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Ten RS, H _get_ O IAIRZRIHE H Lo:

class Ten:
def _ get_ (self, obj, objtype=None) :
return 10
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Ten ()

class A:
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>>> a = A() Jﬁi N A BB
>>> a.x [’ ri%‘f&

5

>>> a.y # R BE R

10
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import os

class DirectorySize:

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

class Directory:

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

LHASW RSN, FURESITRFEY, 21 HORaR el



>>> s = Directory('songs')

>>> g = Directory('games')

>>> s.size # songs HXAH T+ /MNXH
20

>>> g.size # games H FH =X 1

3

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

>>> g.size # X Ek B3 E A

2
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H3%. objtype &2} Directory 5.
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import logging

logging.basicConfig(level=logging.INFO)

class LoggedAgeAccess:

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

value = obj._age
! 4

logging.info ('Accessing ¢r giving 2: 'age', value)

return value

def set

logging.info ('Updating 2r

__(self, obj, value):

to %1 'age', wvalue)

obj._age value

class Person:

age = R 5 5L Bl

hie

LoggedAgeAccess ()

def _ init_ (self, name, age):

self.name

= name

W AL SE LR e
A

self.age = age ()

__set___

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

# WH __get_ () #8 ()

- C L=

LHALTERERT, MATEIRME age WA DIREGHCT TR, (EHEHEME name WRPHES
>>> mary = Person('Mary M', 30) # WA EW EH AW E

INFO:root:Updating 'age' to 30

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

INFO:root:Updating 'age' to 40

>>> vars (mary) # FhA BV BB LR B iR

{'name': 'Mary M', '_age': 30}

>>> vars (dave)

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

(ZET D)




>>> mary.age #
INFO:root:Accessing 'age' giving 30

30

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

>>> dave.name #
'David D'
>>> dave.age #

INFO:root:Accessing 'age' giving 40
40
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YRR, T AE R MRS T 22884

TEBRBIY, Person ZEHA WAL L] name Fl age. 24 Person ZEE LI, ‘BRFTE LoggedAccess
PATH __set_name__ () WIEIHPAEICRFBAFR, A TR B O 8 public_name F 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):

, self.public_name, value)

value = getattr (obj, self.private_name)
logging.info ('Accessing giving
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 ()
age = LoggedAccess ()

def  init (self, name, age):
self.name = name
self.age = age

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

# B R B
EEEE Y LY

N

J

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

_name'}

age'}




A, BEE SRR name Fl age —F 151 :

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

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

XA~ Person SR 5 FLA 44 Fk:

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

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

1.5 HRiE

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

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.)

TEE AR e, iR d S sBATHH . R vars (some_class) [descriptor_name] [AJ4£1J1A]
fiiRdR, LR EHHAZS L O AT E .

ARG OTE IIVERAZ EIEIE/ . AR, BATRERAL.

AL E 2 H RN, VAR AR & P B g 4a I R P A B ) A AR I O

B b, RS R AR R P AR . AR S TR OE R, T AR IETE R A A B X I
.

RSB FEHTRFETEMNES. TR NG E FE. 0T HEW classmethod (),
staticmethod (), property() ﬁﬂ functools.cached_property () %ﬁf?j@ﬁ%iﬁ%ﬁ?ﬁiﬂc

2 sEEHEFRBIF
FESLRT, Fefl 11 T — 5 T T H 2 o DA e S AR 58 2

2.1 JEIERRA

Brikde 2t — T B IETT FIARRRS . TEAFE TR 2 3l B SR R 15 25 P2 AR
PR R o QRN R LU IR, A5 H, MK LB IR BRI .

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)

Cawy
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@abstractmethod
def validate(self, wvalue):
pass

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

22 HENIEIERE
X = AN A B ek T A
1) oneof Bl 2 i 1 52 LY R TiAE A v i) — T
2) Number BIF{E RN int B float. VENFIHEI, &R RERIFETE S & 1) f/ MERRKAEZ 6] .

3) string BUFERTE N str. MERATEET, BiLRBIRIES & /Nl KK EE . B EuEA e
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):
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:



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

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}'

(% L 50)

2.3 PR
AR LS S P ORI B v -

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

AR PH LR TC R Bl B

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

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

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

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

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

ValueError: Expected -5 to be at least 0

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

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

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

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

ANl ENING jﬂmM~/\XT§‘kEI’H'— PR ER i&ﬁ@iﬂﬂﬂﬁ%)ﬁ‘f&h SFFEEBIRL, a.x BIARITF 2
Ma._dict_ ['x"] JFh, RJER type (a) .__dict__ ['x'], EFRKIRAEK type (a) BITTIEMBTIN
J¥ (MRO). ﬁﬂ%?ﬁ?ﬂ%ﬁ%fﬁlT%ﬁ‘%ﬁ%ﬁﬁ%%ﬁ% )”'J Python T i & 55 BRINA T R H-4% M
TIAER TR . XRARR AL O SE SR P11 I BRI i R SR #8712 B HAs Y B 75 R o
ke — SRR, AR ENRIES. Jrik. BT FO5TEEM super O WIRMIALE. E
fITAERE > Python WA T . fid e itk TIRIZH C AU HEHY Python FEFFF2fit T —2& RIGHIH
TH.

ANJ
3.3 ik gE il
descr.__get__ (self, obj, type=None)
descr.__set_ (self, obj, wvalue)

descr.__delete_ (self, obj)

AT . — W RIAEE ST A IR AT —A, s iid g, FHEsdE o E
I} 7 e H BTN

If an object defines __set__ () or __delete__ (), itis considered a data descriptor. Descriptors that only define

__get__ () are called non-data descriptors (they are often used for methods but other uses are possible).

Bu A AR RS A SR AR R Z e T, AT SRS B g b A AR A RSB 0 7 BAT S5 500
%}jﬂéiﬁlﬁl%ﬂﬁ SH, IEARRAT S, ARSI A SRR B R A A H L %
H sk,

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 1k z%iA AR
AR PLET d._ _get_ (obj) B{ desc.__get_ (None, cls) BEIZIHH.
B LA 2 i JE 7 0] B shE s .

Fik oby.x 1k obj WA A A BET AR . WRBREIH T DL _dict PASMERIB S,
R T 1A A OE e I __get__ O T3k,

T4 U T obg SRR, b2 MR SL B .
3.5 @ik BIAR

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

W a.x LB T ML, IBAKFEL desc.__get__(a, type(a)) WHE.
MIBEAFNE R P A object .__getattribute_ () 1. iXEEzE‘*ﬁ\ﬁgﬁTﬂgﬁﬁIﬁthHEZﬂEZ

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) :
(BT )



"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) # %ﬁf@f%iﬁfﬁ
if hasattr(obj, '__dict__ ') and name in vars (obj):
return vars (obj) [name] # ﬁ;@u%ii

if descr_get is not null:

return descr_get (cls_var, obj, objtype) # ﬂF%ﬁi@f%iﬁ»ﬁ
if cls_var is not null:

return cls_var # jé/}{ =
raise AttributeError (name)

(% L 50)

J

Note, there is no __getattr_ () hook in the _ getattribute_ () code. That is why -calling
__getattribute__ () directly or with super () ._ getattribute__ will bypass _ getattr__ () entirely.
Instead, it is the dot operator and the getattr () function that are responsible for invoking __getattr__ () when-

ever __getattribute_ () raises an AttributeError. Their logic is encapsulated in a helper function:

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

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

3.6 B

B nox X EEW S BEESRF &R Z BB AE type. __getattribute_ () H. H P K5 object.

__getattribute__ () AL, (HJ25CHI5 A R 9 15 2 2517 method resolution order .
R B TR g, IARE T desc.__get_ (None, 2) WHE.
SEFEEfY C SZPLATFE Objects/typeobject.c L type_getattro () Fl _PyType_Lookup () H13HREH],

3.7 i&iT super @A
super (1) 5 BAVERF AR IR K2 HBAE super O FHRMIXTH) __getattribute_ () L.

Hfol super (&, obj) .m ERHESEILIFLE ob.__class__.
SRIGIRIE B.__dict__['m'].__get__ (obj, A). HIH m ASEHGARSE, W ER HHAY.

mro___qﬂﬁﬁéiﬁé%izEZXZiﬁﬁﬂﬁéiéﬁ B,

SEREf) C SEPLRIAE Objects/typeobject.c HLAY super_getattro () H#F|. 4l Python FZE4 SE B A HE Guido

HRE FPHE

3.8 ARBEEYS
TR ERAIALHIK ATE object, type Ml super () ] __getattribute_ () JEH.
PHOER R R

o FRBIF _ getattribute () FVAMLE.

« KM object, type B super () YARILHLH

« ®E _ getattribute () FFPHIE B SRR AT A G b g2 A% .
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e object._ getattribute_ () il type.__getattribute_ () @HANFEHFRIHH _get_ (). %
— M AUFEL G AT REEIESE . B A28 None fERLHIIF HE 2 FE.

o BlEHA SR A S B G LB
o AR RlRAR S T L o

3.9 BHaEh&REA

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.

SLILAZNFAE Objects/typeobject.c L[] type_new () il set_names () 7.

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

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

FZ0 SR B R R B A e AN - Python S8 (A K e U B O B o AR SR
PEFT A R

class Field:

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

def _ get_ (self, obj, objtype=None) :
return conn.execute (self.fetch, [obj.key]).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' # %%%
key = 'title' # Eg
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

TR, e B B R -

>>> import sqglite3

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

11
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>>> 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 4fi Python Z£{yscIf

TR PSR, (HERAL 7O A 4wl etk AJLDHBEEEEH, LETENSHETEEN
BETHSP. Bk, gEk. 85Ik, FIrE slots_ B ELTHiAE L.

41 B

P property () M BB RIAMS TG I, RBR ARG VR PR R A R BRI . B4

TE -

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

IR RN T E ST R x AL

class C:
def getx(self): return self.
def setx(self, value): self.
def delx(self): del self._ x

_ X
x = value

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

BT % property () 2 WAL A 45 PR 7 O SE LAY, PATR 2 — A2 B TR A% L T RE Y 4

Python 45119531

class Property:

self.fget = fget

self.fset = fset

self.fdel = fdel

if doc is None and fget is not None:
doc = fget._doc_

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

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

def _ set_ (self, obj, value):

12

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

def _ init_ (self, fget=None, fset=None, fdel=None,

doc=None) :

(Ca)
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if self.fset is None:
raise AttributeError
self.fset (obj, value)

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

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

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

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

XAWER) property () &2 U BIERAERL, BIERERHE—NINENS S,

BN, —ANH TR DAL Cell ("b10") .value FZF 0 BITTARE N7 HIALBR . WIFEF 1Y i 2 ik
BOREBR YT SR ook (B, R SO B0 BT MR PR B 2 P am A QR . Ak
7 SR value JE MRS I (BT R MR H A -

class Cell:

@property
def value(self):
"Recalculate the cell before returning value"

self.recalc()

return self._value

TEX A N E ) property () BFRATIH Property () ZF SEBLAR 2 W PARY o

4.2 RYFFE
Python [T [ X 5 D) B R AEEL T s B BREE M B S (o AR B RA RS, X T 58 B 1 TCAE Rl A5 -

AEVE IS, AEREAE ST 8t 08 R BCRF BRI R D3R o D7 9R S L BR B AN 7] Z A AU T X R S B B T
HAS W IS MR B A Z A BHET 5 — DS ROE IR RS OIRE o S IB0, S2pil5]
R self , (BRI UARR this SATAM HABAS 44 55 -

A PAf# A types.MethodType T L, HAT HEASEMT:

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

def _ init_ (self,
self._ func_
self. self

def _ call_ (self,
func = self.

obj = self. s

func, obj):
= func
= obj

*args, **kwargs):
func
elf

return func(obj, *args, **kwargs)

def _ getattribute_ (self, name):

"Emulate method_getset ()
if name == '
return self. func_ . doc

doc__':

in Objects/classobject.c"

13
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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

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)

TEMRES Iz T AR 28, XR/R 1 eR e iR A 1 S s TAE T 2K

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

Z R EHA qualified name J& 1 AR H 45 -

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

function object:

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

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

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

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
<pbound method D.f of <_main_ .D object at 0x00B18C90>>

IVRE DT IEAE RAT ik 12 R BN 45 1) SE 3

>>> d.f._  func_
<function D.f at 0x00C45070>
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>>> d.f._ self
<__main__.D object at 0x00B18C90>

ARAR G 725 B TV R Y self ST cls S AT 2007 K1), ik BT

4.3 FiEnTh
A A L BRI A 7 AR T B LA

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 (*args) be-
comes f (*args).

MRS TR LA A AR A

A BEXRIEAR BEEEAR

function - pR%Y  f(obj, *args) f(*args)
EEOVIRS f(*args) f(*args)
LI f(type(obj), *args)  f(cls, *args)

4.4 BERHIE

SRR MR Z R, AT, A c. £ 8 c. £ F T object.__getattribute_ (c,
"£") of object._ getattribute_ (C, "£") Bk, DXFEIZREGH T AN Gk S TR AT AR R I

WA VENFS IR ARG ] selt ZZRIIIIA.

For instance, a statistics package may include a container class for experimental data. The class provides normal
methods for computing the average, mean, median, and other descriptive statistics that depend on the data. However,
there may be useful functions which are conceptually related but do not depend on the data. For instance, erf (x) is
handy conversion routine that comes up in statistical work but does not directly depend on a particular dataset. It can

be called either from an object or the class: s.erf (1.5) —--> 0.9332 or Sample.erf (1.5) —--> 0.9332.
TS R MY iR 2 B B AR A2 AL, IR BIE g okl 2 v
class E: ]
@staticmethod
def f (x):

return x * 10

>>> E.f(3)
30

>>> E () .f(3)
30

AR R IARS 4l Python U4 staticmethod () 41K ffis:

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

(ZF 30
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def _ call_ (self, *args, **kwds):
return self.f (*args, **kwds)

(% L 50)

functools.update_wrapper () VM T — 480 FEEREN __wrapped__ @M. B i< 0 H

2 32 6 11 JoR P DA B 0 0 3 45 A R R BRI BB __name

annotations__,

)

4.5 £FHE

qualname_ , _ doc__ PAK

SHESIHEAIE, 207 R R BI85 | T E S B R AT . TR e Rie 22k, it

A -

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

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

>>> F () .f£(3)
('"F', 3)

J

IR EER A 5 B SO T A7 e R ST B Ra v, AT MR - 8053k — 7
g O E A RS R A BN, 2ET73K dict. fromkeys () MBS R AIE— V7 i, 41 Python [

P

class Dict (dict) :

@classmethod

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

d[key] = value

return d

BUAE T AR 18— ME— Bl

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

>>> type(d) is Dict

True

>>> d

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

i AR B AR P, 4l Python JUARH classmethod () UWITF:

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)

J

ClassMethod[FE@‘functools.update_wrapper()ﬁ%ﬁﬁiﬁﬁﬂj"*ﬁ‘?ﬁﬁﬂﬂ:ﬁ§@§
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EAZQ__ﬁnnotations__o

qualname__, __ doc

]

4.6 Y% F _slots

BARELT _slots__, BERM—EEKER slot (HRAIARB ML 7. M PRIRME, 2
IR IXFERY -

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')

>>> aguto = Vehicle ()
>>> auto.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

>>> 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 correctly:

from functools import cached_property

class CP:
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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.

TR — AR LAY 4l Python iR __slots__ JEANTIRERY, FUNETRE BN C S50 R I3 5%
SN Hi2, AT DA R AR LA, AR AE A slot 1 5EFr C g5 i — R 1Y
_slotvalues FIFRAI . XHAFLA E5HIAR I 1S BRVERS th L A i Aok 7 1L -

null = object ()

class Member:

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

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

def set_ (self, obj, value):
'Emulate member_set () in Objects/descrobject.c'

obj._slotvalues[self.offset] = value

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

18
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for offset, name in enumerate (slot_names) :
mapping[name] = Member (name, clsname, offset)
return type._ new__ (mcls, clsname, bases, mapping, **kwargs)

object.__new__ () JILTATTRIEAA slot MAESL B Mpy 5. AT @— A4 Python AR BRI -

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

def _ new__ (cls, *args, **kwargs):
'Emulate object_new() in Objects/typeobject.c'

inst = super()._ new__ (cls)

if hasattr(cls, 'slot_names'):
empty_slots = [null] * len(cls.slot_names)
object.__setattr_ (inst, ' slotvalues', empty_slots)

return inst

def _ setattr_ (self, name, value):
'Emulate _PyObject_GenericSetAttrWithDict () Objects/object.c'
cls = type(self)

if hasattr(cls, 'slot_names') and name not in cls.slot_names:
raise AttributeError (
f'{cls. name__!r} object has no attribute {name!/r}’'
)
super () .__setattr__ (name, value)

def _ delattr_ (self, name):
'Emulate _PyObject_GenericSetAttrWithDict () Objects/object.c'
cls = type(self)

if hasattr(cls, 'slot_names') and name not in cls.slot_names:
raise AttributeError (
f'{cls._ name__!r} object has no attribute {name!/r}’'
)
super () .__delattr__ (name)

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

class H(Object, metaclass=Type) :
'Instance variables stored in slots'
slot_names = ['x', 'y']
def _ init_ (self, x, y):
self.x = x
self.y =y

X, metaclass CLZ820 x Fl y MZR T A4 :

>>> 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 0x7fb5d302£9d0>,
'x': <Member 'x' of 'H'>,

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

LGN, EATRIA NI TAPURIER slot_values 5ll3:

>>> h = H(10, 20)
>>> vars (h)
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{'_slotvalues': [10, 201}
>>> h.x = 55

>>> vars (h)
{'_slotvalues': [55, 201}

B RPFS BORIER B 5 | K — 5

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

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