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Ten RS, H _get_ O IAIRZRIHE H Lo:

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

class A:
==
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y # 7 5E
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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
LB __get  TPARFHAGHR, %I AR 10 .
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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 HXAH T+ /MNXH
20

>>> g.size # games H FH =X 1

3

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

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

2

B T U AR AT B T, XM TR T84 get
A DirectorySize 135 obj IZHh g 8 s,
H3%. objtype &2} Directory 5.

1.3 RERMK

TSRO — R T IR R A BT SE OV BRI T . iAo o 2R v i A e, i S B i Ul
VERFAA JEMEAF RSB o rp . SRR __get__ O Rl _set__ () IR RAELA JEIEGD VN i fi
Ko
TE NG, age &
Hi&:

) FIESBIHT . self JEZH size, Fl—
Hl—A> Directory E’J%Tﬂo obj TEZik __get_ () FYEIRFNH bR

KIVEYE, _age @AAEME. MU ATHRIERS, fAaS S0 N AR e

import logging

logging.basicConfig(level=logging.INFO)

class LoggedAgeAccess:

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

value = obj._age
! 4

logging.info ('Accessing ¢r giving 2: 'age', value)

return value

def set

logging.info ('Updating 2r

__(self, obj, value):

to %1 'age', wvalue)

obj._age value

class Person:

age = R 5 5L Bl

hie

LoggedAgeAccess ()

def _ init_ (self, name, age):

self.name

= name

W AL SE LR e
A

self.age = age ()

__set___

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

# WH __get_ () #8 ()

- C L=

LHALTERERT, MATEIRME age WA DIREGHCT TR, (EHEHEME name WRPHES
>>> mary = Person('Mary M', 30) # WA EW EH AW E

INFO:root:Updating 'age' to 30

>>> dave = Person('David D', 40)

INFO:root:Updating 'age' to 40

>>> vars (mary) # FhA BV BB LR B iR

{'name': 'Mary M', '_age': 30}

>>> vars (dave)

{'name': 'David D', '_age' 40}

(ZET D)




>>> mary.age #
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 'age' giving 40
40

W KT EREME

EH oItk

WAREERT2HILE
REMERMNE RS HITE

(% L 50)

L7 081 ) 4~ 2 B i A
— M ICRM R, e FLICA AT

1.4 EHIBR

SR 24 PR _age TE3 LoggedAgeAccess HZBEM £7114 -

MR A, BT AR MRS T AR

FEHIRBI, Person FERHAM IR TN name Fl age. X4 person P E X}, ‘BARFAE LoggedAccess 1
2T EAEAZS B 1) public_name 1 private_name:

PATH __set_name_

) B IR DAL SR B R,

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_.

logging.info('Accessing %r giving
return value

def set_ (self, obj, value):

logging.info ('Updating %r to %r',

name)

r', self.public_name, value)

self.public_name, value)

setattr (obj, self.private_name, value)

class Person:

name = LoggedAccess ()
age = LoggedAccess ()

# B R B
§ EEETY b

def  init (self, name, age):
self.name = name # BWAE— /\i%iﬁég
self.age = age # ERE AR H

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

N

J

THRAST /R Person RIEAHT __set_name_
BRI A A E

) AT BRI . X AT vars (0 3k

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

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

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




A, BEE SRR name Fl age —F 151 :

>>> 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 SR 5 FLA 44 Fk:

>>> vars (pete)

{'_name': 'Peter P', '_age': 10}
>>> vars (kate)
{'_name': 'Catherine C', '_age': 20}

1.5 HRiE

descriptor ZFETAIE XL T __get_ (), _set__ () B, __delete_ () M4,

VEAFIIEI, fiidds il A __set_name__ () J5¥k. XANSHN T YU fiid & 75 L AE G2 B R KB EH
SRR RAFRE G (WENRAAAE, BRI AR MRS 2R - )

TEJEVEA RN, SRS nUs BTN . AR vars (some_class) [descriptor_name] [T
TS D3R [l A% SE AN E

RSO A ERA R EEIE R o BB, BEAIRRE

AR E2 H AR R — N, SR VPR ARTE RS & P R AR T S A 4R ) S AR RS O

et b, FMRIE G AR R T A RS . MRS S TR AR, IF AR VFIEAE A i R
1.

RS ENRFETENES. 2B Mg e ik, & W T HIEMW classmethod (),
staticmethod (), property() ﬂ]functools.cached_property() %ﬁﬁiﬁﬁ%iﬁ%&éﬁﬂﬂo

2 SEEMSCERBIF
FEMRGI , FATOIE T — N TSRO 19 LB A DA K L BCAR B 2.

2.1 ISERRE

ket e — T BT MR HAS: . TEAF LM 2 AT, ESRUEHER 7 W R A P2
FEIFR Ao AR R X LR, ERFSI AN, IRk BB IR RIR.

XA validator ZEBff&— abstract base class H 12— M TR B HER R A, :

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
(BEF )




(#2 E50)
def validate(self, wvalue):
pass

€ RIS AR H validator F HAMIHRM validate () JriADMRYETT ZMAS R R .

2.2 BENBIEF
B EA SRR E TR
1) oneot Bh{E /R4 i 2 AR L 4 5 o )01
2) Number BE(ER N int ol £loat. MR AL, Bk AERIE AL 1 B MARIBC M 1A

7
3) string WUMEEE N str. YENTIEDTT, BiLREEIES E W/ N KK E. BiLaeEuEH P&
X i) 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, wvalue):

if not isinstance(value, str):
raise TypeError (f'Expected {value!/r} to be a 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}'



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

(B L)
)
if self.predicate is not None and not self.predicate(value):
raise ValueError (
f'Expected {self.predicate} to be true for {value!/r}'

2.3 SchrRy A
DR E SR R B AR Y 94

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

AR PH LR TC R Bl B

>>> Component ('Widget', 'metal', 5) # Mk : 'widget' T EA KE
Traceback (most recent call last):

ValueError: Expected <method 'isupper' of 'str' objects> to be true for 'Widget'

>>> Component ('WIDGET', 'metle', 5) # Lk : 'metle’ B F 4R
Traceback (most recent call last):

ValueError: Expected 'metle' to be one of {'metal', 'plastic', 'wood'}

>>> Component ('WIDGET', 'metal', -5) # PHIE: -5 A RK
Traceback (most recent call last):

ValueError: Expected -5 to be at least 0

>>> Component ('WIDGET', 'metal', 'V') # HE: v AEREF
Traceback (most recent call last):

TypeError: Expected 'V' to be an int or float

>>> ¢ = Component ('WIDGET', 'metal', 5) # A : WM AFXK

3 BARHE
B TR PR BRSORE, DA AR AR A A -
3.1 WE

E A S, BEIL, UL A A S . RO DR R K RGN TARR =B
oY A AR A D RERR I H A B B 22 T AR Ae, CREE VR PfR Python T AR B .




3.2 EXLENA
— RIS, b B A MBS PR T EZ — R B M. XTI __get__ (), _set__ () Hl
__delete_ (). WIRAHEAJEME L TR EPRIEM—A, BRHHRA descriptor,

JEMEVT A BT R R M — AR i F L R R E B ER R E . X EFIR UL, a.x MERINT &
Ma._dict_ ['x'] FFUR, RJG/2 type(a) .__dict_ ['x'], ¥ FRMKIRER type (a) BT IEMEHT I
¥ (MRO). AR ENAERE & LT HA RS yE R4, W Python W[ {8 £y 85 BRAFT R -4 M i
RIS . X R AEAEN et B VIR I BRI BT i AR 2% 3 S A8 i o =k e

iR e — SRR, WA ENTREN. Ok, BT FEITEM super O FRMIALE. B
ITAE#EA Python H#RA (. fiR AR Rk TIRIZ R C AAUSFF 4 H # 1) Python AR JF#24L T— & RIG T
TH.

e >t
3.3 HEkEEhil

descr.__get_ (self, obj, type=None)
descr.__set___(self, obj, value)

descr.__delete_ (self, obj)

HiGR BT AR B, — PR B ST DA Er R T, BRI RS, LRI N b
e LKA

WHR—ADIREXLT _set__ () B _delete_ (), BRI NEIEHIAR. LEXT _get__ () BYHH
REFRN B R S (EMEE P T kAt ] DA HiAth i

BRI A S AN R ZARAE T, A S f) 7 e b 2 F AR AUE. RSB Tl B 5 8
g AR H, MR SIS, RSO T EA SRR A SR R A& H, Wz
HALsE.

T E—ABE R A L, WERE L _get_ () Ml _set__ () FAEWH _set__ 0 WK
AttributeError. G| AR EHMAEN _ set () FEHUE MEH B — MR RS .

3.4 1R zSiA AR
ﬁﬁiﬁ%%ﬁTQAﬂﬁii<d.47get47(obj) EE<desc.47get47(None, cls) Ei%&ﬁ%ﬁﬁo
(B R UL 2 JE v 1) B 2l P A A .

Fik K oby.x 1k obj WA A BEH AR . WRRREH T DL __aice PASMATEIASE,
RSN S PSSR __get O Tk,

PRI AE T BURT obg SRR, Fab AR LB .

3.5 @it scliE A

SRS T2 S R TR A S R E e, R RERIAE R, RIGRIESIER AL,
BGE __getattr__ (), WERARMLAIE.

R a.x B Ty, IBAKFEL desc.__get_(a, type(a)) WHE.

MIBFATHERZITE object .__getattribute () Ho X HZ—NEHrA)4l Python SLBL:

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 ()




(B L)
objtype = type (obj)

cls_var = find name_in_mro (objtype, name, null)
descr_get = getattr(type(cls_var), '__get_ ', null)
if descr_get is not null:
if (hasattr(type(cls_var), '__set_ ')
or hasattr (type(cls_var), '_ _delete_ ')):
return descr_get (cls_var, obj, objtype) # %k%%fﬁif%%
if hasattr(obj, ' dict ') and name in vars (obj):
return vars (ob3j) [name] # LT
if descr_get is not null:
return descr_get (cls_var, obj, objtype) # 3F§Qi§%§qu)
if cls_var is not null:
return cls_var # T &

raise AttributeError (name)

W, FE __getattribute. () M HE A _getattr () W . XWE N A EHEHH

__getattribute_ () B¢ super().__getattribute_ SHJJELEHT _ getattr_ (),
ViE H _ _getattribute_ () §| % AttributeError N M AEE K getattr () FREHE 71551

f@_getattr_u o BN RSB R

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 &AM

Borx XS BREMSERYEZBRI type.__getattribute_ () H. H P K H object.
__getattribute__ () fH{tl, HE ifﬁj%ﬁ%&%ﬁ%ﬁjﬂﬁ%%% method resolution order .
WAREN T — DMk, IR desc.__get (None, ) WHE.

SEREY) C SEPLA]HE Objects/typeobject.c B type_getattro () fl _PyType_Lookup () F#F|.

3.7 & super @A
super [ S AV ERF A RN B HEAE super () FTIREINIARIN __getattribute_ () JiEH,

FA{Ll super (&, obj) .m BRI ESERIGTE obj._class__ . mro_ PTEREEE A ZFWELSB,
SRIGIRM B.__dict_ ['m'].__get_ (obj, A). WIHE m AEHGRES, W E R N HAE.

SEEER) C SZPLAIHE Objects/typeobject.c L[ super_getattro () H13%]. 4l Python %4 32 B A HE Guido
MR PR

3.8 HAZBEES
HHARZFAIHLHATE object, type Fl super () B __getattribute () F{EH,
PHOEMEZ AR

o FHIAZPRFH __getattribute () kM.

« KM object, type B super () GEHRKIAHLH

« ®H _ getattribute () FFPH Ik HZIHHEIA S B IOA R 8 2 TR % AT .

e object.__getattribute__ () ﬁﬂtype. () é§fﬁ]<ﬁﬂjfiﬁﬂﬁfﬁ___get__()o §€

— M AAIIHELHIF T REAIERL . A2 None MEAILBIIF H BB EFHR.

10



https://github.com/python/cpython/tree/3.14/Objects/typeobject.c
https://github.com/python/cpython/tree/3.14/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

o BRI SR A 2 B LB
o BRI SR T LA o

3.9 Hah&FREX

A IR TR B ERORER N R o SR, type TEISFHF I M M. iR
HAGAEAT S H BRI H B 1E LT __set_name__ (), WZI7VEGEREH BEIARBIANS50. owner
E@%ﬁ?ﬁ%m% 1M name J& %R PR 2 A8 &

SEPLRI AR T AE Objects/typeobject.c B type_new () Fll set_names () H,

BT B2 2 TE type.__ne ) W, LB AE SR L . 2 E R RAR R s i 2 e
W) T B3l setfnamei()o

3.10 ORM (MZKXARERH) R

PAT AR R T Al (o2 FH 5 il oA S B B8 X 5 5 RIS HiEZE

HAZ L R R KRR A A SN R i, Python SEBI R Bt 2 R 0 R 6 o 1R 2 9 ST
AT A 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.key])
conn.commit ()

FATATVABE I Field JERE SAA T B e h a3 3K R L5 F Y L0

class Movie:
table = 'Movies' # %%?
key = 'title' # Ea
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, e B R R -

>>> import sqlite3
>>> conn = sqglite3.connect ('entertainment.db')

AEH ST AR T U] AR ARG 28 e B Ay Ao AT B -

11


https://github.com/python/cpython/tree/3.14/Objects/typeobject.c
https://en.wikipedia.org/wiki/Object%E2%80%93relational_mapping
https://en.wikipedia.org/wiki/Database_model

>>> 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'

4 4§ Python {y3cE]

TR PR B, (RO 7O A% arryl et AJLDHEHEHER @M, NETENEIETEEN
HETAM. Bk, SEE. ST, KM _slots_ ¥JET IR ML

4.1 B4
@%pmmnyu%mﬁﬁ%%ﬁ%%ﬁ%ﬁﬁ,ﬁﬁ%ﬁﬁ%ﬁﬁﬁ@ﬁﬁ%ﬁ@ﬁﬁmoﬁmﬁ

ZE .

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

IO RN T E ST R = A ULZ 3

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 R property () UM A B MM L0 7 R SEBUAY, DA R AN SE 8L T R4 %0 S RE 4l
Python 2 /51 :

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 _ 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
return self.fget (obj)

def _ _set__ (self, obj, value):
if self.fset is None:

(BF )

12




(#2 E50)
raise AttributeError
self.fset (obj, value)

def _ delete_ (self, obj):
if self.fdel is None:
raise AttributeError

self.fdel (obj)

def getter(self,
return type (s

def setter(self,
return type (s

def deleter(self,

fget) :

elf) (fget, self.fset, self.fdel, self.

fset) :

elf) (self.fget, fset, self.fdel, self.

fdel) :

return type (self) (self.fget, self.fset, fdel, self. doc_ )

XAWER property () B4 M PO SR AR, BERZ LT E—NIENS S,

B, —A~H T FAERAT PAE L Cell ("b10") .value TR BAICARE A DT FIALBR o XL 1Y) 5 2 it
SOREFRVTIER SRR o0 (B2, B RO B0 BT B R B % m ACRD . Aok
T 9 RASAT value JEPEI TP LS e IR LA A 2

class Cell:

@property

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

TEXAPIF N B property () BUIRATHY Property () S SEELARE AT LAY

4.2 RYWFFHE
Python fTHI [ X R 2 E R AEEE T s MU BREE MY o i (i AR it . XI5 T 58 B 1 o8 Rl 5 -

FEVR I, A7t e S Tl i v 4 R R e R I 5 7??% 5 MR B A R Z A UAE T X S S P E T
HASRZ W T73E5 TR B R Z A SHE T 25— A SR I R BIRE . RG], SLpil5]
RN self , ABART AR this SATAM HARAS 544 FK -

LA types.MethodType FEIBIHT L, HATHEAFNT

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)

def _ getattribute_ (self, name):
"Emulate method_getset () in Objects/classobject.c"

if name == '__doc__ ':
return self. func__.___doc
return object._ getattribute_ (self, name)

Cawy
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def _ getattr_ (self, name):
"Emulate method_getattro() in Objects/classobject.c"
return getattr(self. func__, name)

def _ get_ (self, obj, objtype=None):
"Emulate method_descr_get () in Objects/classobject.c"
return self

(% L 50)

ASFITEN A SR, AR __get O JyIALAMAE BV NI YA
AEIE R S BIIEAT RS AR Eﬁ%mﬁ%%#ﬁ%ﬁ*ﬁoﬂ 2T AR X R

XA KA

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)

TEMPREAS HISATLA T 28, XB/R T eR S iR A i) S B TAE 55X

class D:
def f(self):
return self

class D2:
pass

R BCAA qualified name J& LAY B 45

>>> D.f.__qualname_
'D.f"

WL FIT PR DGR __get_ 0o M, BHRZIRETZENRERR:

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

W FAEAT RS VTR __get__ O, R R RRRR IR 2 Y pR AL
>>> D.f

<function D.f at 0x00C45070>

AT R KA L BIEAT RS VT ] . RS AR __get_ (), ERRRIEIEE R TR S

>>> d = D()
>>> d.f
<pound method D.f of <__main_ .D object at 0x00B18C90>>

G TTIEAE N ERAT il T2 BRI 0 1 5191 -

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

>>> d.f._  self

<__main__.D object at 0x00B18C90>

QARG G A1 F T Y P Y self BRI cls M2 R0, X BT
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4.3 FHiEHIFhZE
TR 23 AT B B S S T TR R BRI T — PR ER AL o

BEE—TN, BBEAA _get_ () Jr¥EDMELEHAE K PR U7 1) I mT e 4 ok 7 v ﬂkﬁ%%ﬁﬁéﬁ
obj.f (*args) ﬁ%ﬁﬁiﬁ{hj@ f(obj, *args). ﬁ%fﬁ cls.f(*args) 41‘ ﬁE f(*args)

RELE T LA A AL

HX BEXSRIEA BEXEAR

function - pR%Y  f(obj, *args) f(*args)
[ OVIRiS f(*args) f(*args)
Khk f(type(obj), *args)  f(cls, *args)

4.4 BEFH=*E

SRR FRZ A, AR, WA c. £ 8 c. £ FR Tt object.__getattribute_ (c,

"£") B{ object.__getattribute_ (C, "f£") Pk, XFEIZRREGE AT AT G s A AT AR R AT IRD
BB SITER IR ARG ] self AR R TE.

240K 1, —/l\éﬁfrwﬁlﬁ@ﬂﬁE@ﬁﬁﬁki%‘ﬁ%ﬂEB@@%&%@o GRS TR ECESEL HE.

LB B Ho At LF&FE’J%ﬁT%{T}?ﬁE’Jﬁ VEe. Aid, AT REAFFEREAR & LA A T3 Le KR A R

Bo B, erf (x) BAF %ﬁIVFEPE’J@%%WFJMH%T B TR E RS . BT DAl RS sk

HHRKA: s. erf 1.5) ——> 0.9332 8{# Sample.erf(1.5) ——> 0.9332,
H TS YRR B IC 2 R ECB A AE A A8 4k, PR B8 2 Bokk 2 v

class E:
@staticmethod
def f (x):
return x * 10

>>> E.f(3)
30

>>> E().£f(3)
30

i AEEdEGIAAS , 4l Python U4 staticmethod () W1F fi7n:

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)

@property
def _ annotations__ (self):
return self.f. annotations

functools.update_wrapper () JEHAEM T— 1480 F 2RI __wrapped_ BM. Bib<S AL
DB JEPEAE L A A R B i R Rk, %6 _name_ ,_ qualname_ fl __doc__
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4.5 #KH%

SEESITEARIE, 207 R I R BIR2E 5 | T E S B R i ial . e 2 Rie 22k, It
A -

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

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

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

7 AU BB S5 | L SO A7 e R S B b e it AT AR - 2807 iRk —Fip
MR A MR B BN, Ik dict. fromkeys () MHEFIFRAIE 5L, 41 Python [

Il

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

BUAE AT DA AR 18— B M — B i

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

True

>>> d

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

i AR B AR P, 4l Python JUARH classmethod () UWITR:

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)
return MethodType (self.f, cls)

ClassMethod[Pﬂgfunctools.updateiwrapper()ﬂﬁfﬁi@ﬂﬂj’**ﬁ\hgﬁﬂ1:5§ﬁﬁéﬁﬂgAgwrappedg,ﬁﬁﬁfo
B2 [ H {5 B R PR DA A R 2 R R AR R B B R4 __name_, __qualname__, __doc__

QAZQ___annotations__o

4.6 pRGaYt&Fn _ slots

B—AREXT _slots_, BERM—RIERKER slot RGBS 7M. NI PIAE, &
HUBEAEA :

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') # R

def  init (self, dept, name):

self._dept = dept # R B AR M
self._name = name # REDIAH BB
@pzoperty ¢ REHE S
def dept (self):
return self._dept
@property
def name (self): # RiEHR %

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__ = 0 Y S
@cached_property # FE N F
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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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'
# BiE 5 objects/descrobject.c W H descr_new()
self.name = name
self.clsname = clsname
self.offset = offset

def _ get_ (self, obj, objtype=None):
'"Emulate member_get () in Objects/descrobject.c'
# BiE 5 | Python/structmember.c W W PyMember GetOne ()
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() ¥ H PyTypeReady (), /& & ¥% ¥ H 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'):
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(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)

FAEREIHIZEP RN, AN object RIFF metaclass BN 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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