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Abstract. In this paper we are identifying
problemsin thecomplex Webapplicationim-
plementations. In more details we are ad-
dressingproblemof contentmanagementand
specificcomponentsof such system.We are
also presentingour implementationof Web
ContentManagementSystem(WCMS),which
is based on relational databaseand XML
technologies. It also usessomerather new
conceptsand technologies like XForms and
NativeXML database.
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1. Introduction

As Internetevolves Web sitesare becom-
ing moreandmorecomplex. They areoffer-
ing variety of informationsandservices,or-
ganizedin differentways. What is common
to all of themis tendency to serveinformation
in themostflexible andaccessibleway to the
enduser.

Therearetwo aspectsof this problem: the
user’s sideandthesiteadministrator’s. Infor-
mation,which will be presentedthroughthe
Websiteto theuser, hasto beprepared,orga-
nizedandpopulatedbehindthescenes.Even
more,generallyspeaking,datastorageorga-
nization and the way of presentingit to the
end userdo not have to be the same. Even
if we focusonly on contentandpossibilities
to organizeit andpresentit, we can foresee
complexity of this problem.Thereis obvious

needto divide the whole problemin smaller
partsandthento analyzetheir interactionand
purposeoneby one.

A Web site conceptuallycanbe divided in
thefollowing four basicparts,like in [4]:

� Content;

� Structure;

� Functionalityand

� Presentation.

Contenttakescareof informationthatwill
be presentedto the users.Structureprovides
structuralaccessto informationandservices
offeredon theWebsite. Sitestructureshould
not be mistaken for information structurein
contentpartbecausethey canhavecompletely
differentstructure.Functionalitymeanspro-
cessingthe contentthat site offers. And fi-
nally, presentationdefinesin whichwayinfor-
mationwill beclearlyandattractivepresented
to theuser.

We cangain morebenefitsif we approach
theproblemof site’s innerorganizationin de-
scribedmanner. Themainbenefitis possibil-
ity to changeone part without affecting the
other. As practicalexampleof this approach
we can imagine completesite graphicalre-
designwhile keepingexistingdata.

In this paperwe will be focusedonly on
the contentpart of site. We will try to im-
plementour Web ContentManagementSys-
tem (WCMS) assolution for the administra-
tion of contentpart of Web site. Also, we



will� proposeoneof possiblesolutionsto im-
plementWCMSusingXML technologiesand
Java programminglanguagein conjunction
with moderndatabaseapproaches.

2. Proposed solution

After we have definedthe needswe will
will proposeoursolution.As wehavealready
seenthe Web site couldbe analyzedandim-
plementedthroughthe partspresentedin in-
troduction. Contentitself canbe alsofurther
decomposedto the smaller functional parts.
We will try to identify the functions which
shouldbe coveredby the WCMS. The main
functionsare:

� Datastructure;

� Userinterface(UI);

� Storingdata;

� Searchandretrieval.

Datastructurefunctionsaremechanismfor
datastructuringandorganizing. It is impor-
tant that administratorcan easily alter data
structure.DatamanipulationisdoneusingUI,
andUI have to be conformantto the defined
datastructure.UI shouldbeautomaticallyad-
justedto changesin datastructure.Informa-
tion enteredthroughUI shouldbe validated
againstadequatestructureandthen,if confor-
mant, it shouldbe stored. At end we need
mechanismfor searchingthroughthecontent
andfor dataretrieval.

We are proposing the solution in which
structureis describedin a hybrid way, with
XML Schema [6] and relational schema.
HTML UI is generatedautomatically, based
onXML Schema,usingeXtensibleStylesheet
Language (XSLT) [6]. Entered data is
storedin XML [6] formatinsideNativeXML
database. Data retrieval, basedon search
mechanizam,is conductedusing standard
SQLextendedwith XPathsyntax[6]. Wewill
call this complex systemWeb ContentMan-
agementSystem(WCMS).

3. Implementation

Today, mostapplicationdataandWebcon-
tent is storedeither in a relationaldatabase
or the file systemor a combinationof both.
However, when implementingflexible data
structuresnoneof thesetwo technologiesor
combinationis notadequate.

XML hasarrived as a key technologyfor
the next stageof evolution of the Internet.
Integrating XML as a key technologyinto
WCMS systemsis not a new solution,how-
everusingXML only to separatepresentation
from contentis not alwaysthe mostefficient
solution. During the processof generation
of Web pages,data are retrieved from data
storage,transformedinto XML format, fur-
therprocessedor combinedandfinally trans-
formed into HTML. However, as the XML
technologyprogresesand new technologies
emerge(especiallyNative XML databases)it
becomesobvious that the data can also be
storedin XML format.Comparingto therela-
tional database,we areno longerconstrained
on currentdatabaseschemaand yet we are
ableto maintaintheconsistency of datamore
efficiently thanhaving datain file system.

Native XML databasehasan XML docu-
ment as its fundamentalunit of logical stor-
age,just asa relationaldatabasehasa row in
atable[5]. SinceXML documentsareusedin
processof generatingWeb contentthereare
good reasonsto useNative XML databases
for storingthesedocuments.

Supposingwe already have Web content
and application data stored in a relational
database.If we want to extend our WCMS
functionalitieswith flexible contentstructures
relatedto existing content,the Native XML
databasewould not be the mostefficient so-
lution. Transformationof existing relational
datainto XML structuresandadjustmentsof
existing applicationfunctionality in process
of retrieving and storing datais far to prob-
lematicalat the momentandthusinefficient.
Thesolutioncomesin a form of combination
of relationaland Native XML database[3].
Thisgivesusability to storeandmanageboth
fixedandflexible datastructures.



3.1.
�

Data Storage

Analyzing thecontent,our conclusionis that
every content structurehas some attributes
andrelationsthatarecommon. It is efficient
to keepthesedatastoredin relationaldatabase
becauseof all the advantagesthe relational
databasesbring us, like retrieval speed,in-
dexes,dataconstraints,etc.

Relationalstructurethat would satisfyour
commonstructureis shown in Fig. 1.
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Figure1: Informationgroupingmodel

Since hierarchical organized structure
of groups is not flexible enough, we
store alternative grouping definitions in
ITEM_GROUPING table. We have also
introduceda restriction where all the items
belongingto the samegroup have to be of
the samecontenttype. As it canbe seenon
Fig. 1 groupsare hierarchicallyorganized.
Every branchin the group can containdata
of only one type. This makes dataretrieval
and presentationmuch easier. Every item
storedin ITEM tablehasanXML document,
wherethe restof theattributesandits values
arestored.TheseXML documentsareinside
an XML table that can be representedin
relationaldatabasenotationasshown in Fig.
2.

TheXML tablehasfollowing properties:

� Thenameof thetable;

� Relationto theITEM in relationaltable;
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Figure2: XML storagetable

� Storagefor XML documents;

� The Nameof the XML Schemadocu-
mentthecontentis validatedto.

The other approach to data modelling
would be having attribute-value pairs inside
a relationaltable. In that caseall the valida-
tion of theattributeswouldbedoneontheap-
plication level. Theadvantageof introducing
the XML table versushaving attribute-value
pairsis that thevalidationof variablecontent
is doneondatabaselevel andthedefinitionof
variablecontentcan be changedwithout the
affectingapplicationlogic.

An example of XML Schemadocument
that validatesvariable content structuresis
shown in Fig. 3.

In order to be able to definethe presenta-
tion characteristicsin UI for insertingandup-
datingiteminstances,weaddedattributesthat
arepartof anamespacenotedwith prefix"ed"
in our documents. Theseattributes are de-
finedfor theelementarytypes"ID", "Name",
"CoverType","Description",etc.(Fig. 3),and
later applied to the elements. We can also
overridethesedefault settingswhendefining
an element,e.g. "bookId"). The final result
will be that all elementsdefinedas "Name"
type will be by default displayedasan "En-
try" element,while thedefault settingsfor the
element"bookId" areoverridden,and it will
bedisplayedasnon-updatable"Display" ele-
ment.

Thereis ananalogybetweenXML Schema
documentthatdefinesthestructureof thecon-



<xs:schema>
<xs:element name="VarContent" >

<xs:complexType>
<xs:choice>

<xs:element name="Book" type="BookType"/>
<xs:element name="Magazine" type="MagazineType"/>
<xs:element name="ComicBook" type="ComicBookType"/>
<!--and so on-->

</xs:choice>
</xs:complexType>

</xs:element>
...
<xs:complexType name="BookType" >

<xs:sequence>
<xs:element name="bookID" type="ID" ed:xmlform="Display"/>
<xs:element name="bookName" type="Name"/>
<xs:element name="cover" type=" CoverType"/>
<xs:element name="description" type="Description"/>

</xs:sequence>
</xs:complexType>
...
<xs:simpleType name="ID" ed:xmlform="Entry" >

<xs:restriction base="xs:integer" >
<xs:totalDigits value="12"/>
<xs:fractionDigits value="0"/>

</xs:restriction>
</xs:simpleType>
<xs:simpleType name="Name" ed:xmlform="Entry" >

<xs:restriction base="xs:string" >
<xs:minLength value="0"/>
<xs:maxLength value="4000"/>

</xs:restriction>
</xs:simpleType>
...

</xs:schema>

Figure3: A partof XML Schemafor storingvari-
ablecontentstructures

tentof XML dataliketherelationalschemain
relationaldatabases.Using attributeswe de-
fined,we arereferringto theabstractpresen-
tationobjectsandrelatingthemto thecontent.
By addingnew elementsinsidethechoicelist
(Fig. 3), we are actuallyaddingsupportfor
new contentstructures.

DescribedXML Schemadocumentandall
other documentsincludedin the processare
storedinsidethedatabaseandavailableto the
designersandcontentadministratorsthrough
WebDAV protocol [1]. Using this protocol
contentadministratorsareabletousesoftware
like XML Spy to changedocumentsdirectly
in the database.In that way the contentad-
ministratorsdefinethe contentstructuresby
themselves.

Since the WCMS is unaware of the con-
tent structuresbefore the actual designand
loadingof contentstarts,thefurtherchallenge
is to provide a flexible UI. Sinceour UI is
Webbased,WCMS shouldbeableto dynam-
ically generateHTML formsfor creating,up-
dating and deleting content instances. The
mostchallengingpartfor implementationwas
contentstructureinterpretationand dynamic

transformationto HTML forms. The com-
plete processof dynamicgenerationof user
interfaceandretrieving/storingthe contentis
presentedin Fig. 4.

3.2. Presentation

Theprocesscanbesegmentedinto follow-
ing phases:

� Generationof XMLINSTANCE docu-
ment;

� Generationof XMLFORM document
from thecontentstructuredescription;

� Transformationof XMLFORM docu-
mentinto HTML form;

� Generationof XMLINSTANCE docu-
ment from the userinput andstoring it
into database.

The first phaseis generationof XMLIN-
STANCE document.This documentis an in-
stanceof content. In this documentthe ac-
tual datapresentedon the Web are located.
Its structurecan be validatedagainstXML
Schemadocumentdescribedin Section3.1.
In the Fig. 4 this documentis namedDATA
DESCRIPTIONdocument.The information
about the type of contentstoredin XML is
locatedundergroupinformation. The exam-
ple of XMLINSTANCE documentthat is an
instanceof "BookType" structureis shown in
Fig. 5

<VarContent>
<Book>

<bookID>22</bookID>
<bookName>Applying Use Cases</bookName>
<cover>Soft</cover>
<description>A practical guide to UML</description>

</Book>
</VarContent>

Figure 5: An example of "BookType XML In-
stance"

If we areupdatingtheexisting content,the
documentis retrieved from the databaseus-
ing XPathextensionsin SQL.XPathstandard
[6] is usedwhile it provides the accessab-
stractionon top of the storagemodel. XPath
traversesnestedXML elementsby specifying



XSD2XMLFORM
TRANSFORMATION

XMLFORM2HT
�

ML
TRANSFORMATION

XSD2XMLINSTANCE
TRANSFORMATION

Oracle XDB

SQL/XPATH statement
Data retrieval

SQL/XPATH statement
Data storing WEB FORM SUBMIT

These XML
fragments can be
validated against

DATA
DESCRIPTION

XML Schema
Document

XMLINSTANCE Document
XML document that represents
XML document instance that is

inserted or updated in XDB
database

SERVER SIDE COMPONENT
Processes the data submited from HTML form
generates XML Document that represents XML

Instance that is updated or inserted in XDB
database

XMLINSTANCE Document
XML document that represents
XML document instance that is

inserted or updated in XDB
database

DATA DESCRIPTION XSD
Document

XML Schema that describes stored
XML documents

XMLFORM Document
XML document that contains all
elements that are displayed in

HTML form with all the necessary
parameters for display

EDITABLE DATA DESCRIPTION XSD Document
XML Schema that describes XMLFORM Documents,

it contains the definitions of complex display types that will appear in HTML forms
and all the necessary parameters for display

HTMLFORM Document
HTML FORM document form
insert or update of variable

content

CSS Document
Document with all styles

appearing in HTML

Figure4: Transformationpath

theelementsto navigatethroughwith aslash-
separatedlist of elementandattributenames.
Thisconjunctionof SQLandXPathgivesusa
methodfor accessingbothdatafrom therela-
tionalandXML tablesusingsinglestatement.

If we are creatinga new instanceof con-
tentthenwe useXML Schemadefinitionand
XSL transformationto createan XML doc-
umentthat hasexactly the samestructureas
the one previously shown, only without any
elementvalueinsideit.

Thenext phaseusesXMLINSTANCE doc-
ument as a part of XMLFORM document.
XMLFORM document is XML document
that combinescontentstructurewith the pre-
sentationcharacteristicsof eachelement.The
structureof XMLFORM documentis defined
usingXML Schemadocumentandin theFig.
4 is named EDITABLE DATA DESCRIP-
TION document. An exampleof this docu-
mentandtheideacanbefoundin [2].

Elementsappearingin the "Form" element
representcommonform inputstypesappear-
ing in HTML forms or partsof HTML syn-
tax. If we comparethem to the part of

XML Schemadocumentthat describescon-
tent structurefor "BookType", we can no-
tice that eachelementof the complex struc-
tureis transformedinto oneelementinsidethe
"Form" element.

Using XMLINSTANCE documentinside
XMLFORM documentwe define the struc-
tureof XML documentthat is insertedor up-
datedandwe arepassingthedataduringand
updateaction.An exampleof completeXML-
FORMdocumentis shown in Fig. 6

<XMLForm>
<XMLInstance>

<VarContent>
<Book>
<bookID>22</bookID>
<bookName>Applying Use Cases</bookName>
<cover>Soft</cover>
<description>A practical guide to UML</description>

</Book>
</VarContent>

</XMLInstance>
<Form>

<Display key="bookID" label="ID"/>
<Entry key="bookName" label="Name"/>
<RadioGroup key="cover" label="Cover type">

<Option value="S" valueTitle="Soft"/>
<Option value="H" valueTitle="Hard"/>

</RadioGroup>
<LargeEntry key="description" label="Description"/>

</Form>
</XMLForm>

Figure6: An exampleof XMLFORM document



Thenext phaseis thegenerationof HTML
form. It is done also using XSLT. Dur-
ing theprocessof generationof HTML form
eachelementinsidethe "Form" elementwill
be transformedto createan elementinsidea
HTML form. Elementsinside an "XMLIn-
stance"elementwill be usedto populatethe
HTML form with data. For example,trans-
formation of previously shown XMLFORM
would result in HTML form that would look
like in theFig. 7.

Figure7: Final HTML form

This conceptis very simplified ideafound
in XForms standard[6]. XForms is W3C
specificationof Web forms that canbe used
with a wide varietyof platforms.It hassepa-
ratesectionsthatdescribehow theform looks,
and what the form does. Our implementa-
tion is similar to the sectionof XFormsthat
describeshow the form looks. XFormshave
ability to suspendandresumethecompletion
of a form. This is donein XFormsProcessor
that is partof Webclient software.Currently,
thatis themaindisadvantageof XFormstech-
nology and the reasonwhy we did not use
XFormsfor presentationpurposes.

Thefinal phasebeginsaftercontentadmin-
istratorfills in a form andsubmitsthecontent
to theserver. Server component(Fig. 4) cre-
atesXMLINSTANCE documentfor thegiven
typeandpopulatesthevaluesof theXML el-
ementswith userdata.If all requireddataare
filled in, theXMLINSTANCE is storedinside
thedatabase.

4. Conclusions and Further Work

In this paperwe presenteda partof imple-
mentationof WebContentManagementSys-
tem (WCMS). Our implementationuse es-
tablishedtechnologieslikerelationaldatabase
and XML technologiesas basis, and intro-
ducessomerathernew conceptsandtechnolo-
gieslike XFormsandNative XML Database.
We have decidedto build hybrid modelcom-
bining XML Native databasewith relational
database.Thenext stepwould bestoringthe
entire content into an XML database. We
arealsoplanningto fully implementXForms
standard, instead of modified version de-
scribedin this paper.
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