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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%
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

ZDTFAIZN S RE[ESIEMD Y S RAD T 5 AER LTREFLET:



class A:
x =25 # Regular class attridbute

Ten() # Descriptor instance

<
]

AVESIIT 4Ty TavikFoT, BEDOBMNLY I 7y T, TAZVTRDNLY 77 v TDEVER
THEL X9,

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

5

>>> a.y # Descriptor lookup

10

a.x BYLVY 77y ITREFy MERTHZ 7 AFHEDTLS 'x': 5 Z2HOU % T, a.y vy 27 v TR
Fy MEEFIX __get__ XAV Y REROTRAIVTEXAL VAR VARG LES, 20X Y v FERESHT
.10 ZIRLET,

10137 7 RDEEILDH, A VARV ADFHELZHNINTVWERA, ZORDD, 10 13F VT~ FIZE
BXhFET,

ZOHYINE, SUTNRTRAZ)TIEBED XS ICHET 202HHT 27200 DT, EHNTIE
HHERA, EBERTHE, BEOBLY 722D THBEWTL & 9,

ROt arTE, KOERNZENELY 77y TEERLE T,

1.2 IMRILYIT 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

ARSI T4 7y yaryTRELSIC, ZORKRBHPYTY, FITTLICERLZFRZITV. BREZEZAD
HFEhE T,

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

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



(RIDR=I D5 DREE)

>>> 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 EIT S 2EFTiERL, __get__ () DF5IBOBEHNHRL
TWET, self 787 X —&IZ size T, DirectorySize DA Y ARV ATT, obj WTA—RIE g s EWVoz
Directory DA Y ARV ATT, obj IC& D, __get__ ) IFX—="v DT 4 L7 MY ZHINE T, objtype 3
Z X =&\ Directory 27 AT,

1.3 BB EM

TAZYTRTIEEONEHBENA VARV ADT = ZANDT 7L ADEMTT, ZOTAZVTRIZIZ
AFEDO AT ) v I RBEHICE DY TONE T, EBEOT —REIA VARV AFED T T 4 R— MrEMIC
BRFLET, RTV v IRTIVEAPTONDE Y, TRAIZVTRD __get__ () & __set__() XV v FPHE
TENET,

ZDV Y TINTIE age l3 TV v VBT, _age 377 AR—VREBEWTT, X7V v IREWERT 7k
2 ENBY, TARAZYTREINY 77 v TREHFOu M 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 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 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 INVEEIRELRMERDD £F, 774 X— MRAFD __age B LoggedAgeAccess 7 5 ADH
TA=Ra—=FENTVET, 20D, YDA YRAXYAS 1DLrlou /I EBESENT, 4
HIZZEETEEHA, ROV FILTIOMERERLTHEET,

1.4 BEIODHREZIAX

TIAMTRAIZ Y FERE2HES L EI, ZIRABFNREFNDTAZ Y FRIZED KD RERLZ/HS 2 @Al
%9,

Z DY Y SNV TIE Person 7 7 R, name & age E\WVWD 2DODT ATV T RA VAR A EFFoTWET,
Person WEZE XN S &, LoggedAccess ® __set_name__() ICT—NANy 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

(RDR—=T12HiL)




(RIDR=I D5 DREE)
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 ay ETHAIT L, Person 77 A __set_name__() ZFEUHIL, 74— F&DE
FENDZ BB TL & D, vars() AT, TRAZ VS REZERELBEWTTAZ Y T7EXEZRELTA
FL &9,

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

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

LT Z 21E name ¥ age WA TRZEZHALE T,

>>> pete = Person('Peter P', 10)
INFO:root:Updating 'name' to 'Peter P'
INFO:root:Updating 'age' to 10

>>> kate = Person('Catherine C', 20)
INFO:root:Updating 'name' to 'Catherine C'
INFO:root:Updating 'age' to 20

20D Person DA Y ARV RE, TI7AR— AL REBLTVWERA,

>>> 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—=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,

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):
(RDR=V ki)




(RIDR=I D5 DREE)

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 —RELERT 5121F Validator 2k L, validate() XYV v FER/ERL THEIZIH L TX
FXERFFIOMIEEITVE T,

2.2 ARZLN)T—H

ZITRIDOEREBMNAENYF—2a>DI—T4 VT4 DY TAEBNLET,
1) OneOf EHIR XN/ BEMOEEICEETNBHEL LI 2 EMFEL £ 7,

2) Number \3ME72Y int 7> float D E I D EMILL EF, 47> a T, EIEE S N H/IME L KB
CEENZLBMEEL £5,

3) String IXfEDS str PY S BRI L E T, + 7> 22T fEEShERN BAOEXORIE LT
Fo T—F RO M BEEBITRE T

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=D12HiL)



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

(RIDR=I D5 DREE)

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 T —RE[ S HFEDOY 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 I N DEFXE 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 BB Fa—FUTIL

INLBRIE TR TREDA =X LAREEDFHMICOWT, I 7 7=k Fa—1r Y7k
%9,

3.1 BIE

FAZNVTRDER, 7abarldd<l— FTRZYTEZBED IS ZHRFHEIA 202D, OR <~ v
R=BEDESIZHMET B 0DH > ILEERERLET,

FRAZYTFTRIZOWTERXNZLIZED, HILWY —ty b2EZ 2 X 51243713 TH <., Python O
ARZOVWTD XD FECEBENELNET,

3.2 EHRLEA

—fRIZ. TRAZYFRIZ, TRZYVFEZ T FaALVTERINEAY y FEEOBMEETST, 2OXY vy R
iF. __get__ (O, __set__Q, BXU __delete__() TTo ZNLDRXY vy FOWTIDH, 7V I
TERINTVIUEX, ZHUE TAZ V) 4% IR E T,

BT 7 2ZADT 7 4 s DORZ N, ATV 27 P OFHZORMEOIUST. BUE. HIFRTT, HlZIF a.x &,
¥3 a.__dict__['x']. 25 type(a) .__dict__['x']. EHIT type(a) DX Y v FEERIEFITHE -
X ORBERANCHEELE T, oD olr, 7RIV TEZXYy ROWTNLEERLTVWELT TV o
7 275, Python 3Z2DT7T 7 4V FOIREZ VW E A —N"—=F4 FL, RODIZTRAIZVTEZRAY v FEEN
HLUET, ZOHBEDOEFBEHIFEMTITDONEZ DI, EDTRIZY FEZXY v FAERIN TV BRI £3,

TARAZYIRE, Bk, ZENO SO aL Ty, ZUITEARAT 4 AV v R BIX Yy B, 75X
Yy R, ZLT super() OHERIZH ZHMTT, Python DW/z2 2 ZATHELATVWET, TAZ VY IR
i, BEERICHD C a—-F2iRICL, BHO Python 70277 212, FHEHLLY - REZRAL 25,

11




3.3 7R20727O0K30

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

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,

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__() ®a— FiCid __getattr__ () D7 v IV Z 2 ICHELTLZE WV, 2Dk, B
¥ __getattribute__() ZM-UH T, super().__getattribute__ THUHT &, __getattr__() 2°
SERITANA RRAEINET,

ZORbHHiT, __getattribute__() A% AttributeError ZFHH L7z T __getattr__() ZFSHTOD
F, Fy MEET L getattr() OEMETT, oYy ZE3AAAS—ERIZH FefbEh T Ed:

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 beffiolly 27y 70BY Y 713 type.__getattribute__() OHIZHDH EF, B
Yy ZDAT v 71X object.__getattribute__() EUTWVWETH, 41 VRXVRAFHEEDLY 77 v 130
Z A ® method resolution order ZH U 7R B X 5N TVET,

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

5ER7% C TOHEEL Objects/typeobject.c DHD:c:func: ltype_getattro & _PyType_Lookup() ZZEL T
13
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&NV,

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

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,

Se47 C TOEEHI Objects/typeobject.c DHD super_getattro() #ZM L TL 72X W\, #lift72 Python
TOM%ER 3 — Pl ‘Guido’s Tutorial <https://www.python.org/download/releases/2.2.3/descrintro/
#cooperation>_ ZZBIRLTLZX W,

3.8 FUyHLAYDYIDFESD
TAZ N TRZDRAH =X LIE. object . type . super() @ __getattribute__() XV v NOHIZHAIAE
NTVET,
EATBINEEEL ML
o TAZYTFRIE __getattribute__() XV v Ik THUHEN S
o 7RI T DOMEN% object . type . super() »HMET B

o TRTDTARAZVTFRZDUY v I7H __getattribute__() IZH 572D, TOXYV vy Rt —nN—54
K522, INTOHENET R Y FXERH LIdHHI x5

e object.__getattribute__() ¥ type.__getattribute__() & __get__ ) OFFUH LA ER
%o HIEEIA VAR VRAEBELLAY v R8T, BEIEIAVAX AL LT None 2L, 77X
WEHEICEINS

o FT—RFAIZVTRIZ, BIA VAR VAHEEF—N—F4 T3

o ETFT—RTRIZVTRIF, A VAR VAFHEILF—N=F 4 RENBZ DD

3.9 HHNDAFIDIRE

TARAZVTRIZE 5T, BABTH A Y ENDZ I FRAEBEDPHD 20 e BHDET, FHILWT 7 ZABES
N3, type XX FZRAFH LW FADHEEZAXF Yy Y LET, L, BRHBTAZ Y FRT, BEDPD
_set name__ () XYV Y FEFSTWVAEEE., ZOXY v RiZ 220058 %E#> THUIHIRET, owner
ETFRAZ Y TEBPEHEINZT T AT, name ZTATZ YV TEBT7H AL 2 ENT20 7 ZABERDAHTTT,

FEDFMIE Objects /typeobject.c DD type_new() ¥ set_names() #ZBIRL TL 72X\,

14


https://github.com/python/cpython/tree/3.12/Objects/typeobject.c
https://www.python.org/download/releases/2.2.3/descrintro/#cooperation
https://www.python.org/download/releases/2.2.3/descrintro/#cooperation
https://github.com/python/cpython/tree/3.12/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,

BEARNLEZTTE. T—ZPNED T —ZR=RIRFT 5 Z 2 TT, Python £ Y AR YR, 7—&XR—
ADT =TNANDF—DAZRELET, TRIZVTZPNy 77y FRHEHE 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.keyl).fetchone() [0]

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

Field 79 A %o T, T—RXR—ZADT—IN T DRAF—<Z2HHFTE-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

ETLEFEHTICEET T —E2R—A R L 3

>>> import sqlite3

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

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 Nomne:

(RDR—DIhE<)
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(RIDR=I D5 DREE)
doc = fget._ _doc__

self. doc__ = doc

self._name = "'

def __set_name__(self, owner, name):

self._name = name

def __get__(self, obj, objtype=None):
if obj is Nonme:
return self
if self.fget is None:
raise AttributeError(
f'property {self._name/r} of {type(obj).__name__/r} object has no getter'
)
return self.fget(obj)

def __set__(self, obj, value):
if self.fset is None:
raise AttributeError(
f'property {self._name/r} of {type(obj).__name__/r} object has no setter'
)
self .fset(obj, value)

def __delete__(self, obj):
if self.fdel is Nonme:
raise AttributeError(
f'property {self._name/r} of {type(obj).__name__/7} object has no deleter'
)
self.fdel(obj)

def getter(self, fget):
prop = type(self) (fget, self.fset, self.fdel, self._ _doc__)
prop._name = self._name

return prop

def setter(self, fset):
prop = type(self) (self.fget, fset, self.fdel, self.__doc__)
prop._name = self._name

return prop

def deleter(self, fdel):
prop = type(self) (self.fget, self.fset, fdel, self._ _doc__)
prop._name = self._name

return prop

FHAIAARD property () BAEIE. 2=V A 0 X—T 2 —ZANDEWET 7 ADBEZ b, B EEPRAY v
FONMAEERT S & ZIHIBFET,

FlZIE, ALy F¥—F2Z 5223, Cell('b10') .value THEADMHEZIETEZ L LET, Hi{HKBICX
D, 77N 7 7 RDBICELVOEFAEEZTAZIEEZERLELSE, LALTurI<id. ZOEMHIC
EET7 7R TH2MEDI 747 ba—-RIZEEE5X L HVERA, ZOMRREKIX, property 7 — X
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FR7Y) FENMEBEAD T 7R % 5y FTFBZLTT:

class Cell:

@property

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

return self._value

HHAAAD property() . TD Property() b, ZOV Y FILOHTHL XS IHATEET,

4.2 AV YR
Python &4 7Y = 7 MEMHKREIE, BEICES CBRED LICHREINThET, 7 -T2V T4 %
T, ZD 22 —ALRIHAESDLENTVET,

25 ZFEITHRIN S NBENE. EAFICA Yy RIEBREINET, AV Yy REBEFROBBIZA TS 22 b
A VAR APMDE R E D BENSEEI NS HEIPELED FT, BETIEA YRRV R self £\ 4RI
PEDLNETH, this PMOTEABFZ T,

AV v FiE, ZEERDa— K e A%R types.MethodType 2 {H X IXFETHENLE T,

class MethodType:
"Emulate PyMethod_Type in Objects/classobject.c"

def __init__(self, func, obj):
self. func__ = func
self.__self__ = obj

def __call__(self, *args, **kwargs):
func = self._ _func__
obj = self.__self _

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

AV yy FOHEERZ I K- PT 2103 BHBTHL, BE7Z 272X TX Yy FORMIHHZ 2
_get__ O XYy FZEBIMLES, ZHUI2FED, ZOBBE Ry P77 RSN 2T an XYy
FZ2RIET =R TRV TR THEZIe2ERLET, XD XS5 WTEEL X7,

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)

RDY 5 RA%A R T)2XERET 2L, ZOBBT A2V TRPEFCE S B rERoNET:
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class D:
def f(self, x):

return x

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

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

I AWMERBLUTHBUCY 78 RXT 2L __get__ O BFTEINFERA, 20D, BXHIHBA TS =
JreEDEFRLET,

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

JIADERy b7 7RRE __get__O) BMUTHLETH, ChDRIIHIHBEEHLETITELET,

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

AVARVARZLTE Yy b 727X T2 HEAVWENEZLE T, Ry rDLly 77y ik, HEXAY v R
F 72 bERT __get__ () EMHUHLET,

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

WEETIEZ, HAEX Y v FIdA ) O F VOB RSz Y AR 22 R/REFLTVET,

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

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

HL., BEDAV Y FD self . ZF7RARXV Y FD cls BEIHERZDEEICE > TR AP VWBE LT
b, INHBZEDEZITKED ET

4.3 XV vy RDOEE

T =R TFR2 ) FRE, BBe XY v FICHIES 5, BREO—RIVZL X — 02, Bl eRitL £9,

Frore . BE __get__ O XAV FERL BHEE LT 7RI NLEE XYy RIIEBINET, Z
DIETFT =R T 4 A2V T RIE, obj.f(xargs) DIFUH L% £(obj, *args) WL £9, cls.f(*args)
EREH T & f(xargs) IR D £,

ZDF v — NI, Wiz, 20 2 DORLLZEMNLE e F D TVETS:
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it A7V MO SHVHEINE ISZADSHUHIND

3R f(obj, *args) f(*args)
FRIIR Y v R f(*args) f(*args)
75 ARXY v F  f(type(obj), *args) f(cls, *args)

4.4 FBEYXY v R

FRIR Y » RiZ, TWH2BM e ZDEFERLET, c.f  C.f II. object.__getattribute__(c, "f")
% object.__getattribute__(C, "f") ZEHERKT 2D LFUTY, MR LT, BEIA 7 =2 b L
IIAMPBELCEIICT I EATEET,

BIX Yy FIZT 2 BVLODIE, self ZEADBBER WX Y v FTT,

B2, HEt Sy =212, ERT—2DaYTIFhRH2 LET, €07 F7RIE, FH, X7V, Zofh
D, T—=RIMRZFLBAGFT 2R T 2IREX Y v F2REHELET, LirL, B LE3BEGRID-TH, 77—
RSN K S B LB D H D 9, BlRIE. erf(x) 13MaTH LR ZEL L —F > TITH, K
EDT =Rty MCEHZZBIKFLERA, U, A7V 27 b2 TH I 7 AL THIFEHE ET:
s.erf(1.5) --> .9332 /% Sample.erf(1.5) --> .9332,

XY v AT H BB 20 EFETDOT, HMEHLOFNIHHL HD FHA:

class E:
@staticmethod
def f(x):

return x * 10

>>> E.f(3)
30

>>> E().£(3)
30

FEF—2FR7VTETr barE#S e, pure Python D staticmethod() I TD XS5k b 3!

import functools

class StaticMethod:
"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)

20




functools.update_wrapper () OMEUH LIk, IREICH 2B L2 ST 5 __wrapped__ JEMZEBML F
T, Fl TuR—DEOTy FEINFEABO LSRRI LS. RELRBEERZENLEY: _ _name .

__qualname__ . __doc__ . __annotations__

4.5 VS5AXY vy R

FIX Y v FRIZE-> T, 77 AXY vy FIZERENFCHTENICY 2 ASBESIHY X FOEFICMZ 3,
D7 F—<v M, BRUH LKA T2 +TH I I RATHRELTY:

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

return cls.__name__, X

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

>>> F().£(3)
('F', 3)

ZOIRBEENT, BN S RABROAEDLEY L, FEDA Y AR Y RAFREIN T —RIKEFE LRV
EWEHTT, 77AXY v FOFEWHD—DF, RODVDIFZRav RV 7X2%E2Z2 TS, HlZiZ.
75 AXY v ¥ dict.fromkeys ) IFHLWVWEHELF—D VY A 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 = clsQ
for key in iterable:
d[key] = value

return d

INT—ERF—2HFHOMLOEENDTO XS IR TE 3!

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

True

>>> d

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

ETF—2TR7 V) FE T barE{fisjz, classmethod() @ pure Python fRIZZD L5127 D £

import functools

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

def __init__(self, £f):

(RDR—=T12HiL)
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(RIDR=I D5 DREE)
self.f = f
functools.update_wrapper (self, f)

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

if cls is Nome:
cls = type(obj)

if hasattr(type(self.f), '__get__'):
# This code path was added in Python 3.9
# and was deprecated in Python 3.11.
return self.f.__get__(cls, cls)

return MethodType(self.f, cls)

The code path for hasattr(type(self.f), '__get__') was added in Python 3.9 and makes it possible
for classmethod() to support chained decorators. For example, a classmethod and property could be

chained together. In Python 3.11, this functionality was deprecated.

class G:
Qclassmethod
@property
def __doc__(cls):
return f'A doc for {cls.__name__/7}'

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

ClassMethod @ functools.update_wrapper () DOFFNH LI, RIEICH 2 B2 25 % __wrapped__
EBHEZEBMLUET, $h. F9 =207y FINBARD I SICRZ2 X5, RELZBEEZEMNML 3

__name__ . __qualname__ . __doc__ . __annotations__,

4.6 XN—FTPxU b __slots__

79 RAM __slots__ BERT DL, A VAR VADOHENEEBEO R0y FOEOEF BEMZ 5N E
T, 2—F—DHBEISABZ L. W OBDOZEHADH D £5,

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

22



__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

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)))

23


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

>>> CP() .pi

Traceback (most recent call last):

TypeError: No '__dict__' attribute on 'CP' instance to cache 'pi' property.

__slots__ X CHERICEE 7 7€ AL, A7V 27 bOXEVHERERIET 20BN H 2720, a7
Python XN—Y a Y RER T2 I I3 TEEFHA, L2L., 774 X—1+D __slotvalues VA +EHioTC
MEEOZAT Y P RIKIFREICTI 2L -T2 223 TEET, ZOT T4 R— M RBEEREANDOFAE EIZ
AYN—DTRAZ Y TR X o TEHENET,

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
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/r} of {self.clsname!/7r}>'

type.__new__() XV v RIZZ FRAEBADA U AN=F 727 +OBMEZNHEL 3,

class Type(type):

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

(RDR=V ki)
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(RIDR=I D5 DREE)

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, **xkwargs)

object.__new__() XYV v FIA YAXVAFHEEDORDYIZRB Y bRFEFOA VARV ADIERDOUIEE L
T3, BBE XY 27 Python TOY I a2l —yaryLiza—RFRIb556TT,

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

super () . __delattr__(name)

EKEDI FRATYIalb—yarya— FEFHT3ICE Object Z#AE L. metaclass & Type ICL F 3,

class H(Object, metaclass=Type):
'Instance variables stored in slots'

slot_names = ['x', 'y']
def __init__(self, x, y):

self.x = x

self.y = y
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CORETREIXR I SIRE 22 yDAUAN—F TPz v 2un—FLET,

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

' __doc__': 'Instance variables stored in slots',

module__': '__main__"',

'slot_names': ['x', 'y'l,

'__init__': <function H.__init__ at 0x7fb5d302£9d0>,

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

A VAR ADMERENZ ., BHEIERHEEINS slot_values DY R M2 A VAR VAP LT

>>> h = H(10, 20)

>>> vars(h)

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

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

ARV I AR, K7V A ORBEIEHINEER L T,

>>> h.xz

Traceback (most recent call last):

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