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I n thi s part of the book, we provi de the detai l ed speci �cat i on of a metaobj ect protocol
f or CLOS. Our work wi th thi s protocol has al ways been rooted i n our own i mpl ementat i on
of CLOS, PCL. Thi s has made i t poss i bl e f or us to have a user communi ty, whi ch i n turn
has provi ded us wi th f eedback on thi s protocol as i t has evol ved. As a resul t , much of the
des i gn presented here i s wel l - t es ted and stabl e. As thi s i s bei ng wr i t ten, those part s have
been i mpl emented not onl y i n PCL, but i n at l east three other CLOS i mpl ementat i ons we
knowof . Other part s of the protocol , even though they have been i mpl emented i n one f orm
or another i n PCL and other i mpl ementat i ons , are l es s wel l worked out . Work remai ns
to i mprove not onl y the ease of use of these protocol s , but al so the bal ance they provi de
between user extens i bi l i ty and i mpl ementor f reedom.

In prepar i ng thi s speci �cat i on, i t i s our hope that i t wi l l provi de a bas i s f or the user s and
i mpl ementors who wi sh to workwi th a metaobj ect protocol f or CLOS. Thi s document shoul d
not be construed as any sort of �nal word or s tandard, but rather onl y as documentat i on
of what has been done so f ar . We l ook f orward to seei ng the i mprovements , both smal l and
l arge, whi ch we hope thi s publ i cat i on wi l l catal yze.

To thi s end, f or Part I I onl y (chapter s 5 and 6) , we grant permi ss i on to prepare revi s i ons
or other der i vat i ve works i ncl udi ng any amount of the or i gi nal text . We ask onl y that
you proper l y acknowl edge the source of the or i gi nal text and expl i ci t l y al l ow subsequent
revi s i ons and der i vat i ve works under the same terms. To f urther f aci l i tate i mprovements i n
thi s work, we have made the el ect roni c source f or these chapter s publ i cl y avai l abl e; i t can
be acces sed by anonymous FTP f romthe /pcl/mop di rectory on arisia.xerox.com.

I n addi t i on to the val uabl e f eedback f romusers of PCL, the protocol des i gn presented
here has bene�ted f romdetai l ed comments and suggest i ons by the f ol l owi ng peopl e: Ki m
Barret t , Scott Cyphers , Har l ey Davi s , Patr i ck Dussud, John Foderaro, Ri chard P. Gabr i el ,
Davi d Gray, Davi d A. Moon, Andreas Paepcke, Chr i s Ri chardson, Wal ter van Roggen, and
Jon L. Whi te. We are very gratef ul to each of them. Any remai ni ng errors , i ncons i s tenci es
or des i gn de�ci enci es are the respons i bi l i ty of the authors al one.
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a ter

on e t s

Introduction

The CLOS Speci �cat i on [X3J13 , CLtLI I] descr i bes the standard Programmer Inter f ace f or
the Common Li sp Obj ect System(CLOS) . Thi s document extends that speci �cat i on by
de�ni ng a metaobj ect protocol f or CLOS|that i s , a descr i pt i on of CLOS i tsel f as an ex-
tens i bl e CLOS program. In thi s descr i pt i on, the f undamental el ements of CLOS programs
(cl as ses , s l ot de�ni t i ons , gener i c f unct i ons , methods , speci al i zer s and method combi nat i ons)
are represented by �rst - cl as s obj ect s . The behavi or of CLOS i s provi ded by these obj ect s ,
or , more preci sel y, by methods speci al i zed to the cl as ses of these obj ect s .

Because these obj ect s represent pi eces of CLOS programs, and because thei r behavi or
provi des the behavi or of the CLOS l anguage i t sel f , they are cons i dered meta- l evel obj ect s
or metaobj ect s . The protocol f ol l owed by the metaobj ect s to provi de the behavi or of CLOS
i s cal l ed the CLOS Metaobj ect Protocol (MOP).

etaobjects

For each ki nd of programel ement there i s a correspondi ng basic metaobject class . These
are the cl as ses : class, sl ot-de�ni ti on, generi c- functi on, method and method-combi -
nati on. Amet aobj ect cl ass i s a subcl as s of exact l y one of these cl as ses . The resul t s are
unde�ned i f an attempt i s made to de�ne a cl as s that i s a subcl as s of more than one bas i c
metaobj ect cl as s . Amet aobj ect i s an i nstance of a metaobj ect cl as s .

Each metaobj ect represents one programel ement . Associ ated wi th each metaobj ect i s
the i nf ormat i on requi red to serve i t s rol e. Thi s i ncl udes i nf ormat i on that mi ght be pro-
vi ded di rect l y i n a user i nter f ace macro such as def cl ass or defmethod. I t al so i ncl udes
i nf ormat i on computed i ndi rect l y f romother metaobj ect s such as that computed f romcl ass
i nher i tance or the f ul l s et of methods associ ated wi th a gener i c f unct i on.
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4 CHAPTER 5. CONCEPTS

Much of the i nf ormat i on associ ated wi th a metaobj ect i s i n the f ormof connect i ons
to other metaobj ect s . Thi s i nterconnect i on means that the rol e of a metaobj ect i s al ways
based on that of other metaobj ect s . As an i ntroduct i on to thi s i nterconnected st ructure,
thi s sect i on presents a part i al enumerat i on of the ki nds of i nf ormat i on associ ated wi th each
ki nd of metaobj ect . More detai l ed i nf ormat i on i s presented l ater .

lasses

Acl ass met aobj ect determi nes the st ructure and the def aul t behavi or of i t s i ns tances . The
f ol l owi ng i nf ormat i on i s as soci ated wi th cl as s metaobj ect s :

� The name, i f there i s one, i s avai l abl e as an obj ect .

� The di rect subcl as ses , di rect supercl as ses and cl as s precedence l i s t are avai l abl e as l i s t s
of cl as s metaobj ect s .

� The s l ot s de�ned di rect l y i n the cl as s are avai l abl e as a l i s t of di rect s l ot de�ni t i on
metaobj ect s . The s l ot s whi ch are acces s i bl e i n i nstances of the cl as s are avai l abl e as a
l i s t of e�ect i ve s l ot de�ni t i on metaobj ect s .

� The documentat i on i s avai l abl e as a st r i ng or ni l .

� The methods whi ch use the cl as s as a speci al i zer , and the gener i c f unct i ons associ ated
wi th those methods are avai l abl e as l i s t s of method and gener i c f unct i on metaobj ect s
respect i vel y.

Slot e nitions

Asl ot de ni t i on met aobj ect contai ns i nf ormat i onabout the de�ni t i on of a s l ot . There are two
ki nds of s l ot de�ni t i on metaobj ect s . Adi rect s l ot de�ni t i on metaobj ect i s used to represent
the di rect de�ni t i on of a s l ot i n a cl as s . Thi s corresponds roughl y to the s l ot speci �er s f ound
i n def cl ass f orms . An e�ect i ve s l ot de�ni t i on metaobj ect i s used to represent i nf ormat i on,
i ncl udi ng i nher i ted i nf ormat i on, about a s l ot whi ch i s acces s i bl e i n i nstances of a part i cul ar
cl as s .

Associ ated wi th each cl as s metaobj ect i s a l i s t of di rect s l ot de�ni t i on metaobj ect s rep-
resent i ng the s l ot s de�ned di rect l y i n the cl as s . Al so associ ated wi th each cl as s metaobj ect
i s a l i s t of e�ect i ve s l ot de�ni t i on metaobj ect s represent i ng the set of s l ot s acces s i bl e i n
i nstances of that cl as s .

The f ol l owi ng i nf ormat i on i s as soci ated wi th both di rect and e�ect i ve s l ot de�ni t i ons
metaobj ect s :

� The name, al l ocat i on, and type are avai l abl e as f orms that coul d appear i n a def cl ass
f orm.
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� The i ni t i al i zat i on f orm, i f there i s one, i s avai l abl e as a f ormthat coul d appear i n a
def cl ass f orm. The i ni t i al i zat i on f ormtogether wi th i t s l exi cal envi ronment i s avai l abl e
as a f unct i on of no arguments whi ch, when cal l ed, returns the resul t of eval uat i ng the
i ni t i al i zat i on f ormi n i t s l exi cal envi ronment . Thi s i s cal l ed the i ni t unct i on of the s l ot .

� The s l ot �l l i ng i ni t i al i zat i on arguments are avai l abl e as a l i s t of symbol s .

� The documentat i on i s avai l abl e as a st r i ng or ni l .

Certai n other i nf ormat i on i s onl y associ ated wi th di rect s l ot de�ni t i on metaobj ect s . Thi s
i nf ormat i on appl i es onl y to the di rect de�ni t i on of the s l ot i n the cl as s ( i t i s not i nher i ted) .

� The f unct i on names of those gener i c f unct i ons f or whi ch there are automat i cal l y gener -
ated reader and wr i ter methods . Thi s i nf ormat i on i s avai l abl e as l i s t s of f unct i on names .
Any acces sors speci �ed i n the def cl ass f ormare broken down i nto thei r equi val ent read-
er s and wr i ter s i n the di rect s l ot de�ni t i on.

I nf ormat i on, i ncl udi ng i nher i ted i nf ormat i on, whi ch appl i es to the de�ni t i on of a s l ot i n
a part i cul ar cl as s i n whi ch i t i s acces s i bl e i s as soci ated onl y wi th e�ect i ve s l ot de�ni t i on
metaobj ect s .

� For cer tai n s l ot s , the l ocat i on of the s l ot i n i nstances of the cl as s i s avai l abl e.

eneric unctions

Ageneri c unct i on met aobj ect contai ns i nf ormat i on about a gener i c f unct i on over and above
the i nf ormat i on associ ated wi th each of the gener i c f unct i on's methods .

� The name i s avai l abl e as a f unct i on name.

� The methods associ ated wi th the gener i c f unct i on are avai l abl e as a l i s t of method
metaobj ect s .

� The def aul t cl as s f or thi s gener i c f unct i on' s method metaobj ect s i s avai l abl e as a cl as s
metaobj ect .

� The l ambda l i s t i s avai l abl e as a l i s t .

� The method combi nat i on i s avai l abl e as a method combi nat i on metaobj ect .

� The documentat i on i s avai l abl e as a st r i ng or ni l .

� The argument precedence order i s avai l abl e as a permutat i on of those symbol s f romthe
l ambda l i s t whi ch name the requi red arguments of the gener i c f unct i on.
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� The decl arat i ons are avai l abl e as a l i s t of decl arat i ons .

ermi nol ogy ote:
There i s some ambi gui ty i n CommonLi sp about the terms used to i dent i f y the var i ous
part s of decl are speci al f orms . I n thi s document , the termdecl arat i on i s used to ref er
to an obj ect that coul d be an argument to a decl are speci al f orm. For exampl e, i n
the speci al f orm(decl are (speci al *g1*)), the l i s t (speci al *g1*) i s a decl arat i on.

et o s

Amet hod met aobj ect contai ns i nf ormat i on about a speci �c method.

� The qual i �er s are avai l abl e as a l i s t of of non- nul l atoms.

� The l ambda l i s t i s avai l abl e as a l i s t .

� The speci al i zer s are avai l abl e as a l i s t of speci al i zer metaobj ect s .

� The f unct i on i s avai l abl e as a f unct i on. Thi s f unct i on can be appl i ed to arguments and
a l i s t of next methods us i ng appl y or f uncal l .

� When the method i s associ ated wi th a gener i c f unct i on, that gener i c f unct i onmetaobj ect
i s avai l abl e. Amethod can be associ ated wi th at most one gener i c f unct i on at a t i me.

� The documentat i on i s avai l abl e as a st r i ng or ni l .

S ecial izers

A speci al i zer metaobj ect represents the speci al i zer s of a method. Cl ass metaobj ect s are
themsel ves speci al i zer metaobj ect s . Aspeci al ki nd of speci al i zer metaobj ect i s used f or eql
speci al i zer s .

et o o inations

Amet hod combi nat i on met aobj ect represents the i nf ormat i onabout the method combi nat i on
bei ng used by a gener i c f unct i on.

ote:
Thi s document does not speci f y the st ructure of method combi nat i on metaobj ect s .

In eritance tructure o etaobject lasses

The i nher i tance s t ructure of the speci �ed metaobj ect cl as ses i s shown i n Tabl e 5. 1.
Each cl as s marked wi th a \�" i s an abst ract cl ass and i s not i ntended to be i nstant i ated.

The resul t s are unde�ned i f an attempt i s made to make an i nstance of one of these cl as ses
wi th ma e- i nstance.
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Metaobject Cl ass i rect upercl asses

standard-obj ect (t)
f uncal l abl e- standard-object (standard-obj ect f uncti on)

� metaobj ect (standard-obj ect)
� generi c- f uncti on (metaobject

f uncal l abl e- standard-object)
standard-generi c- f uncti on (generi c- f uncti on)

� method (metaobject)
standard-method (method)

� standard-accessor-method (standard-method)
standard-reader-method (standard-accessor-method)
standard-wri ter-method (standard-accessor-method)

� method-combinati on (metaobject)
� sl ot-de�ni ti on (metaobject)
� di rect- sl ot-de�ni ti on (sl ot-de�ni ti on)
� e ecti ve- sl ot-de�ni ti on (sl ot-de�ni ti on)
� standard- sl ot-de�ni ti on (sl ot-de�ni ti on)

standard-di rect-sl ot- (standard- sl ot-de�ni ti on
de�ni ti on di rect- sl ot-de�ni ti on)

standard-e ecti ve- sl ot- (standard- sl ot-de�ni ti on
de�ni ti on e ecti ve- sl ot-de�ni ti on)

� speci al i zer (metaobject)
eql - speci al i zer (speci al i zer)

� cl ass (speci al i zer)
bui l t- i n- cl ass (cl ass)
f orward-referenced-cl ass (cl ass)
standard-cl ass (cl ass)
f uncal l abl e- standard-cl ass (cl ass)

a e .1 r r r .

r a a - a r

- - a e e -

a a - e e - r a a e-

a a - a .
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The cl as ses standard-cl ass, standard-di rect- sl ot-de�ni ti on, standard-e ecti ve-
sl ot-de�ni ti on, standard-method, standard-reader-method, standard-wri ter-
method and standard-generi c- f uncti on are cal l ed st andard met aobj ect cl asses . For
each ki nd of metaobj ect , thi s i s the cl as s the user i nter f ace macros presented i n the CLOS
Speci �cat i on use by def aul t . These are al so the cl as ses on whi ch user speci al i zat i ons are
normal l y based.

The cl as ses bui l t- i n- cl ass, f uncal l abl e-standard-cl ass and f orward-referenced-
cl ass are speci al - purpose cl as s metaobj ect cl as ses . Bui l t - i n cl as ses are i nstances of the
cl as s bui l t- i n- cl ass. The cl as s f uncal l abl e- standard-cl ass provi des a speci al ki nd of
i nstances descr i bed i n the sect i on cal l ed \Funcal l abl e I nstances . " When the de�ni t i on of
a cl as s ref erences another cl as s whi ch has not yet been de�ned, an i nstance of f orward-
ref erenced-cl ass i s used as a stand- i n unt i l the cl as s i s actual l y de�ned.

The cl as s standard-object i s the de aul t di rect su ercl ass of the cl as s standard-cl ass.
When an i nstance of the cl as s standard-cl ass i s created, and no di rect supercl as ses are
expl i ci t l y speci �ed, i t def aul t s to the cl as s standard-obj ect. I n thi s way, any behavi or
associ ated wi th the cl as s standard-object wi l l be i nher i ted, di rect l y or i ndi rect l y, by al l
i ns tances of the cl as s standard-cl ass. Asubcl as s of standard-cl ass may have a di �erent
cl as s as i t s def aul t di rect supercl as s , but that cl as s must be a subcl as s of the cl as s standard-
obj ect.

The same i s t rue f or f uncal l abl e- standard-cl ass and f uncal l abl e- standard-obj ect.

The cl as s speci al i zer captures onl y the most bas i c behavi or of method speci al i zer s , and
i s not i t sel f i ntended to be i nstant i ated. The cl as s cl ass i s a di rect subcl as s of speci al i zer
re ect i ng the property that cl as ses by themsel ves can be used as method speci al i zer s . The
cl as s eql - speci al i zer i s used f or eql speci al i zer s .

le entationan ser S ecial ization

The purpose of the Metaobj ect Protocol i s to provi de user s wi th a power f ul mechani smf or
extendi ng and customi zi ng the bas i c behavi or of the Common Li sp Obj ect System. As an
obj ect - or i ented descr i pt i on of the bas i c CLOS behavi or , the Metaobj ect Protocol makes i t
poss i bl e to create these extens i ons by de�ni ng speci al i zed subcl as ses of exi s t i ng metaobj ect
cl as ses .

The Metaobj ect Protocol provi des thi s capabi l i ty wi thout i nter f er i ng wi th the i mpl e-
mentor ' s abi l i ty to devel op hi gh- per f ormance i mpl ementat i ons . Thi s bal ance between user
extens i bi l i ty and i mpl ementor f reedomi s medi ated by pl aci ng expl i ci t res t r i ct i ons on each.
Some of these res t r i ct i ons are general |they appl y to the ent i re cl as s graph and the appl i -
cabi l i ty of al l methods . These are presented i n thi s sect i on.

The f ol l owi ng addi t i onal termi nol ogy i s used to present these res t r i ct i ons :
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� Metaobj ect s are di vi ded i nto three categor i es . Those de�ned i n thi s document are
cal l ed s eci ed; those de�ned by an i mpl ementat i on but not ment i oned i n thi s docu-
ment are cal l ed i m l ement at i on-s eci c; and those de�ned by a portabl e programare
cal l ed ort abl e.

� Acl ass i s i nt er osed between two other cl as sesand i f and onl y i f there i s some
path, f ol l owi ng di rect supercl as ses , f romthe cl as sto the cl as s whi ch i ncl udes .

� Amethod i s s eci al i ed t o a cl as s i f and onl y i f that cl as s i s i n the l i s t of speci al i zer s
as soci ated wi th the method; and the method i s i n the l i s t of methods associ ated wi th
some gener i c f unct i on.

� I n a gi ven i mpl ementat i on, a speci �ed method i s sai d to have been romot ed i f and onl y
i f the speci al i zer s of the method,: : : , are de�ned i n thi s speci �cat i on as the cl as ses

: : : , but i n the i mpl ementat i on, one or more of the speci al i zer si, i s a supercl as s
of the cl as s gi ven i n the speci �cat i oni.

� For a gi ven gener i c f unct i on and set of arguments , a method e t ends a method
i f and onl y i f :

( i ) and are both associ ated wi th the gi ven gener i c f unct i on,
( i i ) and are both appl i cabl e to the gi ven arguments ,
( i i i ) the speci al i zer s and qual i �er s of the methods are such that when the gener i c
f unct i on i s cal l ed, i s executed bef ore ,
( i v) wi l l be executed i f and onl y i f cal l -ne t-method i s i nvoked f romwi thi n the
body of and
(v) cal l -ne t-method i s i nvoked f romwi thi n the body of , thereby caus i ng
to be executed.

� For a gi ven gener i c f unct i on and set of arguments , a method o erri des a method
i f and onl y i f condi t i ons i through i v above hol d and

(v ) cal l -ne t-method i s not i nvoked f romwi thi n the body of , thereby prevent -
i ng f rombei ng executed.

estri cti ons on mpl ementati ons

Impl ementat i ons are al l owed l at i tude to modi f y the st ructure of speci �ed cl as ses and meth-
ods . Thi s i ncl udes : the i nterpos i t i on of i mpl ementat i on- speci �c cl as ses ; the promot i on of
speci �ed methods ; and the consol i dat i on of two or more speci �ed methods i nto a s i ngl e
method speci al i zed to i nterposed cl as ses .

Any such modi �cat i ons are permi tted onl y so l ong as f or any portabl e cl as sp that i s
a subcl as s of one or more speci �ed cl as ses: : : i, the f ol l owi ng condi t i ons are met :
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� I n the actual cl as s precedence l i s t ofp, the cl as ses : : : i must appear i n the same
order as they woul d have i f no i mpl ementat i on- speci �c modi �cat i ons had been made.

� The method appl i cabi l i ty of any speci �ed gener i c f unct i on must be the same i n terms
of behavi or as i t woul d have been had no i mpl ementat i on- speci �c changes been made.
Thi s i ncl udes speci �ed gener i c f unct i ons that have had portabl e methods added. I n thi s
context , the expres s i on \the same i n terms of behavi or" means that methods wi th the
same behavi or as those speci �ed are appl i cabl e, and i n the same order .

� o portabl e cl as s p may i nher i t , by vi r tue of bei ng a di rect or i ndi rect subcl as s of a
speci �ed cl as s , any s l ot f or whi ch the name i s a symbol acces s i bl e i n the common- l i sp-
user package or exported by any package de�ned i n the A SI Common Li sp standard.

� Impl ementat i ons are f ree to de�ne i mpl ementat i on- speci �c bef ore- and af ter -methods
on speci �ed gener i c f unct i ons . Impl ementat i ons are al so f ree to de�ne i mpl ementat i on-
speci �c around-methods wi th extendi ng behavi or .

estri cti ons on ortabl e rograms

Portabl e programs are al l owed to de�ne subcl as ses of speci �ed cl as ses , and are permi tted to
de�ne methods on speci �ed gener i c f unct i ons , wi th the f ol l owi ng res t r i ct i ons . The resul t s
are unde�ned i f any of these res t r i ct i ons i s vi ol ated.

� Portabl e programs must not rede�ne any speci �ed cl as ses , gener i c f unct i ons , methods or
method combi nat i ons . Any method de�ned by a portabl e programon a speci �ed gener i c
f unct i on must have at l east one speci al i zer that i s nei ther a speci �ed cl as s nor an eql
speci al i zer whose associ ated val ue i s an i nstance of a speci �ed cl as s .

� Portabl e programs may de�ne methods that extend speci �ed methods unl es s the descr i p-
t i on of the speci �ed method expl i ci t l y prohi bi t s thi s . Unl es s there i s a speci �c s tatement
to the contrary, these extendi ng methods must return whatever val ue was returned by
the cal l to cal l -ne t-method.

� Portabl e programs may de�ne methods that overr i de speci �ed methods onl y when the
descr i pt i on of the speci �ed method expl i ci t l y al l ows thi s . Typi cal l y, when a method i s
al l owed to be overr i dden, a smal l number of rel ated methods wi l l need to be overr i dden
as wel l .

An exampl e of thi s i s the speci �ed methods on the gener i c f unct i ons add-dependent,
remove-dependent and map-dependents. Overr i di ng a speci �ed method on one of
these gener i c f unct i ons requi res that the correspondi ng method on the other two gener i c
f unct i ons be overr i dden as wel l .

� Portabl e methods on speci �ed gener i c f unct i ons speci al i zed to portabl e metaobj ect cl as ses
must be de�ned bef ore any i nstances of those cl as ses (or any subcl as ses ) are created, ei -
ther di rect l y or i ndi rect l y by a cal l to ma e- i nstance. Methods can be de�ned af ter
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i nstances are created by al l ocate- i nstance however . Portabl e metaobj ect cl as ses can-
not be rede�ned.

mpl ementati on ote:
The purpose of thi s l as t res t r i ct i on i s to permi t i mpl ementat i ons to provi de per f or -
mance opt i mi zat i ons by anal yzi ng, at the t i me the �rs t i ns tance of a metaobj ect cl as s
i s i ni t i al i zed, what portabl e methods wi l l be appl i cabl e to i t . Thi s can make i t poss i bl e
to opt i mi ze cal l s to those speci �ed gener i c f unct i ons whi ch woul d have no appl i cabl e
portabl e methods .

ote:
The speci �cat i on technol ogy used i n thi s document needs f urther devel opment . The
concepts of obj ect - or i ented protocol s and subcl as s speci al i zat i on are i ntui t i vel y f a-
mi l i ar to programmers of obj ect - or i ented systems; the protocol s presented here �t
qui te natural l y i nto thi s f ramework. onethel es s , i n prepar i ng thi s document , we
have f ound i t di cul t to gi ve speci �cat i on- qual i ty descr i pt i ons of the protocol s i n a
way that makes i t cl ear what extens i ons user s can and cannot wr i te. Obj ect - or i ented
protocol speci �cat i on i s i nherent l y about speci f yi ng l eeway, and thi s seems di cul t
us i ng current technol ogy.

rocessin o t e ser Inter ace acros

Al i s t i n whi ch the �rs t el ement i s one of the symbol s def cl ass, defmethod, def generi c,
de�ne-method-combinati on, generi c- functi on, generi c- et or generi c- l abel s, and
whi ch has proper syntax f or that macro i s cal l ed a user i nt er ace macro orm. Thi s document
provi des an extended speci �cat i on of the def cl ass, defmethodand def generi c macros .

The user i nter f ace macros def cl ass, def generi c anddefmethodcan be used not onl y to
de�ne metaobj ect s that are i nstances of the correspondi ng standard metaobj ect cl as s , but
al so to de�ne metaobj ect s that are i nstances of appropr i ate portabl e metaobj ect cl as ses .
To make i t poss i bl e f or portabl e metaobj ect cl as ses to proper l y proces s the i nf ormat i on
appear i ng i n the macro f orm, thi s document provi des a l i mi ted speci �cat i on of the proces s i ng
of these macro f orms.

User i nter f ace macro f orms can be e al uat ed or com i l ed and l ater e ecut ed. The e�ect
of eval uat i ng or execut i ng a user i nter f ace macro f ormi s speci �ed i n terms of cal l s to
speci �ed f unct i ons and gener i c f unct i ons whi ch provi de the actual behavi or of the macro.
The arguments recei ved by these f unct i ons and gener i c f unct i ons are der i ved i n a speci �ed
way f romthe macro f orm.

Convert i ng a user i nter f ace macro f ormi nto the arguments to the appropr i ate f unct i ons
and gener i c f unct i ons has two maj or aspect s : the convers i on of the macro argument syntax
i nto a f ormmore sui tabl e f or l ater proces s i ng, and the proces s i ng of macro arguments whi ch
are f orms to be eval uated ( i ncl udi ng method bodi es ) .
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I n the syntax of the def cl ass macro, the i ni t ormand de aul t - i ni t arg- i ni t i al - al ue- orm

arguments are f orms whi ch wi l l be eval uated one or more t i mes af ter the macro f ormi s
eval uated or executed. Speci al proces s i ng must be done on these arguments to ensure that
the l exi cal scope of the f orms i s captured proper l y. Thi s i s done by bui l di ng a f unct i on of
zero arguments whi ch, when cal l ed, returns the resul t of eval uat i ng the f ormi n the proper
l exi cal envi ronment .

I n the syntax of the defmethod macro the orm argument i s a l i s t of f orms that
compr i se the body of the method de�ni t i on. Thi s l i s t of f orms must be proces sed speci al l y
to capture the l exi cal scope of the macro f orm. In addi t i on, the l exi cal f unct i ons avai l abl e
onl y i n the body of methods must be i ntroduced. To al l ow thi s and any other speci al
proces s i ng (such as s l ot acces s opt i mi zat i on) , a speci al i zabl e protocol i s used f or proces s i ng
the body of methods . Thi s i s di scussed i n the sect i on \Proces s i ng Method Bodi es . "

o i le le rocessin o t e ser nter ace acros

I t i s common pract i ce f or Common Li sp compi l er s , whi l e proces s i ng a �l e or set of �l es , to
mai ntai n i nf ormat i on about the de�ni t i ons that have been compi l ed so f ar . Among other
thi ngs , thi s makes i t poss i bl e to ensure that a gl obal macro de�ni t i on (defmacro f orm)
whi ch appears i n a �l e wi l l a�ect uses of the macro l ater i n that �l e. Thi s i nf ormat i on about
the state of the compi l at i on i s cal l ed the com i l e- l e en i ronment .

When compi l i ng �l es contai ni ng CLOS de�ni t i ons , i t i s usef ul to mai ntai n cer tai n ad-
di t i onal i nf ormat i on i n the compi l e- �l e envi ronment . Thi s can make i t poss i bl e to i s sue
var i ous ki nds of warni ngs (e. g. , l ambda l i s t congruence) and to do var i ous per f ormance
opt i mi zat i ons that woul d not otherwi se be poss i bl e.

At thi s t i me, there i s such s i gni �cant var i ance i n the way exi s t i ng Common Li sp i m-
pl ementat i ons handl e compi l e- �l e envi ronments that i t woul d be premature to speci f y thi s
mechani sm. Consequent l y, thi s document speci �es onl y the behavi or of eval uat i ng or exe-
cut i ng user i nter f ace macro f orms. What f unct i ons and gener i c f unct i ons are cal l ed dur i ng
compi l e- �l e proces s i ng of a user i nter f ace macro f ormi s not speci �ed. Impl ementat i ons are
f ree to de�ne and document thei r own behavi or . Users may need to check i mpl ementat i on-
speci �c behavi or bef ore attempt i ng to compi l e cer tai n portabl e programs.

e e class acro

The eval uat i onor execut i on of a def cl ass f ormresul t s i n a cal l to the ensure-cl ass f unct i on.
The arguments recei ved by ensure-cl ass are der i ved f romthe def cl ass f ormi n a de�ned
way. The exact macro- expans i on of the def cl ass f ormi s not de�ned, onl y the rel at i onshi p
between the arguments to the def cl ass macro and the arguments recei ved by the ensure-
cl ass f unct i on. Exampl es of typi cal def cl ass f orms and sampl e expans i ons are shown i n
Fi gures 5. 1 and 5. 2.
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e class pla e mo i o ec rap ics o ec

al i e i i orm accessor pla e al i e

spee

e a l i i ar s e i e e

e s re class pla e

irec s perclasses mo i o ec rap ics o ec

irec slo s lis lis ame al i e

i i orm

i i c io lam a

rea ers pla e al i e

ri ers se pla e al i e

lis ame spee

irec e a l i i ar s lis lis e i e

e

lam a e

e . 1 e a r r

r r r e e- a .

� The name argument to def cl ass becomes the val ue of the �rs t argument to ensure-
cl ass. Thi s i s the onl y pos i t i onal argument accepted by ensure-cl ass; al l other argu-
ments are keyword arguments .

� The di rect - su ercl asses argument to def cl ass becomes the val ue of the : di rect- super-
cl asses keyword argument to ensure-cl ass.

� The di rect sl ot s argument to def cl ass becomes the val ue of the : di rect- sl ots keyword
argument to ensure-cl ass. Speci al proces s i ng of thi s val ue i s done to regul ar i ze the f orm
of each s l ot speci �cat i on and to proper l y capture the l exi cal scope of the i ni t i al i zat i on
f orms. Thi s i s done by convert i ng each s l ot speci �cat i on to a property l i s t cal l ed a
canoni cal i ed sl ot s eci cat i on. The resul t i ng l i s t of canoni cal i zed s l ot speci �cat i ons i s
the val ue of the : di rect- sl ots keyword argument .

Canoni cal i zed s l ot speci �cat i ons are l ater used as the keyword arguments to a gener i c
f unct i on whi chwi l l , i n turn, pass themtoma e- i nstance f or use as a set of i ni t i al i zat i on
arguments . Each canoni cal i zed s l ot speci �cat i on i s f ormed f romthe correspondi ng s l ot
speci �cat i on as f ol l ows :

� The name of the s l ot i s the val ue of the : name property. Thi s property appears i n
every canoni cal i zed s l ot speci �cat i on.
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e class ss pla e

mac ma s ep

loca or ss mac

loca or mac loca io

rea er mac spee

rea er mac

me aclass as er class

a o er op io oo ar

e s re class ss

irec s perclasses pla e

irec slo s lis lis ame mac

rea ers mac spee mac

ma s ep

loca or ss mac mac loca io

me aclass as er class

a o er op io oo ar

e . e a r r

r r r e e- a . r r

r r r r r r

r r r .
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� When the : i ni tforms l ot opt i on i s present i n the s l ot speci �cat i on, then both the
: i ni tf ormand : i ni tfuncti on propert i es are present i n the canoni cal i zed s l ot speci -
�cat i on. The val ue of the : i ni tf ormproperty i s the i ni t i al i zat i on f orm. The val ue
of the : i ni tf uncti on property i s a f unct i on of zero arguments whi ch, when cal l ed,
returns the resul t of eval uat i ng the i ni t i al i zat i on f ormi n i t s proper l exi cal envi ron-
ment .

I f the : i ni tforms l ot opt i on i s not present i n the s l ot speci �cat i on, then ei ther
the : i ni tf uncti onproperty wi l l not appear , or i t s val ue wi l l be f al se. I n such cases ,
the val ue of the : i ni tformproperty, or whether i t appears , i s unspeci �ed.

� The val ue of the : i ni targs property i s a l i s t of the val ues of each : i ni targ s l ot
opt i on. I f there are no : i ni targ s l ot opt i ons , then ei ther the : i ni targs property wi l l
not appear or i t s val ue wi l l be the empty l i s t .

� The val ue of the : readers property i s a l i s t of the val ues of each : reader and : ac-
cessor s l ot opt i on. I f there are no : reader or : accessor s l ot opt i ons , then ei ther the
: readers property wi l l not appear or i t s val ue wi l l be the empty l i s t .

� The val ue of the : wri ters property i s a l i s t of the val ues speci �ed by each : wri ter
and : accessor s l ot opt i on. The val ue speci �ed by a : wri ter s l ot opt i on i s j ust the
val ue of the s l ot opt i on. The val ue speci �ed by an : accessor s l ot opt i on i s a two
el ement l i s t : the �rs t el ement i s the symbol setf , the second el ement i s the val ue of
the s l ot opt i on. I f there are no : wri ter or : accessor s l ot opt i ons , then ei ther the
: wri ters property wi l l not appear or i t s val ue wi l l be the empty l i s t .

� The val ue of the : documentati onproperty i s the val ue of the : documentati ons l ot
opt i on. I f there i s no : documentati ons l ot opt i on, then ei ther the : documentati on
property wi l l not appear or i t s val ue wi l l be f al se.

� Al l other s l ot opt i ons appear as the val ues of propert i es wi th the same name as the
s l ot opt i on. ote that thi s i ncl udes not onl y the remai ni ng standard s l ot opt i ons
( : al l ocati onand : type) , but al so any other opt i ons and val ues appear i ng i n the s l ot
speci �cat i on. I f one of these s l ot opt i ons appears more than once, the val ue of the
property wi l l be a l i s t of the speci �ed val ues .

� An i mpl ementat i on i s f r ee to add addi t i onal propert i es to the canoni cal i zed s l ot
speci �cat i on provi ded these are not symbol s acces s i bl e i n the common- l i sp-user
package, or exported by any package de�ned i n the A SI Common Li sp standard.

Returni ng to the correspondence between arguments to the def cl ass macro and the
arguments recei ved by the ensure-cl ass f unct i on:

� The de aul t i ni t args cl as s opt i on, i f i t i s present i n the def cl ass f orm, becomes the val ue
of the : di rect-defaul t- i ni targs keyword argument to ensure-cl ass. Speci al proces s i ng
of thi s val ue i s done to proper l y capture the l exi cal scope of the def aul t val ue f orms . Thi s
i s done by convert i ng each def aul t i ni targ i n the cl as s opt i on i nto a canoni cal i ed de aul t

i ni t arg. The resul t i ng l i s t of canoni cal i zed def aul t i ni targs i s the val ue of the : di rect-
def aul t- i ni targs keyword argument to ensure-cl ass.
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Acanoni cal i zed def aul t i ni targ i s a l i s t of three el ements . The �rst el ement i s the name;
the second i s the actual f ormi tsel f ; and the thi rd i s a f unct i on of zero arguments whi ch,
when cal l ed, returns the resul t of eval uat i ng the def aul t val ue f ormi n i t s proper l exi cal
envi ronment .

� The met acl ass cl as s opt i on, i f i t i s present i n the def cl ass f orm, becomes the val ue of
the : metacl ass keyword argument to ensure-cl ass.

� The document at i on cl as s opt i on, i f i t i s present i n the def cl ass f orm, becomes the val ue
of the : documentati onkeyword argument to ensure-cl ass.

� Any other cl as s opt i ons become the val ue of keyword arguments wi th the same name.
The val ue of the keyword argument i s the tai l of the cl as s opt i on. An error i s s i gnal ed
i f any cl as s opt i on appears more than once i n the def cl ass f orm.

In the cal l to ensure-cl ass, every el ement of i t s arguments appears i n the same l ef t -
to- r i ght order as the correspondi ng el ement of the def cl ass f orm, except that the order of
the propert i es of canoni cal i zed s l ot speci �cat i ons i s unspeci �ed. The val ues of propert i es
i n canoni cal i zed s l ot speci �cat i ons do f ol l ow thi s order i ng requi rement . Other order i ng
rel at i onshi ps i n the keyword arguments to ensure-cl ass are unspeci �ed.

The resul t of the cal l to ensure-cl ass i s r eturned as the resul t of eval uat i ng or execut i ng
the def cl ass f orm.

e e et o acro

The eval uat i onor execut i on of a defmethod f ormrequi res �rs t that the body of the method
be converted to a method f unct i on. Thi s proces s i s descr i bed i n the next sect i on. The resul t
of thi s proces s i s a method f unct i on and a set of addi t i onal i ni t i al i zat i on arguments to be
used when creat i ng the newmethod. Gi ven these two val ues , the eval uat i on or execut i on of
a defmethod f ormproceeds i n three s teps .

The �rst s tep ensures the exi s tence of a gener i c f unct i on wi th the speci �ed name. Thi s
i s done by cal l i ng the f unct i on ensure-generi c- f uncti on. The �rst argument i n thi s cal l
i s the gener i c f unct i on name speci �ed i n the defmethod f orm.

The second step i s the creat i on of the newmethodmetaobj ect by cal l i ngma e- i nstance.
The cl as s of the new method metaobj ect i s determi ned by cal l i ng generi c- f uncti on-
method-cl ass on the resul t of the cal l to ensure-generi c- f uncti on f romthe �rst s tep.

The i ni t i al i zat i on arguments recei ved by the cal l to ma e- i nstance are as f ol l ows :

� The val ue of the : qual i �ers i ni t i al i zat i on argument i s a l i s t of the qual i �er s whi ch
appeared i n the defmethod f orm. o speci al proces s i ng i s done on these val ues . The
order of the el ements of thi s l i s t i s the same as i n the defmethod f orm.

� The val ue of the : l ambda- l i st i ni t i al i zat i on argument i s the unspeci al i zed l ambda l i s t
f romthe defmethod f orm.
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� The val ue of the : speci al i zers i ni t i al i zat i on argument i s a l i s t of the speci al i zer s f or
the method. For speci al i zer s whi ch are cl as ses , the speci al i zer i s the cl as s metaobj ect
i t sel f . I n the case of eql speci al i zer s , i t wi l l be an eql - speci al i zer metaobj ect obtai ned
by cal l i ng i ntern-eql - speci al i zer on the resul t of eval uat i ng the eql speci al i zer f ormi n
the l exi cal envi ronment of the defmethod f orm.

� The val ue of the : f uncti on i ni t i al i zat i on argument i s the method f unct i on.

� The val ue of the : decl arati ons i ni t i al i zat i on argument i s a l i s t of the decl arat i ons f rom
the defmethod f orm. I f there are no decl arat i ons i n the macro f orm, thi s i ni t i al i zat i on
argument ei ther doesn' t appear , or appears wi th a val ue of the empty l i s t .

� The val ue of the : documentati on i ni t i al i zat i on argument i s the documentat i on st r i ng
f romthe defmethod f orm. I f there i s no documentat i on st r i ng i n the macro f ormthi s
i ni t i al i zat i on argument ei ther doesn' t appear , or appears wi th a val ue of f al se.

� Any other i ni t i al i zat i on argument produced i n conj unct i on wi th the method f unct i on are
al so i ncl uded.

� The i mpl ementat i on i s f r ee to i ncl ude addi t i onal i ni t i al i zat i on arguments provi ded these
are not symbol s acces s i bl e i n the common- l i sp-user package, or exported by any pack-
age de�ned i n the A SI Common Li sp standard.

I n the thi rd step, add-method i s cal l ed to add the newl y created method to the set of
methods associ ated wi th the gener i c f unct i on metaobj ect .

The resul t of the cal l to add-method i s r eturned as the resul t of eval uat i ng or execut i ng
the defmethod f orm.

An exampl e showi ng a typi cal defmethod f ormand a sampl e expans i on i s shown i n
Fi gure 5. 3. The proces s i ng of the method body f or thi s method i s shown i n Fi gure 5. 4.

rocessin et o o ies

Bef ore a method can be created, the l i s t of f orms compr i s i ng the method body must be
converted to a method f unct i on. Thi s convers i on i s a two step proces s .

ote:
The body of methods can al so appear i n the : i ni ti al -methods opt i on of def generi c
f orms . I ni t i al methods are not cons i dered by any of the protocol s speci �ed i n thi s docu-
ment .
The �rst s tep occurs dur i ng macro- expans i on of the macro f orm. In thi s s tep, the

method l ambda l i s t , decl arat i ons and body are converted to a l ambda expres s i on cal l ed a
met hod l ambda. Thi s convers i on i s based on i nf ormat i onassoci ated wi th the gener i c f unct i on
de�ni t i on i n e�ect at the t i me the macro f ormi s expanded.
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The gener i c f unct i on de�ni t i on i s obtai ned by cal l i ng ensure-generi c- f uncti onwi th a
�rst argument of the gener i c f unct i on name speci �ed i n the macro f orm. The : l ambda- l i st
keyword argument i s not passed i n thi s cal l .

Gi ven the gener i c f unct i on, product i on of the method l ambda proceeds by cal l i ngma e-
method- l ambda. The �rst argument i n thi s cal l i s the gener i c f unct i on obtai ned as de-
scr i bed above. The second argument i s the resul t of cal l i ng cl ass-prototype on the resul t
of cal l i ng generi c- functi on-method-cl ass on the gener i c f unct i on. The thi rd argument
i s a l ambda expres s i on f ormed f romthe method l ambda l i s t , decl arat i ons and body. The
f ourth argument i s the macro- expans i on envi ronment of the macro f orm; thi s i s the val ue of
the envi ronment argument to the defmethodmacro.

The gener i c f unct i on ma e-method- l ambda returns two val ues . The �rst i s the
method l ambda i t sel f . The second i s a l i s t of i ni t i al i zat i on arguments and val ues . These are
i ncl uded i n the i ni t i al i zat i on arguments when the method i s created.

I n the second step, the method l ambda i s converted to a f unct i onwhi ch proper l y captures
the l exi cal scope of the macro f orm. Thi s i s done by havi ng the method l ambda appear i n
the macro- expans i on as the argument of the f uncti on speci al f orm. Dur i ng the subsequent
eval uat i on of the macro- expans i on, the resul t of the f uncti on speci al f ormi s the method
f unct i on.

e e eneric acro

The eval uat i on or execut i on of a def generi c f ormresul t s i n a cal l to the ensure-generi c-
f uncti on f unct i on. The arguments recei ved by ensure-generi c- f uncti onare der i ved f rom
the def generi c f ormi n a de�ned way. As wi th def cl ass and defmethod, the exact macro-
expans i on of the def generi c f ormi s not de�ned, onl y the rel at i onshi p between the argu-
ments to the macro and the arguments recei ved by ensure-generi c- functi on.

� The unct i on-name argument to def generi c becomes the �rs t argument to ensure-
generi c- f uncti on. Thi s i s the onl y pos i t i onal argument accepted by ensure-generi c-
f uncti on; al l other arguments are keyword arguments .

� The l ambda- l i st argument to def generi c becomes the val ue of the : l ambda- l i st keyword
argument to ensure-generi c- f uncti on.

� For each of the opt i ons : argument-precedence-order, : documentati on, : generi c-
f uncti on-cl ass and : method-cl ass, the val ue of the opt i on becomes the val ue of the
keyword argument wi th the same name. I f the opt i on does not appear i n the macro
f orm, the keyword argument does not appear i n the resul t i ng cal l to ensure-generi c-
f uncti on.

� For the opt i on decl are, the l i s t of decl arat i ons becomes the val ue of the : decl arati ons
keyword argument . I f the decl are opt i on does not appear i n the macro f orm, the : dec-
l arati ons keyword argument does not appear i n the cal l to ensure-generi c- f uncti on.
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� The handl i ng of the : method-combinati on opt i on i s not speci �ed.

The resul t of the cal l to ensure-generi c- f uncti oni s r eturned as the resul t of eval uat i ng
or execut i ng the def generi c f orm.

ub rotocols

Thi s sect i on provi des an overvi ewof the Metaobj ect Protocol s . The detai l ed behavi or of each
f unct i on, gener i c f unct i on and macro i n the Metaobj ect Protocol i s presented i n Chapter 6.
The remai nder of thi s chapter i s i ntended to emphas i ze connect i ons among the part s of
the Metaobj ect Protocol , and to provi de some exampl es of the ki nds of speci al i zat i ons and
extens i ons the protocol s are des i gned to support .

etao ect nitial ization rotocols

Li ke other obj ect s , metaobj ect s can be created by cal l i ngma e- i nstance. The i ni t i al i zat i on
arguments passed to ma e- i nstance are used to i ni t i al i ze the metaobj ect i n the usual way.
The set of l egal i ni t i al i zat i on arguments , and thei r i nterpretat i on, depends on the ki nd of
metaobj ect bei ng created. Impl ementat i ons and portabl e programs are f ree to extend the set
of l egal i ni t i al i zat i on arguments . Detai l ed i nf ormat i on about the i ni t i al i zat i on of each ki nd
of metaobj ect are provi ded i n Chapter 6; thi s sect i on provi des an overvi ewand exampl es of
thi s behavi or .

ni ti al i zati on of Cl ass Metaobj ects

Cl ass metaobj ect s created wi thma e- i nstance are usual l y anon mous ; that i s , they have
no proper name. An anonymous cl as s metaobj ect can be gi ven a proper name us i ng (setf
�nd-cl ass) and (setf cl ass-name).

When a cl as s metaobj ect i s created wi th ma e- i nstance, i t i s i ni t i al i zed i n the usual
way. The i ni t i al i zat i on arguments passed to ma e- i nstance are use to es tabl i sh the de�-
ni t i on of the cl as s . Each i ni t i al i zat i on argument i s checked f or er rors and associ ated wi th
the cl as s metaobj ect . The i ni t i al i zat i on arguments correspond roughl y to the arguments ac-
cepted by the def cl ass macro, and more cl osel y to the arguments accepted by the ensure-
cl ass f unct i on.

Some cl as s metaobj ect cl as ses al l owthei r i ns tances to be rede�ned. When permi ss i bl e,
thi s i s done by cal l i ng rei ni ti al i ze- i nstance. Thi s i s di scussed i n the next sect i on.

An exampl e of creat i ng an anonymous cl as s di rect l y us i ng ma e- i nstance f ol l ows :

le ero

propellor propellor

ma e i s a ce s a ar class

ame m class oo
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irec s perclasses lis i class pla e

anot her- anon mous- cl ass

irec slo s ame x

i i orm

i i c io ero

i i ar s x

rea ers posi io x

ri ers se posi io x

ame

i i orm

i i c io ero

i i ar s

rea ers posi io

ri ers se posi io

irec e a l i i ar s e i e propellor propellor

ei ni ti al i zati on of Cl ass Metaobj ects

Some cl ass metaobj ect cl as ses al l ow thei r i ns tances to be rei ni t i al i zed. Thi s i s done by
cal l i ng rei ni ti al i ze- i nstance. The i ni t i al i zat i on arguments have the same i nterpretat i on
as i n cl as s i ni t i al i zat i on.

I f the cl as s metaobj ect was �nal i zed bef ore the cal l to rei ni ti al i ze- i nstance, �nal i ze-
i nheri tance wi l l be cal l ed agai n once al l the i ni t i al i zat i on arguments have been proces sed
and associ ated wi th the cl as s metaobj ect . I n addi t i on, once �nal i zat i on i s compl ete, any
dependents of the cl as s metaobj ect wi l l be updated by cal l i ng update-dependent.

ni ti al i zati on of Generi c Functi on andMethodMetaobj ects

An exampl e of creat i ng a gener i c f unct i on and a method metaobj ect , and then addi ng the
method to the gener i c f unct i on i s shown bel ow. Thi s exampl e i s comparabl e to the method
de�ni t i on shown i n Fi gure 5. 3.

le ma e i s a ce s a ar e eric c io

lam a lis p l op io al isi l p e

me o class e eric c io me o class

m l iple al e i lam a i i ar s

ma e me o lam a
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e isi l p s o mo e p color

il
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a me o

appl ma e i s a ce me o class

c io compile il lam a

speciali ers lis i class posi io

i er e l speciali er

ali iers

lam a lis p l op io al isi l p

e color

i i ar s

lass inal ization rotocol

Cl ass nal i at i on i s the proces s of comput i ng the i nf ormat i on a cl as s i nher i t s f romi ts su-
percl as ses and prepar i ng to actual l y al l ocate i nstances of the cl as s . The cl as s �nal i zat i on
proces s i ncl udes comput i ng the cl as s ' s cl as s precedence l i s t , the f ul l s et of s l ot s acces s i bl e
i n i nstances of the cl as s and the f ul l s et of def aul t i ni t i al i zat i on arguments f or the cl as s .
These val ues are associ ated wi th the cl as s metaobj ect and can be acces sed by cal l i ng the
appropr i ate reader . I n addi t i on, the cl as s �nal i zat i on proces s makes deci s i ons about how
i nstances of the cl as s wi l l be i mpl emented.

To support f orward- ref erenced supercl as ses , and to account f or the f act that not al l
cl as ses are actual l y i nstant i ated, cl as s �nal i zat i on i s not done as part of the i ni t i al i zat i on of
the cl as s metaobj ect . I nstead, �nal i zat i on i s done as a separate protocol , i nvoked by cal l i ng
the gener i c f unct i on �nal i ze- i nheri tance. The exact poi nt at whi ch �nal i ze- i nheri tance
i s cal l ed depends on the cl as s of the cl as s metaobj ect ; f or standard-cl ass i t i s cal l ed some-
t i me af ter al l the cl as ses supercl as ses are de�ned, but no l ater than when the �rs t i nstance
of the cl as s i s al l ocated (by al l ocate- i nstance) .

The �rst s tep of cl as s �nal i zat i on i s comput i ng the cl as s precedence l i s t . Doi ng thi s �rs t
al l ows subsequent steps to acces s the cl as s precedence l i s t . Thi s s tep i s per f ormed by cal l i ng
the gener i c f unct i on compute-cl ass-precedence- l i st. The val ue returned f romthi s cal l i s
as soci ated wi th the cl as s metaobj ect and can be acces sed by cal l i ng the cl ass-precedence-
l i st gener i c f unct i on.

The second step i s comput i ng the f ul l s et of s l ot s that wi l l be acces s i bl e i n i nstances of
the cl as s . Thi s s tep i s per f ormed by cal l i ng the gener i c f unct i on compute- sl ots. The resul t
of thi s cal l i s a l i s t of e�ect i ve s l ot de�ni t i on metaobj ect s . Thi s val ue i s as soci ated wi th the
cl as s metaobj ect and can be acces sed by cal l i ng the cl ass- sl ots gener i c f unct i on.

The behavi or of compute- sl ots i s i t s el f l ayered, cons i s t i ng of cal l s to e ecti ve- sl ot-
de�ni ti on-cl ass and compute-e ecti ve- sl ot-de�ni ti on.

The �nal s tep of cl as s �nal i zat i on i s comput i ng the f ul l s et of i ni t i al i zat i on arguments
f or the cl as s . Thi s i s done by cal l i ng the gener i c f unct i on compute-defaul t- i ni targs. The
val ue returned by thi s gener i c f unct i on i s as soci ated wi th the cl as s metaobj ect and can be
acces sed by cal l i ng cl ass-def aul t- i ni targs.
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I f the cl as s was previ ous l y �nal i zed, �nal i ze- i nheri tance may cal l ma e- i nstances-
obsol ete. The ci rcumstances under whi ch thi s happens are descr i be i n the sect i on of the
CLOS speci �cat i on cal l ed \Rede�ni ng Cl asses . "

Forward- ref erenced cl as ses , whi ch provi de a temporary de�ni t i on f or a cl as s whi ch has
been ref erenced but not yet de�ned, can never be �nal i zed. An error i s s i gnal l ed i f �nal i ze-
i nheri tance i s cal l ed on a f orward- ref erenced cl as s .

nstance Structure rotocol

The i nstance st ructure protocol i s respons i bl e f or i mpl ement i ng the behavi or of the s l ot
acces s f unct i ons l i ke sl ot-val ue and (setf sl ot-val ue).

For each CLOS s l ot acces s f unct i on other than sl ot- e i sts-p, there i s a correspondi ng
gener i c f unct i on whi ch actual l y provi des the behavi or of the f unct i on. When cal l ed, the s l ot
acces s f unct i on �nds the pert i nent e�ect i ve s l ot de�ni t i on metaobj ect , cal l s the correspond-
i ng gener i c f unct i on and returns i t s resul t . The arguments passed on to the gener i c f unct i on
i ncl ude one addi t i onal val ue, the cl as s of the obj ect argument , whi ch al ways i mmedi atel y
precedes the obj ect argument

The correspondences between s l ot acces s f unct i on and under l yi ng s l ot acces s gener i c
f unct i on are as f ol l ows :

l ot ccess Functi on Correspondi ng l ot ccess
Generi c Functi on

sl ot-boundp sl ot-boundp-usi ng-cl ass
sl ot-ma unbound sl ot-ma unbound-usi ng-cl ass
sl ot-val ue sl ot-val ue-usi ng-cl ass
(setf sl ot-val ue) (setf sl ot-val ue-usi ng-cl ass)

At the l owest l evel , the i nstance st ructure protocol provi des onl y l i mi ted mechani sms
f or portabl e programs to control the i mpl ementat i on of i nstances and to di rect l y acces s
the storage associ ated wi th i nstances wi thout goi ng through the i ndi rect i on of s l ot acces s .
Thi s i s done to al l owportabl e programs to per f ormcertai n commonl y requested s l ot acces s
opt i mi zat i ons .

I n part i cul ar , portabl e programs can control the i mpl ementat i on of , and obtai n di rect
acces s to, s l ot s wi th al l ocat i on : i nstance and type t. These are cal l ed di rect l accessi bl e

sl ot s .
The rel evant speci �ed around-method on compute- sl ots determi nes the i mpl ementa-

t i on of i nstances by deci di ng howeach s l ot i n the i nstance wi l l be s tored. For each di rect l y
acces s i bl e s l ot , thi s method al l ocates a l ocat i on and associ ates i t wi th the e�ect i ve s l ot def -
i ni t i on metaobj ect . The l ocat i on can be acces sed by cal l i ng the sl ot-de�ni ti on- l ocati on
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gener i c f unct i on. Locat i ons are non- negat i ve i ntegers . For a gi ven cl as s , the l ocat i ons i n-
crease consecut i vel y, i n the order that the di rect l y acces s i bl e s l ot s appear i n the l i s t of
e�ect i ve s l ot s . ( ote that here, the next paragraph, and the speci �cat i on of thi s around-
method are the onl y pl aces where the val ue returned by compute- sl ots i s descr i bed as a
l i s t rather than a set . )

Gi ven the l ocat i on of a di rect l y acces s i bl e s l ot , the val ue of that s l ot i n an i nstance
can be acces sed wi th the appropr i ate acces sor . For standard-cl ass, thi s acces sor i s the
f unct i on standard- i nstance-access. For f uncal l abl e- standard-cl ass, thi s acces sor i s
the f unct i on f uncal l abl e- standard- i nstance-access. I n each case, the arguments to the
acces sor are the i nstance and the s l ot l ocat i on, i n that order . See the de�ni t i on of each
acces sor i n Chapter 6 f or addi t i onal res t r i ct i ons on the use of these f unct i on.

Portabl e programs are permi tted to a�ect and rel y on the al l ocat i on of l ocat i ons onl y
i n the f ol l owi ng l i mi ted way: By �rst de�ni ng a portabl e pr i mary method on compute-
sl ots whi ch orders the returned val ue i n a predi ctabl e way, and then rel yi ng on the de�ned
behavi or of the speci �ed around-method to ass i gn l ocat i ons to al l di rect l y acces s i bl e s l ot s .
Portabl e programs may compi l e- i n cal l s to l ow- l evel acces sors whi ch take advantage of the
resul t i ng predi ctabl e al l ocat i on of s l ot l ocat i ons .

ampl e:
The f ol l owi ng exampl e shows the use of thi s mechani smto i mpl ement a newcl ass metaob-
j ect cl as s , ordered-cl ass and cl as s opt i on : sl ot-order. Thi s opt i on provi des control over
the al l ocat i on of s l ot l ocat i ons . I n thi s s i mpl e exampl e i mpl ementat i on, the : sl ot-order
opt i on i s not i nher i ted by subcl as ses ; i t control s onl y i nstances of the cl as s i t sel f .

e class or ere class s a ar class

slo or er i i orm

i i ar slo or er

rea er class slo or er

e me o comp e slo s class or ere class

le or er class slo or er class

sor cop lis call ex me o

lam a a

posi io slo e i i io ame a or er

posi io slo e i i io ame a or er

Fol l owi ng i s the source code the user of thi s extens i on woul d wr i te. ote that because
the code above doesn' t i mpl ement i nher i tance of the : sl ot-order opt i on, the f unct i on
di stancemust not be cal l ed on i nstances of subcl as ses of poi nt; i t can onl y be cal l ed on
i nstances of poi nt i t s el f .

e class poi

x i i orm
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i i orm

me aclass or ere class

slo or er x

e is a ce poi

s r / exp s a ar i s a ce access poi

exp s a ar i s a ce access poi

.

I n more real i s t i c uses of thi s mechani sm, the cal l s to the l ow- l evel i ns tance st ructure
acces sors woul d not actual l y appear textual l y i n the source program, but rather woul d
be generated by a meta- l evel anal ys i s programrun dur i ng the proces s of compi l i ng the
source program.

uncal la le nstances

I nstances of cl as ses whi ch are themsel ves i nstances of f uncal l abl e- standard-cl ass or one
of i t s subcl as ses are cal l ed uncal l abl e i nst ances . Funcal l abl e i nstances can onl y be created
by al l ocate- i nstance (f uncal l abl e- standard-cl ass).

Li ke s tandard i nstances , f uncal l abl e i nstances have s l ot s wi th the normal behavi or . They
di �er f romstandard i nstances i n that they can be used as f unct i ons as wel l ; that i s , they
can be passed to f uncal l and appl y, and they can be stored as the de�ni t i on of a f unct i on
name. Associ ated wi th each f uncal l abl e i nstance i s the f unct i on whi ch i t runs when i t i s
cal l ed. Thi s f unct i on can be changed wi th set- f uncal l abl e- i nstance- f uncti on.

ampl e:
The f ol l owi ng s i mpl e exampl e shows the use of f uncal l abl e i nstances to create a s i mpl e,
def struct- l i ke f aci l i ty. (Funcal l abl e i nstances are usef ul when a programneeds to con-
s t ruct and mai ntai n a set of f unct i ons and i nf ormat i on about those f unct i ons . They make
i t poss i bl e to mai ntai n both as the same obj ect rather than two separate obj ect s l i nked,
f or exampl e, by hash tabl es . )

e class co s r c or

ame i i ar ame accessor co s r c or ame

iel s i i ar iel s accessor co s r c or iel s

me aclass calla le s a ar class

e me o i i iali e i s a ce a er c co s r c or e

i slo s ame iel s c

se calla le i s a ce c io

c

lam a

le e ma e arra le iel s



26 CHAPTER 5 . CONCEPTS

se are e ame

e

se c ma e i s a ce co s r c or

ame posi io iel s x

se p call c

eneric unction n ocation rotocol

Associ ated wi th each gener i c f unct i on i s i t s di scr i mi nat i ng f unct i on. Each t i me the gener i c
f unct i on i s cal l ed, the di scr i mi nat i ng f unct i on i s cal l ed to provi de the behavi or of the gener i c
f unct i on. The di scr i mi nat i ng f unct i on recei ves the f ul l s et of arguments recei ved by the
gener i c f unct i on. I t must l ookup and execute the appropr i ate methods , and return the
appropr i ate val ues .

The di scr i mi nat i ng f unct i on i s computed by the hi ghest l ayer of the gener i c f unct i on i nvo-
cat i on protocol , compute-di scriminati ng- f uncti on. Whenever a gener i c f unct i on meta-
obj ect i s i ni t i al i zed, rei ni t i al i zed, or a method i s added or removed, the di scr i mi nat i ng f unc-
t i on i s recomputed. The newdi scr i mi nat i ng f unct i on i s then stored wi th set- f uncal l abl e-
i nstance- functi on.

Di scr i mi nat i ng f unct i ons cal l compute-appl i cabl e-methods and compute-appl i cabl e-
methods-usi ng-cl asses to compute the methods appl i cabl e to the gener i c f unct i ons argu-
ments . Appl i cabl e methods are combi ned by compute-e ecti ve-method to produce an
e ect i e met hod . Provi s i ons are made to al l owmemoi zat i on of the method appl i cabi l i ty
and e�ect i ve methods computat i ons . (See the descr i pt i on of compute-di scriminati ng-
f uncti on f or detai l s . )

The body of method de�ni t i ons are proces sed by ma e-method- l ambda. The resul t
of thi s gener i c f unct i on i s a l ambda expres s i on whi ch i s proces sed by ei ther compi l e or the
�l e compi l er to produce a met hod unct i on. The arguments recei ved by the method f unct i on
are control l ed by the cal l -method f orms appear i ng i n the e�ect i ve methods . By def aul t ,
method f unct i ons accept two arguments : a l i s t of arguments to the gener i c f unct i on, and a
l i s t of next methods . The l i s t of next methods corresponds to the next methods argument
to cal l -method. I f cal l -method appears wi th addi t i onal arguments , these wi l l be passed
to the method f unct i ons as wel l ; i n these cases , ma e-method- l ambdamust have created
the method l ambdas to expect addi t i onal arguments .

e en ent aintenance rotocol

I t i s conveni ent f or portabl e metaobj ect s to be abl e to memoi ze i nf ormat i on about other
metaobj ect s , portabl e or otherwi se. Because cl as s and gener i c f unct i on metaobj ect s can
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be rei ni t i al i zed, and gener i c f unct i on metaobj ect s can be modi �ed by addi ng and removi ng
methods , a means must be provi ded to update thi s memoi zed i nf ormat i on.

The dependent mai ntenance protocol supports thi s by provi di ng a way to regi s ter an
obj ect whi ch shoul d be not i �ed whenever a cl as s or gener i c f unct i on i s modi �ed. An obj ect
whi ch has been regi s tered thi s way i s cal l ed a de endent of the cl as s or gener i c f unct i on
metaobj ect . The dependents of cl as s and gener i c f unct i on metaobj ect s are mai ntai ned wi th
add-dependent and remove-dependent. The dependents of a cl as s or gener i c f unct i on
metaobj ect can be acces sed wi thmap-dependents. Dependents are not i �ed about a mod-
i �cat i on by cal l i ng update-dependent. (See the speci �cat i on of update-dependent f or
detai l ed descr i pt i on of the ci rcumstances under whi ch i t i s cal l ed. )

To prevent con i ct s between two portabl e programs, or between portabl e programs and
the i mpl ementat i on, portabl e code must not regi s ter metaobj ect s themsel ves as dependents .
I nstead, portabl e programs whi ch need to record a metaobj ect as a dependent , shoul d
encapsul ate that metaobj ect i n some other ki nd of obj ect , and record that obj ect as the
dependent . The resul t s are unde�ned i f thi s res t r i ct i on i s vi ol ated.

ampl e:
Thi s exampl e shows a general f aci l i ty f or encapsul at i ng metaobj ect s bef ore recordi ng
themas dependents . The f aci l i ty de�nes a bas i c ki nd of encapsul at i ng obj ect : an up-
dater . Speci al i zat i ons of the bas i c cl as s can be de�ned wi th appropr i ate speci al updat i ng
behavi or . I n thi s way, i nf ormat i on about the updat i ng requi red i s as soci ated wi th each
updater rather than wi th the metaobj ect bei ng updated.

Updater s are used to encapsul ate any metaobj ect whi ch requi res updat i ng when a
gi ven cl as s or gener i c f unct i on i s modi �ed. The f unct i on record-updater i s cal l ed to
both create an updater and add i t to the dependents of the cl as s or gener i c f unct i on.
Methods on the gener i c f unct i on update-dependent, speci al i zed to the speci �c cl as s of
updater do the appropr i ate update work.

e class p a er

epe e i i ar epe e rea er epe e

e recor p a er class epe ee epe e res i i ar s

le p a er appl ma e i s a ce class epe e epe e

i i ar s

a epe e epe ee p a er

p a er

A ush-cache-updater s i mpl y ushes the cache of the dependent when i t i s updated.

e class l s cac e p a er p a er

e me o p a e epe e epe ee p a er l s cac e p a er

res ar s
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eclare i ore ar s

l s cac e epe e p a er



a ter

ene n t ons n

et o s

Thi s chapter descr i bes each of the f unct i ons and gener i c f unct i ons that make up the CLOS
Metaobj ect Protocol . The descr i pt i ons appear i n al phabet i cal order wi th the except i on that
al l the reader gener i c f unct i ons f or each ki nd of metaobj ect are grouped together . So, f or
exampl e, method- f uncti onwoul d be f ound wi th method-qual i �ers and other method
metaobj ect readers under \Readers f or Method Metaobj ect s . "

The descr i pt i on of f unct i ons f ol l ows the same f ormas used i n the CLOS speci �cat i on.
The descr i pt i on of gener i c f unct i ons i s s i mi l ar to that i n the CLOS speci �cat i on, but some
mi nor changes have been made i n the way methods are presented.

The f ol l owi ng i s an exampl e of the f ormat f or the syntax descr i pt i on of a gener i c f unct i on:

gf 1
op io al e

Thi s descr i pt i on i ndi cates that gf 1 i s a gener i c f unct i on wi th two requi red parameters ,
and , an opt i onal parameter and a keyword parameter .

The descr i pt i on of a gener i c f unct i on i ncl udes a descr i pt i on of i t s behavi or . Thi s provi des
the general behavi or , or protocol of the gener i c f unct i on. Al l methods de�ned on the gener i c
f unct i on, both portabl e and speci �ed, must have behavi or cons i s tent wi th thi s descr i pt i on.

Every gener i c f unct i on descr i bed i n thi s sect i on i s an i nstance of the cl as s standard-
generi c- f uncti onand uses s tandard method combi nat i on.

The descr i pt i on of a gener i c f unct i on al so i ncl udes descr i pt i ons of the speci �ed methods
f or that gener i c f unct i on. I n the descr i pt i on of these methods , a met hod si gnat ure i s used
to descr i be the parameters and parameter speci al i zer s of each method. The f ol l owi ng i s an
exampl e of the f ormat f or a method s i gnature:

29
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gf 1 ri mar et hod

cl ass op io al e

Thi s s i gnature i ndi cates that thi s pr i mary method on the gener i c f unct i on gf 1 has two
requi red parameters , named and . I n addi t i on, there i s an opt i onal parameter
and a keyword parameter . Thi s s i gnature al so i ndi cates that the method' s parameter
speci al i zer s are the cl as ses named cl ass and t.

The descr i pt i on of each method i ncl udes a descr i pt i on of the behavi or part i cul ar to
that method.

An abbrevi ated syntax i s used when ref er r i ng to a method de�ned el sewhere i n the
document . Thi s abbrevi ated syntax i ncl udes the name of the gener i c f unct i on, the qual -
i �er s , and the parameter speci al i zer s . A ref erence to the method wi th the s i gnature
shown above i s wr i t ten as : gf 1 (cl ass t).

a e en ent eneri c unct i on

S
add-dependent

met aobj ect de endent

A
The met aobj ect argument i s a cl as s or gener i c f unct i on metaobj ect .

The de endent argument i s an obj ect .

The val ue returned by thi s gener i c f unct i on i s unspeci �ed.

P
Thi s gener i c f unct i on adds de endent to the dependents of met aobj ect . I f de endent i s
al ready i n the set of dependents i t i s not added agai n (no error i s s i gnal ed) .

The gener i c f unct i on map-dependents can be cal l ed to acces s the set of dependents
of a cl as s or gener i c f unct i on. The gener i c f unct i on remove-dependent can be cal l ed to
remove an obj ect f romthe set of dependents of a cl as s or gener i c f unct i on. The e�ect of
cal l i ng add-dependent or remove-dependent whi l e a cal l to map-dependents on the
same cl as s or gener i c f unct i on i s i n progres s i s unspeci �ed.

The s i tuat i ons i n whi ch add-dependent i s cal l ed are not speci �ed.

M
add-dependent ri mar et hod

cl ass s a ar class de endent

o behavi or i s speci �ed f or thi s method beyond that whi ch i s speci �ed f or the gener i c
f unct i on.
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Thi s method cannot be overr i dden unl es s the f ol l owi ng methods are overr i dden as
wel l :

remove-dependent (standard-cl ass t)
map-dependents (standard-cl ass t)

add-dependent ri mar et hod

cl ass calla le s a ar class de endent

o behavi or i s speci �ed f or thi s method beyond that whi ch i s speci �ed f or the gener i c
f unct i on.

Thi s method cannot be overr i dden unl es s the f ol l owi ng methods are overr i dden as
wel l :

remove-dependent (f uncal l abl e- standard-cl ass t)
map-dependents (f uncal l abl e- standard-cl ass t)

add-dependent ri mar et hod

generi c- unct i on s a ar e eric c io de endent

o behavi or i s speci �ed f or thi s method beyond that whi ch i s speci �ed f or the gener i c
f unct i on.

Thi s method cannot be overr i dden unl es s the f ol l owi ng methods are overr i dden as
wel l :

remove-dependent (standard-generi c- functi on t)
map-dependents (standard-generi c- f uncti on t)

R

See the \Dependent Mai ntenance Protocol " sect i on f or remarks about the use of thi s f aci l i ty.

a irect et o eneri c unct i on

S
add-di rect-method

s eci al i er met hod

A

The s eci al i er argument i s a speci al i zer metaobj ect .

The met hod argument i s a method metaobj ect .

The val ue returned by thi s gener i c f unct i on i s unspeci �ed.
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P
Thi s gener i c f unct i on i s cal l ed to mai ntai n a set of backpoi nter s f roma speci al i zer to the set
of methods speci al i zed to i t . I f met hod i s al ready i n the set , i t i s not added agai n (no error
i s s i gnal ed) .

Thi s set can be acces sed as a l i s t by cal l i ng the gener i c f unct i on speci al i zer-di rect-
methods. Methods are removed f romthe set by remove-di rect-method.

The gener i c f unct i on add-di rect-methodi s cal l ed by add-methodwhenever a method
i s added to a gener i c f unct i on. I t i s cal l ed once f or each of the speci al i zer s of the method.
ote that i n cases where a speci al i zer appears more than once i n the speci al i zer s of a method,

thi s gener i c f unct i on wi l l be cal l ed more than once wi th the same speci al i zer as argument .
The resul t s are unde�ned i f the s eci al i er argument i s not one of the speci al i zer s of the

met hod argument .

M
add-di rect-method ri mar et hod

s eci al i er class

met hod me o

Thi s method i mpl ements the behavi or of the gener i c f unct i on f or cl as s speci al i zer s . o
behavi or i s speci �ed f or thi s method beyond that whi ch i s speci �ed f or the gener i c
f unct i on.

Thi s method cannot be overr i dden unl es s the f ol l owi ng methods are overr i dden as
wel l :

remove-di rect-method (cl ass method)
speci al i zer-di rect-generi c- f uncti ons (cl ass)
speci al i zer-di rect-methods (cl ass)

add-di rect-method ri mar et hod

s eci al i er e l speciali er

met hod me o

Thi s method i mpl ements the behavi or of the gener i c f unct i on f or eql speci al i zer s . o
behavi or i s speci �ed f or thi s method beyond that whi ch i s speci �ed f or the gener i c
f unct i on.

a irect su class eneri c unct i on

S
add-di rect- subcl ass

su ercl ass subcl ass

A
The su ercl ass argument i s a cl as s metaobj ect .
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The subcl ass argument i s a cl as s metaobj ect .

The val ue returned by thi s gener i c f unct i on i s unspeci �ed.

P
Thi s gener i c f unct i on i s cal l ed to mai ntai n a set of backpoi nter s f roma cl ass to i t s di rect
subcl as ses . Thi s gener i c f unct i on adds subcl ass to the set of di rect subcl as ses of su ercl ass .

When a cl as s i s i ni t i al i zed, thi s gener i c f unct i on i s cal l ed once f or each di rect supercl as s
of the cl as s .

When a cl as s i s rei ni t i al i zed, thi s gener i c f unct i on i s cal l ed once f or each added di rect
supercl as s of the cl as s . The gener i c f unct i on remove-di rect- subcl ass i s cal l ed once f or
each del eted di rect supercl as s of the cl as s .

M
add-di rect- subcl ass ri mar et hod

su ercl ass class

subcl ass class

o behavi or i s speci �ed f or thi s method beyond that whi ch i s speci �ed f or the gener i c
f unct i on.

Thi s method cannot be overr i dden unl es s the f ol l owi ng methods are overr i dden as
wel l :

remove-di rect- subcl ass (cl ass cl ass)
cl ass-di rect- subcl asses (cl ass)

a et o eneri c unct i on

S
add-method

generi c- unct i on met hod

A
The generi c- unct i on argument i s a gener i c f unct i on metaobj ect .

The met hod argument i s a method metaobj ect .

The generi c- unct i on argument i s returned.

P
Thi s gener i c f unct i on associ ates an unattached method wi th a gener i c f unct i on.

An error i s s i gnal ed i f the l ambda l i s t of the method i s not congruent wi th the l ambda
l i s t of the gener i c f unct i on. An error i s al so s i gnal ed i f the method i s al ready associ ated
wi th some other gener i c f unct i on.
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I f the gi venmethod agrees wi th an exi s t i ng method of the gener i c f unct i on on parameter
speci al i zer s and qual i �er s , the exi s t i ng method i s removed by cal l i ng remove-methodbe-
f ore the newmethod i s added. See the sect i on of the CLOS Speci �cat i on cal l ed \Agreement
on Parameter Speci al i zer s and ual i �er s" f or a de�ni t i on of agreement i n thi s context .

Associ at i ng the method wi th the gener i c f unct i on then proceeds i n f our s teps : ( i ) add
met hod to the set returned by generi c- f uncti on-methods and arrange f or method-
generi c- f uncti on to return generi c- unct i on; ( i i ) cal l add-di rect-method f or each of the
method' s speci al i zer s ; ( i i i ) cal l compute-di scrimi nati ng-f uncti on and i nstal l i t s resul t
wi th set- f uncal l abl e- i nstance- functi on; and ( i v) update the dependents of the gener i c
f unct i on.

The gener i c f unct i on add-method can be cal l ed by the user or the i mpl ementat i on.

M
add-method ri mar et hod

generi c- unct i on s a ar e eric c io

met hod s a ar me o

o behavi or i s speci �ed f or thi s method beyond that whi ch i s speci �ed f or the gener i c
f unct i on.

al locate instance eneri c unct i on

S
al l ocate- i nstance

cl ass res i ni t args

A

The cl ass argument i s a cl as s metaobj ect .

The i ni t args argument cons i s t s of al ternat i ng i ni t i al i zat i on argument names and val ues .

The val ue returned i s a newl y al l ocated i nstance of cl ass .

P

Thi s gener i c f unct i on i s cal l ed to create a new, uni ni t i al i zed i nstance of a cl as s . The i n-
terpretat i on of the concept of an \uni ni t i al i zed" i nstance depends on the cl as s metaobj ect
cl as s .

Bef ore al l ocat i ng the new i nstance, cl ass-�nal i zed-p i s cal l ed to see i f cl ass has been
�nal i zed. I f i t has not been �nal i zed, �nal i ze- i nheri tance i s cal l ed bef ore the newi nstance
i s al l ocated.
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M
al l ocate- i nstance ri mar et hod

cl ass s a ar class res i ni t args

Thi s method al l ocates s torage i n the i nstance f or each s l ot wi th al l ocat i on : i nstance.
These s l ot s are unbound. Sl ot s wi th any other al l ocat i on are i gnored by thi s method (no
error i s s i gnal ed) .

al l ocate- i nstance ri mar et hod

cl ass calla le s a ar class res i ni t args

Thi s method al l ocates s torage i n the i nstance f or each s l ot wi th al l ocat i on : i nstance.
These s l ot s are unbound. Sl ot s wi th any other al l ocat i on are i gnored by thi s method (no
error i s s i gnal ed) .

The f uncal l abl e i nstance f unct i on of the i nstance i s unde�ned|the resul t s are unde-
�ned i f the i nstance i s appl i ed to arguments bef ore set- f uncal l abl e- i nstance- functi on
has been used to set the f uncal l abl e i nstance f unct i on.

al l ocate- i nstance ri mar et hod

cl ass il i class res i ni t args

Thi s method s i gnal s an error .

class eneri c unct i on

The f ol l owi ng gener i c f unct i ons are descr i bed together under \Readers f or Cl ass
Metaobj ect s" (page 75) : cl ass-def aul t- i ni targs, cl ass-di rect-def aul t- i ni targs, cl ass-
di rect- sl ots, cl ass-di rect-subcl asses, cl ass-di rect- supercl asses, cl ass-�nal i zed-p,
cl ass-name, cl ass-precedence- l i st, cl ass-prototype and cl ass- sl ots.

co ute a l ica le et o s eneri c unct i on

S
compute-appl i cabl e-methods

generi c- unct i on argument s

A
The generi c- unct i on argument i s a gener i c f unct i on metaobj ect .

The argument s argument i s a l i s t of obj ect s .

Thi s gener i c f unct i on returns a poss i bl y empty l i s t of method metaobj ect s .
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P
Thi s gener i c f unct i on determi nes the method appl i cabi l i ty of a gener i c f unct i on gi ven a l i s t
of requi red arguments . The returned l i s t of method metaobj ect s i s sor ted by precedence
order wi th the most speci �c method appear i ng �rst . I f no methods are appl i cabl e to the
suppl i ed arguments the empty l i s t i s returned.

When a gener i c f unct i on i s i nvoked, the di scr i mi nat i ng f unct i on must determi ne the
ordered l i s t of methods appl i cabl e to the arguments . Dependi ng on the gener i c f unct i on and
the arguments , thi s i s done i n one of three ways : us i ng a memoi zed val ue; cal l i ng compute-
appl i cabl e-methods-usi ng-cl asses; or cal l i ng compute-appl i cabl e-methods. (Ref er
to the descr i pt i on of compute-di scriminati ng- functi on f or the detai l s of thi s proces s . )

The argument s argument i s permi tted to contai nmore el ements than the gener i c f unct i on
accepts requi red arguments ; i n these cases the extra arguments wi l l be i gnored. An error
i s s i gnal ed i f argument s contai ns f ewer el ements than the gener i c f unct i on accepts requi red
arguments .

The l i s t returned by thi s gener i c f unct i on wi l l not be mutated by the i mpl ementat i on.
The resul t s are unde�ned i f a portabl e programmutates the l i s t returned by thi s gener i c
f unct i on.

M
compute-appl i cabl e-methods ri mar et hod

generi c- unct i on s a ar e eric c io

argument s

Thi s method s i gnal s an error i f any method of the gener i c f unct i on has a speci al i zer
whi ch i s nei ther a cl as s metaobj ect nor an eql speci al i zer metaobj ect .

Otherwi se, thi s method computes the sorted l i s t of appl i cabl e methods accordi ng to
the rul es descr i bed i n the sect i on of the CLOS Speci �cat i on cal l ed \Method Sel ect i on
and Combi nat i on. "

Thi s method can be overr i dden. Because of the cons i s tency requi rements between
thi s gener i c f unct i on and compute-appl i cabl e-methods-usi ng-cl asses, doi ng so may
requi re al so overr i di ng compute-appl i cabl e-methods-usi ng-cl asses (standard-
generi c- f uncti on t).

co ute a l ica le et o s usin classes eneri c unct i on

S
compute-appl i cabl e-methods-usi ng-cl asses

generi c- unct i on cl asses

A
The generi c- unct i on argument i s a gener i c f unct i on metaobj ect .

The cl asses argument i s a l i s t of cl as s metaobj ect s .
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Thi s gener i c f unct i on returns two val ues . The �rst i s a poss i bl y empty l i s t of method
metaobj ect s . The second i s ei ther t rue or f al se.

P

Thi s gener i c f unct i on i s cal l ed to attempt to determi ne the method appl i cabi l i ty of a gener i c
f unct i on gi ven onl y the cl as ses of the requi red arguments .

I f i t i s poss i bl e to compl etel y determi ne the ordered l i s t of appl i cabl e methods based
onl y on the suppl i ed cl as ses , thi s gener i c f unct i on returns that l i s t as i t s �rs t val ue and true
as i t s second val ue. The returned l i s t of method metaobj ect s i s sor ted by precedence order ,
the most speci �c method comi ng �rst . I f no methods are appl i cabl e to arguments wi th the
speci �ed cl as ses , the empty l i s t and true are returned.

I f i t i s not poss i bl e to compl etel y determi ne the ordered l i s t of appl i cabl e methods based
onl y on the suppl i ed cl as ses , thi s gener i c f unct i on returns an unspeci �ed �rst val ue and f al se
as i t s second val ue.

When a gener i c f unct i on i s i nvoked, the di scr i mi nat i ng f unct i on must determi ne the
ordered l i s t of methods appl i cabl e to the arguments . Dependi ng on the gener i c f unct i on and
the arguments , thi s i s done i n one of three ways : us i ng a memoi zed val ue; cal l i ng compute-
appl i cabl e-methods-usi ng-cl asses; or cal l i ng compute-appl i cabl e-methods. (Ref er
to the descr i pt i on of compute-di scriminati ng- functi on f or the detai l s of thi s proces s . )

The f ol l owi ng cons i s tency rel at i onshi p between compute-appl i cabl e-methods-usi ng-
cl asses and compute-appl i cabl e-methods must be mai ntai ned: f or any gi ven gener i c
f unct i on and set of arguments , i f compute-appl i cabl e-methods-usi ng-cl asses returns
a second val ue of t rue, the �rs t val ue must be equal to the val ue that woul d be returned
by a correspondi ng cal l to compute-appl i cabl e-methods. The resul t s are unde�ned i f a
portabl e method on ei ther of these gener i c f unct i ons causes thi s cons i s tency to be vi ol ated.

The l i s t returned by thi s gener i c f unct i on wi l l not be mutated by the i mpl ementat i on.
The resul t s are unde�ned i f a portabl e programmutates the l i s t returned by thi s gener i c
f unct i on.

M
compute-appl i cabl e-methods-usi ng-cl asses ri mar et hod

generi c- unct i on s a ar e eric c io

cl asses

I f anymethod of the gener i c f unct i on has a speci al i zer whi ch i s nei ther a cl as s metaobj ect
nor an eql speci al i zer metaobj ect , thi s method s i gnal s an error .

I n cases where the gener i c f unct i on has no methods wi th eql speci al i zer s , or has no
methods wi th eql speci al i zer s that coul d be appl i cabl e to arguments of the suppl i ed
cl as ses , thi s method returns the ordered l i s t of appl i cabl e methods as i t s �rs t val ue and
true as i t s second val ue.

Otherwi se thi s method returns an unspeci �ed �rst val ue and f al se as i t s second val ue.
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Thi s method can be overr i dden. Because of the cons i s tency requi rements between
thi s gener i c f unct i on and compute-appl i cabl e-methods, doi ng so may requi re al so
overr i di ng compute-appl i cabl e-methods (standard-generi c- f uncti on t).

R

Thi s gener i c f unct i on exi s t s to al l owuser extens i ons whi ch al ter method l ookup rul es , but
whi ch base the newrul es onl y on the cl as ses of the requi red arguments , to take advantage
of the cl as s - based method l ookup memoi zat i on f ound i n many i mpl ementat i ons . (There i s
of course no requi rement f or an i mpl ementat i on to provi de thi s opt i mi zat i on. )

Such an extens i on can be i mpl emented by two methods , one on thi s gener i c f unct i on and
one on compute-appl i cabl e-methods. Whenever the user extens i on i s i n e�ect , the �rs t
method wi l l r eturn a second val ue of t rue. Thi s shoul d al l owthe i mpl ementat i on to absorb
these cases i nto i t s own memoi zat i on scheme.

To get appropr i ate per f ormance, other ki nds of extens i ons may requi re methods on
compute-di scriminati ng- functi onwhi ch i mpl ement thei r own memoi zat i on scheme.

co ute class rece ence list eneri c unct i on

S
compute-cl ass-precedence- l i st

cl ass

A

The cl ass argument i s a cl as s metaobj ect .

The val ue returned by thi s gener i c f unct i on i s a l i s t of cl as s metaobj ect s .

P

Thi s gener i c- f unct i on i s cal l ed to determi ne the cl as s precedence l i s t of a cl as s .

The resul t i s a l i s t whi ch contai ns each of cl ass and i t s supercl as ses once and onl y once.
The �rst el ement of the l i s t i s cl ass and the l as t el ement i s the cl as s named t.

Al l methods on thi s gener i c f unct i onmust compute the cl as s precedence l i s t as a f unct i on
of the ordered di rect supercl as ses of the supercl as ses of cl ass . The resul t s are unde�ned i f
the rul es used to compute the cl as s precedence l i s t depend on any other f actors .

When a cl as s i s �nal i zed, �nal i ze- i nheri tance cal l s thi s gener i c f unct i on and associ ates
the returned val ue wi th the cl as s metaobj ect . The val ue can then be acces sed by cal l i ng
cl ass-precedence- l i st.

The l i s t returned by thi s gener i c f unct i on wi l l not be mutated by the i mpl ementat i on.
The resul t s are unde�ned i f a portabl e programmutates the l i s t returned by thi s gener i c
f unct i on.
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M
compute-cl ass-precedence- l i st ri mar et hod

cl ass class

Thi s method computes the cl as s precedence l i s t accordi ng to the rul es descr i bed i n the
sect i on of the CLOS Speci �cat i on cal l ed \Determi ni ng the Cl ass Precedence Li s t . "

Thi s method s i gnal s an error i f cl ass or any of i t s supercl as ses i s a f orward ref erenced
cl as s .

Thi s method can be overr i dden.

co ute e ault initar s eneri c unct i on

S
compute-defaul t- i ni targs

cl ass

A

The cl ass argument i s a cl as s metaobj ect .

The val ue returned by thi s gener i c f unct i on i s a l i s t of canoni cal i zed def aul t i ni t i al i zat i on
arguments .

P

Thi s gener i c- f unct i on i s cal l ed to determi ne the def aul t i ni t i al i zat i on arguments f or a cl as s .

The resul t i s a l i s t of canoni cal i zed def aul t i ni t i al i zat i on arguments , wi th no dupl i cat i on
among i ni t i al i zat i on argument names .

Al l methods on thi s gener i c f unct i on must compute the def aul t i ni t i al i zat i on arguments
as a f unct i on of onl y: ( i ) the cl as s precedence l i s t of cl ass , and ( i i ) the di rect def aul t
i ni t i al i zat i on arguments of each cl as s i n that l i s t . The resul t s are unde�ned i f the rul es used
to compute the def aul t i ni t i al i zat i on arguments depend on any other f actors .

When a cl as s i s �nal i zed, �nal i ze- i nheri tance cal l s thi s gener i c f unct i on and associ ates
the returned val ue wi th the cl as s metaobj ect . The val ue can then be acces sed by cal l i ng
cl ass-def aul t- i ni targs.

The l i s t returned by thi s gener i c f unct i on wi l l not be mutated by the i mpl ementat i on.
The resul t s are unde�ned i f a portabl e programmutates the l i s t returned by thi s gener i c
f unct i on.
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M
compute-defaul t- i ni targs ri mar et hod

cl ass s a ar class

compute-defaul t- i ni targs ri mar et hod

cl ass calla le s a ar class

These methods compute the def aul t i ni t i al i zat i on arguments accordi ng to the rul es de-
scr i bed i n the sect i on of the CLOS Speci �cat i on cal l ed \Def aul t i ng of I ni t i al i zat i on Ar-
guments . "

These methods s i gnal an error i f cl ass or any of i t s supercl as ses i s a f orward ref erenced
cl as s .

These methods can be overr i dden.

co ute iscri inatin unction eneri c unct i on

S
compute-di scriminati ng- functi on

generi c- unct i on

A
The generi c- unct i on argument i s a gener i c f unct i on metaobj ect .

The val ue returned by thi s gener i c f unct i on i s a f unct i on.

P
Thi s gener i c f unct i on i s cal l ed to determi ne the di scr i mi nat i ng f unct i on f or a gener i c f unct i on.
When a gener i c f unct i on i s cal l ed, the i nst al l ed di scr i mi nat i ng f unct i on i s cal l ed wi th the
f ul l s et of arguments recei ved by the gener i c f unct i on, and must i mpl ement the behavi or of
cal l i ng the gener i c f unct i on: determi ni ng the ordered set of appl i cabl e methods , determi ni ng
the e�ect i ve method, and runni ng the e�ect i ve method.

To determi ne the ordered set of appl i cabl e methods , the di scr i mi nat i ng f unct i on �rst
cal l s compute-appl i cabl e-methods-usi ng-cl asses. I f compute-appl i cabl e-methods-
usi ng-cl asses returns a second val ue of f al se, the di scr i mi nat i ng f unct i on then cal l s
compute-appl i cabl e-methods.

When compute-appl i cabl e-methods-usi ng-cl asses returns a second val ue of t rue,
the di scr i mi nat i ng f unct i on i s permi tted to memoi ze the �rs t returned val ue as f ol l ows . The
di scr i mi nat i ng f unct i on may reuse the l i s t of appl i cabl e methods wi thout cal l i ng compute-
appl i cabl e-methods-usi ng-cl asses agai n provi ded that :

( i ) the gener i c f unct i on i s bei ng cal l ed agai n wi th requi red arguments whi ch are
i nstances of the same cl as ses ,

( i i ) the gener i c f unct i on has not been rei ni t i al i zed,
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( i i i ) no method has been added to or removed f romthe gener i c f unct i on,
( i v) f or al l the speci al i zer s of al l the gener i c f unct i on' s methods whi ch are cl as ses ,

thei r cl as s precedence l i s t s have not changed and
(v) f or any such memoi zed val ue, the cl as s precedence l i s t of the cl as s of each of

the requi red arguments has not changed.

Determi nat i on of the e�ect i ve method i s done by cal l i ng compute-e ecti ve-method.
When the e�ect i ve method i s run, each method' s f unct i on i s cal l ed, and recei ves as argu-
ments : ( i ) a l i s t of the arguments to the gener i c f unct i on, and ( i i ) whatever other arguments
are speci �ed i n the cal l -method f ormi ndi cat i ng that the method shoul d be cal l ed. (See
ma e-method- l ambda f or more i nf ormat i on about howmethod f unct i ons are cal l ed. )

The gener i c f unct i on compute-di scrimi nati ng- f uncti on i s cal l ed, and i t s resul t
i ns tal l ed, by add-method, remove-method, i ni ti al i ze- i nstance and rei ni ti al i ze-
i nstance.

M
compute-di scriminati ng- functi on ri mar et hod

generi c- unct i on s a ar e eric c io

o behavi or i s speci �ed f or thi s method beyond that speci �ed f or the gener i c f unct i on.
Thi s method can be overr i dden.

co ute e ecti e et o eneri c unct i on

S
compute-e ecti ve-method

generi c- unct i on met hod- combi nat i on met hods

A
The generi c- unct i on argument i s a gener i c f unct i on metaobj ect .

The met hod- combi nat i on argument i s a method combi nat i on metaobj ect .
The met hods argument i s a l i s t of method metaobj ect s .

Thi s gener i c f unct i on returns two val ues . The �rst i s an e�ect i ve method, the second i s a
l i s t of e�ect i ve method opt i ons .

P
Thi s gener i c f unct i on i s cal l ed to determi ne the e�ect i ve method f roma sorted l i s t of method
metaobj ect s .

An e�ect i ve method i s a f ormthat descr i bes how the appl i cabl e methods are to be
combi ned. I ns i de of e�ect i ve method f orms are cal l -method f orms whi ch i ndi cate that a
part i cul ar method i s to be cal l ed. The arguments to the cal l -method f ormi ndi cate exact l y
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howthe method f unct i on of the method shoul d be cal l ed. (See ma e-method- l ambda f or
more detai l s about method f unct i ons . )

An e�ect i ve method opt i on has the same i nterpretat i on and syntax as ei ther the : argu-
ments or the : generi c- f uncti onopt i on i n the l ong f ormof de�ne-method-combinati on.

More i nf ormat i on about the f ormand i nterpretat i on of e�ect i ve methods and e�ect i ve
method opt i ons can be f ound under the descr i pt i on of the de�ne-method-combinati on
macro i n the CLOS speci �cat i on.

Thi s gener i c f unct i on can be cal l ed by the user or the i mpl ementat i on. I t i s cal l ed by
di scr i mi nat i ng f unct i ons whenever a sorted l i s t of appl i cabl e methods must be converted to
an e�ect i ve method.

M
compute-e ecti ve-method ri mar et hod

generi c- unct i on s a ar e eric c io

met hod- combi nat i on

met hods

Thi s method computes the e�ect i ve method accordi ng to the rul es of the method com-
bi nat i on type i mpl emented by met hod- combi nat i on.

Thi s method can be overr i dden.

co ute e ecti e slot e nition eneri c unct i on

S
compute-e ecti ve- sl ot-de�ni ti on

cl ass name di rect - sl ot - de ni t i ons

A
The cl ass argument i s a cl as s metaobj ect .

The name argument i s a s l ot name.
The di rect - sl ot -de ni t i ons argument i s an ordered l i s t of di rect s l ot de�ni t i on metaob-

j ect s . The most speci �c di rect s l ot de�ni t i on metaobj ect appears �rs t i n the l i s t .

The val ue returned by thi s gener i c f unct i on i s an e�ect i ve s l ot de�ni t i on metaobj ect .

P
Thi s gener i c f unct i on determi nes the e�ect i ve s l ot de�ni t i on f or a s l ot i n a cl as s . I t i s cal l ed
by compute- sl ots once f or each s l ot acces s i bl e i n i nstances of cl ass .

Thi s gener i c f unct i on uses the suppl i ed l i s t of di rect s l ot de�ni t i on metaobj ect s to com-
pute the i nher i tance of s l ot propert i es f or a s i ngl e s l ot . The returned e�ect i ve s l ot de�ni t i on
represents the resul t of comput i ng the i nher i tance. The name of the new e�ect i ve s l ot
de�ni t i on i s the same as the name of the di rect s l ot de�ni t i ons suppl i ed.
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The cl as s of the e�ect i ve s l ot de�ni t i on metaobj ect i s determi ned by cal l i ng e ecti ve-
sl ot-de�ni ti on-cl ass. The e�ect i ve s l ot de�ni t i on i s then created by cal l i ng ma e-
i nstance. The i ni t i al i zat i on arguments passed i n thi s cal l to ma e- i nstance are used to
i ni t i al i ze the newe�ect i ve s l ot de�ni t i on metaobj ect . See \Ini t i al i zat i on of Sl ot De�ni t i on
Metaobj ect s" f or detai l s .

M
compute-e ecti ve- sl ot-de�ni ti on ri mar et hod

cl ass s a ar class

name

di rect - sl ot - de ni t i ons

Thi s method i mpl ements the i nher i tance and def aul t i ng of s l ot opt i ons f ol l owi ng the rul es
descr i bed i n the \Inher i tance of Sl ot s and Opt i ons" sect i on of the CLOS Speci �cat i on.

Thi s method can be extended, but the val ue returned by the extendi ng method must
be the val ue returned by thi s method.

compute-e ecti ve- sl ot-de�ni ti on ri mar et hod

cl ass calla le s a ar class

name

di rect - sl ot - de ni t i ons

Thi s method i mpl ements the i nher i tance and def aul t i ng of s l ot opt i ons f ol l owi ng the rul es
descr i bed i n the \Inher i tance of Sl ot s and Opt i ons" sect i on of the CLOS Speci �cat i on.

Thi s method can be extended, but the val ue returned by the extendi ng method must
be the val ue returned by thi s method.

co ute slots eneri c unct i on

S
compute- sl ots

cl ass

A
The cl ass argument i s a cl as s metaobj ect .

The val ue returned i s a set of e�ect i ve s l ot de�ni t i on metaobj ect s .

P
Thi s gener i c f unct i on computes a set of e�ect i ve s l ot de�ni t i on metaobj ect s f or the cl as s
cl ass . The resul t i s a l i s t of e�ect i ve s l ot de�ni t i on metaobj ect s : one f or each s l ot that wi l l
be acces s i bl e i n i nstances of cl ass .

Thi s gener i c f unct i on proceeds i n 3 steps :
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The �rst s tep col l ect s the f ul l s et of di rect s l ot de�ni t i ons f romthe supercl as ses of cl ass .

The di rect s l ot de�ni t i ons are then col l ected i nto i ndi vi dual l i s t s , one l i s t f or each s l ot
name associ ated wi th any of the di rect s l ot de�ni t i ons . The s l ot names are compared wi th
eql . Each such l i s t i s then sorted i nto cl as s precedence l i s t order . Di rect s l ot de�ni t i ons
comi ng f romcl asses ear l i er i n the cl as s precedence l i s t of cl ass appear bef ore those comi ng
f romcl asses l ater i n the cl as s precedence l i s t . For each s l ot name, the gener i c f unct i on
compute-e ecti ve- sl ot-de�ni ti on i s cal l ed to compute an e�ect i ve s l ot de�ni t i on. The
resul t of compute- sl ots i s a l i s t of these e�ect i ve s l ot de�ni t i ons , i n unspeci �ed order .

I n the �nal s tep, the l ocat i on f or each e�ect i ve s l ot de�ni t i on i s set . Thi s i s done by
speci �ed around-methods ; portabl e methods cannot take over thi s behavi or . For more
i nf ormat i on on the s l ot de�ni t i on l ocat i ons , see the sect i on \Instance Structure Protocol . "

The l i s t returned by thi s gener i c f unct i on wi l l not be mutated by the i mpl ementat i on.
The resul t s are unde�ned i f a portabl e programmutates the l i s t returned by thi s gener i c
f unct i on.

M
compute- sl ots ri mar et hod

cl ass s a ar class

Thi s method i mpl ements the speci �ed behavi or of the gener i c f unct i on.

Thi s method can be overr i dden.

compute- sl ots ri mar et hod

cl ass calla le s a ar class

Thi s method i mpl ements the speci �ed behavi or of the gener i c f unct i on.

Thi s method can be overr i dden.

compute- sl ots round- et hod

cl ass s a ar class

Thi s method i mpl ements the speci �ed behavi or of comput i ng and stor i ng s l ot l ocat i ons .
Thi s method cannot be overr i dden.

compute- sl ots round- et hod

cl ass calla le s a ar class

Thi s method i mpl ements the speci �ed behavi or of comput i ng and stor i ng s l ot l ocat i ons .
Thi s method cannot be overr i dden.
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i rect slot e nition class eneri c unct i on

S
di rect- sl ot-de�ni ti on-cl ass

cl ass res i ni t args

A
The cl ass argument i s a cl as s metaobj ect .

The i ni t args argument i s a set of i ni t i al i zat i on arguments and val ues .

The val ue returned i s a subcl as s of the cl as s di rect- sl ot-de�ni ti on.

P
When a cl as s i s i ni t i al i zed, each of the canoni cal i zed s l ot speci �cat i ons must be converted
to a di rect s l ot de�ni t i on metaobj ect . Thi s gener i c f unct i on i s cal l ed to determi ne the cl as s
of that di rect s l ot de�ni t i on metaobj ect .

The i ni t args argument i s s i mpl y the canoni cal i zed s l ot speci �cat i on f or the s l ot .

M
di rect- sl ot-de�ni ti on-cl ass ri mar et hod

cl ass s a ar class

res i ni t args

Thi s method returns the cl as s standard-di rect- sl ot-de�ni ti on.
Thi s method can be overr i dden.

di rect- sl ot-de�ni ti on-cl ass ri mar et hod

cl ass calla le s a ar class

res i ni t args

Thi s method returns the cl as s standard-di rect- sl ot-de�ni ti on.
Thi s method can be overr i dden.

e ecti e slot e nition class eneri c unct i on

S
e ecti ve- sl ot-de�ni ti on-cl ass

cl ass res i ni t args

A
The cl ass argument i s a cl as s metaobj ect .

The i ni t args argument i s a set of i ni t i al i zat i on arguments and val ues .
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The val ue returned i s a subcl as s of the cl as s e ecti ve- sl ot-de�ni ti on-cl ass.

P
Thi s gener i c f unct i on i s cal l ed by compute-e ecti ve- sl ot-de�ni ti on to determi ne the
cl as s of the resul t i ng e�ect i ve s l ot de�ni t i on metaobj ect . The i ni t args argument i s the set of
i ni t i al i zat i on arguments and val ues that wi l l be passed toma e- i nstancewhen the e�ect i ve
s l ot de�ni t i on metaobj ect i s created.

M
e ecti ve- sl ot-de�ni ti on-cl ass ri mar et hod

cl ass s a ar class

res i i ar s

Thi s method returns the cl as s standard-e ecti ve- sl ot-de�ni ti on.
Thi s method can be overr i dden.

e ecti ve- sl ot-de�ni ti on-cl ass ri mar et hod

cl ass calla le s a ar class

res i i ar s

Thi s method returns the cl as s standard-e ecti ve- sl ot-de�ni ti on.
Thi s method can be overr i dden.

ensure class unct i on

S
ensure-cl ass

name e allo o er e s

A
The name argument i s a symbol .

Some of the keyword arguments accepted by thi s f unct i on are actual l y proces sed by
ensure-cl ass-usi ng-cl ass, others are proces sed dur i ng i ni t i al i zat i onof the cl as s metaobj ect
(as descr i bed i n the sect i on cal l ed \Ini t i al i zat i on of Cl ass Metaobj ect s") .

The resul t i s a cl as s metaobj ect .

P
Thi s f unct i on i s cal l ed to de�ne or rede�ne a cl as s wi th the speci �ed name, and can be cal l ed
by the user or the i mpl ementat i on. I t i s the f unct i onal equi val ent of def cl ass, and i s cal l ed
by the expans i on of the def cl ass macro.
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The behavi or of thi s f unct i on i s actual l y i mpl emented by the gener i c f unct i on ensure-
cl ass-usi ng-cl ass. When ensure-cl ass i s cal l ed, i t i mmedi atel y cal l s ensure-cl ass-usi ng-
cl ass and returns that resul t as i t s own.

The �rst argument to ensure-cl ass-usi ng-cl ass i s computed as f ol l ows :

� I f name names a cl as s (�nd-cl ass returns a cl as s when cal l ed wi th name) use that cl as s .

� Otherwi se use ni l .

The second argument i s name. The remai ni ng arguments are the compl ete set of keyword
arguments recei ved by the ensure-cl ass f unct i on.

ensure class usin class eneri c unct i on

S
ensure-cl ass-usi ng-cl ass

cl ass name e irec e a l i i ar s irec slo s

irec s perclasses ame

me aclass

allo o er e s

A
The cl ass argument i s a cl as s metaobj ect or ni l .

The name argument i s a cl as s name.
The : metacl ass argument i s a cl as s metaobj ect cl as s or a cl as s metaobj ect cl as s name.

I f thi s argument i s not suppl i ed, i t def aul t s to the cl as s named standard-cl ass. I f a cl as s
name i s suppl i ed, i t i s i nterpreted as the cl as s wi th that name. I f a cl as s name i s suppl i ed,
but there i s no such cl as s , an error i s s i gnal ed.

The : di rect- supercl asses argument i s a l i s t of whi ch each el ement i s a cl as s metaobj ect
or a cl as s name. An error i s s i gnal ed i f thi s argument i s not a proper l i s t .

For the i nterpretat i on of addi t i onal keywordarguments , see \Ini t i al i zat i onof Cl ass Meta-
obj ect s" (page 57) .

The resul t i s a cl as s metaobj ect .

P
Thi s gener i c f unct i on i s cal l ed to de�ne or modi f y the de�ni t i on of a named cl as s . I t i s cal l ed
by the ensure-cl ass f unct i on. I t can al so be cal l ed di rect l y.

The �rst s tep per f ormed by thi s gener i c f unct i on i s to compute the set of i ni t i al i zat i on
arguments whi ch wi l l be used to create or rei ni t i al i ze the named cl as s . The i ni t i al i zat i on
arguments are computed f romthe f ul l s et of keyword arguments recei ved by thi s gener i c
f unct i on as f ol l ows :
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� The : metacl ass argument i s not i ncl uded i n the i ni t i al i zat i on arguments .

� I f the : di rect- supercl asses argument was recei ved by thi s gener i c f unct i on, i t i s con-
verted i nto a l i s t of cl as s metaobj ect s . Thi s convers i on does not a�ect the st ructure
of the suppl i ed : di rect- supercl asses argument . For each el ement i n the : di rect-
supercl asses argument :

� I f the el ement i s a cl as s metaobj ect , that cl as s metaobj ect i s used.
� I f the el ement names a cl as s , that cl as s metaobj ect i s used.
� Otherwi se an i nstance of the cl as s f orward-ref erenced-cl ass i s created and used.
The proper name of the newl y created f orward ref erenced cl as s metaobj ect i s set to
name.

� Al l other keyword arguments are i ncl uded di rect l y i n the i ni t i al i zat i on arguments .

I f the cl ass argument i s ni l , a new cl ass metaobj ect i s created by cal l i ng the ma e-
i nstance gener i c f unct i on wi th the val ue of the : metacl ass argument as i t s �rs t argument ,
and the previ ous l y computed i ni t i al i zat i onarguments . The proper name of the newl y created
cl as s metaobj ect i s set to name. The newl y created cl as s metaobj ect i s returned.

I f the cl ass argument i s a f orward ref erenced cl as s , change-cl ass i s cal l ed to change
i t s cl as s to the val ue speci �ed by the : metacl ass argument . The cl as s metaobj ect i s then
rei ni t i al i zed wi th the previ ous l y i ni t i al i zat i on arguments . (Thi s i s a documented vi ol at i on
of the general const rai nt that change-cl ass not be used wi th cl as s metaobj ect s . )

I f the cl as s of the cl ass argument i s not the same as the cl as s speci �ed by the : metacl ass
argument , an error i s s i gnal ed.

Otherwi se, the cl as s metaobj ect cl ass i s r ede�ned by cal l i ng the rei ni ti al i ze- i nstance
gener i c f unct i on wi th cl ass and the i ni t i al i zat i on arguments . The cl ass argument i s then
returned.

M
ensure-cl ass-usi ng-cl ass ri mar et hod

cl ass class

name

e me aclass

irec s perclasses

allo o er e s

Thi s method i mpl ements the behavi or of the gener i c f unct i on i n the case where the cl ass

argument i s a cl as s .

Thi s method can be overr i dden.
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ensure-cl ass-usi ng-cl ass ri mar et hod

cl ass or ar re ere ce class

name

e me aclass

irec s perclasses

allo o er e s

Thi s method i mpl ements the behavi or of the gener i c f unct i on i n the case where the cl ass

argument i s a f orward ref erenced cl as s .

ensure-cl ass-usi ng-cl ass ri mar et hod

cl ass ll

name

e me aclass

irec s perclasses

allo o er e s

Thi s method i mpl ements the behavi or of the gener i c f unct i on i n the case where the cl ass

argument i s ni l .

ensure eneric unction unct i on

S
ensure-generi c- f uncti on

unct i on-name e allo o er e s

A
The unct i on-name argument i s a symbol or a l i s t of the f orm se s mbol .

Some of the keyword arguments accepted by thi s f unct i on are actual l y proces sed by
ensure-generi c- f uncti on-usi ng-cl ass, others are proces sed dur i ng i ni t i al i zat i on of the
gener i c f unct i on metaobj ect (as descr i bed i n the sect i on cal l ed \Ini t i al i zat i on of Gener i c
Funct i on Metaobj ect s") .

The resul t i s a gener i c f unct i on metaobj ect .

P
Thi s f unct i on i s cal l ed to de�ne a gl obal l y named gener i c f unct i on or to speci f y or modi f y
opt i ons and decl arat i ons that pertai n to a gl obal l y named gener i c f unct i on as a whol e. I t
can be cal l ed by the user or the i mpl ementat i on.



50 ensure- gener i c- f unct i on- us i ng- cl as s Chapter 6

I t i s the f unct i onal equi val ent of def generi c, and i s cal l ed by the expans i on of the
def generi c and defmethodmacros .

The behavi or of thi s f unct i on i s actual l y i mpl emented by the gener i c f unct i on ensure-
generi c- f uncti on-usi ng-cl ass. When ensure-generi c- functi on i s cal l ed, i t i mmedi atel y
cal l s ensure-generi c- functi on-usi ng-cl ass and returns that resul t as i t s own.

The �rst argument to ensure-generi c- f uncti on-usi ng-cl ass i s computed as f ol l ows :

� I f unct i on-name names a non- gener i c f unct i on, a macro, or a speci al f orm, an error i s
s i gnal ed.

� I f unct i on-name names a gener i c f unct i on, that gener i c f unct i on metaobj ect i s used.

� Otherwi se, ni l i s used.

The second argument i s unct i on-name. The remai ni ng arguments are the compl ete set
of keyword arguments recei ved by ensure-generi c- f uncti on.

ensure eneric unction usin class eneri c unct i on

S
ensure-generi c- f uncti on-usi ng-cl ass

generi c- unct i on

unct i on-name

e ar me prece e ce or er eclara io s

oc me a io e eric c io class

lam a lis me o class

me o com i a io ame

allo o er e s

A
The generi c- unct i on argument i s a gener i c f unct i on metaobj ect or ni l .

The unct i on-name argument i s a symbol or a l i s t of the f orm se s mbol .
The : generi c- f uncti on-cl ass argument i s a cl as s metaobj ect or a cl as s name. I f i t i s

not suppl i ed, i t def aul t s to the cl as s named standard-generi c- f uncti on. I f a cl as s name
i s suppl i ed, i t i s i nterpreted as the cl as s wi th that name. I f a cl as s name i s suppl i ed, but
there i s no such cl as s , an error i s s i gnal ed.

For the i nterpretat i on of addi t i onal keyword arguments , see \Ini t i al i zat i on of Gener i c
Funct i on Metaobj ect s" (page 61) .

The resul t i s a gener i c f unct i on metaobj ect .
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P

The gener i c f unct i on ensure-generi c- f uncti on-usi ng-cl ass i s cal l ed to de�ne or modi f y
the de�ni t i on of a gl obal l y named gener i c f unct i on. I t i s cal l ed by the ensure-generi c-
f uncti on f unct i on. I t can al so be cal l ed di rect l y.

The �rst s tep per f ormed by thi s gener i c f unct i on i s to compute the set of i ni t i al i zat i on
arguments whi ch wi l l be used to create or rei ni t i al i ze the gl obal l y named gener i c f unct i on.
These i ni t i al i zat i onarguments are computed f romthe f ul l s et of keyword arguments recei ved
by thi s gener i c f unct i on as f ol l ows :

� The : generi c- f uncti on-cl ass argument i s not i ncl uded i n the i ni t i al i zat i on arguments .

� I f the : method-cl ass argument was recei ved by thi s gener i c f unct i on, i t i s converted
i nto a cl as s metaobj ect . Thi s i s done by l ooki ng up the cl as s name wi th �nd-cl ass. I f
there i s no such cl as s , an error i s s i gnal l ed.

� Al l other keyword arguments are i ncl uded di rect l y i n the i ni t i al i zat i on arguments .

I f the generi c- unct i on argument i s ni l , an i nstance of the cl as s speci �ed by the : generi c-
f uncti on-cl ass argument i s created by cal l i ng ma e- i nstance wi th the previ ous l y com-
puted i ni t i al i zat i on arguments . The f unct i on name unct i on-name i s s et to name the gener i c
f unct i on. The newl y created gener i c f unct i on metaobj ect i s returned.

I f the cl as s of the generi c- unct i on argument i s not the same as the cl as s speci �ed by
the : generi c- f uncti on-cl ass argument , an error i s s i gnal ed.

Otherwi se the gener i c f unct i on generi c- unct i on i s r ede�ned by cal l i ng the rei ni ti al i ze-
i nstance gener i c f unct i on wi th generi c- unct i on and the i ni t i al i zat i on arguments . The
generi c- unct i on argument i s then returned.

M
ensure-generi c- f uncti on-usi ng-cl ass ri mar et hod

generi c- unct i on e eric c io

unct i on-name

e e eric c io class

allo o er e s

Thi s method i mpl ements the behavi or of the gener i c f unct i on i n the case where unct i on-

name names an exi s t i ng gener i c f unct i on.

Thi s method can be overr i dden.
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ensure-generi c- f uncti on-usi ng-cl ass ri mar et hod

generi c- unct i on ll

unct i on-name

e e eric c io class

allo o er e s

Thi s method i mpl ements the behavi or of the gener i c f unct i on i n the case where unct i on-

name names no f unct i on, gener i c f unct i on, macro or speci al f orm.

e l s ecial izer o ect unct i on

S
eql - speci al i zer-object

e l - s eci al i er

A

The e l - s eci al i er argument i s an eql speci al i zer metaobj ect .

The val ue returned by thi s f unct i on i s an obj ect .

P

Thi s f unct i on returns the obj ect associ ated wi th e l - s eci al i er dur i ng i ni t i al i zat i on. The
val ue i s guaranteed to be eql to the val ue or i gi nal l y passed to i ntern-eql -speci al i zer, but
i t i s not neces sar i l y eq to that val ue.

Thi s f unct i on s i gnal s an error i f e l - s eci al i er i s not an eql speci al i zer .

e tract la a l ist unct i on

S
e tract- l ambda- l i st

s eci al i ed- l ambda- l i st

A

The s eci al i ed- l ambda- l i st argument i s a speci al i zed l ambda l i s t as accepted bydefmethod.

The resul t i s an unspeci al i zed l ambda l i s t .
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P
Thi s f unct i on takes a speci al i zed l ambda l i s t and returns the l ambda l i s t wi th the speci al i zer s
removed. Thi s i s a non- dest ruct i ve operat i on. Whether the resul t shares any structure wi th
the argument i s unspeci �ed.

I f the s eci al i ed- l ambda- l i st argument does not have l egal syntax, an error i s s i gnal ed.
Thi s syntax checki ng does not check the syntax of the actual speci al i zer names , onl y the
syntax of the l ambda l i s t and where the speci al i zer s appear .

E
ex rac lam a lis p posi io

ex rac lam a lis p posi io x

ex rac lam a lis a e l x c res i

e tract s ecial izer na es unct i on

S
e tract- speci al i zer-names

s eci al i ed- l ambda- l i st

A
The s eci al i ed- l ambda- l i st argument i s a speci al i zed l ambda l i s t as accepted bydefmethod.

The resul t i s a l i s t of speci al i zer names .

P
Thi s f unct i on takes a speci al i zed l ambda l i s t and returns i t s speci al i zer names . Thi s i s a non-
dest ruct i ve operat i on. Whether the resul t shares s t ructure wi th the argument i s unspeci �ed.
The resul t s are unde�ned i f the resul t of thi s f unct i on i s modi �ed.

The resul t of thi s f unct i on wi l l be a l i s t wi th a number of el ements equal to the number
of requi red arguments i n s eci al i ed- l ambda- l i st . Speci al i zer s are def aul ted to the symbol t.

I f the s eci al i ed- l ambda- l i st argument does not have l egal syntax, an error i s s i gnal ed.
Thi s syntax checki ng does not check the syntax of the actual speci al i zer names , onl y the
syntax of the l ambda l i s t and where the speci al i zer s appear .

E
ex rac speciali er ames p posi io

ex rac speciali er ames p posi io x

ex rac speciali er ames a e l x c res i
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nal ize in eritance eneri c unct i on

S
�nal i ze- i nheri tance

cl ass

A
The cl ass argument i s a cl as s metaobj ect .

The val ue returned by thi s gener i c f unct i on i s unspeci �ed.

P
Thi s gener i c f unct i on i s cal l ed to �nal i ze a cl as s metaobj ect . Thi s i s descr i bed i n the Sect i on
named \Cl ass Fi nal i zat i on Protocol . "

Af ter �nal i ze- i nheri tance returns , the cl as s metaobj ect i s �nal i zed and the resul t of
cal l i ng cl ass-�nal i zed-pon the cl as s metaobj ect wi l l be t rue.

M
�nal i ze- i nheri tance ri mar et hod

cl ass s a ar class

�nal i ze- i nheri tance ri mar et hod

cl ass calla le s a ar class

o behavi or i s speci �ed f or these methods beyond that whi ch i s speci �ed f or the gener i c
f unct i on.

�nal i ze- i nheri tance ri mar et hod

cl ass or ar re ere ce class

Thi s method s i gnal s an error .

n et o co ination eneri c unct i on

S
�nd-method-combinati on

generi c- unct i on

met hod- combi nat i on- t e- name

met hod- combi nat i on- o t i ons

A
The generi c- unct i on argument i s a gener i c f unct i on metaobj ect .
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The met hod- combi nat i on- t e- name argument i s a symbol whi ch names a type of method
combi nat i on.

The met hod- combi nat i on- o t i ons argument i s a l i s t of arguments to the method combi -
nat i on type.

The val ue returned by thi s gener i c f unct i on i s a method combi nat i on metaobj ect .

P
Thi s gener i c f unct i on i s cal l ed to determi ne the method combi nat i onobj ect used by a gener i c
f unct i on.

R
Further detai l s of method combi nat i on metaobj ect s are not speci �ed.

uncal la le stan ar instance access unct i on

S
f uncal l abl e- standard- i nstance-access

i nst ance l ocat i on

A
The i nst ance argument i s an obj ect .

The l ocat i on argument i s a s l ot l ocat i on.

The resul t of thi s f unct i on i s an obj ect .

P
Thi s f unct i on i s cal l ed to provi de di rect acces s to a s l ot i n an i nstance. By usurpi ng the
normal s l ot l ookup protocol , thi s f unct i on i s i ntended to provi de hi ghl y opt i mi zed acces s to
the s l ot s associ ated wi th an i nstance.

The f ol l owi ng res t r i ct i ons appl y to the use of thi s f unct i on:

� The i nst ance argument must be a f uncal l abl e i nstance ( i t must have been returned by
al l ocate- i nstance (f uncal l abl e- standard-cl ass)) .

� The i nst ance argument cannot be an non- updated obsol ete i nstance.

� The l ocat i on argument must be a l ocat i on of one of the di rect l y acces s i bl e s l ot s of the
i nstance' s cl as s .

� The s l ot must be bound.

The resul t s are unde�ned i f any of these res t r i ct i ons are not met .
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eneric unction eneri c unct i on

The f ol l owi ng gener i c f unct i ons are descr i bed together under \Readers f or Gener i c Func-
t i on Metaobj ect s" (page 79) : generi c- f uncti on-argument-precedence-order, generi c-
f uncti on-decl arati ons, generi c- f uncti on- l ambda- l i st, generi c- f uncti on-method-
cl ass, generi c- f uncti on-method-combinati on, generi c- f uncti on-methods andgeneri c-
f uncti on-name.
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nitial izationo lass etao ects

A cl ass metaobj ect can be created by cal l i ng ma e- i nstance. The i ni t i al i zat i on argu-
ments es tabl i sh the de�ni t i on of the cl as s . Acl as s metaobj ect can be rede�ned by cal l i ng
rei ni ti al i ze- i nstance. Some cl as ses of cl as s metaobj ect do not support rede�ni t i on; i n
these cases , rei ni ti al i ze- i nstance s i gnal s an error .

I ni t i al i zat i on of a cl as s metaobj ect must be done by cal l i ngma e- i nstance and al l owi ng
i t to cal l i ni ti al i ze- i nstance. Rei ni t i al i zat i on of a cl as s metaobj ect must be done by cal l i ng
rei ni ti al i ze- i nstance. Portabl e programs must not cal l i ni ti al i ze- i nstance di rect l y to
i ni t i al i ze a cl as s metaobj ect . Portabl e programs must not cal l shared- i ni ti al i ze di rect l y
to i ni t i al i ze or rei ni t i al i ze a cl as s metaobj ect . Portabl e programs must not cal l change-
cl ass to change the cl as s of any cl as s metaobj ect or to turn a non- cl as s obj ect i nto a cl as s
metaobj ect .

Si nce metaobj ect cl as ses may not be rede�ned, no behavi or i s speci �ed f or the resul t
of cal l s to update- i nstance- f or- rede�ned-cl ass on cl as s metaobj ect s . Si nce the cl as s of
cl as s metaobj ect s may not be changed, no behavi or i s speci �ed f or the resul t of cal l s to
update- i nstance- f or-di erent- cl ass on cl as s metaobj ect s .

Dur i ng i ni t i al i zat i on or rei ni t i al i zat i on, each i ni t i al i zat i on argument i s checked f or er rors
and then associ ated wi th the cl as s metaobj ect . The val ue can then be acces sed by cal l i ng
the appropr i ate acces sor as shown i n Tabl e 6. 1.

Thi s sect i on begi ns wi th a descr i pt i on of the er ror checki ng and proces s i ng of each
i ni t i al i zat i on argument . Thi s i s f ol l owed by a tabl e showi ng the gener i c f unct i ons that can
be used to acces s the stored i ni t i al i zat i on arguments . I ni t i al i zat i on behavi or speci �c to
the di �erent speci �ed cl as s metaobj ect cl as ses comes next . The sect i on ends wi th a set of
res t r i ct i ons on portabl e methods a�ect i ng cl as s metaobj ect i ni t i al i zat i onand rei ni t i al i zat i on.

I n these descr i pt i ons , the phrase \thi s argument def aul t s to al ue" means that when
that i ni t i al i zat i on argument i s not suppl i ed, i ni t i al i zat i on or rei ni t i al i zat i on i s per f ormed as
i f al ue had been suppl i ed. For some i ni t i al i zat i on arguments thi s coul d be done by the use
of def aul t i ni t i al i zat i on arguments , but whether i t i s done thi s way i s not speci �ed. Impl e-
mentat i ons are f ree to de�ne def aul t i ni t i al i zat i on arguments f or speci �ed cl as s metaobj ect
cl as ses . Portabl e programs are f ree to de�ne def aul t i ni t i al i zat i on arguments f or portabl e
subcl as ses of the cl as s cl ass.

Unl es s there i s a speci �c note to the contrary, then dur i ng rei ni t i al i zat i on, i f an i ni t i al -
i zat i on argument i s not suppl i ed, the previ ous l y s tored val ue i s l ef t unchanged.

� The : di rect-defaul t- i ni targs argument i s a l i s t of canoni cal i zed def aul t i ni t i al i zat i on
arguments .

An error i s s i gnal ed i f thi s val ue i s not a proper l i s t , or i f any el ement of the l i s t i s not
a canoni cal i zed def aul t i ni t i al i zat i on argument .

I f the cl as s metaobj ect i s bei ng i ni t i al i zed, thi s argument def aul t s to the empty l i s t .
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� The : di rect- sl ots argument i s a l i s t of canoni cal i zed s l ot speci �cat i ons .

An error i s s i gnal ed i f thi s val ue i s not a proper l i s t or i f any el ement of the l i s t i s not a
canoni cal i zed s l ot speci �cat i on.

Af ter er ror checki ng, thi s val ue i s converted to a l i s t of di rect s l ot de�ni t i on metaob-
j ect s bef ore i t i s as soci ated wi th the cl as s metaobj ect . Convers i on of each canoni cal i zed
s l ot speci �cat i on to a di rect s l ot de�ni t i on metaobj ect i s a two- s tep proces s . Fi r s t , the
gener i c f unct i on di rect- sl ot-de�ni ti on-cl ass i s cal l ed wi th the cl as s metaobj ect and
the canoni cal i zed s l ot speci �cat i on to determi ne the cl as s of the newdi rect s l ot de�ni t i on
metaobj ect ; thi s permi ts both the cl as s metaobj ect and the canoni cal i zed s l ot speci �-
cat i on to control the resul t i ng di rect s l ot de�ni t i on metaobj ect cl as s . Second, ma e-
i nstance i s appl i ed to the di rect s l ot de�ni t i on metaobj ect cl as s and the canoni cal i zed
s l ot speci �cat i on. Thi s convers i on coul d be i mpl emented as shown i n the f ol l owi ng code:

e co er o irec slo e i i io class ca o icali e slo

appl ma e i s a ce

appl irec slo e i i io class

class ca o icali e slo

ca o icali e slo

I f the cl as s metaobj ect i s bei ng i ni t i al i zed, thi s argument def aul t s to the empty l i s t .

Once the di rect s l ot de�ni t i on metaobj ect s have been created, the speci �ed reader and
wr i ter methods are created. The gener i c f unct i ons reader-method-cl ass and wri ter-
method-cl ass are cal l ed to determi ne the cl as ses of the method metaobj ect s created.

� The : di rect- supercl asses argument i s a l i s t of cl as s metaobj ect s . Cl asses whi ch do not
support mul t i pl e i nher i tance s i gnal an error i f the l i s t contai ns more than one el ement .

An error i s s i gnal ed i f thi s val ue i s not a proper l i s t or i f val i date- supercl ass appl i ed
to cl ass and any el ement of thi s l i s t returns f al se.

When the cl as s metaobj ect i s bei ng i ni t i al i zed, and thi s argument i s ei ther not suppl i ed
or i s the empty l i s t , thi s argument def aul t s as f ol l ows : i f the cl as s i s an i nstance of
standard-cl ass or one of i t s subcl as ses the def aul t val ue i s a l i s t of the cl as s standard-
obj ect; i f the cl as s i s an i nstance of f uncal l abl e- standard-cl ass or one of i t s subcl as ses
the def aul t val ue i s l i s t of the cl as s f uncal l abl e- standard-obj ect.

Af ter any def aul t i ng of the val ue, the gener i c f unct i on add-di rect- subcl ass i s cal l ed
once f or each el ement of the l i s t .

When the cl as s metaobj ect i s bei ng rei ni t i al i zed and thi s argument i s suppl i ed, the
gener i c f unct i on remove-di rect- subcl ass i s cal l ed once f or each cl as s metaobj ect i n
the previ ous l y s tored val ue but not i n the newval ue; the gener i c f unct i on add-di rect-
subcl ass i s cal l ed once f or each cl as s metaobj ect i n the newval ue but not i n the previ -
ous l y s tored val ue.
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� The : documentati onargument i s a s t r i ng or ni l .

An error i s s i gnal ed i f thi s val ue i s not a st r i ng or ni l .

I f the cl as s metaobj ect i s bei ng i ni t i al i zed, thi s argument def aul t s to ni l .

� The : name argument i s an obj ect .

I f the cl as s i s bei ng i ni t i al i zed, thi s argument def aul t s to ni l .

Af ter the proces s i ng and def aul t i ng of i ni t i al i zat i onarguments descr i bed above, the val ue
of each i ni t i al i zat i on argument i s as soci ated wi th the cl as s metaobj ect . These val ues can
then be acces sed by cal l i ng the correspondi ng gener i c f unct i on. The correspondences are as
f ol l ows :

ni ti al i zati on rgument Generi c Functi on

: di rect-defaul t- i ni targs cl ass-di rect-def aul t- i ni targs
: di rect- sl ots cl ass-di rect- sl ots
: di rect- supercl asses cl ass-di rect- supercl asses
: documentati on documentati on
: name cl ass-name

a e . 1 r r r .

I nstances of the cl as s standard-cl ass support mul t i pl e i nher i tance and rei ni t i al i zat i on.
I nstances of the cl as s f uncal l abl e- standard-cl ass support mul t i pl e i nher i tance and rei ni -
t i al i zat i on. For f orward ref erenced cl as ses , al l of the i ni t i al i zat i on arguments def aul t to
ni l .

Si nce bui l t - i n cl as ses cannot be created or rei ni t i al i zed by the user , an error i s s i gnal ed i f
i ni ti al i ze- i nstance or rei ni ti al i ze- i nstance are cal l ed to i ni t i al i ze or rei ni t i al i ze a der i ved
i nstance of the cl as s bui l t- i n-cl ass.

M
I t i s not speci �ed whi ch methods provi de the i ni t i al i zat i on and rei ni t i al i zat i on behavi or
descr i bed above. I nstead, the i nf ormat i on needed to al l owportabl e programs to speci al i ze
thi s behavi or i s presented as a set of res t r i ct i ons on the methods a portabl e programcan
de�ne. The model i s that portabl e i ni t i al i zat i onmethods have acces s to the cl as s metaobj ect
when ei ther al l or none of the speci �ed i ni t i al i zat i on has taken e�ect .

These res t r i ct i ons govern the methods that a portabl e programcan de�ne on the gener i c
f unct i ons i ni ti al i ze- i nstance, rei ni ti al i ze- i nstance, and shared- i ni ti al i ze. These re-
s t r i ct i ons appl y onl y to methods on these gener i c f unct i ons f or whi ch the �rs t speci al i zer
i s a subcl as s of the cl as s cl ass. Other portabl e methods on these gener i c f unct i ons are not
a�ected by these res t r i ct i ons .
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� Portabl e programs must not de�ne methods on shared- i ni ti al i ze.

� For i ni ti al i ze- i nstance and rei ni ti al i ze- i nstance:

� Portabl e programs must not de�ne pr i mary methods .
� Portabl e programs may de�ne around-methods , but these must be extendi ng, not
overr i di ng methods .

� Portabl e bef ore-methods must assume that when they are run, none of the i ni t i al i za-
t i on behavi or descr i bed above has been compl eted.

� Portabl e af ter -methods must assume that when they are run, al l of the i ni t i al i zat i on
behavi or descr i bed above has been compl eted.

The resul t s are unde�ned i f any of these res t r i ct i ons are vi ol ated.



Gener i c Funct i ons and Methods Ini t i al i zat i on of Gener i c Funct i on Metaobj ect s 61

nitial izationo eneric unction etao ects

Agener i c f unct i on metaobj ect can be created by cal l i ngma e- i nstance. The i ni t i al i zat i on
arguments es tabl i sh the de�ni t i on of the gener i c f unct i on. Agener i c f unct i onmetaobj ect can
be rede�ned by cal l i ng rei ni ti al i ze- i nstance. Some cl as ses of gener i c f unct i on metaobj ect
do not support rede�ni t i on; i n these cases , rei ni ti al i ze- i nstance s i gnal s an error .

I ni t i al i zat i on of a gener i c f unct i on metaobj ect must be done by cal l i ng ma e- i nstance
and al l owi ng i t to cal l i ni ti al i ze- i nstance. Rei ni t i al i zat i on of a gener i c- f unct i on metaobj ect
must be done by cal l i ng rei ni ti al i ze- i nstance. Portabl e programs must not cal l i ni ti al i ze-
i nstance di rect l y to i ni t i al i ze a gener i c f unct i on metaobj ect . Portabl e programs must not
cal l shared- i ni ti al i ze di rect l y to i ni t i al i ze or rei ni t i al i ze a gener i c f unct i on metaobj ect .
Portabl e programs must not cal l change-cl ass to change the cl as s of any gener i c f unct i on
metaobj ect or to turn a non- gener i c- f unct i on obj ect i nto a gener i c f unct i on metaobj ect .

Si nce metaobj ect cl as ses may not be rede�ned, no behavi or i s speci �ed f or the resul t of
cal l s to update- i nstance- f or- rede�ned-cl ass on gener i c f unct i on metaobj ect s . Si nce the
cl as s of a gener i c f unct i on metaobj ect may not be changed, no behavi or i s speci �ed f or the
resul t s of cal l s to update- i nstance- for-di erent- cl ass on gener i c f unct i on metaobj ect s .

Dur i ng i ni t i al i zat i on or rei ni t i al i zat i on, each i ni t i al i zat i on argument i s checked f or er rors
and then associ ated wi th the gener i c f unct i on metaobj ect . The val ue can then be acces sed
by cal l i ng the appropr i ate acces sor as shown i n Tabl e 6. 2.

Thi s sect i on begi ns wi th a descr i pt i on of the er ror checki ng and proces s i ng of each
i ni t i al i zat i on argument . Thi s i s f ol l owed by a tabl e showi ng the gener i c f unct i ons that
can be used to acces s the stored i ni t i al i zat i on arguments . The sect i on ends wi th a set of
res t r i ct i ons on portabl e methods a�ect i ng gener i c f unct i on metaobj ect i ni t i al i zat i on and
rei ni t i al i zat i on.

I n these descr i pt i ons , the phrase \thi s argument def aul t s to al ue" means that when
that i ni t i al i zat i on argument i s not suppl i ed, i ni t i al i zat i on or rei ni t i al i zat i on i s per f ormed as
i f al ue had been suppl i ed. For some i ni t i al i zat i on arguments thi s coul d be done by the use
of def aul t i ni t i al i zat i on arguments , but whether i t i s done thi s way i s not speci �ed. Impl e-
mentat i ons are f ree to de�ne def aul t i ni t i al i zat i on arguments f or speci �ed gener i c f unct i on
metaobj ect cl as ses . Portabl e programs are f ree to de�ne def aul t i ni t i al i zat i on arguments f or
portabl e subcl as ses of the cl as s generi c- f uncti on.

Unl es s there i s a speci �c note to the contrary, then dur i ng rei ni t i al i zat i on, i f an i ni t i al -
i zat i on argument i s not suppl i ed, the previ ous l y s tored val ue i s l ef t unchanged.

� The : argument-precedence-order argument i s a l i s t of symbol s .

An error i s s i gnal ed i f thi s argument appears but the : l ambda- l i st argument does not
appear . An error i s s i gnal ed i f thi s val ue i s not a proper l i s t or i f thi s val ue i s not
a permutat i on of the symbol s f romthe requi red arguments part of the : l ambda- l i st
i ni t i al i zat i on argument .
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When the gener i c f unct i on i s bei ng i ni t i al i zed or rei ni t i al i zed, and thi s argument i s not
suppl i ed, but the : l ambda- l i st argument i s suppl i ed, thi s val ue def aul t s to the symbol s
f romthe requi red arguments part of the : l ambda- l i st argument , i n the order they
appear i n that argument . I f nei ther argument i s suppl i ed, nei ther are i ni t i al i zed (see the
descr i pt i on of : l ambda- l i st. )

� The : decl arati ons argument i s a l i s t of decl arat i ons .

An error i s s i gnal ed i f thi s val ue i s not a proper l i s t or i f each of i t s el ements i s not a
l egal decl arat i on.

When the gener i c f unct i on i s bei ng i ni t i al i zed, and thi s argument i s not suppl i ed, i t
def aul t s to the empty l i s t .

� The : documentati onargument i s a s t r i ng or ni l .

An error i s s i gnal ed i f thi s val ue i s not a st r i ng or ni l .

I f the gener i c f unct i on i s bei ng i ni t i al i zed, thi s argument def aul t s to ni l .

� The : l ambda- l i st argument i s a l ambda l i s t .

An error i s s i gnal ed i f thi s val ue i s not a proper gener i c f unct i on l ambda l i s t .

When the gener i c f unct i on i s bei ng i ni t i al i zed, and thi s argument i s not suppl i ed, the
gener i c f unct i on' s l ambda l i s t i s not i ni t i al i zed. The l ambda l i s t wi l l be i ni t i al i zed l ater ,
ei ther when the �rs t method i s added to the gener i c f unct i on, or a l ater rei ni t i al i zat i on
of the gener i c f unct i on.

� The : method-combi nati onargument i s a method combi nat i on metaobj ect .

� The : method-cl ass argument i s a cl as s metaobj ect .

An error i s s i gnal ed i f thi s val ue i s not a subcl as s of the cl as s method.

When the gener i c f unct i on i s bei ng i ni t i al i zed, and thi s argument i s not suppl i ed, i t
def aul t s to the cl as s standard-method.

� The : name argument i s an obj ect .

I f the gener i c f unct i on i s bei ng i ni t i al i zed, thi s argument def aul t s to ni l .

Af ter the proces s i ng and def aul t i ng of i ni t i al i zat i on arguments descr i bed above, the
val ue of each i ni t i al i zat i on argument i s as soci ated wi th the gener i c f unct i on metaobj ect .
These val ues can then be acces sed by cal l i ng the correspondi ng gener i c f unct i on. The
correspondences are as f ol l ows :
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ni ti al i zati on rgument Generi c Functi on

: argument-precedence-order generi c- f uncti on-argument-precedence-order
: decl arati ons generi c- f uncti on-decl arati ons
: documentati on documentati on
: l ambda- l i st generi c- f uncti on-l ambda- l i st
: method-combinati on generi c- f uncti on-method-combinati on
: method-cl ass generi c- f uncti on-method-cl ass
: name generi c- f uncti on-name

a e . r r r r .

M
It i s not speci �ed whi ch methods provi de the i ni t i al i zat i on and rei ni t i al i zat i on behavi or
descr i bed above. I nstead, the i nf ormat i on needed to al l owportabl e programs to speci al i ze
thi s behavi or i s presented as a set of res t r i ct i ons on the methods a portabl e programcan
de�ne. The model i s that portabl e i ni t i al i zat i onmethods have acces s to the gener i c f unct i on
metaobj ect when ei ther al l or none of the speci �ed i ni t i al i zat i on has taken e�ect .

These res t r i ct i ons govern the methods that a portabl e programcan de�ne on the gener i c
f unct i ons i ni ti al i ze- i nstance, rei ni ti al i ze- i nstance, and shared- i ni ti al i ze. These re-
s t r i ct i ons appl y onl y to methods on these gener i c f unct i ons f or whi ch the �rs t speci al i zer
i s a subcl as s of the cl as s generi c- f uncti on. Other portabl e methods on these gener i c
f unct i ons are not a�ected by these res t r i ct i ons .

� Portabl e programs must not de�ne methods on shared- i ni ti al i ze.

� For i ni ti al i ze- i nstance and rei ni ti al i ze- i nstance:

� Portabl e programs must not de�ne pr i mary methods .
� Portabl e programs may de�ne around-methods , but these must be extendi ng, not
overr i di ng methods .

� Portabl e bef ore-methods must assume that when they are run, none of the i ni t i al i za-
t i on behavi or descr i bed above has been compl eted.

� Portabl e af ter -methods must assume that when they are run, al l of the i ni t i al i zat i on
behavi or descr i bed above has been compl eted.

The resul t s are unde�ned i f any of these res t r i ct i ons are vi ol ated.
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nitial izationo et o etao ects

Amethod metaobj ect can be created by cal l i ng ma e- i nstance. The i ni t i al i zat i on argu-
ments es tabl i sh the de�ni t i on of the method. Amethod metaobj ect cannot be rede�ned;
cal l i ng rei ni ti al i ze- i nstance s i gnal s an error .

I ni t i al i zat i onof a methodmetaobj ect must be done by cal l i ngma e- i nstance and al l ow-
i ng i t to cal l i ni ti al i ze- i nstance. Portabl e programs must not cal l i ni ti al i ze- i nstance di -
rect l y to i ni t i al i ze a method metaoj ect . Portabl e programs must not cal l shared- i ni ti al i ze
di rect l y to i ni t i al i ze a method metaobj ect . Portabl e programs must not cal l change-cl ass
to change the cl as s of any methodmetaobj ect or to turn a non-method obj ect i nto a method
metaobj ect .

Si nce metaobj ect cl as ses may not be rede�ned, no behavi or i s speci �ed f or the resul t of
cal l s to update- i nstance- f or- rede�ned-cl ass on method metaobj ect s . Si nce the cl as s of
a method metaobj ect cannot be changed, no behavi or i s speci �ed f or the resul t of cal l s to
update- i nstance- f or-di erent- cl ass on method metaobj ect s .

Dur i ng i ni t i al i zat i on, each i ni t i al i zat i on argument i s checked f or er rors and then associ -
ated wi th the methodmetaobj ect . The val ue can then be acces sed by cal l i ng the appropr i ate
acces sor as shown i n Tabl e 6. 3.

Thi s sect i on begi ns wi th a descr i pt i on of the er ror checki ng and proces s i ng of each
i ni t i al i zat i on argument . Thi s i s f ol l owed by a tabl e showi ng the gener i c f unct i ons that
can be used to acces s the stored i ni t i al i zat i on arguments . The sect i on ends wi th a set of
res t r i ct i ons on portabl e methods a�ect i ng method metaobj ect i ni t i al i zat i on.

I n these descr i pt i ons , the phrase \thi s argument def aul t s to al ue" means that when
that i ni t i al i zat i on argument i s not suppl i ed, i ni t i al i zat i on i s per f ormed as i f al ue had been
suppl i ed. For some i ni t i al i zat i on arguments thi s coul d be done by the use of def aul t i ni t i al -
i zat i on arguments , but whether i t i s done thi s way i s not speci �ed. Impl ementat i ons are f ree
to de�ne def aul t i ni t i al i zat i on arguments f or speci �ed method metaobj ect cl as ses . Portabl e
programs are f ree to de�ne def aul t i ni t i al i zat i on arguments f or portabl e subcl as ses of the
cl as s method.

� The : qual i �ers argument i s a l i s t of method qual i �er s . An error i s s i gnal ed i f thi s val ue
i s not a proper l i s t , or i f any el ement of the l i s t i s not a non- nul l atom. Thi s argument
def aul t s to the empty l i s t .

� The : l ambda- l i st argument i s the unspeci al i zed l ambda l i s t of the method. An error i s
s i gnal ed i f thi s val ue i s not a proper l ambda l i s t . I f thi s val ue i s not suppl i ed, an error
i s s i gnal ed.

� The : speci al i zers argument i s a l i s t of the speci al i zer metaobj ect s f or the method. An
error i s s i gnal ed i f thi s val ue i s not a proper l i s t , or i f the l ength of the l i s t di �ers f rom
the number of requi red arguments i n the : l ambda- l i st argument , or i f any el ement of
the l i s t i s not a speci al i zer metaobj ect . I f thi s val ue i s not suppl i ed, an error i s s i gnal ed.
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� The : f uncti onargument i s a method f unct i on. I t must be compat i bl e wi th the methods
on compute-e ecti ve-method de�ned f or thi s cl as s of method and gener i c f unct i on
wi th whi ch i t wi l l be used. That i s , i t must accept the same number of arguments as
al l uses of cal l -method that wi l l cal l i t suppl y. (See compute-e ecti ve-method f or
more i nf ormat i on. ) An error i s s i gnal ed i f thi s argument i s not suppl i ed.

� When the method bei ng i ni t i al i zed i s an i nstance of a subcl as s of standard-accessor-
method, the : sl ot-de�ni ti on i ni t i al i zat i on argument must be provi ded. I t s val ue i s the
di rect s l ot de�ni t i onmetaobj ect whi ch de�nes thi s acces sor method. An error i s s i gnal ed
i f the val ue i s not an i nstance of a subcl as s of di rect- sl ot-de�ni ti on.

� The : documentati on argument i s a s t r i ng or ni l . An error i s s i gnal ed i f thi s val ue i s
not a st r i ng or ni l . Thi s argument def aul t s to ni l .

Af ter the proces s i ng and def aul t i ng of i ni t i al i zat i onarguments descr i bed above, the val ue
of each i ni t i al i zat i on argument i s as soci ated wi th the method metaobj ect . These val ues can
then be acces sed by cal l i ng the correspondi ng gener i c f unct i on. The correspondences are as
f ol l ows :

ni ti al i zati on rgument Generi c Functi on

: qual i �ers method-qual i �ers
: l ambda- l i st method- l ambda- l i st
: speci al i zers method- speci al i zers
: f uncti on method- f uncti on
: sl ot-de�ni ti on accessor-method- sl ot-de�ni ti on
: documentati on documentati on

a e . r r r .

M
It i s not speci �ed whi ch methods provi de the i ni t i al i zat i on behavi or descr i bed above. I n-
s tead, the i nf ormat i on needed to al l ow portabl e programs to speci al i ze thi s behavi or i s
presented i n as a set of res t r i ct i ons on the methods a portabl e programcan de�ne. The
model i s that portabl e i ni t i al i zat i on methods have acces s to the method metaobj ect when
ei ther al l or none of the speci �ed i ni t i al i zat i on has taken e�ect .

These res t r i ct i ons govern the methods that a portabl e programcan de�ne on the gener i c
f unct i ons i ni ti al i ze- i nstance, rei ni ti al i ze- i nstance, and shared- i ni ti al i ze. These re-
s t r i ct i ons appl y onl y to methods on these gener i c f unct i ons f or whi ch the �rs t speci al i zer i s
a subcl as s of the cl as s method. Other portabl e methods on these gener i c f unct i ons are not
a�ected by these res t r i ct i ons .
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� Portabl e programs must not de�ne methods on shared- i ni ti al i ze or rei ni ti al i ze-
i nstance.

� For i ni ti al i ze- i nstance:

� Portabl e programs must not de�ne pr i mary methods .
� Portabl e programs may de�ne around-methods , but these must be extendi ng, not
overr i di ng methods .

� Portabl e bef ore-methods must assume that when they are run, none of the i ni t i al i za-
t i on behavi or descr i bed above has been compl eted.

� Portabl e af ter -methods must assume that when they are run, al l of the i ni t i al i zat i on
behavi or descr i bed above has been compl eted.

The resul t s are unde�ned i f any of these res t r i ct i ons are vi ol ated.
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nitial izationo Slot e nition etao ects

Asl ot de�ni t i on metaobj ect can be created by cal l i ng ma e- i nstance. The i ni t i al i zat i on
arguments es tabl i sh the de�ni t i on of the s l ot de�ni t i on. As l ot de�ni t i on metaobj ect cannot
be rede�ned; cal l i ng rei ni ti al i ze- i nstance s i gnal s an error .

I ni t i al i zat i on of a s l ot de�ni t i on metaobj ect must be done by cal l i ng ma e- i nstance
and al l owi ng i t to cal l i ni ti al i ze- i nstance. Portabl e programs must not cal l i ni ti al i ze-
i nstance di rect l y to i ni t i al i ze a s l ot de�ni t i on metaobj ect . Portabl e programs must not
cal l shared- i ni ti al i ze di rect l y to i ni t i al i ze a s l ot de�ni t i on metaobj ect . Portabl e programs
must not cal l change-cl ass to change the cl as s of any s l ot de�ni t i on metaobj ect or to turn
a non- s l ot - de�ni t i on obj ect i nto a s l ot de�ni t i on metaobj ect .

Si nce metaobj ect cl as ses may not be rede�ned, no behavi or i s speci �ed f or the resul t
of cal l s to update- i nstance- f or-rede�ned-cl ass on s l ot de�ni t i on metaobj ect s . Si nce the
cl as s of a s l ot de�ni t i on metaobj ect cannot be changed, no behavi or i s speci �ed f or the resul t
of cal l s to update- i nstance- for-di erent- cl ass on s l ot de�ni t i on metaobj ect s .

Dur i ng i ni t i al i zat i on, each i ni t i al i zat i on argument i s checked f or er rors and then asso-
ci ated wi th the s l ot de�ni t i on metaobj ect . The val ue can then be acces sed by cal l i ng the
appropr i ate acces sor as shown i n Tabl e 6. 4.

Thi s sect i on begi ns wi th a descr i pt i on of the er ror checki ng and proces s i ng of each
i ni t i al i zat i on argument . Thi s i s f ol l owed by a tabl e showi ng the gener i c f unct i ons that can
be used to acces s the stored i ni t i al i zat i on arguments .

I n these descr i pt i ons , the phrase \thi s argument def aul t s to al ue" means that when
that i ni t i al i zat i on argument i s not suppl i ed, i ni t i al i zat i on i s per f ormed as i f al ue had been
suppl i ed. For some i ni t i al i zat i on arguments thi s coul d be done by the use of def aul t i ni t i al -
i zat i on arguments , but whether i t i s done thi s way i s not speci �ed. Impl ementat i ons are
f ree to de�ne def aul t i ni t i al i zat i on arguments f or speci �ed s l ot de�ni t i on metaobj ect cl as ses .
Portabl e programs are f ree to de�ne def aul t i ni t i al i zat i on arguments f or portabl e subcl as ses
of the cl as s sl ot-de�ni ti on.

� The : name argument i s a s l ot name. An error i s s i gnal ed i f thi s argument i s not a
symbol whi ch can be used as a var i abl e name. An error i s s i gnal ed i f thi s argument i s
not suppl i ed.

� The : i ni tf ormargument i s a f orm. The : i ni tformargument def aul t s to ni l . An error i s
s i gnal ed i f the : i ni tformargument i s suppl i ed, but the : i ni tf uncti on argument i s not
suppl i ed.

� The : i ni tf uncti onargument i s a f unct i on of zero arguments whi ch, when cal l ed, eval u-
ates the : i ni tf ormi n the appropr i ate l exi cal envi ronment . The : i ni tf uncti onargument
def aul t s to f al se. An error i s s i gnal ed i f the : i ni tf uncti onargument i s suppl i ed, but the
: i ni tf ormargument i s not suppl i ed.
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� The : type argument i s a type speci �er name. An error i s s i gnal ed otherwi se. The : type
argument def aul t s to the symbol t.

� The : al l ocati onargument i s a symbol . An error i s s i gnal ed otherwi se. The : al l ocati on
argument def aul t s to the symbol : i nstance.

� The : i ni targs argument i s a l i s t of symbol s . An error i s s i gnal ed i f thi s argument i s
not a proper l i s t , or i f any el ement of thi s l i s t i s not a symbol . The : i ni targs argument
def aul t s to the empty l i s t .

� The : readers argument i s a l i s t of f unct i on names . An error i s s i gnal ed i f i t i s not a
proper l i s t , or i f any el ement i s not a val i d f unct i on name. I t def aul t s to the empty l i s t .
An error i s s i gnal ed i f thi s argument i s suppl i ed and the metaobj ect i s not a di rect s l ot
de�ni t i on.

� The : wri ters argument i s a l i s t of f unct i on names . An error i s s i gnal ed i f i t i s not a
proper l i s t , or i f any el ement i s not a val i d f unct i on name. I t def aul t s to the empty l i s t .
An error i s s i gnal ed i f thi s argument i s suppl i ed and the metaobj ect i s not a di rect s l ot
de�ni t i on.

� The : documentati on argument i s a s t r i ng or ni l . An error i s s i gnal ed otherwi se. The
: documentati on argument def aul t s to ni l .

Af ter the proces s i ng and def aul t i ng of i ni t i al i zat i onarguments descr i bed above, the val ue
of each i ni t i al i zat i onargument i s as soci ated wi th the s l ot de�ni t i onmetaobj ect . These val ues
can then be acces sed by cal l i ng the correspondi ng gener i c f unct i on. The correspondences
are as f ol l ows :
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ni ti al i zati on rgument Generi c Functi on

: name sl ot-de�ni ti on-name
: i ni tform sl ot-de�ni ti on- i ni tf orm
: i ni tfuncti on sl ot-de�ni ti on- i ni tf uncti on
: type sl ot-de�ni ti on- type
: al l ocati on sl ot-de�ni ti on-al l ocati on
: i ni targs sl ot-de�ni ti on- i ni targs
: readers sl ot-de�ni ti on- readers
: wri ters sl ot-de�ni ti on-wri ters
: documentati on documentati on

a e . r r r

.

M
It i s not speci �ed whi ch methods provi de the i ni t i al i zat i on and rei ni t i al i zat i on behavi or
descr i bed above. I nstead, the i nf ormat i on needed to al l owportabl e programs to speci al i ze
thi s behavi or i s presented as a set of res t r i ct i ons on the methods a portabl e programcan
de�ne. The model i s that portabl e i ni t i al i zat i on methods have acces s to the s l ot de�ni t i on
metaobj ect when ei ther al l or none of the speci �ed i ni t i al i zat i on has taken e�ect .

These res t r i ct i ons govern the methods that a portabl e programcan de�ne on the gener i c
f unct i ons i ni ti al i ze- i nstance, rei ni ti al i ze- i nstance, and shared- i ni ti al i ze. These re-
s t r i ct i ons appl y onl y to methods on these gener i c f unct i ons f or whi ch the �rs t speci al i zer i s
a subcl as s of the cl as s sl ot-de�ni ti on. Other portabl e methods on these gener i c f unct i ons
are not a�ected by these res t r i ct i ons .

� Portabl e programs must not de�ne methods on shared- i ni ti al i ze or rei ni ti al i ze-
i nstance.

� For i ni ti al i ze- i nstance:

� Portabl e programs must not de�ne pr i mary methods .
� Portabl e programs may de�ne around-methods , but these must be extendi ng, not
overr i di ng methods .

� Portabl e bef ore-methods must assume that when they are run, none of the i ni t i al i za-
t i on behavi or descr i bed above has been compl eted.

� Portabl e af ter -methods must assume that when they are run, al l of the i ni t i al i zat i on
behavi or descr i bed above has been compl eted.

The resul t s are unde�ned i f any of these res t r i ct i ons are vi ol ated.
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intern e l s ecial izer unct i on

S
i ntern-eql - speci al i zer

obj ect

A
The obj ect argument i s any Li sp obj ect .

The resul t i s the eql speci al i zer metaobj ect f or obj ect .

P
Thi s f unct i on returns the uni que eql speci al i zer metaobj ect f or obj ect , creat i ng one i f nec-
es sary. Two cal l s to i ntern-eql - speci al i zer wi th eql arguments wi l l r eturn the same ( i . e. ,
eq) val ue.

R
The resul t of cal l i ng eql - speci al i zer-obj ect on the resul t of a cal l to i ntern-eql - speci al -
i zer i s onl y guaranteed to be eql to the or i gi nal obj ect argument , not neces sar i l y eq.

a e instance eneri c unct i on

S
ma e- i nstance

cl ass res i ni t args

A
The cl ass argument i s a cl as s metaobj ect or a cl as s name.

The i ni t args argument i s a l i s t of al ternat i ng i ni t i al i zat i on argument names and val ues .

The resul t i s a newl y al l ocated and i ni t i al i zed i nstance of cl ass .

P
The gener i c f unct i onma e- i nstance creates and returns a newi nstance of the gi ven cl as s .
I t s behavi or and use i s descr i bed i n the CLOS speci �cat i on.

M
ma e- i nstance ri mar et hod

cl ass s m ol res i ni t args

Thi s method s i mpl y i nvokes ma e- i nstance recurs i vel y on the arguments i class

cl ass and i ni t args .
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ma e- i nstance ri mar et hod

cl ass s a ar class res i ni t args

ma e- i nstance ri mar et hod

cl ass calla le s a ar class res i ni t args

These methods i mpl ement the behavi or of ma e- i nstance descr i bed i n the CLOS spec-
i �cat i on sect i on named \Obj ect Creat i on and Ini t i al i zat i on. "

a e et o la a eneri c unct i on

S
ma e-method- l ambda

generi c- unct i on met hod l ambda- e ressi on en i ronment

A
The generi c- unct i on argument i s a gener i c f unct i on metaobj ect .

The met hod argument i s a (poss i bl y uni ni t i al i zed) method metaobj ect .
The l ambda- e ressi on argument i s a l ambda expres s i on.
The en i ronment argument i s the same as the envi ronment argument to macro

expans i on f unct i ons .

Thi s gener i c f unct i on returns two val ues . The �rst i s a l ambda expres s i on, the second i s a
l i s t of i ni t i al i zat i on arguments and val ues .

P
Thi s gener i c f unct i on i s cal l ed to produce a l ambda expres s i on whi ch can i t sel f be used to
produce a method f unct i on f or a method and gener i c f unct i on wi th the speci �ed cl as ses .
The gener i c f unct i on and method the method f unct i on wi l l be used wi th are not requi red
to be the gi ven ones . Moreover , the method metaobj ect may be uni ni t i al i zed.

Ei ther the f unct i on compi l e, the speci al f ormf uncti onor the f unct i on coerce must be
used to convert the l ambda expres s i on a method f unct i on. The method f unct i on i t sel f can
be appl i ed to arguments wi th appl y or f uncal l .

When a method i s actual l y cal l ed by an e�ect i ve method, i t s �rs t argument wi l l be a
l i s t of the arguments to the gener i c f unct i on. I t s remai ni ng arguments wi l l be al l but the
�rs t argument passed to cal l -method. By def aul t , al l method f unct i ons must accept two
arguments : the l i s t of arguments to the gener i c f unct i on and the l i s t of next methods .

For a gi ven gener i c f unct i on and method cl as s , the appl i cabl e methods on ma e-
method- l ambda and compute-e ecti ve-method must be cons i s tent i n the f ol l owi ng
way: each use of cal l -method returned by the method on compute-e ecti ve-method
must have the same number of arguments , and the method l ambda returned by the method
on ma e-method- l ambda must accept a correspondi ng number of arguments .
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ote that the system- suppl i ed i mpl ementat i on of cal l -ne t-method i s not requi red to
handl e extra arguments to the method f unct i on. Users who de�ne addi t i onal arguments to
the method f unct i on must ei ther rede�ne or f orego cal l -ne t-method. (See the exampl e
bel ow. )

When the method metaobj ect i s created wi th ma e- i nstance, the method f unct i on
must be the val ue of the : f uncti on i ni t i al i zat i on argument . The addi t i onal i ni t i al i zat i on
arguments , returned as the second val ue of thi s gener i c f unct i on, must al so be passed i n thi s
cal l to ma e- i nstance.

M
ma e-method- l ambda ri mar et hod

generi c- unct i on s a ar e eric c io

met hod s a ar me o

l ambda- e ressi on

en i ronment

Thi s method returns a method l ambda whi ch accepts two arguments , the l i s t of ar -
guments to the gener i c f unct i on, and the l i s t of next methods . What i ni t i al i zat i on
arguments may be returned i n the second val ue are unspeci �ed.

Thi s method can be overr i dden.
ampl e:

Thi s exampl e shows howto de�ne a ki nd of method whi ch, f romwi thi n the body
of the method, has acces s to the actual method metaobj ect f or the method. Thi s
s i mpl i �ed code overr i des whatever method combi nat i on i s speci �ed f or the gener i c
f unct i on, i mpl ement i ng a s i mpl e method combi nat i on support i ng onl y pr i mary meth-
ods , cal l -ne t-method and ne t-method-p. ( I n addi t i on, i t s a s i mpl i �ed vers i on
of cal l -ne t-methodwhi ch does no error checki ng. )

ot i ce that the extra l exi cal f unct i on bi ndi ngs get wrapped around the body bef ore
cal l -ne t-method i s cal l ed. I n thi s way, the user ' s de�ni t i on of cal l -ne t-method
and ne t-method-p are sure to overr i de the system' s de�ni t i ons .

e class m e eric c io s a ar e eric c io

e a l i i ar s me o class i class m me o

e class m me o s a ar me o

e me o ma e me o lam a m e eric c io

me o m me o

lam a expressio

e iro me

eclare i ore e iro me
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lam a ar s ex me o s is me o

call ex me o me o

lam a ca r lam a expressio

le is me o is me o

call ex me o res c m ar s

call me o c io car ex me o s

or c m ar s ar s

c r ex me o s

car ex me o s

ex me o p

o ll ex me o s

c r lam a expressio

e iro me

ar s ex me o s

e me o comp e e ec i e me o m e eric c io

me o com i a io

me o s

call me o car me o s c r me o s car me o s

a e en ents eneri c unct i on

S
map-dependents

met aobj ect unct i on

A

The met aobj ect argument i s a cl as s or gener i c f unct i on metaobj ect .

The unct i on argument i s a f unct i on whi ch accepts one argument .

The val ue returned i s unspeci �ed.

P

Thi s gener i c f unct i on appl i es unct i on to each of the dependents of met aobj ect . The order i n
whi ch the dependents are proces sed i s not speci �ed, but unct i on i s appl i ed to each depen-
dent once and onl y once. I f , dur i ng the mappi ng, add-dependent or remove-dependent
i s cal l ed to al ter the dependents of met aobj ect , i t i s not speci �ed whether the newl y added
or removed dependent wi l l have unct i on appl i ed to i t .
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M
map-dependents ri mar et hod

met aobj ect s a ar class unct i on

Thi s method has no speci �ed behavi or beyond that whi ch i s speci �ed f or the gener i c
f unct i on.

Thi s method cannot be overr i dden unl es s the f ol l owi ng methods are overr i dden as
wel l :

add-dependent (standard-cl ass t)
remove-dependent (standard-cl ass t)

map-dependents ri mar et hod

met aobj ect calla le s a ar class unct i on

Thi s method has no speci �ed behavi or beyond that whi ch i s speci �ed f or the gener i c
f unct i on.

Thi s method cannot be overr i dden unl es s the f ol l owi ng methods are overr i dden as
wel l :

add-dependent (f uncal l abl e- standard-cl ass t)
remove-dependent (f uncal l abl e- standard-cl ass t)

map-dependents ri mar et hod

met aobj ect s a ar e eric c io unct i on

Thi s method has no speci �ed behavi or beyond that whi ch i s speci �ed f or the gener i c
f unct i on.

Thi s method cannot be overr i dden unl es s the f ol l owi ng methods are overr i dden as
wel l :

add-dependent (standard-generi c- f uncti on t)
remove-dependent (standard-generi c- functi on t)

R
See the \Dependent Mai ntenance Protocol " sect i on f or remarks about the use of thi s f aci l i ty.

et o eneri c unct i on

The f ol l owi ng gener i c f unct i ons are descr i bed together under \Readers f or Method Metaob-
j ect s" (page 81) : method- f uncti on, method-generi c- functi on, method- l ambda- l i st,
method-speci al i zers, method-qual i �ers and accessor-method- sl ot-de�ni ti on.
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ea ers or lass etao ects

I n thi s and the i mmedi atel y f ol l owi ng sect i ons , the \reader" gener i c f unct i ons whi ch s i mpl y
return i nf ormat i on associ ated wi th a part i cul ar ki nd of metaobj ect are presented together .
General i nf ormat i on i s presented �rst , f ol l owed by a descr i pt i on of the purpose of each, and
endi ng wi th the speci �ed methods f or these gener i c f unct i ons .

The reader gener i c f unct i ons whi ch s i mpl y return i nf ormat i onassoci ated wi th cl as s meta-
obj ect s are presented together i n thi s sect i on.

Each of the reader gener i c f unct i ons f or cl as s metaobj ect s has the same syntax, accept i ng
one requi red argument cal l ed cl ass , whi ch must be an cl as s metaobj ect ; otherwi se, an error
i s s i gnal ed. An error i s al so s i gnal ed i f the cl as s metaobj ect has not been i ni t i al i zed.

These gener i c f unct i ons can be cal l ed by the user or the i mpl ementat i on.

For any of these gener i c f unct i ons whi ch returns a l i s t , such l i s t s wi l l not be mutated by
the i mpl ementat i on. The resul t s are unde�ned i f a portabl e programal l ows such a l i s t to
be mutated.

cl ass-def aul t- i ni targs eneri c unct i on

cl ass

Returns a l i s t of the def aul t i ni t i al i zat i on arguments f or cl ass . Each el ement of thi s l i s t
i s a canoni cal i zed def aul t i ni t i al i zat i on argument . The empty l i s t i s returned i f cl ass has
no def aul t i ni t i al i zat i on arguments .

Dur i ng �nal i zat i on �nal i ze- i nheri tance cal l s compute-defaul t- i ni targs to com-
pute the def aul t i ni t i al i zat i on arguments f or the cl as s . That val ue i s as soci ated wi th the
cl as s metaobj ect and i s returned by cl ass-def aul t- i ni targs.

Thi s gener i c f unct i on s i gnal s an error i f cl ass has not been �nal i zed.

cl ass-di rect-defaul t- i ni targs eneri c unct i on

cl ass

Returns a l i s t of the di rect def aul t i ni t i al i zat i on arguments f or cl ass . Each el ement of
thi s l i s t i s a canoni cal i zed def aul t i ni t i al i zat i on argument . The empty l i s t i s returned
i f cl ass has no di rect def aul t i ni t i al i zat i on arguments . Thi s i s the def aul ted val ue of
the : di rect-def aul t- i ni targs i ni t i al i zat i on argument that was associ ated wi th the cl as s
dur i ng i ni t i al i zat i on or rei ni t i al i zat i on.

cl ass-di rect- sl ots eneri c unct i on

cl ass

Returns a set of the di rect s l ot s of cl ass . The el ements of thi s set are di rect s l ot de�ni t i on
metaobj ect s . I f the cl as s has no di rect s l ot s , the empty set i s returned. Thi s i s the
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def aul ted val ue of the : di rect- sl ots i ni t i al i zat i on argument that was associ ated wi th the
cl as s dur i ng i ni t i al i zat i on and rei ni t i al i zat i on.

cl ass-di rect- subcl asses eneri c unct i on

cl ass

Returns a set of the di rect subcl as ses of cl ass . The el ements of thi s set are cl as s meta-
obj ect s that al l ment i on thi s cl as s among thei r di rect supercl as ses . The empty set i s
returned i f cl ass has no di rect subcl as ses . Thi s val ue i s mai ntai ned by the gener i c f unc-
t i ons add-di rect- subcl ass and remove-di rect- subcl ass.

cl ass-di rect- supercl asses eneri c unct i on

cl ass

Returns a l i s t of the di rect supercl as ses of cl ass . The el ements of thi s l i s t are cl as s
metaobj ect s . The empty l i s t i s returned i f cl ass has no di rect supercl as ses . Thi s i s the
def aul ted val ue of the : di rect- supercl asses i ni t i al i zat i on argument that was associ ated
wi th the cl as s dur i ng i ni t i al i zat i on or rei ni t i al i zat i on.

cl ass-�nal i zed-p eneri c unct i on

cl ass

Returns t rue i f cl ass has been �nal i zed. Returns f al se otherwi se. Al so returns f al se i f
the cl as s has not been i ni t i al i zed.

cl ass-name eneri c unct i on

cl ass

Returns the name of cl ass . Thi s val ue can be any Li sp obj ect , but i s usual l y a symbol ,
or ni l i f the cl as s has no name. Thi s i s the def aul ted val ue of the : name i ni t i al i zat i on
argument that was associ ated wi th the cl as s dur i ng i ni t i al i zat i onor rei ni t i al i zat i on. (Al so
see (setf cl ass-name). )

cl ass-precedence- l i st eneri c unct i on

cl ass

Returns the cl as s precedence l i s t of cl ass . The el ements of thi s l i s t are cl as s metaobj ect s .

Dur i ng cl as s �nal i zat i on �nal i ze- i nheri tance cal l s compute-cl ass-precedence-
l i st to compute the cl as s precedence l i s t of the cl as s . That val ue i s as soci ated wi th the
cl as s metaobj ect and i s returned by cl ass-precedence- l i st.

Thi s gener i c f unct i on s i gnal s an error i f cl ass has not been �nal i zed.
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cl ass-prototype eneri c unct i on

cl ass

Returns a prototype i nstance of cl ass . Whether the i nstance i s i ni t i al i zed i s not speci �ed.
The resul t s are unde�ned i f a portabl e programmodi �es the bi ndi ng of any s l ot of
prototype i nstance.

Thi s gener i c f unct i on s i gnal s an error i f cl ass has not been �nal i zed.

cl ass- sl ots eneri c unct i on

cl ass

Returns a poss i bl y empty set of the s l ot s acces s i bl e i n i nstances of cl ass . The el ements
of thi s set are e�ect i ve s l ot de�ni t i on metaobj ect s .

Dur i ng cl as s �nal i zat i on �nal i ze- i nheri tance cal l s compute- sl ots to compute the
s l ot s of the cl as s . That val ue i s as soci ated wi th the cl as s metaobj ect and i s returned by
cl ass- sl ots.

Thi s gener i c f unct i on s i gnal s an error i f cl ass has not been �nal i zed.

M
The speci �ed methods f or the cl as s metaobj ect reader gener i c f unct i ons are presented bel ow.

Each entry i n the tabl e i ndi cates a method on one of the reader gener i c f unct i ons ,
speci al i zed to a speci �ed cl as s . The number i n each entry i s a ref erence to the f ul l descr i pt i on
of the method. The f ul l descr i pt i ons appear af ter the tabl e.
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standard-cl ass f orward- bui l t- i n-
and ref erenced- cl ass

f uncal l abl e- cl ass
standard-cl ass

cl ass-def aul t- i ni targs 2 3 4
cl ass-di rect-defaul t- i ni targs 1 4 4
cl ass-di rect- sl ots 1 4 4
cl ass-di rect- subcl asses 9 9 7
cl ass-di rect- supercl asses 1 4 7
cl ass-�nal i zed-p 2 6 5
cl ass-name 1 1 8
cl ass-precedence- l i st 2 3 7
cl ass-prototype 10 10 10
cl ass- sl ots 2 3 4

1. Thi s method returns the val ue whi ch was associ ated wi th the cl as s metaobj ect dur i ng
i ni t i al i zat i on or rei ni t i al i zat i on.

2. Thi s method returns the val ue associ ated wi th the cl as s metaobj ect by �nal i ze-
i nheri tance (standard-cl ass) or �nal i ze- i nheri tance (f uncal l abl e- standard-
cl ass).

3. Thi s method s i gnal s an error .

4. Thi s method returns the empty l i s t .

5. Thi s method returns t rue.

6. Thi s method returns f al se.

7. Thi s method returns a val ue der i ved f romthe i nf ormat i on i n Tabl e 5. 1, except that
i mpl ementat i on- speci �c modi �cat i ons are permi tted as descr i bed i n sect i on \Impl emen-
tat i on and User Speci al i zat i on. "

8. Thi s method returns the name of the bui l t - i n cl as s .

9. Thi s methods returns a val ue whi ch i s mai ntai nedby add-di rect- subcl ass (cl ass cl ass)
and remove-di rect-subcl ass (cl ass cl ass). Thi s method can be overr i dden onl y i f
those methods are overr i dden as wel l .

10. o behavi or i s speci �ed f or thi s method beyond that speci �ed f or the gener i c f unct i on.
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ea ers or eneric unction etao ects

The reader gener i c f unct i ons whi ch s i mpl y return i nf ormat i on associ ated wi th gener i c f unc-
t i on metaobj ect s are presented together i n thi s sect i on.

Each of the reader gener i c f unct i ons f or gener i c f unct i on metaobj ect s has the same syn-
tax, accept i ng one requi red argument cal l ed generi c- unct i on, whi chmust be a gener i c f unc-
t i on metaobj ect ; otherwi se, an error i s s i gnal ed. An error i s al so s i gnal ed i f the gener i c
f unct i on metaobj ect has not been i ni t i al i zed.

These gener i c f unct i ons can be cal l ed by the user or the i mpl ementat i on.

The l i s t returned by thi s gener i c f unct i on wi l l not be mutated by the i mpl ementat i on.
The resul t s are unde�ned i f a portabl e programmutates the l i s t returned by thi s gener i c
f unct i on.

generi c- f uncti on-argument-precedence-order eneri c unct i on

generi c- unct i on

Returns the argument precedence order of the gener i c f unct i on. Thi s val ue i s a l i s t
of symbol s , a permutat i on of the requi red parameters i n the l ambda l i s t of the gener i c
f unct i on. Thi s i s the def aul ted val ue of the : argument-precedence-order i ni t i al i zat i on
argument that was associ ated wi th the gener i c f unct i on metaobj ect dur i ng i ni t i al i zat i on
or rei ni t i al i zat i on.

generi c- f uncti on-decl arati ons eneri c unct i on

generi c- unct i on

Returns a poss i bl y empty l i s t of the decl arat i ons of the gener i c f unct i on. The el ements
of thi s l i s t are decl arat i ons . Thi s l i s t i s the def aul ted val ue of the : decl arati ons i ni -
t i al i zat i on argument that was associ ated wi th the gener i c f unct i on metaobj ect dur i ng
i ni t i al i zat i on or rei ni t i al i zat i on.

generi c- f uncti on- l ambda- l i st eneri c unct i on

generi c- unct i on

Returns the l ambda l i s t of the gener i c f unct i on. Thi s i s the def aul ted val ue of the
: l ambda- l i st i ni t i al i zat i onargument that was associ ated wi th the gener i c f unct i onmeta-
obj ect dur i ng i ni t i al i zat i on or rei ni t i al i zat i on. An error i s s i gnal ed i f the l ambda l i s t has
yet to be suppl i ed.
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generi c- f uncti on-method-cl ass eneri c unct i on

generi c- unct i on

Returns the def aul t method cl as s of the gener i c f unct i on. Thi s cl as s must be a subcl as s
of the cl as s method. Thi s i s the def aul ted val ue of the : method-cl ass i ni t i al i zat i on
argument that was associ ated wi th the gener i c f unct i on metaobj ect dur i ng i ni t i al i zat i on
or rei ni t i al i zat i on.

generi c- f uncti on-method-combinati on eneri c unct i on

generi c- unct i on

Returns the method combi nat i on of the gener i c f unct i on. Thi s i s a method combi nat i on
metaobj ect . Thi s i s the def aul ted val ue of the : method-combinati on i ni t i al i zat i on
argument that was associ ated wi th the gener i c f unct i on metaobj ect dur i ng i ni t i al i zat i on
or rei ni t i al i zat i on.

generi c- f uncti on-methods eneri c unct i on

generi c- unct i on

Returns the set of methods current l y connected to the gener i c f unct i on. Thi s i s a set of
method metaobj ect s . Thi s val ue i s mai ntai ned by the gener i c f unct i ons add-method
and remove-method.

generi c- f uncti on-name eneri c unct i on

generi c- unct i on

Returns the name of the gener i c f unct i on, or ni l i f the gener i c f unct i on has no name.
Thi s i s the def aul ted val ue of the : name i ni t i al i zat i on argument that was associ ated
wi th the gener i c f unct i on metaobj ect dur i ng i ni t i al i zat i on or rei ni t i al i zat i on. (Al so see
(setf generi c- functi on-name). )

M

The speci �ed methods f or the gener i c f unct i on metaobj ect reader gener i c f unct i ons are
presented bel ow.
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generi c- f uncti on-argument-precedence-order ri mar et hod

generi c- unct i on s a ar e eric c io

generi c- f uncti on-decl arati ons ri mar et hod

generi c- unct i on s a ar e eric c io

generi c- f uncti on- l ambda- l i st ri mar et hod

generi c- unct i on s a ar e eric c io

generi c- f uncti on-method-cl ass ri mar et hod

generi c- unct i on s a ar e eric c io

generi c- f uncti on-method-combinati on ri mar et hod

generi c- unct i on s a ar e eric c io

generi c- f uncti on-name ri mar et hod

generi c- unct i on s a ar e eric c io

o behavi or i s speci �ed f or these methods beyond that whi ch i s speci �ed f or thei r re-
spect i ve gener i c f unct i ons .

generi c- f uncti on-methods ri mar et hod

generi c- unct i on s a ar e eric c io

o behavi or i s speci �ed f or thi s method beyond that whi ch i s speci �ed f or thei r respect i ve
gener i c f unct i ons .

The val ue returned by thi s method i s mai ntai ned by add-method (standard-
generi c- f uncti on standard-method) and remove-method (standard-generi c-
f uncti on standard-method).

ea ers or et o etao ects

The reader gener i c f unct i ons whi ch s i mpl y return i nf ormat i on associ ated wi thmethodmeta-
obj ect s are presented together here i n the f ormat descr i bed under \Readers f or Cl ass Meta-
obj ect s . "

Each of these reader gener i c f unct i ons have the same syntax, accept i ng one requi red
argument cal l edmet hod, whi chmust be a methodmetaobj ect ; otherwi se, an error i s s i gnal ed.
An error i s al so s i gnal ed i f the method metaobj ect has not been i ni t i al i zed.

These gener i c f unct i ons can be cal l ed by the user or the i mpl ementat i on.

For any of these gener i c f unct i ons whi ch returns a l i s t , such l i s t s wi l l not be mutated by
the i mpl ementat i on. The resul t s are unde�ned i f a portabl e programal l ows such a l i s t to
be mutated.
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method- f uncti on eneri c unct i on

met hod

Returns the method f unct i on of met hod. Thi s i s the def aul ted val ue of the : f uncti on
i ni t i al i zat i on argument that was associ ated wi th the method dur i ng i ni t i al i zat i on.

method-generi c- f uncti on eneri c unct i on

met hod

Returns the gener i c f unct i on that met hod i s current l y connected to, or ni l i f i t i s not
current l y connected to any gener i c f unct i on. Thi s val ue i s ei ther a gener i c f unct i on
metaobj ect or ni l . When a method i s �rs t created i t i s not connected to any gener i c
f unct i on. Thi s connect i on i s mai ntai ned by the gener i c f unct i ons add-method and
remove-method.

method- l ambda- l i st eneri c unct i on

met hod

Returns the (unspeci al i zed) l ambda l i s t of met hod . Thi s val ue i s a CommonLi sp l ambda
l i s t . Thi s i s the def aul ted val ue of the : l ambda- l i st i ni t i al i zat i on argument that was
associ ated wi th the method dur i ng i ni t i al i zat i on.

method-speci al i zers eneri c unct i on

met hod

Returns a l i s t of the speci al i zer s of met hod. Thi s val ue i s a l i s t of speci al i zer metaob-
j ect s . Thi s i s the def aul ted val ue of the : speci al i zers i ni t i al i zat i on argument that was
associ ated wi th the method dur i ng i ni t i al i zat i on.

method-qual i �ers eneri c unct i on

met hod

Returns a (poss i bl y empty) l i s t of the qual i �er s of met hod. Thi s val ue i s a l i s t of non-ni l
atoms. Thi s i s the def aul ted val ue of the : qual i �ers i ni t i al i zat i on argument that was
associ ated wi th the method dur i ng i ni t i al i zat i on.

accessor-method- sl ot-de�ni ti on eneri c unct i on

met hod

Thi s acces sor can onl y be cal l ed on acces sor methods . I t returns the di rect s l ot de�-
ni t i on metaobj ect that de�ned thi s method. Thi s i s the val ue of the : sl ot-de�ni ti on
i ni t i al i zat i on argument associ ated wi th the method dur i ng i ni t i al i zat i on.

M
The speci �ed methods f or the method metaobj ect readers are presented bel ow.
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method- f uncti on ri mar et hod

met hod s a ar me o

method- l ambda- l i st ri mar et hod

met hod s a ar me o

method-speci al i zers ri mar et hod

met hod s a ar me o

method-qual i �ers ri mar et hod

met hod s a ar me o

o behavi or i s speci �ed f or these methods beyond that whi ch i s speci �ed f or thei r re-
spect i ve gener i c f unct i ons .

method-generi c- f uncti on ri mar et hod

met hod s a ar me o

o behavi or i s speci �ed f or thi s method beyond that whi ch i s speci �ed f or i t s gener i c
f unct i on.

The val ue returned by thi s method i s mai ntai ned by add-method (standard-
generi c- f uncti on standard-method) and remove-method (standard-generi c-
f uncti on standard-method).

accessor-method- sl ot-de�ni ti on ri mar et hod

met hod s a ar accessor me o

o behavi or i s speci �ed f or thi s method beyond that whi ch i s speci �ed f or i t s gener i c
f unct i on.

ea ers or Slot e nition etao ects

The reader gener i c f unct i ons whi ch s i mpl y return i nf ormat i on associ ated wi th s l ot de�ni t i on
metaobj ect s are presented together here i n the f ormat descr i bed under \Readers f or Cl ass
Metaobj ect s . "

Each of the reader gener i c f unct i ons f or s l ot de�ni t i on metaobj ect s has the same syntax,
accept i ng one requi red argument cal l ed sl ot , whi ch must be a s l ot de�ni t i on metaobj ect ;
otherwi se, an error i s s i gnal ed. An error i s al so s i gnal ed i f the s l ot de�ni t i on metaobj ect has
not been i ni t i al i zed.

These gener i c f unct i ons can be cal l ed by the user or the i mpl ementat i on.
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For any of these gener i c f unct i ons whi ch returns a l i s t , such l i s t s wi l l not be mutated by
the i mpl ementat i on. The resul t s are unde�ned i f a portabl e programal l ows such a l i s t to
be mutated.

G F
sl ot-de�ni ti on-al l ocati on eneri c unct i on

sl ot

Returns the al l ocat i on of sl ot . Thi s i s a symbol . Thi s i s the def aul ted val ue of the : al l o-
cati on i ni t i al i zat i on argument that was associ ated wi th the s l ot de�ni t i on metaobj ect
dur i ng i ni t i al i zat i on.

sl ot-de�ni ti on- i ni targs eneri c unct i on

sl ot

Returns the set of i ni t i al i zat i on argument keywords f or sl ot . Thi s i s the def aul ted val ue
of the : i ni targs i ni t i al i zat i on argument that was associ ated wi th the s l ot de�ni t i on
metaobj ect dur i ng i ni t i al i zat i on.

sl ot-de�ni ti on- i ni tform eneri c unct i on

sl ot

Returns the i ni t i al i zat i on f ormof sl ot . Thi s can be any f orm. Thi s i s the def aul ted val ue
of the : i ni tf ormi ni t i al i zat i on argument that was associ ated wi th the s l ot de�ni t i on
metaobj ect dur i ng i ni t i al i zat i on. When sl ot has no i ni t i al i zat i on f orm, the val ue returned
i s unspeci �ed (however , sl ot-de�ni ti on- i ni tf uncti on i s guaranteed to return ni l ) .

sl ot-de�ni ti on- i ni tfuncti on eneri c unct i on

sl ot

Returns the i ni t i al i zat i on f unct i on of sl ot . Thi s val ue i s ei ther a f unct i on of no arguments ,
or ni l , i ndi cat i ng that the s l ot has no i ni t i al i zat i on f unct i on. Thi s i s the def aul ted val ue
of the : i ni tfuncti on i ni t i al i zat i on argument that was associ ated wi th the s l ot de�ni t i on
metaobj ect dur i ng i ni t i al i zat i on.

sl ot-de�ni ti on-name eneri c unct i on

sl ot

Returns the name of sl ot . Thi s val ue i s a symbol that can be used as a var i abl e name.
Thi s i s the val ue of the : name i ni t i al i zat i on argument that was associ ated wi th the s l ot
de�ni t i on metaobj ect dur i ng i ni t i al i zat i on.
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sl ot-de�ni ti on- type eneri c unct i on

sl ot

Returns the al l ocat i on of sl ot . Thi s i s a type speci �er name. Thi s i s the def aul ted
val ue of the : name i ni t i al i zat i on argument that was associ ated wi th the s l ot de�ni t i on
metaobj ect dur i ng i ni t i al i zat i on.

M

The speci �ed methods f or the s l ot de�ni t i on metaobj ect readers are presented bel ow.

sl ot-de�ni ti on-al l ocati on ri mar et hod

sl ot - de ni t i on s a ar slo e i i io

sl ot-de�ni ti on- i ni targs ri mar et hod

sl ot - de ni t i on s a ar slo e i i io

sl ot-de�ni ti on- i ni tform ri mar et hod

sl ot - de ni t i on s a ar slo e i i io

sl ot-de�ni ti on- i ni tfuncti on ri mar et hod

sl ot - de ni t i on s a ar slo e i i io

sl ot-de�ni ti on-name ri mar et hod

sl ot - de ni t i on s a ar slo e i i io

sl ot-de�ni ti on- type ri mar et hod

sl ot - de ni t i on s a ar slo e i i io

o behavi or i s speci �ed f or these methods beyond that whi ch i s speci �ed f or thei r re-
spect i ve gener i c f unct i ons .

D S D M

The f ol l owi ng addi t i onal reader gener i c f unct i ons are de�ned f or di rect s l ot de�ni t i on meta-
obj ect s .

sl ot-de�ni ti on- readers eneri c unct i on

di rect - sl ot

Returns a (poss i bl y empty) set of readers of the di rect sl ot . Thi s val ue i s a l i s t of
f unct i on names . Thi s i s the def aul ted val ue of the : readers i ni t i al i zat i on argument that
was associ ated wi th the di rect s l ot de�ni t i on metaobj ect dur i ng i ni t i al i zat i on.
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sl ot-de�ni ti on-wri ters eneri c unct i on

di rect - sl ot

Returns a (poss i bl y empty) set of wr i ter s of the di rect sl ot . Thi s val ue i s a l i s t of
f unct i on names . Thi s i s the def aul ted val ue of the : wri ters i ni t i al i zat i on argument that
was associ ated wi th the di rect s l ot de�ni t i on metaobj ect dur i ng i ni t i al i zat i on.

sl ot-de�ni ti on- readers ri mar et hod

di rect - sl ot - de ni t i on s a ar irec slo e i i io

sl ot-de�ni ti on-wri ters ri mar et hod

di rect - sl ot - de ni t i on s a ar irec slo e i i io

o behavi or i s speci �ed f or these methods beyond what i s speci �ed f or thei r gener i c
f unct i ons .

E S D M

The f ol l owi ng reader gener i c f unct i on i s de�ned f or e�ect i ve s l ot de�ni t i on metaobj ect s .

sl ot-de�ni ti on- l ocati on eneri c unct i on

e ect i e- sl ot - de ni t i on

Returns the l ocat i on of e ect i e- sl ot - de ni t i on. The meani ng and i nterpretat i on of thi s
val ue i s descr i bed i n the sect i on cal l ed \Instance Structure Protocol . "

sl ot-de�ni ti on- l ocati on ri mar et hod

e ect i e- sl ot - de ni t i on s a ar e ec i e slo e i i io

Thi s method returns the val ue stored by compute- sl ots : around (standard-cl ass)
and compute- sl ots : around (f uncal l abl e- standard-cl ass).

rea er et o class eneri c unct i on

S
reader-method-cl ass

cl ass di rect - sl ot res i ni t args

A

The cl ass argument i s a cl as s metaobj ect .

The di rect - sl ot argument i s a di rect s l ot de�ni t i on metaobj ect .

The i ni t args argument cons i s t s of al ternat i ng i ni t i al i zat i on argument names and val ues .
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The val ue returned i s a cl as s metaobj ect .

P
Thi s gener i c f unct i on i s cal l ed to determi ne the cl as s of reader methods created dur i ng
cl as s i ni t i al i zat i on and rei ni t i al i zat i on. The resul t must be a subcl as s of standard-reader-
method.

The i ni t args argument must be the same as wi l l be passed to ma e- i nstance to create
the reader method. The i ni t args must i ncl ude : sl ot-de�ni ti onwi th sl ot - de ni t i on as i t s
val ue.

M
reader-method-cl ass ri mar et hod

cl ass s a ar class

di rect - sl ot s a ar irec slo e i i io

res i ni t args

reader-method-cl ass ri mar et hod

cl ass calla le s a ar class

di rect - sl ot s a ar irec slo e i i io

res i ni t args

These methods return the cl as s standard-reader-method. These methods can be
overr i dden.

re o e e en ent eneri c unct i on

S
remove-dependent

met aobj ect de endent

A
The met aobj ect argument i s a cl as s or gener i c f unct i on metaobj ect .

The de endent argument i s an obj ect .

The val ue returned by thi s gener i c f unct i on i s unspeci �ed.

P
Thi s gener i c f unct i on removes de endent f romthe dependents of met aobj ect . I f de endent

i s not one of the dependents of met aobj ect , no er ror i s s i gnal ed.
The gener i c f unct i on map-dependents can be cal l ed to acces s the set of dependents

of a cl as s or gener i c f unct i on. The gener i c f unct i on add-dependent can be cal l ed to add
an obj ect f romthe set of dependents of a cl as s or gener i c f unct i on. The e�ect of cal l i ng
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add-dependent or remove-dependent whi l e a cal l to map-dependents on the same
cl as s or gener i c f unct i on i s i n progres s i s unspeci �ed.

The s i tuat i ons i n whi ch remove-dependent i s cal l ed are not speci �ed.

M
remove-dependent ri mar et hod

cl ass s a ar class de endent

o behavi or i s speci �ed f or thi s method beyond that whi ch i s speci �ed f or the gener i c
f unct i on.

Thi s method cannot be overr i dden unl es s the f ol l owi ng methods are overr i dden as
wel l :

add-dependent (standard-cl ass t)
map-dependents (standard-cl ass t)

remove-dependent ri mar et hod

cl ass calla le s a ar class de endent

o behavi or i s speci �ed f or thi s method beyond that whi ch i s speci �ed f or the gener i c
f unct i on.

Thi s method cannot be overr i dden unl es s the f ol l owi ng methods are overr i dden as
wel l :

add-dependent (f uncal l abl e- standard-cl ass t)
map-dependents (f uncal l abl e- standard-cl ass t)

remove-dependent ri mar et hod

generi c- unct i on s a ar e eric c io de endent

o behavi or i s speci �ed f or thi s method beyond that whi ch i s speci �ed f or the gener i c
f unct i on.

Thi s method cannot be overr i dden unl es s the f ol l owi ng methods are overr i dden as
wel l :

add-dependent (standard-generi c- f uncti on t)
map-dependents (standard-generi c- f uncti on t)

R

See the \Dependent Mai ntenance Protocol " sect i on f or remarks about the use of thi s f aci l i ty.
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re o e irect et o eneri c unct i on

S
remove-di rect-method

s eci al i er met hod

A

The s eci al i er argument i s a speci al i zer metaobj ect .

The met hod argument i s a method metaobj ect .

The val ue returned by remove-di rect-method i s unspeci �ed.

P

Thi s gener i c f unct i on i s cal l ed to mai ntai n a set of backpoi nter s f roma speci al i zer to the
set of methods speci al i zed to i t . I f met hod i s i n the set i t i s removed. I f i t i s not , no error
i s s i gnal ed.

Thi s set can be acces sed as a l i s t by cal l i ng the gener i c f unct i on speci al i zer-di rect-
methods. Methods are added to the set by add-di rect-method.

The gener i c f unct i on remove-di rect-method i s cal l ed by remove-methodwhenever
a method i s removed f roma gener i c f unct i on. I t i s cal l ed once f or each of the speci al i zer s of
the method. ote that i n cases where a speci al i zer appears more than once i n the speci al i zer s
of a method, thi s gener i c f unct i on wi l l be cal l ed more than once wi th the same speci al i zer
as argument .

The resul t s are unde�ned i f the s eci al i er argument i s not one of the speci al i zer s of the
met hod argument .

M
remove-di rect-method ri mar et hod

s eci al i er class

met hod me o

Thi s method i mpl ements the behavi or of the gener i c f unct i on f or cl as s speci al i zer s . o
behavi or i s speci �ed f or thi s method beyond that whi ch i s speci �ed f or the gener i c
f unct i on.

Thi s method cannot be overr i dden unl es s the f ol l owi ng methods are overr i dden as
wel l :

add-di rect-method (cl ass method)
speci al i zer-di rect-generi c- f uncti ons (cl ass)
speci al i zer-di rect-methods (cl ass)
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remove-di rect-method ri mar et hod

s eci al i er e l speciali er

met hod me o

Thi s method i mpl ements the behavi or of the gener i c f unct i on f or eql speci al i zer s . o
behavi or i s speci �ed f or thi s method beyond that whi ch i s speci �ed f or the gener i c
f unct i on.

re o e irect su class eneri c unct i on

S
remove-di rect- subcl ass

su ercl ass subcl ass

A

The su ercl ass argument i s a cl as s metaobj ect .

The subcl ass argument i s a cl as s metaobj ect .

The val ue returned by thi s gener i c f unct i on i s unspeci �ed.

P

Thi s gener i c f unct i on i s cal l ed to mai ntai n a set of backpoi nter s f roma cl ass to i t s di rect
subcl as ses . I t removes subcl ass f romthe set of di rect subcl as ses of su ercl ass . o er ror i s
s i gnal ed i f subcl ass i s not i n thi s set .

Whenever a cl as s i s rei ni t i al i zed, thi s gener i c f unct i on i s cal l ed once wi th each del eted
di rect supercl as s of the cl as s .

M
remove-di rect- subcl ass ri mar et hod

su ercl ass class

subcl ass class

o behavi or i s speci �ed f or thi s method beyond that whi ch i s speci �ed f or the gener i c
f unct i on.

Thi s method cannot be overr i dden unl es s the f ol l owi ng methods are overr i dden as
wel l :

add-di rect- subcl ass (cl ass cl ass)
cl ass-di rect- subcl asses (cl ass)
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re o e et o eneri c unct i on

S
remove-method

generi c- unct i on met hod

A
The generi c- unct i on argument i s a gener i c f unct i on metaobj ect .

The met hod argument i s a method metaobj ect .

The generi c- unct i on argument i s returned.

P
Thi s gener i c f unct i on breaks the associ at i on between a gener i c f unct i on and one of i t s meth-
ods .

o er ror i s s i gnal ed i f the method i s not among the methods of the gener i c f unct i on.
Breaki ng the associ at i on between the method and the gener i c f unct i on proceeds i n f our

s teps : ( i ) remove met hod f romthe set returned by generi c- functi on-methods and arrange
f or method-generi c- functi on to return ni l ; ( i i ) cal l remove-di rect-method f or each
of the method' s speci al i zer s ; ( i i i ) cal l compute-di scrimi nati ng- functi on and i nstal l i t s
resul t wi th set- f uncal l abl e- i nstance- f uncti on; and ( i v) update the dependents of the
gener i c f unct i on.

The gener i c f unct i on remove-methodcan be cal l ed by the user or the i mpl ementat i on.

M
remove-method ri mar et hod

generi c- unct i on s a ar e eric c io

met hod s a ar me o

o behavi or i s speci �ed f or thi s method beyond that whi ch i s speci �ed f or the gener i c
f unct i on.

set uncal la le instance unction unct i on

S
set- f uncal l abl e- i nstance- f uncti on

uncal l abl e- i nst ance unct i on

A
The uncal l abl e- i nst ance argument i s a f uncal l abl e i nstance ( i t must have been returned by
al l ocate- i nstance (f uncal l abl e- standard-cl ass)) .

The unct i on argument i s a f unct i on.
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The val ue returned by thi s f unct i on i s unspeci �ed.

P

Thi s f unct i on i s cal l ed to set or to change the f unct i on of a f uncal l abl e i nstance. Af ter
set- f uncal l abl e- i nstance- f uncti on i s cal l ed, any subsequent cal l s to uncal l abl e- i nst ance

wi l l run the newf unct i on.

set class na e unct i on

S
(setf cl ass-name) eneri c unct i on

ne -name cl ass

A

The cl ass argument i s a cl as s metaobj ect .

The ne -name argument i s any Li sp obj ect .

R

Thi s f unct i on returns i t s ne -name argument .

P

Thi s f unct i on changes the name of cl ass to ne -name . Thi s val ue i s usual l y a symbol , or
ni l i f the cl as s has no name.

Thi s f unct i on works by cal l i ng rei ni ti al i ze- i nstance wi th cl ass as i t s �rs t argument ,
the symbol : name as i t s second argument and ne -name as i t s thi rd argument .

set eneric unction na e unct i on

S
(setf generi c- f uncti on-name) eneri c unct i on

ne -name generi c- unct i on

A

The generi c- unct i on argument i s a gener i c f unct i on metaobj ect .

The ne -name argument i s a f unct i on name or ni l .

R

Thi s f unct i on returns i t s ne -name argument .
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P

Thi s f unct i on changes the name of generi c- unct i on to ne -name. Thi s val ue i s usual l y
a f unct i on name ( i . e. , a symbol or a l i s t of the f orm(setf s mbol )) or ni l , i f the gener i c
f unct i on i s to have no name.

Thi s f unct i on works by cal l i ng rei ni ti al i ze- i nstance wi th generi c- unct i on as i t s �rs t
argument , the symbol : name as i t s second argument and ne -name as i t s thi rd argument .

set slot alue usin class eneri c unct i on

S
(setf sl ot-val ue-usi ng-cl ass)

ne - al ue cl ass obj ect sl ot

A

The ne - al ue argument i s an obj ect .

The cl ass argument i s a cl as s metaobj ect . I t i s the cl as s of the obj ect argument .

The obj ect argument i s an obj ect .

The sl ot argument i s an e�ect i ve s l ot de�ni t i on metaobj ect .

Thi s gener i c f unct i on returns the ne - al ue argument .

P

The gener i c f unct i on (setf sl ot-val ue-usi ng-cl ass) i mpl ements the behavi or of the (setf
sl ot-val ue) f unct i on. I t i s cal l ed by (setf sl ot-val ue) wi th the cl as s of obj ect as i t s second
argument and the pert i nent e�ect i ve s l ot de�ni t i on metaobj ect as i t s f ourth argument .

The gener i c f unct i on (setf sl ot-val ue-usi ng-cl ass) set s the val ue contai ned i n the gi ven
s l ot of the gi ven obj ect to the gi ven newval ue; any previ ous val ue i s l os t .

The resul t s are unde�ned i f the cl ass argument i s not the cl as s of the obj ect argument ,
or i f the sl ot argument does not appear among the set of e�ect i ve s l ot s associ ated wi th the
cl ass argument .
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M
(setf sl ot-val ue-usi ng-cl ass) ri mar et hod

ne - al ue

cl ass s a ar class

obj ect

sl ot s a ar e ec i e slo e i i io

(setf sl ot-val ue-usi ng-cl ass) ri mar et hod

ne - al ue

cl ass calla le s a ar class

obj ect

sl ot s a ar e ec i e slo e i i io

These methods i mpl ement the f ul l behavi or of thi s gener i c f unct i on f or s l ot s wi th al l oca-
t i on : i nstance and : cl ass. I f the suppl i ed s l ot has an al l ocat i on other than : i nstance
or : cl ass an error i s s i gnal ed.

Overr i di ng these methods i s permi tted, but may requi re overr i di ng other methods i n
the standard i mpl ementat i on of the s l ot acces s protocol .

(setf sl ot-val ue-usi ng-cl ass) ri mar et hod

ne - al ue

cl ass il i class

obj ect

sl ot

Thi s method s i gnal s an error .

slot oun usin class eneri c unct i on

S
sl ot-boundp-usi ng-cl ass

cl ass obj ect sl ot

A

The cl ass argument i s a cl as s metaobj ect . I t i s the cl as s of the obj ect argument .

The obj ect argument i s an obj ect .

The sl ot argument i s an e�ect i ve s l ot de�ni t i on metaobj ect .

Thi s gener i c f unct i on returns t rue or f al se.
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P

Thi s gener i c f unct i on i mpl ements the behavi or of the sl ot-boundp f unct i on. I t i s cal l ed by
sl ot-boundpwi th the cl as s of obj ect as i t s �rs t argument and the pert i nent e�ect i ve s l ot
de�ni t i on metaobj ect as i t s thi rd argument .

The gener i c f unct i on sl ot-boundp-usi ng-cl ass tes t s whether a speci �c s l ot i n an i n-
s tance i s bound.

The resul t s are unde�ned i f the cl ass argument i s not the cl as s of the obj ect argument ,
or i f the sl ot argument does not appear among the set of e�ect i ve s l ot s associ ated wi th the
cl ass argument .

M
sl ot-boundp-usi ng-cl ass ri mar et hod

cl ass s a ar class

obj ect

sl ot s a ar e ec i e slo e i i io

sl ot-boundp-usi ng-cl ass ri mar et hod

cl ass calla le s a ar class

obj ect

sl ot s a ar e ec i e slo e i i io

These methods i mpl ement the f ul l behavi or of thi s gener i c f unct i on f or s l ot s wi th al l oca-
t i on : i nstance and : cl ass. I f the suppl i ed s l ot has an al l ocat i on other than : i nstance
or : cl ass an error i s s i gnal ed.

Overr i di ng these methods i s permi tted, but may requi re overr i di ng other methods i n
the standard i mpl ementat i on of the s l ot acces s protocol .

sl ot-boundp-usi ng-cl ass ri mar et hod

cl ass il i class

obj ect

sl ot

Thi s method s i gnal s an error .

R

In cases where the cl as s metaobj ect cl as s does not di s t i ngui sh unbound s l ot s , t rue shoul d
be returned.

slot e nition eneri c unct i on

The f ol l owi ng gener i c f unct i ons are descr i bed together under \Readers f or Sl ot Def -
i ni t i on Metaobj ect s" (page 83) : sl ot-de�ni ti on-al l ocati on, sl ot-de�ni ti on- i ni targs,
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sl ot-de�ni ti on- i ni tform, sl ot-de�ni ti on- i ni tfuncti on, sl ot-de�ni ti on- l ocati on, sl ot-
de�ni ti on-name, sl ot-de�ni ti on- readers, sl ot-de�ni ti on-wri ters and sl ot-de�ni ti on-
type.

slot a un oun usin class eneri c unct i on

S
sl ot-ma unbound-usi ng-cl ass

cl ass obj ect sl ot

A
The cl ass argument i s a cl as s metaobj ect . I t i s the cl as s of the obj ect argument .

The obj ect argument i s an obj ect .
The sl ot argument i s an e�ect i ve s l ot de�ni t i on metaobj ect .

Thi s gener i c f unct i on returns i t s obj ect argument .

P
Thi s gener i c f unct i on i mpl ements the behavi or of the sl ot-ma unbound f unct i on. I t i s
cal l ed by sl ot-ma unboundwi th the cl as s of obj ect as i t s �rs t argument and the pert i nent
e�ect i ve s l ot de�ni t i on metaobj ect as i t s thi rd argument .

The gener i c f unct i on sl ot-ma unbound-usi ng-cl ass res tores a s l ot i n an obj ect to i t s
unbound state. The i nterpretat i on of \res tor i ng a s l ot to i t s unbound state" depends on the
cl as s metaobj ect cl as s .

The resul t s are unde�ned i f the cl ass argument i s not the cl as s of the obj ect argument ,
or i f the sl ot argument does not appear among the set of e�ect i ve s l ot s associ ated wi th the
cl ass argument .

M
sl ot-ma unbound-usi ng-cl ass ri mar et hod

cl ass s a ar class

obj ect

sl ot s a ar e ec i e slo e i i io

sl ot-ma unbound-usi ng-cl ass ri mar et hod

cl ass calla le s a ar class

obj ect

sl ot s a ar e ec i e slo e i i io

These methods i mpl ement the f ul l behavi or of thi s gener i c f unct i on f or s l ot s wi th al l oca-
t i on : i nstance and : cl ass. I f the suppl i ed s l ot has an al l ocat i on other than : i nstance
or : cl ass an error i s s i gnal ed.
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Overr i di ng these methods i s permi tted, but may requi re overr i di ng other methods i n
the standard i mpl ementat i on of the s l ot acces s protocol .

sl ot-ma unbound-usi ng-cl ass ri mar et hod

cl ass il i class

obj ect

sl ot

Thi s method s i gnal s an error .

slot alue usin class eneri c unct i on

S
sl ot-val ue-usi ng-cl ass

cl ass obj ect sl ot

A

The cl ass argument i s a cl as s metaobj ect . I t i s the cl as s of the obj ect argument .

The obj ect argument i s an obj ect .

The sl ot argument i s an e�ect i ve s l ot de�ni t i on metaobj ect .

The val ue returned by thi s gener i c f unct i on i s an obj ect .

P

Thi s gener i c f unct i on i mpl ements the behavi or of the sl ot-val ue f unct i on. I t i s cal l ed by
sl ot-val ue wi th the cl as s of obj ect as i t s �rs t argument and the pert i nent e�ect i ve s l ot
de�ni t i on metaobj ect as i t s thi rd argument .

The gener i c f unct i on sl ot-val ue-usi ng-cl ass returns the val ue contai ned i n the gi ven
s l ot of the gi ven obj ect . I f the s l ot i s unbound sl ot-unbound i s cal l ed.

The resul t s are unde�ned i f the cl ass argument i s not the cl as s of the obj ect argument ,
or i f the sl ot argument does not appear among the set of e�ect i ve s l ot s associ ated wi th the
cl ass argument .
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M
sl ot-val ue-usi ng-cl ass ri mar et hod

cl ass s a ar class

obj ect

sl ot s a ar e ec i e slo e i i io

sl ot-val ue-usi ng-cl ass ri mar et hod

cl ass calla le s a ar class

obj ect

sl ot s a ar e ec i e slo e i i io

These methods i mpl ement the f ul l behavi or of thi s gener i c f unct i on f or s l ot s wi th al l oca-
t i on : i nstance and : cl ass. I f the suppl i ed s l ot has an al l ocat i on other than : i nstance
or : cl ass an error i s s i gnal ed.

Overr i di ng these methods i s permi tted, but may requi re overr i di ng other methods i n
the standard i mpl ementat i on of the s l ot acces s protocol .

sl ot-val ue-usi ng-cl ass ri mar et hod

cl ass il i class

obj ect

sl ot

Thi s method s i gnal s an error .

s ecial izer irect eneric unctions eneri c unct i on

S
speci al i zer-di rect-generi c- f uncti ons

s eci al i er

A

The s eci al i er argument i s a speci al i zer metaobj ect .

The resul t of thi s gener i c f unct i on i s a poss i bl y empty l i s t of gener i c f unct i on metaobj ect s .

P

Thi s gener i c f unct i on returns the poss i bl y empty set of those gener i c f unct i ons whi ch have
a method wi th s eci al i er as a speci al i zer . The el ements of thi s set are gener i c f unct i on
metaobj ect s . Thi s val ue i s mai ntai ned by the gener i c f unct i ons add-di rect-method and
remove-di rect-method.
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M
speci al i zer-di rect-generi c- f uncti ons ri mar et hod

s eci al i er class

o behavi or i s speci �ed f or thi s method beyond that whi ch i s speci �ed f or the gener i c
f unct i on.

Thi s method cannot be overr i dden unl es s the f ol l owi ng methods are overr i dden as
wel l :

add-di rect-method (cl ass method)
remove-di rect-method (cl ass method)
speci al i zer-di rect-methods (cl ass)

speci al i zer-di rect-generi c- f uncti ons ri mar et hod

s eci al i er e l speciali er

o behavi or i s speci �ed f or thi s method beyond that whi ch i s speci �ed f or the gener i c
f unct i on.

s ecial izer irect et o s eneri c unct i on

S
speci al i zer-di rect-methods

s eci al i er

A
The s eci al i er argument i s a speci al i zer metaobj ect .

The resul t of thi s gener i c f unct i on i s a poss i bl y empty l i s t of method metaobj ect s .

P
Thi s gener i c f unct i on returns the poss i bl y empty set of those methods , connected to gener i c
f unct i ons , whi ch have s eci al i er as a speci al i zer . The el ements of thi s set are method
metaobj ect s . Thi s val ue i s mai ntai ned by the gener i c f unct i ons add-di rect-method and
remove-di rect-method.

M
speci al i zer-di rect-methods ri mar et hod

s eci al i er class

o behavi or i s speci �ed f or thi s method beyond that whi ch i s speci �ed f or the gener i c
f unct i on.

Thi s method cannot be overr i dden unl es s the f ol l owi ng methods are overr i dden as
wel l :
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add-di rect-method (cl ass method)
remove-di rect-method (cl ass method)
speci al i zer-di rect-generi c- f uncti ons (cl ass)

speci al i zer-di rect-methods ri mar et hod

s eci al i er e l speciali er

o behavi or i s speci �ed f or thi s method beyond that whi ch i s speci �ed f or the gener i c
f unct i on.

stan ar instance access unct i on

S
standard- i nstance-access

i nst ance l ocat i on

A

The i nst ance argument i s an obj ect .

The l ocat i on argument i s a s l ot l ocat i on.

The resul t of thi s f unct i on i s an obj ect .

P

Thi s f unct i on i s cal l ed to provi de di rect acces s to a s l ot i n an i nstance. By usurpi ng the
normal s l ot l ookup protocol , thi s f unct i on i s i ntended to provi de hi ghl y opt i mi zed acces s to
the s l ot s associ ated wi th an i nstance.

The f ol l owi ng res t r i ct i ons appl y to the use of thi s f unct i on:

� The i nst ance argument must be a standard i nstance ( i t must have been returned by
al l ocate- i nstance (standard-cl ass)) .

� The i nst ance argument cannot be an non- updated obsol ete i nstance.

� The l ocat i on argument must be a l ocat i on of one of the di rect l y acces s i bl e s l ot s of the
i nstance' s cl as s .

� The s l ot must be bound.

The resul t s are unde�ned i f any of these res t r i ct i ons are not met .



Gener i c Funct i ons and Methods update- dependent 101

u ate e en ent eneri c unct i on

S
update-dependent

met aobj ect de endent res i ni t args

A
The met aobj ect argument i s a cl as s or gener i c f unct i on metaobj ect . I t i s the metaobj ect
bei ng rei ni t i al i zed or otherwi se modi �ed.

The de endent argument i s an obj ect . I t i s the dependent bei ng updated.
The i ni t args argument i s a l i s t of the i ni t i al i zat i on arguments f or the metaobj ect rede�-

ni t i on.

The val ue returned by update-dependent i s unspeci �ed.

P
Thi s gener i c f unct i on i s cal l ed to update a dependent of met aobj ect .

When a cl as s or a gener i c f unct i on i s rei ni t i al i zed each of i t s dependents i s updated. The
i ni t args argument to update-dependent i s the set of i ni t i al i zat i on arguments recei ved by
rei ni ti al i ze- i nstance.

When a method i s added to a gener i c f unct i on, each of the gener i c f unct i on' s dependents
i s updated. The i ni t args argument i s a l i s t of two el ements : the symbol add-method, and
the method that was added.

When a method i s removed f roma gener i c f unct i on, each of the gener i c f unct i on' s de-
pendents i s updated. The i ni t args argument i s a l i s t of two el ements : the symbol remove-
method, and the method that was removed.

I n each case, map-dependents i s used to cal l update-dependent on each of the
dependents . So, f or exampl e, the update of a gener i c f unct i on' s dependents when a method
i s added coul d be per f ormed by the f ol l owi ng code:

map epe e s generi c- unct i on

lam a ep

p a e epe e generi c- unct i on

ep

a me o

ne -met hod

M
There are no speci �ed methods on thi s gener i c f unct i on.

R
See the \Dependent Mai ntenance Protocol " sect i on f or remarks about the use of thi s f aci l i ty.
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al i ate su erclass eneri c unct i on

S
val i date- supercl ass

cl ass su ercl ass

A

The cl ass argument i s a cl as s metaobj ect .

The su ercl ass argument i s a cl as s metaobj ect .

Thi s gener i c f unct i on returns t rue or f al se.

P

Thi s gener i c f unct i on i s cal l ed to determi ne whether the cl as s su ercl ass i s sui tabl e f or use
as a supercl as s of cl ass .

Thi s gener i c f unct i on can be be cal l ed by the i mpl ementat i on or user code. I t i s cal l ed
dur i ng cl as s metaobj ect i ni t i al i zat i on and rei ni t i al i zat i on, bef ore the di rect supercl as ses are
s tored. I f thi s gener i c f unct i on returns f al se, the i ni t i al i zat i on or rei ni t i al i zat i on wi l l s i gnal
an error .

M
val i date- supercl ass ri mar et hod

cl ass class

su ercl ass class

Thi s method returns t rue i n three s i tuat i ons :

( i ) I f the su ercl ass argument i s the cl as s named ,

( i i ) i f the cl as s of the cl ass argument i s the same as the cl as s of the su ercl ass

argument or

( i i i ) i f the cl as ses one of the arguments i s standard-cl ass and the cl as s of the
other i s f uncal l abl e- standard-cl ass.

I n al l other cases , thi s method returns f al se.

Thi s method can be overr i dden.

R

De�ni ng a method on val i date- supercl ass requi res detai l ed knowl edge of of the i nternal
protocol f ol l owed by each of the two cl as s metaobj ect cl as ses . A method on val i date-
supercl ass whi ch returns t rue f or two di �erent cl as s metaobj ect cl as ses decl ares that they
are compat i bl e.
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riter et o class eneri c unct i on

S
wri ter-method-cl ass

cl ass di rect - sl ot res i ni t args

A
The cl ass argument i s a cl as s metaobj ect .

The di rect - sl ot argument i s a di rect s l ot de�ni t i on metaobj ect .
The i ni t args argument i s a l i s t of i ni t i al i zat i on arguments and val ues .

The val ue returned i s a cl as s metaobj ect .

P
Thi s gener i c f unct i on i s cal l ed to determi ne the cl as s of wr i ter methods created dur i ng
cl as s i ni t i al i zat i on and rei ni t i al i zat i on. The resul t must be a subcl as s of standard-wri ter-
method.

The i ni t args argument must be the same as wi l l be passed to ma e- i nstance to create
the reader method. The i ni t args must i ncl ude : sl ot-de�ni ti onwi th sl ot - de ni t i on as i t s
val ue.

M
wri ter-method-cl ass ri mar et hod

cl ass s a ar class

di rect - sl ot s a ar irec slo e i i io

res i ni t args

wri ter-method-cl ass ri mar et hod

cl ass calla le s a ar class

di rect - sl ot s a ar irec slo e i i io

res i ni t args

These methods returns the cl as s standard-wri ter-method. These methods can be
overr i dden.
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