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Abstract

This papersuneys implementation®f the CLOS MOP in someof the more
popularimplementation®f CommonLisp. First a brief overview of the CLOS
MOP is given. A numberof CommonLisp implementationsre then examined
independentlyn orderto assessvhich aspect®f the CLOSMOP they provide. A
comparisoris madebetweerthe variousimplementations Particularattentionis
givento whatportionof the CLOS MOP is implementedandhow faithful theim-
plementatioris to the metaobjecprotocoldescribedn the TheArt of the Metaob-
jectProtoco[1]. A summaryof the overall availability of the CLOSMOP is then
given. Finally a proposeccategorizationof the functionality of the CLOS MOP
is described.This work is relatedto an ongoingeffort beingdoneby the ANSI
CommonLisp J13committee.

1 Introduction

A metaobjecprotocolis aninterfaceto element®f alanguagahatarenormallyhidden
from usersof thelanguageProviding suchaninterfaceallows usersof thelanguagdo
tailor thelanguageo their own needsandin suchaway providesamorepowerful and
flexible language. The CLOS metaobjeciprotocol provides an interfaceto program
elementssuch as classesand methods therebyallowing usersto control aspectsof
thelanguagesuchashow instance®f a classare createdor how methoddispatching
works. Althoughthe CLOS metaobjecprotocolhasnot yet beenstandardizedmary
implementationslreadyprovide ametaobjecprotocolbasedntheprotocoldescribed
in TheArt of the MetaobjectProtocol1], henceforthreferredto asAMOP.



2 TheCLOSMOP

As describedn AMOP[1], a CLOS implementation(and implementationof other
languagedor that matter)can be seenas consistingof two setsof componentsthe
on-stagecomponentsand the backstagecomponents. The on-stagecomponentsare
thoseaspect®of theimplementatiorthatareavailableto usersof the languageandare
typically the documentedentities. The backstagecomponentsare the thingsthat an
implementatiomeeddo providein orderto supportthe on-stagdanguage.

Anotherusefuldecompositiomadeby CLOSimplementationss thethree-layered
division of the definingforms (i.e. of defclassdefmethodanddefgenerig. Theseare
the macro-&pansion-layerthe glue layer andthe lowestlayer. The macro-epansion
layerconsistf on-stageentitieswhile the lowestlayer consistof backstagentities.
Thegluelayercanbeseemaspiecingtogetherthesetwo layers.It doessoby mapping
the namesusedin the macro-epansionlayer (e.g. classnames)to the objectsthat
representhemin the lowestlayer (e.g. classobjects). For examplefind-classis a
componenbf the glue layer which takes a classnameas an agumentand returnsa
classobject.

Languagesypically do not exposetheir backstaganechanismso the userof the
on-stagdanguageThisresultsin languagevhichis inherentlyfairly rigid —it occupies
asinglepointin thespaceof possibledesigns Evenif thedesignis good,it is unlikely
to be adequatdor all users.Lisp hastraditionally beenextraordinarilyflexible in the
way it canprovide arangeof possibldanguagesatherthanasinglelanguage Making
Lisp sourcecodebe Lisp data,and providing a macrolanguagewhich is Lisp itself
hasled to a style of problemsolvingwherethe languagss tailoredto the problemat
hand,a stylewhichis almostuniqueto Lisp. Soit is very muchin theLisp traditionto
exposesomeof the backstagenechanismso allow yet moreflexibility .

Exposingsomeof the backstagenechanismshouldallow theuserof thelanguage
to further customisethe languageto the problemat hand, ratherthan crushingthe
probleminto the fixed, rigid frameawork provided by the language. As well asthe
default on-stagdanguageprovided ‘out of the box’, varianton-stageobject-oriented
languagesanbe designedwhich fit the problemspaceandwhich thenallow people
to concentrat®n solving the problemratherthanfighting the language.

In anobject-orientedanguagelike CLOS, the behaiour of objectsis largely de-
terminedby their classe®r types.To exposethe backstagdehaviour is thennaturally
doneby definingthebehaiour of CLOSitself in termsof CLOSobjects andallowing
the userto selectwhich objectsareused,within reasonto definethe behaiour of the
program. So,in CLOS, a classis itself an objectwhich is aninstanceof a class,and
thisclassdetermineshebehaiousof theon-stageCL OSobjects.In CLOS, classesre
known asmetaobjectsandthe classe®f thesemetaobjectareknown asmetaclasses.
Exposingwhatthesemetaobjectandmetaclasseare,anddefiningthe protocolsthey
follow andhow they canbe changedthenallows the userto tailor the on-stagdan-
guage.The protocolfollowed by thesemetaobjectén CLOSis the CLOS Metaobject
Protocol.

Thereis obviouslyacircularity involvedwhendefiningCLOSin termsof itself this
way: metaclassearethemselesmetaobjectsyith their own meta-metaclassesdso
on. If the backstagerotocolis exposedthenthesecircularitiesneedto be dealtwith,



andthis is doneby special-casingpehaiour for certainknown metaobjects$o prevent
infinite regress.Figurel shavsthemetaclassierarchyfor CLOSasdefinedin AMOP.

The essencef a metaobjeciprotocolis to provide an interfaceto thesemetaob-
jects,a setof methodsandfunctionsthatallow usersnotthe only the ability to access
thesemetaobjectshut perhapsnoreimportantly theflexibility to controlthe creation
and manipulationof both objectsand metaobjects.This allows usersto control the
behaior of the CLOSlanguagetself. For exampleuserscancontrolthe classinitial-
ization protocolandeven the genericfunctioninvocationprotocol. Suchaninterface
effectively movesthesemetaobject®n-stagelt shouldbe pointedoutthatthislevel of
controlcannotbeachievedby simply redefiningexisting CLOSfunctionsasthiswould
potentiallybreakany existing CLOS program but ratherby definingnew metaclasses
andwriting new methodshatspecializegenericfunctionsin the metaobjecprotocol.
A well designednetaobjecprotocoldoessoin a way thatoptimizesthe controlusers
have over the languageandyet doesnot compromisethe control implementorsneed
overthelanguagdn orderto ensurethat efficientimplementatioris reasonablyeasi-
ble. Achieving this delicatebalancevasanimportantgoal of theauthorsof AMOPJ[1],
andif aMOP s to bestandardiseit is veryimportantthatit shouldmeettheserequire-
ments.

Theauthorsof AMOP[1] did notintendtheir CLOS metaobjecprotocolto bethe
suggestedtandard However, mostimplementationhiave usedit asthe basisfor their
implementatiorof the CLOSMOP andit hasbecoméhedefactostandardThoughthe
CLOS MOP hasnot beenstandardizedthe currentANSI standardor CommonLisp
includesCLOS anddoesprovide accesgo a setof metaobjectsthe standardmetaob-
jects,andasetof functionsandmethodso manipulatehesenetaobjectsyhichstrictly
speakingshouldbe consideredpart of the CLOS MOP. However mostof thesewere
notintendedo be manipulatedy usersof thelanguagebut rathersene to specifythe
behaior of the ObjectSystemin CommonLisp to implementorof thelanguageThe
standardmetaobjectclassesare standad-class standad-method standad-generic-
functionandstandad-slot-definition

Perhaponeaspecif the designof the CLOS MOP which is not completeis the
structureof the method-combinatiometaclass. As it standsthe de facto standard
doesnot specifythe structureof this metaobjectalthoughthe ANSI CLOS standard
doesdocumenthedefine-method-combitian macro,which canbeusedto createnew
typesof methodcombinationsThedefault CLOSmethodcombinations referredto as
standardnethodcombinationandit seemgeasonabl¢hatthe CLOS MOP shouldat
leastprovide astandad-method-combinatiometaclasgspartof thestandaranetaob-
jectsandappropriateeademmethods Many implementationgctuallyimplementsuch
aclass.Thisis perhapsneareain whichthe CLOSMOP couldbe extended.

In thefollowing sectionswe surwey the availability of the CLOS MetaobjectPro-
tocolin severalpopularCommonLisp implementations.

3 Allegro Common Lisp

Franzinc.s Allegro CommonLisp version5.0.1,availablefrom www.franz.com pro-
videsa comprehensie implementatiorof the full CLOSMORP. All of the metaclasses
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Figure1: The CLOS MOP MetaclassHierarchy Classesn bold facerepresenthe
standardnetaobjectlassesandclassesn italic denoteabstractlassesotintendedo
beinstantiated.

andgenericfunctionsdescribedn AMOP[1] areimplementedn this versionof Alle-

gro. The Allegro CL UserGuide[] providescompletedocumentatiorof theseMOP
entitiesas well as numerousexamplesallowing usersto effectively usethe Allegro
MOP implementationAlthoughthisis notlistedasoneof thestandardCLOS metaob-
ject classesAllegro CommonLisp doesimplementa standad-method-combinatio
metaclass.

4 CLISP

AlthoughCLISP CommornLisp, written by BrunoHaibleandMichaelStoll, andavail-

ablefrom clisp.sourcefage.netfprovidessomeof the CLOSMOP, mary of of theenti-

tiesdescribedn thethe de facto standarcare missingor elseappearundera different
name. Most of the classmetaobjectreademmethodsare provided. However noneof

the method generic-functionand slot-definitionreadermethodsare supported. It is

notclearfrom thereleasenotes[3, which describesomeof the unsupporte@spectof

CLOS, if the implementorsof CLISP planto provide a more standardand complete
implementatiorof the CLOSMOP asdefinedby AMOP[1] in futurereleases.

5 CormanLisp

RogerCormans CormanLisp versionl.3, availablefrom www.corman.netprovides
abouthalf of the CLOS MOP entities. Thosecomponent®f the MOP which relateto
slot-definitionmetaobjectaindeql-specializemetaobjectsirenot supportedin addi-
tion the classesandfunctionsrelatedto the following MOP conceptsarealsoabsent:



Abs | MetaClass Name Allegro | CLISP | Corman | Lispworks | MCL
built-in-class Yes Yes Yes Yes Yes
* class Yes Yes Yes Yes Yes
* direct-slot-definition Yes No No Yes Yes
* effective-slot-definiion Yes No No Yes Yes
eql-specializer Yes No No No No
forward-referenced-class Yes No No Yes No
funcallable-standardass Yes No No Yes Yes
funcallable-standardbgect Yes No No No Yes
*) generic-function Yes Yes Yes Yes Yes
*) metaobject Yes No No Yes Yes
* method Yes Yes Yes Yes Yes
* method-combination Yes No Yes Yes Yes
* slot-definition Yes Yes No Yes No
* specializer Yes No Yes Yes Yes
* standard-accessorethod Yes No No Yes Yes
standard-class Yes Yes Yes Yes Yes
standard-direct-slot-deftion Yes No No Yes No
standard-ééctive-sbt-definition | Yes No No Yes No
standard-generic-funoti Yes Yes Yes Yes Yes
standard-method Yes Yes Yes Yes Yes
standard-object Yes Yes Yes Yes Yes
standard-readenethod Yes No No No Yes
* standard-slot-definition Yes Yes No Yes No
standard-writemethod Yes No No No Yes

Figure2: Availability of MOP classesn sereral CLOS implementationsThe classes
markedwith (*) areabstractlasseghatarenotintentedto beinstantiated.

direct subclassegjirect methods,methodcombination,dependentsieadermethods,
writer methodsandfuncallableobjects. The metaobjecprotocolprovidedin Corman
Lisp is basedn Closette This is ametaobjecprotocoldescribedn AMOP[1], which
is simplerthanthefull CLOS MOP andwasusedby the authorsAMOP[1] asameans
of steppingthe readerthroughthe designandimplementatiorof a CLOS metaobject
protocolwithout having to immediatedlyaddressssuespertainingto the provision of
a MOP for the full CLOS language.The CormanLisp UserGuideand Reference[b
outlineswhich aspect®f the CLOS andthe MOP arecurrentlyunsupportedandindi-
categhatwork is in progresdgor providing thefull ANSI CLOSandthedefactoMOP.
It shouldalsobepointedoutthatCormanLisp providesthe mostcommonlyusedcom-
ponentsof the CLOS MOP, while the unsupportednesarein somesensethe more
adwancedaspect®f the CLOSMOP.

6 Lispworks

Harlequins Lispworks 4.01,now availablefrom Xanalysat www.xanalysis.compro-
videsnearlythe completeCLOS MOP. Thereare only a handful of entitiesmissing.
In particularthe eql-specializemetaclassthe funcallable-standad-objectmetaclass
andthe standad-readermethodandstandad-writer-methodmetaclassearenot pro-



Type | Function Name Allegro | CLISP | Corman | Lispworks | MCL
GF accessomethod-slot-definitin Yes No No No Yes
GF add-dependent Yes No No Yes Yes
GF add-direct-method Yes No No Yes Yes
GF add-direct-subclass Yes No No Yes Yes
GF add-method Yes Yes Yes Yes Yes
GF allocate-instance Yes Yes Yes Yes Yes
GF class-dedult-initargs Yes Yes No Yes No
GF class-direct-defultinitargs Yes Yes No Yes No
GF class-direct-slots Yes Yes Yes Yes Yes
GF class-direct-subclasses Yes No Yes Yes Yes
GF class-direct-superclasses Yes Yes Yes Yes Yes
GF class-finalized-p Yes No No Yes Yes
GF class-name Yes Yes Yes Yes Yes
GF class-precedence-list Yes Yes Yes Yes Yes
GF class-prototype Yes No No Yes Yes
GF class-slots Yes Yes Yes Yes Yes
GF compute-applicable-nmebds Yes Yes Yes Yes Yes
GF compute-applicable-mebds-sing-dasses | Yes No Yes No Yes
GF compute-class-precedeHrcst Yes No Yes Yes Yes
GF compute-defult-initargs Yes No No Yes Yes
GF compute-discriminating-fution Yes No Yes Yes Yes
GF compute-dective-mehod Yes Yes No Yes Yes
GF compute-dective-sld-definition Yes No Yes Yes Yes
GF compute-slots Yes No Yes Yes Yes

Figure3: Availability of MOP functionsin several CLOSimplementations.

vided. The genericfunctionsthat manipulatemetaobjectof thesemetaclasseare
alsounsupported.Theseinclude the genericfunctionseql-specializetobject intern-
eqgl-specializer compute-applicable-methselsirg-classes readermethod-classand
writer-method-classLispworksalsoprovidesa standad-method-combinatiodlass.

7 MCL

MCL 2.0, available from Digitool at www.digitool.com, provides most of the MOP
entities. It implementsthe CLOS languageasdescribedn CLTL2. The documenta-
tion is wonderfully explicit aboutwhich component®f the CLOS MOP arenot pro-
vided in this release. The unsupportednetaobjecttlassegprimarily are thoserelat-
ing to theslots. This includesslot-definition,standad-slot-definition standad-direct-
slot-definitionand standad-efective-slot-definition The metaclasseeql-specializer
andforward-refeienced-classrealsounavailablein this versionof MCL. It is noted
in the documentatiorof MCL that when an unknawvn classis encounteredat com-
pile, an instanceof the classccl::compile-time-classs createdinstead,andthat this
is likely to changein future versionsof MCL. It is also notedthat future versions
will completelysupportthe slot-definitionmetaclass. The genericfunctionsin the
AMOP[1] that are not available in this releaseinclude most of the onespertaining
to slot-definitionmetaobjectsthe generic-functionreadermethodsgeneric-function-



Type | Function Name Allegro | CLISP | Corman | Lispworks | MCL
GF direct-slot-definitionass Yes No No Yes Yes
GF effective-slot-definion-dass Yes No No Yes Yes
Fn ensure-class Yes Yes Yes Yes Yes
GF ensure-class-using-class Yes No No Yes Yes
Fn ensure-generic-function Yes No Yes Yes Yes
GF ensure-generic-functiemsingclass Yes No No Yes Yes
Fn eql-specializeobject Yes No No No Yes
Fn extract-lambda-list Yes No Yes Yes Yes
Fn extract-specializenames Yes No No Yes Yes
GF finalize-inheritance Yes No Yes Yes Yes
GF find-method-combination Yes No No Yes Yes
Fn funcallable-standarmhstan@-access Yes No No No Yes
GF generic-function-gumeniprecedenceordea | Yes No No Yes No
GF generic-function-dealations Yes No No Yes No
GF generic-function-lambdhst Yes No Yes Yes No
GF generic-function-methedlass Yes No Yes Yes Yes
GF generic-function-methedombhaion Yes No No Yes Yes
GF generic-function-methad Yes No Yes Yes Yes
GF generic-function-name Yes No Yes Yes Yes
Fn intern-eql-specialier Yes No No No Yes
GF male-instance Yes Yes Yes Yes Yes
GF make-method-lambda Yes No No Yes Yes
GF map-dependents Yes No No Yes Yes
GF method-function Yes No Yes Yes Yes
GF method-generic-function Yes No Yes Yes Yes
GF method-lambda-list Yes No Yes Yes No
GF method-specializers Yes No Yes Yes Yes
GF method-qualifiers Yes Yes Yes Yes Yes

Figure4: Availability of MOP functionsin several CLOSimplementationgcont).

declarations generic-function-lambda-lisindgeneric-function-agument-pecednce-
order. Finally thegenericfunctionsclass-default-initags, class-diect-default-initags
andmethod-lambda-lisarealsounsupportedMCL doeshoweverprovide a standad-

method-combinationlass,which asalreadynoted,is lacking from the de facto MOP

standard.

8 Other Lisps

There are several other popularimplementationsof CommonLisp that we plan on
examining. At the time this paperwaswritten, we did not have easyaccesdo these
implementations:

e Liquid CommonLisp (formerly Lucid CommonLisp) is also available from
Xanalysisat www.xanalysis.com.

¢ CMU CommonlLisp was originally doneat CMU and is now a community
projectwhich livesatwww.cons.og.




Type | Function Name Allegro | CLISP | Corman | Lispworks | MCL
GF reademmethod-class Yes No No No Yes
GF remove-dependent Yes No No Yes Yes
GF remove-direct-method Yes No No Yes Yes
GF remove-direct-subclass Yes No No Yes Yes
GF remove-method Yes Yes Yes Yes Yes
Fn set-funcallable-instace function Yes No No Yes Yes
Fn (setfclass-name) Yes Yes Yes Yes Yes
Fn (setfgeneric-function-name) Yes No Yes Yes Yes
GF (setfslot-value-using-class) Yes No Yes Yes Yes
GF slot-boundp-using-class Yes No Yes Yes No
GF slot-definition-allocaon Yes No Yes Yes No
GF slot-definition-initags Yes No Yes Yes No
GF slot-definition-initform Yes No Yes Yes No
GF slot-definition-initfundion Yes No Yes Yes No
GF slot-definition-name Yes No Yes Yes No
GF slot-definition-readers Yes No Yes Yes No
GF slot-definition-type Yes No No Yes No
GF slot-definition-writers Yes No Yes Yes No
GF slot-definition-locatn Yes No No Yes Yes
GF slot-makunbound-using-class Yes No Yes Yes No
GF slot-value-using-class Yes No Yes Yes No
GF specializedirect-genaic-functions | Yes No No Yes Yes
GF specializedirect-mehods Yes No No Yes Yes
Fn standard-instance-aess Yes No No Yes Yes
GF update-dependent Yes No No Yes Yes
GF validate-superclass Yes No No Yes Yes
GF writer-method-class Yes No No No Yes

Figureb: Availability of MOP functionsin several CLOSimplementationgcont).

e Symbolicsinc,’ s Generas animplementatiorof majorhistoricalimportance.

We believe that LCL providesa comprehensie implementatiorof the MOP. Genera
providessomeMOP facilities but its implementatiorof CLOS variesat somelevels.
CMUCL's CLOS s a versionPCL, which wasthe original testbedmplementatiorof
CLOS,andhasa MOP, but onewhich doesnot alwaysagreewith the onedescribedn
AMOP.

9 Comparison

Among the threecommercialimplementationgexamined,Allegro CL andLispWorks
provide the completeMOP (thoughLispWorks lacksjust a few entities). MCL is not
too far off, andessentiallyjust needsto provide the slot-definitionandeql-specializer
relatedcomponentsThetwo freelispsexamined CLISPandCormanLisp aremissing
largerportionsof the MOP andit would requirea moresignificanteffort on theimple-
mentorsof theseCommonLisps to provide the full MOP. It is however encouraging
thatthey have implementeda substantiaportion of the MOP andcertainlyimpressve
giventhat they arefreely available implementation®f CommonLisp. It shouldbe



notedthatthesecommentsarenotintentedasan evaluationof ary of thesemplemen-
tationsbut arerathergearedowardsprovidingthe CommonLisp J13Committeewith a
betterunderstandingf theimpactandburdenthatfully standardizingr enhancinghe
CLOSMOP would have onimplementorf existing CommonLisp implementations.

Figure 2 summarizeghe CLOS MOP classeswvhich are availablein eachof the
implementationgliscussed.The slot-definitionmetaobjecttlassandits descendants,
and the eql-specializemetaclassesare the most commonly unsupportedaspectsof
the MOP in the implementationsexamined. Figures3, 4 and5 show exactly which
CLOS MOP functions are available in eachof the implementationgdiscussed. As
might be expected the onesrelatingto slot-definitionmetaobjecteindeql-specializer
metaobjectareagainthe mostcommonlyunsupported.

10 Categorization

The CLOS MOP is sufficiently rich andcomprehensie thatit is appropriateto cate-
gorizeandlayertheinterfaceit providesto the CLOSlanguageThe AMOP[1] distin-
guishegwo suchlayers:theintrospectve layerandtheintercessoryayer. Thefirst of
these theintrospectve layer, providesthe necessaryunctionality to retrieve and ex-
aminethe metaobjectshatcomprisethe elementof a CLOS program.Suchalayeris
usefulonits own to write browserlik e toolsthat permitthe inspectionandanalysisof
theunderlyingmetaobjectsvithoutneedingary languageustomizationnterface. The
secondayer, theintercessoryayer, is thelayerthatallows usersto modify the behas-
ior of the CLOS language.This includesthe necessarynterfacefunctionsto control
the objectinitialization protocol,the classfinalization protocol,the instancestructure
protocol,thegenericfunctioninvocationprotocolanddependentaintenancerotocol
asdescribedn TheCommorlLisp SystenMetaobjectProtocol

The authorsof this paperhave found it useful to further subdvide the CLOS
MOP. Figure 6 shavs a more detailedorganizationof the functionality provided by
the MetaobjectProtocol. The introspectve layeris further divided into two layers: a
fundamentaintrospectve layerandanadvancedntrospectve layer.

Thefirst of thesels gearedowardsaccessinghe morebasicpropertiesof the var
ious metaobjectsthatis mainly thosepropertiesaccessiblevia readermethodsfor the
standardnetaobjects The advancedintrospectve layer attemptsto capturethoseas-
pectsof metaobjectshatrelateto othermetaobjectaswell asthosefunctionswhich
relateto the more sophisticatedMOP conceptsand protocols. For example,we have
chosento placethe readermethodclass-namgwhich simply returnsthe nameof a
class,in the basicintrospectve layer, but the genericfunction class-pototype which
returnsthe prototypeinstancefor a classmetaobjecthasbeenplacedin the advanced
introspectve layer.

The intercessoryayer hasbeenalsobeendivided into a basicintercessoryayer
andan adwancedintercessoryayer. Thefirst of theseis aimedat capturingthoseas-
pectsof the MOP that controlthe creationof objectsaswell asthoseelementsf the
API that are usedto attachand detachmetaobject§rom oneanother For example,
male-instanceadd-methodindremore-methodiresomeof the genericfunctionsthat
canbe foundin this layer Finally the advancedintercessoryjayer senesto capture
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Figure 6: Suggestedatayorizationof the CLOS MOP. This decomposethe CLOS
MOP alongtwo dimensions.The first dimensionconsistsof four abstractionayers:
fundamentalintrospection advancedintrospection fundamentaintercessiorand ad-
vancedintercession. The seconddimensiongroupscomponentof the CLOS MOP
accordingto which metaobjectlassandconcepthey relateto.
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the aspectof the interfacethatis responsibldor computingthe relationshipsandthe
orderingsamongsthe metaobjectaswell asthoseresponsibldor storageallocation.
For examplecompute-class-gcedence-liswwhich mustperformatopologicalsort of
theinheritancehierarchy andallocate-instancewhich allocatesstoragefor slotswith
sinstanceallocation,have beenplacedin this layer Eachof thesefour layershasalso
beenorganizedaccordingto the variousmetaobjectsnanipulatedby that layer, thus
providing a 2-dimensionaperspectie of the CLOS Metaobjectprotocol.

This cateyorizationanddecompositiorof the CLOS MOP is preliminaryandcer
tainly in somecasesrguablyarbitrary It representgleasandwork thatarein progress
andsoshouldby no meanshe considerediefinitive.

11 Implementability

A MOP for CLOS walks a fine line betweenpower andimplementability It is obvi-
ouslydesirabldo provideapowerful andconsistenframeawork, butit is alsoextremely
importantto ensurethatthe framewvork canbe efficiently implementedwvithout heroic
effort from the vendor Any standardisatioeffort for a CLOS MOP musttake consid-
erationof efficiency very seriously

Althoughwe have demonstratethatthereis agooddealof commonalityin theex-
istingimplementationsye have notexploredtheefficiency aspectso the sameextent.
Theremay be featuresn theimplementationsvhich, if they areever used,cancause
catastrophicslowvdowns to all of CLOS. This needsto be establishedy experiment
andwith input from implementors.A goodexampleof the areaswhich arevery crit-
ical in this respectarethe slot-acces@rotocols,which needto be extremelycarefully
designedo ensurethey canbeefficiently implemented.

The Generamplementatiorof CLOSis interestingn thisregardasit canbespec-
tacularlyefficient,andthis efficiengy is notentirelydueto thespeciahardwaresupport
that Generahas. Accessto slotsof CLOS objects,evenvia accessorgatherthanslot-
value canbealmostasfastasanarrayreferenceln orderto achieve this performance
theimplementatiorhasmadesometradeofs in the MOP, andthosetradeofs would be
very interestingto examine.

12 Conclusion

In this paperwe have briefly reviewed the motivations and structureof the CLOS
MetaobjectProtocoland examinedseveral popularimplementation®f CLOS in or-
derto assessvhich aspect®f the MOP arecurrentlyimplementedindin use.We have
provided a proposeddecompositiorof the functionality capturedby the CLOS MOP
in preparatiorof ascertaininghe adequay of this protocolandthe possibilityfor stan-
dardization.We concludethatalthoughthe CLOS MOP hasnotyet beenstandardized
by the ANSI X3J13committeeit is clearthatmostCLOS implementationprovide a
fairly comprehensie versionof the metaobjecprotocol. Furthermoregiventhatfew
have deviatedfrom the original AMOP[1] specificationatfirst glanceit doesnotseem
unreasonabléor the ANSI X3J13committeeto move in the directionof standardiz-
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ing the de facto CLOS MOP. It shouldhowever be notedthat the effort presenteds
preliminary,
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