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Abstract

Duringthecourseof developingagenericlibrary for convertingXML-basedeventsto SIENA events,anissuewas
discoveredconcerningrepetitionof eventattributenames.This paperwill examinetheinherentproblemandpresent
somepossiblesolutionsto theproblem.Thispaperwill first examinetherelevanttechnologies,theimplementationof
the library, andthendiscusspotentialsolutionsto theproblemof mappinghierarchicaleventsontonon-hierarchical
namespaces.
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1 Introduction

This researchwas initially conductedto develop an end-to-enddemoof the SIENA system.Prior to commencing
this research,no independentsoftwareexistedwhich took advantageof the SIENA framework. For this particular
application,it wasdecidedto provideatool whichcouldrenderXML documentsinto aformatsuitablefor distribution
on aSIENA network.

During thecourseof developingsuchanapplication,anissueinherentin thedesignof theSIENA systemhadto
beaddressed.This fundamentalissueconcernsmappingahierarchicaleventnamespaceontoanon-hierarchicalevent
namespace.This paperwill first examinethe relevant SIENA andXML technologies.Then, the implementationof
theSIENA-XML interfacewill bediscussed.Finally, somepossiblealternativesandthoughtswill be introducedfor
dealingwith mappinginherentlyhierarchicaleventsontoinherentlynon-hierarchicalnamespaces.

Theimplementationof theSIENA-XML interfacemaybefoundat theSIENA-XML Homepagehttp://www.
ucf.ics.uci.edu/~jerenk/siena-xml/.

2 SIENA Events

SIENA (ScalableInternetEvent Notification Architecture)is anarchitecturedesignedfor Internet-widedistribution
of events[Car98]. As discussedin [CRW00], a tenuousbalanceexists betweenexpressivenessandscalabilityin an
Internet-scaleevent service.SinceSIENA’s primary designgoal is scalability ratherthenexpressiveness,SIENA is
implementedwith aflat eventnamespace.SIENA eventnameshavenocorrelationwith eachother. SinceSIENA does
nothaveahierarchicaleventnamespace,hierarchicalevents(suchasXML-basedevents)mustthereforebetranslated
into a flat namespacebeforetransmittalon a SIENA network. This sectionwill describethe layout and format of
SIENA eventsandprovidesomeexamplesof SIENA events.

2.1 Event format

SIENA eventsarea collectionof attribute name-valuepairswhich serve to describethe underlyingevent.Multiple
distinctattributenamescanexist in thesameSIENA event.An exampleSIENA eventwould look like:

this.is.an.example.of.a.siena.attribute.name This is anexampleof a SIENA attributevalue
ThisIsAnotherSienaAttributeName 42

Legitimateattributenamesandvaluesin aSIENA eventmayonly containalphanumericcharacters,anunderscore,a
period,anda forwardslash.Therefore,any eventsoriginatingfrom othersourcesmusthaveany illegal characters
removedbeforetransmittalona SIENA-basednetwork. Attributenamescannotberepeatedin asingleSIENA event.

It is crucial to notethatattributenameshave no explicit relationshipto eachother. Therelationshipbetweentwo
attributenamesis only definedby theeventsource.For example,aneventconsistingof thefollowing attributes:

stock.nyse.xyz.sharessold 100
stock.nyse.xyz.stockprice 50

Theapplicationsendingor receiving theeventmayinterpreta relationshipbetweenthetwo attributes,but thereis no
suchcorrelationstoredwithin theeventformatof SIENA. Furthermore,the. in theaboveattributenamesservesonly
cosmeticpurposesto helpthehumaninteractingwith SIENA to easilyparsetheattributenames.Theperiodsor
slasheswithin theattributenamedo not specificallyserveany purposewhenroutingthemessages.

Theattributevaluesof a SIENA eventcantake on thefollowing types:null, string, long integer, integer, double,
andbooleans.The currentimplementationsof SIENA requirethat the publishedevent andfilters correspondto the
sametype.Therefore,a booleantypecannot becomparedto a long type.Cautionmustbetakenwhencreatingfilters
to ensurethatthey areof thesametypeastheeventthatwill bepublished.
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2.2 The publish-subscribe model

SIENA is implementedasapublish-subscribeeventmodelwith advertising.A client is madeawareof aneventvia an
advertisementeventwhichdetailsthestructureof subsequenteventsandis broadcastto all connectedclients.If aclient
wishesto listento eventsof thisadvertisedformat,asubscriptionfor thisparticularclassof eventcanthenbesubmitted
via theSIENA network. Whensubscribingto anevent,a setof filters canbeincludedwith thesubscription.Whenan
actualeventoccurs,theeventis publishedandall subscribedclientwith matchingfilters receive theevent.

2.3 Filters

The filters includedwith a subscriptiondeterminewhich eventsa client will receive. The scalability of SIENA is
achieved by leveragingthesefilters in a collaborative manner. The filters for a subscriptionform the basisfor the
network topologyof theoverallSIENA system.By combiningmultiplesubscriptions,theSIENA serverwill attemptto
reducethecomponentsto thesmallestpossiblenumberof subscriptionswhile retainingthecompletelist of recipients
andtheir respectivefilters.

A filter hasthe form of attribute name,constraintoperator, andconstraint.The attribute namelisted in the filter
mustmatchexactly with the attribute namein the actualpublishedevent.Sincewildcard filtering doesnot exist in
SIENA, a filter thatmight apply to multiple attributenamesmustbeexplicitly specifiedfor eachattributename.All
componentfilters listedin a singlefilter aretreatedasa booleanAND - this meansthatall givenfilters mustmatchin
in orderfor theSIENA eventto bepassedon to theclient.

The degreeof complexity that canbe expressedwith theseoperatorsform the basisfor the expressivenessand
scalabilityof SIENA. Thelist of currentlysupportedoperatorsis listedbelow:

SienaCode Description
EQ Equal
LT Lessthan
GT Greaterthan
GE Greaterthanor equalto
LE Lessthanor equalto
PF Stringprefix
SF Stringsuffix
XX Alwaysmatches
NE Not equal
SS Substring

2.4 Examples

An exampleof a filter thata client couldsubmitto aSIENA serverwouldbe:

this.is.an.example.of.a.siena.attribute.name SS “This”
ThisIsAnotherSienaAttributeName LE 25

If the following event werepublished,the above filter would indicatea matchandthe event will be sentto the
client:

this.is.an.example.of.a.siena.attribute.name “This is anexampleof a success”
ThisIsAnotherSienaAttributeName 20

However, it wouldnotmatchthefollowingeventbecausetheattribute“this.is.an.example.of.a.siena.attribute.name”
doesnot containthesubstring“This” in thecorrespondingattributevalue:
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this.is.an.example.of.a.siena.attribute.name “His storywasgood”
ThisIsAnotherSienaAttributeName 15

Furthermore,thefollowing eventwould alsonot bedetectedbecauseit doesnot containtherequired“ThisIsAn-
otherSienaAttribute” attribute:

this.is.an.example.of.a.siena.attribute.name “This storywasgood”

3 XML-based Events

As XML hasmatured,anumberof prominentdatasourcesbasedin XML havedeveloped.XML (eXtensibleMarkup
Language)is anidealcandidatefor certaintypesof dataexchange.NewssitessuchasCNN, magazinessuchasSalon
andWired, financialsitessuchasMotley Fool, andpopularwebsitessuchasSlashdotprovide XML digestsof their
websiteson a routinebasis[XML ]. By examiningtheseXML documents,the currentstoriesandinformationfrom
thesesitescanbeeasilyparsed.Thesedocumentsform thebasisof theeventsourcesusedby theSiena-XMLproject.

3.1 Constraints

One distinguishingfeatureof XML is that it doesnot placeconstraintsupon the datathat can be representedby
an XML document,but ratherprovidesa standardway of defining the structureby which a documentcanbe de-
fined.Only documentsconformingto their correspondingDTD (DocumentTypeDefinition) canbeconsideredvalid
XML documents.If a documentdoesnot conformto thestandardrepresentation,theparsingof thedocumentis not
guaranteed.

3.2 Inherent hierarchy and unknown multiplicity

SinceXML is a derivative of SGML, it is hierarchicalin nature.The power of XML residesin that any document
mustconformto the definedhierarchy, or it is invalid. An XML document’s DTD servesto definethe relationship
betweenelementsin a document.However, thelanguageof theDTD doesnot allow theeventoriginatorto explicitly
specifythenumberof childrenpresentin aspecificXML document(althoughit canoftenprovidea lower-bound).An
exampleof asectionof a DTD is:

<!ELEMENT Z (A, B+, C?,(D|E))>

ThisparticularDTD definesanelementcalledZ whichhasfivepossiblechildren- A, B, C, D, andE. Baseduponthe
rulesof theDTD, eachelementZ musthaveoneA child, at leastoneB child, at mostoneC child, andmusthavean
eitheraD or anE child (but not both).An exampleof aconformingXML documentwouldbe:

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

</Z>

Until encounteringaparticularXML document,it is not possibleto know how many particularelementsit may
have.This presentsthefundamentalproblemfor mappinganXML documentinto a formatsuitablefor SIENA.
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3.3 Parsing strategies

WhendesigningtheXML componentsfor this project,it wasdecidedto attemptto maketheXML parsingasgeneric
aspossible.Therefore,theXML parserdoesnot assumeanything aboutthedocumentotherthanwhatwasprovided
in the documentin the form of DTDs. The goal of the SIENA-XML parsingis to parseany valid XML document
into a correspondingSIENA event format. This designallows the knowledgeof the datato be maintainedat the
event-sourcelevel, ratherthanplacingapplication-layerlogic in the parsingroutines.As will be discussedlater on,
by makingtheparsermorespecific,it becomespossibleto resolvesomeof thenamespaceproblemswith SIENA and
XML. However, for thescopeof theSIENA-XML project,theXML parsingwill begeneric.

4 SIENA-XML API

Thepurposeof thisresearchprojectwasto defineawayto translateeventsfrom genericXML documentsinto SIENA-
suitableevents.For easeof implementation,Javawaschosenasthelanguageof choice.At thetimetheresearchproject
commenced,theJava API of SIENA wasstill in development.Therefore,this projectalsoservedasa mechanismto
provide feedbackto theoriginal authorsabouttheJava implementationof SIENA. TheXML parsingwasoriginally
performedby theJava ProjectX TechnologyRelease2, but hassincebeenupdatedto usethenow-releasedreference
implementationof JAXP (Java API for XML Parsing).The userinterfacewas implementedusingstandardSwing
components.

In developingthis API, anattemptwasmadeto isolatethecomponentsinto oneof threediscretecategories:

1. SIENA specificcomponents

2. XML specificcomponents

3. User-interfacespecificcomponents

Every attemptwasmadeto ensurethat the SIENA-specificcomponentsdid not rely upon the 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 classesweredeveloped.This
SIENA framework is basedontheprovidedSIENA JavaAPI, but simplifiestheinteractionbetweenthedeveloperand
theunderlyingeventservice.TheXML framework is basedon theSunJAXP 1.0standard- any JAXP 1.0compliant-
parsercan be usedto parsethe XML files. The coreclassesdescribedhereinare utilized by the Swing-basedUI
programs.Thefollowing sectionsprovidesa high-level descriptionof theframework.

4.1.1 com.erenkrantz.siena.HashList

Thisdatastructureis implementedto appearidenticalto atraditionaljava.util.Hashtable, but it allowsduplicateentries
to be storedwithin the datastructure.This implementationis basedon the java.util.Hashtableandthe java.util.List
classes.Thisdatastructureis commonbetweentheSIENA-specificclassesandtheXML-specific classes.

4.1.2 com.erenkrantz.siena.SienaConnection

TheSienaConnectionclasswrapstheHierarchicalDispatch classprovidedby theSIENA API. This classcontainsall
logic for connectingto andcommunicatingwith theSIENA server.

6



4.1.3 com.erenkrantz.siena.SienaSender

TheSienaSenderclassextendstheSienaConnectionclassandprovidesthefollowing mechanisms:

1. CreatinganEventobject

2. PopulatinganEventobjectwith therequiredattributenamesandvalue

3. SendinganEvent

4.1.4 com.erenkrantz.siena.SienaReceiver

TheSienaReceiverclassextendstheSienaConnectionclassandprovidesthefollowing mechanisms:

1. SettingaFilter for listening

2. Settingacallbackroutinefor a Filter

3. Allowing subscriptionsof aFilter

4. Allowing unsubscriptionsof aFilter

4.1.5 com.erenkrantz.siena.xml.SienaXMLRenderer

The SienaXMLRenderer classwill parseany XML documentvia a filenameor URI into a HashList. It utilizes the
JAXP 1.0-compliantparserto turn theXML documentinto a HashList. This HashListcanthenbedistributedacross
theSIENA network via theSienaSenderclass.

4.1.6 com.erenkrantz.siena.xml.SienaXMLRenderFrame

TheSienaXMLRenderFrameis themainuserinterfacefor interactingwith renderingandtransmittalof anevent.It is
responsiblefor loadingan XML documentvia SienaXMLRenderer andrenderingthe documentin the correctuser-
interfacecomponents.Thisclassshouldthenbeableto transmita renderedform of theoriginalXML documentvia a
HashListacrosstheSIENA network by utilizing theSienaSenderclass.

4.1.7 com.erenkrantz.siena.xml.SienaXMLReceiveFrame

TheSienaXMLReceiveFrameis themainuserinterfacefor interactingwith thefiltering andreceival of anevent.It is
responsiblefor composinga properFilter instanceandmarshalingthat informationto theappropriateSienaReceiver
instance.Uponreceiving anevent,it shouldupdatethecorrespondinguser-interfacecomponents.

5 Parsing of XML documents into events

The following sectiondescribesthe processby which the SIENA-XML systemtranslatesan XML documentinto a
formatsuitablefor transmissionacrossaSIENA network. Themechanismdescribedhereinis completelygenericand
doesnot accountfor any specificcharacteristicsof anXML document.

5.1 Parsing the XML document

OnceanXML documenthasbeenvalidatedasbeingcorrect,it mustbeconvertedinto a formatsuitablefor theevent
system.
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5.1.1 Simple XML Example

A simpleXML documentmight look like thefollowing:

<Document>
<XElementxattribute=“1“ />

</Document>

Underthecurrentlyimplementedmechanism,it wouldbetranslatedinto thefollowing SIENA eventattributesand
values:

Document.XElement.xattribute 1

5.1.2 XML Example with Hierarchical Events

An exampleXML documentmight look like thefollowing:

<Document>
<XElementxattribute=“1“ />
<YElement>

<ZElementzattribute=“2“ />
</YElement>

</Document>

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

Document.XElement.xattribute 1
Document.YElement.ZElement.zattribute 2

5.1.3 XML Example with Duplicate Elements

An exampleXML documentmight look like thefollowing:

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

</Document>

Underthecurrentlyimplementedmechanism,it wouldbetranslatedinto thefollowing SIENA eventattributesand
values:

Document.XElement.xattribute 1
Document.XElement.xattribute 2

5.2 Problem with Parsing

The examplein Section5.1.3displaysthe fundamentalproblemwith mappingthe hierarchicalnamespaceof XML
onto thenon-hierarchicalnamespaceof SIENA. XML allows itemsto have duplicateelements,but SIENA doesnot
allow eventsto containduplicateattributenames.XML alsoconsiderstheplacementof theelementto beanimplicit
propertyof the element.If an XML elementis shiftedin a document,the meaningof the documentmay changein
subtleways.SincetheSIENA namespaceis non-hierarchical,shifting theorderof eventsdoesnotaltertheunderlying
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interpretationof the event. Due to this mismatchin strategies, a conflict arises.If this problemis not dealt with,
informationabouttheeventmaybelost.

6 Possible Solutions

Thissectionwill examinepossiblestrategiesfor mappinga hierarchicalnamespaceontoa non-hierarchicalevent.

6.1 No handling of hierarchical events

Thecurrentlyimplementedsolutionin theSIENA-XML API is to disregardmultiplicity of eventattributes.If multiple
XML elementswould resolve to thesameSIENA attributename,only oneof theattributevalueswill besentacross
the SIENA network. This resultsin lossof event data,anddependinguponthe event, this lossmay or may not be
acceptable.

6.2 Change the event source

Anotherway to resolve this problemis to modify theformatof theeventsourcedirectly. Theeventsourceitself can
bealteredto filter outmultipleeventattributesbeforetheXML documentis generated.However, this requiresthatthe
event sourcelosea degreeof flexibility presentin the XML document.The eventsourceandits otherXML clients
cannow not take full advantageof XML - therefore,otherrepresentationsandeventservicesmight be better-suited
for thiseventsource.

6.3 Modify the event source

Besideschangingthe XML event sourcedirectly, customXSLTs canbe introducedwhich remove the multiplicity
in a predeterminedfashion.XSLTs area mechanismfor translatingoneXML documentinto another[Cla99]. By
introducinga customXSL, eachdocumentcanbe coalescedindividually into a format that doesnot containrepeti-
tion. However, by decouplingthe translationfrom theactualeventsource,it is possiblethat the two documentswill
becomeout-of-syncespeciallyif thetwo documentsarenot maintainedby thesamesource.

6.4 Regular expression and wildcard event support

A potentialsolution, and the onemostcommonlyimplementedin smaller-scaleevent services,is to usewildcard
filtering for attributenames.Thisallowsaclient to subscribewith afilter of foo.bar<0-9>or foo.*.bar, andany names
matchingthatcriteriawill beexaminedwith thecoveringrelations.However, this introducesaburdenupontheSIENA
serverwhichwouldseverelyimpactthescalabilityof theSIENA network. Therefore,regularexpressionandwildcard
supportcannot beaddedto theSIENA system.

6.5 Out-of-Band support

Anotherpossiblealternative is to developanautomatedmechanismfor dealingwith eventnamingconflictsoutsideof
the SIENA systemthatdoesnot dependuponalteringthe XML document.This approachdiffers from theothersin
thatno changesto theSIENA architectureis required,andagenericXML-conversionlibrary canstill bemaintained.

A potentialdesignwould be to have an automateddaemonlisteningto specifictypesof requestson the SIENA
network. SIENA applicationsthat were designedto utilize this daemonwould contactit when an unreconcilable
attributenameis encounteredfrom foreigndatasource.Beforepublishingthe event, it would notify this daemonof
theoriginalnamesencounteredin thedocumentandthenew namesthatit hasgeneratedto compensatefor thelossof
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information.This daemonwould recordthe relevant informationin a database.KnowledgeableSIENA applications
couldthencontactthedaemonto translateany foreignnamesto their new automatednames.

Knowledgeof sucha protocol would have to be built into eachSIENA client in order for it to succeed.The
genesisof sucha systemoriginatesfrom DNS[Moc87]. Every computeron the Internetis virtually requiredto have
a DNS resolver for mappinghuman-readablenamesto IP addresses.DNS is designedto take inherentlyhierarchical
namespacesandpresentthemin aflat hierarchy(suchascomputernetworksto IP addresses).DNSis alsodesignedto
beextremelyfault-tolerantandhighly distributed- characteristicsthatsucha namingservicefor SIENA shouldalso
possess.However, thecostof developingsucha systemmaymake thebarrierof entryhigherthantheotherstrategies
presentedhere.

7 Conclusion

The SIENA-XML project accomplishedwhat it set out to do - createan end-to-enddemonstrationof the SIENA
system.During the courseof this research,a real-world problemwas encountered.Mapping from a hierarchical
namespaceto a non-hierarchicalnamespaceis not insurmountable,but it doesrequirea coherentstrategy to solve
theproblem.This paperhasattemptedto provide anoverview of therelevantSIENA andXML technologies,a brief
summationof theclasshierarchyusedin thecurrentimplementationof SIENA-XML, provide detailsandexamples
aboutthemappingproblem.Finally, somestrategiesaresuggestedfor resolvingthis conflict.

At this point, it is not unclearwhich mappingstrategy would prove to be mostsuccessful.As discussedabove,
eachstrategy hasinherentadvantagesanddisadvantages.Eachsolutionmeritsfurther researchandexplorationinto
its viability. Thesolutionto sucha problemis not necessarilytrivial in aneventservicedesignedfor scalability. Yet,
whenapropersolutionis found,anentirelydifferentclassof eventswill beeasilytransmittedon theSIENA network.
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8 Appendix - Example conversion

8.1 Sample XML event source

The following is a sampleXML eventsourcederived from http://www.slashdot.org/slashdot.xml.This examplehas
beentrimmedslightly to easethelengthrequirements.

<?xmlversion="1.0"encoding="ISO-8859-1"?>
<backslashxmlns:backslash="http://slashdot.org/backslash.dtd">
<story>
<title>GameBoy AdvanceArrives</title>
<url>http://slashdot.org/article.pl?sid=01/03/21/0221200</url>
<time>2001-03-2102:50:59</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 YourEmployer?</title>
<url>http://slashdot.org/article.pl?sid=01/03/20/0944212</url>
<time>2001-03-2023:37:58</time>
<author>Cliff</author>
<department>forced-between-a-rock-and-a-tin-of-canned-meat</department>
<topic>news</topic>
<comments>362</comments>
<section>askslashdot</section>
<image>topicnews.gif</image>
</story>
<story>
<title>H2G2:BackAt Last,With Moderation</title>
<url>http://slashdot.org/article.pl?sid=01/03/20/2211216</url>
<time>2001-03-2023:32:29</time>
<author>timothy</author>
<department>no-triple-breasted-whore?</department>
<topic>news</topic>
<comments>40</comments>
<section>articles</section>
<image>topicnews.gif</image>
</story>
<story>
<title>TheHoneynetProjectHasA Winner</title>
<url>http://slashdot.org/article.pl?sid=01/03/20/2127217</url>
<time>2001-03-2022:22:04</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

This is onestorycontainedin XML documentedreferencedin Section8.1:

backslash.story.title GameBoy AdvanceArrives

backslash.story.url http://slashdot.org/article.pl?sid=01/03/21/0221200

backslash.story.time 2001-03-2102:50:59

backslash.story.author timothy

backslash.story.department change-is-afoot

backslash.story.topic games

backslash.story.comments 89

backslash.story.section articles

backslash.story.image topicgames.jpg

Hereis anothereventthatcouldbegeneratedfrom thatsamedatasource:

backslash.story.title ForcedInto SpammingBy YourEmployer?

backslash.story.url http://slashdot.org/article.pl?sid=01/03/20/0944212

backslash.story.time 2001-03-2023:37:58

backslash.story.author Clif f

backslash.story.department forced-between-a-rock-and-a-tin-of-canned-meat

backslash.story.topic news

backslash.story.comments 362

backslash.story.section askslashdot

backslash.story.image topicnews.gif
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