typing N OESith AN R =
Python 3.12.1 315

XISREURTRAYSZHST

typing
3.5 FHRIIEE
IEfXES: Lib/typing.py
=T

Python IE{TRITIEHIZEREMSTRARITE, TfIAlH £AU6EE. IDE,
Bk EREE=ATE

AR RN AR TH S8, S TFEBERFREIE, 15215 PEP
484, —E=BAIINZAZE PEP 483,

THRREIRNSIREIRERFFH, ST

def greeting(name: str) -> str:

return 'Hello ' + name

greeting BREF, S8 name HEREINZE str , REEEIRE str .,
FRAMB AT EASE,

HHTHRESRE RN  typing #&EERER, typing_extensions EIR{AL T iXLL
FINREXT|ARRAS Python RY[EI/SFE1E.,


https://github.com/python/cpython/tree/3.12/Lib/typing.py
https://docs.python.org/zh-cn/3/glossary.html#term-static-type-checker
https://peps.python.org/pep-0484/
https://peps.python.org/pep-0484/
https://peps.python.org/pep-0483/
https://docs.python.org/zh-cn/3/library/stdtypes.html#str
https://docs.python.org/zh-cn/3/library/stdtypes.html#str
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BRI EFAFME R EFAEZLAIE, 15207 Deprecation Timeline of

Major Features,

2

"REIRRETR"

AT ZEHIRRIE (R T mypy SASuGAR)

mypy 313 B9 "Type System Reference” &5

Python SEBIRGERIEIT PEP KAFAEWRY, BUOZSENI IZERTASE
Python 3BUGERS. ((BRLEDARZ mypy TEHY. )

"Static Typing with Python"

HH>RHY PEPT

EMTE PEP 484 F[] PEP 483 FEIRSINKEURTRZK, BBZ1 PEP XY
Python BUZEBUR FHESRFHT T SFNNNGE:

» The full list of PEPs

o

it

KAFIBZEFEA  type BARENEY, BEEIE— TypeAliasType H
s, EXNRBIF, Vector F1 list[float] IBHERSEAMGEERSE
[EIRLIE:



https://mypy.readthedocs.io/en/stable/cheat_sheet_py3.html
https://mypy.readthedocs.io/en/stable/index.html
https://typing.readthedocs.io/en/latest/
https://peps.python.org/pep-0484/
https://peps.python.org/pep-0483/
https://docs.python.org/zh-cn/3/reference/simple_stmts.html#type
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type Vector = list[float]

def scale(scalar: float, vector: Vector) -> Vector:

return [scalar * num for num in vector]

# passes type checking; a list of floats qualifies as a
Vector.

new_vector = scale(2.0, [1.0, -4.2, 5.4])

REGZERTRCErIREES. fian:

from collections.abc import Sequence

type ConnectionOptions = dict[str, str]
type Address = tuple[str, int]

type Server = tuple[Address, ConnectionOptions]

def broadcast_message(message: str, servers:

Sequence[Server]) -> None:

# The static type checker will treat the previous type
signature as
# being exactly equivalent to this one.
def broadcast_message(
message: str,
servers: Sequence[tuple[tuple[str, int], dict[str,

str]]]) -> None:

type EHIETE Python 3.12 HERIEINAY, ATHRIES, SKMBIEHALL
B TSRl



https://docs.python.org/zh-cn/3/reference/simple_stmts.html#type
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Vector = list[float]

& TypeAlias #HRCRERNIBXE— MR IR, MIE—RIITEM0
E:

from typing import TypeAlias

Vector: TypeAlias = list[float]

NewTypel

A NewType EnFAIESRERARAIHKE:

from typing import NewType

UserId = NewType('UserId', int)

some_id = UserId(524313)

def get user_name(user_id: UserId) -> str:

# passes type checking

user_a = get _user_name(UserId(42351))

# fails type checking; an int is not a UserId

user_b = get_user_name(-1)
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UserlId

# 'output' is of type 'int', not 'UserId’

output = UserlId(23413) + UserId(54341)

IR, XEERBFFSSSENGERRBFINIT, TiafThd, 188 Derived =
NewType('Derived', Base) I&r=4— Derived ®IEANE, 12X

B, f5=f7AY, some value is Derived(some value) ZFAZR
A True,

|Z2 Derived HIFERIETHMAY:

from typing import NewType

UserId = NewType('UserId', int)

# Fails at runtime and does not pass type checking

class AdminUserId(UserId): pass

ny|

R, FATTLAE "IRERY" NewType AYERH FBJFE—  NewType

from typing import NewType

UserId = NewType('UserId', int)

ProUserId = NewType('ProUserId', UserId)

[EAY, ProUserld HAISEEUSENRILIRTREAHIT.

0 PEP 484,


https://peps.python.org/pep-0484/
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&it

BIC(HFERXRFZEEERNEEERE S/, A type Alias
Original R(FEESEENERTHIBR FEE Alias A5
Original FZE£F/, XEEEBUERNIEESENSBEERL.

Rz, NewType FSERIE—FPRBISER—FPRAIR) 762, Derived
NewType('Derived', Original) RY, FFSSKBUGEESICE Derived HfE
Ooriginal RY 73§, BP, oOriginal EBRYEAGERAEAHEA Derived
FKENE., XMHOERTUR/INETI AL LILEEER,

3.5.2 #hRIIEE

7£3.10 JREZ NewType MAR—IEMAR—IRE. AL, ZHEHA
NewType MAEEMREETSE—LLEWMIEITHIFFHE.

£ 3.11 JREZC VAR NewType BIYMBEEIREZ! Python 3.9 BFAYKIE,

tnEREREXSSRT

BREY -- BEfth callable X958 -- BJLAM#FF  collections.abc.Callable &Y
typing.Callable 3F#rE., Callable[[int], str] FTr—MEZ

from collections.abc import Callable, Awaitable

def feeder(get_next_item: Callable[[], str]) -> None:
# Body

def async_query(on_success: Callable[[int], None],
on_error: Callable[[int, Exception], None])

-> None:


https://docs.python.org/zh-cn/3/glossary.html#term-callable
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.Callable
https://docs.python.org/zh-cn/3/library/functions.html#int
https://docs.python.org/zh-cn/3/library/stdtypes.html#str
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# Body

async def on_update(value: str) -> None:

# Body

callback: Callable[[str], Awaitable[None]] = on_update

™REESEENIHERRME: SHFIRMRERE, SHGIRGIE—
HEBVARAISIZE. ParamSpec . Concatenate FHEIEKS. REISEEINL

e —3REY,

def concat(x: str, y: str) -> str:

return x + vy

x: Callable[..., str]
X = str # OK
X = concat # Also OK

Callable
A=t . SRIRRE HE XS ZohBETEENE
call () %M Protocol ZEFEFEKIA:

¥

from collections.abc import Iterable

from typing import Protocol
class Combiner(Protocol):
def _call (self, *vals: bytes, maxlen: int | None =

None) -> list[bytes]:

def batch_proc(data: Iterable[bytes], cb_results: Combiner)


https://docs.python.org/zh-cn/3/reference/datamodel.html#object.__call__
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-> bytes:

for item in data:

def good cb(*vals: bytes, maxlen: int | None = None) ->

list[bytes]:

def bad_cb(*vals: bytes, maxitems: int | None) ->

list[bytes]:

batch_proc([], good _cb) # OK
batch_proc([], bad_cb) # Error! Argument 2 has

incompatible type because of

# different name and kind in the

callback

éﬂl aJLAER  Concatenate BAERF, E{IDBIRE
Callable[ParamSpecVariable, ReturnType] #0

Callable[Concatenate[ArglType, Arg2Type, ...,

ParamSpecVariable], ReturnType] HIFZ=.

£3.10 JREH Callable INFEZ$EF ParamSpec #1 Concatenate ., ¥
{5 PEP 612,

W

U1}

ParamSpec # Concatenate HINIHIRMTTE callable H{EFERYI
-

7284 (Generic) T


https://peps.python.org/pep-0612/
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from collections.abc import Mapping, Sequence

class Employee:

# Sequence[Employee] indicates that all elements in the
sequence

# must be instances of "Employee".

# Mapping[str, str] indicates that all keys and all values
in the mapping

# must be strings.

def notify by email(employees: Sequence[Employee],

overrides: Mapping[str, str]) -> None:

from collections.abc import Sequence

def first[T](1l: Sequence[T]) -> T: # Function is generic
over the TypeVar "T"

return 1[0]

B EREFER Typevar I :

from collections.abc import Sequence

from typing import TypeVar

U = TypeVar('U") # Declare type variable
llUll

def second(1l: Sequence[U]) -> U: # Function is generic over



https://docs.python.org/zh-cn/3/reference/compound_stmts.html#type-params
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the Typevar "U"
return 1[1]

7E 3.12 WRZRC 3HZBURNEIRSTFZETE Python 3.12 FRETIERT,

fnEscAaT

3T Python FFIUASZE B, KRGS BRESHTHFIETEEEHEERE
89, fFlan:

from collections.abc import Mapping

# Type checker will infer that all elements in ~"x = are
meant to be ints

x: list[int] = []

# Type checker error: "~ "list = only accepts a single type
argument:

y: list[int, str] = [1, 'foo']

# Type checker will infer that all keys in "~ "z~ are meant
to be strings,
# and that all values in "~z ~ are meant to be either

strings or ints

z: Mapping[str, str | int] = {}

list REZ—EESE, FEIEENEREE DAMUESYS y ER
REEIR. ER, Mapping RIEZWMIESEH: F—MEHBERIRE, 5
NS HERISEEL,

M, SREZEHETE Python BESARIAIE, EEMIAY Python 3, JTHFP
TCEAEEEIHRER, E, 1E Python BRBIR%Kih, TTHBISHKIS .
tuple AILMES (FEHE RIS


https://docs.python.org/zh-cn/3/library/stdtypes.html#list
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.Mapping
https://docs.python.org/zh-cn/3/library/stdtypes.html#tuple
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# OK: "~ "x ° 1is assigned to a tuple of length 1 where the
sole element is an int

x: tuple[int] = (5,)

# OK: "y~ 1is assigned to a tuple of length 2;
# element 1 is an int, element 2 is a str

y: tuple[int, str] = (5, "foo")

# Error: the type annotation indicates a tuple of length 1,
# but "~z " has been assigned to a tuple of length 3

z: tuple[int] = (1, 2, 3)

T , BFH  tuple[T, ... %%Tfﬁﬂ:iﬂ IBfFR tuple[()] .

=
A
{£F tuple 1’E?9535%’q’=%§&3:1§ﬁﬁ“tuple[Anv, ]
x: tuple[int, ...] = (1, 2)
# These reassignments are OK: " “tuple[int, ...] ~ indicates

X can be of any length
= (1, 2, 3)
()

# This reassignment is an error: all elements in "~ “x ~ must

X
I

X

be ints

= ("foo", "bar")

# "7y " can only ever be assigned to an empty tuple

: tuple[()] = ()

<

N

: tuple = ("foo", "bar")

# These reassignments are OK: plain "~ “tuple ~ is equivalent
to " tuple[Any, ...] "
= (1, 2, 3)

2= ()

N
|
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SRITSRAVSELT

B C EROTEFLUESER ¢ 1E. A, AR type[c] (EE
typing.Type[C] ) ERRITENATLIESAE ZEME— RN, 2
®mS c B Exys. fBlan:

a =3 # Has type " “int ~
b = int # Has type "~ “type[int]
c = type(a) # Also has type " “type[int] "

FR,  type[C] REHTH:

class User:
class ProUser(User): ...

class TeamUser(User):

def make _new _user(user_class: type[User]) -> User:

# ...

return user_class()

make_new_user(User) # OK

make_new_user(ProUser) # Also OK: "~ “type[ProUser] " is a
subtype of "~ type[User]

make _new_user(TeamUser) # Still fine
make_new_user(User()) # Error: expected " type[User] "
but got " “User

make_new_user(int) # Error: " “type[int] " is not a

subtype of "~ type[User]

IXEERAIRGFES,  l4n:

def new non_team user(user_class: type[BasicUser |

ProUser]):



https://docs.python.org/zh-cn/3/library/functions.html#type
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new_non_team_user(BasicUser) # OK
new _non_team user(ProUser) # OK
new_non_team_user(TeamUser) # Error: "~ type[TeamUser] ~ is

not a subtype

# of ~“type[BasicUser |

ProUser]

new_non_team_user(User) # Also an error

type[Any] ZFMNTF type , BR Python BY JTEERLEN BIRIISR,

AP ENXRYZEISEN

from logging import Logger

class LoggedVar[T]:

def

-> None:

def

__init_ (self, value: T, name: str, logger: Logger)

self.name = name
self.logger = logger

self.value = value

set(self, new: T) -> None:
self.log('Set ' + repr(self.value))

self.value = new

def get(self) -> T:

self.log('Get ' + repr(self.value))

return self.value



https://docs.python.org/zh-cn/3/library/functions.html#type
https://docs.python.org/zh-cn/3/reference/datamodel.html#metaclasses
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def log(self, message: str) -> None:

self.logger.info('%s: %s', self.name, message)

XFEERTE Loggedvar TEIREAN KBTE T LHSHUR. X
S T RARRRERERRIZEEL.,
12 BUSEERT A Generic , /375 Python 3.11 RE(RIRAFRE, tHRLTF

BRIM  Generic PRLIFRITHEIZE:

from typing import TypeVar, Generic

T = TypeVar('T")

class LoggedVar(Generic[T]):

ZBIKBEH  class_getitem_ () 73iE, XBKREZERA S THNIAT
S8t (BIR0TFERY  Loggedvar[int] ) :

from collections.abc import Iterable

def zero_all vars(vars: Iterable[LoggedVar[int]]) -> None:
for var in vars:

var.set(9)

—NZEOI B UM ERRETE, FrEfEi Typevar #aILMERIZE
S

from typing import TypeVar, Generic, Sequence

class WeirdTrio[T, B: Sequence[bytes], S: (int, str)]:



https://docs.python.org/zh-cn/3/reference/datamodel.html#object.__class_getitem__
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01dT

TypeVar('01ldT', contravariant=True)

01dB = TypeVar('OldB', bound=Sequence[bytes],
covariant=True)

01dS = TypeVar('0ldS', int, str)

class OldWeirdTrio(Generic[01ldT, 0ldB, 01dS]):

Generic EHY

from typing import TypeVar, Generic

class Pair[M, M]: # SyntaxError

T = TypeVar('T")

class Pair(Generic[T, T]): # INVALID

2 BUS B AT LA E SRR % -

from collections.abc import Sized

class LinkedList[T](Sized):

3T
MiZBIZE

from collections.abc import Mapping
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class MyDict[T](Mapping[str, T]):

EXMFH, MyDict FIRB—SHEH T .

REEZHENRESHE, RREEBMUENEEES Ay , &
¥, MyIterable AFEZH, (BAEHIKET Iterable[Any]

from collections.abc import Iterable

class MyIterable(Iterable): # Same as Iterable[Any]

from collections.abc import Iterable

type Response[S] Iterable[S] | int

# Return type here is same as Iterable[str] | int

def response(query: str) -> Response[str]:

type Vec[T] = Iterable[tuple[T, T]]

def inproduct[T: (int, float, complex)](v: Vec[T]) -> T: #

Same as Iterable[tuple[T, T]]

return sum(x*y for x, y in v)

SElEr sl

from collections.abc import Iterable

from typing import TypeVar
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S = TypeVar("S")

Response = Iterable[S] | int

£ 3.7 JREZL Generic ABEMFEEMNITE.

7 3.12 JREH 3.12 WRANFTE 7 X2 BN BRI B RNE RS . TEZRIRIARAS
F, ZREWRBHMEKE Generic , NBEEEHEX T EESEHEAT

=

Ho

RAPENRSEFRIARZEEZRNS, ATLLRA [**P] RIS E0E
TERFR., KITHS LEERRIREEE—, RASHNIEZER typing
RRMAEIREETE, XOTEN— MM, RERFIRTRTER

ParamSpec :

>>>

>>> class Z[T, **P]: ... # T is a TypeVar; P is a ParamSpec

>>> Z[int, [dict, float]]
__main__.Z[int, [dict, float]]

™8 ParamSpec HUZBIEBAILAERMN Generic EIMFAIGURE
2, mMXMERT, AEEFER

from typing import ParamSpec, Generic

P = ParamSpec('P")

class Z(Generic[P]):
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Typevar 5 ParamSpec HIB—PXBIETRERNSENEZEATZE
SIEEMA X[[Typel, Type2, ...1]1 HSEFIR, RRFATEMR, 0%
% X[Typel, Type2, ...] XERYFIN. R, BREWREENIEIE, Fr
ITHNREEFMNY:

>>>

>>> class X[**P]: ...

>>> X[int, str]
__main__ .X[[int, str]]
>>> X[[int, str]]

__main__ .X[[int, str]]

R ERUERAT, BE Paranspec HZRMEEIRET AR RAERN
__parameters__ , FRASHNISETERTHEEERE.,

7£3.10 }REZL Generic IAEALABISEHFRANHITSEH. &1
ParamSpec # PEP 612 LA\ THREZHT,

FAFPEXRZEZEA LIS ABC fENEEMASSETTRPR, SEHLZERTH

HEERSHERF, H typing IEIRARIRSEHEEAERR hashable FESFFESM
EEiR.

Any ZEHUT

Any Z—FMFFRRUREY, BRSREMERIANMBRENS Any FE, [
B, Any thERAEERS,

EHER, AIX Any SEERYERTEERFESGEEAR, ARESESE

=,
=.


https://peps.python.org/pep-0612/
https://docs.python.org/zh-cn/3/glossary.html#term-hashable
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from typing import Any

a: Any = None

a =[] # OK
a =2 # OK
s: str = "'

s =a # OK

def foo(item: Any) -> int:
# Passes type checking; 'item' could be any type,
# and that type might have a 'bar' method
item.bar()

R, Any SERURYETRASTERBHEAISSANT, AHTREMNE. fi, £ a
Wss s , fEifTRY, BME s EFEEN str XEE, BRI int (EH,
SR ERASRIE,

BESTUHEBOAER  Any

def legacy_parser(text):

return data
# A static type checker will treat the above
# as having the same signature as:

def legacy_parser(text: Any) -> Any:

return data

FERAISERRSRENMEE, WMEE any SF ZLO,


https://docs.python.org/zh-cn/3/library/stdtypes.html#str
https://docs.python.org/zh-cn/3/library/functions.html#int
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Any F1 object BIXHI. 5 Any L, FFERBEERE object AYF
KA, M, 5 Any FR[E, object REJiF: object FNEHBREWTFE

B,

HLEL, EEI’J*ixE object HY, *E:ﬁﬁa%ﬂﬂzATE*@Fﬁﬁﬁ EHYR(E,
, fan:

def hash_a(item: object) -> int:
# Fails type checking; an object does not have a 'magic’
method.

item.magic()

def hash_b(item: Any) -> int:
# Passes type checking

item.magic()

# Passes type checking, since ints and strs are subclasses
of object

hash_a(42)

hash_a("foo")

# Passes type checking, since Any is compatible with all
types

hash_b(42)

hash_b("foo")

£ object , nAREREVAKRIRERISTVEEAEE., R Any |, 1T
IHERNSRE,

BN T vs LEIFSEET


https://docs.python.org/zh-cn/3/library/functions.html#object
https://docs.python.org/zh-cn/3/library/functions.html#object
https://docs.python.org/zh-cn/3/library/functions.html#object
https://docs.python.org/zh-cn/3/library/functions.html#object
https://docs.python.org/zh-cn/3/library/functions.html#object
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Ex#J) PEP 484 1§ Python S#SRBURSE N AR SN FEE, XEI

Wk A B B BFERT, A X B FhEAEHEAEZE A

WIRESKUARIIER TS ES, flf0, Iterable , XFFAYGIRATE
F, EXEIHREIHEE, BEA Pythonic, BARENZSSEER Python B
RASE. a0, THCIBHLUEM T PEP 484 AUASE:

from collections.abc import Sized, Iterable, Iterator

class Bucket(Sized, Iterable[int]):

def _ len_ (self) -> int:
def iter (self) -> Iterator[int]:

PEP 544 SIFBFPEREN AR NRAES, NIRRT X—Af, Sk
BFGEEEEPETIAN Bucket BEE Sized HIFER, N2
Iterable[int] BIFHRE, XME AL (XNFIRAEHSHSFER)

from collections.abc import Iterator, Iterable

class Bucket: # Note: no base classes

def _ len_ (self) -> int:
def iter (self) -> Iterator[int]:

def collect(items: Iterable[int]) -> int:
result = collect(Bucket()) # Passes type check

AN, EFRBIRMBET, BERESHKRE Protocol , AFPELIENX
FHBEMIMY (WTFXHEYGIF) .

RIRAET


https://peps.python.org/pep-0484/
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.Iterable
https://peps.python.org/pep-0484/
https://peps.python.org/pep-0544/
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typing RRREN T T, BREREEIDRR.

FIARSEERIAT
Sz Sicl

XERBA AT ERPRTRE, BRSGFMrAE ( [1 ) .

typing.AnyT

RIIRSEEL, RNRBLIRAIREL

o FFEREIEES Any A,

o Any SHETEREMERRA.

E3.11 JRE Any IUERTLARMEESS. XEHTEAXENERTESED
SE BTSSR ARRYSE EHRiE.

typing.AnyStrf{

ENX.:

AnyStr = TypeVar('AnyStr', str, bytes)

AnyStr FBTFRIER str B bytes ZEEARRITRERERRIREL

flan:

def concat(a: AnyStr, b: AnyStr) -> AnyStr:

return a + b


https://docs.python.org/zh-cn/3/library/stdtypes.html#str
https://docs.python.org/zh-cn/3/library/stdtypes.html#bytes

concat("foo", "bar") # OK, output has type 'str

concat(b"foo", b"bar") # OK, output has type 'bytes'

concat("foo", b"bar") # Error, cannot mix str and bytes

HEE: REEA Anystr , BEE aAny RB=ELXR, hARRIEY1H
FRFER", ME, Anystr EZEF] str | bytes RUEAER, ZEZN
ERAAE:

# Invalid use of AnyStr:

# The type variable is used only once in the function
signature,

# so cannot be "solved" by the type checker

def greet_bad(cond: bool) -> AnyStr:

return "hi there!" if cond else b"greetings!"

# The better way of annotating this function:
def greet_proper(cond: bool) -> str | bytes:

return "hi there!" if cond else b"greetings!"

typing.LiteralStringT

REEFFRFEENRAARE,

HOEFFEREFEEREM LiteralString #PS LiteralString FA.
B str RBRGIRASEFIRS. HE LiteralString FEIISRFER

FEEMHIAAZ LiteralString ,

~a1:

def run_query(sql: LiteralString) -> None:

def caller(arbitrary_string: str, literal_string:



LiteralString) -> None:
run_query("SELECT * FROM students") # OK
run_query(literal_string) # OK
run_query("SELECT * FROM " + literal string) # OK
run_query(arbitrary_string) # type checker error
run_query( # type checker error
f"SELECT * FROM students WHERE name =
{arbitrary_string}"

)

LiteralString NFT=EBFABMNEEFAEMSEVRAIEUK AP RS

F. a0, AP SEERENERRIERIIERIRERZ M SQLIENKE.

5505 PEP 675 THUFIE,

3.11 #FHRIHEE

typing.Neverf

JRRE, —NRBEMRRIRE.

XA LARTEN — KNI AR, B— M KRRERIRREL:

from typing import Never

def never_call me(arg: Never) -> None:

pass

def int_or_str(arg: int | str) -> None:
never_call me(arg) # type checker error
match arg:
case int():
print("It's an int")

case str():


https://peps.python.org/pep-0675/
https://en.wikipedia.org/wiki/Bottom_type

print("It's a str")
case _

never_call me(arg) # OK, arg is of type Never

3.11 #hRTHEE TEEZERY Python fRASLE, NoReturn AT RIAERAIEL
2. Never ATEEBMRIAXINEEHIOA.

typing.NoReturnf

KARE, R ANREIRIREL,

foign:

from typing import NoReturn

def stop() -> NoReturn:

raise RuntimeError('no way"')

NoReturn tHATLIATF EEE IENX, XE—MZEENSEE., BN
Python 3.11 FF48, RAZBEA Never ZEEIAEXNMER. HBEUCESINIZE
XFRFNSERIAEMN
3.5.4 #HRIIEE
3.6.2 FHRIIEE

typing.Selff

FARE, RrIRIAEMAI,


https://en.wikipedia.org/wiki/Bottom_type

from typing import Self, reveal_type

class Foo:

def return_self(self) -> Self:

return self

class SubclassOfFoo(Foo): pass

reveal type(Foo().return_self()) # Revealed type is "Foo"
reveal type(SubclassOfFoo().return_self()) # Revealed type

is "SubclassOfFoo"

LEEEEE SN TIATRE, ERENES:

from typing import TypeVar

Self = TypeVar("Self", bound="Foo")

class Foo:

def return_self(self: Self) -> Self:

return self

BEERN, NRELRNFRE self , W EERGIIR, ERizER
Self {EJRENETHE. tﬂ% Foo.return_self #FfE/9iR(E]

"Foo" , BRAEEUGESSISHERTM SubclassOfFoo.return_self iR[EHY
XIgE Foo B, MAR SubclassOfFoo ,
HeEWAGIesE:

o WFEBMITEREHY classmethod , BIEIRE] cls FERISLHI,

o tINE—MREIBEBAY __enter_ () AiE


https://docs.python.org/zh-cn/3/library/functions.html#classmethod
https://docs.python.org/zh-cn/3/reference/datamodel.html#object.__enter__

IR BRI F LT ERIREIFEAISES] (TOAFRSRAISERY) . MIARRL(E
A self {FARENETHE:

class Eggs:
# Self would be an incorrect return annotation here,
# as the object returned is always an instance of Eggs,
# even in subclasses
def returns_eggs(self) -> "Eggs":
return Eggs()

BEZMTIES U PEP 673,

3.11 FhRIIBE

typing.TypeAliasT

KhE, ATEIUEE RKE5I=.

fogn:

from typing import TypeAlias

Factors: TypeAlias = list[int]

T BAY Python MR £,  TypeAlias X$iEfREFRIMS|ANBIENSEIE
A, FARE BRI R LR R SIERIREMEX o Fk:

from typing import Generic, TypeAlias, TypeVar

T = TypeVar("T")

# "Box" does not exist yet,

# so we have to use quotes for the forward reference on


https://peps.python.org/pep-0673/

Python <3.12.

# Using "~ "TypeAlias ~ tells the type checker that this is a
type alias declaration,

# not a variable assignment to a string.

BoxOfStrings: TypeAlias = "Box[str]"

class Box(Generic[T]):
@classmethod
def make_box_of_strings(cls) -> BoxOfStrings:

15507 PEP 613 THAFIS.

3.10 #HkIIEE

3.12 IRIGE#E: TypeAlias HFHER, BFRH type B89, FECIE
TypeAliasType HISLH, HERASIFIERASIAH. BER, 828R
TypeAlias #1 TypeAliasType BEBERUAIEFIEFR, EE(IEA E
B, EEHARAERIRE, BailiRB®Bk TypeAlias BRI, {EEJIFE
FiEzEl type 1B

KRR N

XERABEEFEPI LN KR, BESGS AL ( [1 ) | B Eak
—HIEx.

typing.Unionf

BXESZEAY: Union[X, Y] %’ﬁl\a: X | Y , %D*E;ﬁEXﬁYZ_O

BEENM—EGEE, oJLAFERZEL Union[int, str] EEE int |
str . BERXMES, @1

o SHWIRREIRAE, BELE—,


https://peps.python.org/pep-0613/
https://docs.python.org/zh-cn/3/reference/simple_stmts.html#type
https://docs.python.org/zh-cn/3/reference/simple_stmts.html#type

o BRERBIZERGRESHRT, fHlan:

Union[Union[int, str], float] == Union[int, str, float]

o BBHZEHAGRAMEXSHES, fla:

Union[int] == int # The constructor actually returns

int

o TUARHISESHBLT, fHlan:

Union[int, str, int] == Union[int, str] == int | str

o WREAGRE, RNykS&HIT, Han:

Union[int, str] == Union[str, int]

o AEBIEE Union AYFSEELLHI,

e i88 Union[X][Y] XME%,

£ 3.7 IRZBEC EIEiThY, AERRBRGRETREIN T,

£ 3.10 JRE BREGRBIEATLUERL X | ¥ . B8R BREXREFREL,

typing.OptionalT

Optional[X] ZMF X | None (8¢ Union[X, None] ) .,

IR, FERESSRINMERNTIESHARE. SEAMENTIESHAFTEESR
BLERE LN optional FRREFF, BENE(NERERI. Hla0:


https://docs.python.org/zh-cn/3/library/stdtypes.html#types-union

def foo(arg: int = @) -> None:

5—rmE, BXXMA None {ERY, FAEIZSEHESE L, Optional ZERE
Fa. gn:

def foo(arg: Optional[int] = None) -> None:

7E 3.10 JREZ AESEIERILISRL X | None . &I BXGEZEEIRIA,

typing.Concatenatef

ARz, T IEEEHEREL

Concatenate BJFIF5 Callable 1 ParamSpec ERETREM BT VEREXT
&R, ZAKRALURIN. BIREEERE— P IERANSRIT S, ER
Concatenate[ArglType, Arg2Type, ..., ParamSpecVariable] .
Concatenate HRIXFAIBIEIEL Callable FIEE— 1S4, 145
Concatenate HIERE—MEESW/E ParamSpec FEIKS (

)

FlEn, ATEBR—IEIMEE with_lock , BAKEEITRIREIRM T
threading.Lock , Concatenate BJLIFARERR with_lock HEE—4
o[RS, 1IZXFRER— Lock {ERSE—1SE, FRE—EBAE
KRS EZROAERANSR. EXMERT, ParamSpec FRNREIRIEERIIS
HSHEEBEUR THRE NN BRI SR

from collections.abc import Callable
from threading import Lock

from typing import Concatenate

# Use this lock to ensure that only one thread is executing


https://docs.python.org/zh-cn/3/library/stdtypes.html#types-union
https://docs.python.org/zh-cn/3/library/threading.html#threading.Lock

a function
# at any time.

my_lock = Lock()

def with lock[**P, R](f: Callable[Concatenate[Lock, P], R])
-> Callable[P, R]:
""'A type-safe decorator which provides a lock.'"'
def inner(*args: P.args, **kwargs: P.kwargs) -> R:
# Provide the lock as the first argument.
return f(my_lock, *args, **kwargs)

return inner

@with_lock

def sum_threadsafe(lock: Lock, numbers: list[float]) ->

float:
""'Add a list of numbers together in a thread-safe

manner."'"'

with lock:

return sum(numbers)
# We don't need to pass in the lock ourselves thanks to the

decorator.

sum_threadsafe([1.1, 2.2, 3.3])

3.10 #HRINEE

W

U1

e PEP 612 -- 2T E (5|\ ParamSpec # Concatenate HJ
PEP)


https://peps.python.org/pep-0612/

typing.LiteralT

FIARENERIZ A, BT EN FEIESEE .

Literal ALAARMERERERRBHEIFIIREGSIIREHINFEEZ
—HHERE.

folgn:

def validate_simple(data: Any) -> Literal[True]: # always

returns True

type Mode = Literal['r', 'rb', 'w', 'wb']

def open_helper(file: str, mode: Mode) -> str:

open_helper('/some/path', 'r'") # Passes type check
open_helper('/other/path', 'typo') # Error in type checker

Literal[...] ABEBUEFES. HizfThY, ERENYAIEN
Literal[...] HIEEISEL, (BREIRESRALIIINLRS., FHEEsE
1# PEP 586 .

3.8 #FHRINEE

7E£39.1 JREZC Literal IEBEEMRIZSHES. Literal XHRAVESE
MR ABKEINE. WENREENSEAN hashable, Literal XIg
EREML R EAEES|&  TypeError

typing.ClassVarf

RIASSELTREIE, AT IRERRE.


https://peps.python.org/pep-0586/
https://docs.python.org/zh-cn/3/glossary.html#term-hashable
https://docs.python.org/zh-cn/3/library/exceptions.html#TypeError

90 PEP 526 FiA, ¥TE7E ClassVar RRIEZ SRS, LEEMENYAIESRTT
2, MAMEZEERLA E, BiZNT:

class Starship:
stats: ClassVar[dict[str, int]] = {} # class variable

damage: int = 10 # instance variable

ClassVar {J3E2RE, HAEEER TR,
ClassVar ABARZE, AMATF isinstance() 8¢ issubclass() .

ClassVar AEEE Python iIz{TE1T9, ERJLIETFSE=G3EMERSR.
N, EEMBEESINALUTRIEBEE:

enterprise d = Starship(3000)
enterprise_d.stats = {} # Error, setting class variable on

instance

Starship.stats = {} # This is OK

3.5.3 #hRIVEE

typing.Finalf

FIASELTRIE, AT RN ERRTRERTR,

RS EREFEF D ERE BTN, R ERET AR BIRAREET
RPES,

flan:

MAX_SIZE: Final = 9000

MAX_SIZE += 1 # Error reported by type checker

class Connection:


https://peps.python.org/pep-0526/
https://docs.python.org/zh-cn/3/library/functions.html#isinstance
https://docs.python.org/zh-cn/3/library/functions.html#issubclass

TIMEOUT: Final[int] =

class FastConnector(Connection):

TIMEOUT = 1 # Error reported by type checker

XL MBI TR, EW PEP 591,
3.8 FHRIIEE

typing.RequiredT

SIREELERME, FTHRC TypedDict $EAMIEIN,

XFERTF total=False MY TypedDict, BXEZIFMER, BN
TypedDict #[ PEP 655,

3.11 #FHRIHEE

typing.NotRequired

FIARRENEMRIE, BTHRC TypedDict HEARIBEAFERIRE.

#1520 Typeddict #F1 PEP 655,

3.17 FTHRIDEE

typing.AnnotatedT

FIRRESER A, RTRIERAIMTET LT XRITTEdE.

EAIFME Annotated[T, x] BEdE x FIIEEEEEE T . A

Annotated HIDAYTCEUERILAMGRR ST LEGER, BrllAimEiTRIEA.
FEIiTIERER T, TTEURFMETE _ metadata_ B,


https://peps.python.org/pep-0591/
https://peps.python.org/pep-0655/
https://peps.python.org/pep-0655/

WNREFHRTRIBEER Annotated[T, x] , AERBHYX—ToEIENE
HANRPE, NNZZEZTEE, EREERaAn 17 . Eit,
Annotated XIFHEIGERERAT Python BB SSEEL TR RS2 /MIBRIAY
KIEEA.

A Annotated[T, x] {EREMPAAIEXT T HTESEEMNE, EA
FKEMERGHRMBIETERE x . E, Annotated AEF
@no_type_check Ziffgs, [FEBAMAILATEREIRATEEZING
INERE, (BERSTEZEAXIREERAIEENE,

ENRRTTEIEN S HIEE] Annotated IR T EsiEERf=E. 183
Annotated SEEVNT EHaiFERTLUFETEiENS TN TE2LREERREEL
H (FbufER  isinstance() ) .

Annotated[<type>, <metadata>]

T REiEREHITXESEEDITRIER  Annotated RTEUERINZISESE
2Ny spr

@dataclass
class ValueRange:
lo: int

hi: int

Tl = Annotated[int, ValueRange(-10, 5)]
T2 = Annotated[T1l, ValueRange(-20, 3)]
BT

o Annotated HIE—MEEUNREERIILE,

o THRMHZNITEUBAIITE ( Annotated IOFHJESEY)


https://docs.python.org/zh-cn/3/library/functions.html#isinstance

@dataclass
class ctype:

kind: str

Annotated[int, ValueRange(3, 10), ctype("char")]

RN TRRERD RIFR—NERFRINZ N TElETs, R
A EFIXEERE,

e Annotated ZEVDEBFFWNSEL ( Annotated[int] LX)

o THIETENINFSERE, BREFNE

assert Annotated[int, ValueRange(3, 10), ctype("char")]
I= Annotated[

int, ctype("char"), ValueRange(3, 10)

o fXEM Annotated REISWREF., tEUETENEAERERFFIAK
IREFF

assert Annotated[Annotated[int, ValueRange(3, 10)],
ctype("char")] == Annotated][
int, ValueRange(3, 10), ctype("char")

o TTHIETHNESTRASHIBH:

assert Annotated[int, ValueRange(3, 10)] != Annotated|
int, ValueRange(3, 10), ValueRange(3, 10)



Annotated RILISE#ERIBFNZEFIE—EHER:

@dataclass
class MaxLen:

value: int
type Vec[T] = Annotated[list[tuple[T, T]], MaxLen(10)]
# When used in a type annotation, a type checker will
treat "V" the same as

# " Annotated[list[tuple[int, int]], MaxLen(10)] " :
type V = Vec[int]

Annotated AFEESCMEEHI TypeVarTuple —je{ERD:

type Variadic[*Ts] = Annotated[*Ts, Annl] # NOT valid

XENT

Annotated[T1, T2, T3, ..., Annl]

Hebh 11 . T2 FEE Typevars , XMEELN: NIRE—
KANEIFRLS Annotated,

BOABRT, get_type_hints() SERIFEMEFRITTEUE. €A
include_extras=True H®ILUREBITHIE:

>>>

>>> from typing import Annotated, get_type_ hints
>>> def func(x: Annotated[int, "metadata"]) -> None:

pass



>>> get_type_hints(func)

{'x": <class 'int'>, 'return': <class 'NoneType'>}
>>> get_type_hints(func, include_extras=True)
{'x": typing.Annotated[int, 'metadata'], 'return':

<class 'NoneType'>}

o TIE1THY, 54FE Annotated ZEEUEXREXRYCEUERED
__metadata__ BMRIREN:

>>>

>>> from typing import Annotated

>>> X = Annotated[int, "very", "important", "metadata"]
>>> X

typing.Annotated[int, 'very', ‘'important', 'metadata’]
>>> X.__metadata__

("very', "important', 'metadata’)

W

UL

PEP 593 - RiENHRESTEE=IRTE

iZ PEP Y5 Annotated SIAZNERES,

3.9 FHRIIEE

typing.TypeGuardf

TR BRE SRR P R SRS AR R,

TypeGuard BAI#AETFIRERFBEN R RIFREIIREISEE,

TypeGuard RUEZERMAYSRESE. EE(TH, LUXMISTURCAIRERN =
IRE—MB/R(E.


https://peps.python.org/pep-0593/

PXSETE(E 8245/ Zam-- X B SSA E R AR EE B P RIATRY
SRR TN, BE, KB NEBE S ITRAERBERAE% Y
FERMNAT—MUBRFRSEARY. XENFHRENEITHRIR "SRRI

def is_str(val: str | float):
# "isinstance" type guard
if isinstance(val, str):

# Type of “~“val "~ is narrowed to "~ “str

else:

# Else, type of ~“val ~ is narrowed to " float™ ".

B, FR—APEXBRREEVENRERPSELE. XEFRIRENIIZ
EF TypeGuard[...] {FAEREEEE, DUREFSEENERIEX—FE
=,

WF—MEENRE, A -> TypeGuard HIFEFSREMER:

1. IREER—Mh/RE.

2. WNRIRMEER True , HSHAIREZE TypeGuard EMEAYSEEL,

flan:

def is_str_list(val: list[object]) -> TypeGuard[list[str]]:
"' 'Determines whether all objects in the 1list are
strings'"'

return all(isinstance(x, str) for x in val)

def funcl(val: list[object]):
if is_str_list(val):
# Type of ““val ~ 1is narrowed to "~ ~"list[str] .

print( .join(val))



else:
# Type of "~“val "~ remains as "~ list[object] .
print("Not a list of strings!")

QISR is_str_list R—PEEELHIGIE, BBA TypeGuard HRRYSEEIBRGY
2 cls 8 self ZEHSEZNSHAIRE,

M=, def foo(arg: TypeA) -> TypeGuard[TypeB]: ... FRHIE

ﬁ\-
BE: R foo(arg) IRME True , HBA arg BB TypeA HEA
TypeB ,

=it

TypeB FTHE/H TypeA IR -- EEEALRT A . FEREZ
FEVHEIE  list[object] #E/NE| list[str] XHFWERE, BMFEEERE
BIERN—NFRE, BN list BT, REXRETERIZEEPGIFIISE
BE TR,

TypeGuard tEATHRETE, 1FESW PEP 647,

3.10 #HRIVEE

typing.UnpackT

TS ERBRSRIFC A ERERIEEIEEST.

plan, £ RETETH HERBREEER ¢ MENTER  Unpack
RSB T ETTARNC A ERFE:

Ts = TypeVarTuple('Ts")
tup: tuple[*Ts]

# Effectively does:
tup: tuple[Unpack[Ts]]


https://peps.python.org/pep-0647/

SCfrE, Unpack £ typing.TypeVarTuple #0 builtins.tuple 2%
BRVET™SCFeILARD *+ BEMEA. {RojgesEEl Unpack ERRIBARARY
Python F#EICHBEER, XAY * EISEHESUETAFERN:

# In older versions of Python, TypeVarTuple and Unpack
# are located in the "typing_extensions’ backports package.

from typing_extensions import TypeVarTuple, Unpack

Ts = TypeVarTuple('Ts")
tup: tuple[*Ts] # Syntax error on Python <= 3.10!
tup: tuple[Unpack[Ts]] # Semantically equivalent, and

backwards-compatible

Unpack tHAILLS typing.TypedDict —iEEFALAMEEREEZHXS
**kwargs HITREUNRE:

from typing import TypedDict, Unpack
class Movie(TypedDict):
name: str
year: int
# This function expects two keyword arguments - “name’ of
type “str

# and “year” of type “int".
def foo(**kwargs: Unpack[Movie]):

152057 PEP 692 THZE Unpack BT **kwargs ZREWRFAIEZHT.

3.11 #FHRIHEE

S Z BISR R 5B 52T


https://docs.python.org/zh-cn/3/library/stdtypes.html#tuple
https://peps.python.org/pep-0692/

TIIEANHKEZAFRE. ENR BiREENeEZERESER=
I,

XEIRANEIIIAIE L CEESSIR T type 1ER) KEIE, ATS
Python 3.11 RERIRARFREE, SIMBAIAREIRNEEREE, WA

classtyping.GenericT

T ZBRBRmMSR R,

S

2 SRR R BRI ERB R II— 1 A2 F R KA IRRY:

class Mapping[KT, VT]:
def _ getitem_ (self, key: KT) -> VT:

# Etc.

XFERSERIRTMAREAER  Generic . MWFZEZRIETEXAITICESN &
=8%,

ZZERIRIEANT

def lookup name[X, Y](mapping: Mapping[X, Y], key: X,
default: Y) -> V:
try:
return mapping[key]
except KeyError:

return default

et RS 2 FRRIEE S B iZEREL.


https://docs.python.org/zh-cn/3/reference/compound_stmts.html#type-params
https://docs.python.org/zh-cn/3/reference/simple_stmts.html#type
https://docs.python.org/zh-cn/3/reference/compound_stmts.html#generic-classes
https://docs.python.org/zh-cn/3/reference/compound_stmts.html#generic-classes
https://docs.python.org/zh-cn/3/reference/compound_stmts.html#generic-functions

AT REFATREY, ZEEBEIESHEKE Generic F=HBE, &
LERT, KBSV /RERIMELR:

KT

TypeVar('KT")
VT

TypeVar('VT")

class Mapping(Generic[KT, VT]):
def _ getitem (self, key: KT) -> VT:

# Etc.

classtyping.TypeVar(name, *constraints, bound=None, covariant=False,

contravariant=False, infer_variance=False)1

N =1
KR E,

NSRRI TERHEE AN EERETRT IZEREY, 2828 1 28518 IIE]
BE:

class Sequence[T]: # T is a TypeVar

HE A A AT EUR SR EAI L IRAIE AT E:

class StrSequence[S: str]: # S is a TypeVar bound to str

class StrOrBytesSequence[A: (str, bytes)]: # A is a TypeVar

constrained to str or bytes

, WEFER, HAEIFNATCKEIETEREEEE, Xt


https://docs.python.org/zh-cn/3/reference/compound_stmts.html#generic-functions
https://docs.python.org/zh-cn/3/reference/compound_stmts.html#generic-classes
https://docs.python.org/zh-cn/3/reference/compound_stmts.html#generic-type-aliases

T = TypeVar('T') # Can be anything
S = TypeVar('S', bound=str) # Can be any subtype of str
A = TypeVar('A', str, bytes) # Must be exactly str or bytes

KT ENFTERGCR ISR EREMSIT. BT EmiZBREUR
2 BURERNERIBIREN RIS, B8R Generic THAXZEIXEINE
ZER. ZERHAMERLIUNT:

def repeat[T](x: T, n: int) -> Sequence[T]:

Return a list containing n references to x.

return [x]*n

def print capitalized[S: str](x: S) -> S:

Print x capitalized, and return x.
print(x.capitalize())

return x

def concatenate[A: (str, bytes)](x: A, y: A) -> A:

Add two strings or bytes objects together.

return x + vy

imie, KBETEALIRE ®wIER, w®EIRAT, EWEEAZ, (B8R
BREIERT 2 WEIRAY.

KT ENMRREEHBY KBTS X CIEINSREEEAN

infer_variance=True BYEHSEEUOGESSHEMBEIN, FaitliEEEITE
AEId{EN covariant=True &Bf contravariant=True #HEXIHFRCTH
covariant By contravariant, TEECATER T, FohCIEEAYSEEIZTE A invariant,
525 PEP 484 F[1 PEP 695 T fRESYHTS,

HERBTEMURIATER/ N EELHESAENEN. R #HE 8
TERTKE Typevar KRABERRNTEAIRERMENT:


https://docs.python.org/zh-cn/3/reference/compound_stmts.html#type-params
https://peps.python.org/pep-0484/
https://peps.python.org/pep-0695/

X = print_capitalized('a string")

reveal type(x) # revealed type is str

class StringSubclass(str):

pass

y = print_capitalized(StringSubclass('another string'))
reveal type(y) # revealed type is StringSubclass

z = print_capitalized(45) # error: int is not a subtype of

str

KRBT ERTLIWISERIEARE, SR ( ABC & protocol ) , EERRKE
AYBR &

# Can be anything with an __abs__ method
def print_abs[T: SupportsAbs](arg: T) -> None:
print("Absolute value:", abs(arg))

U = TypeVar('U', bound=str|bytes) # Can be any subtype of
the union str|bytes
V = TypeVar('V', bound=SupportsAbs) # Can be anything with

an __abs__ method

B2, WRER LR KETE, WEKRE Typevar REEHMETAIGTRELS
EHIZIRZ —

a = concatenate('one', "two")

reveal type(a) # revealed type is str

b = concatenate(StringSubclass('one'),
StringSubclass('two"))
reveal type(b) # revealed type is str, despite

StringSubclass being passed in



c = concatenate('one', b'two') # error: type variable 'A’

can be either str or bytes in a function call, but not both

E=f7hY, isinstance(x, T) ¥535|& TypeError ,

__name_1T

KRBT ERIATR.

__covariant__T1

ok

KT EEREWEMFRCH covariant,

__contravariant__1

AT ERFEHBILMIRCH contravariant,

__infer_variance__1

RAT BRI SN R e B RR R HEHT.

3.12 #FHRIEE

__bound_ T

ML ENHE, WMRERIE,

£ 3.12 )R 3T S EE L SUIRBRISEIRE, REERMERIHEN
EHEA SIHEKE, MARERETEWCZAIEHE (SW BIHEKRE).

__constraints__1


https://docs.python.org/zh-cn/3/library/exceptions.html#TypeError
https://docs.python.org/zh-cn/3/reference/compound_stmts.html#type-params
https://docs.python.org/zh-cn/3/reference/executionmodel.html#lazy-evaluation

— M RXIEETENLRAITE, WMRBMIE. A tuple containing the

constraints of the type variable, if any.

£ 3.12 )R ST S EEL SUIRRISEIRE, REERMERIHEN
EHEA SISLIRKE, MARERETEWCZRIEHE (S0 BIHEKRE).

7 3.12 JRERC KRBT BT LUBII (A PEP 695 5| \RY KBS iBIEKA
B, 1IN infer_variance £,

classtyping.TypeVarTuple(name)T

KT ETTH, —MBET variadic ZERNERE FBITE L.

RABETTARLIBTTE A 2SR PERBIRAIRBNES ( * ) KER:

def move_first_element_to_last[T, *Ts](tup: tuple[T, *Ts]) -
> tuple[*Ts, T]:
return (*tup[1l:], tup[@])

EESEARER TypevarTuple #3i&Ess:

T = TypeVar("T")
Ts = TypeVarTuple("Ts")

def move_first_element_to_last(tup: tuple[T, *Ts]) ->
tuple[*Ts, T]:
return (*tup[1l:], tup[@])

— BERETERERRN NS, (FAX, — P RERETAE
T 5 HERRETEHEAE— AP RRIT 5 MERERITSML.
f5gn:


https://docs.python.org/zh-cn/3/reference/compound_stmts.html#type-params
https://docs.python.org/zh-cn/3/reference/executionmodel.html#lazy-evaluation
https://peps.python.org/pep-0695/
https://docs.python.org/zh-cn/3/reference/compound_stmts.html#type-params
https://docs.python.org/zh-cn/3/reference/compound_stmts.html#type-params

# T is bound to int, Ts is bound to ()
# Return value is (1,), which has type tuple[int]
move_first _element_to_last(tup=(1,))

# T is bound to int, Ts is bound to (str,)
# Return value is ('spam', 1), which has type tuple[str,
int]

move_first_element_to_last(tup=(1, 'spam'))

# T is bound to int, Ts is bound to (str, float)
# Return value is ('spam', 3.0, 1), which has type
tuple[str, float, int]

move_ first element to last(tup=(1, 'spam', 3.9))

# This fails to type check (and fails at runtime)
# because tuple[()] is not compatible with tuple[T, *Ts]
# (at least one element is required)

move_first_element_to_last(tup=())

HLIeREEEM * £ tuple[T, *Ts] HRYEA. HHISL, RILUE
Ts S HRBEZEEMITAE (T1, T2, ...) . BBA tuple[T,
*Ts] FHIEZA  tuple[T, *(T1, T2, ...)] , XZMNTF tuple[T, T1,
T2, ...]1 . (EXBEIBRA Python 1, {RETRESEZIBA Unpack HY
5%, 4 Unpack[Ts] . )

)I)F

AL ETTE HE BRRE. XEMTRORETETANEERETE:

x: Ts # Not valid
x: tuple[Ts] # Not valid
x: tuple[*Ts] # The correct way to do it

KRS BT A E S B RN LR, i, EEEN. &
G e S



class Array[*Shape]:
def _ getitem_ (self, key: tuple[*Shape]) -> float:
def __abs_ (self) -> "Array[*Shape]":
def get shape(self) -> tuple[*Shape]:

KT ETTHIMRF SEBRETEESTE—IE:

class Array[DType, *Shape]: # This is fine

pass

class Array2[*Shape, DType]: # This would also be fine

pass

class Height:
class Width:

float_array_1d: Array[float, Height] = Array() # Totally
fine
int_array_2d: Array[int, Height, Width] = Array() # Yup,

fine too

BE, BISE—TRESHEEET S IRPRSREE I XETETE

x: tuple[*Ts, *Ts] # Not valid
class Array[*Shape, *Shape]: # Not valid

pass

Ba, — 1 CHERNEEZETTAIUMMAE *args RIKEIRTE

def call _soon[*Ts](
callback: Callable[[*Ts], None],
*args: *Ts

) -> None:



callback(*args)

TBELAERRBIAY  *args fRE a0 *args: int , ©IGIEIA ArE S5
79 int *args: *Ts JgATX *args 1 S SERISERIS|
Fl. 7Elt, XAFERIIFFREN call_soon I *args RIEES
callback HY (fE) SEEIZEEHEITHE,

RTRETETTANESZMAT, 520 PEP 646,

__name_ 1T

KRBT EITHAIBTR,

3.17 FThRZIBE.

7F 3.12 JREZC KRTETBIE R LAER PEP 695 ff5 | ANRY £EZS 1E/AK
=BA.

classtyping.ParamSpec(name, *, bound=None, covariant=False,

contravariant=False)1

WETREE. KETE N— TR,

n LA SSIR, ASISTULUERRNES ( ** ) KEE:

type IntFunc[**P] = Callable[P, int]

AT IRES Python 3.11 RERIRARIFESM, ParamSpec XISRBaTLUXHEE
eilfES

P = ParamSpec('P")


https://peps.python.org/pep-0646/
https://peps.python.org/pep-0695/
https://docs.python.org/zh-cn/3/reference/compound_stmts.html#type-params
https://docs.python.org/zh-cn/3/reference/compound_stmts.html#type-params

SHHLCE BN FEEER N TSN ERSSH. BlIWARE— T
TERANSNSHEREE LRSS — I ERANSRNS R —XMEEE N
MESMREFIEITET. BIIRBHE Concatenate HFRRIAEN,
FfFA callable HIBE—SH, HEFENBAFPEXHZENSH. &1
Generic LATHREZXTIZENEER.

Blan, ATE—NREFIIETIIARICR, FITLIRIE— M =Ihss
add_logging KRICREEFEM. SHFCCTEESRFREMGERS, EAKD
ARHYA A AR SR R IR BRI BRI SRE A B REAISEL S

from collections.abc import Callable

import logging

def add_logging[T, **P](f: Callable[P, T]) -> Callable[P,
T]:
""'A type-safe decorator to add logging to a
function.'"'
def inner(*args: P.args, **kwargs: P.kwargs) -> T:
logging.info(f'{f.__name__} was called")
return f(*args, **kwargs)

return inner

@add_logging
def add_two(x: float, y: float) -> float:

Add two numbers together.'''

return x +y

WERRE ParamSpec , LIANFHFX M HIREENGEZZEER—
TypeVar 5#4BE cCallable[..., Any] .

1. RBNGEREAEEXTS inner REUHTRENGE, BN *args

**kwargs HIERBIWIE Any



2. cast() fTEIR[E] inner [REET, RIEEEEE add_logging %M
BRRVEARIHIT, BEVRERERSEKEUGEERARE return inner

argsf

kwargsf

HF ParamSpec [EIFEXTESEFIXEFSEL, P.args #
P.kwargs BILAF¥IE ParamSpec D EIRKEABRERD. P.args {3
LERBPRINESHRITTA, ReEATERE *args . P.kwargs 3RS
EREATHIXEFSHEHENRS, JERTERE  **kwargs . BT
Bf, P.args #1 P.kwargs 43I2 ParamSpecArgs #
ParamSpecKwargs HYSEf,

__name_ 1T

FSHUERIRTR,

F covariant=True &f contravariant=True GIENSEFEEZERLL
FASkEIBih a2 BISER, &840 bound WHFHES, HUUTF

TypeVar , AMXLKEFAISCIME N IAEFRE,

3.10 #FhRIIEE

7 3.12 JRE TSR BERAERT LAEAE PEP 695 FRSIARY SRBU S 1BIEKA
BA.

&t

REE2FEEREXNISHEHEERE LK pickle,

W

UL


https://peps.python.org/pep-0695/
https://docs.python.org/zh-cn/3/reference/compound_stmts.html#type-params

e PEP 612 -- 2#3I52ZE (5| N\ ParamSpec #] Concatenate HY
PEP)

typing.ParamSpecArgsf

typing.ParamSpecKwargsf

ParamSpec’ IS H kit 7S Hg . ~ " ParamSpec® HY P.args BiE

=

£ ParamSpecArgs HJ—PELEf], P.kwargs =2 ParamSpecKwargs HY
—ANLfl, SMINENERTETIHAEMEER, NWeFSSS B ESETK

==\\
B,

EXEIRPRYHT—N LA get_origin() FHREIFRIERY

ParamSpec

>>>

>>> from typing import ParamSpec, get_origin
>>> P = ParamSpec("P")

>>> get origin(P.args) is P

True

>>> get_origin(P.kwargs) is P

True

3.10 #FhRIIEE

classtyping.TypeAliasType(name, value, *, type_params=())1

B type 1BAIEIERISEELIFIZAIEL,


https://peps.python.org/pep-0612/
https://docs.python.org/zh-cn/3/reference/simple_stmts.html#type

A1)

>>>

>>> type Alias = int
>>> type(Alias)
<class 'typing.TypeAliasType'>

3.12 #FHRIEE

__name_1T

SREIBIBRIBR:

>>>

>>> type Alias = int
>>> Alias._name__

'Alias’

__module T

SRBUBI B TE X ATERIIRRBFR:

>>>

>>> type Alias = int

>>> Alias._ module_

_main__

__type_params__T



RAFIRRIRET S, BENRIEFBETZENA—1=TE:

>>>

>>> type ListOrSet[T] = 1list[T] | set[T]
>>> ListOrSet. type params__

(T,)

>>> type NotGeneric = int

>>> NotGeneric._ _type params__

0

_value_1

RAFIBRE. B BIEKE, EhEEXPERINERIEES)
__value_ BIEHILERZ AT

>>>

>>> type Mutually = Recursive
>>> type Recursive = Mutually
>>> Mutually

Mutually

>>> Recursive

Recursive

>>> Mutually._ value_
Recursive

>>> Recursive.__value_ _

Mutually

HAMSIAEST

XLREFEAN R EZAFRE. SRR BRI I AERZEER
.


https://docs.python.org/zh-cn/3/reference/executionmodel.html#lazy-evaluation

classtyping.NamedTuplef

collections.namedtuple() HIZEBURA,

Bi%:

class Employee(NamedTuple):

name: str
id: int
XHEHTF:

Employee = collections.namedtuple('Employee’, ['name’,

'id'])

NFERIRHEBOAME, BERFAIE:

class Employee(NamedTuple):
name: str

id: int = 3

employee = Employee('Guido")

assert employee.id ==

A AMERFERGIERFENA BRI F RS HE.

FHLFERISEE— M EOMIBME __annotations__ , f{H—dict, HF
BREMGIEIFRER, (FREE _fields EHH, FAEE
_field defaults EMH, IXFEBFRE namedtuple() APIHI—EB

VAN
JJo

NamedTuple FSRUBSTFFXISFFRFRITA:


https://docs.python.org/zh-cn/3/library/collections.html#collections.namedtuple
https://docs.python.org/zh-cn/3/library/collections.html#collections.namedtuple

class Employee(NamedTuple):

Represents an employee.
name: str

id: int = 3

def  repr (self) -> str:
return f'<Employee {self.name}, id={self.id}>'

NamedTuple FEtAILAGZEY:

class Group[T](NamedTuple):
key: T
group: list[T]

REFRERE:

# For creating a generic NamedTuple on Python 3.11 or lower
class Group(NamedTuple, Generic[T]):

key: T

group: list[T]

# A functional syntax is also supported
Employee = NamedTuple('Employee', [('name', str), ('id',
int)])

7F 3.6 HRERC 0T 3T PEP 526 & F ARG ERISTES,

7 3.6.1 JREZC BINTXIENNME. T5iE. MREFFRBISTF.

fF38 JREMN field types F1 _ annotations_  EBUMCERENE
B, RE{HEA Ordereddict 3L,


https://peps.python.org/pep-0526/

7£39 JREX FBBRT _field_types B, XNAEBHEEER, EBFEINE
Y _ annotations B,

7E 3.11 WRZERC AINSSZ Bl an AT HAYS .

classtyping.NewType(name, tp)1

AT EURMRTFHRY JRE A nUsEENE,

NewType IS#RAGESRMA—RERE, (BR, =78, AR
NewType FREFREIESE,

Fi&:

UserId = NewType('UserId', int) # Declare the NewType
"UserId"
first_user = UserId(1) # "UserId" returns the argument

unchanged at runtime

__module_ T

B M RTERTIRR,

_name_1

FrSSBIRYRFR,

__supertype_1T

FRBIRTEL T RISREL,

3.5.2 FHRIIBE



7F3.10 JREZC NewType IMEER—NEMAZRREL
classtyping.Protocol(Generic)1
[UIINESINES S

NSRRI ERE M AY:

class Proto(Protocol):

def meth(self) -> int:

XERFTBEFFSRBNERERER, BRRBIEHTEE EREIETE
&) , flan:

class C:
def meth(self) -> int:

return ©

def func(x: Proto) -> int:

return x.meth()

func(C()) # Passes static type check

{557 PEP 544 THEEIS, F runtime_checkable() ZE{HAIMHNEE
(HEBNE) TIEARMNBLERESEE, MAEXRSEEEN
BITATIMY.

Protocol ZRBJLAZIZEY, fian:

class GenProto[T](Protocol):
def meth(self) -> T:


https://peps.python.org/pep-0544/

EREFS Python 3.11 ERMANABEF, FJLUXFERSZEMN

T = TypeVar("T")

class GenProto(Protocol[T]):
def meth(self) -> T:

3.8 FHRIIEE

@typing.runtime_checkablel

FAF1E Protocol ZEFRC B TAI MY,

ZIMYEILAS  isinstance() #0 issubclass() —#cfERE. MATFIED

WRYSERT, SftA  TypeError , IZIBSIFEZEIONE, 5
collections.abc BY Iterable IFEEZFR{YU, RIEKM—HEZE, Hu0:

@runtime_checkable
class Closable(Protocol):
def close(self):

assert isinstance(open('/some/file'), Closable)
@runtime_checkable
class Named(Protocol):

name: str

import threading

assert isinstance(threading.Thread(name='Bob'), Named)

&iF


https://docs.python.org/zh-cn/3/library/functions.html#isinstance
https://docs.python.org/zh-cn/3/library/functions.html#issubclass
https://docs.python.org/zh-cn/3/library/exceptions.html#TypeError
https://docs.python.org/zh-cn/3/library/collections.abc.html#module-collections.abc
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.Iterable

runtime_checkable() BRIGEMRRELDIEZHEBUREFE, MAMGEE]

RUSKBIRS 2SR, g0, ssl.SSLobject R2—K, BELtEEIT T
Callable B9 issubclass() @&, {BE, ss1.SSLObject. init /A
ZHIFERESR  Typekrror FHFHEEEEERERE, RILETEEA
(SEf5fK) ssl.sSLObject ,

&iF

HYNE{TAI AT MYAY  isinstance() FEEFEELETITIEMNNZERY
isinstance() MEABESIRANEE. BEEAMEBBNRIEPERE
KSR hasattr() FERRITEERE,

3.8 FHRLIEE

7E3.12 JREH WFE  isinstance() HREPLIMXS T TR A GEMYAIE
BX(ERA inspect.getattr_static() XEHEM (EZRRAF, 2EMA

hasattr() ), B, 7E Python 3.12+ E—SLIEI#GANRIEI TR RERD
WHISEFIRIRS SR AT BEABHIA N RIZIMYAIELS, RZTMR. AZEBPAK

A RER RIX—Z RIS,

£ 3.12 JRE — B EIENE TR eIia E MY AR R SRR A TEIE THY
"BIRE . ST ARENY ST ERFANT B NAEN, BRI
SRS THER  isinstance() #E. BSH "Python 3.12 BH4A
MR THRESHT.,

classtyping.TypedDict(dict)T

EBURTRANINEF HAYADIERS. EaiTh, BR% dict .

TypedDict FBA—FHEISEH, ZSBITEIFASLAIEIEE—HES, H

B, BMEERSXINEERYERER. BITHIAELTEE, MERRENERS
SEHIAIT. FEIT:


https://docs.python.org/zh-cn/3/library/ssl.html#ssl.SSLObject
https://docs.python.org/zh-cn/3/library/functions.html#issubclass
https://docs.python.org/zh-cn/3/library/exceptions.html#TypeError
https://docs.python.org/zh-cn/3/library/ssl.html#ssl.SSLObject
https://docs.python.org/zh-cn/3/library/functions.html#isinstance
https://docs.python.org/zh-cn/3/library/functions.html#hasattr
https://docs.python.org/zh-cn/3/library/functions.html#isinstance
https://docs.python.org/zh-cn/3/library/inspect.html#inspect.getattr_static
https://docs.python.org/zh-cn/3/library/functions.html#hasattr
https://docs.python.org/zh-cn/3/library/functions.html#isinstance
https://docs.python.org/zh-cn/3/whatsnew/3.12.html#whatsnew-typing-py312
https://docs.python.org/zh-cn/3/whatsnew/3.12.html#whatsnew-typing-py312
https://docs.python.org/zh-cn/3/library/stdtypes.html#dict

class Point2D(TypedDict):
x: int
y: int
label: str

a: Point2D = {'x': 1, 'y': 2, 'label': 'good'} # OK
b: Point2D 'z': 3, 'label': 'bad'} # Fails type

check

assert Point2D(x=1, y=2, label='first') == dict(x=1, y=2,
label="first")

RTEASZHE PEP 526 B9|BkR Python B{EEAEILASE, TypedDict SZiEwGHf
BIMYFME LR

o FHFMEE dict {EASTASE:

Point2D = TypedDict('Point2D', {'x': int, 'y': int,
‘label': str})

o [ERXEFS

Point2D = TypedDict('Point2D', x=int, y=int, label=str)

M 31T WREETEXIE, H51£ 3.13 WRFEEER (FRRBEFANEAE 3.11 PHGF
A, FEST 313 %8k, R, ZE AT REFSREO TR,

SEA—MEARERE WRE i, FIRIRAENRXEFEESEFH, 1B
RrizfEREREEIEE. HlF

# raises SyntaxError
class Point2D(TypedDict):

in: int # 'in' is a keyword


https://peps.python.org/pep-0526/
https://docs.python.org/zh-cn/3/library/stdtypes.html#dict
https://docs.python.org/zh-cn/3/reference/lexical_analysis.html#identifiers

x-y: int # name with hyphens

# OK, functional syntax

Point2D = TypedDict('Point2D', {'in': int, '

x-y': int})
IANBERT, FrEREEsy/mEIE—" Typeddict M, BILAER
NotRequired 1EERIHAYEFRIC AIEMERT:

class Point2D(TypedDict):
x: int
y: int

label: NotRequired[str]

# Alternative syntax

Point2D = TypedDict('Point2D', {'x': int, 'y': int, 'label':

NotRequired[str]})

XEKE— Point2D TypedDict TBJILIEHEE label $#,

WA LIEI£EBIEE False SATEREMRCAEAIFLERY:

class Point2D(TypedDict, total=False):
x: int

y: int

# Alternative syntax

Point2D = TypedDict('Point2D', {'x': int, '
total=False)

y': int},

XERE— Point2D Typeddict FILABGEEA—1HE. KEMERR

BEXF—IMFHER False #; True {FA total SHAIE.
BEIAR, BFEEFRTENHEmBEEE VTN,

True



—/N total=False TypedDict HERJHAYHEETLAEER Required FriC

JIERY:

class Point2D(TypedDict, total=False):
x: Required[int]
y: Required[int]
label: str

# Alternative syntax
Point2D = TypedDict('Point2D', {

x': Required[int],
'y': Required[int],
'label': str

}, total=False)

— TypedDict ZREVERRLERAETHRANEEN—NESINElM
TypedDict ZRBIPIR, FEE:

class Point3D(Point2D):

z: int
Point3D B=A"INH: x

, oy WMoz o BEFENTENX:

class Point3D(TypedDict):

X: int
y: int
z: int

TypedDict ABEMIE Typeddict 4K, BRT Generic . fUAM:

class X(TypedDict):

x: int



class Y(TypedDict):
y: int

class Z(object): pass # A non-TypedDict class

class XY(X, Y): pass # OK

class XZ(X, Z): pass # raises TypeError

TypedDict tHBRILAGIZEIAY:

class Group[T](TypedDict):
key: T
group: list[T]

EJiE S Python 3.11 BEKIRAFRBAVZE. TypedDict , IBEIUHEM
Generic #fiK:

T = TypeVar("T")
class Group(TypedDict, Generic[T]):

key: T
group: list[T]

TypedDict BILABILERFH (20 WREREMISIESLE THRESX
FiEERIELR) . total . required _keys
__optional_keys  #HfTRAE.

_total__T

Point2D.__total_ _ f5HT total ZSEEYE. Hlu0:

>>>


https://docs.python.org/zh-cn/3/howto/annotations.html#annotations-howto

>>> from typing import TypedDict

>>> class Point2D(TypedDict): pass

>>> Point2D. total

True

>>> class Point2D(TypedDict, total=False): pass
>>> Point2D. total

False

>>> class Point3D(Point2D): pass

>>> Point3D._total

True

ZEtt HE RIMELE=R] Typeddict Z8AY total” SHEYE, MAKRBEXD
KEEN FRATEE, flwl, — __total__  #ig/9 True B9

TypedDict TBJEEBA NotRequired #RICHIRE, SEEAREMHEAES—
®ET total=False HY TypedDict ., [HLUt, {EF
__required_keys__ F1 __optional_keys__ HTABBEBESEL.

_required_keys__T
3.9 FHRIIEE
__optional_keys_ 1

Point2D. required keys  #[1 Point2D. optional keys  iX[A]
SAEEVERNFIFNENER frozenset XIHR.

FRoA Required MIBRESHIIE  required keys  AMARIEH
NotRequired HUBERESHIIE _ optional_keys_  H,

AT A TFES Python 3.10 REERINRA, Ea]LAERYETHIER—D
TypedDict HRENFEAVSEIFVENHE. XEBEIEFBE—TEE
total BSEERY TypedDict RFEB— TypedDict HRYEREHE
AR total {ERLIIAY:


https://docs.python.org/zh-cn/3/library/stdtypes.html#frozenset

>>>

>>> class Point2D(TypedDict, total=False):
x: int

y: int

>>> class Point3D(Point2D):

z: int

>>> Point3D.__required_keys__ == frozenset({'z'})
True
>>> Point3D.__optional_keys == frozenset({'x"', 'y'})

True

3.9 #HkIhEE

=053

WNERFERT from _ future  import annotations BYEWRINFFER
NAHIRE, BBAINEASERENY Typeddict HI#HK{E. R,
__required_keys 1 _ optional_keys  FHKEIRIZITETAERIRE
TAERTE, XEEMHAEHRTEERIER.

BZRBl5 Typeddict HIFEHRMINI, U PEP 589,

3.8 FTHRIIEE

7 3.71 JRERC IEINT IPBEIRAYEFRC/Y Required B NotRequired
AYSZFF. 2 PEP 655,

7F3.11 JREH HIN%HZE. TypedDict HISZHF.

T


https://peps.python.org/pep-0589/
https://peps.python.org/pep-0655/

THUIDNE typing ERIBHACEHERIA  AIERTIRER

classtyping.SupportsAbsT

—MHRESE, §—1HRGE

classtyping.SupportsBytesT

—MHRESE, S HRGE

classtyping.SupportsComplexT

—MHRER, S TMHRTE

classtyping.SupportsFloatT

—MHRESE, & 1HRGE

classtyping.Supportsindex

—MHRESE, S HRGE

3.8 FHRLIEE

classtyping.SupportsintT

—MHRER, S THRTE

classtyping.SupportsRound1

—MHRER, F—THRTE

5 10 fAXRAYHSRESRT

__abs__ , ZIAEHEIREEEANIE,

Mk

__bytes

__complex__

__float
__index__
int o

__round__ , ZFASHIREEEEUNET,



classtyping.101
classtyping.TextlOf
classtyping.BinarylOf

iZ8 I0[AnyStr] REFZE TextIO(IO[str]) .
BinaryIO(IO[bytes]) = I/O Hm——BUl open()

I 5%maRT

\/
2N

typing.cast(typ, val)l

B—MEIR IS ERIREL.

XSEERFRE., MEERERM=XAR TREEESEENEE, Tz
TSR RIMETRE (FNFEILXRER) .

typing.assert_type(val, typ, /)1

HBRSSRENOERSRIA val BEBHERTN typ BIZEEL,

TG AMUEEIE . E2FRFRESE— I SHMmB I IRERNE
g, FESHAISLIREEEHA.

SESREMGERIBRINS assert_type() AIEARN, WRZEFZEEER
KBNS HRE:

def greet(name: str) -> None:
assert_type(name, str) # OK, inferred type of “name’ is
Tstr”

assert_type(name, int) # type checker error

IHERRENE BT iatREENG BRI AR ER AT S R ENEE


https://docs.python.org/zh-cn/3/library/functions.html#open

def complex_function(arg: object):
# Do some complex type-narrowing logic,

# after which we hope the inferred type will be " int"

# Test whether the type checker correctly understands
our function

assert_type(arg, int)

3.11 #FHRIHEE

typing.assert_never(arg, /)1

IEFSEAMG B RN — TS 2 AR,

a1

def int_or_str(arg: int | str) -> None:
match arg:
case int():
print("It's an int")
case str():
print("It's a str")
case _ as unreachable:

assert_never(unreachable)

EXE, MR TSRS MBS AT, BN arg &
22 int BAR str |, MIXAMIZIEEHRBINEREE 7.

SNEERUGEBRATINS assert_never() HIARAEMAN, BEIRE—MNE
IR, MK, MR arg MEEWRERCH int | str | float , MIKEY
MERBIRE— MEIRIEH unreachable A float ZEH, WFEIE
BUISEH assert_never TEF, SEUENGIERTSEELNRHIREE
Never , TIABE/I{HTEMBEEL,


https://docs.python.org/zh-cn/3/library/functions.html#int
https://docs.python.org/zh-cn/3/library/stdtypes.html#str
https://docs.python.org/zh-cn/3/library/functions.html#float

Eiz1ThY, MNRBFALRESRE—TRE.

W

1!

Unreachable Code and Exhaustiveness Checking B8 %X ERFRSSSEHT
SRURERNER.

3.11 #FhRIIEE

typing.reveal_type(obj, /)1

IEFSSRE N B B ENRIRIATUSEEL,

SIS ERBI— T ILRERERN, BRAETEHENSEEE
RIZHER.  fBlan:

Xx: int =1

reveal type(x) # Revealed type is "builtins.int"

XA RE BRI B G E RN NE — BT UB R R B AL,

HiEiTHY, RS BESEESSESIENE] sys.stderr HAINMEXEIRENZ
S8 LArirzEBERA N ER):

x = reveal _type(l) # prints "Runtime type is int"
print(x) # prints "1"

BRI TR RE AT RE AR T BRI E AR HENAYSEEY (ABFRERERTRE
ESHATREER) .

REHERBNGERRERREE( TS ST  reveal _type() , BDBEFRM
typing SAZBWR. FI, N typing SAZBRERIFRHIBES
TR A HIEI TRERA SR At SRR E.


https://typing.readthedocs.io/en/latest/source/unreachable.html
https://docs.python.org/zh-cn/3/library/sys.html#sys.stderr

3.11 #FHRIHEE

@typing.dataclass_transform(* eq_default=True, order_default=False,

kw_only_default=False, frozen_default=False, field_specifiers=(), **kwargs)1

B— N OSRRC RS dataclass 17/9A9%EIMES.
dataclass_transform BIfEFTEEINR. JTREAS HEIDFAIREL. £

F8 @dataclass_transform() FlEHSKEMOERSRIBHEEIMIINSRSH

TLASEMl @dataclasses.dataclass BYATREHEEANIEI TR BIE".

FimaR R EE RS TRIBIF

@dataclass_transform()

def create model[T](cls: type[T]) -> type[T]:

return cls

@create_model

class CustomerModel:

id: int
name: str
EEELE

@dataclass_transform()

class ModelBase:

class CustomerModel(ModelBase):
id: int

name: str


https://docs.python.org/zh-cn/3/library/dataclasses.html#dataclasses.dataclass
https://docs.python.org/zh-cn/3/library/dataclasses.html#dataclasses.dataclass

@dataclass_transform()

class ModelMeta(type):

class ModelBase(metaclass=ModelMeta):

class CustomerModel(ModelBase):
id: int

name: str

FHEENXA CustomerModel SEREHEEMGE RN ARIUTER
@dataclasses.dataclass GUEERIZE. FlUN, KEUMOBERBREXLRE

B2 id M name B __init_ Aik.

BRI, TTRERE A LIERZ LU THRESH, FENERERECIIR
BY5 @dataclasses.dataclass ZE[PEStEHEIAUREER: init , eq ,
order , unsafe_hash , frozen , match_args , kw only #[

slots ., XLESEEWE ( True B False ) WRAJLAMGERSHIK(E.

{645 dataclass_transform SEFERHUSMETLIRFISEREBREIRIOL. 7T
KR FEHIERIAIT o

B8

e eq_default (bool) -- IEBHNNR ARG EK T eq FESNNEBEERESN
True XE False , BEHIAS True .,

o order_default (bool) -- IEBBUNRFARL BT order FSNMEER
TEA True A£ZF False . BXAA False .

e kw_only_default (bool) -- I5RBUNIREARS BT kw_only SN
BEREN True ®RF False . BAIAA False .

e frozen_default (bool) -- IBAUIRIEAR S AR T frozen FENNIEBE
BEA True £AZF False . BAIAJ9 False ., . versionadded:


https://docs.python.org/zh-cn/3/library/dataclasses.html#dataclasses.dataclass
https://docs.python.org/zh-cn/3/library/dataclasses.html#dataclasses.dataclass
https://docs.python.org/zh-cn/3/library/functions.html#bool
https://docs.python.org/zh-cn/3/library/functions.html#bool
https://docs.python.org/zh-cn/3/library/functions.html#bool
https://docs.python.org/zh-cn/3/library/functions.html#bool

3.12

o field_specifiers (tuple[Callable]..., Any], ...]) -- IEE— RIS EHRIA
FERRIREAIERSHIZR, FUF dataclasses.field() . ENAA
0 o

o **kwargs (Any) -- EZ(HAE{BREFLUERIFAIBERIRKT &,

KRB ERRRORE T FRIERAIANIE 2

s
faik
- ik

ini  IEAFRESNIAHKEMAEGRKAY _init_ J5iER. R

t HRiEBA, M init BN True .
defa " R
NFERIRHEGAE.
ult
defa A Y s N \ — — N ~
Lt £ RE—NREIZERSINMERNZITAIEE, R default B
u —
. default_factory IIFXIERE, NSBEFESBIIAMEMT
actor
BB AR —ME.,
y
fact

FEGMBBF L default_factory FEMIEIE.
ory


https://docs.python.org/zh-cn/3/library/stdtypes.html#tuple
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.Callable
https://docs.python.org/zh-cn/3/library/dataclasses.html#dataclasses.field

fmik
. iR
BIRAFEREBMNAIFCHNIRTEFTN, WA True , FERE
y B REEFH. WA False , BEARENIREEFN.
W O
. a KRIEBE, MBEEALL dataclass_transform ZE{BAINTSRAY
nly

kw_only FSRYE, SHBWMRZEHLFRIEE, WEFER
dataclass_transform _t kw_only default RY{H,

alia REFERIIBAEMR. ZBNBRSWATERAT __init_
s T3k

FERISERIARBIR ST

a7, ZEINRS S B E S HICREIMEEImXISRAY
__dataclass_transform__ B, BIRBEMRNSITAIRNME,

BEZMTIEZS U PEP 681,

3.11 #FHRIHEE

@typing.overloadf

AT e E SR AR e

@overload FEIMEEAVHERIFZSHRBEARESHREFIGE. —&RS

LA @overload ZEIMHIEN M LIEHF—1IE @overload ZEIMHITEN

(BTR—RETTE) .

LA @overload ZEIMHIEN(IEEUMGERBAH, RABHIIEHAE
@overload IEIPHIENEZE. SUWERS, 3 @overload ZEIMHIENEE


https://peps.python.org/pep-0681/

ST EREN B TSRS, TEiTht, BRAALL @overload 3
IMHIRELES| A NotImplementedError

— MR T R G R B TR BRI E R

@overload

def process(response: None) -> None:

@overload

def process(response: int) -> tuple[int, str]:

@overload

def process(response: bytes) -> str:

def process(response):

# actual implementation goes here

15217 PEP 484 TEEZMTLR SEMSSENE WAL,

£ 3.11 JRE2 BUERTLAER  get_overloads() TEE{THRIAEHEEIHIE

typing.get_overloads(func)1

A3 func IREILL  @overload ZEIHHIEMHIFS.

func Z2RATEINSERERIREISR, Fla0, RIEEFS @overload %5
HEY process TEN, get_overloads(process) IGRFTENMBI=MNMIE
BRERBIH=PREXIRERRIFS. MRAEARTIIERIRELLER,
get_overloads() BREI—1=FF,

get_overloads() AI#HARMEITAINE —MNIEEREL

3.11 #FHRIHEE


https://docs.python.org/zh-cn/3/library/exceptions.html#NotImplementedError
https://peps.python.org/pep-0484/

typing.clear_overloads()1

BT AEREMERT A EIEMRIER.

XB] AT WG EMER AT {E R AT

3.11 #FHRIHEE

@typing.finalT

TEREW TS ENRAZ SRR e,

LA @final ZEi—NAiREREEESSISIRZ T AR EFE PR,
LA @final ZEH—PERTEATH T,

flan:

class Base:
@final
def done(self) -> None:

class Sub(Base):

def done(self) -> None: # Error reported by type

checker

@final

class Leaf:

class Other(Leaf): # Error reported by type checker

XLERMERBIZITIRE. #FNW PEP 591,


https://peps.python.org/pep-0591/

3.8 FHRIIEE

£ 3.11 RN =i R = ERCRIPRINR LIRE  __final . Bt

A True ., X#E, AJLATEE{TAIER if getattr(obj, "_ final ",

False) XIFRUIMESKIAENISR ob] ERARCHINCHLRE. MRHBEEIHHY

MSRASHFIRERM, 7RIS AINMESRERRMARS RFE.

@typing.no_type_checkT

AN E)E S oSt AN N

AR TN T 2R R ERRT decorator, XIF2E, BIIBR ARIZEFE

MHFFBRENE (EAEREEBRETFRTEXNGE) « KERERS

R THA AR mRR R R E T B R L.

@no_type_check ISRHBAEEHERIBAIRIR,

@typing.no_type_check_decoratorf

IEfEIPEEESE no_type_check() XURAIZIMER.

AZiMEEA  no_type_check() ERIEIGERETITRH hZITRE.

@typing.overridef

1ZRImER R F P RIR AN T AR B RGBSR PRI AEUE .

MER—LA @override ZRIMAIITIASLPRRES(HTRANSSE G E RN Sk
Sigix. XBHTHLESERREENMF RS TREMER M SERIIR,

Lk

class Base:

def log status(self) -> None:


https://docs.python.org/zh-cn/3/glossary.html#term-decorator

class Sub(Base):
@override
def log status(self) -> None: # Okay: overrides

Base.log status

@override
def done(self) -> None: # Error reported by type

checker

XBX IR ERIE TRRE.

ZEImESE RIS EIRE  _ override_ BMEA True . X
¥, TJLAEa{TRIER if getattr(obj, " override ", False) Xk
HIISERIEEXIR obj RBECHINCHER. WRBEEIMHNSRASHFRE
B, 1ZEIm A INE SR BRI SRMARS  RRE.

BEZMTHS N PEP 698,

3.12 #hRYIEE

@typing.type_check_onlyf

PGB R ERC IS TR AR ARV hEs.

EIE(Th, (ZEINRAS AR, LMREIRIEAEELAE, EXEEERT
PRCTESREIFAR S e M AYZK.

@type_check_only
class Response: # private or not available at runtime

code: int


https://peps.python.org/pep-0698/

def get header(self, name: str) -> str:

def fetch response() -> Response:

IR, BNAEREREELS], SIFBIIRARIE.

R EHHEIERT

typing.get_type_hints(obj, globalns=None, localns=None,

include_extras=False)1

IREIREL. 73k, R, SSURAVREIRRRFH,

X{FES obj.__annotations__ 18E, U5, RIBAFHEFEERIRIE
S|FERBIdfE globals 5 locals #RTEPHITRERLIERN. T
—NNE C , MREI—PMHEFE __annotations_ 5 C._mro_ #&
B AT,

RRHBITWGAE  Annotated[T, ...] B T, BRIF
include_extras #Ig&A True (BZW Annotated THEFERE). HIU0:

class Student(NamedTuple):

name: Annotated[str, 'some marker']

assert get_type_hints(Student) == {'name': str}

assert get_type hints(Student, include_extras=False) ==
{'name’': str}

assert get_type_hints(Student, include_extras=True) ==

"name’': Annotated[str, 'some marker']

&iF



get_type_hints() TESARYREFIE AR, BERIASIA. ERE
FEROREEIHS ( PEP 563 ) RIRERIHPRYIAZEEIES I BIVFEE.

7F 3.9 IR &N T4E/9 PEP 593 HE{ER5HY include_extras 2, 15
2% Annotated MNHTHRIFE.

£ 371 }RERC 2R, WMRIRETEHET None RIBUABNSAREFITTIE
fmERDD Optional[t] . IEFREGHAIMELSOEIREL,

typing.get_origin(tp)1

SREN— BT NMRARRA: X&F X[y, z, ...] FRHEENISIER
m X,

MR X B—1TWESEBE, collections ZEfE typing HIRFRIBIZR, ER
WIEHME RRGERYZE, AR X 2 ParamSpecArgs Ik
ParamSpeckwargs HYSLI, MREITEARY ParamSpec . XJFAZIZHFY
XISRAGIRE  None

]I

assert get_origin(str) is None

assert get_origin(Dict[str, int]) is dict
assert get_origin(Union[int, str]) is Union
P = ParamSpec('P")

assert get_origin(P.args) is P

assert get_origin(P.kwargs) is P

3.8 FHRIIEE

typing.get_args(tp)1

IRINCHUTATE TRRUREESE: T X[Y, Z, ...] FRROREISIEIR
|y, z, ...) .


https://peps.python.org/pep-0563/
https://peps.python.org/pep-0593/
https://docs.python.org/zh-cn/3/library/collections.html#module-collections

SR X BHEERESER—NZEREPR Literal , M (Y,
Z, ...) BIFATREEEREEFMSRESE (v, 2, ...] FEER
XTFAZSHFIISFIRE () .

0

assert get_args(int) == ()
assert get_args(Dict[int, str]) == (int, str)

assert get_args(Union[int, str]) == (int, str)

3.8 FHRIIEE

typing.is_typeddict(tp)1

MBE—ERIERAN TypedDict

flan:

class Film(TypedDict):
title: str

year: int

assert is_typeddict(Film)
assert not is_typeddict(list | str)

# TypedDict is a factory for creating typed dicts,

# not a typed dict itself
assert not is_typeddict(TypedDict)

3.10 #HRINEE

classtyping.ForwardRef1



BT F=rEr1M5 | BRI ERSEELRRAYSE,

fBlEN, List["SomeClass"] StaEEERS
List[ForwardRef("SomeClass")] . ForwardRef ApzEHFEFRSCA

©, (BT RRETEFER.

=053

PEP 585 jZBUSEAIFIGN 1ist["SomeClass"] FARWESI AL

list[ForwardRef("SomeClass")] REMEBASENHERA
list[SomeClass] .

3.7.4 #FHRINEE

wBET

typing. TYPE_CHECKINGT

SR 3 FRSREMERSRREN True RIRHAEER. HETRHES

False ,

Bi%:

if TYPE_CHECKING:

import expensive_mod

def fun(arg: 'expensive_mod.SomeType') -> None:

local _var: expensive_mod.AnotherType = other_fun()

BB SiME, ZREESFRIRSIA", NMERERRRIET
AIFhEEiE expensive_mod 5IF. BEREAREITRASHEIE, B,
BNEBATERS IS5 k.

&t


https://peps.python.org/pep-0585/

5 from _ future__ import BY, ERECEMAIAIE LM, MEEER
LYEFFTPRIFE _ annotations_ B, XBEEAVAEREASIS. (F
0 PEP 563) .

3.5.2 #HRDIEE

EFAENBIAT

RERIETVEEFEENREN THZHIE, XEZINEAAEENER. &£
¥ typing IRREAXLFIBRATER [1 FSHZEEE, Rm, &
Python 3.9 /A, YWNHBEREESIFST []1 (B0 PEP 585), FHLXLHIE
TR T 257,

IXLEEZ RAVSSEIM Python 3.9 B2 FH, 2AM, ERTENIRTRESER—BIZIH
k&, (BERISRERRE(IANTL. Alt, EESRBRIASIXLEIE A H
FHZE.

WREFR—IZRET EBRXLTR, BESBEICERNBRRIZERIZDEN
BITHRAKR HEREE, (BE/ME Python 3.14 281, IXLBIZSIRIHREBE

typing ERPBEARSIKFRES.

INRBERENG B RRIGERIEF E1EEITT Python 3.9 EUESIRA, MIskAZEEy
SE RO HIX BRI EFRYSREL,

REXERIFIAT

classtyping.Dict(dict, MutableMapping[KT, VT])1

dict HIEFAEYEIE.

Eie, LIRS, BEEER Mapping XS EREE, MARE
F dict B¢&E typing.Dict ,

ZZSBUREIT


https://peps.python.org/pep-0563/
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#dict
https://docs.python.org/zh-cn/3/library/stdtypes.html#dict

def count_words(text: str) -> Dict[str, int]:

39 jRIEEHEE~ builtins.dict MESIEFTREE( [1 ). S0 PEP 585

F0 GenericAlias 2584,

classtyping.List(list, MutableSequence[T])1

list HIEFARIBIE.

IR, BIMs8, FIEFER Sequence FE Iterable XHEAYHS
FesRE, MARMER list & typing.List

ZZSBUREIT

def vec2[T: (int, float)](x: T, y: T) -> List[T]:

return [x, y]
def keep_positives[T: (int, float)](vector: Sequence[T]) ->

List[T]:

return [item for item in vector if item > 0]

39 fRIEE#ER builtins.list IESHF MREE( [1 ). &0 PEP 585

#0 GenericAlias 2584,

classtyping.Set(set, MutableSet[T])T

builtins.set BIEFRAAIBISE.

BER, BEFESE, BEfEFER AbstractSet XHAIHSAEBEE, m
A2ER set E typing.Set .


https://docs.python.org/zh-cn/3/library/stdtypes.html#dict
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias
https://docs.python.org/zh-cn/3/library/stdtypes.html#list
https://docs.python.org/zh-cn/3/library/stdtypes.html#list
https://docs.python.org/zh-cn/3/library/stdtypes.html#list
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias
https://docs.python.org/zh-cn/3/library/stdtypes.html#set
https://docs.python.org/zh-cn/3/library/stdtypes.html#set

39 IRIEE#E builtins.set WAESHFMHEIE( [1 ). SN PEP 585

#0 GenericAlias 258,

classtyping.FrozenSet(frozenset, AbstractSet[T_co])1

builtins.frozenset HIEFEEBERIBIZE.

3.9 RIEE#EE builtins.frozenset IMESIFFMEE( [1 ). &
PEP 585 #] GenericAlias Z£8Y,

typing.Tuplel

tuple MIEFRBAIBIA.

tuple F1 Tuple ZERERFHAWTH, BSHFAERBEN mETE.

3.9 WREEEE builtins.tuple IFESTIFFINEIE ( []1 ) . &0 PEP
585 [ GenericAlias 2584,

classtyping.Type(Generic[CT_co])1

type HIEFRRIBIZ.

BXREXRBEEPER type 8 typing.Type BIFHER, BEH XX
CESi

3.5.2 #hRINEE

3.9 JR/IEEBES: builtins.type BWESHETAMEIE( [1 ). S PEP 585

0 GenericAlias 2584,

collections HIRYZERIRIBEIR, T

classtyping.DefaultDict(collections.defaultdict, MutableMapping[KT, VT])1


https://docs.python.org/zh-cn/3/library/stdtypes.html#set
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias
https://docs.python.org/zh-cn/3/library/stdtypes.html#frozenset
https://docs.python.org/zh-cn/3/library/stdtypes.html#frozenset
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias
https://docs.python.org/zh-cn/3/library/stdtypes.html#tuple
https://docs.python.org/zh-cn/3/library/stdtypes.html#tuple
https://docs.python.org/zh-cn/3/library/stdtypes.html#tuple
https://peps.python.org/pep-0585/
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias
https://docs.python.org/zh-cn/3/library/functions.html#type
https://docs.python.org/zh-cn/3/library/functions.html#type
https://docs.python.org/zh-cn/3/library/functions.html#type
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias
https://docs.python.org/zh-cn/3/library/collections.html#module-collections

collections.defaultdict HIEFERANEIZ.

3.5.2 #HRIIBE

3.9 }RIEEEE collections.defaultdict IREESHEFFAREE( [] ).
£ PEP 585 F] GenericAlias 258U,

classtyping.OrderedDict(collections.OrderedDict, MutableMapping[KT, VT])1

collections.OrderedDict HIEFERANEIZ.

3.7.2 FHRIDEE

3.9 }RIEEEE collections.OrderedDict IRTESTIENAREE( [] ).
£, PEP 585 #[] GenericAlias 258!,

classtyping.ChainMap(collections.ChainMap, MutableMapping[KT, VT])1

collections.ChainMap HIEZEAENZIAE.

3.5.4 FTHRIIEE

3.6.1 FHRINEE

W
=

3.9 JRIEE#E collections.ChainMap IMFESZIFAREIE( [1 ).
PEP 585 #[] GenericAlias 258,

classtyping.Counter(collections.Counter, Dict[T, int])T

collections.Counter RICHEEBZRIZ.

3.5.4 FHRDIEE

3.6.1 FHRIVEE


https://docs.python.org/zh-cn/3/library/collections.html#collections.defaultdict
https://docs.python.org/zh-cn/3/library/collections.html#collections.defaultdict
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias
https://docs.python.org/zh-cn/3/library/collections.html#collections.OrderedDict
https://docs.python.org/zh-cn/3/library/collections.html#collections.OrderedDict
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias
https://docs.python.org/zh-cn/3/library/collections.html#collections.ChainMap
https://docs.python.org/zh-cn/3/library/collections.html#collections.ChainMap
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias
https://docs.python.org/zh-cn/3/library/collections.html#collections.Counter

3.9 iRIZB#k: collections.Counter IMAESFFNMEIE( [1 ). 8
PEP 585 [ GenericAlias 258,

classtyping.Deque(deque, MutableSequence[T])1

collections.deque HIEFAHIGIZ.

3.5.4 FHRIIBE

3.6.1 FTHRIIEE

3.9 IRIEE#F: collections.deque IMESFF MMRE( [1 ). £ PEP
585 ] GenericAlias 28,

HittBRSEIRI5IAT

M 3.8 IREETEIXIER, 7 3.13 ikFELR typing.io MR
FRFGHMRR, XERBNVIZEEREMN typing S

classtyping.Patternf
classtyping.Matchf

re.compile() #1 re.match() RIREIZEENEFHIFIZ.

XL (SRIMAIREL) 2 AnyStr ERSIZEL,  Pattern HALIHHAEHK

79 Pattern[str] B Pattern[bytes] ; Match BIL#4F
Match[str] =@ Match[bytes] .,

M 3.8 WRESTNEIRIERE, 157£ 3.13 IRFEES  typing.re mnR=EMFTAF
BEmeR. XLESRBNIZWEZEN typing SA.

39 IREEBEE re 1ERFAY Pattern 5 Match EWESF [] .
I PEP 585 5 GenericAlias 258,


https://docs.python.org/zh-cn/3/library/collections.html#collections.Counter
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias
https://docs.python.org/zh-cn/3/library/collections.html#collections.deque
https://docs.python.org/zh-cn/3/library/collections.html#collections.deque
https://peps.python.org/pep-0585/
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias
https://docs.python.org/zh-cn/3/library/re.html#re.compile
https://docs.python.org/zh-cn/3/library/re.html#re.match
https://docs.python.org/zh-cn/3/library/re.html#module-re
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias

classtyping.TextT

str NEFBBIA.

Text #AIRJ9 Python 2 fRBIRMHMA_LFRESHIERR: £ Python 2 1,
Text 2 unicode HIBIEZ.

{FF Text B, {ERMRES unicode FRFE, LAFEZ Python 2 F Python
3:

def add _unicode_checkmark(text: Text) -> Text:

return text + u' \u2713'

3.5.2 FHRLIEE
3.11 JRIGE#EF: Python 2 BEABRRE, HBEREIDEEGESSPEAE ST
Python 2 (XREBRVZEEUEE., BHRESEBFRZHIZMTR, EENAFER
str FEBE Text .
collections.abc HZR2& ABC B95IZT

classtyping.AbstractSet(Collection[T_co])1

collections.abc.Set HIEEFEANRIZ.

3.9 IRIGE®M:: collections.abc.Set IFESTHFFARERME( [1 ). &
PEP 585 F] GenericAlias 28,

classtyping.ByteString(Sequence[int])1

ZEEMLEKRT bytes . bytearray . memoryview ZHFEFTIFEHZERY,


https://docs.python.org/zh-cn/3/library/stdtypes.html#str
https://docs.python.org/zh-cn/3/library/stdtypes.html#str
https://docs.python.org/zh-cn/3/library/collections.abc.html#module-collections.abc
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.Set
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.Set
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias
https://docs.python.org/zh-cn/3/library/stdtypes.html#bytes
https://docs.python.org/zh-cn/3/library/stdtypes.html#bytearray
https://docs.python.org/zh-cn/3/library/stdtypes.html#memoryview

M 3.9 WRECTEEIXIERE, H1E 3.14 IRFELR Bik
collections.abc.Buffer , B¢ bytes | bytearray | memoryview

XHERIFFEE.

classtyping.Collection(Sized, Iterable[T_co], Container[T_co])1
collections.abc.Collection HIEHEHBHIEIS.

3.6.0 FIRINEE

3.9 iRIZB#k: collections.abc.Collection IMESTHF MnE(E
( [1 ). = PEP 585 F1 GenericAlias 258,

classtyping.Container(Generic[T_co])1

collections.abc.Container HIEHERKEIZ.

3.9 JRIEE#EE collections.abc.Container IMEZIFFHNEIEC [] ).
£ PEP 585 #[] GenericAlias 258!,

classtyping.ltemsView(MappingView, AbstractSet[tuple[KT _co, VT_co]])1

collections.abc.ItemsView HIEFEHANNZISE.

3.9 JRIEEEE: collections.abc.ItemsView IMFESZIFTAREE( [1 ).
£ PEP 585 F] GenericAlias 258U,

classtyping.KeysView(MappingView, AbstractSet[KT_co])1

collections.abc.Keysview HIEFHRHIEIZ.

3.9 JRIEE#EE collections.abc.KeysView IFESZEFFAMEIE( [1 ).
£ PEP 585 F[] GenericAlias 258,


https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.Buffer
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.Collection
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.Collection
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.Container
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.Container
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.ItemsView
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.ItemsView
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.KeysView
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.KeysView
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias

classtyping.Mapping(Collection[KT], Generic[KT, VT_co])1

collections.abc.Mapping HISEHFAENIBIS.

ZZSBIREAT

def get position_in_index(word list: Mapping[str, int],
word: str) -> int:

return word list[word]

3.9 IRIGE#H% collections.abc.Mapping IMESTHEFFAREIE( [1 )
£ PEP 585 #[] GenericAlias 2884,

classtyping.MappingView(Sized)1

collections.abc.MappingView HIEFANFIZE.

3.9 JRIEEER collections.abc.MappingView ITESZHF NRERE
( [1). 2N PEP 585 F[ GenericAlias 258,

classtyping.MutableMapping(Mapping[KT, VT])1

collections.abc.MutableMapping HISFHEFRERIEIS.

3.9 JRIGEE: collections.abc.MutableMapping I{ESZHF NREIE
( [1 ). £ PEP 585 ] GenericAlias Z£8Y,

classtyping.MutableSequence(Sequence[T])1

collections.abc.MutableSequence HIBHERHIBIZE.

3.9 JRIEE#FE collections.abc.MutableSequence INTESZIF NRERE
( [1). &I PEP 585 #[] GenericAlias 284,


https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.Mapping
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.Mapping
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.MappingView
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.MappingView
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.MutableMapping
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.MutableMapping
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.MutableSequence
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.MutableSequence
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias

classtyping.MutableSet(AbstractSet[T])1

collections.abc.MutableSet HIEFEEREIZE.

39 IRIEB#FR collections.abc.MutableSet IFESHEF FintR(E
( [1). & PEP 585 #] GenericAlias Z£8Y,

classtyping.Sequence(Reversible[T_co], Collection[T_co])1

collections.abc.Sequence HIEHRBHIGIZ.

3.9 WWEEER collections.abc.Sequence BIFESTHEF NAREIE ( [1 )
£ PEP 585 #[] GenericAlias 358,

classtyping.ValuesView(MappingView, Collection[ VT_co])1

collections.abc.ValuesView HIEFEANNEIZ.

3.9 iIRIEE#E collections.abc.ValuesView HfESZHF NRR{E
( [1 ). £ PEP 585 F[] GenericAlias 288,

collections.abc =S5 ABC BYBIZT

classtyping.Coroutine(Awaitable[ReturnType], Generic[YieldType, SendType,
ReturnType])1

collections.abc.Coroutine HIEHERAKNERIS.

KRBT ENTMHAFINFS Generator AYHEXINZ, FlEN:

from collections.abc import Coroutine
c: Coroutine[list[str], str, int] # Some coroutine defined
elsewhere

X = c.send('hi") # Inferred type of 'x' is


https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.MutableSet
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.MutableSet
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.Sequence
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.Sequence
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.ValuesView
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.ValuesView
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias
https://docs.python.org/zh-cn/3/library/collections.abc.html#module-collections.abc
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.Coroutine

list[str]
async def bar() -> None:
y = await ¢ # Inferred type of 'y' is

int

3.5.3 FHRINEE

3.9 }RIEEEE collections.abc.Coroutine IMESZIFFHRE(E
( [1) . =N PEP 585 F0 GenericAlias 2584,

classtyping.AsyncGenerator(Asynclterator[YieldType], Generic[YieldType,
SendType])1

collections.abc.AsyncGenerator HISHEERIZEIES.

SEAREERTHTEIZEAY  AsyncGenerator[YieldType, SendType] iF
fiZ, fHlan:

async def echo_round() -> AsyncGenerator[int, float]:
sent = yield ©
while sent >= 0.0:
rounded = await round(sent)

sent = yield rounded

SEMEMSARE, BEEMEEAERENE, EWIKE ReturnType RS
#. 5 Generator %11;{, SendType tHETFIHITA.

WNREREERTH(E, oI%8 SendType i&EJ None

async def infinite_stream(start: int) -> AsyncGenerator[int,
None]:

while True:


https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.Coroutine
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.AsyncGenerator

yield start

start = await increment(start)

tkAh, BT AsyncIterable[YieldType] 8%
AsyncIterator[YieldType] jFfFARLEEANIRMEISEEY

async def infinite_stream(start: int) -> AsyncIterator[int]:
while True:
yield start

start = await increment(start)

3.6.1 FHRIVEE

3.9 IRIEEEE collections.abc.AsyncGenerator IfESZIF NHREIE
( [1) . £W PEP 585 ] GenericAlias 358!,

classtyping.Asynclterable(Generic[T_co])1

collections.abc.AsyncIterable HIEFRHIFIZ.

3.5.2 #hRIIEE

39 RIEE#E: collections.abc.AsyncIterable IUFESZIF NnE(E
( [1). &N PEP 585 #[] GenericAlias 3588,

classtyping.Asynclterator(Asynclterable[T _co])1

collections.abc.AsyncIterator HIEFHRIFIZE.

3.5.2 FTHRIIEE

3.9 fRIGE#: collections.abc.AsyncIterator IFESZHF MRE(E
( [1 ). = PEP 585 F1 GenericAlias 258,


https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.AsyncGenerator
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.AsyncIterable
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.AsyncIterable
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias
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https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.AsyncIterator
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias

classtyping.Awaitable(Generic[T_co])T

collections.abc.Awaitable HIEFEANRIE.

3.5.2 #FHRIDEE

39 WREEEM collections.abc.Awaitable IIFESTIEFTAREIE ( [1 ).
211 PEP 585 f] GenericAlias 285,

collections.abc HHEA{tE ABC g95IZT

classtyping.lterable(Generic[T_co])1

collections.abc.Iterable BIBFHEINEIE

3.9 }RIEEEES collections.abc.Iterable IUFESZTIFFAREE( [1 ).
£ PEP 585 #[] GenericAlias 258,

classtyping.lterator(/terable[T_co])T

collections.abc.Iterator HIBEHEREREISZ.

3.9 RS ERFR collections.abc.Iterator IMFESTHFFARIEIE ( [1 ),
£ PEP 585 #[] GenericAlias 288,

typing.CallableT

collections.abc.Callable HIEFEBRIBIZ.

BFRUMIEREESRTEPRFER collections.abc.Callable #
typing.Callable HIFHERIEESR tREEMBNR,

3.9 JRIEEBE: collections.abc.Callable HUfESTIF MRER(E
( [1) . &N PEP 585 F0] GenericAlias 2584,


https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.Awaitable
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.Awaitable
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias
https://docs.python.org/zh-cn/3/library/collections.abc.html#module-collections.abc
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https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.Iterable
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.Iterator
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.Iterator
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias
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https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.Callable
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.Callable
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias

£3.10 JREH Callable INFESZ$EF ParamSpec #1 Concatenate . ¥
&0 PEP 612,

classtyping.Generator(/terator[YieldType], Generic[YieldType, SendType,
ReturnType])1

collections.abc.Generator HIEEHANNEISE.

LERREETLARIZBYZEAY  Generator[YieldType, SendType, ReturnType]
EfE. fFlan:

def echo_round() -> Generator[int, float, str]:
sent = yield ©
while sent >= 0:
sent = yield round(sent)

return 'Done’

IR, 5 typing IBRENEMZEIARE, Generator HJ SendType EF
WEATH, ARMEITH, BEARZITA,

WNERERKERFT4(E, a8 SendType 5 ReturnType i&/ None

def infinite stream(start: int) -> Generator[int, None,
None]:
while True:
yield start

start += 1

LEsh, EATLAEERRRYREISRES /%)Y Iterable[YieldType] B
Iterator[YieldType]

def infinite_stream(start: int) -> Iterator[int]:

while True:


https://peps.python.org/pep-0612/
https://docs.python.org/zh-cn/3/library/collections.abc.html#collections.abc.Generator

yield start

start += 1

3.9 }RIEE#EEE collections.abc.Generator IMEIFTHREIEC [] ).
20 PEP 585 #[] GenericAlias 3581,

classtyping.HashableT

collections.abc.Hashable HIEBHEHERRISZ.

312 JREEBE EXNEE[FER collections.abc.Hashable |,

classtyping.Reversible(/terable[T_co])1

collections.abc.Reversible HIEFEANRIZ.

39 JRIEBE#FR collections.abc.Reversible IFESZHEF FIiRiR(E
( [1). & PEP 585 #[] GenericAlias 284,

classtyping.SizedT

collections.abc.Sized HIEBFHFEERIBIE.

312 JREEBE TS NEEE[#ER collections.abc.Sized

contextlib ABC BY5IZT

classtyping.ContextManager(Generic[T_co])1

contextlib.AbstractContextManager HIEFRENZIZE.

3.5.4 FHRIIBE

3.6.0 FIRINEE
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3.9 IRIEEE: contextlib.AbstractContextManager IfESZIF FIRE(E
( [1). = PEP 585 F1 GenericAlias 258,

classtyping.AsyncContextManager(Generic[T_co])T
contextlib.AbstractAsyncContextManager HIEFEHIIGIA.

3.5.4 FHRIIEE

3.6.2 #HRIEE

3.9 JRIGE#FE contextlib.AbstractAsyncContextManager INfE i
THREIE ( [1 ). SN PEP 585 F[] GenericAlias 288,

FEFIERIFRIRT R

typing BYRLIFUERFTR, FERIBEERERA Python IRAFHBER, TF&
BET TEFRAEE. ZRUSREN, MEFRBSIHREFRE

B PEP/|8]
i T ;
¥ &R
typing.io # bpo-
3.8 3.13
typing.re FiEIR 38291
WESEH typing IR - RE (B2 EFFBENS  PEP

Vi & THRFS) 585


https://docs.python.org/zh-cn/3/library/contextlib.html#contextlib.AbstractContextManager
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias
https://docs.python.org/zh-cn/3/library/contextlib.html#contextlib.AbstractAsyncContextManager
https://docs.python.org/zh-cn/3/library/contextlib.html#contextlib.AbstractAsyncContextManager
https://peps.python.org/pep-0585/
https://docs.python.org/zh-cn/3/library/stdtypes.html#types-genericalias
https://bugs.python.org/issue?@action=redirect&bpo=38291
https://bugs.python.org/issue?@action=redirect&bpo=38291
https://peps.python.org/pep-0585/
https://peps.python.org/pep-0585/

