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1.1 EERE: BREE B

Ten 2 PMliidey, H_get_ () HERERFHFERE 10:

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

BRSBTS — 2R

z

class
X

y

5 # Regular class attribute
Ten () # Descriptor instance

A B AT Wl A AR A 2 4 2 8] (4 X531

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

5

>>> a.y # Descriptor lookup

10

1 a.x @EHEERT, JEEMFSEEGFHERFRPE ' 5. fFa.y BT, SBEBEAFSRIERE
LB __get_ FERFIHRBIHE, ﬁﬁﬁﬁﬁﬁﬁuﬂ 10,

TR, H 10 BEAAAREEE P I R E S B e b RS, 10 SRAETE I A R o

A RG] T R T — M g2 W TARRY, HEARRA M. fEEkw N, HEiEtEks
W

TE T4, AT A HAARD, WahSEk.

1.2 FHBEXK
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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

LHASI R RERR SN, FUESITEAR, 20 SR bl {H:



>>> 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 UL AR SS UE AT R, XA FRER T __get_ () ZHHB. ES self B LS 2
size, H[ DirectorySize [t]—A~5LH. TE5: obj UKL 52 ¢ 5 s, Bl Directory f— 556 i 1E 2 obj il
__get__ () HIEHAGTIENHIRH . S objtype BRI SES 2 Directory 2K,

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 %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__ ()

LHAKTER R T, SHTE R age (IFA DT FBHER TR, ERBUEN: name WKL :

>>> 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}

HBET—H




>>> 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

(R L —5)
# Access the data and log the lookup

# Updates are logged as well

# Regular attribute lookup isn't logged

# Only the managed attribute is logged

J
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LoggedAccess W 1]
vate_name:
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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,

value = getattr (obj,

logging.info ('Accessing ¢r

return value

def _ set_ (self, obj, value):
logging.info ('Updating %r
setattr (obj, self.private_name,

class Person:

giving

to 3r

objtype=None) :
self.private_name)

cr', self.public_name, value)

, self.public_name, value)

value)

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
&“E&“Fﬁt WRERIE Person P T __set_name_ () JrRICFFBMAIR. TEXH, FATHM
vars () RERMISSRMTAMAE:

'name'])
'private_name'

>>> vars (vars (Person) [
{'public_name' 'name’

' _name'}

BE T



(L —5)
>>> vars (vars (Person) ['age'])
{'public_name': 'age', 'private_name': '_age'}

PUAE, RS0 %At name F1 age — F Hyim) :

>>> 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 SEBILAL 5 FAA 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__ () HIX 4.

e, fEIASRATLARA __set_name_ () ik X{UIERA AR ENIE QI E KBS BRI
AREAAPRIN G o (BIBEIZIEA R iRy, R R e S )

BRI, fAS S EA . R vars (some_class) [descriptor_name] [A#
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WARBMOEHRFTEMNES. M2 TR BE e k. & W LT HiEW classmethod (),
staticmethod (), property () fil functools.cached_property () HMENIARTLIL,

2 SEEERISERRBIF
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2.1 JEIERRA

Brikde T R IET FAR RS . EAFR TR 2 3, B SR E R 15 45 2R AR
FEIFR A o ASRANE R X LR, RS RRm, MISK BB IR BRI

XA~ validator JEPESE—A> abstract base class W& — LA B MERIAL .

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

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

(HERET—F




(L —5)
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 LRI T2 validator 4ok, FHHAAHHRME validate () JriARMRYETT 24 R YA .

2.2 BE ISR

R =S B R g e T A,
1) OneOf BiL{HE—HZ AR Z —,
2) Number B iF{H2A N int B float. MRAEAESEL, il n] ARIEEAESS E Y i/ ME SR K (H

Z I,
3) string BiEE SN str. RWAESEL, B R ABRIESS & M i/ Nl i KK BE . B3 W] DABSHIE
FrE XY 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):

€ & A}


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

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}'

-

(el b —50

2.3 SchrRy A

DR AEH SR R R 2 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

Sl FEL 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 1is 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
Efﬁ@#ﬁfﬁ%&ﬁ{i o X ELAR A A AE A S ATE A B AN B I BEAR S FIr R SRS 2% v S =l i
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3.3 k2R

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

descr.__delete_ (self, obj)

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 @it fliE A

SRR L i 4 A AT, BT RSS I e S, RGBS AS R, AREE IR . 2R
i, Wa& __getattr_ () (ﬁn%ﬁﬁéﬁiﬁ)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 .

M, X4 _ getattribute_ () 5|k AttributeError B, EIzEFFH getattr () BRETHRTEH
__getattr__ (). BN HEERAE— NI R

def getattr_hook (obj, name):
"Emulate slot_tp_getattr_hook () in Objects/typeobject.c"
try:
return obj._ getattribute__ (name)
except AttributeError:
if not hasattr(type(obj), '__ _getattr_ '):
raise
return type (obj)._ _getattr__ (obj, name) # __getattr__

3.6 @AM

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 SZPL ] AE Objects/typeobject.c B ] type_getattro () Al _PyType_Lookup () F3FH|.

10
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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.

SEELY) C SEEL A HE Objects/typeobject.c B super_getattro () H$k%|. 4l Python f) 54 SE P ] £F
Guido FYHA:E FRH].

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,

SEIAIZNATHE Objects/typeobject.c B} type_new () Hil set_names () H,

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

3.10 ORM &

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
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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 = sglite3.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 ZHxH

AR BAR TR, (HERR A TS AT RENE. AL IBEHEEEN, LETENCHETERN
ETHSp. Bk, gk, BEIrk. R slots_ SRS ML

41 B4
@mpﬂmth)%W@ﬁﬁﬁﬁ%%%%ﬁﬁ,ﬁﬁ%%ﬁ%ﬁﬁ@%ﬁﬁ@ﬁ@ﬁﬁﬁoﬁwﬁg

ZE .

{property(fgetzNone, 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"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)

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 () 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 -

A PAMEH types.MethodType Faifil@ ¥k, HATHHEAENT:

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 ﬁéﬁaﬁj‘ 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%RACAA qualified name JEVELASCRF H A

>>> D.f.__qualname_
] 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>

ATRRIIAT o R AAE NS BT ST ] S A AR __get__ O, RIEIFERITIEXGL:

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

14



IBRE T IEAE N FRAE il 1IR3 R BRI 4 2 1) S -

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

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

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

R BEXRAR BEERAR

PR f(obj, *args) f(*args)
staticmethod ~ f(*args) f(*args)
classmethod  f(type(obj), *args) f(cls, *args)

4.4 BERHIE

ST R MR Z R, MBS P . £ 8 C. £ 3Tl object . __getattribute_ (c,
"f") 5 object.__getattribute_ (C, "f") . XFEZERBON AT DA E Bl 2 A gL AH 5 1Y
i .

EAVERES T ERRIPERG | H sel £ AR A .

fl4an, —‘/]\éffﬁ‘)zﬁE/‘J@EIE\E@@—‘/I\%'%L\&?EB@@%%WO AR ERAL T T AR IIME, B
18, ':Pﬂﬁ%ﬂ,ﬁ\@?#ﬁﬁ%ﬁT B . (B2, WREAEMR S _EAH SO T 5 i sk 4k
BN, erf( ET@’EW*E’J@%%@ TEIFR B AR TR i B 4E . AT AT R B il A &

s.erf (1. 5) --> .9332 8 Sample.erf(1.5) --> .9332,
TS R el ) IS)2 R B AR 2L, R s (8 2 kb v
class E:

@staticmethod

def f(x):

return x * 10

>>> E.f(3)
30

>>> E().£(3)
30

i AR B iR %S, 4l Python JRARY) staticmethod () WIFFR:

import functools

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

def _ init_ (self, f):
(B T—1)

15




(L —5)
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 () WM T80T ZREH) __wrapped &Ik, Bl X H]
32 0 R J 1 A I A AR R R R R WA A B K __name_, _ qualname_, doc__ PAK

annotations_ .

4.5 ¥KHiE

gﬁig&ﬁ%ﬂﬁj, R EAEVH R B 285 | T UES 0 £ sl . T R gt 22, it
U] :

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

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

>>> F () .f(3)
(R E))

7 A BB 285 | I L SO T A7 e S Bl b i, BEAT AR o 207 YR —
Mg Bl A MR BB B, 8T59% dict . fromkeys () MEEFILAH— B dL. 41 Python [
S

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

BAE AT DA R 18— A M — B i

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

>>> type(d) is Dict

True

>>> d

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

i AR B R R iAR g P, 4l Python A classmethod () HWIR:

import functools

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

def _ init_ (self, f):
self.f = £
functools.update_wrapper (self, f)

€ & A}
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(R L —5)

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)

J

hasattr (type(self.f), '__get_ ') W IEIELE Python 3.9 gl il AFfffi classmethod () A
PAZRpeECRe A . BN, — D EARE RN AR s ] . 7E Python 3.11 ", JLINEECHE
Mo

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

return f'A doc for {cls._name_ [!r}'

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

ClassMethod W' Y functools.update_wrapper() WA MM T —A 3 1m T E B W
__wrapped__ J@. Bl mEMEHEAE N B A IR E R OR G R RE: _ name_,

_ qualname_ ,_ doc__ PAJ _ annotations_ .

4.6 pEaYt&Fn _ slots

B—ARELT _slots__, ERM—MEE KR slot HALIRB I 7. MHPRIRME, 5%
FOEXFER

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 ()
>>> aguto.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

€ & A}
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(B —1)
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'

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 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.

AR —Bi—FEAY 4L Python fF) __slots_ Je AWlRERY, PNETE AL C Z5M I H%T
FNAFIC. H2, AT LA — D AEF UL, A4y slot 1) 5EFR C S5H A — D AAA 1Y
_slotvalues FFRMULL. XHXFA GEHA PR LS A FRS Hh R R 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

(BT —1D
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def

def

def

(B E—H)
value = obj._slotvalues[self.offset]
if value is null:
raise AttributeError (self.name)
return value

__set__(self, obj, value):

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

__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

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

type.__

new__ () JI{ATTRE M AN SN INE K2

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__ () HEMTTAIEEA slot MAESLGIFHAYILH . PAUF &4l Python [ AHBE AR :
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)

def

def

f'{cls._name__!r} object has no attribute {name!/r}’'
)
super () ._ _setattr__ (name, value)
__delattr__ (self, name):

return inst

_ _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 (

'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}’'

(BT —TD
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(R L —5)
)

super () ._ _delattr__ (name)

FAEF PR ABAIR, R object QK metaclass Bl Type:

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

slot_names = ['x', v'l]
def _ init_ (self, x, y):

self.x = x
self.y =y

K}, metaclass B4k x Rl y B T A BIX 4 -

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

{'__module_ ': '__main__ "',
' doc_ ': 'Instance variables stored in slots',
'slot_names': ['x', 'yv'],
' init_ '": <function H._ _init__ at 0x7fb5d302f9d0>,
'x': <Member 'x' of 'H'>,

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

MBI, BN TABURIER s1ot_values Fi:

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

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

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

B RPFE SORIER B YRS | e

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

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