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Aliases

Library implementingan objectsystempbject-orientedcriptinglanguage.

Context

Object-orientatiorelpsin thedesignandimplementatiorof complex softwaresystemsOftenobject-orientedpproaches
canbe usedthroughoutthe design,but (partsof) the implementatiorhave to be donein a languagethat doesnot support
object-orientationlike C or Cobol. Or theimplementatiorhasto be donein anobjectsystemthatdoesnot supportdesired
object-orientedechniqueskor instanceC++ or ObjectCoboldo notimplementreflectionor interceptiontechniques.

Problem

Supposeyou want to designwith object-orientedechniquesand usethe benefitsof advancedobject-orientedanguage
constructsput you arefacedwith targetprogramminganguageshat are non-object-orientedor with legag/ systemghat
cannotquickly berewritten, or with targetobjectsystemghatarenot powerful enoughor not properlyintegratedwith other
usedobjectsystemge.g.whenCOM or CORRBA is used).But thetamgetlanguagds choserfor importanttechnicalor social
reasonssuchasintegratingwith legag software,reusingknowledgeof existingworkers,andcustomedemandssoit cannot
be changed.Onesolutionis to translatethe designinto a non-object-orientedesign,andthento implementthat design. If
this mappingis manualthenit will be errorproneandwill have to be constantlyredoneastherequirementghange.

Solution

Build or useanobjectsystemasalanguageextensionin thetargetlanguageandthenimplementthe designon top of this
ObjectSystemLayer. Provide a well-definedinterfaceto componentshatarenon-object-orientedr implementedn other
objectsystemsMake thesecomponentsccessiblehroughthe ObjectSystem_ayerandthenthe componentganbetreated
asblack-boxes.The ObjectSystemLayeractsasa layerof indirectionfor applyingchangegentrally

Application Example

A documenfarchive andretrieval systemallows usersto archive alarge numberof document®on optical storagedevices
and retrieve them through several searchcriteria that are storedin a database.The systemwas originally designedand
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implementedn C on a Unix platform supportingonly one (Oracle)databasenanagemergystem.It wasportedto several
Unix variantsandfinally to Windows NT. At somelater time supportfor the Informix databasenanagemensystemwas
added.The systemusedoptical storagedeviceswith proprietaryinterfaces.The archive sener andretrieval sererwereon
Unix andWindowswrittenin C, while clientson Windows weredevelopedin C++andthe original Unix clientswerewritten

in C.
éukebox r—
erver r i
“ e V
IN
\|

)‘ Retrieval Server A [l Retrleval Client Windows (C++)
Proprietary Protocol ( Archive Client Windows (C++)
Connection

Oracle Databases Informix Databases

I Retrieval Client UNIX (C)

Jukeboxes

Figure 1. Document Management System — Overview
Thecompaly facedseveralproblems:

¢ It washardto changehow clientsandsenerscommunicatedyecausehey usedaproprietaryprotocolbasednsoclets.

¢ It washardto maintainthedatabaseode becaus¢hesystenmusedwo DBMS thatwereaccessety differentprotocols
andthathaddifferentSQL dialects.

¢ |t washardto supportthe systemon several platformsandwith severalversionsof the programmindanguage.

o It was hardfor the compaty to configurethe systemfor the customerrequirementssincethe it hasto be tightly
integratedwith the customerdS infrastructure.No two installationsof the documenimanagemengystemareexactly
thesame.Theadaptionof the systemwasprogrammedy handduring deploymentusingthe low-level C APIs.

¢ It washardto replacecacheamanagemerttratejiesfor archival/retrieval, becaus¢hey werenotencapsulateth distinct
componentsvith well-definedinterfaces.

¢ |t washardto integratenew storagetechnologiespbecausehe systemaccesseshe proprietarylow-level interfaces
directly to interactwith the storagedevices.

Theforcesin this problemleadto adoptionof an ObjectSystemLayer, becausehefirstly envisionedsolutionof migrating
the whole codebaseto C++ or Java would have leadto considerablecostsin (useless)egag/ migration, it would require
an additionalconceptfor stepwisemigrationof the legag/ parts,andit would requirea considerableedesigneffort. The
existing softwareis functioningandefficient. As far aspossibleexisting partsshouldbe reusedn the new solutionto be
ableto argumentfor the relevant changego the managementForeseeablduture changeslik e replacementf the exist-

ing proprietarycommunicatiorinfrastructurewith a middleware,like CORBA, introduceotherObjectSystemLayers. An

overall object-basedtructuringof the systemwould easecombinationwith suchobjectsystems.The systemshouldbenefit
from the efficiency of systemprogramminganguage$23], like C or C++, but it shouldalsobe flexibly adaptabldo new

requirementsvith aslittle effort aspossible.The documenimanagemens a very importantpartof theinformationsystem
of severalcustomersTheimportancemakesseveralcustomersuspiciousbout‘new” andunprosentechnologiesThenen

technologieshouldbewrappedn theappearancef the well-known andreliabletechnology

Forces

e Legacylntegration: Legag applicationsareoftenwritten in languageslike C or Cobol. A completemigrationof a
systemto a new object-orientedanguageoften makesthe integrationwith the existing legagy componentdifficult
andforcesare-implementatiorof severalwell functioningparts. The costsof suchanevolution (thatarevery hardto
estimateareoftentoo high to considethe completemigrationto objecttechnologyat all.



o Efficiency Theexecutionspeedf applicationr applicationpartswrittenin efficient systemprogrammindanguages
[23], like C or C++,is typically superiorto higherlevel languagedjk e scriptinglanguagesHigherlevel languagesin
turn, areeasiemaintainableandprovide languageconstructghateaseadaptionsRuntimecritical partsshouldbe (or
sometimesnustbe)written in systemprogrammindanguages.

¢ Integration of Several ObjectSystemsIn orderto usethird-partysoftwarethe objectandcomponentonceptof these
technologiehave to beintegratedor adaptedEspeciallyfor key technologieslik e middlevareapproachegjatabases,
transactiormonitors,etc. the conceptof severaltechnologieshatareusedhave beintegrated.E.g.,in anenterprise
organizationnormally not all requirementsrefulfilled by one middleware product[8]. Distributed objectsystems,
applicationseners, transactionmonitors,relationaland object-orientedlatabasestc. have to work in concert. For
integrationone Object SystemLayer canbe chosenby the compary (which may be the objectsystemof oneof the
technologie®r a differentone).

Oftenforeign ObjectSystemlLayersareevenusedin anobject-orientedanguage.E.g.,the CORBA or COM object
systemsarenot exactly the sameasthe objectsystemsof object-orientedanguageslike C++ or Java, in which they
areused. An Object SystemLayer can provide an abstractionover the differentobject systems.But as a liability

an additional Object SystemLayersalsoaddscomplexity to the systemandit takestime to design,implement,and
maintainit.

¢ Adoptionof EnhancedObject-Orientedlechniques Often an applicationusesan objectsystem like C++, Java, or
ObjectCobol,thatonly implementstandarabject-orientedechniquesThesedo notprovide powerful adaptatiorand
interceptiontechniquesreflectionandintrospectionyole conceptspr supportfor implementatiorof object-oriented
designpatterngasin [17]) andframeawork parts. In theseandsimilar caseghe usedobjectsystemcanbe combined
with anObjectSystemlLayerthatimplementssuchtechniques.

e Usage of Object-OrientedDesign Conceptswith Other Paradigms Most object-orientedsoftware systemsare not
only designedvith the object-orientegharadigm put arecombinedwith multiple otherparadigmslik e the functional,
imperative or logical. If otherparadigmsaremoresuitablefor theimplementatiorof asystenpartor otherforces like
legag integration,imposethat partsof the applicationareimplementedn anothemparadigm put the main part of the
systemis object-orientedthe otherparadigmshave to be integratedwith the object-orientecparadigm. Often other
paradigmsareonly mappedntoobjectsinsteadof realintegration,asfor instancewhenalogical Prologinterpreteris
wrappedby anobjectsystem.

e Companys Politics and/or CustomerDemands Compaly’s politics may restrictdevelopersto a certainsetof pro-
gramminglanguagestechnologiesetc. Customersnay demandhatcertain“new” or unproventechnologieshould
not beused.An ObjectSystemlLayerthatis wrappedbehindwell-known, reliable,or trustedtechnologiesanbethe
only way to introducecertaintechniquegor such“political” reasons.

Designand Implementation Example

In this sectionwe discussa simple,hypotheticainternaldesignof an ObjectSystemlLayerthatis a stand-alonescripting
languageand an library implementingan additionalobjectsystemfor the languagesC and C++. The exampleis similar
to a simplified versionof the objectsystemof the languagexOTcL [19]. In the presentedsmall example,asin Figure?2,
a dynamicobjectsystemwith objects,classesglass-objectsinheritance and object-/class-nestinig build from a setof C
st ruct s. Sucha systemcan,for instancepeimplementedasan extensionof anexisting scriptinglanguagesuchasTcL.

The Objectst r uct maintainsa referenceo its classandeachClassst r uct knows its class-objectMoreover, classes
storetheir instancesn a hashtable. Eachclassand eachobjecthasa namespacewhereit storesits local variablesand
methods(the object systemis object-specificthusit allows objectsto carry object-specificnethods). Each methodim-
plementationis referencedoy a function pointer The inheritancehierarchyis maintainedby a list of superclassesand
sub-classesn the Classst r uct . Thelinearizedinheritanceorderis maintainedfor fastandunambiguousomputationof
theinheritancehierarchy

A call stackis storedwith the interpretet and maintainsthe runtime calling information of the objectsystem. Besides
several otherinformationthe call stackstoresthe currentobject,class,andmethod(all canbe introspectedat runtime). On

1Theinterpreteris only necessaryor the scriptinglanguagevariantof the patternandit is nota partof the pattern. The ObjectSystemLayer builds in
this exampleuponthescriptinglayerthatimplementgheinterpreter
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Figure 2. Object System Design (Excerpt)

the foundationof the objectsystemaninterpreterevaluateshe codecall by call. Eachobject-orientednessagés computed
by a centralobjectdispatcherThe dispatcheusesthefollowing (simplified) algorithm:
int CbjDispatch (objectNanme, nethodNane, argunents, ...) {
if (<callstack->top is not located in inheritance hierarchy>)
met hod = <find methodName on current object>;
if (<nethod not found>) {
class = <search class hierarchy for methodNanme>;
if (<class found>) method = <get nethod from cl ass>;

if (<nethod found>) {

result = <call method>;

if (<result> == ERROR) <handle the error or raise error>;
} else {

<rai se proc not found error>;

result = ERROR;
}

return result;

}

Firstly, we try to find an object-specifianethodon the currentobject. If it is not found, we try to find the methodin the
inheritancehierarchy The calling stackcarriestheinformationwhich methodof which classwasexecutedbefore.Fromthis
classwe searchthe linearizedclassorderuntil we find anothemethodwith the given methodname.If no methodis found
an erroris raised. Otherwisethe methodinformationis determinedandthe methodis invoked. The function for method
invocationautomaticallyentersgheinformationfor thecall stack.If theresultis anerrorit is handledor returnedasaruntime
erroraccordingly Otherwisetheresultis returned.

The objectdispatchmechanismgan be usedasa centralplaceto introducehigh-level languageconstructthat rely on
messagexchangesE.g.,theinterceptiormechanisméilter [17] andperobjectmixin [16] of thelanguageX OTcL checkat
thebeginning of thedispatchfunctionfor every messag&hetherit hasto beinterceptecdr not. If afilter or perobjectmixin
is registeredthe messagés redirectedo theinterceptorthatcanhandlethe messagearbitrarily.

Ar chitectural Collaborators

There are several implementationvariantsof the Object SystemLayer pattern. In Figure 3 a conceptualhigh-level
architecturds shovn with architecturalkollaboratorghat can similarily be foundin the mostinstantiationsof the pattern.
However, eventhoughpatternsarerecurring,no two patterninstancesare exactly the same[1]. E.g.,often ObjectSystem
Layersdonothave adistinctimplementatiocomponentbut justrely onaprogramming/desigoorvention. Thearchitectural
collaboratorsare:

e A BaselLanguae, like C, is extendedwith anobjectsystem.
¢ A BaselLanguaie Componenimplementsa reusablesystempartasa black-boxcomponentn thebaselanguage.

e TheObjectSystentayeris a specialbasdanguageomponenthatimplementsanobjectsystemin thebasdanguage.
It comprisegwo sortsof objects:



— ImplementatiorObjectsimplementthe object-orientegartsof the applicationin the ObjectSystemLayer.

— ObjectWrappeswrapbasdanguageomponent®ehindanobjectinterface sothatthey canbeusedfrom within
the objectsystem.Oftenthey make the black-boxcomponentgray-boxcomponentshy exposingsomeof their
internalsthroughwell-definedintrospectiormechanisms.

The ObjectSysteniayer Implementatiorcontainsthe intrinsic implementatiorof the objectsystem,asfor instance
dispatcherobject,andclassimplementationasin the DesignandimplementatiorExamplesection.

e Outboad Paradigm Wrappess are baselanguagecomponentghat incorporatecomponentsmplementingoutboard
paradigmssuchastherelationalor logical paradigm.

e TheMain Programmaybea shallav interpretemainloop, but it canalsobealargeapplicationthatembedgheobject

system.
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Figure 3. Object System Layer — Architecture

Pattern Variants

¢ Object-OrientedScriptingLanguage: Scriptinglanguagesarebasedon a two-level conceptof componentsvrittenin
efficientsystemlanguageglik e C) andcomponentsvrittenin the scriptinglanguagg23]. Thescriptsgluethevarious
componentgogetherandare especiallyusedin partsof the applicationthattendto changeoften. Oftenthey come
with languageconstructslik e dynamicsjntrospectiongtc. thateasehe glueingprocessaandadaptationsThis pattern
variantis normally implementedwith an explicit dispatchetthat interactswith the interpreterof the baselanguage.
Thereare several differentobject-orientedscriptinglanguageshat mainly enhancesxisting scriptinglanguagesvith
differentformsof object-orientation:

— XOTct [19] is a TcL extensionandimplementspowerful messagénterceptiontechniquesdynamicobjectag-
gregations hestedclassesassertionsandseveralotherhigh-level languageconstructon top of the dynamicand
introspectve ervironmentof OTcL. XOTcL (like all TcL extensions)anbe easilyembeddedn C applications
andcanthereforealsobe usedasa library implementingan objectsystemfor C programs.

— [incr Tcl] is anothebject-orienteaxtensionof TcL. It is alsoimplementedn C andcanalsobeusedasaobject
library in C, butit only implementsobject-orientationn the style of C++.

— Pythonis an object-orientedanguagehat implementsbasicobject-orientedneansandalsoprovidesa C API.
Likethe TcL variantsit is extensibleby andembed-ablén C/C++applications.

— Perlprovidesan object-orientedencapsulatiomechanismaswell, but is morefamousfor its string processing
facilitiesandits operatingsysteminterfaces.

¢ Library Implementingan ObjectSystemNon-object-orientethnguagesanbeenhancedby alibrary, thatimplements
an objectsystemon top of the non-object-orientethnguage.This patternvariantusesvariousimplementatiortech-
niquesthatarecharacterizethy passinga stateof the objectsystento thefunctionsthatimplementheobject-oriented
methods.Two commontechniquesre:



— A simpletechniques to associatéunctionswith objectsby a corvention.E.g.,thefirst agumentof eachmethod
in the objectsystemcanbeinterpretedasthe objectID of the currentobject. Similarly, enhancedeatureslike
inheritanceconstruction/destructiooy datahiding canbeimplementedy suchconventions.This stylerequires
acertainamountof disciplineof all involvedprogrammers.

— In C afunctionpointercanbe associatedvith a structure thatrepresentshe object. Generalklassesmplement
moresophisticatedehaior, like objectcreation/destructionnheritance gtc. An exampleimplementatiormay

have thefollowing form:

typedef struct dass {
/* classes’ state */
HashTabl e* i nstances;

/* classes’ methods */

int (*createlnstance) (char* nane);
int (*destroylnstance) (char* nane);
int (*superclass) (char* nane);

} dass;

Thetaskof the objectsystemin thelibrary is to definethe generalkclasse@nd/orobjects,definethe basicbehaior of
the objectsystemon top of theseclasses/objectendgive initialization routinesfor the objectsystem.

¢ Enhancemenof Object-OrientedSystenProgrammingLanguage: Often even programminganguageghat have an
objectconceptlack certaindesiredfeatures. Thenthe usageof an Object SystemLayer canaddthesefeature. E.g.,
C++ doesnot offer reflective abilities. The reflectionpattern[2] enhanceson-reflectve languageswith reflection.
The prototype-basedbjectsystempattern[21] addsdynamicslotsandmethodgo anobjectsystem.Thetype object
pattern[10] addsmeta-lerel objectsthat containtype information. This varianthasthe dravbackthatthe additional
ObjectSystemLayersaddscompleity to the systemandthatit takesresourceso designimplementandmaintainit.

o ObjectSystenof a Key Technolagy: Many systemsdesigned/implementeid functional or imperatie style, have a
partly object-orientedtructuresimply because¢hey usea certainkey technologylik e adatabaser amiddlevare,that
imposesanobject-orientedtructuringof thesystem E.q.,if alargeC applicationis combinedwvith CORBA thedevel-
operscanadoptanobject-orientedstructuring(thoughit is not necessary)f they designthe codefor implementation
of the methodsdeclaredin the IDL in anobject-orientedvay. At leastthey getan object-orientednterfaceto their
system.

Someinstance®f the patternarecombinationsof the variants,e.g.,XOTcL [19] is anobject-orientedscriptinglanguagea
library implementinganobjectsystemandit includescomponentsor integrationof key technologies.

Application Example Resohed

In Figure4 the architectureof the documenmanagemergystemwith anembeddedbjectSystemLayerin form of the
scriptinglanguagexOTct is shovn. The C/C++ interfacelibrariesof the CORBA ORB implementationthe two databases
andthe proprietaryjukeboxaccesgrotocolimplementatioraremappedo TcL commandsn C extensionsof TcL. In aset
of XOTcL scriptswe give theseextensionsobject-orientedvrapperfacade$26] thatencapsulatéhe TcL commandsn a set
of interactingobjects.Ontop of thesescriptswe write variousX OTcL scriptswhich areusedin hot spots[24] of thedesign.
Thedocumenmanagementlientandsenerthemselesare C/C++componentsyhichembedXOTcL asaC library andare
atthesametime ableto useC/C++legagy parts,thatarenotyet (or will neverbe)migratedto XOTcL scripts.

Thereare several advantagef the new architecture. The communicatiormigratesfrom the proprietaryprotocolto an
implementatiorbasedn the standardCORBA. Thedatabaseonnectiorbecomesndependentrom theuseddatabasenan-
agemensystem.The ObjectSystemlLayercanbe usedasanintegrationbasefor variousinvolvedtechnologiesextensions,
otherObjectSystemLayers,andfor connectiongo othersystems|ike B2B systemsSAP R/3, etc. If the systemis struc-
turedaccordinglyinto component®f the ObjectSystemLayer, developmentanddeploymentprocessesay be simplified.
Storagealevices,archive sener, andretrieval senerareshieldedoy uniqueinterfaceshatstrongerecoupleclientsfrom their

internalimplementation.Introductionof new storagetechnologier cachestratgiescanbe performedwithout interfering
with clients.

Theabstractiorinto objectwrappersor databaseand CORBA allows usto usethe adaptve andreflectve ervironment
of the scriptinglanguagefor adaptationso new productsor new versionsof the products. XOTcL offersus anintegrating
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Figure 4. Document Management System with an Embed ded Object System Layer (XOTcL)

componentconceptfor the variousobject systemsinvolved in this application. Frequentlychangingpartsof the system
canbekeptin scripts,sothatthey canbe rapidly changedyhile stableand performancesensitve partsareusedasC/C++

components.All clientsrely on the centralabstractionof the wrapperfacadeand changesn the productsor to a nen

productdo not affect the clientsat all. Thesechangesanbeintroducedin the wrapperswhich arewritten in the scripting
languagehatgivesuspowerful meandor adaptationlik e theinterceptiormechanismsf X OTcL, andofferspowerful string

manipulationcommand®f TcL (e.g.,usefulfor adaptatiorbetweerthetwo differentSQL dialects).

Disadwantagesare sometimeseducedoerformancepecausef interpretation/byte-codeompilation,additionalindirec-
tion, and methodlookup. Furthermore the describedtechniquedorcesthe developmentorganizationto have expertsin
all the involvedlanguageghere: TcL, XOTcL, C, andC++). This may resultin costsfor additionaltraining to learnthe
object-orientedibstractions/languag®nstructsand/orto learnthe corventionshow to emulateobject-orientationn anon-
object-orientedanguage Somemight seethe additionaltraining asa benefitof the pattern.

Known Uses

Object-orientedscriptinglanguagesndlibrariesimplementingan objectsystemsare usedwidely. Herewe just give a
few examplesof systemghatexplicitly usethemfor purposessdescribedn the Forcessection.

e Someknown usesof object-orientedscriptinglanguagesre:

— The presentedlocumentarchiving systemis alarge systemwe arecurrentlyre-engineeringandenhancingwith
the object-orientedcriptinglanguageX OTct in thedescribedvay.

— xoComm{[18] is a highly flexible and adaptve web sener implementationthat usesXOTcL to integratethe
system$componentdp accessow-level network functionalitieswith object-oriente@bstractionsandto provide
flexibility/extensibility hooks.

— NeoWebScript[15] is a sener-basednteractive programmingervironmentfor HTML codein web pages.It's
interfaceusesOTcl’s objectsystento allow the userto defineclassedor generatindlocksof hypertet flexibly.
A queryclassis usedasaninterfaceto integratea databaséackend.

— TheNetwork Simulator(NS) [28] supportsetwork simulationincluding TCR, routing, multicast,network emu-
lation, andanimation.It allows flexible configurationusingscriptsin OTcl.

— The objectsystemin the GraphicsNotation (Gn) implementation13] is implementedusing OTcl. Every Gn
classis an OTcl classwith a numberof subcommandénplementedwith C callbacks(in reusableblackbox
components).

— libsrm [25] is a frameawork for reliable multicasttransportthat usesan OTcl API wrappinga C interfacefor
flexible access/configuratioof the protocol.



— Zope[29] is a popularapplicationsener that usesPythonfor integration of the involved paradigmsand for
flexible/adaptve developmentfor webapplications.

— Caldera,a prominentLinux distribution, is developing the CalderaOpenAdministration System(COAS) [3],
to provide a comprehensie andcoherenframework for implementatiorof systemadministratiormechanisms.
COAS providesa plug-inframawork for moduleswhich arewrittenin Pythonor C++ (or both). COAS integrates
the Pythonobjectsystemwith C++ by anembeddedPythoninterpreterin orderto benefitfrom C++'s efficiency
andPythonsflexibility atthesametime.

— In [27] the usageof scriptinglanguagedor theflight software of the marspathfindemissionis discussedThe
projectusesthe object-orientedcriptinglanguagdincr Tcl].

e Threepopularlibrariesimplementingan ObjectSysteml_ayerare:

— The X Toolkit [22] is a C library that handlesthe managemendf widgets(graphicalobjectsfor developmentof
userinterfaces)by explorationof a setof C st r uct s andfunctionswhich are associatedvith thesest r uct s
by their first algument.A general(intrinsic) widget managemernhandlesvidget creation/destructiorsettingof
attributes,interoperability etc. Thislayeris anObjectSystem_ayerto thelanguageC. Widgetsets lik e Motif or
Athena,build ontop of theintrinsic library. The X Toolkit abstractsrom the low-level detailsof the underlying
XLib (thatimplementsbasicwindowing functionalities). The Xt intrinsic library distinguishedetweerobjects
andclassesNew widgetclassesanbe sub-classeffom existing widgets. Widgetsmay have attributes(called
resources)associateanethods,andcanexploit the event systemof X11 by meansof callbackmethods.Each
widgethasaninnerstate whichis readablghroughits methods.

— libwww is the referencemplementatiorof the W3C for commonWeb protocols,like HTTP/1.1. It is a highly
modular general-purposeeb API written in C. It usessimilar techniquesasthe X Toolkit to provide object-
orientedabstractionsn C. The libwww style guide [20] gives exampleshow the object-orientecconceptsof
construction/destructiomlatahiding, namespaces hi s pointer, andinheritanceshouldbe emulatedn libwww.

— KA9QNOSJ11] is ageneralT CP/IPimplementatiorthatis originally designedor paclet radio transmition. It
usessimilar object-orientedechniquessthe libwww.

e Theintegrationof variousmiddlevare standardslike CORBA or DCOM, with non-object-orientedanguageslike
C or Tcl, or the objectsystemamposedby transactiormonitors, like Tuxedo, are just a few examplesof key tech-
nologiesimplementingan ObjectSystemLayer. Thesetechnologiegareusedin countlesgprojectsandthey forcethe
applicationgo usetheir objectsystems/model® a certaindegree.

Related Patterns

Thereis a setof patternswhich implementpartial ObjectSystemLayersfor limited purposesE.g., the prototype-based
objectsystempattern[21] implementsclone-ableobjectswith slotsandmethodgo introducemodifiability andflexibility for
variablesandmethodsinto object-orientedanguageslike C++ or Java. In the samestyle reflective abilities areattachedo
object-orientedanguagegwith a distinctioninto meta-andbase-leel) by the Reflectionpattern[2]. The style of division
into base-andmeta-level is similarto the CLOS meta-objecprotocol[12].

Thetechniqueo attachspecialobjectsin object-orientedanguagesisobjects thatarecarryingmeta-lerel information,is
exploredby David Hay in severaldatamodelpatterng9], like Productghatareembodiedn ProductTypes.Bothareclassed
lateroninto ProductCategories.Similartechniquesreusedn Martin Fowler’'s AnalysisPatterng5], e.g.,for Accountability
and Party Types(here: the division into two levelsis donewith an operationalanda baselevel). The Type ObjectPattern
[10] generalizeshis approactof dividing the objectsysteminto implementationabase-leel anda meta-level, that carries
meta-informationlik e type or otherreflective information.

ObjectSystemLayer inducethe usageof seseral otherobject-orientedgeneral-purposejesignpatternsthat fulfill the
integrationof differentsystemparts. ObjectSystemLayersprovide only a foundationfor integration,they do notintegrate
systempartsthemseles. WrapperFacadeg26] areusedto give non-object-orientedystempartsan object-orientednter-
face. Sinceone main purposeof Object SystemLayersis to be an indirectionlayer, patternscanbe appliedthat usethe
dispatchwithin the Object SystemLayer asa flexibility hook. Adapters[6] areusedto flexibly adaptto variousdifferent
implementation®f the sameservice(e.g.adaptionto anotherdatabasénterfacein the example). CentralFactorieg6] ab-
stractover objectcreationprocessandlet us easilyintroducechangesn creationslik e sharingobjectsthroughFlyweights.
Facadeg$6] areusedto shieldsub-systemfrom directaccessthusavoiding strongcouplingbetweerclientsandsub-system.



SeeAlso

Meyer [14] discussesommontechniquedor objectsystemimplementatiorin languagesvithout an objectsystem.He
compareghe languagesabilities to implementthe underlyingconceptof abstractdatatypes. Variouslanguage®ffer con-
ceptsthat enableencapsulatiomf modules like Ada (package)Modula-2(module),or CLU (cluster). Thesemodulesare
freeassociationsf programelementse.g.,for abstractdatatypeimplementationin C st r uct s canbe usedfor datastruc-
ture encapsulationywhile a setof embeddedunction pointersreferencehe implementatiorof behavior. Eachinstanceof a
classreferenceds type,whichis aspeciakun-timeclassstructurethatcontaingointersto the methodof theclass.All these
techniquesrevery low-level implementatiortechniquesndrequirea lot of effortsin orderto keepaway from violating the
conceptsA library thathandleghesdow-level issueshelpsto avoid theseproblemsandto automateadvancedeatureslike
inheritancerelations,interceptorsetc.

In [7] variousdesignandlanguageconceptsarecomparedegardingthe implementatiorof componentonceptsencap-
sulationaspectsandlifecycle issues.The discussiorincorporateémperative languageslik e Modula-2and Ada, functional
approachedike ML andZ, andobject-orientedanguagesdjk e Smalltalk,Eiffel, andCLOS.In [4] Cox describeshedesign
of the languageObjective C andcomparego otherobject-orientechpproachesFurthermorea discussiorof C techniques
for implementatiorof object-orientedonceptcanbefound.

In [20] thetechniquedor implementinghe conceptf construction/destructiomatahiding, namespacest hi s pointer,
and inheritancein the libwww are discussed. Construction/destructiois emulatedin form of two functionsobj ect -
Nane_new and obj ect Nane _del et e. Objectdatais protectedin libwww by declaringa structurein a headerfile, but
not definingit. Memberfunctionsof the class— giving the objecta namespacéducedby its class— arecalled explicitly
in libwww, e.g.,d assNane_nenber Funct i on. Thet hi s pointeris achieved by understandinghe first parameteto ary
methodasthe objectID. Inheritances mostly handledthroughexplicit pointercastinganda first elementin classescalled
i sa. Thesimilartechnique®f the X Toolkit aredescribedn [22].
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