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3) AR PR TS ROREAR, WA TR AR TAE . RBBFHATERA B ML .
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1 EERG: REEEERE

Ten RS, H _get_ O IAIRZRIHE H Lo:

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

RIS, B — A R HAE S —

%
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Ten ()

class A:
==

# X B M
y # 7 5E

FAZ 2 2 A A 3 A PR R A A R ) ) DX -

>>> 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
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) 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
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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 )




def validate(self, wvalue):
pass

(% L 50)

€ 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 BUE{H/R TN int B float. FENRIPEIT, EifRERULETELE 1)/ MERRK(EZ .

7
3) string BUHEREE N str. MERATED, EiXfREuEs
X i) predicate,

TE MR/ NI . B e E

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:
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):



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

(B L)
raise ValueError (
f'Expected {self.predicate} to be true for {value!r}'

2.3 SchrR A
RORAEH SRl R B 2 Y 574

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

FibiaA A5 PEL 1 TC R B B

>>> 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', 5) # Allowed: The inputs are valid

3 BARHE
B TR PRGBSO, DA AR A A

3.1 =
SESCREIRAR, BE, FULTI AR A . RO RN R R A TR R B
o)A AR A DU RESR I B B B 22 T AR R4S, CREE VR PR Python T AR/ B,

3.2 EXLENA

— W R, RS EA RS R B . X R get_ (), _set__ () M
__delete_ (). HISRMHARME LT XL AT —A, Bl descriptor.,

JEE ) ) BRAAS ﬁmM~Aﬁ%m% PR, WE MR EE . ST BI, a.x BE R &
Ma. dict_ ['x'] FFHh, SRIGHE type (a) . dict_ ['x'], T RIRKAER type (a) MIT5 AR




J¥ (MRO). IR BIHIERE ST HAR R TER0 5, U] Python W] RES: 55 BRI T A 95 M
IR Tk XK BEAE SRR MR BT D SRR BT SR FA s 773 B HAi A O 2R e

iR e — SRR, W ENTRIEN. k. BT FEOTEM super (O HIRLE. E
fITAEREAS Python WA T . Hiid s ik TIRIZ 80 C AU I HE#Y Python FEFFF2fit 17— RIGHYHT
TH.

3.3 HikaghniY
descr.__get__ (self, obj, type=None)
descr.__set_ (self, obj, value)

descr.__delete_ (self, obj)

RS R L . — AR IAEE T VA IR R BT —AS, s iid g, FEEsE B
I} 7 e H BT

WR—AXFELT __set__ () 8 _delete_ (), BRI AMEIRAL . (ENXLT _get_ () AU
R AERIR AR (ENEEYHE T rE B n] UA A .

BB A SR A ZAAE T, A SRS B 5t 2% FAGRRAUMEL. AR SEBIRY 7S B S5 80
ﬁﬁiﬂ%% AH, WEHER ARSI E. RSB PR SRR AR A A R H T AR
H

HTE—DER RS L, WRNE L _get 0 Fl _set__ O HFAEWM __ser__ () W5|%
AttributeBrror. JTIAFHH L AATE L __set_ O IR 2 AR — D Eiifiliid & .

3.4 Hiiid 23R Ak
T”QE%%kakl_l_ __get__ (obj) fﬁ desc.__get__ (None, cls) E{E%Uﬁfﬁo
B UL 2 i JE MU 1) B 2l P A A .

Fik oby . x fE obj By R BEH AR <. WREREIH T DL _aice PASMATEASS,
FEARGE N W81 A P SE PN __get 0 J5ik.

PN BRT ooy MR FGL e LR L Hl.

3.5 @i fliE A

S AR e A 24 A RV A TR R SR R e g, RIE RSN E, R IEEUE IR
a2 __getattr_ (), WERAHRMLHIE.

WA a.x FE TR, IARELT desc.__get_ (a, type(a)) JHHE.

FIBEFF AR PR object . getattribute () H1, Lim*’l\frﬁl‘%é@ Python SZ i :

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)
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) # BB R B

(BF )
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if hasattr(obj, '__dict__ ') and name in vars (obj):

return vars (obj) [name] # LH T E
if descr_get is not null:

return descr_get (cls_var, obj, objtype) # 4?%ﬁi@#§if»%
if cls_var is not null:

return cls_var # KT =
raise AttributeError (name)

J

HE, #£ __getattribute_ () ARSI A _getattr__ (0 B F. X E N2 HEAH

__getattribute_ () B{H super()._ getattribute_ SMJJI£LET _ getattr_ (),
M, —H _ _getattribute_ () §|%& AttributeError NP¥FH S B 45 getattr () FRETSR 71 T ML
' __getattr_ (). EfIWEEEEAE IR T

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 i@idiEA

Bonox X KR R AME AT A R B TE type.__getattribute_ () o H P PR G object.
__getattribute_ () AL, {HI25CHI5 A R 9 E 0 15 2 2517 method resolution order .,
WRLE| T IRE, IARHE desc.__get_ (None, a) HHE.

SEREY) C SEPLAIHE Objects/typeobject.c B type_getattro () il _PyType_Lookup () F#F|.

3.7 i&iT super @A
super [ S BV ERF AR B HRAE super () FTIRMBINIAIN __getattribute () HiEH,

FfBl super (&, obd) .m BRI S FEIRIGHE oby.__class__ . mro_ WTERERLE A Z MY B,
SRIGIRIE B.__dict__['m'].__get__ (obj, A). HIH m ASEHGARSE, T EER [ HAE.

SEEEf C SEPLRAE Objects/typeobject.c HLAY super_getattro () H#F|. 4l Python F&E4 LB A HE Guido
FRE hERE

3.8 ARBEEYS
HRZIHLERAFE object, type Fll super () ) __getattribute_ () &,
O EE 2

o RSP _ getattribute () VAL,

» KM object, type B super () ZERILAHLHE

o TH _ getattribute () FFPHIL A ZNAHREIA IR B ITA HA R B AR 1% A .

e object.__getattribute__ () ﬂ] type.__getattribute__ () %Hﬁx]ﬁ]ﬁﬁlﬁlﬂ% _get__()o %

S UFEEGIF AT RERIEE . AR vone MEN LG HEE AR,
o iR A ih A o 5 S
o ARBE RIS S PEEO) T UL
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https://github.com/python/cpython/tree/3.12/Objects/typeobject.c
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3.9 BHaEhZREX

A I AR T E BRI DAL T o 24— DRI, type JURRFHIMFTIEH 7. 2R
HAp AT B Mida It HENTE LT __set_name__ (), WZIT A NP IAFR S EL. owner
s MRS IIZE, T name J2 %A SR E 2] 1AL i

SEILAY AT AE Objects/typeobject.c BLfY) type_new () F set_names () Hi.

HTEH 2 HETE type.__ne ) H, RIBCEANE R R . 25 R A g s n B 2
NFFEFREA __set_name__ () .

3.10 ORM (KX RERH) R

PATT AR R T S (o0 FH S0 il e of S5 B B0 O 5 ¢ AR W Ip) HEZR

HAZ U BB R KRR A R AE SN R A, Python SEBIURFA B R R A B I 6 o 18 25 51 ST0HE
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.key])

conn.commit ()

AT LA Fiela FERE SCRA T 8 1 th A sk R 454 1 11l

class Movie:
table = 'Movies' # %%%
key = 'title' # Eg
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, W e B R R

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

RSN T ] AR 2 G 2R e B g HL A T B -

>>> Movie ('Star Wars') .director
'George Lucas'
>>> jaws = Movie ('Jaws')

>>> f'Released in {jaws.year} by {jaws.director}'

(T

11


https://github.com/python/cpython/tree/3.12/Objects/typeobject.c
https://en.wikipedia.org/wiki/Object%E2%80%93relational_mapping
https://en.wikipedia.org/wiki/Database_model

(B L)
'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 4k Python Z{yScj

TR PR B, (HERMAL 7O A %mrrg T etk AJLHBEHER @, LETENE TN
HTAM. Bk, SELE. #SHE. KM _slots_ ¥JETHIRS ML

41 B
P property () RAELIEAM ARG T, ZEIE A SAETT R PR A R BRI . B

Sk

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

IO RN T E ST R = AU 3

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

1

property.")

BT f# property () UMTIRYERIAAS ML, X L2 — 4l Python fY4#4/ 2B :

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'

(T

12
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)
self.fset (obj, value)

def _ delete_ (self, obj):
if self.fdel is None:
raise AttributeError (
f'property {self._name!/r} of {type(obj). 1ame___!r} object has no deleter'
)
self.fdel (obj)

def getter(self, fget):
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

XASWER property O B4 M P EIERAR, R ZAMTFE-DITENSS.

Flan, —AHE TR PAE A cell ('p10") .value X HITCHE R U AR « KRR P 1) g 2k eig itk
FORBRIR VTSR E TR IOH: (2, B AAREE M E T N ZE N BA & i, i
7 RSN value Ja 17 17000255 78 T M B i 2 v

class Cell:

@property

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

TEXBIT N B property () BUIRATHY Property () FEASEIERE AT AR .

4.2 JHBFFHE
Python T[] 0 R I RERTEEE T s B BRBE MY o i ek (P ARt il 6%, XI5 T 58 B T TR Rl A5

FEVR I, Al eI Tl M o (Y e R A N Tk . T A5 LR B A FJZ&JK?” TR LI ET
HAhSHz . Ik '3 B BB B R 2 AL OUAEF 55— B B A S IR RRG . SRIREO, 5913
FIFRH self , {ELHL AT ARy dhis AT FABAS AR

A PAM#FH types.MethodType Tl bk, HATHEAREMNT:

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_
(BRI
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obj = self. self
return func (obj, *args, **kwargs)

%i%ﬁ%%ﬁﬁ@@ PR WIS __get_ () JPYRDAEAE @RV RIS ik X R s Kol 2
A3 1 SEBIREAT 15 A AR AR Eﬁ%mﬁ%m#ﬁ%ﬁﬁ% Hig ey UK Fey -

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 HIATLA TR 28, XB/R T BRI AR A i) S s TAE 55X

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

A qualified name JEMERASCRF A4 :

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

ISR T RBARME __get ()0 M, BIZREITNZH R R:

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

W I T RS VTR __get__ O, R BRI 2 Y pR AL
>>> D.f

<function D.f at 0x00C45070>

AT R KA BT RSV I . RS AR __get_ (), ERRRIEIEE R TTEX S

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

G TTIEAE N BRIl T IRJZ BRI 98 1 5191 -

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

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

URARE A5 T LT VE A self sSRTTIEHHY cls Je AT 2HT7 K1, e X T

4.3 FHiERIFhSE
FERHR A 23 AT BB R S T PRI R AR AL T — PR B AL o

BET, REBEA _get () JrIRCAMEAEHAE N IR PR F IS nT W o Ty k. ARB A A AR R
obj.f (*args) ﬂ%fﬁiﬁ{hj@ f (obj, *args). ﬂﬂfﬁ cls.f(*args) 4T ﬁE f(*args) .,

TR T S o KA T
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EEX BEXIRIER BEXER

function - K%Y f(obj, *args) f(*args)
EEOVIRIS f(*args) f(*args)
RITHE f(type(obj), *args)  f(cls, *args)

4.4 BERHIE

ST R R 2 R, AMUEATHE S P c. £ 8 c. £ T i object.__getattribute_ (c,
"£") B object. _getattribute_ (C, "£") AR, AR EOMR AT AN R EZE AP AT A5 o
EEENESITERRIRLEART I selt AR R,

B, — MG RS KRB A SRR AR T TR R FE, 3
B, PALECH HAR R R YEGE T B . (2, TREA AR S AR S AEAN A T 530 1 R 2
BN, erf (o) SEAEGEVE PR EERE S, (HIFAR B MO T E MBS . AT AR R i E

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

H SRR B IS E R A AT A2, IR B 2 SRz

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

return x * 10

>>> E.f(3)
30

>>> E () .£(3)
30

il AEEdEHG ALY, 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)

functools.update_wrapper () VM T — N80 FEEEN __wrapped__ JEM. BiA< 0 HI
b B R A R B R R R R _name_, __qualname_, __doc__ PAK

annotations__,

4.5 £FHE

g%ﬁg;&ﬁ{ixﬁ7 K EAEVH R ECZ B25 | UES B0 £ sl . T 2 gt 22, it
U] :

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

15



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

>>> F () .f£(3)
('"F', 3)

7 VAR BB S5 | L SO T A7 e S B i e it AT AR - 2807 R —
i QA RS R A BN, 8073k dict. fromkeys () MAESZR ANy i, 41 Python [

S s

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

BAE AT DA A 18— A M — B

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

True

>>> d

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

i AR B R ARR P, 4l Python JiRASH) classmethod () UITF:

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)

hasattr (type (self.f), '__get__ ") FIMCALEEFEAE Python 3.9 F il il A H{# classmethod () AJ DAL
FRaCReimas . plan, — DR E e vT DA 58] —2 . 7F Python 3.11 v, ILINREC BT+

class G:
@classmethod
@property
def doc___(cls):

return f'A doc for {cls.__name__ !/r}'

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

J

ClassMethod,qjﬂgfunctools.updatefwrapper()ﬁﬁfﬁiﬁﬂﬂj’——ﬁ‘fﬁﬁﬂ1:5§@§§ﬁﬂﬁAgfwrappedgfﬁﬁﬂfo

T A DA G 0% B AT R QIR OB e

QLZQ__annotations__o

16

]

qualname__,

__doc___




4.6 RkGaYt&Fn _ slots

M—ARELT __slots_, BERM—EIERKEZR slot (AEADREHIBIF . W PRRAE, X
HIRIXFERY -

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

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') # BREG F M
def _ init__ (self, dept, name):
self._dept = dept t REEAAHRME
self._name = name # RERAFE N
@property + RAEHRE

def dept (self):
return self._dept

@property
def name (self): #
return self._name

s
27

S
SHF
e
=
B

>>> 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'

J

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:

N
from functools import cached_property

class CP:
__slots___ = () # %5%%§;ﬁd?lﬁ
@cached_property P EE—ANLHT A

def pi(self):
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(#2 E50)
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.

J

ZRNH— B FEY 2L Python UK __slots__ @AWIEERY, W NEREEELIM C 45 ARF = HIXT
GNAFEC. (H2, FRATAT AR DRI, b slot ()52 FR C Z5H il — DAL 1)
_slotvalues SIFAMUL . IFLAA GRS ERATRF d A TR AR R A B -

null = object ()
class Member:

def _ init__ (self, name, clsname, offset):
'Emulate PyMemberDef in Include/structmember.h'
# BiE 5 objects/descrobject.c qﬂé@ descr_new ()
self.name = name
self.clsname = clsname
self.offset = offset

def get__ (self, obj, objtype=None) :

'Emulate member_get () in Objects/descrobject.c'
# B 5/ Python/structmember.c 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__ () JFRATTRE MU SR INE 2648 i :

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() /{% i)ﬁ H PyTypeReady () , J& %L/i% ‘U%J K| add_methods ()
slot_names = mapping.get ('slot_names', [1])
for offset, name in enumerate (slot_names) :
mapping[name] = Member (name, clsname, offset)

return type._ new__ (mcls, clsname, bases, mapping, **kwargs)

18




object.__new__ () JFiKTATTRIEAA slot MAESL B Mp) 5. AT @— A4 Python FAH 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'):
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, wvalue)

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)

FAEE SR P I, LA object I metaclass 1% Type:

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

U 1

slot_names = ['x', v'l]

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

JXH}, metaclass 2284 x Fll y H#k 7 A vt 4e

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

{'_module_ ': '__main__ "',
' doc__': 'Instance variables stored in slots',
'slot_names': ['x', 'yv'l]l,
' init__ ': <function H.__init___ at 0x7fb5d302£9d0>,
'x': <Member 'x' of 'H'>,

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

MBI RIS, ENTRA — N T BURITER slot_values 51I%:

>>> h = H(10, 20)

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

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

B ORPE G HORIRER R T | 55
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>>> h.xz
Traceback (most recent call last):

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