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ABSTRACT

XML is rapidly becoming a key technology for information representation and
exchange on the Internet, where it increases the opportunity for the integration of the
various data formats. The World Wide Web Consortium proposes severahsiand
define the structure of XML and extend the XML for addressing and linking. To adopt
such benefits of XML, many academic institutions and business companies have made
XML enabled databases on the current or new architectures. In this paperptesént
the XML standards and compare various technologies used for storing XML data in a
repository. By highlighting their strengths and weaknesses, | seek ideas for combining

those technologies with a collaborating system to leverage the integratinatafiata.
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CHAPTER 1

Introduction

Since he Extensible Markup Language (XMlasintroduced as standard document
form, the usage of XML for the data exchange format between applicatass
dramatically increasedBefore theappearancef XML, application cependent data
formas wereused fordata exchangeHowever, he World Wide Welenvironment is so
hugethatapplication dependent data formaggjuirea lot of codingeffort for
synchronizingdatabetween different applicationdue to themanydifferent cata format
on the Web Though Hyper Text Markup Langge (HTML) protocol is useenthe
Web, it only describes how the data are shalmoughWeb browsersvith thefixed tag
format XML provides userdefined tags and it is simpte produceand flexible. With
nested tags, XML can represent not only hierarchical tree structure, bt glaph
structure using special attributeSome applications may need an agreenoerthe XML
document formatbecauseuch standardization wouteéducethe errorsand ncrease the
efficiencyin exchanging data. Document Type Definition (DTD) and XML Scheare
used for forcing th@roductionof XML documentssatisfyingparticular rules.

To extract key information through the Web, metadata can be used to designate th
desiral information. The Resource Description Framework (RDF) proval@sscription

of metadatanainly relating to data on the Wellhrough RDF, the semantic meaning of



the Web resources can be revealed to macbmented systems) for example, search
engines.The RDF Schema is defined to constr#ie vocabulary of RDF documents
From the extensions of RDF and RDF Schema, a semantic markup language can be
generated for thatelligent semantic descriptions of the Web documents. To support
linking for XML documents, XLink, XPointer, and XPathereintroduced by the World
Wide Web Consortium.

A novel pointof this paper is to survey technologies for storing XML documents in a
repository. Many commercial database system companies have triedetgrate XML
enabling functionalities on their existing architectioe devise new architectuséor
XML documenstorage.l focus on three typical relational database companies’ support
for XML repositories andon other academic approaches with mappfigdL documents
to arelational database system or a semistructured repositdrg.commercial dabase
systems provide some interral externalprocedures and packages to shred XML
documents into relational columns or objects. The data in the relatiohahas can
generate XML documents through procedures and packages in the database system.
Another wayof storingthe XML documents is using Large Object tyge relational
columns. Each Large Object typecord keeps the whole XML documantthe object
column without shredding.However, the functionalities on those tyges/enot yetmet
the demand of XML usersFurthermorethose mappings are programmed manualhd
some academic reseaegapproachmappingontop of those XML enabling relational
database systems. STORED [14] from AT&T Labs combined the relational mapping and
semistructured techniques to generate magdnmogn XML documents to relational

tables. The technology from University of WisconsMadison[15] used the DTDs to



produce theelational schemas with several differénlining methods. Another XML
storage technology the semistructured data repositorgemistructured dateesearch
started before the emergenceX@dilL, but the similarity of semistructured data and XML
documenrd naturallyallow the technology to apply to XML data. Lore from Stanford
University [2]is a semistructured database system suppoamgVIL repository.
DataGuide [18] is the core part for the description of the structure of the semistructured

data.



CHAPTER?2

XML

The Extensible Markup Language (XML) is a standard document specification, a
subset of Standard Generalized Markup Language (SGML) format [1]. Though SGML is
powerful enough to have been used by the U.S. government and publishingruesip
for making documents, its implementation is considered to be difficult and complex. The
Hypertext Markup Language (HTML) is another application of SGML, but HTML only
presents the shape of the documents on the Web. The tags of HTML are fixedeand th
HTML has no mechanism for the data validation. Those features limit HTML to Web
information manipulation and led to the advent of the XML.

XML consists of avell-formedstructure, rooted in a prolog, one or more elements
including balanced starind endtags with attributes, and miscellaneous optional
features including comments, processing instructions, and white space. A typical

example of the prolog as follow:
<?xml version="1.0" encoding="UTF - 8" standalone="yes"?>

This shows that this is adML document and the version number is “1.0.” The other
attributes “encoding” and “standalone,” are optional. The encoding denotes that this
document used Unicode Transformation Formait§UTF-8) encoding. As XML is

designed to support the Internatedicode, the encoding names can be any the parser



supports, but the name is recommended to be registered with Internet Assigned Numbers
Authority. Thestandalonelocument declaration is also an optional attribute and it
indicates whether the XML documeistaffected by an external markup declaration like

DTD and XML schema.

An elemenforms a root of a hierarchical tree structure for an XML document. Other
elements can be added and should be nested within each other. If there is no content in
an elenent, the emptelement tag, “¢éag-name>,” can be used instead of a pair of tags.
Those tags are useefined and that feature makes XML big different from HTML.
Attributes are used to attach additional information of an element. They are located in
stat-tags or emptyelement tags. Using attributes of type ID, IDREF or IDREFS [2],

XML elements can be uniquely identified and form links. This linking mechanism
allows XML to represent graphtructured information as well as trs&ructured. In

special CIATA sections, any markup data are interpreted as text data.

<?xml version="1.0" encoding="UTF - 8" standalone="yes"?>

<! -- This is an example car. - >
<car id="J544XD" state="NY">

<company> Toyota </company>

<model> Corolla </model>

<type> DX </type>

<year> 1996 </year>

<color> white </color>
</car>

Figure 1. A car description in XML.

Figure 1 shows an example of the XML document. The first line stands for the prolog.

The version attribute should be declared and currently ghgevshould be “1.0.” The



optional attributegncodingandstandaloneshow that the code for this XML document is
“UTF-8" without any schema (“standalone” is “yes”). The second line is emiylL

allows empty line for the good formatting. The thirddirs encoded as a comment,

which does not present any meaning in the XML structure. The comment only provides
optional information to readers. There is only one root element named “car” in the
document and other elements are nested in the root elefbatcar element has two
attributes. Thed attribute identifies a specific car and teteattribute means the
registered state of the car. The each element opens withateiTAG-NAME>" and

closes with endag “</TAGNAME>" and there is no overlamal tags. So, this XML

example said to be wetbrmed.



CHAPTERS

DTD and XML Schema

Document Type Definition (DTD) and XML Schema are ways to define the structure
of XML documents. DTD has been used in SGML for over twenty years and XML is
specified newly by the World Wide Web Consortium (W3C) [3]. eT¢oal is to make
rules to construct XML documents. For many purposes,-deéned tags alone don't
provide a sufficiently rigorous structure for the XML information exchanges. By
requiring the same DTD or XML Schema, two different applications can agree
particular structure for an XML document. If a wddrmed XML document satisfies a
DTD or XML Schema, the document said to \id.

The XML Schema specification reflects the demands of users, who have found DTD
too limited. The schema has maimmproved features over DTD. Before defining XML
Schema, there were several attempts to improve the functionality of the schema language
for XML documents; some examples are Document Definition Markup Language
(DDML), Document Content Description (DCD§chema for ObjeeDriented XML
(SOX), and Microsoft’'s XMl:-Data for BizTalk. The W3C consortium activity for the
new schema, XML Schema, considered those schemas in producing their design. The
main differences between DTD and XML Schema will be presemidide XML Schema

section.



DTD

DTD format is very different from XML. A DTD is usually included in the prolog part
of an XML document using the “IDOCTYPE” tag. The DTD can be defined externally
in a separate file, designated with a file name omaf&dm Resource Identifier (URI).

The typical blocks of a DTD arelementandattributes BNF syntax can be shown as

follow:
<IELEMENT> <element - name> <element - type>
<IATTLIST> <attribute - name> <attribute - type> <attribute - option>

Figure 2 slows an example DTD for the car document of Figure 1. In the example, the
“car” element isnonterminaland the other elements asrminal The nonterminal
element, “car,” has five sublements: company, model, type, year, and color in that
order. It s called asequencewhich restricts the order of stddements presentChoice
is another group option for the sidbements and it gives a list of alternatives for them.

The vertical bar (“]”) is used as the delimiter for choices, and the comma for seegie

<IELEMENT car(company, model, type?, year, color)>
<IATTLIST car
id CDATA #REQUIRED
state CDATA #IMPLIED>
<IELEMENT company (#PCDATA)>
<IELEMENT model (#PCDATA)>
<I[ELEMENT type (#PCDATA)>
<IELEMENT year (#PCDATA)>
<IELEMENT color (#PCDATA)>

Figure 2. DTD for a car document

In the sequence of the example, all bygeelement will appear exactly once. The

type element can be included optionally. This is indicated by the suffix, “?.” Other



allowed suffixes include “+,Which means one or more elements can appear, and “*,”
which means zero or more can appear.

“#PCDATA” in terminal elements stands for parsed character data, which denotes text
that has no markup. That is the only way to represent text in DTD, anevdsne of
motivations for the invention of XML Schema. The element content can alsonpgyor
any. Theemptyelement has no content but may have attributes. aftyelement has no
restriction for that element.

The “car” element in the example h&ago attributes, which are declared in the DTD.

The order of the attributes is not constrained. Both of the attributes have the same data
type, character data (CDATA). Other attribute types like ID, IDREF, and IDREFS are
also very useful and have keyles in representing a graph structures in XML format.

The final term is an attribute description specifies whether this attribute is optional or
required. The option for the attribute “id” is “#REQUIRED,” and this attribute must be
appeared in the evedefined element. “#IMPLIED” in “state” means the attribute can

be optional. Other option is “#FIXED” and this type attribute should have a default

value. The fixed value cannot be changeable by the user.

XML Schema

While DTD is written in the syntaof Extended Backus Naur Form (EBNF), XML
Schema uses XML document syntax. By supportiaghespacesXML Schema allows
several sources of document definitions to be used in a single document. In DTD, a new

DTD is needed to combine multiple DTDs. The XNMbchema supports 44 datatypes



includingstring, decimal timeanddate whereas DTD only provides 9 XMtkelated
primitive types. Inheritance is another major feature of XML Schema, which is not
presentin DTD. This allows reusing existing structuregktending or restricting the
base types.

Figure 3 includes an example of XML Schema, which reproduces the schema

presented in Figure 2 in DTD format.

<xsd:schema xmins:xsd="http://www.w3.0rg/2001/XMLSchema">
<xsd:elem ent name="car” type="CarType"/>

<xsd:complexType name="CarType”>
<xsd:sequence>
<xsd:element name="company” type="xsd:string"/>
<xsd:element name="model” type="xsd:string"/>
<xsd:element name="type” type="xsd:string”
minOccurs="0" maxO ccurs="1"/>
<xsd:element name="year" type="xsd:decimal"/>
<xsd:element name="color” type="xsd:string"/>
</xsd:sequence>
<xsd:attribute nhame="id"” type="xsd:string” use="required”/>
<xsd:attribute name="state” type="xsd:string"/>
</xsd:complexT ype>

</xsd:schema>

Figure 3. XML Schema for a car document

Thecar schema has orechemaelementwith sub-elementelemenandcomplexType
In theschemaelement, a namespace has been declared. The prefix “xsd:” associated with
the namespace is used on each of the elements. The prefix name of a namespace can be
an arbitrary value and different naspaces from different sources can be used. In the
multiple namespaces, the different prefix names specify the meanings of elements and
attributes, which are followed by the prefix. In this example, the association forces the

elements and simple typeshe identified with the XML Schema language. In XML

10



Schema, elements may have simple types or complex types. A simple type does not
include elements. Many simple types, such as “xsd:string,” are defined in the XML
Schema. A complex type may have nestednelets and carry attributes optionally. The
type of thecar element is defined as a complex ty@arType in the example. As in the
DTD example, the elements of a complex type can be orderedsegthenceéag. All the
nested elements except thearelement have atringtype. This is declared in thgpe
attribute. Thedecimaltype in theyearelement is a number. If the year needs to be
restricted to fowdigit numbers for example, another simple tyg¥gear already defined

in XML Schema, and theeatlaration can be used instead as follows:
<xsd:element name="year” type="xsd:gYear"/>

If the stateattribute has to be two capital letters, a new simple type can be defined as

follows:

<xsd:simpleType name="StateType">
<xsd:restriction base= "xsd:string”>
<xsd:pattern value="[A - Z){2}y'1>
</xsd:restriction>
</xsd:simpleType>

The equivalent of optional elements in DTD can be expressed in XML Schema using
“minOccur” and “maxOccurs” attributes. Additionally to the three resits of DTD
(*, +, and ?), XML Schema can designate any number of minimum and maximum
occurrences-for example, between 15 and 30. Any given attribute, the attribute may
appear at most once. The “use” attribute designates the attribute-usag®frequired,
optional andprohibited

Thefixedattribute is used when the allowed value of an element or attribute is unique.

For example, | may add another attribatauntryin the “car” element. The state name

11



used in the attribute from United Statasd the fixed value theountrycould be “US.”

The definition of the attribute as follows:

<xsd:attribute name="country” type="xsd:string” fixed="US"/>

12



CHAPTER 4

Metadata Support

There have been many efforts to extract useful information through the Web.
Especially, the search engines devised various technologies to find the exact location of
the desired information, but in practice many of thdsoahow useless information.
Moreover, they only reach less than one percent of the whole Web. That is because the
scale of the Web is so huge, and keyword spamming is very widespread. Though some
Web directory sites cag@rize the information manuallyhis is not for the machine
oriented system.

Metadata is “structured data about data.” This could include catalogs of libraries,
author lists of books, ranking of Web pages by frequency of reference, or the relations

between indexes. Both human amdchine generated information can be metadata.

RDF

The Resource Description Framework (RDF) is a W3C recommendation for a standard
representation of metadata [5]. This framework is described in XML format. RDF has
an innate function for machip@iented data exchanging between applications because of

its XML features. XML and RDF provide semantic interoperability in the current Web

13



domain, but XML only describes the document structure. RDF emphasizes semantic
meaning on the Web resources by addincapability as a data model for knowledge
representation.

The basic block of RDF consists of three object typessourcesproperties and
statements A resources anything that can be written as a Uniform Resource Identifier
(URI) in the RDF expession. It can be not only a Web page but also an XML element.
Anything written in URI could be a resource. gkopertyis a specific characteristic,
attribute, or relation of the resoureéor example, “owner.” Each property has a specific
meaning, vinich can be classified by a schema related to the name of the property. A
statemenis a combination of aesource aproperty, and avalue Each part of a
statement is also known as thebject thepredicate and theobject The object can be
anotheresource or a literal, which might be any string or XML. Figure 4 presents an

example of RDF graph for the Web page of the University.

Owner

Florida State
d University

http:  //www.fsu.edu/

Figure 4. An example of RDF graph

In the figure, the oval shape node denotes a subject, the arc denuaesed property,
and the rectangular shape is a node, which represents a literal. The graph represents the

following statement:

“Florida State University is the owner of the resource
http://www.fsu.edu/.”

It also can be read as:

14



“http://mww.fsu .edu/ has owner Florida State University.”
The statement can be written in the XML format:

<?xml version="1.0">
<rdf:RDF
xmins:rdf="http://www.w3.0rg/1999/02/22 -rdf -synfax - ns#”
xmins:s="http://description.org/schema/">
<rdf:Descri ption about="http://www.fsu.edu/">
<s:owner>Florida State University</s:owner>
</rdf:Description>
</rdf:RDF>

The RDF XML syntax has a root elemenfBF>, but this element is optional when the
descriptionis known to be RDF from the apphtion content. In RDF element, the
namespace attributes designate the location of the declarations of the RDF elements with
the prefix “rdf:”, and the location of the schema declaration associating with the prefix
“s:”. The namespace declaration cateatatively appear in a specifitescription
element, or even in property elements. T™escriptionelement has the subject; the child
elements describe the properties and the objects. In this example, “<s:owner>" and
“</s:owner>"- a pair of tags showthe property. The object is “Florida State
University.”

As in XML Schema for XML document, RDF Schema provides a vocabulary
constraint facility for RDF document. In RDF Schema, the classes of the resources are
defined. The classes have the same aslén the objecbriented programming models.
The classes have hierarchical structures and they are extended with subclass refinement.

The terms such aClass” “ subPropertyQf and “subClassOfare used for the basic
type system for RDF to define suclasses. By using class concepts, the reusability of
metadata can be increased because sharing schemas and adding subclasses to the existing

schemas will produce sufficient mechanisms in many schema specifications.

15



Ontologesplay a crucial role irthe“Semantic Web™ a machineunderstandable Web
with intelligent services. They providshared angrecisely definedermsin a particular
domain for communications between human users and application systems. DAML+OIL
—combined terminology from old vsions, DARPA Agent Markup Language (DAML)
and Ontology Inference Lay€®IL) - is an ontology language submittedW3C as a
semantic markup language for Web resources [19¢xtends RDF and RDF schema.

The objectoriented structure of domasiin DAML +OIL consists of the termClass

and ‘Property” Theusage othe termclass is similar to that of RDF schema, bl
classes of DAML+OIL are less restricted. For exampseifClassOfclass elements of
DAML+OIL allow cyclic subclassrelations A property is a binary relation, which

defines theelation between two items. All expressions of description logic can be
written in DAML+OIL terms. The DAML+OIL propertiesare oftwo types:
“objectProperty for objectrelations and datatypePropertyfor datatype values.Those
properties are ranged andiitiple rangesan apply to a propertyonjunctively For
example, positive integer range and greater than 1 range will produce a property that has
positive integers greater than Therestriction ofdomansin DAML+OIL is global,

while theRDF Schemanly has a single range and a local scope on domains. However,
efficient tools forreasoningaboutWeb resources andomplete algorithms for the full
DAML+OIL language are not provided yg20].

From the viewpoint of semantic interoperability, RDF is better tipdann XML. RDF
vocabularies are simple enough to manipulate huge nwswobeiata. Meanwhile, XML
often regards ordered elements as important and has complex structure. Those features

make it dfficult for XML to handle large amount of data. Additional data conversion is

16



not necessary in RDF because RDF presents domain models naturally with defining
objects and relations. Another benefit of RDF is independendye XML. In anXML
documentaschema change may cause invalidity for the query baseleoold structure
of the XML document RDF presents semantic tre¢hatis parsed with only usable set

of triples and the data not to be interpreted are ignored [6].

XLink, XPointer, and XPath

As in hyperlinks of HTML documents, XML documents can be linked to other XML
documents by using XML Linking Language (XLink) [7], XML Pointer Language
(XPointer) [8], and XML Path Language (XPath) [9]. The XLink describes links
between resources.h& XPointer points the reference through URI. The XPath presents
the location of specific parts of an XML documeritast versiorof the XPointer
(September 2001) is a Candidate Recommendatidime World Wide Web Consortium.
TheXLink and the XPath isscommended by thé/3C.

XPath

The main purpose of XPath is to designate parts of an XML docum&iath
provides an extended addressing syntax that defines a compact notatoadébwcation
in the XML document tree. XPath does not use XML syntakibis a stringbased
language. The Extensible Stylesheet Language Transformations (XSLT) and the

XPointer use the functionality of the XPath.

17



XPointer

XPointer is used to identify specific fragments in XML documents via a URI.
XPointer may selectrothe basis of XML ID attributes, or nodes in the hierarchical
structure of an XML document related using XPath. An XPointer can also reference an
arbitrary user designation on a specfigint or range— doesn’t have to be an XML node.
Therangecan bespecified with twapoints as:

xpointer(id(“start”)/range - to(id(“end™))
That XPointer locates the range between the start point for the element wigtd® “
and the end point for the element with IBrfd. The XPointer is complex enough to
presehmost usages.
XLink

XLink is able to link not only documents but also resources, which include documents,
audio, video, database data, and any addressable information or services. While HTML
links need to edit the resource for additional links, XLodn’t require any write
permission to edit the source. The XLink can simply set the URI with the starting and
ending point for the linking. The XLink also provides multidirectional linkstended
links) as well as the unidirectional linkifnplelink) —the traditional link on the Web.
The links can be stored externalgxtendedink) of the documents, they address with
URI, and they can be inline. Traversal &™link usually replaces the document
currently viewed. Traversal means “using or follogia link for any purpose” [7]. The
user may initiate traversal with clicking on the links, or the retrieving document may

initiate it.

18



<?xml version="1.0"?>
<doc xmins:xlink="http://www.w3.0rg/1999/xlink>

<head>
<title> Animals </title>
<extendedlink xlink:type="extended”>
<loc xlink:type="locator”
xlink:label="seaplace”
xlink:href="#xpointer(//body/animal[1])/sentence[2]/place[1])"/>
<loc xlink:type="locator”
xlink:label="seareference”
xlink:href="#sea"/>
<arc xlink:type="arc”
xlink:from="seaplace”
xlink:to="seareference”
xlink:show= "new
xlink:actuate="onRequest"/>
</extendedlink>
</head>

<body>

<animal name="whale">

<sentence>Whales are mammals.</sentence>

<sentence>Whales live in the
<place>sea</place>.</sentence>

</animal>

<animal name="horse">

<sentence>Horses are mam mals.</sentence>

<sentence>Horses live in the
<place>land</place>.</sentence>

</animal>

</body>

<tail>
<reference>
<places id="sea">
Sea is the continuous body of salt water covering the earth.
</places>
<places id="land">
Land is the part of the e arth not covered by water.
</places>
</reference>
</tail>

</doc>

Figure 5. An example for the XML document with XLink expressions.

19




Figure 5 shows an example, which includes the features of XLink and XPointer. In the
example, <doc xmins:xlink = “h ttp://www.w3.0rg/1999/xlink”> " denotes the
XLink namespace definition with the URIThe extendedlinlkelement is a kind of
extended link, which has full XLink functionality such as arcgpundandthird-party)
and links with arbitrary resources. The ethype for the link is thesimplelink, which
has only two participating resources.

In theextendedlinlelement, three sublements are ebedded: they are twiocator
elements (XLink type) and aarc element (XLink type). Théocatortype element
designates remote resources, whose location is denoted with the locator atthbefte, “
The arc type elements represent the link traversaighvis usually a pair of starfriom)
and end o) resources. Thiocatorlabeled ‘seaplacéhas the XPointer and the
expression in the parentheses of this XPointer is also the XPath expression. This
XPointer points to the firgbplaceelement of the secw sentencén the firstanimal
element of thdodyelement. The Seareferencelocator links to the first ‘places
element, which has the attributtnamed $ea”

Thearc element in the example has two remote resources for the traverse and it is
caled athird-partyarc. If the arc from local resource to remote resource, it is the
outboundarc. Or, thanboundarc traverses from remote resource to local resource. The
traversal attributesffom” and “to,” are for the start and the end points oétlnk. The
showandactuateattributes represent the behavior of the link. They designate the
behavior of the ending resource of the arc. In the figure, the “new” value fattbe
attribute will open a new window when the traversal event has beereséed. The

actuateattribute sets6nRequest and it constraints the traversal event. If the value of

20



theactuateattribute changed toohLoad” the new window would be shown immediately

on loading the starting resource.
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CHAPTER 5

XML and Databases

An XML document is a text document used for informatexchangédetween
application programdypically through the Web. XML does not force any internal
structureonthe computer.However, it is important how to stomnd process the XML
documenfrom the viewpoint of efficiency of data manipulati. XML logically hasa
tree structure with elements and attribyasdis usedboth inthe role ofa datatransport
format andasadocumenmarkup language. Bourrgl0] classifies the XML documents
asdata-centricdocuments andocumententricdocuments.Datacentric documentare
highly structurecandhave relatively small sized tegtements. Documestgentric
documentdave freeformat textwith some words markedp. The perfornance of the
XML documentprocessing depends on tkied of XML document presentation: data
centric and documesdentric documents have pros and coglative tothe different types
of database

Many attempts were made to leverage the curdatabase technologiés represent
XML documents MappingXML to relational database was one of first methosgsdto
store XML documertin existingdatabase Many XML repositoriedhave proposed
waysto mapXML to relational databasghbecause thedlational database dominates the

current database market and many applicatareslready developed on relational
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databasesNot only legacy applications, but also datentric XML documents obtain
benefitsfrom usingthe relational databasébjectrelaional storages a naturafit for
XML storage becausds logical structures similar tothat of XML documents.Another
approach for the XML storags from semistructureddata. Semistructured data had
been developed before XML standard emergea XNIL formatunsurprisinglyapplied

to the semistructured databaskecauseXML is a semistructured data format_ore [2]

is a welkknown example of serrstructured data system to present XML documents as

semistructure data.

Relational Database

Oracle Database System

Currently the relational database dominates the database market. SinchasML
emergeds a new standard for the information exchange, many relational databases have
been tried to combine their databases and XML technologies. Ondiaf answers
from the commercial databases is the X#habled Oracle 8i from Oracleshich has the
biggest market share in the current database business.

Mapping an XML document to a table or several tablespsimitive way of storing
XML documerts on the relational databas&he elements, attributes, and names are
mapped to the columns of tabliesways depending on the functionalities of data usage
and mapping designThis method is useful in transferring data between relationa

databases, bittis not applicable to sophisticated XML formats.
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Oracle[11] provides a natural manner using objeefational support.The elements
with attributes defin®@bjecttypesthat encapsulate dat&etsof object types and
references to object typesn form a model ofclasses. A class maps into a table.
Figure 6,CAR_TYPEHs defined as an object and a single object maps to a table in this

example.

create table CAR S
(

ID VARCHAR2(7),
STATE VARCHAR2(2),
COMPANY  VARCHAR2(16),
MODEL VARCHAR2(16),
TYPE VARCHAR2(3),
YEAR NUMBER(4),
COLOR VARCHAR2(16)

)
/

create or replace view NEWCARS as
select SYS.XMLTYPE.CREATEXML('<CAR/>") “CAR”
from CARS;

create or replace trigger CAREXPLOSION

instead of insert on NEWCARS

for each row

declare
CARID  VARCHAR2(7);
STATE VARCHAR(2);
COMPANY VARCHAR2(16);
MODEL VARCHAR2(16);
CARTYPE VARCHAR2(3);
CARYEAR NUMBER(4);
COLOR VARCHAR2(16);

DOCUMENT sys.XMLTYPE;
ELEMENT sys.XMLTYPE;

NOT_A_CAR exception;
I binary_integer;
begin
DOCUMENT :=:new.CAR;
if (DO  CUMENT.existsNode('/car') = 0) then
raise NOT_A_CAR,;

end if;

CARID := DOCUMENT.extract('/car/@id").getStringVal();
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STATE := DOCUMENT .extract('/car/@state").getStringVal();

ELEMENT := DOCUMENT.extract('/car/company/text()";

if ELEMENT is n ot null) then
COMPANY := ELEMENT.getStringVal();
end if;

ELEMENT := DOCUMENT.extract(‘/car/model/text()");
if (ELEMENT is not null) then

MODEL := ELEMENT.getStringVal();
end if;

ELEMENT := DOCUMENT.extract('/car/type/text());
if (ELE MENT is not null) then

CARTYPE := ELEMENT.getStringVal();
end if;

ELEMENT := DOCUMENT.extract('/car/year/text()");
if (ELEMENT is not null) then

CARYEAR := ELEMENT.getNumberVal();
end if;

ELEMENT := DOCUMENT.extract(‘/car/color/text()")
if (ELEMENT is not null) then

COLOR := ELEMENT.getStringVal();
end if;

insert into CARS values (CARID, STATE, COMPANY, MODEL, CARTYPE,
CARYEAR, COLOR);

exception
when NOT_A_CAR then
raise_application_error( - 20000, 'Only car docum ents can be
stored in this column.");
end CAREXPLOSION;
/

create or replace type CAR_TYPE as object

(

“@id” VARCHARZ2(7),
“@state” VARCHARZ2(2),
“company” VARCHAR2(16),
“model” VARCHAR2(16),
“type” VARCHARZ2(3),
“year” NUMBER(4),
“color” VARCHAR2(5)
)

/

create or replace view CARDOCUMENTS as
select

sys_xmlgen(

CAR_TYPE(
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C.ID,
C.STATE,
C.COMPANY,
C.MODEL,
C.TYPE,
C.YEAR,
C.COLOR

),

sys.xmlgenformattype.createformat(‘car’)

) car

from CARS C;

SQL> select C.car.getClobVal() "car" from CARDOCUMENTS C;

car

<?xml version="1.0"?>

<car id="J544XD" state="NY">
<company>Toyota </company>
<model>Corolla </model>
<type>DX </type>
<year>1996</year>
<color>white </color>

</car>

Figure 6. An example for the XML documentiiih mapping to Oracle database

Another approach for XML document storagd.esrge Object(LOB). A LOB column
holds an XML instance anthis type of storage is useful folocumentcentric
documeng. The XML instance in LOB columns can be indexed astimeo texts. The
New versionof the Oracle databas®©racle 9idatabassystemprovidesXMLType- an
object data type oacharacter large objecfCLOB) columnstorage XMLType
supports XPatln SQL queriego extract elements and attribut@sXML instances as

follow:
SELECT c.car.extract(‘/car/model/text()’).getStringVal() FROMar s c;

To improve performance, a key element of the XML document can be stored

another column and badexed. Without separate column indexiegiractingquery
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perfamances not acceptablen the case of largaumber ofrows. Updatingelements or
attributes in LOB is not possibl@nly the entire XML documents update is allowed.
There are dditional packages and functions integrated in S@lich can be used in
gueresto wrap the data in columrendproduce XML documents.

Figure 6 shows an exampileatmays between an XML document and a relational
tableusing Oracle 9i The first halfof the codeaepresents the mapping from an XML
document to a relational tabld he last half shows how to get an XML instance from a
relational table. Th€ ARStable stores the elements and the attributab®@XKML
example from chapter ondhe NEWCARSYiew shows XML instances from a relational
table CARS When an XML documetninserts into a relational table, each element and
attribute needs to be shided The CAREXPLOSIONrigger substitutes the insert query
to map the XML document into proper types of columns. From the relational table,
XML instance can be produced.hd CARDOCUMENTview generates an XML instance
from a table using SYS_XMLGEN function in the SQL query.

IBM DB2 Database System

IBM’s DB2 database systefti2] also supports XML documents for storage and query.
To store XML documents itBM DB2 XML Exteder, an XML repository XML column
andXML collectionoptions are available

In the XML column option, the XML document is saved AMLCLOB
XMLVARCHARor XMLFILE type withoutshredding. Some elements and attributes can
bestored inside tablesandindexed for performance improvemeiihe side tables and
index must ben aData Access DefinitioDAD). An example DAD for side tables is

givenin Figure 7.
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In the XML collection option,an XML document maps into a set of relational tables
and the mpping mechanisms between DTD and tables are describeBAD. This
option is useful for frequent updatto part of data, extractioaf only some part of data,

andrelatingto other relational data.

<dad>
<dtdid>dxx_install/dtd/ge tstart.dtd</dtdid>
<validation>YES</validation>
<Xcolumn>
<table name="car_table"> </table>
<column name="year” type="decimal(4,0)”
path="/carlyear”/>
</table>
</Xcolumn>
</dad>

Figure 7. An example of DAD side table definan

To publish XML documergfrom database tableSQL querieswith macros of a script
language and stored procedures are used.
Microsoft SQL Server

Microsoft SQL Served3] is another relational database system that generates and
stores XML doaments through relational data. XML enabling f@&is are executed in
middle tierapplicationsfor exampletemplateand XML views Templates are XML
documents which include SQL queriesecutedagainst the database. XPath is supported
in templates.An XML view of the relational data can be created by annotated schema
usingXML Data Reduce@DR) schema.These annotations are used to speaify
mapping between XML and relational tables.

To publishan XML document fromarelational database, SQL &erincludes SQL

extensions to produce query reswids XML documents. There are three different ways
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to serialize SQL query resultstm XML: RAW AUTO, andEXPLICITmodes. In RAW
mode, each row of the query result maps inttaane of anlXML element,row, and each
non-NULL column of the query result maps to an XML attribut€he examplequery

may produce as follow:

SELECTCarlID, CarState FROMCars FORXML raw

<row CarlD="3544XD" CarState="NY"/>

To produce query resdltvith nested XML elements, SQL seer provides AUTO mode.
Each row maps to an XML element and each tathlasis used forthe element name.

The order of the table namésthe SELECT clausdetermines the nestiragcording to
theirappearance froreft to right. The columns of the gugresults map to the XML
attributes as in RAW modeThe example of an auto mode query may return the result as

follow:

SELECT Dealer s.Dealer ID, Dealers.DealerName , Customers.CustomerName
FROM Dealer s, Customer s
WHERE Dealers.DealerID = Customer.DealerlD

FOR XML auto
<Dealers DealerID="ROMANOTOYO TA" DealerName="Peter Dan">
<Customers CustomerName="Jungkee Kim” />
<Customers CustomerName="Bryan Carpenter” />
</Dealers>

The EXPLICIT mode can produce any XML document from the relational database
tables. The EXPLICIT mode querywhich specifieghe structure of the XML tree,
produces universal tablewvhich consists ofag andparent column names, and row
ordering. For, example the query may produte universal table and an XML instance

as follows:

SELECT 1 as Tag, NULL as Parent, Dealers.DealerID AS
[Dealers!1!DelaeriD],
NULL as [Customers!2!name!element]
FROM Dealers
UNION ALL
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SELECT 2, 1, Dealers.DealerID, Customers.CustomerName
FROM Dealers INNER JOIN Customers ON Dealers.DealerID =
Customers. DealerlD

ORDER BY [Dealers!1!DealerID]

For XML explicit

Tag Parent Dealers!1!DealerID Customers!2! namelelement
1 0 ROMANOTOYOTA NULL

2 1 ROMANOTOYOTA  Jungkee Kim

1 0 SYRACUSEFORD  NULL

21 SYRACUSEFORD Br yan Carpenter

<Dealers Dealer D="ROMANOTOYO TA">

<Customers ><name>Jungkee Kim </name ></Customers>
</Dealers>
<Dealers DealerID="SYRACUSEFORD">

<Customers ><name>Bryan Carpenter </ name></Customers>
</Dealers>

To produce a convenient relational view fran XML document,OpenXML rowset
provideris provided similar to theextractfunction of Oracle 9i.
STORED

STORED (Semistructured TO Relational Data) [14] is onseferalnitial proposals
for storing and querying XML documentsappedo relationaldatabase system.
STOREDutilizesa combination of relational and semistructured techniques to manage
XML documents. |t triesto discoverthe most frequery occurringsubtrees fromxML
documents and maps the extracted-seles to relational tablesThe remainingpart of
XML documentsis stored in a semistructur@verflowgraph. For example, the XML
documentnd the graph inigure8 will produce a relationatablecar with attributes,
plate and driver.Thesecond driver, Marymight be stored ithe overflow repository

A declarativequerylanguage is definednd this language expresses the structure in
both input and output of a quernBecause théanguage is nomecursive the elements
camot have arbitrary number of stddements in the same format. dDTD is available,
the overflow queries are expected todecuted faster thahey would bewithout a

DTD.
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<cars>

<car>
<plate>J544XD</plate>
<driver>Jake</driver> cars
</car>
<car>
<plate>S7RDG</plate>
<driver>Tom</driver>
<driver>Mar y</driver>
</car>
<car>
<plate>53G123</plate>
<driver>Bryan</driver>
</car>
</cars> plate

J544XD Jake S7RDG Tom Mary 53G123 Bryan

Figure 8. An Example of an XML document and a graph

When STORED generat@snapping,it requiresvariousparametershe maximum
number of tableghe maximum number of attributes per tabilee maximum disk space,
thecollection size threshoJd&andminimum support The mllection size threshold
designatethe boundary betweesmall setsandcollections The mnimum support
parameters requirel for the mining algorithm. The mining algorithm determines which
elements of the XML document should be stored in relational sabie which elements
should be saved in overflowl'he nining pracesses measure which path prefixes and
bodies ardrequently occurringn XML documents and queries. From those numbers,
the bestelational mapping will be selectadking into accounthe number of matching

values andthe maximum disk space.
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Since he queries and updasee performedgainst the original XML documents rather
than mapped tables or overflow, STOBEhouldrewrite them into queries and updates
overrelational tables and overflow storagéherewrite algorithmof the STORED
systemjnversion rules convertsthe querie®ver XML documentgo taketablecolumns
and addreestructure to the data layout.

Relational Mapping Technology from University of WisconsinMadison

Shanmugasundaram and othjgS] suggested a different approach foappingXML
documend to relational database systenThey usea DTD to generate a relational
schemaunlike STORED, wheraisinga DTD is optional. There is no consideratioof
the query workload XML documents are parsethatchedo DTDs, and loaded to
relational database tables. They usedBM DB2 databasdor the relational tablesFor
qguerying the data, semistructured queries are translated to SQL queries and the results are
converted to XML.

When generating relational schemas from DTDs, DaBssimplified with a set of
transformationsghatis more restricted thatihatof STORED. Transformations are

performed for flatteningsimplification, and grouping as thefollowing examples:

Flattening: (e LEe ) ->e Y e *
Simplification: e **o->e *
Grouping: ..., a*, Lo ak ... ->ar L.

Because of the simplification, the order of elenseof the original XML documentnay
be lost thougtadditional fields for some elementgeresuggested for keeping the order.
A DTD can be expressed as a grafgrhe smplified DTD graphs can be converted to
relational schemas using one of three proposed methodBatsie Inlining Technique

the Shared Inlining Techniqy®r theHybrids Inlining Technique
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TheBasic Inlining Technique creates separated relationsdch elements of an XML
document, because all elements of a DTD can be a root of an XML document. Each
relation has an IRhat acts ashekey field. All sub-elements and attributes of the
element in the relation are inlined, but there are two excaptidMultiply occurring sub
elements- the nodes below “*— and recursive referenced elements are not inlined.
They have separate relationshe recursive element will also hatlee parent reference.

The XML fragmentin Figure 8 may produce theelations asfollowing:

cars (carsID: integer )

cars. car (cars.car. carlD: integer, cars. car.parentlD: integer ,
cars.car.plate: string )

cars.car.  plate (cars.car.plate. platelD: integer,

cars.car.plate.parentlD: integer, cars.car. plate: string)
cars.car.driver (cars.car. driver.driverlD: integer,

cars.car.driver.parentlD:integer, cars.car.driver: string)

The Sharednlining Techniqueexpresses each element as a relation and avoids the
redundancy of the Basic Inlining Technique. The multiple relationglements wih
several parenti® Basic Inlining are stored in each relationShared InliningA new
relation for those elemenis created angdhared. All the nodes with idegree of one will
be inlined into columns of the tables for their parent elemeiffitee SharedInlining for

Figure 8 may producthefollowing relations:

cars (carslD: integer , cars.isRoot: boolean )

car (cars.car.carlD: integer, cars.car.parentID: integer,

cars.car.parent CODEinteger, cars.car.plate: string , cars.car.plate:
string)

driver (driverl  D:integer, parentID:integer, cars.car.driver: string)

However, the Shared liming can require more join operations on some particular
elements comparing to the Basic Inlining.

The Hybrid Inlining Technique is similar to the Shared Inlining Technjdue it has
additional inlining which is not included in the Shared Inlining. The extra inlining

elements in this technique are riot recursive or cyclic.
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The performance for the Basic Inlining Technique is very poor. There are-tffsléor

the Shared Inlining Technique and the Hybrid Inlining Technique.

Semistructured Database

Researcton semstructured dtainitially looks for an efficient way to descrédata
with nofixed schema, for example, tiheformationon the WorldWide Web. The
relational or objecbrienteddatabassystens have schemaandall theinstancesn the
systems shoultle createdinderthe rules of the schema.Semistrictureddata hae no
explicit explanation of the structurbut theyinclude directdescrptions of the datawith a
simple syntax.The Object Exchange Model (OENS a typcal semistructured data
model It was designed for exeimging data between heterogeneous systerds
originates from the Tsimmis [1L6] data inégration project An OEM object has four
componentstabel, oid, typg andvalue Label is a character strirapdoid is the
identifier of the object. Typecan be an atmic typeor acomplex type. If theobjecttype
is complexthevalueis a set of oid. The vdue of an atomic type isne of base types
integer, string, image sound etc ThereforeOEM data form a graph in which the nodes
are the objects and thabels areggenerallyattached te@dgesthough the initial system
waslabeledon nodes

Abitebouland other$17] announcedhree approacheto develop a database
managerant system for semistructured dabailding an application on top of existing
relational or object database systemisinga low-level object serverandbuilding the

system from scratchThe Lore (Lightveight Object Repositry) systemfrom Stanford
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University [2]took the last approach argla typical database system for semistructured
data Thelore systemconsists othe API, query processors, artthtamanagersA
graphical user interfaces proesqueries and views of datay the users Lorel is the
guery language of Loré he queriepresentedvith Lorel areparsel, preprocessd
transforned and optimize in query processorsThere areseverailmanages and tools
for datahandling The OEM object can be saved tor fetched from files thoughn
objectmanager.The XML documents areapped and#ept in OEM fornsinternally.
To describahe structures of thstored senstructured dateDataGuids [18] were
introduced in Lore

A DataGuide is a&onciseandaccuratesummary otthe structure o specifieddata
graph. It describes every unique pathtbk original data graph only onc&very label
pathappeaing in the DataGuidexists in the originaraphto reservethe accuracy.The
logical structureof a DataGuide is directedacyclic graph A target sefs the set of all
objectsthata given label path in a grapteacles. A node in thenput graph may appear
more than oncen the target setbecause the node can teachedrom severalifferernt
edges The target setesontaininglDs arethe annotationsof thelabel paths that designate
the node®f the DataGuide Goldmanand Widom [18]asserthatgeneratingdataGuides
over the input graphis similar tothe conversion from aon-deterministic finite
automaibn (NFA) to a deterministic finite atomation (DFA). They expecthatthe
conversionvould be finished within aeasonabléime and they di not seeany
exponential tne or spac@roblemduring their experimentsHowever, those annotations
meanthatmultiple label pathsnay exist to reach the same objett.Figure 9 adata

graph and two DataGuides of the grapne shown
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A B A B
B A B
Data Graph Data Guide 1 Data Guide 2

Figure 9. A data graph and two DataGuides
We canreachthe node 2wvith pathA fromthe data graph and DataGuidghlitthe sane
nodeattains througlooth A andB pattsin DataGuide 2.To avoid the confusion as in
DataGuide 2aclass ofDataGuides is definedandnamedStrongDataGuide The main
aspecbf strong DataGuides is thatchset of label pathshat sharethe samésingleton)
target sein the DataGuidesds the set of label paththat sharesthe same target sét the

datagraph.
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