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During the last two decades, (structural) conceptual schemas have been increasingly
adopted not only to understand and document the relevant aspects of an application
domain at a high level of abstraction, but also as live, computational artifacts. In particular,
the paradigm of Ontology-Based Data Access (OBDA) exploits conceptual schemas
(also called ontologies) as an intermediate layer for accessing and querying data stored
inside legacy information systems [10]. In the context of OBDA, the conceptual schema
provides end-users with a vocabulary they are familiar with, at the same time masking
how data are concretely stored, and enriching those (incomplete) data with domain
knowledge. In this light, we call such a conceptual schema domain schema.
OBDA has been subject of extensive research, and its advantages have been concretely shown in a variety of application domains (see, e.g., [4,6,7]). Surprisingly, though,
no research has been carried out on how to suitably extend the OBDA approach to handle
the common situation where a higher-level conceptual schema (which we call upper
schema) is needed to further abstract the knowledge captured by the domain schema.
This happens when there is the need of viewing the domain schema and, in turn, the
underlying data, according to a predefined structure, described by a reference model or
an interchange format. In addition, different users may need to generate different views
on the data, possibly using multiple upper schemas.
We illustrate the need for such a multi-level approach to data access on the common
situation where certain types of users adopt reference models as an upper schema to
understand the business relationships existing between an organization and its external
stakeholders. For example, the managers of an e-commerce company need to reconstruct
the state of contractual relationships and mutual commitments with customers, on top of
the domain concepts of orders, payments, and deliveries. At the same time, managers
employ the commitment-based core reference ontology for services (UFO-S) [8] as an
upper schema, to understand and monitor the state of commitments that contractually
relate the company and its customers. When managers need to inspect which commitments currently exist, and in which state they are, they cannot directly formulate queries
of this form on top of the legacy data, due to a vocabulary mismatch.
A possible solution would be to create a dedicated OBDA specification that directly
connects the legacy data to the UFO-S upper schema. However, this is unrealistic from
the conceptual modeling point of view, for two reason. First and foremost, linking
data directly to concepts and relations in the upper schema requires to first understand
the data in terms of domain notions, and only then to establish suitable connections

between the domain and the upper level schemas. In addition, an OBDA specification
connecting data to the domain schema could be in place independently on these UFO-S
related needs. It is well-known that creating an OBDA specification, especially for
what concerns the understanding of the legacy data structures and the construction
of corresponding mappings, is a labor-intensive and challenging task [3], similarly to
alternative approaches to data access and integration. If such a specification is already in
place, it would be beneficial to build on it so as to gracefully integrate the upper schema
into the picture, instead of creating another OBDA specification from scratch. A second
issue is related to the fact that reference models and upper ontologies are typically meant
to capture a plethora of concepts and relations spanning over a wide range of application
domains, with the purpose of resolving ambiguities and misunderstandings [8,9,5]. In a
specific application domain, only a small portion of the whole reference model is needed
to capture the commitments of interest.
To attack these issues, we propose to adopt a standard OBDA approach to make sense
of the legacy data in terms of the domain schema. Once this OBDA specification is in
place, domain experts can forget about the schema of the legacy data, and work directly
at the level of the domain schema. In addition, a declarative specification is provided
that declares how the domain schema, e.g., of orders, can be transformed into (a portion
of) the UFO-S upper schema. Once the mapping and transformation rules are specified,
managers can express queries over UFO-S, with the aim to obtain answers that are
computed over the legacy data. This 2-level approach favors modularity and separation
of concerns, since the mapping and the transformation rules can vary independently from
each other. In particular, if the underlying data storage changes, only the mapping to the
domain schema needs to be updated, without touching the definition of commitments.
If instead the contract is updated, the domain-to-upper schema transformation needs to
change accordingly, without touching the OBDA specification.
To tackle such challenging but common scenarios, we propose to suitably extend
the OBDA framework so as to take into account multiple conceptual layers at once. We
focus on the case where two conceptual layers are present, accounting for the domain
and upper schemas, and call the resulting setting 2-level OBDA (2OBDA for short).
Specifically, our contribution is threefold. (i) We introduce the 2OBDA model as
an elegant extension of OBDA. The core part of the framework is the conceptual transformation of concepts and relations in the domain schema into corresponding concepts
and relations in the upper schema. This is specified in a declarative way, similarly to
OBDA mappings but in this case accounting for ontology-to-ontology correspondences.
(ii) We show how a 2OBDA specification can be automatically compiled into a classical
OBDA specification that directly connects the legacy data to the upper schema, fully
transparently to the end-users. Consequently, these can query the legacy data through the
upper schema, by resorting to standard OBDA systems like ontop [1]. (iii) We realize
the approach in a tool-chain that supports end-users in modeling the domain and upper
schemas, and in specifying the corresponding transformations as annotations of the
domain schema, whose types and features are derived from the concepts in the upper
schema. Notably, the tool-chain fully implements the above compilation technique.
The full paper has been published in the proceedings of the 21st International
Conference on Knowledge Engineering and Knowledge Management (EKAW 2018) [2].
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