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Abstract. In this paper we are identifying
problemsin the complex Web applicationim-
plementations. In more details we are ad-
dressingproblemof contentmanagementand
specificcomponent®f sud system.\We are
also presentingour implementationof Web
ContentManagementSysten{WCMS) which
is basedon relational databaseand XML
technolggies. It also usessomerather new
conceptsand technolagies like XForms and
Native XML database
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1. Introduction

As Internetevolves Web sitesare becom-
ing moreandmorecomple. They areoffer-
ing variety of informationsand services,or-
ganizedin differentways. Whatis common
to all of themis tendeng to seneinformation
in the mostflexible andaccessiblavay to the
enduser

Therearetwo aspectsf this problem: the
users sideandthe site administrators. Infor-
mation, which will be presentedhroughthe
Websiteto theuser hasto be preparedprga-
nizedandpopulatedbehindthe scenes 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 contentand possibilities
to organizeit and presentt, we canforesee
compleity 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,likein [4]:

e Content;

e Structure;

e Functionalityand
e Presentation.

Contenttakes careof informationthat will
be presentedo the users. Structureprovides
structuralaccesdo informationand services
offeredon the Webssite. Site structureshould
not be mistaken for information structurein
contentpartbecause¢hey canhavecompletely
differentstructure. Functionalitymeanspro-
cessingthe contentthat site offers. And fi-
nally, presentatiolefinesn whichway infor-
mationwill beclearlyandattractve presented
to theuser

We cangain more benefitsif we approach
the problemof site’sinnerorganizationin de-
scribedmanner The main benefitis possibil-
ity to changeone part without affecting the
other As practicalexampleof this approach
we can imagine completesite graphicalre-
designwhile keepingexisting data.

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



will proposeone of possiblesolutionsto im-
plementWCMS usingXML technologiesnd
Java programminglanguagein conjunction
with moderndatabas@pproaches.

2. Proposed solution

After we have definedthe needswe will
will proposeour solution.As we have already
seenthe Web site could be analyzedandim-
plementedhroughthe partspresentedn in-
troduction. Contentitself canbe alsofurther
decomposedo the smaller functional parts.
We will try to identify the functions which
shouldbe coveredby the WCMS. The main
functionsare:

e Datastructure;

e Userinterface(Ul);
e Storingdata;

e Searchandretrieval.

Datastructurefunctionsaremechanisnior
datastructuringand organizing. It is impor-
tant that administratorcan easily alter data
structure Datamanipulationis doneusingUl,
and Ul have to be conformantto the defined
datastructure Ul shouldbeautomaticallyad-
justedto changesn datastructure. Informa-
tion enteredthrough Ul shouldbe validated
againstadequatetructureandthen,if confor
mant, it should be stored. At endwe need
mechanisnfor searchinghroughthe content
andfor dataretrieval.

We are proposingthe solution in which
structureis describedin a hybrid way, with
XML Schemal6] and relational schema.
HTML Ul is generatechutomatically based
on XML SchemausingeXtensibleStylesheet
Language (XSLT) [6]. Entered data is
storedin XML [6] formatinside Native XML
database. Data retrieval, basedon search
mechanizam,is conductedusing standard
SQL extendedwith XPathsyntax[6]. We will
call this complex systemWeb ContentMan-
agemenBystem(WCMS).

3. Implementation

Today mostapplicationdataandWeb con-
tent is storedeitherin a relational database
or the file systemor a combinationof both.
However, when implementingflexible data
structuresnone of thesetwo technologiesor
combinationis notadequate.

XML hasarrived as a key technologyfor
the next stageof evolution of the Internet.
Integrating XML as a key technologyinto
WCMS systemss not a new solution, how-
everusingXML only to separatgresentation
from contentis not alwaysthe mostefficient
solution. During the processof generation
of Web pages,data are retrieved from data
storage,transformedinto XML format, fur-
ther processear combinedandfinally trans-
formed into HTML. However, asthe XML
technologyprogresesand new technologies
emepe (especiallyNative XML databasesj
becomesobvious that the data can also be
storedin XML format. Comparingo therela-
tional databasewe areno longerconstrained
on currentdatabaseschemaand yet we are
ableto maintainthe consisteng of datamore
efficiently thanhaving datain file system.

Native XML databaséhasan XML docu-
mentasits fundamentalunit of logical stor
age,justasarelationaldatabaséasarow in
atable[5]. SinceXML documentgreusedn
processof generatingWeb contentthereare
good reasongo use Native XML databases
for storingthesedocuments.

Supposingwe already have Web content
and application data stored in a relational
database.If we wantto extend our WCMS
functionalitieswith flexible contentstructures
relatedto existing content,the Native XML
databasevould not be the mostefficient so-
lution. Transformationof existing relational
datainto XML structuresand adjustment®of
existing applicationfunctionality in process
of retrieving and storing datais far to prob-
lematicalat the momentandthusinefficient.
The solutioncomesin aform of combination
of relationaland Native XML databasq3].
This givesusability to storeandmanageboth
fixedandflexible datastructures.



3.1. Data Storage

Analyzing the content,our conclusionis that
every content structure has some attributes
andrelationsthatarecommon. It is efficient
to keeptheseadatastoredn relationaldatabase
becauseof all the advantagesthe relational
databasedring us, like retrieval speed,in-
dexes,dataconstraintsetc.
Relationalstructurethat would satisfy our
commonstructureis shovn in Fig. 1.
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Figurel: Informationgroupingmodel

Since hierarchical organized structure
of groups is not flexible enough, we
store alternatve grouping definitions in
| TEM GROUPI NG 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 contain data
of only onetype. This makes dataretrieval
and presentationmuch easier Every item
storedin | TEMtablehasan XML document,
wheretherestof the attributesandits values
arestored.TheseXML documentsareinside
an XML table that can be representedn
relationaldatabaseotationasshowvn in Fig.
2.

The XML tablehasfollowing properties:

e Thenameof thetable;

e Relationto thel TEM in relationaltable;
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Figure2: XML storagetable

e Storagdor XML documents;

e The Nameof the XML Schemadocu-
mentthe contents validatedto.

The other approachto data modelling
would be having attribute-\value pairs inside
arelationaltable. In that caseall the valida-
tion of theattributeswould bedoneontheap-
plication level. The advantageof introducing
the XML table versushaving attribute-value
pairsis thatthe validationof variablecontent
is doneon databaséevel andthe definition of
variable contentcan be changedwithout the
affectingapplicationlogic.

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

In orderto be ableto definethe presenta-
tion characteristicen Ul for insertingandup-
datingiteminstancesywe addedattributesthat
arepartof anamespaceotedwith prefix"ed"
in our documents. Theseattributes are de-
finedfor the elementarytypes”ID", "Name",
"CoverType","Description” etc. (Fig. 3),and
later appliedto the elements. We can also
overridethesedefault settingswhen defining
an element,e.g. "bookld"). The final result
will be that all elementsdefinedas "Name™
type will be by default displayedasan "En-
try" elementwhile thedefault settingsor the
element"bookld" are overridden,andit will
be displayedasnon-updatabléDisplay” ele-
ment.

Thereis ananalogybetweenXML Schema
documenthatdefineghestructureof thecon-



<xs: schema>
<xs: el ement nane="Var Content" >
<xs: conpl exType>
<xs: choi ce>
<xs: el ement name="Book" type="BookType"/>
<xs: el ement name="Magazi ne" type="Magazi neType"/>
<xs: el ement name=" Comi cBook" type="Com cBookType"/>
<!--and so on-->
</ xs: choi ce>
</ xs: conpl exType>
</ xs: el enent >

<xs: conpl exType name="BookType" >
<xs: sequence>
<xs: el ement nanme="bookl D' type="1D" ed: xm fornm="Di spl ay"/>
nanme="bookName" type="Nanme"/>
nanme="cover" type=" Cover Type"/>
nane="description" type="Description"/>

<xs: el ement
<xs: el ement
<xs: el ement
</ xs: sequence>
</ xs: conpl exType>
<xs:sinpl eType nane="1D" ed: xm form="Entry" >
<xs:restriction base="xs:integer" >
<xs:totalDigits val ue="12"/>
<xs:fractionDigits val ue="0"/>
</xs:restriction>
</ xs: si npl eType>
<xs: si npl eType name="Nanme" ed: xm fornm"Entry" >
<xs:restriction base="xs:string" >
<xs:mnLength val ue="0"/>
<xs: maxLengt h val ue="4000"/>
</xs:restriction>
</ xs: si npl eType>

</ xs: schema>

Figure3: A partof XML Schemdor storingvari-
ablecontentstructures

tentof XML dataliketherelationalscheman
relationaldatabaseslsing attributeswe de-
fined, we arereferringto the abstractpresen-
tationobjectsandrelatingthemto thecontent.
By addingnew elementsnsidethe choicelist
(Fig. 3), we are actually addingsupportfor
new contentstructures.

DescribedXML Schemadocumentandall
otherdocumentdncludedin the processare
storedinsidethe databasendavailableto the
designersand contentadministratorghrough
WebDAV protocol [1]. Using this protocol
contentadministratorgreableto usesoftware
like XML Spy to changedocumentdlirectly
in the database.In that way the contentad-
ministratorsdefine the contentstructuresby
themseles.

Sincethe WCMS is unavare of the con-
tent structuresbefore the actual designand
loadingof contentstarts thefurtherchallenge
is to provide a flexible Ul. Sinceour Ul is
WebbasedWCMS shouldbeableto dynam-
ically generattHTML formsfor creating,up-
dating and deleting contentinstances. The
mostchallengingpartfor implementatiorwas
contentstructureinterpretationand dynamic

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

3.2. Presentation

The procesanbe segmentednto follow-
ing phases:

e Generationof XMLINSTANCE docu-
ment;

e Generationof XMLFORM document
from the contentstructuredescription;

e Transformationof XMLFORM docu-
mentinto HTML form;

e Generationof XMLINSTANCE docu-
mentfrom the userinput and storing it
into database.

The first phaseis generationof XMLIN-
STANCE document.This documents anin-
stanceof content. In this documentthe ac-
tual data presentedon the Web are located.
Its structurecan be validated againstXML
Schemadocumentdescribedin Section3.1.
In the Fig. 4 this documents namedDATA
DESCRIPTIONdocument. The information
aboutthe type of contentstoredin XML is
locatedundergroupinformation. The exam-
ple of XMLINSTANCE documentthatis an
instanceof "BookType" structureis shown in
Fig. 5
<Var Cont ent >

<Book>
<book!| D>22</ book! D>
<bookName>Appl yi ng Use Cases</bookNane>
<cover >Sof t </ cover >
<description>A practical guide to UM.</description>

</ Book>
</ Var Cont ent >

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

If we areupdatingthe existing contentthe
documentis retrieved from the databasaus-
ing XPathextensiongn SQL. XPath standard
[6] is usedwhile it providesthe accessab-
stractionon top of the storagemodel. XPath
traversemestedXML elementsy specifying



Oracle XDB

XMLINSTANCE Document
XML document that represents
XML document instance that is

inserted or updated in XDB

Pl database
~

SQL/XPATH statement
Data storing

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

WEB FORM SUBMIT

S@L/IXPATH statement
Data retrieval

These XML
fragments can be
validated against |«
DATA |
DESCRIPTION

XMLINSTANCE Document
XML document that represents
XML document instance that is

inserted or updated in XDB

)
XSD2XMLINSTANCE database

XML Schema —_—
Document TRANSFORMATION
DATA DESCRIPTION XSD ’\
Document XSD2XMLFORM
XML Schema that describes stored TRANSFORMATION
XML documents

N
P

| I
||

L

>

XMLFORM Document
XML document that contains all
elements that are displayed in
HTML form with all the necessary
parameters for display

HTMLFORM Document
HTML FORM document form
insert or update of variable

content

XMLFORM2HTML '\
TRANSFORMATION /|

==

EDITABLE DATA DESCRIPTION XSD Document

and all the necessary parameters for display

XML Schema that describes XMLFORM Documents,
it contains the definitions of complex display types that will appear in HTML forms

CSS Document
Document with all styles
appearing in HTML

Figure4: Transformatiorpath

theelementdo navigatethroughwith aslash-
separatedist of elementandattribute names.
Thisconjunctionof SQL andXPathgivesusa
methodfor accessindpoth datafrom 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 ary
elementvalueinsideit.

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

Elementsappearingn the "Form" element
representommonform 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 transformednto oneelemeninsidethe
"Form" element.

Using XMLINSTANCE documentinside
XMLFORM documentwe define the struc-
ture of XML documenthatis insertedor up-
datedandwe arepassinghe dataduringand
updateaction. An exampleof completeXML-
FORM documenis shavnin Fig. 6

<XM.For n»
<XM.I nst ance>
<Var Cont ent >
<Book>
<book| D>22</ book! D>
<bookName>Appl yi ng Use Cases</ bookName>
<cover >Sof t </ cover >
<description>A practical guide to UM.</description>
</ Book>
</ Var Cont ent >
</ XMLI nst ance>
<For n»
<Di spl ay key="bookl D' |abel ="1D"/>
<Entry key="bookName" | abel =" Nanme"/>
<Radi oG oup key="cover" |abel =" Cover type">
<Option value="S" valueTitle="Soft"/>
<Option val ue="H' val ueTitl e="Hard"/>
</ Radi oG oup>
<LargeEntry key="description" |abel ="Description"/>
</ For m>
</ XM_For m>

Figure6: An exampleof XMLFORM document



The next phaseis the generatiorof HTML
form. It is done also using XSLT. Dur-
ing the processf generatiorof HTML form
eachelementinsidethe "Form" elementwill
be transformedo createan elementinside a
HTML form. Elementsinside an "XMLIn-
stance"elementwill be usedto populatethe
HTML form with data. For example, trans-
formation of previously shovn XMLFORM
would resultin HTML form thatwould look
likein theFig. 7.

HTML fortn Book
D22

Name IAppIying Use Cases

& Seft
" Hard

L practical guide to UML ;I

Cover type

Description
=
Change Book

Figure7: FinalHTML form

This conceptis very simplified ideafound
in XForms standard[6]. XFormsis W3C
specificationof Web forms that can be used
with awide variety of platforms. It hassepa-
ratesectionghatdescribenow theform looks,
and what the form does. Our implementa-
tion is similar to the sectionof XFormsthat
describeshow the form looks. XFormshave
ability to suspendandresumethe completion
of aform. Thisis donein XFormsProcessor
thatis partof Webclient software. Currently
thatis themaindisadwantageof XFormstech-
nology and the reasonwhy we did not use
XFormsfor presentatiopurposes.

Thefinal phasebeginsafter contentadmin-
istratorfills in aform andsubmitsthe content
to thesener. Senercomponen{Fig. 4) cre-
atesXMLINSTANCE documenftor thegiven
type andpopulateghe valuesof the XML el-
ementswith userdata.If all requireddataare
filled in, the XMLINSTANCE is storedinside
thedatabase.

4. Conclusionsand Further Work

In this paperwe presentedh part of imple-
mentationof Web ContentManagemensys-
tem (WCMS). Our implementationuse es-
tablishedechnologiesik e relationaldatabase
and XML technologiesas basis, and intro-
ducessomerathemew conceptandtechnolo-
gieslike XFormsandNative XML Database.
We have decidedto build hybrid modelcom-
bining XML Native databasevith relational
databaseThe next stepwould be storingthe
entire contentinto an XML database. We
arealsoplanningto fully implementXForms
standard, instead of modified version de-
scribedin this paper
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