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¥ AVN=FTSzo bt  slots

TRIZVTR 2ffis e, 7027 FORUERR. RIE HIFRZ I RZ<A XTEET,
KA PZ 4 DOREH» SR I N THET,

1) B0 TAM) TREEERDBENZ LT, Y IARH»D LT OMBTHHALTVWEEST, BLTAZY
TR DD TOHEE I IPOLEATOEEL & 9,

2) 220HO® Y Y a Yy TIIBETEERNLTAZ ) ROV TAEBNLET, bLTAZ Y TRXOERE
HEL TW20THIUL, TIHhomAEDTHRVTL & I,
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LTW2D0ZHNLET, ZLOANEZDOLNVOHERIITETL & 5,
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1 AFS

ZDAMTIE, RAEXRLSEBZE ZADOHBL. FILVWERERLZ—DOTOMNMLTOVEET,

1.1 2 TNBH: EREERITRIVTE

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

class Ten:
def __get__(self, obj, objtype=None):
return 10

CDFRIZYFREMSIEMDZ S 2D 5 2T UTIHREL £ 9

class A:

X

y

5 # Regular class attribute

Ten() # Descriptor instance

AVERIIT 4Ty yarvEFoT, BEDOBMNLY 77y T, TRZVTRDILY 77 v TDEVERTA
FL x9,

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

5

>>> a.y # Descriptor lookup

10

a.xJBMLY 77y TRy MEEFDZ 7 AFEOH LS 'x': 5 EROIE T, a.y by I 7y I TERY
MEETIE __get__ XV Y FEFOFRIZVFRA VRAXVARBLET, ZOX Yy FEMUEHT L, 10 %
BLET,

10137 JRADFHFEZEICH, {1 VARV ADFHZEZHBMEINTVWERA, ZORbOD, 10 34T~ RICEHHEX
NEJ,

DY TINE, Y TNRTRIZYTEABED LS ICEHIET 205 HHT 27200 DTTH, EHMTIEHD
FHA, ERERTIEE, BEORBBEY 7 ADTHEWTL & 5,

RDET > arTlk, EOERNZEN LY 27y T2ERLF T,



1.2 BRIy O T7v S

HICERZRT IO &, RICPLEZFTTLT7RA7V FROGBEEANVTL £ 5,

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

ARSI 7T 4Ty ayTRELSIC, ZORKEBHITY, FTIEIXERRIFERZITV. FEEZHEH
ENET,

>>> 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

DY TINETAZ V) TROPTED XS EIT S N2 TIERL, __get__O DFIBOENSRLTWY
£, self 7T X —&IX size T, DirectorySize DA Y AX VA TT, obj 287 X =K% g X s £\ o7z Directory
DAVARYATT, obj IC&D, __get__ O FX=7vrOT7T 4L 27 MU ERHNET, objtype T X —& &
Directory 7 7 AT,

1.3 BB

FTRAZ Y TRTILEONDEHBPA VARV ADT—RADT 7 ADEMTT, TOTAT Y TRIZT 7 AEE
EDRT Yy ZRBEBHICEID S TONETH, DT —RIIA VARV AFHED T 74 RX— M REHIRFEL Z
Fo NIV IRT 7R TObNDE Y, FTAZIVTRD __get__ () ¥ __set__() XYV v FBREFTEINZET,

ZOV TN TIE age 387V v 7 RBHT., _age X7 7AR—VREBWTT, 7V v 7 REERT 7R X
Nz, TRZV T RN 77y IRHEFrou 7HhELES,




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 /7 to /r'

obj._age = value
class Person:

age = LoggedAgeAccess()

def __init__(self, name, age):

self .name = name

self.age = age

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

, 'age', value)

# Descriptor instance

# Regular instance attribute
# Calls __set__()

# Calls both __get__() and __set__()

AVRIIT 4Ty avOERTRTOIZ L5112, BEINZEBHED age Du 7 HABITONETH, &

HOREMED name Zu I ERA,

>>> 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'

# The initial age update is logged

# The actual data is in a private attridbute

# Access the data and log the lookup

# Updates are logged as well

# Regular attribute lookup isn't logged

(ROR—1hE< )




(FIDR=I 5 DfEE)
>>> dave.age # Only the managed attribute is logged
INFO:root:Accessing 'age' giving 40
40

OV INEEZIRELRMEEISD FF, 774 R—-FRAGHID __age 53 LoggedAgeAccess 7 7 ADHT
N—FRa—RFINTVWET, 20D, EDA VRAEXVAB 1Dz ZBhans gy, 4aizdE
BETEEHA, ROV Y IV TIOMBEEFRLTOEET,

1.4 BEIDHREZIAX

TIAMTRAIZ ) TREFES L EIZ, VI7RABEFNFTNDTRAIZ) FTRICED XS REREGZMES 2 BAIL
9,

ZOY YT INTIE Person 7 7 AWE, name ¥ age £\WVWD 2DODT AT ) FTRA VARV A RFoTWVWET,
Person WEFR XN 2 ¥, LoggedAccess D __set_name__ () A=Ay ZE[TH /2, 74—V RGEFFRT
XFT, TNFhDOTRZ Y T XX, public_name ¥ private_name &b E 3,

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 /» 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

(RDR=D 1<)



(FIDR=I 5 DfEE)
def birthday(self):
self.age += 1

ARSI T4 7y ay ETRT ., Person 7 7 AH __set_name__ () ZFEH L, 7 4 —L FEDEFRE
NBEZ BTN BTL & D, vars() ZMEAT, TRZ VY FRZEZEEILIEWTTRAZ Y FXEZIIGELTAEL & 5,

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

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

HLWZ 7 21% name £ age DM TR 7 Z2HAOLE 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 VARV AE, TIAR—MALPMERBLTOWERA,

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

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

15 &
_get__ O . _set__O . HBWVIiE __delete_._ () XYY FREERLLDHOLWEI AT =7 v, AN
descriptor RS DTT,

FAUSEMLT, A2 V)F&IX  _set name () AV Y REFHOZIELHTEET, TDOXY vy RiZ. 7&X27Y
TREMEEINDE T TR, HEZVEI TV AV ENET I AER e BV END BGECHHINE T, DLEEL
TWHUX, 727 ADBTRI Y TRTRL THMEINET,

TRAZVYVTREBEEDOLVYy 77y TR Fy PEHEFRZ I THUIH I E T,
vars (some_class) [descriptor_name] ¥ WHEBEXHICX o THEBWNICTRAZ VI ZB 7 72RAEIN3 L,
FRZVTEZEBFITTEI L, TRIZVTRDA VARV APREINE T,

TRAIZVTREZ FAZEHE LUTHH L SCRTFEELET, A VRAZVRACRELTHMRIEDD £HA,

FRAZN)TRIE, 7I7RAERE UTRHEINTWE A7 =7 " EMELYy 727 v THICHET 2 Z 2 2HlET
X355, 7y 7T 3 e EREFR—arRoTWVET,

8




BN, MO LD Z 220N, vy 727y THICEET A2 2l L TEZ LN, TRZY SRIZZD
BfREWIEXE, MBEINTVE T —ZDMEEICNATESLXISICLET,

TAZ Y F&2IE Python DX FXERE ZATHHZIATVE S, ZAUT KD, B BB8UI £ Y A& ¥ RITfE
SN XYy FIZiD %7, classmethod (), staticmethod (), property(), functools.cached_property ()
EVo Y — b FTRT, TRV Y TR LTEREINTVET,

2 RENBYT>TIL

ZOV YL TIE, BEPED TH L WT —XBHEAN T 2RE S 2 OIICHRRER, BN TRy 7Ly —L%
WMALET,

21 NUF—20U3 R

NY)F—RBEHINTEZBE T 72 ADEDDTFT A2 ) FRTYT, T—REENT 2RNC. T LWEITRIZES L
TV, HOHHEHIRIGES L TWA2ERIEL T3, b LAIRICELRIFIZE, FINEZER L. 7—XBRIE
IR B DEBFE £ T,

Validator 7 7 Rl abstract base class THH. BEMHEMTR 7V SR THHH ET,

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)

Qabstractmethod
def validate(self, value):

pass

HRARLNY F—REERT 5121 Validator 2K L, validate() XYV v REERL THRESELTIEX
F R OMEEZI TV E T,




22 ARZLN)T—H

CIZTIE3DOEBNGEAYF—arDa—T 2 VT4 DY TAEBNLET,
1) OneOf FHIR X N/IAZHOEAICEZENZEOE I D EBIEL £7,

2) Number (3fH% int 7» float 22X S ZMALL £9. A7 a ¥ T, EIEE S NR/MEL RAMEICE
FNODLBMALL £5

3) String XA str L S PRIELET, + 7> =¥ T, WESHER. BAOEXORITE LT,
AR M REBITRET

class OneOf (Validator):

def __init__(self, *optiomns):

self.options = set(options)

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

raise ValueError(f'Expected {value/r} to be one of {self.options/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(
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):
(KDR=2128i<)

10



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

(FIDR=I 5 DfEE)
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 REBENBT IV Tr—23>

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

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

INSEDFRZY FRIE. PIEA VAR ADMEREINZDEPXET,

>>> 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

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 0O
(KDR=212HEL)

11




(FIDR=I 5 DfEE)
>>> 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 tinputs are valid

3 BN GEFa—FUTIL

INDBEIFTAZ Y TRDRA N =R LARHEOFMICOVWT, kW FZ=pnFa—+ Y 7R %T,

3.1 BIE

FTRAZYTEDER., 70 barod<l)—, TRAZYTEZBPED LS ZHEHEINZ 005, OR < v 8—»
CDXIWCEHNET A0 Y U IABIERLET,

FRZY FRIZOVWTERZILIZED, HiLww—ilty X2 L5125 TH <. Python A
OWVWTD X D ECNE@ERELNE T,

3.2 ERLEA

IS, FRZVTRE, FRAZ ) TR0 AN THESNIA Y v R EFEORIETT. C0X Yy K.
_get__ O, __set__O, BXU __delete__() TT, INHDAY Y ROWTND, A7V MIERIN
TWiUE, #hE TRZ V72 LIERE T,

BT 72 ADT 7 40 b ORDZ N, A 7Y 2 P OFEOBEORIS, RE. HIFRTT, flZiXa.x & ¥
F a.__dict__['x']l. ZHd»5 type(a).__dict__['x']. T HIT type(a) DX Y v FERIEFIIE-72X 5
RAIZBERACHBLE T, HOoD ol TRAIZVTRAV Y FOWTHIPEERLTWVWEET T 27 M5,
Python i3Z D77 # )V b DRZFNEF—N—F 4 FL, RDDICTRIZVTFEZXY v FEMUHLEST, 20
B OEFHIELG TITHLNEDIE. EDTARAZ Y TRV v RRERIN TV E2IMKD £3,

Descriptors are a powerful, general purpose protocol. They are the mechanism behind properties, methods,
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.

12




3.3 72U 727O0K3L

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

INTELTTT, INHDAYV Yy ROWTHREERTIUI, A 7927 VEITRZ Y FReARENR, RN
EBOF 74V OB EHENEF—N—F5 4 FTEF T,

HBXTIxT b __set__( ¥ __delete__() DMAZEERLTWEE, ZAUET —RT RV TRE A
ENFET, __get__ O PIEERBLTWETARAZ VTR, ET—XTRIZVFREMINET (Zhbid kL
XYy FIEbNETH, Moffngd ks ),

T—=RTRAINTREET=RTRAZ ) TRTE A—=N=F4 FPA VAR ADFEDOTY PV ICEHLTY
DESIEIRINLIDPDBRLEDE T, A VARV ADHEIL, T—E TRV TR FAHROEHENRDIUI, T—&
TRV TRDFIPBREINET, A VRAEXVADHEIZ, T —27227 ) F2eAXOEA DU, HEHED
HHOHEEEINET,

HAHNLERHO T =2 7270 72 2EZ120E. __get__ O & __set__(O OHAZRERL. __set__() Y
H&/-¥r 12 AttributeError SEHENZ XD L TL & W, filA 2k T2 set. O XYY R%ET
L—RFNRE LTERTIUR, T—RTAZ Y FRIZT2DICT5TT,

3.4 TRV TZFVHLOBIE

desc.__get__(obj) % desc.__get__(None, cls) Zffi5 & TRV V) X ERRFOIHIT N TEET,
L2L, BE7 7 ADOBICHBINICFECHI NS DR, — BB TR 7V RO LGETT,

K obj.x X obj DHAFZEMDOF = —>OHTEM x ZHERLET, dL. TORKROVY v ZJOHFT, 4 VR
RYAD __dict__ OHNTTAZ VT RERDFI1EGE, FEL—NLDIVRA MDY R MNIEST, ZDTATY
TRD __get__ () AV v RPHUHENET,

MO L OFERINE, obj D34 TP =2 b T 5 A, super DA Y ARV ADITHKD F5,

3.5 AVRRAVADSDFUHL

HRIZEBDF = — Y DHFTITONIZA VAR Y ANy 77 v TTE T—RFRAZ Y T RBPREIT, KA VR
RYRABH ZORIZ) VT —=RTFTAZ VTR, 77 AER. BIRITEELS __getattr__ () DI E T,
a.x WRTBTRIVTEBPAOM o755, desc.__get__(a, type(a)) EWHERNTHIHEINE T,

Fy MZk2dAy o7y 7FOuYy 7k object.__getattribute__() OHFTTbNEF, ¥ a7 Python THK
L7728 fi7zza Yy 21 ERO@EH TI,

13



def find_name_in_mro(cls, name, default):
"Emulate _PyType_Lookup() in Objects/typeobject.c"
for base in cls. mro__
if name in vars(base):
return vars(base) [name]

return default

def object_getattribute(obj, name):
"Emulate PyObject_GenericGetAttr() in Objects/object.c"
null = object()
objtype = type(obj)
cls_var = find_name_in_mro(objtype, name, null)
descr_get = getattr(type(cls_var), '__get__', null)

if descr_get is not null:

if (hasattr(type(cls_var), '__set__')
or hasattr(type(cls_var), '__delete__')):
return descr_get(cls_var, obj, objtype) # data descriptor
if hasattr(obj, '__dict__') and name in vars(obj):
return vars(obj) [name] # instance variable

if descr_get is not null:

return descr_get(cls_var, obj, objtype) # non-data descriptor
if cls_var is not null:

return cls_var # class wvariable

raise AttributeError (name)

__getattribute__() ®a— Rl __getattr__() D7 v 7BV L ICFEELTLEIV, ZOko, EHi%
__getattribute__() ZPFEMH 2, super().__getattribute__ TMUHT &, __getattr__() MBFERIIAN
ANRAEINET,

ZDRHDIZ, __getattribute__() 2% AttributeError ZHH L7z FiZ __getattr__ () ZMUHTDIL,
Ry MERET L getattr() OBEIETT, Zhosoudy 7~ —FEuch Ferfbdhtng 3

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__

14




3.6 V5 ADSDOFUHL

AxDESIREy "efiolzly 27y TOuY Y 71 type. __getattribute__ () OHIZHD ET, vy
JDAT v 7% object.__getattribute__ () ZUTWETH, 4 VAR VAFHEDONL Y 77 v T 1ET7 7 AD
method resolution order #il U7-HRr BEZZ A TVWET,

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

5Ea7 C TOHEEIX Objects/typeobject.c DHD:c:func:/type getattro ¥ _PyType_Lookup() ZZHEL TK
72E W0,

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 DESK Ky bE2ffioizly 77 v X obj.__class__.__mro__ ZKL T, A DERID
279 ABEETHL, B.__dict__['m'].__get__(obj, A) ZERLET, bLTFTRAZ IV FEXTRINE n 2%
HEFITEL T,

FEa7 C TOFEEIX Objects/typeobject.c DHD super_getattro() 2L TL 2 X\, #li#72 Python T
DIFE&ER a2 — FiX Guido’s Tutorial 2L TL 72X W,

3.8 FUHLO v IDERL®D
The mechanism for descriptors is embedded in the __getattribute__() methods for object, type, and
super ().
A THBLIREERRFA:
o TAZY T RIT __getattribute__() XV v RIZXko THUHII 3
o 7 IRIZTDHEMET object . type . super() D HkEKT S

e TRTDFRZYFROOY y 25 __getattribute__() IH D7D, TDRY v FEF—N—F4 BF
2. TRNTOHBNRT A2 ) FRFCH LidflEh 2

e object.__getattribute__() ¥ type.__getattribute__() & __get__() OO LADERL S, Hi
BIEA VAR VRAEBELLRAY v R2EL, BEIFA VAKX AL LT None 2L, 77 RIHFICHEX
ha

o F—RFRIZVIFRIF, BFA VARV RAFELF—N—-54 kT3

o EF—RXFZZN)FRIZ, A VARV ATEIZF—N—F5 4 RENBZILBH S

15
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3.9 BFNDOAFIDIEE

TRAZVTRIZE 2T, BABRT7HA SN TABRGPHAD 20 enDHDET, HiLvwr 7 A03ES
N3, type XX IRAFHLVWI FAOHHEEAX Y Y LET, dblL. BRENTRIVTXT, BBhoD
__set_name__() XYy FZFo>TWBHE, DXV v N2 0058z THUHEINET, owner 137
A7) TEAPERHEINT Y 7 AT, name 3T RAI VT EBT7H A Y ENT0 7 ABERDAHITT,

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

BHFouY v 7% type.__new__ ) IZHbH, @HINIT 7 RMEBRDEXA IV ULhrdHDERA, DLTRIZVTS
RPBH BT 5 AEMENTEIE. __set_name_ () 2 FHTCHOHTHERDHBZTL £ 9,

3.10 ORM Ot > )L
UFoa—RE A7y =7 MR~y B Y7 2HRETDIDICT—XT 4 A7V TR 2S5 iR R LT, fiilg
'ﬂ:éh?‘:’%*ﬁfj—o

HANLEZ T, 77— ZPNRO T — X R—= 2R 7T % Z 2 TY, Python f Y ARV R, 7—XR—ZAD
T=IAMNDF—DEERFELE T, TRAZVTRPNy 77 v 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 7 9 A% {HoT, T—ER—ADT—TINITEDAF—<ZHATE7-0D0D 7L ZEHELF T,

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

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

class Song:
(KDR—=2128i<)

16



https://github.com/python/cpython/tree/3.13/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

(FIDR=I 5 DfEE)
table = 'Music'
key = 'title'
artist = Field()
year = Field()
genre = Field()

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

ETAEFEHTICEET T —E2R—AZER L 3

>>> import sqlite3

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

RDAVERIZT 4Ty yaryTlE, T—ER—ANLDTFT—XORBEE., BHAEEZRLTOVET,

>>> 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 O (MR
ZO7m baVFHEMTTS, VIV TAAREELMOTVEST, 22— —X0HIZIX. HFE DIT—BHN

BOTHAAAZBMENTZDDIHDET, 774, HEODOXY v F, BHXY v R, 75AXY v R,
~slots . &TFAZV IR T b arilEoOWTWETS,

4.1 70ON7T+

property() ZFEUHT Z 2 T, BHEANT 7R T2 BEBOMUHLESISEIT, 7—2TR7 ) SR %2 HE
WA TOENET, 7% F v X2 5T

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

CORFaxXy TR BHIWEE x 2ERT 2N LEHEZRLET:
17



class C:

def getx(self): return self._

def

X
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"

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 None:

doc = fget.__doc__

self. _doc__ = doc

self._ name_ _ = "'

__set_name__(self, owner, name):
self._ _name__ = name
__get__(self, obj, objtype=None):

if obj is Nonme:
return self

if self.fget is Nonme:
raise AttributeError

return self.fget(obj)

set__(self, obj, value):
if self.fset is None:
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):

18
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(FIDR=I 5 DfEE)
return type(self) (self.fget, self.fset, fdel, self._ _doc__)

HAABD property() BEUIX, 2—H A VX —T 2 =2 NDEWET 725260, i EEBAY v RO
NMABERT 2 E12HILH E 5,

BlziE, A7 Ly Fo— 27 5 RH, Cell('bl10') . .value THADMEERETEZ L LE T, MWMBITXD,
TaT T LN T VR ADEZLLVOEHEE TSI RERLE L, LoLTRI I ZORBMEICERE T 7
CLRFTEHMEFEDI AT P a—RFIEEREZX 2 DD EHA, ZOMRREKE, property T—X TR S&
MCEBEAD 7 222 % 5y T35 28T

class Cell:

@property

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

return self._value

HHAAAD property() . ZTD Property() b, ZOH Y FILOHTHL XS IHATEET,

4.2 XY YR
Python OA 7Y = 7 MEAKEEIZ, BIEICE O IRED LICHERINATVWET, T -T2V FX%Effio
T, 2D 223 —ALVARHAEDINRTVWET,

7 T AFEE TSI S N2 BAEIE. SEATRIICX YV w RIZEENE T, XYy ReEFEOBBEA 7Y =27 r D4~
AR APMDEIE LD DRNCE I N DI TNERD £5, BEETIEA Y REZ VR self W HFIHEDI
F I, this PHOERABHEZ T T,

Ay FiE, ZEERDa— K e A%4 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)

(KDR=12HEL)
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(FIDR=I 5 DfEE)
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

AV v FOHEERZ YR — FF 512, BT L, BEY 78R TXY y FORMICHAHENS __get__O
AV FEBEIMLEST, ZAUEDOED, COBEE Ny M7 7R3N ZICHENX Y v FERTIET—
RFATV TR THLILZRERLET, ROXSITHMELET,

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)

RDY G RA%A 2T 2B THE, ZOMBTRAZY FRPFERKCE 5@ e RohET:

class D:
def f(self):
return self

class D2:

pass

ZOBEIEA v b e AR Y a Y EYR—- T 57291 qualified name dFio TWET,

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

7 ATEHEZBUTHBICT 78R T2 __get__O) PE[TENERA, ZDD, HZHL2BHUAT7I =2 b
ZEDEFRLET,

>>> D.__dict__['f']
<function D.f at 0x00C45070>
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27ADFy b7 7ERE __get__ O FMPFHLETH, THABHEICHIBMEEELETITELET,

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

AVARVRAIIN LT Ry N7 27 RZ2 T2 HAVEEZLES, Ny bOLy 27y FiE, WX Yy AT
7 M eRYT __get__ () EMUHLET,

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

WEETIE, F XY v FidA Y PPV oBBef a4 Y AX Y 22 R EFELTVWET,

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

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

H L. BEDXY v FD self . VI7AXY v KD cls WETHSHRZDEMICE>TVWE AP VDB LTZ5,
INDBZFDEZITKED ET !

4.3 XYy RDiEHE

T —=2FZ2 Y TRIZ, BREXY v MRS 5, SEO—RIHRAAR =12, Bz Rt L £5,

Frode, BEIE __get__ O XYy FEFL, BHEELTZ77ERINTEE XYy RIZEBINE T, Z
DIETFT—=&T 4 X7 FRIF, obj.f(xargs) ODIFUIH L% £(obj, *args) IZEHL £7, cls.f(xargs) %
MEUOH 3 & f(*args) 124D F9,

ZOF vy — NI, HEY, 202 00BEAERREEETEDTVET:

B ATV D SHUHENE ISXADSHUHEIND
ESp4d f(obj, *args) f(*args)

FRIX Y v K f(*args) f(*args)

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

BRI Y v RliX, TCH2BEZDEFIRLET, c.f ® C.f lX. object.__getattribute__(c, "f") R
object.__getattribute__(C, "f") REEHERTL2DOLFALTT, MR LT, BREA Tz 7572
POEL ST 7R TERT,

BHIX Yy FIZT 2 BVODIX, self ZEADBBER WX Y v FTT,

FIZE, BEtoSw =212, BT —XD0ar7Fr2Hse LET, 207 7 RIE, i, X7, Zofio,
T =R BRI R R E T A FMER Y v FRIEEL 3, LA L. R EEBEFRSH - TH, 77— XK S
BNE S RERZBERL DD F5, HIRIE erf (x) BHGEH LOMRIZZE L —F TP, FEDT—&Ey b
WEHEIIMKFELERA, 2T ATV 27 b TH I AL THMUIHEET: s.erf(1.5) --> .9332
% 721X Sample.erf(1.5) --> .9332,

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

class E:
@staticmethod
def f(x):

return x * 10

>>> E.f(3)
30

>>> E().£(3)
30

JEF—&F27YTFExTa banrzf> e, pure Python fi® staticmethod() LA FD X 5124 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, xargs, **kwds):

return self.f(xargs, **kwds)

functools.update_wrapper() DFFUH UK, REICH 2% S35 __wrapped__ BHEZEMLET, ¥
72 ZOR=DZDTy TINEBOESICRZIB XS, DELEEEZBMLUES: __name__ . __qualname__

doc__ . __annotations__ ,
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4.5 VS5AXY vy R

BHHXAYy FEIXEST, 77 AXA Yy FIZBBENOHEIENCY 2 ASZRESIBY X FOEHICMZAE S, 2D
TZx—~<v MI, MOBLITEA T2 P THZ 7 ATHRILETT:

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

return cls.__name__, X

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

>>> F().£(3)
('F', 3)

ZORBEENE, AP FABBOAENEL L, HEDA VAR Y AR ESINT —XIKEFEL RV FiZ
FERITT, Z7I7RAXY Y ROFEWAED—DIF, RbHDIFRav A7 REEZZLTT, X 77 R&X
Y v F dict.fromkeys ) EHLVWHEZF—D VR M2 OEKL £7, Ffie pure Python hil:

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

return d

INT—ERF—2HOMLOEEIDITO 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—2T2R7 V) SR T barz{fisjz, classmethod() @ pure Python fRIZZD L5112 D ET

import functools

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

def __init__(self, £f):
self.f = £
functools.update_wrapper(self, f)
(RDR=D12Hi L)
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(FIDR=I 5 DfEE)

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

ClassMethod M@ functools.update_wrapper() DFEUH Uik, RIEWCH 2% ST % __wrapped__
BHEEZBIMUES, . 9 =207y F7ENLHEBOLSICRZAS L5, HELEEZEMNML £

__name__ . __qualname__ . __doc__ . __annotations__,

4.6 AN—FT Uk __slots___

7R __slots__ BERT DL, A VARV AOHENEEBED Ay OEOETI EEEHIONE T,
I—HF—DHEPLADZ L, W ODLDEBHD ET,

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 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

24



>>> 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 cor-

rectly:

from functools import cached_property

class CP:
__slots__ = Q) # Eliminates the instance dict
@cached_property # Requires an instance dict

def pi(self):
return 4 * sum((-1.0)**n / (2.0*n + 1.0)
for n in reversed(range(100_000)))

>>> CP() .pi
Traceback (most recent call last):

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

__slots__ X CHEGERICER 7 7 AL, A7V 27 bOXEVHEEHIET 2 08035 5729, ¥ 27 Python
N=Ta VEERTZZ2I3TEERA, LEL, 794 RX—FD __slotvalues Y X h&ffio T CHEED R
Oy FRIFFEFEICLI 2L -T2 3TEET, ZOT 74 R— FRMERANDOHAEZIIX N—DT
A7) TR K-> TEHINE T,

null = object()

class Member:

(RDR=D 1<)
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https://en.wikipedia.org/wiki/Flyweight_pattern

(FIDR=I 5 DfEE)

def __init__(self, name, clsname, offset):
'Emulate PyMemberDef in Include/structmember.h'
# Also see descr_new() 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/7r} of {self.clsname/7/>'

type.__new__() XV v RIZ7 FRAEHADA Y AN=F T 27 +OBMELHEL F 3,

class Type(type):
'Simulate how the type metaclass adds member objects for slots'

def __new__(mcls, clsname, bases, mapping, **kwargs):
'Emulate type_new() in Objects/typeobject.c'
# type_new() calls PyTypeReady() which calls add_methods ()
slot_names = mapping.get('slot_names', [])
for offset, name in enumerate(slot_names):
mapping[name] = Member(name, clsname, offset)
return type.__new__(mcls, clsname, bases, mapping, **kwargs)

object.__mnew__() XV v FEA YRRV AFEDORDODICRT Y P 2HDOA4 Y ARV ZAOEROLHEE L%,
BBEX 2 IC¥ 27 Python TOY I alb—>ayLiza—RKBZ5656TT,
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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__/!r} object has no attribute {name/r}'
)

super () . __delattr__(name)

FKEDI FATYIal—yarya— REFAT5ICE. Object ZREA L. metaclass % Type IZL ¥F,

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

slot_names = ['x', 'y']

def __init__(self, x, y):

self.x X

y

self.y

ZORFRTIERXRR I TR 22 y DA UAN=FT Iz beu—FLET,

>>> from pprint import pp
>>> pp(dict(vars(H)))
{'__module__': '__main__',
' __doc__': 'Instance variables stored in slots',
'slot_names': ['x', 'y'],
'__init__': <function H.__init__ at 0x7£fb5d302f£9d0>,

(ROR—1hE< )
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(FIDR=I 5 DfEE)
'x': <Member 'x' of 'H'>,

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

A VAR ADPERENE v, B RIFENS slot_values DYV A B A VAR AL 3

>>> h = H(10, 20)

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

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

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

>>> h.xz

Traceback (most recent call last):

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