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Abstract

Web-basedapplicationsaretypicallyrequiredto behighlycus-
tomizableand configurable. New application requirements
haveto be introducedrapidly, oftenwithoutstoppingthe run-
ning applicationprocess.Moreover, in manycasesthe same
businesslogic hasto bepresentedto differentchannelsand/or
userinterfaces.In this paperwepresenta dynamicpage tem-
platearchitecture for decomposingconfigurableandrepresen-
tational fragmentsof the application from the businesslogic.
Pagetemplatesconsistof staticXML filesandof dynamicclass
definitions. The XML-basedpage templatescan be usedfor
declarative definitionsof configurable fragments,say, by the
end-userwith a graphicaltool. Thepage templateclassescan
be usedfor behaviorspecification,say, for definingcommon
stylesof decoration of the presentedpages. Both parts are
dynamicallyloadedinto the webapplicationenvironmentand
composedwith the web objects. Thus, the configurable and
representationalfragmentsof webobjectsaredynamicallygen-
eratedfrom the changeableandextensibledescriptionsin the
pagetemplates.

1 Introduction

Web-basedapplicationsusually play an important, business
critical role in a company’s informationsystems.For instance,
web-basedapplicationsmaybetheportalfor acompany’scus-
tomersto reachthe company’s services.Or the web browser
may serve asa simpleway to let employee’s accessthe com-
pany’s information systemsfrom any remotelocation. De-
spite their importance,many interactive web applicationsare
not built with a conceptuallyclean,integratingmodel. There
areseveraltypical, recurringproblemsin therealmof develop-
ing andmaintaininginteractive, web-basedapplications.This
work discussessolutionsto sometypical problemsin thecon-
text of configuringandrepresentingapplicationson theweb.

In general,theapplicationclassof interactive,web-basedap-
plicationscanbe characterizedby the generationof formated
contentonrequest.Thatmeans,thecontentis usuallynotavail-

ablein pre-built files. Thegeneratedcontentoftenhasto befor-
matedin differentmarkuplanguages,like HTML, WML, and
XML. In many cases,asfor legacy integration,otherformats,
like graphicaluserinterfacesor textual representations,have
to be supportedaswell. Moreover, the contentusuallyhasto
beprovidedto differentchannelswith differentprotocols,like
HTTP, COM, CORBA, UMTS, etc.

Interactive,web-basedapplicationshaveasetof moreor less
uniquerequirements.Eachweb-basedapplicationhasto be
capableto representits servicesusing HTML pages. Those
have to betransferedvia theHTTP protocolto a remoteclient.
Thus,aweb-basedapplicationhasto integrateanHTTPserver
or usefor transportingthecreatedHTML pagesto theclient.

Someweb-basedapplicationsonly serve web-basedclients,
but oftenotherinformationsystemsof thecompany have to be
integratedaswell. Therefore,in many applications– especially
whenlegacy applicationsareextendedwith a web-basedinter-
face– otherformsof representationthanHTML pageshave to
besupportedaswell. Thatmeans,a “conceptuallyclean”soft-
warearchitectureof aweb-basedapplicationseparatesbusiness
logic from web-basedrepresentationandfrom theHTTPtrans-
port servicesof thewebserver.

Persistenceservicesareanothertypical requirement.Since
HTTP is a statelessprotocol we typically have to preserve
states,say, of a session,a businesstransaction,or a web ob-
ject life-cycle. Typically, when HTML contentis sentover
HTTP, the statemay be preserved for a sessionby encoding
a stateidentifier in the URL, in cookies,or in HIDDEN form
elements.For someapplicationspersistentobjectshave to be
supported. Therefore,a persistencestoreor a databasehave
to be integratedinto the web applicationenvironment. More-
over, a mappingfrom stateidentifierto persistentobjecthasto
be performed(automatically)by the web applicationenviron-
ment.

Thereareasetof othertypicalcomponents,likedatabaseac-
cess,certainsecurityservices,registry services,directoryser-
vices,etc. thathave to integratedin many web-basedapplica-
tions. Therefore,an importantaspectof a platform for web-
basedapplicationdevelopmentis a componentmodelfor sim-
ple extensionwith new black-boxcomponents.
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An importantaspectof typicalweb-basedapplicationsis the
coherentrepresentationof the businesslogic on the web (and
on otherpresentationdestinations).Regardingweb-basedrep-
resentationwecanidentify a setof recurringproblems:

� Extensibility: The representationhasto be easilyexten-
sible with new content. The representationstyle andthe
behavior of theapplicationhave to beextensibleaswell.

� Changeability: Content,representationstyle,andapplica-
tion behavior shouldbe changeablead hoc. In principal,
it shouldbepossibleto changetheweb-basedapplication
withoutstoppingthewebservices.

� Rapid Prototyping: Often web-basedapplicationsare
rapidlydevelopedin aninteractiveprocesswith theusers.
Thus, the programmersand editors should be able to
rapidly implementnew functionality as a prototypethat
canbeevolvedinto anoperatingwebservicein astepwise
manner.

� Short Deployment/MaintenanceCycles: Usually the de-
ployment/maintenancecyclesfor web-basedapplications
are only a few hours or days. Therefore,incremental
evolvability is acentralrequirement.

� Integration with Other RepresentationForms: Often the
businesslogic of web-basedapplicationshasto be rep-
resentedto different channels,suchas widget sets,dis-
tributed object systems,WAP, UMTS, etc., as well. It
is undesirableto createapplicationandcontentfor every
channel/userinterfaceanew by hand.In anintegratedcon-
ceptwehavetodealwith limitationsorspecialcapabilities
of thevariousformats.

� Non-ProgrammersasEditors: Usuallytheeditorsof web-
basedcontentare non-programmers.Thus, it is often
undesirablethat programcodehasto be modified in or-
der to modify the web-basedrepresentation.But often
flowsof webapplicationstendto bequitecomplex, sothat
somemodificationsrequireprogramming.Therefore,the
webapplicationenvironmentshouldsupportproperways
of modification for all stakeholdersin the development
andmaintenanceprocesses,includinghigh-levelprogram-
ming andcontentediting. If differentviews for different
stakeholdersare provided, the web applicationenviron-
menthasto ensureconsistency.

Someaspectsof thoseand other problemsregardingthe dy-
namic and coherentcreationand modification of web-based
applicationsare tackled by variousapproaches.In the next
sectionwewill explainandclassifysuchapproachesandmoti-
vateproblemsthatarenotsolvedwell by thenamedapproaches
yet. Afterwardswe will presenta genericarchitectureasa so-
lution to theseproblems.Thearchitectureconsistsof two main
constituents:XML-basedpagetemplatesandclass-basedpage
templates.Thoseare composedwith the web objects. Thus

the businesslogic is cleanly encapsulated,but neverthelessa
genericgenerationof a web-basedrepresentationfrom these
pagetemplatesis achieved. Finally, we will presenta highly
configurableandextensibleconferencemanagementsystemas
anexamplecase.

The generic architectureis implementedin the object-
orientedTCL extensionXOTCL [11] with theACTIWEB compo-
nents[12]. ACTIWEB providesuswith anenvironmentthatsup-
portsthedevelopmentof web-basedapplicationsby offeringan
integrationwith anHTTPserver[10], awebobjectmodel[12],
andservicessuchaspersistence,registry, metadata,etc. The
given codeexamplesare implementedin XOTCL. Neverthe-
less,the presentedconceptscanbe integratedin any (extensi-
ble)web-serveror applicationserverenvironment(seethenext
sectionfor a shortsurvey of suchenvironments).

2 Approaches to Flexibility in Web-
Based Representation

The basicsof any interactive, web-basedapplication is the
HTTP protocol[4]. Whentheuseragent(e.g.a webbrowser)
sendsarequest,therequestedpagemaybeavailableon thefile
systemof the server or it may be dynamicallycreated.There
arevariousapproachesto createanddecoratecontentdynam-
ically. Here, we want to introducea major distinction into
template-basedapproachesthatgenerateHTML pagesby sub-
stitutingcertainelementsin templatefiles andconstructiveap-
proachesthatconstructa webpageon thefly. Of course,there
areseveralsystemssupportingbothapproaches.

2.1 Template-Based Approaches

Template-basedapproaches,like PHP[1], ASP, JSP, or Cold-
Fusion,let developerswrite HTML text with specialmarkup.
The specialmarkupis substitutedby the server, thus, a new
pageis generated,which composescontentdynamicallyinto
the template. On the first glance,the approachis simpleand
well-suitedfor end-users,say, by usingspecialeditors. Thus
theHTML designcanbeseparatedfrom thesoftwaredevelop-
mentprocessandcanbefully integratedwith contentmanage-
mentsystems.

However, real web-basedapplicationsusuallyrequiremore
complex interactionsthan simply expressiblewith templates.
Sometimes,the sameactionsof the usershould lead to dif-
ferentresultsin differentsituations. In someapplicationsthe
observablestatesof theHTTPprotocol(thatis, theeventsgen-
eratedby the web server) arenot sufficient to modelall busi-
nesstransactions.Thusadditionalprogramsfor management
of suchtransactionshaveto beintroduced.Thoseareseparated
from thetemplatefiles andoftennotconceptuallyintegrated.
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Most approachesdo not offer high-level programmabilityin
thetemplateor conceptualintegrationacrossthetemplatefrag-
ments. Thus, the samefragmentsof a templateoften have
be enteredredundantly. Application partsanddesignarenot
clearly separated.Thustemplatefragmentscannotbe cleanly
reused,but only by cut-and-paste.Complex templatesmay
quickly becomehardto understandandmaintain.

2.2 Constructive Approaches

Constructive approachesgeneratea web pageon the fly in a
program.Often they offer a distinctAPI for constructingweb
pages.Usuallythey arenotwell-suitedfor end-userssincethey
requireknowledgeof aprogramminglanguage.However, they
allow for implementingamorecomplex webapplicationlogic.

Themostsimpleconstructive approachis theCGI interface
[2]. It is astandardizedinterfacethatallowswebserversto call
externalapplicationswith asetof parameters.Theprimaryad-
vantagesof CGI programmingarethatit is simple,robust,and
portable.However, oneprocesshasto bespawnedperrequest,
therefore,on someoperatingsystems(but, for instance,not on
many modernUNIX variants)it may be significantly slower
thanusingthreads.Usuallydifferentsmallprogramsarecom-
binedto onewebapplication.Thusconceptualintegrity of the
architecture,rapidchangeability, andunderstandabilitymaybe
reducedsignificantlycomparedto moreintegratedapplication
developmentapproaches.Sinceevery requestis a new process
and HTTP is stateless,the applicationcannothandlesession
statesin theprogram,but hasto useexternalresources,suchas
databasesor centralfiles/processes.

A variantof CGI is FastCGI[15] which allowsa singlepro-
cessto handlemultiple requests. The targetedadvantageis
mainly performance.However, the approachis not standard-
izedandimplementationsmaypotentiallybelessrobust.

A similar approachintegratedwith the Java languageare
servlets. They are basicallyJava classesrunning in a Java-
basedwebserver’sruntimeenvironment.They arearatherlow-
levelapproachfor constructingwebcontent.In general,HTML
contentis createdby programmingthestring-basedpagecon-
structionby hand.Theapproachoffersa potentiallyhigh per-
formance.

Most web serversoffer an extensionarchitecture.Modules
arerunningin the server’s runtimeenvironment. Thusa high
performancecanbe reachedandthe server’s feature(e.g. for
scalability)canbefully supported.ExamplesareApacheMod-
ules[16], NetscapeNSAPI,andMicrosoftISAPI.However, the
approachis usuallya low-level approachof codingwebpages
in C, C++, or Java. Moreover, mostAPI’s arequite complex,
andapplicationstendto bemonolithicandhardto understand.

Customweb servers, like AOL Server [3], TclHttpd [19],
WebShell[17], Zope [9], the Ars Digita communitysystem
[7], or ActiWeb [12] provide more high-level environments

on top of ordinary web-servers. Often they provide integra-
tion with high-level languages,such as scripting languages,
for rapid customizability. Most often a setof componentsis
provided which implementthe most commontasksin web-
applicationdevelopment,suchas:HTTPsupport,sessionman-
agement,contentgeneration,databaseaccess/persistenceser-
vices, legacy integration, security/authentication,debugging,
anddynamiccomponentloading.Someapproaches,like Web-
Shell, offer modulesfor web servers,asin this casesApache,
aswell.

Many approachescombinethe template-basedandthecon-
structiveapproach.However, oftenthetwo usedmodelsarenot
well-integrated.

2.3 Service Abstraction Layers

The template-basedandconstructive approaches,discussedin
theprevioussection,mainlydealwith thegenerationof HTML
pagesfrom given contentand templates/behavior definitions.
But many interactive, web-basedapplicationshave more re-
quirements. Often different requestscoming from different
clientscommunicatingover differentchannelshave to besup-
ported. It shouldnot be requiredto changethe businesslogic
every time a new channelhasto besupportedor a new service
is addedto theapplication.

In many businesssystems,this problemis solvedby a SER-
VICE ABSTRACTION LAYER architecture[18]. A serviceab-
stractionlayer is an extra layer to the businesstier contain-
ing the logic to receive and delegate requests. In Figure 1
we canseethattheSERVICE ABSTRACTION LAYER abstracts
overdifferentserviceproviders.TheSERVICE ABSTRACTION

LAYER, in turn, implementsdifferentchanneladaptersto sup-
port callsvia differentprotocols.
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Figure1: SERVICE ABSTRACTION LAYER Architecturewith
ServiceProvidersandChannelAdapters

Whenpageshave to be generateddynamically, as in inter-
active web applications,the SERVICE ABSTRACTION LAYER

may serve for morepurposes:it may be a MESSAGE REDI-
RECTOR [6] for indirectingsymboliccalls (e.g.encodedin an
URL string) to actual implementations.This indirection can
beimplementedin a configurableway. E.g. in our architecture

3



we also
�

useit for implementinguserauthenticationandother
securityservicescentrally.

3 A Generic Architecture for Generat-
ing Applications from Dynamic Page
Template

In Figure2 wecanseeanoverview of thebaseclassesinvolved
in agenericarchitecturefor building applicationswith dynamic
pagetemplates.Essentially, thepresenteddynamicpagetem-
plate architectureconsistsof the following parts: XML page
templatefiles containthe configurabledescriptionof the web
pagesandtheirdata.Pool pagesarewebobjectswhichcontain
thebusinesslogic describedin oneor moredataobjects.Thus
thepool pagesareusedto displaya setof similar dataobjects.
An XML configuratorcomponentis usedto interpretthe data
in theXML pagetemplatefiles. Thewebserver componentis
usedto presenttheinformationin thepool pagesto theuser.

The representationof the pool pagesis decomposedfrom
them. First, eachpool pageaggregatesoneor moreuser in-
terfacebuilder objects. For instance,for a purely web-based
applicationoneHTMLBuilder is aggregated.It is usedto con-
structHTML pagesusinga genericinterface. However, with
thesameinterfacewe couldalsoarrangewidgetsor build tex-
tual representations.Finally, theconcreterepresentationstyle,
that is, how pagesaredecorated,is definedin a page template
class.

Considerthe simple exampleof an addressbook: The in-
ternallogic of theentriesof theaddressbookcanbestoredin
onedataobjectperaddressbookentry. A poolpageaggregates
themanddefinesthelogic of thecollection.Moreover, a page
templateclassdefinesthestyleof representation.Theconcrete
building of representationsin thetargetedHTML formatis del-
egatedto anHTML builder object. If a requestis sentvia the
web browser, thenthe pool pagedynamicallybuilds the page
in its responsibleuserinterfacebuilderandtheresultingHTML
pageis givento theHTTPserver.

Note that the describedarchitectureis a combinationof a
template-basedanda constructive approachfor building web
applications.Partsof thepagedefinitionthatrequireconstruc-
tionaldefinitionsaredefinedin thepoolpageandits pagetem-
plate classmixin. In the associatedXML files we can de-
fine templatesof configurableandrepresentationalfragments.
Moreover, the approachdecomposesthe representationstyle,
whichappliesfor all pagesof oneor morepoolpages,from the
constructionof theinformationcontainedin apage.

We do not have to accessthe concreteuserinterfacesinter-
nals, but only use the genericmethodsof the user interface
builders. This way, pagesfor differentuserinterfacescanbe
built with almostthesamecode.

PoolPage
*1

DataObject

WebServer

Client

PageTemplate

per-class mixin

1

*

UIBuilder
*

XML PageTemplate File

XMLConfigurator

Figure2: ArchitectureOverview: PageTemplatesareDefined
asMixin Classesandin XML Files

4 XML-Based Page Template Files

XML-basedpagetemplatesareusedto encodetheconfigurable
data,pagecontent,andpagestyle informationof a web-based
applicationin a genericway. Theinformationcontainedin the
XML pagetemplatesare typically requiredto be changeable
andextensible.However, the informationshouldnot be com-
pletelyindependentfrom therepresentation,but shouldcontain
viable representationalaspects,suchascolor, position,etc.as
well. Thoseabstractrepresentationalaspectscanbeusedby the
responsibleuserinterfacebuilder componentto achievea con-
sistentlayout even in different representationstylesand user
interfaces.

XML is usedasadataformatfor pagetemplatefilesbecause
it is a simple, text-basedstandardwhich is readablefor hu-
manbeings.Efficientparsersfor XML exist andcanbereused.
XML canbeusedindependentlyfrom concreterepresentation
formatsandstyles,thatmeansit is independentfrom thecon-
creteHTML-basedrepresentationon the web. Moreover, it is
languageandplatformneutral.

In a web applicationone or more XML files describethe
configurableelementsof a web page. From theseXML files
anabstract,userinterfaceindependentview of therepresenta-
tional informationand the informationcontainedin the pages
can be deduced. Moreover, since the XML file is a textual
representationof the information,presentedlabelscanbe ex-
changed. This way, we can for instancedeal with applica-
tionsthatshouldsupportlabelsin multiple languagesor which
shouldbechangeableadhocfor otherreasons.Sinceit is quite
simpleto write customizedparsersfor specialXML represen-
tations(see[13] for adiscussion),it is not intendedthathuman
editors– who are usually non-programmers– necessarilydo
have to changethe XML text itself. Insteadsimple GUI- or
web-basededitorscan be written, that allow for application-
specificeditingof theinformationcontainedin theXML text.

To implementall pageforms,requiredby a typical webap-
plication, several differentpagetemplatetypesarenecessary.
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Herewewill only discusstwo typicaltemplates:atemplatethat
representsa bundledkey/valuelist anda templatefor forms.
Otherusefultemplatesarefor example:frames,menus,option
list, navigationroutes,etc.

4.1 XML Page Templates for Bundled
Key/Value Lists

Pagetemplatesfor bundledkey/valuelist areasimpleform for
introducingconfigurationoptionsinto a webobject.They rep-
resenta list of optionswith valuesthatcanbebundledtogether,
say, becausethey sharea commonpurposeor they belongto
the sameweb object. Typical option lists areusedto specify
configurationoptionsor to specifystrings,sothatlabelscanbe
changedon thefly.

Eachgrouphasagroupname,whichis definedasatop-level
XML node. Insideof eachgroupthe valuesaresimply given
asXML elements,like:

<rating>
<0> Awful </0>
<1> OK </1>
<2> Great </2>

</rating>

Here,a list namedrating is definedwith just threeelements.
Each elementcontainsthe associatedlabel string as value.
Thus,for instance,thevalue0 is configuredwith thelabelAw-
ful. If userswantto exchangelabelsor ratings,they just have
to changetheXML file.

At runtime(for instance,whentheassociatedpool pageob-
ject is initialized) the information in the XML file is parsed
andmappedonto dynamicvariableslots. In XOTCL variable
slotsarelanguage-supported,in other languagessuchasC++
or Java,wecansimulatethemwith simpletechniques,asfor in-
stancediscussedin thePROTOTYPE-BASED OBJECT SYSTEM

pattern[14].

In the concreteXOTCL solution, we dynamicallycreatea
new associatedTCL arrayon thepool pageobject.In theclient
we only usethe methodgetArrayIntoSelf from the XML-
Configurator component:

Class Result -superclass PoolPage
Result instproc init args {

next
[[self] set configurator] getArrayIntoSelf \
[self] rating {0}

}

In this simpleexamplea resultclassis created.In its construc-
tor init an associative arraywith the namerating is created
on the self object,which is the newly createdresultobject.
Thearrayis automaticallyfilled by theconfiguratorwith array
names0, 1, and2, andwith thecorrespondingvaluesfrom the
rating XML element.As lastargumenta list of requiredop-
tions is given. Here,the applicationonly requiresthe value0

becauseit is usedasadefaultvalue.All othervaluesareappli-
cationindependentandcanbedefinedentirelyin theXML file.
For instance,we may adda value3 to the XML file. It then
would beautomaticallyusedin thewebapplication.

4.2 Page Templates for Forms

As a secondsimplepagetemplateexample,we discussform
templateswhich resembleHTML forms. The datadefinedin
the XML forms shouldbe automaticallydefinedon eachdata
objectof apoolpageandit shouldbepossibleto makethenew
slotsautomaticallypersistent.Theform definesanHTML-lik e
layout,but it is abstractenoughto bedisplayedin otherwidget
sets/userinterfacesaswell.

A simpleexampleis anaddressform:

<address method="get">
<name type="text" size="30"> Name </name>
<email type="text" size="30"> Email </email>
<address type="textarea" cols="50" rows="8">

Address
</address>

</address>

In theexample,we firstly definethenameof the form astop-
level XML element.As anargumentthemethodfor datasub-
missionof theform is defined.Here,thedefaultGET is usedfor
submittingdata,but someformsalsorequireuploadingof data.
This is handledwith the methodPOST. Afterwards,the form
elementsaredefinedwith optionalargumentsdefiningthetype
andlayoutof theusedform elements.Again, thelabelsvisible
in theform aredefinedasXML elements.

In anaddresslist class,which hasaddressesasdataobjects,
atfirst, theaddressinputform is extracted.Thusanew objectis
createddynamicallywhich definestheform. In a secondstep,
thedatafrom theform is extracted:

Class AddressList -superclass PoolPage
AddressList instproc init args {

...
[self] set addressInputForm \

[[self] set configurator] extractForm address]
set data [ConfigForm getDataFromForms \

[[self] set addressInputForm] {name email}]
...

}

With getDataFromForms a list of all dataelementsdefined
in theXML-basedtemplateis returned.Again, we areableto
definerequiredoptionsontheform data,likename andemail.
All otherdataelementsaredefinedon thedataobjectsasthey
are found in the XML file. The correspondingHTML forms
areautomaticallycreatedaccordingly. For instance,to extend
the addresslist with phone data,the usersimply hasto add
this informationto thedefinitionin theXML file. To removea
dataelement,likeaddress or phone, it just hasto bedeleted
from the XML definition. Afterwards,it is automaticallynot
displayedto theuserinterfaceanymore.
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4.3 Extending the Page Template Mechanism

In general,it only requiresafew linesof codeto addnew types
of XML pagetemplatesto theXML Configuratoror asubclass
of it. For instance,let us considerthe implementationof the
mappingof bundledkey/valuelists (aswehavediscussedthem
above) to associativearrays:

XMLConfigurator instproc getArrayIntoSelf \
{co arrayname {requiredOpts ""}} {
set p [self]::xmlParser
foreach topNode [$p info children] {
if {[$topNode content] == $arrayname} {

foreach child [$topNode info children] {
$co set ${arrayname}([$child content]) \
[$child getFirstPCData]

}
}

}
foreach var $requiredOpts {
if {![${co} exists ${arrayname}($var)]} {

error "Required option <$var> is missing."
}

}
}

We canseethattheinterpretationof bundledkey/valuelistsby
theXMLConfiugrator is handledin a singlemethod.During
initialization, the XMLConfigurator’s XML parserhasread
all XML templatefiles, so thatwe usetheseinformationlater
on. In an xoXML parser[13], all XML nodesarechildrenof
thexmlParser object. Thus,we caniteratewith a foreach

loop over the top nodesandcheckwhetherit is the searched
arrayname. If it is found we simply createan arrayslot dy-
namically on the calling object (co) with the array nameof
theXML element.ThePCDATA of thechild is usedasarray
value. Finally, in a secondforeach loop, we checkwhether
all requireddatais there;otherwiseweraisea runtimeerror.

In asimilar fashionwehavealsoimplementedforms.Forms
build a form objectdynamically, insteadof settinga dynamic
associative array on the calling object. Someextensionsre-
quiremorethanoneXML elementto beparsedatonce.For in-
stance,formswith optionslistsareimplementedwith oneform
templateplus onearrayfor eachoption, definingthe option’s
values/labelslist.

4.4 Template Reloading

Up till now, the discussedtemplateswereloadedat initializa-
tion time of the web objects.However, this is no prerequisite
of using XML-basedpagetemplates. Sinceall dataobjects
may be persistentobjects,it must be possibleto changethe
information in the web objectsandtheir representationat ar-
bitrary times. Thus,it is possibleto changetheXML file and
thenreloadit into arunningapplication.End-userscandirectly
changeandenhancetheapplicationon basisof theXML def-
inition. Suchconfigurationandextensionstepscan,of course,
behandledby a GUI- or web-basedtool.

Templatereloadingcanalsobe handledautomatically. For
example,in TCL wecanfind out thelastmodificationtimeof a
file with file mtime. Thuswecanreloadamodifiedtemplate
directly after a file changesand thendynamicallyupdatethe
application.

However, sincepagetemplatesareallowed to be modified
quite freely (exceptfor requiredinformation),we have to de-
finehow to dealwith addedor removedinformationin theper-
sistentdata. Usually, whennew informationis added,it sim-
ply defaultsto anemptystringon alreadyexisting dataobject.
Sometimesapplicationcasesmayrequireusto changethis be-
havior. For removing information,we caneither iterateover
theexisting informationanddeleteall occurrences.This strat-
egy savesmemory, but it doesnot allow for recreationof the
information,onceit is removed. For someapplicationit may
bebeneficialto keepremovedinformationinvisible to theuser
in thedataobjects.Therefore,for removing andfor addingin-
formationtheapplicationprogrammermaychangeor extended
the default behavior either in the definition of the templateor
afterreloading.

5 Business Logic in Pool Pages

The businesslogic is encapsulatedin pool pages. Eachpool
pageis a web object, that is, it inherits from the WebObject
classof the ACTIWEB framework. With the inheritedmethods
from WebObject it canrepresentitself to thewebandcanbe
accessedwith anURL. In otherwords,thewebserverdisplays
a setof coupledweb pagesperpool object. Usually, eachex-
portedmethodof awebobjectis responsiblefor displayingone
page.In ACTIWEB we usethestandardform of URL encoding
for distributedcallsto webobjects:
http://host:port/objectName+methodName+arg1+...+argN

For instance,if we want to accessthe methodaddName on
the objectnames.html with the argumentAnnie on a host
www.names.org, we would usethefollowing URL e.g.in the
webbrowser:
http://www.names.org/names.html+addName+Annie

Eachobjectmay have a methoddefault which is automati-
cally called,if no methodnameis provided.

In ACTIWEB dispatchingof remotecallsishandledby aplace
which integratestheweb-server. Wehaveto definein theplace
which web objectsareexported. For eachweb objectwe can
additionally definewhich methodsare exported. Only those
methodsof theexportedobjectscanbe accessedremotely. In
Figure3 we canseethat in generalall pagesareaccessedvia
theplace’s Invoker component,which actsasa SERVICE AB-
STRACTION LAYER [18]. It indirectsthecalls to theresponsi-
blepoolpageswith aMESSAGE REDIRECTOR [6] architecture.
The pool pagesoperateon their dataobjectandreturnthe re-
sult to theInvoker. TheInvokerhandlesall central,call-related
concerns,asfor instancesecurityor authenticationof webob-
jects.
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Figure3: PoolPagesareAccessedvia thePlace’s Invoker

5.1 Data Objects

Eachpool pagemaycontainoneor moredataobjects.If only
oneobjecthasto berepresentedto theweb,thepool pageob-
ject may alsobe a dataobject (e.g.with mulitple inheritance
from the dataobjectandpool pageclasses).But most often
morethanoneobjectwith thesameor a similar webrepresen-
tationhave to bedisplayed.Thenwe candecomposeinto pool
pageandassociateddataobjects.

Sincemany dataobjectsrequire persistenceof the stored
data, the most prominenttask of the data object classis to
handlethe connectionto the persistencestore. Persistencein
ACTIWEB is handledtransparentlyfor thepersistentwebobject
andits clients. This way, the datawhich is importedfrom the
XML-basedtemplatefiles is dynamicallycreatedon the data
objectsand definedas persistentdata. The dataobject class
containsmethodsfor initializing, setting,andgettingthelist of
persistentvariableson its instances.Theclassmaintainsa list
of currently persistentvariableson the instances,which may
bechangeddynamicallyaswell. Thelist canbeaccessedfrom
eachinstance.Therefore,persistentdataof a webobjectmay
bearbitrarily changedat runtime,e.g.by templatereloading.

As we have seen,the methodgetDataFromForms of the
XMLConfigurator componentreturnsthe list of datain an
XML form pagetemplate.Thisway, wecanautomaticallyfind
out, which dataelementsaredefinedin the XML-basedtem-
platedefinition. In thedefault case,a pool pagemayinitialize
its dataobjectclasswith thepersistentdatafrom all its forms:

set pdata [ConfigForm getDataFromForms \
[[self] set addressForm] {name email}]

DataObject setPersistentData Address $pdata

Here, the datafrom the addressForm is retrieved. After-
wards,we definethe persistentdatafor theAddress classas
theresult(pdata) of thegetDataFromForms operation.

5.2 User Interface Builder

An importantpartof building awebrepresentationareuserin-
terfacebuilders.They areusedto translatetheuserinterfacein-
dependentrepresentationwhich canbededucedfrom thepage
templatefiles/classesinto a concreteuserinterfacerepresenta-
tion. In thepresentedframework, theuserinterfacebuilder are
relying on an abstractsubsetof HTML becauseHTML is the
primaryuserinterfaceusedin thedomainof webapplications.
It is relatively straightforward to map the calls to the HTML-

Builder to otheruserinterfaces,suchaswidgetsets.There-
fore, clientsusean abstractinterfaceof the classUIBuilder
from which specialinterfacesarederived, like an HTML and
anTK builder:

Class UIBuilder
Class HTMLBuilder -superclass UIBuilder
Class TKBuilder -superclass UIBuilder

Thespecialuserinterfacebuildershave to implementtheused
subsetin thetargeteduserinterface.Moreover, they shoulddis-
play the pool pagesaccordingto the layout informationcon-
tained in the pagetemplates. For all other layout tasksthe
builders are free to managethe layout accordingto the con-
ventionsof the userinterface. For someuserinterfacetypes,
like WAP or textual representations,a simpler, reducedinter-
facecanbe provided, sincenot all capabilitiesof the HTML
subsetarefully supported.

In thebuilderclasses,a methodclear cleansup thebuilder
object. In the HTML builder a methodtoString returnsa
string-basedrepresentationof HTML text. Similarly, otheruser
interfacetypesmay containother finalization methodsto re-
trieve theresult.

For eachelementX of the user interfacewe usually have
a startX and endX methodin the builder classes. For in-
stancetherearestartDocument andendDocument methods
to start/enda new document. The optional configurationof
suchelementsis given by “-” arguments,asfor instanceti-
tle for thewholedocument.For simpleelements,like text or
tablecells,thereis alsoamethodaddX, whichallows for com-
bining start,content,andendof anuserinterfaceelementwith
onemethodcall.

As a simpleexamplewe build up anHTML pagein theob-
ject ui for displayinga name.After building theHTML page
in thememoryit is simply written to thestandardoutputwith
puts:

set name "Annie"

HtmlBuilder ui
ui startDocument -title "Annie’s Name"
ui startParagraph
ui addString "Name: $name"
ui endParagraph
ui endDocument

puts [ui toString]
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Here,we seethatit is quiteeasyto exchangetheuserinterface
to anothertypeof interfaceby justchangingtheclassof theui
object.We would only have to changethefinalizationmethod
toString to thefinalizationmethodof theotheruserinterface
(likestartinganeventloop and/orrefreshfor a widgetset).

Sometimesapplicationsrequiremorethanoneuserinterface
at once. For instance,in the processof reengineeringlegacy
applicationto the web, the old interfaceshouldoften be still
supportedaswell. In sucha casewe canwrite a userinterface
builderasawrapperfor theold interfaceandstepwisemovethe
old interfaceto thatbuilder. In asecondstepwecansupportthe
secondweb-basedinterfaceaswell. Thuswe have to support
building of multipleuserinterfacesfor a singlepool page.

Usually a pool pageaggregatesits user interfacebuilders.
XOTCL providesan aggregationfacility with introspectionof
children.Moreover, we candynamicallyintrospectthetypeof
anobject. Thus,we caniterateover all childrenandbuild the
userinterfaceon all childrenwith thetypeUIBuilder:

foreach uiObj [[self] info children] {
if {[$uiObj isType UIBuilder]} {
$uiObj startDocument -title $title
# build up document
...
$uiObj endDocument

}
}

# call finalization routines of each UI
...

6 Page Template Classes

Someaspectsof a pagetemplatecannotbe sufficiently de-
scribedby the purely descriptive elementsof an XML page
template. Behavioral elements,which are independentof the
businesslogic, haveto beimposedonthepoolpages.A simple
exampleis a presentationstylewhich hasto be build with the
methodsof theuserinterfacebuilderclasses.Thosebehavioral
pagetemplatesaredefinedby pagetemplateclasses.Pagetem-
plateclassesareusuallymixed-in asa per-classmixin to the
poolpage.

Per-classmixins areclasseswhich aremixedinto theprece-
denceorder of all instancesof a class and its sub-classes.
They area speciallanguageconstructof XOTCL, which sup-
plementmultiple inheritanceby introducingextrinsicconcerns
co-existingwith theinstances’heritageorder. Sincemixinscan
beusedasdynamicalrolesof a class,we canusethemto de-
scribetherepresentationstyleof aclassof webobjectsin ade-
composedway. Per-classmixins aredynamicallychangeable
at runtime.

It is not intendedthattheend-userhasto write thepagetem-
plate classes,but they can be written by programmersonce

and then be usedby a usertool also dealingwith the XML-
basedpagetemplates. Then class-basedpagetemplatesare
ratherusedasstyleswhichdynamicallydecoratethepoolpage
classes. Note that XOTCL also supportsper-object mixins,
whichextendasingleobjectwith anextrinsicclass,in thesame
way asper-classmixins extendall instancesof a classandits
sub-classes.Therefore,a behavioral pagetemplatecanalsobe
imposedperobject,if necessary.

Weusepagetemplateclassesin mostcasesto definethegen-
erallayoutof asetof poolpages.For instance,wemaycollec-
tivelydefinefor asetof objectshow pageconstructionis started
andended:

MyPageTemplate instproc startPage {title builder} {
[[self] place] instvar {opts(logo) logo}
set uiObj [$builder newChild]
$uiObj startDocument -title "MyPages: $title"
if {[info exists logo]} {

[self]::html addImage -src "$logo" -align middle
}

...
}
MyPageTemplate instproc endPage {} {

foreach uiObj [[self] info children] {
if {[$uiObj isType UIBuilder]} {
[self] addFooter $uiObj
$uiObj endDocument

}
}

}

Here, two methodsstartPage and endPage are defined.
startPage firstly buildsanew objectof typeuibuilder asa
child with anautomaticallycreatedname.Thenthedocument
is startedwith a customizedtitle. A logo is added,if it was
definedon thearrayopts from thecorrespondingXML-based
pagetemplatefile. In endPage all userinterfaceobjectsgeta
footerandthenthedocumentendis added.

7 An Application Case: A Conference
Management System

Considera conferencemanagementsystemas a simple, but
non-trivial, exampleof an interactive, web-basedapplication.
The systemprovidespagesfor abstractandpapersubmission
for the authors. Refereescanthenvote for the paperswhich
they want to referee.After finishing the voting period,a con-
ferencechair is ableto assignrefereesto the paper. Now the
refereesmustbe providedwith a pagewherethey canseethe
dataof their papersanddownloadthem. After refereeingthey
mustbeableto enterthedatavia a webform. Finally thecon-
ferencechairrequiresa centralpagefor reviewing all results.

Obviouslya conferencemanagementsystemmustbehighly
configurableandextensible:submissionprocessesof different
conferencesare usually not exactly the same,different con-
ferencesrequiredifferentpresentationforms of differentdata
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elements,andthe pagesshouldbe presentedwith the confer-
encelogo,style,andothervisualproperties.Someof thepages
have to be accessprotected:the refereepagesshouldonly be
accessedby the assignedreferee,the conferencemanagement
pageonly by the conferencechair. It cannotbe expectedthat
eachconferencechair is anexpert in programmingwebappli-
cations.Thusend-usersshouldbeabletomakesimplechanges,
like addingpropertiesto formsor changingthelogo,by them-
selves.

In Figure4 we canseehow the architectureof pool pages
anddataobjectsin theconferencemanagementsystemis con-
structedfrom the architecturepresented.First a specialpage
templateclassfor the conferenceis derived. It retrieves in-
formation,like logo, backgroundcolor, conferencename,etc.
from theXML pagetemplate,andbuildsupaHTML pagestyle
for all conferencepages.It usestheaggregatedHTML userin-
terfacebuilder object.Thusit canalsobeusedwith otherrep-
resentationsin the future. TheConfPageTemplate is mixed
ontoall poolpages.

Eachpool pagehasa setof differentviews ontoits dataob-
jects.In general,eachHTML view is encapsulatedin amethod
of the pool page. E.g. the SubmissionPool hasmethodfor
listing the papers,editing the papers,deletingthe papers,ac-
knowledgementof receiptvia email,andfor sendingtheresults
of the review process.If necessary, the nameof the targeted
dataobjectis givenasanargumentto thesemethod,sothatthe
pool pagecanretrieve thedatafrom it or manipulateit accord-
ingly.

Thesubmissionpool pageis accessprotectedvia HTTP ba-
sic authentication(in ACTIWEB digestauthenticationcan be
usedaswell, if necessary).Thusit canonly be accessby the
conferencechair. TheSubmissionPage is usedasa not ac-
cessprotectedview on the SubmissionPool. It offers only
theabstractandpapersubmissionpagesvisible to theauthors.

Similarly therefereepool associatesall refereedataobjects.
It canonly be accessedby the conferencechair. The referee
pagesareaccesscontrolledviews, which allow therefereesto
downloadthepapersandsubmittheir reviews. Eachrefereeis
automaticallyinformedwith an email abouther/hispageand
ID/password. The conferencepageclassis a pool for review
results,but it is alsoa dataobject.Sincethereis only onecon-
ferencepagewith uniquedatain the application,it makesno
senseto divide the conferencepageinto pool anddataobject.
Therefore,theconferencepageis a dataobjectaswell.

All forms and dataobjectsare given in XML-basedpage
templateswhich caneasilybecustomizedfor differentconfer-
ences.Only a few valuesarerequireddefinitelyby theapplica-
tion at runtimeandtheapplicationraisesanerrorat thestartup
time, if they aremissing.For instance,eachreview resultmust
haveat leastadefaultvalueandonemarkfor thedefaultvalue.
How many othermarksarethereandhow they arelabeledcan
bechangedentirelyin theXML file. Anotherpartof thereview
form arecommentsof thereviewers:someconferencesrequire

merelycommentsto the author, somerequirea commentfor
eachreview element.Again, thenecessarytext areascansim-
ply be composedby the conferencechair in the XML-based
template.

Simple style information of the class-basedtemplate,like
logo andbackgroundcolor, arealsoencodedin XML format.
Suchstyle changesaresufficient for presentingmany confer-
ence. For moresophisticatedbehavioral changes,a new style
classhasto beimplemented.

8 Conclusion

In thispaperwehavepresentedaconcisearchitecturethatdeals
with many problemswhich we canidentify in today’s interac-
tive webapplications.Theapproachbaseson dynamicgener-
ationof contentfrom pagetemplates,which conceptuallyinte-
gratetemplate-basedandconstructive ideasof webapplication
development.Someprominentbenefitsare:

� Multiple Channels: Thearchitecturecontainsa SERVICE

ABSTRACTION LAYER [18] architecture. In the web
server new channeladaptersmay be integratedto access
the servicesin thepool pages.Theservicesareaccessed
by the centralMESSAGE REDIRECTOR [6] of the ACTI-
WEB framework. This indirection,for instance,allows us
to export only certainmethodsof certainobjects. And
it allows for convenientlyimplementingauthenticationof
certainwebobjects.

� Multiple Representations: Theabstractioninto userinter-
facebuildersgivesus the opportunityto rapidly support
multiple different user interfaces. Only the specificsof
eachuserinterfacehaveto beprogrammedby hand.

� Separationof Concerns: Abstractionsfor specificsof con-
tent,styles,andchannelsareprovided.They canbegiven
in declarative andbehavioral fashion. Thereis an archi-
tectural model for integrating both fashions. However,
the concernscanbe cleanlyseparatedthroughhigh-level
object-orientedabstractionsin the class-basedpagetem-
plate fragmentsand throughdifferent XML elementsin
theXML-basedpagetemplatefragments.

� RuntimeGeneration: All generationalaspectsarehandled
at runtime.Therefore,theimportantissuesof introducing
changesinto a runningprogramis supportedby thearchi-
tecturealmostwithout additionalprogrammingeffort.

� Legacy Integration & Wrapping: The conceptpresented
is especiallywell-suitedfor integrationandwrappingof
legacy applicationsinto the web. Legacy servicescanbe
integratedaspool pages.Old accessforms/channelscan
still besupported.Or they canevenbemigratedto thear-
chitecturepresentedby supportingauserinterfacebuilder
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anda channeladapterfor theold channelandrepresenta-
tion.

� End-UserChanges: End-usersareable,possiblywith tool
support,to configureandextendthe applicationdirectly.
SuchtoolscanintrospecttheparsedXML filesor thecur-
rent pagetemplatemixins. In XOTCL suchintrospection
optionsareprovidedby thelanguage.Thus,end-usertools
canquickly be written (with very similar codeas in the
pool pages/XMLconfigurator).However, theapproachis
still programmableby expertprogrammerswithoutreduc-
ing theeaseof end-userchanges.

� Language Supportfor High-Level Programming: Many
tasksfulfilled by our architectureare directly language
supportedin XOTCL. For instance,languagedynamics
andintrospectionallow for rapidchangeability, new com-
ponentscanbe dynamicallyloadedinto the system,dy-
namic slots for refining dataobjectson the fly are sup-
ported,mixinsallow for combiningof pagetemplateswith
givenpoolpageclasses,theintegrateXML parsercompo-
nentletsus treatXML text asa dynamicobjectaggrega-
tion tree,andpersistenceserviceslet usmakedataobjects
transparentlypersistent.It requiresacertainprogramming
effort to supportthoselanguageelementsin many other
languages. However, with patterns,like PROTOTYPE-
BASED OBJECT SYSTEM [14], MESSAGE REDIRECTOR

[6], OBJECT SYSTEM LAYER [5], or Type Object [8],
suchtaskscanusuallybe programmedin a few hundred
linesof codein almostany proceduralor object-oriented
language.Thus,our architecturebenefitsfrom the used
languageconstructs,but it doesnot rely on theirpresence.

Of course,wecanalsoidentify a few liabilities for thegiven
architecture:

� Performance: Somemore low-level approachesmay of-
fer a betterperformance,sincethey avoid theindirections
involvedin thearchitecture.

� Complexity: The complexity of the approachis higher
thensimplearchitectures,like template-basedapproaches

or CGI scripts.Thus,resultingapplicationsmaybemore
complex for very small tasks. For larger tasks,the com-
plexity of thesimplermodelsusuallygrowsexponentially
higher, e.g.becauseof cut-and-pastecodeandmissingin-
tegrationmodels.

� Robustness: Theapproachproposesasingleor a few run-
ning processes.Measuresfor reachinghigherrobustness
andfailuresafetycurrentlyhaveto implementedby hand.

� CommonUser Interface Denominator: Our approach
allows for using different user interface/channelaccess
models.Thismakesespeciallysensefor bringingalegacy
applicationto thewebwithout changingits old interface.
But, if the user interfacebuilders are usedexclusively,
the user interfacesare reducedto the commondenomi-
nator definedin the abstractuser interfacebuilder. Of
course,certainuserinterfacebuildersmayalsoignorecer-
tain formattinginstructions,say, like a WML userinter-
facebuilder thatcannotfully supporttheHTML subset.

Thearchitectureis implementedin XOTCL with ACTIWEB.
Both areavailablefrom http://www.xotcl.org. The pre-
sentedconferencemanagementexamplewill soonbeavailable
aswell. The systemwasusedfor the OOSS’00andASE’01
conferences.
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