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Oftena projectis facedwith non-object-orientedanguagesor with objectsys-
temsthat are not powerfulenoughfor the project’s purposes.But nevertheless
wewantto applyadvanceabject-orientedecdniquesn thesdanguages. Thete-
fore, build or usean objectsystenasa language extensionin thetargetlanguage,
andthenimplementhedesignontop of this OBJECT SYSTEM LAYER.

Application Example: Document Archive System

A documenitarchive systemallows usersto archie a large numberof document®on optical

storagedevicesandretrieve themthroughseveralsearctrriteriathatarestoredin a database.
The systemwas originally designedandimplementedn C on a Unix platform supporting
only one(Oracle)databasenanagemengystem. It wasportedto several Unix variantsand

finally to Windows NT. Later, supportfor the Informix databasenanagemensystemwas

added. The systemusedoptical storagedeviceswith proprietaryinterfaces. On Unix and

Windows thearchive sener andretrieval senerwerewrittenin C, while clientson Windows

weredevelopedin C++, andtheoriginal Unix clientswerewrittenin C.
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Figure 1. Document Archive System — Overview

During maintenancandevolution of thesoftwaresystemthecompary facedseveralprob-
lems:



¢ It washardto changethe mechanismsvith which clientsand senerscommunicated,
becausehey useda proprietaryprotocolbasedn soclets.

e It washardto maintainthe databaseode,becausdhe systemusedtwo DBMS that
wereaccessedly differentprotocolsandthathaddifferentSQL dialects.

e It washardto supportthe systemon several platformsandwith severalversionsof the
programminganguage.

e It washardfor the compary to configurethe systemfor the customerrequirements,
sincethe documentarchive systemhasto be tightly integratedwith the customers IS
infrastructure.No two installationsof the documentmanagemensystemare exactly
the same.The adaptatiorof the systemwas programmedy handduring deployment
usinglow-level C APIs.

¢ It washardto replacecachemanagemendtratgiesfor archval/retrieval, becausehey
werenotencapsulateth distinctcomponentsvith well-definedinterfaces.

e It washardto integratenew storaggechnologiesbecausehe systemdirectly accesses
the proprietarylow-level interfaceso interactwith the storagedevices.

During a reengineeringroject, the forcesin this software systemled to adoptionof an
OBJECT SYSTEM LAYER, becausé¢he originally ervisionedsolutionof migratingthe whole
codebaseto C++ or Java would have requiredconsiderableostsin (useless)egag/ migra-
tion, an additional conceptfor stepwisemigration of the legag/ parts,and a considerable
redesigreffort. The existing softwareis functioningandefficient. As far aspossibleexisting
partsshouldbereusedn thereengineeredolution.

Foreseeablduture changeslik e replacemenbf the existing proprietarycommunication
infrastructurewith amiddlewvare,like CORBA or DCOM, introduceotherOBJECT SYSTEM
LAYERS. An overall object-basedstructuringof the systemwould easecombinationwith
suchobjectsystems.The systemshouldbenefitfrom the efficiency of systemprogramming
languageg$25], like C or C++, but it shouldalsobe flexibly adaptabldo newv requirements
with aslittle effort aspossible.Documentarchving is a very importantpartof the informa-
tion systemof severalcustomersTheimportancemakessereralcustomersuspiciousabout
“new” andunproventechnologiesThereforethenew technologieshouldbewrappedn the
appearancef thewell-known andreliabletechnology

Conte xt

Object-orientatiorhelpsin the designandimplementatiorof complex softwaresystems Of-

ten object-orientedapproachesan be usedthroughoutthe design,but (partsof) the imple-

mentationhave to be donein a languagethat doesnot supportobject-orientationlike C or

Cobol. Or theimplementatiorhasto be donein anobjectsystemthatdoesnot support‘ad-

vanced’object-orientedechniquesForinstanceC++or ObjectCoboldonotnatively support
reflectionor interceptiontechniques.



Problem

Supposeg/ouwantto designwith object-orientedechniquesndusethe benefitsof advanced
object-orientedanguageconstructs put you are facedwith target programminglanguages
thatarenon-object-orientedyr with legag/ systemghatcannotquickly berewritten, or with
targetobjectsystemghatarenot powerful enoughor not properlyintegratedwith otherused
objectsystemgqe.g.whenCOM or CORBA is used). But the tagetlanguagéas chosenfor
importanttechnicalor socialreasonssuchasintegratingwith legag/ software,reusingknowl-
edgeof existing workers,andcustomeidemandssoit cannotbe changedOnesolutionis to
translatethe designinto a non-object-orientedesign,andthento implementthatdesign. If
this mappingis manual,thenit will be errorproneandwill have to be constantlyredoneas
therequirementghange.

Forces

e Legacylntegration: Legacgy applicationsareoftenwrittenin proceduralanguagesjke
C or Cobol. A completemigration of a systemto an object-orientedanguageoften
makes the integration with the existing legag/ componentdifficult and forcesa re-
implementatiorof severalwell functioningparts. The costsof suchan evolution (that
areveryhardto estimate preoftentoo highto considetthecompletamigrationto object
technologyatall.

e Efficiency Theexecutionspeeddf applicationsor applicationpartswritten in efficient
systemprogramminglanguaged25], like C or C++, is typically superiorto higher
level languageslik e scripting languages.Higher level languagesin turn, are easier
maintainableandprovide languageconstructshat easeadaptations Runtimecritical
partsshouldbe (or sometimesnustbe)writtenin systemprogramminganguages.

e Integration of Several ObjectSystemsin orderto usethird-party software,the object
andcomponentonceptof thesetechnologiedave to be integratedor adapted Espe-
cially for key technologies|ike middlevare approachesgdatabasegransactiormon-
itors, etc. the conceptsf severaltechnologieghat are usedhave be integrated. E.g.
usuallyin an enterprisecontect not all requirementsare fulfilled by one middlevare
product[9]. Distributedobjectsystemsapplicationseners,transactiormonitors,re-
lational and object-orienteddatabasesgtc. have to work in concert. For integration
oneOBJECT SYSTEM LAYER canbechoserby thecompary (which maybetheobject
systemof oneof thetechnologie®r a differentone).

Oftenforeign OBJECT SYSTEM LAYERS areevenusedin anobject-orientedanguage.
E.g.the CORBA or COM objectsystemsarenot exactly the sameastheobjectsystems
of object-orientedanguageslike C++ or Java, in which they areused. An OBJECT
SYSTEM LAYER canprovide an abstractiorover the differentobjectsystems.But as
aliability anadditionalOBJECT SYSTEM LAYERS alsoaddscompleity to thesystem
andit takestime to design,implementandmaintainit.

e Adoptionof Enhancedbject-Orientedledhniques Oftenanapplicationusesanobject
systemJike C++, Java, or ObjectCobol,thatonly implementsstandardbject-oriented
techniques. Thesedo not provide powerful adaptationand interceptiontechniques,



reflectionand introspection,role concepts,or supportfor implementationof object-
orienteddesignpatterngasin [19]) andframawvork parts.In theseandsimilar caseghe
usedobjectsystemcanbecombinedwith anOBJECT SYSTEM LAYER thatimplements
suchtechniques.

e Usage of Object-OrientedDesign Conceptswith Other Paradigms Most object-
orientedsoftware systemsare not only designedwith the object-orientedparadigm,
but are combinedwith multiple other paradigmsJike the functional, imperatve, or
logical. If otherparadigmsare more suitablefor the implementatiorof a systempart
or otherforces,lik e legag integration,imposethat partsof the applicationareimple-
mentedin anotherparadigm,but the main part of the systemis object-orientedthe
otherparadigmshave to be integratedwith the object-orientegaradigm.Often other
paradigmsare only mappedonto objectsinsteadof real integration, as for instance
whenalogical Prologinterpreteris wrappedoy anobjectsystem.

e Companys Politics and/or CustomerDemands Compaly’s politics may restrict de-
velopersto a certainsetof programmindanguagestechnologiesetc. Customersnay
demandhatcertain“new” or unproventechnologieshouldnot be used.An OBJECT
SYSTEM LAYER thatis wrappedbehindwell-known, reliable,or trustedtechnologies
canbetheonly way to introducecertaintechniquedor such“political” reasons.

Solution

Build or useanobjectsystemasa languageextensionin thetargetlanguageandthenimple-
mentthe designon top of this OBJECT SYSTEM LAYER. Provide awell-definedinterfaceto
componentshatarenon-object-orientedr implementedn otherobjectsystemsMake these
componentsaccessiblehroughthe OBJECT SYSTEM LAYER, andthenthe componentgan
be treatedas black-boxes. The OBJECT SYSTEM LAYER actsasa layer of indirectionfor
applyingchangesentrally

Architecture Overview

Thereare severalimplementatiorvariantsof the OBJECT SYSTEM LAYER pattern.In Fig-

ure 2 a conceptualhigh-level architecturdas shovn with architecturakollaboratorghatcan
similarly be found in the mostinstantiationsof the pattern. However, often OBJECT Sys-

TEM LAYERS do not have a distinctimplementatiorcomponentput just rely on a program-
ming/desigrcorvention.

e A BaselLanguaye, like C or C++,is extendedwith anobjectsystem.

¢ A BaselLanguaye Componentmplementsareusablesystempartasa black-boxcom-
ponentin thebaselanguage.

e The Object SystenLayer is a specialbaselanguagecomponentthat implementsan
objectsystemin thebaselanguagelt comprisedwo sortsof objects:

— ImplementatiorObjectsimplementthe object-orientegartsof the applicationin
the OBJECT SYSTEM LAYER.



— WrapperObjectsare COMPONENT WRAPPERS thatwrap baselanguagecompo-
nentsbehindan objectinterface,sothatthey canbe usedfrom within the object
system.

The ObjectSysteniayer Implementatiorcontainsthe intrinsic implementatiorof the
objectsystemasfor instanceobjectandclassmplementationsanda M ESSAGE REDI-
RECTOR (seethe Designandimplementatiorsectionfor moredetails).

e Outboad ParadigmWrappess arebaselanguagecomponentshatincorporatecompo-
nentsimplementingoutboardparadigmssuchastherelationalor logical paradigm.

e The Main Programmay be a shallov interpretermainloop, but it canalsobe a large
applicationthatembedghe objectsystem.
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Figure 2. OBJECT SYSTEM LAYER — Architecture

Usually, the messagelispatchfrom the usingmain program(or from a usingcomponent)
to the implementatiornobjectsis handledby the MESSAGE REDIRECTOR pattern[7]. The
patternmapssymbolic (i.e. usually string-basedtalls to object/methodmplementationsn
the OBJECT SYSTEM LAYER. However, the usageof MESSAGE REDIRECTOR is optional,
implementation®bjectscanalsobe calleddirectly.

Whenseveralcomponentsiave to beintegratedinto the objectsystemthey usuallyshould
be integratedin a unique way, despitedifferent paradigms,object systems,programming
languagesetc. This problemis resoled by the COMPONENT WRAPPER pattern[8] which
canbeusedaspart-ofthe OBJECT SYSTEM LAYER.

Design and Implementation

Class-Based Design and Implementation

In this sectionwe discussa simple, hypotheticalinternal designof an OBJECT SYSTEM
LAYER. Inthepresente@mallexample,asin Figure3, adynamicobjectsystenmwith objects,
classesglass-objectanheritanceandobject-/class-nesting built from asetof classesSuch
a systemcan,for instance peimplementedasan extensionof anexisting scriptinglanguage,
suchasTcl, or asanextensionto anobject-orientedanguagesuchasC++.
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Figure 3. Object System Design (Excerpt)

The oj ect classmaintainsa referenceto its class,and eachC ass knows its class-
object. Moreover, classestoretheir instancesn a hashtable. Eachclassandeachobjectin
the OBJECT SYSTEM LAYER hasanamespaceyhereit storedts local variablesandmethods
(the objectsystemis object-specificthusit allows objectsto carry object-specifianethods).
Eachmethodimplementations referencedy a function pointer Theinheritancehierarchy
is maintainedby a list of superclassesandsub-classesn the d ass class. The linearized
inheritanceorderis maintainedor fastandunambiguougsomputationof the inheritancehi-
erarchy

A call stackis storedwith aninterpreterandmaintainsthe runtimecall stackinformation
of the object system. Besidesseveral other information, the call stack storesthe current
object,classandmethod(all canbeintrospectedtruntime).Onthefoundationof the object
systemaninterpreterevaluateghecodecall by call. Theinterpreterpartis optional,andoften
an existing implementatiorcanbe reused becauset is alreadyimplementedoy a scripting
languagamplementation.Eachobject-orientednessagés mappedoy a centralM ESSAGE
REDIRECTOR to theactualimplementationgn theOBJECT SySTEM LAYER. Themappingof
symbolicmessage® implementationganbe doneby the following (simplified) algorithm:

i nt bj Di spatch (object Nane, nethodNanme, arguments, ...) {
if (<callstack->top is not located in inheritance hierarchy>)
met hod = <find met hodName on current object>;
i f (<nethod not found>) {
class = <search class hierarchy for methodNane>;
if (<class found>) nethod = <get nethod from cl ass>;

i f (<nethod found>) {

result = <call method>;

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

<rai se 'proc not found error>;

result = ERROR
}

return result;

}

Firstly, wetry to find anobject-specifianethodon the currentobject.If it is notfound,we try
to find the methodin the inheritancehierarchy The call stackcarriesthe informationwhich



methodof which classwas executedbefore. From this classwe searchthe linearizedclass
orderuntil we find anothemmethodwith the given methodname. If no methodis found, an
erroris raised.Otherwisethe methodinformationis determinedandthe methodis invoked.
Thefunctionfor methodinvocationentergheinformationfor thecall stack.If theresultis an
error, it is handledor returnedasaruntimeerroraccordingly Otherwisetheresultis returned.

This objectdispatchmechanismsimplementedn the MESSAGE REDIRECTOR, canbe
usedasa centralplaceto introducehigh-level languageconstructghat rely on messagex-
changes.E.g. the interceptionmechanismdilter [19] and perobjectmixin [18] of the lan-
guageXOTcL checkat the beginning of the dispatchfunction for every messagevhether
it hasto be interceptedor not. If afilter or perobject mixin is registered,the messages
redirectedo theinterceptorthatcanhandlethe messagarbitrarily.

Document Archive System Example Resolved

In Figure4 thearchitectureof thedocumentarchive systemwith anembedde®BJECT Sy s-
TEM LAYER in form of thescriptinglanguageX OTct is shovn. TheC/C++interfacelibraries
of the CORBA ORB implementationthe two databasesndthe proprietaryjuke-boxaccess
protocolimplementatiorare mappedo TcL commandsn C extensionsof TcL. In a setof
XOTcL scriptswe give theseextensionsobject-orientedVRAPPER FACADES [28] thaten-
capsulatehe TcL commandsn a setof interactingobjects.Ontop of thesescripts,we write
variousXOTcL scriptswhich areusedin hot spots[26] of thedesign.Thedocumentrchive
clientsandsenersthemselesare C/C++ componentsvhich embedXOTcL asa C library.
Thesecomponentsare at the sametime ableto useC/C++ legag partsthatarenot yet (or
will neverbe)migratedto XOTcL scripts.
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Figure 4. Document Management System with an Embedded OBJECT SYSTEM LAYER
(XOTcL)

Thereareseveraladvantage®f the new architecture. The communicatiorsubsystenwas
incrementallymigratedfrom the proprietaryprotocolto animplementatiorbasecn the stan-
dard CORBA. The databaseonnectionbecomesndependenfrom the useddatabasenan-
agemensystem.The OBJECT SYSTEM LAYER canbeusedasanintegrationbasefor various



involved technologiesextensionsother OBJECT SYSTEM LAYERS, andfor connectiongo
othersystemslike B2B systemsSAP R/3, etc. If the systemis accordinglystructurednto
componentsfthe OBJECT SYSTEM LAYER, developmentanddeploymentprocessemaybe
simplified. E.g.storagedevices,archive sener, andretrieval sener areshieldedoy uniquein-
terfaceghatstronglydecoupleclientsfrom theirinternalimplementationintroductionof new
storagetechnologie®r cachestratgiescanbe performedwithoutinterferingwith clients.

The abstractiorinto COMPONENT WRAPPERS [8] for DBMS andcommunicatioraccess
subsystemallows usto usethe adaptve andreflectve ervironmentof the scriptinglanguage
for adaptationso new productsor new versionsof the products.XOTcL offersa component
concepiintegratingthevariousobjectsystemsnvolvedin this application.Frequentlychang-
ing partsof thesystemcanbekeptin scripts,sothatthey canberapidly changedwhile stable
andperformancesensitve partsareusedasC/C++componentsAll clientsof the DBMS and
communicatioraccessubsystemsely on the central COMPONENT WRAPPER abstractions,
andchangesn productsor additionsof newv productsdo not affect the clientsat all. Such
changescan be introducedin the wrappers,written in the scripting language which sup-
portspowerful meandor adaptationlik e theinterceptionrmechanismef XOTcL, andoffers
powerful string manipulationcommandof TcL (e.g.usefulfor adaptatiorbetweenthe two
differentSQL dialects).

Disadwantagesare sometimesreducedperformance pecauseof interpretation/byte-code
compilation, additionalindirection, and methodlookup. Furthermore the describediech-
niquesforcesthe developmentorganizationto have expertsin all the involved languages
(here: TcL, XOTcL, C, and C++). This may resultin additionaltraining costsfor learn-
ing the object-orientedbstractions/languag®nstructsand/orto learnthe corventionshow
to emulateobject-orientationn a non-object-orientethnguage Onecouldseetheadditional
trainingasabenefitof the pattern.

Consequences

+ Theflexibility of theapplicationcanbesubstantiallymproved,sincethe OBJECT Sy s-
TEM LAYER allows usto introducemary flexibility hooksandto implementhigh-level
languageconstructssuchasinterceptionyeflection,andadaptatiortechniques.

+ “High-level” languageconstructs]ik e runtime classcreation,meta-classesjynamic
object-classelationshipsanddynamicclass-classelationshipsanbe “languagesup-
ported”by the patternin languageshatdo not offer suchfunctionality natively.

+ Classescan becomeruntime entitiesand can be manipulatedwith the sameeaseas
objects.

+ The compleity of the applicationcan be dramaticallyreduced,becausdechniques,
like dynamicclassesperobject mixins, filters, and classobjects,enableus to avoid
unnecessarglassdefinitions. Thuswe avoid anexplosionof the numberof necessary
subclasses.

— Complity of the applicationcanalsorise, if the client hasto maintainthe OBJECT
SYSTEM LAYER. Thenissuedike garbagecollection,objectdestructionyelationship
dynamics,reflection,etc. have to be programmedy hand. But this problemcanbe
avoidedby usinganexisting OBJECT SYSTEM LAYER asalibrary.



— Performancecan be decreasedhroughadditionalindirectionsand throughflexibility
hooks. However, performanceproblemscanbe avoidedto a high degreeby carefully
designingthe OBJECT SYSTEM LAYER. l.e. offering too mary flexibility optionsthat
arenotrequiredby the applicationcaseis a seriousdesignflaw.

— TheOBJECT SYSTEM LAYERS cornventionsandinterfaceshaveto learnedby thedevel-
opers.If the OBJECT SYSTEM LAYERS is awholescriptinglanguageanew language
hasto learned.

Pattern Variants

e Object-OrientedceriptingLanguage: Scriptinglanguagesrebasednatwo-level con-
ceptof componentsvrittenin efficientsystemanguageslik e C) andcomponentsvrit-
tenin the scriptinglanguagd25]. The scriptsglue variouscomponentsogetherand
areusedin partsof theapplicationthattendto changeoften. Oftenthey comewith lan-
guageconstructsjike dynamics,introspectionetc. that easethe glueingprocessand
adaptations.This patternvariantis normally implementedwith an explicit MESSAGE
REDIRECTOR thatinteractswith the interpreterof the baselanguage.Thereare sev-
eraldifferentobject-orientedcriptinglanguageshatmainly enhancexisting scripting
languagesvith differentformsof object-orientation:

— XOTcL [21] is a TcL extensionand implementspowerful messagenterception
techniguesdynamicobjectaggreations,nestedclassesassertionsand several
otherhigh-level languageconstructson top of the dynamicandintrospectve en-
vironmentof OTcL. XOTcL (like all TcL extensions)anbe easilyembeddedn
C applicationsandcanthereforealsobe usedasa library implementinganobject
systemfor C programs.

— [incr Tcl] is anotherobject-orientedextensionof TcL. It is alsoimplementedn
C andcanalsobe usedasa objectlibrary in C, but it only implementsobject-
orientationin thestyleof C++.

— Python is an object-orientedlanguagethat implementsbasic object-oriented
meansand also providesa C API. Like the TcL variantsit is extensibleby and
embedablen C/C++applications.

— Perl provides an object-orientedencapsulatioomechanismas well, but is more
famousfor its string processingdacilitiesandits operatingsysteminterfaces.

e Library Implementingan Object System Non-object-orientedanguagescan be en-
hancedoy alibrary thatimplementsanobjectsystemon top of thenon-object-oriented
language.This patternvariantusesvariousimplementatiortechniquesthat are char
acterizedby passinga stateof the object systemto the functionsimplementingthe
object-orientednethods.Two commontechniquesre:

— A simpletechniqueis to associatdunctionswith objectsby a corvention. E.g.
the first agumentof eachmethodin the objectsystemcanbe interpretedasthe
objectID of the currentobject. Similarly, enhancedeatures,like inheritance,
construction/destructiomy datahiding canbeimplementedy suchcorventions.
This stylerequiresa certainamountof disciplineof all involvedprogrammers.



— In C afunction pointer can be associatedvith a structurerepresentinghe ob-
ject. Generalclassesmplementmore sophisticatecoehaior, like object cre-
ation/destructioninheritancegtc. An exampleimplementatiormay have thefol-
lowing form:
typedef struct O ass {

/* classes’ state */
HashTabl e* i nst ances;

/* classes’ nethods */

int (*createl nstance) (char* nane);
int (*destroylnstance) (char* nane);
int (*superclass) (char* nane);

} Ciéss;

Thetaskof theobjectsystemin thelibrary isto definethegeneratlassesnd/orobjects,
definethe basicbehaior of the objectsystemon top of theseclasses/objectgndgive
initialization routinesfor the objectsystem.

Enhancemenof Object-OrientedSystemProgrammingLanguaye: Often even pro-
gramminglanguagegshat have an objectconceptlack certaindesiredfeatures. Then
theusageof an OBJECT SYSTEM LAYER canaddthesefeature.E.g. C++ doesnot of-
fer reflectve abilities. The REFLECTION pattern[1] enhanceson-reflectve languages
with reflection. The PROTOTYPE-BASED OBJECT SYSTEM pattern[23] addsdynamic
slots and methodsto an objectsystem. The TYPE OBJECT pattern[12] addsmeta-
level objectsthat containtype information. OBJECT SYSTEM LAYER combinessuch
patternsin a distinctlayerthatis oftenloadableasa component.This varianthasthe
drawvbackthatthe additional OBJECT SYSTEM LAYER addscompl«ity to the system
andthatit takesresourceso design,implementandmaintainit.

ObjectSystenofa Key Technology: Many systemsgdesigned/implementead functional
or imperatve style, have a partly object-orientedstructure simply becausehey usea
certainkey technologylik e adatabaser amiddleware thatimposesanobject-oriented
structuringof the system.E.qg.if alarge C applicationis combinedwith CORBA, the
developerscanadoptan object-orientedtructuring(thoughit is not necessary)f they
designthe codefor implementatiorof the methodsdeclaredin the IDL in anobject-
orientedway. At leastthe systemgetsanobject-orientednterface.

Someinstance®f the patternarecombinationf thevariants,e.g.XOTcL [21] is anobject-
orientedscriptinglanguagea library implementinganobjectsystemandit includescompo-
nentsfor integrationof key technologies.

Known Uses

Object-orientedscriptinglanguagesndlibrariesimplementingan objectsystemsarewidely
used.Herewe just give a few examplesof systemghat explicitly usethemfor purposesas
describedn the Forcessection.

e Someknown usesof object-orientedcriptinglanguagesire:



— Thepresentedlocumentrchive systemis a systemwhich wasreengineereith
an OBJECT SYSTEM LAYER asbasisfor a piecemealcomponent-orientediay
of reengineeringseg[10] for details).

— xoComm [20Q] is a highly flexible and adaptve web sener implementation
that uses XOTcL to integrate the system$ components,to accesslow-level
network functionalitieswith object-orientedabstractionsandto provide flexibil-
ity/extensibility hooks.

— NeoWebScript[17] is a senerbasedinteractve programmingervironmentfor
HTML codein web pages.It’'s interfaceusesOTcl’s objectsystemto allow the
userto defineclassedor generatinglocksof hypertet flexibly. A queryclassis
usedasaninterfaceto integratea databaséaclend.

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

— The objectsystemin the GraphicsNotation (Gn) implementation[15] is imple-
mentedusingOTcl. Every Gn classis an OTcl classwith a numberof subcom-
mandsmplementedvith C callbacks(in reusabléblack-boxcomponents).

— libsrm [27] is a framework for reliablemulticasttransporthatusesan OTcl API
wrappinga C interfacefor flexible access/configuratioof the protocol.

— Zope[31] is a popularapplicationsener that usesPythonfor integrationof the
involvedparadigmsandfor flexible/adaptve developmentor webapplications.

— CalderaaprominentLinux distribution, is developingthe CalderaOpenAdmin-
istrationSystem(COAS) [2], to provide acomprehensie andcoherenframenork
for implementatiorof systemadministratiormechanismsCOAS providesaplug-
in framewvork for moduleswhich arewritten in Pythonor C++ (or both). COAS
integratesthe Pythonobjectsystemwith C++ by anembeddedPythoninterpreter
in orderto benefitfrom C++’s efficiency andPythonsflexibility atthesametime.

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

e Threepopularlibrariesimplementingan OBJECT SYSTEM LAYER are:

— The X Toolkit [24] is a C library that handlesthe managemenbf widgets
(graphicalobjectsfor developmentof userinterfaces)by exploration of a set
of C st ruct s andfunctionswhich are associatedvith thesest r uct s by their
first aument. A general(intrinsic) widget managemenhandleswidget cre-
ation/destruction setting of attributes, interoperability etc. This layer is an
OBJECT SYSTEM LAYER for thelanguageC. Widgetsets like Motif or Athena,
arebuilt ontop of theintrinsic library. The X Toolkit abstract§rom thelow-level
detailsof theunderlyingXLib (thatimplementdbasicwindowing functionalities).
The Xt intrinsic library distinguishesetweenobjectsand classes.New widget
classesan be sub-classedrom existing widgets. Widgetsmay have attributes
(calledresources)associateanethodsand canexploit the event systemof X11
by meansof callbackmethods.Eachwidgethasaninner statewhich is readable
throughits methods.



— libwww is thereferencamplementatiorof the W3C for commonWeb protocols,
like HTTP/1.1. It is a highly modular general-purpose/eb API writtenin C. It
usessimilartechniquessthe X Toolkit to provide object-oriente@bstractionsn
C. Thelibwww styleguide[22] givesexampleshow the object-orienteadtoncepts
of construction/destructiordatahiding, namespaces,hi s pointer andinheri-
tanceshouldbe emulatedn libwww.

— KA9QNOS[13] isagenerall CP/IPimplementatiorthatis originally designedor
pacletradiotransmissionlt usessimilar object-orientedechniquesaslibwww.

e The integration of variousmiddleware standardslike CORBA or DCOM, with non-
object-orientedanguageslike C or Tcl, or the objectsystemsmposedby transaction
monitors, like Tuxedo, arejust a few examplesof key technologiesmplementingan
OBJECT SYSTEM LAYER. Thesetechnologiesareusedin countlesgprojects,andthey
force the applicationsto usetheir objectsystems/model® a certaindegree. Oftena
distinctOBJECT SYSTEM LAYER is usedfor integration.

Related Patterns

MESSAGE REDIRECTORS [7] areoften partof the OBJECT SYSTEM LAYER pattern,since
objectcallsmustbe mappedrom symboliccallsto implementationg the OBJECT Sy STEM
LAYERS. Sometimesheirfunctionalityis scatteredverthecode.COMPONENT WRAPPERS
[8] areoftenusedin OBJECT SYSTEM LAYERS for componentntegration.

Thereis a setof patternswvhich implementpartial OBJECT SYSTEM LAYERS for limited
purposes.E.g. the PROTOTYPE-BASED OBJECT SYSTEM pattern[23] implementsclone-
ableobjectswith slotsandmethoddo introducemodifiability andflexibility for variablesand
methodsnto object-orientedanguagedjk e C++or Java. In thesamestylereflectve abilities
areattachedo object-orientedanguagegwith a distinctioninto meta-andbase-lgel) by the
REFLECTION pattern[1l]. The style of division into base-and meta-level is similar to the
CLOS meta-objecprotocol[14].

The techniqueto attachspecialobjectscarrying meta-lerel informationto other objects,
is exploredby David Hay in severaldatamodelpatterng11], like PRODUCTS thatareem-
bodiedin PRODUCT TYPES. Both areclassedateroninto PRODUCT CATEGORIES. Similar
techniquesreusedin Martin Fowler's AnalysisPatterng4], e.g.for ACCOUNTABILITY and
PARTY TYPES (here:thedivisioninto two levelsis donewith anoperationabndabasdevel).
The TyPE OBJECT pattern[12] generalizeshis approachof dividing the objectsysteminto
implementationabase-lgel anda meta-level thatcarriesmeta-informationlik e typeor other
reflectve information.

OBJECT SYSTEM LAYER inducesthe usageof several other object-oriented(general-
purposedesignpatternghatfulfill theintegrationof differentsystenparts.OBJECT Sy STEM
LAYERS provide only a foundationfor integration,they do not integratesystempartsthem-
selves.WRAPPER FACADES [28] areusedto give procedurakystempartsanobject-oriented
interface.Sinceonemainpurposeof OBJECT SYSTEM LAYERS is to beanindirectionlayer,
patternscanbe appliedthat usethe messagelispatchwithin the OBJECT SYSTEM LAYER
asa flexibility hook. ADAPTERS [5] are usedto flexibly adaptto variousdifferentimple-
mentationof the sameservice(e.g.adaptatiorto anotherdatabasénterfacein theexample).
CentralFACTORIES [5] abstracbver objectcreationprocessandlet usintroducechangesn



creations ik e objectsharingthroughFLYWEIGHTS. FACADES [5] are usedto shield sub-
systemdrom directaccessthusavoiding strongcouplingbetweerclientsandsub-system.

See Also

Meyer [16] discussexommontechniquedor object systemimplementationin languages
without anobjectsystem.He compareghelanguagesabilitiesto implementthe underlying
concepif abstractatatypes.Variouslanguage®ffer conceptghatenableencapsulatioof
modulesJike Ada (package)Modula-2(module),or CLU (cluster). Thesemodulesarefree
association®f programelementsge.g.for abstracdatatype implementation.n C st ruct s
canbeusedfor datastructureencapsulationwhile a setof embeddedunction pointersrefer
encethe implementatiorof behaior. Eachinstanceof a classreferencests type. Thetype
is a specialrun-time classstructurethat containspointersto the methodof the class. All
thesetechniquesrevery low-level implementatiortechniquesandrequirealot of effortsin
orderto keepaway from violating the conceptsA library thathandlesheseow-level issues
helpsto avoid theseproblemsandto automateadvancedfeatures)ik e inheritancerelations,
interceptorsetc.

In [6] variousdesignandlanguageonceptsarecomparedegardingtheimplementatiorof
componentonceptsencapsulatiomspectsandlife-cycleissues.Thediscussionncorporate
imperatve languageslike Modula-2 and Ada, functional approacheslike ML andZ, and
object-orientedanguageslik e Smalltalk, Eiffel, andCLOS.In [3] Cox describeshedesign
of thelanguageObjectve C andcomparedo otherobject-orientecapproached-urthermore,
adiscussiorof C techniquegor implementatiorof object-orienteadconceptsanbefound.

In [22] the techniquesfor implementingthe conceptsof construction/destructiornjata
hiding, namespacest hi s pointer and inheritancein the libwww are discussed. Con-
struction/destructios emulatedn form of two functionsobj ect Nane_new andobj ect -
Nanme_del et e. Objectdatais protectedn libwww by declaringa structurein a headeffile,
but not definingit. Memberfunctionsof the class— giving the objecta namespacéduced
by its class— arecalledexplicitly in libwww, e.g.Cl assNane _nenber Functi on. Thet hi s
pointeris achiezedby understandinghefirst parameteto any methodastheobjectID. Inher
itanceis mostly handledthroughexplicit pointercastingandafirst elementn classescalled
i sa. Similartechnique®f the X Toolkit aredescribedn [24].
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