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AKAA FZ 420 KEE» SRS TVET,
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L TOW30THIUR, TID5HAHEDTHERVTL & 5,

3) 3FEHDOE 7> a YIF X DBIIARF 2a— U TZARBL T, TARAZ Y TEBED KSR H =X LTHINE
LTWRDODERNALET, ZLONEZDOLNVOEBIIARETL & 5,
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1 AF3

ZDAMTIE, RAEXRLSEBRZE ZADOHBL. FILVWERERLZ—DOTOMNMLTVEET,

1.1 2 TNBH: ERERITRAIVTE

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

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

CDFRZYFREMSIEMDZ S 2D 5 2K UTIHREL £ 9

class A:

X

y

5 # Regular class attribute

Ten() # Descriptor instance

AVERI T4 Ty yarvEFoT, BEOBMNLY 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.x BELVY 77y ITE Ry MEEFDZ ZAFHEOHDS 'x': B EREDIIES, a.y v 7 v ITIE Ry
MEETIE __get__ XV Y FEEOFRIVFRA VRAXVZAERBLET, ZOX Yy FEMUEHT L, 10 %
RLUET,

10137 2 RADFHFEICD, /1 VARV ADFHZEWZHBMEINTVWERA, ZORDOD, 10 34T~y RICEHHEX
NEJ,

DYV TINE, SYTNRTRIZYTEBED LS ICEHIET 20%2HHT 27200 DTTH, EHWNTIEIHD
FHA, ERERTIGEE, BEOEEY 7 ADTHEWTL & 5,

RDET>arTlk, EOERNZENZLY 27y T2ERL F T,



1.2 BRIy O T7v S

HITERZRT IO &, RICHPLHEZFTT L7277V FROTGBHEEAVTL £ 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

AR T 47y yaryTRELIIC, ZOHRREIBHNTT, FATI L ICERZFREZITV. BEEZHEH
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 Y TROPTED XS EITS NI TR, __get__O DFIBOENSRL TV
£, self 7T X —&1X size T, DirectorySize DA Y AX Y A TT, 0bj 787 X =K% g R s £\ o7z Directory
DA VARV ATT, obj ICED, __get__ O FX=7v D074 L7 MU ERHNET, objtype T X —& &
Directory 7 7 AT,

1.3 BB

TR Y TRTILEONZHRPA VARV ADT—ZADT 7 ADEMTT, ZOTATZ VS RIZT T AEE
EDRT Y w2 RBEHCEID B TONETH, DT —RIIA VAR VAFHED T 74 RX— M RBEHIRFELZ
Fo NIV IRT 7RI TbNDE Y, TAZIVTRD __get__ () ¥ __set__() XYV v FBREFTEINET,

ZOV TN TIE age 387V v 7 RBHT., _age X7 T7AR—REBWUETT, 7V vy 7 REENT 7R X
Nz, TRZV T RNy 727y IRHEFrou 7 hELES,




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 avYOBRTRETOIZ L5112, BEINZEBHED age Du 7 HABITONETH, &

HORMED 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< )




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

OV INEEZIRELMEISD FF, 774 R—FRAGHID _age 53 LoggedAgeAccess 7 7 ADHT
N—FRa—FRINTVWET, 20D, EDA VRAEXVAB 1DOLrzonZHhandEEnfihs. 4aizd
BETEFEHA, ROV Y IV TIOMBEEFRLTOEET,

1.4 BEIDHREZIAX

TIAMTRAIZ ) TREFES L EIZ, 7I7RABEFNFTNDTRAZ) FTRIIED XS RERGZMES 2 BAIL
9,

ZOY YT INTIE Person 7 7 AWE, name ¥ age £\WVWD 2DODT AT ) TFTRA VAR Y A RFoTWVWET,
Person WEFHR XN 2 ¥, LoggedAccess D __set_name__ () A=Ay ZE[TH /20, 74—V RGEFFRT
XFT, TNFhDOTRI 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=212Hi <)



(AIDR=I 25 DfE X))
def birthday(self):
self.age += 1

ARSI T4 7y ay LTI, Person 7 7 AH __set_name__ () ZFEH L., 7 4 —L FEDEFRE
NBEZEeBTPBTL XD, vars() ZMEAT, TRZ VY FRXEZEELIEWTTRAZ Y FXEZRIELTAEL & 9,

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

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

FHLWZ I 21E name £ age DMAFTR 7 2ZHAOLE 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— A LPMEBLTVWERA,

>>> 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, AW
descriptor RS DTT,

FAUSEMLT, 7AZ7Y F&IX _ _set name () AV Y REFHOZIELHTEZET, TDOXY v RiZ. 7&R2Y
TREMEEINDE T TR, HEZVEI TV AV ENET T AER BV END G ECHHINE T, dLEEL
TWHUX, 727 ADNTRI Y TRTRL THMREINET,

TRAZVITREBEEDONLVYy 77y TR Fy PEHEFR I THUIHIAE T,
vars (some_class) [descriptor_name] ¥ WO EBEXHICX o THEBENICTRAZ VI ZB7 7RSI N3 L,
FRZVFEREBFITT DI, TRIZVTRDA VARV APREINE T,

TRAIZVTREZ FAZEHE UTHH L SCRTEELET, A YRAZVRATRELTHMRIEDD £HA,

FRAZN)TRIZE, 7 I7RAERLE LUTRHEINTWE A7 =7 "Ly 77 v THICHET 2 Z & 2HlET
X355, 7y 7T 3 e EREFR—arRoTWVET,

8




BN, MO LD Z 220N, vy 77y THICEET A2l L TEZ LD, TRAZY SRIZZD
BfREWIE X, MBINTVE T —ZDMEICNATESLXSICLET,

TAZ Y F&2IE Python DX FXERL ZATHHZINATVE T, ZAUT KD B BB8UI £ Y A& ¥ RITfE
SN XY v FIZD %7, classmethod (), staticmethod (), property(), functools.cached_property ()
EVo Y — b FTNRT, TRV Y TR LTEEINTVET,

2 RENGEY T

ZOV YT TIE, BEPBD TH L WT —XBHEAN T 2RE S 2 OIICHARRER, BRI T R I kY —L%
WALET,

21 NUF—20U3 X

NY)F—RBEHINEZBE T 72 ADEDDTFT A2 ) FRTT, T—REENT 2RNC. T LWESTRIZES L
TV, HOHHEFHIRIGES L TWE2ERIEL TS, b LARICELRIFIZE, BINEZEHL. 7—XBRE
IR B DRBFE £ T,

Validator 7 7 Rl abstract base class THH. BEUHEMTR 7V SXTHHH 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 THREGLTIEX
F R OMAEZI TV E T,




22 ARZLND)T—H

ZIZTIE3DDOEBIBAVF—arDa—5 42 VT4 DY TAEBNLET,
1) OneOf FHIR X N/IAZMOEAICEZENZEOE I D EBMIEL £ 7,

2) Number (3fH% int 7» float 22 S ZMALL £9. A 7> a ¥ T, EIEE SN R/MEL RAMEICE
FNE0OMEEL 7,

3) String Xfl2S str DI PMFELE T, A 7> a vy T, HESINLRD BRRORZOHIEE LE T,
2—Y—ERD ik BEEBITAE T,

class OneOf (Validator):

def __init__(self, *optiomns):

self.options = set(options)

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

raise ValueError(f'Expected {value/r} to be one of {self.options/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)

(AIDR=I 5 DREE)
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 RBENBT TV Tr—3Y

RDA— REEBD Y 5 ATT—EZANY F—R e[S HIEOY 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

INOEDFRZY FRIF. PIEA VAR ADMEREINZDEFXET,

>>> 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=12HE<)
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(AIDR=I 25 DfE X))
>>> 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 B ERFa—~UTIL

IHADBRIEITRAZY FRDRX X LAREEOFHMICOWT, kb F 7=k Fa— b Y7k T,

3.1 BIE

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

TRV TRIZOVWTERNZEIZED, HiLWwWY—ibty b2FZ 2 L5127 5721 T#% <. Python O AIZ
OWVWTD X D IECNEBBIELNE T,

3.2 ERLEA

—fiz, TRIZVTFRIE, TRIZVTETIR FaNTERINEZAY y FEROBMHETT, 20XV v Pl
_get__ O, __set__O, BXU __delete__() TT, INHDAY Y ROWTND, A7V 7 MIERIN
TR, 23UE TRZ VTR BIHINET,

BT 72 ZADT 7 4L FOIRZENE, ATV 27 POFEOBREOEE, RE. HIBRTT, flaiFa.x d %
J a.__dict__['x']. Z1»5 type(a).__dict__['x']. T HIT type(a) DX Y v FERIEFIIE-72X 5
ROBRBACHPHLE T, AODoflh, 7RIV TXAY Yy FKOWTIDLEERL TWEA TV 7 Migb,
Python i3Z D77 # )V bDRZFENEF—N—=F 4 FL, RDDICTRIZVTFEZXY v FEMUHLEST, 20
DY OEFHIELG TITHLNEDIE. EDTARAZ Y TRV » RRERINTOE2IMKD £3,

TAZVT R, WOk, ZEHNO B bal T, ZhETRAAT 4. AV R, #IXY v R, 772XV Yy
F. ZL T super) OBERIZH B TT, Python DWz3 2 ZATHEDLRATWET, TAZ Y &I, HiEg
WZhHd Ca—FEMEICL, BHD Python 707 J 412, TEFHLWVWY —LEEREHEL T,

12



3.3 7R2U727O0KR30L

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

INTELTTT, INHDAYV Yy ROWTHREERTIUI, A 7927 VEITRZ Y FR ARSI, RN
EBOF 74V FOIRBEHENEF—N—5 4 FTEF T,

HBAXTIxT b __set__( ¥ __delete__() DMAZEERLTWEE, ZAUIT —RT RV TRE A
ENFET, __get__ O PIEERBLTVWETARAZ VTR, ET—XTRIZVTFREMINET (Zhbid XL
XYy RIEbETH, offugd ks ),

T—=RTRAINTREIET=RTRAZ ) TRTE A=N=F4 FPA VAR ADFEDOZY PV ICEHLTY
DESIEIRINLIDPDBRLDE T, A VAR VADWHEIL, T—K TRV TR FAHRDOHEENDIUR, T—&
FRZVTFRDOIPBRINET, 4 YRAX Y ADFEI, IEF—XF2A 7Y 7R FAGOERRHIUL, FEED
HHOHEEEINET,

HAHLEHOT =2 7270 72 2E21201E. __get__ O & __set__(O OWAZREFRL. __set__() PIEY
H&/-¥r 12 AttributeError SEHENZ XD I L TL & W, filA 2k T2 set. O XYY R
L—=RAFNRE LTERTIUR, T—RTARAZ Y FRIZTZ2DICT5TT,

3.4 TRV TEFVH LOBE

desc.__get__(obj) % desc.__get__(None, cls) Zffi5 TRV V) X ERERTIHIT N TEET,
L L., BT 7 XAOBICHBINCIFOH I NS D2, —RINLT A2V XD LAETT,

K obj.x X obj DAFZEMDOF = —>OHTEM x ZHERLET, dL. TORKFOVY v ZJOHFT, 4 VR
RYAD __dict__ OHNTTARAZ VT RERDFI1EGE, FEL—NLDIVRA MDY R MNIEST, ZDTATY
TRD __get__ () AV v RO HENET,

MOV L OFEHIE, obj D34 TP =2 b2 T 5 A, super DA Y ARV ADITHKD F5,

30 1 VRAVADSORUHL

HHIZEBDF = — Y DHFTITONIZA VAR Y ANy 77 v TTE, T—RFRAZ Y T RBPREIT, KA VR
RYABR ZORIZ) VT —=RTFTAZ VTR, 77 AEK. BRIRITEIELZS __getattr__ () DI E T,
a.x WNTBTRIVTEBPAOM o755, desc.__get__(a, type(a)) EWHERNTHIHEINE T,

Fy bMZk2dry o7y FDuYy 7k object.__getattribute__() OHFTTbNEF, ¥ a7 Python THK
L7228 fi7zza Yy ZIERD@EH T,

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, 2Ok, EHi%
__getattribute__() ZPFENH 2, super().__getattribute__ TMUHT &, __getattr__() MBFERIIAN
ANRAEINET,

ZDRHDIZ, __getattribute__() 2% AttributeError #FHH L7z FiZ __getattr__ () ZMUHTDIL,
Ry MERET L getattr() OBETT, Zhosoudy 7~ —FEuc s Ferfbehtng 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 7S ZAD5DFVHL

AXDEIBFY befoly 27y 7DBY Y 71X type. __getattribute__ () OFRZHHET, vy
JDAT v 7% object.__getattribute__ () EUTWETH, 4 VARV AFHEDONL Y I 7 v T 1ET7FAD
method resolution order 2@ UK BERZ 5N TWVWET,

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

SER7 C TOHEEEX Objects/typeobject.c DHD:c:func: ftype_getattro £ _PyType_Lookup() 2ZME L TK
72E W,

3.7 super S OEUH L
super D Ky b&ffiofzny 77 v 713 super() DRI A 7T =27 bD __getattribute__() XYV v FOHT
T g3,

super(A, obj) . m DEIR Ky beffiofy 77 v Fi& obj.__class__.__mro__ ZEHKRL T, A DERD
25 ABEEFTHL, B.__dict__['m'].__get__(obj, A) ZERLET, bLFRAZ IV FEXTRINE m 2%
HETIGRLE T,

SE47% C TOHEEIX Objects/typeobject.c DD super_getattro() ZZML TL 72X W, ¥R Python
TOR%ERZ 2 — Fix ‘Guido’s Tutorial <https://www.python.org/download/releases/2.2.3/descrintro/
#cooperation>_ BZZBIR L TL ZX W,

38 EyHLOS v IDF LY
TR Y FRDAT =X LIE, object | type . super() @ __getattribute__() XY v FOHITHARA TN
TVET,
B2 THELNEEES AT
o TAZYTRIE __getattribute__() XV v RIZXo THUHII 3
o 7RI D% object . type . super() b HMkET B

o INRTDTARZVTRDUY v IH __getattribute__ () IZHB7=D, TDXY v FEA—N=54 FF
v, IRNTOHBNLRT A2 Y FRECH LIINH X 3

e object.__getattribute__() ¥ type.__getattribute__() X __get__ (O OMULHLAMEL B, i
BEA VAR VRAEBELLAY v FEED, BEIEIAVAZ AL LT None 2L, 77 RIFHEITHES
s

. FoRFRZ)FRIE, BFA VARV AHE R F—N—F4 FT 3

o IEF—RTRIY)TRE A VAR VAFHEIIF N FENDI DS
15
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3.9 BFNDAFIDEE

TRIZVTRIZE 2T, BABRTHAEIND T TABEGPHAD 20 eBDHDET, HiLvwr 7 A0ES
N3, type XX ZRAFHLVWI FADOHHEEAX Y LET, dL. BRENTRIVSXT, BBho
__set_name__() XYy FZFo>TWBHE, TOXY v N2 0058z THUCHEINET, owner 137
A7) TEAPERHEINT Y 7 AT, name 3T AZ VT EBT7HA Y ENT0 7 AERDAHITT,

FEEDFMNE Objects/typeobject.c DD type_new() ¥ set_names() ZZHL T2 X W,

BHFouY v 7% type.__new__ ) IZHbH, @HNIT 7 RMEBLDEXA IV ULhrdHDERA, DLTARIZVTS
RPHH B 7 5 AEMENTEE. __set_name_ () 2 FHTCHOHITHENDHBZTL £ 9,

3.10 ORM Ot > )L
UTFoa—RE A7y =7 MR~y Y7 ZHRETDIDICT—XT 4 A7V TR 2S5 iR R LT, fiilg
ﬂ:éh?‘:’%%w&j—o

HANLEZ T, 77— ZPNBO T —ZR=2IRFT % 22 TY, Python f Y ARV R, 7—XR—ZAD
T—INANDF—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 79 A% {HoT, T—ER—ADT—TINITLDAF—<ZHATE7-00D 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:
(RDR=D1ZHi L)
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https://github.com/python/cpython/tree/3.12/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

(AIDR=I 5 DREE)
table = 'Music'
key = 'title'
artist = Field()
year = Field()
genre = Field()

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

ETLEFEHTICEET T —E2R—AER L 3

>>> import sqlite3

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

RDA VRS IT 4Ty arTlEd, 7—ERN—ALLDF—XOEEY. BEHTEERLTVET,

>>> 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 £ 17 Python DEHMHEE
ZO7m baVFBEMTTS, VIV TAAREELMOTVEST, 22— —X0HIZIX. HF DIT—BN

BOTHAAAZBMENTZDDIHDET, 774, HEDOXY v F, BUXY v F, 75AXY v K,
_slots . &2TFAZV IR T b ariiEoOWTWETS,

4.1 70ONN7T+«

property() ZFEUH T Z 2 T, BUHEANT 7R T2 BEBOMUHLESISEIT, 7—X TR 7 IR %2R
WKWHANTONET, 7% F v IEZS5TT:

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

CORFaxXy TR BEHIWEE x 2ERT 2 REREZRLET:
17



class C:
def
def
def

getx(self): return self.__x
setx(self, value): self.__x = value
delx(self): del self.__x

x = property(getx, setx, delx, "I'm the 'x' property.")

TAZ VT RDOEMD S property() BED LS ICEEINTWE2E RS 7DIZ, FEffi7z Python R% Z 21

BIFET

class Property:

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

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(

f'property {self._name/r} of {type(obj).__name__/r} object has no getter'

)
return self.fget(obj)

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

raise AttributeError(

f'property {self._name/r} of {type(obj).__name__/7} object has no setter'

)
self.fset(obj, value)

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

raise AttributeError(

f'property {self._name!/r} of {type(obj).__name__/r} object has no deleter'

)
self .fdel(obj)

getter(self, fget):

18
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(AIDR=I 25 DfE X))
prop = type(self) (fget, self.fset, self.fdel, self._ _doc__)
prop._name = self._name

return prop

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

return prop

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

return prop

HAAAD property () BEIE, 2—F A VX =T 2 —ZANDEMET7 7 2ABEZ 6N, HlEEHRRXY v KD
NMAZERT S & 2RI HbET,

Bz, ATy R — 275 ZAH, Cell('bl0') .value THEADMHEERETEZ L LT T, HHRITID,
TRTILDNT I ADEICEVOFFHEEZ T2 2B R LE L, Ll uro<id, ZoEMICERET 7
CRFTEMFDOI T4 7 ba—RICHEEEEZ - DY EXA, ZTORPIRKIX. property T—RT 7)) FX
WIZEEEAND T 72 2% 5y 52 TT:

class Cell:

@property

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

return self._value

HAIABD property() . ZD Property() . ZOH Y FNOHTHU LS CHHTEET,

4.2 AV YR
Python O F 7Y = 7 MEFAIKEEIX. BBICH O EBRO LICHEEREIATVWE T, EF—XF2 7Y FR 2o
T, 2D 221FT—LLRIHAEDENTVET,

7 o AFEE TSN S N2 BRI, HATRICX Y v RIZEENE T, XYy ReEFEOBEEA 7 =7 v D4 >~
2R APMDF I D bRNCIE I N B EE TR D 5, BETIEA Y RAX Y RIX self ¥ WS AHIBEDR
FIH, this PHMOELEHLBHEZFE T,

XYy FiE, EEXDa— R e [A%4 types.MethodType X IXFEITHENE T,

19




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)

XYy FOHEERZ YA — 3212, BB L, BT 22X TXY y FORMICHHENS __get__0
AV FRBIMLES, THUIDED, ZOBEE Ny b7 7R 2ICHE XY v FERTIET —
RTFAZV TR THB I 2BKLET, KDL WTEMELE T,

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)

RDY 5 A%A R T) 2E_ET L, ZOBBTRAZY TRPEFCE S B rERONET:

class D:
def f(self, x):

return x

ZOMIEA Y bR AR Y a v EY R T 7D qualified name HFFo TWVWET,

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

7 IATFHERBUTHBICT 70 RAT 2L __get__ () PETESINERA, 2D, BIZHIHA T =2 b
ZEDEFFERLET,

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

JIADRY h 77 RE __get__ O EMUEHLETH, ChIEBCHIEBELZETTITRLET,

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

20



A YARYARIM LT Ry b7 272 A%F 5 EEVEIEELET, Fv boly 27y 7, SR Y v K47
Vx 2 M eRT __get__ () BMUHLET,

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

WEFTIE, F XY vy FidA Y P F Lo f a4 Y A X 22/ RELTVWET,

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

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

HL, BEDXY v RD self . ZI7AXY v KD cls WE T EHRZDEMICE TV AP VWD 2 LS,
INDEDEZICRDET

4.3 XYy RDESE

T =T RV TRIZ, BEXY v NIRRT 5, SEO—RIE SR — 02, Bz Rt L £,

Frodr, BRI __get__O) XV v F2FbE, B LT 7RSI E, XYy FIIEizE T, Z
DIETF—&T 4 X7 FRIE, obj.f(xargs) DFFUIH L% £(obj, *args) WAL £73, cls.f(xargs) %
MEUOH 3 & f(*args) 12D F9,

TOF v — NI, HEY, 202 00BEZERNREET LD TVET:

i ATz D SRUEEINE IFXADSHUHEIND
R f(obj, *args) f(*args)

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

77 AAY v ¥ f(type(obj), *args) f(cls, *args)

4.4 BHIXY YR

BRI A Y » R, TRH2BEMEZZDEFIRLET, c.f 2 C.f I&, object.__getattribute__(c, "f") %
object.__getattribute__(C, "f") REEHERTL2DLAULTT, MR LT, BREA T2 7572
PORILEICT VR TEET,

FHYX Y v FIZT 2 L ROVDIZ, self ZHEAOZRERI0NWXY v FTT,
BIZIE. MEt Sy =22, FEBRT—RDar7F»H5LLExd. 207 7 RIE P, X7 2o,
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T =R B ZETE T A FMEX Y v FRIME L E 3, LA L, SR EEBEFRSH - TH, 77— XITIIKRS
BNE S RERZEKL DD £F. FIRIE erf (x) BHET LOBRIGRE L —F > TTH, FHEDOT—X vy b
WHEBIIEKFELEEA, 2 ATV =27 5T IADPLTHMUHMEE T s.erf(1.5) --> .9332
%7213 Sample.erf(1.5) --> .9332,

XY v FIITICH BB ZDEHETOT, MEHLOANIHHAL HD £HA:

class E:
@staticmethod
def f(x):
return x * 10

>>> E.£(3)
30

>>> E().£(3)
30

JEF—&F27YTFxTa barzf> . pure Python D staticmethod() I TFD X512k b %3

import functools

class StaticMethod:
"Emulate PyStaticMethod Type() in Objects/funcobject.c"

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

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

return self.f

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

return self.f(xargs, **kwds)

functools.update_wrapper () DM Uik, IREIZH 2B xS 3 5 __wrapped__ EMZEMLET, %
oo TOR=DZDOTy TINEBD IS ICRZ XS5, DEREEEZEBMLUET: __name__ . __qualname__

N doc__ . __annotations__ o
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4.5 VS5AXY vy R

BHHIRXAY Y FEIXES>T, 77 AXA Yy FIZBBENFOHEIENCY 2 AZRES Y X FOEHICMZAE S, 2D
TZx—~<v MI. MOBLITEA T2 P THZ 7 ATHRLETT:

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

return cls.__name__, X

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

>>> F().£(3)
('F', 3)

ZORB T, BAED Y FIABBODAEHEL L, HEDA VARV RARESINT —XIKEFEL RV FiZ
BRITT, ZI7RAXY Y ROFEWAED—D2IF, RbHODIFRav A7 REELZLTT, X, 79 RX
Vv F dict.fromkeysO) EHLVWHEEZF—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—Z2FHOMLOEENDTO LS IR TE 3!

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

True

>>> d

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

ETF—2FT2R7 VSR T barz{fisjz, classmethod() @ pure Python fRIZZD L5122 D EF

import functools

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

def __init__(self, £f):
self.f = £
functools.update_wrapper(self, f)
(RDR=212Hi <)
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(AIDR=I 5 DREE)

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

if cls is Nome:
cls = type(obj)

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

return MethodType(self.f, cls)

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

together. In Python 3.11, this functionality was deprecated.

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

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

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

ClassMethod M@ functools.update_wrapper() DOFEUW Uik, RIEICH 2SR T % __wrapped__
EBHEEZEBMUEST, /. J9v =207y F7ENLBEBOLIICRZIZ L5, HELREEZEML £

__name__ . __qualname__ . __doc__ . __annotations__,

4.6 AN—FT Uk __slots__

7AW __slots__ REHRT B L. A VARV AOHEDEEBDOZA R v b OMHOEN ¥ BEHZ 5hET,
I—F—DHBIELAD L, W DOHQhDEDLDHD %7,

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 attridbute
self._name = name # Store to private attridbute
@property # Read-only descriptor

def dept(self):

return self._dept

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

return self._name

>>> mark = Immutable('Botany', 'Mark Watney')
>>> mark.dept

'Botany'

>>> mark.dept = 'Space Pirate'

Traceback (most recent call last):
AttributeError: property 'dept' of 'Immutable' object has no setter
>>> mark.location = 'Mars'

Traceback (most recent call last):

AttributeError: 'Immutable' object has no attribute 'location'

3. Saves memory. On a 64-bit Linux build, an instance with two attributes takes 48 bytes with __slots__
and 152 bytes without. This flyweight design pattern likely only matters when a large number of instances

are going to be created.

4. Tmproves speed. Reading instance variables is 35% faster with __slots__ (as measured with Python 3.10

on an Apple M1 processor).

5. Blocks tools like functools.cached_property() which require an instance dictionary to function cor-

rectly:

from functools import cached_property

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

def pi(self):
(KDR—12Hi<)
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https://en.wikipedia.org/wiki/Flyweight_pattern

(AIDR=I 5 DREE)
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 CHUBEIRICER Y 7 AL, A7V 27 FOXEVHEEERIEST 2 08035 5729, ¥ 27 Python
N=VaVEERTHIIETEFERA, LPL. 774 XR—PFD __slotvalues Y R+ %o T C fiEAD 2
Oy FRIFIFBECLI2L - T2 LR TEXRT, 20774 RX— FMERNDHAFEZREIXA O N—DF
A7V TRZE > 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
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):
(KDR=D1285 <)
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(AIDR=I 5 DREE)

'"Emulate member_repr() in Objects/descrobject.c'

return f'<Member {self.name/7r} of {self.clsname/7/>'

type.__new__ () AV v K32 I REHADRA Y A—F TV 2 7 FOBMENEL EF,

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 FlidA4 Y ARV AFEHDRODIZZA vy b 2FoA VA X ZDIEROUEZ LK T,
BBX5ZIZE 27 Python TOY Ial—yayLa—KRIb56TT,

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)
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EREDI IR TYIalb—yarya— REFNAT 3T, Object ZikA& L,

metaclass % Type IZL %73,

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

CORFETIEIXR I RE 2 8 y DRAYAN—F TV b eu—FLET,

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

{'__module__': '__main__"',
'__doc__': 'Instance variables stored in slots',
'slot_names': ['x', 'y'l,
' __init__': <function H.__init__ at 0x7fb5d302£9d0>,

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

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

AVRARYADBMEREND L., BEEIMERFEN S slot_values DY A M2 A VARV ADRERFLET:

>>> h = H(10, 20)

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

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

ARV I AR, K7V A4 Y OBEHEIIHINEEN L T,

>>> h.xz

Traceback (most recent call last):

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