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Abstract

Duringthecourseof developingageneridibrary for convertingXML-basedeventsto SIENA events,anissuewas
discoveredconcerningepetitionof eventattribute names.This paperwill examinetheinherentproblemandpresent
somepossiblesolutionsto the problem.This papemwill first examinetherelevanttechnologiestheimplementatiorof
thelibrary, andthendiscusspotentialsolutionsto the problemof mappinghierarchicaleventsonto non-hierarchical
namespaces.
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1 Introduction

This researchwas initially conductedto develop an end-to-enddemo of the SIENA system.Prior to commencing
this researchno independensoftware existed which took advantageof the SIENA framework. For this particular
application,jt wasdecidedo provide atool which couldrenderxXML documentsnto aformatsuitablefor distribution

onaSIENA network.

During the courseof developingsuchanapplication,anissueinherentin the designof the SIENA systemhadto
beaddressedrhis fundamentaissueconcernsnappinga hierarchicakeventnamespacentoa non-hierarchicaévent
namespacerThis paperwill first examinethe relevant SIENA and XML technologiesThen, the implementatiorof
the SIENA-XML interfacewill be discussedFinally, somepossiblealternatvesandthoughtswill beintroducedfor
dealingwith mappinginherentlyhierarchicaleventsontoinherentlynon-hierarchicahamespaces.

Theimplementatiorof the SIENA-XML interfacemaybefoundatthe SIENA-XML Homepagét t p: / / v
ucf.ics. uci.edu/ ~jerenk/siena-xm/.

2 SIENA Events

SIENA (Scalablel nternetEvent Notification Architecture)is an architecturedesignedor Internet-widedistribution

of events[Car9§. As discussedn [CRWO0Q], a tenuoushalanceexists betweenexpressienessandscalabilityin an

Internet-scalevent service.Since SIENA’s primary designgoal is scalability ratherthen expressieness SIENA is

implementedvith aflat eventnamespaceSIENA eventnameshave no correlationwith eachother SinceSIENA does
not have a hierarchicakventnamespacdierarchicakvents(suchasXML-basedevents)mustthereforebetranslated
into a flat namespacéeforetransmittalon a SIENA network. This sectionwill describethe layout and format of

SIENA eventsandprovide someexamplesof SIENA events.

2.1 Event format

SIENA eventsarea collection of attribute name-alue pairswhich sene to describethe underlyingevent. Multiple
distinctattribute namescanexist in thesameSIENA event. An exampleSIENA eventwould look like:

this.is.an.gample.of.a.siena.attnibe.nane Thisis anexampleof a SIENA attributevalue
ThislsAnotherSienaAttriboteName 42

Legitimateattribute namesandvaluesin a SIENA eventmay only containalphanumericharactersanunderscorea
period,anda forwardslash.Therefore ary eventsoriginatingfrom othersourcesnusthave ary illegal characters
removedbeforetransmittalon a SIENA-basedhetwork. Attribute namescannotberepeatedn asingle SIENA event.
It is crucialto notethatattribute nameshave no explicit relationshipto eachother The relationshipbetweenwo
attribute namess only definedby the eventsource For example,aneventconsistingof thefollowing attributes:

stock.ryse.xyz.sharessold 100
stock.ryse.xyz.stockprice 50

Theapplicationsendingor receving the eventmayinterpreta relationshipbetweerthetwo attributes,but thereis no
suchcorrelationstoredwithin the eventformatof SIENA. Furthermorethe. in theabove attribute namessenesonly
cosmetigpurposedo helpthe humaninteractingwith SIENA to easilyparsethe attribute namesThe periodsor
slasheswithin the attribute namedo not specificallysene ary purposevhenroutingthe messages.

The attribute valuesof a SIENA eventcantake on thefollowing types:null, string, long integer, integer, double,
andbooleansThe currentimplementation®f SIENA requirethat the publishedevent andfilters correspondo the
sametype. Thereforeabooleantype cannotbecomparedo along type. Cautionmustbetakenwhencreatingfilters
to ensurehatthey areof the sametype astheeventthatwill be published.



2.2 The publish-subscribe model

SIENA is implementedasa publish-subscribeventmodelwith adwertising.A clientis madeawareof aneventvia an
adwertisemeneventwhich detailsthestructureof subsequergventsandis broadcasto all connectedtlients.If aclient
wishegto listento eventsof thisadwertisedformat,asubscriptiorfor this particularclassof eventcanthenbesubmitted
via the SIENA network. Whensubscribingo anevent,a setof filters canbeincludedwith the subscriptionWhenan
actualeventoccurs the eventis publishedandall subscribectlient with matchindfilters receve the event.

2.3 Filters

The filters includedwith a subscriptiondeterminewhich eventsa client will receve. The scalability of SIENA is
achieved by leveragingthesefilters in a collaboratve manner The filters for a subscriptionform the basisfor the
network topologyof theoverall SIENA systemBy combiningmultiple subscriptionsthe SIENA senerwill attempto
reducethe componentso the smallestpossiblenumberof subscriptionsvhile retainingthe completdist of recipients
andtheir respectiefilters.

A filter hasthe form of attribute name,constraintoperatoy and constraint.The attribute namelistedin thefilter
mustmatchexactly with the attribute namein the actualpublishedevent. Sincewildcard filtering doesnot exist in
SIENA, afilter thatmight apply to multiple attribute namesmustbe explicitly specifiedfor eachattribute name.All
componenfilterslistedin a singlefilter aretreatedasabooleanAND - this meanghatall givenfilters mustmatchin
in orderfor the SIENA eventto be passedanto theclient.

The degreeof compleity that canbe expressedvith theseoperatorsorm the basisfor the expressvenessand
scalabilityof SIENA. Thelist of currentlysupportedperatorss listed below:

SienaCode Description

EQ Equal

LT Lessthan

GT Greatetthan

GE Greaterthanor equalto
LE Lessthanor equalto
PF String prefix

SF String suffix

XX Alwaysmatches
NE Not equal

SS Substring

24 Examples

An exampleof afilter thata client could submitto a SIENA senerwould be:

this.is.an.gample.of.a.siena.attiitte.rame SS  “This”
ThislsAnotherSienaAttribteName LE 25

If the following eventwere published the above filter would indicatea matchandthe eventwill be sentto the
client:

this.is.an.gample.of.a.siena.attnitte.rame “This is anexampleof a success”
ThislsAnotherSienaAttriboteName 20

However, it would notmatchthefollowing eventbecaus¢heattribute“this.is.an.@ample.of.a.siena.attnitbe.rame
doesnot containthe substring‘This” in the correspondingttribute value:



this.is.an.gample.of.a.siena.attibe.nane  “His storywasgood”
ThislsAnotherSienaAttrilteName 15

Furthermorethefollowing eventwould alsonot be detectechecausét doesnot containthe required“ThislsAn-
otherSienaAttribite” attribute:

| this.is.an.gample.of.a.siena.attribe.nane | “This storywasgood” |

3 XML-based Events

As XML hasmaturedanumberof prominentdatasourcedasedn XML have developed XML (eXtensibleMarkup
Language)s anideal candidatdor certaintypesof dataexchangeNews sitessuchasCNN, magazinesuchasSalon
andWired, financialsitessuchasMotley Fool, andpopularweb sitessuchas Slashdofprovide XML digestsof their
websiteson a routine basis[XML ]. By examiningtheseXML documentsthe currentstoriesandinformationfrom
thesesitescanbeeasilyparsed Thesedocumentgorm the basisof the eventsourcesisedby the Siena-XML project.

3.1 Constraints

One distinguishingfeatureof XML is thatit doesnot place constraintsupon the datathat can be representedby
an XML document,but ratherprovides a standardway of defining the structureby which a documentcan be de-
fined.Only documentsonformingto their correspondindd TD (DocumentType Definition) canbe consideredralid
XML documentslf a documentdoesnot conformto the standardepresentatiorthe parsingof the documents not
guaranteed.

3.2 Inherent hierarchy and unknown multiplicity

SinceXML is a derivative of SGML, it is hierarchicalin nature.The power of XML residesin thatany document
mustconformto the definedhierarchy or it is invalid. An XML documents DTD senesto definethe relationship
betweerelementsn adocumentHowever, thelanguageof the DTD doesnot allow the eventoriginatorto explicitly
specifythenumberof childrenpresenin aspecificXML documenialthoughit canoftenprovide alower-bound).An
exampleof asectionof aDTD is:

[ <IELEMENT Z (A, B+, C?,(D[E))> |

This particularDTD definesanelementcalledZ which hasfive possiblechildren- A, B, C, D, andE. Baseduponthe
rulesof theDTD, eachelementZ musthave oneA child, atleastoneB child, at mostoneC child, andmusthave an
eitheraD or anE child (but not both).An exampleof aconformingXML documenivould be:

<Z attribute="00">
<A attribute="11"/>
<B attribute="22"/>
<B attribute="33"/>
<E attribute="44" />

<[Z>

Until encounteringa particularXML documentijt is not possibleto know how mary particularelementst may
have. This presentshe fundamentaproblemfor mappingan XML documeninto aformatsuitablefor SIENA.




3.3 Parsing strategies

Whendesigninghe XML componentgor this project,it wasdecidedo attemptto make the XML parsingasgeneric
aspossible. Therefore the XML parserdoesnot assumenything aboutthe documenttherthanwhatwasprovided

in the documentin the form of DTDs. The goal of the SIENA-XML parsingis to parseary valid XML document
into a correspondingSIENA eventformat. This designallows the knowledgeof the datato be maintainedat the

event-sourcdevel, ratherthan placingapplication-layellogic in the parsingroutines.As will be discussedateron,

by makingthe parsemorespecific,it becomegossibleto resolve someof the namespacproblemswith SIENA and

XML. However, for the scopeof the SIENA-XML project,the XML parsingwill be generic.

4 SIENA-XML API

Thepurposeof thisresearchprojectwasto defineaway to translateeventsfrom genericXML documentsnto SIENA-
suitableevents.For easeof implementationJavawaschoserasthelanguagef choice At thetimetheresearclhproject
commencedthe Java API of SIENA wasstill in development.Therefore this projectalsosenedasa mechanisnio
provide feedbacko the original authorsaboutthe Java implementatiorof SIENA. The XML parsingwasoriginally
performedby the Java ProjectX TechnologyRelease, but hassincebeenupdatedo usethe now-releasedeference
implementationof JAXP (Java API for XML Parsing). The userinterfacewas implementedusing standardSwing
components.
In developingthis API, anattemptwasmadeto isolatethe componentinto oneof threediscretecategories:

1. SIENA specificcomponents
2. XML specificcomponents

3. Userinterfacespecificcomponents

Every attemptwas madeto ensurethat the SIENA-specific componentglid not rely uponthe XML-specific com-
ponentsto operatecorrectly and vice versa.Eachclassshouldbe able to stand-aloneor operatevia well-defined
interfacesor datastructures.

4.1 A Java-based package for handling XML -based events

In developinga Java-basedXML eventhandlerfor SIENA, a seriesof Java framework classesveredeveloped.This
SIENA frameaworkis basedntheprovided SIENA Java API, but simplifiestheinteractionbetweerthedeveloperand
theunderlyingeventservice The XML framawork is basednthe SunJAXP 1.0standard any JAXP 1.0 compliant-
parsercan be usedto parsethe XML files. The core classedescribedhereinare utilized by the Swing-basedJl
programsThefollowing sectiongprovidesa high-level descriptionof the frameawork.

4.1.1 com.erenkrantz.siena.HashList

Thisdatastructurds implementedo appeaidenticalto atraditionaljava.util. Hashtablebut it allowsduplicateentries
to be storedwithin the datastructure.This implementatioris basedon the java.util. Hashtableandthe java.util.List
classesThis datastructurels commonbetweerthe SIENA-specificclasseandthe XML-specific classes.

4.1.2 com.erenkrantz.siena.SienaConnection

The SienaConnectionlasswrapsthe HierarchicalDispatd classprovidedby the SIENA API. This classcontainsall
logic for connectingo andcommunicatingvith the SIENA sener.



4.1.3 com.erenkrantz.siena.SienaSender

The SienaSendetlassextendsthe SienaConnectionlassandprovidesthe following mechanisms:
1. CreatinganEventobject
2. Populatingan Eventobjectwith therequiredattribute namesandvalue

3. SendinganEvent

4.1.4 com.erenkrantz.siena.SienaReceiver

The SienaReceiverlassextendsthe SienaConnectionlassandprovidesthe following mechanisms:

1. SettingaFilter for listening
2. Settinga callbackroutinefor a Filter
3. Allowing subscription®f a Filter

4. Allowing unsubscriptionsf a Filter

4.1.5 com.erenkrantz.siena.xml.SienaXML Renderer

The SienaXMLRender classwill parseary XML documentvia a filenameor URI into a HashList It utilizes the
JAXP 1.0-compliantparserto turn the XML documeninto a HashList This HashListcanthenbe distributedacross
the SIENA network via the SienaSendeclass.

4.1.6 com.erenkrantz.siena.xml.SienaXML Render Frame

The SienaXMLRenderfameis the mainuserinterfacefor interactingwith renderingandtransmittalof anevent. It is
responsibldor loadingan XML documentvia SienaXMLRender andrenderingthe documentin the correctuser
interfacecomponentsThis classshouldthenbe ableto transmitarenderedorm of the original XML documenvia a
HashListacrosghe SIENA network by utilizing the SienaSendetlass.

4.1.7 com.erenkrantz.siena.xml.SienaXM L ReceiveFrame

The SienaXMLReceiveBmeis the mainuserinterfacefor interactingwith the filtering andreceval of anevent.lt is
responsibldor composinga properFilter instanceandmarshalinghatinformationto the appropriateSienaReceiver
instanceUponreceving anevent,it shouldupdatethe correspondingiserinterfacecomponents.

5 Parsing of XML documentsinto events

The following sectiondescribeghe processy which the SIENA-XML systemtranslatesan XML documentinto a
formatsuitablefor transmissioracrossa SIENA network. The mechanisndescribechereinis completelygenericand
doesnotaccountfor ary specificcharacteristicef an XML document.

5.1 Parsingthe XML document

Oncean XML documenhasbeenvalidatedasbeingcorrect,it mustbe convertedinto a formatsuitablefor the event
system.



511 SimpleXML Example
A simpleXML documenmmightlook lik e thefollowing:

<Document>
<XElementxattribute="1" />

</Document>

Underthecurrentlyimplementednechanismit would betranslatednto thefollowing SIENA eventattributesand
values:

| Document.XElement.xattriie 1 |

5.1.2 XML Examplewith Hierarchical Events

An exampleXML documenimightlook like thefollowing:

<Document>
<XElementxattribute="1" />
<YElement>
<ZElementzattritute="2" />
</YElement>

</Document>

Under the currently implementedmechanism SIENA-XML would translatethe documentinto the following
SIENA eventattributesandvalues:

Document.XElement.xattride 1
Document.YElement.ZElement.zatite 2

5.1.3 XML Examplewith Duplicate Elements

An exampleXML documenimightlook like thefollowing:

<Document>
<XElementxattribute="1" />
<XElementxattribute="2" />

</Document>

Underthecurrentlyimplementednechanismit would betranslatednto thefollowing SIENA eventattributesand
values:

Document.XElement.xattride 1
Document.XElement.xattride 2

5.2 Problem with Parsing

The examplein Section5.1.3displaysthe fundamentaproblemwith mappingthe hierarchicalnamespacef XML
onto the non-hierarchicahamespacef SIENA. XML allows itemsto have duplicateelementsput SIENA doesnot
allow eventsto containduplicateattribute names XML alsoconsidershe placementf the elemento be animplicit
propertyof the element.If an XML elementis shiftedin a documentthe meaningof the documentmay changen
subtleways.Sincethe SIENA namespacis non-hierarchicalshifting the orderof eventsdoesnotalterthe underlying



interpretationof the event. Due to this mismatchin strateies, a conflict arises.If this problemis not dealt with,
informationaboutthe eventmaybelost.

6 Possible Solutions

This sectionwill examinepossiblestratgiesfor mappinga hierarchicahamespacentoa non-hierarchicaévent.

6.1 No handling of hierarchical events

Thecurrentlyimplementedolutionin the SIENA-XML APl is to disregardmultiplicity of eventattributes.If multiple

XML elementsvould resolwe to the sameSIENA attribute name,only oneof the attribute valueswill be sentacross
the SIENA network. This resultsin loss of eventdata,and dependinguponthe event, this loss may or may not be

acceptable.

6.2 Changetheevent source

Anotherway to resohe this problemis to modify the format of the eventsourcedirectly. The eventsourceitself can
bealteredto filter out multiple eventattributesbeforethe XML documents generatedHowever, thisrequireshatthe
eventsourcelosea degreeof flexibility presentn the XML documentThe eventsourceandits other XML clients
cannow not take full advantageof XML - therefore otherrepresentationandeventservicesmight be bettersuited
for this eventsource.

6.3 Modify the event source

Besideschangingthe XML event sourcedirectly, customXSLTs can be introducedwhich remove the multiplicity
in a predeterminedashion.XSLTs are a mechanisnfor translatingone XML documentinto another[Cla99. By
introducinga customXSL, eachdocumenttanbe coalescedndividually into a format that doesnot containrepeti-
tion. However, by decouplingthe translationfrom the actualeventsourcei|t is possiblethatthe two documentswill

becomeout-of-syncespeciallyif thetwo documents@renot maintainedby thesamesource.

6.4 Regular expression and wildcard event support

A potentialsolution, and the one mostcommonlyimplementedn smallerscaleevent services,is to usewildcard
filtering for attributenamesThis allows a client to subscribewith afilter of foo.bar<0-9>or foo.*.bar, andany names
matchingthatcriteriawill beexaminedwith thecoveringrelations However, thisintroducesaburdenuponthe SIENA
senerwhichwould severelyimpactthe scalabilityof the SIENA network. Thereforeregularexpressiorandwildcard
supportcannotbeaddedo the SIENA system.

6.5 Out-of-Band support

Anotherpossiblealternatve is to developanautomatedanechanisnfor dealingwith eventnamingconflictsoutsideof
the SIENA systemthat doesnot dependuponalteringthe XML documentThis approachdiffers from the othersin
thatno changedo the SIENA architecturds required,anda genericXML-conversionlibrary canstill be maintained.
A potentialdesignwould be to have an automateddaemonlisteningto specifictypesof requestson the SIENA
network. SIENA applicationsthat were designedto utilize this daemonwould contactit when an unreconcilable
attribute nameis encounteredrom foreign datasource Before publishingthe event, it would notify this daemonof
theoriginal namesencountereih thedocumentandthe nev nameghatit hasgeneratedo compensatéor thelossof



information. This daemonwould recordthe relevantinformationin a databaseKnowledgeableSIENA applications
couldthencontactthe daemorto translateary foreignnamedo their new automatedames.

Knowledge of sucha protocol would have to be built into eachSIENA client in order for it to succeedThe
genesiof sucha systemoriginatesfrom DNS[Moc87. Every computeron the Internetis virtually requiredto have
a DNS resoler for mappinghuman-readablaamego IP addressedDNS is designedo take inherentlyhierarchical
namespaceagndpresenthemin aflat hierarchy(suchascomputemetworksto IP addressespPNS is alsodesignedo
be extremelyfault-tolerantandhighly distributed- characteristicshat sucha namingservicefor SIENA shouldalso
possesdHowever, the costof developingsucha systemmay make the barrierof entry higherthanthe otherstrateies
presentedhere.

7 Conclusion

The SIENA-XML projectaccomplishedvhat it setout to do - createan end-to-enddemonstratiorof the SIENA

system.During the courseof this researcha real-world problemwas encounteredMapping from a hierarchical
namespacéo a non-hierarchicahamespacés not insurmountablebut it doesrequirea coherentstratgy to solve
the problem.This paperhasattemptedo provide anoverview of therelevant SIENA and XML technologiesa brief

summationof the classhierarchyusedin the currentimplementatiorof SIENA-XML, provide detailsandexamples
aboutthe mappingproblem.Finally, somestratgjiesaresuggestedor resolvingthis conflict.

At this point, it is not unclearwhich mappingstrateyy would prove to be mostsuccessfulAs discussedibove,
eachstratgy hasinherentadvantagesand disadwantagesEachsolution merits further researctand explorationinto
its viability. The solutionto sucha problemis not necessarilyrivial in an eventservicedesignedor scalability Yet,
whena propersolutionis found,anentirely differentclassof eventswill beeasilytransmittedonthe SIENA network.

10



8 Appendix - Example conversion

8.1 Sample XML event source

The following is a sampleXML eventsourcederived from http://www.slashdot.ay/slashdot.xmlIThis examplehas
beentrimmedslightly to easehelengthrequirements.

<?xmlversion="1.0"encoding="1SO-8859-1"?>
<backslaskmins:backslash="http://slashdotdbackslash.dtd">
<story>
<titte>GameBoy AdvanceArrives</title>
<url>http://slashdot.@farticle.pl?sid=01/03/21/0221200</url>
<time>2001-03-2D2:50:59</time>
<author>timothy</author>
<department>change-is-afoot</department>
<topic>games</topic>
<comments>89</comments>
<section>articles</section>
<image>topicgames.jpg</image>
</story>
<story>
<title>ForcedInto SpammingBy Your Employer?</title>
<url>http://slashdot.gyarticle.pl?sid=01/03/20/0944212</url>
<time>2001-03-2@3:37:58</time>
<author>Clif</author>
<department>forced-between-a-rock-and-a-tin-of-canned-meat</dep&rtm
<topic>nevs</topic>
<comments>362</comments>
<section>askslashdot</section>
<image>topicnes.gif</image>
</story>
<story>
<title>H2G2:BackAt Last, With Moderation</title>
<url>http://slashdot.@farticle.pl?sid=01/03/20/2211216</url>
<time>2001-03-2@3:32:29</time>
<author>timothy</author>
<department>no-triple-breasted-whore?</department>
<topic>nevs</topic>
<comments>40</comments>
<section>articles</section>
<image>topicnes.gif</image>
</story>
<story>
<titte>TheHoneynetProjectHasA Winner</title>
<url>http://slashdot.@farticle.pl?sid=01/03/20/2127217</url>
<time>2001-03-2@2:22:04</time>
<author>timothy</author>
<department>and-a-loser</department>
<topic>announce</topic>
<comments>109</comments>
<section>articles</section>
<image>topicannouncements.gif</image>
</story>
</backslash>
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8.2 SIENA-XML Rendering

Thisis onestorycontainedn XML documentedeferencedn Section8.1:

| backslash.storiitle

GameBoy AdvanceArrives

backslash.storyrl

http://slashdot.@/article.pl?sid=01/03/21/022120

D

backslash.storiime

2001-03-2102:50:59

backslash.storguthor

timothy

backslash.storglepartment

change-is-afoot

backslash.stortopic games
backslash.storgomments 89
backslash.storgection articles
backslash.storimage topicgames.jpg

Hereis anothereventthatcould be generatedrom thatsamedatasource:

| backslash.storiitle

ForcedInto SpammingBy Your Employer?

backslash.storyrl

http://slashdot.@article.pl?sid=01/03/20/094421.

P

backslash.stortime

2001-03-23:37:58

backslash.storguthor

Cliff

backslash.storgiepartment

forced-between-a-rock-and-a-tin-of-canned-me

at

backslash.storfopic

news

backslash.storgomments

362

backslash.storgection

askslashdot

backslash.storimage

topicnevs.gif

12
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