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Abstract

To managethe increasingcomplity of software, mary modernand large ap-
plicationsmalke useof componentsGNOME, the free desktopenvironmentfor
UNIX like systens, hascreatedts own componentnodel,namelyBonobo.

The Bonobocomponenimodelis basedon CORBA technology Relying on
CORBA enablesdevelopers to accessBonobocomponentdrom different pro-
gramminglanguagesand platforms. It also meansthat IIOP, the protocol that
guaranteesnteroperabilitybetweenCORBA products,is usedto communicate
with BonobocomponentsHowever, mostfirewalls preventllOP communication
This dissertationdealswith bridging Bonobocomponentsin otherwords, it is
aboutaccessin@@onobocomponergthatarebehinda firewall.

SQAPisanXML basedrotocolthatusesHTTP for transportindgts messages.
In orderto bridgeBonobocomponentswve will build anllOP to SCAP bridgeand
vice versa.Thesystenwill redirectall themessagedestinedo theBonobocom-
ponentsnto the bridge.As the bridgeusesthe HTTP protocol,all the messages

will getthroughthefirewall.



Acknowledgenents

I would like to thankmy supervisorDr. Simon Dobsonfor his help andadvice
throughoutthe year | would alsolike to thankmy family for their supportand
encouragementinally, mary thanksto all the classmatesor their friendliness

andsenseof humou.



Contents

1 Intr oduction
1.1 Projectmotivations . . . . . . . . .. ...
1.2 Projectgoal . . . . ... ... ...
1.3 Roadmap . . . .. ... .. . .

2 Stateof the Art
21 CORBA . . . e
2.1.1 Distributedobjects . . . . ... ... ... ... ... ..
2.1.2 ObjectRequesBrokers . ... ..............
22 GNOME. . . .. ...
2.3 Bonobo . . . ...
24 SOAP . . .
25 ORBIt . . . . . . e
2.6 InvokinganoperatioroonaCORBA object. . . . .. ... .. ..
2.6.1 InterfaceDefinitionLanguage. . . . ... ... ... ..
2.6.2 InteroperablébjectRefeences. . . . . . ... ... ..
2.7 NIOPtoSQAPBridge . . . . . . . . . . i

3 Bonobo
3.1 GTK+ . .



3.1.1 TheGLiblibrary . ... ... ... ... ......... 25

3.1.2 TheGTK+objectsystem. . . . ... ... ........ 26
3.1.3 TheGTK+typesystem. . . .. ... ... ........ 29
3.2 BasisofBonobo. . . ... ... .. 32
3.2.1 TheBonobaUnknowninterface. . . . . ... ... ... 32
3.2.2 BonoboObject . . . ... ... ... ... ..., 35
3.3 Bonoboobjects . . ... ... 38
33.1 Controls. . . ... ... ... 39
3.3.2 Propertybags. . . ... ... ... ... .. 41
3.33 Containers . . . . ... .. .. e 44
3.3.4 EventSourcesandListeners. . . ... .......... 46
Design 51
4.1 Requirementandassumpbns. . . ... ... .. ... .. ... 51
4.2 InterceptinganllOP message . . . . . ... ... ... ..... 52
4.3 TheProxySener . . . . . .. . . . . .. ... e 54
4.4 FromtheSQAP senertotheCORBAsener. . . . ... ... .. 55
4.5 Problemsaandtheirsoluions . . . .. ... ... ... ... .. 56
Implementation 59
5.1 Bonoboapplication. . . ... .. ... ... ... ..., 59
5.1.1 Thesener'scontrols. . . ... .............. 61
5.1.2 Thecontainer. . . . . .. ... ... ... ... 64
52 CORBAclients . . .. .. ... .. . . . . 65
5.3 IIOPtoSQAPBridge. . . . ... ... ... . ... .. . .... 66
5.3.1 FromtheSQAP ClienttotheSQAP Sener . . . . . . .. 67
5.3.2 TheProxySener. .. .. ... ... ... ... ..... 68
5.3.3 TheProxyClient . . . ... ... ... ... ....... 69



6 Conclusion 70

6.1 Workachiaved . . ... . . ... . . ... 70
6.2 Difficultiesencountered . . . . . . . . . . ... .. ... .. .. 71
6.3 Furtherwork . . . . . . . . ... 71



List of Figures

11

2.1
2.2
2.3
2.4
2.5

3.1
3.2
3.3
3.4

4.1

5.1

Basicprincipleofthebridge . . . . . ... .. ... ... .... 4
ORBinteroperabilly . ... ... ... ... ... ........ 7
An ORB communicatig arequesto atargetobjectimplementabn 8
Thestubandskeletoninteractions . . . . . ... ......... 18
EssentiaklementofanlOR . . . . . . ... ... ... ..... 20
Gettingthroughthefirewall viathebridge . . . . . ... ... .. 22
A hierarchicakreeof someGtkobjects . . . . ... ....... 27
WrappingCORBAobjects . . . . .. ... . ... .. ...... 36
A hierarchicakreeof someBonoboobjects . . . . . ... .. .. 39
Ragisteringlistenerswith aneventsource . . . . ... ... ... 47
IOPtoSOAPbDbridge . . . . ... ... ... .. ......... 53
Screenshobf a Bonobocontainerapplication . . . . . . ... .. 60



Chapter 1

Intr oduction

Overthelastdecades;omputethardwarecapacityhasgrown rapidly. As aresult,
computersoftwarefollowedthe move andhasbecomemorecomple. It wasnec-
essaryto managehis compleity. At the sametime, the trendwasto move from
largemainframedo distributedsystemsRemoteProcedureCall (RPC camethen
in orderto make remotefunctioncallstransparento the programmerDuring the
lastdecadeopbjectorientedandclient-sener paradigmsave becomewidespread,
allowing programmerso reducesoftwarecompleity. The next stepforwardwas
towardsdistributed objectsandsoftwarecomponents.

Distributed object technologiescameas a result of the object orientedand
clientsener paradigmsAs customersio moreacceptedroprietarysystemse-
causeof their limitations,a consortium was setup in orderto provide a com-
mon architecturalframavork to vendorsand to promote object oriented soft-
ware developnent. Consequentlythe Object Managementroup (OMG) con-
sortium hasprovided the mostimportantdistributed objecttechnology namely
the CommonObject RequestBroker Architecture(CORBA). OMG malkes the
specificationsand vendorsimplementthem. In orderto provide interoperabiliy

betweenCORBA productsOMG hasalsodefinedaprotocolcalledinternetinter-



ORB Protocol(IlOP) anda neutrallanguagecalledinterfaceDefinition Language
(IDL).

Theadoptionof componensoftwaretechnologeswasmotivatedby reducing
the compleity of applicationsThisis achiezed by reducingthe amountof infor-
mationa programmeneedgo know aboutthe system Componensoftwarealso
enablegprogrammergo build larger, more complec applicatiors by glueingdif-
ferentcomponentsogetherinto biggerapplicationgdi99]. In brief, componerd
enableto reusecodeandto reducesoftwarecompleity.

The GNU ObjectModel Ervironmentt (GNOME) is a free desktoperviron-
mentfor UNIX like systemsGNOME developersneededa componentrchitec-
turefor building large andpowerful applicationsThis needresultedin thefoun-
dationof Bonobd.

Webservicesareanew distributedcomputingmodel. They aremodularappli-
cationsthat canbe locatedandinvoked acrossthe Weh Web servicesare based
onthe SimpleObjectAccessProtocol(SOAP). SQAP is aprotocolthatallowsin-
vokingremotemethodsvertheHyperText TransferProtocol(HTTP) usingmes-
sagesncodedn the Extensille Markup Languagg XML). Talking aboutSQAP,
the CEOof Digital Creationssaid:

At longlast,theWebhasa completeplatformstratey. Operatingsys-
tems,programmindanguagesijatabaséechnologes,andevencom-

ponentmodelsall disappeabehinda straightforvard Web API.

Furthermore SOAP SecurityExtensiondik e Digital Signatureare beingdevel-
opedsothatthey canbeintegratedwith themostpopularwebsecuritytechnology
namely SecureSoclets Layer or SSL. By doing so, importantsecurityfeatures

suchasnon-repudiatiao canbeachieved.

1GNOME canbeconsideedasa competitor of the K DesktopErvironment (KDE).
2Bonoto doesnot standfor anything. It is anendangredapespecies.



1.1 Project motivations

Sincecomponentgareintendedo cooperatavith eachother they usuallyrely on
acommunicatio layer GNOME developersdecidedthatBonoboshoud rely on
CORBAS3. As aresult,Bonobocomponentsvill communicateisingllOP andwill
definetheirinterfacesusingIDL.

Most companiedilter their network traffic by settirg a firewall. Generally
sucha systempreventsary IIOP communcation. Therefore, it is impossble to
communicatevith aBonobocomponenthatis behinda firewall.

Eventhoughwe assumehatthe firewall doesnot preventlIOP communica-
tion, securityissuesvould be of greatconcernlt would meanthatfurtherdevel-
opmentinvolving theuseof the CORBA securityserviceis necessaryObvioudy,
thisis only possiblewhenthe CORBA implenmentationsupportd¢hesecuritymod-
ule.

Solving the firewall and securityissuesmentionedn the previous two para-

graphswill enableusto:
¢ Communicatevith Bonobocomponergevenif they arebehindafirewall.

e Ensurethatthecommuncationis securenithoutmucheffort.

1.2 Projectgoal

Using SQAP to communcatewith Bonobocomponentswill enableus to solve
boththefirewall andsecurityissuesindeedjt solvesthefirst problemsinceSQAP
is basedon HTTP which is a firewall friendly protocol.It alsosolvesthe second
problemsincea securitylayercanbeeasilybuilt ontop of HTTP. Anotherreason

for usingSQAP is that:
3For comparison,Microsoft's OLE relieson COM/DCOM.
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Figurel.1:Basicprincipleof the bridge

The existing InternetsecurityinfrastructurehasembracedHTTP to
the pointthattrying to communcateacrossorganizationsisingany-
thing other than HTTP requiresanexcessve amounif organizatioml

andengineeringesources3]

Thisthesids aboutaddressingheissuesnentioredabove by buildinganllOP
to SOAP bridge. Sinceit is possibleto communcatewith Bonobocomponerg
usingllOP, buildinganllOP to SQAP bridgewill makeit possibleéo communicate

with themusingSQAP. Figurel.1shavs how to bridgeBonobocomponents.

1.3 Roadmap

Hereis the outline of thethesis:

e Thestate of the art chapterstartswith a generalintroducton to CORBA,
GNOME, Bonobo,SQAP andORBiIt. Thenit coverssomeCORBA details

relatedto the project,beforegiving anideaaboutthe bridge.

e The Bonobo chapterpresentssomedetailsaboutthe Bonobotechnology

Due to the completelack of Bonobodocumentatin, somesectionsn this
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chapteraimto provide agoodbasisfor understandinonobo.TheBonobo

chaptelis usedin theimplemenation chapterbut notin the designone.

¢ In the designchapterwe examinethe differentissuesrelatingto building

anllOP to SQAP bridgeandjustify the decisionghathave beentaken.

e Theimplementation chapteris aboutimplementhg andtestirg thebridge.
A Bonoboapplication andthree CORBA clientswill be usedfor the test

exactlyasshavnin figure1.1.

e Intheconclusionchapterwewill discusghework achievzed,thedifficulties

encounteredswell asthe futurework thatmaybedone.



Chapter 2

State of the Art

2.1 CORBA

2.1.1 Distributed objects

Distributed object technologes allow objectsto interacton different platforms
acrossthe network. The OMG has playeda major role into building the most
importantdistributed objectsinfrastructurenamelyCORBA. Otherimportantin-

frastructuregor developing distributed objectsinclude:
e DistributedComponenbjectModel (DCOM).
e EnterpriselaszaBeangEJBS).
e RemoteMethodInvocation(RMI).
The OMG stateghatit is:

An openmembershipnot-for-profit consortiumthat producesand
maintainscompuer industy specificationsfor interoperableenter

priseapplications[Obj]
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Figure2.1:ORB interoperability

The OMG hasabout800 membershps. They includevirtually every large com-
pary in the computerindustry and hundredsof smallerones[Obj]. The OMG
debatesandpublishesCORBA specificationsit doesnotimplenentthem.

CORRBA allows programsto commuricate regardlessof their programmiig
languagethe platformsand machineshey arerunningon. The communicatio
betweerheterogeneougrogramds guaranteediueto the lOP protocol.llOP is
a TCP/IP basedprotocolspecifiedby the OMG consortium.

In CORBA, anobjectis aninstanceof a class,which is definedby a setof
operationsattributesandexceptions Every objectprovideswell definedservices
throughits interface,andevery objecthasa referenceby whichit is identifiedin

adistributedenvironment.

2.1.2 Object RequestBrokers

An ObjectRequesBroker (ORB) is animplementatn of the CORBA specifi-
cations.Many ORBsareavailable.They differ in mary ways.Someof themare
free,othersarenot. Figure2.1showvsthatdifferentORBsspreadver thenetwork
areableto interoperatevia IIOP.

An ORB encapsulatethe inherentlyheterogeneouaspectof the networks

andoperatingsystemsThus,anORB is a middlewarebecause:

1TCP/IPstandgor TrarsportControl Protool/Interret Protoco
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Figure2.2: An ORB commuricatinga requesto atargetobjectimplemenation

Middleware hidesthe underlyingdetailsfrom theapplication It does
thisby providing acommonsetof servicesacrossll theplatformson

whichit lives.[Pop98]

An ORB canalsobe consideredasa layer above the network andthe operating
system.

Technicallyspeakingan ORB allows a clientto transparentlynvoke anoper
ationonasenerobject(Figure2.2). Theobjectcanbeeitheronthesamemachine
or acrosghe network. Furthermorethe client neednotto know the detailsof the
object,namelyits programminganguagejts operatingsystem,or ary otheras-
pectthatis notreflectedn its interface Briefly, anORB makesthecommunicatio
betweera clientanda senereasier

An ORB shouldacceptrequeststransporthemto the appropriateobjectand
possiblyreturnresultsln otherswords,it is responsibldor thetransportmarshal-
ing andunmarshalingf messagedMarshalingconsistsof encodingnessageand
puttingthemonthewire, while unmarshalingonsiss of decodinghemfrom the
wire andplacingthemin anaddresspace.

As wasmentioneckarlief therearemary differencedbetweenrORBs.Among
thesedifferencesare the performancedn termsof speedand memoryusagethe
languagebindings providedandthe CORBA servicesavailable.

Hereis alist of someknown ORBSs:



e FreeORBs:RedHat's ORBit, SunsJavalDL, Xerox’sILU andMICO.

e VendorORBs:IONA’s Orbix, IONA's OrbixWebk?, OOC’s ORBacus, and
Inprise’s VisiBroker*.

2.2 GNOME

Bonobois thecomponentmodelthatdervedfrom the GNOME project. GNOME
is a free desktopervironmentaswell asa suiteof powerful applicationdik e the
spreadshedbnumerictheword processoAbiWord or thefile manageNautilus

GNOME is part of the GNU projectwhich aimsto provide free softwarefor
Unix-like operatingsystems As mentiored in the GNU website,free software
meanghatthe useris freeto run, copy, distribute, study changeandimprove the
software’. The mostimportant motivationfor the GNOME projectis freedomof

software:

GNOME arosefrom the needfor a 100 percentfree, open-source

desktopandapplicationprogrammingernvironment [She00]
Not surprisirgly, GNOME licensingtermsareof utmastimportance:

Thekeystorein GNOME'sdeclaratiorof freedomis the GNU Public
License aclever softwarelicensefrom the FreeSoftware Foundation
that mandateghat the sourcecodefor all GPL® software be freely

available.[She00]

2Freefor Universities.

3Freefor noncommercialuse.

4Inprise wasformerly known asBorland

5Seehttp:  /iwww. gnu.or g/phil osophy ffree - sw.ht ml for more informationonthemean-

ing of free software.
8GPL standdor GeneraPublicLicense



KDE is alsoa desktopenvironmentfor Unix workstatims. However, KDE is
basednasetof librariescalledQt whichhadanon-fredicense Now, Qt’slicense
is alsoGPL for the Linux andUnix platforms[Gwy0Q]. KDE canbe considered
asGNOME's competitor Neverthelessit is possilte to run someKDE programs
from within GNOME andvice versa.

GNOME is distributed by several companiedike Ximian, Red Hat, SuSe,
MandraleSoft and Sun Microsygems. Theoretically GNOME canrun on ary
UNIX-lik e platform supportingthe X Windows System.Here are someof the
platformsthat were successfullytested:Linux (any recentdistribution), Solaris,
FreeBSD andNetBSD.EventhoughGNOME is basedon the X Windows Sys-
tem, it is nottied to a specificwindow manager

Fromthe developers point of view, GNOME presents powerful framewvork
for softwaredevelopment.iIndeed GNOME makesuseof cuttingedgetechnolo-

gies.Amongthe moduleshatmake up the GNOME architectureare:
e GTK+’: Thetoolkit for creatinguserinterfaces.
e ORBIt: A thin andfastimplementabn of CORBA.

e Bonobo: The architecturefor creatingreusablesoftware componerg and

compounddocuments

e OAFS8: A framawork for activating CORBA seners.

'GTK+ standsfor the GIMP toolkit, andGIMP standsfor the GNU ImageManipuation Pro-

gram
80OAF standdor the ObjectActivation Framavork
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2.3 Bonobo

Bonobois the componentmodelusedin the GNOME project. It is largely in-
spired from Microsoft’s Object Linking and Embeddig 2 (OLE2). However,
Bonoborelieson CORBA for its commurication layer whereasOLE?2 relieson
COM/DCOM.

Large GNOME applicationdik e the spreadshegbnumeric the file manager
Nautilus or the mail client and calendarEvolution make heary useof Bonobo.
OtherGNOME applicatiors lik ethe postscripwiewer, thePDFvieweror theSVG
viewer alsouseBonobobut in a smallerdegree.Olviously, component$uilt for
theseapplicationgnaywell be usedin futureapplications.

Let’s supposehat a developer wantsto write a mail client programthat is
capableof dealingwith attachediles. The programshouldthenbe ableto view
images,run videos,renderHTML documentsetc. In this case the useof com-
ponentsshouldbe consideredFor example,thereis no needfor the programto
know how to plotimages.This functionalty shouldbe provided by a component
like theimageviewer Eye Of GNOME (EOG).

Bonobois the frameawvork thatallows GNOME developersto create:

e Componentswhich arereusablepiecesof software.Componentselp re-
ducingthe compleity of applicatiors by reducingthe amountof informa-
tion a programmeneedgo know aboutthe system[d199]. They alsoallow
the programmetto tackle a single problemin orderto provide a specific

functionality More importantly they areeasyto reuseanddehug.

Furthermorecomponentpresentvell definedinterfacesandinteractions:

Themagicbehindcomponenprogrammings in the”interfaces”
thata componenexport to the world. Eachone of theseinter-

faceds a”socket” into which othercomponergandapplications

11



canpluginto. [d199]

In Bonobo,interfacesaredescribedn IDL andinteractionsely onCORBA.
CORBA can be consideredas the glue betweenthe cooperatingcompo-

nents.

¢ Embeddable documentswhich aredocumentghatcanbeinsertedor em-

beddednto otherdocuments.

e Controls which aregraphicalcomponentsThey areembeddedn applica-

tionscalledcontainersControlsarestudedin section3.3.1.

e Scripts which allow to manipuate an applicationthroughits Bonobocom-
ponentsThisis possilbe sincecomponentgxporttheir CORBA interfaces.

An exampleof scriptingwould beto manipuatea Gnumericspreadsheet.

TechnicallyspeakingBonobois a setof CORBA interfacesandtheir default
implementabn in C. Bonobousesthe ORBIt implementationof CORBA dis-
cussedn section2.5.1t alsousesthe GTK+ objectandtype systemsexaminedin

section3.1.

2.4 SOAP

SQAP providesa simple and lightweight mechanisnfor exchangingstructured
andtypedinformationbetweenpeersin a decentralizedgistributedenvironment
usingXML. SOQAP doesnotitself defineary applicationsemanticsuchasa pro-
grammingmodelor implementatiorspecificsemantics[BEK T00]
Eventhoughthe SOAP specificationis not tied to a specifictransportproto-

col, mostimplemenationsarebasedon HTTP. SOAP providesa mechanisnfor

12



makinganRPCover HTTP. Themethodnameandthetypesandvaluesof thepa-
rameteraredescribedn XML, andthemessagés transportedy HTTP. Theuse
of XML encodingallow SOAP messaget be decodedasilyon ary platform.

Someexpertsbelieve that SOAP hasa promisng future becauset allows to
build distributed applicatimms basedon openinternetstandardsThey alsobelieve
that SOAP will succeedvhereotherdistributed technologiedike CORBA and
DCOM have failed. The problemwith CORBA is that eventhoughORBsfrom
differentvendorsdo interoperatedue to the IIOP protocol, this interoperabiliy
doesnot apply for higherlevel servicessuchas securityand transactionman-
agementMoreover, CORBA usesthe CommonDataRepresentatiogCDR) for
encodingits messagewhich is notaswidely usedasXML. Finally, majorcom-
putercompaniesare backingSOQAP andaretrying to ensurethe interoperabiliy
betweertheirimplementations.

SQAP is intendedo solve thefollowing problem:

Any time you readabouta compaly portinganapplicationto a Web-
basednterface,you canconcludethatthey will bethrowing millions
of dollarsoutthewindow in lostemplo/eeproductvity.

Jakob Nielsen, Principal, Nielsen Norman Group
Actually, themajorfeatureof SQAP is that:

It's simder andeasierto implementthanary existing alternatve,and
makesbetteruseof thepenasive WebinfrastructureTheeffectis that
you canpull asystemogethemusingSOAP in weeksnot quarters.
Tim Bray, CEO, Antarcti.Ca

9For more information, seethe article “Web servicesarchitect,Part 3: Is Web servicesthe
reincarmtion of CORBA?” on http:  //iwww- 106.i bm.com/devel operwo rks/we bserv ices/

libr ary/ws -arc3 /
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2.5 ORSBIt

ORBiIt is the CORBA implementationthat waswritten for the GNOME project.
All theBonobolDL interfacesareimplementedusingthe ORBit ORB. GNOME
developershadconsideredheuseof two ORBsbeforeElliot LeeandDick Porter
decidedto write a nenv one.They consideredXerox’s ILU but they couldnt get
Xerox to modify its licensingterms.Then,they adoptedMICO for awhile but its
performancevasquite poor. [LZM]

ORBItis a CORBA 2.2 compliantORB. It wasdesignedo have a high per
formance which meandow memoryusageandhigh speed ORBIt is written in
C andrunsover multiple platforms.It hasmary languagebindingsincluding C,
PerlandC++.[1]

Most of the time Bonobocomponentsill be runningon the sameprocess.
However they will be using ORBIt for commuiicating. This seemsa little bit
awkward sinceCORBA s primarily usedfor distributed objectsin a networked
ernvironment.SendinglOP messagesom the stubto the skeletonin orderto ac-
cessalocal objectdoesnot helpperformanceActually, ORBIt treatsthe caseof a
local objectseparatelyTheshortcutis indeedincludedin the stubof every object.
Hereis the shortcutusedwhen calling the just hello methodon the HelloWorld

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 samememoryspaceasthe client. If it is the

14



case theclient callsdirectly the methodon the objectwithout any marshalingor
unmarshaling.

For securityreasonsthe communicatio over the network is disabledby de-
fault. It is possibé to enablethis option by creatinga .orbitrc file in the users
homedirectoryandhaving “ORBIIOPIPv4=1"in it. Whenthis option is disabled,
ORBIt usesUNIX domainsocletsor sharednemoryfor interprocessommuri-
cationinsteadof TCP ports.In this case the objectreferencesusedarenot inter-
operablesinceTCP portsarenot used.Therefore theseobjectreferencesannot
be usedfrom anothemmachineto accesshe correspondingCORBA objects.Such

objectreferencesannotbeinterpretecby IOR parsers’.

2.6 Invoking an operation on a CORBA object

A CORRBA clientis intendedto accessa CORBA objectby invoking operations

onit. Theclientneedgo know exactly two elements:

e The objectreference! that containsinformationof how to connectto the

object.

e Theobjectsinterface ,whichallowstheclientto know aboutthe operations

it caninvoke ontheobject.

2.6.1 Interface Definition Language

The InterfaceDefinition Languag€IDL) is alsoa specificatiorof the OMG con-
sortium.lIt is a neutrallanguagethat allows to defineinterfacesfor CORBA ob-

jects. An interface describeghe operationsthat a CORBA client may invoke.

1010R parses will bediscussedn section2.62.
1Here,we meanthelanguage-deendehobjectrefereme which is ORB dependentThe ORB

objectreferereis opaaieto theclientandthesener, its representatioris ORB specific.

15



Every operatiorshouldhave anameanda setof parameterdDL alsoallowstype
definition, which meansthatit is possibé to definenew typesbasedon known
ones.

An IDL interfacerepresentshe contractbetweena client anda sener. The
sener shoutl implementthisinterface2, andthe client mayinvoke ary operation
definedin it. Theclientneednotto know ary furtherinformatian aboutthe object
sener, apartfrom its referenceThe behaiour of the operationgddependsn the

objectsimplemenation.

An interface example

Hereis a simpleexampleof anIDL file:

interfa ce BankAccount {
attribute long balance;
void deposit (in unsigned long amount);

void withdraw (in unsigne d long amount);

Thekeyword attribute is justa shortway for declaringgetandsetoperationsThe
depositandwithdraw operationgook alot like JavzamethodsThekeyword in is
a parametepassingmode.It shawvs the directionof information Therearetwo
otherparametepassingnodes.out andinout If we areinterestedn knowing the

balanceat withdraw or deposittime, we shouldhave this interfaceinstead:

interfa ce BankAccount {
attribute long balance;
void deposit (in unsigned long amount, out long balance);

void withdraw (in unsigne d long amount,

12This meanghatthe sener shouldimplemen all the opeationsdefina in thatinterface.

16



out long balance );

IDL mappings

EventhoughlIDL is languageneutral,it mapsto mary programmng languages
suchasJava, C, C++, Pythonand Smalltalk. This mappingdefinesa setof rules
for translatig IDL elementdo languagespecificdatatypes.Hereis a tablethat

shawvs the C mappingof somelDL types:

IDL Type | C mapping

char signedchar
octet unsignedchar

boolean | unsignecchar

enum enum
ary typedefstructary {
TypeCodetype;
void * _value;
}ary;

An IDL ary isadatatypethatcanrepresenary IDL type.lts C mappingstheary
structurewhich containstwo elementsa datavalue,anda type codedescribing

thetype of the datavalue.

IDL compilers

An IDL compilertranslate®r mapsfrom IDL to a particularlanguageFor exam-
ple,the IDL compilercantake anIDL file asaninputandproducesomesource
codein aspecificlanguagdike Java, C or C++.

An IDL compiler generatesnary usefulsourcecodefiles. Two of which are

important:the stub andthe skeleton The stubis usedon the client sideandthe

17
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Figure2.3: The stubandskeletoninteractions

skeletonon the sener side. The stubandthe skeletoninsulatethe client andthe
sener from networking details.The stubis a local objectthroughwhich all re-
guestgo aremoteobjectaremade.lt knows how to locatethe skeletonandmar
shalmessagesl he skeletontakes careof all networking detailsandknows how
to forwardrequestdo thereal object(Figure2.3).

Different ORBs comewith differentIDL compilers. As an example, ORBiIt
comeswith orbit-idl which mapsinto C and Java IDL comeswith idlj which

mapsinto Java.

2.6.2 Interoperable Object References

An objectreferenceallows an ORB to identify a particularobject. Accordingto
the OMG specification$Obj], it shoutl identify thesameobjecteachtime theref-
erencds usedin arequestHowever, theremaybemary distinctobjectreferences
for thesameobject.

An objectreferencecanbeturnedinto astringby invoking theobjectto_string

18



operationon the ORB object. The format of this string is predefinedoy 11OP.
Therefore,when an ORB generatesucha string, anotherORB can corvert it
backinto anobjectreferenceausingthe string to_objectoperatiort?.

Hereis thecodeusedin Java IDL:

String sor = orb.object _to string(  objectRefe rencel);

objectR eference2 = orb.strin  g_to_object (sor);

ThelnteroperabléObjectReferene (IOR) is anobjectreferecethatis trans-
parentto differentORBs. ClientsusinglORs do not needto distingush between
objectreferenceproducedoy alocal ORB andthoseproducedy a remoteone.

Hereis whata stringrepresentationf anlOR lookslike:

IOR:010000 00170000004 9444c3a426 f6e6f626f2f  436f6e7472 6f6c3a312e3
0000002000 000caaedfba 5400000001 0100002c000 0002f746d7 026726269
742d737175 616¢6c69612 f6f72622d3 23134313832 3234383135 35383733383
6393900000 00000180000 0000000000 1240786d1df 885b805000 000aebff122
7e7b638800 0000003c000 0000101000 0160000006e 677736861 6b2e6473672
€63732e746 3642e696500 1682180000 00000000001 240786d1df 885b8050000
00aebff122 7e7b6388

An IOR containsat leastthreeelements:
e Theversionnumberof thetransporiprotocol(lIOP) the sener supports.

e Theendpointaddresspnamelythe IP addressandthe TCP port numberof

thesener.

e An opaqueobjectcalledan object key usedby the sener to identify a par

ticular object.

3Thisworksonly if thestringrepresetation of the objectreferencehasbeenprodicedby the

sameORB usingthe objectto_stringoperatia, or if thetwo ORBsusedsuppat IIOP.
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El K address

IOR

Objl k— Otilig;t

Figure2.4: Essentiaklementf anlOR

ThelOR in figure 2.4 pointsto objectObj1 in asenerwhoseendpointaddresss
El
An IOR parserallows us to extract usefulinformationfrom the string repre-
sentationof an IOR, including the threeelementanentionedabove. Many ORB
vendorsprovide an IOR parser For example,OrbacusORB comeswith the jor-
dump.ee parser Therearealsowebbasedparserdike the LU parsert®.
Usingthe Orbacugparsey hereis theinformationextractedfrom the previous

stringrepresentatioof the IOR:

IOR #1:

byteorder: little endian

type_id:  IDL:Bon obo/Contro [:1.0
Unknown profile  tag: 3135221450

[IOP profile  #1:

iiop_versi  on: 1.0

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

port: 33302

object key : (24)

0 0 O 0 18 64 120 109 "...@xm"
29 248 133 184 5 0 0 0 "..."

Ynttp:  /www. parc.x erox.c omfist l/proj ects/I LU/par selOR/.
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174 191 241 34 126 123 99 136 "+"{c"

The threelOR elementsmentionedabove are shown in the outputresults.The
type.id andthe byte order are also includedin the string representatiorf an
IOR. The type.id representshe interfacetype or the repositoryID, which is a
uniqueidentifierfor aninterface.

Thebyteorderis very importantasit will allow parsergo know exactly what
the bytesrepresentFor example,four bytesrepresentingn integer will beread
differentlydependingnthebyteorder Thebyteorderinformationis placedn the
beginningof the stringrepresentationf anlOR. In “IOR: 010000@ 17000@0",
thefirst eightdigits shawv thatthe byte orderis little endian.lt is thenpossilte to
understanghemeaningof theseconckeightdigits; they represenanintegerwhose
valueis 23%°. Whenusinga big endianbyteordet the sameanformation would be
representedsfollows: “IOR: 000000@ 00000017".

2.7 1IOP to SOAP Bridge

OMG defineghellOP protocolin orderto guarante¢heinteroperabiliy between
differentORBs. Therefore,a CORBA clientanda CORBA sener usellOP for
communicatig. More precisely IIOP is usedbetweerthe stubandthe skeleton.
The stubandthe skeletonmaybe generatedby differentORBs,andthey will still
be ableto commuicate(seefigure 2.3).

Generally corporatefirewalls do not allow IIOP messages andout of their
network. Thus,thecommunicabnbetweera CORBA seneranda CORBA client
isimpossble.However, all thecorporatdirewallsallow HTTP commurcationfor
Internetaccess.

SQAP is a protocolthat providesa mechanisnfor exchangingstructuredand

1517is the hexadecimalrepresetation of 23.
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Figure2.5: Gettingthroughthefirewall via the bridge

typedinformationin a distributedernvironmentusingXML. Whatit is interestimy
aboutSOAP is thatit usesHTTP asits transporfprotocol.As a consequencéghe
firewall doesnot preventa SOAP clientandSQAP senerfrom communicatig.

Let's supposehat a CORBA client wantsto communicate with a CORBA
senerthatis behindafirewall (Figure2.5). The CORBA client,andmorespecifi-
cally thestub,will make anllOP messageandtry to sendit to the CORBA sener
usinga TCP/IP connection As mentbnedearliet this IOP messagavon't get
throughthe firewall.

Therole of anllOP to SQAP bridgeis to interceptllOP messagesp cornvert
themto SOAP messageandto sendthemoverthe network to a SOQAP sener. On
the sener side,the bridgemustcorvert eachreceved SOAP messagéo anlIOP

messagegandsendit to the CORBA senerto whichthellOP messagés destined.
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Thisis 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 andis basedon the
GTK+ library. More specifically it usesthe GTK+ objectsystemwhich allows
writing C programswith anobjectorientedprogrammingapproach.

GTK+ standsfor the GIMP? Toolkit. Originally, it was developed for the
GIMP, but now it is beingusedin mary applications and constitutesthe basis
for GNOME's userinterface[2].

GTK+ is essentiallya library for creatinggraphicaluserinterfaceslt is built
on top of the GLib? library which enhanceprogramsportability. GTK+ is com-
pletely written in C, but mary languagebindings are available including C++,
Perland Python.GTK+ waswritten with an objectorientedapproachbasedon
the GTK+ objectsystem.

GTK+ wasadoptedoy GNOME mainly becausef its flexible andcorvenient

1GIMP standsor GNU Image Manipuation Progam
2Seesection 3.1.1for detailsonthe GLib library.
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programmingnterface,but alsobecausef its licensingterms.Besidesprogram-

merswho arefamiliar with GTK+ will find it easyto learnBonobo.

3.1.1 The GLib library

The GLib? library is written in C and containssomeconvenientfunctionsand
definitions.For instancethe GLib library definesbasictypes,memoryallocation
routinesandusefulmacrodik e thosedealingwith typecornversionandbyte order
It alsoprovidesusefuldatastructuredik e arrays hashtablesandlinkedlists, and
includesutility functionslik e thoserelatedto strings.

GLib replacegnary standarcandcommonC languageconstructsThesere-
placementunctionsanddefinitionsmake applicationsasiertto write andinsulate
themfrom the detailsof differentoperatingsystemslin otherwords,the advan-
tagesof usingthe GLib library areto increasehe portability of applicatiors and
libraries,andto provide someutility functions.

Hereareexamplesof datatypesdefinedby GLib%:

e gint8,gintl6providerespectrely 8-bitand16-bitintegersindependenyl of
theplatform.guint8andguint16provide unsignedntegerswith guaranteed

size.Thesenew definitionsallow to enhancehe programsportability.
e gbooleans definedfor makingcodemorereadable.
e gpointeris simdy apointerto void (void *).
And hereareexamplesof someGLib functions:

e gpointerg_ malloc(gubngsize);

SSee http:/  /www.g tkorg /tuto riallc  h-glib .html and http ://dev eloper .gnome.

org/ doc/GGAD/cha - glib .html For moreinformationaboutthe GLib library.
“FortheGLib API seehttp: //dev eloper .gnome .org/d oc/API /glib/ index. html .
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e void g_free(gpointemem);
e g_newO(type,count);

e gint g_snprintf(gchar*obuf, gulongn, constgchar*format,...);

3.1.2 The GTK+ object system

GtkObjectformsthebasisof the GTK+ objectsystemlt playsasimilarrole asthe
Objectclassin Java. Every GtkObjectis madeup of two structurespnestructure
thatrepresentanobject,andanothetthatrepresents class.

A Gtk object is an objectthat inherits from GtkObject. Sometimeswhen
thereis noconfusiona Gtk objectwill simplybecalledanobject. Wewill explain
theinheritancemechanisniurtherin this section.BonoboObjectGtkWidgetand
GtkButtonare all examplesof Gtk objects.Figure 3.1 shavs a hierarchicaltree
of someGtk objects,startingfrom the first objectwhich is GtkObject. Thewhite
rectanglesepresensomeGtk objectsusedin the Bonobodistribution.

Thetwo structuresepresenting Gtk\Widget are’:

typedef struct _GtkWidg et GtkWid get;
typedef struct _GtkWidg etClass GtkWid getClass;

struct _GtkWidget

{
GtkObject  object ;

guintl6  private_ flags;

guint8  state;

SUsuallytheobjectandclassstructurs aredefinedin aheadefile. Excegiionally, thefirst line

of this samplecodeis in GtkStyle.h(it is aforwarddeclaratiol, therestis in GtkWidget.h.
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Figure3.1:A hierarchicakreeof someGtk objects
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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 *
}

Thisexampleshavsthatthe GtkWidgetclassnheritsfrom the GtkObjectclassIn
the GTK+ objectsystemjnheritancas accomplishedby usingnestedstructures.
The GtkObjectstructureneedso bethefirst elementin the GtkWidget structure
in order for the objectmechanisnto work correctly This allows a GtkWidget
pointerto be castto a GtkObjectpointer The sameappliesfor GtkWidgetClass
and GtkObjectClassln fact, the mechanisnworks well becausehe C language
guaranteethata pointerto a structures alsoa pointerto thefirst memberof that
structure.

In generaltheobjectstructurecontainobjectmembersandtheclassstructure
containsclassmethodgsepresentedy function pointers.The classstructuremay
alsocontainclassmembers.

The GTK+ objectsystemmalesit possilte for subclasse$o override class

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]J;
widget_clas  s->realize = gtk_butt on_realize ;

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

}

In theexampleabove, theGtkButtorf classoverridesclassmethodsnheritedfrom
GtkObjectand GtkWidget. This is possibé after castingthe GtkButtonClassnto
GtkObjectClasaindGtkWidgetClass.

3.1.3 The GTK+ type system

GTK+ hasalsoatypesystenthatis usedby theobjectsystento checkthevalidity
of casts.Every Gtk objecthasatype,andevery typeis associateavith a unique
identifierrepresentefly anunsighedinteger. Theidentifieris assignedy thetype
systemwhenthe gtk_type uniquefunctionis called.

The gtk type unique function registersthe new type with the type system
It takesthe type of the parentobjectasits first agument.This allows the type

systemto make a hierarchyof typeswhich canbe usedto checkthe validity of

6GtkButtonis a subclas®f GtkWidgetwhichis a subclas®f GtkObject.
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casts.The validity testis doneby calling the gtk_type.s_a function which takes

two identifiersasargumentsandverifiesthatoneidentifieris the others ancestar

Whenwriting a Gtk object, it is comma to have a function that registers

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

function.On subsequentalls, the functionsimply returnsthe type’s identifier of

the Gtk object.Hereis whatthis functionlookslik e for BonoboObject’

GtkType

bonobo_ object_get  type (void)
{

static  GtkType type = 0;

it (ttype)  {
GtkTypeln fo info = {
"Bonobo Object”,
(BonoboObj ect),
(BonoboObj ectClass),
(GtkCla ssinitFunc
(GtkObj ectInitFun
NULL, /*
NULL, /*
(GtkCla ssInitFunc
3
type
}

return

}

sizeof
sizeof
) bonobo_ob ject class
c) bonobo_o bject_inst
1%

2 ¥

) NULL

reserved

reserved

= gtk_typ e_unique (gtk ob ject get t

type

_init,

ance_init,

ype (), &info);

Notethattheinfo structurethatis passedo the gtk_type uniquefunctioncontains

'The GtkType representsthetype’s identifier It's a typecef for a guirt.
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two functionin its membersThesefunctionsallow theinitializationof the object
andclassstructures.

The Gtk objectsthatinherit from BonoboXObjectdefinetheir get type func-
tion by usingthe BONOBO_X_TYPE_FUNC_FULL macro,which is definedin
the bonobaxobject.hfile.

Having definedthe get typefunction,thecreationof aBonoboObjecinstance

is verysimple:

BonoboObject  *object;
object = gtk type_ new (bonob o object ge t type ());

In the objects headerfile, it is commonto have five macros,four of which

checkthevalidity of castsHerearethe macrosdefinedin BonoboObject:

#define BONOBO_OHEELT TYPE (bonob o_object g et type ()
#define BONOBO_OHELCT(0)

(GTK_CHE®_CAST ((0), BONOBO BYECT TYPE BonoboObject))
#define  BONOBO_OHECT_CLASSK)

(GTK_CHE®_CLASS_CAT((k), BONOBO RYECT TYPE

BonoboObjectClass) )

#define  BONOBO_ISOBJECT(0)

(GTK_CHE®_TYPE ((0), BONOBO BYECT TYPH)
#define BONOBO_ISOBJECT CLA&S(K)

(GTK_CHE®_CLASS_TW¥E ((k), BONOBOOBJECT TYE))

Thesecondandthird macroscheckthecastvalidity for objectsandclassesespec-
tively. Thefourth andfifth areusedin preconditiongo checkwhetheranobjectis
of acertaintype. Thesemacrosareoftenusedwhenwriting Gtk or Bonobobased

applications.
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3.2 Basisof Bonobo

3.2.1 The Bonobo Unknown interface

TheBonobodistributionincludesa setof IDL interfaceshatwe will call Bonobo
interfaces. The Bonobointerfacesconstiute the basisof Bonobo.

The BonobaUnknawn interfaceis the baseinterfacefrom which all the other
Bonobointerfacesinherit. The BonobaUnknown interfaceis madeup of three
methodsref andunrefdealwith lifetime managemerntf objects andqueryinter
facefinds out whetheror not anobjectsupportsaninterfaceandpossiby returns
areferencdo thisinterface.

Hereis thecompleteBonobaUnknown interface:

module Bonobo {
interfac e Unknown {
void ref ();
void unref ();

Unknown querylnter face (in string  repoid);

3

The BonobaUnknown interfaceis inspiredfrom the IlUnknown interface of
Microsoft's OLEZ2. Indeed all OLE interfacesaredervedfrom IlUnknown.

Hereis a simgdified versionof IUnknown:;

class IUnknow n

{
public:

virtual HRESULT QueryIn terface(REF 1ID iid,
void*  ppvObj ) = O;
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virtual ULONGAddRef() = 0;
virtual ULONGRelease() = 0;

3

The AddRefand Releaseanethodsn the lUnknown interfacecorrespondespec-
tively to the ref andunref method in the BonobaUnknown interface.Thethree

methodshave a similar role in bothinterfaces.

Objects lifetime management

Bonobokeepdrackof objectsby usingasystenof referenceounting Everytime
aprogramstartsusinganobject,theobjectreferenceountis incrementedy one.
Whena programfinishesusingan object,it shouldreleasea referenceby calling
the unref method.This causedhe objectreferencecountto be decrementedby
one.Whenthe referencecountof an objectreacheszero, which meansthatthe

objectis notbeingusedthe objectis simply destryed.

The queryinterface method

The queryinterbcemethodallowsto getadifferentinterfaceon anobjectthatim-
plementghe BonobaUnknown interface.ln otherwords, queryinterceallows
adynamc discovery of theinterfacessupportedy anobject.

As an example,we suppos that we have a referenceto a graphicalcom-
ponent,which in factis a referenceto a BonobaControl object. queryinterace
canbe usedon that objectto know whetherthe graphicalcomponentsuppors
the BonobaZoomableinterface. The returnedvalue is either a referenceto a
BonobaZoomabé objector CORBA_OBJECTNIL. If it is a referenceo a Bo-
nobaZoomableobject,it meanghatthegraphicalcomponensupportsheBono-

bo.Zoombabg interfacé.

8t alsomeansthat the the refererce countof the Bondo_Zoomlale objecthasbeenincre-
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Hereis aninterestinguseof the queryInterbcemethod:

Bonobo_Unknown bul, bu2;
control = bonobo_widget new_ control
("file:/ home/squal lia/Photo.j pg', BONOBO_ORREF (uic));

bul = bonobo_widget get _objref(BON OBO_WIDGETcontrol) );
bu2 = Bonobo_Unknown_queryinterfac e

(bul, "IDL:Bo nobo/Zooma ble:1.0", &ev);
Bonobo Zoomable se tLevel(bu2 , .25, &ev);

In this example,an imageis corvertedto a graphicalcomponentalso calleda
control,andis zoomedo 1/4 of its original size.

The queryinterce hasto be an equivaencerelation, which meansthat it
shouldbereflexive, symmretric andtransitive©.

Let's A, B andC bethreeBonoboCORBA objects,andlA, IB, IC theinter
facesthey implement.The querylnteraceimplementationrshouldguarantedahe

following properties.
¢ Reflexive: QueryingobjectA aboutinterfacelA shouldsucceed.

e Symmetriclf queryingobjectA aboutinterfacelB succeedghenquerying

objectB aboutinterfacelA shouldsucceed.

e Transitve: If queryingobjectA aboutinterfacelB succeedaindquerying
objectB aboutinterfacelC succeedghenqueryingobjectA aboutinterface

IC shouldsucceed.

mented.Whenthe programfinishesusingthe object, it shoud explicitly releasea refererce by

calling the unref methal.
9To know moreabou contrds seechapter3.3.1on page 39.
10The conguene moduo n relationon theintegersis anexamge of anequivalencerelation.
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3.2.2 BonoboObiject

Bonobodefinesa baseGtk+ objectcalled BonoboObjectBonoboObjectllows
the wrappingof CORBA senersas Gtk+ objects.It alsoimplementsthe Bono-
bo_Unknown interface.Thereforejt containgheimplementatiorof the ref, unref
andquerylnterbcemethods.

BonoboObjecinheritsdirectly from GtkObject(Figure3.3),whichis thebase
objectfor the Gtk+ object.It alsowrapsa BonobaUnknovn CORBA object.To

malke this clear hereis the BonoboObjecstructure:

typedef  struct {

GtkObjec t base;
Bonobo_Unknown corba_ob jref;
gpointer servant;

BonoboObjectPrivat e *priv;

} BonoboObjec t;

Figure 3.2 shows that a BonoboObjectwrapsa BonobaUnknovn CORBA
object.Obviously thisremaingruefor every objectinheritedfrom BonoboObject.
In particular aBonoboControbbjectwrapsa BonobaUnknavn CORBA object.
More preciselyit wrapsa BonobaControl CORBA object.

An objectthat inheritsfrom BonoboObjecwill be calleda Bonobo object.
Therefore,a Bonoboobjectwrapsat leasta BonobaUnknovn CORBA object.

All the BonobointerfacesareimplementedasBonoboobjects.

HNotethatsomeof the Bonoboobjeds do notimplementary Bondo interface, andthatsome

of theobjectsincludedin the Bonolo distribution arenot Bonoboobjects.
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Figure3.2: WrappingCORBA objects

36



Useful functions defined by BonoboObjed

BonoboObjecprovidesanimportantprogrammingnterfacewhichis availableto
all the Bonoboobjects?. We will examinetwo functions bonobaobjectcorba-
_objref andbonobaobjectaddinterface

The bonobaobjectcorbaobjref function takes a BonoboObjectas an argu-
mentandreturnsa referenceo thewrappedCORBA object.Hereis a useof that

method:

BonoboL istener  *listene r;
Bonobo_ Listener  corba_| istener;
listene r = bonobo_listener n  ew (a_callb ack functi on, NULL);
corba_| istener = bonobo object cor ba_objref
((BONOBO OBJECT)li stener);

In the exampleabove, we createda BonoboListeneobject,castit into a Bono-
boObjectby using the BONOBO.OBJECT macro and got a reference to the
CORBA objectit wraps.The BONONO.OBJREFmacrois usuallyusedinstead

of thelastline of code:
corba_| istener = BONOBQOBJREF (listene r);

The bonobaobjectadd.interfacefunctionprovidesaway to associat®bjects
togetherThereforehaving areferenceo oneobjectmalkesit possibéto getaref-
erenceto all its associate@bjects.The prototypeof bonobaobjectaddinterface

is asfollows:

void  bonobo_ object_add _interface (BonoboObj ect *objec t,

BonoboObj ect *newob j);

12Sinceby definition a Bonoboobjectinheiits from BondoObject
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Actually, this function addsthe list of interfacessupportedby newobj to thelist
of interfacessupportedoy object Hereis a samplecodethatshowns a useof this

functionts:

[* EogControl inherits ~ from BonoboContr ol,
so it supports the Bonobo_Control interfa ce */

EogControl  *contro |,
¥ BonoboZoomable supports the Bonobo Zoomable interfa ce */
BonoboZoomable *zoomabl e;
[* The type of the variables are shown above */
bonobo_object_add_ interface

(BONOBD_OBJECT (contro 1),

BONOBO_OHEELT (contro |->priv->z  oomable));

The control objectis now an aggregate object becausat combirestwo Bono-
boObjectsnto asingleone.Thismeanghatanaggreateobjectwrapsatleasttwo
CORBA seners.The control objectwill supportnotonly theBonobaControlin-
terfacebut alsothe BonobaZoomabe interface. Therefore having areferenceo
the control objectmakesit possble to obtaina referenceto a BonobaZoomable

object.As aresult,thezoomof theobjectcanbe changed.

Bonobo_Zoomable zoomabl e;
zoomabl e = bonobo_object que ry interfac e
(BONOBO_BJECT (control) , “IDL:Bon obo/Zoomab le:1.0");

3.3 Bonoboobjects

In this section,we will investgatesomeBonoboobjectsthatwill be usedin the

implementabn chapterFigure3.3 shavs the hierarchyof someBonoboobjects.

13Thecodewastakenfrom the EOG (Eye Of Gnome)imageviewer.
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BonobolListener

BonoboEventSource

BonoboPropertyBag

Figure3.3: A hierarchicakreeof someBonoboobjects

It is alsousefulto have alook atfigure3.1on page 27,which shonvsthehierarchy

of someGtk objects.

3.3.1 Controls

Controlsare graphicalcomponentshatare usedby containerapplications They
arecreatedrom Gtk widgets whichareuserinterfaceelementsik e buttons How-
ever, unlike the useof Gtk widgets,the useof controlsdoesnot requiresource

codenor headeffiles. Controlsareuseddynamicaly andallow a dynamicdiscov-

ery of their properties.

Creating a control

Creatinga controlfrom a widgetis very simple. Hereis the codethat allows to

createa clock control:

BonoboControl  *control;
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GtkWidg et *clock;
clock = gtk clock_ new (GTK_CLOCK_INCREAING);
gtk wid get show (clock) ;

control = bonobo_c ontrol new  (clock);
Basically therearethreestepdor creatinga control:

e Creatingawidget.

e Calling the gtk_widget shav functiont4,

e Passinghewidgetto the bonobacontrolnew function.

Accessinga control througha CORBA client

A BonoboControlobjectwrapsa CORBA objectthatimplementsthe Bonobo-
_Controlinterface.Sincethe bonobacontrolLnew functionreturnsa pointerto a
BonoboControlobject, it is possble to obtaina referenceto a BonobaControl

CORBA objectwith thefollowing codelines:

Bonobo_Unknown *objRef;
objRef = BONOBO_QRREF (control);

Gettingthe objectreferencedrom the controlmakesit accessiblevia the net-
work. As a CORBA obiject,a control canbe invoked from a CORBA client pro-
gram.The programcanbe run in ary operatingsystemandwritten in any pro-
gramminglanguagé®. Thisis possibé sinceCORBA is thecommuncationlayer

of Bonobo.

1t is importtantto call this funcion herein the controlimplemetation. Otherwisethe contrd
won't shav upwhenembeldedin thecontaine evenif thecortainercallsthe gtk widgetshav all

function
5pravidedthatthe ORB beingusedhasthe correspondirg bindingsfor thatlanguag
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3.3.2 Property bags

A propertybagallows a controlto exposeits functionalities.Consequentlyit is a
meandor acontrolto communicatavith its containerMost of the controlswould
not be usefulwithout propertybags.Anotherway for accessing control is to
make it supportanothetinterface,andthencommunicatewith the CORBA object
implementng this interface.

The PropertyBagclassprovidesan implemenétion of the BonobaProperty-
Baginterface.ThereforeaPropertyBagbjectwrapsaBonobaPropertyBag-O-
RBA object. Using this CORBA objectit is possble to accessa PropertyBag
objectthrougha CORBA client.

Creating a property bag

As its namesuggest, a propertybagcontainsalist of propertiesTheseproperties
canbe accessedhrougha get and set callbackfunctions.At the creationof a
PropertyBaghbjectthe callbackfunctionsanda userdataobjectshouldbe passed
asparameterskEvery time the callbackfunctionsare called,the userdataobject
will be passedo them.

Thefollowing codeshaws how to createa propertybag:

BonoboPropertyBag  *pb;
pb = bonobo _p roperty ba g_new (get prop,  set prop, clock);

In this example,get prop andsetprop representhe callbackfunctionsandclock
representshe userdataobject. Every time the callbackfunctionsare calledthe

clock objectwill bepassedo themasa parameter
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Adding properties

After creatinga propertybag, we shouldadd somepropertiesto it. The bono-
bo_propertybag addfunctionallowsto do that.For example,we canadda prop-

erty called”running” whoseargumentid is 0 andwhosetypeis boolean:

bonobo_ property ba g_add (pb, "running", 0,
BONOBO_AR BOOLEAN,NULL, "whether

or not the clock is running’, 0);

The third agumentis the argumentid. It is commonto usean enumeratiorto
represengll the agumentids. It makesthe code easierto readand allows the
use of switch statementsn the implementabn of the callbackfunctions The
fifth agumentrepresentshe default value of the property the following oneis a
documentatiorstring andthe lastonerepresent$lagsthat determinethe access

rightsof the property

Connecting the control

Now thatwe have a propertybag,we needto connecit to a control:

bonobo_ control_set _propertie s (control, pb);

Callback functions

To completethe exampk, we needto write the callbackfunctions.The prototype

of the get prop functionis asfollows!®:

get pro p (BonoboPr opertyBag *bag, BonoboArg *arg,
guint arg id, CORBA _Environment *ev,

gpointer  user_data )

®Notethata gpdnteris a pointerto void.
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At this stage,thereis an importantfeatureof propertybagsthat shouldbe
mentioned A propertybagdoesnot hold the dataof the propertiesit is only a
modelfor the properties.This meanghatthe propertybagpointerpassedo the
get propfunctionis not sufficient to getthe propertyvalue,becausehe property
bagdoesnot hold the value.A propertyvaluemayfor examplerepresent data
memberof a Gtk widget. This datamemberwould be accessetby calling some
functionon thewidget.

Hereis a sampleimplementationof the get prop function®’:

GtkObje ct *clock = user data ; /* Castin g the user data */
switch (arg_id) {
case O:
{
[* 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_AR SET _BOOEAN (arg, runnin g);
break;
}
}

Whenapropertyvalueis requestedhegetcallbackfunctionsuppliedattheprop-
erty bagcreationtime s called.
The setcallbackfunctionis very similar to the get one.Only two points are

worth mentianing:

" Theis_runnirg function usedn this examge is notin theclock’s API. To have thesameresult

asthisfictitious function we needto make theclock objed carryatableof associations.
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e TheBonoboAg pointerthatis passedo the setprop functiondoesnot get
changedpecausehe argumentis a const The BonoboAg pointsto the

valuewe wantto set.

e The BONOBO ARG_GET_-BOOLEAN macrois usedin the setcallback
implemenationinsteadof the BONOBO ARG_SET_BOOLEAN macro.

3.3.3 Containers

A containerembedsontrolsandmay interactwith them.A containemrepresents

theclientsideof anapplication.

Embedding controls

BonoboWdgetmakesembeddingontrolsvery easy The Gtk widgetcorrespond-

ing to the controlcanbe createdn oneline of code:

GtkWidg et *control ;
control = bonobo_widget new_ control
( "OAFIID:Bon obo_Clock" , BONOBO_GREF (uic) );

control canthen be usedas a normal GtkWidget exactly like a GtkButtonor a

Gtkwindow. The previous codedeseressomeexplanatios:

e Therealtypeof controlis a BonoboWdget,nota GtkWidget. In fact, con-
trol wascastto a GtkWidgetbeforebeingreturnedby the bonobawidget-
_new_control The castis valid becauseBonoboWdget inherits GtkWid-

get®:

18Thetreehierarcly is asfollows: GtkObjed¢, GtkWidget, GtkContainerGtkBin, BonolnWid-
get.Seefigure3.1.
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e Thefirst agumentpassedo the bonobawidgetnev_control functionis a
string representatiof a moniker object. It is sufficient to know that this

stringallows theactiation of the clock control.

e uic is aBonoboUIContainepbject. This objectshouldbe createdand as-
sociatedwith a BonoboWndow objectbeforecalling the bonobawidget-

_new_control function:

BonoboUIContainer  *uic;
uic = bonobo _ui_contai ner_new ();

bonobo_ui_contain er_set engi ne (uic, bonobo _window);

Accessinga property

A BonoboWdgetalsosimpifies the accesgo the control’s propertybag.Getting

thevalueof the runningpropertyis easy:

CORBA bolean state;
bonobo_widget get  property (BONOBOWIDGET (contro 1),
"running", &state,  NULL);

Sincea propertydatatype mightchangeonthesener, it is betterfor theclient
to useanothemmethodto access property First, we getthe control frameasso-
ciatedwith the bonobowidget,andthenwe getthe propertybagfrom the control
frame®. Hereis how to getthe valueof the runningpropertyusingthe approach

describedabove:

Bonobo_PropertyBag  pb;

BonoboControlFrame  *cf;

whencreatinga BonomWidgetobject,the cortrol (whichis linkedto the propety bag was

bourdto thecortrol frame.Thatswhy it is possibleio getthepropertybagfrom thecontrolframe
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CORBA bolean state;

cf = bonobo_widget get  control fra me
(BONOBOWIDGET (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 accessingropertiesauseoneof thepropertybagcallbackfunc-

tionsto becalledonthesener.

3.3.4 Event Sourcesand Listeners

Sometimesglientswouldlik e to be notifiedwhensometlng happensn thesener
sothatthey canperformsomeaction.For example,a containerapplicationmight
wantto reactwhenoneor morepropertiesof a controlhave changedThe mech-
anismthatallows thisrelieson eventsourcesandlisteners.

Clientsthatwish to be notifiedwhenan eventoccurshave to createa listener
andregisterit with an eventsource.Obviously, it is possibé thatmary listeners
registerwith the sameeventsource.

Let’s supposedhattherearetwo containersembeddinghe samecontrol,and
that thesecontainersare both registeredwith the event sourceof the control's
propertybag.Hereis what happensvhena propertychangesThe event source
is immediatey notified of the changellt notifiesall the listenersattachedo it.
As aresult, every attachedisteneremitsan event-ndify signal. Therefore,the
callbackfunctioncorrespondingo the signalis called.This meanghattheclients
have finally beennotified of the propertychange.

It is possibleto attacha listenerto aneventsourcesothatit listensto all the

eventsemitedby aneventsourceor only to certainevents For example alistener
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Listener 2 —»Event3

Figure3.4: Registeringlistenerswith aneventsource

canbenotifiedwhenoneor morepropertyvalueshave changedFigure3.4showvs
listenersfrom two clientsregisteringwith someevens of the eventsource When
aneventoccurs the attachedistenersarenotified.

Next, wewill seeanexamplethatshovstheuseof eventsourcesndlisteners.

Event sources

Typically, the sener createsevent sourceobjects.Theseobjectscanbe accessed
throughCORBA clients. The creationof an event sourceobjectsis straightfor

ward:
BonoboEventSource  *es = bonobo_eve nt_source_  new();

Whencreatinga propertybag,aneventsourceobjectis createcautomaticaly
and associatedvith the propertybag. Thus,oncea client getsa referenceto a

propertybag,it cangetareferencdo the eventsourceobjectassociatedvith 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 getthe samereferencas to usethe queryinterbicefunctionof the

BonobaUnknown interface:

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

An eventsources responsibldor notifyingall thelistenersattachedo it when
an event occurs.For exampk, whena propertyvalue changedy a setcallback
functior?%, the bonobapropertybag notify_listenersfunctionis calledandcalls
in its turn the bonobaevent sourcenotify_listenersfunction. Consequentlyall
theregisteredistenerswill be notified. However, whena propertyvaluechanges
by anothemmethod,the bonobapropertybag notify listenersfunction shouldbe
calledexplicitly. Otherwisethe propertybagwill notbe notified of the changeof

the propertyvalue?®,

Listeners

In orderfor the notificationmechanisno work, the client needso createoneor

morelistenersandregisterthemwith the eventsource:

BonoboL istener  *listene r;

Bonobo_ Listener  corba_| 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);

I* Requesting the CORBAobject

of the ’listener Bonobo object */

20Seesection 3.3.3 paged45 on accessingroperties.
2IRemembethat a property bagis just a mocel for the properties.It doesnot hold the data

itself. Thedatamight be chamgedfrom othe programs.Seesection3.3.2 page41 for detailson
propety bags.
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corba_| istener = BONOBQOBJREF (listene 1)
Bonobo_EventSource _addListen erWithMask
(es, corba_li stener,

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

Asin theexampleabove,alistenershouldalwaysbeboundto a callbackfunc-
tion, sothatthelisteneris ableto call the callbackfunctionwheneerit is notified
of anevent(by theeventsource)Hereis the prototypeof alistenercallbackfunc-

tion:

void prop_cha nged_cb (Bonobo Listener  *listen er,
char *event_ name,
CORBAany *any,
CORBAEnNvironment ~ *ev,

gpoint er user_dat a);

whereary is thevaluethatis passedy the eventsource and eventnameis the
eventnamethathasbeenemittedby the eventsource.

The addListenerithMask functionspecifieghatthe listenerwantsto be no-
tified of certainevens only. In theexampleabove, thelistenerwantsto benotified
whenthe runningpropertychangesThe stringin thethird alguments calledthe
eventmask.It is acomma-separatddt of eventnameshe listeneris interested
in receving.

Eventnamesaregenerallymadeup of threeparts.Thefirst partconsistof the
interfacethattriggeredthe event.lts purposads to createa uniquenamespacel he
secondpart indicateswhat happenedandthe third partis usedto make events
morespecific.

Hereis the codethatallows a listenerto be notified whenoneof the running

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 orderto notify a listenerof all the

eventsemittedby the eventsource:

Bonobo EventSource _addListen er (es, corba li stener, &ev);
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Chapter 4

Design

In thischapteywe will examire thedesignissuesf thellOP to SOAP bridge.We
will discusghedifferentpossililities of building suchabridgeandwill justify the

decisiondeingtaken.

4.1 Requirementsand assumptons

The bridge shouldbe designedso that a CORBA client anda CORBA sener
would communicateseamlesslypver HTTPR. Particularly, no modificationsareal-
lowedin the CORBA clientor senerin orderfor thecommuncationto take place.

We will ignorethe bootstrappig problemwhich consistsof gettingthe IOR
of thenamingservicé, andwe will assumehatthe CORBA clienthasaccesgo

the IOR of the objectit wantsto invoke operationon?.

1ThelOR of thenamingserviceis usuallyusedfor gettinglORs of otherobjects.
2Theobjed maybethe NamingServiceitself.
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4.2 Interceping an lIOP message

Oncea CORBA client hasthe IOR of an objectand knows the IDL interface
of that object,it caninvoke operationson it. The client, andmore preciselythe
stub,will usethe informationencapsulateth the IOR in orderto createa TCP
connectionto the objectsener. It will thencreatean IIOP messagand sendit
overthis connection.

Ontheclient side,the purposeof the bridgeis to interceptthe IOP message,
convert it to a SOAP messageand sendit over HTTP. Thereare two waysto

interceptthe outgang IIOP message:

e Changingthe stubsothatit establishes TCP connectiorwith the bridge
insteadof the CORBA sener. Here,theproblemis addressedttheend:the

CORBA clientcommunicatesvith a modifiedstuh

e Changingthe objects IOR sothatit pointsto anotherendpointaddress.
A sener in the appropriatemachinewill be listenng to the appropriate
port numberwaiting for IOP messagedMVe will call this sener the proxy
server, becausé actslik e aproxyto theclientswishingto contactCORBA
seners.Here,the problemis addressedtthe beginning: the CORBA client
readsa modifiedIOR. Figure4.1shaws thatthe CORBA clientreadsiOR’
with endpointaddressE2 insteadof the IOR generatedby the CORBA

sener.
Both soluticnsinvolve a changeo be made:

e The first approachpresentsa big disadwantage pecausat changessome-
thingthatis ORB specificnamelythestub Indeed differentORBsgenerate

differentstubsfor the samelDL interface.ln addition,the stubis language

3By endpant addess we meanan P addressanda port nunber.
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dependentthesameORB will generatalifferentstubsfor thesameDL in-
terfacedependingnthelanguagéindingchosenThis meanghataparser
shouldbe written for every ORB andfor every languagedindingsupported
by thatORB. Furthermorea slightmodificationin the ORB, andmorepre-
ciselyin the IDL compilet meanghatthe parsershouldbe changedAnd
finally, thisoptionwill notbeableto dealwith new ORBs,exceptby writing

New parsers.

e The secondapproachs morelogical, becausat relieson changingsome-
thingthatis standarcdhamelythelOR. OnceanlOR parsethasbeenwritten,

it will work for every ORB, evenfor new ones.

For the reasonsabove, we will adoptthe secondapproach.The mechanism
describedhereinmakesthe client think thatthe CORBA objectis on the proxy
sener. Thereforetheclientwill createa connectiorto the proxy sener andwill
sendan IIOP messagever this connection.The IOP messagas indeedinter-

ceptedby the proxy sener.

4.3 The Proxy Server

The proxy sener shouldtake anllOP messagewhichis a sequencef bytes,and
corvertit to a string containinga decimalrepresentationf the bytes.Hereis an

exampleof suchastring:

071 073 079 080 001 000 000 00O 0OO 000 00O 232 000 000 000 002
000 000 000 001 00O OO0 00O 012 00O 00O 000 000 000 001 OO0 032
000 001 001 000 00O OO0 00O 006 00O 00O 000 140 000 00O 00O 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 bytesrepresentheword GIOP*. Every IIOP messagstartswith the
GIOP characters.

In brief, the proxy seneris responsite for:

e Changingthe IORs sothatthey pointto the endpointaddressf the proxy

sener.
e Listeningto a TCP portfor incomingllOP messages.
e CorvertingeveryllOP messagéo astringandsendingt to theSOAP client.

ChanginghelORsmightequallybe doneon thesener side,beforethe|lORs are

madeavailableto theclient.

4.4 Fromthe SOAP server to the CORBA server

SQAP makesit possibleto do a RemoteProcedureCall over HTTP. The SCAP
client passeghe string representatiorof an IIOP messagdo the SOQAP sener
asan argumentof a method.The remotemethodinvokes what we will call the
proxy client. Whenthe proxy clientrecevesthestringrepresentatioof the IOP
messaget shoutl corvertit backto a byte streamgexactly like the original IOP
messagehat hasbeeninterceptedby the proxy sener. Then, it shouldforward
the llOP messagé¢o theappropriateaCORBA sener. The CORBA sener getsthe
IIOP messagandthinksthatit is comingfrom a CORBA client. Therefore,it
preparesan lIOP responsenessagandsendst to whatit thinksis the CORBA

client. Actually, the messagés sentto the proxy client.

4GlOP standgor Generalnte-ORB Protocol.GIOPis the protccol usedfor the communica-
tion betweentwo ORBs.It is definedwithout any mentian to the underlying network protocds.
IIOP is theimplemantationof GIOP over TCP/IR
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Notethatonthesenerside,the bridgeis madeup of the SOAP senerandthe
proxy client,andthatontheclient side,the bridgeis madeup of the proxy sener

andthe SQAP client (Seefigure 4.1).

4.5 Problemsand their solutions

In this section,we will discussthree problemsrelating to the bridge and their

solutiors.

Problem1

A problemremainsin the systemdescribedsofar. Uponreceving anlIOP mes-
sage the proxy client shouldknow the endpointaddres®f the CORBA senerto
whichthellOP messagés destined.

This pieceof informationis includedin theoriginal IOR: theonethathasbeen
createdby the CORBA sener. Therefore,before changingthe IOR, the proxy
sener shouldextractthe endpointaddresgrom it andstoreit somavhere.When
receving anllOP messagérom the CORBA client, the proxy sener shouldpass
it alongwith the endpointaddresgo the SOAP client. Finally, the SQAP client
will sendthesetwo elementqie the IIOP messagandthe endpointaddress}o

theproxy client.

Problem 2

Thecurrentsystemworksperfectlyaslong asthereis only onesener. If thereare
two seners,the proxy sener asit wasdescribedhasno way of telling if anllOP
messagés destinedo onesener or to theother

The problemmay be solved by makingthe proxy sener not only storethe

endpointaddressbut alsothe objectkey of every IOR. The proxy sener shoutl
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maintaina hashtableontainingan objectkey andits correspondingndpointad-
dress.

Every IIOP requestmessagencludesan objectkey that allows the CORBA
sener to know which objectis concernedy theinvocation Therefore the solu-
tionto theproblemstatedaboveis to extracttheobjectkey from thelOP message,
andto look upits correspondingndpointaddressn the hashtableAfter that,the
endpointaddressandthe IIOP messageshouldbe forwardeduntil they arrive to

the proxy client.

Problem 3

In all whathasbeensaidsofar, we assumedhatthe clienthasaccesgo aninitial
IOR. It maybethelOR of thenamingserviceor ary otherCORBA object.

Having a first IOR that enabledt to accessa first object,the client may get
otherlORs by invoking methodson that object,andis morelikely to do so. The
next IORstheclientreceveswill beincludedin the lIOP reply messagednside
theselORs,therewill betheendpointaddres®f thereal CORBA sener, notthat
of the proxy sener. With the currentsystemthe client will usethe bridgeuntil it
recevesan |OR includedin anlIOP reply messageAt that point, the client will
try to connectirectly to thesener.

This problem can be solved the sameway IIOP messagesre intercepted.
Whenthe proxy sener recevesanlOP messagérom the SQAP client, it shoud
checkif thereis anlOR insidethellOP messagéf it is the casethe |lOR shoutl
be extractedand modified so that it pointsto the endpointaddresf the proxy
sener. Then,the proxy sener shouldadda new entryto its hashtabldor taking
the new IOR into accountAnd finally, it shouldput the modifiedIOR backinto
thellOP messagandsendit to the CORBA client.

In additionto the threepoints mentiored in section4.3, the proxy sener is
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alsoresponsile for:

e Maintainirg ahashtablérom all theparsedORs.Thereshouldbeoneentry
for every parsedOR. And every entry shouldcontainan objectkey andits

correspondingndpointaddress

e Extractingthe objectkey from anllOP requesimessagandlooking up its

correspondingndpointaddressn thehashtable.

e Sendingnot only the IIOP messagéut also the endpointaddresgo the
SCQAP client.

e Modifying every IIOP reply messagéhatincludesanlOR by changinghat

IOR, andaddinga new entryto the hashtableccordingly

In fact, practicallyall the tasksof the proxy sener canbe carriedout by the
proxy client. In this case,the proxy sener’s responsibities will be reduced:it
will haveto listento anendpointaddresgor incomingllOP messagedp convert
themto stringsandto sendthemto the SQAP client. All the othertasksshoutl be
performedby the proxy client (the third responsibilly describedn the previous

paragraptbecomesrrelevant).
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Chapter 5

Implementation

This chapteris aboutimplementingandtestingthe IOP to SOQAP bridge.First,
wewill examine aBonoboapplication Then,wewill seehow to accesst through
CORBA clients.And finally, we will look into someimplementatnissuef the

bridge.

5.1 Bonoboapplication

In this section,we will investgatetheimplementabn detailsof a Bonoboappli-
cation. This applicationis a modified versionof a Bonobosampleprogramthat
is part of the bonobo-1.0.4distribution. The Bonoboapplicationis written C?.
Figure5.1shavs a screenshodf the Bonobocontainerapplication.

Theapplication consistof two executables:

e bonobo-controls thatactslike a sener. It is a controlfactory which means
thatit is capableof producingcontrolson requestlt canproducetwo types

of controls:a calculatorcontrolanda clock control.

1Bonoto hasonly aC API.
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e control-container that actslike a client. It is the containerapplication.It
useshebonobo-conbls senerin orderto createa calculatorcontrolanda

clock control.It alsocreatesanimagecontrol.

Many containerganusethe samecontrolfactory the sameway mary clients
canusethe samesener. However, every containerhasa differentinstanceof a

control.

5.1.1 The sewer’'scontrols
Initialization steps

Thebonobecontrolsprogramstartsup by initializing GNOME, OAF andBono-
bo. Thenit registersthefactorywith OAF.

Duringstartup,mostapplicationswill haveto initialize GNOME, OAF, Bono-
bo andregistertheir Bonoboobjectfactorywith OAF. As thesestepsareusedfre-
quently two macrosweredefinedfor thatpurposeThe BONOBO_OAF_FACTO-
RY macrois usedby a factory that producesone type of controls,while the
BONOBO.OAF_FACTORY_MULTI macrois usedby a factory that produces
mary typesof controls.Both macrosdefinethe main functionof the program.

Hereis theuseof sucha macroin thebonobo-controlprogram:

BONOBQOOAF_FACTORYMULT]
("OAFI ID:Bonobo_ Sample_Cont rolFactory ",
"bonobo-co ntrols”, "1.04"

control_fa ctory,  NULL)

The first agumentis a string representatiof a moniker. The secondastargu-
mentis agnomefactorycallbackfunction. Thelastargumentis the userdatathat
is passedo it. The secondandthird agumentarethe descriptionandversionof

theprogram.
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Thegnomefactorycallbackfunctionreturnsapointerto aBonoboObjectThe

objectreturneddepend®nwhichtypeof thetwo controlsyouwantto create Here

is whatthis functionlookslikein our program:

static  BonoboObjec t *

control _factory  (Bonobo GenericFact ory *this,
const char *objec t_id,
void *data)

{

BonoboObje ct *object

if (Istem p (object_
object

else

if (Istem p (object_
object

return  object;

Clock control

= bonobo_ clock_contr

= bonobo_ calculator_

= NULL;
id, "OAFIID :Bonobo__C lock™))

ol_new ();

id, "OAFIID :Bonobo_Ca lculator”) )

control_ne w ();

Theclock controlrepresentarunningclock. We wantthe containempplicationto

be ableto stopandstartthe clock. Theusualway to do thatis to attacha property

bagto thecontrol. Then for thisparticularcasewe needo addaboolearproperty

to the propertybag.We will call this propertythe runningproperty

Astheclockwidgetdoesnothave adatamembethatshavswhethertheclock

is running a pointerto a variableshouldbe associatedvith it (beforecorverting

it to acontrol).Actually, every Gtk objectcancarryaroundatableof associatioa

from stringsto pointers. Hereis thewayto doit:

gtk_obj ect _set dat

a (GTK_OBJECT (clock)

, “Runnin g",
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GUINT_TO_POINTER (1));

Exceptfrom this detail,the implenmentationof the clock controlis asspecifiedin

section3.3.1on“Controls”.

Calculator control

We shouldbe ableto usethe calculatorcontrol remotelyfrom a CORBA client.
Therefore,pressinga button on the client calculator GraphicalUser Interface
(GUI) shouldhave a similar effect on the calculatorcontrol,asif the buttonwas
pressednthelocal containeiGUI. In orderto dothat,we needto slighty modify
the gnomecalculatof. We needto adda functionto its interfaceto simulatethe
click of a specificbutton. This functionis calledgnomecalculatorpressit takes
anindex of abuttonasanamgumentandmakesthecorrespondindputtonemitthe
clicked signal.

Now, we canaddtwo propertiego the control’s propertybag.Onewill repre-
senta calculationresult,andthe otherwill represena buttonindex. Finally, here

is the setcallbackfunctionof the propertybag:

switch (arg_id) {

case RESULT:

{
gnome_calc ulator_set (gc, BONOBO_ARGET_DOUBE (arg));
break;

}

case BUTTON_NDEX: {
gnome_calc ulator_pre ss(gc, BONOBO_AR GET_INT (arg));

break;

2Thegnamecalculatoris a Gtk widget
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5.1.2 The container

Thecontainestartsup by initializing GNOME, OAF andBonobo.Then,it creates
awindow andthreecontrols:a calculatorcontrol, a clock controlandanimage
control. Thesearecreatedasdescribedn section3.3.3on“Containers”.Next, the

window insertsthe controlsvia a Gtk box andevery control’s IOR is printedto a

file.

Hereis away to print a control's IOR:

Bonobo_Unknown bu;

char *ior;

bu = bonobo_widget get  objref(BONO BO_WIDGET(control))
ior = CORBA @B object to string(o rb, bu, &ev);

It is worth mentioningthat two typesof string representatiorof monikers
are usedwhen creatingthe controls.Onetype for the calculatorand clock con-
trolslike OAFIID:Bonoba Calculatorand OAFIID:Bonoba Clock, andthe other
for the imagecontrol like file:/home/sqallia/Photo.jg. The first type actvates
the bonobo-controlsener and the secondactivatesthe image viewer Eye Of
GNOME (EOG).Theactivation is automaticdueto the OAF architecture.

Before the containerapplicationshutsdown, it shouldreleaseall the object
references.If no otherclient programsareusingeOG andbonobo-controlsboth
applicationswill shutdown automattally. In the caseof our example,we shoud
releasethe referenceto the BonobaUnknown objectthat was usedfor printing

thelORsof thecontrols:
bonobo_ object_rele  ase_unref(  bu, NULL);
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Thecontainerapplicationhasalsotwo features:
e A buttonthatis usedto stopandstartthe clock.
e A text field thatshavs whethertheclock s running.

Startingand stoppng the clock meansaccessinghe propertybagof the clock.
And having a text field that shows the stateof the clock meansthat a listener

shouldbe attachedo the eventsourceof the propertybag?.

5.2 CORBA clients

The Bonoboapplicationanalysedn the previous sectionis writtenin C, runson
aLinux operatingsystemanduseshe ORBIit ORB. Theobjectveis to write Jasa
programsrunningon a Windows platformandusingthe Java IDL ORB in order
to accesghe Bonoboapplication.

Thetaskis actuallynotashardasit seemsthetwo ORBswill do mostof the
work. However, the bootstappingbetweerthe two ORBsis eitherimpossibleor
very hardto achieve.In thecaseof ourexampk, bootdrappingis aboutgettingthe
IOR of the ORBIt's namingservice.In orderto avoid this problem,we suppose
thattheJava programshave accesso thefileswherethe|ORsof thethreecontrols
werewritter*. EachJava programwill actasa CORBA client while the Bonobo
applicationwill actasa CORBA sener.

Thefirst thing to do is to usethe Java IDL compileridlj in orderto generate

the stubscorrespondingo the Bonobointerfaces.

3Seesection3.3.40n page46 for theuseof eventsour@sandlisteners.
4TheassumptiomademeanghatORBit's namingservicewon’t beusedt is possibleto have

aminorassumptionwhich consistof only gettingthe IOR of thenamingservice.
5SomelDL directiveslike ifdef shouldbe removed from the IDL files sincethey geneate

compilationerras.
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Thethreeclient programsstartwith initializing the ORB. Then,they readthe
stringrepresentatioof a control's IOR from theappropriatdile, andcorvertit to
anlOR.

Now, we’'ll examineeachof thethreeCORBA clients:

e Clock: Having the IOR of the clock control, we usethe getPropertie®p-
erationto get a referenceto the control’s propertybag. Next, we call the
getPropertyByNameperatiornto getthereferenceof the runningproperty
Finally, we gettheboolearnvalue,changat in orderto stopor runtheclock,

andreleasehereferenceo the propertybag.

e Calculator: The programpresentsa calculatorGUI. Its logic is similar to
the clock one.Every time a buttonis pressedthe buttonindex propertyis
setwith thenew index. Then,we getthevalueof the resultpropertysothat

the calculationresultcanbe shovn on a text field.

e Image: Having areferenceto theimagecontrol,we usethe querylnterbice
operationon the IDL:Bonobo\ Zoamable:1.0interface.Now thatwe have
areferenceao azoomableobject,we cancall the setLevel operationwhere

thezoomlevel is specifiedasanamgument.

ThethreeCORBA clientsareinteractingwith the BonoboapplicationusingllOP
messagedntegratingthe bridgeshouldenablethemto interactin the sameman-

nerbut usingSQAP messagesstead.

5.3 lIOP to SOAP Bridge

The llOP to SOAP bridgeconsistsof two parts.Onepartis responsibldor com-
municatingwith the CORBA clientandthe otheris responsite for communicat-

ing with the CORBA sener. Thefirst partis madeup of the proxy sener andthe
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SCQAP client, andthe secondpartis madeup of the SOAP sener andthe proxy
client (Seefigure 4.1). Becausehe SQAP implemenation usedhasa Java AP,

all thebridgewasimplementedin Java.

5.3.1 Fromthe SOAP Client to the SOAP Sewer

To implementa SQAP client andsener, we needa SQAP implemenéation. The
SQAP implementatn usedis ApacheSOAP.

As far asthe bridgeis concernedthe SOAP clientandsener areresponsible
for makinganRPCover HTTP. Ontheclientside,the SOAP API providesaway
to make SQAP requestsand interpretSOAP responsesOn the sener side, the
ApacheSQAP installatian requiresaWebapplicationsener thatsupportserviets
and JSPs ApacheTomcatis the onethat hasbeenused.Both on the sener and
theclientsidean XML parsersuchasApacheXercesis needed.

Writing a SQAP clientfor makinganRPCis actuallyquiteeasy Basically we

will have to createa Call objecf andsetsomeof its elements:

e SettingthetargetUniform Resourcddentifier (URI) which will enablethe
Call objectto identify the SOAP servicebeinginvoked.

e Settingthe nameof the methodthat should be invoked. Obviously, the
methodhasto be exposedby the SOAP service.

e Settingthe parametersf the method.

Then,we shouldcall the invoke methodon the Call object. Theendpointaddress
of the SOAP serviceshouldbe passedasa parameteto the invoke method.A

Responsebjectreturnedby this methodallows to extracttheresultof theRPC

6The Apache SOAP Call objectis themaininterfaceto theunderlying SOAP RPCcode.

67



Writing the SQAP sener is alsostraightforvard. First, we will have to create
a Java classwhich containsthe methodgo be exposedasa SOAP service.Then,
we shouldcreatea deploymentdescriptorfor the SQAP service.The descriptor
consistof thenameof the Java classprovidingthe SOAP serviceimplementation
andthe nameof the methoddo be exposed.

Now thefirst elementof the bridgehasbeenbuilt, but therearestill two other
elementsthe proxy senerwhichwill communicatewith the SOAP clientandthe

proxy clientwhichwill communicatevith the SOAP sener.

5.3.2 The Proxy Serwer

The proxy sener providesall the functionaliies mentimmedin the designchapter

It is madeup of four classes:

e The IOR classallows to extract and modify the objectkey and endpoint
addres®f a stringrepresentationf anlOR. Thebyteorderis animportant

factorin parsingandmodifying the IOR.

e ThellOP classallows to know the byte order of the machinesendingthe

IIOP messagandto checkwhetherthis messagearriesan|OR.

e The Parserclassparsesall IOR files in a certaindirectory put their object
keys and endpointaddresses a hashtableand createsnew IOR files by
changingthe endpointaddressof previous ones.The Parserclassis also
responsiblgor changinglORs comingwithin IIOP messageand adding
entriesto the hashtableaccordingly Finally, it providesa methodthatre-

turnsthe endpointaddressorrespondingo anobjectkey.

e The Bridge classlistensto the port numberto which the IOP messages
will beredirectedlt containsthe main methodand makesuseof thethree

classeslescribedhbore aswell asthe SQAP client.
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5.3.3 The Proxy Client

The SQAP clientpasseanllOP stringandanendpointaddresso theproxyclient.
The proxy client turnsthe [IOP string into an IOP messagend sendit to the
specifiedendpointaddressAgain, the byte orderis importantwhile readingthe

IIOP message.
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Chapter 6

Conclusion

6.1 Work achieved

As statedn the introduction section the goal of the projectwasto build anllOP
to SQAP bridge andvice versa.This was motivatedby the fact that the bridge
will enableusto accesBBonobocomponentdehinda firewall, andthat security
featuresareeasierto build ontop of HTTP.

The projectgoal hasbeenachiered sincea fully Java implementedIOP to
SQAP bridge hasbeenbuilt. Furthermorethe bridge hasbeentestedwith three
CORBA clients and three Bonobo controlsembeddedn a Bonobo container
Thetestshovedthatall the commuiication betweerthe CORBA clientsandthe
Bonobocontrolsis routedvia the bridge. In otherwords,the HTTP protocolis
usedinsteadof 11OP.

In additionto that,this thesisprovidesa goodstartingpoint for understandig

mary aspect®f the Bonobotechnology
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6.2 Difficulties encauntered

The mostdifficult elementof the projectwasunderstandinghe Bonobotechnol-
ogy. Indeed,thereis a completelack of BonobodocumentationApart from a
shortubiquitustutorial on writing Bonobocontrols' and someBonobosample
applicationsshippedwith the Bonobodistribution, thereis practically no other
technicalresource& Even the BonoboAPI is only partially documentedThis
lack of informationis mainly dueto the factthatBonobois a new andfreetech-
nology. As a result,examining Bonobocodewas necessaryo comprehendhe
technology

Ontheotherhand,understandinghe Bonobosamplecodewasnot easysince
it containsGTK+2, ORBit andBonobocode.

Finally, there were two implementabn problems.The first one was about
changingthe string representatiof IORs, so thatthey point to a specificend-

pointaddressAnd the secondonewasaboutdealingwith the byte ordet

6.3 Further work

Thework thathasbeenachievedin thisthesiscanbe extendedn mary ways:

e Currently the bridge only suppors one CORBA client at a time. Other
CORERBA clientswishingto usethebridgehave to wait until thefirst CORBA
clientfinishesits communicatn. Thus,an importantfeatureto the bridge

would beto enableit to dealwith marny CORBA clientsatthe sametime.

e The performanceof the bridge can be increasedindeed,the size of the

IThetutorial is in http:/  /www.d jcbsof tware. nl/pro jecten /bonob o_controls/ . It was

written onthe 15/042001andupdatedafterwards.
2However, therearea few generapagerson the Bonolb commnentarchitectue.
3Thecodeusesthe GTK+ library includingthe GTK+ objectandtype systems.
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SQAP messag#eing sentacrossthe network canbe halved. This canbe
achiezed by usingthe hexadecimalrepresentatiomf an IlOP messagen-

steadof thedecimaloneandby removing all spacegromit.

e SOAP messagesan be encryptedusing SSL and SOAP Security Exten-
sions.This will provide importantsecurityfeaturessuchasconfidentialiy

andnon-repudiation

A Cimplemenationof thebridgewould beaninterestingorojectsinceit will
greatly enhancehe performanceThe projectwould be easierfor two reasons.
Firstly, mary SOAP implementation®asedn C arebecomingmature Secondly
theprinciplesbehindthe bridgehave beenlaid outin thisthesis.

Finally, accessingand manipulathg a Gnumericspreadshegrom the Web
would alsobe a usefulprojectwith mary practicalapplications The projectwill
rely onthebridgein orderto useSOQAP for communicatig with Bonobocompo-
nents.The projectwill be especiallyinterestirg sincethe Bonobotechnologyis

beingmoreintegratedinto the Ghumericspreadsheet.
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