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XIN=FTSTo e  slots

*

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%
HALET, 207> arPro k5B ERX Y v NIZR 25 DH, classmethod() %
staticmethod(), property(),  slots  Wole—RY —LDEEBED LI ITHR-TWND

DB Z R o 7e HFHA T E W,

1 AFq

ZDAMTIE, BB ERBNRZE ZA00BL. FILLERE—DOFTOBNMLTVWEET,

1.1 S FNEH: ERERITRIVTE

Ten 7 RGTAIZVTRT, ZD __get__() XV v FIZFEICERD 10 ZRLF T,

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

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

a.x BYLVY 77y FITREFy MERTHZ 7 AFHEDOTLS 'x': 5 Z2HOU % T, a.y vy 27y TR
Fyo MEEFIX __get__ XV Y REROTRAIVTRXAL VRAXVAZRIRELES, 20X Y v FERESHT
.10 ZRLET,

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,

TARAZVITREEEOLYy 77 v TR Fy PHEAEFRI LI THRUH I E T,
vars(some_class) [descriptor_name] WO H X HFIC Ko THIENICT A2V 2877 RAE1 3
L TRV T REFITT DB, TAZ YV TRDA VARV ARRINET,

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,

TR Y T RiE, Python DX FXERe ZATHHINTVWET, ZAckb, BER2BH80E 1R
2RI NT XY v FIZk D F£3, classmethod(), staticmethod(), property(), functools.
cached_property() ¥Wo7Y—dFRT, 7RAZ VSR LTEEINATVET,

2 RENGEY T

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

21 NUF—2U5 2R

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,

Validator 27 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):

(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 LAY F =R EBERT 2121F Validator ZMA L, validate() XV v FEMEMR 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 X fliA% int % float DY I EMALL £ 5, 4 7> a ¥ T, EIHEE I N7 R/IME L RAME
CEENDZLOMELLE T,

3) String MHED str HEIHPMIALL £ T, A 7> a3 T, FHESI WD RRKORIOWMEEL L %
T -V —ERD ih BEEBITA 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

—fRIC, TRZVTRIZ, TRZYV TR T alLTERINEZXY vy FEFEODBMHETYT, 2OXY v R
iF. __get__ (O, __set__Q, BXU __delete__() TT, ZNBHDAY vy FOWTIDIH, 77 MIC
ERINTHIUR, 2T TAZ VTR eENE 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,

R obj.x I obj ODEAEMOF 2 —> OFTEME x ZHRLET, dL. ZOMKRORI v ZOHFT, [~
ARVAD __dict__ OHNTT AV T EZERDI 756, BREAL—ILDY X PDY R MIE->T, ZDT R
JVTED __get__ () XYy FPEFHINET,

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,
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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 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 variable

raise AttributeError (name)

__getattribute__() ®a— FiZid __getattr__ () D7 v IO Z L IHE LT ZE WV, 2Dk, B
¥ __getattribute__() ZM-UH T, super().__getattribute__ THUHT ., __getattr__() 2°
SERITANA RRAEINET,

ZORbHHiT, __getattribute__() A% AttributeError ZFHH L7z TIT __getattr__() ZFFHTOD
F, Fy MEET L getattr() DEMETT, IhoHDonaTy ZIE3AAAS—ERIH e fbEh T ES:

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 XAD5DFUHL

AxDES5% Ny beffiolly 27y 70BY Y 713 type.__getattribute__() OHIZHDH EF, 1B
Yy ZDAT v 7% object.__getattribute__() EUTWVETH, 4 Y RXVRAFEEDLY 77 v 137
2 ZA® method resolution order ZH U 7R B X 5N TVET,

a.x WNTBTRIVTEBAODP o755, desc.__get__(None, A) EWHEKXTHUIHINET,

SER7% C FFBIC X 2522813 Objects/typeobject.c D7 7 4 LAD type_getattro() ¥ _PyType_Lookup()
13



https://github.com/python/cpython/tree/3.10/Objects/typeobject.c

DOHFIZHH FF,

3.7 super S DEFEVH L
super D Ky bZ2fio7zly 77 v 7 super() DIRTA T 27 MD __getattribute__() XY v KD
FTITbhET,

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

5427 C FEBIT X 2 % %X Objects/typeobject.c DH D super_getattro() OHICH D £3, Fffilit =
7 Python &% Guido DF 22—+ 7L TRLHNF T,

3.8 FUHLAODYIDFELD
TAZ N FRDRAH =X LI, object | type « super() @ __getattribute__() XV v FOHIZHAIAE
nTuEd,
A TBLIAREHEE AL
o TRIYFRIZ __getattribute__() XYV v RIZX->THRUIHENS
o 7 RZT DML object | type . super() 2 HMkET 3

o ITRTDFRAZYVTEZDOUY v 7H __getattribute__ () IXHDB/7HD, TDRXY v REF—N—F4
F¥22, IRTOEHFWRTZAZ Y ZRIECH LIZMHI XN 3

e object.__getattribute__() ¥ type.__getattribute__() & __get__ () OMEULHLANER
bo HIFIZA VAR VRAEBELAY v F2al, BRERZA Y AX AL LT None 2L, 77X
HEIEINS

o« FT—RFRAIZYTFRIZ, BFA VAR VAHEERF—N—F4 FT 3

o ETF—XTFTRAIVTRIIF, A VAR VAHEIIT—N=F4 RENDZ DD

3.9 HHNDARIDILE

TARAZV TR 5T, BARTHA Y ENE 7 FRAEBEPRD W eBHDET, LWy I AMRES
N3, type XX FZRAFH LW FADFHEERA Xy Y LET, bL. BRNTAZYTRT, BB»D
__set_name__() XV v FEFoTWBLHE, ZOXY v FlZ 2 0058 %E > THOEHEINE T, owner
TRV TEPEREINTZ T RAT, name ZT ATV TFEBTH A Y ENT0 7 ZABERDELRITTT,

SEA7 C FEBIT & 2 FE2EE Objects/typeobject.c D7 7 £ )LAD type_new() & set_names() OHIZH
DET,

14
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https://github.com/python/cpython/tree/3.10/Objects/typeobject.c

FHorY vy 7% type.__new__O) IZH D, BENXZ 7 RERDEXA IV I LpHHERA, DLTARY
U FEPENS T T RBIMENZ5E1E. __set_name_ () ZFENTHRIHITHENHZTL & 9,

3.10 ORM o> 7L
UToa—F ik, #7927 MR~y B Y7 2RETIDICT—XT 4 A7V TFREHS FiEER L, i
X n7=B8Td,

HARWEEZ T, T —RPNEBD T — XX —=RIFET 5 Z 2 TF, Python £ YA X Y RIE, T—XR—
ADT —=TNAANDF—DAERELET, TRIZVTEZPILy 77y FREHEZLET,

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.keyl).fetchone() [0]

def __set__(self, obj, value):
conn.execute(self.store, [value, obj.keyl)

conn.commit ()

Field 79 XA %o T, T—RXR—ZADT—IN T DRAF—<®2HHETE-00 7L ZERLFT,

class Movie:
table = 'Movies' # Table name
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

ETAEFEHTICEET T —E2R—AER L 3

>>> import sqlite3

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

15



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

RDAVRTTT 4Ty ayTRE T—ER=—ADLDT—ZOHIG . BHHTEZRLTVWET,

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

'George Lucas'

>>> 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 £ 27 Python DZ{HRE
Zo7a Fa)VFBEMTTRS, VU TAAEEEDMOTVET, 225 —X0HI2iE. HE D IR

BOTHAAAIZEBMEINZdDHDET, T4, HEDAYV v R, BXY v R, 77XV v R,
~ slots . £ TTFRZYUTRTa baricEonwTnE T,

4.1 7ONT+

property() ZMUHT I T, BEAT 7 X T2 BEBOMUIHLEZIIZRIT. T—2TRAIV &%
RICHALTONE T, 72 F ¥ ETHTT:

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

CORFaxXy TR BHINWENE x 2ERT IR EHEZRLET:

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

TRV T XDEMD S property() B DK I ICEEXINTWEH %R 57Dz, FifiZz Python % Z
IEITET:

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:

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

def

def

def __

def

def

def

def

doc = fget._ _doc__

self._ _doc__ = doc

self._name = ''

__set_name__(self, owner, name):

self._name = name

__get__(self, obj, objtype=None):
if obj is None:
return self

if self.fget is Nonme:

raise AttributeError (f'unreadable attribute {self._name/')

return self.fget(obj)

set__(self, obj, value):

if self.fset is None:

raise AttributeError(f"can't set attribute {self._name /")

self.fset(obj, value)

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

raise AttributeError(f'"can't delete attribute {self._name/}")

self.fdel(obj)

getter(self, fget):

prop = type(self) (fget, self.fset, self.fdel, self._ _doc_

prop._name = self._name

return prop

setter(self, fset):

prop = type(self) (self.fget, fset, self.fdel, self.__doc_

prop._name = self._name

return prop

deleter(self, fdel):

prop = type(self) (self.fget, self.fset, fdel, self._ _doc_

prop._name = self._name

return prop

)

)

)

HAIABD property () BRI, 2—H A VX =T 2 —ANDENET 7 EANEZ N, HEEBXY v
FONMAEERT S & ZIHIBFET,

BlzE, A7y F¥— 1275 2%, Cell('b10') . .value THADEERBETEZ L LET, HKBIZE
D, TR ITLNRT7 7 EADEICEVOFEFNER T2 RERLE L, LrLTurI<idk, ZoREMIC
BT 72 RTE2MEDI F7A 7 ba—RICEEEE5A DD EEA. ZOMRIKIE. property 7—X
TR FRNMEBEAD T 7R % Ty TT5ZTT:

class Cell:

17
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(RIDR=I D5 DREE)

@property

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

return self._value

HAAAD property() . TD Property() b, TOV Y FLDHTHL LS IKHATEET,

4.2 BB AV YR
Python ®A 7Y = 7 MEFASREIX, BIBUCH SO RED LICHRIhTVES, IET—XTR7 V) SX%
foT, 2D 220F—LLRAHAEDLEINTVWE T,

7T AFFEITHIN S N2 BIRNE. FEATRRIC A Y v RIZEBEINE T, XV y FeEEOBBIEA 727 b
AVRRYADPMMDFEE D BENCTEXNZ SR TRERZD T, BETIIA VAKXV R self £\ 40
DEDIE T, this PHOERLIFZ T,

XYy FiE, EERDa— K e A%4 types.MethodType 2 {H X IXFEITHENLE 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)

AY vy FOHEERZ K- 51 BEEEHL, BET7 272X TXY v FOFGIHAH IS
_get__O XYy FZEBMLES, ZhE2FED, ZOMBE Ry 7 7RSI ZXRBEINLAY v
FERRFTIIET—X TRV TR THLI e ZERLET, ROXSEEFL %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)

RDYGA%BA VR TR BRI TZL, ZOBEBTAIZ) IEAREBRICESBL rERONET:

class D:
def f(self, x):

(RDOR=I1%i )
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(FiDR— 25 D %)

return x

ZOBEIIA Y bR ARSI Y 3 v EYR— F T E72DIC qualified name HFFo TOWE T,

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

I AFHEZBUTHBICTY 78X 52, __get__ (O BFEITSNERA, ZDRD, BZHHEBA TV =
7 e ZDEFRLET,

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

JIADRy T 7RRE __get__ () BMFHLETH, ChDRIZHIBBELZHEETITELET,

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

AVARYZAIHLTRY b7 2702232 b HAVEEZLES, Fy bOLy 27y FiE FlXY v R
FT7Ix27 beIET __get__ (O ZMUHLET,

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

MERTIE, HEX Y v RIZA VO F LB fllX /-4 VARV A2 L TVE T,

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

>>> d.f. self
<__main__.D object at 0x1012e1£98>

L. WHEDAY Y FD self . Z7FAXY Y FD cls B IHRZDEMICE TR AP VWEE L
b, TN ZEDEZIWIEDFT !

4.3 XYy RDEE

T —=RFR2 ) F2IF BB Y Yy FICHET 25, BRO—RIYR SR — 02, Bl zRt L 9.

Fro5e BIE __get__ O XAV FZ2HEB BHE LT 7RI NLLE AV y RIZEBENET, Z
DIEF =R T 4 A7) FRIZ, obj.f(xargs) O L% f(obj, *args) ITZHL 3, cls.f(xargs)
EFEH T & f(xargs) XD £,

ZDFv— M, Ty, 202 00B LA EAEEERELDTVET:
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it ATz MHSRUHEINS | V5ZADSHEUHIND
ESE f(obj, *args) f(*args)

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

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

4.4 BBRIXY v R

FRUX Y v Flid, TRHI2BBEZFDEERLET, c.f % C.f Id, object.__getattribute__(c, "f")
X object.__getattribute__(C, "f") ZEHZEFERITI2DLFEULTT, MR LT, BHBIIA T = b
I AnBELEICT 7 EATEZT,

HIIX Yy FIZT 2 RBVODIX, self ZBEADSBER WX Y v F T,

Bl ZE, BEty =1L, ERT—20aYTFRH2 LET, D7 7RIE FH, X7V, Zofh
D, T—=RIRZELBREI 2 AT 2IFEX Y v FREHLET, LrL. MR LE3BEGRSH - TH, 77—
KIS RN K S REMRZEKD DD £5, BRI erf(x) FHEF LOEMBREHAL—F > TIT, K
EDT =Rty MCEHEZRRELEEA, T, A7V 27 b6 TH 7 7ANLTHIFTHE ET:
s.erf(1.5) --> .9332 /:l% Sample.erf(1.5) --> .9332,

XY v NI T H B2 20 E%ETOT, BMEHLOFNIEHHL HD FHA:

class E:
@staticmethod
def f(x):

return x * 10

>>> E.f(3)
30

>>> EQ).£(3)
30

JEF—&F2 7Y TFExTa barEf> e, pure Python D staticmethod() I TFD X512k bh %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

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

return self.f(xargs, **kwds)

20




4.5 VS5AXY YR

FIX Y v FRIEE-> T, 77 AXY v FIZERENCH SRS 2 ASBEFIBY A FOLFICMZ 3,
ZD7x—<v M, MUK LKA TP 27 v TH I I RATHRELTY:

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

return cls.__name__, X

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

>>> F().£(3)
('F', 3)

ZDIRBFRNE, BB T RABBOAENE Y L, FHEDA VAR AR FINT—XIKFE LRV e
EWEHTT, 77AXY v FOFEWHD—DF, ROODIIZRavy A7 72 %E2Z2 TS, HlZiZ.
75 AXY v K dict.fromkeys ) 3L WVWEHELF—D VXA M2 SAERL £9, Ffi7L pure Python iRid:

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

return d

INT—ERF—2FHOMLOEENDTO XS IR TE 3!

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

True

>>> d

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

EF—FRI7YTFETa barzfo7z, classmethod() ® pure Python HRiZZ D XS5k bh £5

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

def __init__(self, £f):
self.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, cls)
return MethodType(self.f, cls)

21




hasattr(type(self.f), '__get__') ~"®D 2 — F XX ) Python 3.9 THEMX N7 BhIF T
classmethod() DF =z — Y ENZT AL —XBIR— MR D FE Lz, BIZIE. 7 7RXY v ReE
a7 4 TR T,

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

return f'A doc for {cls.__name__/7}'

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

4.6 AN—FTT U k¥ __slots__

7 AM __slots__ ZERT DL, A VARV ZADEENEEBED AT v P OEOEY B ERZ 5N F
T -V —DHENLADZ L. W OPDZEHRDD £,

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') # 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

@property
def name(self): # Read-only descriptor

return self._name

22




>>> 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):

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. Improves 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.

__slots__ X CHEERICEE 7 7 A L, A7 27 bOXEVIHEREHIET 208 BH 2720, a7
Python N—= a Y EER T2 28X TEEHA, L2L, 7794 XRX—1+D __slotvalues VA +&ffioTC
HiEhDORm Yy PZIKERECTI2L - TR TEET, ZDT 74 R— M aERNDFAE E X
AYN=DTRAZ ) TR EX o TEHREINET,

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

(RDOR=I1%i )
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https://en.wikipedia.org/wiki/Flyweight_pattern

(RIDR=I D5 DREE)

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 None:
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.__nevw__() XV v RIZ7 FRAEHADA U AN=F T2 7 v OBMEUHEL 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)

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

object.__new__() XYV v FI3A Y ARV AFEDNDDICAB Y P 2O VAR ZAOIERONHEZ L
T3, BBX-EICY 27 Python TOY I 2l —ya vy Liza—FRIH56TT,

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)

(RDR=I1ZFi <)

24




(RIDR=I D5 DREE)

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

super () . __delattr__(name)

EKEDZ FRATYIal—yarya— FEFHT3ICE, Object Z#AE L. metaclass % Type ICL F 35

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

ZORFERTIERXRR I TR 28 y DAY AN=FTI 7 beu—FLET,

>>> from pprint import pp
>>> pp(dict(vars(H)))
{'__module__': '__main__"',
'__doc__': 'Instance variables stored in slots',
'slot_names': ['x', 'y'],
'__init__': <function H.__init__ at 0x7£fb5d302£9d0>,
'x': <Member 'x' of 'H'>,
'y': <Member 'y' of 'H'>}

A VAR ADERE NS v, B RIFEN S slot_values DYV A+ EA VAR AR L T

>>> h = H(10, 20)
>>> vars(h)
{'_slotvalues': [10, 201}

(IKDR—=12Hi )

25



(FiDR— 25 D %)

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

ARIL I 2R, KTV AL VOB EEH L T,

>>> h.xz

Traceback (most recent call last):

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