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Abstract. Activefunctionalityis especiallyusefulfor enforcingbusinessulesin
applicationssuchasEnterpriseéApplicationintegration(EAI) ande-commercelt
canbeusedasglueamongexisting applicationsandfor datatransformationde-
tweenheterogeneouapplicationsHowever, traditionalactive mechanisméave
beendesignedor centralizedsystemsandaremonolithic,thusmakingit difficult
to extend and adaptthemto the requirementsmposedby distributed, hetero-
geneougrvironments.To correctthis we presenta flexible, extensible service-
basedarchitectureuilt onontologiesservicesandevents/notificationsThemain
contrikutionsof thiswork are:i) thehomogeneousseof ontologiesfor aseman-
tically meaningfulexchangeand combinationof eventsin openheterogeneous
ervironments,andfor the infrastructureitself; ii) a flexible architecturefor the
compositionof autonomousglementaryservicesto provide Event-Condition-
Action (ECA) functionalityin differentconfigurationsiii) theinteractionof these
servicesvia notificationsusing a publish/subscribenechanismconcept-based
addressing).

1 Intr oduction

ActivedatabassystemgaDBMS)enhancéraditionaldatabaséunctionalitywith pow-
erful rule processingapabilities The databasasystemperformscertainoperationsau-
tomaticallyin responseo eventsoccurringand certainconditionsbeingsatisfied Ac-
tive functionalityis especiallyusefulfor enforcingbusinessules.However, traditional
active mechanisméave beendesignedor centralizedsystemsandaremonolithic,thus
makingit difficult to extendor adaptthem.New large-scaleapplicationssuchasEAl,
e-commercer Intranetapplicationsimposenew requirementsin theseapplications,
integrationof differentsubsystemsind collaborationwith partners’applicationsis of
particularinterest,sincebusinessulesareout of the scopeof a singleapplication.For
example,considerthe following businesgule: "when the volume of corn falls below
1200tons,andthe corncomesfrom Euroland,andEuro/US$is under0.8 thenbid for
all at 2.30 US$ per ton, and also notify the manager”.Involved eventsand dataare
comingfrom diversesourceshereandalsothe executionof actionsis performedon
different (sub-) systems Obsene that eventsand actionsare not necessarilydirectly
relatedwith databaseperations.

In suchscenariosthe requiredactive functionality should be moved outside of
the active databaseystemby offering a flexible servicethat runsdecoupledrom the
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databaseandthat can be combinedin mary differentways andusedin a variety of

ernvironmentsA service-basedrchitectureseemso beappropriatein which anactive
functionality (ECA rule) servicecanbe seenasa compositionof otherserviceslike

event detection,event composition,condition evaluation,and action execution.Thus,
servicescan be combinedand configuredaccordingto the requiredfunctionality, as
proposedy the unbundlingapproactin the context of aDBMSs[11,12,18]. Whether
theunbundlingapproachs realisticfor databassystemsr not, it is inadequatéor dis-

tributed environmentssinceDBMS componentdo be "unbundled” are designedwith

homogeneousgentralizedernvironmentin mind. Combiningcomponentsievelopedby

different,independenprovidersleadsinevitably to problemsif the meaningof terms
employed by differentcomponentanddatato be exchangeds not shared A similar

problemis encounteredvhenintegratingheterogeneouapplications.

In additionto the difficultiesintroducedby heterogeneitythe inherentcharacteris-
ticsimposedy large-scalaistributedervironmentsin particularimpactthefollowing
issuesf active functionality: eventexchangemechanismeventsemanticgcorrectin-
terpretatioranduseof events),eventfiltering, andcomplex eventdetection.

In this paperwe present service-basedrchitecturehatsupportghe useof active
functionalityin variousenvironments.in this context we focuson aspectselatedwith
theproblemsof interpretingeventcontentssomingfrom differentsystemsandsources.
Despitethe fact that event compositionis an importantissuewe do not presenthere
detailsaboutcomplex eventdetectionsincethey areout of the scopeof this paper

Therestof this papetis organizedasfollows. Section2 providesadiscussiorof the
mostimportantaspectandproposaldor moving from centralizedactive functionality
to distributed heterogeneousrvironments.In Section3 the conceptuafoundationof
our proposalfor aflexible andextensibleactive servicefor this kind of ervironmentis
presentedn Sectiord ourreferencerchitecturas introducedFinally, in Section5 we
presentonclusionsaddres®penissuesanddiscusguturework. Exampleghroughout
thepaperarerelatedto onlineauctions.

2 Moving to Open Distrib uted Heterogeneousnvir onments

Active databasdunctionality is developedfor a particularDBMS, becomingpartof a
largemonolithicpieceof software(the DBMS itself). Monolithic softwareis difficult to
extendandadapt.Moreover, active functionalitytightly coupledto a concretedatabase
systemhindersits adaptationto today’s Internetapplications,suchas, e-commerce,
where heterogeneityand distribution play a significantrole but are not directly sup-
portedby traditional(active) databasefL8].

Anotherweaknesf tightly coupledaDBMSsis that active functionality cannot
be usedon its own, without the full datamanagementunctionality. However, active
functionality is also neededin applicationsthat require no databasdunctionality at
all, or only simple persistencesupport.As a consequencegctive functionality should
be offered not only as part of the DBMS, but also as a separateservicewhich can
be combinedwith other servicesto supportinternet-scaleapplications.Implications
of heterogeneitydistribution and active functionality as an independenservice,and
a review of otherapproacheshat addresgheseissuesare discussedn the following
subsections.



2.1 Heterogeneity

The integration of events coming from heterogeneousourcesis comparableto the
problemsfacedin federatednulti-databaseystemsSimilar to heterogeneityn data,
we also have heterogeneityn events(which canbe understoodas containingevent-
descriptive data) coming from differentsourcesin C2offein [19], event sourcesare
encapsulatethy meansof wrappers.Thesewrappersmap application-specifievents
into a sharedeventdescriptioncomposingsyntaxandstructure[18] proposeabstract
connectordo hide a setof heterogeneousomponentsimakinginvisible the fact that
differenteventsourcesxist.

To integrate data/&entsfrom differentsourcesthe approachesnentionedabove
concentrateon structuralaspectsand assumeglobal knowledge by the DBA or the
applicationdeveloperof the assumedsemanticof all relevant dataand events. This
assumptions unrealisticin a large and very dynamicervironmentlike the Internet.
Noticethatdata/@entsmustbe comparedr correlatedexternallyfrom the sourcegen-
eratingthe event. Eventscontainingdateor price attributes,requireexplicit knowledge
aboutmodelingassumptiong regardto formator curreng to correctlyinterpretthem.
Moreover, consumerand producersof eventsmay be previously unknawn, therefore
a commonstructuraland semanticrepresentatiofasis(commonvocahuilary) of the
involvedeventsis necessarjor their correctinterpretatioranduse[3]. Consideranon-
line auctionscenariowhereparticipantanay have never met before.Herea common
vocahulary is mandatory(normally establishedising cateyoriesof items)andbecause
of its global scope,representationsf all the descriptve information require context
information, suchas, dateandtime format, metric system,curreng, etc.to correctly
interpretdata.

2.2 Distribution: Detectionof global compositeevents

Thereareseveralapproachethatdealwith distribution,in theareaof eventpropagation
[6,14,8,15]. However, they do not considerevent composition,whereorderbetween
eventsis requiredio applyeventoperatorge.g.sequencepr to consumeventscoming
from differentlocations.Normally, eventsare timestampedo provide a time-based
order, but in opendistributed ervironmentsglobal time is not applicable.In [17,25]
a globaltime approximationknown as 2g-precedence, is proposedSchwiderski[24]
adoptedhe 2g-precedencmodelto dealwith distributedeventorderingandcomposite
eventdetection. Sheproposeda distributedeventdetectobasedon a global eventtree
and introduced2g-precedencéasedsequenceand concurreng operators However,
eventconsumptionis non-deterministian the caseof concurrentor unrelatedevents.
Additionally, theviolation of the granularitycondition(2g) mayleadto the detectionof
spuriousevents.

Many projectson event compositionin distributed ervironments,suchas|[2, 22,
13,27], eitherdo not considerthe possibility of partial eventorderingor arebasedon
the 2g-precedencenodel. Therefore,they suffer from one or more of the following
drawbacks:they do not scaleto opensystemsthey provide the possibility of spurious
events,and presentambiguousaventconsumptionln [20] a new approachfor times-
tampingeventsin large-scalelooselycoupleddistributedsystemss proposedhatuses
accurag intervals with reliable error boundsfor timestampingeventsthat reflectthe
inherentinaccurag in time measurements



2.3 Unbundling of active databasefunctionality into reusablecomponents

Unbundlingis the actiity of decomposingystemsdnto a setof reusablecomponents
andtheir relationshipg12]. Unbundling active databasesonsistsn separatinghe ac-
tive partfrom active DBMSsandbreakingit up into unitsproviding servicedik e, event
detection rule definition, rule managementndexecutionof ECA ruleson one hand
and persistencetransactionrmanagemenand query processingserviceson the other
[11]. A separatiorof active and corventionaldatabasdéunctionality would allow the
useof active capabilitiesdependingon givenapplicationneedswithoutthe overheadf
componentsiot neededSimilar approachewereadoptedy [7, 10,19].

Fromour pointof view, unbundlingactive functionalityfrom aconcretesystemand
thenrelundling the correspondingcomponentgo apply themin an opendistributed
ervironmentis not feasible.Unbundling in this context meansto give up the "closed
world” which traditionally underliesa DBMS. Inherentcharacteristicof opendis-
tributedenvironmentamposenew requirementshatwerenot consideredn centralized
ervironments like the partial order of events.The consideratiorof thesecharacteris-
tics hasdirect impacton the event detector which is the essentiakomponentof an
aDBMS [5]. Consequentlyit would not be feasibleto reusecomponentgaken from
centralizeddBMSssincethey ignorerelevantaspect®f the new scenarioln addition,
the semanticof operatorsand consumptiormodesare hard-wiredin the codeof ex-
isting eventdetectorsBecausen the projectsmentionedabove a genericarchitecture
is defined theremay be difficultieswhenintegratingunbundledandnewly developed
(autonomous)omponentsNotice that the meaningof termsemployed by different
componentganconductto misinterpretationd a commonsemantidasis,i.e., vocab-
ulary, is not shared.

2.4 ProcessingeCA-Rules

Rule executionsemanticgprescribehow an active systembehaesoncea setof rules
hasbeendefined.Rule executionbehaior canbe quite complex [26, 5], but we restrict
oursehesto discussingessentiabspectsThe whole ECA-rule processingprocesss a
sequencef four steps:

1. Comple eventdetectioneventinstancegeneratedt eventsourcedeedthecom-
plex event detectoy which selectsand consumegheseeventsto detectspecified
situationsof interest.It bindsrelatedeventinstancesvith the signaledevent.

2. Ruleselectionfind fireablerules,andapply a conflict resolutionpolicy if needed.
Therearethreebasicstrat@ies:a) onerule is selectedrom thefireablepool, after
rule executionthe setis determinechgain,b) sequentiabxecutionof all rulesin an
evaluationcycle,andc) parallelexecutionof all rulesin anevaluationcycle.

3. Conditionevaluation:selectedulesrecevethesignaledeventinstanceasa param-
eterto allow the conditionevaluationcodeto accessventinformation (binding).
For someapplicationdt may be usefulto delaythe evaluationof atriggeredrule’s
condition or the executionof its action until the end of the transactionor exe-
cutethemin aseparatéransactionThesepossibilitiesyield the notion of coupling
modes [9].

4. Action execution:if the correspondingconditionis satisfiedcontext information
(signaledeventinstance)s passedsaparameteto allow theactioncodeto access



eventinformation(binding). TransactiordependencieBetweerthe evaluationof a
rule’s conditionandthe executionof arule’s actionarespecifiedusing Condition-
Action couplingmodes.

3 ECA architecture for distrib uted, heterogeneousernvironments

Thegoalis to provide ECA-rule processindunctionalitywith characteristicsimilar to
acentralizedaDBMSsin a distributedcomponensystemto supportnew generatiorof
large scaleapplications.The active functionality serviceproposecdhereis basedon a
flexible architecturdoundedon autonomousgombinableandpossiblydistributedser
vices.Here ontologiesplay a fundamentarole; we usethemhomogeneouslyo deal
with theintegrationof eventsandthe interactionof autonomouservicesln addition,
becauseurarchitecturas basedn componentspntologiesarefundamentafor thein-
teractionamongcomponentslevelopedindependentlyTheunderlyingcommunication
betweentheseservicesis basedon a publish/subscribenechanismyhich is suitable
for distributedervironmentsandoffers otheradvantagessshavn laterin this section.

In particular this work putsemphasion:
— aflexible architecturehatcanbe adaptedor differentapplicationscenarios,

— theuseof anontologyto allow theintegrationof eventscomingfrom heterogeneous
sourcesandalsofor theinfrastructurdtself,

— aplatform for compositionof eventscomingfrom heterogeneousourcesn dis-
tributed ervironmentsthat dealswith partial orderingsand the lack of a central
clock,and

— providing anactive serviceascompositionof otherelementaryservices.

Threemainpillars arethebasisof ourwork: anontology-basethfrastructuregventno-
tifications,anda service-basedrchitectureln the next subsectionshesethreeaspects
arepresentedopn this foundationwe presenpur architecturén Section4.

3.1 Ontology-basedinfrastructur e

In our context active functionalitymechanismarefed with eventscomingfrom hetero-
geneousourcesTheseeventsencapsulatdata,which canonly be properlyinterpreted
when sufficient context informationaboutits intendedmeaningis known. In general
this informationis left implicit and as a consequencé is lost when data/@entsare
exchangedacrossgnstitutionalor systemboundariesFor this reasonto exchangeand
processventsfrom independenparticipantsn a semanticallymeaningfulwvay explicit
informationaboutits semanticsn the form of additionalmetadatas required.

Our architecturds basedon the conceptslevelopedin [4] wheresharedconcepts
(ontologies)are expressedhroughcommonvocahulariesas a basisfor interpretation
of dataandmetadata\We represenevents,or eventcontentto be preciseusinga self-
describingdatamodel,calledMIX [3]. In the following we referto eventsrepresented
basedon MIX, i.e. basedon conceptdrom the commonontology assemantic events.
MIX refersto conceptdrom a domain-specifiontologyto enablesemanticallycorrect
interpretationof events,and supportsan explicit descriptionof the underlyinginter-
pretationcontext. Simple attributesof an eventarerepresentedstriples of the form
S50 = < C, v, 8 >, with C referringto a conceptfrom the commonontology, v
representinghe actualdatavalue,and $ providing additionalmetadatarepresented



alsoas MIX objects)to make implicit modelingassumptionsxplicit. For instance,
SS0 = < BidAmount, 99, {< Currency,”USD” >} >.

Comple objectsarerepresentedh the form CSO = < C, A >, with C refer
ring to a conceptof the ontology and A providing the setof simple or complex ob-
jectsrepresentingts sub-objectsFor example,a PlaceBideventcanberepresenteds:

CSO = <PlaceBid, {<Participantld,412>,
<ltemld,5423>,
<BidAmount, 99,{< Currency,"USD">}>,...}>

Semanticeventsfrom differentsourcescanbe integratedby corvertingthemto a
commonsemanticontet usingcornversionfunctionsdefinedn theontology[3]. In our
work ontologiesare usedat threedifferentlevels: a) the basiclevel, whereelementary
ontologyfunctionalityandphysicalrepresentatiois defined;b) theinfrastructurdevel,
where conceptsof the active functionality domainare specified;and c) the domain-
specificlevel, whereconceptf the subjectdomain(e.g.onlineauctions)aredefined.
Basicrepresentationontology: Hereelementaryontologyfunctionalityandphysical
representatiosonceptdik e strings,booleansnumberslists, etc.aredefined.
Infrastructur e-specificontology: All elementsrelatedwith active functionality are
representedvith conceptddefinedhere.Difficulties associatedvith differentrule lan-
guagedialects,ambiguitiesandimprecisetermsareresohedusinganexplicit common
vocahulary. For instancejssuegelatedwith thedefinitionof ruleslik e event,condition,
action,andsoon, areexplicitly definedin ourinfrastructure-specifiontology
Domain-specificontology: With the purposeof their integrationin mind, eventsare
representedvith conceptof a commonvocahulary andwith context information.Re-
quiredrealworld conceptsaredefinedin the domain-specifiontology Basedon this,
conversionfunctionscanbeappliedto integratedata/@entsandfilters andcomplex de-
tectorscanbedefinedbasecbnthe commonontologywithout consideringoeculiarities
of eventrepresentationandinterpretatiorcontexts comingfrom differentsources.

This approactprovidesthe following benefits:

— Independencef therule definitionlanguageBecauséhereis anexplicit definition
of termsrule compilerscantranslatefrom "any” rule specificationto the known
target vocahulary. Moreover, rules can be defineddirectly by applicationsusing
an API| (accessinghe ontology) or by the userin a userfriendly rule language
definition.

— Extensibility: New aspectscan be incorporatedto the rule definition and to the
serviceitself dueto the extensibility provided by the underlyingontologysupport.

— Serviceinteraction”independence”Serviceinterfacesaredefinedusingontology-
basedconceptscontributing to their clear understandingyy service-clientsand
service-preiders.

Furthermore other aspectselatedwith the infrastructure,in particular notification-
relatedterms(notification,operationatiata,detection-timegventsource priority, time-
to-live, etc.)arealsocapturedn theinfrastructure-specifiontology

3.2 Eventsand Notifications

An eventis understoodhereasa happeningf interest Eventscanbe classifiedas:



— Databaseventsthatarefurthersubdvidedinto datamodificationanddataretrieval
events.

— Transactioreventsreferto the differentstageof transactiorexecution,e.g.begin
transactioncommit,rollback, etc.

— Temporaleventsare classifiedin absolute,periodic and relative. Absolute tem-
poral eventsare definedusing a particularday andtime, while periodictemporal
eventsare signaledrepeatedlyusingtime or calendarfunctions,e.g.every Friday
at 11:59PM.Relative onesaredefinedusinga time periodwith respecto another
event,e.g.oneweekafter BeginOfAuction.

— Abstracteventsor application-defineaventsare declaredby an application,e.qg.
userlogin, auction-canceledcventsof this kind are signaledexplicitly by the ap-
plication.

Obsenation of happenings$ncludethe useof interceptionandpolling mechanismsin
distributedplatforms like CORBA andJ2EE servicerequestganbeinterceptedUsing
this feature,happeningselatedwith a methodexecutioncanbe interceptedranspar
ently (without modifying the application).On the otherhand,thereare event sources
thatmayneedto bepolledin orderto detectevents.

Theeventclassificatiorpresentedboveis explicitly specifiedn theinfrastructure-
specificontology Noticethatontologiesn ourarchitectureareextensible For instance,
the representatiof a heartbedt is basedon the definition of the periodic temporal
event,addingin this casesomeextra information,suchasfrequeng, procesddentifi-
cation, etc. Likewise, real-world aspectof a particulardomainarerepresentect the
domain-specifidayer, e.g.BeginOfAuctionasa specializatiorof anabsoluteemporal
event; ParticipantLoginasapplication-definecandsoon.

A notificationis a messageeportingan event to interestedconsumersA notifi-
cation carriesnot only an eventinstancebut alsoimportantoperationaldata,suchas
receptiontime, detectiontime, eventsource time to live, priority, etc. As seenon sev-
eral active systemprototypescomple eventdetectionis mainly basedon operational
data(particularlycomparingtimestamp®f eventinstancesyhile filtering is basedon
both(i.e. eventsourceand/orattribute values).For this reasonwe distinguishthe con-
tent of a notificationinto operationaldataand the event dataitself. Operationaldata
conceptarealsodefinedaspartof theinfrastructurdevel.

Eventscomingfrom differentapplicationsareintegratedby eventadaptersThey
convert source-specifieventsinto eventsrepresentethy ontology-based@onceptsen-
richedwith semanticontets, i.e. semanticevents(seeSection4.2).

3.3 Sewice-basedECA-rule Processing

We realizethe ECA-rule processingisa combinationof its basicservicesj.e. complex
event detection,condition evaluation,and action executionservice.Event, condition
and action servicesare then combinedusing a notification servicebasedon a pub-
lish/subscribenechanismwhichtransporteventinformationamongthem.Subscribers
(consumersplacea standingrequestfor eventsby subscribing.On the otherhand,a

! Theheartbeaprotocolis basecbn amessagsentbetweermachinesataregularinterval with
the purposeto monitorthe availability of aresource.



publishermakesinformation available for its subscribersThus, event producersand
consumersare decoupledn our architecture Our ECA-rule serviceoffers the func-
tionality neededo define,remove, activate/deactiate,and search/bravse ECA-rules.
Figure 1 depictsa configurationof our elementaryservicesusingboxesto denoteser
vicesandlolipopsfor their interfaces Circlesinsidetheseboxesrepreseninstanceof
objectsunderthe controlof the correspondingervice.

Now considerthe registrationof a rule R1 with the ECA-rule service,asshavn in
stepl in Figurel. Following this is the registrationof its correspondingvent, condi-
tion andactionwith the properservices(step2). The complex event detectorconfig-
uresinternalobjectsin orderto detectR1's event;thenthe conditionevaluationservice
instantiates conditionobjectandsubscribedt with R1’s eventobject(step3). After-
wards,the actionexecutionserviceinstantiatesan actionobjectand subscribest with
R1'’s conditionobjectcompletingthe subscriptiorphase.

Onceatriggeringeventis detectedthe complex eventdetectorpublisheghis hap-
pening. That means all rulesthat were definedusing this triggering event are auto-
matically "activated”,in particulartheir conditionobjectsarenotified (step4a).In this
situation,no conflict resolutionpolicy is neededbecauseall rules are executedcon-
currently (otherexecutionmodelsare possible) When condition objectsare notified,
they evaluatetheir predicateandif true,automaticallynotify the correspondingction
objectsusingthe samenoatificationservice(step4b).

1 register rule R1
—_—————> — .
ECA-rule service

register R1's

register R1's
2 g Action

Event register R1's

Condition
3

S(/b
Q[, S(.‘r/-é
SGV Q
Event of rule R1 6/7!

R1's R1's

notifiy Condition notifiy Action
G TT=< =0 object fF===lm==== PO\ object
4a 4b
complex event EC condition evaluation cA action execution
detection service service service

Fig. 1. Interactionamongthe elementaryserviceyE-C-A)

Servicecommunicatausinga notificationservice. The notificationssentcontaina
representatioof thetriggeringevent, with informationaboutthe happeningf interest
andits context. The communicatioramongtheseservicescould be doneusing other
mechanismsg.g. RemoteProcedureCall. However, the publish/subscribenechanism

playsanimportantrole in our architectureproviding thefollowing advantages:
— it allows asynchronougommunicationand decouplesevent producersand con-

sumergqsuitablefor opendistributedervironments),

— it is particularlyusefulif variousrulesareassociatedavith the sameevent,

— it facilitatesconcurrentrule execution(without centralizedrule selectionmecha-
nism),

— thenotificationcontainsrequiredeventinformationandits context (context propa-
gation),



— it providesa simpleandpowerful genericcommunicatiormodel,
— it supportdocationtransparengdueto subjectorganizationand
— it helpsto explicitly representiependenciesf the flow of work.

Elementaryservicesxposetwo kinds of genericandvery simpleinterfaces:

— Serviceinterface:definedasa singlemethodthatrecevesasa parametean event
notificationwhichis representetiasedon the commonontology

— Configurationinterface:for administrationpurposessuchasregister, activate,de-
activate,delete etc.

This simple serviceinterfacedefinition providesflexibility, allowing to configurethe

flow of serviceexecutioneasily For instance considerthe omissionof the Condition
partin arule definition (EA-rules).This changesheflow of executionwherethe Action

connectdirectly to the Eventdetection.Similarly, eventfilters canbe placedbetween
event sourceandthe complex event detectorwithout requiringto changethe codeof

thesecomponentsThedestinatiorof the outgoingnotificationsrelieson concept-based

addressing, which is usedfor notificationdisseminatior{seeSectior4.1).

In additionto the elementaryservicesmentionedabove the complex eventdetec-
tion servicecombinesotherserviceswhich arerequiredfor this eventdetection like,
filtering service time service alarmservice gventadapterskurthermorethefollowing
servicesareusedas part of our architectureontology service,repositoryservice,and
notificationservice All theseservicesaredescribedn moredetailin the next section.

4 ReferenceAr chitecture

Our work is basedon a servicearchitecturefor extensibility and flexibility reasons.
Figure2 showvs, a combinationof the basiccomponentso supporttypical active func-
tionality. Servicesareimplementedisingloosely-coupledomponentso fit distribution
requirementsThe communicatioramongtheseservicess basedon a notificationser
vice usinga publish/subscribenechanismbDashedarronsin Figure2 depictthe useof
theunderlyingnotificationservice.

S(EJ\L/Ire:eIS I O event )O filter @7 event - {)7 condition || )() action

adapter compositor evaluation execution

Fig. 2. Basiccomponents$o supportactive functionality

The services'simpleinterfacesprovide flexibility in orderto configurethe service
executionflow independentiyof the next serviceinterfacein the processchain.In our
particularcase servicesare combinedin a chainbeginningwith the eventsourceand
endingwith the actionexecutionservice.ln betweenoptional servicessuchasevent
filters, andconditionevaluationcanbeinterconnected.

Information aboutrule definitions,deploymentand configurationof their events,
conditionsand actions,and knowledge aboutservices,is maintainedin a repository
to supportconfigurationand maintenanceln addition,an ontology serviceis usedto
manageconcepispecificationglefinedat the threelayersof our infrastructure.
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4.1 Notification (Event delivery) Sewice

A publish/subscribenechanisndecouplegproducersand consumer®f messagedn-
steadof addressindpy location(i.e. by IP numberor socketaddress)publish-subscribe
interactionuseshegenericcommunicatiorparadignmof subject-based addressing. Pro-
ducersof messagepublishtheir individual messagesndercertainsubjects.They do
this without any knowledgeof who or whatapplicationsare subscribingto thesesub-
jects.Subjectsaareusedo directmessagew theirdestinationssoapplicationsancom-
municatewithoutknowing thedetailsof network addressesr connectionsndtheloca-
tion of messageonsumerbecomesntirely opaquewithout requiringa nameservice.
Moreover, new messag@roducersandconsumerganbeintroducedat ary time. Mes-
sagesare deliveredefficiently to mary consumersn an asynchronousvay. Message
OrientedMiddleware(MOM) productsandstandardpecificationdike CORBA Notifi-
cationService[23] andJava Messageservice(JMS)[16] supportthe publish/subscribe
mechanism.

We use X2TS [21] to supportcoupling modesat the notification service. X2TS
integratesnotificationandtransactiorservices|everagingmulticastenabledviOM for
scalableandreliableeventdisseminationln addition,it providesthe possibilityto store
messages adatabaséor eventlogging.

In our work, we introducedconcept-based addressing. As its namesuggestssub-
scriptionsare madebasedon the conceptsdefinedin the underlyingontology Using
concept-basedddressingonsumersubscribeto a conceptof interest.This approach
is basedon the subject-basedddressingrincipleswherethe subjectnamespaces hi-
erarchicallyorganized Hereconceptaremappedo the subjectnamespaceayherethe
conceptnameis part of the subject,suchasPlaceBid.It is alsopossiblethat attribute
valuesof a conceptconstitutepart of the namespacen orderto allow a morespecific
subscriptionfor instancePlaceBid< Participantld>.<Itemld>. In particular manda-
tory attributesof a conceptarecandidateso form partof the namespacel his way, the
destinatiorof notificationsis determinedy self-containednformation.Namespacer-
ganizationis maintainedn therepository

Becauseonceptarerepresentedsingacommonontology consumerslonotneed
to take careof proprietaryrepresentationdvioreover, if conceptareextendednothing
mustbe changedtthe consumeside.

4.2 Event Sourcesand Adapters

An API to describeevent context and to signal semanticeventsis provided. Based
on this AP| eventadaptersonvert sourceeventsinto conceptsbasedon the domain-
specificvocahulary addingpropercontext informationto supportits correctinterpreta-
tion. Examplef eventadaptersare:

— XML adaptersthattranslateXML-basedmessagemto semantievents.

— Database adaptersthatareusedto signaldatabaseperation®utsidethedatabase.
With this purpose trigger mechanismsan be usedto detectthe event andthen
storedproceduresreusedto generatehe correspondingemanticevent.

— Interceptors thatareusedto intercepta servicerequesibeforeor afterexecution).
Oncearequests intercepteda correspondingventis signaled.
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— Alarm adapters that play the role of a mediatorto scheduledime-relatedevents
(usingthe alarmservice)andwhenpropergeneratesime-relatedeventsbasedon
theontologyasaresult.

— E-mail adaptersthatintercepte-mailsaccordingo specifiede-mailpropertieslike
senderaddresssubject,etc. Oncecaught,the necessarynformationis extracted
from ane-mailandcorvertedinto a semantievent.

4.3 Alarm Sewice

This serviceis alsoconsideredas a sourceof temporalevents(absoluterelative and
periodic). Theseeventsrequirea clock schedulein orderto signalscheduledemporal
events. For instance,an absolutetemporalevent indicating BeginOfAuction, can be
definedas”February19, 2001 at 9:00AM GMT-5" which meansthat at the specified
time it mustbe signaled.This servicecanalso be usefulfor the infrastructureitself,

e.g.in a distributed environmentwherea heartbeamechanisris neededo produce
(andconsumeheartbeatsvithin a determinederiodicity. It is importantto noticethat
in this kind of scenariogclocksusedby theseservicesmustbe synchronizedvith the

timestampserviceexplainedbelow.

4.4 Time (Timestamp)Serwice

Timestampsallow eventsto be ordered.This ordertakesa fundamentalole in event
consumption(e.g.chronicle)andwhenusingtime-relatedevent operatorsDepending
on the given systemervironment,e.g. distributed or centralized differenttimestamp
modelscan be used.For example,for centralizedenvironmentsa simple timestamp
mechanismmay be sufficient sinceonly one clock is usedto timestampevents. For

distributedclosednetworksthe 2g-precedencemodelmayfit. For opendistributeden-
vironmentsthe accuray interval model [20] can be used.The implementationof a

timestampserviceshouldexplicitly declareall assumptionsnade.For this reasona

timestampontologyis requiredto describesemanticassumptionsiboutthe timestamp
mechanismiike obsenation (detectiontime, occurrenceime, receptiontime), clock

sourceg(local, remote Jocal synchronized)¢lock granularity etc. Thetimestampontol-

ogy is importantto determineghe compatibility of timestampmechanisms.

4.5 Filter Sewice

Filters selectnotificationsby discardingeventsbasedon predicatesdefinedon event
attributes.For instance gventscoming from a particularsource,or eventswhich con-
tain pricesover US$ 100 are not of interestso they can be filtered and do not reach
the consumerBecauseaventsand notificationsare representedising conceptsfrom

the commonontology, eventfilters canbe specifiedat a domain-specifidevel, andare
independentrom source-specificepresentations.

4.6 Complex Event Detection

This servicemust be configuredto recognizecomplex situationsbasedon primitive
andcompositeevents.Situationsof interestaredescribedisingeventoperatorsThere
are several aspectghat areinvolved whenrecognizingcomplex event situationssuch
asthosesummarizedn [1, 28]. In particular the inherentcharacteristicsmposedby
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large-scaldistributedernvironmentshave to be consideredthe partial orderof events,
transmissiorelays,andpossiblefailuresat the sourcesr in the communicatiorchan-
nel. The basicinfrastructureof the complex eventdetectorserviceis basedon theidea
of componentandcontainersComponentsarethe eventoperatorgalsonamedcom-
positorshere)that are pluggedinto the container The containeritself is the complex
eventdetectoikernelwhich controlsthe eventdetectionprocessThis approactavoids
hard-wiredeventoperatorswithin the complex eventdetectoy plugging-inonly the set
of operatorsrelatedwith the specifiedrules, andit providesa flexible framework to
defineotherevent operatorsCompositorssubscribeto primitive eventsor othercom-
positorsaccordingto the complex event definition. Eventinstancesare propagatedo
subscribersisingthenotificationservicedescribedn Sectiord.1.Compositorganalso
be configuredin orderto apply a consumptiomolicy of eventinstancegconsumption
mode).This depend®ntheimplementatiorof basicmethodghatallow to orderevents
basedn the ontology-basedimestampmechanism.

4.7 Condition and Action Service

Theconditionserviceprovidesaninterfaceto registerthecondition(predicatepf apar
ticularrulethatmustbeevaluatecbncethecorrespondingventis signaled Thisservice
playstherole of afactory instantiatinga conditionobject,settingits pertinentproper
ties (predicateto evaluate driversto allow predicateevaluation,etc.),andsubscribing
it to its correspondingriggeringeventtakinginto accounthe specifiedcouplingmode
betweenevent and condition. Notice that different conflict resolutionpolicies canbe
appliedherebut concurrentrule executionis assumedn orderto improve scalability
andperformance.

Lik ewise, the action serviceprovides an interfaceto registerthe actionof arule,
instantiatingan action object, settingits propertiesto receve the correspondingoti-
fication. Dependingon the rule definition, conditionandactionobjectsareassociated
with objectsthatprovide themeango: accesslatabasesnvoke methodson distributed
objectsor wrappedlegag/ applicationsjnvoke transactioncontrol operationsaccess
messagingerviceqge-mail,queuesSMS, fax), etc.

4.8 Repository and Ontology Service

We usean ontology sener to storeand managethe commonvocahulary usedin our
framework. Thisvocahulary providesthe extensibledomain-andinfrastructure-specific
descriptiorbasisto which all otherservicegefer. The ontologysener providesacom-
monaccespointto thevocalulary, andprovidesconceptlefinitionsandtextual,human-
readablaescription®f availableconceptdor interactive explorationby developersand
endusersln ourrepositoryarestored:rule definitions their deploymentandconfigura-
tion, eventconstellationsgonfigurationof adaptersserviceconfigurationsandsubject
namespacerganizationThisrepositoryis usedfor configuratiorandmaintenanceur-
poses.

5 Conclusionsand Futur e Work

We presente@ service-basedrchitecturdo supportactive functionalitywhichis based
on a commonvocahulary (ontology),services and event notifications.Ontologiesare
usedasa commoninterpretatiorbasisto enablesemanticallycorrectinterpretationof
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eventsand notificationsin openheterogeneousrvironments.Our ontology-basedn-
frastructureapplieshomogeneouslthe ontologyapproacmot only to integrateevents
from differentsourcesbut alsoto supportthe integrationamongelementaryservices.
This allowsfilters andoperatorn eventsto bedefinedat a higherlevel withouttaking
careof source-specificepresentatiopeculiarities. ECA-rule processingn our archi-
tectureis decomposethto elementaryservicesTheseservicesprovide a very simple
andgenericinterface whereparametersf methodsarerepresentedsingthecommon
ontology Thereforetheflow of work throughservicesanbeeasilyconfigured- omis-
sionor inclusionof servicedik e conditionevaluation,eventfiltering or complex event
detectionis madeeasy Notificationsare usedto carry eventsfrom their sourceto in-
terestedconsumergservices),.e. notificationsare the meansfor servicesto interact.
For this purpose a notification service,basedon a publish/subscribenechanisnus-
ing concept-basedddressingis used.In addition, this servicesupportseventstorage
anddifferentcouplingmodes Becauseof this conceptuafoundation,our architecture
promotediexibility , extensibility andintegrationfor large-scaldnternet-basedpplica-
tions.

We usethe Jaralanguageo specifyontologyconceptsandtheir relationshipsthus
avoiding ary impedancenismatchbetweerprogramminganguageandontologyspec-
ification language and allowing the shippingof ontology conceptsbetweendifferent
platformswithout furthertransformationsln additionto dataportability, Jasa supports
codeportability which is animportantissueheresincerule enforcemenmay be nec-
essaryto run at differenttiers andat differentrun-timeconfigurationsFor instanceto
controlbusinessulesat the client, at the middletier or at the sener. Ontologysupport
is completelyimplementedandmary of theontologyconceptsarealreadydefined Our
implementatioralsoincludesa running notification servicethat supportstransactions
andcouplingmodesandsomeeventadapterdike XML adapteralarm,andapplication
adapter

Currentresearchnvolvesissueselatedwith comple« eventdetectionin opendis-
tributedervironmentsin particularthreeissuesarebeinginvestigatedFirst, consump-
tion modeswhich shouldtake into accountpartialorderof eventsandhow to copewith
uncertaintyof eventorder Secondwe arelooking for a minimalistic setof (low-level)
eventoperatorsandbasedn themdefinedomain-specifipowerful (high-level) event
operatorsFinally, the extensionof the timestampontologyis requiredin orderto cor-
rectly interpretand comparetimestampsoming from distributed sourcesTherefore,
differenttime synchronizatiordimensionsand eventobsenation mechanismsnustbe
studiedand properly organizedand representedAnother aspectto be studied,is the
validationof differentserviceconfigurationgo avoid unimplementabler inconsistent
services.
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