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Abstract

To managethe increasingcomplexity of software,many modernand large ap-

plicationsmake useof components. GNOME, the free desktopenvironmentfor

UNIX likesystems,hascreatedits own componentmodel,namelyBonobo.

The Bonobocomponentmodelis basedon CORBA technology. Relying on

CORBA enablesdevelopers to accessBonobocomponentsfrom different pro-

gramminglanguagesand platforms.It also meansthat IIOP, the protocol that

guaranteesinteroperabilitybetweenCORBA products,is usedto communicate

with Bonobocomponents.However, mostfirewallspreventIIOP communication.

This dissertationdealswith bridging Bonobocomponents. In otherwords, it is

aboutaccessingBonobocomponents thatarebehindafirewall.

SOAP isanXML basedprotocolthatusesHTTPfor transportingitsmessages.

In orderto bridgeBonobocomponents, wewill build anIIOP to SOAP bridgeand

viceversa.Thesystemwill redirectall themessagesdestinedto theBonobocom-

ponentsinto thebridge.As thebridgeusestheHTTP protocol,all themessages

will getthroughthefirewall.
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Chapter 1

Intr oduction

Over thelastdecades,computerhardwarecapacityhasgrown rapidly. As aresult,

computersoftwarefollowedthemoveandhasbecomemorecomplex. It wasnec-

essaryto managethis complexity. At thesametime, thetrendwasto move from

largemainframesto distributedsystems.RemoteProcedureCall (RPC) camethen

in orderto make remotefunctioncallstransparentto theprogrammer. During the

lastdecade,objectorientedandclient-serverparadigmshavebecomewidespread,

allowing programmersto reducesoftwarecomplexity. Thenext stepforwardwas

towardsdistributedobjectsandsoftwarecomponents.

Distributed object technologiescameas a result of the object orientedand

client server paradigms.As customersno moreacceptedproprietarysystemsbe-

causeof their limitations,a consortium was set up in order to provide a com-

mon architecturalframework to vendorsand to promoteobject orientedsoft-

ware development. Consequently, the Object ManagementGroup (OMG) con-

sortiumhasprovided the most importantdistributedobject technology, namely

the CommonObject RequestBroker Architecture(CORBA). OMG makes the

specificationsandvendorsimplementthem.In order to provide interoperability

betweenCORBA products,OMG hasalsodefinedaprotocolcalledInternetInter-
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ORBProtocol(IIOP) andaneutrallanguagecalledInterfaceDefinitionLanguage

(IDL).

Theadoptionof componentsoftwaretechnologieswasmotivatedby reducing

thecomplexity of applications.This is achievedby reducingtheamountof infor-

mationa programmerneedsto know aboutthesystem.Componentsoftwarealso

enablesprogrammersto build larger, morecomplex applications by glueingdif-

ferentcomponentstogetherinto biggerapplications[dI99]. In brief, components

enableto reusecodeandto reducesoftwarecomplexity.

TheGNU ObjectModel Environment1 (GNOME) is a freedesktopenviron-

mentfor UNIX like systems. GNOME developersneededa componentarchitec-

ture for building largeandpowerful applications.This needresultedin thefoun-

dationof Bonobo2.

Webservicesareanew distributedcomputingmodel.They aremodularappli-

cationsthat canbe locatedandinvokedacrossthe Web. Web servicesarebased

ontheSimpleObjectAccessProtocol(SOAP). SOAP is aprotocolthatallowsin-

vokingremotemethodsover theHyperText TransferProtocol(HTTP)usingmes-

sagesencodedin theExtensible MarkupLanguage(XML). TalkingaboutSOAP,

theCEOof Digital Creationssaid:

At longlast,theWebhasacompleteplatformstrategy. Operatingsys-

tems,programminglanguages,databasetechnologies,andevencom-

ponentmodelsall disappearbehindastraightforwardWebAPI.

Furthermore,SOAP SecurityExtensionslike Digital Signaturearebeingdevel-

opedsothatthey canbeintegratedwith themostpopularwebsecuritytechnology,

namelySecureSocketsLayer or SSL. By doing so, importantsecurityfeatures

suchasnon-repudiation canbeachieved.
1GNOMEcanbeconsideredasa competitorof theK DesktopEnvironment (KDE).
2Bonobo doesnotstandfor anything. It is anendangeredapespecies.
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1.1 Project motivations

Sincecomponentsareintendedto cooperatewith eachother, they usuallyrely on

a communication layer. GNOME developersdecidedthatBonoboshould rely on

CORBA3. As aresult,Bonobocomponentswill communicateusingIIOP andwill

definetheir interfacesusingIDL.

Most companiesfilter their network traffic by setting a firewall. Generally,

sucha systempreventsany IIOP communication.Therefore,it is impossible to

communicatewith aBonobocomponentthatis behindafirewall.

Even thoughwe assumethat thefirewall doesnot prevent IIOP communica-

tion, securityissueswould beof greatconcern.It would meanthatfurtherdevel-

opmentinvolving theuseof theCORBA securityserviceis necessary. Obviously,

this is only possiblewhentheCORBA implementationsupportsthesecuritymod-

ule.

Solving the firewall andsecurityissuesmentionedin the previous two para-

graphswill enableusto:

� Communicatewith Bonobocomponents evenif they arebehinda firewall.

� Ensurethatthecommunicationis securewithoutmucheffort.

1.2 Project goal

Using SOAP to communicatewith Bonobocomponentswill enableus to solve

boththefirewall andsecurityissues.Indeed,it solvesthefirstproblemsinceSOAP

is basedon HTTP which is a firewall friendly protocol.It alsosolvesthesecond

problemsinceasecuritylayercanbeeasilybuilt on topof HTTP. Anotherreason

for usingSOAP is that:
3For comparison,Microsoft’s OLE reliesonCOM/DCOM.
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The existing InternetsecurityinfrastructurehasembracedHTTP to

thepoint that trying to communicateacrossorganizationsusingany-

thing other than HTTP requiresanexcessiveamountof organizational

andengineeringresources.[3]

ThisthesisisaboutaddressingtheissuesmentionedabovebybuildinganIIOP

to SOAP bridge.Sinceit is possibleto communicatewith Bonobocomponents

usingIIOP, buildinganIIOP toSOAPbridgewill makeit possibletocommunicate

with themusingSOAP. Figure1.1showshow to bridgeBonobocomponents.

1.3 Roadmap

Hereis theoutline of thethesis:

� Thestateof the art chapterstartswith a generalintroduction to CORBA,

GNOME,Bonobo,SOAP andORBit. Thenit coverssomeCORBA details

relatedto theproject,beforegiving anideaaboutthebridge.

� The Bonobo chapterpresentssomedetailsaboutthe Bonobotechnology.

Due to thecompletelack of Bonobodocumentation, somesectionsin this
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chapteraimto provideagoodbasisfor understandingBonobo.TheBonobo

chapteris usedin theimplementationchapterbut not in thedesignone.

� In the designchapter, we examinethedifferentissuesrelatingto building

anIIOP to SOAP bridgeandjustify thedecisionsthathavebeentaken.

� The implementation chapteris aboutimplementingandtesting thebridge.

A Bonoboapplication andthreeCORBA clientswill be usedfor the test

exactlyasshown in figure1.1.

� In theconclusionchapter, wewill discusstheworkachieved,thedifficulties

encounteredaswell asthefuturework thatmaybedone.
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Chapter 2

Stateof the Art

2.1 CORBA

2.1.1 Distrib uted objects

Distributed object technologies allow objectsto interacton different platforms

acrossthe network. The OMG hasplayeda major role into building the most

importantdistributedobjectsinfrastructurenamelyCORBA. Otherimportantin-

frastructuresfor developingdistributedobjectsinclude:

� DistributedComponentObjectModel (DCOM).

� EnterpriseJavaBeans(EJBs).

� RemoteMethodInvocation(RMI).

TheOMG statesthatit is:

An openmembership,not-for-profit consortiumthat producesand

maintainscomputer industry specificationsfor interoperableenter-

priseapplications. [Obj]
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The OMG hasabout800 memberships.They includevirtually every large com-

pany in the computerindustry, andhundredsof smallerones[Obj]. The OMG

debatesandpublishesCORBA specifications,it doesnot implementthem.

CORBA allows programsto communicate regardlessof their programming

language,the platformsandmachinesthey arerunningon. The communication

betweenheterogeneousprogramsis guaranteeddueto theIIOP protocol.IIOP is

a TCP/IP1 basedprotocolspecifiedby theOMG consortium.

In CORBA, an object is an instanceof a class,which is definedby a setof

operations,attributesandexceptions.Everyobjectprovideswell definedservices

throughits interface,andevery objecthasa referenceby which it is identifiedin

a distributedenvironment.

2.1.2 Object RequestBrokers

An ObjectRequestBroker (ORB) is an implementation of the CORBA specifi-

cations.Many ORBsareavailable.They differ in many ways.Someof themare

free,othersarenot.Figure2.1showsthatdifferentORBsspreadover thenetwork

areableto interoperatevia IIOP.

An ORB encapsulatesthe inherentlyheterogeneousaspectsof the networks

andoperatingsystems.Thus,anORB is amiddlewarebecause:
1TCP/IPstandsfor TransportControlProtocol/Internet Protocol
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Middlewarehidestheunderlyingdetailsfrom theapplication.It does

thisby providing acommonsetof servicesacrossall theplatformson

which it lives. [Pop98]

An ORB canalsobe consideredasa layer above the network andthe operating

system.

Technicallyspeaking,anORB allowsaclient to transparentlyinvokeanoper-

ationonaserverobject(Figure2.2).Theobjectcanbeeitheronthesamemachine

or acrossthenetwork. Furthermore,theclient neednot to know thedetailsof the

object,namelyits programminglanguage,its operatingsystem,or any otheras-

pectthatisnotreflectedin its interface.Briefly, anORBmakesthecommunication

betweenaclientanda servereasier.

An ORB shouldacceptrequests,transportthemto theappropriateobjectand

possiblyreturnresults.In otherswords,it is responsiblefor thetransport,marshal-

ing andunmarshalingof messages.Marshalingconsistsof encodingmessagesand

puttingthemonthewire, while unmarshalingconsistsof decodingthemfrom the

wire andplacingthemin anaddressspace.

As wasmentionedearlier, therearemany differencesbetweenORBs.Among

thesedifferencesarethe performancein termsof speedandmemoryusage,the

languagebindings providedandtheCORBA servicesavailable.

Hereis a list of someknown ORBs:
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� FreeORBs:RedHat’sORBit, Sun’sJava IDL, Xerox’s ILU andMICO.

� VendorORBs:IONA’s Orbix, IONA’s OrbixWeb2, OOC’s ORBacus3, and

Inprise’sVisiBroker4.

2.2 GNOME

Bonobois thecomponentmodelthatderivedfrom theGNOMEproject.GNOME

is a freedesktopenvironmentaswell asa suiteof powerful applicationslike the

spreadsheetGnumeric,thewordprocessorAbiWordor thefile managerNautilus.

GNOME is partof theGNU projectwhich aimsto provide free softwarefor

Unix-like operatingsystems.As mentioned in the GNU website,free software

meansthattheuseris freeto run,copy, distribute,study, changeandimprove the

software5. Themostimportantmotivationfor theGNOME projectis freedomof

software:

GNOME arosefrom the needfor a 100 percentfree, open-source

desktopandapplicationprogrammingenvironment. [She00]

Not surprisingly, GNOMElicensingtermsareof utmost importance:

Thekeystonein GNOME’sdeclarationof freedomis theGNU Public

License,acleversoftwarelicensefrom theFreeSoftwareFoundation

that mandatesthat the sourcecodefor all GPL6 softwarebe freely

available.[She00]
2Freefor Universities.
3Freefor non-commercialuse.
4Inprisewasformerly known asBorland.
5Seehttp: //www. gnu.or g/phil osophy /free - sw.ht ml for more informationonthemean-

ing of freesoftware.
6GPLstandsfor GeneralPublicLicense
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KDE is alsoa desktopenvironmentfor Unix workstations.However, KDE is

basedonasetof librariescalledQtwhichhadanon-freelicense.Now, Qt’slicense

is alsoGPL for theLinux andUnix platforms[Gwy00]. KDE canbeconsidered

asGNOME’s competitor. Nevertheless,it is possible to run someKDE programs

from within GNOME andviceversa.

GNOME is distributed by several companieslike Ximian, Red Hat, SuSe,

MandrakeSoft and Sun Microsystems.Theoretically, GNOME can run on any

UNIX-lik e platform supportingthe X Windows System.Here are someof the

platformsthat weresuccessfullytested:Linux (any recentdistribution), Solaris,

FreeBSD andNetBSD.Even thoughGNOME is basedon the X Windows Sys-

tem,it is not tied to aspecificwindow manager.

Fromthedeveloper’s point of view, GNOME presentsa powerful framework

for softwaredevelopment.Indeed,GNOME makesuseof cuttingedgetechnolo-

gies.Amongthemodulesthatmakeup theGNOMEarchitectureare:

� GTK+7: Thetoolkit for creatinguserinterfaces.

� ORBit: A thin andfastimplementation of CORBA.

� Bonobo:The architecturefor creatingreusablesoftwarecomponents and

compounddocuments.

� OAF8: A framework for activating CORBA servers.

7GTK+ standsfor theGIMP toolkit, andGIMP standsfor theGNU ImageManipulation Pro-

gram
8OAF standsfor theObjectActivationFramework
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2.3 Bonobo

Bonobois the componentmodelusedin the GNOME project. It is largely in-

spired from Microsoft’s Object Linking and Embedding 2 (OLE2). However,

Bonoborelieson CORBA for its communication layer whereasOLE2 relieson

COM/DCOM.

LargeGNOME applicationslike thespreadsheetGnumeric,thefile manager

Nautilusor the mail client andcalendarEvolution make heavy useof Bonobo.

OtherGNOMEapplicationslikethepostscriptviewer, thePDFvieweror theSVG

viewer alsouseBonobobut in a smallerdegree.Obviously, componentsbuilt for

theseapplicationsmaywell beusedin futureapplications.

Let’s supposethat a developer wantsto write a mail client programthat is

capableof dealingwith attachedfiles. The programshouldthenbe ableto view

images,run videos,renderHTML documents,etc. In this case,the useof com-

ponentsshouldbe considered.For example,thereis no needfor the programto

know how to plot images.This functionality shouldbeprovidedby a component

like theimageviewerEyeOf GNOME(EOG).

Bonobois theframework thatallowsGNOME developersto create:

� Componentswhich arereusablepiecesof software.Componentshelp re-

ducingthecomplexity of applications by reducingtheamountof informa-

tion a programmerneedsto know aboutthesystem[dI99]. They alsoallow

the programmerto tacklea single problemin order to provide a specific

functionality. More importantly, they areeasyto reuseanddebug.

Furthermore,componentspresentwell definedinterfacesandinteractions:

Themagicbehindcomponentprogrammingis in the”interfaces”

that a componentexport to the world. Eachoneof theseinter-

facesis a”socket” into whichothercomponentsandapplications
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canplug into. [dI99]

In Bonobo,interfacesaredescribedin IDL andinteractionsrelyonCORBA.

CORBA can be consideredas the glue betweenthe cooperatingcompo-

nents.

� Embeddable documentswhich aredocumentsthatcanbeinsertedor em-

beddedinto otherdocuments.

� Controls which aregraphicalcomponents.They areembeddedin applica-

tionscalledcontainers.Controlsarestudiedin section3.3.1.

� Scripts whichallow to manipulateanapplicationthroughits Bonobocom-

ponents.This is possible sincecomponentsexport theirCORBA interfaces.

An exampleof scriptingwouldbeto manipulateaGnumericspreadsheet.

Technicallyspeaking,Bonobois a setof CORBA interfacesandtheir default

implementation in C. Bonobousesthe ORBit implementationof CORBA dis-

cussedin section2.5.It alsousestheGTK+ objectandtypesystemsexaminedin

section3.1.

2.4 SOAP

SOAP providesa simpleand lightweight mechanismfor exchangingstructured

andtypedinformationbetweenpeersin a decentralized,distributedenvironment

usingXML. SOAP doesnot itself defineany applicationsemanticssuchasapro-

grammingmodelor implementationspecificsemantics.[BEK
�

00]

Even thoughtheSOAP specificationis not tied to a specifictransportproto-

col, mostimplementationsarebasedon HTTP. SOAP providesa mechanismfor
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makinganRPCoverHTTP. Themethodnameandthetypesandvaluesof thepa-

rametersaredescribedin XML, andthemessageis transportedby HTTP. Theuse

of XML encodingallow SOAP messagesto bedecodedeasilyonany platform.

Someexpertsbelieve thatSOAP hasa promising future becauseit allows to

build distributedapplicationsbasedonopenInternetstandards.They alsobelieve

that SOAP will succeedwhereotherdistributed technologieslike CORBA and

DCOM have failed.The problemwith CORBA is that even thoughORBsfrom

differentvendorsdo interoperatedue to the IIOP protocol,this interoperability

doesnot apply for higher level servicessuchas securityand transactionman-

agement.Moreover, CORBA usesthe CommonDataRepresentation(CDR) for

encodingits messageswhich is not aswidely usedasXML. Finally, majorcom-

putercompaniesarebackingSOAP andaretrying to ensurethe interoperability

betweentheir implementations.9

SOAP is intendedto solve thefollowingproblem:

Any timeyoureadaboutacompany portinganapplicationto aWeb-

basedinterface,youcanconcludethatthey will bethrowing mill ions

of dollarsout thewindow in lostemployeeproductivity.

Jakob Nielsen, Principal, Nielsen Norman Group

Actually, themajorfeatureof SOAP is that:

It’ ssimpler andeasierto implementthanany existingalternative,and

makesbetteruseof thepervasiveWebinfrastructure.Theeffectis that

youcanpull asystemtogetherusingSOAP in weeksnotquarters.

Tim Bray, CEO, Antarcti.Ca

9For more information, seethe article “Web servicesarchitect,Part 3: Is Web servicesthe

reincarnation of CORBA?” on http: //www- 106.i bm.com/devel operwo rks/we bserv ices/

libr ary/ws - arc3 /
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2.5 ORBit

ORBit is theCORBA implementationthatwaswritten for theGNOME project.

All theBonoboIDL interfacesareimplementedusingtheORBit ORB.GNOME

developershadconsideredtheuseof two ORBsbeforeElliot LeeandDick Porter

decidedto write a new one.They consideredXerox’s ILU but they couldn’t get

Xerox to modify its licensingterms.Then,they adoptedMICO for awhile but its

performancewasquitepoor. [LZM ]

ORBit is a CORBA 2.2 compliantORB. It wasdesignedto have a high per-

formance,which meanslow memoryusageandhigh speed.ORBit is written in

C andrunsover multiple platforms.It hasmany languagebindingsincluding C,

PerlandC++. [1]

Most of the time Bonobocomponentswill be runningon the sameprocess.

However they will be using ORBit for communicating. This seemsa little bit

awkward sinceCORBA is primarily usedfor distributed objectsin a networked

environment.SendingIIOP messagesfrom thestubto theskeletonin orderto ac-

cessa localobjectdoesnothelpperformance.Actually, ORBit treatsthecaseof a

localobjectseparately. Theshortcutis indeedincludedin thestubof everyobject.

Hereis theshortcutusedwhencalling the just hello methodon theHelloWorld

object.

if (_obj->ser vant && _obj->v epv && HelloWorl d__classid ) {

((POA_Hell oWorld__ep v *) _obj->

vepv[Hello World__cla ssid])->

just_hello (_obj->serv ant, ev);

return;

}

This will testif the objectis in the samememoryspaceastheclient. If it is the
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case,theclient callsdirectly themethodon theobjectwithout any marshalingor

unmarshaling.

For securityreasons,thecommunication over thenetwork is disabledby de-

fault. It is possible to enablethis option by creatinga .orbitrc file in the user’s

homedirectoryandhaving “ORBIIOPIPv4=1”in it. Whenthisoption is disabled,

ORBit usesUNIX domainsocketsor sharedmemoryfor interprocesscommuni-

cationinsteadof TCPports.In this case,theobjectreferencesusedarenot inter-

operablesinceTCPportsarenot used.Therefore,theseobjectreferencescannot

beusedfrom anothermachineto accessthecorrespondingCORBA objects.Such

objectreferencescannotbeinterpretedby IOR parsers10.

2.6 Invoking an operation on a CORBA object

A CORBA client is intendedto accessa CORBA objectby invoking operations

on it. Theclientneedsto know exactly two elements:

� The objectreference11 that containsinformationof how to connectto the

object.

� Theobject’s interface,whichallowstheclient to know abouttheoperations

it caninvokeon theobject.

2.6.1 Interface Definition Language

TheInterfaceDefinitionLanguage(IDL) is alsoa specificationof theOMG con-

sortium.It is a neutrallanguagethatallows to defineinterfacesfor CORBA ob-

jects. An interfacedescribesthe operationsthat a CORBA client may invoke.
10IOR parsers will bediscussedin section2.6.2.
11Here,we meanthelanguage-dependent objectreferencewhich is ORB dependent.TheORB

objectreferenceis opaqueto theclientandtheserver, its representationis ORB specific.
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Everyoperationshouldhaveanameandasetof parameters.IDL alsoallowstype

definition,which meansthat it is possible to definenew typesbasedon known

ones.

An IDL interfacerepresentsthe contractbetweena client anda server. The

server should implementthis interface12, andtheclientmayinvokeany operation

definedin it. Theclientneednot to know any furtherinformation abouttheobject

server, apartfrom its reference.The behaviour of the operationsdependson the

object’s implementation.

An interface example

Hereis asimpleexampleof anIDL file:

interfa ce BankAcco unt {

attribute long balance;

void deposit (in unsigned long amount);

void withdraw (in unsigne d long amount);

};

Thekeywordattribute is justashortwayfor declaringgetandsetoperations.The

depositandwithdraw operationslook a lot like Javamethods.Thekeyword in is

a parameterpassingmode.It shows the directionof information. Therearetwo

otherparameterpassingmodes:out andinout. If weareinterestedin knowing the

balanceatwithdraw or deposittime,weshouldhave this interfaceinstead:

interfa ce BankAcco unt {

attribute long balance;

void deposit (in unsigned long amount, out long balance);

void withdraw (in unsigne d long amount,

12Thismeansthattheserver shouldimplement all theoperationsdefined in thatinterface.
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out long balance );

};

IDL mappings

Even thoughIDL is languageneutral,it mapsto many programming languages

suchasJava, C, C++, PythonandSmalltalk.This mappingdefinesa setof rules

for translating IDL elementsto languagespecificdatatypes.Hereis a tablethat

shows theC mappingof someIDL types:

IDL Type C mapping

char signedchar

octet unsignedchar

boolean unsignedchar

enum enum

any typedefstructany
�

TypeCode type;

void * value;
�

any;

An IDL any isadatatypethatcanrepresentany IDL type.ItsC mappingis theany

structurewhich containstwo elements:a datavalue,anda type codedescribing

thetypeof thedatavalue.

IDL compilers

An IDL compilertranslatesor mapsfrom IDL to aparticularlanguage.For exam-

ple, the IDL compilercantake anIDL file asan input andproducesomesource

codein aspecificlanguagelikeJava,C or C++.

An IDL compiler generatesmany usefulsourcecodefiles. Two of which are

important:the stub andthe skeleton. The stubis usedon theclient sideandthe
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skeletonon theserver side.Thestubandtheskeletoninsulatetheclient andthe

server from networking details.The stubis a local object throughwhich all re-

queststo a remoteobjectaremade.It knows how to locatetheskeletonandmar-

shalmessages.Theskeletontakescareof all networking detailsandknows how

to forwardrequeststo therealobject(Figure2.3).

DifferentORBscomewith different IDL compilers.As an example,ORBit

comeswith orbit-idl which mapsinto C and Java IDL comeswith idlj which

mapsinto Java.

2.6.2 Inter operableObject References

An objectreferenceallows anORB to identify a particularobject.Accordingto

theOMG specifications[Obj], it should identify thesameobjecteachtimetheref-

erenceis usedin arequest.However, theremaybemany distinctobjectreferences

for thesameobject.

An objectreferencecanbeturnedinto astringby invokingtheobject to string
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operationon the ORB object.The format of this string is predefinedby IIOP.

Therefore,when an ORB generatessucha string, anotherORB can convert it

backinto anobjectreferenceusingthestring to objectoperation13.

Hereis thecodeusedin Java IDL:

String sor = orb.object _to_string( objectRefe rence1);

objectR eference2 = orb.strin g_to_object (sor);

TheInteroperableObjectReference (IOR) is anobjectreferencethatis trans-

parentto differentORBs.ClientsusingIORsdo not needto distinguish between

objectreferencesproducedby a localORB andthoseproducedby a remoteone.

Hereis whatastringrepresentationof anIOR lookslike:

IOR:010000 00170000004 9444c3a426 f6e6f626f2f 436f6e7472 6f6c3a312e3

0000002000 000caaedfba 5400000001 0100002c000 0002f746d7 02f6f726269

742d737175 616c6c69612 f6f72622d3 23134313832 3234383135 35383733383

6393900000 00000180000 0000000000 1240786d1df 885b805000 000aebff122

7e7b638800 0000003c000 0000101000 0160000006e 6f77736861 6b2e6473672

e63732e746 3642e696500 1682180000 00000000001 240786d1df 885b8050000

00aebff122 7e7b6388

An IOR containsat leastthreeelements:

� Theversionnumberof thetransportprotocol(IIOP) theserver supports.

� The endpointaddress,namelythe IP addressandthe TCP port numberof

theserver.

� An opaqueobjectcalledanobject key usedby theserver to identify a par-

ticularobject.
13This worksonly if thestringrepresentationof theobjectreferencehasbeenproducedby the

sameORB usingtheobject to stringoperation, or if thetwo ORBsusedsupport IIOP.
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TheIOR in figure2.4points to objectObj1 in aserverwhoseendpointaddressis

E1.

An IOR parserallows us to extractusefulinformationfrom the string repre-

sentationof an IOR, including the threeelementsmentionedabove. Many ORB

vendorsprovide an IOR parser. For example,OrbacusORB comeswith the ior-

dump.exe parser. Therearealsowebbasedparserslike theILU parser14.

UsingtheOrbacusparser, hereis theinformationextractedfrom theprevious

stringrepresentationof theIOR:

IOR #1:

byteorder: little endian

type_id: IDL:Bon obo/Contro l:1.0

Unknown profile tag: 3135221450

IIOP profile #1:

iiop_versi on: 1.0

host: nowshak.ds g.cs.tcd.i e

port: 33302

object_key : (24)

0 0 0 0 18 64 120 109 ".....@xm"

29 248 133 184 5 0 0 0 "......."
14http: //www. parc.x erox.c om/ist l/proj ects/I LU/par seIOR / .
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174 191 241 34 126 123 99 136 "+."˜{c"

The threeIOR elementsmentionedabove are shown in the output results.The

type id and the byte order are also includedin the string representationof an

IOR. The type id representsthe interfacetype or the repositoryID, which is a

uniqueidentifierfor aninterface.

Thebyteorderis very importantasit will allow parsersto know exactlywhat

thebytesrepresent.For example,four bytesrepresentingan integer will be read

differentlydependingonthebyteorder. Thebyteorderinformationisplacedin the

beginningof thestringrepresentationof anIOR. In “IOR: 01000000 17000000”,

thefirst eightdigits show that thebyteorderis little endian.It is thenpossible to

understandthemeaningof thesecondeightdigits;they representanintegerwhose

valueis 2315. Whenusingabig endianbyteorder, thesameinformationwouldbe

representedasfollows: “IOR: 00000000 00000017”.

2.7 IIOP to SOAP Bridge

OMG definestheIIOP protocolin orderto guaranteetheinteroperability between

differentORBs.Therefore,a CORBA client anda CORBA server useIIOP for

communicating. More precisely, IIOP is usedbetweenthestubandtheskeleton.

Thestubandtheskeletonmaybegeneratedby differentORBs,andthey will still

beableto communicate(seefigure2.3).

Generally, corporatefirewalls do not allow IIOP messagesin andout of their

network.Thus,thecommunicationbetweenaCORBA serverandaCORBA client

is impossible.However, all thecorporatefirewallsallow HTTPcommunicationfor

Internetaccess.

SOAP is a protocolthatprovidesa mechanismfor exchangingstructuredand
1517 is thehexadecimalrepresentationof 23.
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typedinformationin a distributedenvironmentusingXML. Whatit is interesting

aboutSOAP is that it usesHTTP asits transportprotocol.As a consequence,the

firewall doesnotpreventaSOAP clientandSOAP server from communicating.

Let’s supposethat a CORBA client wantsto communicatewith a CORBA

server thatis behindafirewall (Figure2.5).TheCORBA client,andmorespecifi-

cally thestub,will makeanIIOP messageandtry to sendit to theCORBA server

usinga TCP/IP connection.As mentionedearlier, this IIOP messagewon’t get

throughthefirewall.

Therole of anIIOP to SOAP bridgeis to interceptIIOP messages,to convert

themto SOAP messagesandto sendthemover thenetwork to aSOAP server. On

theserver side,thebridgemustconvert eachreceivedSOAP messageto anIIOP

message,andsendit to theCORBA server to whichtheIIOP messageis destined.
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This is theideabehindthebridge.
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Chapter 3

Bonobo

3.1 GTK+

The Bonobodistribution consistsof a collectionof CORBA IDL interfacesand

their default implementation.The implementationis in C and is basedon the

GTK+ library. More specifically, it usesthe GTK+ objectsystemwhich allows

writing C programswith anobjectorientedprogrammingapproach.

GTK+ standsfor the GIMP1 Toolkit. Originally, it was developed for the

GIMP, but now it is being usedin many applications and constitutesthe basis

for GNOME’suserinterface[2].

GTK+ is essentiallya library for creatinggraphicaluserinterfaces.It is built

on top of theGLib2 library which enhancesprogramsportability. GTK+ is com-

pletely written in C, but many languagebindings are available including C++,

Perl andPython.GTK+ waswritten with an objectorientedapproachbasedon

theGTK+ objectsystem.

GTK+ wasadoptedby GNOMEmainlybecauseof its flexible andconvenient
1GIMP standsfor GNU Image ManipulationProgram
2Seesection 3.1.1for detailson theGLib library.
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programminginterface,but alsobecauseof its licensingterms.Besides,program-

merswhoarefamiliarwith GTK+ will find it easyto learnBonobo.

3.1.1 The GLib library

The GLib3 library is written in C and containssomeconvenientfunctionsand

definitions.For instance,theGLib library definesbasictypes,memoryallocation

routinesandusefulmacroslikethosedealingwith typeconversionandbyteorder.

It alsoprovidesusefuldatastructureslikearrays,hashtablesandlinkedlists, and

includesutility functionslike thoserelatedto strings.

GLib replacesmany standardandcommonC languageconstructs.Thesere-

placementfunctionsanddefinitionsmakeapplicationseasierto write andinsulate

themfrom the detailsof differentoperatingsystems.In otherwords,the advan-

tagesof usingtheGLib library areto increasetheportability of applications and

libraries,andto provide someutili ty functions.

Hereareexamplesof datatypesdefinedby GLib4:

� gint8,gint16providerespectively 8-bit and16-bit integersindependently of

theplatform.guint8andguint16provideunsignedintegerswith guaranteed

size.Thesenew definitionsallow to enhancetheprogramsportability.

� gbooleanis definedfor makingcodemorereadable.

� gpointeris simply apointerto void (void *).

And hereareexamplesof someGLib functions:

� gpointerg malloc(gulongsize);
3See http:/ /www.g tk.org /tuto rial/c h- glib .html and http ://dev eloper .gnom e.

org/ doc/GG AD/cha - glib .html For moreinformationabouttheGLib library.
4For theGLib API seehttp: //dev eloper .gnome .org/d oc/API /glib/ index. html .
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� void g free(gpointermem);

� g new0(type,count);

� gint g snprintf(gchar*buf, gulongn, constgchar*format,...);

3.1.2 The GTK+ object system

GtkObjectformsthebasisof theGTK+ objectsystem.It playsasimilarroleasthe

Objectclassin Java.EveryGtkObjectis madeupof two structures,onestructure

thatrepresentsanobject,andanotherthatrepresentsaclass.

A Gtk object is an object that inherits from GtkObject.Sometimes,when

thereisnoconfusion,aGtkobjectwill simplybecalledanobject. Wewill explain

theinheritancemechanismfurtherin thissection.BonoboObject,GtkWidgetand

GtkButtonareall examplesof Gtk objects.Figure3.1 shows a hierarchicaltree

of someGtk objects,startingfrom thefirst objectwhich is GtkObject.Thewhite

rectanglesrepresentsomeGtk objectsusedin theBonobodistribution.

Thetwo structuresrepresentinga GtkWidget are5:

typedef struct _GtkWidg et GtkWid get;

typedef struct _GtkWidg etClass GtkWid getClass;

struct _GtkWidget

{

GtkObject object ;

guint16 private_ flags;

guint8 state;

5Usuallytheobjectandclassstructuresaredefinedin aheaderfile. Exceptionally, thefirst line

of this samplecodeis in GtkStyle.h(it is a forwarddeclaration), therestis in GtkWidget.h.
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/* Other members that are not shown in this example */

GtkWidget *paren t;

};

struct _GtkWidgetC lass

{

GtkObjectCl ass parent _class;

guint activate_s ignal;

guint set_scroll _adjustmen ts_signal;

void (* show) (GtkWid get *widge t);

void (* realize) (GtkWid get *widge t);

/* Other members that are not shown in this example */

}

ThisexampleshowsthattheGtkWidgetclassinheritsfrom theGtkObjectclass.In

theGTK+ objectsystem,inheritanceis accomplishedby usingnestedstructures.

TheGtkObjectstructureneedsto bethefirst elementin theGtkWidgetstructure

in order for the objectmechanismto work correctly. This allows a GtkWidget

pointerto be castto a GtkObjectpointer. The sameappliesfor GtkWidgetClass

andGtkObjectClass.In fact, themechanismworkswell becausetheC language

guaranteesthatapointerto a structureis alsoapointerto thefirst memberof that

structure.

In general,theobjectstructurecontainsobjectmembersandtheclassstructure

containsclassmethodsrepresentedby functionpointers.Theclassstructuremay

alsocontainclassmembers.

The GTK+ objectsystemmakes it possible for subclassesto overrideclass

methods:
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static void

gtk_but ton_class_i nit (GtkBu ttonClass *klass )

{

GtkObjectCl ass *objec t_class;

GtkWidgetCl ass *widge t_class;

object_clas s = (GtkOb jectClass*) klass;

widget_clas s = (GtkWi dgetClass*) klass;

object_clas s->set_arg = gtk_butt on_set_arg ;

widget_clas s->activat e_signal = button_sig nals[CLICK ED];

widget_clas s->realize = gtk_butt on_realize ;

/* Only part of the functi on implemen tation is shown */

}

In theexampleabove,theGtkButton6 classoverridesclassmethodsinheritedfrom

GtkObjectandGtkWidget.This is possible aftercastingtheGtkButtonClassinto

GtkObjectClassandGtkWidgetClass.

3.1.3 The GTK+ type system

GTK+ hasalsoatypesystemthatis usedby theobjectsystemto checkthevalidity

of casts.Every Gtk objecthasa type,andevery type is associatedwith a unique

identifierrepresentedby anunsignedinteger. Theidentifieris assignedby thetype

systemwhenthegtk type uniquefunctionis called.

The gtk type unique function registersthe new type with the type system.

It takes the type of the parentobjectas its first argument.This allows the type

systemto make a hierarchyof typeswhich canbe usedto checkthe validity of
6GtkButtonis a subclassof GtkWidgetwhich is a subclassof GtkObject.
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casts.Thevalidity testis doneby calling thegtk type is a functionwhich takes

two identifiersasargumentsandverifiesthatoneidentifieris theother’sancestor.

When writing a Gtk object, it is common to have a function that registers

the Gtk objectwith the system.The registration is madeon the first call of the

function.On subsequentcalls,thefunctionsimply returnsthetype’s identifierof

theGtk object.Hereis whatthis functionlookslike for BonoboObject:7

GtkType

bonobo_ object_get_ type (void)

{

static GtkType type = 0;

if (!type) {

GtkTypeIn fo info = {

"Bonobo Object",

sizeof (BonoboObj ect),

sizeof (BonoboObj ectClass),

(GtkCla ssInitFunc ) bonobo_ob ject_class _init,

(GtkObj ectInitFun c) bonobo_o bject_inst ance_init,

NULL, /* reserved 1 */

NULL, /* reserved 2 */

(GtkCla ssInitFunc ) NULL

};

type = gtk_typ e_unique (gtk_ob ject_get_t ype (), &info);

}

return type;

}

Notethattheinfo structurethatis passedto thegtk type uniquefunctioncontains
7TheGtkType representsthetype’s identifier. It’s a typedef for a guint.
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two functionin its members.Thesefunctionsallow theinitializationof theobject

andclassstructures.

TheGtk objectsthat inherit from BonoboXObjectdefinetheir get type func-

tion by usingthe BONOBO X TYPE FUNC FULL macro,which is definedin

thebonoboxobject.hfile.

Having definedtheget typefunction,thecreationof aBonoboObjectinstance

is verysimple:

BonoboObject *object;

object = gtk_type_ new (bonob o_object_ge t_type ());

In the object’s headerfile, it is commonto have five macros,four of which

checkthevalidity of casts.Herearethemacrosdefinedin BonoboObject:

#define BONOBO_OBJECT_TYPE (bonob o_object_g et_type ())

#define BONOBO_OBJECT(o)

(GTK_CHECK_CAST ((o), BONOBO_OBJECT_TYPE, BonoboObject))

#define BONOBO_OBJECT_CLASS(k)

(GTK_CHECK_CLASS_CAST((k), BONOBO_OBJECT_TYPE,

BonoboObjectClass) )

#define BONOBO_IS_OBJECT(o)

(GTK_CHECK_TYPE ((o), BONOBO_OBJECT_TYPE))

#define BONOBO_IS_OBJECT_CLASS(k)

(GTK_CHECK_CLASS_TYPE ((k), BONOBO_OBJECT_TYPE))

Thesecondandthird macroscheckthecastvalidity for objectsandclassesrespec-

tively. Thefourthandfifth areusedin preconditionsto checkwhetheranobjectis

of acertaintype.Thesemacrosareoftenusedwhenwriting Gtk or Bonobobased

applications.
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3.2 Basisof Bonobo

3.2.1 The Bonobo Unknown interface

TheBonobodistribution includesasetof IDL interfacesthatwewill call Bonobo

interfaces. TheBonobointerfacesconstitutethebasisof Bonobo.

TheBonoboUnknown interfaceis thebaseinterfacefrom whichall theother

Bonobointerfacesinherit. The BonoboUnknown interfaceis madeup of three

methods.ref andunref dealwith lifetime managementof objects,andqueryInter-

facefindsout whetheror not anobjectsupportsaninterfaceandpossibly returns

a referenceto this interface.

Hereis thecompleteBonoboUnknown interface:

module Bonobo {

interfac e Unknown {

void ref ();

void unref ();

Unknown queryInter face (in string repoid);

};

};

The BonoboUnknown interfaceis inspiredfrom the IUnknown interfaceof

Microsoft’sOLE2.Indeed,all OLE interfacesarederivedfrom IUnknown.

Hereis asimplified versionof IUnknown:

class IUnknow n

{

public:

virtual HRESULTQueryIn terface(REF IID iid,

void** ppvObj ) = 0;
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virtual ULONGAddRef() = 0;

virtual ULONGRelease() = 0;

};

TheAddRef andReleasemethodsin theIUnknown interfacecorrespondrespec-

tively to theref andunref methods in theBonoboUnknown interface.Thethree

methodshavea similar role in bothinterfaces.

Objects lifetime management

Bonobokeepstrackof objectsbyusingasystemof referencecounting.Everytime

aprogramstartsusinganobject,theobjectreferencecountis incrementedby one.

Whena programfinishesusinganobject,it shouldreleasea referenceby calling

the unref method.This causesthe objectreferencecountto be decrementedby

one.Whenthe referencecountof an objectreacheszero,which meansthat the

objectis notbeingused,theobjectis simplydestroyed.

The queryInterface method

ThequeryInterfacemethodallowsto getadifferentinterfaceonanobjectthatim-

plementstheBonoboUnknown interface.In otherwords,queryInterfaceallows

a dynamic discoveryof theinterfacessupportedby anobject.

As an example,we suppose that we have a referenceto a graphicalcom-

ponent,which in fact is a referenceto a BonoboControl object.queryInterface

can be usedon that object to know whetherthe graphicalcomponentsupports

the BonoboZoomableinterface.The returnedvalue is either a referenceto a

BonoboZoomable objector CORBA OBJECTNIL. If it is a referenceto a Bo-

noboZoomableobject,it meansthatthegraphicalcomponentsupportstheBono-

bo Zoombable interface8.
8It alsomeansthat the the reference countof the Bonobo Zoombale objecthasbeenincre-
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Hereis aninterestinguseof thequeryInterfacemethod9:

Bonobo_ Unknown bu1, bu2;

control = bonobo_w idget_new_ control

("file:/ home/squal lia/Photo.j pg", BONOBO_OBJREF (uic));

bu1 = bonobo_ widget_get _objref(BON OBO_WIDGET(control) );

bu2 = Bonobo_ Unknown_qu eryInterfac e

(bu1, "IDL:Bo nobo/Zooma ble:1.0", &ev);

Bonobo_ Zoomable_se tLevel(bu2 , .25, &ev);

In this example,an imageis convertedto a graphicalcomponent, alsocalleda

control,andis zoomedto 1/4of its originalsize.

The queryInterface has to be an equivalence relation, which meansthat it

shouldbereflexive,symmetricandtransitive10.

Let’s A, B andC bethreeBonoboCORBA objects,andIA, IB, IC the inter-

facesthey implement.The queryInterfaceimplementationshouldguaranteethe

following properties.

� Reflexive:QueryingobjectA aboutinterfaceIA shouldsucceed.

� Symmetric:If queryingobjectA aboutinterfaceIB succeeds,thenquerying

objectB aboutinterfaceIA shouldsucceed.

� Transitive: If queryingobjectA aboutinterfaceIB succeedsandquerying

objectB aboutinterfaceIC succeeds,thenqueryingobjectA aboutinterface

IC shouldsucceed.

mented.Whenthe programfinishesusingthe object, it should explicitly releasea reference by

calling theunref method.
9To know moreabout controls seechapter3.3.1onpage 39.

10Thecongruence modulo n relationon theintegersis anexample of anequivalencerelation.

34



3.2.2 BonoboObject

Bonobodefinesa baseGtk+ objectcalledBonoboObject. BonoboObjectallows

the wrappingof CORBA serversasGtk+ objects.It alsoimplementsthe Bono-

bo Unknown interface.Therefore,it containstheimplementationof theref, unref

andqueryInterfacemethods.

BonoboObjectinheritsdirectlyfrom GtkObject(Figure3.3),whichis thebase

objectfor theGtk+ object.It alsowrapsa BonoboUnknown CORBA object.To

make thisclear, hereis theBonoboObjectstructure:

typedef struct {

GtkObjec t base;

Bonobo_Unknown corba_ob jref;

gpointer servant;

BonoboObjectPrivat e *priv;

} BonoboObjec t;

Figure3.2 shows that a BonoboObjectwrapsa BonoboUnknown CORBA

object.Obviouslythisremainstruefor everyobjectinheritedfrom BonoboObject.

In particular, aBonoboControlobjectwrapsaBonoboUnknown CORBA object.

Moreprecisely, it wrapsaBonoboControlCORBA object.

An objectthat inheritsfrom BonoboObjectwill be calleda Bonobo object.

Therefore,a Bonoboobjectwrapsat leasta BonoboUnknown CORBA object.

All theBonobointerfacesareimplementedasBonoboobjects11.
11Notethatsomeof theBonoboobjects donot implementany Bonobo interface,andthatsome

of theobjectsincludedin theBonobo distributionarenotBonoboobjects.
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Useful functions definedby BonoboObject

BonoboObjectprovidesanimportantprogramminginterfacewhichis availableto

all the Bonoboobjects12. We will examinetwo functionsbonoboobject corba-

objref andbonoboobjectadd interface.

The bonoboobjectcorbaobjref function takesa BonoboObjectasan argu-

mentandreturnsa referenceto thewrappedCORBA object.Hereis a useof that

method:

BonoboL istener *listene r;

Bonobo_ Listener corba_l istener;

listene r = bonobo_ listener_n ew (a_callb ack_functi on, NULL);

corba_l istener = bonobo _object_cor ba_objref

((BONOBO_OBJECT)li stener);

In the exampleabove, we createda BonoboListenerobject,castit into a Bono-

boObjectby using the BONOBO OBJECT macro and got a reference to the

CORBA objectit wraps.TheBONONO OBJREFmacrois usuallyusedinstead

of thelastline of code:

corba_l istener = BONOBO_OBJREF (listene r);

Thebonoboobjectadd interfacefunctionprovidesawayto associateobjects

together. Therefore,having areferenceto oneobjectmakesit possibleto getaref-

erenceto all its associatedobjects.Theprototypeof bonoboobjectadd interface

is asfollows:

void bonobo_ object_add _interface (BonoboObj ect *objec t,

BonoboObj ect *newob j);
12Sinceby definition, aBonoboobjectinherits from BonoboObject
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Actually, this functionaddsthe list of interfacessupportedby newobj to the list

of interfacessupportedby object. Hereis a samplecodethatshows a useof this

function13:

/* EogControl inherits from BonoboContr ol,

so it supports the Bonobo_Control interfa ce */

EogCont rol *contro l;

/* BonoboZoomable supports the Bonobo_Z oomable interfa ce */

BonoboZoomable *zoomabl e;

/* The type of the variables are shown above */

bonobo_ object_add_ interface

(BONOBO_OBJECT(contro l),

BONOBO_OBJECT (contro l->priv->z oomable));

The control object is now an aggregateobject becauseit combines two Bono-

boObjectsintoasingleone.Thismeansthatanaggregateobjectwrapsatleasttwo

CORBA servers.Thecontrol objectwill supportnotonly theBonoboControlin-

terfacebut alsotheBonoboZoomable interface.Therefore,having a referenceto

thecontrol objectmakesit possible to obtaina referenceto a BonoboZoomable

object.As a result,thezoomof theobjectcanbechanged.

Bonobo_ Zoomable zoomabl e;

zoomabl e = bonobo_ object_que ry_interfac e

(BONOBO_OBJECT (control) , ‘‘IDL:Bon obo/Zoomab le:1.0’’);

3.3 Bonoboobjects

In this section,we will investigatesomeBonoboobjectsthatwill beusedin the

implementation chapter. Figure3.3shows thehierarchyof someBonoboobjects.
13Thecodewastakenfrom theEOG(EyeOf Gnome)imageviewer.
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Figure3.3:A hierarchicaltreeof someBonoboobjects

It is alsousefulto havealook atfigure3.1onpage27,whichshowsthehierarchy

of someGtk objects.

3.3.1 Controls

Controlsaregraphicalcomponentsthatareusedby containerapplications. They

arecreatedfromGtkwidgets,whichareuserinterfaceelementslikebuttons.How-

ever, unlike the useof Gtk widgets,the useof controlsdoesnot requiresource

codenorheaderfiles.Controlsareuseddynamically andallow adynamicdiscov-

eryof their properties.

Creating a control

Creatinga control from a widget is very simple. Hereis the codethat allows to

createaclockcontrol:

BonoboControl *control;
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GtkWidg et *clock;

clock = gtk_clock_ new (GTK_CLOCK_INCREASING);

gtk_wid get_show (clock) ;

control = bonobo_c ontrol_new (clock);

Basically, therearethreestepsfor creatingacontrol:

� Creatingawidget.

� Calling thegtk widget show function14.

� Passingthewidgetto thebonobocontrol new function.

Accessinga control thr ough a CORBA client

A BonoboControlobjectwrapsa CORBA object that implementsthe Bonobo-

Control interface.Sincethebonobocontrol new functionreturnsa pointerto a

BonoboControlobject, it is possible to obtaina referenceto a BonoboControl

CORBA objectwith thefollowingcodelines:

Bonobo_ Unknown *objRef;

objRef = BONOBO_OBJREF (control);

Gettingtheobjectreferencefrom thecontrolmakesit accessiblevia thenet-

work. As a CORBA object,a controlcanbe invokedfrom a CORBA client pro-

gram.The programcanbe run in any operatingsystemandwritten in any pro-

gramminglanguage15. This is possiblesinceCORBA is thecommunicationlayer

of Bonobo.
14It is importantto call this function herein thecontrolimplementation.Otherwisethecontrol

won’t show upwhenembeddedin thecontainer evenif thecontainercallsthegtk widget show all

function.
15ProvidedthattheORB beingusedhasthecorresponding bindingsfor thatlanguage
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3.3.2 Property bags

A propertybagallowsacontrolto exposeits functionalities.Consequently, it is a

meansfor acontrolto communicatewith its container. Mostof thecontrolswould

not be usefulwithout propertybags.Anotherway for accessinga control is to

make it supportanotherinterface,andthencommunicatewith theCORBA object

implementing this interface.

ThePropertyBagclassprovidesan implementationof the BonoboProperty-

Baginterface.Therefore,aPropertyBagobjectwrapsaBonoboPropertyBagCO-

RBA object. Using this CORBA object it is possible to accessa PropertyBag

objectthroughaCORBA client.

Creating a property bag

As its namesuggests,apropertybagcontainsalist of properties.Theseproperties

can be accessedthrougha get and set callbackfunctions.At the creationof a

PropertyBagobjectthecallbackfunctionsandauserdataobjectshouldbepassed

asparameters.Every time the callbackfunctionsarecalled,the userdataobject

will bepassedto them.

Thefollowing codeshowshow to createapropertybag:

BonoboPropertyBag *pb;

pb = bonobo_p roperty_ba g_new (get_prop, set_prop, clock);

In thisexample,get prop andsetprop representthecallbackfunctionsandclock

representsthe userdataobject.Every time the callbackfunctionsarecalledthe

clockobjectwill bepassedto themasaparameter.

41



Adding properties

After creatinga propertybag,we shouldaddsomepropertiesto it. The bono-

bo propertybagadd functionallowsto do that.For example,wecanaddaprop-

erty called”running” whoseargumentid is 0 andwhosetypeis boolean:

bonobo_ property_ba g_add (pb, "running", 0,

BONOBO_ARG_BOOLEAN,NULL, "whether

or not the clock is running", 0);

The third argumentis the argumentid. It is commonto usean enumerationto

representall the argumentids. It makes the codeeasierto readandallows the

useof switch statementsin the implementation of the callbackfunctions. The

fifth argumentrepresentsthedefault valueof theproperty, thefollowing oneis a

documentationstring, andthe lastonerepresentsflagsthatdeterminetheaccess

rightsof theproperty.

Connecting the control

Now thatwehavea propertybag,weneedto connectit to acontrol:

bonobo_ control_set _propertie s (control, pb);

Callback functions

To completetheexample,we needto write thecallbackfunctions.Theprototype

of theget prop functionis asfollows16:

get_pro p (BonoboPr opertyBag *bag, BonoboArg *arg,

guint arg_id, CORBA_Environment *ev,

gpointer user_data )

16Notethata gpointer is a pointerto void.
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At this stage,thereis an importantfeatureof propertybagsthat shouldbe

mentioned.A propertybagdoesnot hold the dataof the properties,it is only a

modelfor theproperties.This meansthat thepropertybagpointerpassedto the

get propfunctionis not sufficient to get thepropertyvalue,becausetheproperty

bagdoesnot hold thevalue.A propertyvaluemay for examplerepresenta data

memberof a Gtk widget.This datamemberwould be accessedby calling some

functionon thewidget.

Hereis asampleimplementationof theget prop function17:

GtkObje ct *clock = user_data ; /* Castin g the user data */

switch (arg_id) {

case 0:

{

/* The data (whethe r the clock is runnin g) is held by

the clock not the bag */

gboolean running = gtk_clock_i s_running (clock);

/* Setting the out argument arg. */

BONOBO_ARG_SET_BOOLEAN (arg, runnin g);

break;

}

}

Whenapropertyvalueis requested,thegetcallbackfunctionsuppliedattheprop-

erty bagcreationtime is called.

The setcallbackfunction is very similar to the get one.Only two points are

worthmentioning:
17Theis running functionusedin thisexample is notin theclock’sAPI. To havethesameresult

asthis fictitious function, weneedto make theclockobject carrya tableof associations.
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� TheBonoboArg pointerthatis passedto thesetprop functiondoesnotget

changed,becausethe argumentis a const. The BonoboArg points to the

valuewe wantto set.

� The BONOBO ARG GET BOOLEAN macrois usedin the setcallback

implementationinsteadof theBONOBO ARG SET BOOLEAN macro.

3.3.3 Containers

A containerembedscontrolsandmayinteractwith them.A containerrepresents

theclientsideof anapplication.

Embedding controls

BonoboWidgetmakesembeddingcontrolsveryeasy. TheGtk widgetcorrespond-

ing to thecontrolcanbecreatedin oneline of code:

GtkWidg et *control ;

control = bonobo_w idget_new_ control

( "OAFIID:Bon obo_Clock" , BONOBO_OBJREF (uic) );

control can thenbe usedasa normalGtkWidget exactly like a GtkButtonor a

GtkWindow. Theprevious codedeservessomeexplanations:

� Therealtypeof control is aBonoboWidget,nota GtkWidget. In fact,con-

trol wascastto a GtkWidgetbeforebeingreturnedby thebonobowidget-

new control. The cast is valid becauseBonoboWidget inherits GtkWid-

get18:
18Thetreehierarchy is asfollows: GtkObject, GtkWidget,GtkContainer, GtkBin, BonoboWid-

get.Seefigure3.1.
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� Thefirst argumentpassedto thebonobowidget new control function is a

string representationof a moniker object.It is sufficient to know that this

stringallows theactivation of theclockcontrol.

� uic is a BonoboUIContainerobject.This objectshouldbe createdandas-

sociatedwith a BonoboWindow objectbeforecalling the bonobowidget-

new control function:

BonoboUIContainer *uic;

uic = bonobo _ui_contai ner_new ();

bonobo_ ui_contain er_set_engi ne (uic, bonobo _window);

Accessinga property

A BonoboWidgetalsosimplifies theaccessto thecontrol’spropertybag.Getting

thevalueof therunningpropertyis easy:

CORBA_boolean state;

bonobo_ widget_get_ property (BONOBO_WIDGET (contro l),

"running", &state, NULL);

Sinceapropertydatatypemightchangeontheserver, it is betterfor theclient

to useanothermethodto accessa property. First, we get thecontrol frameasso-

ciatedwith thebonobowidget,andthenwegetthepropertybagfrom thecontrol

frame19. Hereis how to getthevalueof therunningpropertyusingtheapproach

describedabove:

Bonobo_ PropertyBag pb;

BonoboControlFrame *cf;

19Whencreatinga BonoboWidgetobject,thecontrol (which is linkedto theproperty bag) was

bound to thecontrol frame.That’swhy it is possibleto getthepropertybagfromthecontrolframe.
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CORBA_boolean state;

cf = bonobo_w idget_get_ control_fra me

(BONOBO_WIDGET (control ));

pb = bonobo_c ontrol_fra me_get_cont rol_proper ty_bag

(cf, NULL);

state = bonobo_pro perty_bag_ client_get_ value_gboo lean

(pb, "running ", NULL);

Bothwaysof accessingpropertiescauseoneof thepropertybagcallbackfunc-

tionsto becalledon theserver.

3.3.4 Event Sourcesand Listeners

Sometimesclientswouldliketo benotifiedwhensomething happensin theserver

sothatthey canperformsomeaction.For example,a containerapplicationmight

wantto reactwhenoneor morepropertiesof a controlhave changed.Themech-

anismthatallows this reliesoneventsourcesandlisteners.

Clientsthatwish to benotifiedwhenaneventoccurshave to createa listener

andregisterit with aneventsource.Obviously, it is possible thatmany listeners

registerwith thesameeventsource.

Let’s supposethat therearetwo containersembeddingthesamecontrol,and

that thesecontainersare both registeredwith the event sourceof the control’s

propertybag.Hereis what happenswhena propertychanges.The eventsource

is immediately notified of the change.It notifiesall the listenersattachedto it.

As a result,every attachedlisteneremitsan event-notify signal.Therefore,the

callbackfunctioncorrespondingto thesignalis called.Thismeansthattheclients

havefinally beennotifiedof thepropertychange.

It is possibleto attacha listenerto aneventsourcesothat it listensto all the

eventsemittedby aneventsourceor only to certainevents. For example,a listener

46



Client 1 Client 2

Listener 1

Listener 2

Listener 3

Property Bag

Event source

Event 1

Event 2

Event 3

Figure3.4:Registeringlistenerswith aneventsource

canbenotifiedwhenoneor morepropertyvalueshavechanged.Figure3.4shows

listenersfrom two clientsregisteringwith someevents of theeventsource.When

aneventoccurs,theattachedlistenersarenotified.

Next, wewill seeanexamplethatshowstheuseof eventsourcesandlisteners.

Event sources

Typically, theserver createseventsourceobjects.Theseobjectscanbeaccessed

throughCORBA clients.The creationof an event sourceobjectsis straightfor-

ward:

BonoboEventSource *es = bonobo_eve nt_source_ new();

Whencreatingapropertybag,aneventsourceobjectis createdautomatically

andassociatedwith the propertybag.Thus,oncea client getsa referenceto a

propertybag,it cangeta referenceto theeventsourceobjectassociatedwith it:

Bonobo_ Unknown es; /*event source* /

/* pb is a Bonobo_ PropertyBa g CORBAobject and ev

is an initializ ed CORBAenviron ment */

es = Bonobo_PropertyBag _getEventSo urce (pb, &ev);
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Anotherway to getthesamereferenceis to usethequeryInterfacefunctionof the

BonoboUnknown interface:

es = Bonobo_Unknown_que ryInterface

(pb, "IDL:Bon obo/EventS ource:1.0", &ev);

An eventsourceis responsiblefor notifyingall thelistenersattachedto it when

an event occurs.For example, whena propertyvaluechangesby a setcallback

function20, the bonobopropertybagnotify listenersfunction is calledandcalls

in its turn the bonoboevent sourcenotify listenersfunction. Consequently, all

theregisteredlistenerswill benotified.However, whena propertyvaluechanges

by anothermethod,thebonobopropertybagnotify listenersfunctionshouldbe

calledexplicitly. Otherwise,thepropertybagwill notbenotifiedof thechangeof

thepropertyvalue21.

Listeners

In orderfor thenotificationmechanismto work, theclient needsto createoneor

morelistenersandregisterthemwith theeventsource:

BonoboL istener *listene r;

Bonobo_ Listener corba_l istener;

/* prop_chang e_cb is a callback functio n and clist is the

the user data that will be passed to it */

listene r = bonobo_ listener_n ew (prop_ch anged_cb, clist);

/* Requesting the CORBAobject

of the ’listener’ Bonobo object */
20Seesection 3.3.3, page45onaccessingproperties.
21Remember that a property bagis just a model for the properties.It doesnot hold the data

itself. Thedatamight bechangedfrom other programs.Seesection3.3.2, page41 for detailson

property bags.
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corba_l istener = BONOBO_OBJREF (listene r);

Bonobo_ EventSource _addListen erWithMask

(es, corba_li stener,

"Bonobo /Property: change:runn ing", &ev);

As in theexampleabove,a listenershouldalwaysbeboundto acallbackfunc-

tion, sothatthelisteneris ableto call thecallbackfunctionwhenever it is notified

of anevent(by theeventsource).Hereis theprototypeof a listenercallbackfunc-

tion:

void prop_cha nged_cb (Bonobo Listener *listen er,

char *event_ name,

CORBA_any *any,

CORBA_Environment *ev,

gpoint er user_dat a);

whereany is thevaluethat is passedby theeventsource,andevent nameis the

eventnamethathasbeenemittedby theeventsource.

TheaddListenerWithMask functionspecifiesthatthelistenerwantsto beno-

tified of certaineventsonly. In theexampleabove,thelistenerwantsto benotified

whentherunningpropertychanges.Thestringin thethird argumentis calledthe

eventmask.It is a comma-separatedlist of eventnamesthe listeneris interested

in receiving.

Eventnamesaregenerallymadeupof threeparts.Thefirst partconsistsof the

interfacethattriggeredtheevent.Its purposeis to createauniquenamespace.The

secondpart indicateswhat happened,and the third part is usedto make events

morespecific.

Hereis thecodethatallows a listenerto benotifiedwhenoneof therunning

or testpropertychange:
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Bonobo_ EventSource _addListen erWithMask

(es, corba_li stener,

"Bonobo /Property: change:runn ing,

Bonobo/Prop erty:chang e:test", &ev);

The addListenerfunction shouldbe usedin order to notify a listenerof all the

eventsemittedby theeventsource:

Bonobo_ EventSource _addListen er (es, corba_li stener, &ev);
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Chapter 4

Design

In thischapter, wewill examinethedesignissuesof theIIOP to SOAP bridge.We

will discussthedifferentpossibilities of buildingsuchabridgeandwill justify the

decisionsbeingtaken.

4.1 Requirementsand assumptions

The bridge shouldbe designedso that a CORBA client and a CORBA server

wouldcommunicateseamlesslyoverHTTP. Particularly, no modificationsareal-

lowedin theCORBA clientor server in orderfor thecommunicationto takeplace.

We will ignorethebootstrapping problemwhich consistsof gettingthe IOR

of thenamingservice1, andwe will assumethat theCORBA client hasaccessto

theIOR of theobjectit wantsto invokeoperationson2.
1TheIOR of thenamingserviceis usuallyusedfor gettingIORsof otherobjects.
2Theobject maybetheNamingServiceitself.
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4.2 Inter cepting an IIOP message

Oncea CORBA client hasthe IOR of an object and knows the IDL interface

of that object,it caninvoke operationson it. The client, andmorepreciselythe

stub,will usethe informationencapsulatedin the IOR in orderto createa TCP

connectionto the objectserver. It will thencreatean IIOP messageandsendit

over thisconnection.

On theclient side,thepurposeof thebridgeis to intercepttheIIOP message,

convert it to a SOAP messageand sendit over HTTP. Thereare two ways to

intercepttheoutgoing IIOP message:

� Changingthe stubso that it establishesa TCP connectionwith the bridge

insteadof theCORBA server. Here,theproblemis addressedat theend:the

CORBA clientcommunicateswith amodifiedstub.

� Changingthe object’s IOR so that it pointsto anotherendpointaddress3.

A server in the appropriatemachinewill be listening to the appropriate

port numberwaiting for IIOP messages.We will call this server theproxy

server, becauseit actslikeaproxyto theclientswishingto contactCORBA

servers.Here,theproblemis addressedat thebeginning: theCORBA client

readsa modifiedIOR. Figure4.1shows thattheCORBA client readsIOR’

with endpointaddressE2 insteadof the IOR generatedby the CORBA

server.

Bothsolutionsinvolveachangeto bemade:

� The first approachpresentsa big disadvantage,becauseit changessome-

thingthatis ORBspecificnamelythestub. Indeed,differentORBsgenerate

differentstubsfor thesameIDL interface.In addition,thestubis language
3By endpoint address,we meananIP addressanda portnumber.
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dependent:thesameORBwill generatedifferentstubsfor thesameIDL in-

terfacedependingonthelanguagebindingchosen.Thismeansthataparser

shouldbewritten for everyORB andfor every languagebindingsupported

by thatORB.Furthermore,aslightmodificationin theORB,andmorepre-

cisely in the IDL compiler, meansthat theparsershouldbechanged.And

finally, thisoptionwill notbeableto dealwith new ORBs,exceptbywriting

new parsers.

� The secondapproachis morelogical, becauseit relieson changingsome-

thingthatis standardnamelytheIOR.OnceanIOR parserhasbeenwritten,

it will work for everyORB,evenfor new ones.

For the reasonsabove, we will adoptthe secondapproach.The mechanism

describedthereinmakesthe client think that the CORBA objectis on the proxy

server. Therefore,theclient will createa connectionto theproxy server andwill

sendan IIOP messageover this connection.The IIOP messageis indeedinter-

ceptedby theproxyserver.

4.3 The Proxy Server

Theproxyserver shouldtakeanIIOP message,which is asequenceof bytes,and

convert it to a stringcontaininga decimalrepresentationof thebytes.Hereis an

exampleof suchastring:

071 073 079 080 001 000 000 000 000 000 000 232 000 000 000 002

000 000 000 001 000 000 000 012 000 000 000 000 000 001 000 032

000 001 001 000 000 000 000 006 000 000 000 140 000 000 000 000

000 000 000 040 073 068 076 058 111 109 103 046 111 114 103 047

083 101 110 100 105 110 103 067 111 110 116 101 120 116 047 067
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111 100 101 066 097 115 101 058 049 046 048 000 000 000 000 001

Thefirst four bytesrepresentthewordGIOP4. EveryIIOP messagestartswith the

GIOPcharacters.

In brief, theproxyserver is responsible for:

� Changingthe IORsso that they point to theendpointaddressof theproxy

server.

� Listeningto aTCPport for incomingIIOP messages.

� ConvertingeveryIIOPmessagetoastringandsendingit to theSOAPclient.

ChangingtheIORsmightequallybedoneon theserverside,beforetheIORsare

madeavailableto theclient.

4.4 From the SOAP server to the CORBA server

SOAP makesit possibleto do a RemoteProcedureCall over HTTP. The SOAP

client passesthe string representationof an IIOP messageto the SOAP server

asan argumentof a method.The remotemethodinvokeswhat we will call the

proxy client. Whentheproxyclient receivesthestringrepresentationof theIIOP

message,it should convert it backto a bytestream,exactly like theoriginal IIOP

messagethat hasbeeninterceptedby the proxy server. Then,it shouldforward

theIIOP messageto theappropriateCORBA server. TheCORBA server getsthe

IIOP messageand thinks that it is comingfrom a CORBA client. Therefore,it

preparesanIIOP responsemessageandsendsit to what it thinks is theCORBA

client.Actually, themessageis sentto theproxyclient.
4GIOPstandsfor GeneralInter-ORB Protocol.GIOPis theprotocol usedfor thecommunica-

tion betweentwo ORBs.It is definedwithout any mention to the underlying network protocols.

IIOP is theimplementationof GIOPoverTCP/IP.
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Notethatontheserverside,thebridgeis madeupof theSOAP serverandthe

proxyclient,andthaton theclientside,thebridgeis madeupof theproxyserver

andtheSOAP client (Seefigure 4.1).

4.5 Problemsand their solutions

In this section,we will discussthreeproblemsrelating to the bridge and their

solutions.

Problem 1

A problemremainsin thesystemdescribedsofar. Uponreceiving anIIOP mes-

sage,theproxy client shouldknow theendpointaddressof theCORBA server to

which theIIOP messageis destined.

Thispieceof informationis includedin theoriginalIOR: theonethathasbeen

createdby the CORBA server. Therefore,beforechangingthe IOR, the proxy

server shouldextract theendpointaddressfrom it andstoreit somewhere.When

receiving anIIOP messagefrom theCORBA client, theproxyserver shouldpass

it alongwith the endpointaddressto the SOAP client. Finally, the SOAP client

will sendthesetwo elements(ie the IIOP messageandthe endpointaddress)to

theproxyclient.

Problem 2

Thecurrentsystemworksperfectlyaslongasthereis only oneserver. If thereare

two servers,theproxyserverasit wasdescribed,hasnoway of telling if anIIOP

messageis destinedto oneserveror to theother.

The problemmay be solved by makingthe proxy server not only storethe

endpointaddress,but alsotheobjectkey of every IOR. Theproxy server should
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maintaina hashtablecontaininganobjectkey andits correspondingendpointad-

dress.

Every IIOP requestmessageincludesan objectkey that allows the CORBA

server to know which objectis concernedby the invocation. Therefore,thesolu-

tion to theproblemstatedaboveis toextracttheobjectkey fromtheIIOP message,

andto look up its correspondingendpointaddressin thehashtable.After that,the

endpointaddressandthe IIOP messageshouldbe forwardeduntil they arrive to

theproxyclient.

Problem 3

In all whathasbeensaidsofar, weassumedthattheclienthasaccessto aninitial

IOR. It maybetheIOR of thenamingserviceor any otherCORBA object.

Having a first IOR that enablesit to accessa first object,the client may get

otherIORsby invoking methodson thatobject,andis morelikely to do so.The

next IORstheclient receiveswill be includedin theIIOP reply messages.Inside

theseIORs,therewill betheendpointaddressof therealCORBA server, not that

of theproxyserver. With thecurrentsystem, theclient will usethebridgeuntil it

receivesanIOR includedin anIIOP reply message.At thatpoint, theclient will

try to connectdirectly to theserver.

This problemcan be solved the sameway IIOP messagesare intercepted.

Whentheproxyserver receivesanIIOP messagefrom theSOAP client, it should

checkif thereis anIOR insidetheIIOP message.If it is thecase,theIOR should

be extractedandmodifiedso that it pointsto the endpointaddressof the proxy

server. Then,theproxy server shouldadda new entry to its hashtablefor taking

thenew IOR into account.And finally, it shouldput themodifiedIOR backinto

theIIOP messageandsendit to theCORBA client.

In additionto the threepointsmentioned in section4.3, the proxy server is
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alsoresponsible for:

� Maintaining ahashtablefromall theparsedIORs.Thereshouldbeoneentry

for everyparsedIOR. And everyentryshouldcontainanobjectkey andits

correspondingendpointaddress.

� Extractingtheobjectkey from anIIOP requestmessageandlookingup its

correspondingendpointaddressin thehashtable.

� Sendingnot only the IIOP messagebut also the endpointaddressto the

SOAP client.

� Modifying every IIOP replymessagethatincludesanIOR by changingthat

IOR, andaddinga new entryto thehashtableaccordingly.

In fact,practicallyall the tasksof theproxy server canbecarriedout by the

proxy client. In this case,the proxy server’s responsibilities will be reduced:it

will have to listento anendpointaddressfor incomingIIOP messages,to convert

themto stringsandto sendthemto theSOAP client.All theothertasksshould be

performedby the proxy client (the third responsibility describedin the previous

paragraphbecomesirrelevant).
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Chapter 5

Implementation

This chapteris aboutimplementingandtestingthe IIOP to SOAP bridge.First,

wewill examineaBonoboapplication. Then,wewill seehow to accessit through

CORBA clients.And finally, wewill look into someimplementation issuesof the

bridge.

5.1 Bonoboapplication

In this section,we will investigatetheimplementation detailsof a Bonoboappli-

cation.This applicationis a modifiedversionof a Bonobosampleprogramthat

is part of the bonobo-1.0.4distribution. The Bonoboapplicationis written C1.

Figure5.1showsascreenshotof theBonobocontainerapplication.

Theapplication consistsof two executables:

� bonobo-controls thatactslike a server. It is a control factory, which means

thatit is capableof producingcontrolson request.It canproducetwo types

of controls:acalculatorcontrolandaclockcontrol.
1Bonobo hasonly a C API.
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Figure5.1:Screenshotof a Bonobocontainerapplication
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� control-container that actslike a client. It is the containerapplication.It

usesthebonobo-controlsserver in orderto createacalculatorcontrolanda

clockcontrol.It alsocreatesanimagecontrol.

Many containerscanusethesamecontrolfactory, thesamewaymany clients

canusethe sameserver. However, every containerhasa different instanceof a

control.

5.1.1 The server’scontrols

Initialization steps

Thebonobo-controlsprogramstartsup by initializing GNOME,OAF andBono-

bo.Thenit registersthefactorywith OAF.

Duringstartup,mostapplicationswill haveto initializeGNOME,OAF, Bono-

boandregistertheirBonoboobjectfactorywith OAF. As thesestepsareusedfre-

quently, two macrosweredefinedfor thatpurpose.TheBONOBO OAF FACTO-

RY macro is usedby a factory that producesone type of controls,while the

BONOBO OAF FACTORY MULTI macro is usedby a factory that produces

many typesof controls.Bothmacrosdefinethemain functionof theprogram.

Hereis theuseof suchamacroin thebonobo-controlsprogram:

BONOBO_OAF_FACTORY_MULTI

("OAFI ID:Bonobo_ Sample_Cont rolFactory ",

"bonobo-co ntrols", "1.0.4" ,

control_fa ctory, NULL)

The first argumentis a string representationof a moniker. Thesecondlastargu-

mentis agnomefactorycallbackfunction.Thelastargumentis theuserdatathat

is passedto it. Thesecondandthird argumentarethedescriptionandversionof

theprogram.
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Thegnomefactorycallbackfunctionreturnsapointerto aBonoboObject.The

objectreturneddependsonwhichtypeof thetwocontrolsyouwanttocreate.Here

is whatthis functionlookslike in ourprogram:

static BonoboObjec t *

control _factory (Bonobo GenericFact ory *this,

const char *objec t_id,

void *data)

{

BonoboObje ct *object = NULL;

if (!strcm p (object_ id, "OAFIID :Bonobo__C lock"))

object = bonobo_ clock_contr ol_new ();

else

if (!strcm p (object_ id, "OAFIID :Bonobo_Ca lculator") )

object = bonobo_ calculator_ control_ne w ();

return object;

}

Clock control

Theclockcontrolrepresentsarunningclock.Wewantthecontainerapplicationto

beableto stopandstarttheclock.Theusualway to do thatis to attachaproperty

bagto thecontrol.Then,for thisparticularcase,weneedtoaddabooleanproperty

to thepropertybag.Wewill call thispropertytherunningproperty.

As theclockwidgetdoesnothaveadatamemberthatshowswhethertheclock

is running, a pointerto a variableshouldbeassociatedwith it (beforeconverting

it to acontrol).Actually, everyGtk objectcancarryaroundatableof associations

from stringsto pointers.Hereis theway to do it:

gtk_obj ect_set_dat a (GTK_OBJECT (clock) , ‘‘Runnin g’’,
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GUINT_TO_POINTER (1));

Exceptfrom this detail,theimplementationof theclock control is asspecifiedin

section3.3.1on“Controls”.

Calculator control

We shouldbe ableto usethecalculatorcontrol remotelyfrom a CORBA client.

Therefore,pressinga button on the client calculatorGraphicalUser Interface

(GUI) shouldhave a similar effect on thecalculatorcontrol,asif thebuttonwas

pressedonthelocalcontainerGUI. In orderto dothat,weneedto slightly modify

thegnomecalculator2. We needto adda functionto its interfaceto simulatethe

click of a specificbutton. This functionis calledgnomecalculatorpress. It takes

anindex of abuttonasanargument,andmakesthecorrespondingbuttonemit the

clicked signal.

Now, wecanaddtwo propertiesto thecontrol’spropertybag.Onewill repre-

senta calculationresult,andtheotherwill representa buttonindex. Finally, here

is thesetcallbackfunctionof thepropertybag:

switch (arg_id) {

case RESULT:

{

gnome_calc ulator_set (gc, BONOBO_ARG_GET_DOUBLE (arg));

break;

}

case BUTTON_INDEX: {

gnome_calc ulator_pre ss(gc, BONOBO_ARG_GET_INT (arg));

break;

2Thegnomecalculatoris aGtk widget
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}

}

5.1.2 The container

Thecontainerstartsupby initializingGNOME,OAF andBonobo.Then,it creates

a window andthreecontrols:a calculatorcontrol,a clock control andan image

control.Thesearecreatedasdescribedin section3.3.3on“Containers”.Next, the

window insertsthecontrolsvia a Gtk box andevery control’s IOR is printedto a

file.

Hereis away to print acontrol’s IOR:

Bonobo_ Unknown bu;

char *ior;

bu = bonobo_w idget_get_ objref(BONO BO_WIDGET(control)) ;

ior = CORBA_ORB_object_ to_string(o rb, bu, &ev);

It is worth mentioningthat two typesof string representationof monikers

areusedwhencreatingthe controls.Onetype for the calculatorandclock con-

trols like OAFIID:Bonobo CalculatorandOAFIID:Bonobo Clock, andtheother

for the imagecontrol like file:/home/squallia/Photo.jpg. The first type activates

the bonobo-controlsserver and the secondactivatesthe imageviewer Eye Of

GNOME (EOG).Theactivation is automaticdueto theOAF architecture.

Before the containerapplicationshutsdown, it shouldreleaseall the object

references.If no otherclient programsareusingEOGandbonobo-controls, both

applicationswill shutdown automatically. In thecaseof our example,we should

releasethe referenceto the BonoboUnknown object that wasusedfor printing

theIORsof thecontrols:

bonobo_ object_rele ase_unref( bu, NULL);
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Thecontainerapplicationhasalsotwo features:

� A buttonthatis usedto stopandstarttheclock.

� A text field thatshowswhethertheclock is running.

Startingandstopping the clock meansaccessingthe propertybagof the clock.

And having a text field that shows the stateof the clock meansthat a listener

shouldbeattachedto theeventsourceof thepropertybag3.

5.2 CORBA clients

TheBonoboapplicationanalysedin theprevioussectionis written in C, runson

aLinux operatingsystemandusestheORBit ORB.Theobjective is to write Java

programsrunningon a Windows platformandusingtheJava IDL ORB in order

to accesstheBonoboapplication.

Thetaskis actuallynotashardasit seems,thetwo ORBswill domostof the

work. However, thebootstrappingbetweenthetwo ORBsis eitherimpossibleor

veryhardto achieve.In thecaseof ourexample,bootstrappingis aboutgettingthe

IOR of the ORBit’s namingservice.In orderto avoid this problem,we suppose

thattheJavaprogramshaveaccessto thefileswheretheIORsof thethreecontrols

werewritten4. EachJava programwill actasa CORBA client while theBonobo

applicationwill actasaCORBA server.

Thefirst thing to do is to usetheJava IDL compileridlj in orderto generate

thestubscorrespondingto theBonobointerfaces5.
3Seesection3.3.4onpage46 for theuseof eventsourcesandlisteners.
4TheassumptionmademeansthatORBit’snamingservicewon’t beused.It is possibleto have

a minorassumptionwhichconsistsof only gettingtheIOR of thenamingservice.
5SomeIDL directives like ifdef shouldbe removed from the IDL files sincethey generate

compilationerrors.
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Thethreeclient programsstartwith initializing theORB.Then,they readthe

stringrepresentationof acontrol’s IOR from theappropriatefile, andconvert it to

anIOR.

Now, we’ll examineeachof thethreeCORBA clients:

� Clock: Having the IOR of theclock control,we usethegetPropertiesop-

erationto get a referenceto the control’s propertybag.Next, we call the

getPropertyByNameoperationto getthereferenceof therunningproperty.

Finally, wegetthebooleanvalue,changeit in orderto stopor runtheclock,

andreleasethereferenceto thepropertybag.

� Calculator: Theprogrampresentsa calculatorGUI. Its logic is similar to

theclock one.Every time a button is pressed,thebutton index propertyis

setwith thenew index. Then,wegetthevalueof theresultpropertysothat

thecalculationresultcanbeshown ona text field.

� Image: Having a referenceto theimagecontrol,we usethequeryInterface

operationon the IDL:Bonobo� Zoomable:1.0interface.Now that we have

a referenceto a zoomableobject,we cancall thesetLevel operationwhere

thezoomlevel is specifiedasanargument.

ThethreeCORBA clientsareinteractingwith theBonoboapplicationusingIIOP

messages.Integratingthebridgeshouldenablethemto interactin thesameman-

nerbut usingSOAP messagesinstead.

5.3 IIOP to SOAP Bridge

TheIIOP to SOAP bridgeconsistsof two parts.Onepart is responsiblefor com-

municatingwith theCORBA client andtheotheris responsible for communicat-

ing with theCORBA server. Thefirst part is madeup of theproxyserver andthe
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SOAP client, andthe secondpart is madeup of the SOAP server andthe proxy

client (Seefigure 4.1). Becausethe SOAP implementation usedhasa Java API,

all thebridgewasimplementedin Java.

5.3.1 From the SOAP Client to the SOAP Server

To implement a SOAP client andserver, we needa SOAP implementation.The

SOAP implementationusedis ApacheSOAP.

As far asthebridgeis concerned,theSOAP client andserver areresponsible

for makinganRPCoverHTTP. On theclientside,theSOAP API providesaway

to make SOAP requestsand interpretSOAP responses.On the server side,the

ApacheSOAP installation requiresaWebapplicationserver thatsupportsservlets

andJSPs.ApacheTomcatis the onethat hasbeenused.Both on the server and

theclientsideanXML parsersuchasApacheXercesis needed.

Writing aSOAP clientfor makinganRPCis actuallyquiteeasy. Basically, we

will have to createaCall object6 andsetsomeof its elements:

� SettingthetargetUniform ResourceIdentifier(URI) which will enablethe

Call objectto identify theSOAP servicebeinginvoked.

� Setting the nameof the methodthat should be invoked. Obviously, the

methodhasto beexposedby theSOAP service.

� Settingtheparametersof themethod.

Then,weshouldcall theinvoke methodon theCall object.Theendpointaddress

of the SOAP serviceshouldbe passedasa parameterto the invoke method.A

Responseobjectreturnedby thismethodallows to extracttheresultof theRPC.
6TheApache SOAP Call objectis themaininterfaceto theunderlyingSOAP RPCcode.
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Writing theSOAP server is alsostraightforward.First,we will have to create

a Java classwhich containsthemethodsto beexposedasa SOAP service.Then,

we shouldcreatea deploymentdescriptorfor the SOAP service.The descriptor

consistsof thenameof theJavaclassprovidingtheSOAP serviceimplementation

andthenameof themethodsto beexposed.

Now thefirst elementof thebridgehasbeenbuilt, but therearestill two other

elements:theproxyserverwhichwill communicatewith theSOAP clientandthe

proxyclientwhichwill communicatewith theSOAP server.

5.3.2 The Proxy Server

Theproxyserver providesall thefunctionalitiesmentionedin thedesignchapter.

It is madeupof four classes:

� The IOR classallows to extract and modify the object key and endpoint

addressof astringrepresentationof anIOR. Thebyteorderis animportant

factorin parsingandmodifying theIOR.

� The IIOP classallows to know the byte orderof the machinesendingthe

IIOP messageandto checkwhetherthismessagecarriesanIOR.

� TheParserclassparsesall IOR files in a certaindirectory, put their object

keys andendpointaddressesin a hashtable,andcreatesnew IOR files by

changingthe endpointaddressof previous ones.The Parserclassis also

responsiblefor changingIORs comingwithin IIOP messagesandadding

entriesto the hashtableaccordingly. Finally, it providesa methodthat re-

turnstheendpointaddresscorrespondingto anobjectkey.

� The Bridge classlistensto the port numberto which the IIOP messages

will beredirected.It containsthemain methodandmakesuseof thethree

classesdescribedaboveaswell astheSOAP client.
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5.3.3 The Proxy Client

TheSOAP clientpassesanIIOP stringandanendpointaddressto theproxyclient.

The proxy client turns the IIOP string into an IIOP messageandsendit to the

specifiedendpointaddress.Again, the byte orderis importantwhile readingthe

IIOP message.
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Chapter 6

Conclusion

6.1 Work achieved

As statedin theintroduction section,thegoalof theprojectwasto build anIIOP

to SOAP bridgeandvice versa.This wasmotivatedby the fact that the bridge

will enableus to accessBonobocomponentsbehinda firewall, andthatsecurity

featuresareeasierto build on topof HTTP.

The projectgoal hasbeenachieved sincea fully Java implementedIIOP to

SOAP bridgehasbeenbuilt. Furthermore,the bridgehasbeentestedwith three

CORBA clients and three Bonobo controlsembeddedin a Bonobo container.

Thetestshowedthatall thecommunicationbetweentheCORBA clientsandthe

Bonobocontrolsis routedvia the bridge.In otherwords,the HTTP protocol is

usedinsteadof IIOP.

In additionto that,this thesisprovidesagoodstartingpoint for understanding

many aspectsof theBonobotechnology.
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6.2 Difficul tiesencountered

Themostdifficult elementof theprojectwasunderstandingtheBonobotechnol-

ogy. Indeed,thereis a completelack of Bonobodocumentation. Apart from a

shortubiquitoustutorial on writing Bonobocontrols1 andsomeBonobosample

applicationsshippedwith the Bonobodistribution, thereis practicallyno other

technicalresources2. Even the BonoboAPI is only partially documented.This

lack of informationis mainly dueto thefact thatBonobois a new andfree tech-

nology. As a result,examining Bonobocodewasnecessaryto comprehendthe

technology.

On theotherhand,understandingtheBonobosamplecodewasnoteasysince

it containsGTK+3, ORBit andBonobocode.

Finally, therewere two implementation problems.The first one was about

changingthe string representationof IORs,so that they point to a specificend-

pointaddress.And thesecondonewasaboutdealingwith thebyteorder.

6.3 Further work

Thework thathasbeenachievedin this thesiscanbeextendedin many ways:

� Currently, the bridge only supports one CORBA client at a time. Other

CORBA clientswishingtousethebridgehavetowait until thefirst CORBA

client finishesits communication. Thus,an importantfeatureto thebridge

wouldbeto enableit to dealwith many CORBA clientsat thesametime.

� The performanceof the bridge can be increased.Indeed,the size of the
1The tutorial is in http:/ /www.d jcbsof tware. nl/pro jecten /bonob o_con trols/ . It was

writtenon the15/04/2001andupdatedafterwards.
2However, therearea few generalpaperson theBonobo componentarchitecture.
3ThecodeusestheGTK+ library includingtheGTK+ objectandtypesystems.
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SOAP messagebeingsentacrossthe network canbe halved.This canbe

achieved by usingthe hexadecimalrepresentationof an IIOP messagein-

steadof thedecimaloneandby removing all spacesfrom it.

� SOAP messagescanbe encryptedusingSSL andSOAP SecurityExten-

sions.This will provide importantsecurityfeaturessuchasconfidentiality

andnon-repudiation.

A C implementationof thebridgewouldbeaninterestingprojectsinceit will

greatlyenhancethe performance.The projectwould be easierfor two reasons.

Firstly, many SOAP implementationsbasedonC arebecomingmature.Secondly,

theprinciplesbehindthebridgehavebeenlaid out in this thesis.

Finally, accessingand manipulating a Gnumericspreadsheetfrom the Web

would alsobea usefulprojectwith many practicalapplications. Theprojectwill

rely on thebridgein orderto useSOAP for communicating with Bonobocompo-

nents.The projectwill be especiallyinteresting sincethe Bonobotechnologyis

beingmoreintegratedinto theGnumericspreadsheet.
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