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1 A
BUAE, ERAIIREEA R RO, SR B A -

1.1 HERA: REEEERZE

% Ten @ —MHERS, B _get_ () HiEAZREIHFE 10:

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

R, ERAERN I RATAAE S

class A:
x = 5 # Regular class attribute
y = Ten() # Descriptor instance

A B A T S e A P AR R A5 A 4 2 ] A X531

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

5

>>> a.y # Descriptor lookup

10

1E a. x EIEER, fUBEASARBITFHTER TP I x R ME 5. fE a.y B, MUsHF2
MR RSO __get _ J5RfF AR, AT R 10,

TR, {5 10 BT SE T I tATA R SE B o o MBS, {10 SR AE TR I A BRI Y o

ARG TR T — A g i TAER, HEARMRA . fEARFERN, NEiEEERS
Cil7

T, RNV A AT, MRS,

1.2 HEEK

AR R AT R R 0]

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

LRSI AR ERIE SN, FUCES TR, 2 SRR

>>> s = Directory('songs')
>>> g = Directory('games')
>>> s.size # The songs directory has twenty files

Q)
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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 UL A SR S AT, XA TR T __get__ () SEIWHM . TBS self T LS 2
size, B[ DirectorySize I—/~520. 2 obj WL S S ¢ 5L s, Bl Directory ()—AN5201 . T 1E2 obj ik
_get__ () HERETIENEIRR . EZ objtype HRIP) 55 /& Directory 2.

1.3 TERM

TR G —FP AT AT S BB . R s Bl A e b (9 A TT @M, s B B/
AL SR EAE e SE B . AP A TP @R, Sl AR esn __get_ () Ml _set__ () k.
TE R EIB T, age RATFIEME, _age BRA @M. UPFH ATFRIER, fidgsSics FERSERT

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', wvalue)
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__ ()

LHRKWR T, MITERE age WPTATIMEPHCR TR, EHFEHUEME 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 1s 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
(T oigksn)
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>>> 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 BB — A~ T B U AT 24 FK _age FE3E LoggedAgeAccess T 2R 1Y o IX T RE R L0 A fEA
—HTFICR R, HHAFA N .

1.4 EFIBR

M ARSI, BN DA SRR S B T A A28 R A

TESE R B, Person JREAT WA A & S 1) name Hl age. 243 Person HE RIS, i [n] 7 T
LoggedAccess H1f) __set_name__ () RICRTFEAH, 1L HIASIA A C 19 public_name Fl 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, objtype=None):
value = getattr (obj, self.private_name)

o3 RN |

logging.info ('Accessing ¢r giving
return value

self.public_name, value)

def _ _set_ (self, obj, value):

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

LHAZAHAXWRRHE Person T __set_name_ () FTHRICRTFBIIATR. 1EXH, BATHM
vars () REHMALF AL E:

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

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

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




A, BEE SRR name Fl age —F 151 :

>>> 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 F%:

>>> vars (pete)

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

1.5 SRiE

descriptor FL2FEM—PEXLT __get_ (), __set__ () BY __delete_ () HYXIZ,

e, AEATDARA __set_name_ () Jrik. XAUTERGIA SR EAIEA B MR A E R
AR AR . (B EHZRA R fdAs , REI IR A et & <)

ERMEAERME, AR h S BAE A R vars (some_class) [descriptor_name] [A]#
ViR, R AR Sl T T

IR ZAAE IV ERAS B RIE M o« BRASEBIRE, BETRFRAL.

ALY E 2 H 1Rt — N, VAR SRS & P B s T e M A B ) A AR IR O
ﬂ%ﬁé, T R AR P A A RS . RS S TR MR AR, ARV IEAE AT I R X
FiFm.

AR EH R TEMES. M2 B LR BUE g & k. & W T HIEW classmethod (),
staticmethod (), property () fl functools.cached_property () HANEIFHIAETLEIL.

2 SEEERISERRBIF

TEMR B, FATTREE T — S T K A TR AL DA K B E i R 5

2.1 SRR

ket e — T BT M HAS: . TEAF LB 2 AT, ESRUEHER 7 W R A P2
FEIFR Ao AR L X LR, BT AN, IRSK BB IR EERIR.

%A validator ZEHEE— abstract base class t2— L4 B IEER AR .

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)

QS




setattr (obj, self.private_name, value)

@abstractmethod
def validate(self, wvalue):
pass

HE SCRIEAR 75 220 Validator MK, FHHAJift validate () JriADAMRIGTE 2L AL .

2.2 BENIEIESS

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

2) Number BEE@ 7N int B float, MREAESEL, Bl AR UE(EAESS & #Y e/ IME B K (H
Z Il

3) String BHiHER AN str. MIEATESEL, BRI AR & e/ DEUR KK . B IR AT PATRHIEH]
J1E XL predicate,

class OneOf (Validator) :

def _ _init__ (self, *options):
self.options = set (options)

def validate(self, wvalue):
if value not in self.options:

raise ValueError (f'Expected {value!r} to be one of {self.options/r}'")

class Number (Validator) :

def init (self, minvalue=None, maxvalue=None) :
self.minvalue = minvalue
self.maxvalue = maxvalue

def validate(self, wvalue):
if not isinstance(value, (int, float)):
raise TypeError (f'Expected {value!/r} to be an int or float')
if self.minvalue is not None and value < self.minvalue:
raise ValueError (
f'Expected {value!/r} to be at least {self.minvalue!/r}'
)
if self.maxvalue is not None and value > self.maxvalue:
raise ValueError (
f'Expected {value!/r} to be no more than {self.maxvalue!/r}'

class String(Validator):

def init (self, minsize=None, maxsize=None, predicate=None) :
self.minsize = minsize
self.maxsize = maxsize

self.predicate = predicate

def validate(self, wvalue):
if not isinstance(value, str):
raise TypeError (f'Expected {value!r} to be an str')
if self.minsize is not None and len(value) < self.minsize:
raise ValueError (
f'Expected {value!r} to be no smaller than {self.minsize!/r}'

(FIAkED)



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

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

3.2 EXLENA

BN, AR DT TR ORI ER B XEETTEA __get__ (), _set__()
M _delete_ (). URSNEAEIEE X TRRETEFMAEE—A, EWn ARFRH descriptor,

JEMEVT IR BAAAT A R — X R I R, BEE SR EYE . XTSRRI, a. x IERINT &
Ma.__dict_ ['x'] FFlf, #RG/E type(a) .__dict_ ['x'], ¥ FRMKKAEFL type (a) HWIHE
fATIF (MRO) . WRRE|AE R E X TR ERIXTS, W] Python 1] fE & F 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 ) 12 . ks fife TICZER C DI A Python ) H R P #2401 T —2H RIGHY
LA,

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

WR—AXRELT __set__ () B __delete_ (), WEXBH BHERIEES . 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, AR FERE L __get_ () Fl _set__ () , IHE _set__ () H5Ik
AttributeError . FGIERHMEMAFE X __set__ () FEMH B BIEHIAR .

3.4 fikeRiA Ak

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

ik obj . x FEAA 2RI EEH ALk “obj* AYJEME xo WRMRAELH] __dict_ ZAMEEIHASE, W
MRS RS PSS ZNTE H __get () Jrik.

TA BT T obj JeXf 4. Rik AR S



3.5 @ scpliEA

;Hﬂé?kl_ o fin 4 S [ EEREA TN, B AAS I e, HIRR LB & . dREdR A, 2R
i, A& __getattr_ () (ﬁn%ﬁﬁé’aiﬁ)o
W a.x LB TR, IB2K5HT desc.__get__(a, type(a)) WHE.
FIBEAF AR IZTE object .__getattribute_ () H1, im*’*#( f)4f Python SZ :
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)
7@*@%%, JRHEERA S EREMMN object .__getattribute_ () , KBHAFH getattr () R

B R B T IR A 4R

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___

HE, W getattr_ () f74F, MBI _ getattribute_ () §|& AttributeError (FEET|

K S SRR 5 | R —RE) , AT E.

[FHF, A P EIEH object .__getattribute_ () , W __getattr_ () MBI TIFHLETT,

10




3.6 EiTAEA

B oA x XHWSBREMSE KRN EBA type.__getattribute_ () W, P I 5 object.
__getattribute__ () ML, (HZLHFHA L UCAIE R IAY method resolution order
WARER T kg, B2 desc.__get_ (None, A) HHE.

SEREf) C SEILAAE Objects/typeobject.c HH{] type_getattro () il _PyType_Lookup () 3|,

3.7 i&iT super @A

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

Kl super (A, obj) .m XIS ERIGE obj.__class_ . mro_ HEREEE A ZEHE
% B, HRJFRMIB.__dict_ ['m'].__get__(obj, A). WIHE m ANSHIRL, WIE R P HAE.

SERLHY) C SEIN AT PAYE Objects/typeobject.c ] super_getattro () FHH|. 4l Python ZE 4y SZ 3 vl PALE
Guido’s Tutorial H13F| ,

3.8 HABEEE

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

* object.__getattribute_ () fll type.__getattribute_ () & AR B 5 =X H
_get__ (). BI—NaEALH, WA AuiEE. F—MMEAMLGIH None , F H A Z M
k.

o BRI SR A S B G LB
o ARl AR S T UL

3.9 BHaEh&REX

HHE, MR a AR B R A B AZASE A . GRS, J02E type BRI I, WA HE
%, HHEMNEXT _set_name__ (), WA NSEIIH LT E. owner 2 HFEALRNZE, name
TNTLARIRER R B,

SEPLRI A TTHE Objects/typeobject.c ) type_new () il set_names () .

BT EHBHEIE type. __new__ () o, HILEHNFER @R KA. 2 G WERH R 20 2] 2 v
WTFTEFHMA __set_name__ () .

3.10 ORM (MZRXRMRG) R

PATNACHE R T a5 B ik ot S L7 B2 object relational mapping HEZE .,

HAZ L R R R AT R AE SN R i, Python SRR B R R O R 6 o TR 2 91 ST
AT B

11
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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 ZER5E MR T8 F s K R AR 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 R BRI -

>>> import sqlite3
>>> conn = sglite3.connect ('entertainment.db')

KEH AN T AR A ERHE 1 Tk 2R e B g HL A BT -

>>> 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'

12
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4 4§ Python ZE{43cEl

AR TR, (HERR A TS AT RENE. AL ABEHEREEN, LETENCHETERN
HETAT. Bk SEE. BEIA. RITIEM _slots__ ¥JRTHidR a3 il

41 B
P property () RAMBEMAMRI TG, RIS R TER il 22 B0 . E%E4

7 -

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

IR RN T E ST R TE x B A

class C:
def getx(self): return self._ x
def setx(self, wvalue): self._ _x = value

def delx(self): del self._ x
x = property(getx, setx, delx, "I'm the 'x' property.")

BT property () WMTIRPEAGIISEH, X B2 4l Python F254 L8 :

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 (ob7j)

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_ )

RXAWER property () &M U BIER AR, FEEMZRF L Iz 5,

13




B, — A HFFEABLEAPAE Cell ('b10") .value FF XA TOARME M DT FIALRR . KHFE 10 J 2T
BRI UTIERE BT R R ITH s H2, RPN B B Mz @ e e & P om S, i
PR SR AT value JE )17 1040 26 78 S M B 2 o

class Cell:

@property

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

TEHRBIF, WER) property () BIATSEIAYN Property () ¥WiEH .

4.2 HBFFHE

Python [T [ X R I E 2 AEHL T BRI PR AL Y . e G ARl e, S THT 52 1 T TE %Rl A5

TEVR I, Al eI M b Y s R A N Tk . TR S W L RR B AN [ Z A E TR S S I BB T
HABHZ T TiE5H MR Z AAHET 2 — SRR N REBIR B BB, SLpiI5]
FIFRA self , AEALTTLABRA this BT HAR A & 4 5K

WA types.MethodType FEhBIEITIE, HATHEASN T

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)

N SRR HBI BT, RS __get__ O JrikAELESE PRV I 98 HON Tk . X R AIOH:
ARl AAS, EAEE I SO T R AR IR [ 4R Tk, Haa ey sianr

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)

TEMRES Iz T AR 2E, XR/R 1 eR e iR A i S s TAR T 2K

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

LK ECAA qualified name J& £ DA SCHF H A -

>>> D.f.__qualname___
'D.f!

WL RBALTIN __get__ O« M, BHIRMEEREETR -

14




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

K AR RBEAFTI S __get__ (), EHGRIRZEM KL

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

AT R R AN BB T ST FIE] . RUBRAF AR __get__ (), BRIIPEMRTTEN SR

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

G TTIEAE N ERAT il T2 BRI 90 1 5191 -

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

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

QARG G AT F T P Y self SRR cls A2 M7 R0, X LT

4.3 BERHE

FREA sl AT A B R 2 Ry 7 YRR F R R AL T —Fh Ay B AL

WEEHLUL, REON S EA __get_ () ik, PAEFEVE R EPEDT ] DARE Hg R4k vk . AERAR
#8F obj . £ (*args) MM SHE N £ (obj, *args) . W klass.f(*args) IMAS Y £ (*args) .

TRELE T Y LA A AL

#EHK | BENRIAR VeIl

B f(obj, *args) f(*args)
S | f(*args) f(*args)

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

S AR B2 R, AR M P oL £ 8¢ C. £ 3 Tllid object .__getattribute_ (c,
"f") o object._ getattribute_ (C, "f£") Pk, XX EREUH T AT G2 a2 A TR R A
ik,

TEEVENTS LR RIBEART H self ZF B YA

g, —Agi AR RS LR AR AR T A TR EIR M, B
i, OB AR TS VG B M vE. (B2, TTREA ZEMR & AR & (R4 T 85040 1 o8 4
BN, erf (x) @FEG TR EFER A, (HIF A B A8 TR M Eis 45 . v AT e il i &
s.erf(1.5) —-—> .9332 8 Sample.erf(1.5) —--> .9332,

H ST YRR ] Y IZ eR B BCA AT AR A, R B8 T Rl 2 o

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

>>> E.f (3)

3

>>> E().£(3)
3
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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

4.4 EFHE

g%ﬁ;ﬁﬁ?ﬁxﬁ, R ALV R 2 B 25 | e S B Rl . Toie A @&l 22k, it
FAHIA] -

class F:
@classmethod
def f(cls, x):
return cls._name_ , x

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

>>> F().£(3)
('"F', 3)

7 A BB S5 I L SO A7 e S B et AT AR . 2807k —Fip
2 s MG R . I, 2807%k dict . fromkeys () MAESIZAIE—SFr 74, 4l Python 1)
ML

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— M — B i

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

>>> type(d) is Dict

True

>>> d

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

{5 AEEE A 2 HM, 4l Python JiRASHY classmethod () QIR :

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__ "'):

(R akzn)
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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 to-
gether:

class G:
@classmethod
@property
def _ doc_ (cls):
return f'A doc for {cls._ _name_ !r}'

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

4.5 Y& $ __ slots
M ARELT __slots__, ‘B AREEKEN slot (HELDREHGIFH. WHPRMAE, X
HRIXFEAY -

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')

>>> aguto = 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

(FOAkED)
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>>> 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

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 B FEY 2l Python iRy __slots__ e AnlfER, PFNEREEREIN C 2 IRt
ZNFFEC. H2, FRATAT DA E— D AEE AR, Fod 4y slot i) SEFR C Z5M A h— DAL Y
_slotvalues FIFRMULL. XIHXFA GRS BAFRs Hh R R e 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

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

type.__new__ () JFIEMATTRF MR GLNINE 24L& -

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__ () J{AMTTAIEEA slot MAESLBIFHAISLH] . LATF 32—l Python (LIS -

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, HFEM Object 447K FHf metaclass 54 Type:

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

slot_names

= ['x"y 'yv'l]
def _ _init__ (self, x, y):
self.x X
self.y =y

XK, metaclass L2820 x Al y AR T A4 :
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>>> 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'>,

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

Mg @R, EATRIA N TARUEER slot_values Fl|5&:

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

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

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

B RPFE SRR BT 2 —

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

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