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1.1 EERA: REE B ERZE

Ten @ —PiiA#E, H__get_ () FEEERMFE 10:

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

PR, BRI — I RATRAE S —

5 # Regular class attribute
Ten () # Descriptor instance

class A:
x =

y

A A A A 7 3 Ja A A e Ak 2 [ X3

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

5

>>> a.y # Descriptor lookup

10

1E a. x BIEAER S, FIsFAFSRBITFHER TN "< 50 fE a.y BT, RBRAFSRIENL
MBI __get_ IR HARBII R, WA IR R 10

TR, {5 10 BRI T I AT RS B o o MIB, {10 SR AETR IS A BRI Y o

ARG TR T — MR a2 WA TARR, HEARRA M. fEakwan, Hiattiks
LIS

10 Rl RO A AR, IShAsAe.

1.2 HEEK

AR RS AT RN R ]

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

LHASWE R AR DTN, BRI EARRR, G EHnaR e {E:




>>> s = Directory('songs')

>>> = 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

B T ULHS IR SR B T, XA FHRER T __get_ () SHETHK. B S self KL S 2
size, R DirectorySize {/)—A~5E. ES obj 3L S 2 ¢ 8 s, Bl Directory f—A~36, Ti1ESE obj ik
_get__ () WEPETIENBRWE . ES objtype 1SS /2 Directory 25

1.3 REREM

TR —FRAT HE R AT X LB AT . RS R L2 K P ) A TT R, TS R i /R
LA AR LB 7t o ST ATFEIER, SMARASRE __get__ O M _set__ () Jiik.
FE TR T, age s ATVIENE, _age RAA @M. MU ATFEIERS, dds S0 F ER e

Hi&:

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

def _ get_ (self, obj, objtype=None):
value = obj._age
logging.info ('Accessing ¢r giving %r', 'age', value)
return value

def _ set_ (self, obj, value):

logging.info ('Updating 2%r to %r', 'age', value)
obj._age = value

class Person:

age = LoggedAgeAccess () # Descriptor instance

def _ init__ (self, name, age):
self.name = name # Regular instance attribute
self.age = age # Calls __ _set__ ()

def birthday(self):
self.age += 1 # Calls both __get__ () and __set__ ()

RHAKWRY, JMITERIE age WHTA VI HEPOCK TR, HEMEME name WIARPHLR:

>>> mary = Person('Mary M', 30) # The initial age update is logged
INFO:root:Updating 'age' to 30

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

INFO:root:Updating 'age' to 40

>>> vars (mary) # The actual data is in a private attribute
{'name': 'Mary M', '_age': 30}
>>> vars (dave)
{'name': 'David D', '_age': 40}
Qi3




>>> 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

# Access the data and log the lookup

# Updates are logged as well

# Regular attribute lookup isn't logged

# Only the managed attribute is logged

BN BIRY—A T 2 MR FLAT 2 FR _age 762 LoggedAgeAccess W MR 11 . X FEMRE RSB A BEAY

— T ICR R, HHAFA N B

1.4 EFI B

M AMAAS BN DAE R SRR S B T A A28 /A

TESE R BI, Person JRHEA WA & S 1) name Hl age. 243 Person HE LRI, i [n] 8 T
LoggedAccess H11) __set_name__ () RICRTFEAH, 1L MIAAIA A CH9 public_name Fl pri-

vate_name:

import logging

logging.basicConfig(level=logging.INFO)

class LoggedAccess:

def _ set_name__ (self, owner,
self.public_name = name
self.private_name = '_' + name

def _ get_ (self, obj,
value = getattr (obj,

name) :

objtype=None) :
self.private_name)

logging.info ('Accessing ¢r giving %r', self.public_name, value)
return value

def _ set_ (self, obj, value):
logging.info ('Updating %r to 2r', self.public_name, value)

setattr (obj,
class Person:

name = LoggedAccess ()
age = LoggedAccess ()

def _ init_ (self, name,
self.name = name
self.age = age

age) :

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

self.private_name,

value)

# First descriptor instance
# Second descriptor instance

# Calls the first descriptor
# Calls the second descriptor

THAZAH RS E/RZE person il T __set_name_ () F¥ERICHTFEIN L. ExX B, KA

vars () REHMRAF AL E:

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

{'public_name': 'name',

'private_name':

' name'}




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

PUAE, B SIOEXT name Fl age —F RV -

>>> 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 FLA 44 Fk:

>>> vars (pete)

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

1.5 45RiE

descriptor B 2T ]—PNEXLT __get__ (), __set__ () B{ __delete__ () HYXZ.

e, fIARATLARA __set_name_ () ik X {UIERA AR ENIE QI E KBS B
AR AR . (RIEZIEA RS, HEN IR .)

eI, FAS S EA . T vars (some_class) [descriptor_name] [
VARG, LR AR A8 SO mASTE &

R AE FHVERAS e RAE ] o B SEBIRT, BEATRFREL

FARASR FE H W2 R 0N, AU AAAETE AR B R G 4 A g P A 0 B) & A= R O
g b, WA A RS AR FE . RS REE TR R R, I AV IEAE A A FI ) gk
1.

WARBMOFHRFETEMNES. M2 TR BE e k. &% W LT HEW classmethod (),
staticmethod (), property () Fl functools.cached_property () #ENENIEIRIEELIN,

2 SEEERISERRBIF

FEMR B, FATTREE T — A5 A 3K A TR AL HRME DA K B S A 5 o

2.1 JEIERRA

Brikde 2 — T B IET FAR S . TEAFETATEIE 2 00, B SR E R 15 2 45 P2 AR
B MR o SRS R X SRR, BT R, K BB IR B A .

XA~ validator ZEEE 2 — abstract base class 2 — M EE B IERIASS .

from abc import ABC, abstractmethod

class Validator (ARC) :

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 T2 validator gk, FHHAAHHRM validate () JriARMRYETT ZEMIKAFI YR o

2.2 BE NG

R =S R R gl T A,
1) Oneof BibfH/E—HZ AR LN L —.
2) Number BriE{H/2 70 int o float. RAEANESLL, Eibn] AR UEETE S 2 i i/ ME SR K(E

Z I,
3) string BiEEEE N str. RMWATESEL, B R ATRIESS & M i/ Nl i KK BE . B3 W] DABSHIE
F1E X 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):

(FIAkED)



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

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}'

2.3 xBrM A
RRAE LSS Rn S g 9 5 95

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 e

>>> Component ('Widget', 'metal', 5) # Blocked: 'Widget' is not all uppercase
Traceback (most recent call last):

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

>>> Component ('WIDGET', 'metle', 5) # Blocked: 'metle' is misspelled
Traceback (most recent call last):

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

>>> Component ('WIDGET', 'metal', -5) # Blocked: -5 is negative
Traceback (most recent call last):

ValueError: Expected -5 to be at least 0
>>> Component ('WIDGET', 'metal', 'V'") # Blocked: 'V' isn't a number
Traceback (most recent call last):

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

>>> ¢ = Component ('WIDGET', 'metal', 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
—BONE, AR DT TR BT T ER B XEETTEA __get__ (), _set__ ()
M _delete_ (). URSNEAEIEE L TRETEFMALE—A, EWn ARFRA descriptor,

JEMEVT RN BRAAAT AR X R I R, BEE SR EYE . XTSRRI, a. x IEIRINT &
Ma.__dict_ ['x'] FFlf, ARG/ type(a) .__dict_ ['x'], ¥ FRMKKAEFL type (a) HWIHE
fATINF (MRO) . A0SR B HI(E R & LT AR A x4, W] Python 7] fE & 5 BHAFT M54
T AV TR RS v X HAAR A A AR SE G () TR AN ER S WU AR Uy 2 LI R 2 T 5 S ol il T 1)
R TE o

AR — N KITE . BATEEME. HiE. 85, K ER super () BEHISEHALH .
;k:ﬂ‘]?% Python N 1z . kit TICZER C DI A Python 1) H R P #2407 —2H R IGHY
L,

3.3 k2R

descr.__get_ (self, obj, type=None) -> value
descr.__set_ (self, obj, value) —-> None

descr.__delete_ (self, obj) —-> None

RS TR L . — W GRIEE ST DA IR AT A, N A g, R B
i} 7 i LB T

WER—AXRELT __set__ () B __delete_ (), WEXBH HBIRIEES . SUELT _get__()
MR AR SRR AR (EMNEEEMN TIE, (AR HbH®E) .

B AR AR A R Z AT, AT S Sl - b 2 H R AU AR SE B P M LA 5 8
MARFEANAEH, WIS E. MRS IR SRR R A & H . MiZ T
HALsE.

BT R AR A O S, WA FERE L __get_ () Fl _set__ () , IHE _set__ () H5Ik
AttributeError . HGIEAREMEMAFE XL __set__ () FEMH B BIEHIA .

3.4 fikeRiA Ak

AR DAL d.__get_ (obj) 5 desc.__get_ (None, cls) HIZEFHH.
B UL i JE 7 1v) B shis ks .

FikK obj . x fEAA 2 AIHET IR obj MYJEME x. WIRERIELS] __dict_ ZAMREIHAS, W
MRS RS PSS BN __get () Jrik.

T BT T obj JeXf 4. Rik AR S



3.5 @iL=chliE A

SRR L i 4 A AT, BT RSS I e S, RGBS AS R, AREE IR . 2R
i, fJase __getattr_ () (ﬁn%ﬁﬁé’aiﬁ)o

W a.x LB TR, BAKFE T desc.__get_(a, type(a)) WHE.
MIBEANERPEAE object .__getattribute_ () H, ﬁi%~4\%fﬁﬂ@é@ Python SZ# :

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)

WHYER, £ _getattribute_ () FEMAREHEEEA _getattr_ () BT, XS EBEH
F _ _getattribute_ () B{ifl/H super () ._ getattribute_ &fJKLETd _ getattr_ () B
A .

MR, 4 _getattribute ) % AttributeError I, fIZBFM getattr () ERETTEEH
_ _getattr_ (). lgﬂllﬂ’]ﬁiﬂﬁ%??t*/\%ﬁjl G

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

B oA.x X FE AR T;k YEAF A 1 2 8B AE type. getattribute () 1. I Y object.
__getattribute__ () AL, 1EI SR AT $R 2R 8 & 25119 method resolution order
MR R T — Ak %ﬁ LT desc.__get_ (None, 2) FEHE.

SERENY) C SZF T HE Objects/typeobject.c W] type_getattro () Al _PyType_Lookup () $t%|.

10



https://github.com/python/cpython/tree/3.10/Objects/typeobject.c

3.7 &1t super @B

super Y L RAEAT B AZ AT super O RIMXIRE __getattribute () Jriki.

FAl super (A, obj) .m B S ERAE obj.__class__ . _mro_ HIEREELE A Z G
2B, SRJFIRMEIB. __dict_ ['m'].__get_ (obj, A). ANMHE m AR, WE R B HAE.

SERLH) C SEIL AT PAYE Objects/typeobject.c f] super_getattro () F$k#E|. 4l Python 254/ SE 3 W] PALE
Guido’s Tutorial FH3# 3] .

3.8 HABEEE

TR EFPLHE R ATE object, type Ml super () ) __getattribute () Jy¥&H.
PHOEREE AR

o HiiA#SH _ getattribute_ () H¥ETHH-

« KM object, type B super () RIALH

o HTHRARMZHAE __getattribute_ () W, HMEGIZYESHIERHRZ AR .

e object._ _getattribute_ () fll type.__getattribute_ () & AR B X H
_get_ (). BI—NEANEH, Wal AEFEE. JF—MEAMLHIN None , HFHEZHE
fEZ.

o Bl SR A 2 B G LB
o ARl AR S T UL

3.9 Hah&REX

HHF, B aAEAE E AR R BRI E A . BIEEERT, J02E type BRI I, WA HE
%, FHEMNEXT _set_name__ (), WA NSEIIHZ T E. owner 2 AFHALRNZE, name
TNTCARIR IR A B,

SEPLRIAHTTHE Objects/typeobject.c ) type_new () fl set_names () .

BT HE 2 HEIE type. __new__ () W, FEIGEIMFERERN KA. ZEWNRGERRISRmE 2P,
NMEEFhEH _ set_name__ ()

3.10 ORM (K RERH) RO

PATR AR R T A (o0 P 50 il e of S B B X 5 5 RIS HEZRE

HAZ L R R R R AT REAE SN e i, Python SRR B R R 0 I I 8 o 1R 25 92 ST0HE
AT SR

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.keyl])
conn.commit ()

FATATVAM Field ZEf5E SMA T8 e Fr 4 K R A models.

11



https://github.com/python/cpython/tree/3.10/Objects/typeobject.c
https://www.python.org/download/releases/2.2.3/descrintro/#cooperation
https://github.com/python/cpython/tree/3.10/Objects/typeobject.c
https://en.wikipedia.org/wiki/Object%E2%80%93relational_mapping
https://en.wikipedia.org/wiki/Database_model

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

BRI, e R RO

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

KH AN T ] ARSI 2 G 2R Al B g HL A T B -

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

>>> f'Released in {jaws.year} by {jaws.director /'
'Released in 1975 by Steven Spielberg'

>>> Song ('Country Roads') .artist
'John Denver'

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

4 4 Python {3

SRS, (CHE T S ISR TR, AU BRI, DS T8 BT @k
BLH TP, S, BT, R slots ST HAREL.

41 B
@%pﬂmth)%W@ﬁ%%ﬁ%%ﬁ%ﬁﬁ7ﬁﬁ%ﬁﬁﬁﬁﬁ@%ﬁﬁ%ﬁ@ﬁﬁ%oﬁﬁﬁﬁ

E .

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

IO R T E ST R x IS A

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.")

12




T f# property () UMTIRYERAGS ML, X HLE— 4l Python fY2F4/ LB :

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'unreadable attribute {self._name}')
return self.fget (obj)

def _ set_ (self, obj, value):
if self.fset is None:
raise AttributeError (f"can't set attribute {self._name}")

self.fset (obj, value)

def _ delete_ (self, obj):
if self.fdel is None:
raise AttributeError (f"can't delete attribute {self._name}")
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 () B4 M PO SRR, BRRMZELTE—NIENS S,

BN, — AT FRARE R VA Cell ('010") . value HTXF ICAREAYTT AR . RIREF Y )5 2L
PEBSRARRTT MAEHOR TS ook (Hg, 27 SORA B W Mz m I m BA & Fm Ui . %

P57 e RRT value JE LR MG AE JE MR ik 4 v

class Cell:

@property

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

13




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

4.2 HBFFE

Python T[] 0 R D) E R TESE T s BREE M Y o Sl e (P AR RSt il X 05 T 58 B T TRl 5

TEVR A, Al e i b Y s R I N Tk . T A5 L RR B AN [ Z A E TR S S I B T
HAMBRZ AT T5E-5 TR Z AAHE T2 — DN SRR R LB BB, SLpil5]
FFRA self , AHATTLAFRA this SUATATHAAR B4 5K -

AIPAfEH types.MethodType FalfjE ¥, HATHEASEMNT:

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)

KT SR H AN RIATTR, A _get_ () JrIRPMEALEIE T IN G HOR O ik X R RO
AR RS, BTl ST ﬁéaﬁaﬁf 485 T3k, sty sinr

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 R 28, X/ T eRSC iR A ) S Fs TAR 52K

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

Z R EEA qualified name J&HEPACRFH A

>>> D.f._qgualname
|l D . f '

WL I RBA LTI __get__ O« MK, BHIREEREETR :

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

K AL FIEFATSTEAN __get (), HEGRIFIRZHIEEL.

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

A BRAT R B EAE NS BI I T Ry U] o RO SRR __get (), REIZPERITIENR :

>>> d = D()
>>> d.f
<bound method D.f of <__main__.D object at 0x00B18C90>>
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>>> d.f. func__
<function D.f at 0x00C45070>

>>> d.f. self
<__main__.D object at 0x1012el1f98>

UNSRARE G A7 H T IR TR B self S3ITIRHHY cls e MAT 27575k, @ L 1!

4.3 FHiERFA
ARl A A BB Ry 7 IR R R AL 1 Ah Ay B AL

MESGHOUE, PREO R AR __get__ () ¥k, PAMEFEVE @MU A B AT DARF AL 30 7 v . AR AR
¥ oby. f(*args) WFEHSWHEN £ (obj, *args) . W klass.f (*args) HTMAEA £ (*args)

NREBLE T I LA oA AL A

HEX B XI5 iIE A B A A
function -- pR%Y | f(obj, *args) f(*args)
S f(*args) f(*args)
EXyiniN f(type(oby), *args) | f(cls, *args)

4.4 BERE

SRR B2 SR, MU M PR oL £ 8¢ C. £ SE30 Tl object.__getattribute_ (c,
"f") o object.__getattribute_ (C, "f£") AR, XFEZREEOH T DA G s R AT AR [ 1)
i}‘ﬂ‘ﬁj

FAENES T ERRAEEART | self AR,

TﬁJﬁH, — G &Tﬁb@é‘* ML BRI AR IS A SRR T T A BRI E,
{H, Eljuiﬁﬂﬁﬁﬁﬁl_&%wﬂ AL k. B2, nREA FEMR S A 5 (A O T R0 Y R 2
Biln, erf ( zszﬁfrqjlﬂﬁ@%%?ﬁ& HIFAE M TR E RS WTAMREE PR E:

s.erf (1. 5) --> .9332 8 Sample.erf(1.5) -—> .9332,
TS T R ) IS2 R B A R A2 4k, PR B8 2 sk
class E:

@staticmethod

def f(x):

return x * 10

>>> E.f(3)
30

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

i AEEER A SR , 4 Python lRA ) staticmethod () W1 i/R:

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

def _ init_ (self, f):
self.f = £

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

Qi3
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return self.f

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

4.5 £FHE

SESIHEARE, 207 A R B 285 | e S B R iAo 2 R 22, It
R[] -

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

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

>>> F().£(3)
('"e', 3)

7 A BB 285 I L SO T A7 e R S B g B i, BUAT AR o 207 YR —
Mg Bl MR I, JET59% dict . fromkeys () S LAIHE— B L. 41 Python [
Sl

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 M — B i

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

>>> type(d) is Dict

True

>>> d

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

AR R A 2SI, 4l Python RASHY classmethod () WIF:

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_ '"):
return self.f._ _get_ (cls, cls)
return MethodType(self.f, cls)

hasattr (type(self.f), '__get_ ') WU EIELE Python 3.9 Wil AFfik classmethod () A
PASCRpEEA SR . BN, — RO BRI B PR v] ARl e —
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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—PRELT __slots__, ERM—AEEKER slot (AR B HI7M. N PEIRME, &
HUBRXFEN

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: can't set attribute
>>> 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.

17
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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 cor-
rectly:

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.

ZANE B R4l Python ) __slots__ e AulfERY, PUNETRE BRI C 25 IR
GNAFEC. H2, AT AR — AR, o4 slot 55 PR C G5H A — D ALA 1
_slotvalues FIFMULL. XHRAA G PRI LS SRS Fh Bt A A 2L

null = object ()
class Member:

def _ init_ (self, name, clsname, offset):
'Emulate PyMemberDef in Include/structmember.h'
# Also see descr_new() 1in Objects/descrobject.c
self.name = name
self.clsname = clsname
self.offset = offset

def get__ (self, obj, objtype=None):
'Emulate member_get () in Objects/descrobject.c'
# Also see PyMember_GetOne () in Python/structmember.c
if obj is None:
return self
value = obj._slotvalues|[self.offset]
if value is null:
raise AttributeError (self.name)
return value

def _ _set_ (self, obj, value):
'Emulate member_set () in Objects/descrobject.c'
obj._slotvalues|[self.offset] = value

def _ delete_ (self, obj):
'Emulate member_delete () in Objects/descrobject.c'
value = obj._slotvalues([self.offset]
if value is null:
raise AttributeError (self.name)
obj._slotvalues[self.offset] = null

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

type.__new__ () JPIRTATERFMGX SN INE 2AE H -
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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__ () JIAMTTAIEEA slot MAESLBIFIHASLH] . LATR 3&— 4l Python (ISR -

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 LAY Pl X AR, HFE A Object 4 IH-HF metaclass %4 Type:

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

v 1

slot_names = ['x', v'l]

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

BERF, metaclass ELZ8% x Il y WIEL T AL GAXT4

>>> 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 0x7fb5d302f£9d0>,
'x': <Member 'x' of 'H'>,

(FOAkED)
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'y': <Member 'y' of 'H'>}

MBI, ENTRA — NN TSR slot_values F13%:

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

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

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

B IRPFS BORIER B S  —5

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

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