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Abstract

Metaclassesire classesvhoseinstancesarethemseles classes.Meta-
classesare geneally usedto defineand quey informationrelevart to the
classlevel. The paperfirst analyzeghe more generalterm metaandgives
someexamples of its usein various apgication domairs. Then,it focuses
on the descriptim of metaclasses.To help betterunderstandmetaclasses,
the papersuggests setof criteria accounting for the variety of metaclass
definitions existing in theliterature The pager finally presets the usageof
metaclasseanddiscussesomeguestios raisedaboutthem.

1 Intr oduction

Commonobjed models(and language and datalase systens basd on them)
modelrealworld applicatiors asa colledion of objecs andclas®s.Objecs model
reatworld entitieswhile clasesrepresentsetsof similar objects. A class descibes
structural (attributes) and behavioral (methals) properties of their instances. The
attribute valuesrepresentthe object’s staus. This statis is aceessedor modified
by sendihg messagsto the objectsto invoke the correpondng method. In such
modek, thereareonly two abstactionlevels: classlevel compo®dof classesthat
may be orgarizedinto hierachiesalonginheitance(i.e.,isA) mechansm,andin-
starcelevel composé of individual objectsthatareinstancesof the classesin the
class level.
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However, beyondthenedal for manipuating individual objeds, thereis alsothe
needto ded with classesthemsehesregardiessof their instarces. For example, it
shauld be possble to querya class abou its namelist of its attributesand meth-
ods list of its ancesors and des@nderts, etc. To be ableto do this, someobjed
modek (e.g.,.Smalltak [11], ConceptBase[16], CLOS [18]) allow to treatclasss
themsévesasobjects that areinstancesof the so-alled metaclases With meta-
classes,the use is able to expres the strudure andbehavior of classes,in sucha
way thatmessagscanbe sentto clasgsin the sameway thatmessagsaresentto
individual objectsin usualobject models.Systemsupprting metachssesllow to
organizedatainto anarchitecture of severd abstactionlevels. Eachlevel descibes
andcontrols thelower one.

Existingwork (e.g.,[11, 16, 18, 19, 26, 10, 21]) only dealwith paricular defi-
nitionsof metachsseselatedto specfic sysems.Thiswork dealswith metaclases
in generl. More precisely, the objectivesof the parer are:

m clarify theconceptof metachsse®often confusedwith ordinary classs;

m defineasetof criteriacharaterizng alarge variety of metaclas definitions;
m presem someuses of metachsses;

m discus someproblensaboutmetachssesaisedin theliterature

The rest of the paper is organizedas follows. Section2 analyzesthe more
gereraltermmetaandgivessomeexamplesof its usebeyond theobject orientation.
Section 3 definesthe concept of metaclases. Section4 presentsa setof criteria
accaunting for thevariety of metaclasdefinitonsfound in theliterature. Section5
descibesthe mechamsm of methal invocation related to metachsses.Section6
preentsthe usageof metaclasesandSection7 analyzessomeof their dravbadks.
Section 8 summarize andcondudesthe pape.

2 Meta Concepts

The word metacomesfrom Greek. Accordng to [29], metameans‘occurring
later thanor in succesionto; situatedbehnd or beyond; more highly organized
chargeandtrandormation; morecomprénensve”. Metais usualy used asaprefix
of anotter word. In the scientific vocalulary, metaexpresesthe idea of chang
(e.g.,metamorgosis,metatlism) while in the philosophical vocatulary, metaex-
presesanideaof a highe level of geneality andabstactness(e.g.,metaghysics,
metalanguage). In the compuing field metahasthe latter senseandit is explicitly
definedasbeinga “prefix meaningonelevel of desciption higher. If X is some



cornceptthen meta-Xis dataaboud, or processespentingon, X” [15]. Hereare
someexamples of useof metain compuing:

Metaheuistic. It is anheurstic abaut heuridics. In gametheay andexpert
systemsmetaharistics are usead to give advice abaut when, how, andwhy
to combire or favor oneheuristic over anotter.

Metarule It is arule that descibeshow ordinary rules shoud be usedor
modified. More geneally, it is arule abou rules. Thefollowing is anexam-
ple of metarué:

“If therule basecontainstwo rules R; andR, suchthat:
Ri=AAB=C

R, =AAnotB=C

thenthe expressionB is not neassaryin the two rules; we can
replae thetwo rulesby R; suchthatRs; = A = C”

Metarules canbe usedduring probdem solving to select an appiopriate rule
whenconflicts occu within a setof appicablerules.

Meta-heuistics and meta-rdes areknown in knowledge-lasedsystemsaun-
deramoregeneic term,metakrowledge.

Metaknavledge. It is the knowledge that a sysem hasabou how it rea-
sons,opelates,or usesdoman knowledge.An exampleof metaknowledge
is shavn below.

“If morethanonerule apgdies to the situaion at hard, thenuse
rulessuppied by experts befare rules suppled by novices”

Metalarguage. It is a language which descibes syntax and semantis
of a given language. For instance, in a metalanguage for C++, the
(meta)irstrucion (variable)“="(expression)*;” descibes assigiment state
mentin C++, of which “x=3;” is aninstarce.

Metadat. In databaes,metadad meansdataabou dataandreferto things
suchasa datadictionary, a repostory, or otherde<riptions of the contents
andstrucure of adatasource[22].

Metamodel It is a modelrepregntinga model. Metamodes aim at clarify-

ing the semattics of the modelirg congructsusedin a modeling language.
For instancea metamoe! for OML relationshigs is propcsedin [14]. Fig-

ure 1 shaovs ametamoel for the well-knownER model
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Figurel: Metamockl of the ER model.

The bast conceptsof the ER model arethe following: entity types rela-
tionshps asso@ting entity types roles played by participating entity types,
attributeschamacteriang entity typesor relationshpsthemséves,identifica-
tion strucuresidentifying in auniqguemanne theentity types andcardinal-
ities relatedto theroles Eachof theseconeptappearsasa metatypein the
metamodekhownin Figurel.

3 The MetaclassConcep

In a systen with metachssesa class canalsobe seenasan object. Two-facted
constructs make thatdoule role explicit. Eachtwo-facetedcondructis acompos
ite strudure comprising anobjed, called the object face, andan asseiatedclass,
calledthe class facet To underlinetheir double role, we draw a two-facetedcon-
struct asanobjed box adjacentto a classbox. Like classes class facds aredravn
asrectargular boxeswhile objects (and objed facet$ appea asrectamgularboxes
with rounded corrersasin Figure?2.

MC is a metadasswith attribute A and methal M1(..). ObjectLMC is anin-
starce of MC, with a0 asvalue for attribute A. LMC is the object facetof a two-
facded congruct with C asclassfacd. A is aninstance attribute of MC (i.e., it
recavesa value for eachinstanceof MC) anda classattribute of C (i.e., its value
is the samefor all instancesof C). For instarcesi1. C and12.C of C, attribute A
is either inapdicable (e.g.,an aggegatevalue on all instance$ or condant, i.e.,
aninstanceattributewith the samevalue for all instances.In addiion to the class
attribute A, C definesattributeB andmethodM2(..). Thefigureshowsthatmethod
like M1(..) canbe invoked on instancesof MC (e.g., LMC), while method like
M2(..) canbeinvokedoninstancesof C (e.g.,11.C andi2.C).

Notethatthe two-facetedcorstructabove is usefd only to illustratethe doubke
facd of a classthatis alsoan objectof a metaclas. Otherwise,in pracice, both
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Figure2: Classinetaclas corresponance.

the object facetl_MC andits assotated classfacet C (seeFigure 2) arethe same
thing, say I_.MC_C definedasshavn in Figure3.

Metaclass MC Class I.MC_C instanceOf MC
Attributes Values
A:AType A=a0
Methods Attributes
M1(..) B:BType
End
Methods
M2(..)
End

Figure3: Definition of class I_LMC_C asaninstanceof metaclasmC.

Systemawith metaclasescomprise at leastthreelevels: token (uninstantable
object), class,and metachss,asshavn in Figure4. Additional levels, like Meta-
class in Figure4, canbeprovidedasroot for thecommonstructureandbehaior of
all metachsses The numbe of levels of suchhierarchies varies from onesystem
to anotler.

4 Various MetaclassDefinitions

Substatial differencesappeain theliteratureaboutthe concept of metaclas. We
suggestthefollowing criteriato accaint for the variety of definitions.

m Explicitness: the ability for proggammersto explicitly declae a metaclas
like they dofor ordinary clas®s. Explicit metaclasesaresuppated by sev-
eralsemanit models(e.g., TAXIS [23], SHM [2]), objectmodelsand sys-
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Figure4: Levelsof sysemswith a metachssconcept.

tems(e.g.,VODAK [19], ADAM [26], OSCAR [10], ConcetBase [16]),
knowledje represntaion languages (e.g., LOOPS [1], KEE [9], PRO-
TEUS [28], SHOOD [25], Telos[24]), and programminglanguages(e.g.,
CLASSTALK [21], CLOS[18]). Onthecortrary, Smalltalk[11] andGem-
stone[3], for example only support implicit sygsem-managd metachsses.
Of couse, explicit metadassesare more flexible [21]. They can, for ex-
ample,be specalizedinto othermetachssesn the sameway that ordinary
classescan.

Uniformity: the ability to trea aninstanceof a metadasslike aninstance
of an application class. More generdly, for a systen supprting instartia-

tion treesof arbitrary depth uniformity meanghatanobject atleveli (i>2),

instarce of a (meta)dassatlevel i+1, canbe viewed andtreatdlike an ob-
ject at level i-1, instanceof a (meta)chssat level i. Thus,for example, in

Figure4, to creak the Entity metaclas, messgenew is sentto Metaclass; to

createthe Person class, themessag new is sentto the Entity metachss;and,
again,to createthe terminalobjed John, messge new is sentto the Person

class. While mostmetaclas sysemssupport uniformity, Smalltalk80 and
Loops,for example do not.

Depth of instantiaion: the numbe of levels for the hierarchy of classe
and metachsses.While, for example Smalltalk hasa limited depthin its
hieraichy of metaclases,Vobak andCL OS allow for anarbitrary depth

Circularity: theability to usemetachssesn asysemfor auniformdescip-
tion of the sygem itself. To ensue finiteness of the depthof instartiation
tree, somemetaclas concepts have to be instancesof themslves. CLOS
andConcepBase for exampke, offer thatability. Smalltalkdoes not.

Shareability: the ability for more than one classto shae the sameuser-
definedmetadass. Most sygems suppating explicit metachssesprovide
shareaility.



m Applicability: whethermetaclasescan descrbe classs only (the genera
case)or othe corceptsalso. For example TAXIS extends the use of
metaclasesto proceduresandexceptions,while ConcepBaseusesattribute
metaclasesto repregntthe commonpropertiesof a collectionof attributes.

m Expressveness the expresive powver madeavailable by metaclases. In
mostsydems, metaclasesrepresentthe strudure andbehavior of their in-
stancs only asshavn in Figure2. In somesysemeslike VODAK [19], meta-
classes areableto desribe both their dired instances(that areclases)and
instarcesof thoseclases.The metafomulasof TelosandConcetBasecan
alsospecfy thebehavior of theinstancesof a metaclasandof theinstances
of its instarces.

= Multiple classfication: the ability for an object (re9., class) to be anin-
stanceof severd clas®s (resp, metaclases)not related, directly or indi-
rectly, by the gereralization link. At our knowledge,only Telosand Con-
ceptBasesupport this facility.

Note thatthis list of charateridics hasbeenidentified by caretully analyzing
alarge setof sysemssupporting metaclases We camot, however, claim their ex-
hauwstivenes. Thelist remairs open to othercharateristicsthat could beidentified
by exploring other systemsNotealsothatthesecriteria arevery uselil in thatthey
muchhelpdesgnersto select themoresuitable sysem(with metachssesjo define
their specificneed.

5 Method Invocation

In systemswith metadassesmessagscanbe sentto clas®sin the sameway that
messagsaresen to individual objecsin usual object models To avoid ambiguty,
we shov below howv messagsare invoked at eachlevel of abstaction and how
objects are createl. Hencefath, the term objed will derote tokens, classes,or
metachssesTwo rulesspedfy the methodinvocation mechaisnt.

Rulel. Whenmessag Msg is sentto object o, methal Meth which respads
to Msg mustbe available (directly or indirectly by inhelitance in the classof o.

Rule2. An objecto is crededby sendng a messag, saynew(), to the classof
o. Conseuenty, acording to Rulel, new() mustbe availablein the classof o’'s
class.

1Theserulesassumehatthe tamget objectsystemrepresentsbjectbehaior with methods Sys-
temslike ConceptBasé¢hat represenpbjectbehaior using constraintsand dedctive rulesare not
concenedwith message-passingles.



Thefollowing messageillustratethetwo rulesabove. They manipuateobject
of Figure4.

m John—increaseSalary($1000). In this messge, increaseSalary is sentto
objectJohn to increasethevalueof salary by $1000. MethodincreaseSalary
is assumd to be available in the classof John, i.e., Person.

m John := Person—new(). In this messag, new is sentto object Person in
orderto crede object John asaninstanceof Person. According to Rulel,
methodnew mustbe availablein the class of Person, i.e., Entity.

Most objed sysemsprovide for built-in primitivesandappropriate synta to
defineclas®s (e.g., Person), their attributes(e.g., salary), and methods(e.qg.,in-
creaseSalary). However, to illustratehow metaclasesaffectclas®s,justasclasss
affect tokens, we showin the following how messgescan be sert to the Entity
metachssto build classe andtheir features.

m Person := Entity—new(). In this messaggPerson is creded asaninstance
of Entity. Onceagain,this assunesthat methodnew is available in Entity’s
class,.e.,Metaclass.

m Entity—addAttributes(Person, { [attrName:name, attrDomain: String]; [attr-
Name:salary, attrDomain: Real]}). This messageddsattributesname and
salary to the newly creatdobjed Person. Similarly, a message&anbe sent
to object Entity to adda new methodto objed Person.

6 Usageof Metaclasses

Various reasmswarranta metachssmechansmin amodelor asysten. Typically,
metachssesextend the sysem kerrel, blurring the boundary betwe@ usersand
implemeriors. Explicit metaclasescanspecify knowledgeto:

m Represengroup information, thatconcernsa setof objectsasawhole. For
example,the average ageof employeesis natually attacledto an Employ-
eeClass metalevel.

m Represenclasspropeties unrdatedto the semantts of instances,like the
factthat a class is concete or abstact, hasa single or multiple instances,
hasa singlesuperclas or multiple supeclas®s.

2Here, an abstractclass,in the usualsenseof objectmodels,is an incompletelydefinedclass
without directinstanceswhosecompletedefinitionis deferredto subclasses.



m Customizethecredion andtheinitialization of new instancef aclass The
messag@ew whichis sentto aclassto creat new instancescanincorporae
additionalargumentsto initialize the instancevarialdes of the newly create
instarce. Furthemore,eachclasscanhave its own overloadednew methal
for creding andinitializing instarces.

m Enhancehe extersibility andthe flexibility of models,andthusallow easy
customiation. For example,the semantis of generc relationshps canbe
definedonceandfor all in a structureof metachsseghatprovidesfor defin-
ing and quelying the relationships at the class level, creatng and delging
instarcesof participating classes,andsoon (seee.qg.,[13, 19, 5, 7, 20, 6]).

m Extendthe bast object modelto support new cateyories of objeds (e.g.,
remoteobjeds or persstentobjects)andnew nealssuchastheauttorization
mechansm. Thiskind of extenson requresthe ability to modify somebast
behaioral aspets of the sysem (objectcreaton, messag@aséng), andhas
oftenbeenfacedby allowing theseaspets to be manipdatedin ametaclas
level.

m Defineanexisting formalism or a developmentmethodwithin a systemsup-
porting metaclases. This definition roughly consids in representng the
modelirg condructsinvolved in that formalism or method(i.e., its ontd-
ogy) with a setof metaclasesof thetarget systan. For example,Fusion[4],
anobjed developmentmethod waspartally integratedin ConceptBasg12]
usingmetachsses.

= Integrate hetergen@®usmodelng languageswithin the samesourd formd-
ism. For example a framevork combiring several formalisms for the re-
quiremen engneering of discretemanugcturing sysemswasdefinedalong
thelines of ConcepBasein [27]. Thecombnedformalismsare: CIMOSA
(for the purposeof eliciting requremens), i (for the purposeof enterpise
modelirg), andthe Albert Il language (for the purposeof modeing system
requirements).

7 Problemswith Metaclas®s

Someauthas(e.g.,[17]) have pointed out someproblemswith metaclases.These
problemshave beenanalyzedin partin [8]. We summarie the mainisstLes.

m Metaclasesmale thesysemmore difficult to understand. We agreewith [8]
that,once programmersarefamiliar with metaclaseshaving asingle mech-



anismfor both dataandmetadaténelpsthemprogressfrom objed desig to
objectsygemdesign

m By themseles, metaclasesdo not provide medaniansto hande all the
run-time conseuenes of extending the data model. This is true for most
systems.However, somesygemslike ADAM [8] and ConcepBaseintro-
ducethe notion of active rules to enforce someconstrairts in order to keep
thedatabasein a consstentstate

m Metaclasesdo not facilitate low-level extersions For mostsystensthis is
true since metaclasesdescibe themodelor classlevel, above the strucures
thatspedfy storagemanagenent,conairrercy, andaccesscontml. Thus,in
suchsystemsmetachsseslo notlet applcationsdefinepoliciesatall levels.
However, this is not a geneal rule. In fact, systemssuchas ConcetBase
andVODAK provide for a mechamsm of metaclasthatallowsto descibe
boththe classandinstancelevel in a coodinated manner

m With metachssesprogrammes mustcopewith three levels of objeds: in-
stance, classes, and metaclases. We agree thatit can be difficult at the
beginning to play with thethree levels.

After preseting theseproblems,the autha's conclule that the metachssap-
proachis not satistictory We agreewith [8] that this conclusion may be be valid
when talking about programminglanguages but we beliewe that explicit meta-
classesarea powerful mecharsmfor enhancing datataseextensbility , uniformity,
andaccessibility by addessingtheseissuesatthe class level (seee.g.,[6]).

8 Conclusion

Metaclksseglefinethe strudure andbehavior of classobjects, just asclasesde-
fine the strudure andbehavior of instanceobjeds. In sysemswith metaclasesa
class canalsobe seenasan objed. We usedthe two-facetedconstrucs to make
thatdouHe role explicit. Substatial differencesappea in theliterature abou the
cornceptof metadass. We suggesteda setof criteria to accaunt for the variety of
definiions,namel;, uniformity, degh of instantiation, circularity, sharedility, ap-
plicability, andexpressiveness. We then presatedthe methal-invocation mecha-
nismbetweerobjectsatvariouslevelsof abstaction We alsopresntedsomeuses
of metaclasesandanalyzedsomeof their dravbacks pointedoutin theliterature.
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