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*

TRIZVTR S, A7 27 bOEMMREK, RF. BIRZ IR XA X TEET,
RKHEA RiZ4oO0KEHIOEREINTVETS,

1) B0 TAM) TRERDBNZ LT, Y IARBIRSLLTOMREFHPLTCVEET, LFR
ZVTRIZHMNDZDPUDTOHIEIILLFATVEEL & d,

2) 220HD® 7> a v TR ERTHERENZT AV FRZOY Y ILEMALET, BLTRAZ Y S XDHE
AREHFEL TVEDTHIUE, ZIHhOmAHDTHRVTL & I,

3) 3FEHDE > a Y XV ETNRF 2a— I TZAERBEL T, TRAZVTEZBEDEIBRRAH=ZXLT
BELTOV2D0EHNLET. ZLOANEIDOLLOBRIIAETL & 5,

1) BHOX ST aviE C TEPNEMHAABDFRAZ Y X%V 27 Python TEET 2 5%
MALET, Ot aryREDESICHBDAHREXY v FIZ7% %5 DA, classmethod() %
staticmethod(), slots. 2V o Zz—lRY = LDEENY D X 5124 > T3 D HEEE%
FolzbATLIEE W,

1 AF9

CDOAFITIE, 722 X ERLE 250U, FILWERZ DT oMM L TVEET,

1.1 SOTNBH: ERERT TR TR

The Ten class is a descriptor that always returns the constant 10 from its __get__() method:

class Ten:

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

return 10

ZDFAIZY S RE[ESIEMD Y S RAD T 57 AER LTRFLET:



class A:
x =5 # Regular class attridbute

y = Ten() # Descriptor instance

AVESI T4 Ty TarvikFoT, BEDBMNLY I 7y T, TAZVTRDNLY 77 v TDEVER
TAEL &S,

>>> a = AQ) # Make an instance of class 4
>>> a.x # Normal attridbute lookup

5

>>> a.y # Descriptor lookup

10

In the a.x attribute lookup, the dot operator finds the key x and the value 5 in the class dictionary.
In the a.y lookup, the dot operator finds a descriptor instance, recognized by its __get__ method, and

calls that method which returns 10.

10137 7 RDEEILDH, A VARV ADFHELZHNINTVWERA, ZORDD, 10134V F~> FIZE
BXhFET,

ZOHYINE, SUTNRTRAZ)TIEBED XS ICHET 2 02HHT 27200 DTN, EHNTIE
HHERA, EBERTHE, @FEOBNY 722D THBEWTL & 5,

ROt r7>arTid, KOEBRNZEMNZLY 77y TEERLET,

1.2 BRIy ITvS

BIZERERTID D, RICHPUHEEFTTEZFTAZY TEZOAFPEEWVWTL & D,

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 atiridbute

AR T4 7y aryTRELSIC, ZORKRBFWTY, FTICICRLRIFEZITV. BEE N
HFEhET,

>>> s = Directory('songs')

>>> g = Directory('games')

(RDOR=J12Fi <)
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>>> 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 ¢s automatically updated
2

OV TNVETRZY) FROPTED X ST EIT S 2RFTIERL, __get__ ) DI5IEOEHMB L
TWET, self 8T X —RIX size T, DirectorySize DA Y ARV ATT, obj T A—RIT g s Lol
Directory DA Y AR Y ATF, 0bj I2ED. __get__O) IFE—=F v FOT 4 L7 M) ZHNET, objtype /3
7 X —&I% Directory 7 7 A T3,

1.3 EEIniEH

FARAZ Y FRTIEL FELNDZHBNA VARV ADT —ZADT7 72 ADEHTYT, ZOTAZ VY TRIZT
AFED ATV v 7 REHEICEID S ToNETH, EEOT—XEA YRRV AFHED T I 4 R— M REMHIC
PRFLET, RTV v IRTIVEAPTONDEE, TRAIZUTRD __get__ (O & __set__() XYV v FWE
TENET,

ZDH Y TNTIE age 1387V v ZRBHET. _age 13774 R=VMREHTT, TV 7 REENRT 7 E
REND L, TRV T RNy 77y TREHROu M ELET,

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 /r to /r', 'age', value)
obj._age = value
class Person:
age = LoggedAgeAccess() # Descriptor instance
def __init__(self, name, age):
self .name = name # Regular instance atiridbute

self.age = age # Calls __set__()

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




AR T4 7y a YORRTRTO,RZ L5112, BHINWLBIED age D 71D THIE T,
D

BEDOEMD name Zu7H I ETA,

>>> 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 attiridbute
{'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 attridbute lookup isn't logged
'David D'
>>> dave.age # Only the managed attribute is logged

INFO:root:Accessing 'age' giving 40
40

OV INVEEIRELRMENDD £F, 774 X— MRAFD __age 7 LoggedAgeAccess 7 5 ADH
TA=Ra—=FENTVET, Z2DRD, YDA YRAXYAb 1DLrZoa I EBENEnT. %4
HZZEETEEHA, ROV FILTIOMERERLTHEET,

1.4 BRIDHREZIAX

TIAMTRAIZ Y FEE2FES L EIZ, ZIRABFNREFNDTAZ Y FRIZED KD RERL /S 2 @Al
%9,

Z DY ¥ SNV TIE Person 7 7 R, name & age ¥\ 2DODT ATV T RA VAR A EFFoTWET,
Person WEFE XN S &, LoggedAccess ® __set_name__() XTI —NANw 7 %{T570, 74—V FHERL
RTEET, ThZ2hoT 27 FXIZ, public_name & private_name ZFHE T,

import logging
logging.basicConfig(level=logging.INFO)
class LoggedAccess:

def __set_name__(self, owner, name):

self .public_name = name

self .private_name = '_' + name

(KDR=I1Z%iE<)
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def __get__(self, obj, objtype=None):
value = getattr(obj, self.private_name)
logging.info('Accessing /r giving /7', self.public_name, value)

return value

def __set__(self, obj, value):
logging.info('Updating /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

ARSI T4 7y ay LTI ¥, Person 7 7 AD __set_name__ () ZFEURHIL, 74—V FA&DE
BEINBZ BB TL &I, vars() AT, TRAZ VTR EZREEHLAEWTTRAZ Y FXERIG L TA
FL &I,

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

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

LT 7 2% name & age DMAFTRZEZHILE T,

>>> 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

2920 Person DA VARXYRAIE, TT7AR—-PFMEALPEEFELTOERA,

>>> vars(pete)
{'_name': 'Peter P', '_age': 10}
>>> vars(kate)

{'_name': 'Catherine C', '_age': 20}




1.5 F&&

_get__O . _set__O . HBZWVWE __delete__ () AV Y FEERLLZDOLWEZATI =7 WA, FiaAD
descriptor ¥ FERH DT,

ZAUTEMLT, A2V FRIE __set_ name__ () XV FEROZILDITEET, ZOXY vy FiEk, TX
TYTENHREEIND IR, HEZWVETHA Y ENT 7 2AER N RERH 2 GFCHEINET, b
LIFELTVWRIE, 729 ZADBFRZY PR THELTHRINET,

Descriptors get invoked by the dot ”operator” during attribute lookup. If a descriptor is accessed indi-
rectly with vars (some_class) [descriptor_name], the descriptor instance is returned without invoking
it.

TRAZYVTREY 7 AEHE LTHH L7 FRETEELES, A VARV RACHRELTHHRED D %
A,

FRZV TR, 7 IABH e LTHRNEATWAR A7V bEN LY 727y PHICHA T 3 2 L 2l
TEBZEDW, 772332 e T REFR—ar o TWVWET,

ERRANCIE. MO LMD 2 225, vy 77 v THICHEATZ Z e Z2HlllL TE L L, T2 Y TR
ZOMBEYESE, MRSINTVWDE T —XBHEICNATES XSICLET,

TAZY T &ZIE Python DS EFZIFREIATHHEIATVET, 2k, HisB8E 4~
ARV AWCRBEINIZAY v RiZk D 3, classmethod(), staticmethod(), property() ,:func:func-
tools.cached_property £ \Wo 7oy =L b FTRT, TAZ VP2 LTEEINTVET,

2 RBENBT T

ZOY Y INTIE, BAPED THE L WS — X BN ZRET 2 DIICHHTEER, FEEWNTRY 717y —
LEBALE T,

21 NUF—=2UF X

NYF—RIEMENTBINET 7 ADDD TR ) FRTE, 7—X 2N 21T, H L WEHDE
BLTWS 2, HOHMHRICES L TWa2r2MEE L £ 3, & LHRICEDRITIUI, fistzRtL, 7—
RPRIELIRREICI2 2 DZFE T,

:class:Valicator* 2 &% abstract base class TH D, BUEEMTZ 7V 72 THH D ET,

from abc import ABC, abstractmethod

class Validator (ABC):

def __set_name__(self, owner, name):

self.private_name = '_' + name

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

(RDR=I12%i <)
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return getattr(obj, self.private_name)

def __set__(self, obj, value):
self.validate(value)

setattr(obj, self.private_name, value)

Qabstractmethod
def validate(self, value):

pass

HRARZ LN T =R EBERT 2121F Valicator ZMA L, validate() XV v FEMEMR L THEIZIGL TX
FXERFRIDOMEE R TV E T,

2.2 ARZLN)T—4

ZITE3DDEBHLEAN)F—>arDa—F4 VT2 OHF Y IAEEBNLET,
1) OneOf IFHIR X NIAEHORBICEENZHIE D R MEEL 3,

2) Number |3{E7% int: B :class: float Y IDEMIEL $3, 47> a T, HEIMEE S R
HEHRARMEICEEN S BMAEL 7,

3) String |3fEDS :calss:‘str® PEIDPMRAEL £, 47> a T, fHESNERND HRRKDORS DRGEE
ZLET, 2—F—EROD 1IiiE BAEBITRAE T,

class OneOf(Validator):

def __init__(self, *optiomns):

self.options = set(options)

def validate(self, value):
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, value):

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(

(RDR=I12%i <)
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(RIDR=I D5 DR E)

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, value):
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/7r} 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 RENBT TV Tr—3Y

RDaA— REERBED Y 5 ATT—EZANY F—RE[H S HFEDOY Y L TT,

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

INHDTRZY) FRIF, PEA VAR ADPERSNZDEEET,

>>> Component ('Widget', 'metal', 5) # Blocked: 'Widget' is mot 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

10
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Traceback (most recent call last):
ValueError: Expected 'metle' to be one of {'metal', 'plastic', 'wood'}

>>> Component ('WIDGET', 'metal', -5) # Blocked: -5 is megative

Traceback (most recent call last):

ValueError: Expected -5 to be at least O

>>> 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 RN EFa—FUTIL

INDBRIETRIZ V) TREDX D =X LAREEDFHMICOWVWT, DT 7=V kFa— )TNk
9,

3.1 #1&

FTAZNVTRDER, 72 bard¥d <y — TAZNVTENPED LS THRFHINZ00FH, OR <~ v
R=BEDESWZHET 3 0DOY > ILERERLET,

FTRZYFRIZODVWTERZILIZED, LWy —ibty b2MHEZ 2 L5127 257217 TH <. Python OfLFH
AIZOWTD X Y IRWEENE N T,

3.2 ERCEA

—fRiC, TRIZVTRIEFZ, TRZVFSRZRTIaralLTERINIZXY vy FeR O BMETS, DXV v R
iE. __get__Q, __set__Q, BXU __delete__() TT, ZNHDAY vy FOWTIDIH, 77 MIC
ERINTOWIUE, ZRETAZ ) TR EEEENE T,

BT 722D FT7 40 s OREENE, A7V 27 OFEORMOEIF, BE. HIFRTT, HlZiX a.x X,
%9 a.__dict__['x']. 285 type(a).__dict__['x']l. 51 type(a) DX YV v FEFERIEFICHE -
J2EORDZBEBALHBHLET, RO oED, TRAIZVTEZRXAYy FROWTHLEERLTVWEIA T
7 b5, Python 132077 # L FORZEFVWEL—N—=F4 FL, RODITRAZ VTRV v RERNY
HLUET, 2O OEHIEN TITHhNE2E, EDTFTRAZ Y TRV v RRERINTWELIHKD 3,

FTRZVTRIX, B, ZENO v bal T, ZUITRRT 4, XYy R, BXY Y R, 752X
Vv B, 2L T super() OBERICHZHEM TS, Python DW\Wiz2 2 ZATHELOILTVWES, TAZ Y TX
W, HEcHs C a—F2EZICL. BHD Python 70275 412, FHH LY — L EERHRAL 3,

11




3.3 7R20727O0K30

descr.__get__(self, obj, type=None) -> value
descr.__set__(self, obj, value) -> None
descr.__delete__(self, obj) -> None

INTETTT, ZhEDRAY Yy FOWThLEERTIUE, A 7927 NIT RV TR ARIN, BR
ENEBEOT 7V NORBBVWEF—N—F 4 RTEZ T,

HBATVx7 bW __set__() t __delete__() DHMAZERLTWH, ZHET—XTRZYTXL
BRENET, __get__O) BUIZERBLTVWETRZ Y FXIE, T TRV TR MINET (Zhd
B AV Fifibi g 3o, fofuvgsiHkEd),

T—=RTAIVTREFET—RTRAI V) TRTE ==L FPA VARV ZADFEDTY MV IBILT
POEICHEINZPBREEDET, A VARV ADHEIL, T—XF A2V FRFEZLDOEEBH UL,
F—RTFRAIV T ROFPELEINE T, {1 VARV RADEEIZ, IET—R TRV X RIGOHEERHN
X, HEOHBHOAPERINE T,

HAHLEHOT =X TRV T2 2EZI12E. __get__ O & __set__() ODMAZEFREL. __set__O M
MO H X722 =12 AttributeError 2SEHIN D LI LT X W, N EEHE TS __set__ () XV v
FE 7L —ARNEZ e LTERETUI. 7T—XTR7Y FRIZTHDITTIHITE,

3.4 TRV TZHVUHLOBIE

desc.__get__(obj) X desc.__get__(None, cls) 2ffi5 ¢ TRV FXZBEHZEFUOHT I B TEET,
LoL, BE7 7 ADOBICHBINICFECHI NS DM, — BB TR 7V FXROMEUH LGETT,

A obj.x X obj OEATEMOF 2 —> OFTEME x ZHRLET, dL. ZOMRORI vy ZOHFT, [~
AR VAD __dict__ DHNTTRZ V) TE2EBOF 786, BREL—NLDIV X LDV A MIME-T, ZDT A
ZV7ED meth:_ get * XYy FPFFFHXNET,

MLV L OFERINE, obj D34 TP =2 b T 5 AD, super DA VARV ADPITHKD F5,

35 AVRAVADSDOEVEHL

HHIZEEDF =z — Y DHFTITONEA VARV AN I 7 9 T TR, T—RTAZ ) T RPFELT, RicA
VAR YVAER, EDRIZ) VTR TRV TR 7 TRER BRBEEELLS __getattr__() 2L
nE9,

a.x WNTBTRIVTEBEOP oG, desc.__get__(a, type(a)) WO B THFHEINET,

Fy MZ&kBLv 27y 7DuY vy 713 object.__getattribute__() OHFTIThbNE3, ¥a27 Python
TRULFMABZa Y v 73RO T,

12



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 vartable

raise AttributeError (name)

Note, there is no __getattr__() hook in the __getattribute__() code. That is why calling
__getattribute__() directly or with super().__getattribute__ will bypass __getattr__() entirely.

Instead, it is the dot operator and the getattr() function that are responsible for invoking
__getattr__() whenever __getattribute__() raises an AttributeError. Their logic is encapsulated

in a helper function:

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 V5D 5DFUHL

Ax DX Ry Veffiolely 27 v 70BY Y 71X type.__getattribute__() OHIZHDH EF, B
P I DRAT v Tl object.__getattribute__() ETWETY, A YRRV AFEDLVY I T v Tk
Z A ® method resolution order Z# U 7zHRE E X 5N TVWET,

a.x KNTBTRIVTEBPAOMP o755, desc.__get__(None, A) EWHBKTHUIHINE T,

e C FEFBIC X 5522413 Objects/typeobject.c D7 7 £ VAD type_getattro() ¥ _PyType_Lookup()
DOFIZHD FT,

13



https://github.com/python/cpython/tree/3.9/Objects/typeobject.c

3.7 super S5DIFEVH L
super D Ky b 2o/l 77 v 7 super() DViRTA T 27 +D __getattribute__() XY v FOD
IO E T,

super(A, obj) . m DEXSKR KNy b 2oLy 77 v 7l obj.__class__.__mro__ ZHEL T, A DE
MO 7 ZABEFITHL, B.__dict__['m'].__get__(obj, A) ZRLET, dLTRZ Y FXTRIIZ
m %EEVH_—?&&:EL&?O

SE7% C 58T & 552381 Objects/typeobject.c DH D super_getattro() OHIZHH F£F, Fffikt =
7 Python #EZ&lZ Guido DF 22—+ 7L TRLNF T,

3.8 FUuHLO Yy IDFRL®
TAZ N FRDRAFH =X LI, object | type « super() @ __getattribute__() XV v FOHIZHAIAF
nTVET,
HATBIAREHEER A
o TAZYTRIE __getattribute__() XV v RIZXo THUHII 3
o 7RI T D% object . type . super() b HMET B

o IRTDTFTRIZYFEZDUY v 7H __getattribute__() KH B2, ZDXYV v Rt —nN—54
FF2t. IRTOHBNLT A2V 7 ZIECH Lidflsh 2

e object.__getattribute__() ¥ type.__getattribute__() & __get__ () DOFEFUH LA ER
%o HIEIFA VAR VRAEBESLLAY Yy F2EL, BEIEFA VAR AL LT None 2L, 77X
FEICEINS

o T=RTFTRIVTRIF, BITA VAR VAFELEF—N=F4 FT 3

o IETF—RTRIVTRE, A VAR VAFHEIIF N FENDEI DS

3.9 BFNDOAFIDIEE

TARAZV TR 5T, BARTHA Y ENE T FREBGPRD W eDBHDF T, LW I AMRES
N3, type XX FZRAFHLVWI FADHEEA Xy Y LET, bL. BENTAZY TXT, BB»D
_set_name__() XY v FEF-TWEHE, DAY v FiZ20058eH > THRUEEINE T, owner
TRV TEPEREINTTZ T T, name ZT ATV TEBTH A VAN 7 ABEROELEITTT,

e C FFBIT X 252X Objects/typeobject.c D7 7 £ LND type_new() ¥ set_names() OHIZH
D i\é—o

FHOT T v 213 type. _new__ () IH D, BHANZZ 5 ZERDO XA IV 2 LhdD FHA, BLFRY
DT ROEHS Y T A I NS AE.  set_name__ () RFEBHTIHUHTLENHZTL & 5,
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3.10 ORM 0t > 7L
RDa—Kix, OR~Y v V7 OFEBIF—XFRA7YFEPFHTEZZ BRI DD, > bl
ATVt ra—FT3,

BEARWRE ZTTNE. T—XPNEDT —ER—RIRFT S Z 2 TT, Python f Y RAX Y RIZ, 7T —&R—
ADT—=TNANDF—DHERFELET, TRV TRy 77y TREHE LET,

class Field:

def __set_name__(self, owner, name):
self.fetch = f'SELECT {name/ FROM {owner.table/ WHERE {owner.key/=7;'
f'UPDATE {owner.table/ SET {name /=7 WHERE {owner.key/=7;'

self.store

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 ()

Field 75 A% {HoT, T—ER—ADT—TINITELDAF—<ZHATE7-00D 7L ZEHELF T,

class Movie:
table = 'Movies' # Table nmame
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

ETFVEFHTICEET T —ER—AZERL 3

>>> import sqlite3

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

RDA VRS IT 4Ty arTlE, 7—EZR—ALLDF—XOEG Y. BEHTEERLTVET,

>>> Movie('Star Wars').director

'George Lucas'

(RDR=I12%i <)
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https://ja.wikipedia.org/wiki/%E3%83%87%E3%83%BC%E3%82%BF%E3%83%A2%E3%83%87%E3%83%AB

(RIDR=I D5 DR E)

>>> 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 E 27 Python DZ(fsRLE
Zo7a raVFBEMTTRS, VU TAAREEDMOTVET, 22— —20HIZiE. HF DI

BOTHAAAIZBMEINZdDEDHDET, T4, HEDAYV v R, BXY v R, 77XV v R,
~slots . £ TTFRZYUTIRTa barizEonwTnE g,

4.1 7ONT~+

property() ZMUHT I T, BEAT 7 X T2 BEBROMEINLETIZRIT. T—XTRAIV F&%
HRICHATITONE T, 72 F %32 5TT:

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

CORFaxXy TR BHINWENE x 2ERT I RMEHEZRLET:

class C:
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 ) FRDEMD S property() NED XS ICHEINTWEH % H 57Dz, FifliZ: Python iz Z
I ET:

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

(RDR=I12%i <)
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(RIDR=I D5 DR E)

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__)

HAAAD property() BIBIE, 2 —HF AV R—T 2 =X \DEMT 7 ABEZ 5N, HlEENAY v
FONMAZRERT 2 & BB FET,

BlZE, A7y F¥—1F27 5 A, Cell('b10') .value TENADEEHRETEZ 2 LET, MIREICE
D, a7 LB 77 ADECELNDOHENEEZTZI R ERLE L, Ll s s<id, 20EHIC
EiE7 7 v AT EDIFA4 7 ba—RIEEEEZ - HY A, ZORRKIX. property 7 —&
TRAZ) FERNMEREANDT 7R % Ty T$5 28T

class Cell:

@property

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

return self._value

HHAAAD property() . TD Property() b, ZOV Y FLDOHTHL XS IHATEET,
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4.2 B AV YR
Python O 7' = 7 MamkkeEid. BBICE S BB LIt ThET, T -T2 7V T&%
fioT, ZD22F>—LL RAHAEDLEINTVWE T,

7 5 AFEE TN S N BB0E. FITRRCX YV y RIZBENE T, XV y REBEHEOBBIEIA T2 b
A VAR ADPMEDOF LD DANTTE I N ERZIDERLD 3, BEETIEA VARV R self 25401
DEDOIE T, this PHOERLIHZ T,

XYy FiE, ZERDa— K e A%R types.MethodType 2 {H X IXFEITHENE 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)

AV vy FOHMERZSY K- bF 21 BEBICHL, BE7 272X TX Yy FORBIHHEN2
_get__O XYy FZEBMLES, ZhE2FED, ZOMBE Ry F7 7RSI 2B Y v
FERRFTIET =X TRV T RTHLI2BERLET, ROXSTHEL %9,

class Function:

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

return MethodType(self, obj)

RDYFRA%ARTY)2E_ET L, ZOBBT A2V TRPEFCESEBLIreROoNET:

class D:
def f(self, x):

return x

ZOBBUEA Y R ARS Y a Y EYR— T 27%DIT qualified name HFF o TWET,

>>> D.f.__qualname__
'D.f!

I AWMERBUTHBUCY 78 RXT 2L __get__ O BFTEINFERA, 20D, BXHIHBA TS =
b eEDEFRLET,
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>>> D. dict_ ['f']
<function D.f at 0x00C45070>

JIADRy b7 7RI __get__ O WHCHLETY, ZhIHRICHI2BEMELEEEITITGRLET,

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

AVARVARK LT Ry v 727222 T3 HAVENEEZLES, Ry by 7y ik, XY v F
A7Vl bEIRT __get__ () ZMUHLET,

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

WEETIE, F XY v FidA Y PPV OB R a4 Y AR A2 REFELTVWET,

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

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

H L. BHEDOAY Y FD self . ZF7ZAXY v FD cls BE IR DEEMICE > TWBEABVWE L LT
B, TN ZEDEZICKRD ET !

4.3 XV v ROEE

T —=RFR2 Y FRIF, A Y vy FICHET 2, FRO AR AR — 12, Bzt £9,

Frds2 BT __get__ O XV v FEEB BHEL LT 7RI & XYy FICEHZNET, Z
DIETFT =R T 4 A2V T RIE, obj.f(xargs) DFUIH L% £(obj, *args) WCEHL £3, cls.f(*args)
RIS L f(*args) 122D F3,

ZOF v — NI, HEr, 202 00BREAERREEEEDTVET:

i ATV D SBUHENS | VSZADSHEUHINDB
BE%K f(obj, *args) f(*args)

FIXY v R f(*args) f(*args)

77 AAY v ¥ | {(type(obj), *args) f(cls, *args)
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4.4 FEHIXY W R

EIX Y v FiZ, TICh2BEEZDFFIRLET, c.f  C.f IX, object.__getattribute__(c, "f")
X object.__getattribute__(C, "f") P EHHERITZDLHULTI, MR LT, BE#EIA 7Yz b
TIAMBEILESICT 7R TERT,

BHIX Yy FIZT 2 BVODIX, self ZEADBBER WX Y v FTT,

Bz, HEtty =i, EET—20ary7F8H5 LET, 207 I RIE, . X7 V. Zofth
D, T—=RIRZELDRET 2 E T 2FEX Y v FEREHELES, LrL. SR REEFRIH > TH, 77—
WIS N K S B LD H D £9, BlRIE, erf(x) 3Ma LR LEHNL —F > TITH, FF
EDT =Rty MCEBERKIIHKELERTA, ZHUX A7V b6 TH 7 7 AL THMIHEETS:
s.erf(1.5) --> .9332 /zlF Sample.erf(1.5) --> .9332,

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

class E:
@staticmethod
def f(x):

return x * 10

>>> E.f(3)
30

>>> E().£(3)
30

JEF—&F27YTFExTa banrzf> e, pure Python fi® staticmethod() LA FD X 5124 b %3

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

def __init__(self, £f):
self.f = £

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

4.5 VS5AXY vy R

FIA Y v FE3EST, 77 XX Yy FEEBENCHTRENICY 7 AZ2518V X M OBICMA X5,
ZD7r—=v MI, BOHLILAA TS 27 P THZ FRXATHRLTT:

class F:
Qclassmethod
def f(cls, x):

return cls._ _name__, X

20




>>> F.£(3)

('F', 3)
>>> F().£(3)
('F', 3)

COIRBEENZ, BBN T FAZBOAZREL L, FFEDA Y ARV RIRFEES N T — XITKEFEL LWL
FREMTT, 77 ZAXY Y FOEWT D=2, RODVDIZI7Rav A 577 2% 28T, BIZIE,
7 FAXY v K dict.fromkeys ) B3 LWEEZ X -0V X M2 SAERKRL 3, Ffi7z pure Python fiRi3:

class Dict(dict):
@classmethod
def fromkeys(cls, iterable, value=None):
"Emulate dict_fromkeys() in Objects/dictobject.c"
d = clsQ
for key in iterable:
d[key] = value

return d

INT—ERF—Z2FOMLOEEID T XS IR TE 3!

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

True

>>> d

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

FEF—FRI7VTFETa barzfiorz, classmethod() @ pure Python fRIFZD L 512k D F3:

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

def __init__(self, f):
self.f = 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__') ~ D I — KX X Python 3.9 TEM X N7z 5 IiF T,
classmethod() F =z — Y INT AL —XBFR—bABEICED F Lz, BIZE. 7 7RXY v Re
TanT 42— HEICHHTEE T,

class G:
Qclassmethod
@property
def __doc__(cls):

return f'A doc for {cls.__name__ !

21




>>> G.__doc__
"A doc for 'G'"

46 XVN—FATPxU Y __slots___

75 AN __slots__ BEBRTI L. A VARV ADOHEDEE@EDO ATy POEOREY» BEiz o E
T, -V —DHBENPLAZ ., W OhDEDEHD T3,

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()

>>> auto.id_nubmer = 'VYE483814LQEX'

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')

def __init__(self, dept, name):

self._dept = dept
self._name = name

Q@property
def dept(self):
return self._dept

Q@property
def name(self):

return self._name

# Replace the instance dictionary

# Store to private attribute

# Store to private attribute

# Read-only descriptor

# Read-only descriptor

>>> 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):

22
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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

correctly:

from functools import cached_property

class CP:
__slots__ = Q) # Eliminates the instance dict
Q@cached_property # Requires an instance dict

def pi(self):
return 4 * sum((-1.0)*xn / (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.

__slots__ W3 CHEERICERE T 7EAL, 7927 bOXEVEEZGIHTI2HERDZ27-0, a7y
Python XN—=Y a2 YZERT 22X TEERA, L2L., 774 X—bD __slotvalues VA M2ffioTC
HERDO R Ty PRIFTEEICZIaL— T3 TEET, ZDT 74 R— M RBERANDFTAE X3
AYN—DFTRAZ ) TR o TEHREINET,

null = object()
class Member:

def __init__(self, name, clsname, offset):
'Emulate PyMemberDef in Include/structmember.h'
# Also see descr_mew() 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

(RDR=I12%i <)
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(RIDR=I D5 DR E)

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/7/>'

type.__new__() XV v RIZT FRAEEADA Y AN=FTI 27 FOBMELHL F 3,

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__() XYV v FIdA Y ARV AFHEDORDDIZAB Y F2HFDOA VAR Y ZAOEROUEZ L
9, BBX-EIC¥ 27 Python TOY I 2l —>a v Liza—FRIE5TT,

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__/7r} object has no attribute {name/7}'
)

super () . __setattr__(name, value)

(RDR=I1Fi <)
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(FiDR— 25 D %)

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__/7r} object has no attribute {name/r}'
)

super () .__delattr__(name)

EEDI FATYIal—Yarya—FeHHT 5123, Object A L. metaclass % Type IZL ¥ 3,

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

CORRTIEAZI IR 2 8 y DAYN=FTI 27 b —FLET,

>>> 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 0x7fb5d302f9d0>,

'x': <Member 'x' of 'H'>,

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

A VAR ADMERE N B 2. BHLIEFH XN S slot_values DY XA M2 A Y AX VAL 9

>>> h = H(10, 20)

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

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

ARV AR, R7H A4 Y ORBMEIEIFNZER L 9,

>>> h.xz

Traceback (most recent call last):

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