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FRZV IR BfiS5 v, A7V 27 FOBEMME, (#1E. HIBREIRZ<A XTEET,
AKHA RZ 420 KEH»PSHEXNTOET,

1) B0 TAM) TREROBNZ LT, Y IARBIPSLLTOMREFPFLTCVEET, LTR
ZVTRIZHNDZDPUDTOHIIEIIILLFATVEEL & d,

2) 220HO® 7> a vy TR ERTHERENZT AV FRZOY Y ILEMALET, BLTRAZ Y S XDHE
AREHREL TWEDTHIUR, ZIHhOAHDTHRVTL & I,

3) 3B/BHDE 7> a YR EOWHEIHNARF 2 — I TAEEBEL T, TRZVIEDBEDEIBRRAH =X LT
FELTOVW2D00 2N LET. ZLOAEIDOLLVOBRIIAETL & 5,

4) RO 7> avid C TEIrNLMBRALDTAZ Y T X% Y a7 Python THEBT 2 Hik%
MNALET, 2072 arPBoL5ICHBBPEMEXY v NIZk 5 DH, classmethod() %

staticmethod(), slots 2V o lm—RY —ILDOEENY D X 5127 > TW B DB E
FolbiATL ZE W,
1 AP

ZDAMTIE, BB ERBNRZE ZA00BL. FILLERE—DOFTOBNMLTVWEET,

1.1 S FNEH: ERERITRIVTE

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

ZDTFAIZY S RE[ESIEIMD Y S RADT 57 AEHR LTREFLET:



class A:
x =5 # Regular class attridbute

y = Ten() # Descriptor instance

AVESIIT 4Ty TavikFoT, BEDOBMNLY 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, 1013V TF~> FIZE
BXNhFET,

ZOHYINE, SUTNRTRAZYTIEBED XS ICHIET 2 0EHHT 27200 DTN, EHNTIE
HHERA, EBERTEHE, BEOBLY 722D THBEWTL & 9,

RDOXr>arTE, KOERNZENELY 77y TEERLET,

1.2 BMNRILYITvS

BICERZET I, RICHPUHZFETT 27 R2 Y FRZOTRHEHBEVTL & 9.

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

ARSI T4 7y yaryTRELSIC, TORKRBHPYTY, FITTLERLZREZITV. BREZEZD
HFEhE T,

>>> s = Directory('songs')

>>> g = Directory('games')

(RDR=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 EITS 2T TIERL, __get__ ) D5IEOEBNB L
TWET, self 8T X —RIX size T, DirectorySize DA Y ARV ATT, obj T A—RIT g s ol
Directory DA Y AR Y ATF, 0bj I2ED. __get__O) IFE—=7 v FOT 4 L7 M) ZHINET, objtype 23
7 X —&I% Directory 7 7 A T3,

1.3 EEIniEM

FARAZ Y FRTIEL FELNDZHBPA VARV ADT—ZADT7 7L ADEBTYT, ZOTAZ VY TFRIZT
AFEDRTY v 7 REHEICEID Y ToNETH, EEOT —XEA YRRV AFHED T I 4 R— M REMHIC
BRIFLET, RTV v IRTIVEAPTONDEE, TRAIZUTRD __get__ (O & __set__() XV v K»E
TENET,

ZDYH Y TNTIE age 1387V v ZRBHET. _age 13774 R=1MREWETT, TV v I REENRT 7 E
RAEND L, TRV T RNy 77y FTREHROu 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 aYORRTRTO,RZ L5112, BEHINWLBIED age D1 7 HIIHTHIE T,
D

BEOEMD 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 INVEEIRELRBERDD £F, 74 X— MRAFID __age B LoggedAgeAccess 7 7 ADH
TA=Ra—=FENTVET, 20D, YDA YRAXYAb 1DLrloa /I EBENEnT. 4
HIZZEETEEHA, ROV FILTIOMERERLTHEET,

1.4 BEIODHREZIAX

TIAMTRAIZ Y FEE2HES L EIZ, ZIRABFNREFNDTAZ Y FRICED KD RERLZ/ES 2 @Al
%9,

Z DY Y FINVTIE Person 7 7 R, name & age E\WVWD 2DODT ATV T RA VAR A EFFoTWET,
Person WEZE XN S &, LoggedAccess ® __set_name__() ICT—NANw 7 %{T570, 74—V FHERL
RTEET, ThZ2hoT 227 ) FXIZ, 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

(KDR=I1Z%iL)
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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 IT 47y ary LTI L, Person 7 7 D __set_name__() ZFEURHIL., 7 4 — L FADE
BEINBZ BT BTL &I, vars() BFEAT, TAZ VT REZEFHLAEWTTRAZ Y FXERE L TA
FL &I,

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

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

FLWT 7 2% name & age DMAFTRZEZHILET,

>>> 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

29250 Person DA VARXYRAIE, TT7AR—-PELPEEFLTOERA,

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

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




1.5 F&&

_get__O . _set__ O, HBWVWI __delete__ () AV Y FEERLLZDOLOEATI =7 WA, FAD
descriptor ¥ FERD DT,

ZAUTEMLT, A2V FRIE __set_ name__ () XV FEROZILDITEET, ZOX Yy FiEk, TR
TYUTENHREEIND I FRA, HEZWVETHA U ENT 7 2AER N RERH 2 GFCHEINET, b
LIFELTVWRE, 729 ZADBTFRZY 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.

TRV TREZY 7 AEHE LTHH L7 SRETIELET, A VARV RCHRELTHHIRED D %
A,

FRZV TR, 7 IABH e LTHRNEATWAR A7V b3S LY 727y PHICHA T 3 2 L 2l
TEBZED, 772332 e T REFR—ar o TWVWET,

EHENCIE. FECH LD Z S 25, Ly 727y THIRET 2 e 2L CE T L. TRAZY FXIZ
ZOBFREHIRXE, BRINTWVWE T —XPMEICNATES LS ICLET,

TAZ VT RIFE, Python DX FXFRe IATHHEIATVES, Zhickb, BR3BEE 1~
ARV AWCRBEI N2 A Y v RiZk D 3, classmethod(), staticmethod(), property() ,:func:func-
tools.cached_property £\ o 7oy =L b FTRT, TAZ VPR LTEEINTVET,

2 RENGEY T

ZOY Y INTIE, BAPED THELWT — X BN ZRET 2 DIICHIHTEER, BN TR 717y —
LEBALE T,

21 NUF—=2UF X

NYF—RIERENTBINET 7 ADDDTRAZ ) FRTE, 7—X 2N 21T, H L WEHDE
BLTWS 2, HOHMHRICES L TWa2r2MAE L £ 3. & LHIRICEbRITII, fistzrtL. 7—
RPRIELIRREICI2 5 DI E T,

:class:Valicator’ 2  Z1& abstract base class TH D, BUEEMFTZ 7V 72 THHDH £,

from abc import ABC, abstractmethod

class Validator (ABC):

def __set_name__(self, owner, name):

self.private_name = '_' + name

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

(RDOR=I1%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 F—=REBERT 2121F Valicator ZMA L, validate() XV v FEMEM L THEIWZIGL TX
FXERFRIDOMEE R TV E T,

2.2 ARZLN)T—4

ZITE3DDEBNLEAN)F—2arDa—F4 VT2 OV IAEREBNLET,
1) OneOf IFHIR X NIAEHOREICEENZHIE D R MEEL 3,

2) Number |3{E7% int: B :class: float Y IDEMIEL $3, 47> a T, EIMEE S LR
HERAKMEICE TN BMALL 7,

3) String I3MHED :calss:‘str* DESIPMILL T, 47> ay T, EESNLERD. BROEZ DML
PLET, 2P —FEHRD G MIEDITZE 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=I1%i <)



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

(RIDR=I D5 DREE)

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 RBENBRTTVTr—>3Y

RDA— REEBED Y 5 ATT—EZANY F—REM[H S HFEDOY Y IILTT,

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

INHDTARZY) 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 R GFa—rUTI

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

3.1 #1&

FTAZNVTRDER, 7o baldd~<l— TRAZYTRERBED XS THFHINZ2DHH, OR v v
R=DEDESCEET200H > ILEIRLET,

FTRZYFRIZDOVWTERZILIZED, LWy —ibty b2HEZ 2 L5127 257213 TH L, Python OfLFH
AIZOWTD X Y IRWEENE LN E T,

3.2 ERCEA

—fRIZ. TRV TR, TARAZYV TR T A LVTERINZAY y FEROBMETST, 2OXY v R
iF. __get__ (O, __set__Q, BXU __delete__() TT, ZNBHDAY vy FOWTIDIH, 77 MIC
ERINTOWIUE, ZRETAZ ) TR EEEENE T,

BT 722D FT 7 40 s OIREB NG, A7V 27 b OFEORBEORIIT, FE. HIFRTT, HlZiX a.x &,
3 a.__dict__['x']. #1125 type(a).__dict__['x']. T 5IT type(a) DX Y v FEHERIEFIZHE -
F2EORDZBEBALHBHLE T, RO oED. TRAIZVTEZAXYy FROWTHILEERLTVEIA T
7 b5, Python 132077 3V FORZEFVWEL—N—=F4 FL, RODITRAIZVTFEZRXY v RERN
HUET, 2B OEBEIEN TITHhN 2, DT ATV TEZRXY v RBERINTVEPITKD 73,

FTRZVTRIX, EhRR, ZENO v bal T, ZhUITRT 4, XYy R, BIXY Y R, 72X
Vv R, 2L T super() OBERICHZHEMTT, Python DWiz2 2 ZATHOALTVWES, TAZ Y TX
W, HEpcHs C a—F2EZICL. BHD Python 70275 412, FMLHF LY —LEEZHRAL 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 FOWThrEERTIUE, A7V 27 MNITRIZV TR A3, TR
ENEBEDOT 7V NORBBVWEF—N—F 4 RTEZ T,

HBATVx7 bW __set__() & __delete__() DHMAZERLTWH, ZHET—XTRZYTXL
BREINET, __get__O) BUIEZERBLTVWETRZ Y FXIE, T TRV TR INET (Zhd
BELRAYy Fifibi g 30, foEvgsHkET),

T—=RTAI VT REFET—RTRAIZ V) TRTE A —N=F 4 FPA VAR ZAOFEDTY MV IBILT
YOESCHEINZDDBREDET, A VARV ADHEIL, TR FRAZ ) FRFAXDEHE DL,
F—RTFTRAIV T ROFPELEINE T, {1 VARV RADEEIZ, IET—RTRA7 ) TX e RIGOHEERHN
X, HHEOHBHO S PEREINE T,

HAHLEHOT =X TRV T2 2EH12E. __get__ O & __set__() ODMAZEFEL. __set__O M
MO X7z 2 =12 AttributeError 2EHIN D LI LT X W, I EEE TS __set__ () XV v
FE 7L —ARNVZ LTERETUI, 7—XTR7Y FRIZTEDITTIHTE,

3.4 TRV TEFVH LOBE

desc.__get__(obj) X desc.__get__(None, cls) 2ffi5 TRV ) FXZBEHEFUOHT I N TEET,
LA L. BEE7 72 X0BRICHEBFECHE XN 200, — &R TFZA 7Y FROMUH LAETT,

K obj.x I obj DARIEMDF = = OHFTEME x ZHERLET, dL. Z2OBRROOI v Z7OHT, [~
ARVAD __dict__ OHNTT AV T EZERDI 756, BREAL—ILDY X PDY R MIE->T, ZDT R
ZV7RD meth:*_ get * XYy FBFFFHINET,

MOV L OFERINE, obj D34 TP =2 b T 5 AD, super DA Y ARV ADITHKRD F5,

35 1VRABZADSDREUHL

HHIZEEDF =z — Y DR TITONEA VARV AN I 7 9 T TR, T—RTAZ ) T RPRELT, KA
VAR YVAER, EDRIZ) VTR TRV TR 7 TRER REBECFEELLS __getattr__() 23X
nE9,

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

Fy MZ&kBLy 27y 7DuY vy 713 object.__getattribute__() OHFTIThbNE3, Y27 Python
TRULFMABZa Y v 71 3ROMEH 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 5DUHL

Ax DX Ry Veffiolely 27 v 70BY Y 713 type.__getattribute__() OHIZHDH EF, B
P I DRAT v Tl object.__getattribute__() ETWETY, A YRRV AFEDLY I T v Tk
Z A ® method resolution order Z# U 7zHRBRE E X 5N TWVWET,

a.x KNTBTRIVTEBPAOP 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 'S OHEUH L
super D Ky b 2o/l 77 v 7 super() DViRTATY 27 +D __getattribute__() XY v KD
HFTiTbRE T,

super(A, obj) . m DEXSKR KNy b 2oLy 77 v i obj.__class__.__mro__ ZHEL T, A DE
MO 7 ABEFIHL, B.__dict__['m'].__get__(obj, A) ZRLET, dLTRZ Y FXTRIZ
m %ﬁ%%f&:ﬁbij—o

SE7% C 58T & 552351 Objects/typeobject.c DH D super_getattro() OHIZHH F£F, Fffikt =
7 Python #EZ#EZ Guido DF 22—+ 7L TROLNF T,

3.8 EyHLOS v IDF LY
TAZ N FRDRAFH =X LIZ, object | type « super() @ __getattribute__() XV v FOHIZHAIAF
nTVET,
A TBIAREEER A
o TAZYTRIE __getattribute__() XV v FIZXo THUHII 3
o 7 I AXT D% object . type . super() b HMET B

o IRTDTFTRIZYFEDUY v 7H __getattribute__() KH B2, ZDXYV v Rt —nN—54
FF2t. IRTOHEBNRTRAZ VY 7 ZIECH Lidflsh 2

e object.__getattribute__() ¥ type.__getattribute__() & __get__ () DOFFUH LA ER
bo HIEFA VAR VRAEBELLAY Yy F2EL, BEWEFA VAR AL LT None 2L, 77X
WFEICHEINS

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

o IETF—RTRIVTRE, A VAR VAFHEIIF N FENDI DS

3.9 BFNDRAFDEE

TARAZV TR 5T, BARTHA Y ENE T FRAEBGPRD W eDBHDF T, LW I AMRES
N2, type XX FZRAFHLVWI FADHEE A Xy Y LET, bL. BRENTAZY TRT, BB»D
_set_name__() XYV v FEF-TWEHE, DAY v FiZ2 00584 > THRUEEINE T, owner
TRV TRBMEREINTZ T T, name ZT A2V TEBTH A Y EINT T 7 ABEROELHITTT,

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

FHOT T v 213 type. _new__ () IH D, BHNZZ I ZERO XA IV 22 LhdD FHA, BLFRY
DT RDEH S 2 T A I NS AE. _ set_name__ () ZFBHTHUHTLENHZTL & 5,
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3.10 ORM 0t > 7L
RDa—FKid, OR~Y v V7 OFEBIF—XFRA7 Y FEPFHATEZZ BRI DD, > bl
ATVt ra—FKTd,

BEANREZTTNE, T—XPNED T —ERXR=RIRFT S Z 2 TT, Python f Y AX U RIZ, T —&R—
ADT—=TNNDF—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—ZADT—TINITEDAF—<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

ETAVEMMAT2ICEET T — XA L £

>>> import sqlite3

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

RDA VRS IT 4Ty arTliE, 7T—ER—ALLDF—XOEEY, EHTEERLTVET,

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

'George Lucas'

(RDOR=I1%i )
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https://ja.wikipedia.org/wiki/%E3%82%AA%E3%83%96%E3%82%B8%E3%82%A7%E3%82%AF%E3%83%88%E9%96%A2%E4%BF%82%E3%83%9E%E3%83%83%E3%83%94%E3%83%B3%E3%82%B0
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 DREE)

>>> 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 DR
Zo7a FaVFBEMTTRS, VU T AAEEEDMOTVET, 225 —X0HI2iE, HFEHI—KRY

HROTHAAARGEINENZDDB DD ET, a7 4, FEOXY v R, FHIXY v K, 77 ZAXY v F,
~slots . £ TFRZYUTSRZRTa barizEonwTnET,

4.1 7ONT~+

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

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

CORFaXY TR BEIN-BYE x 2ESET 2N REREEZRLET:

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

TAZ Y T ROEMD? S property() HED XS WCEEINTWE 0% R 572012, i’z Python iRz 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

(RDOR=I1%i )
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(RIDR=I D5 DREE)

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 =2 \DEMET 7 ABEZ 5N, HlEENAY v
FONMAERERT S & 2 IBIBET,

BlZIE, A7y F¥—1F27 5 A, Cell('b10') .value TEADEEIBTEZ L LET, MIREICE
D, a7 L0877 ADECELNDOHEFNREZT IR ERLE L, Ll s s<id, 20EHI
E%7 v AT EDIIA4 7 ba—RIEELEZ DY ERA, ZORRKIX, property 7 —&
TRAZ) FENMEREANDT 7R % Ty F$5 28T

class Cell:

@property

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

return self._value

HAAAD property() . TD Property() b, ZOV Y FILDOHTHL LS IHATEET,
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4.2 AV YR
Python O 7' = 7 MgmskeEid. BABICE S BEO FIclBExhThE T, T —X 7RIV T7&%
fioT, 2D 22F>—LLRAHAEDLEINTVWE T,

7 o AFFEITHIN S N2 BIRNE. FEATRRIC A YV y RIZEB XN T, XV y FeEEOBBIEA 7227 b
A VRRYADPMMDF EE D BENCTEXNZ S TRERZD 5, BETIIA VAKXV R self £\ 4H]
DHEDIE T, this PHOERLIHZET,

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

XYy FOHBERZ Y R— 32512 BEEHL, BE7 278X TX Yy FORBICHHZIR 2
_get__O XYy FZEBMLES, ZhE2FED, OB Ry P77 RENe 2B Y v
FERRFTIIET—X TRV TR THLI2BERLET, ROXSTEFL %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%A R TY)22RET 2, ZOBBT A2V FEXPEFCESEBLIreRoNET:

class D:
def f(self, x):

return x

ZOBBUEA Y v R ARY Y a Y EYR— T 37%DIT qualified name HFF o TWET,

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

7 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__ ) WHUCHLETY, ZhIEICHI2EMELEEEITITGRLET,

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

AVARVARKLTR Yy v 727222 T3 HAVENEEZLES, Ry by Z 7y ik, @AY v F
A7l bEIRT __get__ () ZMUHLET,

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

WEETIE, F XY v FidA Y PV 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 . ZFAXY v FD cls IR DB > TWBE ALV 2 LT
b, TN ZEDEZIKRD T !

4.3 XV v RDOEE

T =R TFRZ ) TRE, BB XYy FICHIES 5, BREO—RIZL 2 — 12, Bl e Rt L £9,

FeHpe BT __get__ O XYy FERB BHELLTT 7RI E XYy NITEfShET, 2
DIFT =R T 4 R2 ) FRIZ, obj.f(xargs) DIFUFHI L% £(obj, *args) WAL %3, cls.f(*args)
IS L f(*args) 172D 3,

ZOF v — NI, HEr, 202 00BREAERREEE LD TVET:

i FT2z U CHSBUHENS | VSZADSHUHIND
BE%K f(obj, *args) f(*args)

FIX Y w R f(*args) f(*args)

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

FIX Y v FiZ, TICHh2BEMEZDFEFIRLET, c.f  C.f IX, object.__getattribute__(c, "f")
X object.__getattribute__(C, "f") P EHHERITZDLHLTI, MR LT, BE#EIA 7Yz b
TIAMBEILESICT 7R TEERT,

BHIX Yy FIZT 2 BVDIX, self ZEADZRBER WX Y v FTT,

B2, HEt Sy =2, ERT—ZDaVTIFhRH2 LET, 207 F7RIE, FE, X7V, Zofih
D, T—RIAR DD ZFHH T 2FEX Y v FRRELET, LarL, & LEBEFRID - TH, 7=
BIIFES WV X S RER LB HD 5, HlRIE, erf (x) IIMET LOERLZEHL —F > T2, K
EDT =Xty MIEHIZEKEFELEEA, ZHUI ATV 27 MO TH I IADLTHRINEET:
s.erf(1.5) --> .9332 7/zlF Sample.erf(1.5) --> .9332,

XY v AT H M8 20 FFETDOT, WEHLOFNIHHL HD £HA:

class E:
@staticmethod
def f(x):

return x * 10

>>> E.f(3)
30

>>> E().£(3)
30

JEF—&F27YTFExTa banrzfS e, pure Python Bi® staticmethod() ZLLTFD X512k 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 YR

B Y v FEZEST, 77 XX Yy FEEBENCHTRENICY 7 AZR2518V X M OBICMA X5,
ZD7 ==y MI, BMOHLILAA TS 27 P THZ FATHRLTT:

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

return cls._ _name__, X

20




>>> F.£(3)

('F', 3)
>>> F().£(3)
('F', 3)

COIRBEENE, BT FASROABENEL L, FEDA Y AR Y RAIMRFEE NI T = ZITKEL RV E
ZIMEATS, 7 7AXY y FOFWHTO—21F, RODDIIFRavA 77 &2%1E5 2 TY, BRI
75 ARXY v K dict.fromkeys ) EHLWEHEEZF—DV X b SERL T35, FfiZz pure Python hi:

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—2FOMLOEENDTO 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—F2RI7 YV TFETa barkfiorz, 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 32— KX X Python 3.9 TEM X Nz »iF T,
classmethod() NF =z — Y INT AL —XB IR —bABEICED F Lz, BIZE. 77RXY v Re
a7 4 2 —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—FTPxU b __slots___

75 AN __slots__ BERTDI L. A VARV ADOHEINEEEHDO AT Yy FOEORY» BEz o E
T, - —DHBENPLAZ L, 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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(RIDR=I D5 DREE)

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 CHERICERE 7 7EAL, 7927 bOXEVEEZGIHTI2HERDZ27-0, a7y
Python XN—=Y a2 VZERT 22X TEERA, L2L., 774 X—bD __slotvalues VA M2ffioTC
Mg R Ty PRIFTEEICZIaL— T3 3TEET, ZOT 74 R— M REERANDFTAE X3
AYN—DFTRAZ ) TRZEX 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

(RDOR=I1%i )
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(RIDR=I D5 DREE)

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 RIZ7 FRAEEADA Y AN=F T 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 FIEA Y ARV AFHEDRDODIZAB Y F2HFDOA VAR Y ZAOEROUEZ L
9, BBXEIC¥ 27 Python TOY I 2l —>a v L7a—FRIE5 T,

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=I1ZFi <)
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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 kA L. metaclass % Type ICL ¥ 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

CORRTIEAZI IR 2 8 y DAYN=FTI 7 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 ., BHIEFH XN S slot_values DY R M2 A Y AX VAR L 9

>>> h = H(10, 20)

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

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

Zr LI AR, RTHA ORI EEHL T,

>>> h.xz

Traceback (most recent call last):

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