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Data integration systems are software systems that permit the transformation, integration,
and exchange of structured data that has been designed and developed independently. The often
subtle and complex interdependencies within data can make the creation, maintenance, and use
of such systems quite challenging. We have available a robust arsenal of tools and mechanisms
for reconciling semantic differences in how data is represented including views, mappings, and
transformation languages. There is also a growing maturity in our knowledge of how to create
[MHHO00, PVM*02] and use these mechanisms in such tasks as query answering, [HalO1], data
exchange, [FKMPO03], data integration, [Len02], and data sharing. [AHT03, KAMO3].

Given this solid foundation in the tools and modeling structures needed for data sharing, we see
several remaining challenges. First, the techniques used for learning or deriving the metadata re-
quired for integration vary greatly. We have sophisticated methods for learning matches (aka record
linkage) between data entities [BG04], between schema components [DR02], and between ontologies
[ELB104]. Yet these methods have not been adequately integrated into cohesive matching systems.

Second, we have sophisticated methods for learning mappings (logical expressions relating
schemas and ontologies) [PVM™T02]. Many of these rely on using data design principles and log-
ical inference over schemas and ontologies. While they use the output of matchers, the mapping
learning process has not been well integrated with matching. In particular, we conjecture that
the integration of these logical inference and learning techniques with statistical learning methods
will improve the quality and perhaps the degree of automation that can be achieve in learning the
metadata required for semantic integration and interoperability.

Our challenge is centered on developing more robust (and integrated) systems for learning and
managing the metadata necessary to achieve semantic integration and sharing of data. A new
theory of integration learning and adaptation based on schema quality is required, along with new
scalable algorithms for acquiring and maintaining the metadata required for data integration and
sharing in heterogeneous environments.

The methods required will necessarily build on state-of-the-art methods in probabilistic reason-
ing, machine learning and data management and will provide a new theory of integration learning
and adaptation that exploits both logical and statistical relationships in the data. This will require
a collective approach to information integration in which matches and mappings depend on each
other and are found using a combination of logical and probabilistic inference.
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