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Inthis part of the book, we provide the detailed specification of a netaobject protocol
for CLOS. Qur work with this protocol has al ways been rooted in our own inpl enentation
of (B, .. This has nade it possible for us to have a user commnity, whichin turn
has provided us with feedback on this protocol as it has evol ved. As aresult, nuch of the
design presented here is well-tested and stable. A this 1s being witten, those parts have
been inpl erented not only in P, but in at least three other (b i npl ement ations we
knowof. ther parts of the protocol | even though they have been i npl enented in one form
or another in P(L and other inplenentations, are less well worked out. Work remnains
to inprove not only the ease of use of these protocols, but also the bal ance they provide
between user extensibility and inpl emnentor freedom

In preparing this specification, it is our hope that i1t will provide a basis for the users and
inpl enentors who wishto workw th anetaobject protocol for QB. This docunent shoul d
not be construed as any sort of final word or standard, but rather only as docunentation
of what has been done so far. Wlook forward to seeing the i mprovenents, both snall and
large, which we hope this publication wll catal yze.

Tothis end, for Part IT only (chapters 5 and 6), we grant permssionto prepare revisions
or other derivative works including any anount of the original text. W ask only that
you properly acknowl edge the source of the original text and explicitly allowsubsequent
revisions and derivative works under the sane terns. To further facilitate inprovenents in
this work, we have made the electronic source for these chapters publicly available; it can
be accessed by anonynous FIP fromthe /pcl/mop directory on arisia.xerox.com.

In addition to the val uable feedback fromusers of P(L, the protocol design presented
here has benefited fromdetail ed corments and suggestions by the follow ng people: Kim
Barrett, Scott CGyphers, Harley Davis, Patrick Dussud, John Foderaro, Richard P. Gabriel,
Dawvid Gray, David A Mon, Andreas Paepcke, Chris Richardson, Wlter van Roggen, and
Jon L. Wite. Ware very grateful to each of them Any remainingerrors, inconsistencies
or design deficiencies are the responsibility of the authors al one.
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Chapter 5

Concepts

Introduction

The (LGB Specification [X3J13 | (QtLIT] describes the standard Programmer Interface for

the Cormon Lisp (bject System((I(H). This docunent extends that specification by

defini ng a netaobject protocol for (J{b—that is, a description of CI(H itself as an ex-
tensible (1B program In this description, the fundanental el enents of (A(» prograns
(classes, slot definitions, generic functions, nethods, specializers and nethod conbinations)
are represented by first-class objects. The behavior of Qb is provided by these objects,
or, nore precisely, by nethods specialized to the classes of these objects.

Because these objects represent pieces of (QAb prograns, and because their behavior
provides the behavior of the (J(H |l anguage 1tself, they are considered neta-level objects
or netaobjects. The protocol followed by the netaobjects to provide the behavior of (I(h
is called the (B Mtaobject Protocol (MP).

Metaobjects

For each kind of programelement there is a corresponding basic metaobject class. 'These
are the classes: class, slot-defini tion, generic-function, method and nethod- conbi -
nation. A netaobject class is a subclass of exactly one of these classes. The results are
undefined 1f an attenpt 1s made to define a class that is a subclass of nore than one basic
netaobject class. Ametaobject is aninstance of a netaobject class.

Each netaobject represents one programel ement. Associated with each netaobject is
the information required to serve its role. This includes infornation that mght be pro-
vided directly in a user interface nacro such as defclass or defnethod. It also 1ncludes
infornation conputed indirectly fromother netaobjects such as that conputed fromcl ass
inheritance or the full set of nethods associated wth a generic function.
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Mich of the information associated wth a netaobject 1s in the formof connections
to other netaobjects. This interconnection neans that the role of a netaobject 1s al ways
based on that of other netaobjects. A an introduction to this interconnected structure,
this section presents a partial enuneration of the kinds of informationassociated wtheach
kind of netaobject. Mre detailed infornationis presented later.

Classes

Aclass netaobject determmnes the structure and the default behavior of its instances. 'The
followm nginfornationis associated wth class netaobjects:

e The nane, if there is one, is available as an object.

e The direct subcl asses, direct superclasses and class precedence list are available as lists
of class metaobjects.

e The slots defined directly in the class are available as a list of direct slot definition
netaobjects. The slots which are accessible ininstances of the class are available as a
list of effective slot definition netaobjects.

e The docurentationis available as astring or nil.

e 'The nethods which use the class as a specializer, and the generic functions associated
with those nethods are available as lists of nethod and generic function netaobjects
respectively.

Slot Definitioms

Aslot definition metaobject contains infornationabout the definitionof aslot. There are two
kinds of slot definition netaobjects. Adirect slot definition netaobject is used to represent
the direct definitionof aslot inaclass. This corresponds roughly to the slot specifiers found
in defclass forns. An effective slot definition netaobject is used to represent infornation,
including i nherited i nformation, about aslot whichis accessible ininstances of a particul ar
class.

Associated wth each cl ass netaobject 1s alist of direct slot defini tion netaobjects rep-
resenting the slots defined directly inthe class. Also associated with each class netaobject
is a list of effective slot definition netaobjects representing the set of slots accessible in
instances of that class.

The followng information 1s associated with both direct and effective slot definitions
netaobjects:

e The nane, allocation, and type are avail able as forns that could appear in a defclass
form
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e The initialization form i1f there i1s one, 1s available as a formthat could appear in a
defclass form The initializationformtogether wmthits lexical environnent is available
as a function of no argunents which, when called, returns the result of eval uating the
initializationforminits lexical environnent. This is called the iniffunction of the slot.

e The slot filling initialization argunents are available as alist of synbols.

e The docurentationis available as astring or nil.

(Certainother informationis only associated mthdirect slot defini tionnetaobjects. This
infornmation applies only to the direct definition of the slot inthe class (it is not inherited).

e 'The function nanes of those generic functions for which there are autonatically gener-
ated reader and witer nethods. This informationis available as lists of function nanes.
Any accessors specifiedin the defclass formare broken downinto their equival ent read-
ers and witers inthe direct slot definition.

Information, 1ncluding inherited infornation, which applies to the definition of aslot in
a particular class in whichit 1s accessible 1s associated only with effective slot definition
netaobjects.

e For certain slots, the location of the slot ininstances of the class is available.

Generic Functiomns

Ageneric function netaobject contains informationabout a generic function over and above
the infornation associated wth each of the generic function’s nethods.

e The nane 1s available as a function nane.

e The nethods associated wth the generic function are available as a list of nethod
netaobjects.

e The default class for this generic function’s nethod netaobjects is available as a class
net aobj ect.

e The lanbda list is available as alist.
e The nethod conbinationis available as a nethod conbination netaobject.
e The docurentationis available as astring or nil.

e 'The argunent precedence order is avail able as a permutation of those synbols fromthe
lanbda list which nane the required argunents of the generic function.
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e The declarations are available as alist of declarations.

Termmnol ogy Note:

There 1s sone anbi gui tyin Cormmon [i sp about the terns used toidentifythe various
parts of declarespecial forns. Inthis docunent, the termdeclarationis used torefer
to an object that could be an argunent to a declare special form For exanple, in
the special form(declare (special *gl1¥*)), the list (special *gl1¥*) is a declaration.

Methods
Anethod netaobject contains infornation about a specific net hod.

e The qualifiers are available as a list of of non-null atons.

e The lanbda list is available as alist.

e The specializers are available as alist of specializer netaobjects.

e The functionis available as a function. This function can be applied to argunents and
alist of next nethods using apply or funcall.

e Wen the nethodis associated wtha generic function, that generic functionnetaobject
is available. Anethod can be associated with at nost one generic function at a tine.

e The docurentationis available as astring or nil.

Specializers

A specializer netaobject represents the specializers of a nethod. (dass metaobjects are
thensel ves specializer netaobjects. Aspecial kind of specializer netaobject is used for eql
specializers.

Method Combinations

Anethod conbination metaobject represents the i nf ornationabout the nethod conbi nation
being used by a generic function.

Note:

This docunent does not specify the structure of nethod conbi nation netaobjects.

Inheritance Structure of Metaobject Classes

The inheritance structure of the specified netaobject classes 1s shownin Table 5. 1.

Fach cl ass marked wth a “x” is an abstract class and is not intended to be instantiated.
The resul ts are undefined if an attenpt is made to nake an instance of one of these cl asses
wi th nake-instance.
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Mtaobject d ass

Direct Supercl asses

standar d- obj ect

funcal 1l abl e- st andard- obj ect
netaobj ect

generi c-function

standard- generi c- function
+  nethod
standar d- net hod
+ standard- accessor- nethod
standard- reader- nethod
standard- wri ter- net hod
net hod- conbi nation
sl ot - defim tion
direct- sl ot- defini tion
effecti ve- sl ot- defin tion
standard- sl ot- defim t1on
standard- direct-sl ot-
defin tion
standard- effecti ve-slot-
defin tion
+ speclalizer
eql -specializer
+ class
built-in-class

* % ¥ ¥ ¥

forvard- referenced- cl ass
standard- cl ass
funcall abl e- standard- cl ass

(t)
(standard- obj ect function)
(standard- obj ect)
(netaobject
funcal 1 abl e- standard- object)
(generi c-function)
(netaobject)
(nethod)
(standar d- nethod)
(standard- accessor- nethod)
(standard- accessor- nethod)
(netaobject)
(netaobject)
(sl ot- defini tion)
(sl ot- defini tion)
(sl ot- defini tion)
(standard-slot- defini tion
di rect- sl ot- defini tion)
(standard-slot- defini tion
effecti ve- sl ot- defini tion)
(netaobject)
(specializer)
(specializer)
(class)
(class)
(class)
(class)

Table 5.1 Direct superclass relationships among the specified metaobject classes.
The class of every class shown i1s standard-class except for the class t which
is an instance of the class built-in-class and the classes generic-function
and standard- generic- function which are instances of the class funcallable-

standard- class.
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The classes standard-class, standard- direct-slot- defini tion, standard-effecti ve-
slot-defim tion, standard-nmethod, standard-reader-nethod, standard-witer-
nethod and standard- generic-function are called standard netaobject classes. For
each kind of netaobject, this is the class the user interface macros presented in the (I(h
Specification use by default. These are also the classes on which user specializations are
nornal ly based.

The classes built-in-class, funcallable-standard-class and forward referenced-
class are special-purpose class netaobject classes. Built-in classes are instances of the
class built-in-class. 'The class funcallable-standard- class provides a special kind of
instances described in the section called “Funcallable Instances.” Wen the defini tion of
a class references another class which has not yet been defined, an instance of forward-
referenced-class is used as a stand-inuntil the class is actually defined.

The class standard-object is the default direct superclass of the class standard-class.
Wien an instance of the class standard-class is created, and no direct superclasses are
explicitly specified, it defaults to the class standard-object. In this way, any behavior
associated with the class standard-object will be inherited, directly or indirectly, by all
instances of the class standard-class. Asubclass of standard-class nay have a different
class asi1ts default direct superclass, but that class nust be a subcl ass of the class standard-
object.

The sane is true for funcall abl e- standard- cl ass and funcal 1l abl e- st andar d- obj ect.

The class specializer captures only the nost basic behavior of nethodspecializers, and
is not itself intended to be instantiated. The class class is a direct subclass of specializer
reflecting the property that classes by thensel ves can be used as nethod specializers. 'The
class eql-specializer is used for eql specializers.

Implementation and User Specialization

The purpose of the Mtaobject Protocol 1s to provide users wmth a poverful nechani smfor
extendi ng and customzing the basic behavior of the Comon Lisp (bject System As an
object-oriented description of the basic (Q(b behavior, the Mtaobject Protocol makes it
possible to create these extensions by defini ng specialized subcl asses of existing netaobject
cl asses.

The Mtaobject Protocol provides this capability without interfering with the 1mple-
nentor’s ability to devel op hi gh- performance inplenentations. This bal ance between user
extensibility and i npl emrentor freedomis nediated by pl acing explicit restrictions on each.
Sone of these restrictions are general —they apply to the entire class graph and the appli-
cability of all nethods. These are presented inthis section.

The foll ow ng addi tional termnologyis used to present these restrictions:
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e Mtaobjects are divided into three categories. 'Those defined in this docunent are
called specified; those defined by an inplenentation but not nentioned in this docu-
nent are called ¢nplenentation-specific; and those defined by a portable programare
called portable.

e Aclass I 1s interposed betveen two other classesafid C'y if and only 1f there is sone
path, followmng direct superclasses, fromthe c] dsstlie class £whichincludes 1.

e Anethod is specialized to a class if and only if that class is in the list of specializers
associated with the nethod; and the nethod is in the list of nethods associated wmth
sone generic function.

e Inagiveninpl enentation, aspecified nethodis saidto have been pronmvted 1f and only
1f the specializers of the nethod,.SS,, are defined inthis specification as the cl asses
Ci...Cy,, but in the inpl ementation, one or nore of the specializerd sSa supercl ass
of the class givenin the specificatipon C'

e For a given generic function and set of argunents, a nethod Mt ends a nethod M,
if andonlyif:

(i) M and M4 are both associated with the gi ven generic function,
(ii) Mand M5 are both applicable to the given argunents,

(ii1) the specializers and qualifiers of the methods are such that when the generic
functionis called,, 46 executed before M

(iv) M will be executedif and onlyif call-next-nmethodis invoked fromwi thinthe
body of M5 and

(v) call-next-nethodis invoked fromw thin the body of W thereby causing M

to be executed.

e For a given generic function and set of argunents, a nethod Mverrides a nethod M
if and onlyif conditions i through iv above hol d and

(V') call-next-nethodis not invoked fromw thin the body of 4 thereby prevent-
ing M; frombeing executed.

Restrictions on Inpl enentations

Inpl enentations are allowedlatitude to nodify the structure of specified classes and neth-
ods. This includes: the interposition of inplenentation-specific classes; the pronotion of
specified nethods; and the consolidation of two or nore specified nethods into a single
nethod specialized to interposed classes.

Any such nodi fications are permtted only so long as for any portable clagstliat is
a subcl ass of one or nore specified classgs. 'C;, the followm ng conditions are net:
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In the actual class precedence listyaf tdie classesoC..C; must appear in the sane
order as they woul d have 1f no 1 npl enent ation-specific nodi fications had been nade.

The nethod applicability of any specified generic function mist be the sane in terns
of behavior as 1t woul d have been had no inpl enent ation-specific changes been nade.
This incl udes specified generic functions that have had portable nethods added. Inthis
context, the expression “the sane in terns of behavior” neans that nethods wth the
sane behavior as those specified are applicable, and in the sane order.

No portable class nmy inherit, by virtue of being a direct or indirect subclass of a
specified class, any slot for which the nane is a synbol accessible in the common-11sp-
user package or exported by any package defined in the ANSI Common lisp standard.

Inpl enentations are free to define 1npl enentation-specific before- and after-nethods
on specified generic functions. Inplenmentations are also free to define 1 nplenentation-
specific around- net hods w th extendi ng behavior.

Restrictions on Portable Prograns

Portabl e prograns are all owed to define subcl asses of specified cl asses, and are permtted to
define nethods on specified generic functions, wmth the follomng restrictions. The results
are undefined if any of these restrictions is violated.

Portabl e prograns must not redefine any specified cl asses, generic functions, nethods or
net hod combi nations. Any nethod defined by a portabl e programon a speci fied generic
function must have at least one specializer that 1s neither a specified class nor an eql
specializer whose associated value 1s an instance of a specified cl ass.

Portabl e prograns nay define net hods that extend specified net hods unl ess the descrip-

tion of the specified nethod explicitly prohibits this. Unless there is aspecific statenent
to the contrary, these extending nethods mist return whatever val ue was returned by

the call to call-next-nethod.

Portabl e prograns may define nethods that override specified nethods only when the
description of the specified nethod explicitly allows this. Typically, when a nethodis
allowed to be overridden, a small nunber of related nethods will need to be overridden
as well.

An exanpl e of this is the specified nethods on the generic functions add- dependent,
renove- dependent and nap- dependents. Overriding a specified nethod on one of

these generic functions requires that the correspondi ng nethod on the other two generic
functions be overridden as well.

Portabl e net hods onspeci fied generic functions specializedtoportable netaobject classes
mist be defined before any instances of those classes (or any subclasses) are created, ei-
ther directly or indirectly by a call to nake-instance. Mthods can be defined after
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instances are created by all ocate-instance hovever. Portable netaobject classes can-
not be redefined.

Inpl enent ation Note:

The purpose of this last restrictionis to permt 1nplementations to provide perfor-
mance optimzations by anal yzing, at the tine the first instance of a netaobject class
isinitialized, what portable nethods will be applicable toit. This cannake it possible
to optimze calls to those specified generic functions whi ch woul d have no applicable
portabl e nethods.

Note:

The specification technol ogy used in this docunent needs further devel opnent. 'The
concepts of object-oriented protocols and subclass specialization are intuitively fa-
mliar to programmers of object-oriented systens; the protocols presented here fit
quite naturally into this framework. Nonetheless, in preparing this docunent, we
have found it difficult to give specification-quality descriptions of the protocols in a
way that nakes it clear what extensions users can and cannot wite. (bject-oriented
protocol specification is inherently about specifying leeway, and this seens difficul t
using current technol ogy.

Processing of the User Interface Macros

Alist in which the first elenent is one of the synbols defclass, defnethod, defgeneric,
define- net hod- conbi nation, generic-function, generic-flet or generic-labels, and
whi ch has proper syntaxfor that macrois calleda user ¢ nt erface nucro form This docunent
provides an extended specification of the defclass, defnethodand def generic nacros.

The user interface nacros defcl ass, def generi ¢ and def net hodcan be used not only to
define netaobjects that are 1nstances of the corresponding standard netaobject class, but
al so to define netaobjects that are instances of appropriate portable netaobject classes.
To make 1t possible for portable metaobject classes to properly process the infornation
appearinginthe nmacroform this docunent provides alimtedspecification of the processing
of these macro forns.

ser interface macro forns can be eval uated or conpiled and later ezecuted. The effect
of evaluating or executing a user interface macro formis specified in terns of calls to
specified functions and generic functions which provide the actual behavior of the macro.
The argunents received by these functions and generic functions are derivedin a specified
way fromthe nacro form

(bnverting a user interface nacro forminto the argunents to the appropriate functions
and generic functions has two najor aspects: the conversion of the macro argunent syntax
intoa formmore suitable for later processing, and the processing of nacro argunents which
are forns to be eval uated (includi ng nethod bodies).
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In the syntax of the defclass macro, the initformand defaul t-initarg-initial-val ue- form
argunents are forns which will be evaluated one or nore tines after the macro formis
eval uated or executed. Special processing nmust be done on these argunents to ensure that
the lexical scope of the forns is captured properly. This 1s done by buil ding a function of
zero argunents which, when called, returns the result of evaluating the form n the proper
lexical environnent.

In the syntax of the defnethod macro the forn# argument is a list of forms that
conprise the body of the nethod definition. This list of forns nust be processed specially
to capture the lexical scope of the macroform In addition, the lexical functions available
only in the body of nmethods must be introduced. 1o allowthis and any other special
processing (such as slot access optimzation), aspecializable protocol is used for processing
the body of nethods. This is discussed in the section “Processing Mthod Bodies.”

Compile-file Processing of the User Interface Macros

It 1s common practice for Common Lisp conpilers, while processing a file or set of files, to
mai nt ain i nf ormation about the definitions that have been conpiled so far. Anong other
things, this makes it possible to ensure that a global nacro definition (defmacro form
whi ch appears inafile will affect uses of the macrolater inthat file. This information about
the state of the compilationis called the conpile-file environnent.

Wien conpiling files containing (B definitions, it is useful to maintain certain ad-
ditional infornation in the conpile-file environnent. This can nmake 1t possible to issue
various kinds of warnings (e.g., lanbda list congruence) and to do various perfornance
optimzations that woul d not otherw se be possible.

At this tine, there is such significant variance in the way existing Comoon Lisp im
plenentations handl e conpile-file environnents that it woul d be prenature to specify this
nechani sm (Cbnsequently, this docunent specifies only the behavior of evaluating or exe-
cuting user interface macro forns. Wat functions and generic functions are called during
conpile-file processing of a user interface macroformis not specified. Inplenentations are
free to define and docurent their own behavior. (Bers may need to check i npl enent ation-
specific behavior before attenpting to conpile certain portable prograns.

The defcl ass Macro

The eval uationor execution of adefclassfornmresults inacall tothe ensure-class function.
The argunents received by ensure-class are derived fromthe defclass formin a defined

way. The exact macro-expansion of the defclass formis not defined, only the relationship
between the argunents to the defclass macro and the argunents received by the ensure-
class function. Fxanples of typical defclass forns and sanple expansions are shown in
Figures 5.1 and 5. 2.
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(defclass plane (moving-object graphics-object)
((altitude :initform O :accessor plane-altitude)
(speed))
(:default-initargs :engine *jet*))

(ensure-class 'plane
":direct-superclasses '(moving-object graphics-object)
":direct-slots (list (list ':name 'altitude
':initform 'O
":initfunction #'(lambda () 0)
":readers '(plane-altitude)
:writers '((setf plane-altitude)))
(list ':name 'speed))
":direct-default-initargs (list (list ':engine
"kjet*
#'(lambda () *jet*))))

1

Figure 5.1 A defclass form with standard slot and class options and an expansion of it that would
result in the proper call to ensure- class.

e The nane argunent to defclass becomes the value of the first argunent to ensure-
class. This is the only positional argunent accepted by ensure-class; all other argu-
nents are keyword ar gunents.

o The direct-superclasses argunent to defclass becones the val ue of the : direct-super-
cl asses keyvord argunent to ensure-class.

o The direct slots argunent to defclass becones the val ue of the : direct-slots keyword
argunent to ensure-class. Special processingof this valueis done toregularize the form
of each slot specification and to properly capture the lexical scope of the inmtialization
forms. This is done by converting each slot specification to a property list called a
canoni cal i zed sl ot specification. 'The resulting list of canonicalized slot specifications is
the val ue of the : direct-slots keyword ar gunent .

Chnoni calized slot specifications are later used as the keyword argunents to a generic
functionwhichwll, inturn, pass themto nake-instancefor use as aset of initialization
argunents. FKach canonicalized slot specification is forned fromthe correspondi ng sl ot
specification as follows:

e The nane of the slot is the val ue of the : nane property. This property appears in
every canoni calized sl ot specification.
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(defclass sst (plane)
((mach mag-step 2

locator sst-mach
locator mach-location
:reader mach-speed
:reader mach))

(:metaclass faster-class)

(another-option foo bar))

(ensure-class 'sst

':direct-superclasses '(plane)

':direct-slots (list (list ':name 'mach
':readers '(mach-speed mach)
'mag-step '2
'locator '(sst-mach mach-location)))

':metaclass 'faster-class

'another-option '(foo bar))

Figure 5.2 A defclass form with non-standard class and slot options, and an expansion of it which
results in the proper call to ensure-class. Note that the order of the slot options has not affected
the order of the properties in the canonicalized slot specification, but has affected the order of the
elements in the lists which are the values of those properties.
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e Vlien the :imitformslot optionis present in the slot specification, then both the
:ini tformand :initfunction properties are present in the canonicalized slot speci-
fication. 'The value of the :imitformproperty is the initialization form The val ue
of the :initfunction property is a function of zero argunents which, when called,
returns the result of evaluating the inmitialization forminits proper lexical environ-
nent .

If the :imitformslot optionis not present in the slot specification, then either
the :imi tfunctionproperty will not appear, or its value will be false. In such cases,
the value of the :imi tformproperty, or whether it appears, is unspecified.

e The value of the :imitargs property is a list of the values of each :imitarg slot
option. If there are no:imitargslot options, then either the :imnitargs property will
not appear or its value will be the enptylist.

e The value of the :readers propertyis alist of the values of each : reader and : ac-
cessor slot option. If there are no : reader or : accessor slot options, theneither the
:readers property will not appear or its value will be the enptylist.

e 'The value of the :witers propertyis alist of the values specified by each : witer
and : accessor slot option. The value specified by a : writer slot optionis just the
value of the slot option. The value specified by an : accessor slot optionis a two
elenent list: the first element is the synbol setf, the second el enent 1s the val ue of
the slot option. If there are no :witer or :accessor slot options, then either the
:vwriters property will not appear or its value will be the enptylist.

e 'The val ue of the : docunentationpropertyis the val ue of the : docunentationsl ot
option. If thereis no:docunentationslot option, theneither the : docunentation
property will not appear or its value m1l1 be false.

e Al other slot options appear as the values of properties with the sane nane as the
slot option. Note that this includes not only the remaining standard slot options
(:allocationand : type), but also any other options and val ues appearingin the slot
specification. If one of these slot options appears nore than once, the value of the
property will be alist of the specified val ues.

e An inplementation is free to add additional properties to the canonicalized slot
specification provided these are not synbols accessible in the common-11sp-user
package, or exported by any package defined in the ANSI Common lisp standard.

Returning to the correspondence between argunents to the defclass nacro and the
argunents recei ved by the ensure-class function:

e The default initargs class option, 1f it is present 1nthe defclass form becones the val ue
of the : direct-defaul t-initargs keyvord ar gunent to ensure-class. Special processing
of this valueis done to properly capture the lexical scope of the default val ue forns. This
1s done by converting each default initarginthe class optioninto a canonicalized defaul t
initarg. 'The resulting list of canonicalized default initargs is the value of the : direct-
defaul t-ini targs keyword argunent to ensure-class.
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Acanonicalized default initargis alist of three elenents. The first el enent is the nane;
the second 1s the actual formitself; and the thirdis afunction of zero argunents which,

vwhen called, returns the result of evaluating the default val ue forminits proper lexical
envi ronnent .

e The netaclass class option, if 1t is present in the defclass form becones the val ue of
the : netacl ass keyvord argunent to ensure-cl ass.

e The docunentation class option, 1f it 1s present in the defclass forn becones the value
of the : docunentationkeyword argunent to ensure-class.

e Any other class options becone the value of keyword argunents with the sane nane.
The val ue of the keyword argunent is the tail of the class option. An error is signaled
1f any class option appears nore than once in the defclass form

In the call to ensure-class, every elenent of i1ts argunents appears in the sane left-
to-right order as the corresponding el ement of the defclass form except that the order of
the properties of canonicalized slot specifications 1s unspecified. The val ues of properties
in canonicalized slot specifications do followthis ordering requirenent. Qher ordering
relationships in the keyword argunents to ensure-class are unspeci fied.

The result of the call to ensure-classis returned as the result of eval uatingor executing
the defclass form

The defmethod Macro

The eval uationor execution of a defnethodfornrequires first that the body of the nethod

be converted to a nethod function. This process is describedinthe next section. The result
of this process is a nethod function and a set of additional initialization argunents to be
used when creating the newnethod. GG venthese two val ues, the eval uationor execution of

a defnethod formproceeds inthree steps.

The first step ensures the existence of a generic function with the specified nane. This
is done by calling the function ensure- generic-function. 'The first argunent in this call
is the generic function nane specified in the def nethod form

The second stepis the creationof the newnethodnetaobject by cal ling nake-instance.

The class of the new nethod netaobject is determmned by calling generic-function
nethod- cl ass on the result of the call to ensure- generic-functionfromthe first step.

The initialization argunents received by the call to make-instance are as follows:

e The value of the :qualifiers initialization argunent is a list of the qualifiers which
appeared in the defnmethodform No special processing is done on these values. 'The
order of the elenents of this list is the sane as in the defnethodform

o The value of the :lanbda-1ist initialization argunent is the unspecialized lanbda list
fromthe defnethod form
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e The value of the :specializers initialization argunent is a list of the specializers for

the method. For specializers which are classes, the specializer 1s the class netaobject

itself. Inthe case of eql specializers, it will be an eql-specializer netaobject obtained

by calling intern-eql - specializer on the resul t of eval uating the eql specializer formin
the lexical environnent of the defnethodform

o The value of the :functioninitialization argunent is the nethod function.

o The value of the : declarations initializationargunent is alist of the declarations from
the defnethodform If there are no declarations in the macroform this initialization
argunent either doesn’t appear, or appears wth a val ue of the enptylist.

e The value of the : docunentationinitialization argunent is the docunentation string
fromthe defnethodform If there is no docunentationstring in the macroformthis
initialization argunent either doesn’t appear, or appears with a val ue of false.

e Any other initializationargunent producedin conjunction withthe nethod function are
al so 1ncl uded.

e The inpl erentationis free toinclude additional initializationargunents providedthese
are not synbol s accessible inthe comwn-11isp-user package, or exported by any pack-
age defined in the ANSI Conmon Lisp standard.

Inthe third step, add-nethodis called to add the newly created nethod to the set of
nethods associated with the generic function netaobject.

The resul t of the call to add-nethodis returned as the resul t of eval uatingor executing
the defnethod form

An exanpl e showing a typical defnethod formand a sanple expansion 1s shown in
Figure 5. 3. The processing of the nethod body for this nethodis shown in Figure 5. 4.

Processing Method Bodies

Before a nethod can be created, the list of forns conprising the nethod body nust be
converted to a method function. This conversionis a two step process.

Note:

The body of nethods can also appear in the :imnitial-nethods option of defgeneric

forns. Inmtial nethods are not considered by any of the protocols specified in this docu-

nent .

The first step occurs during nacro-expansion of the macro form In this step, the
nethod 1 anbda l11st, declarations and body are converted to a l anbda expression called a
nmethod l anbda. This conversionis based oninformationassociated withthe generic function
definitionin effect at the tine the nacro formms expanded.
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(defmethod move :before ((p position) (1 (eql 0))
&optional (visiblyp t)
&key color)
(set-to-origin p)
(when visiblyp (show-move p 0 color)))

(let ((#:g001 (ensure-generic-function 'move)))
(add-method #:g001
(make-instance (generic-function-method-class #:g001)
':qualifiers '(:before)
':specializers (list (find-class 'position)
(intern-eql-specializer 0))
':lambda-list '(p 1 &optional (visiblyp t)
&key color)

":function (function nethod-lanbda)
'additional-initarg-1 't
'additional-initarg-2 '39)))

Figure 5.3 An example defmethod form and one possible correct expansion. In the expansion,
method-lambda is the result of calling make- method-lambda as described in the section “Process-
ing Method Bodies”. The initargs appearing after :function are assumed to be additional initargs
returned from the call to make- method-lambda.

(let ((gf (ensure-generic-function 'move)))
(make-method-lambda
gf
(class-prototype (generic-function-method-class gf))
"(lambda (p 1 &optional (visiblyp t) &key color)
(set-to-origin p)
(when visiblyp (show-move p 0 color)))
environment ))

Figure 5.4 During macro-expansion of the defmethod macro shown in Figure 5.3, code similar
to this would be run to produce the method lambda and additional initargs. In this example,
environment 1s the macroexpansion environment of the defmethod macro form.
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The generic function definitionis obtained by calling ensure- generic-functionw th a
first argunent of the generic function nane specified in the nacro form The : 1 anbda-1ist
keyword argunent is not passed inthis call.

{d venthe generic function, production of the nethodlanbda proceeds by calling nake-
nethod-1anbda. The first argunent in this call is the generic function obtained as de-
scribed above. The second argunent 1s the result of calling class-prototype on the resul t
of calling generi c-function-nethod-class on the generic function. 'The third argunent
1s a lanbda expression forned fromthe nethod l anbda 1ist, declarations and body. The
fourth argunent i1s the macro-expansion environnent of the macroform this is the val ue of
the &envi roment ar gunent to the defnethod nacro.

The generic function nake-nethod-lanbda returns two values. ‘'The first is the
nethod l anbda i tsel f. The secondis alist of initialization argunents and val ues. These are
includedinthe initialization argunents when the nethod is created.

Inthe secondstep, the nethodl anbdais convertedto afunction whichproperly captures
the lexical scope of the nacroform This 1s done by having the nethod 1 anbda appear in
the nacro-expansion as the argunent of the functionspecial form During the subsequent
eval uation of the macro-expansion, the result of the functionspecial formis the nethod
function.

The defgeneri c Macro

The eval uation or execution of a defgeneric formresults ina call to the ensure- generi c-
functionfunction. The argunents recei ved by ensure- generi c-functionare derived from
the defgeneric formin a defined way. As with defclass and defnethod, the exact nacro-
expansion of the defgeneric formis not defined, only the relationship between the argu-
nents to the macro and the argunents recei ved by ensure- generi c-function.

o The function-nane argunent to defgeneric becones the first argunent to ensure-
generic-function. This is the only positional argunent accepted by ensure- generi c-
function; all other argunents are keyword argunents.

o The lanbda-1ist argunent to def generic becones the val ue of the : 1 anbda-11 st keyword
argunent to ensure- generic-function

e Tor each of the options :argunent- precedence-order, : docunentation, : generi c-
function-class and : nethod- cl ass, the val ue of the option becones the value of the
keyword argunent with the sane nane. If the option does not appear in the nacro
form the keyword argunent does not appear in the resulting call to ensure- generi c-
function

e For the option declare, the list of declarations becones the val ue of the : decl arations
keyword argunent. If the declare option does not appear in the macro form the : dec-
larations keyword ar gunent does not appear in the call to ensure- generic-function
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e 'The handling of the : nethod- conbinationoptionis not specified.

The resul t of the call to ensure- generic-functionis returned as the resul t of eval uating
or executing the defgeneric form

Subprotocol s

This section provides anoverviewof the Mtaobject Protocols. The detailedbehavior of each
function, generic function and macro in the Mtaobject Protocol is presented in Chapter 6.
The remainder of this chapter is intended to enphasize connections anong the parts of
the Mtaobject Protocol, and to provide sone exanpl es of the kinds of specializations and
extensions the protocols are designed to support.

Metaobject Initialization Protocols

Li ke other objects, netaobjects canbe created by calling make-instance. The initialization
argunents passed to nake-instance are used toinitialize the netaobject inthe usual way.

The set of legal initialization argunents, and their interpretation, depends on the kind of
netaobject being created. Inplenentations and portable prograns are free toextend the set

of legal initialization argunents. Iktailedinformation about the initializationof each kind
of metaobject are providedin Chapter 6; this section provides an overviewand examnpl es of

this behavior.

Initialization of dass Mtaobjects

(d ass netaobjects created with nake-instance are usually anonynous; that is, they have
no proper nane. An anonynous class netaobject can be gi ven a proper nane using (setf
find- cl ass) and (setf class-nane).

Wien a class netaobject is created with nake-instance, it is initialized in the usual
way. The initialization argunents passed to make-instance are use to establish the defi-
nition of the class. Fachimitialization argunent is checked for errors and associated with
the class netaobject. The initializationargunents correspond roughly to the argunents ac-
cepted by the defclass nacro, and nore closely to the argunents accepted by the ensure-
class function.

Sore class netaobject classes allowtheir instances to be redefined. Wen permssible,
this is done by calling reinitialize-instance. This is discussed in the next section.

An exanpl e of creating an anonynous cl ass directly using nake-instance follows:

(flet ((zero () 0)
(propellor () *propellor*))
(make-instance 'standard-class
:name '(my-class foo)
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:direct-superclasses (list (find-class 'plane)
anot her- anonymus- cl ass)

:direct-slots ‘((:name x

:initform 0

:initfunction ,#'zero

tinitargs (:x)

:readers (position-x)

:writers ((setf position-x)))

(:name y

:initform 0

:initfunction ,#'zero

tinitargs (:y)

:readers (position-y)

:writers ((setf position-y))))
:direct-default-initargs ‘((:engine *propellor* ,#'propellor))))

Reinitialization of dass Mtaobjects

Sore class netaobject classes allowtheir instances to be reinitialized. This is done by
calling reinitialize-instance. 'The initialization argunents have the sane interpretation
as inclass initialization.

If the class metaobject was finalized before the call to reinitialize-instance, finalize-
inheritance will be called again once all the initialization argunents have been processed
and associated with the class netaobject. In addition, once finalization is conplete, any
dependents of the class netaobject will be updated by calling update- dependent .

Ini tializationof Generic Rmction and Mthod Mtaobjects

An exanpl e of creating a generic function and a nethod netaobject, and then adding the
nethod to the generic functionis shown bel ow This exanple is conparabl e to the nethod
defini tion shown in K gure 5. 3.

(let* ((gf (make-instance 'standard-generic—function
:lambda-list '(p 1 &optional visiblyp &key)))
(method-class (generic-function-method-class gf)))
(multiple-value-bind (lambda initargs)
(make-method-lambda
gf
(class-prototype method-class)
"(lambda (p 1 &optional (visiblyp t) &key color)
(set-to-origin p)
(when visiblyp (show-move p 0 color)))
nil)
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(add-method gf
(apply #'make-instance method-class
:function (compile nil lambda)
:specializers (list (find-class 'position)
(intern-eql-specializer 0))
:qualifiers ()
:lambda-list '(p 1 &optional (visiblyp t)
&key color)
initargs))))

Class Finmalization Protocol

(ass finalization is the process of conputing the information a class inherits fromits su-
perclasses and preparing to actually allocate instances of the class. The class finalization
process includes conputing the class’s class precedence list, the full set of slots accessible
in instances of the class and the full set of default initialization argunents for the class.
These val ues are associated wmth the class netaobject and can be accessed by calling the
appropriate reader. In addition, the class finalization process makes decisions about how
instances of the class will be 1nplemented.

o support forward-referenced superclasses, and to account for the fact that not all
classes are actuallyinstantiated, class finalizationis not done as part of the initialization of
the class mnetaobject. Instead, finalizationis done as a separate protocol, invoked by calling
the generic function finali ze-inheritance. The exact point at which final i ze-1nheri tance
1s called depends onthe class of the class netaobject; for standard-classit i1s called sone-
tine after all the classes superclasses are defined, but no later than when the first instance
of the class is allocated (by allocate-instance).

The first step of class finalizationis conputing the class precedence list. Ibingthis first
all ows subsequent steps to access the class precedence list. This stepis perforned by calling
the generic function conpute- cl ass-precedence-list. The val ue returned fromthis call is
assoclated wth the cl ass netaobject and can be accessed by calling the cl ass- precedence-
list generic function.

The second step is computing the full set of slots that will be accessible ininstances of
the class. This stepis perforned by calling the generic function conpute-slots. The resul t
of this call is alist of effective slot definition netaobjects. This value is associated with the
cl ass netaobject and can be accessed by calling the class-slots generic function.

The behavior of conpute-slots is itself layered, consisting of calls to effective-slot-
defini tion- cl ass and conput e- effecti ve- sl ot - defini tion.

The final step of class finalizationis computing the full set of initialization argunents
for the class. This is done by calling the generic function conpute- defaul t-initargs. The
val ue returned by this generic function is associated mth the class netaobject and can be
accessed by calling class-defaul t-initargs.
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If the class was previously finalized, finalize-1inheritance nay call nake-instances-
obsol ete. The circunstances under which this happens are describe in the section of the
(b specification called “Redefini ng ( asses.”

Forward-referenced classes, which provide a tenporary definition for a class which has
been referenced but not yet defined, can never be finalized. Anerror is signalledif finalize-
inheritance is called on a forward-referenced cl ass.

Instance Structure Protocol

The instance structure protocol i1s responsible for inplenenting the behavior of the slot
access functions like slot-value and (setf slot-val ue).

For each (b slot access function other than slot-exists-p, there is a corresponding
generic function which actually provi des the behavior of the function. Wen called, the slot
access function finds the pertinent effective slot defini tion netaobject, calls the correspond-
ing generic function and returns its result. The argunents passed on to the generic function
include one additional value, the class of the object argunent, which al ways i mmedi atel y
precedes the object argunent

The correspondences between slot access function and underl ying slot access generic
function are as follows:

Slot Access Fmction (brresponding Slot Access
Generi c Rmction

s1 ot - boundp sl ot - boundp- using- cl ass

s1 ot - nakunbound sl ot - mmkunbound- using- cl ass
sl ot-val ue sl ot- val ue- usi ng- cl ass

(setf slot-value) (setf slot-val ue-using-class)

At the lowest level, the instance structure protocol provides only limted nechani sns
for portable prograns to control the inplenentation of instances and to directly access
the storage associated wth instances wi thout going through the indirection of slot access.
This is done to allowportabl e prograns to performcertain commonly requested sl ot access
optimzations.

In particul ar, portable prograns can control the inplenentation of, and obtain direct
access to, slots with allocation :instance and type t. These are called directly accessible
slots.

The relevant specified around- nethod on conpute-slots determnes the inpl enent a-
tion of 1nstances by deciding howeach slot inthe instance w1l be stored. For each directly
accessible slot, this nethod allocates a location and associates it mth the effective slot def-
inition netaobject. The location can be accessed by calling the slot-defini tion-1ocation
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generic function. Locations are non-negative integers. For a given class, the locations in-
crease consecutively, in the order that the directly accessible slots appear in the list of
effective slots. (Note that here, the next paragraph, and the specification of this around-
nethod are the only places where the val ue returned by conpute-slots 1s described as a

list rather than a set.)

(A ven the location of a directly accessible slot, the value of that slot in an instance
can be accessed with the appropriate accessor. For standard-class, this accessor i1s the
function standard-instance-access. For funcallable-standard-class, this accessor is
the function funcallabl e-standard-instance-access. In each case, the argunents to the
accessor are the instance and the slot location, 1n that order. See the definition of each
accessor 1n Chapter 6 for additional restrictions on the use of these function.

Portable prograns are permtted to affect and rely on the allocation of locations only
in the following limted way: By first defining a portable prinary nethod on conpute-
slots whichorders the returned value in a predi ctabl e way, and then rel yi ng on the defined
behavior of the specified around- nethod to assign locations to all directly accessible slots.
Portabl e prograns may compile-incalls to lowlevel accessors which take advantage of the
resul ting predictable allocation of slot locations.

Exanpl e:

The fol ] om ng exanpl e shows the use of this nechani smtoinpl enent a newcl ass net aob-

ject class, ordered-class and cl ass option:slot-order. This option provides control over

the allocation of slot locations. Inthis sinple exanple inpl enentation, the :slot-order

optionis not inherited by subcl asses; 1t controls only instances of the class itself.

(defclass ordered-class (standard-class)
((slot-order :initform ()
:initarg :slot-order
:reader class-slot-order)))

(defmethod compute-slots ((class ordered-class))
(let ((order (class-slot-order class)))
(sort (copy-list (call-next-method))
#'(lambda (a b)
(< (position (slot-definition-name a) order)
(position (slot-definition-name a) order))))))

Follomng is the source code the user of this extension would wite. Note that because
the code above doesn’t inplenent inheritance of the :slot-order option, the function
di stance must not be called oninstances of subclasses of point; it can only be called on
instances of point itself.

(defclass point ()
((x :initform 0)
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(y :initform 0))
(:metaclass ordered-class)
(:slot-order x y))

(defun distance (point)
(sqrt (/ (+ (expt (standard-instance-access point 0) 2)
(expt (standard-instance-access point 1) 2))

2.0)))

In nore realistic uses of this nechanism the calls to the lowlevel instance structure
accessors woul d not actually appear textually in the source program but rather woul d

be generated by a neta-level anal ysis programrun during the process of conpiling the
source program

Funcall abl e Irnstances

Instances of classes which are thensel ves instances of funcallabl e-standard-class or one
of 1ts subclasses are called funcallable tnstances. Funcall able instances can only be created
by allocate-instance (funcallable-standard-class).

Li ke standard 1 nstances, funcallableinstances have sl ots withthe normal behavior. They
differ fromstandard instances in that they can be used as functions as well; that 1s, they
can be passed to funcall and apply, and they can be stored as the defini tion of a function
nane. Associated with each funcallable instance is the function whichit runs when it is
called. This function can be changed w th set-funcallabl e-instance-function.

Exanpl e:

The following sinple exanpl e shows the use of funcallable instances to create a sinple,

defstruct-like facility. (Funcallable instances are useful when a programneeds to con-

struct and mintaina set of functions andinformationabout those functions. They nake

1t possible to maintain both as the sane object rather than two separate objects 11nked,

for exanple, by hash tables.)

(defclass constructor ()
((name :initarg :name :accessor constructor-name)
(fields :initarg :fields :accessor constructor-fields))
(:metaclass funcallable-standard-class))

(defmethod initialize-instance :after ((c constructor) &key)
(with-slots (name fields) c
(set-funcallable-instance-function
c
#'(lambda ()
(let ((new (make-array (1+ (length fields)))))
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(setf (aref new 0) name)

new)))))

(setq c1 (make-instance 'constructor
:name 'position :fields '(x y)))
#<CONSTRUCTOR 262437>

(setq p1 (funcall ci))
#<ARRAY 3 263674>

Generic Function Invocation Protocol

Associated wmth each generic functionis its discrimnating function. Fach tine the generic
functionis called, the discrimnatingfunctionis calledto provide the behavior of the generic
function. The discrimnating function receives the full set of argunents received by the
generic function. It must lookup and execute the appropriate nethods, and return the
appropriate val ues.

The discrimnatingfunctionis conputed by the hi ghest 1 ayer of the generic functioninvo-
cation protocol , conpute-discrimnating-function. Wenever a generic function neta-
object isinitialized, reinitialized, or anethodis added or removed; the discrimnating func-
tionis reconputed. The newdiscrimnating functionis then stored with set-funcallable-
instance-function.

D scrimnatingfunctions call conpute-applicabl e- nethods and conput e- appl i cabl e-
net hods- using- cl asses to conpute the nethods applicable to the generic functions argu-
ments. Applicable methods are conbined by conpute- effecti ve- nethod to produce an
effective method. Provisions are made to all ownenwization of the method applicability
and effective nethods conputations. (See the description of conpute-discrimnating-
functionfor details.)

The body of nethod defini tions are processed by nake- nethod-1anbda. The result
of this generic functionis alanbdaexpression whichis processed by either conpile or the
file conpiler to produce a nethod function. The argunents received by the net hod function
are controlled by the call-nethod forns appearing in the effective nethods. By default,
nethod functions accept two argunents: alist of argunents to the generic function, and a
list of next nethods. The list of next methods corresponds to the next nethods argunent
to call-nethod If call-nethodappears with additional argunents, these will be passed
to the nethod functions as well; inthese cases, nake- nethod-1anbda mist have created
the nethod | anbdas to expect additional argunents.

Dependent Mai ntenance Protocol

It 1s convenient for portable netaobjects to be able to nenwize informtion about other
netaobjects, portable or otherwise. Because class and generic function netaobjects can
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be reinitialized, and generic function netaobjects can be nodi fied by addi ng and renovi ng
nethods, a neans nmust be provided to update this nenoized 1 nfornation.

The dependent maintenance protocol supports this by providing a way to register an
object whi ch shoul d be noti fied whenever a class or generic functionis nodified. An object
whi ch has been registered this way is called a dependent of the class or generic function
netaobject. The dependents of class and generic functionnetaobjects are nmaintained wth
add- dependent and renove- dependent. The dependents of a class or generic function
netaobject can be accessed w th nap- dependents. Ikpendents are notified about a nod-
ification by calling update- dependent. (See the specification of update- dependent for
detailed description of the circunstances under whichit is called.)

To prevent confli cts between two portable prograns, or between portable prograns and
the 1pl ement ation, portable code must not register netaobjects thensel ves as dependents.
Instead, portable prograns which need to record a netaobject as a dependent, should
encapsul ate that netaobject in sone other kind of object, and record that object as the
dependent. The results are undefined if this restrictionis viol ated.

Exanpl e:

This exanple shows a general facility for encapsul ating netaobjects before recording

themas dependents. 'The facility defines a basic kind of encapsul ating object: an up-

dater. Specializations of the basic class can be defined with appropriate special updating
behavior. In this way, infornation about the updating required is associated wmth each
updater rather than with the netaobject being updated.

(pdaters are used to encapsul ate any netaobject which requires updating when a
given class or generic function is nodified. The function record-updater is called to
both create an updater and add it to the dependents of the class or generic function.
Mthods on the generic function update- dependent, specialized to the specific class of
updater do the appropriate update work.

(defclass updater ()
((dependent :initarg :dependent :reader dependent)))

(defun record-updater (class dependee dependent &rest initargs)
(let ((updater (apply #'make-instance class :dependent dependent
initargs)))
(add-dependent dependee updater)
updater))

Aflush- cache- updater sinpl y flushes the cache of the dependent whenit is updated.
(defclass flush-cache-updater (updater) ())

(defmethod update-dependent (dependee (updater flush-cache-updater)
&rest args)
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(declare (ignore args))
(flush-cache (dependent updater)))



Chapter 6

Generic Functions and

Met hods

This chapter describes each of the functions and generic functions that nake up the ((h
Mtaobject Protocol. The descriptions appear 1n al phabetical order with the exception that
all the reader generic functions for each kind of netaobject are grouped together. So, for
exanpl e, nethod-function woul d be found wi th nethod- qualifiers and other nethod
netaobject readers under “Readers for Mthod Mtaobjects.”

The description of functions follows the sane formas used in the (Q(B specification.
The description of generic functions is simlar to that in the (I(H specification, but sone
mnor changes have been nade in the way nethods are presented.

The foll om ngis anexamnpl e of the fornat for the syntax descriptionof ageneric function:

gf1

z y &optional z &key k

This description indicates that gflis a generic function with two required paraneters, z
and y, an optional paraneter z and a keyword paraneter k.

The descriptionof a generic functionincludes adescriptionof its behavior. This provides
the general behavior, or protocol of the generic function. Al nethods defined on the generic
function, both portable and specified, nust have behavior consistent with this description.

Every generic function described in this section is an instance of the class standard-
generi c-functionand uses standard nethod conbination.

The description of a generic function also includes descriptions of the specified nethods
for that generic function. In the description of these nethods, a nethod signature 1s used
to describe the paraneters and paraneter specializers of each nethod. The followmngis an
exanpl e of the fornat for a nethod signature:

29
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egfl Pronury Method
(z class) y &optional z &key k

This signature indicates that this prinmary nethod on the generic function gf1 has two
required paraneters, naned z and y. In addition, there is an optional paraneter z
and a keyword paraneter k. This signature also indicates that the nethod’s paraneter
specializers are the classes naned class and t.

The description of each nethod includes a description of the behavior particul ar to
that nethod.

An abbreviated syntax i1s used when referring to a nethod defined el sewhere in the
docunent. This abbreviated syntaxincl udes the nane of the generic function, the qual-
ifiers, and the paraneter specializers. Areference to the nethod with the signature
shown above is witten as: gfl (class t).

add-dependent Generic Function

SYNTAX
add- dependent
net aobject dependent

ARGUMENTS
The netaobject argunent is a class or generic function netaobject.
The dependent argunent is an object.

VALUES
The val ue returned by this generic functionis unspecified.

PURPOSE
This generic function adds dependent to the dependents of netaobject. If dependent is
already in the set of dependents it is not added again (no error is signaled).

The generic function nap- dependents can be called to access the set of dependents
of a class or generic function. 'The generic function renwve- dependent can be called to
renove an object fromthe set of dependents of a class or generic function. The effect of
cal 11 ng add- dependent or renwve- dependent while a call to nap- dependents on the
sane class or generic functionis in progress is unspecified.

The situations in which add- dependent is called are not specified.

M:THODS
add- dependent Prinmary Met hod
(class standard-class) dependent

No behavior is specified for this nethod beyond that whichis specified for the generic
function.
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This nethod cannot be overridden unless the follow ng nethods are overridden as

well:
renove- dependent (standard-class t)
map- dependent s (standard- class t)
add- dependent Prinmary Met hod

(class funcallable-standard-class) dependent

No behavior is specified for this nethod beyond that whichis specified for the generic

function.
This nethod cannot be overridden unless the follow ng nethods are overridden as
vell:
renove- dependent (funcallabl e- standard- class t)
nmap- dependent s (funcallabl e- standard- class t)
add- dependent Prinmary Met hod

(generic-function standard-generic-function) dependent

No behavior is specified for this nethod beyond that whichis specified for the generic
function.
This nethod cannot be overridden unless the follow ng nethods are overridden as
vell:
renove- dependent (standard- generi c-function t)
nmap- dependent s (standard- generic-function t)

REMARKS
See the “Ikpendent Mintenance Protocol” sectionfor renarks about the use of this facility.

add-direct-method Generic Function

SYNTAX
add- direct- nethod

specializer method

ARGUMENTS
The specializer argunent 1s a specializer netaobject.
The nethod argunent is a nethod netaobject.

VALUES
The val ue returned by this generic functionis unspecified.
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PURPOSE
This generic functionis called to maintainaset of backpointers froma specializer tothe set
of nethods specialized toit. If nethod is alreadyinthe set, it is not added again (no error
is signaled).

This set can be accessed as a list by calling the generic function specializer-direct-
nethods. Mthods are removed fromthe set by renove- direct- nethod.

The generic function add- direct- nethodis called by add- net hod vhenever a nethod
1s added to a generic function. It is called once for each of the specializers of the nethod.
Note that 1ncases where aspecializer appears nore than once inthe specializers of anethod,
this generic function w1l be called nore than once with the sane specializer as argunent.

The resul ts are undefined if the specializer argunent 1s not one of the specializers of the
net hod ar gunent .

M:THODS

add- direct- nethod Primary Method
(spectalizer class)
(nethod method)

This nethod 1npl enents the behavior of the generic function for class specializers. No
behavior is specified for this nethod beyond that which is specified for the generic
function.
This nethod cannot be overridden unless the follow ng nethods are overridden as

well:

renove- direct-nethod (cl ass nethod)

specializer-direct-generic-functions (class)

specializer-direct-nethods (class)

add- direct- nethod Primary Method
(specializer eql-specializer)
(nethod method)

This nethod inpl enents the behavior of the generic function for eql specializers. No
behavior is specified for this nethod beyond that which is specified for the generic
function.

add-direct-subcl ass Generic Function

SYNTAX
add- direct-subcl ass

superclass subclass

ARGUMENTS
The superclass argunent is a cl ass netaobject.
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The subclass argunent is a class netaobject.

VALUES
The val ue returned by this generic functionis unspecified.

PURPOSE
This generic functionis called to mintain a set of backpointers froma class toits direct
subcl asses. This generic function adds subclass to the set of direct subcl asses of superclass.
Wen aclass is initialized, this generic functionis called once for each direct supercl ass
of the class.
Wien a class is reinitialized, this generic functionis called once for each added direct
supercl ass of the class. The generic function renove-direct-subclass is called once for
each deleted direct superclass of the class.

M:THODS

add- direct-subcl ass Prinmary Met hod
(superclass class)
(subclass class)

No behavior is specified for this nethod beyond that whichis specified for the generic
function.
This nethod cannot be overridden unless the follow ng nethods are overridden as

vell:
renove- direct-subcl ass (class class)
class-direct-subclasses (class)
add-method Generic Function
SYNTAX
add- net hod

generi c-function method

ARGUMENTS
The generic-function argunent 1s a generic function netaobject.
The nethod argunent is a nethod netaobject.

VALUES
The generic-function argunent i1s returned.

PURPOSE
This generic function associates an unattached nethod with a generic function.
An error is signaledif the lanbda list of the nethod is not congruent with the I anbda
list of the generic function. An error is also signaled if the nethod is already associated
wi th sone other generic function.
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If the gi vennethod agrees with an existing nethod of the generic function on paraneter
specializers and qualifiers, the existing nethod is renmoved by cal 11 ng renove- net hod be-
fore the newnethodis added. See the section of the (OB Specification called “Agreenent
on Paraneter Specializers and Qualifiers” for a definition of agreenent in this context.

Associating the nethod with the generic function then proceeds in four steps: (i) add
nmethod to the set returned by generic-function nethods and arrange for nethod-
generic-functionto return generic-function; (ii) call add direct-nethodfor each of the
nethod’s specializers; (iii) call conpute-discrimpating-function and install its result
w th set-funcallable-instance-function; and (iv) update the dependents of the generic
function.

The generic function add-nethod can be called by the user or the i1npl enentation.

M:THODS

add- net hod Prinmary Met hod
(generic- function standard-generic-function)
(nethod standard-method)

No behavior is specified for this nethod beyond that whichis specified for the generic
function.

all ocate-1nstance Generic Function

SYNTAX
allocate-instance
class &rest initargs

ARGUMENTS
The class argunent i1s a class netaobject.
The ¢ nitargs argunent consists of alternating initialization argunent nanes and val ues.

VALUES
The val ue returned is a newly allocated 1nstance of class.

PURPOSE
This generic function is called to create a new, uninitialized instance of a class. The in-
terpretation of the concept of an “uninitialized” instance depends on the class netaobject
class.

Before allocating the newinstance, class-finalized-pis called to see if class has been
finalized. If it has not been finalized, finalize-inheritanceis calledbefore the newinstance
is allocated.
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M:THODS
all ocate-1nstance Prinmary Met hod
(class standard-class) &rest inittargs

This nethod allocates storage in the instance for each slot with allocation :instance.
These slots are unbound. Slots with any other allocationare ignored by this nethod (no
error is signaled).

all ocate-1nstance Prinmary Met hod
(class funcallable-standard-class) &rest imitargs

This nethod allocates storage in the instance for each slot with allocation :instance.
These slots are unbound. Slots with any other allocationare ignored by this nethod (no
error is signaled).

The funcall abl e instance function of the instance is undefined—the results are unde-
finedif the instance is appliedto argunents before set-funcallabl e-instance-function
has been used to set the funcallable instance function.

all ocate-1nstance Prinmary Met hod
(class built-in-class) &rest inttargs

This nethod signals an error.

class-. .. Generic Function

The followng generic functions are described together under “Readers for (ass
Mtaobjects” (page 75): class-default-initargs, class-dirvect-defaul t-initargs, class-
direct-slots, class-direct-subclasses, class-direct-superclasses, class-finalized-p,
cl ass- nane, class-precedence-list, class-prototype and cl ass-slots.

compute-applicabl e-methods Generic Function

SYNTAX
conput e- appl i cabl e- net hods
generi c-function argunent s

ARGUMENTS
The generic-function argunent 1s a generic function netaobject.
The arguments argunent is a list of objects.

VALUES
This generic function returns a possibly enptylist of nethod netaobjects.
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PURPOSE

This generic function determmnes the nethod applicability of a generic function givenalist
of required argunents. 'The returned list of nethod netaobjects is sorted by precedence
order wth the nost specific nethod appearing first. If no nethods are applicable to the
supplied argunents the enptylist is returned.

Wien a generic function is invoked, the discrimnating function must determmne the
ordered list of nethods applicable tothe argunents. Tkpending onthe generic function and
the argunents, this is done inone of three ways: using a nenoized val ue; calling conpute-
appli cabl e- nethods- using- classes; or calling conpute-applicable-nethods. (Refer
to the description of conpute-discrimnating-functionfor the details of this process.)

The argunents argunent is permttedtocontainnore el enents than the generic function
accepts required argunents; in these cases the extra argunents wll be ignored. An error
is signaledif argunents contains fever elements than the generic function accepts required
argunents.

The list returned by this generic function wll not be muitated by the inplenentation.
The results are undefined if a portable programmutates the list returned by this generic
function.

M:THODS

conput e- appl i cabl e- net hods Prinmary Met hod
(generic- function standard-generic-function)
argunent s

This nethod signals an error if any nethod of the generic function has a specializer
whichis neither aclass metaobject nor an eql specializer netaobject.

G herwse, this nethod conputes the sorted list of applicable nethods according to
the rules described in the section of the QB Specification called “Mthod Selection
and Conbi nation.”

This nethod can be overridden. Because of the consistency requirenents between
this generic function and conpute- appl i cabl e- nethods- usi ng- cl asses, doi ng so nay
require also overriding conpute-applicable-nethods-using-classes (standard-
generic-functiont).

compute-applicabl eemethods-using-cl asses Generic Function

SYNTAX
conput e- appl i cabl e- nethods- using- cl asses
generic-function classes

ARGUMENTS
The generic-function argunent 1s a generic function netaobject.
The classes argument is alist of class netaobjects.
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VALUES
This generic function returns two values. 'The first is a possibly enpty list of nethod
netaobjects. The second is either true or false.

PURPOSE
This generic functionis calledto attenpt to determmne the nethod applicability of a generic
function givenonly the classes of the required argunents.

If it 1s possible to conpletely determne the ordered list of applicable nethods based
only on the supplied classes, this generic functionreturns that list as its first val ue and true
as 1ts second val ue. The returned list of nethod netaobjects is sorted by precedence order,
the nost specific nethod comng first. If no nethods are applicable to argunents with the
specified classes, the enptylist and true are returned.

If it is not possible to conpletel y determmne the ordered list of applicabl e nethods based
only on the suppliedclasses, this generic functionreturns an unspecified first val ue and fal se
as 1ts second val ue.

Wien a generic function is invoked, the discrimnating function must determmne the
ordered list of nethods applicable tothe argunents. Tkpending onthe generic function and
the argunents, this is done inone of three ways: using a nenoized val ue; calling conpute-
appli cabl e- nethods- using- classes; or calling conpute-applicable-nethods. (Refer
to the description of conpute-discrimnating-functionfor the details of this process.)

The fol l owi ng consistency rel ationshi p bet ween conput e- appl i cabl e- net hods- usi ng-
classes and conpute-applicabl e- nethods must be naintained: for any given generic
function and set of argunents, if conpute-applicabl e-nethods-using-classes returns
a second value of true, the first val ue mist be equal to the value that woul d be returned
by a corresponding call to conpute-applicable-nethods. The resul ts are undefined if a
portabl e nethod on either of these generic functions causes this consistency to be violated.

The list returned by this generic function wll not be muitated by the inplenentation.
The results are undefined if a portable programmutates the list returned by this generic
function.

M:THODS

conput e- appl i cabl e- nethods- using- cl asses Prinmary Met hod
(generic- function standard-generic-function)
classes

If any nethod of the generic functionhas aspecializer whichis neither aclass netaobject
nor an eql specializer netaobject, this nethod signals an error.

In cases where the generic function has no nethods with eql specializers, or has no
nethods with eql specializers that could be applicable to argunents of the supplied
classes, this nethod returns the ordered l1st of applicable nethods as its first val ue and
true as 1ts second val ue.

Gherwse this nethod returns an unspecified first val ue and false as 1ts second val ue.
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This nethod can be overridden. Because of the consistency requirenents between
this generic function and conpute-applicabl e-nethods, doing so nay require also
overridi ng conpute- appli cabl e- nethods (standard- generic-functiont).

REMARKS

This generic function exists to all owuser extensions which al ter nethod 1 ookup rules; but
whi ch base the newrules only on the classes of the required argunents, to take advant age
of the class-based nethod | ookup nenoization found in many i npl enentations. (There is

of course no requirenent for aninplenentationto provide this optimzation.)

Such an extension can be i npl enented by t wo net hods, one on this generic function and
one on conpute- applicabl e-nethods. Wenever the user extensionis ineffect, the first
nethod w1l return a second val ue of true. This should all owthe inplenentationto absorb
these cases intoits own nenoizationschene.

To get appropriate perfornance, other kinds of extensions nay require nethods on
conput e- di s cri mnating- function whi ch i npl enent their own nenoization schene.

compute-cl ass-precedence-1ist Generic Function

SYNTAX
conput e- cl ass- precedence-1ist
class

ARGUMENTS
The class argunent i1s a class netaobject.

VALUES
The val ue returned by this generic functionis alist of class netaobjects.

PURPOSE
This generic-functionis called to determne the class precedence list of aclass.

The result 1s alist whichcontains each of ¢lass andits superclasses once and onl y once.
The first elenent of the list 1s ¢lass and the last el enent is the class naned t.

Al nethods onthis generic functionmst compute the class precedence list as afunction
of the ordered direct superclasses of the superclasses of c¢lass. The results are undefined 1f
the rules used to conpute the class precedence list depend on any other factors.

Wen aclass is finalized, finalize-inheritance calls this generic function and associates
the returned value with the class netaobject. The value can then be accessed by calling
class-precedence-list.

The list returned by this generic function wll not be muitated by the inplenentation.
The results are undefined if a portable programmutates the list returned by this generic
function.
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M:THODS
conput e- cl ass- precedence-1ist Prinmary Met hod
(class class)

This nethod conputes the class precedence list according to the rules described in the
section of the (I(H Specification called “Iktermning the (ass Precedence List.”

This nethod signals anerror if c¢lass or any of its superclasses is aforwardreferenced
class.

Thi s nethod can be overri dden.

compute-defaul t-ini targs Generic Function

SYNTAX
conput e- def aul t-1ni targs
class

ARGUMENTS

The class argunent i1s a class netaobject.

VALUES

The value returned by this generic function is a list of canonicalized default initialization
argunents.

PURPOSE
This generic-functionis calledto determne the default initialization argunents for a class.

The result is alist of canonicalized default initializationargunents, w th no duplication
anong initialization argunent nanes.

Al nethods on this generic function mist conpute the default initialization argunents
as a function of only: (i) the class precedence list of class, and (ii) the direct default
initialization argunents of each class inthat list. The resul ts are undefined if the rules used
to conpute the default initialization argunents depend on any other factors.

Wen aclass is finalized, finalize-inheritance calls this generic function and associates
the returned value with the class netaobject. The value can then be accessed by calling
class-defaul t-ini targs.

The list returned by this generic function wll not be muitated by the inplenentation.

The results are undefined if a portable programmutates the list returned by this generic
function.
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M:THODS
conput e- def aul t-1ni targs Primary Method
(class standard-class)

conput e- def aul t-1ni targs Primary Method
(class funcallable-standard-class)

These nethods compute the default initialization argunents according to the rules de-
scribed in the section of the (I(H Specification called “Defaul ting of Initialization Ar-
gunents.”

These nethods signal anerror if ¢lass or anyof its superclasses is aforwardreferenced
class.

These nethods can be overridden.

compute-discri minating-function Generic Function

SYNTAX
conput e- di scri mnating- function
generi c-function

ARGUMENTS
The generic-function argunent 1s a generic function netaobject.

VALUES
The val ue returned by this generic functionis a function.

PURPOSE

This generic functionis calledto determne the discrimnatingfunctionfor ageneric function.
Wien a generic functionis called, the installed discrimnating function is called with the
full set of argunents received by the generic function, and mist inpl erent the behavior of
calling the generic function: determmningthe ordered set of applicable nethods, determning
the effective nethod, and runni ng the effective nethod.

To determmne the ordered set of applicable nethods, the discrimnating function first
calls conpute-applicabl e- nethods-using-classes. If conpute- applicabl e- net hods-
using-classes returns a second value of false, the discrimnating function then calls
conput e- appl 1 cabl e- net hods .

Wien conpute- appli cabl e- net hods-using- cl asses returns a second val ue of true,
the discrimnating functionis permtted to nenoi ze the first returned val ue as follows. The
discrimnating function nay reuse the li1st of applicabl e nethods w thout calling conpute-
appl i cabl e- net hods- using- cl asses again provi ded that:

(i) the generic functionis being called again with required argunents which are
instances of the sane cl asses,
(ii) the generic function has not been reinitialized,
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(ii1) no nethod has been added to or renoved fromthe generic function,

(iv) for all the specializers of all the generic function’s nethods whichare classes,
their class precedence lists have not changed and

(v) for any such nenoized val ue, the class precedence list of the class of each of
the required argunents has not changed.

Determnation of the effective nethodis done by calling conpute- effecti ve- nethod
Wien the effective nethod is run, each nethod’s functionis called, and receives as argu-
nents: (i) alist of the argunents to the generic function, and (ii) whatever other argunents
are specified in the call-nethodformindicating that the nethod shoul d be called. (See
nake- net hod-1 anbda for nore i nfornation about hownethod functions are called.)

The generic function conpute-discrimnating-function is called, and its result
installed, by add-nethod, renove-nmethod, initialize-instance and reinitialize-
instance.

M:THODS
conput e- di scri mnating- function Primary Method
(generic- function standard-generic-function)

No behavior is specified for this nethod beyond that specified for the generic function.
Thi s nethod can be overridden.

compute-effecti ve-method Generic Function

SYNTAX
conput e- effecti ve- net hod
generi c-functton nmet hod- conbinati on net hods

ARGUMENTS

The generic-function argunent 1s a generic function netaobject.
The nethod- conbination argunent is a nethod conbi nation netaobject.
The nethods argunent 1s alist of nethod netaobjects.

VALUES
This generic function returns tvwo values. 'The first 1s an effective nethod, the second is a
list of effective nethod options.

PURPOSE
This generic functionis calledto determne the effective nethod fromasortedlist of nethod
netaobjects.

An effective nethod 1s a formthat describes how the applicable nethods are to be
conbined. Inside of effective nethod forns are call-nethodforns which indicate that a
particul ar nethodis to be called. The argunents to the call-nethodformindicate exactly
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howt he net hod function of the nethodshould be called. (See make- nethod-1anbda for
nore details about method functions. )

An effective nethod option has the sane interpretation and syntax as either the : argu-
nents or the : generic-functionoptioninthe longformof define- nethod- conbi nation.

Mre infornation about the formand interpretation of effective nethods and effective
nethod options can be found under the description of the define- nethod- conbination
macro in the (LB specification.

This generic function can be called by the user or the inplemnentation. It is called by
discrimnating functions whenever a sorted list of applicable nethods must be converted to
an effective nethod.

M:THODS

conput e- effecti ve- net hod Prinmary Met hod
(generic- function standard-generic-function)
net hod- conbi nation
net hods

This nethod conputes the effecti ve nethod according to the rules of the nethod com
bination type inpl enented by net hod- conbi nat on.
Thi s nethod can be overridden.

compute-effecti ve-sl ot-defini tion Generic Function

SYNTAX
conput e- effecti ve- sl ot - defini t1 on
class name direct-slot-definitions

ARGUMENTS
The class argunent i1s a class netaobject.

The nane argunent is a slot nane.

The direct-slot-definitions argunent is an ordered list of direct slot definition netaob-
jects. The nost specific direct slot definition netaobject appears first inthe list.

VALUES
The val ue returned by this generic functionis an effective slot defini tion netaobject.

PURPOSE
This generic function determnes the effective slot definitionfor aslot inaclass. Tt iscalled
by conpute-slots once for each slot accessible ininstances of class.

This generic function uses the suppliedlist of direct slot definition netaobjects to com
pute the inheritance of slot properties for asingle slot. The returned effective slot definition
represents the result of conputing the inheritance. The nane of the new effective slot
definitionis the sane as the nane of the direct slot definitions supplied.
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The class of the effective slot defini tion netaobject is determned by calling effecti ve-
slot-defini tion-class. 'The effective slot definition is then created by calling nake-
instance. The initialization argunents passed in this call to nake-instance are used to
initialize the neweffective slot definition netaobject. See “Imitializationof Slot Definition
Mtaobjects” for details.

M:THODS

conput e- effecti ve- sl ot - defini t1 on Primary Method
(class standard-class)
nane
direct-slot-definitions

Thi s net hod i npl enents the i nheritance and defaul tingof slot options followngthe rules

described in the “Inheritance of Slots and (ptions” section of the (QLB Specification.
Thi s net hod can be extended, but the val ue returned by the extendi ng nethod nust

be the val ue returned by this nethod.

conput e- effecti ve- sl ot - defini t1 on Primary Method
(class funcallable-standard-class)
nane
direct-slot-definitions

Thi s net hod i npl enents the i nheritance and defaul tingof slot options followngthe rules

described in the “Inheritance of Slots and (ptions” section of the (QLB Specification.
Thi s net hod can be extended, but the val ue returned by the extendi ng nethod nust

be the val ue returned by this nethod.

compute-slots Generic Function

SYNTAX
conpute- sl ots
class

ARGUMENTS
The class argunent i1s a class netaobject.

VALUES
The val ue returned 1s a set of effective slot defini tion netaobjects.

PURPOSE
This generic function conputes a set of effective slot definition netaobjects for the class
class. The result is alist of effective slot definition netaobjects: one for each slot that w1l
be accessible ininstances of class.

This generic function proceeds in 3 steps:
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The first step collects the full set of direct slot definitions fromthe superclasses of ¢lass.

The direct slot definitions are then collected into individual lists, one list for each slot
nane associated wth any of the direct slot definitions. The slot nanes are conpared wth
eql. Fach suchlist is then sorted into class precedence list order. IDlrect slot definitions
comng fromcl asses earlier in the class precedence list of ¢lass appear before those comng
fromecl asses later in the class precedence list. For each slot nane, the generic function
conput e- effective-sl ot- defini tionis called to conpute an effective slot definition. 'The
result of compute-slots is alist of these effective slot definitions, 1n unspecified order.

In the final step, the location for each effective slot definitionis set. This 1s done by
specified around-nethods; portable nethods cannot take over this behavior. For nore
information on the slot definition locations, see the section “Instance Structure Protocol .”

The list returned by this generic function wll not be muitated by the inplenentation.
The results are undefined if a portable programmutates the list returned by this generic
function.

M:THODS
conpute- sl ots Prinmary Met hod
(class standard-class)

This nethod i npl enents the specified behavior of the generic function.

Thi s nethod can be overri dden.
conpute- sl ots Prinmary Met hod
(class funcallable-standard-class)

This nethod i npl enents the specified behavior of the generic function.

This nethod can be overridden.
conpute- sl ots Around- Met hod
(class standard-class)
This nethod 1 pl ements the specified behavi or of conputing and storing slot locations.
This nethod cannot be overridden.
conpute- sl ots Around- Met hod

(class funcallable-standard-class)

This nethod 1 pl ements the specified behavi or of conputing and storing slot locations.
This nethod cannot be overridden.
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direct-sl ot-defini tion-cl ass Generic Function

SYNTAX
direct-slot-defmition- class
class &rest initargs

ARGUMENTS
The class argunent i1s a class netaobject.
The tnitargs argunent is a set of initialization argunents and val ues.

VALUES
The val ue returned is a subclass of the class direct-slot- defini tion.

PURPOSE
Wen a class is initialized, each of the canonicalized slot specifications must be converted
toa direct slot definition netaobject. This generic functionis called to determne the class
of that direct slot definition netaobject.

The tnitargs argunent is sinply the canonicalized sl ot specification for the slot.

M:THODS

direct-slot-defini tionclass Primary Method
(class standard-class)
&rest tmitargs

This nethod returns the class standard- direct-slot- defin tion.
Thi s nethod can be overri dden.

direct-slot-defini tionclass Primary Method
(class funcallable-standard-class)
&rest tmitargs

This nethod returns the class standard- direct-slot- defin tion.
Thi s nethod can be overri dden.

effective-sl ot-defim tion-cl ass Generic Function

SYNTAX
effective-slot-defim tion-class
class &rest initargs

ARGUMENTS
The class argunent i1s a class netaobject.
The tnitargs argunent is a set of initialization argunents and val ues.
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VALUES
The val ue returned is a subclass of the class effective-slot-defmition-class.

PURPOSE

This generic function is called by conpute-effective-slot-defin tion to determne the
class of the resul ting effective slot definitionnetaobject. The tnitargs argunent 1s the set of
initializationargunents and val ues that will be passed to nake-instance when the effective

sl ot defini t1on netaobject 1s created.

M:THODS

effecti ve- sl ot- defini tion-class Primary Method
(class standard-class)
&rest initargs

This nethod returns the class standard- effecti ve- sl ot- defini tion
Thi s nethod can be overri dden.

effecti ve- sl ot- defini tion-class Primary Method
(class funcallable-standard-class)
&rest initargs

This nethod returns the class standard- effecti ve- sl ot- defini tion
Thi s nethod can be overri dden.

ermsure-cl ass Function

SYNTAX
ensure-cl ass
nane &key &allow-other-keys

ARGUMENTS
The nane argunent is a synbol .

Sone of the keyword argunents accepted by this function are actually processed by
ensure- cl ass-using-class, others are processed during initializationof the class netaobject
(as described inthe section called “Imitializationof (ass Mtaobjects”).

VALUES
The result is a class netaobject.

PURPOSE

This functionis calledto define or redefine a class with the specified nane, and can be called
by the user or the inplenentation. It is the functional equi val ent of defclass, andis called
by the expansion of the defclass nacro.
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The behavior of this functionis actually inplenented by the generic function ensure-
class-using-class. Wen ensure-classis called, it immedi atel ycalls ensure-class-using-
class and returns that result as its own.

The first argunent to ensure-class-using-class is conputed as follows:

o If nane nanes a class (find-class returns a class when called with nane) use that class.
o (Gherwise use ml.

The second argunent 1s nane. 'The remnaini ng argunents are the conplete set of keyword
argunents recei ved by the ensure-class function.

ersure-cl ass-using-cl ass Generic Function

SYNTAX
ensure- cl ass-using-cl ass
class nane &key :direct-default-initargs :direct-slots
:direct-superclasses :name
:metaclass

&allow-other-keys

ARGUMENTS
The class argunent is a class netaobject or mil.

The nane argunent is a class nane.

The : netacl ass argunent is a class netaobject class or a class netaobject class nane.
If this argunent 1s not supplied, it defaults to the class naned standard-class. If a class
nane is supplied, it is interpreted as the class wth that nane. If a class nane is supplied,
but there is no such class, anerror is signal ed.

The : direct-supercl asses argunent is alist of whicheachelenent is aclass netaobject
or aclass nane. Anerror is signaledif this argunent is not a proper list.

For the interpretationof additional keywordargunents, see “Initializationof (ass Mta-
objects” (page 57).

VALUES
The result is a class netaobject.

PURPOSE
This generic functionis calledto define or nodify the defini tion of ananedclass. It is called
by the ensure-class function. It can also be called directly.

The first step perforned by this generic functionis to conpute the set of initialization
argunents which will be used to create or reinitialize the naned class. The initialization
argunents are computed fromthe full set of keyword argunents received by this generic
function as follows:
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e 'The : netaclass argunent is not includedinthe initialization argunents.

o If the : direct-superclasses argunent was received by this generic function, it is con-
verted into a list of class metaobjects. TThis conversion does not affect the structure
of the supplied :direct-superclasses argunent. For each elenent in the :direct-
supercl asses ar gunent :

e If the elenent is a class netaobject, that class netaobject 1s used.

e If the el enent nanes a class, that class netaobject 1s used.

e (GQherwmse an instance of the class forward-referenced-class is created and used.
The proper nane of the newly created forward referenced class metaobject is set to
nane.

e Al other keyword argunents are 1ncluded directly in the initialization argunents.

If the class argunent is nmil, a newclass netaobject is created by calling the nake-
instance generic function w th the val ue of the : netacl ass argunent as its first argunent,
and the previously conputedinitializationargunents. The proper nane of the newl y created
class metaobject 1s set to nane. The newly created class netaobject 1s returned.

If the class argunent 1s a forward referenced class, change-class is called to change
its class to the val ue specified by the : netacl ass argunent. The class netaobject is then
reinitialized with the previously initialization argunents. (This is a docunented viol ation
of the general constraint that change-class not be used with class netaobjects.)

If the class of the ¢lass argunent is not the sane as the cl ass specified by the : netacl ass
argunent, an error is signaled.

Gherwise, the class netaobject ¢lass is redefined by calling the reinitialize-instance
generic function with c¢lass and the initialization argunents. 'The class argunent is then
returned.

MiTHODS
ensure- cl ass-using-cl ass Pronury Method
(class class)
nane
&key :metaclass
:direct-superclasses

&allow-other-keys

Thi s nethod i npl enents the behavior of the generic functioninthe case where the class
argunent 1s a class.

Thi s nethod can be overri dden.



Generic Functions and Mthods ensure- generic-function 49

ensure- cl ass-using-cl ass Pronury Method
(class forward-referenced-class)
nane
&key :metaclass
:direct-superclasses

&allow-other-keys

Thi s nethod i npl enents the behavior of the generic functioninthe case where the class
argunent is a forward referenced class.

ensure- cl ass-using-cl ass Pronury Method
(class null)
nane
&key :metaclass
:direct-superclasses

&allow-other-keys

Thi s nethod i npl enents the behavior of the generic functioninthe case where the class
argunent is mil.

ersure-generi c-function Function

SYNTAX
ensure- generi c- function
function- name &key &allow-other-keys

ARGUMENTS
The function-nane argunent is a synbol or alist of the form(setf synbol).

Sone of the keyword argunents accepted by this function are actually processed by
ensure- generi c-function using-class, others are processed during initialization of the
generic function netaobject (as described in the section called “Inmitialization of CGeneric
Function Mtaobjects”).

VALUES
The result is a generic function netaobject.

PURPOSE

This functionis called to define a gl obally naned generic function or to specify or nodify
options and declarations that pertain to a gl obally naned generic function as a whole. It
can be called by the user or the inpl enentation.
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It is the functional equivalent of defgeneric, and is called by the expansion of the
def generi ¢ and def net hod nacros.

The behavior of this functionis actually inplenented by the generic function ensure-
generi c-function using- class. Wien ensure- generi c-functionis called, it imediately
calls ensure- generi c-function-using-class and returns that result as its own.

The first argunent to ensure- generi c-function-using-class is conputed as follows:

o If function-nane nanes a non-generic function, a macro, or a special form an error is
signal ed

e If function-nane nanes a generic function, that generic function netaobject 1s used.

e Gherwise, nil is used.

The second argument is function-nane. The renai ni ng ar gunents are the conplete set
of keyword argunents recei ved by ensure- generi c- function.

ersure-generi c-functi on-usi ng-cl ass Generic Function

SYNTAX
ensure- generi c- function- using- cl ass
generi c-function
funct i on-nane
&key :argument-precedence-order :declarations
:documentation :generic-function-class
:lambda-list :method-class
:method-combination :name

&allow-other-keys

ARGUMENTS
The generic-function argunent is a generic function netaobject or nil.

The function-nane argunent is a synbol or alist of the form(setf synbol).

The : generic-function-class argunent is a class netaobject or a class nane. If it is
not supplied, it defaults to the class naned standard- generic-function If a class nane
is supplied, it 1s interpreted as the class mth that nane. If a class nane is supplied, but
there is no such class, anerror is signal ed.

For the interpretation of additional keyword argunents, see “Initialization of Generic
Function Mtaobjects” (page 61).

VALUES
The result is a generic function netaobject.
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PURPOSE

The generic function ensure- generic-function-using-class is called to define or nodify
the definition of a globally naned generic function. It is called by the ensure-generic-
functionfunction. It can also be called directly.

The first step perforned by this generic functionis to conpute the set of initialization
argunents which will be used to create or reinitialize the globally naned generic function.
These initializationargunents are conputed fromthe full set of keyword ar gunents recei ved
by this generic function as follows:

o The : generic-function class argunent is not included in the initializationargunents.

e If the : nethod-class argunent was received by this generic function, it is converted
into a class mnetaobject. This is done by looking up the class nane wth find-class. If
there is no such class, anerror is signalled.

e Al other keyword argunents are 1ncluded directly in the initialization argunents.

If the generic-function argunent is nil, aninstance of the class specified by the : generi c-
function-class argunent is created by calling nake-instance with the previously com
putedinitializationargunents. The function nane function-nane is set to nane the generic
function. The newly created generic function netaobject is returned.

If the class of the generic-function argunent is not the sane as the class specified by
the : generi c-function-class argunent, an error is signaled.

Gherwi se the generic function generic-function is redefined by calling the reinitialize-
instance generic function with generic-function and the initialization argunents. 'The
generi c- function argunent is then returned.

M:THODS

ensure- generi c- function- using- cl ass Primary Met hod
(generic- function generic-function)
funct i on-nane
&key :generic-function-class

&allow-other-keys

Thi s nethodinpl enents the behavi or of the generic functioninthe case where function-
nane nanes an existing generic function.

Thi s nethod can be overri dden.
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ensure- generi c- function- using- cl ass Primary Met hod
(generic-function null)
funct i on-nane
&key :generic-function-class

&allow-other-keys

Thi s nethodinpl enents the behavi or of the generic functioninthe case where function-
nane nanes no function, generic function, macro or special form

eql-specializer-object Function

SYNTAX
eql - specializer-object
eql-spectalizer

ARGUMENTS
The egl-specializer argunent is an eql specializer netaobject.

VALUES
The val ue returned by this functionis an object.

PURPOSE
This function returns the object associated wmth egl-specializer during inmtialization. The
val ue is guaranteed to be eql to the val ue originally passed to intern-eql-specializer, but
1t 1s not necessarily eqto that value.
This function signals anerror if eql-specializer is not an eql specializer.

extract-lambda-list Function

SYNTAX
extract-lanbda-list
specialized-1lanbda-11ist

ARGUMENTS

The specialized-lanbda-11ist argunent 1s aspecializedlanbdalist as accepted by def nethod

VALUES
The result is an unspecialized lanbdalist.
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PURPOSE
This functiontakes aspecialized]l anbdalist andreturns the lanbdalist withthe specializers
renoved. This is anon-destructive operation. Vether the result shares anystructure with
the argunent is unspecified.

If the specialized-lanbda-1list argunent does not have legal syntax, anerror is signaled.
This syntax checking does not check the syntax of the actual specializer nanes, only the
syntax of the lanbda l1st and where the specializers appear.

EXAMPLES
(extract-lambda-list '((p position))) ==> (P)
(extract-lambda-list '((p position) x y)) => (P XY)

(extract-lambda-list '(a (b (eql x)) ¢ &rest i)) ==> (A B C &OPTIONAL I)

extract-specializer-names Function

SYNTAX
extract-speci al 1 zer- nanes
specialized-1lanbda-11ist

ARGUMENTS
The specialized-lanbda-11ist argunent 1s aspecializedlanbdalist as accepted by def nethod

VALUES
The result is alist of specializer nanes.

PURPOSE
This function takes aspecializedlanbdalist andreturns its specializer nanes. This is anon-
destructive operation. Wether the result shares structure withthe argunent is unspeci fied.
The resul ts are undefined if the result of this function is nodified.
The result of this functionwill be alist with a nunber of el enents equal to the nunber
of required argunents in special ¢ zed-l anbda-1ist. Specializers are defaul ted to the symbol t.
If the specialized-lanbda-1list argunent does not have legal syntax, anerror is signaled.
This syntax checking does not check the syntax of the actual specializer nanes, only the
syntax of the lanbda l1st and where the specializers appear.

EXAMPLES
(extract-specializer-names '((p position))) ==> (POSITION)
(extract-specializer-names '((p position) x y)) ==> (POSITION T T)

(extract-specializer-names '(a (b (eql x)) c &rest i)) ==> (T (EQL X) T)
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final 1 ze-1 nheri tance Generic Function

SYNTAX
final 1 ze- 1 nheri tance

class

ARGUMENTS
The class argunent i1s a class netaobject.

VALUES
The val ue returned by this generic functionis unspecified.

PURPOSE
This generic functionis calledto finalize aclass netaobject. This is describedinthe Section
naned “0 ass Finalization Protocol.”

After finalize-inheritance returns, the class netaobject is finalized and the result of
calling class-finalized-pon the class netaobject will be true.

M:THODS

final i ze- 1 nheri tance Primary Method
(class standard-class)

final i ze- 1 nheri tance Primary Method

(class funcallable-standard-class)
No behavior 1s specified for these nethods beyond that whichis specified for the generic
function.
final i ze- 1 nheri tance Primary Method

(class forward-referenced-class)

This nethod signals an error.

find-method-combination Generic Function

SYNTAX

find- net hod- conbi nati on
generi c-function
net hod- conbi nat i on- 1t ype- nane
net hod- conbi nati on- opti ons

ARGUMENTS
The generic-function argunent 1s a generic function netaobject.
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The net hod- conbi nati on-1 ype- nane ar gunent 1s a synbol whi ch nanes a type of nethod
conbi nation.

The nethod- conbination-options argunent is a list of argunents to the nethod conbi-
nation type.

VALUES
The val ue returned by this generic functionis a nethod conbi nation netaobject.

PURPOSE
This generic functionis calledto determmne the nethod conbi nationobject used by a generic
function.

REMARKS
Farther details of nethod conbination netaobjects are not specified.

funcal ] abl e-stand ard-1 st ance-access Function

SYNTAX
funcall abl e- standard- i nstance- access
tnstance location

ARGUMENTS
The ¢ nstance argunent is an object.
The {ocation argunent is a slot location.

VALUES
The result of this functionis an object.

PURPOSE
This function is called to provide direct access to aslot in an instance. By usurping the
nornal slot 1 ookup protocol, this functionis intended to provide highl y optimzed access to
the slots associated with aninstance.

The follomng restrictions apply to the use of this function:

e The instance argunent must be a funcallable instance (it mmst have been returned by
allocate-instance (funcallable-standard-class)).

e 'The instance argunent cannot be an non-updated obsol ete instance.

e The [ocation argunent must be a location of one of the directly accessible slots of the
instance’s class.

e The slot must be bound.

The resul ts are undefined if any of these restrictions are not net.
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generi c-functiorr. . . Generic Function

The followng generic functions are described together under “Readers for Generic Func-
tion Mtaobjects” (page 79): generic-function- argunent - precedence- order, generi c-
function-decl arations, generic-function-lanbda-list, generic-function-nethod-
class, generi c- function nethod- conbi nation, generi c- function- net hods and generi c-
functi on nane.
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Initialization of Class Metaobjects

A class netaobject can be created by calling make-instance. 'The initialization argu-
nents establish the definition of the class. Aclass netaobject can be redefined by calling
reinitialize-instance. Sone classes of class netaobject do not support redefinition; in
these cases, reinitialize-instance signals anerror.

Initializationof aclass netaobject nust be done by cal ling nake-instance and al ]l owi ng
it tocall initialize-instance. Reinitializationof aclass netaobject mist be done by calling
reinitialize-instance. Portable prograns mist not call initialize-instance directly to
intialize a class netaobject. Portable prograns nust not call shared-imitialize directly
toinitialize or reinitialize a class netaobject. Portable prograns must not call change-
class to change the class of any class netaobject or to turn a non-class object into a class
net aobj ect.

Since netaobject classes may not be redefined, no behavior is specified for the result
of calls to update-instance-for-redefined-class on class netaobjects. Since the class of
class metaobjects may not be changed, no behavior is specified for the result of calls to
updat e-instance-for- di fferent- cl ass on cl ass metaobjects.

Duringinitializationor reinitialization, eachinitializationargunent is checked for errors
and then associated with the class netaobject. The value can then be accessed by calling
the appropriate accessor as shown in Table 6. 1.

This section begins with a description of the error checking and processing of each
initialization argunent. This 1s foll owed by a tabl e show ng the generic functions that can
be used to access the stored initialization argunents. Initialization behavior specific to
the different specified cl ass netaobject classes cones next. The section ends wth a set of
restrictions onportabl e nethods affecting cl ass netaobject initializationandreinitialization.

In these descriptions, the phrase “this argunent defaults to value” neans that when
that initialization argunent 1s not supplied, initializationor reinitializationis perforned as
1f wval ue had been supplied. For sone initializationargunents this coul d be done by the use
of default initialization argunents, but whether it 1s done this way is not specified. Inple-
nentations are free to define default initialization argunents for specified class netaobject
classes. Portable prograns are free to define default initialization argunents for portable
subcl asses of the class class.

Unl ess there is a specific note to the contrary, then during reinitialization, if aninitial-
1zation argunent 1s not supplied, the previously stored value 1s left unchanged.

e The :direct-defaul t-initargs argunent is a list of canonicalized default initialization
argunents.

An error is signaledif this value is not a proper list, or if any el enent of the list 1s not
a canoni calized default initialization argunent.

If the class netaobject is being initialized, this argunent defaults to the enptylist.
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The : direct-slots argunent is alist of canonicalizedslot specifications.

Anerror 1s signaledif this value is not a proper list or if any el enent of the list is not a
canoni calized sl ot specification.

After error checking, this value 1s converted to a list of direct slot definition netaob-
jects before it is associated with the class netaobject. Conversion of each canonicalized
slot specification to a direct slot definition netaobject 1s a two-step process. First, the
generic function direct-slot-defmition-class is called with the class netaobject and
the canoni calizedslot specification to determne the class of the newdirect slot definition
netaobject; this permts both the class netaobject and the canonicalized slot specifi-
cation to control the resulting direct slot definition netaobject class. Second, nake-
instance is applied to the direct slot definition netaobject class and the canonicalized
slot specification. This conversion coul d be inpl enented as shown in the foll owm ng code:

(defun convert-to-direct-slot-definition (class canonicalized-slot)
(apply #'make-instance
(apply #'direct-slot-definition-class
class canonicalized-slot)
canonicalized-slot))

If the class netaobject is being initialized, this argunent defaults to the enptylist.

(hce the direct slot definition netaobjects have been created, the specified reader and
writer nethods are created. The generic functions reader-nethod- class and witer-
nethod-cl ass are called to determmne the classes of the nethod netaobjects created.

The : direct-supercl asses argunent is alist of class metaobjects. (Qasses which do not
support nul tiple inheritance signal anerror 1f the list contains nore than one el enent.

An error is signaledif this value is not a proper list or if validate-superclass applied
to c¢lass and any el enent of this list returns false.

Wien the cl ass netaobject is being initialized, and this argunent is either not supplied
or is the enpty list, this argunent defaults as follows: 1f the class 1s an instance of
standard- cl ass or one of its subcl asses the default valueis alist of the class standard-
object; if the class is aninstance of funcallable-standard- class or one of its subcl asses
the default value is list of the class funcallabl e-standard object.

After any defaul ting of the value, the generic function add-direct-subclass is called
once for each el enent of the list.

Wen the class netaobject is being reinitialized and this argunent is supplied, the
generic function renove-direct-subclass is called once for each class metaobject in
the previously stored val ue but not in the newvalue; the generic function add-direct-
subcl ass 1s called once for each cl ass netaobject in the newval ue but not in the previ-
ously stored val ue.
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o 'The : docunent ati on ar gunent is a string or nil.
Anerror is signaledif this valueis not a string or ml.

If the class netaobject is being initialized, this argunent defaults tomnil.

e 'The : nane argunent is an object.

If the class is being initialized, this argunent defaults tomnil.

After the processing and defaul ting of initializationargunents described above, the val ue
of each initialization argunent is associated wth the class netaobject. These val ues can
then be accessed by calling the corresponding generic function. The correspondences are as
follows:

Initialization Argunent Generi ¢ Rinction

:direct-defaul t-initargs class-direct-default-initargs

:direct-slots class-direct-slots
:direct-superclasses class-direct-superclasses
: docunent at1on docunent ation

: nane cl ass- nane

Table 6. 1 Initialization arguments and accessors for class metaobjects.

Instances of the class standard-class support nul tiple inheritance and reinitialization.
Instances of the class funcall abl e- standard- cl ass support nul tiple inheritance and reini-
tialization. For forward referenced classes, all of the initialization argunents default to
nl.

Since built-inclasses cannot be created or reinitialized by the user, anerror 1s signaledif
initialize-instance or reinitialize-instance are calledtoinitialize or reinitialize aderived
instance of the class built-in-class.

M:THODS

It 1s not specified which nethods provide the initialization and reinitialization behavior
described above. Instead, the infornation needed to allowportable prograns to specialize
this behavior is presented as a set of restrictions on the nethods a portable programcan
define. The nodel 1s that portable initializationnethods have access tothe class netaobject
when either all or none of the specified initialization has taken effect.

These restrictions governthe nethods that a portable programcan define on the generic
functions inmitialize-instance, reinitialize-instance, and shared-initialize. These re-
strictions apply only to nethods on these generic functions for which the first specializer
1s asubclass of the class class. Qther portable nethods on these generic functions are not
affected by these restrictions.
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e Portable prograns must not define nethods on shared-initialize.

o Tor intialize-instance and reinitialize-instance:

e Portable prograns nust not define prinary nethods.

e Portable prograns may define around-nethods, but these nust be extending, not
overriding nethods.

e Portable before-nethods mist assune that when they are run, none of the inmtializa-
t1on behavior described above has been conpl eted.

e Portable after-nethods nust assune that when they are run, all of the inmtialization
behavior described above has been conpl eted.

The resul ts are undefined if any of these restrictions are viol ated.
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Ini tialization of Generic Function Metaobjects

Ageneric function netaobject can be created by cal 11 ng nake-instance. The initialization
argunents establish the defini tion of the generic function. Ageneric functionnetaobject can
be redefined by calling reinitialize-instance. Sone classes of generic function netaobject
do not support redefinition; inthese cases, reinitialize-instance signals anerror.

Initializationof ageneric function netaobject mist be done by calling nake-instance
andallowingit tocall initialize-instance. Reinitializationof ageneric-functionnetaobject
nust be done by calling reinitialize-instance. Portable prograns nust not call imnitialize-
instance directly toinitialize a generic function netaobject. Portable prograns mist not
call shared-initialize directly to initialize or reinitialize a generic function netaobject.
Portabl e prograns nust not call change-class to change the class of any generic function
netaobject or to turn a non- generic-function object into a generic function netaobject.

Since metaobject classes nay not be redefined, no behavior is specified for the result of
calls to update-instance-for-redefined- cl ass on generic function netaobjects. Since the
class of a generic function netaobject may not be changed, no behavior 1s specified for the
results of calls to update-instance-for-different-class on generic function netaobjects.

Duringinitializationor reinitialization, eachinitializationargunent is checked for errors
and then associated with the generic function netaobject. The val ue can then be accessed
by calling the appropriate accessor as shown in Table 6. 2.

This section begins with a description of the error checking and processing of each
initialization argunent. This 1s followed by a table showing the generic functions that
can be used to access the stored initialization argunents. The section ends with a set of
restrictions on portable nethods affecting generic function netaobject initialization and
reinitialization.

In these descriptions, the phrase “this argunent defaults to value” neans that when
that initialization argunent 1s not supplied, initializationor reinitializationis perforned as
1f wval ue had been supplied. For sone initializationargunents this coul d be done by the use
of default initialization argunents, but whether it 1s done this way is not specified. Inple-
nentations are free to define default initialization argunents for specified generic function
netaobject classes. Portable prograns are free to define default initializationargunents for
portable subcl asses of the class generic-function

Unl ess there is a specific note to the contrary, then during reinitialization, if aninitial-
1zation argunent 1s not supplied, the previously stored value 1s left unchanged.

e 'The : argunent - precedence- order argunent is a list of synbols.

An error is signaledif this argunent appears but the :1anbda-1ist argunent does not
appear. An error is signaled if this value 1s not a proper list or if this value is not
a permutation of the synbols fromthe required argunents part of the :1anbda-1ist
initialization argunent.
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Wien the generic functionis being initializedor reinitialized, and this argunent is not
supplied, but the :1anbda-1ist argunent is supplied, this val ue defaul ts to the synbol s
fromthe required argunents part of the :lanbda-list argunent, in the order they
appear in that argunent. If neither argunent is supplied, neither are initialized (see the
description of :lanbda-list.)

e The : decl arations argunent is alist of declarations.

An error is signaledif this value is not a proper list or if each of its elenents i1s not a
legal declaration.

Wien the generic function is being initialized, and this argument is not supplied, i1t
defaults to the enptylist.

o 'The : docunent ati on ar gunent is a string or nil.
Anerror is signaledif this valueis not a string or ml.

If the generic functionis being initialized, this argunent defaults tomnil.

o The :1anbda-list argunent is a lanbdalist.
Anerror is signaledif this value is not a proper generic function lanbdalist.

Wien the generic function is being initialized, and this argunent is not supplied, the
generic function’s lanbdalist is not intialized. The lanbdalist will be initialized]later,
either when the first nethod 1s added to the generic function, or alater reinmtialization
of the generic function.

e 'The : nethod- conbi nation argunent is a nethod conbi nation netaobject.

e 'The : nethod- cl ass argunent is a class netaobject.
Anerror is signaledif this value is not a subclass of the class nethod
Wien the generic function is being initialized, and this argument is not supplied, i1t
defaults to the class standard- nethod.

e 'The : nane argunent is an object.

If the generic functionis being initialized, this argunent defaults tomnil.

After the processing and defaulting of initialization argumnents described above, the
value of each initialization argunent is associated with the generic function netaobject.
These values can then be accessed by calling the corresponding generic function. 'The
correspondences are as follows:
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Initialization Argunent Generi ¢ Rinction

: argunent - precedence- order generi c- functi on- ar gunent - precedence- or der

: decl arations generi c-function- decl arati ons

: docunent ation docunent ation

:lanbda-1ist generi c-function-1anbda-1ist

: net hod- conbi nation generi c- functi on- net hod- conbi nati on
: nethod- cl ass generi c-function-nethod- cl ass

: nane generi c- functi on- nane

Table 6. 2 Initialization arguments and accessors for generic function metaobjects.

M:THODS

It 1s not specified which nethods provide the initialization and reinitialization behavior
described above. Instead, the infornation needed to allowportable prograns to specialize
this behavior is presented as a set of restrictions on the nethods a portable programcan
define. 'The nodel is that portable initializationnethods have access to the generic function
net aobj ect when either all or none of the specified initialization has taken effect.

These restrictions governthe nethods that a portable programcan define on the generic
functions inmitialize-instance, reinitialize-instance, and shared-initialize. These re-
strictions apply only to nethods on these generic functions for which the first specializer
is a subclass of the class generic-function (her portable nethods on these generic
functions are not affected by these restrictions.

e Portable prograns must not define nethods on shared-initialize.

o Tor intialize-instance and reinitialize-instance:

e Portable prograns nust not define prinary nethods.

e Portable prograns may define around-nethods, but these nust be extending, not
overriding nethods.

e Portable before-nethods mist assune that when they are run, none of the inmtializa-
t1on behavior described above has been conpl eted.

e Portable after-nethods nust assune that when they are run, all of the inmtialization
behavior described above has been conpl eted.

The resul ts are undefined if any of these restrictions are viol ated.
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Initialization of Method Metaobjects

Arnethod netaobject can be created by calling nmake-instance. The initialization argu-
nents establish the definition of the nethod. Amnethod netaobject cannot be redefined;
calling reinitialize-instance signals anerror.

Initializationof amethodnetaobject nmist be done by cal ling nake-instance and al | ow
ingit tocall initialize-instance. Portable prograns mist not call imnitialize-instance di-
rectly toinitialize a nethod netaoject. Portable prograns nust not call shared-initialize
directly toinitialize a nethod netaobject. Portable prograns nmust not call change-class
to change the cl ass of any nethod netaobject or to turn a non- nethod object into a nethod
net aobj ect.

Since metaobject classes nay not be redefined, no behavior is specified for the result of
calls to update-instance-for-redefined- cl ass on nethod netaobjects. Since the class of
a nethod netaobject cannot be changed, no behavior is specified for the result of calls to
updat e-instance-for- di fferent- cl ass on nethod netaobjects.

During initialization, eachinitialization argunent is checked for errors and then associ-
ated wi th the nethod netaobject. The val ue can then be accessed by callingthe appropriate
accessor as shown in Table 6. 3.

This section begins with a description of the error checking and processing of each
initialization argunent. This 1s followed by a table showing the generic functions that
can be used to access the stored initialization argunents. The section ends with a set of
restrictions on portable nethods affecting nethod netaobject initialization.

In these descriptions, the phrase “this argunent defaults to value” neans that when
that 1nitialization argunent is not supplied, initializationis perforned as if value had been
supplied. For sone initializationargunents this coul d be done by the use of default i1nitial-
1zation argunents, but whether it is done this wayis not specified. Inplenmentations are free
to define default initialization argunents for specified nethod netaobject classes. Portable
prograns are free to define default initialization argunents for portable subcl asses of the
cl ass nethod.

e The : qualifiers argunent is alist of nethod qualifiers. Anerror is signaledif this value
is not a proper list, or if any elenent of the list is not a non-null atom This argunent
defaults to the enptylist.

e The : 1anbda-list argunent is the unspecializedlanbdalist of the nethod. Anerror is
signaledif this value is not a proper lanbdalist. If this value is not supplied, an error
1s signal ed.

e The :specializers argunent is a list of the specializer netaobjects for the nethod. An
error 1s signaledif this value is not a proper list, or if the length of the list differs from
the nunber of required argunents in the :lanbda-list argunent, or if any el enent of
the l1st is not a specializer netaobject. If this value is not supplied, anerror is signal ed.
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e The : functionargunent is anethod function. It must be conpatible with the nethods
on conpute- effective- nethod defined for this class of nethod and generic function
with whichit wll be used. That is, 1t must accept the sane nunber of argunents as
all uses of call-nethodthat will call it supply. (See conpute-effective-nethodfor
nore information.) Anerror is signaledif this argunent is not supplied.

e Wen the nethod being initialized is aninstance of a subclass of standard-accessor-
nethod, the : sl ot- defini tioninitializationargunent mist be provided. Its valueis the
direct slot defini t1onnetaobject which defines this accessor nethod. Anerror is signaled
if the value is not aninstance of a subclass of direct-slot-definition

e The : docunentation argunent is a string or mil. An error is signaledif this value is
not astring or nil. This argunent defaults tomnil.

After the processing and defaul ting of initializationargunents described above, the val ue
of eachinitializationargunent is associated with the nethod netaobject. These val ues can
then be accessed by calling the corresponding generic function. The correspondences are as
follows:

Initialization Argunent Generi ¢ Rinction

: qual i fiers net hod- qual i fiers

:lanbda-1ist nethod-1anbda-1ist
:specializers nethod- specializers

: function nethod- function

: sl ot- defini tion accessor- net hod- sl ot- defin tion
: docunent at1on docunent ation

Table 6. 3 Initialization arguments and accessors for method metaobjects.

M:THODS

It 1s not specified which nethods provide the initialization behavior described above. In-
stead, the information needed to allow portable prograns to specialize this behavior is
presented in as a set of restrictions on the nethods a portable programcan define. 'The
nodel 1s that portable initialization nethods have access to the nethod netaobject when
either all or none of the specified initialization has taken effect.

These restrictions governthe nethods that a portable programcan define on the generic
functions inmitialize-instance, reinitialize-instance, and shared-initialize. These re-
strictions apply only to nethods on these generic functions for which the first specializer is
asubclass of the class nethod. (ther portable nethods on these generic functions are not
affected by these restrictions.
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e Portable prograns mist not define nethods on shared-imnitialize or reinitialize-
instance.

o Tor inmtialize-instance:

e Portable prograns nust not define prinary nethods.

e Portable prograns may define around-nethods, but these nust be extending, not
overriding nethods.

e Portable before-nethods mist assune that when they are run, none of the inmtializa-
t1on behavior described above has been conpl eted.

e Portable after-nethods nust assune that when they are run, all of the inmtialization
behavior described above has been conpl eted.

The resul ts are undefined if any of these restrictions are viol ated.
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Initialization of Sot Definition Metaobjects

Aslot definition netaobject can be created by calling nake-instance. The initialization
argunents establish the definition of the slot definition. Aslot defini tion netaobject cannot
be redefined; calling reinitialize-instance signals anerror.

Initialization of a slot definition netaobject nust be done by calling nake-instance
and allowing it to call initialize-instance. Portable prograns nust not call imnitialize-
instance directly to initialize a slot definition netaobject. Portable prograns must not
call shared-initialize directlytoinitialize aslot defini tion netaobject. Portable prograns
must not call change-class to change the class of any sl ot defini t1on netaobject or to turn
a non-sl ot- defini tion object into a slot definition netaobject.

Since netaobject classes may not be redefined, no behavior is specified for the result
of calls to update-instance-for-redefined-class on sl ot defini tion netaobjects. Since the
cl ass of aslot defini tion netaobject cannot be changed, no behavior is specified for the resul t
of calls to update-instance-for-different-class on slot defini tion netaobjects.

During initialization, each initialization argunent is checked for errors and then asso-
ciated with the slot definition netaobject. 'The val ue can then be accessed by calling the
appropriate accessor as shownin Table 6. 4.

This section begins with a description of the error checking and processing of each
initialization argunent. This 1s foll owed by a tabl e show ng the generic functions that can
be used to access the stored initialization argunents.

In these descriptions, the phrase “this argunent defaults to value” neans that when
that 1nitialization argunent is not supplied, initializationis perforned as if value had been
supplied. For sone initializationargunents this coul d be done by the use of default i1nitial-
ization argunents, but whether it is done this way is not specified. Inplenentations are
free to define default initializationargunents for specified sl ot defini tion netaobject classes.
Portabl e prograns are free to define default initializationargunents for portable subclasses
of the class slot-definition

e The :nane argunent is a slot nane. An error is signaled if this argunent 1s not a
symbol which can be used as a variable nane. An error is signaledif this argument is
not supplied.

e The :imitformargunent is aform The :imitformargunent defaults tonil. Anerror is
signaled if the :initformargunent is supplied, but the :imnitfunction argunent is not
supplied.

e The :imnitfunctionargunent is a function of zero argunents whi ch, when called, eval u-
ates the :imitforminthe appropriate lexical environment. The :1mnitfunctionar gunent
defaults tofalse. Anerror is signaledif the :initfunctionargunent is supplied, but the
:imi tformar gunent is not supplied.
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The : type argunent is a type specifier nane. Anerror is signaled otherwmse. The : type
argunent defaults to the synbol t.

The : all ocationargunent is asynbol. Anerror is signaledotherwi se. The : allocation
argunent defaul ts to the synbol :instance.

The :imnitargs argunent is a list of synbols. An error is signaled if this argunent is
not a proper list, or if any elenent of this list is not a synbol. The :initargs argunent
defaults to the enptylist.

The :readers argunent is a list of function nanes. An error is signaledif it is not a

proper list, or if any element is not a valid function nane. It defaults to the enptylist.
An error is signaledif this argunent is supplied and the netaobject is not a direct slot
defini t1 on.

The :writers argunent is a list of function nanes. An error is signaledif it is not a
proper list, or if any element is not a valid function nane. It defaults to the enptylist.
An error is signaledif this argunent is supplied and the netaobject is not a direct slot
defini t1 on.

The : docunentation argunent is a string or mil. Anerror is signaled otherwise. The
: docunentation ar gunent defaults to nil.

After the processing and defaul ting of initializationargunents described above, the val ue

of eachinitializationargumentis associatedwththe slot definitionnetaobject. These val ues
can then be accessed by calling the corresponding generic function. The correspondences
are as follows:
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Initialization Argunent Generic Rmction

: nane sl ot - defin t1 on- nane
:imtform sl ot - defim tion-1m tform
:im tfunction sl ot - defim tion-1mn tfumction
: type s1 ot - defini ti on- type

:all ocation sl ot - defim tion- all ocation
:initargs sl ot- defini tion-1ini targs

: readers sl ot - defin t1 on- readers
:witers sl ot - defim tion- writers

: docunent at1on docunentation

Table 6.4 Initialization arguments and accessors for slot definition
metaobjects.

M:THODS

It 1s not specified which nethods provide the initialization and reinitialization behavior
described above. Instead, the infornation needed to allowportable prograns to specialize
this behavior is presented as a set of restrictions on the nethods a portable programcan
define. The nodel is that portable 1nitialization nethods have access to the slot definition
net aobj ect when either all or none of the specified initialization has taken effect.

These restrictions governthe nethods that a portable programcan define on the generic
functions inmitialize-instance, reinitialize-instance, and shared-initialize. These re-
strictions apply only to nethods on these generic functions for which the first specializer is
a subcl ass of the class slot-defnition ther portable nethods on these generic functions
are not affected by these restrictions.

e Portable prograns mist not define nethods on shared-imnitialize or reinitialize-
instance.

o Tor inmtialize-instance:

e Portable prograns nust not define prinary nethods.

e Portable prograns may define around-nethods, but these nust be extending, not
overriding nethods.

e Portable before-nethods mist assune that when they are run, none of the inmtializa-
t1on behavior described above has been conpl eted.

e Portable after-nethods nust assune that when they are run, all of the inmtialization
behavior described above has been conpl eted.

The resul ts are undefined if any of these restrictions are viol ated.
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intern-eql-specializer Function

SYNTAX
intern-eql-specializer
object

ARGUMENTS
The object argunent is any lasp object.

VALUES
The result 1s the eql specializer netaobject for object.

PURPOSE

This function returns the uni que eql specializer netaobject for object, creating one if nec-
essary. Two calls to intern-eql-specializer with eql argunents will return the sane (i.e.,
eq) val ue.

REMARKS
The result of calling eql-specializer-object onthe result of acall tointern eql-special-
izer is only guaranteed to be eql to the original object argunent, not necessarily eq.

make-11stance Generic Function

SYNTAX
nake-1nstance
class &rest initargs

ARGUMENTS
The class argunent is a class netaobject or a class nane.
The tnitargs argunent is alist of alternating initialization argunent nanes and val ues.

VALUES
The result is anewly allocated and initializedinstance of c¢lass.

PURPOSE
The generic function nmake-instance creates and returns a newinstance of the givenclass.
Its behavior and use is described in the (AP specification.

M:THODS
nake-instance Prinmary Met hod
(class symbol) &rest initargs

Thi s nethod sinpl y i nvokes make-instance recursivel y on the argunents (find-class
class) and tnitargs.
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nake-instance Prinmary Met hod
(class standard-class) &rest inittargs

nake-instance Prinmary Met hod
(class funcallable-standard-class) &rest imitargs

These nethods inpl enent the behavi or of nake-instance described in the CLCB spec-
ification section naned “(hject CGreation and Initialization.”

make-method-lambda Generic Function

SYNTAX
nake- net hod- 1 anbda

generi c-function nmethod [ anbda- expressi on envi ronnent

ARGUMENTS
The generic-function argunent 1s a generic function netaobject.

The method argunent is a (possibly uninitialized) nethod netaobject.

The [ anbda- expression argunent is a l anbda expression.

The environment argunent is the sane as the &environnent argunent to nacro
expansion functions.

VALUES
This generic function returns two values. TThe first 1s alanbda expression, the second is a
list of initialization argunents and val ues.

PURPOSE

This generic functionis called to produce alanbda expression which can itself be used to
produce a nethod function for a nethod and generic function wth the specified classes.
The generic function and nethod the nethod function will be used wth are not required

to be the given ones. Mreover, the nethod netaobject may be unimnitialized.

Fither the function conpile, the special formfunctionor the function coerce mist be
used to convert the 1 anbda expression a nethod function. The nethod functionitself can
be applied to argunents with appl y or funcall.

Wien a nethod is actually called by an effective nethod, its first argunent wll be a
list of the argunents to the generic function. Its remaining argunents wll be all but the
first argunent passed to call-nethod. By default, all nethod functions nust accept two
argunents: the list of argunents to the generic function and the list of next nethods.

For a given generic function and nmethod class, the applicable nethods on nake-
net hod-1 anbda and conput e- effecti ve- nethod mist be consistent in the follow ng
way: each use of call-nethod returned by the nethod on conpute- effecti ve- net hod
must have the sane nunber of argunents, and the nethod | anbda returned by the nethod
on nake- nethod-1 anbda must accept a correspondi ng nunber of argunents.
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Note that the systemsupplied inpl enentation of call-next-nethodis not required to
handl e extra argunents to the nethod function. Users who define additional argunents to
the nethod function mist either redefine or forego call-next-nethod (See the exanple
bel ow. )

Wien the nethod netaobject is created wth nake-instance, the nethod function
nust be the value of the :functioninitialization argunent. The additional initialization
argunents, returned as the second val ue of this generic function, must al so be passedinthis
call to nmake-instance.

M:THODS
nmake- net hod- 1 anbda Prinmary Met hod
(generic- function standard-generic-function)
(nethod standard-method)
lanbda- expression
envt ronnent

This nethod returns a nethod | anbda which accepts two argunents, the list of ar-
gunents to the generic function, and the list of next nethods. Wat initialization
argunents nay be returned in the second val ue are unspecified.

Thi s nethod can be overridden.

Exanpl e:

This exanpl e shows howto define a ki nd of nethod which, fromw thin the body
of the method, has access to the actual method netaobject for the method. This
sinplified code overrides whatever nethod conbination is specified for the generic
function, 1npl enenting a sinple nethod conbi nationsupporting only prinary neth-
ods, call-next-nethod and next-nethod-p. (In addition, its a sinplified version
of call-next-nethod whi ch does no error checking.)

Notice that the extralexical functionbindings get wapped around t he body before
call-next-nethodis called. Inthis way, the user’s definition of call-next-nethod
and next-nethod-p are sure to override the systems definitions.

(defclass my-generic-function (standard-generic-function)

O
(:default-initargs :method-class (find-class 'my-method)))

(defclass my-method (standard-method) ())

(defmethod make-method-lambda ((gf my-generic-function)
(method my-method)
lambda-expression
environment)

(declare (ignore environment))
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‘(lambda (args next-methods this-method)
(, (call-next-method gf method
‘(lambda , (cadr lambda-expression)
(flet ((this-method () this-method)
(call-next-method (&rest cnm-args)
(funcall (method-function (car next-methods))
(or cnm-args args)
(cdr next-methods)
(car next-methods)))
(next-method-p ()
(not (null next-methods))))
,@(cddr lambda-expression)))
environment)
args next-methods)))

(defmethod compute-effective-method ((gf my-generic-function)
method-combination
methods)

‘(call-method , (car methods) ,(cdr methods) ,(car methods)))

map-dependerts Generic Function

SYNTAX
map- dependent s
net aobject function

ARGUMENTS
The netaobject argunent is a class or generic function netaobject.

The function argunent is a function which accepts one argunent .

VALUES

The val ue returned is unspecified.

PURPOSE

This generic functionapplies function toeachof the dependents of netaobject. The order in
whi ch the dependents are processed is not specified, but functionis applied to each depen-
dent once and onl y once. If, during the napping, add- dependent or renwve- dependent

is called to alter the dependents of metaobject, 1t is not specified whether the newly added
or renoved dependent will have function appliedtoit.
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M:THODS
map- dependent s Prinmary Met hod
(netaobject standard-class) function

This nethod has no specified behavior beyond that which is specified for the generic

function.
This nethod cannot be overridden unless the follow ng nethods are overridden as

well:
add- dependent (standard-class t)
renove- dependent (standard-class t)

map- dependent s Prinmary Met hod
(netaobject funcallable-standard-class) function

This nethod has no specified behavior beyond that which is specified for the generic

function.
This nethod cannot be overridden unless the follow ng nethods are overridden as

well:
add- dependent (funcallabl e-standard- class t)
renove- dependent (funcallabl e- standard- class t)

map- dependent s Prinmary Met hod
(netaobject standard-generic-function) function

This nethod has no specified behavior beyond that which is specified for the generic
function.
This nethod cannot be overridden unless the follow ng nethods are overridden as
vell:
add- dependent (standard- generic-functiont)
renove- dependent (standard- generi c-function t)

REMARKS
See the “Ikpendent Mintenance Protocol” sectionfor renarks about the use of this facility.

method-. .. Generic Function

The followi ng generic functions are described together under “Readers for Mthod Mtaob-
jects” (page 81): mnethod-fumction, nethod- generic-function, nethod-1anbda-list,
nethod- specializers, nethod- qualifiers and accessor-nethod- sl ot - defini t1on.
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Readers for Class Metaobjects

Inthis and the immedi atel y foll om ng sections, the “reader” generic functions which sinply
return information associated wmth a particul ar kind of netaobject are presented together.
Ceneral informationis presented first, followed by a description of the purpose of each, and
ending w th the specified nethods for these generic functions.

The reader generic functions whichsinpl yreturninfornationassociatedwthclass neta-
objects are presented together in this section.

Each of the reader generic functions for class netaobjects has the sane syntax, accepting
one required argunent called c¢lass, whichnust be an cl ass netaobject; otherwise, anerror
is signaled. Anerror is alsosignaledif the class netaobject has not been initialized.

These generic functions can be called by the user or the inpl enentation.

For any of these generic functions whichreturns alist, suchlists w1l not be mitated by
the 1npl ementation. The results are undefined if a portable programallows such alist to
be mut ated.

class-defaul t-ini targs Generic Function
class

Returns alist of the default initializationargunents for class. Fach elenent of this list

1s acanonicalized default initialization argunent. The enptylist is returned if ¢lass has
no default initialization argunents.

Duri ng final i zation final i ze-inheritance calls conpute-defaul t-initargs to com
pute the default initialization argunents for the class. That value is associated wmth the
class netaobject and is returned by class-defaul t-ini targs.

This generic function signals an error if c¢lass has not been finalized.

class-direct-defaul t-ini targs Generic Function
class

Returns a list of the direct default initialization argunents for class. Fach elenent of

this list 1s a canonicalized default initialization argunent. The enpty list is returned

if class has no direct default initialization argunents. This is the defaul ted val ue of
the : direct-default-initargs initialization argunent that was associated with the class
during initializationor reinitialization.

class-direct-slots Generic Function
class

Returns aset of the direct slots of ¢lass. The el enents of this set are direct sl ot defini t1on

netaobjects. If the class has no direct slots, the enpty set is returned. This is the
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defaul ted val ue of the : direct-slots initializationargunent that was associated with the
class during initialization and reinitialization.

class-direct-subcl asses Generic Function
class

Returns a set of the direct subclasses of class. The el enents of this set are class neta-
objects that all mention this class anong their direct superclasses. 'The enpty set is
returned if c¢lass has no direct subclasses. This value 1s maintained by the generic func-
tions add-direct-subcl ass and renove- direct-subcl ass.

class-direct-superclasses Generic Function
class

Returns a list of the direct superclasses of class. 'The elenents of this list are class
netaobjects. The enptylist is returned if class has no direct superclasses. This is the
defaul ted val ue of the : direct-superclasses initializationargunent that was associated
with the class duringinitializationor reinitialization.

class-finalized-p Generic Function
class

Returns true 1f class has been finalized. Returns false otherwse. Aso returns false 1f
the class has not beeninitialized.

cl ass- nane Generic Function
class

Returns the nane of class. This val ue can be any Lisp object, but is usually a synbol,

or ml if the class has no nane. This is the defaul ted val ue of the :nane initialization
argunent that was associated withthe class duringinitializationor reinitialization. (Aso
see (setf class-nane).)

class-precedence-list Generic Function
class

Returns the class precedence list of ¢lass. The el enents of this list are cl ass netaobjects.

During class finalization finalize-1inheritance calls conpute-cl ass-precedence-
list to compute the class precedence list of the class. That value is associated with the
class netaobject andis returned by class-precedence-list.

This generic function signals an error if c¢lass has not been finalized.
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cl ass- prototype Generic Function
class

Returns aprototype instance of c¢lass. Wether the instanceis initializedis not specified.
The results are undefined 1f a portable programnwodfies the binding of any slot of
prototype instance.

This generic function signals an error if c¢lass has not been finalized.

class-slots Generic Function
class

Returns a possibly enpty set of the slots accessible ininstances of class. The el enents
of this set are effective slot defini tion netaobjects.

During cl ass final i zation final i ze-1nheritance calls conpute-slots to conpute the
slots of the class. That value is associated with the class netaobject andis returned by
class-slots.

This generic function signals an error if c¢lass has not been finalized.

M:THODS

The specified net hods for the cl ass netaobject reader generic functions are presented bel ow.
Each entry in the table indicates a nethod on one of the reader generic functions,

specialized to aspecified class. The nunber ineachentryis areference tothe full description

of the method. The full descriptions appear after the table.
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standard-class forward- bult-in
and referenced class
funcall abl e- class

standard- cl ass

class-defaul t-ini targs 2 3 4
class-direct-defaul t-ini targs 1 4 4
class-direct-slots 1 4 4
class-direct-subcl asses 9 9 7
class-direct-superclasses 1 4 7
class-finalized-p 2 6 5
cl ass- nane 1 1 8
class-precedence-1list 2 3 7
cl ass- prototype 10 10 10
class-slots 2 3 4

10.

. This nethod returns the value which was associated wth the class mnetaobject during

initializationor reinitialization.

This nethod returns the value associated with the class netaobject by finalize-
inheritance (standard-class) or finalize-inheritance (funcallable-standard
class).

This nethod signals an error.

This nethod returns the enptylist.
This nethod returns true.

This nethod returns false.

This nethod returns a value derived fromthe infornation in Table 5.1, except that
inpl enent ation-specific nodi fications are permtted as described insection “Inpl enen-
tation and (ser Specialization.”

This nethod returns the nane of the built-1n class.

Thi s nethods returns a val ue whi chis naintainedby add-direct-subclass (class class)
and remwve-direct-subclass (class class). This nethod can be overridden only if
those nethods are overridden as well.

No behavior is specified for this nethod beyond that specified for the generic function.
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Readers for Generic Function Metaobjects

The reader generic functions whichsinplyreturn infornationassociated with generic func-
tion netaobjects are presented together in this section.

Each of the reader generic functions for generic function netaobjects has the sane syn-
tax, accepting one required argunent called generic-function, whichmust be a generic func-
tion netaobject; otherwise, an error 1s signaled. An error 1s also signaled if the generic
function netaobject has not been initialized.

These generic functions can be called by the user or the inpl enentation.

The list returned by this generic function wll not be muitated by the inplenentation.
The results are undefined if a portable programmutates the list returned by this generic
function.

generi c-function ar gunent - precedence- order Generic Function
generi c-function

Returns the argunent precedence order of the generic function. This value is a list
of synbols, a permmtation of the required paraneters in the lanbda list of the generic

function. This is the defaul ted val ue of the : argunent- precedence-order initialization
argunent that was associated with the generic function netaobject during initialization
or reinitialization.

generi c-function- decl arations Generic Function
generi c-function

Returns a possibly enpty list of the declarations of the generic function. The el enents

of this list are declarations. This list is the defaulted value of the :declarations ini-
tialization argunent that was associated wth the generic function netaobject during
initializationor reinitialization.

generi c-function-lanbda-list Generic Function
generi c-function

Returns the lanbda list of the generic function. This is the defaulted value of the
:lanbda-list initializationargunent that was associated wi ththe generic functionneta-
object duringinitializationor reinitialization. Anerror is signaledif the lanbdalist has
yvet to be supplied.
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generi c- function nethod- cl ass Generic Function

generi c-function

Returns the default nethod class of the generic function. This class mist be a subcl ass
of the class nethod. This is the defaul ted value of the :nethod-class initialization
argunent that was associated with the generic function netaobject during initialization

or reinitialization.

generi c- function- nethod- conbi nation Generic Function

generi c-function

Returns the nethod conbi nation of the generic function. This is a nethod conbination
metaobject. This is the defaulted value of the : nethod-conbinationinitialization
argunent that was associated with the generic function netaobject during initialization

or reinitialization.

generi c-function nethods Generic Function

generi c-function

Returns the set of nethods currently connected to the generic function. This is aset of
nethod netaobjects. This value is naintained by the generic functions add- nethod

and renove- net hod.

generi c- function- nane Generic Function
generi c-function

Returns the nane of the generic function, or mil if the generic function has no nane.

This 1s the defaulted value of the :nane initialization argunent that was associated
with the generic function netaobject during initialization or reinitialization. (Also see
(setf generi c-function- nane). )

M:THODS

The specified nethods for the generic function netaobject reader generic functions are

presented bel ow
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generi c- function- ar gunent - precedence- order Pronury Method
(generic- function standard-generic-function)

generi c-function- decl arations Primary Met hod
(generic- function standard-generic-function)

generi c-function-lanbda-1ist Primary Met hod
(generic- function standard-generic-function)

generi c-function-nethod- cl ass Primary Met hod
(generic- function standard-generic-function)

generi c- functi on- nethod- conbi nation Primary Met hod
(generic- function standard-generic-function)

generi c- functi on- nane Primary Met hod
(generic- function standard-generic-function)

No behavior i1s specified for these nethods beyond that whichis specified for their re-
spective generic functions.

generi c- function- nethods Primary Met hod
(generic- function standard-generic-function)

No behavior 1s specified for this nethod beyond that whichis specifiedfor their respective
generic functions.
The value returned by this nethod is maintained by add-nethod (standard-
generi c-function standard- nethod) and renwve-nethod (standard- generic-
function standard- nethod).

Readers for Method Metaobjects

The reader generic functions whichsinpl yreturninfornationassociated with nethod neta-
objects are presented together here in the fornmat described under “Readers for (dass Mta-
objects.”

Each of these reader generic functions have the sane syntax, accepting one required
argunent called nethod, whi chmust be a nethod netaobject; otherwise, anerror is signaled.
Anerror is alsosignaledif the nethod netaobject has not beeninitialized.

These generic functions can be called by the user or the inpl enentation.

For any of these generic functions whichreturns alist, suchlists w1l not be mitated by
the 1npl ementation. The results are undefined if a portable programallows such alist to
be mut ated.
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net hod- function Generic Function
met hod

Returns the nethod function of method. This 1s the defaul ted value of the : function
initialization argunent that was associated with the nethod during initialization.

net hod- generi c- function Generic Function
nel hod

Returns the generic function that method is currently connected to, or mil if it is not
currently connected to any generic function. This value is either a generic function
netaobject or mil. Wen a nethod is first created it is not connected to any generic
function. This connection is maintained by the generic functions add-nethod and
renove- net hod.

nethod-1 anbda-list Generic Function
met hod

Returns the (unspecialized) lanbdalist of nethod. This value is a Cormon Lisp | anbda
list. This is the defaulted value of the :lanbda-list initialization argunent that was
assoclated with the nethod during initialization.

net hod- specializers Generic Function
net hod

Returns a list of the specializers of nethod. This value is alist of specializer netaob-
jects. This is the defaul ted value of the : specializers initialization argunent that was
assoclated with the nethod during initialization.

net hod- qual i fiers Generic Function
net hod

Returns a (possibly enpty) list of the qualifiers of method. This valueis alist of non-nil
atons. This is the defaul ted value of the : qualifiers initialization argunent that was
assoclated with the nethod during initialization.

accessor- net hod- sl ot- defimi tion Generic Function
met hod

This accessor can only be called on accessor nethods. It returns the direct slot defi-
nition netaobject that defined this nethod. This is the value of the :slot-defini tion
initialization argunent associated with the nethod during initialization.

M:THODS
The specified nethods for the nethod netaobject readers are presented bel ow
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net hod- function Primary Method
(nethod standard-method)

nethod-1anbda-1ist Primary Method
(nethod standard-method)

nethod- specializers Primary Method
(nethod standard-method)

net hod- qual i fiers Primary Method

(nmethod standard-method)

No behavior i1s specified for these nethods beyond that whichis specified for their re-
spective generic functions.

net hod- generi c-function Primary Met hod
(nethod standard-method)

No behavior is specified for this nethod beyond that which is specified for its generic
function.

The value returned by this nethod is maintained by add-nethod (standard-
generi c-function standard- nethod) and renwve-nethod (standard- generic-
function standard- nethod).

accessor-net hod- sl ot - defini tion Primary Method
(nethod standard-accessor-method)

No behavior is specified for this nethod beyond that which is specified for its generic
function.

Readers for Slot Definition Metaobjects

The reader generic functions whichsinpl yreturninfornationassociated withslot definition
netaobjects are presented together here in the format described under “Readers for (ass
Mtaobjects.”

Each of the reader generic functions for slot definition netaobjects has the sane synt ax,
accepting one required argunent called sl{ot, which nust be a slot definition netaobject;
otherwise, anerror is signaled. Anerror is alsosignaledif the slot definition netaobject has
not beeninitialized.

These generic functions can be called by the user or the inpl enentation.
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For any of these generic functions whichreturns alist, suchlists w1l not be mitated by
the 1npl ementation. The results are undefined if a portable programallows such alist to
be mut ated.

(ENERIC FUNCTIONS
sl ot- defimi tiom all ocation Generic Function
slot

Returns the allocationof slof. This 1s asynbol. This is the defaul ted val ue of the :allo-
cationinitialization argunent that was associated with the slot defini tion netaobject

during initialization.

sl ot- defini tion-ini targs Generic Function
slot

Returns the set of initialization argunent keywords for slot. This is the defaul ted val ue
of the :inmtargs initialization argunent that was associated with the slot definition
netaobject during initialization.

slot- defim tionim tform Generic Function
slot

Returns the initializationformof slot. This can be any form This is the defaul ted val ue

of the :imitforminitialization argunent that was associated with the slot definition

netaobject duringinitialization. Wen sl ot has noinitializationform the val ue returned
is unspecified (however, slot- defini tion-ini tfunctionis guaranteed to return mil).

sl ot- defimi tionim tfunction Generic Function
slot

Returns the initializationfunctionof slot. This valueis either afunctionof noargunents,
or nil, indicating that the slot has noinitializationfunction. This is the defaul ted value
of the :imnitfunctioninitializationargunent that was associated with the slot definition
netaobject during initialization.

sl ot - defin t1 o+ nane Generic Function
slot

Returns the nane of slot. This value is a synbol that can be used as a variable nane.
This is the val ue of the : nane initialization argunent that was associated wth the slot
defini t1on netaobject during initialization.
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sl ot- defini tion- type Generic Function
slot

Returns the allocation of slot. This is a type specifier nane. This is the defaul ted
val ue of the :nane initialization argunent that was associated wth the slot definition
netaobject during initialization.

M:THODS

The specified nethods for the slot defini t1on netaobject readers are presented bel ow

sl ot - defini tion-allocation Primary Method
(slot-definition standard-slot-definition)

sl ot- defini tion-initargs Primary Met hod
(slot-definition standard-slot-definition)

sl ot- defini tion-ini tform Primary Method
(slot-definition standard-slot-definition)

sl ot - defini tion-ini tfunction Primary Method
(slot-definition standard-slot-definition)

s1 ot - defini ti on- nane Primary Method
(slot-definition standard-slot-definition)

s1 ot - defini t1on- type Primary Method
(slot-definition standard-slot-definition)

No behavior i1s specified for these nethods beyond that whichis specified for their re-
spective generic functions.

DrREcT SLoT LEFINITION MiTAOBJECTS

The foll ow ng addi tional reader generic functions are defined for direct slot definition neta-
objects.

sl ot- defin t1 o readers Generic Function
direct-slot

Returns a (possibly enpty) set of readers of the direct slot. This value is a list of
function nanes. This is the defaul ted val ue of the : readers initialization argunent that
was assoclated with the direct slot definition netaobject during initialization.
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sl ot- definm t1om writers Generic Function
direct-slot

Returns a (possibly enpty) set of witers of the direct slot. This value is a list of
function nanes. This is the defaul ted val ue of the : writers initialization argunent that
was assoclated with the direct slot definition netaobject during initialization.

sl ot - defini ti on- readers Primary Method
(direct-slot-definition standard-direct-slot-definition)

sl ot- defini tion-writers Primary Method
(direct-slot-definition standard-direct-slot-definition)

No behavior is specified for these nethods beyond what is specified for their generic
functions.

FFFECTIVE SLOT IEFINITION METAOBJECTS
The follow ng reader generic function is defined for effective slot definition netaobjects.

sl ot - defini tion-1ocation Generic Function
effective-slot-definition
Returns the location of effective-slot-definition. The neaning and interpretationof this
value 1s described in the section called “Instance Structure Protocol .”
sl ot - defini tion-1ocation Primary Method
(effective-slot-definttion standard-effective-slot-definition)

This nethod returns the value stored by conpute-slots : around (standard-class)
and conpute-slots : around (funcallabl e-standard- class).

reader-method-cl ass Generic Function

SYNTAX
reader-nethod- cl ass
class direct-slot &rest initargs

ARGUMENTS
The class argunent i1s a class netaobject.
The direct-slot argunent 1s a direct slot defini tion netaobject.
The ¢ nitargs argunent consists of alternating initialization argunent nanes and val ues.
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VALUES
The val ue returned is a class metaobject.

PURPOSE
This generic function is called to determne the class of reader nethods created during
class initializationand reinitialization. The resul t nust be a subcl ass of standard-reader-
net hod.

The initargs argunent nust be the sane as will be passed to nake-instance to create
the reader nethod. The ¢nifargs must include :slot-defmitionwith slot-definition as its
val ue.

M:THODS

reader-nethod- cl ass Prinmary Met hod
(class standard-class)
(direct-slot standard-direct-slot-definition)
&rest tmitargs

reader-nethod- cl ass Prinmary Met hod
(class funcallable-standard-class)
(direct-slot standard-direct-slot-definition)
&rest tmitargs

These nethods return the class standard-reader-nethod. 'These methods can be
overridden.

remove-dependert Generic Function

SYNTAX
renove- dependent
net aobject dependent

ARGUMENTS
The netaobject argunent is a class or generic function netaobject.
The dependent argunent is an object.

VALUES
The val ue returned by this generic functionis unspecified.

PURPOSE
This generic function renoves dependent fromthe dependents of netaobject. If dependent
1s not one of the dependents of netaobject, no error 1s signaled.

The generic function nap- dependents can be called to access the set of dependents
of a class or generic function. The generic function add- dependent can be called to add
an object fromthe set of dependents of a class or generic function. 'The effect of calling
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add- dependent or reneve- dependent while a call to nap-dependents on the sane
class or generic functionis in progress is unspecified.

The situations in which renove-dependent is called are not specified.

M:THODS
renove- dependent Prinmary Met hod
(class standard-class) dependent

No behavior is specified for this nethod beyond that whichis specified for the generic
function.

This nethod cannot be overridden unless the follow ng nethods are overridden as

vell:
add- dependent (standard-class t)
map- dependent s (standard- class t)
renove- dependent Prinmary Met hod

(class funcallable-standard-class) dependent

No behavior is specified for this nethod beyond that whichis specified for the generic
function.

This nethod cannot be overridden unless the follow ng nethods are overridden as

vell:
add- dependent (funcallabl e-standard- class t)
nmap- dependent s (funcallabl e- standard- class t)
renove- dependent Prinmary Met hod

(generic-function standard-generic-function) dependent

No behavior is specified for this nethod beyond that whichis specified for the generic
function.

This nethod cannot be overridden unless the follow ng nethods are overridden as
vell:

add- dependent (standard- generic-functiont)
nmap- dependent s (standard- generic-function t)

REMARKS

See the “Ikpendent Mintenance Protocol” sectionfor renarks about the use of this facility.
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remove-direct-method Generic Function

SYNTAX
renove- direct- nethod
specializer method

ARGUMENTS
The specializer argunent 1s a specializer netaobject.
The nethod argunent is a nethod netaobject.

VALUES
The val ue returned by renove- direct-nethodis unspecified.

PURPOSE
This generic functionis called to maintain a set of backpointers froma specializer to the
set of nethods specialized toit. If method is inthe set it is renoved. If 1t is not, no error
1s signal ed.

This set can be accessed as a list by calling the generic function specializer-direct-
nethods. Mthods are added to the set by add- direct- nethod

The generic function renove-direct-nethodis called by reneve- nethod whenever
anethodis renoved froma generic function. It is called once for each of the specializers of
the method. Note that incases where aspecializer appears nore thanonce inthe specializers
of a method, this generic function will be called nore than once with the sane specializer
as argunent.

The resul ts are undefined if the specializer argunent 1s not one of the specializers of the
net hod ar gunent .

M:THODS

renove- direct- nethod Prinmary Met hod
(spectalizer class)
(nethod method)

This nethod 1npl enents the behavior of the generic function for class specializers. No
behavior is specified for this nethod beyond that which is specified for the generic
function.
This nethod cannot be overridden unless the follow ng nethods are overridden as

well:

add- direct-nethod (cl ass nethod)

specializer-direct-generic-functions (class)

specializer-direct-nethods (class)
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renove- direct- nethod Prinmary Met hod
(specializer eql-specializer)
(nethod method)

This nethod inpl enents the behavior of the generic function for eql specializers. No
behavior is specified for this nethod beyond that which is specified for the generic
function.

remove-direct-subcl ass Generic Function

SYNTAX
renove- direct-subcl ass
superclass subclass

ARGUMENTS
The superclass argunent is a cl ass netaobject.

The subclass argunent is a class netaobject.

VALUES

The val ue returned by this generic functionis unspecified.

PURPOSE
This generic functionis called to mintain a set of backpointers froma class toits direct
subcl asses. It renoves subclass fromthe set of direct subclasses of superclass. No error is
signaledif subclass 1s not inthis set.

Wienever a class is reinitialized, this generic functionis called once with each deleted
direct superclass of the class.

M:THODS

renove- direct-subcl ass Prinmary Met hod
(superclass class)
(subclass class)

No behavior is specified for this nethod beyond that whichis specified for the generic
function.
This nethod cannot be overridden unless the follow ng nethods are overridden as
vell:
add-direct-subclass (class class)
class-direct-subclasses (class)
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remove-method Generic Function

SYNTAX
renove- net hod
generi c-function method

ARGUMENTS
The generic-function argunent 1s a generic function netaobject.
The nethod argunent is a nethod netaobject.

VALUES
The generic-function argunent i1s returned.

PURPOSE
This generic function breaks the association between a generic function and one of its neth-
ods.
No error is signaledif the nethod is not anong the nethods of the generic function.
Breaking the association between the nethod and the generic function proceeds in four
steps: (i) renove nethod fromthe set returned by generi c- functi on- nethods and arrange
for nethod- generic-function to return nil; (ii) call remwve-direct-nethod for each
of the nethod’s specializers; (iii) call conpute- di scrimmnating-functionand install its
result with set-funcallable-instance-function; and (iv) update the dependents of the
generic function.
The generic function renove- nethod can be called by the user or the inpl enent ati on.

M:THODS

renove- net hod Prinmary Met hod
(generic- function standard-generic-function)
(nethod standard-method)

No behavior is specified for this nethod beyond that whichis specified for the generic
function.

set-funcal ] abl e-1 istance-function Function

SYNTAX
set-funcall abl e-instance- function
funcal l abl e-1nstance function

ARGUMENTS
The funcallable-instance argunent is a funcallable instance (it mist have been returned by
allocate-instance (funcall abl e- standard-class)).

The function argunent is a function.
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VALUES
The val ue returned by this functionis unspecified.

PURPOSE

This function is called to set or to change the function of a funcallable instance. After
set-funcall abl e-instance-functionis called, any subsequent calls to funcallable-instance
will run the newfunction.

(setf cl ass-name) Function
SYNTAX
(setf class-nane) Generic Function

new-nane class

ARGUMENTS
The class argunent i1s a class netaobject.
The new-nane argunent is any Lisp object.

ResuLTs
This functionreturns its new-nane argunent .

PURPOSE
This function changes the nane of class to new-nanme. This value 1s usually a synbol, or
nil if the class has no nane.

This function works by calling reinitialize-instance with class as its first argunent,
the synbol :nane as 1ts second argunent and new-nane as 1ts third argunent.

(setf generi c-functi on-name) Function
SYNTAX
(setf generic-function- nane) Generic Function

new-nane genert c-function

ARGUMENTS
The generic-function argunent 1s a generic function netaobject.
The new-nane argunent is a function nane or nil.

ResuLTs
This functionreturns its new-nane argunent .
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PURPOSE

This function changes the nane of gener:c-function to new-name. 'This value is usually
a function nane (i.e., a synbol or a list of the form(setf synbol)) or mil, if the generic
functionis to have no nane.

This function works by calling reinitialize-instance with generic-function as its first
argunent , the synbol : nane as 1ts second argunent and new-nane as its third argunent.

(setf slot-val ue-using-cl ass) Generic Function

SYNTAX
(setf slot-val ue- using-class)
new-val ue class object slot
ARGUMENTS
The new-val ue argunment is an object.
The class argunent is a class netaobject. It is the class of the object argunent.
The object argunent is an object.

The slot argunent 1s an effective slot defini tion netaobject.

VALUES

This generic function returns the new-value argunent.

PURPOSE

The generic function (setf slot-value-using-class) inplenents the behavior of the (setf
slot-value) function. Tt is called by (setf slot-value) with the class of object as its second
argunent and the pertinent effective slot definition netaobject as its fourth argunent.

The generic function (setf slot-val ue-using-class) sets the val ue containedin the given
slot of the given object to the given newvalue; any previous value 1s lost.

The results are undefined i1f the c¢lass argunent 1s not the class of the object argunent,
or 1f the slot argunent does not appear anong the set of effective slots associated with the
class argunent.
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M:THODS

(setf slot-val ue- using-class) Prinury Met hod
new- val ue
(class standard-class)
object

(slot standard-effective-slot-definition)

(setf slot-val ue- using-class) Prinury Met hod
new- val ue
(class funcallable-standard-class)
object
(slot standard-effective-slot-definition)

These methods i npl enent the full behavior of this generic functionfor slots with alloca-
tion :instance and : class. If the supplied slot has an allocation other than :1nstance
or :class anerror is signaled.

Overriding these nethods is permtted, but nay require overridingother nethods in
the standard inpl enent ation of the slot access protocol.

(setf slot-val ue- using-class) Prinury Met hod
new- val ue

(class built-in-class)
object
slot

This nethod signals an error.

sl ot-bound p-usi ng-cl ass Generic Function

SYNTAX
sl ot - boundp- usi ng- cl ass
class object slot

ARGUMENTS
The class argunent is a class netaobject. It i1s the class of the object argunent.
The object argunent is an object.

The slot argunent 1s an effective slot defini tion netaobject.

VALUES

This generic function returns true or false.



Ceneric Functions and Mthods slot-definition-... 95

PURPOSE
This generic functioninplenents the behavior of the slot-boundpfunction. It is called by
slot-boundp wi th the class of object as i1ts first argunent and the pertinent effective slot
defini t1on netaobject as its third argunent.

The generic function slot-boundp-using-class tests whether a specific slot in an in-
stance is bound.

The results are undefined i1f the c¢lass argunent 1s not the class of the object argunent,
or 1f the slot argunent does not appear anong the set of effective slots associated with the
class argunent.

M:THODS

sl ot - boundp- usi ng- cl ass Prinmary Met hod
(class standard-class)
object
(slot standard-effective-slot-definition)

sl ot - boundp- usi ng- cl ass Prinmary Met hod
(class funcallable-standard-class)
object
(slot standard-effective-slot-definition)

These methods i npl enent the full behavior of this generic functionfor slots with alloca-
tion :instance and : class. If the supplied slot has an allocation other than :1nstance
or :class anerror is signaled.

Overriding these nethods is permtted, but nay require overridingother nethods in
the standard inpl enent ation of the slot access protocol.

sl ot - boundp- usi ng- cl ass Prinmary Met hod
(class built-in-class)
object
slot

This nethod signals an error.

REMARKS

In cases where the class netaobject class does not distinguish unbound slots, true shoul d
be returned.

slot-defini tiom. .. Generic Function

The followng generic functions are described together under “Readers for Slot Def-
inition Mtaobjects” (page 83): slot-definition-allocation, slot-definitioninitargs,
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sl ot- defini tion-ini tform slot-defin tion-1im tfunction, slot-definm tion-1ocation, slot-
defini t1 on- nane, sl ot- defini tion-readers, slot- defini tion- witers and sl ot- defini tion-

type.

sl ot-makunb ound-using-cl ass Generic Function

SYNTAX
sl ot - mmkunbound- using- cl ass
class object slot

ARGUMENTS

The class argunent is a class netaobject. It i1s the class of the object argunent.
The object argunent is an object.
The slot argunent 1s an effective slot defini tion netaobject.

VALUES
This generic functionreturns i1ts object argunent.

PURPOSE

This generic function inplenents the behavior of the slot-makunbound function. It is
called by sl ot- nakunbound wi th the cl ass of object as its first argunent and the pertinent
effective slot defini tion netaobject as 1ts third argunent.

The generic function slot-nakunbound- usi ng- class restores aslot in an object toits
unbound state. The interpretationof “restoring aslot toits unboundstate” depends onthe
class metaobject class.

The results are undefined i1f the c¢lass argunent 1s not the class of the object argunent,
or 1f the slot argunent does not appear anong the set of effective slots associated with the
class argunent.

M:THODS

sl ot - mmkunbound- using- cl ass Pronury Method
(class standard-class)
object
(slot standard-effective-slot-definition)

sl ot - mmkunbound- using- cl ass Pronury Method
(class funcallable-standard-class)
object
(slot standard-effective-slot-definition)

These methods i npl enent the full behavior of this generic functionfor slots with alloca-
tion :instance and : class. If the supplied slot has an allocation other than :1nstance
or :class anerror is signaled.
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Overriding these nethods is permtted, but nay require overridingother nethods in
the standard inpl enent ation of the slot access protocol.

sl ot - mmkunbound- using- cl ass Pronury Method
(class built-in-class)
object
slot

This nethod signals an error.

sl ot-val ue-usi ng-cl ass Generic Function

SYNTAX
sl ot- val ue- using- cl ass
class object slot

ARGUMENTS
The class argunent is a class netaobject. It i1s the class of the object argunent.
The object argunent is an object.

The slot argunent 1s an effective slot defini tion netaobject.

VALUES

The val ue returned by this generic functionis an object.

PURPOSE

This generic function inplements the behavior of the slot-value function. It is called by
slot-value with the class of object as 1ts first argunent and the pertinent effective slot
defini t1on netaobject as its third argunent.

The generic function slot-value-using-class returns the value contained in the given
slot of the givenobject. If the slot is unbound slot-unboundis called.

The results are undefined i1f the c¢lass argunent 1s not the class of the object argunent,
or 1f the slot argunent does not appear anong the set of effective slots associated with the
class argunent.



98 specializer-direct-generic-functions Chapter 6

M:THODS

sl ot- val ue- using- cl ass Pronury Method
(class standard-class)
object
(slot standard-effective-slot-definition)

sl ot- val ue- using- cl ass Pronury Method
(class funcallable-standard-class)
object
(slot standard-effective-slot-definition)

These methods i npl enent the full behavior of this generic functionfor slots with alloca-
tion :instance and : class. If the supplied slot has an allocation other than :1nstance
or :class anerror is signaled.

Overriding these nethods is permtted, but nay require overridingother nethods in
the standard inpl enent ation of the slot access protocol.

sl ot- val ue- using- cl ass Pronury Method
(class built-in-class)
object
slot

This nethod signals an error.

speci al i zer-di rect-generi c-functi ors Generic Function

SYNTAX
speci alizer- direct- generi c- functions
spectalizer

ARGUMENTS
The specializer argunent 1s a specializer netaobject.

VALUES
The result of this generic functionis a possibly enptylist of generic function netaobjects.

PURPOSE

This generic function returns the possibly enpty set of those generic functions which have
a nethod wth specializer as a specializer. TThe elenents of this set are generic function
netaobjects. This value is naintained by the generic functions add-direct-nethod and
renove- direct- net hod.
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M:THODS
speci alizer- direct- generi c- functions Primary Method
(spectalizer class)

No behavior is specified for this nethod beyond that whichis specified for the generic
function.
This nethod cannot be overridden unless the follow ng nethods are overridden as
vell:
add- direct-nethod (cl ass nethod)
renove- direct-nethod (cl ass nethod)
specializer-direct-nethods (class)

speci alizer- direct- generi c- functions Primary Method
(specializer eql-specializer)

No behavior is specified for this nethod beyond that whichis specified for the generic
function.

speci alizer-direct-methods Generic Function

SYNTAX
speclalizer-direct-nethods
spectalizer

ARGUMENTS
The specializer argunent 1s a specializer netaobject.

VALUES
The result of this generic functionis a possibly enptylist of nethod netaobjects.

PURPOSE

This generic functionreturns the possibly enptyset of those nethods, connected to generic
functions, which have specializer as a specializer. 'The elements of this set are nethod
netaobjects. This value is naintained by the generic functions add-direct-nethod and
renove- direct- net hod.

M:THODS
speclalizer-direct-nethods Primary Method
(spectalizer class)

No behavior is specified for this nethod beyond that whichis specified for the generic
function.

This nethod cannot be overridden unless the follow ng nethods are overridden as
well:
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add- direct-nethod (cl ass nethod)
renove- direct-nethod (cl ass nethod)
specializer-direct-generic-functions (class)

speclalizer-direct-nethods Primary Method
(specializer eql-specializer)

No behavior is specified for this nethod beyond that whichis specified for the generic
function.

standard-1 nstance-access Function

SYNTAX
standard-instance- access
tnstance location

ARGUMENTS
The ¢ nstance argunent is an object.
The {ocation argunent is a slot location.

VALUES
The result of this functionis an object.

PURPOSE

This function is called to provide direct access to aslot in an instance. By usurping the
nornal slot 1 ookup protocol, this functionis intended to provide highl y optimzed access to
the slots associated with aninstance.

The follomng restrictions apply to the use of this function:

e The instance argunent must be a standard instance (it nust have been returned by
allocate-instance (standard class)).

e 'The instance argunent cannot be an non-updated obsol ete instance.

e The [ocation argunent must be a location of one of the directly accessible slots of the
instance’s class.

e The slot must be bound.

The resul ts are undefined if any of these restrictions are not net.
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update-dependent Generic Function

SYNTAX
updat e- dependent
netaobject dependent &rest initargs

ARGUMENTS
The netaobject argunent 1s a class or generic function netaobject. It is the netaobject
being reinitialized or otherw se nodified.

The dependent argument is an object. It is the dependent being updated.

The ¢nitargs argunent is alist of the initialization argunents for the netaobject redefi-
ni tion.

VALUES
The val ue returned by update- dependent is unspeci fied.

PURPOSE
This generic functionis called to update a dependent of netaobject.

Wien a cl ass or a generic functionis reinitializedeachof its dependents is updated. The
tnetargs argunent to update- dependent is the set of initializationargunents received by
reinitialize-instance.

Wien a nethodis added to a generic function, eachof the generic function’s dependents
1s updated. The ¢nitargs argunent is alist of twoelenents: the synbol add- nethod, and
the mnethod that was added.

Wien a nethod is renoved froma generic function, each of the generic function’s de-
pendents is updated. The ¢nitargs argunent is alist of twoelements: the synbol renove-
nethod, and the nethod that was renoved.

In each case, nap-dependents is used to call update-dependent on each of the
dependents. So, for exanple, the update of a generic function’s dependents when a nethod
1s added coul d be perforned by the follow ng code:

(map-dependents generi c- function
#'(lambda (dep)
(update-dependent generic-function
dep
'add-method
new-nethod)))

MiTHODS
There are no specified nethods on this generic function.

REMARKS
See the “Ikpendent Mintenance Protocol” sectionfor renarks about the use of this facility.



102 val i date-supercl ass Chapter 6

validate-supercl ass Generic Function

SYNTAX
validate-supercl ass
class superclass

ARGUMENTS
The class argunent i1s a class netaobject.
The superclass argunent is a cl ass netaobject.

VALUES
This generic function returns true or false.

PURPOSE
This generic functionis called to determne whether the class superclass is suitable for use
as a superclass of class.

This generic function can be be called by the inpl ementation or user code. It is called
during cl ass mnetaobject initializationand reinitialization, before the direct superclasses are
stored. If this generic function returns false, the initializationor reinitialization wll signal
an error.

M:THODS

validate-supercl ass Prinmary Met hod
(class class)
(superclass class)

This nethod returns true in three situations:

(i) If the superclass argunent is the class naned t,

(i1) if the class of the c¢lass argunent is the sane as the class of the superclass
ar gunent or

(ii1) if the classes one of the argunents is standard-class and the class of the
other 1s funcall abl e- standard- cl ass.

In all other cases, this method returns false.
This nethod can be overridden.

REMARKS

Defini ng a nethod on validate-superclass requires detailed knowl edge of of the internal
protocol followed by each of the two class netaobject classes. A method on validate-
superclass whichreturns true for two different cl ass netaobject classes declares that they
are conpatible.
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writer-method-cl ass Generic Function

SYNTAX
writer- nethod-class
class direct-slot &rest initargs

ARGUMENTS
The class argunent i1s a class netaobject.
The direct-slot argunent 1s a direct slot defini tion netaobject.
The tnitargs argunent is alist of initialization argunents and val ues.

VALUES
The val ue returned is a class metaobject.

PURPOSE
This generic function is called to determmne the class of witer nethods created during
class initializationand reinitialization. The result mist be a subcl ass of standard-writer-
net hod.

The initargs argunent nust be the sane as will be passed to nake-instance to create
the reader nethod. The ¢nifargs must include :slot-defmitionwith slot-definition as its
val ue.

M:THODS

writer- nethod-class Prinmary Met hod
(class standard-class)
(direct-slot standard-direct-slot-definition)
&rest tmitargs

writer- nethod-class Prinmary Met hod
(class funcallable-standard-class)
(direct-slot standard-direct-slot-definition)
&rest tmitargs

These nethods returns the class standard- witer-nethod These nethods can be
overridden.
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