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1.1 EERA: REE B ERZE

K Ten B2—liidd, BMW _get__ () JRERIREIHR 10:

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

PR, BRI — I RATRAE S —

class A:
x =

# Regular class attribute

5
y Ten () # Descriptor instance

WA H AR R0 8 A AR R 2 A R [ A X ) -

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

5

>>> a.y # Descriptor lookup

10

e a.x BIUEALT, MRS EEIF RIS THA A x LSV IES o 7 a.y BT, QiR
SRR AR LGN __get_ FrIRFFHIRGIHR, WA EH &R 10 .

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

AR BT R T — b a2 i TARR), e M. EARFEEN, HEiEEERS
W

T4, AT B A ARV, RIZhESE K.

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 RSN, FRASITER R, 2 R 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
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>>> 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

WEoR Bl By — A~ 5 B U ALAT 24 FR _age FEJS LoggedAgeAccess 2R G 1Y o X ME L0 A REA

—HTICRIEN, HAHAFOR T .

1.4 FEHBZFR

e TSGR fp i i B E VN S SIS s P T e e

TEM R, Person HKREAG AR LR LB name F1 age. 242 Person #i i LI, fh[HH T
LoggedAccess H1[¥] __set_name__ () RidsgkFEAM, LGN EIA B C 1 public_name F pri-

vate_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,

value = getattr (obj,

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 2¢r to %r', self.public_name, wvalue)

setattr (obj, self.private_name,

class Person:

name = LoggedAccess ()

age = LoggedAccess ()

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

self.age = age

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

value)

# First descriptor instance
# Second descriptor instance

# Calls the first descriptor
# Calls the second descriptor

THAZHASE /RS Person i T __set_name_ () F¥ERICHTFEINZK. EXHE, HTIFEH

vars () REHSRAR A E:

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

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

TR, R0 ENT 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 SRS & FLA 44 F%:

>>> vars (pete)

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

1.5 &5RiE

descriptor g 2T —PNEXLT __get__ (), __set__ () B __delete__ () HIXH.

alEHl, RS APARA _ set_name_ () k. AVERGAR S TR EAE G BT MR RA BRI
R . (B ZEAR Ry, REN et adi . )

e PEA I, FRh SEEA . QR vars (some_class) [descriptor_name] [
Vi FIRERAS TSR [ R 28 ST R

TR AE FVERAS R RRAE N o A SEBIRT, EATRFRRL.

AR H W RPN, AVFAAETESS AR B (R G 4 IR J P A R 0 B] & A= i R O
g b, WA AR R ENFE . MRS TR R, I ARV IEAE A R X sk
G

%ﬁ%&é@(ﬁﬂ%ﬁ%T%’l‘%%o ?fﬂ%?lﬁ@ﬁgﬁkgﬁﬁiﬁﬁ ﬁﬂiﬂiﬁﬁﬂ classmethod() ,
staticmethod (), property () Ml functools.cached_property () HNE MR ETLI .

2 SEERISERRBIF

AESR B, FRATRIE T — NS I 5 K TR A e DA K BB B A0 R 5%

2.1 ISFRR

ik ge 2 — D TIEE BT R RRES . TEAFREMTEER 2 5T, B Wb B E 2 75 2 & Fh R R
FELFR A o QRN R I LR, BRSNS, IRSK BB IR EER .

XA validator ZHE2— abstract base class t 2 — 5 @ MR LY.

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

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

(T gk
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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

FUE BT 2 Validator QK I HabZiFefit validate () Jrik DAMRIETE Z LSS L3

2.2 BE NG

R = AN A e T
1) OneOf Hilb{H @ —HZARAYEI L —.

2) Number SR 7N int B float, MREAIESEL, Bl ARRUE(EAESS & HY fie/IME B K (H
Z I,

3) String BHiHER AN str. MIEATESEL, BRI ARHIES & e/ DEUR KK . IR AT PAHIEH]
J1E 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):

Q2]



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

(e )

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 kR
SR B2 o Bl PR 25 1 9

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 AR B B

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

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

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

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

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

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

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

>>> ¢ = Component ('WIDGET', 'metal', 5) # Allowed: The inputs are valid




3 BARHIE

ETRAR RN BARBARE, PASAlAARS TAR B AR .

3.1 =

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

3.2 EXLENA

—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
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 @it fliE A

ifﬂéﬁzl_ S ST, SRR AR e, RO LA R AEEE R . 2k
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\%fﬁﬁ@é@ Python SZ# :

K

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)

HHER, £ __getattribute_ () FEMMAEHRAERE __getattr_ () WHT. Xte HZEHE

J __getattribute_ () B{HH super () .__getattribute_ &KL _ getattr_ () BB
&
M, 4 7getattribute ) 5l & AttributeError B, RUaBH getattr () HEET T

__getattr_ (). bﬂ]ﬂ’]ﬁiﬂﬁﬁéfﬂ/\%ﬂﬁ B

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 @idHEMA

BoAx XM ABRERAERWYE B type. __getattribute () H1. H I object.
__getattribute_ () ML, {HE QQWJ% LAY H i #2225 11 method resolution order
WA T — A hikEy, IBAXFE desc.__get_ (None, A) FHHE.

SEREY) C SZPLA]HE Objects/typeobject.c H1ff] type_getattro () fl _PyType_Lookup () FF|.

10



https://github.com/python/cpython/tree/3.9/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

PAT AU 7 T Q] (o FH 50 il b e A S B B2 object relational mapping HEZE.

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

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

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):
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 (obj)

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 )

XA E R property () &2 H P im @ ERER, MR FE N TENSS.

Flan, —AHTREEAPAE Ccell ("b10") .value 2T X BICHAER U AR . KRR Y JE 2k i
BRI AR BT B R ITH . B2, B RS B B B0 % @ e IA & P g . f#
P RS RN value JEVE VT )AL 55 78 8 M B s s e

class Cell:

@property

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

TEMRFIH, WER) property () EIRMTSEIAIA Property () ¥WiEH .

13




4.2 EHBFFHE

Python T[] 0 R D) RE R TESE T s A BREE M B0 o Gl (T AR RSt it . X 05 T 58 B T TSRl A5

TEVR A, Al el d o B R R A N Tk . T A5 L RR B AN [+ Z A E TR S S IR T
HAMBRZ T T5E5H R Z AAHE T2 — DN SRR N REBIR B . BB, SLBiI5]
FFRA self , AT LAFRA this SUATATHADAR B4 5K -

AIPAME types . MethodType FEIQET A, HATHWEAREN T

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)

N SRR HBI BT, RS __get_ O JrikATEAEIE PTG I 98 HON Tk . X R R BIOH:
ARl AAS, EAEE I ST R AR R I 4R Tk, Haa ey sanr

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)

TEMRER Iz T AR 28, X/ 1 R iR A i S s TAE T 2K

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

Z MR ECEA qualified name JE MDA RFH A

>>> D.f.__gualname
'D.f'

WIS RSN __get__ () o MR, BRI REOTSR

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

K AL FIEEAT VAN __get__ (), BEHEGRIFRZHIEEL.

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

AT R B AT BT ST IR RUsRAT AR __get__ (), RIIFPEMI LIS

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

B DT AL N AR T2 BB 8 7 i 52

14




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

>>> d.f._ self
<__main__.D object at 0x1012el1£f98>

ARG 25 HE VA self BRTTVEHHY cls Je MAT 207k 1), e X T !

4.3 FHiEnIFhIE
TR A5 AT B B S S T IR R BRI T — P T B AL o

MAFEHLUE, BREON SRR __get__ () k&, PAEFELE @D I AT DURF IS R . AEBdRI A RS
¥ obij. f(*args) WFEHSHHEW N £ (obj, *args) . W klass.f (*args) HMALAL £ (*args)

NREEE T LA R AL A

EER FROBOE SELE B AR
function - pREY | f(obj, *args) f(*args)
A f(*args) f(*args)
Kk f(type(obj), *args) | f(cls, *args)

4.4 BEHE

ST VAR ]IS JZ SR, AMBATMTE M PR ¢ £ 8¢ C. £ S5 Tl object . __getattribute_ (c,
"f") o object._ getattribute_ (C, "f") K. XFEZREOH T AT G a2 EA T A [F] A
il

EEVENHSTERNREIBEART| ] sel f BRI,
%w,*4%%%%@ﬂ%@@*4i%ﬁﬁ%ﬁ%%oﬁﬁ%%%ﬁTﬁ?ﬁ%ﬁﬁ%?@ﬁ7%

ﬁ,¢ﬁﬁﬂﬁmﬁL@%ﬁ1 B . (B2, FREA MRS EAH BN HORE T %8s i ek 4k
B, erf( T%ﬁ*%@%%ﬁ E#IE%W%?%%Mﬁ%% A DA G B 2 i JH
s.erf (1. 5) -——> 9332fESample erf(1.5) ——-> .9332,
BT R ) IC2 R B A A2 Ak, RO B8 2 Bk o
class E:

@staticmethod

def f(x):

return x * 10

>>> E.f(3)
30

>>> E().£(3)
30

i AEEdEGIAAS , 4l Python A staticmethod () QITF/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

15




4.5 KFHE

giﬁfﬁfixﬁy R EAEVH R B 25 | I UES B0 £ sl . T 2 gt 22, it
U] :

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

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

>>> F().£(3)
('"F', 3)

YOI E A IS B SO T A7 e R SO A Rn i, AT MR . 8053k —
e Bl F AR R I, JET59k dict . fromkeys () MEEFIRAIHE 87 L. 41 Python [y
P

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 BHE R AR P, 4l Python A classmethod () HIR:

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)
return MethodType (self.f, cls)

hasattr (type (self.f), '__get_ ') BIfCALIEAEALE Python 3.9 il A il classmethod () ]
PASCRREEEAMIRR . BN, — NSRRI JE P T DA B e e — i
class G:
@classmethod
@property
def = doc_ (cls):
return f'A doc for {cls._name__ !r}'
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>>> G._ doc_
"A doc for 'G'"

4.6 Ytk $n _ slots
M AREXLT __slots__, BLMH—MEIEKER slot (HEL RS F 8. MHPRIAE, 2L
TR IXFER :

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 ()
>>> guto.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.

4. Blocks tools like functools.cached_property () which require an instance dictionary to function cor-
rectly:

from functools import cached_property

17
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(e )

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.

ZAPE A FEAY 2L Python iRy __slots__ e ARIRERY, PFUNERFE BRI C 2 IRt
G EZ2, FATAT A AN JER R UL, A slot 1 52kr C &5H iR i — AL A 1Y
_slotvalues FIFRMULL. XHXFA G PR LS BAFERS Hh R R AR 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__ () JPIETATER LGN SN E SAE 4 -

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', [])

(FoTaREs)
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(e )

for offset, name in enumerate (slot_names) :
mapping[name] = Member (name, clsname, offset)
return type._ new__ (mcls, clsname, bases, mapping)

object.__new__ () JrikTASiAIEAA slot MAEL 7MY SLH] . PATR 24l Python [ RIS AADR -

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)

BRI R P XM, HFEM Object 447K I Hf metaclass K 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

X}, metaclass ©L 284 x Al y Jin#k 7 AL G642

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

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

MR EES, EATRA — N TAARUE R slot_values F1|3k:

>>> h = H
(

10, 20)
>>> vars )

(
h

(FOAkED)
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(e )

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

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

HHRDFE BORIER RS K — D 7w

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

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