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ABSTRACT

The shift from SGML to XML has created new demands for
managing structured documents. Many XML documents will be
transient representations for the purpose of data exchange
between different types of applications, but there will alse be a
need for effective means to manage persistent XML data as a
database. In this paper we explore requirements for an XML
database management svstem. The purpese of the paper 13 not to
sugpest a sngle type of svstem covermg all neceszary features.
Inztead the purpose 1s to inrhiate discuszion of the requirements
anzing from document collections, to offer a context in which to
evaluate current and fiture sclutions, and to encourage the
development of proper models and systems for XML databaze
management. Our discussion addresses 1szues ansmng from data
modelling, data definition, and data manipulation.

Categories and Subject Descriptors
H.24 [Databaze Management]: Systems — rextual databases,

I[7.1 [Document and Text Processing]: Document znd Text
Editing — document management.

(General Terms
Management, Desizn

Keyvwords
XML, structured documents; XML databaze szystems, data
modelling, data definition, data manipulation.

1. INTRODUCTION

SGML has been a widely used markup lanpuage for defining and
reprezenting structured documents since 1tz publication mm 1986
[30]. The ongomg shft from SGML to XML 13 creating new
demands for the management of structured documents. Compared
to SGML, the vanety of apphcations expected o use XML 13
much wider. On the one hand, XML will have an extended use m
the application areas where SGML and HTML have already been

commonly used, for example, in techmical documentation of
manufacturing companies, bock publishing, and Web publishing.
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On the other hand, XML wall alzo be uzed m ways SGML and
HTML were not, most notably az the data exchange format
between different applications. As was the zituabon wath
dynamically created HTML documents, 1 the new areas there 13
not neceszanly a need for persistent storape of XML documents.
Often, however, document storage and the capability to present
documents to a human reader az they are or were transmitted 13
important to preserve the communications among different parties
in the form undersiood and apreed to by them.

Effective means for the manapement of persistent XML data as a
database are needed. We define an AW documenf database (or
more generally an XUl dotabase, since every XML databaze
must manage documents) to be a collection of XML documents
and their partz, mamtamed by a system having capabilities to
manape and contrel the collechon iiself amd the information
reprezented by that collection. It 13 more than merely a repository
of stuctured documents or of semiztuctured data. As 1z true for
managing other forms of data, manapement of permistent XML
data requires capabilibes to deal with data mdependence,
mtepration, access nights, versions, views, integnity, redundancy,
consistency, recovery, and enforcement of standards.

A problem in applyving traditional database technologies to the
management of persistent XML documents lies o the special
charactenistics of the data, not typically found m tradibonal
databazez. Structured documentz are often complex units of
mformation, consisting of formal and natural languages, and
possibly meluding multimedia entities. The units az a whole may
be important legal or historical records. The producton and
processing of structhired documents I an organization may create
a complicated zet of documents and their components, versions
and vanants, covenmg both basic data and metadata Thus, to
accommodate structured documents and support typical
applications’ needs, Amold-Moore, Fuller, and Sacks-Dawviz have
described a structured document management svstem as an
“authontative document repository”™ that includes the following
features [3]:

* on-the-flv creation of renditions

* automatic transformations

access control at the element level

* access to elements (component versioning)
* imtenzional versioning

* human-readable description of changes

* extended search capabilities

* decument-based workflow

L]

However, XML imposes yet further demands:



* Clozely related W3C specificabions that extend the
capabiliies specified in XML 10 [12], such az XML
Namespaces [11], XML Schema [2, 27, 48], and XLk [24],
should be accommodated when developmg XML database
solufions. The accommodation should adapt to the
contmuing  development and re-development of the
specifications.

= XML i1z mntended especially for use on the Intemnet
References in XML documents refer fo Inftemnet resources,
and thus XML database systems should include Internet
resource management In the Intermet environments
mtegration of the management of structured decuments wath
the manapement of other kinds of documents and data 1z also
Important.

+ An SGML document was alwavs associzted with a DTD',
and the DTD could be used in many different ways to
suppert the data management XML documentz de net
always have an associated DTD.

The databaze rezearch conmmunity has been actively mmvestigating
XML (zee, for example, [1] and [497). Much of the effort has been
directed at using XML az a databaze wrapper and mediation
medium using XML to describe Web resources, storing and
mndexing XML i traditional databaze systems, understanding the
mteraction of DTDs with constraint and typing mechamsms, and
designing query languages for XML In an mfluential paper,
Maler examined XML query language proposals from the
database perspective [38], but broader management izsues
peculiar to XML databases have not vet received much attention.

2. THE DATA MODEL

A well-defined databaze system 13 based on a well-defined data
model. The complexity of XML-related data repositones and the
need to mteprate the management of structured documents with
the management of other types of data creates a special challenge
for the underlying data model. In research papers the XML data
model 13 often zimplified to a labeled tree, or a directed graph,
mcluding elements with their character data, and attnbutes wath
their values. Sometimes the elements are ordered (e.g. [28]), and
other times they are not (e.g. [3]). This kind of simplified model
may be sufficient for developing capabilities dealing wath the
hierarchic structure of elements. To be able to manage XML
documents as a databaze, however, requires a richer data model.
We present three data model features that we regard as important
for the underlying data model.

2.1 Modelling Document Collections As Well

As Enterprises

Unlike conventional databases, the data m a document database
does not represent an enterprize directly. Instead it represents a
collection of documents, which, m tumn, captures the mformation
embodying the enterpnze. The data model should support the
descniption of the documents as they are bult from multmedia

" A DTD was required in the cniginal specification of the SGML
standard [30]. Annex K publizhed mn 1997 [33] distinguishes
two kinds of SGML documents: fype-valid and fully-tagged. A
fully-tagged SGML document does not require an associated
document type declaration.

storage unitz and symbolz, az well az the descriphion of the
enterprize reflected by the mformation in the documents” contents.
Thiz haz alwayvs been a major challenge for text data modellng
[42].

The XML 1.0 specification defines the components of indrvidual
XML documents, parttioning them into Jogical siruciures
(“declarations, elementz, comments, character references. and
processing instructions, all of which are mdicated in the document
by explicit markup™) and physical siructures (entities, which may
mclude entity references). The text stoered within these structures
may represent character data, markup, white space, or end-of-line
markers. These two structures are dezenbed by grammar rulez m
the XML 1.0 specification, and these rules define what 15 an XML
document. The specification 1z the basiz for standardized data
exchanpe between different types of applications, and therefore
XML databaze systems must preserve and present the standard
format.

Abstract struciures for XML documents have been developed m
four different specifications propesed through W3C: the Infoset
model [21], the XPath data model [18], the DOM model [6, 371,
and the XQuery 10 and XPath 2.0 Data Model [29]. Theze
model: do not describe explicit text markup, but they do descnibe
document structore, which iz often used to encode enterpnize data
Markup languages like XML can be used m vanous ways, but
typically markup 1z mitended for computers to process documents,
and the character data iz mtended to be represented to human
readers. Following thiz convention the character data, i other
words the content of XML elements without markup, often
reprezents enterpnize data. Thus the element declarations of the
document type declaration tvpically define the structure of an
enterprize, and comments and processing mstructions are not part
of the enterprize data. Atinbutes, however, are sometimes used for
metadata and sometimes used to encode enterpnize data
components (either to avoid mposing an order or to refer to
externally stored components).

Table 1 summarizes the featurez of the four W3C data model
specifications. Each of the medels describes an XMI document as
a tree, but there are differences in the frees. Although these
variations mayv not mmpact the models” ability to represent
enterprize data for most applications, they do impact the abihiy to
provide consistent and uniform management of documents across
diverse applications.

It 15 important to note that among the four models only the
XQuery 1.0 and XPath 2.0 Data Model acknowledges that the
data universe includes more than just a smgle deocument
Furthermore, it 15 alzo the only model that inclodes mterdocument
and iniradocument lmk=s in a diztinct node type (Le., Reference).
An XMI databaze system should be bmlt on a2 model that
supports cellechons of mnter-related documents, only some of
which are validated against document type declarations, together
with document fragments and other related forms of data.

2.2 Conceptual Model for Documents

It 1z well accepted by the database commumity that data should be
manaped through a three-level architecture that separatez the
conceptual model from an internal model and a zet of extenal
models. Furthermore, 1t 15 understood that data independence
relies on the principle that the conceptual model 13 shielded from
the physical arrangement of the data on storape dewvices and



Table 1. Characteristics of the four XML data models

XML Information Set [11] XPath 1.0 data model [18] | DOM 1.0 Level 2 [37] XQuery 1.0 and XPath 1.0
| | | data model [29]
Purpoza To pronade a zat of defimtionz | To provide the basis for the To pronade the basis for 2 To define precizahr the
for use m other specifications | XPath languaze platform- and lansuage- mformation contamed in the
that naed to refar to the specification, which ntum | neutral interface that allows | mput to an XE8LT or XQuary
mfcrmation 1 an XML 15 mtended to be a programs and scripts fo processor, and to define all
document. component that can beuzad | access and updats the permussible valoes of
by other spacifications, contant and structure of expressions m the XSLT,
prm:larﬂ} by X Pointer and documents dynamucally. HQuery, and XPath
| | | languages
Developrnent phaze | Proposed Recommendaton | E.al:c-mmmdahun | Eecommendation Working Draft
What 15 modellad? 01 document XM document FOL (or HTMDL) document | Seguences of XML
documents or parts
# of node types n 11 T 12 3
the tree structurs | |
Mode types Document Root Document Document
Document Type Declarahion Elemant DocumentFrasment Elemant
Unparzed Entity Attnbute DocumentTyvpe Attnbute
Motahon Mamespace Entrty Mamespace
Element Processing mstruchon Motztion Proceszing mstruchon
Attmbute Comment Elament Comment
Mamespacs Teaxt Attr Beafaranca
Processing Instruchion ProcessingInstruchion Text
Comment Comment
Unexpanded Entity Feferance EntitvEefarence
Charactar CDATASechon
Text
DTD or XML no no no validity required 1f there 15
Schema vahdity an associated XML Schema
requirad? | | | or DTLY, othernise no
Examples of - the order of declarations - all what 15 hsted mussing m | - all nformation about - all informaton that 15
mformation cmtted | wathin the DTD the Infoset model parameter enfifiss muszing from the Infoset
- content models of alements - all information about - mformation about the model
- document fype name entities external subset - all information about
- difference batwean tuo - distinction between default | - declarations as such and entities
forms of empty elamants attnbute values and their location - distinction betoween defanlt
- comments. m the DTD specified attnibute values - types of attnbutes atmbute values and
- the boundanes of CDATA - mformation about the fype specified attnbuts vahies
marked sections of an attnbute (2 z I,
- the order of atimbutes wathun | IDEEF, ENTITY)
a start tag
- the location of declarahions
{whether 1n intemal or
external subset or parametar
entities)

embodies the “universe of discourse™ for all applications, which
must access the data through the external models [34].

Apphiing these prninciples to an XML databaze neceszitates that
the concepiual model meorporates not only all the objects and
relationships that are to be modeled in the enterprize, but also all
the document components that are to be made available to amy
XML application. With such a umiversal conceptual model at its
core, an XML database can then mclude external models that
view the database as having only document features or only
enterprize features, or amy combmmation of document and
enterprize features that are required for vanous claszes of
applications. The production rules of the XML 1.0 specificabion
offer a baziz for such a umversal model, since they define all of
the mformation encoded mn an XML document Unfortunately, m
conirast to the relational model, a model covening the physical and

logical structure of the XML specificabon 1z mincate and very
detailed. Nevertheless, the details are needed if the model 1z to
serve as a basiz both for views describing the document and for
views describing the enterprize. Both views are also mmportant to
descnbe collechons dipitized legacy paper documents, often
having a requirement to capture both the enterpnsze features and
the ongmal rendition features.

2.3 Well-defined Equivalence

Electronic documents are often legal listonc, or business
tranzaction records, and quenes against such documents typically
mvolve entifies and relationships that represent features of the text
izelf as well as feabures of the busineszez mvelved 1 the
contractual agreements. For an XML database one fimdamental
semantic 1ssue 13 docwment eguivalence [40]: when are two



