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class Ten:
def _ get_ (self, obj, objtype=None) :
return 10
Y2IHEE AMS st W, thE Sejaol Sl s A2 A s oF Fyth:
class A:
x =5 # Regular class attribute
y = Ten() # Descriptor instance
he P AL AubolEg HE 289 T aa gy 289 ol P Kl FUth
>>> 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

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):
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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)
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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 %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
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>>> 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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from abc import ABC, abstractmethod
class Validator (ARBC) :

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




A2} Aol & A A= Validator ol A A<soF 3hn] 2 2 o) uwha} okt A 3S H A E S ] 96
validate () WA EE A =23 oF &t}

22 A2X ™o K84 AA|

S-S A 7HA AgAAd HolE FEA A FEE YT

1) oneof = gho]l ATA FH A 5 st A gl g

2) Number<= gte] intt float 1A &t A Ao g, gho] Fo]Z Hgholt H A Abe]d
A=A FAF ).

3) string& gkol strI A Ayt Aoz, Fo] A2 A Zolo] FEAS HAAYT
AHE R} A 9] = of (predicate) = A5 E 4= dH YT

o
N

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
ol Zlo] AX-GU T o] & WA F htE A FAAA L, T W AR E AT E 5L o 2 7
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U223 Y e = desc.__get_ (obj) Ydesc._ _get_ (None, cls)Z2AH T+ A5 YT

FA W EYRE N2 A UAIHE 7 AECR TEFHE 2o o dukA Ut
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TE AR A2 obj 7t AA, S Z-2 super] A2E 2] H}E}D} Yt

ATz 23 Yol H UAAPE o] /g S SHENE Folsn dads A, v Hold t 23 Y
S, AR g AFHY _ getattr () = AlFSE o5 TN A IS T3 WA
a.xo o st ﬂiﬁ%‘ﬂ 7hAAEH, desc.__get__(a, type(a)) EZEHUYtTh
A 239 232 object.__getattribute_ () o IFUTE th22 58 oM S7HE AU Th
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__ 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__'):
raise
return type (obj)._ _getattr__ (obj, name) # __getattr__

11
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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 225 AR Ste] Hl ol B o] 20] Z} | o] B of th 3k 2 7]whE 7] 3h
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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 Abg ke E, WA o o] B o] o) Ad s Al L

>>> import sglite3
>>> conn = sqglite3.connect ('entertainment.db')

3l @ AL dolE o] 2ol A H o B & AW W I ol Bl & A 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'

(TS sl AToT A
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>>> 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

A (doc) 2 HE]H £ BT HE x& Ao ste AubAAd ALY S HolFUth

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.")

UAagde 22 EZ 2Ho A property () 7 BA TAEH =X A5t B, o] 7] 43 gfo] A
As YT
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class Property:
"Emulate PyProperty_Type() in Objects/descrobject.c"

def _ init__ (self, fget=None, fset=None, fdel=None, doc=None) :
self.fget = fget
self.fset = fset
self.fdel = fdel
if doc is None and fget is not None:
doc = fget. doc
self. doc = doc

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):

(TS sl AToT A
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if self.fdel is None:
raise AttributeError("can't delete attribute")

self.fdel (obj)

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 )

property () 141 J2 AR A F o] 27 ] ERRHE QA 2E 7S F T & o] A =2] 7)<
278w =S FUn

& E0], AZHEAE S 2ECell ('b10Y) .valued B3 A gholl S AN 2 & F 712 5= Y5 Ut
Z2a g 25 AL AT wjuiet do] AAE AS S FFUL; AR, 2RI o E
2l HEC AH dM 2t 7]E SOl JE FE JFS v AL AA A5UTh o) 222 =29 E HolH

o] ol
e M2 A AdYTh

=

T2 IHEE value 9] E B HE 9

class Cell:

@property

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

W& property () W29 Property () S7k=°] o] Al A 2ot

4.2 gt MM E

sholAe] AR A 75 G5 AW BHS Ao FUTh ¥ HolH U ATYHE A5, F A}
WA § g U
o2 gAUd A9 B4t 529
e RN RS RS R R
Ws ol 2% F 4 AUk

2~ 0)

2 o237} 5539t types.MethodType & AFE 3] HIAEE 50 F UE 4 9]

o WA= Uk AR AaEaTt e ARE Fof] 719
Uth. #eof whel, o] AAEAE selfehal 8HA v thisth THE o)W

fy

Ytk

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)

15
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class Function:

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

"Simulate func_descr_get ()
if obj is None:
return self

in Objects/funcobject.c"

return x

return MethodType (self, obj)
1 = 2] E o] A Th5 25 APt AA R Tt HE 7L A5 ok A S HoFUTh
class D:
def f(self, x):

Farole WE AAE A A

>>> D.f.
'D.f'

qualname

L.

2o~
@uw

o) o)
5o P4

WA 2

_get__ ()& BEFA GHULL A,

>>> D. dict_ ['f']
<function D.f at 0x00C45070>

Szl He

S

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

/\
u%i%;qw

I EE R

>>> d =
>>> d.f

<bound method D.f of <_ main

__.D object at 0x00B18C90>>

YraEow, ddn vA e sy

ot ddd dxdx

=
=

AAg .

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

>>> d.f. self

<__main__.D object at 0x1012el1£f98>

A | A = ol A self 7} o] T] o A 2
ﬂiﬂﬁuﬂ!

2=A

e 2
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A ol B H a3 Y E £ el ASE g sk A AEe wass das WAUES ATH
ek

S5t gt _ger ) WA SlolH olEeER s wl =R WD F
v Hlo]8 t)2a Y El= obj.f(*args) &2 f(obj, *args) & HZIIYT} cls.f(*args) T2
(*args) 7FEYth

ol £ AAT Y 488 T A WYL 2oFTh

#H st HHoM S & e A0 SE

st~ f(obj, *args) f(*args)

staticmethod | f(*args) f(*args)

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

44 BH HAME

AR MAEE HA Qo] 3t & vtdd Yttt c.fY C.f $EL object._ _getattribute_ (c,
"ET) L]—object._getattrlbute (C "t & A 23 5= 7434— S5yt A8 o g, sk
A ol ol A E LeA A2 B de o

AA H A= AFst THE=self H4E FRHA b= v =YY Th
A E 5o, A W7 A= AF HolHE A AH oY FHEE ZT T 5 A5 Uth o] Fela+= oo
ot its B, B, TYH L Ve Vs A 74]*}0}% é‘i?ﬂiWE%ﬂl*?:MD} lﬂ%b}, 7HL§31
o= FA o] AN, HolEio] F LHA B £IT FLIAE S AT AF Sol oxf () = 57
2ol Al 5AstA v 57 ol B Al A kA g dEs wEd Fa gy Axg F ﬂV‘OﬂH
Lié?é;"O]”W4E+ s.erf(1.5) —-> .9332 FE ¥+ Sample.erf(1.5) —--> .9332
A WMAEE ¥7 glo] otF T8 HEAstRE, A A 52 T FA g5t
class E:

@staticmethod

def f(x):

return x * 10

>>> E.f(3)
30
>>> E().£(3)
30

vl tlol8 AT HY 22 EES AHE8Hd, £ ool WA 9] staticmethod () & H&3 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
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PAL2 T 227 ARG S~ o ZHUTh

class F:

@classmethod

def f(cls, x):

return cls._ name_ , X

>>> F.f(3)
('"F', 3)
>>> F().£(3)
('"F'', 3)
o] B2 Prvt Felx Fx W D231 54 Axdad] AYH dole o o E3hA S w) H8F U
Eelaolq=l @i St A S 2 A9AE Bee AUk AE ol 2 s 4= aiee
fromkeys () & 7] g|2EA A 9V E WU &5 9ol 55 22 thad 25 Uth

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 td5 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}

Hl tlol8 AT HY 22 EFS AHE8Hd, 5 9ol WA 9] classmethod () & B3 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

(TS sl AToT A
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def = doc_ (cls):
return f'A doc for {cls._name_ !r}'

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

4.6 HH{ Z4x|2} _slots__
STt __slots_ & AW, A" gAY E E323 14 Zo] W& v yth AR #A
AN gl 74A] A7 FUth

-84 42D 2 HE YR AFMIE ZA FAFYUh __slots o AAH J=HE 0|5
w589 Utk

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

>>> aguto = Vehicle()
>>> auto.id_nubmer = 'VYE483814LQOEX'
Traceback (most recent call last):

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

2-OAaYE S slots o] A%H Aol olE e RE B BAA
= O(ﬂ E]L]E}

ft
;

Felete B AAE v

[
rlr
T,

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'

19




3-WEeE AOFgh (I 252 NEC A F Y o= HES g Ardat  slots 7
0% 40| £, glo W 12ufol =% I o] 2 o141 o (tyweih 0101 48 Fo 2oy T

4- 02" A7 82 A 2538 oF §f+= functools.cached_property () 9 & =+ E 2ot

durk:

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.

= e AL BT C TRA 47 QA AT
2oyt 2} 29 EH?_ AA CFZA7F 7§l _slotvalues
A DU g A 72 Aol o2 97]t

re
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fifo
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__slots__9 A&3 <=4 d}o]
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=
o
2
o
i
A
[
4>

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
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

(Th= se[ Ao A1)
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def _ repr_ (self):

'Emulate member_repr () in Objects/descrobject.c'
return f'<Member {self.name!/r} of {self.clsname!/r}>"'
type. new_ () WAEE Fg2 Wgo @y AN E 27bstE AL Pk

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_ () HIAEEAAEHA YA Al £F 0] Y= Ad2EHAE 0
T}2& 4 sol o] therE ol Al E ol 4l itk

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)
if hasattr(cls, 'slot_names') and name not in cls.slot_names:
raise AttributeError (

1

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 (

1

f'{type(self). name_!r} object has no attribute {name!/r}'

)

super () .__delattr__ (name)

AR 2 e 20l A B o)A E A8 W, Object o A A4 311 e} 2 A E Type o AR S Pk

class H(Object, metaclass=Type) :
'Instance variables stored in slots'

slot_names = ['x', 'y']

21
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def _ init_ (self, x, y):
self.x = x
self.y =y

o] Al ol A, HlEf Sl e x b yoll ti e i AA & 2ESUth

>>> 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 0x7fb5d302f£9d0>,
'x': <Member 'x' of 'H'>,

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

Aagartwbsold of, o ER| R ETV A FE £ slot_values B|AE

et

Zr5 Ut

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

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

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

A7 Sl A AR A L ol el HEE of 2 2 AN T

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

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