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

Weh B AAL 257 54D HolFUTh- vl ohE AAE B Aasth

>>> 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

2
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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):
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logging.info ('Updating 2%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__ ()
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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
return value

]

self.public_name, wvalue)

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

def set__ (self, obj, 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
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>>> vars (vars (Person) [ "name'])

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

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

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

T 709] Person QA2~®R 20 = 7R o] 59 23 T
>>> 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 (ARC) :

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.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:

(TH& STOTATl A1)
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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 A8 L8

a]
= b R B

A Ze oA Hlo e FEA AANE AT P e 2

b

Yt

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
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>>> 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) -> value

descr.__set_ (self, obj, value) —-> None
descr.__delete_ (self, obj) —-> None
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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__ () 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__'):

(TH& SOTAT ol AI<)
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raise

return type (obj).__getattr__ (obj, name)

# __getattr__
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The following code is a simplified skeleton showing how data descriptors could be used to implement an object relational
mapping.
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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.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
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>>> import sqglite3
>>> conn = sqglite3.connect ('entertainment.db")

i3} @ AL dl ol el o] 2o A Hl ol HE AW WA vl olBl & A st W& ol yth:

>>> 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
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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.")

U233 g 22 EF SH A property () 7}l B A FHE =2 ZRlsted, o 7
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class Property:
"Emulate PyProperty_Type () in Objects/descrobject.c"

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

(TH& ST Aol 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'unreadable attribute {self._name}")
return self.fget (obj)

def _ _set_ (self, obj, value):
if self.fset is None:
raise AttributeError (f"can't set attribute {self._name}")

self.fset (obj, value)

def _ _delete_ (self, obj):
if self.fdel is None:
raise AttributeError (f"can't delete attribute {self._name}")
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 ) e A7} A5 ol 27k o Bl HE AA 2 7S F T4 WPl A=Y AL
27 =g Uk
o8 Eol, 2z EA =

class Cell:

@property

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

U4 property () U $289] Property () 57F& 0] o] o Aol A &5 Th
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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)

A = 0] AHE A4
ﬂHCE:ﬂJ
Haage 4e

—get__()
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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 oA ths SUNSE A AAZ g H2IHEH7F gE8ks A= Hosuh

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

FollE W AAFE A dskes A3 ol F olEREZ s dth

>>> D.f.__ _qualname_

'D.f!

FH2 gAY E TS T A= __get_ ()= SE3HA dFUTh tiAl, @A & 34 A E ke
gk

>>> D. dict_ ['f']

<function D.f at 0x00C45070>

Sz He Foll Axashd &R SHE S M glo] RS E __get ()2 EEFUTH

>>> D.f
<function D.f at 0x00C45070>
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SR T2 A28 A H AM A8 T AT ULE A 23] = JdZ2E S AAE s+
_get_ ()& ZEFYTH:

>>> d = D()

>>> 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 0x1012e1£f98>

o uk v A = o Al self 7} o] Tl ol A} 2. =7] s Zela H A S ol A ds7} ol Lol A =4 B2 A o] Qrku,
u}2 o ATy

3 MAES £H
ol dlole Uaa e gao] HA =S el g et duld el E S MY she Aol W AYSLS AT
ek,

898, o= __get_ () FINETL JojA AEYFRER ANAT o A ER HEE & JFUTh
v] dlo]E] 423 YEE ob] .f( args) =2 f (obj, *args)@ HIASHT} cls.f(*args) T2
f(*args) 7FgYth

o] Bt AAI 4§ T HA WYL LR

ks AR AN == Sz ==
IS f(obj, *args) f(*args)
staticmethod | f(*args) f(*args)
classmethod | f(type(obj), *args) | f(cls, *args)

4.4 FA v A=

object.__getattribute_ (

AR WAL AA glo] 3 F42 ukskgUch c. i c. <o <
e (C A% 5P 2RAo=, gt

"f"y 1} object._ _getattribut (c, "t EAH X3
AR 2ol ol B LA A2 F 5 AU

A oA Eo] AR FHE selr WA E F2IA gk A=Y,

Jott 4

A g 5o, A W7 A= AP dlolHE S st ?ﬂEﬂOM ZHAE ZT T 5 AsUTh ol FP 2= HolE
o9& ﬁ}b’“% 3+, B, T YR R 7B Vs A 74]*}6}%aiﬂlHE%Xl%%qD}.lﬁ‘%ﬂ%ﬁ
© g2 #HAF o] JYARE Hl o] o & E5HA] gk 033““ 7F A& T S?l%qq oAl & 5o, erf (x) & 7
2t g o Al T8t A T 54 o] B A el 3 Z”* o] &3tA] o= A W3 FE Y YT 7“2111%—"-311*011/‘1
i%@"’?ﬂ%‘%ﬂ‘ts.erf(lﬁ) ——> .9332 E¥ESample.erf(1.5) —--> .9332
AAMAEE §A glo] ot 45 s B g, oA &5 TV FA g5yt
class E:

@staticmethod

def f(x):

return x * 10
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>>> E.f(3)
30

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

Hl tlol8 AT HY 22 EFS AHE8Hd, £ 9ol WA 9] staticmethod () & a3 25 Uth:

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

def _ init_ (self, f):
self.f = £

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

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

45 ZH2vA =

o,
1>

MASS g, S MAEE B8 T2 Ao s 2T A4 BF Fo] 2HETh o
e 52 AA G B ad W 2EY Tk

o,

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

>>> F.f(3)

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 af 71 M2 YMUElE a3t 2ol 74 &+ dsUth:

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

>>> type(d) is Dict

True

>>> d

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

Hl to]8H Y23 Yy T2 EFS AHESHH, &5 3] 2 WA 9] classmethod () & U3 25U T

18




class ClassMethod:
"Emulate PyClassMethod_Type () in Objects/funcobject.c"

def _ init_ (self, f):
self.f = £

def _ _get_ (self, obj, cls=None):
if cls is None:
cls = type (obj)
if hasattr(type(self.f), '__get_ "):
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:
class G:

@classmethod

@property

def = doc_ (cls):

return f'A doc for {cls.__name__ !r}’'

>>> G._ doc_

"A doc for 'G'"

4.6 Pw] A2} __slots__

Zel 27t __slots__E AYstH, J12dA gAY E €X3Y 14 Ao v = v th AR A #A
oA o el 744 EH7} g5tk
AT AR E A EYRE YO Z AWM IE SA A FUTE __slots_ o AP o] EZRE o] &
T 5-gg vt
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- T AT YE A _slots_ o AFE A = BES] & AN AE Bel st B AN E gEt G
=gol Pk
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):

(FF= sl el Aol AI%)
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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: can't set attribute
>>> mark.location = 'Mars'

Traceback (most recent call last):

AttributeError: 'Immutable' object has no attribute 'location'

302 S AU 64N Bl WEGA T A JERET Y <
9109 48uo] £, 910 Wl 15210 E8 ARG R Th. o] Eeho] ¢l o] E (fyweight) T 42
H2h whE ol wet F 2 gy o

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

2"~ E= slots_ 7}
1 o] o

O
B2 5o

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)))

>>> CP () .pi
Traceback (most recent call last):

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

ol
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27 W U2ag el o) #elg vk
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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

(TH& ST Aol A1)
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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__ () WIAEE L Mol W AAE Frlete AS e dunh

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_ () HIAEE d2dA YA Al £F o] Y= drEHAE glT

T}8-2 <5 ol M o] thekA ol Al Ed o] Ay Th:

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'

21
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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 S 2ol g o] d & AHE S 1, Object ol Al A& Stal B S el A8 Type o2 A 3Hd HYth:

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] Al ol A, ml el el e x 2 yoll th3t AW AAE 2=FFYth

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

{'__module__': '__main__"',
' doc__': 'Instance variables stored in slots',
'slot_names': ['x', 'yv'],
'_init_ ': <function H.__init__ at 0x7fb5d302f£9d0>,
'x': <Member 'x' of 'H'>,

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

AArEA S A uf, o] EB|HE 7} A& = slot_values B 2EE zH5Urh:

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

{'_slotvalues': [10, 201}

>>> h.x = 55

>>> vars (h)

{'_slotvalues': [55, 201}

A7 ER AU AR A & A EFFRE«+ A9 & A YT

>>> h.xz

Traceback (most recent call last):

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