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Abstract

Web-basedpplicationsare typically requiredto behighly cus-
tomizableand configuable New application requirrments
haveto be introducedrapidly, oftenwithout stoppingthe run-

ning application process. Moreover, in manycasesthe same
businesdogic hasto be presentedo differentchannelsand/or

userinterfaces.In this paperwe presenta dynamicpage tem-
platearchitectute for decomposingonfiguiableandrepresen-
tational fragmentsof the applicationfrom the businesdogic.

Page templatesonsistof static XML filesand of dynamicclass
definitions. The XML-basedpage templatescan be usedfor

declarative definitionsof configuiable fragments,say by the

end-usemwith a graphicaltool. The page templateclassesan

be usedfor behaviorspecification,say for definingcommon
stylesof decomtion of the presentedpages. Both parts are

dynamicallyloadedinto the webapplicationervironmentand

composedvith the web objects. Thus,the configuable and

representationafragmentofwebobjectsare dynamicallygen-

eratedfrom the changeableand extensibledescriptionsin the

page templates.

1 Introduction

Web-basedapplicationsusually play an important, business
critical role in acompary’sinformationsystemsFor instance,
web-basedpplicationanaybetheportalfor acompary’scus-

tomersto reachthe compaly’s services. Or the web browser
may sene asa simpleway to let employee’s accesghe com-

pary’s information systemsfrom ary remotelocation. De-

spite their importance ,mary interactve web applicationsare

not built with a conceptuallyclean,integratingmodel. There
areseveraltypical, recurringproblemsn therealmof develop-

ing and maintaininginteractve, web-basedpplications.This

work discussesolutionsto sometypical problemsin the con-

text of configuringandrepresentingpplicationson theweh

In generaltheapplicationclassof interactive, web-basea@p-
plicationscanbe characterizedy the generatiorof formated
contenonrequestThatmeansthecontents usuallynotavail-

ablein pre-tuilt files. Thegeneratedonteniftenhasto befor-
matedin differentmarkuplanguageslike HTML, WML, and
XML. In mary casesasfor legag integration,otherformats,
like graphicaluserinterfacesor textual representationdhave
to be supportedaswell. Moreover, the contentusually hasto
be providedto differentchannelswith differentprotocols,like
HTTP, COM, CORBA, UMTS, etc.

Interactve,web-basedpplicationdave asetof moreor less
unique requirements. Eachweb-basedapplicationhasto be
capableto represenits servicesusingHTML pages. Those
have to betransferedsia the HTTP protocolto aremoteclient.
Thus,aweb-base@pplicationhasto integrateanHTTP sener
or usefor transportinghe createdHTML pagedo theclient.

Someweb-basedpplicationsonly sene web-basedlients,
but often otherinformationsystemsf the compary have to be
integratedaswell. Thereforejn mary applications- especially
whenlegacg applicationsareextendedwith aweb-basednter
face— otherformsof representatiothanHTML pageshaveto
be supportedaswell. Thatmeansa “conceptuallyclean”soft-
warearchitecturef aweb-based@dpplicationseparatebusiness
logic from web-basedepresentatioandfrom theHTTP trans-
port servicesof thewebsener.

Persistencaervicesare anothertypical requirement.Since
HTTP is a statelessprotocol we typically have to presere
states,say of a sessiona businesgransactionor a web ob-
ject life-cycle. Typically, when HTML contentis sentover
HTTR, the statemay be presered for a sessionby encoding
a stateidentifierin the URL, in cookies,or in HIDDEN form
elements.For someapplicationspersistenbbjectshave to be
supported. Therefore,a persistencestoreor a databaséhave
to be integratedinto the web applicationernvironment. More-
over, amappingfrom stateidentifierto persistenbbjecthasto
be performed(automatically)by the web applicationenviron-
ment.

Thereareasetof othertypical componentdjk e databasec-
cess,certainsecurityservices registry servicesdirectory ser
vices, etc. that have to integratedin mary web-basedpplica-
tions. Therefore,animportantaspectof a platform for web-
basedapplicationdevelopmentis a componenmodelfor sim-
ple extensionwith new black-boxcomponents.



An importantaspecbf typical web-basedpplicationds the
coherentrepresentatiof the businesdogic on the web (and
on otherpresentatiomestinations) Regardingweb-basedep-
resentatiorwe canidentify a setof recurringproblems:

o Extensibility: The representatiomasto be easily exten-
sible with new content. The representatiostyle andthe
behaior of theapplicationhave to be extensibleaswell.

e Changeability: Contentrepresentatiostyle,andapplica-
tion behaior shouldbe changeablead hoc. In principal,
it shouldbe possibleto changetheweb-basedpplication
without stoppingthewebservices.

e Rapid Prototyping: Often web-basedapplicationsare
rapidly developedin aninteractive processwith theusers.
Thus, the programmersand editors should be able to
rapidly implementnew functionality as a prototypethat
canbeevolvedinto anoperatingvebservicein astepwise
manner

e Short Deployment/Maintenanc€ycles: Usually the de-
ployment/maintenanceyclesfor web-basedpplications
are only a few hoursor days. Therefore,incremental
evolvability is a centralrequirement.

¢ Integration with Other RepesentationForms: Often the
businesdogic of web-basedapplicationshasto be rep-
resentedo differentchannelssuchaswidget sets,dis-
tributed object systems,WAP, UMTS, etc., aswell. It
is undesirablgo createapplicationand contentfor every
channel/useinterfaceanav by hand.In anintegratedcon-
ceptwe haveto dealwith limitationsor speciakapabilities
of thevariousformats.

¢ Non-PiogrammesasEditors: Usuallytheeditorsof web-
basedcontentare non-programmers. Thus, it is often
undesirablethat programcodehasto be modifiedin or-
der to modify the web-basedepresentation.But often
flows of webapplicationdendto bequitecomple, sothat
somemodificationsrequireprogramming.Therefore the
web applicationervironmentshouldsupportproperways
of modificationfor all staleholdersin the development
andmaintenancerocessesncludinghigh-level program-
ming and contentediting. If differentviews for different
staleholdersare provided, the web applicationerviron-
menthasto ensureconsisteng.

Someaspectf thoseand other problemsregardingthe dy-

the businesdogic is cleanly encapsulatedput neverthelessa
genericgenerationof a web-basedepresentatiorirom these
pagetemplatess achieved. Finally, we will presenta highly
configurableandextensibleconferencenanagemergystemas
anexamplecase.

The generic architectureis implementedin the object-
orientedTcL extensionXOTcL [11] with the AcTiIWEB compo-
nentg[12]. AcTiwes providesuswith anervironmentthatsup-
portsthedevelopmenbf web-base@pplicationdy offeringan
integrationwith anHTTP sener[10], awebobjectmodel[12],
and servicessuchas persistencetegistry, metadatagtc. The
given codeexamplesare implementedn XOTcL. Neverthe-
less,the presentedonceptscanbe integratedin ary (extensi-
ble) web-sereror applicationsenerenvironment(seethe next
sectionfor a shortsurvey of suchervironments).

2 Approaches to Flexibility in Web-
Based Representation

The basicsof ary interactve, web-basedapplicationis the
HTTP protocol[4]. Whenthe useragent(e.g.aweb browser)
sendsarequesttherequesteghagemaybeavailableon thefile
systemof the sener or it may be dynamicallycreated.There
arevariousapproacheso createanddecoratecontentdynam-
ically. Here, we want to introducea major distinction into
template-basedpproachethatgenerattHTML pagesby sub-
stituting certainelementsn templatefiles andconstructve ap-
proacheghatconstructawebpageonthefly. Of coursethere
areseveralsystemssupportingbothapproaches.

2.1 Template-Based Approaches

Template-basedpproachedjke PHP[1], ASR, JSR or Cold-

Fusion,let developerswrite HTML text with specialmarkup.
The specialmarkupis substitutedby the sener, thus, a new

pageis generatedwhich composesontentdynamicallyinto

the template. On the first glance,the approachis simpleand

well-suitedfor end-userssay by using specialeditors. Thus
the HTML designcanbe separatedrom the softwaredevelop-

mentprocessaandcanbefully integratedwith contentmanage-
mentsystems.

However, real web-basedpplicationsusuallyrequiremore

namic and coherentcreationand modification of web-based complec interactionsthan simply expressiblewith templates.

applicationsare tackled by various approaches.In the next
sectionwe will explain andclassifysuchapproacheandmoti-

Sometimesthe sameactionsof the usershouldleadto dif-
ferentresultsin differentsituations. In someapplicationsthe

vateproblemghatarenotsolvedwell by thenamedapproaches obsenablestatesof the HTTP protocol(thatis, the eventsgen-

yet. Afterwardswe will presenta genericarchitectureasa so-
lution to theseproblems.The architectureconsistf two main
constituentsXML-basedpagetemplatesandclass-basegage
templates. Thoseare composedwith the web objects. Thus

eratedby the web sener) are not sufficient to modelall busi-
nesstransactions.Thus additionalprogramsfor management
of suchtransactionsave to beintroduced.Thoseareseparated
from thetemplatefiles andoftennot conceptuallyintegrated.



Most approachesdo not offer high-level programmabilityin
thetemplateor conceptuaintegrationacrosghetemplatefrag-
ments. Thus, the samefragmentsof a templateoften have
be enteredredundantly Application partsand designare not
clearly separated Thustemplatefragmentscannotbe cleanly
reused,but only by cut-and-paste.Complex templatesmay
quickly becomehardto understanéndmaintain.

2.2 Constructive Approaches

Constructve approachegeneratea web pageon the fly in a
program.Oftenthey offer a distinct API for constructingweb
pagesUsuallythey arenotwell-suitedfor end-usersincethey
requireknowledgeof a programminganguageHowever, they
allow for implementinga morecomplex webapplicationlogic.

The mostsimpleconstructve approachs the CGl interface
[2]. It is astandardizedéhterfacethatallows websenersto call
externalapplicationswith a setof parametersThe primaryad-
vantage®f CGI programmingarethatit is simple,robust,and
portable.However, oneprocessasto be spavnedperrequest,
therefore on someoperatingsystemgbut, for instancenoton
mary modernUNIX variants)it may be significantly slover
thanusingthreads.Usually differentsmall programsarecom-
binedto oneweb application. Thusconceptualntegrity of the
architecturerapid changeabilityandunderstandabilitynay be
reducedsignificantlycomparedo moreintegratedapplication
developmentapproachesSinceevery requesis anew process
andHTTP is statelessthe applicationcannothandlesession
statesn the program but hasto useexternalresourcessuchas
databaseser centralfiles/processes.

A variantof CGl is FastCGI[15] which allows a singlepro-
cessto handlemultiple requests. The targetedadvantageis
mainly performance.However, the approachs not standard-
izedandimplementationsnay potentiallybe lessrobust.

A similar approachintegratedwith the Java languageare
servlets. They are basically Java classesunningin a Java-
basedvebsener'sruntimeervironment.They arearatherdow-
level approachor constructingvebcontent.In generalHTML
contentis createdby programminghe string-basegagecon-
structionby hand. The approacloffers a potentiallyhigh per
formance.

Most web senersoffer an extensionarchitecture.Modules
arerunningin the sener’s runtimeervironment. Thusa high
performancecanbe reachedandthe sener’s feature(e.g. for
scalability)canbefully supportedExamplesareApacheMod-
ules[16], Netscap&SAPI,andMicrosoftISAPI. However, the
approachs usuallyalow-level approactof codingweb pages
in C, C++, or Java. Moreover, mostAPI’s arequite comple,
andapplicationgendto be monolithicandhardto understand.

Customweb seners, like AOL Sener [3], TclHttpd [19],
WebShell[17], Zope [9], the Ars Digita community system
[7], or ActiWeb [12] provide more high-level ervironments

on top of ordinary web-serers. Often they provide integra-
tion with high-level languagessuch as scripting languages,
for rapid customizability Most often a setof componentss
provided which implementthe most commontasksin web-
applicationdevelopmentsuchas:HTTP supportsessiorman-
agementcontentgeneration databaseaccess/persistencer
vices, legag integration, security/authenticationdehugging,
anddynamiccomponentoading. Someapproachedik e Web-
Shell, offer modulesfor web seners,asin this casesApache,
aswell.

Many approachesombinethe template-basedndthe con-
structive approachHowever, oftenthetwo usedmodelsarenot
well-integrated.

2.3 Service Abstraction Layers

The template-basedndconstructve approachesjiscussedn

theprevioussectionmainly dealwith thegeneratiorof HTML

pagesfrom given contentand templates/behaor definitions.
But mary interactive, web-basedapplicationshave more re-
guirements. Often different requestscoming from different
clientscommunicatingover differentchannelshave to be sup-
ported. It shouldnot be requiredto changethe businesdogic

everytime anew channehasto be supportecr anew service
is addedo theapplication.

In mary businessystemsthis problemis solved by a SER-
VICE ABSTRACTION LAYER architecturg18]. A serviceab-
stractionlayer is an extra layer to the businesstier contain-
ing the logic to receve and deleggate requests. In Figure 1
we canseethatthe SERVICE ABSTRACTION LAYER abstracts
over differentserviceproviders.The SERVICE ABSTRACTION
LAYER, in turn,implementdifferentchanneladapterdo sup-
port callsvia differentprotocols.
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Figurel: SERVICE ABSTRACTION LAYER Architecturewith
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When pageshave to be generatedlynamically asin inter
active web applicationsthe SERVICE ABSTRACTION LAYER
may sene for more purposes:it may be a MESSAGE REDI-
RECTOR [6] for indirectingsymboliccalls (e.g.encodedn an
URL string) to actualimplementations.This indirection can
beimplementedn a configurablevay. E.g.in our architecture



we alsouseit for implementinguserauthenticatiorand other
securityserviceentrally

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

In Figure2 we canseeanoverview of thebaseclassesnvolved
in agenericarchitecturdor building applicationsvith dynamic
pagetemplates.Essentially the presentedlynamicpagetem-
plate architectureconsistsof the following parts: XML page
templatefiles containthe configurabledescriptionof the web
pagesandtheir data.Pool pagesarewebobjectswhich contain
the businesdogic describedn oneor moredataobjects.Thus
the pool pagesareusedto displaya setof similar dataobjects.
An XML configuratorcomponenis usedto interpretthe data
in the XML pagetemplatefiles. Theweb sener components
usedto presentheinformationin the pool pagego theuser

The representatiorof the pool pagesis decomposedrom
them. First, eachpool pageaggreyatesone or more userin-
terfacebuilder objects For instance for a purely web-based
applicationoneHTM_Bui | der is aggreyated.It is usedto con-
structHTML pagesusinga genericinterface. However, with
the sameinterfacewe could alsoarrangewidgetsor build tex-
tual representationd-inally, the concreterepresentatiostyle,
thatis, how pagesaredecoratedis definedin a page template
class

Considerthe simple example of an addresshook: The in-
ternallogic of the entriesof the addres$ook canbe storedin
onedataobjectperaddres®ookentry A pool pageaggrejates
themanddefinesthe logic of the collection. Moreover, a page
templateclassdefinesthe style of representationThe concrete
building of representationis thetargetedHTML formatis del-
egatedto anHTML builder object. If arequesis sentvia the
web browser thenthe pool pagedynamicallybuilds the page
in its responsiblaiserinterfacebuilderandtheresultingHTML
pageis givento theHTTP sener.

Note that the describedarchitectureis a combinationof a
template-basednd a constructve approachfor building web
applications.Partsof the pagedefinitionthatrequireconstruc-
tional definitionsaredefinedin the pool pageandits pagetem-
plate classmixin. In the associatedXML files we can de-
fine templatesof configurableandrepresentationdragments.
Moreover, the approachdecomposeshe representatiorstyle,
which appliesfor all pagesof oneor morepool pagesfrom the
constructiorof theinformationcontainedn a page.

We do not have to accesghe concreteuserinterfacesinter-
nals, but only usethe genericmethodsof the userinterface
builders. This way, pagesfor differentuserinterfacescanbe
built with almostthe samecode.
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Figure2: ArchitectureOvervien: PageTemplatesare Defined
asMixin Classesandin XML Files

4 XML-Based Page Template Files

XML-basedpagetemplatesreusedto encodeheconfigurable
data,pagecontent,andpagestyle informationof a web-based
applicationin agenericway. Theinformationcontainedn the
XML pagetemplatesare typically requiredto be changeable
andextensible. However, the informationshouldnot be com-
pletelyindependentrom therepresentatiorhut shouldcontain
viable representationaspectssuchascolor, position,etc. as
well. Thoseabstractepresentationaspectganbeusedby the
responsiblaiserinterfacebuilder componento achieve a con-
sistentlayout even in differentrepresentatiorstylesand user
interfaces.

XML is usedasadataformatfor pagetemplatefiles because
it is a simple, text-basedstandardwhich is readablefor hu-
manbeings.Efficientparserdor XML existandcanbereused.
XML canbe usedindependenthfrom concreterepresentation
formatsandstyles,thatmeanst is independenfrom the con-
creteHTML-basedrepresentatioon the weh Moreover, it is
languageandplatformneutral.

In a web applicationone or more XML files describethe
configurableelementsof a web page. FromtheseXML files
anabstractuserinterfaceindependentiew of the representa-
tional informationand the information containedn the pages
can be deduced. Moreover, sincethe XML file is a textual
representatiomf the information, presentedabelscanbe ex-
changed. This way, we can for instancedeal with applica-
tionsthatshouldsupportiabelsin multiple language®r which
shouldbechangeabladhocfor otherreasonsSinceit is quite
simpleto write customizedparserdor specialXML represen-
tations(see[13] for adiscussion)it is notintendecthathuman
editors— who are usually non-programmers- necessarilydo
have to changethe XML text itself. Insteadsimple GUI- or
web-baseckeditorscan be written, that allow for application-
specificediting of theinformationcontainedn the XML text.

To implementall pageforms, requiredby a typical web ap-
plication, several different pagetemplatetypesare necessary



Herewewill only discusgwo typicaltemplatesatemplatethat
represent& bundledkey/valuelist and a templatefor forms.
Otherusefultemplatesarefor example:frames,menuspption
list, navigationroutes etc.

41 XML Page Templates for Bundled

Key/ValuelLists

Pagetemplatedor bundledkey/valuelist area simpleform for
introducingconfigurationoptionsinto a web object. They rep-
resentalist of optionswith valuesthatcanbebundledtogether
say becausghey sharea commonpurposeor they belongto
the sameweb object. Typical option lists are usedto specify
configurationoptionsor to specifystrings,sothatlabelscanbe
changednthefly.

Eachgrouphasagroupnamewhichis definedasatop-level
XML node. Inside of eachgroupthe valuesare simply given
asXML elementslike:

<rating>
<0> Awful </0>
<1> K </ 1>
<2> Geat </2>
</rating>

Here,alist namedr at i ng is definedwith justthreeelements.
Each elementcontainsthe associatedabel string as value.
Thus,for instancethevalue0 is configuredwith the label Aw
ful . If userswantto exchangdabelsor ratings,they justhave
to changethe XML file.

At runtime(for instancewhenthe associateghool pageob-
ject is initialized) the information in the XML file is parsed
and mappedonto dynamicvariableslots. In XOTcL variable
slotsarelanguage-supportedh otherlanguagesuchasC++
or Java, we cansimulatethemwith simpletechniquesasfor in-
stancaliscussedh the PROTOTY PE-BASED OBJECT SYSTEM
pattern[14].

In the concreteXOTcL solution, we dynamically createa
new associated cL arrayon the pool pageobject.In theclient
we only usethe methodget Arr ayl nt oSel f from the XM.-
Conf i gur at or component:

Cl ass Result -superclass Pool Page
Result instproc init args {

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

}

In this simpleexamplearesultclassis created.n its construc-
torini t anassociatie array with the namerating is created
onthesel f object,which is the newly createdresultobject.
Thearrayis automaticallyfilled by the configuratomwith array
nameg, 1, and2, andwith the correspondingaluesfrom the
rati ng XML element.As lastargumentallist of requiredop-

tionsis given. Here,the applicationonly requiresthe value 0

becausét is usedasadefaultvalue.All othervaluesareappli-
cationindependenandcanbedefinedentirelyin the XML file.
For instance we may adda value 3 to the XML file. It then
would be automaticallyusedin thewebapplication.

4.2 Page Templatesfor Forms

As a secondsimple pagetemplateexample,we discussform

templateswhich resembleHTML forms. The datadefinedin

the XML forms shouldbe automaticallydefinedon eachdata
objectof apool pageandit shouldbe possibleto make the new

slotsautomaticallypersistentThe form definesanHTML-lik e
layout,but it is abstracenoughto be displayedn otherwidget
sets/useinterfacesaswell.

A simpleexampleis anaddresgorm:

<address net hod="get">
<name type="text" size="30"> Nane </nanme>
<emmil type="text" size="30"> Email </emil>
<address type="textarea" col s="50" rows="8">
Addr ess
</ addr ess>
</ addr ess>

In the example,we firstly definethe nameof the form astop-
level XML element.As anamgumentthe methodfor datasub-
missionof theform is defined.Here thedefault GET is usedfor
submittingdata,but someformsalsorequireuploadingof data.
This is handledwith the methodPOST. Afterwards,the form
elementsaredefinedwith optionalargumentsdefiningthetype
andlayoutof theusedform elementsAgain, thelabelsvisible
in theform aredefinedasXML elements.

In anaddresdist class,which hasaddresseasdataobjects,
atfirst, theaddressnputformis extracted.Thusanew objectis
createddynamicallywhich definesthe form. In a secondstep,
thedatafrom theform is extracted:

Cl ass AddressLi st -superclass Pool Page
AddressList instproc init args {

[sel f] set addresslnput Form\

[[self] set configurator] extractForm address]
set data [ Confi gFor m get Dat aFr onfForns \

[[self] set addresslnputForn] {name email}]

}

With get Dat aFr onfor ns alist of all dataelementsdefined
in the XML-basedtemplateis returned.Again, we areableto

definerequiredoptionsontheform data,like nane andeni | .

All otherdataelementsaredefinedon the dataobjectsasthey

arefoundin the XML file. The correspondinddTML forms
areautomaticallycreatedaccordingly For instanceto extend
the addresdist with phone data,the usersimply hasto add
this informationto thedefinitionin the XML file. To removea
dataelementjike addr ess or phone, it just hasto be deleted

from the XML definition. Afterwards,it is automaticallynot
displayedo theuserinterfacearnymore.



4.3 Extending the Page Template M echanism

In generaljt only requiresafew linesof codeto addnew types

of XML pagetemplatego the XML Configuratoror asubclass
of it. For instancelet us considerthe implementatiorof the

mappingof bundledkey/valuelists (aswe have discussedhem

above)to associatie arrays:

XM_.Confi gurator instproc getArraylntoSelf \
{co arraynanme {requiredOpts ""}} {
set p [self]::xm Parser
foreach topNode [$p info children] {
if {[$topNode content] $arraynanme} {
foreach child [$topNode info children] {
$co set ${arraynanme} ([ $child content]) \
[$child getFirstPCDat a]
}

}

}

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

error "Required option <$var> is mssing."

}

}

}

We canseethattheinterpretatiorof bundledkey/valuelists by
the XM_Conf i ugr at or is handledin a singlemethod.During
initialization, the XM_Conf i gur at or 's XML parserhasread
all XML templatefiles, sothatwe usetheseinformationlater
on. In anxoXML parser13], all XML nodesare childrenof
thexn Par ser object. Thus,we caniteratewith af or each
loop over the top nodesand checkwhetherit is the searched
arrayname. If it is found we simply createan array slot dy-
namically on the calling object (co) with the array nameof
the XML element.The PCDATA of the child is usedasarray
value. Finally, in a secondf or each loop, we checkwhether
all requireddatais there;otherwisewe raisea runtimeerror.

In asimilarfashionwe have alsoimplementedorms. Forms
build a form objectdynamically insteadof settinga dynamic
associatie array on the calling object. Someextensionsre-
quiremorethanoneXML elemento beparsedatonce.Forin-
stanceformswith optionslists areimplementedvith oneform
templateplus onearrayfor eachoption, definingthe option’s
values/labelsst.

4.4 Template Reloading

Up till now, the discussedemplateswvereloadedat initializa-

tion time of the web objects. However, this is no prerequisite
of using XML-based pagetemplates. Sinceall dataobjects
may be persistentobjects,it mustbe possibleto changethe

informationin the web objectsandtheir representatiorat ar-

bitrary times. Thus, it is possibleto changethe XML file and

thenreloadit into arunningapplication.End-usergandirectly

changeandenhancedhe applicationon basisof the XML def-

inition. Suchconfigurationandextensionstepscan,of course,
be handledby a GUI- or web-basedool.

Templatereloadingcan also be handledautomatically For
example,in TcL we canfind outthelastmodificationtime of a
filewithfil e nti me. Thuswecanreloadamodifiedtemplate
directly after a file changesand then dynamicallyupdatethe
application.

However, sincepagetemplatesare allowed to be modified
quite freely (exceptfor requiredinformation), we have to de-
fine how to dealwith addedor removedinformationin the per
sistentdata. Usually, whennew informationis added,it sim-
ply defaultsto anemptystring on alreadyexisting dataobject.
Sometimesapplicationcasesnayrequireusto changethis be-
havior. For remaoving information, we can eitheriterate over
the existing informationanddeleteall occurrencesThis strat-
egy savesmemory but it doesnot allow for recreationof the
information, onceit is removed. For someapplicationit may
be beneficialto keepremovedinformationinvisible to theuser
in the dataobjects.Therefore for removing andfor addingin-
formationtheapplicationprogrammemaychangeor extended
the default behaior eitherin the definition of the templateor
afterreloading.

5 BusinessLogicin Pool Pages

The businesdogic is encapsulateih pool pages. Eachpool
pageis a web object, thatis, it inheritsfrom the WebQbj ect
classof the Actiwes framewvork. With theinheritedmethods
from WebQbj ect it canrepresenttself to thewebandcanbe
accessewvith anURL. In otherwords,thewebsener displays
a setof coupledweb pagesper pool object. Usually, eachex-
portedmethodof awebobjectis responsibldor displayingone
page.In Actiwes we usethe standardorm of URL encoding
for distributedcallsto webobjects:
http://host: port/object Namre+met hodName+ar gl+. .
For instance,if we want to accesshe methodaddNane on
the objectnanes. ht nl with the agumentAnni e on a host
www. names. or g, we would usethefollowing URL e.g.in the
webbrowser:

http://ww. nanes. or g/ names. ht ml +addNane+Anni e
Eachobjectmay have a methoddef aul t which is automati-
cally called,if nomethodnameis provided.

+ar gN

In AcTiwes dispatchingpf remotecallsis handledby aplace
whichintegrategheweb-serer. We have to definein theplace
which web objectsare exported. For eachweb objectwe can
additionally define which methodsare exported. Only those
methodsof the exportedobjectscanbe accessedemotely In
Figure 3 we canseethatin generalall pagesareaccessedia
the places Invoker componentwhich actsasa SERVICE AB-
STRACTION LAYER [18]. It indirectsthe callsto the responsi-
ble pool pagesvith aMESSAGE REDIRECTOR [6] architecture.
The pool pagesoperateon their dataobjectandreturnthe re-
sultto thelnvoker. The Invoker handlesall central,call-related
concernsasfor instancesecurityor authenticatiorof web ob-
jects.
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5.1 Data Objects

Eachpool pagemay containoneor moredataobjects.If only
oneobjecthasto berepresentetb the web, the pool pageob-
ject may also be a dataobject (e.g. with mulitple inheritance
from the dataobjectand pool pageclasses).But most often
morethanoneobjectwith the sameor a similar webrepresen-
tationhave to bedisplayed.Thenwe candecomposénto pool
pageandassociatediataobjects.

Sincemary dataobjectsrequire persistenceof the stored
data, the most prominenttask of the data object classis to
handlethe connectionto the persistencestore. Persistencén
AcTIWEB is handledransparentlyor the persistentvebobject
andits clients. This way, the datawhich is importedfrom the
XML-basedtemplatefiles is dynamicallycreatedon the data
objectsand definedas persistentdata. The dataobject class
containsmethoddor initializing, setting,andgettingthelist of
persistentariableson its instances.The classmaintainsa list
of currently persistentvariableson the instanceswhich may
be changedlynamicallyaswell. Thelist canbeaccesseffom
eachinstance.Therefore persistentiataof a web objectmay
bearbitrarily changedat runtime,e.g.by templatereloading.

As we have seen,the methodget Dat aFr onFor ns of the
XM_Conf i gur at or componentreturnsthe list of datain an
XML form pagetemplate.Thisway, we canautomaticallyfind
out, which dataelementsare definedin the XML-basedtem-
platedefinition. In the default case a pool pagemay initialize
its dataobjectclasswith the persistentlatafrom all its forms:

set pdata [ Confi gFor m get Dat aFr onfForns \
[[sel f] set addressFornm] {name email}]
Dat aCbj ect set Persi stent Data Address $pdata

Here, the datafrom the addr essFor mis retrieved. After-
wards,we definethe persistentdatafor the Addr ess classas
theresult(pdat a) of theget Dat aFr onfor s operation.

5.2 User Interface Builder

An importantpartof building awebrepresentatioareuserin-
terfacebuilders. They areusedto translateheuserinterfacein-
dependentepresentatiomhich canbe deducedrom the page
templatefiles/classednto a concreteuserinterfacerepresenta
tion. In the presentedramework, the userinterfacebuilder are
relying on an abstractsubsetof HTML becauséHTML is the
primary userinterfaceusedin thedomainof webapplications.
It is relatively straightforvard to mapthe calls to the HTM.-
Bui | der to otheruserinterfaces suchaswidgetsets. There-
fore, clientsusean abstractinterfaceof the classul Bui | der
from which specialinterfacesarederived, like anHTML and
anTK builder:

Cl ass Ul Bui |l der
Cl ass HTM.Bui | der -supercl ass Ul Buil der
Cl ass TKBui | der -superclass U Buil der

The specialuserinterfacebuildershave to implementthe used
subsetn thetargeteduserinterface.Moreover, they shoulddis-
play the pool pagesaccordingto the layout information con-
tainedin 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 representationsgg simpler, reducedinter-

facecanbe provided, sincenot all capabilitiesof the HTML

subsetrefully supported.

In the builder classesa methodc! ear cleansup thebuilder
object. In the HTML builder a methodt oSt ri ng returnsa
string-basedepresentationf HTML text. Similarly, otheruser
interfacetypes may contain other finalization methodsto re-
trieve theresult.

For eachelementX of the userinterfacewe usually have
a start X and endX methodin the builder classes. For in-
stancetherearest art Document andendDocunent methods
to start/enda new document. The optional configurationof
suchelementds givenby “-” argumentsasfor instancet i -
t | e for thewholedocument.For simpleelementslik e text or
tablecells,thereis alsoa methodaddX, which allows for com-
bining start,contentandendof anuserinterfaceelementwith
onemethodcall.

As a simpleexamplewe build upanHTML pagein the ob-
jectui for displayinga name.After building the HTML page
in the memoryit is simply written to the standardutputwith
puts:

set nanme "Annie"

Ht m Bui | der ui

ui startDocunent -title "Annie’'s Nane"
ui start Paragraph

ui addString "Nanme: $nane"

ui endPar agr aph

ui endDocunent

puts [ui toString]



Here,we seethatit is quite easyto exchangethe userinterface
to anothettype of interfaceby justchangingtheclassof theui
object. We would only have to changethe finalizationmethod
t oSt ri ng to thefinalizationmethodof the otheruserinterface
(like startinganeventloop and/orrefreshfor awidgetset).

Sometimespplicationgequiremorethanoneuserinterface
at once. For instance,in the processof reengineerindegacy
applicationto the web, the old interface shouldoften be still
supportecaswell. In sucha casewe canwrite a userinterface
builderasawrapperfor theold interfaceandstepwisemovethe
oldinterfaceto thatbuilder. In asecondstepwe cansupporthe
secondweb-basednterfaceaswell. Thuswe have to support
building of multiple userinterfacesfor a singlepool page.

Usually a pool pageaggreyatesits userinterface builders.
XOTcL providesan aggrejationfacility with introspectionof
children. Moreover, we candynamicallyintrospecthetype of
anobject. Thus,we caniterateover all childrenandbuild the
userinterfaceon all childrenwith thetype Ul Bui | der :

foreach uiGbj [[self] info children] {
if {[$ui Cbj isType U Builder]} {
$ui Obj startDocument -title $title

# build up docunent

$U| bj endDocunent
}
}

# call finalization routines of each U

6 Page Template Classes

Someaspectsof a pagetemplatecannotbe sufficiently de-
scribedby the purely descriptve elementsof an XML page
template. Behavioral elementswhich areindependenbf the
businesdogic, haveto beimposedonthepool pagesA simple
exampleis a presentatiorstyle which hasto be build with the
methodf theuserinterfacebuilder classesThosebehaioral
pagetemplatesaredefinedby pagetemplateclassesPagetem-
plate classesare usually mixed-in as a perclassmixin to the
pool page.

Perclassmixins areclassesvhich aremixedinto the prece-
denceorder of all instancesof a classand its sub-classes.
They are a speciallanguageconstructof XOTcL, which sup-
plementmultiple inheritanceby introducingextrinsic concerns
co-existingwith theinstancesheritageorder Sincemixinscan
be usedasdynamicalrolesof a class,we canusethemto de-
scribetherepresentatiostyle of a classof webobjectsin ade-
composedvay. Perclassmixins aredynamicallychangeable
atruntime.

It is notintendedthattheend-usehasto write thepagetem-
plate classesbut they can be written by programmersonce

andthen be usedby a usertool also dealingwith the XML-
basedpagetemplates. Then class-basegagetemplatesare
ratherusedasstyleswhich dynamicallydecoratehe pool page
classes. Note that XOTcL also supportsperobject mixins,
which extendasingleobjectwith anextrinsic classjn thesame
way asperclassmixins extendall instancesf a classandits
sub-classesTherefore a behaioral pagetemplatecanalsobe
imposedperobject,if necessary

We usepagetemplateclasse$n mostcasego definethegen-
erallayoutof asetof pool pages For instancewe may collec-
tively definefor asetof objectshow pageconstructioris started
andended:

MyPageTenpl ate instproc startPage {title builder} {

[[self] place] instvar {opts(logo) |ogo}
set ui Obj [$builder newchild]
$ui Obj startDocurment -title "MyPages: $title"

if {[info exists logo]} {
[self]::htm addlnege -src "$l ogo" -align niddle
}

}
MyPageTenpl at e i nstproc endPage {} {
foreach uiOj [[self] info children] {
if {[$ui Obj isType U Builder]} {
[sel f] addFooter $ui Qoj
$ui bj endDocunent
}
}
}

Here, two methodsst art Page and endPage are defined.
st ar t Page firstly buildsanew objectof typeui bui | der asa
child with anautomaticallycreatedhame. Thenthe document
is startedwith a customizeditle. A logo is added,if it was
definedonthearrayopt s from the correspondingKML-based
pagetemplatefile. In endPage all userinterfaceobjectsgeta
footerandthenthedocumenendis added.

7 An Application Case: A Conference
M anagement System

Considera conferencemanagemensystemas a simple, but

non-trivial, exampleof an interactive, web-basedapplication.
The systemprovides pagesfor abstractand papersubmission
for the authors. Refereescanthenvote for the paperswhich

they wantto referee. After finishing the voting period,a con-

ferencechairis ableto assignrefereego the paper Now the

refereeanustbe providedwith a pagewherethey canseethe

dataof their papersanddownloadthem. After refereeinghey

mustbe ableto enterthe datavia a webform. Finally the con-

ferencechairrequiresa centralpagefor reviewing all results.

Oblviously a conferencenanagemergystemmustbe highly
configurableandextensible:submissiorprocessesf different
conferencesre usually not exactly the same, different con-
ferencesrequiredifferent presentatiorforms of differentdata



elementsandthe pagesshouldbe presentedvith the confer
encelogo, style,andothervisualproperties Someof thepages
have to be accesgrotected:the refereepagesshouldonly be

merely commentdo the author somerequirea commentfor
eachreview element.Again, the necessaryext areascansim-
ply be composeddy the conferencechair in the XML-based

accessetby the assignedeferee the conferencananagement template.

pageonly by the conferencechair It cannotbe expectedthat
eachconferencechairis anexpertin programmingweb appli-
cations.Thusend-usershouldbeableto make simplechanges,
like addingpropertieso formsor changingthelogo, by them-
seles.

In Figure4 we canseehow the architectureof pool pages
anddataobjectsin the conferencananagemergystemis con-
structedfrom the architecturepresented.First a specialpage
templateclassfor the conferences derived. It retrievesin-
formation, like logo, backgrounctolor, conferencename,etc.
fromtheXML pagetemplateandbuildsupaHTML pagestyle
for all conferencgpagesit usesheaggreyatedHTML userin-
terfacebuilder object. Thusit canalsobe usedwith otherrep-
resentationsn the future. The Conf PageTenpl at e is mixed
ontoall pool pages.

Eachpool pagehasa setof differentviews ontoits dataob-
jects.In generaleachHTML view is encapsulateth amethod
of the pool page. E.g. the Subni ssi onPool hasmethodfor
listing the papers,editing the papers deletingthe papersac-
knowledgemenbof receiptvia email,andfor sendingheresults
of the review process.If necessarythe nameof the targeted
dataobjectis givenasanargumentto thesemethod sothatthe
pool pagecanretrieve the datafrom it or manipulatat accord-
ingly.

The submissiompool pageis accesgrotectedvia HTTP ba-
sic authentication(in AcTiWee digestauthenticationcan be
usedaswell, if necessary)Thusit canonly be accesdy the
conferencechair The Subni ssi onPage is usedasa not ac-
cessprotectedview on the Subni ssi onPool . It offers only
theabstraceindpapersubmissiorpagesvisible to theauthors.

Similarly therefereepool associatesall refereedataobjects.
It canonly be accessedy the conferencechair The referee
pagesareaccessontrolledviews, which allow the refereedo
downloadthe papersandsubmittheir reviews. Eachrefereeis
automaticallyinformedwith an email abouther/hispageand
ID/passvord. The conferencepageclassis a pool for review
results,but it is alsoa dataobject. Sincethereis only onecon-
ferencepagewith uniquedatain the application,it makesno
sensdo divide the conferencepageinto pool anddataobject.
Thereforethe conferenceageis a dataobjectaswell.

All forms and dataobjectsare given in XML-based page
templatesvhich caneasilybe customizedor differentconfer
encesOnly afew valuesarerequireddefinitelyby theapplica-
tion atruntimeandthe applicationraisesanerrorat the startup
time, if they aremissing.For instancegachreview resultmust
have atleastadefaultvalueandonemarkfor thedefaultvalue.
How mary othermarksarethereandhow they arelabeledcan
bechangecdntirelyin the XML file. Anotherpartof thereview
form arecommentf thereviewers:someconferencesequire

Simple style information of the class-basedemplate,like
logo andbackgroundcolor, arealsoencodedn XML format.
Suchstyle changesare sufiicient for presentingnary confer
ence. For more sophisticateehaioral changesa new style
classhasto beimplemented.

8 Conclusion

In this papewe have presenteé concisearchitectureghatdeals
with mary problemswhich we canidentify in today’s interac-
tive web applications.The approactbaseson dynamicgener

ationof contentfrom pagetemplateswhich conceptuallyinte-

gratetemplate-basedndconstructve ideasof webapplication
development.Someprominentbenefitsare:

e Multiple Channels The architecturecontainsa SERVICE
ABSTRACTION LAYER [18] architecture. In the web
sener newv channeladaptersnay be integratedto access
the servicesin the pool pages.The servicesareaccessed
by the centralMESSAGE REDIRECTOR [6] of the AcTi-
Wes frameawork. This indirection,for instance allows us
to export only certainmethodsof certainobjects. And
it allows for corvenientlyimplementingauthenticatiorof
certainwebobjects.

e Multiple RepesentationsThe abstractiorinto userinter-
facebuilders gives us the opportunityto rapidly support
multiple differentuserinterfaces. Only the specificsof
eachuserinterfacehave to be programmedy hand.

e Sepaationof Concerns Abstractiondor specificsof con-
tent,styles,andchannelsareprovided. They canbegiven
in declaratve and behaioral fashion. Thereis an archi-
tectural model for integrating both fashions. However,
the concernscanbe cleanly separatedhroughhigh-level
object-orientedabstractionsn the class-basegagetem-
plate fragmentsand throughdifferent XML elementsin
the XML-basedpagetemplatefragments.

e RuntimeGeneation: All generationadspectarehandled
atruntime. Therefore theimportantissuesof introducing
changesnto arunningprogramis supportedy thearchi-
tecturealmostwithout additionalprogrammingeffort.

e Legacy Integration & Wrapping The conceptpresented
is especiallywell-suitedfor integration and wrappingof
legagy applicationsnto theweh Legagy servicescanbe
integratedas pool pages.Old accesforms/channelgan
still be supportedOr they canevenbe migratedto thear
chitecturepresentedby supportinga userinterfacebuilder
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anda channeladapteffor the old channelandrepresenta-
tion.

End-UserChangs End-usersareable,possiblywith tool

support,to configureand extendthe applicationdirectly.

Suchtoolscanintrospecthe parsedXML filesor thecur-

rent pagetemplatemixins. In XOTcL suchintrospection
optionsareprovidedby thelanguageThus,end-usetools

canquickly be written (with very similar codeasin the
pool pages/XMLconfigurator).However, the approachis

still programmabldy expertprogrammersvithoutreduc-
ing theeaseof end-usechanges.

Language Supportfor High-Level Programming Many
tasksfulfilled by our architectureare directly language
supportedin XOTcL. For instance,languagedynamics
andintrospectiorallow for rapid changeabilitynew com-
ponentscan be dynamicallyloadedinto the system,dy-
namic slots for refining dataobjectson the fly are sup-
ported,mixinsallow for combiningof pagetemplatesvith
givenpool pageclassestheintegrateXML parsercompo-
nentletsustreatXML text asa dynamicobjectaggreya-
tion tree,andpersistencservicedet usmake dataobjects
transparentlypersistentlt requiresacertainprogramming
effort to supportthoselanguageelementsn mary other
languages. However, with patterns,like PROTOTY PE-
BASED OBJECT SYSTEM [14], MESSAGE REDIRECTOR
[6], OBJECT SYSTEM LAYER [5], or Type Object[8],
suchtaskscanusuallybe programmedn a few hundred

or CGl scripts. Thus,resultingapplicationamay be more
comple for very smalltasks. For largertasks,the com-
plexity of the simplermodelsusuallygrows exponentially
higher, e.g.becaus®f cut-and-pasteodeandmissingin-

tegrationmodels.

RolustnessTheapproactproposes singleor afew run-
ning processesMeasuredor reachinghigherrobustness
andfailure safetycurrentlyhave to implementedy hand.

CommonUser Interface Denominator Our approach
allows for using different user interface/channehccess
models.This makesespeciallysensdor bringingalegacg/
applicationto the web without changingits old interface.
But, if the userinterface builders are usedexclusively,
the userinterfacesare reducedto the commondenomi-
nator definedin the abstractuserinterface builder. Of
coursegertainuserinterfacebuildersmayalsoignorecer
tain formattinginstructions,say like a WML userinter
facebuilderthatcannotfully supportheHTML subset.

The architecturds implementedn XOTcL with ACTIWEB.
Both are availablefrom ht t p: / / www. xot cl . org. The pre-
sentedconferencananagemeragxamplewill soonbe available
aswell. The systemwasusedfor the OOSS’00and ASE’'01
conferences.

lines of codein almostary procedurabr object-oriented Refer ences

language. Thus, our architecturebenefitsfrom the used
languageconstructsbut it doesnotrely ontheirpresence.

Of coursewe canalsoidentify a few liabilities for thegiven

architecture:

e Performance Somemore low-level approachesnay of-
fer abetterperformancesincethey avoid theindirections
involvedin thearchitecture.

e Compleity: The complexity of the approachis higher
thensimplearchitecturesljik e template-basedpproaches
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