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Abstract

The Semantic Web is the future of the Internet. It is the extension to the Internet in which
information will be given well-defined meaning, enabling not only humans but also machines to
find, share and combine information more easily. In the Semantic Web documents are not merely
pages containing a set of words that form their content. They also encode the meaning and
structure of those words. This enables various information retrieval techniques to be performed
on the documents in addition to the ones restricted to keywords. The goal of this research is to
explore a method for querying the Semantic Web using relational database theory and source
transformation techniques. We take as input, documents annotated with XML mark-up and the
information tags that we are interested in. We then extract and populate a relational view on the
annotated XML documents using these tags and the implicit relations in the XML documents. We
evaluate the feasibility of our system by testing on a variety of input and we also explore the

kinds of queries that can be made on the extracted relational view.
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Chapter 1

Introduction

This chapter provides a preface to the research work we have undertaken. It outlines the incentive
for investing our time in this work and also describes the problem that we have attempted to
tackle. Section 1.1 provides the motivation for our work while Section 1.2 gives details about the
research problem. Section 1.3 outlines the contributions made by our work and Section 1.4 gives

an overview of the entire dissertation.

1.1 Motivation

Consider the manner in which query processing is performed on the World Wide Web (Web) [1]
today. If the data embedded in the HyperText Mark-up of web pages is to be queried then special-
purpose, page-specific parsers need to be used to parse the page before any meaningful queries
can be made on the web pages. Ad-hoc queries are limited to simple key word based searches in
which documents are treated as pure streams of words. Data stored in databases is queried on the
Web using form-based interfaces and the queries used are fixed parameterized queries. Most of
the search methods today are limited due to the unstructured nature of the data on the existing

Web.

The Semantic Web [2] is an extension to the existing Web. It is a web in which information is
given well-defined meaning and semantic relations are established between different pieces of
data on the Web. Realization of the Semantic Web is marked with a number of challenges. A
major challenge is that of creating efficient and high-precision methods to retrieve relevant
information from the documents on the Semantic Web that are annotated according to different

ontologies.

Semantic mark-up [3] is the annotation of the text of documents from the World Wide Web with
tags that approximate the ontology of the domain. Annotation of all the documents in the World
Wide Web in this manner generates a large number of documents with a lot of semantic
information in them. In order to make querying these documents efficient, methods are needed to

restrict querying to only those parts of the annotated documents that are necessary. In order to
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discipline and tame the vast amount of information that will be made available by the Semantic
Web, there is a growing need to explore different ways of performing ontology-based information

retrieval on such a Semantic Web. This is the motivation for conducting our research.

1.2 Problem / Research Statement

The main aim of this research is to develop an approach to deriving relational views over
documents annotated with mark-up in Extensible Markup Language (XML) [4] format in order to
enable efficient querying of the information in the documents using Structured Query Language
(SQL) [5][6]. We explore the application of source transformation techniques to obtain such a

relational view.

Methods and tools that are highly efficient have already been used in the analysis of large
amounts of text in the area of software design recovery and source transformation [7][8]. In this
research, we intend to explore the use of such methods and tools as the basis of a new method for
obtaining a relational view of documents with semantic markup that is in the form of XML. We

intend to query the content of these documents using SQL.

Relational database systems have become irreplaceable in the world today. Many applications are
built on top of relational database systems and so there is a considerable investment made in these
systems. Over the years, relational databases have proved to be very successful when it comes to
storing and querying data. SQL is popularly used for this purpose. As compared to query
languages for XML such as XPath [9] and XQuery [10], SQL is much more mature and well
established. The advantages offered by this well developed technology and the advantages
offered by relational databases can be extended to information retrieval on the Semantic Web.
This can be achieved by extracting only the data from the Semantic Web that is necessary for

resolving a particular problem into a relational database, and then querying it.

For this, we first make explicit the implicit relationships in any XML document and then extract
the information tags that we are interested in. The external user or application specifies these tags.
We then create an intermediate representation for the relational view or tables from the extracted

information. Finally the intermediate representation is transformed into corresponding SQL
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statements to create the relational view or tables that are populated with appropriate information.
This system is implemented using TXL [11]. It is a useful language for applications and tools that

involve source transformation [8].

To understand the benefits of such a method, consider the following example of software
companies and staffing agencies. The latter’s interest lies in gaining access to job listings on the
software companies’ web pages and querying the information thus obtained. To obtain the
information, staffing agencies would traditionally have to work their way through each
company’s website in order to compile their own comprehensive database of job listings.
However with the Semantic Web, by using the mark-ups available, the process of searching the
web pages is made easier. Since the web pages may contain a large number of mark-ups, it is
necessary to filter out all the unnecessary mark-ups and the associated information to expedite the
searching process. In other words, it is better to populate a relational database with only the data
associated with the necessary mark-ups because then the task of querying becomes more focussed
and efficient. It is focussed because it extracts only the relevant information and populates a
relational database accordingly. It is efficient, not only because it harnesses the use of SQL, a
well-established and a mature technology, but also because the information to be searched

through is limited.

1.3 Contributions

This research project aims to use source transformation tools and techniques to transform
documents annotated with XML markup into SQL statements that will create a relational view for

the information tags in which the user or application is interested.

Specific contributions include:
* An automated method to explicate implicit relationships in XML documents
* An automated method to extract given tags as intermediate tables
*  An automated method to build an SQL database given a set of such intermediate
extracted tables

= A pipelined software architecture to combine the methods used for the transformation



1.4 Outline Of Thesis

This thesis is organized as follows:
= Background information regarding the Semantic Web, XML and related technologies,
database management systems as well as TXL will be given in Chapter 2. In addition to

this, related work is also discussed in this chapter.

= A brief overview of the implementation of our software system is provided in Chapter 3.
This chapter also illustrates the architecture of our system and a short explanation of the

different stages of the process is given in this chapter.

=  Chapter 4 gives a comprehensive explanation of the transformation process. It also

provides details about the implementation of the software system.

» Evaluation by means of different experiments is explained in Chapter 5. This chapter also

shows the results of the experiments.

»  Chapter 6 summarizes the thesis and touches upon its limitations and the future work that

can be undertaken.



Chapter 2

Background

In this chapter, the information that is necessary to better understand the scope of this research is
outlined. An introduction to the Semantic Web and the challenges that mark its realization are
included in Section 2.2. In the vision of the Semantic Web, semantic-markup is done using XML.
A brief overview of XML and related technologies is provided in Section 2.3. Our research looks
at extracting a relational view over XML documents using source transformation techniques and
tools. Therefore some of the main concepts of relational database theory and SQL are covered in
Section 2.4. For the transformation we are using a tool called TXL [11], which is covered in
Section 2.5. Finally Section 2.6 gives some details on other work that is related to what we have

explored and implemented.

2.1 Semantic Web

The growth of the World Wide Web or Internet has been explosive in the last few years. The
Internet is now a common source of information for many people and businesses. It is possible to
find out information about almost everything on this network. The story of the Semantic Web
starts with the invention of the World Wide Web by Tim Berners-Lee, an Oxford graduate, then a
scientist at CERN [12]. Berners-Lee observed that the documents on the World Wide Web or the
Internet are suitable for human consumption only. Using the information existing on the World
Wide Web today, equipped with the understanding of the keywords to be searched, it is fairly
easy for humans to search for and obtain the information they need. However, due to the complex
nature of the documents on the World Wide Web and due to the inability of search engines of
today to understand the meanings of keywords, it is very difficult for computers or machines to
perform similar search tasks. In order to enable computers or machines to harness the large
amount of information available on the World Wide Web, this information needs to be made
machine-processable. Berners-Lee envisions that in the next stage of the World Wide Web, data
available on the Internet will not only be in human-readable form but will also be machine-
readable. This vision has led to the birth of the Semantic Web. The Semantic Web is not a

replacement for the existing World Wide Web, but is an extension to it. It is an extension in
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which a universal medium for information exchange is created by giving semantics to the

information or data available in the form of documents on the World Wide Web.

The majority of the documents on the World Wide Web are written primarily in HyperText
Markup Language (HTML). This language is mainly useful for describing the visual
representation of the objects that make up the document. It is unable to classify or categorize the
different parts of the document, especially blocks of text in the document, other than for merely
achieving the desired visual display of the document. Another aspect of the existing Web is that
there are pieces of information located in different documents that are related to each other in a
number of different ways. Currently there is no way of expressing these relations and using these
relations in a useful manner. The Semantic Web aims to overcome these issues. The Semantic
Web also aims to make the web pages comprehensible to computers, so that newer and more
sophisticated tasks can be performed and other tasks like searching and sorting can be done in a
standardized manner. The architecture of the Semantic Web, put forth by the W3C, is shown in
Figure 2.1 [13][14].

Trust
Proof
Logic
framework ® §
Rules -E %
=]
Ontology 0
RDF Schema
RDF M&S

Unicode

Figure 2.1: The Semantic Web Stack [15]

There are three concepts and related technologies that are important for the development of the
Semantic Web. These are:

=  Extensible Markup Language (XML)



XML is a technology that enables the creation of tags, that is, hidden labels that are
useful for annotating the documents on the Web. These tags can represent the semantic
meanings behind the different sections of text. Although XML is useful for adding
arbitrary structure to the documents, it does not say anything about the meaning of the
structure.

Resource Description Framework (RDF) [16]

RDF represents the meaning of the structure of the documents as marked by XML. It is a
language for representing information about resources on the Web. In RDF information is
simply a collection of three tuples like statements with only a subject, verb and object.
The triples of RDF form a network of information about related data. However, RDF is
unable to relate similar concepts that have different names in different domains.
Ontologies [2]

Another major component necessary for the successful implementation of the Semantic
Web are ontologies to represent the different concepts in multiple domains and their
inter-relations. This third component of the Semantic Web provides the mechanism to

discover common meanings of concepts in different contexts on the Web.

Although the Semantic Web seems to be very promising, its realization is marked with a number

of challenges. Some of these are as given below: [17] [18]

Development of domain ontologies

Ontologies are an important aspect of the Semantic Web as they allow specification of
the semantics of the content of the Semantic Web. Developing common domain
ontologies is a social challenge due to the different perspectives for ontologies envisioned
by experts in the same domain. Integrating these different ontologies into one huge
common one is a major technical challenge.

Migration of existing Web content to Semantic Web content

Currently very little Semantic Web content is available. One thing that is essential for the
successful deployment of the Semantic Web is the migration of existing web content
including HTML pages, dynamic content, as well as multimedia and web services, to
Semantic Web content. Annotation of the existing Web content is the key to enabling this
migration. However, annotation of the existing Web content involves the challenges of

integrating domain ontologies and developing an annotation tool.

7



= Developing techniques for information retrieval on the Semantic Web
If one cannot search through the Semantic Web content (annotated data) then it is useless.
A significant effort is needed to develop methods to query the information in addition to

organizing the Semantic Web content systematically and storing it.

These challenges will need to be met successfully for a fruitful realization of the Semantic Web.
In our research we hope to introduce a technique for information retrieval on the Semantic Web
based on extraction of content into a relational database for querying. We want to use source
transformation techniques because these techniques have proved to be efficient and fairly

accurate for analysis and transformation of large amounts of text and source code.

2.2 XML and Related Technologies

Extensible Markup Language (XML) [4] is a general language created to facilitate the sharing of
data across different systems especially across the Internet. XML originated from the
Standardized General Markup Language (SGML), a meta-language in which one can define
markup languages for documents. XML can be viewed as a flexible text format, which can be
used to identify structures in a document. The XML specification [4] defines a standard way to
add markup tags to elicit the structures in a richly structured document. XML documents contain
markup and content. In the Semantic Web, XML plays an important role because it provides an
effective method to markup semantic information in the documents of the Semantic Web. There
are many other languages or technologies that were created to work with XML. The two that are

relevant to our research are XPath and XQuery.

2.2.1 XML Path Language (XPath)

XPath 1.0 [9] is a language useful for finding elements in an XML document. XPath models the
XML document as a tree of different types of nodes. It is called XPath because of its nature to use
paths similar to URLs (Universal Resource Locators) for navigating the XML document. XPath
uses path expressions to select nodes or sets of nodes in an XML document that satisfy the path
expression. It also has many built-in functions for manipulation of strings, numbers and booleans.
XPath is very easy to use and a simple expression can solve many queries and computations.

Since XPath views the XML document as a tree of nodes, it has major drawbacks. For example,
8



in the case of large documents, XPath expressions like //abc tend to be inefficient because they
require a search of all elements in the document to see if they contain an element abc [19]. Also,
it is found that XPath is slow for large documents and draws heavily on resources due the tree-

like structure of its data model [20].

2.2.2 XML Query Language (XQuery)

XQuery 1.0 [10] is a language developed to intelligently query XML data sources. It is built on
XPath expressions. It shares its data model with that of XPath, that is, the XML document is
viewed as a tree of different types of nodes. XQuery borrows the SQL-like syntax for its
“FLWOR” expression, which consists of five clauses: FOR, LET, WHERE, ORDER BY,
RETURN. XQuery is good for querying data expressed only as XML. It is also useful to query a
combination of XML and relational sources. However, this is possible only if there is a way to
view the data from the relational sources in XML form. Although XQuery has become popular in
the recent days, it does have some disadvantages. Firstly, XQuery does not include features for
updating XML documents or databases. Secondly, it also lacks full-text search capability. Lastly,
the main disadvantage of XQuery is that it is an immature technology [21]. Many existing

applications are not ready to support it.

2.3 Relational Database Systems and SQL

Relational database systems are database management systems based on the relational model first
introduced by Edgar Codd [6]. In these systems data is stored in the form of tables and the
relations between the data are also stored in tabular form. Relational systems today are a very
well recognized and mature technology. Most of them include high-performance query processors
and optimizers. The language that is understood by these relational systems is SQL [5]. SQL is a
long established standard when it comes to relational database systems. Many developers around
the world are well versed with SQL and most of the data repositories and applications already
support SQL. There are several development tools available for SQL. SQL has numerous
advantages like high-speed query execution and data retrieval, compatibility with other third-
party applications, data security, and an ability to perform operations like insert, delete, and

updates [22]. However, relational databases have a flat structure. They do not easily support



hierarchy and sequence, which are the two main aspects of XML documents’ logical structure. In

our research we attempt to overcome this drawback of relational databases.

2.4 TXL

TXL is a language used mainly for source code analysis and source transformations. It is a
functional and rule-based language. It uses three phases when transforming input - parsing input
into a parse tree according to a specified grammar, transformations on the parse tree using
specified transformation rules and unparsing of the new parse tree to generate the result of the

transformation. This is shown in Figure 2.2.

Input Parse Transformed Dutput

..I?{t,,. Parse _T_r:—::_e_b Transform L Fan e 8| Unparse 8 S

Figure 2.2: The TXL process. [5]

Every TXL program consists of two components. The first component is the grammar that
defines how the input should be parsed. The second component is the set of rules and functions
that define the transformations to be performed. The structure of a typical TXL program is shown
in Figure 2.3. Grammar overrides are used to extend the base grammar so that the resulting output

from the transformation can be parsed.
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Rulas

Eramimar
Overrides

Figure 2.3: The TXL program structure. [11]

Transformations are defined as a set of rules and functions that are applied to the input parse tree.
These rules are based on a match-and-replace principle to perform the transformations. The rules
match patterns in the input parse tree and replace them with other patterns. The patterns to be
matched and replaced are defined by combinations of terminal and non-terminal symbols. The
programmer defines these in the transformation rules. The transformation rules can be designed to

repeatedly search the scope for matches of the pattern and to replace them accordingly.

TXL is very useful for processing programming languages, program analysis and
instrumentation, design recovery and architecture extraction from source, security analysis and
prevention of buffer overflow exploits, database and document processing and many other

applications [23][24][25][26][27][28].

2.5 Related Work

Storing and processing XML data has been a topic of great interest for a number of years. The
database community has looked at reusing relational database management systems (RDBMS)
for this because of two main reasons - firstly because adaptation is easier and secondly because
hybrid XML-relational systems can store both structured (relational) and unstructured (XML)
data [29]. Depending on the application area, the interaction between XML and the RDBMS can

be classified into two main categories. One is XML publishing, in which an XML view of
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relational data is defined and queries are posed over this view. The other category is XML storage

in which a RDBMS is used to store and query existing XML data.

2.5.1 XML Publishing

A number of techniques have been proposed to handle XML publishing. Their approach to
defining the XML view of the relational data is classified as local-as-view (LAV), or global-as-

view (GAV), or both [30][31][32][33].

XPERANTO [30] is a middleware system working on top of any relational database system and
takes the “pure XML”, single query language approach. In this approach XML is used to model
both the relational data and the relational meta-data. Therefore the users need to know only XML
and the XML query language. An XQuery query is converted into an internal query
representation called the XML Query Graph Model (XQGM). View composition and rewrite
optimizations are performed to modify the XQGM and then the modified XQGM is then
separated into two parts —a SQL query to capture the memory and data intensive processing and

a tagger graph structure that is used to construct the XML query result.

SilkRoute [31] is a relational to XML middleware system. SilkRoute differs from XPERANTO
because it uses a declarative language called RXL to specify the mapping from the relational
schema to the XML view. This mapping is in the form of an RXL query. The RXL query is
decomposed into a set of optimal SQL queries over the relational data. The resulting tuples from
the SQL queries are then tagged to generate the XML output. SilkRoute aims at publishing XML
documents in an environment in which the middleware system has no control over the target

RDBMS.

The Agora data integration system [32] is another XML publishing system that enables querying
of data in relational as well as tree-structured data using a global XML schema and views of the
local data sources. This is known as the LAV (local-as-view) approach. XPERANTO and

SilkRoute work only on relational data sources and adopt the GAV (global-as-view) approach as
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they generate XML from the tuples. In this system the queries in XQuery are translated into SQL

and the results are returned in XML format.

MARS [33] is a system for publishing XML from mixed (relational | XML) storage. The MARS
system combines both the LAV and GAV approaches. In MARS the input XQuery query is split
into the navigation part and the tagging part by translating it into a set of decorrelated queries
(XBind queries). This set of queries along with the integrity constraints on both the XML and the
relational data are then compiled to produce relational queries and constraints. An algorithm
called ChaseandBackChase (C&B) is then used to obtain a minimal reformulation of the

relational queries under the relational integrity constraints.

Since all the above systems publish XML data from given relational data stores, they differ from

our work.

2.5.2 XML Storage

Many techniques have been studied to store and query existing XML data using a RDBMS. The
work in this area can be typically classified into two different categories. One category includes
the techniques that are based on using the XML schema or a DTD (Document Type Definition)
[34][35]. The other category includes techniques that use schema-less XML documents
[36][37][38][39][40]. Our work falls in the latter category.

In the paper titled “Relational Databases for Querying XML Documents: Limitations and
Opportunities” [34], the XML document is stored into relational tables using the corresponding
DTD. In this work three techniques are suggested that can be used to choose a relational schema
for an XML document based on its DTD — basic inlining, shared inlining and hybrid inlining. The
main idea in all three is to embed all elements that have a one-to-one mapping with the parent
element as a column in the table for the parent element. If an element has a one-to-many mapping
with its sub-elements then a separate table is created for the sub-elements with a foreign key to

the parent element.
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ShreX [35] is an XML-to-relational mapping system that provides automatic document shredding
and query translation capabilities. It is independent of the backend database system that is used.
ShreX works by specifying the mapping using annotations in the XML schema of the input XML
documents. The annotations specify how the individual elements and attributes in the XML
documents are represented in the relational schema. The annotated XML schema is used to shred
the XML documents into relational tables. A query translator is used to translate the XML queries
to SQL queries over the relational schema. The resulting tuples are then transformed back into

XML format.

In the work undertaken by D. Florescu and D. Kossman [36], the XML document is viewed as an
ordered and labelled directed graph in which the elements of the XML document are the nodes
and the edges represent the element-subelement relationships. An edge-based approach is used in
this work and it describes three different ways to map the edges of such a graph along with two

different ways for mapping the values of the XML elements.

In STORED [37], a technique to map semi-structured data to relational data is described. The
mapping is specified in a declarative query language called STORED. The STORED mapping is
generated automatically using data mining techniques and the queries and updates on the semi-
structured data are rewritten as those over the corresponding relational data. This method requires

you to learn a new language.

The work described in the paper “Storing and Querying Ordered XML Using a Relational
Database System” [38] concludes that the relational data model can support XML’s ordered data
model by using order as an additional data value in the relational schema. The paper describes
three different ways in which order can be encoded into the relational schema and also describes

algorithms to translate ordered XPath expressions into SQL using the three encoding methods.
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XRel [39] is a path-based approach in which the XML documents are viewed as trees and the
elements are stored in relational tables according to the node type and the root-to-node path

information. In this method the XML documents are stored in a fixed relational schema.

D. DeHaan, D. Toman, M. P. Consens, and M. T. A Ozsu suggest a novel approach to storing
XML documents in their work [40]. In this, the XML documents are encoded using dynamic

intervals. XQuery queries are then translated into to relational queries operating on this encoding.

Our method differs from all the above in some way or the other. Firstly, we do not introduce a
new language or concept such as in XQGM, RXL or STORED. Secondly, we avoid the storage of
XML elements that are not relevant to an application by only storing selective elements. This
reduces search scope and makes querying more focused. Thirdly, we use source transformation
techniques in our approach, which has not been used in any of the above approaches. Lastly, our
approach can be applied to any relational database system. It is therefore independent of the

backend database system.

2.5.3 XML Support In Major Database Vendors

In this section a brief overview of how major database vendors support XML is provided. The
databases covered are IBM’s DB2 Universal Database (UDB), Oracle Database 10g Release 2
and Microsoft’s SQL Server 2005.

1. IBM’s DB2 Universal Database [41]

IBM’s DB2 Universal Database (UDB) has been enhanced with comprehensive native XML
support. DB2 unifies native XML storage with relational data storage, indexing and query
processing. The native XML support is known as ‘pureXML’ support. DB2 also provides an
XML Schema repository (XSR) to maintain XML schemas that can be used to validate the XML
documents. Schema validation is optional and may be performed on a per-document basis. The
DB2 server uses a SAX (Simple API for XML) parser to check that incoming documents are

well-formed and to perform optional validation.
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For native XML support, DB2 introduces a new data type - the XML data type that can be used in
CREATE TABLE statements to define one or more columns of type XML. Relational tables can
contain any combination of XML columns and relational columns. Each column of type XML
can hold one well-formed XML document for every row of the table. In DB2 the relational
columns are stored in traditional row structures, while the XML data is stored in hierarchical
structures. The text-search capabilities of DB2 have been extended to work with the new XML

column type.

In DB2, querying of XML data is done using two languages - XQuery and SQL/XML. DB2 also
provides a decomposition product that maps XML data into relational tables. The decomposition
process uses annotations inside the XML Schema, similar to schema-annotated mappings in
Microsoft SQL Server and Oracle. These annotations are added to the schema by the user and
describe the mapping of XML elements and attributes to tables and columns. DB2 automates the

decomposition process by using the annotated schema as input.

Thus IBM’s DB2 UDB provides a hybrid solution that integrates native XML and XQuery with
relational data and SQL.

2. Oracle Database 10g Release 2 [42]

Oracle provides native XML storage and retrieval support through its feature called Oracle XML

DB. This feature was first introduced in Oracle Database 91 Release 2. The two main components
of Oracle XML DB are the XMLType Storage and the Oracle XML DB Repository. XMLType is
a new data type that has been introduced. It allows the database to create a column or table that

will contain XML.

The XMLType Storage in Oracle XML DB consists of XMLType tables and views. Oracle XML
DB supports both schema-based and schema-less XML storage. When XML schemas are
registered with Oracle XML DB, a set of default tables are created and used to store XML

instance documents associated with the schema. These can be accessed and viewed in Oracle
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XML DB Repository. XMLType tables can be stored as Character Large Objects (CLOBs) or as

a set of objects.

The second important component of Oracle XML DB is the Oracle XML DB Repository. This
component is optimized for handling all kinds of data including XML data. It contains resources
in the form of files and folders (directories, containers). The resources can be accessed in three

ways. These are:

=  Using SQL, through views RESOURCE VIEW and PATH_VIEW
= Using PL/SQL, through the DBXML XDB API

= Using Java, through the Oracle XML DB resource API for Java

= QOracle XML DB also provides a number of XML-specific methods that can operate on
XMLType objects.

Thus, with Oracle XML DB you can get the all the advantages of relational database technology
along with the advantages of XML.

3. Microsoft’s SQL Server 2005 [43]
Microsoft’s SQL Server 2005 extends the XML support provided by Microsoft’s SQL Server
2000. In SQL Server 2000, XML support is provided at both the server as well as the client side.

At the server side, this support is in the form of “FOR XML” clause in the SELECT statement
that can be used to generate XML data from the tables and query results. The converse
functionality is rendered by a relational rowset generator function called OpenXML, which

extracts values from XML into different fields of a rowset by evaluating XPath expressions.

At the client side XML support is provided through SQLXML, which enables you to create an
XML view that is a bi-directional mapping of an XML schema to relational tables. This XML

view allows you to work with your existing relational data as if it were an XML document. It also
17



enables you to convert XML data into relational data and load it into an existing SQL Server

database.

SQL Server 2005 extends the XML support described above and also provides native XML
support. A new data type called XML is introduced that can appear in the relational table as an
additional column. The XML values are stored as large binary objects (BLOBs). An XML data
type can be “typed” or “untyped”. The “typed” XML data type is one that conforms to an XML
schema. SQL Server 2005 provides support for XML schema through XML schema collections.
Built-in methods on the XML data type are provided to query and modify the XML data.

Thus using SQL Server 2005, the user is able to store both relational and XML data within the

same database.

2.5.4 CERNO, University Of Trento

The research we have undertaken is based on some past work accomplished at the University of
Trento, Italy. In this work, software design recovery techniques have been applied to the common
task of semantic markup of documents [2]. The process consists of three steps — parsing, markup
and mapping. The parsing step is the one in which a context-free grammar is used to obtain a
structure parse of the document under consideration. The markup step involves an initial semantic
markup of the document using a wordlist file that contains both positive and negative indicators
for semantic categories. The wordlist is obtained from the ontology for that semantic domain. The
text is marked up using XML tags. The mapping step is the last in which the XML marked-up
text is used to populate a relational database according to a schema approximating the ontology
for the domain. This schema is obtained manually from the ontology of the domain. This method
of semantic mark-up is lightweight and proves to be fairly accurate. Figure 2.2 shows part of the
results obtained after lightweight semantic markup of documents containing advertisements for

accommodation in Rome drawn from an online newspaper.

18



<ad=STAT1 ALURELIO - PINETA SACCHETTI - <location=5 min walking to SUBWAY CORMELIA LINEA A
(3 subway stop from St.Peter Yatican Y.</lecation= Small and safe <type>aparment<type= for rent from &
davs to 2 manths. Ground Floor and Independent Entry that can accomodate up to three people with
<facility=hedroom , bathroom, living room with Kitchen <facility=<price= Prices per day 2 people euro
30.00- 3 People euro 100.00</price= ALL INCLUDED (=facility=Gas, electricity, Bedlinen, Towel Ty,
Weekly Cleaning Senvice) <Facility= Discount on<term= long tenn rental. Far more details check ourweb
site <term= Weh: <contact=wawwy.camerno-caselunghe.it - E-mail: inforoma@eamering-
caselunghe it <fcomact=</ad=>

<ad=3033 Balduina, <type=studios<type= and 1 <facility=bedroom=facility=> <type=aparments<iype=
available to rent<term= for short and long tern perods <gem= All our <type=>studios<type= and
<type=apartments=type= are fully <facility=furnished with colour TN =facility= and direct dial telephone
and=prices> price<jprice= includes weekly <facility=linen change, electricity and water hills <Facility=
<type=Studios=type= sleep 2, <type=apartments<type=> sleep 3, all range in size. <type=Studios<type=
from <price=ELIRD 800 per unit per manth or Eura 70 per day far shater periods </price=
<type=Apartments<types from <price=EURD 1100 per unit per month or Euro 88 per day for shorter
stays. Limited armount of single rooms also available at Euro 530 per month <iprice= <facility=Farking and
cleaning available upon regquest <Facility= Balduina is <location=situated in the Morth of Rome and is well
serviced to the centre. The Watican is a 20 minute walk away and the closest station is a 5 minute stroll
away, connecting Balduina to 5t.Peters, Trastevere, the centre, Fiomicing aimoart and Termini

station =location= <contact=Contact us on: tel: +39 06 355771 - email:

residence. balduina@tin.it</contact=</ad=

<ad=3031 <type=AF ARTMENT=Aype> ALBERICO IMN <location=CEMNTRAL ROME=/location=: The
=type=gpartment=iype= iz <location=|ocated right in the heart of Rome. Within a few minutes walking
distance it is possible to reach all of the center of the city. We are just around the carner from St Peter and
the Yatican. More! Walking distance o all the majar attractions in the city {5t Peter, Piazza Navona, Spanish
Steps, Colosseum <location= Trevi Fountainy There are ane double <facility=hedroom and one single
hedroom. It can accommaodate up to 3 guests plus one. Air conditioned. Satellite TV on
request<facility=<price= Prices: Frarm 110 euro a day<iprice= for the whole <type=apartment<iype=
For pictures and=price= prices<iprice= for this <type=apartment=type= please visit:

=comtact=waan villaughi.comflatiumiromesalbercofindex. html - E-

rhailginfo@villaughi.com <icontact=</ad=

<ad=3024 <price=350 " a month plus 2 months deposit<price= Photos and map
=contact=hitpicommunity wehshots comfuserfaurelia38<icontact=> - The <type=apatment<iype= isin a
elegant condo with swimming pool and doomman. Yery good conditions, <facility=furnished, one bedroam
fwith hig size double bed), living room with kitchen open plan, 2 bathrooms . <facility=
<contact=prhigtele? it </icontact=</ad-

Figure 2.4: Example to illustrate lightweight semantic markup
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Chapter 3

The System: Architectural Overview

The objective of our work is to develop an approach to construct relational views over documents
annotated with mark-up in XML format in order to enable querying of the information in the
documents using SQL. The motivation for this work was to research different ways of performing
focussed information retrieval on the next generation of the World Wide Web - the Semantic
Web. We have used source transformation techniques to obtain a relational view over given XML
data. This chapter provides a general overview of the implementation of the software system that
has been used for the transformation. A brief overview of the architecture of the system is given
in section 3.1. This is followed by an overview of the steps taken in the transformation process in

section 3.2. Finally, section 3.3 summarizes the chapter.

3.1 Architecture Of The System

The architecture of the software system is illustrated in Figure 3.1. The system diagram gives an
overview of the transformation that is implemented in TXL. Each block shaded grey in the
system diagram shown in Figure 3.1 corresponds to a source transformation program. Depending
on the platform on which the program is run, the complete TXL transformation is run using a
batch file or a shell script. The input given to the software system must be an XML document and
a set of tags in which the application or user is interested. The XML document that is provided as
input should be one that does not contain a Document Type Definition (DTD) and should be well-
formed. A well-formed XML document for the purpose of our software system is one that is
made up of elements that consist of a start tag, some tag content and an end tag. There should be
no incomplete tags. The software takes the input and applies the different transformations on it to
deliver output in the form of a set of SQL statements. The set of SQL statements when run on a
database server create and populate relational tables. User queries can then be run on these tables

to obtain other information.
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The system diagram shows that the architecture of our system is modular. Each different module
can also be used independently. The system diagram also shows that, if multiple processors are
available, our system can take advantage of parallel processing. The modules called ‘Contain
Relation Explicator’, ‘Sequence Relation Explicator’ and ‘Get Interesting Tags’ (one with
‘Interesting Tags’ as input) can be run in parallel before the ‘Generate Intermediate

Representation’ block combines their outputs.

3.2 Overview of The Transformation

The entire process is broken down into five different stages. These five stages are shown in

Figure 3.1. Source transformations are used in each stage.

In the first stage the input XML file is pre-processed. In this stage all the XML tags in the input
file are marked with unique identifiers. The output of this stage is then used as input in the next

stages.

Elements in an XML document have certain inherent relationships. Specifically, these are the
containment relationship and the sequence relationship. The containment relationship is seen in
the nesting of the XML tags and the sequence relationship is seen in the document order, that is,
the order in which the different XML tags appear in the document. The second stage of our

process makes these implicit relationships explicit. More details about this are given in chapter 4.

The third stage is the stage in which the tags of interest are extracted. Information to keep a track
of the implicit relationships is also extracted in this stage. Chapter 4 explains in detail how this is

done.

In the fourth stage, an intermediate representation of the relational schema and data is generated
from the information extracted in the third stage. This intermediate representation is also in XML

format.

SQL statements that can realize the relational schema and data are generated in the fifth stage.

This is the last stage. The SQL statements can then be used to create and populate relational
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tables in an existing or new database. Currently the SQL statements generated are suitable for

MySQL v5.0.41 database server.

For example, if input is the XML data shown in Figure 3.2 and the tags that are interesting are
‘type’, ‘location’ and ‘price’, then the resulting output of the software system would be as shown

in Figure 3.3.

<ads>
<ad>3TAT1 AURELIO - PINETA SACCHETTI - <location=5 min walking to SUBWAY CORNELIA LINEA
A3 subway stop from SLPeler Vatican ).<flocation= Small and safe <type=apartment=/ype= for rent
from & days to 2 months. Ground Floor and Independent Entry that can accomodale up to three people
with <facility>bedroom , bathroom, living reom with Kitchen.<ffacility><price> Prices per day 2 people
euro 80.00 - 3 People euro 100.00</price= ALL INCLUDED {<facility=Gas, electricity. Bedlinen,
Towel, Tv, Weakly Cleaning Service).<facility> Discount on<term= long term rental. For more details
check our web sile.</tlerm> Web: <contact=www.camernao-caselunghe.it - E-mail: inforomai@camerino-
caselunghe.it.</contact=></ad=

=gd=3083 Balduina, =type=studios=/iype> and 1 =facility=bedroom=ffacility= =lype=apartments=/lypa=
available to rent<term= for short and long term periods. <fterm= All our <type=studios=</type~ and
<type=apartments<ftype> are fully <facility=furnished with colour T.V.<facility> and direct dial telephone
and=price> price</price™ includes weekly <facility=linen change, electricity and water bills. <Tacility>
<type=Studios</typa> sleep 2, <type=apartmenis</type> sleep 3, all range in size. <type=>Studios</
type= from <price=EURO 800 per unit per month or Euro 70 per day for shorler periods. </price=
<type=Apartments</lype> from <price>EURC 1100 per unit per month or Euro 88 per day for shorter
stays. Limited amount of single rooms also available at Euro 530 per manth, </price> <facility=Parking
and cleaning available upon request <ffacility= Balduina is <location=situated in the North of Rome and
is well serviced to the centre. The Vatican is a 20 minute walk away and the closest station is a 5 minute
stroll away, connecting Balduina to St.Peters, Trastevere, the centre, Fiumicing airport and Termini
station.</location= <contact=Contact us on: tel: +39 06 355771 - email: residence balduina@tin.it.</
contact><fad>

=ad=3024 <location=HISTORIC CENTER-3AN SABA Near FAQ on Metro B Line</location=<price=850
“a month plus 2 months deposit.</price> Photos and map <contact=hitpf'commmunity. webshots.com/f
userfaureliad8=/contact= - The <lype=apartment</type= is in a elegant condo with swimming pool and
doorman. Very good conditions, <facility=fumnished, one bedroom {with big size double bed), living room
with kitchen open plan, 2 bathrooms, <facility> <contact=prbi@tele.it.</contact>=/ad>

<lads>

Figure 3.2: Input XML data
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CREATE TABLE type {
tagld VARCHAR (50), tag_content TEXT, PRIMARY KEY (tagld))
CREATE TABLE location {
tagld VARCHAR (50}, tag_content TEXT, PRIMARY KEY (tagld));
CREATE TABLE price |
tagld VARCHAR (50}, tag_content TEXT, PRIMARY KEY (tagld))
CREATE TABLE table_slems {
tabieMarmea VARCHAR (50), tagld VARCHAR (50), PRIMARY KEY (tagld});
CREATE TABLE contained_elem {
childld VARCHAR (50), parentld VARCHAR (50), PRIMARY KEY (parentid, childid),
FOREIGN KEY {childid} REFERENCES table_glems (tagld), FOREIGN KEY {parentld) REFERENCES
table_elems (tagld));
CREATE TABLE sequence_elem (
numinSeq VARCHAR (50), elemld VARCHAR {50), PRIMARY KEY (elemid),
FOREIGN KEY (elemid) REFERENCES table_slems {tagld));
INSERT INTO type (tagld, tag_content) VALUES ("type1”, "apartmant");

INSERT INTO focation (tagld, tag_content) VALUES ("location1”, "5 min walking to SUBWAY CORNELIA LINEA A
{3 subway stop from St.Peter Vatican).");

INSERT INTO price (tagld, tag_content) VALUES {"price1”, "Prices per day 2 people suro 80.00 - 3 People euro
100.00™;

INSERT INTO table_slems (tableName, tagid) VALUES ("ads", "ads1");
IMSERT INTO contained_elern (childld. parentld) VALUES ("ad1", "ads1");

INSERT INTO sequence_elem (numlinSeq. elemld) VALUES (™27, "ad1”);

Figure 3.3: Output SQL Statements for interesting tags ‘type’, ‘location’ and ‘price’

3.3 Summary

In this chapter we have seen a high-level view of the software system used in our research. The
implementation of the software system is done using TXL. The next chapter contains an elaborate

description of the different stages and also describes the implementation details.
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Chapter 4

Implementation Of The Transformation Process

This chapter provides details about the different steps taken in the transformation process for
obtaining a relational view over XML data. The transformation is broken down into five different
stages. An overview of the stages is given in Section 4.1. The description of each stage along with
the implementation detail is given in section 4.2. Finally, section 4.3 summarizes the

transformation process.

4.1 Overview of The Transformation Stages

The transformation process consists of five stages that are illustrated in Figure 3.1 in Chapter 3.
The stages are:

*  Marking the tags with unique identifiers,

» Treating implicit relationships,

» Desired tag extraction,

*  Generation of intermediate representation and

= Generation of SQL statements.

Our transformation process makes use of the divide-and-conquer algorithm design paradigm. In
this paradigm a given problem is broken down into smaller sub-problems and the sub-problems
are first solved. The solutions to the sub-problems are then put together to produce the solution to
the given problem. Accordingly, our transformation process is broken down into five separate
stages and the outputs from the individual stages are used to obtain the final output. A source
transformation program is associated with each stage. Our system is implemented using TXL -

FreeTXL version 10.4¢ [4].

4.2 Language Grammars

An important aspect of programming source transformation projects is that grammars have to be

defined for the languages of the input data as well as the output data of the transformation. TXL
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is well suited for defining grammars. The input of our system is a well-formed XML document or
a list of XML tags while the output is a sequence of SQL statements that can be executed on a
database server. Thus for our system we define two grammars — one for the XML input and the
other for the SQL output. An excerpt of the TXL grammar for XML is shown in Figure 4.1 and
an excerpt of the TXL grammar for SQL is shown in Figure 4.2. The entire TXL grammars may
be found in Appendix A.

define program % The non-terminal that describes the whole input to the programs
[xmidoc]
end define

define xmldoc

[opt element] % ‘element’ is optional to accommodate blank, empty documents
end define
define element % An XML element could be tag with some content an empty tag

[empty_elem_tag]
| [tag_content]

end define
define tag_content % XML tag with a starl tag, some content and an end tag
[MNL]
[stag] [IN]
[content] [NLI[EX]
[etag]
end define
define content % The content for the XML element
[repeat sub_content]
end define
define sub_content % Sub-content could be some character data, another element or a comment
[repeat chardata]
| [element]
| [comment]
end define

Figure 4.1: Part of the TXL grammar for XML data

The TXL grammar that is used to parse the XML input is shown in this figure. The input data is parsed
into tokens that are defined in the TXL grammar. In this figure ‘element’, ‘tag_content’, ‘content’,
‘sub_content’ are all non-terminals defined in the grammar. By convention the non-terminal [program]
is the goal symbol, that is, the type as which the entire input must be parsed.
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define sgliStatement % Grammar is limited to table definition and insert statements
[tableDefinition] |
[insertStatement]

end define

% SQL-Data Definition Language (DDL)
define tableDefinition

CREATE TABLE [tableName] ( [IN]

[list tableAttrDefinition]

[opt primaryKeyDefinition]

[opt foreignKeyDefinition] ) ; [EX][ML]
end define

define tableAttrDefinition
[ML] [tableAttribute] [dataType]
end define

defing primaryKeyDefinition
. [NL] PRIMARY KEY { [tableAttributelist] )
end define

define foreignkKeyDefinition
. [ML] [list foreignkey] [NL]
end define

define foreignkey
FOREIGN KEY ( [tableAttributelist] ) REFERENCES [tableMame] ( [tableAttributelist] )
end define

% 30QL-Data Manipulation Language (DML). Currently grammar for only INSERT is needed.
define insertStatement

INSERT INTO [tableName] { [list tableAttribute] ) VALUES { [list stringlit] § ;  [NL]
end define

Figure 4.2: Part of the grammar for the SQL statements

The TXL grammar that is used to parse the SQL output is shown in this figure. The SQL
statements are formed using the tokens that are defined here such as ‘tableDefinition’,
‘tableAttrDefinition’, ‘primaryKeyDefinition’, ‘foreignKey’, ‘insertStatement’, etc.

Grammar overrides are used in many of our transformation rules to bridge the output of one stage
to the input of the next. A grammar override is used to extend the language defined by the base
grammar for specific tasks. Grammar overrides can be used to perform certain tasks more

efficiently. An example of a TXL grammar override is shown in Figure 4.3.
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% Grammar overrides for marking interesting elements
redefine element

| [not token] [interesting_element]
end redefine

define interesting_element
[element]
end define

% Input and output is now either an XML doc or a sequence of interesting elements
redefine program
v
[repeat interesting_element]
end redefine

Figure 4.3: Example of grammar overrides in TXL.

In TXL, previously defined non-terminals can be overridden using the ‘redefine’ statement. For example, in
this figure the non-terminals for ‘element’ and ‘program’ (previously defined in Figure 4.1) are overridden
to include a repetition of XML tags that match the ‘interesting element’ non-terminal.

4.3 Detailed Description Of The Stages

This section provides a detailed explanation of each stage in the transformation process. A

description of what is accomplished in each stage is given along with the corresponding input and
output for the stage. An explanation of how the different source transformations are implemented
in TXL is also provided. The source code for the transformations can be found in Appendix B. In
our explanation we will consider the input shown in Figure 3.2 as an example. The input is shown

once again in Figure 4.4. The desired tags are ‘type’, ‘location’ and ‘price’.

4.3.1 Stage 1 — Marking Unique Identifiers

This is the very first stage of the transformation process. In order to be able to distinguish
between the tags in the input XML document it is necessary to identify each tag uniquely. In this
stage, the input file is run through a transformation program and all tags are identified. A unique
identifier is associated with each tag in the form of an attribute in the XML tag. For example

consider the input XML data shown in Figure 4.4.
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<ads=

<fadg=

=ad>STAT1 AURELIO - PINETA SACCHETTI - <location=5 min walking to SUBWAY CORMNELIA LINEA
A3 subway stop from SLPeter Valtican ).=/location= Small and safe =type=apariment=/type= for rent
from 5 days to 2 months. Ground Floor and Independent Entry that can accomodale up to three people
with =facility=bedroom |, bathroom, living room with Kitchen.<facility=<price> Prices per day 2 people
euro 80.00 - 3 People euro 100.00</price> ALL INCLUDED {=facility=Gas, electricity. Bedlinen,

Towel, Tv, Weekly Cleaning Service).<ffacility> Discount on<term= |long term rental. For more details
check our web site. <fterm= Web: <contact=www.camerino-caselunghe.it - E-mail: inforomai@camenno-
caselunghe.it.</contact></ad>

=gd=3083 Baldulna, =type=studios<lype> and 1 =facility=bedroom=facility= <type=apartments</lype=
available to rent<term=> for short and long term periods. <fterm=> All our <type=studios</type= and
<type=apartments<ftype> are fully <facility=furnished with colour T.V.<facility> and direct dial telephone
and=price> price</price> includes weekly <facility=linen change, electricilty and water bills </facility=
<type=Studios<itype= sleap 2, <type=apartments</type> sleep 3, all range in size. <type>Studios</
type= from <price=EURO 800 per unil per month or Euro 70 per day for shorler periods. </price=
<type=Apartments</type> from <price>EURO 1100 per unit per month or Euro 88 per day for shorter
stays, Limited amount of single rooms also available at Euro 530 per month, </price= <facility=Parking
and cleaning available upon reguest <facility= Balduina is <location=situated in the Morth of Rome and
is well senviced to the centre. The Vatican is a 20 minute walk away and the closest station is a 5 minute
stroll away, connecting Balduina to St.Peters, Trastevere, the centre, Fiumicino airport and Termini
station.</location® <contact=Conlact us on: tel: +39 06 355771 - email: residence balduina@tin.it.</
contact></ad=>

=ad=>3024 <location=HISTORIC CENTER-SAN SABA Near FAD on Metro B Line</location=<price=850
“a month plus 2 months deposit.</price> Photos and map =contact=http.community. webshots.com/
useraureliad8=iecontact= - The <type=apartment<itype= is in a elegant condo with swimming pool and
doorman. Very good conditions, <facility>=furnished, one badroom {with big size double bed), living room
with kitchen open plan, 2 bathrooms. <facility= <contact=prb@tele2.it.</contact==</ad>

Figure 4.4: Sample input data

After identifying each tag, the output of this stage is as shown in Figure 4.5.
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=ads tagld="ads1">
<gd tagld="ad1"> STAT1 AURELIO - PINETA SACCHETTI -<location tagld="location1"> 5 min walking
to SUBWAY CORMNELIA LINEA A (3 subway stop from St.Peter Vatican).=/location= Small and
safe=type ltagld="type1™= apartment=ftype= for rent from 5 days to 2 months.Ground Floor and
Independent Entry that can accomodate up fo three people with=facility tagid="facility1"> bedroom,
bathroom, living room with Kitchan.<facility=<price tagld="price1™> Prices per day 2 pecple eurg §0.00 -
3 People euro 100.00</price> ALL INCLUDED (<facility tagld="facility?"> Gas, electricity, Bedlinen,
Towel, Ty, Weekly Cleaning Service).<facility> Discount on<term tagld="term1"> long term rental For
maore detalls check our web site. <flerm= Web:=contact tagld="contact1™= www.camerino-caselunghe.t -
E-mail: inforoma (@ camerino-caselunghe.it.</contact></ad>

=ad tagld="ad2"> 3083 Balduina, <type tagld="type2"> studics</lype>= and 1=faclity tagld="facility3"=
bedroom</facility><type tagld="type3"> apartments</type> available to rent<term tagld="term2"= for
short and long term pericds. <fterm=> All our<type tagld="typed"> studios<ftype=> and=type tagld="typeh™=
apartments</type= are fully<facility tagld="facilityd"> furnished with colour T.V.</facility> and direct dial
telephone and<price tagld="price2"> price</price> includes weekly<facility tagld="facility5"> linen
change, electricity and water bills, <facility=<type tagld="typeb™> Sludlos=</lype= sleep 2 <lype
tagld="type?"> apartments</type> sleep 3, all range in size. <type tagld="type8"> Studios</type>
from=price tagld="price3"> ELURO 800 per unit per month or Euro 70 per day for shorter periods, </
price><type tagld="typed"> Apartments</type> from<price tagld="price4"> EURO 1100 per unit per
month or Euro 88 per day for shorter stays Limited amount of single rooms also available at Euro 530
per month.</price=<facility tagld="facilityg6"= Parking and cleaning avallable upon request.<facility=
Balduina is<location tagld="location2"> situated in the North of Rome and is well serviced to the
cantre. The Vatican is a 20 minute walk away and the closest station is a & minute stroll away,
connecting Balduina to SL.Peters, Trastevere, the centre, Fiumicing airport and Termini station. </
location=<contact tagld="contact2"> Contact us on; tel: + 39 06 355771 - email: residence.balduina @
tin.it. </contact=<ad=

<ad tagld="ad3"> 3024<iocation tagld="|ocatipn3"> HISTORIC CENTER — SAM SABA Near FAO on
Metro B Line</location=<price tagid="prices"= 850 " a month plug 2 months deposit.=/price> Photos and
map<contact tagld="conlact3"= hitp: / { community. webshols.com ! user [ aurelia38</contact> -
The<type tagid="type10"> apartment</type= is in a elegant condo with swimming pool and
doorman.Very good conditions, =facility tagld="facility7"> furnished, one bedroom (with big size double
bed}, fiving room with kitchen opan plan, 2 bathrooms. </facility><contact tagld="contact4™> prb @
teled it.</contact></ad>

<fads>

Figure 4.5: Input data with all tags marked with a “tagld”

The “tagld” attribute is used to exclusively identify each tag. The value of this attribute is
uniquely derived from the tag name itself. The identifier is created by appending a unique number

to the tag name. The resulting file is then used as input to the next stage.

4.3.1.1 Implementation

The transformation rule for marking the tags present in the input with unique identifiers is shown

in Figure 4.6.
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rule main

% Find every element node
replace § [element]
=Tag [id] Taghttirs [repeal attribute]=
Contents [content]
=Tag=
% Make sure it doesn't already have a tagld attribute
deconstruct not * [attribute] TagAttrs
"tagld= Value [altvalue]
% Create a new tag id for it that is unigque based on its tagname
construct UniqueTagld [id]
Tag[!]
construct UnigueTagldStr [stringlit]
_ [quote UniqueTagld]

% Replace the node with the tag id as a new attribute
by
«<Tag 'tagld=UniqueTagldStr TagAttrs=
Contents
-r:ll'Tag}

end rule

Figure 4.6: Rule to mark the tags with unique identifiers

In this program, every ‘element’ in the input is deconstructed to obtain the tag name. The tag name is then
used to form the unique identifier using the ‘!” operator in TXL. Each element found is then replaced by the
same tag but with a new attribute that has the unique identifier as its value.

In this rule every element that has a start tag, some content and an end tag is matched and it is
replaced by the same element with an additional attribute. The additional attribute is the ‘tagld’
attribute and its value is the unique identifier for the tag. In Figure 4.6, the following TXL
construct is seen:
construct UniqueTagld [id]

Tag[!]
This is used for creating the unique identifier. The “!”” operator in TXL creates a unique identifier

from its operand by appending a unique number to the text of the operand.
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4.3.2 Stage 2 — Treating Implicit Relationships

The structure of an XML document conveys semantics. These semantics of the document
structure can be deduced from the inherent relationships between the different XML elements in
the document. Once all the tags are uniquely identified, the next step is to make these inherent
relationships obvious. The first relationship that can be seen is that of containment which is
hidden in the nesting of XML elements. The second is that of document order which is hidden in

the sequencing of the XML elements.

In this stage we use the technique of exploding the input with artifacts that will make identifying
these implicit relationships possible. The artifacts we use are additional XML tags. By

introducing new tags into the XML document we explicate the inherent relationships.

4.3.2.1 The Containment Relationship

Let us consider the first type of relationship, that is, the containment relationship. In XML,
hierarchy is achieved by nesting tags inside each other. This hierarchy is implied by the
containment relationship. The XML document can be viewed as a tree and so every tag in the
XML document, except the root tag, can be viewed as a child tag that has a parent tag associated
with it. To specify these parent-child relationships we annotate the input with additional XML
tags. For example, consider the input data shown in Figure 4.5.

Upon identifying the containment relationship amongst the tags, the input is transformed into
another XML document. The output corresponding to input shown in Figure 4.5 is shown in

Figure 4.7.
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=<ads tagld="ads1">
=goniained_elem childld="ad1" parentld="ads1"=
<ad tagld="ad1"> STAT71 AURELIO - PINETA SACCHETTI -
=gontained_elem childld="location1” parentld="ad1"=
<location tagld="location1"> 5 min walking to SUBWAY CORNELIA LINEA A {3 subway
stop from 5t.Peter Vatican), </location=
<fcortained_elem= Small and safe
<contained_elem childld="type1” parentld="ad1">
<typa tagld="type1"> apartment<type=
<fcontained_elem= for rent from 5 days te 2 months.Ground Floor and Independent Entry that can
accomodate up to three people with
<gontained_elem childld="facility1" parentld="ad1"=
=facility tagld="facility1"> bedroom, bathroom, living room with Kitchen_<facility=
</contained_slem=
<contained_elem childld="price1” parentld="ad1">
<price tagld="price1"> Prices per day 2 people eure 80.00 - 3 People euro 100.00</price>
<fcortained_elem= ALL INCLUDED {
<contained_elem childld="facility2" parentld="ad1"=
<facility tagld="facility2"> Gas, electricity, Badiinen, Towel, Tv, Weekly Cleaning
Service).</facility>
</contained_eslem> Discount on
=gontained_elem childld="term1” parentid="ad1"=
=term tagld="term1"> long term rental. For more details check our web site </term=
<lcontained_elem= \Weab:
=gontained_elem childld="contact1” parentid="ad1">
<contact tagld="contact1"> www.camerino-caselunghe.it - E-mail: inforoma @ camerino-
caselunghe.it, </lcontact=
</contained_elem=>
</ad=>
=/vontained_elem=
<contained_elem childld="ad2" parentld="ads1">
<ad tagld="ad2"> 3083 Balduina,

<fads=>

Figure 4.7: Data after containment relationship has been made explicit

Every tag that is nested inside another tag is enclosed in a new tag that is the containment
explicator tag. This new tag has two attributes. The first attribute indicates the identifier of the
nested tag, that is, the child tag. The second attribute contains the identifier of the parent tag, that
is, the identifier of the tag in which the child tag is nested.

4.3.2.2 Implementation of Containment Relationship

When identifying the containment relationship, the XML document is searched for all matches to

the following pattern:

<Parent-Tag Parent-Attributes>
Child Tag 1
Child Tag 2
Child Tag 3
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</Parent-Tag>

For every such pattern matched, we enclose each of the child tags in new tags with attributes to
indicate the parent tag’s id and the child tag’s id. This new tag is called “contained_elem”. This

pattern is replaced by the following pattern:

<Parent-Tag Parent-Attributes>

<contained_elem parentld="ParentTagld” childld="childTagld1">>
Child Tag 1

</contained_elem>

<contained_elem parentld="ParentTagld” childld="childTagld2"">
Child Tag 2

</contained elem>

<contained elem parentld="ParentTagld” childld="childTagld3">
ChildTag 3

</contained elem>

</Parent-Tag>

The function in the TXL program that encloses each child element in a new tag is shown in

Figure 4.8.
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% This function encloses each child tag within a tag that indicates its id as well as the parent's id
function addContainedByTag Parentld [attvalue]
replace [sub_content]
=<ChildTag [id] ChildAttrs [repeat attribute]=
ChildContent [content]
=/ChildTag=
% Extract the ld of the child tag
deconstruct * [attribute] ChildAttrs
'tagld= Childld [attvalue]
% Make a new child element with 2 new attributes:
5% ‘childld’ = child's id and "parentld’ = parent’s id
construct NewChild [sub_content]
=contained_elem 'childld=Childld 'parentid=Parentld =
=ChildTag ChildAltrs =
ChildContent
=/ChildTag=
<contained_elem=
by
MewChild
end function

Figure 4.8: TXL function that adds a new tag to indicate containment
This TXL function operates on all the child tags of a parent tag, which is identified by the function’s
parameter — Parentld. In this function, every child tag found is replaced by a new child tag, which is the

containment explicator tag. This new child tag encloses the original child tag.

4.3.2.3 The Sequence Relationship

The other implicit relationship between tags in an XML document is that of document order. The
order or sequence in which the tags appear at each level in the document hierarchy plays an
important role in understanding the data in the XML document. Similar to the way the
containment relationship was explicated, this sequence relationship is also made explicit by
exploding the input with additional XML tags, the sequence explicator tags. For example, the

input data shown in Figure 4.5 is transformed into the output shown in Figure 4.9.
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<gequence_elem numinSeg="1" elemld="ads1">
<ads tagld="ads1">
<sequence_elem numinSeq="2" elemld="ad1">
<ad tagld="ad1™> STA71 AURELIO - FINETA SACCHETTI -
=sequence_elem numinSeq="3" slemld="location1">
<location tagld="location1"> 5 min walking to SUBWAY CORMELIA LINEA A (3
subway stop from St.Peter Valican).=/localion=
</saquence_elem=> Small and safe
<gaqlUence_elam numinSeq="4" elemid="fype1">
<type tagld="type1"> apariment</type>
</sequence_slem=> for rent from 5 days to 2 months.Ground Floor and Independent Entry
that can accomodate up to three people with
<saquence_elem numinSeq="5" elemid="facility1">
<facility tagld="facility1"> bedroom, bathroom, living room with Kitchen,
<ffacility=
</sequence_elem>
=gaquence_slem numinSeq="8" elemlid="price1™=
<price tagld="price1"> Prices per day 2 peopie euro 80.00 - 3 People suro
100.00=/price=
=/sequence_elem= ALL INCLUDED {
<saguence_elem numinSeq="7" slemld="facility2">
=facility tagld="facility2"= Gas, electricity, Bedlinen, Towel, Ty, Weekly Cleaning
Service).</facility=
=/sequence_elem> Discount on
<sequence_elem numinSegq="8" elemld="term1">
<term tagid="term1"> long term rental.For more details check our web site.
<ferm=
</sequence_elem= Web:
=gaguence_elam numinSeq="9" elemid="contact1">
<gontact lagld="contact1™> waww.camerino-caselunghe.it - E-mail: inforoma @
camarino-caselunghe.it. </contact>
</sequance_eslem:=
<lad=
<fsaguence_elem=>
<gequence_elem numinSeg="10" elemid="ad2">
<ad tagld="ad2"> 3083 Balduina,

=fads=
<lsaquence_elem>

Figure 4.9: Data after sequence relationship has been made explicit

In this stage, every tag in enclosed in a sequence explicator tag, which has two attributes - one to

indicate the sequence number and the other to indicate the corresponding tag.

The “numInSeq” attribute contains the sequence number in the document order for the enclosed
tag. Sequencing can be done in a couple of ways for an XML document. In the first way, every
new tag seen in the document as you read the document from left to right and top to bottom is
given a sequence number that increases in a consecutive manner. This is absolute sequencing.
The other method of sequencing is one that takes into account the tree-structured nature of XML
documents. It is hierarchical sequencing. In this thesis absolute sequencing is used at every level
in the document tree. We use absolute sequencing in our work because then the resulting relation

is simplified and contains only one column that indicates the sequence.
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The “elemld” attribute contains the unique tag identifier of the enclosed tag element. This
attribute is needed so that the sequence explicator tag itself can indicate which tag appears in

what sequence order in the document.

4.3.2.4 Implementation of Sequence Relationship

To keep a track of where each element appears in the document order, we identify each element
and enclose it within a new tag that has its own attributes. These attributes indicate the enclosed
element’s position in the sequence of all elements and thus stores document order. The input is

scanned for a simple pattern match as shown below:

<Tag Tag-Attributes>
Tag-Content
</Tag>

Each pattern match is replaced by the following:

<sequence elem "numInSeq=NumberInSeq" "elemld=Tagldentifier" >
<Tag Tag-Attributes>
Tag-Content
</Tag>

</sequence_elem>

The sequence number value is incremented every time a pattern match is found. The TXL rule

that does this replacement is shown in Figure 4.10.
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rule markSeqguence
skipping [element]
% Find every element node
replace 3 [element]
=Taqg [id] TagAtirs [repeat aftribute]=
Contents [content]
<{Tag=
% Make sure it is not the sequence_elem tag itself
deconstruct not Tag
'sequence_elem
% Get the tag id for the node under consideration
deconstruct * [attribute] TagAttrs
‘tagld= Tagld [attvalue]

% Get the sequence number that indicates the element's position in the document order
import NuminSeq [number)
construct NuminSeqgStr [stringlit]
_ [quote NuminSeq]
% Export a new sequence number that indicates the next element's position in the document order
export NuminSeq
NuminSeq [+ 1]

%% Replace the original tag with the sequence element for the tag considerad
by
<sequence_ealem numinSegq=NuminSeqStr 'elemld= Tagld =
<Tag Taghttrs=
Contents [markSequence]
</Tag=>
<fsequence_elem=>
end rule

Figure 4.10: TXL rule that marks up the sequences in an input XML document
This TXL function takes every tag element in the input and replaces it by a new tag, which is the sequence
explicator tag. The function imports the sequence number and uses that value in the attribute of the new

tag. The original tag is enclosed in the new sequence explicator tag.

With these two implicit relationships explicitly identified it is possible to extract them as relations
in a relational schema. It is important to extract these into the relational schema because the
manner in which tags are contained in each other and the order in which they appear in a
document suggests semantics of the document structure. For example, consider that we have an
input document that contains health records of patients and the surgeries they have had in XML
form. The containment relationship is used in these documents to associate a surgical procedure
with a particular patient by nesting the tag related to the surgical procedure in the tag related to
the patient. The sequencing relation within the tag related to the surgical procedure indicates the

order in which the steps were taken to perform the surgical procedure. Once these implicit
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relationships are extracted into relations, queries like finding out the second step in the surgical

procedure for a particular patient can be answered.

Once the tags in an XML document have been uniquely identified and the inherent relationships

present in the document have also been identified, the process moves into the next stage.

4.3.3 Stage 3 — Tag Extraction

In this stage only the data associated with the desired tags are extracted, thus reducing the search
scope when querying the relational view on the input XML data. A simple scan of the input
document is made and pattern matching is used to identify the interesting tags. Interesting tags are
defined as the desired tags, that is, those that are relevant to the search, along with the tags that
identify the implicit relationships. For our system, an external user or application provides the set
of tags that are to be searched, that is, the desired tags. Each interesting tag is extracted into a

separate file. Figure 4.11 shows snippets of the files for the extracted “type”, “price” and

“location” tags for the input shown in Figure 4.4.

File for “type” contains: File for “price” contains:

<type tagld="type1"> apartment=/type> | <price tagld="price1"> Pricas per day 2 people eurp 80.00 - 3 People euro 100.00</price>

<lype tagld="lype2"> studios=ftype= <price lagld="price2"> price<fprice=
<type tagld="typeld"> apartments</type> | <price tagld="price3"> EURO 800 per unit per month or Eure 70 per day for shorter

<fype tagld="{yped"> studics</typa= periods. </prica=

; =price (agld="priced™= EURO 1100 per unit per month or Euro B8 per day for shorter
stays Limited amount of single rooms also available at Eurg 530 per month. </price=
=price lagld="price5™= 850 ~ a month plus 2 months deposit.</price>

File for “location” contains:

<location tagld="location1™> 5 min walking to SUBWAY CORNELIA LINEA A (3 subway slop from St.Peter Vatican).=flocation=
<lpcation tagld="localion2™> situated in the North of Rome and is well serviced Lo the centre. The Valican is a 20 minute walk away
and the closest station is a 5 minute stroll away, connecting Balduina to St.Peters, Trastevere, the centre, Fiumicino airport and
Termini station.<flocation=

<location tagld="location3"> HISTORIC CENTER - SAN SABA Near FAQO on Matro B Line</location=

LR I3

Figure 4.11: Data snippet from the tag files for extracted tags “type”, “price” and “location” from

input shown in Figure 4.5.

Along with the tags specified by the user or the external application, some additional tags also
need to be extracted into separate files. These are the tags that are required to identify the
containment and sequencing relationships and ones that are needed to maintain the referential

integrity in the relational schema. Figure 4.12 shows the contents of the file corresponding to
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extracted ‘contained elem’ tags. Figure 4.13 shows the contents of the file corresponding to

extracted ‘sequence elem’ tags.

=gontained_elem childld="location1" parentld="ad1"> 5 min walking to SUBWAY CORNELIA LINEA A (3 subway stop from St Peter
atican).</conlained_elem=

<contained_elem childid="typa1" parentid="ad1"> apartment=/contained_elem=

=gontained_elem childid="facility1" parentld="ad1"> bedroom, bathroom, living room with Kitchen.<fcontained_elem=

<contained _elem childid="price1” parentld="ad 1"> Prices per day 2 people euro 80.00 - 3 People euro 100.00</contained_elem=

Figure 4.12: Data snippet from the file for extracted tag ‘contained elem’.

<seguence_elem numinSeg="3" elemld="location1”= & min walking to SUBWAY CORNELIA LINEA A (3 subway stop from St.Peter
WVatican).</sequence_elem=

<sequence_alem numinSeq="4" elamld="type1"> apartment</saquance_elem>

<sequence_elem numinSeg="5" elemld="facility1™> bedroom, bathroom, living room with Kitchen, </sequence_salem:>
<sequence_elem numinSeg="6" elemld="price1"> Prices per day 2 people euro 80.00 - 3 People euro 100.00</sequence_elem>

Figure 4.13: Data snippet from the file for extracted tag ‘sequence elem’.

The set of extracted tags produced by this step is then fed as input to the next stage in the form of

temporary files.

4.3.3.1 Implementation

When looking for specific tags, we use the agile parsing paradigm. This paradigm is typically
used in programming for software comprehension systems [44]. In agile parsing, the resultant
grammar used is made up of the standard base grammar for the input and a set of explicit
grammar overrides. This resultant grammar provides a parse of the input that is more convenient
or efficient for accomplishing the transformation or analysis task at hand. TXL is well suited for

agile parsing and this technique makes extraction of specific tags very simple.

A new non-terminal is introduced as a grammar override for marking out the elements in the
input that are interesting. For each specific tag, the input is scanned for a pattern match of the

following nature:

<Specific-Tag-Name Tag-Attributes>
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Tag Content
</Specific-Tag-Name>

All tags that match are marked as interesting elements using grammar overrides. The TXL
grammar override for this is shown in Figure 4.3. The interesting elements are cleaned to remove
any other nested tags and are then output to a temporary file. This process is repeated for each tag
that is to be searched for, that is, each desired tag. It is also repeated for the containment and
sequence explicator tags marked in the second stage. The rule that transforms matching tags to

interesting elements is shown in Figure 4.14.

% Rule to search for elements that match the passed tag name
rule lookForTag TagMName [id]
replace $ [sub_content]
=TaghName Allrs [repeat altribute]=
Contents [content]
=TagMame=>
% If the tag matches your search tag name then mark it as an “interesting_elemeant”
construct InterestingElem [interesting_element]
=TagMame Allrs>
Contents
=TagName=
% Replace the tag by its interesting version and appending contents to respective outputfile
by
InterestingElem
end rule

Figure 4.14: TXL rule to transform tags matching passed tag name to interesting elements
This TXL function takes a tag name as a parameter and looks for all the tags in the input that match this tag
name. All the matching tags found are replaced by the same tag, but the replacement is marked to be of

type ‘interesting_element’.

The output of this stage includes one file for each of the extracted tags. These files are then

passed on as input to the next stage.

4.3.4 Stage 4 — Generation of Intermediate Representation

In order to obtain SQL statements that realize the relational schema over the XML document, we
need to first transform the extracted tags to an intermediate format. This intermediate format is

also in XML.
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In the relational schema that we generate, every interesting tag becomes a relation on its own and
each attribute of the tag becomes a column in that relation. This includes relations extracted for
the containment and sequence explicator tags. A separate relation called the ‘table elems’
relation that contains the identifiers of all the tags and the table to which they belong is also
created. This relation is created in order to maintain the referential integrity in the relational
schema. It ensures that only the tags that are present in the input document appear in the relations

corresponding to the containment and sequence explicator tags.

As an example, consider the extracted tags shown in figure 4.11, 4.12 and 4.13. The extracted
tags are ‘type’, ‘price’, ‘location’, ‘table _elems’, ‘contained elem’ and ‘sequence elem’. The
intermediate representation of the relational schema and the relational data corresponding to the

extracted tags are shown in Figure 4.15.
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=database name="db1">
<table_structure name="type">
=field Field="tagld™=<ffield>
=field Field="tag_content™=></field=
</table_structure>
=lable_data name="typa">

ST
=field name="tagld™=> typai<field=
<field name="tag_content”> apartment</field=
< o=
=rOW=
<field name="tagld"> typeZ<ffield=
=field name="tag_content™> studios=field=
<frow=
=</lable_data=

<table_structure name="location">

=field Field="tagld™=<field>

<field Field="tag_content™=<field=
</table_structure>
={able_data name="location™>

=/table_data>
=table_structure name="price™>
<field Field="tagld"><ffiald>
=figld Field="tag_content™=<ffield=
</table_structure=
=table data name="prica™=

</table_data>

=table_structure name="table_slams™=
=field Field="tableMame">=/field=
=figld Field="tagld"==ffield=>

=/lable_siructure=

<table_data name="table_slems">

</table_data>

«table structure name="contained_elem™
=field Field="childld"></Tield=
<field Field="parentld"></figld=

=/fable_siructure=

<table_data name="contained_slem">

=/lable_data=

<tabie_structure name="sequence_alem"=
=figld Field="numinSeq >=<ffield>
<field Field="slemld"></field=

=/table_structure>

=table data name="sequence_elem"=

=/table_data=
<(database=

Figure 4.15: Intermediate representation of the relational schema in XML format for the extracted

tags shown in Figures 4.11, 4.12 and 4.13.
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The intermediate representation is in XML. XML was chosen to keep both the input and output in

the same language. This makes the task of source transformation easier because the same XML

grammar can be used to parse both the input and output.

The schema and data for all the tables is enclosed in an outermost root tag called “database”.

Within this tag, the “table_structure” tag contains the representation for the relational table

schema. The “table data” tag contains details of the data for the individual rows in each relational

table. The general structure of the intermediate representation for the relational schema is shown

in Figure 4.16.

<ftable structure=
<rOW =
<frow=
<rOW =

<row=>

<ftable data=

v:.n'tahle_st.r-t-mturE}
<row=
=row=

=/table d E.t-t-a:-

={database>

<database name="namefDatabasa">
<tgble structure name="TableNamea1"=
=field Field="FieldName1"=</field=
=field Field="FieldName2"=</field=

<table data name="TableName1">

<table structure name="TableNameg2">
=field Field="FieldName3"=</field=

=table data name="TableName2®=

<field name="FieldName1"> ContentOfField1 </field>
<field name="FieldMame2™> ContentOfField? <field=

<field name="FieldName1"> ContentOfField1 </field>
<field name="FieldMame2™> ContentOfField? <field=

=field name="FieldMame3"> ContentOfField3 <field>

Figure 4.16: General format of the intermediate database representation
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4.3.4.1 Implementation

Typically in source transformation programs, the input language is first converted to an
intermediate form and this intermediate form is then converted to the output language. In
accordance with this technique, before generating the SQL statements an intermediate
representation for the relational schema and the relational data is created. This is created using the

matched tags’ files generated in the earlier stages of the transformation process.

We generate a simplified schema in our system. In this schema every desired tag becomes a
relation, that is a table, in the relational schema. This table has a minimum of two fields, one to
store the tag identifiers and the other to store the tag content. Every other attribute of the extracted
tag becomes an additional field in the relational table. The schema for each desired tag is as given
below:
TagName(

tagld,

tag content,

Other attributes as other fields,

primary key: tagld)

The other relations present in the schema are those that maintain referential integrity and those
that are necessary to record the implicit relationships in the XML document, namely containment
and sequencing. The schema for these tables is given below:
table_elems(

tableName,

tagld,

primary_key: tagld

)
contained _elem(

parentTagld,

childTagld,

primary_key: parentTagld, childTagld

foreign key: parentTagld on table elems(tagld) and childTagld on

table elems(tagld)
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)

sequence_elem(
numberInSequence,
elementld,
primary_key: elementld,
foreign_key: table elems(tagld)
)

The method for generating the intermediate representation is the same for the desired tags, the
tags that maintain referential integrity and the tags that record the implicit relationships. Each file
corresponding to an extracted tag is read. In our database schema, every extracted tag becomes a
relational table. Attributes of all the tags in the considered file are obtained. Each attribute
becomes a field in the relational table created for the corresponding extracted tag. An
intermediate representation for the relational table and all its fields is generated in this stage. The
‘table_structure’ tags in Figure 4.15 are examples of the intermediate representation for the

relational table schema.

The intermediate representation for the data in the relational tables is also obtained in a similar
manner. Each file corresponding to an extracted tag that has been read is considered. Every tag in
this file corresponds to a row in the relational table for that tag. This relational data has an
intermediate representation. The ‘table data’ tags in Figure 4.15 are examples of the intermediate

representation for the relational table data.

The rule that converts each tag to intermediate representation for the rows in the relational table is

shown in Figure 4.17.
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% Rule to form the rows of the table from the interesting elements
rule convertToRowFormat
skipping [element]
replace § [element]
=TagMame [id] Attrs [repeat attribute]=
Content [repeat sub_content]
</TagMame=
construct AttrFields [repeat sub_content]
_ [makeTableField ‘'name each Attrs |

% This field should be added ONLY for tags other than contained_elem and sequence_elem
construct ContentField [sub_content]
_ [getLastFieldContent Taghame Content]

construct AllFields [repeat sub_content]
AttrFields [ ContentFisld]
by
<row> AllFialds <frow>
end rule

Figure 4.17: TXL rule to convert each tag to the intermediate representation for a row in the
relational table
In this TXL rule, every tag element found is deconstructed to obtain the tag attributes. Each attribute’s
value becomes the data in the corresponding field of the relational table. The ‘tag content’ field is created
only for the relations corresponding to the desired tags. All the fields and their data are then enclosed in

<row></row> tags.

The XML data that is the intermediate representation for the relational table schema and the

corresponding relational table data becomes the input for the next stage.

4.3.5 Stage 5 — Generation of SQL Statements

The last stage of the transformation process is one in which the SQL statements are actually
generated. These statements, when run on a database server, create and populate a relational
schema, which can be queried using SQL. An SQL CREATE statement is generated for all the
<table structure> tags. The <field> tags in this tag specify the names of the columns of the table.
Consider the <table structure> tags shown in the data shown in Figure 4.15. This figure shows
the XML representation for the table for the tags ‘type’, ‘price’ and ‘location’. These are the
desired tags extracted from the input document. It also shows the XML representation for the
relational tables corresponding to the ‘table elems’, ‘contained elem’ and ‘sequence elem’ tags.

These are the tags that store the implicit relationships identified in the third stage.
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To realize the relational tables corresponding to the <table structure> tags in Figure 4.15 we need

to execute the SQL statements shown in Figure 4.18.

CREATE TABLE type {
tagld VARCHAR (50, tag_content TEXT, PRIMARY KEY (lagld}};
CREATE TABLE location (
tagld VARCHAR (50), tag_content TEXT, PRIMARY KEY (tagld});
CREATE TABLE price |
tagld VARCHAR (50), tag_content TEXT, PRIMARY KEY (tagld)}
CREATE TABLE table_elems (
tablaMame VARCHAR (50), tagld VARCHAR (50), PRIMARY KEY (tagld));
CREATE TABLE contained elem (
childld VARCHAR (50), parentld VARCHAR (50), PRIMARY KEY (parentld, childid),
FOREIGM KEY (childld) REFEREMCES fable_slems (tagld), FOREIGMN KEY (parentld} REFERENCES
table_elems {tagld));
CREATE TABLE sequence_elam (
numinSeq VARCHAR (50}, elem|d VARCHAR (50), PRIMARY KEY (elemid),
FOREIGM KEY (elemid) REFERENCES table_slems (tagld));

Figure 4.18: SQL CREATE statements for <table structure> tags shown in Figure 4.15

After creating the relational tables it is necessary to populate them with relevant data. The data
contained in the attribute fields are the values of the attributes. Consider the ‘type’ tags shown in
Figure 4.19. These are extracted from the input shown in Figure 4.4. The corresponding

intermediate representation is shown in Figure 4.20.

=ftype tagld="type1"> aparimeni</type=
<lype tagld="lype2"> studios<type=
<type tagld="typad"> apartments</typa>
=lype tagld="lyped"> studios=/lype=
<type tagld="types”> apariments</type>
=iype tagld="typed”> Studios=Type>
<lype tagld="type7"> apartments<flype=>
<type tagld="typefd"> Studios</type=
=<lype tagld="lyped"> Apariments<lype=
<type tagld="type10"> apartment=/type>

Figure 4.19: All the ‘type’ tags from the input shown in Figure 4.4
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=lable_dala name="type"=>
SrOW =
=fiald name="tagld"> typei=<field=
=figld name="tag_content™ aparimeant=/figld=
<row>
<FOwW>
<field name="tagld"> ype2</field=
<field name="tag_content™> studios</field=
=</row=
SIOWE
=field name="tagld"> typed=figid=
=field name="lag_conten(™> apartmants</field=
":.'ITDW:"
<ftable_data>

Figure 4.20: Intermediate representation for table data for “type” tag

Each row tag is transformed to an SQL INSERT statement. The resulting set of SQL INSERT

statements created is shown in Figure 4.21.

INSERT INTO type (tagld, tag_content) VALUES ("type1”, "apartmeant");
INSERT INTO type {tagld, tag_content) VALUES {"type2”, "studios");
INSERT INTO type (tagld, tag_content) VALUES ("type3™, "apartments”);
INSERT INTO type (tagld. tag_content) VALUES ("typed”, "studios");
INSERT INTO type {tagld, tag_content) VALUES ("type5”. "apartments™);
INSERT INTO type (tagld, tag_content) VALUES {"typeG”, "Studios");
INSERT INTO type {tagld, tag_content) VALUES {"type?", "apartments");
INSERT INTO type (tagld, tag_content) VALUES {"typed”, "Studios");
INSERT INTO type (tagld, tag_content) VALUES {"typed®, "Apartments");
INSERT INTO type {tagld, tag_content) VALUES ("type10®, "apartment®};

Figure 4.21: SQL INSERT statements for data shown in Figure 4.20

4.3.5.1 Implementation

The intermediate representation of the database in XML format is the input to the program that
generates SQL statements. This program parses the input document and generates both SQL

CREATE and INSERT statements that are needed to realize the relational schema and data.

The “table_structure” tags in the intermediate representation contains the information required to
generate the CREATE statements. When forming the SQL CREATE statements, the data types of

the individual table fields are hard coded to be variable character type. The only exception to this
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is the field that store the tag’s content, which is defined to be of type that can store a large amount

of text. In MySQL this type is known as TEXT.

To generate SQL INSERT statements, the intermediate representation is scanned to find all the
‘table data’ tags. Each of these tags contains row-by-row data for each table in the relational

schema. Figure 4.22 shows the TXL function that creates an SQL INSERT statement.

function createlnsertFor TableMame [id] Row [sub_content]
deconstruct Row
<[OW>
RowFields [repeat sub_content]
<frow>

% Form the { "attribute1” , "attribute2") part of the INSERT statement
construct ListOfAttrs [list tableAttribute]
_ [makeattrList each RowFields]

% Form the VALUES( "stringlit1” , "stringlit2™) part of the INSERT statement
construct ListOfWValues [list stringlit]
_ [makeValuesList each RowFields]

replace * [repeat sglStatement]
%% Nothing
by
INSERT INTO TableMName ( ListOfAttrs ) VALUES ( ListOfValues) ;
end function

Figure 4.22: TXL function to create an SQL INSERT statement
The TXL function shown here deconstructs the ‘Row’ parameter to obtain the different fields of the row.
Each field and its value, which are both in XML form, are transformed into a form suitable for the SQL
INSERT statement. The SQL INSERT statement is then appended to the end of the input in the function
scope by replacing nothing by the newly formed SQL statement.

The SQL CREATE and the SQL INSERT statements generated in this last and final stage can be
run on a database server to build the database that realizes a relational view over the input XML
document. The relational view thus obtained is a focussed view as it only includes the XML tags,

in which the user or external application is interested.
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4.4 Summary

In this chapter we have covered the entire transformation process for obtaining a relational view
over input XML document that is limited to the search tags specified by a user or an external
application. Every stage in the transformation process was described in detail and the
corresponding implementation was also explained. In the next chapter we will see how this

software system performed on sample input data.
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Chapter 5
Evaluation Of The Approach

In this chapter we discuss how we tested our transformation approach. Section 5.1 describes the
goals of the experiment while section 5.2 elaborates on the results obtained when our
transformation system was applied to different input data. In section 5.2, we also show the
outcomes of different queries on the relational schema obtained by our transformation system.

Section 5.3 summarizes the chapter.

5.1 Goals Of The Experiment

Ours is a proof of concept type of evaluation with two main goals. The first is to test the
feasibility of the approach in terms of creating relational views of XML documents. The second
goal is to see what kinds of queries could be posed on the relational data that we extract from the

input XML documents.

5.1.1 Feasibility Of The Approach

The first goal of our evaluation is to try to see if source transformation techniques can be used to
process XML data and obtain a relational view on it for querying using SQL. At the same time,
we want to constrain the relational view obtained by limiting the XML tags that are to be
included. An external user or application would specify these tags constraints. This enables

queries to be more focused and thereby makes the querying process more efficient.
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5.1.2 Executing Different Kinds Of Queries

The second goal of our evaluation is to test different kinds of queries on the relational view that
we derive on the input XML document. After studying the usage scenarios for XQuery put forth
by W3C [45], it was observed that an XML document has many features. The main features are
that XML documents are made up text and they contain information, they are tree-structured in
nature and they have an inherent document order. We classify the possible queries based on the
features of an XML document they use and define four categories.

=  Type 1 - Queries that illustrate information gathered from the XML document

* Type 2 - Queries based on the tree-structured nature of the XML document

=  Type 3 - Queries based on the document order of the XML document

» Type 4 - Queries that search text in XML document elements

5.1.2.1 Type 1 - Queries that illustrate information gathered from the XML

document

These are queries that gather data from the relational view that give information about the
contents of the input XML document. For example, find all ‘x’ tag elements and ‘y’ tag elements

from the input XML document.

5.1.2.2 Type 2 - Queries based on the tree-structured nature of the XML document

XML documents have a flexible structure and so the ways in which the tag elements are nested is
usually quite important. The queries in this category use nesting to establish a relationship
amongst the data that is to be retrieved by the queries. For example, find out all ‘x’ tag elements

that are contained in ‘y’ tag elements.
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5.1.2.3 Type 3 - Queries based on the document order of the XML document

Just as the way in which XML tag elements are nested in an XML document is important, the
ways in which the tag elements in an XML document are ordered is also usually important. This
category includes queries that take into consideration the order in which the tag elements appear

in the input document. For example, find out all ‘x’ tag elements that follow a ‘y’ tag element.

5.1.2.4 Type 4 - Queries that search text in the XML document elements

These are queries that involve string searching and matching in the elements of the XML

document. For example, find out all ‘x’ tag elements that contain the string “abc”

In the experimental evaluation we will see some concrete examples of queries from all four

categories. Queries may belong to more than one of the categories described above.

5.1.3 Test Data

We applied our software system on a number of document sets with varying schema and markup.
In each case, we show that our two goals are met by creating a relational view and then executing
sample queries on that view. We use the output files from the work undertaken as part of the
CERNO project at the University of Trento. We also test our approach on standard sets of XML
files that are generally available. Section 5.2 shows the outcome of our tests on the CERNO

output while Section 5.3 shows the outcome of the tests on the standard XML sample files.

5.2 CERNO Output

CERNO [2] is a semi-automatic annotation tool. This tool is used to annotate different text

documents using a lightweight pattern-matching approach. The result from the CERNO tool is
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typically a set of XML documents that are marked up with various tags that indicate semantics of
the contents of the XML tag. We use the results of the CERNO tool applied to advertisements,

research papers (Biblio), legal documents (HIPPA) and tourist boards.

5.2.1 Advertisements

Online advertisements for accommodation for some cities in Europe were annotated using
CERNO and the results were used as input to our software system. Let us consider the annotated

document for advertisements in Rome, Italy. Figure 5.1 shows an extract of the document.

<atls_doc>

e

3884 <type-<facllity=<location="anous apartment typologles, all furnished with care and immerged n the lush of
green of Monbe Mario, st & few mmates avay from downtown-=location=</aclity=</types, <types<prce=Hotel
services are Included and all apartments have a common and private garden<iprice=</type=, mn, stay: 3nights
<cohtact-<|ocation=St Andrew's Garden - Via della Camilluccla 180/ - 001 26-Rorme-|taly - tel, +39.06,306 44 44 -
fax, +39.08,306 65,36 - infoi@residencestandrews it - v residencestandrews lt=focation><lcontact-

= jad>

e

3BEI <types<location=\ia del Babuno: Flat for rent on a weekly basis=focaton==fype=. Newly refurbished <facilt-
1 bedroom, 1 bathreom, lhing room, kitchen, big terace=<facility=, <facility=Can accommodate up to 4 people
=facility= Children welcome, Plchwes avallable. <contact=Elisa Call 38 3388227286 or e-mad
yourbabuineEyshoo com=lcontact=

=fad>

e

FEER <typec<terms<locaion=Flal avadable from Aptll 1 n Pratl, very close o thi vabican-localon=-<fems <y,
<hocation=The et location is vishe Giulio Cesare, comer of Via Oftaviano-<location=. <faclty=Top foor, twa
bedrooms, two bathrooms, and very quiet, suppy=Naclity= <price=2 000 ewos a month, B00 ewos a week</price=,
<gohtact-alnat@amall com-=feontact=

fad>

e

861 <type=<location=Julia penthouse is located i the histoical center of Rome, bebaeen Santa Maria Maggiore
Baslica and Opera Theater in the Gth floor of a 18th nec-renaissance palace<location=-<type= <faclity=-price=4G

prersons, starting from 2306/ daly<lprice=<faclty- . <contact=-mfoifdhaoteljulla #</contact-
= jad>

Figure 5.1: Extract of the annotated document for online advertisements in Rome

5.2.1.1 Create Relational View

Let us consider that the tags we are interested in are ‘ad’, ‘location’, ‘contact’, ‘facility’, ‘price’
and ‘type’. We use our software system on the input shown in Figure 5.1 to get the output shown

in Figures 5.2. Only a snippet of the output is shown in both figures. Figure 5.2 (a) shows the
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SQL CREATE statements generated for the relational schema and Figure 5.2 (b) shows the SQL

INSERT statements needed to populate the relational schema.

CREATE TABLE ad
tagld VAR CHAR {a0),
tag_content TEXT,

PRIMARY EEY tagld));

CREATE TABLE lacation {
tagld WARCHAR {(a0),
tan_content TEXT,

FRIMARY KEY (tagld));

CREATE TABLE contact |
tagld VAR CHAR {a0),
tag_content TEXT,

PRIMARY EEY tagld));

CREATE TABLE facility |
tagld WARCHAR {(a0),
tan_content TEXT,

FRIMARY KEY (tagld));

CREATE TABLE price
tagld VAR CHAR {a0),
tag_content TEXT,

PRIMARY EEY tagld));

CREATE TABLE type
tagld WARCHAR {(a0),
tan_content TEXT,

FRIMARY KEY (tagld));

CREATE TABLE tahle_elems ¢
tableMame VARCHAR (a0},
tagld WARCHAR {30,

PRIMARY EEY tagld));

CREATE TABLE contained_elem
childld YARCHAR (500,
parentld WARCHAR {(50),
FRIMARY KEY (parentld, childld),
FOREIGH KEY (childld) REFEREMCES table_elems (tagld),
FOREIGH KEY (parentld) REFEREMCES tahle_elems (tagld)
n

CREATE TABLE sequence_elem
huminSeq WVARCHAR (a0,
elemid YARCHAR {50,
FRIMARY EEY (elemld),

FOREIGH KEY (elemld) REFERERCES tahle_eglems (tagld)

JX

(a) SQL CREATE statements for realizing the relational schema
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IMSGERT INTO ad itagld, tag_comtent) VALUES ("ad1”, "3884 Varous apartment typologles, all furnished with care and
mmerged In the [ush of green of Monte Mano, just a few minutes away from downtown Hotel services are included and
all apartments have a common and prvate gardenmin,stay: 3 nights StAndrew ™ s Garden - Via della Camiuccia 180/
b - (1 36 - Rome-taly - tel + 3006 306 44 44 - fa + 30,08 305 56,36 - Info @ residencestandrews 2 -

vt sl dencestandoews It

IMEERT INTO ad (tagld. tag_content) WALUES ("ad2®, "3883 Via del Babuno: Flat for rent on a weekly basis Mewly
riefurbished, 1 bedroom, 1 bathroom, Bving reom, kichen, big terrace, Can accommodate up to 4 people, Children
vilcome Piciures avadable Eksa Call + 38 3385227 285 of e-mall yowbabwne & yahao com');

IMEERT INTO ad (tagld. tag_content) VALUES (“ad3”, "3868 Flat avadable from April 1 n Bratl, very close fo the
vatican, The exact location |s viale Ghlo Cesare, comer of Via Ottaviano, Top floor, two bedicoms, bvo bathreoms, and
vy dulet, sunny, 2. 000 eures a month, 800 eures a week alinat @ gmald com™);

INSERT INTC ad (tagld. tag_content) VALUES ("ada”, "3861 Julla penthouse is located mn the histoncal center of
Rome. betwesn Santa Marla Magalore Basilica and Opera Theater in the G th floor of a 18 th heo-rensssance palace 4
/6 persons, starting from 230 € | dally nfo @ hoteljulla 27,

IMEERT INTO ad (tagld. tag_content) VALUES (“adB®, "3887 Aparbment to rent for heldays in & central area at only B
manites walk to S Peter s Chuich and to metio station (3 stops to P zza di Spagnal.lt is neal to many |nteresting
foamistic pomis, I you want you can reach also by walk P zza di Spagna, Castel 5 Angelo, Vatican Musewsms are In the
apposie streel Many restaurants. every kind of shops make of this area the best destnation for an hollday. The
apartment |5 60 ma. Hrd foor with elevator i a tipical 40 th roman buildng, renoved few years ago, composed by 1
Bving reom with a comfoable double sofs bed, 1 large double bedraom, a single bed if you need, equpped kichan
with dishvwashing machine and washing machine, bathraom with shower A8 your disposal alse 2 tv color, dvd, stereo,
haw dryer | can send photos sabinaspaletia @ yahoo it - tel 003934 736024877,

INSERT INTD ad (tagld, tag_content) WALUES ("add”, "3832 PENTHOUSE COLISEUM WITH TERRACE - Beautiful
husury penthouse with sunny TERRACE and LIFT, in the very centre of Rome ned to the COLISEUM. the FORLUM and
the CAPITOL Mext ta subway, bus, stores and restawants \Very gulet and cosy, fumished with antlguities. on fwo
floors Lower floor Bving room with kitchenette and a sofa bed for two, there ' 5 a balcony looking on a garden Upper
floor: 1 bedroom (double), 1 bathroom (hub) and a beautife sunny terrace with garden femdure, awning and

plants Weekly rental: 200, 00 ewos all included (gas, electicity, water, heatng, bed linen & towels, alf condstionng,
TV, cleaning at end); Secuity deposit 350 swos Inguines: serlius @ yahoo 87

INSERT INTO ad (tagld. tag_comtent) VALUES ("ad?", "3810 Flat for rent in Rome. Sleeps 4 people. in Porta Pia ares,
close to the hoble villas of Galleila Borghese and Villa Torlonsa Prices from 70 Ewos for one day appartamentoroima

(b) INSERT statements for populating the relational schema
Figure 5.2: SQL statements generated for the extracted tags ‘ad’, ‘location’, ‘contact’, ‘facility’,

‘price’ and ‘type’

5.2.1.2 Example Queries

We executed the following queries on the relational view created for this case.

1. Query1

Find all the advertisements for accommodation. This query indicates that we need to extract the

‘ad’ tag elements from the input document and retrieve their contents.

The SQL query and the results are shown in Figure 5.3. This query falls under category “Type 1”
described in section 5.1. Type 1 queries are those that retrieve information from the input

document.
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Queny:
SELECT Ad.tagld A5 AdID, Ad.tag_content A5 AdDetail
FROM Ad;

Statws: Executed gueries: 1 Error: 0

(a) SQL query to find all advertisements

AdID AdDetail

3884 Various apartment typologies, all furnished with care and immerged in the lush of green of
Monte Mario, just a few minutes away from downtown.Hotel services are included and all

ad1 apartments have a common and private garden.min.stay: 3 nights.S5t.Andrew ' s Garden - Via
della Camilluccia 180 / b - 00135 - Rome-ltaly - tel + 39.06.305.44 44 - fax.+ 39.06.305.55.36 -
info @ residencestandrews.it - www.residencestandrews.it

3743 §.Maria Maggiore.From 15 May.Completely furnished, 80 sqm apartment, top floor,
elevator, large kitchen — living area, cosy mezzanine bedroom, wood-beamed ceiling, TV, Carrier
air-conditioner, quiet, sleeps 4 max, € 500 weekly, € 1.400 monthly {all
inclusive).Tel.064465814, marpali @ tiscali.it - www.geocities.com / romeapartment02

3571 B & B A sunny and huge doubleroom with private bathroom in attic apartment in the heart of
ad100 |[Rome.You can share the green and tipical Roman terrace and the kitchen of the apartment.Euro
50 daily. Rosemari.a @ libero.it

3562 SPANISH STEPS, B & B - Accommodation in the very heart of Historic Centre — huge
double rooms in comfortable flat, tv, kitchenette, all comforts EURO: 65.00 Double p.N.all

incl. TEL:: + 39 - 064818788 [ 3495654606 - E-MAIL: arkan.d @ libero.it - http: / f web tiscali.it /
accomodation

3561 HISTORIC CENTRE f NAZIONALE, B & B located in the heart of Rome in sunny top-floor
ad102 |flat, double rooms w.all comforts, tv, air condition, use of kitchenette EURO 65.00 p.N.Doukle all
incl. TEL.: + 39 - 064818788 [ 3495654606 - E-mail: arkan.d @ libero.it

3508 The B & B QOasis is situated in the center of Rome.With short walks you will arrive to the
archaeoclogical areas, museums, monuments, basilicas, churches, university, theatres and many
restaurants.In a palace of the 1883 we have comfortable and quiet rooms with bath and
TV.Familiar atmosphere.www.bboasi.net - E-mail: bboasi @ inwind.it

3501 B & B in Navona Square..Very confortable sunny rooms with private bathroom.Single E.80
10 ouble £ 110 T ) Al inel i Y ; I . I alaZd @

(b) Result of the query shown in (a)

ad10

ad101

ad103

Figure 5.3: SQL query to find all advertisements and the query results

2. Query 2

Find all the accommodations that are of apartment type. This query indicates that we need to find

all the ‘type’ tag elements that contain the string “apartment’.

The SQL query and the results are shown in Figure 5.4. This query falls under ‘Type 4’ because it

uses string searching and matching as described in section 5.1.



Queny:

SELECT type.tagld A5 typelD, tvpe.tag_content A5 type
FRCM type

WHERE type.tag_content LIKE '"%apartrmentds’

CRDER BY type;

Statws: Executed gueries: 1 Error: 0
(a) SQL query to find all ‘type’ tag elements that contain the string “apartment”
typelD type
Y The apartment has every kind of shops all around, on the opposite street there are 3
type171 |supermarkets and in the back side there is the big market district, there are also banks, postal
office, cinemas
25 + sq.mtrs bedroom available in large apartment {120 sq.meters) consisting of living / dining
type136 |room with large terrace, eat in kitchen (washing machine), office, hallway, entry way, 1.5
bathrooms and public terrace located on the roof
type12 A_modern apartmen? located on the first floor of a nice building, facing a large green square
with bus stop (10 minutes by bus to Colosseum)
type30 A_modern apartmenF located on the first floor of a nice building, facing a large green square
with bus stop (10 minutes by bus to Colosseum)
type179 A_modern apartmenF located on the first floor of a nice building, facing a large green square
with bus stop (10 minutes by bus to Colosseum)
type173 A modern_ fully equipped ap_artment located on the first floor of a nice building, facing to a green
square with bus stop {10 minutes by bus to Colosseum)
type52 A stylish,_modern apartmen_t located on the first floor of a nice building, facing a large green
square with bus stop {10 minutes by bus to Colosseum)
t A very nice apartment, full furnished and equipped, available for renting in the heart of Roma
ypedb .
{Testaccio)
type3d All our studios and apartments are fully furnished with colour T.V.and direct dial telephone and
ype price includes weekly linen change, electricity and water bills
¢ All our studios and apartments are fully furnished with colour T.\V.and direct dial telephone and
ypeds L . - .
price includes weeldy linen change, electricity and water bills
type181 All our studios and apartments are fully furnished with colour T.\/.and direct dial telephone and
ype price includes weeldy linen change, electricity and water bills
(b) Results of the query shown in (a)
Figure 5.4: SQL query and result to find all accommodations of apartment type
5.2.2 Biblio
Biblio is a collection of documents obtained after running the CERNO annotation tool on
research papers. An extract of one of the documents is shown in Figure 5.5.




<Biblie_Deoe==Bibbs_Head=<Biblio_Tibe=Knowledge and Informabion Systems (2004) &: 380-401 D00
101007 &1 011500301 384 =/Biblic_Tithe=<Biblio_Authors=lgor Junsica</Bibbo_authois=
</Biblo_Head-<Bblie_Abskact=-Knowledge management research focuses on concepls, methods, and tools
supporting the management of human knowledge, The main objective of this paper is to survey basie concepts that
have been used n computer science for the representation of knowledge and summanze some of ther advantages
andl drawbacks, A secondary objective 15 1o relate these technigues to mlormation science theory and practce. The
survey classifies the concepts used for knowledge representation into four broad ontological categones. Static
ohtologies describe stabc aspects of the workd, e what things exist, thelr attibutes and relationships, A dynamic
ontalogy. on the ather hand, descibes the chanding aspects of the workd in terms of states, state bans#ions and
processes, Intentional entologies encampass the world of things agems bebeve in. want. prove of disprove, and argue
about. Finally. soclal ontologies cover social settings - agents, positions. roles. authonty, permanent srganizational
shruchmes of shifling networks of alllances and interdependencies, Keywords: Ontologies, Knowledge management;
Enowledge representation: Information sclence: Infarmation systems </Biblio_Abstract-<Biblla_Introduction=
Knewledge management |5 concemed with the representation. organization, acquisftion, creation, use and esvohdion of
knewledge n its many forms, To bulld effectve technalogies far khowledge management. we need 1o lether our
understanding of how individuals, groups and of ganizations use khowledge. Given that more and more khowledge is
represented in computer-readable forms, we also need to bulld teols=/Biblie_Introduclion=<Bikko_Conclusion=The
fechnologles of information systems have been progressing af a rapid pace, Informabion systems are now being called
upon to support knowledge managemant and not just to process data or information, Many advances contribute to
taking milormation systems beyond mere data nto the realm of knowledge. These nchede cooparative query
processing (Chu et al. 1936), similaritybased retrleval and browsing (Jurlsica et al. 2000), data mining and knowledge
discovery (Juisica et al, 2001}, text understanding (Hahn ef al, 2002, Rioll 19096), data anslalion services (Gruber
1803}, and knowledge shamng (Orthner et al. 1994), to name a few. However, the key to providing usehd suppan for
knowledge management |s founded an how meaning |s embedded i information madels as defned in tems of
ohtolagies, In this paper. we have surveyed soime of the basic concepts found under fow ontological categoties, We
ottned the benefits and limitations of the ontologybased approach and argued for the need to cormbme technigues
froim mlormation schence and Information systems </Biblle_Conclusion=<Bblle_Citatlen=Agastinl A, De Mechelis &,
Grasso MA, Patrlarca S (<Biblio_cit_year=1983</Eblo_ci_year=) <Biblio_cit_btlle>Resngneeing a business
pracess with an n-</Bilbko_ci_tithe=</Bllko_Clabion=<Bblle_Citatlon=novative workBow manageiment syseim: a case
study. Procesdings of the Conference on Cooperative<Bilblle_Citation=-<Bibka_Claton=0ffice Compuling Systams
(COOCS'S93), Hayward, CA November <Blblo_clt_vear=1083<Bkllo_clt_year=, pp 154-165</Bbllo_Cltalion=

Figure 5.5: Input extract for annotated research papers

5.2.2.1 Create Relational View
Considering that the desired tags are ‘Biblio_Abstract’, ‘Biblio_Citation’, ‘Biblio_cit _title’,
‘Biblio_cit_year’ and ‘Biblio_Email’, the SQL statements generated after running our tool on the

input shown in Figure 5.5 are shown in Figure 5.6.
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CREATE TABLE Biblio_Ahstract [
tagld WARCHAR (507,
tag_content TEXT,

FRIMARY KEY (tagld)),

CREATE TABLE Biblio_Citatian |
tagld WARCHAR (507,
tag_content TEXT,

FRIMARY KEY (tagld)),

CREATE TABLE Biblio_cit_title [
tagld WARCHAR (507,
tag_content TEXT,

FRIMARY KEY (tagld)),

CREATE TABLE Biblio_cit_year [
tagld WARCHAR (507,
tag_content TEXT,

FRIMARY KEY (tagld)),

CREATE TABLE Biblio_Email [
tagld WARCHAR (507,
tag_content TEXT,

FRIMARY KEY (tagld)),

CREATE TABLE table_glems |
tableMame wARCHAR (B0),
tagld WARCHAR (507,

FRIMARY KEY (tagld)),

CREATE TABLE contained_elemn |
childld WARCHAR (507,
parentld %ARCHAR (507,
FRIMARY KEY (parentld, childld),
FOREIGM KEY (childld) REFEREMNCES table_elems (tagld),
FOREIGM KEY (parentld) REFEREMCES table_elems (tagld)
I}

CREATE TABLE sequence_elem |
numinSeq WARCHAR (507,
elemld %ARCHAR (507,
FPRIMARY KEY (elemld),
FOREIGM KEY (elemld) REFEREMCES tahle_elems (tagld)

J

(a) CREATE statements for realizing the relational schema
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INSERT INTO Biblio_Abstract (tagld, tag_content) WVALUES ("Biblic_Abstract!”, "Knowledge management research
focuszes on concepts, methods, and tools supporting the management of human knowledge The mamn objective of this
paper is to survey basic concepts that have been used n computer science for the representation of knowladge and
summanze some of ther advantages and drawbacks A secondary objective is to relate these techniques to
mformation science theory and practice The survey classifies the concepis used for lnowledge representation into
four broad ontological categones. Static ontologies describe static aspects of the world, i.e_ what things e:ast, their
attributes and relationships A dynamic ontology. on the other hand, describes the changing aspects of the wodd in
termis of states, state transitions and processes. Intentional ontologies encompass the workd of things agents belisve
i, want, prove or disprove, and argue abrout. Finally. social ontologies cover social settings - agents. positions, roles,
authonty, permanent organizational strectures or shifting networks of allances and nterdependencies Keywords:
Ontologies; Knoewledge management; Knowledge representation; Information science: Information systems™);
INSERT INTC Biblio_Citation (tagld. tag_content) WALUES ("BibBo_Ciation1”, "Agosting &, Oe Michek: G, Grasso
A, Patriarca 5 (19%3) Reengineering a business process with an in-"};

INSERT IMNTC Biblic_Citation (tagld, tag_content) WALUES ("BibEo_Ciation2”, "novative workflow management
system: a case study Procesdings of the Conference on Cooperatie”):

INSERT INTC Biblio_Citation (tagld. tag_content) WVALUES ("Biblo_CRation3”, "Office Computing Systems (SO0OCS '
B3} Hayward, CA, Movermnber 1393, pp 154 - 1657,

INSERT INTC Biblio_Citation (tagld. tag_content) WALUES ("BibBo_Ciationd”, "Allen J {1384} Towards a general
theory of action and fime At Intell 23 123-1547);

INSERT INTC Biblio_Citation (tagld. tag_content) WVALUES ("Biblo_CRation5”, "Ashhumer M, Ball TA ot al (2000)
Sene ontology: teol for the unification of biclogy The Gene Ontology™i;

INSERT INTC Biblio_Citation (tagld. tag_content) WALUES ("Biblo_CRationd”, "Consortium Mat Genet 25 (1) -25-2587);
INSGERT IMTC Bilio_Citation itagld, tag_content) WALUES ("BibEo_Ciation?”, "Baker PG, Brass A, Bechhofer 5,
Goble C, Paton ML Stevens R (1998) TAMEBIS: transparent access to mulli-"};

INSERT INTC Biblio_Citation (tagld, tag_content) WALUES ("Biblo_CRationd”, "ple bicinformatics information
sources.An overview In; Procesdings of the & th mtemational conference”);

INSERT IMTC Biblic_Citation (tagld, tag_content) WALUES ("BibEo_Ciation3”, "on intelBgent systems for molecular
biclogy (ISME ° 98)_ A~2A] Press, Menlow Park, CA, pp 25 - 347

INSERT INTC Biblio_Citation (tagld. tag_content) WALUES ("BibBo_Ciation10”, "Baker PG, Goble CA, Bechhofer S,
Paton KWWY, Stevens R, Brass A (1993} An ontology for bioinformatice™);

(b) INSERT statements for populating the relational schema
Figure 5.6: SQL statements generated for extracting ‘Biblio_Abstract’, ‘Biblio_Citation’,
‘Biblio_cit _title’, ‘Biblio_cit year’ and ‘Biblio_Email’ tag elements

5.2.2.2 Example Queries

We executed the following queries on the relational view created for this case.

1. Query1

Find all the citation titles and the citation years from the research paper. This implies that we need
to search for all ‘Biblio_cit title’ and ‘Biblio_cit_year’ tag elements that appear in the same

‘Biblio_Citation’ tag element.

The SQL query for this and the results are shown in Figure 5.6. This query falls under ‘Type 2’
described in section 5.1 because we are making use of the contained relationship seen amongst

the tag elements.

62




Queny

SELECT biblio_cit_title.tag_content AS CitationTitle, biblio_cit_yeartag_content AS Year
FRM biblio_citation, biblio_cit_title, biblia_cit_vear, biblio_erail, contained_elern AS contl,
contained_elerm AS cont2

WwHER.E

[[cantl.childld = biblio_cit_title.tagld) && [(contl.parentld = biblio_citation.tagld)) &
[[cont2. childld = biblio_cit_vear.tagld) 22 (cont2. parentld = contl.parentId]]

Status: Executed gueries: 1 Ervar: 0

(a) SQL query to find all ‘Biblio_cit title’ and ‘Biblio_cit year’ tag elements that appear in the
same ‘Biblio_Citation’ tag element

CitationTitle Year

Reengineering a business process with an in- 1993
The landscape of information science: the American Society for Information Science at 1899
b} Models for supporting the redesign of organizational work 1995
Towards Modelling and Reasoning Support for Early-Phase Requirements Engineering 1997
Strategic modeling for enterprise integration 1999
Modelling Trust for System Design Using the i Strategic Actors Framework 2001
Modelling Strategic Actor Relationships to Support Intellectual Property Man- 2001
Al models for business process reengineering 1996
The logical structure of the world: pseudoproblems in philosophy 1967
general chair of the Very Large Databases 2003
From reaction to cognition 1893
CoBase: a scalable and extensible 1996
Representing and using non-functional requirements: a ocrocess-oriented approach 1993
From data to knowledge through concept-oriented terminologies: experience with the Med-|2000
glBIS: a hypertext tool for exploratory policy discussion 1988
Geographic information systems (GIS) . new perspectives in un- 1896
Commun ACM 35 {9) :75-90 1892
Goal directed requirements acquisition 1993
Towards a general theory of action and time 1984
Interfaces 25 (3) :42-57 1895
Ontology and terminology servers in agent-based health-care information 1897
Language support for the specification and derivation of concurrent systems 1987
Workshop on comparing description and frame logics 1998
[ ) ke el vl bl oleesiouen o P e | AN00 |

(b) Result of the SQL query shown in (a)
Figure 5.7: SQL query and result to find all citation titles and years



5.2.3 HIPPA

HIPPA is a set of documents that have been obtained after annotating documents that come from
the United States’ “Health Insurance Portability and Accountability Act”. These are the
regulations governing health systems in the United States. A snippet of one of the documents that

was used as an input for our system is shown in Figure 5.8.

=Tarnl wersion="1.0" encoding="150-83558-1"7=
=DOC=<Section><Mum_Section=%164_102<Mum_Section=<Tille_secton> Statutory basis</Title_section=.
=Sentence>The provisions of this part are adopted pursuant to the <Actor=Secretary</Actor='s authonty to prescnbe
=Policy=standards</Policy=, requirements, and implementation <Policy-standards-</Folicy= under part C of title X1 of
the <Policy=Act=/Paolcy> and section 264 of Public Law 104-191</5entences_

=iGection=<Sections-<Mum_Section=4164_104<Mum_Secton=<Title_section= Applcability-<Titke_sectons=.
=Sentence~Except az otherwize provided, the provisions of this part apply to <Actor=covered enfiies <& ctor=:
=Actor-heakh plans</Actor=, <Actor=health care cleamghouses</Actor=, and <Actor=health care providers<{Actor=
wha transmit <Informations-healkth nformation-<Anformations i electronic form i connection with any
=Event=tranzaction</Event= refermed to in section 1173Hal 1) of the <Pobcy=Act=/Policy=</Sentences.

=fGection=<Sections-<Mum_Section=§164_106<Mum_Secton=<Title_section> Relationship to ather
parts<MTile_zection=.

=Sentence=In complying with the requirements of this pat, <Actorscoversd entities</Bctor= are required to comply
with the applicable prordsions of parts 160 and 162 of this subchapter</Sentences_

=fGection=<Sections-<Mum_Section=41 64 500<Mum_Secton=<Title_section= Apphcability-<Titke_secton=.
=Sentences<|ndex={ap/Index> Except as otherwise provided herein, the <Paolicy=standards</Polcys. requiremeants,
andl <Paolicy=implementation specifications</Polcy= of this subpart apply to <Actor=>covered enfities</Actor= with
respect to <Information=protected health mformation-<Anformation=</Sentence=_
=Sentence-<0bigation=<Index=b=lndex> <Actor-Heakh care clearinghouses<ictors must comply with the
=Policy=standards</Pabcy= </Obligation= requirements, and <Foloy=mplementation specificatons</Policy= as
follows:

=indee=(1<{Index= When a <Actor=health care clearmghouse</Actor> creates or receives <Information=profectsd
health infomation=/Information= as a <Actor=business associate</Actor= of another <Actor=coversd entity</Actor=,
the cleamnghouse must comply with;

=Indee=(ii=<findex> Section <CrossRef=164 500=CrozsRef- relating to applicability;

=Index=(iij<index> Section <CrossRef=164 501 </CrossRef> relating to definitions;

=Indee=(iii)</Index= Section <CrossRef-164 502<CrossRef> relating to uses and <Event-disclosures</Event= of
=Information=protected health mformation=/fInformation, except that a clearinghouse is prohibited from using or

Figure 5.8: Part of the annotated legal document from the HIPPA set

5.2.3.1 Create Relational View

The search tags we used in this experiment were ‘Event’, ‘Information’, ‘Actor’, ‘Obligation’ and
‘Continue_Obligation’. Using the data shown in Figure 5.8 as input, the resulting output is shown

in Figure 5.9.
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CREATE TABLE Event |
tagld WARCHAR (50],
tag_content TEXT,
FPRIMARY KEY (tagld)),
CREATE TABLE Information |
tagld WARCHAR (50],
tag_content TEXT,
FPRIMARY KEY (tagld)),
CREATE TABLE Actar |
tagld WARCHAR (50],
tag_content TEXT,
FPRIMARY KEY (tagld)),
CREATE TABLE Obligation (
tagld WARCHAR (50],
tag_content TEXT,
FPRIMARY KEY (tagld)),
CREATE TABLE Continue_Obligation
tagld WARCHAR (50],
tag_content TEXT,
FPRIMARY KEY (tagld)),
CREATE TABLE table_elems |
tableMame WARCHAR (50),
tagld WARCHAR (50],
FPRIMARY KEY (tagld)),
CREATE TABLE contained_elem |
childld WARCHAR (50],
parentld WARCHAR (50],
FPRIMARY KEY (parentld, childld),
FOREIGM KEY (childld) REFEREMNCES table_elems (tagld),
FOREIGMN KEY {parentld) REFEREMCES table elems (tagld)
I}
CREATE TABLE sequence_elem |
numinSeq WYARCHAR (50),
elemld WARCHAR (50],
PRIMARY KEY (elemld),
FOREIGM KEY (elemld) REFEREMCES table_elems (tagld)

)}

(a) CREATE statements for realizing the relational schema
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INSERT INTO Event (tagld,
INSERT INTO Event (tagld,
INSERT INTO Event (tagld,
INSERT INTO Event (tagld,
INSERT INTO Event (tagld,
INSERT INTO Event (tagld,
INSERT INTO Event (tagld,
INSERT INTO Event (tagld,
INSERT INTO Event (tagld,
INSERT INTO Event (tagld,
INSERT INTO Event (tagld,
INSERT INTO Event (tagld,
INSERT INTO Event (tagld,
INSERT INTO Event (tagld,
INSERT INTO Event (tagld,
INSERT INTO Event (tagld,
INSERT INTO Event (tagld,
INSERT INTO Event (tagld,
INSERT INTO Event (tagld,
INSERT INTO Event (tagld,
INSERT INTO Event (tagld,
INSERT INTO Event (tagld,
INSERT INTO Event (tagld,
INSERT INTO Event (tagld,
INSERT INTO Event (tagld,
INSERT INTO Event (tagld,
INSERT INTO Event (tagld,
INSERT INTO Event (tagld,
INSERT INTO Event (tagld,
INSERT INTO Event (tagld,
INSERT INTO Event (tagld,

tag_content) VALUES ("Event1”, "
tag_content) VALUES ("Event2", "
tag_content) VALUES ("Event3", "
tag_content) VALUES ("Event4”, "
tag_content) VALUES ("Event5", "
tag_content) VALUES ("Event6”, *
"treatment”);
tag_content) VALUES ("Event8", "
tag_content) VALUES ("Event9", "
tag_content) VALUES ("Event10", "
tag_content) VALUES ("Event11", "
tag_content) VALUES ("Event12",
tag_content) VALUES ("Event13", "
tag_content) VALUES ("Event14”,
tag_content) VALUES ("Event15", "
tag_content) VALUES ("Event16”, "
tag_content) VALUES ("Event17", "
tag_content) VALUES ("Event18", "
tag_content) VALUES ("Event19", "
tag_content) VALUES ("Event20", "
tag_content) VALUES ("Event21", "
tag_content) VALUES ("Event22", "
tag_content) VALUES ("Event23", ”
tag_content) VALUES ("Event24”,
tag_content) VALUES ("Event25", "
tag_content) VALUES ("Event26”, *
tag_content) VALUES ("Event27", "
tag_content) VALUES ("Event28", "
tag_content) VALUES ("Event29", "
tag_content) VALUES ("Event30", "
tag_content) VALUES ("Event31", "

tag_content) VALUES ("Event7",

transaction”);
disclosures");
disclosures”);

Data aggregation”);
health care operations”);
payment”);

treatment”);
treatment”);
Disclosure™);
Health care operations”);
"treatment");
treatment”);
"payment”);
marketing");
treatment”);
payment");
Marketing”);
use");
Marketing™);
payment”);
treatment");
treatment”);
"treatment”);
treatments”);
marketing”);
treatment™);
Payment");
Payment");
payment");
Disclosure”);

(b) SQL INSERT statements for populating the relational schema

Figure 5.9: SQL statements generated for extracted tags ‘Event’, ‘Information’, ‘Actor’,

‘Obligation’ and ‘Continue Obligation’ tag elements

5.2.3.2 Example Queries

We executed the following queries on the relational view created for this case.

1. Query1

Find all the continued parts of obligations seen in the input documents. This implies that we need

to query for all ‘Continue_Obligation’ tag elements that follow an ‘Obligation’ tag element.
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The SQL query to achieve this is shown in Figure 5.10. The figure also shows the results of this
query. This query falls under the category ‘Type 3’ described in section 5.1 because we are

making use of the document order to retrieve the result of the query.

Queny

SELECT ©bligation.tagld A5 ObligationID, Obligation.tag_content A5 Obligation,
Continue_Obligation.tagld A5 Continue_ObligationID, Continue_Obligation. tag_content AS
Continue_2bligation

FROM Obligation, Continue_Obligation, sequence_slern A5 saql.

sequence_elerm AS zeqz

WHERE (seql.elernId = Obligation.tagld] 2.2

[zeqz.elemlId = Continue_obligation. tagld) &

[seql.numlnSeq < seq2.numlnSeqg)

CRDER BY Continue_obligationID;

Statws: Executed gueries: 1 Error: 0

(a) SQL Query to find all ‘Continue_Obligation Obligation’ tag elements that follow an
‘Obligation’ tag element

ObligationlD Obligation Continue_QObligationlD Continue_Obligation

Its health care component does
not disclose protected health
information to ancther
component of the covered
entity in circumstances in

(b) Health care
clearinghouses must

Obligation1 comply with the Continue_Cbligation1 which this subpart would
prohibit such disclosure if the
standards,
health care component and the
other component were
separate and distinct legal
entities;
Its health care component does
not disclose protected health
information to another
a covered entity component of the covered
must treat such entity in circumstances in
Obligation10 person as a personal |Continue_Chbligation1 which this subpart would
representative under prohibit such disclosure if the
this subchapter, health care component and the

other component were

separate and distinct legal

entities;

A covered health Its hgalth care component does
. not disclose protected health

care provider or . -

L . information to another

(b) Result of the query shown in (a)
Figure 5.10: SQL query and result to find all the continued parts of obligations
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2. Query 2
Find all the obligations of actors that are related to health. This query implies that we need to find

all “‘Actor’ element tags in ‘Obligation’ tags that contain the string “health”.

Figure 5.11 shows the SQL query and the results. This query falls under categories ‘Type 2’ and
‘Type 4’ as described in section 5.1 because we are making use of the containment relationship

and we are also using string searching and matching to obtain the results.

Queny:

SELECT Acktortagld A5 AckorID, Actortag_content AS Ackor, Obligation.tag_content AS Obligation
FROM Ackor,obligation, contained_slem

WHERE [contained_elern. childld = Actor.tagld 22 contained_elern.parentld = Chligation.tagld)
2 (Actortag_content LIKE "%health3')

ORDER BY Actar;

Status: Executed gueries: 1 Ervar: 0

(a) SQL query to find all ‘Actor’ element tags in ‘Obligation’ tags that contain the string

“health”
ActorlD Actor Obligation
Actor1371 health care A health care clearinghouse must comply with the applicable requirements
clearinghouse |of this subpart no later than February 26,
A Health care : .
ctor8 . {b) Health care clearinghouses must comply with the standards,
clearinghouses
health care A covered health care provider or health plan must comply with the
Actor217 provider applicable requirements of § 164.522 (b) in communicating protected health
information
Actor]364 health care A covered health care provider must comply with the applicable
provider requirements of this subpart no later than February 26,
Actor416 g:e:\:::rare a covered health care provider must obtain the individual ' s consent,
A covered health care provider must inform an individual of the protected
health information that it may include in a directory and the persons to
Actor564 health care whom it may disclose such information {including disclosures to clergy of
provider information regarding religious affiliation) and provide the individual with the
opportunity to restrict or prohibit some or all of the uses or disclosures
permitted by paragraph {a) (1) of this section
{ii) The covered health care provider must inform the individual and provide
Actor572 health care an opportunity to object to uses or disclosures for directory purposes as
provider required by paragraph (a) {2) of this section when it becomes practicable to
do so
health care A covered health care provider that has a direct treatment relationship with
Actor854 ) o
provider an individual must:
health care the covered health care provider must provide electronic notice
Actor871 | ~ . automatically and contemporaneously in response to the individual ' s first
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(b) Result of the query shown in (a)
Figure 5.11: SQL query and result to find the obligations of actors that are related to health

5.2.4 Tourist Boards

CERNO was also used to annotate different online tourist boards. We tested our software system
on the resulting annotated documents. Consider the document snippet shown in Figure 5.12,
which shows the annotated document for the online tourist board for Monte Bondone in Trento,

Italy.

=Teumst_Doc=MomeAPT AZIENDA PER IL TURISMTRENTE MONTE BONDOMNE Home page;
<ab|_webaddress=hitp e aptirenta IVERglish/ENG_Home hm-</ob|_webaddress=

=CAT_Geography=Capltal of Trenting, not far from the Delomites and the numerous lakes thet can be found near by,
Trentis a city of art that. . </CAT_Geography=<CAT_LocalProducts=\istors theoughout the various seasons can
admire its many folded facets: TRt in glardine affer the awakening of spring, its tasty products in the astumn period,
</CAT_LecalPraducts==CAT_Geography=-Mauntain=-Mente Bondone<Mountain>, & few kilometres awvay from the
city, 1% an mportant nature reserve of specific bofanic nature that makes thes mowntaln wigue, This lead
<CAT_Geography==CAT_Cullure=Home fthe Cowncll of Trent (1845 16631 ¥ has always been a brdge bebveen the
Italian and Central Ewopean culture, The city offers . </CAT_Cultwe=<CAT_Geography=Capital of Trentine, mot far
from the Dolomites and the numaercus kakes that can be found near by, Trentis a city of an that has a shong
Renalssance mark, which charsctenses ¥ for 1% colows, Bs bulldngs and make it unigue 0 the enbve Alpne

e <fCAT_Geography=<CAT_Culbwe=<CAT_LocalProducts=Trenhs able tsurprise as |t always presents itself n a
mw form, masntaining at the same me close bnks tradibon. Yisfors throughout the varlous seasons can admine s
(many folded facets: Citta in giardine after the awakening of spring. 25 tasty products in the autemn perlod, kept alve by
s histoncal resnactmuents during the S Vigilifestival at the end of June o illurminated by the wam <Market=Christmas
markat=Mlarket= lights during Advent.</CAT_LocalProducts=</CAT_Culture=
<CAT_Spombctivities=<CAT_AmsticHerltage=<CAT_Geography=<Mountain=Monte Bondone<Mountain=, a few
kllomatres away from the city, is an important nature reserve of specific botanic nature that makes this mountain
undgjuie, This lead tthe opening of the <Pak-Botanical Alpme Garden=Pak=, one of the most important in the Alps,
andl the Malure resense of the Tre Clime del <Mountan=honbe Bondone-<Mountam=>, This townst destinaton offers
numarous possibiies for walks in the summer, whilst in the winber @ furns inta paradise for lovers of skiing and winter
spoits </CAT_Geography=</CAT_AntistcHemage=</CAT_Sportictiites=
=CAT_AisticHeage=<CAT_Culture=Homae the Councll of Trent (1545 1563), it has abvays been a bridge bebween
the ltakan and Central Eurepean culture. The city offers a lot the keen wsltor from its many histarcal taristic aspects
from the underground archasolsglcal ste of the Trdentum datng back fhe Roman perled, the Cathedral's
palasochrstian Baslca in the basernent and #s beautiiul square. wallking amongst Renalssance palazel, churches and
the Castelldel Buonconsigho, home for many cenhuies tthe Prnceblshops of

Tranto <iCAT_Cullure=>=/CAT_AtisticHemtage==CAT_Culbwe= At and Culture <iCAT_Culbure=TramCard
<alb|_wabaddress=hitp: e apt trente IVERgllsh/EMG_Traspat] bim=/ob|_webaddiess>
<CAT_Serdces-Transpot</CAT_Sensces><CAT_Sensces-<CAT_Spotfcthitles>Getting arcund with public
fransport |5 very sasy, The whan buses link varous parts of the oty and the suroundng villages. & fres shutthe bus

Figure 5.12: Input snippet of the annotated tourist board for Monte Bondone in Trento
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5.2.4.1 Create Relational View

The desired tags used are ‘CAT Accommodation’, ‘obj phone’, ‘CAT_ Services’,
‘CAT Culture’, ‘obj_money’ and ‘CAT FoodAndRefreshment’. The SQL CREATE and the

SQL INSERT statements produced by our software system are shown in Figure 5.13.
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CREATE TABLE CAT Accommaodation [
tagld WARCHAR (507,
tag_content TEXT,
FRIMARY KEY (tagld)),
CREATE TABLE obj_phone |
tagld WARCHAR (507,
tag_content TEXT,
FRIMARY KEY (tagld)),
CREATE TABLE CAT_Services |
tagld WARCHAR (507,
tag_content TEXT,
FRIMARY KEY (tagld)),
CREATE TABLE CAT_Culture |
tagld WARCHAR (507,
tag_content TEXT,
FRIMARY KEY (tagld)),
CREATE TAELE obj_moaney |
tagld WARCHAR (507,
tag_content TEXT,
FRIMARY KEY (tagld)),
CREATE TABELE CAT FoodAndRefreshment |
tagld WARCHAR (507,
tag_content TEXT,
FRIMARY KEY (tagld)),
CREATE TAELE table_slems |
tableMame WARCHAR (50),
tagld WARCHAR (507,
FRIMARY KEY (tagld)),
CREATE TABLE contained_elem {
childld WARCHAR (507,
parentld WARCHAR (507,
FPRIMARY KEY (parentld, childld),
FOREIGM KEY (childld) REFEREMCES table_elems (tagld),
FOREIGM KEY (parentld) REFEREMCES table _elems (tagld)

,
CREATE TABLE sequence_elem |
numinSeq WARCHAR (50),
elemld WARCHAR (507,
FPRIMARY KEY (elemld),
FOREIGM KEY (elemld) REFERENCES tahle_elems (tagld)

1,

(a) CREATE statements for realizing the relational schema
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IMGERT INTO CAT_Accommadation (tagld, tag_cortent) VALUES CCAT_Accommadation”, "Accommaodation”).
INSERT INTO CAT_Accommodation (fagld, tag_content) VALUES ("CAT_Accommodabon2®, "B & B,

IMGERT INTO CAT_Accommadation (tagld, tag_cortent) VALUES (CAT_Accommadabions”, Haobday apantiments”),
INSERT INTO CAT_Accommodabon (fagld, tag_content) VALUES ("CAT_Accommodabiond”, Hotels™):

IMGERT INTO CAT_Accommodation (tagld, tag_content) VALUES ["CAT_Accommadations”, "Rooms ent™);
INSERT INTO CAT_Accommaodabon (fagld, tag_content) VALUES ("CAT_Accommadabions”, “The TrentCard is
avallable at the Trestinformation Office (via Manel 2) and on Monte Bondone (loc Vaneze), Castelldel Busnconsighs,
Mhocesan Tridentme museum, Tridentme Musesm of Malural Sclences, Giannd Capronl Asronaubcs Museum,
Underground Archaeclogical Sass Area, Aquatium, Modern and Contemparary St Musewn of Trentand Bovernet
{Palazzdelle Albere n Trentand CorsBettnd in Rovereto), Musewm of Lses and Customs of the Trentnpeople in San
Michele al ' Adige and al the assoclated accommodation facilibes )

INSERT INTO CAT_fAccommodabon (tagld, tag_content) VALLUES ("CAT_Accomimadation?”, "Accomodation™):
IMEERT INTO CAT_Accommeadation (tagld, tag_content) WVALUES CCAT _Accommodationg®, “In Trenbasiors will
firedd & wicle range of hotels of different classes and types.")

IMSERT INTO CAT_Accommodabon (fagld, tag_content) VALUES "CAT_Accommadabions”, "Ctherwise, tourists
can stay n resikdences, apafments, youth hostels, agriters o In a campsite located on the near Monte Bondone, which
offers further possiblliies of lodaing In hotels, residences and apartments sibuated ot different altiudes ")

INSERT INTO CAT_fAccommodabon (tagld, tag_content) VALLUES ("CAT_Accomimodation10”, "Residence of the
Princebishaps from the end of the 13 th century unti| the secularsation of the episcopate in 1303, @ was originally built
for purely defensive puiposes, The military aspect of the Casthe wdenyvent huge modificaions over the centuries that
fransformed it intone of the most complex fortified urban residences in the Alps. it was mainly thanks tthe
Princebishops (GlorgiLichtensten, BemardClesio, Cristofoiadmzzo, FrancescAlbertiPoga) that the casthe took on its
present day appearance: startng from the end of the fouteenth century untl the mid seventesnth cenbury #s original
layoudt, thee Palazz\ecchi (Old casthe) and the Tome d * Augosttower had other parts added (MagnPalazzo, Giunta
Albrertiana) A% the same e a few of the best artists of the period amved i Trento, whwere not allowed byork ot the
castle yat have beft thelr mark in other bulldings around the clby.*):

INSERT INTCO CAT_Accommaodation (fagld, tag_content) VALUES ("CAT_Accommadation 117, "The interior s a
sndle roorm, bamel vallted, without a transept yet with & senes of kateral chapels that hold marble barogue altars, a
series of altar pleces and a baroygue sarcophagus containing the relics aftibuted 15t Clement, & sedes of paintings the
admired on the bame| vault depicting Some moments froim the Councl and the pratagonists of the Counterreformation
are very inferesting from an historical poin of view ")

(b) INSERT statements for populating the relational schema
Figure 5.13: SQL statements for extracted tags ‘CAT Accommodation’, ‘obj phone’,
‘CAT Services’, ‘CAT Culture’, ‘obj money’ and ‘CAT FoodAndRefreshment’

5.2.4.2 Example Queries

We executed the following queries on the relational view created for this case.

1. Query1

Find all food and refreshments that include wine. This implies that we need to find all

‘CAT_FoodAndRefreshment’ tag elements that contain the string “wine”.

The SQL query and result for this are shown in Figure 5.14. This query falls under the ‘Type 4’

category described in section 5.1 because it includes string searching and matching.
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Queny:

SELECT AT _FoodAndRefreshrment.tagld A5 CAT_FoodAndRefrezhrmentID,
CAT_FoodAndRefreshrnenttag_content A5 CAT_FoodAndRefreshrent
FROM CAT_FoodAndRefreshment

WHERE CAT_FoodAndRefreshrment.tag_content LIKE "$twine%'

ORDER BY CAT_FoodAndRefreshrment;

Status: Executed gueries: 1 Ervar: 0

(a) SQL query to find all ‘CAT_FoodAndRefreshment’ tag elements that contain the string

“wine”
CAT_FoodAndRefreshmentlD CAT_FoodAndRefreshment
CAT_FoodAndRefreshment Food and Wine
CAT_FoodAndRefreshment2 Food and Wine
CAT_FoodAndRefreshment10 Food and Wine
CAT_FoodAndRefreshment37 Guided tour and tasting at the Cantine Ferrari winery in Trent
CAT_FoodAndRefreshment39 dG;l(Ii-t::;:‘ti)ur and tasting at the farms and wineries in the Valle
CAT_FoodAndRefreshment4 Guided tours of the Wine Cellars with wine tasting
CAT_FoodAndRefreshment38 Refreshment with mulled wine and optional typical local dinner

The following servicesare alsavailable for the TrentCard holders
(some are only seasonal) : entertainment in Trent {guided tours
of the Castelldel Buonconsigliwith wine tasting every Saturday,
guided tours of the historical centre every Saturday, visits tVilla
Margone, the Eighteenth Century Garden of Villa De Mersi, the
CAT_FoodAndRefreshment8 Gardens of Villa Garbari and Villa Tambosi) and on Monte
Bondone (excursions with Alpine guides, visits tBotanical Alpine
Garden and the Ecological Alpine Gentre, rock climbing practise
walls and excursions with snow shoeing accompanied by Alpine
guides, visits tthe mountain dairies and the honey hut,
Bimbocard)

The numerous Food and Wine events that take place during the
year dnot only represent an opportunity tdelight the palate, but
alstrediscover traditions, tastes, aromas we believed were lost
forever.Linked ttraditions such as the Casolara, fair of cheeses
that dates back tthe Middle Ages, when it was forbidden teat
meat during lent and therefore dairy products was

CAT_FoodAndRefreshment11

(b) Result of the query shown in (a)
Figure 5.14: SQL query and result to find all food and refreshments that include wine.

2. Query 2

Find the prices or costs of the services for tourist artifacts that are related to culture. This means
that we need to find all the “obj _money” element tags that are in “CAT_Services” tag elements

that follow a “CAT_Culture” tag.



The SQL query for this is shown in Figure 5.15 along with the results for the same. This query
can be categorized as ‘“Type 2° and ‘Type 3’ as described in section 5.1 because it makes use of

both the containment and sequencing relationships present in the input document.

Queny

SELECT DISTIMCT ebj_money.tagld AS obj_rmoneyID, obj_money.tag_content A% obj_rmonevy,
CAT_Services tag_content AS CAT_Services

FROM abj_rmoney, AT Services, CAT_Culture, contained_elerm, sequence_slem A5 seql,
sequence_elarm AS zeq2

WHERE ([contained_elern,childld = abj_rmoney.tagld) &

[corntained_elerm.parentld = CAT _Services.tagld]] 28

[[zeql.elernld = CAT_Services.tagld) &

[seqZ.elemlId = CAT_Culture.tagld] 22

[zeql.numlnSeq = seqz.numlnSeql)

ORDER BY obi_rmonewID;

Status: Executed gueries: 1 Ervar: 0

(a) SQL query to find all the “obj_money” element tags that are in “CAT_Services” tag elements
that follow a “CAT _Culture” tag

obj_moneylD obj_money CAT_Services
The TrentCard is a prepaid card and twversions are proposed: valid
obj_money1 9 Euros for 24 hours {8 Eurcs) and 48 hours {14 Euros).lt is complemented

by an infkit tgive tourists an indication of the area and the services.
The TrentCard is a prepaid card and twversions are proposed: valid
obj_money2 14 Euros for 24 hours {9 Euros) and 48 hours (14 Euros).lt is complemented

by an infkit tgive tourists an indication of the area and the services.

(b) Result of query shown in (a)
Figure 5.15: SQL query and result to find the prices or costs for tourist artifacts that are related to

culture

5.3 Standard XML Data Samples

We also consider a standard collection of XML files that contain plays by William Shakespeare
marked up in XML [46]. We specifically processed the documents for three of the plays, namely,

Hamlet, Julius Caesar and Macbeth. Figure 5.16 shows part of the XML file for Julius Caesar.
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<TEML version="1.0"T=<IDDCTYPE play PUBLIC "-¥Free Text ProjectiDTD PlayVEN =<PLAY=<TITLE=The
Tragedy of Julius Cassar</TITLE=<fm>=p>Text placed in the public domain by Moby Lewdcal Tools, 1992 </p=
<peSGEML markup by Jon Bosak, 195%2-1884 <fpe<p=XML version by Jon Bosak, 1936-1997 <fp=<p=This work may
be freely copisd and distributed worldwide <fp=<fm=<PERSCONAE=<TITLE>DOramatiz Fersonas=/TITLE~
<PERSOMNA=JULILS CAESAR</PERSOMNA><PGROUP-<PERSONA-CCTAVIUS CAESAR</PERSOMA=
<PERSOMNA=MARCUS ANTOMIUS/PERSOMNA=<PERSOMNA=M. AEMILIUS LEFIDUS</PERSCMA=
<GERPDESCR=>friurmars after death of Julus Cassar </GRPDESCR=></PGROUP=<PGROUP=
<PERSOMNA=~CICERO=/PERSONA>=PERSOMNA>PUBLILS</PERSOMA><FERSONA=POFILILS
LEMA=FERSIHMA><GRPOESC R>senators <\ GRPDESCR></PGROUP=<PGROUP><PERSONA-MARCUE
BRUTUS=/PERSONA>=FPERSONA>CASSIUS</PERSONA=<PER SOMNA=CASCA=</PER SO A=
<PERSOMNA>TREBOMIUS</PERSONA-<FPERSOMA~LIGARIUS</PERSCHA><PERSCNA-DECILS
BRUTUS=/PERSONA=<FERSOMA-METELLUS CIMBEER</PER SOMNA><=PERSCOMNA=CIMNA</FPERSTHA
<GRFPDESCR>consprators agamst Julus Cassar </GRPDESCR></PGROUP><PGROUF=
<PERSONA>FLAVIUS<PERSONA=<PERSOMNA=MARULLUS</PERSOMA=

<GERPDESCR=>fribumes <GRPOESCR=-</PGEROUP>=PERSONA=ARTEMIDDORILS OF Cnidos, ateacher of rhetonc.
</PERSONA=<FERSOMNA-A Soothsayer</FERSONA=<PERSOMNA>CINMA, a poet. </PERSOMNA=
<PERSOMNA>Another Foet</PERSOMA><PGEROUP>=PERSCONA=LUCILIUS</PERSCHNA=
<PERSONA=TITINIUS</PERSONA=<PERSOMAMESSALA=PERSOMA><PERSCNA=YouUNg
CATO=/PERSOMNA==PERSCOMAVOLUMNILS </PERSOMNA==GRFDESCR>fiends to Brubus and

Cassius </GRPDESCR=></PGROUP><PGROUP><PERSOMNA=-VARRO=/PER SOR A
<PERSOMNA=CLITUS-PERSOMA><PERSOMNA=CLAUDIUSPERSOMA><PERSDOMNA>STRATO-PERSOMA >
<PERSONA=LUCIUS</PERSONA>=PER SONA=DARDANIUS</PER SOMNA><=GRPDOESCR>servants to
Brutes.</3RPODESCR=</PGROUP>=FERSOMNA=PINDARUS, servant to Cassius </PERSOMA>
<PERSOMA=CALPURMIA, wife to Cassar</PERSONA-<FERSOMA-PORTIA, wife to Brutus. </FERSOMNA=
<PERSOMA>Senators, Citizens, Guards, Attendants, Samp:c </FERSOMNA></PERSCONAE><SCHDESCR=~SCEME
Raome: the neighbourhood of Sardis: the neighbowhood of Philippi.</SCHNDESCR=<=PLAYSUET=JULIUS
CAESAR=PLAYSUBT><ACT=<TITLE=ACT |<TITLE=<SCEME=<TITLE>SCEME |. Rome. & strest <TITLE~
<STAGEDIR=Enter FLAVILE, MARULLUS. and certan Commoners</STAGEDIR=<5SPEECH=
<SPEAKER=FLAVIUS</SPEAKER>=LINE=Hence! home, you kdle creatures get you home</LINE=<LIME=|s thiz a
holiday? what! know you not,</LINE=<LINE=Eeing mechanical you osught not walk</{LINE==LINE~pon a labowrmg
day without the sign</LIME=<LIME=CH your profession? Speak, what trade art thou?</LIME=></SPEECH><5FEECH=>

Figure 5.16: Part of the XML document for a Shakespeare play - Julius Caesar

5.3.1 Create Relational View
We created a view made up of the following tag elements — ‘PERSONA’, ‘SPEECH’, ‘SCENE’,

‘LINE’ and ‘SPEAKER’ for each of the plays. The resulting output for the input shown in Figure

5.16 is shown in Figure 5.17.
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CREATE TABLE PERSOMNA, |
tagld WARCHAR (50,
tag_content TEXT,
PRIMARY KEY (tagld));

CREATE TABLE SPEECH (
tagld WARCHAR (50,
tag_content TEXT,
PRIMARY KEY (tagld));

CREATE TAELE SCEME |
tagld WARCHAR (50,
tag_content TEXT,
PRIMARY KEY (tagld));

CREATE TABLE LIME
tagld WARCHAR (50,
tag_content TEXT,
PRIMARY KEY (tagld));

CREATE TABLE SFEAKER [
tagld WARCHAR (50,
tag_content TEXT,
PRIMARY KEY (tagld));

CREATE TABLE table_elems |
tableMame YARCHAR (50),
tagld WARCHAR (50,
PRIMARY KEY (tagld));

CREATE TABLE contained elern |
childld WwARCHAR {507,
parentld WARCHAR (G0,
PRIMARY KEY (parentld, childld),
FOREIGM KEY (childld) REFEREMCES table_elems (tagld),
FOREIGMN KEY (parentld) REFERENCES table elems (tagld)

CREATE TABLE sequence_elem |
nurminSeq YARCHAR (50),
elernld WARCHAR (507,
PRIMARY KEY (elemlid),
FOREIGM KEY (elernld) REFEREMNCES table_elems (tagld)

)}

(a) CREATE statements for realizing the relational schema
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INSERT INTO PERSONA tagld, tag_content) VALLUES ("PERSONAT", “JULILIS CAESAR™:
IMSERT INTO PERSOMA (tagld, tag_content) WALUES ("PERSOMNAZY, "OCTAVIUS CAESAR),
IMSERT INTO PERSONA itagld, tag_content) VALUES ("PERSONAL". "MARCUS ANTONIUS"):
IMSERT INTO PERSOMA (tagld, tag_content) YALUES ("PERSONAS"T, "MAEMILIUS LEPIDLIS"),
INSERT INTO PERSOMA itagld. tag_content) VALUES ("PERSONAS", "CICERD )

INSERT INTO PERSONA itagld, tag_content) VALLUES ("PERSONAE" "PUBLILS Y,

IMSERT INTO PERSOMA (tagld, tag_content) WVALUES ("PERSONAT, "POPILILE LEMA™:
IMSERT INTO PERSOMA itagld, tag_content) VALUES ("PERSONAE". "MARCLUS BRUTUS":
IMSERT INTO PERSOMA (tagld, tag_content) VALUES ("PERSONAD™, "CASSILUS),

INSERT INTO PERSOMA (tagld. tag_content) VALUES ("PERSONAID", "CASCAT,

INSERT INTO PERSONA itagld, tag_content) VALUES ("PERSONATT", "TREBONIUS";
INSERT INTO PERSOMA (tagld, tag_content) WVALUES ("PERSONATZY, "LIGARILIZ"),

IMSERT INTO PERSONA itagld, tag_content) VALUES ("PERSONA1S", "DECIUS BRUTUS"):
IMSERT INTO PERSOMA (tagld, tag_content) WVALUES ("PERSONATL", "WETELLLUS CIMBER"),
INSERT INTO PERSOMA itagld. tag_content) VALUES ("PERSONAIE", "CIMMATY

IMSERT INTO PERSOMA (tagld, tag_content) VALUES ("PERSOMNATE", "FLAVILIST),

INSERT INTO PERSOMA itagld. tag_content) VALUES ("PERSONATT™, "MARLLLUS )
INSERT INTO PERSONA itagld, tag_content) VALUES ("PERSONATE", "ARTEMIDORUS Of Cridos, a teacher of
thetans, )

IMSERT INTO PERSONA itagld, tag_content) VALUES ("PERSONAIS", "A Soothsayer™);
INSERT INTO PERSOMA (tagld, tag_content) WVALUES ("PERSONAZD, "CIMNMA, a poet,”);
INSERT INTO PERSOMA itagld. tag_content) VALUES ("PERSONAZT", "Ancther Poet’);
INSERT INTO PERSONA itagld, tag_content) VALUES ("PERSONAZZ", “"LLICILILESS,

IMSERT INTO PERSOMA (tagld, tag_content) WALUES ("PERSOMNAZI", "TITIMILES",

INSERT INTO PERSOMA (tagld, tag_content) VALLUES ("PERSONAZL", "MESSALA"),

INSERT INTO PERSOMA (tagld. tag_content) WALUES ("PERSOMNAZE", "Young CATO,
INSERT INTO PERSOMA (tagld. tag_content) VALUES ("PERSONAZE", "WOLLBNMIUSE"):
INSERT INTO PERSONA itagld, tag_content) VALLUES ("PERSONAZT, “VARROY,

IMSERT INTO PERSOMA (tagld, tag_content) WALUES ("PERSONAZE", "CLITUS Y,

IMSERT INTO PERSONA itagld, tag_content) VALUES ("PERSONAZY", "CLALIDILS",

INSERT INTO PERSONA itagld, tag_content) WVALUES ("PERSONASD, "STRATO),

(b) INSERT statements for populating the relational schema
Figure 5.17: SQL statements for extracted tags ‘PERSONA’ ‘SPEECH’, ‘SCENE’, ‘LINE’ and
‘SPEAKER’

5.3.2 Example Queries

We executed the following queries on the resulting relational view.

1. Query1

Find all the speakers and his or her lines in a speech for the play titled ‘Hamlet’. This means that
we need to find all “LINE” element tags that follow a “SPEAKER” tag element and all these tag

elements are in the same “SPEECH” tag element.

We extract the required tags from the XML document related to the play titled “Hamlet”, and run
the resulting SQL statements on the database server. This creates the relational schema and

populates the database with relevant information. The SQL query for this query is shown in
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Figure 5.18 along with the results of the query. This query falls under categories ‘Type 2’ and

‘Type 3’ as described in section 5.1.

Queny:

SELECT speech.tagld A5 SpeechlID, speakertag_content A5 Speaker, line.tag_content AS Line
FROM line, speaker, speech, contained_slern AS contl, contained_elerm AS contZ,
sequence_elarm AS zeql

‘WwHEF.E

[[cantl. childld = line.tagld) 2& (contl.parentld = speeach.tagld]) 22
[[cant2.childld = speaker.tagld) && (contz. parentld = contl, parentld)) &8
[[segql.elermld = line.tagld) 2& (seql.numlnSeg = [

SELECT numlInSeq

FROM sequence_elerm AS seq2

WHERE seq2.elemld = speakertagld)

1

CRDER BY speech.tagld;

Statws: Executed gueries: 1 Error: 0

(a) SQL query to find all the “LINE” element tags that are in “SPEECH” tag elements that follow
a “SPEAKER” tag in the same “SPEECH” tag

SpeechlD Speaker Line
SPEECH1 BERNARDO Who ' s there ?
SPEECH10 |FRANCISCO Not a mouse stirring.
SPEECH100 |HORATIO Season your admiration for awhile
SPEECH100 [HORATIO With an attent ear, till | may deliver,
SPEECH100 |HORATIO Upon the witness of these gentlemen,
SPEECH100 |HORATIO This marvel to you.
SPEECH1000{HAMLET Being thus be-netted round with villanies, - -
SPEECH1000|HAMLET Ere | could make a prologue to my brains,
SPEECH1000|HAMLET They had begun the play--I sat me down,
SPEECH1000|HAMLET Devised a new commission, wrote it fair:
SPEECH1000|HAMLET | once did hold it, as our statists do,
SPEECH1000|HAMLET A baseness to write fair and labour ' d much
SPEECH1000|HAMLET How to forget that learning, but, sir, now
SPEECH1000|HAMLET It did me yeoman ' s service: wilt thou know
SPEECH1000|HAMLET The effect of what | wrote ?
SPEECH1001 |HORATIO Ay, good my lord.
SPEECH1002|HAMLET An earnest conjuration from the king,
SPEECH1002|HAMLET As England was his faithful tributary,
SPEECH1002|HAMLET As love between them like the palm might flourish,
SPEECH1002|HAMLET As peace should stiff her wheaten garland wear
SPEECH1002 |HAMLET And stand a comma ' tween their amities,
SPEECH1002|HAMLET And many such-like ' As ' es of great charge,
SPFECH1002 HAMI FT That on the view and knowing of these contents

(b) Result of query shown in (a)
Figure 5.18: SQL query and result to find all lines of a speaker in a speech
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2. Query 2

Find all the lines in speeches by Brutus in the play titled ‘Julius Caesar’. This means that from the
XML document for the play titled ‘Julius Caesar’, find all ‘LINE’ element tags that are in a

‘SPEECH’ element and contain the ‘SPEAKER’ tag containing the string “BRUTUS”.

After extracting the required tags, creating the relational schema and populating the database with
relevant data, the SQL query shown in Figure 5.19 (a) is executed. The results of the SQL query
are shown in Figure 5.19 (b). This query falls under categories ‘Type 2° and ‘Type 4’ because it

uses the containment relationship between the XML tag elements and string searching.

Queny:

SELECT speech.tagld A5 SpeechlID, speakertag_content A5 Speaker, line.tag_content AS Line
FRZM line, speaker, speech, contained_slern AS contl, contained_elerm AS cont2

‘WwHER.E

[[cantl.childld = line.tagld) && (contl.parentld = speech.tagld]) &

[[cont2. childld = speakertagld) 22 (cont2. parentld = contl. parentld)) 22
[zpeakertag_content LIKE "%brotus3')

ORDER BY speech.tagld;

Status: Executed gueries: 1 Ervar: 0

(a) SQL query to find all “LINE” element tags that are in a “SPEECH” element and contain the
‘SPEAKER’ tag containing the string “BRUTUS”
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SpeechlD Speaker Line

SPEECH102 [BRUTUS What a blunt fellow is this grown to be |
SPEECH102 [BRUTUS He was quick mettle when he went to school.
SPEECH104 [BRUTUS And so it is.For this time | will leave you:
SPEECH104 [BRUTUS To-morrow, if you please to speak with me,
SPEECH104 (BRUTUS | will come home to you; or, if you will,

SPEECH104 [BRUTUS Come home to me, and | will wait for you.
SPEECH143 |BRUTUS What, Lucius, ho !

SPEECH143 [BRUTUS | cannot, by the progress of the stars,

SPEECH143 [BRUTUS Give guess how near to day.Lucius, | say !
SPEECH143 [BRUTUS | would it were my fault to sleep so soundly.
SPEECH143 [BRUTUS When, Lucius, when ? awake, | say ! what, Lucius !
SPEECH145 [BRUTUS Get me a taper in my study, Lucius:

SPEECH145 |BRUTUS When it is lighted, come and call me here.
SPEECH147 [BRUTUS It must be by his death: and for my part,
SPEECH147 [BRUTUS | know no personal cause to spurn at him,
SPEECH147 [BRUTUS But for the general.He would be crown ' d:
SPEECH147 [BRUTUS How that might change his nature, there ' s the question.
SPEECH147 |BRUTUS It is the bright day that brings forth the adder;
SPEECH147 [BRUTUS And that craves wary walking.Crown him ? - - that; - -
SPEECH147 [BRUTUS And then, | grant, we put a sting in him,
SPEECH147 [BRUTUS That at his will he may do danger with.

SPEECH147 [BRUTUS The abuse of greatness is, when it disjoins
SPEECH147 |BRUTUS Remorse from power: and, to speak truth of Caesar,

(b) Result of the query shown in (a)
Figure 5.19: SQL query and result to find all the lines in speeches by Brutus

5.4 Basic Statistical Information About The Evaluation

To better understand the evaluation of our system, we have included the following statistical
information about our test input and results. Table 1 shows the details of the document sets that
we used in our test input. It shows the number of document files in each set, their total size and
the total number of tags in all the documents of each set. It also shows the set of all possible tags

that appear in the document set.
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Table 1: Information About The Document Sets Used In Our Evaluation

Total No. Of
No. Of| Total No.
Document Set| Size Set Of Possible Tags Desired Set Of Tags Tables
Files Of Tags
(KB) Extracted
= ) ) ad, location, contact, facility,
Ads 3 118 1684 |ad, ads_doc, contact, facility, location, price, term, type ) 9
price, type
Biblio_abs_contribution, Biblio_Abstract, Biblio_Authors,
Biblio_cit_title, Biblio_cit_year, Biblio_Citation, Biblio_Abstract, Biblio_Citation,
Biblio 59 587 4104 |(Biblio_con_contribution, Biblio_con_fwork, Biblio_cit_title, Biblio_cit_year, 8
Biblio_Conclusion, Biblio_Doc, Biblio_Head, Biblio_Email
Biblio_intro_contribution, Biblio_Introduction, Biblio_Title
DOC, Actor, AntiObligation, AntiRight, Constraint,
Continue_AntiObligation, Continue_Obligation, Event, Information, Actor,
HIPPA 2 316 5788 |Continue_Right, CrossRef, Date, Event, Exception, Index, |Obligation, 8
Information, Num_Section, Obligation, Policy, Right, Continue_Obligation
Section, Sentence, TempCondition, Title_section
AccommodationType, Altitude, Availability, CableRoad,
CarHire, Castle, CAT_Accommodation,
CAT_ArtisticHeritage, CAT_Culture,
CAT_FoodAndRefreshment, CAT_Geography,
CAT_LocalProducts, CAT_Services, CAT_SportActivities,
CAT_Wellness, Church, Cinema, Climate, Costume,
CAT_Accommodation,
Court, Cuisine, CulturalEvent, CulturalPath, Degustation, . .
. ) . . obj_phone, CAT_Services,
TouristBoards | 13 1565 | 13143 |GastronomicEvent, Lake, Library, Market, Mountain, 9
) ) _ |CAT_Culture, obj_money,
Museum, obj_date, obj_discount, obj_distance, obj_email,
. . ) . CAT_FoodAndRefreshment
obj_money, obj_people, obj_phone, obj_temperature,
obj_time, obj_webaddress, Park, Products, ProfLevel,
Rental, Restaurant, Ruins, School, SportCenter,
SportEvent, Stadium, Station, SwimmingPool, Ticket,
Tourist_Doc, TouristOffice, Track, Tradition, Transport,
Valley, WellnessCenter, WellnessFacility,WellnessService
act, epilogue, fm, grpdescr, induct, line, p, persona,
Shakespeare's ersonae, pgroup, play, playsubt, prologue, scene, ersona, speech, scene, line,
p 3 614 150469 pgroup, piay, play P g . p p 8
Plays scndescr, speaker, speech, stagedir, subhead, subtitle, |speaker

title
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Table 2 shows information about the specific files that were used in the examples shown in this

chapter. It shows data related to the resulting relational schema, such as the row count for each

table created in the derived relational view, the contained relationships inferred and the sequence

relationships inferred.

Table 2: Summary Of The Input Files Used As Examples In This Chapter

File Name: newroma1.xml

File Name: trentomontebondone.xml

Tag Count: 1620

Row Count Desired Tag Row Count
175 CAT_Accommodation 91
contact 199 CAT_ Culture 170
facility 369 CAT_FoodAndRefreshment 47
location 152 CAT_Services 112
i 214 obj_money 17
196 obj_phone 233
contained_elem 1374 contained_elem 1619
sequence_elem 1374 sequence_elem 1619
File Name: 178.xml File Name: hamlet.xml
Tag Count: 448 Tag Count: 6636
Desired Tag Row Count Desired Tag Row Count
Biblio_Abstract 1 4014
Biblio_cit_title 110 ersona 26
Biblio_cit_year 111 20
Biblio_Citation 219 speaker 1150
Biblio_Email 1 speech 1138
contained_elem 447 contained_elem 6635
sequence elem 447 sequence elem 6635
File Name: h_164.xml File Name: jcaesar.xml
Tag Count: 5089 Tag Count: 4455
Desired Tag Row Count Desired Tag Row Count
Actor 1371 2596
Continue_Obligation 55 ersona 36
Event 578 18
Information 368 speaker 798
Obligation 124 speech 795
contained _elem 5088 contained _elem 4454
sequence_elem 5088 sequence _elem 4454
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5.5 Summary

In this chapter we present the results obtained from our transformation software system on

various input documents. We also show different kinds of queries that can be made on the

relational schemas and the retrieved data. The various input files used were from different

sources. Table 3 summarizes the input files used in our experiments and the different types of

queries that were posed on them.

Table 3: Summary Of The Various Types Of Queries Made On Different Input Documents

Query - Type 1
Queries that illustrate
information gathered

Query - Type 2
Queries based on the
tree-structured nature

Query - Type 3
Queries based on the
document order of

Query - Type4
Queries that search
text in XML

from the XML of the XML the XML document document elements
document document
Ads
Section 5.2.1.1.2 \/ \/
Biblio \
Section 5.2.1.2.2
HIPPA
Section 5.2.1.3.2 \/ \/ \/
Tourist Boards
Section 5.2.1.4.2 \/ \/ \/
Shakespeare’s
Plays v v v

Section 5.2.2

In Chapter 6, we will give a summary of the conclusions that were reached from these

experiments. We also talk about the limitations of the implementation and the future

enhancements that can be made.
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Chapter 6

Conclusion

In this chapter we sum up the thesis and the research work we have undertaken. We summarize
the results from our experiments in Section 6.1. Section 6.2 talks about some of the limitations of
our implementation and the future work that can be undertaken with respect to the limitations.

Finally Section 6.3 concludes the entire thesis.

6.1 Summary Of Experiments

The primary goal of this research was to take an XML document and a given set of desired tag
elements and transform these to SQL statements using source transformation. The SQL
statements when executed on a database server will realize a relational view over the input XML
document. We conducted an evaluation of our software system. This is explained and shown in
Chapter 5. The software system we used in these experiments is implemented using TXL, a
source transformation tool. The transformation process was explained in Chapter 4. Thus, from
our experiments we can conclude that it is reasonable to use source transformation techniques to
parse the text in XML documents and obtain a relational view over them. The relational view

obtained is constrained by the search tags or desired tags specified in the input.

The secondary goal of our research was to observe the different kinds of queries that can be posed
on the relational schema formulated from the input XML document. For each input shown in
Chapter 5, we have also shown examples of queries that can be posed on the extracted relational

data. The relational data is queried efficiently using SQL. The querying is focussed because the
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relational view obtained over the XML data is limited by the XML tag elements specified by the

external user or application.

Therefore our experiments, although limited in nature, have shown that our approach to obtaining
a relational view on XML documents and querying the XML data using SQL is definitely

feasible.

6.2 Limitations And Future Work

We restricted our goals in this research project to showing that an automated source
transformation can be performed to acquire a relational view over an XML document. We were
able to demonstrate the manner in which this can be done with some elementary examples and
queries shown in Chapter 5. However, our implementation is not foolproof and so in this section
we list and explain some of the limitations of our work. In some cases, we also provide possible

solutions, which can be further explored in the future.

The relational schema that is derived using our approach is fairly basic and fixed. Every extracted
tag is transformed into a relation in the schema with each attribute of the tag being transformed
becomes a column in the relation. This has two main consequences. Firstly, the number of
relations created is directly proportional to the number of extracted tags. This number could
become very large and this leads to the second consequence. As the number of relations in a
schema increases, the number of joins in the SQL queries over that schema tends to increase too.

This results in a decrease in the efficiency of the queries, that is, the queries can take a long time
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to execute to completion. A possible solution to this is to extend one of the inlining techniques
suggested by J. Shanmugasundaram et al [34] to our approach. Another possible solution would
be to use the Document Type Definition (DTD) for the XML documents that have a DTD
specified. This DTD could be used to enhance and optimize the extracted relational schema.
Thus, with modification of the relational schema, it is possible to improve the efficiency of the

SQL query.

The second important limitation of our work is related to the search tags specified. If the tag
being searched is a keyword in SQL then this causes an SQL error when the SQL statements are
executed on the database server. A possible solution to this is to create a list of SQL keywords
and process the SQL statements generated to check if any searched tag name is a keyword. If
such a tag name is found, then that tag name can be replaced by a modified version of itself. For
example, if the search tag is ‘Right” which is a SQL keyword then once the SQL statements are

generated we can replace all ‘Right’ strings with the string ¢ Right’.

The third important limitation is also related to the search tags. This deals with the case in which
the searched tag is not present in the input XML document. If any of the desired tags are not
found in the input XML document, then no table is created for that tag in the extracted relational
schema. The table cannot be created because the tag being searched for is non-existent. If you
would like to have a table created for this tag, which is empty, then you will have to create an
empty intermediate file for that missing tag in Stage 3 of the transformation process. Stages 4 and

5 will have to be modified to include an empty file as input.
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Our implementation is currently limited by the size of the XML document. Larger documents
require longer time to be parsed and transformed, and therefore take a longer time to produce the
result using our approach. To overcome this limitation, the input document could be split into
chunks and then be processed one chunk at a time using our approach. To study the scalability of

our approach, there is a need for experiments with larger documents. This remains as future work.

With respect to the Semantic Web, a possible future extension to our work would involve
automating the specification of search tags from a search query in a search engine. The search
query can be used to formulate concepts and these concepts can be used to identify the desired

tags.

The last important aspect we would like to touch upon is a constructive addition that can be made
to the current implementation. It would be very useful to have a way to associate document name
and line number in the document to the extracted tag elements in the relational schema. A
possible way this can be done is to include the filename and line number as attributes in every
XML tag element in the document in Stage 1 of our transformation process. Another way would
be to include these two values in the relation that stores all the table elements, that is, the

“table elems” relation explained in Section 4.3.4 of Chapter 4.

6.3 Thesis Conclusion

In this thesis, using TXL as our source transformation tool, we have shown that it is feasible to

use source transformation techniques to obtain a relational view on XML documents. This
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technique allows us to parse the input document and the desired tags and allows us to obtain an
intermediate representation of the database schema and data. The technique further allows us to
parse this intermediate representation and transform it into SQL statements. We have used our
transformation technique on numerous example documents. This approach can be useful for
querying large XML documents, for example legal documents, which are usually queried for the

same information numerous times.

Our approach differs from the XML query language - XQuery. The most important advantage of
our approach is that it leverages the querying functionality of the well-established relational
database systems. Therefore a separate processor like an XQuery processor is not required. Our
approach facilitates restricting querying to only those parts of the input document that are
interesting to the problem at hand. XQuery does not directly provide this facility. XQuery is an
advanced query language and has many operators and functions to support querying. However,
one of its drawbacks is that the results returned from the queries are always in XML format. In
our approach, results returned are in relational data format and so they can be used in any manner
suitable for the application. An important aspect of both approaches is that it is beneficial to have
some idea of the XML document’s schema. Since XQuery uses path expressions in querying, it is
required to know the exact schema of the entire XML document to be able to formulate the
queries. In our approach, just the knowledge of the element tags present in the XML document is
enough for querying the data in the documents. Since we extract the implicit relationships
amongst the tag elements as a relation, it is possible to infer the schema of the XML document

from the derived relational view.
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In conclusion we do believe that source transformation techniques can be used to analyse XML
documents and to obtain a relational view over them. The XML input documents we used were
varied in nature and we were able to obtain corresponding relational views. We admit that our
research work was undertaken with limited resources, and does have the limitations mentioned in
Section 6.2. However, with the success achieved in this implementation, it is clear that there is
scope for more research in this area in order to realize the full potential of using source

transformation techniques to query XML data.
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Appendix A

TXL Grammars

XML Grammar

% TXL Grammar for XML Documents

% Shruti Atre

% Queen's University, August 2007

% This file contains the grammar for elements and attributes of XML element tags

% The default in TXL is to allow tokens to extend over multiple lines. The following 'pragma’
limits tokens to a single line.
#pragma -nomultiline

tokens
id + "[\a_:][\a\d.- :]*" % From Definition [5] in XML 1.0 Recommendation
charlit ""

end tokens

comments % From Definition [15] in XML 1.0 Recommendation
<o >

<7 >
<! >
end comments

define program % The non-terminal that describes the whole input to the programs
[xmldoc]
end define

define xmldoc

[opt element] % Element is optional to accommodate blank,
empty documents
end define

% An XML element could be tag with some content an empty tag
define element % From Definition [39] in XML 1.0
Recommendation
[empty elem tag]
| [tag_content]
end define

define tag_content % XML tag with a start tag, some content and an
end tag
[NL]
[stag] [IN]
[content] [NL][EX]

[etag]
end define
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define empty_elem tag % From Definition [44] in XML 1.0 Recommendation
'<[SPOFF] [id] [repeat attribute] '/> [SPON]

end define
define stag % From Definition [40] in XML 1.0
Recommendation
'<[SPOFF] [id] [repeat attribute] > [SPON]
end define

% The content for the XML tag element

define content % From Definition [43] XML 1.0 Recommendation
[repeat sub_content]

end define

define sub_content % Considering ONLY other elements and
comments
[repeat chardata]
| [element]
| [comment]
end define

define chardata % Definition [14] XML 1.0 Recommendation
[not '< ] [token]
end define

define attribute % From Definition [41] XML 1.0 Recommendation
[SP] [id] '= [attvalue]
end define

define attvalue % From Definition [10] XML 1.0 Recommendation
[stringlit]
| [charlit]
end define

define etag % From Definition [42] XML 1.0 Recommendation

'< [SPOFF] '/ [id] > [SPON]
end define

96



SOL Grammar

% TXL Grammar For SQL Statements Needed For Our System
% Shruti Atre
% Queen's University, August 2007

define sqlStatement % Grammar is limited to few types of SQL statements
[tableDefinition] |
[insertStatement] |
[alterStatement]

end define

% SQL-Data Definition Language (DDL)
define tableDefinition
CREATE TABLE [tableName] ( [IN]
[list tableAttrDefinition]
[opt primaryKeyDefinition]
[opt foreignKeyDefinition] ) ; [EX][NL]
end define

define tableName
[id]
end define

define tableAttrDefinition
[NL] [tableAttribute] [dataType]
end define

define dataType % Limited set of allowed data types for our purpose
VARCHAR [opt int]
| INTEGER
| TEXT % Equivalent of CLOB (Character Large OBjects) in MySQL
end define

define tableAttribute
[id]
end define

define int
'( [integernumber] ')
end define

define primaryKeyDefinition
, INL] PRIMARY KEY ( [tableAttributelist] )
end define

define foreignKeyDefinition
, [NL] [list foreignKey] [NL]
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end define

define foreignKey
FOREIGN KEY ( [tableAttributelist] ) REFERENCES [tableName] ( [tableAttributelist] )
end define

define tableAttributelist
[list tableAttribute]
end define

% SQL-Data Manipulation Language (DML). Currently grammar for only INSERT is needed.
define insertStatement

INSERT INTO [tableName] ( [list tableAttribute] ) VALUES ( [list stringlit] ) ; [NL]
end define

define alterStatement
ALTER TABLE [tableName] [list alterSpecification] ; [NL]
end define

define alterSpecification
MODIFY [tableAttrDefinition] [opt colPosition]
end define

define colPosition

FIRST | AFTER [tableAttribute]
end define
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Appendix B
TXL Programs

MarkTaglds.txl

% TXL Program To Explicitly Mark Unique Tag Ids
% Shruti Atre
% Queen's University, August 2007

#pragma -w 32768
include "XML_Element v8.Grammar"

% Grammar override to be able to store all the tag elements as table elements
redefine program
.
[repeat element]
end redefine

% This rule adds unique id atribute to all elements in the input document
rule main
% Import command line arguments to extract the filename for storing all "table elems"
import TXLargs [repeat stringlit]
deconstruct * TXLargs
"-file" FileName [stringlit]

% Find every element node
replace $ [element]

<Tag [id] TagAttrs [repeat attribute]>

Contents [content]

</Tag>

deconstruct not * [attribute] TagAttrs % Make sure it doesn't already
have a tagld attribute
'tagld= Value [attvalue]

construct UniqueTagld [id] % Create a new tag id for it that is unique based
on its tagname
Tag[!]
construct UniqueTagldStr [stringlit]
_ [quote UniqueTagld]

% Output a list of all table elements to an external file.This is needed to maintain
referential integrity in the relational schema.
construct TagNameStr [stringlit]
_ [quote Tag]
construct TableElemTag [element]
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<table elems 'tableName=TagNameStr 'tagld=UniqueTagldStr ></table elems>
construct FileOutput [element]
TableElemTag [fput FileName]

% Replace the node with the tag id as a new attribute
by
<Tag 'tagld=UniqueTagldStr TagAttrs>
Contents
</Tag>
end rule
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ExplicateContains.txl

% TXL Program To Explicitly Mark The Containment Relationship In The Input XML
Document

% Shruti Atre

% Queen's University, August 2007

#pragma -w 32768
include "XML _ Element v8.Grammar"

function main
replace [program]
P [program]
by
P [markContainsRelation]
end function

% This rule adds a new tag element to indicate the containment relationship
rule markContainsRelation
% Find every element node
replace $ [element]
<ParentTag [id] ParentAttrs [repeat attribute]>
Children [repeat sub_content]
</ParentTag>
deconstruct not ParentTag
'contained elem % Make sure we are not dealing with a contained elem
node itself

% Check to make sure that this parent does have child elements and not just chardata
deconstruct * [tag_content] Children
SomeTagContent [tag_content]

% Extract the tag Id of the parent
deconstruct * [attribute] ParentAttrs
'tagld= Parentld [attvalue]

% For each child that is an element add the new tag and the attributes to indicate its
parent's id
construct NewChildren [repeat sub_content]
_ [formNewChildren Parentld each Children]
by
<ParentTag ParentAttrs>
NewChildren
</ParentTag>
end rule
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% This function forms the new content with appropriate sub_content enclosed in the
"contained elem" tags
function formNewChildren Parentld [attvalue] Child [sub_content]
replace [repeat sub_content]
PrevOnes [repeat sub_content]
construct NewChild [sub_content]
Child [addContainedByTag Parentld]
by
PrevOnes [. NewChild]
end function

% This function encloses each child tag within a tag that indicates its id as well as the parent's id
using attributes
function addContainedByTag Parentld [attvalue]
replace [sub_content]
<ChildTag [id] ChildAttrs [repeat attribute]>
ChildContent [content]
</ChildTag>
% Extract the tag Id of the child tag
deconstruct * [attribute] ChildAttrs
'tagld= Childld [attvalue]
% Make a new child element with 2 new attributes: 'childId' = child's tag id and 'parentId'
= parent's tag id
construct NewChild [sub_content]
<contained elem 'childId=Childld 'parentld=Parentld >
<ChildTag ChildAttrs >
ChildContent
</ChildTag>
</contained elem>
by
NewChild
end function
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ExplicateSequences.txl

% TXL Program To Explicitly Mark The Sequencing Relationship In The Input XML Document
% Shruti Atre
% Queen's University, August 2007

#pragma -w 32768
include "XML_Element v8.Grammar"

function main
% Export the starting element number so that they can be accessed by other functions
export NumInSeq [number]
1
replace [program]
P [program]
by
P [markSequence]
end function

% This rule adds a new tag element to indicate the sequencing relationship
rule markSequence
skipping [element]
% Find every element node
replace $ [element]
<Tag [id] TagAttrs [repeat attribute]>
Contents [content]

</Tag>
deconstruct not Tag
'sequence_elem % Make sure it is not the sequence elem tag
itself
deconstruct * [attribute] TagAttrs % Get the tag Id for the node under
consideration

'tagld= Tagld [attvalue]

import NumInSeq [number] % Get the sequence number that indicates the
element's position in the document order
construct NumInSeqStr [stringlit]
_ [quote NumlInSeq]

export NumInSeq % Export a new sequence number that indicates
the next element's position in the document order
NumlInSeq [+ 1]

% Replace the original tag with the sequence element for the tag considered
by
<sequence elem 'numInSeq=NumlInSeqStr 'elemld= Tagld >
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<Tag TagAttrs>
Contents [markSequence]
</Tag>
</sequence elem>
end rule
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GetCleanTags.txl

% TXL Program To Search Through XML-like Input For A Specific Set Of Tags
% Shruti Atre
% Queen's University, August 2007

#pragma -w 32768

include "XML_Element v8.Grammar"
include "includes/GetSpecificTags.tx1"

% Grammar overrides for marking interesting elements as elements that match the search tags
redefine element

... | [not token] [interesting element]
end redefine

define interesting_element
[element]
end define

% Input and output is an XML doc or a sequence of interesting elements
redefine program
e |
[repeat interesting_element]
end redefine

% Main function
function main
% Import command line arguments
import TXLargs [repeat stringlit]
deconstruct * TXLargs
"-tag" TagArgs [repeat stringlit]
replace [program]
P [program]
by
% Get the tags that are specified and clean up their contents to remove all nested
XML tags
P [getSpecificTags TagArgs][cleanUpFoundTags]
end function

% Rule to clean the content of each tag found by removing nested XML tags
rule cleanUpFoundTags
replace $ [interesting_element]
EachElement [element]
by
EachElement [removeTags]
end rule
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% This rule removes nested tags in its scope
rule removeTags
replace [repeat sub_content]
<TagName [id] Attr [repeat attribute]>
Contents [repeat sub_content]
</TagName>
RemainingContent [repeat sub_content]
by
Contents [. RemainingContent]
end rule
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GetSpecificTags.txl

% TXL Program To Search Through An XML Document For The Specific Tags
% Shruti Atre

% Queen's University, August 2007

% Main function
function getSpecificTags TagArgs [repeat stringlit]
construct SearchTags [repeat id]
_ [addSearchTag each TagArgs]

replace [program|
Input [program]

construct InputAfterSearch [program]
Input [lookForTag each SearchTags]

% Now extract ONLY the interesting elements
construct InterestingElems [repeat interesting_element]
_ [ InputAfterSearch]

by
InterestingElems
end function

% Function to add the passed tagname to the list of tag names to be searched for
function addSearchTag TagArg [stringlit]
replace [repeat id]
PrevOnes [repeat id]
construct OptTagName [opt id]
_ [parse TagArg]
deconstruct OptTagName
TagName [id]
by
PrevOnes [. TagName]
end function

% Rule to search for elements that match the passed tag name
rule lookForTag TagName [id]
replace $ [sub_content]
<TagName Attrs [repeat attribute]>
Contents [content]
</TagName>
% If the tag matches your search tag name then mark it as an "interesting_element"
construct InterestingElem [interesting_element]
<TagName Attrs>
Contents
</TagName>
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% Replace the tag by its interesting version and appending contents to respective
outputfile
by
InterestingElem
end rule
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GetDBInXMLFormat.txl

% TXL Program To Generate The Intermediate Representation For The Relational Database
% Shruti Atre
% Queen's University, August 2007

#pragma -w 32768

include "XML_Element v8.Grammar"
include "includes/GetDBInXMLForm.txI"

redefine program
[repeat element]
| .

end redefine

function main
% Import command line arguments
import TXLargs [repeat stringlit]
deconstruct * TXLargs
"-tag" TagArgs [repeat stringlit]

replace [program]
P [repeat element]

construct TableSchemas [repeat sub_content]
_ [getTableFor each TagArgs]

by
<database name="db1">
TableSchemas
</database>

end function

% Function to generate the intermediate representation of the table schema and table data for
passed tag name argument
function getTableFor TagName [stringlit]
% Read the input filename whose name is derived from the tag name argument
construct InputFileName [stringlit]
TagName [+ ".xml"]
construct DirName [stringlit]
"CleanTags/"
construct InputFile [stringlit]
DirName [+ InputFileName]
construct Input [program]
_ [read InputFile]

% Get schema and data for the table corresponding to passed TagName
construct SchemaDataOutput [program]
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Input [getDBInXMLForm]
deconstruct SchemaDataOutput
<table>
SchemaAndData [repeat sub_content]
</table>

% Append the new sub_content to the ones created previously for other tag names
replace [repeat sub_content]
PrevOnes [repeat sub_content]
by
PrevOnes [. SchemaAndData]
end function
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GetDBInXMLForm.txl

% TXL Program To Create The Intermediate Representation Of The Database
% Shruti Atre
% Queen's University, August 2007

#pragma -w 327688

% Grammar overrides

redefine program
[repeat element]
| .

end redefine

redefine sub_content
| [not token] [repeat element]
end redefine

% Function to create the table schema and table data
function getDBInXMLForm
replace [program]|
P [program]
% Construct the table schema
construct TableSchema [program]
P [makeSchema]
deconstruct TableSchema
TableSchemaContent [tag_content]
% Construct the table data
construct TableData [program]|
P [makeTable]
deconstruct TableData
TableDataContent [tag content]
by
<table>
TableSchemaContent
TableDataContent
</table>
end function

% Function to create the intermediate representation for the database schema
function makeSchema

replace [program]|

P [repeat element]
% Extracting the name for the table from the first interesting element
deconstruct * [element] P
<TagName [id] Attrs [repeat attribute]>
Contents [repeat sub_content]
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</TagName>
construct TableName [stringlit]
_ [quote TagName]

% Obtaining all possible attribute names from all elements without any duplicate entries
construct AttrsFromAllElems [repeat attribute]

_ [getAllAttributes each P]
construct AllAttrs [repeat attribute]

AttrsFromAllElems [removeDuplicateAttrs]

% Constructing the field representation for attribute which becomes a field in table
construct TableSchema [repeat sub_content]
_ [makeSchemaField 'Field each AllAttrs ]

% Constructing the field representation for the "tag_content" field of table
% This field should be added ONLY for tags other than contained elem and
sequence_elem
construct LastFieldSchema [sub_content]
_ [getLastFieldSchema TagName]

% Constructing the whole schema for the table

construct EntireTableSchema [repeat sub_content]
TableSchema [. LastFieldSchema]

by
<table structure 'name=TableName >

EntireTableSchema
</table_structure>
end function

% Function to obtain all possible attribute names from all elements
function getAllAttributes Element [element]
replace [repeat attribute]
OldAttrs [repeat attribute]
deconstruct Element
<TagName [id] NewAttrs [repeat attribute]>
Contents [repeat sub_content]
</TagName>
by
OldAttrs [. NewAttrs]
end function

% Function to remove duplicate attribute names
function removeDuplicateAttrs
replace [repeat attribute]
AllAttrs [repeat attribute]
construct NoDupsAttrs [repeat attribute]
_ [checkForDup each AllAttrs]
by
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% Attributes With No Duplicates
NoDupsAttrs
end function

% Function to check if the passed attribute is already present in the attrbites obtained so far
function checkForDup AttrArg [attribute]
replace [repeat attribute]
Attrs [repeat attribute]
deconstruct AttrArg
AttrName [id] = AttrValue [attvalue]
deconstruct not * [id] Attrs
AttrName
by
Attrs [. AttrArg]
end function

% Function to create the intermediate representation for the different fields in the table schema
function makeSchemaField FieldName [id] AttrArg [attribute]
deconstruct AttrArg
AttrName [id] '= Value [stringlit]
% Convert AttrName to stringlit
construct AttrNameStr [stringlit]
_ [quote AttrName]
% Create field
replace [repeat sub_content]
PrevOnes [repeat sub_content]
construct NewField [sub_content]
<field FieldName '= AttrNameStr> </field>
by
PrevOnes [. NewField]
end function

% Function to add tag content field ONLY for tags other than table elem, contained elem and
sequence_elem
function getLastFieldSchema TagName [id]
replace [sub_content]
NullContent [sub_content]
deconstruct not TagName
'contained elem
deconstruct not TagName
'sequence_elem
deconstruct not TagName
'table_elems
by
<field Field="tag_ content"></field>
end function

% Function to create the intermediate representation for the database table
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function makeTable
replace [program]
P [repeat element]

% Extracting the name for the table from the first interesting element
deconstruct * [element] P
<TagName [id] Attrs [repeat attribute]>
Contents [repeat sub_content]
</TagName>
construct TableName [stringlit]
_ [quote TagName]

% Converting the interesting elements to intermediate representation's format
construct RowContent [program]
P [convertToRowFormat]

deconstruct RowContent
AllRows [repeat element]
by
<table data 'name=TableName >
AllRows
</table data>
end function

% Rule to form the rows of the table from the interesting elements
rule convertToRowFormat
skipping [element]
replace $ [element]
<TagName [id] Attrs [repeat attribute]>
Content [repeat sub_content]
</TagName>
% Convert each attribute of the tag to a table field
construct AttrFields [repeat sub_content]
_ [makeTableField mame each Attrs ]

% This field should be added ONLY for tags other than contained elem and
sequence_elem
construct ContentField [sub_content]
_ [getLastFieldContent TagName Content]

construct AllFields [repeat sub_content]
AttrFields [. ContentField]
by
<row> AllFields </row>
end rule

% Function to create a field from attribute passed as an argument
function makeTableField FieldName [id] AttrArg [attribute]
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deconstruct AttrArg
AttrName [id] '= Value [stringlit]
% Convert AttrName to stringlit
construct AttrNameStr [stringlit]
_ [quote AttrName]
% Convert Value from type stringlit to type sub_content
construct OptValue [opt sub_content]
_ [parse Value]
deconstruct OptValue
AttrVal [sub_content]

replace [repeat sub_content]
PrevOnes [repeat sub_content]
% Create field
construct NewField [sub_content]
<field FieldName '= AttrNameStr > AttrVal </field>
by
PrevOnes [. NewField]
end function

% Function to determine if the last field (tag_content) should be included or not
function getLastFieldContent TagName [id] Content [repeat sub_content]
replace [sub_content]
NoContent [sub_content]
deconstruct not TagName
'contained_elem
deconstruct not TagName
'sequence_elem
deconstruct not TagName
'table_elems
by
<field name="tag_content"> Content </field>
end function

115



GenerateSQL.txl

% TXL Program To Convert DB In XML format To SQL Statements
% Shruti Atre
% Queen's University, August 2007

#pragma -w 32768
#pragma -esc "\"

include "XML _ Element v8.Grammar"
include "includes/SQL.Grammar"

include "includes/getCreateStatements.tx1"
include "includes/getInsertStatements.tx1"
include "includes/GetSpecificTags.tx1"

% Grammar overrides for marking interesting elements as elements that match the search tags
redefine sub_content

| [interesting_element]

end redefine

define interesting_element
[element]
end define

redefine program
|

[repeat interesting_element]
| [repeat sqlStatement]

end redefine

function main
replace [program]
P [program]

% Form the SQL "CREATE" statements from input
construct SQLCreateStmts [program]

P [getCreateStatements)
deconstruct SQLCreateStmts

CreateStmts [repeat sqlStatement]

% Form the SQL "INSERT" statements from input
construct SQLInsertStmts [program]

P [getInsertStatements]
deconstruct SQLInsertStmts

InsertStmts [repeat sqlStatement)]
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% This statement modifes the datatype of the 'numInSeq' attribute of the 'sequence elem'
relation
construct AlterTableStmt [sqlStatement]
'ALTER TABLE sequence elem MODIFY numInSeq INTEGER ;

% Combine the SQL "CREATE", "INSERT" and other statements to create final output
construct AllStatements [repeat sqlStatement]
CreateStmts [. InsertStmts][. AlterTableStmt]
construct SQLStatements [program]
AllStatements
by
SQLStatements
end function
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GetCreateStatements.txl

% TXL Program To Convert Intermediate Representation Of The Relational Table Schema In
XML Format To SQL CREATE Statements

% Shruti Atre

% Queen's University, August 2007

% Main function
function getCreateStatements
replace [program]
P [program]
by
P [createTables]
end function

% Function to make a SQL table definition statement for every "table structure" tag found in the
input
function createTables
replace [program]|
P [program]
% Construct the list of tag names to search for to include "table_structure"
construct TagArgs [repeat stringlit]
"table structure"
% Get all the "table_structure" tags from the intermediate representation of the database
construct TableStructures [program]
P [getSpecificTags TagArgs]
by
TableStructures [makeTableDefinitions]
end function

% Function to formulate the SQL "CREATE" statements
function makeTableDefinitions
replace [program]
TableStructElems [program]

% Get the interesting elements i.e. the "table structure" tags
deconstruct TableStructElems
AllTableStructures [repeat interesting_element]

% Create a table definition for each "table_structure" tag found
construct NewProgram [repeat sqlStatement]
_[createTableDefinitions each AllTableStructures]
by
NewProgram
end function

% Function to transform
% <table_structure name="TableName">
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% <field Field="nameOfField1"></field>
% <field Field="nameOfField2"></field>
% </table structure>
% into a SQL CREATE statement
% CREATE TABLE TableName (
% nameOfField] VARCHAR(50), nameOfField2 VARCHAR(50)
% )
function createTableDefinitions TableStructure [interesting element]
% Deconstruct the argument to get the table name and its fields
deconstruct TableStructure
<table structure name= TabName[stringlit] >
TableFields [repeat sub_content]
</table_structure>

% Make a list of the fields for the SQL "CREATE" statement
construct TableAttrList [list tableAttrDefinition]
_ [makeTableAttribute each TableFields]

construct PrimaryKey [opt primaryKeyDefinition]
_ [getPrimaryKey TabName][getPrimaryKeyForContain
TabName][ getPrimaryKeyForSequence TabName]

construct ForeignKey [opt foreignKeyDefinition]
_ [getForeignKeyForContain TabName][getForeignKeyForSequence TabName]

% Convert TableName from type 'stringlit' to type 'id'
construct OptTabName [opt id]
_ [parse TabName]
deconstruct OptTabName
TableName [id]

replace * [repeat sqlStatement]
% Nothing

% Form the "CREATE" statement using all the pieces created above
by
CREATE TABLE TableName (
TableAttrList
PrimaryKey
ForeignKey
)

end function

% Function to transform

% <field Field="fieldName"></field>

% into field part of the SQL "CREATE" statment

% fieldName VARCHAR(n)

function makeTableAttribute TableField [sub content]
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deconstruct TableField
<field Field= Name [stringlit] ></field>

% Convert FieldName from type 'stringlit' to type 'id'
construct OptFieldName [opt id]
_ [parse Name]
deconstruct OptFieldName
FieldName [id]

% Get the appropriate data type for the field

construct defaultDataType [dataType]
VARCHAR(50)

construct checkedDataType [dataType]
defaultDataType [getDataType FieldName]

% Construct the new table field
construct NewTableField [tableAttrDefinition]
FieldName checkedDataType

replace [list table AttrDefinition]|
PrevOnes [list table AttrDefinition]
by
PrevOnes [, NewTableField]
end function

% Function to determine the appropriate data type for tag content fields i.e. CLOB (TEXT in
MySQL)
function getDataType FieldName [id]
replace [dataType]
DataType [dataType]
deconstruct FieldName
'tag content
by
TEXT
end function

% Function to determine the appropriate primary key for the passed table name
function getPrimaryKey TabName [stringlit]
replace [opt primaryKeyDefinition]
PrimaryKey [opt primaryKeyDefinition]

deconstruct not * [stringlit] TabName
"contained_elem"

deconstruct not * [stringlit] TabName
"sequence_elem"

construct PrimKeyAttrs [list tableAttribute]
'tagld
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by
, PRIMARY KEY ( PrimKeyAttrs )
end function

% Function to determine the appropriate primary key for the passed table name i.e.
contained_elem table
function getPrimaryKeyForContain TabName [stringlit]
replace [opt primaryKeyDefinition]
PrimaryKey [opt primaryKeyDefinition]
deconstruct * [stringlit] TabName
"contained elem"

construct PrimKeyAttrs [list tableAttribute]
'parentld,childld
by
, PRIMARY KEY ( PrimKeyAttrs )
end function

% Function to determine the appropriate primary key for the passed table name i.e.
sequence_elem table
function getPrimaryKeyForSequence TabName [stringlit]
replace [opt primaryKeyDefinition]
PrimaryKey [opt primaryKeyDefinition]
deconstruct * [stringlit] TabName
"sequence_elem"

construct PrimKeyAttrs [list tableAttribute]
'elemld
by
, PRIMARY KEY ( PrimKeyAttrs )
end function

% Function to determine the appropriate foreign key for the passed table name i.e.
contained_elem table
function getForeignKeyForContain TabName [stringlit]
replace [opt foreignKeyDefinition]
ForeignKey [opt foreignKeyDefinition]
deconstruct * [stringlit] TabName
"contained elem"
construct ForeignKeyForContain [opt foreignKeyDefinition]|
, FOREIGN KEY ( 'childld ) REFERENCES 'table elems ( 'tagld )
, FOREIGN KEY ( 'parentld ) REFERENCES 'table elems ( 'tagld )
by
ForeignKeyForContain
end function

% Function to determine the appropriate foreign key for the passed table name i.e. sequence elem
table
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function getForeignKeyForSequence TabName [stringlit]
replace [opt foreignKeyDefinition]
ForeignKey [opt foreignKeyDefinition]
deconstruct * [stringlit] TabName
"sequence_elem"
construct ForeignKeyForSequence [opt foreignKeyDefinition]
, FOREIGN KEY ('elemld ) REFERENCES 'table elems ( 'tagld )
by
ForeignKeyForSequence
end function
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GetInsertStatements.txl

% TXL Program To Convert Intermediate Representation Of The Relational Table Data In XML
Format To SQL INSERT Statements

% Shruti Atre

% Queen's University, August 2007

% Main function
function getlnsertStatements
replace [program]
P [program]
by
P [createlnsertStmts]
end function

% Function to make a SQL table "INSERT" statement for every "table data" tag found in the
input
function createlnsertStmts
replace [program]|
P [program]
% Construct the list of tag names to search for to include "table data"
construct TagArgs [repeat stringlit]
"table data"
% Get all the "table data" tags from the intermediate representation of the database
construct Tablelnserts [program]
P [getSpecificTags TagArgs]
by
TableInserts [makeTablelnsertStmts]
end function

% Function to formulate the SQL "INSERT" statements
function makeTablelnsertStmts
replace [program]
TableDataElems [program]

% Get the interesting elements i.e. the "table data" tags
deconstruct TableDataElems
AllTablelnserts [repeat interesting_element]

% Create a table insert for each "table data" tag found
construct NewProgram [repeat sqlStatement]
_ [createTablelnserts each AllTablelnserts]
by
NewProgram
end function

% Function to transform
% <table data name="TableName">
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% <row>

% <field name="nameOfField1">content1</field>
% <field name="nameOfField2">content2</field>
% <row>

% </table_data>

% into a SQL INSERT statement
% INSERT INTO TableName (nameOfField1, nameOfField2) VALUES ("content1",
"content2")
function createTablelnserts TableData [interesting_element]
% Deconstruct the argument to get the table name and its fields
deconstruct TableData
<table data name= TabName[stringlit] >
TableRows [repeat sub_content]
</table data>
% Convert TableName from type 'stringlit' to type 'id'
construct OptTabName [opt id]
_ [parse TabName]
deconstruct OptTabName
TableName [id]

construct InsertStatements [repeat sqlStatement]
_ [createlnsertFor TableName each TableRows]

replace * [repeat sqlStatement]
% Nothing
by
InsertStatements
end function

function createlnsertFor TableName [id] Row [sub_content]
deconstruct Row
<row>
RowFields [repeat sub_content]
</row>

% Form the ( "attributel" , "attribute2") part of the INSERT statement
construct ListOfAttrs [list tableAttribute]
_ [makeAttrList each RowFields]

% Form the VALUES( "stringlit1" , "stringlit2") part of the INSERT statement

construct ListOfValues [list stringlit]
_ [makeValuesList each RowFields]

replace * [repeat sqlStatement)]
% Nothing

by
INSERT INTO TableName ( ListOfAttrs ) VALUES ( ListOfValues) ;

end function
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% Function to transform
% <field Field="fieldName"> FieldContent </field>
% into field part of the SQL "INSERT" statment
% fieldName,
function makeAttrList TableField [sub_content]
replace [list tableAttribute]
PrevOnes [list tableAttribute]
deconstruct TableField
<field name= Name [stringlit] > FieldContent [content] </field>

% Convert FieldName from type 'stringlit' to type 'id'
construct OptFieldName [opt id]
_ [parse Name]
deconstruct OptFieldName
FieldName [id]

construct NewTableField [tableAttribute]
FieldName
by
PrevOnes [, NewTableField]
end function

% Function to transform
% <field Field="fieldName"> FieldContent </field>
% into value part of the SQL "INSERT" statment
% "FieldContent",
function makeValuesList TableField [sub_content]
replace [list stringlit]
PrevOnes [list stringlit]
deconstruct TableField
<field name= Name [stringlit] > Content [content] </field>

% Convert Content from type 'content' to type 'stringlit'
construct FieldContent [stringlit]
_ [quote Content]
by
PrevOnes [, FieldContent]
end function

125



