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ABSTRACT

There are no universal rules for organizing data in XML.
Consequently, semantically identical XML documents may
have different structures; we call this structural fluctuation
in XML. Finding all the structural fluctuations in an XML
document requires verbose path expression queries. To over-
come this problem, we developed a novel query processing
primitive, called amoeba join. Amoeba join does not re-
quire explicit path structures in query statements; tag names
or keywords are sufficient to perform searches. This paper
introduces several amoeba join processing algorithms and
demonstrates their performance.

1. INTRODUCTION

XML is now a global standard for describing structured
data. In 2005, many vendors, including the Big Three sup-
pliers of relational databases (IBM, Microsoft, and Oracle),
launched new XML database engines. This trend will cer-
tainly result in increased XML capability, not only as a text
format, but also as data stored in database management sys-
tems (DBMSs). The potential handling size and capacity of
XML data is huge. Nevertheless, inconveniences have al-
ready materialized during the evolution toward this reality.
Before the databases are explored using queries, it is difficult
to find target elements because such large XML databases
have complex and unclear path structures. In addition, it
is difficult to write a query without knowledge about path
structures.

A summary of path structures such as DataGuides [3]
shows all existing paths in an XML database, but this is
not sufficient to comprehend the actual structure of data
in the target context; a path occurring in one context may
not appear in a different context. An XML schema resolves
this uncertainty in path occurrence to some extent, but not
entirely. Since the XML schema allows the optional appear-
ance of elements, unlike schemata in relational databases,
path structures may still vary depending on context.

An XML document without a schema is like a black box
for the user, but writing path queries for specific contexts
is very difficult. In contrast, relational databases require
schemata, making it considerably easier to find tables of the
required data. Therefore, considerable effort and intensive
research has been put into XML structure indices, allow-
ing the processing of descendant axis queries that require
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less structural knowledge. However, this trend might not
be addressing the real goal. People are enthusiastic about
querying data structures, when they should be focusing on
structured data. If we pursue writing paths in order to per-
form queries, we must first somehow acquire knowledge of
path structures. To find the path structure for some specific
context, we must issue queries to a ’black box’ database.
This is a chicken-or-egg situation — which comes first, the
path structure or the query?

One way to overcome this problem is by relaxing XPath
queries [1]. For example, the XPath query org/manager can
be relaxed to org//manager by replacing the parent-child axis
with the ancestor-descendant axis. This process reduces the
burden of writing exact path query matches. However, the
following example illustrates a problem not normally iden-
tified in the context of query relaxation:

. 4 =n id">
<org department="head office"> manager person="David

<manager>David</manager>
<location>Tokyo</location>
</org>

<location>Tokyo</location>
</org>
</manager>

Figure 1: An example of structural fluctuation

The two XML fragments shown above (Figure 1) repre-
sent data with the same meaning, but with different struc-
tures: the hierarchical order of org and manager tag is re-
versed. We call this structural fluctuation in XML. It is a
structural variation in XML fragments that have the same
elements (e.g., org and manager) and different structures.

XPath can track structural fluctuations, using disjunc-
tion in path patterns. For example, finding element pairs
of org and manager in Figure 1 requires the concatenation
of at least two types of XPath query; /org/manager and
/manager/org. In general, however, query statements become
more complex because there could be many more elements
to query and structural fluctuations in the document. Thus,
the number of XPath expressions required to cover all pos-
sible path structures can easily balloon. For example, the
number of query trees required to cover all structural fluc-
tuations consisting of org, manager, and location elements is
337! = 9 (Figure 2) because it is identical to the enumera-
tion of all labeled trees with n nodes, when the differences
in axis (// or /) are ignored. Its enumeration size is known
to be n"~!. Concatenating all n™ ! query trees into a single
regular path expression can be a daunting task.

Our research was motivated by this inconvenient method
of path expressions. In this paper, we introduce the no-
tion of an amoeba, which represents an equivalent class of

<org department="head office">



