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1 INTRODUCTION 2

1 Introduction

Finding efficient and useful ways to search and index XML documents is a popu-
lar research topic in the fields of computer and information science today. There
seems to be a clear division between two major areas of research on applications
for the searching and indexing of XML documents, research focusing on data-
centric applications and research focusing on document-centric applications(3).

Data-centric applications typically involve the processing on large amounts
of regularly structured data, these can be e-commerce applications, interchange
applications that transfer and translate information from one database schema
to another, or what has become known as “web services” which involve pack-
aging some sort of function, object or other entity in an XML wrapper to be
delivered to another application over the network.(12). The sorts of XML struc-
tures produced by such applications are quite simple and typically do not persist
as a permanent data store, but are rather used as a temporary means to store
data in a regular, easily parsed format as it is exchanged between applications.
In contrast, document-centric applications typically involve the storage of and
processing of XML documents that are composed of loosely structured hier-
archies that include mixed content, textual data, tabular data, and external
binary entities such as figures, and other graphics formats.

This paper will focus on methods and research on the searching and indexing
XML documents for document-centric applications such as IR (Information Re-
trieval). Examples of XML documents that could benefit from effective indexing
and search strategies include medical case histories, species descriptions, jour-
nal articles, and technical documentation. A number of different XML query
languages and indexing approaches have been developed for structured docu-
ments encoded in XML. The strengths and limitations of these approaches will
be discussed. This discussion will build to a consideration of a proposed IR sys-
tem for searching and indexing XML documents that can potentially extend the
XML query languages and other approaches that will be discussed. Examples
using a particular document class appropriate for a document-centric applica-
tion will be used to give some context to the hypothetical system model that
will be proposed1. To conclude the paper consideration will be given to several
current open source software projects that may be useful in creating a working
prototype of the proposed system.

2 Why Structured Documents?

Structured documents have particular characteristics that make them funda-
mentally different than the types of documents that are found in data-centric
applications. They are composed of what has been termed semi-structured data
containing a large variety of different structures of varying data-types, includ-

1The example DTDs and Document Instances used in this discussion appear courtesy of
the BioBrowser Project, see http://www.biobroswer.org for further details. For the actual
DTDs of the documents in the collection see figure 4.
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ing both textual content and more regular data formats such as tables, numeric
values, date values, or enumerated values.(5) The searching and indexing of
structured documents has been become one the most popular areas of IR re-
search as the World Wide Web continues to grow.(1) The descriptive markup
approach that XML was developed from to was first considered an advance for
it’s ability to define the logical structure of a document thereby freeing it from
the constraints of a particular formatting or processing system(13). While this
was the initial impetus behind the descriptive approach, the logical structure of
a document defined with a particular descriptive markup vocabulary can also
be advantageously used by an information retrieval system to predict the rele-
vance of a document to a query. Queries that take advantage of the document
structure are known as structural queries and can a take a number of forms,
including path expressions and tree matching both of which will be discussed in
section 3.(1).

How can an IR system best take advantage of structured documents? The
goals of such an effort can be informed by considering the three purposes of
indexing in IR as defined by Robert Korfhage(14):

1. To permit easy location of documents by topic

2. To define topic areas and hence relate one document to another

3. To predict relevance of a given document to a given information
need

How well do current structured query and indexing models for XML fulfill
these requirements? The ideal system seems to be one that will provide efficient
and comprehensive indexing of document content and structure, and be able
to support the predicted degree of relevance all matching documents have to a
particular query. It is in the second consideration, the ability to provide rank-
ing of matching documents, that many proposed XML indexing and searching
system fail to provide adequate support for.

3 Current Issues in Indexing and Searching XML

What is an XML Document? An XML document instance is a plain-text file
that uses markup delimiters (tags) to define the logical structure of a document
in a hierarchical fashion. The vocabulary of these delimiters can be defined in a
schema that any particular document instance ascribing to adhere to the schema
can be validated against. The most popular type of schema currently used for
defining XML vocabularies is the DTD, (Document Type Definition). Whether
or not a document instance is validated against a particular schema, the instance
can be thought of as a tree data structure made up of any number of different
nodes, see figure 1 for a graphical representation of this. Each node corresponds
to a particular part of the logical structure of the document, and must be nested
within it’s parent node. The root element of a document instance is the root
node of the tree structure and every node within the tree, unless so constrained
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Figure 1: Example of an XML Document Tree

by a schema, can have any number of children and siblings but only one parent
node.

When constructing an IR application that will facilitate the indexing and
searching of such a data structure there are three main areas of consideration:

1. Navigation What are the different methods used to traverse the nodes in
the XML tree structure. What are the different ways computer programs
use navigation strategies to manipulate the different nodes in an XML
tree structure, seen in figure 1. Which, if any of current strategies is most
appropriate for IR applications?.

2. Indexing Methods of Indexing XML documents. What sorts of strategies
are currently being implemented and studied that utilize the document
structure in creating index of the document content? There are two major
categories of XML indexing approaches, those coming from the database
community, see section 3.2.1, and those coming from the IR community,
see section 3.2.2.

3. Ranking and Searching What are current strategies for the effective rank-
ing and searching of XML documents in IR systems informed by structured
indexing? These strategies, see section 3.3, include a number of proposed
query languages for XML that claim to support effective search of XML
collections with the return of results weighted by relevance to a particular
query. The strengths and weaknesses of these approaches for meeting the
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goals of IR as described by Korfhage, see section 2, will be considered in
the discussion of each approach.

Each of these will be discussed at length in the next section.

3.1 Navigating XML Documents

There are several different standards for navigating and selecting nodes in an
XML document instance that one must consider when designing an IR system
that facilitates the searching of XML documents containing semi-structured
data. Developers and researchers seem to have settled upon 4 main standards
for processing XML documents.

• DOM (Document Object Model) A W3C standard API for traversing
and accessing the nodes in an XML document. An application using the
DOM creates an in memory representation of the entire document tree
while running. This makes it easily possible to search, manipulate and
re-order the nodes of the tree. However it cannot be easily integrated into
IR applications that depend on swift retrieval of information since the it
does not scale well to the types of large deeply nested documents that
many IR applications store.

• SAX (The Simple API for XML) A de-facto standard for treating the
different nodes of XML document as a series of events. A program im-
plementing SAX defines specialized handling methods that process a par-
ticular node whenever it is encountered by an application using SAX.
SAX is an efficient way to process regular structured XML data similar to
that encountered in data-centric applications, however it’s application in
document-centric activities such as IR is limited by the fact that it is often
quite difficult and complex to do complex manipulations of a tree structure
with SAX, making it hard to integrate in such activities as indexing.

• XPath A W3C standard that describes a data model for navigating and
selected nodes in an XML document using path-based expressions that
begin from the document’s root. XPath expressions can have a modifying
predicate that gives further specificity to the expression such as substring
or child number of a particular node. Ex:

/FNA/Description[1]

This particular expression selects the the Description element that is the
first child of an FNA element. XPath expressions, such as in the example,
return a boolean value of either 0 or 1, either a particular path exists in
a document or it does not. XPath expressions are used extensively to
select nodes in XSLT2, a transformation and selection language for XML
documents that is often used in formatting the results of a query to XML
IR system.

2see http://www.w3c.org/Style/XSL/
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• XQuery XQuery a developing W3C effort to provide a query language
capable of querying XML documents on the types of exact and range
matching important in Database applications and typified by a Database
query language such as SQL. However, there currently is nothing in the
specification that would help support the ranking of query results, a doc-
ument or a particular sub-tree selected has a weight of 0 or 1, it either is
a match or it isn’t a match.

How well does the use of one of these different paradigms support the IR
concerns reflected in the opening quotes from Korfhage, see section 2? Notwith-
standing the computational performance issues brought about by having to re-
peatedly search through large and potentially deeply nested structures that one
typically finds in document-centric applications, the above descriptions are un-
able to provide information capable of making supporting relevance judgments
on a returned document set from a particular query. All of the four navigation
models described can only supply results with a boolean value. Even XQuery,
the XML query language, does not provide an much support for IR applications
besides allowing for the identification of a particular text strings that appear
within text nodes of XML document instances. Fuhr and Großjohann point
out, that this is the only 1 of the 19 proposed requirements of XQuery as listed
by the W3C (6) as being to particularly to the needs of IR applications.(11)
While all of these protocols could be an important part of how a particular IR
system indexes, queries, and processes XML documents, to effectively create an
a system that will provide both selection and relevance ranking of documents a
system needs to use them as part of a comprehensive strategy, rather than serve
as the sole means to get at an search content in XML documents.

3.2 Indexing Strategies for XML

3.2.1 Database Strategies

Quite a large number of indexing strategies have been proposed for XML doc-
uments. One of the most common is to map an XML structure to a relational
database schema. This can be done by mapping the root element of an XML
document to the name of a table residing within a RDBMs (Relational Database
Management System). The child elements of the document are then mapped to
the particular attributes of that the entity modeled by the table structure. How-
ever this approach only will work for less complicated documents that one might
find in a data-centric application. The content model used for the XML would
have to map directly to an entity represented in a relational table, with child
elements corresponding to the attribute values that populate the rows of the
table. A more sophisticated scheme to map XML documents to a database can
be achieved by using an object oriented approach to modeling the structure of
an XML document class and use the resulting objects hierarchy to permanently
store the data from the documents in a relational or object-oriented database
structure for future retrieval. Once a mapping of either type is in both of these
approaches allow the content of the documents to be indexed and available for
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searching under the guises of the well-established relational model.(2) While
the relational model is very robust, it does not support the ranking of query
results, making this solution unattractive as the sole indexing choice for an IR
application.

In addition to using a traditional RDBMs for the purposes of storage and
retrieval of document content, XML documents have also been indexed by sys-
tems that can be described as Native XML Databases. Some of these systems
may ultimately use a RDBMs as the back-end storage device for the XML data,
but the common characteristic to native XML databases is that the underly-
ing data model for access, updating, deletion, and indexing is the XML tree
structure of the documents being stored(19). There are a number of commer-
cial software products, Ronald Bourret maintains an extensive catalog of XML
database products3, which have been developed in recent years. However, Salmi-
nen and Tompa state that many of these products lacking in their support for
the storage and retrieval of complex and rich XML document structures because
of their limited support for enforcing the rules of a DTD or Schema that defines
a particular document class(17). Without support for explicitly understanding
what to expect in document instances being processed by an application the
products have a difficult time working with the document structure, limiting
their usefulness for IR applications.

3.2.2 IR Strategies

Both the native XML database products that have been developed and using a
mapping of XML data to an RDBMs or and Object-Oriented Database system
have serious limitations when one considers their prospects for supporting rich
IR applications that are able to provide relevance measures to matching doc-
uments. Luk, et al conducted an extensive survey of XML indexing strategies
from the IR community(15) They divided XML indexing strategies for XML
documents in IR applications into the following different categories(15):

• Flat-File Indexing Flat-file indexing completely ignores the document struc-
ture and index the document in a as a typical full-text IR application, cal-
culating the tf.idf value for each term found in the collection and storing
the results in an inverted file structure.

• Field-based Indexing Each element in a document is treated like a field and
the data in each element’s content is mapped to the particular element
(field) it occurs in. A field-based index is not aware of a document’s
parent-child relationships among nodes.

• Segment-based Indexing The document is divided up into segments, for
example all the chapter segments are selected and the content within these
segments is indexed. An index of this construction treats each segment as
unique document to be queried and retrieved.

3see http://www.rpbourret.com/xml/XMLDatabaseProds.htm
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• Tree-based Indexing A scheme that indexes the actual tree structure of
an XML document including parent-child and sibling relationships among
elements. These structures can then be incorporated in queries of the
document’s data. Navigation of the index is accomplished with XPath
like expressions.

• IR/DB Indexing Structured approaches take approaches similar to those
described in section 3.2.1 where XML content is mapped to another schema
like a RDBMs or Object-Oriented System.

• Path-based Indexing Two index files are maintained when using Path-
based indexing, one that indexes the text of the document and another
that indexes the structure of the document. Each unique XPath that oc-
curs in a document is indexed and given an identifier, the text that appears
in the XPath is mapped to the structural index via this identifier. Path
based indexing approaches can frequently be of use to ranking schemes for
documents as path frequency can be calculated.

• Position-based Indexing The document is regarding as a two-dimensional
object, different element tags are regarding as rectangular regions and the
content within them is indexed and mapped to that particular region.
This has been regarded as advantageous because both a rendered version
of the document instance and the original can be indexed used the same
indexing scheme.

• Multidimensional Indexing Traditional indexes are based upon indexing
one attribute, such as the path expressions or words in a text, this ap-
proach indexes documents on multiple values. A variety data structures
can be used to create a multidimensional index of a structured document.

All these approaches have particular advantages and disadvantages when
considered in the context of structured documents that contain semi-structured
data. Some do not capture the richness of such documents by ignoring or in-
adequately representing the hierarchical document structure defined by XML
markup: Flat-file, Field-based and Segment-Based indexing. Others have prob-
lems providing useful information to ranking mechanisms and also have diffi-
cultly representing complex XML structures: IR/DB Indexing. Others suffer
from performance lags when used on large collections of documents: Path-based,
Position-based, and Multidimensional indexing.(15)

3.3 Ranking and Searching Strategies

Effective searching of indexed content and having the ability to rank the results
from a particular query using a strategy common to one of the established
IR models for ranking, including VSM, Probabilistic, Weighted Boolean, are
common desires among IR researchers working on XML Query languages. Many
authors also seem to feel that it is important to be able to rank not only entire
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documents, but also assign rankings to particular subtrees within a structured
XML document that could possibly be returned as a match to a given query. The
following sections consider 5 proposed or experimental XML Query Languages
under current development and consider the prospects of each one to respond to
the challenges of providing IR applications with the ability to rank the matching
documents to a structured query and also to retrieve particular subtrees of an
XML document as a matching document to a query.

3.3.1 XQuery

XQuery is the product of ongoing efforts by the W3C4 to describe a query vo-
cabulary for XML documents that provides similar functionalities for searching
XML documents that SQL5provides for relational structures stored in RDBMs.
The developing XQuery specification has been based from two earlier proposals
of SQL-like XML Query Languages, XQL(16) and QUILT(7). XQuery provides
ample support for exact and range matching of values in an XML document(6).
It also provides strong support for the incorporation of the structure of the
document instance within queries to XQuery aware application. However none
of these languages addresses the need to provide relevant weighted results to
the a query. Additionally they do not support approximate or partial match-
ing. Many researchers point out that these two limitations negatively impact
XQuery’s ability to make a significant impact in the context of a rich IR system
for an XML documents(20)(18)(8)(11).

3.3.2 XPRES

Wolff, Florke and Cremers define an experimental query language, XPRES (eX-
tended Probabilistic Retrieval to Structure, that extends the classic probabilistic
BIR (binary independence retrieval) IR model(1), to include structural infor-
mation in the calculation of similarity measures for matching documents to a
particular structural query(20). Several modifications to the probabilistic model
are made to incorporate document structure. Instead of using the Inverse Docu-
ment Frequency (IDF) as the basis for calculations the authors define a concept
termed “Inverted Element Frequency”(20) that calculates the frequency of a
term’s occurance within a particular element in the document structure. The
IEF is used in similarity valuation similiar to the tf.idf measurement in tradi-
tional IR models. Weighting of query results in XPRES can also be influenced
by defining the “role” of an element, possibly by the user of the sytem. The user
can define differing elements to have the same or different roles in the context of
the query. Those elements that are defined to be of the same role will be given
the same weight in the ranking algorithm for query results, those with a higher
role will have a higher weight in figuring rank of the query results.(20)

The index for the XPRES consists of two parts, a text index and a structure
index. The text index actually contains the IEF for each term along with other

4http://www.w3c.org/XML/Query
5Structured Query Language
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lexical information about the term. The structure index contains information
about the particular subtrees that occur in a document, an identifier for each of
these unique trees is mapped to each term in the text index that appears in the
subtree(20). This approach provides an interesting way to achieve ranked query
results using the probabilistic IR model, but it does not provide the means to
deal with data-types other than strings of text, such as numeric or range values.
XPRES has been successfully tested on a large collection of documentations
taken from the PubMed database, initial tests demonstrate that the precision
of the system is improved by the incorporation of structural information to the
index and query structure(20).

3.3.3 XIRQL

Fuhr and Großjohann propose XIRQL an XML indexing model and query syntax
that will allow for the following(11):

• Weighting

• Relevance-Oriented Search

• Data-Types and Vague Predicates

• Semantic Relativism

This approach extends the original XQL Query Language(16) to support the
IR constructs in the previous list. Particular nodes in a document are defined as
the index points for the document and the content within these nodes and child
nodes of these nodes are stored in an index file containing each unique path that
occurs within any defined index node(11). Each unique index node that occurs in
a document instance is considered a unique probabilistic event by the ranking al-
gorithm proposed by Fuhr and Großjohann(11). Those nodes(elements) defined
as index terms should be indicated as such in the Document Type Definition of
the particular document class being indexed by a XIRQL aware application(11).
It is worth noting that Fuhr and Großjohann state only valid documents should
be used in a XIRQL application, in contrast to the approaches taken by XQuery
which is explicitly designed to work with any well-formed XML document(11).

A weight is assigned to each unique path in relation to the frequency it
occurs in a particular document, terms that are higher up in the document tree
are given a lower weight in Fuhr and Großjohann’s scheme because it is assumed
that a finer granulated index path will select a more relevant document within
the applications weighting scheme(11). A predicate can be added to any search
path supplied by the application to further narrow the search. This predicate
can search for a particular range of path values, or other user-defined data-types
such as proper Names, dates, thesaurus or index terms(11).

Semantic relativism would allow the query to expand the search term that
ends a particular path by stemming or filling words similar to the term, however
this has not been introduced by the authors into any of the test applications that
have used XIRQL(11). The language is an advance on XQuery in that it allows
ranking of query results using the frequency of terms within pre-defined index
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nodes within the document structure, but it has not yet been put through any
rigorous tests do it is not known how robustly an application using this approach
will perform.

3.3.4 ELIXIR

Chinenyanga and Kushmerick propose another extension of the original XQL
proposal(16), called ELIXER, the expressive and efficient language for XML
information retrieval(8). This approach utilizes a subset of XQL(16) expressions
to search collections of XML documents. For any given XQL expression a
document, or sub-tree within a document if the query is specified at that level is
either relevant to the expression or not(8). This search yields a set of matching
documents with equal weights of 1. If a query in ELIXER form specifies a
similarity predicate that instructs the application to determine how similar a
resulting set of documents is to the query, the matching documents are run
through a WHIRL(9) system that uses IR techniques to create a similarity
measure. The weight of each term vector is calculated and similarity is derived
by calculating the cosine similarity between the documents among the results
set and the query specified by the user(8).

This approach could conceivably support range and exact matching using
XQL syntax, and relevance scores can be achieved by the presence of a similarity
operator that invokes the WHIRL system that evaluates the similarity of the
returned document set every time. However the lack of an index system limits
this query language. In diagnostic tests the cost of doing the ELIXER search
than calling WHIRL to compute the similarity of the matching documents on
the fly was shown to increase linearly as the size of the document collection
went up(8). An effective indexing approach would have to be devised to make
this approach attractive in a large-scale application.

3.3.5 A Tree-Matching Approach

Schlieder and Meüss describe a different indexing and searching approach that
differs from the previous four that have been examined. They suggest an in-
dexing approach that indexes every unique tree pattern of nodes that occurs
within an XML document and utilizes a tree-matching algorithm to compute
the similarity of documents to a given query combining both a path description
of the document structure and particularly search terms(18). The model uses
the basic VSM, Vector Space Model(1), as the basis for arriving at similarity
values between a specified structural query and those documents containing tree
patterns that approximately match the query as specified(18).

Instead of interpreting a query as a list of terms as is done in the classic VSM
model, the queries in this approach is considered a labeled tree, that consists of
a label containing a path statement that describes the tree structure that the
desired term should appear in. The documents in the model of Schlieder and
Meuss are not actual separate document instances but rather sub-trees of one
large document, since their model assumes the entire XML document collection
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to be one tree with each sub-tree representing a particular logical document.
The index of such a collection is created by identifying each unique structured
term in the collection. The authors define a structured term as a unique labeled
tree, matched with the actual textual terms that occur in the tree(18)

An engine implementing this approach must be able to handle the processing
of both of the following(18):

1. The matches of all query subtrees (which represent occurrences
of structural terms) into document collection must be found.

2. The weights of all structural terms that have occurrences in
both the query and the document collection must be calculated

In their test implementation Schlieder and Meuss create an inverted index
that contains references to all nodes(logical documents) within the collection
that contain a particular structural term. A tree-matching algorithm than takes
the query, specified in the form of a structured term itself, and matches all
subtrees within the document collection that contain the structured term. A
ranking algorithm than uses the index information to create a standard tf.idf
measure for the returned subtrees. This information is than used to calculate
VSM measures like cosine similarity and euclidean distance to obtain a ranked
result set for the subtrees that have been identified as relevant logical documents
within the collection.(18)

The tree-matching approach was reported to be tested on a small document
collection with favorable effect on precision and that also recorded an efficient
processing time(18). This was especially if the structured terms specified in the
query were not semantically similar(18). This strategy proposes a complex and
interesting approach that fully incorporates the logical structure as defined by
XML into index, query, and ranking structures. However it cannot meet the full
demands of searching semi-structured data because it can only deal with ap-
proximate matching and does not make provision for range and exact searching
of particular data-types because although the structure of the document is fully
accounting for in the indexing scheme, the data contained within the document
is treated as text, an fact that the authors acknowledge in the work published
on their proposed model(18).

3.4 General XML IR Concerns

The previous considerations lead one to the conclusion that there is something
lacking in current XML indexing strategies. While there is some work being to
done to devise ranking strategies and much work being done to provide data-
base like queries for XML documents the work that has been done attempting
to combine the two approaches into an IR system that allows for full-text struc-
tural searching and database like range and exact searching is just starting.
However an approach that combines the strengths of both of these two different
approaches has not yet been identified. To adequately support the retrieval
and ranking of semi-structured data of varying data-types a system that imple-



4 A HYBRID STRUCTURED APPROACH 13

ments both approaches, full-text structural indexing and database like queries,
is needed. A system for doing so will be proposed in the next section.

4 A Hybrid Structured Approach

Often times it would be useful to be able to engage all three types of the common
matching that is necessary in Information and Data Retrieval systems(14):

• approximate matching

• exact matching

• range matching

An ideal IR system for semi-structured data stored in XML document in-
stances should be able to support all three types of matches. The system should
be able to provide exact and range matching on numeric types and also be able
to generate appropriately ranked lists of matching documents to a given query.
Over the next several sections an example where these abilities could prove
useful will be considered. The example takes the form of a species description
taken from the Flora of North America6, it contains semi-structured data that is
particularly well-suited to demonstrate why it useful to support all three types
of matching in an IR system. Some of the text within the document instances
should be treated as a numeric values, but other portions should be treated
as textual data. For this to actually be enforced an XML Schema7 should be
defined to enforce data-typing on the value of particular element values that
need to occur only as certain types, currently only a document type definition
is in existence for the example document class.

A system that could potentially incorporate all three modes of matching if
it had access to a full-text structural index of textual data and had access to
a database that contained all the data in the documents that requires strong
typing. Using the example document class mentioned in the previous paragraph
the next two sections 4.1 and 4.2 consideration will be given as to why this could
be a potential way to implement all three forms of matching within an IR system
that is still able to rank matched documents to the user by their relevance to
the given query.

4.1 The Full-Text Index

A typical full-text index of an XML document records information about the
frequency of occurrence of different paths in the document. XPath expressions
typically serve as the models for path selection in such cases. For example
consider the document fragment:

6see figure 4 for the DTD for the FNA document class
7http://www.w3.org/TR/xmlschema-0/
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<!-- species_example.xml -->

<FNA>

<Description>Trees to 23m; trunk to 0.6m diam.;

crown spirelike. Bark gray, thin, smooth, in

age often becoming broken into irregular brownish

scales. Branches diverging from trunk at right angles,

the lower often spreading and drooping; twigs

mostly opposite, greenish brown, pubescence sparse.

</Description>

</FNA>

When a path aware, see section 3.2.2, full-text indexing engine looks at this doc-
ument the words that are recognized as valid index terms will be represented in
the index with the appropriate path expression to their location in the document
tree:

/FNA/Description/crown species_example.xml 1

/FNA/Description/spirelike species_example.xml 1

/FNA/Description/0.6m species_example.xml 1

The number of times a particular path occurs in a document is also recorded
and a weighting measure like tf.idf can be easily applied to the contents of the
index to obtain a ranking of documents in relation to a particular query. While
this is effective in creating a full-text index that also is aware of the document
structure, all of the element content is treated as text and if the following path-
aware boolean query is run on the index containing the above data:

(FNA/Description[’spirelike’] and FNA/Description[’trunk’])

and FNA/Description[’0.4m’]

The query will be unsuccessful because the third path expression in the query
does not explicitly match the element content. For it to be successful the query
would have to be:

(FNA/Description[’spirelike’] and FNA/Description[’trunk’])

and FNA/Description[’0.6m’]

Unfortunately the above problem cannot be solved by including further markup
granularity. Consider markup that introduces a height and diameter element
for the numeric types:

<FNA>

<Description>Trees to <height>23m;</height>

trunk to <diameter>0.6m</diameter> diam.;

crown spirelike. Bark gray, thin, smooth, in

age often becoming broken into irregular brownish

scales. Branches diverging from trunk at right angles,

the lower often spreading and drooping; twigs

mostly opposite, greenish brown, pubescence sparse.
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</Description>

</FNA>

Even with further markup granularity a full-text path-aware indexing approach
will still fail to find a match on the following boolean query, because the element
content is still being treated like text:

(FNA/Description[’spirelike’] and FNA/Description[’trunk’])

and FNA/Description/diameter[’0.4m’]

To actually get a match to this query the ability to perform a range match on
the diameter value is needed. The query should be able to read as something
akin to this:

(FNA/Description[’spirelike’] and FNA/Description[’trunk’])

where FNA/Description[’RL < 0.4 < RU’]

L Range Lower Bound

U Range Upper Bound

4.2 The Database

A database should contain the values, such as the content of the diameter el-
ement in section 4.1, that need to be strongly typed as numeric, range, or
enumerated values. The full-text index will index the other elements whose
values should be treated as text. A defined similarity function using a modified
tf.idf value that includes path frequency will calculate the ranking of matching
documents to a query returned from this structure, see figure 2 to see the pieces
required and the process that will be used to construct these two aspects of the
system. It is important to note that a DTD/schema will be required, this is
necessary for indexing efficiency and accuracy as the indexing engine can ex-
pect to receive only content models and path expressions corresponding to the
particular document class that is being indexed.

A modified DTD for the application can be found in figure 5, in actuality
a schema would need to be devised to strictly enforce the data-typing on the
appropriate values. The markup for a document in the data-type aware appli-
cation backed up by both the database and the full-text index will now look like
this:

<FNA>

<Description location=’’ft’’>Trees to

<height location=’’dbase’’ numtype=’’range’’

start=’’0’’ end=’’23’’

value=’’meters’’>23</height>

trunk to <diameter location=’’dbase’’ numtype=’’range’’

start=’’0’’ end =’’.6’’value=’’meters’’>0.6</diameter> diam.;

crown spirelike. Bark gray, thin, smooth, in

age often becoming broken into irregular brownish

scales. Branches diverging from trunk at right angles,
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Path-Based
Full-Text

Valid XML 
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Indexing
Engine

DTD
or

Schema

Figure 2: Indexing System

the lower often spreading and drooping; twigs

mostly opposite, greenish brown, pubescence sparse.

</Description>

</FNA>

• Attribute “location” points the query engine to look in either the full-text
index or the database.

• Attribute “numtype” indicates that the value in the element should be
evaluated as a range starting at Zero, implied if to lower bound is specified.

• Attribute “value” indicates exactly what the number in the element con-
tents represent.

The system will now be able to provide exact and range matching of numeric
types along with full-text searching and the ability to provide effective ranking
of the matching documents to the query, see figure 3 for details. See figure 5
for a representation of the modified DTD with the new attribute values that
point the indexing engine to the proper data-store, the full-text index or the
database, see figure 2 for details.
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Figure 3: Hybrid IR System

4.3 Proposed System Architecture

The previous sections consider an example query that can’t be met by a full-text
indexing approach alone, then describe an ideal indexing system, see figure 2
that could meet the demands of a query that requires both a lookup of a data-
typed range value and and a full-text search with results ranked by relevance.
This section will discuss a theoretical implementation of such an approach.

The system must have two items available:

1. a collection of valid document instances, each with an automatically as-
signed unique identifier

2. a schema capable of enforcing data-typing on element content where it is
required

Figure 3 diagrams the flow of information between the different parts of the
system. There are two data-stores that will be necessary:

1. Full-Text Index Consists of a collection of every unique path that occurs
in a document instance. Every particular element node can be indexed or
only those nodes selected as index nodes will have their textual content
indexed by the indexing engine, see figure2. Only valid document instances
will be accepted by the indexing engine, see figure 2. An identifying
schema must be specified in order to tell the indexing engine what content
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begins and ends a path within the document. The frequency of each
unique path will be stored along with the unique document identifier. In
the interest of simplicity and disk-space frequencies will be counted at the
traditional document-level of retrieval units, as opposed to the ability to
select a particular portion of a document instance as a matched document,
something that a number of researchers talked about, see section 3.3. The
indexing engine should also carry out the commonplace IR activity of
stemming, storing paths containing the root words of terms found in the
document to expand the matching possibilities available.

2. Database The database will contain the those elements that it is necessary
to enforce data-typing, such as explicit numeric or explicit range values. It
also could contain element content that must be chosen from an enumer-
ated list of options. The unique document ID will serve as the key-field
for the database table with each element that is marked for the database
contained in a particular attribute value mapped to the element name.

In addition to the indexing engine, see figure 2, which will have to applied
every time an update is made to the document collection, there will be four
processes that will have to be continuously running while the IR system , see
figure 3 is in operation. This four parts may actually be implemented on the
same level in an actual system implementation, but their roles are distinct and
how each will be accomplished will merit strong consideration when actually
implementing the system. These four parts are:

1. User Interface The user interface should provide the user with a clear
indication of how to formulate a structural query to take best advantage
of the indexing scheme and the similarity measures that can be generated
by the system. In particular it might give users the option to place a higher
weight on specific structural constructs. For example,a document in the
example document class that contains a particular path in which a search
term resides in the name element, see figure 5, may be given a higher
weight than if the search term resides in a different path. The interface
should provide the user the option to weight terms in such a manner.
The interface should also provide the user of an indication of what fields
may be searched using numerical or other enumerated values stored in
the database. The interface should be extensible written to accept any
give schema or DTD and configure itself with minimal intervention by
the application developer. The interface should also have a logical and
intuitive display mechanism for ranked query results.

2. Query Manager The query manager validates queries from the user and
transforms them into a form that the full-text/DB interface can trans-
late into a query of the actual data-stores. The Query Manager should
translate queries written by the user into the proper path notation that is
ultimately decided upon for the application and used by the full-text/DB
interface to search the data-stores. These queries should be able to be
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able to support boolean expressions, thesaurus expansion of terms, and
stemming. The query manager should also package results from a query
into suitable form for acceptance by the interface. The query manager
should also hold responsibility for validating that the similarity function
was properly run of the match results set generated from the query pro-
cessing by the DB/Full-text interface.

3. Similarity Function The similarity function should use the values stored
in each index entry for a unique query term for a document, see article
about structured query terms insert REFERENCE here. This function
should compute the rankings for documents that have been returned as
matches to the user’s query according to relevance of the document to the
specified query. This function could use the tf.idf values stored for each
unique path in the index to arrive at a measure of cosine similarity or
euclidean distance as a means to obtain a ranking. The ranked results
should be then packaged to the query manager that has the responsibility
of getting them ready to be sent to the user interface.

4. DB/Full-Text Interface This is the actual interface to the two data-stores.
This interface does the work of actually retrieving the data from these
structures. When it receives a valid query statement from the Query
Manager it should be able to decide which data-store to look at first. The
database should be always be consulted first, since it should be the most
efficient means to remove documents from the result set since the match
must be exact or within a certain range. Once these documents have been
removed the more computationally expensive task of approximate match-
ing will be undertaken using the full-text index. This interface should
return the resulting documents as an appropriate data structure that the
similarity function can use to provide a ranked results list.

This system description provides a plan for constructing an XML indexing
system that can support a rich IR application that handles exact, range and
approximate matching.

5 Open Source Software

A number of different Open Source Projects are currently experimented with
implementations of some of the XML query languages discussed in section 3.
These projects take one of the three approaches discussed earlier:

• Construct a full-text index file of the document by counting path and
index term frequency within those paths

• Construct a native XML data-store queried by an XML query vocabulary

• Construct a relational database based upon by the XML schema
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<!-- DTD for FNA Hong Cui 2001 -->

<!-- generated to match classified FNA record segments -->

<!ELEMENT FNA (NomenclaturalInfo*, Description*, Distribution*, Discussion*,

Images?, ImagesMap?, Copyright?, Other?, Variability?, References0?, References1?)>

<!ELEMENT NomenclaturalInfo (#PCDATA)>

<!ELEMENT Description (#PCDATA)>

<!ELEMENT Distribution (#PCDATA)>

<!ELEMENT Discussion (#PCDATA)>

<!ELEMENT Images (#PCDATA)>

<!ELEMENT ImagesMap (#PCDATA)>

<!ELEMENT Copyright (#PCDATA)>

<!ELEMENT Other (#PCDATA)>

<!ELEMENT Variability (#PCDATA)>

<!ELEMENT References0 (#PCDATA)>

<!ELEMENT References1 (#PCDATA)>

Figure 4: The Original Document Type Definition

An open-source project that had support for computing relevance was dif-
ficult to find. The following products to be discussed, with the exception of
Swish-e were located through the frequently updated list of XML Database
Products that Ronald Bourret maintains(4). With modification each one of
these programs could serve as a piece of the system described in section 4.

5.1 Modified swish-e

swish-e8 could serve as the basis for the indexing engine, and provide a basis
for developing an application query syntax. This program has been modified to
index the full-text and each unique path that occurs in a document collection
that has been validated by the same DTD by the BioBrowser project9. Swish-e
can create an index entry for each unique path in the collection with a fre-
quency count for each document instance. The index entries will consist of the
unique path identifier and a count of it’s frequency in each document, so this
information can be exploiting for developing similarity measures. The modified
swish index could be index to recognize those nodes whose contents should be
stored in a database and an interface could be provided in the indexing engine
proposed in figure 2 to handle the loading of these nodes into the database.

8see http://swish-e.org/
9see http://www.biobrowser.org
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<!-- Modified DTD for FNA 2002 -->

<!-- generated to match classified FNA record segments -->

<!-- Insert attribute entity structure -->

<!ENTITY % coreattrs

"location (ft|dbase) #REQUIRED

numtype (range|exact) #REQUIRED

start CDATA #IMPLIED

end CDATA #IMPLIED

value CDATA #IMPLIED’’

>

<!-- ATTLIST definitions for all elements

excluded for brevity -->

<!ELEMENT FNA (NomenclaturalInfo*, Description*, Distribution*, Discussion*,

Images?, ImagesMap?, Copyright?, Other?, Variability?, References0?, References1?)>

<!ELEMENT NomenclaturalInfo (#PCDATA)>

<!ELEMENT Description (#PCDATA|height|diameter)>

<!ATTLIST Description %coreattrs;>

<!ELEMENT height (#PCDATA)>

<!ATTLIST height %coreattrs;>

<!ELEMENT diameter (#PCDATA)>

<!ATTLIST diameter %coreattrs;>

<!ELEMENT Distribution (#PCDATA)>

<!ELEMENT Discussion (#PCDATA)>

<!ELEMENT Images (#PCDATA)>

<!ELEMENT ImagesMap (#PCDATA)>

<!ELEMENT Copyright (#PCDATA)>

<!ELEMENT Other (#PCDATA)>

<!ELEMENT Variability (#PCDATA)>

<!ELEMENT References0 (#PCDATA)>

<!ELEMENT References1 (#PCDATA)>

Figure 5: Modified Document Type Definition
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5.2 eXist

eXist10 is a Java implementation of a Native XML database, see section 3.2.1
for further details on native XML databases. This package could possibly serve
as a model to build upon in developing the query manager and full-text/DB
interface portions of the proposed system. eXist implements a database server
that accepts queries in the form of statements conforming to following three
commonly utilized means of transporting information between applications:

• XML-RPC

• XML:DBI

• SOAP

The database server that exists in eXist accepts queries written in path-based
syntax. These queries are actually carried out by a Broker Interface that queries
the index file of the native XML data store maintained by the application. This
broker also has an interface to a relational data store that is optionally in the
current eXist package. Currently this option is made available to those who
wish to back their data up by storing it in a database.

eXist could be extended to use the modified swish-e package to handle in-
dexing and incorporate a similarity function like that discussed in section 3 to
generate rankings among matches to a given query, since eXist does not support
any sort of ranking or similarity measures in it’s indexing and searching system.
It could also incorporate validation by schema into the processing process, since
schema validation is important in the proposed system of section 4. eXist does
provide XPath based query support and offers an interface into a relational and
native XML database structure in the form of an index maintained on the doc-
uments stored in the system making it an intriguing package to consider for
extension and modification to incorporate the system described in the previous
section(4).

5.3 Others

Kweelt11 is an open-source implementation of the XML query language Quilt(7),
but it doesn’t actually implement a relational or native XML structure of it’s
own. An interface is provided to tie Kweelt to a particular structure or index
using DOM, SAX, XML:DBI or another user defined language. However, Kweelt
doesn’t have a lot of active development going on at the present time. Kweelt’s
last version was released back in August of 2000, so it is not a good candidate
for consideration when compared to eXist, which is being actively developed at
the present time.

GNUQexo12 is a partial implementation of the proposed XQuery Language(10)
by the W3C. Like Kweelt and eXist it is implemented in Java. It is implemented

10see http://exist.sourceforge.net/features.xml.html for current details
11see http://kweelt.sourceforge.net/
12see http://www.gnu.org/software/qexo/
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as part of the GNU Kawa project13, which is a java-based scheme framework
that developers have adapted to XML tasks. While under active development,
XQuery provides no ranking constructs for documents returned by a specific
query and the Qexo project does not seem to be at a stage where it could pro-
vide enough viable support in the way of interfaces to RDBMs or Native XML
databases to be a strong candidate for choice in helping to a develop a prototype
of the proposed system.

6 Conclusion and Future Work

There is much work being done on the problem of how best to provide sup-
port for structural queries that facilitate the retrieval of information stored in
XML documents by the IR and Database communities. However much of this
work centers on data-centric applications, that represent simple XML docu-
ment instances that generally do not contain complex structures in the form
of semi-structured data as described by Peter Buneman(5). Those researchers
who have focused on document-centric applications like IR systems, have done
some substantial research on techniques to create indexing systems and similar-
ity measures that support relevance rankings of matched documents to a given
structural query. However, these projects are in their infancy and primarily
focus on creating IR systems whose goal is only approximately matching doc-
uments to a query, but don’t consider the problem of creating a system that
will support the exact and range matching of numeric and other strongly typed
document content.

Considering the wide variety of semi-structured data available in structured
XML documents a need exists for a system that can provide database-like pre-
cision when searching strongly typed content within an XML document. A
system that supports this type of searching should also still be able to accom-
plish the goal of providing the user with the ability to search the full content
of documents and provide a list of matching documents to the query ranked by
relevance. The system proposed in section 4 is a plan for such a system. It
provides the functionality of both a full-text index containing all of the unique
paths found within a particular document class and a database of data-typed
and enumerated values. Such a system could potentially be implemented by
modifying the open source software package discussed in section 5.
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