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Nowadays severalprojectshave becomesocomplex andlargethatare
impossibleto developandmaintainasa singlemonolithicblock. Onthe
otherhand,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 shared
librariesandmiddlevare (e.g.,CORBA), permitto overcomethese
problemsin a cleanandstandardvay.

This article presentanoverview overthis technology

1. Why plugins and components?

Oneof the biggestproblemsdevelopershave to handlenowadaysis on how to cope
with theenormoussizeandcompleity of anincreasinghumberof currentprojects.It
is commonknowledgethatfrom a certainpointit is impossibleto have theapplication
asamonolithicblock. It is necessaryo divide the projectin differentparts,as
independenaspossible sothatarchitectingthe differentpartstogetheris aseasyand
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consistenaspossible This tendsto bedifficult sincedifferentteamsareonly familiar
with their partsandtheinte-communications usuallylow. Also, it is very common
nowadayso have a projectspreadn differentplatformsandlocations.

Ontheotherhandi,it is alsousuallysaidthat,if a certainfunctionalityis neededandit
is alreadyavailablesomevhere,oneshouldreusethis implementatiorandnot "reinvent
thewheel". This shouldaccountalsofor using/derelopingproductsasideespeciallyfor
a certaintaskinsteadof integratingthatfunctionalityin the mainapplication Besides
thereusability this alsobringsmoreflexibility andasimplerandclearemain
application.For instanceconsideranapplicationwhich capturesgvaluatesandstores
datawherein the evaluationstage somegraphicsneedto be generatedThereareabig
numberof applicationghatdrav graphicsandareprobablypreferred¢hanto add"from
scratch"graphicsfunctionalityto the application But the mainproblemis whetherthe
graphicprogramis easilyintegratedwhich, mostof thetimes,is notthecase.

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

« 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?

Recentlytwo paradigmdave evolvedthatareespeciallyaimedat this type of
problems:PluginsandComponentsTheseenableusto fulfil thefollowing compilation
of objectvesin acleverandtransparenivay. It is easilyseenwhy this two paradigms
have becomesopopular
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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,separatingunctionality.

Dynamicfunctionalityindependenof the mainpart

In otherwords,to beableto add/change/renve functionality of anutility without
touchingthemainpart. As anadd-on to beableto do thaton runtime.This
impliesthattheapplicationshouldnt berekuild and,furthermore,compiled,each
time thesechangedake place.

Independentievelopmentf parts

Thedevelopmenif 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 meandeingableto embedanapplicationA thatprovidesa desired
functionalityinsideanapplicationB thusreusingcodeandproviding alighterand
simplerapplicationB.

2. On plugins
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An illustration of the plugin-conceptanindependenapplicationwhereunits of
software,intendedio complementhe functionality, canbe "plugged"to.

A pluginis aunit of softwareintendedo extendthefunctionality of anindependent
applicationatrun-time(seeGlossary. It providesseveraladvantagesinakingthis
technologyvery popularamongseveralprogramgshatprocesheterogeneougataand
would, otherwise pe lessflexible andheavier (oneof the mostfamousexamplesbeing
Netscapeahatusespluginsto handleand/orview specialdatalik e audioor movies):

- Thefunctionalityis added/changed/remedon runtimesothatthe application
doesnt have to berehuild and,furthermore notevenrecompiled.

- Theapplicationdoesnt know the plugin beforehand it is the plugin’s responsibility
to presenttself) providing wider flexibility to whatfunctionality canbe added.

- It leadsto acomplete cleanseparatiorfrom the mainapplicationandthevarious
branchesvith their separatéunctionality Thuswe getalighter mainapplication
focusedontheessentials.
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- It is usuallyvery easyfor anuserto adda plugin to theapplication.

Pluginsareusuallyimplementecasdemand-loadedharedibraries. Thesetype of
librariesareonly loadedon runtimeasopposedo staticwhosecodeis includedin the
applicationon the compilationstage They canbeloadedin two differentways:

- automaticallyat the startof the processand,thus,only unloadedattheend:the
library mustbelinkedat compilationstage;

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

Whenthelibrary is loaded the systemchecksf it is alreadyin memory sothat, at
most,onecopy of thelibrary is presenin thememory

Pluginsaretypically implementedasthe secondype sincetheir characteristicare
especiallyadequatdor the"plug” conceptBut in orderto complywith the desired
functionality of a plugin, thefollowing list of requirementsnustbe met:

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

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

4. Theapplicationmustbelooselycoupledwith the plugins;a commoninterfaceto
be providedby the plugins(whethertotal or partial) mustbe definedprecisely
(Contract).

5. Theapplicationshoulddefinewhatservicesareprovidedto the plugin via interface
definitions.

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

Theinterfacecommonto all pluginsis oneof the critical pointsand,althoughthis
interfacevariesbetweertechnologiesthe plugin shouldprovide:
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- informationon thetype of taskit canhandle
- afunctionto becalledto handlethattype of task(do_wor k() )

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

- afunctionto initialize the plugin

2.1. Some popular examples
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“Ink =hrk plg-ne-

NetscapdandotherWebbrowsers)usespluginsto view/handlespecialdatapresenin
someWeb pagesfor example,audioandvideo.

The API is verywell definedin thedocumentationit containsalist of functions
providedby Netscapeallist of functionsthe plugin mustandcandefineandstructures
to beused.Sincethe communications all doneby this totalinterface,both partsactas
complete’black-boxes". Anotherinterestingcharacteristigs thelife cycle of aplugin:
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Initialize(whenthe pluginis first called),New Instanc€eachtime it is invoked),
Destioy Instancéwhenataskis completedandthatinstancds no longerneededpand
Shutdowr(whenall instancesredestryed).

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 Plugin"));
function_add_args (cat, "MyFactorial", "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
}

Theprogramlisting aboveis partof a Gnumericplugin sourcecode.Gnumericuses
pluginsbothto handledifferentformats(e.g.,Excel)andaddfunctionsnot defined
(statistical,numerical,...) The API the plugin mustdefineis very conciseandpartial:
the plugin registersthe new functionsit defines(in lines11-12,thepluginis registering
afunction,in this example thefactorialfunction). Thei ni t _pl ugi n() functionis
calledat start-up Besidegegisteringthe functionsit alsoprovidesinformationon the
Plugin(in this casethetitle) andfunctionalityto unloadthe plugin (e.g.,checkif there
arent ary instancedeft). Although Gnumericpluginsarenot the bestexample,since
therequirementsbove arenot completelymet(Gnumericis completelytransparento
theplugin) it providesa very simpleexamplewith mostof the coreideas.
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3. On components

COMPONENT

interface

COMPONENT

interface

APPLICATION

An illustrationof the useof components

Thereisn’t muchconsensusnwhatconstitutesa componentAlthoughthisis not
completeandmay seemto generalwe cansaythata components a unit of software
with thefollowing characteristics:

1. It is anindivisible unit of independentleployment Thecomponenmustbe
independentrom the ervironmentandothercomponentsnd,so, hasto
encapsulatd’sfeatureslt alsocant be partially deployedsinceit constitutesan
whole.

2.1t is a unit of third-partycompositionA party exterior to atleastonecomponent
mustbe ableto composahemtogether The componenhasto be self-contained,
interfacehiding andprovide awell definedinterface

3. Hasno persistentstate Thisway, any copy of acomponentvon't differ from the
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original sothat,at most,onecopy of thecomponents present.

A typical useis in big, comple« andheterogeneousrojectsdividedin differentparts,
eachwith its particularfunctionandinteractingwith otherpartsof the project,being
developedby differentteamsandwhereeachpartdoesnt wantto know how the other
partsareimplementedr wherethey arelocated Basically eachpartconstitutesa
componentAn interfacecontractfor eachcomponents establishe@ndinteractionis
donethroughtheseinterfaces.

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 needindependenceanterfacecontractsandagaincomponent&ppear
asagoodsolutionfor this.

Thekey aspectsn component-basedevelopmentare’ :

- Standardisegartsandservicegboththroughthe standardisationf componentand
theenvironmentin which they operate.)

- Minimal or no contactbetweerentitiesdesigningcomponentsgecouplingof
developmentefforts.

« Accesdgo practical(re)usebothinternalandexternalthroughstandardised
interoperability configurability anddeployment.

« Independentariability throughdocumentatiomf componentsseams{(the
interfacesusedandexposed).

- Sourcecodefor customneedspinarycomponentgor standarcheeds.

- A strictemphasi®n componenassemblyfirst; manualcodingsecond.

A robustmechanisnior thedelivery of architecturesframeavorks,andservices.
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But to conformwith this characteristic# is necessaryo complementhedefinition
above with alist of requirementshatmustbe met?:

1. A componenmustbelooselycoupledwith othercomponentwia interface
definitionsandimplementatiorseparation.

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

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

4. A componenmustbedeliverablein binaryform (blackbox).

5. A componentmustuseandexposeserviceghroughstandardisedhiddlevare
serviceyDCOM, CORBA, JavaBeansetc.)

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

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

8. A componenshouldmalke useof standardisethfrastructureservicessuchas
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.

Oneof the keywordsin component-base@chnologyis middlevare. Middlewareis
now avery populartermandis basicallyusedto referto software"that sitsin the
middle, connectingdiverse(andusuallypreeisting) programgogether”.In other
words,a separat@roductthatactsasa glue betweerntwo applications.

11
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A requespassingrom clientto objectimplementatior{from the OMG documentation)

CORRA is oneof the mostpopulararchitectureandspecificatiorfor creatingsoftware
componentsit providesthefunctionalityrequiredasmiddlevare. CORBA standgor
CommonObjectRequesBroker Architectureandis definedby OMG. Its building
blocksare:

« OMG InterfaceDefinitionLanguaye, OMG IDL which definesmappingdor a
variety of differentlanguagesndwhich purposes to abstracfrom thelanguage
beingusedto implementthe componensothatthey all have acommonlanguage.

- TheObjectRequesBroker or ORBwhich handlesequestérom programgo
componentandbetweercomponent&nablingabstractiorof wherethe program
thatrecevestherequestandthe onesendingare.

- Thestandad protocolllOP which providesa standarccommunicatiorbetween
differentORBsabove TCP/IR

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

As anexample, GNOME implementedBONOBOIn orderto complywith
interoperabilitybetweendifferentapplicationsan the desktop(e.g,embeda graphics
objectin aword processodocument)BONOBO s basicallya setof CORBA
interfacesandanimplementationn GNOME/GTK+ of thesenterfaceshatare
designedo besimpleto useandhide CORBA andbetween-componengsotocolused.
An applicationusestheseinterfacesto exportits functionality or integrateother
component$unctionalitymakingit possibleto edita graphicor evenplay GnoMines
in aspreadsheet.

13
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4. Some remarks
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Whendevelopingeitherpluginsor componentssomerequirementsnustbe metto
obtainall thefunctionality provided by thesetwo paradigmi

It may seenthatsomeof this requirementsire,sometimesgispensable-or example,
why usestratgjieslike CORBA whenit doesnt seemto be necessaryThe problemis
that,if we wantto make useof the benefitshatthis technologyenablesnot complying
with justoneof therequirementsvill make the plugin/component-stratg lessrobust
andflexible. In this example,if laterontherewould be aneedto have different
platforms,for example,wrappersvould have to be written to do thework this
technologyis responsibldor.

Thesetechnologiesrevery differentandeachhasit’ s advantageanddisadwantagess
alsohaving differentscopesif it is theright choiceto useoneof themor which oneto
usedepend®n the project.Neverthelessherearesomecommonkeywordsthatpop
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 softwarewhosepurposds to extendthe functionality of anindependent

applicationatrun-time.The applicationhasno prior knowledgeof the plugin;

plugin mustactasa "black-box"andpresenitself by meansf a standard
interface.

Components

1. A components anindivisible unit of independentieployment.
2. A components aunit of third-partycomposition.
3. A componenhasno persistenstate.

Shared libraries

ablock of code,loadedon requestproviding datatypesandprocedures.

Middleware
A popularandgenerictermbasicallyusedto referto software"thatsitsin the

middle,connectingdiverse(andusuallypreeisting) programgogether”.In other
words,a separatg@roductthatactsasa glue betweenwo applications.

16
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Notes

1. Basedon[ComponentsWhereareThey?] and[ComponentandObjects
Together] Pleasaeferto the documentatiomentionedat Someremarks

2. Thelasttwo itemsaredesirablebut not essentialThey arealsovery hardto
comply.

3. Somemaynotagreewith thelists presentedbove, of course.
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