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Ten 2 2e F4 __get_ () WA =AM 5 102 vHstE 2 HE YUt

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

UAIHEE ARG st |, e Sdiol S Hae g A of gt

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

et AL ARt ERRHE 23 HATHEY 23] 9] Apo] 2 HoF Ut

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

5

>>> a.y # Descriptor lookup

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

el @ AAL 237 FA YL HolF Ut oW ThE AAE S AN




>>> 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

Dléi%ﬂﬂﬂl&%%bﬂ%}% e HolFe A ek, o] odlAl= _get_ () ol th3t i 7} 9]
54 =g WYt} self 7| W= DirectorySize2] A2~€ 29l sized YT} obj v} 7] ¥ == Directory]
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Haa gy S5+ daEHs HEM]EHET““H] £ #Este AYdUth daaydee 292
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import logging
logging.basicConfig(level=logging.INFO)
class LoggedAgeAccess:

def _ _get_ (self, obj,
value obj._age
logging.info ('Accessing ¢r

return value

def __ _set__ (self, obj,
logging.info ('Updating 2z

obj._age

value) :

value

class Person:

age

LoggedAgeAccess ()

def _ init_ (self, name,
self.name name

self.age age

age) :

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

giving $r',

to Sr'

objtype=None) :

'age', value)

, 'age', value)

# Descriptor instance

# Regular instance attribute

# Calls __set__ ()

# Calls both __get__ () and __set__ ()

el AL B s o) =2 HE ageoll tHE BE AA 27t 2 H AW, Ao 2 HE name 2.1

HA ges HogFUth:
>>> 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}
(TFg ST AT AZ)
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>>> 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

ol o A2 & 7}A] F2 AIE 71 o1& _age7} LoggedAgeAccess Z e 0] LA of Stk AR L. 5,
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import logging
logging.basicConfig(level=logging.INFO)
class LoggedAccess:

def _ set_name__ (self, owner, name):

self.public_name = name
self.private_name = '_' + name

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

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, wvalue)

setattr (obj, self.private_name, value)

class Person:

name = LoggedAccess ()

age = LoggedAccess ()

# First descriptor instance
# 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
3l P M2 person Z W27 __set_name_ () & ZE8H] E o] Fo] 7| FH A S HoF T




7)o M vars () & =E] BT A HA AL HAIHHE 23 Fh:

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

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

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

ol Al A} & 2+ nameT} age E o T3 AMAE 2 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

T 70 Person A= 2ol 7fQl o] F W 2 Ut

>>> vars (pete)

{'_name': 'Peter P', '_age': 10}
>>> vars (kate)
{'_name': 'Catherine C', '_age': 20}
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ol validator Zeji F4 o] Fej2ol @A Bels & o2 HE Oaage duth:

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

A8 A §EA AN validatorol A 440 sh] 2 8ol we} chopat AL B AE 37 9]
validate () WA EE A|F3] oF gt}
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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}’'

(Th& sl AT ol AS)



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

(o] A o] A el A Al)

)
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 (
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 22d dagdart ieolAe Ae BAd Yt

>>> 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):

(tF= sl ol Aol A1)
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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 object_getattribute (obj, name):
"Emulate PyObject_GenericGetAttr() in Objects/object.c"
null = object ()
objtype = type (obj)
cls_var = getattr (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__willbypass__getattr__ () en-
tirely.

Instead, it is the dot operator and the getattr () function that are responsible for invoking ___getattr__ ()
whenever __getattribute__ () raisesanAttributeError. Theirlogic is encapsulated in a helper function:

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

try:
return obj.__getattribute__ (name)
except AttributeError:
if not hasattr(type(obj), '__ _getattr_ '):
raise
return type (obj).__getattr__ (obj, name) # __getattr__
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3.7 supero A =&

super®] 7 23] o] o) 3} =2 += super () 7} WFEHE 24| 2] _ getattribute_ () WA=l AH YT
A %3] super (A, obj).mobj.__class_ _._ mro_ oA AHIE t}2o] 2= H|o]x~ EFH 2 BE
AT B.__dict_ ['m'].__get_ (obj, A)EHIEEYTH g3 HH7F oY ™, mo] HAE

A g2 AdH = g Yo

A C 732 Objects/typeobject.c2] super_getattro () o] Y55 UTh Guido2] Aps5 A | A 24231 5} o]

[e] o 2~
WES B RS 5 Jdayr

38 T& 237 Q9F
g3 gdE HAYSE object, type W super () 9 _ _getattribute_ () WA Z o] £3= o] &
eh,
71 of & 52T A2 vk 25U Th
e UJATHE = _ getattribute_ () HIAZ 93] =4 ‘/]D]’
« F¥ 2t object, type == super () 2HF o] A& A5 T

. tﬂAi%HEﬂﬂ%ﬂ%ﬂﬂfﬂ_g%mxnmma_O%ﬂ@ﬂﬂﬁﬂ%ﬂiiﬂﬂ
sEo A g U}

e object._ _getattribute_ ()& type._ getattribute_ ()+=_ get
@Hﬂaﬁ@ﬂ%ﬂﬁ%éiziﬂi HrE ETE S ASYT T 0
Noneg 91 g4 2|28 T3

s HolH HaayE = 3 J‘L g2 gy e E A gy ok
s vl HolH HAIHHE I gy E Al = A5

0

ol

o

rr

[> nfo
rm L
[> [t
2
£ fol
Sl iy

o
ofr

39 A% 0§ 4Y

v

fZ2EgAaygeyrigdd S g o]l o= A o] w22k A 247 BEo) A ul, type
et S ae Al FE A GRS AAFUH 35 T st HAAHE )AL __set_name_ () &
A3, s WA=EE F Y A2 S EH Ut owners YU AIHE 7 AMRE £ 820 a1, name

S aaRE YT Fes Be g
T3 M F AFEHL Objects/typeobject.c8] type_new () 2} set_names () o] 155 Th

A 2ol type._new_ () ol 7] wf2oll, FH-E Fex A Aol wh AT U Yol tl23 |
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class Field:

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

Field 2228 Algalo] o Eu] o] 29 7} ¥ o]

Yt

e
=2
)
g
[>
N,
By
il
N
)y
e
rlr
il
1w
o
oX,
1o
ok
-
30
fy

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

B2dg ARgste |, WA dl o] EH o] 2o AL

I

>>> import sqglite3
>>> conn = sqglite3.connect ('entertainment.db")

3l @ AL dolE o] 2ol A H ol B & AW I o8& Al st e HoFUth:

>>> 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 B2]H = A EBHE xE B ste 4 d AHEH 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.")

Haa gy 22 &F S A property () 7k o1 B A F@H =4 Flsteld, o 7] =43 shold 55
=0l dsyth:

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

def _ _get__ (self, obj, objtype=None) :
if obj is None:
return self
if self.fget is None:
raise AttributeError ("unreadable attribute")
return self.fget (obj)

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

self.fset (obj, value)

def _ _delete_ (self, obj):
if self.fdel is None:
raise AttributeError("can't delete attribute")
self.fdel (ob7j)

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

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

def deleter(self, fdel):
return type (self) (self.fget, self.fset, fdel, self. doc_ )
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property () WS ALEAF QEF o] A7t o] ER|HE A2 E {7 ET &
L7 =< Fuch

E F# L+ Ccell ('b10Y) .values Faf A gholl th gt AMAE 571+ A5 Y]
of 22 Il e S5 AL A AT wuprt do] A ME AS 27 FUTh AT, eI =
oJERHE A QA ~dle 7| E S0l AE T JFS v X1 A A sUh AL 22 E
dlolEH HAZHE 2 value o] EZ HEO] T3 A2 E 2xE AYYth:

4

WA M= MY

class Cell:

@property

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

W7 property () U -%2]8] Property () S 7F=0°] o] oAl A 253 ch

42 greA=

shol A9 AR AT 7% F4: /1% B3L 7102 itk vl vlolH t AP B AGIHH, F A7
vl A g g U o

Sejs gAY 49D 5t 558
Aehe ol A g w4 = 7 At §49 o}
ofd W o] B F 4 Y&vIth

A AAZE s e A7) D208 R 4S9 27}
St #elol uhel, o] XA self ek 34 G dhisth o2

ek e 3 253 types.MethodType2 AR 3t HIAEE E 08 W15 4 55Ut

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 Ee) A S AN A, P o Eel HE A s Fol MASE AAH) AT _get__()
WAEE ERTUL. ol B57 AAdAd A A 233 5% A2 WA =S DL W ol
Hazge 9 EPuch 35 BAL ten 2ah:

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 SR E A AAE T 2T HH 7 FE sk Bae Hojsuh

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




>>> D.f._qgualname_

|D f'

Sols GANDE 5P B DAL _ger (¢ BEAA BEUITh o4, A B4 AAE
LlsiagBhey

>>> D. dict  ['f']

<function D.f at 0x00C45070>

SehaolM He Sl JH s DA S g A jlo] vEekE __get

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

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

HEAoE, AP MASE 2§59 AFE A2HAE AZFU

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

>>> d.f._ self
<__main__.D object at 0x1012el1£f98>

Qul Wl A =0 A self 7} Ol ol A 9 =A) = Zel WA SOl A ds7} oA 2R FE S Aol gl
™, uh= o] U TH

4.3 WA= FF

H tlo]8 Y23 PE &= dod A= E vl g 3ts dubdd eSS g ets s WA YE S Al
.

Lok, o= __get_ () HIAET YA o ERRER ANAT o AERE HEE 5 UFY]
t}. ®] dlol8 t2T HE &= obj. £ (*args) &S £ (obj, *args)E WHEAFYTE cls.f (*args)

TE2 f(*args) 7k g Yth

o] B AW 4§ T A WYL Lo

H 2} AA NN T& ZeHjaoA T E
=S f(obj, *args) f(*args)
staticmethod | f(*args) f(*args)
classmethod | f(type(obj), *args) | f(cls, *args)
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4.4 A WA=

AA A=A glo] st d4E vttt c. fYC. f & object._ _getattribute_ (c,

"f") Y object._ getattribute_ (C, "fM)E AH ZQ?S]—\_ A ==t a3 d o2 3t
£ A e 2ol A S LA A2 E 5 Ut
A Ao AR FHE sels W4E F2HA e A=,
A& 5o, 54 ;7| A= AF o5 E 9l sk AH o] —E’-?ﬂ%éé 2T U5 UTE o] FHl A& HolE
o o] 3 A A, BFE, FIR L ANE /1% SAFES AL A= E AF Ik T,
N Ao 2 AAE o] QAR Hl o]l of] o] &35} 1%%‘: °=‘1‘6Jﬂ 7F S 5 dFUTh oA E £, erf (x)
£ A Ao SFBA T, 54 olel Aol A o 2344 e Al A U AAL
ZPgPro T TS5 95T s.erf(1.5) ——> .9332 E= Sample.erf(1.5) ——> .9332
A MAEE A7 glo] % F4S NBIHLE, oA TEL T EA GSUTH
class E:

@staticmethod

def f(x):

return x * 10

>>> E.f (3)
30
>>> E().£(3)
30

Hl tlol8 AT HY 2B 58 AHE8HY, 5 9ol M3 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

45 2H2 WA

AA WA=} e, Ze A A= E F5E TE8] Aol FU2 F2E AR S Pol] 27T o]
J4e 5EA7} AR e 2L o) 25y
class F:

@classmethod

def f(cls, x):

return cls._ name_, X

>>> F.f(3)
('"F', 3)
>>> F().£(3)
('F', 3)
o] 3L T EHa FR W E 83t 5F Adadso AFH d ol &4 oS w183
ok o2 A s @ 7kA) BEe oA Sl A s AUk o Bol, Fea A=
dict.fromkeys () & 7] 2ENA A -1 g & TbEUth &5 gtol A 55 B2 vt Z5 Uttt

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

(Th& sl AT ol AS)
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(o1 sl o] A A A%)

d = cls{()

for key in iterable:
dlkey] = value

return d

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

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

>>> type(d) is Dict

True

>>> d

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

vl dlolB HA2IHH 22 E 2S5 AHESHY, & gto] W WA classmethod () & U5 25U th

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)
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_

>>> G._ _doc___
"A doc for 'G'"

4.6 ] A e} _slots__

1- 8271 228 JEYRE HYOE AR WIS ZA ZAFUTh _slots_o A3 o=l RE
o % v 589 Utk

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

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

AttributeError: 'Vehicle' object has no attribute 'id_nubmer'
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2-Y2aYE 7t __slots_ ol A Y o] E|FE thT A2
o =&l gyth:

it
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)
ol
rlr
A
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)
e
rEl
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rlr

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: can't set attribute
>>> mark.location = 'Mars'

Traceback (most recent call last):

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

3-vEEE A ,:MD} 644 E 2|5 é‘:‘e‘EOM F A JERET Ue °TAE4A%_slots_7}
9 481} o9 15280 EE AFE YT o] Zeholgl| o] E (flyweight) T 2191 v Hl & B =9

cwagvlo =, 9
A8z n&%ow o e % 23 o,

N
O
[>
rT
l>
_h

y g7} &8l2 A A5 3] oF 3+ functools.cached_property ()} 22 =31 E

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.

__slots_ o] AE3 4 ylo)|H =
AA W 28] S-S A o3l of 317] uf
2 2~ E o o3| U*}QL 7 F A
271 A f 2T Y H ol 93l e

= UHes A2 E7Fs U C A O A3 AAM A0
\/]D}.:Lﬂib}, =) ‘}"‘ZﬂC—TLZXW} N _slotvalues
Eﬂol/ﬂ%-?-%—%‘ AUt A A QA LA T gt ¢ 7]}

null = object ()

class Member:

(Th& sl AT ol A%
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(o] A o] A el A Al)

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
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_ () FINEE e Wpol W AAE F 7ok A2 P oh:

class Type (type) :
'Simulate how the type metaclass adds member objects for slots'

def new__ (mcls, clsname, bases, mapping) :
'Emuluate 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)

object.__new_ () HIAEE 2" MY A £Fo] JEQdrHAS TlE =
022 <=4 vlol W o] o 2k4 ol Al &g o] A dut}:

class Object:
'Simulate how object.__new__ () allocates memory for __slots__'

def _ new__ (cls, *args):
'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)
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(o1 R = o] A | A Al )
if hasattr(cls, 'slot_names') and name not in cls.slot_names:
raise AttributeError (
f'{type(self)._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'{type(self)._ name__!r} object has no attribute {name!/r}'
)

super () .__delattr__ (name)

AA Fefro) A Al B o) AE AHL3HE WA, Object oAl A& 33 HE FHAE Type o & A A A

gtk

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, el Zef e x 2 yoll th3k AW AAE 2= FYth

>>> 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'>}

ArEa7l 5o A u], o] EE|HEV} A= slot_values B|2EE ZF5 U}

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

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

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

A7 B AL AR A FL o2 HEL o9 2 WA YU Tk

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

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