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INTRODUCTION

XML (eXtensible Markup Language) is used to describe
semi-structured data, i.e., irregular or incomplete data
whose structure may be subject to unpredictabl e changes.
Unliketraditional semi-structured data, XML documents
are self-describing, thus XML providesaplatform-inde-
pendent meansto describe dataand, therefore, can trans-
port data from one platform to another (Bray, Paoli, &
Sperberg-McQueen, 1998). XML documentscan be both
created and used by applications. The valid content,
allowed structure, and metadatapropertiesof XML docu-
ments are described by their related schema(s) (Thomp-
son, Beech, Maloney, & Mendelsohn, 2001). An XML
document is said to be valid if it conformsto its related
schema. A schema also gives additional semantic mean-
ing to the data it is used to tag. The schemais provided
independently of the datait describes. Any given data set
may rely on multiple schemas for validation. Any given
schemamay itself refer to multiple schemas.

In e-commerce, XML documents can be used to pub-
lish everything from product catal ogs and airline sched-
ulesto stock reportsand bank statements. XML formscan
be used to place orders, make reservations, and schedule
shipments. XML eliminates the need for custom inter-
faceswith every customer and supplier, allowing buyers
to compare products across many vendors and catal og
formats, and sellers to publish their catalog information
once to reach many potential buyers. XML can also
enable online businesses to build on one another’s pub-
lished content and services to create innovative virtual
companies, markets, and trading communities. With a
global view of the Internet-wide shopping directories, a
guery system can locate all merchantscarrying aspecific
product or service and then query each local schemain
parallel tolocatethebest deals. Thequery system can sort
the offers according to criteria set by the buyers-the

cheapest flight, the roomiest aircraft, or some weighted
combination. The traditional method used for business-
to-business(B2B) information exchangeisthrough El ec-
tronic Datalnterchange (EDI), whichiscomplex, expen-
sive, and necessitates a custom integration solution be-
tween each pair of trading partners. A query-based sys-
tem that uses XML as the common format to enterprise
integrationissimpler and moreopenthantraditional EDI,
asit eliminates the proprietary message formats used by
each company. A complete businessintegration solution
al so requires metadata for each commerce community, a
meansto map each local schemainto anintegrated global
view, and a server for processing XML documents and
invoking appropriate applications and services.

RELATED WORK

The problem of schemaand integration of heterogeneous
and federated databases has been addressed widely.
Several approaches to schema integration exist as de-
scribedinBatini, Lanzerini, and Navathe (1986); Behrens,
2000; Christophides, Cluet, and Simon, (2000); Haas,
Miller, Niswanger, Roth, Schwarz, and Wimmers(1999);
Miller, loannidis, and Ramakrishnan (1993); Parent and
Spaccapietra (1998); and Ram and Ramesh (1998). A
global schema in the general sense can be viewed as a
regular schema, therulesof which encompasstherul es of
acommon datamodel. A global schema eliminates data
model differences and is created by integrating local
schemas. The creation of a global schema also helps to
eliminate duplication, avoid problems of multiple up-
dates, and thus minimize inconsistencies.

Most schema integration approaches decompose in-
tegration into a multi-layered architecture like the one
followed inthis paper constituting pre-integration, com-
parison, andintegration (Batini etal., 1986; Miller, 1998).
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There have been some recent systems (Adali, Candan,
Papakonstantinou, &  Subramanian, 1996;
Papakonstantinou, Garcia-Molina, & Widom, 1995;
Tomasic, Raschid, & Valduriez, 1996) that integrate data
from multiple sources. Most of these systems provide a
set of mediated/global schema(s). Some systems like
Garlic (Roth & Schwarz, 1997) use wrappersto describe
the data from different sources in its repositories and
provideamechanism for amiddlewareenginetoretrieve
the data. The Garlic system also builds global schema
from the individual repositories. The comparison and
restructuring phase of integration is handled in some
systems through human interaction using a graphical
user interfaceasin Clio (Hernandez, Miller, Haas, Y an, Ho,
& Tian, 2001; Miller, Haas, & Hernandez, 2000; Miller et
al., 2001; Yan, Miller, Haas, & Fagin, 2001) andinothers
semi-automatically through machinelearning techniques
such asin Tukwila dataintegration system at University
of Washington. The Tukwilaintegration system reformu-
lates the user query into a query over the data sources,
which are mainly XML documents corresponding to
DTD schemas and relational data.

INTEGRATION REQUIREMENTS,
ARCHITECTURE AND
METHODOLOGY

XML Schema (Thompson et al., 2001) hasrecently been
recommended as the standard schema language to vali-
date XML documents. It hasastronger expressive power
thanthe DTD (Document Type Definition) schemafor the
purpose of data exchange and integration from various
sources of data.

Since here we assume that the schemas to be inte-
grated currently validate a set of existing XML docu-
ments, data integrity and continued document delivery
arechief concernsof theintegration process, thusclosely
linking XML Schema integration to the theoretical re-
guirements and process of database integration.

Satisfying the condition that the global schemameets
the requirements of all the initial schemas is the most
difficult part of integration, and isworsened by datamodel
heterogeneity.

We define an object-oriented data model that we call
XSDM (XML Schema Data Model) for the purpose of
XML Schemaintegration. Weusethethree-layered archi-
tecture of pre-integration, comparison, and integration
to achieve XML Schemaintegration.

The XML Schema integration process developed in
this paper uses a one shot n-ary (Batini et al., 1986)
strategy. Theoneshot n-ary styleintegratesall theinitial

schemas at once. Schema integration should be both
extensible and scalable. It should be easy to add or
remove sources of data (i.e., schemas), to manage large
numbers of schemas, and to adjust the resulting global
schema. With the XML Schema integration approach,
multiple schemas can beintegrated at one time.

Any global integrated schema must meet the follow-
ing three criteria: completeness, minimality, and under-
standability. In order to meet thefirst criteriaof complete-
ness, all theelementsintheinitial schemasshouldbeinthe
merged schema. The merged schema can be used to
validate any of the XML instance documents that were
previously validated by one of theinitial schema specifi-
cations. To satisfy the second criterion, minimality, each
unique element is defined only once in the schema. Re-
dundancy is eliminated wherever possible through the
identification of equivalent elements and attributes, and
the subsequent use of substitution groups. Datatypes for
terminal elements are expanded through the use of con-
straint facet redefinition, or unions of incompatible
datatypes, only to the point necessary to satisfy bound-
ary conditions. Optionality of elements (i.e., minOccurs
and maxOccurs values) is expanded to meet boundary
restrictionsonly. Finally, to comply with the third crite-
rion, understandability, in the case of XML Schema
integration, the global schemais formulated in arefer-
enced style, rather than an inline style (nested defini-
tions), for ease of reading and assessment.

During pre-integration, an analysisof the schemasto
beintegrated occurs. Priority of integrationisdetermined
if the processis not to be one shot. Preferences may be
giventoretainingtheentireor certainportionsof schemas
aswhole partsof theglobal schema. Designer interaction
occursin view integration as assertions of relationships
and constraints of elements are discovered.

During the comparison stage of integration, corre-
spondences as well as conflicts between elements are
identified. Therearefour semantic relationshipsdefined
by Batini et al. (1986). The schematic representationscan
be viewed as identical, equivalent, compatible, or in-
compatible. We identify six types of semantic relation-
ships, which apply to XML Schemaelements—identical,
equal, equivalent, subset, unique, and incompatible.

The fundamental activity in the comparison phase of
integration is conflict resolution. Conflict identification
and resolution is central to successful integration. Nam-
ing conflicts, datatype conflicts & scale differences, and
structural conflicts can occur during XML Schemalnte-
gration.

During the conformance phase, the semantic rela-
tionshipsand conflictsidentified inthe comparison phase
areresolved. Initial schemasmay betransformedin order
to make them more suitable for integration. The XML
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