TH L%E*Eﬁ

fTHR#A 3.13.1

Guido van Rossum and the Python development team

—H 11,2025

Python Software Foundation
Email: docs@python.org

Contents

1 ATl 3
1.1 RBARA: REIEREPITRZE . . . e 3
1.2 zj],u'@r‘ﬁg ............................................... 3
L3 FEEFIBIE . o 4
L4 BHEIBFR © o 5
1.5 GETRTE . . 6

2 SRy ba il 6
2.1 'ﬁ\\[ljj[%ﬁj— ............................................... 6
22 HEMNIGUERS . o o 7
23 BRI F . e, 8

3 BiRER 8
3.1 B e 9
32 EXEN 9
33 IR . 9
34 FERZSEFINGR . . . 9
35 GEIESEBIE . . . 9
3.6 GEITZETHH . . 10
3.7 LﬁsuperiﬂHﬂJ ............................................ 10
3.8 ﬂmur”’ ............................................ 11
3.9 Ajjmm_%u ............................................ 11
3.10 ORM (ST EABGL) BB . o o o e 11

4 4fi Python %5{jr 9281 12
A1 JBYE o 12
42 BRECHITYE o o 13
A3 IR 15
A4 BRSTTYE 15
A5 BT 16
4.6 TRESTEF SOt o o 17
i

Raymond Hettinger (33 : wh2099 at outlook dot com )



PF I

<python at rcn dot com>

« 1A AR T AR 5
+ HEER
+ E B
x ) B AR
x 45 RiE
- TERY KRBT
* IIE R
B ENIIES

« RFRREA

- BARHAE
« %
« ZL 5028
* Hgik F L
* FhiR 23R A ARk

« 18 3T super 1 A

« FRE AL

* B ) Gl fo

+ ORM (3 %% Zukdt) =15
— %k Python S 5230,

« Btk

« R AT ik
VRCLEENES
HET
x Kok
AR A R e slots__

*

*

*

TIASHEN R AENS H o SUBRVER R AP BR A 41E
AFEE LB AR O
D AT W RS BIE T, B UIREE, IS B AR . AR W 2 Fid &%
H A BT R
2) A ROR T e . SRR ARG, AUREC AR T AR, AT .



3) AR PR TS ROREAR, WA TR AR TAE . RBBFHATERA B ML .

4) IJa—EBaaxTNERRE (H CH5) M2k Python S5 SEBl. A0SR AR T fift ok 5 i i) 22 1 46
FYEENT classmethod (), staticmethod(), property () Al _ slots_ XS5 0L T B B S PR
R, T B RS

1T A
BUAE, RN R O, SR B e

1 EERG: REEEERE

Ten RS, H _get_ O IAIRZRIHE H Lo:

class Ten:
def _ get_ (self, obj, objtype=None) :
return 10
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>>> a = A() Jﬁi N A BB
>>> a.x [’ ri%‘f&

5

>>> a.y # R BE R

10
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import os

class DirectorySize:

def _ get__ (self, obj, objtype=None) :
return len(os.listdir (obj.dirname))

class Directory:

size = DirectorySize () # TR B
def _ init_ (self, dirname):
self.dirname = dirname # % LB B

LHASW RSN, FURESITRFEY, 21 HORaR el



>>> s = Directory('songs')
>>> g = Directory('games")

>>> s.size # songs HFH T+ /)X
20

>>> g.size # games H %@AE/I\S(T%E

3

>>> os.remove ('games/chess') # M —1 game

>>> g.size + XH Bk B3 E A

2

Besides showing how descriptors can run computations, this example also reveals the purpose of the parameters to
__get__ (). The self parameter is size, an instance of DirectorySize. The obj parameter is either g or s, an instance of
Directory. It is the obj parameter that lets the __get__ () method learn the target directory. The objtype parameter
is the class Directory.

1.3 RERMY

A popular use for descriptors is managing access to instance data. The descriptor is assigned to a public attribute in
the class dictionary while the actual data is stored as a private attribute in the instance dictionary. The descriptor’s
__get__ () and __set__ () methods are triggered when the public attribute is accessed.

NG H, age e ATFEM:, _age @A R UUTHIATTIEIERS, fiidds 2o T AR
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import logging

logging.basicConfig(level=logging.INFO)

class LoggedAgeAccess:

def _ get_ (self, obj, objtype=None):
value = obj._age

logging.info ('Accessing giving ¢r', 'age', wvalue)
return value

def  set  (self, obj, value):

logging.info ('Updating %r to %r', 'age',K wvalue)
obj._age = value

class Person:

age = LoggedAgeAccess () # #Liﬁéﬁf}ﬁﬂ
def _ init__ (self, name, age):
self.name = name # HHEG B M
self.age = age # BRH __set_ ()

def birthday(self):
self.age += 1 # WH __get_ () 4 __set_ ()

LHARKWRRT, MITEBE age KIPTA VT HERPOCT TR, EEIUEME name WIARPHLR

>>> mary = Person('Mary M', 30) # The initial age update is logged
INFO:root:Updating 'age' to 30

>>> dave = Person('David D', 40)

INFO:root:Updating 'age' to 40

>>> vars (mary) # The actual data is in a private attribute
{'name': 'Mary M', '_age': 30}
>>> vars (dave)

{'"name': 'David D', '_age': 40}



>>> mary.age

INFO:root:Accessing 'age' giving 30
30

>>> mary.birthday ()
INFO:root:Accessing 'age' giving 30
INFO:root:Updating 'age' to 31

>>> dave.name

'David D'

>>> dave.age

INFO:root:Accessing 'age' giving 40

(% L 50)

# Access the data and log the lookup

# Updates are logged as well

# Regular attribute lookup isn't logged

# Only the managed attribute is logged

40

BE/R Bl — A~ T B S AL 4 B _age FE3E LoggedAgeAccess W 2 i £
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In this example, the Person class has two descriptor instances, name and age. When the Person class is defined,
it makes a callback to __set_name__ () in LoggedAccess so that the field names can be recorded, giving each
descriptor its own public_name and private_name:

. XEWEEDLOIH A

import logging
logging.basicConfig(level=1logging.INFO)
class LoggedAccess:

def

__set_name__ (self,

self.public_name =

owner, name) :
name
self.private_name = '_' + name

def _ get_ (self,

getattr (obj,

obj, objtype=None) :

value = self.private_name)

logging.info ('Accessing giving ¢r', self.public_name, value)
return value

def _ set  (self, obj, value):
logging.info ('Updating %r to 2r', self.public_name, value)
setattr(obj, self.private_name, value)

class Person:

name = LoggedAccess () # ﬁ% lfﬁzﬁ”L’<@J

age = LoggedAccess () # H AN R LA

def _ init__ (self, name, age):
self.name = name # BWASE —ANEAR R
self.age = age # WS AR R

def birthday (self):
self.age += 1

An interactive session shows that the Person class has called
recorded. Here we call vars ()

__set_name__ () so that the field names would be

to look up the descriptor without triggering it:

>>> vars (vars (Person) [ 'name'])

{'public_name' 'name’ 'private_name' _name'}




(B L)

>>> vars (vars (Person) ['age'])
{'public_name': 'age', 'private_name': '_age'}

BAE, BrREILRAS name Hl age —F 15 :

>>> pete = Person('Peter P', 10)
INFO:root:Updating 'name' to 'Peter P'
INFO:root:Updating 'age' to 10

>>> kate = Person('Catherine C', 20)
INFO:root:Updating 'name' to 'Catherine C'
INFO:root:Updating 'age' to 20

XA~ Person SR LEL5 FAA 44 Fk:

>>> vars (pete)
{'_name': 'Peter P', '_age': 10}
>>> vars (kate)

{'_name': 'Catherine C', '_age': 20}

1.5 &RiE
A descriptor is what we call any object that defines __get__ (), __set_ (),or __delete_ ().

Optionally, descriptors can havea __set_name__ () method. This is only used in cases where a descriptor needs to
know either the class where it was created or the name of class variable it was assigned to. (This method, if present,
is called even if the class is not a descriptor.)
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This validator class is both an abstract base class and a managed attribute descriptor:

from abc import ABC, abstractmethod
class Validator (ABC) :

def _ set_name__ (self, owner, name):

self.private_name ' ' + name

def _ get_ (self, obj, objtype=None) :
return getattr (obj, self.private_name)

(T




(750
def _ set_ (self, obj, value):
self.validate (value)
setattr (obj, self.private_name, value)

@abstractmethod
def validate(self, wvalue):
pass

Custom validators need to inherit from vValidator and must supply a validate () method to test various restric-
tions as needed.

2.2 HE LIRS
2 A B R e TR
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2) Number BUEEAT N int B float, fENAIIEM, EiLAERULEAESS & 1) e/ MEM B EZ 7]
PN
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class OneOf (Validator) :

def _ init_ (self, *options):
self.options = set (options)

def validate(self, wvalue):
if value not in self.options:
raise ValueError (
f'Expected {value!/r} to be one of {self.options/r}'

class Number (Validator) :

def _ init_ (self, minvalue=None, maxvalue=None) :
self.minvalue = minvalue

self.maxvalue = maxvalue

def validate(self, wvalue):
if not isinstance(value, (int, float)):
raise TypeError (f'Expected {value!/r} to be an int or float')
if self.minvalue is not None and value < self.minvalue:
raise ValueError (
f'Expected {value!/r} to be at least {self.minvalue!/r}’
)
if self.maxvalue is not None and value > self.maxvalue:
raise ValueError (

f'Expected {value!/r} to be no more than {self.maxvalue!/r}'

class String(Validator):

def _ init_ (self, minsize=None, maxsize=None, predicate=None) :
self.minsize = minsize
self.maxsize = maxsize

self.predicate

predicate

def validate(self, wvalue):
if not isinstance(value, str):
raise TypeError (f'Expected {value!/r} to be an str')
if self.minsize is not None and len(value) < self.minsize:



https://en.wikipedia.org/wiki/Predicate_(mathematical_logic)

(#2 E50)
raise ValueError (
f'Expected {value!/r} to be no smaller than {self.minsize!/r}'
)
if self.maxsize is not None and len(value) > self.maxsize:
raise ValueError (
f'Expected {value!/r} to be no bigger than {self.maxsize!/r}'
)
if self.predicate is not None and not self.predicate(value):
raise ValueError (
f'Expected {self.predicate} to be true for {value!/r}'

2.3 SchrR A
DR E SR R B AR Y 94

class Component:

name = String(minsize=3, maxsize=10, predicate=str.isupper)
kind = OneOf ('wood', 'metal', 'plastic')
quantity = Number (minvalue=0)

def _ init__ (self, name, kind, quantity):
self.name = name
self.kind = kind
self.quantity = quantity

RS PE LR TC AR Bl B

>>> Component ('Widget', 'metal', 5) # Blocked: 'Widget' is not all uppercase
Traceback (most recent call last):

ValueError: Expected <method 'isupper' of 'str' objects> to be true for 'Widget'

>>> Component ('WIDGET', 'metle', 5) # Blocked: 'metle' is misspelled
Traceback (most recent call last):

ValueError: Expected 'metle' to be one of {'metal', 'plastic', 'wood'}

>>> Component ('WIDGET', 'metal', -5) # Blocked: -5 is negative
Traceback (most recent call last):

ValueError: Expected -5 to be at least 0

>>> Component ('WIDGET', 'metal', 'V') # Blocked: 'V' isn't a number
Traceback (most recent call last):

TypeError: Expected 'V' to be an int or float

>>> ¢ = Component ('WIDGET', 'metal', 5) # Allowed: The inputs are valid
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3.2 EXLENA

In general, a descriptor is an attribute value that has one of the methods in the descriptor protocol. Those methods
are__get_ (), __set_ (),and__delete__ (). If any of those methods are defined for an attribute, it is said to
be a descriptor.

@‘Tﬁiﬁl‘tﬂE‘J%J(V\ﬁjﬂmf\k*/\ﬂ%ﬂﬁ%ﬁﬂqjé’?EEX‘ &ﬁﬁﬂﬂﬂﬁ%@@ KFSLBFIRYL, a.x AT 2
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3.3 HiiR RN
descr.__get___(self, obj, type=None)
descr.__set__ (self, obj, value)
descr.__delete_ (self, obj)

AR TR L . — AR EGE SCT VA ETT R IAL A, AU A gy, HAERHE N a1k
I} 7 i H BT

If an object defines __set__ () or __delete__ (), itis considered a data descriptor. Descriptors that only define
__get__ () are called non-data descriptors (they are often used for methods but other uses are possible).

A AR AN R ZARHE T, A S 7 b 2 HAO R AUE. RSB T L A 5 5
RS AR H , MBS, R SEHR T EA SABEA SR R AR A& H, W7l
HAse.

To make a read-only data descriptor, define both __get_ () and __set_ () with the _ set__ () raising an
AttributeError when called. Defining the __set__ () method with an exception raising placeholder is enough
to make it a data descriptor.

3.4 RS VE AR
#Fiii%%ﬂ[)]\ " d.__get__ (obj) jdesc __get__ (None, cls) E%‘lﬁl}ﬁo
B L) 2 i JE v I B Zh i A A .

Fik oby . x 1K obj a2 R BEH AR . WREREN T DL _aice DASMATEIASRS,
FEARE RS UL BN I __get__ O J5ik,

T BAITBRT ooy BMR . FGL LR LH .
3.5 @I xEHIAR

Instance lookup scans through a chain of namespaces giving data descriptors the highest priority, followed by instance
variables, then non-data descriptors, then class variables, and lastly __getattr__ () if it is provided.

W 2 x BN Tk, AR desc.__get__(a, type(a)) WHE.
RIBHAFHERZ AL object .__getattribute_ () H, ﬁ$m~¢#1ﬁéﬁé@ Python S # :



def find_name_in_mro(cls, name, default):
"Emulate _PyType_Lookup () in Objects/typeobject.c"
for base in cls. mro_ :
if name in vars (base) :
return vars (base) [name]
return default

def object_getattribute (obj, name):
"Emulate PyObject_GenericGetAttr () in Objects/object.c"
null = object ()
objtype = type (obj)

cls_var = find_name_in_mro (objtype, name, null)
descr_get = getattr(type(cls_var), '__get_ ', null)
if descr_get is not null:
if (hasattr(type(cls_var), ' set ")
or hasattr (type(cls_var), '_ delete_ '")):
return descr_get (cls_var, obj, objtype) # data descriptor
if hasattr(obj, '__dict__ ') and name in vars (obj):
return vars (obj) [name] # instance variable

if descr_get is not null:

return descr_get (cls_var, obj, objtype) # non-data descriptor
if cls_var is not null:

return cls_var # class variable
raise AttributeError (name)

Note, there is no _ getattr_ () hook in the _ getattribute_ () code. That is why -calling
__getattribute__ () directly or with super () .__getattribute__ will bypass __ getattr__ () entirely.

Instead, it is the dot operator and the getattr () function that are responsible for invoking _getattr__ () when-
ever __getattribute () raises an AttributeError. Their logic is encapsulated in a helper function:

def getattr_hook (obj, name):
"Emulate slot_tp_getattr_hook () in Objects/typeobject.c"

try:
return obj._ getattribute__ (name)
except AttributeError:
if not hasattr(type(obj), '_ getattr '"):
raise
return type (obj).__getattr__ (obj, name) # __getattr__

3.6 EiFAAA

B oax XM SBEMSERNEZ B type._getattribute () 1. H P IR Y object.
__getattribute_ () fH{LL, {H/2SL0I5- AT $RPEFr 6 448 22 2517 method resolution order.

QR BN T — MRS, 2Kt desc.__get_ (None, a) WHE.

SERERY) C SEPLR]HE Objects/typeobject.c B type_getattro () fll _PyType_Lookup () HFH|.

3.7 &5 super @A
super (1) BAVERF AR R K2 HBAE super O FTRMIXIEM) __getattribute_ () LA,

Pl super (&, obd) .m ERIK S SEIRIFAE obi.__class__ . mro_ FTHEREELE A ZGHHEI B,
SRIGIRIEI B.__dict_ ['m'].__get_ (obj, A). HIR m AR, W E R BHAE.

SERERY C SZH W] AE Objects/typeobject.c B super_getattro () FFH| . 4l Python 450 3L W] 7E Guido
AR ]
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3.9 B BFREA

Sometimes it is desirable for a descriptor to know what class variable name it was assigned to. When a new class is
created, the type metaclass scans the dictionary of the new class. If any of the entries are descriptors and if they
define __set_name__ (), that method is called with two arguments. The owner is the class where the descriptor is
used, and the name is the class variable the descriptor was assigned to.

SEPLRI AR FTAE Objects/typeobject.c BLf] type_new () Fl set_names () H,

Since the update logicisin type.__new__ (), notifications only take place at the time of class creation. If descriptors
are added to the class afterwards, __set_name__ () will need to be called manually.

3.10 ORM (MZ|KRRIRGS) ~HBI
DA PRI R 00 5 P SR AR SEBLRT LA 4 0 R AERE

FZ0 S8 B R R B A e AR v Python S8 (A Kl e oG B O B o A SR
PEFT A R

class Field:

def _ set_name__ (self, owner, name):
self.fetch = f'SELECT {name} FROM {owner.table} WHERE {owner.key}=?;"'
self.store = f'UPDATE {owner.table} SET {name/=? WHERE {owner.key}=7?;'

def _ get__ (self, obj, objtype=None) :
return conn.execute (self.fetch, [obj.keyl]).fetchone() [0]

def _ _set_ (self, obj, value):
conn.execute (self.store, [value, obj.key])

conn.commit ()

We can use the Field class to define models that describe the schema for each table in a database:

class Movie:
table = 'Movies' # R4
key = 'title' # Ea
director = Field()
year = Field()

def _ init_ (self, key):
self.key = key

class Song:
table = 'Music'
key = 'title'
(ZEF50)

11
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(#2 E50)
artist = Field()
year = Field()
genre = Field()

def _ init_ (self, key):
self.key = key

TR, e BRI R -

>>> import sqglite3

>>> conn = sglite3.connect ('entertainment.db')

ZH ISR T WA B 122 R 2R 5 B o AT B -

>>> Movie ('Star Wars') .director

'George Lucas'

>>> jaws = Movie('Jaws')

>>> f'Released in {jaws.year} by {jaws.director}'
'Released in 1975 by Steven Spielberg'

>>> Song ('Country Roads') .artist
'John Denver'

>>> Movie ('Star Wars') .director = 'J.J. Abrams'
>>> Movie ('Star Wars') .director
'J.J. Abrams'

4 4§ Python {y3cEj

SRS R, (UL T O SRR TR, AULAROHERIE, DS TR T BT
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4.1 B
VA property () EAUEEIRRIAR ARG T, ZEIEHARAE U I B v Al R R EOR . EES

2

{property(fget:None, fset=None, fdel=None, doc=None) —> property ]

IO RN T E ST R < AL RA

class C:

def getx(self): return self._ x

def setx(self, value): self._x = value

def delx(self): del self._ x

X = property(getx, setx, delx, "I'm the 'x' property.")

BT property () & WM AR #R U SOk SEEL R, PATR 2 — AN SE BT RKER A 4% 0 D) BE 1) 4l
Python Z&4} S P :

class Property:

"Emulate PyProperty_Type () in Objects/descrobject.c"

def _ _init__ (self, fget=None, fset=None, fdel=None, doc=None) :
self.fget = fget
self.fset = fset
self.fdel = fdel
if doc is None and fget is not None:

doc = fget._ doc_

12
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self._ doc = doc
def _ set_name__ (self, owner, name):
self._ name = name

def _ get_ (self, obj, objtype=None):
if obj is None:
return self
if self.fget is None:
raise AttributeError
return self.fget (obj)

def _ set_ (self, obj, value):
if self.fset is None:
raise AttributeError

self.fset (obj, wvalue)

def _ delete_ (self, obj):
if self.fdel is None:
raise AttributeError
self.fdel (obj)

def getter(self, fget):
return type (self) (fget, self.fset, self.fdel, self. doc_ )

def setter(self, fset):
return type (self) (self.fget, fset, self.fdel, self. doc_ )

def deleter(self, fdel):
return type (self) (self.fget, self.fset, fdel, self. doc_ )

XA E R property () B4 H PR BN AR, BT E - N ENSS,

Flan, —AHE TR PAE T cell ('p10") .value X ITCHE R U AR « KRR P 1 g 2k vig itk
FORBRR VT AR E T E IO (B2, B AAREE W E T N ZE N BA & um i, fiue
RN value JEME 1T 1A) G 0 SR M B iR g v

class Cell:

@property

def value (self):
"Recalculate the cell before returning value"
self.recalc()
return self._value

TEX T HH N B property () BFRATIHY Property () S SE BT T PARY o

4.2 BBFFHE
Python a@ﬁ{w&m %Eﬁ? L GUEZR N FE DB TIBUR LR 24 € BB e W Ty A v S S

TEVR I, A eSS Tl M o (Y e R A R Tk . T A5 H LR B A HZ&JX?” THREBIGET
HAhSHz . ik '3 L BR K AN R Z A AET 50— D S ROE R GLL IR 1Y o 35 IR0, 265
PR self , {ELHL AT ARy shis s FEABAS TR AR

[ PAM#FH types.MethodType Tl bk, HATHEAEM T

class MethodType:
"Emulate PyMethod_Type in Objects/classobject.c"

Cawy
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def _ init__ (self, func, obj):

self._func__ = func
self. self = obj

def  call (self, *args, **kwargs):
func = self._ func_

obj = self. self
return func(obj, *args, **kwargs)

def _ getattribute_ (self, name):
"Emulate method_getset () in Objects/classobject.c"

if name == '_ doc_ ':
return self. func__.__ doc
return object._ getattribute_ (self, name)

def _ getattr__ (self, name):
"Emulate method_getattro() in Objects/classobject.c"
return getattr(self. func__, name)

def _ get_ (self, obj, objtype=None):
"Emulate method_descr_get () in Objects/classobject.c"
return self

(% L 50)

To support automatic creation of methods, functions include the _ get__ () method for binding methods during
attribute access. This means that functions are non-data descriptors that return bound methods during dotted lookup

from an instance. Here’s how it works:

class Function:

def get__ (self, obj, objtype=None) :

"Simulate func_descr_get () in Objects/funcobject.c"
if obj is None:

return self
return MethodType (self, obj)

TEMRERR HIBATPA TR, RN T s R i 52 b T A7 2

class D:
def f (self):
return self
class D2:
pass

ZRACAA qualified name JEVELASCRF H A

>>> D.f.__qualname_
15, &
Accessing the function through the class dictionary does notinvoke __get__ (). Instead, it just returns the underlying

function object:

>>> D._ dict_ ['f']
<function D.f at 0x00C45070>

Dotted access from a class calls __get__ () which just returns the underlying function unchanged:

>>> D.f
<function D.f at 0x00C45070>
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The interesting behavior occurs during dotted access from an instance. The dotted lookup calls __get__ () which
returns a bound method object:

>>> d = D()
>>> d.f
<bound method D.f of <_ _main__.D object at 0x00B18C90>>

IV JTIEAE N TRl 1R 2 R BRI 40 1) S -

>>> d.f._ func_
<function D.f at 0x00C45070>

>>> d.f._ self
<__main__.D object at 0x00B18C90>

URARE e A H T A self sSRTTIEH cls Je AT 27K, e X LT

4.3 FiEmFE
FERHRAA 5 AT BR B E R TR R A T — R R R R AL o
To recap, functions havea___get__ () method so that they can be converted to a method when accessed as attributes.

The non-data descriptor transforms an obj.f (*args) call into £ (obj, *args). Calling cls.f (*args) be-
comes f (*args).

TRELE T Y LA R A

BB B X5 IE A BiTRIFA
function - pR%{  f(obj, *args) f(*args)
[ ZOVIR7A f(*args) f(*args)
KHVE f(type(obj), *args)  f(cls, *args)

4.4 BBHE

AHEREEZEE, NMUEMTER. I c. £ 3 c. £ FR TS object.__getattribute_ (c,
"f") B object.__getattribute_ (C, "f") &, XFEZRECH AT AN G ELZE A TAH R R 17 )
W GVENESHERRIBEEAT | H self AF RIS
For instance, a statistics package may include a container class for experimental data. The class provides normal
methods for computing the average, mean, median, and other descriptive statistics that depend on the data. However,

there may be useful functions which are conceptually related but do not depend on the data. For instance, erf (x) is
handy conversion routine that comes up in statistical work but does not directly depend on a particular dataset. It can

be called either from an object or the class: s.erf (1.5) —--> 0.9332 or Sample.erf (1.5) --> 0.9332.

H TS 2R I RS J2 B BB A AT A A, RO R B T B2 Rk

class E: ]
@staticmethod
def f(x):

return x * 10

>>> E.f(3)
30

>>> E().f£(3)
30

i AEEdE G IAAY , 4 Python UA MY staticmethod () W1F fi7n:
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import functools

class StaticMethod:
"Emulate PyStaticMethod_Type () in Objects/funcobject.c"

def _ init_ (self, f):
self.f = £
functools.update_wrapper (self, f)

def _ get_ (self, obj, objtype=None) :
return self.f

def _ call_ (self, *args, **kwds):
return self.f (*args, **kwds)

functools.update_wrapper () P& H G T —ANF5 11 F )2 BB EY) __wrapped  JE@. B i< M H]
BB LB SRR AT M e 25 F/ R R R K% __name_, _ qualname , doc_ PAK

annotations__,

4.5 £FHE

gﬁi;&ﬁ%ﬂiﬁ, K EAEVH R B2 | T UES O £ el . T 2 gt 22, it
AR :

class F:
@classmethod
def f(cls, x):
return cls._ name_ , X

>>> F.f£(3)
('"F', 3)

>>> F () .£(3)
('"F', 3)

J

7R BB 2S5 | L SO T e S B s i e, AT AR . 207 R —
g QE A RS R A BN, 280734 dict. fromkeys () MBS R AHE— V7 i, 4 Python [
SR ESIPRE

class Dict (dict) :
@classmethod
def fromkeys(cls, iterable, value=None) :

"Emulate dict_fromkeys() in Objects/dictobject.c"
d = cls()
for key in iterable:
d[key] = value
return d

PUAE AT DA A 38— A7 14— B it -

>>> d = Dict.fromkeys ('abracadabra')

>>> type(d) is Dict

True

>>> d

{'a': None, 'b': None, 'r': None, 'c': None, 'd': None}

i AR B H ARR P, 4l Python fiRASH) classmethod () UIF:

import functools

class ClassMethod:
(810

16



(B L)
"Emulate PyClassMethod Type () in Objects/funcobject.c"

def _ init_ (self, f):
self.f = £
functools.update_wrapper (self, f)

def _ get_ (self, obj, cls=None):
if cls is None:
cls = type (obj)

return MethodType (self.f, cls)

J

ClassMethodFFH@functools.update_wrapper()ﬂ%fﬁi@ﬂﬂj““f?gﬁﬂ1<E§@§§QH@__wrapped__ﬁ%%to
B2 1) HI L A B R A L A A AR AR R Wt Y BR: _name_, __qualname_,  doc__

leiggannotationsgfg

4.6 Y& F __slots

B—DRELT _slots__, BERM—DRERKER slot (AEAARB LB 7. M PRIRAE, 5
HUE XA :

1. Provides immediate detection of bugs due to misspelled attribute assignments. Only attribute names specified in
__slots__ are allowed:

class Vehicle:

__slots__ = ('id_number', 'make', 'model')

>>> auto = Vehicle()
>>> auto.id_nubmer = 'VYE483814LQEX'
Traceback (most recent call last):

AttributeError: 'Vehicle' object has no attribute 'id_nubmer'

2. Helps create immutable objects where descriptors manage access to private attributes stored in __slots_ :

class Immutable:
slots = ('_dept', '_name') # Replace the instance dictionary

def _ init__ (self, dept, name):

self._dept = dept # Store to private attribute
self._name = name # Store to private attribute
@property # Read-only descriptor

def dept (self):
return self._dept

@property
def name (self): # Read-only descriptor
return self._name

>>> mark = Immutable ('Botany', 'Mark Watney')
>>> mark.dept

'Botany'

>>> mark.dept = 'Space Pirate'

Traceback (most recent call last):

AttributeError: property 'dept' of 'Immutable' object has no setter
>>> mark.location = 'Mars'
Traceback (most recent call last):
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AttributeError: 'Immutable' object has no attribute 'location'

3. Saves memory. On a 64-bit Linux build, an instance with two attributes takes 48 bytes with __slots__ and 152
bytes without. This flyweight design pattern likely only matters when a large number of instances are going to be
created.

4. Improves speed. Reading instance variables is 35% faster with __slots__ (as measured with Python 3.10 on an
Apple M1 processor).

5. Blocks tools like functools.cached_property () which require an instance dictionary to function correctly:

from functools import cached property

class CP:
__slots__ = () # Eliminates the instance dict
@cached_property # Requires an instance dict
def pi(self):
return 4 * sum((-1.0)**n / (2.0*n + 1.0)

for n in reversed(range (100_000)))

>>> CP () .pi
Traceback (most recent call last):

TypeError: No ' dict_ ' attribute on 'CP' instance to cache 'pi' property.

ZRNHE— B FEAY 2L Python I __slots__ @AAIEERY, P NEHFEEELN C 45 ARI 2 HIXT
ZNAFIEC. HZ, FRNTA] AR — DR AU, 4 slot 1)5EFR C Z5H A — D ALAH 1Y
_slotvalues SIZFRMRMY . KFZALA GR35 BRAERE th SR FiA SR -

null = object ()

class Member:

def = init_ (self, name, clsname, offset):
'"Emulate PyMemberDef in Include/structmember.h'
# Also see descr_new() in Objects/descrobject.c
self.name = name
self.clsname = clsname
self.offset = offset

def _ get_ (self, obj, objtype=None):
'Emulate member_get () in Objects/descrobject.c'
# Also see PyMember_ GetOne () in Python/structmember.c
if obj is None:
return self
value = obj._slotvalues[self.offset]
if value is null:
raise AttributeError (self.name)
return value

def _ set_ (self, obj, value):
'Emulate member_set () in Objects/descrobject.c'
obj._slotvalues[self.offset] = value

def _ delete_ (self, obj):
'Emulate member_delete () in Objects/descrobject.c'
value = obj._slotvalues[self.offset]
if value is null:
raise AttributeError (self.name)

18
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obj._slotvalues[self.offset] = null

def _ repr_ (self):

(% L 50)

'Emulate member_repr () in Objects/descrobject.c'
return f'<Member {self.name!/r} of {self.clsname!/r}>'
The type.__new__ () method takes care of adding member objects to class variables:

class Type (type):

'Simulate how the type metaclass adds member objects for slots'

def new__ (mcls, clsname, bases, mapping, **kwargs):
'Emulate type_new() in Objects/typeobject.c'
# type_new() calls PyTypeReady () which calls add_methods ()
slot_names = mapping.get ('slot names', [])
for offset, name in enumerate (slot_names) :
mapping[name] = Member (name, clsname, offset)
return type. new_ (mcls, clsname, bases, mapping, **kwargs)

object._new__ () JFikTASTRIEAA slot MiAESL B L. AR 24l Python FRPAH IEALIDUR -

class Object:

'Simulate how object._ _new__ () allocates memory for _ slots_ '

def _ new__ (cls, *args, **kwargs):
'Emulate object_new() in Objects/typeobject.c'
inst = super()._ new_ _ (cls)
if hasattr(cls, 'slot_names'):
empty_slots = [null] * len(cls.slot_names)
object._ setattr_ (inst, ' slotvalues', empty_slots)
return inst

def _ setattr__ (self, name, value):
'Emulate _PyObject_GenericSetAttrWithDict () Objects/object.c'
cls = type(self)
if hasattr(cls, 'slot_names') and name not in cls.slot_names:
raise AttributeError (
f'{cls. name !r} object has no attribute {name!/r}'

)

super () ._ setattr__ (name, value)

def _ delattr__ (self, name):
'Emulate _PyObject_GenericSetAttrWithDict () Objects/object.c'
cls = type(self)
if hasattr(cls, 'slot_names') and name not in cls.slot_names:
raise AttributeError (
f'{cls. name !r} object has no attribute {name!/r}'

)

super () .__delattr__ (name)

To use the simulation in a real class, just inherit from Object and set the metaclass to Type:

class H(Object, metaclass=Type):
'Instance variables stored in slots'

U 1

slot_names = ['x', 'y']

def _ init_ (self, x, y):
self.x = x
self.y =y

BERT, metaclass CLZ8% x il y WIEL T FLGAXT4
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>>> from pprint import pp
>>> pp(dict (vars (H)))

{'_module_ ': '__main_ ',
' _doc__': 'Instance variables stored in slots',
'slot_names': ['x', 'y'],
' __init__ ': <function H.__init___ at 0x7£fb5d302f£9d0>,
'x': <Member 'x' of 'H'>,

'y': <Member 'y' of 'H'>}

MGV, BN — I TAPURIEN s10t_values FI%:

>>> h = H(10, 20)

>>> vars (h)
{'_slotvalues': [10, 20]}
>>> h.x = 55

>>> vars (h)
{'_slotvalues': [55, 20]}

B RPFE SRR BT 2 —

>>> h.xz
Traceback (most recent call last):

AttributeError: 'H' object has no attribute 'xz'
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