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Oftena project is facedwith non-object-orientedlanguagesor with objectsys-
temsthat are not powerfulenoughfor the project’s purposes.But nevertheless
wewantto applyadvancedobject-orientedtechniquesin theselanguages.There-
fore, build or useanobjectsystemasa languageextensionin thetargetlanguage,
andthenimplementthedesignon topof this OBJECT SYSTEM LAYER.

Application Example: Document Archive System

A documentarchive systemallows usersto archive a largenumberof documentson optical
storagedevicesandretrievethemthroughseveralsearchcriteriathatarestoredin adatabase.
The systemwasoriginally designedand implementedin C on a Unix platform supporting
only one(Oracle)databasemanagementsystem.It wasportedto severalUnix variantsand
finally to Windows NT. Later, supportfor the Informix databasemanagementsystemwas
added. The systemusedoptical storagedeviceswith proprietaryinterfaces. On Unix and
Windows thearchiveserver andretrieval serverwerewritten in C, while clientson Windows
weredevelopedin C++,andtheoriginalUnix clientswerewritten in C.
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Figure 1. Document Archive System – Overview

Duringmaintenanceandevolutionof thesoftwaresystem,thecompany facedseveralprob-
lems:



� It washardto changethe mechanismswith which clientsandserverscommunicated,
becausethey usedaproprietaryprotocolbasedon sockets.

� It washard to maintainthe databasecode,becausethe systemusedtwo DBMS that
wereaccessedby differentprotocolsandthathaddifferentSQLdialects.

� It washardto supportthesystemon severalplatformsandwith severalversionsof the
programminglanguage.

� It washard for the company to configurethe systemfor the customerrequirements,
sincethedocumentarchive systemhasto be tightly integratedwith thecustomer’s IS
infrastructure.No two installationsof the documentmanagementsystemareexactly
thesame.Theadaptationof thesystemwasprogrammedby handduringdeployment
usinglow-level C APIs.

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

� It washardto integratenew storagetechnologies,becausethesystemdirectly accesses
theproprietarylow-level interfacesto interactwith thestoragedevices.

During a reengineeringproject, the forcesin this softwaresystemled to adoptionof an
OBJECT SYSTEM LAYER, becausetheoriginally envisionedsolutionof migratingthewhole
codebaseto C++ or Java would have requiredconsiderablecostsin (useless)legacy migra-
tion, an additionalconceptfor stepwisemigration of the legacy parts,and a considerable
redesigneffort. Theexistingsoftwareis functioningandefficient. As far aspossibleexisting
partsshouldbereusedin thereengineeredsolution.

Foreseeablefuture changes,like replacementof the existing proprietarycommunication
infrastructurewith a middleware,likeCORBA or DCOM, introduceotherOBJECT SYSTEM

LAYERS. An overall object-basedstructuringof the systemwould easecombinationwith
suchobjectsystems.Thesystemshouldbenefitfrom theefficiency of systemprogramming
languages[25], like C or C++, but it shouldalsobe flexibly adaptableto new requirements
with aslittle effort aspossible.Documentarchiving is a very importantpartof theinforma-
tion systemof severalcustomers.Theimportancemakesseveralcustomerssuspiciousabout
“new” andunproventechnologies.Therefore,thenew technologiesshouldbewrappedin the
appearanceof thewell-known andreliabletechnology.

Conte xt

Object-orientationhelpsin thedesignandimplementationof complex softwaresystems.Of-
ten object-orientedapproachescanbe usedthroughoutthe design,but (partsof) the imple-
mentationhave to be donein a languagethat doesnot supportobject-orientation,like C or
Cobol. Or the implementationhasto bedonein anobjectsystemthatdoesnot support“ad-
vanced”object-orientedtechniques.For instanceC++or ObjectCoboldonotnativelysupport
reflectionor interceptiontechniques.



Problem

Supposeyouwantto designwith object-orientedtechniquesandusethebenefitsof advanced
object-orientedlanguageconstructs,but you are facedwith target programminglanguages
thatarenon-object-oriented,or with legacy systemsthatcannotquickly berewritten,or with
targetobjectsystemsthatarenot powerful enoughor not properlyintegratedwith otherused
objectsystems(e.g.whenCOM or CORBA is used).But the target languageis chosenfor
importanttechnicalor socialreasons,suchasintegratingwith legacy software,reusingknowl-
edgeof existing workers,andcustomerdemands,soit cannotbechanged.Onesolutionis to
translatethedesigninto a non-object-orienteddesign,andthento implementthatdesign.If
this mappingis manual,thenit will beerror-proneandwill have to beconstantlyredoneas
therequirementschange.

Forces

� LegacyIntegration: Legacy applicationsareoftenwritten in procedurallanguages,like
C or Cobol. A completemigrationof a systemto an object-orientedlanguageoften
makes the integration with the existing legacy componentsdifficult and forcesa re-
implementationof severalwell functioningparts.Thecostsof suchanevolution (that
areveryhardto estimate)areoftentoohighto considerthecompletemigrationto object
technologyat all.

� Efficiency: Theexecutionspeedof applicationsor applicationpartswritten in efficient
systemprogramminglanguages[25], like C or C++, is typically superiorto higher
level languages,like scripting languages.Higher level languages,in turn, areeasier
maintainable,andprovide languageconstructsthateaseadaptations.Runtimecritical
partsshouldbe(or sometimesmustbe)written in systemprogramminglanguages.

� Integration of Several ObjectSystems: In orderto usethird-partysoftware,theobject
andcomponentconceptsof thesetechnologieshave to beintegratedor adapted.Espe-
cially for key technologies,like middlewareapproaches,databases,transactionmon-
itors, etc. the conceptsof several technologiesthat areusedhave be integrated. E.g.
usually in an enterprisecontext not all requirementsare fulfilled by onemiddleware
product[9]. Distributedobjectsystems,applicationservers,transactionmonitors,re-
lational andobject-orienteddatabases,etc. have to work in concert. For integration
oneOBJECT SYSTEM LAYER canbechosenby thecompany (whichmaybetheobject
systemof oneof thetechnologiesor adifferentone).

OftenforeignOBJECT SYSTEM LAYERS areevenusedin anobject-orientedlanguage.
E.g.theCORBA or COM objectsystemsarenotexactly thesameastheobjectsystems
of object-orientedlanguages,like C++ or Java, in which they areused. An OBJECT

SYSTEM LAYER canprovide anabstractionover the differentobjectsystems.But as
a liability anadditionalOBJECT SYSTEM LAYERS alsoaddscomplexity to thesystem
andit takestime to design,implement,andmaintainit.

� Adoptionof EnhancedObject-OrientedTechniques: Oftenanapplicationusesanobject
system,likeC++,Java,or ObjectCobol,thatonly implementsstandardobject-oriented
techniques. Thesedo not provide powerful adaptationand interceptiontechniques,



reflectionand introspection,role concepts,or supportfor implementationof object-
orienteddesignpatterns(asin [19]) andframework parts.In theseandsimilarcasesthe
usedobjectsystemcanbecombinedwith anOBJECT SYSTEM LAYER thatimplements
suchtechniques.

� Usage of Object-OrientedDesign Conceptswith Other Paradigms: Most object-
orientedsoftware systemsare not only designedwith the object-orientedparadigm,
but are combinedwith multiple other paradigms,like the functional, imperative, or
logical. If otherparadigmsaremoresuitablefor the implementationof a systempart
or otherforces,like legacy integration,imposethatpartsof theapplicationareimple-
mentedin anotherparadigm,but the main part of the systemis object-oriented,the
otherparadigmshave to be integratedwith theobject-orientedparadigm.Oftenother
paradigmsare only mappedonto objectsinsteadof real integration, as for instance
whena logicalProloginterpreteris wrappedby anobjectsystem.

� Company’s Politics and/or CustomerDemands: Company’s politics may restrictde-
velopersto a certainsetof programminglanguages,technologies,etc. Customersmay
demandthatcertain“new” or unproventechnologiesshouldnot beused.An OBJECT

SYSTEM LAYER that is wrappedbehindwell-known, reliable,or trustedtechnologies
canbetheonly way to introducecertaintechniquesfor such“political” reasons.

Solution

Build or useanobjectsystemasa languageextensionin thetargetlanguage,andthenimple-
mentthedesignon top of this OBJECT SYSTEM LAYER. Provide a well-definedinterfaceto
componentsthatarenon-object-orientedor implementedin otherobjectsystems.Makethese
componentsaccessiblethroughthe OBJECT SYSTEM LAYER, andthenthecomponentscan
be treatedasblack-boxes. The OBJECT SYSTEM LAYER actsasa layer of indirectionfor
applyingchangescentrally.

Architecture Overview

Thereareseveral implementationvariantsof the OBJECT SYSTEM LAYER pattern. In Fig-
ure2 a conceptual,high-level architectureis shown with architecturalcollaboratorsthatcan
similarly be found in the most instantiationsof the pattern. However, often OBJECT SYS-
TEM LAYERS do not have a distinct implementationcomponent,but just rely on a program-
ming/designconvention.

� A BaseLanguage, likeC or C++, is extendedwith anobjectsystem.

� A BaseLanguage Componentimplementsa reusablesystempartasa black-boxcom-
ponentin thebaselanguage.

� The Object SystemLayer is a specialbaselanguagecomponentthat implementsan
objectsystemin thebaselanguage.It comprisestwo sortsof objects:

– ImplementationObjectsimplementtheobject-orientedpartsof theapplicationin
theOBJECT SYSTEM LAYER.



– WrapperObjectsareCOMPONENT WRAPPERS thatwrapbaselanguagecompo-
nentsbehindanobjectinterface,so that they canbeusedfrom within theobject
system.

TheObjectSystemLayer Implementationcontainsthe intrinsic implementationof the
objectsystem,asfor instanceobjectandclassimplementations,andaMESSAGE REDI-
RECTOR (seetheDesignandImplementationsectionfor moredetails).

� Outboard ParadigmWrappers arebaselanguagecomponentsthat incorporatecompo-
nentsimplementingoutboardparadigms,suchastherelationalor logicalparadigm.

� TheMain Programmaybea shallow interpretermain loop, but it canalsobe a large
applicationthatembedstheobjectsystem.
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Figure 2. OBJECT SYSTEM LAYER – Architecture

Usually, themessagedispatchfrom theusingmainprogram(or from a usingcomponent)
to the implementationobjectsis handledby the MESSAGE REDIRECTOR pattern[7]. The
patternmapssymbolic(i.e. usuallystring-based)calls to object/methodimplementationsin
the OBJECT SYSTEM LAYER. However, theusageof MESSAGE REDIRECTOR is optional,
implementationsobjectscanalsobecalleddirectly.

Whenseveralcomponentshaveto beintegratedinto theobjectsystem,they usuallyshould
be integratedin a uniqueway, despitedifferent paradigms,object systems,programming
languages,etc. This problemis resolvedby the COMPONENT WRAPPER pattern[8] which
canbeusedaspart-oftheOBJECT SYSTEM LAYER.

Design and Implementation

Class-Based Design and Implementation

In this sectionwe discussa simple, hypotheticalinternal designof an OBJECT SYSTEM

LAYER. In thepresentedsmallexample,asin Figure3, adynamicobjectsystemwith objects,
classes,class-objects,inheritance,andobject-/class-nestingis built fromasetof classes.Such
a systemcan,for instance,beimplementedasanextensionof anexisting scriptinglanguage,
suchasTcl, or asanextensionto anobject-orientedlanguage,suchasC++.
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Figure 3. Object System Design (Excerpt)

The Object classmaintainsa referenceto its class,and eachClass knows its class-
object. Moreover, classesstoretheir instancesin a hashtable. Eachclassandeachobjectin
theOBJECT SYSTEM LAYER hasanamespace,whereit storesits localvariablesandmethods
(theobjectsystemis object-specific,thusit allows objectsto carryobject-specificmethods).
Eachmethodimplementationis referencedby a functionpointer. The inheritancehierarchy
is maintainedby a list of super-classesandsub-classeson theClass class. The linearized
inheritanceorderis maintainedfor fastandunambiguouscomputationof the inheritancehi-
erarchy.

A call stackis storedwith aninterpreterandmaintainstheruntimecall stackinformation
of the object system. Besidesseveral other information, the call stackstoresthe current
object,class,andmethod(all canbeintrospectedat runtime).Onthefoundationof theobject
systemaninterpreterevaluatesthecodecall by call. Theinterpreterpartis optional,andoften
an existing implementationcanbe reused,becauseit is alreadyimplementedby a scripting
languageimplementation.Eachobject-orientedmessageis mappedby a centralMESSAGE

REDIRECTOR to theactualimplementationsin theOBJECT SYSTEM LAYER. Themappingof
symbolicmessagesto implementationscanbedoneby thefollowing (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 runtime error>;

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

}
return result;

}

Firstly, wetry to find anobject-specificmethodonthecurrentobject.If it is not found,wetry
to find themethodin the inheritancehierarchy. Thecall stackcarriesthe informationwhich



methodof which classwasexecutedbefore. From this classwe searchthe linearizedclass
orderuntil we find anothermethodwith thegivenmethodname.If no methodis found,an
error is raised.Otherwisethemethodinformationis determined,andthemethodis invoked.
Thefunctionfor methodinvocationenterstheinformationfor thecall stack.If theresultis an
error, it is handledor returnedasaruntimeerroraccordingly. Otherwisetheresultis returned.

This object dispatchmechanisms,implementedin the MESSAGE REDIRECTOR, can be
usedasa centralplaceto introducehigh-level languageconstructsthat rely on messageex-
changes.E.g. the interceptionmechanismsfilter [19] andper-objectmixin [18] of the lan-
guageXOTCL checkat the beginning of the dispatchfunction for every messagewhether
it hasto be interceptedor not. If a filter or per-object mixin is registered,the messageis
redirectedto theinterceptorthatcanhandlethemessagearbitrarily.

Document Archive System Example Resolved

In Figure4 thearchitectureof thedocumentarchivesystemwith anembeddedOBJECT SYS-
TEM LAYER in formof thescriptinglanguageXOTCL is shown. TheC/C++interfacelibraries
of theCORBA ORB implementation,thetwo databases,andtheproprietaryjuke-boxaccess
protocolimplementationaremappedto TCL commandsin C extensionsof TCL. In a setof
XOTCL scriptswe give theseextensionsobject-orientedWRAPPER FACADES [28] that en-
capsulatetheTCL commandsin a setof interactingobjects.On top of thesescripts,we write
variousXOTCL scriptswhich areusedin hot spots[26] of thedesign.Thedocumentarchive
clientsandserversthemselvesareC/C++ componentswhich embedXOTCL asa C library.
Thesecomponentsareat the sametime ableto useC/C++ legacy partsthat arenot yet (or
will neverbe)migratedto XOTCL scripts.
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Figure 4. Document Management System with an Embed ded OBJECT SYSTEM LAYER

(XOTCL)

Thereareseveraladvantagesof thenew architecture.Thecommunicationsubsystemwas
incrementallymigratedfrom theproprietaryprotocolto animplementationbasedonthestan-
dardCORBA. The databaseconnectionbecomesindependentfrom the useddatabaseman-
agementsystem.TheOBJECT SYSTEM LAYER canbeusedasanintegrationbasefor various



involved technologies,extensions,otherOBJECT SYSTEM LAYERS, andfor connectionsto
othersystems,like B2B systems,SAPR/3, etc. If thesystemis accordinglystructuredinto
componentsof theOBJECT SYSTEM LAYER, developmentanddeploymentprocessesmaybe
simplified.E.g.storagedevices,archiveserver, andretrieval serverareshieldedby uniquein-
terfacesthatstronglydecoupleclientsfromtheirinternalimplementation.Introductionof new
storagetechnologiesor cachestrategiescanbeperformedwithout interferingwith clients.

Theabstractioninto COMPONENT WRAPPERS [8] for DBMS andcommunicationaccess
subsystemsallowsusto usetheadaptiveandreflectiveenvironmentof thescriptinglanguage
for adaptationsto new productsor new versionsof theproducts.XOTCL offersa component
conceptintegratingthevariousobjectsystemsinvolvedin thisapplication.Frequentlychang-
ing partsof thesystemcanbekeptin scripts,sothatthey canberapidlychanged,while stable
andperformancesensitivepartsareusedasC/C++components.All clientsof theDBMS and
communicationaccesssubsystemsrely on thecentralCOMPONENT WRAPPER abstractions,
andchangesin productsor additionsof new productsdo not affect the clientsat all. Such
changescan be introducedin the wrappers,written in the scripting language,which sup-
portspowerful meansfor adaptation,like theinterceptionmechanismsof XOTCL, andoffers
powerful stringmanipulationcommandsof TCL (e.g.usefulfor adaptationbetweenthe two
differentSQLdialects).

Disadvantagesare sometimesreducedperformance,becauseof interpretation/byte-code
compilation,additional indirection, and methodlookup. Furthermore,the describedtech-
niquesforces the developmentorganizationto have experts in all the involved languages
(here: TCL, XOTCL, C, and C++). This may result in additionaltraining costsfor learn-
ing theobject-orientedabstractions/languageconstructs,and/orto learntheconventionshow
to emulateobject-orientationin anon-object-orientedlanguage.Onecouldseetheadditional
trainingasabenefitof thepattern.

Consequences

�
Theflexibility of theapplicationcanbesubstantiallyimproved,sincetheOBJECT SYS-
TEM LAYER allowsusto introducemany flexibility hooksandto implementhigh-level
languageconstructs,suchasinterception,reflection,andadaptationtechniques.

�
“High-level” languageconstructs,like runtimeclasscreation,meta-classes,dynamic
object-classrelationships,anddynamicclass-classrelationshipscanbe“languagesup-
ported”by thepatternin languagesthatdonotoffer suchfunctionalitynatively.

�
Classescan becomeruntime entitiesand can be manipulatedwith the sameeaseas
objects.

�
The complexity of the applicationcan be dramaticallyreduced,becausetechniques,
like dynamicclasses,per-objectmixins, filters, andclassobjects,enableus to avoid
unnecessaryclassdefinitions.Thuswe avoid anexplosionof thenumberof necessary
subclasses.

� Complexity of the applicationcanalsorise, if the client hasto maintainthe OBJECT

SYSTEM LAYER. Thenissueslike garbagecollection,objectdestruction,relationship
dynamics,reflection,etc. have to be programmedby hand. But this problemcanbe
avoidedby usinganexisting OBJECT SYSTEM LAYER asa library.



� Performancecanbe decreasedthroughadditionalindirectionsandthroughflexibility
hooks. However, performanceproblemscanbeavoidedto a high degreeby carefully
designingtheOBJECT SYSTEM LAYER. I.e. offering too many flexibility optionsthat
arenot requiredby theapplicationcaseis aseriousdesignflaw.

� TheOBJECT SYSTEM LAYERS conventionsandinterfaceshaveto learnedby thedevel-
opers.If theOBJECT SYSTEM LAYERS is a wholescriptinglanguage,anew language
hasto learned.

Pattern Variants

� Object-OrientedScriptingLanguage: Scriptinglanguagesarebasedonatwo-levelcon-
ceptof componentswritten in efficientsystemlanguages(likeC) andcomponentswrit-
ten in the scriptinglanguage[25]. The scriptsglue variouscomponentstogetherand
areusedin partsof theapplicationthattendto changeoften.Oftenthey comewith lan-
guageconstructs,like dynamics,introspection,etc. thateasethe glueingprocessand
adaptations.This patternvariantis normally implementedwith anexplicit MESSAGE

REDIRECTOR that interactswith the interpreterof the baselanguage.Therearesev-
eraldifferentobject-orientedscriptinglanguagesthatmainlyenhanceexistingscripting
languageswith differentformsof object-orientation:

– XOTCL [21] is a TCL extensionand implementspowerful messageinterception
techniques,dynamicobjectaggregations,nestedclasses,assertions,andseveral
otherhigh-level languageconstructson top of thedynamicandintrospective en-
vironmentof OTCL. XOTCL (like all TCL extensions)canbeeasilyembeddedin
C applicationsandcanthereforealsobeusedasa library implementinganobject
systemfor C programs.

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

– Python is an object-orientedlanguagethat implementsbasic object-oriented
meansandalsoprovidesa C API. Like the TCL variantsit is extensibleby and
embedablein C/C++applications.

– Perl providesan object-orientedencapsulationmechanismaswell, but is more
famousfor its stringprocessingfacilitiesandits operatingsysteminterfaces.

� Library Implementingan Object System: Non-object-orientedlanguagescan be en-
hancedby a library thatimplementsanobjectsystemon topof thenon-object-oriented
language.This patternvariantusesvariousimplementationtechniques,that arechar-
acterizedby passinga stateof the object systemto the functionsimplementingthe
object-orientedmethods.Two commontechniquesare:

– A simpletechniqueis to associatefunctionswith objectsby a convention. E.g.
the first argumentof eachmethodin the objectsystemcanbe interpretedasthe
object ID of the currentobject. Similarly, enhancedfeatures,like inheritance,
construction/destruction,or datahidingcanbeimplementedby suchconventions.
Thisstylerequiresacertainamountof disciplineof all involvedprogrammers.



– In C a function pointer can be associatedwith a structurerepresentingthe ob-
ject. Generalclassesimplementmore sophisticatedbehavior, like object cre-
ation/destruction,inheritance,etc.An exampleimplementationmayhave thefol-
lowing form:
typedef struct Class {
/* classes’ state */
HashTable* instances;
...
/* classes’ methods */
int (*createInstance) (char* name);
int (*destroyInstance) (char* name);
int (*superclass) (char* name);
...

} Class;

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

� Enhancementof Object-OrientedSystemProgrammingLanguage: Often even pro-
gramminglanguagesthat have an objectconceptlack certaindesiredfeatures.Then
theusageof anOBJECT SYSTEM LAYER canaddthesefeature.E.g.C++ doesnot of-
fer reflectiveabilities.TheREFLECTION pattern[1] enhancesnon-reflective languages
with reflection.ThePROTOTYPE-BASED OBJECT SYSTEM pattern[23] addsdynamic
slots andmethodsto an object system. The TYPE OBJECT pattern[12] addsmeta-
level objectsthat containtype information. OBJECT SYSTEM LAYER combinessuch
patternsin a distinct layer that is often loadableasa component.This varianthasthe
drawbackthat theadditionalOBJECT SYSTEM LAYER addscomplexity to thesystem
andthatit takesresourcesto design,implement,andmaintainit.

� ObjectSystemofaKey Technology: Many systems,designed/implementedin functional
or imperative style,have a partly object-orientedstructure,simply becausethey usea
certainkey technology, likeadatabaseor amiddleware,thatimposesanobject-oriented
structuringof thesystem.E.g. if a largeC applicationis combinedwith CORBA, the
developerscanadoptanobject-orientedstructuring(thoughit is not necessary),if they
designthe codefor implementationof the methodsdeclaredin the IDL in an object-
orientedway. At leastthesystemgetsanobject-orientedinterface.

Someinstancesof thepatternarecombinationsof thevariants,e.g.XOTCL [21] is anobject-
orientedscriptinglanguage,a library implementinganobjectsystem,andit includescompo-
nentsfor integrationof key technologies.

Kno wn Uses

Object-orientedscriptinglanguagesandlibrariesimplementinganobjectsystemsarewidely
used.Herewe just give a few examplesof systemsthatexplicitly usethemfor purposesas
describedin theForcessection.

� Someknown usesof object-orientedscriptinglanguagesare:



– Thepresenteddocumentarchivesystemis asystemwhichwasreengineeredwith
an OBJECT SYSTEM LAYER asbasisfor a piecemeal,component-orientedway
of reengineering(see[10] for details).

– xoComm [20] is a highly flexible and adaptive web server implementation
that uses XOTCL to integrate the system’s components,to accesslow-level
network functionalitieswith object-orientedabstractions,andto provide flexibil-
ity/extensibilityhooks.

– NeoWebScript[17] is a server-basedinteractive programmingenvironmentfor
HTML codein web pages.It’ s interfaceusesOTcl’s objectsystemto allow the
userto defineclassesfor generatingblocksof hypertext flexibly. A queryclassis
usedasaninterfaceto integrateadatabasebackend.

– The Network Simulator(NS) [30] supportsnetwork simulationincluding TCP,
routing,multicast,network emulation,andanimation.It allows flexible configu-
rationusingscriptsin OTcl.

– The objectsystemin the GraphicsNotation(Gn) implementation[15] is imple-
mentedusingOTcl. Every Gn classis anOTcl classwith a numberof subcom-
mandsimplementedwith C callbacks(in reusableblack-boxcomponents).

– libsrm [27] is a framework for reliablemulticasttransportthatusesanOTcl API
wrappingaC interfacefor flexible access/configurationof theprotocol.

– Zope[31] is a popularapplicationserver that usesPythonfor integrationof the
involvedparadigmsandfor flexible/adaptivedevelopmentfor webapplications.

– Caldera,a prominentLinux distribution, is developingtheCalderaOpenAdmin-
istrationSystem(COAS) [2], to provideacomprehensiveandcoherentframework
for implementationof systemadministrationmechanisms.COAS providesaplug-
in framework for moduleswhich arewritten in Pythonor C++ (or both). COAS
integratesthePythonobjectsystemwith C++ by anembeddedPythoninterpreter
in orderto benefitfrom C++’sefficiency andPython’sflexibility at thesametime.

– In [29] the usageof scripting languagesfor the flight software of the mars
pathfindermissionis discussed.The project usesthe object-orientedscripting
language[incr Tcl].

� ThreepopularlibrariesimplementinganOBJECT SYSTEM LAYER are:

– The X Toolkit [24] is a C library that handlesthe managementof widgets
(graphicalobjectsfor developmentof user interfaces)by exploration of a set
of C structs andfunctionswhich areassociatedwith thesestructs by their
first argument. A general(intrinsic) widget managementhandleswidget cre-
ation/destruction,setting of attributes, interoperability, etc. This layer is an
OBJECT SYSTEM LAYER for thelanguageC. Widgetsets,like Motif or Athena,
arebuilt on topof theintrinsic library. TheX Toolkit abstractsfrom thelow-level
detailsof theunderlyingXLib (thatimplementsbasicwindowing functionalities).
The Xt intrinsic library distinguishesbetweenobjectsandclasses.New widget
classescanbe sub-classedfrom existing widgets. Widgetsmay have attributes
(calledresources),associatedmethods,andcanexploit theeventsystemof X11
by meansof callbackmethods.Eachwidgethasaninnerstatewhich is readable
throughits methods.



– libwww is thereferenceimplementationof theW3C for commonWebprotocols,
like HTTP/1.1. It is a highly modular, general-purposewebAPI written in C. It
usessimilar techniquesastheX Toolkit to provideobject-orientedabstractionsin
C. Thelibwww styleguide[22] givesexampleshow theobject-orientedconcepts
of construction/destruction,datahiding, namespaces,this pointer, and inheri-
tanceshouldbeemulatedin libwww.

– KA9QNOS[13] is ageneralTCP/IPimplementationthatis originally designedfor
packet radiotransmission.It usessimilar object-orientedtechniquesaslibwww.

� The integrationof variousmiddlewarestandards,like CORBA or DCOM, with non-
object-orientedlanguages,like C or Tcl, or theobjectsystemsimposedby transaction
monitors,like Tuxedo,are just a few examplesof key technologiesimplementingan
OBJECT SYSTEM LAYER. Thesetechnologiesareusedin countlessprojects,andthey
force the applicationsto usetheir objectsystems/modelsto a certaindegree. Often a
distinctOBJECT SYSTEM LAYER is usedfor integration.

Related Patterns

MESSAGE REDIRECTORS [7] areoften part of the OBJECT SYSTEM LAYER pattern,since
objectcallsmustbemappedfrom symboliccallsto implementationsin theOBJECT SYSTEM

LAYERS. Sometimestheir functionalityis scatteredoverthecode.COMPONENT WRAPPERS

[8] areoftenusedin OBJECT SYSTEM LAYERS for componentintegration.

Thereis a setof patternswhich implementpartial OBJECT SYSTEM LAYERS for limited
purposes.E.g. the PROTOTYPE-BASED OBJECT SYSTEM pattern[23] implementsclone-
ableobjectswith slotsandmethodsto introducemodifiability andflexibility for variablesand
methodsinto object-orientedlanguages,likeC++or Java. In thesamestylereflectiveabilities
areattachedto object-orientedlanguages(with adistinctioninto meta-andbase-level) by the
REFLECTION pattern[1]. The style of division into base-andmeta-level is similar to the
CLOSmeta-objectprotocol[14].

The techniqueto attachspecialobjectscarryingmeta-level informationto otherobjects,
is exploredby David Hay in severaldatamodelpatterns[11], like PRODUCTS that areem-
bodiedin PRODUCT TYPES. Both areclassedlateron into PRODUCT CATEGORIES. Similar
techniquesareusedin Martin Fowler’sAnalysisPatterns[4], e.g.for ACCOUNTABILITY and
PARTY TYPES (here:thedivisioninto two levelsis donewith anoperationalandabaselevel).
TheTYPE OBJECT pattern[12] generalizesthis approachof dividing theobjectsysteminto
implementationalbase-level andameta-level thatcarriesmeta-information,like typeor other
reflective information.

OBJECT SYSTEM LAYER inducesthe usageof several other object-oriented(general-
purpose)designpatternsthatfulfill theintegrationof differentsystemparts.OBJECT SYSTEM

LAYERS provide only a foundationfor integration,they do not integratesystempartsthem-
selves.WRAPPER FACADES [28] areusedto giveproceduralsystempartsanobject-oriented
interface.Sinceonemainpurposeof OBJECT SYSTEM LAYERS is to beanindirectionlayer,
patternscanbe appliedthat usethe messagedispatchwithin the OBJECT SYSTEM LAYER

asa flexibility hook. ADAPTERS [5] areusedto flexibly adaptto variousdifferent imple-
mentationsof thesameservice(e.g.adaptationto anotherdatabaseinterfacein theexample).
CentralFACTORIES [5] abstractoverobjectcreationprocess,andlet usintroducechangesin



creations,like objectsharingthroughFLYWEIGHTS. FACADES [5] areusedto shieldsub-
systemsfrom directaccess,thusavoiding strongcouplingbetweenclientsandsub-system.

See Also

Meyer [16] discussescommontechniquesfor object systemimplementationin languages
without anobjectsystem.He comparesthelanguages’abilitiesto implementtheunderlying
conceptof abstractdatatypes.Variouslanguagesoffer conceptsthatenableencapsulationof
modules,like Ada (package),Modula-2(module),or CLU (cluster).Thesemodulesarefree
associationsof programelements,e.g.for abstractdatatypeimplementation.In C structs
canbeusedfor datastructureencapsulation,while asetof embeddedfunctionpointersrefer-
encethe implementationof behavior. Eachinstanceof a classreferencesits type. The type
is a specialrun-timeclassstructurethat containspointersto the methodof the class. All
thesetechniquesarevery low-level implementationtechniquesandrequirea lot of efforts in
orderto keepaway from violating theconcepts.A library thathandlestheselow-level issues
helpsto avoid theseproblemsandto automateadvancedfeatures,like inheritance,relations,
interceptors,etc.

In [6] variousdesignandlanguageconceptsarecomparedregardingtheimplementationof
componentconcepts,encapsulationaspects,andlife-cycle issues.Thediscussionincorporate
imperative languages,like Modula-2andAda, functionalapproaches,like ML andZ, and
object-orientedlanguages,like Smalltalk,Eiffel, andCLOS.In [3] Cox describesthedesign
of thelanguageObjectiveC andcomparesto otherobject-orientedapproaches.Furthermore,
adiscussionof C techniquesfor implementationof object-orientedconceptscanbefound.

In [22] the techniquesfor implementingthe conceptsof construction/destruction,data
hiding, namespaces,this pointer, and inheritancein the libwww are discussed. Con-
struction/destructionis emulatedin form of two functionsobjectName new andobject-
Name delete. Objectdatais protectedin libwww by declaringa structurein a headerfile,
but not definingit. Memberfunctionsof theclass– giving theobjecta namespaceinduced
by its class– arecalledexplicitly in libwww, e.g.ClassName memberFunction. Thethis
pointeris achievedby understandingthefirst parameterto any methodastheobjectID. Inher-
itanceis mostlyhandledthroughexplicit pointercastinganda first elementin classes,called
isa. Similar techniquesof theX Toolkit aredescribedin [24].
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