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While Web applications evolve towards ubiquitous, enterprise-wide or multi- enterprise informa-

tion systems, they face new requirements, such as the capabilit y of managing complex processes
spanning multiple users and organizations, by interconnecting software provided by dieren t or-

ganizations. Signicant eorts are currently being invested in application integration, to support

the composition of business processesof di eren t companies, so as to create complex, multi-part y
business scenarios. In this setting, Web applications, which were originally conceived to allow
the user-to-system dialogue, are extended with Web services, which enable system-to-system in-

teraction, and with processcontrol primitiv es, which permit the implementation of the required

business constraints. This paper presents new Web engineering methods for the high-level speci-
cation of applications featuring business processesand remote servicesinvocation. Process-and

service-enabled Web applications benet from the high-level modeling and automatic code genera-
tion techniques that have beenfruitfully applied to conventional Web applications, broadening the

class of Web applications that take advantage of these powerful software engineering techniques.

All the concepts presented in this paper are fully implemented within a CASE tool.

CatgoriesandSubjectDescriptorsD.2.2[Software Engineering: DesignToolsandTechniquesD.2.12[Soft-

ware Engineering: Interoperability;D.1.7 [Programming]: Visual ProgrammingH.5.4[Information Inter-

facesand Presentatior): Hypertext/Hypermedia;J.2[Computer Applications]: Administratve DataProcess-
ing

General Terms: Design

Additional Key Words and Phrases: Web applications, worfklows, Web engineering, conceptual

modeling

1. INTRODUCTION

The rst generatiorof Webapplicationsdedicatedo e-commercegontentpublicationand
managemenfocusedon enablingusersto performsimpleoperations|ik e searchesgata
uploads,andbrowsing of large volumesof datastructuredin hypertexts. More recently
the Webhasbecomea popularimplementatiorplatformfor B2B applicationsywhosegoal
is not only the navigation of content,but alsothe enactmenbf intra- andinter- organi-
zationbusinesgprocessesWeb-based2B applicationsexhibit muchmoresophisticated
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2 Marco Brambilla et al.

interactionpatternghantraditionalWebapplicationsthey aredevelopedo supportawell-
de ned processconsistingof actiities andtheir executionconstraintsservingdifferent
userroleswhosejoint work is coordinated.They may be distributedacrosdifferentpro-
cessomodesdueto organizationatonstraintsdesignopportunity or existenceof legag
systemgo bereused B2B Web applicationddemandhovel methodologiegor theiranaly-
sis,speci cationandimplementationbecausehey aremorecomplex thaneitherprocess-
basedsystemsor puredata-centricWebapplications.

Work o w modelsanddesignmethod§BPML 2006;White 2004a;2004b;WfMC 2006]
provide complex B2B applicationswith notationscapableof expressingprocesspeci ca-
tions,capturingactiity executionconstraint@andspecialprocesseaturedik e pro-actvity,
exceptionhandling,anderrorscompensationThesemodelsarebacled by a classof spe-
cializedproductsWork o w Managemengystemswhich permitthede nition of thepro-
cessschemestheir administration and guarantegperformancescalability and distribu-
tion; but mary applicationsdo notjustify theinvestmeninto specializegprocessadminis-
trationsoftware.

Thereforejt is becomingcustomaryto assisthe designof theseapplicationsdby means
of general-purposdesignsupportenvironments(seeRAD from IBM-Rational or BEA
Workshop)which starttheir speci cation with processmodeling abstractionstypically
supportedby graphicalrepresentationsandend up with their encodingin programming
languagesuchasC++ or Java.

Web applicationdesign[SchwabeandRossi1998; Fernandezt al. 1998; Meccaet al.
1999; Merialdo et al. 2003; Ceri et al. 2000; Ceri et al. 2002; Gomezet al. 2001] has
primarily addressedata-centri@pplications|ike Web Information Systemsfocusingon
designmethodscapableof expressingarich varietyof navigationpatternspntherelation-
shipsbetweencontentmodelingandhypertext modeling,andon specialclasseof appli-
cationslike multi- channel collaboratve, andadaptve Web applications. Thesemethods
alreadysupportdynamicWeb pagegeneratiorandpersonalizationby usinginformation
describingthe userandthe executioncontext of the userat a given moment. However,
thesemethodsdo not provide comprehensie designmethodologiesintegratingadvanced
techniquesfor Web applicationdesignand classicalbusinessprocessanalysismethods.
Moreover, the pull-basedhatureof the HTTP protocolunderlyingWeb applicationdacks
corvenientmeandfor interactionsinitiated by the sener; this intrinsic dif culty mustbe
overcomeby usingmethodsandtechniquesvhich incorporatesener- initiated operations
andasynchrog.

In this paper we presenta uni ed designnotationand methodologywhich integrates
themostusefulfeaturesof hypertext andprocessnodeling.The startingpoint of ourwork
is an existing Web modelingnotation,WebML [Ceri etal. 2000],anda consolidatedie-
velopmentapproach[Ceri etal. 2002], eld-testedfor mary yearsin theimplementation
of data-centrioNMeb applications.We shav haw to extendWebML with standardorocess
modeling concepts(the BusinessProcessModeling Notation [White 2004b]) and with
standardapplicationdistribution primitives (basedon Web Services).The useof process
modelingconceptenabledesignerdo specifyprocesgequirementsn termsof interac-
tionsontheWeb, enactedy humanagents Theuseof Web Servicesnableglesignerso
model procesdistribution requirementstemmingfrom organizationconstraintsdesign
opportunity or existing legagy systems.

The original contributionsof the presentedvork aremanifold. (i) We discusshe way
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Process Modeling in Web Applications 3

in which a processmodel can be usedas a guide to derive the Web interfacesfor pro-
cessenactment.(ii ) In particular we contrastan "implicit” way of modelingprocesses
by meansof links and shareddata, which is more or lessunconsciouslyused,with an
"explicit” way, which integratesprocesamodelingprimitivesin the design,andwe argue
thatthe latter approachyields solid, reusableapplications. (iii ) We comparealternatve
"explicit” designstylesresultingfrom our experiencein building B2B Web applications.
(iv) We shav how procesdlistribution affectshypertext design,by discussingalternatve
waysof implementingthe coordinationamongthe peersinvolvedin the enactmenbf the
distributed processandshov how thesecoordinationparadigmsarere ected in the data
andhypertext model. (v) All the processandcommunicatiormodelingprimitives,illus-
tratedin the paperthroughexamplesareimplementedvithin acommercialCASEtool for
data-centridNVeb applicationdevelopmentcalledWebRatio [Ceri et al. 2003; WebRatio
2006]. We presenthe architectureof the tool, highlighting the modi cations requiredin
orderto supportprocessnodeling.

Developerscanmodeltheir businesgprocessessingtheir favorite BPMN editor, man-
ually transformthe processmodelsinto a setof WebML speci cationsaccordingto the
desireddistribution architectureand co- ordination policy, and then use WebRatiofor
specifyingthe hypertexts and automaticallygeneratethe codethat implementssuchap-
plicationsto be installedat the variousnodesof the selectedarchitecture.The "explicit”
designstylesareamenabléo automationthereforewe ernvision the constructiorof a tool
capableof turninga BPMN diagraminto a setof WebML diagramgepresentingkeletons
of theWebapplicationssupportingthe process.

Thepapetis structuredasfollows. Section2 givesabrief overview of model-drivenWeb
applicationdesign,andsketcheghe mainconceptof the WebML model. Then,Section3
describeghe essencef businesgprocesseandSection4 discussesiow their mainingre-
dientscanbe embodiedwithin corventionalhypertets - andtheir conceptuamodelscan
be representeih WebML, at the costof a numberof disadantagesn modelreadability
andmodi ability . Next, Sectionb illustratestheWebML extensionghatenabletheexplicit
supportof procesenactmenbperationsandof processeferencanodel. Theseextensions
transform’pure” hypertextsinto well- organizedprocess-drienhypertets. Sectioné con-
sidersthecasewhenthebusinesgproces®xecutionis distributedover severalsites thusits
implementatiorconsistof a setof interactingWebapplications All the modelingoptions
of Sections3-6 are shovn "at work” in a running casestudy describingthe administra-
tive procedurefor a bankloan. Section7 illustrateshow we have extendedwebRatio,a
WebML-basedComputerAided SoftwareEngineering CASE)tool, to supportwork o ws
andWebservicesThe nal sectionsareconcernedvith relatedwork, conclusionsandan
outlookon thefuturework.

2. MODEL-DRIVEN DESIGN OF WEB APPLICATIONS

The rst generatiorof conceptuamodelsfor the Web [SchwabeandRossi1998; Fernan-
dezet al. 1998; Meccaet al. 1999; Ceri et al. 1999; Ceri et al. 2000; Ceri et al. 2002;
Gbmezetal. 2001] essentiallyconsideredVeb applicationsasa variantof traditionalhy-
permediaapplicationswith the particularitythatthe publishedcontentsareextractedfrom
a databaseand userinteractionwith the applicationtakes placevia the mediumof the
Internet. Thereforethesemodelingapproachebave focusedon capturingthe structureof
theapplicationcontentsg.g.,asasetof objectclasse®r entitiesconnectedby associations
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4 Marco Brambilla et al.

or relationshipsandthe navigationprimitives,representetly suchconceptaspagesgcon-
tentnodesandlinks. Onesuchmodelis WebML, describedn [Ceri etal. 2002]. WebML
allows specifyinga Web site on top of existing datasourcesA conceptuamodelconsists
of a dataschemagdescribingapplicationdata,and of one or morehypertets (calledsite
views), expressinghe Webinterfaceusedto publishandmanipulatesuchdata.

2.1 Running Example

In the sequelwe will usea runningexampleto illustratethe hypertext andprocessmod-
eling primitivesat the baseof the proposedapproach Therunningcaseconsistsof aloan
brokering Web application. The overall procesdor loanrequestsnanagemeris enacted
by threeclasse®f users:bankclients,who may apply for loans,receve responsefrom
the bank, and chooseamongthe approved requestghe actualloan optionsto purchase;
bankemployees,who mustperformin parallela nancial anda job statuscheckon each
submittedloan request;and managersyho performa preliminaryvalidationof eachre-
guestat the beginning of the processandultimately approve or rejectthe requestpased
ontheoutcomeof nancial andjob statuschecksperformedby the bankemployees.The
processnodelsketchedherewill bepreciselyspeci edin Section3.2.

2.2 Data model

The WebML datamodelis the standardEntity-Relationshipmodel, widely usedin data
design.We useasimpli ed Entity-Relationshipotation,in which entitiesarerepresented
asrectangleqincluding the entity nameandthe list of attributes)and are connectedy
binaryrelationshipsrepresentedsstraightlines labeledwith the relationshipname.Re-
lationshipspeci cation includesthe minimum and maximumcardinality of participation
of eachentity to therelationshipdenoteddy the cardinalityvalues(0, 1, or N) attachedo
therelationshigine (cardinalityconstraintsarepositionecdcloseto the entity to which they
refer).

As anexample Fig. 1 shavsthe Entity-Relationshiggchemalescribingpartof thelocal
databasef the loan broker site, containingthe entity Loan, describingthe cateyoriesof
loanthatcanbeissuedby the variouscompaniesandentity LoanProposalgepresenting
speci c installmentplansfor refundingthemoney. Theschemaalsocomprisentity User,
describingheusersof theWebapplicationsandentity Group,denotinggroupsuserswith
similar characteristicseachusermaybelongto multiple groups(denotedy arelationship
betweerentity UserandGroup),andonegroupis the default one(denotedby relationship
Default). TheLoan Proposatelationshipspeci esthataLoanmaybeassociatewvith var
iousLoanProposalsandthateachLoanProposalefersto justonelLoan. Relationshipsre
characterizedlsoby relationshigroles(usuallyomittedfor lack of space)representinghe
two directionsin which therelationshipcanbe navigated.In Fig. 1, theLoan_Proposate-
lationshipcompriseghetwo rolesLoanToProposa(from a Loanto its relevantProposals)
andProposal®Loan(for retrieving the Loanassociatedo a speci ¢ Proposal).

2.3 Hypertext model

The mainingredientsof the WebML hypertext modelare site views, areas pages units,
operationslinks andsession/applicatiovariables A siteview is agraphof pagespossibly
groupedinto areas,allowing usersof a given groupto perform their speci ¢ actvities
(e.g.usershrowsetheinformation,while managersipdateit). Pagescontaincontentunits
connectedy links, which represenatomicpiecesof informationto be published.
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Fig.2. WebML speci cationof asimplehypertet for browsingloaninformation.

Considerfor instancea simple scenario:usersbrowvsea Home Page,from wherethey
cannavigateto a pageshawving anindex of loanproducts.After choosingoneloan, users
areleadto a pagewith the loan detailsandthelist of proposalgor the choserloan. The
WebML speci cationfor the describedhypertet is depictedn Fig. 2.

The HomePagecontainsonly somestaticcontent,which is not modeled.A link from
this pageleadsto the Loanspage containinganindex of all loans,graphicallyrepresented
by meansof an index unit labeledLoansIndex. Whenthe userselectsa loan from the
index, heis takento the ChosenLoan page,shaving theloandetails. In this page,a data
unit, labeledLoan Details, displaysthe attributesof the loan (e.g. the compary, the total
amountandtherate),andis linkedto anotherindex unit, labeledProposaldndex, which
displaysall the plan optionsof theloan. In generala unit displayssomeof the attributes
of oneor moreinstance®f a givenentity; the entity nameis speci ed atthe bottomof the
unit. Below theentity namea predicatgcalledselectoricanbespeci ed, to expressa Iter
conditionon theinstance®f the entity to be shown.

Contetual links. The contentof units displayedin a pageis often relatedto that of
other units; this connectionis achieed by contextual links, carrying databetweenthe
relatedunits. An exampleof contetual link is the link from the Loansindex unit to the
Loan Detailsunit in Fig. 2: it transportghe ID of theloan chosenin theindex unit and
displayedin the dataunit. The datacarriedby a contectual link is not alwaysshavn in
a WebML diagramexplicitly, becauseén mary casest canbeinferredfrom the context.
For example,alink exiting from anindex unit alwayscarriestheidenti er of the chosen
object,alink goingoutfrom adataunit carriestheidenti er of theobjectdisplayedby the
unit etc. Thus,links exiting from the Loansindex andLoan Detailsunitsin the example
implicitly carryascontext aLoanID.

ACM JournalName,Vol. , No., 20.
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Transportlinks. WebML distinguishedbetweemormallinks (denotedby solid arrows)
andtransportlinks (denotedby dashedarrons). Normal links enablenavigation andare
renderedashypertext anchorsor form buttons;they canbe contectual or not. For example,
from theHomepagein Fig. 2, ausercanfollow thelink to theLoanspage.This particular
link is notcontextual, sinceit carriesnoinformation,andsimply enablesa changeof page.
In contrast,transportlinks are always contectual. For example,the link from the Loan
Detailsdataunit to the Proposaldndex unit is a transportlink: whenthe userentersthe
ChosenLoan page,the Loan Detailsunit is displayedand, at the sametime, the content
of the Proposaldndex unit is computedand displayedwithout users intervention. No
navigableanchoris renderedor transportinks.

Selectos. The contentof aunit maydependn selectorsyhich are(possiblyparamet-
ric) predicatesTheLoanID transportedrom the Loan Detailsto the Proposaldndex unit
is usedto selectthe optionsassociateavith the loan by the relationshiprole LoanToPro-
posal. This selectionis expressedy the selectorcondition[LoanToProposalpelow the
unit's entity, which ensureghatonly the LoanProposainstancesonnectedo the chosen
Loanvia the Loan Proposalelationshipareretrievedto build theindex. In generalcon-
junctivelogical conditionscanbeused whereeachconjunctis a predicateover anentity's
attribute or relationshiprole.

Opemtions. WebML allows specifyingupdateoperationson the dataunderlyingthe
Web application. Basicupdateoperationsare: the creation,modi cation anddeletionof
instancef an entity, or the creationand deletionof instancesf a relationship. Other
operationsnay includesendinge-mail or, aswe will see,invoking Web services.Unlike
units,operationgio not displaydata,thereforethey arenotincludedin a page.

Fig. 2 illustratesalsoan exampleof entity creation. The ChosenLoan Pagecontains
an entry unit, representing form collecting userdata. Whenthe usersubmitsthe data
by clicking on the outgoinglink of the entry unit, the entereddatais usedto createa
new LoanProposahstancen the datarepository Datacreationis representely a create
operation After thecreation thenew instancds connectedo the currentlyselected_oan,
by meansof a connectunit. Connectunits createa new instanceof arelationship.

WebML includesseveral otherunits and operationgsuchas Modify unit for dataup-
datesandDisconnecunit for relationshipremoval), a customizablenechanisnfor deal-
ing with run-time failures, and is extensibleby the user who can add his/her custom
units[Ceri etal. 2002].

3. INTEGRATING BUSINESS PROCESSES AND WEB APPLICATION DEVEL-
OPMENT

In this section,we discusshow to extend conceptuaimodelingfrom data-centric Web
applicationdo data-andprocess-centriones.

We startby presentingdevelopmentlifecycle extensionsin orderto incorporatepro-
cessanodelinginto the designof Web applicationgSection3.1). Then,Section3.2 brie y
presentghe processesignnotationadoptedn the paperi.e., BPMN [White 2004b]. In
Section3.4,we demonstrat¢hat,evenif existing data-centridVebdesignmethodsdo pos-
sessenoughexpressie power to capturethe requirement®f businesgprocesamodeling,
describingorocess-aareWebapplicationssolelyin termsof dataandhypertext modeling
conceptdeadsto a poor separatiorof concernsand hard-to-maintainspeci cationsand
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Business Requirements

REQUIREMENTS SPECIFICATION |<

A
\—ﬂ PROCESS DESIGN |<—‘ CONCEPTUAL DESIGN
\—>| PROCESS DISTRIBUTION Iﬂ

\—>1 DATADESIGN }4—‘
\—>| HYPERTEXT DESIGN |<

\—ﬂ ARCHITECTURE DESIGN |

Y
l TESTING & EVALUATION }: f IMPLEMENTATION |

| MAINTENANCE & EVOLUTION ‘

Fig.3. Phasedn thedevelopmentprocesf data-andprocess-intenge Webapplications.

implementations.This opensthe way to the discussionof Section4, which shavs how
to extendhypertet designnotationswith ad hoc primitivesfor explicitly representinghe
processfelatedissuesof a multi-actorbusinesgprocess.

3.1 Development lifecycle of process-centric Web applications

The phasef the developmentprocessof a Web applicationcenteredon processesnd
dataareshown in Fig. 3. In line with the classicBoehms Spiralmodelandwith modern
methodgor Web andsoftwareengineeringthe developmentphasesnustbe appliedin an
iterative andincrementamanneyin which the varioustasksarerepeatedndre ned until
resultsmeetthe businessequirementsAt eachiteration,the currentversionof the system
is testedandevaluated andthenextendedor modi ed.

Requirementspeci cationis the actiity in which the applicationanalystcollectsand
formalizesthe essentiainformationaboutthe applicationdomainandexpectedfunctions.
This aspecdoesnot signi cantly differ from requirementollectionfor traditionalappli-
cations.

Datadesignis thephasan which the dataexpertorganizegshe maininformationobjects
identi ed duringrequirementspeci cationinto acomprehensie andcoherentonceptual
datamodel. Datamodelingis awell- establishedlisciplineandmaybeaddressethrough
well known modelslik e Entity-Relationshippnd UML. Datamodelingfor Web applica-
tions doeshave a special avor, dueto the role that information objectsplay in sucha
context, but we do notaddresshisissuein this paper;se€e[Ceri etal. 2002]for details.

Hypertext designis the actiity that transformsthe functional requirementsdenti ed
duringrequirementspeci cationinto oneor moresiteviews embodyingheneedednfor-
mationdelivery anddatamanipulationservices.Hypertect designoperatesat the concep-
tual level, possiblyexploiting high level models,which let the hypertext architectspecify
how contentelementsare publishedwithin pages,and how hypertet elementsare con-
nectedby links to form a navigable structure.Of the entirelifecycle, hypertet designis
the phasethat mostbene ts from a conceptuabpproachbecauséts applicationresults
into a more consistentand qualitatve design. Additional tools, like designpatternsand
bestpracticesfurtherfacilitatethetaskof the hypertet designefCeri etal. 2002].
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8 Marco Brambilla et al.

With respecto a purely data-centridVeb application,the ConceptuaDesignphaseof
process-intensge applicationsncludesthe Processlesigntask,focusingon the high-level
schematizatiorof the processesinderlyingthe application,and the Procesdistribution
task,which addressethe allocationof sub-processe® differentpeers.andthereforeoc-
cursonly whenthereare several Web senersinvolvedin the processenactmentProcess
designanddistributionin uence dataandhypertext designwhich shouldtake into account
procesgequirementsHowever, dependingon designersensibility processdesigncanbe
postponedvith respecto datadesignf dataassumemorecentralrolein theapplication.
Processlesignexploitsthediagrammaticepresentationf processeby meansf standard
work o w notationsJike BPML / BPMN andothers[White 2004a;WfMC 2006;vander
Aalst et al. 2004]. The notationadoptedin this paperis presentedn the next Section.
Issuesmethodsandtechniquegor procesdglistribution arediscussedn Section5.

The otherphase®f Fig. 3 areoutsidethe scopeof this paperandwe brie y cite them
for completenessArchitecturedesignde nes the hardware, network and software com-
ponentghat make up the physicalarchitecturepy establishinghe mix of theseelements
that bestmeetsthe applicationrequirementsimplementatioris the activity of producing
the softwaremodulesanddatabasschemasecessaryo transformthe dataandhypertext
designinto an applicationrunning on the selectedarchitecture; nally , testingand eval-
uationis the actiity of verifying the conformanceof the implementedapplicationto the
functionalandnon-functionalrequirementsMaintenancendevolution comprisesll the
modi cations effectedafter the applicationhasbeendeployedin the productionerviron-
ment.

We point out that the developmentcycle illustratedin Fig. 3 is just an abstractionof
what happensn real contets, wherethe differentdevelopmentactivities are not totally
independendf eachotherandhave blurredboundariesHowever, areferencealevelopment
lifecycle basedn aformal methodologyandon appropriaténigh level modelingconcepts
is usefulto betterincorporatechangemanagemeninto the productionmainstreamand
greatlyreducesherisk of breakingthe softwareengineeringrocesslueto theoccurrence
of changesThisis fundamentain the Webervironmentwhereapplicationsaresubjecto
fastevolution.

3.2 Process modelling with BPMN

Many high-level notationshave beenproposedo expressprocessstructure. In this pa-
per, we adoptthe BusinessProcesdManagemeniNotation [W+04], which compriseghe
following concepts:

—Processeshigh-level descriptionof thework to be globally performed.

—Actors: theusersperformingthework.

—Activities: theunitsof workscomposinga processtypically performecdby asingleactor

—Constaints: thelogical precedencamongactiities. BPMN constraintassume vari-
ety of forms:

—Sequenceasequencé acombinatiorof two (or more)actitiesthatcanbeexecuted
only in sequentiabrder (i.e., oneafter another).Oneactvity must nish beforethe
next onecanstart.

—AND-split/ AND-join: atthesplit point, theexecution o w is spavn in two (or more)
parallelbranchesthusenablingmandatoryparallelexecutionof two (or more)activi-
ties. All thebranchesnustbeexecuted Parallelexecutionis notconsideredn a strict
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Events O Start O End @ Intermediate
Gateways @ Or gateway @ Xor gateway @ And gateway
: : Looping, ad-hoc, and
Vi Name i Name Activity with " o
ACtIVIty Activity - event catching compens_atlon activities
O are provided
Flow ——>> Sequence flow (O===f> Message flow => Data Association
Other grouping objects
Grouping Pool Lane are provided: transaction,
group, subprocess, ...

Tablel. BPMN mainconstructs

temporalsensebut only requireghe parallelactivationof all thebrancheswhich can
beexecutedeithersimultaneouslyr with somedelay In particulat parallelbranches
thatmustbeexecutedoy thesameactorareverylikely to beexecutedn sequentiabr-
der;however, the executorhasthe possibility of choosingary order At thejoin point,
two (or more)parallelexecutionbranchesnemgeinto asingle o w, afterall branches
arecompleted.This meanghat AND join is a blocking gatavay, in the sensehatall
thebranchesnustcompletefor the procesgo advance.

—OR-split/ OR-join: atthesplit point, asinglethreadof controlmakesa decisionupon
which branchego take amongseveral alternative branches.Notice thatan arbitrary
(non-empty)subsetof the available branchescan be executed,in ary order At the
join pointtwo or morealternate branchesorvergeto a uniquethreadof controlin
a non-blockingway, in the sensethatthe rst branchthat completescantrigger the
prosecutiorof theprocess.

—XOR-split/ XOR-join: asinglethreadof controlmakesadecisionuponwhich branch
to take amongseveral alternatve branches.n this case,only onealternatve canbe
triggered,andall theotherbranchesredisabled. The XOR-join operatoibehaesin
asimilarway to the OR-join.

—lterations: therepeatedxecutionof oneor moreactities.

—Pre- and post-conditionsentry andexit criteriato/from a particularactivity, respec-
tively.

—Cases:thespeci ¢ executionsof anindividual processnstance.

—Activity instancesthespeci ¢ executionsof anactiity within acase.

Processesan be pictorially representedvith the BusinessProcesdMlanagementNo-
tation [White 2004a],which is adoptedby the BPML standardBPML 2006] issuedby
the BusinessProcesdManagementnitiative. The BPMN notationvisually representsill
the processonceptsle ned above, andprovidesfurther constructssuchasmorepower-
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Fig.4. BPMN speci cationof theloanrequesprocess.

ful conditionalgatevays,eventandexceptionmanagemenfree combinationof split/join
points,andotherminor extensions BPMN andUML behaioral diagramqusecasesand
activity diagramshave similaritiesin boththeir purpose@ndnotations However, UML is
focusedon objectbehavior andprimarily devotedto supportingthe softwaredevelopment
processfrom architecturedesignto implementatiorandis conceved for useby techni-
cally skilled developers. Corversely BPMN is more centeredaroundprocessesnd is
more suitedto the businessanalysts. The main visual constructsof BPMN are summa-
rizedin Tablel. Additionalinformationonwork o w primitivesandBPMN semantic€an
be foundin [Brambilla 2005a],a generalcomparisorwith UML canbe foundin [Owen
andRaj 2003],anda comparisorbetweerthe expressve power of BPMN andUML 2.0
actiity diagramsdn representingvork o w patternscanbefoundin [White 2004b].

Eventsoccur during the processexecution. They are cateyorizedby their type (not
shawn in thetable),which distinguishesnessagegime events,andrule rings; appropri-
atesymbolscanbe putinto the circle representinghe eventto denotethetype. Gatevays
areprocesso w control elements;typical gatavays include decision,splitting, meiging
andsynchronizatiorpoints. Variouslogical behaiors areallowed for the gatavays. Ac-
tivities arethe basictasksof the processandcanexpressvariousbehaiors (looping,error
compensationinternalsub-processtructuring,eventprocessingandsoon). The o w of
activitiesinsidethe processs describedy meanof arrowns, representingitherthe actual
execution o w, or the ow of exchangedmessagesyr the o w of dataobjectsbetween
actiities. Groupingoperatorgpermitthe clusteringof actvities into pools. Onepool con-
tainsall actiities enactedy a givenprocessarticipant.ln our contet, we will consider
aparticipantto beapeerinvolvedin the distributedprocessWithin a pool, we useBPMN
lanesto distinguishdifferentusertypesthatinteractwith aspeci c peer

Fig. 4 shovsthe BPMN speci cationof the procesdor thevalidationof aloanrequest.
Theprocesgakesplacewithin asinglepool, consistingof threeparallellanes(represented
ashorizontalrectangulaareas)pnepertypeof user Theprocesstartswith aloanrequest
issuedby an applicant,which is submittedfor preliminaryvalidationto a manager The
managemay eitherrejectit (if theapplicationis notvalid), which terminateghe process,
or assignit in parallelto two distinctemployeesfor checking.After bothchecksarecom-
plete,the managereceiesthe applicationbackandmakesthe nal decision.Finally, the
customerchooseamongthe optionsthatareprovidedby for hisrequest.
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[Condition]

Fig.5. TheWebML If unit.

3.3 WebML primitives for conditional navigation

Enforcing processconstraintsvia hypertets requiresconditional navigation. This is
neededfor instanceto implementXOR and AND gatavays(seeTablel) andto evalu-
atelogical conditionsbefore/aftelactivity execution.

The basicWebML primitivesintroducedin Section2 do not provide this capability
Therefore,we introducetwo new WebML units: the If unit, shovn in Fig. 5, andthe
Switdh unit (thelatterbeing,of course syntacticsugarbasedon theformer).

Thebehaior of thelf andSwitchunitis similarto theequialentprogrammindanguage
constructsput they governthe navigationin a WebML hypertet. The If unit hasoneor
moreincominglinks andoneassociatedbgical expressionpnly oneof the two outgoing
links is activated,dependingon whetherthe logical expressionevaluatesto true or false.
Noticethatthereis noguardconditionontheoutgoinglinks, but asingleBooleancondition
is associatedo the unit; thereforeonly oneof thetwo outgoinglinks canbe enabled.The
Switch unit hasan associatedxpressionand eachoutgoinglink hasa guardcondition
testingthe equality of the expressionto a given value; only one of the outgoinglinks
whoseguardconditionis trueis followedastheresultof the navigation, possiblyselected
non-deterministically

4. MODELLING PROCESSES IMPLICITLY WITH HYPERTEXT DESIGN PRIM-
ITIVES

Whenbuilding applicationgnvolving processaindhypertext constructsprocessnactment
rules(the processstructure)is in mary caseshard-wiredin variouswayswithin the Web
interfaceitself and/orthe applicationdata. We call suchan approachimplicit process
control. Theimplicit encodingof processontrolmay usethetopologyof hypertet links,
to controltheuserinteractionin simplesequentiaprocessesgnddatasharingfor encoding
morecomplex multi-actorprocessesWe now discusseachmechanisnin detail.

4.1 Implicit process control by link topology

A naturalmeansof controllingprocessewithin Webapplicationgeliesonhypertet links.
Theprincipleis to associateachactiity with oneor moreWeb pagesandthenshow the
usersalink to the startingpageof the actiity only whenthe processpeci cationallows
the userto performthatactiity. This is the usualsolutionfor enforcingsequentiahavi-
gation: thetopologyof the hypertext is usedto enforcethe desiredprecedenceonstraint
betweeractiities. This simpleconstraintenforcementechanisms built into mary use-
ful applicationswherethe businessprocesss performedby a single user in a "linear”
manneyby following awell-de ned sequencef steps.Thisis the caseof on-linewizards,
guestionnairesandapplicationforms.

Other structuresare allowed by this approach: OR splits may be modeledby using
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oneanchorfor eachpossibleprocessranchto follow; joins are obtainedby makingthe
navigationcorvergeto a samepage;iterations pre-andpost-conditionscanbe expressed
too, whenconditionalunits areused. Links areinsteadinsufcient to enforceAND-split
andAND-join processconstraints.The reasornis that, within a givensite view, the users
navigation always follows a single path at a given time, thus, parallel executionis not
possible. More in generalthe main limitation of link-basedcontrol is thatit cannotbe
usedaloneto enforceconstraintsbetweenactvities assignedo differentusers,as link
topologyis relative to the setof pagesorowsedby a speci ¢ user

4.2 Implicit process control by data sharing

An alternative mechanisnfor implicitly enforcingmulti-actorprocesonstraintsn aWeb
applicationrelieson the sharednformationrepository e.g., the databaseunderlyingthe
application.Thekey ideais to encodecaseadvancement, e., theactivationandcompletion
of actiity instancesin the applicationdata. Thus,synchronizatiorwithin eachsite view
canbe achievedvia hypertet links asin the previous case while synchronizatioracross
site views is obtainedby having actwities recordtheir progressn the databaseandusing
conditionalnavigation (basedn the valuesactuallyfoundin thedatabase).

The preciseway in which processadvancemeninformation can be encodedin the
databaselependsiltimately on the relationshipbetweenthe processandthe datamodel.
As a consequencedhereareasmary possibleway of encodingprocessadvancements
thereare ways of modelingthe applicationdata. In this Section,we will discusssome
frequently-usediesignpatternsandshov how processcontrolcanbe achievzedusingsuch
datamodels.

Processcontml usingactivity-isomorphicentities. In someprocessedor ary actiity
A thatis part of the processspeci cation, there exists an entity EA thatis part of the
applicationdatamodel, suchthat an instanceof EA is createdexactly asthe effect of
successfullyexecutingan instanceof activity A. Suchentity is activity-isomorphic,and
the Webapplicationsimply testsfor the existenceof its instancesn orderto understandf
actitiesfollowing A canbestartedn agivencase.

Processcontmol using case-isomorphientities. In some cases,the applicationdata
modelcontainsa single entity that encapsulateall informationaboutcaseadvancement.
Eachcasds associateavith exactly oneinstanceof suchentity, andeachactivity modi es
thatentity instanceto mark activity completion. In this case the entity is said case-iso-
morphic. An examplecanbedrawvn from theloanrequesiprocesslescribedn Fig. 4. In
thedatamodel,theLoanRequestntity encodesill thedataassociatetb thecaseandcase
evolution is representedby the attribute Statusof the LoanRequestwhich cantake only
onevalueamong:"ToBe\alidated”,"Validated”,"Checked”, "Accepted”and”Rejected”.
The statusof the LoanRequesihstancerecordsthe caseadvancement.

4.3 Evaluation

Implicit controlenforceshe processonstraintdy exploiting thetopologyof links among
pagesand by extending the applicationdata with statusinformation representinghe
progresof the case.Both techniquesaresimple,anddo not requireprocess-speci @x-

tensiongto the dataand hypertext conceptuamodeling. However, they alsosuffer from

severaldrawvbacks:
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—Link topologyalonecannotexpressmulti-actorconstraints.

—Datasharingembedgrocess-orientedatawithin applicationdata,makingit moredif-
cult to understandhe dataschema.

—Bothtechniquegxploit navigationlinks (eitherexplicit inter-pagelinks or thelinks em-
anatingfrom index units listing objectson which someactuity is pending). Thus,the
hypertext mixes”normal” navigationlinks for browsing contentandlinks for progress-
ing thoughthe process However, this distinctionis not markedin the hypertext model,
which becomeshardto readandmaintain,asthe compleity grows.

—Datasharingembedsn the hypertet additionaloperationgdataupdatesyelationship
creations/deletionstc), motivatedby the needof recordingcaseadvancementAgain,
theseoperationarenotclearlyassociatedith theprocessnodel,andreducetheoverall
readabilityof the hypertext model.

—Changingthe processnodel(e.g.,alteringthe orderof executionof two actwities) im-
pactsboth the dataand hypertext model extensiely, andin waysthat are not clearly
comprehensibl&éom the speci cations which hampergheevolution of the hypertext.

In summaryimplicit controlis suitablefor simpleprocessedyut the lack of anexplicit
representatioof the dataandhypertet featuresstemmingfrom the processmodelmakes
it dif cult to reasoraboutcasesandto maintainandextendtheapplicationevenfor small-
scaleprocesseslf the processo be controlledis large, distributed, and with frequently
changingenactmentules,implicitly controlledprocesseguickly becomeunmanageable.

5. EXTENDING HYPERTEXT MODELING WITH PROCESS-AWARE PRIMI-
TIVES

In this Section,we presentexplicit processmodeling. Section5.1 describesan explicit
processeferencanodel,representingaseadvancemenandfactoringtheinformationrel-
evantto the processout of applicationdata. Application and processlataare connected
only whenthe needarisesto correlatean activity with the datainstanceson which it is
performed. In Section5.2, the hypertext modelis extendedwith ad hoc WebML primi-
tivesfor delimiting the startandend of actiities, assigningwork itemsto actvities, and
retrieving the applicationdatarelevantto the executionof a given actvity. Theseexten-
sionscanberegardedasmacrosj.e., combinationof elementaryWebML conceptge.g.,
operationunits,andunit's selectorconditions)for retrieving andupdatingthe instanceof
the processeferencanodel,which encapsulatethe hypertet featuresstemmingrom the
processnodel.

The procesgeferencanodelandthe procesamanagementnitsendav WebML with a
clearmethodfor specifyinganddeploying process-drien hypertets as setsof intercon-
nectedWeb pagesandoperations.In Section5.3, we illustratethe procedurdor deriving
a hypertext modelfrom a BPMN processspeci cation anddemonstratéts usageon the
runningcasein Section5.4. Section5.5 discussea setof alternatve stylesfor encodinga
givenbusinesgprocessn aWebapplication.Thesestylesassigndifferentlevels of aware-
nessand control to the processactors. We also map eachdesignstyle to the classesf
applicationamore suitedto it. Finally, Section5.6 evaluatesexplicit processcontroland
shawvs how it helpsreducethe problemsraisedby the implicit processcontrol methods
discussedh Sectior4.
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Application Data Model

Fig.6. Processeferencanodelandits interconnectiowith the applicationdatamodel.

5.1 Process reference model

The entitiesandrelationshipsof the processeferencemodelareshown in Fig. 6: Entity
Procesds associatedvith entity ActivityType, representinghe kinds of actwities that
can be executedin a process. Both entitiesdescribegeneraldataaboutprocessesand
activities, which neednot bereplicatedfor eachprocess/actity instantiation.Entity Case
denotesan instanceof a processwhich hasa name,usedasa label for communicating
with theuser a starttime, anendtime, anda status Entity Casds relatedto entity Process
(relationshipinstanceOfandto entity Activitylnstance(via relationshipPartOf), denoting
theoccurrencesf anactiity instancen thecase.

Entity Activitylnstanceis associatedwith entity ActivityType (via relationshipIn-
stanceOf)fo denotethe classof anactity instance.

EntitiesUserandGrouprepresenthe processactors asindividualsclusteredn groups.
A usermay belongto differentgroups,and one of suchgroupsis chosenas his default
group, to facilitate accesscontrol whenthe userlogs in. Entity ActivityType is related
to entity Group, (via relationshipAssigned®) to denotethat the usersof the groupare
entitledto performthe speci ¢ kind of actiity. Concreteactiity instancesareassociated
with individualusergvia relationshipAssigned®) to expresghemorere ned assignment
of activity instancego the individual userswho canexecutethem;an actvity instances
alsoconnectedo thespeci ¢ userwho actuallyexecutest (via relationshipExecutedBy).

Advancementnformationis encodedn statusattributes. The statusof a casecanbe:
initiated, active (when at leastone actvity hasstarted),or completed. The statusof an
activity instancecanbe: inactive, active, or completed. The designercan specifyan ar
bitrary numberof relationshipsetweerthe processeferencanodelandthe application
data,which mayberequiredto connecthe processactiities to the dataitemsthey use.
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5.2 Process management units

TheWebML hypertext modelcanbeextendedwith primitives(calledprocessnanagement

units) for recordingthe advancemenbf a particularcasein the processeferencenodel.

Processnanagementinits are corvenientmacrosthat simplify the hypertet; they could

equivalentlybe expressedvith corventionalunits appliedto thereferencemodel.
Threeoperationunitsareintroduced:

—Start Activity / End Activity. respectiely usedto denotethe initiation andtermination
of anactvity instancewithin acase.

—Assign to modelthe allotmentof work items,representedly suitableapplicationentity
instancesto actiity instances.

—Process-awar contentunits usedto denotethe retrieval of contentthat dependsoth
ontheapplicationdataandon the processeferencenodel.

TheStartActivity primitive,whosenotationis reportedn theleft partof Fig. 7, startsthe
executionof anactiity instance . Thetype of theactiity instancebeingstarteds speci ed
asalabelbelow the operationicon. The StartActivity operationhastwo (optional)input
parameters:

—The rst parameteis anactwvity instanceidenti er. Whenthis is not null, the activity
instancdo startalreadyexists(astheeffect of thecompletionof a previousactiity); the
StartActivity operationsimply recordgheactivationtimestampof theactvity instance,
andsetsthe statusto "active”. Whenthe parameteis null, the activity instanceto start
doesnot exist whenthe operationis executed,but is createdby the Start operation,
andconnectedo the properActivity TypeandCase.Then,the StartActivity operation
recordsthe activationtimestampof the newly createdactivity instance marksits status
to "active”, andsetsthe sessiorvariableCurrentActvity to the ID of thenewly created
andactivatedactiity instance.

—Thesecondarameteis acasddenti er. Whenthis parameteis notnull, anew actiity
instancemustbe createdn the contect of an alreadyexisting case;therefore the case
ID is exploited to connectthe activity instanceto the caseit belongs.If boththe case
ID andtheactivity instancdD arenull, anew caseandanew actiity instancemustbe
createdasin the"start case”situationexplainednext).

Two examplesof StartActivity usagecanbefoundin Fig. 11. The rst operatiorcreates
the Requestctiity andconnectst to the appropriateactivity type; it alsocreatesa new
case.Thesecondoperationstartsthe Choiceactiity (which alreadyexistsaseffect of an
Assignoperationin Fig. 13, discussedext); the operationrecevesan actiity instance
identi er asinput, andits effectis to setthecorrespondingtatusto "active”.

The End Activity primitive, shavn in theright partof Fig. 7, recordsthe terminationof
anactiity instancen the processeferencemodel. The operationicon is labeledwith the
nameof the activity type beingterminated.The operationrequiresasinput the ID of an
activity instanceijts executionsetsthe statusof theactity instanceio "complete”,records
thecompletiontimestampandresetshe CurrentActvity sessiorvariableto NULL.

The startactiity operationcanbe taggedasthe startof the case whenthe actwity to
be startedis the rst oneof the entire process.Similarly, the endactiity operationcan
be taggedasthe endof the case whenthe activity to be terminateds the lastoneof the
processThegraphicdecoratiorof the StartActivity andEnd Activity operationsisedfor
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Start Activity End Activity

ActivityName ActivityName

Activity|ID
CaselD

ActivitylD

Fig.7. Startactvity andendactvity operations.

denotingthe starting/ endingof casesonsistin asmallwhite dotandin asmallblackdot
respectiely. At casestart,a new activity instanceis createdandconnectedo the activity
typespeci edin theoperationlabel,a new caseinstancds createdwith "active” statusan
internalcasename,anda properstarttime. The caseinstanceis connectedo the newly
createdactiity instance(usingthe relationshipPartOf) andto the processof the activity
type (usingtherelationshipinstance Of) . The sessiorvariableCurrentCasés setto the D
of the newly createdcase. At casetermination,the actwvity instancestatusandthe case
statusaresetto "complete”, theterminationtimestampsrerecordedandthe CurrentCase
variableis resetto NULL. Examplescanbefoundin Fig. 11 the StartActivity of Request
is markedasStartCase,andthusit creategshe new Case(togetherwith the new Activity
Instance)theEndActivity of Choiceis markedasEndCasethussettingthecorresponding
casestatugto "complete”.

Theassignoperation associateactiity instancewith instance®f applicationentities,
or with instance®f the Userentity. Its purposés to recordthework itemsassociatedo a
speci ¢ actiity instanceor theuserdn chageof executingit. If theactiity instancedarget
of theassignmentloesnotexist, theoperatiorcreatest andconnectst to therelevantparts
of the procesgeferencemodel. The operationicon (shavn in Fig. 8) is labeledwith the
nameof theinvolvedactiity type;it recevesasinputparameterthelD of thecurrentcase,
thelD of anactiity instancgoptional),thelD of anapplicationentity instanceoptional),
andthelD of auser(optional).

Thefollowing situationsarepossible:

—If theactiity instancdD parameters null, theoperatiorcreates new actiity instance,
with statussetto "inactive”, andconnectst to the appropriatéActivity TypeandCase.
Thecreationof anew activity instancenodelsthefrequentcasewhen,in thecontext of a
givenactiity, it is possibleo anticipatehenext actiity to beperformedn thecaseand
to assignapplicationobjectsto it. Thecreationof the actiity instanceenablests future
selection(from atasklist of "inactive” actities or from thelisting of applicationobjects
connectedo "inactive” actiities) andactivation(by a startoperation).For example the
AssignUnit of Fig. 12 allocatesa dataobject(the LoanRequest)o the actvity called
PreliminaryValidation. Sinceno instanceof this activity existsyet for the currentcase,
the Activity Instancds createdandthenthe LoanRequess assignedo thatinstance.

—If the operationrecevesasinputthe OID of anapplicationentity, it connectghetarget
actiity instanceandtheinput entity instancg(usingthe Related® relationship).

—If the operatiorrecevesasinputthe ID of auser it connectghetargetactiity instance
andtheinputuserinstancgusingthe Assignedd relationship).
The assignmentof an application entity instanceand of a user are not exclusive;
eachof themis denotedby an assignmenexpressionbelow the activity name ("[En-
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Assign

BN

Assign

BN

Assign

B

ActivityName ActivityName ActivityName
[Entity=EntityName] [AssignedTo=UserOID] [Entity=EntityName]
[AssignedTo=UserOID]

(a) (b) (¢c)

Fig. 8. Graphicalnotationof the assignoperation:a) assignmenbf work item to anactvity instancep) assign-
mentof userto anactvity instancer) assignmenof work item anduserto anactvity instance.

tity=EntityName]”and"[AssignedTo=UserID]” respectiely).

Process-awar contentunitsareregularWebML contentunits(e.g.,index anddataunit)
augmentedvith special-purposselectorconditionsexpressingin a conciseway the re-
trieval of dataobjectsrelatedto the procesgeferencanodel. Theiconsof process-avare
contentunits are identical to thoseof the correspondingegular WebML contentunits,
but iconsof process-aareunits aretaggedwith a"W” symbol,denotingthe retrieval of
process-relatedata.For example,a process-aareindex unit canretrieve:

All the actity instanceghatareof a particularactvity type (usingthe InstanceOfre-
lationship),belongto casesn a speci ¢ state(usingthe PartOfrelationship) areassigned
to speci ¢ users(via the Assigned relationship) andare executedby the speci c users
(via the ExecutedByrelationship). The unit will be renderedcasanindex over the identi-

ers of theactvity instancesnatchingits input parameterandselectorconditions andits
outgoinglink hasanoutputparameteassociatedvith theidenti er of theselectedactivity
instanceFig. 9 (a) shavsa process-aareindex unit retrieving all theactiity instance®f
thetypespeci ed by the ActivityNamelabel.

All theapplicatiorentity instanceshatarerelatedto activity instancesn aspeci c state
(via relationshipRelated®), of a speci ¢ actvity type (via the InstanceOfrelationship),
belongingto casesn a speci ¢ state(via the PartOf relationship) areassignedo speci ¢
usergVviatheAssigned® relationship) andareexecutedy thespeci c usergvia the Exe-
cutedByrelationship).Theunitwill berenderedsanindex overtheidenti ers of theentity
instancesnatchingthe input parameterandselectorconditionsandits outgoinglink has
anoutputparametenssociatedvith theidenti er of the selectedentity instance Fig. 9(b)
shavs a process-avareindex unit retrieving all the instance®f entity EntityName?

Note that, in both casesthe unit providesasan outputparametean Activitylnstance
identi er, but the selectorconditionscanbe appliedeitherto the Entity or to the Activity
connectedo the Activity Instance. For example, process-avareindex units depictedin
Fig. 13 show the identi ers of LoanRequesassignedo instancesof a speci ¢ Activity
(i.e., Preliminary\alidationin the rst caseandFinalApproval in the secondcase).

1Processwareunitsmake aslightakuseof notationwith respecto theto syntaxof selectoiconditions presented
in Section2.3;they mentionattributesof the entity andactvity instanceshatarenotde ned locally to theentity
in the processeferencenodel,but canbederived by traversingoneor morerelationshippaths.Thisis ashortcut
for describingcomplex querieson the procesgeferencemodelwith a simplenotation.
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Relevant Relevant
activities ActivitylD data instances | ActivitlD
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Fig.9. Processamarecontentunit notation.

5.3 Guidelines for deriving an hypertext model from a process model

Procesdliagrams expressedn an abstractnotationsuchas BPMN, can be exploited to
derive dataand hypertext speci cationsin a structuredmanner The designtasksin the
developmentof data-and process-centridVeb applicationsareorganizedn the threeac-
tivities of processdataandhypertext design,asillustratedin the lifecycle of Fig. 3. In
the next sectionswe review eachstep,with specialfocuson how to translatethe process
modelinto the dataandhypertext modelsof the Webapplicationfor processnactment.

5.3.1 ProcessModeling. Processnodelingamountgo specifyingthe processandits
usersor usergroups.Standardechniquespresentec.g.in [Ashok etal. 1988],areused;
theWebcontext doesnotalterthetypicalmethodsindtechnique®eingusedfor thisphase.
After processmodeling, a high-level view of the processis de ned, and the identi ed
actiities are assignedo the relevant groupsof users: eachsub-procesassociatedo a
speci ¢ group of userswill be implementedoy meansof a dedicatedsite view. As an
additionalresultof processnodelingthe actualinstance®f the entitiesActivityTypeand
Processhecomede ned. Fig. 4 presentghe resultof processmodelingappliedto the
runningexample.

5.3.2 Data Modeling. Data modelingfollows the generalguidelinesfor conceptual
databasealesign[Batini et al. 1992], possiblyre ned with proceduredor data-intensie
Webmodeling(see[Ceri etal. 2001]and [Ceri etal. 2002]).

To copewith processepresentatiorthe datamodelis extendedwith the entitiesandre-
lationshipsn the processeferencenodeldepictedn Fig. 6 andtherelationshipdbetween
process-relatedndapplicationdataareestablished.

The completedatamodel of the runningcasestudyis shovn in Fig. 10. In the data
model,aLoanis associateavith a setof possibleLoanProposalsThe LoanRequestntity
(representinghe loan requestsubmittedby a customer)is associatedvith the LoanPro-
posalentity by meanof two relationshipstheProposedelationshipdescribeshefactthat
somelLoanProposalbave beenofferedto theapplicantthe Choserrelationshipdescribes
the choiceof theapplicantamongthe variousproposals The JobDateaentity characterizes
thejob pro le of loanapplicants Notethatthe LoanRequesgntity is process-relatednd
thushasa Relatedd associatiowith the Activitylnstanceentity.

5.3.3 Hypertext Modeling. Thehypertet designprocessconsistof two mainphases:
high-level hypertet design,wherethe overall structureof the hypertet is sketched,and
detailedhypertext design wherethe operationatletailsof thehypertet arefully speci ed.
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Fig.10. Completedatamodelfor thesampleoanrequesprocess.

High-level hypertet design. High-level hypertet designidenti es the main site views
and pagesof the applicationfront end. In this phase the contentof pagesin terms of
unitsandlinks canbesketchedat a variabledegreeof precision to pointout only themost
importantaspectof the interfaceand delimiting the areasof the hypertect that support
the executionof actvities. Typically, high-level hypertext designproducesa hypertext
"skeleton”for eachsite view, highlighting the entry andexit pointsof eachactiity, and
omitting the details of the pagesand units necessaryo build the interfacefor actiity
execution.

As anexample,Fig. 11 shavs a high-level hypertext designof the Applicantsite view.
Theloanapplicantmaystartthe processrom theHomePage by following thelink "Apply
now”. Thislink triggersthe "StartActivity” operationfor the Requeskactvity. Sincethis
activity startsshewholeprocesstheprocess-relatednitis labeledasastartcaseoperation.
The dashedbox pointedat by the outgoinglink of the StartActivity operationrepresents
the detailedhypertext designfor the Requestctivity, which is left unspeci ed. The link
emanatingfrom the dashedbox representinghe Requestactiity shows that whenthe
actvity ends,the useris led to a page(namedRequesDetails) containingthe detailsof
the submittedrequest.Fromthere,he canreturnto the HomePage,wherehe canchoose
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Fig.11. High-level applicantsiteview.

to view the statusof his requestdy following the Your Requestdink, or to changehis
pro le data,following the Modify Pro le link. In the Requestgage,the applicantcan
accesghe list of his submittedrequestsand then con rm the loan proposalassociated
with a speci ¢ requestby startingthe Choiceactvity. The detailsof the hypertet for
performingthe Choiceactiity areleft unspeci ed,asdenotedby the seconddashedox.
Theterminationof the Choiceactvity alsoendsthe currentcaseandleadsthe clientto a
page(LoanAccepted)with thefull detailsof theacquired_oan.

The coreideaof the high-level designphaseis to specify: (i) the hypertext fragments
thatdealwith requirementsiot relatedwith processnactmentsuchasthe pagesallowing
customergo modify their pro le in Fig. 11; (ii ) the hypertext fragmentsproviding aux-
iliary informationpreliminaryto the executionof actvities, suchasthe Home,Requests
andProposalCon rmation pagesin Fig. 11; (iii ) process-orientednits thatdelimit the
entry and exit points of activities. This high-level model senes as a starting point for
detailedhypertext design(seenext) andallows the designerto concentrateon hypertext
featureghatdealwith non-procesorientedinteraction rst, andaddhypertet fragments
for performingactiities later,
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DetailedHypertext Design. Detailedhypertet designis concernedvith the top-davn
re nementof the hypertext modulesleft unspeci edduring high- level design. The de-
tailedapplicantsiteview, shovnin Fig. 12,includestheunitsandlinks thatimplementthe
interfacefor the activities performedby applicantyRequestndChoice).In the hypertext
implementingthe Requesictiity, afterthe activity start,the clientmay Il aform with
his personalnformationandall the datarequiredfor grantingaloan. A new LoanRequest
containingthe datainsertedby the useris thencreated andassignedo the Preliminary-
Validationactvity. LoanRequestassignedo the Preliminary\alidationactiity will be
retrievedlater by meansof a process-aareindex unit in the managess siteview. Finally,
whenthe Requestctiity ends,the useris led to a pagecontainingthe detailsof his re-
guest.Fromthe Requestpage theclient canselectan offer approved by the managefor
a speci ¢ loanrequestseethe detailsof the offer andcon rm it by startingthe Choice
activity. Theterminationof the Choiceactvity alsoendsthe caseandtheuserisledto a
detailedview of the con rmed loan. The executionof the Choiceactivity simply amounts
to: (i) updating(via a modify unit) the Accepted ag of the LoanRequeséntity instance;
and(ii ) connectinghe choserLoanProposato the LoanRequestthroughthe Choserre-
lationship),by meansf a connectunit, which createsa new relationshipinstance.

Fig. 13 shavs the detailedhypertet for the managessite view. Whenthe Preliminary-
Validationactvity starts,the managemay eitherstopthe processf the LoanRequesis
not valid, or Il in aform with his notesto continuethe process.If the LoanRequesis
rejectedoutright, both the activity andthe caseareended.If the LoanRequespasseshe
preliminaryvalidation,the manages notesare addedto it usinga modify unit, thenthe
LoanRequesis assignedo the subsequentheckingactuities, and nally , the Prelimi-
naryValidationactvity ends.In the FinalApproval actiity, the manageeitherrejectsthe
requestterminatingboththe actiity andthe caseor approvesit by lling in aform with
theacceptancéata. Theform submissiorupdateshe approredLoanRequesandoption-
ally connectgoit asetof loanproposals;nally , theLoanRequeds assignedo the Choice
actity andthe FinalApproval actiity ends.

Thedesignof thehigh-level anddetailedhypertetsis guidedby the processonstraints,
but the hypertext designehasvariousdegreesof freedom:

—A rst degreeof freedomconcerngheorganizatiorof contentandoperatiorunitsin the
pageshat supportthe executionof eachactivity. To composesuchpagesthe designer
relieson the applicationrequirementsinterpretedaccordingto his/herpersonakxperi-
enceandmodelingtaste. Thus,incorporatinga procesanodelin the Web application
doesnot poseunnecessaryestrictionson the Web applicationdesign,suchashaving
exactly one Web pageper processactivity (this is the case,for instancefor the Web
interfacesof commerciaWfMS, aswell asin someresearchderived modelssuchas
PMS|[Noll andScacch2001]). This degreeof freedomis similarto theoneavailableto
thedesignerof aregulardata-intensie Webapplication.

—A seconddeggreeof freedomconsistsin the de nition of how the processs controlled
andexposedto the processactors. This degreeof freedomis speci ¢ to process-dkien
hypertets; several alternatve processmodelingstylesare available, describedn the
next section.
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Fig.12. Detailedhypertet for theapplicantsiteview.

5.4 Process modeling styles

In this section,we identify alternative stylesfor encodinga given businessprocessn a
Web application. Thesestylesdiffer in the degreeof awarenes®f the procesgeference
modelandin the kind of processcontrol grantedto the processactors. In somesense,
thedifferentstylescorrespondo alternatve waysof modelinga TaskManagen(a regular
componenbf a WfMS) asa hypertet interface.Eachprocessnodelingstyle canbe seen
asa procesglesignpattern,and associateavith the classof applicationsfor which it is
moreappropriate.

5.4.1 Repesentatiornof pendingtasklists. Process-aareindex units, introducedin
Sectiond.2,provide e xibility in presentingo theuserthelist of his pendingtasks which
canberepresente@itherby meansof the applicationdataassociatedavith the actvity in-
stanceso executeor with theactiity instanceshemseles. Thetwo optionsareillustrated
in Fig. 14, appliedto the caseof the employeesin chage of performinga job checkon a
loanrequest.

The formerway of designingthe hypertext is moreintuitive andsimpler, sinceit does
notmalke the procesgeferencanodelvisible to the user This styleis preferablefor appli-
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Fig.13. Detailedhypertat for the managesite view.

cationsdirectedto non-skilledusers suchascustomer®f ane-commercssite; typically,

suchcustomersarepresentedavith anindex overapplication-dependenbjects]ike orders
awaiting paymentprdersalreadyshippedgetc. However, suchhypertet designpatternap-
plies only to processe$eaturingan entity isomorphicto someactivity (asexplainedin

Section3.3).

Corversely thelatter hypertext designstyleis moreappropriatén applicationdirected
to userswell aware of their role in the work o w, especiallythosewho usethe process-
driven hypertext applicationto performtheir daily tasks. Examplesinclude: accountants
processingeimlursementdgor businessrips, clerksregisteringnew entriesin the Social
Securitysystemsupplydepartmentlerksfollowing theadvancemenbf agivenorderetc.

5.4.2 Time of creation of activity instances.Activity instancescan be createdand
startedn two ways:

ACM JournalName,Vol. , No., 20.



24 Marco Brambilla et al.

Fig. 14. Representinghe list of pendingtasks: as applicationentity instanceqleft), or asactvity instances
(right).

—By generatingnactivity instancqust atthe startof theactwity. Thisis the caseof Fig.
12: whenaclientfollowsthelinkednamed'Apply now” in theHomePage thistriggers
a StartActvity operationwhich createsaninstanceof the Requestactiity andsetsits
statusto "active”.

—BYy generatingan actiity instanceasthe resultof the executionof a previous actiity;
theactvity instances createdandits stateis setto "inactive”. Later, whena userstarts
the executionof the actiity, the statusof the actiity is setto "active”. In the running
example,instance®f actvities JobCheckandFinancialCheclarecreatecby managers
whenthey performthe preliminaryvalidationof aloanrequestbeforeterminatingthe
Preliminary\Alidationactiity, an Assignoperationis executed which createghe next
actiity instanceg¢JobCheclandFinancialCheckandassignghemthe LoanRequestio
be checled,asshavn in Fig. 13. Thenewly createdactiity instancesretakenup by

employees.

Activity instancesare createdbeforehandvhen applicationdatamustbe passedrom
a precedingactivity to a subsequenbdne, and whenthe numberof instancemeededo
completean activity canbe preciselydeterminedn advance. Whenthe executionof an
actiity is optional(e.qg.,a branchof an OR split or anactiity with preconditionspr the
numberof instancesieededo completetheactiity is notknown a priori, thejustin time
creationof actiity instancess preferable.

5.4.3 Pushvs. Pull styleof work assignmentIn the casewhereactiities arecreated
beforehandtherearetwo ways of assigningactiity instanceso the userswho actually
executethem. The rst optionis to assignan activity instanceto a speci ¢ user("push”
style); in this casethatuseris the only onethatcanactuallyexecutethetask. The second
possibility is to (implicitly) assignthe activity instanceto a usergroup,andlet ary user
within the group pick aninstanceand executeit ("pull” style). This is the casethe run-
ning example wheremanagerassigrthe JobCheclandFinancialCheclactvities without
specifyingtheresponsiblemployee,which meanshatall theusersof theemployeegroup
areeligible (seeFig. 13).

Push-stylessignmenis appropriatéf differentusershave alternatve competencesnd
canalsobeusedto make surethatall usersof agroupareloadedequally(for instancepy
picking the userin chage in a round-robin fashion,or basedon the currentnumberof
assignments)An exampleof applicationwherepush-basedssignments appropriatas
a Web-basedcomputermanugcturercustomerservice,wherecustomersle complaints
aboutparticularsubsystem®f their computer The actiity instancethat correspondso
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answeringhe complaint(e.g.,by writing furtherdirectionsto the user or calling him on
thephone)shouldbeassignedo thetechnicalrepresentatie thatis mostcompetenbnthe
particularproblemmentionedn theclaim.

Pull-basedvork assignmenits more e xible, andit allows any userof agroupto execute
ary pertinentactivity instance This style of assignmenis moresuitedto processewhere
multiple usersareequallyquali ed to executetasks,andthereis no specialconstrainton
how mary actvity instancesreexecutedoy eachuser

5.5 Evaluation

Explicit procesamodelingin the dataand hypertet diagramsenforcesthe processcon-
straintsby exploiting ad hoc portionsof the datamodel, calledprocesseferencemodel,
anddedicatedunitsin the hypertext model,which encapsulatéhe updateandretrieval of
process-relatemhformation. Explicit processnodelingalleviatesseveraldravbacksof the
implicit procesencodingdiscussedn Sectiond:

Expressivepowerfor processcontrol. All the mostfrequentlyusedprocessonstraints
canbe representedsingthe procesgeferencemodelandthe hypertext modelingprimi-
tives,without makingary assumptioraboutthe applicationdatamodel. A detailedcom-
parisonof the expressie power of processmodeling proposalsis presentedn [Bram-
billa 2005b],wherea setof 22 work o w patternsjnitially de ned by VanderAalstetal.
in [vander Aalstetal. 2003],areexploitedto benchmarkhe processnodelingnotations.
The evaluationshawvs thatthe explicit WebML processcontrol coversmostpatternswith
few exceptions:somepeculiarprocesderminationcasessimultaneousctivity execution
atthesamepeerby a sameuser andsomelooping cases.

Data modelreadability. The datamodeldoesnot mix processontrolinformationwith
applicationinformation,andthereforeis morereadable.

Hypertet readability Hypertext readabilityis improvedthanksto a modularhypertext
structureinducedby the top down re nementof the high level designinto a detailedde-
sign; furthermoretheseparatiorof theupdateandretrieval of the processeferencanodel
from the publishingandmanipulatiorof applicationdatamakesthehypertet speci cation
easierto understand.

Automatichypertet geneition. Especiallythe high-level hypertext designschemalis-
cussedn Section5.3.3 canbe derived automaticallyfrom the processmodel by a tool.
Furthermorea draft of the detailedhypertext schemacould be generatedy using sim-
ple wizards, basedon hypertext designpatternsembodyinga few typical interfacesfor
performingstandardactiities (e.g.,datapublication,variouskinds of dataupdatesgtc).
This possibility is currentlyunderinvestigation(seeour ongoingandfuture work agenda
in Section9).

Impactof changesin the processonto the data model. Changingthe processmodel
(e.g.,addinga new actiity, changingan OR-split/joininto an AND split /join etc.) does
not require changingthe applicationdatamodel. Corversely with the implicit process
control changego the procesamay impactthe datamodel,becauséehereis no guarantee
thata datamodelusablefor encodingthe advancemenbf a givenprocesss suitablefor a
differentprocess.
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Hypertext model
Sequence StartActivity operationandAssignoperationpull or pushmodelingstyles
AND-split Startactvity operatiorandassignoperatiorto startall parallelexecutionbranches
AND-join Conditionalunit for startingsubsequerdactvity only whenall precedingranches
arecomplete.
OR-split StartActivity operationandAssignoperatiorto starteachexecutionbranch.
Conditionalunit for startingsubsequerdactvity only whenatleastonebranch
is completed.
XOR-split Conditionalunit for startingoneactvity (with StartActivity operation)only if
XOR-join theotheroneshave notbeenstartedyet
Iteration Conditionalunit for repeatingexecutionuntil the stopconditionis met;
whenthe conditionis metthelink to the StartActivity operatiortriggeringthe next actvity
is followed.
Pre-condition | Conditionalunit for startingthe executionof anactiity (with the Startactiity
operation)nly if the pre-conditions met.
Post-condition | Conditionalunit for terminatingthe executionof anactvity (with the Endactvity
operation)only if the post-conditioris met.

Tablell. Representationf processonstraintdy explicit hypertett modeling.

Impact of changesin the processonto the hypertext model. Changesn the process
model can be propagatedn a regulatedmannerto the hypertext model. If the change
appliesto the processonstraintsthe detailedhypertext implementinga given activity is
not affected;only the process+elatedunits connectinghe detailedhypertets areaq(left
unspeci edin Fig. 11) needto be revised. Similarly, a changein the de nition of an
activity propagatesnly within the detailedhypertext implementingthat activity, without
affectingthe globalstructureof the hypertext.

Processveri cation. Verifying thatthe procesenactedy a givenhypertet coincides
with adesiredprocesspeci cationis averydif cult problem[Deutschetal. 2004;Bram-
billa et al. 2005], tackled more effectively when the processcontrol featuresare made
explicit in the hypertext model.

In summary explicit controlis suitablefor complex multi-actor processeswherethe
presenceof an explicit representatiomf the dataand hypertet featuresstemmingfrom
the processmodelmalesit easierto reasonaboutcasesandto maintainand extendthe
application.Tablell summarizeshevariousprocessonstraint&ndthewayin whichthey
arerepresentedvith the process-relatedypertext modelingprimitives.

6. PROCESS DISTRIBUTION

The discussiorso far hasbeenimplicitly basedon the assumptiorthatall the site views
implementingthe Web interfacesofferedto the variousprocessactorsusea single Web
sener and can accessa centralrepositorycontainingthe dataof the processreference
model, which encodein a declaratve and application-independemnay the progressof
theongoingcasesln this sectionwe discusgprocesglistribution, whichis requiredwhen
processemaybeexecutedatdifferentsenersandnotnecessarilghareacommonprocess
referencanodelrepository

Procesdistribution consistdn the (design-timejssignmenof activities to the various
senersthat can executethem. Activities are atomic units of distribution, executedby a
singlesener; in otherwords,tasksrequiringtwo or moresenersmustbe brokenup into
smalleractiities. The overall processs implementecby meansof seseral Web applica-
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Fig.15. Exampleof distributedwork ow.

tionsrunningatthe sitesof differentorganizations.

From a technologicalstandpoint,we assumethat databasesenersin businesservi-
ronmentsdo not supporttransparentistributed databasejueriesand updategespecially
whendataof differentorganizationsare involved); eachorganizationinsteadprovidesto
requestors setof Web servicesto accessand manipulateits local datain a controlled
manner Ontheotherhand,possibledatadistribution policieslocal to a givenorganization
do not affect the subsequentliscussionsincewe supposehatin this caseordinarydata
distribution transpareng mechanismganbe relied upon. Therefore from aninfrastruc-
ture point of view, eachnodeparticipatingto the implementatiorof a distributedbusiness
processostsa Websener (andthusis capableof publishinghypertet interfacesandWeb
Servicesaccessiblevia HTTP) anda local or transparenthdistributed databas€andthus
is capableof storingapplicationdataandthe procesgeferencanodel).

Underthesehypothesesnanagingdistributedprocessesequirestwo extensionsof the
approacldiscussedofar:;

—Expressinglistribution requirementsn the procesanodel: we copewith this requisite
by leveragingthe BPMN notation,which allows the explicit assignmenbf activities to
multiple processingnodes.

—Integratingdistribution into the hypertext model: we facethis requisiteby introducing
appropriatenypertet primitivesfor representingemoteserviceinvocations.

6.1 Expressing distribution requirements in the process model

We startby shoving how aprocesspeci cationin BPMN canbeusedto expressdistribu-
tion requirements.

We assumehatinter-senercommunications basecn Web Services.This choicedoes
not hamperthe validity of the methodologicalkonsiderationsllustratedin this Section,
which remainvalid alsofor otherforms of distribution, like RPC-basedommunication,
andis alignedwith the trendof evolution of distributedsystemsn the Weh

To malke inter-sener communicatiorevidentin the processmodel,the spavning of an
actiity to a differentsener is representedy meansof additionalBPMN primitives, ex-
empli ed in Fig. 15, whichillustratesa modi ed versionof theloanrequestasestudyin
which job checkactvity is performedby anexternalageng.
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Fig.16. WebML Webserviceunits.

—Eachpeerin thedistributedprocesss representetly adistinctseparat@ool, throughthe
useof differentpoolsfor eachpeer;in Fig. 15therearetwo suchpools,onerepresenting
theBank (top) andthe otherrepresentinghe ServiceAgeng (bottom).

—The delivery of requesiandresponseanessagess representethy sendactiities in the
pool representinghe sener triggeringthe communicatiorandby messageo w arrovs
crossinghelanebordersjn Fig. 15thereis onemessagexchangefrom the JobCheck-
Requestctivity in the managess role to the JobCheclactiity in the ServiceAgeng/
employeerole.

—A sub-processs triggeredat a differentpeerby a messageausingthe "start” of its
initial actiity andis closedby a messagsentatthe”end” of thelastactiity. In Fig. 15
thereis onemessagéarigger (JobCheckS)n the ServiceAgeng employeerole, which
causegheexecutionof theinitial actiity (JobCheck).

Theresultingdiagramsarefully compliantwith the BPMN standardsendactiities are
modeledby meansof typedactuities (of type Send);Web servicemessagexchangeis
modeledthroughmessageo w arrowns from the senderto the recever; the sub-process
instantiatechtthe premiseof theremoteseneris startecby amessageausingthe "start”
of theactvity andis closedby a messagsentatthe”end” of thelastactivity.

6.2 Modeling message-based interaction in the hypertext

The communicatioramongdifferentsenes affects the hypertext model, which mustbe
ableto expressthe assemblyand sendingof outboundmessagesnd the receptionand
processingf inboundmessagesThesefeaturesrequirethe useof appropriateWebML
unitsmodelingWebserviceinteractionsextensiely presentedh otherworks[Manolescu
etal. 2005],andbrie y summarizedere.

The basicconceptis to encapsulatinto dedicatedoperationunits, calledWeb Service
units,themaintypesof messagexchangesvolvedin inter- senercommunicationThese
Web serviceunits arerepresentedéh Fig. 16 andcorrespondo the primitives offered by
WSDL [WSDL 2001],whichincluderequest-responsdsolicit-responsenessaggairs,
andone-way andnoti cation messagesThe de nition of theiconsadoptstwo graphical
corventions;(i) two-messagesperationsarerepresentedsround-triparrows; (ii ) arrovs
from left to right correspondo input messagefrom the perspectie of the service(i.e.,
messagesentby the Web applicationto the serviceprovider). Dependingon the com-
municationprotocol, requestresponseandsolicit-respons@perationscanbe de ned as
synchronousr asynchronousperations.
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Fig.17. Centralizedporocessontrol.

6.3 Distribution and process control location

Procesdlistribution addsa new dimensionto the designactiity: the choiceof whereto
implementthe control of the distributedprocessWe referto this problemasprocesson-
trol location. The designemustchoosewho andwherewill take careof managingthe
evolution of the processcasesat runtime. In principle, the managemenof the process
canbe delegatedto ary subsebf the involved peers.However, we claim thatit is possi-
ble to ervision typical designcon gurationswith respecto processcontrol location. In
particular we identify two main options: centralizedprocesscontrol (with one Web ap-
plication managinghe entire process)anddistributed processcontrol (with severalWeb
applicationssharingthe managemenf theprocess).

6.3.1 Centrlizedprocesscontol. With centralizedorocesscontrol, for eachprocess
thereis one sener (called CaseManager)in chage of tracking the advancemenof all
the casesof that process. The CaseManagerkeepsthe completeinformationaboutthe
executionof all theactiity instance®f theprocessincludingthosespavnedandexecuted
at otherseners. Activity completionandactivation messageareexchangedetweerthe
CaseManagerandthe otherpeersfor eachactiity thatis started/closedutsidethe Case
Manager

An exampleof this behaior is depictedn Fig. 17, which shavs,in aUML sequencdi-
agram thetraceof the Web servicecallsamongthreepeersenactinga distributedprocess
with centralizedprocesscontrol. The verticaltimeline denoteghe temporalevolution of
activities andeachnumberedseggmentrepresentshe executionof oneactiity. In the ex-
amplethe CaseManagemerformsactiity 1, andthenenablesctiity 2 to be performed
by peerA. Onceactvity 2 is nished, peerA replieswith acompletionmessageandthen
the CaseManagerenablesactvity 3, which in turn communicatests completionto the
CaseManager The samehappendor actiity 4.

Every activation decisionand caseadvancementipdateis delegatedto the CaseMan-
ager Thus,a peerexecutinganactiity cannotautonomoushstarta new one,or delegate
an actiity to anotherpeer ConsequentlyWeb servicemessagesre always exchanged
betweerthe CaseManagerandonepeerat time, andno directcommunicatioris allowed
betweerotherpeers.As aconsequencef centralizedprocessontrol,thereferencenodel
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Fig. 18. Nestedcoordinationsequencealiagramand exampleof well-parenthesizedub-processomprisingan
OR gatavay.

for caseadvancemenis storedatthe CaseManagersite.

Centralizedorocessontrol supportsanarbitrarydistribution of actities to peers pro-
videdthattheCaseManagelis noti ed of theactiity start/endevents;sequentiagéxecution
of asetof actvitiesis possible pbothat onepeeror at differentpeers;parallelexecutionat
differentpeerss alsosupportedbecaus¢heactiities to beexecutedn parallelaccording
to the procesamodelcanbeindependentlyspavnedto the responsiblepeersby the Case
Manager

6.3.2 Distributedprocesscontmol. In distributedprocessontrol,no singleseneris at
all timesaware of the completestatusof the process.Onesener, calledthe Main Peer
is distinguishedasthe one that initiates the process. Typically, the sener who initiates
the processalso completesit, asusualin mostapplicationsof practicalrelevance,but
suchsymmetryis not mandatoryfor distributed processcontrol to work. Any peercan
performoneor moreactuities, withoutthe needof notifying otherpeersabouttheir status.
Moreover, eachpeerexecutingoneor moreactiities canin turn delegateactiitiesto other
peers.This entailsthat procesgeferencanodelis distributedat the varioussites,andthe
tracing of caseadvancemente.g., retrieval of the currentstatusof a case)may require
queryingall theinvolvedpeers.

Distributed processcontrol requiresthe coordinationof the variouspeersthat govern
the evolution of the case.Peerco-ordinationconsistan the (run-time)enactmentf dis-
tributed actiities, so asto guaranteghat caseadvancemenproceedsaccordingto the
executionconstraintspeci edin theprocessnodel. Peerco-ordinationcanfollow several
patternscomprisedn a spectrunmdelimitedby two mainvariants:nestedandgeneralized
co-ordination.

Nestedco-ordination. Nestedco-ordinationconsistsof the possibility for one peerto
delegatea "well-parenthesizedsub-procesto anothemeer;a "well-parenthesizedsub-
processs a processvhoseBPMN schemesxposesonly oneentry pointandonly oneexit
point. Basically the sub-processabat canbe legally spavnedarethosethatcanbe seen
asindependenactiities internally structuredinto a hierarchyof sub-actvities. Fig. 18
shavs anexampleof BPMN speci cationof aprocessomprisinga"well- parenthesized”
sub-processParallelexecutionof JobCheckandFinancialCheckactiitiesis delegatedto
aremoteservice.
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Fig.19. A sub-processhichis notwell-parenthesized.

Delegatinga well-parenthesizedub-processlelimitedby OR/XOR/AND gatevaysis
possible but requiresrespectinga well-formednesgondition: the gatavay mustbe com-
pletely includedwithin the schemeof the delegatedsub-process.in this way, only one
input messagés sentby the delegatingpeerto the delegatedpeerto startthe sub-process,
andonly oneoutputmessagés sentby the delegatedpeerto the delegatingpeerto notify
thecompletionof thesub-processAn exampleof thissituationis representeth Fig. 18(b).

Fig. 18(a) shavs the typical executiontimeline of activities in nestedco- ordination.
Themainpeerexecutesactiity 1, thenit spavnssomeactiities to peerA. In turn, peerA
performsactiities 2 and3, with no needof notifying themainpeerabouttheircompletion.
PeerA canstartactiities otherthanthosespavnedby the Main Peer(e.g.,actiity 3) and
delgyateactivities to otherpeers(e.g.,actiity 4 to PeerB), without receiving permission
from theMain Peer Fromthe Main Peers viewpoint, someactiities (e.g.,actiities 3 and
4) areinvisible. Basically the Main Peeris only awareof thewholesub-procesdelegated
to PeerA andignoresits internalmanagementyhichis responsibilityof PeerA.

In nested-coordinatiorthe communicatioramongpeershasanestedstructurethe peer
thatspavnsthe sub-processisesa (possiblyasynchronousiequest-respond#/eb service
call, involving two messagesthe requestactivatesthe spavned sub-procesandthe re-
sponsenoti es the conclusionof the sub-processTracinga casein nestedco-ordination
is inherentlya hierarchicalprocess:eachpeermay keepstatusinformationaboutits lo-
cal actvities, and can keep locally summaryinformation aboutthe statusof a whole
spavned sub-processseenasa black box. In particular the peerknows the status(in-
active/actve/completeddf a spavnedsub-procesdyut ignoresthe detailsaboutthe status
of sub-actiities.

Generlizedco-odination. With generalizedo-ordinationary subsebf the activities
in the processnodelcanbe deleggatedto ary peer with no constraintson the shapeof the
spavnedsub-processFig. 19 shavs an exampleof a distributedprocessjn which a not
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Fig. 20. Hypertext fragmenfor LoanRequestubmissior{doneat PeerA) andfor enablingpreliminaryvalidation
atPeerB.

well-parenthesizedub- processs delggatedfrom onepeerto anotherone. In this case,
it is not possibleto identify a uniqueentry andexit point for the delegatedsub-process,
becausehe two branchef the AND gatevay areallocatedto differentpeers;the Main
Peer(the banksener representedby the rst poolin Fig. 19) mustbe noti ed of at least
two events: the end of the PreliminaryValidationactvity (to enableJob Checkactity
executionat the banksite), andthe endof FinancialCheck(to allow the main procesdo
continuewith the startof the Final Approval actity).

Generallyspeakingwith generalizecto-ordination multiple messageare neededor
achieving a correctcaseadvancementin presencef delegatedsub-processesa message
mustbe exchangedn correspondencef eachcontrol o w arrow crossinghe boundaryof
apool,andthesearravs canbemorethantwo for a notwell-parenthesizedub-process.

With generalizeato-ordinationthe procesgeferencenodelis againdistributedat vari-
oussites.As a consequencétacingthe statusof a caserequiresqueryingthe statusof the
involved sub-processearbitrarily distributedat the varioussenersandreconstructinghe
global statusaccordingto the procesanodel. Alternatively, an”obsener” peerwilling to
tracetheglobal processstatusshouldfollow theactualmessageo ws amongall peers.

6.4 Hypertext design for distributed processes

Hypertext designis affectedby the distribution of the processbecausehe Web applica-
tions mustbe partitionedamongthe involved peersfollowing the processallocationdeci-
sionsestablishedh thedistributedprocessnodel. Sincethe procesgeferencanodelmay
not be globally available into a unique centralrepository messagesustbe exchanged
amongthedifferentpeersashighlightedby the messageo ws crossingthe boundarieof
the sener poolsin the procesgliagram. Messageexchangecanbe representedsingthe
Webserviceprimitivesof WebML, which seamlesslyntegratewithin thehypertext model.
In the following, we representhe hypertet designof the loan requestprocessunder
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Fig.21. Hypertext fragmentfor PreliminaryValidationat PeerB.

the hypothesighatdistribution follows the generalizedo- operationparadigmillustrated
in Fig. 19, andassuminghattheactvitiesin the rst poolareimplementecht peerA (the
bank),andactuities of the secondpool areperformedat peerB (anexternalageng).

Fig. 20 shaws the hypertet for loan requestsubmissiorandthe Web servicemessage
exchangehatenableghe PreliminaryValidationactiity. At PeerA, theusersubmitsthe
loan requestusing the Submissiorpage. After the LoanRequests submitted,an entity
instancds createdn thelocal databasef PeerA, a Web servicecall is placedto peerB,
andtheactiity LoanRequess terminatechttheMain PeerA. At PeerB, asolicitresponse
unitdenoteshereceiptof theincomingmessagérom PeerA. Themessagériggersachain
of operations:a local copy of the LoanRequesis createdn the local databasef PeerB
andanAssignoperationcreatesaninstanceof actiity PreliminaryValidation,assignghe
LoanRequedb it andstartsit; nally anoti cation messagés constructedvith the output
dataof the Assignoperationandreturnedto peerA (asdenotedoy thelink goingbackto
thesolicit-respons&\Veb Serviceunit).

Fig. 21 showvs the hypertet at PeerB thatimplementghe PreliminaryValidationactiv-
ity, assigngheloanrequesto thelocally performedrinancialCheckactiity, andcommu-
nicatesthe outcomeof validationto the Main PeerA. The dispatchingof a messagdack
to PeerA is neededecausf the pool-crossingontrol o w arron betweerthe Prelimi-
naryValidationactivity (doneatpeerB) andtheJobCheckactvity (doneatpeerA). Upon
receiptof the noti cation messagérom PeerB, PeerA updateghe statusof the LoanRe-
guestinstanceandassignst to the JobCheckactivity. Notethata distributedAND-split is
achievedby enablingtwo actiities (JobCheckandFinancialCheck)at differentpeers.

Fig. 22 shavsthe hypertet for performingFinancialCheckat peerB andJobCheckat
peerA. Besidesactiity execution,peerB noti es peerA of thecompletionof the activity
with a Web servicecall. PeerA receivesthe Web servicecall, performsthe checksof
the AND-join gatevay, and returnsa noti cation messageo peerB. The AND-join is
evaluatedalsoin JobCheckactiity, which updategheloanrequestyeri es the condition
of thegatavay andeventuallyenablegheFinal Approval actvity, if bothcheckshave been
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Fig.22. Hypertext fragmentfor nancial checkandjob check(with the AND-join performedat peerA)

completed.
In conclusion,the hypertexts implementingdistributed processesire designedn the
sameway astheonesimplementingcentralizedorocessesheonly differenceseing:

—The subdvision of each”distributed” site view into a presenceanda serviceinterface.
The presencénterfacemodelsthe hypertet requiredfor executingthe actvity andde-
liveringmessageto the otherpeers.The serviceinterfacemodelsthe chainof actions
executeduponreceiptof amessagaotifying caseadvancemenat otherremotepeers.

—The presencef Web serviceoperationghat modelthe dispatchingandreceiptof case
advancemenéventatthevariouspeers.

Theproposedolutionallowsthedesigneto modelary processchemenddistribution
policy explicitly andin a conceptualvay, leadingto a betterunderstandingndevolution
of the applicationspeci cations,and pavesthe way to the automaticgeneratiorof code.
However, the bene ts of conceptuamodelingrequiresuitablesoftware architecturegand
appropriatedevelopmentools, capableof transformingthe designschemasnto Web ap-
plicationsinstallableat the involved peers. In the next Section,we briey review the
runtime architectureand designtools of WebRatio,an extensibleCASE productthatwe
have exploitedto implementtheideasdescribedn the paper
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Fig.23. TheWebratioArchitecture.

7. IMPLEMENTATION

Theapproachandprimitivespresentegofar have beenimplementedn a CASEtool and
have been eld-tested in various casestudiesand industrial applications. This section
overviewsthe mainresultof theimplementatiorexperienceandthe applicationghathave
beendevelopedusingthe models methodsandtoolsdescribedn this paper

7.1 WebRatio architecture

WebRatio[WebRatio2006]is a commercialCASEtoolsfor designingdata-centriappli-
cationsusingWebML. The architectureof WebRatio(shown in Fig. 23) consistsof two
layers: a designlayer, providing functionsfor the visual editing of speci cations,anda
runtime layer, implementingthe basicservicesfor executingWebML units on top of a
standardNVeb applicationframework.

Thedesignlayerincludesgraphicaluserinterfacedor dataandhypertext design which
produceaninternalrepresentatiom XML of theWebML models;asecondnodule(called
DataMappingModule) mapsthe entitiesandrelationshipsof the conceptuatiataschema
to oneor morephysicaldatasourceswhich canbeeithercreatedy thetool or pre-&isting.
A third module(calledEasyStylefPresentatiomesigner)offersfunctionalityfor de ning
the presentatiorstyle of the application,allowing the designetrto createXSL style sheets
from XHTML mockupsassociateXSL styleswith WebML pagesandorganizepagelay-
out, by arrangingtherelative positionof contentunitsin eachpage.

The designlayer is connectedo the runtime layer by the WebRatiocode generator
which exploits XSL transformationso translatehe XML speci cationsvisually editedin
the designlayerinto applicationcodeexecutablewithin the runtimelayer, built on top of
theJava2EE,Struts,and.NET platforms.

7.1.1 Implementatiorof procesgefelencemodelandprocesananagementunits. The
designlayer, codegeneratarandruntimelayerhave a plug-in architecturenew software
componentganbewrappedwith XML descriptorsaandmadeavailableto the designlayer
as customWebML units, the codegeneratorcan be extendedwith additional XSL rules
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Fig.24. Architectureof WebML Webapplicationsextendedfor Webservices.

to producethe codeneededor wrappinguserde ned componentsandthe components
themseles can be deployed in the runtime applicationframavork. Theseextensibility
featureshave beenexploited to embedWeb serviceinteractionand processmanagement
capabilitiesn thetool suite.

The procesgeferencenodelsubschemaasbeenaddedto thetool suitein the form of
a new projecttemplate,encodedasa pre-editedXML le. Whenthe useropensa new
projectand chooseghe Process-aare Web applicationtemplate the datamodel of the
WebRatioprojectis automatically lled with the entity and relationshipsof the process
referencemodel,which areextractedfrom the projecttemplatele.

Processnanagementnits have beenaddedwith no modi cation to the architectureof
the designandruntimelayer. Indeed theseunits aresimple macros(i.e., compositionof
basicWebML operationon the processeferencemodel),eachperforminga numberof
repetitive tasksneededor bookkeepingandretrieval of informationfrom the reference
model. Therefore a setof new runtimecomponentperformingthe necessarpperations
hasbeendeveloped,wrapperdor the designlayershave beenproducedandinstalled,so
to make the processnanagemeninitsavailablein theWebML editor, andadditionalXSL
ruleshave beencreatedor the codegeneratoto be ableto producethe codenecessaryo
invoke the new componentsitruntime.

7.1.2 Implementatiorof Web serviceinvocation. The Web Serviceunits for calling
externalWeb servicegrequest-responsdnoti cation) have beenseamlesslyntegrated
into the pre-«isting architecture by developinga new classof servicesin the business
tier, capableof decodingthe informationtransportedy the input link of a WebML unit,
assemblinghe messagdor invoking a remoteWeb service,collectingthe XML result
of the invocation,anddecodingit to make it availableto otherWebML units. The Web
Serviceto call maybedeterminecitheratcompiletime, asastaticpropertyof theWebML
unit, or at runtime, asa parametedynamicallysuppliedby an input link pointing to the
unit.

7.1.3 Implementatiorof Web servicepublishing. The only featurethat requiredin-
tervention on the runtime architectureof WebRatiois the capability of publishingWeb
servicesacceptingnessageom remotepeers.To copewith theneedof acceptingSQAP
requeststhe Web front end of the WebRatioruntime framavork hasbeenextendedas
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Fig.25. XML-in, XML-out andAdapterunits.

shavnin Fig. 24. A SQAP listener(speci cally the ApacheAxis SQAP listener)hasbeen
addedo the pre-&isting Web presentatioframenork, to supportbothhumanusergosing
regularHTTP requestsvith a browserandremoteapplicationssendingSQAP messages.

After suchintervention,the runtimeframewnork works asfollows: eachrequesis inter
ceptedby afront Controller(implementedasa servletin the J2EE/Strutplatform),which
dispatchest to theruntimecomponenin chage of servingit. If therequesis anHTTP
requestfor a page,a pagebuilding componenis invoked; if the requests anHTTP re-
guestfor anoperationthe Controllerroutesit to anoperationcomponentwhich performs
the requiredfunction andreturnsa statuscodeto the Controller, who decideswhatto do
next. In particular an operationfor makinga Web Servicecall requiresthe instantiation
of a componentapableof triggeringa businessobjectthatinteractswith a remoteWeb
service.

If therequesis a SOAP messaget is managedy the SOAP listener whichis waiting
for incomingSQAP requestsOncetherequests recognizedit is passedo thecomponent
implementinghe rst operatiorof theoperatiorchainemanatingrom thesolicit or solicit-
responsainit. After the chainof operationshasbeenexecutedcompletely control goes
backto the Web Serviceoperationat the beginning of the operationchain,which (in case
of asolicit-responsehuildsthe XML responsenessaganddeliversit backto theinvoker.

7.1.4 Implementatiorof XML manajement.As mostcommercialWeb development
tools, WebRatioassumeshatdynamicWeb applicationsbuild pagesrom structurecdata
sourcestypically relational databases.To representhe applicationcontent, WebRatio
adoptshe ER model(or, equivalently, UML classdiagrams).The unitscomposinga Web
applicationcommunicateby exchangingparametersyhich areinitially taken from the
HTTP requestandthenpropagatedo all the componentshatneedinput. IntegratingWeb
serviceoperationsnto the WebML framework required:1) couplingthe XML datamodel
underlyingWeb servicecommunicatiorandthe ER datamodel of the information man-
agedby the application;?2) extendingthe parametepassingcapabilitiesto acceptXML
documentssinput/outputparametersn additionto the HTTP querystring parameters.

We introduceda so called”canonicalXML format”, anintermediateXML formatwith
a x ed XML schemamediatingbetweenthe Entity-Relationshipdatarepresentatiomand
thearbitrarydatarepresentatioassumedy the XML schemaof the messageexchanged
with externalWeb services. The bene ts of suchan intermediateencodingare twofold:
it standardizeshe corversionof XML datainto Entity-Relationshipdatastoredin the
native formatof WebML andit facilitatesthe constructioranddecodingof Web services
messagesT he transformatiorof Entity-Relationshipcontentinto XML andvice versais
speci edatthe conceptualevel with the help of threeadditionalWebML units, illustrated
in Fig. 25.

The XML-in unittakesin inputacanonicaXML fragmentandstoresit into theunder
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lying Entity-Relationshigepository eitherin mainmemory(with usersessiorifespan)or

materializednto the databaseThe XML-out unit allows the selectionof a setof objects
belongingto an Entity- Relationshipsub-schemdrom the datarepositoryand provides
their contentin outputasan XML fragmentconformingto the canonicalXML schema.
TheAdapterunit mayreceive multiple links carryingXML fragmentsandemitsanoutput
XML fragmentwith the desiredschemaand content;the transformationf inputsinto

outputareexpressedsXSLT rules.

XML-in, XML-out, andadaptemunitsarenecessaryo expressthe datatransformations
requiredby theexchangeof messagewith Webservicesbut aresomehav lower-levelthan
the otherWebML units. Therefore we omittedthemfrom the examplesof Web Service
usagen thehypertexts of Fig. 20, Fig. 21, andFig. 22.

To facilitate the XML-ER datamappingtask and supportthe designerin the use of
Adapterunits, a visual XSL generatothasbeendevelopedand addedasa wizard to the
WebRatiointerfacefor editing the propertiesof Adapterunits. The XSLT rulesfor trans-
forming theinput XML fragmentdnto the outputXML content(in particularinto a piece
of canonicalXML) aregeneratedy the wizard, without requiringany manualXSL pro-
gramming.

7.2 Process administration

Building process-centri¥Veb applicationsrequiresnot only modelingandimplementing
theinterfacesfor the processactors,but alsodelivering suitabletools for the processad-
ministrators,asofferedby mostcommercialwork o w engines.Similar applicationscan
be modeledusing WebML and deployed as Web-basedapplications. The main features
to be provided are: caseexecutiontrackingandvisualization;listing of executed failed,
in-executionandto-be-eecutedactivities; percentagef completionof a case;statistics
on caseduration; productvity information aboutexecutors;long term evolution of pro-
cessexecutionstatistics(e.g.,whethera processhasbecomemore effective and ef cient
in the years);reassignmentf tasksto actors,to balancethe workload; andso on. All
thesefeaturescanbe modeledanddeployedeffectively in the proposedapproachbecause
the neededunctionality canbe developedonceandfor all on top of the ( x ed) process
referencanodel,asa WebML site view targetedto the processadministratorsMoreover,
application-speci cmanagementools, monitoring both applicationdataandthe process
referencanodel,canbe seamlesslyntegratedby developingspecial-purposareasof the
administratositeview. For example,in theloanrequestpplicationanadministratiorsite
view couldincludestatisticslik e the acceptanceercentagef requestsiependingon the
managethatprocessethemor statisticson the durationof the evaluationprocess.

7.3 Implemented applications

Four industrial applicationshave beendevelopedusing the methodologyand tools pre-
sentedn this paper

The Acer-Euro BusinessPortal is a multi-country multi-lingual, multi-user hosted
Web applicationconnectingEuropeansubsidiariesand partnersto the servicesembed-
dedin the compayy's enterpriseapplications(e.g., ordertracking, technicalinformation
managementinarketinginformationmanagement)The portal extractsinformationfrom
heterogeneousatasourcesinteractawvith Webservicesvrappinglegag applicationsand
offerscentrallymanagedervicego partnerdistributedthroughoutEurope.

TheHuelva Province Selling Point Application, developedby a SpanisifCountyCoun-
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cil, ful lls theneed=f smallshopsandselling pointsdistributedin the Provinceterritory,
by providing themthe possibilityto createatwo-way service-orientedommunicatiorwith
the centralbackof ce, for providing servicesof job discorery and SME support. Func-
tionalitiescoveredby the applicationincludework o wsfor providing start-upserviceso
smallshopsandfor linking themto the County Council, which will provide expertiseon
shopviability, tunedto favor theinitial developmentof small businessesall interactions
aremediatecby Webservices.

The Tiscover Tourism Selwvices Application, developedby a leading international
tourism broker, extendsan existing DestinationManagementSystemwith feature-rich
Web-services.The deplojed Web servicesare madeavailableto travel agentsand hotel
manageron the Web, who can give their customersa personalizedaccurateand con-
trolled accesg$o avastamountof tourisminformation,includingdatafrom heterogeneous
sourceglik e weatherconditions eventinformation,touristhighlights,museumsgoncerts,
exhibits, restaurantssportandleisureobjects.etc.).

The MetalC B2B Vertical Application aimsat allowing Italian companiesf the me-
chanical eld to enactbusinessinteractionsby meansof their respectie Web portals,
throughWeb servicescorversations.n this way, long runningpurchaserocessesjocu-
mentexchangesanddatasharingcanbe achievedby meansof a Webbasednteraction.

8. RELATED WORK

In thissectionwe surwey closelyrelatedmodelsandtechnologiesor Websitedesign(Sec-
tion 8.1),integratedprocessaindWebapplicationrmodeling(Section8.2),webintefacedor
work o w systemgSection8.3),andWebservicework o ws(Section8.4). Finally, we out-
line therelationshipof this paperwith our closelyrelatedworksin Section8.5.

8.1 Modeling and designing data-intensive Web applications

Severalmethodologiesindnotationshave beendevelopedfor modelingandimplementing
data-intensie Web applicationsfor a surwey, see[Fraternali1999]. Among morerecent
projectsWebML is closerto thosebasedn conceptuainethodologietik e W2000[Baresi
et al. 2000] and OO-HMETHOD [Gbmezet al. 2001] (basedon UML interactiondia-
grams)AraneugMeccaetal. 1999;Merialdoetal. 2003], Strudel[Fernandeztal. 1998]
andOO-HDM [Rossietal. 2003]. With lessemphasi®n modeling, Weave [Yagoubet al.
2000] focusedon Web site performance. Qursed[Papalonstantinouet al. 2002] is an
all-XML projectfor visualizingandqueryingXML data;it doesnot considetinteraction
with remoteprocessesAmongtheabosementionedanodels only AraneugMerialdo etal.
2003]hasbeenextendedwith awork o w conceptuamodelandawork o w management
system. Differently from our proposal,Araneusextensionsoffer a conceptuabusiness
processnodelandaim at allowing the interactionbetweerthe hypertext andan underly-
ing work o w managemergystem.In otherwords,the Web siteis usedasan interfaceto
the WFMS. With this philosophy the data-accesandthe process-gecutionlayersareat
the samelevel, andareaccessethroughthe hypertet exactly in the sameway. Thisis a
goodsolutionfor all thecasesn whichaWFMSis alreadyin place,andonly theinterface
hasto beredesignedor the Web context.

Commercialvendorsareproposingtools for Web development however mostof them
have only adaptedo the Web ervironmentmodelingconceptdorrovedfrom other elds.
Among them, Oracle JDereloper10g [OracleDe ] is a powerful modelingtool heavily
orientedto object-orientedinddatabaseéesign;it providesUML-lik e datamodelinganda
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very basicnavigationmodel;CodeChage Studio[CodeChaige 2005] providesa GUI for
designingWeb applicationshasedn a setof prede ned’pagetypes”,with corresponding
databaseables;Borland EnterpriseStudiofor Java [Borland EnterpriseStudio] is basi-
cally anadvancedDE tool, integratingsomemodelingfeaturesrom Togetherdandbasic
WYSIWYG interfacesfor HTML and a few other scripting languagesRational Rapid
Developer[Rational2006] offers very sophisticatedJML designprimitives,extendedto
supportafew Web-relatecconceptsHowever, automaticcodegeneratioris limited to the
businesdayer, whereas]SP(or analogouspagesmustbe codedby hand,independently
from themodel. All thesetoolswork atalower level with respecto WebRatio providing
a gooddevelopmentsolutionfor the implementeyrthe Web designeror the programmer
Moreover, noneof themaddressethe enactmenbf businesgprocesseandthe systematic
derivationof hypertet interfacefrom processnodels

8.2 Integrated hypertext and process modeling

Severalexisting platformsandlanguagesllow integratingthe designof Web applications
and businessprocesses.Theseefforts are basedon the obsenation (sharedalsoin our

work) thatthe popularityof theWeb-basedhteractionparadignmakesit anexcellentcan-

didatefor a businesgprocesdront-end. We brie y discussheseplatforms,andhighlight

themaindifferencewith ourwork.

The ProcessModeling language(PML) describedin [Noll and Scacchi2001] is a
lightweight formalismfor processdescriptionthat allows describingwork o w schemes
similar to thoseexpressiblan BPMN. The authorsshov haw a PML speci cationcanbe
automaticallycompiledinto asimpleWeb-based@pplicatiorthatallows usergo enactheir
participationto the procesddy following links, lling in formsetc. The process-oriented
hypertextsthatthey identify areconceptuallycloseto our process-dsienhypertets. Three
maindifferencedistinguishthetwo proposals{i) our approachelieson the WebML hy-
pertext modelinglanguage endaved with a graphicalnotation, while the startingpoint
in [Noll and Scacchi2001]is a (simpli ed) processnodel,representeih animperative
programming-stylesyntax;(ii ) the underlyingprocesscontrol mechanismsredifferent,
becauseur proposalelieson a procesgeferencanodel(coherentwith the WebML data
modelbasedn Entity-Relationship)while PML delegateswvork o w controlto anad-hoc
"lightweight procesguntime”; (iii ) nally , PML doesnotallow customizingthe Webin-
terfaceof agivenactvity: only onepageis generatedor eachactiity, regardlesof how
comple the activity is, whereadVebML allows arbitrarily structuredactiity interfaces.

Amongthe Web designproposals©O-H [CacheroandGomez2002]and UWE [Koch
andKraus2002]have speci cally addressetheintegrationof procesandnavigationmod-
eling. OO-His a partially object-orientegpproactoriginally concevedfor data-intensive
Web applicationsandlater extendedto copewith businessprocessesThe methodology
compriseghe phase®f requirementsinalysisollowedby conceptualprocessnavigation
andpresentatiomlesign.Navigation designexploits Navigation AccessDiagrams(NADS)
to expressthetopologyof the hypertext.

UWE [Koch andKraus 2002]is an object-orientedVeb designmethod,in which hy-
pertext navigationis modeledby meansof UML classdiagramssuitablyextendedwith a
numberof stereotypegimedatbetterrepresentinghespeci city of Webapplicationswith
respecto the object-orientedipplicationmatively targetedoy UML.

In arecentpaperKochetal. 2004],theauthorsof OO-H andUWE adwocateajoint ap-
proachto theintegrationof processandnavigationmodeling. In particular both method-
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ologiescorvergein the requirementanalysisphase whereUML Use Case,Class,and
Activity Diagramsareexploitedto capturethe functional,businesgprocessandstructural
requirementsThen,themethodsslightly divergein the designphase:O0O-H proposeshe
semi-automaticranslationof the procesanodelinto the navigation model,which results
in NAD diagramanixing navigationalclasses/linkstemmingrom the processnodeland
primitivesstemmingfrom purely navigationalrequirementsCorversely UWE preseres
alsoatthe designlevel the processnodel,representethy meansof UML structuralclass
diagramsandbehaioral activity diagramsandinterfaceshe navigationmodelto the pro-
cessmodelby meansof ad hoc stereotypegprocesslassesand procesdinks), addedto
the navigation diagram.Our approachs somehav intermediatébetweerthe two propos-
als:likein UWE, we presere the processnodel,whichwe embedasa"processeference
model” within the applicationdataschemaasin OO-H we adwcatethe semi-automatic
transformatiorof the high-level processdiagram(expressedn BPMN insteadof UML)
into a skeletonof the navigation model, which canbere ned to expandthe interfaceof
activities. However, in our work we addressseveral issuespresentlynot treatedin OO-
H and UWE: implicit and explicit processdesignstyles, multi-actor processesprocess
distribution policiesacrossmultiple peers,andthe usageof web servicesasa distributed
processoordinationmeans.Furthermorethe WebML extensiongor integratingprocess
andhypertext modelinghave beenfully implementedn anindustrial-strengthCASEtool
andexperimentedn a numberof real-world applications.

In OOHDM [Rossiet al. 2003], the contentand havigation modelsare extendedwith
actiity entitiesandactvity nodesrespectiely, representetdy UML primitives. Further
more, the processxecutionoccurswithin a navigationalcontet thatspeci esthe access
rulesfor the correspondingrocess.Recently domain-speci cwork usingthe OODHM
methodhasaddressegrocesanodelingfor e-commercapplicationdSchmidandRossi
2004].

In WSDM [Troyer and Castelgn 2003], the processdesignis driven by the userre-
guirementsandis basedon the ConcuriskTeesnotation. The actualprocessmodelis
speci ed at the conceptuatlesignlevel. In particular duringthe rst phaseof TaskMod-
eling, thetaskhierarchyis de ned, thetemporalconditionsamongtasksare expressedy
meansof suitableoperatorsandthe informationand/ or functionality requiredby each
taskaremodeledby objectchunks.During the seconhaseof the conceptualiesignthe
Navigational Design,the usernavigation structureis generatedy meansof components
and projectlogic links, in orderto performthe modeledtasks. The proposedapproach
is similar to oursin the sensethat a framework structureis generatedut of conceptual
procesgescriptionsbut authorsusea processiescriptiomotationwhichis not standard.

TheWAE UML extensionby Conallen[Conallen2002]focusesonimplementatiorand
architecturalssuesanddoesnot explicitly addressheintegrationof processandnaviga-
tion design. It dealswith architecturakspectshut at a differentlevel with respecto the
procesdlistribution policiesandtechniquesliscussedn this paper:in our casedistribu-
tion refersto assigningactivities to peersand managingcaseadvancemenby meansof
message-basarmbordination;in WAE architecturalchoicesbasicallyconcernthe alloca-
tion of softwarecomponentge.g.,businesobjects,senerandclient pages}o thetiers of
amulti-level Webarchitecture.
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8.3 Web interfaces for work o w engines

An alternatve scenaridor procesandhypertet integrationconsistof endaving awork-

0 w enginewith a Web-enabledhterface.Many currentcommerciakenterprisgool suites
includea Work o w Managemensystem,suchas, for instance |BM WebSpherdwhich
includesthe MQSerieswork ow product) [IBM WebSphere2005] and Oracle Work-
ow [Oracle]. Thesetoolsaim at integratingdifferententerpriseapplications pften de-
velopedby the samevendor In this scenarioapplicationandwork o w Web publishing
consistdn re- building the existing applicationmodulesfor the Web context (e.g.,asJava
appletsyandapplyingwork o w rulesfor their cooperation.

This approachs completelydifferentfrom our proposal:industrial WFMSs extend a
full- edged work o w enginethroughWeb interfaces.The main drawvbackof this philos-
ophy; besideshigh pricesand proprietarysoftware, is that the e xibility of Web-based
hypertets is scarcelyexploited. The Web is usedjust asa (thin) interfaceto proprietary
softwaremodules. In contrast,our work doesnot provide yet anotherwork o w engine,
but a methodologyanda high-level modelingframework for the integratedspeci cation
of Web applicationsand(multi-actor, distributed)businesgprocessesyhich may helpthe
designerconceptualizeand organizean applicationinvolving hypertet navigation, roles,
and work o w-style interactionpatterns. Our approachcan be an effective solution for
lightweightprocess-drienapplicationswhich arevery commonon the Weh

8.4 Web service work o ws

Several existing works addresroblemsrelatedto Web servicesmodelingand composi-
tion. We brie y suney themostrelevantones.

A urry of actvity is currently taking place in the eld of Web service descrip-
tion [WSDL 2001]. The goalis to establisha commonplatform for expressingservice
semanticsput also other propertiesik e serviceguaranteesavailability, etc. This effort
is taking placewithin the W3C [RDF ; WSDL 2001]. Our work, aiming at declaratvely
specifyingWeb applicationsfor consumingandbuilding services,s orthogonalto these
efforts, butwouldgreatlypro t from anestablisheglatformfor semantiaescription.This
would easethe dynamicidenti cation of possiblepartnersthe choiceof the mostsuitable
one,ad-hocprocessestablishmengtc.

Several XML languages for encoding work ows have been proposed
(see[Christophidestal. 2001]for alist). Amongthem,languagedike BPELAWS[BPE
2003] specify work o ws exclusively consistingof Web services. BPEL4AWS includes
an XML Schemdor encodingcomplex work o w-style interactionbetweenseveral Web
services(sequencetest, split, join etc.). SuchXML processdescriptionsare consumed
by a work ow managemensystem(e.g.,IBM MQSeries),which is responsiblgor the
enactmenof the work ow. XL [Florescuet al. 2002] is an XML-based programming
languagethat allows both de ning and combining services. Another comparablé/Neb
servicecompositionproposalis E-Flow, developedat HP [Casatiand Shan2001]. With
the extensionsillustrated in this paper WebML is expressve enoughto captureary
BPEL4WS-styleservice compositionpattern[Ceri et al. 2002]. Thus, for ary given
BPEL4WS-styledescriptiorof aWebserviceprocesspur proposahllowsto declaratvely
specifyand automaticallydeploy an applicationenablingary participantto play his role
in theprocess.

DataandWeb serviceintegrationis consideredn somerecentworks. In [Baresietal.
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2000], XML event-condition-actionules pushinformationto remotesitesby meansof
Web services.The Active XML system[Abiteboul et al. 2003]managesXML documents
including calls to services. Theseworks do not considerWeb interfaces,complec pro-
cessesanduserinteraction.

8.5 Relationship with our previous works

This paperhaspresentedur broadvision on the modeling,design,andimplementation
of process-dsien Web applications.This work hasbeencarriedout during the last three
years,andpartof it is documentedn a numberof relatedpublications.

Someof the hypertet primitiveswe useto handlework o w and Web serviceswere
presentedh theshortpapelBrambillaetal. 2002];this papetasfurtherelaborateanthe
usageof suchprimitives,andsettheminto thewider context of model-drivendevelopment
of Web-basegbrocess-drienapplications.

The tutorial [Ceri and Manolescu2003] laid out the initial ideasaboutWeb-enabled
work ow design followedby a rst descriptiorof ourapproacho process-drienWebap-
plications[Brambilla et al. 2003]andsomemethodologicabliscussioriBrambilla 2003].
We have sincemadesigni cant progressn systematizingmplicit processnodeling(Sec-
tion 3 of this paper) developedour own approachor explicit processnodeling(Sectiond
of this paper) andcarriedonacompletelynen work on distributedprocessandnavigation
modeling(Section5 of this paper).

The WebRatioarchitecturehasbeenthoroughlydescribedn [Ceri et al. 2003]; in this
paperwe expandon the aspectsnvolvedin building distributedprocess-drienhypertexts
exploiting web servicesfor message-basqutocesscoordination. Finally, the WebRatio
tool, enhancedvith supportfor Web servicesand work o w, hasbeenrecentlydemon-
stratedBrambillaetal. 2004].

9. CONCLUSIONS AND FUTURE WORK

Thispaperaspresente@ completgourney onprocessnodelingfor Webapplicationsyve
have discusseanodelingabstractionsmnethodsstratgies,styles,andtrade-ofs, emeged
astheresultof aboutthreeyearsof applicationandtechnologydevelopmenin the context
of several projects,fundedby the EU or by private companies.While the modelingand
methodologicalvork is completedandanew collectionof unitshasbeenaddedo WebML
andWebRatiowe have only startedto developtheframawork requiredin orderto provide
acompletesupportto process-based/eb applicationdifecycle.

Thus,our future work agendeencompassesfull integrationof processnodelingwith
BPML in the WebRatiotool suite,including modulesfor requirementollection, for the
designandveri cation of the hypertext modelwith respecto the processnodel,andthe
developmentof standarcandextensible albeitsimple,processmanagemerandadminis-
trationinterfaces.Fromaresearctperspectie, we still needto addressssuessuchasex-
ceptionhandlingandprocesweri cation, which ariseafterbuilding Webapplicationgrom
a"standard"transformatiorof BPML speci cations.We alsoplanto dedicateresearclef-
forts for understandinghe role that Web service"choreographies’and "conversations
playin thecontext of processnodeling.
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