Architectural Issues and Solutions in the Development of
Data-Intensive Web Applications

S. Ceri, P.Fraternali

Dipartimento di Elettronica,
Politecnico di Milano, P.za L. Da Vinci 32,
20123 Milano Italy

Abstract

A data—intensiv&Veb applicationis a Web-enabled
softwaresystemfor the publicationandmanagement
of large datacollections,typically storedin one or
more databasenanagemensystems Data-intensive
Web applicationsconstitutethe most diffused class
of applicationsfound on the Web today, and their
industrial relevanceis an establishedfact. As a
consequencean intense technical and scientific
debateis ongoing on the various aspectsof their
implementation, especially on the software
architecturesand designprocessbestsuitedto cope
with the peculiar aspectsof a data-intensiveWeb
application.

Theideal softwareprocesshouldmeettwo possibly
competing goals: 1) capturing the application
requirementsn aformal way, soto incorporatehem
in the developmentifecycle andderivethe software
directly from the functional requirements; 2)
delivering a software architecturethat meets the
non-functional requirements of performance,
security,scalability,availability, andmaintainability.
Such process should also be amenable to
automation, to let developers concentrate on
functional requirements and optimization, and
delegate the repetitive tasks to software tools.

The goal of this paperis to reporton an experience
of applyinga novelsoftwaredevelopmenprocesso
data-intensiveNeb applications,and to discussthe
problems,designchoices,and trade-offsthat led to
the conception of WebRatio, an innovative
technology for Web application development.

1 Introduction

Data-intensiveWeb applicationsare the predominantind
of applicationsfound on the Web, and therefore their
effective specification, design, implementation, and
maintenances crucial; severalarchitecturesdesigntools,
andimplementatiorpracticesare being developedo better
serve their needs. In particular, this paper focuseson
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WebRatio, a software tool representativeof a particular
approachto the developmentof Web applications,called
the “model-drivenapproach”,which claims that more and
more effort should be spenton the applicationmodeling,
and re-usableimplementationsshould be automaticallyor
semi-automatically produced from high-level models.

The distinguishingfeature of WebRatio[WebRatio02]is

the adoption of formal graphical languages for the

specificationof dataintensive Web applications,and the

semi-automatigeneratiorof codefrom suchspecifications.
Web applications are specified using the Entity-

Relationship(ER) modelfor the datarequirementsandthe

Web Modelling Language(WebML) [CF+02, WebML02]

for the functional requirements.

The supportedER modelis quite conventionalwith a few

limitations that makethe ER schemaeasierto map onto a

standardrelational schema;this standardschemais then

usedby the WebRatioimplementatioraseitherthe schema
of a newly designed database supporting the Web

application,or as a referencefor mappingto pre-existing
data sources.

WebML is a visual language for expressing the
hypertextuafront-endof a data-intensivéVeb application,
i.e., the interfaces presentedto the users for content
browsingandmanagementWWebML includesprimitives for
modelling such aspects as:

The structuring of the applicationinto different
hypertexts(called site views) targetedto different
user groups or access devices.

The hierarchicalorganizationof a site view into
areas.

The pagesthat constitute the actual application
interface the contentunits containedn eachpage,
with their relationshipto the elementsof the data
model (entities and relationship)

The operationsand servicesthat can be activated
from the application pages.
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Figure 1 - Example of WebML page specification

The links that connectpages,content units, and
operations to provide users with suitable
interactionson the browsers(e.g., anchors,radio
buttons, forms for data entry).

Session-level information and personalization
aspects.

Figure 1 showsan exampleof WebML hypertextdiagram,
in which pageare representes white rectanglesunits as
labelled icons inside pages,and links as arrows between
pages or units.

Themodelof Figurel represents real pagetakenfrom the
ACM Digital library Web site, which displaysthe detailsof
an ACM TODS volume (Figure 2). The pageincludesa
data unit (Volume Data) constructedon entity Volume,
which displaysthe detail of a TODS volume selectedn a
previouspage,asindicateby the link pointing to the unit,
which implicitly transports the identifier of the volume.

The dataunit is associatedy a transportlink (shownasa
dashedarrow) to a hierarchicalindex unit, which displays
the volume issues and papers.

The hierarchicalindex unit receivesfrom the dataunit the
identifier of the volume, and constructsthe hierarchy of

issuesandpapersausingthe entitieslssueandPaperandthe

relationship VolumeTolssue and IssueToPaper. The
outgoinglink from the index unit pointsto a separatgpage
(not shownin Figure2), wherethe detailsof the paperare
published.The pagealso containsan entry unit, whereby
the usercaninsertsearchkeywords,to be matchedagainst
the volume papers.

A WebML specificationmay alsocontainoperationsyhich
are services callable from within pages,which execute
someprocessingand then display a result page. WebML

offers several built-in operations,and a mechanismfor
adding user-defined content units and operations.

The WebRatiodevelopmenarchitecturencludesa graphic
interface for editing ER and WebML schemas,and
customisable code generators for transforming ER
specificationsnto relationaltable definitionsfor any JDBC
or ODBC compliant data source, and WebML
specificationsinto page templatesfor the Java2EEand
.NET architectures.

The designof the WebRatiodevelopmenprocessandtools
hasfaceda numberof challengesijn part inherentto any
CASE environmentjn part specificof the Web application
development context.

The codegeneratoshouldbe basedon a modular
software architecture,where each aspectof the
application logic is as isolated as possible. In
particular, the presentation,business,and data
extractionand manipulationlogic should remain
separated and be independently evolvable.

The part of the presentationdealing with the
graphical aspectsof the pages(like the overall
pagelayout, static texts and images,CSS styles,
and so on) and client-side processinglike input
validation) should be factored out of the code
generation process, and editable by a non-
technical graphic designer.

The data extraction and manipulation queries
shouldalsobe factoredout of the codegeneration
processandfrom theimplementatiorcode,sothat
the data expert should be able to override the
system-generataglieries bothin the designstage
and after the application is deployed.
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The designand code generationprocessshould
scaleto thousand®f dynamicpagetemplatesand
hundredof thousandsdatabasegueries.In these
contexts,applying presentatiorstyles and client-

side logic to page templates manually is

unfeasible,and thesefeaturesshould be applied
automatically in a bulk manner.

The generatedcode should perform and scale
well, and comply with the requirementsof Web
cachingarchitecturesespeciallythosefor caching
dynamic page templates.

In the remainderof this paper,we addresseachof these
problemsandthe solutionadoptedn WebRatio;the design
principlesthatwill be discussedreindeedvery generalas
they apply to arbitrarily designed Web applications

The preparationand execution of the database
queriesor componentcalls necessarnyto retrieve
content or execute operations.

The generationof the dynamic part of the page
from the database content.

In the template-basedapproach,each client requestis
addressedb onepagetemplate which accomplishesll the
functions required for building the response,possibly
interacting with business components.

The template-basedpproachis simple to master,because
of the one-to-onemappingbetweenpagesand templates,
but suffersfrom severalproblemsthat makeit impractical
for large applications:

1. The source code of the page template is

(including those which are manually coded) and to any Web overloadedwith too many functions, which are

developmentenvironment supporting a clear separation

between data extraction, business logic, and presentation.

2 Software Architecture for data-intensive
Web Applications

The simplestway of organizingthe architectureof a data-
intensiveWeb applicationgoesunderthe denominationof
template-basedapproach. Each page of the application
that publishesdynamic contentis mappedto one page
template which includesthe staticmarkupof the pageand
serverside scripting instructions,which typically perform
three tasks:

The decoding of the parametersof the HTTP
request.

heterogeneousn nature (requestdecoding, data
extraction,interactionwith businesdogic, markup
generation).

2. The control logic is scattered through the templates

and hard-wired; eachtemplateembedsthe URLs
pointing to the other templatescallable from that
page, and thus any change in the hypertext
topology or control logic of operations(e.qg., to
which pageredirectthe userin caseof operation
failure) requiresinterventionon the code of the
template.

3. Functions embeddedinside templates are not
reusable in other templates.

4. If server-sidescriptinglanguagesare used,source
codemaintenanceés problematic,becauseHTML
markup is mixed with programming instructions.
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5. Many presentationaspectsare hardwiredto the
source code of the template,both in the static
HTML and in the programminginstructionsfor
building the dynamic content.

Theseproblemsarein partalleviatedby the useof server-

side tags instead of server-sidescripting languages,as

advocatedby the JSP 1.1 and ASP.NET architecturesA

server side tag is an XML tag insertedinto the page
template, which hides the presenceof a server-side
componenffor dynamically producingcontent.The use of

server-sidetags cleansup the page templatefrom most
server-sidescripting instructions,making the sourcecode
more easily editable by the graphic designer, and

encapsulateinto tags frequently used functions, like the

productionof markupfrom theresultsetsof queriesandthe

validationof userinput, into componentshatcanbereused
in multiple templatesHowever,server-sideagsare not a

panaceathe global controllogic of the applicationremains
hard wired to the templatesand server-sidetags still mix

the presentation and data extraction logic.

An improvementto the template-basedarchitecture is

grantedby the so-calledpresentation frameworks, which

are software architecturesthat apply to the presentation
layer of Web applicationsthe soundesidesignpatternsof

modern software engineering.One of the most powerful

presentationframeworks is the so-called Model-View-
Controller (MVC for short). The MVC is conceivedto

betterseparateand insulatethe three essentiafunctionsof

an interactive application:

The business logic of the applicatidghg Mode).
The interface presented to the usbe (Viey.

The control of the interaction triggered by the
user's actionglfe Controlle}.

In the MVC architecturethe computationis activatedby a
user'srequestfor somecontentor service.The requestis
interceptedby the Controller, which is responsible of
decidingwhich actionshouldbe performedfor servicingit.
The Controller dispatchesthe request,in the form of a
“request for action”, to the suitable componentof the
Model. The Model incorporatesthe businesslogic for
performing the action, and executessuch logic, which
updateghe stateof the applicationand producesa resultto
be communicatedto the user. The changein the Model
triggers the most appropriate View, which builds the
presentationof the response.Such presentationtypically
embodiednteractionobjects,wherebythe usermay posea
new request and reactivate the computation process.

In the Web context, the original MVC is adaptedto take
into accountthe peculiarity of HTTP as a client-server
protocol. Figure 3 shows the adaptationof the classical
MVC architectureto the Web context, using Java as a
referenceplatform. The illustrated schemeis sometimes
calledMVC 2 architecture

Theemitterof servicerequestsn the MVC 2 architectures
the Web browser.When the userclicks on a hyperlink in
the HTML page,an HTTP requestsis addressedo the
HTTP server,which may routeit to the servletcontainer,
wherea programactingasthe Controllerinterceptsit. The
Controllerdecidesthe courseof actionnecessaryo service
each request. The possible actions are containedin the
Model in the form of object-oriented components
(sometimegalledaction classey The Controllermapsthe

HTTP request to the suitable action, by creating an object of

the action class and calling one of its functions.

Each action classis a Java class wrapping a particular
application function, operating on the state of the
application. Example of actionscould be executionof a
databasejuery,the sendingof e-mail, or the authentication
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Figure 4 - Mapping WebML concepts to the MVC architecture

of the user. If the invoked action needs to update the state tiér, 3) a JSSPtemplatein the View, and 4) a pageaction

the application,it may createor modify appropriateobjects
of the Model, calledstate objects which representhe state
of the application. State objects may last just the time

needed for servicing the request, or persist between
consecutiveequestsfor example they may storethe result
of a dataretrieval query, or the trolley items of the user.
After completion,the actioncommunicateshe outcomeof

execution to the Controller, which decides what to do next.

In the typical flow of control of a Web MVC application,
afteranactioncompletesthe Controllerinvokesa JSPpage
template,which is part of the View. The JSPtemplateis
responsible of presenting the updated state of the
applicationto the user;for doing so, it accesseshe state
objects of the Model, where the current state of the
applicationis stored,and builds the HTML page,which is
sentbackto the browser.Examplesof views built afterthe
executionof anactioncouldbethedisplayof theresultof a
databasejuery, the notification that e-mail has beensent,
andthe homepageof the Web siteafterthe successfulogin
of the user.

3 The MVC architecture of WebRatio

WebRatioadoptsan MV C-basedorganizationjn which the
componentproducedy the codegeneratordit into awell-
establishedframework. The key aspectof the WebRatio
architecture is the mapping of the various hypertext
primitives of WebML (pagescontentunits,andoperations)
into the boxesof the MVC 2 architecture This mappingis
schematically illustrated in Figure 4

Each WebML page is mappedinto four elements:1) a
pageactionin the Model, 2) a pageservicein the business

mappingin the Controller's configuration file.

The page action is an instanceof an action class:it
extractsthe input from the HTTP requestand calls the
page service in the businesstier, passingto it the
neededparametersWhen the invoked page service
terminates,the page action notifies the Controller of
the outcome of page computation.

The pageserviceis a businesgunction supportingthe

computationof a page.It exposesa single function

computePage() ,invokedto carryoutthe parameter
propagationand unit computationprocess.The page
serviceupdatesthe stateobjectsin the Model: at the

end of the pageservice execution,all the JavaBeans
storing the result of the dataretrieval queriesof the

page units (called unit beang are available to the

View.

The page template in the view computesthe HTML
pageto be sentto the user,basedon the contentof the
Model. The pagetemplatecontainsthe static HTML
neededto define the layout where the units are
positioned, and custom tags implementing the
rendition of WebML units.

The action mapping is a declarationplaced in the

Controller's configuration file that ties togetherthe
user's request, the page action, and the page view.

Each WebML unit maps into two componentsof the
MVC2 architecturea unit servicein the businesdayer,and
a customtag in the View. Note that units do not contribute
actionsin the Model, becausethe Controller knows only



Generic

Unit Unit Unit unit service
service 1 service 2 service N
N O L. U
SQL query 1 SQL query 2 SQL query N
/O parameters 1 I/0 parameters 2 I/0 parameters N Unit descriptor:
SQL query

1/0 parameters

Figure 5 - Unit-level services versus generic unit service plus descriptor

aboutpagesandis unawareof the units containedn them,
which are not exposed as individually callable actions.

A unit serviceis a Javaclasswhichis responsible
for computingthe unit's contentand producinga
collection of unit beans which are JavaBeans
objects belonging to the Model, holding the
contentof eachunit. The classencapsulateshe
instructionsneededto assemblehe dataretrieval
query, executeit, and packagethe results into
suitable unit beans.

In the View, contentunits map to custom tags

transformingthe contentstoredin the unit beans
into HTML. Suchtagscouldbe generictagstaken
from a standardaglibrary, or WebML-awaretags,
defined on purpose to match the features of

WebML units.

EachWebML or user-defined operation mapsinto two

component®f the MVC2 architecturean operationservice
in the businesslayer, and an action mapping in the

Controller'sconfigurationfile, which dictatesthe flow of

control after the operationis executedNote thatoperations
do not contributetemplatesto the View, becausehey do

not directly display content.

The MVC2 architectureof WebRatiosolvestwo of the key
issues of template-based architectures:

It factors out of the pagetemplatesthe control
logic, which is centralized in the Controller's
configuration file.

It separategpresentatiorfrom businesslogic, by
associatinghe former to the View templatesand
the latter to the Model and business classes.

In particular, changing the businesslogic and the data
retrieval logic no longer impacts the building of the
dynamicmarkup,as long as the objectsusedto represent

the application state in the Model maintain their interface.

4 Scaling the software architecture to large
applications

The MVC architectureis a big step forwards in the
direction of facilitating the maintenanceof data-intensive
Web applications.However, when the applicationis very
large,the MVC architecturedoesnot alleviatethe problems
associated with the size of the application:

» Every unit and operation requires a dedicated

servicein the business tier. If units are many, a very

large number of servicesmust be developedand
maintained.All the servicesof individual units of

the samekind (for instance,index units or create
units) arevery similar, becausehey differ only for

the detailsof the dataretrievalor updatequery,and
possiblyfor the propertiesof the databeanstoring
the query result. However, this similarity is not
exploitedto reducethe amountof codeto build and
maintain.

» Everypagerequiresa distinct pageservice These
servicesare numerousandall similar, becausehey
differ only for the parametersfetched from the
HTTP requestand for the sequencen which unit
servicesare invoked, and parametersare passed
from one query to anotherone. Again, similarities
are not factored out.

« The business services are implemented as
programs executedinside the servlet container.
It would be moreappropriatedo implementthemas
full-fledged business componentsliving in the
application server, using a distributed object
technology like Enterprise JavaBeans.

« Thelook andfeel of the applicationis hardwired
to the JSP templates Changingthe presentation
style requires manual intervention on a large
numberof files. For example,updatingthe graphic
style of all index units, for instance adding a
mouse-ovedavaScripeffect, requireslocatingand
manually updating the relevant mark-up in all
pages.

To avoid the proliferation of page and unit services,
WebRatio exploits genericity a classical principle of
software design. Unit services can be re-organised
according to the pattern shown in Figure 5.



Servlet container

i Configuration |
| file i

-

Controller
(Servlet)

HTTP

Application server

Model

Business logic
(Enterprise Java Beans)
Action

classes Page EJBs

Unit EJBs

—»

request

HTTP
server

Client
(Browser)

[————
HTTP
response

View
(JSP with Java
tags)

-

/

l Operation EJBs
State object .
i i I Data tier

(JavaBeans)

Figure 6 - The MVC 2 architecture embedded in the application server architecture

For eachtype of unit, a single genericserviceis designed,
which factors out the commonalities of unit-specific
services.This genericserviceis parametricwith respectto

the featuresof individual units, like the SQL query to

perform, the input parametersof such a query, and the

propertiesof the output databeanproducedby the query.
The unit-specificinformationcanbe storedin a descriptor

file, for instancewritten in XML, used at runtime to

instantiatethe genericserviceinto a concrete unit-specific
service.

The samedesignpracticeis appliedto pageservicesputin
this casethe descriptorassociatedo an individual pageis
more complex, becauseit describesthe topology of the
pageunitsandlinks, which is neededor computingunitsin
the proper order and with the correct input parameters.

A secondimprovementconcernsthe reusability of the
service in the businesslayer. In the MVC architecture
describedin Figure 4, the businessogic componentsare
implementedas Java classesexecutedinside the servlet
container.This approachimposeseverallimitations to the
scalability and reusability of the implementation:

« Pageandunit servicedlive in the servletcontainer
and cannot be called by other applications, for
example by a non-Web application needing the
sameservicesTherefore non-Webapplicationsdo
not sharethe businesdogic with Web applications,
and must re-implement it, which introduces
duplications, opens the way to errors and
misalignments, and impairs maintenance.

« Cloning the machinewhere the servlet container
resides duplicates also all the services of the
application.The numberof clonesmustbe decided
statically,and cannotbe adaptedat runtime. If the
traffic of a certainapplicationreducesthe objects
implementingits servicesremainin main memory
and occupy resourcespotentially impacting other
applications running on the same server.

A better softwareorganizationis obtainedby splitting the
businesslogic into the servlet engine and an application
server as shownin Figure 6. In particular,the role of the
Model can be sharedbetweenthe action classediving in
the servlet container and business components
implementingthe pageand unit services,deployedin the
applicationserver.In this case,the action classescall the
appropriatebusinessobjects, which implementthe actual
application functions.

Figure 6 showsa concreterealization of the application
server architecture fitting the Java2EEplatform. In this
context, the businesscomponentsare implemented as
Enterprise JavaBeans (EJB), an open standard for
building server-sidedistributed componentsin the Java
programming language. EJBs are deployed into the
applicationserver,which is called EJB container and can
be accessedby Web applications and other enterprise
applications.

5 Managing presentation

Another fundamentalissue in the developmentof large
applicationsis the reduction of the effort necessaryfor
updatingthe look andfeel of the applicationacrossa large
number of pages. Dealing with presentationrequires
addressingtwo distinct concerns,graphic properties and
layout

The effective managementf graphic propertiesrequires
somecarein the useof HTML: graphicpropertiesshould
not be codedas tag attributesin the HTML mark-up, but
shouldbe factoredout into CascadingStyle Sheetsstored
in separatefiles. A good practice in the definition of
CascadingStyle Sheetsfor WebML applicationsis to
leveragethe conceptuamodelto modularisethe CSSrules.
A setof rules can be designedfor eachWebML unit, by
identifying the differentgraphicelementsneededo present
a certain kind of unit (labels of various kinds, cell
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backgroundsandso on) andassigningto eachelementthe
proper graphic attributes using CSS.

Factoringout the layout from the JSPtemplateof a pageis

more difficult, but can be done. An extremely effective
techniqueexploitsXSLT for defininglayoutrulesfor pages
and units. The fundamentaldeais to define the layout of

the pageandof the differentkinds of units separatelyfrom

the JSP templates, as illustrated in Figure 7:

« Producinga pagetemplateskeletonwhichincludes
all the customtagscorrespondingo the units of the
page,but only the minimal HTML mark-upneeded
to define the layout grid of the page and the
position of the various units in such a grid.

» Using XSLTpresentatiorrulesfor transformingthe
template skeleton into the final page template,
embodying the real presentation mark-up.

There are two kinds of XSLT rules: page rules and unit
rules

Pagerules matchthe outermostpart of the skeleton's
layout (for example,the top-level HTML table) and

transformit into the actualgrid of the page which may

include multiple frames,images,statictexts,and other
kinds of embellishmentsi-or facilitating the writing of

pagerules,pagelayoutscouldbe classifiedinto general
categories (for instance, multi-frame pages, two-

columnspages,three-columngages,and so on), and

differentrule setscould be designedor eachcategory
of layout.

Unit rules matcha classof units (for instance,ndex
units, or dataunits) and producethe markupfor their
presentationThe producedmarkupincludesthe static
HTML for laying out the content of the unit, the
customtagsthat actually producethe dynamiccontent
of the unit from the unit beansandthe CSSattributes
defining the unit look & feel.

A further benefit of presentatiormanagementvith XSLT
lays in the possibility of applying the presentationrules
either at compile time or at runtime:

Applying the rules at compiletime yields a set of
pagetemplatesembodyingthe final look and feel
of the application;this approachis moreefficient,
becauseno templatetransformationis requiredat
runtime.

Presentationules can be appliedalso at runtime,

by publishing in the application server the template

skeletonsand transformingthemon the fly, when
the HTTP requestarrives. This approachis more
expensivein terms of executiontime, because
XSLT processingtakes place at runtime, but is
moreflexible andmay be very effectivefor multi-
device applications.Different XSL rules can be
designedaddressinghe presentatiorrequirements
of alternativedevices;then, the most appropriate
rulescanbe dynamicallyappliedat runtime,based
onthe useragentdeclaredn the HTTP requestin
this way, the actualpagesseenby the userhavea
presentationdynamically adaptedto the access
device, and the template skeletons plus the
different XSLT rules servethe needsof a broad
spectrum of access devices.

6 Optimisation and caching

A difficult aspect of automatic code generation is

addressingperformanceoptimization, an area where no

softwaretool canreplacehumanexpertise The architecture
of WebRatioaddressesheseissuesin a pragmaticway:

rather than attempting complex optimizations, the code
generatorlets developersintegrate their own optimized
code in the software generationprocess.Developerscan
force the use of their code in two ways:

By customizing the XML descriptor of units,
where the data accessqueries producedby the
code generator are stored. Replacing the
automaticallygeneratedquery with an optimized
oneandmarkingthe descriptorasoptimizedforces
the code generator to use the provided query.



By customizingthe unit service:eachdescriptor
refersto the businesscomponento usefor filling
the content of a unit; this componentcan be
completely overridden by a user-suppliedone,
which may implementany required optimization
policy.

Anothersubtleaspectof the MVC2 architectureappliedto

Web application is its relationship with Web caching
architectureswhich area low-costsolutionfrequentlyused
by developersto down-scale the server-sidehardware
necessaryor meetingthe performanceaequirementskirst-

generatiorcachingsolutionscachedentire pagesandwere
inadequatdor complexinteractive and personalizedNeb
applications, with pages composedof different content
elements with different caching requirements. Last-
generationcachetechnologiesjike the Edge Side Include
(ESI) initiative [ESI], apply more sophisticatedcaching
strategiesbasedon the capability of marking fragmentsof

the pagetemplate,which can be cachedindividually and
with different policies.

However,the MVC architecturepartly reduceghe benefits
of template-levelcaching,becausehe HTTP requestdoes
not invoke the pagetemplatedirectly, but an action class,
which performsall the costly dataqueriesbeforethe page
templateis parsedand executedIn other words, caching
fragments of the page template may spare only the
computation of markup from query results, not the
execution of the data extraction queries.

WebRatiosolvesthis issueby adoptinga two-level cache
architectureon one side, developerscan usetheir favorite
template caching product, for instancean ESI compliant
one; in addition, developerscan tag any WebML content
unit in the conceptuaimodel of the applicationas cached,
and specify the associatecacheinvalidation policy. Then,
WebRatio cachesthe data beansproducedby the action
invocations, which typically include the result of data
access queries, and make them reusable by multiple
requests. Moreover, since a conceptual model of the
applicationis available which clearly exposeghe Entity or
Relationshipon which the contentof a unit dependsand
the operations that may act on such content, the
implementationof operationsautomaticallyinvalidatesthe
affectedcachedobjects,sparingto the developerthe need

of managing a business-tier cache in his application code.

7 Evaluation

WebRatiodemonstrateshe feasibility of applying CASE

tools andautomaticcodegenerationto dataintensiveWeb

applications, preserving the peculiar aspect of Web

development, like the production of high-quality

presentation and the integration with state-of-the-art
presentatioframeworksand Web cachesandgrantingthe

scale-up to very large applications.

The interesting aspectof this experiencehas been the
beneficial interplay of modeling and architecturalissues.
The positive results achieved in the development of

applicationscanbe ascribedboth to the useof a high-level
modeling languageand to the careful definition of the
software architecture.

Having a high-level, yet formal language,as the
starting point of applicationdevelopmentpermits
oneto exploit all the advantage®f sophisticated
softwarearchitectureswithout incurring into the
effort of managing the detailed and repetitive
aspectsof implementationJustas an example,in
the MCV architecturethe configurationfile of the
Controller, which centralizesthe control logic of
the application, quickly becomesunmanageable
whenthe applicationsizeincreasejn WebRatio,it

is automatically generated from the topology of the

hypertextin the WebML diagram.The developer
re-links the pagesin the WebML diagramandthe
code generatorre-builds the new configuration
file.

Implementing the tool on different software
architectureshelped us in clarifying the deep
meaning of each modeling construct, and
achieving that critical mix of abstractnessaand
concretenesayhich is necessaryo ensurethatthe
conceptuaimodelis indeedconceptual but at the
same time can be implemented efficiently. In

particular, the porting WebML on the MVC

architecturewhich was performedduring the first

quarter of 2002, prompteda revision of several
language features and helped to clarify the
semanticsof the core WebML units and of the
differentwaysin which they canbe linked. After

the porting, and as an indirect advantageof such
experiencewe haveaddedtio WebRatiothe notion
of “plug-in units”, i.e. of new componentsyhich
canbe easily pluggedinto the designandruntime
environment,by providing their graphicalicon,
their unit serviceand renditiontagsand the XSL

rules for building their descriptors.Plug-in units
arebeingusedfor addingto WebRatiocontentand
operationunits interactingwith Web servicesand
implementing workflow functionalities.

A special mention is deservedby the managementof
presentationyhich hasalwaysbeenconsidered killer of
any attemptof automatingthe production of Web front-
ends.We think that WebRatiopushedthe solution to this
problem further ahead, demonstrating that automatic
implementation and high-quality interfaces are not
incompatible goals.

The useof CSSand XSLT for managingthe presentation
features of a large application enforces a sound
developmenworkflow, which fostersa healthydistinction
of responsibilities in the development team:

The graphic designer establishes the
categoriesof page layouts, writes HTML
mock-upsfor eachclassof pagelayout, and
producesHTML mock-upsfor the different



kinds of units. He defines “examples of
presentation'andneednot to worry aboutthe
actual coding of units or pages.

The XSLT programmertransformsthe page
and unit mock-ups created by the graphic
designelinto XSLT style sheetsThis activity
is not difficult, becauseXSLT hasan XML-

like syntax,which blendswell with the syntax
of the HTML mock-ups. The XSLT
programmer needs only to understandthe
structureof the customtagsrepresentinghe
different kinds of units, and may ignore the
way in which such tags are coded.

The application modeller defines the
applicationpagesand the units in eachpage,
and produceghe templateskeletonsrom the
WebML model of the page,which is quite a
trivial task.

The programmerimplementsthe customtags
and the business services behind them.

8 Experience

The WebRatiotechnologyis in usesinceOctober2000and
hasbeenappliedto severalindustrial applications.As an
illustrative case,we presentthe results of an application
developedfor Acer Corporation,called Acer-Euro. This
application servesthe customersand internal personnebf
the 21 national subsidiariesof the Acer Europeanbranch,
by organizing,collecting, managingand publishingon the
Web content about Acer products. Acer-Euro addresses
threecategorief users:customersn the variousnations,
who are offered a mix of centrally administereddata, for
exampleproductspecificationsand list prices,and locally
produced data, for instance country-specific news and
eventsproductmanagersywho verify andupdatedataabout
the products;and marketingand communicatiormanagers,
who administermarketing materials,like news and event
lists. The Acer-Euro application is integrated with an
extranetfor managinghe productdistributionchannel.The
integrated application features 22 site views, 556 page
templates,and 3068 units, for a total of over 3000 SQL
queries.

All the page templatesof the 22 site views have been
automaticallygeneratedvith WebRatio.Overall, lessthan
5% of the templatesourcecode and SQL queriesneeded
manual retouching, essentially for optimizing query
execution time or page presentation.

servicesand 3068 Java classesfor unit services.Using
generic servicesand XML descriptors,only one generic
page service is required (accompaniedby 556 page
descriptorsencodedas XML files) and11 unit serviceqfor
the basic WebML units: data, index, multidata, multi-
choice, scroller, entry, create, delete, modify, connect,
disconnect),accompaniedby 3068 unit descriptors.For
eachunit, developerganoptimizethe dataextractionquery
working on the XML descriptor, and deploying the
optimized version without interrupting the service.

Another area of substantial benefit is presentation
managementyherefactoringout presentatioriinto CSSand
XSL rules has granted a substantial reduction of the
presentatiormanagemeneffort: for all the 556 pagesthe
look & feel hasbeenproducedby only three XSL style
sheets(one for the B2C site views, one for the B2B site
views, and one for the internal contentmanagemensite
views). Lessthan 5% of the HTML code producedby the
XSL style has been retouchedmanually to improve the
rendition.

9 Related Work

The MVC software architecture was introduced in

[GHJIV95]; its specificimplementatiorfor the Web context,
the so-calledMVC 2 architecture,is discussedn several
textbooks and technical articles, including [ACMO1,

Davis01]. An opensourceimplementationof the MVC 2

architecturecan be found in [Apache02], together with

manytechnicalresourcedor developingWeb applications.
Architecturalpatternsfor Web applicationamplementedn

the Java2 EnterpriseEdition platform are discussedn the
sectionof the Sun'sWeb site blueprint applications[Sun-
BluePrint02]. The EnterpriseJavaBean#\PI are specified
in [Sun-J2ee02],together with tutorials and technical
papers.

The developmentof Web sites with a model-driven
approachhasbeenspecifically addressedy two important
researchprojects, namely Araneus[AMM98] and Strudel
[FFKLS98]. Both these methodsallow the designerto
separatelydefine the site's structure and content. In the
former, the Entity-Relationshipmodel is usedto describe
the datastructure whereasa logical model called Araneus
Data Model (ADM) is proposedto describe the site
structure A pageschemen ADM may includeboth atomic
attributes(a text, an image,and so on) of a single object,
similar to the WebML conceptof dataunit, and complex
nestedattributesrepresentingetsof objects,similar to the
WebML conceptof index. A site is defined as a set of
linked page-schemedn Strudel, both the schemaand the

The MVC presentation framework with generic services hagontentof a site are describedoy meansof queriesover a

greatlyreducedthe codeto maintain.A conventionaMVC
implementationwould requires556 Javaclassesfor page

! The public part of the Acer-Euroapplication,i.e., one of
the 22 developed site views, is reachable from
http://www.acer-euro.com . The remaining site views are
accessible only through the corporate VPN.

datamodel for semi-structurednformation. Web sitesare

defined in a declarative way, by writing one or more queries

over the internal representatiorof data, using the Strudel
query language (StruQL). Some commercial tools

[Hyperwawe98,0racle02] provide a hypertextconceptual
model, typically basedon an extensionof the Entity-

Relationship model.



More information on WebML is available on
www.webml.org [WebML02]; more on WebRatio on
www.webratio.com [WebRatio02].

10 Conclusions

This paper has discussedan advancedarchitecturefor

deployingWeb applicationsonto a Model-View-Controller
framework,startingfrom high-levelspecificationshasedon

the ER andWebML languagesThe illustratedarchitecture
is implementedn WebRatio,a commercialCASE tool for

the automatic generation of data-intensive Web
applications; this approach has been discussedin the

contextof the J2EE platform, but is very general,and can
be usedfor implementingWeb applicationsof arbitrary
nature. We have shown the benefits of the adopted
solutions,especiallyfor what concernsthe modularisation
of the applicationcode,the maintainabilityof the different
aspects of the application, and the managementof

presentation. These benefits become more and more
relevant as the application size increases.
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