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1.1 EERA: REE B ERZE

% Ten @A, B _get__ () FEEZREIHFE 10:

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

PR, BRI — I RAT A S — R

class A:
x =

5 # Regular class attribute

y Ten () # Descriptor instance

FHAH A S A 7 300 s A e A e A 2 [ X1

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

5

>>> a.y # Descriptor lookup

10

1E a.x @iEEHRT, BRI REIFEER T I A x SXVAE 5. 1Ea.y kP, MsBEAam
WA gR LB __get__ JriRRFHARRBIHR, Pz IR 10,

TR, fH 10 BRI T I TR SC B 7t o IS, {10 SR AETR I A BRI Y o
XA RGN T — A S W AR, (HEANRRA M. fEARE R, HENEEER ST,
TE R, AT EA AR, WahSEk.

1.2 FHEEK

AT BRI R AR B IS A TV ST AN 2 alR [ o -

import os
class DirectorySize:

def _ _get__ (self, obj, objtype=None) :
return len(os.listdir (obj.dirname))

(Rt




(R —H)

class Directory:

size = DirectorySize () # Descriptor instance
def _ init_ (self, dirname):
self.dirname = dirname # Regular instance attribute

LHASW RSN, FRESTERFR, 2 B EE:

>>> s = Directory('songs"')

>>> g = Directory('games')

>>> s.size # The songs directory has twenty files
20

>>> g.size # The games directory has three files
3

>>> open ('games/newfile') .close () # Add a fourth file to the directory
>>> g.size # File count 1is automatically updated
4

B T U A AE A TR, XA T __get_ () ZEMBE M. TES self LS 2 size, H
DirectorySize {]—"5500 . B2 obj H2UX IS 2 0& g 8L s, B Directory [f)— A~ TWiiEZ obj ik __get__ ()
FESAR TIEN BRI E R, ES objtype 111552 J2& Directory 25,

1.3 RERM

TSR I — PP AT VA RAICE T L OIBAR DI . RS Te s R I ) A TF 8, TS PRt A AL
AIBHAFETE L BT Ib . MU AT, SMARASSN __get () Ml _set__ () Jrik.

TE NG T, age @ ATFEME, _age @FAJEM: . MUIHATFEMR, fiAfFaidsk FERESEHYH
—+- .

TN

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

class Person:

age = LoggedAgeAccess () # Descriptor instance

def _ _init__ (self, name, age):
self.name = name # Regular instance attribute
self.age = age # Calls __set__ ()

(T IUaksE)




FEH LR

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

LHARKWRRH, MTERE age WTATIMEBHCR TR, HEHEME name WARPHLR

>>> 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}

>>> mary.age # Access the data and log the lookup
INFO:root:Accessing 'age' giving 30

30

>>> mary.birthday () # Updates are logged as well
INFO:root:Accessing 'age' giving 30

INFO:root:Updating 'age' to 31

>>> dave.name # Regular attribute lookup isn't logged
'David D'

>>> dave.age # Only the managed attribute is logged
INFO:root:Accessing 'age' giving 40

40

VLR Bl — A~ 2 2 BURALAT 24 B _age 162 LoggedAgeAccess "R Y1 . IX TR RSB BEA —A
M ERmErE, HHHEAFA TS,

1.4 EFI B

YRR, AR IR S T A 22 R4

FEMRBI T, Person ZEEAWANMEIR 2 LB name 1 age. 2425 Person #5E SLIIHE , A [m]98 T LoggedAccess
) __set_name__ () FICEKFEAFR, iLEANHALA B C8 public_name F private_name:

import logging
logging.basicConfig(level=logging.INFO)

class LoggedAccess:

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

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

logging.info ('Accessing ¢r giving 2¢r', self.public_name, value)
return value

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




(R —H)

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

&*Eﬁﬁf Wi/~ Person P T __set_name_ () HERICHKFEMAFR. EXHE, FATHH
vars () REHKIRS A A E:

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

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

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

TR, HBELAICFENT name 1 age — & 1151 :

>>> 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 SEBANAL & FLA 44 F5:

>>> vars (pete)

{'_name': 'Peter P', '_age': 10}
>>> vars (kate)
{'_name': 'Catherine C', '_age': 20}
5 &RiE
descriptor FLREfT—E LT _get__ (), __set__ () B __delete__ () MIX4.,

e, AT ARA __set_name_ () JiiA. RXOERIASTEIE QI E AR MRS ERA R
AFRI . (BB ik s, /\%Jﬁtﬁ&ﬁﬁ:ﬂc P

TEJ@ AR, Hdesh S E B . IR vars (some_class) [descriptor_name] [A]4£1)iH
TR, TR B il g S i AN B

TR e VRS R IRAR ] o T SEBIRE, EATR R
TSR T2 AR PR N, FRVFAF A 2L B P R G i A P 30 ) A s O o
g%i P 2 A P AR T AR R o SR SR TR R AR, AR IEAE R A R A T

WABRWEHRFTENES. M2 EILRE I e k. F 0L THEW classmethod (),
staticmethod (), property () fl functools.cached_property () HANE AT LI.




EHISERRBIF

TERRBI, FATRTE T — S M55 R B TH R A HME DA K BB B 40 R4 5% .

2.1 JEIERRA

Bkt e — N THUE RV AR T . FEAP AT RBIRZ BT, B YU ER 75 1 L A4 R 280 R
o ARG X LERR G, BRI AR, RS BRI IR .

XA~ validator ZEEES2— abstract base class & — M BHHIARE,

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 LIS 7R M Validator gh, If HaMiHRE validate () JiEPMRIERE B A FR L0

2.2 HE WIS

2 = A BRI TR
1) OneOf Bil{HE—HZ AR Z —
2) Number BiE{H2 77 H int B float. MRS, ik n] PABIE(EAES RE Y e/ IME B d R A2 18] o

3) string BUFEREE N str. MRIFEESEL, B0 PARIES & 1 Nelid KR . B8 n] ASHIE A P
E 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

(F ks



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

FEH LR

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}'

2.3 SRR A
RURAEE SR R B 2 1 5 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

EripuSi R NS vy el Rl fE




>>> 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 BRAHE

TR BN IR BAREARE, PARAlRAR TAE B PR

3.1 %

E SRR, BEEHM, FEULHT AT AR . S Bt— D RIS G R A LA 7R Bl .
LA AR A D RESR I B B B 22 T AR Ae, ICRE VR PEf% Python TR I BE .

3.2 EL5ME

— I, kRS TRA SR IR R IAR R . XTI __get__ (),
_delete_ (). QERNFAJEME ST XTI R PHAEE A, BT AR descriptor.

JE T M B BT MR — X R B F b R B, R E B R . XTSRS, a . x B FRITE S
a._ dict__ ['x'] FFlf, R5E type(a) .__dict_ ['x'], FETRIMKIRER type (a) B EBATIN
¥ (MRO), WRFERNMMERE XL TR ERNSE, W Python 1] B8 £ H 5 BRIAFT A I 44 1 & 7 H
RER Y o X MR AR SE S A B AT I AR T SR 28 32 S R i 1 =Xk bl g o

HAA R — R RIME AL ENTRIEIE. Jrik. BETA. RKITEM super O WGHIEHMLH . €
fITAE Python AFRYY) EZ B . fHA &R RIfL TIRIZ R C AUSH Python Y HHEFEFFHR AL T — A R 3EHIHT TR .

set__ () Ml




3.3 fkEhW

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

IR T AR . — AR GEE ST VA BT A AR —A, o iiidg: , HAER o Jm e 7
FHEATH

WR—AXFELT __set_ () 3 __delete_ (), WESPIAEIERIAL . [CEXT _get__ O 1
RS AR A (EMELEWH T, Al g i) .

B AR R AR AR A R 2 ARE T, IR SR Se i) b 2 H AR AR, AR SR 7 ML A S R A
AR H, MBS, ARSI T ILEA SAREd A F 2 & H WLz 3 I

AT AR AR SO R, WA E X __get_ () Fl _set__ () , HHE _set__ () 5K
AttributeError . 5| ERHEIEMATE L __set__ () FEMEECHEHRHIAL .

3.4 k2% AR

iR a DL L d._ get_ (obj) B desc.__get_ (None, cls) HIZEWH.
R LA A S A SR M U 1) E sl R A s

Fik3 obj . x FEAN A 25 W] I A P A 4R “ObJ“ FJEYE <. ARIERAESHI __dict_ ZAMRBIRGARS, WARYE
A AN __get__ () Tk,

PRI T ob] REXF4. 2Kk i‘aﬁ?‘éE’J;&WJ

3.5 @it =cfliE A

SRR i & A RV BE AT, BRI AR e, R S pI AR R RS Rk g . AR
WA __getattr_ () (ﬁn%ﬁ’—?mﬁﬁ)

WME a.x LE 7ML, BAKET desc.__get_(a, type(a)) WHE.
MIBBEATHIAERIB A object .__getattribute_ () Hi. JZEXE*/I\%’:F{JTE@?@ Python 5L ¥ :

def object_getattribute (obj, name) :
"Emulate PyObject_GenericGetAttr() in Objects/object.c"
null = object ()
objtype = type (obj)
cls_var = getattr (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)

10




HEEZE, BEERASHEWA object.__getattribute_ () , FMIZHEAFH getattr () REEYIE
T A B R A TSR R AR

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___

HI, W getattr_ () f7A4F, MBI _ getattribute_ () |k AttributeError (H¥ES|AkRF
WA ERASFRE A 5 ), ST E.

I, S P E A object .__getattribute_ () , MW __getattr__ () W THELTT.

3.6 Wi FEA

BoAx EHWAREMFELRNEZEAE type. _getattribute () H. HEYH object.
_ _getattribute_ () AL, {H23LF)5 A $k ol A8 22 2504 method resolution order
WRER T — ke, IBAKEL desc.__get_ (None, B) WHH'E.

SEREY) C SEPLAIAE Objects/typeobject.c ) type_getattro () fl _PyType_Lookup () #F|.

3.7 i@iT super @A

super [t BV ERFE SR AIZHEAE super () REIXTENY __getattribute_ () FikH.

Ffpl super (A, obj) .m AN EASERIFAE obj.__class__._ mro_ FHEEREEMA A ZEHEL B,
SRIGIRMI B.__dict_ ['m'].__get_ (obj, A). WIHE m ANEHEARL, WEBR [ HAE.

SEREY) C SEP AT PAYE Objects/typeobject.c [ super_getattro () H3F|. 4l Python ZE4)sE I AT PAYE Guido’s
Tutorial FFF)|,

3.8 HHABEEE

TR ALK ATE object, type Hl super () BJ __getattribute_ () JiikH.
PO EE AR
o HIARZEH _ getattribute_ () HEFEH.
* KM object, type { super () ARSI,
o MTHIALEHETE _ getattribute_ () W, HIMESZTESHIERAZRB3EH .

e object._ getattribute_ () Fl type._ getattribute_ () & H AR 8 5 =X # H
_get__ (). HI—PEEANEE, WATPAEFEER. HF—MEAMLBI N None , I HEZ2EHHELH.

o BlEHA SR A S B G LB
o ABERl AR SR T L o

11



https://github.com/python/cpython/tree/3.9/Objects/typeobject.c
https://github.com/python/cpython/tree/3.9/Objects/typeobject.c
https://www.python.org/download/releases/2.2.3/descrintro/#cooperation
https://www.python.org/download/releases/2.2.3/descrintro/#cooperation

3.9 BHaEhZREX

Y, HRESEAE IR B B AR R . BIESHZEE, J03 type BT FH, ARG AL
HHEMEXT __set_name__ (), WA NSEIIH L. owner 2 HTHIAZRTIZE, name %ﬁﬁﬂ
AR A B4 .

SEFLAYAIFTAE Objects/typeobject.c F1ff] type_new () Fl set_names () .

T HE B2 type. __ne ) W DGR BRI KA . 2 G IR AR A I B2 T
EFHE _set_name_() .

3.10 ORM (HHRXAMRH) =B

PAT AHH 7R 7 iy (68 P il b 2 5 S LR B object relational mapping HEZE .

izguiﬁmﬁéﬂ}%ﬁﬁﬁf FESNIEARZE T, Python SEBICREA Bt e 2 POt B A RO B o A i S STXHELUEA T
EI 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.keyl])
conn.commit ()

FATATLAM Field JEResE SRR T et e g 5K R ALY 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

TR, e B R R -

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

LI TRV N LGP €T HE R e €N I RS R R SR T

12



https://github.com/python/cpython/tree/3.9/Objects/typeobject.c
https://en.wikipedia.org/wiki/Object%E2%80%93relational_mapping
https://en.wikipedia.org/wiki/Database_model

>>> 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 F{fr3ci

RS BCR A 5, (HERRHE TS AN AT REE. AJLDABIEAEREEN, UETEMNEHE U NET

Hopo @ik g€k, BEIE. JITEM slots__ M ELTHAS ML .

41 B

P property () EMHEIHNAMSIIfE T, REIHASSAEVT R IER i s BRI . EEL R

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

IR T E ST R TE x B 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.")

R property () UTIRGEAGSFCEE, X 24l Python [Y2R{/ 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

def _ _get__ (self, obj, objtype=None) :
if obj is None:
return self
if self.fget is None:
raise AttributeError ("unreadable attribute")
return self.fget (obj)

def _ _set_ (self, obj, value):

13
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if self.fset is None:
raise AttributeError ("can't set attribute")
self.fset (obj, value)

def _ delete_ (self, obj):
if self.fdel is None:
raise AttributeError ("can't delete attribute")
self.fdel (ob3j)

def getter(self, fget):
return type (self) (fget, self.fset, self.fdel, self. doc_ )

def setter(self, fset):
return type (self) (self.fget, fset, self.fdel, self. doc_ )

def deleter(self, fdel):
return type (self) (self.fget, self.fset, fdel, self. doc_ )

XAWER property () &4 M PO SRR, BRRMZELTE - TENS S,

BN, — AR A Cell ('b10") . value TR BITCHHERI DT AR . X7 Fr i) i St 2
SREFUTT AR L BRI S BooA% s (B, R SUR A B0 BT MR M A & o AURS . Ay 562
HRERS value Ja P8 ) A0 A0 SR P X m k2% -

class Cell:

@property

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

FESLRBIT, HER property () EFRATEIAIIN Property () HiEH .

4.2 RYFFHE

Python /1T [i] X S I BE e AEHE T BB AR BE A Y o i (o P AR R 2, Sy T 52 13 T TC SRR A

AE I, A7 e Tl i 8 eR BSCRF IR o T3 o T3 955 W eR O AN [R] 2 A O 0 G S 81 i LAt
SR H . IR S HBR B A Z ABHET 5 DS RO I R LB B . L IRIBI, SEBI5 AR
self , ARABFT AR this BATAT HA AR 44 55

A types.MethodType FEIEIHT L, HATHEALEMNT:

class MethodType:
"Emulate Py_MethodType 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)

14




N T SFFHBIAETE, RS __get__ () JPIACAELEIR PRV IS0 HoN Tk . KRR B
Bt s, EAEEL L BIUEAT mA IR IEI%*BZEﬁﬁE, Rzt gy s{nr:

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)

TR Iz T AR 2E, X/ 1 eR e iR A i S s TAR T 2K

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

Z MR ECEA qualified name JE DA RF B4

>>> D.f.__ _qualname_
'D.f!

W RF MR R ST __get_ (). M, BHREIEMEET S :

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

K ALK FIEFAT VAN __get__ (), FLEGRIFRZ KR

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

ATRRIIAT o R AEAE NS BT ST ] S AR __get__ O, RIEIFPERITIEXGL:

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

IBRE T IEAE N TRAE il 1 IR R B 4 72 1) S -

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

>>> d.f._ self
<__main__.D object at 0x1012e1f98>

ARSI 25 H VA self BETTVEHY cls Je MAT 25k 1Y, e iX T !
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43 8T HE

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

K | BENRIER BiEEER

PREL f(obj, *args) f(*args)
AT | f(Fargs) f(*args)

K f(type(obj), *args) | f(cls, *args)

BHERWRZEE, AMUTATES. HH c. £ 8 C. £ HFT# T object.__getattribute_ (c,
"f") o{ object.__getattribute_ (C, "f") k. DXFEZEEECH T AT Gk 3E H A A IR 15 1]
WEEVENBAS TR RIBEEART | sel f AR
BN, —AG A RE S — NI BRI A R . AR T M AR IE, B,
NEECFHANRE A S E B H U (B2, nTREA FEMLS LA SEAEA FB a1 sl 8. BN, erf (x)

RGP e, B A BB TR e FEaESE . WTAMRECEP I E: s.erf(1.5) ——>
.9332 B{ Sample.erf(1.5) --> .9332,

H TS VR ] 2 eR BB AR AT AR AL, R s B g Bkl 2 o

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

>>> E.f(3)

3

>>> E().£(3)
3

ARSI IARS 4l Python MUA Y staticmethod () QIR PR:

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

def _ _init_ (self, f):
self.f = £

def __get___(self, obj, objtype=None):
return self.f
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4.4 EFHE

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().f£(3)
('"e', 3)

IR BRSBTS R ARy, AT ARA - 05 9R 8 —Fh &
FeRIHA R TR AL, BN, K073k dict. fromkeys () MEEFIFRAIH—Fry i, 40 Python (147 45E
Bie:

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 o — B i

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

True

>>> d

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

i H AR B AR P, 4l Python A 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(obj, '__get_ "):
return self.f.__get__ (cls)
return MethodType (self.f, cls)

The code path for hasattr(obj, '__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:
class G:

@classmethod

@property

(Rt
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FEH LR

def doc___(cls):

return f'A doc for {cls._ name_ !r}'

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

4.5 REaYt&$n _ slots

B—PIEXT __slots__, BoM—AREERKER slot (B4R LH 7. WHFMIME, R
e IAEAY

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.
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4. 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.

ZR AL R4l Python Y __slots__ 2 ANATRERY, PINEREEEEDA C ZEH A F s
GAAFIT L. HUZ, FRAT AT AR — R MR BADUR, HL P AR slot Y S s C 54 (& i — AT Y
_slotvalues FIFRMULL. XIHXFA G PR L5 B AFRF Hh R R 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
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__ () JrikSIHIE I AR SR INEI S B



class Type (type) :
'Simulate how the type metaclass adds member objects for slots'

def new__ (mcls, clsname, bases, mapping) :
'Emuluate 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)

object._ new__ () JIAMTTAIEEA slot MARL I HAYSLH] . PAFj&— 41 Python [PRL ISR :

class Object:
'Simulate how object.__new__ () allocates memory for __slots__'

def _ new__ (cls, *args):
'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'{type(self).__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'{type(self)._name__!r} object has no attribute {name!/r}'
)

super () .__delattr__ (name)

BAE LR A X AR, R Object 4k FHF metaclass 14 Type:

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

slot_names = ['x', 'y']
def _ _init_ (self, x, y):

self.x = x
self.y =y

iXH}, metaclass EL 282k x Al y a7 R A4

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

[ iEiEz3)
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FEH LR

{'__module__ ': '__main_ "',
' _doc__': 'Instance variables stored in slots',
'slot_names': ['x', 'yv'I],
'_init_ '": <function H._ _init__ at 0x7fb5d302f9d0>,
'x': <Member 'x' of 'H'>,

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

ML R R, EATRIA — N T8N slot_values Fl|5&:

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

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

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

B IRPFS BORIER B S | R — 57

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

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