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Abstract

This papersurveys implementationsof the CLOS MOP in someof the more
popularimplementationsof CommonLisp. First a brief overview of the CLOS
MOP is given. A numberof CommonLisp implementationsarethenexamined
independentlyin orderto assesswhichaspectsof theCLOSMOPthey provide. A
comparisonis madebetweenthevariousimplementations.Particularattentionis
givento whatportionof theCLOSMOP is implementedandhow faithful theim-
plementationis to themetaobjectprotocoldescribedin theTheArt of theMetaob-
ject Protocol[1]. A summaryof theoverall availability of theCLOSMOP is then
given. Finally a proposedcategorizationof the functionality of the CLOS MOP
is described.This work is relatedto an ongoingeffort beingdoneby the ANSI
CommonLisp J13committee.

1 Introduction

A metaobjectprotocolis aninterfacetoelementsof alanguagethatarenormallyhidden
from usersof thelanguage.Providing suchaninterfaceallowsusersof thelanguageto
tailor thelanguageto theirown needsandin suchawayprovidesamorepowerful and
flexible language.The CLOS metaobjectprotocolprovidesan interfaceto program
elementssuchas classesand methods,therebyallowing usersto control aspectsof
the languagesuchashow instancesof a classarecreatedor how methoddispatching
works. AlthoughtheCLOSmetaobjectprotocolhasnot yet beenstandardized,many
implementationsalreadyprovideametaobjectprotocolbasedontheprotocoldescribed
in TheArt of theMetaobjectProtocol[1], henceforthreferredto asAMOP.
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2 The CLOS MOP

As describedin AMOP[1], a CLOS implementation(and implementationsof other
languagesfor that matter)canbe seenasconsistingof two setsof components:the
on-stagecomponentsand the backstagecomponents.The on-stagecomponentsare
thoseaspectsof theimplementationthatareavailableto usersof thelanguageandare
typically the documentedentities. The backstagecomponentsare the things that an
implementationneedsto provide in orderto supporttheon-stagelanguage.

Anotherusefuldecompositionmadeby CLOSimplementationsis thethree-layered
division of thedefiningforms(i.e. of defclass, defmethodanddefgeneric). Theseare
themacro-expansion-layer, theglue layerandthe lowestlayer. Themacro-expansion
layerconsistsof on-stageentitieswhile thelowestlayerconsistsof backstageentities.
Thegluelayercanbeseenaspiecingtogetherthesetwo layers.It doessoby mapping
the namesusedin the macro-expansionlayer (e.g. classnames)to the objectsthat
representthem in the lowest layer (e.g. classobjects). For examplefind-classis a
componentof the glue layer which takesa classnameasan argumentandreturnsa
classobject.

Languagestypically do not exposetheir backstagemechanismsto the userof the
on-stagelanguage.Thisresultsin languagewhichis inherentlyfairly rigid – it occupies
asinglepoint in thespaceof possibledesigns.Evenif thedesignis good,it is unlikely
to beadequatefor all users.Lisp hastraditionallybeenextraordinarilyflexible in the
wayit canprovidearangeof possiblelanguagesratherthanasinglelanguage.Making
Lisp sourcecodebe Lisp data,andproviding a macrolanguagewhich is Lisp itself
hasled to a styleof problemsolvingwherethe languageis tailoredto theproblemat
hand,astylewhich is almostuniqueto Lisp. Soit is verymuchin theLisp traditionto
exposesomeof thebackstagemechanismsto allow yetmoreflexibility .

Exposingsomeof thebackstagemechanismsshouldallow theuserof thelanguage
to further customisethe languageto the problemat hand, rather than crushingthe
probleminto the fixed, rigid framework provided by the language. As well as the
default on-stagelanguageprovided ‘out of the box’, varianton-stageobject-oriented
languagescanbedesignedwhich fit theproblemspace,andwhich thenallow people
to concentrateon solvingtheproblemratherthanfighting thelanguage.

In anobject-orientedlanguage,like CLOS,thebehaviour of objectsis largely de-
terminedby theirclassesor types.To exposethebackstagebehaviour is thennaturally
doneby definingthebehaviour of CLOSitself in termsof CLOSobjects,andallowing
theuserto selectwhich objectsareused,within reason,to definethebehaviour of the
program.So, in CLOS,a classis itself anobjectwhich is an instanceof a class,and
thisclassdeterminesthebehaviousof theon-stageCLOSobjects.In CLOS,classesare
known asmetaobjects,andtheclassesof thesemetaobjectsareknown asmetaclasses.
Exposingwhatthesemetaobjectsandmetaclassesare,anddefiningtheprotocolsthey
follow andhow they canbe changed,thenallows the userto tailor the on-stagelan-
guage.Theprotocolfollowedby thesemetaobjectsin CLOSis theCLOSMetaobject
Protocol.

Thereis obviouslyacircularity involvedwhendefiningCLOSin termsof itself this
way: metaclassesarethemselvesmetaobjects,with their own meta-metaclassesandso
on. If thebackstageprotocolis exposedthenthesecircularitiesneedto bedealtwith,
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andthis is doneby special-casingbehaviour for certainknown metaobjectsto prevent
infinite regress.Figure1 showsthemetaclasshierarchyfor CLOSasdefinedin AMOP.

The essenceof a metaobjectprotocol is to provide an interfaceto thesemetaob-
jects,a setof methodsandfunctionsthatallow usersnot theonly theability to access
thesemetaobjects,but perhapsmoreimportantly, theflexibility to control thecreation
andmanipulationof both objectsandmetaobjects.This allows usersto control the
behavior of theCLOSlanguageitself. For exampleuserscancontrol theclassinitial-
izationprotocolandeven thegenericfunction invocationprotocol. Suchan interface
effectively movesthesemetaobjectson-stage.It shouldbepointedout thatthis level of
controlcannotbeachievedby simplyredefiningexistingCLOSfunctionsasthiswould
potentiallybreakany existing CLOSprogram,but ratherby definingnew metaclasses
andwriting new methodsthatspecializegenericfunctionsin themetaobjectprotocol.
A well designedmetaobjectprotocoldoessoin a way thatoptimizesthecontrolusers
have over the languageandyet doesnot compromisethe control implementorsneed
over the languagein orderto ensurethatefficient implementationis reasonablyfeasi-
ble. Achieving thisdelicatebalancewasanimportantgoalof theauthorsof AMOP[1],
andif aMOPis to bestandardisedit is veryimportantthatit shouldmeettheserequire-
ments.

Theauthorsof AMOP[1] did not intendtheir CLOSmetaobjectprotocolto bethe
suggestedstandard.However, mostimplementationshave usedit asthebasisfor their
implementationof theCLOSMOPandit hasbecomethedefactostandard.Thoughthe
CLOSMOP hasnot beenstandardized,thecurrentANSI standardfor CommonLisp
includesCLOSanddoesprovide accessto a setof metaobjects,thestandardmetaob-
jects,andasetof functionsandmethodstomanipulatethesemetaobjects,whichstrictly
speakingshouldbe consideredpart of the CLOS MOP. However mostof thesewere
not intendedto bemanipulatedby usersof thelanguage,but ratherserve to specifythe
behavior of theObjectSystemin CommonLisp to implementorsof thelanguage.The
standardmetaobjectclassesare standard-class, standard-method, standard-generic-
functionandstandard-slot-definition.

Perhapsoneaspectof the designof the CLOSMOP which is not completeis the
structureof the method-combinationmetaclass.As it standsthe de facto standard
doesnot specify the structureof this metaobject,althoughthe ANSI CLOS standard
doesdocumentthedefine-method-combinationmacro,whichcanbeusedto createnew
typesof methodcombinations.ThedefaultCLOSmethodcombinationis referredto as
standardmethodcombination,andit seemsreasonablethat theCLOSMOP shouldat
leastprovideastandard-method-combinationmetaclassaspartof thestandardmetaob-
jectsandappropriatereadermethods.Many implementationsactuallyimplementsuch
aclass.This is perhapsoneareain which theCLOSMOP couldbeextended.

In thefollowing sections,we survey theavailability of theCLOSMetaobjectPro-
tocol in severalpopularCommonLisp implementations.

3 Allegro Common Lisp

FranzInc.’sAllegro CommonLisp version5.0.1,availablefrom www.franz.com,pro-
videsa comprehensive implementationof thefull CLOSMOP. All of themetaclasses
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Figure1: The CLOS MOP MetaclassHierarchy. Classesin bold facerepresentthe
standardmetaobjectclassesandclassesin italic denoteabstractclassesnot intendedto
beinstantiated.

andgenericfunctionsdescribedin AMOP[1] areimplementedin this versionof Alle-
gro. TheAllegro CL UserGuide[2] providescompletedocumentationof theseMOP
entitiesas well as numerousexamplesallowing usersto effectively usethe Allegro
MOPimplementation.Althoughthis is not listedasoneof thestandardCLOSmetaob-
ject classes,Allegro CommonLisp doesimplementa standard-method-combination
metaclass.

4 CLISP

AlthoughCLISPCommonLisp, writtenby BrunoHaibleandMichaelStoll, andavail-
ablefrom clisp.sourceforge.netprovidessomeof theCLOSMOP, many of of theenti-
tiesdescribedin thethedefactostandardaremissingor elseappearundera different
name. Most of the classmetaobjectreadermethodsareprovided. However noneof
the method, generic-functionandslot-definitionreadermethodsaresupported. It is
notclearfrom thereleasenotes[3], whichdescribesomeof theunsupportedaspectsof
CLOS, if the implementorsof CLISP plan to provide a morestandardandcomplete
implementationof theCLOSMOPasdefinedby AMOP[1] in futurereleases.

5 Corman Lisp

RogerCorman’s CormanLisp version1.3, availablefrom www.corman.net,provides
abouthalf of theCLOSMOP entities.Thosecomponentsof theMOP which relateto
slot-definitionmetaobjectsandeql-specializermetaobjectsarenot supported.In addi-
tion theclassesandfunctionsrelatedto the following MOP conceptsarealsoabsent:
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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-definition Yes No No Yes Yes

eql-specializer Yes No No No No
forward-referenced-class Yes No No Yes No
funcallable-standard-class Yes No No Yes Yes
funcallable-standard-object 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-accessor-method Yes No No Yes Yes

standard-class Yes Yes Yes Yes Yes
standard-direct-slot-definition Yes No No Yes No
standard-effective-slot-definition Yes No No Yes No
standard-generic-function Yes Yes Yes Yes Yes
standard-method Yes Yes Yes Yes Yes
standard-object Yes Yes Yes Yes Yes
standard-reader-method Yes No No No Yes

(*) standard-slot-definition Yes Yes No Yes No
standard-writer-method Yes No No No Yes

Figure2: Availability of MOP classesin severalCLOSimplementations.Theclasses
markedwith (*) areabstractclassesthatarenot intentedto beinstantiated.

direct subclasses,direct methods,methodcombination,dependents,readermethods,
writer methodsandfuncallableobjects.Themetaobjectprotocolprovidedin Corman
Lisp is basedon Closette. This is ametaobjectprotocoldescribedin AMOP[1], which
is simplerthanthefull CLOSMOPandwasusedby theauthorsAMOP[1] asameans
of steppingthe readerthroughthe designandimplementationof a CLOS metaobject
protocolwithout having to immediatedlyaddressissuespertainingto theprovision of
a MOP for the full CLOS language.TheCormanLisp UserGuideandReference[5]
outlineswhichaspectsof theCLOSandtheMOParecurrentlyunsupported,andindi-
catesthatwork is in progressfor providing thefull ANSI CLOSandthedefactoMOP.
It shouldalsobepointedout thatCormanLisp providesthemostcommonlyusedcom-
ponentsof the CLOS MOP, while the unsupportedonesare in somesensethe more
advancedaspectsof theCLOSMOP.

6 Lispworks

Harlequin’sLispworks4.01,now availablefrom Xanalysat www.xanalysis.com,pro-
videsnearlythe completeCLOS MOP. Thereareonly a handfulof entitiesmissing.
In particularthe eql-specializermetaclass,the funcallable-standard-objectmetaclass
andthestandard-reader-methodandstandard-writer-methodmetaclassesarenot pro-
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Type Function Name Allegro CLISP Corman Lispworks MCL
GF accessor-method-slot-definition 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-default-initargs Yes Yes No Yes No
GF class-direct-default-initargs 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-methods Yes Yes Yes Yes Yes
GF compute-applicable-methods-using-classes Yes No Yes No Yes
GF compute-class-precedence-list Yes No Yes Yes Yes
GF compute-default-initargs Yes No No Yes Yes
GF compute-discriminating-function Yes No Yes Yes Yes
GF compute-effective-method Yes Yes No Yes Yes
GF compute-effective-slot-definition Yes No Yes Yes Yes
GF compute-slots Yes No Yes Yes Yes

Figure3: Availability of MOPfunctionsin severalCLOSimplementations.

vided. The genericfunctions that manipulatemetaobjectsof thesemetaclassesare
alsounsupported.Theseincludethe genericfunctionseql-specializer-object, intern-
eql-specializer, compute-applicable-methods-using-classes, reader-method-classand
writer-method-class. Lispworksalsoprovidesastandard-method-combinationclass.

7 MCL

MCL 2.0, available from Digitool at www.digitool.com,providesmostof the MOP
entities. It implementsthe CLOS languageasdescribedin CLTL2. The documenta-
tion is wonderfullyexplicit aboutwhich componentsof the CLOSMOP arenot pro-
vided in this release.The unsupportedmetaobjectclassesprimarily are thoserelat-
ing to theslots.This includesslot-definition,standard-slot-definition, standard-direct-
slot-definitionandstandard-effective-slot-definition. The metaclasseseql-specializer
andforward-referenced-classarealsounavailablein this versionof MCL. It is noted
in the documentationof MCL that when an unknown classis encounteredat com-
pile, an instanceof the classccl::compile-time-classis createdinstead,andthat this
is likely to changein future versionsof MCL. It is also notedthat future versions
will completelysupportthe slot-definitionmetaclass.The genericfunctions in the
AMOP[1] that are not available in this releaseinclude most of the onespertaining
to slot-definitionmetaobjects,the generic-functionreadermethodsgeneric-function-
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Type Function Name Allegro CLISP Corman Lispworks MCL
GF direct-slot-definition-class Yes No No Yes Yes
GF effective-slot-definition-class 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-function-using-class Yes No No Yes Yes
Fn eql-specializer-object Yes No No No Yes
Fn extract-lambda-list Yes No Yes Yes Yes
Fn extract-specializer-names Yes No No Yes Yes
GF finalize-inheritance Yes No Yes Yes Yes
GF find-method-combination Yes No No Yes Yes
Fn funcallable-standard-instance-access Yes No No No Yes
GF generic-function-argument-precedence-order Yes No No Yes No
GF generic-function-declarations Yes No No Yes No
GF generic-function-lambda-list Yes No Yes Yes No
GF generic-function-method-class Yes No Yes Yes Yes
GF generic-function-method-combination Yes No No Yes Yes
GF generic-function-methods Yes No Yes Yes Yes
GF generic-function-name Yes No Yes Yes Yes
Fn intern-eql-specializer Yes No No No Yes
GF make-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 severalCLOSimplementations(cont).

declarations, generic-function-lambda-listandgeneric-function-argument-precedence-
order. Finally thegenericfunctionsclass-default-initargs, class-direct-default-initargs
andmethod-lambda-listarealsounsupported.MCL doeshoweverprovideastandard-
method-combinationclass,which asalreadynoted,is lackingfrom thedefactoMOP
standard.

8 Other Lisps

Thereare several other popular implementationsof CommonLisp that we plan on
examining. At the time this paperwaswritten, we did not have easyaccessto these
implementations:

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

� CMU CommonLisp was originally done at CMU and is now a community
projectwhich livesatwww.cons.org.
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Type Function Name Allegro CLISP Corman Lispworks MCL
GF reader-method-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-instance-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-allocation Yes No Yes Yes No
GF slot-definition-initargs Yes No Yes Yes No
GF slot-definition-initform Yes No Yes Yes No
GF slot-definition-initfunction 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-location 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 specializer-direct-generic-functions Yes No No Yes Yes
GF specializer-direct-methods Yes No No Yes Yes
Fn standard-instance-access 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

Figure5: Availability of MOP functionsin severalCLOSimplementations(cont).

� SymbolicsInc,’sGenerais animplementationof majorhistoricalimportance.

We believe that LCL providesa comprehensive implementationof the MOP. Genera
providessomeMOP facilities but its implementationof CLOS variesat somelevels.
CMUCL’s CLOSis a versionPCL,which wastheoriginal testbedimplementationof
CLOS,andhasa MOP, but onewhichdoesnotalwaysagreewith theonedescribedin
AMOP.

9 Comparison

Amongthe threecommercialimplementationsexamined,Allegro CL andLispWorks
provide thecompleteMOP (thoughLispWorks lacksjust a few entities).MCL is not
too far off, andessentiallyjust needsto provide theslot-definitionandeql-specializer
relatedcomponents.Thetwo freelispsexamined,CLISPandCormanLisp aremissing
largerportionsof theMOPandit would requireamoresignificanteffort on theimple-
mentorsof theseCommonLisps to provide the full MOP. It is however encouraging
thatthey have implementeda substantialportionof theMOP andcertainlyimpressive
given that they are freely available implementationsof CommonLisp. It shouldbe
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notedthatthesecommentsarenot intentedasanevaluationof any of theseimplemen-
tationsbutarerathergearedtowardsproviding theCommonLisp J13Committeewith a
betterunderstandingof theimpactandburdenthatfully standardizingor enhancingthe
CLOSMOPwould haveon implementorsof existing CommonLisp implementations.

Figure2 summarizesthe CLOS MOP classeswhich areavailable in eachof the
implementationsdiscussed.The slot-definitionmetaobjectclassandits descendants,
and the eql-specializermetaclassesare the most commonlyunsupportedaspectsof
the MOP in the implementationsexamined. Figures3, 4 and5 show exactly which
CLOS MOP functionsare available in eachof the implementationsdiscussed.As
might beexpected,theonesrelatingto slot-definitionmetaobjectsandeql-specializer
metaobjectsareagainthemostcommonlyunsupported.

10 Categorization

The CLOS MOP is sufficiently rich andcomprehensive that it is appropriateto cate-
gorizeandlayertheinterfaceit providesto theCLOSlanguage.TheAMOP[1] distin-
guishestwo suchlayers:theintrospective layerandtheintercessorylayer. Thefirst of
these,the introspective layer, providesthe necessaryfunctionality to retrieve andex-
aminethemetaobjectsthatcomprisetheelementsof aCLOSprogram.Sucha layeris
usefulon its own to write browserlike toolsthatpermit theinspectionandanalysisof
theunderlyingmetaobjectswithoutneedingany languagecustomizationinterface.The
secondlayer, theintercessorylayer, is thelayerthatallowsusersto modify thebehav-
ior of the CLOS language.This includesthe necessaryinterfacefunctionsto control
theobjectinitialization protocol,theclassfinalizationprotocol,the instancestructure
protocol,thegenericfunctioninvocationprotocolanddependentmaintenanceprotocol
asdescribedin TheCommonLisp SystemMetaobjectProtocol.

The authorsof this paperhave found it useful to further subdivide the CLOS
MOP. Figure6 shows a moredetailedorganizationof the functionality provided by
theMetaobjectProtocol. The introspective layer is furtherdivided into two layers:a
fundamentalintrospective layerandanadvancedintrospective layer.

Thefirst of theseis gearedtowardsaccessingthemorebasicpropertiesof thevar-
iousmetaobjects;that is mainly thosepropertiesaccessiblevia readermethodsfor the
standardmetaobjects.The advancedintrospective layer attemptsto capturethoseas-
pectsof metaobjectsthat relateto othermetaobjectsaswell asthosefunctionswhich
relateto the moresophisticatedMOP conceptsandprotocols.For example,we have
chosento placethe readermethodclass-name, which simply returnsthe nameof a
class,in the basicintrospective layer, but thegenericfunctionclass-prototype, which
returnstheprototypeinstancefor a classmetaobject,hasbeenplacedin theadvanced
introspective layer.

The intercessorylayer hasbeenalsobeendivided into a basicintercessorylayer
andan advancedintercessorylayer. Thefirst of theseis aimedat capturingthoseas-
pectsof theMOP thatcontrol thecreationof objectsaswell asthoseelementsof the
API that areusedto attachanddetachmetaobjectsfrom oneanother. For example,
make-instance, add-methodandremove-methodaresomeof thegenericfunctionsthat
canbe found in this layer. Finally the advancedintercessorylayer servesto capture

9



���������! #" $

%
& ' ( ( ) (+*-, . ( / ' . 0 ) (

1!2 3 4 5 6 7

8�9 : 9 ; < =�> ? : = @ < A�: B

C
D E F
G
H I J K�J F J E�K L

M
N O P Q R S Q T O U V

W!X Y Z [ \^] [�_^`�a b c Y a [�b

d e f�g h i j k l m n d o m f!m p q i m p r k s h p d i m e p

t u v w x y#z { | } w x ~ } y�� u v � { u } v

�!� � � � � � � � � � � � �

������� ��� �#� � �!���#�#��� � ��� ���#�!�!�!���!� � �#¡ ¢ £!¤�¥#�#�+¡ ¦ £�� §!¨�©!ª�«#¬�­!©#® «!¯�° ©#® ­!± ²�­+³#³�´ µ^©·¶�¸#¹�º#»!¼+½#¸¿¾ »!À ½!Á ¼�½#Â+Â�Ã Ä�»

Å	Æ Ç Æ È É�Æ È Ê Ë

Ì Í Î Í Ï Ð Ñ Ò Ó Ô Î Ñ Õ Ð Ö Î Ò × Ï Ì Ô Ø!Í Î Õ Ò Ù Ï Í Ñ Í Ú Í Î Ñ Í Ò Ö Ï Ú Í Ï

Û Ü Ý Ü Þ ß à á â ã Ý à ä ß å Ý á æ Ü à ç è Þ è ä ß å Ý é

ê ë ì ë í î ï ð ñ ò ì ï ó î ô ì ð õ!ë ó ö ô ÷ ð ï ø ù ú ú

û ü ý ü þ ÿ � � � � ý � � ÿ � ý � �!ü � � � � � � � �
	 ÿ ý � � ÿ � ý

� 
 � � � 
 � � � � � � � � � � � � � � � �

� � ��� � �  !  " # $ % & ' ( $ ) *
$ & + , -

. / / 0 / 1 2 1 3 / 1 3 4
5 6 798 : 6 ; < 6 = 6 > < 6 > ?
@ A B C D E F B E A E G B E G D

H I J K L M J N O L P�Q R L N O S T J
U V W X Y Z W [ \ ] U Z ^ Y _ ^ ` U X [ a Y b
U \

c d egf hidkj l m n m

o p p q r
s t u v p

w x y9z { x | y9x } ~ z �

�
� � � � �
� � � � � � � � ��� � �

� � ��� � � � � � � � � � � � � � � � �
� � � � � �

� � ��� � �   ¡ ¢ � � £ ¤ � ¢ ¥ £   ¡ �
  � ¦ � § ¨ ¡ � ¨ ¤ © ª ¡ � £ ¢ ¨ ¨   ¨

«
¬ ­ ® ¯ ° ± ² ³ ´ µ ­ ¶ ¯ ´

·
¸ ¹ º » ¼ ½ ¾ ¿ ·�À ¼ ¿ ½ ¾ Á Â ¹

Ã
Ä Å Æ Ç È É Ê Ë Ä Ì Í Î Ï Í Ð Ä Ñ Ê

Ò
Ó Ô Õ Ö × Ø Ù Ú Û Ü Ý Þ Ý Ó ß à

á
â ã ä å æ ç è â é â ê ë ì ç í î é ì ã ë å é

ï ð ð ñ ò ò ó ô õ ö9ñ ÷ ø ó ù õ ò ú ó ÷ õ ù ñ û ü ý ü ÷ ü ó ý

þ ÿ � � ÿ þ � �
ÿ � � � � � � � � 	 	

�� 
 � � � � ��� � � � � � � � � � �

� � � � � � �  ! " � ! # � $ � % & ' �  (
) * + , - . / - 0 + 1 2 3 - 1 + , 4 2 5 + 6 + 1 - , 2 7 8 6 , 4 - 9 6 )
: ; < = > ? @ > A < B C D > B < = E C F�< E G H D :

I J K J L M N O P Q K N R M S K O T U VXW Y U O T M Z R

[ \ ] \ ^ _ ` a b c ] ` d _ e ] a f�\ d g e h i

j k l k m n o p q r l o s n t l p l u v�k

w x y z { | y } ~ � � { } w � ~ � { � x � w w

� � � � � ��� � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � �   � � � �

¡ ¢ £ ¤ ¥ ¦ § ¨ © ª © ¤ © £ ª ¥ « ¢ ¢ £ ¬ « ¤ © £ ª

­ ® ¯ ° ± ² ³ ´ µ ¶ µ ° µ ¯ ¶ ± µ ¶ µ ° · ¸ ¹ ­

º » ¼ ½ ¾ ¿ À Á Â Ã Â ½ Â ¼ Ã ¾ Â Ã Â ½ Á ¼ Ä Å

Æ Ç È É Ê Ë Ì Í Î Ï Î É Î È Ï Ê Î Ï Î É Í Ð Ï Ñ É Î È Ï

Ò Ó Ô Õ Ö × Ø Ù Ú Û Ú Õ Ú Ô Û Ö Û Ü Ý�Ø

Þ ß à á â ã ä å æ ç æ á æ à ç â á è é ä

ê ë ì í î ï ð ñ ò ó ï ð ê í ô ë õ ë ï ë ó õ ð î ò ö ñ ñ

÷ ø ù ú û ü ý þ ú ÿ � � � ü ÿ � ú ù ý � ý ü ý � � ÿ û � � � �

� � � 	 
 � � 
 � � � 	 � � � 
 � � � � 	 � � �

� � � � � � � � � � � � � � � � � � � � � � �

� �  ! " # $ % & ' & ! &  ' " (*) & ! $ ) �

+ , -/. 0 1 2 3 2 4 5 6 7 8 9 : 6 ; < = > 8 ; ? 6 5 9 @ 9 8 9 > @

A B C/D E F G H I J B F I

K L M N O L P Q N R S T P U M R U L V W X R Y P T L L Z

[ \ \ ] \ ^ _ ` a b ] cd` b e f \

g h ikj l h m n o g h p q m ikh q r j n

s t t u v s w x y z { | w s { v x

} ~ �/� � � � � } � � � � � � � � } � � � � } � � � � � �

� � � � � � � � � � � � � � � � � � � �

� � � � � � � � �   ¡ ¢ � £ ¤ � �    

¥ ¦ §/¨ © ª « ¬ ­ « ® ¯ © ° ª ¬ ± ² ± ª ¯ ³ ´ µ
¶d· ¸ ¹ º » ¼ ½ ¾ · ¼ ¿ ¹

À Á Â Ã Ä Å Æ Ç È É É È Ê É Á Ã Ë Æ À Â È Æ Ç Á Ã Ä Å Æ Ç Â Ë Ì Æ

Í Î Î Ï Î Ð Ñ Ò Ó Ô Ï Õ Ö × Ó Ø Í Õ Õ

Ù Ú Û Ü Ý Ù Þ ß à á Û Û Þ Ü Û â Ú ã Þ ß à á Û Û

ä å ækç è å é ê ë ä å ì í é î ï ð ì ñ ò î î

ó ô õ ö ÷ ø ù ú ô ô û ü ú ýkõ þ

ÿ � � � � ÿ � � ÿ � ÿ � � � � � � � � 	 � 
 � � � � � � � � � � � � �


 � � � � � � � � � � � � � � � � � � � � � � � ��� �

� �  ! ! " # $ %  & � ' " ( ) ( '  * + !
, - . / / 0 1 2 3 4 , 5 0 1 4 6 . 7 - 5 0 2 8 2 5 . 3 9 /
: ; < = = > ? @ A B : C > = ; D C =
E F G H H I J K L M E N I H O P E F G H H M H
Q R S T T U V W X Y Q Z U T [ \ Y X Q R S T T Y T
] ^ _ ` ` a b _ c�d
e f g h h i j k l e l m l n e l i f o h p
q r s t t u t r v w t

x y z { { | } ~ � z y ~ � � � | �

� � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � �   ¡ � ¢ ¡ £ ¤   � � �   ¥ ¦ £ � ¥ ¥ ¦ � �

Figure6: Suggestedcategorizationof the CLOS MOP. This decomposesthe CLOS
MOP alongtwo dimensions.The first dimensionconsistsof four abstractionlayers:
fundamentalintrospection,advancedintrospection,fundamentalintercessionandad-
vancedintercession.The seconddimensiongroupscomponentsof the CLOS MOP
accordingto which metaobjectclassandconceptthey relateto.
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the aspectof the interfacethat is responsiblefor computingthe relationshipsandthe
orderingsamongstthemetaobjectsaswell asthoseresponsiblefor storageallocation.
For examplecompute-class-precedence-list, which mustperforma topologicalsortof
theinheritancehierarchy, andallocate-instance, which allocatesstoragefor slotswith
:instanceallocation,have beenplacedin this layer. Eachof thesefour layershasalso
beenorganizedaccordingto the variousmetaobjectsmanipulatedby that layer, thus
providing a 2-dimensionalperspectiveof theCLOSMetaobjectprotocol.

This categorizationanddecompositionof theCLOSMOP is preliminaryandcer-
tainly in somecasesarguablyarbitrary. It representsideasandwork thatarein progress
andsoshouldby no meansbeconsidereddefinitive.

11 Implementability

A MOP for CLOS walksa fine line betweenpower andimplementability. It is obvi-
ouslydesirableto provideapowerful andconsistentframework,but it is alsoextremely
importantto ensurethat theframework canbeefficiently implementedwithout heroic
effort from thevendor. Any standardisationeffort for a CLOSMOP musttake consid-
erationsof efficiency veryseriously.

Althoughwehavedemonstratedthatthereis agooddealof commonalityin theex-
isting implementations,wehavenotexploredtheefficiency aspectsto thesameextent.
Theremaybe featuresin the implementationswhich, if they areever used,cancause
catastrophicslowdowns to all of CLOS. This needsto be establishedby experiment
andwith input from implementors.A goodexampleof theareaswhich arevery crit-
ical in this respectaretheslot-accessprotocols,which needto beextremelycarefully
designedto ensurethey canbeefficiently implemented.

TheGeneraimplementationof CLOSis interestingin this regardasit canbespec-
tacularlyefficient,andthisefficiency is notentirelydueto thespecialhardwaresupport
thatGenerahas.Accessto slotsof CLOSobjects,evenvia accessorsratherthanslot-
value, canbealmostasfastasanarrayreference.In orderto achievethisperformance
theimplementationhasmadesometradeoffs in theMOP, andthosetradeoffs wouldbe
very interestingto examine.

12 Conclusion

In this paperwe have briefly reviewed the motivationsand structureof the CLOS
MetaobjectProtocolandexaminedseveral popularimplementationsof CLOS in or-
derto assesswhichaspectsof theMOParecurrentlyimplementedandin use.Wehave
provideda proposeddecompositionof the functionality capturedby the CLOS MOP
in preparationof ascertainingtheadequacy of thisprotocolandthepossibilityfor stan-
dardization.We concludethatalthoughtheCLOSMOP hasnot yet beenstandardized
by theANSI X3J13committee,it is clearthatmostCLOSimplementationsprovide a
fairly comprehensiveversionof themetaobjectprotocol. Furthermore,giventhat few
havedeviatedfrom theoriginalAMOP[1] specification,atfirst glanceit doesnotseem
unreasonablefor the ANSI X3J13committeeto move in the directionof standardiz-
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ing the de facto CLOS MOP. It shouldhowever be notedthat the effort presentedis
preliminary,
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