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AFEE T E I AN
D) AT M TR RGIE T, BRI, T2t EARAA . WSR2 NI Bl 2 HA 2, 1
MBI
2) IR T e SRS RS APREC K FER T EAANR, AT .
3) Ao RS T EZ ORI, RN T AR T T A REBATEATERA B AL .

4) Ifa—HaaR N ERAS (H CH'5) 12l Python S5 SEBl. AN A 1 fift ek FICan o] A% 1 25 7 5 ik
B %} classmethod (), staticmethod (), property () Fl _ slots__ X% I T H Ay SEPLBOSHR
T LR

1T A
BUAE, IERATMSREA R RO, SR B A -

1.1 EERG: REE B ERZE

Ten & PiiA#R, H__get_ () HERERFFRE 10:

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

TR, ERAER— I RAF A — DR

=z

class
5 # Regular class attribute
Ten () # Descriptor instance

X
Yy

A BT W e A A R A 2 4 2 8] (4 X1

>>> a = A() # Make an instance of class A
>>> a.x # Normal attribute lookup

5

>>> a.y # Descriptor lookup

10

1E a.x JEMART, MsEFRETFHIEIE IR < 50 FEa.y BT, MUSEAF SR AS
KB __get_ IriRfFHGIR, WHZIAH &R 10 .

R, (5 10 BEAHHFESE T I AP RESE Bl . MIB, {10 R AETR I A BRI«
AR BT s T — MR a2 i TAER), (HEARRA M. EAEREEN, NEREEERAS T,
TET—T, FATRAEEA RN, RIZhiadk.




1.2 HEERK
BRI FE R A B A TSN AR ] 3 it -

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

LHAX W RRER RN, BRI EARR, G R e {E:

>>> 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

B TR B T, XA RIS T __get_ () ZEBEM . FES self BN LS size, B
DirectorySize Wj—"1~5L0 . 25 obj AR SE S 2 g 8 s, BJ Directory f)—/~5E0, THIFAE obj ik __get_ ()
FERS TN BRI . TES objtype 2L SE 5 /& Directory 2.

1.3 REREMK

TR — R AT IR R AT X ORI T o SRR o2 K7 L P i A TF e, i SE PR B Ao L
AIEMEAFEAESC P d b . YU ATFEER, SRS __get () Ml _set__ () Jrik.
TTE%W?* age ENITIEYE, _age RALHJEM:. LT ATFEMR, Mdd i P ER s H

1[3\ .

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', wvalue)
return value

def _ _set_ (self, obj, value):

logging.info ('Updating %¢r to %r', 'age', value)
obj._age = value

BT )




class Person:

age = LoggedAgeAccess ()
def _ init__ (self, name, age):
self.name = name

self.age = age

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

(% 50

# Descriptor instance

# Regular instance attribute
# Calls _ _set_ ()

# Calls both __get__ () and __set__ ()

LHAKTERRT, SHTE R age IrA DT ARBHER TR, BB name WKL :

>>> mary = Person('Mary M', 30)
INFO:root:Updating 'age' to 30

>>> dave = Person('David D', 40)
INFO:root:Updating 'age' to 40

>>> vars (mary)

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

>>> vars (dave)

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

>>> 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

# The initial age update is logged

# The actual data is in a private attribute

# Access the data and log the lookup

# Updates are logged as well

# Regular attribute lookup isn't logged

# Only the managed attribute is logged

VR BIR) — A~ 2 EE AL B _age 1E3E LoggedAgeAccess R ETIN . X B MRE RN SL I L AEA — 4

MATFCR B, H HHAFA .

1.4 FEHBFR

YRR, B AE R MRS T 22884

e R B, Person EEA T IR 2R B name Fl age., 2425 Person g XIRIIHE , fib[8]{E T LoggedAccess
H) __set_name_ () FICFFBEAIR, LM ASIA H O public_name ) private_name:

import logging
logging.basicConfig(level=logging.INFO)
class LoggedAccess:

def _ set_name__ (self,
self.public_name =

owner, name) :

name
(BT 50




(% E50)

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

ZHAZAHEREIEE/RIE Person WH T __set_name_ () FERICFTFERNLR. X B, MMM
vars () SREHKMRIF A MEE:

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

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

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

PUTE, RS0 SERT name F age —F W)«

>>> 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

XS Person SEFLAL S FLA 24 F5:

>>> vars (pete)

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




1.5 &5RiE

descriptor B2 —PMEXL T __get_ (), __set_ () B{__delete_ () X4,

AIPEM, fAAS P ARA __set_name_ () Jrik. XAUEIMIAAS T EANIE QI E BRI RS ERRLE
ARRIE . (B EHZIA s, REM A e &R )

TEREA I, b SEESH . WRMH vars (some_class) [descriptor_name] [A]E1H]
TR, D) B g S8 i AN

IR OE RS BRI o TASEBIR, BEATRHREL.
TSR T2 AR PR N, FRVPAF A 2L BP0 G e J P 0 ) A s O

;;%F%EL, P 2 A P AR T AR R B o AR SR TR R, AV IEAE R R e AT T

8 98 00 M P SF TSN . R B B O S . L TR classmechod (),
staticmethod (), property () fl functools.cached_property () HAEMFIAEFLI,

2 SEEERISERRBIF

TERORGI, FATEE 7S 52 15 K T2 e LA 2 B Bs R i3

2.1 ISFRR

Bk e — DT RV AR s . TEAF LRI 2 BT, B SRl (2 75 R 4% P2 A R
o ARG X LERR G, BRI R, S BB IR ERIE

XA validator ZRHE2— abstract base class th 2 — 5 @ MR LY.

from abc import ABC, abstractmethod
class Validator (ABC) :

def _ set_name_ (self, owner, name):
self.private_name = '_' + name

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

def _ _set_ (self, obj, value):
self.validate (value)
setattr (obj, self.private_name, value)

@abstractmethod
def validate(self, wvalue):
pass

HE RIS T 2 validator 4K, HHAAHHREM validate () JiAPMRYET 2K IR .




2.2 BENIEIER

X =N P gl T A, -
1) OneOf Bik{HE—HZARAIET Z —,
2) Number ByEfE2 A int B float. MIEAIESEL, Bl n] AR IEETES & ) e/ IME B R E 2 (8] .

3) string BRUHERER N str. RIEESEL, B0 PARIES & 1 f el KR . B8 v ASHIE A P
E X W 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 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)

-

(% E50)

2.3 PR H

RRAEE SR R R S 2 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

RS PH LR TC R Bl 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 BARHIE

ETRAR RN BARBARE, PASAlAARS TAR B AR .

3.1 =

SR, BASTUL, HUCR IR AR . SR RIS R R WU AR TARR R B
YA AR A DU RESR I B B B 22 T AR A4S, CAEE VR PLAR Python TARR B,

3.2 EL5NE
BN, AR S TSRO A AR B . X EETTEA __get (), _set__ () Hl
__delete_ (). WERSARAEME XL TR BT IERE 4, B0 ABFR descriptor,

Eﬁﬁﬁ%%%ﬁﬁmM~Aﬁ%M%ﬁ*ﬁﬁ\ﬁﬁi%%@ﬁ XFFSEBIRYL, a.x WERUT M
a._dict_ ['x'] JFh, A type(a).__dict_ ['x'], EFRMIRAR type (a) KT
?(MM”OW%&ﬂ%ﬁ%ﬁXT%Aﬁﬁ%ﬁ%%ﬁ% WﬁmMT%%E%%%ﬁﬁ#%Wﬁ@ﬁm
TIAER TR X BB EAE A S S BEA WIRER T WIS AR G B s SOt ade s 75 T8 SRR i 7 5Okt

AR — DR ME A ENTRIEIE. Jrik. BEIEA. RITEM super O WIEHISLHMLG . €
fI1AE Python B IZ (1] . A as L TIRZR) C A4 Python i H R P EML T — 4 RIEHHT TH.

3.3 fkEhW

descr.__get__ (self, obj, type=None)
descr.__set__ (self, obj, value)

descr._ _delete_ (self, obj)

IR T AR . — ARG EE ST VA BT A AT —A, s Riid g, HAER o Jm e 7
HHERATH

WR—AXFELT __set_ () 3 __delete_ (), WESPIAHEIERIAL . [CEXT _get__ O 1
HRZFR NIRRT AL (EMNSFEWA T, Bl pUE A ) .

e AR R AR AR B R 2 ARE T, IR SR Se i b 2 H AR AR, AR SEOR 7 ML A S R A
AR, WESER AR, ARSI T ILEA SAREd A F 2 & H Wz 3 sk

AT R AR AR O R, WA E L __get_ () Fl _set__ () , HHE _set__ () 5|k
AttributeError . HG|IEFHIENATE X __set__ () FIEMHBCABHRRIAS .

3.4 k2R E AEA

WiR#salPAiEId d._ get_ (obj) 5 desc.__get_ (None, cls) HIZEWH.
B LA 23 JE 1 100 B shyE s .

Fik obj . x FEMIH 23 @M&$§&MU%E@X MR RAELH __dict__ Z AMREIRHAR, WHRYE
TS PSSR __get__ () F7ik.

T AT obg J2Xf 4L xLEi‘Eﬁ?‘éE’J;&WJ

10



3.5 @iL=chliE A

SEAG A AR m A Ay 4% S AR A T, BRI AR R e s, RGBS pIA . AR B IASE . 2RAR
A& __getattr__ () (ﬁn%ﬁﬁmwﬁ) .

WA a. x BT MAA, BRI T desc.__get__(a, type(a)) WHE.
MIBEANERPEAE object .__getattribute_ () H, im*’*iﬂ 4L Python SZFY :

il

)

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) # 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)

) BT X B

WH R, f£ __getattribute_ () FIEMMRBEHEATIH __getattr

__getattribute_ () BXiH super () .__getattribute_ &K% _ getattr_ () WEH.
MK, 24 _ getattribute_ () §| & AttributeError B}, fBZZEFFH getattr () pHELH T 1EH

__getattr__ (). Ef] E@iﬁiﬁiﬁ%ﬁé/\%ﬂﬂﬁqj :

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



3.6 &@iZEiAA

Boax XHMNABRMEMSERNEZBETE type.__getattribute () . K5 object.
__getattribute__ () N, (H2LHIFHA L MUCHE ZEAA method resolution order
WERARE T —Mid#E, I2K#t desc.__get_ (None, A) HHIE.

SEREY) C SZPL ] HE Objects/typeobject.c B type_getattro () 1 _PyType_Lookup () H3FH|.

3.7 i&iT super @A

super i f BV ERFE LA ZHRAE super () AREIXTEA _ getattribute () HiEH.

Kl super (2, obj) .m BRI ERIAE obJ. __class__ . mro  HHEEEEAE A ZJEHEL B,
RIFIRM B. __dict__['m'].__get_ (obj, A). LR m AZfidr, WA HREHAE.

SEHL C SEFL A AE Objects/typeobject.c B super_getattro () H3kF|. 4l Python 24 s B Al #E Guido
R 3R,

3.8 HABEEE

RS IPLHIR ALE object, type fll super () Y __getattribute_ () JiAH,
POl EE AR
o FiASSH __getattribute_ () FYERM.
o KM object, type f super () 4R AL,
o HTHIALSNZIRTE __getattribute_ () 1, WIMESZAESH I RZT B3 .

e object._ _getattribute_ () Hl type._ getattribute_ () & A AR W 5 X #H H
_get__ (). HI =SS, WrIPAVEFEE. 5 MEARSEHE N None |, I H AR EFEZ.

o BRI SR A 2 B G B
o BRSSP T LA

3.9 Hah&FREA

A, FRSAERE TR ) AR RA B4 . QIESHIERT, 028 type R BRI F UL, IR fides,
HHEMEXT __set_name__ (), WHEHMWANSERHIZ T E. owner 2 HFHIRLRIZE, name 27 Hl
AR AR B4 .

SEILRIYR T AE Objects/typeobject.c B type_new () #l set_names () H,

T HHZAETE type. __new__ () 1, HIHGEAINFER @RI A .. 2 F SRR ma e, WFH
ETFEEM __set_name__ () .

12


https://github.com/python/cpython/tree/3.11/Objects/typeobject.c
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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/3.11/Objects/typeobject.c

3.10 ORM (MHRXRBRE) =B

PATR AT R T S (o0 ) 50 il i o S B ) B 0 5 5 RS HEZRE

i&%ﬁ?%ﬁﬁ%ﬁ%ﬁ%%ﬁ%@$,WMmiﬁﬁ%ﬁﬁ%E%*ﬁ&%%%o%ﬁ%ﬁﬁﬁﬁﬁﬁ
e TR

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 ()

FATATVAM Field JER5E SR T8l R fh 4 K R 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

BLETAARAL, BRI R

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

AH ISR T AT RS 18 G 2R 5 B e A7 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'
(25 N30

13



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

>>> Movie ('Star Wars') .director
'J.J. Abrams'

(% 50

4 4k Python {4y 3cjl

A UUR T, (HEARAL TS AMa Ry RENE. AL HBIEHEREN , NETEMNCSHsTUaNET

S JRYE. SR BRI, JOREA _slots__ MEET AR

41 B

P property () EMHEIEAMS I fE T3, RRARASSAE VT R IRl s BRI . B R

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

]

IR RN T E ST R TE x B

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.")

H T property () UMTHRE AR MCEE, X 24l Python (274 52 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}' has no getter")
return self.fget (obj)

if self.fset is None:
raise AttributeError (f"property '{self._name}' has no setter")
self.fset (obj, value)

def set___(self, obj, value):

def _ delete_ (self, obj):

14




(B LE10)
if self.fdel is None:
raise AttributeError (f"property '{self._name}' 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

XANWER property () B4 PR BN AR, MERARE - NMTENSS,

BN, —ANHEFFAEETPUET Cell ("b10") .value TR B ICARE AT AR . XHFE 7Y i 22 itk 22
SREFR VTR E AR ICH (B2, R ARG E P B % B Ia & Pt . ey 22
REXT value J&VER VT B)AL 35 7E 8 PR A 25 -

class Cell:

@property

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

TEMR B, WER property () BERATSLIAIH Property () &M

4.2 BT E

Python [T [ X R BE /2 AEEE T AW A BEA Y o Sl (5 RO AR 2 X 5T 5 I T TCEE R

FEVR I, A7 E ST S b (8 bR RO N T v o T -5 8 LR 5 AN [ 2 A AT 0o R S Bl g T A
SRR RS FE R BT ZAAET 26— DS RO AR EBIRE I IR, SLBI5 Ry
self , AHABFT AR this BRATAT HAR AR A4 5

nPAM#EH types.MethodType Falfilid ik, HATHEAENT:

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_

(& F )

15




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

(% 50

N TSR ABIAETTE, MBS __get O JPIRLAEAE R VLV R I 98 HoN ik
oy, ErEE ST R A RN R @?Bmﬁﬂi, Hizte e

X IRE R B A

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._ qgqualname_
'D.f'

AT F I R BON ST __get__ () o MR, B HIR LR REOT S

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

K AR RBEAFVIH SN __get__ (), EHGRIFIRZEM KL

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

AT R R AL BB T ST RUBEAFAARIN __get__ (), BIIFPEMRTTERSR

>>> d = D{()
>>> d.f
<bound 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
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4.3 FHiEHIFhZE

TR 25 AT B B E S T TR R BRI T — PR B AL o

MAFEHBUE, PREC R AR __get__ () H¥k, PAMEAEAEN @M B A DAKE Hb 40 vk . AEEdRd4e 15
obj.f (*args) WIHA SN £ (obj, *args) . W klass.f (*args) HMAE £ (*args) .

NREEE T IE LA R AL A

L3325 B x5 A Bt iEAA
function - K% f(obj, *args) f(*args)
S f(*args) f(*args)
K f(type(obj), *args) f(cls, *args)

4.4 BEFH=*E

HS T ER R Z R, AT . A . £ 8 C. £ STl object.__getattribute_ (c,
"f") of object.__getattribute_ (C, "f£") Frk. AL PREOI T AMRT GRS HH g A TR R 4 15 A
EEVERES TR RARE ARG ] sel £ AR BRI V5.

i, — G AT RS LIRSS AR R T BT R AR, BME, b
PO HABSG A PEG T HE SRR B2, FTREATEMRE FAH AR T8 0y s gk . B, erf (x)
G R, (HIF AR BB TR iR &R . TRAM RECEP I E: s.erf (1.5) -—>
.9332 B{ Sample.erf(1.5) —--> .9332,

H ST YRR ] 1 IGZ R BCA AT AR AL, PR B T o Rkl 2 o

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

>>> E.f(3)
30

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

i ARERHTIARS , 4l Python MUAH staticmethod () QIR FR:

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)
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functools.update_wrapper () PN T —A 51 T2 K __wrapped_ J&1E. Eib & H]
e 138 b L 1Y) Je P DA I A0 B 2 R R R R R B A Y B B __name_, _ qualname_, _ doc__ WK

annotations_ .

4.5 £FHE

SEESITIEAR , FT5 ARV R B HiRE 285 N HES B R el . Toie i i 2 ke 28, st
HT -

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

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

>>> F().f£(3)
('"F', 3)

Sy Y AL A IR 5| IO L SR T T e SO b O, BT WA . JE kiR
SO ISR, BII, JrYk dict . fromkeys () MEESIFIH NBFFIL. 45 Python 1% {5
PR

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

BUAE T AR 18— B i — B i

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

>>> type(d) is Dict

True

>>> d

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

il AEEE R A ER MY, 2 Python Wit 4[] classmethod () Q1R :

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
(25 N30
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(#z E70)
# and was deprecated in Python 3.11.
return self.f.__get_ (cls, cls)
return MethodType (self.f, cls)

hasattr (type (self.f), '__get_ ') BB IEIEALE Python 3.9 i fil AF{f classmethod () DA
IR . BN, — AR R R AT AR R B . 7F Python 3.11 1, BLINRECHE T

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

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

ClassMethod Hff] functools.update_wrapper () WHMEIM T — 14 m N EREHN __wrapped_
B, Bl mul L B B DA A R A R 2 W AR R __name qualname__,

__doc__ PAM _ annotations_ .

]

4.6 pEGaYt&Fn _ slots

M—PIEXLT __slots__, BoM—RE KR slot (HELDRE O 7. MHFHME, FCER
e AR :

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') # 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

19




>>> 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.

FRE— AL —FER 4l Python HiU[Y __slots__ 2 ANRTRERY, PONETREEEDI A C Z5H R I Hil xS
GNP, H2, AT AR — AN AEF AR LB, AR slot 1 5Ekr C S5 i di— DAL 1
_slotvalues FIFMULL. XHXFA G PRI L5 SRS R Rt AR A B

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:

(82T
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https://en.wikipedia.org/wiki/Flyweight_pattern

(B L)
raise AttributeError (self.name)
return value

'Emulate member_set () in Objects/descrobject.c'
obj._slotvalues[self.offset] = value

def set_ (self, obj, 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__ () JrAGBT R bR GIINEISA KL

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__ () J{AATTAIERA slot MARSLHIF M5B PR 2— 28 Python FAEBEAS LU -

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 (
'{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:
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(B L)
raise AttributeError (
f'{cls._name__!r} object has no attribute {name!/r}’'
)

super () ._ _delattr__ (name)

BAE R R P XU, KR Object 487K I HF metaclass 4 Type:

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

slot_names = ['x', 'y']
def _ init__ (self, x, vy):
self.x = x
self.y =y

X, metaclass L2220 x Fil y &L T LBIXT 4R :

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

{'__module_ ': ' _main__ ',
' _doc__ ': 'Instance variables stored in slots',
'slot_names': ['x', 'yv'l],
' _init_ ': <function H._ init__ at 0x7fb5d302f£9d0>,
'x': <Member 'x' of 'H'>,

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

LI, EAHEE A TAFRURIER slot_values I%:

>>> h = H(10, 20)

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

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

FHRDEE BRI ER B RS e —

>>> h.xz

Traceback (most recent call last):

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