformation. The idea is to use a transducer as a means
to specify which paths are allowed to be considered approximations/distortions
of the “ideal” paths specified by the query, and to specify their distortion costs.
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Approximate answers are then tuples (a,b,7), where 7 is the minimal cost of
distorting a path that complies with the query, into a path leading from a to b.

Path queries have also been investigated for ontology-mediated query answer-
ing (OMQA), in which semantic knowledge provided in a background ontology
is used to enrich the data. Ontologies are often formulated in a description logic
(DL) which can be used to represent the conceptual knowledge of an applica-
tion domain in a structured and formally well-understood way. In contrast to
query answering over a (graph) database, OMQA usually adopts the open world
assumption where all possible models of the ontology and the data are consid-
ered when computing the answers. Answering conjunctive 2-way regular path
queries (C2RPQs) has been studied for very expressive DLs [4], and for the
EL and DL-Lite families of lightweight DLs [3,13,2]. However, approaches for
query answering under approximate semantics in the OMQA setting are scarce.
There is prior work on the simple case of instance queries [5] and on C2RPQs
in the restricted setting of acyclic ontologies using RDFs schema [12] or non-
gradual variants of conjunctive queries [11]. The goal of this paper is to define
approximate semantics for answering C2RPQs in DLs and to devise computation
algorithms for answering them in the DLs ££H and DL-Liteg.

Our contributions are threefold. First, we extend the known transducer-
based approximate semantics from RPQs to the more general query language
of C2RPQs in the graph database setting. In contrast to RPQs, C2RPQs may
contain quantified variables and more than one query atom. This requires to
regard several matchings of the quantified variables and to combine the costs of
the distortions of each query atom. Second, we consider the setting of OMQA
and define approximate semantics for answering C2RPQs over DL ontologies.
We define the notion of certain approximate answers as a generalization of the
classical certain answers. Third, we investigate two reasoning problems for cer-
tain approximate answers. We start with the decision problem that asks, given
a threshold value 7 and a tuple a, is @ a certain approximate answer with ap-
proximation cost of at most 77 Then we consider the problem of computing the
exact approximation cost of a. For 2RPQs, we devise a polynomial time algo-
rithm that can be used to solve both problems. Regarding C2RPQs, we prove
that a) both problems can be solved in polynomial time in data complezity, b)
the decision problem is in NExpTime in combined complexity, and c) we provide
a double exponential time algorithm (in combined complexity) to compute the
approximation cost.

Several of our upper bounds are not tight, in the sense that they do not match
the hardness results inherited from the classical case. The exact data complexity
for DL-Liteg and the combined complexity of C2RPQs in both DLs remain
open: NL—PTime and PSpace—NexpTime (2ExpTime), respectively. Trying to
close (or reduce) these gaps constitutes ongoing work, where the case concerning
the combined complexity appears to represent the biggest challenge. On the one
hand, we are analysing whether the PSpace rewriting procedure proposed in
[2] can really be adapted to answer C2RPQs under approximate semantics. On
the other hand, we are investigating if the approximation mechanism allows to



simulate more difficult query answering problems, like for instance, answering
nested 2RPQs which is ExpTime-hard in both DLs [1].

Regarding future research, we plan to consider other semi-rings and study

which approximation patterns they allow to express, as well as the impact on
the computational complexity of the considered problems.
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