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FRZNV IR BfiS5 v, A7V 27 FOBEBMME, (#1E. HIBREIRZ<A XTEET,
AKHA FZ 420 KEH»SHEXNTOET,

1) B0 TAM) TRERDBNZ LT, Y IARBIRSLLTOMREFHPLTCVEET, LFR
ZVTRIZHMNDZDPUDTOHIEIILLFATVEEL & d,

2) 220HD® 7> a v TR ERTHERENZT AV FRZOY Y ILEMALET, BLTRAZ Y S XDHE
AREHFEL TVEDTHIUE, ZIHhOmAHDTHRVTL & I,

3) 3FEHDE > a Y XV ETNRF 2a— I TZAERBEL T, TRAZVTEZBEDEIBRRAH=ZXLT
BELTOV2D0EHNLET. ZLOANEIDOLLOBRIIAETL & 5,

4) Bkotryarvid, C TEIPNLHEARAADT A Y F X% Y27 Python TEET 3 HiE%
MALET, 2072 arypPeD X5 ICH-RNRMEXY v NIZZ& %D, classmethod() %
staticmethod(), property(),  slots. X WoZt—fRIRY — L DEENRYD LI THR->TWVWS

DB ZE R o 7e HFHA T E W,

1 AF9

CDOAFITIE, 722 X ERLE 250U, FILWERZ DT oMM L TVEET,

1.1 SOTNBH: ERERT TR TR

The Ten class is a descriptor whose __get__() method always returns the constant 10:

class Ten:
def __get__(self, obj, objtype=None):

return 10

ZDTFAIZY S RE[ESIEIMD Y S RAD T 5 AEHR LTRFLET:



class A:
x =25 # Regular class attridbute

Ten() # Descriptor instance

<
]

AVESI T4 Ty TarvikFoT, BEDBMNLY I 7y T, TAZVTRDNLY 77 v TDEVER
THEL I,

>>> a = AQ) # Make an instance of class 4
>>> a.x # Normal attridbute lookup

5

>>> a.y # Descriptor lookup

10

a.x BYLVY 77y TR Fy MERTHZ 7 AFHEDOTRS 'x': 5 Z2HOU % T, a.y vy 27y TR
Fyo MEEFIX __get__ XAV Y REROTRAIV TR VRAEXVARRELES, 20X Y v FERESHT
.10 ZIRLET,

10137 7 RDEEILDH, A VARV ADFHELZHNINTVWERA, ZORDD, 1013V F <2 FIZE
BXhFET,

ZOHYINE, SUTNRTRAZ) TIEBED XS ICHET 2 02HHT 27250 DT, EHMTIE
HHERA, EBERTEHE, @EOBLEY 72 ZADTHEWTL & 9,

ROt r>arTlE, KOEBRNZENZLY 77y TEERLET,

1.2 8IMRILYIT VS

BIZERERTID D, RICHPUHEEFTTEZFTAZY TEZOAFPEEHWVWTL & D,

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 attiridbute

AR 2T 47y aryTRELSIC, ZORKRBFWTY, FTITCICRLRIFEZITV. BEE N
HFrEhE T,

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

Directory('games')
(RDR=12Hi <)



(RIDR=I D5 DR E)

>>> 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 ©s automatically updated
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 BB EH

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.

ZDV Y TINVTIE age lI TV v VBT, _age 377 AR—VREBEWTT, X7V v IREERT 7&
2 ENBY, TARAZYTREINy 77 v IREHOu s hELET,

import logging
logging.basicConfig(level=logging.INFO)
class LoggedAgeAccess:

def __get__(self, obj, objtype=None):
value = obj._age
logging.info('Accessing /r giving /r', 'age', value)

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__()




AR T4 7y a YORRTRTO,RZ L5112, BHINWLBIED age D 71D THIE T,
D

BEDOEMD name Zu7H I ETA,

>>> 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 # 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 attridbute lookup isn't logged
'David D'
>>> dave.age # Only the managed attiribute is logged

INFO:root:Accessing 'age' giving 40
40

OV INVERIIRELRMERDD 5, 774 X— MRAFID __age 7’ LoggedAgeAccess 7 5 ADH
TA=Ra—=FENTVET, Z2DRdD, YDA YRAXYAb 1DLrZloa /I @S EnT. 4
HZZEETEEHA, ROV FILTIOMERERLTHEET,

1.4 BRIODHAREZIAX

TIAMTRAIZ Y FEE2HES L EIZ, Z7IRABFNREFNDTAZ Y FRIZED KD RERL /S 2 @AL
%9,

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:

import logging
logging.basicConfig(level=logging. INFO)
class LoggedAccess:
def __set_name__(self, owner, name):
self .public_name = name

self.private_name = '_' + name

(RDOR=T12HiL)




(RIDR=I D5 DR E)
def __get__(self, obj, objtype=None):
value = getattr(obj, self.private_name)
logging.info('Accessing /» giving /r', self.public_name, value)
return value

def __set__(self, obj, value):
logging.info('Updating /» 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

An interactive session shows that the Person class has called __set_name__() so that the field names

would be recorded. Here we call vars() to look up the descriptor without triggering it:

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

{'public_name': 'age', 'private_name': '_age'}

LT 7 2% name & age DMATRZEZHILE T,

>>> 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

2920 Person DA VAZXYRE, TI7AR—-PFMELPEELTOERA,

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

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




1.5 F&&

A descriptor is what we call any object that defines __get__(), __set__(), or __delete__Q).

Optionally, descriptors can have a __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.)

TARAZUVITREFEEMEDODLVY 77y T, Fy PEHAEFIR L THEH O X T,
vars (some_class) [descriptor_name] WO EXHIC Lo THBEMNICT AV TFEANT 7RI NS
E. TRIZVTREZFITTAHIERL, TRIVVTRDA VAR AWRINE T,

TRV TREZ FAZERE LTHH L FICRTIELET, A VARV RACRKELTHHIRIZDHD %
A,

FR72V TR, 7 IABHE LTHRNENTWE A7V bENE LY 77y PHICHEAET 2 2 L 2l
TEZXIC, Zv 723 e TEREFR—varvoTWVWET,

ERRNZE. MO LA Z S 25, Ay 727y PHRICRETZ2Z e 2L TCEELEL, A2 FRIT
ZFOBBRENIEIE, MRINTVWE T —XDBBBEICNATES LS5ICLET,

TRZ Y FRIE, Python DX EXFRhe ZATHHAINTVWES, Z4uckb, B 2B80% 4 VA&
RYAWHMENIZRAY v NIZ7& D £F, classmethod(), staticmethod(), property(), functools.
cached_property() EWo7zV—LdINT, TRAZY IR LTHEXNTVET,

2 RBENGRYTIL

ZOY Y INTIE, FEEPEDTHLWT — XBEA 72 RE T 2 DICHIHMEER, EERHTRAT 70y —
AEBALET,

21 NUTF—ROU 3R

NYF—RIEHENT BT 7 ADDD TR ) FRTE, 7—X 2N 21T, H L WEHRDE
BALTWVS 2, HOHMHRICESE L TWa22MAE L $3. & LHIRICEbRITII, fistzrtL, 7—
RPRIELIRREIC 22 DI E T,

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)
(RDR—T12Hi )




(RIDR=I D5 DR E)

def __set__(self, obj, value):
self.validate(value)

setattr(obj, self.private_name, value)

Q@abstractmethod
def validate(self, value):

pass

Custom validators need to inherit from Validator and must supply a validate () method to test various

restrictions as needed.

22 ARZLN)T—4H

IITR3DOEENAEANY T =2 a>DA—FT 1 VT 4 DY T VEfNMLET,
1) OneOf verifies that a value is one of a restricted set of options.

2) Number verifies that a value is either an int or float. Optionally, it verifies that a value is between

a given minimum or maximum.

3) String verifies that a value is a str. Optionally, it validates a given minimum or maximum length.

It can validate a user-defined predicate as well.

class OneOf (Validator):

def __init__(self, *optiomns):

self.options = set(options)

def validate(self, value):
if value not in self.options:

raise ValueError(f'Expected {value/r} to be one of {self.options/7}')

class Number(Validator):

def __init__(self, minvalue=None, maxvalue=None) :
self .minvalue = minvalue

self .maxvalue = maxvalue

def validate(self, value):
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}'
(RDR=D12Hi L)
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(RIDR=I D5 DR E)

class String(Validator):

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

self .predicate = predicate

def validate(self, value):
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(
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 EENBT7TVTr—3>

RDA—RIEEBDI 5 RATT—ZANY F—RE[ S HEDOY Y TILTT,

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

IHHEDFRIZY FRIZ, PIEA VAR Y ADMER SN DEFFXE 5,

>>> Component ('Widget', 'metal', 5) # Blocked: 'Widget' is mot 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):

(RDR—D1THE L)
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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 0O

>>> 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

3 NG Fa—~UTIL

NSRRI T AN TERDRA D= X LRHMEOFMICOVWT, KD T 7=k Fa—bUTIIKED
%9,

3.1 BIE

FRZYTFRDERK., TR braldodV— FTRZYFEBLEDLSCHURHEEIN22DHH,. OR ~v v
NR=DREDESCEET 2008 FTILRIERLET,

FRZYFRIZOWTERNZLIZED, LWy —ilty b Z 2 K51 2721 T#4 <., Python OftfH
AIZOWTD X D IFEWEENMESNFE T,

3.2 ERCEA

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.

BT 722077 40 b DIRZENZ, ATV 27 P OFHEDOBEEORUR, BE. HIFRTT, 21 a.x 1.
¥3 a.__dict__['x']. b type(a).__dict__['x']. EHIT type(a) DX Y v REERIEFITHE -
TEORIZERANCHEBHLE T, ROoboflinl, 7RIV TEXY Yy FOWThLEZERLTVWEA TS x
7 %5, Python i3ZD7T 7 4V FOIRZ W E A —N=F4 FL, RODIZTRAIZVTEZRAY v REREY
HLUET, 2O EDOEBEIFEMTITDONEZ DI, EDTRIZY FEZRXY v RAERIN TV E0ITKD £7,

Descriptors are a powerful, general purpose protocol. They are the mechanism behind properties, meth-
ods, 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.

11




3.3 7R20727O0K30

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

INTETTT, ZhEDRAY Yy FOWThLEERTIUE, A 7927 NIT RV TR ARIN, BR
ENEBEOT 7V NORBBVWEF—N—F 4 RTEZ T,

If an object defines __set__() or __delete__(), it is 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).

T—=RTAIVTREFET—RTRAI V) TRTE ==L FPA VARV ZADFEDTY MV IBILT
POEICHEINZPBREEDET, A VARV ADHEIL, T—XF A2V FRFEZLDOEEBH UL,
F—RTFRAIV T ROFPELEINE T, {1 VARV RADEEIZ, IET—R TRV X RIGOHEERHN
X, HEOHBHOAPERINE T,

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 TRV TZHVUHLOBIE

desc.__get__(obj) X desc.__get__(None, cls) 2ffi5 ¢ TRV FXZBEHZEFUOHT I B TEET,
LoL, BE7 7 ADOBICHBINICFECHI NS DM, — BB TR 7V FXROMEUH LGETT,

The expression obj.x looks up the attribute x in the chain of namespaces for obj. If the search finds a
descriptor outside of the instance __dict__, its __get__() method is invoked according to the precedence

rules listed below.

MLV L OFERINE, obj D34 TP =2 b T 5 AD, super DA VARV ADPITHKD F5,

35 AVRAVADSDOEVEHL

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.
a.x WNTBTRIVTEBEOP oG, desc.__get__(a, type(a)) WO B THFHEINET,

Fy MZ&kBLv 27y 7DuY vy 713 object.__getattribute__() OHFTIThbNE3, ¥a27 Python
TRULFMABZa Y v 73RO T,
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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 wvariable

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 wvariable

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__() whenever __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 VS XADS5DFUHL

The logic for a dotted lookup such as A.x is in type.__getattribute__(). The steps are similar to those
for object.__getattribute__() but the instance dictionary lookup is replaced by a search through the

class’s method resolution order.
a.x WNTBTRIVTEBAOP o755, desc.__get__(None, A) EWHEKXTHUIHEINET,

5ER7% C TOHEEX Objects/typeobject.c DH D c:func: ltype_getattro & _PyType_Lookup() ZZEL T
13
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&N,

3.7 super S DIFEVH L

The logic for super’s dotted lookup is in the __getattribute__() method for object returned by

super ().

super(A, obj) . m DEXSRFy b 2oy 77 v FiX obj.__class__.__mro__ ZHEL T, A DE
D7 7ABEEITHL, B.__dict__['m'].__get__(obj, A) ZRLET, bLTRZ Y FXTiRFII
mZEEETIGRLET,

FEg7% C TOEEIL Objects/typeobject.c DD super_getattro() ML TL 72X W, #i#k7 Python
TOMFFR a— FiX Guido’s Tutorial ZZH L TL 72X\,

3.8 BFUHELOY Yy IDELD
The mechanism for descriptors is embedded in the __getattribute__() methods for object, type, and
super ().
A THBLIREERRFR:
o Descriptors are invoked by the __getattribute__() method.
o 7 RZT DML object . type . super() 2 HMMET B

e Overriding __getattribute__() prevents automatic descriptor calls because all the descriptor

logic is in that method.

e object.__getattribute__() and type.__getattribute__() make different calls to __get__Q.
The first includes the instance and may include the class. The second puts in None for the instance

and always includes the class.
o T=RFAZVTREF, BFTA VARV AFERF—N=F4 FT 5

o ETF—XTFTRAIVTRIZF, A VAR VAFHEIIF—N=F4 RENDZ DD

3.9 BFNDOAFIDIEE

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.

FEDFMNE Objects /typeobject.c DD type_new() ¥ set_names() 2#ZBHRL TL 72X\,
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Since the update logic is in 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 o> 7L
UTOa—F ik, #7927 MR~y B Y7 RRETIDICT—XT 4 A7V TFREHS FiEER L,
Bl X =BT,

BEARWNZREZFHZ. T—2NBDOT —EZRXR=RIRFT S Z 2T, Python £ Y XXV RE, T —&R—
ADT —=TAANDF—DAERFELET, TRIZVTZPILy 77y PREHEZLET,

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 /=7 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.keyl)

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' # 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

ETAEFEHTICEET T —E2R—AER L 3

>>> import sqlite3

>>> conn = sqlite3.connect('entertainment.db')
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RDAVRTIT 4Ty ayTRE T—ERXN=—ADLDT7T—ZDOHIG . BHHTEZRLTVWET,

>>> 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 a7 Python OZ(MisReE
Zo7a raVFBEMTTRS, VU TAAHEEDMOTVEST, 22— —2DHIZE, HF DI

KO THAAAIZBMEINZDHDET, 74, HEDAYV v R, BXY v R, 77XV v R,
~ slots . £ TFRZYTRTa b aricEonT0nET,

4.1 7ONT+

property() ZMUHT I T, BEAT 7 X T2 LBEBOMUIHLEZIIZRIT. T—2TRAIV &%
RICHALTOENE T, 72 F ¥ ETHTT:

[property(fget=None, fset=None, fdel=None, doc=None) -> property

CORFaxXy TR BHINWENE x 2ERT I REHEZRLET:

class C:
def getx(self): return self._
def setx(self, value): self._
def delx(self): del self.__x
x = property(getx, setx, delx, "I'm the 'x' property.")

X
_x = value

To see how property() is implemented in terms of the descriptor protocol, here is a pure Python

equivalent:

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 Nomne:

(RDR—DIHE<)
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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 Nonme:
return self
if self.fget is None:
raise AttributeError(f"property '{self._name}' has no getter")

return self.fget(obj)

def __set__(self, obj, value):
if self.fset is Nonme:
raise AttributeError(f"property '{self._name/}' has no setter")

self.fset(obj, value)

def __delete__(self, obj):
if self.fdel is Nonme:
raise AttributeError(f'"property '{self._name}' has no deleter")
self .fdel(obj)

def getter(self, fget):
prop = type(self) (fget, self.fset, self.fdel, self.__doc__)
prop._name = self._name

return prop

def setter(self, fset):
prop = type(self) (self.fget, fset, self.fdel, self._ _doc__)
prop._name = self._name

return prop

def deleter(self, fdel):
prop = type(self) (self.fget, self.fset, fdel, self._ _doc__)
prop._name = self._name

return prop

HAAAD property () BIBIE, 2 —F A Y R—T 2 =X NDEMT7 7 ARG 2 5N, HlEENAY v
FONAZRERT 2 & I H E T,

HlziE, A7y R —1F 275 2H, Cell('bl10') .value TEADHEERBETEZ L LET, i HRIZK
D, 707507 7 ADEBICVOBEHAELT LI EZERLE L, LrLTur o=k, ZoEMHIC
B 7 7 RAT2HEDIF7A4 7 ba—RICEELEZ - HY A, ZORIRKIX. property 7 —&
TR TRNMEREAND T 72 R% T T T5ILTT:

class Cell:

(RD<—12Hi <)
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@property
def value(self):
"Recalculate the cell before returning value"
self.recalc()

return self._value

Either the built-in property() or our Property() equivalent would work in this example.

4.2 B AV YR
Python OA4 7Y = 7 MEAKEEIX, BIBUCH S CIRED LITHEEINTVETS, TR TR 7V T &%
ffoT, 2D 22FY— AL RZHAGDENTVET,

7o AFFEITHIN S N -BENE. EAITRRIC A Y v RIZEREINE T, XV y FEEEOBEIEA 727 b
A VAR ADPMEOFIE LD BRNCEINZ ST RLD 3, BETIEA VARV R self ¥\ 540
DL FE TH, this PHOERABHEZ T,

AV v FiE, ZERDa— K e [A%% types.MethodType Z#{H X XFEITENE 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)

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)

RDY 5 RA%A 2T 2E_ET L, ZOBBTRAZY TRPEFCE S B rERoNET:

class D:
def f(self, x):
(RDR=V ki)
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return x J

ZOBBUEA Y R ART Y a Y EYIR— T 27%DIT qualified name HFEF o TWET,

>>> D.f.__qualname__
'D.f!'

Accessing the function through the class dictionary does not invoke __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>

The interesting behavior occurs during dotted access from an instance. The dotted lookup calls

__get__() which returns a bound method object:

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

PERClE. XY v FIZA VP F VOB miEX /- VARV R BRI L TVE T,

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

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

HL., BEDAY Y FD self . ZF7RARAXAV Y FD cls DI HRZDEMICBE > TR AP VB LT
b, IO ZDEZITRKRD ET !

4.3 XV FOEE

FETF—RTRZVTRE, BEEEXY vy RICHET 5, SOk X — 0z, Bl et 3,

To recap, functions have a __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 f (obj, *args). Calling

cls.f (*xargs) becomes f (*args).

ZDF v — M, FHEr., 202 00BR3EMNEEEET LD TVET:
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it A7V b SHVHEINE ISZADSHUHIND

3R f(obj, *args) f(*args)
FRIIX Y v K f(*args) f(*args)
75 ARXY v F  f(type(obj), *args) f(cls, *args)

4.4 BHIXY YR

FRIR Y v RiZ, TCH 2B Z2DEFEIRLET, c.f  C.f II. object.__getattribute__(c, "f")
X object.__getattribute__(C, "f") X EHHERITIDLHULTI, MR LT, B#IA 7 =7 b
IIAPBRELEICTI7EATEZT,

BX Yy FIZT2 2 BVODIE, self ZEADBBER WX Y v FTT,

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) --> .9332 or Sample.erf(1.5) --> .9332.

B Y v FIINCH 2B ZDEHETOT, MEHLOANIHEAL HD £HA:

class E:
@staticmethod
def f(x):

return x * 10

>>> E.f(3)
30

>>> EQ).£(3)
30

JEF—EF2 7Y TFExTa barEfi> . pure Python D staticmethod() I FD X 512k bh %3

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

(RDR—DIHE<)
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def __call__(self, *xargs, **kwds):

return self.f(xargs, **kwds)

The functools.update_wrapper() call adds a __wrapped__ attribute that refers to the underlying
function. Also it carries forward the attributes necessary to make the wrapper look like the wrapped

function: __name__, __qualname__, __doc__, and __annotations__.

4.5 VS5AXY v R

YA Y v FEREST, 77 AX Yy FEEBENCHTENICY 2 AZR2518V X FOBICA %5,
ZD7xr—<v MEI, MOHLILAA 7Y 27 P THZ FRATHRELTT:

class F:
Qclassmethod
def f(cls, x):

return cls.__name__, X

>>> F.£(3)
('F', 3)

>>> F().£(3)
('F', 3)

OB ENIE, BRI SABMDAEREL L, FHEDA Y AR Y AR FENT T = ZITKIF L7
FREMTT, 77 ZAXY Y FOEWT D=2, RODVDIZFRav A7 7 2% 28T, BIZIE,
7 ZAXY v K dict.fromkeys ) EHLWEFHEZ X -0V X b2 SAERKRL 3, Fli7z pure Python fiRi3:

class Dict(dict):

@classmethod

def fromkeys(cls, iterable, value=None):
"Emulate dict_fromkeys() in Objects/dictobject.c"
d = c1ls(Q
for key in iterable:

d[key] = value

return d

INT—RBRXF—Z2ROMLVHEILTO L S ITHKTE £

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

True

>>> d

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

FEF—F2R7VTFE2Ta barkfiorz, classmethod() @ pure Python fRIFZD L 5I1THD F3:

import functools

(RDR=V1ki <)
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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)

if hasattr(type(self.f), '__get__'):
# This code path was added in Python 3.9
# and was deprecated in Python 3.11.
return self.f.__get__(cls, cls)

return MethodType(self.f, cls)

The code path for hasattr(type(self.f), '__get__') was added in Python 3.9 and makes it possible
for classmethod() to support chained decorators. For example, a classmethod and property could be

chained together. In Python 3.11, this functionality was deprecated.

class G:
Q@classmethod
Q@property
def __doc__(cls):

return f'A doc for {cls.__name__/7}'

>>> G.__doc__
"A doc for 'G'"

ClassMethod @ functools.update_wrapper () DOFEH LI, RIEICH 2 B2 23 % __wrapped__
EBHEZEBMLET, $h. Fv =207y FINBED I SICRZ2 X5, RELZEEZEMNML 35

__name__ . __qualname__ . __doc__ . __annotations__,

4.6 AN—FT Uk __slots___

75 AN __slots__ BEBRT R, A VAXVADFHENETEDO R0y FOEOES B &z 50 F
FTo 2=V —DHBENPSAD L, W ORDOERDD FT,

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):
(RDR=V1ki <)
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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 attridbute
self._name = name # Store to private attridbute
@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):

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. Tmproves 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__ = Q) # Eliminates the instance dict

(RDR—=V ki)
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(RIDR=I D5 DR E)
@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.

__slots__ WX CHERICEE 7 7R L, A7V 27 bOXEVHEREHIET 2L0ERH 2720, a7
Python N"—=2 a Y E2ER T2 22X TEFEHA, L2L, 774 X—=1+D __slotvalues VA M &ffioTC
MEEOZ Ty P RIKIFRRICTI 2L -T2 2@ TEET, ZOT 74 R— FRBEEREANDOFHAE EIZ
AYN=DTRAZ ) TR > TEREINET,

null = object()
class Member:

def __init__(self, name, clsname, offset):
'"Emulate PyMemberDef in Include/structmember.h'
# Also see descr_mew() 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 Nonme:
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)

obj._slotvalues[self.offset] = null

def __repr__(self):
'Emulate member_repr() in Objects/descrobject.c'

return f'<Member {self.name/7r} of {self.clsname/7/>'

24



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.__mnew__() XYV v FI3A Y ARV AFEDRDDICRAB Y F2HFOA VAR ZOEROUHEZ L
T3, BEXoEICY 27 Python TOY I 2l —yaryLza—FRZb5TT,

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__/!7} object has no attribute {name/7}'
)

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__/7} 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'

slot_names = ['x', 'y']

(RDR=V ki)
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def __init__(self, x, y):
self.x = x

self.y = y

CORFETIIXR IS5 RE 2 8 yDRAYANA—F TV b0 —FLET,

>>> from pprint import pp
>>> pp(dict(vars(H)))
{ 1

'__doc__': 'Instance variables stored in slots',

module__': '__main__"',

'slot_names': ['x', 'y'l,

'__init__': <function H.__init__ at 0x7fb5d302£9d0>,

'x': <Member 'x' of 'H'>,

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

AVRARYADPMEREND . B XN S slot_values DY A M2 A VARV ADRERFLET:

>>> h = H(10, 20)

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

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

ARV AR, K74 Y ORMIEIFNZER L 9,

>>> h.xz

Traceback (most recent call last):

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