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Nowadays,severalprojectshavebecomesocomplex andlargethatare
impossibleto developandmaintainasasinglemonolithicblock.On the
otherhand,theability for anapplicationto acquireasmuch
functionalityaspossible,reusingsoftwareandwithout accumulating
functionalitynotneededat thatmomentand,thus,notwasting
resources,is alsobecominganimportantproblem.

Theseandotherproblemscausedsomenew strategiesto develop,in
particular, theuseof pluginsandcomponentswhich,usingsomeold
principlesof modularityandimplementationfacilitieslikeshared
librariesandmiddleware (e.g.,CORBA), permitto overcomethese
problemsin acleanandstandardway.

Thisarticlepresentsanoverview over this technology.

1. Why plugins and components?
Oneof thebiggestproblemsdevelopershave to handlenowadaysis on how to cope
with theenormoussizeandcomplexity of anincreasingnumberof currentprojects.It
is commonknowledgethatfrom acertainpoint it is impossibleto have theapplication
asamonolithicblock. It is necessaryto divide theprojectin differentparts,as
independentaspossible,sothatarchitectingthedifferentpartstogetheris aseasyand
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consistentaspossible.This tendsto bedifficult sincedifferentteamsareonly familiar
with their partsandtheinter-communicationis usuallylow. Also, it is verycommon
nowadaysto haveaprojectspreadin differentplatformsandlocations.

On theotherhand,it is alsousuallysaidthat,if acertainfunctionalityis neededandit
is alreadyavailablesomewhere,oneshouldreusethis implementationandnot "reinvent
thewheel".Thisshouldaccountalsofor using/developingproductsasideespeciallyfor
acertaintaskinsteadof integratingthatfunctionalityin themainapplication.Besides
thereusability, this alsobringsmoreflexibility anda simplerandclearermain
application.For instance,consideranapplicationwhichcaptures,evaluatesandstores
datawherein theevaluationstage,somegraphicsneedto begenerated.Thereareabig
numberof applicationsthatdraw graphicsandareprobablypreferredthanto add"from
scratch"graphicsfunctionalityto theapplication.But themainproblemis whetherthe
graphicprogramis easilyintegratedwhich,mostof thetimes,is not thecase.

Continuingon thesubjectof adding/changingfunctionalityandconsideringthesame
example,imaginethatthedatait handlesis veryheterogeneousand,thus,theway this
datais evaluated,for example,is differentaccordingto thetypeof data.Whentheset
of thetypeshandledis smallanddoesn’t changeandtheway they arehandledis also
static,thefinal productis abit complex but handleable.But whenthis is not thecase
severalproblemsappear:

• Flexibility andconsistency. How to add/change/removefunctionalityin aflexible
mannerwithoutcompromisingtheconsistency of theapplicationand,preferably, not
having to rebuild all theapplication?

• Efficiency. How to do this in away thatdoesn’t compromiseto muchtheefficiency,
e.g.,thereisn’t awasteof resourcessincemostwill only beusedfor acertainperiod
or notevenusedatall in asession?

Recently, two paradigmshaveevolvedthatareespeciallyaimedat this typeof
problems:PluginsandComponents. Theseenableusto fulfil thefollowing compilation
of objectivesin a cleverandtransparentway. It is easilyseenwhy this two paradigms
havebecomesopopular.
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Modularity

Modularity is oneof thekeywords.How to divideanutility in differentpartsthat
obey therulesof modularity(independence,encapsulation)andinteractwith each
otherin adesiredway. A specialcasewouldbeto divideanutility in its mainpart
(management)andits severalbranches,thus,separatingfunctionality.

Dynamicfunctionalityindependentof themainpart

In otherwords,to beableto add/change/removefunctionalityof anutility without
touchingthemainpart.As anadd-on,to beableto do thaton runtime.This
impliesthattheapplicationshouldn’t berebuild and,furthermore,compiled,each
time thesechangestakeplace.

Independentdevelopmentof parts

Thedevelopmentof eachpartof aprojectshouldbeindependentfrom theother
ones.Thisobligesthecommunicationbetweenpartsto betransparentand
standard.Also, eachpartshouldbeableto copewith theothersbeingin different
platformsandlocations.Basically, eachpartshouldn’t have to worry abouthow
othersareimplementedandlocated.

Communicationbetweenapplications

Thismeansbeingableto embedanapplicationA thatprovidesa desired
functionalityinsideanapplicationB thusreusingcodeandproviding a lighterand
simplerapplicationB.

2. On plugins
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An illustrationof theplugin-concept:anindependentapplicationwhereunitsof
software,intendedto complementthefunctionality, canbe"plugged"to.

A plugin is aunit of softwareintendedto extendthefunctionalityof anindependent
applicationat run-time(seeGlossary). It providesseveraladvantages,makingthis
technologyverypopularamongseveralprogramsthatprocessheterogeneousdataand
would,otherwise,belessflexible andheavier (oneof themostfamousexamplesbeing
Netscapethatusespluginsto handleand/orview specialdatalikeaudioor movies):

• Thefunctionalityis added/changed/removedonruntimesothattheapplication
doesn’t have to berebuild and,furthermore,notevenrecompiled.

• Theapplicationdoesn’t know theplugin beforehand( it is theplugin’s responsibility
to presentitself) providing wider flexibility to whatfunctionalitycanbeadded.

• It leadsto acomplete,cleanseparationfrom themainapplicationandthevarious
brancheswith their separatefunctionality. Thuswegeta lightermainapplication
focusedon theessentials.
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• It is usuallyveryeasyfor anuserto addaplugin to theapplication.

Pluginsareusuallyimplementedasdemand-loadedsharedlibraries.Thesetypeof
librariesareonly loadedonruntimeasopposedto staticwhosecodeis includedin the
applicationon thecompilationstage.They canbeloadedin two differentways:

• automaticallyat thestartof theprocessand,thus,only unloadedat theend:the
library mustbelinkedat compilationstage;

• by requestof theprogramitself (using,for example,dlopen()): thecodecanbe
loadedandunloadedin themiddleof theprocessor notevenloadedat all;
furthermore,thelibrary is not linkedat compilationstage;

Whenthelibrary is loaded,thesystemchecksif it is alreadyin memory, sothat,at
most,onecopy of thelibrary is presentin thememory.

Pluginsaretypically implementedasthesecondtypesincetheir characteristicsare
especiallyadequatefor the"plug" concept.But in orderto complywith thedesired
functionalityof aplugin, thefollowing list of requirementsmustbemet:

1. Theapplicationmustbeindependentfrom theplugins.

2. Thereshouldbea "black-box"view in bothdirections.

3. Theapplicationmustnot "know" thepluginbeforehand;thepluginmustintroduce
itself to theapplication.

4. Theapplicationmustbelooselycoupledwith theplugins;a commoninterfaceto
beprovidedby theplugins(whethertotal or partial)mustbedefinedprecisely
(Contract).

5. Theapplicationshoulddefinewhatservicesareprovidedto thepluginvia interface
definitions.

6. A plugin mustbeself-contained.

7. A plugin shouldcreateaplugin instanceto handleeachtask.

Theinterfacecommonto all pluginsis oneof thecritical pointsand,althoughthis
interfacevariesbetweentechnologies,thepluginshouldprovide:
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• informationon thetypeof taskit canhandle

• a functionto becalledto handlethattypeof task(do_work())

• aninstance-typestrategy includingastructureto storeall thedataof aparticulartask
andaway to know if therearen’t any tasks(instances)still workingsothatthe
plugincanbeunloaded

• a functionto initialize theplugin

2.1. Some popular examples
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Netscape(andotherWebbrowsers)usespluginsto view/handlespecialdatapresentin
someWebpages,for example,audioandvideo.

TheAPI is verywell definedin thedocumentation:it containsa list of functions
providedby Netscape,a list of functionstheplugin mustandcandefineandstructures
to beused.Sincethecommunicationis all doneby this total interface,bothpartsactas
complete"black-boxes".Anotherinterestingcharacteristicis thelife cycleof aplugin:
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Initialize(whentheplugin is first called),New Instance(eachtime it is invoked),
Destroy Instance(whena taskis completedandthatinstanceis no longerneeded)and
Shutdown(whenall instancesaredestroyed).

PluginInitResult
init_plugin (CommandContext *context, PluginData *pd)
{
FunctionCategory *cat;

/* The next line checks if the Gnumeric version be-
ing used corresponds

to the required by the plugin */
if (plugin_version_mismatch (context, pd, GNUMERIC_VERSION))
return PLUGIN_QUIET_ERROR;

cat = function_get_category (_("Fact PlugIn"));
function_add_args (cat, "MyFactorial", "f", "num-
ber", NULL, func_fact);

pd->can_unload = can_unload;
pd->cleanup_plugin = cleanup_plugin;
pd->title = g_strdup ("My PlugIn Plugin");

return PLUGIN_OK;
}

Theprogramlisting above is partof a Gnumericpluginsourcecode.Gnumericuses
pluginsbothto handledifferentformats(e.g.,Excel)andaddfunctionsnotdefined
(statistical,numerical,...).TheAPI thepluginmustdefineis veryconciseandpartial:
theplugin registersthenew functionsit defines(in lines11-12,theplugin is registering
a function,in this example,thefactorialfunction).Theinit_plugin() functionis
calledat start-up.Besidesregisteringthefunctionsit alsoprovidesinformationon the
Plugin(in this case,thetitle) andfunctionalityto unloadtheplugin (e.g.,checkif there
aren’t any instancesleft). AlthoughGnumericpluginsarenot thebestexample,since
therequirementsabovearenot completelymet(Gnumericis completelytransparentto
theplugin) it providesa verysimpleexamplewith mostof thecoreideas.
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3. On components

An illustrationof theuseof components

Thereisn’t muchconsensusonwhatconstitutesacomponent.Althoughthis is not
completeandmayseemto generalwecansaythatacomponentis aunit of software
with thefollowing characteristics:

1. It is an indivisibleunit of independentdeployment. Thecomponentmustbe
independentfrom theenvironmentandothercomponentsand,so,hasto
encapsulateit’ s features.It alsocan’t bepartiallydeployedsinceit constitutesan
whole.

2. It is a unit of third-partycomposition. A partyexterior to at leastonecomponent
mustbeableto composethemtogether. Thecomponenthasto beself-contained,
interfacehiding andprovideawell definedinterface

3. Hasno persistentstate. Thisway, any copy of acomponentwon’t differ from the
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originalsothat,at most,onecopy of thecomponentis present.

A typicaluseis in big, complex andheterogeneousprojectsdividedin differentparts,
eachwith its particularfunctionandinteractingwith otherpartsof theproject,being
developedby differentteamsandwhereeachpartdoesn’t wantto know how theother
partsareimplementedor wherethey arelocated.Basically, eachpartconstitutesa
component.An interfacecontractfor eachcomponentis establishedandinteractionis
donethroughtheseinterfaces.

Anotherexamplecanbefoundin desktopenvironments.Imagineauserwriting a
documentor awebpagewherehewantsto integrateagraphic.Puttinggraphics
functionalityin theword processoror webpageeditorwouldbeoverloadingthem
(how aboutaudio,movie, barcharts...?).Doing it outsideandimportingasanimageis
alsonot thebestsolution.But if thereis alreadyamechanismfor handlingthat
functionalitywhy not reuseit? Basically, theideais to "embed"thegraphics
mechanismin theword processoror webpageeditor(somethinglike: "whenhandling
this datausethis particularmechanism").But to havea goodinteractionbetween
mechanismsweneedindependence,interfacecontractsandagaincomponentsappear
asagoodsolutionfor this.

Thekey aspectsin component-baseddevelopmentare1 :

• Standardisedpartsandservices(boththroughthestandardisationof componentsand
theenvironmentin which they operate.)

• Minimal or nocontactbetweenentitiesdesigningcomponents;decouplingof
developmentefforts.

• Accessto practical(re)usebothinternalandexternalthroughstandardised
interoperability, configurability, anddeployment.

• Independentvariability throughdocumentationof components’seams’(the
interfacesusedandexposed).

• Sourcecodefor customneeds;binarycomponentsfor standardneeds.

• A strict emphasisoncomponentassemblyfirst; manualcodingsecond.

• A robustmechanismfor thedeliveryof architectures,frameworks,andservices.
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But to conformwith this characteristicsit is necessaryto complementthedefinition
abovewith a list of requirementsthatmustbemet12:

1. A componentmustbelooselycoupledwith othercomponentsvia interface
definitionsandimplementationseparation.

2. A componentmustexplicitly identify boththeinterfacesit usesandexposes,
and/ortheservicecategoriesit usesandexposes.

3. A componenthasanunbreakablecontractwith all of its clientsby virtue of the
servicesits interfacepromisesto deliver (designby contract).

4. A componentmustbedeliverablein binaryform (blackbox).

5. A componentmustuseandexposeservicesthroughstandardisedmiddleware
services(DCOM, CORBA, JavaBeans,etc.)

6. A componentmustbeconfigurableatdesign-time/run-timethrougha standardised
interface(suchasActiveX andJavaBeanspropertysheetsor standard
configurationfiles).

7. A componentmustbeinteroperablewith othercomponentsacrossprocesses,
machines,networks,languages,operatingsystems,transactionenvironments,and
tools.

8. A componentshouldmakeuseof standardisedinfrastructureservicessuchas
security, licensing,versioning,life-cyclemanagement,visualassembly, event
notification,configuration,scripting,metadata,introspection,persistence,
relationships,administration,management,debugging,andinstallation.

9. A componentshouldbeableto wire itself into acollaborationwith other
componentssolelyvia design-time/run-timeconfiguration.

Oneof thekeywordsin component-basedtechnologyis middleware. Middlewareis
now averypopulartermandis basicallyusedto referto software"that sitsin the
middle,connectingdiverse(andusuallypreexisting) programstogether".In other
words,aseparateproductthatactsasagluebetweentwo applications.
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A requestpassingfrom client to objectimplementation(from theOMG documentation)

CORBA is oneof themostpopulararchitectureandspecificationfor creatingsoftware
components.It providesthefunctionalityrequiredasmiddleware.CORBA standsfor
CommonObjectRequestBroker Architectureandis definedby OMG. Its building
blocksare:

• OMG InterfaceDefinitionLanguage, OMG IDL which definesmappingsfor a
varietyof differentlanguagesandwhich purposeis to abstractfrom thelanguage
beingusedto implementthecomponentsothatthey all haveacommonlanguage.

• TheObjectRequestBroker or ORBwhich handlesrequestsfrom programsto
componentsandbetweencomponentsenablingabstractionof wheretheprogram
thatreceivestherequestandtheonesendingare.

• Thestandard protocolIIOP whichprovidesastandardcommunicationbetween
differentORBsaboveTCP/IP.

CORBA provides,with thesebuilding blocks,independenceof languageand
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independenceof platform.

As anexample,GNOMEimplementedBONOBOin orderto complywith
interoperabilitybetweendifferentapplicationsin thedesktop(e.g,embeda graphics
objectin aword processordocument).BONOBOis basicallya setof CORBA
interfacesandanimplementationin GNOME/GTK+of theseinterfacesthatare
designedto besimpleto useandhideCORBA andbetween-componentsprotocolused.
An applicationusestheseinterfacesto export its functionalityor integrateother
componentsfunctionalitymakingit possibleto edit agraphicor evenplayGnoMines
in aspreadsheet.

13



Developingwith pluginsandcomponents

4. Some remarks
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Whendevelopingeitherpluginsor components,somerequirementsmustbemetto
obtainall thefunctionalityprovidedby thesetwo paradigms3.

It mayseemthatsomeof this requirementsare,sometimes,dispensable.For example,
why usestrategieslikeCORBA whenit doesn’t seemto benecessary?Theproblemis
that,if wewantto makeuseof thebenefitsthatthis technologyenables,not complying
with just oneof therequirementswill make theplugin/component-strategy lessrobust
andflexible. In this example,if lateron therewouldbeaneedto havedifferent
platforms,for example,wrapperswouldhave to bewritten to do thework this
technologyis responsiblefor.

Thesetechnologiesareverydifferentandeachhasit’ sadvantagesanddisadvantagesas
alsohaving differentscopes.If it is theright choiceto useoneof themor whichoneto
usedependson theproject.Neverthelesstherearesomecommonkeywordsthatpop
out:

• Modularity

• Encapsulation

• Interfacecontracts

Finally, pleasenotethat

Impor tant: It was the purpose of this article to present only an overview on this
interesting and popular technology. Please refer to
http://wwwinfo.cern.ch/pdp/ose/plcomp00/ for a more detailed study, specially
regarding the pros and cons, why the above requirements are needed and more
focus on implementation issues.

Glossar y
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Glossary

Plugins

A unit of softwarewhosepurposeis to extendthefunctionalityof anindependent
applicationat run-time.Theapplicationhasno prior knowledgeof theplugin;
pluginmustactasa "black-box"andpresentitself by meansof astandard
interface.

Components

1. A componentis anindivisibleunit of independentdeployment.

2. A componentis aunit of third-partycomposition.

3. A componenthasno persistentstate.

Shared libraries

ablockof code,loadedon request,providing datatypesandprocedures.

Middleware

A popularandgenerictermbasicallyusedto referto software"that sitsin the
middle,connectingdiverse(andusuallypreexisting) programstogether".In other
words,aseparateproductthatactsasagluebetweentwo applications.

16



Developingwith pluginsandcomponents

Notes
1. Basedon [Components:WhereareThey?] and[ComponentsandObjects

Together].Pleasereferto thedocumentationmentionedat Someremarks.

2. Thelasttwo itemsaredesirablebut notessential.They arealsoveryhardto
comply.

3. Somemaynotagreewith thelists presentedabove,of course.
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