Peter R. Pietzuch

An Event Type Compiler
for ODL

ComputerSciencerlripos, Part |

Girton College
2000






Pro forma

Name PeterR. Pietzuch

College GirtonCollege

ProjectTitle An EventType Compilerfor ODL
Examination Partll ComputerSciencelripos,2000
Word Count 11,550

ProjectOriginator Dr. ChaoyingMa
ProjectSupervisor Mr. Walt Yao

Original Aims of the Project

Theoriginal goal of this projectwasto extendthe existing implementatiorof the Corba-Basedtvent
Architecture(COBEA) with supportfor object-orientedevent type classesand statictype-checking
of events. Application programmershouldbe ableto usethe ObjectDefinition LanguaggODL) to
describeeventtype hierarchieswhich arethentransformednto C++ stubcodeby the meansof an
eventtype compiler Moreover, it shouldbe possibleto transformtheseODL eventclassdeclarations
into a programminganguagdandependentepresentatioby usingthe eXtensibleMarkup Language
(XML).

Work Completed

The design,implementatiorand evaluationof an event type compilerwas successfullycarriedout.

The compiler transformsODL event type descriptionsinto C++ stub codethat is usablewith the
COBEA system.Comple eventtype hierarchiescanbe easilyexpressedn ODL, giving the event
applicationprogrammerman intuitive programmingmodel to use,combinedwith the advantagesof

type-checking.The currentimplementatiorof COBEA wasalteredin orderto supportthe ideaof a
hierarchicaktructurebetweereventtypes.In additionto that, XML outputof theeventtypehierarchy
canbegenerated.

SpecialDifficulties

None.



Declaration of Originality

I, PeterPietzuchof Girton College, beinga candidatefor Part Il of the ComputerScienceTripos,
herebydeclarethatthis dissertatiorandthework describedn it aremy own work, unaidedexceptas
may be specifiedbelon, andthatthe dissertatiordoesnot containmaterialthathasalreadybeenused
to ary substantiabxtentfor acomparablgurpose.

Signed

Date



Contents

Intr oduction

1.1 EventTypeHierarchiesn DistributedEventArchitectures . . . . . . ... ... ..

1.2 COBEA— A DistributedEventArchitecture . . . . . . ... ... ... ......

1.3 Motivationfor theProject. . . . . . . . . .. ...
1.3.1 StaticType-CheckindorEvents. . . . . .. ... ..............
1.3.2 Supportfor Event-TypeHierarchies. . . . . . ... ... ... ......
1.3.3 XML Outputof EventTypeDeclarations . . . . ... ... .........

Preparation

2.1 ImplementatiorPrerequisites . . . . . . . . . ...
2.1.1 C++andtheDevelopmentErvironment. . . . . .. ... ... ... ....
2.1.2 CORBA — CommonObjectRequesBrokerArchitecture . . . . . ... ..
2.1.3 COBEA— CORBA-BasedEventArchitecture . . . . ... ... ......
2.1.4 ODL — ObjectDefinitionLanguage . . . . . ... ... ... ... ....
2.1.5 XML Schema— eXtensibleMarkupLanguage. . . . . ... ... ... ..
2.1.6 libxml—An XML library . . . . ... .. ... ..

2.2 Requirement®nalysis . . . . . . . . .
2.2.1 TheEventTypeCompiler . . . . . . . . . ... .. . ...
2.2.2 WrapperClassegor COBEA . . . . . . ... ... . . . ... ... ....

2.3 AcceptanceCriteria . . . . . ...

2.4 ProjectMilestones . . . . . . ..

Implementation

3.1 Designof theEventType—»ODL Mapping. . . . . . . . . oo v v v v v .
3.1.1 BaseEentClass . . . . . . . . . . .. e
3.1.2 HeartheaClass. . . . . . . . . . . . . . e
3.1.3 UserdefinedClasses. . . . . . . .. . . . . e

3.2 Implementatiorof theODL—C++Mapping. . . . . . . . . . ... ... ..

3.3 C++WrapperClassedor COBEA . . . . . . . . . . . . . . . i
3.3.1 TheClassEventSource . . ... ... ... .. . . . . . . . . .. .....
3.3.2 TheClassEventSink . . . . ... ... ... . . . . . . . . . . ... ...

3.4 Designof thegeneratedC++StubCode . . . . . . ... . ... ... ... .....
3.4.1 CommonEventClassDeclaration. . . . ... .. ... ...........

g o~ BN P

© 00 00 N N

10
10
11
11
13
13
14



3.4.2 EVENtSOUICE . . . . . . . . e e
3.43 EventSink . . . ...
3.4.4 Supportfor Superclas®eistration . . . ... ... .. ... ... .....
3.4.5 Marshallingof datatypes. . . . . . . ... .. . ...
3.5 Designof anODL to XML SchemaMapping . . . . . . . . . .. .. .. ..
3.5.1 DataTypes . . . . . . . . e e
3.5.2 StructuresandEnumerations . . . . . ...
3.5.3 LimitationsoftheXML Mapping . . . . . .. ... ... .. ... .....
3.6 ODL2EventComp — TheEventTypeCompiler . . . . . . ... ... .. .. ...
3.6.1 LexingandParsing. . . . .. . ... ... ...
3.6.2 SemanticdAnalysis . . . . . . ...
3.6.3 CodeGeneration. . . . . .. ... .
3.6.4 Exceptionssupportedby thecompiler . . . . . .. ... ... ... .....

Evaluation

4.1 COITECINESS. . . . . e e e e e e e

4.2 EventApplicationScenarios. . . . . . . ...
4.2.1 ApplicationScenaridl (Simple) . . . . . ... ... .o .
4.2.2 ApplicationScenariolTesting. . . . . . . . . . . e

4.3 Usability. . . . . . .

4.4 Maintainability . . . . ...

Conclusions

51 Summary . . . . . . e e
5.2 Lessondearnt . . . . . . . . e e e e e e
5.3 PossibleEEXtensions. . . . . . . . . e

Listing of the COBEA classesaind methods

A.1l IDL Definitionsin FSrc . . . . . . . . e
A.2 IDL Definitionsin Snk . . . . . . ..
A.3 Implementatiorof EventSourcein FSrc_i. . . . . .. ... ... . ..
A.4 Implementatiorof EventSinkinSnk_i . . . .. ... .. ... o oL

Unsupported ODL Keywords
XML SchemabDefinitions of the ODL Data Typesand BaseEvent

An Example COBEA Application — Scenariol

D.1 AppScenl.odl. . . . . . . ...
D.2 AppScenl.h. . . . . . ..
D.3 AppSCeNnl.CC. . . . . . . o e
D.4 AppScenl_Src.h. . . . . . ..
D.5 AppSCEN]_SIC.CC . . . . . . o e e
D.6 AppScenl_Snk.h. . . . . . ...

iv

37
37
38
38
39
42
43

45
45
45
46

49
49
49
50
50

51

52

54
54
55



D.7 AppScenl_Snk.CcC. . .. ... ...
D.8 AppScenl.xsd . . . . . . ...

Dummy Application Framework — Scenariol

E.1 TestSourceAPl.cc. . . . . . . . . . . . . i i
E.2 TestSinkAP1l.cC. . . . . . . . . . i

An Example COBEA Application — Scenario2

F1 DescriptionoftheScenario. . . . . .. .... ... .. .....
F2 AppScen2.odl. . ... ... ... ..

Dummy Application Framework — Scenario2

G.1 TestSourceAP2.cC. . . . . . . o o i i e e e e
G.2 TestSIinkKAP2.cC. . . . . . . . . e
G.3 Screenshodf ApplicationScenaric2. . . . . ... ........

Part Il Project Proposal

63
63
64

67
67
68

70
70
71
72

75



List of Figures

1.1 An EventTypeHierarchyfor aSurwillanceSystem. . . . . ... ... ... .... 2
1.2 TheCOrba-BasedventArchitecture . . . . . . ... . ... ... ... . ..... 3
1.3 Parameterise@EventRagistration. . . . . . . ... ..o 3
1.4 EventAttributeRepresentatiom COBEA . . . . . . . .. ... ... ... ..... 4
2.1 TheEventTypeCompiler. . . . . . . . . . . . . 12
2.2 Mappingsfor C++ StubCodeandXML Output . . . . ... ............. 12
3.1 Thedefinitionof BaseEventinODL . . . . . ... ... ... ........... 15
3.2 TheDefinitionof HeartbeatinODL . . . . . . ... .. ... ... .. ...... 16
3.3 Exampleof auserdefinedODL eventtypeclass. . . . . . . ... ... ... .... 19
3.4 Architecturewith EventWrapperClasses . . . . . . . . . . .. .. . ... . 20
3.5 ClassNamesandinheritanceRelationsof theC++ StubCode . . . . . .. ... .. 21
3.6 ExampleEventType Hierarchywith Superclas®egistration . . . .. ... ... .. 24
3.7 An ExamplelnhertianceSpec for theEventGPSSensor . . . . .. ... ... .. 24
3.8 A Comple Attributeouter for which CustomMarshallingis necessary . . . . . . . 26
3.9 An Exampleof aMarshalledDataTypeasasequencefanys . ... ... ... .. 26
3.10 An XML Scheméaefinitionof anODL eventclass . . . . . . . ... ... ... .. 27
3.11 XML SchemdefinitionfortheODL Typed_Long. . . . . .. ... ... ... .. 28
3.12 XML Schemdefinitionof anODL structure . . . . . . . . ... ... ... .... 29
3.13 XML SchemdefinitionofanODLenum . . . ... .. ... ... ... ..... 29
3.14 InternalDetailsof the EventType CompilerODL2EventComp . . . . .. ... .. 30
3.15 Fragmenof anAST generatedromanODLfile . . ... ... ... ... ... .. 32
3.16 Classegor C++andXML CodeGeneration. . . . . . . . . ... ... .. ..... 33
3.17 Hierarchyof Exceptiongaisedby ODL2EventComp . . . . . . . ... .. ... .. 35
4.1 ODL ClassesndinheritanceRelationsfor ApplicationScenarial . . . . . ... .. 39
4.2 Screershotfrom anEventSourceandSinkin the ApplicationScenarial . . . . . . 41
4.3 ExampleEventSourcewith old COBEAimplementation. . . . . . ... ... ... 42
4.4 ExampleEventSourcewith newv EventClassParadigm . . . . . .. ... ... ... 43
F1 ODL ClassesndInheritanceRelationsfor ApplicationScenarid2 . . . . . .. . .. 68
H.1 TheEventSystemArchitecture. . . . . . . . . . . .. ... ... ... ....... 76
H.2 TheODL StubGenerator. . . . . . . . . . . . . . i ittt 76

Vi



List of Tables

2.1

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9

Main SourceandSinkClasse®f COBEA . . . . . . . . . . . . .. . .. ... 9
ODL Keywordssupportedy theEventTypeCompiler . . . . . .. ... ... ... 17
ODL DataTypessupportedy theEventTypeCompiler . . . . .. . ... ... .. 18
Methodsfor MarshallingandUnmarshallingeventClassAttributes . . . . . . . .. 21
Public Methodssupportedy anEventClassDeclarationfor EventSources. . . . . 22
Public Methodssupportedy anEventClassDeclarationfor EventSinks . . . . . . 23
An ExampleTypeHierarchy Tableasmanagedy COBEA. . . . . . ... ... .. 25
ODL Typessupportedy the XML SchemaMapping . . . . .. ... ... ... .. 28
ODL Typesunsupportedy the XML SchemaJapping. . . . . ... ... ... .. 29
ODL LanguageConstructsunsupportedby the XML SchemaMapping. . . . . . . . 30

Vii



viii



Chapter 1

Intr oduction

This chapterprovides backgroundnformation aboutthe projectandthe motivation behindit. The
first sectiongivesanideaabouteventtype hierarchiesn eventsystems.The secondsectionprovides
abriefintroductionto COBEA, which is the eventarchitecturausedfor this project. Thefinal section
focuseson the motivationof the projectandgivesanoverview of its aims.

1.1 Event Type Hierar chiesin Distrib uted Event Ar chitectures

Thenotionof aneventcanbeusedn anobject-orientedlistributedprogrammingervironmentto build
large-scaleheterogenouapplicationd1]. An eventis definedto beanautonomousndasyntironous
occurrence In atypedeventsystemit usually hasa certaintype associatedvith it that describes
the datathat it is carrying. Wheneer suchan event occursat a particularplacein a distributed
system,it hasto be sendasynchronouslyo all interestedparties. This canbe donetransparentlyto
the applicationprogrammetby an eventarchitecturethat providesan event passingservice. It is an
importantrequiremenbf suchaserviceto beeasyandefficientto use,but alsoto be partof ascalable
frameawork in orderto supportlarge distributedapplications.

Application areadike multimediasystemsmobile systemsandtelecommunicatiorsystemses-
pecially benefitfrom eventcommunicatiorbecausehey inherentlyrely on the notionof autonomous
asynchronousccurrences.For instance,in a mobile system,intelligent agentscan communicate
by passingeventsbetweeneachother Eventsarea good paradigmin this casebecauseagentsare
requiredto interactwith theworld in real-time,andthusgenerateventsin response.

The object-orientecapproachto programming[8] hasmary advantagesand hasthereforebeen
adoptedor distributedsystemswvherever possible.Suchan approactis alsofavourablefor express-
ing the typesof events. A collectionof eventtypescanoften be structurednto aninheritancetype
hierarchy sothatbaseclassesapturethe generalpropertiesof eventsandderived classesllow spe-
cialisationinto particulartypesof events. Figure 1.1 shavs an exampleof an eventtype hierarchy
that could be usedfor a sunweillancesystemthatinvolvesdifferentkinds of sensorsAll eventtypes
arederivedfrom ageneraklassBaseEvent andinherit attributesfrom all their ancestorclassesFor
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instance the classEntranceEvent is a specialisatiorof a RoomEvent sinceit is signalledwhena
personentersa room. Suchan eventtype hierarchyis easyto useby the applicationprogrammer
becausé directly triesto modeltherealworld system.

BaseEvent
LocationEvent SensorEvent
GPSEvent RoomEvent AlarmEvent InfoEvent
A A
BadgeSignalEvent EntranceEvent ExitEvent

Figurel.1: An EventTypeHierarchyfor a SurweillanceSystem

The main part of this projectis aboutproviding meansof specifyingandusing object-oriented
event type hierarchieswith the event architectureCOBEA!. This includesthe modificationof the
existing COBEA systemandthe designandcodingof an eventtypecompilerthatcompilesanevent
hierarchydescriptioninto a representationnderstandablby COBEA andusableby the eventappli-
cationprogrammer

1.2 COBEA — A Distrib uted Event Ar chitecture

The OperaSystemssroupin the Computeraboratoryhasdevelopeda distributedeventarchitecture
called COBEA which is basedon CORBA? asan underlyingmiddlevare. CORBA is an industry
standardor objectdistributionin networks.AlthoughCORBA providesits own eventservicejt lacks
severalimportantfeaturedike parameterisefiltering, fault tolerance accessontroland composite
events.COBEA hasbeenbuilt to addresgheseproblems.

The COBEA systemis animplementatiorof the Cambridgepublish-registernotfy paradigmfor
eventsystemd6]. In this model,the entitiesin anevent systemare classifiednto eventsourcesthat
supply eventsand event sinksthat consumethem. Event sourcespublishthe event typesthat they
arewilling to signal. Then,event sinks canregistertheir interestsin particularevent typeswith an
eventsource.Wheneer an eventoccursat an eventsource all registeredevent sinksarenotified by
the COBEA system(Figure 1.2). In a client/sener model, event sourcescan be viewed asseners
whereasventsinksbehae like clients.

lCOrba-BasedtventArchitecture
2CommonObjectRequesBrokerArchitecture
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Registers
interest for
events

Event Sink Event Source

Notifies of
event
occurrence

Figurel.2: TheCOrba-BasedtventArchitecture

The registrationprocesof COBEA supportgparameterisediltering sothat eventsinkscanreg-
isterfor eventswith particulardatavalues.For example,Figure 1.3 shavs the eventtype GPSEvent
that could be generatedy a GPS recever. It hasthreeattributeswhich definethe location of the
recever while the event was signalled. Parameterisediltering allows a client to be notified only
when particularvaluesof the event are setso that, in this example, it will only receve eventsfor
which x=100. Asterisksdenotea wildcardvalue. Sucha schemeéhasthe advantagehatit is scalable
becausaetworktraffic for eventnotificationis only generatedf aneventsink hasregisteredfor a
particularinstanceof aneventtype thathasoccurred.In otherwords,filtering of eventshappensat
thesource-sidesothatsuperfluousotificationsareavoided.

GPSEent
doublex 100
doubley *
doublez *

Figurel.3: Parameterise@vent Registration

Event sinks and event sourcesare decoupledfrom eachother and communicatevia specified
interfaceghatare provided by an underlyingeventengine However, in a systemwhereeventshave
atypeandaretype-checkedthereneedso be commonknowledgeabouteventtypesbetweenrevent
sourcesandeventsinks. Consequentlyevent sourceshave to provide differentmethodsfor interest
registrationdependingon the eventtype.

3Global PositioningSystem
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1.3 Motivation for the Project

1.3.1 Static Type-Checkingfor Events

In the currentimplementatiorof COBEA every eventtypeis identifiedby a string carryinga unique
eventtypename Theadditionaldataassociateavith the eventis storedin form of attributesin a data
structure,asshown in Figure 1.4. Attribute valuesarerepresentedty a name of type stringanda
value of the CORBA datatype anythatis capableof holding ary possibleIDL* datatype. Several
attributesarecombinednto anIDL sequencstructure.

struct Property {
short 1len;
string name;
any value;
3
typedef sequence<Property> PropertySeq;

Figurel.4: EventAttribute Representatiom the COBEA Systemusingthe Type any

A disadantagenf sucha schemédor eventtyperepresentatiors thatit doesnot allow statictype-
cheding of eventtypes. This is the casebecauseat compile-time all eventtypesappearo have the
sametype to the compiler namelya sequencef type any. However, wheneventsourcesandevent
sinkscommunicatevith eachotherat run-time,they may usedifferentdeclaration®f aneventtype
but usethe sameeventtype name.Consequentlyaneventsink will fail whenextractingthe attribute
valuesfrom a sequencef anys sinceit expectsdifferentvaluetypes. The CORBA systemwill raise
anexceptionif, for example,theapplicationattemptdo extractanintegervaluefrom anany variable
in which astringis actuallystored.

A possiblesolutionto this problemis to enforcethe usageof certaineventtypesfor both event
sinksandevent sources.In mostdistributedapplications the eventsusedby the entire systemwiill
be specifiedduring the designphaseand becomepart of the specificationdocument. Therefore, it
is desirableto taketheseeventtype declamationsandtransformtheminto programmingcodewhich
event applicationscan be linked against. As a result, all event entitiesin the applicationhave a
commonknowledgeaboutthe definedeventtypesandstatictype-checkingcanbe carriedout by the
compiler This projecthasresultedin the developmentof an automatedwvay of transformingevent
typedeclarationsnto C++ stubcodeusinganeventtypecompiler. It is felt thatthis greatlyfacilitates
thedevelopmentof distributedeventapplicationausingthe COBEA system.

4InterfaceDefinition Languagaisedoy CORBA
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1.3.2 Support for Event-Type Hierar chies

A secondcriticism of the currentCOBEA implementationis thatit doesnot supporteventtype hi-
erarchiedike the onementionedpreviously. All eventtypesin COBEA represent flat collectionof
datatypeswhich makest difficult to expresgrelationsbetweerthem.As C++is inherentlyanobject-
orientedprogramminganguageit is desirableto retrofit the supportfor inheritancetype hierarchies
ontop of COBEA.

This hasbeenachiezed by makingthe eventtype compilergenerateC++ classesvhich represent
eventtypes. Theseclassegprovide methoddor interfacingthe underlyingCOBEA systemin a way
thatthe C++ eventtype declarationsretranslatedackinto the simple COBEA eventtyperepresen-
tation. In additionto that,modificationsof the original COBEA systemwerenecessarjo incorporate
thenotion of eventsupetclassnotification.

1.3.3 XML Output of Event Type Declarations

Finally, it is desirableto have arepresentationf eventtype declarationghatis not boundto a single
platform or programminglanguagedike C++. For example,this would allow the storageof event
typesin an eventtyperepositoryat a centrallocation. Clientsandsenersin a distributedheteroge-
nouservironmentcanthenquerythe repositorydynamicallyat run-time,in orderto find out about
eventtypesandusetheseconsistentype declarationgor eventcommunication.This is particularly
importantin inter-domainapplicationsso that clientsand senerscancrossdomain-boundariest-or
this purposethe XML ® Schemd_anguagepeinga new emeging industrystandardyaschoserfor
eventtyperepresentation.

SeXtensibleMarkupLanguage



CHAPTER1. INTRODUCTION



Chapter 2

Preparation

Thepreparatiorchapterconcentratesn thework donebeforetheactualimplementatiorphase Good
softwareengineeringpracticewasoneof the overall aimssothata large amountof preparatorywork
was carriedout. The first sectiondescribesall the standardssoftwaresystemsandlanguageghat
werelearnedandusedfor this project. Carehasbeentakento explain the designdecisionsbehind
the choiceof particularlanguage®r systemsandto shov theamountof knowledgeacquiredfor this
project. After giving this backgroundknowledge the next sectionestablishesherequirementsf the
projectby describingits subcomponentsFollowing that, a list of acceptanceriteriais established
for the evaluationprocessThefinal sectiondetailsthe projectmilestonesusedto assesshe progress
of the project. All this ensuredhatthe implementatiorstagewould go smoothlyandin a coherent,
well-organisednanner

2.1 Implementation Prerequisites

2.1.1 C++ and the DevelopmentEnvironment

C++waschoserasthemainimplementationanguagdor theentireproject. Thiswasmotivatedby the
factthatthe presentmplementatiorof the COBEA systemis writtenin C++andhaving to dealwith a
singlelanguagdor the wholebodyof codewasfelt to makedevelopmenteasier Anotherreasorwas
that C++ allowed a professionabbject-orientedapproactto the whole project. Prior to this project,
I hadno practicalknowledgeof C++ sothata certainamountof time during the preparatiorphase
was spentfamiliarising myselfwith the languageandwriting small sampleproblemsto understand
the usageof templateclassestemplatefriend functionsand pointersto memberfunctions. The C++
book[9] by B. Stroustrupwasa helpful guide,especiallywhendealingwith moreadvancedfeatures
of theC++language.

TheC++ compilerusedwasGCC2.95.2 runningundertheoperatingsystemLinux 2.2.12onmy
privatemachine. The sourcetreeandall otherassociategrojectfiles weremanagedy CVS!. Daily

'ConcurreniersionsSystem
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backupsof the codeand documentatiorrepositorywere automaticallymadeto the PelicanArchive
Serviceby aUnix shellscript. Furtherbackupsveremadewith atapestreamer

2.1.2 CORBA — Common Object RequestBroker Ar chitecture

The CORBA specificatior]7] wasproducedy the OMG? in orderto standardisebject-orientediis-
tributedcomputingin heterogeneousetworks. It allows processeso useremoteobjectsover a net-
work in atransparentvay. A variety of programminganguagesresupported.Theimplementation
of CORBA 2.0usedby COBEAis omniORB2[5] developedatthe AT&T LaboratoriesCambridge.

CORBA relieson IDL 2 which is away of definingthe interfacesbetweerobjectsthatarecalled
remotely IDL providesa certainsetof datatypesanda syntaxfor defininginterfacesconsistingof
methodsignaturesThe CORBA systermknows how to marshabndunmarshathe IDL datatypesand
thereforecanprovide a platform-independerttansportservicefor these.SinceCORBA is language-
independenaswell, mappingsfrom IDL to a variety of programminganguagesare definedin the
CORBA specification. By meansof an IDL compiler an IDL interfacespecificationcan be trans-
formed,for example,into C++ headerclassedor clientsandsenersthatusethisinterface.

It wasanimportanttaskduring the preparatiorphaseto familiarisemyselfwith the basicmech-
anismsof CORBA [10] andthe particularimplementatioromniORB2[5]. In orderto efficiently do
this, acoupleof exampleclient/senerapplicationsveredesignedandtested.| hadto learnthe syntax
andsemanticf IDL andthe notionof anORB?. In particular | would like to mentionthe effort to
understandhe subtletiesnvolvedin dealingwith the generalany datatype whenstoringarraysand
sequencesTheomniORB2mailing list wasa valuablehelpfor this.

2.1.3 COBEA — CORBA-BasedEvent Ar chitecture

A deepandthoroughunderstandingf the currentversionof the COBEA implementatiorwasessen-
tial for the succes®f the project. Unfortunately theredoesnot exist a detaileddocumentatiorf the
sourcecodeso that it was necessaryo infer mostof its functionality by direct analysi§ andfrom
paststudentprojects[3, 4]. However, the codehaschangedconsiderablyover the time sothat past
projectswereonly of limited help. Partsdealingwith parameterisedventfiltering especiallyrequired
adetailedinvestigation My analysigevealeda numberof minor bugsandforcedmeto re-implement
apartof COBEA concernedwith the de-rayistrationof eventtypeswith eventsourcesin thefollow-
ing, | would like to give a shortovervien of the mainfeaturesof the COBEA sourcecodewhich are
necessaryor the understandingf this project.

The COBEA s systencanbedividedinto classegoncernedavith eventsinksandwith eventsources
(Table2.1). Thetwo classed=Src_i andSnk_| implementthe IDL interfacedefinitionsFSrc and

2ObjectManagemenGroup

3InterfaceDefinition Language

4ObjectRequesBroker

5Thanksgoesto W. YaoandDr. Ma for helpingmeevery time thatl seemedo becompletelylostin thecode.
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Snk. Thesourceinterface FSrc, hasthe operationgeg_event anddereg_event for eventregistra-
tion andde-ragistration. The sink interface,Snk, supportsthe operationsotify, which is calledfor

notificationof aneventoccurrencet haspreviously registeredfor, anddisconnect_snk for discon-
nectingasinkfrom asourcevhentheeventsourcestopsgeneratingvents. Theactualimplementation
of theeventsource FSrc_i supportdwo furthermethodspamelysignal for signallinganeventand
new_event whichregistersa new eventtypewith aneventsource subsequentlgllowing eventsinks
to declaretheir interestin this event. A morecompletelisting of the COBEA methodscanbe found

in AppendixA.

| ClassName | Description
IDL Definitions
FSrc Interfacefor aneventsource
Snk Interfacefor aneventsink
EventSource
FSrc_i Implementatiorof eventsourceinterface
Template_Table | Storesregistrationinformationof eventsinks
Priority_q Priority queueusedfor eventnotificationdelivery
EventSink
Snk_i Implementatiorof eventsinkinterface
Call_backs Storescall backfunctionsfor eventnotification

Table2.1: Main SourceandSink Classef COBEA

A problemthat hasto be addressedby a distributed event architecturdike COBEA is network
unreliability. An eventsink mightnotreceve eventnotificationsbecausef a networkcommunication
failure without noticingit. For this reasongventsourcesn COBEA can periodicallysignalspecial
heartbeateventswhich eventsinkscanregisterfor. In caseof a networkproblem,aneventsink will
stopreceving theseheartbeatventsandconsequentlknows thatthe connectiorto the eventsource
hasbeenlost.

2.1.4 ODL — Object Definition Language

ODL is a standardisedvay of describingobjectsin an object-orienteddatabasenvironmentwhich
wasdefinedby the ODMGSE in [2]. Thespecificatiorincludesthe definitionof anobjectmodelthatis
adoptedanda binding from ODL to C++ thatallows the translationof ODL objectdeclarationsnto
C++classeslt hasits own setof ODL datatypesfor type declarationghatencompassdsoth simple
andcomple datatypes.

In this project, eventstype declarationsas processedy the event type compiler are expressed
in ODL. This hasseveral advantages:Firstly, ODL canbe consideredasbeinga supersebf IDL
becausein additionto facilities for specifyingmethodsignatureof IDL (which are not neededn

50bjectDatabas&lanagemenGroup
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eventtype declarations)it allows the declaration®f datamemberdn classeghatcanbe ODL data
types. Secondlyit is possiblethat the eventtype declarationsn ODL canbe directly storedin an
ODMG-compliantdatabasevithout further changeor additions. Finally, ODL provesto be arela-
tively maturestandardvith a flexible collectionof datatypes.During the preparatiorphasetheidea
behindODL andthe syntaxwaslearnedfrom the specificatiordocumentation.

2.1.5 XML Schema— eXtensibleMarkup Language

As previously mentionedthe XML Schemdanguageis usedin this projectto representventtype
declarationsn adifferentway from ODL. XML Schemasireanextensionto theoriginal XML Spec-
ification [11] by the W3C’ andallow theexpressiorof arbitrarily structureddataunderthe constraint
of datatypes. They aredefinedin two specificationspne focusingon the structureof schemag12]
andanotheron the availablesimpleanduserdefineddatatypes[13].

The main reasonfor adoptingXML is thatit is becomingan industry standardfor expressing
structureddata. However, it is importantto stresghat by the time of this project,the XML Schema
Specifications still aworking draft which meanghatcertainaspect®f it areeithercontradictoryor
entirelyunspecified Neverthelessit wassuccessfullyusedto expressat leasta subsebf all possible
eventtypesin XML. The XML outputis createdby the eventtype compilerin additionto the C++
stubcode.

Similarly to ODL, XML Schemasvere completelyunfamiliarto me beforethis project. | had
to studythetwo XML Schemaspecificationsinderstandingf which wasdependenbn the general
XML specificationin [11]. In orderto practicethe creationof XML files, | usedthe ApacheXerces-J
Parsef underJavato checkmy sampleXML files for well-formednessndvalidity, sincethis parser
seemedo be quite maturein its developmentstage.

2.1.6 libxml — An XML library

The C library libxml® providesfunctionsfor parsingandgeneratingKML data. It tries to be com-
pliant with the DOM?© by W3C for representinghe XML parsetree. Callsto this library aremade
for building an XML parsetreefrom eventtype declarationsn memoryandwriting the final XML
Schemado afile. Althoughlibxml is not XML schema-&are,it is possibleto generateXML Schemas
with this library becauseahe syntaxusedby schemass a subsetof the generalXML syntax. Being
still underdevelopment,the library restrictsthe generationof an XML parsetreeto certain XML
constructsonly, which is a problemif for examplewell-formed XML Schemaoutputis necessary
Thelibrary is accompaniethy shortdocumentatiothathelpedmeto learnits usageby studyingthe
examplecodeprovided.

"World Wide Web Consortium

8availablefrom xml.apatie org underthe ApacheSoftwareLicense
%availablefrom wwwxmlsoft.og underthe GNU LesserGeneraPublicLicense
1%DocumentObjectModel
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2.2 RequirementsAnalysis

In this section,l would like to statethe requirementsnadeby the individual partsof the project. It
containsafunctionaldescriptiorof theeventtypecompilerthatwascreatedeforetheimplementation
phaseMoareover, therequirementsf themappingsiefinedn theimplementatiorphasearedescribed.

2.2.1 The Event Type Compiler

The event type compiler shouldtake an ODL input file that containsevent classdeclarationsand
outputC++ stubcodewhich canbe usedwith the COBEA system.Additionally, it shouldgenerate
XML Schemaleclaration®f the eventtypes.Thecompilerfollowsthe standardnulti-stagestructure
for compilers(Figure 2.1). The lexer and parserfor ODL are developedwith the help of the Unix
utilities Flex andBison Becauseéhe compileris supposedo outputboth C++ codeandXML code,
an importantrequirementwasto makethe abstractparsetree languageindependenand allow the
additionof several codegeneratorgo the compiler In otherwords,the compilerback-endgshouldbe
independentrom the codegeneratiorfront-endin orderto increasecodere-usability Theoutputfiles
producedor anODL inputfile namedEvents.odl shouldbe asfollows:

Events.h containsthe C++ eventclassdeclarationgjeneratedrom the ODL declarations All gen-
eratedC++ classesaredirectly or indirectly derived from a baseclasscalled BaseEvent de-
claredin BaseEvent.h andimplementedn BaseEvent.cc. Commonfunctionalityof all event
classess provided by this baseclass.

Events.cc containdmplementatiorcodethatdealswith marshallingandunmarshallingf eventdata
sothatit canbe passean to theunderlyingCOBEA system.

Events_Sk.h containsthe C++ eventclassesisedby eventsources.Theseclassesrederivedfrom
the original classesn Events.h andareextendedwith methoddor signallingevents,etc. The
namingcorventionis the original classnameplus the extension_Src. Applicationswhich are
eventsourcesaresupposedo includethis headeffile.

Events_Sc.cc containsheimplementatiorof the methodsusedby eventsources.

Events_Snk.h containgheC++ eventclassesisedby eventsinks. Theseclassegoriginal classname
plus _Snk) arederived from the original classesn Events.h andareextendedwith methods
for parameterisedegistrationetc. Applicationswhich are eventsinksaresupposedo include

this headeffile.

Events_Snk.cccontaingheimplementatiorof the methodausedby eventsinks.

Events.xsd containghe XML Schemaleclaration®f the ODL eventtypes.
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CodeGen for C++ Stub

C++ Code
ODL —» Lexer Parser CodeGen f XML E
odeGen for vent
» —>»
XML Schema Type Specification
Abstract
Syntax

Tree

Figure2.1: TheEventType Compiler

Mappings for the C++ Stub Code

In orderto achieve the main objective of building the eventtype compiler thework wassubdvided

into thedesignof severalmappings A mappingwasdefinedto beatranslatiorfrom oneform of event
descriptioninto a different,equivalentone.Figure2.2 shavs thethreemappingghatarerequiredfor

thegeneratiorof C++ stubcodefor COBEA applicationdy theeventtypecompilerandthefollowing

list stategheir functionalrequirementsAn iterative designparadigmwasintendedfor the mappings
which meantthat hand-codedversionsof all the files to be automaticallygeneratedy the event
compilerwere created gvaluatedagainsttheserequirementandthe applicationscenarioglescribed
in Section4.2 andrefinedif necessaryThedescriptionof themappingsvaskeptin documentsn the

repositoryin orderto assistthe developmentask.

Mapping Mapping

C++ Stub Code

Mapping

|Event Description

XML Schema

Mapping

Figure2.2: Mappingsfrom EventDescriptiongo final C++ StubCodefor COBEA andXML Output

Event Description — ODL An eventdescriptionis aninformal descriptionof the eventtypein nat-
urallanguagelt containshe mainfeaturesof the eventtypeandis translatednto ODL syntax
that preciselydefinesthe eventtype including all the datatypes. This mappingis usuallyper
formedby the eventapplicationprogrammer

It isthegoalof agoodobject-orientediesigrto structurgheeventtypesinto aninheritanceype
hierarchy Basetypesshouldcapturethe generabehaiour of eventsandshouldbe specialised
into particulareventtypes.All eventtypesshouldshareacommonancestonamedBaseEvent
thatcarriespropertiemeededy all events.

ODL — C++ After that, the ODL specificationof the eventtypesclassegequirestranslationinto
C++classesincethisis thelanguageusedfor programminghe application. The mappingap-
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plied hereshouldbe ODMG-compliantdefinedby the C++ Binding Chapterin [2]. Therefore,
animplementatiorof all the ODL datatypesin C++ preservinghe semanticss needed.This
hasto beverified by dummyapplicationghatusethoseC++ ODL datatypes. The translation
describedy this mappingis performedautomaticallyby the eventtype compiler

C++ — C++ Stub Codefor COBEA Finally, theC++classdefinitionsobtainedromtheODL event
typesmustbeextendedwith methodgor eventregistration,signalling,marshalingf eventdata,
etc. Thesearethe actualinterfacemethods¢o COBEA thatwill be usedby the eventapplica-
tion programmerA suitablesetof interfacemethodsvasdesignedandimplementedaspartof
this projectandthe eventtype compilerautomaticallyincludesthemwhenoutputtingthe final
C++ stubcode. Moreover, it is desirablethat the compileroutputsseparatestubcodefiles for
eventsourcesaindeventsinksbecausef thedifferencesn interfaceandimplementatiormeth-
ods. Themain consideratiorwhendefiningtheinterfaceds thatthey shouldeasilysupportthe
developmentf standardeventapplications.

Mappings for the XML SchemaOutput

The designof a further mappingis necessaryor the XML Schemaoutputof the eventcompileras
denotedn Figure2.2. By applyingthis mapping,the eventcompilertranslategshe ODL eventclass
declarationsnto XML SchemasSimilarly to the ODL to C++ mapping this requiresthe translation
of all ODL datatypesinto XML Schemadatatypes. However, with the mostrecentversionof the
XML SchemaSpecification[12, 13], it is not possibleto entirely presere the meaningof all ODL
event classdeclarations.The main problemis that XML Schemasgio not encompasa methodfor
expressingcollectiondatatypeslike for examplesetsandlists. Therefore XML Schemaldeclarations
currentlyallow only a subsebf all possibleODL type declarations.

2.2.2 Wrapper Classedor COBEA

The COBEA library leaves the applicationprogrammerwith the task of properly initialising the
CORBA systemandpartsof COBEA beforeusingevents.Sincethe C++ stubcodemethodgealisea
certainkind of abstractiorwhich allows fasterapplicationdevelopmentasdescribedn Sectiord.3, it
would be desirablgo provide the samekind of abstractiorwhendealingwith eventsourceandevent
sinksduring the set-upphase.In orderto solve this problem,two C++ wrapperclassesor COBEA
shallbeprovidedcalledEventSource andEventSink. Instance®f thesewo classesepresenévent
sourcesand eventsinks, respectiely, and shall be compatiblewith the C++ event classesandevent
type hierarchieproducedoy the eventtype compiler

2.3 AcceptanceCriteria

During the progressof the implementatiorstage,it is importantto have a methodof ensuringthat
the final systemis in accordancevith the initial designideasto guaranteea professionabpproach.
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Althoughtherequirementgiivenin the previoussectionsareinformal, it wasbelievedthatthey would
prove adequatdor evaluatingsinglesystemcomponentsin additionto that, the overall behaiour of
the eventtype compilerwasmeasureggainstwo ApplicationScenariogSection4.2) in theform of
descriptionsaand ODL eventtype declarationghat shouldbe correctlytransformedy the compilet
An applicationprogrammeshouldbe ableto createaneventapplicationfor thesetwo scenarios.

2.4 Project Milestones

Sincea substantiahmountof work wasnecessaryo carry out this projectaccordingto the require-
ments,the projectwas split up into milestones. After eachmilestone,the result of the work was
evaluated.Thefollowing list givesanideaof the major milestonedor the project:

o Literaturestudyandinitial preparatiorof work plan.

e Designof a suitablemappingfrom eventdescriptiongo ODL.

e Implementatiorof the ODL to C++ Mapping.

o Developmenbf the C++ stubcodeincludinginterfacemethodsandtheirimplementations.

e Creationof a Lexer andParserfor the generatiorof an abstractsyntaxtreefor an ODL input
file.

e Developmenibf thecodegeneratofor the C++ stubcode.
e Designof a suitablemappingfrom ODL to XML Schemas.

e Developmentf thecodegeneratofor XML Schemasisingthelibrary libxml.

Comparingthis to the original project proposal,only minor changesadto be included. First,
the implementatiorof the ODL datatypesin C++ requiredmoretime than predictedandtherefore
becamea milestoneof its own. Secondthe Java stubcodegenerationvasexcludedfrom the project
becausét wasrealisedhatit would be analogudo the C++ codegenerationbut neverthelessequire
a significantamountof repetitive work. Third, the possibleprojectextensionconcerninga parserfor
eventfiltering expressionwasnotattemptediueto time constraintsThiswasmainly the casebecause
thework with XML Schemasurnedoutto be morechallengingthanexpected.



Chapter 3

Implementation

This chaptertries to give a detaileddescriptionof the implementationwork of the project. It first
describesheactualrepresentationf eventdatatypesin ODL. After that,it shovstheimplementation
of theC++bindingof ODL, andgivesabrief overview of theeventsourceandsinkwrapperclassegor
COBEA. The next two sectiondfocuson the featuresof the generatedC++ stubcodeandthe XML
Schemasparticularly discussingary designdecisionsmadeduring implementation. The chapter
concludeswith apresentatiorf the eventtype compilerthatimplementsall the describednappings.

3.1 Designof the Event Type—ODL Mapping

3.1.1 BaseEventClass

All eventtypesthatareusedby adistributedeventapplicationmustbederivedfrom the ODL ancestor
classBaseEvent. Thishastwo advantagespamely thatall eventtypescanbetreatedasbeingof the
generaltype BaseEvent using polymorphismandthat the commonfunctionality of all eventtypes
canbe passedn to userdefinedeventtypesby inheritanceresultingin a cleanerdesign. The class
BaseEvent is definedasshawn in Figure3.1.

class BaseEvent {
attribute long id;
attribute short priority;
attribute string source;
attribute timestamp signal_time;

Figure3.1: Thedefinitionof BaseEvent in ODL

The attribute id is a uniqueidentification numberthat is assighedo every event instanceby

15
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COBEA. The field priority givesan indication of the priority of the eventinstance. This allows
COBEA to preferthe handlingof eventswith higherimportance. The string source containsthe
nameand network location of the event sourcethat hassignalledthis event instance. Finally, the
attribute signal_time holdsatime stampof the signallingtime.

3.1.2 Heartbeat Class

In orderto recognisenetwork failures betweenevent sourcesand sinks, Heartbeat eventsare ex-
changedperiodically This eventtype is the only type not derived from BaseEvent becausdts
interfacedoesnot requirethe overheadof a generalevent type dueto its restrictedfunctionality’.
Figure3.2shownsthedefinition of the Heartbeat eventin ODL.

class Heartbeat {
attribute long id;
attribute short priority;
attribute string source;
attribute timestamp signal_time;
attribute long interval;

Figure3.2: TheDefinition of Heartbeat in ODL

The attributesid, priority, source andsignal_time have the samemeaningasfor BaseEvent.
Theattributeinterval containsthe interval in millisecondsbetweentwo heartbeagvents. If anevent
sink doesnot receve the next heartbeatvent after this amountof time?, it is likely thata network
problemhasoccurredor the eventsourcehasdied.

3.1.3 UserdefinedClasses

Themain partof the mappingis concernedvith a subsebf ODL thatcanbe usedby the application
programmeito declareevent type classesn ODL. The Table 3.1 shows all the non-datatypekey-
wordsfrom the ODL grammarthataresupportedoy the eventtype compiler All keywordsthatare
database-relatear concernedvith the declaratiorof interfacesn the form of methodsignaturesare
not supportecbecausehey arenot directly relevantto thetaskof eventtypedeclaration A list of all
unsupportedDL constructsanbefoundin AppendixB.

All the ODL datatypesthearesupportedy the eventtype compilerareshovn in Table3.2 with
their correspondindceywords. The actualimplementatiorof thed_-typesin C++is describedn the
next section.

For instanceit is not possibleto explicitly signalthis event.
Zassuminghe networklateng is negligible
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ODL Keyword | Description

class Classdefinition

extends Inheritancespecification
attribute Attributedefinition

const Constangttribute definition
typedef Typedefinition

Table3.1: ODL Keywordssupportedy the Event Type Compiler

TheclassMyVerylmportantEvent in Figure3.3is anexampleof a userdefinedODL eventtype
class.lt is directly derivedfrom BaseEvent andcombinesnostof the featuresof ODL eventclasses
assupportedy theeventtypecompiler: Thedatafieldsno andid areintegerconstantshatcontainex-
pressiongo be evaluatedoy the C++compiler LongSet is atypedefinitionfor a setof longintegers.
The structureof type EventDescr, which is instantiatedas eventDescr, containsthe enumeration
eventKind andanothelinner structurenameddetails.

Limitations

As mentionegreviously, theeventtypecompileronly supportsasubsebf theentireObjectDefinition

Language. The designdecisionto restrictthe ODL subsethasbeenmadebecauseODL contains
meango interfacewith an underlyingobject-orientediatabaseystemwhich wasnot necessaryor

this project.

A seconddesignconstraintis thatinterfaceand modulespecificationsare not allowed for event
types.TheideabehindODL is to describejn additionto the attributesthatstorethe data,themethods
for manipulatingthe attributes. However, eventsare by definition entitiesthat carry only dataand
thereforedo notrequiretheir own methodsor manipulatingthis data.

3.2 Implementation of the ODL —C++ Mapping

The ODL specificationin [2] definesa binding from ODL to C++. The generalparadigmbehind
this mappingis that C++ classestandfor ODL classesandODL attributesarerepresentety C++

datamembers.In particular the mappingrequiresthat mostof the ODL datatypesasmentionedn

Table 3.2 arerepresentedtby correspondingl_-typesin C++. Thesed_-typesareclearly specified,
andit waspartof the projectto producean ODMG-compliantimplementation.

Sincethe majority of the requiredODL typeslike, for example,date, time, andstring arefre-
guentlyusedgeneratypes,it hasbeendecidednotto re-implementhemin C++ from scratchbut to
usethe correctand efficient implementationsn the C++ STL3. The fact thatthe STL interfacesto
the datatypesaredifferentfrom the ODL specificatiorwascompensatetly the provision of wrapper

3StandardlemplateLibrary
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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 unsignednteger

unsigned short | d_UShort 16 bit unsignednteger

float d_Float 32 bit IEEE 754floating-pointhumber

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_lterator 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 Time stamp

interval d_Interval Timeinterval

struct<> struct Structure

Table3.2: ODL DataTypessupportedy the EventType Compiler

classeghathave ODMG-compliantmethodgo theoutsideworld and,internally, representhe dataas
STL datatypes.For example,theODL datatyped_Set is implementedy having a privatedatafield
whichis anSTL set. All accesdo this internalsetis doneby ODL-compliantmethodsprovided by
thewrapperclass.ODL datatypeslike d_Date andd_Interval thatdo not have analogueSTL types
wereimplementedlirectly usingbasictypesin a straight-forwardmanner

Althoughthebaseclassd_Object hasbeensupplied,ts implementations mainly emptybecause
thisclassis supposedo provide persisteng supportfor all objectsthatneedto bestoredin adatabase.
The ODL-enhancedCOBEA systemdoesnot provide sucha facility asit is not associatedvith a
database.

A problemthat has occurredduring the implementationphaseof the ODL datatypeswas an
intrinsicincompatibilityof thed_Iterator classwith the STL iteratorclass:The STL iteratoris meant
to beassociatedvith a particulartype,sothatevery collectiontype providesits own implementation
of aniterator In contrasto that,the ODL specificatiorseeghed_Iterator classasa generapurpose
objectthatis compatiblewith all possiblecollectiontypes. This problemwas solved by providing
aninheritancehierarchyof d_Iterator classesvith derivedclassedor eachparticularcollectiontype.
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class MyVeryImportantEvent extends BaseEvent <
const short no =1
const short id = (no * 2) + 1;

attribute string descr;
attribute any additonalData;
typedef set<Long> LongSet;

attribute struct EventDescr {
enum Kind {
alarm,
sensor,
data
} eventKind;

struct Details {
attribute LongSet dataValues;
attribute unsigned long count;
} details;

} eventDescr;

};

Figure3.3: Exampleof auserdefinedODL eventtypeclass

Thesespecialised_Iterator classesisedifferentSTL iteratorsastheir internalrepresentationfFor
instancejf ad_lterator for the type d_Set wasrequired,the derived classd_Iterator_Set is used
which containsan STL setiteratorasa privatedatafield.

3.3 C++ Wrapper Classedor COBEA

The currentimplementatiorof COBEA exposesa significantamountof implementatiordetail of the
eventsystemto the applicationprogrammer For instanceijt is the responsibilityof the programmer
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.
Thisis notverytransparento theprogrammesothatit wasdecidedo provide anabstractiorio event
sourcesandsinksin theform of two C++wrapperclassesalledEventSource andEventSink. The
first instanceof theseclasseperformsthe requiredCORBA set-upand after that, its methodscan
be usedto interfacethe underlyingCOBEA systemandto accesghe functionality of evententities.
Figure 3.4 shows the architectureobtainedby usingthesetwo classesA furthercomparisorof these
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classesvith old COBEA mechanismsanbefoundin Sectior4.3.

Application Application
Event Source Event Sink

‘ Class EventSource ‘ ‘ Class EventSink ‘

| COBEASource | | COBEASink |

| coreaA | | corBA |

‘ Network ‘

Figure3.4: Architecturewith EventWrapperClasses

3.3.1 The ClassEventSource

EventSource is a C++ classthat represent® COBEA event sourcethat generategvents. It only
containsa singlepublic methodcalledregister_new_event(...) thatis usedto inform the event
sourcethatit is capableof signallinga particularnew eventtype sothatclientsareallowedto register
their interestin this type. The constructoris passedhe string nameof the new event sourceto be
createcanda hostnamefor identificationin a network.It performsall the necessar OBEA initiali-
sationandcreatesa heartbeatventthatis usedfor the heartbeaprotocoldescribedn Section3.1.2.

3.3.2 The ClassEventSink

The classEventSink is the wrapperclassfor a COBEA eventsink thatdoesary initialisationtasks.
The classdoesnot containary public methodsto be usedby the applicationprogrammer Every
eventsink mustbedirectly connectedo a singleeventsourcefrom whichit will receve all its events.
This eventsourceis specifiedin the constructorof EventSink. It is importantto notethatthe class
EventSink doesnot have methodgor eventinterestregistrationbecausehis is doneby calling meth-
odsfrom the stubcodeinterfacedescribedn Section3.4.3.

3.4 Designof the generatedC++ Stub Code

After the event type compilerhastransformedhe ODL eventtype definitionsinto C++ classesy
applying the ODL—C++ mappingdescribedin Section3.2, it addscertain methodsto the event
classesvhosepurposeis to act as an interfaceto the functionality of COBEA. This addsanother
level of abstractiorto the event systembecausét allows the applicationprogrammeto treatevents
asobjectswith methodsfor manipulatingthem. Thereexists commonfunctionality that is required
by both event sourcesand eventsinks. However, certainmethodsshouldonly be availableto event
sourcer eventsinks. Thereforejt wasdecidedo derive two differentclassesrom thegenerakvent
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type class,namelyonefor the eventsourceandanotherfor the eventsink. In orderto illustratethis
division, Figure 3.5 depictsthe C++ classnamesandinheritancerelationsthat are generatedor an
exampleODL input file namedEvents.odl that containsonly a single eventclass,MyEvent, thatis
directly derivedfrom BaseEvent.

BaseEvent
A

| BaseEvent_Src | | BaseEvent_Snk |
A A
MyEvent
is a subtype of
| MyEvent_Src | | MyEvent_Snk |

Figure3.5: ClassNamesandInheritanceRelationsof the C++ StubCode

This hierarchylargely relies on the feature of multiple inheritanceof C++. The headerfile
BaseEvent.h containsthe C++ classBaseEvent thatis the transformatiorof the ODL eventtype
BaseEvent, asdescribedn Section3.1.1.Theclasse8aseEvent_Src andBaseEvent_Snk, which
arederived from the generalBaseEvent classcontainthe specialisationsequiredfor eventsources
andsinks. Theheadefile Events.h describeshe classMyEvent thatstateshe eventtypeasdefined
in ODL andgeneratedby the eventtypecompiler It is derivedfrom thegeneraBaseEvent classand
further specialisednto two classesMyEvent_Src andMyEvent_Snk, which arethe actualclasses
usedby eventsourcesaandsinksfor accessinghe eventtype MyEvent.

3.4.1 CommonEvent ClassDeclaration

In the above example,the methodscommonfor event sourcesand sinksare storedin a headeffile
namedEvents.h. This headeffile mainly augmentsghe eventclassdeclarationdy methodsfor mar-
shallingandunmarshallhg attributes. Thesemethodsare not calleddirectly by the applicationpro-
grammerandareshown in Table3.3.

| MethodName | Description |
public:
getPropertyCount () \ Returnghe numberof attributes
protected:
getProperties(...) | Marshalsattributes
setProperties(...) | Unmarshalsttributes

Table3.3: Methodsfor MarshallingandUnmarshallingevent ClassAttributes

ThemethodgetPropertyCount () returnsthe numberof attributesthattheeventclasspossesses
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sothatthe correctamountof memorycanbeallocatedfor the marshalediata. The protectednethod
getProperties(...) readsthevaluesfrom all theattributesof the eventinstanceandinsertsthem
into asequencef typeany. This sequencdatastructureis thenpassednto COBEA. The CORBA

systemis capableof transportingdataof typeany overthe networkin platformindependentvay. The
methodsetProperties(...) performsthereverseprocesdy settingthedatamemberof theevent
classfrom asequencef typeany. Thesourcecodefor insertingandextractingthe attributesfrom the
sequencts staticallycreatedoy the eventtype compilerandcanbe foundin the C++file Events.cc.

3.4.2 Event Source

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

| MethodName | Description |
public:
signal_event(...) Signalseventoccurrence
getInhertianceSpec() | Returnsnheritancehierarchy

Table3.4: PublicMethodssupportedy an EventClassDeclarationfor EventSources

To be more precise,thesemethodsare definedin the classBaseEvent_Src and inherited by
MyEvent_Src becausehey arethe samefor all possibleODL eventclassesThemethodsignal_-
event(...) iscalledin orderto signalthe occurrenceof the event MyEvent. A methodparameter
holdsareferenceo theeventsourcethatis to beusedasanorigin for this eventsignal. For thisreason,
it is possibleto registerthe sameaventinstancewith severaleventsourcesandselecthedesiredevent
sourceby its nameat signallingtime.

ThesecondnethodgetInheritanceSpec() isnotuseddirectly by theapplicationprogrammer
but insteadit allows COBEA to find out aboutthe structureof the event classinheritancehierarchy
Section3.4.4focuseson this mechanisnusedfor superclassegistration.

3.4.3 Event Sink

The classMyEvent_Snk in the headeffile MyEvent_Snk.h carriesthe eventtype andmethoddec-
larationsusedby eventsinks. Table 3.5 givesan overview aboutthe methodof its interface.

Themethodregister_event_interest(...) iscalledto registertheinterestin thiseventtype
with a particularevent sink specifiedasa referenceparameter A secondparameteholdsa pointer
to the call-backfunctionthatis executedwhenerer this eventoccurs. Whenthis functionis called,
it is passed pointerto aninstanceof the occurredeventsothatthe event sink hasaccesgo all the
attributesassociatedwvith this event. The methodderegister_event_interest(...) undoesa
previousregistration.
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| MethodName | Description
public:
register_event_interest(...) Registerseventinterest

deregister_event_interest(...) | Deraisterseventinterest
get_{attr_name} _wildcard(...) | Getswildcardstatefor {attr_name}
set_{attr_name} _wildcard(...) | Setswildcardstatefor {attr_name}

protected:
getFilterExpression() ‘ GetsCOBEA filter expression

Table3.5: PublicMethodssupportedy an EventClassDeclarationfor EventSinks

Anotherimportantfeatureof the eventsink interfaceis the supportfor parameterisedventregis-
tration: Priortothecalltoregister_event_interest(...), theattributesof theeventinstancecan
besetto particularvaluessothatonly instance®f the eventwith thosevaluessetwill benotified. The
standardsettingfor all attributesis awildcard valuesothatthe currentvalueof anattributeis ignored
andno parametrisediltering is used.By makingthecall set_{attr_name} _wildcard(false) the
wildcard for the attribute called{attr_name}is deactvated,andthe currentattribute valueis passed
onto COBEA for parameteriseéllitering. Themethodget_{attr_name} _wildcard() is provided
for determiningthe currentwildcard statefor anattribute.

This schemes more flexible andintuitive to usethanthe original COBEA syntaxfor parame-
terisedeventfiltering. In the old implementationa string hadto be passedogethemith theregistra-
tion call thatdefinesfor which attributesparameterisefltering is to be useddependingon the order
of the attributes. For instancea stringlike " *_**" definesthatno wildcardsshall be usedfor the
first andthird attribute of the particulareventtype becausef the positionof spacesn the string. The
nev mechanisnprovided by this projectis easierto use. The translationinto the underlyingstring
representatiors performedautomaticallyby the generatedtubcode.

3.4.4 Support for SuperclassRegistration

Superclassegistrationis a naturaladvantageof anobject-orientedenttype hierarchy It allowsthe
captureof the generalbehaiour of a numberof derived eventtypesby a singleancestorclass. For
example,Figure3.6 shovs asimpleeventtypehierarchy All thespecialisedensoeventsarederived
from ageneraleventclass,calledSensorEvent, thatstandsor anabstracsensorlt is thenpossible
to allow an eventsink to registerfor the generalSensorEvent and,asa consequencdye notified of
theoccurrencef all eventswhich arederivedfrom it, namelyMagneticSensor, ElectronicSensor,
OpticalSensor andGPSSensor.

In orderto supportsucha schemegchangego the original COBEA sourcecodewerenecessary
becauseén its original state the COBEA systemdoesnot have the notion of hierarchicaleventtypes.
Sincethe COBEA systemconsistsof a large body of code,it wasdecidednot to changethe overall
designof theeventarchitecturdo be basedn object-orientatiorbut to rewrite theinternalsignalling
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SensorEvent h Register for this event
A

[MagneticSensor]| | ElectronicSensor | | OpticalSensor | ? Receive any of these events
A

GPSSensor

Figure3.6: ExampleEvent Type Hierarchywith SuperclasRegistration

mechanisminstead.In otherwords,the partof COBEA thatperformsthe signallingcall to anevent
sink wasextended,so thatit checksfor ary derived classesand performsnotificationsfor theseas
well. Thefollowing paragraphgive a moredetailedexplanationof this mechanismgdescribingthe
codechangesnadeandthe datastructuresisedto represenaineventtype hierarchy

After the instanceof the classEventSource hasbeencreated,all the event typesthat canbe
potentiallygeneratedby this eventsourceneedto beregisteredwith COBEA by callsto the method

void EventSource::register_new_event(BaseEvent_Src& event)
beforehandIinternally, this methodmakesa call to

InheritanceSpec* BaseEvent_Src::getInheritanceSpec()

which returnsa pointerto an InheritanceSpec datastructure.This datastructurecontainsinfor-
mationaboutthe inheritancehierarchyof all the eventtype classeshathave beengeneratedy the
eventtypecompilerfromtheODL inputfile. Itstypeis 1ist<string> whichis alist thatcontainghe
ancestotypesof anevent. As shown in Figure 3.7, for the eventtype GPSSensor from the example
above, thislist containgfour entries.For every eventclass thislist is initialisedin the constructordy
statementautomaticallyinsertedby the eventtype compiler

List: | GPSSensor | ElectronicSensor [SensorEvent| BaseEvent |

Figure3.7: An ExamplelnhertianceSpec for the EventGPSSensor

A new versionof themethodfor registeringeventtypeswith COBEA in theclassFSrc_i hasbeen
providedthatacceptsanInheritanceSpec pointerasa parameter

In additionto theupdateof the setof typesallowedfor eventsink registration this methodupdates
theglobalhierarchytablefor this eventsource.Thetype of this globaleventhierarchytableis
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typedef map<string, set<string>* > TypeHierarchy;

whichis atablethatmapseventtypenamestringsto setsof stringswhich containall theancestors
of anevent.

Finally, when COBEA hasto notify all registeredevent sinks of the occurrenceof a particular
event,it looksup the eventtype namein the globaltype hierarchytableandsendsoatificationsfor all
descendentventtypesstoredin theassociatedetaswell. Althoughtheassociatiorof all thedescen-
dentsof aneventtypewith every eventtype leadsto a certainstorageoverheadjt hasbeenadopted
becausef theefficieng/ obtainedduring signalling,which canbe donein constantime by perform-
ing asingletablelook-up. A fastsignallingmechanisnis essentiafor ary scalableventarchitecture.
A furtheradvantageof the chosentype hierarchydatastructureis thathierarchyinformationis only
addedto thetablebut never updatedsothatthe consisteng of thetableis alwaysensured.

Table3.6shavsthestateof theglobaleventhierarchytableafterall theeventclassesn 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 Tableasmanagedy COBEA

3.4.5 Marshalling of data types

The processof marshallingis essentialfor a distributed, object-orientedsystem. It describeshe

serialisationof complex datatypesinto a form that canbe transmittedover a networkin a remote
methodcall. The destinationhost reversesthis processand henceobtainsthe original structured
datatype. The CORBA systemthatis responsiblefor the remoteobject methodcalls is capable
of marshallingthe datatypesprovided by the InterfaceDefinition Language(IDL). However, it is

necessaryo supplycustommarshallingmethodsfor all userdefinedcomplex datatypesthatcanbe
partof anODL eventtypedeclarationThistaskis automaticallydoneby theeventtypecompilerthat
addsinsertionandextraction opertorsto the generatedC++ stubcodefor every complex ODL type
declaratiorfoundin thefile. Theseoperatorsallow the transformatiorof the complex datatype into

thetypeany, which canthenbepasse@nto CORBA andtransmittecover thenetwork.Userdefined
collectionsor hierarchicadatatypescanberepresentedsasequence of any. Suchaschemaeallows
theserialisatiorof alargevariety of typeslike, for example,arrays,nestedstructuresetc.

To illustrate the marshallingcode, Figure 3.8 shovs a complex ODL datatype OuterS which
is a nestedstructureand thereforerequirescustommarshallingsupport. The event type compiler
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automaticallygeneratesny insertionandextractionoperatorghat transformthe datastructureinto
a sequencef anys, asshown in Figure 3.9. In this example,the sequenceof anys is nestedin
orderto expressinner structures An exampleimplementatiorof theseoperatorscanbe foundin the
Application Scenariaccodein AppendixD.

attribute struct OuterS {
string stril;
struct InnerS {
long a;
long b;
} inner;
} outer;

Figure3.8: A Comple Attribute outer for which CustomMarshallingis necessary

Any: struct OuterS

Any: string strl |Any: struct InnerS

Any:long a |Any:long b

Figure3.9: An Exampleof a MarshalledDataTypeasa sequencef anys

3.5 Designof an ODL to XML SchemaMapping

Theeventtypecompileris ableto outputXML declarationgor theeventclassesn theODL inputfile.

In orderto achieve this,the XML Schemd.anguageés usedwhichallowsthedeclaratiorof structured
datatypes.TheXML Schemé&pecificatioris providedin two separatelocuments|12] describeshe

syntaxandstructureof XML Schemalefinitionsandits mainfeatureswhereag13] concentratesn

thedatatypesandthewaysof definingthemby restriction.

Most of the syntacticODL catayoriessupportedfor event classdefinitionscan be represented
straight-forwardlywith the XML SchemdanguageClassesanbeseenas<element>shaving anin-
ner<type> structurethatspecifiegheattributesandthe parent<element>. For example,Figure3.10
compareghe ODL declarationof the classAlarmEvent with its XML SchemarepresentationFor
this translationto work, an exact mappingfrom the ODL datatypesto XML Schemadatatypesis
necessarysothatthe semantic®f eventclassdeclarationss presered.



3.5. DESIGNOFAN ODL TO XML SCHEMAMAPPING 27

ODL:

class AlarmEvent extends SensorEvent {
attribute string descr;
attribute short priority;

s
XML Schema:
<element name = "AlarmEvent'>
<type source = "SensorEvent" derivedBy = "extension'>
<element name = "descr" type = “d_String"/>
<element name = "priority" type = "d_Short"/>
</type>
</element>

Figure3.10: An XML SchemaDefinition of anODL eventclass

3.5.1 DataTypes

TheTable3.7 shavsthedatatype mappingfrom ODL to XML Schemdor all the currentlysupported
types. Sincethe XML Schemastandards beingdevelopedwith the goal of compatibilityto existing
standardé mind, mostof the ODL typescanbe mappedo similar XML Schemaypes.Thecomple
ODL typesenum andstruct which areenumerationsndstructuresrespectrely, have to be treated
asspecialcasedbecausehey requiremorecomplex XML languageconstructsasexplainedbelow.

A simpleODL typelike d_Long canbedeclaredn XML Schemaisingthefeatureof constaints.
Constraintsarespecialrestrictionsimposedon XML Schemadatatypesby which new typescanbe
defined.In Figure3.11,the ODL-compliantd_Long typeis declaredby constraininghevaluerange
of the generalXML Schemanteger typeto 32 bits. Anotherexampleis the ODL typed_Char for
storing a single charactemwhich is representedh XML Schemaby constrainingthe string type to
hold a stringof lengthone.

As partof this project,definitionsfor mostODL datatypesandthe BaseEvent andHeartbeat
eventtypeshave beendesignedandarelisted in AppendixC. Thesedefinitionsmustbe availablein
orderto properlyparseandvalidatethe datatypesusedby theeventtype compilerto createthe XML
Schemaoutputfile with the eventclassdeclarations.

3.5.2 Structur esand Enumerations

An ODL struct constructioncan be expressedusing a syntaxthat is similar to the declarationof
classes.This is naturallythe casebecauseclassesare an extendedversionof structures. The Fig-
ure 3.12triesto shav thegeneraform of astructuredeclarationin XML SchemaThesetransforma-
tionsareperformedby the eventtype compilerwhenoutputtingXML SchemeaDefinitions.
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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 unsignednteger
d_UShort non-negative-integer 16 bit unsignednteger
d_Float float 32 bit IEEE 754 floating-pointnumber
d_Double double 64 bit IEEE 754 floating-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 | timelnstant Time stamp
d_Interval timeDuration Time interval
enum enumeration Enumeration
struct element Structure

Table3.7: ODL Typessupportedy the XML SchemaViapping

<datatype name = "d_Long" source = "integer">
<minInclusive value 1_2147483648° />
<maxInclusive value 12417483648° />
</datatype>

Figure3.11: XML SchemaDefinition for theODL Typed_Long

Enumerationgreformedby applyingthe<enumeration value =.. . . /> constrainto a<datatype>
declaration.This constrainonly allows the assignmenof a predefinedsetof valuesto the datatype.
Therefore,it is possibleto build an enumeratiorof stringsfor arny possibleODL enumerationas
shavnin Figure3.13.

3.5.3 Limitations of the XML Mapping

As mentionedpreviously, the XML ScheméSpecifications avery new standardhatis still a“work-

ing draft”. This meansthat not all of its aspectswvere completelyfixed while implementingthis
project,andcertainnecessarfacilitieswerenotprovided, yet. It wasvery challengingo work with a
specificatiorthatcontainedsomary “white gaps”. The Table 3.8 givesan overview of the ODL data
typesthatcouldnot beexpressecasXML Schemaypesdueto theseconstraints.

Thefirstthreementionedypesthatcouldnotbeexpressedn XML arecollectiontypes.Although
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<element name = "atiribute name'>
<type name = "structure name''>
<element name = "attribute name 1" type = "type 1"/>
<element name = "attribute name 2" type = "type 2"/>
<element name = "attribute name n'" type = "type n"/>
</type>
</element>

Figure3.12: XML Schemdefinition of anODL structure

<datatype name = "enumeration name' source = "string'>
<enumeration value = "enumerator 1"/>
<enumeration value = "enumerator 2"/>
<enumeration value = "enumerator n'/>

</datatype>

Figure3.13: XML Schemaefinition of anODL enum

it is plannedby the W3C to includecollectionsin the Schemaspecificationthis hasnot beendoneby

thetime of implementinghis project. For thisreasonijt hasheendecidedhattheeventtypecompiler

shouldignoreary collectionattributesin ODL eventclassdeclarationsvhenoutputtingXML Schema
code. The lasttypein thetableis the ODL type any thatcanhold ary possiblevalue. Sucha type

hasbeennot definedby the XML Schemaspecificatiorandcannotbe easily providedin a platform

independentvay.

| ODL DataType | Description |

d_Set Settype

d_List List type

d_Varray Variable-sizearraytype
d_Any Any type

Table3.8: ODL Typesunsupportedby the XML Schemaviapping

Finally, the Table3.9is alisting of all the ODL keywordsandconstructghatcannotbetranslated
into XML Schemabecauseof deficienciesof the language. It is not possibleto define new type
namedor old typesasit is doneby the ODL typedef keyword. Moreover, constantgannotbe easily
includedinto XML Schemaleclarationdbecausén XML thegrammarandthedataarekeptseparate.
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For the samereasonno literal expressioncanbeaddedo an XML Schema.

| ODL Construct| Description \

typedef Definesatype namealias

const Definea constangattribute
{expressions} | Expressionsisede.g.for constants
{literals} Literalsusedin expressions

Table3.9: ODL LanguageConstructsunsupportedby the XML SchemaViapping

3.6 ODLZ2EventComp — The Event Type Compiler

The entire procesof translatingODL event classdescriptionsnto usableC++ sourcecodewasau-
tomatedby the meansof an eventtype compilercalledODL2EventComp. Althoughthe compiler
consistof alargebodyof codeandformedamajorpartof the project,its implementatiorwasgreatly
simplified by the careful designof the requiredmappingsand transformationsas describedn the
previoussections.Therefore the outputfiles wereclearly specifiedto the detail thathand-codeder
sionsof the stub-codeto be generatedvere available. During the entireimplementatiorstage,the
behaiour of thecompilercouldbedirectly evaluatedagainsthesehand-coded++and XML output
files. As aresult,lesstime wasspendon theimplementatiorof the compilerthanon the designof the
mappings.

The compilerconsistof alexer, a parsemwith anabstracsyntaxtreegeneratgra semanticanal-
yser a C++ codegeneratorand an XML codegenerator(Figure 3.14). The code generatoris a
pluggablemodule,sothatthe XML andC++ outputcanbe supportedy a singlecompilerwith alot
of codere-usebetweenhesetwo back-ends.In the following sections] would like to describethe
implementatiorwork carriedoutandthe designdecisionamadefor the eventtypecompiler

C++ —»C++ Stub Code
CodeGen
ODL Semantic
mputmﬂ Lexer }—kﬂ Parser | 1 rac? Analyser
Tokens Syntax XML L
e XML Schema
Valid CodeGen
Abstract
Syntax
Tree

Figure3.14:InternalDetailsof the Event Type CompilerODL2EventComp

The compilerexecutableis calledODL2EventComp, andit is run by specifyingan ODL input
file asaparameter:
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ODL2EventComp <0DL file name>.odl

The compilerfollows the Unix tradition of terseoutputso that a successfutompilationcauses
no outputmessageOtherwisean errormessagéncluding a possibleinput file line numberwith the
error conditionis displayed. The compilerattemptsto generatesix C++ files andone XML output
file with namesadheringto the corventionsin Section2.2.1. Checksfor the mostcommonlO error
conditions' aremade.

3.6.1 Lexing and Parsing

The Unix utilities flex and bisonwere usedfor implementingthis part of the compiler The input
filesfor flex andbisonwerewrittento complywith the BNF® grammarspecifiedn [2]. Thisgrammar
containedseseralambiguitiesandminorbugsthathadto bespottedandcorrectedirst. ExampleODL
codefrom [2] wasusedastestinputto thelexer andparselin orderto guarantedts correctbehaiour.

Thelexeris capableof validatingtheentireODL grammaiincludingkeywordsandconstructghat
arenotlegal in eventtype declarationsAlthoughit madethe designmorecomplicatedthis decision
hastheadwantagehatit is possibleo notify theuseraboutODL syntax,thatis valid in ageneralODL
file, but not allowedin eventtype declarations. Whenerer the lexer encounterODL keywordsthat
cannotbe usedin eventdeclarationdike, for example,the keyword interface, the useris informed
with a meaningfulerror message.Section3.6.4 givesan overview of the possibleerror conditions
raisedby the eventtype compiler

The lexer supportsboth C- and C++-style comment8 in ODL, which is a deviation from the
original ODL standardput greatly facilitatesthe productionof clear humanunderstandabl©DL
files.

The parsergeneratean AST’ for the entire ODL input file, which is then passecn to the se-
manticanalyser Dueto the large numberof differentsyntacticcategoriesin ODL, it wasdecidedto
implementthe AST usingasingleclassnamedAST_Node which hasaNodeType field thatdefines
the grammaticalcateory of this node. A furtherlist datastructurecontainsthe nodes direct chil-
dren,which areotherAST nodes.As aresult,theentire AST consistof lexical tokensthatrepresent
syntacticcatgyoriesaugmenteavith parametersParameterganbe classnamesattributenamesand
otheridentifiersencountereth the ODL sourceanddifferentparametetypescanbestoredin anAST
nodeby the useof C++ unions. In orderto supportdelugging,the nodeclasscontainsa methodfor
printing the AST in human-readablform, asshovn in Figure3.15.

4For example,“File notfound” etc.
5Backus-NauForm
5/x...x/and//
"AbstractSyntaxTree
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[specification]
[class (Namel:LocationEvent)]
[class_header (Namel:LocationEvent)]
[extends]
[scoped_name (Namel:BaseEvent)]
[interface_body]
[attr_dcl (Namel:areaCode)]
[char_type]
[attr_dcl (Namel:locDescr)]
[string]

Figure3.15: Fragmenbf anAST generatedrom an ODL file

3.6.2 SemanticAnalysis

The semanticanalysisstageof the compilerattemptgo determinevhetherthe AST canbe correctly
transformednto avalid eventclassdeclaration This analysisensureseveralaspectsnamelythat

1. the ODL file only consistsof class declarationsand,in particular doesnot containinterfaces
or modulesandthat

2. all declaredODL classesredirectly or indirectly derivedfrom the ancestoclassBaseEvent,
andthat

3. thestructureof classdeclarationss valid sothat,for example classeslonotextendthemseles.

Thesemanti@analysigs doneby atraversalof the AST. Duringthistraversal,it is checkeadhatthe
syntacticcateyory of eachAST nodeis supportedor ODL eventhierarchydeclarationsIn addition
to that,whenever a classdeclarationis encounteredhe classnametogetherwith its ancestoclassis
storedin atablesothatit canbe checkedvhetherthereexist ary classesvhich arenot derived from
BaseEvent.

3.6.3 CodeGeneration

The final stageof the compileris the codegeneratothat performsthe actualfile output. The class
hierarchyof thetwo classe€odeGen_Cpp for C++andCodeGen_XML for XML codegeneration
is givenin Figure 3.16. Both classesarederived from the abstractlassCodeGen thatcontainsthe
generafunctionality of a codegeneratotike, for example,dealingwith the outputfiles andcompiler
headerstrings.
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| CodeGen_Cpp| [CodeGen_XML|

Figure3.16: Classegor C++andXML CodeGeneration

C++ Stub Code Generation

Thecodefor theC++ stubcodegeneratioris relatively comple becauseasdescribedn Section2.2.1,
it is necessaryo outputsix C++ headerandimplementatiorfiles for a single ODL inputfile. Pref-
erencewasgivento a solutionwhereall the outputfiles are createdn parallelwhile doinga single
traversalof the AST asopposedo a solutionwith several passesThe main reasorfor this decision
is thatserialfile generatiorwould have degradedperformanceandnot necessarilynadethecompiler
sourcecodeeasielto develop.

Anotherdifficulty with the C++ codegenerationis thatit doesnot strictly follow the structure
of the AST. For instancemarshallingandunmarshallingoperatorshave to be generatedor all user
definedODL datatypes,which mayrequireknowledgethatis notlocally availableatthecurrentpoint
of the AST wherethe datatypeis first used.In suchcasestherequireddatamustbe passedilongin
suitablemethodparametersvhile traversingthe AST.

The code generationstartswith the output of predefinedheaderdor eachfile. After that, the
AST is traversedandcalls to a numberof geneate methodsare made. Thesemethodsoutputlines
of C++ stubcodedependingn the kind of the currentAST node.For instancethegenClass(. . .)
methodoutputsthe C++ codefor aneventclassdeclarationf the currentAST nodeis anODL class
declaration. Somegeneratemethodsoutput code into specificstub files only, asfor examplethe
methodgenStructType_main_h(...) whichproduceghecodefor anODL structureandwritesit
into the main headeffile. Datatypesaregeneratedy genType methodshathave switch constructs
in orderto dealwith all ODL types.

Furthergeneratenethodsareusedo outputcodefor attributes structuresenumerationgypedef-
initions, constanexpressionsmarshallingandunmarshallingperatorsetc. The codegeneratiorfor
nestedstructuregnvolvesrecursve callswithin generatdunctions. Method parameteraresupplied
to theserecursve callsthatstoreinformationaboutthe currentlevel of nestingsothatnamesof inner
structure8 arecorrectlygeneratedThe samemechanisnis usedto ensurethe correctindentationof
nestinglevels.

8like for exampleOuterStruct : : InnerStruct : : InnermostStruct
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XML SchemaCode Generation

The XML Codegeneratooutputsa singlefile thatdirectly mirrorsthe structureof the AST. There-
fore,theimplementatiorof the XML codegeneratiorwaseasiethanof theC++one,asanAST node
oftendirectly correspond$o anXML construct.The XML tokenoutputis doneby thelibxml library,
thatgeneratean XML parsetreeby makingcallsto appropriatanethodslif the XML codegenerator
encounteran AST nodethatcannotbe expressedn XML Schemaa warningmessagés displayed,
andthenodeis simply skipped.

The mainwork is donein the genliode (. . .) method. This methodlooks at the currentAST
nodeanddependingon its syntacticcateyory, the appropriateoutputmethodsrom thelibxml library
arecalled. Theseoutputmethodsbuild an XML parsetreein memoryby addingXML tokensand
propertiegnto atreestructuresothatthe ODL— XML mappingasdescribedn Section3.5is imple-
mented.After the entire AST hasbeentraversed,a call to the methodxmlDocDump from the libxml
library writesthe XML treeinto the outputfile.

Due to limitations of the libxml library, certainXML keywordslike, for instance, DOCTYPE
cannotbe synthesisedIn orderto obtaina valid XML file, asopposedo only a well-formedone,
thesekeywordshave to beaddedto the final XML Schemadeclaratiorfile beforeit canbe analysed
by aschema-aare XML parser

3.6.4 Exceptionssupported by the compiler

A significanthnumberof differenterror conditionscanarisefor which the eventtype compilergener
atesexceptions.Theseexceptionsareclassifiedasbeingfatal errors, errors, andwarnings asshaovn
in Figure3.17. All exceptionsare derived from the Comp_Exception baseclassand are part of
an exceptionhierarchy Threespecialisationgrom the baseclassdenotethe threegeneralkinds of
exceptions:

Comp_Fatal_Exceptions arefatalcompilererrorsthatshouldnever occurandarecausedy bugs
in the compiler They arenormallyraisedby sanitychecksinsidethe compiler

Comp_Error_Exceptions arecompilererrorsthatarecausedy invalid ODL input andresultin
afailure of the currentcompilation.

Comp_Warning_Exceptions arewarningsdisplayedby the compilerwhich mayresultin incor-

rectcompilationoutputbut areotherwiseignored.

Furthersub-catgoriesof exceptionsexist for mostcompilerstagesat which exceptionscanarise,
like for examplethesemantianalysis XML codegenerationandIO operations.
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| Comp_Exception |
A

| Comp_Fatal_Exception | [ Comp Error Exception | [ Comp_Warning_Exception

Internal_Comp_Exception ~ Sem_Comp_Exception XML_Schemal_Comp_Exception

|O_Comp_Exception

Figure3.17: Hierarchyof Exceptiongaisedby ODL2EventComp

35



36

CHAPTERS3. IMPLEMENTATION



Chapter 4

Evaluation

Testingduring the developmentphaseandthe evaluationafterwardswere an importantpart of the
project. In accordancavith the original goals,the processof evaluationwas carriedout in several
stagesin which threedifferentcriteria of the final projectresultwereinvestigated:Correctnessys-
ability and Maintainability. Qualitative evaluationsof thesecriteria are describedn the following
sections.

4.1 Correctness

Themaingoalwascorrectnessf the projectwhich meanghatthegenerate@ventstubcodebehaes
asexpectedfrom the ODL eventtype declarationwritten by the applicationprogrammer Rigorous
evaluationproceduresverenecessario ensurehesoundnessf thetransformationsf the ODL input
files. Thecompleity of thecompilerbodyis mainly dueto its sizeof approx.7,800linesof code.

Theindividual componentsvere evaluatedby detailedmoduletesting. A specialheadeffile was
written thatallowed the quick insertionof structureddelug print statementsvhosebehaiour could
be controlledby environmentvariables.Moreover, the GNU DehuggerGDB wasusedto searchor
bugsin thesourcecodeandit turnedoutto be a very valuabletool.

In orderto ensurethe correctnes®f the entire project, semanticallyvalid mappingsfrom ODL
to C++ stubcodeanda correctlyworking eventtype compilerthatimplementghesemappingswere
required.Both of thesetwo aspectsvereevaluatedwith two EventApplicationScenarioswhich are
informal descriptionof possiblescenariosn which a distributedeventarchitecturemay be applica-
ble. Thetwo scenariosverecarefullydefinedincludingall therequiredmappingsandoutputfiles to
be producedby the eventtype compiler It mustbe stressedhatthis wasdonebeforethe actualim-
plementatiorof the compilertook place.After that, the outputfrom the compilercould be compared
with thisidealhand-codedutputandmodifiedwhennecessary

37
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4.2 Event Application Scenarios

The two Event Application Scenariosare carefully definedmodeluse casesthat represenpossible
applicationsof a distributedeventarchitecture Their definitionsconsistof aninformal descriptionof
the applicationtask,a formal ODL declamtion of the eventsandthe necessaryC++ and XML stub
codeusablewithin theprogrammingnodeldescribedn this project. Thefirst scenarids rathersimple
and employsonly a subsetof all available ODL featuresfor event classdeclarationswhereashe
secondscenaricattemptso encompasthe entirespectrunof ODL eventdefinitions.Both scenarios
makestronguseof inheritanceanda variety of differentdatatypes.After the compilerhasgenerated
the C++ stubcodefor a scenariojt shouldbe possibleto createa testapplicationwithin a dummy
applicationframewvork, asdescribedn Sectior4.2.2.

4.2.1 Application Scenariol (Simple)

Informal Description: Thefirst scenariaequiresthe applicationprogrammeto designandbuild a
systemto locatepeoplewithin andarounda building. Peoplewearsmall electronicbadgesn
their pocketsthat are capableof communicatingwith several basestationsvia a radio signal.
Thesebadgehave sensor®nthemthatrecognisef a persorentersor leavesa particularroom.
Whena personis outsidethe building, a built-in GPSrecever insidethe badgecanfind out
aboutthe exactpositionof the badgeandtransferghisinformationto oneof the basestations.

Thetaskis to engineerndbuilt adistributedeventsystenmthatmanagesnentirebuilding with

several basestationsand a numberof peoplewearingelectronicbadges. The systemshould
be ableto track every personandto notify interestedpartiesaboutpeopleenteringor leaving

certainrooms.

ODL Declaration: TheFigure4.1shovsadiagramof theclassesn theODL eventclassdeclaration
file for thisapplication.A generalocationEvent hasbeenderivedfrom theBaseEvent class
thatrepresentaneventgeneratedyy a badgeannouncingts currentlocation. Two specialised
eventtypes,namelyRoomEvent and GPSEvent, denotea sensoreventinsidea roomanda
GPSlocationoutsidethebuilding, respectiely. Thetwo eventsEntranceEvent andExitEvent
aregeneratedby a persorenteringor leaving aroom.

TheentireODL file, whosenameis AppScenl.odl, canbefoundin AppendixD. A variety of
differentODL constructss usedin thisfile andthusmustbecorrectlytransformedy theevent
typecompiler

C++and XML Stub Code: The C++ and XML stub codeto be generatedrom the ODL input
file canbe found in AppendixD aswell. It consistsof six C++ files, namely AppScenl.h,
AppScenl.cc, AppScenl_Src.h, AppScenl_Src.cc, AppScenl Snk.h andAppScenl -
Snk.cc whicharetheheaderlndstubfilesfor theeventsinksandtheeventsourcesin addition,
thefile AppScenl.xsd containghe XML Schemaepresentatioof the eventdeclarationsin
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LocationEvent

| GPSEvent | [RoomEvent |

[EntranceEvent] | ExitEvent |

Figure4.1: ODL ClassesandInheritanceRelationsfor Application Scenarial

this example theeventsourcesaretheelectronichadgeghatproducesvents whereasinkscan
registertheir interestin thelocationof certainpersons.

Thedescriptiorof thesecondmorecomples Application Scenaridogethemith adiagramshow-
ing its inheritancehierarchycanbefoundin AppendixF.

4.2.2 Application ScenarioTesting

The applicationscenariosvereusedto testandevaluatethe correctnessf the entireeventtypecom-
piler aftersystemintegration. A large numberof problemsandfaultswereidentifiedwith the help of
thesetwo applicationscenarios.

The processof testingthe applicationscenariosvas automatediy the meansof Makefilesthat
initiatedthe build anexampleclient/senerapplicationwhich incorporatedhe stubcodefiles created
by the eventtype compiler Erroneousstubcodeoutputfrom the eventtype compilercouldimmedi-
ately makethis compilationfail. The correctbehaiour of the entireeventapplicationwastestedby
a dummyapplicationframevork consistingof an eventsourceandan event sink. Thesefiles canbe
foundin AppendixE.

The following Figure4.2.2is a screenshotof the outputgeneratedy an exampleeventsource
andsink thatexchangehe eventsdefinedin thefirst applicationscenario.The eventsourceoutputon
theleft-handsideis shavnin parallelwith thecorrespondingventsink outputon theright-handside
sothatsimultaneougventssharethe sameline in the screershot.

TheEventSoucestartsits initialisationby creatinganEventSource objectandfive eventobjects
of thetypesBaseEvent, GPSEvent, RoomEvent, EntranceEvent andExitEvent. All theseevent
objectsareregisteredwith the eventsourcesothateventsinksareallowedto registertheirinterestsn
theseevents.After that,the eventsourcesignalsa numberof differentevents.

The EventSinkcreatesan EventSink object,first, and,then, registersseveral event objectswith
theeventsourcen orderto be notifiedof theoccurrencef theseevents. Theregistrationfor theevent
classEntranceEvent includesa parameterise(ilter sothatthe attribute person of this eventmust
equalthe string“Fred”. After this registrationprocessthe eventsink waitsfor notifications.
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Thefirst eventthe event sourcesignalsis an EntranceEvent (with attribute person = 'Fred’).
This causesheeventsinkto receve two events: An eventof type EntranceEvent becausghecorrect
parameters passe@ndanothenf type RoomEvent becausef thefeatureof superclassotification.
The next eventsignalledby the eventsource(EntranceEvent with person = 'John’) is notrecevved
by the sink becausef the filtering expressionfor this eventtype. The following eventsare dealt
with in a similar manner The columnfor the eventsink givesa subsebf all the attributesthatwere
recevedwith eachevent.

During the period of the screenshot,one Heartbeat eventis receved by the eventsink. These
eventsaresendautonomouslyy the sourceandprovethattheconnectiorbetweerthesinkandsource
is still valid.
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Thecorrespondingpplicationframevork for the secondapplicationscenariacanbefoundin the
two files TestSourceAP2.cc andTestSinkAP2.cc in AppendixG togethemith a similar screenshot
to thatgivenfor thefirst scenario.

4.3 Usability

As mentionedn the original project proposal,usability of the object-orientedevent classprogram-
ming modelwas anotherof the major goalsof this project. In this section,| would like to give a
high-level comparisorof the new programmingmodelwith the onethatwasprovided by the previ-

ousCOBEA implementatiorandpoint out the advantage®f the new approach.The codeexcerptin

Figure4.3shonvs anold COBEA eventsourcethatcreatesan eventtypeandsignalsit.

CORBA: :ORB_ptr orb CORBA: :0RB_init(argc, argv, "omniORB2"); // CORBA init
CORBA: :BOA_ptr boa = orb->BOA_init(argc, argv, "omniORB2_BOA"); // CORBA init

FSrc_i * mySourceImpl = new FSrc_i(orb, "mysourel",
"localhost'", FALSE, 1); // FSrc init
mySourceImpl->_obj_is_ready(boa);

BaseEventServer: :FSrc_var mySourceImplRef = mySourceImpl—>_this();
bindObjectToName (orb, mySourceImplRef,

"mysourcel@localhost"); // Name service registration
boa->impl_is_ready(0, 1);

mySourceImpl->new_event ("eventtypel"); // Registration of new event type

BaseEventServer: :Property ps[3]; // Data structures for attributes
BaseEventServer: :PropertySeq* pss;

ps[0] .value <<= "Hello World"; // Set attributes

ps[0].len = 12; ps[0].name = "MyPropertyl";

pss = new BaseEventServer::PropertySeq(1, 1, &ps[0],
TRUE); // Packing attributes

BaseEventServer: :EventHeader e; // Construct event header
e.event_type = "eventtypel";

e.source_id = "mysourcel@localhost";

mySourceImpl->signal(e, *pss); // Signal event

Figure4.3: ExampleEventSourceasimplementedisingthe old COBEA ProgrammingVviodel

Two generafeaturef this programmingnodelcanbenoticedfrom this example:Firstly, in this
modelit is the duty of the applicationprogrammeto correctlydo all theinitialisation. Secondlythe
eventtypesincludingtheir attributesmustbe createdrom first principlesand passedo the COBEA
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signallingcall. Everythinghasto be donemanuallyby the programmer It is importantto notethat
the examplecodeonly createsa singleeventtypewith oneattribute. Usingsucha schemdor alarge
numberof hierarchicalnddependeneventtypesis very errorproneandprobablynot feasible.

In contrastio that, Figure4.4 shows the codeof aneventsourcethatusesthe eventprogramming
paradigmhathasbeencreatedy this project. It canbeseerthatthis codeis morecompactindeasier
to understandAll initialisationtasksaredoneautomaticallyby theinstantiationof the EventSource
class. The accesf attributesis very intuitive becausehey aredatafields of the eventclassEvent-
Typel. An intuitive object-orientedpproactcanbe used.A similar comparisorcanbe madefor an
eventsink whichrevealsthe sameadwantage®f the new approach.

EventSource sourcel(argc, argv, "SourcelAPi",
"localhost", 5); // Create EventSource object

EventTypel_Src eventtypel; // Build event type object
sourcel.register_new_event(eventtypel); // Register with event source

eventtypel.MyPropertyl = "Hello World"; Set atiribute
eventtypel.signal_event(sourcel); // Signal event

Figure4.4: ExampleEventSourceasimplementedisingthenew EventClassProgrammindParadigm

4.4 Maintainability

Using ODL declarationdor event typesimprovesthe maintainabilityof an event softwareproject.
All the type declarationscan be kept at a centrallocation and updatedwhen necessary The event
type compiler then generateshe requiredstub codefor all event sourcesand event sinksthat are
partof the distributedeventapplications.The changego the eventtypesareglobally availableto all
programmersnda re-compilatiorwith the new stubcodeleadsto an up-to-dateversionof the event
application. The addition of new eventtypesto an ODL file requiresa re-compilationbut doesnot
breakthe compatibility of ary existing code.

Another reasonwhy maintainabilityis improved is that all programmershave the sameview
of the event typesthey use. In the old programmingmodel, event sourcesand sinks that wanted
to exchangeeventswere requiredto have the sameknowledge aboutevent types. However, this
knowledgewas not enforcedby ary mechanisnmso that mary difficult to discover bugs could be
introducedby incompatibleeventtypesbeingpassednsideaneventsystem.
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Chapter 5

Conclusions

This chaptersummarieghefinal projectwork andinvestigateghe lessonghatwerelearnt. The last
sectiondescribes numberof sensibleextensiongo the projectfor thefuture.

5.1 Summary

Theprojecthasresultedn a successfuimplementatiorof aneventtype compilerfor ODL guidedby
therulesof goodsoftwareengineeringractice.Thecompilersupportsall therequiredmappingsrom
ODL to C++stubcodeandXML SchemasThe outputof thecompilerwasevaluatedandcorrectness
wasshavn with two preciselydefinedApplication Scenariogeadingto a structuredevaluationphase
which focusedon a numberof acceptanceriteria. The existing COBEA systemwas modified to
introducethe notion of eventtype hierarchiesand superclassegistration. Therefore,it canbe said
thataneasilyapplicableprogrammingramevork for distributedeventapplicationshasbeencreated.

All the milestonedistedin Section2.4 wereachieved, largely asexpected.In comparisorto the
original projectplan, only minor changesvere necessarpecausef the betterunderstandingf the
projectasit progressed.

5.2 Lessond.earnt

A numberof importantlessonswere learntfrom this project: Firstly, a considerableamountof ex-

periencewas obtainedin dealingwith the COBEA system,the CORBA middleware, all the other
appliedsystemsandlanguagesanddistributedevent systemsn general. The familiarisationphase
wasthereforeanimportantpartof theprojectandtheinitial time writing dummyapplicationsandtest
codewaswell spentandallowedsmoothimplementatiorandevaluationphases.

Secondlythe structuredsoftwareengineeringapproachor this projectprovedto be highly suc-
cessfulandmademe realisethe importanceof goodprojectmanagementTheiterative development
modelwith repeatedefinementthat was adoptedfor the designof the mappingswasa very good
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engineeringparadigmfor this kind of work. This facilitatedthe actualimplementatiorof the event
type compilerto alarge extent.

Thirdly, it wasrealisedhow difficult it is to getan initial projectproposalright the first time
becausét hasto bewritten at a stageat which mostfor the future work is still very vagueandmary
aspectsannotbe predicted.For example,asmentionedoreviously in Section2.4, it wasdecidedto
abandorthe original planof providing a Javacodegeneratoffor the compiler Beforeactuallyhaving
implementedhe C++ codegeneratarit wasdifficult to estimatethe amountof work necessaryor
anothedanguagemappingwith codegeneration.

5.3 PossibleExtensions

This projectallows a large numberof interestingextensions. The whole areaof distributed event
systemss still evolving sothatmary differentideashave yetto beexplored.

The current COBEA implementationsupportsevent mediatorswhich are entitiesin the event
systemthatrelay eventsfrom sourcego sinksandregistrationsfrom sinksto sources.This allows a
furtherseparatiorof eventproducersandconsumersvecauseéheentiremanagemertaskis performed
by themediator In its currentversion theeventtypecompilerdoesnotsupporteventmediators How-
ever, it shouldberelatively straight-forwardo addmediatorsupportby providing an EventMediatior
wrapperclass,modifying the eventtype compilerandaddingadequaténterfacemethodsto the stub
codefor eventsourcesandsinks.

The actual COBEA systemcould be extendedin a numberof ways. For instance comple pa-
rameterisediltering expressionsouldbe allowedsothatit would be possibleto registerfor boolean
expressionsnvolving anumberof eventattributes.This extensionwouldrequireafiltering expression
parseranda changeof the currentsignallingcodeof COBEA andthe stubcodeinterfacemethods.
Anotherconcevableextensionis to useXML asa fundamentalvay to expresseventtypesandevent
instancesSucha schemawvould integratenicely with eventtyperepositoriesandinter-domainappli-
cations.Then,dynamiceventtype checkingby an XML parsemwould be carriedout during run-time
asopposedo the static type-checkindoy the C++ compiler However, this would requirea major
rewrite of several COBEA corecomponentsThe final issuel would like to mentionis accesscon-
trol. A mechanisnwhereonly certaineventsinksareallowedto registerfor aparticulareventsource
would allow theimplementatiorof real-worldsecuritypolicies.
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Appendix A

Listing of the COBEA classesand
methods

A.1 IDL Definitionsin FSrc

interface FSrc {

void reg_event( // Registersaneventinterestof a sink with this source
in BaseEventServer::EventHeader e, // Eventheadeto beregistered
in string filter_header, //Filter headernotused)
in PropertySeq event_body, //Attributedata
in string filter_body, // Stringfor parameterisetiltering
in string host, //Hostnameto beregistered
in string server, // Senernameto beregistered
in BaseEventServer::Duration d, // Duration(notused)
in string QoS, // Quality of Servicedata(notused)
in string who, // Accesscontrol(notused)
out long uid, // UID usedfor identification
out long eid) // EID usedfor identification

raises (RegistrationFailed, // Rejistrationhasfailed

NameConflict); // PreviousRgjistrationwith samename

void dereg_event( // De-registersapreviouseventinterest
in string user, //Sinkname
in long eid) // EID of registration
raises (UserNotFound, // Sinknamenotfound
EventNotFound); // Eventnamenotfound
I

A.2 IDL Definitionsin Snk
interface Snk : NotifyPublish {
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void notify( // Calledto notify sink of eventoccurrence
in EventHeader e, // Eventheader
in any data) //Attributedata
raises (NotComnnected); // Calledsinknotregistered

void disconnect_snk(); // Disconnectregisteredsink
}

A.3 Implementation of Event Sourcein FSrc_i

virtual void reg_event(...) //Reagistersaneventinterestof asinkwith thissource
throw (BaseEventServer: :RegistrationFailed,
BaseEventServer: :NameConflict);

virtual void dereg_event(...) // De-raistersapreviouseventinterest
throw (BaseEventServer::UserNotFound,
BaseEventServer: :EventNotFound) ;

void signal( // Signalsaneventoccurenceo all registeredeventsinks
BaseEventServer: :EventHeader& e, // Eventheader
const BaseEventServer: :PropertySeq& pro); //Attributedata

void new_event ( // Registersnew eventtypewith eventsource
const char* ev_type) // Stringnameof eventtype

throw (charx);

void delete_event( // Deletespreviously registeredeventtype

const char* ev_type) // Stringnameof eventtype
throw (charx);

A.4 Implementation of Event Sink in Snk_i

virtual void notify(...) // Calledto notify sink of eventoccurrence
throw(BaseEventServer: :NotConnected) ;

virtual void discomnect_snk(); // Disconnects registeredsink



Appendix B

Unsupported ODL Keywords

Nameof ODL Keyword

Functionof keyword

extent
key

keys
module
interface
bag
union
switch
case
default
readonly
relationship
inverse
exception
oneway
void

in

out

inout
raises
context

Specifieghesetall of instance®f a typewithin adatabase
Defineskey to acces®bjectsin database

sameaskey

Startsamoduledeclaration
Startsaninterfacedeclaration

Datastructureof unorderedbjectsthatmay containduplicates
Union datastructure

usedfor unions

usedfor unions

usedfor unions

readonlyattribute similar to constant
Definesrelationshipsetweerobjectsin database
Definesinverserelationshipsbetweerobjectsin database
Definesanexception

Definesanonavay methodparameter
Definesanemptymethodreturntype

Definesaninput methodparameter
Definesanoutputmethodparameter
Definesaninput/outputmethodparameter
Declaresexceptionsraisedby a method
Database-specificontext
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Appendix C

XML SchemabDefinitions of the ODL
Data Typesand BaseE\ent

<?xml version = "1.0"?>
<IDOCTYPE schema PUBLIC "-//W3C/DTD XML Schema Version 1.0//EN"
"http://www.w3.org/XML/Group/1999/09/23-xmlschema/structures/structures.dtd">

<schema>

<!-- Mapping of ODL data types -->

<datatype name = "d_Long" source = "integer">
<minInclusive value = ’-2147483648°/>
<maxInclusive value = ’2417483648°/>

</datatype>

<datatype name = '"d_Short" source = "integer'>
<minInclusive value = ’-32768°/>
<maxInclusive value = ’32768°/>

</datatype>

<datatype name = "d_ULong" source = '"non-negative-integer">
<maxInclusive value = ’4294967295°/>

</datatype>

<datatype name = "d_UShort" source = '"non-negative-integer">
<maxInclusive value = ’655357/>

</datatype>

<datatype name = "d_Float" source = "float"/>

<datatype name = "d_Double" source = "double"/>

<datatype name = "d_Boolean" source = "boolean'/>
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<datatype name = '"d_Octet" source = "binary">
<length value = ’8°/>
<encoding value = ’hex’/>
</datatype>
<datatype name = "d_Char" source = "string'>
<length value = ’1°/>
</datatype>
<datatype name = "d_String" source = "string"/>
<datatype name = "d_Date" source = '"date"/>
<datatype name = "d_Time" source = "time"/>
<datatype name = "d_Timestamp" source = "timeInstant'/>
<datatype name = "d_Interval" source = "timeDuration"/>
<!-- Definition of BaseEvent and Heartbeat -->
<element name = "BaseEvent">
<type>

<element name
<element name

"id" type = "d_Long"/>

"priority" type = "d_Short"/>
"source" type = "d_String"/>
"signal_time" type = "d_Timestamp"/>

<element name

<element name
</type>
</element>

<element name = "Heartbeat'>
<type>
<element name = "interval" type = ”d_Long"/>
</type>
</element>



Appendix D

An Example COBEA Application —
Scenariol

D.1 AppScenl.odl

// AppSceni.odl - Definition
// Written by Peter Pietzuch <prp22@cam.ac.uk> 1999
// Application Scenario No. 1 - Input ODL file

// #include "BaseEvent.odl"

class LocationEvent extends BaseEvent {
attribute char areaCode;
attribute string locDescr;
};
class GPSEvent extends LocationEvent {
attribute struct Coords {
double x;
double y;
double z;
} gpsloc;
};
class RoomEvent extends LocationEvent {
attribute struct RoomInfo {
string building;
string room;
unsigned short noj;
} roomlLoc;
};
class EntranceEvent extends RoomEvent {
attribute string person;
};
class ExitEvent extends RoomEvent {
attribute string person;

};
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D.2 AppScenl.h

// AppSceni.h

//

// ODL Event Mapping generated by ODL2EventComp

// Written by Peter Pietzuch <prp22@cam.ac.uk> 2000
//

// This file has been machine-generated.

// All changes will be lost. DO NOT EDIT!

#ifndef AppSceni_H
#define AppSceni_H

#include '"BaseEvent.h"

[..]

class LocationEvent : public virtual BaseEvent {
public:

d_Char areaCode; /* 1. property */

d_String locDescr; /* 2. property */

virtual const char* getTypeName() {return "LocationEvent'";};
virtual const unsigned int getPropertyCount() {return 2 +
BaseEvent: :getPropertyCount();};

protected:
LocationEvent() : BaseEvent() {};

virtual int getProperties(BaseEventServer: :Property properties[]);
int setProperties(const BaseEventServer::Property properties[]);

};

class GPSEvent : public virtual LocationEvent {
public:
struct Coords {
d_Double x;
d_Double y;
d_Double z;
} gpslLoc; /# 1. property */

virtual const char* getTypeName() {return "GPSEvent";};
virtual const unsigned int getPropertyCount() {return 1 +
LocationEvent: :getPropertyCount();};

protected:
GPSEvent() : LocationEvent() {};

virtual int getProperties(BaseEventServer: :Property properties[]);
int setProperties(const BaseEventServer::Property properties[]);

friend void operator<<=(CORBA::Any& __a, const Coords& _Coords);
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friend CORBA::Boolean operator>>=(const CORBA::Any& __a, Coords& _Coords);
I

class RoomEvent : public virtual LocationEvent {

[..]
};

[..]

#endif

D.3 AppScenl.cc

// AppSceni.cc

//

// ODL Event Mapping generated by ODL2EventComp

// Written by Peter Pietzuch <prp22@cam.ac.uk> 2000
//

// This file has been machine-generated.

// All changes will be lost. DO NOT EDIT!

#include "AppSceni.h"

int LocationEvent::getProperties(BaseEventServer: :Property properties[]) {
int propNum = BaseEvent::getProperties(properties);
properties[propNum + 0] .name = '"areaCode";
properties[propNum + 0].value <<= areaCode;
properties[propNum + 0].len = sizeof(areaCode);
properties[propNum + 1] .name = "locDescr";
properties[propNum + 1].value <<= locDescr;
properties[propNum + 1].len = sizeof(locDescr);
return LocationEvent: :getPropertyCount();

};

int LocationEvent::setProperties(const BaseEventServer::Property properties([]) {
int propNum = BaseEvent::setProperties(properties);
properties[propNum + 0].value >>= areaCode;
properties[propNum + 1].value >>= locDescr;
return LocationEvent: :getPropertyCount();

};

int GPSEvent::getProperties(BaseEventServer: :Property properties[]) {
int propNum = LocationEvent::getProperties(properties);
properties[propNum + 0] .name = "gpsLoc";
properties[propNum + 0].value <<= gpsloc;
properties[propNum + 0].len = sizeof(gpsLoc);
return GPSEvent: :getPropertyCount();

s

int GPSEvent::setProperties(const BaseEventServer::Property properties[]) {
int propNum = LocationEvent::setProperties(properties);
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properties[propNum + 0].value >>= gpsLoc;
return GPSEvent: :getPropertyCount();
I

void operator<<=(CORBA::Any& __a, const GPSEvent::Coords& _Coords) {
int size = 3;
CORBA: :Any#* any_array = new CORBA::Any[size];
any_array[0] <<= _Coords.x;
any_array[1] <<= _Coords.y;
any_array[2] <<= _Coords.z;
AnySeq anyseq(size, size, &(any_array[0]), true);
__a <<= anyseq;

};

CORBA: :Boolean operator>>=(const CORBA::Any& __a, GPSEvent::Coords& _Coords) {

const AnySeq* anyseq;

if (1(__a >>= anyseq))
return false;

if (!((*anyseq)[0] >>= _Coords.x))
return false;

if (!((*anyseq)[1] >>= _Coords.y))
return false;

if (!((*anyseq)[2] >>= _Coords.z))
return false;

return true;

};
[..]

D.4 AppScenl_Sc.h

// AppSceni_Src.h

//

// ODL Event Mapping generated by ODL2EventComp

// Written by Peter Pietzuch <prp22@cam.ac.uk> 2000
//

// This file has been machine-generated.

// All changes will be lost. DO NOT EDIT!

#ifndef AppSceniSRC_H
#define AppSceniSRC_H

#include "AppSceni.h"
#include "BaseEvent_Src.h"

class LocationEvent_Src : public virtual LocationEvent, public BaseEvent_Src {
public:

LocationEvent_Src();

~“LocationEvent_Src() {};
s
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class GPSEvent_Src : public virtual GPSEvent, public LocationEvent_Src {
public:

GPSEvent_Src();

~GPSEvent_Src() {};
I

class RoomEvent_Src : public virtual RoomEvent, public LocationEvent_Src {

[..]
};

[..]

#endif

D.5 AppScenl_Sc.cc

// AppScenl_Src.cc

//

// ODL Event Mapping generated by ODL2EventComp

// Written by Peter Pietzuch <prp22@cam.ac.uk> 2000
//

// This file has been machine-generated.
// All changes will be lost. DO NOT EDIT!

#include "AppSceni_Src.h"

LocationEvent_Src::LocationEvent_Src() : LocationEvent(), BaseEvent_Src() {
inhSpec->push_back("LocationEvent");
};

GPSEvent_Src::GPSEvent_Src() : GPSEvent(), LocationEvent_Src() {
inhSpec->push_back("GPSEvent") ;
};

RoomEvent_Src: :RoomEvent_Src() : RoomEvent(), LocationEvent_Src() {
inhSpec->push_back("RoomEvent") ;
};

[..]
D.6 AppScenl_Snk.h

// AppSceni_Snk.h

//

// ODL Event Mapping generated by ODL2EventComp

// Written by Peter Pietzuch <prp22@cam.ac.uk> 2000
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//

// This file has been machine-generated.
// All changes will be lost. DO NOT EDIT!

#ifndef AppScenl1SNK_H
#define AppSceniSNK_H

#include "AppSceni.h"
#include "BaseEvent_Snk.h"
#include "EventSink.h"

class LocationEvent_Snk : public virtual LocationEvent, public BaseEvent_Snk {
public:
LocationEvent_Snk() : LocationEvent(), areaCode_wildcard(true),
locDescr_wildcard(true) {7};

void register_event_interest(EventSink& sink, const BaseEvent_CB* cbfunc);
bool get_areaCode_wildcard() {return areaCode_wildcard;};

void set_areaCode_wildcard(bool state) {areaCode_wildcard = state;};

bool get_locDescr_wildcard() {return locDescr_wildcard;};

void set_locDescr_wildcard(bool state) {locDescr_wildcard = state;};

protected:
const char* getFilterExpression();

private:
bool areaCode_wildcard;
bool locDescr_wildcard;

static BaseEvent_CB* getCallbackFunction(const char* source_name);
friend void* cb_LocationEvent(void#* vp);
static map<string, BaseEvent_CB*, less<string> > callback_functions;

};

class GPSEvent_Snk : public virtual GPSEvent, public LocationEvent_Snk {
public:
GPSEvent_Snk() : GPSEvent(), gpsLoc_wildcard(true) {};

void register_event_interest(EventSink& sink, const BaseEvent_CB* cbfunc);
bool get_gpsLoc_wildcard() {return gpsLoc_wildcard;};
void set_gpsLoc_wildcard(bool state) {gpsLoc_wildcard = state;};

protected:
const char* getFilterExpression();

private:
bool gpsLoc_wildcard;

static BaseEvent_CBx* getCallbackFunction(const char* source_name);
friend void* cb_GPSEvent(void* vp);
static map<string, BaseEvent_CB#*, less<string> > callback_functions;
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class RoomEvent_Snk : public virtual RoomEvent, public LocationEvent_Snk {

[..]
};

#endif

D.7 AppScenl_Snk.cc

// AppSceni_Snk.cc

//

// ODL Event Mapping generated by ODL2EventComp

// Written by Peter Pietzuch <prp22@cam.ac.uk> 2000
//

// This file has been machine-generated.

// All changes will be lost. DO NOT EDIT!

#include "AppSceni_Snk.h"
map<string, BaseEvent_CB*, less<string> > LocationEvent_Snk::callback_functions;

void LocationEvent_Snk::register_event_interest(EventSink& sink, const BaseEvent_CB* cb) {
BaseEventServer: :Duration duration = {{0, 0}, {0, 0}}; // this is not used by COBEA
const char* filter = getFilterExpression();
LocationEvent_Snk::callback_functions[sink.getSourceName()] = cb;
BaseEventServer: :Property prop[getPropertyCount()];
getProperties(prop);
BaseEventServer: :PropertySeq* propseq;
propseq = new BaseEventServer: :PropertySeq(getPropertyCount(), getPropertyCount(),
prop, true);
sink.register_event_interest(getTypeName(), priority, "", #*propseq, filter,
duration, "", cb_LocationEvent);

};

const char* LocationEvent_Snk::getFilterExpression() {
string filter;
filter += BaseEvent_Snk::getFilterExpression();
if (areaCode_wildcard)
filter+="x%";
else
filter+= " ";
if (locDescr_wildcard)
filter+="*";
else
filter+= " ";
return filter.c_str();

};

BaseEvent_CB* LocationEvent_Snk::getCallbackFunction(const char* source_name) {
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return LocationEvent_Snk::callback_functions[source_name];

};

void* cb_LocationEvent(void* vp) {
callback_data* cbd = (callback_datax) vp;
const char* src_id = cbd->src_id.c_str();

BaseEventServer: :PropertySeq* pss;
cbd->data >>= pss;

BaseEventServer: :Property* properties;
properties = &(*pss)[0];

LocationEvent_Snk* o_LocationEvent = new LocationEvent_Snk();
o_LocationEvent->setProperties(properties);
o_LocationEvent->id = cbd->n;

o_LocationEvent->source = src_id;
o_LocationEvent->signal_time = d_Timestamp::current();

BaseEvent_CB* cb = LocationEvent_Snk::getCallbackFunction(src_id);
cb(o_LocationEvent);
delete o_LocationEvent;

return vp;

s
map<string, BaseEvent_CB*, less<string> > GPSEvent_Snk::callback_functions;

void GPSEvent_Snk::register_event_interest(EventSink& sink, const BaseEvent_CB* cb) {

[..]
};

const char* GPSEvent_Snk::getFilterExpression() {

[..]
};

BaseEvent_CB* GPSEvent_Snk::getCallbackFunction(const char* source_name) {
return GPSEvent_Snk::callback_functions[source_name];

3

void* cb_GPSEvent(void* vp) {
[..]

3

[..]

D.8 AppScenl.xsd

<?xml version="1.0"7>
<!--XML Schema Event Hierarchy Definition-->
<lo--->
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<!--0DL Event Mapping generated by ODL2EventComp-->

<loooo>
<!--Written by Peter Pietzuch <prp22@cam.ac.uk> 2000-->
<loooo>

<!--This file has been machine-generated.-->
<!--Al11 changes will be lost.-->
<!--DO NOT EDIT!-->
<b---->
<schema>
<element name="LocationEvent'>
<type source="BaseEvent'" derivedBy="extension'>
<element name="areaCode" type='"d_char"/>
<element name='"locDescr" type="d_string"/>
</type>
</element>
<element name="GPSEvent'>
<type source='"LocationEvent" derivedBy="extension">
<element name='"gpsLoc'">
<type name="Coords'">
<element type="d_double" name="x"/>
<element type="d_double" name="y"/>
<element type='"d_double" name="z"/>
</type>
</element>
</type>
</element>
<element name="RoomEvent'>
<type source='"LocationEvent" derivedBy="extension">
<element name='"roomLoc'">
<type name="RoomInfo'">
<element type="d_string" name="building"/>
<element type='"d_string" name='"room'"/>
<element type='"d_ushort" name='"no"/>
</type>
</element>
</type>
</element>
<element name="EntranceEvent">
<type source="RoomEvent'" derivedBy="extension'>
<element name='"person" type="d_string"/>
</type>
</element>
<element name="ExitEvent'>
<type source="RoomEvent'" derivedBy="extension'>
<element name='"person' type="d_string"/>
</type>
</element>
</schema>
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Dummy Application Framework —
Scenariol

E.1 TestSourceAPl.cc

// This program is a framework for an event source in the Application Scenario 1

//
// Written by prp22@cam.ac.uk 14.1.2000

#include "AppScenl_Src.h"
#include "EventSource.h"

#include <iostream>
#include <omniORB2/CORBA.h>

int main(int argc, char* argv[]) {
cout << "Building event source ’SourcelAP1’" << endl;
EventSource sourcel(argc, argv, "SourcelAP1", "localhost", 5);

cout << "Building BaseEvent'" << endl;

BaseEvent_Src baseevent;

cout << "Registering BaseEvent with ’SourcelAP1’" << endl;
sourcel.register_new_event(baseevent);

cout << "Building GPSEvent" << endl;

GPSEvent_Src gpsevent;

cout << "Populating GPSEvent with values'" << endl;
gpsevent.areaCode = ’A’;

gpsevent.locDescr = "Car Parking";

gpsevent.gpsLoc.x = 123.456;

gpsevent.gpsLoc.y = 42.000;

gpsevent.gpsLoc.z = 67.000;

cout << "Registering GPSEvent with ’SourcelAP1’" << endl;
sourcel.register_new_event(gpsevent);
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cout << "Building RoomEvent'" << endl;

RoomEvent_Src roomevent;

cout << "Registering RoomEvent with ’SourcelAP1’" << endl;
sourcel.register_new_event(roomevent);

cout << "Building EntranceEvent" << endl;
EntranceEvent_Src entranceevent;

cout << "Populating EntranceEvent with values" << endl;
entranceevent.areaCode = ’B’;

entranceevent.locDescr = "Building";
entranceevent.roomLoc.building = "Library";
entranceevent.roomlLoc.room = "Reading Room";
entranceevent.roomLoc.no = 1;

entranceevent.person = "Fred";

cout << "Registering EntranceEvent with ’SourcelAP1’" << endl;
sourcel.register_new_event(entranceevent);

cout << "Building ExitEvent" << endl;

ExitEvent_Src exitevent;

cout << "Populating ExitEvent with values'" << endl;

cout << "Registering ExitEvent with ’SourcelAP1’" << endl;
sourcei.register_new_event(exitevent);

cout << endl << "Signalling Events..." << endl << endl;

while(true) {
cout << "Signalling... GPSEvent'" << endl;
gpsevent.signal_event(sourcel);
omni_thread::sleep(1);
cout << "Signalling... EntranceEvent (person
entranceevent.person = "Fred";

’Fred’)" << endl;

entranceevent.signal_event(sourcel);
omni_thread: :sleep(1);

cout << "Signalling... EntranceEvent (person
entranceevent.person = "John";

’John’)" << endl;

entranceevent.signal_event(sourcel);

omni_thread: :sleep(1);

cout << "Signalling... ExitEvent (person = ’Alison’)" << endl;
exitevent.signal_event(sourcel);

omni_thread: :sleep(1);

s

exit(0); return 0;

APPENDIXE. DUMMY APPLICATION FRAMEWORK— SCEMRIO 1

};

E.2 TestSinkAPl.cc

// This program is a framework for an event sink in the Application Scenario 1

//

// Written by prp22@cam.ac.uk 14.1.2000
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#include "AppScenl_Snk.h"
#include

"EventSink.h"

#include <iostream>

void* disconnect_fn(void#);
void gpsevent_cb(BaseEvent_Snk*);

[..]

void heartbeat_cb(Heartbeat_Snkx*);

void gpsevent_cb(BaseEvent_Snk* bevent) {

cout << "Received GPSEvent ",
cout << "(id = " << bevent->id << ")";
cout << "(signal_time = " << bevent->signal_time << ")";

GPSEvent_Snk* gevent = (GPSEvent_Snk*) bevent;

cout
cout
cout
cout
cout

};

<<
<<
<<
<<
<<

"(areaCode = " << gevent->areaCode << ")";

"(locDescr = " << gevent->locDescr << ")" << endl;

" (x = " << gevent->gpsLoc.x << ")";

"(y = " << gevent->gpsLoc.y << ")" << endl;

" (z = " << gevent->gpsloc.z << ")" << endl;

void roomevent_cb(BaseEvent_Snk* bevent) {

[..]
};

void entranceevent_cb(BaseEvent_Snk* bevent) {
cout << "Received EntranceEvent ";

EntranceEvent_Snk* enevent = (EntranceEvent_Snk*) bevent;

cout
cout
cout

cout
cout
cout

};

<<
<<
<<

<<
<<
<<

"(areaCode = " << enevent->areaCode << ")";

"(locDescr = " << enevent->locDescr << ")" << endl;

" (roomLoc.building = " << enevent->
roomLoc.building << ")";

"(roomLoc.room = " << enevent->roomLoc.room << ")" << endl;

" (roomLoc.no = " << enevent->roomLoc.no << ")";

"(person = " << enevent->person << ")'" << endl;

void exitevent_cb(BaseEvent_Snk* bevent) {

[..]
};

void heartbeat_cb(Heartbeat_Snk* bevent) {

[..]
};

void* disconnect_fn(void* vp) {

[..]
};
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int main(int argc, char** argv) {

};

cout << "Building event sink ’Sink1AP1’ bound to ’SourcelAP1’'" << endl;
EventSink sinkl (argc, argv, "Sink1AP1", "localhost", "SourcelAP1",
"localhost", disconnect_fn);

cout << "Building Heartbeat'" << endl;

Heartbeat_Snk heartbeat;

cout << "Registering Heartbeat (Sink1AP1->SourceiAP1)" << endl;
heartbeat.register_event_interest(sinkl, heartbeat_cb);

cout << "Building event GPSEvent'" << endl;

GPSEvent_Snk gpsevent;

cout << "Registering GPSEvent (Sink1AP1->SourcelAP1)" << endl;
gpsevent.register_event_interest(sinkl, gpsevent_cb);

cout << "Building event RoomEvent" << endl;

RoomEvent_Snk roomevent;

cout << "Registering RoomEvent (Sink1AP1->SourceiAP1)" << endl;
roomevent.register_event_interest(sinkl, roomevent_cb);

cout << "Building event EntranceEvent" << endl;

EntranceEvent_Snk entranceevent;

cout << "Setting up paramterised filtering (person = tFredt)" << endl;
entranceevent.person = "Fred";
entranceevent.set_person_wildcard(false);

cout << "Registering EntranceEvent (Sink1APi->SourcelAP1)" << endl;
entranceevent.register_event_interest(sinki, entranceevent_cb);

cout << "Building event ExitEvent'" << endl;

ExitEvent_Snk exitevent;

cout << "Registering ExitEvent (Sink1AP1->SourcelAP1)" << endl;
exitevent.register_event_interest(sinkl, exitevent_cb);

cout << "Sleeping for 15 seconds" << endl;
omni_thread::sleep(15);

cout << "Deregistering Heartbeat (Sink1AP1)" << endl;
heartbeat.deregister_event_interest(sinkil);

]

cout << "Deregistering ExitEvent (Sink1AP1)" << endl;
exitevent.deregister_event_interest(sink1);

omni_thread::sleep(3);

cout << "Exiting main task" << endl;
exit(0); return 0;



Appendix F

An Example COBEA Application —
Scenario2

F.1 Description of the Scenario

Informal Description: Thesecondapplicationscenariadealswith asureillancesystenthatis com-
posedof a numberof sensors.Thesesensorsare distributedarounda building and can send
message$o basestations. Differenttypesof sensorsare used,namelymagnetic,optical and
electronicsensorsThe purposeof thesensoisystemis to detectintrudersandto passneasure-
mentdataonto themainsystentor processingDifferenttypesof datais measuredby different
sensorsWhenintrudersaredetectedadditionalinformationaboutthemis availablethatneeds
to betransferedo the mainsystemaswell.

Thetaskis to designa systemthat controlsall the sensorsandis ableto reactquickly to the
presencef intruders. All the measuredlatashall be correctlytransferedrom the sensorgso
themainsystem.

ODL Declaration: The event classeghat can be usedto implementthis applicationscenarioare
shown in FigureF.1. All the eventsusedin this exampleare generatedy sensorsandthus
derivedfrom a generalSensorEvent. This type containsthe time stampof the measurement
andthe kind of sensorthat performedit. Threeeventsare derived from the SensorEvent:
AlarmEvent signalsthedetectiorof intrudersandcontainsa seriesof nestedstructurego store
data. Thetwo eventsinfoEvent_A andInfoEvent_B aredifferentinformationalsensorevents
that canbe distinguishedby constantattributes. They carry a setof integer or floating-point
data.

TheentireODL declaratiorof the file AppScen2.odl is listedin the following Section.It can
be seenthatthis applicationscenarids morecomple thanthefirst onebecaus®f the usageof
nestedstructuresenumerations;onstantstype definitionsandexpressions.

C++ and XML Stub Code: Thestubcodefor this scenarids written into sevenfiles whosenames
begin with AppScen2. Especiallythe C++ stubcodeis muchmorecomplec thanthe codefor
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SensorEvent

A

| AlarmEvent | [ InfoEvent A | [ InfoEvent B |

FigureF.1: ODL ClasseandInheritanceRelationsfor Application Scenarid?

thefirst scenaridbecausaseveralmarshallingoperatordor theuserdefineddatastructurehave
to be synthesisedby the eventtype compiler Partly becausef this additionalcompleity, it is
not possibleto equivalently expressthe outputin XML Schema.This meanghatthe compiler
issuesseveralwarningmessagewhengeneratinghe XML outputwhichis theninvalid.

F.2 AppScen2.odl

// AppScen2.0dl - Definition

//

// Written by Peter Pietzuch <prp22@cam.ac.uk> 1999
// Application Scenario No. 2 - Input ODL file

// #include "BaseEvent.odl"

class SensorEvent extends BaseEvent {
attribute interval i;
attribute timestamp ts;

attribute enum SensorType {
optical,
acoustic,
magnetic

} sensortype;

};

class AlarmEvent extends SensorEvent {
enum Importance {
high,
medium,
low

};

struct Intruder {
string name;
unsigned long referencelNo;

};

attribute struct AlarmDescr {
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Importance priority;

string location;
list<string> intruders;
any additionalData;

struct IntruderDescr {
char internalCode;
list<Intruder> intruderlist;
} intruderDescr;
} descr;

};

class InfoEvent_A extends SensorEvent {
const string info_type = "A";
const double info_id = 100 + 1;

typedef set<long> LongSet;
attribute LongSet data_values;

};

class InfoEvent_B extends SensorEvent {
const string info_type = "B";
const double info_id = 100 + 2;

typedef set<double> DoubleSet;
attribute DoubleSet data_values;

};
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Dummy Application Framework —
Scenario2

G.1 TestSouceAP2.cc

// This program is a framework for the Application Scenario 2

//
// Written by prp22@cam.ac.uk 23.1.2000

#include "AppScen2_Src.h"
#include "EventSource.h"

[..]

#include <omniORB2/CORBA.h>

int main(int argc, char* argv[]) {
cout << "Building BaseEvent' << endl;
BaseEvent_Src baseevent;

cout << "Building event source ’SourcelAP2’" << endl;
EventSource sourcel(argc, argv, "SourcelAP2", "localhost", 5);

cout << "Registering BaseEvent with ’SourcelAP2’" << endl;
sourcel.register_new_event(baseevent);

cout << "Building SensorEvent'" << endl;

SensorEvent_Src sensorevent;

cout << "Registering SensorEvent with ’SourcelAP2’" << endl;
sourcei.register_new_event(sensorevent);

cout << "Building AlarmEvent'" << endl;
AlarmEvent_Src alarmevent;

cout << "Populating AlarmEvent with values'" << endl;
alarmevent.ts = d_Timestamp(2000, 2, 1, 15, 00);
alarmevent.sensortype = AlarmEvent_Src::optical;
alarmevent.descr.priority = AlarmEvent::high;
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};

G

//
//
//

#i
#i
[..

#i

Vo

[..

Vo

alarmevent.descr.location = "Warehouse 1";
alarmevent.descr.intruders.insert_element ("Thief A");
alarmevent.descr.intruders.insert_element ("Thief B");
AlarmEvent_Src::Intruder myIntruderl, myIntruder2;

myIntruderl.name = "Joe'";

myIntruderl.referenceNo = 123456;

[..]

alarmevent.descr.intruderDescr.internalCode = ’X?;
alarmevent.descr.intruderDescr.intruderlList.insert_element (myIntruderi);
alarmevent.descr.intruderDescr.intruderlList.insert_element (myIntruder?2);
cout << "Registering AlarmEvent with ’SourcelAP2’" << endl;
sourcei.register_new_event(alarmevent);

cout << "Building InfoEvent_A" << endl;
InfoEvent_A_Src infoevent_a;

cout << "Populating InfoEvent_A with values'" << endl;
infoevent_a.ts = d_Timestamp(2000, 2, 1, 16, 00);
infoevent_a.sensortype = InfoEvent_A::magnetic;
infoevent_a.data_values.insert_element(1);

cout << "Registering InfoEvent_A with ’SourcelAP2’'" << endl;
source1.register_new_event(infoevent_a);

cout << "Building InfoEvent_B'" << endl;

[..]

cout << "Registering InfoEvent_B with ’SourcelAP2’" << endl;
sourcel.register_new_event(infoevent_b);

cout << "Signalling events........ " << endl;

while(true) {

[..]
};

exit(0); return 0;

.2 TestSinkAP2.cc

This program is a framework for the Appication Scenario 2
Written by prp22@cam.ac.uk 23.1.2000

nclude "AppScen2_Snk.h"
nclude "EventSink.h"

]

nclude <iostream>

id* disconnect_fn(void*);

]

id heartbeat_cb(Heartbeat_Snk*);
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void sensorevent_cb(BaseEvent_Snk* bevent) {

cout << "Received SensorEvent "
SensorEvent_Snk* sevent = (SensorEvent_Snk*) bevent;
cout << "(ts = " << sevent->ts << ")";
cout << "(sensortype = " << sevent->sensortype << ")" << endl;
};
void alarmevent_cb(BaseEvent_Snk* bevent) {
cout << "Received AlarmEvent "
AlarmEvent_Snk* aevent = (AlarmEvent_Snk*) bevent;
cout << "(ts = " << aevent->ts << ")";
cout << "(sensortype = " << aevent->sensortype << ")" << endl;
cout << " (descr.priority = " << aevent->descr.priority << ")";
cout << "(descr.location = " << aevent->descr.location << ")" << endl;;

d_Iterator<d_String> it = aevent->descr.intruders.begin();

cout << " (descr.intruder = ";
while (it !'= aevent->descr.intruders.end()) {

cout << (*it) << " M"; it++;
};

cout << ")" << endl;

int main(int argc, char** argv) {
cout << "Building event sink ’Sink1AP2’ bound to ’SourcelAP2’'" << endl;
EventSink sinkl (argc, argv, "Sink1AP2", "localhost", "SourcelAP2",
"localhost'", disconnect_fn);

cout << "Building Heartbeat'" << endl;

Heartbeat_Snk heartbeat;

cout << "Registering Heartbeat (Sink1AP2->SourceiAP2)" << endl;
heartbeat.register_event_interest(sinkl, heartbeat_cb);

cout << "Building event SensorEvent" << endl;
[-..]
cout << "Registering InfoEvent_B (Sink1AP2->SourcelAP2)" << endl;

infoevent_b.register_event_interest(sinki, infoevent_b_cb);

cout << "Waiting for events............ " << endl;
omni_thread::sleep(15);

[..]
};

G.3 Screenshotof Application Scenario2
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Appendix H

Part Il Project Proposal

Intr oduction

The Operaresearchgroupin the computedab hasdevelopedan event architecturewithin anobject-
orienteddistributedprogrammingOODP) ervironmentbasedon CORBA. It is called COBEA and
allowsthe usageof eventsfor building large scaledistributedapplications.

This architecturébaseon the publish-reyisternotify paradigmsoqthatclientsthatareinterested
in aspecificclassof eventscanregisterandarenotified of ary occurrenceof theseeventsby seners.
At themomenteventsareonly implicitly specified.Clientsusealibrary asalow-levelinterfaceto an
eventsener sothatthey canregisterandderayistertheirinterests.

However, it would be desirableto useODL? specifiedby the ODMG? asan event specification
languagen orderto describesventsin a standardvay. A mappingfrom theseODL eventspecifica-
tionsto JavaandC++ codewould allow eventsto beimplementedasobjectswith atype andcertain
attributes.

Description

The ODL Stub Generator

The main aim of this projectis to develop an ODL eventtype compiler that outputsstub codein
C++ or Java. This requiresthe designof a mappingfrom eventtypesto ODL. Clientscanthen
usethe stub methodsgeneratedy the compiler as an interfaceto the event sener, for example,
to register/dergister call-backmethodsfor event notification. This would facilitate the processof
applicationand sener developmentand give supportfor strong-typing. Furthermore application
developerswould not needto marshaland unmarshakventsthemseles. They could work on the

1COrba-BasettventArchitecture
2ObjectDefinition Language
3ObjectDataManagemenGroup
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ODL mappingof theeventsandhave a consistenAPI to use.The stubcodewould interfacewith the
lower-level library.

ThefigureH.1 givesasimplified view of theresultingarchitectureof the eventsystem.

Client Server
\ ODL mapping \ \ ODL mapping \
Internal Format Internal Format
Event Sink Event Source
A A

~— CORBA- Middleware

FigureH.1: TheEventSystemArchitecture

The eventtype compilertakesan ODL eventtype definition asinput andgeneratestubcodein
JavaandC++. It consistof thestandarcompilerphasessshowvnin figureH.2. Thecodegeneration
phaseof the eventtype compilercanbe implementedasa plug-in modulesothatboth C++ andJava
stubcodecanbegenerated.

Thecompilerwill beimplementedn C++. The procesf implementingthelexer andparsemill
be simplifiedby usingthe Unix toolslex andyacc Appropriatedatastructuredor storingtheabstract
syntaxtreegeneratedby the parsethave to bedesigned.

Thestubcodethathasbeengenerateds theinterfaceusedby clientsandsenersto communicate
with the eventsystem.It mustincludefacilities for registrationanddereyistrationof eventinterestsof
clientsandaway to notify aboutthe occurrencef events.

Abstract
Syntax
Tree

ODL—» Lexer —» Parser ——» CodeGen T

Stub —p C++
code

—» Java

XML Event Type
Specification

FigureH.2: TheODL StubGenerator
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Registration of event superclasses

Moreover, a schemeshouldbe implementedvhereit is possiblefor clientsto registeran eventwith
its supeclassandthenbe notified aboutary subclassventsof thatsuperclassThe main advantage
of thiswould bethe possibility of applicationgo registera generakventif all possiblederivativesof
this eventareof interestto the application.

Generation of ParsedEvent Type Definitions

If the eventsystemis usedin connectionwith an eventtype repositoryor with cross-domairappli-
cations,parsedeventtypedefinitionswill berequired. Sucheventtype definitionscanbe produced
by the stubgeneratoduring the codegeneratiorphaseand outputasan XML? file. A suitablefor-
mathasto be designedso thatthetype definitionscanbe importedinto a type repositoryor usedby
applicationghatcrossdomainboundarieso queryeventtypes.

PossibleExtensions

This sectioncontainstwo sensibleaxtensionsof the main projectideaasdescribedabore. The deci-
sionwhich of theseextensionswill beincludedinto the projectwill bedoneatalaterprojectstageas
indicatedin the projectschedule.

Parserfor Event Filtering Expressions

Clientsthat registertheir interestin particulareventscanuseeventfiltering expressionsn orderto
receve eventsconstraineddy certainparameters.For this it would be necessaryo write a simple
parserfor eventfiltering expressionsvhich would be usedduringtheregistrationof clients. It parses
the event filtering expressionso that it can be determinedwhetheran eventis of interestand the
correspondingpplicationneedgo benotified. This would involve the modificationof currentcode.

Interfaces for Event AccessControl

A further extensionwould be the definition of suitableinterfacesin the stub codethat canbe used
for an accesscontmol scheme This would allow the associatiorof certainaccesgestrictionswith
particulareventssothatonly certainclientsareallowedto registerfor theseevents.

Work to be undertaken

e Literaturestudyandinitial preparation(CORBA, ODL, IDL, COBEA)

4eXtensibleMarkupLanguage



78 APPENDIXH. PART Il PROJECTPROPOSAL

e A suitablemappingof eventtypesto ODL hasto be investigated.For example,this involves
the specificatiorof aneventbaseclass.

e Thestubcodethatis to beproduceddy the eventtypecompilerout of anODL eventdefinition
hasto be definedandhand-coded.

o A simpleclientandsenerapplicationhasto bebuilt thatcanbe usedfor testingandevaluation
of thewholeeventsystem.

e A lexer andparserfor the ODL eventdefinitionsis requiredwhich outputsan abstractsyntax
treeneededor codegeneration.

e A codegeneratois requiredthattransformghe parsetreeinto C++ or Java stubcode.

o A suitableformatfor the XML eventtype specificationhasto be designed.This involvesa
mappingfrom ODL to XML.

¢ A codegeneratois requiredthattransformghe parsetreeinto XML eventtype definitions.

e Dependingonthe progresof the projectoneof the possibleextensionscanbeimplemented.

Starting Point

Programming Languages

| have agoodknawledgeof Javabecaus@f the groupprojectdonelastyeat
In additionto thatl have knowledgeof C++ althoughl have never codeda larger projectin this
language.

Theusageof thecompilertoolslex andyaccis familiar to me becaus®f the“Compiler Construc-
tion” lecturecourse.

Middlewar e— CORBA — COBEA

Although I am familiar with the basicconceptsof Middlewareand CORBA becausef the “Con-
currentSystems’lecturecourse,it will be necessaryor meto spenda considerableamountof time
to understandand learnthe detailedusageof CORBA in distributed applications. In particular |
will have to familiarize myselfwith IDL andODL andit will be necessaryor meto understandhe
structure designandimplementatiorof COBEA.

Timetable

The following timetablegives the overall schedulefor the project. It is subdvided into working
packageseacha fortnight long.



11. October—24. October

Milestones

MichaelmasTerm

First projectidea
Contactingsupervisor

Writing ProjectProposal
ProjectProposalwith timetable
Submissiomf ProjectProposal
ApprovalfromOverseers

25. October— 7. November

Milestones:

Readinditerature

Introductionto CORBA & IDL
Introductionto ODL

Introductionto COBEA
PreparatiorandSetupof college computer
Studyof the currentEventSystem
Productionof a modelCORBA application

8. November-21. November

Milestones:

Initial versionof the eventtype—+ODL mapping
Initial versionof hand-codedtubs
Implementatiorof the democlient-sener application
First draft of event->ODL mapping

First draft of ODL— C++/Javamapping

22.November- 5. December

Milestones:

Refinemenbf ODL eventdefinitions
Refinemenbf hand-codedtubs

Revision ontheusageof lex & yacc
Implementatiorof Lexer & Parserfor ODL
Final versionof ODL eventdefinitions
Final versionof hand-codedtubcode
Working Lexer and Parserfor ODL

6. December 16. January

Christmas Vacation (usedfor revision)

17. January- 23. January

Milestones:

Lent Term

Implementatiorof C++/Java codegenerator
TestingandEvaluationof codegeneration
Working versionof codegeneator

24. January- 30. January

Milestones:

Definition of ODL—XML mapping
Implementatiorof XML codegenerator
Writing of ProgresdReport
Submissiomf ProgressReport

4. February

ProgressReport SubmissionDeadline
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31.January- 13. February
Continuousmprovementof codegeneration
Decisionaboutpossibleextension
Implementatiorof extension

Milestones: Decisionaboutextension

Final versionof stubcodegeneator

14. February-27. February
Writing IntroductionandPreparatiorChapters
Milestones: First part of Dissertationwritten

28. February-12. March

Writing ImplementatiorandEvaluationChapters
Milestones: Secondart of Dissertationwritten
First draft of Dissertationcompleted

13. March—23. April

24. April = 7. May Easter Term

Submissiorof Dissertatiorto supervisor
FeedbacKrom supervisor
Preparatiorof diagrams

Preparatiorof appendices
Proof-readingf Dissertation
Milestones: Final versionof Dissertation

8. May — 19. May

EasterVacation (usedfor examrevision)

Smallchangesndadditions
Final review of Dissertation
Submissiorof Dissertation
Milestones: Submissiomf Dissertation

19. May Dissertation SubmissionDeadline

SpecialResources

The main developmentwill be doneon my own computerin College. The necessargoftwaretools
for the developmentwork will beinstalledonit. It is morewer possibleto run alocal versionof the
eventsystemon this machine.

The usedcomputerrunsLinux OS andusesa streameras a backupfacility. Moreover, regular
backupgo the PelicanArchive Serviceprovidedby the ComputingServicewill bedone.

At a further stageof the projectandparticularlyduringtestingl will useOperas linux machines
onwhichanaccountand25 MB of discspacewill be providedfor this project.
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Supervisor

Walt Yao (Walt.Yao@cl.cam.ac.ukRhD studentn the Operagroup,will be supervisinghis project.
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