F291) 72 HowTo HT K

J—2X 3.8.20

Guido van Rossum

and the Python development team

9 A 08, 2024
=P/N
1 BE 2
2 EBEEA 2
3 FRoUZ27ORaL 3
4 TRIUTADOREVHL 3
5 TR0 T 2DH| 4
6 JanT« 5
7 B AV R 7
8 BIAVYREIFAXY YR 8

E#& Raymond Hettinger

BUWahtEs <python at ren dot com>

BR

o« FRUVTA HowTo HA K

- BE

- ERCEA

- FRUVZE27ORaL




- TRV FZOFVOHL
— TRV T Z2DE
— OansT«a

- B AV YR

— BAYYREITAXY YR

1 B2

Defines descriptors, summarizes the protocol, and shows how descriptors are called. Examines a custom
descriptor and several built-in Python descriptors including functions, properties, static methods, and

class methods. Shows how each works by giving a pure Python equivalent and a sample application.
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Vv R, ZLT super() OHERICHZEMTT, Zhd "=V a Yy 2.2 THEAINLHARA LY 7 A%
¥527012, Python DW/23 2 ZATHOLRTVWEST, TRAZ VU TFRIE, HBIZHs C a— REHEIC
L. BH® Python 70 27'J 212, FWBRF LY —LEHZREL 5,



3 FRIZUZE7ORIL

descr.__get__(self, obj, type=None) -> value
descr.__set__(self, obj, value) -> None
descr.__delete__(self, obj) -> None
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ENEBEOT 7V NORBBENEF—N—F 4 RTEZ T,

If an object defines __set__() or __delete__(), it is considered a data descriptor. Descriptors that

only define __get__() are called non-data descriptors (they are typically used for methods but other

uses are possible).

T=RTFTAIZVTREIET =R TRV TRTIE F—=N=F 4 A VARV ADFEDT Y P VIZBLT
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AR LEHOT— 2T A7) FREEDICE. __get__ O & __set__() OWiFEERL, __set__() &
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TRIZYVTRE, XYy RETEEERZ L bHKET, HlZE d.__get__(obj) TI,

FiEd, BRI, TRV TREIBET 7205 BEIPKFOHEINE T, HlZIE obj.d & obj @
HEPS d ZHRLET, d2IXY Y F __get__ () ZEFEL TV, DURICHIZRT 2 BIRIAGICHE - T,
d.__get__(obj) MMELHENET,
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727 bTIE ZOEMIE b.x & type(d).__dict__['x'].__get__(b, type(d)) XL T3
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7 7 AT, #OHMIEX B.x % B.__dict__['x'].__get__(None, B) ICZE# 3 % type.
__getattribute__() IZH D F£5, pure Python TlE. TD KT ET:

def __getattribute__(self, key):
"Emulate type_getattro() in Objects/typeobject.c"
v = object.__getattribute__(self, key)
if hasattr(v, '__get__'):
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https://github.com/python/cpython/tree/3.8/Objects/object.c
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return v.__get__(None, self)

return v
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The object returned by super () also has a custom __getattribute__() method for invoking descrip-
tors. The attribute lookup super (B, obj).m searches obj.__class__.__mro__ for the base class A
immediately following B and then returns A.__dict__['m'].__get__(obj, B). If not a descriptor, m is

returned unchanged. If not in the dictionary, m reverts to a search using object.__getattribute__().

FEEDFMIX. Objects/typeobject.c @ super_getattro() ¥. Guido’s Tutorial 12 & % Zffi 7z pure
Python iz ZML T ZE W,

EROFEMIZ, TAZ V) FROBED, __getattribute__() XYV v FIZHEDH Z £, object, type, ¥ L
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TZXET, LML, ZOTRIZV TR, PEOEINZBELERT 2 DIENTT:

class RevealAccess(object):
""" data descriptor that sets and returns values

normally and prints a message logging their access.

mwmn

def __init__(self, initval=None, name='var'):
self.val = initval

self .name = name

def __get__(self, obj, objtype):
print('Retrieving', self.name)

return self.val
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https://github.com/python/cpython/tree/3.8/Objects/typeobject.c
https://www.python.org/download/releases/2.2.3/descrintro/#cooperation

(RIDR=I D5 DR E)

def __set__(self, obj, val):
print('Updating', self.name)

self.val = val

>>> class MyClass(object):

RevealAccess (10, 'var "x"')

y=>5

X

>>> m = MyClass()
>>> m.x
Retrieving var "x"
10

>>> m.x = 20
Updating var "x"
>>> m.x
Retrieving var "x"
20

>>> m.y

5

07 a)VFHEMTES, VU T AAEELEDMOTVWET, -7 —20FZiE, HFE DI
HROTHEMNOEBOFFUIHELICELDONZbDEDHDET, Tu X7 4, FEOXY v F, HIIXY v K,
ZFLTI9AAY vy RliZ, & TCFAZ V7R 70 bariZ#E0TnEd,
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property() ZMUHT Z LT, BEAT 7 X T2 LBEBOMUIHLEZIIZRIT. T—2TRAZV &%
RICHALTONE T, 7 FF ¥IEIHTT:

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

CORFaxXy TR BHINWENE x 2ERT I RMEHEZRLET:

class C(object):
def getx(self): return self._
def setx(self, value): self._
def delx(self): del self.__x
x = property(getx, setx, delx, "I'm the 'x' property.")

X
_x = value

TR YT XDEAMD S property() BED LS ICEEINTWE 2% R 57012, FfiZ Python k% Z
ZIZBITET:

class Property(object):
"Emulate PyProperty_Type() in Objects/descrobject.c"

def __init__(self, fget=None, fset=None, fdel=None, doc=None):
self.fget = fget

(RDR=I1Z%i )




(RIDR=I D5 DR E)

def

def __

def

def

def

def

self.fset = fset
self.fdel = fdel

if doc is None and fget is not None:

doc = fget.__doc

self._ _doc__ = doc

__get__(self, obj, objtype=None):
if obj is None:
return self
if self.fget is Nonme:
raise AttributeError("unreadable attribute")

return self.fget(obj)

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

self.fset(obj, value)

__delete__(self, obj):
if self.fdel is None:

raise AttributeError("can't delete attribute")
self.fdel(obj)

getter(self, fget):

return type(self) (fget, self.fset, self.fdel, self.

setter(self, fset):

return type(self) (self.fget, fset, self.fdel, self._

deleter(self, fdel):

return type(self) (self.fget, self.fset, fdel, self._

_doc_

_doc_

)

)

HAAAD property() BIEIE, 2 —HF A VX7 2 —ZRNODEMT 7 AP EZ 00, FEERXY v K
DNAZERT 2 2ITHIBET,

HlziE, A7y R —1F 27 5 2H, Cell('bl10') .value TEADHEERBETEZ L LET, M HRIZK
D, TR I LB 7 7 ADEICENOHEFNAEET IR ERLE L, Ll unrs<id, 2oEMEIC
Ei%7 7 RAT2HEDIF7A4 7 ba—RIEELEZ - DY FHA, ZORHRKIX, property 7 —&
FRIZN) FRNMERBEAND T 72 2% 5y T T35 TT:

class Cell(object):

def

getvalue(self):
"Recalculate the cell before returning value"
self.recalc()

return self._value

value = property(getvalue)
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Python OA 7Y = 7 MEFAEREX, BIBUCHE S RED LICHRIhTVES, IET—XTRI7VTX%
foT, 2D 22F>—LLRAHAEDLEINTVWE T,

I AFERZ, XV FEEBE LTRIFELE S, 77 RERNT, XY v Rid, BBEES 0@y —
)b, def 7 lambda Z{fo THIPNET, XV v FOFEEDOEK L OME—DEWVX, F—5B0A 77 b
A VAR ADTDIZTFHENTWS Z L2 TT, Python DIEHTIE, TDA YRR Y ZADBIZ self £FRR
NE T this Z DO LR EMATHECHEE T,

To support method calls, functions include the __get__() method for binding methods during attribute
access. This means that all functions are non-data descriptors which return bound methods when they

are invoked from an object. In pure Python, it works like this:

class Function(object):

def __get__(self, obj, objtype=None):
"Simulate func_descr_get() in Objects/funcobject.c"
if obj is None:
return self

return types.MethodType(self, obj)

AR 2eEHMTEE, ZOBBTRAI ) FEPERBIZES 3ol reRonEd:

>>> class D(object):
def f(self, x):

return x
>>>d = DO
# Access through the class dictionary does not invoke __get__.
# It just returns the underlying function object.

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

# Dotted access from a class calls __get__() which just returns
# the underlying function unchanged.

>>> D.f

<function D.f at 0x00C45070>

# The function has a __qualname__ attribute to support introspection
>>> D.f.__qualname__
'D.f'

# Dotted access from an instance calls __get__() which returns the
# function wrapped in a bound method object

>>> d.f

<bound method D.f of <__main__.D object at 0x00B18C90>>

# Internally, the bound method stores the underlying function and

# the bound instance.
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>>> d.f.__func__

<function D.f at 0x1012eb5ae8>

>>> d.f.__self _

<__main__.D object at 0x1012e1f98>

8 XYY REIFTAXY YR

ETF—=RFR2 ) F2IF BB Y Yy FICHET 25, BRO—RAYR SR — 102, Bl zRt L 9.

Frodr, R __get__ O XYy FZHEb5, BELLTT7 7RI E XV y FIZEHE
NEF, ZOEFT—XFT 4 A7V FXIE, obj.f(*xargs) DFFULH L% f(obj, *args) WKEHL £3,
klass.f (*¥args) ZFFNE T L £ (xargs) 22D F5,

IDFr— M, FHEr, 202 00BRAEMNEEEELDTVET:

it ATz bHSHUHEINS | V5ZADSHEUHIND
function f(obj, *args) f(*args)

FRIUX Y v R f(*args) f(*args)

72XV v F | {(type(obj), *args) f(klass, *args)

BRIX Y v Pk, THIEABEZDFEERLET, c.f ® C.f II, object.__getattribute__(c, "f")
X object.__getattribute__(C, "f") P EHHERITZDLHULTI, MR LT, BE#EIA 7Yz b
IIAMBREL LTI EATEZT,

FHIX Y v FIZT 2 L RODIZ, self ZHEAOZRERIWXY v FTT,

Bz, HEt Sy =i, ERT—20ary7F8H5 LET, 20T RIE FE, X7 V. Zofth
D, T—=RIRZELDET 2 E T 2FEX Y v FREHLET, LrL. SR LEEFRIH > TH, 77—
IS N K S BB D H D £9, BlRIE erf(x) 13MaH LOERLELNL —F > TITH, FF
EDT =Rty MCEHBKIIKELERTA, ZHUX A 7727 b 6TH 7 7 AL THMIHEETS:
s.erf(1.5) --> .9332 7/zlF Sample.erf(1.5) --> .9332,

XY v FIZ N H 2Bz 20 FFETDT, WEHLOFNIHHL HD FHA:

>>> class E(object):
def f(x):
print(x)
f = staticmethod(f)
>>> E.£(3)
3

>>> E(Q).£(3)
3

JEF—&F27YTFxTa banrzfi> e, pure Python i® staticmethod() ZLLFD X 512k b %3




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

def __init__(self, f):
self . f = £

def __get__(self, obj, objtype=None):
return self.f

XY v FLi3#E->T, 772X Yy NZBREREHTHNCY 7 ABREZ5HY R+ ORFTMA LT,
CD74—=y ME MOHLITHEA 7Y 227 b TH 7 FRATHRLTY:

>>> class E(object):
def f(klass, x):
return klass. _name_ _, X
f = classmethod(f)

>>> print (E.£(3))
('E', 3)

>>> print (EQ) .£(3))
('E', 3)

CORDFEN, B Y S ABMOAZREL L, TEHET—REERLEVE ELHENTY, 772X
Yy FOMNED—2i, Kb Dr52aY A+ 52 2 %S LT, Python 2.3 Tldk. 7 FZAXY v
F dict.fromkeys ) W@EHLWEHEEZXF—DV A M2 AR L £T, Fii’ pure Python fid:

class Dict(object):

def fromkeys(klass, iterable, value=None):
"Emulate dict_fromkeys() in Objects/dictobject.c"
d = klass()
for key in iterable:
d[key] = value
return d

fromkeys = classmethod(fromkeys)

INT—ERF—ZFRHOILOHENLTD LS IR TE LT

>>> Dict.fromkeys('abracadabra')

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

JEF—EF2 7Y TR banrzfiol, classmethod() @ pure Python RIZZ D X 5127 b %3

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

def __init__(self, f):
self . f = £

def __get__(self, obj, klass=None):

(RDR=I12%i <)
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if klass is None:
klass = type(obj)
def newfunc(*args):
return self.f(klass, *args)

return newfunc
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