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1.1 ERRG: REEERERE

Ten 2 PMlidey, H __get_ () HERERFHFE 10:

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

P IAAS , E A — N IAS AT S — 2

class A:
x =5 # Regular class attribute
y = Ten() # Descriptor instance
A A2 R R VA R A A8 A TRy X 1) -
>>> a = A() # Make an instance of class A
>>> a.x # Normal attribute lookup
5
>>> a.y # Descriptor lookup
10

1E a.x JEMART, MERAFSEREEHIERTIPE "< 5. TEa.y BT, MIZHEAFSRIER RS
LB __get__ TriRAFHARGIHOK, PRI IEI R 10 .

TR, fH 10 ARSI AP SE B il . MIB, {10 R AETR I A BRI Y«
AR BT s T — MR d R i TAER), (HEARRA M. EARFREN, HEREEERS T,
FE R0, AT QI EA AR, HEhiSEd.




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 1is automatically updated

2

B TR B T, XA IR T __get_ () SEEM . FES self BN LS size, B
DirectorySize Wj— 5L . 25 obj AR EE S 2 g B s, BJ Directory B)—/~5E0, TIFAE obj ik __get_ ()
ﬁ%ﬁﬁTWﬁﬁﬁ%E%oE/MWW§WM%§EDWMW%O

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 B d b . YU ATFEER, SRS __get__ () Ml _set__ () Jrik.
TTE%W?* age ENITIEYE, _age RALHJEM:. LTI ATFEMR, Midd i P EREEm H

lu\ .

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 2r', 'age', value)
obj._age = value

(Rt
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class Person:

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

self.age = age

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

# Descriptor instance

# Regular instance attribute
# Calls __set__ ()

# Calls both __get__ () and __set__ ()

LHARKWRRT, MICEBE age WFTA VT ERPOCR TR, EHEHEME name WIARPHLR

>>> 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 1is 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

VLR Bl 8 — > T2 BURAAT 24 B _age 162 LoggedAgeAccess "R AR &I o IXTMRFE R SLBIHBEA —4

MTFERpEE, HHHLAFA T E S,

1.4 EFIBR

YRR, A AE R MRS S T 2284

TEHRBIH, Person ZEHA PR SLH] name Fl age. 242 Person P SLIHHEE , M [m] I T LoggedAccess
) __set_name__ () FICSRFEAFR, ILEMARZINAE B O public_name FI private_name:

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

def _ set_name__ (self, owner,

self.public_name = name

name) :

(FoUARZE)



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

logging.info ('Updating 2¢r to %r', self.public_name, wvalue)
setattr (obj, self.private_name, value)

def set___(self, obj, 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

ZHAZAHXEIER/RIE Person WH T __set_name_ () FERICETFERALIR. X H, FIMMH
vars () RAR IR A A E

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

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

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

PUAE, B SUEXT name Fl age —F Y5 -

>>> 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 SEBAE & FLH 44 F5:

>>> vars (pete)

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




1.5 &5RiE

descriptor B2 —PMEXL T __get__ (), __set__ () 8{__delete__ () IYXZ.

AIPEM, fAAS P ARA __set_name_ () Jrik. XAUERMIAAS T EANIE QN E BRI RS ERRL R
ARRIE . (BPEHZIA s, REW R &R )

TEREA I, bt 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 P SF TSN . R B B O S . L TR A classmechod (),
staticmethod (), property () fil 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 ZREEE— abstract base class t2— 5 B HEHHA RS .

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, HHAHHREM validate () JiAPMRYET ZEMIXA YR .




2.2 BENIEIER

X2 = AL BB EGIE T A -
1) oneOf WHFH & AR A WAYIEI 2 —.
2) Number BHEE N int B float., MRIFAESEL, BB DAHEMEAES & ) i/ IME B i RAEZ 7]

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)

-

2.3 SchrR A

DR E SR R R AR 1 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, gquantity):
self.name = name
self.kind = kind
self.quantity = quantity
AR PELLE T s B 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', D5) # Blocked: 'metle' is misspelled

Traceback (most recent call last):

ValueError: Expected 'metle' to be one of {'metal',
>>> Component ('WIDGET', 'metal', -5) # Blocked:
Traceback (most recent call last):

ValueError: Expected -5 to be at least 0

>>> Component ('WIDGET', 'metal', 'V'") # Blocked:

Traceback (most recent call last):

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

>>> ¢ = Component ('WIDGET', 'metal', 5) # Allowed:

'plastic', 'wood'}

-5 is negative

'V' isn't a number

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
ST A AR A DU RESR I B B B 22 T AR AE, CAEE VR PR Python TR0 JBE .

3.2 EXLENA

B, fAA R NS TR RO AT AR B . X BETTEA __get__ (), _set__ () Hl
_delete_ (). QRNFAJEME ST XETEPIAEE A, BT AR descriptor,

JEMEDT I BBOAT AR A — DRI SR BB SRR . 0T SRR, a . x ARIUT 2 M
a._dict_ ['x'] MR, SRJ5R type(a) .__dict_ ['x'], FTRIKKAR type (a) BIITIEMETIN
J¥ (MRO). WERFLEIA(EE E ST R G AR5, W Python W] AE £ B 5 BRIA T I 5 1 1)
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
it — K E R . BATRENE. DIk, #STA. FOTIEA super O BWIRIELBMLG . &
fITHE Python FRYY) Z . fib & ifL T2 C A4 Python Y HHRE AR ML T — A RIERIHT TH .

3.3 fkEhW

descr.__get__ (self, obj, type=None) -> value
descr.__set_ (self, obj, value) -> None
descr._ _delete_ (self, obj) —-> None

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 1y
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 AR AR SO R, WA E X __get_ () Fl _set__ () , HHE _set__ () 5|k
AttributeError . HG|IEFHEIENATE X __set__ () HIEMHBCABHRRIAS .

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 .

Fih obJ . x TEATAL 25 R E P AL “obj YJEME x. WURIERIELS] _ dict  ZAMEBNIAL, WRYE
A ARSI __get__ () Jiik.

P BT ob3 XIS, Rk ZHIA LI,

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%ﬁﬁmﬁ) .

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

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_ () FEMMRBEHEATH __getattr

__getattribute_ () BXiH super () .__getattribute_ &K% _ getattr_ () WER.
MK, 24 _ getattribute_ () 5| & AttributeError B}, fBZZEFFH getattr () HELHR TR 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 XHEMABRMEMSERNEZBETE type.__getattribute () . #H E 5 object.
__getattribute__ () ML, (HZLH)FHA L UCAIE R AN method resolution order
WERARE T —Mid#E, 2Kt desc.__get_ (None, A) HHIE.

SEREY) C SZFLR]HE Objects/typeobject.c ) type_getattro () fl _PyType_Lookup () 3.

3.7 i&iT super @A

super [t IV ERFE R A B HEAE super () RIEIRTGAY __getattribute_ () HiEH.

KLl super (2, obj) .m BRI ERIAE ob. __class__._ mro_ HHEEEEAL A ZJRHYEK B,
RIFIRM B.__dict__['m'].__get_ (obj, A). HLR m AZHiddr, WA HREHAE.

SEELY C SR PAFE Objects/typeobject.c A super_getattro () 3%, 4fi Python Z4y s ] PAFE Guido's
Tutorial F1FF|,

3.8 HABEEE

RSP ALE object, type Ml super () Y __getattribute__ () JiiAH,
POl EE AR
o JiASSHH __getattribute_ () FYERM.
* KM object, type f super () AR MALH,
o HTHIASNZIRTE __getattribute__ () 1, WIMESZESH I RZN B3 .

* object._ _getattribute_ () Hll type._ getattribute_ () & A AR W 5 X #H H
_get__ (). HI—NEEAER, WrIPAVEEE. G5 MEARSEH N None |, I H AR EFEZ.

o BRI SR A 2 B G S B
o ARBER AR SR T UL

3.9 Hah&FREA

B, FRR AT T AR R B AR RA 82 . AIERTRET, 02K type REERHTZER T8, ARG R
HHEMEXLT __set_name__ (), WP NSERHE LT . owner ZFRRIALRIIZE, name J25-HL
TR R R4 .

SEILA AT AE Objects/typeobject.c ¥ type_new () fll set_names ()

T HHZAETE type. __new__ () 1, HIHGEAINFER @RI AL .. 2 F R AR ma e, WEH
ETFEEM __set_name__ () .

12
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3.10 ORM (MHRXARMRG) R

The following code is a simplified skeleton showing how data descriptors could be used to implement an object relational

mapping.

FAZ O S R R A7 A E SN R v, Python SEOURFA B e ot LA B - ik S S XHE LA T

AR R -

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 ()

AT PAH Field e ik T8t e v 4 ik E AR A 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

PRI, e R R R -

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

ZH SN T U] B 122 v 2R B8 S A oo a4 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'

13
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https://en.wikipedia.org/wiki/Object%E2%80%93relational_mapping
https://en.wikipedia.org/wiki/Object%E2%80%93relational_mapping
https://en.wikipedia.org/wiki/Database_model

(£ 50

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

4 4fi Python Z4yscI)

IR UAR G, (HERAL TS AR ATRENE. AJLHBIEHEREN , IR TEMNCHsETEaNET
Hpo @ik, g0ER. BEIE. RITIEM slots__ M BELTHIAS M.

41 B
P property () RWEBHERIASRIRIEE T30, SR AT B PE A R RO . B4

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

RSO RN 1 SIEA R T = S 3k

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.")

T property () UMTIRGERAGS ML, X 2 — 4 Python fY<F4/ 5L 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)

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

self.fset (obj, value)

(R akzn)

14
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def _ _delete_ (self, obj):
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

XAWER) property () &2 U FBEERAER, SR ATE - DMIIENS S,

Blan, — A FREEAT DAL Cell ('b10") cvalue PR BEITHERY DT FIALER . X H P Y 5 St 2
SRAFR VT A ER TR RO (B, R SRR B BT M B e A % o U . iR 5802
REXS value Ja P8 ) A0 A E B P AR R 25 -

class Cell:

@property

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

TEMR B, WER property () BEATSEIAIN Property () BiE M

4.2 BHBFFHE

Python [ [ X R BE /2 A0 EE T BN A SR Y o S ) SRR RS S TH S 1 T SRR

FEVR I, A7 E 2T S b 18 e RO N T v o T -5 8 R S AN [ 2 A ASCAE T 0o R S Bl g T A
SRR RS FE R B R ZAAET 26— DS ROE A R EBIRE . RS, SLol5 Ry
self , AEALATVARK this ST A HA AR B4 FK

nPAM#EH types.MethodType Falfilid ik, 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

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

N TSR A BRI, BREES __get ﬁ}?iuxﬁfﬁmﬁl‘ﬁjﬂﬁﬁm TR X RIRE RO
Hoifiidgs, EAEE i ST R RN R IEI?BEFF&‘, Hagtersnr:

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)

TEMREAS HIATLAR 3, XR/R 1 eR B iR A i) S s TAE 52X

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

PR ECAAT qualified name JE LA B4

>>> D.f.__ _gqualname_
'D.f"

WA IR BA ST __get__ O« MR, BEHIREERRETR :

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

K AR FIBFAVIM VAN __get (), FEGRIRZHI R

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

ATRRIAT A R AEAE NS BT ST ] S AR __get__ O, RIEIFERITIEXG:

>>> d = D()
>>> d.f
<bound method D.f of <__main__.D object at 0x00B18C90>>

IBRE JTIEAE N TRAF il 1R 22 R KO 4 2 1) S -

>>> d.f.__ _func___
<function D.f at 0x00C45070>

>>> d.f._ self
<__main__ D object at 0x1012e1f£98>

R e A H T A self SSRTTIEHY cls Je AT AT R, i B!
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4.3 FHiEHIFhZE

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

MRAFEHLUE, PREC R AR __get__ () H¥k, PAMEAEAERN @M B AT DA HA 40 vk . AEEdRd4e 15
obj.f (*args) WIHF SN £ (obj, *args) . W klass.f(*args) RHMAS K £ (*args) .

NREEE T IE LA R AL A

EHER B XRiIE A B KA A
function -- PR} | f(obj, *args) f(*args)
S f(*args) f(*args)
K f(type(oby), *args) | f(cls, *args)

4.4 BEHE

BHERECZRE, MUEMES. A c. £ 8 C. £ (T #d object.__getattribute__ (c,
"f") B object.__getattribute_ (C, "f£") K. XFEZREO T ARG B AT A R 5]
EAEE RS ENEIPEAT ] self AR
Ban, — gt RRE S LI AR R RS R T TR SE, WME,
SRR AT A YEGE THE BRI v . (B2, WREA TEMRE AR SSRGS TR s g, BN, erf (x)
FAEGT h RS, B R EBAAOM TR B AL . FTAMIRBEPHHE: s.erf(1.5) ——>
.9332 B{ Sample.erf(1.5) —--> .9332,

H TS 5 YRR ] Y R 2 B B A AR A AL, DR B @ okl 2

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

>>> E.f(3)
30

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

i AEEER IR SR 46 Python R4 staticmethod () @1 F/R:

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

def _ init_ (self, f):
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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4.5 ¥KiE

f FSTTIEANE T EEAETA I B B AR 285 | TES B R el ToR R xRk e 28, sk
HIm -

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

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

>>> F().£(3)
('"F', 3)

Sy (U B LA I ELRSSAR T A7 WA S5 00 RN, T A P Hoirieh— i
SO TR, DI, JOriE dict . fromkeys () MEESIFRAI—1H 7L, 4 Python 1% 15:
BLE:

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

PUAE T A AR 18— B i — Bl

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

>>> type(d) is Dict

True

>>> d

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

i AR BS R AR P, 4l Python fRANY) classmethod () WITR:

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

def _ init_ (self, f):
self.f = £

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

if cls is None:
cls = type (obj)

if hasattr(type(self.f), '__get__"):
# 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)

The code path for hasattr (type (self.f), '__get_ ') was added in Python 3.9 and makes it possible for
classmethod () to support chained decorators. For example, a classmethod and property could be chained together.
In Python 3.11, this functionality was deprecated.
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class G:
@classmethod
@property
def _ doc__ (cls):
return f'A doc for {cls._ _name_ !r}'

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

4.6 Y% F __ slots

B—AREXLT __slots__, BoM—AMEKER slot AR TH. NHPRRAE, SO~
Lo R i -

JEIXFERY

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')

>>> guto = Vehicle ()
>>> auto.id_nubmer = 'VYE483814LOEX'
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'
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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.

ZRE— AL FER 4l Python iU __slots__ 2 ANRTRERY, PONETEEEDT R C Z5H RIS
ZNAF T, H2, AT A — AR AR BN, Hrp AR slot i 5Ekr C S5 it — D ARAA 1
_slotvalues FIFRMLL. XHXAA G AR LS B FERF i R R A 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:
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

(Rt

20


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

def _ _repr__ (self):
'Emulate member_repr () in Objects/descrobject.c'
return f'<Member {self.name!/r} of {self.clsname!/r}>"'

type.__new__ () JiEMATTRFM X GQININEI 24L& -

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__ () JIEATTRIEEA slot MARLHIFHAYSLH] . PAF &4l Python fRLIASIR :

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, 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)

B S T X AR, HFE M Object K IfHF metaclass %4 Type:

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

slot_names = ['x', 'y']

[@iEEz3)
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def _ init_ (self, x, y):
self.x = x
self.y =y

B, metaclass B2 x l y WL T B R4

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

{'__module__ ': '_ _main__ "',
' _doc__': 'Instance variables stored in slots',
'slot_names': ['x', 'yv'I],
' init_ '": <function H._ _init__ at 0x7fb5d302f£9d0>,
'x': <Member 'x' of 'H'>,

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

ML R @, EATRIA N TARUE R slot_values Fl|5&:

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

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

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

B RS SRR BT X —

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

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