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3) 3F/BEHDE 7Y a Y@ EVBEIINARF2— I TAZBEUT, TRAZVFEBRED LI BRAH=ZXLT
BELTOV2D00 2N LET. ZLOAEIDOLNLOBRIIAETL & 5,

4) BHEOE 7> a ik, C THEIPALHAAADT A7) TR %Y 27 Python TEBT 3 HiE%
HMNALET, 207> aryDBEO X5 BB HRMEXY v P25 DD, classmethod() %
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DR ZHF 5 T2 HFEATL 12X W,

1 AFS

CDOAFITIE, 722 XERWLE ZH50 ML, FILWERZ DT OMNLTVEET,

1.1 SO TNBH: ERERTTRI) 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 IS RE[ESIEIMD Y 2D 7 5 AEH LTREFLETS:



class A:
x =5 # Regular class attribute

Ten() # Descriptor instance

<
]

AVERIIT 4Ty yariEFoT, @BEDBHNLY I T v T, TAIZVISRDONLY 77 v TDEVER
TAEL &S,

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

5

>>> a.y # Descriptor lookup

10

a.x BMLY 277y I TREF Y MERTHY 7 AFFEDOHDS 'x': B 2RO E T, a.y by 77y TR
Fy MEEFIX __get__ XAV Y RZFROTRAIV TR VAR VARG LES, £2DOXY v FERREUOHET
¥, 10 ZIRLE T,

10137 7 RDEFEICDH, 4/ VARV ADFEIIHEMINTVERA, ZOMRDD, 10 34T~ FIZk
gxhE9,

O INE, SUTABRTRAZ Y FEBED LS ICEHHET 30T A0 DTTH, ERHKTIE
HHERA, EBERTHEE, BEOBEY Z72ADITHEVWTL & 5,

RDET > arTlk, EOERNZEN LY 27y T2ERL F T,
1.2 BRIy T7v S

HICERZRT IO &, RICHPLHEZFEITT L7277V FROVHEEANVTL £ 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 attribute

J

AVRI T4 Ty aryTREEDIC, ZOBERIHNTYT, EITITIKBRZFEEITV., HOE N
HHXNE T,



>>> 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 %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.

ZOH Y TNTHE age 1387V v VREMHT, _age 3774 X—= b RBEWUETT, TV v IREWERT 71
AEqNB e, TRZVT RNy 77y IREHOu M IE LET,

import logging

logging.basicConfig(level=logging.INFQ)

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
(KDR=V1ZHiL)




def __init__(self, name, age):

self.name = name

self.age = age

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

(RIDR=I D5 DR E)

# Regular instance attribute

# Calls __set__()

# Calls both __get__ () and __set__()

AVRI T4 Ty aOBRTRTOrNS K512, BHEANZEWLD age D HNDTHILE TH,

BEEOBMD name 37 HBHEINEHA,

>>> mary = Person('Mary M', 30)
INFO:root:Updating 'age' to 30
>>> dave = Person('David D', 40)

INFO:root:Updating 'age' to 40

>>> vars (mary)

{'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
40

age

giving 40

# The initial age update s logged

# The actual data s in a private attridbute

# Access the data and log the lookup

# Updates are logged as well

# Regular attridbute lookup isn't logged

# Only the managed attribute s logged

OV INVEERZIRELBERD D £F, I A4 RX— MRAFD _age B LoggedAgeAccess 7 5 ADH
TA—Fa—FINTVET, ZOLD, ¥OAL Y RAYRb 1DLhrZons7Hixnz@Er»End. &
MEEHETEFE A, ROV Y I TZOMERRIEL TVEET,




1.4 BRIDHRAEZIAX

TIRAMTRAZ ) FREMFED LB, 7T ARENFNDTRAI Y TRIZED &S BERGEFES R @Ml
%73,

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

def __get__(self, obj, objtype=None):
value = getattr(obj, self.private_name)
logging.info('Accessing /r giving /7', 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

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'])

(RDR=D12Hi L)




(RiDR=T 226 DfE X))
{'public_name': 'name', 'private_name': '_name'}
>>> vars(vars(Person) ['age'])

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

LT 7 213 name & age DMATRZZHILET,

>>> 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

20D Person DA VARV AE, TIAR— P A LPMEBLTVWERA,

>>> vars(pete)

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

{'_name': 'Catherine C', '_age': 20}
15 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.)

TARAZUVITREFEEMEDOLVY 77y T, Fy PEHAEFIR I THEH N X T,
vars (some_class) [descriptor_name] WO EXHIC Lo THBEWNICT AV TFEANT 7 RENS
E. TRIZVTREFITTAHIERL, TRVVTRDA VAR AWRINET,

TRV TRE FAZERE UTHH L SR TIELET, A VARV RACRKELTHHIRIZDHD %
A,

FR72VTRIE, 7R LTHRNENTWE A7V bEE LY 77y PHICHEAET 2 2 L il
TEZXIT, 7o 7233 e TEREFR—varvRoTWVWET,

ERNCE. MO LD Z S A0, vy 727y PHRICRETZ2Z e 2L TCEELEL, A2 Y FRIT
ZOEBREYWIEXH, MRINTVWEF— ZHPMEICNATES XS CLET,

TRZ Y FRIZ, Python DX EXFRE ZATHHAINTVWES, Z4uckb, BER2BH0% 4 A&
RYAWHMENIZRAY v NIZ7& D ¥£7F, classmethod(), staticmethod(), property(), functools.
cached_property() ¥Wo72Y—LdFTRT, TAZ VSR LTEEINTVET,




2 ERNEBTTIL

ZOY Y INTIE, BRAPED THELWT —XWHEANZRET 2 DIICHHTEER, FHEINTRY 717y —
LEBALE T,

21 NUF—20U3 X

NY F=RIERENTENET VR ADDDT A Y FRTE, 7= X 2T 21T, H LW EHRDE
AL TWS 2, HOHMARPRISES L TWa2ZMAEL 9, b LHRICEDRTIUI, fiIstzxRtHL, 7—
RPN RIERIRREIC R 2 D 2P E %5,

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)

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

setattr(obj, self.private_name, value)

@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 hRAZLNIVT—R
CITRE3DOEENBAY T =2 arDa—T 4 V)T 4 DY TAEHNLET,
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.



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

class OneOf (Validator):

def __init__(self, *options):

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/7}'
)
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, 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}'

(RDR=V1Hi <)
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(RIDR=I D5 DR E)
)
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}'

23 RBENBT7TUIr—>3ay

RDA—RRFERDY A TT—ZANYF—=R2ES TTIEDY > TVTT,

class Component:

name = String(minsize=3, maxsize=10, predicate=str.isupper)

kind

One0f ('wood', 'metal', 'plastic')

quantity = Number (minvalue=0)

def __init__(self, name, kind, quantity):
self .name = name

self.kind kind

self.quantity = quantity

IHBEDFRIZ Y SR, RIEA VAR APMEREIN DR EE T,

>>> 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):

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

>>> Component ('WIDGET', 'metal', -5) # Blocked: -5 is megative

Traceback (most recent call last):

ValueError: Expected -5 to be at least 0

(RDR=12Hi L)
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(RIDR=I D5 DR E)
>>> 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 R Fa—FUTIL

INDBIHIEZTRAZ Y T RDA =X LRHEOFMIOVWT, ED T 7= ANk Fa—bYTMITHED
\i‘j—o

3.1 BIE

FRZVTRDEFR., 702 rarlod<vl)— TRZYTEZRED IS TMHIHEINZ 2D, OR v v
NR=DBEDESCEET 2009 FTLRIERLET,

FRZYTRIZOWTERNZLIZED, HILWY —ty FMEZ 2 X 51283717 THk <., Python O
AIZDOWTD 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 72 ZADT 7 4L OB E N, ATV 2 FOFEDOBEOIE. BE. HIFRTT, FlZIX a.x 13,
F3 a.__dict__['x']. Zad 5 type(a).__dict__['x']. X 5HIT type(a) DXV v FERIEFICHE -
F2EORDZEBALHBHLFE T, AODoED. TRAIZVTEZRXYy FOWTHILEERLTVEI ATV
7 175, Python Z3ZFDF 7 4L FDIRZ\ENEF—N—F 4 FL, RODIKTFRZVTFEXXY v FERY
HUET, 2B OEBEIEN TITHha2iE, EOT ATV TRV v RPERINTVENITKD 3,

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.

33 7270727030
descr.__get__(self, obj, type=None)
descr.__set__(self, obj, value)
descr.__delete__(self, obj)

INTETTT, TNHEDXY vy ROWTALEZERTNUI, A7 =27 VETRIZ Y IR ARIN, FE
ENZBOT 7 3V N DIRZ T NEF —N—F 4 FTEET,

12




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).

F—=RFAZVTREIET =R TRV TRTIE, A—N=F 4 FPA VAR ADFEDTY VI LT
YDOEICHEZINEZPRELDE T, A VARV ADHEIZ, T—XF A7V 7R ELDEEB DL,
F—RFRIZVTRDOTPEREINET, / VARV RADHEIC, EF—ZFR 27V IR e RILOEER DN
X, HEEOHBOAPEREINE 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 7ROV TZEVEH LOBE
desc.__get__(obj) % desc.__get__(None, cls) #ffi5 7R V) F X ZEHZEFUIHT I B TEET,
LU, BHEY 7 2DOBICHEMFECHIN 200, —KNZTA7 ) 7ZOMUTHLUAETT,

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.

MEOH L OFFME, obj B34 T 27 My T A M, super DA Y ARV APITHKD £3,

3.6 ARV ADSDFUHL

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 WNTBTRIVTEBROD-75E, desc.__get__(a, type(a)) WO THFHEINE T,

Fy MTXkBLy 27y 7OuYy 7 object.__getattribute__() OHFTITbh 3, ¥ 27 Python
TRLEFMErS v 7i1ZRDM@ED T,

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)

(RDR—DIHE<)
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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) # nmon—-data descriptor
if cls_var is not null:
return cls_var # class wvartable

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 7S AL 5DOMHTUHL

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 KWNTBTRIVTEBPAOM o755, desc.__get__(None, A) EWHBKTHUIHINE T,

5E2% C TOFEEIX Objects/typeobject.c DHD:c:func: type_getattro ¥ _PyType_Lookup() ZHHRL T
(AR-JAN

14



https://github.com/python/cpython/tree/3.13/Objects/typeobject.c

3.7 super S5DIFEVH L

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

super ().

super (A, obj) . m DEXIBR Ry b 2ozl y 77 v 7i& obj.__class__.__mro__ ZHEL T, A DE
MDA BEEFITHL, B.__dict__['m'].__get__(obj, A) ZRLET, bLTRZ VY FXThRIFIII
m %ggﬁf&:ﬁbij—o

5ER7% C TOFEEEIX Objects/typeobject.c DHD super_getattro() S L TL 72X W\, #liF72 Python
TOR%EX 32— Rl Guido’s Tutorial 2SR L TL X W,
3.8 FUyH LAY IDFED

The mechanism for descriptors is embedded in the __getattribute__() methods for object, type, and

super ().

BRATBIREFERERAL:
e Descriptors are invoked by the __getattribute__() method.
o 7RI TOMNME%E object | type . super() »HMET 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=RTRIVTREF, BFA VARV AFEREA—N=F4 FT 5

o T —RTFTRIZVTRIF, A VAR VAT —N=F 4 FENZZ2DH D

3.9 BEFNDOAFIDIEE

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.
FIEDFMIX Objects/typeobject.c DH®D type_new() & set_names() ZHML T ZX W,

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.

15
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3.10 ORM o> )L

UPFoa—FE A7y =27 kv v B 7 2RET 2O T KT 4 A7V T X255k R LT,
LSBT I,

HARMREZTE, T —2PNED T — X R— AR ET S Z 8 TT, Python £ Y AX Y RIE, T —&R—
ADT—TINADF—DAERFELET, TRZVTZBILY 77 v IREHELET,

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.key]).fetchone() [0]

def __set__(self, obj, value):
conn.execute(self.store, [value, obj.key]l)

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

ETVEGEMAT BT T T —ZR-RITHEH L £
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https://en.wikipedia.org/wiki/Object%E2%80%93relational_mapping
https://en.wikipedia.org/wiki/Database_model

>>> import sqlite3

>>> conn = sqlite3.connect('entertainment.db')

RDAYRFT T 47y aryTlEd T—ERX=—ZAn6DT—XDOEGFE, EHAEEZRLTVET,

>>> 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 OZMisReE

Zo7a VBT TRS, VU TAAREDMOTVET, 22— —XDHIZE, HF DI
HROTHAAARGEMENTZ3DB DD ET, a7 4, FEOXY v R, BHIXY v R, 772XV v F,
~ slots WX £ TFRZVUTSRTa b ariZEonTnETS,

4.1 7ONT+

property() ZMUOHT T, BEAT 7R T2 LBBONPUEH L2 ZRZT, 77— TRV S &%
HRICHAITONE T, 72 F ¥ IETS5TT:

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

CORFaxXy TR BHIWENE x 2ERT SN LEHEZRLET:

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.")

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"
(RDR=V ki)
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def

def

def

def

def

def

def

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 Nome:

doc = fget. _doc

self. _doc__ = doc

__set_name__(self, owner, name):

self. name = name

__get__(self, obj, objtype=None):
if obj is None:

return self
if self.fget is None:

raise AttributeError

return self.fget(obj)

__set__(self, obj, value):
if self.fset is Nonme:
raise AttributeError

self .fset(obj, value)

__delete__(self, obj):
if self.fdel is None:
raise AttributeError

self.fdel(obj)

getter(self, fget):

return type(self) (fget, self.fset, self.fdel, self.__doc_

setter(self, fset):

return type(self) (self.fget, fset, self.fdel, self.__doc_

deleter(self, fdel):

return type(self) (self.fget, self.fset, fdel, self._ _doc_

)

D)

)

(RIDR=I D5 DR E)

FHAIAAD property () BEII, 2=V A P X—T 2 —ZANDEWET 7 ADBEZ b, FEEPRAY v

FONMAZERT B & ZITRILE T,

BlIZIE, ALy F¥—F 25223, Cell('b10') .value THEADMHEZEETEZ L LET, H{HBICX
D, TaZS a7 7 RADEBICELOFHFAELZ TR 2ERLELE, Ll r <3, 2oEhic
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BEi%7 7 RAT2HHEDII7A4 7 ba—RIHELEZ2 - DY FHA, ZOMRRKIX, property 7 —X&K
FR2) FENMERBEAND T 72 %25y 53 TT:

class Cell:

Q@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 AE XYY R

Python OA 7Y = 7 MEAFREX, BIBUCH SO REDO LICEERIhTVES, IET—XTR7 YV TFX%
HoT, ZD22F Y —ALLRIHAEDLEINTVET,

7T AFEE TN S N -BIENE. TR A YV v RIZEBEINE T, XV y FEEEOBBIZA 7227 b
A VAR ADPMMBOFI LD BANCEINZ R TDPERLED T, BETIEA VARV RIT self 2\ 5401
PEHLIE T, this RPHMOBEELHHEZ T,

XY v R, EERDa— R e [HE%7% types.MethodType % L IXFETENE T,

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

def __init__(self, func, obj):
self. func _ = func

self.__self_ _ = obj

def __call__(self, xargs, **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"

(RDR=V1Hi <)
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(RIDR=I D5 DR E)

return getattr(self.__func__, name)

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

return self

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)

RDZ 5 RA%A R T) 2ERET L, ZOBBT A2V TRPEFCE S B reRONTT:

class D:
def f(self):

return self

class D2:

pass

ZOBIEA v brRART Y a Y EYR—- T 57291 qualified name dFo 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>
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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>>

PERClE. XY v FIZA VP F L OB REX /2 VARV R BRI L TVE T,

>>> d.f._ _func__

<function D.f at 0x00C45070>

>>> d.f. _self _

<__main__.D object at 0x00B18C90>

HL. BHEDOAY Y FD self . ZFAXY v FD cls BEIHBHEKZDEEMICE>TWBEABVWE L LT
b, TN ZEDEZICKRDET !

4.3 XYvw RDEE

ETF—R TRV TRE BEEXY Y RICHET 5, SO X — iz, Bl rigft L £9,

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 (*xargs).

ZDFr— ME, HEL, 20 200RRAFENLEEERELDTVWET:

i A7V M SRUEEND IFADSRUEHEIND
ESp24 f(obj, *args) f(*args)

BIX Y v f(*args) f(*args)

75 ARXY v ¥ f(type(obj), *args) f(cls, *args)

4.4 BHIXY YR

FIX Y v RiZ, TICH2BEZDFEFIRLET, c.f  C.f IX, object.__getattribute__(c, "f")
X° object.__getattribute__(C, "f") ZEHHEEITLZ2DLHLTI, MR LT, BEEIA 7Yz b
TIAMBREL LT I EATEZT,

FHIA Y v FIZT 2 L RVDIZ, self ZHAOZMER IV 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
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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.

XY v FIZ N H 2B 20 FFETDT, WEHLOFNIHHL HD FHA:

class E:
@staticmethod
def f(x):

return x * 10

>>> E.£(3)
30

>>> EQ) .£(3)
30

JEF—EF2 7YV FxTa barzES e, pure Python D staticmethod() ELARD XSk ¥

import functools

class StaticMethod:

"Emulate PyStaticMethod_Type() in Objects/funcobject.c"

def __init__(self, f):
self.f = f
functools.update_wrapper(self, f)

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

return self.f

def __call__(self, *args, **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__.

45 VS AXY YR

XY v FEI3E- T, 77 AXY y FREEZEWCHTENC Y 72 ABM 25180 R b DOEBICMA £,
CD74—=v ME MOHLITEA T 227 P TH 7 7 ATHRLTT:

class F:
@classmethod
def f(cls, x):

return cls. name , X
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>>> F.f(3)

('F', 3)
>>> F(O .£(3)
('F', 3)

COIRDFENZ, BIBN T FAZMOAZREL L, FFEDA Y AR Y RIREF SN T — XITKFEL RV
XWZEMTT, 7F7AXY v ROEWHFO—2F, KOO DIZIFRav A7 X %E5Z8 TS, BRI,
7 ARXY v K dict.fromkeys ) EHLWHELZF—D VY X b SERL F5, FfiZe pure Python ki

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

return d

INT—RBRIF—ZROMLOHEILTO L S ITHKTE £

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

>>> d

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

JEF—EF2 7Y TR barEfiol, classmethod() @ pure Python RIZZD & 5127 b £

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=Nomne):
if cls is None:

cls = type(obj)

return MethodType(self.f, cls)

ClassMethod @ functools.update_wrapper () DOFFNH LI, RIEICH 2 B2 23 % __wrapped__
BHZEMLET, £ Fv =207y TEINLEBO LSRR S L5, BEREEZEML 3
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__nhame__ . __qualname__ . __doc__ . __annotations__

4.6 XN—FTTxU k¥t __slots__

75 AN __slots__ BERTI L. A VARV ADHEINEE@ED ATy OEOEY » BEz o E
T, 2—HF—DHBENPSLAZ L, W OhDEEHD T3,

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 atiridbute
self._name = name # Store to private attridbute
Q@property # Read-only descriptor

def dept(self):

return self._dept

Q@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):

(RDR=V1Hi <)
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(RIDR=I D5 DR E)
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__ = QO # Eliminates the instance dict
Q@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(Q) .pi

Traceback (most recent call last):

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

__slots__ Z CHERICEE Y 72A L, A7V 27 bOXEVHEREZHIHT 2HENH 2720, a7
Python N— a U EER T2 I I3 TEEHA, LML, 7734 X—1+D __slotvalues VA M ZfioTC
WERD2Zr Yy PRIFIFEFICZI 2L — T332 TEET, 2OT 74 R— P REEEEANDOH AT X1
AYN=DTRAZ Y TR > TEHINET,

null = object()
class Member:
def __init__(self, name, clsname, offset):

'"Emulate PyMemberDef in Include/structmember.h'’

# Also see descr_new() in Objects/descrobject.c

(KDR=V1ZHiEL)
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(RIDR=I D5 DR E)
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)

obj._slotvalues[self.offset] = null

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

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

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__() XYV v FIEA YRRV AFHEDORDODIZAB Y F2HFDOA VAKX Y ZAOEROUEZ L
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5, BBX oY 27 Python TOY I al—YayLiza—RBI556 T,

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

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']
def __init__(self, x, y):

self.x = x

self.y =y

CORRTIEARI IR 2 8 y DAYN=FTI 27 b —FLET,
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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 0x7fb5d302f9d0>,

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

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

A VAR ADMEREN B 2, BRI XN S slot_values DY R M2 A VARV AL 9

>>> h = H(10, 20)

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

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

A0V AR, K74 Y OEHEIIHINEEH L T,

>>> h.xz

Traceback (most recent call last):

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