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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

CDFRAIZYFREFESIFMMD T 52D 7 5 ZAEHE LTIRELE T

class A:

X

y

5 # Regular class attribute

Ten() # Descriptor instance

AVERI VT4 Ty 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 MEEFD Y 7 AFHEOH LS 'x': 5 EROIE T, a.y Ly I 7y T TERY
MEETFIX __get__ XV v FEFEOFAZ Y FRA VARV ARG LET, Z2OXY v REMHUHTE, 10 %
BLET,

10 1X7 2 RADFHFEICLH, {1 VARV ADFHZEZHBMEINTVWERA, ZORbOD, 10 34T~y RICEHHEX
NEJ,

DY TINE, SYTNRTRIZ Y TEABED LS ICEHIET 20 %2HHT 27200 DTTH, EHMTIEHSD
FHA, ERERTIEE, BEOBBEY 72 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 aryTRELSIC, ZORKEIHITY, FTIEIXERRIFERITV., 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
E2ORTV v I RBBHICED S TORE T, EBEOTFT—RIEIA VAR VAFHED IS4 R— P RBHICREL X
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 /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__()

AVRITT 4Ty ayOBRTRATO»2 X512, BEINEZEWED age DuTZHIBITONE T, @
HORMED name Zu I ERA,

>>> 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 %s 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 attribute lookup isn't logged
'David D'

KOR—SEER)




(FIDR=I 5 DfEE)

>>> dave.age # Only the managed attridbute is logged
INFO:root:Accessing 'age' giving 40
40

ZOY Y INEEBIKREREENDD ET, T 74 RX= 1M RAHD __age % LoggedAgeAccess 7 7 ADHT
N=Fa—FINTVWET, 207D, DAL VRAEXAb 1oLrZouZ7HOIn3gEsERS. HHieE
HTEEHA, RDOF Y IV TZOMERRELTVEET,

1.4 BRIODHAREZIAX

TPIAMTFRAIZ ) FREFES L EIC, VI7RABEFNFTNDTRAZY) FRICED XS RERLZ/ES 2 EAIL
%9,

ZDH YT INTIE Person 7 7 AlE, name ¥ age £\WVD 2DODT AT ) TRA VAR Y A EFRi>oTWET,
Person BEFHEXND ¥, LoggedAccess D __set_name__ () 12T =Ny Z%RfT570, 74—V FHERRT
¥FT, ZNFIhDOT R 7Y F&RIX, public_name ¥ private_name ZHHFET,

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 /7 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=I12Fi )




(FIDR=I 5 DfEE)

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

ARSI IT 47y ary ETHT L, Person 77 A __set_name__() ZFEHIL, 7 4 —)L F&ADELER S
NBEZ TP BTL XD, vars() ZMAT, 7RZ VY FRXEZREELEZWTTAZ Y X EZEIGLTAEL & 5,

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

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

FrLWo 7 2% name & age DMAFTRZEZHAILE 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

2950 Person DA VAXYAF, TT7AR—PFMELPEFEFLTOWERA,

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

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

1.5 ¥
_get__O . __set__O . HB2WVIE __delete_._ () XV v FZEERLLHOLWEI XTI b5, Ay
descriptor £ RS DT,

ZHZEMUT, 7AZ VS RIE __set_name__() XYy FEFOILHTEET, ZDXY vy Fld. 7AZ Y
TEPBREEND T TR, HEZVETIHA VY ENT FALEREN 208D 258 CHHENET, & LIFEL
TV, 7 FABT A Y FRTHRLTHMINET,

FTRAZUVTREEMEONVYy 77y THIC Ry PEEFIR L THIH XA F T,
vars(some_class) [descriptor_name] ¥ WHEBEXHICX o THEBENITTRAZ VB 7 7R3N L,
TARAZVTREFATT BB TARAZVTRDA VARV AMREINET,

FRIZYVTREZFRAER UCTHH L 2P TEELE T, A VARV ARCHRELTHIRED Y A,
FRAZY TR, VIR LTRHENATWE ATV 27 vEM LYy 727y PHICHET 3 2 L 2T

8




X355, 72T 3 e EREFR—arRoTVET,

BN PO LBIO 2 F 2D, vy 27y THIZHA TS Z L 2HI L TE L L, TRAZY S REZD
Rz iR, MRS TWE T —XPMEICNTATEDL LSICLET,

FAZ7 Y 7 ZIE, Python DX EXERE ZATHHINTVE T, ZAUTE D, B 281X, £ ¥ 2 & > 2CHE
SN XYy FIZiD %7, classmethod (), staticmethod (), property(), functools.cached_property ()
EWVo Y=L INT, TRAZY TR LTERESNTVET,

2 RENGBY T

ZOY YTV TIE, BAPIED TH LW — XA 2RE T 2 O HARER, EERI TR 70y —L%
BALETS,

21 NUTF—ROUSR

NYF=RIEMENTENET VR RADIDDT ALY FRTE, 7—XZ2NT 21T, B UWESRES L
TV h, HOHARRISGES L TWa2ZMEAEL 3, & LARICEDRTR, FINEZEE L, 7— 28Ik
IREBIZ 22D 2B X% T,

Validator 7 7 &% abstract base class THDH. BHEHE 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):

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 5121F Validator ZMA L, validate() XY v REERL THREIGLTIFEX
F R HIROMEEEI 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, *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/r/}')
class Number(Validator):

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

self .maxvalue = maxvalue

def validate(self, value):
if not isinstance(value, (int, float)):
raise TypeError(f'Expected {value/r} to be an int or float')
if self.minvalue is not None and value < self.minvalue:
raise ValueError(
f'Expected {value/r} to be at least {self.minvalue/7}'
)
if self.maxvalue is not None and value > self.maxvalue:
raise ValueError(
f'Expected {value/r} to be no more than {self.maxvalue/r/}'

class String(Validator):

def __init__(self, minsize=None, maxsize=None, predicate=None):
self .minsize = minsize
self .maxsize = maxsize

self .predicate = predicate

def validate(self, value):

if not isinstance(value, str):

KDR=212%i<)
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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 RBENBT7IVITr—3y

RDA—RBEBEDZ 7 RATT = ZNY T —=R2 5 TEDY Y TVTT,

class Component:

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

quantity = Number (minvalue=0)

OneOf ('wood', 'metal', 'plastic')

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

IHEDFRZY FRIZ, REA VAR Y ADMER SN DZFXE T,

>>> Component ('Widget', 'metal', 5) # Blocked: 'Widget' is nmot 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 negative

Traceback (most recent call last):

ValueError: Expected -5 to be at least O

KDR=212%i<)

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 inputs are valid

3 NGB Fa—~UTIL

IADBEEITRAIZ Y FEDRA A= LAREEDOF I OWT, KT 7 =ANRFa— Y TR D FT,

3.1 #1&

FTRZYVTERDER., 70 barod<xl)—, TRZYTEBPED LS ZHTHEXNZ 005, OR < v 8=
COESWCEHET B30 ILEIERLET,

FAZYFRIZOWTERZLIZED, LW —ibty bDEZ 2 X512k 57217 TR <. Python OfL#AIC
DOWVWTD KW IFEWHESESNE T,

3.2 ERCEA

iz, TRZVTRIEZ, TARAIZUVTETR FAVTERINZAY y REFOBWHHETT, 20XV v R,
_get__O, __set__O, BLU __delete__() TT, ZALDXY Yy ROWTIhLD, 7V x7 MIERIN
WU, 2R FRZU&Z IR E T,

BT 722D T 7 4L DIRZFENE, A7V 27 bOFEORMEORIR. FHE, HIFRTT, Ml a.xid, F
3 a.__dict__['x']. Zap 5 type(a).__dict__['x']. T HIT type(a) DX Y v FERIEFICH 725
BRLIZBEBRANCHBHLE T, Ao okl TRAIZVFEAYV Yy FKOWTHLrEERLTWVWEET TV 27 MR b,
Python \3Z D77 # W FDIRZFENE A —N—F 4 FL, RODITAIZV TRV REMUHLET, Zh
MY OHEFHEN TITONEDIE, EDTRI VTR v RRERINTWEDITKD £35,

FRAZYFREZ, WAk, ZEMNO B aL T, ZhETRAT 4, AV R, #IXAY v B, 792XV Y
F. ZL T super() OHERICH M TI, Python DW= 3 2 ZATHLATWET, TRZ U FRIZ, £
WZHsd Ca—FEEERICL, BHD Python 702 412, TEFLWY —LEBERRHEL T,

12




3.3 72U 727O0K3L

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

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

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 variable

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,

SEel C BB X 252%50% Objects/typeobject.c D7 7 £ LIND type_getattro() & _PyType_Lookup() O
Hizhbh £3,

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

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

SEATR C BEBIC & 2 E2EIT Objects/typeobject.c DH D super_getattro() OHIZH D FF, Ffik 27
Python Z#&X Guido ®F 2 — + VU 7L TRLNFET,

3.8 FUyH LAY Y IDFED
TAZYFRDAH =X LIE, object . type . super() @ __getattribute__() XYV v FOHIZHAAEN
TVWET,
BATBIAREHEER A
o TRZ)TRIE __getattribute__() XYV v FIZX->THEUFHEINS
o V7RI DOHNEE object . type . super() 2 HREEKT S

« INTOTFRZYTROAY Y 7% __getattribute._ O LHZTD, ZOXY Y FEA—N=F4 KT
2y, FRTOHBWRFZZ Y FRERHE UG 2

e object.__getattribute__() ¥ type.__getattribute__() X __get__ O OMUOHLADEL B, i
HIZA VARV REBELL XY v REE, BEIIAVAZ A2 LT None 2L, 77 RIXEICEX
h3

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

o EF—RFRIVTRE, A VAR VAFFEIA—N=FA FENZI D5

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,

FEel C FEBIT X 3531 Objects/typeobject.c @7 7 £ JLIND type_new() & set_names() DHIZH D
S

H#HoaYy 713 type. __new__O IZHH, WBHNIY FAMEBDEA IV 7L B FEEA, BLTAZV S
RPBH B 7 T AEMENT5EE. __set_name__ () ZFHTHUOHISHELHZTL &k 5,

3.10 ORM o> 7L
DRoa—FE A7Y =7 FEFEv vy B 7 2RETZORT—X T4 A7) T R[S TikenR L. flilk
fLE =BT,

BEARWZEZTTE T—=EBPNRDOT — R R—=2IRFET S Z 2 TT, Python £ Y RAX Y RIE, 7—ER—=ZAD
T—=INMANDF—DAEFFELE T, TRIVITEDPIL Y 77 v FREHELET,

class Field:

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

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

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

conn.commit ()

Field 79 A% {#H 5T, T—ER—ADT—TI NI DRAF—<ZHAT 220D 71 2ERLET,

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

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

KDR=12%E <)
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https://github.com/python/cpython/tree/3.10/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)

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

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

ETAEMFEHTICEET T —E2N—R I L3

>>> import sqlite3

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

RDAVRFT T 4Ty daryTlE T—ERXR=—ZAB5DT—XOEGE, EHTEEZRLTVET,

>>> 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 £ 217 Python DEMRLE

ZO7m baVFEMTTS, VU TAAREIMOTVWEST, 2 -5 —20HI2ik. HF HIT—HKN
ROTHAAAGEMENZbDbHDET, 774, HEOX Yy R, BXY Y R, 752XV v K,

~slots X £ TFRZVUTSRTa barizEonwTnET,
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4.1 70ON7T+«

property() ZMFUHT Z T, BUEAT 7 X 52 LBBOIIH L 25T, 7—& TR 27V SR 2HHiR
WKHAITHNET, 72 F %1325 TT:

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

CORFaxXy TR BEHIWEE x 2ERT 2N LEHEZRLET:

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

TAZ VT RZDEMD S property() B D XS ICEEINT WS 0% A 5701z, EfiZs Python e Z 212
VSN

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 None:
doc = fget._ _doc__

self. doc__ = doc

self._name = "'

def __set_name__(self, owner, name):

self._name = name

def __get__(self, obj, objtype=None):
if obj is Nonme:
return self
if self.fget is None:
raise AttributeError (f'unreadable attribute {self._name/')

return self.fget(obj)

def __set__(self, obj, value):
if self.fset is None:
raise AttributeError(f"can't set attribute {self._name /")
self .fset(obj, value)

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

(RDR=I12%i )
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(FIDR=I 5 DfEE)

raise AttributeError(f'"can't delete attribute {self._name /")
self .fdel(obj)

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

return prop

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

return prop

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

return prop

HAIAAD property () BBUZ, 2—H A VR -T2 — 2 NDBEWET 7 ¥ ZADBE 261, HLEEBXY v FD
MAZBERT 2 F12HRILH E T,

BlziE, A7 Ly Fo— 27 5 RH, Cell('bl10') . .value THADMEERETEZ LE T, MWMBITKD,
T T LM77 ADECLLVOBEHE LTI R ERLE L, Ll Ter I ZORMICEE YV
CRATBHFEDI 5A T ra— RICHELEZX - HD EHA. TORREKIZ, property T—XTF A2 IR
MCEBEAND 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 FLOHTHL XS ICHHATEET,
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4.2 AV YR
Python O 7Y = 7 MEFAKREE, BIBICE O CREO LICHEREINTVWET, ET -T2 7V FXxEffis
T. 2D 223 —ALVARIHAEDINTVWET,

7 T AFEE TN S N7 BIRNE, FATRRCA Y v RIZEIEINE T, XY vy R EFOBBEA 7Y =7 DA >
AR ABMEDTIE L D bENTTEXNZ EJEFPRLED T3, BETIEA YRRV R self 2 WS ARIDHbh
F I, this PHMOEHLBHEZF T,

XYy FiE, ZERDa— K e A%R types.MethodType 2 {H X IXFEITHENE T,

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

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

def __call__(self, *args, **kwargs):
func = self. func_ _
obj = self._ _self _

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

AV y FOHEERZY K- b9 21, BEBISHL, BET 72X TAY v FORMIHHENZ __get__0
AV FRBIMLET, THUIOED, ZOBBIE Ny M7 7R3N Z2ICHEENTAY v FERTIET —
RFAZV TR THB I 2R LET, KDL WTHELET,

class Function:

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

RDYFRA%ARTY)2E_ET L, ZOBBT A2V TRPEFCESEBLIreROoNET:

class D:
def f(self, x):

return x

ZOBBUEA Y ARSI Y a Y EYR— T 2%DIT qualified name HFF o TWET,

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

20




7 ARFHZBUTHBICT 78R T2 __get__ (O PE[TENERA, ZDD, HIZHLBHUA T =2 b
ZEDEFRERLET,

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

27ADFy b7 7ERE __get__ ) FMFFHLETH, THABREICH M EELETITELET,

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

AVRARVRAIIN LT Ry b 7272 RAZ2 T2 HAVEEZLES, Fy DLy 27y A&, WXV v AT
Pz M ERT __get__ O EMUHLET,

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

WERTIE, HEX Y v RIZA VO F VOB XNz VARV A2 HFRFLTVET,

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

>>> d.f. self _
<__main__.D object at 0x1012e¢1£98>

HL, BEDXY v FD self . ZVIAXY v KD cls WE T SHRZDEMICE>TVWE AP VWE 2 L5,
INDEDEZIITZEDET

4.3 XYy RDEE

T —=2FZ2 Y TRIZ, BEXY v MRS 5, SEO—RIYR SR — 102, Bz Rt L 95,

Frose, BT __get__ O XYy FaERb, BEL LT 7RSI NLEE XYy FIZEHEINE T, &
DIETFT—=RT 4 A7) FXIE, obj.f(xargs) DU L% f(obj, *args) ICEHLL £3, cls.f(*args) %
MEUH 3 & f(*args) 127D %9,

ZOF v — NI, HEYr, 202 o0BREAERREEET LD TVET:

i FTz U CHSRUHEINE | VFZADSHUHIND
RE%L f(obj, *args) f(*args)

XY » f(*args) f(*args)

7 AXY v ¥ | {(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

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

def __init__(self, £f):
self.f = £

def __get__(self, obj, objtype=None):
return self.f

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

return self.f(xargs, **kwds)
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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)

ZORB T, D FIABBOAENEL L, HEDA VAR Y RARESINT —XIKEFEL RV FiZ
BT, Z7I7ARXY Y ROFEWHD—2F RbDDIIFRAVA NI 7 X%EEZLTT, BlRIE 77 AX
Y v F dict.fromkeysO) EHLVWHEEZF—D VR I OEKL £7, Ffie pure Python hiil:

class Dict(dict):
Q@classmethod
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—2HOMLOEENDITO X5 IR TE 3!

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

True

>>> d

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

FEF—XFRI7YTFETa barzEfo7z, classmethod() ® pure Python RIZZ D XS5k b £5

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

def __init__(self, £f):
self.f = £

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

RDR=12Fi <)
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(FIDR=I 5 DfEE)

cls = type(obj)
if hasattr(type(self.f), '__get__'):
return self.f.__get__(cls, cls)
return MethodType(self.f, cls)

hasattr(type(self.f), '__get__') "D — K 23 Python 3.9 TEMEN72B 21T T, classmethod()
MFz—YENTaAL =XV R—-PABEICR D E LTz, BIZIE. 75 RAY v R TuT7 4 2—fICFIHT
R0

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

return f'A doc for {cls.__name__ !

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

4.6 XON—FTxU k¥ __slots

7 I AD __slots__ ZEFRIT DL, A VAR VAOFHFEDEEBORA T v FOEORY  BEEBRZSNLET,
I—HF—DHBIPBADZ L. W ODDZEHRHD 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'

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

(RDR=212Hi <)
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(FIDR=I 5 DfEE)

self._name = name # Store to private attridbute

Q@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: can't set attribute
>>> 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):
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.
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https://en.wikipedia.org/wiki/Flyweight_pattern

__slots__ X CHEGERICER 7 7 AL, A7V 27 bDOXEVMHREZHIET 208035 5729, ¥a 7 Python
N=TaVEERTIEZLIETEEFEA, LEL. 774 XR—PD __slotvalues Y A+ %ffio T C f#iEED =
Oy PZIZEERCTIaL—PFEILRBTEET., 2T 74 RX— M RHEEANDFAHZIIA SV AN—DT
A7V TR Ko TEMENET,

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 None:
return self
value = obj._slotvalues[self.offset]
if value is null:
raise AttributeError(self.name)

return value

def __set__(self, obj, value):
'Emulate member_set() in Objects/descrobject.c'

obj._slotvalues[self.offset] = value

def __delete__(self, obj):
'"Emulate member_delete() in Objects/descrobject.c'
value = obj._slotvalues[self.offset]
if value is null:
raise AttributeError(self.name)

obj._slotvalues[self.offset] = null

def __repr__(self):
'"Emulate member_repr() in Objects/descrobject.c'

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

type.__new__() XV v RiZ7 FRAEHADRA U AN=F T2 7 OBMEZUHEL 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'

KOR—SEER)
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(FIDR=I 5 DfEE)

# 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__ () XYy R4 VRZRVAFEDRbYIZZAT Y FEHOA VARV ZADERONEE L E5,

BBX X 27 Python TOY Ial—YayLa—RKRIb56TT,

class Object:

'Simulate how object.__new__() allocates memory for __slots__'

def

def

def

__new__(cls, *args, *xkwargs):

'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

__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)

__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)

FEREDI FATYIalb—Yarya—REFMHT 5. Object Z#A& L. metaclass % Type IZL £,

class H(Object, metaclass=Type):

'Instance variables stored in slots'

slot_names = ['x', 'y']

def

__init__(self, x, y):

self.x = x

KOR—SEER)
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(FIDR=I 5 DfEE)

self.y =y

CORRTIEARI SRAE 2 8 y DAY AN=FT 27 2R —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>,

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

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

AVRARYADPMEREND L, BRI EIN S slot_values DY R b2 A VAR VADRMERLET:

>>> h = H(10, 20)

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

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

AR I AR, K7 A VORMEIIHNEZER L £5,

>>> h.xz

Traceback (most recent call last):

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