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Chapter 1

Intr oduction

This chapterprovidesbackgroundinformationaboutthe projectandthe motivation behindit. The
first sectiongivesanideaabouteventtypehierarchiesin eventsystems.Thesecondsectionprovides
a brief introductionto COBEA,which is theeventarchitectureusedfor thisproject.Thefinal section
focuseson themotivationof theprojectandgivesanoverview of its aims.

1.1 Event TypeHierar chiesin Distrib uted Event Ar chitectures

Thenotionof aneventcanbeusedin anobject-orienteddistributedprogrammingenvironmenttobuild
large-scaleheterogenousapplications[1]. An eventis definedto beanautonomousandasynchronous
occurrence. In a typedeventsystem, it usually hasa certaintype associatedwith it that describes
the data that it is carrying. Whenever suchan event occursat a particularplace in a distributed
system,it hasto be sendasynchronouslyto all interestedparties.This canbe donetransparentlyto
the applicationprogrammerby an eventarchitecturethatprovidesan event passingservice.It is an
importantrequirementof suchaserviceto beeasyandefficient to use,but alsoto bepartof ascalable
framework in orderto supportlargedistributedapplications.

Application areaslike multimediasystems,mobile systemsandtelecommunicationsystemses-
peciallybenefitfrom eventcommunicationbecausethey inherentlyrely on thenotionof autonomous
asynchronousoccurrences.For instance,in a mobile system,intelligent agentscan communicate
by passingeventsbetweeneachother. Eventsarea goodparadigmin this casebecauseagentsare
requiredto interactwith theworld in real-time,andthusgenerateeventsin response.

The object-orientedapproachto programming[8] hasmany advantagesandhasthereforebeen
adoptedfor distributedsystemswherever possible.Suchanapproachis alsofavourablefor express-
ing the typesof events. A collectionof event typescanoftenbe structuredinto an inheritancetype
hierarchy sothatbaseclassescapturethegeneralpropertiesof eventsandderivedclassesallow spe-
cialisationinto particulartypesof events. Figure1.1 shows an exampleof an event type hierarchy
that couldbeusedfor a surveillancesystemthat involvesdifferentkindsof sensors.All event types
arederivedfrom a generalclassBaseEvent andinherit attributesfrom all their ancestorclasses.For

1



2 CHAPTER1. INTRODUCTION

instance,the classEntranceEvent is a specialisationof a RoomEvent sinceit is signalledwhena
personentersa room. Suchan event type hierarchyis easyto useby the applicationprogrammer
becauseit directly triesto modeltherealworld system.

BaseEvent

LocationEvent SensorEvent

GPSEvent RoomEvent AlarmEvent InfoEvent

BadgeSignalEvent EntranceEvent ExitEvent

Figure1.1: An EventTypeHierarchyfor aSurveillanceSystem

The main part of this project is aboutproviding meansof specifyingandusingobject-oriented
event type hierarchieswith the event architectureCOBEA1. This includesthe modificationof the
existing COBEA systemandthedesignandcodingof aneventtypecompilerthatcompilesanevent
hierarchydescriptioninto a representationunderstandableby COBEA andusableby theeventappli-
cationprogrammer.

1.2 COBEA — A Distrib uted Event Ar chitecture

TheOperaSystemsGroupin theComputerLaboratoryhasdevelopedadistributedeventarchitecture
calledCOBEA which is basedon CORBA2 asan underlyingmiddleware. CORBA is an industry
standardfor objectdistributionin networks.AlthoughCORBA providesits own eventservice,it lacks
several importantfeatureslike parameterisedfiltering, fault tolerance,accesscontrolandcomposite
events.COBEAhasbeenbuilt to addresstheseproblems.

TheCOBEA systemis animplementationof theCambridgepublish-register-notify paradigmfor
eventsystems[6]. In this model,theentitiesin aneventsystemareclassifiedinto eventsourcesthat
supplyeventsandeventsinksthat consumethem. Event sourcespublishthe event typesthat they
arewilling to signal. Then,event sinkscanregister their interestsin particularevent typeswith an
eventsource.Whenever aneventoccursat aneventsource,all registeredeventsinksarenotifiedby
the COBEA system(Figure1.2). In a client/server model,event sourcescanbe viewed asservers
whereaseventsinksbehave like clients.

1COrba-BasedEventArchitecture
2CommonObjectRequestBrokerArchitecture



1.2. COBEA— A DISTRIBUTEDEVENT ARCHITECTURE 3

Event SourceEvent Sink

Registers
interest for

events

Notifies of
event

occurrence

Figure1.2: TheCOrba-BasedEventArchitecture

Theregistrationprocessof COBEA supportsparameterisedfiltering sothateventsinkscanreg-
isterfor eventswith particulardatavalues.For example,Figure1.3showstheeventtypeGPSEvent
that could be generatedby a GPS3 receiver. It hasthreeattributeswhich definethe locationof the
receiver while the event was signalled. Parameterisedfiltering allows a client to be notified only
when particularvaluesof the event areset so that, in this example,it will only receive eventsfor
which x=100. Asterisksdenotea wildcardvalue.Sucha schemehastheadvantagethatit is scalable
becausenetworktraffic for event notificationis only generatedif an event sink hasregisteredfor a
particularinstanceof anevent type thathasoccurred.In otherwords,filtering of eventshappensat
thesource-sidesothatsuperfluousnotificationsareavoided.

GPSEvent
doublex 100
doubley *
doublez *

Figure1.3: ParameterisedEventRegistration

Event sinks and event sourcesare decoupledfrom eachother and communicatevia specified
interfacesthatareprovidedby anunderlyingeventengine. However, in a systemwhereeventshave
a typeandaretype-checked,thereneedsto becommonknowledgeaboutevent typesbetweenevent
sourcesandevent sinks. Consequently, eventsourceshave to provide differentmethodsfor interest
registrationdependingon theeventtype.

3GlobalPositioningSystem



4 CHAPTER1. INTRODUCTION

1.3 Moti vation for the Project

1.3.1 Static Type-Checkingfor Events

In thecurrentimplementationof COBEA every event type is identifiedby a stringcarryinga unique
eventtypename. Theadditionaldataassociatedwith theeventis storedin form of attributesin a data
structure,asshown in Figure1.4. Attributevaluesarerepresentedby a name of type string anda
value of theCORBA datatypeany that is capableof holding any possibleIDL4 datatype. Several
attributesarecombinedinto anIDL sequencestructure.

�������	�
������
�	���������
����������������
�
������� �!��"
#$�%�
"&� �(' "����	�%�) �

�����	��*+��,-���&.
�$���	����/���� ��$�&����� 01����
�	������� 2+�&.3�

Figure1.4: EventAttributeRepresentationin theCOBEASystemusingtheTypeany

A disadvantageof suchaschemefor eventtyperepresentationis thatit doesnotallow statictype-
checking of event types.This is thecasebecause,at compile-time,all event typesappearto have the
sametype to thecompiler, namelya sequenceof typeany. However, wheneventsourcesandevent
sinkscommunicatewith eachotherat run-time,they mayusedifferentdeclarationsof anevent type
but usethesameeventtypename.Consequently, aneventsink will fail whenextractingtheattribute
valuesfrom a sequenceof anys sinceit expectsdifferentvaluetypes.TheCORBA systemwill raise
anexceptionif, for example,theapplicationattemptsto extractanintegervaluefrom anany variable
in whicha stringis actuallystored.

A possiblesolutionto this problemis to enforcetheusageof certainevent typesfor both event
sinksandevent sources.In mostdistributedapplications,the eventsusedby the entiresystemwill
be specifiedduring the designphaseandbecomepart of the specificationdocument.Therefore,it
is desirableto taketheseeventtypedeclarationsandtransformtheminto programmingcodewhich
event applicationscan be linked against. As a result, all event entities in the applicationhave a
commonknowledgeaboutthedefinedevent typesandstatictype-checkingcanbecarriedout by the
compiler. This projecthasresultedin the developmentof an automatedway of transformingevent
typedeclarationsinto C++stubcodeusinganeventtypecompiler. It is felt thatthisgreatlyfacilitates
thedevelopmentof distributedeventapplicationsusingtheCOBEA system.

4InterfaceDefinition Languageusedby CORBA



1.3. MOTIVATION FORTHE PROJECT 5

1.3.2 Support for Event-TypeHierar chies

A secondcriticism of the currentCOBEA implementationis that it doesnot supportevent typehi-
erarchieslike theonementionedpreviously. All event typesin COBEA representa flat collectionof
datatypeswhichmakesit difficult to expressrelationsbetweenthem.As C++ is inherentlyanobject-
orientedprogramminglanguage,it is desirableto retrofit thesupportfor inheritancetypehierarchies
on top of COBEA.

This hasbeenachievedby makingtheeventtypecompilergenerateC++ classeswhich represent
event types. Theseclassesprovide methodsfor interfacingtheunderlyingCOBEA systemin a way
thattheC++ event typedeclarationsaretranslatedbackinto thesimpleCOBEA eventtyperepresen-
tation. In additionto that,modificationsof theoriginalCOBEAsystemwerenecessaryto incorporate
thenotionof eventsuper-classnotification.

1.3.3 XML Output of Event Type Declarations

Finally, it is desirableto have a representationof eventtypedeclarationsthat is not boundto a single
platform or programminglanguagelike C++. For example,this would allow the storageof event
typesin an eventtyperepositoryat a centrallocation. Clientsandserversin a distributedheteroge-
nousenvironmentcanthenquerythe repositorydynamicallyat run-time,in orderto find out about
event typesandusetheseconsistenttypedeclarationsfor eventcommunication.This is particularly
importantin inter-domainapplicationsso that clientsandserverscancrossdomain-boundaries.For
this purpose,theXML 5 SchemaLanguage,beinga new emerging industrystandard,waschosenfor
eventtyperepresentation.

5eXtensibleMarkupLanguage



6 CHAPTER1. INTRODUCTION



Chapter 2

Preparation

Thepreparationchapterconcentratesonthework donebeforetheactualimplementationphase.Good
softwareengineeringpracticewasoneof theoverall aimssothata largeamountof preparatorywork
wascarriedout. The first sectiondescribesall the standards,softwaresystemsandlanguagesthat
werelearnedandusedfor this project. Carehasbeentakento explain the designdecisionsbehind
thechoiceof particularlanguagesor systemsandto show theamountof knowledgeacquiredfor this
project.After giving thisbackgroundknowledge,thenext sectionestablishestherequirementsof the
projectby describingits subcomponents.Following that, a list of acceptancecriteria is established
for theevaluationprocess.Thefinal sectiondetailstheprojectmilestonesusedto assesstheprogress
of theproject. All this ensuredthat the implementationstagewould go smoothlyandin a coherent,
well-organisedmanner.

2.1 Implementation Prerequisites

2.1.1 C++ and the DevelopmentEnvir onment

C++waschosenasthemainimplementationlanguagefor theentireproject.Thiswasmotivatedby the
fact thatthepresentimplementationof theCOBEAsystemis written in C++andhaving to dealwith a
singlelanguagefor thewholebodyof codewasfelt to makedevelopmenteasier. Anotherreasonwas
thatC++ alloweda professionalobject-orientedapproachto thewholeproject. Prior to this project,
I hadno practicalknowledgeof C++ so that a certainamountof time during the preparationphase
wasspentfamiliarising myself with the languageandwriting small sampleproblemsto understand
theusageof templateclasses,templatefriend functionsandpointersto memberfunctions.TheC++
book[9] by B. Stroustrupwasa helpful guide,especiallywhendealingwith moreadvancedfeatures
of theC++ language.

TheC++compilerusedwasGCC2.95.2,runningundertheoperatingsystemLinux 2.2.12onmy
privatemachine.Thesourcetreeandall otherassociatedprojectfilesweremanagedby CVS1. Daily

1ConcurrentVersionsSystem

7



8 CHAPTER2. PREPARATION

backupsof the codeanddocumentationrepositorywereautomaticallymadeto the PelicanArchive
Serviceby aUnix shellscript.Furtherbackupsweremadewith a tapestreamer.

2.1.2 CORBA — CommonObject RequestBroker Ar chitecture

TheCORBA specification[7] wasproducedby theOMG2 in orderto standardiseobject-orienteddis-
tributedcomputingin heterogeneousnetworks.It allows processesto useremoteobjectsover a net-
work in a transparentway. A varietyof programminglanguagesaresupported.Theimplementation
of CORBA 2.0usedby COBEA is omniORB2[5] developedat theAT&T LaboratoriesCambridge.

CORBA relieson IDL3 which is a way of definingthe interfacesbetweenobjectsthatarecalled
remotely. IDL providesa certainsetof datatypesanda syntaxfor defininginterfacesconsistingof
methodsignatures.TheCORBA systemknowshow to marshalandunmarshaltheIDL datatypesand
thereforecanprovide a platform-independenttransportservicefor these.SinceCORBA is language-
independentaswell, mappingsfrom IDL to a variety of programminglanguagesaredefinedin the
CORBA specification.By meansof an IDL compiler, an IDL interfacespecificationcanbe trans-
formed,for example,into C++headerclassesfor clientsandserversthatusethis interface.

It wasanimportanttaskduring thepreparationphaseto familiarisemyselfwith thebasicmech-
anismsof CORBA [10] andtheparticularimplementationomniORB2[5]. In orderto efficiently do
this,acoupleof exampleclient/serverapplicationsweredesignedandtested.I hadto learnthesyntax
andsemanticsof IDL andthenotionof anORB4. In particular, I would like to mentiontheeffort to
understandthesubtletiesinvolvedin dealingwith thegeneralanydatatypewhenstoringarraysand
sequences.TheomniORB2mailing list wasavaluablehelpfor this.

2.1.3 COBEA — CORBA-BasedEvent Ar chitecture

A deepandthoroughunderstandingof thecurrentversionof theCOBEA implementationwasessen-
tial for thesuccessof theproject.Unfortunately, theredoesnot exist a detaileddocumentationof the
sourcecodeso that it wasnecessaryto infer mostof its functionality by direct analysis5 andfrom
paststudentprojects[3, 4]. However, the codehaschangedconsiderablyover the time so thatpast
projectswereonly of limited help.Partsdealingwith parameterisedeventfiltering especiallyrequired
adetailedinvestigation.My analysisrevealedanumberof minorbugsandforcedmeto re-implement
a partof COBEAconcernedwith thede-registrationof eventtypeswith eventsources.In thefollow-
ing, I would like to give a shortoverview of themainfeaturesof theCOBEA sourcecodewhich are
necessaryfor theunderstandingof this project.

TheCOBEAsystemcanbedividedinto classesconcernedwith eventsinksandwith eventsources
(Table2.1). The two classesFSrc_i andSnk_I implementthe IDL interfacedefinitionsFSrc and

2ObjectManagementGroup
3InterfaceDefinition Language
4ObjectRequestBroker
5Thanksgoesto W. YaoandDr. Ma for helpingmeevery time thatI seemedto becompletelylost in thecode.
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Snk. Thesourceinterface,FSrc, hastheoperationsreg_event anddereg_event for eventregistra-
tion andde-registration. Thesink interface,Snk, supportstheoperationsnotify, which is calledfor
notificationof aneventoccurrenceit haspreviously registeredfor, anddisconnect_snk for discon-
nectingasinkfromasourcewhentheeventsourcestopsgeneratingevents.Theactualimplementation
of theeventsource,FSrc_i supportstwo furthermethods,namelysignal for signallinganeventand
new_event whichregistersanew eventtypewith aneventsource,subsequentlyallowing eventsinks
to declaretheir interestin this event. A morecompletelisting of theCOBEA methodscanbefound
in AppendixA.

ClassName Description

IDL Definitions
FSrc Interfacefor aneventsource
Snk Interfacefor aneventsink

EventSource
FSrc_i Implementationof eventsourceinterface
Template_Table Storesregistrationinformationof eventsinks
Priority_q Priority queueusedfor eventnotificationdelivery

EventSink
Snk_i Implementationof eventsink interface
Call_backs Storescall backfunctionsfor eventnotification

Table2.1: Main SourceandSinkClassesof COBEA

A problemthat hasto be addressedby a distributedevent architecturelike COBEA is network
unreliability. An eventsinkmightnotreceiveeventnotificationsbecauseof anetworkcommunication
failure without noticing it. For this reason,eventsourcesin COBEA canperiodicallysignalspecial
heartbeateventswhich eventsinkscanregisterfor. In caseof a networkproblem,aneventsink will
stopreceiving theseheartbeateventsandconsequentlyknows thattheconnectionto theeventsource
hasbeenlost.

2.1.4 ODL — Object Definition Language

ODL is a standardisedway of describingobjectsin an object-orienteddatabaseenvironmentwhich
wasdefinedby theODMG6 in [2]. Thespecificationincludesthedefinitionof anobjectmodelthat is
adoptedanda binding from ODL to C++ thatallows thetranslationof ODL objectdeclarationsinto
C++ classes.It hasits own setof ODL datatypesfor typedeclarationsthatencompassesbothsimple
andcomplex datatypes.

In this project,eventstype declarationsasprocessedby the event type compilerareexpressed
in ODL. This hasseveral advantages:Firstly, ODL canbe consideredasbeinga supersetof IDL
because,in additionto facilities for specifyingmethodsignaturesof IDL (which arenot neededin

6ObjectDatabaseManagementGroup
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event typedeclarations),it allows thedeclarationsof datamembersin classesthatcanbeODL data
types. Secondly, it is possiblethat the event type declarationsin ODL canbe directly storedin an
ODMG-compliantdatabasewithout furtherchangesor additions.Finally, ODL provesto be a rela-
tively maturestandardwith a flexible collectionof datatypes.During thepreparationphase,theidea
behindODL andthesyntaxwaslearnedfrom thespecificationdocumentation.

2.1.5 XML Schema— eXtensibleMarkup Language

As previously mentioned,the XML Schemalanguageis usedin this project to representevent type
declarationsin adifferentwayfrom ODL. XML Schemasareanextensionto theoriginalXML Spec-
ification [11] by theW3C7 andallow theexpressionof arbitrarily structureddataundertheconstraint
of datatypes.They aredefinedin two specifications,onefocusingon thestructureof schemas[12]
andanotheron theavailablesimpleanduser-defineddatatypes[13].

The main reasonfor adoptingXML is that it is becomingan industry standardfor expressing
structureddata.However, it is importantto stressthatby the time of this project,theXML Schema
Specificationis still a working draft which meansthatcertainaspectsof it areeithercontradictoryor
entirelyunspecified.Nevertheless,it wassuccessfullyusedto expressat leasta subsetof all possible
event typesin XML. The XML outputis createdby theevent typecompilerin additionto theC++
stubcode.

Similarly to ODL, XML Schemaswerecompletelyunfamiliar to me beforethis project. I had
to studythe two XML Schemaspecificationsunderstandingof which wasdependenton thegeneral
XML specificationin [11]. In orderto practicethecreationof XML files, I usedtheApacheXerces-J
Parser8 underJava to checkmy sampleXML files for well-formednessandvalidity, sincethisparser
seemedto bequitematurein its developmentstage.

2.1.6 libxml — An XML library

The C library libxml9 providesfunctionsfor parsingandgeneratingXML data. It tries to be com-
pliant with theDOM10 by W3C for representingtheXML parsetree. Calls to this library aremade
for building an XML parsetreefrom event typedeclarationsin memoryandwriting the final XML
Schemato afile. Althoughlibxml is notXML schema-aware,it is possibleto generateXML Schemas
with this library becausethesyntaxusedby schemasis a subsetof thegeneralXML syntax. Being
still underdevelopment,the library restrictsthe generationof an XML parsetree to certainXML
constructsonly, which is a problemif for examplewell-formedXML Schemaoutput is necessary.
Thelibrary is accompaniedby shortdocumentationthathelpedmeto learnits usageby studyingthe
examplecodeprovided.

7World WideWebConsortium
8availablefrom xml.apache.org undertheApacheSoftwareLicense
9availablefrom www.xmlsoft.org undertheGNU LesserGeneralPublicLicense

10DocumentObjectModel
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2.2 RequirementsAnalysis

In this section,I would like to statethe requirementsmadeby the individual partsof theproject. It
containsafunctionaldescriptionof theeventtypecompilerthatwascreatedbeforetheimplementation
phase.Moreover, therequirementsof themappingsdefinedin theimplementationphasearedescribed.

2.2.1 The Event TypeCompiler

The event type compiler shouldtakean ODL input file that containsevent classdeclarationsand
outputC++ stubcodewhich canbe usedwith theCOBEA system.Additionally, it shouldgenerate
XML Schemadeclarationsof theeventtypes.Thecompilerfollowsthestandardmulti-stagestructure
for compilers(Figure2.1). The lexer andparserfor ODL aredevelopedwith the help of the Unix
utilities Flex andBison. Becausethecompileris supposedto outputbothC++ codeandXML code,
an importantrequirementwas to makethe abstractparsetree languageindependentandallow the
additionof severalcodegeneratorsto thecompiler. In otherwords,thecompilerback-endshouldbe
independentfrom thecodegenerationfront-endin orderto increasecodere-usability. Theoutputfiles
producedfor anODL input file namedEvents.odl shouldbeasfollows:

Events.h containstheC++ eventclassdeclarationsgeneratedfrom theODL declarations.All gen-
eratedC++ classesaredirectly or indirectly derived from a baseclasscalledBaseEvent de-
claredin BaseEvent.h andimplementedin BaseEvent.cc. Commonfunctionalityof all event
classesis providedby thisbaseclass.

Events.cc containsimplementationcodethatdealswith marshallingandunmarshallingof eventdata
sothatit canbepassedon to theunderlyingCOBEAsystem.

Events_Src.h containstheC++ eventclassesusedby eventsources.Theseclassesarederivedfrom
theoriginal classesin Events.h andareextendedwith methodsfor signallingevents,etc. The
namingconventionis theoriginal classnameplus theextension_Src. Applicationswhich are
eventsourcesaresupposedto includethisheaderfile.

Events_Src.cc containstheimplementationof themethodsusedby eventsources.

Events_Snk.h containstheC++eventclassesusedby eventsinks.Theseclasses(originalclassname
plus _Snk) arederived from theoriginal classesin Events.h andareextendedwith methods
for parameterisedregistrationetc. Applicationswhich areeventsinksaresupposedto include
thisheaderfile.

Events_Snk.cccontainstheimplementationof themethodsusedby eventsinks.

Events.xsd containstheXML Schemadeclarationsof theODL eventtypes.
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Figure2.1: TheEventTypeCompiler

Mappings for the C++ Stub Code

In orderto achieve themainobjective of building theevent typecompiler, thework wassubdivided
into thedesignof severalmappings. A mappingwasdefinedto beatranslationfrom oneform of event
descriptioninto adifferent,equivalentone.Figure2.2showsthethreemappingsthatarerequiredfor
thegenerationof C++stubcodefor COBEAapplicationsby theeventtypecompilerandthefollowing
list statestheir functionalrequirements.An iterativedesignparadigmwasintendedfor themappings
which meantthat hand-codedversionsof all the files to be automaticallygeneratedby the event
compilerwerecreated,evaluatedagainsttheserequirementsandtheapplicationscenariosdescribed
in Section4.2andrefinedif necessary. Thedescriptionof themappingswaskeptin documentsin the
repositoryin orderto assistthedevelopmenttask.

Event Description ODL

C++ C++ Stub Code

XML Schema

Mapping

Mapping

Mapping Mapping

Figure2.2: Mappingsfrom EventDescriptionsto final C++ StubCodefor COBEAandXML Output

Event Description 4 ODL An eventdescriptionis aninformal descriptionof theeventtypein nat-
ural language.It containsthemainfeaturesof theeventtypeandis translatedinto ODL syntax
thatpreciselydefinestheevent type includingall thedatatypes.This mappingis usuallyper-
formedby theeventapplicationprogrammer.

It is thegoalof agoodobject-orienteddesignto structuretheeventtypesintoaninheritancetype
hierarchy. Basetypesshouldcapturethegeneralbehaviour of eventsandshouldbespecialised
into particulareventtypes.All eventtypesshouldshareacommonancestornamedBaseEvent
thatcarriespropertiesneededby all events.

ODL 4 C++ After that, the ODL specificationof the event typesclassesrequirestranslationinto
C++ classessincethis is thelanguageusedfor programmingtheapplication.Themappingap-



2.3. ACCEPTANCE CRITERIA 13

plied hereshouldbeODMG-compliantdefinedby theC++ Binding Chapterin [2]. Therefore,
an implementationof all theODL datatypesin C++ preservingthesemanticsis needed.This
hasto beverifiedby dummyapplicationsthatusethoseC++ ODL datatypes.The translation
describedby thismappingis performedautomaticallyby theeventtypecompiler.

C++ 5 C++ Stub Codefor COBEA Finally, theC++classdefinitionsobtainedfromtheODL event
typesmustbeextendedwith methodsfor eventregistration,signalling,marshalingof eventdata,
etc. Thesearetheactualinterfacemethodsto COBEA thatwill beusedby theeventapplica-
tion programmer. A suitablesetof interfacemethodswasdesignedandimplementedaspartof
this projectandtheevent typecompilerautomaticallyincludesthemwhenoutputtingthefinal
C++ stubcode.Moreover, it is desirablethat thecompileroutputsseparatestubcodefiles for
eventsourcesandeventsinksbecauseof thedifferencesin interfaceandimplementationmeth-
ods.Themainconsiderationwhendefiningtheinterfacesis thatthey shouldeasilysupportthe
developmentof standardeventapplications.

Mappings for the XML SchemaOutput

The designof a furthermappingis necessaryfor the XML Schemaoutputof theevent compileras
denotedin Figure2.2. By applyingthis mapping,theeventcompilertranslatestheODL eventclass
declarationsinto XML Schemas.Similarly to theODL to C++ mapping,this requiresthetranslation
of all ODL datatypesinto XML Schemadatatypes. However, with the mostrecentversionof the
XML SchemaSpecification[12, 13], it is not possibleto entirely preserve the meaningof all ODL
event classdeclarations.The main problemis that XML Schemasdo not encompassa methodfor
expressingcollectiondatatypeslike for examplesetsandlists. Therefore,XML Schemadeclarations
currentlyallow only a subsetof all possibleODL typedeclarations.

2.2.2 Wrapper Classesfor COBEA

The COBEA library leaves the applicationprogrammerwith the task of properly initialising the
CORBA systemandpartsof COBEAbeforeusingevents.SincetheC++ stubcodemethodsrealisea
certainkind of abstractionwhichallowsfasterapplicationdevelopmentasdescribedin Section4.3, it
wouldbedesirableto provide thesamekind of abstractionwhendealingwith eventsourcesandevent
sinksduring theset-upphase.In orderto solve this problem,two C++ wrapperclassesfor COBEA
shallbeprovidedcalledEventSource andEventSink. Instancesof thesetwo classesrepresentevent
sourcesandeventsinks,respectively, andshallbe compatiblewith theC++ event classesandevent
typehierarchiesproducedby theeventtypecompiler.

2.3 AcceptanceCriteria

During the progressof the implementationstage,it is importantto have a methodof ensuringthat
the final systemis in accordancewith the initial designideasto guaranteea professionalapproach.
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Althoughtherequirementsgivenin theprevioussectionsareinformal, it wasbelievedthatthey would
prove adequatefor evaluatingsinglesystemcomponents.In additionto that,theoverall behaviour of
theeventtypecompilerwasmeasuredagainsttwo ApplicationScenarios(Section4.2) in theform of
descriptionsandODL event typedeclarationsthat shouldbe correctlytransformedby thecompiler.
An applicationprogrammershouldbeableto createaneventapplicationfor thesetwo scenarios.

2.4 Project Milestones

Sincea substantialamountof work wasnecessaryto carryout this projectaccordingto the require-
ments,the project wassplit up into milestones.After eachmilestone,the result of the work was
evaluated.Thefollowing list givesanideaof themajormilestonesfor theproject:

6 Literaturestudyandinitial preparationof work plan.

6 Designof a suitablemappingfrom eventdescriptionsto ODL.

6 Implementationof theODL to C++Mapping.

6 Developmentof theC++ stubcodeincludinginterfacemethodsandtheir implementations.

6 Creationof a Lexer andParserfor thegenerationof an abstractsyntaxtreefor an ODL input
file.

6 Developmentof thecodegeneratorfor theC++ stubcode.

6 Designof a suitablemappingfrom ODL to XML Schemas.

6 Developmentof thecodegeneratorfor XML Schemasusingthelibrary libxml.

Comparingthis to the original projectproposal,only minor changeshadto be included. First,
the implementationof the ODL datatypesin C++ requiredmoretime thanpredictedandtherefore
becamea milestoneof its own. Second,theJavastubcodegenerationwasexcludedfrom theproject
becauseit wasrealisedthatit wouldbeanalogueto theC++codegeneration,but neverthelessrequire
a significantamountof repetitivework. Third, thepossibleprojectextensionconcerninga parserfor
eventfiltering expressionwasnotattempteddueto timeconstraints.Thiswasmainlythecasebecause
thework with XML Schemasturnedout to bemorechallengingthanexpected.



Chapter 3

Implementation

This chaptertries to give a detaileddescriptionof the implementationwork of the project. It first
describestheactualrepresentationof eventdatatypesin ODL. After that,it showstheimplementation
of theC++bindingof ODL, andgivesabriefoverview of theeventsourceandsinkwrapperclassesfor
COBEA. Thenext two sectionsfocuson the featuresof thegeneratedC++ stubcodeandtheXML
Schemas,particularly discussingany designdecisionsmadeduring implementation. The chapter
concludeswith apresentationof theeventtypecompilerthat implementsall thedescribedmappings.

3.1 Designof the Event Type7 ODL Mapping

3.1.1 BaseEventClass

All eventtypesthatareusedby adistributedeventapplicationmustbederivedfrom theODL ancestor
classBaseEvent. Thishastwo advantages,namely, thatall eventtypescanbetreatedasbeingof the
generaltype BaseEvent usingpolymorphismandthat the commonfunctionality of all event types
canbe passedon to user-definedevent typesby inheritanceresultingin a cleanerdesign.The class
BaseEvent is definedasshown in Figure3.1.
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Figure3.1: Thedefinitionof BaseEvent in ODL

The attribute id is a unique identificationnumberthat is assignedto every event instanceby

15
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COBEA. The field priority gives an indication of the priority of the event instance. This allows
COBEA to prefer the handlingof eventswith higher importance. The string source containsthe
nameandnetwork location of the event sourcethat hassignalledthis event instance. Finally, the
attributesignal_time holdsa timestampof thesignallingtime.

3.1.2 Heartbeat Class

In order to recognisenetworkfailuresbetweenevent sourcesandsinks,Heartbeat eventsareex-
changedperiodically. This event type is the only type not derived from BaseEvent becauseits
interfacedoesnot requirethe overheadof a generalevent type due to its restrictedfunctionality1.
Figure3.2showsthedefinitionof theHeartbeat eventin ODL.
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Figure3.2: TheDefinitionof Heartbeat in ODL

The attributesid, priority, source andsignal_time have the samemeaningasfor BaseEvent.
Theattribute interval containstheinterval in millisecondsbetweentwo heartbeatevents.If anevent
sink doesnot receive the next heartbeatevent after this amountof time2, it is likely that a network
problemhasoccurredor theeventsourcehasdied.

3.1.3 User-definedClasses

Themainpartof themappingis concernedwith a subsetof ODL thatcanbeusedby theapplication
programmerto declareevent type classesin ODL. The Table3.1 shows all the non-datatypekey-
wordsfrom theODL grammarthataresupportedby theevent typecompiler. All keywordsthatare
database-relatedor concernedwith thedeclarationof interfacesin theform of methodsignaturesare
not supportedbecausethey arenot directly relevantto thetaskof eventtypedeclaration.A list of all
unsupportedODL constructscanbefoundin AppendixB.

All theODL datatypesthearesupportedby theeventtypecompilerareshown in Table3.2with
their correspondingkeywords.Theactualimplementationof thed_-typesin C++ is describedin the
next section.

1For instance,it is notpossibleto explicitly signalthis event.
2assumingthenetworklatency is negligible
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ODL Keyword Description

class Classdefinition
extends Inheritancespecification
attribute Attributedefinition
const Constantattributedefinition
typedef Typedefinition

Table3.1: ODL Keywordssupportedby theEventTypeCompiler

TheclassMyVeryImportantEvent in Figure3.3 is anexampleof a user-definedODL eventtype
class.It is directlyderivedfrom BaseEvent andcombinesmostof thefeaturesof ODL eventclasses
assupportedby theeventtypecompiler:Thedatafieldsno andid areintegerconstantsthatcontainex-
pressionsto beevaluatedby theC++compiler. LongSet is atypedefinitionfor asetof longintegers.
The structureof type EventDescr, which is instantiatedaseventDescr, containsthe enumeration
eventKind andanotherinnerstructurenameddetails.

Limitations

As mentionedpreviously, theeventtypecompileronly supportsasubsetof theentireObjectDefinition
Language.The designdecisionto restrict the ODL subsethasbeenmadebecauseODL contains
meansto interfacewith anunderlyingobject-orienteddatabasesystemwhich wasnot necessaryfor
thisproject.

A seconddesignconstraintis that interfaceandmodulespecificationsarenot allowedfor event
types.TheideabehindODL is to describe,in additionto theattributesthatstorethedata,themethods
for manipulatingthe attributes. However, eventsareby definition entitiesthat carry only dataand
thereforedo not requiretheir own methodsfor manipulatingthisdata.

3.2 Implementation of the ODL 7 C++ Mapping

The ODL specificationin [2] definesa binding from ODL to C++. The generalparadigmbehind
this mappingis thatC++ classesstandfor ODL classesandODL attributesarerepresentedby C++
datamembers.In particular, themappingrequiresthatmostof theODL datatypesasmentionedin
Table3.2 arerepresentedby correspondingd_-typesin C++. Thesed_-typesareclearly specified,
andit waspartof theprojectto produceanODMG-compliantimplementation.

Sincethe majority of the requiredODL typeslike, for example,date, time, andstring arefre-
quentlyusedgeneraltypes,it hasbeendecidednot to re-implementthemin C++ from scratchbut to
usethe correctandefficient implementationsin the C++ STL3. The fact that the STL interfacesto
thedatatypesaredifferentfrom theODL specificationwascompensatedby theprovisionof wrapper

3StandardTemplateLibrary
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ODL Type C++ Binding Type Description

d_Object Ancestorclassfor all ODMG-compliantobjects
long d_Long 32 bit signedinteger
short d_Short 16 bit signedinteger
unsigned long d_ULong 32 bit unsignedinteger
unsigned short d_UShort 16 bit unsignedinteger
float d_Float 32 bit IEEE 754floating-pointnumber
double d_Double 64 bit IEEE 754floating-pointnumber
boolean d_Boolean Booleanvalue
octet d_Octet 8 bit value
char d_Char 8 bit ASCII character
string d_String String
enum<> enum Enumeration
any d_any Any value

d_Collection Abstractbaseclassfor collectiontypes
d_Iterator Iteratorclassfor collectiontypes

set<> d_Set Setcollection
list<> d_List List collection
array<> d_Varray Variablesizearray
date d_Date Date
time d_Time Time
timestamp d_Timestamp Timestamp
interval d_Interval Time interval
struct<> struct Structure

Table3.2: ODL DataTypessupportedby theEventTypeCompiler

classesthathaveODMG-compliantmethodsto theoutsideworld and,internally, representthedataas
STL datatypes.For example,theODL datatyped_Set is implementedby having aprivatedatafield
which is anSTL set. All accessto this internalsetis doneby ODL-compliantmethodsprovidedby
thewrapperclass.ODL datatypeslike d_Date andd_Interval thatdo not have analogueSTL types
wereimplementeddirectly usingbasictypesin a straight-forwardmanner.

Althoughthebaseclassd_Object hasbeensupplied,its implementationis mainlyemptybecause
thisclassis supposedto providepersistency supportfor all objectsthatneedto bestoredin adatabase.
The ODL-enhancedCOBEA systemdoesnot provide sucha facility as it is not associatedwith a
database.

A problemthat hasoccurredduring the implementationphaseof the ODL datatypeswas an
intrinsic incompatibilityof thed_Iterator classwith theSTL iteratorclass:TheSTL iteratoris meant
to beassociatedwith a particulartype,sothatevery collectiontypeprovidesits own implementation
of aniterator. In contrastto that,theODL specificationseesthed_Iterator classasa generalpurpose
object that is compatiblewith all possiblecollectiontypes. This problemwassolved by providing
aninheritancehierarchyof d_Iterator classeswith derivedclassesfor eachparticularcollectiontype.
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Figure3.3: Exampleof a user-definedODL eventtypeclass

Thesespecialisedd_Iterator classesusedifferentSTL iteratorsastheir internalrepresentation.For
instance,if a d_Iterator for the type d_Set wasrequired,the derived classd_Iterator_Set is used
which containsanSTL setiteratorasaprivatedatafield.

3.3 C++ Wrapper Classesfor COBEA

Thecurrentimplementationof COBEA exposesa significantamountof implementationdetailof the
eventsystemto theapplicationprogrammer. For instance,it is theresponsibilityof theprogrammer
to properly initialise the CORBA systembeforeusing COBEA. Moreover, event sourceshave to
instantiatethe COBEA event sourceimplementationin the classFSrc_i and event sinks have to
instantiatethe classesSnk_i andCall_backs passinga numberof correctinitialisation parameters.
This is notverytransparentto theprogrammersothatit wasdecidedto provideanabstractionto event
sourcesandsinksin theform of two C++ wrapperclassescalledEventSource andEventSink. The
first instanceof theseclassesperformsthe requiredCORBA set-upandafter that, its methodscan
be usedto interfacethe underlyingCOBEA systemandto accessthe functionalityof evententities.
Figure3.4shows thearchitectureobtainedby usingthesetwo classes.A furthercomparisonof these
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classeswith old COBEA mechanismscanbefoundin Section4.3.

Class EventSource Class EventSink

Application
Event Source

Application
Event Sink

COBEA Source

CORBA

Network

COBEA Sink

CORBA

Figure3.4: Architecturewith EventWrapperClasses

3.3.1 The ClassEventSource

EventSource is a C++ classthat representsa COBEA event sourcethat generatesevents. It only
containsa singlepublic methodcalled s+t�u�v�w�x+t�s�y&z{t�|�y�t�}�t
z x�~+� ����� that is usedto inform theevent
sourcethatit is capableof signallingaparticularnew eventtypesothatclientsareallowedto register
their interestin this type. The constructoris passedthe string nameof the new event sourceto be
createdandahostnamefor identificationin a network.It performsall thenecessaryCOBEAinitiali-
sationandcreatesaheartbeateventthat is usedfor theheartbeatprotocoldescribedin Section3.1.2.

3.3.2 The ClassEventSink

TheclassEventSink is thewrapperclassfor a COBEA eventsink thatdoesany initialisationtasks.
The classdoesnot containany public methodsto be usedby the applicationprogrammer. Every
eventsinkmustbedirectlyconnectedto asingleeventsourcefrom which it will receiveall its events.
This eventsourceis specifiedin theconstructorof EventSink. It is importantto notethat theclass
EventSink doesnothavemethodsfor eventinterestregistrationbecausethis is doneby callingmeth-
odsfrom thestubcodeinterfacedescribedin Section3.4.3.

3.4 Designof the generatedC++ Stub Code

After the event type compilerhastransformedthe ODL event type definitionsinto C++ classesby
applying the ODL 4 C++ mappingdescribedin Section3.2, it addscertainmethodsto the event
classeswhosepurposeis to act asan interfaceto the functionality of COBEA. This addsanother
level of abstractionto theeventsystembecauseit allows theapplicationprogrammerto treatevents
asobjectswith methodsfor manipulatingthem. Thereexists commonfunctionality that is required
by both eventsourcesandeventsinks. However, certainmethodsshouldonly be availableto event
sourcesor eventsinks.Therefore,it wasdecidedto derivetwo differentclassesfrom thegeneralevent
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typeclass,namelyonefor theeventsourceandanotherfor theeventsink. In orderto illustratethis
division, Figure3.5 depictsthe C++ classnamesandinheritancerelationsthataregeneratedfor an
exampleODL input file namedEvents.odl that containsonly a singleeventclass,MyEvent, that is
directly derivedfrom BaseEvent.

BaseEvent_Src BaseEvent_Snk

MyEvent

MyEvent_Src

BaseEvent

MyEvent_Snk

is a subtype of

Figure3.5: ClassNamesandInheritanceRelationsof theC++ StubCode

This hierarchylargely relies on the featureof multiple inheritanceof C++. The headerfile
BaseEvent.h containsthe C++ classBaseEvent that is the transformationof the ODL event type
BaseEvent, asdescribedin Section3.1.1.TheclassesBaseEvent_Src andBaseEvent_Snk, which
arederivedfrom thegeneralBaseEvent classcontainthespecialisationsrequiredfor eventsources
andsinks.Theheaderfile Events.h describestheclassMyEvent thatstatestheeventtypeasdefined
in ODL andgeneratedby theeventtypecompiler. It is derivedfrom thegeneralBaseEvent classand
furtherspecialisedinto two classes,MyEvent_Src andMyEvent_Snk, which aretheactualclasses
usedby eventsourcesandsinksfor accessingtheeventtypeMyEvent.

3.4.1 Common Event ClassDeclaration

In the above example,the methodscommonfor event sourcesandsinksarestoredin a headerfile
namedEvents.h. This headerfile mainly augmentstheeventclassdeclarationsby methodsfor mar-
shallingandunmarshallingattributes.Thesemethodsarenot calleddirectly by theapplicationpro-
grammerandareshown in Table3.3.

MethodName Description

public:
u�t�x��As �
�Xt�s xA� � �&� z xR~�� Returnsthenumberof attributes

protected:
u�t�x��As �
�Xt�s x+v�t wX~	������� Marshalsattributes
w�t�x��As �
�Xt�s x+v�t wX~	������� Unmarshalsattributes

Table3.3: Methodsfor MarshallingandUnmarshallingEventClassAttributes

Themethodu�t�x��As �
�Xt�s xA�����O��z�xr~
� returnsthenumberof attributesthattheeventclasspossesses
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sothatthecorrectamountof memorycanbeallocatedfor themarshaleddata.TheprotectedmethodK�>
C���E J
P$>&E�C$F�>�;{_$��� ��e readsthevaluesfrom all theattributesof theevent instanceandinsertsthem
into asequenceof typeany. Thissequencedatastructureis thenpassedon to COBEA. TheCORBA
systemis capableof transportingdataof typeany over thenetworkin platformindependentway. The
method;�>�CA��E J
P	>�E�C$F�>�;{_	�A� ��e performsthereverseprocessby settingthedatamembersof theevent
classfrom asequenceof typeany. Thesourcecodefor insertingandextractingtheattributesfrom the
sequenceis staticallycreatedby theeventtypecompilerandcanbefoundin theC++file Events.cc.

3.4.2 Event Source

The C++ headerfile Events_Src.h containsthe declarationof the classMyEvent_Src that is the
actualevent classusedby an event sourcefor signalling the event type MyEvent. The interface
methodsavailableto theapplicationprogrammerarelistedin Table3.4.

MethodName Description

public:;�F
K�B�:�9&U+>�@$>�B�Cr_	�A� ��e SignalseventoccurrenceK�>
C	[�B�N	>�E�C$F&:OB	8 >�m�P	>�8{_
e Returnsinheritancehierarchy

Table3.4: PublicMethodssupportedby anEventClassDeclarationfor EventSources

To be more precise,thesemethodsare definedin the classBaseEvent_Src and inheritedby
MyEvent_Src becausethey arethesamefor all possibleODL eventclasses.Themethod ;�F
K�B�:�9&U+�>�@+>�B Cr_��A� ��e is calledin orderto signaltheoccurrenceof theeventMyEvent. A methodparameter
holdsareferenceto theeventsourcethatis tobeusedasanorigin for thiseventsignal.For this reason,
it is possibleto registerthesameeventinstancewith severaleventsourcesandselectthedesiredevent
sourceby its nameatsignallingtime.

Thesecondmethod,K�>�C	[�B�N	>�E$F�C�:
B{8A>Om
PX>�8%_�e is notuseddirectlyby theapplicationprogrammer,
but insteadit allows COBEA to find out aboutthestructureof theevent classinheritancehierarchy.
Section3.4.4focuseson thismechanismusedfor superclassregistration.

3.4.3 Event Sink

TheclassMyEvent_Snk in theheaderfile MyEvent_Snk.h carriestheevent typeandmethoddec-
larationsusedby eventsinks.Table3.5givesanoverview aboutthemethodsof its interface.

ThemethodE+>�K�F�;�C+>&E U+>�@$>�B�C U�F�B�C�>�E�>�;�Cr_$������e is calledto registertheinterestin thiseventtype
with a particularevent sink specifiedasa referenceparameter. A secondparameterholdsa pointer
to the call-backfunction that is executedwhenever this event occurs. Whenthis function is called,
it is passeda pointerto an instanceof the occurredeventso that theevent sink hasaccessto all the
attributesassociatedwith this event. The method L�>
E�>�K�F�;�C�>�E U+>�@�>
B C�U�F�B C$>�E$>�;�Cr_	�A� ��e undoesa
previousregistration.
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MethodName Description

public:E+>�K�F�;�C+>&E U+>�@$>�B�C U�F�B�C�>
E	>�;�Cr_$������e RegisterseventinterestL+>�E�>�K�FA;&C�>�E U+>�@$>�B�C�U�F�B�C	>�E$>�;�Cr_$��� ��e DeregisterseventinterestK+>�C U%���+� ���O� �$��������UO��F�9�L�8�:�E�LR_�������e Getswildcardstatefor {attr_name};A>�C U%���+� ���O� �$��������UO��F�9�L�8�:�E�LR_�������e Setswildcardstatefor {attr_name}

protected:K+>�C���F�9
C	>�E�?�\AP E$>�; ;AFOJ
BR_�e GetsCOBEA filter expression

Table3.5: PublicMethodssupportedby anEventClassDeclarationfor EventSinks

Anotherimportantfeatureof theeventsink interfaceis thesupportfor parameterisedeventregis-
tration:Priorto thecall to E�>�K�F�;
C�>�E U+>�@$>�B�C�U�F�B�C�>�E�>�;�C�_+� ����e , theattributesof theeventinstancecan
besetto particularvaluessothatonly instancesof theeventwith thosevaluessetwill benotified.The
standardsettingfor all attributesis awildcard valuesothatthecurrentvalueof anattributeis ignored
andnoparametrisedfiltering is used.By makingthecall ;�>�C U%�O�������
���+���%����U���F�9�L+8&:�E�Lr_�i�:�9�;�> e the
wildcard for theattributecalled{attr_name}is deactivated,andthecurrentattributevalueis passed
on to COBEA for parameterisedfiltering. ThemethodK�>�C U��������������	��������U��+F�9�L�8&:OE�L�_�e is provided
for determiningthecurrentwildcardstatefor anattribute.

This schemeis moreflexible andintuitive to usethanthe original COBEA syntaxfor parame-
terisedeventfiltering. In theold implementation,a stringhadto bepassedtogetherwith theregistra-
tion call thatdefinesfor which attributesparameterisedfiltering is to beuseddependingon theorder
of the attributes. For instance,a string like �
� a � a�a � definesthatno wildcardsshall be usedfor the
first andthird attributeof theparticulareventtypebecauseof thepositionof spacesin thestring.The
new mechanismprovided by this project is easierto use. The translationinto the underlyingstring
representationis performedautomaticallyby thegeneratedstubcode.

3.4.4 Support for SuperclassRegistration

Superclassregistrationis a naturaladvantageof anobject-orientedeventtypehierarchy. It allowsthe
captureof the generalbehaviour of a numberof derivedevent typesby a singleancestorclass.For
example,Figure3.6showsasimpleeventtypehierarchy. All thespecialisedsensoreventsarederived
from a generaleventclass,calledSensorEvent, thatstandsfor anabstractsensor. It is thenpossible
to allow aneventsink to registerfor thegeneralSensorEvent and,asa consequence,benotifiedof
theoccurrenceof all eventswhicharederivedfrom it, namelyMagneticSensor, ElectronicSensor,
OpticalSensor andGPSSensor.

In orderto supportsucha scheme,changesto the original COBEA sourcecodewerenecessary
becausein its original state,theCOBEA systemdoesnothave thenotionof hierarchicalevent types.
SincetheCOBEA systemconsistsof a largebody of code,it wasdecidednot to changetheoverall
designof theeventarchitectureto bebasedon object-orientationbut to rewrite theinternalsignalling
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SensorEvent

MagneticSensor OpticalSensorElectronicSensor

Register for this event

Receive any of these events

GPSSensor

BaseEvent

Figure3.6: ExampleEventTypeHierarchywith SuperclassRegistration

mechanismsinstead.In otherwords,thepartof COBEA thatperformsthesignallingcall to anevent
sink wasextended,so that it checksfor any derived classesandperformsnotificationsfor theseas
well. The following paragraphsgive a moredetailedexplanationof this mechanism,describingthe
codechangesmadeandthedatastructuresusedto representaneventtypehierarchy.

After the instanceof the classEventSource hasbeencreated,all the event typesthat can be
potentiallygeneratedby thiseventsourceneedto beregisteredwith COBEAby callsto themethod

} ��v� (¡�}�t�z x ¢��O� s$£�t�¤A¤¥s�t�u�v�w�x$t�s�y&z{t�|�y�t�}�t
z x�~§¦�¨�w�t�¡�}�t
z x y�¢�s	£
©-t�}�t�z x$�

beforehand.Internally, thismethodmakesacall to

ª zA«	t�s�v�x�¨�z	£�t&¢O�	t�£�¬(¦ ¨�w�t
¡�}�t
z x�yA¢�s�£R¤�¤`u�t�x ª zA«{t�s$v�x�¨
zX£�t&¢O�	t £X~��

which returnsa pointerto an InheritanceSpec datastructure.Thisdatastructurecontainsinfor-
mationaboutthe inheritancehierarchyof all the event type classesthathave beengeneratedby the
eventtypecompilerfromtheODL inputfile. Its typeis  v�w�x ®�w
x�s	v�z�u ¯ whichis alist thatcontainsthe
ancestortypesof anevent. As shown in Figure3.7, for theevent type ° � ¢�¢�t�z	wO�Os from theexample
above, this list containsfour entries.For everyeventclass,this list is initialisedin theconstructorsby
statementsautomaticallyinsertedby theeventtypecompiler.

GPSSensor ElectronicSensor SensorEvent BaseEventList:

Figure3.7: An ExampleInhertianceSpec for theEventGPSSensor

A new versionof themethodfor registeringeventtypeswith COBEAin theclassFSrc_i hasbeen
providedthatacceptsanInheritanceSpec pointerasa parameter.

In additionto theupdateof thesetof typesallowedfor eventsinkregistration,thismethodupdates
theglobalhierarchytablefor thiseventsource.Thetypeof thisglobaleventhierarchytableis
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C�QOP	>�L�>�i1S�:
P�j�;�CAE	F�B�KRp±;�>
C j�;�C�E$F�B�K l+a²l´³�Q�P$>�W�F�>�E :AE�8�N�Q�M

whichis a tablethatmapseventtypenamestringsto setsof stringswhichcontainall theancestors
of anevent.

Finally, whenCOBEA hasto notify all registeredevent sinksof the occurrenceof a particular
event,it looksup theeventtypenamein theglobaltypehierarchytableandsendsnotificationsfor all
descendenteventtypesstoredin theassociatedsetaswell. Althoughtheassociationof all thedescen-
dentsof anevent typewith every event type leadsto a certainstorageoverhead,it hasbeenadopted
becauseof theefficiency obtainedduringsignalling,whichcanbedonein constanttime by perform-
ing asingletablelook-up.A fastsignallingmechanismis essentialfor any scalableeventarchitecture.
A furtheradvantageof thechosentypehierarchydatastructureis thathierarchyinformationis only
addedto thetablebut never updatedsothattheconsistency of thetableis alwaysensured.

Table3.6showsthestateof theglobaleventhierarchytableafterall theeventclassesin Figure3.6
have beenregisteredwith theeventsource.

Nameof EventClass Setof all Ancestors

BaseEvent NIL
SensorEvent BaseEvent
MagneticSensor SensorEvent, BaseEvent
ElectronicSensor SensorEvent, BaseEvent
GPSEvent ElectronicSensor, SensorEvent, BaseEvent
OpticalSensor SensorEvent, BaseEvent

Table3.6: An ExampleTypeHierarchy Tableasmanagedby COBEA

3.4.5 Marshalling of data types

The processof marshallingis essentialfor a distributed,object-orientedsystem. It describesthe
serialisationof complex datatypesinto a form that canbe transmittedover a network in a remote
methodcall. The destinationhost reversesthis processand henceobtainsthe original structured
data type. The CORBA systemthat is responsiblefor the remoteobject methodcalls is capable
of marshallingthe datatypesprovided by the InterfaceDefinition Language(IDL). However, it is
necessaryto supplycustommarshallingmethodsfor all user-definedcomplex datatypesthatcanbe
partof anODL eventtypedeclaration.This taskis automaticallydoneby theeventtypecompilerthat
addsinsertionandextractionoperators to thegeneratedC++ stubcodefor every complex ODL type
declarationfound in thefile. Theseoperatorsallow the transformationof thecomplex datatypeinto
thetypeany, whichcanthenbepassedonto CORBA andtransmittedover thenetwork.User-defined
collectionsor hierarchicaldatatypescanberepresentedasasequence of any. Suchaschemeallows
theserialisationof a largevarietyof typeslike, for example,arrays,nestedstructures,etc.

To illustrate the marshallingcode,Figure3.8 shows a complex ODL datatype OuterS which
is a nestedstructureand thereforerequirescustommarshallingsupport. The event type compiler
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automaticallygeneratesany insertionandextractionoperatorsthat transformthe datastructureinto
a sequenceof anys, as shown in Figure 3.9. In this example, the sequenceof anys is nestedin
orderto expressinnerstructures.An exampleimplementationof theseoperatorscanbefoundin the
ApplicationScenariocodein AppendixD.

:�CAC�E�F�G�H�C	>I;�CAE�H	8�CIµ
H C�>
E mID
;�C�E+F�B K�;�C�E	^XM
;�C�EOH	8�C-[�B�B	>�E�mID
9&J
B K1:qM
9&J
B K²G�MV F�B�B	>
ERMV J
H C+>�ERM

Figure3.8: A Complex Attributeouter for whichCustomMarshallingis necessary

Any: long a Any: long b

Any:  struct InnerSAny: string str1

Any: struct OuterS

Figure3.9: An Exampleof a MarshalledDataTypeasa sequenceof anys

3.5 Designof an ODL to XML SchemaMapping

Theeventtypecompileris ableto outputXML declarationsfor theeventclassesin theODL inputfile.
In orderto achievethis,theXML SchemaLanguageis usedwhichallowsthedeclarationof structured
datatypes.TheXML SchemaSpecificationis providedin two separatedocuments:[12] describesthe
syntaxandstructureof XML Schemadefinitionsandits mainfeatures,whereas[13] concentrateson
thedatatypesandthewaysof definingthemby restriction.

Most of the syntacticODL categoriessupportedfor event classdefinitionscanbe represented
straight-forwardlywith theXML Schemalanguage.Classescanbeseenas<element>shaving anin-
ner<type> structurethatspecifiestheattributesandtheparent<element>. For example,Figure3.10
comparesthe ODL declarationof the classAlarmEvent with its XML Schemarepresentation.For
this translationto work, an exact mappingfrom the ODL datatypesto XML Schemadatatypesis
necessary, sothatthesemanticsof eventclassdeclarationsis preserved.
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ODL:

8�9�:�;�;=¶�9&:�E�S�?�@	>�B�C->�\AC�>�B L�;�m�>�B	;&J�EA?�@�>
B C�D
:�C�CAE�F�G�H�C�>I;�C�E+F�B KIL�>�;A8�ERM
:�C�CAE�F�G�H�C�>I;�N�JOE�C(P�E�F&J�E�F
C QRMV M

XML Schema:

j�>A9�>�S	>�B�C1B�:
S$>·] � ¶�9&:�EOS ? @+>�B C � lj�C�QOP	>�;�J
H E�8�>�] � m�>�B	;&J�EA? @�>
B C � L�>�E�F
@�>�L�<�Q�] � >
\�C�>�B	;�F&JOB � lj�>�9�>�S	>�B�C1B�:
S	>·] � L+>�;�8�E � CAQ�P	>·] � L UAm�C�E�F
B K ��¸ lj�>�9�>�S	>�B�C1B�:
S	>·] � P�E�F&J�E�F�C�Q � C�Q�P	>=] � L U�m
N�JOE�C �
¸ lj ¸ CAQ�P	>&lj ¸ >�9�>�S	>
B C�l

Figure3.10:An XML SchemaDefinition of anODL eventclass

3.5.1 Data Types

TheTable3.7showsthedatatypemappingfrom ODL to XML Schemafor all thecurrentlysupported
types.SincetheXML Schemastandardis beingdevelopedwith thegoalof compatibilityto existing
standardsin mind,mostof theODL typescanbemappedto similarXML Schematypes.Thecomplex
ODL typesenum andstruct which areenumerationsandstructures,respectively, have to betreated
asspecialcasesbecausethey requiremorecomplex XML languageconstructs,asexplainedbelow.

A simpleODL typelike d_Long canbedeclaredin XML Schemausingthefeatureof constraints.
Constraintsarespecialrestrictionsimposedon XML Schemadatatypesby which new typescanbe
defined.In Figure3.11,theODL-compliantd_Long typeis declaredby constrainingthevaluerange
of thegeneralXML Schemainteger type to 32 bits. Anotherexampleis theODL typed_Char for
storinga singlecharacterwhich is representedin XML Schemaby constrainingthe string type to
hold astringof lengthone.

As partof this project,definitionsfor mostODL datatypesandtheBaseEvent andHeartbeat
event typeshave beendesignedandarelisted in AppendixC. Thesedefinitionsmustbeavailablein
orderto properlyparseandvalidatethedatatypesusedby theeventtypecompilerto createtheXML
Schemaoutputfile with theeventclassdeclarations.

3.5.2 Structur esand Enumerations

An ODL struct constructioncan be expressedusing a syntaxthat is similar to the declarationof
classes.This is naturally the casebecauseclassesarean extendedversionof structures.The Fig-
ure3.12triesto show thegeneralform of astructuredeclarationin XML Schema.Thesetransforma-
tionsareperformedby theeventtypecompilerwhenoutputtingXML SchemaDefinitions.
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ODL DataType XML SchemaDataType Description

d_Long integer 32 bit signedinteger
d_Short integer 16 bit signedinteger
d_ULong non-negative-integer 32 bit unsignedinteger
d_UShort non-negative-integer 16 bit unsignedinteger
d_Float float 32 bit IEEE 754floating-pointnumber
d_Double double 64 bit IEEE 754floating-pointnumber
d_Boolean boolean Booleanvalue
d_Octet binary 8 bit value
d_Char string 8 bit ASCII character
d_String string String
d_Date date Date
d_Time time Time
d_Timestamp timeInstant Time stamp
d_Interval timeDuration Time interval
enum enumeration Enumeration
struct element Structure

Table3.7: ODL Typessupportedby theXML SchemaMapping

j�L�:�C :�C�QOP{>=B�:&S	>·] � L U�kAJ
B K � ;&J
H E�8A>²] � F�B�C�>�K�>�E � lj
S	F�B{[�B	8�9
H	;�F�@$>(@ :�9�H	>(]º¹���c�^�» ¼�» ½�¾�¿A» ½R¹ ¸ lj
S�:O\	[�B	8�9
H	;�F�@$>(@ :�9�H	>(]º¹Àc�»	^
¼�» ½�¾�¿�»�½q¹ ¸ lj ¸ L :�C :�CAQ�P	>�l

Figure3.11:XML SchemaDefinition for theODL Typed_Long

Enumerationsareformedbyapplyingthe<enumeration value = . . . />constrainttoa<datatype>
declaration.This constraintonly allows theassignmentof a predefinedsetof valuesto thedatatype.
Therefore,it is possibleto build an enumerationof stringsfor any possibleODL enumeration,as
shown in Figure3.13.

3.5.3 Limitations of the XML Mapping

As mentionedpreviously, theXML SchemaSpecificationis avery new standardthatis still a “work-
ing draft”. This meansthat not all of its aspectswere completelyfixed while implementingthis
project,andcertainnecessaryfacilitieswerenotprovided,yet. It wasverychallengingto work with a
specificationthatcontainedsomany “white gaps”.TheTable3.8givesanoverview of theODL data
typesthatcouldnot beexpressedasXML Schematypesdueto theseconstraints.

Thefirst threementionedtypesthatcouldnotbeexpressedin XML arecollectiontypes.Although
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j�>A9�>�S	>�B�C1B�:
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Figure3.12:XML SchemaDefinition of anODL structure

j�L�:�C :�C�QAP	>=B�:&S	>²] � �
��Ã��X�&���	�&ÁAÌ��I�����X� � ;&J
H E+8�>²] � ;
C�E�F�B K � lj�>�BAH�S	>�E�:�C$F&J�B�@�:�9�H	>(] � ����Ã��Ä�&���$��Ì&�-È ��¸ lj�>�BAH�S	>�E�:�C$F&J�B�@�:�9�H	>(] � ����Ã��Ä�&���$��Ì&�1Ë ��¸ l�����
j�>�BAH�S	>�E�:�C$F&J�B�@�:�9�H	>(] � ����Ã��Ä�&���$��Ì&�1� ��¸ lj ¸ L :�C :�C�Q�PX>&l

Figure3.13:XML SchemaDefinition of anODL enum

it is plannedby theW3Cto includecollectionsin theSchemaspecification,thishasnotbeendoneby
thetimeof implementingthisproject.For this reason,it hasbeendecidedthattheeventtypecompiler
shouldignoreany collectionattributesin ODL eventclassdeclarationswhenoutputtingXML Schema
code. The last type in the tableis theODL typeany that canhold any possiblevalue. Sucha type
hasbeennot definedby theXML Schemaspecificationandcannotbeeasilyprovided in a platform
independentway.

ODL DataType Description

d_Set Settype
d_List List type
d_Varray Variable-sizearraytype
d_Any Any type

Table3.8: ODL Typesunsupportedby theXML SchemaMapping

Finally, theTable3.9is a listing of all theODL keywordsandconstructsthatcannotbetranslated
into XML Schemabecauseof deficienciesof the language. It is not possibleto definenew type
namesfor old typesasit is doneby theODL typedef keyword. Moreover, constantscannotbeeasily
includedinto XML Schemadeclarationsbecausein XML thegrammarandthedataarekeptseparate.
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For thesamereason,no literal expressionscanbeaddedto anXML Schema.

ODL Construct Description

typedef Definesa typenamealias
const Defineaconstantattribute
{expressions} Expressionsusede.g.for constants
{literals} Literalsusedin expressions

Table3.9: ODL LanguageConstructsunsupportedby theXML SchemaMapping

3.6 ODL2EventComp — The Event TypeCompiler

Theentireprocessof translatingODL eventclassdescriptionsinto usableC++ sourcecodewasau-
tomatedby the meansof an event type compilercalledODL2EventComp. Although the compiler
consistsof alargebodyof codeandformedamajorpartof theproject,its implementationwasgreatly
simplified by the carefuldesignof the requiredmappingsandtransformations,asdescribedin the
previoussections.Therefore,theoutputfiles wereclearlyspecifiedto thedetail thathand-codedver-
sionsof the stub-codeto be generatedwereavailable. During the entire implementationstage,the
behaviour of thecompilercouldbedirectlyevaluatedagainstthesehand-codedC++andXML output
files. As aresult,lesstimewasspendon theimplementationof thecompilerthanonthedesignof the
mappings.

Thecompilerconsistsof a lexer, a parserwith anabstractsyntaxtreegenerator, a semanticanal-
yser, a C++ codegeneratorand an XML codegenerator(Figure 3.14). The codegeneratoris a
pluggablemodule,sothattheXML andC++ outputcanbesupportedby a singlecompilerwith a lot
of codere-usebetweenthesetwo back-ends.In the following sections,I would like to describethe
implementationwork carriedoutandthedesigndecisionsmadefor theeventtypecompiler.

Lexer Parser
Semantic
Analyser

ODL
Input

C++
CodeGen

XML
CodeGen

Text
Tokens

Abstract
Syntax

T ree
Valid

Abstract
Syntax

T ree

C++ Stub Code

X ML Schema

Figure3.14: InternalDetailsof theEventTypeCompilerODL2EventComp

Thecompilerexecutableis calledODL2EventComp, andit is run by specifyinganODL input
file asaparameter:
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The compiler follows the Unix tradition of terseoutputso that a successfulcompilationcauses
no outputmessage.Otherwiseanerrormessageincludinga possibleinput file line numberwith the
error conditionis displayed.The compilerattemptsto generatesix C++ files andoneXML output
file with namesadheringto theconventionsin Section2.2.1. Checksfor themostcommonIO error
conditions4 aremade.

3.6.1 Lexing and Parsing

The Unix utilities flex andbison wereusedfor implementingthis part of the compiler. The input
files for flex andbisonwerewrittento complywith theBNF5 grammarspecifiedin [2]. Thisgrammar
containedseveralambiguitiesandminorbugsthathadto bespottedandcorrectedfirst. ExampleODL
codefrom [2] wasusedastestinput to thelexer andparserin orderto guaranteeits correctbehaviour.

Thelexer is capableof validatingtheentireODL grammarincludingkeywordsandconstructsthat
arenot legal in event typedeclarations.Althoughit madethedesignmorecomplicated,thisdecision
hastheadvantagethatit is possibleto notify theuseraboutODL syntax,thatis valid in ageneralODL
file, but not allowed in event typedeclarations.Whenever the lexer encountersODL keywordsthat
cannotbe usedin event declarationslike, for example,the keyword interface, the useris informed
with a meaningfulerror message.Section3.6.4givesan overview of the possibleerror conditions
raisedby theeventtypecompiler.

The lexer supportsboth C- and C++-stylecomments6 in ODL, which is a deviation from the
original ODL standard,but greatly facilitatesthe productionof clear, humanunderstandableODL
files.

The parsergeneratesan AST7 for the entireODL input file, which is thenpassedon to the se-
manticanalyser. Dueto thelargenumberof differentsyntacticcategoriesin ODL, it wasdecidedto
implementtheAST usingasingleclassnamedAST_Node whichhasaNodeType field thatdefines
the grammaticalcategory of this node. A further list datastructurecontainsthe node’s direct chil-
dren,which areotherAST nodes.As a result,theentireAST consistsof lexical tokensthatrepresent
syntacticcategoriesaugmentedwith parameters.Parameterscanbeclassnames,attributenamesand
otheridentifiersencounteredin theODL sourceanddifferentparametertypescanbestoredin anAST
nodeby theuseof C++ unions.In orderto supportdebugging,thenodeclasscontainsa methodfor
printing theAST in human-readableform, asshown in Figure3.15.

4For example,“File not found” etc.
5Backus-NaurForm
6 ê�ë . . . ë�ê and ê�ê
7AbstractSyntaxTree
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Figure3.15:Fragmentof anAST generatedfrom anODL file

3.6.2 SemanticAnalysis

Thesemanticanalysisstageof thecompilerattemptsto determinewhethertheAST canbecorrectly
transformedinto a valid eventclassdeclaration.Thisanalysisensuresseveralaspects,namelythat

1. theODL file only consistsof class declarations,and,in particular, doesnot containinterfaces
or modules,andthat

2. all declaredODL classesaredirectlyor indirectly derivedfrom theancestorclassBaseEvent,
andthat

3. thestructureof classdeclarationsis validsothat,for example,classesdonotextendthemselves.

Thesemanticanalysisisdoneby atraversalof theAST. Duringthistraversal,it is checkedthatthe
syntacticcategory of eachAST nodeis supportedfor ODL eventhierarchydeclarations.In addition
to that,whenevera classdeclarationis encountered,theclassnametogetherwith its ancestorclassis
storedin a tablesothatit canbecheckedwhetherthereexist any classeswhich arenot derivedfrom
BaseEvent.

3.6.3 CodeGeneration

The final stageof the compiler is the codegeneratorthat performsthe actualfile output. The class
hierarchyof thetwo classesCodeGen_Cpp for C++andCodeGen_XML for XML codegeneration
is given in Figure3.16. Both classesarederivedfrom theabstractclassCodeGen thatcontainsthe
generalfunctionalityof acodegeneratorlike, for example,dealingwith theoutputfilesandcompiler
headerstrings.
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CodeGen

CodeGen_Cpp CodeGen_XML

Figure3.16:Classesfor C++andXML CodeGeneration

C++ Stub CodeGeneration

Thecodefor theC++stubcodegenerationis relativelycomplex because,asdescribedin Section2.2.1,
it is necessaryto outputsix C++ headerandimplementationfiles for a singleODL input file. Pref-
erencewasgivento a solutionwhereall theoutputfiles arecreatedin parallelwhile doinga single
traversalof theAST asopposedto a solutionwith severalpasses.Themainreasonfor this decision
is thatserialfile generationwouldhave degradedperformanceandnotnecessarilymadethecompiler
sourcecodeeasierto develop.

Anotherdifficulty with the C++ codegenerationis that it doesnot strictly follow the structure
of theAST. For instance,marshallingandunmarshallingoperatorshave to begeneratedfor all user-
definedODL datatypes,whichmayrequireknowledgethatis not locally availableatthecurrentpoint
of theAST wherethedatatypeis first used.In suchcases,therequireddatamustbepassedalongin
suitablemethodparameterswhile traversingtheAST.

The codegenerationstartswith the output of predefinedheadersfor eachfile. After that, the
AST is traversedandcalls to a numberof generatemethodsaremade. Thesemethodsoutputlines
of C++ stubcodedependingon thekind of thecurrentAST node.For instance,the �����
	���
�������������
methodoutputstheC++ codefor aneventclassdeclarationif thecurrentAST nodeis anODL class
declaration. Somegeneratemethodsoutput code into specificstub files only, as for examplethe
method�����
�������������� �!���"$#�
%&�
"�'(�������)� which producesthecodefor anODL structureandwritesit
into themainheaderfile. Datatypesaregeneratedby ���*���� �!�� methodsthathave switchconstructs
in orderto dealwith all ODL types.

Furthergeneratemethodsareusedto outputcodefor attributes,structures,enumerations,typedef-
initions,constantexpressions,marshallingandunmarshallingoperators,etc.Thecodegenerationfor
nestedstructuresinvolvesrecursive callswithin generatefunctions.Methodparametersaresupplied
to theserecursivecallsthatstoreinformationaboutthecurrentlevel of nestingsothatnamesof inner
structures8 arecorrectlygenerated.Thesamemechanismis usedto ensurethecorrectindentationof
nestinglevels.

8like for example +�,&-&.0/&10-�/0,*20-�3035476�6�.�/&1�-�/0,*20-�3�35476�6�.�/08&9�:0-;10-0/0,�2)-
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XML SchemaCodeGeneration

TheXML Codegeneratoroutputsa singlefile thatdirectly mirrors thestructureof theAST. There-
fore,theimplementationof theXML codegenerationwaseasierthanof theC++one,asanAST node
oftendirectlycorrespondsto anXML construct.TheXML tokenoutputis doneby thelibxml library,
thatgeneratesanXML parsetreeby makingcallsto appropriatemethods.If theXML codegenerator
encountersanAST nodethatcannotbeexpressedin XML Schema,a warningmessageis displayed,
andthenodeis simplyskipped.

The main work is donein the
�+Ó�Ô õ ×�è+Ó ó ç�ç�ç�ø

method. This methodlooks at the currentAST
nodeanddependingon its syntacticcategory, theappropriateoutputmethodsfrom the libxml library
arecalled. Theseoutputmethodsbuild an XML parsetreein memoryby addingXML tokensand
propertiesinto a treestructuresothattheODL < XML mappingasdescribedin Section3.5 is imple-
mented.After theentireAST hasbeentraversed,a call to themethod

ýOØ	é�Î�×�î�Î�=�Ø�Ù
from the libxml

library writestheXML treeinto theoutputfile.

Due to limitations of the libxml library, certainXML keywords like, for instance,DOCTYPE
cannotbe synthesised.In order to obtaina valid XML file, asopposedto only a well-formedone,
thesekeywordshave to beaddedto thefinal XML Schemadeclarationfile beforeit canbeanalysed
by aschema-awareXML parser.

3.6.4 Exceptionssupported by the compiler

A significantnumberof differenterrorconditionscanarisefor which theevent typecompilergener-
atesexceptions.Theseexceptionsareclassifiedasbeingfatal errors, errors, andwarnings, asshown
in Figure3.17. All exceptionsarederived from the Comp_Exception baseclassandarepart of
an exceptionhierarchy. Threespecialisationsfrom the baseclassdenotethe threegeneralkinds of
exceptions:

Comp_Fatal_Exceptions arefatalcompilererrorsthatshouldneveroccurandarecausedby bugs
in thecompiler. They arenormallyraisedby sanitychecksinsidethecompiler.

Comp_Error_Exceptions arecompilererrorsthatarecausedby invalid ODL input andresultin
a failureof thecurrentcompilation.

Comp_Warning_Exceptions arewarningsdisplayedby thecompilerwhich mayresultin incor-
rectcompilationoutputbut areotherwiseignored.

Furthersub-categoriesof exceptionsexist for mostcompilerstagesatwhichexceptionscanarise,
like for examplethesemanticanalysis,XML codegeneration,andIO operations.
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Comp_Exception

Comp_Error_ExceptionComp_Fatal_Exception Comp_Warning_Exception

Sem_Comp_Exception

IO_Comp_Exception

Internal_Comp_Exception XML_Schemal_Comp_Exception
.
.
.

.

.

.

.

.

.

Figure3.17:Hierarchyof Exceptionsraisedby ODL2EventComp
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Chapter 4

Evaluation

Testingduring the developmentphaseandthe evaluationafterwardswerean importantpart of the
project. In accordancewith the original goals,the processof evaluationwascarriedout in several
stagesin which threedifferentcriteriaof thefinal projectresultwereinvestigated:Correctness,Us-
ability andMaintainability. Qualitative evaluationsof thesecriteria aredescribedin the following
sections.

4.1 Corr ectness

Themaingoalwascorrectnessof theprojectwhichmeansthatthegeneratedeventstubcodebehaves
asexpectedfrom the ODL event type declarationwritten by the applicationprogrammer. Rigorous
evaluationprocedureswerenecessaryto ensurethesoundnessof thetransformationsof theODL input
files. Thecomplexity of thecompilerbodyis mainly dueto its sizeof approx.7,800linesof code.

Theindividual componentswereevaluatedby detailedmoduletesting.A specialheaderfile was
written thatallowedthequick insertionof structureddebug print statementswhosebehaviour could
becontrolledby environmentvariables.Moreover, theGNU DebuggerGDB wasusedto searchfor
bugsin thesourcecodeandit turnedout to bea veryvaluabletool.

In order to ensurethe correctnessof the entireproject,semanticallyvalid mappingsfrom ODL
to C++ stubcodeanda correctlyworking eventtypecompilerthat implementsthesemappings,were
required.Both of thesetwo aspectswereevaluatedwith two EventApplicationScenarios, which are
informal descriptionsof possiblescenariosin which a distributedeventarchitecturemaybeapplica-
ble. Thetwo scenarioswerecarefullydefinedincludingall therequiredmappingsandoutputfiles to
beproducedby theevent typecompiler. It mustbestressedthat this wasdonebeforetheactualim-
plementationof thecompilertook place.After that,theoutputfrom thecompilercouldbecompared
with this idealhand-codedoutputandmodifiedwhennecessary.

37
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4.2 Event Application Scenarios

The two Event Application Scenariosarecarefully definedmodelusecasesthat representpossible
applicationsof adistributedeventarchitecture.Their definitionsconsistof an informal descriptionof
the applicationtask,a formal ODL declaration of theeventsandthe necessaryC++ andXML stub
codeusablewithin theprogrammingmodeldescribedin thisproject.Thefirstscenariois rathersimple
andemploysonly a subsetof all available ODL featuresfor event classdeclarations,whereasthe
secondscenarioattemptsto encompasstheentirespectrumof ODL eventdefinitions.Both scenarios
makestronguseof inheritanceanda varietyof differentdatatypes.After thecompilerhasgenerated
the C++ stubcodefor a scenario,it shouldbe possibleto createa testapplicationwithin a dummy
applicationframework, asdescribedin Section4.2.2.

4.2.1 Application Scenario1 (Simple)

Inf ormal Description: Thefirst scenariorequirestheapplicationprogrammerto designandbuild a
systemto locatepeoplewithin andarounda building. Peoplewearsmallelectronicbadgesin
their pocketsthat arecapableof communicatingwith severalbasestationsvia a radio signal.
Thesebadgeshavesensorsonthemthatrecogniseif apersonentersor leavesaparticularroom.
Whena personis outsidethe building, a built-in GPSreceiver insidethe badgecanfind out
abouttheexactpositionof thebadgeandtransfersthis informationto oneof thebasestations.

Thetaskis to engineerandbuilt adistributedeventsystemthatmanagesanentirebuilding with
several basestationsanda numberof peoplewearingelectronicbadges.The systemshould
be ableto trackevery personandto notify interestedpartiesaboutpeopleenteringor leaving
certainrooms.

ODL Declaration: TheFigure4.1showsadiagramof theclassesin theODL eventclassdeclaration
file for thisapplication.A generalLocationEvent hasbeenderivedfrom theBaseEvent class
thatrepresentsaneventgeneratedby a badgeannouncingits currentlocation.Two specialised
event types,namelyRoomEvent andGPSEvent, denotea sensorevent insidea room anda
GPSlocationoutsidethebuilding, respectively. ThetwoeventsEntranceEvent andExitEvent
aregeneratedby a personenteringor leaving a room.

TheentireODL file, whosenameis AppScen1.odl, canbefoundin AppendixD. A varietyof
differentODL constructsis usedin thisfile andthusmustbecorrectlytransformedby theevent
typecompiler.

C++ and XML Stub Code: The C++ and XML stub code to be generatedfrom the ODL input
file canbe found in AppendixD aswell. It consistsof six C++ files, namelyAppScen1.h,
AppScen1.cc, AppScen1_Src.h, AppScen1_Src.cc, AppScen1_Snk.h andAppScen1_-
Snk.cc whicharetheheaderandstubfilesfor theeventsinksandtheeventsources.In addition,
thefile AppScen1.xsd containstheXML Schemarepresentationof theeventdeclarations.In
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BaseEvent

LocationEvent

EntranceEvent

GPSEvent

ExitEvent

RoomEvent

Figure4.1: ODL ClassesandInheritanceRelationsfor ApplicationScenario1

thisexample,theeventsourcesaretheelectronicbadgesthatproduceevents,whereassinkscan
registertheir interestin thelocationof certainpersons.

Thedescriptionof thesecond,morecomplex ApplicationScenariotogetherwith adiagramshow-
ing its inheritancehierarchycanbefoundin AppendixF.

4.2.2 Application ScenarioTesting

Theapplicationscenarioswereusedto testandevaluatethecorrectnessof theentireevent typecom-
piler aftersystemintegration.A largenumberof problemsandfaultswereidentifiedwith thehelpof
thesetwo applicationscenarios.

The processof testingthe applicationscenarioswasautomatedby the meansof Makefilesthat
initiatedthebuild anexampleclient/serverapplicationwhich incorporatedthestubcodefiles created
by theevent typecompiler. Erroneousstubcodeoutputfrom theevent typecompilercould immedi-
atelymakethis compilationfail. Thecorrectbehaviour of theentireeventapplicationwastestedby
a dummyapplicationframework consistingof aneventsourceandaneventsink. Thesefiles canbe
foundin AppendixE.

The following Figure4.2.2is a screenshotof the outputgeneratedby an exampleeventsource
andsink thatexchangetheeventsdefinedin thefirst applicationscenario.Theeventsourceoutputon
theleft-handsideis shown in parallelwith thecorrespondingeventsinkoutputon theright-handside
sothatsimultaneouseventssharethesameline in thescreenshot.

TheEventSourcestartsits initialisationby creatinganEventSource objectandfiveeventobjects
of thetypesBaseEvent, GPSEvent, RoomEvent, EntranceEvent andExitEvent. All theseevent
objectsareregisteredwith theeventsourcesothateventsinksareallowedto registertheir interestsin
theseevents.After that,theeventsourcesignalsanumberof differentevents.

TheEventSinkcreatesanEventSink object,first, and,then,registersseveraleventobjectswith
theeventsourcein orderto benotifiedof theoccurrenceof theseevents.Theregistrationfor theevent
classEntranceEvent includesa parameterisedfilter so that the attributeperson of this eventmust
equalthestring“Fred”. After this registrationprocess,theeventsinkwaitsfor notifications.
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The first event the event sourcesignalsis an EntranceEvent (with attribute person = ’Fred’).
Thiscausestheeventsinkto receivetwoevents:An eventof typeEntranceEvent becausethecorrect
parameteris passedandanotherof typeRoomEvent becauseof thefeatureof superclassnotification.
Thenext eventsignalledby theeventsource(EntranceEvent with person = ’John’) is not received
by the sink becauseof the filtering expressionfor this event type. The following eventsaredealt
with in a similar manner. Thecolumnfor theeventsink givesa subsetof all theattributesthatwere
receivedwith eachevent.

During the periodof the screenshot,oneHeartbeat event is received by the eventsink. These
eventsaresendautonomouslyby thesourceandprovethattheconnectionbetweenthesinkandsource
is still valid.
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Thecorrespondingapplicationframework for thesecondapplicationscenariocanbefoundin the
two filesTestSourceAP2.cc andTestSinkAP2.cc in AppendixG togetherwith asimilarscreenshot
to thatgivenfor thefirst scenario.

4.3 Usability

As mentionedin the original projectproposal,usability of the object-orientedevent classprogram-
ming modelwasanotherof the major goalsof this project. In this section,I would like to give a
high-level comparisonof thenew programmingmodelwith the onethatwasprovided by theprevi-
ousCOBEA implementationandpoint out theadvantagesof thenew approach.Thecodeexcerptin
Figure4.3showsanold COBEAeventsourcethatcreatesaneventtypeandsignalsit.
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Figure4.3: ExampleEventSourceasimplementedusingtheold COBEAProgrammingModel

Two generalfeaturesof thisprogrammingmodelcanbenoticedfrom thisexample:Firstly, in this
modelit is theduty of theapplicationprogrammerto correctlydo all theinitialisation. Secondly, the
event typesincludingtheir attributesmustbecreatedfrom first principlesandpassedto theCOBEA
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signallingcall. Everythinghasto be donemanuallyby theprogrammer. It is importantto notethat
theexamplecodeonly createsa singleeventtypewith oneattribute.Usingsucha schemefor a large
numberof hierarchicalanddependenteventtypesis veryerror-proneandprobablynot feasible.

In contrastto that,Figure4.4shows thecodeof aneventsourcethatusestheeventprogramming
paradigmthathasbeencreatedby thisproject.It canbeseenthatthiscodeis morecompactandeasier
to understand.All initialisationtasksaredoneautomaticallyby theinstantiationof theEventSource
class.Theaccessof attributesis very intuitivebecausethey aredatafieldsof theeventclassEvent-
Type1. An intuitiveobject-orientedapproachcanbeused.A similar comparisoncanbemadefor an
eventsink which revealsthesameadvantagesof thenew approach.
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Figure4.4: ExampleEventSourceasimplementedusingthenew EventClassProgrammingParadigm

4.4 Maintainability

Using ODL declarationsfor event typesimprovesthe maintainabilityof an event softwareproject.
All the type declarationscanbe kept at a centrallocationandupdatedwhennecessary. The event
type compiler then generatesthe requiredstubcodefor all event sourcesand event sinks that are
partof thedistributedeventapplications.Thechangesto theevent typesareglobally availableto all
programmersanda re-compilationwith thenew stubcodeleadsto anup-to-dateversionof theevent
application. Theadditionof new event typesto an ODL file requiresa re-compilationbut doesnot
breakthecompatibilityof any existing code.

Another reasonwhy maintainability is improved is that all programmershave the sameview
of the event typesthey use. In the old programmingmodel, event sourcesandsinks that wanted
to exchangeeventswere requiredto have the sameknowledgeaboutevent types. However, this
knowledgewas not enforcedby any mechanismso that many difficult to discover bugs could be
introducedby incompatibleeventtypesbeingpassedinsideaneventsystem.
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Chapter 5

Conclusions

This chaptersummariesthefinal projectwork andinvestigatesthelessonsthatwerelearnt. The last
sectiondescribesa numberof sensibleextensionsto theprojectfor thefuture.

5.1 Summary

Theprojecthasresultedin asuccessfulimplementationof aneventtypecompilerfor ODL guidedby
therulesof goodsoftwareengineeringpractice.Thecompilersupportsall therequiredmappingsfrom
ODL to C++stubcodeandXML Schemas.Theoutputof thecompilerwasevaluatedandcorrectness
wasshown with two preciselydefinedApplicationScenariosleadingto astructuredevaluationphase
which focusedon a numberof acceptancecriteria. The existing COBEA systemwasmodified to
introducethe notion of event type hierarchiesandsuperclassregistration. Therefore,it canbe said
thataneasilyapplicableprogrammingframework for distributedeventapplicationshasbeencreated.

All themilestoneslistedin Section2.4 wereachieved,largely asexpected.In comparisonto the
original projectplan,only minor changeswerenecessarybecauseof thebetterunderstandingof the
projectasit progressed.

5.2 LessonsLearnt

A numberof importantlessonswerelearntfrom this project: Firstly, a considerableamountof ex-
periencewasobtainedin dealingwith the COBEA system,the CORBA middleware,all the other
appliedsystemsandlanguages,anddistributedevent systemsin general.The familiarisationphase
wasthereforeanimportantpartof theprojectandtheinitial timewriting dummyapplicationsandtest
codewaswell spentandallowedsmoothimplementationandevaluationphases.

Secondly, thestructuredsoftwareengineeringapproachfor this projectprovedto be highly suc-
cessfulandmademerealisetheimportanceof goodprojectmanagement.Theiterative development
modelwith repeatedrefinementthat wasadoptedfor the designof the mappingswasa very good
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engineeringparadigmfor this kind of work. This facilitatedthe actualimplementationof the event
typecompilerto a largeextent.

Thirdly, it was realisedhow difficult it is to get an initial project proposalright the first time
becauseit hasto bewritten at a stageat which mostfor thefuturework is still very vagueandmany
aspectscannotbepredicted.For example,asmentionedpreviously in Section2.4, it wasdecidedto
abandontheoriginalplanof providing a Javacodegeneratorfor thecompiler. Beforeactuallyhaving
implementedthe C++ codegenerator, it wasdifficult to estimatethe amountof work necessaryfor
anotherlanguagemappingwith codegeneration.

5.3 PossibleExtensions

This project allows a large numberof interestingextensions. The whole areaof distributedevent
systemsis still evolving sothatmany differentideashave yet to beexplored.

The currentCOBEA implementationsupportsevent mediatorswhich are entities in the event
systemthat relayeventsfrom sourcesto sinksandregistrationsfrom sinksto sources.This allows a
furtherseparationof eventproducersandconsumersbecausetheentiremanagementtaskis performed
by themediator. In itscurrentversion,theeventtypecompilerdoesnotsupporteventmediators.How-
ever, it shouldberelatively straight-forwardto addmediatorsupportby providing anEventMediatior
wrapperclass,modifying theevent typecompilerandaddingadequateinterfacemethodsto thestub
codefor eventsourcesandsinks.

The actualCOBEA systemcould be extendedin a numberof ways. For instance,complex pa-

rameterisedfiltering expressionscouldbeallowedsothatit wouldbepossibleto registerfor boolean
expressionsinvolvinganumberof eventattributes.Thisextensionwouldrequireafiltering expression
parseranda changeof the currentsignallingcodeof COBEA andthe stubcodeinterfacemethods.
Anotherconceivableextensionis to useXML asa fundamentalway to expressevent typesandevent
instances.Sucha schemewould integratenicely with event typerepositoriesandinter-domainappli-
cations.Then,dynamiceventtypecheckingby anXML parserwouldbecarriedoutduringrun-time
asopposedto the static type-checkingby the C++ compiler. However, this would requirea major
rewrite of severalCOBEA corecomponents.The final issueI would like to mentionis accesscon-
trol. A mechanismwhereonly certaineventsinksareallowedto registerfor aparticulareventsource
wouldallow theimplementationof real-worldsecuritypolicies.
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Appendix A

Listing of the COBEA classesand
methods

A.1 IDL Definitions in FSrc

i)j�k�l�m	n�o�p	lrq�sHm�put
v�w i�xym�l�z�{�l v l6j*k}| // Registersaneventinterestof a sinkwith thissourcei)jy~�o*�	l�� v l6j*k�s�l�m v l�m������ v l�j�k���l	o�x�l�m�l �

// Eventheaderto beregisteredi)j���k�m�i)j�z�n�i	��k�l�m�{H��lHoHx�l�m��
// Filter header(notused)i)jy�	m w�� l�m	k��*s�l	��l v l6j�k�{�� w x	��� // Attributedatai)j���k�m�i)j�z�n�i	��k�l�m�{H� w x���� // Stringfor parameterisedfilteringi)j���k�m�i)j�z�� w ��k�� // Hostnameto beregisteredi)j���k�m�i)j�z��	l�m v l�m�� // Server nameto beregisteredi)jy~�o*�	l�� v l6j*k�s�l�m v l�m���������m�o�khi w j�x��

// Duration(notused)i)j���k�m�i)j�z�� w s�� // Quality of Servicedata(not used)i)j���k�m�i)j�z���� w � // Accesscontrol(notused)
w ��k�� w j�z���i�x��

// UID usedfor identification
w ��k�� w j�z�l	i�x��

// EID usedfor identificationm�o�i��	l	��|g��l�z�i	��k	m�o�khi w j�q*o*i��	l�x�� // Registrationhasfailed  o¡�l¢ w j�n���i	p�k�� £ // PreviousRegistrationwith samename

v�w i�xyx�l�m�l�z�{�l v l)j�k}| // De-registersapreviouseventinteresti)j���k�m�i)j�z����	l�m��
// Sinknamei)j�� w j�z�l	i�xh�

// EID of registrationm�o�i��	l	��|¥¤���l�m   w k�q w �	j�x�� // Sinknamenot found� v l)j�k   w k	q w ��j�x\�¦£ // Eventnamenot found§ £

A.2 IDL Definitions in Snk

i)j�k�l�m	n�o�p	lys�j�¨©�   w k�i�n��	�	���\�	i��)�ªt
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v�w i�x«j w k�i�n	�}| // Calledto notify sinkof eventoccurrencei)jr� v l)j�k	��l	o�x�l�m�l �
// Eventheaderi)jyo�j��rx�o�k�o��

// Attributedatam�o�i	��l	�¬|   w k�¢ w j�j�l�p�khl�xW�W£ // Calledsinknot registered

v�w i�xrx�i	�	p w j	jWl	pk�{��)j�¨|��W£ // Disconnecta registeredsink§

A.3 Implementation of Event Sourcein FSrc_i

v i�m	k��*o�� v�w i�xrm�l�z�{�l v l�j�k�|�®�®	®N� // Registersaneventinterestof asink with thissourcek���m w �¯|�~�o��	l�� v l�j�k*s�l�m v l�m°�	�±��lz�i���k�m�o�k�i w j*q�o�i	��l�x��
~�o��	l�� v l�j�k*s�l�m v l�m°�	�   o�¡�l	¢ w j�nh�	i�p�k\�W£

v i�m	k��*o�� v�w i�xrx�l�m�l�z�{�l v l�j�k�|�®�®�®N� // De-registersa previouseventinterestk���m w �¯|�~�o��	l�� v l�j�k*s�l�m v l�m°�	�T¤h��l�m   w k	q w ��j�x��
~�o��	l�� v l�j�k*s�l�m v l�m°�	�±� v l)j�k   w k�q w ��j*x��²£

v�w i�x��	i�zHj*o��\|
// Signalsaneventoccurenceto all registeredeventsinks~�o���l�� v l)j�k�s�l�m v lm����T� v l�j�k���lHoHx�l�m�³�l �

// Eventheaderp w jh��ky~�o��	l�� v l)j*k�s�l�m v l�m����T��m w�� l�m	k���s�l�	³ � m w �W£ // Attributedata

v�w i�x«j�l���{�l v l�j�k�| // Registersnew eventtypewith eventsourcep w jh��k�p6�*o�m�´�l v {�k�� � l�� // Stringnameof eventtypek���m w �µ|Fp)�*o�m�´��W£

v�w i�xrx�l	��l�k�l{�l v l)j*k�| // Deletespreviously registeredeventtypep w jh��k�p6�*o�m�´�l v {�k�� � l�� // Stringnameof eventtypek���m w �µ|Fp)�*o�m�´��W£

A.4 Implementation of Event Sink in Snk_i

v i�m	k��*o�� v�w i�x«j w k�i�n	�}|h®	®�®X� // Calledto notify sinkof eventoccurrencek���m w �}|g~�o��	l�� v l)j*k�s�l�m v l�m����   w k*¢ w j	jWl	p�k�lxh� £

v i�m	k��*o�� v�w i�xrx�i��	p w j	jWl	p�k�{��)j�¨�|��W£ // Disconnectsa registeredsink



Appendix B

Unsupported ODL Keywords

Nameof ODL Keyword Functionof keyword

extent Specifiesthesetall of instancesof a typewithin a database
key Defineskey to accessobjectsin database
keys sameaskey
module Startsamoduledeclaration
interface Startsaninterfacedeclaration
bag Datastructureof unorderedobjectsthatmaycontainduplicates
union Uniondatastructure
switch usedfor unions
case usedfor unions
default usedfor unions
readonly readonlyattributesimilar to constant
relationship Definesrelationshipsbetweenobjectsin database
inverse Definesinverserelationshipsbetweenobjectsin database
exception Definesanexception
oneway Definesanonewaymethodparameter
void Definesanemptymethodreturntype
in Definesaninput methodparameter
out Definesanoutputmethodparameter
inout Definesaninput/outputmethodparameter
raises Declaresexceptionsraisedby a method
context Database-specificcontext
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Appendix C

XML SchemaDefinitions of the ODL
Data Typesand BaseEvent

¶�·�¸ ¡�� v l�m��	i w jª¹�º	» ®±¼�º ·½
¶�¾ �*¿	¢�À	Á������	p6��l)¡*o���¤�~�Â�Ã�¢�º	Ä�Å	ÅÆ*Ç	¢	ÅH��À���È	É�Ârs�p6��l)¡*o�Ê�l�m���i w j�» ®±¼�Å	Å��   º
ºF��k	k � �±Å	Å����	�°®T��Ç�® w m�z�Å�È	É�Â	Å�Ë�m w � � Åh»�Ì�Ì	Ì�Å	¼�Ì�Å�Í	ÇhÄ ¸ ¡����	p)�Wl)¡�o�Å���k�m��Wp�k���m�l��HÅ���k	m���p�k��*m�l��}®¥x	k�x�º ½

¶ ��p)��l)¡*o ½

¶�¾ Ä	Ä2É�o ��� i)j�z w n�¿��*Â«x�oHk�o«k	� � l	��Ä�Ä ½

¶ x�o�k�o�k	� � l«j*o¡�lÎ¹�º)x�{	Â w j�zWº�� w ��m�p�lu¹�º�i)j�k�l�z�l�m�º ½
¶ ¡�i6j\ÃFj�p	������i v l v o��)��lr¹ÐÏNÄ�Í�»6Ñ�Ò�Ñ�Ó�Ç	Ô�Ñ�Ó�ÏgÅ ½
¶ ¡*o ¸ ÃFj�p	������i v l v o��)��lr¹ÐÏÕÍ�Ñ�»�Ò�Ñ�Ó	Ç�Ô�Ñ�Ó�Ï�Å ½

¶ ÅHx�o�k�o�k�� � l ½

¶ x�o�k�o�k	� � l«j*o¡�lÎ¹�º)x�{	s� w m�k�º�� w ��m�p	ly¹�º�i)j�k�l�z�l�mWº ½
¶ ¡�i6j\ÃFj�p	������i v l v o��)��lr¹ÐÏNÄ�Ç	Í�Ò	Ô	Ó�ÏXÅ ½
¶ ¡*o ¸ ÃFj�p	������i v l v o��)��lr¹ÐÏÕÇ	Í	Ò�Ô	Ó�ÏÕÅ ½

¶ ÅHx�o�k�o�k�� � l ½

¶ x�o�k�o�k	� � l«j*o¡�lÎ¹�º)x�{�¤�Â w j�z�º�� w ��m�p	ly¹�ºFj w j\Ä'j�l�z�o�k�i v l*ÄHi�j�khl�zhl�mWº ½
¶ ¡*o ¸ ÃFj�p	������i v l v o��)��lr¹ÐÏ±Ñ�Í	ÌHÑ�Ì	Ô	Ò�Í	Ì�Ö�Ï�Å ½

¶ ÅHx�o�k�o�k�� � l ½

¶ x�o�k�o�k	� � l«j*o¡�lÎ¹�º)x�{�¤�s�� w m	k\º�� w ��m�p	lr¹�ºFj w jWÄFj�l�z�o�khi v l�Ä	i)j�k�l�z�l�m�º ½
¶ ¡*o ¸ ÃFj�p	������i v l v o��)��lr¹ÐÏÕÔ	Ö	Ö�Ç	Ö�ÏÕÅ ½

¶ ÅHx�o�k�o�k�� � l ½

¶ x�o�k�o�k	� � l«j*o¡�lÎ¹�º)x�{�q�� w o�k�º�� w ��m�p	ly¹�º)n�� w oHk�º�Å ½
¶ x�o�k�o�k	� � l«j*o¡�lÎ¹�º)x�{�� w �	�W�	l*º�� w ��m�p	lr¹�º)x w �����	l�º�Å ½
¶ x�o�k�o�k	� � l«j*o¡�lÎ¹�º)x�{�~ w	w ��lo�jWº�� w ��m�p�ly¹yº'� w	w �	l�o�j\º�Å ½
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¶ x�o�k�o�k	� � l«j*o¡�lu¹�º)x�{	¿�p�k�l�k\º�� w ��m�p	lr¹�ºF��i)j*oHm	��º ½
¶ �	l6j�z	k�� v o*�)��lr¹×ÏgÓ�ÏÕÅ ½
¶ l)jhp w x�i�j�z v o��6��lu¹ÐÏT�hl ¸ ÏÕÅ ½

¶ ÅHx�o�k�o�k�� � l ½

¶ x�o�k�o�k	� � l«j*o¡�lu¹�º)x�{	¢��*o�mhº�� w ��m�p�lu¹�º���k�m�i)j�zWº ½
¶ �	l6j�z	k�� v o*�)��lr¹×ÏF»WÏÕÅ ½

¶ ÅHx�o�k�o�k�� � l ½

¶ x�o�k�o�k	� � l«j*o¡�lu¹�º)x�{	s�k	m�i6j*z�º�� w ��m�p	lr¹�º���k	m�i)j�zWº�Å ½
¶ x�o�k�o�k	� � l«j*o¡�lu¹�º)x�{��*o�k�l�º�� w ��m�p�lu¹�º)x�oHk�l�º�Å ½
¶ x�o�k�o�k	� � l«j*o¡�lu¹�º)x�{�À�i)¡�l�º�� w ��m�p�lu¹�º)k�i6¡�l�º�Å ½
¶ x�o�k�o�k	� � l«j*o¡�lu¹�º)x�{�À�i)¡�l��k�oH¡ � º�� w ��m�p	lu¹�º)k�i)¡�l�ÃFjh�k�oHj�kWº�Å ½
¶ x�o�k�o�k	� � l«j*o¡�lu¹�º)x�{�ÃFj�k�l�m v o���º�� w ��m�p	lr¹�º)k�i)¡�l6�	�*m�o	k�i w j º�Å ½

¶�¾ Ä	Ä2�hl�n�i)j�i�k�i w j w nr~�o���l�� v l)j�k�o�j�x«��l�o�m	k���l	o�k×Ä	Ä ½

¶ l��	l)¡�l)j�k�j*o�¡hlÎ¹�º)~�o��	l�� v l6j*k�º ½
¶ k	� � l ½
¶ l	�	l6¡�l)j�k�j*o�¡�lÎ¹�º�i�x�º`k�� � lÎ¹�º)x�{�Â w j�z�º�Å ½
¶ l	�	l6¡�l)j�k�j*o�¡�lÎ¹�º � m�i w m�i�k	�Wº«k	� � l«¹yº6x�{	s�� w m	k\º�Å ½
¶ l	�	l6¡�l)j�k�j*o�¡�lÎ¹�º�� w ��m�p	l�º«k	� � lÎ¹�º)x�{	s�k�m�i)j�z�ºÅ ½
¶ l	�	l6¡�l)j�k�j*o�¡�lÎ¹�º���i�z�j*o��	{�khi)¡Wl�º«k	� � l«¹yº6x�{�À�i)¡hl���k�o�¡ � º�Å ½

¶ Å�k�� � l ½
¶ Å*l	�	l)¡�l�j�k ½

¶ l��	l)¡�l)j�k�j*o�¡hlÎ¹�º)��lo�m�k��\l�o	k�º ½
¶ k	� � l ½
¶ l	�	l6¡�l)j�k�j*o�¡�lÎ¹�º�i6j�k�l�m v o���º«k	� � l«¹yº6x�{	Â w j�z�ºÅ ½

¶ Å�k�� � l ½
¶ Å*l	�	l)¡�l�j�k ½
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An ExampleCOBEA Application —
Scenario1
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Appendix F

An ExampleCOBEA Application —
Scenario2

F.1 Description of the Scenario

Inf ormal Description: Thesecondapplicationscenariodealswith asurveillancesystemthatis com-
posedof a numberof sensors.Thesesensorsaredistributedarounda building andcansend
messagesto basestations.Dif ferenttypesof sensorsareused,namelymagnetic,optical and
electronicsensors.Thepurposeof thesensorsystemis to detectintrudersandto passmeasure-
mentdataonto themainsystemfor processing.Dif ferenttypesof datais measuredby different
sensors.Whenintrudersaredetected,additionalinformationaboutthemis availablethatneeds
to betransferedto themainsystem,aswell.

The taskis to designa systemthat controlsall the sensorsandis ableto reactquickly to the
presenceof intruders.All the measureddatashall be correctlytransferedfrom the sensorsto
themainsystem.

ODL Declaration: The event classesthat can be usedto implementthis applicationscenarioare
shown in FigureF.1. All the eventsusedin this examplearegeneratedby sensorsandthus
derivedfrom a generalSensorEvent. This typecontainsthe time stampof the measurement
and the kind of sensorthat performedit. Threeeventsare derived from the SensorEvent:
AlarmEvent signalsthedetectionof intrudersandcontainsaseriesof nestedstructuresto store
data.Thetwo eventsInfoEvent_A andInfoEvent_B aredifferentinformationalsensorevents
that canbe distinguishedby constantattributes. They carry a setof integer or floating-point
data.

TheentireODL declarationof thefile AppScen2.odl is listedin thefollowing Section.It can
beseenthatthisapplicationscenariois morecomplex thanthefirst onebecauseof theusageof
nestedstructures,enumerations,constants,typedefinitionsandexpressions.

C++ and XML Stub Code: Thestubcodefor this scenariois written into sevenfiles whosenames
begin with AppScen2. EspeciallytheC++ stubcodeis muchmorecomplex thanthecodefor
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BaseEvent

SensorEvent

AlarmEvent InfoEvent_A InfoEvent_B

FigureF.1: ODL ClassesandInheritanceRelationsfor ApplicationScenario2

thefirst scenariobecauseseveralmarshallingoperatorsfor theuser-defineddatastructureshave
to besynthesisedby theeventtypecompiler. Partly becauseof this additionalcomplexity, it is
not possibleto equivalentlyexpresstheoutputin XML Schema.This meansthat thecompiler
issuesseveralwarningmessageswhengeneratingtheXML outputwhich is theninvalid.

F.2 AppScen2.odl
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Appendix G

Dummy Application Framework —
Scenario2

G.1 TestSourceAP2.cc
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G.3 Screenshotof Application Scenario2
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Appendix H

Part II Project Proposal

Intr oduction

TheOperaresearchgroupin thecomputerlab hasdevelopedaneventarchitecturewithin anobject-
orienteddistributedprogramming(OODP)environmentbasedon CORBA. It is calledCOBEA1 and
allowstheusageof eventsfor building largescaledistributedapplications.

This architecturebaseson thepublish-register-notify paradigmsoqthatclientsthatareinterested
in a specificclassof eventscanregisterandarenotifiedof any occurrenceof theseeventsby servers.
At themomenteventsareonly implicitly specified.Clientsusea library asa low-level interfaceto an
eventserver sothatthey canregisterandderegistertheir interests.

However, it would be desirableto useODL2 specifiedby the ODMG3 asan event specification
languagein orderto describeeventsin a standardway. A mappingfrom theseODL eventspecifica-
tionsto Java andC++ codewould allow eventsto beimplementedasobjectswith a typeandcertain
attributes.

Description

The ODL Stub Generator

The main aim of this project is to develop an ODL event type compiler that outputsstub codein
C++ or Java. This requiresthe designof a mappingfrom event typesto ODL. Clientscan then
use the stub methodsgeneratedby the compiler as an interfaceto the event server, for example,
to register/deregistercall-backmethodsfor event notification. This would facilitate the processof
applicationand server developmentand give supportfor strong-typing. Furthermore,application
developerswould not needto marshalandunmarshaleventsthemselves. They could work on the

1COrba-BasedEventArchitecture
2ObjectDefinitionLanguage
3ObjectDataManagementGroup
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ODL mappingof theeventsandhave aconsistentAPI to use.Thestubcodewould interfacewith the
lower-level library.

ThefigureH.1 givesasimplifiedview of theresultingarchitectureof theeventsystem.

CORBA −  Middleware

ODL mapping ODL mapping

Client Server

Internal Format
Event Sink

Internal Format
Event Source

FigureH.1: TheEventSystemArchitecture

Theevent typecompilertakesan ODL event typedefinitionasinput andgeneratesstubcodein
JavaandC++. It consistsof thestandardcompilerphasesasshown in figureH.2. Thecodegeneration
phaseof theeventtypecompilercanbeimplementedasa plug-in modulesothatbothC++ andJava
stubcodecanbegenerated.

Thecompilerwill beimplementedin C++. Theprocessof implementingthelexerandparserwill
besimplifiedby usingtheUnix toolslex andyacc. Appropriatedatastructuresfor storingtheabstract
syntaxtreegeneratedby theparserhave to bedesigned.

Thestubcodethathasbeengeneratedis theinterfaceusedby clientsandserversto communicate
with theeventsystem.It mustincludefacilities for registrationandderegistrationof eventinterestsof
clientsanda wayto notify abouttheoccurrenceof events.

Lexer Parser CodeGen

C++

Java

ODL

XML Event Type 
Specification

Abstract
Syntax

T ree

Stub
code

FigureH.2: TheODL StubGenerator
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Registration of event superclasses

Moreover, a schemeshouldbe implementedwhereit is possiblefor clientsto registeraneventwith
its superclassandthenbenotifiedaboutany subclasseventsof thatsuperclass.Themainadvantage
of thiswouldbethepossibilityof applicationsto registera generalevent if all possiblederivativesof
thiseventareof interestto theapplication.

Generation of ParsedEvent TypeDefinitions

If the event systemis usedin connectionwith an event type repositoryor with cross-domainappli-
cations,parsedevent typedefinitionswill be required.Suchevent typedefinitionscanbe produced
by the stubgeneratorduring thecodegenerationphaseandoutputasan XML4 file. A suitablefor-
mathasto bedesignedso that thetypedefinitionscanbe importedinto a typerepositoryor usedby
applicationsthatcrossdomainboundariesto queryeventtypes.

PossibleExtensions

This sectioncontainstwo sensibleextensionsof themainprojectideaasdescribedabove. Thedeci-
sionwhich of theseextensionswill beincludedinto theprojectwill bedoneata laterprojectstageas
indicatedin theprojectschedule.

Parser for Event Filtering Expressions

Clients that register their interestin particulareventscanuseeventfiltering expressionsin order to
receive eventsconstrainedby certainparameters.For this it would be necessaryto write a simple
parserfor eventfiltering expressionswhichwouldbeusedduringtheregistrationof clients. It parses
the event filtering expressionso that it can be determinedwhetheran event is of interestand the
correspondingapplicationneedsto benotified.This would involvethemodificationof currentcode.

Interfaces for Event AccessControl

A further extensionwould be the definition of suitableinterfacesin the stubcodethat canbe used
for an accesscontrol scheme. This would allow the associationof certainaccessrestrictionswith
particulareventssothatonly certainclientsareallowedto registerfor theseevents.

Work to beundertaken

² Literaturestudyandinitial preparation.(CORBA, ODL, IDL, COBEA)

4eXtensibleMarkupLanguage
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² A suitablemappingof event typesto ODL hasto be investigated.For example,this involves
thespecificationof aneventbaseclass.

² Thestubcodethatis to beproducedby theeventtypecompilerout of anODL eventdefinition
hasto bedefinedandhand-coded.

² A simpleclientandserverapplicationhasto bebuilt thatcanbeusedfor testingandevaluation
of thewholeeventsystem.

² A lexer andparserfor theODL eventdefinitionsis requiredwhich outputsan abstractsyntax
treeneededfor codegeneration.

² A codegeneratoris requiredthattransformstheparsetreeinto C++ or Javastubcode.

² A suitableformat for the XML event type specificationshasto be designed.This involvesa
mappingfrom ODL to XML.

² A codegeneratoris requiredthattransformstheparsetreeinto XML eventtypedefinitions.

² Dependingon theprogressof theprojectoneof thepossibleextensionscanbeimplemented.

Starting Point

Programming Languages

I havea goodknowledgeof Javabecauseof thegroupprojectdonelastyear.

In additionto that I have knowledgeof C++ althoughI have never codeda largerprojectin this
language.

Theusageof thecompilertoolslex andyaccis familiar to mebecauseof the“CompilerConstruc-
tion” lecturecourse.

Middlewar e– CORBA – COBEA

Although I am familiar with the basicconceptsof MiddlewareandCORBA becauseof the “Con-
currentSystems”lecturecourse,it will benecessaryfor meto spenda considerableamountof time
to understandand learn the detailedusageof CORBA in distributedapplications. In particular, I
will have to familiarizemyselfwith IDL andODL andit will benecessaryfor meto understandthe
structure,designandimplementationof COBEA.

Timetable

The following timetablegives the overall schedulefor the project. It is subdivided into working
packages,eacha fortnight long.
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11. October– 24. October MichaelmasTerm
First projectidea
Contactingsupervisor
Writing ProjectProposal

Milestones: ProjectProposalwith timetable
Submissionof ProjectProposal
Approval fromOverseers

25. October– 7. November
Readingliterature
Introductionto CORBA & IDL
Introductionto ODL
Introductionto COBEA
PreparationandSetupof collegecomputer
Studyof thecurrentEventSystem

Milestones: Productionof a modelCORBA application

8. November– 21. November
Initial versionof theeventtype³ ODL mapping
Initial versionof hand-codedstubs
Implementationof thedemoclient-serverapplication

Milestones: First draft of event³ ODL mapping
First draft of ODL ³ C++/Javamapping

22. November– 5. December
Refinementof ODL eventdefinitions
Refinementof hand-codedstubs
Revision on theusageof lex & yacc
Implementationof Lexer & Parserfor ODL

Milestones: Final versionof ODL eventdefinitions
Final versionof hand-codedstubcode
WorkingLexer andParserfor ODL

6. December– 16. January Christmas Vacation (usedfor revision)

17. January– 23. January Lent Term
Implementationof C++/Javacodegenerator
TestingandEvaluationof codegeneration

Milestones: Workingversionof codegenerator

24. January– 30. January
Definition of ODL³ XML mapping
Implementationof XML codegenerator
Writing of ProgressReport

Milestones: Submissionof ProgressReport

4. February ProgressReport SubmissionDeadline
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31. January– 13. February
Continuousimprovementof codegeneration
Decisionaboutpossibleextension
Implementationof extension

Milestones: Decisionaboutextension
Final versionof stubcodegenerator

14. February– 27. February
Writing IntroductionandPreparationChapters

Milestones: First part of Dissertationwritten

28. February– 12. March
Writing ImplementationandEvaluationChapters

Milestones: Secondpart of Dissertationwritten
First draft of Dissertationcompleted

13. March– 23. April EasterVacation (usedfor examrevision)

24. April – 7. May EasterTerm
Submissionof Dissertationto supervisor
Feedbackfrom supervisor
Preparationof diagrams
Preparationof appendices
Proof-readingof Dissertation

Milestones: Final versionof Dissertation

8. May – 19. May
Smallchangesandadditions
Final review of Dissertation
Submissionof Dissertation

Milestones: Submissionof Dissertation

19. May DissertationSubmissionDeadline

SpecialResources

Themain developmentwill be doneon my own computerin College. Thenecessarysoftwaretools
for thedevelopmentwork will beinstalledon it. It is moreover possibleto run a local versionof the
eventsystemonthis machine.

The usedcomputerrunsLinux OS andusesa streamerasa backupfacility. Moreover, regular
backupsto thePelicanArchiveServiceprovidedby theComputingServicewill bedone.

At a furtherstageof theprojectandparticularlyduringtestingI will useOpera’s linux machines
on whichanaccountand25 MB of discspacewill beprovidedfor thisproject.
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Supervisor

Walt Yao(Walt.Yao@cl.cam.ac.uk),PhDstudentin theOperagroup,will besupervisingthisproject.
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