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1.1 ZHEHSE Of: ALRE BHBlSHE ClATRIE
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 1 0.
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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
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import logging
logging.basicConfig(level=logging.INFO)
class LoggedAgeAccess:

def _ get_ (self, obj,
value obj._age
logging.info ('Accessing

return value

def _ _set_ (self, obj,
logging.info ('Updating

obj._age

value) :
to Sr'

value

class Person:

age

LoggedAgeAccess ()

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

self.age age

age) :

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

¢r giving

objtype=None) :
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'age', value)

, 'age', value)

# Descriptor instance

# Regular instance attribute
# Calls __set__ ()

# Calls both __get__ () and __set__ ()

i3} & Al
HA e

HolE Uk

2 #HeH = A EFE ggeol thst &2

A2t 22 H A, Dol EE HE

nameS 21

>>> 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}
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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
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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, 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
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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
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>>> 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.

Yaages gam Mo A58 me 453 th dadze) dow, &9t glgith
U2age el 28 571 S04 W5el AFY ARt I ETRE 28 Fol BAFE AL A T4

A== 3= —i‘% ]""‘—6]": Adth
ARz, iéﬁ ST 23E] Foll o do] dojdA] APtk araHH = 1 BAE 94
Al71a 23] Fl HlolE 7 A AS A== Pyt

Y2aa g Ao AAAA AP YT 7t A29 M =2 v = W Yy th classmethod (),
staticmethod (), property () 2 functools. cached_property () ol Zre JduiA o = 25

Haayge e Fdgyrh

of oAz, 2717w o Ao g oW 2 HolE &4 W29 AXE 7] A3 A& A
u




GEA AN E B HE o ERE AN AE B 2P ATt ol B E A7) Dol A zkol
Frok ok B A DS 5oL S e 119 AT AL o) 55 A B, ool e
287 9

s 980l o 91 7H Ty FU o
tor et g wlo] s Ze 2ol WA Hels k=Y HE HaagH Ak

o
<
QO

=
-
0,
V]

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

AHEAF Y] B A7) Validator ol A A&l of shm 2 g of whet theFst Al &2 Bl A E L] 96
validate () WA EE AlF3f oF &ch

2.2 ALEX He REE HAM
o2 A 74X g A Hlolg f a4 A4 S E YU

1) Oneofx= Zro] A|3tE &4 AdE = 311} ol x| Folgh ).

2) Number = ghol int U float 917 SAlFLTh A€ 2 0 2, gho] 7o 2 & gkol k2 A gk Aol ol
9=A) el gk,

3) string e ghol strel A AT AR AR, Fol A A4k Huh Dolo) FHAL AAFIT,
AHERE A 9] = o (predicate) = A5 E 4 AHF YT

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}’'
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https://en.wikipedia.org/wiki/Predicate_(mathematical_logic)
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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
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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):
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ValueError: Expected -5 to be at least O
>>> 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 ()
obijtype = 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__ () directlyor 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_ () raises an AttributeError. Their logic is encapsulated in a helper func-
tion:

def getattr_hook (obj, name):
"Emulate slot_tp_getattr_hook () in Objects/typeobject.c"
try:
return obj._ _getattribute__ (name)
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except AttributeError:

if not hasattr(type(obj), '__getattr__'):
raise
return type (obj)._ _getattr__ (obj, name) # __getattr
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3.10 ORM oj|A|

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/=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 228 ALg3te] tl o ElW ol 29 2t Hlo 2ol Tl & A7 ukE Aot 22 A B 4 U5
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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

B2dg ARgstel |, WA dl o] B H o] 2o AABHEA L
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>>> import sqglite3
>>> conn = sqglite3.connect ('entertainment.db")

3l @ AL dolE o] 2o A H o B & AW Y vl ol B & Al she e HoFyth

>>> 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 () £&2 JEZRE ANAT w) T+ TS ET A = dolE UaaHEHE

DA Y A9e T 2 ok

JZi
O_I./
j&
rr

property (fget=None, fset=None, fdel=None, doc=None) —-> property

A (doc) 2 A= £ A ERRE xE Ao ste dubdd A S HolFyth

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.")

YAagE 22EE Sl A property () 7 o B FHH 7 G5 W, of 7] w43 T 55
2o] g%yt

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 = "'

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 (ob7j)

def getter(self, fget):
prop = type(self) (fget, self.fset, self.fdel, self. doc )
prop._name = self._name
return prop

(Th5 sTeTATol A1)
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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

v O WL A8 AE s o] 27} ol B2 HE A AT M F 55 WA WAES] AL
FEETIER AN
, 2 E

Fe2ECcell ('b10") .values F3l A gholl e AA2E 71+ 5
ct. iil"*“"ﬂ L—?—’—? 7Hd2 YA 2T nprt A o] Zﬂﬁ]*}% AL eFdUth s, 22 o
S EPHE A AM2dt= 7] E Feto|IE A= JFE v A AR kUt 2L 22 A
H]O]Eiﬂ/\ﬁ%iﬂivalu olEZRE g A2 7&’*}— AUk

class Cell:

@property

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

W& property () Y818 Property () 7k 0] ] oAl ol A &5t

4.2

mb

2t HME

Jpol W o] AR A 752 & 71Nt &AL 71t 2 gtk vl vl ol B HAIHE S AHSSHE, 7 N7t
A g Yk

e gAav e AZE T4+ 322 ol A =R v Th 7“%11 JAARA7EThE AAHE ol F7F
Ao Aol M et wl A =7F duk gk thE U ok e o whel, o] A" A= self2hal 344 W thist THE
ojH W4 o] 5% E £ YFYth

o2k &7} £S5 38 types.MethodType & AF&3lo] Bl EE S5 02 Bhs 2= gl T}

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=) AE AL A Q5] A3, B o RE AN A S HASE ADSA A __get__()
WAEE TR ol B4t A8 2N A 235 B AAH WASE B vl o o] E
faag Qe =gy 25 AL 0gn 25Uk

class Function:

(Th5 sTeTATol A1)
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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 SNAE A AAZ g4 H2IHEH 7 g5k A= Hosuth

class D:

def f(self, x):

return x

Ferol = R AALE A D5he AT EE o) o= HE U
>>> D.f qualname
ID fl
ZH2 G E S T AMAE __get_ () & ZTEFA GFUTh tiAl, @A S T AAE
uhgk g o
>>> D. dict_ ['"f']

<function D.f at 0x00C45070>

Zejsoln B B A LE OA B BT WA glol VB _get (S FTHYUTH

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

028 $AL Adagsol A A Al ATt o BARYTH H 23 = AQAH A E AA S B
(

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

WRAo R, A48 WASE o7 40 A48 A2dAE AT o)

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

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

Qul o] A = 0] A self 7+ o Tl ol A @ =7] T Z el A =0 A cls 7} o] ol A 2= FE S Ho] gl
®, vk o] U TH

43 HIMES 58

.u.;

v tl o] 23 PE & 5ol WA =& vl g ot dukd <l
gyt

Lok, o= __get__ () HIAETL A o EZRERE AT o X ERE HEE 5 U5
t}. H] 1°]E1 UAFYE = obj. f(*args) $&2 £ (obj, *args) 2 WEIUYTH cls.f(*args)
TE2 f(*args) ZFEHYTH
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#H St HHoIM S & S A0M S &
i f(obj, *args) f(*args)
staticmethod | f(*args) f(*args)
classmethod | f(type(obj), *args) | f(cls, *args)

4.4 ®M= HME

AAWAEE AT Qo] R d-E Uyttt c.fUC. f &2 object._ _getattribute_  (c,
"f") L} object._ getattribute_ (C, "f") & A X3+ A sF5HYY. 2HAHo2, T
€ A FAAA 50 A4 4 AEMEY

Ao At TR = self WFE FRIA GEvAEY

<
o

5
9 7\e} 714 BAFE AL
dﬂiﬂﬂ®h°ﬁﬂﬂ*}%%¢ﬂ§HWﬂE}£1Mf1

clolel Aol 47 £ ek Aol @ A £ AL, A

FProA TS5 gl%ﬂu} s £(1.5) ——> .9332 E%Sample.erf(l.S) -—> .9332
AR AT E A glo] 3l Fq4ES vidtslun g, oA £35S Su)FA dsUth
class E:

@staticmethod

def f(x):

return x * 10

>>> E.f(3)
30

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

vl dolH AT HH 22 EFS AHESHH, €5 ol A WA 9 staticmethod () & a3 254 th

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)

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

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

(ThS sleTA ol A1)
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>>> F().£(3)
("F', 3)

o) EAL G4t B A B2 W BRHL 5 Q2T 20] AGA v ol Ho) o £5HA %
o 2eAWAEY @ AN SEE oA S AHAE BEE YU AE So,

dict.fromkeys () & 7] el AEA A AL ) & BT 58 5ol 4 55

o

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 gAY 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}

) HlolE Haa e 22 & F2 A85hd, ¢4 she] A A9 classmethod () & BH3 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, 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'"
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4.6 2HH| ZHA| slots
Ze27t __slots__ & AYW, Ad2dA gV E €239 1A do] widE vhg Y th AR
FAH oA o] 7HA] BT} 0‘*1414

1- 37 2 RH oJEFgRE Yoz o3t I8 2A ZAFUL.  slots o AAH oJEFRHE
% vl gH

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-Y2agH7E__slots__ o AZE 7 oA ERFE g AL E Aefsts 2 AAE =L
o =&l 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):
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'

W E2E F P UTE 640 E 2w A ECA F 7)o} o] ERRETE 9l A A= slots 7h
9107 43nfol =, ot 1520fo] =2 /\}o FU k. o] Eeteldll o] E (flyweight) T AFQl 9 92 w2 59
2R 7 s A w2 g o

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 cor-
rectly:

from functools import cached property

class CP:
__slots = () # Eliminates the instance dict

(Th5 sTeTATol A1)
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(o1 s o] A oA A<

@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__ 9o A& ¢4 vho| M =7 = A2 273Ut C Ao 2 AAM| A~ 8har

AA W 22 &S A ofs] of 51 7] wj & YTk 3L AA CHEZA7F N2l _slotvalues

g2 Eof 93 U"]'E] = 7HE SAS A EY O)AS 75 T 5 AsUth G A F2A o g g ¢l 7] 9}
o}:

271 W g2y e o s gy

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}>"'

type.__new_ () FINEE S Wgol] Wi AA & F7leke As e Th

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 ()

(TH= sl o] Aol AIS)
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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__ () MIEE dadagAade il €0 e dadaE Bes A Yok
%

28 <7 shol sl ek el A E 141211 ok

class Object:

'Simulate how object.__new__ () allocates memory for __ _slots_ '
def _ new_ (cls, *args, **kwargs):

'Emulate object_new() in Objects/typeobject.c'

inst = super().__new__ (cls)

if hasattr(cls, 'slot_names'):
empty_slots = [null] * len(cls.slot_names)
object.__setattr__ (inst, ' _slotvalues', empty_slots)

return inst

def _ setattr_ (self, name, value):
'Emulate _PyObject_GenericSetAttrWithDict () Objects/object.c'
cls = type(self)
if hasattr(cls, 'slot_names') and name not in cls.slot_names:
raise AttributeError (
f'{cls. name__ !r} object has no attribute {name!/r}’'

)

super () .__setattr__ (name, value)

def _ delattr_ (self, name):
'Emulate _PyObject_GenericSetAttrWithDict () Objects/object.c'
cls = type(self)
if hasattr(cls, 'slot_names') and name not in cls.slot_names:
raise AttributeError (
f'{cls. name__ !r} object has no attribute {name!/r}’'
)

super () .__delattr__ (name)

AA 2o 2o A A B | AL A8 H, Object o A A< el W ZeAE Typeow QAT E
ok

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

o] Al el Al, wl el S e 2= x Syl he W AXE 2=F5UTh

>>> 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'>}

it

Axrda7t Eojd uf, JE R EV A S = slot_values B 2EE ZF
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c
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>>> h = H(10, 20)
>>> vars (h)

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

>>> vars (h)
{'_slotvalues': [55, 20]}

A7 S AU AGEH A &2 AAEREE o9 & AU Th

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

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

21




	입문
	간단한 예: 상수를 반환하는 디스크립터
	동적 조회
	관리되는 어트리뷰트
	사용자 정의 이름
	마무리 생각

	완전한 실용적인 예
	유효성 검사기 클래스
	사용자 정의 유효성 검사기
	실용적인 응용

	기술적인 자습서
	요약
	정의와 소개
	디스크립터 프로토콜
	디스크립터 호출의 개요
	인스턴스에서 호출
	클래스에서 호출
	super에서 호출
	호출 로직 요약
	자동 이름 알림
	ORM 예제

	순수한 파이썬 등가물
	프로퍼티
	함수와 메서드
	메서드의 종류
	정적 메서드
	클래스 메서드
	멤버 객체와 __slots__


