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1 BigRAl: REREERRHERE
Ten Fje—MEdE, H _get__ 0 THREZRHFHE 10

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

class A:
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>>> a = A() Jﬁi N A BB
>>> a.x [’ ri%‘f&

5

>>> a.y # R BE R

10

1 a.x BYEEHRT, SIBEAFSREEMHAEITIPE) < 50 TE a.y R, SIBEAF MR
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1.2 EBhAEH
R SR S R T TR A3 1 2

import os

class DirectorySize:

def _ get__ (self, obj, objtype=None) :
return len(os.listdir (obj.dirname))

class Directory:

size = DirectorySize () # TR B
def _ init_ (self, dirname):
self.dirname = dirname # % LB B

LHASW RSN, FURESITRFEY, 21 HORaR el



>>> s = Directory('songs')
>>> g = Directory('games")

>>> s.size # songs HEAHZ+ANXH
20

>>> g.size # games H FH =X
3

>>> os.remove ('games/chess"') # Mk —1 game

>>> g.size # X Ek B3 E A

2

B TR R S ST R, EABI T RER T __get__ 0 SHMHAK. S self KSR
size, B[l DirectorySize 1)—52Bll. JEZ obj HMUN L2 g i s, R Directory fl—A5E01, TMi1E2 obj ik
_get__ O JIEPAF TR AARR H % . TS objtype MUK L2 )2 Directory 3%,

1.3 RERMK

AR —FAAT HA R ATE R LRI T . A S e R M i A JT e, i 52 e B
NAA JEPEAHAE LB b SR ATFIR YRR, SRR _get__ 0 Ml _set__ 0 Jiik.
TE NHBIT, age RATFEYE, _age RFAJENE. LTI ATFRIER, fRELIC N AR

H:

import logging
logging.basicConfig(level=logging.INFO)
class LoggedAgeAccess:
def _ get_ (self, obj, objtype=None) :
value = obj._age
logging.info ('Accessing ¢r giving ¢r', 'age', value)
return value
def _ _set_ (self, obj, value):
logging.info ('Updating %r to %r', 'age', value)

obj._age = value

class Person:

age = LoggedAgeAccess () # ?ﬁiﬁi§§:?ﬂ
def  init_ (self, name, age):
self.name = name # AR
self.age = age # WH __set_ ()

def birthday (self) :
self.age += 1 # AA _get_ () FA _set_ ()

LHASWRR Y, MITERIE age MTA VI HEGOCR TR, HEHUEME name WIARPHLR:

>>> 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

(BT ID




INFO:root:Accessing 'age' giving 30
30

>>> mary.birthday ()
INFO:root:Accessing 'age' giving 30

INFO:root:Updating 'age' to 31

>>> dave.name
'David D'

>>> dave.age
INFO:root:Accessing
40

'age' giving 40

# Updates are logged as well

# Regular attribute lookup isn't logged

# Only the managed attribute is logged

(% L 50)

WL/ B By — A~ 5 B U AAAT 2 FK _age FEJE LoggedAgeAccess 2 BB £ Y -

—HTICRIEN, HAHAFA T .

1.4 FEHBFR

YOS, BN VSR SR S R T A28 1A

TEHRBIH , Person JEHA WA A 3 SB1 name Fil age. 242 Person P 5E LAY, fb[T1iH T LoggedAc-
cess T __set_name__ () RICFFEAM, L MRAEHEA B C W public_name F private_name:

RXEWRHE LB

gl

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,

value = getattr (obj,

obj,

objtype=None) :
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,

class Person:

name = LoggedAccess ()
age = LoggedAccess ()

def = init_ (self,

self.name = name

name, age):
self.age = age

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

self.private_name, value)

# First descriptor instance
# Second descriptor instance

# Calls the first descriptor
# Calls the second descriptor

J

LHZHASTREARSE person P T __set_name_ () IVERICHKF BN A TR fEXH, FATHM

vars () SEEARIIARSF A A B

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

'_name'}

_age'}

BAE, BrREILRAS name Ml age —F 1151



>>> 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

XA Person SEBAAL & FLA 44 FK

>>> vars (pete)
{'_name': 'Peter P', '_age': 10}

>>> vars (kate)

{'_name': 'Catherine C', '_age': 20}

1.5 &RiE
descriptor B 2T —PNEXLT _get__ (), __set__ () B __delete__ () HIRIA.

e, AT DARA _ set_name_ () JriK. XAUAERMIRAR LA QI E B RS A BRI R
AR . (BIERZIA 2Ry, R A e & )

TEJRMEA IR, flidas b Sz EAF R . AR vars (some_class) [descriptor_name] [HJ#E1/j 1]
FERAS, D [l A 52 BTN T B

TR E FIVERAZ I EAEM . AR, BATRF R

AR F 2 H R A, RVFARTE I B R G A e P A I A AR L

e b, PRI AR AR P R AR . TR ge S TR, FF VIR A B X ik
.

HARBOEHTRETEMNES. BB EFiE. %0 T HEW classmethod (),
staticmethod (), property() ﬁﬂ functools.cached_property () %BfFj@ﬁ%iﬁ%%gZiﬂo

2 sEEIEFRBIF
FEBERI, Fell R T— N A T A 25 X A e SR A B .

2.1 SERRE

Bk M TIE BT A ST . FEAART MBI AT, B RRUEHH ER M L ARG
FEIFR A o QRN X LR, ERFS I A H, IRSK BB I ERIR.

XA validator 2RI E—A> abstract base class th g — ML B MR-

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, wvalue):
self.validate (value)
setattr (obj, self.private_name, value)

@abstractmethod
def validate(self, wvalue):
pass




FIE ISR T ZM validator YK, FHAHRML validate () J5{ARAMRYETE ZMAS R A

2.2 BENIEIEE
X =S B e T A, -
1) oneof BiF{H & —2H 2 AR R 2 — .
D??Mr%ﬁﬁ%ﬁﬁhmﬁfmmcﬁﬁﬂﬁ%ﬁ,Eﬁﬂ%%ﬁﬁﬁ%ﬁ%%¢ﬁﬁ§iﬁz
i .
3) string BHEEHRTE A str. RIWAESEL, W PARAIES & R/ NEUR R K. BB W] RS IEH
F1E XY predicate

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, value):
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}'



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

2.3 SR H
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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

Sl PEL 1 e SR B e

>>> 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 is 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', D5) # Allowed: The inputs are valid

3 BARKE
PR EIRATE AR, DARHA S TR A 8.

3.1 {%E
EX%@%,@mww FEULRI AT ik as . SR Bt— ISR R R AT AR R 6 .
SRR A S RESR b B B B 2 T AR AE, CREE VR PR Python T AR/ B

3.2 EXENA

— BN E, bR S T RIS R AR B, XTI __get__ (), _set__ () Fl
_delete_ (). QIRNFAEME LT X EFRMEE A, BT ABFRA descriptor.

JRTEDT BRI ﬁmM*Aﬁ%M% WHREL, DR MR E . W T BRI, a.x WERIF S
Ma.__dict__['x'] JFlfR, SAJGR type(a) .__dict_ ['x'], 3% FRMIKE type (a) BITIEMRHTIN
?(anoW%ﬁﬂ%ﬁ%ﬁlTﬁﬁﬁﬁﬁﬁ%%ﬁ% W Python W §E 2 F 5 BRINF T H- 41 A
Em%ﬁ%ﬁ%oﬁﬁ%ﬁéﬁ%%ﬁ%%%?%%ﬂ%ﬁ%%mX%ﬁ*%ﬁ%&AWﬂQMﬁT%
PE

Descriptors are a powerful, general purpose protocol. They are the mechanism behind properties, methods, static
methods, class methods, and super (). They are used throughout Python itself. Descriptors simplify the underlying
C code and offer a flexible set of new tools for everyday Python programs.




3.3 RN
descr.__get___(self, obj, type=None)
descr.__set_ (self, obj, value)
descr.__delete_ (self, obj)

RS IR L . — AR IAEE T A IR R BT —AS, s iid g, s E e
I} 7 i H AT

MR REXT _set__ () B __delete_ (), WESHMNEIHGEER. LEXLT _get__ 0 W
U 2T AWIE| 2 €/ pUN T (Eﬂ‘]?ﬁéﬁ?ﬁﬂﬂ:ﬁ‘?ﬁ, fEtETU\ﬁ/ﬁ\ﬂﬁﬂﬂlﬂ:)o

Bm A AR ER A S AR R Z e T, AT SRS B s b A O R AU A RSB 0 i BT S e
RS R AR H , MBS, WREHR T I HA SABEA R R A& H, W7
HALsE.

R T R R A O R, R E L __get_ O Fl _set__() , IFHE _set__ () PHIK
AttributeError o MGG AATE L _set__ () FFIAMHMCA R AR -

3.4 iR 23 A AR
ﬁ%iﬁ%%ﬁfﬁkﬁﬁfi<j.__get (obj) fﬁ desc.__get__ (None, cls) E{E&Uﬁfﬁo
BT L) 2 i e s 0] B 2hi ik

The expression obj . x looks up the attribute x in the chain of namespaces for obj. If the search finds a descriptor
outside of the instance __dict__,its__get__ () method is invoked according to the precedence rules listed below.

PR AIT BT obg AR, iR 2RI SLB .

3.5 @ scHliEA

;WJ%%_ 4 A AT, BRSSO Se s, RS AR R AR BRI AR . A
B, WG _getattr_ () (ﬁu%ﬁﬁﬂﬁiﬁ)o

MR a.x KRB 7T —AMdAS, BAKFELL desc.__get__(a, type(a)) WHE.
RO B I B R B AL object .__getattribute_ () H, iXEE%%**4‘9§ﬁTE@?EI5nhonEEﬂEZ

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)

v

descr_get = getattr(type(cls_var), '__get__ ', null)

if descr_get is not null:

1

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)




WHER, f_getattribute_ () JkMRE AN _getacer O MET. EHR N
__getattribute_ () B super () .__getattribute_ &IJKLET _ getattr_ () BIJRHA.

P, 24 _ getattribute_ () §| K AttributeError W}, fizB M getattr () ERE T
__getattr__ (). EfIWEHEEEAE IR ECT:

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__

3.6 EIAHEA

Boax XHMWABEENSEKNEZ B cype. _getattribute. () H1. B IR 5 object.
__getattribute__ () A, {HI2SEHI15 A MCH 2 254 method resolution order
WARLH| T MRS, IEARFET desc._get (None, ) HHE.

SERERY C SEFL R HE Objects/typeobject.c B type_getattro () fll _PyType_Lookup () FFH|.

3.7 i&it super AR
super (1,5 BAVERF AR R KB HBAE super O FTRMIXIAM) __getattribute () FIEH.

Hf super (&, obd) .m ERIKESEFRIFHE obi.__class__ . mro_ FHEREELE A Z G B,
SRIGIRIEI B.__dict_ ['m'].__get_ (obj, A). HIR m AR, W E R B HAE.

SEREAY C SEH M AE Objects/typeobject.c B super_getattro () F13H| . 4l Python 50 3L M 7 Guido
MR R

3.8 ARMEEESE

The mechanism for descriptors is embedded in the _ getattribute_ () methods for object, type, and
super ().

PHOEREZ AR
o RS getattribute_ () HEWA.
» KM object, type B super () ZRARIALH]
o TR ZHAE _ getattribute () 1, HIMESZHEXM IR BSTEH .

e object.__getattribute__ () %H type.__getattribute__ () é?fﬁﬂ<ﬁﬂﬂ@jfitﬂﬁfﬁ __get__ (o

H— M2 AH], WA PAERES. JF—MEARISLHIN None , F HEZEHE.
o BRI SR A 2 B B
o ARl AR SR T UL

3.9 Hah&FREA

A, HRAEREE R R AR B4 . BUESEHRI, JUK type FHAMIISHI T . ARAliid
o, HHEMENLT _set_name__ (), WEHBASEIRTZITIE. owner 2 MIHALRIFE, name 2
PANLWEER U I E g A

SEPLRI AT AE Objects/typeobject.c BLff) type_new () l set_names () H,

BT EHZHEAE type.__new__ (O W, HILEAAECIEIN K. Z G W RSB A A ma 2, )
TEFEHH __set_name__ ()

10


https://github.com/python/cpython/tree/3.12/Objects/typeobject.c
https://github.com/python/cpython/tree/3.12/Objects/typeobject.c
https://www.python.org/download/releases/2.2.3/descrintro/#cooperation
https://www.python.org/download/releases/2.2.3/descrintro/#cooperation
https://github.com/python/cpython/tree/3.12/Objects/typeobject.c
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DA PR T A0 P KB i SR M 52 06 R A EAE

F0 S8 B R R AT R SR i v Python S8 (G Kt e out B PR B o A S SR
PEAT AR B

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.keyl])
conn.commit ()

FATATLAM Field ZMR5E SAMIA T 8t i 3R AR models.

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

TR, P e R BB -

>>> import sqglite3

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

AZH ISR T AT S 128 G 2R 5 B o AT B -

>>> 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'

11



https://en.wikipedia.org/wiki/Object%E2%80%93relational_mapping
https://en.wikipedia.org/wiki/Database_model

4 &g Python &3l

AR, (HERRAE T AT RENE. AL ABEHEREEN, LETENCHETERN
BETREY J@tk. g0k, B0k, 0rim slots__ SRR AR N

41 B
P property () M HEHEMIASR I T T, RB A AL DT S PRI Al A ek RO . BB

P

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

SRR T SR R x ML

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.")

BT f# property () WMTIRGERIAAS ML E, X L2 — M4l Python f&5 45K B :

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'property {self._name!/r} of {type(obj)._ name !r} object has no getter'
)
return self.fget (obj)

def _ set_  (self, obj, value):
if self.fset is None:
raise AttributeError (
f'property {self._name!/r} of {type(obj). name !r} object has no setter'

)
self.fset (obj, wvalue)

def _ delete_ (self, obj):
if self.fdel is None:
raise AttributeError (
f'property {self._name!/r} of {type(obj)._ name !r} object has no deleter'

)
self.fdel (obj)

def getter(self, fget):

(BF 00

12




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

(% L 50)

RXAWER property () &M U BIER AR, FESMZRHF L - NIHENS 5,

B, —AAFEAEAT DAL cell ('b10") .value FZ TR BEICAREAG DT MIALBR . RPRRIF i) i g it
SOREFRVTIERE TR B0 (B2, B RO B0 BT MR R B % A CRD . Ak

T7 SR RENT value Ja PR ) AL AE SR P KRR 2% -

class Cell:

@property

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

TESLRBIT, B property () BFRATSEILIAY Property () ¥HEH .

4.2 RYWFFHE

Python [ H [ % R I RE e AEHE T B PR AL Y o G G ARt fiad e, X P THI 52 I T ToBERE A

FEVR I, A AE S di b () e AR N Tk . TR S WAL RR B AN [ Z A E TR G S I BT
HASRZ W T5E5 TR B A [ Z AL HE TS — A S HOE I R BIRE . RG], SLpil5]

RN self , BRI AR this SATAM HARAS 544 5K -
A types.MethodType FEIBIHT L, HATHEALFNT

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 TSR HERETNER, S __get O JPIRPASRAEIRIE VTR S0 HOA AR . SRR iAo e
FEEIERA RS, AR LB AT Eﬁiﬂaﬁl‘ Il 95 vk, Has iy AT :
class Function:
def _ get_ (self, obj, objtype=None):
"Simulate func_descr_get () in Objects/funcobject.c"
(82T
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(B L)
if obj is None:
return self
return MethodType (self, obj)

TEMPREAS AT AT 2, RB/R T BRI A4 1 S s AR 55X

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

KR ECAAT qualified name J& LA B4

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

WK TR RPN __get__ (0o M, BIHIRIFERREOTR :

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

K HEMRBEAVINSEN __get__ (), HHIRMRZ MR

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

A BREAAT N R AAE N SEBIREAT T . S RAF AN __get__ O, IREIZEERITEMNR

>>> d = D)
>>> d.f
<bound method D.f of <_ _main__.D object at 0x00B18C90>>

P IT AL N HERIE i TR BB 8 7 1 52

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

>>> d.f._  self
<__main__ .D object at 0x00B18C90>

WERARE 25 HE T VE Y self SRTTIEHHY cls Je MAT 277 K1), wie X T

4.3 FHiEHIFhE
TR 23 AT BR B E S DT TR R BRI T — PR B A AL o

WG, BB S A _get_ O H¥E, PATEAEVE MBS R i o] DA e 4k vk . AER R A2
B obg. £ (*args) I SPEHEAN £ (obg, *args) o P klass. £ (rargs) HMAEH £ (rargs)

NREBLE T LA oA AL

HX BEXIRIER BEERAR

function - pR%Y  f(obj, *args) f(*args)
[ OWIR7S f(*args) f(*args)
RITHE f(type(obj), *args)  f(cls, *args)
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4.4 BERHIE

BHEREEZRE, AT ES . WA c.£ 8 c. £ 5Tl object.__getattribute_ (c,
"£") o object._ getattribute_ (C, "f") Bk, DXFEIZREGH T AN G 5SS TR AT AR R )
EEERBS T ENRIRYART | self ZBEMNHTE.

B, —AG AR RS LR AIE E AR . R R T H AR P, B
{H, B HALR RS TS BRI s B2, 7 6EA TEMR & LA I (B A 4081 T B50H i) ok 4%
BN, ert(x) BESITPREFESE, HIFAEBK TR PR E. 7T AN R ifH©:

s.erf(1.5) —-> .9332 B{ Sample.erf(1.5) —--> .9332,

W TS RR B IS Z R A A2 A, IR B 2 SRz

class E: )
@staticmethod
def f(x):

return x * 10

>>> E.f(3)
30

>>> E().£(3)
30

il ARSI R IARS , 4l Python MUAMY staticmethod () W1F fi7R:

import functools

class StaticMethod:
"Emulate PyStaticMethod_Type () in Objects/funcobject.c"

def _ init_ (self, f):
self.f = £
functools.update_wrapper (self, f)

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

def _ call_(self, *args, **kwds):
return self.f (*args, **kwds)

J

functools.update_wrapper () WM T — 44510 T2 K EW) __wrapped_ JE. Bif £ HI
e M H ) JEPYEA B e B R R B M 2 K% __name_ , _ qualname_, _doc__ PAN

annotations__,

4.5 £FHE

SESIHEARE, 207 B AE R B 285 | e S B R iR Al . Toe A 2 Rie 22, it
A A -

class F:
@classmethod
def f(cls, x):
return cls.__name_ , x

>>> F.f£(3)
('"F', 3)

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

J

7R BB S5 | L SO T A7 e S B s i et AT AR - 207 R —
g O E A RS R A BN, 80734 dict. fromkeys () MBS R AHE— V7 i, 4 Python [
LI
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class Dict (dict) :

@classmethod

def fromkeys(cls, iterable, value=None) :
"Emulate dict_fromkeys () in Objects/dictobject.c"
d = cls()
for key in iterable:

d[key] = value

return d

A ] DASK AR 1> i e Ry g

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

True
>>> d

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

ﬁﬁfﬁﬂEi&ﬁ%ﬁ%iﬁ%ﬁﬁUﬁl, ﬁEIﬁnhonﬂﬁZKE@ classmethod() ﬁﬂ1:2

import functools

class ClassMethod:
"Emulate PyClassMethod_ Type () in Objects/funcobject.c"

def _ init_ (self, f):
self.f = £
functools.update_wrapper (self, f)

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

if cls is None:
cls = type (obj)

if hasattr(type(self.f), '__get_ "):
# This code path was added in Python 3.9
# and was deprecated in Python 3.11.
return self.f.__get__ (cls, cls)

return MethodType (self.f, cls)

J

The code path for hasattr (type (self.f), '__get_ ') was added in Python 3.9 and makes it possible for
classmethod () tosupport chained decorators. For example, a classmethod and property could be chained together.
In Python 3.11, this functionality was deprecated.

class G:
@classmethod
@property
def _ doc_ (cls):
return f'A doc for {cls._name_!r}’'

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

J

ClassMethod Hf) functools.update_wrapper () P T 810 F 2R __wrapped_ J@E.
A T SR P DA B R R R B B AC:  mame

leiggannotationsgfu

qualname__, _doc___

]

4.6 Y& F __slots

B—AREXLT _slots_, BERM—AWREEKER slot EELIREHIGI 7. NI HRMAE, &
HUBRXFEN

1. Provides immediate detection of bugs due to misspelled attribute assignments. Only attribute names specified in
__slots__ are allowed:

16



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. Helps create immutable objects where descriptors manage access to private attributes stored in __slots_ :

class Immutable:

slots = ('_dept', '_name') # Replace the instance dictionary

def  init (self, dept, name):

self._dept = dept # Store to private attribute
self._name = name # Store to private attribute
@property # Read-only descriptor

def dept (self):
return self._dept

@property
def name (self): # Read-only descriptor
return self._name

>>> mark = Immutable ('Botany', 'Mark Watney')
>>> mark.dept

'Botany'

>>> mark.dept = 'Space Pirate'

Traceback (most recent call last):

AttributeError: property 'dept' of 'Immutable' object has no setter
>>> mark.location = 'Mars'

Traceback (most recent call last):

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

3. Saves memory. On a 64-bit Linux build, an instance with two attributes takes 48 bytes with __slots__ and 152
bytes without. This flyweight design pattern likely only matters when a large number of instances are going to be
created.

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.
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https://en.wikipedia.org/wiki/Flyweight_pattern

TR — AR 4l Python iR __slots__ JEANTRERY, FUNETRE BN C S54RI 5%
ZNAEHIL . Hi2, AT DA R AR LA, AR AE A slot 1 5EFr C g5 i — R 1Y
_slotvalues FIFRAI . XHAFLA EG5HR I 1S BRVERS i L A i Aok 7 1L -

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__ () PR TATTRE MR SN INE 248 -

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__ () JIikTATTRIEAA slot MAESL B 7 Mp S, AT @—A 4 Python A BRI -

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'):

18




(750
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)

AR ESL Rl X AMERIR , HFEA object 4k I metaclass 154 Type:

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

X, metaclass B4 20 x Fil y Inak 7 BN 4

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

{'_module_ ': '__main_ "',
' _doc__': 'Instance variables stored in slots',
'slot_names': ['x', 'y'l,
'__init_ ': <function H.__init__ at 0x7fb5d302£9d0>,
'x': <Member 'x' of 'H'>,

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

SRR, ENPIA T AEARUREER s10t_values Fl:

>>> h = H(10, 20)

>>> vars (h)
{'_slotvalues': [10, 20]}
>>> h.x = 55

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

B RPFE SORIER B YRS | K — e

>>> h.xz

Traceback (most recent call last):

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