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Context

Object-orientationhelpsin thedesignandimplementationof complex softwaresystems.Oftenobject-orientedapproaches
canbe usedthroughoutthe design,but (partsof) the implementationhave to be donein a languagethat doesnot support
object-orientation,like C or Cobol. Or theimplementationhasto bedonein anobjectsystem,thatdoesnot supportdesired
object-orientedtechniques.For instanceC++ or ObjectCoboldonot implementreflectionor interceptiontechniques.

Problem

Supposeyou want to designwith object-orientedtechniquesandusethe benefitsof advancedobject-orientedlanguage
constructs,but you arefacedwith targetprogramminglanguagesthat arenon-object-oriented,or with legacy systemsthat
cannotquickly berewritten,or with targetobjectsystemsthatarenot powerful enoughor not properlyintegratedwith other
usedobjectsystems(e.g.whenCOM or CORBA is used).But thetargetlanguageis chosenfor importanttechnicalor social
reasons,suchasintegratingwith legacy software,reusingknowledgeof existingworkers,andcustomerdemands,soit cannot
bechanged.Onesolutionis to translatethedesigninto a non-object-orienteddesign,andthento implementthatdesign.If
thismappingis manualthenit will beerror-proneandwill have to beconstantlyredoneastherequirementschange.

Solution

Build or useanobjectsystemasa languageextensionin thetargetlanguageandthenimplementthedesignon top of this
ObjectSystemLayer. Provide a well-definedinterfaceto componentsthatarenon-object-orientedor implementedin other
objectsystems.MakethesecomponentsaccessiblethroughtheObjectSystemLayerandthenthecomponentscanbetreated
asblack-boxes.TheObjectSystemLayeractsasa layerof indirectionfor applyingchangescentrally.

Application Example

A documentarchive andretrieval systemallows usersto archive a largenumberof documentson opticalstoragedevices
and retrieve them throughseveral searchcriteria that are storedin a database.The systemwas originally designedand
implementedin C on a Unix platformsupportingonly one(Oracle)databasemanagementsystem.It wasportedto several
Unix variantsandfinally to Windows NT. At somelater time supportfor the Informix databasemanagementsystemwas
added.Thesystemusedopticalstoragedeviceswith proprietaryinterfaces.Thearchive server andretrieval server wereon
Unix andWindowswritten in C, while clientsonWindowsweredevelopedin C++andtheoriginalUnix clientswerewritten
in C. Figure1 presentsanoverview of thesystem.Thecompany facedseveralproblems:
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� It washardto changehow clientsandserverscommunicated,becausethey usedaproprietaryprotocolbasedonsockets.

� It washardto maintainthedatabasecode,becausethesystemusedtwo DBMSthatwereaccessedbydifferentprotocols
andthathaddifferentSQL dialects.

� It washardto supportthesystemonseveralplatformsandwith severalversionsof theprogramminglanguage.

� It was hard for the company to configurethe systemfor the customerrequirements,sincethe it hasto be tightly
integratedwith thecustomersIS infrastructure.No two installationsof thedocumentmanagementsystemareexactly
thesame.Theadaptionof thesystemwasprogrammedby handduringdeploymentusingthelow-level C APIs.

� It washardto replacecachemanagementstrategiesfor archival/retrieval,becausethey werenotencapsulatedin distinct
componentswith well-definedinterfaces.

� It washard to integratenew storagetechnologies,becausethe systemaccessesthe proprietarylow-level interfaces
directly to interactwith thestoragedevices.

Archive Client Windows (C++)

Archive Server

Retrieval Server Retrieval Client Windows (C++)

Archive Client UNIX (C)

Retrieval Client UNIX (C)

Proprietary Protocol
Connection

or
Oracle Databases Informix Databases

Jukebox
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Figure 1. Document Management System – Overview

Theforcesin thisproblemleadto adoptionof anObjectSystemLayer, becausethefirstly envisionedsolutionof migrating
the whole codebaseto C++ or Java would have leadto considerablecostsin (useless)legacy migration,it would require
an additionalconceptfor stepwisemigrationof the legacy parts,andit would requirea considerableredesigneffort. The
existing softwareis functioningandefficient. As far aspossibleexisting partsshouldbe reusedin the new solutionto be
ableto argumentfor the relevant changesto the management.Foreseeablefuture changes,like replacementof the exist-
ing proprietarycommunicationinfrastructurewith a middleware,like CORBA, introduceotherObjectSystemLayers. An
overall object-basedstructuringof thesystemwould easecombinationwith suchobjectsystems.Thesystemshouldbenefit
from the efficiency of systemprogramminglanguages[23], like C or C++, but it shouldalsobe flexibly adaptableto new
requirementswith aslittle effort aspossible.Thedocumentmanagementis a very importantpartof theinformationsystem
of severalcustomers.Theimportancemakesseveralcustomerssuspiciousabout“new” andunproventechnologies.Thenew
technologiesshouldbewrappedin theappearanceof thewell-known andreliabletechnology.

Forces

� LegacyIntegration: Legacy applicationsareoftenwritten in languages,like C or Cobol. A completemigrationof a
systemto a new object-orientedlanguageoften makesthe integrationwith the existing legacy componentsdifficult
andforcesa re-implementationof severalwell functioningparts.Thecostsof suchanevolution (thatarevery hardto
estimate)areoftentoo high to considerthecompletemigrationto objecttechnologyat all.

� Efficiency: Theexecutionspeedof applicationsor applicationpartswritten in efficientsystemprogramminglanguages
[23], likeC or C++, is typically superiorto higherlevel languages,likescriptinglanguages.Higherlevel languages,in
turn,areeasiermaintainable,andprovide languageconstructsthateaseadaptions.Runtimecritical partsshouldbe(or
sometimesmustbe)written in systemprogramminglanguages.

� Integrationof Several ObjectSystems: In orderto usethird-partysoftwaretheobjectandcomponentconceptsof these
technologieshaveto beintegratedor adapted.Especiallyfor key technologies,likemiddlewareapproaches,databases,
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transactionmonitors,etc. theconceptsof several technologiesthatareusedhave be integrated.E.g., in anenterprise
organizationnormally not all requirementsarefulfilled by onemiddlewareproduct[8]. Distributedobjectsystems,
applicationservers,transactionmonitors,relationalandobject-orienteddatabases,etc. have to work in concert.For
integrationoneObjectSystemLayercanbe chosenby the company (which may be the objectsystemof oneof the
technologiesor a differentone).

Often foreignObjectSystemLayersareevenusedin anobject-orientedlanguage.E.g., theCORBA or COM object
systemsarenot exactly thesameastheobjectsystemsof object-orientedlanguages,like C++ or Java, in which they
areused. An ObjectSystemLayer canprovide an abstractionover the differentobject systems.But asa liability
an additionalObjectSystemLayersalsoaddscomplexity to the systemandit takestime to design,implement,and
maintainit.

� Adoptionof EnhancedObject-OrientedTechniques: Often an applicationusesan objectsystem,like C++, Java, or
ObjectCobol,thatonly implementsstandardobject-orientedtechniques.Thesedonotprovidepowerful adaptationand
interceptiontechniques,reflectionandintrospection,role concepts,or supportfor implementationof object-oriented
designpatterns(asin [17]) andframework parts. In theseandsimilar casestheusedobjectsystemcanbecombined
with anObjectSystemLayerthatimplementssuchtechniques.

� Usage of Object-OrientedDesignConceptswith Other Paradigms: Most object-orientedsoftware systemsarenot
only designedwith theobject-orientedparadigm,but arecombinedwith multiple otherparadigms,like thefunctional,
imperative, or logical. If otherparadigmsaremoresuitablefor the implementationof a systempart or otherforces,
like legacy integration,imposethatpartsof theapplicationareimplementedin anotherparadigm,but themainpartof
thesystemis object-oriented,theotherparadigmshaveto beintegratedwith theobject-orientedparadigm.Oftenother
paradigmsareonly mappedontoobjectsinsteadof realintegration,asfor instancewhena logicalProloginterpreteris
wrappedby anobjectsystem.

� Company’s Politics and/or CustomerDemands: Company’s politics may restrictdevelopersto a certainsetof pro-
gramminglanguages,technologies,etc. Customersmaydemandthatcertain“new” or unproventechnologiesshould
not beused.An ObjectSystemLayerthat is wrappedbehindwell-known, reliable,or trustedtechnologiescanbethe
only way to introducecertaintechniquesfor such“political” reasons.

Designand Implementation Example

In this sectionwe discussa simple,hypotheticalinternaldesignof anObjectSystemLayerthatis a stand-alonescripting
languageandan library implementingan additionalobjectsystemfor the languagesC andC++. The exampleis similar
to a simplified versionof the objectsystemof the languageXOTCL [19]. In the presentedsmall example,asin Figure2,
a dynamicobjectsystemwith objects,classes,class-objects,inheritance,andobject-/class-nestingis build from a setof C
structs. Sucha systemcan,for instance,beimplementedasanextensionof anexisting scriptinglanguage,suchasTCL.
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Figure 2. Object System Design (Excerpt)

TheObject-struct maintainsa referenceto its classandeachClass-struct knows its class-object.Moreover, classes
storetheir instancesin a hashtable. Eachclassandeachobjecthasa namespace,whereit storesits local variablesand
methods(the object systemis object-specific,thus it allows objectsto carry object-specificmethods). Eachmethodim-
plementationis referencedby a function pointer. The inheritancehierarchyis maintainedby a list of super-classesand

3



sub-classeson theClass-struct. The linearizedinheritanceorderis maintainedfor fastandunambiguouscomputationof
theinheritancehierarchy.

A call stackis storedwith the interpreter1 andmaintainsthe runtimecalling informationof the objectsystem.Besides
severalotherinformationthecall stackstoresthecurrentobject,class,andmethod(all canbeintrospectedat runtime). On
thefoundationof theobjectsystemtheinterpreterevaluatesthecodecall by call. Eachobject-orientedmessageis computed
by a centralobjectdispatcher. Thedispatcherusesthefollowing (simplified)algorithm:

int ObjDispatch (objectName, methodName, arguments, ...) {
if (<callstack->top is not located in inheritance hierarchy>)

method = <find methodName on current object>;
if (<method not found>) {

class = <search class hierarchy for methodName>;
if (<class found>) method = <get method from class>;

}
if (<method found>) {

result = <call method>;
if (<result> == ERROR) <handle the error or raise error>;

} else {
<raise proc not found error>;
result = ERROR;

}
return result;

}

Firstly, we try to find an object-specificmethodon the currentobject. If it is not found, we try to find the methodin the
inheritancehierarchy. Thecallingstackcarriestheinformationwhichmethodof whichclasswasexecutedbefore.Fromthis
classwe searchthe linearizedclassorderuntil we find anothermethodwith thegivenmethodname.If no methodis found
an error is raised. Otherwisethe methodinformation is determinedandthe methodis invoked. The function for method
invocationautomaticallyenterstheinformationfor thecall stack.If theresultis anerrorit is handledor returnedasaruntime
erroraccordingly. Otherwisetheresultis returned.

The objectdispatchmechanismscanbe usedasa centralplaceto introducehigh-level languageconstructthat rely on
messageexchanges.E.g.,theinterceptionmechanismsfilter [17] andper-objectmixin [16] of thelanguageXOTCL checkat
thebeginningof thedispatchfunctionfor everymessagewhetherit hasto beinterceptedor not. If afilter or per-objectmixin
is registered,themessageis redirectedto theinterceptor, thatcanhandlethemessagearbitrarily.
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Figure 3. Object System Layer – Architecture

Thereare several implementationvariantsof the Object SystemLayer pattern. In Figure 3 a conceptual,high-level
architectureis shown with architecturalcollaboratorsthat cansimilarily be found in the mostinstantiationsof the pattern.
However, even thoughpatternsarerecurring,no two patterninstancesareexactly the same[1]. E.g.,oftenObjectSystem
Layersdonothaveadistinctimplementationcomponent,but justrelyonaprogramming/designconvention.Thearchitectural
collaboratorsare:

1Theinterpreteris only necessaryfor thescriptinglanguagevariantof thepatternandit is not a partof thepattern.TheObjectSystemLayerbuilds in
thisexampleuponthescriptinglayerthat implementstheinterpreter.
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� A BaseLanguage, likeC, is extendedwith anobjectsystem.

� A BaseLanguageComponentimplementsa reusablesystempartasablack-boxcomponentin thebaselanguage.

� TheObjectSystemLayer is aspecialbaselanguagecomponentthatimplementsanobjectsystemin thebaselanguage.
It comprisestwo sortsof objects:

– ImplementationObjectsimplementtheobject-orientedpartsof theapplicationin theObjectSystemLayer.

– ObjectWrapperswrapbaselanguagecomponentsbehindanobjectinterface,sothatthey canbeusedfrom within
theobjectsystem.Oftenthey make theblack-boxcomponentsgray-boxcomponents,by exposingsomeof their
internalsthroughwell-definedintrospectionmechanisms.

The ObjectSystemLayer Implementationcontainsthe intrinsic implementationof the objectsystem,asfor instance
dispatcher, object,andclassimplementation,asdescribedin theDesignandImplementationExamplesection.

� Outboard ParadigmWrappersarebaselanguagecomponentsthatincorporatecomponentsimplementedwith outboard
paradigms,suchastherelationalor logical paradigm.

� TheMain Programmaybeashallow interpretermainloop,but it canalsobea largeapplicationthatembedstheobject
system.

Application Example Resolved

In Figure4 thearchitectureof thedocumentmanagementsystemwith anembeddedObjectSystemLayer in form of the
scriptinglanguageXOTCL is shown. TheC/C++interfacelibrariesof theCORBA ORB implementation,thetwo databases
andtheproprietaryjukeboxaccessprotocolimplementationaremappedto TCL commandsin C extensionsof TCL. In a set
of XOTCL scriptswe give theseextensionsobject-orientedwrapperfacades[26] thatencapsulatetheTCL commandsin aset
of interactingobjects.On top of thesescriptswe write variousXOTCL scriptswhich areusedin hot spots[24] of thedesign.
Thedocumentmanagementclientandserver themselvesareC/C++components,whichembedXOTCL asaC library andare
at thesametimeableto useC/C++legacy parts,thatarenot yet (or will neverbe)migratedto XOTCL scripts.
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Figure 4. Document Management System with an Embed ded Object System Layer (XOTCL)

Thereareseveral advantagesof the new architecture.The communicationmigratesfrom the proprietaryprotocolto an
implementationbasedonthestandardCORBA. Thedatabaseconnectionbecomesindependentfrom theuseddatabaseman-
agementsystem.TheObjectSystemLayercanbeusedasanintegrationbasefor variousinvolvedtechnologies,extensions,
otherObjectSystemLayers,andfor connectionsto othersystems,like B2B systems,SAPR/3, etc. If thesystemis struc-
turedaccordinglyinto componentsof theObjectSystemLayer, developmentanddeploymentprocessesmaybesimplified.
Storagedevices,archiveserver, andretrieval serverareshieldedby uniqueinterfacesthatstrongerdecoupleclientsfrom their
internalimplementation.Introductionof new storagetechnologiesor cachestrategiescanbeperformedwithout interfering
with clients.
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Theabstractioninto objectwrappersfor databasesandCORBA allows usto usetheadaptive andreflective environment
of the scriptinglanguagefor adaptationsto new productsor new versionsof the products.XOTCL offersusan integrating
componentconceptfor the variousobject systemsinvolved in this application. Frequentlychangingpartsof the system
canbekept in scripts,so that they canberapidly changed,while stableandperformancesensitive partsareusedasC/C++
components.All clients rely on the centralabstractionof the wrapperfacadeand changesin the productsor to a new
productdo not affect theclientsat all. Thesechangescanbe introducedin thewrapperswhich arewritten in thescripting
languagethatgivesuspowerful meansfor adaptation,liketheinterceptionmechanismsof XOTCL, andofferspowerful string
manipulationcommandsof TCL (e.g.,usefulfor adaptationbetweenthetwo differentSQL dialects).

Disadvantagesaresometimesreducedperformance,becauseof interpretation/byte-codecompilation,additionalindirec-
tion, andmethodlookup. Furthermore,the describedtechniquesforcesthe developmentorganizationto have expertsin
all the involved languages(here: TCL, XOTCL, C, andC++). This may result in costsfor additionaltraining to learnthe
object-orientedabstractions/languageconstructs,and/orto learntheconventionshow to emulateobject-orientationin anon-
object-orientedlanguage.Somemight seetheadditionaltrainingasa benefitof thepattern.

Pattern Variants

� Object-OrientedScriptingLanguage: Scriptinglanguagesarebasedon a two-level conceptof componentswritten in
efficientsystemlanguages(likeC) andcomponentswritten in thescriptinglanguage[23]. Thescriptsgluethevarious
componentstogetherandareespeciallyusedin partsof the applicationthat tendto changeoften. Often they come
with languageconstructs,likedynamics,introspection,etc. thateasetheglueingprocessandadaptations.Thispattern
variant is normally implementedwith an explicit dispatcherthat interactswith the interpreterof the baselanguage.
Thereareseveraldifferentobject-orientedscriptinglanguagesthatmainly enhanceexisting scriptinglanguageswith
differentformsof object-orientation:

– XOTCL [19] is a TCL extensionandimplementspowerful messageinterceptiontechniques,dynamicobjectag-
gregations,nestedclasses,assertions,andseveralotherhigh-level languageconstructson topof thedynamicand
introspective environmentof OTCL. XOTCL (like all TCL extensions)canbeeasilyembeddedin C applications
andcanthereforealsobeusedasa library implementinganobjectsystemfor C programs.

– [incr Tcl] is anotherobject-orientedextensionof TCL. It is alsoimplementedin C andcanalsobeusedasaobject
library in C, but it only implementsobject-orientationin thestyleof C++.

– Pythonis an object-orientedlanguagethat implementsbasicobject-orientedmeansandalsoprovidesa C API.
Like theTCL variantsit is extensibleby andembed-ablein C/C++applications.

– Perlprovidesanobject-orientedencapsulationmechanismaswell, but is morefamousfor its stringprocessing
facilitiesandits operatingsysteminterfaces.

� Library ImplementinganObjectSystem: Non-object-orientedlanguagescanbeenhancedby a library, thatimplements
an objectsystemon top of the non-object-orientedlanguage.This patternvariantusesvariousimplementationtech-
niques,thatarecharacterizedby passingastateof theobjectsystemto thefunctionsthatimplementtheobject-oriented
methods.Two commontechniquesare:

– A simpletechniqueis to associatefunctionswith objectsby aconvention.E.g.,thefirst argumentof eachmethod
in theobjectsystemcanbeinterpretedastheobjectID of thecurrentobject. Similarly, enhancedfeatures,like
inheritance,construction/destruction,or datahidingcanbeimplementedby suchconventions.Thisstylerequires
acertainamountof disciplineof all involvedprogrammers.

– In C a functionpointercanbeassociatedwith a structure,that representstheobject.Generalclassesimplement
moresophisticatedbehavior, like objectcreation/destruction,inheritance,etc. An exampleimplementationmay
havethefollowing form:
typedef struct Class {

/* classes’ state */
HashTable* instances;
...
/* classes’ methods */
int (*createInstance) (char* name);
int (*destroyInstance) (char* name);
int (*superclass) (char* name);
...

} Class;
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Thetaskof theobjectsystemin thelibrary is to definethegeneralclassesand/orobjects,definethebasicbehavior of
theobjectsystemon top of theseclasses/objects,andgive initialization routinesfor theobjectsystem.

	 Enhancementof Object-OrientedSystemProgrammingLanguage: Often even programminglanguagesthat have an
objectconceptlack certaindesiredfeatures.Thenthe usageof an ObjectSystemLayercanaddthesefeature.E.g.,
C++ doesnot offer reflective abilities. The reflectionpattern[2] enhancesnon-reflective languageswith reflection.
Theprototype-basedobjectsystempattern[21] addsdynamicslotsandmethodsto anobjectsystem.Thetypeobject
pattern[10] addsmeta-level objectsthat containtype information. This varianthasthe drawbackthat the additional
ObjectSystemLayersaddscomplexity to thesystemandthatit takesresourcesto design,implement,andmaintainit.

	 ObjectSystemof a Key Technology: Many systems,designed/implementedin functionalor imperative style, have a
partlyobject-orientedstructuresimplybecausethey useacertainkey technology, likeadatabaseor amiddleware,that
imposesanobject-orientedstructuringof thesystem.E.g.,if a largeC applicationis combinedwith CORBA thedevel-
operscanadoptanobject-orientedstructuring(thoughit is not necessary),if they designthecodefor implementation
of the methodsdeclaredin the IDL in an object-orientedway. At leastthey get an object-orientedinterfaceto their
system.

Someinstancesof thepatternarecombinationsof thevariants,e.g.,XOTCL [19] is anobject-orientedscriptinglanguage,a
library implementinganobjectsystem,andit includescomponentsfor integrationof key technologies.

Known Uses

Object-orientedscriptinglanguagesandlibrariesimplementingan objectsystemsareusedwidely. Herewe just give a
few examplesof systemsthatexplicitly usethemfor purposesasdescribedin theForcessection.

	 Someknown usesof object-orientedscriptinglanguagesare:

– Thepresenteddocumentarchiving systemis a largesystemwe arecurrentlyre-engineeringandenhancingwith
theobject-orientedscriptinglanguageXOTCL in thedescribedway.

– xoComm[18] is a highly flexible and adaptive web server implementationthat usesXOTCL to integratethe
system’scomponents,to accesslow-levelnetwork functionalitieswith object-orientedabstractions,andtoprovide
flexibility/extensibilityhooks.

– NeoWebScript[15] is a server-basedinteractive programmingenvironmentfor HTML codein web pages.It’s
interfaceusesOTcl’sobjectsystemto allow theuserto defineclassesfor generatingblocksof hypertext flexibly.
A queryclassis usedasaninterfaceto integratea databasebackend.

– TheNetwork Simulator(NS) [28] supportsnetwork simulationincludingTCP, routing,multicast,network emu-
lation,andanimation.It allowsflexible configurationusingscriptsin OTcl.

– The objectsystemin the GraphicsNotation(Gn) implementation[13] is implementedusingOTcl. Every Gn
classis an OTcl classwith a numberof subcommandsimplementedwith C callbacks(in reusableblackbox
components).

– libsrm [25] is a framework for reliablemulticasttransportthat usesan OTcl API wrappinga C interfacefor
flexible access/configurationof theprotocol.

– Zope [29] is a popularapplicationserver that usesPythonfor integration of the involved paradigmsand for
flexible/adaptivedevelopmentfor webapplications.

– Caldera,a prominentLinux distribution, is developingthe CalderaOpenAdministrationSystem(COAS) [3],
to provide a comprehensiveandcoherentframework for implementationof systemadministrationmechanisms.
COAS providesaplug-in framework for moduleswhicharewritten in Pythonor C++(or both).COAS integrates
thePythonobjectsystemwith C++ by anembeddedPythoninterpreterin orderto benefitfrom C++’s efficiency
andPython’sflexibility at thesametime.

– In [27] theusageof scriptinglanguagesfor theflight softwareof themarspathfindermissionis discussed.The
projectusestheobject-orientedscriptinglanguage[incr Tcl].

	 ThreepopularlibrariesimplementinganObjectSystemLayerare:
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– TheX Toolkit [22] is a C library thathandlesthemanagementof widgets(graphicalobjectsfor developmentof
userinterfaces)by explorationof a setof C structs andfunctionswhich areassociatedwith thesestructs
by their first argument.A general(intrinsic) widgetmanagementhandleswidgetcreation/destruction,settingof
attributes,interoperability, etc.This layeris anObjectSystemLayerto thelanguageC. Widgetsets,likeMotif or
Athena,build on top of theintrinsic library. TheX Toolkit abstractsfrom thelow-level detailsof theunderlying
XLib (that implementsbasicwindowing functionalities).TheXt intrinsic library distinguishesbetweenobjects
andclasses.New widgetclassescanbesub-classedfrom existing widgets.Widgetsmayhave attributes(called
resources),associatedmethods,andcanexploit the event systemof X11 by meansof callbackmethods.Each
widgethasaninnerstate,which is readablethroughits methods.

– libwww is the referenceimplementationof the W3C for commonWeb protocols,like HTTP/1.1. It is a highly
modular, general-purposeweb API written in C. It usessimilar techniquesasthe X Toolkit to provide object-
orientedabstractionsin C. The libwww style guide [20] givesexampleshow the object-orientedconceptsof
construction/destruction,datahiding,namespaces,this pointer, andinheritanceshouldbeemulatedin libwww.

– KA9QNOS[11] is a generalTCP/IPimplementationthat is originally designedfor packet radio transmition.It
usessimilarobject-orientedtechniquesasthelibwww.


 The integrationof variousmiddlewarestandards,like CORBA or DCOM, with non-object-orientedlanguages,like
C or Tcl, or the objectsystemsimposedby transactionmonitors,like Tuxedo,arejust a few examplesof key tech-
nologiesimplementinganObjectSystemLayer. Thesetechnologiesareusedin countlessprojectsandthey forcethe
applicationsto usetheir objectsystems/modelsto a certaindegree.

RelatedPatterns

Thereis a setof patterns,which implementpartialObjectSystemLayersfor limited purposes.E.g.,theprototype-based
objectsystempattern[21] implementsclone-ableobjectswith slotsandmethodsto introducemodifiability andflexibility for
variablesandmethodsinto object-orientedlanguages,like C++ or Java. In thesamestylereflective abilitiesareattachedto
object-orientedlanguages(with a distinctioninto meta-andbase-level) by theReflectionpattern[2]. Thestyleof division
into base-andmeta-level is similar to theCLOSmeta-objectprotocol[12].

Thetechniqueto attachspecialobjectsin object-orientedlanguagesasobjects,thatarecarryingmeta-level information,is
exploredby David Hayin severaldatamodelpatterns[9], likeProductsthatareembodiedin ProductTypes.Bothareclassed
lateroninto ProductCategories.Similar techniquesareusedin Martin Fowler’sAnalysisPatterns[5], e.g.,for Accountability
andParty Types(here: the division into two levels is donewith an operationalanda baselevel). The TypeObjectPattern
[10] generalizesthis approachof dividing theobjectsysteminto implementationalbase-level anda meta-level, thatcarries
meta-information,like typeor otherreflective information.

ObjectSystemLayer inducethe usageof several otherobject-oriented(general-purpose)designpatternsthat fulfill the
integrationof differentsystemparts.ObjectSystemLayersprovide only a foundationfor integration,they do not integrate
systempartsthemselves. WrapperFacades[26] areusedto give non-object-orientedsystempartsanobject-orientedinter-
face. Sinceonemain purposeof ObjectSystemLayersis to be an indirection layer, patternscanbe appliedthat usethe
dispatchwithin the ObjectSystemLayer asa flexibility hook. Adapters[6] areusedto flexibly adaptto variousdifferent
implementationsof thesameservice(e.g.adaptionto anotherdatabaseinterfacein theexample).CentralFactories[6] ab-
stractover objectcreationprocessandlet useasilyintroducechangesin creations,like sharingobjectsthroughFlyweights.
Facades[6] areusedto shieldsub-systemsfrom directaccess,thusavoidingstrongcouplingbetweenclientsandsub-system.

SeeAlso

Meyer [14] discussescommontechniquesfor objectsystemimplementationin languageswithout an objectsystem.He
comparesthe languages’abilities to implementtheunderlyingconceptof abstractdatatypes.Variouslanguagesoffer con-
ceptsthatenableencapsulationof modules,like Ada (package),Modula-2(module),or CLU (cluster).Thesemodulesare
freeassociationsof programelements,e.g.,for abstractdatatypeimplementation.In C structscanbeusedfor datastruc-
tureencapsulation,while a setof embeddedfunctionpointersreferencethe implementationof behavior. Eachinstanceof a
classreferencesits type,whichis aspecialrun-timeclassstructure,thatcontainspointersto themethodof theclass.All these
techniquesarevery low-level implementationtechniquesandrequirea lot of efforts in orderto keepaway from violating the
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concepts.A library thathandlestheselow-level issueshelpsto avoid theseproblemsandto automateadvancedfeatures,like
inheritance,relations,interceptors,etc.

In [7] variousdesignandlanguageconceptsarecomparedregardingthe implementationof componentconcepts,encap-
sulationaspects,andlifecycle issues.Thediscussionincorporateimperative languages,like Modula-2andAda, functional
approaches,likeML andZ, andobject-orientedlanguages,likeSmalltalk,Eiffel, andCLOS.In [4] Coxdescribesthedesign
of the languageObjective C andcomparesto otherobject-orientedapproaches.Furthermore,a discussionof C techniques
for implementationof object-orientedconceptscanbefound.

In [20] thetechniquesfor implementingtheconceptsof construction/destruction,datahiding,namespaces,this pointer,
and inheritancein the libwww are discussed. Construction/destructionis emulatedin form of two functionsobject-
Name new and objectName delete. Object datais protectedin libwww by declaringa structurein a headerfile, but
not definingit. Memberfunctionsof the class– giving the objecta namespaceinducedby its class– arecalledexplicitly
in libwww, e.g.,ClassName memberFunction. Thethis pointeris achievedby understandingthefirst parameterto any
methodastheobjectID. Inheritanceis mostlyhandledthroughexplicit pointercastinganda first elementin classes,called
isa. Thesimilar techniquesof theX Toolkit aredescribedin [22].
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