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¥ AVIN—=FTSzI b  slots

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

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

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

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

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

DR ZHF 5 T2 HFEATL 12X W,

1 AF3

ZDAMTIE, RAEXRLSEBRZE ZADOHBL. FILVWERERLZ—DOTOMNMLTOVEET,

1.1 2 TNBH: EREERITRAIVTE

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

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

return 10

CDFRZYFREMSIEMD I S 2D 5 2T UTIHREL £5



class A:
x =25 # Regular class attridbute

Ten() # Descriptor instance

<
]

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

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

5

>>> a.y # Descriptor lookup

10

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

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

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

ROt r>arTlE, KOEBRNZENZLY 77y TEERLET,

1.2 8IMRILYIT VS

BIZERERTID D, RICHPUHEEFTTEZFTAZY TEZOAFPEEHWVWTL & D,

import os
class DirectorySize:

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

return len(os.listdir(obj.dirname))
class Directory:
size = DirectorySize() # Descriptor instance

def __init__(self, dirname):

self .dirname = dirname # Regular instance attiridbute

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

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

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



(RIDR=I D5 DR E)

>>> s.size # The songs directory has twenty files
20

>>> g.size # The games directory has three files
3

>>> os.remove('games/chess') # Delete a game

>>> g.size # File count ©s automatically updated
2

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

1.3 BB EH

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

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

import logging
logging.basicConfig(level=logging.INFO)
class LoggedAgeAccess:

def __get__(self, obj, objtype=None):
value = obj._age
logging.info('Accessing /r giving /r', 'age', value)

return value

def __set__(self, obj, value):

logging.info('Updating /r to /r', 'age', value)

obj._age = value
class Person:
age = LoggedAgeAccess() # Descriptor instance
def __init__(self, name, age):
self.name = name # Regular instance attribute

self.age = age # Calls __set__()

def birthday(self):
self.age += 1 # Calls both __get__() and __set__()




AR T4 7y a YORRTRTO,RZ L5112, BHINWLBIED age D 71D THIE T,
D

BEDOEMD name Zu7H I ETA,

>>> mary = Person('Mary M', 30) # The initial age update is logged
INFO:root:Updating 'age' to 30

>>> dave = Person('David D', 40)

INFO:root:Updating 'age' to 40

>>> vars (mary) # The actual data is in a private attribute
{'name': 'Mary M', '_age': 30}

>>> vars(dave)

{'name': 'David D', '_age': 40}

>>> mary.age # Access the data and log the lookup
INFO:root:Accessing 'age' giving 30

30

>>> mary.birthday() # Updates are logged as well
INFO:root:Accessing 'age' giving 30

INFO:root:Updating 'age' to 31

>>> dave.name # Regular attridbute lookup isn't logged
'David D'
>>> dave.age # Only the managed attiribute is logged

INFO:root:Accessing 'age' giving 40
40

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

1.4 BRIODHAREZIAX

TIAMTRAIZ Y FEE2HES L EIZ, Z7IRABFNREFNDTAZ Y FRIZED KD RERL /S 2 @AL
%9,

Z DY ¥ SNV TIE Person 7 7 R, name & age ¥\ 2DODT ATV T RA VAR A EFFoTWET,
Person WEZE XN S &, LoggedAccess ® __set_name__() XTI —NANw 75275720, 74—V FHERL
BTEET, ThZ2hoT 227 ) FXIE, public_name & private_name ZFHFE T,

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

self.private_name = '_' + name

(RDOR=T12HiL)




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

return value

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

setattr(obj, self.private_name, value)

class Person:

name = LoggedAccess() # First descriptor instance

age = LoggedAccess() # Second descriptor instance

def __init__(self, name, age):
self .name = name # Calls the first descriptor

self.age = age # Calls the second descriptor

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

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

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

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

FLWT T 2% name ¥ age DEIAFTRIZEHILET,

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

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

220D Person DA VARV RE, TI7AR—MEALDPMRBLTVWERA,

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

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




1.5 F&&

_get__O . _set__O . HBZWVWE __delete__ () AV Y FEERLLZDOLWEZATI =7 WA, FiaAD
descriptor ¥ FERH DT,

ZAUTEMLT, A2V FRIE __set_ name__ () XV FEROZILDITEET, ZOXY vy FiEk, TX
TYTENHREEIND IR, HEZWVETHA Y ENT 7 2AER N RERH 2 GFCHEINET, b
LIFELTVWRIE, 729 ZADBFRZY PR THELTHRINET,

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

TRAZYVTREY 7 AEHE LTHH L7 FRETEELES, A VARV RACHRELTHHRED D %
A,

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

ERRANCIE. MO LMD 2 225, vy 77 v THICHEATZ Z e Z2HlllL TE L L, T2 Y TR
ZOMBEYESE, MRSINTVWDE T —XBHEICNATES XSICLET,

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

2 RBENBT T

ZOY Y INTIE, BAPED THE L WS — X BN ZRET 2 DIICHHTEER, FEEWNTRY 717y —
LEBALE T,

21 NUF—=2UF X

NYF—RIEMENTBINET 7 ADDD TR ) FRTE, 7—X 2N 21T, H L WEHDE
BLTWS 2, HOHMHRICES L TWa2r2MEE L £ 3, & LHRICEDRITIUI, fistzRtL, 7—
RPRIELIRREICI2 2 DZFE T,

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

from abc import ABC, abstractmethod

class Validator (ABC):

def __set_name__(self, owner, name):

self.private_name = '_' + name

def __get__(self, obj, objtype=None):
(RDR=V1Hi <)




(RIDR=I D5 DR E)

return getattr(obj, self.private_name)

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

setattr(obj, self.private_name, value)

Q@abstractmethod
def validate(self, value):

pass

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

2.2 ARZ LNV T—H

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

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

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

class OneOf (Validator):

def __init__(self, *optioms):

self .options = set(options)

def validate(self, value):
if value not in self.options:
raise ValueError(

f'Expected {value/r} to be one of {self.options/7}'

class Number(Validator):

def __init__(self, minvalue=None, maxvalue=None) :
self .minvalue = minvalue

self .maxvalue = maxvalue

def validate(self, value):
if not isinstance(value, (int, float)):
raise TypeError(f'Expected {value/r} to be an int or float')
if self.minvalue is not None and value < self.minvalue:
raise ValueError(

f'Expected {value/r} to be at least {self.minvalue/r}'

(RDR=D12Hi L)
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(RIDR=I D5 DR E)
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}'
)
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—RIEEBEDY T RATT—ZAY FT—RE2{H S HEDOY Y TILTT,

class Component:

name = String(minsize=3, maxsize=10, predicate=str.isupper)
kind = OneOf ('wood', 'metal', 'plastic')

quantity = Number(minvalue=0)

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

IHEDFRZY FRIZ, RIEA VAR Y ADMER I N DEFFXE 5,

>>> Component ('Widget', 'metal', 5) # Blocked: 'Widget' <s not all uppercase

Traceback (most recent call last):

ValueError: Expected <method 'isupper' of 'str' objects> to be true for 'Widget'
(RDR—D1THE L)
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>>> Component ('WIDGET', 'metle', 5) # Blocked:

Traceback (most recent call last):
ValueError: Expected 'metle' to be one of {'metal',

>>> Component ('WIDGET', 'metal', -5) # Blocked:

Traceback (most recent call last):
ValueError: Expected -5 to be at least 0O

>>> Component ('WIDGET', 'metal', 'V') # Blocked:

Traceback (most recent call last):
TypeError: Expected 'V' to be an int or float

>>> ¢ = Component ('WIDGET', 'metal', 5) # Allowed:

'metle' is misspelled

'plastic', 'wood'}

-5 is mnegative

'V' 4sn't a number

The <inputs are wvalid

(RIDR=I D5 DR E)

3 NGB Fa—~UTIL

DL RIBZT AV TRDAH =X LARHEDFHMICONT, XD T 7 =ANKFa—t Y TAITKED

£73,

3.1 BIE

TAZVTRDER. 7 rarDFxY— FTRAZVFEZBLEO LS KB EN 220 H, OR < v

NR=WED X CEHNET 2003 I LeiRrL 3,

TRAZ VT RIZDWTERZLIZED, FHiLWwY =ty MEZ 2 X 51245713 Tkx <. Python Ot

AZDOVTD X D IRNEERF SN E T,

3.2 ERCLEA

—fRIC, TRZYFRIF. FTRZV IR T FaLTERSINEAY Yy FEEOBMMETYT, ZOX Vv R
. __get__ (O, __set__Q), BXU __delete__() TT, ZNBHDRAXY vy FOWTIIH, 7V MIC

ERINL TV, 2R TR2Z V) TE tENRET,

BT 72 ZDF 7 41 FORBENI, 7P =2 FOFHEDRMEOIIE.

FRE HIFRT S, BlZIE a.x &,

F3 a.__dict__['x']. Zhp5 type(a).__dict__['x']. X 5IT type(a) DXV v FERIEFIZHE-
TS ORIERANCHEHLE T, ROovokfld, TRAZ VTRV y FROWTIDEZERLTVWE ATV
7 +75, Python 3Z2DF 7 3L FORZEVELF—N—F4 FL, RKDODIZFRAZVFEZXY v RN
HLET, ZhDEOHEBHIEN TITONE N, EDTAZ VTRV v RPEBRINLTOENIKD £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

11




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

3.3 72072 7O0R30L

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

INTETTT, TNHEDXY vy ROWTADLEZERTNUL, A 7027 VETRIZ Y TR ARIN, HE
ENEBDOF T 4L FDIRLZEENE LS —N—F 4 RTEET,

HEATI=2T D __set__() & __delete__() DMAZERL TV, ZRET—XTRI ) TXE
BREINET, __get__ O BUZERBLTVWETRZ Y FXIF, ET—ETRI7 VTR MEINET (Zhd
FEL XYy Ridfbh g, oA sHRET),

T=RTAI VT REFET=RTRAI V) TRTE A —N=F 4 RPA VARV ZADFED T Y M VIZBILT
YOISWHEINEPLEZDET, A YRAXVADEEIZL, F—RFA2 V) 7R FELDOHEEN DL,
F—RFRIZVTRDOITPEREINET, /1 VARV RADHEIC, EF—FFR 27V IR e RILOEHR DN
X, HEEOHBOAPESEINE T,

HAHLEHDOT =X T A7V FREEDIZE. __get__ O & __set__() DMAZEFRKL. __set__O »
ML X 7z & 2T AttributeError EHIE NS KHICLTLZE W, SN Z2EN TS __set__ () XV v
FE 7L —RARVE LTERETUE, 7T—XTR7Y FRIZTH5DITTHTY,

3.4 TRU VT ZFUH L OHRE

desc.__get__(obj) % desc.__get__(None, cls) Zffi5 ¥ TRV IR BEHEMIHT I BTEET,
LoL. BHE7 72 X0OBICHEIINCHERHEIN S D2, —RINKRT A7V FZ2OENH LAETT,

R obj.x & obj ODEHIEMOF = - OHTEME x ZHRELES, dL. ZORRKROVT v JOHT, [~
AR YAD __dict__ DHTTRZ Y T E2EJROF75E8, BRAL—ILDIYV X MDY R MIE>T, ZDT A
ZVTED __get__ () XYy FPFHINET,

MOV L OFFHINE. obj D3A TS 22 b0 5 Ad, super DA VAR Y APITRD £5,
35 1VREAVADSDEVHL
AR DOF = — Y DHFTITONIZA VARV AN Y 77 v T TE. T—XTARZ V) TXPREET, RicA

VARYVABER, FORIZ) VT =R TRV TR, 7 TAEK. BRBRICFEELRS __getattr__() ML
nEJ,

a.x WNTBTRIVTEBAODP o755, desc.__get__(a, type(a)) EWHEXTHFHEINET,

12



Fy MTkdLy 27y 7OuY v 73 object.__getattribute__

TRLEZMEZeY v ZIFRD@ED T,

O OHFTfiTbhET, Y27 Python

def

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

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 wvariable

raise AttributeError (name)

__getattribute__() ®I— KT __getattr__() O 7 v 7L

ZEIWHERBLTLEXY, 2072, B

¥ __getattribute__() ZFEUH § 2, super().__getattribute__ TMEOH T &, __getattr__() &°
SERIZANA RREINET,

ZDORbH YT, __getattribute__() A% AttributeError ZFHH L7z EiT __getattr__() ZHUHTOD
F. Ky MEEFY getattr() OEMETT, INHDBY v ZIEFAAAR—FKICH T LI TVETS:

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__

13




3.6 V5 ADSDFUHL

AxDESR Ry bEfiolly 7y TDOuyy 71X type.__getattribute__() OHIZH D FT, B
Yy ZDAT v 7% object.__getattribute__() EUTWVETH, 4 VRXVRFEEDLY 77 v 137
2 Z® method resolution order 2@ U7-HR e BERZ 5N TVWET,

a.x WNTBTRIVTEBAOP-75E. desc.__get__(None, A) EWHEKXTHUIHINET,

SEe C TOHEEX Objects/typeobject.c DHD:c:func: type__getattro ¥ _PyType_Lookup() ZZHMEL T
ZE W,

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

super(A, obj) . m DEXSKR Ry b2fioizly 77 v Fi& obj.__class__.__mro__ ZHEL T, A DE
MDA BEEITHL, B.__dict__['m'].__get__(obj, A) ZRLET, dbLTRZ VY FXThrFIL
m ZEETTIGRLE T,

e C TOHEEEX Objects/typeobject.c DHOD super_getattro() 2SR L TL 72X W\, #if7 Python
TORE R a— N Guido’s Tutorial ZZHRLTL Z&E W,

3.8 BUHELOYSYIDFELD

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

o TAZYFRIE __getattribute__() XV v Ik THUHEN S

o 7 7RI DML object . type . super() 2 HREEKT S

o TRTDTRIZVIRZOUY v 7H __getattribute__() ICH D72, ZDRXY v KEF—N—F4
F52r, IRTOHEWRTZAZ Y Z7EZERH LEIHIEH S

e object.__getattribute__() ¥ type.__getattribute__() & __get__ () OFFUH LA ER
%o HIBIEA VARV REBELLAY v REED, BEIEFA VAR AL LT None 2L, 77X
EHEICEINS

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

o EF—RFRIVTRE, A VARVAFFEIA—N=FL FENZI D5

14
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3.9 BEFNDOAFIDIEE

TARAZNFRIZE 2T, BADBTHA VY END 7 FAEBEPHD 0 eBHYET, FiLWwWo I ZADMES
NBL., type AXZFARHLWVWI T ADEHEERF v Y LET, b L, BENFTRZYTXT, REHDO
_set_name__() XYV v FEF-TWEHE, TDOXY v FiZ20058EH > THRUEEINE T, owner
BT RZ VT RZBMERINTT T AT, name \ETRAZ VT EBTH A VENTT 7 AERDHLEITT,

FEEDFMIE Objects/typeobject.c DD type_new() ¥ set_names() ZZHL TLZX W,

BHFouY v 7k type.__new__() WZHH, BEHNET T REBRDRA I LrHDERA, DLTRY
Y FRBEDS 75 RBINENEEE. __set_name__ () ZFETHCHIMHERHZTL & D,

3.10 ORM o> )L
URoa—FE A7 =7 Mlfhv v B 2FRTZDICT KT 4 A2V T REMHS TR R LTz,
LSz BEE T,

BEARWREZTTNE. T—XPNEEDT —ER—RIRFT 5 Z 2T, Python f VARV RIZ, 7T —&R—
ADT—=TNNDFXF—DHEMRFELET, TAZ VT RPNy 77y TREHELET,

class Field:

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

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

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

conn.commit ()

Field 75 A%&{HoT, T—ER—ADT—TINITELDAF—<ZHATE7-00D 7L ZEHELE T,

class Movie:
table = 'Movies' # Table mame
key = 'title' # Primary key
director = Field()
year = Field()

def __init__(self, key):
self .key = key

class Song:
table = 'Music'
key = 'title'
artist = Field()
year = Field()

(RDR—Ih<)
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https://github.com/python/cpython/tree/main/Objects/typeobject.c
https://en.wikipedia.org/wiki/Object%E2%80%93relational_mapping
https://ja.wikipedia.org/wiki/%E3%83%87%E3%83%BC%E3%82%BF%E3%83%A2%E3%83%87%E3%83%AB

(RIDR=I D5 DR E)

genre = Field()

def __init__(self, key):
self .key = key

ETNEMFHTAICEET T —AR—RIHER L ET:

>>> import sqlite3

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

RDAVERS T 4 Ty darTlE, F—RR—ZAh5DTF—XOEEY ., BEHAEEZRLTVE T,

>>> 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 OS2t
07 a)VFHEMTER, VU T ALY TVET, -7 —20FZiEk, HFE D IT—EKN

HOTHAAAGEMEZINTZ3DBHDET, a7 4, FREOXY v R, XY v K, 772XV v F,
_slots F. &TTFAZV IR T o b arilEoOWTWET,

4.1 70ON7T+«

property() ZIFUIHHT Z T, BUYEANT 7 LA T2 L BOPIHLEZIIERIT. T—XTRI7V S &2%
BRICHALTONE T, 72 F ¥ ETHTT:

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

CORFaXVMTIR BHEXN-EYE x 2ESET 2N ERZEERLET:

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

equivalent that implements most of the core functionality:

class Property:

"Emulate PyProperty_Type() in Objects/descrobject.c"

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

if doc is None and fget is not Nome:

doc = fget._ _doc_

self. doc__ = doc

def __set_name__(self, owner, name):

self. name_ _ = name

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

return self.fget(obj)

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

self .fset(obj, value)

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

def getter(self, fget):
return type(self) (fget, self.fset, self.fdel, self._ _doc__)

def setter(self, fset):
return type(self) (self.fget, fset, self.fdel, self._ _doc__)

def deleter(self, fdel):
return type(self) (self.fget, self.fset, fdel, self._ _doc__)

FHAAABD property () BEIX, 2—F AV R—T 2 —Z2NDBEMET 7 ABEZ 5N, HlEEBAY v
FONABRERT 2 & EIHILH E T,

BlziE, A7y R — b2 52, Cell('bl10') .value TEADHEEZRBETELL LET, fHKRICK
D, TR ILH7 7 RADEICLLVOHGFERTZ I RERLELE, LrL7rr o<k, Z0RBMHIC
BH7 7 ERATEIMED I FA 7 Fa— RITHEERE X1 HH A, ZOMRRKII. property 7 —&
TRV TRNMEREANDT 7R % Ty TT5ILTT:
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class Cell:

@property

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

return self._value

HHAAAD property() . ZTD Property() b, ZOH Y FLOHTHL XS IHHATEET,

4.2 XY YR
Python O A 7' = 7 MamtkeEid. BABICE S BEO LIt xhThET, T —X TRV T&%
foT, 2D 220F—LLRAHAEDLENTVWET,

75 AREE IS BT, EITRICX Y v RIEBEINE T, XV Re@EEOBEBEA 7227 b0
A VARV ADPMEDOF LD DANCTE I N RZIDPERLD 9, BETIEA VAR YR self & \W5 401
DELNE T, this PMMOBELHHEZ T 5,

Ay FiE, ZEERDa— K e A%R 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)

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

return self._ _func__.__doc

return object.__getattribute__(self, name)

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

return getattr(self.__func name)

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

return self

XYy FOHEERZ K- T 2512& BEEEHL, BE7 272X TXY vy FOFGICHAH SN2
_get__O XYy FZBIMLET, ZAEOFD, COBBIIFy 7 78RS 2R Y v
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FZRFIIETF—XTFTRZ VTR THH I ZERLET, ROXITEEL T,

class Function:

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

return MethodType(self, obj)

RDIFABAVRT)REERETRE, ZOBBT AV FERERICESEBL rERONET:

class D:
def f(self):

return self

class D2:

pass

ZOBEBUIA Y PR ART Y a Y EYR— MF B37DIT qualified name b o TVET,

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

2 ARHEZBUTHEBICT 78R 528 __get__ O BFEITSNERA, ZTDRD, BRIZHHEBA 7Y =
b ZDEFRELET,

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

27ADFy b7 7ERE __get__ O FMFFHLETH, THABHEICHIBMEEELETITELET,

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

AVARYAH LT Ry b 727X 253 HEAVWEEZLES, Fy by 77y Ak, HEXY o R
FTVx s L RET et () EMUHLET,

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

WERTIE, WX Y v RIZA VO F VOB XNz VAR AR L TVET,

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

>>> d.f.__self _
<__main__.D object at 0x00B18C90>
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HL. HEDXY Y FD self . 7F7AXY v KD cls BE LR DHENTE>TWBEABP VB LT
b, ZWDZDEZIRDET !

4.3 XV FOEE

EF—=RFR2 ) F2F B Y Yy FICHET 25, BREO—RAYR X — 02, Bz Rt L 9.

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

ZDFr— ME, HEr, 20 200RRAHENLEERELDTVWET:

i ATV M SBUEEND IFADSRUEHEIND
B f(obj, *args) f(*args)

B X Y v f(*args) f(*args)

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

4.4 BHIXY YR

FRIA Y » RiZ, TCH 2B 2DFEFRLET, c.f  C.f IX. object.__getattribute__(c, "f")
X object.__getattribute__(C, "f") X EHERITIDLHELTT, MR LT, E#IA 7 =7 b
IIAMBRELEICTI7EATEET,

ERIX Y v FIZT 2 L RVWDIE, self BEADSEER -2V 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
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.

FHIX Y v FIINCH B2 ZD0EFETOT, MEHLOANIHEL HD £HA:

class E:
@staticmethod
def f(x):

return x * 10

>>> E.£(3)
30

>>> E().£(3)
30
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JEF—&F27Y) IR ralEFS ., pure Python fi® staticmethod() I RD & 512k b £5:

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)

@property
def __annotations__(self):

return self.f. _annotations__

The functools.update_wrapper() call adds a __wrapped__ attribute that refers to the underlying
function. Also it carries forward the attributes necessary to make the wrapper look like the wrapped

function, including __name__, __qualname__, and __doc__

4.5 VS5AXY v R

FHIR Y v R E3#E->T, 77 AXY v FFRERENCHTRNCY 7 ABMREGHY X P OFEFTMR L5
CO74—=y ME MOHLITHEA 7Y =227 b TH 27 ZRATHRILTY:

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

return cls.__name__, X

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

>>> F().£(3)
('F', 3)

COWRBENZE, BN SAZROBEMEL L, FHEDA VAR Y AIRFE N T = RITKIFLIRnw e
FIFEMTY, 77 ZAXY Y FOEWTD—21F, b DI 7R2av X527 2%1E5 2T, HlRIE
77 AXY v K dict.fromkeys ) EHLVHELZ X —D VYR M SERL £F, Ffi/2 pure Python fRi:

class Dict(dict):
Qclassmethod
def fromkeys(cls, iterable, value=None):
"Emulate dict_fromkeys() in Objects/dictobject.c"
d = clsO
(RDR=V1ki <)
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(RIDR=I D5 DR E)

for key in iterable:
d[key] = value

return d

INT—RHRXF—Z2ROMLVHERLTO L S ITHMKTE £

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

>>> type(d) is Dict

True

>>> d

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

EF—RTR7 VY SE T barEfo7z, classmethod() @ pure Python fRIXZD X512/ F3:

import functools

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

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

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

ClassMethod @ functools.update_wrapper () OF:-UH Uid, IREICH 2B 22 H$ % __wrapped__
BHZEMLET, £/ Fv =207y TEINLHEBO LS ICRRA S K5, BEREEZEML 3

__name__ . __qualname__ . __doc__ . __annotations__,

4.6 XVN—FTxU bt __slots__
7T AN __slots__ BERT DL, A VARV AOFHEDNEEHED AR vy bDEORY» BEEIZ 5N FE
T, 22— —DHMPSAZ L, W OLDEMDH D T,

1. Provides immediate detection of bugs due to misspelled attribute assignments. Only attribute names

specified in __slots__ are allowed:

class Vehicle:

__slots__ = ('id_number', 'make', 'model')

>>> auto = Vehicle()
>>> auto.id_nubmer = 'VYE483814LQEX'

Traceback (most recent call last):

AttributeError: 'Vehicle' object has no attribute 'id_nubmer'
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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 attribute
self._name = name # Store to private attribute
@property # Read-only descriptor

def dept(self):

return self._dept

@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. 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
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)))
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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 CHBERICEE 7 7€ AL, A7V bOXEVIHERERIET 20BN H 2720, a7
Python XN—Y a Y ERER T2 I I3 TEEFHA, L2L., 774 X—1+D __slotvalues VA MEHioTC
MEEDO 2R Y FRIKIFREICTI 2L -T2 223 TEET, ZOT 74 R— P RBEERANOFAE 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 RIZ7 FRAEBADA U AN=FT7I 27 +OBMEZNHEL 3,

class Type(type):

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

(RDR=V1Hi <)
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(RIDR=I D5 DR E)

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 FIEA Y ARV AFHEDORDODICAB Y F2HFDOA VAKX ZAOEROUE%Z L
3, BBE Y a7 Python TOY I 2l —yaryLiza—FRIb556TT,

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)

KD FRATYIalb—yarya— FEFHT3ITE, Object Z#A 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
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CORETREIRXR I SFRE 28 yDRAUAN—F TPz 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 YADMERENZ ., BHEIEHEEINS slot_values DY R M2 A VAR VAP LET

>>> h = H(10, 20)

>>> vars(h)

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

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

ARV I AR, K7V A OBEIEHINEEN L T,

>>> h.xz

Traceback (most recent call last):

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