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Abstract

Electroniccommerces emeging as a major Web-supportedpplication. In
this paperwe arguethat database¢echnologycan, and should,provide the back-
bonefor a wide rangeof suchapplications.More precisely we presentherethe
ActiveViews systemwhich, relayingon an extensie useof databasdeaturesn-
cluding views, active rules(triggers),andenhancednechanismsor notification,
accesgontrolandlogging/tracingof usersactivities, providestheneededasisfor
electroniccommerce.

Basedon the emeging XML standard§DOM, query languagedor XML,
etc.),thesystemoffersanovel declaratve view specificatiorlanguagedescribing
the relevant dataand actiities of all actors(e.g. vendorsandclients) participat-
ing in electroniccommerceactiities . Then,actingasan applicationgeneratar
the systemgeneratesin actual,possiblycustomizedWeb applicationthat allows
usersto performthe given setof controlledactivities andto work interactively on
the specifieddatain a standardlistributedervironment.

Althoughcloselyrelatedto workflow managemergystemsamajordifference
hereis theimportancewe give to data. While workflow systemsgive declaratve
meangor specifyingthe operationdlow, the datainvolvedis typically described
in a very abstractmanner often disconnectedrom the descriptionof the flow
itself. In contrastour approactpromoteshe data,acknavledgingits importance
for optimizationcoherencandanalysisof applications.

TheActiveView systemis developedat INRIA ontop of Ardent's XML repos-
itory andJava.

*Work partially foundedby a Frenchisraeligrant.



1 Intr oduction

Internethasrevolutionizedthe electronicpublicationof data.We shouldexpectto see
moreandmore Internetapplicationsallowing clientsto interacton the netnotablyby
sharingdata. It is possibleto develop suchapplicationstoday but this is at the cost
of intensesoftware developmentsby sophisticategrrogrammers.We believe that (i)
the needfor fastapplicationdeployment, (ii) the generalizatiorof suchapplications,
and (iii) the often-metrequirementof proving propertiesof theseapplications,will
requirethe useof declaratve specification®f applications.The situationis someavhat
similar to what leadin the 70’s to declaratve querylanguages.Indeed,we believe
that declaratve query languagesand databaseg$orm an essentiacomponentof the
problem.This papemproposesucha specificatiodanguaggthe Active\few language)
anddiscussesiow it is supportedn the Active\lew system.

Toillustratetheissuesconsiderelectroniccommerce (Ourexampleswill bebased
onaWeb catalog.)Electroniccommercds emeging asa major Web-supporteéppli-
cation.In anutshell electroniccommercesupportdusinesgransactionbetweermul-
tiple partiesviathenetwork. Thisactivity hasmary aspectsincludingsecurity authen-
tication, electronicpaymentanddesigningbusinessmodels[YA96]. Electroniccom-
mercealsorequiresdatabassupport sinceit ofteninvolveshandlinglargeamountsof
data(e.g. productcatalogsyellow pagesetc.) andmustprovide transactionsgoncur
reng/ control, distribution andrecovery. It alsoinvolvesstronginteractionsbetween
participantge.g.,customerandvendors)anda control of the sequencin@f actiities
(i.e.,workflow management)All theseaspectwill be addressetly active views.

More generallytheapplicationsve areinterestedn involve: (i) sharingof dataand
(i) somecooperatrework by anumberof actorsconnectedia thenetwork. Theseare
typicalfeaturedoundalsofor instancen digital librariesor informationmanugcturing
systems.

We believe that databaseechnologyprovidesthe backbonefor suchapplications.
Indeed,the ActiveView systemcanbe seenasa databaseapplicationgeneator. The
systemenablesa declamative specificationof certain kinds of databasepplications.
By declaratve, we meanherethat thereis little (or no program)to write and that
the descriptionof the applicationis in a high level language(or via a graphicaluser
interface). The specificationof an applicationincludesdefinitionsof the main actors
involvedin theapplication.For eachactor, we specify:

1. thedataandoperationsavailableto this particularactor(aview mechanismand
thesewith a sophisticateaccesgontrol;

2. theactvities this actormaybe engagedn andthe dataandoperationsavailable
in each;

3. someactive rulesthat notably specify the sequencingf actwities (a workflow
componentput alsothe eventsthis actorwantsto be notified of (a subscription
componentpandthosethathave to belogged(atracingcomponent).

So, the ActiveView languageallows to declaratvely specifya numberof features
thatareoftenconsideredn isolation. A maincontribution of this paperis to shov how



thesevariousaspectsnay be combinedn a simplecoherenframework. Active views
rely heavily onfour key components:

1. XML : From a dataviewpoint, we selectedthe eXtendedMarkup Language
(XML) [W3Ch] asthemodelfor datal All datastoredexchangedr presented
to usersareXML.

2. Activerules: Ouractive rulesarerathersimplecomparedo whatmaybefound
in theliterature]WC95, PV97]. Thenoveltyisin thewaythey areintegratednto
a generalframeavork andthe way they are usedfor mary purposegworkflow,
changecontrol,tracing).

3. Methodcalls and notifications: The eventsthatenableactive rulesaremethod
calls. The systemrely on somesubscriptiormechanisnthatallows views to be
notified of certainevents.

4. View manggement Views have beenquite studiedin databasef~C85 Kel82.
We build hereon our experiencewith Os-Views [SAD94], a systemdeveloped
atINRIA. Theviews we areconsideringherearemuchsimpler The novelty is
in thecombinatiorwith active features.

To seean example, supposea productis addedto the catalog. A notificationis
issuedto all actorsthat areinterestedn this event,i.e. a changein the catalog. For
instanceyendoramaywantto alwaysseethe mostrecentversionof thecatalog.Their
specificationshouldthus include an active rule to specify that, when suchan event
occurs,their view of the catalogshouldbe updated. Obsere that both the detection
of the event and the maintenancenmay take advantageof incrementaltechniques.In
particularif theupdateaffectsaportionof thecatalogaspecificvendoris notinterested
in, we shouldavoid updatingthe view. Furthermorewhena vendorview hasto be
updatedyewantto doit incrementallyto avoid re-sendindargeportionsof thecatalog
onthenet.

A seconccontributionconsistsn thepresentatiof asystenthatimplementghese
conceptsA guidelinewasto follow the standardssismuchaspossible An ActiveView
applicationis compiledinto arunningapplicationbasednthefollowing ervironment:

¢ WeusetheO, XML repositorydevelopedby ArdentSoftware[Ard] andits DOM
interfacefor storingandqueryingXML dataandmethods.

¢ We intendto usethe standardquerylanguagdor XML whenavailable. In the
meantimgandin the examplesof the presenpaper) we usea simplelanguage
inspiredby Lorel [AQMT97].

e Eachview is a multi-threaded)ava programusingthe Java-DOM binding. We
alsousethe notificationmechanisnprovidedby the O, systen?

1The Webhassofar relied primarily on HTML thatemphasizeanhypertet documenapproachXML,
althoughoriginally a documentmark-uplanguagejncludesmore structure. It is believed that XML will
soonbethe standardor dataexchange®on the Weh

2This mechanisnexistsfor C++. We hadto adaptit to the Jasa-O; binding.



¢ We intendto usefor WebinterfacesXML documentandXML browsersinter-
actingwith the views via Javza remotemethodinvocation. Until XML browsers
offer the supportwe needwe usedynamicHTML with embeddedava applets.
Fromauserviewpoint,anapplicationpresents sequencef Webpagesontain-
ing (modifiable)dataandbuttons,in a standardnanner The pagesmay evolve
dynamically(e.g.,new promotionsmayappear).

e A runningapplicationcanbe automaticallygeneratedrom aview specification.
We offer flexible meango customizesuchapplications.

We alreadyimplementeda first prototypethat was supportingonly very partially
the ActiveView features.Thefirst prototypeon top of O, wasbasedon ODMG data
andOQL. We wereleadto XML mostlybecause lot of datarelevantfor Webapplica-
tionsdo not have theregular structureof ODMG andbecause®f the (future) existence
of mary standardools for XML suchassophisticateceditorsandbrowsers. In this
paperwe describethe systenthatwe arecurrentlyimplementing We mainly focuson
thefunctionalitiesit provides.

The paperis organizedasfollows. Section2 introducesactive view applications.
Usinganexample,it illustratesthe needdor the variousfunctionalitiesof our system,
presentghe datamodel and query languageon which we rely and the architecture
of arunningapplication.In Section3, we shav how the datapartof the applicationis
specifiecbeforeconsideringactive featuresn Sectiord. Sections discussethedefault
applicationgeneratetby thesystemanddifferentwaysto customizet. A moredetailed
descriptiorof theuserinterfaceto Active\few is beyondthescopeof the presenpaper

2 Generalframework

In this sectionwe introduceactive views. We briefly give someminimumbackground
on XML. Finally, we presenthearchitectureof the system.

2.1 Activeviews

An ActiveView applicationallows differentusersto work interactvely on the same
datain orderto performa particularsetof controlledactiities. Before gettinginto
details,let usillustratethe needto supportsuchapplicationsby consideringan exam-
ple. An electroniccommercepplication,say avirtual store typically involvesseveral
typesof actors, e.g, customersandvendors. It alsoinvolvesa significantamountof
data, e.g. the productscatalog(typically searchedy customerspr the productspro-
motioninformation(typically viewed by customers&indupdatedoy vendors).Obsene
that eachof the actorsmay view differentpartsof the data(e.g. a customercanonly
seehis/herown ordersandthe promotionsrelevantto his/hercategory, while vendors
may view all the ordersand promotions),eachmay performdifferentactionson the
data,andhave differentaccesgights (e.g. promotionscanbe updatedonly by certain
vendors).Also, the requirementdgor freshnes®f datamay differ, e.g. whenpromo-
tionsareupdatedwe may wantto immediatelyrefreshthe customerscreenwith the
new data,but whena catalogitem is updatedwe may not wantto disturba customer



viewing the (old versionof the) catalog;i.e., only when/ifthe customemctuallyissues
anorderfor anupdatedtem shouldhe beinformedof thechange.

Eachactortypically performssereralactivities E.g. a customemaybe searching
the catalog,ordering products changinga passedrder Obsere thatin eachof these
actiities, we may expectto shov a differentWeb pageto the actorthat possiblyin-
cludesonly partof thedataandactionsavailableto thatgivenactor Obsenre alsothat
actionsperformedby an actorin a particularactivity may initiate otheractions. For
instancewhena customelordersa product,we maywantto updatethe stock. Finally,
notethatit may be interestingto log someof the actorsoperationsproviding a trace
for lateranalysisor to settlepossibledisputes.

As mentionedn theapplication althoughwe areprimarily motivatedby electronic
commercepplicationsthe ActiveView systemappliesin generato awide (andgrow-
ing) rangeof Web applications.The mainemphasiss on declamtive specificatiorand
automaticgeneratiorof the application(by compilation)ratherthan producinglarge
amountsof applicationspecificcode. We will first focus on the declaratve specifi-
cation. We will seein Section5 variouswaysto customizethe applicationthat is
automaticallygenerated.

As mentionedn theintroduction,an ActiveView specificationis a declaratve de-
scription of an application. It specifies,for eachkind of actor participatingin the
application: (i) the available dataand operations(ii) the variousactiities, and (iii)
someactive rules. Thus,the generalspecificationof an applicationhasthe following
form:

ActiveView application applicationname

ActiveView actorkind, in application applicationname
view dataspecification
methodgdefinition
actiities specification
active rules...
ActiveView actorkind,, in application applicationname...

Suchaspecificationis compiledby the ActiveView systeminto someactualappli-
cationthat allows the differentusersto performthe given setof controlledactuities,
working interactively on the specifieddata. An ActiveView applicationmay of course
usean existing applicationof the repositoryandin someways canalsobe seenasa
meango exportto the Webanexisting databasapplicationin a controlledmanner

We will detail in the following sectionsthe syntaxand semanticsof the various
partsof a view specification. In the remainingof this section,we briefly introduce
the XML datamodelandquerylanguageon which the systemreliesandthengive an
overview of thearchitectureof an ActiveView application.

2.2 Data Model and Query Language

XML [W3Ce] is emeging asthe new standardfor dataexchangeon the Weh Its
simplicity, thefeaturesandtoolsthatit supportsor will soonsupport(suchasdynamic
features,querylanguage sophisticateceditors, browsers,etc.) makesit particularly



<catalog>
<name> the catalog </name>
<dept> <name> Books </name>
<item myid="b1"> <name> Leagues under the sea, J. Verne </name>
<price> 4.75 </price>

ééhppliers supps="sl s2" />
<seealso otheritems="b2 b3"> Books by the same author </seealso>
<fitem>
<item myid="b2"> <name> Around the world in 80 Days, J. Verne </name>
<Jitem>

</dept>

;./i:atalogue>

Figurel: The Catalog

attractve to both end-usersand programmers.The databaséndustry hasrecognized
the potentialof this new formatandmary vendorsarenow extendingtheirtechnology
soasto proposeXML repositoriege.g., ArdentSoftvare[Ard], Poef{Pod, ODI [Obj]).
Giventhatandthefactthatourgoalis to supportnternetapplicationsuchaselectronic
commerce we chosethis emeping technologyasthe basisfor our work. We next
briefly introduce(i) XML, (ii) theDocumeniObjectModel (DOM is anAPI to develop
XML applicationskand(iii) the XML querylanguagehatwill be usedthroughouthis
paperfor defining active views. For lack of space,the presentatioris ratherbrief.
Full definition of XML, DOM, and the query languageconstructscan be found in
[W3Cb, W3Ca,AQM+97, AMRT9§].

XML  Mostreadersreprobablyfamiliarwith HTML (Hypertext MarkupLanguage),
thelanguagecurrentlyusedto describeWeb pages.An HTML documentconsistsof
text interspersedvith tag fields suchas <l > ... </ > to describethe layout
of the page theinclusionof pictures,hyperlinks,formsetc. An XML documentalso
featuresags. However, unlike HTML, thesetagsdo not provide instructionson how
the documenis to be displayed but ratherinformationon the logical structureof the
document. To understanahis, considerFigure 1 which shovs the XML document
correspondingo the catalogof someelectroniccommerceapplication.The <i t en>
</i t ent> tagsareusedto delimit theinformationcorrespondingo onecatalogitem,
eachitem consistingof a sequencef taggedfields suchasnane, pri ce, etc. Note
thatitemscanbe givenanidentifier (e.g.,nmyi d='* b1’ ' ) which canbe usedto ref-
erencethemwithin the document(e.g.,in elementseeal so) or in someotherdoc-
uments. As a matterof fact, in our example,eachitem references list of supplier
elements(seefield suppl i er s) that are definedin someother documentsof our
repository

An XML documentanbetyped. Thisis achiezedby meansof a DocumentType
Definition (DTD). Figure 2 shows a possibleDTD for Documentl. Note thateach
taggedfield correspond$o oneelementdescriptionin the DTD. Also notethe defini-
tion of thethreeattributesfor thei t em suppl i er s andseeal so elementsresp.

3This maybespecifiedn a style-sheet



<IDOCTYPE catalogDTD [

<IELEMENT catalog (name, department+)>

<IELEMENT name (#PCDATA)>

<I[ELEMENT department (name, item+) >

<IELEMENT item (name, price, picture, description, seealso, suppliers)
<IATTLIST item itemid ID #REQUIRED>

<IELEMENT suppliers EMPTY>

<IATTLIST suppliers supps IDREFS #REQUIRED>
<IELEMENT seealso (#PCDATA)

<IATTLIST seealso otheritems IDREFS #REQUIRED>

>

Figure2: The CatalogDTD

The catalogue

Leagues ... 4.75

Figure3: The Dom Representationf the Catalog

Books

Theseattributesareusedto representeferenceamongelementsMore precisely | D
is usedto give identifiersto elementsandl DREFS to referencesuchidentifiers.
Typing is nota mandatoryfeaturein XML, i.e. onecanhave documentspr docu-
mentparts,without anassociatedTD. However, sincemostoptimizationtechniques
rely ontyping, it is realisticto assumeéhatlarge XML applicationswill comewith ap-
propriateDTDs. In thesequelwe will denoteslementypedefinitionsusingthe El em
suffix. For instancecat al ogEl emwill denotethe type definition associatedvith
the catalogelementof the DTD givenin Figure2. Also, we assumehat (usingXML
Namespacenechanisnif neededhamesf elementypesareuniquein our context.

DOM DOM (DocumentObjectModel) providesan API to developapplicationsus-
ing XML data. It givesa uniform way to view andaccessXML documents.It is a
standardandfor instance ArdentSoftwareand PoetrepositoriesuseDOM interfaces.
In DOM, an XML repositoryis abstractlydescribecasa graph,whoseinternalnodes
representataelementsand whoseleaves representext or attributes. As expected,
the parent-childrelationshiptypically representshe component-ofelationship. This
is illustratedby Figure 3 which shaws a partial DOM representatiomf our catalog.
Rectanglesindovalsrepresentrespectiely, elementandattribute nodes.

The DOM standardasicallyconsistof a collectionof classesandmethods pro-



viding genericaccesandupdatenterfacefor thedifferentkindsof nodesn thegraph.
For instancethe get El enent sBy TagNanme method,whenappliedon an element
node,returnsall the sub-elementgchildren) of the nodehaving the giventag name.
In the sequelwe assumeéhatthe interfaceof eachelementtype cansupporta setof

methodsdefinedwithin the XML repository* This featureis essentiafor mostappli-

cations e.g.,to defineamethodon Dept elementhatwill allow to updatethe price of

all its itemsaccordingto somechangeof VAT.

Query Language Sofar, XML doesnot provide a standardquerylanguage.How-
ever, thereis a major standardizatioreffort in that direction[DFF, W3Cc, W3Cd].
Our goal hereis not to proposea new languageor to competeagainstthe up coming
standard.Indeed the ActiveView systemwill usethis standardassoonasit becomes
available. In the meantimewe rely on the Lorel languagdAQM+97] to queryDOM
graphs.

For example,the following querysearchesor | t emelementsvhosepriceis less
than50 within the catalogdocumenbf Figure3.

select i
from i in Catalogk.ltem
where i.Price< 50

Notethatwe usethe“x” symbolto denotepathsof arbitrarylength.

Theabovequeryconstructanen DOM nodewhosechildrenaretheselected t em
elementsBut whatdataexactly, besideshenodescorrespondingo theselectedtems,
is considerecdh part of the users view? Doesit includeall the DOM graphrootedat
thesenodes?And whataboutreferencechodes?e.g. shouldthe suppliersreferenced
by the selectedtemsbeincludedor not?)

As obseredin [AMR 98], it is usefulin a distributed ervironmentto provide in
thequerylanguaganeandor specifyingtheexactscopeof aqueryresult. Furthermore,
aswe shall seelater, this will alsoturnto be usefulfor specifyingappropriateaccess
rightsfor theretrieved data. We follow herethe syntaxof [AMR T98] andadda with
clauseto queries. This extra clausedescribespusing path expressionsthe subgraph
reachabldrom the selectedelementgo beincludedin the view. For example,when
addedto the above query the clausewith i.name i.price specifiesghatonly the nane
andpr i ce elementof eachselectedtem shouldbeviewed. In generalawith clause
may containcomplex pathexpression@andintroducenew variables We will seesome
examplesof thatin the sequel. Obsene that the with clauseis a nonstandargyntax
we are using. We believe thatan XML querylanguagewill supportsucha feature,
possiblyasa separatelauseashereor embeddedh the selectclauseof the query

2.3 Architecture of an application

TheActiveView systenmusegheO, XML repositorythatprovidesall theusualdatabase
featuressuch as persistenyg, versioning,concurreng control, etc. It is basedon a

“Notein particularthatthis featurewill be supportedy the comingreleaseof the ArdentSoftvare XML
repository
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Figure4: Architectureof anapplication

client/sener architecture. An active view application(suchas the one that will be

specifiedin the next sections)consistsof several independentlientscommunicating
betweenthem andwith the repositorysener throughnotifications. Clients are pro-

grammedn Java,andcommunicatavith thesenerusingthe DOM interface.Figure4

shavsthevariouscomponent®f oneapplication(obviously, severalsuchapplications
may run simultaneoushon the samesener). As canbe noted,therearetwo kinds of

clients: the activeview applicationmanager, which is uniqueperapplication,andthe

activeview clients. Theselatter receive/sendremotemethodinvocationsfrom/to the

end-userénterfaces

The active view application manager consistsof a setof modulesmanaging: (i)
connectiomandauthentication(ii) tracing,and(iii) activerules.More precisely:

1. The connection/authenticatiomoduleis in chage of authenticatingisersand
giving themthemeango creaté or quit a view (via the network).

2. Thetracingmodulekeepsa log of specifiedevents. Theseeventsaregenerated
by the applicationor by someviews.

3. Theactive rule modulemanages programmeispecifiedsetof rules. (We will
seetheirrolein theapplicationateron). Theseulesarefiredaccordingo events
and may have impacton the repositoryandon someor all of the active views.
They form the essentiatomponentso specifya businessnodel.

5An active view is startedfrom the Webusinga particularURL.



Thesdasttwo modulesrely heavily onastreamof notificationsmanagedy therepos-
itory senerthatenablegsheinteractionbetweerviews atruntime. Thesenotifications
are generatedaccordingto the views specification. Two kinds of eventscan be no-
tified: (i) eventsgeneratedy the repositorysener after the creation/deletion/update
of objectsand(ii) userdefinedeventsgeneratedy the clients. The O, notifications
mechanisnonwhichwerely hasbeenpartially developedby the Versoteamat INRIA.

An activeview is basicallyanobjectof our application.In the currentversionof the

system,it is implementedn Java. The objectbelongsto a (subclasof a) particular
classcalledActive\lew, whichis anabstractiorof the classwe usein theactualimple-

mentation.This classcontainscertaininstancevariablegwhoserole will be explained
later), including in particularthe ownerinstancevariablethatis usedfor storingin-

formationon the userinitiating the view. The classalsohassomemethodssuchas
transaction/commit/abotb handlea transactionmode,or init/quit/sleep/resumeAn

active view is generallyrelatedto an actualWeb window openedby a userof the

system. Someviews independenbf ary interfacemay also be introduced,e.qg., for

bookkeeping.An active view hasaccesso therepositoryaswell asto somelocal data
(theinstancevariablesof theview object). It reactsto usercommandandmaybere-

freshedaccordingo notificationssentby the sener or theview managerThe methods
availableon aview dependon the usersaccessights andmay allow him/herto read,
load,write, etc. partor thewholethedatait sees.

Users interfaces are currently being implementedas dynamicHTML documents
with embeddedava applets.Our goal is to switchto XML assoonasXML browser
supportsthe neededdynamicfeatures. Thereis one HTML documentper userand
actiity of thatuser The appletsare built on top of an API generatedy the system
accordingto the specification. Although the systemgeneratesiefault interfaces,the
applicationprogrammemay redefine/customizéhem using the generatedAPI that
captureghe semanticof the application.

In principle,thesener, clientsandinterfacesmayrun on differentmachinesTypi-
cally, theinterfaceis actuallyon aremotesystem.Theview datais obtainedby check-
in/check-out,sorepositorychangesarenot in generalimmediatelypropagatedo the
view althoughthey canbe propagatedif specifiedby the programmer On the other
hand,theview andtheinterfaceseethe samedata.

3 Data and method specification

As statedin the previous section,an active view applicationinvolvesseveral sortsof
actors eachwith adifferentview of the system.The specificatiorof eachkind of view
consistsof four partsthatdefinerespectiely (i) data,(ii) methodsiii) actiities and
(iv) active rules.In this sectionwe illustratehow the vieweddataandthe methodsare
specifiedanddiscusselatedissues.The actiities andactive ruleswill be considered
in the next section.

10



3.1 Data specification

An active view haslocal instancevariablesand derived onesdefinedusing XML-
queries Whenspecifyingderveddata,onealsospecifiesheaccessnodege.g.,read).
We illustratethis hereusinga very simple examplein which we considerthe interac-
tion of threekindsof users:asetof Customes andVendois andasingleDispatder. A
customemaybrowsethe catalog passor modify anorder Thedispatchers in chage
of assigningvendorsto customers.At ary time, thereis only one active dispatcher
Whensomeondries to enterthe systemasa dispatcherthe personis simply turned
down if adispatcheis alreadyin chageor if the personhasnot the properqualifica-
tionto bedispatcherA vendoris mainlyin chageof somecustomers&indmayinteract
with them,e.qg.,by offeringthemnew promotions.

Consideffirst the customewiew. A simplemodeof importing datato the view is
read Thisis whatis achievedfor the catalogasfollows:

let catalog: CatalogElem
be RepCatalog

with catalogx

mode readall

This essentiallymportstherootelemenbf the XML repositorynamedRepCatalg (in
our examplestherepositoryentry pointsareprefixed by Rep), and,asspecifiedn the
with statementall the datain the RepCatalg document.Thatis, theentireDOM tree
rootedat RepCatalg is imported. The modeclausespecifieghatwe canreadall we
imported.Thislaststatemenis in factnotneededincethe default onimporteddatais
readfor everything.

The possiblemodesbesideread are write, append andremose. An exampleof
appendn the Vendoractive view is asfollows:

let promos:(PromoElem)*
be RepPromos

with promosxk

mode appendpromos

This allows the vendorsto seethe setof promotions(implicit read)andto appenchew
promotionsto it. Remaoval of promotionsfrom within the view is disalloved. The
expressionPromoElem)*indicatesthatthe view documentonsistsof a sequenc®f
promotionelement8&. To seea slightly more complex example,supposevendorsare
alsoallowedto updatethe end-dateof promotions.Thisis specifiedasfollows:

let promos:(PromoElem)*

be RepPromos

with promos.end-dat¥, promosx
mode write X, appendpromos

The querybinds X to promotionsend-dats. The expressionwrite X indicatesthat
thesecanbe modifiedby vendors.

61n somecasest is possibleto derive thetype of an XML query[MS99]. We will ignorethis issuehere.

11



Sofar, we have definedonly derivedvariables Localinstancevariablesaredefined
in thesameway, exceptthatthey arenotassociateavith aqueryspecifyingtheirvalue.
Let usillustratethis with the variablecaddyin the customewiew.

local caddy: (ItemElem)*
mode append remove

As illustratedabove, the with clauseis usedto specifywhich datacanbe reached
(i.e.,viewed)from the objectsboundto somequeryvariables.Specifyingthis for each
andevery variablemaybetedious especiallywhenthesameelementypeis reachable
from differentvariablesand we want the samescopeand accessnodesin all cases.
Oneway to simplify the specificationis to specify things at the elementtype level,
i.e.. definefor a givenelementtype, the datathat canbe seenor modifiedwhensuch
elementsareaccessed.

To seean example,rememberthat the catalogcontainsreferencego suppliers.
Thefollowing instruction,whenaddedo the customewiew, specifieghatwheneera
supplierelemenisincludedin theview, its nameandfull descriptiorarealsoincluded,
in readmode (default), and its evaluationsare includedin an appendmode(i.e., a
customemay addhis/herown evaluationof the supplier):

element SupplierElem
with self.nameself.description, self.evaluationsE
mode appendE

3.2 Moreonreadand write

We considemext two issuegelatedto read/write.Thefirst hasto dowith thematerial-
izationof derivedinstancevariables.The seconds relatedto writesandtransactions.

An issueis whetherthe views thatwe areusingare materializedor not (loadedin
theclientinterface).In generalwe leave it to the systemto decidewhethera derived
instancevariableof theview is fully computedtinitializationtime, partially computed
only (e.g.,two levelsof thetreeof thequeryresultarematerialized)pr computedfully
or partly) only whentherearespecificrequestdor datait contains.

The currentdefaultin the systemis thatinstancevariablesarefully loadedat the
initialization of the view. Also, whenwe readan instancevariable,we readall ele-
mentsspecifiedby the with clausethatarecontainedn the samedocument.Elements
accessibléy referencedo otherdocumentsareloadedonly uponrequest.A similar
philosophyis followed whenreadingan elementbasedon an elementspecification.
Obsene however that certainapplicationsmay have somespecificdifferentrequire-
ments:

1. Considemanapplicationthatallowstheuserto checkoutareportto work onit at
home,disconnectedrom therepository Thenthe systemshouldloadthe entire
report. Supposeahereportincludesbibliographiccitationsthatarereferenceso
someotherbibliographydocument.The systemshouldalsoloadthemimmedi-
ately sincethe connectiormay not exist anymorewhenthe usermay requesto
seeoneof thesecitations.

12



2. Ontheotherhand,considera stockmarket application.We do notwantto load
in advanceall trading ratessince suchinformation becomesapidly stale. In
this caseit is betterwait until auserexplicitly requests particulartradingvalue
beforeloadingit.

To overrulethe default, one can usetwo specifickinds of read modes,namelyde-
ferredreador immediateread Thefirst instructsthe systemto load elementnly on

demandwhile the later indicatesthat elementsshouldbe loadedimmediatelywhen
encounteredThe keyword readcanbe replacedoy oneof thesemorespecificmodes
arywherein a view specification.For instance pnemay addthe keyword defered to

thereadmodein the Customerspecificatiorof catalay. Theelementsontainedn the
catalogwill thennot beloadedat theinitialization of the view but only uponexplicit

requesfrom the customer

Oncesomedatais materializedandloadedinto the client’s interface,the usercan
view it or modify it, accordingto the specifiedaccessnodes.Obsene that theseup-
datesarenot propagatedo the databaseintil explicitly requestedy the user(i.e. by
anexplicit call to thewrite methodthatis partof theview interface).We will consider
the problemof updatepropagatiorin moredetailslater on. For now we only wantto
highlighttheissueof transactions.

By default, a view is notin a transactiormode. Using basemethodsof the class
ActiveVfew, a view canstarta transactiorandterminatest with an abortor commit.
Readsare allowed outsidetransactionsso by default all readsrequestedy a view
aredirty, i.e., no locks areinstalled. For updatesall updatesrom a methodcall in
the repositoryissuedby a view arerequiredto be within a transaction.If anupdate
is requestedisa consequencef somemethodcall andthe view is notin transaction
mode,an error is raised. The only exceptionis whenthe userissuesan explicit call
to the write methodmentionedabove. In this case,if the view is not alreadyin a
transactiona new transactioris automaticallystartedthatlastsfor the durationof the
write.

3.3 Methods

The active view specificationalsoincludesdefinition of the methodsavailableto the
userin the given contet. For example,assumehat the dispatcheimore precisely
theuserwhois runningadispatchewiew) is alwaysawareof theconnectedustomers
in needof a vendorand of the active vendors. To supportthis, the dispatchewview
may containinstancevariableswhosevaluesare computedfrom the repositoryand
describethe relevant customerand vendorsets. The dispatcheralso hasa method,
namelyassign thatallows to performassignments,e., assigna customerto vendor
In theview specificationthis methodis definedasfollows:

| method assign(viVendor c: Customer) is v—attend(c)]

Note thattheimplementatiorof thatmethodis specifiedin theview. But it essen-
tially consistsin calling somemethodknown by the repository Therefore,the view
specificationrdoesnot containreal code(besidesXML queries)andis independenof
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ary particularprogramminganguage The methodsn the XML repositorymaybein
Javaor C++orin ary languagesupportecoy DOM andthe particularrepository
Whenactivatedby the applicationdispatcherthe abose methodwill senda mes-
sageto onespecificvendor Thismessageavill entailtheexecutionof somecodewithin
theactive view correspondingo the vendor(seeFigure4) and,potentially the vendor
interfacewill bemodified.Another sometimesnoreinterestingvay to modify aclient
interface,is to have it run its own code,independenthffrom the repositorysener or
clients. In orderto do, the ActiveView systemallows the declaratiorof remotemeth-
ods For instancepnecanspecifythefollowing remotemethodin the Vendorview:

| remotemethod new_customer(c: Customer)]

and changethe assign methodto also invoke new_customer. Note that the code
of the methodis not specified. In the default application,it correspondso a simple

messge with the nameof the methodastitle andthe parameterof the methodas

content.Thusin thedefaultapplication thevendorwho is assignedo anew customer
will receveamessagétled “new_customer'with anobjectCustomein it. Thevisible

portion of this objectwill have to be definedwith anelementtatementn the Vendor
specificationNow, aswill beexplainedin Section5, this defaultapplicationis in fact

built ontop of anAPI, generatedby the applicationcompiler A programmeidesiring
to customizethe interfacehasthe meango redefinethe methodnew_customersothat

its own codeis executedwhenthis call is recevedby theinterface.

3.4 AccessRights

It shouldbe stressedhataccessights have to be muchmoresophisticatedn the kind
of Web applicationswe aretargeting,e.g.,electroniccommerceapplicationsthanin
most standardrepositoryapplications. We thereforeprovide the meansto attachan
accespredicateto ary instancevariableor methodof aview. This predicatemay use,
for instancethe actualcontentof the view dataandthe useridentification.

In generalaccessightsdeterminghemodef instancevariablege.g.,read/write),
and determineif methodsare active or not. For instance,a customemay be disal-
lowedto submitordersif its approvedcreditis negative or if he/sheis in the groupof
blacklistedclients. This canbeimplementedy addinganaccessontrol clauseto the
specificatiorof the methodsubmitorder.

method submitorder() is self.ovner—passorder(nevorder)
if (owner—approed.credit() >= 0 and !(“blacklisted” in owner—group))

In theif clausewe allow arbitraryXML queriesreturningaboolean.

Remark : Accessright may be quite expensve to check.In mary casesthe access
rightswill dependonly on the parametersf the initialization procedureof the view.
Theaccessightsmaythenbe evaluatedonceandfor all duringtheinitialization of the
view. This optimizationmay resultin enormousgainsin performance.But obsene
thatit may be difficult to detectthatit is indeedthe casethatsomerightsdependonly
on immutablevaluesof the view. So, to indicateto the compilerthat accesswrites
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have to be computedat initialization only, one canusethe clausestaticif insteadof if
to specifytheaccessights. ¢
To concludethis sectionwe considertheissueof updatepropagation.

3.5 Update propagation

In onedirection, whena derived attribute is modifiedin the view and a write is re-
questedwe have to propagatehe changerom theview to therepository In the other
direction, whenthe repositorychangesand a readis requestedor somederived at-
tribute whosevalue was alreadypreviously computedfor the view, we have to prop-
agatethe changedrom the repositoryto the view. The detectionof changeswill be
consideredn Sectior4.

Letusconsideffirst theview updateproblem.Wetouchhereupononecritical issue
in databasesMostworkson view updatedave focusedon updatingviews definedby
comple relational queriesinvolving joins and projections,e.g.,[BS81]. This is a
quite complex problemthat we avoid hereby an extensive useof objectsand simply
disallowving updatego views definedby too complex queries.

We maintaina correspondencbetweenthe repositoryandthe modifiableportion
of theview. In thebestcasesanatomicvaluein theview (saya string) correspond$o
anatomicvaluein the repositoryandthe modificationof the valuein theview is eas-
ily propagatedo the repository In othercasesa view valuedoesnot have ary exact
correspondenci therepository(e.g.,it is definedasa selectionon somecollection).
We canstill accepthe updateandpropagatet to therepositoryin somesimpleunam-
biguouscases.In mary casesye simply disallow the updatethroughthe view unless
the applicationprogrammeiprovidesa methodfor it — andin thatcase the systemis
not responsibldor correctlypropagatinghe update.

We mentionnext two importantcasesvherethe updateis propagatedmnoreonthe
subjectcanbefoundin [ACM9§]:

1. Strict correspondencbetweentwo collections:this is the casewheneachele-
mentin the repositorycollectionhasa correspondingelementn the view, e.g.,
a setof objectsandthe samesetof objectswith a differentinterfacespecified
by the view. Updatesto elementsare propagatedvhenpossible,i.e., whenthe
propagatioris definedat the elementlevel. If anelementis removedfrom the
collection,we remove it from the correspondingepositorycollection. If oneis
insertedwe constructa correspondinglementeventuallywith a default value)
if possible.

2. Partial correspondencbetweencollections:this may happenif the view is ob-
tainedby filtering only someelementsn a repositorycollection (and possibly
restructuringthem). This is a casequite frequentin practicethatraisesa num-
ber of issues.The main difficulty is uponinsertionof anelement(in the view)
to verify that the view elementthat hasbeeninsertedwhen propagatedo the
repositoryactuallyresultsin anobjectthat passeshefiltering test. If thisis not
thecasetheupdates simply rejected.
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To illustratethe previousdiscussionye considera definition of Customemwherea
customemay modify his ordersby updatinganinstancevariablemyoders definedin
theview:

let myorders:(MyOrderElem)*
be select O
from Oin RepOrders
where  O.buyer=owner
with o.*
mode write all exceptO.buyer

A customemay now updatethe resultof a filtering of the entire setof orders,Re-
pOrders. The systemmaintainsa correspondencbetweenthe elementsf myoders
andthoseof RepOders, sothatanupdateto suchelementsanbe propagatedo the
repository The removal of suchanelementwould resultin removing the correspond-
ing elementrom RepOders. The additionof a new elementwould resultin addinga
new orderto RepOder. Obsene thatthe customercannotmodify the identity of the
buyerwho issueda passedrderbecausef exceptO.buyer. However, asit is defined
here thecustomemayin principleaddanew orderasif it wasissuedby anothercus-
tomerby simply putting the descriptionof anothercustomerin the buyer field. This
couldbeanticipatedusingactive rulesto be definedfurther.

Let us now considerthe repositoryupdatepropagation problem. An issueis the
re-computatiorof someview valueswhenthe databasehanges . Supposdhata user
hasloadedin aview thecatalogandasksto re-reacthis catalogat somelatertime. The
sequencef updatesdetweerthe two readsis not available. One may considerusing
the repositoryversioningmechanismlIt would suffice to computethe A betweerthe
versionthe userhasandthe currentversion.Clearly, sendinga A insteadof the entire
valuemay resultin large saving in communicationVersionsarenot consideredn the
ActiveView systemfor the moment.We will seefurtherhow, in somecaseswe may
have thelist of updatesandconsiderirectly theincrementamaintenancef theview.

4 Activefeatures

Theprevioussectionconsideredhestaticpartof theview definition. We now illustrate
how aview canbemadeactive. Notethatwe touchhereasubjectin closerelationwith
workflow managementThe main differencebetweenour approachandworkflows is
theimportancewe give to dataspecification.

Workflow systemgyivedeclaratve meandor specifyingtheoperationglow, butthe
datainvolvedis typically describedn avery abstractmnanneyoftendisconnectedrom
the descriptionof the flow itself. This makesthe analysisof the connectionbetween
variouspiecesof information,their sourcesandmutualeffect of operationson them,
very hard. A good exampleis the newly adoptedstandard UML [OMG97], which
includesstate-chartand actiity diagramsfor businesgprocessmodelingbut where
dataobjects,whosevalue are usedor determinecby the action,are modeledonly as
parametersf somemessages.

Most workflow modelsavailable today lack a semanticdefinition otherthanthe
operationaldefinitionimplied by the tools [KR96]. The meta-modeproposedy the
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Workflow Managemen€oalition[sta93 connectsnputandoutputdatato activity, but
doesnt provide implementatiordetails. Dueto lack of concreteguidelinesworkflow
managemergystemaspromotedby industry usesa process-centriapproach.Those
modelsare extendedby customizedeaturedor modelingandexecutingapplications,
but do not have adequatsupportto satisfythe modelingandcorrectnessequirements
of advancedapplicationgAAA T96]. Someof the deficienciesnclude lack of sup-
port to keeptrack of datadependenciefor distributed workflow, lack of supportto
controlconcurrenticcesse® objectsmanagedy non-transactionactiities, insuffi-
cientsupportfor recovery etc.

In our system,activities are specifiedin two steps. First, for eachkind of actors
(i.e., eachview), the programmeideclaresa setof actiities alongwith the dataand
methodshatcanbeusedin thoseactivities. Then,a setof rulesspecifiegshesemantics
of theview. Typically, rulesspecifyhow to reactto certainevents.Two particularkinds
of rulesareof particularimportance:(i) notificationrulesthatallow to be notifiedthat
certaineventstook place,and(ii) tracingrulesthatallow to keepalog of someselected
events.

We next considethedeclaratiorof actiities, thegenerafules,thenthenotification
andtracingrules.

4.1 Declaring Activities

From an end-usewiewpoint, eachactivity correspondso a hypertect documentwith

somedataandbuttons.Forinstancetheactivity seach definedwithin acustomewiew

will shav the catalog,somepromotions,a collectionof selectedtems(i.e., a caddy)
andsomebuttonsallowing the userto searchthe catalog,addsomeitemsto thecaddy
order(i.e.,changeactiity) or quit theapplication.Thisis specifiedasfollows:

activity search includes
catalog promotionscaddy
search()gota.order(),add to_caddy(),quit()

A defaultstylesheeis attachedo eachactiity. More generallyanactiity declaration
hasthefollowing form:

activity  <actvity-name>  includes
<variable-name* <method-name* | all

where <variable-namg (resp. <method-namg) denotevariables(resp. methods)
specifiedwithin theview wherethe actiity is beingdefined. The keyword all maybe
usedto specifythatall variablesandmethodsof theview arevisible.

It shouldbe notedthat althougha given actiity seesonly a specificpart of the
view statedin its definition, all the ActiveView datais maintained(at leastvirtually)
by the system.This allows differentnon consecutie activities to sharedata,andis in
particularusefulwhena userresumessomeactvity afterhaving gonetemporarilyto
anothemne.
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4.2 Rules

We considetherevery standardactive rules. Rulesarespecifiednsideaview. If global
rulesneedto beconsideredn anapplication,onecanclearlyadda particularview that
doesit in the style of the Dispatder of our exampleapplication. This providessome
modularway of specifyingactive rules.

The specificatiorof aview maythereforecontainsomeactive rules. Therulesare
processetby arule manager. Rulesareexpression®f theform:

| on <event> if <conditiorr> do <actior> |

Thecomponent®f anactive rule aredefinedasfollows:

¢ the eventsare (remote)methodscalls (e.g., switch of activity), operationson
instancevariablesor objects(i.e., write/read/append/reme) and detectionof
changes;

¢ theconditionsareXML queriesreturninga booleanand

¢ the actionsare (remote)methodscalls, operationson instancevariablesor ob-
jects,notificationsor traces.

Weillustrateactive ruleswith somesimpleexamples.The discussion®n variable
changesnotificationsandtracesarepostponedo the following sections.

Supposghatwhena new orderis issuedwe wantto modify the stockof the store.
This may be achieved by a method,sayupdate-stok. The following rule in the Dis-
patcherview maybeused:

on submitorder(avnernenorder)
do neworder—update-stock()

(An absenff clauseis assumedo bealwaystrue.)

Next, let us considerremotemethodcalls. For instance,supposethat a remote
methodmissivehasbeendefinedin the Customewiew andthatwe wantto senda par
ticular welcome-backnessagéo goodcustomersvhenthenstarttheir seach actiity.
This canbeachievedby definingthefollowing rule:

on goto(owner, actiity)
if actiity = Customer::searcand “goodcustomer’in owner—group
do owner—missive(“Welcomeback.\We appreciatgzour business)

Obsenre thatthe bindingsof activity andownerin thetriggeringeventis usedby theif
clause.

4.3 Notifications and changemonitoring

Notificationsare basedon remotemethodcalls that can be sentto the interfaceof a
view to notify that certainevents(asspecifiedin the previous section)have occurred.
An importantkind of eventsare (potential)changesof an instancevariable. In the
applicationdefault interface,the detectionof a changefor aninstancevariable(or an
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object)resultsin changingthe backgrounccolor for the display of the variable. The
notification of other eventsresultsin a messagébeing displayedto the userwith a
“notification” icon. Thesemessagessemblghe remotemethodcallswe alreadydis-
cussedIndeed notificationmay be customizedn the samemannerasremotemethod
calls.

To seeanexample suppos&endorsmeedo benaotifiedof submissionsf important
ordershy customershey arein chageof. Thisis achievedby thefollowing rulein the
Vendorview:

on submitorder(avnernavorder)
if newvorderamount> 10000and ownerin MyCustomers
do notify-me

In this statementthe keyword notify-mespecifiesthat the particularevent must be
notifiedto thisview. In somesensetheview is issuinga subscriptiorto certainevents.
Obsenre thatonly the views thatexplicitly subscribearenotified.

Now, let us considerderivedinstancevariablemonitoring. It is easyto detectthat
arepositoryobjecthaschangedlf aninstancevariableis definedby a complex query,
the situationis moreintricate. To seean example,considerthe instancevariablepro-
mosin the Customerview. In orderto have the customerbe notified of a changein
its promos the following rule mustbe included (changed promosindicatesthat the
variablepromoshaschanged):

| on changedpromos do notify-me |

Thevariablepromosmay changef anew promotionthatappliesto the particularcus-
tomeris appendedr deleted It mayalsochangdf oneexisting promotionis modified.
The view thereforemaintainsthe list of objectswhosechangemay affect the derived
data.(In thiscasethecollectionobjectandeachelemenin thecollection.)Whensuch
apossiblechangehasbeendetectediwo casesccur:

1. Thederiveddatacannotbe maintainedncrementally In this casea notification
is issued.Clearly, this mayresultin false“alarms”.

2. The derived datacan be maintainedincrementally An incrementalevaluation
of the changess performedin the style of [AMR T98] to seewhetheractually
change®ccurred.No falsealarmmay occut

Notification arejust warnings. Data canbe updatedby the userby clicking on a
readbutton or, automatically by a customizeduserinterface(Section5). Evenwhen
anincrementakvaluationhasbeenusedandthe new valueis known by the systemit
is sentto the client only whenrequested.lt is possibleto includein the view a rule
to actuallyforce changedo be sentto the client wheneer detected For instance pne
couldusetherule:

| on changedoromos do promos-read() ]

In this particularcasethederivedinstancevariableis simpleenoughto bemaintainable
incrementally In case(2), sucha statemenimay be costly since eachdetectionof
possiblechangewill trigger the full re-computatiorof the instancevariableand its
shippingto theclient.
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Remark Theneedo “monitor” instancevariablesor to “refresh”’themwhenchanges
occuris encounteredn mary applications.We thereforeprovide syntacticshort-cuts
to specify suchfeatureswithout having to explicitly write the correspondingules.
Insteadof usinglet <variable> in the view specificationone may uselet monitoed
<variable> or let fresh<variable>. Thisresultsin generatingheappropriateulesto
notify changesaindeventually(in the caseof fresh) triggerautomaticallya readwhen
achangsds detected.

4.4 Traces

Typically, databaseystemsprovidelogsthatare(i) low level and(ii) difficult orimpos-
sibleto accessYet, tracingtherun of a businesgransactioris essentiafor electronic
commerceapplications.This may be requiredfor legal reasonsto be ableto handle
eventualdisputesbetweenthe participants,or to analyzebuying patterns.In Active-
View, eventsandrulesareatthe coreof thetracermodule.We explain this next.

In aview specificationjn the samemannemve requesto notify theview of certain
events,we canrequestto trace them, i.e., notify the tracer For instance,we may
requesto traceall ordersubmissions:

| on submitorder(avnerneworder) do trace |

If suchastatements included,thetracerwill be notified of thenew ordersandrecord

themin therepository Thetraceralsorecordshe parameterandthetime of theevent.

Thelog canthenbeviewedasa partialhistory of theactiity of theapplicationandcan

bequeried.Forinstancethefollowing queryreturnsthe ordersof aparticularcustomer
in 1998:

select O
from Oin Trace.submibrder
where  O.neaworderbuyername="J. Doe” and O.date= 98

In thisquery, Traceis anentry-pointto the XML repositorythatallowsto accessraces.

5 Default interface and customization

Comparedo traditionaldatabaseapplications glectroniccommerceand, moregener

ally, Web applicationsare evolving very rapidly accordingto nev commercialneeds.
For this reasonthe ActiveView systemnot only supportshe declaratve definition of

views andactiities onthe sener side,but alsoa fastexploitationon the end-useside
by generatingdefaultuserinterfaces In this section,we briefly discussthe default

interface thenvariousmeansf customizingthe applicationandits interface.

5.1 Default UserInterface
Whenauserstartsa new active view clientby following a URL link, e.g.

http://www.activestore.com/customer,
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adefaultHTML pages displayedandasksfor identificationinformationbeforepropos-
ing all possibleactiities thatcanbe executedby theregistereduser For example,all
unregisterecclientsmaybeableto browsethe catalog(activity seach), but only regis-
tereduserscanalsobuy the selectecproducts(actity pay).

Activitiesform thebasicinterfacemetaphorpercevedby anend-userge.qg.client)
interactingwith the ActiveView system. Eachactvity is representedy a distinct
HTML pagewhich displaysall accessiblevariablesand methodsin form of simple
applets/iittons. (As previously mentioned,we intend to move soonto XML and
stylesheets.) Applets are necessaryto implementactive featuresfor calling meth-
odsand modifying/monitoringvariablesby communicatingwith the systemvia Java
RMI calls (seearchitecturan Figure4). Essentially eachvariablecorrespondso an
appletediting the variablevalue and providing specificbuttonsfor all accesanodes
(read/write/append/renve) definedin theview.

The editing of view variableis an interestingissue. The ActiveView systemis
basedon the XML documenimodelandsomeXML querylanguagdor representing
andqueryingdata.ThisalsomeanghatvariablevaluesareXML fragmentghatshould
be dynamicallymemgedinto a comprehensie anduniform XML document.Whereas
this issueis outsidethe scopeof this paper we believe that future XML browsers
will proposesomescript languagefor modifying documentsdynamically basedon
the DOM standard.Obsenre that a similar mechanisnis alreadyexisting for HTML
browsersin form of the JavaScriptlanguage.

View methodsare called by simple button clicks. For example,in orderto add
a productto the caddy the usercalls a methodadd_to_caddy which addsa selected
productto thecaddy Obsenrethatthisassumeto beableto seleciaproduct.e.g.,in the
catalogandprovideit asargumento add to_caddy As mentionedn Section3, remote
methodsge.g.new_customer(c :Customer) for vendors have to beimplementedy
theuserinterface.As alreadymentionedjn the default userinterface remotemethods
simply displaythe parameterfn the screerof thecorrespondingendor

5.2 Application Customization

As definedsofaranActiveView applicationincludespracticallyno codebesides<ML
gueries Althoughwedid notinsistonthat,it is clearthatit maycall repositorymethods
thatareimplementedn corventional(DOM compatibleprogrammindanguagesuch
asC++ or Java. Suchcodemaybe partof databasapplicationsomevhatindependent
of theview applicationitself. View applicationcanalsobecustomizedn variousways
atthe costof writing someview specificcode. For instance pnemaywantto redefine
theauthenticatioprocedureor the HTML pagelayout. (It is alsoobviousthatseveral
customizatiortasks(e.g.replacedefault authenticatiorproceduresareavailableonly
to the systemadministrator(s).JCustomizatiornis briefly consideredext.

Customizing view components EachWeb client interfaceis communicatingwith

an active view which is an instanceof a subclasf classActive\few. For instance,
Customeris a particularsubclassf ActiveVfew. Instancesof this classprovide the
necessaryunctionalitiesfor logginginto the system(init, owner, startdate),choosing

21



amongavailable activities and controlling the view status(quit, transactioncommit,

abort,sleepresumetimeout,seeSection3 for details). Theclassfeatureslsoinstance
variables(i) the kind of the view (e.g.vendot clienf), (ii) the owner, (iii) the dateof

creation,(iv) the currentstatus(running, asleep)(v) the currentactiity, and(vi) the
list of otheravailableactuities.

Customizatioressentiallyis possibleby creatingsubclasseandoverloadingexist-
ing methodcodes.For example theinit methodis executedvhenanew userlogsinto
the system(createsa new view instance).lt executesa privateauthenticatiormethod
thatverifies(by passwrd or moresophisticatedhird-partyauthenticatiorservicesthe
identity of theuserandfills in thevalueof owner. Bothmethodsnit andauthentication
aredefinedin the classActive\few andmay beredefinedn a subclasse.g.,Customer
by the administratorfor example,to changethe accesgight rule (Section3), autho-
rizationmechanisnor addadditionalpreprocessing.

To seeanotherexample,considertimeout Sinceactive view applicationsun over
the network thereis no meango controlthe livelinessof a network client. Therefore,
view objectscomeequippedwith a simpletimeoutmethodthatmayforce aview into
sleepmodeif the view hasbeeninactive for too long. (The “too long” is specifiedby
default.) The applicationprogrammemay decideto redefinethis methodin a partic-
ular subclasof Active\few andindeedmay alsomake it take into consideratiorsome
valuesof the view or specificresourceparametergtransmitrate, client architecture,

).

Customizing the interface  Onemay customizethe interfaceat several levels: pre-
sentationmethodredefinitionor total rewriting of theinterface.

Userschooseamongvariousactiities which correspondby default) to different
HTML and,in thefuture, XML pagesAt thelowestlevel, it is obviously very easyto
modify the presentatiomf an XML pageby simply changingthe stylesheetNote that
by doingso,onemay hide certainfunctionalitiesof the particularactivity.

Eachinterfaceis attachedo aparticularactiity thatspecifiegshedataand(remote)
methodsvailable.Eachsuchinterfaceis implementedy anappletthatcommunicates
with aremoteobjectthatcorrespondso thatparticularActivity. For instancewe may
have an Activity:Customerclass. It is possibleto redefinethe codeof somemethods
of the class. For instance by default, remotemethodsdisplay their algumentson a
new screen. One may decideto modify this behavior. For instance whena vendor
recevesthenotificationthata new customeis assignedo him/her, onemayalsowant
to automaticallysave in alocalfile the dataaboutthis particularcustomer

Finally, one may wantto completelyredefinethe interfaceto someactity, e.g.,
Activity:Customer The API to the ActiveView systemfor this activity remainsfixed.
It is however possibleto develop a Java applet(or application)thatinteractswith the
ActiveView systemvia this particularAPI.
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