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Nowadays severalprojectshave becomesocomplex andlargethatare
now impossibleto developandmaintainasa singlemonolithicblock.
Ontheotherhand,theability for anapplicationto acquireasmuch
functionalityaspossible reusingsoftwareandwithout accumulating
functionality not neededat thatmomentand,thus,not wasting
resourcesis alsobecominganimportantproblem.

Theseandotherproblemscausedsomenew stratgiesto develop,in
particular the useof pluginsandcomponentsvhich, usingsomeold
principlesof modularityandimplementatiorfacilitieslik e shaed
librariesandmiddlevare (e.g.,CORBA), permitto overcomethese
problemsin a cleanandstandardvay.

This tutorial aimsto provide a clearandprecisedescriptionof these
paradigmsSpecialattentionis alsogivenon how theseparadigmsan
be developedandimplementationissuedik e sharedibrariesand
CORBA. To illustrate,severalexamplesaregiven.A shortdiscussioron
importantcommonaspectandwhenthesestratgiesshouldor notbe
usedconcludeghetutorial.

Note: This document was written in SGML using Docbook v.3.1 and translated to
HTML and LaTeX using Norman Walsh stylesheets v.1.44
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1. Overview

This tutorial describeswo recenttechnologieshathave becomevery popular:Plugins
andComponentdt’s purposes to provide a precisedefinition of this two paradigms
andaformalisationof their characteristicsStill, implementatiorissuesarenot forgot
andtechnologiedik e sharedlibrariesandmiddlevare by meansof CORBA arealso
focusedaswell assomevery shortandsimpleexamples.

Thetutorial starts(Introductior) by presentingseveralcommonproblemsthatcaused
theseparadigmgo evolve. Fromtheseproblemsa generalist of whatis desiredo be
fulfilled is created.

Beforedescribingpluginsandcomponentandseehow thesetwo canhandlethe
problemseferred,Shaedlibrariesprovidesadescriptionon sharedibraries:what
they are,benefitsanddisadwantagesaswell aspresentingsomevery usefultools.
Sharedibrariesareveryimportantin developing,mainly, pluginsbut canalsobea
betterchoicefor someproblemthanrequiringall the functionality necessaryo plugins
whosedisadwantagesanoverwritethe advantages.

Next comesthefirst paradigmfocusedplugins(Pluging. A shortandprecise
definitionis first presentedT he prosandconsof this paradigmareexaminedandby
joining theseto the experiencegatheredrom plugin-basedechnologiesvailable,alist
of characteristicghatshouldbefulfilled is presentedT he chapterendsby comparing
severalpublicly availableimplementationgNetscapeGGnumericandGIMP) and
pointinghow somecharacteristicareor not fulfilled and,finally, asmallexample.

Thesecondparadigmcomponentsfollows in ComponentsThe structureis very
similar: a shortandformal definitionfollowedby a discussioron the concept,
adwantagesdisadwantagesandraisedguestionsFromthis, the definitionis
complementedvith alist of characteristicthatshouldbefulfilled. A shortcomparison
on componentsandobjectsis summarisedn atablesincetherearesomesimilaritiesin
thetwo conceptsNext, implementationssuesareagainapproachedy discussing
middlewvarewhich constitutesoneof the keywordsin component-basetchnologyand
makinga shortdescriptionof CORBA. Thechapterendspresentinganexample:
BONOBO,acomponent-base@chnologyusedin GNOME.

Finally, in Whatto chooseit is possibleto comparehetechnologiesocusedn this



Developingwith pluginsand components

tutorial that,althoughquite different,have somesimilarities.Someimportant,general
aspectarementionedaswell assomecautionsthatshouldbe keptin mind.

2. Intr oduction

Oneof the biggestproblemsdevelopershave to handlenowadaysis on how to cope
with theenormoussizeandcompleity of anincreasinghumberof currentprojects.
Theseprojectsinvolve severalpeople possibly in differentteamsandlocations,
developinganheterogeneousoftwarewherethe differentpartshave to interact
consistentlythusrequiringa perfectagreemenbetweerteams.The problemgetsworst
whenconsideringhatthe productwill have to be maintainedafterwardsor even
extended.

It is commonknowledgethatfrom a certainpointit is impossibleto have the
applicationasa monolithicblock. It is necessaryo divide the projectin differentparts,
asindependenaspossible sothatjoining thework of two teamsis aseasyand
consistenaspossible Dividing the projectis alsonecessaryo limit the scopeof the
problembeinghandled enablingeasierandclearerdevelopmentandmaintenance-or
example,considera productthatcapturesgvaluatesandstoressometype of data.Now,
considerthatthe way the datais storedis changedr thereis a bug somevhere.Having
cleardistinctionsbetweerthedifferentfunctionalitiesclearlymakesthis taskeasierand
protectstherestof the product.But having a projectdividedin differentpartsbringsthe
problemof architectingthe parts,i.e., joining the differentpartstogether Teamsare
only familiar with their partsandcommunicatiorbetweernteamstendsto be short.
Also, it is very commonto have the projectspreadn differentplatformsandlocations.

Ontheotherhand,it is alsousuallysaidthat,if a certainfunctionalityis neededandit
is alreadyavailablesomeavhere,oneshouldreusethis implementatiorandnot "reinvent
thewheel". This shouldaccountalsofor using/deelopingproductsasideespeciallyfor
a certaintaskinsteadof integratingthatfunctionalityin the mainapplication Besides
thereusabilityof code,it alsogivesmoreflexibility (it is easierto addfunctionalitythis
way thanreluilding the all application)anda simplerandclearermainapplication
(insteadof having a confusing heterogeneouandheary one).But this requiressome
conditionsfrom both partsthatshouldbe considereeforethe developmenbf either
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one.For instancegconsidetthelastexample.Imaginethatin the evaluationstage some
graphicsneedto be generatedTherearea big numberof applicationghatdraw
graphicsandareprobablypreferredthanto add"from scratch"graphicsfunctionalityto
theapplication.But the mainproblemis whetherthe graphicprogramis easily
integratedwhich, mostof thetimes,is notthe case.

Continuingon the subjectof adding/changindunctionalityandconsideringhe same
example,imaginethatthe datait handless very heterogeneousnd,thus,theway this
datais evaluatedfor example,is differentaccordingto thetype of data.Whenthe set
of thetypeshandleds smallanddoesnt changeandthe way they arehandleds also
static,thefinal productis a bit complex but handleableBut whenthisis notthe case
we comeuponseveralproblems:

« Flexibility and consistencyHow to add/change/renwe functionalityin aflexible
mannemwithout compromisinghe consisteng of the applicationand,preferably not
having to rekuild all theapplication?

- Efficiency How to do thisin away thatdoesnt compromiseo muchthe efficiency,
e.g.,thereisn’t awasteof resourcesincemostwill only be usedfor a certainperiod
or notevenusedatall in asession?

2.1. Objectives

Recentlytwo paradigmdave evolvedthatareespeciallyaimedat this type of
problems:Plugins andComponentsBut, in orderto understanavhy the needfor this
technologyarosewe cancompile,from theabove problemsalist of objectveswe
would lik e to fulfil. It is easyto see Jooking atthe natureof the problemsandthe
following list, why thesenew paradigmshave becomesopopular

Modularity

Modularity is oneof the keywords.How to divide anutility in differentpartsthat
obey therulesof modularity(independencesncapsulationandinteractwith each
otherin adesiredwvay. A specialcasewould beto divide anutility in its mainpart
(managemen@ndits severalbranchesthus,separatindgunctionality.
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Dynamicfunctionalityindependenof the mainpart

In otherwords,to beableto add/change/renve functionality of anutility without
touchingthemainpart. As anadd-on to beableto do thatonruntime.This

impliesthattheapplicationshouldnt berekuild and,furthermore,compiled,each
time thesechangedake place.

Independentlevelopmenbf parts

Thedevelopmentof eachpartof a projectshouldbeindependentrom the other
ones.This obligesthe communicatiorbetweerpartsto be transparenand
standardAlso, eachpartshouldbeableto copewith the othersbeingin different
platformsandlocations.Basically eachpartshouldnt have to worry abouthow
othersareimplementecandlocated.

Communicatiorbetweerapplications

This meangeingableto embedanapplicationA thatprovidesadesired

functionalityinsideanapplicationB thusreusingcodeandproviding alighterand
simplerapplicationB.

Note: These are, of course, very different objectives which rarely are assembled
together. This is not intended to find a unique solution that covers all of them.

Using pluginsandcomponent&nablesisto fulfil this objectvesin acleverand
transparentvay (whenusedcorrectly).How this is doneis the subjectof the next
chaptersBut first it is necessaryo have alook at sharedibraries.
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3. Shared libraries

3.1. Basic concepts

Shared library

ablock of code,loadedon requestproviding datatypesandprocedures

Basically alibrary is asetof functionsand/orstructuredo be usedby applicationsFor
example,if aprogrammemishesto usemorecomplex mathematicatunctionsin C
likesi n hewould haveto usethelibrary libm wherethis andotherfunctionsare
defined.To do so,hecanlink thelibrary in thecompilationstage usingthe-| option
with the nameof thelibrary (withoutthelib prefixandthe extension:in this case;Im).

A sharedlibrary opposedo a staticonein the sensehatthelibrary is only loadedat
runtimeandnotin the compilationstage So,while in staticlibrariesthe program
carriesthelibrary code,whenlinkedto a sharednethelibrary codeis not presentand
is only loadedinto memorywhenneeded.

Oneof the namedadwantage®f sharedibraries,andalsoanothercharacteristi¢hat
differsthemfrom staticones,s thefactthatthe systemhas,at most,onecopy of the
library’s codeperlibrary. Whenloading,the systentirst checksf thereis alreadya
copy of thelibrary on memory The codeis only copiedif thereis none,while asin
staticthe codeis includedin every compiledprogramto which thelibrary is linked.

So,if theprogramdoesnt carrythelibrary’s code,whenis it loaded?Therearetwo
alternatves:

« automaticallyat the startof the processand,thus,only unloadedat the end:the
library mustbelinkedat compilationstage;

by requesbf the programitself (using,for example,dl open() ): thecodecanbe
loadedandunloadedn the middle of the processr notevenloadedatall;
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furthermorethelibrary is notlinkedat compilationstage;

A smallexampleat theendof this sectionwill illustratetheseconcepts.

3.2. Advantages and disad vantages

But why usea sharedibrary insteadof a staticone?And why usedemandoading
insteadof automatidoadingor the otherway around?Sharedibrariesbring a number
of advantages...

- librariesareonly loadedat runtime (thus,the possibilityto changehelibrary
without having to recompilethe endapplication);

- lighter applicationsandsaving of spaceg(sincethe applicationdoesnt carrythe
library’s code);

In particular demandoadingof asharedibrary canbevery useful

- asstatedbeforeit is the applicationitself which requestsheloading:thecodecanbe
loadedandunloadedat ary givenstageor notloadedat all; thisis particularlyuseful
whenthe programmay useresource$rom severallibrariesbut not necessarihat that
momentthus,avoiding thatdozenof librariesthatarenot beingusedwould be
wastingmemory;

- sincethelibrary is notlinkedat compilationstagethe applicationdoesnt have to
know it beforehandfor example,all thelibrariescanbeputin a certaindirectory
wherethe applicationwill fetchthem;this enableghatresourceganbeaddedor
changedvithouttouchingthe applicationitself;

But they have a cost.Also, someproblemsmayariseandshouldbetakenin account.

- First,errorsonly shaw at runtime. This makesthe deluggingmoredifficult but also
imposessomecareon moving librariesandchanginghem;

- Creatingasharedibrary is morecomplex andrequiresa few numberof flagsand
details.However, this canbe easilyovercome(seeLibtool);
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- Thedynamicloadingobligesthe codeto be PlatformIndependen€CodgPIC). This
makesthelibrary heavier so,althoughapplicationsarelighter, spaces only actually
savedif thereis morethanoneapplicationlinkedor thereis demandoading;

- Theresourceshatdemandoadingenablegseeabove) alsobring dangerous
situations:

- Whathappensf the programdoesnt find thelibrary expected heerrorcan
occuratanytime of the procesdife andnot atthe beginningasin automatic
loading;

- How doesthe programknow whichinterfacethelibrary provides?If it is defined
beforehandhow to ally versioningandheterogeneityf librarieswith this prior
knowledgewithout having to touchthe application?

3.3. Developing a shared librar y

Developingasharedibrary, asis, is generallymoredifficult thandevelopinga static
one.Thecompl«ity increasesn a greatamountwhentrying to make it platform
independenandeasilybuilt (agooduserinterface).Thereare,however, somevery
powerful utilities thatnot only simplify this procedurebut arealsogreatly
recommendedincethey producea standardcompliantandrobustfinal product.Their
useis quite straightforvardandapplyto staticonesaswell.

3.3.1. Autoconf and Automake

Thesetwo utilities combinedareespeciallyadequatdor projectsintendedo beeasily
developed,usedandinstalledin differentplatforms,helpingto provide:

- platformindependencand/orability to checkfor thefeaturesneededy the
package;

« acustomandstraightforvard userinterfacewheninstallingthe package;

- aneasymaintenancef Makefile (thus,helpingcompilation)
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To configurethe softwarepackageaconfi gur e scriptis generatedrom afile called

confi gure. i n createdoy thedeveloper Thisfile shouldcontaininvocationsto
Autoconfmacrogthattestthe systemfeaturesneededy the packageAutoscancanbe
usedto helpwrite thisfile.

Automale assumeshat Autoconfis beingusedandis usedto producevakefil e.in

filesfrom Makef i | e. amfiles createdoy thedeveloper Whentheconf i gur e scriptis
runthesefiles will originateMakef i | e’s. Thesevakef i | e. amfiles consistmainly of
aseriesof make macrodefinitions.

Thefinal userwill only haveto type

$ ./configure
$ nmake
$ make install

AutoconfandAutomalke manualsn the GNU documentation
(http://www.gnu.og/doc/doc.htmlprovide a very goodexplanationon how to use
thesetools( seeLinksandfurtherinformation

3.3.2. Libtool

Libtool is atool for developinglibrariesthatprovidesthe completefunctionality of a
hosttypein a genericinterfacebut hiding the confusingandcomplec details.It canbe
usedtogethemwith AutoconfandAutomale.

Somepointsaboutlibtool:

- Libtool is basedn the paradignmthat” librariesareprogramswith multiple entry
points,andmoreformally definedinterfaces.”;in fact,therulesto createalibrary
look muchlik e acompilationof a program;

- By default, libtool triesto producebotha staticandsharedibrary; if the system
doesnt permitsharedibraries,it producesa staticversion;

- Whencreatingthelibrary, wrappersareused(for extra meta-datasincethe
meta-datastoredvarieswith the platforms)aswell astemporarydirectoriesfor
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storingthelibraries.

- Libtool providesseveralfacilities:

. Creatingobijectfiles (including PIC)
. Linking libraries

. Linking executables

- Deluggingexecutables

- Installinglibraries

- Installingexecutables

In A smallexample it’ sillustratedthe useof libtool to createa library.

GNU documentation(http://www.gnu.og/doc/doc.htmlhasalsoa very good,stepby
step,manualof libtool (seeLinksandfurtherinformation)

3.4. A small example

To illustrate,hereis the developmentof avery smalllibrary, | i bgar fi el d. so, from
thefileseat i ng. ¢ (examples/eating.@Andsl eepi ng. c (examples/sleeping.ayith
theheadeffile garfi el d. h (examples/garfield.h)An executablecalledgar fi el d is
createdvy linking mai n. ¢ (examples/main.cjo! i bgarfi el d. | a (whichis a
wrapperto | i bgarfi el d. so).

Autoconfandautomale arenotusedhere,only libtool. It is presentedhe stepsfor the
mostcommonactions;seethelibtool manualfor the explanationof thesestepsand
otherpossibleactionsthatcanbe performed(seeLinksandfurther information).

Creatingobjectfiles. Notethatbesidegshe normalobjectfilesit is alsocreated | o files
which arePIC objectfiles neededvhencreatingthe sharedibrary.

$ gcc -g -O-c main.c
$ libtool gcc -g -O-c eating.c
nmkdir .libs
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gcc -g -O-c eating.c -fPIC-DPIC -0 .libs/eating.lo
gcc -g -O-c eating.c -0 eating.o >/dev/null 2>&1

m/ -f .libs/eating.lo eating.lo
$ libtool gcc -g -O-c sleeping.c
rm-f .libs/sleeping.lo

gcc -g -O-c sleeping.c -fPIC-DPIC -0 .libs/sleeping.lo
gcc -g -O-c sleeping.c -0 sleeping.o >/dev/null 2>&1
mv -f .libs/sleeping.lo sleeping.lo

Linking libraries.Thelibrariesareputin the. | i bs/ directoryandl i bgarfield.| a
is createdn placewhich,aswassaid,is awrapperfor thesharedibrary.

$ libtool gcc -g -O -0 libgarfield.la eating.lo sleeping.lo \
-rpath /usr/local/lib

rm-
fr .libs/libgarfield.la .libs/libgarfield.* .libs/libgarfield.*
gcc -shared eating.lo sleeping.lo -lc -W,-sonane -

W,libgarfield.so.0 -o .libs/libgarfield.so0.0.0.0
(cd .libs & rm-f libgarfield.s0.0 & In -

s libgarfield.so.0.0.0 libgarfield.so.0)

(cd .libs & rm-f libgarfield.so & In -

s libgarfield.so.0.0.0 libgarfield.so)

ar cru .libs/libgarfield.a eating.o sleeping.o
ranlib .libs/libgarfield. a

creating libgarfield.la

(cd .libs & rm-f libgarfield.la & In -

s ../libgarfield.la libgarfield.la)

Linking theexecutableThe executables putinside. | i bs/ andawrapperscriptis
createdn place.

$ libtool gcc -g -O-0 garfield main.o libgarfield.la

gcc -g -O-0 .libs/garfield main.o .libs/libgarfield.so -W, -
rpath -W,/usr/local/lib

creating garfield

11



Developingwith pluginsand components

Installinglibraries.l i bgar fi el d. | a is alsoinstalledwith the staticandshared
libraries.All thenecessarpperationsareusuallydone(lik e, for example,calling
Idconfig) but runninglibtool -n —finish1i bdi r will givefurtherhintsonwhatto do
(in this example theinstallationcommandalreadygivesthis information).

$ libtool install -
c libgarfield.la /usr/local/lib/libgarfield.la
install -
c .libs/libgarfield.so0.0.0.0 /usr/local/lib/libgarfield.so.0.0.0
(cd fusr/local/lib & rm-f libgarfield.so.0 & In -
s libgarfield.so.0.0.0 libgarfield.so.0)
(cd /usr/local/lib & rm-f libgarfield.so & In -
s libgarfield.so.0.0.0 libgarfield.so)
install -c .libs/libgarfield.lai /usr/local/lib/libgarfield.la
install -c .libs/libgarfield.a /usr/local/lib/libgarfield.a
ranlib /usr/local/lib/libgarfield.a
chnmod 644 /usr/local/lib/libgarfield. a
PATH="$PATH. / sbin" ldconfig -n /usr/local/lib
Li brari es have been installed in:
fusr/local/lib

If you ever happen to want to link against installed |libraries
in a given directory, LIBDIR, you nust either use |ibtool, and
specify the full pathnanme of the library, or use ‘-LLIBD R
flag during linking and do at | east one of the follow ng:
- add LIBDIR to the ‘LD LI BRARY_PATH environnent variabl e
duri ng execution
- add LIBDIR to the ‘LD RUN PATH environnent variabl e
during linking
- use the “-W,-rpath -W,LIBDIR |inker flag

have your system adm nistrator add LIBDIR to ‘/etc/ld. so.conf’
See any operating system docunentati on about shared |i-

braries for
nore information, such as the 1d(1) and Id.so(8) manual pages.

12
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Otheractionslik e deluggingarealsoeasilydoneandtake advantageof thewrapper
scripts.

3.5. Links and fur ther information

Autoconfandit’s manualcanbefoundat
http://www.gnu.og/software/autoconf/autoconf.html
(http://www.gnu.og/software/autoconf/autoconf.html).

Automale andit’s manualcanbefoundat
http://www.gnu.og/software/automag/automak.html
(http://www.gnu.og/software/automad/automat.html).

Libtool’shomepagés locatedat http://www.gnu.og/software/libtool/libtool.html
(http://www.gnu.og/software/libtool/libool.itml).

Theman pagesf dl open , Id, Idconfig alsoprovide usefulinformation.

Generaldescriptionandimplementatiorinformationon sharedibrariescanbefound

in Building andUsing StaticandShared'C" Libraries
(http://users.actcom.co.il/~choo/lupg/tutoriéitsfaries/unixc-libraries.htnt) and
Shared.ibraries(Section4)

(http://www.unix.digital.com/ags/pulationgbase  do@OCUMENTATION/HTML/AA-
PS30D-TET1_html/pg5.html).

In the GLib ReferenceManual,thereis a sectiondescribingthe gmodulelibrary,
DynamicLoadingof Modules
(http://developergnome.og/doc/API/glib/glb-dynanic-loadingof-modukes.htnh).

4. Plugins

Thereis sometimesomeconfusionbetweerpluginsandsharedibrariesandwhatcan
or cannotbe calledto bea"plugin®. This sectionaimsto clarify this conceptoy

13
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presentinga shortandprecise(hopefully) definitionof a plugin aswell asthe
characteristicsghata "true" plugin shouldfulfill. Examplesarealsogiven.

4.1. Concept and examples

Plugin

A unit of softwarewhosepurposds to extendthe functionality of anindependent
applicationatrun-time.The applicationhasno prior knowledgeof the plugin;
plugin mustactasa "black-box"andpresenitself by meansf astandard
interface.

Thefollowing imagetriesto illustratethis conceptanindependenapplicationwhere
units of software,intendedto complementhefunctionality, canbe"plugged"to.

APPLICATION

— =
PLUGIN PLUGIN

PLUGIN
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An illustration of theuseof plugins

Using pluginsis becomingvery popular especiallyin programghatprocess
heterogeneoudataandwould, otherwisebe lessflexible andheavier. Examplesare:

- Theuseof the Mime-typemethodologyin Netscapendotherwebbrowsers:this
enableghatspecialdatalik e audioor videocanbe presenbnawebpageand
viewedaccordingly;

- Manipulationof imagesandscriptingin GIMP (GNOME);

- Translationfrom otherformats(e.g.:Excel)andextensionof thefunctionalityin
Gnumeric (GIMP), e.g.,addinga statisticfunctionnotincluded;

« Acrobat, PhotoshopAutoCad...

4.2. Pros and cons

Pluginsarea goodway of addingfunctionalityto anindependenapplication:they can
beloadedandunloadedduringruntimeandthereis no needto recompilethe main
applicationwhenaddinga new plugin. This way we canhave a mainapplicationlighter
andfocusedonthe"essentialsWhich alsobringseasierdevelopmentinsteadof an
heary, comple, mixedapplicationwe have a mainapplicationwith thefundamental
partsanda variety of pluginswhich extendthe functionality.

Pluginsareusuallyimplementecasdemand-loadedharedibrariessincethese
librariescanbeloadedon runtime(asopposedo static)whichis necessaryor the
"plug” conceptcharacteristiof plugins.Thus,they inherittheir characteristics.

Impor tant: Note that plugins are not shared libraries. A plugin is a paradigm
based on the idea of "plugging” functionality into an application, demand-loaded
shared library is a way to implement this paradigm.

But thedemandoadingraisessomequestions:

15
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« Shouldthe applicationknowbeforehandthe plugin?"Knowing the plugin” translates
to knowing the nameof thelibrary aswell asit’ sinterfaceandwhatit does If it
doesthenwhatto doif

- thereis achangan the nameor versionof the plugin?
. thereis achangan thefunctionality (extensionor alterationof theinterface)?

. thereis awishto add,remove or substituteplugins?

Ontheotherhand,if theapplicationdoesnt have this information

- how shouldit acquirethis information?
- theknowledgeon whatto expectfrom the pluginsis practicallynone

- andsoit is dangerougor theapplicationto depencon a plugin

- Neverthelessit hasto be definedaninterfacethata plugin mustimplementandmust
becommonto all (in orderto usethe plugin, the applicationhasto call, atleast,one
function;thereasonwhy this shouldbe commonto all is relatedwith thelasttopic
and,in particular comesclearif we considemwe wantto be ableto addnew plugins
without modifying the application) But the questionmnow is: howto definean
interfacethatis notto restrictnor to loose?

- How mud of theapplicationcouldthe plugin seeandvice-vesa?Theview of the
plugin by the applicationfalls, in part,ontheitem above;in particular if the
applicationhasno prior knowledgeof the plugin, sincesomeinformationmustbe
given,usingthe pluginwill be moredifficult if this informationis complex andbig.

Ontheotherhand,the plugin hasalsoto have someknowledgeon the application.
Sincethepluginis developedwith a particularapplicationin mind the only problem
thatarisesin carryingthis knowledgeis if therearealterationson the application.

In Whatto choosefurtherdiscussions donemainly comparingthe differentstrateies
presentedhere.In the next section baringtheseproblemsn mind, it’s presented list
of requirementshatarebelievedto be essentiain a plugin-basedechnology

16
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4.3. On developing plugins

We canspecifythe following list of requirementssallist thatshouldbe metin orderto
have a"true" plugin systemThis list wasdeterminedessentiallyfrom thevarious
plugin-basedechnologiesandpersonakxperienceand,of course somemaynotagree
with it.

1. Theapplicationmustbeindependentrom the plugins.
2. Thereshouldbe a"black-box"view in bothdirections.

3. Theapplicationmustnot "know" the plugin beforehandthe plugin mustintroduce
itself to theapplication.

4. Theapplicationmustbelooselycoupledwith the plugins;a commoninterfaceto
beprovidedby the plugins(whethertotal or partial) mustbe definedprecisely

5. Theapplicationshoulddefinewhatservicesareprovidedto the plugin via interface
definitions.

6. A plugin mustbe self-contained.
7. A plugin shouldcreatea plugininstanceo handleeachtask.

Thefirst point hasto do with thefactthattheapplicationmustrun by itself, in other
words,it mustcouplewith not having a plugin adequatdor a particulartask( evenif it
meansfor example,discardinghetask).

Most of the pointsbeforehave to do with whatwasdiscussedbefore. The"black-box"
view andthewell definedinterfacesin bothdirectionenableboth partsto be
implementatiorindependentf the other So, if thereis achangdn theversionof one
of the parts,therisk of affectingtheotherpartis lesser(lessneed,if notnoneatall, to
recompilethe otherpart).Also this accountdor a clearandstandarccommunication
betweerparts.

As wasnoted,sothatthereis moreflexibility in "plugging"”the applicationshouldnt
known the pluginsin advance.This alsoaccountdor theindependencbetweerboth
parts(asanexample,imagineaddinga new plugin or changingby anotherfunctionally
similar).

17
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But thenhow doesthe applicationacquirethe needednformation?First, by expecting
thatthe plugin obeys a certaindefinedinterfacecommonto all the pluginsof that
application.This interfacemustprovide afunctionthatreturnsthe descriptionof the
plugin,in particular whattype of taskit handlesTheotherimportantaspecthatthe
applicationneedgo know is whatfunctionto call sothatthis particulartaskis done:
this canbeachieved by eitherpassinghis informationatthe sametime thatthe
informationabove is passedor, by requiringthis functionon theinterfacecommonto
all (somethingof thetypedo_wor k() ).

So,althoughthis interfacevariesbetweertechnologiegascanbe seenin theexamples
belaw), the plugin shouldprovide:

- informationon thetype of taskit canhandle
- afunctionto be calledto handlethattype of task(do_wor k() )

« aninstance-typetratgy includingastructureto storeall the dataof a particulartask
andawayto know if therearent ary tasks(instancestill working sothatthe
plugin canbeunloaded

- afunctiontoinitialize the plugin

Whetherthe applicationonly acceptshe commoninterfaceor whetherthe plugin can
provide anextensionto this interface(a total interfaceopposedo a partialone)it’ sthe
developersdecisionbut mustalsobe definedbeforehandothatthe applicationcan
couplewith that.If it's a partialone,the extra shouldalsobe declaredvhenthe plugin
presentstself.

Thelastpointcomesmainly from thefactthata pluginis loadedat runtimeandthe
separatiorbetweent andtheapplication;if the plugin hasdependencies canbevery
difficult to checkthesedependenciem runtime.This pointis desirablebut not always
achievable.

Note: Not quite a requirement but more of a principle: a plugin is
application-dependent in the sense that it was developed with an application in
mind. Even if it can be used outside it still has to obey an interface imposed by
the application.
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4.4. Looking at some plugin-based technologies

We will know look at someof the examplesreferredat the beginning of the sectionand
seehow the plugin paradigmis implementedn them:NetscapeGnumericandGIMP.

4.4.1. Netscape (and Mozilla)

g TNCTSCOREC YDRUT HINg=1ns

"Ik i=hnik plgon-
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Netscapdiasa SDK for developmenibf pluginswhich containsatemplatefor a plugin:
auseronly hasto "fill-in" thefunctionsdefinedin thetemplate Furthermorethe API is
very well definedin tableson thedocumentationwhich functionsNetscapegrovides,
which functionsthe plugin mustandcandefineandwhich structuresaredefined.

Both Netscapeandthe pluginsactascomplete'black-boxes":the communicationis all
doneby the API definedin the documentationThesearethe mainaspect®f this API:

« A pluginlife-cycle consistof four stages

1. Initialize. Whenapluginis first called,Netscapdoadsthe plugininto memory
andcallsafunction(NPP_I ni ti al i ze) definedby the pluginwhich the plugin
usedto initialize itself;

2. New Instance Every time a pluginis invoked, NetscapeallsNPP_New (again
definedby the plugin) which createsa new instanceof a plugin. Thisincludes
thefirst time thepluginis calledalso(this meanghatif the samewebpageor
two differentwindows call the sameplugin, two instancesarecreated);

3. Destioy Instance Whena certaininstanceof apluginis nolongerused,
NetscapeallsNPP_Dest r oy (plugindefined)to "destrg/" thatparticular
instance;

4. ShutdownWhenall theinstance®f a plugin aredestryed, Netscapeallsthe
plugin functionNPP_Shut down andthenremovesthe plugin from the browser
memory

- In practice thereis a structuretype calledNPP which containswo pointers:oneto
theplugin’s privatedata(pdat a) which Netscapaloesnt touchandoneto the
browserprivatedata(ndat a) which, in turn, the plugin doesnt touch.A variableof
type NPP is passedo the functionswhich handledata.The plugin definesa structure
typePl ugi nl nst ance andallocateghepdat a to thattype.

- Informationaboutthe pluginis givenby the plugin definedfunctions
NPP_Get M MEDescr i pti on andNPP_Get Val ue.

- Work is doneby communicatiorthroughstreamgusually this only meand\etscape
passinghedatato be analyzedo the plugin) anddisplaythroughthewindow or not.
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- To summarizethe API the plugin mustdefineis alreadydeclaredn thetemplatejt
includesthe 4 functionsthatcomposehe plugin life-cycle mentionedthe 2
functionsfor giving informationaboutthe plugin plus somefunctionsfor streamand
window handling.Thereis alsoafunctionrelatedto Java.

How Netscapdoadsplugins Netscapdooksfor pluginsin directoriesndicatedby the
NPX_PLUGIN_PATH ervironmentvariablewhenit startsup. Usually, this directories
are/ usr/1i b/ net scape/ pl ugi ns/ and$HOVE/ . net scape/ pl ugi ns/ ;

4.4.2. Gnumeric

21
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The API definedby the pluginis very concise: it consistf a singlefunction,

ni t _pl ugi n, whichreturnsa structureof type PluginDatacontaining

- thepluginfilename,
« anhandleto theplugin (seebelow),

- thei ni t _pl ugi n functionitself,

22
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« acan_unl oad functionwhich statesf the plugin canberemoved,in particular
checkingif therearent ary instancestill working

- acl eanup_pl ugi n functioncalledwhenthepluginis unloaded,
- atitle for theplugin,
- andapointerto the plugin’s privatedatato befilled by it.

In this structure the plugin only defineshecan_unl oad andcl eanup_f uncti on,
thetitle and,whenneededthepri vat e_dat a; all othersarefilled by Ghnumericwhen
loadingthe plugin. The API the plugin mustdefineis partial:the plugin must"register"
thefunctionsit definesn thei ni t _pl ugi n() function.

WhenGnumericstarts,it looksfor pluginsin thedirectories

$HOVE/ . gnuneri ¢/ pl ugi ns/ $VERSI QV and

/usr/lib/gnuneric/pl ugi ns/ $VERSI ON/ ; Then,for eachplugin, createsa
structureof type PluginData storesthe name ,openshe module(plugin) andstoresthe
handleresulting,callsi ni t _pl ugi n andappendshePluginDatadatato the

pl ugi n_I i st. Gnumericalsoprovideswhatis calleda"plugin managerthich can
be usedin runtimeto loadandunloadplugins.

An importantpointis thatthereis not a specificandrestrictedAPI from Gnumericto
the plugin; the developersimply usesthe functionsandtypesdefinedby Gnumericand
Gnomein theheaderdiles. So, Ghumericdoesnt actsomuchlik e a "black-box"and
doesnt offer awell definedAPI which doesnt complywith therequirements
mentionedabore.

4.4.3. GIMP

23
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Gimp definestwo typesof plugins: thegeneralbnesandthe extensionsTheonly
differences afunctionalone: thefirst usuallyreceve animageanddo some
transformatiorto theimage;the secondextendfunctionality by, for example,
permittingto write scriptsin Perl, Python,etc.thatgenerateanimageinsteadof doing
it directly, by hand,in Gimp.

The API the plugin mustdefineconsistonly of avariablecalledPLUG_IN_INFOof
type GPluglninfocontainingpointersto four functions:

- thefirsttwo, of typei ni t _proc andqui t _pr oc, usuallyarenotusedby a plugin
and,so,usuallyaresetto NULL,
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- thethird of typequery_pr oc (usuallynamedquer y() ) is calledby Gimp atload
time (seebelow),

- thefourthof typer un_pr oc (usuallynamed un() ) is calledwhenthe proceduras
to berun.

At start-up,Gimp looksfor pluginsin theplug_in_path(similarto the others)andlooks
for furtherinformationin thefile pluginrcand,for eachplugin, callsquery() . The
quer y() functionmustregisterthe pluginin the proceduredatabase.

Gimp providesaccesgo muchof its internalsthrougha databasef proceduresvhere
eachplugin mustinsertitself into. This enablesa pluginto call GIMP internal
procedure®r otherplugins.For example,anothemplugin mayuse

gi mp_run_pr ocedur e() to runtherandomizeplugin. Againthisfacility canbe
dangerousothe plugin shouldcheckthatthe desiredproceduras in the database
beforecallingit.

To end,anexample:therandomizeplugin. Whenthe userselectsandomizerom the
menu,Gimp callstherun() functionpassingherequiredparametersegisteredoy the
gimp_install_procedure@mongwhoseis the"image"; run() launchesa dialogbox
inquiring whattype of randomizatiorandthe amountof "noise"the userwants,does
therequiredtransformatioron theimageandrefresheshe displayof theimage.

4.4.4. Some notes

- Theway pluginsare"plugged"to the applicationis very simple:whenthe
applicationstartsit looksfor plugins(sometimegust checkingif theterminationis
. s0) in certaindefineddirectories Additionally, the usercan,in somecaseschange
the PATH variablecontainingthedirectoriesto searchor loadandunloadpluginsin
run-time.

« Thwgnodul e library is commonlyused;

- Mostof therequirementslescribedabosre arecommonto all thistechnologies
althoughtheimplementations different(e.g.,a commoninterface,a meanof
providing informationaboutthe plugin,...)

25
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- Netscapéhasaveryrigid, totally definedAPI, Ghumerichasa smallandpartialfor
thepluginandaverylooseonefor the application.GIMP, is alsovery loosebut
givesabit moreof robustnessAlthoughthe purposesandcontets aredifferent,the
stratgy Netscapeaisess themostrobustof thethree.

4.5. Example: a Gnumeric plugin

Although Gnumerichassomeflaws it providesmostof the coreideasof this paradigm.

Thefollowing plugin addsthe famousfactorialfunction(MyFact ori al () ) to
Gnumeric.Hereis thesourcecode(pl ugi n- myf act . ¢ (examples/plugin-mydct.c)).

#i ncl ude <gnone. h>
#i ncl ude <glib. h>

#i ncl ude "gnuneric. h"
#i ncl ude "func. h"
#i ncl ude "pl ugin. h"

static Value *
func_fact (FunctionEvallnfo *ei, Value *argv [])

{
int num= value get_as_int (argv[O0]);
int res = 1;
whil e(num > 1) {
res *= num
num ;
}
return value_new.int (res);
}
static int
can_unl oad (Pl ugi nData *pd)
{
Synbol *sym
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sym = synbol _| ookup (gl obal synbol table, "M/Factorial");
return sym>ref_count <=1

}

static void

cl eanup_pl ugi n (Pl ugi nData *pd)
{

Synbol *sym

g free (pd->title);

sym = synbol _| ookup (gl obal synbol table, "M/Factorial");
if (sym

synmbol _unref (syn);

}

Pl ugi nl ni t Resul t
init_plugin (ConmandCont ext *context, PluginData *pd)
{

Functi onCat egory *cat;

/* The next line checks if the Giuneric version be-
i ng used corresponds
to the required by the plugin */
if (plugin_version_msmatch (context, pd, GNUMERI C_VERSI ON))
return PLUG N_QUI ET_ERROR;

cat = function_get category (_("Fact Plugln"));
function_add_args (cat, "MFactorial", "f", "num
ber™, NULL, func_fact);

pd- >can_unl oad = can_unl oad;
pd- >cl eanup_pl ugi n = cl eanup_pl ugi n;

pd->title = g_strdup ("My Plugln Plugin");

return PLUG N_OK
}

27
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Themainfunctionhereis thei ni t _pl ugi n() function.Line 51 establisheshe
categyory of theplugin; line 52 addsthe functionf unc_f act () to Gnumericwith the
nameMyFact ori al andrequiringoneargument.Next linesfill theremainpositionsof
thePl ugi nDat a variable.

4.6. Links and fur ther information

Netscapdhttp://www.netscape.qgy) hasawebpageon plugins:
http://home.netscape.com/plugirilsttp://home.netscape.com/plugins/)

Gnumericcanbefoundat http://www.gnome.og/projects/gnumeric/
(http://www.gnome.og/projects/gnumeric/).

Gimp canbefoundat http://www.gimp.og.

No cleardocumentatiomf pluginswasfound.However Mozilla, GhumericandGimp
provide the sourcecodesol recomendooking atthefiles wheretheloadingand
managemenf pluginsarehandled Many of theseapplicationgrovide sample/test
pluginswith the sourcecode.lt is alsointerestingo look atthesesampledor their
structuré.

5. Components

This sectionfocuson the Component-basegoiaradigmlt presents precisedefinition
whichis complementeafterby alist of characteristicthata componenshouldfulfill.
Sincemiddlewnare playsanimportantrole in componentsa shortovervienv of CORBA
is alsodone.Finally, Bonobois usedasanexample.

5.1. Concept and examples

Thereisn’t muchconsensus whatconstitutesacomponentA goodyetstill
incompletedefinitionis ClemensSzyperskis list of characteristipropertieof a
component:
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Component

1. A components anindivisible unit of independentleployment.
2. A components a unit of third-partycompaosition.

3. A componenhasho persistenstate.

An illustration of the useof components

This definitionmay seentoo generabut basicallyconstituteghe coreon whatconsists
acomponenandhasseveralimplications.Thislist will becomplementedh the next
section.

5.1.1. Some examples

29
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Imagineabig, complex andheterogeneougrojectdividedin differentparts,eachwith
its particularfunctionandinteractingwith otherpartsof the project,beingdeveloped
by differentteams.Thefinal productmayevenbelocatedin differentplatformsand
locations.Thisis agoodexamplein how component-base@chnologycanbe used.
Basically eachpartconstitutesacomponentAn interfacecontractfor eachcomponent
is establishe@ndinteractionis donethroughthesenterfaces Eachpartshouldnt have
to worry aboutthe otherparts,in particular theirlocationandplatform.

Anotherexamplecanbefoundin desktopervironmentslmaginea userwriting a
documenbr awebpagewherehewantsto integratea graphic.Puttinggraphics
functionalityin theword processopr web pageeditorwould be overloadingthem
(how aboutaudio,movie, barcharts...?)Doing it outsideandimportingasanimageis
alsonotthebestsolution.But if thereis alreadya mechanisnior handlingthat
functionalitywhy notreuseit? Basically theideais to "embed"the graphics
mechanismn theword processoor web pageeditor (somethindik e: "whenhandling
this datausethis particularmechanism")But to have a goodinteractionbetween
mechanismsve needindependenceanterfacecontractsandagaincomponentsppear
asagoodsolutionfor this.

5.2. Discussing and complementing the definition

5.2.1. Key aspects and raised questions

First, let'sreferto theaimedkey aspectsn component-basedevelopment.

. Standardizegartsandservicegboththroughthe standardizatiof componentand
theenvironmentin which they operate.)

- Minimal or no contactbetweerentitiesdesigningcomponentsgecouplingof
developmentefforts.

« Accesdo practical(re)usebothinternalandexternalthroughstandardized
interoperability configurability anddeployment.
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- Independentariability throughdocumentatiomf componentsseams{(the
interfacesusedandexposed).

« Sourcecodefor customneedspinarycomponentgor standarceeds.

- A strictemphasi®n componentaissemblyfirst; manualcodingsecond.

« A robustmechanisnfor thedelivery of architecturesframewvorks,andservices.

But thisimpliesseveralquestions:

How "loose"do we wantacomponento be?Couldit bedependentrom other
component®r context-basedAt first glancethis doesnt seemdesirablesinceit will
minimizereusewhichis oneof themainaspectslesired.

But thenhow do we minimize problemsoccurringfrom deploymentandreuse?
Theseproblemsnvolve dependencielsoth from the ervironmentandother
components.

How to minimize communicatiorbetweernpartsanddependenciesn the
development®f the severalparts?

How to handlethird-partyinteroperabilitydn orderto avoid problemswith
versioningit is necessarg "black-box"view of the componenbut thatis not
enough.Thethird-partystill hasto have aguarante®n the servicegrovidedby the
component.

How to handleheterogeneitypetweerparts(for example differentlanguages,
differentplatforms,...)?

Whathappensf the componenhaspersistenstateHaving persistenstatewould
make two copiesof acomponentifferent:is thatdesirable?

5.2.2. Looking at the definition

Thekey aspectandthesequestiondeadsusto somediscussioron thethreepoints

presentecbove.
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As acomponents anunit of independentleploymentit needso bewell-separated
from the ervironmentandevenfrom othercomponentsin otherwords,the component
needdgo encapsulatés constituenfeaturesAlso, it hasto betotally deployed.

Thesecondpointrelatesto the compositionwith othercomponent®y a party exterior
to atleastonecomponentTo couplewith that,thecomponentasto be self-contained
andspecifyexactly whatit providesandrequiresby meansof well-definedinterfaces
andimplementatiorhiding.

Thereasorfor thethird point hasto do with the factthata componenshouldbe
indistinguishabldrom its copies.By complyingto thisit is thenpossiblethatthereis,
atmost,onecopy of eachcomponentoadedin eachprocess.

5.2.3. But this is incomplete

Dion Hinchcliffe andMichael J. Gaffney complementethe threepointsabore with
nineotherpoints(seeLinksandfurtherinformation). Thesetwelve itemsconstitute
whatthey believe arethe “unequiocalrequirements softwareentity mustmeetin
orderto claimto be,darewe sayit, a’true’ component”.

Thesenineaddedtemsare:

1. A componenmustbelooselycoupledwith othercomponentwia interface
definitionsandimplementatiorseparation.

2. A componentustexplicitly identify boththeinterfacest usesandexposes,
and/orthe servicecatayoriesit usesandexposes.

3. A componenhasanunbreakableontractwith all of its clientsby virtue of the
servicests interfacepromisedo deliver (designby contract).

4. A componenmustbedeliverablein binaryform (blackbox).

5. A componentmustuseandexposeserviceghroughstandardizedniddlevare
serviceyDCOM, CORBA, JavaBeansetc.)

6. A componentnustbe configurableat design-time/run-tim¢hrougha standardized
interface(suchasActiveX andJavzaBeangpropertysheetsr standard
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configuratiorfiles).

7. A componentnustbeinteroperablavith othercomponentscrosgrocesses,
machinesnetworks,languagespperatingsystemstransactiorervironments and
tools.

8. A componenshouldmake useof standardizetihfrastructureservicesuchas
security licensing,versioning Jife-cycle managementjisualassemblyevent
notification,configuration scripting, metadataintrospectionpersistence,
relationshipsadministrationmanagementjelugging,andinstallation.

9. A componenshouldbeableto wire itself into a collaborationwith other
componentsolelyvia design-time/run-timeonfiguration.

Thelasttwo itemsaredesirablebut not absolutelynecessarpaswell asthey are
difficult to satisfy The othersevenplusthethreedescribedn the beginningenablethe
realizationof thekey aspect®f component-basedevelopmentpresentedbove.

Very roughly, the keywordsare:interfacecontracts middlevare, configuability and
independent;black-box"-viev unit.

But why complywith all theserequirements®or example,why usestratgieslike
CORBA whenit doesnt seemto be necessaryBecausef we wantto make useof the
benefitsthatthis technologyenablesnot complyingwith just oneof the 10 points(the
othertwo, aswassaidarenot necessarput arevery desirablewill make the
componentessreusableandadaptabldo the situation.In this case|f lateronthere
would be a needto have differentplatforms,for example ,wrappersvould have to be
written to do thework this technologyis responsibldor.

5.2.4. Components and Objects
A final noteregardingcomponentd/s objects.

Componentandobjects atfirst glance arevery similar conceptsThereexiststhe
imageof entities,independentinitsthatinteractwith eachother associatedvith both
and,bothareparadigmsf developmentBut thereare,however, somefundamental
differences.
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Hereis atableshaving the maindifferencesetweerboth concepts:

Components

Objects

all copiesareequal

it hasa uniqueidentity (instantiation)

it hasno persistenstate

it canhave persistenstate

it encapsulatess featuresbut not its state

it encapsulatess stateandbehaior

5.3. Middleware and CORBA

A requespassingrom clientto objectimplementatior(from the OMG documentation)

5.3.1. Middleware: what is and why it is essential to

components
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Middlewareis now avery populartermandis basicallyusedto referto software"that
sitsin themiddle,connectingliverse(andusuallypreeisting) programgogether”.In
otherwords,a separat@roductthatactsasa glue betweertwo applications.

Thenecessityfor middlewarestratgiesappearedavith distributedcomputing.Database
systemshave beenoneof the mostimportantareasn this field (seeLinksandfurther
information). The compleity involvedin the communicatiorbetweersoftwareparts
residingin differentmachinegfor example,adatabaseener, anapplicationsenerand
theclients)madeit necessaryhatsomeextra softwarewasaddedo handlethis
communication.

Distributedcomputingis now very widely used.Thereis a needfor stratgjiesthat
simplify thedeveloperswork (for example,handlingthe messag@assingorotocol)but
provide goodflexibility . Using object-orientegrinciples,Microsoft developedDCOM,
JavadevelopedJavaBeanandOMG, the CORBA architecture.

But thesearenotalwaysthebestsolutionsfor a project. Thereareseveralstratgiesand
thefollowing list presentshe mainonesexceptfor CORBA whichis describedn the
following section.

Socket programming

- thecommunicatiorbetweerthe applicationcomponentss doneusingsoclets
directly;

- theAPl is verylow level, makingthe overheadassociatedery low, thus,
resultingin moreefficientapplications;

- it is notwell suitedto handlecomplex datatypesespeciallyregardingdifferent
typesof machineand/orprogrammindanguagesndsois unsuitablefor
developingcomplex applications
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Remote Procedure Call (RPC)

- function-orientednterfaceto soclet-level communications;
- andsois easierto usethanraw socket programming;
- it is powerful enoughto bethe basisfor mary client/sener applications;

- astandardRPCprotocolexists,althoughtherearesomeincompatible
implementations;

Microsoft Distrib uted Component Object Model (DCOM)

- capabilitiessimilarto CORBA

- thereis agoodsupporton Microsoft OperatingSystemsout this supportis
sparseoutside;

- thusmakingit very goodfor projectsover Microsoft productsbut not
well-suitedfor cross-platform;

Java Beans and Java Remote Method Invocation (RMI)

. CORRBA-lik e architecture

- supportghe passingof objectsby value(CORBA, for example,only passes
referenceso objects);

- butis aJava-onlysolutionand,so,is notthe bestsolutionif differentlanguages
areused,;

XML is alsoplayinganimportantrole in middleware.It is aneasilyparsedhuman
readablesimpleand,mostimportant,standarcandindependentormat. These
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characteristicarevery usefulto connectheterogeneousrogramsogetherbothfor
datarepresentatioandcommunicatiorprotocol.

Middlewareis whathandlegshe communicatiorbetweerncomponentsThe compleity
andflexibility requiredby componentlesigningout still thedesirethatit is simpleto
useandimplementleadsto a middlewvaresolutionthat:

- canhandlecomple datatypesandcommunication

- enablexonnectingifferentplatforms,in particular differentoperatingsystems,
hardwareandsoftware

- enableghecommunicatiorbetweerdifferentlanguages
« providesall theabovein a standardvay

« hidesfrom thedeveloperthe compleity of communicatior{for examplesthe
messag@assingoassingprotocol)andof complyingwith theitemsabove

Probablythe productthatfulfills besttheitemsaboveis CORBA sinceDCOM is very
boundedo the platformandJaraBeando thelanguage.

5.3.2. CORBA

CORRA, or CommonObjectRequesBroker Architecture,is definedoy OMG (Object
ManagemenGroup).It is a populararchitectureandspecificatiorfor creatingsoftware
componentslts purposes to handleinteroperabilitybetweerdifferenthardwareand
softwareproductsjn a standardandtransparentvay, thusmakingit possiblefor two
differentapplicationdrom differentvendorsjn differentcomputerspperatingsystems,
programmindanguagesindnetworksto communicatevith eachother

It'sanobject-orientedrchitectureandits building blocksare:

OMG Interface Definition Language, OMG IDL

Basically is usedto specifyinterfacesbetweenCORBA objects.
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Moreover, definesmappingdor avariety of differentlanguagesndwhich
purposeés to abstracfrom thelanguage$eingusedto implementthe components
sothatthey all speakacommonlanguage.

It’ s notanimplementatiodanguageits solepurposes to defineinterfaces.

The Object Request Broker or ORB

A softwarecomponentvhosepurposes to facilitatecommunicationdetween
objectshy, for example,providing capabilitiedik e:

- tolocatearemoteobject,givenanobjectreference

- marshalingof parameterandreturnvaluesto andfrom remotemethod
invocations

So,basically ORBshandlerequestdetweerapplicationsenablingabstractiorof
wherethe programthatrecevestherequestndthe onesendingare.

The standar d protocol [IOP, Internet InterORB Protocol

Providesa standarccommunicatiorbetweendifferentORBsabove TCP/IR Other
protocolsexist, andnotonly over TCP/IR but this oneis the mostpopular

To facilitatethe communicatiorbetweerobjects,ObjectReferencesreused(in
thellOP casethesearecalledinteroperable ObjectRefeences)OR): whena
componenbf anapplicationwantsto accesa CORBA object,it first obtainsan
OR for thatobject.Usingthe OR, the componentantheninvoke methodsonthe
object.

CORRBA provides,with thesebuilding blocks,independencef language - CORBA
objectsandclientscanbeimplementedn arny languagehatexistsIDL for it, whichis
a big set,andneednot know which languagevasusedto implementotherCORBA
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objectsthatthey talk to - andindependencef platform- CORBA objectscanbeused
onary platformfor which thereis a CORBA ORB implementation.

It is saidthata components a serverif it containSCORBA objectswhoseservicesare
accessibléo otherobjects. And, naturally it is saidto bea clientif it accesseservices
from someotherCORBA object.Of courseacomponentanactbothasa clientanda
sener.

Relatedwith thesetermsarethe stubsandskeletons

client stub

asmallpieceof codethatallows a clientcomponento access senercomponent

server skeletons

piecesof codethatone"fills in" whenimplementinga sener

Finally, the ObjectManagemenGroupestablishedhe ObjectManagement
Architecture(OMA) of which CORRBA is apart. OMA consistf:

- ORB functior?

- CORBAservices objectservices

- CORBAfacilities- commonfacilities
- domaininterfaces

- applicationobjects

It is importantto notethattheseincludea setstandardservicescompliantwith
CORBA, containingdirectoryandnamingservicesandtransactiorservices.
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5.4. An example: BONOBO

Part of oneof thescreenshotat GNOME's webpagelt shovs miscellaneous
embeddingfor example,playing GnoMineson the spreadsheet...).
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"BONOBO s the GNOME architecturdor creatingreusablesoftwarecomponentand
compounddocuments.”

GNOME implementedBONOBOIin orderto complywith interoperabilitybetween
differentapplicationgn the desktop(e.g.,embeda graphicsobjectin aword processor
document).

BONOBO:Is basicallya setof CORBA interfacesandanimplementatiorin
GNOME/GTK+ of theseinterfaceshataredesignedo be simpleto useandhide
CORBA andbetween-componengsotocolused.An applicationusesheseinterfaces
to exportits functionality or integrateothercomponentsunctionality makingit
possibleto edita graphicor evenplay GnoMinesin a spreadsheet.

BONOBO:s targetedbothat thedeveloperandthe user

5.4.1. Target: Developer

The GNOME projectis very large andconsistof multiple applicationsThis
applicationsaredevelopedby severalpeople,in particular hobbyistsvhose
contribution candisappeaat ary point.

Componensoftwarehelpsreducethe compleity of applicationdoy reducingthe
amountof informationa programmeneedgo know aboutthe system.

Thecomponensoftwarealsoenableghe developerto build larger, morecomplex
applicationsby gluing differentcomponentsogether

5.4.2. Target: User

UNIX providesvery powerful mechanisms$o a userwith smallprogramdik e sed
awk, cat andsort andpipesthatenableghis programgo be chainedwherethe output
from thefirstis usedastheinputfor thesecondThis enablegheuserto do very
powerful actionsin asimplecommandine.

BONOBOuseghis asanimageandappliesit to desktopenvironmentsInsteadof
building applicationamoreandmorecomplex andwith every possiblefunctionality,
simply reusewhatis alreadybuilt and“giveto Caesamwhatbelongsto Caesar”For
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example,writing adocumenin aword processoandaddingdatafrom a spreadsheet
program.Whatis meantwith the above is that,insteadof having to leave theword
processqgiaunchthe spreadsheetopy the dataandpasteit to thetext, beingableto
insertdatadirectly from theword processarTheword processowill includethedata
from the spreadsheetndlaunchthe program.Furthermorethe userwould beableto
editthedataincludedfrom the spreadsheaetirectly from theword processoor could
have the datarefreshedvhenit waschangedn the spreadshedimagine,for example,
daily reports).

Thetermfor thisis Document-Centrievorld.

BONOBO:is similarto the OLE stratgy in Microsoft.

5.4.3. Interesting characteristics of BONOBO

The interfaces

All BONOBO componentsnustimplementthe Bonobo::Unknown interface.
This interfaceconsistof afunctionquery_i nt er f ace() andthepair

ref () /unref () . Thefirstis usedto checkif aninterfaceis implementedandto
obtaintherequiredinterface.The pairis describedn thenext point. It is by these
interfaceghatthe componenstatesf it is embedablé€for example,it is
embedabléf it providesthe Bonobo::Embedableinterface),if it is storablejf it
canbeeditin place,etc.

Ref()/unref()

Component&eeptrackonif their servicesarebeingusedby ther ef () / unr ef ()
functions,thefirstincrementinghe counterwhenarequests receved,the second
decrementingvhentherequeshasbeenfulfilled.
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Storage and compound documents

Documentsontainingheterogeneoudatacanstill be storedby usingcompound
documentandrequestinghatthe componentsesponsibldor thattype of datado
thestoraggby providing therespectie interfaces)

Container s Vs containee/component

Therearetwo typesof "components"the onesthatprovide servicegthe
containee/componengndthe onesthatuseit (the containers)Looking atthe
examplementionedefore theword processors a containerandthe spreadsheet
programis the containee/componenA programcanactasbothparts.

GOAD

It is themostcommonway for components$o beregisteredand,thus,beingfound
by others.

Requirements

BONOBOaddressetherequirementgor:

« creatingcompounddocuments

- objectlinking

« objectembedding

. serviceactiation

- storagefacilities

- menuandtoolbarnegotiation(meging)

« printing
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5.5. Links and fur ther information

Cetuslinks (http://www.cetus-links.ay/) is a site devotedto providing links and
informationon ObjectsandComponentsAt thetime of this writing, they statedhaving
18873links relatedwith thesesubjectsAmongthis werethefollowing:

« ComponentandObjectsTogether
(http://Iwww.sdmagazine.com/breakrm/features/s995fthgHiy ClemensSzperski
who alsowrote a popularbookon components.

- ComponentswWhereAre They?
(http://www.objectnevs.com/components_vehe_are_thehtm) by Dion Hinchcliffe
andMichaelJ. Gaffney thatpresents very concretestudyon componentandfrom
wheretherequirementandcharacteristicpresentedn this documentwheremost
based.

« CDBi FORUM (http://lwww.cbdiforum.com/inde.ph®) standsor
Component-BaseDevelopmentandintegrationForumandprovidesseveral
interestingandusefulinformationsaboutcomponents.

Lessonl34: Middleware
(http://www.networkmagazine.com/static/tutoriadteroperability990Qut.htm) by
JonatharAngel providesa goodoverview of middlevare.It focuseson the evolution of
this softwarestartingfrom the appearancef distributedcomputingto distributed
objectswith CORBA, JavaBeansandDCOM. It alsomakesa shortreferenceo XML.

As for CORBA, thereis agoodnumberof documentatiomn CORBA. A goodplaceto
startis the OMG homepagéhttp://www.omg.op).

6. What to choose

"Plugins"and"components'aretwo wordsthatarevery oftenusedin computing
world. But whensomeonesearche$or informationonthem,hewill find abig amount
of referencesut hardlyary concreteandelucidatve concept.
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Theproblemregardingpluginsis that, mostof theinformationonefindsis dependent
of aparticularimplementationA typical definitionof a plugin would be somethindik e
"A pieceof softwareto beaddedo applicationX to dothe Y-typeof jobs". Or, when
onefindsadefinitionthatis independenof applicationX, Y or Z, it would be
somethindike "A pieceof softwareto be pluggedto anapplication"that,although
correct,doesnt carrymuchinformation.

Componentsnformation,ontheotherhand,is usuallysoabstracandgenerathatone
canregardalmosteverythingasbeingcomponentsAnd, the sameway therewasnt
muchconsensusyn the beginning,on whatconstitutesan object,thereisn’t alsomuch
consensusnwhatacomponents.

Oneof themainpurpose®f this tutorial wasto achiese a precise shortandclear
definitionon both paradigmsThe goalwasto geta descriptiongenerakenoughnotto
betied to implementationssuesbut yet preciseenoughto characterizesomepieceof
softwareasbeinganimplementatiorof this conceptandproviding a certainsetof
functionalitiesinsteadof justanadjectve.

But it is quickly foundthata definition,asgoodasit mightbe,is notenoughto
characterize paradigmFor example,if auserwantsto programin anobject-oriented
way, knowing whatanobjectis in this context, is notenough.To learnhow to program
in anobject-orientedvay, the useralsoneedgo know the notionsof instancesand
classessignature/abstradheritagejnclusionof all the methodsanddatathatidentify
with it and,evenbeforethat, modularityandhiding theimplementatiorfrom outside
theobject.Theseareall rulesandcharacteristicghatstateto whatan object-oriented
applicationshouldcomplyto be considereane.After learningobject-oriented
principleslik e theabove andobject-orientedanguagedik e Java or C++it is very hard
to imagineit in anothemway. But if, for example,it hadbeencharacterizethe same
way but without heritagewould thatimpedethatthe resultingblocksof softwarecould
still be calledobjects?0f coursenot. Sowhy this setof rules?

Becausef thebehaior thatis expected With the concepttcomesallist of wished
functionality. It is expectedthatwe cansaythatthis "object", Mickey, is aninstanceof
the"class"Mousebut it alsoinheritscharacteristicérom the "interface"Comic It is
alsoexpectedhatit includesthedatarelatedto it (relevantto the case)andwaysto
interactwith it, thatis, methodsFor example,its ageanda methodto askto resole a
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mystery!This setof rulesnot only complywith the generalkconceptout alsohelpto
preciseit andguarante¢hatthe productwill provide the expectedfunctionalityin a
standardvay.

But theuseralsoneedghe environmentto develop. Furthermorehaving justthetheory
onthepaperis notvery useful. Anyonewho learnsobject-orientegprogrammingloes
sowhile learningJava, C++ or somesimilar object-orientedanguageMany people
whenreferringto object-orientegprogrammingareactuallyreferringto oneof the
above languagedlt is very difficult to picture OO without somedetailsof the OO
languagenostcommonlyusedby theuser

So,arriving to adefinitionfor plugins-basedndcomponent-basegrogrammings not
enoughanda setof ruleswerecompiledor elaboratedo achiese this. Also, therewas
someemphasi®ntheimplementatiordetailssothatthereadercanmoreeasilypicture
thesetypesof programminganddevelopimmediatelywith them.

6.1. The aim of these paradigms

Therearealwaysproblemshatarebettersolvedwith onestrateg)y thananothemone.A
scriptlanguagas notvery goodto write DataMining applicationsor comple
mathematicahlgorithmsor anapplicationlik e a spreadshegirogram.lt is goodfor
systemmanagemengutomatigobsandsettingconfigurations.

Pluginsaregoodfor applicationghathave to do tasksfrom a big andheterogeneous

set.lt is evenmorepowerful becausét assumeshatthis setis notknown beforehand.
This enabledurthertasksto beassignedo the applicationaslong asthefunctionality

to dothattaskis provided. This bringssereraladvantages:

- alighterapplicationsinceall the complexity of thetasksis dividedthroughthe
plugins

- thecodeto handleataskis only loadedwhenneededlf the setis big andnotall the
tasksarebeingdonethis meandessspaceusedin memory

- flexibility in thefunctionalityaddedo the applicationby plugins
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At CERNthistype of applicationsarefoundvery frequently The datagenerateds
heterogeneouandis commonto find: “if thisis aparticleadoA, aparticlebdoB, ...,
aparticlez doZ”. Having enormousase columnsis spaceconsuminggcomplicated
andprovidesfew flexibility . Pluginsmaybe a goodway to handlethis. Therearealso
othersituationssimilar wherepluginscanbea goodsolution.

Componentairebetteraimedat comple, distributedprojectsbut canalsoapplyto
projectsthatusuallysit in only onecomputerbut whosearchitectureOS clearly divided
in severalseparatgartsthatinteractwith eachother It provides,amongotherthings
(seeKey aspectaandraisedquestionsn Components

standardizegartsandservices

few needof contactbetweerteamsdesigningcomponents

independencef implementatiorandlocation

agoodway to designthe architectureandabstracfrom theimplementationsletails

At CERN:It is commonto find big andcomple distributedprojects.Someof these
projectsevenhave teamsn otherplacesin theworld developingpartsof the project.
With theimportanceof theseprojectsandthe volumeof actionsthatthefinal product
will haveto perform,agooddesignandseparatiorbetweemnpartsis probablythe most
importantaspecbof the project.If thisis well done,changesanevenbe madeto one
partwithout affectingthe otherparts.

But

Impor tant: Care must be taken before choosing to use them. Each has its
advantages and disadvantages. If it is the right choice to use one of them or
which one to use depends on the project.

6.2. Why compl y with the sets of rules proposed?

Whendevelopingeitherpluginsor componentsthereis a goodlist of requirementshat
mustbe metandthatwereenumeratedh the previoussections.
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It may seemhowever, thatsomeof this requirementganbe dispensedn some
occasionskFor example,why usestratgjieslike CORBA whenit doesnt seento be
necessary®or the samereasonsisedat the beginningof this sectionto justify theneed
to establisithem.

If we wantto make useof the benefitshatthis technologyenablesnot complyingwith
justoneof therequirementsvill make the plugin/component-basestratay lessrobust
andflexible. Regardingthe exampleof theuseof CORBA-lik e stratgjies,if lateron
therewould be a needto have differentplatforms,for example,wrappersvould have to
be writtento do thework this technologyis responsibldor.

Furthermore|nformaticsTechnologyhasevolvedso muchthatthe enumerated
requirementganbe handledwith muchlesseffort for the developer The power that
CORRA givesto applicationovercomesin agoodamounttheeffort to useit.

6.3. Plugins and components: two popular and
recent technologies

Pluginsandcomponentsalthoughthey arevery recentarenow very popular A search
onthewebwill presenthousandsf referenceso it.

Most of the conceptsisedarenot new but only recentlytechnologyprovidedthemeans
for themto evolve. Pluginsandcomponentsvould not be whatthey arewithout
Middlewareandsharedibrariesandmary otherfacilitiesavailabletoday

But althoughthey aresorecent productdik e NetscapeAutoCAD, the Windows and
Linux desktopsandmary others,areusingthemasanimportantpartof the product.

Althoughthey arecombinedn this documentpluginsandcomponentgrevery
differentandeachhasits particularadvantagesanddisadwantagesasalsohaving
differentscopesNeverthelessherearecomecommonkeywordsthatpopoutin both.

Modularity

separate big problemin asetof smallproblemstheir resultswill bethebuilding
blocksfrom which thefinal applicationis built
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Encapsulation

all thefunctionality neededy anunit shouldbeintegratedinside:thus,the unit
canbedeplog/edindependenthyasanall

Interface contracts

specifypreciselyhow partscancommunicatevith eachother:beinga contract,
both partsmustrespecthe commitmenthey madeby offering thefunctionality
statedandkeepingtheinterfaceshasstaticaspossible

6.4. Finall y

It wasthe purposeof this documento be atutorial to this interestingandpopular
technology Therewasan effort thatthis tutorial would have botha goodandcomplete
theoreticpartwith preciseandcorrectdefinitionsanda completecharacterizationf the
paradigmsanda usefulpracticalpartby focusingonimportantimplementatioraspects
andproviding simpleexamplesandreferenceso usefultoolsandproducts.Therewas
alsoaneffort in presentingheinformationin a clearway thatwould be bothcomplete
andmotivating.

Althoughit wasthe purposeof thistutorial to presenta completetheory this document
is still anintroduction.Pleaseaeferto thelinks andreferencegrovidedthroughouthe
documenfor adeepemunderstanding.

Notes

1. It is alsoveryusualto write Plug-ininsteadof Plugin.
2. “UsetheForce— Readthesource!”

3. CORBA’'sroleis to implementthis
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