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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.

FRZYTRIZDOWTERNZLIZED, HFILwY—ibty b Z 2 K51 27213 T#% <. Python Ot
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2 ERCEA

—fiz, TAZ VU T XIE 7 FEEIE (binding behavior)” b DA 7Y 27 MNEWT., ZOREMET 7 AM,
TAZVTRZTAPALDAY Y RIZEoTEH—N=F 4 FENLb DT, TOXY v FliE, __get__Q,
__set__QO, BXU __delete__() TF, TNAHDAY vy ROWTIHD, £ 7Y =7 MTERIh TR
3, 2R TRV IR eI E T,

BT 272D T 74V bORBEENZ, ATV 27 FOFEOBRBMEOIG, FHE. HIFRTT, HlZF a.x
X, ¥ a.__dict__['x']. Z5 type(a).__dict__['x']. X 5HIT type(a) DX X T T AR H
87 T ANEHEL 80D XD WCEERIEH L £ T, Ao ofl@h, TRZVTEXXY vy ROWTIHIZER
LTW3A 7Y =7 bbb, Python Z3ZDT 7 4V DIRBFENE A —N"—F 4 FL, RbbicTrIV 7
XXy RZMUHLET, ZADEOEBEHIEMNTITHONE20E, EOTRAZYTEXY v RBRERIALTY
B00HKD £3

TRAZVTRE, W@hkk, ZHNOTa baLTd, ZUITRRT 4, AV Y Rl BIIXAY v R 75 AR
Vv R, 2L 7T super() OBHRICHIEETT, ZHEIAN—Y a3y 22 TEAZINLHAZANT T ARHE
¥527012, Python D022 2 ZATHLATVWES, 7AZ VU TFRIE, HBpichs C a— FEHEIC
L. BH® Python 70 27'J 212, FWERF LY —LEHZHREL 5,
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descr.__get__(self, obj, type=None) -> value
descr.__set__(self, obj, value) -> None
descr.__delete__(self, obj) -> None

INTETTT, ZhHDRAY Yy FOWThhEERTIUL, A7V 27 MNITRIZV PR ARIN, TR
ENEBEOT 7V NORBZBWEF—N—F 4 RTEZ T,

HEFTI2T D __get__O b __set__ O DWFZERL TS, ZRET—X TRV TR LA
ENFET, __get__O) BUZERLTVWETARZ VTR, IETF—FTRAZ Y FREMPINET (THH3H
BIFNIZX Y v Figfib 35, ofinrsd EkEd),

T=RTFTAIZVTREIET =R TRV TRTIE F—=N=F 4 A VARV ADFEFEDT Y P VIZBLT
COESCHEINZDPDBREDET, A VARV ADHEIL, TR FRAZ ) FRFAXDEHE DU,
F—RFRIZVTRDTPEREINET, {1 VARV RADHEIC, EF—FFR 27V IR e RILOHEER DN
X, HEEOHBO BRI NE T,

AR LEHOT— 2T A7) FREEDICE. __get__ O & __set__() OWFEERL, __set__(O &
MO &7z & 212 AttributeError 25EHINE X SICL T X W, fISfeEH T2 __set__ O XAV v
FE 7L —ARNEZ LTERTUI, 7T—XTR7Y FRIZTHDITTITE,

4 TRIVT2OMUHL

TRIZVTRE, XYy RETEHEERZ L bHKET, Hl2E d.__get__(obj) TI,

FE, BN, TRV TREIBEET 72205 BEINIIFOHEINE T, HlZIE obj.d & obj @
HEDPS d ZHRLET, d2IXY Y F __get__ () ZEEL TWH, DUTIZHIZET 2 BRIAGMICHE - T,
d.__get__(obj) MMELHENET,

MEOH L OFEE. obj B34 T T =27 M 5 AT 55,

727 bTIE ZOEMIE b.x & type(d).__dict__['x'].__get__(b, type(d)) ITE#T 3
object.__getattribute__ () KHDFF, 7—XTRIZ VT RDODEHREIEA VARV AEH LD EL,
A VAR Y ZZEBOBRERZIFT -2 T A7) 72 LD EL, (IRt Twiud) __getattr__() OBLE
PROBENE I ICEEINTVE T, Bk C FEHEE Objects/object.c @ PyObject_GenericGetAttr ()
THO»D 73,

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/3.7/Objects/object.c
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return v.__get__(None, self)

return v

BATBLIARNEFHER AL
o TAZYTFRIE __getattribute__() XV v FIZXk->THUHEN S
o __getattribute__() A —N—F4 FT2r, HENERTAZ V) FROMUHLBTTbhl kb

e object.__getattribute__() ¥ type.__getattribute__() Ti&. __get__ O DFFHLIE
%%,

. FoRFRIVTRIE, BFA VARV ARERE A —N—F4 KT B,
« FF—RFRZV TR, A YRRV AFEA—N—F4 REINBIEHD B,

super ) 2R L7472 27 MTEE BT RV TR ZEET B H AR L __getattribute__() XV v K
WH D FET, super(B, obj).m() OMUFH UK, BIZKHERES A A 2RO 5729IT obj.__class__.
__mro__ ZHEL. A.__dict__['m'].__get__(obj, B) ZRLET, 7RIV FXTERVEE, n BE
HINFIWWREINE T, #HFICRINUL, n ik object.__getattribute__ () ZHHLIZERICED £75,

FKEDFMIX, Objects/typeobject.c ® super_getattro() ¥. Guido’s Tutorial 123 % & i’z pure
Python iRz ZML TLZE W,

EROFEMIZ, TAZ V) FROMED, __getattribute__() XYV v FIZHE®DH Z £, object, type, T L
T super () LA TNEILWVWI ZZRLTVWET, 75 R, object OEMINLL T, /2%, [
C kD RMEBERIRIET 2 X475 X% b0 X, ZOBMEMAL 3, IS, __getattribute__() %
F—N=F 4 RFTZZLT, TRAZVF7RXOENH L 2N TEE T,

5 TRV TR2DH

UTDa—Fid, #7927 bPBEBEREDENIIX vt —IBRRTEZT—RTRAIZ VTR TH3 L%
I ARERLET, RODIT __getattribute__() 24 —N"N—F4 FT2r, 2TCOEEIFLTIOD
TZXET, LML, ZOTRIZV TR, PBOBEINBELERT 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

(RDR=I1Z%i <)



https://github.com/python/cpython/tree/3.7/Objects/typeobject.c
https://www.python.org/download/releases/2.2.3/descrintro/#cooperation

(RIDR=I D5 DREE)

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, VIV T AAREEOMOTVE T, 2 -2 —R0HE, HF DI
HROTHEMNOEBOFFOHELICELDONZbDEDHDET, Tu X7 4, FEDOXY v F, XY v K,
FLTI7AAY vy RliZ, & TCFAZ V7R 70 bariZ#Eo0TnWET,

6 7ONT~+

property() ZMUHT Z LT, BEAT 7 XT3 LBEBOMUIHLEZIIZRIT. T—2TRAZV &%
RICHALTONE T, 72 F ¥IEIHTT:

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

CORFaxXy TR BHINWENE x 2ERT IR MEHEZRLET:

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

TRV T RDEAMD S property() BED LS ICEEINTWE 2% R 57012, FfiZ Python ii% Z
ZWEIFES:

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=I1%i )
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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_

)

)

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

HlzZiZ, A7y R — 127 5 2H, Cell('bl10') .value TEADHEERMBETEZ L LET, i HRIZK
D, 7075 L0n7 7 ADEBICVOBEHELZ T2 ZERLE L, LrLTur o=k, ZoEMIC
EE7 7R THEMEDI 747 ba—RIZEEE5X DB ERA, ZOMREKIX, property 7 — X
FRZ ) FRNMEBEAND T 222 % 57y 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 MEAREIX, BIBUCH O SRED LICHBRIhTVES, IET—X TRV TSX%
fioT, 2D 22F—LL RAHAEDLEINTVWE T,

I AFERZ, XV FEEBE LTRIFELE S, 77 RERNT, XY v Rid, BEEMES oc@fzy —
)b, def 7 lambda Z{fo THIPNET, XV v FOFEHEDOEK L OME—DEVX, F—5B0A 77 b
A VAR ADTDIZTFHENTWS Z L2 TT, Python DIEHTIE, TDA Y RAZ Y ZADBRIZ self &P
NE T this Z DO X R 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 2RI, ZOBMBTRAI ) 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,

# the bound instance, and the class of the bound instance.

(RDOR=I1%i )
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>>> d.f.__func__

<function D.f at 0x1012eb5ae8>

>>> d.f.__self _

<__main__.D object at 0x1012e1f98>
>>> d.f. class

<class 'method'>

8 XYY REIFTAXY YR

T —=RFR7 ) F2IF B XY vy FICHET 25, BRO—RIYR SR — 102, Bl zRt L 9.

Frodr, BEE __get__ O XYy FZHEb, BEELTT7 7RI E XV y FIZEHRZ
NEF, ZOFEFT—&T 4 A7 VU FXIE, obj.f(*xargs) DFFULH L% f(obj, *args) KEHL £7,
klass.f (*¥args) ZFFCNE T L £ (xargs) 272D £5,

ZOF v — M, HEY, 202 00BEAERNREEETEDTVET:

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

FRIIR Y v K f(*args) f(*args)

77 AXY v F | f(type(obj), *args) f(klass, *args)

FIX Y v RiZ, TICH2BEEEZDFEFIRLET, c.f  C.f IX, object.__getattribute__(c, "f")
X object.__getattribute__(C, "f") P EHHERITZ2DLHLTI, MR LT, BEEIA 7Yz b
I APBEILEOIR T 7 ERTEET,

HIX Yy FIZT 2 RVODIX, self ZEADBWBER WX Y v F T,

B2, HiEt Sy =i, ERT—2DaAYTIRH2 LET, 07 7RIE, F, X7, Zofih
D, T—RIMRDELBAGET 2R T 2REX Y v F2RELET, LirL, & LEBEGRIH-TH, 77—
IS TN K S RERLBEES HD 5, HlRIE. erf (x) 3G LOERILZEHL —F 2T, K
EDT =Xty MCEHZZBIKFLEEA, . A 75927 b6 TH I 7 AL THIFTHE ET:
s.erf(1.5) --> .9332 £7:id Sample.erf(1.5) --> .9332,

XY v I T D58 20 FFETDT, WEHLOFNIHHL HD FEA:

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

>>> E().£(3)
3




JEF—&F27Y) IR alEfS ¥, pure Python fi® staticmethod() I FD & 512k h £5:

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

def __init__(self, £f):
self . f = f

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

return self.f

EIX Y v FRIZE-> T, 77 AXY v FIZEEENCHSTEIICY 2 ASBESIEY X FOREICMZ 3,
ID7F—<v MEI, OB LA TP 27 +TH 75 ATHRLTT:

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

>>> print (E.£(3))
('E', 3)

>>> print(EQ) .£(3))
('E', 3)

ZOIRBEENE, BT T RABROAZRBREL L, TCHET7T—XeZR LRV E ZIERTT, 77 AX
Vo ROFEWHFD—2&, RbbDI/IRAa> A7 7 R%EESHZETT, Python 2.3 Tld, 77 AXY v
F dict.fromkeys () IHFT L WEHEZF—D VY X b SERL T35, itz pure Python hRid:

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 2RO LOHENLITDO LS IR TE XS

>>> Dict.fromkeys('abracadabra')

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

EFT—RTR7 Y FE T barEfo7z, classmethod() @ pure Python fRIXZD X512/ £

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

def __init__(self, £f):
self . f = £

(RDOR=I1%i )
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def

__get__(self, obj, klass=None):
if klass is Nome:

klass = type(obj)
def newfunc(*args):

return self.f(klass, *args)

return newfunc
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