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Nowadays,severalprojectshavebecomesocomplex andlargethatare
now impossibleto developandmaintainasasinglemonolithicblock.
On theotherhand,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.

This tutorial aimsto provideaclearandprecisedescriptionof these
paradigms.Specialattentionis alsogivenonhow theseparadigmscan
bedevelopedandimplementationissueslikesharedlibrariesand
CORBA. To illustrate,severalexamplesaregiven.A shortdiscussionon
importantcommonaspectsandwhenthesestrategiesshouldor notbe
usedconcludesthetutorial.

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 describestwo recenttechnologiesthathavebecomeverypopular:Plugins
andComponents. It’ spurposeis to provideaprecisedefinitionof this two paradigms
anda formalisationof their characteristics.Still, implementationissuesarenot forgot
andtechnologieslikesharedlibrariesandmiddlewareby meansof CORBA arealso
focusedaswell assomeveryshortandsimpleexamples.

Thetutorial starts(Introduction) by presentingseveralcommonproblemsthatcaused
theseparadigmsto evolve.Fromtheseproblemsagenerallist of whatis desiredto be
fulfilled is created.

Beforedescribingpluginsandcomponentsandseehow thesetwo canhandlethe
problemsreferred,Sharedlibrariesprovidesadescriptionon sharedlibraries:what
they are,benefitsanddisadvantages,aswell aspresentingsomeveryusefultools.
Sharedlibrariesarevery importantin developing,mainly, pluginsbut canalsobea
betterchoicefor someproblemthanrequiringall thefunctionalitynecessaryto plugins
whosedisadvantagescanoverwritetheadvantages.

Next comesthefirst paradigmfocused:plugins(Plugins). A shortandprecise
definitionis first presented.Theprosandconsof this paradigmareexaminedandby
joining theseto theexperiencegatheredfrom plugin-basedtechnologiesavailable,a list
of characteristicsthatshouldbefulfilled is presented.Thechapterendsby comparing
severalpublicly availableimplementations(Netscape,GnumericandGIMP) and
pointinghow somecharacteristicsareor not fulfilled and,finally, asmallexample.

Thesecondparadigm,components,follows in Components. Thestructureis very
similar: ashortandformaldefinitionfollowedby adiscussionon theconcept,
advantages,disadvantagesandraisedquestions.Fromthis, thedefinitionis
complementedwith a list of characteristicsthatshouldbefulfilled. A shortcomparison
on componentsandobjectsis summarisedin a tablesincetherearesomesimilaritiesin
thetwo concepts.Next, implementationissuesareagainapproachedby discussing
middlewarewhichconstitutesoneof thekeywordsin component-basedtechnologyand
makingashortdescriptionof CORBA. Thechapterendspresentinganexample:
BONOBO,acomponent-basedtechnologyusedin GNOME.

Finally, in Whatto chooseit is possibleto comparethetechnologiesfocusedin this
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tutorial that,althoughquitedifferent,havesomesimilarities.Someimportant,general
aspectsarementionedaswell assomecautionsthatshouldbekeptin mind.

2. Intr oduction
Oneof thebiggestproblemsdevelopershave to handlenowadaysis on how to cope
with theenormoussizeandcomplexity of anincreasingnumberof currentprojects.
Theseprojectsinvolveseveralpeople,possibly, in differentteamsandlocations,
developinganheterogeneoussoftwarewherethedifferentpartshave to interact
consistently, thusrequiringaperfectagreementbetweenteams.Theproblemgetsworst
whenconsideringthattheproductwill have to bemaintainedafterwardsor even
extended.

It is commonknowledgethatfrom a certainpoint it is impossibleto have the
applicationasamonolithicblock. It is necessaryto divide theprojectin differentparts,
asindependentaspossible,sothatjoining thework of two teamsis aseasyand
consistentaspossible.Dividing theprojectis alsonecessaryto limit thescopeof the
problembeinghandled,enablingeasierandclearerdevelopmentandmaintenance.For
example,consideraproductthatcaptures,evaluatesandstoressometypeof data.Now,
considerthattheway thedatais storedis changedor thereis a bugsomewhere.Having
cleardistinctionsbetweenthedifferentfunctionalitiesclearlymakesthis taskeasierand
protectstherestof theproduct.But having aprojectdividedin differentpartsbringsthe
problemof architectingtheparts,i.e., joining thedifferentpartstogether. Teamsare
only familiar with theirpartsandcommunicationbetweenteamstendsto beshort.
Also, it is verycommonto have theprojectspreadin differentplatformsandlocations.

On theotherhand,it is alsousuallysaidthat,if acertainfunctionalityis neededandit
is alreadyavailablesomewhere,oneshouldreusethis implementationandnot "reinvent
thewheel".Thisshouldaccountalsofor using/developingproductsasideespeciallyfor
acertaintaskinsteadof integratingthatfunctionalityin themainapplication.Besides
thereusabilityof code,it alsogivesmoreflexibility (it is easierto addfunctionalitythis
way thanrebuilding theall application)andasimplerandclearermainapplication
(insteadof having aconfusing,heterogeneousandheavy one).But this requiressome
conditionsfrom bothpartsthatshouldbeconsideredbeforethedevelopmentof either
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one.For instance,considerthelastexample.Imaginethatin theevaluationstage,some
graphicsneedto begenerated.Thereareabig numberof applicationsthatdraw
graphicsandareprobablypreferredthanto add"from scratch"graphicsfunctionalityto
theapplication.But themainproblemis whetherthegraphicprogramis easily
integratedwhich,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
wecomeuponseveralproblems:

• 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?

2.1. Objectives
Recently, two paradigmshaveevolvedthatareespeciallyaimedat this typeof
problems:Plugins1 andComponents. But, in orderto understandwhy theneedfor this
technologyarose,wecancompile,from theaboveproblems,a list of objectiveswe
would like to fulfil. It is easyto see,lookingat thenatureof theproblemsandthe
following list, why thesenew paradigmshavebecomesopopular.

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.
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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.

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.

Usingpluginsandcomponentsenablesusto fulfil this objectivesin acleverand
transparentway (whenusedcorrectly).How this is doneis thesubjectof thenext
chapters.But first it is necessaryto havea look at sharedlibraries.
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3. Shared libraries

3.1. Basic concepts

Shared librar y

ablockof code,loadedon request,providing datatypesandprocedures

Basically, a library is asetof functionsand/orstructuresto beusedby applications.For
example,if aprogrammerwishesto usemorecomplex mathematicalfunctionsin C
likesin hewouldhave to usethelibrary libm wherethisandotherfunctionsare
defined.To do so,hecanlink thelibrary in thecompilationstage,usingthe-l option
with thenameof thelibrary (without thelib prefixandtheextension:in this case,-lm).

A shared library opposesto astaticonein thesensethatthelibrary is only loadedat
runtimeandnot in thecompilationstage.So,while in staticlibrariestheprogram
carriesthelibrary code,whenlinkedto asharedonethelibrary codeis notpresentand
is only loadedinto memorywhenneeded.

Oneof thenamedadvantagesof sharedlibraries,andalsoanothercharacteristicthat
differsthemfrom staticones,is thefactthatthesystemhas,atmost,onecopy of the
library’scodeperlibrary. Whenloading,thesystemfirst checksif thereis alreadya
copy of thelibrary onmemory. Thecodeis only copiedif thereis none,while asin
staticthecodeis includedin everycompiledprogramto which thelibrary is linked.

So,if theprogramdoesn’t carrythelibrary’scode,whenis it loaded?Therearetwo
alternatives:

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

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

A smallexampleat theendof this sectionwill illustratetheseconcepts.

3.2. Advantages and disad vantages
But why useasharedlibrary insteadof a staticone?And why usedemandloading
insteadof automaticloadingor theotherwayaround?Sharedlibrariesbringanumber
of advantages...

• librariesareonly loadedat run time (thus,thepossibilityto changethelibrary
withouthaving to recompiletheendapplication);

• lighterapplicationsandsaving of space(sincetheapplicationdoesn’t carrythe
library’scode);

In particular, demandloadingof asharedlibrary canbeveryuseful

• asstatedbeforeit is theapplicationitself which requeststheloading:thecodecanbe
loadedandunloadedat any givenstageor not loadedat all; this is particularlyuseful
whentheprogrammayuseresourcesfrom severallibrariesbut notnecessarilyat that
moment,thus,avoiding thatdozensof librariesthatarenotbeingusedwouldbe
wastingmemory;

• sincethelibrary is not linkedat compilationstagetheapplicationdoesn’t have to
know it beforehand:for example,all thelibrariescanbeput in acertaindirectory
wheretheapplicationwill fetchthem;this enablesthatresourcescanbeaddedor
changedwithout touchingtheapplicationitself;

But they haveacost.Also, someproblemsmayariseandshouldbetakenin account.

• First,errorsonly show at runtime.Thismakesthedebuggingmoredifficult but also
imposessomecareon moving librariesandchangingthem;

• Creatingasharedlibrary is morecomplex andrequiresa few numberof flagsand
details.However, this canbeeasilyovercome(seeLibtool);
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• Thedynamicloadingobligesthecodeto bePlatformIndependentCode(PIC).This
makesthelibrary heavier so,althoughapplicationsarelighter, spaceis only actually
savedif thereis morethanoneapplicationlinkedor thereis demandloading;

• Theresourcesthatdemandloadingenables(seeabove)alsobringdangerous
situations:

• Whathappensif theprogramdoesn’t find thelibrary expected?Theerrorcan
occurat anytimeof theprocesslife andnotat thebeginningasin automatic
loading;

• How doestheprogramknow which interfacethelibrary provides?If it is defined
beforehand,how to ally versioningandheterogeneityof librarieswith this prior
knowledgewithouthaving to touchtheapplication?

3.3. Developing a shared librar y
Developingasharedlibrary, asis, is generallymoredifficult thandevelopinga static
one.Thecomplexity increasesin agreatamountwhentrying to make it platform
independentandeasilybuilt (agooduserinterface).Thereare,however, somevery
powerful utilities thatnotonly simplify this procedurebut arealsogreatly
recommendedsincethey produceastandard,compliantandrobustfinal product.Their
useis quitestraightforwardandapplyto staticonesaswell.

3.3.1. Autoconf and Automake

Thesetwo utilities combinedareespeciallyadequatefor projectsintendedto beeasily
developed,usedandinstalledin differentplatforms,helpingto provide:

• platformindependenceand/orability to checkfor thefeaturesneededby the
package;

• acustomandstraightforwarduserinterfacewheninstallingthepackage;

• aneasymaintenanceof Makefile (thus,helpingcompilation)
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To configurethesoftwarepackage,aconfigure scriptis generatedfrom afile called
configure.in createdby thedeveloper. Thisfile shouldcontaininvocationsto

Autoconfmacrosthattestthesystemfeaturesneededby thepackage.Autoscancanbe
usedto helpwrite this file.

AutomakeassumesthatAutoconfis beingusedandis usedto produceMakefile.in
files from Makefile.am filescreatedby thedeveloper. Whentheconfigure scriptis
run thesefileswill originateMakefile’s.TheseMakefile.am filesconsistmainly of
aseriesof makemacrodefinitions.

Thefinal userwill only have to type

$ ./configure
$ make
$ make install

AutoconfandAutomakemanualsin theGNU documentation
(http://www.gnu.org/doc/doc.html)provideaverygoodexplanationonhow to use
thesetools( seeLinksandfurther information)

3.3.2. Libtool

Libtool is a tool for developinglibrariesthatprovidesthecompletefunctionalityof a
hosttypein agenericinterfacebut hiding theconfusingandcomplex details.It canbe
usedtogetherwith AutoconfandAutomake.

Somepointsaboutlibtool:

• Libtool is basedon theparadigmthat“ librariesareprogramswith multipleentry
points,andmoreformally definedinterfaces.”;in fact,therulesto createa library
look muchlikeacompilationof aprogram;

• By default, libtool triesto producebotha staticandsharedlibrary; if thesystem
doesn’t permitsharedlibraries,it producesa staticversion;

• Whencreatingthelibrary, wrappersareused(for extra meta-data,sincethe
meta-datastoredvarieswith theplatforms)aswell astemporarydirectoriesfor
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storingthelibraries.

• Libtool providesseveralfacilities:

• Creatingobjectfiles (includingPIC)

• Linking libraries

• Linking executables

• Debuggingexecutables

• Installinglibraries

• Installingexecutables

In A smallexample, it’ s illustratedtheuseof libtool to createa library.

GNU documentation(http://www.gnu.org/doc/doc.html)hasalsoaverygood,stepby
step,manualof libtool (seeLinksandfurther information)

3.4. A small example
To illustrate,hereis thedevelopmentof averysmall library, libgarfield.so, from
thefileseating.c (examples/eating.c)andsleeping.c (examples/sleeping.c)with
theheaderfile garfield.h (examples/garfield.h).An executablecalledgarfield is
createdby linking main.c (examples/main.c)to libgarfield.la (which is a
wrapperto libgarfield.so).

Autoconfandautomakearenotusedhere,only libtool. It is presentedthestepsfor the
mostcommonactions;seethelibtool manualfor theexplanationof thesestepsand
otherpossibleactionsthatcanbeperformed(seeLinksandfurther information).

Creatingobjectfiles.Notethatbesidesthenormalobjectfiles it is alsocreated.lo files
which arePIC objectfilesneededwhencreatingthesharedlibrary.

$ gcc -g -O -c main.c
$ libtool gcc -g -O -c eating.c
mkdir .libs
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gcc -g -O -c eating.c -fPIC -DPIC -o .libs/eating.lo
gcc -g -O -c eating.c -o eating.o >/dev/null 2>&1
mv -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 -o .libs/sleeping.lo
gcc -g -O -c sleeping.c -o sleeping.o >/dev/null 2>&1
mv -f .libs/sleeping.lo sleeping.lo

Linking libraries.Thelibrariesareput in the.libs/ directoryandlibgarfield.la
is createdin placewhich,aswassaid,is awrapperfor thesharedlibrary.

$ libtool gcc -g -O -o 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 -Wl,-soname -
Wl,libgarfield.so.0 -o .libs/libgarfield.so.0.0.0
(cd .libs && rm -f libgarfield.so.0 && ln -
s libgarfield.so.0.0.0 libgarfield.so.0)
(cd .libs && rm -f libgarfield.so && ln -
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 && ln -
s ../libgarfield.la libgarfield.la)

Linking theexecutable.Theexecutableis put inside.libs/ andawrapperscript is
createdin place.

$ libtool gcc -g -O -o garfield main.o libgarfield.la
gcc -g -O -o .libs/garfield main.o .libs/libgarfield.so -Wl,-
rpath -Wl,/usr/local/lib
creating garfield
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Installinglibraries.libgarfield.la is alsoinstalledwith thestaticandshared
libraries.All thenecessaryoperationsareusuallydone(like, for example,calling
ldconfig) but runninglibtool -n –finish libdir will give furtherhintsonwhatto do
(in this example,theinstallationcommandalreadygivesthis information).

$ libtool install -
c libgarfield.la /usr/local/lib/libgarfield.la
install -
c .libs/libgarfield.so.0.0.0 /usr/local/lib/libgarfield.so.0.0.0
(cd /usr/local/lib && rm -f libgarfield.so.0 && ln -
s libgarfield.so.0.0.0 libgarfield.so.0)
(cd /usr/local/lib && rm -f libgarfield.so && ln -
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
chmod 644 /usr/local/lib/libgarfield.a
PATH="$PATH:/sbin" ldconfig -n /usr/local/lib
-----------------------------------------------
Libraries have been installed in:

/usr/local/lib

If you ever happen to want to link against installed libraries
in a given directory, LIBDIR, you must either use libtool, and
specify the full pathname of the library, or use ‘-LLIBDIR’
flag during linking and do at least one of the following:

- add LIBDIR to the ‘LD_LIBRARY_PATH’ environment variable
during execution

- add LIBDIR to the ‘LD_RUN_PATH’ environment variable
during linking

- use the ‘-Wl,-rpath -Wl,LIBDIR’ linker flag
-

have your system administrator add LIBDIR to ‘/etc/ld.so.conf’

See any operating system documentation about shared li-
braries for
more information, such as the ld(1) and ld.so(8) manual pages.
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-----------------------------------------------

Otheractionslikedebuggingarealsoeasilydoneandtakeadvantageof thewrapper
scripts.

3.5. Links and fur ther inf ormation
Autoconfandit’ smanualcanbefoundat
http://www.gnu.org/software/autoconf/autoconf.html
(http://www.gnu.org/software/autoconf/autoconf.html).

Automakeandit’ smanualcanbefoundat
http://www.gnu.org/software/automake/automake.html
(http://www.gnu.org/software/automake/automake.html).

Libtool’shomepageis locatedat http://www.gnu.org/software/libtool/libtool.html
(http://www.gnu.org/software/libtool/libtool.html).

Theman pagesof dlopen , ld, ldconfig alsoprovideusefulinformation.

Generaldescriptionandimplementationinformationonsharedlibrariescanbefound
in Building andUsingStaticandShared"C" Libraries
(http://users.actcom.co.il/~choo/lupg/tutorials/libraries/unix-c-libraries.html) and
SharedLibraries(Section4)
(http://www.unix.digital.com/faqs/publications/base_doc/DOCUMENTATION/HTML/AA-
PS30D-TET1_html/peg5.html).

In theGLib ReferenceManual,thereis asectiondescribingthegmodule library,
DynamicLoadingof Modules
(http://developer.gnome.org/doc/API/glib/glib-dynamic-loading-of-modules.html).

4. Plugins
Thereis sometimessomeconfusionbetweenpluginsandsharedlibrariesandwhatcan
or cannotbecalledto bea "plugin". Thissectionaimsto clarify this conceptby
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presentingashortandprecise(hopefully)definitionof aplugin aswell asthe
characteristicsthata "true" pluginshouldfulfill. Examplesarealsogiven.

4.1. Concept and examples

Plugin

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

Thefollowing imagetriesto illustratethis concept:anindependentapplicationwhere
unitsof software,intendedto complementthefunctionality, canbe"plugged"to.
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An illustrationof theuseof plugins

Usingpluginsis becomingverypopular, especiallyin programsthatprocess
heterogeneousdataandwould,otherwisebelessflexible andheavier. Examplesare:

• Theuseof theMime-typemethodologyin Netscapeandotherwebbrowsers:this
enablesthatspecialdatalikeaudioor videocanbepresentona webpageand
viewedaccordingly;

• Manipulationof imagesandscriptingin GIMP (GNOME);

• Translationfrom otherformats(e.g.:Excel)andextensionof thefunctionalityin
Gnumeric (GIMP), e.g.,addingastatisticfunctionnot included;

• Acrobat, Photoshop,AutoCad...

4.2. Pros and cons
Pluginsareagoodwayof addingfunctionalityto anindependentapplication:they can
beloadedandunloadedduringruntimeandthereis noneedto recompilethemain
applicationwhenaddinganew plugin.Thiswaywecanhaveamainapplicationlighter
andfocusedon the"essentials"whichalsobringseasierdevelopment:insteadof an
heavy, complex, mixedapplicationwehaveamainapplicationwith thefundamental
partsandavarietyof pluginswhichextendthefunctionality.

Pluginsareusuallyimplementedasdemand-loadedsharedlibrariessincethese
librariescanbeloadedon runtime(asopposedto static)which is necessaryfor the
"plug" conceptcharacteristicof plugins.Thus,they inherit their 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 thedemandloadingraisessomequestions:
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• Shouldtheapplicationknowbeforehandtheplugin?"Knowing theplugin" translates
to knowing thenameof thelibrary aswell asit’ s interfaceandwhatit does.If it
does,thenwhatto do if

• thereis achangein thenameor versionof theplugin?

• thereis achangein thefunctionality(extensionor alterationof theinterface)?

• thereis awish to add,removeor substituteplugins?

On theotherhand,if theapplicationdoesn’t have this information

• how shouldit acquirethis information?

• theknowledgeonwhatto expectfrom thepluginsis practicallynone

• andsoit is dangerousfor theapplicationto dependon aplugin

• Nevertheless,it hasto bedefinedaninterfacethatapluginmustimplementandmust
becommonto all ( in orderto usetheplugin, theapplicationhasto call, at least,one
function;thereasonwhy this shouldbecommonto all is relatedwith thelasttopic
and,in particular, comesclearif weconsiderwewantto beableto addnew plugins
withoutmodifying theapplication).But thequestionnow is: howto definean
interfacethat is not to restrictnor to loose?

• Howmuch of theapplicationcouldtheplugin seeandvice-versa?Theview of the
pluginby theapplicationfalls, in part,on theitemabove; in particular, if the
applicationhasno prior knowledgeof theplugin,sincesomeinformationmustbe
given,usingthepluginwill bemoredifficult if this informationis complex andbig.

On theotherhand,theplugin hasalsoto havesomeknowledgeon theapplication.
Sincetheplugin is developedwith aparticularapplicationin mind theonly problem
thatarisesin carryingthis knowledgeis if therearealterationson theapplication.

In Whatto choosefurtherdiscussionis donemainlycomparingthedifferentstrategies
presentedhere.In thenext section,baringtheseproblemsin mind, it’ spresenteda list
of requirementsthatarebelievedto beessentialin aplugin-basedtechnology.
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4.3. On developing plugins
Wecanspecifythefollowing list of requirementsasa list thatshouldbemetin orderto
havea "true" plugin system.This list wasdeterminedessentiallyfrom thevarious
plugin-basedtechnologiesandpersonalexperienceand,of course,somemaynotagree
with it.

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.

5. Theapplicationshoulddefinewhatservicesareprovidedto thepluginvia interface
definitions.

6. A plugin mustbeself-contained.

7. A plugin shouldcreateaplugin instanceto handleeachtask.

Thefirst point hasto dowith thefactthattheapplicationmustrunby itself, in other
words,it mustcouplewith nothaving a pluginadequatefor aparticulartask( evenif it
means,for example,discardingthetask).

Most of thepointsbeforehave to do with whatwasdiscussedbefore.The"black-box"
view andthewell definedinterfacesin bothdirectionenablebothpartsto be
implementationindependentof theother. So,if thereis achangein theversionof one
of theparts,therisk of affectingtheotherpartis lesser(lessneed,if notnoneat all, to
recompiletheotherpart).Also this accountsfor aclearandstandardcommunication
betweenparts.

As wasnoted,sothatthereis moreflexibility in "plugging" theapplicationshouldn’t
known thepluginsin advance.Thisalsoaccountsfor theindependencebetweenboth
parts(asanexample,imagineaddinganew plugin or changingby anotherfunctionally
similar).
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But thenhow doestheapplicationacquiretheneededinformation?First,by expecting
thattheplugin obeysacertaindefinedinterfacecommonto all thepluginsof that
application.This interfacemustprovidea functionthatreturnsthedescriptionof the
plugin, in particular, whattypeof taskit handles.Theotherimportantaspectthatthe
applicationneedsto know is whatfunctionto call sothatthis particulartaskis done:
this canbeachievedby eitherpassingthis informationat thesametime thatthe
informationabove is passed,or, by requiringthis functionon theinterfacecommonto
all (somethingof thetypedo_work()).

So,althoughthis interfacevariesbetweentechnologies(ascanbeseenin theexamples
below), thepluginshouldprovide:

• 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

Whethertheapplicationonly acceptsthecommoninterfaceor whethertheplugincan
provideanextensionto this interface(a total interfaceopposedto apartialone)it’ s the
developersdecisionbut mustalsobedefinedbeforehandsothattheapplicationcan
couplewith that.If it’ sapartialone,theextra shouldalsobedeclaredwhentheplugin
presentsitself.

Thelastpoint comesmainly from thefactthataplugin is loadedat runtimeandthe
separationbetweenit andtheapplication;if theplugin hasdependencies,it canbevery
difficult to checkthesedependenciesin runtime.Thispoint is desirablebut notalways
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
Wewill know look at someof theexamplesreferredat thebeginningof thesectionand
seehow theplugin paradigmis implementedin them:Netscape,GnumericandGIMP.

4.4.1. Netscape (and Mozilla)
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NetscapehasaSDK for developmentof pluginswhichcontainsa templatefor aplugin:
auseronly hasto "fill-in" thefunctionsdefinedin thetemplate.Furthermore,theAPI is
verywell definedin tableson thedocumentation:which functionsNetscapeprovides,
which functionstheplugin mustandcandefineandwhich structuresaredefined.

Both Netscapeandthepluginsactascomplete"black-boxes":thecommunicationis all
doneby theAPI definedin thedocumentation.Thesearethemainaspectsof this API:

• A plugin life-cycleconsistof four stages:

1. Initialize. Whenaplugin is first called,Netscapeloadstheplugin into memory,
andcallsa function(NPP_Initialize) definedby thepluginwhich theplugin
usesto initialize itself;

2. New Instance. Every timea plugin is invoked,NetscapecallsNPP_New (again
definedby theplugin)which createsanew instanceof aplugin.This includes
thefirst time theplugin is calledalso(thismeansthatif thesamewebpageor
two differentwindowscall thesameplugin, two instancesarecreated);

3. Destroy Instance. Whenacertaininstanceof aplugin is no longerused,
NetscapecallsNPP_Destroy (plugin defined)to "destroy" thatparticular
instance;

4. Shutdown. Whenall theinstancesof aplugin aredestroyed,Netscapecallsthe
plugin functionNPP_Shutdown andthenremovestheplugin from thebrowser
memory.

• In practice,thereis astructuretypecalledNPP whichcontainstwo pointers:oneto
theplugin’sprivatedata(pdata) which Netscapedoesn’t touchandoneto the
browserprivatedata(ndata) which, in turn, theplugindoesn’t touch.A variableof
typeNPP is passedto thefunctionswhich handledata.Theplugindefinesa structure
typePluginInstance andallocatesthepdata to thattype.

• Informationabouttheplugin is givenby theplugin definedfunctions
NPP_GetMIMEDescription andNPP_GetValue.

• Work is doneby communicationthroughstreams(usually, this only meansNetscape
passingthedatato beanalyzedto theplugin) anddisplaythroughthewindow or not.
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• To summarize,theAPI theplugin mustdefineis alreadydeclaredin thetemplate;it
includesthe4 functionsthatcomposetheplugin life-cyclementioned,the2
functionsfor giving informationabouttheplugin plussomefunctionsfor streamand
window handling.Thereis alsoa functionrelatedto Java.

HowNetscapeloadsplugins: Netscapelooksfor pluginsin directoriesindicatedby the
NPX_PLUGIN_PATH environmentvariablewhenit startsup.Usually, this directories
are/usr/lib/netscape/plugins/ and$HOME/.netscape/plugins/;

4.4.2. Gnumeric
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TheAPI definedby theplugin is veryconcise: it consistsof asinglefunction,
init_plugin, which returnsastructureof typePluginDatacontaining

• thepluginfilename,

• anhandleto theplugin (seebelow),

• theinit_plugin functionitself,
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• acan_unload functionwhichstatesif theplugin canberemoved,in particular,
checkingif therearen’t any instancesstill working

• acleanup_plugin functioncalledwhentheplugin is unloaded,

• a title for theplugin,

• andapointerto theplugin’sprivatedatato befilled by it.

In this structure,theplugin only definesthecan_unload andcleanup_function,
thetitle and,whenneeded,theprivate_data; all othersarefilled by Gnumericwhen
loadingtheplugin.TheAPI theplugin mustdefineis partial:thepluginmust"register"
thefunctionsit definesin theinit_plugin() function.

WhenGnumericstarts,it looksfor pluginsin thedirectories
$HOME/.gnumeric/plugins/$VERSION/ and
/usr/lib/gnumeric/plugins/$VERSION/; Then,for eachplugin,createsa
structureof typePluginData,storesthename,opensthemodule(plugin)andstoresthe
handleresulting,callsinit_plugin andappendsthePluginDatadatato the
plugin_list. Gnumericalsoprovideswhatis calleda "plugin manager"whichcan
beusedin runtimeto loadandunloadplugins.

An importantpoint is thatthereis notaspecificandrestrictedAPI from Gnumericto
theplugin; thedevelopersimplyusesthefunctionsandtypesdefinedby Gnumericand
Gnomein theheadersfiles.So,Gnumericdoesn’t actsomuchlikea "black-box"and
doesn’t offer awell definedAPI whichdoesn’t complywith therequirements
mentionedabove.

4.4.3. GIMP
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Gimp definestwo typesof plugins: thegeneralonesandtheextensions.Theonly
differenceis a functionalone: thefirst usuallyreceiveanimageanddo some
transformationto theimage;thesecondextendfunctionalityby, for example,
permittingto write scriptsin Perl,Python,etc.thatgenerateanimageinsteadof doing
it directly, by hand,in Gimp.

TheAPI theplugin mustdefineconsistsonly of avariablecalledPLUG_IN_INFOof
typeGPlugInInfocontainingpointersto four functions:

• thefirst two, of typeinit_proc andquit_proc, usuallyarenotusedby a plugin
and,so,usuallyaresetto NULL,
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• thethird of typequery_proc (usuallynamedquery()) is calledby Gimp at load
time (seebelow),

• thefourthof typerun_proc (usuallynamedrun()) is calledwhentheprocedureis
to berun.

At start-up,Gimp looksfor pluginsin theplug_in_path(similar to theothers)andlooks
for furtherinformationin thefile pluginrcand,for eachplugin,callsquery(). The
query() functionmustregistertheplugin in theproceduredatabase.

Gimp providesaccessto muchof its internalsthrougha databaseof procedureswhere
eachpluginmustinsertitself into. Thisenablesaplugin to call GIMP internal
proceduresor otherplugins.For example,anotherplugin mayuse
gimp_run_procedure() to run therandomizeplugin.Again this facility canbe
dangeroussothepluginshouldcheckthatthedesiredprocedureis in thedatabase
beforecalling it.

To end,anexample:therandomizeplugin.Whentheuserselectsrandomizefrom the
menu,Gimp callstherun() functionpassingtherequiredparametersregisteredby the
gimp_install_procedure()amongwhoseis the"image";run() launchesadialogbox
inquiringwhattypeof randomizationandtheamountof "noise"theuserwants,does
therequiredtransformationon theimageandrefreshesthedisplayof theimage.

4.4.4. Some notes

• Thewaypluginsare"plugged"to theapplicationis verysimple:whenthe
applicationstartsit looksfor plugins(sometimesjust checkingif theterminationis
.so) in certaindefineddirectories.Additionally, theusercan,in somecases,change
thePATH variablecontainingthedirectoriesto searchor loadandunloadpluginsin
run-time.

• Thw gmodule library is commonlyused;

• Most of therequirementsdescribedabovearecommonto all this technologies
althoughtheimplementationis different(e.g.,acommoninterface,ameanof
providing informationabouttheplugin,...)
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• Netscapehasavery rigid, totally definedAPI, Gnumerichasasmallandpartialfor
thepluginandavery looseonefor theapplication.GIMP, is alsovery loosebut
givesabit moreof robustness.Althoughthepurposesandcontextsaredifferent,the
strategy Netscapeusesis themostrobustof thethree.

4.5. Example: a Gnumeric plugin
AlthoughGnumerichassomeflaws it providesmostof thecoreideasof this paradigm.

Thefollowing pluginaddsthefamousfactorialfunction(MyFactorial()) to
Gnumeric.Hereis thesourcecode(plugin-myfact.c (examples/plugin-myfact.c)).

#include <gnome.h>
#include <glib.h>

#include "gnumeric.h"
#include "func.h"
#include "plugin.h"

static Value *
func_fact (FunctionEvalInfo *ei, Value *argv [])
{

int num = value_get_as_int (argv[0]);
int res = 1;

while(num > 1) {
res *= num;
num-;

}
return value_new_int (res);

}

static int
can_unload (PluginData *pd)
{
Symbol *sym;
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sym = symbol_lookup (global_symbol_table, "MyFactorial");
return sym->ref_count <= 1;
}

static void
cleanup_plugin (PluginData *pd)
{
Symbol *sym;

g_free (pd->title);
sym = symbol_lookup (global_symbol_table, "MyFactorial");
if (sym)
symbol_unref (sym);
}

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;
}
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Themainfunctionhereis theinit_plugin() function.Line 51 establishesthe
category of theplugin; line 52addsthefunctionfunc_fact() to Gnumericwith the
nameMyFactorial andrequiringoneargument.Next linesfill theremainpositionsof
thePluginData variable.

4.6. Links and fur ther inf ormation
Netscape(http://www.netscape.org) hasawebpageonplugins:
http://home.netscape.com/plugins/(http://home.netscape.com/plugins/)

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

Gimp canbefoundathttp://www.gimp.org.

No cleardocumentationof pluginswasfound.HoweverMozilla, GnumericandGimp
provide thesourcecodesoI recomendlookingat thefileswheretheloadingand
managementof pluginsarehandled.Many of theseapplicationsprovidesample/test
pluginswith thesourcecode.It is alsointerestingto look at thesesamplesfor their
structure2.

5. Components
Thissectionfocuson theComponent-basedparadigm.It presentsa precisedefinition
which is complementedafterby a list of characteristicsthatacomponentshouldfulfill.
Sincemiddlewareplaysanimportantrole in components,ashortoverview of CORBA
is alsodone.Finally, Bonobois usedasanexample.

5.1. Concept and examples
Thereisn’t muchconsensusin whatconstitutesacomponent.A goodyetstill
incompletedefinitionis ClemensSzyperski’s list of characteristicpropertiesof a
component:
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Component

1. A componentis anindivisibleunit of independentdeployment.

2. A componentis aunit of third-partycomposition.

3. A componenthasno persistentstate.

An illustrationof theuseof components

Thisdefinitionmayseemtoogeneralbut basicallyconstitutesthecoreonwhatconsists
acomponentandhasseveralimplications.This list will becomplementedin thenext
section.

5.1.1. Some examples
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Imagineabig, complex andheterogeneousprojectdividedin differentparts,eachwith
its particularfunctionandinteractingwith otherpartsof theproject,beingdeveloped
by differentteams.Thefinal productmayevenbelocatedin differentplatformsand
locations.This is agoodexamplein how component-basedtechnologycanbeused.
Basically, eachpartconstitutesacomponent.An interfacecontractfor eachcomponent
is establishedandinteractionis donethroughtheseinterfaces.Eachpartshouldn’t have
to worry abouttheotherparts,in particular, their locationandplatform.

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.

5.2. Discussing and complementing the definition

5.2.1. Key aspects and raised questions

First, let’s referto theaimedkey aspectsin component-baseddevelopment.

• Standardizedpartsandservices(boththroughthestandardizationof componentsand
theenvironmentin which they operate.)

• Minimal or nocontactbetweenentitiesdesigningcomponents;decouplingof
developmentefforts.

• Accessto practical(re)usebothinternalandexternalthroughstandardized
interoperability, configurability, anddeployment.
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• Independentvariability throughdocumentationof components’seams’(the
interfacesusedandexposed).

• Sourcecodefor customneeds;binarycomponentsfor standardneeds.

• A strict emphasisoncomponentassemblyfirst; manualcodingsecond.

• A robustmechanismfor thedeliveryof architectures,frameworks,andservices.

But this impliesseveralquestions:

• How "loose"do wewantacomponentto be?Couldit bedependentfrom other
componentsor context-based?At first glancethisdoesn’t seemdesirablesinceit will
minimizereusewhich is oneof themainaspectsdesired.

• But thenhow do weminimizeproblemsoccurringfrom deploymentandreuse?
Theseproblemsinvolvedependenciesbothfrom theenvironmentandother
components.

• How to minimizecommunicationbetweenpartsanddependencieson the
developmentsof theseveralparts?

• How to handlethird-partyinteroperability?In orderto avoid problemswith
versioningit is necessarya "black-box"view of thecomponentbut thatis not
enough.Thethird-partystill hasto haveaguaranteeon theservicesprovidedby the
component.

• How to handleheterogeneitybetweenparts(for example,differentlanguages,
differentplatforms,...)?

• Whathappensif thecomponenthaspersistentstate?Having persistentstatewould
make two copiesof acomponentdifferent:is thatdesirable?

5.2.2. Looking at the definition

Thekey aspectsandthesequestionsleadsusto somediscussionon thethreepoints
presentedabove.
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As acomponentis anunit of independentdeploymentit needsto bewell-separated
from theenvironmentandevenfrom othercomponents.In otherwords,thecomponent
needsto encapsulateits constituentfeatures.Also, it hasto betotally deployed.

Thesecondpoint relatesto thecompositionwith othercomponentsby apartyexterior
to at leastonecomponent.To couplewith that,thecomponenthasto beself-contained
andspecifyexactlywhatit providesandrequiresby meansof well-definedinterfaces
andimplementationhiding.

Thereasonfor thethird point hasto dowith thefactthatacomponentshouldbe
indistinguishablefrom its copies.By complyingto this it is thenpossiblethatthereis,
at most,onecopy of eachcomponentloadedin eachprocess.

5.2.3. But this is incomplete

Dion Hinchcliffe andMichaelJ.Gaffney complementedthethreepointsabovewith
nineotherpoints(seeLinksandfurther information). Thesetwelve itemsconstitute
whatthey believearethe“unequivocalrequirementsasoftwareentity mustmeetin
orderto claim to be,darewesayit, a ’true’ component”.

Thesenineaddeditemsare:

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 componentmustuseandexposeservicesthroughstandardizedmiddleware
services(DCOM, CORBA, JavaBeans,etc.)

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

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

8. A componentshouldmakeuseof standardizedinfrastructureservicessuchas
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.

Thelasttwo itemsaredesirablebut notabsolutelynecessaryaswell asthey are
difficult to satisfy. Theothersevenplusthethreedescribedin thebeginningenablethe
realizationof thekey aspectsof component-baseddevelopmentpresentedabove.

Very roughly, thekeywordsare:interfacecontracts, middleware, configurability and
independent,"black-box"-view unit.

But why complywith all theserequirements?For example,why usestrategieslike
CORBA whenit doesn’t seemto benecessary?Becauseif wewantto makeuseof the
benefitsthatthis technologyenables,not complyingwith just oneof the10 points(the
othertwo, aswassaidarenotnecessarybut areverydesirable)will make the
componentlessreusableandadaptableto thesituation.In thiscase,if lateron there
wouldbeaneedto havedifferentplatforms,for example,wrapperswouldhave to be
written to do thework this technologyis responsiblefor.

5.2.4. Components and Objects

A final noteregardingcomponentsVs objects.

Componentsandobjects,at first glance,areverysimilar concepts.Thereexiststhe
imageof entities,independentunitsthatinteractwith eachother, associatedwith both
and,bothareparadigmsof development.But thereare,however, somefundamental
differences.
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Hereis a tableshowing themaindifferencesbetweenbothconcepts:

Components Objects

all copiesareequal it hasauniqueidentity (instantiation)

it hasno persistentstate it canhavepersistentstate

it encapsulatesits featuresbut not its state it encapsulatesits stateandbehavior

5.3. Middleware and CORBA

A requestpassingfrom client to objectimplementation(from theOMG documentation)

5.3.1. Middleware: what is and why it is essential to
components
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Middlewareis now a verypopulartermandis basicallyusedto referto software"that
sitsin themiddle,connectingdiverse(andusuallypreexisting)programstogether".In
otherwords,aseparateproductthatactsasagluebetweentwo applications.

Thenecessityfor middlewarestrategiesappearedwith distributedcomputing.Database
systemshavebeenoneof themostimportantareasin this field (seeLinksandfurther
information). Thecomplexity involvedin thecommunicationbetweensoftwareparts
residingin differentmachines(for example,adatabaseserver, anapplicationserverand
theclients)madeit necessarythatsomeextrasoftwarewasaddedto handlethis
communication.

Distributedcomputingis now verywidely used.Thereis a needfor strategiesthat
simplify thedeveloper’swork (for example,handlingthemessagepassingprotocol)but
providegoodflexibility . Usingobject-orientedprinciples,Microsoft developedDCOM,
JavadevelopedJavaBeansandOMG, theCORBA architecture.

But thesearenotalwaysthebestsolutionsfor aproject.Thereareseveralstrategiesand
thefollowing list presentsthemainonesexceptfor CORBA which is describedin the
following section.

Socket programming

• thecommunicationbetweentheapplicationcomponentsis doneusingsockets
directly;

• theAPI is very low level, makingtheoverheadassociatedvery low, thus,
resultingin moreefficientapplications;

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

• function-orientedinterfaceto socket-level communications;

• andsois easierto usethanraw socket programming;

• it is powerful enoughto bethebasisfor many client/serverapplications;

• astandardRPCprotocolexists,althoughtherearesomeincompatible
implementations;

Micr osoft Distrib uted Component Object Model (DCOM)

• capabilitiessimilar to CORBA

• thereis agoodsupportonMicrosoft OperatingSystemsbut thissupportis
sparseoutside;

• thusmakingit verygoodfor projectsoverMicrosoft productsbut not
well-suitedfor cross-platform;

Java Beans and Java Remote Method Invocation (RMI)

• CORBA-lik earchitecture

• supportsthepassingof objectsby value(CORBA, for example,only passes
referencesto objects);

• but is aJava-onlysolutionand,so,is not thebestsolutionif differentlanguages
areused;

XML is alsoplayinganimportantrole in middleware.It is aneasilyparsed,human
readable,simpleand,mostimportant,standardandindependentformat.These
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characteristicsareveryusefulto connectheterogeneousprogramstogether, bothfor
datarepresentationandcommunicationprotocol.

Middlewareis whathandlesthecommunicationbetweencomponents.Thecomplexity
andflexibility requiredby componentdesigningbut still thedesirethatit is simpleto
useandimplementleadsto amiddlewaresolutionthat:

• canhandlecomplex datatypesandcommunication

• enablesconnectingdifferentplatforms,in particular, differentoperatingsystems,
hardwareandsoftware

• enablesthecommunicationbetweendifferentlanguages

• providesall theabove in astandardway

• hidesfrom thedeveloperthecomplexity of communication(for examples,the
messagepassingpassingprotocol)andof complyingwith theitemsabove

Probably, theproductthatfulfills besttheitemsabove is CORBA sinceDCOM is very
boundedto theplatformandJavaBeansto thelanguage.

5.3.2. CORBA

CORBA, or CommonObjectRequestBrokerArchitecture,is definedby OMG (Object
ManagementGroup).It is apopulararchitectureandspecificationfor creatingsoftware
components.Its purposeis to handleinteroperabilitybetweendifferenthardwareand
softwareproducts,in astandardandtransparentway, thusmakingit possiblefor two
differentapplicationsfrom differentvendors,in differentcomputers,operatingsystems,
programminglanguagesandnetworksto communicatewith eachother.

It’ sanobject-orientedarchitectureandits building blocksare:

OMG Interface Definition Langua ge, OMG IDL

Basically, is usedto specifyinterfacesbetweenCORBA objects.
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Moreover, definesmappingsfor avarietyof differentlanguagesandwhich
purposeis to abstractfrom thelanguagesbeingusedto implementthecomponents
sothatthey all speakacommonlanguage.

It’ snotanimplementationlanguage;its solepurposeis to defineinterfaces.

The Object Request Broker or ORB

A softwarecomponentwhosepurposeis to facilitatecommunicationsbetween
objectsby, for example,providing capabilitieslike:

• to locatea remoteobject,givenanobjectreference

• marshalingof parametersandreturnvaluesto andfrom remotemethod
invocations

So,basically, ORBshandlerequestsbetweenapplicationsenablingabstractionof
wheretheprogramthatreceivestherequestandtheonesendingare.

The standar d protocol IIOP, Internet InterORB Protocol

ProvidesastandardcommunicationbetweendifferentORBsaboveTCP/IP. Other
protocolsexist, andnotonly overTCP/IP, but this oneis themostpopular.

To facilitatethecommunicationbetweenobjects,ObjectReferencesareused(in
theIIOP case,thesearecalledInteroperableObjectReferences,IOR): whena
componentof anapplicationwantsto accessaCORBA object,it first obtainsan
ORfor thatobject.UsingtheOR,thecomponentcantheninvokemethodson the
object.

CORBA provides,with thesebuilding blocks,independenceof language - CORBA
objectsandclientscanbeimplementedin any languagethatexistsIDL for it, which is
abig set,andneednotknow which languagewasusedto implementotherCORBA
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objectsthatthey talk to - andindependenceof platform- CORBA objectscanbeused
on any platformfor which thereis aCORBA ORBimplementation.

It is saidthatacomponentis aserverif it containsCORBA objectswhoseservicesare
accessibleto otherobjects.And, naturally, it is saidto bea client if it accessesservices
from someotherCORBA object.Of course,a componentcanactbothasa clientanda
server.

Relatedwith thesetermsarethestubsandskeletons:

client stub

asmallpieceof codethatallowsaclient componentto accessaservercomponent

server skeletons

piecesof codethatone"fills in" whenimplementingaserver

Finally, theObjectManagementGroupestablishedtheObjectManagement
Architecture(OMA) of whichCORBA is apart.OMA consistsof:

• ORB function3

• CORBAservices- objectservices

• CORBAfacilities- commonfacilities

• domaininterfaces

• applicationobjects

It is importantto notethattheseincludeasetstandardservices,compliantwith
CORBA, containingdirectoryandnamingservicesandtransactionservices.
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5.4. An example: BONOBO

Partof oneof thescreenshotsatGNOME’swebpage.It showsmiscellaneous
embedding(for example,playingGnoMineson thespreadsheet...).
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"BONOBOis theGNOMEarchitecturefor creatingreusablesoftwarecomponentsand
compounddocuments."

GNOMEimplementedBONOBOin orderto complywith interoperabilitybetween
differentapplicationsin thedesktop(e.g.,embedagraphicsobjectin aword processor
document).

BONOBOis basicallyasetof CORBA interfacesandanimplementationin
GNOME/GTK+of theseinterfacesthataredesignedto besimpleto useandhide
CORBA andbetween-componentsprotocolused.An applicationusestheseinterfaces
to export its functionalityor integrateothercomponentsfunctionalitymakingit
possibleto edit a graphicor evenplay GnoMinesin aspreadsheet.

BONOBOis targetedbothat thedeveloperandtheuser.

5.4.1. Target: Developer

TheGNOMEprojectis very largeandconsistsof multipleapplications.This
applicationsaredevelopedby severalpeople,in particular, hobbyistswhose
contributioncandisappearat any point.

Componentsoftwarehelpsreducethecomplexity of applicationsby reducingthe
amountof informationaprogrammerneedsto know aboutthesystem.

Thecomponentsoftwarealsoenablesthedeveloperto build larger, morecomplex
applicationsby gluing differentcomponentstogether.

5.4.2. Target: User

UNIX providesverypowerful mechanismsto auserwith smallprogramslikesed,
awk, cat andsort andpipesthatenablesthis programsto bechained,wheretheoutput
from thefirst is usedastheinput for thesecond.Thisenablestheuserto do very
powerful actionsin asimplecommandline.

BONOBOusesthis asanimageandappliesit to desktopenvironments.Insteadof
building applicationsmoreandmorecomplex andwith everypossiblefunctionality,
simply reusewhatis alreadybuilt and“give to Caesarwhatbelongsto Caesar”.For
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example,writing adocumentin aword processorandaddingdatafrom aspreadsheet
program.Whatis meantwith theabove is that,insteadof having to leave theword
processor, launchthespreadsheet,copy thedataandpasteit to thetext, beingableto
insertdatadirectly from theword processor. Theword processorwill includethedata
from thespreadsheetandlaunchtheprogram.Furthermore,theuserwouldbeableto
edit thedataincludedfrom thespreadsheetdirectly from thewordprocessoror could
have thedatarefreshedwhenit waschangedin thespreadsheet(imagine,for example,
daily reports).

Thetermfor this is Document-Centricworld.

BONOBOis similar to theOLE strategy in Microsoft.

5.4.3. Interesting characteristics of BONOBO

The interfaces

All BONOBOcomponentsmustimplementtheBonobo::Unknown interface.
This interfaceconsistsof a functionquery_interface() andthepair
ref()/unref(). Thefirst is usedto checkif aninterfaceis implementedandto
obtaintherequiredinterface.Thepair is describedin thenext point. It is by these
interfacesthatthecomponentstatesif it is embedable(for example,it is
embedableif it providestheBonobo::Embedableinterface),if it is storable,if it
canbeedit in place,etc.

Ref()/unref()

Componentskeeptrackon if theirservicesarebeingusedby theref()/unref()
functions,thefirst incrementingthecounterwhena requestis received,thesecond
decrementingwhentherequesthasbeenfulfilled.
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Stora ge and compound documents

Documentscontainingheterogeneousdatacanstill bestoredby usingcompound
documentsandrequestingthatthecomponentsresponsiblefor thattypeof datado
thestorage(by providing therespective interfaces)

Container s Vs containee/component

Therearetwo typesof "components":theonesthatprovideservices(the
containee/component)andtheonesthatuseit (thecontainers).Looking at the
examplementionedbefore,theword processoris acontainerandthespreadsheet
programis thecontainee/component.A programcanactasbothparts.

GOAD

It is themostcommonway for componentsto beregisteredand,thus,beingfound
by others.

Requirements

BONOBOaddressestherequirementsfor:

• creatingcompounddocuments

• objectlinking

• objectembedding

• serviceactivation

• storagefacilities

• menuandtoolbarnegotiation(merging)

• printing
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5.5. Links and fur ther inf ormation
Cetuslinks (http://www.cetus-links.org/) is asitedevotedto providing links and
informationonObjectsandComponents.At thetimeof this writing, they statedhaving
18873links relatedwith thesesubjects.Amongthis werethefollowing:

• ComponentsandObjectsTogether
(http://www.sdmagazine.com/breakrm/features/s995f2.shtml) by ClemensSzperski
whoalsowroteapopularbookon components.

• Components:WhereAre They?
(http://www.objectnews.com/components_where_are_they.htm)by Dion Hinchcliffe
andMichaelJ.Gaffney thatpresentsaveryconcretestudyon componentsandfrom
wheretherequirementsandcharacteristicspresentedin this documentwheremost
based.

• CDBi FORUM (http://www.cbdiforum.com/index.php3)standsfor
Component-BasedDevelopmentandIntegrationForumandprovidesseveral
interestingandusefulinformationsaboutcomponents.

Lesson134:Middleware
(http://www.networkmagazine.com/static/tutorial/interoperability/9909tut.htm) by
JonathanAngel providesagoodoverview of middleware.It focuseson theevolutionof
this softwarestartingfrom theappearanceof distributedcomputingto distributed
objectswith CORBA, JavaBeansandDCOM. It alsomakesashortreferenceto XML.

As for CORBA, thereis agoodnumberof documentationon CORBA. A goodplaceto
startis theOMG homepage(http://www.omg.org).

6. What to choose
"Plugins"and"components"aretwo wordsthatareveryoftenusedin computing
world. But whensomeonesearchesfor informationon them,hewill find abig amount
of referencesbut hardlyany concreteandelucidativeconcept.
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Theproblemregardingpluginsis that,mostof theinformationonefindsis dependent
of aparticularimplementation.A typicaldefinitionof apluginwouldbesomethinglike
"A pieceof softwareto beaddedto applicationX to do theY-typeof jobs".Or, when
onefindsadefinitionthatis independentof applicationX, Y or Z, it wouldbe
somethinglike "A pieceof softwareto bepluggedto anapplication"that,although
correct,doesn’t carrymuchinformation.

Componentsinformation,on theotherhand,is usuallysoabstractandgeneralthatone
canregardalmosteverythingasbeingcomponents.And, thesameway therewasn’t
muchconsensus,on thebeginning,on whatconstitutesanobject,thereisn’t alsomuch
consensuson whatacomponentis.

Oneof themainpurposesof this tutorialwasto achieveaprecise,shortandclear
definitionon bothparadigms.Thegoalwasto getadescriptiongeneralenoughnot to
betied to implementationissuesbut yet preciseenoughto characterizesomepieceof
softwareasbeinganimplementationof thisconceptandproviding acertainsetof
functionalitiesinsteadof just anadjective.

But it is quickly foundthatadefinition,asgoodasit might be,is notenoughto
characterizeaparadigm.For example,if auserwantsto programin anobject-oriented
way, knowing whatanobjectis in this context, is notenough.To learnhow to program
in anobject-orientedway, theuseralsoneedsto know thenotionsof instancesand
classes,signature/abstract,heritage,inclusionof all themethodsanddatathatidentify
with it and,evenbeforethat,modularityandhiding theimplementationfrom outside
theobject.Theseareall rulesandcharacteristicsthatstateto whatanobject-oriented
applicationshouldcomplyto beconsideredone.After learningobject-oriented
principleslike theaboveandobject-orientedlanguageslikeJavaor C++ it is veryhard
to imagineit in anotherway. But if, for example,it hadbeencharacterizedthesame
waybut without heritagewould thatimpedethattheresultingblocksof softwarecould
still becalledobjects?Of coursenot.Sowhy this setof rules?

Becauseof thebehavior thatis expected.With theconceptcomesa list of wished
functionality. It is expectedthatwecansaythatthis "object",Mickey, is aninstanceof
the"class"Mousebut it alsoinheritscharacteristicsfrom the"interface"Comic. It is
alsoexpectedthatit includesthedatarelatedto it (relevantto thecase)andwaysto
interactwith it, thatis, methods.For example,its ageandamethodto askto resolvea
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mystery!Thissetof rulesnot only complywith thegeneralconceptbut alsohelpto
preciseit andguaranteethattheproductwill provide theexpectedfunctionalityin a
standardway.

But theuseralsoneedstheenvironmentto develop.Furthermore,having just thetheory
on thepaperis not veryuseful.Anyonewho learnsobject-orientedprogrammingdoes
sowhile learningJava,C++ or somesimilarobject-orientedlanguage.Many people
whenreferringto object-orientedprogrammingareactuallyreferringto oneof the
above languages.It is verydifficult to pictureOO withoutsomedetailsof theOO
languagemostcommonlyusedby theuser.

So,arriving to adefinitionfor plugins-basedandcomponent-basedprogrammingis not
enoughandasetof ruleswerecompiledor elaboratedto achieve this.Also, therewas
someemphasison theimplementationdetailssothatthereadercanmoreeasilypicture
thesetypesof programminganddevelopimmediatelywith them.

6.1. The aim of these paradigms
Therearealwaysproblemsthatarebettersolvedwith onestrategy thananotherone.A
script languageis not verygoodto write DataMining applicationsor complex
mathematicalalgorithmsor anapplicationlikeaspreadsheetprogram.It is goodfor
systemmanagement,automaticjobsandsettingconfigurations.

Pluginsaregoodfor applicationsthathave to do tasksfrom abig andheterogeneous
set.It is evenmorepowerful becauseit assumesthatthis setis not known beforehand.
Thisenablesfurthertasksto beassignedto theapplicationaslongasthefunctionality
to do thattaskis provided.Thisbringsseveraladvantages:

• a lighterapplicationsinceall thecomplexity of thetasksis dividedthroughthe
plugins

• thecodeto handlea taskis only loadedwhenneeded.If thesetis big andnot all the
tasksarebeingdonethis meanslessspaceusedin memory.

• flexibility in thefunctionalityaddedto theapplicationby plugins
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At CERNthis typeof applicationsarefoundvery frequently. Thedatageneratedis
heterogeneousandis commonto find: “if this is aparticlea doA, aparticleb do B, ...,
aparticlez do Z”. Having enormouscase columnsis spaceconsuming,complicated
andprovidesfew flexibility . Pluginsmaybeagoodway to handlethis.Therearealso
othersituationssimilarwherepluginscanbeagoodsolution.

Componentsarebetteraimedatcomplex, distributedprojectsbut canalsoapplyto
projectsthatusuallysit in only onecomputerbut whosearchitectureOSclearlydivided
in severalseparatepartsthatinteractwith eachother. It provides,amongotherthings
(seeKey aspectsandraisedquestionsin Components):

• standardizedpartsandservices

• few needof contactbetweenteamsdesigningcomponents

• independenceof implementationandlocation

• agoodway to designthearchitectureandabstractfrom theimplementationsdetails

At CERNit is commonto find big andcomplex distributedprojects.Someof these
projectsevenhave teamsin otherplacesin theworld developingpartsof theproject.
With theimportanceof theseprojectsandthevolumeof actionsthatthefinal product
will have to perform,agooddesignandseparationbetweenpartsis probablythemost
importantaspectof theproject.If this is well done,changescanevenbemadeto one
partwithoutaffectingtheotherparts.

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 components,thereis agoodlist of requirementsthat
mustbemetandthatwereenumeratedin theprevioussections.

47



Developingwith pluginsandcomponents

It mayseem,however, thatsomeof this requirementscanbedispensedin some
occasions.For example,why usestrategieslikeCORBA whenit doesn’t seemto be
necessary?For thesamereasonsusedat thebeginningof this sectionto justify theneed
to establishthem.

If wewantto makeuseof thebenefitsthatthis technologyenables,not complyingwith
just oneof therequirementswill make theplugin/component-basedstrategy lessrobust
andflexible. Regardingtheexampleof theuseof CORBA-lik estrategies,if lateron
therewouldbeaneedto havedifferentplatforms,for example,wrapperswouldhave to
bewritten to do thework this technologyis responsiblefor.

Furthermore,InformaticsTechnologyhasevolvedsomuchthattheenumerated
requirementscanbehandledwith muchlesseffort for thedeveloper. Thepower that
CORBA givesto applicationovercomes,in agoodamount,theeffort to useit.

6.3. Plugins and components: two popular and
recent technologies
Pluginsandcomponents,althoughthey arevery recent,arenow verypopular. A search
on thewebwill presentthousandsof referencesto it.

Mostof theconceptsusedarenotnew but only recentlytechnologyprovidedthemeans
for themto evolve.Pluginsandcomponentswouldnot bewhatthey arewithout
Middlewareandsharedlibrariesandmany otherfacilitiesavailabletoday.

But althoughthey aresorecent,productslikeNetscape,AutoCAD, theWindowsand
Linux desktopsandmany others,areusingthemasanimportantpartof theproduct.

Althoughthey arecombinedin this document,pluginsandcomponentsarevery
differentandeachhasits particularadvantagesanddisadvantagesasalsohaving
differentscopes.Neverthelesstherearecomecommonkeywordsthatpopout in both.

Modularity

separateabig problemin asetof smallproblems:their resultswill bethebuilding
blocksfrom which thefinal applicationis built
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Encapsulation

all thefunctionalityneededby anunit shouldbeintegratedinside:thus,theunit
canbedeployedindependentlyasanall

Interface contracts

specifypreciselyhow partscancommunicatewith eachother:beingacontract,
bothpartsmustrespectthecommitmentthey madeby offering thefunctionality
statedandkeepingtheinterfaceshasstaticaspossible

6.4. Finall y
It wasthepurposeof this documentto bea tutorial to this interestingandpopular
technology. Therewasaneffort thatthis tutorial wouldhavebotha goodandcomplete
theoreticpartwith preciseandcorrectdefinitionsandacompletecharacterizationof the
paradigms,andausefulpracticalpartby focusingon importantimplementationaspects
andproviding simpleexamplesandreferencesto usefultoolsandproducts.Therewas
alsoaneffort in presentingtheinformationin aclearway thatwouldbebothcomplete
andmotivating.

Althoughit wasthepurposeof this tutorial to presentacompletetheory, this document
is still anintroduction.Pleasereferto thelinks andreferencesprovidedthroughoutthe
documentfor adeeperunderstanding.

Notes
1. It is alsoveryusualto write Plug-in insteadof Plugin.

2. “Use theForce– Readthesource!”

3. CORBA’s role is to implementthis
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