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1 AF3

ZDAMTIE, RAEXRLSEBRZE ZADOHBL. FILVWERERLZ—DOTOMNMLTVEET,

1.1 22 TNGH: ERERTTRAI) TR

The Ten class is a descriptor that always returns the constant 10 from its __get__() method:

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

return 10

CDFRAIZYFREFESIFIMD T 2D 7 5 ZAERE LTIRIFELE T

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

In the a.x attribute lookup, the dot operator finds the key x and the value 5 in the class dictionary. In the
a.y lookup, the dot operator finds a descriptor instance, recognized by its __get__ method, and calls that

method which returns 10.

10137 2 RDFHFEZEICH, A VARV ADFHZEZHBMEINTVWERA, ZORbOD, 10 34T~y RICEHEX
NEJ,

DYV TINE, SYTNVRTRIZ Y TEABED LS ICEHNET 20%2HHT 27200 DTTH, EHWTIEIHD
FHA, ERERTIGE, BEOREEY 7 ADITHEWTL & 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 T4 7y yaryTRELIIC, TOHRREIBHNTT, 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
EORTV v I RBBHICEDYTORE TN, BEBEOTFT—REIA VAR VAFHFED IS4 R— P RBHICHREL X
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 ayORTRTOIZ L5112, BEINLZEBHED age Du 7 HABITONETH, &

HORMED name Fu 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

KOR—ShER)




(AIDR=I 5 DREE)

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

OV Y INEEBIKREREENDD ET, T 74 RX=1MRAHD __age % LoggedAgeAccess 7 7 ADHT
N=Fa—FINTVWET, 207D, EDALVRAEXVAb 1oLrZouZ7HOIN3BEBENT. HHiEE
HTEEHA, RDOF Y IV TIOMERRELTVEET,

1.4 BEIDHREZIAX

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

ZDY YT ILTIE Person 7 7 AlE, name ¥ age £\WVD 2DODT AT ) TRA VYRR Y A EFRi>oTWE T,
Person BEFHEXND ¥, LoggedAccess D __set_name__ () 12T =Ny 775720, 74—V FHERT
¥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

IKDR=12%e <)
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def birthday(self):
self.age += 1

ARSI IT 47y ary ETHRT L, Person 77 AH __set_name__() ZFEHIL, 7 4 —)L F&DELER S
NBEZ TP BTL kD, vars() ZMAT, 7RZ VTR ZREELEZWTTAZ Y FZEZEIELTAEL & 5,

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

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

LT 7 2% name ¥ age DIATRZEZHAL 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

290 Person DA VAXYAF, TT7AR—PFMEALPEFEFLTOWERA,

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

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

1.5 &
_get__O . __set__O . HBI2WVIE __delete_._ () XV v FZEERLLHOLWI XTI b5, AW
descriptor £HERH DT,

ZAZEMUT, 7AZ VS RIE __set_name__() XYy FEFOILHTEET, ZDOXY vy Fld. 7AZVY
TEAPREEND T TR, HEZVETHA VY ENT FAERMEN 208D 558 HHENET, & LIFEL
TV, 7 FABT A Y FRTHRLTHMINET,

Descriptors get invoked by the dot ”operator” during attribute lookup. If a descriptor is accessed indirectly

with vars(some_class) [descriptor_name], the descriptor instance is returned without invoking it.
TRAZVTRET FAERE UTHH L SICRTEFELES, A YRAZVRATRELTHMRED D £HA,

FTAZN)TRIE, 77 RAERE UTIERHEINTWE A 727 " RBMELVYy 727 v THICHET 2 Z & 2T
X215, I oM I A ENERETFR—Var o TVET,
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BN, MO LD Z 220N, vy 77y THICEET A2l L TEZ LD, TRAZY SRIZZD
BfREWIE X, MBINTVE T —ZDMEICNATESLXSICLET,

TAZ Y FRIE Python DX EFXERE TATHHZNTOVET, ZAUTK D BRZBEBUI. 4 ¥ A&V R
ENTzX Y v P2/ £9, classmethod(), staticmethod (), property () ,:func:functools.cached_ property
EWVoY— b IRT, TRZY TR LTERESATVET,

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,

:class:Valicator* 7 < &% abstract base class TH D, EHEEMT A7V 72 THHDH 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 5121& Valicator /K L, validate() XYV v REERL THRESLTIEX
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 (Ifl72% int: B :class: float DEIDEMILLET, 7> a v T, EIEE XN &/IME
CRAMBEICEENZ2DHMAEL 3,

3) String |3EADS :calss:‘str HEIPMEALL £ 5, + 7> a v T, fHESNLRD. RRORIOMGEEZ L
F9, W —ERD il MEEHITRF T,

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)

(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 EENBT7TVTr—3>

RDA—RBEBEDZ 7 RATT = ZNY T —=R2 5 TTEDY 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

IHHEDFRIZY FRIZ, RIEA 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<)
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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 inputs are valid

3 FNERFa—~UTIL

IADBLEITRAIZ Y FEDRA DX LAREEDOFH I OWT, KT 7=ANRFa— Y T7MIRD FT,

3.1 #1&

FTRZYTERDER, 70 barod<xl)—, TRZYVTEPED LS ZHTHEXNZ 005, OR < v 8=
COESWEHET B3OV ILEIERLET,

FAZYFRIZOWTERZILIZED, LW —ibty bDEZ 2 X512k 57217 T4 <. Python OfL#HAIZ
DOWVWTD & D IECEENELNE T,

3.2 EREEA

—fRiZ, FRZVFRIE, FRZV TR PAaVTERSNEXY v FEROBMIEHETS, 20XV v P,
_get__O, __set__O, BXU __delete__() TT, ZNHDAY y ROWTHD, 7V MIERIN
TR, ZRETAZ ) PR IR ET,

BT 722D T 7 4L DIRZFENE, A7V 27 bOFEORMEOTIR. FHE. HIFRTT, Ml a.xid, F
3 a.__dict__['x']. ZHap 5 type(a).__dict__['x']. T HIT type(a) DX Y v FERIEFIH 725
RALIZBEBEANCHBHLE T, RO ok, TRAIZVFTEAYV Yy FOWTHLEZERLTWEET TV 27 MR b,
Python \3Z D77 # W FDIRZFENE A —N—=F 4L FL, RODITARAIZV TRV REMUHLET, Zh
WY OEFEN TITONE DX, EDTRI VTRV v RRERINTOVEDITKD £35,

FRAZYFREZ, WAk, ZENO B al T, ZhETRAT 4, AV R, #IXY v B, 752XV Y
F. ZL T super() OHERICH M TI, Python DW\Wz3 2 ZATHOLATWET, TRIZ U FRIZ, HEg
WZHsd Ca—FEMEZEICL, BHD Python 702 F 412, TWEFLWY —LERRHEL T,
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3.3 7R2U727O0KR30L

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 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
TZD :meth:*_ get_ ‘XY v FRMUIHINET,

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 object_getattribute(obj, name):
"Emulate PyObject_GenericGetAttr() in Objects/object.c"
null = object()
objtype = type(obj)
cls_var = getattr(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 vartable

raise AttributeError (name)

Note, there is no __getattr__() hook in the __getattribute__() code. That is why calling
__getattribute__() directly or with super().__getattribute__ will bypass __getattr__() entirely.

Instead, it is the dot operator and the getattr() function that are responsible for invoking __getattr__()

whenever __getattribute__() raises an AttributeError. Their logic is encapsulated in a helper function:

def getattr_hook(obj, name):
"Emulate slot_tp_getattr_hook() in Objects/typeobject.c"
try:
return obj.__getattribute__(name)
except AttributeError:

if not hasattr(type(obj), '__getattr__'):
raise
return type(obj).__getattr__(obj, name) # __getattr__

3.6 VS XAD5DFUHL

AxDESIHREY b Efoly 7y FDuY Y 7% type.__getattribute__() OHFICHDH FEFFT, udy
7 DAT v 7% object.__getattribute__() TV ETH, A VAKX VRAHEDILY 77 v F1E7 7 AD
method resolution order Z@E U /=R BEHI 5N TWVWE T,

a.x IENFTBTRI Y TERHBEO)N o785, desc.__get__(None, A) LWHEXTHUOHEINET,

el C BRBIC X 292350% Objects/typeobject.c D7 7 £ LIND type_getattro() & _PyType_Lookup() @
Fizhh %9,

14



https://github.com/python/cpython/tree/3.9/Objects/typeobject.c

3.7 super 'S DOEUH L
super D Ky bZ2{fo72by 77 v 71X super() R TA TP 22 bD __getattribute__() XYV v FOHT
Tbh g,

super(A, obj) . m DEKSK Ky bE2ffio/ly 77 v X obj.__class__.__mro__ ZHEL T, A DERID
29 ABEETHL, B.__dict__['m'].__get__(obj, A) ZERLET, bLTFTRAZVFXTRINE n 2%
BEEFIGRLE T,

SER7% C FRBIC & 2 E213 Objects/typeobject.c DHD super_getattro() OHIZH D 3, Fffikt 27
Python %X Guido DF 22—~V 7L TROHNE T,

3.8 EyHLOS v IDF LY
TR Y FRDA =X LIE, object | type . super() @ __getattribute__() XY v FOHIZHARA TN
TVET,
WA THBIREFHEER AR
o TAZYTRIE __getattribute__() XV v FIZXo THUHII 3
o 7 I AXT D% object . type . super() b HMET B

o INRTDTARZVTRDUY v IH __getattribute__ () IZHB7=D, TDXY vy FEA—N=54 FF
2, TRNTCOHENRTRZ ) Z7ZECH LIFIHIXN 3

e object.__getattribute__() ¥ type.__getattribute__() X __get__ (O OMULHLANEL B, i
BEA VAR VRAEBEZELLAY y FEED, BEIEIAVAX AL LT None L., 77 RIFHEITHES
ns

. FoRFRIYTRE BFA VARV AFEEF— A= 4 F T3

o IETF—RTRIVTRE, A VAR VAFHEIIF N FENDI DS

3.9 BFNDRAFIDEE

TAZVTRIZE 2T, BABTHA Y EN 7 7 ABBAEBPHD 2N DB £, FrLnwry 7 201k
N3, type XX IRAFHLVWI FAOHEEAX Y LET, dL. BRENPTRIVTXT, BBhrO
__set_name__() AV Y FZEFsTWVAHE, TOXY vy FIX2 00518 %> THOHXNE T, owner 17
A7) FEPMEHEINZT T AT, name 3T A7V FRBTH AV ENZT T AEBDELEITT,

FEel C FEBIT X 325 #1X Objects/typeobject.c @7 7 £ JLIND type_new() & set_names() OHIZH D
ESae

15
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FHoORrY v 7 type.__new__ O IZHH, @HNIZ T RMEMDEA IV 72 LhrHDERA, BLTRIVTS
BDEDS 7 T BIMENZ5E1E. __set_name () ZFETHUOEIMNENDHSLTL & I,

3.10 ORM o> 7L
RDa—Fix, OR~Y v VY7 OEBIIT—RTAZ ) TEZPFRHATEZ 2R TDD, oIt LzR
FLrhra— RT3,

BEARNZEZFE T2 BPNBDOT — R R—=AIRTFET S Z 2 TT, Python £ VAKXV RIE, 7T —XRX—=ZAD
T—ITNANDF—DAERFFLET, TRAZVTRBNLY 77 v IREHELET,

class Field:

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

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

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

conn.commit ()

Field 79 XA %o T, T—RXR—ZADT—IN T DRAF—<®2HHETE-00 7L ZERLFT,

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

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

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

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

ETAEFEHTICEET T —E2R—A R L 3
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https://ja.wikipedia.org/wiki/%E3%82%AA%E3%83%96%E3%82%B8%E3%82%A7%E3%82%AF%E3%83%88%E9%96%A2%E4%BF%82%E3%83%9E%E3%83%83%E3%83%94%E3%83%B3%E3%82%B0
https://ja.wikipedia.org/wiki/%E3%83%87%E3%83%BC%E3%82%BF%E3%83%A2%E3%83%87%E3%83%AB

>>> import sqlite3

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

RDAVERSIITF 4 Ty arTlEd, T—ER=ZAL5DF—XOEEY. BHAEERLTVES,

>>> 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 27 Python OZE(HRE
ZO7a baVFBEMTTS, VU TAAREIMOTVWEST, 2 -5 —20HIZik. HFE DKW

BOTHAAAZBMENTZ3DdHDET, 774, HEOXY v F, HHUXY v R, 772XV v K,
~ slots WX £ TFRZVYTSRTa b aricEonwTtnE T,

4.1 7ONT+

property() ZMUH T Z T, BEAT 7R T2 LBROMUCH L 25 ZRIT, 7T—XT X7 IR EMHR
WAL TONE T, 72 F ¥IZZ 5T

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

CORFaXY TR BEEIN-EBYE x 2ESET 2N REREEZRLET:

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

TR YT ZDOEMD S property() BED LS ICEEINTWE2E RS 7DIC, Fffi7 Python Rz Z Z1i
EiFgE3:
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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

def __get__(self, obj, objtype=None):
if obj is Nonme:
return self
if self.fget is None:
raise AttributeError("unreadable attribute")

return self.fget(obj)

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

self .fset(obj, value)

def __delete__(self, obj):
if self.fdel is None:
raise AttributeError("can't delete attribute")
self .fdel(obj)

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

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

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

HHAAAD property () BEIZ, 2—F A VX =T 2 — 2 NDEMET7 7 2ABEZ 5N, FKEEHRRXY v KD
NAEERTZ L 2RI BET,

BlZIE, A7y R —1+ 2752, Cell('bl0') .value THJADMEERBETEZ L LET, H{RRITED,
TRTILDNT 7L RADEZLNVOFEHREEZ T2 2ERLELL, Ll uro~vid. 20 CERE T 2
CRFTEIBFDOI 747 a—RICHELEZ DD ERA. ZORREKIE. property T—XT A7 Y TR
MCEBEAD 7 222 % 5y T35 28 TT:

class Cell:

(RDR=I12Fi <)
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(AIDR=I 5 DREE)

Q@property

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

return self._value

#AIAABD property() d. ZD Property() b, ZOH Y FLOHTHEU LS ICHAHATEET,

4.2 BB XY v R
Python A4 7' = 7 MamEaElE, BIRICHEH S CRED LITHEBEINTVWET, ET -2 TR 70 FX%E{liso
T, D22l —LaLRAHAEGDINTVET,

7 5 AFEE TSI S N2 BRI, FATRIICX Y v RIZEENE T, XYy ReEFEOBEEA T =7 v D4 >~
AR Y APMDEIEED SENCHEINZmETNERD 5, BETIEA Y RAX VR self WS HBEIBHEON
FI, this PHOEKRLDHEZF T,

XV FiE, 1ZIERDa— R e EFER types.MethodType % # 2 IXFHTENE 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)

XYy ROHEERE D R— b F212& Bl BE7Z 7R TX Yy FOFEICHHAINS __get__0
XYy RZBEMLEST, ZAE2FD, COBMIE Ry F 727X ENEe XICHEBINEXY Yy FERTIEF—
RFAZNV TR TCHLILEERLET, ROXSITEMELET,

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

class D:
def f(self, x):

return x

ZOBBUEA Y R ART Y a Y EYIR— T 27%DIT qualified name HFEF o TWET,

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

7 ATFERBUTHRBICTY 78 RAT 2L __get__ () PETSINERA, 2Dk, BIZHLIHHMA T =2 b
ZEDFFERLET,

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

JIADRY 77 RE __get__ O EMUHLETH, ChIBCHIEBELZETTITRLET,

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

AVARVRAH LT Ry b 727 RA%2 T2 HEVEERELET, Ry bDILy 77y FiE, WXV KA T
Pz MERT __get__ O EMUHLET,

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

NETIX, HEX Y v FIZA VO F Lol VAR V2 BHERHLTVE D,

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

>>> d.f. self
<__main__.D object at 0x1012e1f98>

HL, BEDXY Y KD self . 7F7RZAAV Y FD cls WEIDEHRZDEMICB > TVWBADR VB LS,
N FEDEZIIKRD ET !
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4.3 XV v RDOEE

T =R F22 V) FREF, BREXY Y FICHET 2, SO fRIVEZ SR — 2102, Bz REL 9.

Frodr, BEIX __get__ O XV v FEFLE, BELLT77ERENIEE, XAV y FIIEIZNE T, Z
DIEFT =T 4 A7) FRIE, obj.f(xargs) DU L% f£(obj, *args) KAWL £7J, cls.f(*args) %
MEUH T & f(*args) 124D F3,

ZOF v — NI, HEr, 202 00BEAERREEE LD TVET:

i FTOzV CHESFUVHEIND | V5 ZADSHFVHINS
Eop 44 f(obj, *args) f(*args)

XY w R f(*args) f(*args)

77 ARXY v F | f(type(obj), *args) f(cls, *args)

4.4 BHIXY YR

BRI XA Y » R, TRH2BEMZZDEFIRLET, c.f ° C.f IX, object.__getattribute__(c, "f") %
object.__getattribute__(C, "f") ZEEHERTL2DLFALTT, MR LT, BREA Tz 7572
PORILEICT 7R TEET,

FHYX Y v FIZT 2 L RODIZ, self ZHEAOZRERI0NWXY v FTT,

B2, Hetoty =D, ERT—20ar 70355 LET, 0 I7RE, FH, X7V 2O,
T = R D ELBHGET ZET R T AEHEX Y v PR L3, L L. R LEBBERID - TH. 7= XIZIIKS
DK S RERZBERL DD F5, HIRIE erf (x) BHEH LOBRILZZH L —F TR, FEDT—&ty b
WEHEICREFELERA, 2 ATV 27 b6 TH I AL THOMIHEES: s.erf(1.5) --> .9332
% 721X Sample.erf(1.5) --> .9332,

XY v FII T H M 20 FFETDT, BMEHLOFNIHHL HD FEA:

class E:
@staticmethod
def f(x):

return x * 10

>>> E.f(3)
30

>>> E().£(3)
30

JEF—&F27YFExTa banrzfS e, pure Python Bi® staticmethod() ZLLTFD XS 12%4 b %3
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class StaticMethod:
"Emulate PyStaticMethod_Type() in Objects/funcobject.c"

def __init__(self, f):
self . f = £

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

return self.f

45 VS5AXY v R

FYX Y v FEIEE ST, 77 AXY vy FIEBBENCHTINCS 2 2ABRE51) A POEEICMAET, 20
A== M, MEHLITHA 727 P TH I FRATHRILTT:

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

return cls._ _name__, X

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

CDIRD NI, B Y 2 ABROAZRLEL L, FEDA Y AR Y RARFENTT —ZIKF LI ZIZ
BRTT, Z2F7RAXY v ROFEVHED—D2IF, RbHDIFRavy A+ 57 REEZZLTT, X, 772X
Y v R dict.fromkeysO) FHLVWHELZF—DV R M2 HAEKL £9, Ffli7e pure Python hiid:

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

return d

INT—BRF—ZE2HOHLVEZELUTO LS ITHERTEET:

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

True

>>> d

'a': None, 'b': None, 'r': None, 'c': None, 'd': None}
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ETF—2FTR7VFE T barE{fisjz, classmethod() @ pure Python fRIZZD L5122 D EF

class ClassMethod:

"Emulate PyClassMethod_Type() in Objects/funcobject.c"
def __init__(self, £f):

self.f = f

def __get__(self, obj, cls=None):
if cls is None:
cls = type(obj)
if hasattr(type(self.f), '__get__'):

return self.f.__get__(cls)
return MethodType(self.f, cls)

hasattr(type(self.f), '__get__') "D — F 2% Python 3.9 TBII X N7zBHIF T, classmethod ()
MFr—rVENETFTaAlL—FBRPR—- P[RR D E LT, FIZIE 272X Yy ReTaxT 4 2—EICFIHT
R0

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

return f'A doc for {cls.__name__

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

4.6 AN—FT Uk __slots___

25 2 __slots__ %%%T% v 4 yx&yx@ﬁfﬁ%z’pﬁj@@xn b4 F@fﬁ@@ﬂ?”&ﬁ%?ﬁ%i 6hij—o
A—HF—DHBPEAD . W ODDENADHD £,

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: 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. 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
Q@cached_property # Requires an instance dict

def pi(self):
return 4 * sum((-1.0)**n / (2.0%n + 1.0)
for n in reversed(range(100_000)))
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https://en.wikipedia.org/wiki/Flyweight_pattern

>>> CP() .pi

Traceback (most recent call last):

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

__slots__ X CHUBERICER Y 7 AL, A7V 27 FOXEVEERIEST 2 08035 572, ¥ 27 Python
N=VaVEERTAILETEETA, LEL., 774 RX—1D __slotvalues VA F %o T C fHEKRD R
Oy PZIZEERCTIaL—PFEI8RBTEET., 20T 74 RX— M RMEENDHAZ ZIEIA Y AN—DT
A7V TR Ko TERENET,

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
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/r/>'

type.__new__ () XY v RIZZ 5 2ALBHADRA Y A—F 7 =7 F OEMEMHL 5,
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class Type(type):
'Simulate how the type metaclass adds member objects for slots'

def __new__(mcls, clsname, bases, mapping):
'"Emuluate 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)

object.__new__() XV v FiFA4 Y RAZX VY AFFEORDLD IR Y bEFOA VAR Y ZAOEROIIEE LT,

BBE-XICE 27 Python TOY I 2l —>ayLza—RKBRI5 56T,

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

def __new__(cls, *args):
'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'{type(self).__name__/7r} 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'{type(self).__name__/7r} object has no attribute {name/7}'

)

super () . __delattr__(name)

EKEDZ IR TYIalb—yarya— FEFHT3ICE, Object Z#A L. metaclass % Type ICL F 35,

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

(RDR=1Z%i <)
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(AIDR=I 25 DfE X))

slot_names = ['x', 'y']

def __init__(self, x, y):
self.x = x

self.y =y

CORFETIEXAR I RAE 22 y DRAYAN=FT V7 en—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 0x7fb5d302f£9d0>,

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

A VAR ADMERENE 2, BUEIEF XS slot_values DY A M2 VAR VAR LET

>>> h = H(10, 20)

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

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

ARIL I 2R, K7L VOB EEH L T,

>>> h.xz

Traceback (most recent call last):

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