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1. Mapping Schemas with Clio

Merging and coalescing data from multiple and diverse
sources into different data formats continues to be an im-
portant problem in modern information systems. Schema
Matching, the process of matching elements of a source
schema with elements of a target schema, and Schema Map-
ping, the process of creating a query that maps between two
disparate schemas, are at the heart of data integration sys-
tems. We demonstrate Clio, a semi-automatic schema map-
ping tool developed at the IBM Almaden Research Cen-
ter. In this demonstration we showcase Clio’s mapping en-
gine that allows mapping to and from relational and XML
schemas, and takes advantage of data constraints in order to
preserve data associations.

The semantically correct and complete creation and in-
terpretation of mappings is a highly nontrivial process. Cur-
rent tools in the market generate only trivial mappings
across relational schemas or nested schemas, leaving it to
the user to manually identify and specify the intricate details
of a mapping, such as the generation of keys, references,
join conditions, etc. To shield the user from writing com-
plex queries or programs for every translation problem at
hand, we advocate the use of a high-level schema mapping
tool like Clio[1], where users are guided towards the spec-
ification of a high-level mapping using value correspon-
dences. Informally, value correspondences specify how val-
ues for a target attribute are generated by one or more source
attributes. Given this high-level mapping, Clio’s mapping
engine “discovers” a likely implementation of that mapping
as a query (e.g., SQL, XQuery). In effect, Clio’s mapping
engine compiles the given high-level mapping (value corre-
spondences) into a low-level representation (a query).

The compilation proceeds in two steps. In the seman-
tic translation step, a precise and faithful understanding of
the given value correspondences (the high-level mapping)
is inferred. In other words, the semantics of the high-level
mapping must be understood and converted into a precise
logical mapping. In the data translation step, the logical
mapping is converted into a low-level mapping (a query)

that captures the data and schema transformation procedure.
We explore some of the issues that must be tackled in each
step by means of an example. The full details of the map-
ping engine algorithm can be found in [2].
An Illustrating Scenario: To understand the data transla-
tion implied by the given value correspondences, one must
first identify all the different attributes that form a real-
world object at the source and target. We discover such sets
of attributes, which are not necessarily in the same table or
nested schema, by chasing over the schema’s constraints.
We refer to these sets of attributes as associations. Asso-
ciations are computed, all at once, when schemas and their
constrains are loaded into the mapping tool. Value corre-
spondences are then grouped by the associations that they
affect and are interpreted as a whole, not individually. In
effect, the mapping is viewed at an association-level rather
than at an attribute-level. The result of this phase is a logical
mapping that reflects the many ways the target associations
can be constructed from the source associations through the
given value correspondences.

Consider the two schemas shown in Figure 1. The source
relational schema on the left, expenseDB, contains three
tables: company, grant, and project. The nested tar-
get schema on the right, statisticsDB(specified either
as a DTD or an XML Schema), groups information about
companies and their funding by cities. In order to handle
relational and XML schemas, Clio has an internal nested
schema model that is expressive enough to capture both
structures.

Given these two schemas, the user defines value corre-
spondences from source to target. Consider, for example,
the value correspondence V1 in Figure 1. The meaning we
associate with this (individual) correspondence is that for
each company name in the source, one organization with
the same name must exist in the target. In the same manner,
V2 indicates that for each principal investigator (pi) in the
source, there must exist a funding of some organization in
the target that has the same pi. The lines marked r1; r2, and
r3 in the figure specify foreign key constraints. According
to the foreign key r1, each grant tuple in the source is as-
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