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

class Ten:

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

HaIHHE AR s W, g2 e 282 ¥ 2 A48 o gyt

class A:
X =5 # Regular class attribute
y = Ten() # Descriptor instance

3l 3 AL duto]ErHE 23]9l AT HE 239 2o]H S HolE T

>>> a = A() # Make an instance of class A
>>> a.x # Normal attribute lookup

5

>>> a.y # Descriptor lookup

10

In the a . x attribute lookup, the dot operator finds 'x"': 5 in the class dictionary. In the a . y lookup, the dot operator
finds a descriptor instance, recognized by its __get___ method. Calling that method returns 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 () # Descriptor instance
def _ init_ (self, dirname):
self.dirname = dirname # Regular instance attribute

05t B AAL 287 54D HolFUth- vl ohE AAE S Ak

>>> 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 is automatically updated
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import logging
logging.basicConfig(level=logging.INFO)
class LoggedAgeAccess:

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

def set__(self, obj, value):

(THS sl el Aol A)
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logging.info ('Updating %r to %r', 'age',K wvalue)
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__ ()

3l @ AL BelEE o ERRHE ageoll et ZE A 27 20 H AW, ARl o] EZ|{E name 21
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>>> 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 attribute lookup isn't logged
'David D'

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

40
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import logging

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

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

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

def _ _set_ (self, obj, value):

logging.info ('Updating 2¢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

i3t 3§ M Hd2 Person FE A7 __set_name_ () & T3 BE o]Fo] 7IFH IS HAF UL
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>>> vars (vars (Person) [ 'name'])

{'public_name': 'name', 'private_name': '_name'}

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

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

o)Al A} ZeN 2= name} age 5ol st A~ E 227 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

5 702 Person 12l 2o = 79l o] &0t 23 Yt}

>>> vars (pete)

{'_name': 'Peter P', '_age': 10}
>>> vars (kate)
{'_name': 'Catherine C', '_age': 20}
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Descriptors get invoked by the dot operator during attribute lookup. If a descriptor is accessed indirectly with
vars (some_class) [descriptor_name], the descriptor instance is returned without invoking it.
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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, wvalue):
pass
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class OneOf (Validator) :

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

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

raise ValueError (f'Expected {value!/r} to be one of {self.option

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:

slr}'")
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https://en.wikipedia.org/wiki/Predicate_(mathematical_logic)

(o] sl o] A ol A] Al %)
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 {valuel!/r}'
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class Component:

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

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

HaaygH e Z23E dadartgeoAe A HAgUH

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

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

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

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

>>> Component ('WIDGET', 'metal', -5) # Blocked: -5 1is negative
Traceback (most recent call last):

ValueError: Expected -5 to be at least 0
>>> Component ('WIDGET', 'metal', 'V') # Blocked: 'V' isn't a number
Traceback (most recent call last):

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

>>> ¢ = Component ('WIDGET', 'metal', 5) # Allowed: The inputs are valid
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descr.__get_ (self, obj, type=None)
descr.__set___(self, obj, value)
descr.__delete_ (self, obj)
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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 variable
if descr_get is not null:
return descr_get (cls_var, obj, objtype) # non-data descriptor
if cls_var is not null:
return cls_var # class variable
raise AttributeError (name)
Note, there is no _ getattr_ () hook in the _ getattribute__ () code. That is why calling
__getattribute__ () directly or with super () ._ _getattribute__ will bypass _ getattr__ () en-
tirely.
Instead, it is the dot operator and the getattr () function that are responsible for invoking _getattr__ () when-
ever __getattribute__ () raisesan 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_'):

(TH& sl el Aol A%)
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raise
return type (obj)._ _getattr__ (obj, name) # __ _getattr

3.6 FeHA0M S E

Ax o 22 H 23 3t 222 type. _getattribute o A5
__getattribute_ () 2] @AL}L FASAI T, A2EH A A J—Q 7+ =9
T AMOR Eﬂjﬂ%}ﬂ‘:}-

23 gdey 7t A5, desc.__get_ (None, A)Z SEFHYT}

The full C implementation can be found in t ype_getattro () and _PyType_Lookup () in Objects/typeobject.c.
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super®] 3 23] o t 3t =2 <= super () 7} RE&HSE A S __getattribute_ () A =] A5t
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stoh3 B. dlCt ['m'].__get_ (obj, A)E ¥AFUth a3 HE 7oy, mo] HAE A 42
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=

The full C implementation can be found in super_getattro () in Objects/typeobject.c. A pure Python equivalent
can be found in Guido’ s Tutorial.
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« HAAYE= __getattribute_ () WM EC] o3 ZSF Utk
« Sd&E object, type EE super () 255 o] A5 5T
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The implementation details are in type_new () and set_names () in Objects/typeobject.c.

AN ZA o] type.  new_ () ol 7] wj&ol, HL S A Ao e AU T} US| YT HE T}
Fexof 715, __set_name_ () & FFLZ TEFoF FUTh

3.10 ORM doi| |

The following code is a simplified skeleton showing how data descriptors could be used to implement an object relational
mapping.

g4 ofoltjol & dl ol B 7} & F dl o] B ul| o] 2ol At AUt sbold A" AE o] Bl o] &
glo]Eol theh 7 vt Rtk 23 g E 7 23 v A4S A2 gtk

class Field:

def _ set_name__ (self, owner, name):
self.fetch = £'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.key])
conn.commit ()
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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

2 ARg ke d, WA ol o] B o] o) A A s Al L
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>>> import sqglite3
>>> conn = sqglite3.connect ('entertainment.db')

th 3} @ AL dlolE o] 2o A vl o BlE AW W vl ol Bl & A she WS HojFyth

>>> 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'
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[property(fgetzNone, fset=None, fdel=None, doc=None) -> property ]

A (doc) 2 A= £ A ERRE x& Ao ste dubdd AL S HolFyth

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.")

Uaae 22 EZ S| A property () 7Fol @A FE = =2 &sted, o 7] =3t ol &
A5y

class Property:
"Emulate PyProperty Type () in Objects/descrobject.c"

ol
o
o

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

self._name = ''

(TH& sl oA ol A1)
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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 (f"property '{self._name}' has no getter")
return self.fget (obj)

def _ _set_ (self, obj, value):
if self.fset is None:
raise AttributeError (f"property '{self._name}' has no setter")

self.fset (obj, value)

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

property () WAL A}&2; Qg s o] A7} oJEEHE ANAE 3713
FEET X ENES

o
ok
b
)
=,
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o
=
hins

I

& Eo], AZHEAE At Ccell ('b10') .valued F35 A ghol| that AN~ S 3713 4= &Y Lh
=290 e ¥4 AN AN AT doieh o) AAE AL 2P U AT, TR I mE o=
Pl Eol A7 A 2she 71 Seto|AE TS o] JFL v X 3 A4 ehrith A AL Z2 5 e bl E
UAIHEHZ value o] EB]HE U g AN AE 7= A YTk
class Cell:

@property

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

W property () U89 Property () 57HE©] o] Ao A 2H5 g Th
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4.2 4 HIME

sfol W] AA AT 75 T 71N F AL 7Ivte 2 stk v "ol gAaYEE AMSEE, F N7t
v 119 Al Y o

Ze 2~ g AFE e 22 w WAEZ v Yok 7“%] AAE AT THE ARFE Sl 714
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tf e t}2 7 55§ types.MethodType < AHE 3t M EE 5 2% Bhs & JFUTH

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)

WA AE AL ARSN G0, G AEARE AL S AAZE AA A _ger 0
MAEE EFFU ok P57t Axd 2o d 235 5 ADE HASE RBFE ] ool E
Haade 98 Fehch 45 WA 083t 2wy ok

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)

Az Bol| A ths SANAE A AAZ g H2IHEH 7 25k A= Hosuth

class D:
def f(self, x):
return x

Folls U AAFE A dske A3 ol F olEREZ dsUth

>>> D.f.__qualname_

'D.f"

FH2 gAY E TS TS5 AMM2E__get_ () & TEHA EFUTE thAl, @A & S A E vk
ok

>>> D._ dict_ ['f']

<function D.f at 0x00C45070>

SHrolA AL Tl AA 2ot DdA] o 5 HA glo] BBt get. () S =Y th

>>> D.f
<function D.f at 0x00C45070>
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ol A HAAskes T AT A 23] = A48 WA= AAE HEetE

>>> d.f
<bound method D.f of <__main__.D object at 0x00B18C90>>

WREAoR AW HASE 5 G50 A2E ALAAE A g h

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

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

Ak v A =) A self 7} o} Tl ol A 9] B 2l HAE A ds7h T oA 222 FEH A o] i,
u}2 o ATy

4.3 HMES E2
v g ol U2 YE £ 4o WA =S aladgsls dutA ol 8 Waes s W AUZ S AT
Utk

893, o= __get_ () HIANEZL oA AEYFRER ANAT o A ER HEE 5+ FUTh
v tlol8 AT HE] = obj.f(*args) TS f (obj, *args)®E WYL} cls.f(*args) TEL
f(*args) 7 g4 th

o] Bt AAI A H 5T T A AP S Lok ch

& St HHoM S & a0 T2
el e f(obj, *args) f(*args)
staticmethod  f(*args) f(*args)

classmethod  f(type(obj), *args) f(cls, *args)

4.4 H™ HME

AA YAEE=EHA Qo] st T2 wFAgUth c.fY C.f $&F 2 object._ _getattribute_ (c,
mEM) Urobject.fqetattrlbute (c, "t") & AH 23 ste AR T5FUh 2HAAH R, e
ARG Fe 2o A 5 DatA A T 5 A5 ‘:}-

A A= A FHE self A4 FXoA e vA=YUTh

S Aejo]y 2o 2 2

A& 5o, A A7 A= A ¥ o] 23T 5 Uth o] ZEH 2= Tl ol
O Ee At B, B, TLE E 7B 7€ SAEES Aatste R WA EE AlFEY ZIE%Ur 7HL“4
o7 AAH NW“* dl o] Bl o]l o] &351A] gk %%UPU‘ 7F A& g AsUTh A& 50, erf (x) & A
Zk ol A TSt A R, 54 o]y el A A «1*‘6}%1 v dEg HE FE YU ﬁzﬂ»}—gaﬂaoﬂzﬂ
ST AdE5YY: s.erf(1.5) ——> .9332 FE¥E Sample.erf(1.5) —--> .9332
BAAMAEE 9A glo] - T &t E g, oA S5 Sv|FA gFUTh
class E:

@staticmethod

def f(x):

return x * 10
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>>> E.f (3)

30

>>> E().f(3)

30

Hl tole YAaa gy T2 EFE AESHH, &4 3Fo] W WA staticmethod () + a3 25 Uth

import functools

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

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

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

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

The functools.update_wrapper () call adds a _ wrapped___ attribute that refers to the underlying func-
tion. Also it carries forward the attributes necessary to make the wrapper look like the wrapped function: __name__,
_ _qualname_ ,_ doc_ ,and __annotations_

4.5 Z2HA HIME

AA A=) e, Fehs WASE G458 525 Aol Sea F2E AA BF ol 2T o

B4 527 ARG 2o~ 0] 24Uk

ol

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

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

>>> F () .f(3)
((RAEE))

A2 42 9 esn 54 dsdso] AgE Holed) O E3HA 4w £8Y
Seja A=Y B 7HA) L oA S BYAE HEE AYUch o Bol, 22 HAE dict
fromkeys () £ 7] FAENA A SV BHEUL 258 sl 4 55 2L tha 3 25Uk

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

d = cls{()

for key in iterable:
dlkey] = value

return d

olAl A+ 71 MER YU E = 2ol 74 € 5 A5 Uth




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

>>> type(d) is Dict

True

>>> d

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

Hl HlolH HAaHE 22 B2 A, &5 Fol W WA 9] classmethod () € a3 25U Th

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)

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:
@classmethod
@property
def _ doc_ (cls):
return f'A doc for {cls._ _name__ !r}'

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

The functools.update_wrapper () callin ClassMethod addsa __ 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__ .

4.6 HH{ 4|2} _slots__

ZH 27t __slots_ E BYsH, A2 IV E X3 4 Zo] i @ = vy U th AR A 3A
oA of2] 7kA] A7 s Th
1- A2 A S A EYRE WYL Z AT W IIE SA ZFAFUTH __slots__o] ARFH AJEZRE o] &
g 5-gg ik
class Vehicle:

__slots_ = ('id_number', 'make', 'model')
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>>> auto = Vehicle()
>>> guto.id_nubmer = 'VYE483814LOEX'
Traceback (most recent call last):

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

2- T 23 YE 7 _slots__of A4E A = HE @ AMAE Felshe B AR E BEL o
8o guth

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-vmeE ARt 64HE 252 WEA F o) JEGRES Y= drdA
9109 48uto] £, 91 0 W 152wo] E8 AHG U Th, o] eho] ¢l o] = (fyweight) ]2 9} &
A2} g o} w w5 2 g o,

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

= slots_ 7}
o

Be 5 dn

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

from functools import cached property

class CP:
__slots__ = () # Eliminates the instance dict
@cached_property # Requires an instance dict

def pi(self):
return 4 * sum((-1.0)**n / (2.0*n + 1.0)
for n in reversed(range (100_000)))
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>>> CP () .pi
Traceback (most recent call last):

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

st Wl EF0 MAL BEL AL BASFUTL C F2A0] D4 AA 251
A 27 S ok a7l 2 Uth 28, X 3 AA C FE2A7F N _slotvalues
gaEd] o5 BASE b AR AR CIAS T @ 4 AGUh D A TRA N he 9719}
27 W A o) e gy

null = object ()

slots__ 9] A&
[e]
=

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}>"'
type.__new_ () MINEx Fex WL W AR S F71e A APt

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)

(TH& sl el Aol A1)
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return type._new__ (mcls, clsname, bases, mapping, **kwargs)

object. new () MAEL A8 gAY A SR g ALRAE BHEE AL B3

A e PSR A

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)

AA Fef oA Al EE o] d S AHE S |, Object ol A A<&5StaL wlEF S A8 Type o 2 AA S HUth

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

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

self.x = x
self.y =y

o] A1 NA, Fl e S A x Shyoll thE W W AAE =35 Uth

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

{'__module_ ': ' _main_ "',
' _doc__ ': 'Instance variables stored in slots',
'slot_names': ['x', 'y'l,
' _init_ '": <function H._ init__ at 0x7fb5d302£9d0>,
'x': <Member 'x' of 'H'>,

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

ArEATUE A U], o] EYHEV} A AH = slot_values B A2EE zH<tT):
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>>> h = H(10, 20)
>>> vars (h)

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

>>> vars (h)
{'_slotvalues': [55, 20]}
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>>> h.xz
Traceback (most recent call last):

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