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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

HUAIHEE ARS st d, ohE el Sdls Mz A3 oF gt

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

U3 H AAe An ol HE 239 [ATgE 239 Ao AL HolE LT

>>> 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 1 0.

10 gtol S 9qv U Adads gyl AFE A dsoll FolstiAl L. tal, 10 g2 23 Al
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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

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 2r', 'age', value)

return value

def set__ (self, obj, value):

(= el ATT A




R s S e e P I )

logging.info ('Updating %¢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__ ()

et P AAE FeH = ol ER R E ageoll thet & A 27 2 S A0, At o] EB{E name 1
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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)

(Th= el ATT A




(o1 o] A ol A A)

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 %r to 2r', 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

3t 3§ M A2 Person F A7} __set_name_ () & 3 T o] 50 7EFH IS HAFYTh
7|0 A vars () & TE8te] EB A oA Al AT HEHE 23 Fch

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

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

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

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

oAl M| S22 named} age 7ol st AN A~ E 271 )

>>> 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 78] Person A1 2~El o= 7] Q1 o] 5wk 23 Ut

>>> 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:
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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}'
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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

Haage e 23" dagdarztweolAe e A Yk

>>> 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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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__ () 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& sTeTATol A%)
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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

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'

fr >
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property () £2E2 EZRE AN 2T o] & 322 ETA st HolH H2IHHE A4 ste
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property (fget=None, fset=None, fdel=None, doc=None) -> property

AT (doc) 2 & H £ A ERRE xE B oste A A AHEHS HolFUth

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.")

HAage Z2EE WA property () 7} o BA T A=A HAFe] W, 017] £ 58 vl 0 55 Eol
gk

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 = "'

(TS sl AToT A
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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 () WS ALEA AEFH o] A7 AJEGRE ANAE 5718t & & WA fA=9 Y
LI =88 FUYrh

A= = /\iEﬂE/\]E . Al ko] of ¥°“Aﬂ/\“’— 31 74e 4= iyt
4%13401] et 34 AL AN~ wujc) Ao] A ME AL 8Tk sHA T JEZEHEH% oJE
gHE A °“*ﬂ*6}— l%%ﬂ}OW_E iEOﬂ °§‘<'¥}a 0] %] é—L 2] 5t —ngn Z 2 HE d ol
ﬂ*ﬂ%Eiivalueoi gHE of

class Cell:

@property

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

W property () Y -#89] Property () S7F2°] o] Al A 25t
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gpol o] A A7 75 T 71 BB S 7o g FUrh v dlolH HA2aHEE AHESHE, F 77t
2 H A E g Yk

A= gMdelol A%d e sEE o viA == v YT 7“%] AEPHA7HE AdAE doll 714
o Aol ARt vl =71 At ok Ryt deofl et o] AA"E A E selfehal 5FA W thist THE o |
WA olgs g At

2k =3 553 types.MethodTypes AHE St I EE 502 Bhe & 55U th

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 =9 2bE Y-S A DEH7] A, T o E a‘ﬂeoﬂﬂvwwﬂzgo&@am st __get__ ()
HAES 2FFULL ol F47t At ao ] H 238k T AZH vA=E wEeHE v) dl ol
Haady 9L 3tk 4% AL oe st 2

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>

Sz He Foll AALshd &A SHE S M Qlo] REASE __get . () = 2EFYTH

>>> D.f
<function D.f at 0x00C45070>
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_get_ ()= ZEFh

>>> 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>

Qb v K Z ol A self 7} ol Floll A £ =] Ei F e vl 0] A clsh o] el A 22X FRE A o] Yrh,
uh= o] U th

43 HMES =&
o) dlole YA e = g4 WA=
ek,

gk, o= __get_ () WA ETZFJAA AJEGRERZ AT u AEZE HEE 5= 5T
H] ] o] ¥ ﬂii%lﬂ—t— obj.f(*args) T=& f (obj, *args) & W& YT} cls.f (*args)
f(*args) 7 g4 th

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

ru[m
r_
ol
o
rlr
ne
2
&
rO
=)
rT
fifo
B
oflt
o
rlr
()
V)
%
i)
N
°
N
fifo
)
b
o

H st HMOM S & ZefA0M =&
IS f(obj, *args) f(*args)
staticmethod | f(*args) f(*args)
classmethod | f(type(obj), *args) | f(cls, *args)

44 MM HME

AR vAEE HA go] ot Td4E vtgddyrh c.fY Cc.f &L object._ _getattribute_ (c,
"f") U} object._ _getattribute_ (C, "fM) & A FH X33 7431} Z=3hrh ApA o7 =
A S 2o A 5 LIHA AM 2 T 4= JdFUTh

A W Ao AT FRE selr WaT A2 oA S vAE o,

oA & %01 7#] |71 A= AE vl ol EHE Y3t ZH ]L1 ZH2E XTF T 5 A5 UL o] FeaE= dlolH

o Eot+= B, B, TR LB V= TAE 74]4?'5}% A =EE Al FYTh 1‘3‘% 7HL§Z—*.

Oiﬁf?’“ﬂoﬁ °‘Z1“* t o] o] o] &34 = v*‘”ﬂ T AE F AFULE oA E S0, erf (x) & A

2ol A TstA RE S dlol g A3l AH &R k= Hest v FH gyt 7“21]1%—:'-311’\011*1
5) —-—> .9332 FE+= Sample.erf(1.5) —--> .9332

A WAL W7 go] S 42 NBIHBE, oA 5E 2 F0)FA FEUh

class E:
@staticmethod
def f(x):
return x * 10
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>>> E.f(3)
30

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

Hl HlolE Y23 e T2 EFS AR5, =4 vlo] W WA L] staticmethod () & b3 2

>

Ytk

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)

4.5 Z2HA HIME

A WA e, FA A EE F4E 5587 Aol T F2E A 2E o] 27T o
3L 52At AN} 2o 2D 0] 2tk

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

o] BAL P4t s FE W BLHT 54 A2d2o] 43 HolHo] o 25A 4w 78
Fes WA= 3 b §EE oA FHs AYAE BEE AQUTh oIS Sol, S WA=
fromkeys () £ 7] Bl 2B A A HA U] E BEUTL £5 8 Stol A 5 B2 o3 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 af 71 M2 YM el E a3 2ol 74 &+ A5 Uth

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

>>> type(d) is Dict

True

>>> d

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

Hl to]8 Y23 Yy T2 EFS AHESHH, &5 3] 2 WA 9] classmethod () & a3 25 Uth
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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 Hu{ ZHA|2 slots
Zela7t__slots_ & HYsd, daE A gV E £ 14 do] Ml & ulFyth AFSAF #H
AN 8 7HA] B3I AFych

-8R AR E = HE YR AR WIS ZA FAFUL __slots_ o] AFH JEHE o]

%5183 Ut

l(i

class Vehicle:
__slots_ = ('id_number', 'make', 'model')

>>> auto = Vehicle ()
>>> guto.id_nubmer = 'VYE483814LOEX'
Traceback (most recent call last):

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

22
2

2-Y23aHE 7} _slots_ o] AZH el oJETHE tha AANAE FEdt= 2 AAE vls =1

Exol gyth

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):

(Th= s Ao AI%H)
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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'

3R E AFFUh 64N E 25 AEC|A F A JEYRET I AXHAE_ slots_ 7
909 48uko] £, 908 152w =& AL FU T o] Feto] ¢l o] = (fyweight) T Aol €& e o] el

S
g7} BEol  Ww S 2 Uk

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
__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.

= 2 WL e RS FUL CTRAN A A 25T
AR W22 S Ao oF 517] uf LY, £ F s AA C E2RA VN _slotvalues
Ao g A S ST A EANHE T A Aich o1 9 TN B 81
27 Wv ) 2a g el o) gl g vtk

__slots__ 9] &3t ¢ v}l
= Alo

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

(TS sl AToT A
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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}>"'

&

)

Ytk

mlo

type.__new__() WAL 22 A5l Wi AHE F75HE 2

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__ () MINEE d2dx g thal €50 9le d2d2E W=

dleld Ytk

the-e =4 sol el ek ol Al g

.
T

A BFEY L

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 Zef ol A g ol & AHESHE |, Object ol A A5 st et Se| A8 Type o2 A

Asha gk

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

ol Al A, il EF F e 2 x 2yl the Wi AAE 2= S U

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

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

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

A~E AT SO A uf, o] EBHEZ A FE & slot_values B]AEE 25U TH

>>> h = H(10, 20)

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

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

A7 B AL AR A FL ol 22 HEL 92 WA AU Tk

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

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