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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
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>>> 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

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. 1t is the obj parameter that lets the ___get__ () method learn the target directory. The objtype parameter is
the class Directory.

1.3 Z2|El= {EC|RE

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.
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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):
(T sl o] 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__ ()
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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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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)
(ThS sl el Aol A<
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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

An interactive session shows that the Person class has called __set_name__ () so that the field names would be
recorded. Here we call vars () to look up the descriptor without triggering it:

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

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

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

5 7H9] Person QAR 20 = 7§ Q1 o] ¥ £3F U Th

>>> vars (pete)

{'_name': 'Peter P', '_age': 10}
>>> vars (kate)
{'_name': 'Catherine C', '_age': 20}
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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.)

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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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, wvalue):
pass

Custom validators need to inherit from Validator and must supply avalidate () method to test various restrictions
as needed.
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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 £1oat. Optionally, it verifies that a value is between a given
minimum or maximum.

3) String verifies that a value is a str. Optionally, it validates a given minimum or maximum length. It can
validate a user-defined predicate as well.

class OneOf (Validator) :

def _ init_ (self, *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:
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 (

(TH& sl oA ol A1)
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f'Expected {self.predicate} to be true for {value!/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, 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',

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

ods, 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 C|ATEH ZEEE

descr.__get_ (self, obj, type=None)
descr.__set___(self, obj, value)

descr.__delete_ (self, obj)
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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).
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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.

10
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The expression ob7j . 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.

T E AR AFFE ob 7t AA, Sl 2 B2 super?] Q2B 20129 wpe}t thE Y T

3.5 QUAEANM S&

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.xo| 2T HE 7B A H, desc.__get__(a, type(a)) ZZEHUTH
A 239 232 object.__getattribute_ () o IFUTE th22 58 oM S7HE AU Th

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

The logic for a dotted lookup such as A.x isin 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.

23 gdey 7t 4 AE d, desc.__get_ (None, A)Z SEFHUYT}

The full C implementation can be found in t ype_getattro () and _PyType_Lookup () in Objects/typeobject.c.

3.7 superol|lAM &

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

A %3] super (A, obj).m2obj._ class__._mro_ oA ABIE T} 2 =H|o]A ZHABE AN
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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.

38 SE 23 9
The mechanism for descriptors is embedded in the _ getattribute__ () methods for object, type, and
super ().
793 oL B 528 G L T3t Btk
« Descriptors are invoked by the __getattribute__ () method.

o« ZU 2t object, type T super () ZHE o] AE 5]

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__ (). The first includes the instance and may include the class. The second puts in None for the

instance and always includes the class.
e tolH tdaagdH e G4 Jd2d2 g e S A Gy o
. vl HlolE Haage s das gV AR 5 A
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Sometimes it is desirable for a descriptor to know what class variable name it was assigned to. When a new class is
created, the t ype 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.

The implementation details are in type_new () and set_names () in Objects/typeobject.c.

Since the update logic isin type.___new
are added to the class afterwards,

___ (), notifications only take place at the time of class creation. If descriptors
set_name__ () will need to be called manually.

3.10 ORM doi| |

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 = £'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 ()

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

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(fget:None, fset=None, fdel=None, doc=None) —-> property
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class C:
def getx(self): return self._ x
def setx(self, wvalue): 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:

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& 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 () W& A&7 AAEFH o] A7 OJEERHE AMAE 7138 T &5 HAo] M= Y-S
g7 =55 FUth

& 5o, ~= lE/\lETi:EH ECell('bl0') .values 3 A ‘OHEH'GP"“H]/\E 3 7he 4 5y Th
JEJE“ONH 7H/é_% Q‘Mlé%‘ uith o] A AAE S 87 FUH A T2 O = o E

A7) ek A4 229l b ol e

class Cell:

@property

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

Either the built-in property () orour Property () equivalent would work in this example.
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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)
To support automatic creation of methods, functions include the __get__ () method for binding methods during at-

tribute 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)

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

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

Frols B AAE AUSHE A7 o) B o= RET} Y&tk

>>> 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>>

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>

Sk W] A = o A self 7} o] T ol Al =% T Zel 2 Bl A S ol A cls 7t o] ol Al 224 TEE A o] gk,
u}2 o ATy

4.3 IMES| ER

v tlolH H2a e gl A= E v g sts 4t sid g Wy ste 49 AAUESS A7
U,
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 £ (obj, *args). Calling cls.f (*args) be-
comes f (*args).

o] £ QA A R8T 1A WYL LRk

=t HHoM S & a0 T2
Sk~ f(obj, *args) f (*args)
staticmethod  f(*args) f(*args)

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

4.4 H™ HME

AR A== A Qo] 3tF T+ E Mg UT c.fYC.f EEL object.__getattribute_ (c,
"f")y 1} object._ getattribute_ (C, "fM) & AFH I ot= A 5Lt A A o7, 4=
ARG 220l A T DA FAl = T 5 AF YT

AA WA e TR = self H4E 23R e WA= Yrh

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, er f (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) —--> .9332or Sample.erf(1.5) —--> .9332.

A WAL W7 glo] B B4 B NBFnE, oA BFL T EA dETh

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.

EadwAs Es 22 27k gy th C F2A 0 A3 A28k
st7) Wi P uth e X%l sk AR C F2A7F Q) _slotvalues
FAEHNAS 5 Z F AFUTh AZ HA F2A o thek ¢} 7] 9

_ _slots__ o] A&3t <
AR v e D Ao
gl aEo o RAE = 7 FA

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', [])
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)
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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, 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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