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In today s just-in-time information paradigm, the ability to communicate efficiently is
vital. In this context, Extensible Markup Language (XML) has been invented as a
standard for data exchange among a varicty of data sources and applications. Since its
invention, the popularity of the XML has been dramatically increased because of its
ability to provide a simple but standardized, extensible mean to express semantic
information within documents. This property makes XML possible to address the
shortcomings of existing markup languages and become a key technology that
facilitates information exchange for science, technology, and industries, as well as many
aspects of society. XML also has been selected as the data exchange standard in newly
arising business domains, such as e-business. The semantics of XML data is richer than
the one of relational data by including both of its content and metadata, the information
that describes the structure of the data. Therefore, XML requires new techniques that are
different from the relational databases technologies for data management.

The aim of this thesis is to design efficient indexing techniques for XML data. The
structural characteristics of XML data raises several challenges to design of indexing
structures. In this thesis, we investigate three critical issues of XML data management
as follows.

The first issue is to cope with intensively content-updated XML data. Among
several methods of storing XML documents, a straightforward yet efficient method is to
store a string representation of the XML document. An XML node is usually
represented by a region coordinate, which is a pair of integers expressing the start and
end positions of the substring corresponding to the node. This approach, however, has
the drawback that a change of a node | s region coordinate causes change of the region
coordinates of many other elements that normally degrades the performance of XML

applications. To deal with the issue, we propose the Relative Region Coordinate (RRC)



technique to effectively reduce the cost of re-computation by expressing the coordinate
of an XML element in the region of its parent element. We present a method to integrate
the RRC information into XML systems and provide experimental results.

The second issue is to cope with structure-update of XML data. XML queries
involve both content search and structure search. For structure search, the structural
information of XML data is essential to determine the structural relationships in XML
documents. Several numbering schemes have been proposed so far to express the
structural information using the identifiers of XML nodes. However, since the structure
of XML documents can be changed, the robustness of these numbering schemes is vital
for the whole indexing structure. For this purpose, we introduce a new numbering
scheme called recursive UID (rUID) that has been designed to be robust in structural
update and applicable to arbitrarily large XML documents. We investigate the
applications of rUID to XML query processing in a system called SKEYRUS, which
enables the integrated structure-keyword searches on XML data.

The third issue considered in this thesis is to exploit the schematic information to
improve XML query processing efficiency. Although most of XML documents have
associated DTD or XML schema, the prior query processing techniques have not
utilized the document structure information efficiently. We propose a novel XML query
processing method that uses DTD or XML schema to improve the I/O complexity of
XML query processing. We design a Structure-based Coding for XML data (SCX) that
incorporates both structure and tag name information extracted from the document
structure descriptions. This property of SCX provides a Virtual Join mechanism that
greatly reduces I/0 workload for processing XML queries. Our experimental results
indicate that SCX accelerates the processing of XML queries significantly.

XML is a new technology and its invention follows an industrial concept, where
societies and industries are creating artifacts for researchers to study. Therefore, the
XML-related techniques are subjects of a long development and improvement. The

study presented in this thesis is an effort toward efficient XML data management.
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