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1.1 EERG: REE B ERZE

Ten @ —PHiddy, H __get_ () FEEZREHFE 10:

class Ten:
def _ get_ (self, obj, objtype=None) :
return 10
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>>> a = A() # Make an instance of class A
>>> a.x # Normal attribute lookup

5

>>> a.y # Descriptor lookup

10

J

1E a. x BIEERY, mIsAFSREIFMHER TP < 5. fEa.y AP, MERAFSRIE
MBI __get_ JriRfFHARBII R, WA R R 10

YR, fH 10 Eﬁﬂ<¢?ﬁ%¥42§ﬁjﬁﬂqﬂﬂzﬂ<¥?ﬁ§T*§Eﬁﬂ%iﬁﬁqq MR, fE 10 ALV A HEN 1 o

ARG TR T — MR a2 A TARR, HEARRAN. fEEkw N, HEiattiks
.

T4, FRATRF B A AR, RIZhSE K.

1.2 HEERK

A BB A IS ATV S A 3R (] 3

import os
class DirectorySize:

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

class Directory:

size = DirectorySize () # Descriptor instance
def _ init_ (self, dirname):
self.dirname = dirname # Regular instance attribute




LHAXW RN RN, BRI EAR, Lo EHaaR el {E:

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

>>> g = Directory('games')

>>> s.size # The songs directory has twenty files
20

>>> g.size # The games directory has three files

3

>>> os.remove ('games/chess"') # Delete a game

>>> g.size # File count 1is automatically updated

2

B T UL A AR AR AT, XA TRER T __get__ O SEWHM. BS self S ELS R
size, Bl DirectorySize ] —A~5EBll. JEZ obj 1N ES S g B s, R Directory )— 45561, i ik J2 obj ik
_get__ () INESAE TN AR H . B2 objtype W) 522 Directory 2.
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import logging
logging.basicConfig(level=1logging.INFO)
class LoggedAgeAccess:

def = get_ (self, obj, objtype=None):
value = obj._age
logging.info ('Accessing ¢r giving %r', 'age', wvalue)
return value

def _ set_ (self, obj, value):

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

class Person:

age = LoggedAgeAccess () # Descriptor instance

def _ init_ (self, name, age):
self.name = name # Regular instance attribute
self.age = age # Calls __ _set__ ()

def birthday (self):
self.age += 1 # Calls both __get__ () and __set__ ()

LHAKWRRT, MITE R age WITATIMEPHCR TR, HEMEME 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}
(82~ T0)
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>>> mary.age # Access the data and log the lookup
INFO:root:Accessing 'age' giving 30

30

>>> mary.birthday () # Updates are logged as well

INFO:root:Accessing 'age' giving 30
INFO:root:Updating 'age' to 31

>>> dave.name # Regular attribute lookup isn't logged
'David D'

>>> dave.age # Only the managed attribute is logged
INFO:root:Accessing 'age' giving 40

40
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fEHRBIH, Person JEH A WA 25 5B name F1 age. 43¢ Person & XM IHE, b ml i T
LoggedAccess H1[f) __set_name__ () Rid®FE A, LGN R IAE B CM public_name Fl pri-

vate_name:

import logging
logging.basicConfig(level=1logging.INFO)

class LoggedAccess:

def _ set_name__ (self, owner, name):
self.public_name = name
self.private_name = '_' + name

def _ get_ (self, obj, objtype=None) :
value = getattr (obj, self.private_name)
logging.info('Accessing $r giving %r', self.public_name, value)
return value

def _ set_ (self, obj, value):

logging.info ('Updating ¢r to %r', self.public_name, value)
setattr (obj, self.private_name, value)

class Person:

name = LoggedAccess () # First descriptor instance
age = LoggedAccess () # Second descriptor instance
def _ init_ (self, name, age):
self.name = name # Calls the first descriptor
self.age = age # Calls the second descriptor

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

THAZH AR/ Person {1 T __set_name__ () H¥ERICHFENIZAIK. EXHE, FATFEH
vars () RAELF IR A AL E



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

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

P g P g

BUFE, B eic®X) name Fl age —F151A] :

>>> 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 SEBIANALE FLA £ F5:

>>> vars (pete)

{'_name': 'Peter P', '_age': 10}
>>> vars (kate)
{'_name': 'Catherine C', '_age': 20}

1.5 &5RiE

descriptor B2 EM—PMEXT __get_ (), __set__ () B _ _delete_ () MXIH,

A, FAERATLARAT __set_name_ () JiA. RXAUAESIA AR EAE QB E RS E R
AR AR . (B EHZRA R fdAs . REIT R A& <)
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AW E TENES. 2 Eibm R E k. %I T HiEW classmethod (),
staticmethod (), property () fl functools.cached_property () HANEMFHIAETLEI .

2 SEERISERRBIF
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2.1 ISERR

Brubge e — M TR AR 8 . TEARE MR /T, B SRR ER W 2 A Fh R RAIE
FEIFR Ao QRN R I LR, ERFSIARN, IRSK BB IR IR .

XA~ validator ZHEE— abstract base class th 2 — 5 @ MRS,

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

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

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

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

@abstractmethod
def validate(self, wvalue):
pass

HE RIS T2 validator gk, FHHAAHHRM validate () JriARMRYET ZEMIKA R YA o

2.2 BENAIEE
R =R E TR
1) Oneof WiFfEt—HZ AR AHI L —.
2) Number RAFEET W int 5 £loat. MAATESHEL, € DARUEMES 2 1 e/ MA SR KA

Z I,
3) string BEEEE N str. RMWATESEL, B R PABRIESS & M i/ Nl i KK BE . B3 W] DABGHIE
JF1E X predicate.,

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):



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

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:
raise ValueError (

(% L 50)

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 RN A
RORAEH SRl R B 2 A 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, gquantity):
self.name = name
self.kind = kind
self.quantity = quantity

Sl PE Lk TC R B 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 1is 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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ETRAR RN BARBARE, PASAlAARS TAR B AR .

3.1 =

SR, BASTUL, HUCR IR AR . SR RIS R R WU AR TARR R B
YA AR A DU RESR I B B B 22 T AR A4S, CAEE VR PLAR Python TARR B,

3.2 EL5NE
—BONE, AR DT TR BT T ER B XEETTEA __get__ (), _set__ ()
Ml __delete_ (). URAFAEMEE L TIXLEIVEPT LR A, BT ABFRS descriptor.

JRIEVT FRERIAT R — DR G M oI BCE BN R . X TSEBRYE, a. x ERIIT 2
Ma._dict_ ['x"] JHf, AR5k type(a) . __dict_ ['x'], #ETFHRIKKER type (a) WITIL
BTG (MRO) . MR RN M2 ST HA AR ERA S, W Python I REL B ERINAT M4
1M AR FA 8Tk . XA R AR AE S S BE A MRS B DU AR S i SRR 45 7 VA SRR T 4
Jr A ARPE -

Descriptors are a powerful, general purpose protocol. They are the mechanism behind properties, methods, static

methods, class methods, and super (). They are used throughout Python itself. Descriptors simplify the underlying
C code and offer a flexible set of new tools for everyday Python programs.

3.3 k2R

descr.__get__ (self, obj, type=None)
descr.__set_ (self, obj, value)

descr.__delete_ (self, obj)

HR S AR AN B ST DAL P AT, ARSI R A R
B e LRI

WER—AXRELT __set__ () B __delete_ (), WEXBH HBIRIEES . SUELT _get__()
MR AR SRR AR (EMNEEEMN TIE, (AR HbH®E) .

B AR AR A R Z AT, AT S Sl - b 2 H R AU AR SE B P M LA 5 8
MARFEANAEH, WIS E. MRS IR SRR R A & H . MiZ T
HALsE.

BT R AR A O S, WA FERE L __get_ () Fl _set__ () , IHE _set__ () H5Ik
AttributeError . HGIEAREMEMAFE XL __set__ () FEMH B BIEHIA .

3.4 fikeRiA Ak

AR DAL d.__get_ (obj) 5 desc.__get_ (None, cls) HIZEFHH.
B UL i JE 7 1v) B shis ks .

FikK obj . x fEAA 2 AIHET IR obj MYJEME x. WIRERIELS] __dict_ ZAMREIHAS, W
MRS RS PSS BN __get () Jrik.

T BT T obj JeXf 4. Rik AR S
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SRR L i 4 A AT, BT RSS I e S, RGBS AS R, AREE IR . 2R
i, Wa& __getattr_ () (ﬁn%ﬁﬁéﬁiﬁ)o

W a.x LB TR, BAKFE T desc.__get_(a, type(a)) WHE.
MIBEANERPEAE object .__getattribute_ () H, ﬁi%~4‘%fﬁﬂ@é@ Python SZ# :

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)

WHYER, £ _getattribute_ () FEMAREHEEEA _getattr_ () BT, XS EBEH
F _ _getattribute_ () B{ifl/H super () ._ getattribute_ &fJKLETd _ getattr_ () B
A .

M, X4 _ getattribute_ () 5|k AttributeError B, EIzEFFH getattr () BRETHRTEH
__getattr__ (). BN HEERAE— NI R

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 @AM

B oA.x X FE AR T;k YEAF A 1 2 8B AE type. getattribute () 1. I Y object.
__getattribute__ () AL, 1EI SR AT $R 2R 8 & 25119 method resolution order
MR R T — Ak %ﬁ LT desc.__get_ (None, 2) FEHE.

SERENY) C SZPL ] AE Objects/typeobject.c B ] type_getattro () Al _PyType_Lookup () F3FH|.

10
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3.7 &1t super @B

super Y L RAEAT B AZ AL super O FTREIXIRE) __getattribute () Jriki.

FAl super (A, obj) .m B S ERAE obj.__class__ . _mro_ HIEREELE A Z G
2B, SRJFIRMEIB. __dict_ ['m'].__get_ (obj, A). ANMHE m AR, WE R B HAE.

SEELY) C SEEL A HE Objects/typeobject.c B super_getattro () H$k%|. 4l Python f) 54 SE P ] £F
Guido FYHA:E FRH].

3.8 HABEEE
The mechanism for descriptors is embedded in the __getattribute__ () methods for object, type, and
super ().
FHCER E R A
o HIRESH __getattribute_ () HEFEA.
« ZM object, type B super () 4ERIHLH .
o MTHIAGZITE _ getattribute () W, WMTEGIZIVESHEIERIAS AR .

e object.__getattribute_ () Ml type.__getattribute_ () € AR 5 X H
_get__ (). HI—MEAZEG, WATAEIER. J5— & AMLHBI R None , f H B2
k.

o BRI S IR A 2 B S BIT
o AR AR S B M

3.9 Hah&FREA

Y, SRR IR B AR R . B HERE, J02 type BRI T, WA HfE
i, HHEMEX T _set_name__ (), WEABANSEIHZITE. owner 2 AHEALRIIZE, name
T BLA TR AR B4

SEPLRI AR T HE Objects/typeobject.c BLff] type_new () fll set_names () H.

T EH AL type. __new_ () 1, HILEHAER BRI KA. Z G URH B 27 2 2 v
NFEFEHRA __set_name__ () .

3.10 ORM (MRKXARMRH) R

PATS AR s 1 A {2 P el i of S L B X 5 o AR RS AiEZRE

FAZ O B R R AR E SN e, Python SEBIMURA Kt R X IV RO 6 . SR 4 A ST
PEAFT A R

class Field:

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

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

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

11
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FATATVAM Field 2O 5E MR T8 R F 4 K R AEENHY models.

class Movie:
table = 'Movies' # Table name
key = 'title' # Primary key
director = Field()
year = Field()

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

class Song:
table = 'Music'
key = 'title'
artist = Field()
year = Field()
genre = Field()

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

BRI, e R R R -

>>> import sqglite3
>>> conn = sqglite3.connect ('entertainment.db')

AEH ST AR T U] AR P G 28 e B Ay Ao A 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 Z{ysci

TR IR B, (RSO 7O A% arry T etk AJLDIEEHER @M, LETENE TN

HETAM. Bk, e, ST, KM _slots_ ¥JETHIRSML
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[property(fget:None, fset=None, fdel=None, doc=None) -> property

BRSO R T ST R TE x B S A

class C:
def getx(self): return self._ x
def setx(self, wvalue): self._ x = value

12
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(#2 E50)
def delx(self): del self._ x
X = property(getx, setx, delx, "I'm the 'x' property.")

To see how property () is implemented in terms of the descriptor protocol, here is a pure Python equivalent that
implements most of the core functionality:

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_

self. doc_ = doc
self. name_ = "'

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, value)

def _ delete_ (self, obj):
if self.fdel is None:
raise AttributeError
self.fdel (ob7j)

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 ER) property () &Y H Ui EMERAER, MRS FE—-NTENSS.

Biltn, —ANH TR PAE Cell ('b10") cvalue FE XA TCHAE RV FIALFR . X R 1 I 2Lk
PEERERR TR E T ek B2, P ARG EE W B R E M EIE & P imftid. f#
Py IR value JE TRV ) AL AE JE M R T A 2%

class Cell:

@property

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

13




TEMR B, WER property () BIRATSEIAIH Property () &M

4.2 JBFFHE

Python T[] 0 R 2 RERAESE T R B BREE MY o i e (P AR Bt il i 4%
FEVR I, ArfiffEin

» XPITTTHISE L T TRAERE A -
S ) PRECRERRAR N Tk . TR ‘?%’%AIZI%IEI’JTI:JZ&&T?XT%“%W PET

HAbSHzwi. ik ‘3 %ﬂ@ B R Z AT T 26— DS HUE A5 S 6 B AL, Sl
Hﬂﬁjﬂ self , AEALAT LAFRA this B AEA AN AR #4455
DA types . MethodType TR, HATHEALEN T
class MethodType:
"Emulate PyMethod_Type in Objects/classobject.c"
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
KT SR E BRI, R _get ) 7 VA DAETE B I U I o 4 oA . IR R BRI

AR B Ay, BRI S ,méaﬂzﬁj‘ 485 T3k, Haatdrsinr:

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)

TEMRES Iz AT AR 2E, R/ 1 eR e iR A i 5 s TAE T 2K

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

LR ECAA qualified name JE 1A SCHF H A -
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>>> D.f.___qualname_
'D.f!

WAL FEF AT RN S __get__ () o MR, BRI R HOT 42 -

>>> D. dict  ['"f']
<function D.f at 0x00C45070>

K ARMRBFAFTHSIA __get__ (), EHGRIIKZEM KL

>>> D.f
<function D.f at 0x00C45070>

ATRRIIAT O R AAE NSRBI T ST ] SR __get__ O, RIEIFERITIEXGL:

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

IBRE T IEAE N TRAF il 1 IR R B 4 2 1) S 8 -

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

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

WA 25 H VA Y self BERTTVEHY cls fe AT 25 k1Y, i iX T !

4.3 FERFSE
FERCHE R & AT BRI S S T TR R AL T — PR R R AL o

MEFEHIGE, BREOREA __get_ () Jrik, PAEXEAE @M i o] DAKS Hof 0o s . REdad iR 3
¥ obj.f (*args) E’Jﬁﬁi'&‘%ﬁ%?ﬁ&jﬂf (obj, *args) . klass.f (*args) HMAEA £ (*args)

RELE T LA A AL

HX BEXRIER BEXEAR

function - K% f(obj, *args) f(*args)
AT f(*args) f(*args)
Kk f(type(obj), *args)  f(cls, *args)

4.4 BERE

SRR M2 R, AMBUTAT e c. £ 8 C. £ %8 T8 object .__getattribute_ (c,
"£") B object._ getattribute_ (C, "f") FIk. IXFEIZREUH AT DA KT G 83 A gEA T A ] Y
ijil‘ﬁJ

B NS ERRIBEEART | A self A RI .
TﬁJﬁH, — gt E@@ﬂﬁﬁ@@#’l\%gﬁéﬂ}%%@%‘%ﬁo ﬁﬁ%ﬁ%@%&Tﬂ%?ﬁ%%ﬂEé@?i@ﬁ7 ¥

18, Wﬁﬁu,ﬁ\ﬁﬁ#fﬁﬁk%mﬂ BRI . B2, TR TRl S EAH S AEAAORE T $icHk 1 B 4
Biltn, erf ( ETQ}EWPE’J@%%%% 15#73%1&%%%%5@%&% AT PAMAT e i e
s.erf (1. 5) --> .9332 8 Sample.erf (1.5) —-—> .9332,

F T ST YRR [ 1 ISZ eR BB AT AR, DRI B8 o okl 2 o
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class E:
@staticmethod
def f(x):
return x * 10

>>> E.f(3)
30

>>> E().£(3)
30

AR IARS 4l Python BUAY staticmethod () QIR PR

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)

J

functools.update_wrapper () WEHMEM T — M8 FEREE) _ _wrapped_ B, BiRSHH]
1% 3B W EL I JE M DAGE I A e 28 R R 2 2 I iR 8 __name qualname , doc__ AN

annotations__ o

]

4.5 £FHE

g%ﬁ:&ﬁ%%ﬁ, K EAEVH R B2 | I UES B0 R el . T 2 gt 22, it
FAH[] -

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

>>> F.f(3)
('"e', 3)

>>> F () .£(3)
('"F', 3)

J

7R BB S5 LB SO T A7 e S B s e, AT AR . 2807 R —
M2 s MG R . BN, 28073k dict . fromkeys () MEESIFEAIE—SFr 74, 4l Python [
LI

class Dict (dict):
@classmethod
def fromkeys(cls, iterable, value=None) :
"Emulate dict_fromkeys () in Objects/dictobject.c"

d = cls()

for key in iterable:
dl[key] = value

return d

PAE AT DA A 38— 14— B it -
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>>> d = Dict.fromkeys ('abracadabra')

>>> type(d) is Dict

True

>>> d

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

i AR B iR g P, 4l Python JRAK) classmethod () WITF:

import functools

class ClassMethod:
"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)

ClassMethod W' Y functools.update_wrapper() WEWH MM T —4 3 1m T E H W
__wrapped__ JEPE. TIAS n) Rl AL MBI JE A DAGE AL AR B R R R R L R R __name_

_ _qualname doc__ PAM _ _annotations_ ,

)

4.6 REaYt&$n _ slots

B NFENLT __slots__, ERM—AEERKER slot (LALIRBHLHI 7. N PR AE, &
FEXFER :

1. Provides immediate detection of bugs due to misspelled attribute assignments. Only attribute names specified in
_ _slots__ areallowed:

class Vehicle:
__slots_ = ('id_number', 'make', 'model')

>>> auto = Vehicle ()
>>> guto.id_nubmer = 'VYE483814LOEX'
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
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>>> 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):

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 cor-
rectly:

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.

J

ZANE— B R4l Python ) __slots__ e AulfERY, PUNETFE AR C 25 It
GNAFEC. H2, AT AR — MR, oA slot )55 PR C 5H (A — D ALA 1
_slotvalues FIFAAMULL. XHXAAT G PR L5 SRS R R R A A 2L

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
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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)
obj._slotvalues|[self.offset] = null

def _ repr_ (self):
'Emulate member_repr () in Objects/descrobject.c'
return f'<Member {self.name!/r} of {self.clsname!/r}>"'

type. _new () JrABBT R B GIINEI A KL

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__ () JIEATTRIEEA slot MAELHIFHAYSLH] . PATF i&— 14l Python AL ISR -

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)

FE B SR E F XAMER , HFEA Object 7K IFKF metaclass 34 Type:
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class H(Object, metaclass=Type) :
'Instance variables stored in slots'

slot_names = ['x', 'y']
def _ init__ (self, x, vy):

self.x = x
self.y =y

X, metaclass EL222 x Fll y AR TR -

>>> from pprint import pp
>>> pp(dict (vars (H)))

{'__module_ ': ' _main_ ',
' _doc_ ': 'Instance variables stored in slots',
'slot_names': ['x', 'yv'l],
' _init_ '": <function H._ init__ at 0x7fb5d302f£9d0>,
'x': <Member 'x' of 'H'>,

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

SSHOINT, ENHEIE— I TAPBURIER s1ot_values FI:

>>> h = H(10, 20)
>>> vars (h)

{'_slotvalues': [10, 201}
>>> h.x = 55

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

FHRDFE BORMER BT e —

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

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