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¥ AVIN—=FTSzI b  slots

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

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

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

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

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

DR ZHF 5 T2 HFEATL 12X W,

1 AFS

CDOAFITIE, 722 XERWLE ZH50 ML, FILWERZ DT OMNLTVEET,

1.1 SO TNBH: ERERTTRI) TR

Ten 7 7 RIET ALY FRT, ZD __get__() XV v FIFFITEHRD 10 ZIRL X7,

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

return 10

ZDTFAIZY IS RE[ESIEIMD Y 2D 7 5 AEH LTREFLETS:



class A:
x =5 # Regular class attribute

Ten() # Descriptor instance

<
]

AVERIIT 4Ty yariEFoT, @BEDBHNLY I T v T, TAIZVISRDONLY 77 v TDEVER
TAEL &S,

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

5

>>> a.y # Descriptor lookup

10

a.x BMLY 277y I TREF Y MERTHY 7 AFFEDOHDS 'x': B 2RO E T, a.y by 77y TR
Fy MEEFIX __get__ XAV Y RZFROTRAIV TR VAR VARG LES, £2DOXY v FERREUOHET
¥, 10 ZIRLE T,

10137 7 RDEFEICDH, 4/ VARV ADFEIIHEMINTVERA, ZOMRDD, 10 34T~ FIZk
gxhE9,

O INE, SUTABRTRAZ Y FEBED LS ICEHHET 30T A0 DTTH, ERHKTIE
HHERA, EBERTHEE, BEOBEY Z72ADITHEVWTL & 5,

RDET > arTlk, EOERNZEN LY 27y T2ERL F T,
1.2 BRIy T7v S

HICERZRT IO &, RICHPLHEZFEITT L7277V FROVHEEANVTL £ 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 attribute

J

AVRI T4 Ty aryTREEDIC, ZOBERIHNTYT, EITITIKBRZFEEITV., HOE N
HHXNE T,



>>> s = Directory('songs')

>>> g = Directory('games"')

>>> 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 INVETAZY FTROPTED XS WU EITS 2723 TR L. __get__ O DFIEOERSRL
TWE T, self %9 X =&KX size T, DirectorySize DA Y ARV A TF, 0bj RFTX—=RiF g s Wol
Directory DA Y ARV ATF, obj IC& D, __get__ ) IFX—=" v DT 4 L7 MY RHINE T, objtype 3
Z X =&\ Directory 7 AT,

1.3 BB EH

TRAI Y TRTILLfEDLNDLHIEDA VARV ADT —EZADT7 VL RADEM TS, ZOTRZ V)V TRIZT T
AFEDRTY v 7 REHEICEID HToNETH, EEOT —XEA YRRV AFHED T T4 R— M REMHIC
BRIFLET, RTV v IRTIVEAPTONDE L, TRAZUTRD __get__ () & __set__() XV v FWHE
TENET,

ZOH Y TNTHE age 1387V v VREMHT, _age 3774 X—= b RBEWUETT, TV v IREWERT 71
AEqNB e, TRZVT RNy 77y IREHOu M IE LET,

import logging

logging.basicConfig(level=logging.INFQ)

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
(KDR=V1ZHiL)




def __init__(self, name, age):

self.name = name

self.age = age

def birthday(self):
self.age += 1

(RIDR=I D5 DR E)

# Regular instance attribute

# Calls __set__()

# Calls both __get__ () and __set__()

AVRI T4 Ty aOBRTRTOrNS K512, BHEANZEWLD age D HNDTHILE TH,

BEEOBMD name 37 HBHEINEHA,

>>> mary = Person('Mary M', 30)
INFO:root:Updating 'age' to 30
>>> dave = Person('David D', 40)

INFO:root:Updating 'age' to 40

>>> vars (mary)

{'name': 'Mary M', '_age': 30}
>>> vars(dave)
{'name': 'David D', '_age': 40}

>>> mary.age

INFO:root:Accessing 'age' giving 30

30
>>> mary.birthday()

INFO:root:Accessing 'age' giving 30

INFO:root:Updating 'age' to 31

>>> dave.name
'David D'

>>> dave.age

INFO:root:Accessing
40

age

giving 40

# The initial age update s logged

# The actual data s in a private attridbute

# Access the data and log the lookup

# Updates are logged as well

# Regular attridbute lookup isn't logged

# Only the managed attribute s logged

OV INVEERZIRELBERD D £F, I A4 RX— MRAFD _age B LoggedAgeAccess 7 5 ADH
TA—Fa—FINTVET, ZOLD, ¥OAL Y RAYRb 1DLhrZons7Hixnz@Er»End. &
MEEHETEFE A, ROV Y I TZOMERRIEL TVEET,




1.4 BRIDHRAEZIAX

TIRAMTRAZ ) FREMFED LB, 7T ARENFNDTRAI Y TRIZED &S BERGEFES R @Ml
%73,

Z DY Y SNV TIE Person 7 7 R, name & age WD 2DODTAT YT RA VARV A EFFoTWET,
Person DNEFHR XN &, LoggedAccess D __set_name__() I =Ny ZE[T5/, 74— FEHER
BCTEFET, ZNThDTRZ Y FXIX, public_name & private_name EFiHE T,

import logging

logging.basicConfig(level=logging. INFO)

class LoggedAccess:

def __set_name__(self, owner, name):
self.public_name = name

self .private_name = '_' + name

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 T 4Ty yay ETiT L, Person 7 7 &AM __set_name__ () ZMUH L., 74— REDED
BMEINDZZ DD BTL &I, vars() ZIFAT, TARAZVTEXZRBLRVWTTAZ Y 722G L TA
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 DA TRZEZHILE 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

29250 Person DA VARXYRAF, TI7AR—PFMEALPEFEFLTOERA,

>>> vars(pete)

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

{'_name': 'Catherine C', '_age': 20}
15 F&&

_get__O . _set__O . DBV __delete__ () AV Y FEEHRLLEDOLOIA T =7 bH, HAD
descriptor RS DTT,

ZFAUTBMLT, A2 V) F&RIE __set_name__ () XV FEREOZILITEZT, ZOX Vv Fig, 72X
TV TENRREINDE T TR, HEWVETHA VENT FRABREMNZ DB 255 CFHEINET, b
LTEELTWIUE, Z27RABTAZY) PR THELTHMIENE T,

TARAZUVITREFEEMEDODLVY 77y T, Fy PEHAEFIR LI THEH O X T,
vars (some_class) [descriptor_name] WO HEXHIC Lo THBEMNICT AV TFEANT 7RI ND
E. TRIZVTREFITTHIERL, TRV VTRDA VAR AWRINET,

TRV TRE FAZERE LTHH L FICRTIELET, A VARV RACRKELTHHIRIZDHD %
A,

FR72VTRIE, 7 IABEH e LTHRNENTWE A7V 227 bEE LY 77y PHICHEAET 2 2 L il
TEZXIT, 7723 e TEREFR—varvoTWVWET,

EHRNCIE. MO LI 27 5285, Ay 727y THIZRETZZ 2L TEE LD, TR 22U FXIF
ZFOBBRENIEIE, MRINTVWE T —XBBBEICNATES LSICLET,

TAZ7 Y7 RIE, Python DX EXFR IATHHEINTVWET, ZHAICED, BHR2B8E 1 VX
XA HMENIZRAY v NIZ7& D £7F, classmethod(), staticmethod(), property(), functools.
cached_property() ¥Wo72Y—LdFTRT, TAZ VTR LTEEINTVET,




2 ERNEBTTIL

ZOY Y INTIE, BRAPED THELWT —XWHEANZRET 2 DIICHHTEER, FHEINTRY 717y —
LEBALE T,

21 NUF—20U3 X

NY F=RIERENTENET VR ADDDT A Y FRTE, 7= X 2T 21T, H LW EHRDE
AL TWS 2, HOHMARPRISES L TWa2ZMAEL 9, b LHRICEDRTIUI, fiIstzxRtHL, 7—
RPN RIERIRREIC R 2 D 2P E %5,

Validator 2 7 A% abstract base class TH b, BUEEEFTZA 7V SR THHHET,

from abc import ABC, abstractmethod

class Validator (ABC):

def __set_name__(self, owner, name):

self .private_name = '_' + name

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

return getattr(obj, self.private_name)

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

setattr(obj, self.private_name, value)

@abstractmethod
def validate(self, value):

pass

HRAR LAY F =R EBERT 2121F Validator ZMA L, validate() XV v FEMEMR L THEIZIGL TX
FXFRFRIDOMAE R TV E T,
2.2 hRAZALNIF—4R
ZITE3IDDERNLAN)F—2arDa—T4 VT4 DF Y TARENLET,

1) OneOf |FHIR S N7RMOEAITEEINLEAE S REMALL 3

2) Number (IfH7S int 7» float DY S EMELL £F, F 7> a > T, EIHEE S W -f/IME L RAE
CEENSLBBELL £ 5,

3) String 1XHA% str HY S PRIELE T, 72 3 v T IESHERD, RAOESORIE L%
Fo 2P EHD (i RAEBITA T,



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

class OneOf (Validator):

def __init__(self, *options):

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/7}'
)
if self.maxvalue is not None and value > self.maxvalue:
raise ValueError(

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/r} to be no smaller than {self.minsize/r}'

(RDR=V1Hi <)
10




(RIDR=I D5 DR E)
)
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}'

23 RBENBT7TUIr—>3ay

RDA—RRFERDY A TT—ZANYF—=R2ES TTIEDY > TVTT,

class Component:

name = String(minsize=3, maxsize=10, predicate=str.isupper)

kind

One0f ('wood', 'metal', 'plastic')

quantity = Number (minvalue=0)

def __init__(self, name, kind, quantity):
self .name = name

self.kind kind

self.quantity = quantity

IHBEDFRIZ Y SR, RIEA VAR APMEREIN DR EE T,

>>> 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

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 0

(RDR=12Hi L)

11



(RIDR=I D5 DR E)
>>> 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 Fa—FUTIL

INDBIHIEZTRAZ Y T RDA =X LRHEOFMIOVWT, ED T 7= ANk Fa—bYTMITHED
\i‘j—o

3.1 BIE

FRZVTRDEFR., 702 rarlod<vl)— TRZYTEZRED IS TMHIHEINZ 2D, OR v v
NR=DBEDESCEET 2009 FTLRIERLET,

FRZYTRIZOWTERNZLIZED, HILWY —ty FMEZ 2 X 51283717 THk <., Python O
AIZDOWTD X D IFEWEENMESNFE T,
3.2 EHRCLEA

—fRiz, FTRZVTFRIIF, TRZVFE I R aLTERSINEXY vy ReHoBEMETT, 20XV vy R
iE. __get__ (O, __set__QO, BXU __delete__() TT, ZNBHDRAY vy FOWTIIH, 7V MIC
ERINTOVIUL, 2L TAZ Y TR LI T,

BT 72 ZADT 7 4L OB E N, ATV 2 FOFEDOBEOIE. BE. HIFRTT, FlZIX a.x 13,
F3 a.__dict__['x']. Zad 5 type(a).__dict__['x']. X 5HIT type(a) DXV v FERIEFICHE -
F2EORDZEBALHBHLFE T, AODoED. TRAIZVTEZRXYy FOWTHILEERLTVEI ATV
7 175, Python Z3ZFDF 7 4L FDIRZ\ENEF—N—F 4 FL, RODIKTFRZVTFEXXY v FERY
HUET, 2B OEBEIEN TITHha2iE, EOT ATV TRV v RPERINTVENITKD 3,

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

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

33 7270727030
descr.__get__(self, obj, type=None)
descr.__set__(self, obj, value)
descr.__delete__(self, obj)

INTETTT, TNHEDXY vy ROWTALEZERTNUI, A7 =27 VETRIZ Y IR ARIN, FE
ENZBOT 7 3V N DIRZ T NEF —N—F 4 FTEET,

12




HEATI=27 D __set__() & __delete__() ODMAZERL TV, ZRET—XTRIZ )V TXRE
BREINET, __get__O) BUEZERBLTVWETRZY FXIF, IET—ETRI7 VTR MEINET (Zhd
B XYy Ridfbh g2, oA sHRET),

F—=RFAZVTREIET =R TRV TRTIE, A—N=F 4 FPA VAR ADFEDTY VI LT
YDOEICHEZINEZPRELDE T, A VARV ADHEIZ, T—XF A7V 7R ELDEEB DL,
F—RFRIZVTRDOTPEREINET, / VARV RADHEIC, EF—ZFR 27V IR e RILOEER DN
X, HEEOHBOAPEREINE T,

HAHLEHDOT =X T A7V FREEZIZE. __get__ O & __set__() ODMAZEFRKL. __set__O »
MO &7z & 12 AttributeError 2SEHINZ X SICL T X W, b EEH T2 __set__ O AV v
Fa 7L —ARNVEX LTERTIUE, 7T—XT A7V FRIZTH5DITT5HTY,

3.4 TRV TFREVH L OBIE

desc.__get__(obj) % desc.__get__(None, cls) #ffi5 7R V) F X ZEHZEFUIHT I B TEET,
Lol BEY 7 2A0BICHBINMOHEEIN S D, k%R TRA 70 XD LFETT,

The expression obj.x looks up the attribute x in the chain of namespaces for obj. If the search finds a
descriptor outside of the instance __dict__, its __get__() method is invoked according to the precedence

rules listed below.

MEOH L OFFME, obj B34 T 27 My T A M, super DA Y ARV APITHKD £3,

3.6 ARV ADSDFUHL

HHIZEBDF = — Y DHFTITONEA VARV AN Y 77 v T TR, T—RT RV TRZPRELET, RicA
VARYVABER, FORIZ) VT =R TRIVT R, 7T AEH, BRRICFELELRS __getattr__() 2IMEX
nEJ,

a.x WNTBTRIVTEBROD-75E, desc.__get__(a, type(a)) WO THFHEINE T,

Fy MTXkBLy 27y 7OuYy 7 object.__getattribute__() OHFTITbh 3, ¥ 27 Python
TRLEFMErS v 7i1ZRDM@ED T,

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)

(RDR—DIHE<)

13



(RIDR=I D5 DR E)

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) # nmon—-data descriptor
if cls_var is not null:
return cls_var # class wvartable

raise AttributeError (name)

__getattribute__() ®a— FiZid __getattr__ () D7 v IO L ICHEELTLAZE WV, 2Dk, B
¥ __getattribute__() ZFEUH § 2, super().__getattribute__ T T &, __getattr__() &°
SERITANA NRRAEINE T,

ZORbH DT, __getattribute__() A% AttributeError ZFH L7z ¥ 12 __getattr__() ZFEUHTD
F, Fy MEETF L getattr() ODEMFETT, ooy ZIE3AAAS—BRIH T bEhT0ET

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 7S AL 5DOMHTUHL

AxDES5R Ry Veffiolely 27 v 70BY Y 71X type.__getattribute__() OHIZHDH EF, B
P I DRAT v T object.__getattribute__() EETWETH, A YRRV AFEDNLY I T v TE7
2 Z2® method resolution order #E U /R BERZ 5N TVWE T,

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

5E2% C TOFEEIX Objects/typeobject.c DHD:c:func: type_getattro ¥ _PyType_Lookup() ZHHRL T
(AR-JAN

14


https://github.com/python/cpython/tree/3.13/Objects/typeobject.c

3.7 super S5DIFEVH L

The logic for super’s dotted lookup is in the __getattribute__() method for object returned by

super ().

super (A, obj) . m DEXIBR Ry b 2ozl y 77 v 7i& obj.__class__.__mro__ ZHEL T, A DE
MDA BEEFITHL, B.__dict__['m'].__get__(obj, A) ZRLET, bLTRZ VY FXThRIFIII
m %ggﬁf&:ﬁbij—o

5ER7% C TOFEEEIX Objects/typeobject.c DHD super_getattro() S L TL 72X W\, #liF72 Python
TOR%EX 32— Rl Guido’s Tutorial 2SR L TL X W,
3.8 FUyH LAY IDFED

The mechanism for descriptors is embedded in the __getattribute__() methods for object, type, and

super ().

BATBLIARNEFHERAL:
o TRV FRIX __getattribute__() XV v FIZXoTHUIHZXN S
o 7RI TOMNME%E object | type . super() »HMET B

o TRTDTARZVTFRZDUY v IH __getattribute__() IZH 27D, TDRXY v Rt —nN—=54
2L, IRTOHEWRT A7V XS LI xh 3

e object.__getattribute__() ¥ type.__getattribute__() & __get__ () OFFUXH LA ER
%o HIEEIA VARV RAEBESLLAY v R8T, BREIWEFA VY AX AL LT None 2L, 7 J R
BHEICEINS

o T—RFRAZYFRIF, BIA VARV AFFERF—N—F 4 F T3

o T —RTFTRIZVTRIF, A VAR VAT —N=F 4 FENZZ2DH D

3.9 BEFNDOAFIDIEE

TARAZNFRIZE 2T, BADBTHA VY END I FAEBEPHD 0 ehBHYET, FiL W I ZAMES
N3L. type AXIZFTRAFFH LW FRADHELZAF Yy Y LET, dL. BEEPTRIVTRT, REDPD
__set_ name__ () XYV v FEFHSTWAEHE, TOXAY v R 220058 e2H> THROCHEEINET, owner
WET ATV TEPMERINZY T AT, name (ET A7V TEBT7H AL VY ENT20 7 ABBOAFTT,

FEEDFMIE Objects/typeobject.c DHD type_new() & set_names() Z#ZRL TL 72X\,

BHFouY v 7k type.__new__() WZHH, BEHNET 7 RMEBRDRA I L»rHhERA, DLTRY

VI RBEDS T 7 REMENTGEX. __set_name__() ZFETHIHINEDSNHZTL & 5,

15


https://github.com/python/cpython/tree/3.13/Objects/typeobject.c
https://www.python.org/download/releases/2.2.3/descrintro/#cooperation
https://github.com/python/cpython/tree/3.13/Objects/typeobject.c

3.10 ORM o> )L

UPFoa—FE A7y =27 kv v B 7 2RET 2O T KT 4 A7V T X255k R LT,
LSBT I,

HARMREZTE, T —2PNED T — X R— AR ET S Z 8 TT, Python £ Y AX Y RIE, T —&R—
ADT—TINADF—DAERFELET, TRZVTZBILY 77 v IREHELET,

class Field:

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

def __get__(self, obj, objtype=None):
return conn.execute(self.fetch, [obj.key]).fetchone() [0]

def __set__(self, obj, value):
conn.execute(self.store, [value, obj.key]l)

conn.commit ()

Field 79 XA %o T, 7—XAR—ZADT—INITLDRAF—<ZHHTI/-00 7L ZEELE T,

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

ETVEGEMAT BT T T —ZR-RITHEH L £
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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

>>> import sqlite3

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

RDAYRFT T 47y aryTlEd T—ERX=—ZAn6DT—XDOEGFE, EHAEEZRLTVET,

>>> 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 ¥ a7 Python OZMisReE

Zo7a VBT TRS, VU TAAREDMOTVET, 22— —XDHIZE, HF DI
HROTHAAARGEMENTZ3DB DD ET, a7 4, FEOXY v R, BHIXY v R, 772XV v F,
~ slots WX £ TFRZVUTSRTa b ariZEonTnETS,

4.1 7ONT+

property() ZMUOHT T, BEAT 7R T2 LBBONPUEH L2 ZRZT, 77— TRV S &%
HRICHAITONE T, 72 F ¥ IETS5TT:

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

CORFaxXy TR BHIWENE x 2ERT SN LEHEZRLET:

class C:
def getx(self): return self.__x
def setx(self, value): self.__x = value
def delx(self): del self.__x
x = property(getx, setx, delx, "I'm the 'x' property.")

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

equivalent that implements most of the core functionality:

class Property:

"Emulate PyProperty_Type() in Objects/descrobject.c"
(RDR=V ki)
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def

def

def

def

def

def

def

def

__init__(self, fget=None, fset=None, fdel=None, doc=None):

self.fget = fget
self.fset = fset
self.fdel fdel

if doc is None and fget is not Nome:

doc = fget. _doc

self. _doc__ = doc

__set_name__(self, owner, name):

self. name = name

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

return self
if self.fget is None:

raise AttributeError

return self.fget(obj)

__set__(self, obj, value):
if self.fset is Nonme:
raise AttributeError

self .fset(obj, value)

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

self.fdel(obj)

getter(self, fget):

return type(self) (fget, self.fset, self.fdel, self.__doc_

setter(self, fset):

return type(self) (self.fget, fset, self.fdel, self.__doc_

deleter(self, fdel):

return type(self) (self.fget, self.fset, fdel, self._ _doc_

)

D)

)

(RIDR=I D5 DR E)

FHAIAAD property () BEII, 2=V A P X—T 2 —ZANDEWET 7 ADBEZ b, FEEPRAY v

FONMAZERT B & ZITRILE T,

BlIZIE, ALy F¥—F 25223, Cell('b10') .value THEADMHEZEETEZ L LET, H{HBICX
D, TaZS a7 7 RADEBICELOFHFAELZ TR 2ERLELE, Ll r <3, 2oEhic
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BEER77ERTEIMEDI A7 a—RFZEERZEZ-{ DY A,
FRAI7YFERNEBEAND T 72 2% 5y T TEHZ LT

Z DfRIREKIX, property 7 — &

class Cell:

Q@property
def value(self):

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

return self._value

HHAIABD property() . ZD Property() . ZOH Y FLOHFTHUL LS HHTEEXT,

4.2 AE XYY R

Python OA 7Y = 7 MEAFREX, BIBUCH SO REDO LICEERIhTVES, IET—XTR7 YV TFX%
HoT, ZD22F Y —ALLRIHAEDLEINTVET,

7T AFEE TN S N -BIENE. TR A YV v RIZEBEINE T, XV y FEEEOBBIZA 7227 b
A VAR ADPMMBOFI LD BANCEINZ R TDPERLED T, BETIEA VARV RIT self 2\ 5401
PEHLIE T, this RPHMOBEELHHEZ T,

XY v R, EERDa— R e [HE%7% types.MethodType % L IXFETENE T,

class MethodType:

"Emulate PyMethod_Type in Objects/classobject.c"

def

def

def

def

__init__(self, func, obj):
self. func _ = func

self.__self_ _ = obj

__call__(self, *args, *xkwargs):
func = self. func _
obj = self._ _self _

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

__getattribute__(self, name):
"Emulate method_getset() in Objects/classobject.c"
if name == '__doc__':

return self. _func__._ _doc

return object.__getattribute__(self, name)

__getattr__(self, name):

"Emulate method_getattro() in Objects/classobject.c"

19
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(RIDR=I D5 DR E)

return getattr(self.__func__, name)

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

return self

AY vy FOHEERZ K- T 251& BEEEHL, BET7 272X TXY vy FOFGIHAH IS
_get__ O XYy FZEBMLES, ZhE2FED, OB Ry 7 7RSI 2B Y v
FERRFTIET =X TRV TR THL I ZBERLET, ROXSTEEL %9,

class Function:

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

return self

return MethodType(self, obj)

RDZ 5 RA%A R T) 2ERET L, ZOBBT A2V TRPEFCE S B reRONTT:

class D:
def f(self):

return self

class D2:

pass

ZOBIEA v brRART Y a Y EYR—- T 57291 qualified name dFo TWET,

>>> D.f.__qualname__

'D.f!

7 AHECBUTHEBICT 78R 528 __get__ O BFEITSNERA, ZDD, RIHHEBA 7Y =
7 e ZDEFRELET,

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

27ADFy b7 7ERE __get__ O FMPFHLETH, THABHRICHIBMEEELETITELE T,

>>> D.f

<function D.f at 0x00C45070>

20



AVARYZIHLTRY b7 27022 T2 HAVEEZLES, Fy Oy 77y FiE FlXY v R
ATV bRIRT __get__(O) BMUIHLET,

>>> d = D()
>>> d.f

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

PERClE. XY v FIZA VP F L OB REX /2 VARV R BRI L TVE T,

>>> d.f._ _func__

<function D.f at 0x00C45070>

>>> d.f. _self _

<__main__.D object at 0x00B18C90>

HL. BHEDOAY Y FD self . ZFAXY v FD cls BEIHBHEKZDEEMICE>TWBEABVWE L LT
b, TN ZEDEZICKRDET !

4.3 XYvw RDEE

ETF—R TRV TRE BEEXY Y RICHET 5, SO X — iz, Bl rigft L £9,

Frore BIE __get__ O AV FZ2HRB BHEE LT 7RI NLEE XYy RIZEBZNET, Z
DIEFT =K T 4 A7) TR, obj.f(xargs) DML % £(obj, *args) WAL £7, cls.f(*args)
IS L f(*args) 172D 3,

ZDFr— ME, HEL, 20 200RRAFENLEEERELDTVWET:

i A7V M SRUEEND IFADSRUEHEIND
ESp24 f(obj, *args) f(*args)

BIX Y v f(*args) f(*args)

72X v B {(type(obj), *args) f(cls, *args)

4.4 BHIXY YR

FIX Y v RiZ, TICH2BEZDFEFIRLET, c.f  C.f IX, object.__getattribute__(c, "f")
X° object.__getattribute__(C, "f") ZEHHEEITLZ2DLHLTI, MR LT, BEEIA 7Yz b
TIAMBREL LT I EATEZT,

FHIA Y v FIZT 2 L RVDIZ, self ZHAOZMER IV Y v FTT,

For instance, a statistics package may include a container class for experimental data. The class provides
normal methods for computing the average, mean, median, and other descriptive statistics that depend
on the data. However, there may be useful functions which are conceptually related but do not depend

on the data. For instance, erf (x) is handy conversion routine that comes up in statistical work but

21




does not directly depend on a particular dataset. It can be called either from an object or the class:

s.erf(1.5) --> 0.9332 or Sample.erf(1.5) --> 0.9332.

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

class E:
@staticmethod
def f(x):

return x * 10

>>> E.£(3)
30

>>> EQ) .£(3)
30

JEF—EF2 7YV FxTa barzES e, pure Python D staticmethod() ELARD XSk ¥

import functools

class StaticMethod:

"Emulate PyStaticMethod_Type() in Objects/funcobject.c"

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

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

return self.f

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

return self.f(xargs, **kwds)

functools.update_wrapper() DFEUH LIk, IREICH 2B SR T2 __wrapped__ EHEZBINL F
T Tl FvR—DBEDOSy FEINTEBOLSICRZ2 X5, RELRBMEZEMNMLE9: __name .

__qualname__ . __doc__ . __annotations__

45 VS AXY YR

XY v FEI3E- T, 77 AXY y FREEZEWCHTENC Y 72 ABM 25180 R b DOEBICMA £,
CD74—=v ME MOHLITEA T 227 P TH 7 7 ATHRLTT:

class F:
@classmethod
def f(cls, x):

return cls. name , X

22




>>> F.f(3)

('F', 3)
>>> F(O .£(3)
('F', 3)

COIRDFENZ, BIBN T FAZMOAZREL L, FFEDA Y AR Y RIREF SN T — XITKFEL RV
XWZEMTT, 7F7AXY v ROEWHFO—2F, KOO DIZIFRav A7 X %E5Z8 TS, BRI,
7 ARXY v K dict.fromkeys ) EHLWHELZF—D VY X b SERL F5, FfiZe pure Python ki

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

return d

INT—RBRIF—ZROMLOHEILTO L S ITHKTE £

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

>>> d

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

JEF—EF2 7Y TR barEfiol, classmethod() @ pure Python RIZZD & 5127 b £

import functools

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

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

def __get__(self, obj, cls=Nomne):
if cls is None:

cls = type(obj)

return MethodType(self.f, cls)

ClassMethod @ functools.update_wrapper () DOFFNH LI, RIEICH 2 B2 23 % __wrapped__
BHZEMLET, £ Fv =207y TEINLEBO LSRR S L5, BEREEZEML 3
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__nhame__ . __qualname__ . __doc__ . __annotations__

4.6 XN—FTTxU k¥t __slots__

75 AN __slots__ BERTI L. A VARV ADHEINEE@ED ATy OEOEY » BEz o E
T, 2—HF—DHBENPSLAZ L, W OhDEEHD 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') # Replace the instance dictionary

def __init__(self, dept, name):

self._dept = dept # Store to private atiridbute
self._name = name # Store to private attridbute
Q@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):

(RDR=V1Hi <)
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(RIDR=I D5 DR E)
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__ = QO # Eliminates the instance dict
Q@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(Q) .pi

Traceback (most recent call last):

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

__slots__ Z CHERICEE Y 72A L, A7V 27 bOXEVHEREZHIHT 2HENH 2720, a7
Python N— a U EER T2 I I3 TEEHA, LML, 7734 X—1+D __slotvalues VA M ZfioTC
WERD2Zr Yy PRIFIFEFICZI 2L — T332 TEET, 2OT 74 R— P REEEEANDOH AT X1
AYN=DTRAZ Y TR > TEHINET,

null = object()
class Member:
def __init__(self, name, clsname, offset):

'"Emulate PyMemberDef in Include/structmember.h'’

# Also see descr_new() in Objects/descrobject.c

(KDR=V1ZHiEL)
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https://en.wikipedia.org/wiki/Flyweight_pattern

(RIDR=I D5 DR E)
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 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!/r} of {self.clsname/7}>'

type.__new__() XV v RIZ7 FRAEHADA U AN=F T2 7 FOBMENHEL F3,

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 FIEA YRRV AFHEDORDODIZAB Y F2HFDOA VAKX Y ZAOEROUEZ L
26




5, BBX oY 27 Python TOY I al—YayLiza—RBI556 T,

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__/r} 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/7}'
)

super () .__delattr__(name)

EEDI FRATYIal—Yarya— FeHHAT5Iid, Object ZMA L. metaclass & Type IZL EF,

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

CORRTIEARI IR 2 8 y DAYN=FTI 27 b —FLET,
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>>> 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 0x7fb5d302f9d0>,

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

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

A VAR ADMEREN B 2, BRI XN S slot_values DY R M2 A VARV AL 9

>>> h = H(10, 20)

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

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

A0V AR, K74 Y OEHEIIHINEEH L T,

>>> h.xz

Traceback (most recent call last):

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