=P

1.1
1.2
1.3
1.4

2.1
2.2
2.3

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10

4.1
4.2
4.3
4.4
4.5

F2U1) T2 HA R

1J1)—X 3.13.0rc2

Guido van Rossum and the Python development team

9 A 19, 2024
AP 3
SUTNIH: BEEIRTTAZ VTR e 3
TRV Y 7 97 4
BHXNTZBIE . e 5
BRIDHARTA R L 6
FED e e 8
REMBT T 8
NUT =BT TR o e e e e 8
HRARLNY) T =R e 9
KRN T TV —a > e 10
B AFa—rUTIL 11
BT e 11
TEIREELA L 11
FRZVTRTE NI e 12
FRZVYFRMECHLOME . e 12
AVRARYAPLDOMEHL e 12
ZIZAMBDOREHIL .« e 13
super 2HDREHIL . . . 14
FERH LBy ZDFED o e 14
HEIMOZRIDMRIE . . . . o o 14
ORM DU > TIL Lo e 15
E 27 Python OEMELE 16
TUIRT A o 16
BEELE XY W B 18
XV FOMEEE . . . 20
BRIX Y 0 B oo 20
TIARXY YR e 21



4.6 XUN=FTT T bE  slots .o e e 22

EE
Raymond Hettinger

ELEhEk
<python at rcn dot com>

B
o TROVTR HAFK

- AF
« DOTNBH: EBERTTRI)TAR
x BINBRILYIT VT
» BEINEMY
* BEIDHZARZIA X
* FLOH

- EBRNLBY T
* NUT—RU 32
* ARZALN)TF—2
* RENBTIUTr—>3>

- KB Fa—rIUTIL
* B
* ERCEA
* TRV F27OraL
* TR TRV LOBE
* AVRAZADSDEUHL
* JZADNSOHUHL
* super DS DIFUH L

« BFUHLOY Yy /D FEL®

* BEINOARIDEE




* ORM DY >FIL

— Ea7 Python OEH(MRE
* 7ONT 1
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¥ AVIN—=FTSzI b  slots

FTRIZVTR BFES L, A7 27 bOEBEMRE, BE. HIREHIRZAXTEET,
KA R 40D KEHLSHERINTVWE T,

1) &0 TAM) TREADHENZ LT, o IiflrsP LFolezHilLTuE s, BLFR
ZVTRIZMNDDPHWDTOHBEEIILLFATVEEL & I,

2) 220HO® Y > a Y TRERTEENRTAZ VTRV TN LET, bLTRZY FEDHE
REEBLTHNZDTHIUL, TIPOLmAHEDTHRVTL & I,

3) 3F/BEHDE 7Y a Y@ EVBEIINARF2— I TAZBEUT, TRAZVFEBRED LI BRAH=ZXLT
BELTOV2D00 2N LET. ZLOAEIDOLNLOBRIIAETL & 5,

4) BHEOE 7> a ik, C THEIPALHAAADT A7) TR %Y 27 Python TEBT 3 HiE%
HMNALET, 207> aryDBEO X5 BB HRMEXY v P25 DD, classmethod() %
staticmethod (), property(), slots. W oe— Ry = LORENED X HITKR->TWVWD

DR ZHF 5 T2 HFEATL 12X W,

1 AF3

ZDAMTIE, RAEXRLSEBRZE ZADOHBL. FILVWERERLZ—DOTOMNMLTOVEET,

1.1 2 TNBH: EREERITRAIVTE

Ten 7 7 RETRAZ VT RT, 2D __get__() XV v RIFHEITEHD 10 ZIRL F7,

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

return 10

CDFRZYFREMSIEMD I S 2D 5 2T UTIHREL £5



class A:
x =25 # Regular class attridbute

Ten() # Descriptor instance

<
]

AVESI T4 Ty TarvikFoT, BEDBMNLY I 7y T, TAZVTRDNLY 77 v TDEVER
THEL I,

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

5

>>> a.y # Descriptor lookup

10

a.x BYLVY 77y TR Fy MERTHZ 7 AFHEDOTRS 'x': 5 Z2HOU % T, a.y vy 27y TR
Fyo MEEFIX __get__ XAV Y REROTRAIV TR VRAEXVARRELES, 20X Y v FERESHT
.10 ZIRLET,

10137 7 RDEEILDH, A VARV ADFHELZHNINTVWERA, ZORDD, 1013V F <2 FIZE
BXhFET,

ZOHYINE, SUTNRTRAZ) TIEBED XS ICHET 2 02HHT 27250 DT, EHMTIE
HHERA, EBERTEHE, @EOBLEY 72 ZADTHEWTL & 9,

ROt r>arTlE, KOEBRNZENZLY 77y TEERLET,

1.2 8IMRILYIT VS

BIZERERTID D, RICHPUHEEFTTEZFTAZY TEZOAFPEEHWVWTL & 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 attiridbute

AR 2T 47y aryTRELSIC, ZORKRBFWTY, FTITCICRLRIFEZITV. BEE N
HFrEhE T,

>>> s = Directory('songs')
>>> g

Directory('games')
(RDR=12Hi <)



(RIDR=I D5 DR E)

>>> 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 Y TNVETRZ ) FRZOPTED XS5 ELT S 2EFTERL, __get__ ) D5IBOBMNBRL
TWET, self 787 X —&IZ size T, DirectorySize DA Y ARV ATT, obj WTA—RIE g s EWVolz
Directory DA Y ARV ATF, obj IC&ED. __get__ O IFX—=" v DT 4 L7 MY ZHINE T, objtype 3
Z X =&\ Directory 27 AT,

1.3 BB EH

TAZYTRTIEEONEHBENA VARV ADT = ZANDT 7L ADEMTT, ZOTAZ VY TRIEIZ
AFED AT v I RBEEICE DY ToONE T, EBEOT—REIA VARV AFED T T 4 R— MEMC
BRFLET, RTVwIRTIVEAPTONDE L, TRAIZVTRD __get__ () & __set__() XV v FPHE
TENET,

ZDV Y TINVTIE age lI TV v VBT, _age 377 AR—VREBEWTT, X7V v IREERT 7&
2 ENBY, TARAZYTREINy 77 v IREHOu s hELET,

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 attribute

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 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

>>> 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 attiribute is logged

INFO:root:Accessing 'age' giving 40
40

OV INVERIIRELRMERDD 5, 774 X— MRAFID __age 7’ LoggedAgeAccess 7 5 ADH
TA=Ra—=FENTVET, Z2DRdD, YDA YRAXYAb 1DLrZloa /I @S EnT. 4
HZZEETEEHA, ROV FILTIOMERERLTHEET,

1.4 BRIODHAREZIAX

TIAMTRAIZ Y FEE2HES L EIZ, Z7IRABFNREFNDTAZ 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 WEZE XN S &, LoggedAccess ® __set_name__() XTI —NANw 75275720, 74—V FHERL
BTEET, ThZ2hoT 227 ) FXIE, public_name & private_name ZFHFE T,

import logging
logging.basicConfig(level=logging. INFO)
class LoggedAccess:
def __set_name__(self, owner, name):
self .public_name = name

self.private_name = '_' + name

(RDOR=T12HiL)




(RIDR=I D5 DR E)
def __get__(self, obj, objtype=None):
value = getattr(obj, self.private_name)
logging.info('Accessing /» giving /r', self.public_name, value)

return value

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

AVESIIT 47ty yay ETHAT L, Person 77 A __set_name__() ZFEUHIL, 7 14—V F&DE
AN BTL & D, vars() AT, TRAZ VS REZEELBEWTT AV FEXEZRIE L TA
FL &9,

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

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

FLWT T 2% name ¥ age DEIAFTRIZEHILET,

>>> 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

220D Person DA VARV RE, TI7AR—MEALDPMRBLTVWERA,

>>> 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,

TARAZVITEREEEOLYy 77 v TR Fy PHEAEFRI LI THRUHBH I F T,
vars (some_class) [descriptor_name] Y WHOEHFZXHIC Ko THEWNITTAZ YV TFEANT 7RI N5
L TRV T REFITT DB, TRV TRDA VARV ARRINET,

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,

FRZY FRIX, Python DX FXERhe ZATHHAINTVWES, Z4Uuckb, B3B8 4 VR
2RI NT XY v FIZk D F£3, classmethod(), staticmethod(), property(), functools.
cached_property() ¥Wo7Y—dFRT, 7RIV SR 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,

Validator 77 7 RlZ abstract base class TH D, BUHEH TRV X THHH T,

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=V1Hi <)




(RIDR=I D5 DR E)

return getattr(obj, self.private_name)

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

setattr(obj, self.private_name, value)

Q@abstractmethod
def validate(self, value):

pass

H AR LN T —REAERT 5121F Validator 2k L, validate() XYV v FEER L THEIZIH L TX
FXERFFIOMIEEITVE T,

2.2 ARZ LNV T—H

ZITEIDOEEBNENYTF—2a>DI—T 4 VT4 DY TIAEBNLET,
1) OneOf IIHIR XN EMOESICE TN BELE S D ERFEL T,

2) Number \IME72S int 7> float D E I EMILL EF, 47> a T, EPEE S N H/IME L KB
CEENZLBMIEL £5,

3) String IXfEDS str PY S PRI L ET, + 7> 22T, fEEShERN BAOEXORIE LT
Fo RO Wi BEEBITAET

class OneOf (Validator):

def __init__(self, *optioms):

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/7}')
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=D12Hi L)
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(RIDR=I D5 DR E)

f'Expected {value/r} to be no more than {self.maxvalue/7}'

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/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 EENBT7TVTr—3>

RDA—RIEEBDY FRATT—ZAY F—RE2[ S HEDOY Y TILTT,

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

IHHEDFRZY FRIZ, RIEA VAR Y ADMER SN DEFFXE 5,

>>> Component ('Widget', 'metal', 5) # Blocked: 'Widget' <s 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

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 negative

Traceback (most recent call last):

ValueError: Expected -5 to be at least 0O

>>> Component ('WIDGET', 'metal', 'V') # Blocked: 'V' 4sn'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 NGB Fa—~UTIL

NSRBI TRAIZ Y TRDRA D =X LRHMEDFMICOVWT, KD T 7= ARFa—bUTIIKED
%9,

3.1 BIE

FRZYTRERDER., TR braldodV— FTRZYFEBLEDLSCHURHEEINZ22DHH, OR < v
N=WED X EHNET 2003 I reiRLET,

FRAZYTFTRIZOWTERNZLIZED, HiLWY —ty bMEZ 2 X 51243713 Tx <., Python O
ARZOWVWTD X D FECHEENEOLNET,

3.2 ERCEA

—fRIZ. TRAZYFRIZ, TRZYVFEZ T FaALVTERINEAY Yy FEEOBMEETT, 2OXY vy R
iF. __get__ O, __set__Q, BXU __delete__() TTo ZNLDRXY vy FOWTIDH, 7V M
TEREINTVIUEX, ZHUE TR0V X 2R E T,

BT 72 2DF 7+ DIRZEENE, 7Y 27 FOFEOBEORE. FE. HIFRTT, HlZF a.x 1%
¥3 a.__dict__['x']. 25 type(a) .__dict__['x']. EHIT type(a) DX Y v FERIEFITHE -
X O RBERANCLHEHLE T, ROonold, TRZVTEZXYy ROWTNhEERLTVWELT TV
7 %5, Python i3ZD7T 7 4V FOIRZ VW E A —N=F4 FL, RODIZTRAIZVTEZRAY v FEEN
HUET, 2R OEBEIEN TITHhN 0, DT ATV TRV v RPEBEINTVENITKD T,

Descriptors are a powerful, general purpose protocol. They are the mechanism behind properties, meth-
ods, static methods, class methods, and super (). They are used throughout Python itself. Descriptors

simplify the underlying C code and offer a flexible set of new tools for everyday Python programs.

11




3.3 7R20727O0K30

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

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
JVTED __get__ () XYy FPEFHEINET,

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 find_name_in_mro(cls, name, default):
"Emulate _PyType_Lookup() in Objects/typeobject.c"
for base in cls. mro__
if name in vars(base):
return vars(base) [name]

return default

def object_getattribute(obj, name):
"Emulate PyObject_GenericGetAttr() in Objects/object.c"
null = object()
objtype = type(obj)
cls_var = find_name_in_mro(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 wvariable

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 wvariable

raise AttributeError (name)

__getattribute__() O — KT __getattr__() D7 v IO LICHER L TLZ IV, ZD79H, H
% __getattribute__() ZM-UHF ., super().__getattribute__ THUHT ., __getattr__() 28
SERITANA RRAINET,

ZORbHHiT, __getattribute__() A% AttributeError ZFHH L7z T __getattr__() ZFUFHT O
F, Fy MEETF L getattr() OEMFETT, IhoHondy ZE3AAAS—FBRIH FefbEhT0Ed:

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 VS XADS5DFUHL

Ax DI Ny Veffolely 27y 70BY Y 713 type.__getattribute__() OHICHDH EF, 1B
Yy ZDAT v 71X object.__getattribute__() EUTWVETH, 41 Y REXVRAFEEDLY 77 v 137
2 A ® method resolution order ZH U 7R B X 5N TVET,

a.x WNTBTRIVTEBAOP o755, desc.__get__(None, A) EWHEKXTHUIHEINET,

5ER7% C TOHEEX Objects/typeobject.c DH D c:func: ltype_getattro & _PyType_Lookup() ZZEL T
13
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&N,

3.7 super S DIFEVH L
The logic for super’s dotted lookup is in the __getattribute__() method for object returned by
super ().

super(A, obj) . m DEXSRFy b 2oy 77 v FiX obj.__class__.__mro__ ZHEL T, A DE
D7 7ABEEITHL, B.__dict__['m'].__get__(obj, A) ZRLET, bLTRZ Y FXTiRFII
mZEEETIGRLET,

FEg7% C TOEEIL Objects/typeobject.c DD super_getattro() ML TL 72X W, #i#k7 Python
TOMFFR a— FiX Guido’s Tutorial ZZH L TL 72X\,

3.8 BFUHELOY Yy IDELD
The mechanism for descriptors is embedded in the __getattribute__() methods for object, type, and
super ().
A THBLIREERRFR:
o TAZYTRIT __getattribute__() XV v FIZXko THUHII 3
o 7 RZT DML object . type . super() 2 HMMET B

o ITRTDFRAZYTEZDOUY v 7H __getattribute__ () IXH DB, TDRXY v REF—N—F4
F¥22, IRTOEHFNRTZAZ Y ZRIECH LIZMHI XN 3

e object.__getattribute__() ¥ type.__getattribute__() & __get__ () DOMEULHLANER
5o HIFIZA VARV RAEBELAY v F2al, BRERZA Y AX AL LT None 2L, 77X
BHEIEINS

o« FT—RFRAIZYTFRIZ, BFTA VAR VAFHEERF—N—F4 FFT 3

o EF—RTFRZV TR, A VAR VAR —N—F 4 FEND DD D

3.9 BFNDOAFIDIEE

TARAZV TR 5T, BARTHA Y ENE 7 FRAEBGPRD W eDBHDET, LWy I AMRES
N2L, type AXTZTRAFH LW TRDFHELZAF Yy Y LET, dL. BEPTRIVTRT, BEDPD
__set_name__() XV v FEFoTWBLHE, TOXY v FlZ2 0058 E > THOIHEINE F, owner
WBFAZ Y FERBPFHEINSZZ 5 AT, name ZT A7V FRBT7H AL Y ENT7 5 AERDOAHTTT,

FIEDFMIX Objects/typeobject.c DH®D type_new() & set_names() ZHZML T ZX W,

FEHOUY v 213 type.__new__ (O KKHD. BHIEY T ZERD XA IV 7 LhHD ERA, bLFRY
) FRH DY T ABIMENEEE. __set_name__ () ZFEITIERHTAEAHZTL £ 5,
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3.10 ORM o> )L
URhoa—Fd A7 =7 MR~y B 2RRTLI2DICT KT 4 A2 FREMES TR LTz,
LSz EE T3,

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;'
self.store = f'UPDATE {owner.table/ SET {name /=7 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 ()

Field 79 A% {#H 5T, T—RER—ADT—TI NI DRAF—<ZHAT 27200 71 ZEHRLE T,

class Movie:
table = 'Movies' # Table mame
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

ETNAVEMFHTAIEET T —AR—ICER L ET:

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

RDAVERI T 4 7Ty alTlE, 7T—KR=A0LDT—XOERE, BEHHEEZRLTVWETS,

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

'George Lucas'
(RDR=V1ki <)
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https://en.wikipedia.org/wiki/Object%E2%80%93relational_mapping
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 ¥ a7 Python OS2
o7 b a)VEHEMTER, VU T AAEELEIMOTVWET, 2R —20HZik, HFE DIk

HOTHAAABEMEINTZ3DBHDET, T 74, FEOXY v K, XY v K, 772XV v R,
~_slots . E. &2TTFAZV ISR T o b arilEoOWTWET,

4.1 70ON7T+«

property() ZMUHT T, BEAT 7R T2 LBBOMEH L2 ZRZT, 7% TRV S &%
HRICHAITONE T, 72 F ¥ IETS5TT:

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

CORFaXVITIR BHEHIN-EBYE x 2ESET 2N ERZEEZRLET:

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.")

To see how property() is implemented in terms of the descriptor protocol, here is a pure Python

equivalent that implements most of the core functionality:

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 Nome:

doc = fget._ _doc__

self. doc_ _ = doc

self. name__ =
(RDR=V ki)
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(RIDR=I D5 DR E)

def __set_name__(self, owner, name):

self. name__ = name

def __get__(self, obj, objtype=None):
if obj is Nome:
return self
if self.fget is None:
raise AttributeError

return self.fget(obj)

def __set__(self, obj, value):
if self.fset is None:
raise AttributeError

self .fset(obj, value)

def __delete__(self, obj):
if self.fdel is None:
raise AttributeError
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() BB, 2—F AV R—T 2 —Z\DBEMT 7 ABEZ 5N, HlEEBAY v
FOMAZRERT 2 & 2 IBIBET,

BlZIE, A7y F¥— 12752, Cell('b10') . .value TEADEERBETEZ 2 LET, MIREIE
D, TV ILMBT7 7 ADEILILVOEGNERZ TR R2ERLELE, LELFOnr o<t ZOEMHIC
BHE7 7R TEIMEDIFIA 7 Fa— RICHEZE X HH EHA, ZORIEII. property 7 —&
TRV TRNMEREAND T 7R % Ty TT5ILTT:

class Cell:

@property

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

return self._value

HHAAAD property() . ZTD Property() b, ZOV Y FILOHTHUL XS IHHATEET,
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4.2 B AV YR
Python ®A 7Y = 7 MEASREIX, BIBUCHE S SIRED LICHRIhTVETS, IET—XTR7VTX%
fioT, ZD22F>—LL RAHAEDLEINTVWE T,

7 o AFFEITHIN S N2 BIRNE. FEATRRIC A YV y RIZEBEINE T, XV y FeEEOBBIEA 7227 b
A VRRYADPMDFEE D BENCTEXNZ SR TREZD 5, BETIEA VAKXV X self £\ 540
PEHLNE T, this PMMOBEELHHEZ T 5,

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, *xkwargs):
func = self. func_ _
obj = self.__self _

return func(obj, *args, **kwargs)

def __getattribute__(self, name):
"Emulate method_getset() in Objects/classobject.c"

if name == '__doc__':
return self.__func__.__doc

return object.__getattribute__(self, name)

def __getattr__(self, name):
"Emulate method_getattro() in Objects/classobject.c"

return getattr(self.__func__, name)

def __get__(self, obj, objtype=None):
"Emulate method_descr_get() in Objects/classobject.c"

return self

XYy FOBEEREZY K- b3 212E BEEITHL, BE7 272 ATAY vy FORBIZHHAIN S
_get__ O XV FEBMLET, ZAE2ED, OB Ry b7 72230 IHBEINTXAY v
FZRTIEFT— R TRV IR THAIZERLET, ROXIICEEL £,

class Function:

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

return MethodType(self, obj)

KDY RA%AVERT) ZEEETIE, ZOERTRAZ Y FEXBEBRIZESB hERONET
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class D:
def f(self):
return self

class D2:

pass

ZOBBUEA Y IR ARY Y a Y EYIR— T 27DIT qualified name HFEF o TWET,

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

I AWMERBLUTHBUCY 78 RXT 2L __get__ O BFETEINEFRA, 20D, BRHIHBA TS =
2 eXDEFRLET,

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

JIADRy 77 RE __get__ O EMUHLETH, ChIBCHI2EBEZETTITRLET,

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

AVARVARZ LTEYy b 727X T2 HEAVWENEZLET, Ry rOLy 77y ik, HEXAY v R
F T2l bERT __get__ () EHUHLET,

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

NETIX, FHEX Y v FIZA VO F Lol VAR V2 BHEHLTVE T,

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

>>> d.f.__self _
<__main__.D object at 0x00B18C90>

HL, BEDAY Y FD self . ZF7RZARXAV Y FD cls BEIHERZDEMICBE > TR AP VB2 LT
b, IO ZDEZIRKRD ET !
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4.3 XV v RDOEE

T —=RFR2 Y TRIF, B Y vy FICHET 2, BREO AR AR — 102, Bzt 9,

Frddr BT __get__ O XV v FEEB BHEL LT 7RI E XYy FIZEH 2N E T, Z
DIETFT =R T 4 A2V T RIE, obj.f(xargs) DFULH L% £(obj, *args) WCEHL £3, cls.f(*args)
IS L f(*args) 122D F3,

ZOF v — NI, HEr, 202 00BEAERREEEEDTVET:

it ATV CHSRFUHEINDE ISADSHVHEIND
BE%L f(obj, *args) f(*args)

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

75 AXY v K f(type(obj), *args) f(cls, *args)

4.4 FEHIXY Y R

FIX Y v RiZ, TICH2BEZDFEFIRLET, c.f  C.f IX, object.__getattribute__(c, "f")
X object.__getattribute__(C, "f") ZEHZEFERITLDLFAULTT, MR LT, BHBIA 7= b
PIADPGRIC DT 7 ERATEET,

FHIIA Y v FIZT 2 L RVDIE, self ZHANOZMERIVWXY v FTT,

BIZIR, FEtoty r =21, ERT—20ar7FhRH2L LET, 2D I RIE. P, X7V, Zofh
D, T—RIK LM ZETHE T 2IFEX Y v FRRELET, LarL, & LEBEGR2D - TH, 7—
IS TN K S BRI S HD 5, HIRIE. erf (x) 3MET LOERLZEBL —F 2T, K
EDT =Xty MZEHIZEKEFELEEA, ZHUI ATV 27 36 TH 7 IADLTHOIMIEEET:
s.erf(1.5) --> .9332 £/:|% Sample.erf(1.5) --> .9332,

B Y v FIINCH 2B ZDEFETOT, MEHLOANIHEL HD £HA:

class E:
@staticmethod
def f(x):

return x * 10

>>> E.£(3)
30

>>> E().£(3)
30

EF—RFR7 VYV IETa barEMS ., pure Python fR®D staticmethod() I TD XSk 3

import functools

class StaticMethod:
(RDR—=D1THE )
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(RIDR=I D5 DR E)
"Emulate PyStaticMethod_Type() in Objects/funcobject.c"

def __init__(self, £f):
self.f = £
functools.update_wrapper (self, f)

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

def __call__(self, *args, **kwds):

return self.f(xargs, **kwds)

functools.update_wrapper ) DU LiZ, IREICH 2B E 2T % __wrapped__ BHEZEML £
To ¥l FoR=—DEDOT vy FEINLHEBOISICRZS L5, HDEREEZEMLUES: __name__ .

__qualname__ . __doc__ . __annotations__,

45 VS5AXY YR

EIXY v FEIZE-> T, 77 AXY v FIZEEENCHSTEIICY 2 ASBESIEHY X FOREICMZ 3,
ID7F—<v MEI, OB LA TP 27 +TH 75 ATHRLTY:

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

return cls.__name__, X

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

>>> F().£(3)
('F', 3)

CORBENZ, BB SAZROABEMEL L, FHEDA VAR Y RAIRFE N T =R ITKIFLRnE
ZFIMEHNTT, 7 7AXY y FOFNTO—21F, bDDI7RavA 727 2%1E5 28 TY, BRI
77 ARXY v K dict.fromkeys ) EFHLVWHELZ X —D VYR M SERL 3, F(fi/2 pure Python fRi:

class Dict(dict):
Q@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 2RO LOHENLITD LS IR TE XS
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>>> d = Dict.fromkeys('abracadabra')
>>> type(d) is Dict

True

>>> d

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

FEF—F2RI7 YV TFETa bark{fiorz, classmethod() @ pure Python IRIFZD L5112k D F3:

import functools

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

def __init__(self, f):
self.f = £
functools.update_wrapper (self, f)

def __get__(self, obj, cls=Nomne):
if cls is None:
cls = type(obj)
return MethodType(self.f, cls)

ClassMethod @ functools.update_wrapper () DOFFNH LI, RIEICH 2 B2 2§ % __wrapped__
BHZEMLET, £/ v =207y TEINLHEBO LS ICRZA S L5, BEREEZEML 3

__name__ . __qualname__ . __doc__ . __annotations__,

4.6 XAN—FTxU k¥t __slots__

75 AN __slots__ BIERTI L. A VARV ADHEINEE@EBD ATy hOEOEY Bz o E
T, 22— —DHBENPSLAZ L. W OhDEEHD T,

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:

(RDR=V ki)
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(RIDR=I D5 DR E)

__slots__ = ('_dept', '_name') # Replace the instance dictionary

def __init__(self, dept, name):

self._dept = dept # Store to private attridbute
self._name = name # Store to private attridbute
@property # Read-only descriptor

def dept(self):

return self._dept

Q@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: property 'dept' of 'Immutable' object has no setter
>>> 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. Tmproves speed. Reading instance variables is 35% faster with __slots__ (as measured with Python

3.10 on an Apple M1 processor).

5. 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
@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.
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https://en.wikipedia.org/wiki/Flyweight_pattern

__slots__ I CHERCEHE 7 AL, A7 27 FOXEVREGHTI2LERZH 5720, ¥a7y
Python N—Y a Y RER T2 I IZTEEHA, LML, 774 X—1+D __slotvalues VA +EH-oTC
HEROZ2ey FRIZIFERCTI 2L - T332 TEET, 20774 R— F REEEANDFAEEIZX

XUN=—DTAZ ) TR TEBINE T,

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
if obj is Nonme:
return self
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/7r} of {self.clsname/7/>'

type.__new__() XV v RIZ7 FRAEHADA U AN=F 727 OBMEZUHEL F 3,

class Type(type):

'Simulate how the type metaclass adds member objects for slots'

def __new__(mcls, clsname, bases, mapping, **kwargs):
'"Emulate 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)

24

(RDR=V1Hi <)




return type.__new__(mcls, clsname, bases, mapping, **kwargs)

(RIDR=I D5 DR E)

object.__new__() XYV v FiZ4 YAX Y AFEDRDODIZAR Y b EFFOAL VARV ZADERDOUIEE L

T3, BBE-EICY 27 Python TOY I 2l —ya vy Liza—F»RIH556TT,

class Object:

'Simulate how object.__new__() allocates memory for __slots__'

def __new__(cls, *args, **kwargs):
'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'{cls.__name__/!7} 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'{cls.__name__/!r} object has no attribute {name/7}'
)

super () . __delattr__(name)

FHBEDI FATYIal—yarya— REFAT5IE. Object ZREA L. metaclass % Type IZL ¥F,

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

CORFETIEXR AT 28 yDRAYAN—F TV eun—FLET,

>>> from pprint import pp
>>> pp(dict(vars(H)))

{'__module__': '__main__',

25
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(RIDR=I D5 DR E)
' __doc__"': 'Instance variables stored in slots',
'slot_names': ['x', 'y'],
' ': <function H.__init__ at 0x7fb5d302f9d0>,
x': <Member 'x' of 'H'>,

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

_init__

A VAR ADBMER I NS &, BRSNS slot_values DY R ME A VARV ADBMBE L £9:

>>> h = H(10, 20)

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

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

ARV I AR, K7V A OBEIEHINEER L T,

>>> h.xz

Traceback (most recent call last):

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