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ZDY 77 L YAR=a 7Tl Python SeEOIEE., " a7 eikbtvxy 74 7 X7 ZOWTEBL %
To ZOR= a7 MEZ ST RVEEHI2S LNFERADY, EMITZEIEEELTVWET, HATRL
MAAAL TP 2 7 FERISHAAABEE, HAAAEY 2 —VICET 212~ T 4 7 A&, library-index T
RSN TVET, BRE SR Python FEEAMICIE. tutorial-index ZZH L TL7Z& W, C EfEH 5
W C++ a7 o<mificid, 20227320~ =a27 A5 D %7, extending-index T
¥, Python fEREY 2 — N 2EL EZDDE LNV EFERICOVWTARRTWE T, F7. capi-index T,
C/CH+ Tu 7 I=3FHTES A Y E =7 2 = ROV THMER L TV E T,







ONE

L ®HIC

DY T 7L YAY=a7UE, Python 7025 I U/ SEAKICET 28R T, Fa—rU 7L LT
EPNTZHDTIEDHD FEA

MEAES =27 V2 TELRITERICEZ S 35—/ T, XERFHEFTS oL TIzowT, Elikah
TG TIER S HFEER M S Z 8 LE LTz, 2995 28T ZORFa XY MO EEHRHHEICE o T
EDFART Lo TVARIETTTA, PRPHVFVRFTTIE-O-TVWEILETL XD, MoT, dLit

DBRTZBKEPERTVBANT, ZORFa XY MEFHS Python ZHEFHEL IS LTVWEDRE,
mr e HERILRFERSRNZ e 2D D, FBRICEBZH 2LOFELHEETIPIHICRSTL & 5,
Wz, H7R7zP Python ZFA L TE Y. Python FFEDH 2 FHEDOTHEBITB VT, BERHRIDMA 2 &R
BolBa, TOBZBZRIDORF XY M THIEIESOILNZZETLED, dLIDERLEIN-55E

BEBLEARS, DRIEOKMEEZREL TOWAEZVTOEVERA — LIE, Z7u—VAERZEETDHHHA
LTLEZW =),

FEWHET2HMEEEYV 7 7 LV RAD R F a2 XY PCHRETELDIEEMR L TS - ERIILEII D
HHLNT. AULEHETHRRDIFRZIEL-LIEEL T 200 LR WAS T, —J7. CPython MK
b T3 —>o0 Python %3 (5% éi%éhhﬁfmi?#)&®f\ﬁﬁ@?%ﬁomf@\ﬁ
WCHEEIC K o T L 2 DHIRAIZ SR TWBIHBE L, M TBliESHD 3, oT. ZOTFA T
BRICDT o TRV 7 FZEICB T 2R (1mprementat10n notes)” 236 DIXDHLNTVET,

Python EX 3 WIFhd, A DHARAAEY 2 — L e EEEY 2 — BB LE T, ZR5ICOWVWTIE.
library-index TRF a2 XY MEEINTWVET, WL DL DHAAAEY 2 =IOV TIE, SHEERCER
BPPHDED>TNE L EIZOVWTHATVET,

1.1 BJ® Python D3R

Python @5 LTIE, BRIV THARERN VO EOFEL TVWET, ZThS 0TI L TH, FiE
D2 —FRTHEIRDFR ATV E T,

FKCHBLN TV R FEEZEUTO DD D $7:

CPython Z
NERDBAETFIN TV BHMRD Python 2T, CERETEPATVE T, IZL ALY DEHE., SEOH
BEEP VB R EEINE T,

Jython
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Java THE XN/ Python TF, ZDHEE I Java 7 SV r—a v DEHDRAZ Y FRFiEL LT,
bLlEJava 29 RIATIVEESRT7 IV =2 a v RERT 2D ERT 2N TEE
T Fiz, Java A TF VDT A MEERT 27012 LIELIEFEHIATVE T, X523 HHIC
DWTIE the Jython website 2L T Z&E W,

Python for .NET Z
DFEIIWERTIE CPython ZFH L TWETHA, NET 7 7V 75— a v ilEo TEEHIATWED
T, NET 5475 V%2325 ZeDARETT, ZDFEHEIT Brian Lloyd IZ XK o TER SN ZE L7z,
X 55 EHIZOWVWTIE, Python for NET home page ZZH L TL 72X W0,

IronPython
.NET T Python 25 %720 % ‘D*OO)% ETF, PythonNET &idE7Z2 b, BRI IL 24K
T5Z M TE 2 Python DFEEH D, EEE Python 2— FENET 7> 7)icary 4L E5,
Z AU Jython @?ﬂfﬁ@ﬁﬁ%%’@% % Jim Hugunin IZ Ko TIEHNE L, EHRBERITOVTIE
the IronPython website ZZM L TL7Z2& W0,

PyPy Je
212 Python TH2 N7z Python DEETT, MOFEIEZRSNRL, RR Yy 7L ZADHR— b,
FATHRE (Just in Time) I ¥4 SR EDEEBKEEEZ T RA—-—FLTVWET, 2OFad =27 bD—D
DHMIZ. (Python TEIPNTWVWE Z2IZL-T.) 4 X 7Y X2HBIBIETE2 X5 LT, §
FEEARTOERRBREZRML T2 22 T3, XH645EME the PyPy project’s home page I2H D £5,

INHDRFERIIZIOY= 27 VTLHEMNSINAETHELIIZVEZ-sTVS, LR HED Python F
FaXy b efLARZ > TV EDIEMHPRHEINTNETL x5, HARLBHHL TWBHEE
T, REFEZMESREDRDH 2085 h 2T 2720123, FFEREOMAKRFLZRLTILE W,

1.2 AR Za7IIICEIFBREE

The descriptions of lexical analysis and syntax use a modified Backus — Naur form (BNF) grammar

notation. This uses the following style of definition:

name: lc_letter (lc_letter | "_")x*

lc_letter: "a"..."z"

BHIDITIE. name 2 1c_letter DRAICE R E/ZIZZNLLED 1c_letter & 7 ¥ X —R A 7MW\ T2d
DTHBI R L TVET, ZL T, lc_letter I 'a' 225 'z' S TOMLL2DOF—FTH2 I LER
LET, (ZOHANZ, 2O FF 2 XY MEABINTY 2 FAHHAI 2 #SGRANCBVWTER I ATV S 40
(name) T—EHLTHEOATVET),

BHANE name (FHANC X > TERSIN TV R HDOHAEN) & 1= OMMED 3, WEM (1) 13, BHORE
FHEHHZ DD bEES T2 2RHVET; OB, ZORECBLVTREEEBLEORVWEETFTT,
FRARYRY (¥) 1E, BN 2EZEOLOEM EOBYELERLET; A, 772 (+) B—EN LD
BDIRLT, AN ([ ]) clbhzsFad, Fastafr—@HET 2 Bloswhizsiud, Fvof
DFANIA TS a v ThH3) ZeERLET, * BE + HETOMAHEHIIATRELRE D EL KoTVET;
FAD TN —AUIAFEM N E T, V7T IAXFEINII A — b THbhET, ZZEHE =2 V208l

TW3 L XDAEKREZRL T, HANZER., —THIND s ThET; ZHOERFEO D 2 AN, B
DITIZDDVT, EEMROEBRAICELFOTE L TilhENET,

4 F1E LIS


https://www.jython.org/
https://pythonnet.github.io/
https://ironpython.net/
https://pypy.org/
https://en.wikipedia.org/wiki/Backus%E2%80%93Naur_form
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(LDFID &5 7)) FAERTIE, MICZO0BEBMEODNATVET: =20 Fy FTRYUILATVWE DD Y
TINNFE, ZODXFD ASCI XFa— RiZBY 3 (AEMWNR) fif» 5 XFE—FEBRZI L ERLE
Fo KH v ahoFha] (<...5) F ERBEADY VAL ELRT 2IFERN LD 2T F; HlxZ, O FilfE
N RHERITDVELD D ZRIHEONL DD £T,

FA ORI O ERDOBTHDLNTVWAERLIZEL A LR LTI, ZOREKIIKELENADD X3
FHEFRIIATTY — 2D &2 OXXFRID FNE T2, BCERIFARTTERIN—#HD h—2 v %
WOFDET, KE (7 FARK) 2B % BNF 3R TFHERDDDHDTT; ZhLUEDETII,
M ERDEDIE>TVWET,

1.2. AYZa7IIICHBIT3REE 5






TWO

F R

A Python program is read by a parser. Input to the parser is a stream of tokens, generated by the lexical
analyzer (also known as the tokenizer). This chapter describes how the lexical analyzer breaks a file into

tokens.

Python &7’m 22 A7 % A b % Unicode 2— FHRA ¥ & LTHARALET, YV—RA 774DV a—
Ta4 v Tya—7F4 Y TESETEAON, T7 40 ME UTF-8 TY, #fflix PEP 3120 221 T
IV, Y—=RAT7 7 A APTa— FTERIFAUI SyntaxError XL EINhE T,

2.1 1718&

Python 7025 L3Z D @wEBIT (logical lines) \ZHEISNET,

2.1.1 %17 (logical line)

AT OIEIE, b —2 ~ NEWLINE TRE N F 5, X EFFShTw35E (HE3 compound statement
HHDST: statement) ZFROWT, FEITUIREBTEICE 02 22X TE EH A, MEITIE—ITERITEN
BLED Y3817 (physical line) 7572 D, YHEATOREIIIIARI £ 72 3IEBAREY 7 178 (line joining) #i
HAi & £9,

2.1.2 Y3217 (physical line)

PIEAT . AT — FCRUIS N XFHNDZ L TT, V=R T7 7 4RV —AXFH|TIZ, £77 v b
7 — LT DRFEDTIRIGa— 2T 2 Z e TE £ 9, Unix JE:NTIE ASCII LF (4734 D : linefeed)
XF. Windows FERTi& ASCII % CR LF (18)7: return I\ TITi% D ) . Macintosh 52Tl ASCIT
CR (18)%) XFTF, ZNOR2TOFERDaI—FE ES5 79 b7+ —LTHELIFHATZ2L2TEE
o AMORRED., REOVHITORBN L IR L TOREZRELET,

Python I[Z# DAL EITIE, D C FREOBUTLFOZEHMIAI (ASCII LF 2 KB L 72372 —F \n 23
THIGRE 72D £F) 1€ o T, Python APIIZY —Ra— FZETHEIDD 75,


https://peps.python.org/pep-3120/

The Python Language Reference, 'J1)—2X 3.14.0a7

2.1.3 OX> bk (Comments)

AR Y MEILFHNY T I ASTOWROAY & aXXF (#) 20ME D, FCYHITORKGTKDD 9,
FERRI AT RIS SN TORVIR D, 3 X Y MEERETEEH ST E T, ax v MIM X
nx7,

2.1.4 T> 11— RFEF (encoding declaration)

Python 227V 7 HHO—{TEHHPZATHICH 5 3 X ¥ PP IEHKRA coding[=:1\s*x([-\w.]+) I~¥ v FT 3
BE., aXAYMIZYa—-FES LTUHEINE T, CORBFORIIDOINV—THBY —Ra—RK7 741D
Tra—FEEELET, TVa—-FEFEREHOTRRRFNIRD E¥A. ZITHIZH 256, —{TEH 2
XY FPDOADITTRHRINUIRD VA, =ra—FEERE L THREST 2L

‘# -*— coding: <emcoding-name> —*-—

ZHuX GNU Emacs T CE 3, T

‘ # vim: fileencoding=<encoding-name>

Z4UZ. Bram Moolenar & &k % VIM 2T 3T,

If no encoding declaration is found, the default encoding is UTF-8. If the implicit or explicit encoding of
a file is UTF-8, an initial UTF-8 byte-order mark (b’xefxbbxbf’) is ignored rather than being a syntax

error.

IYaA—T 4 VIPEFSINIGEAE, FOLYa—T 4 ¥ 74 Python IT X - TEEMTERIFUIR D £
A (standard-encodings ZZML T ZE W), EEdhkzra—F 4 7 PIZEFEINY T I, 2
XV b, EAIFRED, ETOFAMIIEDbNE T,

2.1.5 BRBVR 1Tk

TOFRIFEFNL EOWHTERITE LTORITZ2DIE, Ny 72T v axF (\) Z2#o TR &
SWLET: WHITH XTI 7 IARaX Y PHOXF TRV VAT v ¥ 2 TboTWAIGE, &
FT2ITORITT—oDMBEITEZMBR L., Ny 7 AT 93 aBIUNY I RT 9> aDRAITHIITRLTR
HIBRL 3, Hlzi3:

if 1900 < year < 2100 and 1 <= month <= 12 \
and 1 <= day <= 31 and 0 <= hour < 24 \
and 0 <= minute < 60 and O <= second < 60: # Looks like a wvalid date

return 1

Ny TRy aTHRODATIEAXAY PEAND ZLIETEEFEA, 2, NIRRTy vakfloTax
VEEMBTAZLIETEEF A, N TR Ty aBXFH T IANRCHLGEERE, N IR Ty
SaDBARZ M= VBT S ZLIEITEERA (TR0B, MHITHNOXFHNY 77 AVDHND N =2 V%
Ny ZRAT9akloTHMiT 23 TEFEEA), LA OGTIE. XFEHNY T IA9MTH B Ny
JRAT9TalZEIHoTHNEERD FT,

8 5B 2 & TR
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2.1.6 FEFATRBYZRTTHES:

AFEIR (parentheses). fAFEIN (square bracket) . 3 X CEFEIN (curly brace) NORIE, Ny 7 X5 v ¥ a
ZEDTICATULOYEITICDEIT 2 e A TEE T, HIRI:

month_names = ['Januari', 'Februari', 'Maart', # These are the
'April', 'Mei', 'Juni', # Dutch names
'Juli', '"Augustus', 'September', # for the months

'Oktober', 'November', 'December'] # of the year

IERINCHEE S NTATICE I X Y M2 ED LN TEE T, MFITOA V7Y MIEETIIH D ¥ A
ZEOMBATEE L 2 TEE T, IEARMRMGITHICIZ. NEWLINE F—2 YI3fFEL £8A. JFIR
72 TOMBIE. =B A — b INFH (TS R) THRAELET; ZoHBIE. aX Y 28952
EPTEEHA,

2.1.7 ZE17

AR—ART . TH—LT 4 —F, BEFARXY FOAESURIITEIHENET ($72b%. NEWLINE
P2 VIZEREINEREA), XEMFENICAT LTV SEICE, 21T O WIIATHE AR A-FEA-H )
(read-eval-print) L —FDOHEEIC X o TRZ D Z MDD F3, FERNLNGERA > &2 7Y ZDOEETIE, 5%
BRIATTTEMMT (bbb, ZAXFHAX Y PO ELEGERVIET) 11, BHEITH) 572 5 X O
ZRLUET,

218 17>V

FREATOITHEICSH 5, FEHHDZEH (AR—RABLUEXT) O#EZDIE, ZOTDOAL VT Y MLULEFHET S
7DIfEbNE T, A T Y PR FITXD TN —TFTERZRET 5 7-DICHWSNE T,

ZE (EPBEDHBIC) 1 DIZDE 8 DDAR—ATHEERZ HN., BRI BOXTHIE 8 DBk
D%EF (Unix THEHLONTVRHAIEFRILICRZ LS BRENTVET), 2L T, RUDIIEZEALFETD R
R—ZDED, FDITDA YT PERELE T, A VT Y ME, Ny T RT vy a TEBOMEITICHE
TEERA; BIIDANY I A5 v 2 FTOEANA VT MERELET,

V=R 7 ANPBRTERAR=RAEZREZE, ZOBEKIINETDRAR—AEBIHMET 2 L5726, 4
VTV MNEIFAEH R D LTHINENE T, ZDEEIX TabError SEH XN E T,

TS5 b7 A—LEOEHEMEICEITEER: JEUNIX 59 b 74— ARRBIBETFA LT 4 XDOHE
b =DV 2T 7 A NHNTETA VT M2 REIBTHES DIXEHTED D ERA, T2 TI7 v b
Tr—LIlEkoTE. BRA VTV FLULEIHRICHIELTWA 28 LA TR A,

T =57 4 — RXFEPTORBEICH > THHWERA; 74— 7 4 — KXFEFLEDAL VT2 P LARILETE
FRICIXEBEINE T, 74 —L 74— RXENLHOZHFOMDIGINICH 2356, ZOHBIIRERTT
BIZIE, AR—Z2DH%Z 012V ty T2 LAEEA).

HHET 21TICBT 284 DA > 7Y FL~Ud, INDENT 3 X DEDENT b —2 Y 24T % =012 b
NEd, b= YOEBIZAZ Y 7ZHWTURD LS5 TbNE T,

7 7 ANVHORPIDITEHAMTHIIC, AKXy ZiIc¥urs—o2fEh (push ) £§; ZOX IR L TR

2.1, 178E 9



The Python Language Reference, 'J1)—2X 3.14.0a7

% (pop) ENBILEHD FHA, ARy 7 DEFCHENTO CHFIE. HITAX v 7 OKRED B FETHIC
U THEITEM S 2 X512 TVETS, SFmETOMBMEICEWT, 20704 V7Y F LAILEDR
Ky 7 DEHOMEE BRI E T, HIFLITNUIMD LERA. A VT Y FLRMENRA X v 7 FOfE K
DHREFIE ATV FLMVEIZRAZ v ZIZEEN, INDENT b—2 U3 —2ERENET, /7T
YMLAOUER AR v 7 EOfEL D /N X VWS, ZOEIERZ y Z7NOWIT I DOEE FL L RIFHIER
DERBA ; RZv 7 LEDA VT U P UNIMEL D S REFWEIZ TN TRES N, B —DOREINEZ LI
DEDENT k=2 Y 23—2%RINET, 77 A VDOKRETIE, RE v 71> TWwadE¥r L hKEWHEIE
ThREZH, EX—2FREZINS Z 22 DEDENT b—27 U 23i—2&ERKINE T,

LIFOBICIELL (LA LSREE S X512) 4 ¥ 7> k& Python 2— FO—#%5 L 7

def perm(1):
# Compute the list of all permutations of 1
if len(l) <= 1:
return [1]
r=1[
for i in range(len(l)):
s = 1[:i] + 1[i+1:]
p = perm(s)
for x in p:
r.append(1[i:i+1] + x)

return r

UTRofZ, x4 VFr b=k b £3:

def perm(1): # error: first line indented
for i in range(len(l)): # error: not indented
s = 1[:i] + 1[i+1:]
p = perm(1[:i] + 1[i+1:]) # error: unexpected tindent
for x in p:
r.append(1[i:i+1] + x)

return r # error: inconsistent dedent

(IR, BYID 3 DDL T —F R R—F I Lo THRHINET; REDLT 7 — DA FEaMNERTROP D £ F
—-return r DA VYT ¥ ME ARy IHLBRFERIN TV EDA YTV FPLANVEE B =L EEA)

219 F—JVHEDZER

FRIEEAT DR TFINDONENIC D 2 HEZRE, ZAXTFTHILIAR-A, X7, BIUT7+—L74—F
. b2 EDETEEOICHRACHHATS A TEET, oD b —27 Y EHERTEL LHD F—2 >~
ELTARENTLED EHORGEAIE. =27 OMICEABKLEL LD T (FlZiEX, ab Z—D2D b—
Z2TTM, abl3 o0 =2 kb ET),

10 5B 2 & TR
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2.2 EOMD =2 >

NEWLINE, INDENT. 3 X DEDENT ofth, U RO =2 > DA 73V : #BIF (identifier), ¥F—T—
R (keyword), VT Z I, BEF (operator), T IR (delimiter) BFIEL T, ZZHAXTF (L TRNATH
WX FLGN) B =2 U TEH D FRAD. P Y EXUZEERDHDET, P—T VOBITHVENE
PEUZHE., b= VIFEP SHRICHATRETR Y N =2 Y EHETEZ ZREOXFIE G L 5 IR
SNET,

2.3 BEAF (identifier) H&UF—T—F (keyword)
WAT (E7203 BE (name)) E. UFOFAERTHAINE T,

Python 128 2 #Al T O#CIE. Unicode BEMEMRRUNTELH UAX-31 O E, Ml ZHE SR TE
FELET, #£LLIZ PEP 3131 28R LT X,

Within the ASCII range (U+0001..U4007F), the valid characters for identifiers include the uppercase
and lowercase letters A through Z, the underscore _ and, except for the first character, the digits 0
through 9. Python 3.0 introduced additional characters from outside the ASCII range (see PEP 3131).
For these characters, the classification uses the version of the Unicode Character Database as included

in the unicodedata module.

WA FORSICEFIRLED D A, KPIXFIRIEASHET,

identifier: zid_start xid_continuex

id_start: <all characters in general categories Lu, L1, Lt, Lm, Lo, N1, the underscore, and ch
id_continue: <all characters in 4d_start, plus characters in the categories Mn, Mc, Nd, Pc and ot
xid_start: <all characters in 7d_start whose NFKC normalization is in "id_start xid_continuex">

xid_continue: <all characters in %d_continue whose NFKC normalization is in "id_continue*x">

ETEK L% Unicode 773V a—FEUTFERL X

e Lu- KX (uppercase letters)

o LI - /NI (lowercase letters)

o Lt - FRHAM AT (titlecase letters)

o Lm - BHiCF (modifier letters)

o Lo - ZDMDIF (other letters)

o NI- BfE% 33 F (letter numbers)

o Mn - FIED72WELS (nonspacing marks)

o Mc - FIRD® 3G 75 (spacing combining marks)

o Nd - 10 #EHF (decimal numbers)

o Pc - #@EHAIEGELS (connector punctuations)

e Other_ID _Start - explicit list of characters in PropList.txt to support backwards compatibility

22. g0t b—o > 11


https://peps.python.org/pep-3131/
https://peps.python.org/pep-3131/
https://www.unicode.org/Public/16.0.0/ucd/PropList.txt
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e Other_ID_Continue - [Flfk
FTARTOHANFIE. BHTHPIEESREER NFKC 228X E T, @Al rEo i NFKC icEIxF 3,

A non-normative HTML file listing all valid identifier characters for Unicode 16.0.0 can be found at
https://www.unicode.org/Public/16.0.0/ucd /Derived CoreProperties.txt

2.3.1 ¥—7—F (keyword)

PUR 0l 13, F#EE. £721% Python BB 2 F—T—F (keyword) & L TEDA, EH DA+
ELTES 23 TEERA, F—V— FREFEICTRLOBD IS R TR TEA:

False awvait else import pass
None break except in raise
True class finally is return
and continue for lambda try

as def from nonlocal while
assert del global not with
async elif if or yield

232 VI kFx—TU—F
Added in version 3.10.

Some identifiers are only reserved under specific contexts. These are known as soft keywords. The
identifiers match, case, type and _ can syntactically act as keywords in certain contexts, but this

distinction is done at the parser level, not when tokenizing.

As soft keywords, their use in the grammar is possible while still preserving compatibility with existing

code that uses these names as identifier names.
match, case, and _ are used in the match statement. type is used in the type statement.

N—a v 3.12 TEH: type is now a soft keyword.

2.3.3 FHIEH DR FIE (reserved classes of identifiers)

HHED (F—7—FEFRL) #BAlTFIE FRRERED D £3, ZhooiilFEiE, ZHESKBICH 2
TUYR—=RAATXFDNRR— VTR ET:

Not imported by from module import *.

In

a case pattern within a match statement, _ is a soft keyword that denotes a wildcard.

Separately, the interactive interpreter makes the result of the last evaluation available in the

variable _. (It is stored in the builtins module, alongside built-in functions like print.)

12 582 & TR
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Elsewhere, _ is a regular identifier. It is often used to name ”special” items, but it is not special

to Python itself.

0 IR

Al _ 1. LR UIRERE (internationalization) & 4ICHWSNE T; ZOBEEITOWTOREL
WEHIZ, gettext ZBML T ZE W,

It is also commonly used for unused variables.

>

>
AT LTEHRSNT: (system-defined) #H1TTF, JEAHITIF dunder” 224 H1 & X 3 ERIE:
double underscores Dig), ZHSDARFIA Y R—TV Ry (BHES 4 7571V &) BEELTERS
NTWES, BUTO Y X7 A TOARNE FFHAY v FE R ETHECE TN TWES, Python @
FEROAN=Y a v TREIDZLDAMMBEREINZ ZLICRDET, TOFFa XY PTHEEIATH
LZHBIIED RV, HE5DB __x__ DHHENE, Wk IV TFAMIBIAHATD, BEEIE
ErslgTZenbhET,

* 7
AT T4 R—=} (class-private) BREHATTT, DA TITVIET 24H1F. 7 7RAERDI YT
2 b ETHWSNRGE, BEZ FRIREZ 2D 7 774 X— " BB CTHRITEEIEZ % D
ERICT-DICEHEZTBEINE T, #BAHF (identifiers TTIEHET (name)) ZBRLTLZE W,

24 U737
V77 (literal) &id. WL O OMBALMDER ZRIL LD DTT,

241 XFHEXUNAT RIIUFSIL

XFEINY T I NI T OFAER Tl S k35

stringliteral: [stringprefiz] (shortstring | longstring)
stringprefix: Ilrll I llull | IIRII | IIUII I Ilfll I IIFII

| llfrll | IIFI.II I llfRII | IIFR" I lIrfll | IlrFll | |IRfII | IIRFII
shortstring: "'" shortstringitemx "'" | '"' shortstringitemx '"'
longstring: wrren longstringitemk MM |ttt longstringitemx '""M!

shortstringitem: shortstringchar | stringescapeseq
longstringitem: longstringchar | stringescapeseq
shortstringchar: <any source character except "\" or newline or the quote>
longstringchar: <any source character except "\">

stringescapeseq: "\" <any source character>

bytesliteral: bytesprefiz(shortbytes | longbytes)
bytesprele: Ilb" | |IBI| I llbrll | IlBrll | lIbRII | IIBRII | |Irbll | Ierll | IIRbIl | llRBll
shortbytes: "'" shortbytesitemx "'" | '"' shortbytesitemx '"!

meoran > % nrorn rnnna y * Ttunna
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shortbytesitem: shortbyteschar | bytesescapeseq

longbytesitem: Llongbyteschar | bytesescapeseq

shortbyteschar: <any ASCII character except "\" or newline or the quote>
longbyteschar: <any ASCII character except "\">

bytesescapeseq: "\" <any ASCII character>

FROABBAITREN TV RWIENLHIRA—2H D £, VT F71D stringprefiz X bytesprefiz
LD O OBICZEAEZ ANTIZRSRVWI TS, Y—RAa—FXFE vy b (source character set) 1

Irya—F 4 YJESTERSINET, zra—F4 Y JEEHNZFNUL UTF-8 T3, fi T>I—FEF
(encoding declaration) ZZR LT IZE W,

In plain English: Both types of literals can be enclosed in matching single quotes (') or double quotes
("). They can also be enclosed in matching groups of three single or double quotes (these are generally
referred to as triple-quoted strings). The backslash (\) character is used to give special meaning to
otherwise ordinary characters like n, which means 'newline’ when escaped (\n). It can also be used to
escape characters that otherwise have a special meaning, such as newline, backslash itself, or the quote

character. See escape sequences below for examples.

NA B T I MTE, EIZ ' R B BHERFEL Y., MBI K o T, str BTIE < bytes DA R
RYADMEREINE T, A MV T I701E ASCIL XFDAZL I N TEET, 128 M EOBEE RO A
A MEIZRF =L TREINARTFNIRD FE A,

Both string and bytes literals may optionally be prefixed with a letter 'r' or 'R'; such constructs are
called raw string literals and raw bytes literals respectively and treat backslashes as literal characters.

As a result, in raw string literals, '\U' and '\u' escapes are not treated specially.

Added in version 3.3: raw XA RFIU T ILD 'rb' LT 4 v ZAD 'br' OFFEZE LTEMENE
L7

Python 2.x & 3x WX JED A — FR—ZADX V7T F Y AZHEHM{LT 2729012, L H > — unicode V771
(u'value') DY KR— PHAHIEAINE L, #Fllld PEP 414 22 L T30,

£OFEE P OB WREFEINY T IMET x—~ v MEAXFSNY 70 ( formatted string
literal ) TF o FHIZOWTIX 74— FESXFII T 22 L TRV, KEFO '£' 13 'r!
CHHAGDELNE T, 'b'  'u' HAGDLELZILETEFEA, 2FD 7+ —~< v MEAD raw X
FHN T IMIATTD, 74—y bEADNAL MY T I MEFRATT,

SEIA—PUFIARICR, SEOI RS - FERBN I A— FFTY FIARKILTLELRVAE
D, TRF—FERTORVEITRZ A — FEELL M TEET (X510, ZRBIBZOE F0FFIFICHE
DET), (ZZTWVWS 7 24— b7 ik, XFHIOMAEMAT 3 L S o XFERL, ' 5 " OVTh
PTF, )

Escape sequences

'r' F7E R HEEHXFEDODPRBRVLED | XFINEIAL MV TIARDIR Y =T — 5 v RFE
#CTHEDLATVEDLRRDEANC L2h > THRRE N E T, BURIC Python TH#MEN L2 27—
=Y AERLET:
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IRT—Fo—r>2 Bk AR
\<newline> Ny JRZy¥a b BITXFNERENET (1)
\\ Ny ZZ2Zv¥a (\)

\! —H5HF (")

\" —E5 AR (")

\a ASCII ###~L (BEL)

\b ASCII /v Z 2<— 2 (BS)

\f ASCII 7 #—A7 4 — ¥ (FF)

\n ASCII 5% (LF)

\r ASCII {84 (CR)

\t ASCIL #AE-Z 7 (TAB)

- ASCII % 7 (VT)

\ooo 8 HEXUE 000 ZHFOLF (2,4)
\xhh 16 #EEMHE hh ZHRFOXXFE (3,4)

NFHTOARBEINDI IRy — T —r VRAEFUTOE BT

IRT—T—5>R B AR
\N{name} Unicode 7 — X X—ZXHT name £ WVWIHIHZHDLF  (5)
\uzzz 16-bit OTNHEE zrzr ZHRDOFE (6)
\Uzzzzzzes 32-bit DFINEM serrrrre EFFOXF (7)

ER:

(1) A backslash can be added at the end of a line to ignore the newline:

>>> 'This string will not include \
. backslashes or newline characters.'

'This string will not include backslashes or newline characters.'

The same result can be achieved using triple-quoted strings, or parentheses and string literal

concatenation.
(2) 5 C AU, AT 3O 8 EMETRRLET,

N—23 3 ¥ 311 TZEHE: Octal escapes with value larger than 00377 produce a

DeprecationWarning.

N— a3 ¥ 3.12 TEHE: Octal escapes with value larger than 00377 produce a SyntaxWarning. In

a future Python version they will be eventually a SyntaxError.

(3) HEE C LI3EV. B xS Y 2 HiD 16 LA EE A,
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(4) 4 FHIY 7 ST, RS X OEL R — F13 52 b EOAAL FEELET. 25
TINVHTIE, TR —TXFIEE 2 5N -fE%£D Unicode XFEFRLET,

(5) "= 2 ¥ 3.3 TLH: name aliases™ IXT 2V K — FHABIMEINE LTz,
(6) B x5 4 KD 16 EHLAZHE N E A,

(7) H5W 3210 — FXFRFIDEIRX LTI Ya—FF3I A TEE T, IEMEIIC 8 XFD 16 T
DILET S,

EHED C 2I3EV, B#ESh B oI 2r =T —r Y RAFTRT, 2OFEXFHFICED T, Tk
bbb, N IRS5y 2 abBERPUITEDET, (ZOFEFHET Ny FOBHERNTY: 227 —F = 20
BMANENTS, ZOHIFERPEBL TV E2DDB 00 DRT K RDET, ) XFFHTOARFEIN ST R
r—=T = A&, N M) T IR, BREINBRWI RS =T = VR LTHEIN D THRE
L T2,

N— a ¥ 3.6 TELH: Unrecognized escape sequences produce a DeprecationWarning.

N—Ya ¥ 3.12 TEHE: Unrecognized escape sequences produce a SyntaxWarning. In a future Python

version they will be eventually a SyntaxError.

raw V770 Th, 5IAFENY VR T 9 Y2 TIRF—FTEETH. Ny 7 RAF vy BES XFINHE
DET; BIZE o \"" FENRLFHNV T INT, Nv 7R 7y a2 “H ARG, OREIXFIERL E
35 r"\" IR SCTFANY T I ATT (raw U T IR ARIEER 5 /e Ny J AT v P 2 THROLEZ Z2Id
TEZEA) BERNCIE. (N ZRATy Y aDPERDI A — MNLFEEZAT—FLTLESDT) raw XF
FZBE—DNY ISy aTEODLBEZCLRETEERA 2018, Ny I AT v Y aDBERICEITHET
b, (TR ERT 2 OTIEERLS., VI LD—8ThsZ2No 00X Fr LTHRRENET,

2.4.2 XF5) T I I DFEE (concatenation)

XFHNRNA FEIY T I E AWCRLE5[HMF 2> TWTH (EEXFTRY-T) HEEHLZZE 5
ZEDTEFET, THEIBRADXFHNEHET 2D LA ULERERHET, L2 > T, "hello" 'world'
'3 "helloworld" FILT¥, ZOMREZMS &, Ny 7 RF vy aZzHb L, ROXFINZFEICH
BEL CHEBUTICELD 82D, HE2WVIEEAXFINZLIZaxXxy vV eEMT2 22X TEET, FlRiL:

re.compile("[A-Za-z_ ]" # letter or underscore
"[A-Za-z0-9_]*" # letter, digit or underscore

)

COBEREIISTEL RV TERSINTOVETH, X7V T b2ary A L3 3B00E e LTEBEINS Z I
HEEL T IV, FTRRCFIRAZ/EE LT, '+ HETEHEORINIRD F¥A, 2.V
T ILDFREEITBVTIE, MET2RERICERZ5IAMEAZM o720 (raw XFHI & =ZHF I HFZEE
CEXRXTEET), 74—~y bEAXFI T IV EBEDOXFHNI T INEE LD THIHTE
EFTOTHERLTLIIEZEWN,

*1 https://www.unicode.org/Public/16.0.0/ucd /NameAliases.txt
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2.4.3 f-strings
Added in version 3.6.

74— v MEAXFHN 7 I ( formatted string literal ) F721% f-string (&, HHEEF £ F2ET'F' O
MW7 FHN) T30 TT, ZhbDXFINE, BHEN {y TR THLEWHRT 1 — L F2ED S
ZEMTEET, HOXTIN 7 7NV DHEEERNENFICETEDS ZEPENDITH LT, 74—<v b
FEHXFHNY 77 MIFTRICA e L GRHis g 35

IRy =T o= Y RTBEDLFHN TNV FARICTa— REINET (72720 Y 7 70 raw XFHITH
HEIGARFREET) . TRT =TT —F U R%Ta— R LERIE XFHONFEEROIETHRINE T

f_string: (literal_char | "{{" | "}}" | replacement_field)x*
replacement_field: "{" f ewpression ["="] ["!" conversion] [":" format_spec] "}"
f_expression: (conditional_expression | "*" or_expr)

("," conditional_expression oM Mk or_ezpr)* [","]

| yield_exzpression

conversion: "s" | "r" | "a"
format_spec: (literal_char | replacement_field)*
literal_char: <any code point except "{", "}" or NULL>

XFHND S5 B, BAEIRCTH E NGB LANISCT@E D R g 3, 2L, ZEEEEN {{' BXU '3
BH—ORIEICESZ o E T, H—oEEdEN '{' 3BT 4 — L FOBE D ZEKL, 2oy
13 Python O THED £3, (F Ny ZRICEFZEREE LT) RO T F R b, FHliEROMEL OMiE %2 &
RLIEWEEIIE, RORICES '=' ZMATLEIV, ZOHKAIE, BESF 1 k> TEHAINTGE
P74 — L FRERIZIEDTEET, 61T, " KWHEWTERIEETEBINTEE S, BT 0 — LRI
H—0PACHAEN '} THRDOD £9,

Expressions in formatted string literals are treated like regular Python expressions surrounded by paren-
theses, with a few exceptions. An empty expression is not allowed, and both lambda and assignment
expressions := must be surrounded by explicit parentheses. Each expression is evaluated in the context
where the formatted string literal appears, in order from left to right. Replacement expressions can
contain newlines in both single-quoted and triple-quoted f-strings and they can contain comments. Ev-
erything that comes after a # inside a replacement field is a comment (even closing braces and quotes).

In that case, replacement fields must be closed in a different line.

>>> f"abc{a # This is a comment }"
. + 3}"
'abch'

N— a ¥ 3.7 TEHE: Python 3.7 K DRION—Y 3 Y Tli, await RE L async for MEELNER
. BEHESEEOHEIC I DFEINTVWERFATLRE,

N— a ¥ 3.12 TEHE: Prior to Python 3.12, comments were not allowed inside f-string replacement
fields.

5 = pMEESAE E HAXFINE, ROTFF R PERE, F5 = BIUOFHiEh X2 EA%75,

CIEAN R '__._ ‘ yaD)

v g ﬁ" ))== 1 & =1 ’
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FIELZWIRD . '=' ZIEELGER. RTH LT reprO Z@H LRRSH TR $5, —77, FRX
TREFPFET 225G BT 4 — L FT "' PHEESHATOVRVIRD, 7740 b T str( 258 S
nEs,

Added in version 3.8: %5 =,

b LEHT 4 — VL IBEESRTWRGE, RNOFHliRRIZ 7 + —~< v FORNICEHREINE T, £ '1s' &
str() &, "'r' I repr() . ZLT '"'a' T ascii() ZHUIHLET,

The result is then formatted using the format() protocol. The format specifier is passed to the
__format__ () method of the expression or conversion result. An empty string is passed when the

format specifier is omitted. The formatted result is then included in the final value of the whole string.

Top-level format specifiers may include nested replacement fields. These nested fields may include their
own conversion fields and format specifiers, but may not include more deeply nested replacement fields.

The format specifier mini-language is the same as that used by the str.format () method.

73—y MEAXFINY T IMBMMDIFIN TN EREETEETH, BIRT 4 — L N 2EBOV T I
WHHILTEL ZLIITE XA,

7 4= MEAXFIN T INDE N ONETFET:

>>> name = "Fred"
>>> f'"He said his name is {name L
"He said his name is 'Fred'."

>>> f"He said his name is {repr(name) }."

# repr() is equivalent to Ir
"He said his name is 'Fred'."

>>> width = 10

>>> precision = 4

>>> value = decimal.Decimal("12.34567")

>>> f'"result: {value:{width/.{precision}}" # nested fields

'result: 12.35'

>>> today = datetime(year=2017, month=1, day=27)

>>> f"{today:%B %d, AY}" # using date format specifier

'January 27, 2017’

>>> f"{today=:%B %d, %WY}" # using date format specifier and debugging
'today=January 27, 2017'

>>> number = 1024

>>> f"{number :#0x /" # using integer format specifier
'0x400'

>>> foo = "bar"

>>> £"{ foo " # preserves whitespace

" foo = 'bar'"

>>> line = "The mill's closed"

>>> f"{line "
'line = "The mill\'s closed"'

(RDR—DIHE<)
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(RIDR=I D5 DR E)
>>> f"{line 20 "
"line = The mill's closed "
>>> f'"{line 204"

'line = "The mill\'s closed" '

Reusing the outer f-string quoting type inside a replacement field is permitted:

>>> a = dict(x=2)
>>> f'"abc a["x"] def"

'abc 2 def'

N—3 a ¥ 3.12 TZHE: Prior to Python 3.12, reuse of the same quoting type of the outer f-string inside

a replacement field was not possible.

Backslashes are also allowed in replacement fields and are evaluated the same way as in any other context:

>>> a = [nan np "C"]
>>> print(f"List a contains:\n{"\n".join(a)}")

List a contains:

N— a ¥ 3.12 TEH: Prior to Python 3.12, backslashes were not permitted inside an f-string replace-
ment field.

T3 —=v MEAXFH T I7UE, 72 ZRNEEATWENL 722 LT, docstring ¥ LTI FHA,

>>> def foo():

f"Not a docstring"

>>> foo. doc__ is Nonme

True

73— v MEAXFIN T 7% Python IZEMLU7218E PEP 498 L T 23V, E/HET 3
NFEHNT +—< v bOHFHAZEF > TS str.format() BB TL X0,

2.4.4 BEVTII

There are three types of numeric literals: integers, floating-point numbers, and imaginary numbers.
There are no complex literals (complex numbers can be formed by adding a real number and an imaginary

number).

BIEY 77 VIRBASHEER TV ARV ICHERL TS W, -1 O &5 RANd, ERICIFHEIEER
(unary operator) =" £ V7 I 1 ZHAEDOELDDTT,
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245 BHIUT3II
BRY 7o VEU ToFER CdEnE T

integer: decinteger | bininteger | octinteger | hezinteger

decinteger:  nonzerodigit (["_"] digit)* | "O"+ (["_"] "O")=

bininteger: "o ("b" | "B") (["_"1 bindigit)+
octinteger: "o ("o" | "0") (["_"] octdigit)+
hexinteger: "o ("x" | "X") (["_"1 hexdigit)+
nonzerodigit: "1"..."9"

digit: "o"..."9"

bindigit: "o" | "1t

octdigit: "oMr...T

hexdigit: digit | "a"..."f" | "A"..."F"

ERREY EIRINE 2085020 MEZBRIE. BEHY 7 I VICBRIOHIRAD D £EA,

TR =2a7FV T ILVDEERW TR o THEINE T, 2007 VX —2a7%fo THTF%
IN—FNT 2L THRARITLLTEET, 7YX —2a 73 BFELHFOMIZ 1 277, 203 0x D X
SLEBIEEDEBIC 1 2 HFATEET,

2B, IE 0 OTHERDEHICIZ 0 2T oNFERA, ZHud, Python 238— a > 3.0 DT> Twiz
CHRD/GEY T DEKI ZEES 2720 T3,

B T L002 0L DR LET:

7 2147483647 00177  0b100110111
3 79228162514264337593543950336 00377  Oxdeadbeef
100_000_000_000 0b_1110_0101

N=Tar 3.6 TEE: JL—TzHBNE LV TIAVHOT Y X—RaAT7HhHFINDE LR DE L,

2.4.6 Floating-point literals

Floating-point literals are described by the following lexical definitions:

floatnumber: pointfloat | exponentfloat
pointfloat: [digitpart] fraction | digitpart "."
exponentfloat: (digitpart | pointfloat) exponent
digitpart: digit (["_"] digit)*

fraction: "." digitpart

exponent: ("e" | "E") ["+" | "-"] digitpart

Note that the integer and exponent parts are always interpreted using radix 10. For example, 077010
is legal, and denotes the same number as 77e10. The allowed range of floating-point literals is

implementation-dependent. As in integer literals, underscores are supported for digit grouping.

Some examples of floating-point literals:
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3.14 10. .001 1e100 3.14e-10 0e0 3.14_15_93

N—=Par 36 TEHE: JV—FzHNE LY T IMVHhD7 Y X—Ra7B#FShd X512k s,

2.4.7 E# (imaginary) VT3l

RER) 7 7 VBB D & 5 i AER Cidih s 9

imagnumber: (floatnumber | digitpart) ("j" | "J")

An imaginary literal yields a complex number with a real part of 0.0. Complex numbers are represented
as a pair of floating-point numbers and have the same restrictions on their range. To create a complex
number with a nonzero real part, add a floating-point number to it, e.g., (3+4j). Some examples of

imaginary literals:

‘3.143' 10.j  10j .001j 1e100j 3.14e-10j 3.14_15_93j

2.5 EEF

YTD =27 V3EHAEFTY:

+ - * * % / // % Q
<< >> & | ~ = =
< > <= >= == 1=

2.6 71U X4 (delimiter)

UFD =2 i3ELEDTFY I 2 LTHE XS

( ) [ ] { b

b ! H =
-> += —= 1= /= //= h=
©= &= = 5 >>= <<= *k=

YU FIIFE/NMUSBRERY 77RO BT E T, BV A F=D20DFNIRJ 4 AKRGITEIT 5 EERF
5 (ellipsis) V7 o0& LTRIAIRERZR S £3, VR MRPOBRBERAHEEF (augmented assignment
operator) &, FHIINCIET Y I X LTIREVWE T, HEDITVET,

DUR OEIFA[HE ASCIT XFE, i b —27 v o—fe U TR EEREZ R > Tz b, FafEMTERIcE 2T
HELREREF>TVWET:

PUF @ EIFATRE ASCIL X1, Python TREONTVWEEA, TOHDLFHRLFHNY 771 axX v b
DI D DG, HRMFICZ I - kb %5

2.5. EHEF 21
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THREE

F—REFI

31 #A72x Uk, E. BLUE

Python IZBWF 2 T Ik (object) Lk, T—XEZHBMNIER LD DTT, Python 7077 AI2B
ETF-RIFET, A7V bEREA T VHOBRE LTREINE T, (HEZ2EKTIE. Turss
LA—RBFELFTI I P LTREINET, ZHUET7 4> - /4= Von Neumann @ ” 7R Al
B3> ¥ a—4&: stored program computer” OEF/UIHAE L E T, )

FTRTOAT7Y =27 ME R (identity). B, HZH o Tk T, B4 BERShH L 3EEINF
Bhe TREATI 27 D7 FLADESIRDHDELEZOLNLINS LNERA, is HAFIZ2DO0F 7
Y7 FORMERHEL £, idO BBEE e R IEREZEREL £9,

CPython TiZ. id(x) & x M EINTVWEXEY LO7 RLRERLE T,

AT FOREATI 27 MV R — T BERIE (Bl: len() ZHKR—1F2h) &, 7P =7 bHE
DI BMEETELET, type) BEEA TV =7 bR (HAKD ATV 227 bTT) BIRLET, F—L
ML, A7V 27 D (type) bEEAARETT, !

ATV 27 MCEoTIE i 2EET L EHARET T, AR AEETEZ4 727 DI L% mutable &
MO ES, ERRIELZZEETERNA TS 27 DI % immutable LPFE T, (mutable 724 7Y =
7 PANDSZRBEMML TV immutable 23> 747 =7 bDOffIZ, ZOEMHLTVWEATI =7 bD
EPENURICELLETH, avT7FBR0F 727 VL TW 200082t LRV THIUR
immutable 772 EZX 32N TEFET, Lo T, immutable 20 ¥ 5 IIMEDEEAHED ¥ 5 2> L BRI
—HITE2DITEDDEVA) A7 =2 bD mutable ¥ I PIFZORIC I > THREDET, HlRIX. K
fER, XFHNF Y X PARID 4 > 2 X > 2% immutable T, dict < list 1& mutable T3,

ATV NEBHRRICHET 2 L3 TEERA; LeL, A 7Y 27 MCEERRE (unreachable) 12723
L. AR—=YavL 7> ay (garbage-collection) IZ &k o TIHEN20d LLERA, AR—YaLrvay
ZELELD, RUTORVWEEDFINTOET — FEARERA 7V = 7 P 2N L TLEDRVHAED,
AR—=yavryaryzl5RET 203FENEDOMETT,

BED CPython EZETIIBIBA Y ¥ b (reference-counting) SR EM->TH D, (A7 2> L) BR
SREToTVBHRN—I ATV 27 PE2RBEMRHLE T, ZOEETIHILALDATY =7 b ZEENGE
W22 LRI S 2 Z e TE LI, HRBBREZGUIRN-—IF 7Y =7 P DIESHEFITTDNS

U REORMEPMRINIHE, ATV =7 b D type BEETHI LA TEET . ZAUd ELLIbhidroBAaICE T
TWBEERTIERITOT, RINCIIRVWERATIES D FHA.
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ERAEL TV B DI TIEDH D VA, BRSBREZREOIR-IU ATV 27 MEDHIENZDOWTIE, gc £
P a—NEZIRLTLEE W, CPython A DFEEIH DX %ZMH > TH D, CPython dIFRIEIND K%
b LNERA, AT7T 2 PHBEGETBICKR o728 ZICHIPEICE T XN S Z IS RWTL 12X
W (TIR5 7 7 A VERBTHRANICEAT T ZE W),

Note that the use of the implementation’s tracing or debugging facilities may keep objects alive that
would normally be collectable. Also note that catching an exception with a try...ezcept statement may

keep objects alive.

Some objects contain references to “external” resources such as open files or windows. It is under-
stood that these resources are freed when the object is garbage-collected, but since garbage collection
is not guaranteed to happen, such objects also provide an explicit way to release the external resource,
usually a close() method. Programs are strongly recommended to explicitly close such objects. The

try...finally statement and the with statement provide convenient ways to do this.

MOF 7Y z7 MIMNT2ZREb 0470227 b HYET; Thold AVTF (container) &I F
F, AVTFATI 7 DBl LT, 2T, VAN, BIUFHENREITONET, 7727 FANDBR
B2 Y 7 FOMEO—ETT, FLALDHE, IV T FOEE VS, aVYTFECA->TVWEA TV
FOEDZ e ZIEL. ZNHF T2 YDTAT YT AT ATEDDERA; LOELEDSL, aV7TFOE
HAREEIC OV TR ZGE, SF XWX AV TFRASTVWEL TV 27 FDTATY T4 T4 DI EI{L
9, LEDoT, (ZTNDEIR) BERGERA TV 27 WPEHEAFER T 7Y =27 bANOBREETY
B, ZOMEPENT Z2DEFEHEARERA 7Y = 7 PPEBEINFF, EW0WS IR ET,

Types affect almost all aspects of object behavior. Even the importance of object identity is affected in
some sense: for immutable types, operations that compute new values may actually return a reference
to any existing object with the same type and value, while for mutable objects this is not allowed. For
example, after a = 1; b = 1, a and b may or may not refer to the same object with the value one,
depending on the implementation. This is because int is an immutable type, so the reference to 1 can
be reused. This behaviour depends on the implementation used, so should not be relied upon, but is
something to be aware of when making use of object identity tests. However, after c = [1; d = [], ¢
and d are guaranteed to refer to two different, unique, newly created empty lists. (Note that e = £ =

[] assigns the same object to both e and f.)

3.2 BEEDMEE

PURE Python IZHARAEN TV R ROV X M TY, (FHEITX- T, C. Java, $RIFZZOMOFIETED
N7) EEREY 2 — LT, ZOMOBINERINT VWL DD D ET, il (FHER. BEEZMEN
WELE S B EA. %) OB Z0WTWEES 4 77 ) 2@ L TRES A E TS FERoNN—Y a0
Python Tid, ORBEMIEICZ D X5 RBMALENEH LOEEA,

DURICHAS 2B DWW o202, " B (special attribute)’ 2FZE L 7-B%23H D £5, Zho0ENE
BREANDT 7 L ZAFEZREMT 20T, —RIZHBRICHHT 27200 DTRED D FX A, FRELED
EFRIIFRAEE X NS AREMED D D £ 3,
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3.2.1 None

CORMIZE—DEL DD FHA, ZOEEFHOAT Y22 PREE-DOULIFELEEA, ZOFTY =
7 M3 AIAALK None TP 7 RAEINET, 20X 7V M, HABRRBTEIFEELRZVWIZ L
HLET, Bl PRANCIEZ IR S 720 BRI None 218 L %9, None O EH (truth value) (3% (false)
T,

3.2.2 Notlmplemented

This type has a single value. There is a single object with this value. This object is accessed through
the built-in name NotImplemented. Numeric methods and rich comparison methods should return this
value if they do not implement the operation for the operands provided. (The interpreter will then try
the reflected operation, or some other fallback, depending on the operator.) It should not be evaluated

in a boolean context.
FEME implementing-the-arithmetic-operations # S L TL 2 & W,
N— a3 3.9 TELH: Evaluating NotImplemented in a boolean context was deprecated.

N— a v 3.14 TEHE: Evaluating NotImplemented in a boolean context now raises a TypeError. It

previously evaluated to True and emitted a DeprecationWarning since Python 3.9.

3.2.3 Ellipsis

CORIZBE—DEL2»HD $HA, TOEEROA T =27 PEILE =D ULPFELEEA, TOA T
Pz MIVT I ... £721F Python THEH SN TWB LR Ellipsis T 7R3N T, EHHEIZE
(true) T3,

3.2.4 numbers.Number

BEY 77 Mz ko TIERE N b, BMiEESPHAAADREMBEEIC L o TREINE AT =7 FTF, ¥
EA 7Yzl MIEBERRETT; —EEIMERINZ e, ZELEFEINZZLIEHD £¥ A, Python O
AT 27 PRIV ETHRCEFTEI L ZA20HME M BEBRLTVET, aya—XNTHIER
KRBT 2B SHIRZZ I TVWET,

=~

__repr__ () ¥ __str__ () POFHBEINTLEBUEY 7 ADOXXFHIRBUIIRD X 5 BRtE»rHdH £3:

o ZOXTFHNE, V7 AAVA T RIZE LI BT, TOBEDEEROF T =7 b RENT A
i EUEY 7 50T,

o TEZ1D, 102K LTREHZINET,

o« MUEDENZH S 1 DDX¥ RV T, RIGEZ 2 EnRERRENTEA,

o MNEEDHKRIZH B 1 DX O ERRVT, FICHAZZERIZERINEEA,

o HREBIENEBDO L 2OAFRENET,

Python distinguishes between integers, floating-point numbers, and complex numbers:
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numbers.Integral (E#)

BROUNE, B (EOBB L CADE) 2 RTHFAMNESNICE T 2 HR 2RI T 28T,

O IR

BHERGICHET 2HAIZ. AOBEEEDY 7 MNEERS YA ZHBICBVWT, RDEEERMBRISTE 2
IOKERENTVWET,

BREui: 2 S D £T:

B (int) i3
HIRR O #HiFH OF 2 R L 325, FAHATRER (REE) XE VI A XDHIROAZZITET, > 7 MEA
RYRAZHED DI 2 KB 2ROt EINE T, AORIFTSE v FHEICERIZIER TV
FOREREEZ 5 2 OMBRBOZTRINE T,

7' —L{E (bool) H
BED False & True R L £F, False & True KT 2 DDA T =27 FDABT—IUEA TS =
7 PTF, TNVBRIIEBEHEIOIRERTHY, FLAYDRNTERZN 0 2 1 DXSRIRZ2BEVE
T Biste LTFFc A iE - L 2322 "False" BX U "True" W\ 35 XFFIpRE
9,

numbers.Real (float) (E#)

These represent machine-level double precision floating-point numbers. You are at the mercy of the
underlying machine architecture (and C or Java implementation) for the accepted range and handling of
overflow. Python does not support single-precision floating-point numbers; the savings in processor and
memory usage that are usually the reason for using these are dwarfed by the overhead of using objects

in Python, so there is no reason to complicate the language with two kinds of floating-point numbers.

numbers.Complex (complex)
These represent complex numbers as a pair of machine-level double precision floating-point numbers. The
same caveats apply as for floating-point numbers. The real and imaginary parts of a complex number z

can be retrieved through the read-only attributes z.real and z.imag.

3.2.5 >—4 > XE (sequence)

These represent finite ordered sets indexed by non-negative numbers. The built-in function len() returns
the number of items of a sequence. When the length of a sequence is n, the index set contains the numbers
0, 1, ..., n-1. Item 7 of sequence a is selected by al[i]. Some sequences, including built-in sequences,
interpret negative subscripts by adding the sequence length. For example, a[-2] equals a[n-2], the

second to last item of sequence a with length n.

Sequences also support slicing: a[i:j] selects all items with index k such that ¢ <= £k < j. When used as
an expression, a slice is a sequence of the same type. The comment above about negative indexes also

applies to negative slice positions.

ST VAR E TR, BED P RT v T (step)” 28T XX ERD " HLERRA 5 4 R (extended slice)” ¥
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A—=PLTVET: ali:j:k] F. x =i+ n¥k, n>= 02D i<=z2<j THIEIBRA VT IR z &FD
X597 a BTOELZZHEIRL X7,

v AX, BEURERDDL, I TROWHATRFIENTVWET:

ZTELRHER S —7 >~ X (immutable sequence)

EHEARRIRY — 7 Y AOF 7Y 27 ME, —EAERSINLE ZOHEZEETLZ IR TEEFEA, (A 7V
MDA T Y =2 7 PADBRDB Ao TVEHE. ZREINTWE AT Y =7 PRIEEARERA TV =7 b
Th LS, ZOHEEBLEHEINZAREEDRDH D ET; Lo, EERRERA 7Y =27 M EEZRLTWE AT
Tl FOBEEHRE, EETLIENTEEEA, )

DUN ORNIZEEARE /2 > — o v AT Y

XFFHB (string) X
F4& Unicode 2— FRA ¥ M Z2RHT 2HDEH T, XFHHOLDa—FHRA ¥ b d U+0000
- U+10FFFF O TRHEINZ Z e A TE %9, Python iZ char BlZ2HH A, bz, XF
FFDOYDa— KRR Y FBREE " OXFHATI =27 Ve LTRHETE I N TEET, AA
AR ord () 13X FHI % U+0000 - U+10FFFF OHFIFHDEEBUCEI L £F, T/, HARAAE
¥ chr () ¥ 0 - 10FFFF O#HIPAOBKEZ NI T 2RE 1 OXXFINEN L £3, str.encode() &
TXAMLYA—T 4 Y7 %D 2L T str % bytes AT Z7DIMHES Z e B TEET, Fi.
bytes.decode() IZ XD ZDFHFEITTHILHTEZET,

2 7ILE (tuple) 2
TNVDERFIERD Python 72 =27 b T, “DOUEOEENSRB XTI NZ, L DEFEZERS
T2 TRYJ > THRL T, H—DBERN S5 K7 (BES 'singleton’) Z1F 21213,
BEPRETI2RXOBERICH V< E2DFFET (H—ORXLZITEEAIAEZERLERA, ZHUd. A%
IN—TFT 2 DIHFEMEZER 2 K5I LRITNE RS RVHASLTT ), EROE IRWAFEIND KT
BED LZEDRTITRD T,

bytes A
bytes object is an immutable array. The items are 8-bit bytes, represented by integers in the range
0 <= x < 256. Bytes literals (like b'abc') and the built-in bytes() constructor can be used to
create bytes objects. Also, bytes objects can be decoded to strings via the decode () method.

EEARER > —7 > ZE (mutable sequence)

ZHEAMFER Y =7 Y A AER LB TEET 2 e TEE T, LHARERY — 7 Y AT, IFERILPR
T A AR R M > THIRESINALBRICIAZIT) 22D TE, del (delete) XEMHi-> TEERHIRT 2 22D
TEXET,

O IR

The collections and array module provide additional examples of mutable sequence types.

Python 2RI AR ENTVWRIEEARER S — 7 Y AE, S0 ZADOTT:

1) X B (list) D
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A P OBERIFMEED Python A 72 =27 MITEE T, VR M AFENOFICH Y~ TRY SR
ZARTED ET, (BRI 0 1 O —F Y RAEMED DICRHRRGE N HIVER N LITFERL
TLEEW, )

INA ~E2FY
bytearray 7Y = 7 MIZHEATRERECYI TS, HAAAD bytearray() I A+ 7 7 X2 X o THE
MENET, ZHEAGERZ EZRIFE (0F Dy ¥ 2 b TERW), byte array (FZHETHERR bytes
FTIO 27 MEeRICA YR —T7 2 — R RERERTRIEL 3,

3.2.6 £5%

H£HINE, HFEORW, 22—V TRERF 7V 27 VOHEBEEGEREL T, 202D, (FF0) REx
oA VT I AT 7L RAFTEEREA, 2720, 47— MIAJRET, MAAABEE len() FHESDOE
FEREZRLET, EEHO—BIZMHECHIE, EEFELTWVELOEHRRT A, =7 Y APLDEED
PERR, HmES - FIEA - 2 - 0 Vo RECENREBEOE T,

HLEDHEHITIE, HEOF— v FAUHEEICET 2L — BRI E Y, SEREE OBEtEor —1
WHES ZEWHERLTLEE W, b L 2 00BIEDOHERESFEETH 2 (FIZEF 1 & 1.0) %5, 2055
D1 DODAEERIEDDIENTEET,

BE, 2 DOFHBALEEBHD $5:

£58 AJ
EBRESHTT, HAAAD set() AV A MF 7R TERIN, B2 5 add) BREDWL DHD X
Yy RTEHTEET,

Frozen set B4 N
EREERTT, HAIAAD frozenset() IV AT 7 XIZ X o> TIER E N E T, frozenset 1 IAE
T Ny adge ZDOT, JOESHOERICKR 72D, HEOFXF—ICTEILDTEET,

3.2.7 ¥YvE>JE (mapping)

FEDA VFIRBEETA VF I RMEEN, A7V 227 o R IEROESEZRRL 5, BRFERL alk]
3.k TA VT 7 REEENT-ERE a »OIBIRL T, BRI LERREZROPTHES e TE, KAR
del XDOMRIZT BN TEET, HAAABEM 1enO 13, vy PV IHNOBEZEKEERL 75,

Python IZEMH» HMARAENTVWE 2y B 7HIZ, 5D 25 —D272F T3

&R (dictionary)

BIEEBOMETA Y F I/ RENEA TV 22 v ok 2AROEAZERLET, F— (key) & LTHEZRWE
OM—DHNZ, VA MREH, ZLTATY 27 FORA—ETRIMETHEIN S Z Do ZE[ERAT
T ZAUE. HEEEIRSIRNICHEET S LT, 0Ny Y a @B FRETHZRELH 5720 TT, Bk %
FZMHSHE, F—HETE OBIEHEICB T 2 RANENET: ZOoDEIFELL L2358 (FIZIEX 1 &
1.0, EWCFHUHFEDZY PV ERTA VT 7R LTHES 22BN TEET,

HEIIBADIEFEZHFHLES, 2Fh. F—E3HBICGEMINERICEREIATHEET, BFEOXF—%
BEEHZTH, F—DEHFIEIEDLD FXA, F—ZFHIRLZZOBICHBATZ 2, TOEATIRZLHFEOR
giBEmEhxd,
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Dictionaries are mutable; they can be created by the {} notation (see section FHE&RTR).

$EIREY 2 —)L dbm.ndbm | dbm.gnu I, collections €V 22—l DX 512, GO~ v ¥ 7T DR % it
LTVWET,

N—Y a v 3.7 TEHE: Python DN— a > 3.6 Tk, HHIIHFAEFEZHREEL E¥ATL, CPython 3.6
TREAEFIIRFF SN E LD, ZHRUSRESNALFHEOARE WS XD ZOYRDFLELOME & A S
NTWVWE L%,

3.2.8 MUAH LATEER! (callable type)

BRI OO LHRE (PR L (call) BIR) 2175 2 e TE 3EITY:

1—HE&RBH (user-defined function)

I—VERBAHA T 27 ME BBEREZTS e TERIAE S (BAHES 2R). B, R5I%
(formal parameter) V X b LA CBMDERDB A o725V A P e e I ENET,

Special read-only attributes

B =

A reference to the dictionary that holds the
ISR (OIS function’s global variables -- the global namespace
of the module in which the function was defined.
None or a tuple of cells that contain bindings for
AT ST (GO0, the names specified in the co_ freevars attribute
of the function’s code object.
AT 2 MIJEMW cell_contents BHio T
WS, ZAUIENVDEZRET 2DITMAT, &

LDEZREZDICHFEZFT,

Special writable attributes

Most of these attributes check the type of the assigned value:
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B

=K

function.

function.

function.

function.

function.

function.

function.

function.

function.

function.

function.

doc_

__nhame__

__qQualname__

__module__

__defaults__

__code__

__dict_

__annotations__

__annotate__

__kwdefaults__

__type_params__

DO RFaXyyr—YaryFHTT, FFaX
VT — a UYBIRWIEGELX None 127D £5,

The function’s name. See also: __name__

attributes.

The function’s qualified name. See also:
__qQualname__ attributes

Added in version 3.3.

BB ERINTVWEEY 2 - LOARITY, £
Y 2 — VAR WG None IZ72 D 9,

A tuple containing default parameter values for
those parameters that have defaults, or None if no
parameters have a default value.

The code object representing the compiled func-

tion body.

The namespace supporting arbitrary function at-

tributes. See also: __dict__ attributes.

A dictionary containing annotations of parame-
ters. The keys of the dictionary are the parameter
names, and 'return' for the return annotation,
if provided. See also: object.__annotations__.
N— a ¥ 3.14 TZH: Annotations are now
lazily evaluated. See PEP 649.

The annotate function for this function, or None
if the function has no annotations. See object.
__annotate__.

Added in version 3.14.

A dictionary containing defaults for

keyword-only parameters.

A tuple containing the type parameters of a
generic function.
Added in version 3.12.

Function objects also support getting and setting arbitrary attributes, which can be used, for example,

to attach metadata to functions. Regular attribute dot-notation is used to get and set such attributes.

CPython RZE D #: CPython’s current implementation only supports function attributes on
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user-defined functions. Function attributes on built-in functions may be supported in the future.
Additional information about a function’s definition can be retrieved from its code object (accessible via

the __code__ attribute).

AVRRAVARX Y R
AVARYARAY 9 RATI 27 NI V5 A, V7R VARV ALEBEOMOH LAREL 7Y =2 b (@
Wi —FEREK) 2REOTET,

Special read-only attributes:

Refers to the class instance object to which the

method.__self_ _ method is bound

Refers to the original function object
method.__func__

The method’s documentation (same as method.

method.__doc__ __Func_ .__doc__)

A string if the original
function had a docstring, else None.

The name of the method (same as method.

method.__name__
__func__.__name__)

The name of the module the method was defined

IEENREL,  JTOCITO, in, or None if unavailable.

Methods also support accessing (but not setting) the arbitrary function attributes on the underlying

function object.

User-defined method objects may be created when getting an attribute of a class (perhaps via an instance

of that class), if that attribute is a user-defined function object or a classmethod object.

When an instance method object is created by retrieving a user-defined function object from a class via
one of its instances, its __self _ attribute is the instance, and the method object is said to be bound.

The new method’s __ func__ attribute is the original function object.

When an instance method object is created by retrieving a classmethod object from a class or instance,
its __self__ attribute is the class itself, and its __ func__ attribute is the function object underlying

the class method.

When an instance method object is called, the underlying function (__func__) is called, inserting the
class instance (__self__) in front of the argument list. For instance, when C is a class which contains
a definition for a function £ (), and x is an instance of C, calling x.f (1) is equivalent to calling C.f (x,
1.

When an instance method obje
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__self__ will actually be the class itself, so that calling either x.f (1) or C.£(1) is equivalent to calling
£(C,1) where f is the underlying function.

It is important to note that user-defined functions which are attributes of a class instance are not

converted to bound methods; this only happens when the function is an attribute of the class.

L —%E% (generator function)

yield X (yield X OffixBH) ZESBEMD LAEXAY vy FE Pz RL—2BH 3hEd, 20 L57%
BB X iz b 23EIC, BBOARKREETT 20122 1 TL—42 7927 bEiRLETS: 4
7L —& D iterator.__next__() XY v FERMUYHT L, yield X & - THEIIRMEX N5 F TR L5
TLET, BABD return XEFITT 2 080IE L L 213, Stoplteration flApNEHIZH, £ 71—
XPIBRFTREEOREFTEEL TVE T,

JJ)L—F > E3# (coroutine function)

async def ZfH L TERSI N AY v N2 JI—F VBB (coroutine function) LW EF, PO
HE N, 2D X5 BB coroutine A 7Y =27 P 2IBL % T, aL—F YBBUZ async with % async
for X2 T%L await REFDOZEHAHRKET, JN—FoFTIx Ik 2BRLTILEI W,

JEEHAS = % L — 2B (asynchronous generator function)

async def ZfHio TERIN., yield XEMFHL TV BB XY v K% asynchronous generator function
EMOET, 20X 2L, OtEhe & FEBHATL-F2 AT b RBELET, ZOF T
Y7 M async for XCEBDOAKREZETT2DIMRAF T,

JEFREHA 7L —RD aiterator. _anext__ XY v FENUHT 2, MOMENFELZIRTWVWS L EIT,
yield RZMHNEEZEMET 22 ZAFTUEEZHED 5 awaitable B L 5, ZDEMNLED return X
FITT5, LT OKD DICEEL 72 & X, StopAsyncIteration A5k &, IEFEIAA 7L —
ZIFHATAREEORZRICEFE L2222k D FT,

#8HAFHBE (built-in function)
A built-in function object is a wrapper around a C function. Examples of built-in functions are len()
and math.sin() (math is a standard built-in module). The number and type of the arguments are

determined by the C function. Special read-only attributes:
e __doc__ is the function’s documentation string, or None if unavailable. See function.__doc__
e __name__ is the function’s name. See function.__name__.

o __self__ is set to None (but see the next item).

e __module__ is the name of the module the function was defined in or None if unavailable. See

function.__module__.
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#0#HAH XY v R (built-in method)

This is really a different disguise of a built-in function, this time containing an object passed to the C
function as an implicit extra argument. An example of a built-in method is alist.append (), assuming
alist is a list object. In this case, the special read-only attribute __self__ is set to the object denoted

by alist. (The attribute has the same semantics as it does with other instance methods.)

52
Classes are callable. These objects normally act as factories for new instances of themselves, but vari-
ations are possible for class types that override __new _ (). The arguments of the call are passed to

__new__() and, in the typical case, to __init__ () to initialize the new instance.

ISADAVAZV R
FEEDI ZADA VAR YR, VFAT __call__ () XY v REERT DI THUOH LATREICR D £3,

3.29 E2a-I

Modules are a basic organizational unit of Python code, and are created by the import system as invoked
either by the import statement, or by calling functions such as importlib.import_module() and built-in
__import__(). A module object has a namespace implemented by a dictionary object (this is the
dictionary referenced by the __globals__ attribute of functions defined in the module). Attribute
references are translated to lookups in this dictionary, e.g., m.x is equivalent to m.__dict__["x"]. A
module object does not contain the code object used to initialize the module (since it isn’t needed once

the initialization is done).

BEORAZITI &, EY 2 — LOAFIZERFZEONETEH L ET HAIX n.x = 11&m.__dict__["x"]
=1 KEJE“C“TO

Import-related attributes on module objects
Module objects have the following attributes that relate to the import system. When a module is
created using the machinery associated with the import system, these attributes are filled in based on

the module’s spec, before the loader executes and loads the module.

To create a module dynamically rather than using the import system, it’s recommended to use
importlib.util.module_from_spec(), which will set the various import-controlled attributes to ap-
propriate values. It’s also possible to use the types.ModuleType constructor to create modules directly,
but this technique is more error-prone, as most attributes must be manually set on the module object

after it has been created when using this approach.

a4 3T
a /I,%

With the exception of __name__, it is strongly recommended that you rely on __spec__ and its
attributes instead of any of the other individual attributes listed in this subsection. Note that

updating an attribute on __spec__ will not update the corresponding attribute on the module itself:

>>> import typing
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>>> typing. _name__, typing.__spec__.name
("typing', 'typing')

>>> typing.__spec__.name = 'spelling'

>>> typing. _name__, typing.__spec__.name
('typing', 'spelling')

>>> typing.__name__ = 'keyboard_smashing'
>>> typing. name__, typing.__spec__.name

('keyboard_smashing', 'spelling')

module.__name__

The name used to uniquely identify the module in the import system. For a directly executed

module, this will be set to "__main__".

This attribute must be set to the fully qualified name of the module. It is expected to match the

value of module.__spec__.name.

module.__spec__

A record of the module’s import-system-related state.

Set to the module spec that was used when importing the module. See Module specs for more
details.

Added in version 3.4.

module.__package__

The package a module belongs to.

If the module is top-level (that is, not a part of any specific package) then the attribute should
be set to ' (the empty string). Otherwise, it should be set to the name of the module’s package
(which can be equal to module.__name__ if the module itself is a package). See PEP 366 for
further details.

This attribute is used instead of __name__ to calculate explicit relative imports for main modules.
It defaults to None for modules created dynamically using the types.ModuleType constructor; use

importlib.util.module_from_spec() instead to ensure the attribute is set to a str.

It is strongly recommended that you use module.__spec__.parent instead of module.

__package__. __package__ is now only used as a fallback if __spec__.parent is not set, and this

fallback path is deprecated.

N—3 a ¥ 3.4 TZH: This attribute now defaults to None for modules created dynamically using

the types.ModuleType constructor. Previously the attribute was optional.

N— 3 ¥ 3.6 TEHE: The value of __package__ is expected to be the same as __spec__.parent.
__package
defined.

is now only used as a fallback during import resolution if __spec__.parent is not
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N— a3 ¥ 3.10 TAHE: ImportWarning is raised if an import resolution falls back to __package__

instead of __spec__.parent.

N—Y a3 ¥ 3.12 THHE: Raise DeprecationWarning instead of ImportWarning when falling back

to __package__ during import resolution.

Deprecated since version 3.13, will be removed in version 3.15: __package__ will cease to be set

or taken into consideration by the import system or standard library.

module.__loader__

The loader object that the import machinery used to load the module.

This attribute is mostly useful for introspection, but can be used for additional loader-specific

functionality, for example getting data associated with a loader.

__loader__ defaults to None for modules created dynamically using the types.ModuleType con-
structor; use importlib.util.module_from_spec() instead to ensure the attribute is set to a

loader object.

It is strongly recommended that you use module.__spec__.loader instead of module.

__loader__.

N—3 a ¥ 3.4 TZH: This attribute now defaults to None for modules created dynamically using

the types.ModuleType constructor. Previously the attribute was optional.

Deprecated since version 3.12, will be removed in version 3.16: Setting __loader__ on a module

while failing to set __spec__.loader is deprecated. In Python 3.16 loader__ will cease to be

) ——

set or taken into consideration by the import system or the standard library.

module.__path__

A (possibly empty) sequence of strings enumerating the locations where the package’s submodules
will be found. Non-package modules should not have a __path__ attribute. See __ path

attributes on modules for more details.

It is strongly recommended that you use module.__spec__.submodule_search_locations in-

stead of module.__path__.

module.__file__

module.__cached__

__file__ and __cached__ are both optional attributes that may or may not be set. Both at-

tributes should be a str when they are available.

__file__ indicates the pathname of the file from which the module was loaded (if loaded from
a file), or the pathname of the shared library file for extension modules loaded dynamically from
a shared library. It might be missing for certain types of modules, such as C modules that are
statically linked into the interpreter, and the import system may opt to leave it unset if it has no

semantic meaning (for example, a module loaded from a database).

3.2.
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If __file__ is set then the __cached__ attribute might also be set, which is the path to any
compiled version of the code (for example, a byte-compiled file). The file does not need to exist
to set this attribute; the path can simply point to where the compiled file would exist (see PEP
3147).

Note that __cached__ may be set even if __file__ is not set. However, that scenario is quite
atypical. Ultimately, the loader is what makes use of the module spec provided by the finder (from
which __file__ and __cached__ are derived). So if a loader can load from a cached module but

otherwise does not load from a file, that atypical scenario may be appropriate.

It is strongly recommended that you use module.__spec__.cached instead of module.

__cached__.

Deprecated since version 3.13, will be removed in version 3.15: Setting __cached__ on a module

while failing to set __spec__.cached is deprecated. In Python 3.15, __cached__ will cease to be

) ——

set or taken into consideration by the import system or standard library.

Other writable attributes on module objects

As well as the import-related attributes listed above, module objects also have the following writable

attributes:

module.__doc__

The module’s documentation string, or None if unavailable. See also: __doc__ attributes.

module.__annotations__

A dictionary containing variable annotations collected during module body execution. For best

practices on working with __annotations see annotationlib.

—_—

N— a3 ¥ 3.14 TEH: Annotations are now lazily evaluated. See PEP 649.

module.__annotate__

The annotate function for this module, or None if the module has no annotations. See also:

__annotate__ attributes.

Added in version 3.14.

Module dictionaries

Module objects also have the following special read-only attribute:

module.__dict__

The module’s namespace as a dictionary object. Uniquely among the attributes listed here,
__dict__ cannot be accessed as a global variable from within a module; it can only be accessed

as an attribute on module objects.

CPython 23EY 2 —VEEZHIFRT 2 HEICE D, Y 2 —AHENEE LSRR >oTWwle LT
BEDHEIZEY 2 — AR A —ThoANLRICHIBRENE T, ThzellT212d, HEzar—7F
B, HEZEEE>TWAMEY 2 — L 2REFL TSN,
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3.210 hREZ LV S RE

Custom class types are typically created by class definitions (see section ¥ 7 ZE ). A class has a
namespace implemented by a dictionary object. Class attribute references are translated to lookups in
this dictionary, e.g., C.x is translated to C.__dict__["x"] (although there are a number of hooks which
allow for other means of locating attributes). When the attribute name is not found there, the attribute
search continues in the base classes. This search of the base classes uses the C3 method resolution
order which behaves correctly even in the presence of ’diamond’ inheritance structures where there are
multiple inheritance paths leading back to a common ancestor. Additional details on the C3 MRO used

by Python can be found at python_ 2.3 _mro.

When a class attribute reference (for class C, say) would yield a class method object, it is transformed
into an instance method object whose __self__ attribute is C. When it would yield a staticmethod
object, it is transformed into the object wrapped by the static method object. See section & X7 1) 7
A (descriptor) M32ZE for another way in which attributes retrieved from a class may differ from those

actually contained in its __dict__.
IIRAEBREERAT DI, 2D FADFHELINPEHEIN, HEZ 7 ROFHZTEHRL LA,

IIRXTY 2 bR T (LREEZ2R) b, 77 R4 Y RAVRAZERLET (P2 2R),
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Special attributes

Bt S

The class’s name. See also: __name__
type.__name__ attributes.

The class’s qualified name. See also:

type.__qualname__

type.__module__

type.__dict_

type.__bases__

type.__doc_

type.__annotations__

type.__annotate__()

__qualname__ attributes.

7 IANEBRINTVWBEY 2 —IILDEHI,

A mapping proxy providing a read-only view
of the class’s namespace. See also: __dict__
attributes.

A tuple containing the class’s bases. In most
cases, for a class defined as class X(A, B, C),
X.__bases__ will be exactly equal to (A, B, C).
The class’s documentation string, or None if un-

defined. Not inherited by subclasses.

A dictionary containing variable annotations col-
lected during class body execution. See also:
__annotations__ attributes.

For  best practices on  working  with

__annotations__, please see annotationlib.

HA4 3=z
a /I,E

Accessing the __annotations__ attribute of a
class object directly may yield incorrect results
in the presence of metaclasses. In addition,
the attribute may not exist for some classes.
Use annotationlib.get_annotations() to

retrieve class annotations safely.

N— 3 ¥ 3.14 TZH: Annotations are now
lazily evaluated. See PEP 649.

The annotate function for this class, or None if the
class has no annotations. See also: __annotate__

attributes.

oA =&
S AR

Accessing the __annotate__ attribute of

a class object directly may yield incorrect

38

results in the presence of metaclasses.  Use
=z = =
. B T—4ET)
annotationlib.get_annotate_function()

to retrieve the annotate function safely.

Added in version 3.14.
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Special methods
In addition to the special attributes described above, all Python classes also have the following two
methods available:
type.mro()
This method can be overridden by a metaclass to customize the method resolution order for its
instances. It is called at class instantiation, and its result is stored in __mro__
type.__subclasses__()

Each class keeps a list of weak references to its immediate subclasses. This method returns a list

of all those references still alive. The list is in definition order. Example:

>>> class A: pass
>>> class B(A): pass
>>> A.__subclasses__()

[<class 'B'>]

3.211 V5 RA 2 XE >R (class instance)

A class instance is created by calling a class object (see above). A class instance has a namespace
implemented as a dictionary which is the first place in which attribute references are searched. When
an attribute is not found there, and the instance’s class has an attribute by that name, the search
continues with the class attributes. If a class attribute is found that is a user-defined function object, it
is transformed into an instance method object whose __self _ attribute is the instance. Static method
and class method objects are also transformed; see above under ”"Classes”. See section & X7 1) 74&
(descriptor) MEE for another way in which attributes of a class retrieved via its instances may differ
from the objects actually stored in the class’s __dict__. If no class attribute is found, and the object’s

class has a __getattr__ () method, that is called to satisfy the lookup.

BEORACHIREZIT >, A VAKXV RADOHELEHLETH, J7RADHELENT LI EHh
Ao 7T AT __setattr ()R __delattr () XV v FRAEREINTWVWBIGE, BEA VAKXV ADFE
PEHTAZRODICINEDXAY v FBRETHINE T,

TR VAR AR, HEIREDEHDXY v REFoTVWARIGE, BiEESy -7 28, H0E~y
THRID XS WIRFES Ze BN TEFE T, FHRAVY FE 2BRLTLIZE N,

Special attributes

object.__class__

PIAAL VARV ABBLTWDE Y F AT,

object.__dict__

A dictionary or other mapping object used to store an object’s (writable) attributes. Not all

instances have a __dict__ attribute; see the section on  slots  for more details.
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3212 1/0 #T2x O b (Z7ANF T2V FDRIR)

file object 1FBADPNIZT7 7 ANERLET, 77 ANVF T2 b RAER7DDMAR a— bbby b3HD
%7: open() MAIABLBEE. os.popen() . os.fdopen() . V¥ v b4 7Y 27 b D makefile() XY v K
(53 \HIEIRE Y 2 — b BRI N B OBER A Y v F)

4727 b sys.stdin | sys.stdout B XU sys.stderr &, 4 VX TV XOFEUEA S, BEM S, B X
LS —HHA M) =2 MET 27 7 AT 7Y =7 MWt EnEd, ThHoEIRTTFA b
E— FTH24, io.TextIOBase IRV 7 AT Lo TERENA VX =T = — RITHEVE T,

3.2.13 AEE (internal type)

AR ZRBRNEANAE > TV BN L ODRNE, 2—FICRFHEINTVET, TOASDERIIFERDA ~
RTVEZDN—=Y a Y TREBXNZAEEMEDSH D 30, Z I TRIEBROEL2ED DIz TEE %3,

d—KFAT2zI b

A—-FF 7Yz ME NA RAVNAILENT (byte-compiled) FEATAIREZR Python 22— ¥, Jll# /N1 k
O—F 2RBELET, a—FA 7Pz 7 b eBA T2 7 POEWIE, A 79 =27 b BEHD 71—
NVER (B ER L TVWEEY 2 — D7 a—o0L) 1IN L TR 22 R o Tw s DL, a—
FATZ7I 27 MEaYyTHFAMDBRVEWVWI 2 TT; £, BEBA T 27 bTET 7 40 FSIEERE
BWCTEEID, a—FAT7Y =27 P TR TEERA (FTRICHEIN2HZ LRI T 270), AT =2
FEEWV, I-FATY 27 PEEEARARET, ZEAGERA 7Y =7 PADSRE (B, BERCHEDS )
BAERA,
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Special read-only attributes

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

co_name

co_qualname

co_argcount

co_posonlyargcount

co_kwonlyargcount

co_nlocals

co_varnames

co_cellvars

co_freevars

co_code

co_consts

co_names

co_filename

The function name

The fully qualified function name
Added in version 3.11.

The total number of positional parameters (in-
cluding positional-only parameters and parame-
ters with default values) that the function has
The number of positional-only parameters (in-
cluding arguments with default values) that the
function has

The number of keyword-only parameters (includ-
ing arguments with default values) that the func-
tion has

The number of [ocal variables used by the function

(including parameters)

A tuple containing the names of the local vari-
ables in the function (starting with the parameter
names)

A tuple containing the names of local variables
that are referenced from at least one nested scope
inside the function

A tuple containing the names of free (closure)
variables that a nested scope references in an outer
scope. See also function.__closure__.

Note: references to global and builtin names are
not included.

A string representing the sequence of bytecode in-

structions in the function

A tuple containing the literals used by the byte-

code in the function

A tuple containing the names used by the byte-

code in the function

The name of the file from which the code was

compiled

3pdefgbtayppegf irstlineno

codeobject.

co_lnotab

41

A string encoding the mapping from bytecode off-

sets to line numbers. For details, see the source
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The following flag bits are defined for co_flags: bit 0x04 is set if the function uses the *arguments
syntax to accept an arbitrary number of positional arguments; bit 0x08 is set if the function uses the
xxkeywords syntax to accept arbitrary keyword arguments; bit 0x20 is set if the function is a generator.

See inspect-module-co-flags for details on the semantics of each flags that might be present.

Future feature declarations (for example, from __future__ import division) also use bitsin co_flags

to indicate whether a code object was compiled with a particular feature enabled. See compiler_flag.
Other bits in co_flags are reserved for internal use.

If a code object represents a function and has a docstring, the CO_HAS_DOCSTRING bit is set in co_flags

and the first item in co_consts is the docstring of the function.

Methods on code objects

codeobject.co_positions()

Returns an iterable over the source code positions of each bytecode instruction in the code object.

The iterator returns tuples containing the (start_line, end_line, start_column,
end_column). The i-th tuple corresponds to the position of the source code that compiled

to the i-th code unit. Column information is 0-indexed utf-8 byte offsets on the given source line.
This positional information can be missing. A non-exhaustive lists of cases where this may happen:

e Running the interpreter with -X no_debug_ranges.

e Loading a pyc file compiled while using -X no_debug_ranges.

o Position tuples corresponding to artificial instructions.

e Line and column numbers that can’t be represented due to implementation specific limitations.
When this occurs, some or all of the tuple elements can be None.

Added in version 3.11.

0 R

This feature requires storing column positions in code objects which may result in a small
increase of disk usage of compiled Python files or interpreter memory usage. To avoid stor-
ing the extra information and/or deactivate printing the extra traceback information, the -X
no_debug_ranges command line flag or the PYTHONNODEBUGRANGES environment variable can

be used.

codeobject.co_lines()

Returns an iterator that yields information about successive ranges of bytecodes. Each item yielded

is a (start, end, lineno) tuple:

o start (an int) represents the offset (inclusive) of the start of the bytecode range
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o end (an int) represents the offset (exclusive) of the end of the bytecode range

e lineno is an int representing the line number of the bylecode range, or None if the bytecodes

in the given range have no line number
The items yielded will have the following properties:
o The first range yielded will have a start of 0.

e The (start, end) ranges will be non-decreasing and consecutive. That is, for any pair of

tuples, the start of the second will be equal to the end of the first.
e No range will be backwards: end >= start for all triples.
o The last tuple yielded will have end equal to the size of the bytecode.

Zero-width ranges, where start == end, are allowed. Zero-width ranges are used for lines that

are present in the source code, but have been eliminated by the bytecode compiler.

Added in version 3.10.

& 2E

PEP 626 - Precise line numbers for debugging and other tools.
The PEP that introduced the co_lines() method.

codeobject.replace ( **kwargs)

Return a copy of the code object with new values for the specified fields.
Code objects are also supported by the generic function copy.replace().
Added in version 3.8.

7L —L (frame) 772V b+

Frame objects represent execution frames. They may occur in traceback objects, and are also passed to

registered trace functions.
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Special read-only attributes

frame

frame

frame

frame

frame

frame

.f_back

.f_code

.f_locals

.f_globals

.f_builtins

.f_lasti

Points to the previous stack frame (towards the

caller), or None if this is the bottom stack frame

The code object being executed in this frame.
Accessing this attribute raises an auditing event
object.__getattr__ with arguments obj and
"f code".

The mapping used by the frame to look up lo-
cal variables. If the frame refers to an optimized
scope, this may return a write-through proxy ob-
ject.

N—a ¥ 3.13 TZH: Return a proxy for opti-
mized scopes.

The dictionary used by the frame to look up global

variables

The dictionary used by the frame to look up

built-in (intrinsic) names

The "precise instruction” of the frame object (this
is an index into the bytecode string of the code

object)

44
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Special writable attributes

frame.f_trace

frame.f_trace_lines

frame.f_trace_opcodes

frame.f_lineno

If not Nome, this is a function called for various
events during code execution (this is used by de-
buggers). Normally an event is triggered for each
new source line (see f_trace_lines).

Set this attribute to False to disable triggering a

tracing event for each source line.

Set this attribute to True to allow per-opcode
events to be requested. Note that this may lead
to undefined interpreter behaviour if exceptions
raised by the trace function escape to the func-
tion being traced.

The current line number of the frame -- writing
to this from within a trace function jumps to the
given line (only for the bottom-most frame). A
debugger can implement a Jump command (aka

Set Next Statement) by writing to this attribute.

Frame object methods

TV—LF 727 MEIAY Y F2—D%R—FLET:

frame.clear()

This method clears all references to local variables held by the frame. Also, if the frame belonged

to a generator, the generator is finalized. This helps break reference cycles involving frame objects

(for example when catching an exception and storing its traceback for later use).

RuntimeError is raised if the frame is currently executing or suspended.

Added in version 3.4.

N— a3 v 3.13 TEHE: Attempting to clear a suspended frame raises RuntimeError (as has

always been the case for executing frames).

FL—ZXNw¥ (traceback) 77 b

Traceback objects represent the stack trace of an exception. A traceback object is implicitly created

when an exception occurs, and may also be explicitly created by calling types.TracebackType.

N—3 a ¥ 3.7 TZH: Traceback objects can now be explicitly instantiated from Python code.

For implicitly created tracebacks, when the search for an exception handler unwinds the execution stack,

at each unwound level a traceback object is inserted in front of the current traceback. When an exception

handler is entered, the stack trace is made available to the program. (See section try 3.) It is accessible

as the third item of the tuple returned by sys.exc_info(), and as the __traceback__ attribute of the

3.2. REROME
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caught exception.

When the program contains no suitable handler, the stack trace is written (nicely formatted) to the
standard error stream; if the interpreter is interactive, it is also made available to the user as sys.

last_traceback.

For explicitly created tracebacks, it is up to the creator of the traceback to determine how the tb_nezt

attributes should be linked to form a full stack trace.

Special read-only attributes:

Points to the execution frame of the current level.
traceback.tb_frame

Accessing this attribute raises an auditing event
object.__getattr__ with arguments obj and
"tb_frame".

Gives the line number where the exception oc-

traceback.tb_lineno
curred

Indicates the "precise instruction”.
traceback.tb_lasti

The line number and last instruction in the traceback may differ from the line number of its frame object

if the exception occurred in a try statement with no matching except clause or with a finally clause.

traceback.tb_next

The special writable attribute tb_next is the next level in the stack trace (towards the frame

where the exception occurred), or None if there is no next level.

N— g ¥ 3.7 TZH: This attribute is now writable

254 R (slice) #72x¥ k
ATARFT T2 MiEk, __getitem _ () AV v ROIZDDATAAERTORMMEONE T, RIALRET
Pzl MIHAIAAD slice() BETHAERINE T,

AHLEHORHREN: start I TRTT; stop & ERTT; step FRAT v TOMETT; ThZ2hEMX
N7GEE None ER-oTVWET, ZNLOBEBMHIIEEORZETET,

AFGARF TSI 27 MERXRY w Re—DH¥R—-FLET:

slice.indices(self, length)

ZDXY v FIZBE—DOBEEBIE length ZID, AT ARFTI =7 WD length BRED > — & > AITiH
HEINee 2ICRBT 2. A74 AT HEMEZFRALET, 2OXY Y FE 3 20¥ED» 642
RINVERLUET; ZNZEN start BLUY stop DA YT v 7R, step TRODBRATA ADEER
TS, 4 VT v 7 AEDRVD, BENDETHNUL, BEDRITA AL EDLLRVWR Y = THbh
£7,
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XY v R (static method) 77217 b+

EEIXY v Fid, ETHHLEZISRBEBA T2 7 b 2o X Yy FATY 27 bAOEHEHIEST 272D
FEZRBELET, XY vy FA TV 27 VEMOM 2O 7Y 27 b, BEIEFZI-VFERXY v FE T
P NPT vRTT, BHXAY Y RETIRART TR, VARV ADLEET 5, EBRIGRXN S A
727 MR Ty TEINA T2 MiTk D ZAL EREBONRITIEZLD FEA, BHXY v FET
Y MIEEMOHLARERA 7Y 27 Ve oy PLETH, B4 7Y 27 N BREEOH LATEETT,
FA 7Y = 7 MM AAA T Y A T 7 & staticmethod() THEMINE T,

PDIZARXRY Y RFATSz U+

A class method object, like a static method object, is a wrapper around another object that alters the
way in which that object is retrieved from classes and class instances. The behaviour of class method
objects upon such retrieval is described above, under “instance methods”. Class method objects are

created by the built-in classmethod() constructor.

3.3 %XV Y F4

72 AE, FRBRARTDOXA Y v FRERL T, R (BEMEERIRA TR, A 74 AKLRY) 12X
ZRPEDQHEZHEETEE T, T, Python OB T I — Na— K (operator overloading) ~D7 71—
FTT, ZHED, 7RI EFEOHAEFIIN T 2MBADIRLI B VEZERTEE T, HIRIX H27F R
2 __getitem _ () EWIEZRIDRAY v FEERLTBD, x BIDITTADA VARV ATHB2LT 5L,
x[i] & type(x) .__getitem__(x, i) ZIFFFHM TS, FRTERDOLRVRD | YR XY v RBERINT

WRWE E 2O LD REEEZHAS LHIS (70T WX AttributeError 2 TypeError) 23 & E T,

RIEX Y » FIZ None ZRRET 5 Z 2lid, ZHICHIDT 2HEEDSFHTE W e 2EKRLE T, HlIZIE. 7
F2AD __iter _() % None WRE LGS, DI 7 RAFATI7NMIERELT, FDAL VAR ZTH
L iter() ZMUHTE (__getitem _ (O PR XN TIZ) TypeError A L E3,

MAAATEZ LTI 2L - TR0 FARFELT I Zd, BHir I AT 27 ML o TEWD D % HiPH
WKRER L YDLZOPEETT, HlZIE, $53—r Y 2A3MHALOEROBFIIEZLALH b LAEE
AD, RF7A4ARADERPERZZRZIRVD2D LNERA, (WBC DFRFXFa2 X A7 bPETAICH D
NodeList f ¥ X —7 =z =AW ZD—fITT, )

3.3.1 EXNBHREZIAX

object. __new__(cls[, ])

7R cls DFILVWA Y AR A E2 DO EINE T, __new _ O FFFIXY v R T (ZDX
Yy RIFRARWE ATV 20T, PIRIICHNIA Y v FEESTE2HEEH D FRA). A VRE Y
RAEERT D EIOBEREINTVE 77 R2F 58I T, RYOFHEATV=7 boaryx b
S ZDR (ZF7ADFFH L) KEENET, __new ) ODRVEEFFLVATS =7 FDOf VR

RYA (BHEE cls DA YRRV R) TIRIFNUIRD FEA,

BRI R SREECLE, 7 9 RO A VAR R BT % L 2121% super ). __new__(cls[, ...

*2 The __hash__(), __iter__()
have special handling for this. Others will still raise a TypeError, but may do so by relying on the behavior that

reversed__ (), __contains__(), __class_getitem__ () and __fspath__() methods

fJ—

None is not callable
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D WETREIBERELTRA—Z 5 ZAD _ _new () XY v REREULH L. Hi-cEREhnrz4 >
AR AR BREBEMATrLLRLE T,

L _new (OB AT =27 bOERFICETHIN, cls DA Y ARV AEIRLIZHEICIE,
__init__(self[, ...]1) DEIRLTH LA Y ZARYAD __init__ () BPEFHEIAET, 20
EE self 3HITERSINIA VAR VAT, RODOGIBIIA TS =27 bary A o7 &IZEEINT:
S EFETICRD £,

_mnew () MWecls DA VARV ARRIZWEGE, A VAXVAD __dnit__ () XY v FENUHE
NEH A,

__new__ () OEZHMI, EETEERE (int, str, tuple B E) OV T 5 RATA Y ARV RER % H
ARIARTBILITHDET, £/c. VIRERENRZRART212DIT, WARLDRART TR
TELLA—N=F 4 FENEFET,

object. __init__(self[, ])

A VRARYAN (__new__ () ITXoT) ERINite. ZADPECH LITIRXI NS FHICFFIH X
35, 5lBUEI7 S RADa AN 7 ZRWCELZSDTT, HEIZ IR ZDIRES FANE HIT
_anit._ O XV v FEEOEE, IREZSZAD __dnit._ () XYy FREEZ XD _dnit__ ()
XYy FERIIECHL T, £ Y RAZX Y RADORIKY 5 ZE5 NIt s 2 2 REE LR T
b A, Iz, super().__init__([args...]) o

_new__ (O r __dnit__ O WFEELTAHII 27 bEWKT S (__new _ O DMERL. __init__ Q)
MENEAARRAXTS) DT, __init__ () »»5HIF None HZIRLTITWITERA; Z5LTLE
9 &, EITKHIZ TypeError EHEINTLEVE T,

object.__del__(self)

AVRARVAPWERERIND L ZWRPTHEINET, ZHE 774 F 749 GHYUITIED D £HAD)
TR 7R BMEINET, BIKZ 72D __del__ () XV v FEFH->TVWREAIE. IREZ 72D
_del__ (O XYy RigIchi, HEZIRXD __del__ () XY v FEHRINIFFIHLT, £ VAR
VADRIEY 7 AETE EH A L HERICHIBRL R T AUIR D £8 A

_del__ O XYY FPWRERLEILLTVES VARV ZANDH LWSRZIED, WEZELES Z
ik (HERIARVWDHOD) AIRETT, ZAUIA TV =27 b0 8F LIFENE S, BIGLIA T 22
FOFEEHESINDERNIC __del__ () BPFEFHEINZ 0 E S DIIEEKEFETT,; HIED CPython ©
FLETERYO—E LS ER A

It is not guaranteed that __del__ () methods are called for objects that still exist when the
interpreter exits. weakref.finalize provides a straightforward way to register a cleanup function

to be called when an object is garbage collected.

0 iIW
del x XEHE x.__del__ () ZMUHLEVA - iEZEEX x DSEHIY Y 2 1 DES L, BEIZ
X DBV N 0 FTELLEDARUTHINE T,

CPython E#IZE®DFEHM: It is possible for a reference cycle to prevent the reference count of an
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object from going to zero. In this case, the cycle will be later detected and deleted by the cyclic
garbage collector. A common cause of reference cycles is when an exception has been caught in a
local variable. The frame’s locals then reference the exception, which references its own traceback,

which references the locals of all frames caught in the traceback.

> BE

gc ETa— LD FFaXh,

A

XYy R __del__ O BALERKNTHOH SN S 72D, ETHICRE L AN EH S,
D DIT sys.stderr IWELHNRTINE T, FHT:

g

==}
=

o __del__OF EEDOa—-FBETINRTVE L X, (EEDORL Yy F2LFFECHEE T,
__del__ ()T, By Z%&Woh, 7Rv 2330V —RRMUEHLAED TE2LENH S
Bh. __del__ O DFTICEYHWiEh/za—FIckb, 20V Y —28BEBEIATY
T, 7y Ray 7REE32b LOAERA,

o _del__OBR AVERTVEDY vy PR VHIZETTEES, HoT. (DET 22—
NBED) 77 RTEBENRD S 70— VEBIZ T TIHIBRE ATV S %, None I3
EENTVWE0D LNLEYA, Python i, H—D7 VX —Ra 7 THEZ LD 77—
NATY =227 MR D7 e — NVERDHIRS N SHNCEY 2 — A bHIRENS Z 2
RIELET; 2D X570 — VEHADOMD 5 DSRHBTFEE L RWEE. __del__ () X
YV ERIENRET, 4 Y R— P INEED 2 — A ELFHAETH 3 2 & 2 RIET
DI ODD LILER A,

object.__repr__(self)

repr ) MAAHLBEBIC L o THUHIEN, A7V 27 F2RT TAROD (official)) XFINZFHAL %
T ATRER . AU (BEYIRIRED G Z Shiud) RICEOA 7Y = 7 F 2 BAERT 2012 5.
#h7s Python RO LS5 B bDTHHRNETT, TERWVWARDL, <...some useful description...>
RO FHNHPRENZNETT, ROERXFINL TS =7 P TRINERD FEA 757 A
__repr__ () BERLTOVT __str__ O EEBLTVWARINR, 27 F7RADA VARV AD TFER
A D (informal) | XFFIRBDPERZ N 212D __repr__ O PMELNET,

This is typically used for debugging, so it is important that the representation is information-rich

and unambiguous. A default implementation is provided by the object class itself.

object.__str__(self)

Called by str(object), the default __ format__ () implementation, and the built-in function
print (), to compute the “informal” or nicely printable string representation of an object. The

return value must be a str object.

__str__ (O PE#MK Python RHZIRT Z PR INRVE VI RT, ZDAY v R object.
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__repr__ () LIZFEED 9 K@M, FLEBMEREERAZEHT LI NTELT,

FHAAABEL object IZ X > TERSNZT 7 40 FEEIL, object.__repr _ O ZFFUHLET,

object.__bytes__(self)

Called by bytes to compute a byte-string representation of an object. This should return a bytes
object. The object class itself does not provide this method.

object.__format__(self, format_spec)

format () MAAABEE, X HWE T+—<T v MEAXFHI TZIL OFFli. str.format() XV v
FIZEoTHUHEIh, A7 =227 bD 7 73— v MEENT (formatted)” XFFIRTEZIED £
T, format_spec 518UF. BERT x—< v MbA T a Y DR EELXFYNTS, format_spec 5l
BRI, __format__ () BFET AN EID FITH, LAY DT T RAIHMARAAEDWT AN
74—y MLEZEELED, AL 57 +r—~vy MEA T > a VRV ET,

BUED 7+ —< v MEX DRI, formatspec ZBMR L TL7ZE W,
ROMEEIXFHN AT 27 b TRIFNERD FHA,

The default implementation by the object class should be given an empty format_ spec string. It

delegates to __str__ ().

N—=YaVv 3.4 TEHE: BTROWLFINPEINZEE object HHD _ format_ XYV v FiX
TypeError ZiXHHi L %9,

N—=Y a3 3.7 TEH: object.__format__(x, '') X format(str(x), '') Tid%< str(x) &
Effiicin h £ L7

object.__1t__(self, other)

object.__le__(self, other)

object.__eq__(self, other)

object.__ne__(self, other)

object.__gt__(self, other)

object.__ge__(self, other)

B VWbw3 7 IEEREIEER (rich comparison)” XY v R TF, HETIYRLE XY v RADON
JSEL T D@D TS : x<y & x.__1t__(y) ZMUEHLFET; x<=y & x.__le__(y) EMUHL ZT;
x==y & x.__eq__(y) ZMFUHLET; x!=y X x.__ne__(y) EMUHLET; >y & x.__gt__(y)
ERECHLET; o=y & x.__ge__(y) ZFFHL T,

A rich comparison method may return the singleton NotImplemented if it does not implement
the operation for a given pair of arguments. By convention, False and True are returned for a
successful comparison. However, these methods can return any value, so if the comparison operator
is used in a Boolean context (e.g., in the condition of an if statement), Python will call bool ()

on the value to determine if the result is true or false.

By default, object implements __eq__ () by using is, returning NotImplemented in the case of a

false comparison: True if x is y else NotImplemented. For __ne__ (), by default it delegates
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to __eq _ () and inverts the result unless it is NotImplemented. There are no other implied
relationships among the comparison operators or default implementations; for example, the truth
of (x<y or x==y) does not imply x<=y. To automatically generate ordering operations from a

single root operation, see functools.total_ordering().

By default, the object class provides implementations consistent with fEDLEER: equality compares
according to object identity, and order comparisons raise TypeError. Each default method may

generate these results directly, but may also return NotImplemented.

HARLDHHEZ Y R—F L TWT, HEOF—IZHS N TELZ Ny 2arfE A 7Y =27 b
PED L EOEBREEAICOWT, __hash__ () DFF a2 XY FPARKELPNLTWEZDOTSHRLTL
W,

There are no swapped-argument versions of these methods (to be used when the left argument

1t__ O and __gt__ 0O

are each other’s reflection, __le__ () and __ge__ () are each other’s reflection, and __eq__ () and

does not support the operation but the right argument does); rather, __
__ne__ () are their own reflection. If the operands are of different types, and the right operand’s
type is a direct or indirect subclass of the left operand’s type, the reflected method of the right
operand has priority, otherwise the left operand’s method has priority. Virtual subclassing is not

considered.

When no appropriate method returns any value other than NotImplemented, the == and != oper-

ators will fall back to is and is not, respectively.

object.__hash__(self)

HAIAAD hash() BIEP. set, frozenset, dict DL Iy v a%fliofzal 7y a VARIOER
RS 2ELSIEOHENE T, __hash () XAV v FIIBHEEZRILRTNIRD FHA, ZODX
Vo FITRERME R, EEREAFELWA T 27 MEEITCAAY Y a2 o WS 22T, 47
V7 bR TR ETHHHINZEREX INCHED Ty Y 2fHZHET ST, Zh2h
DHEREDNY > 2f@ZRET LI EZBTITOLET,

def __hash__(self):

return hash((self.name, self.nick, self.color))

0 IR

hashO) 3472 =27 MHRED __hash__ () XY v FHRTIE% Py_ssize_t DV A4 XD Fh
%3, ZHE 64-bit TEALRINTWVWEE 8 NA T, 32-bit TEALFEINTWVWBRYE 4 N1 T
To ATV bD __hash__ () BERKDB bit 4 DL R THAMMMENIMBETD 2HE1E, &
TETOVR—FFTHENRD bit IBEZF v 7 LTLIZEWN, £5F 5HHRFIEIT python —¢
"import sys; print(sys.hash_info.width)" #7323 T,

IIRAD __eq _ () AV FEERBLTVRVWAERS, __hash__ () XY v RHEFRLTWERDERA;
TIAN __eq (O BERELTVTSD __hash__ () ZERLTOVRVARDL, 204 Y ARV RAEFNY
SanfEal sy avOBERZE LTHRAERA, VIR Ia—RINRBRI T2 M eERLTE
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D, __eq O XYy FEFEELTVWSERS, __hash__ O ZERLTIRDERA, 2RI NyPa
AHEE aL 27 aYDEBEIBWTEF—DONy Y aBNA I 2a—RTNVTHEIePERIATHE D
LTS (A7V27 Dy Y2l ZEILT S, o7y 2237 Y: hash bucket ICA->TLE
L\ij—)o

User-defined classes have __eq _ () and __hash__ () methods by default (inherited from the

object class); with them, all objects compare unequal (except with themselves) and x. __hash__()

returns an appropriate value such that x == y implies both that x is y and hash(x) == hash(y).

_eq ) EBA—=—N—=F4 FLTWT __hash__() ZEFELTVWRWVWST XTI, __hash__( &
MEERAYIC None WICRRESINE T, 7T AD __hash__() XY v F25 None DHE, ZTDY 7 ADA
VARVADNy Y afBERBIEL X5 3B it TypeError 2iEH 41, isinstance(obj,
collections.abc.Hashable) TFz v 732Ny P2 fRERDBDE LTIELSFB#HEINZE T,

_eq O BRF=N=FARLETIIADPEI FADED __hash__ () O EEREFEFLZVWES, B
JREYIZ __hash__ = <ParentClass>.__hash__ ZET A I LT, ZNEA VX T ) RIEA T
IR H A

_eq _ O EBF=N=FAL RLTVRVI IZABANY ¥ 23 KR— bE2HHILZWIEA, 77 AERIC
__hash__ = None Z&®TLZE VWV, 7 F7 AHHTHRNIZ TypeError ik 5% __hash__ () %
EFKT 5, isinstance(obj, collections.abc.Hashable) FEUH L TiR»> Ty & 2 AJBE & ik
MENBTL &I,

0 IR

T 7 4V b TR, XFENeNA MO __hash__ O EIETHARATRER Z VX LET ” YL Eh
F3, Ny Y 2 fHIZEMD Python 7 vt AN TIZEMTH DHilr £ 35, Python Zi#EDiR UL
B amic, PRHITERS LD ET,

This is intended to provide protection against a denial-of-service caused by carefully chosen
inputs that exploit the worst case performance of a dict insertion, O(n?) complexity. See

http://ocert.org/advisories/ocert-2011-003.html for details.

Ny Y afEOEFEIX, FEDA T L —2 a VIEFICHEL £3, Python 1 Z DIERAHT 2 REE L
TVWERA (2 L THE 32-bit & 64-bit DI THELRD 7).

PYTHONHASHSEED H SR L TL /2 &\,

N—=VaY 33 TEH: "> adDF7YRLMEBT 7+ b THEINZRD F L7,

object.__bool__(self)

Called to implement truth value testing and the built-in operation bool (); should return False
or True. When this method is not defined, __len__ () is called, if it is defined, and the object

is considered true if its result is nonzero. If a class defines neither __len__() nor __bool__Q)

(which is true of the object class itself), all its instances are considered true.
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3.3.2 BHEY I ERZHREIAXTS

UFDRXAY v REEERLT, JI7AL VYRRV ANDENET 7+ A ( x.name Offiffl, x.name ~DILA.
x.name DOHIFR) DERZARAZIA XTI ENTEET,

object.__getattr__(self, name)

Called when the default attribute access fails with an AttributeError (either
__getattribute__ () raises an AttributeError because name is not an instance attribute or an
attribute in the class tree for self; or __get__ () of a name property raises AttributeError).
This method should either return the (computed) attribute value or raise an AttributeError

exception. The object class itself does not provide this method.

Note that if the attribute is found through the normal mechanism, __getattr_ _ () is not called.
(This is an intentional asymmetry between __getattr__ () and __setattr__().) This is done

both for efficiency reasons and because otherwise __getattr_ _ () would have no way to access

other attributes of the instance. Note that at least for instance variables, you can take total
control by not inserting any values in the instance attribute dictionary (but instead inserting them
in another object). See the __getattribute__ () method below for a way to actually get total

control over attribute access.

object.__getattribute__(self, name)

PIADA VAR RAIHT BT 7 e A2 RET 5010, BRI EhES, 75
2D __getattr _ () BERLTWVBIHA. __getattr__ () 1. __getattribute__ () THHRINIC
FEO S 20, AttributeError BIAAZ X LA WR D IZN T E A, TOXY vy Fid FHRE )
JEMEAEZ K 3 2>, AttributeError Bt Z X L3, TDX Y v FOHRANIERZ SO
NTLES0%[ D, EEOBICEFE I, BEREEHETADT 72 AT, HlZIE object.
__getattribute__(self, name) D XS IREI FADX Y v RERUBEMHELZ M > TIEEH X R
TR D FR A

0 R
This method may still be bypassed when looking up special methods as the result of implicit
invocation via language syntax or built-in functions. See ¥k XY v FIRE&.

X2V 74 CEHB K57 obj & name ZEL TD object.__getattr__ Zfioz@ME7 7 X
W EEEANY D BEHLET,

object.__setattr__(self, name, value)

BHEDORAD KA L NIZIRICEOCHENE T, ZHUTEEORADERE (DB, 1 VAKXV AFE
ANDEDRA) OO DI ENE T, name ZBEH T, value \ZZDEMHEITRAT 2HETT,

__setattr__ () OFTA VARV ZABUEANDRADBDER S, BEZ JADINEFCARIDRAY v
RFEFFOCHXIRFUIRD /A, BIZIE, object.__setattr__(self, name, value) & LEF T,

FxF 2V T4 CHlDHZ L5 obj & name ¥ value ZE L TD object.__setattr__ ZfHio 2@
DT7HANE EEARY S ZEELET,
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object.__delattr__(self, name)

__setattr__ O PTWETH, RATRELIEDOHFRZITVWE T, TOXY vy F2EET DI,
F7Y 27 Mt 2T del obj.name HERDD 2 HERIFITLRITNIRD FHA,

X2V 74 ICBHB K57 obj & name ZE L TD object.__getattr__ = @ MEDHIFRIX
BfRANY N ZEHLE T,

object.__dir__(self)

Called when dir() is called on the object. An iterable must be returned. dir() converts the

returned iterable to a list and sorts it.

ECa2-ILOBRYETIERENDRAEZIAXTD

Rk 72 R0 __getattr__ & __dir__ b, TV a2 —LVEUEND T 72 ZAE I ZAEXA X T B DIfE
ZET, EYVa2a—ILLRLOD __getattr__ BABIIEMEATH 2 1 5| EZITWD., FELLELZERET
7> AttributeError ZE ML EF, BUENEI 2 -V F TPz 7 0o, BEOMEK, DF D object.
__getattribute__ () TR 515 o 728551, AttributeError X T 2HIC, TV 2 —1 D
__dict__ 25 __getattr__ MR INF T, Affdr-oEEE Z0BEBEATHIHEIN, BERINIR
SINET,

The __dir__ function should accept no arguments, and return an iterable of strings that represents the

names accessible on module. If present, this function overrides the standard dir () search on a module.

X DML VRETOEY 2 —LOEHE (JBEST BT 4 ORERY) DIRARIA ZDTDIT, £ 2a—)L
F 727 D __class__ JEMEIC types.ModuleType DV 77 I ANKETEE T, FIZIERD LS I1THk
DE3:

import sys

from types import ModuleType

class VerboseModule(ModuleType) :
def __repr__(self):

return f'Verbose {self. name_ _/}'

def __setattr__(self, attr, value):
print(f'Setting {attr’...')

super () .__setattr__(attr, value)

sys.modules[ _name__]._ _class__ = VerboseModule

O IR

EYa2—LD __getattr__ BEFEL7D __class__ ERELDLTH, BERDHIOIENE T 7+
ADEIBMFEDONBZMEBIZNITTT - Y 2—LD globals NOEET 7L RAE (£ 2 —LADIT— RhH
HEEY2—LD globals DEH HTH) HELZITERA,
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N—=Tay 3.5 TEH: TV a2—LDEM% __class__ DEXAAAREICAZD F LTz,

Added in version 3.7: __getattr__ EY a2 —VEME __dir__ EY 2 —EM.

> B

PEP 562 - €2 a—J)L® __ getattr___ & _ dir___ £
Ja—LD __getattr__ BB LU __dir__ BIEDFA,

FRZYU1) T2 (descriptor) DRE

The following methods only apply when an instance of the class containing the method (a so-called
descriptor class) appears in an owner class (the descriptor must be in either the owner’s class dictionary
or in the class dictionary for one of its parents). In the examples below, ”the attribute” refers to the
attribute whose name is the key of the property in the owner class’ __dict__. The object class itself

does not implement any of these protocols.

object.__get__(self, instance, owner=None)
F—F =052 (Z7RBWNT 7 RRADGE) . VF7ADA VARV R (L AR REWT 7k R

DIGE) DEMEIUSFHICEOH XNE T, instance B L TEMEE 7 7R T 2RI, 732D
owner 5IBIEA —F—2 5 X TF, owner ZIB LU TEMET 7 ZAF % ¥ %X None TF,

ZOXY vy RiE, BHEENBEBHMEEIR T2, AttributeError At EEH L 3,

PEP 25213 __get__ O Z 12922005 8ZF oMU LATREA 7YV 27 FVTHI L ERLTVE
3, Python DfEAAAD TR Y FRIZOAEYR— P LTVETHE, ¥—F—FT18DY—
ANOHIZIEH A DG IHERBEL T2dDbH D FF, Python D __getattribute _ () FEITNED
5L LT. MAHFDOGIBEFEICEL ET,

object.__set__{(self, instance, value)
F—F =0 FADA VARV R instance L OB FTI0ME value ITRRE T SRR ENE T,
__set__ () HDIWIE __delete__ () ZBEMT 2L, TRIZVFRIE [F—=RFRZ YT &) ZEDD
9, Al TRIVTEZOFUVHL 2ZRBLTLZ3W,

object.__delete__(self, instance)

F—F—TFADA VAR A instance LOBEERHIRT 2BRICHOHEINE T,
Instances of descriptors may also have the __objclass__ attribute present:

object.__objclass__

The attribute __objclass__ is interpreted by the inspect module as specifying the class where
this object was defined (setting this appropriately can assist in runtime introspection of dynamic
class attributes). For callables, it may indicate that an instance of the given type (or a subclass)
is expected or required as the first positional argument (for example, CPython sets this attribute

for unbound methods that are implemented in C).
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TRV TZOFUHL
—MICT A7 Y TR eE, R R B3 281F (binding behaviour)” b 04 7V 27 VEKEDZ &
T, TAZ VT XIE, TAZVYTET0 baj (descriptor protocol) DXV v K __get__ (), __set__(),

B  delete. () ®#fHioT, BUET 72X Z2F—N—F L FLTWVWEHDTT, TNHDAYV Y FOW
ThPPA TP 27 VIR LTERINTWEHE, A7V 27 VEITAZ VT RTHDEVVET,

BT 72ADT 7 4V OBEHEZ, A7 27 POFHEPSBEETWMOH LD, HEFRELRZD. HIFRL
ZDF2e0n550TY, BIZIE a.x KTXPEMHOMRKRTIE. £7 a.__dict__['x'] . RZ type(a).
__dict__['x'] . 2L T type(a) ORJEI FRXATRARI FATRVHDIZH K. &\ o BEEITHEHIE
ZhET,

L L, MBENROMED. TRAZVTEZXY v ROWThhEERLTWEA 7Y =7 b THAUX, Python
T 74V bOEEEA—N—=F 4 FLT, RODDITFRAZV TRV v REMOHL ET, dodEEoh
DEZTTAZYTRZRAY y FHRMFHEINZDIE. EDOTRAIZ VTR v RPERINTVWT, D LS
WO X N2 IRIF L £ 5,

TRV TRECHLOER L2201 BEANOHM (binding) . 4B a.x TT, 5P EDXS
WTFRAZY FRHEEGEIND DT a WRIFELET

BE#FEMFUHL (Direct Call) 5
S HHIT, 20D o IHONROIEOH LEIEIX, 2 — RRTEHETRAZ ) FE XYy ROMUHL:
x.__get__(a) 752051 DTT,

1 RB > ZAFK# (Instance Binding) *
T2 PA VAR ANE T 2, a.x EMEOH L type(a).__dict__['x'].__get__(a,
type(a)) KA NE T,

25 XF#@ (Class Binding) z
FAANKET 22, Ax IMUHLU A.__dict__['x'].__get__(None, A) WKEMINE T,

super 5R#& (Super Binding)
super (A, a).x DEI KKy bEffiofly /7 v Fid a.__class__.__mro__ RREL T, A DH]
DZIABEEITHL, B.__dict__['x'].__get__(a, A) 2RLET, bLTFTAZUTXTRIIN
3 x ZEEETITRLE T,

For instance bindings, the precedence of descriptor invocation depends on which descriptor methods are
defined. A descriptor can define any combination of __get__ (), __set__() and __delete__ (). If it does
not define __get__(), then accessing the attribute will return the descriptor object itself unless there is
a value in the object’s instance dictionary. If the descriptor defines __set__() and/or __delete__(),
it is a data descriptor; if it defines neither, it is a non-data descriptor. Normally, data descriptors
define both __get__() and __set__(), while non-data descriptors have just the __get__() method.
Data descriptors with __get__() and __set__() (and/or __delete__()) defined always override a

redefinition in an instance dictionary. In contrast, non-data descriptors can be overridden by instances.

(éstaticmethod % @classmethod % &¢p) Python XV v Fi&, 7 =& TR 7Y F& L LTEEILTY
Y, ZOMR A YRRV ATEXY vy REHERLED A —N=54 FTEEXT, ZOZIZLh, fHix
DA VAR YARRL Y FADMDA Y AR R EVCER 2L BET e TEET,
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property () BRI T — 2T X7V X LTEREINTVET, MoT, A YRRV REHBET07 4D
FEEA—N—F A4 FTRZENTEFEHA,

__slots__
slots 2S5, (FRAXT4DEIR) T—=RXAXAYANZIHRINCES L. (/RIS slots  TH
dict__ X __ weakref  BAERLBRWVWESICITE

SLTWVWEDRZ 7 RTHFELTWERTRVRD)
9,

__dict__ B DILHART, HiNTE 2 XY ZE/E2RDKRENTT, BEEROAY— Ry bHE
TE%9,

object.__slots__

ZDTTAEEINE, A VARV ADPHWBRERGERT. XTI, A 7770, FREFHDY —
FURABRATEET,  slots  1F, A VAR VRN L TES SN HICHE R R EER %
WefRU. __dict__ & _ weakref  HPHBIBNERINZVWESICLET,

Notes on using ___ slots _ :

o slots  BFERWIIANLMETIEE, A VARV AD __dict__ @YY _ weakref B
X EICHI AR BET S,

o __dict__ BEDPRVIEGES. _ slots  WZHIBEINTOWRWHIZREREAL VAR RITRAT B Z
CRTEFRA, FIBEINTORVERSL 2> TRAL &5 & LG, AttributeError 25AH &
NFET, F7RZHEHINRALZVDR S, _ slots REFT BRI '__dict__' ZEBHD
=T Y RZEMUTLZE W,

o slots  EEBRLTWVIBRIITADEA VARV RIZ __ weakref  BEDBRWEHE, £ VAR
YARIINT 2595 M (weak references) E VKR — FEINFHA, HEHOY K-+ HBRBER S,
~ slots  EEESTBHBRC ' _weakref ' BEERLDI — 7 Y RITEIMLTL 30N,

o slots . VIRADLNILTEERIINT 2 TRV TR 2o THEINET T, ZOKE,
~ slots WEBRINTWBEA VAR VZAEBOT 7 L MERZZ S REM R # > THRETE L
HoTVWET; Z5LARWVE, TRAZVTRICEZ2RAEZ S AEBUENP EZEELTLES ST,

o The action of a ____slots __ declaration is not limited to the class where it is defined. ___ slots
declared in parents are available in child classes. However, instances of a child subclass will get
a __dict__ and ___ weakref _ unless the subclass also defines __ slots  (which should only

contain names of any additional slots).

e BBV ITAT, HEIZIFATITREREINTWE 20y FEERLEGE, REZ 72Dy T
ERINTVEA VARV RAZERIZ (TR V)T REEES AP LEHZEIIFLRWRD) 772X T
ERARDET, ZHUCED, Tul T LOBENRERCK>TLEVET, fBRIZ. ZoREL B
7D OEPDOF =y ZBBMENZ D LILERA

e TypeError will be raised if nonempty _  slots  are defined for a class derived from a

"variable-length" built-in type such as int, bytes, and tuple.

e Any non-string iterable may be assigned to ___ slots .
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If a dictionary is used to assign __ slots , the dictionary keys will be used as the slot names.
The values of the dictionary can be used to provide per-attribute docstrings that will be recognised

by inspect.getdoc() and displayed in the output of help().
__class__ assignment works only if both classes have the same __ slots .

BRORTy P FORY 7 A Mol ZEMA FZTEE I, Any P CERIWLEEZ OB
77231 DKBRONET (OEES FADRT Yy MIZETRIFIUIZD FRA) - ZHUTERT S
¢ TypeError 2SiEHENE T,

HL _ slots  WINLTATL—F 2T 28, A T7L—XDEILIZ TAIZUTE BEsn
3, L2L. _ slots  BHEHEEZEDOATL—REREDET,

333 VSREFEHREIALXTH

I IADBMBD T I R EMAT B 2T, I FAD  dnit_subclass. () DFECHEINET, Ik
MAST2E, Y77 RDEFELET 27 7 A 2ELL ZENTEET, THE Z77R7aL—xeeT
HRAPTOVETH, 77RF7aL =&, TADEHINLRHED Y 7 RIZDHITHET 2 DITH LT,
__init_subclass__ &, oS, ZOXY Y REER LI IRADFROY 727 5 RIHEHHAINET,

classmethod object.__init_subclass__(cls)

DAYy Rlid, ZFNDREREINT 7 AKX NZBICHIFECHEINE T, cs 3FH LW T~
FATT, bl. TODXY Y RRA VARV AAY v FELTEREINZ 2, BRI SAXY v R
WCEBXNE T,

Keyword arguments which are given to a new class are passed to the parent class’s

__init_subclass__. For compatibility with other classes using __init_subclass__, one should

take out the needed keyword arguments and pass the others over to the base class, as in:

class Philosopher:
def __init_subclass__(cls, /, default_name, **kwargs):
super () . __init_subclass__(**kwargs)

cls.default_name = default_name

class AustralianPhilosopher (Philosopher, default_name="Bruce"):

pass

object.__init_subclass__ D7 7 4 /b FEEZMBITVERAD, MS2D58 L ¥ I X
NiGEE, =9 —%22EZHLET,

0 IR

XR7 72Dk ¥ metaclass 135D DERIMHIC X > THE XN, __init_subclass__ T
BEh2ZidHD ERA, EEOX XTI X (RN E Y FTIERL) &, type(cls) & LT
7R RATEETD,
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Added in version 3.6.

When a class is created, type.__new__() scans the class variables and makes callbacks to those with a

__set_name__ () hook.

object.__set_name__(self, owner, name)

F—F =232 7R owner PMEMINR S THBMIMUHEINE T, A 7927 V32D T 5
AD name WZEHHETHNET,

class A:

x = C() # Automatically calls: z.__set_name__(4, 'z')

If the class variable is assigned after the class is created set_name__ () will not be called

) ——

automatically. If needed, __set_name__ () can be called directly:

P

class A:

pass

= CQO
A.x =c # The hook is not called
c.__set_name__(A, 'x') # Manually invoke the hook

ARl VS ZAF T DR 2B L TS0,

Added in version 3.6.

X2
T 74 bTIE. 77 RiE type) 2o THEINET, 77 ARKRIH LVELRIZE[TETEN, 7T R
%7 type(name, bases, namespace) DfERICHE —H MICHBINE T,

TIAERT ORI HIARZIAXTEE T, ZDDITIET T AEFEITT netaclass F—V — F5|k%EE
Th TDOXIBREIBEERTICECMGED Y 7 A% MA L 5, RXDOHIT MyClass & MySubclass (/7
*dH Meta DA VARV ATT:

class Meta(type):

pass

class MyClass(metaclass=Meta):

pass

class MySubclass(MyClass):

pass

77 ZAERDPTHESNAMOF — v — F5EUL, BRIET2IRTORX XY 5 2ABFICEEINE T,

77 REBVPFEITSNBEC, LUFORT v IHELC£T:
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MRO =¥ MV OfFERPTHIB;

WYX R D 5 ANRRESND;

o 77 ADHHIZEMBHERE NS,

77 ADKKPFATENS;

JIAFTY =7 FHEBN D,

MRO T~ kY DfER
object.__mro_entries__(self, bases)

If a base that appears in a class definition is not an instance of type, then an __mro_entries__Q)
method is searched on the base. If an __mro_entries__() method is found, the base is substituted
with the result of a call to __mro_entries__() when creating the class. The method is called with
the original bases tuple passed to the bases parameter, and must return a tuple of classes that will

be used instead of the base. The returned tuple may be empty: in these cases, the original base

is ignored.

& BE

types.resolve_bases()

Dynamically resolve bases that are not instances of type.

types.get_original_bases()

Retrieve a class’s original bases” prior to modifications by __mro_entries__ ().

PEP 560

Core support for typing module and generic types.

BHEAR T S ZDRE
77 RERIIH U THEYZXZ 27 72, MTFD LS ICRESNET:

o BEBIHRMBR R 7252 50 TORVWERIE, type() MEDLONE T

o BRI AR Y I ANEZ 5N TWT, Z0D type() DA Y ARV A TIREW BE, Tk X &7
A LCEHENE T,

o BRI A X2 522 LT type() DA YRRV ANEZ 6Tz, BRENERINLTVEEEIE. &
BIRAE L7 (MAERBIR TR S FD) X 27 52 ffbhEd,

BROIREMNRX X227 7%, (B LENAR) PARINHEEINI A X7 TR, HEEENLZTRTOR-—RT 5
ADRARY ZAMHEINE T, BROIWENRAXZ FRE, TNEDRAERY 3 AEMDOTXTOY 77X AT
THBEI2RBDTT, XX FTAFERMDOEND ZORUEL G- X TFUX,. 7 7 REHKRIE TypeError TH
ML,
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75 2D%LEIZER D ElE

WYX Z 7 FAPEEEND &, 77 ADHHERPHAREINET, b LAXT T AN __prepare__ B
o TW3%A, namespace = metaclass.__prepare__(name, bases, *xkwds) 2PN 3, B
DF—U—F58I. DL ITRAERICHIUIHESINE T, __prepare__ XV v FIZF IZAXYy R L
THETIHEDPDD FF, __prepare__ HMEM L TR LU7ZAEIZERIE __new__ WCEINF T2, &EHR

IIARXTY 27 MEFILWV dict ITa¥—LTERENET,

AR5 AIZ __prepare__ BMUENLWIHBE. 77 RAOARIZEMIIZED EFEMNE~y €Y7 LTHIHILE
nxEg,

o sz

PEP 3115 - Metaclasses in Python 3000
__prepare__ #HiZEM 7 v 7 DEA

95 AR EDRIT

7 ARMED (REDITIX) exec(body, globals(), namespace) ¥ LTHFEITENE T, HEDMFUIHL L
exec() DHEEZE NI, 7 7 RERPEMANBTITONZHEE. LIFIAINRA-TITX>TI I AKK
(EEDORXY v FEEL) PBEOR =T LHID R 2= THh L4 2B TE 2L VWS HTT,

LH L. 77 RAEBRPBEBATTITONIRFTER, Z7ANMTERINIAY v FIZFZ FARA—-TTE
BINLHZEREZZLETEFEHA, VIRERZIAVRERVAXY Yy BT FTARXY v ROBRHIDRT
X =R T7 7R T ), ROHTHHAT 3, BERINCEHN A a5 TWS __class__ 25
77 RALRFUIRD A

VIRAFT U FDIERK

7 I AREKDEITICE o TO 7 ADHFT MBI HIAL X725, metaclass(name, bases, namespace,
xxkwds) ZIFOH T I T/ IRAI T2 7 M2MEREINET (ZZTEINZEMDF -V —FiZ
__prepare__ IZEEINZHDEFRLTT),

DI IAXTI 27 M, super() DESIEHERICE > TBRINZDDTY, __class__ &, 7T AR
KD XY v R __class__ F721F super DWVWIT N2 ESHBLTWBHEIT, T2 %4 FITX o TIERX
NBWHBRDO 70—V v —BRTT, T, XV v FIREINRIIDFIEBICE SO THEDIUH L E1T S
FeDIFHEINE 7 7 RAENIA Y AZ AN E N B —T., super () DEFIHEAS L FI AL Ra—
TWEDSNVTERINT WS Y 7 A IEMICEHAIS 2 2 ZRATREIC L £ 35

CPython 3.6 DI TlE. __class__ ®ILiX, 77 R4HT2MICH 2 __classcell _ TV FUV—2 L TRAZXY
FRAWEEINET, __class__ BADPFELTOWEEEIE. 2027 7 ADELLFHILEN 272D, type.
__new__ OFUHLICERET 2 T iR E T, LML 2EE1E. Python 3.8 TlX RuntimeError 12
%hET,

FTIFNIDRART TR type LEAEHNTIX type. __new__ RMUHIT AR I 5 2% Fo T3 L EiE, 7
FAXTY 27 PEERLZRICRD A R X LMEOFIESES SN £ 3

1) type.__new__ XY v FH __set_name__ () DWEBRINTWVE 7 7 RDAFZEMIH2LTORENES
[EL T,
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2) ZNH®D __set_name__ AV v Fh, ZOXY v RPERINTVWEI 7R, BIXUZZRET SR
HEEID Y TON TV ARAFTZT e LT ENE T,

3) HLWIITRADRXY v RIRRIEF TS S LI BET 2827 72 AT __init_subclass__() 7 v 7 HWE
UHahEd,

ARG TI 2l PIMERENBRITIE, 7 TRAERICEENTVWEZI7ATaL—& (b LHIX) 277
AF Tz bBEEIN, TALV—=EXPRTA T2 MBI TERINIZZ 7R LTHR—HILDHREIZE
FicHRExnE T,

When a new class is created by type.__new__, the object provided as the namespace parameter is copied
to a new ordered mapping and the original object is discarded. The new copy is wrapped in a read-only

proxy, which becomes the __dict__ attribute of the class object.

& 2E

o

PEP 3135 - New super
BRD __class__ 7B —Y ¥ SRBICOWTEHABRLTVWET

ARY S ZADAR

AR 7 ZZFRD R OBIENFAAMEZR > TO0EST, IRETHEINTELTA 7T 7IE, FIEE, il
B AVE—T2—ADF v, HBEIT VS —>ay, HE T oEK, TuFy, JL—0T -7,
ZLTHBV Y —2uy 7 mAfflt wolkbDnidh £7,

334 AVRAVADAREIIAREY T IS RAFT VY

RO XY v FIZHAAARE isinstance() ¥ issubclass() OF 7+ FOFERE FEZ T2 DICHIA
LEd,

F#IZ, abc.ABCMeta X &7 5 A%, MRHELES 7 & (ABCs) 27 [RABELJE S 5 R (virtual base classes)” &
LT, flid ABC 2&¢, fEEDZ 7 2% (MAAAME2ET) BITEMT 272012, ThHDXY v P23
ELTVET,

type.__instancecheck__(self, instance)

instance B3 (E#E. FIMIEMNC) class DA Y ARV RALEZHNDIZHEIT true ZIRLE T, EFR
SN TWHUZ, isinstance(instance, class) OEED-DICMULHEINFE T,

type.__subclasscheck__(self, subclass)

subclass B (E#E, FIIRMHEANC) class DY 727 F AL EZ BN LIHEIT true ZIRL T, EHRS
NTWIUZ, issubclass(subclass, class) OFEHEDO-DICFECH I E T,

BB, IN6DAY Y Rk, Z77RADH (X207 F5R) LTHRERENET, FEDIFRIZIIAXY v FE
LTEHETDAZILIETEFRA, ZHE. A VRRVRZNEERDE Y SR THE ZDEEITDH, f VARY
ZWMEPHENBEFHEX Y v FOMR—BLTWET,
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& 2E

PEP 3119 - HIREEY 5 ADEA
Includes the specification for customizing isinstance() and issubclass() behavior through
__instancecheck__ () and __subclasscheck__ (), with motivation for this functionality in

the context of adding Abstract Base Classes (see the abc module) to the language.

335 PxxUyIBEIZIaL—FTB

When using type annotations, it is often useful to parameterize a generic type using Python’s
square-brackets notation. For example, the annotation list[int] might be used to signify a list

in which all the elements are of type int.

& 2E

PEP 484 - B>

Introducing Python’s framework for type annotations

Generic Alias Types

Documentation for objects representing parameterized generic classes

Generics, user-defined generics and typing.Generic ES
TTIRFIZN T X — ZRENFRETH D, OB F = v h—DHFETEL2 =22V v IV 7 T A%
HETBHED FF 24> FTF

A class can generally only be parameterized if it defines the special class method __class_getitem__Q).

classmethod object.__class_getitem__(cls, key)

key \CH MBI THRIMLE N 22V v 2 7 SR RT AT =7 FIBLE T,

When defined on a class, __class_getitem__() is automatically a class method. As such, there

is no need for it to be decorated with @classmethod when it is defined.

The purpose of ___class__getitem__
The purpose of __class_getitem__ () is to allow runtime parameterization of standard-library generic

classes in order to more easily apply type hints to these classes.

To implement custom generic classes that can be parameterized at runtime and understood by
static type-checkers, users should either inherit from a standard library class that already imple-
ments __class_getitem__ (), or inherit from typing.Generic, which has its own implementation of

__class_getitem__().

Custom implementations of __class_getitem__ () on classes defined outside of the standard library

may not be understood by third-party type-checkers such as mypy. Using __class_getitem__() on any
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class for purposes other than type hinting is discouraged.

___class_getitem__ versus __getitem__

Usually, the subscription of an object using square brackets will call the __getitem__ () instance method
defined on the object’s class. However, if the object being subscribed is itself a class, the class method
__class_getitem__ () may be called instead. __class_getitem__() should return a GenericAlias ob-

ject if it is properly defined.

Presented with the ezpression obj[x], the Python interpreter follows something like the following process

to decide whether __getitem__ () or __class_getitem__ () should be called:

from inspect import isclass

def subscribe(obj, x):

"""Return the result of the expression 'obj[xz]'"""

class_of_obj = type(obj)

# If the class of obj defines __getitem_ _,
# call class_of obj.__getitem__(obj, z)
if hasattr(class_of_obj, '__getitem__'):

return class_of_obj.__getitem__(obj, x)

# Else, 1if obj s a class and defines __class_getitem_ _,
# call obj.__class_getitem__ (z)
elif isclass(obj) and hasattr(obj, '__class_getitem__'):

return obj.__class_getitem__(x)

# Else, Tatse an exception
else:
raise TypeError(

f"'{class_of_obj.__name__}' object is not subscriptable"

In Python, all classes are themselves instances of other classes. The class of a class is known as that class’s
metaclass, and most classes have the type class as their metaclass. type does not define __getitem__ (),
meaning that expressions such as 1ist[int], dict[str, float] and tuple[str, bytes] all result in

__class_getitem__ () being called:

>>> # list has class "type" as its metaclass, like most classes:
>>> type(list)
<class 'type'>
>>> type(dict) == type(list) == type(tuple) == type(str) == type(bytes)
True
(RDR=V ki)
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(RIDR=I D5 DR E)
>>> # "list[int]" calls "list.__class_getitem _ (int)"
>>> list[int]
list[int]
>>> # list.__class_getitem__ returns a GenericAlias object:
>>> type(list[int])

<class 'types.GenericAlias'>

However, if a class has a custom metaclass that defines __getitem _ (), subscribing the class may result

in different behaviour. An example of this can be found in the enum module:

>>> from enum import Enum
>>> class Menu(Enum) :

"4 breakfast menu'""
SPAM = 'spam'

BACON = 'bacon'

>>> # Enum classes have a custom metaclass:

>>> type(Menu)

<class 'enum.EnumMeta'>

>>> # EnumMeta defines __getitem__,

>>> # so __class_getitem__ is not called,

>>> # and the result is not a GenericAlias object:
>>> Menul['SPAM']

<Menu.SPAM: 'spam'>

>>> type(Menu['SPAM'])

<enum 'Menu'>

& BE

PEP 560 - typing EX 2=z Uy IBIINTZEEBATICLZTHR—

Introducing __class_getitem _ (), and outlining when a subscription results in

__class_getitem__() being called instead of __getitem__ ()

3.3.6 FUHLAIGEA T/ bZITZal— T3

object.__call__ (self[, args... ] )

Called when the instance is "called” as a function; if this method is defined, x(argl, arg2,
..) roughly translates to type(x).__call__(x, argl, ...). The object class itself does not
provide this method.
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33.7 A7 F%ZIZal—+F93

The following methods can be defined to implement container objects. None of them are provided by
the object class itself. Containers usually are sequences (such as lists or tuples) or mappings (like
dictionaries), but can represent other containers as well. The first set of methods is used either to emulate
a sequence or to emulate a mapping; the difference is that for a sequence, the allowable keys should be the
integers k for which 0 <= k < N where N is the length of the sequence, or slice objects, which define a
range of items. It is also recommended that mappings provide the methods keys (), values(), items(),
get (), clear(), setdefault(), pop(), popitem(), copy(), and update() behaving similar to those
for Python’s standard dictionary objects. The collections.abc module provides a MutableMapping

abstract base class to help create those methods from a base set of __getitem _ () setitem__ (),

__delitem__ (), and keys (). Mutable sequences should provide methods append (), count (), index(),
extend(), insert(), pop(), remove(), reverse() and sort(), like Python standard list objects.
Finally, sequence types should implement addition (meaning concatenation) and multiplication (meaning
repetition) by defining the methods __add__ (), __radd__ (), __%add__ (), __mul__ (), __rmul__() and
__imul__ () described below; they should not define other numerical operators. It is recommended that
both mappings and sequences implement the __contains__ () method to allow efficient use of the in
operator; for mappings, in should search the mapping’s keys; for sequences, it should search through the
values. It is further recommended that both mappings and sequences implement the __4ter__ () method

to allow efficient iteration through the container; for mappings, __iter__() should iterate through the

) -

object’s keys; for sequences, it should iterate through the values.

object.__len__(self)

Called to implement the built-in function 1en(). Should return the length of the object, an integer
>= (. Also, an object that doesn’t define a __bool__ () method and whose __len__() method

returns zero is considered to be false in a Boolean context.

CPython SRZEMFM: In CPython, the length is required to be at most sys.maxsize. If the length
is larger than sys.maxsize some features (such as len()) may raise OverflowError. To prevent

raising OverflowError by truth value testing, an object must define a __bool__ () method.

object.__length_hint__(self)

Called to implement operator.length_hint (). Should return an estimated length for the object
(which may be greater or less than the actual length). The length must be an integer >= 0. The
return value may also be NotImplemented, which is treated the same as if the __length_hint__
method didn’t exist at all. This method is purely an optimization and is never required for

correctness.

Added in version 3.4.

O IR
2FA4 Ty UTFD 3 XYy Ficko THMIITbNE T RO &5 2IFOH LIZ

al[1:2] = b
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KD E S ICHFRE

alslice(1, 2, None)] = b

URBHEMTT, FELBRVWRAT A ADEZHEIX None THD SN F T,

object.__getitem__(self, key)

Called to implement evaluation of self [key]. For sequence types, the accepted keys should be
integers. Optionally, they may support slice objects as well. Negative index support is also
optional. If key is of an inappropriate type, TypeError may be raised; if key is a value outside the
set of indexes for the sequence (after any special interpretation of negative values), IndexError
should be raised. For mapping types, if key is missing (not in the container), KeyError should be

raised.

0 IR

for —=T7TiE, ¥—F Y RADRKEZIELSMETEZ X5ICFT 57012, TIERA VT 27 RN
LT IndexError 23X ZN2bDHIFFL TWVWET,

0 R
When subscripting a class, the special class method __class_getitem _ () may be called

instead of __getitem__(). See __ class_getitem___ wersus ___getitem___ for more details.

object.__setitem__(self, key, value)
self [key] ICXF ARALFTHET 27-DICEIHEINE T, __getitem _ () LEIUEEFEND TIE
EFDFET, ZOXYy FEFEETEZDIX, HE2F—ITNTEHEOELEEFELZY K- LTWEH, Hil-k
F—ZBMTEZ X5~y TOGEL, DIERLZEEIMALILNTELY—F Y ADGFERITT
o PIER key I L TIE, __getitem _ () XY v FEFRBROHSNDOEHEZITORITNUIZD FH A

object.__delitem__(self, key)

self [key]l DHIFREFHET 272DIFFUHINE T, __getitem _ () LR UCEEFELIDTIIED F
T TORXYy RERETEZZ20F, F—DHIBRZYR—bLTVWEvy 7OEEY, EREHIBRTE
23— Y RADHFEET TS, RIER key 1L TIE, __getitem _ () XY v R RFEOHINDEH
EATORTAIRD ¥ A

object.__missing__(self, key)
self [key]l] DEHEIZBWTHBINICF —DFEELEBI o LHEI, dict OF T 7 7 2D7DIC
dict.__getitem _ () W&o TFEHEINET,

object.__iter__(self)

CDOXYy FliE, a7 FHIINLT ATL—8 PEREINLEBFCHFOHEIAET, ZOXY v N,
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aAVFFHNOETDF TVl M- TRBIBTEZ X5k, FilhATL—ZF 70227 &R
SRFNIRDEVTA, v Y ITIE, aryTFHNOF—IZE > TRIBMB L 213Uz h 8 A,

object.__reversed__(self)

reversed() MAAAABEESW AL T L —> a v 2RET LD, (FETUD) BOHLES, 2
VTIFIHNOREREHIACA T L =T 5, HILWATL—XERITRETT,

__reversed__ () XV v FBRERINTOVRWIES, reversed() #IAAMEIX sequence 7’1 +
an (__ten__() ¥ __getitem _()) ZHo/FIEICT7 =Ny 7 L% T, sequence 71 b I
NEHR—PFLEATI 7 M, reversed) KD DJHMEBEOVVWEELREMBTEI2HEICOA
__reversed__ () BERTHNETT,

fiJE T A MEETF (in BEE not 4n) ITEH, 27 FOBERIINT I REMIED X 5 IcEEXNET, L
Pl, AYTFF 7Tz PTUTORERAY v FZERL T, XOMBHRELELZIToRD, A7V =21
MATIITNTRLETHIVWEIICTEET,

object.__contains__ (self, item)

IFET A MNEERRET 22D CHUOHEINE T, item B self WIZIFET 25 8ICEEER, 25T
BOWEBICEBERIRITINERDERA, v AT =27 FOBFE, ERXF—EOMHTIERL,
FoINFTRRBET R P EEZRITIUIRD FH A

__contains__ () BEBLEVWA T2 MW LTI, XN Yy FTAMNIET, __diter_ O %
o/ RIEZRAE T, R —Fr U 2ARE e banr __getitem _ O ZffVET, EBLI7
LYZDOZDE 2B LUTREW,

3.3.8 HEEZITIalL—FT3

PTFOXYy FEZERL T, BUEREA 7Y 27 b 2232 — 32280 TEET, FEOREHEOBERT
FHAR— PSR TRV E S REFICHIST 2 XY v F JEBEOBEICH T2y PRAERRZY) X R
ERDEFICLTE»RIFNUIRD FHA,

object.__add__(self, other)

object.__sub__(self, other)

object.__mul__(self, other)
object.__matmul__(self, other)
object.__truediv__(self, other)
object.__floordiv__(self, other)
object.__mod__(self, other)
object.__divmod__(self, other)
object.__pow__ (self, other[, modulo] )
object.__lshift__(self, other)
object.__rshift__(self, other)
object.__and__(self, other)

object. or__(self, other)
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object.__or__(self, other)

These methods are called to implement the binary arithmetic operations (+, =, *, @, /, //, %,
divmod (), pow(), **, <<, >> & =, |). For instance, to evaluate the expression x + y, where
z is an instance of a class that has an __add__ () method, type(x).__add__(x, y) is called.
The __divmod__ () method should be the equivalent to using __floordiv__ () and __mod__ ();
it should not be related to __truediv__ (). Note that __pow__ () should be defined to accept
an optional third argument if the three-argument version of the built-in pow() function is to be

supported.

If one of those methods does not support the operation with the supplied arguments, it should

return NotImplemented.
object.__radd__(self, other)
object.__rsub__(self, other)
object.__rmul__(self, other)
object.__rmatmul__(self, other)
object.__rtruediv__(self, other)
object.__rfloordiv__(self, other)
object.__rmod__(self, other)
object.__rdivmod__(self, other)
object.__rpow__(self, other[, modulo])
object.__rlshift__(self, other)
object.__rrshift__(self, other)
object.__rand__(self, other)
object.__rxor__(self, other)

object.__ror__(self, other)

These methods are called to implement the binary arithmetic operations (+, -, *, @, /, //, %,
divmod (), pow(), **, <<, >> &, ~, |) with reflected (swapped) operands. These functions are only
called if the operands are of different types, when the left operand does not support the corre-
sponding operation*?, or the right operand’s class is derived from the left operand’s class.** For
instance, to evaluate the expression x - y, where y is an instance of a class that has an __rsub__ ()
method, type(y).__rsub__(y, x) is called if type(x).__sub__(x, y) returns NotImplemented
or type(y) is a subclass of type(x).*’

Note that __7rpow__ () should be defined to accept an optional third argument if the three-argument

version of the built-in pow() function is to be supported.

*3 "Does not support” here means that the class has no such method, or the method returns NotImplemented. Do not
set the method to None if you want to force fallback to the right operand’s reflected method—that will instead have
the opposite effect of explicitly blocking such fallback.

*4 For operands of the same type, it is assumed that if the non-reflected method (such as __add__()) fails then the
operation is not supported, which is why the reflected method is not called.

*5 If the right operand’s type is a subclass of the left operand’s type, the reflected method having precedence allows

subclasses to override their ancestors’ operations
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N—3 a ¥ 3.14.0a7 (unreleased) TZH: Three-argument pow() now try calling __rpow__ () if

necessary. Previously it was only called in two-argument pow() and the binary power operator.

0 IR

HRIOBHEFORIMBEMOPHAE FORIDY 727 5 A THY, OV TV 7ATHE XY v KIC
WTBRGRY v R BARZFEENERINTVWEREHEE T, EROWHEFOIERKH XY v FH
IR BHENT, DX Yy FOMFINET, ZORZFENC KD, 377 5 ADFOEBE T A — N —
4 RT3 AR D 3,

object.__iadd__(self, other)
object.__isub__(self, other)
object.__imul__(self, other)
object.__imatmul__ (self, other)
object.__itruediv__(self, other)
object.__ifloordiv__(self, other)
object.__imod__(self, other)
object.__ipow__(self, other[, modulo])
object.__ilshift__ (self, other)
object.__irshift__(self, other)
object.__iand__(self, other)

object.__ixor__(self, other)

object.__ior__(self, other)
These methods are called to implement the augmented arithmetic assignments (+=, -=, *=, @=, /=,
//=, h=, ¥x=, <<=, >>= &=, "= |=). These methods should attempt to do the operation in-place

(modifying self) and return the result (which could be, but does not have to be, self). If a specific
method is not defined, or if that method returns NotImplemented, the augmented assignment
falls back to the normal methods. For instance, if z is an instance of a class with an __4add__ ()
method, x += y is equivalent to x = x.__iadd__(y) . If __4add__ () does not exist, or if x.
__iadd__(y) returns NotImplemented, x.__add__(y) and y.__radd__(x) are considered, as with
the evaluation of x + y. In certain situations, augmented assignment can result in unexpected
errors (see faq-augmented-assignment-tuple-error), but this behavior is in fact part of the data

model.
object.__neg__(self)
object.__pos__{(self)
object.__abs__{(self)

object.__invert__(self)

PR U CHUHBMER (-, +, abs () B ~) 2FELLF 5,
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object.__complex__(self)
object.__int__(self)
object.__float__(self)

FAABBEED complex(), int(), float() DHEENSIFUHINE T, WYILRTEDEERI RN
XRhERA

object.__index__(self)
LN U C operator.index() #%E%: L £3, Python 2EA 7Y =7 M EBEA TV =7 MNIIE
KL BWRT 2B D256 (T2 23R T4 > 7%, MlAAAD bin() « hex() . oct () BI%)
BEICFECHINE T, ZOXYV Y RRDZ L ZOBUEA TS =7 v WRBEFITH S Z e BRI NE
T, BRERIRIFNIRD FRA,

L __int__ (), __float__(), __complex__ () WEBRINTWERWEE, HAAABKD int (),
float (), complex() & __indez__ () IZ7 =Ny 7 LET,
object.__round__(self[, ndigits])
object.__trunc__(self)
object.__floor__(self)
object.__ceil__(self)

FHAIA AR D round() ¥ math £ 2 —/)LEAE®D trunc(), floor(), ceil() DFEIEENSFENH X
NE T, ndigits 25 __round__ () WEINRVEDIIX, Z05DETD XY v Fid Integral (72T
Wi int) KYIDEEDLNIA TV 27 FDERIRTRETT,

N—Y a Y 3.14 TZEH: int() no longer delegates to the __trunc__ () method.

339 with XAV 7FFAMIYR—T v

AT FRA TR —T % (context manager) 1. with XDETIRICT VY EZA LAV TFRAVEERT 54
T2 P T, AVFTFAIMYR=I v, a—F 70y 7 2FTT27DICHEZAD OB XCHOOL
HERNET, aVTFFA MR —Y v 3B, vith X (with X OEE2SR) X bE#FHanE s, o
NHEDORYy REEHETFOHT e TEETLII b TEET,

AYTHFAMAR =Ty ORRMOZMENT L LTE, BRAB 78— UUERORIFE KUEH, VY —R0
Oy rze7ray 2, 77A4ANVDF =T 7u—XREREFONET,

For more information on context managers, see typecontextmanager. The object class itself does not

provide the context manager methods.

object.__enter__(self)

AVFTFAMYEA=Y Yy DDA OTETINZWIETT, with XiF. XD as HiTHEZNIEE
BTZOXYy FEMREHLET,

object.__exit__(self, exc_type, exc_value, traceback)
AVTFRAIIA—I Yy OHOTEITEINZWETT, NTX—RF, aV7FAMPIKTLEERERE
RoZZHIMTOVTHALTVWET, 2 ¥ 7F X MIFIAEZEHBTHRT LZBEE. 2T =8I
None MFREXNE T,

3.3. BEHXAYVY RS 71




The Python Language Reference, 'J1)—2X 3.14.0a7

b L. BISEH SN, 2o XYy RS2 L 72 WGE (Fiabb, I EHEI D2/ E
T2WEE). ZOXY v i True ZIBTRERDHD £F, 25 TRINE, ZDXY v FORKTER, B
SHEFED T 5 28R T,

Note that __ezit__ () methods should not reraise the passed-in exception; this is the caller’s

responsibility.

o B

PEP 343 - "with” XF— kX2 k
Python @ with XDtk TR, BIUEFIIFEHHEATHET,

33.10 SANZ—2R v FDOMUBEFIBDHZXZIAX

NE—YDOHPTr 72 2FHT 256, MEIIBIZT 7+ TEAMHTE $H A, MyClass THE
Mg R — bt 27V E, case MyClass(x, y) FH#HEMMTIT, TO LI 2—=r2HHT 51,
_match_args  JEME T I RICERT IRLERDHH £3,

object.__match_args__

ZDY 7 RAERBIELFIND R TNV TH A VAJRET T, ZDT T AMY T AR — Y DAES D
RTINS . ZNENOMESIBIINIET S _ match_args  ODHFOEEF—V— RT3,
*F—T— N5l EHEINE T, ZOBEBMLLZVRIIX. ) PREINTVWEIDERETT,

il 21X, b L MyClass.__match_args__ & ("left", "center", "right") DBEBRINTWVWLIFA.
case MyClass(x, y) I& case MyClass(left=x, center=y) & AT T, & — ¥ DI DI,
__match_args  DBEZBBHEFEFLZNUTTRIFNRZARSLBRVWAIIRERELTLEI Y, 3L, Z2o
7235 E1E. KX — < v FiX TypeError #EH L 3,

Added in version 3.10.

& BE

PEP 634 - #&M/NX—>I v F
match X DA,

3.3.11 Emulating buffer types

The buffer protocol provides a way for Python objects to expose efficient access to a low-level memory
array. This protocol is implemented by builtin types such as bytes and memoryview, and third-party

libraries may define additional buffer types.

While buffer types are usually implemented in C, it is also possible to implement the protocol in Python.

object.__buffer__(self, flags)
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flags argument is an integer representing the kind of buffer requested, affecting for example whether
the returned buffer is read-only or writable. inspect.BufferFlags provides a convenient way to

interpret the flags. The method must return a memoryview object.

object.__release_buffer__(self, buffer)

Called when a buffer is no longer needed. The buffer argument is a memoryview object that was
previously returned by __buffer_ _ (). The method must release any resources associated with the
buffer. This method should return None. Buffer objects that do not need to perform any cleanup

are not required to implement this method.

Added in version 3.12.

& B2E

PEP 688 - Making the buffer protocol accessible in Python

Introduces the Python __buffer__ and __release_buffer__ methods.

collections.abc.Buffer

ABC for buffer types.

3.3.12 Annotations

Functions, classes, and modules may contain annotations, which are a way to associate information

(usually type hints) with a symbol.

object.__annotations__

This attribute contains the annotations for an object. It is lazily evaluated, so accessing the
attribute may execute arbitrary code and raise exceptions. If evaluation is successful, the attribute

is set to a dictionary mapping from variable names to annotations.

N— a ¥ 3.14 TZH: Annotations are now lazily evaluated.

object.__annotate__(format)

An annotate function. Returns a new dictionary object mapping attribute/parameter names to

their annotation values.

Takes a format parameter specifying the format in which annotations values should be provided. It
must be a member of the annotationlib.Format enum, or an integer with a value corresponding

to a member of the enum.

If an annotate function doesn’t support the requested format, it must raise
NotImplementedError. Annotate functions must always support VALUE format; they must

not raise NotImplementedError () when called with this format.

When called with VALUE format, an annotate function may raise NameError; it must not raise

NameError when called requesting any other format.
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If an object does not have any annotations, __annotate__ should preferably be set to None (it

can’ t be deleted), rather than set to a function that returns an empty dict.

Added in version 3.14.

& Bz

PEP 649 --- Deferred evaluation of annotation using descriptors

Introduces lazy evaluation of annotations and the __annotate__ function.

3.3.13 $H%X YV v FRE

HARLT AT, FHEXY v FOBBROMUIHLIX, 7027 DA VAR AFFETIZRL, &7
Dz VO TERINTVEE ZICOALELLKEET 2 Z e BMREEINE T, ZOEED/H, ITDa—
R z2EH L F 3

>>> class C:

pass

>>> ¢ = CQ)

>>> c.__len__ = lambda: 5

>>> len(c)

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

TypeError: object of type 'C' has no len()

COENEOE R 2 AEIX, __hash__ () & __repr__ () E\W\Woltype ATV 27 b EFLINTOL T

PV PTERBINTVARREHAY Yy FIZHHEd, 2h6DX Yy FORBROMRBMNBEEOMR ot 2%
572355, type A 7P =227 P ERICH L TRITEN L 2ICRBRLTLEVWE T

>>> 1 .__hash__() == hash(1)

True

>>> int.__hash__() == hash(int)

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

TypeError: descriptor '__hash__' of 'int' object needs an argument

I IRADIFEEXY v FEZIDEIICLTEITL LD &35 2 2id. 'metaclass confusion” EFINZ Z & B
B, FFHEX Yy FERBTE2LZEA VARV RABANAAL RRATLHI e TCHEBINET:

>>> type(1).__hash__(1) == hash(1)
True
>>> type(int).__hash__(int) == hash(int)

True
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IEEMED 72D, Y ARV RAEHEEZ A Xy TTE2DITMAT, FHEXY v FRRBEEA IO 27 bDXXRI TR
HEDT, __getattribute._ () XV v R ANL XL ET:

>>> class Meta(type):
def __getattribute__(*args):
print("Metaclass getattribute invoked")

return type.__getattribute__ (*args)

>>> class C(object, metaclass=Meta):
def __len__(self):
return 10
def __getattribute__(*args):
print("Class getattribute invoked")

return object.__getattribute__ (*args)

>>> ¢ = CO

>>> c.__len__Q) # Explicit lookup via instance
Class getattribute invoked

10

>>> type(c).__len__(c) # Explicit lookup via type
Metaclass getattribute invoked

10

>>> len(c) # Implicit lookup

10

ZD LD __getattribute__ () BHEEANLNRTBEIL T, FHRX YV v FOWRNVCHET 25 2BEDEH
Er g EH2 I (FEX Y v R34 V2 TV Ao —B L TETENZ DI IRAF T =7 MICHRE LK
FTNUEBSHBWV), A V2 =TV 22 E3bT 37:DDRKRERRIPFICAD £5,

3.4 JI—F>

3.4.1 ¥FIgEA 7 2 ¥ b+ (Awaitable Object)

awaitable 7Y = 7 ME—MRINZIE __await__ (O XV v FRREINTWET, async def FAIIRT
Coroutine Z 72 7 k 3FHATEET T,

0 IR
types.coroutine() 7L —&XTT AL —XMBHI NP 2 2L =X 5RENDS generalor iterator

FTT 2 P BIFEATRET I, __await__ ) BEREINTVWEEA,

object.__await__(self)

Must return an iterator. Should be used to implement awaitable objects. For instance, asyncio.

Future implements this method to be compatible with the await expression. The object class
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itself is not awaitable and does not provide this method.

0 R
The language doesn’t place any restriction on the type or value of the objects yielded by the

iterator returned by __await__, as this is specific to the implementation of the asynchronous

execution framework (e.g. asyncio) that will be managing the awaitable object.

Added in version 3.5.

o BE
FEPTEEA 79 27 PIZOWT X DEEL T PEP 492 2L TLZ& W,

342 JN—FoFT2zV k

Coroutine 772 7 b & awaitable * 7Y =27 v TFo __await__ () ZFECH L, Z0ORDEIHLKIE
W% 32 Tal—FYOFETEGIHTEE T, aL—FrOFETHIET LHHER Lz & 471 —
&1 Stoplteration XM L. ZDHIND value BIHICRDEZF /B E T, L —F U2flst2EH L
72HEIE. AT V=R I D EWEINE T, aL—F V5 Stoplteration FIANZIMTEH T NETIEH D
FH Ao

AN—=F VB TRETEAYy FHHD, I3V AL —ZDXY vy F2RL0HUTY (Pl —
BATL—=EAY Y E ZZRLTIEIWV), L, Y2xL—&REiES T, —F VIIRIGUHE 2 EH
FEHR—-FLTVERA,

N—ar 352 TEHE: ar—F T2 ELL LR (await) 35 & RuntimeError ¥72 D £73,

coroutine.send (value)

Starts or resumes execution of the coroutine. If value is None, this is equivalent to advancing the it-
erator returned by __await__ (). If value is not None, this method delegates to the send () method
of the iterator that caused the coroutine to suspend. The result (return value, StopIteration,
or other exception) is the same as when iterating over the __await__() return value, described

above.

coroutine.throw(value)
coroutine.throw(type[, value[, tmceback] ])

AN—F THRESNLHNEEHLET, ZOXY v RiZ, A 7LV —RIZal—Fr&2—FEilT 2
throw() XY v RRHIGH U EZRELET, 25 TRVWIGEIZIE, L7 & FIA 2%
HEhEd, &R GRD{ED StopIteration H»Z DMMOFIAN) X, LTHHLZLD7% __await__ ()
DR DA L TRELEZTo72 2R U TS, fIADRaL—F O THIES L) - 55,
MO LeABif S £ 3,

N— a v 3.12 TZH: The second signature (type|, value[, traceback]]) is deprecated and may

be removed in a future version of Python.
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coroutine.close()

aN—FURETHEORAMIZ UK T LES, al—F Uh—RHEIEL TWBEAR, ar—F >
—IHEIL X824 7L —&IT close() XY v FAHNUL, ETEZMELZELET, 2L T
—IRHFIE U7z Mimi2» & GeneratorExit A &, X biIcar—F VAT EHEORA I 2TV
3, RRIC, ETORBENTORPoGAE TS, AN —F VIZETHET LEHZMTET,

AN—F I 7Tl PRSI NDL L ZIE. FEROFIEZRZETHIANICRAL 5N E T,

3.4.3 JEREHA 7L —% (Asynchronous lterator)
JEFEAA T L—42 @ __anext_ XYV v R oIIRIEREO a2 — RHBFERE T,
JEFIA 7L —&iE async for XOFTHRE T,

The object class itself does not provide these methods.

object.__aiter__(self)

R TL—R #7227 FERERLTERD ¥ A,

object.__anext__(self)

ATV —RDRDMEEIRT FHEAIEEA T b ZREIRFIR D E8 A, RIEUHEIET Lz
%|Z1% StopAsyncIteration =7 —%EHITNETT,

IEFAA T 770 F 72 =7 b Of:

class Reader:

async def readline(self):

def __aiter__(self):

return self

async def __anext__(self):
val = await self.readline()
if val == b'':
raise StopAsyncIteration

return val

Added in version 3.5.

N— a ¥ 3.7 TEHE: Python 3.7 X DRITIE. __aiter _ O X IEFEEAA T L —42 1242 awaitable iR
TE L%

Python 3.7 22513, __aiter__ O WZEFAAA 7L —&X A TP =27 b RIRERITNUIRD F8 A, RSO
b D%IRT & TypeError 127D F5,
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3.4.4 JEAHAO>TF XA Y H—T v (Asynchronous Context Manager)

JEFEEAA Y THF XA MIR—T ¥ X, __aenter__ XV v F¥ __aexit__ XAV vy NN TETE—REILTE
2 AVTHFARIXR—T ¥ T,

FERPa Y T7F A P2 =Y v async with XOHTHZET,
The object class itself does not provide these methods.

object.__aenter__(self)

Semantically similar to __enter__ (), the only difference being that it must return an awaitable.

object.__aexit__(self, exc_type, exc_value, traceback)

Semantically similar to __ezzt__ (), the only difference being that it must return an awaitable.

FERHa Y TFA IR =T % 7 T ZADHI:

class AsyncContextManager:
async def __aenter__(self):

await log('entering context')

async def __aexit__(self, exc_type, exc, tb):

await log('exiting context')

Added in version 3.5.

1D
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FOUR

HRITETIL

4.1 7075 LDWEE

Python 70275 al3a—Rony ZholREhEd, 70y 2 (block) 3. —2DFrxhH L LTHEIT
X3 Python 7027 A7 F A FOWAR TS, BV 2—b, BBAKE, ZLTI7I7RAER I Ty 7 TH
D, MEEMCANEN A Da~vy b TRy 7 TT, RAZVT V7740 (4 0 &X—=T1) ZIKFEAS
LTHEZLNED, AV R=TFYRICav Y FIA4 V5 LTHEALNLT 7 4L) ba—FTay
TFo AZVTbaRy R AV X=TVEXDAYY RIA4 YV ET -c ATF>aryTEESNZa~v U R) b
a—F7By 7 TT, 58 m ZFEHLT, a<Y K740 by TLRULRZ Y T (TROBEEY 2 —
JV__main__ ) E LTETEINZIET 22— b FEha—-F7ay /T3, HAALBE eval() S exec() I
ExhiFHEEba—- K7y 7 TF,

a—F7ay 2id, F77 1V — 24 (execution frame) ETFITSINET, EIT7 L —21ZIE (T ZIZfED
nz) BEHERGND SNTVWET, Fh, BEOa—F7ry ZOETHZET LRI, Loksicrnr
7 LDFATRMIET 52 PEL TV,

4.2 ZFiD1F ER#E (naming and binding)
4.2.1 ZEIDRE

2l (name) 3. ATV 27 PSR UET, AHTZEAT 212 BETAOKRE (name binding) #/EZ1T
WET,

PUN ORI % T2 R L %9
« formal parameters to functions,
o VT RER,

BIRUE K,

o AR,
e targets that are identifiers if occurring in an assignment:

— for loop header,
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— after as in a with statement, except clause, ezcept* clause, or in the as-pattern in structural

pattern matching,
— in a capture pattern in structural pattern matching
o import X.
e type statements.
e type parameter lists.

The import statement of the form from ... import * binds all names defined in the imported module,

except those beginning with an underscore. This form may only be used at the module level.

del XLTHRESNEMRIZ, (del OFIRATIE, EERZHATOM (unbind) TH2Y) XD HK L. FigHE A
DHDEARINETT,

RASZR import XEFWINd, 77 ZAPEEER. TV 2—AL~L (by Lo a—RK7ay 7)) A
TEID T,

If a name is bound in a block, it is a local variable of that block, unless declared as nonlocal or global.
If a name is bound at the module level, it is a global variable. (The variables of the module code block

are local and global.) If a variable is used in a code block but not defined there, it is a free variable.

07T LT HFRANRCKBIPHET 272002, ZOEFEHNMELRTWEERDANHIOBEE T 1 v 7 FTIrER X
N7z K& (binding) 2> THATOSRIITONE T,

4.2.2 BZEIEER

Aa—7 (scope) &, 70y ZJHAOHAFOAUHELZRDE T, B—A VAN HZ 70y JNTERINTYL
DG, BRBORaA—-TEZ207uy 7k EAET, BT vy JNTHHTIDEREIT> 55, TOHD T
0y ZRAENCHIORBEITORVWRD, ERXI7ny JHNOETHO TRy 7288 k51 Ra— IR h
%9,

Hr4HPa—FTay JNTHbOAS L. ZO4AFTIZROEELSHS X5k Ra—7 (BRARa—7:
nearest enclosing scope) % ffio THMOERETVET, 25 LRI —-T 0ok, HHa—-—F7av 7y
NTSITE 22372 TOHESIE. 71 v 7 DERE (environment) £ FHENE 3,

ZHINE L B S 0o 72 & =3, NameError A EHENE T, RMEDORa—THEBO DT, £
MDELN BB T — VBN A EICHB I N TOR WA, UnboundLocalError FlAAS%EH X %
3, UnboundLocalError & NameError OF72 7 A T3,

HHAMDMA— R TRy 7O Y ZHhTHRERIEIQTWES, 20780y ZNTHDLNS ZDAFNI TN
T, BEOTay 7 A0SRy LTHbIhET, 207k, H24H08Z20 70y ZNTHEINSHNIHD
NZLTo—IZoKBDET, TORANIBIKTY, Python IQIZESHRL, a—F7av 20 Tdé
MIREIRIEDNTE LT, H2a—FI7Ry ZIBI20—AAERIE. 70y 707 %R 205 4R HE
BEEEBE TS THREZXNE T, Hli UnboundLocalError I22WT D FAQ JHH #Z L TL 72X,

If the global statement occurs within a block, all uses of the names specified in the statement refer to

the bindings of those names in the top-level namespace. Names are resolved in the top-level namespace
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by searching the global namespace, i.e. the namespace of the module containing the code block, and the
builtins namespace, the namespace of the module builtins. The global namespace is searched first. If
the names are not found there, the builtins namespace is searched next. If the names are also not found
in the builtins namespace, new variables are created in the global namespace. The global statement must

precede all uses of the listed names.

global XiE, ML 70y 7 ORERIELRIC R a—T2Rb £, 25 HHEEBOKRHNR 2 — 712 global X
BH25E. TOHHERIEZ 0 — N AVERBE ARINET,

The nonlocal statement causes corresponding names to refer to previously bound variables in the nearest
enclosing function scope. SyntaxError is raised at compile time if the given name does not exist in any

enclosing function scope. Type parameters cannot be rebound with the nonlocal statement.

HBEY 21— LOELHTZEMIZ. TDEY 2 — PRI import XNRHICHEIIERShET, 27V 7
FDFEEY 2 —/V (main module) IXFIZ __main__ EIHENE T,

Class definition blocks and arguments to exec () and eval() are special in the context of name resolution.
A class definition is an executable statement that may use and define names. These references follow
the normal rules for name resolution with an exception that unbound local variables are looked up in
the global namespace. The namespace of the class definition becomes the attribute dictionary of the
class. The scope of names defined in a class block is limited to the class block; it does not extend to the
code blocks of methods. This includes comprehensions and generator expressions, but it does not include
annotation scopes, which have access to their enclosing class scopes. This means that the following will
fail:

class A:
a = 42
b = list(a + i for i in range(10))

However, the following will succeed:

class A:
type Alias = Nested

class Nested: pass

print(A.Alias.__value__) # <type 'A.Nested'>

4.2.3 Annotation scopes

Annotations, type parameter lists and type statements introduce annotation scopes, which behave mostly

like function scopes, but with some exceptions discussed below.
Annotation scopes are used in the following contexts:
e Function annotations.

o Variable annotations.
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Type parameter lists for generic type aliases.

Type parameter lists for generic functions. A generic function’s annotations are executed within

the annotation scope, but its defaults and decorators are not.

Type parameter lists for generic classes. A generic class’s base classes and keyword arguments are

executed within the annotation scope, but its decorators are not.
The bounds, constraints, and default values for type parameters (lazily evaluated).

The value of type aliases (lazily evaluated).

Annotation scopes differ from function scopes in the following ways:

Annotation scopes have access to their enclosing class namespace. If an annotation scope is
immediately within a class scope, or within another annotation scope that is immediately within
a class scope, the code in the annotation scope can use names defined in the class scope as if it
were executed directly within the class body. This contrasts with regular functions defined within

classes, which cannot access names defined in the class scope.

Expressions in annotation scopes cannot contain yield, yield from, awatit, or := expressions.

(These expressions are allowed in other scopes contained within the annotation scope.)

Names defined in annotation scopes cannot be rebound with nonlocal statements in inner scopes.
This includes only type parameters, as no other syntactic elements that can appear within anno-

tation scopes can introduce new names.

While annotation scopes have an internal name, that name is not reflected in the qualified name
of objects defined within the scope. Instead, the __qualname__ of such objects is as if the object

were defined in the enclosing scope.

Added in version 3.12: Annotation scopes were introduced in Python 3.12 as part of PEP 695.

N— 3 ¥ 3.13 TZH: Annotation scopes are also used for type parameter defaults, as introduced by
PEP 696.

N— a3 ¥ 3.14 TEHE: Annotation scopes are now also used for annotations, as specified in PEP 649
and PEP 749.

4.2.4 Lazy evaluation

Most annotation scopes are lazily evaluated. This includes annotations, the values of type aliases created

through the type statement, and the bounds, constraints, and default values of type variables created

through the type parameter syntaz. This means that they are not evaluated when the type alias or type

variable is created, or when the object carrying annotations is created. Instead, they are only evaluated

when necessary, for example when the __value__ attribute on a type alias is accessed.

fl:
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>>> type Alias = 1/0
>>> Alias.__value__

Traceback (most recent call last):

ZeroDivisionError: division by zero
>>> def func[T: 1/0](): pass

>>> T = func.__type_params__[0]

>>> T.__bound__

Traceback (most recent call last):

ZeroDivisionError: division by zero

Here the exception is raised only when the __value__ attribute of the type alias or the __bound__

attribute of the type variable is accessed.

This behavior is primarily useful for references to types that have not yet been defined when the type
alias or type variable is created. For example, lazy evaluation enables creation of mutually recursive type

aliases:

from typing import Literal

type SimpleExpr = int | Parenthesized
type Parenthesized = tuple[Literal["("], Expr, Literal[")"]]
type Expr = SimpleExpr | tuple[SimpleExpr, Literall["+", "-"], Expr]

Lazily evaluated values are evaluated in annotation scope, which means that names that appear inside

the lazily evaluated value are looked up as if they were used in the immediately enclosing scope.

Added in version 3.12.

4.2.5 HAH L HIFR{T S DRIT

2—HF __builtins__ I ZRETIEH D TBA; THIEEBICEEDOFEMNT T, HAAADAFIZER D
HFDfE%E A —N—F 4 K L7202 —HFIE, builtins Y 2 —L% import LT, ZOEMEEZEUNCEE T2
NETT,

Hra—Fr7nay 7 OFTICEET 2 HAAALHTZEMIZ. ERICEa -7y 70710 — L[4
2 5480 __builtins__ KT S I THO2D £9; __builtins__ 3IFHEIPEI 2 — A TRITNI
BODERA (BREOHEEXEY 2 - LOFENEDLNET), 77 4L T __main__ £V 2 —LHIIE
WTIE, __builtins__ FHARAAEY 2 —)L builtins TT; ZALUNDEEDEY 2 —IZB VT,

__builtins__ & builtins EY 2 —LVHEDODEHEDTZA Y7 XTI,
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4.2.6 BHIGHEEEE DD LD

HHEZEBOAFIEIIE O > 8 VR TR S EITRRICITONE T, 2D, UTOa—RE4L2%2HILET

i=10

def £():
print (i)

i =42

40)

eval() ¥ exec() PHEUZ. AHTOMHRIC, BIEOREORTZMER 2D TEDD FHA, BHNFFFOHL
floa—A R ra— OVGFTZER TR T E £9, BRZEBIIRENLRTZEMTIZ R, 7 — UL ETZER
MORREINZE T, ! exec() ¥ eval() BBUCIZA T a v DEIEAH D, ZFr—r ULk o —hILGHEiZER”
BEF—NTA RTEET, AP —D ULEE SRR, W7 OATZER  LTEbIE 3,

4.3 F4

Bl eid. a—F7ay 7 o@EOHlH 7 v -2l LT, =7 —ZOMOBIANKZRNZ U TES X5
T 27DDFETT, NI - S NRT EE (raise) SNET; fIFNE. =5 —2FEHLO
A a—R7ay 2k, 7= RELa—-F7ay ZJEHZELEEENCIESHELTwSa—-F7ay
27T W (handle) $25Z N TEEXT,

Python 4 & 7Y Xid, 7 &4 Lx7— (EufRERY) ARiEn5 ehistziitt LUk 3, Python 7’1
75 Lh 5, raise XEo THRINCHINZE N T2 dTEET, fSf > FF (exception handler)
I, try ... ezcept XTHHETAIENTEF T, try XD finally HiZM>2 7V —-—v7vFa—F
(cleanup code) ZHETEE T, TDa— FIFFSMNINIE L €A, HITT 23— 7oy 7 THADEZ
THREELRLSTHEFTINE T,

Python &, =7 —LHIC ” 7’025 2D T (termination)” EF A EZHAVWTWET: ISty Rk, 7
0275 MAABFE L 2R T2 2 e BN TE, AN R TOIMUD LAV E i S 2 Z 2 13 TE E T
2. (MEDH-7za— RN EROPLFITLEBTOTRVIED) =7 —DFRREZBE LD, FITICERK
L7 ER R D ET ZLITTEERA,

BN RN INRVWE E, A YR TVRIEITOT T LOFTERTIEE0, MEEX A VL — T ITE
RLET, ¥5508588. HIStD SystemExit THRIFIUIE, RX v 7D ML —AN ZEHALET,

BsME, 72524 VAR A o THAIEINE T, except HilZA VAR ADZ 5 AITH L DOWTEIRX
NFF: ZHEA VAR RAD I TR, 2D FFREEEISR 2SBLET, ZOAL VARV REFIAVEFR
T E o TR SN, ISR T 2 BMEHREZEA 2 Z B TEET,

0 iR
A D X v+ —2i%, Python API HERICIZEENTVWERA, X v E—YDHNEE. % Python O
N=JaYeRON—Y a VORI TEER LICEBXINZUEENRDHZDT, HBRANA—Sa 02T
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VRTENEST 2 L9577 a—FiE, fIARy - DRNFITKESEEIRETEDD FEA,

try UZDOWTIE, try 3 fi, raise XITDWTIE raise X HiDBIRL T W,

1D
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H3 120 module 1I2& % Python 3— K LMODET 2 —L% A VR—k §2528 T, Z22ICH3a—F
AT TERATESZ X2 D ET, import XUEA ¥ R— MEB T B TR D —RINBRAFETTH, ZhoiM
—DHIETIEDH Y F¥ A, importlib. import_module() RHAAAD __import__() W o 7z %ZH -
TH, 4 YR — M¥EZIIDLT e TEXT,

import X1 2 DO ZHEH L TIToTVWET; HAKHTDEY 2 —LZ2H L. ZOMKMREZ T — IR
I—7OHFNCHME L FF, import X OMFRMEIL, #Y)258T __import__ ) BIEEMUIH T2 L
TERINTVET, __import__ () DEDEIX import XDERTHIFNUIOEITTHEONE T, LETHEL

D FE I FINE import LRSI L TL 72X W,

__import__() ZEHEMNUHT L EY 2 - LDBMRDOAITOI, ROobo/GE. Y 2 — VOIERILEED
TONET, BRI —I DA Y HR— = (sys.modules ZEZ) ML RF v v ¥ 2 DFEHR L ORIERILE
Z20b LNEEAD. import XDAMBLATHIGUH 21TV E T,

import XWFITEIN 53 & 2iTid, BHEOHAAABE __import__ () 2FEENE T, 1 ¥ K- b RT 2%
MO H 3 Z DMl (importlib. import_module() BEEID & 572) X H =X 41&. __import__() DFEHL
EANALRZALTHEDA Y R—b - vy T4 Z2A2FEELTORA[EEELD D 5,

ET 2 —ARDTA VAR —+rEN 3L &, Python Z3ZDET2a—LEHRRL, RiSr o754 £
Va—nNAT7Y 27 bEERL, I LET . ZOAFDEY 2 —ADEMND 540 o G E,
ModuleNotFoundError A% iAH X% §, Python 121X, 4 ¥R — NI ETI N ZIC4HTL S E
T a— L ERRT kA RBIENELE IR THE T, Zho 0%, ZhALBEOF TSN LR T v
JRFoT, BIELAZDIRRLAZDTEE T,

N=Ya ¥y 33 TEHE: A YR—- P RAT7 420 PEP 302 OF 2 7 2 —XDERBRFEEANEHFEINE L,
HIXPHERNZR A VR— MEWIID D THA - 4 VK- MEK2KIZ sys.meta_path Zill L TRHZATY
F9. MAT, A4 T4 TOAFER ARy Fr =Y OF K- MEIFEEINTVET (PEP 420 228) .

5.1 importlib

importlib €Y 2 — LA Y R— MEH L 2 DELD 32720 OFRI7R APT 2424 L % 37, 1 21F importlib.
import_module() . £ ¥ KR— MEMEZRITT 272DDMARAAD __import__() & Hd ¥ IV THLE
ENhd API 243 L3, K DFEFMARZ 21X importlib 94 759 VD FF 2 XY b ESRL T X W,

*1 types.ModuleType Z#ZM L T X\,
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52 Nyir—<

Python \ZI3EY 2 —NA 7Y =7 FOFEHIF 1 MEL 2% <. Python. C. ZhlADb DD THEE
ENTVENICEREL, IRTOEY 2 — MEZOFEICKED £T, Y2 —LOMBLENT., AriEE
PRAET 272912, Python 12 Nw 7 —2 2 WHBEEDRHH 3,

RO T =@ T 7ANTATLDT AL M), EPa—VETALIZ MNIZHET7ANEFEZDIEMNT
EFTH, R F—IRET 2 WET 7 ANVT AT A SEETNZDHEIRNDT, ZOKREEED I
ZUIWo TV ER A, ZOXEFEOHMDZDIZ, T4L 7 V774 WSERRLHKREZFES Z i
LET, 77 ALY RTLDT 4 L7 FPYDEIIT, Ny r—IFBEMEr L. @EDEY 2 —NL7120T
B, IR F—VRELILODHHET,

FTARTDONRy T —IFEI 2= TTH, TXRTODEID 2 —ABRNvFr—ILFRLRNZ 2 NCEDTE
CODPEETT, b LLBMMOTVWAE2T 2, X Fr—J3HR25IBEEOEY 2 -V ThHI X E
Jo, FHC, __path__ BUHEEFHOEBEDEY 2 — V@3 v r—Y BRI E T,

FTRTDEY 2 —VIdLHTEFD 3, Python DEWY 7 ADGEL RIS, 7%y & —Y D4R
By r—I% Py FadETRYISNE T, Lo T, email PO ZFI DNy F—IR, FOAREL
email.mime ¥ WO HFIDY TRy Fr—Y THIZZFNIZEEND email .mime.text ¥ F I HHIDEY 2 —
NEBEZBIEPTEET,

5.2.1 BEONYT—2

Python T, BED/Ny7—2 ¥ GEIZEMNYT—2 O 2 BEO Ry r —IDBERINTVE T, &
WDy r— 213 Python 3.2 L2 H1FAET 2572 8y =2 TF, BUBRZERE DSy 7 — 21
__init__.py 77 AAEELF 4L YL LTHEREIAET, @HED Ay r—I4 v F— &R b &,
2O __init__.py 7 7 A AHBEANCFEITIN, FRTERL TWVWAEA T 27 MDAy & —IHRIZERIC
HZLANCHBINE T, __init__.py 7 7 A WE, MOEY 2 —nIZFEIT S Python a— K2R D%
BLIEMNTE, BV a—hPA( Y R—bF Ik &2 Python X EY 2 —VZEHEEEBMLEZD LET,

BIZE UTFDEIRT7 7 AT AT AREIZ. 3 20H 7%y 7 —I%Fok LD parent v 7r—I%
EELET:

parent/

__init__.py

one/
__init__.py

two/
__init__.py

three/
__init__.py

parent.one % A4 Y R— T % L WEEMIC parent/__init__.py ¥ parent/one/__init__.py M FEAT
INFET, ZDKRIT parent.two b L { IX parent.three 4 Y R— b T 5., ZHZ{ parent/two/
__init__.py X parent/three/__init__.py DFETINE T,
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5.2.2 ZHEIZEMNY T2

HATZERI Ry =D A R—2 3y BEHREEDZDDT, TRAZENDR—Y a Vi3I =% #
Ry r—DWRMELET, BR—va @B I 7 ANV RT LD LADEFICHZ I dHDET, R—a v
WX, zip 77 A roFery b —2 B, ZRLALD A4 VK — MRHIIZ Python 23E S ¥ 2 DA TR O
b ET, BETEMANRY r —DRF T 7 AN RATLLEDF T 227 MITHIET 22 dHBL. 5
TRVWIEDDHDFT; ZASRBFEROEKDOLRNMABEEY 2 —LTT,

TR Ry 77—, __path__ BHICEEDY 2 NIV ER A, 2D DIHED iterable A% fifi 5
TVWT, K= a YOy r—I DR (b LLBER LSy =2 DD sys.path) BED - 7255,
FDNRy r—=ITDRDA ViR—FOREIZ, FRWCBHIH TRy r—IR—>a YEMKRLET,

HRIZER Ry 7 — D12l parent/__init__.py 7 7 A MEB D FHA, TNE A0, BREZK-—a v
ZFNENRMEET 2D parent T4 L7 P UDA VAR MRRORICHO»2 2 dHDET, LidoT
parent/one IHEMIIZ parent/two DD IZH B2 L IFRBD F-A, ZOHEE. ZD v T —=IhHF T8y
TF—=ID5H 1 254 R— I Nz Z, Python IR LD parent v r —J D7 DHRFTZEM <y
=% ERLET,

ZHIZER Ry 7 — P DHRIZOWTIE PEP 420 3SR L TL X0,

5.3 &%

MRZHD 5 79D121E, Python 134 Y K= FZNBET 22— (b LAERRy r—ITI, Z T TOH
DHIIZEVWTRE IS WREWTT) O TLEM BB e LET, ZOHAHNE. import XDRRA 25185
importlib.import_module() X' __import__() BID I X —Zh bl oNET,

ZOAFNEA Y R—- MRROH A 727 = — X Tfibh, ZHUIHZIE foo.bar.baz DLk H 72 Fy F TXY]
LNV TEY 2= AADRRTE 57D LET, ZOHE, Python IZHRHFNC foo k. KIT foo.bar . %
L CTHw&IC foo.bar.baz A4 YK=L LS LET, FEIOWITNIDAL VR— MTERR LGS,
ModuleNotFoundError 25X SN E T,

5.3.1 EYa-I)l*vwva

4 Y R—= MR TRINANZ571E sys.modules TF, ZDv v Y 7E, FEDOAAREZEL, ZHET
WA YR=PENETRTDES 2 - DF v v 2 2L EF, LDT foo.bar.baz 234 ¥ R— FEA
DA, sys.modules & foo . foo.bar . foo.bar.baz DTV M) —%EAET, TNEFNDF—IXZD
EE L TRHIETR2EY 2 —NAF 7V VERBEET,

A4 Y R=FTIFEY 2 —LHAIX sys.modules »HEE ., FELGEIX. XIET 2ENL Y R—-rEh3
REED2—NLTHDH, ZOUBIZETLE T, L LMED None 72 - 7235E. ModuleNotFoundError A3k
HENET, Y 2 —VADEND S0 5HEE. Python 13EY 2 —LOMRERITE T,

sys.modules [3FH XIAAARET T, F—DHIFRIIMIET 2 EY 2 — L ZHEL 2V (DEY 2 —HZ
DEY 2—NANDZREF->TWVE) 2B LNFEAN, HEESNLEY 2-1DFryyPadhie v b
V=% L, ZADPRICA Y KR— P EN/22 E Python CZDET 2 — L EED THRKRIFEZ I LI
“HDET, ¥—% None IHMIGMIFE2Z LB TEETH, RICZDEY 2 —NADA VY R—-—bEND L EIZ
ModuleNotFoundError ¥ 72> TLEWVWE T,

5.3. % 89
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R RED 2= A T2 PADBREEFF L TBWT, sys.modules IZF¥F ¥ v a3z b —%
WAL, ZOWELLEY 2 — V2l YR—PLAEELTH, 2D0DEY2a— VATV =7 MEIFL TR
BUW ZXRERLTIEZZ W, ZREIEHBANIZ, importlib.reload() X BL €Y a2 —NA 7T =7 b
EHAMAL, £EY2—-10a— FEHETTZ I THICEY 2 - LONEZFEMILT 2721 T,

532 I A —crO—4—

sys.modules IHEE S NTEY 2 =D ROH 5D o G, Python DA ¥ R—+7a b aLiiEs)
S, BEVa2-VEROPIR—-FLET, 2O07BbaniE 2 2OMENRA TS b, TrAVE— L
O—4— 26D ET, 774 VX —DEFEIE, Mo TVAMIEEfo TIHEINLEY 2 -V E2ROITH
NI 0HWTEIETT, MADA VR —T 2 —RABRELTWEF TV M A VR—%— LI
BRET - A VR R —BEREINZEY 2 — AP0 —FTEZ e ho/2 &, HOHEZELE T,

Python QX7 74V hDT7 74 V=2 AV R=—Z =P O0rHDET, 1 DHD D DIIHEAAALE
Ta—NDEOFTEHMoTWT, 2 OHD S DIZHAE S N/EY 2 —L @RI freeze Y — LV TUB ST
EVa2—NDIE, TOTIIVIFAQ ® TS5 L7756 Python ZZ U F B RAX Y R7yuy {4 F) %
g 2?7 OEEEZZR) ORSIHEHI>TVWET, 3 D2HODDIWE A1 Y R—ENZ 2HEY 2 -1
ERELET, AIVR—FNZRIET7 7 AN AT LADNRRR zip 7 7 A VDMEEZRTVAFTT, ZOY R
ME. URL THRHETZ2300 k5%, MEEZRTILDTEZEEDO) Y —ADOMBICETIKRT S 2L
HTEET,

A4 ¥R — MERIZILRATREZR DT, Y 2 — VR OH & R a— T2 HIRT 272DITH L WI 7 4 Y X —%
MIMA2ZeNMTEXT,

774 Y E—FEBCBET 2a—12n—FLERA, HESNLZEY 2 - ADRODP-HBE 774
X —1% module spec (B 2 —LER), THROBEY 2 -1 DA Y R— MEHDOIERE D T UL L72db D%
BLET, EVa—lon— RRHICS Y R— MEBIZZOEFIAL £5,

ROETIE. 4V E— MEBEPILET2200H L WVWI 74 VX —0 —X—DIER B adD., 774>
R—ra—XR—D7a FaMOWTEIDFELLMBHL 5,

N—a v 3.4 TEH: Python ODFION—Ta TR, 774 VX —3EHE O—4— 2RLTWE LR
M, BEREe—X—% 8L TV 2 UMIHREZRLET, B —X =34 VR— PIZERLEON TV E TH,
BEZED £ L7,

533 1YR—=+T v o

A4 VR — MERBIRATAE R & S CRGFI S TnET; 20T AR A1V R—bTv o T, 4~
A=t 79 7R3 2EBHEDYET: XETvI & A VR—FNIXTvY TT,

ART 9 7FA Y R— MUEDERA]. sys.modules ¥ ¥ v ¥ 2 DBRLAND A >R — MUE X D FHIHEOH
EhFTd, ZHITED, sys.path ODMUHEHPLHFEENZEY 2 —VPHARABDEY 2 — L TERAH, XX
Ty TERETDZIENTEET, XX 7y 73U NTHHT % & 512, sys.meta_path IZH LW 7 A
VR—F TVl N RBEINT S THERINET,

A YR=FIRR7 v 7%, sys.path (b L <X package.__path__) OUHO—Fr LT, XfI5T 28 AH
FEWMOWO L ZATHOHINE T, 4 Y KR—= bR 7 v ZIZLINTHRHT 2 X 5120 FLWIECH LATRE
#4727 bk sys.path_hooks BT 2 Z L TEHINET,
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5.3.4 XHZNZR

When the named module is not found in sys.modules, Python next searches sys.meta_path, which
contains a list of meta path finder objects. These finders are queried in order to see if they know how
to handle the named module. Meta path finders must implement a method called find_spec() which
takes three arguments: a name, an import path, and (optionally) a target module. The meta path finder

can use any strategy it wants to determine whether it can handle the named module or not.

meta path finder PHEEENTZEY 2 — LDV ZH o TWBHHIE. 774 Y Xidspec A7V =7 %2
BUET, BEEINLEY 2 - EWA R VIEEIL None IR L £73, sys.meta_path 12013 2D spec
ZEXFICV R P ORBICEIEL TL % - 72%E13. ModuleNotFoundError 3% L %3, ZOfhoikihx
NBMIZOF I LTtz h, 4 v FR— MUEHZREKR T SE %7,

The find_spec() method of meta path finders is called with two or three arguments. The first is the
fully qualified name of the module being imported, for example foo.bar.baz. The second argument
is the path entries to use for the module search. For top-level modules, the second argument is None,
but for submodules or subpackages, the second argument is the value of the parent package’s __path__
attribute. If the appropriate __path__ attribute cannot be accessed, a ModuleNotFoundError is raised.
The third argument is an existing module object that will be the target of loading later. The import

system passes in a target module only during reload.

A RN, 1 HOA VR— FERTHEBEEES NS AREELH D 35, AR BFRT2EY 2 —1hY
NDHELFr v a IR TVRVE L/2E XIZ foo.bar.baz 4 Y KR—F T2, RUNIFEARNSZ - 7>
4 ¥ X — (mpf) I LT mpf.find_spec("foo", None, None) ZMUH L T, & LMD A ¥ KR— MiLi%
TWET, foo 254 Y KR— b IN/#IZ. mpf.find_spec("foo.bar", foo.__path__, None) ZFEUNH
LTWL 2 [HEDX X RZADEENTHIL. foo.bar 34 Y KR— FENET, foo.bar DA ¥ R— b ETIT
bz o, BEDERET mpf.find_spec("foo.bar.baz", foo.bar.__path__, None) ZIMEUH L TV X
3

BHBERARNRA « 774 VE—EREMNDA VR—PFDEAIR—FLTVET, TNHDA VR—F—IF, 2D
HDF#0Z None DIND B DR EX =L &, HiZ None ZIRL 3,

Python @7 7 # /L b @ sys.meta_path X 3 DDA 7 7 4 Y X—%FoTVE T, fHAAAET 2 -1 D
A YR=FDHEEH> TR D, HESNZEY 2—LDA YV E—-FOAEEH>TVEBD, 1 ViR—
FNXZ DOEDEI 2—NDA VY R=—bDHEEH>TVEED (DFD WAR=R « TrAVE—) HdD
£9,

N—=Ya¥ 3.4 TEH: The find_spec() method of meta path finders replaced find_module (), which
is now deprecated. While it will continue to work without change, the import machinery will try it only

if the finder does not implement find_spec().
N— 3 ¥ 3.10 TEH: Use of find_module() by the import system now raises ImportWarning.

N—Y 3y 3.12 TEH: find_module() has been removed. Use find_spec() instead.
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54 O—F

EV 2 — MR ROD o TG E. AV E— MEBZEY 2 — L2 n— FF 3Rz (BXUFRICEZN
2H—K—) ZHVET, ZHUI, A Y R—bOr—-FHI TR 2 Z L DAMTT

module = None

if spec.loader is not None and hasattr(spec.loader, 'create_module'):
# It 7s assumed 'ezec_module' will also be defined on the loader.
module = spec.loader.create_module(spec)

if module is None:
module = ModuleType (spec.name)

# The tmport-related module attributes get set here:

_init_module_attrs(spec, module)

if spec.loader is None:
# unsupported
raise ImportError
if spec.origin is None and spec.submodule_search_locations is not None:
# mamespace package
sys.modules [spec.name] = module
elif not hasattr(spec.loader, 'exec_module'):
module = spec.loader.load_module(spec.name)
else:
sys.modules [spec.name] = module
try:
spec.loader.exec_module (module)
except BaseException:
try:
del sys.modules[spec.name]
except KeyError:
pass
raise

return sys.modules[spec.name]

DUFOFHNCER LT &

o sys.modules DFICHZ L NAHTZFHOMGFDOEY 2 — VAT =27 b3 5726, import 1FBEIC
FHNERLTWAETL & I,

o EVa— VI B—X—DEYa2—)La— FEETTLIHZ sys.modules WKHFMELTVWET, £
Ya—a— P (EENEZEEEAC) BaEEZ2A Y R— S5 ENEZH 2D T, ZHUFER
T3; EY 2—/% sys.modules IZENMT 2 Z & T, HEDF —ATIIMBEOFHTEA, ZLTHRRD
F—ATREREO T — FH, Jib o Tk h kg,

o O— FMBIZKRMLZGE, ZORKLEEY 2—0IiE - ZL T, ZOEY 2—LETH - sys.
modules 25D RN FEF, sys.modules F ¥ v ¥ 2 CHICEFNTVALIXRTDEY 2 —)L L,
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BWEH LT — RIZHEH LT RTDED 2 —iF, BiIlF vy ¥alEansd, chdve—F
LIEHHBIT, Ve— FOEAIREMLZEY 2 —1d sys.modules IZHRINE T,

o BODEIIIY THEHHNEINEESIC, EV2—ABELNTHRLETEINEETOMICA v BE— M
HliZA R - EEDEY 2 —VEMEREL £ 7 (LEHEEa— MO ”_init_module_attrs”),

o TV a2 FETIEY 2 — LOLATZEMPHREINLZ 0 — FOEELRBEME T, EITido—&X—I1I5
WKEEEN, o—F—3ME2XDX5IHEETINERET I IR X T,

o O— FOMIIEMENT exec_module() WEINESY 2 —d, 4 VY R—1DDDITREINS D
DEIFELZND LNEFEA S,

N=TaYy 34 TEHE: A VR- AT 230X —DEMNLALZTEME T L7z, TN HIILIETX
importlib.abc.Loader.load_module() XY v RIZX > THEITEINF Lz,

5.4.1 O—4—

EVa—ln—X—ik, v— FOEEZEIETH SEY 2 —LFEITHEERIRB L 25, 4 VK- Mg, =
TLESIETBEY2— VATV 7 M 2H—0D5/#(¥ LT importlib.abc.Loader.exec_module() X
Yy FEMCHELE T, importlib.abc.Loader.exec_module() 225K EN/-IEOMEIZERINE T,

0 — X — i RO L TWRIF RN T $ 8 A

o EVa2—NH (HARAAEY 2 —VREHNCHAA TN ZHIRES 2 — L Tid7% < T) Python €Y 2 —
NZoTBE, B =KX —13EY 2 —1D 7 a— N LAFTZER (module. __dict__) T, EY a2 —1D
- REETTRETT,

o exec_module() OFFUAHI LHIZ ImportError MU ORISR SN, EHEEINTELELTH, E
Ya—%Eku— RFTERVWEEX ImportError ZEHITNETT,

ZLLDGE. 774V -0 —XR—l@ERALATV 27 b THOERA; 2D XS RGETIE find_spec()
Ay FIZHIC self (R A7 Y227 FEE) 2RI ZITT,

EYa—NB—&X—lX create_module() XY v FZFEE T TrR—-—FPREY2a—-NATIzr %
fER T2 Z e BBINRTEE T, ZOX Yy Flid, BV 2— M EEESIEICH->T, o— RPIESHLVWE
Pa— ATVl FEIRLET, create_module() WEEI 2 — A TP = MIEWERET ILEETDH
DEFA, DLIDRAY v FH None ZiRITKSEH, 4 VHR— MEEEIHLVWEY 2 -V Z2HSTEKRLE T,

Added in version 3.4: @ —X —® create_module() XYV v K,

N— g 3.4 TEHE: load_module() XV v Fl exec_module() ICXk-oTHEE#HMZION, £ VKR— MK
Whn — FOTXNTOERN BRI EZE| 217 F L,

MFEor —X—r OHHEMED ), 3 Lo —&—IZ load_module() XY v FHAFEL., »»Ooa—&X =25
exec_module() ZHEEL TWARIFIUL, 14 VK- MEHEIZT —X—D load_module() XYV v FE2HVWET,
LA L. load_module() & deprecated TH D, B —X—iIfkH DT exec_module() ZHEETNETT,

*2 importlib OEHEIX, RO HEEZEEGS Z 2 GHIITVET, 2O0RbHIC, BV 2—AHEHFHNT sys.modules 1 HEY 2 —
ﬂ/ﬂ‘7/17 FeRET, 25352 t@Fﬁi‘%E’]&cxﬂ%Li AV R— T\éﬂﬁ%/;——ﬂ/ﬁ) sys modules klﬂéﬁ THEZEZ

= -
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load_module() XY v Fi&, EY 2 — V%2732 2 ICMATLERE CHHIN 2 TXRTOEN W — K
KREZ EM L 2R D 8 A, RUHIRIEAZXNE T, MUHIEMDIRMELTS:

o sys.modules X5 R OLNLHHDEY 2 — AL LTVEHE, B —X -3 ZORFEOEY 2 -1
EHEDOZIUENT R A (25 LAERWVE importlib.reload() IXIEL K B RWTL & 5, ) BE
SN/EY 2—V sys.modules WICFELBRWGE, B—X—3HLVWEY 2 — A TP =7 F2AE
& L. sys.modules IZENNLZIFIUIWIT EEA,

o MROFIFEIFEHME DO — FEHjIET 27D, B—K—=2EY 2 —la— FEETTBH1ICE
¥ 2 —J sys.modules IZFF/E LR ITFAUIIR D TR/ A (must).

o U— NUHIZKKLUIHE, B —X =% sys.modules IZIBMLZEY 2 — L Z2ED R HUIEW
JEBAD, 2R — RICRRLZZEY 2 -V OH &, TOEY 2 - —X—HHZHRIIC
0— FEINGERKRD, BRALZTIRD $H A,

N—=Ya¥ 3.5 TEHE: exec_module() DEFZXNTWVWT create_module() DEZRINTVARWVWEE,
DeprecationWarning XM EN 2 K5I D FE L7,

N— 3 3.6 TEH: exec_module() BEHREXNTWVWT create_module() NEZRIN TR WIS,
ImportError 23X &5 K51 b kL7,

N—a > 3.10 TEZH: load_module() %Z{HfH3 % & ImportWarning 23FEAEL £9,

542 YJ7EDa—-)

PTES2-NZB—-FFT23DRZEDESI A= L (flZIE importlib API | import ¥ 7213
import-from A7 — kX ¥ b, FZFE L M YD __import__) MBfEDLIIIGATH, XA VT4 ¥
TRV TES 2 NA TV 27 beFEY 2 - NVOAFEMICEEL 3, flZE LSy — span &
P TEY 22— foo o TWEE, spam.foo &4 ¥ R— b L7k spam IZEDY 7TEY 2 — MG
SNBIE foo 2HHET, UPOTF 4 L7 PUMEZR > TW2 L LEL & 5!

spam/
__init__.py
foo.py

Z LT spam/__init__.py U TD L IR ->TWVWBELET:

from .foo import Foo

ZOrE, DIREETTZZ2I1C&D spam EY 2 — L DHIZ foo & Foo WCHBXN-LHIDNENINE T

>>> import spam
>>> spam.foo
<module 'spam.foo' from '/tmp/imports/spam/foo.py'>

>>> spam.Foo

<class 'spam.foo.Foo'>

Python OENB L AL AREMEL—A 05T 2 ZARBEEZLD LAEFEAD, ZREERA VFR— 1
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AT LADEARMNBERETT, FERCRLERITAERLRVDE (ERRDA Y KR—FDHERLT) sys.
modules['spam'] ¢ sys.modules['spam.foo'] PIFEET 255G, BEMHIED foo EBIEE L THELR
FRERLRNEVWS ZETT,

5.4.3 Module specs

4 VA= MERE. 4 VR — POl (Frce— FOHT) 12, lxDEY 12— IOV TOE % Xz
WET, FHHOIFLALYEIRTOEY 2 — LV THETT, T a— W MIHEOEMIZ. 2O VR— FEED
TBHREEY 2 —VOEMNTH T TBE TS,

4 VR=PDOBRCEY 2 —UEREE[H S 2%, A YV R— b RT72La YR -3 M, FIZIEEY 22—t
BEERT 27 74 VX 2N FETT 50— X —DBTIRERZINET 2 2 2AAEICLE T, ROEER
DIF, ZRCE > TA Y R— ML T — FOERMRIERZFEITTEL ISR VWS 22 TY, Zhic
LT, B 2a—UIEER L TER—ZRZ0ELEH> TWE L7z,

The module’s spec is exposed as module.__spec__. Setting __spec__ appropriately applies equally to
modules initialized during interpreter startup. The one exception is __main__, where __spec__ is set to

None in some cases.
See ModuleSpec for details on the contents of the module spec.

Added in version 3.4.

5.4.4 ___ path__ attributes on modules

The __path__ attribute should be a (possibly empty) sequence of strings enumerating the locations
where the package’s submodules will be found. By definition, if a module has a __path__ attribute, it

is a package.

A package’s __path__ attribute is used during imports of its subpackages. Within the import machinery,
it functions much the same as sys.path, i.e. providing a list of locations to search for modules during

import. However, __path__ is typically much more constrained than sys.path.

The same rules used for sys.path also apply to a package’s __path__. sys.path_hooks (described

below) are consulted when traversing a package’s __path__.

A package’s __init__.py file may set or alter the package’s __path__ attribute, and this was typically
the way namespace packages were implemented prior to PEP 420. With the adoption of PEP 420,
namespace packages no longer need to supply __init__.py files containing only __path__ manipulation

code; the import machinery automatically sets __path__ correctly for the namespace package.

545 €2 a—ILD repr

F7 4L b T, IRTDEY 2 — VFFIFHATEER repr 2o TWE T, L IE. ZAZTTIZHHAL
FEHEORENBIKELTED, EV2a—MAMICEoTEY 2 -1 ATV 227 bD repr % & D BIRANIC
HHT 2B TEET,

b LEY 2 —UPMERR (__spec__) ZFioTWHIE, 4 VK- MEMEIZZ DS repr ZAERL IS L E
T, b LENOEWMT 20, FREBMEEIEELRTFNE £ VK- P RTAEEY 2 —LTAFAHE
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BRHLWBEREMHES>TT 74V D repr ZHEL F£9, Z4U3E module.__name__, module.__file__,
module.__loader__ % (B D RWIHRICOWTIZT 7 4V MEZ o THIWVWZRDS) repr ND AT & LT
B ikAET,

IhDEDN TV S IEMERIRAICT:

o BV a—H __spec__ BHEEFio TOWIUX, HEICE FN 2 TEWD repr ZERT 27201 fbNE

” N

3, "name”, "loader”, "origin”, "has_location” BN SIREI N F T,
o TV 2L __file__  BUEDNHZEEE. T2 —N1D repr D—E LTHEOLNE T,

o BV a—JUIC __file__ IR WA __loader__ 23H D, ZD{EA None TIERWIFEAIE, v —X—0D
repr D3EY 22— D repr D—EE LTHEbLNE T,

o ZITHRIFNUI, BIICEY 2—/LD __name__ % repr DHFTHWE T,

N—= g ¥ 3.12 TEHE: Use of module_repr (), having been deprecated since Python 3.4, was removed

in Python 3.12 and is no longer called during the resolution of a module’s repr.

54.6 ¥vvadhicnN4d bOd—FOEM

Before Python loads cached bytecode from a .pyc file, it checks whether the cache is up-to-date with the
source .py file. By default, Python does this by storing the source’s last-modified timestamp and size in
the cache file when writing it. At runtime, the import system then validates the cache file by checking

the stored metadata in the cache file against the source’s metadata.

Python also supports “hash-based” cache files, which store a hash of the source file’'s contents rather
than its metadata. There are two variants of hash-based .pyc files: checked and unchecked. For checked
hash-based .pyc files, Python validates the cache file by hashing the source file and comparing the
resulting hash with the hash in the cache file. If a checked hash-based cache file is found to be invalid,
Python regenerates it and writes a new checked hash-based cache file. For unchecked hash-based .pyc
files, Python simply assumes the cache file is valid if it exists. Hash-based .pyc files validation behavior

may be overridden with the --check-hash-based-pycs flag.

N— 3 ¥ 3.7 TEH: Added hash-based .pyc files. Previously, Python only supported timestamp-based

invalidation of bytecode caches.

55 NAR—R + TpA & —

LTl 7z@E D . Python IZIZWL DD TFT 7 4 L DX RNRR « 774 Y R—=DiboTVWET, 2055
D 12F NAN—=Z « T 744 — (PathFinder) EFHIN, WAIZY ) OVRMTHZ A VHR— RN
2 BMRLET, TALPADORRZY PV, B 2a—VEETEMERLTOET,

NRAR—=R « 774 YE—BEKZMA»PDA VR—FHFEEH>TWEZHDITTEDY EEA, ZORDDIZ,
MarD 2Ly P REBEL., ZAPNICEEOHEO R ZADHVEH o TVWBENRALY MY - 774 VKX —
& BEY £ 5,

TI7FNVEDRALY DY« T7 4 Y R=F, 77ANT AT LALEDEY 2 -V E2H/DOF2720DDFTXTD
T4 VARFEELTVE T, ZHUd Python Y —RXa—F (.py 77 4) . Python N4 Fa—F
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(.pyc 7740) . EHESA4 750 (BlZIE .so 7740) REDKIR T 7 A& A TR ML 5, B
4771V D zipimport EY 2 — Ko THR—FEINEIHAEF. 774NV DRIV MY » T 74V
=1 (HEFATI7VLHND) TRTDT 7 ANVRA TD zip 77 A A 5DR— K HPOET,

NRAZYMVET7 7 AN AT L EDEMZBEINZLEIEIDD A, URL RT—EZR—ATTIURFE
DM FHNTIRETE 2 HMESHTE I BARETT,

PNRAR=R + 774 YR 7 v 7B baLzeBMT3 IR TE, ZRUTK > TREARER AT Y
MY OREEEIRL. PAZXRAXTEHIENTEET, HlRIE *y PV —2 LD URL 2RV YL
LTHR—=PLZWEA, web LOES 2 — L EHOF 272D HITP OWMHFWAEELE L7 v 7% &E
e TEET, 20 (WMOHLABEA 7Y 22 b TH2) 7y 2k, FOMIHIT 270 rarsdE—t
T2 NZAZVER) «c T7A 0 — KB LET, 2O7B FaE web 25EY 2 — Lo —X -5 %
Db ET,

BEEDSE: ZOHILHIOMOMAET 7748 — LWSBEDN, XANZX - T4 V82— NAITV
) e DA 08— WS HBETRAXATHELDNTVWE T, Zhs 2FHEOT » 4 VX —I3IEFEILITE D,
PZ7abarzdR—bL, 4 KR- MUETHUE XS ITHKEEL 92, MDIREL->Tw D2 L0IIHED
TELDWEEETT, FHT. XZRR - 774 VX =134 VK- MU OFIREKE, sys.meta_path DEREN
B e ICHEL£3,

FREWFHBANC, RAZU MY - T2 A VR —EDHIZERTNRAR—R « 774 VX —DREFHEMTHD,
FFR sys.meta_path D2H8ANR=R + 7 7 4 Y X =DM D RpNIGE, RAZY MY - 774 VY X—DFE
b ETEINRNTL & D,

5.5.1 XAIV KD « T 48—

INAR—=RZ « T7A A= 12&, XFH NZATY M) THEE S N5 D Python €Y 2 —/L% Python
Ry —=V%H00, B—F32BENHDET, IFLAEDRALY MVIET7 7 A VYR T L DS EE
ELTWETH, Z2ZICHIRINZBEZEIHD FHA,

RBENRR T 74V R=2 LT, WAR—=R + T74A VA — [N L7z find_spec() 7’81 k 2/LH5E
BINTOETH, ZHUWMATAYR=ENZA DEED 22—V ERDF, R—RFRTE3HEEIREZTA X
TR E 7y 7L TVET,

INANR—2R « T7A % — % sys.path . sys.path_hooks . sys.path_importer_cache £\5 3 DD%E
BEFNEST, Iy r—IF7I227 bD __path__ BEHEDFEVET, Zhoick->T, 4 ¥ R— ML
HEARRIA RXT 2 ES RSN E T,

sys.path contains a list of strings providing search locations for modules and packages. It is initialized
from the PYTHONPATH environment variable and various other installation- and implementation-specific
defaults. Entries in sys.path can name directories on the file system, zip files, and potentially other
"locations” (see the site module) that should be searched for modules, such as URLs, or database

queries. Only strings should be present on sys.path; all other data types are ignored.

INAR=Z « T7A VA= 1F XENZ« T7A 28— 2DT, 4 ¥R— MEME AICHRSL 72 SAR—
A+ 7574 YZ—D find_spec() XV v FEMIHET I T A VR—FINZ OMBREHRD LT, path 515
S find_spec() WKEENzL Zid, ZIUIEET 2 8AXFHID Y A b - HEIINIZZ Dy =P DHT
AVER=PLTWVWE Ny T =D __path__ JBMHIZR D £9, path 518D None 72 - 7285556, ZHUdikx L7
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DA VR=PTHBIERLTWTC, sys.path DfELNE T,

The path based finder iterates over every entry in the search path, and for each of these, looks for an
appropriate path entry finder (PathEntryFinder) for the path entry. Because this can be an expensive
operation (e.g. there may be stat() call overheads for this search), the path based finder maintains a
cache mapping path entries to path entry finders. This cache is maintained in sys.path_importer_cache
(despite the name, this cache actually stores finder objects rather than being limited to importer objects).
In this way, the expensive search for a particular path entry location’s path entry finder need only be
done once. User code is free to remove cache entries from sys.path_importer_cache forcing the path

based finder to perform the path entry search again.

path entry 23 ¥ v & 2 OHIZHED 5 7235E. path based finder 1% sys.path_hooks OH DI L ATHE
FT7TPz 7 Ve TUDET, ZOVRMDENZEND path entry 77 &, MWET 2 path entry W5
511 2B L TFSHEINET, £OMUIH LATEEA 7Y = 2 M path entry 2% Z % path entry finder
%3R3 5. ImportError %A U ¥ 3, ImportError &, 7 v 725 path entry D7z ®D path entry finder
ZEHER W & 2l 27201 path based finder BMEVE T, ZDOFSNILIRE T, import path &2l o
TV DT HNE T, 7 v 73518 E UTXFINEZEIANA WA T = 7 P 2L ET; N4 M
ATV bOTva—FT4 Y7y 7fEERTOT (FlZIE. 77 ANV AT LDy A—T 4 VT
D UTF-8 RZNLANZETT) . 7y 70358%7a— N T&RLD-7%513 InportError ZiAH TN Z
T3,

sys.path_hooks Zill 2 LHA WZAIZV R « T4 08— 2RI FTITKDoLGHE. NAR—Z -
774 Y& —00 find_spec() XV v K&, sys.path_importer_cache IZ (ZD NALY FYIZKTE7 7
A VE=DBEIELRV I L ZRT72DIT) None ZIRIEL, XFINZ « T7A VA — 1FEI 2 -2 HEOD 5
BhpoleZ 8 RIEZ 5 7-9IZ None ZIRL ¥ 73,

sys.path_hooks kD NZATVFUT vy HMOEHLAGEA 7S =27 FPORDEOWTALD NAT Yk
) e D748 — THoT- Hi5, BTHTL 3 EY a— I EHET 20070 Fardfbi, ZahnE
Ya—nu—FTikdicbh s,

The current working directory -- denoted by an empty string -- is handled slightly differently from
other entries on sys.path. First, if the current working directory cannot be determined or is found not
to exist, no value is stored in sys.path_importer_cache. Second, the value for the current working
directory is looked up fresh for each module lookup. Third, the path used for sys.path_importer_cache
and returned by importlib.machinery.PathFinder.find_spec() will be the actual current working

directory and not the empty string.

552 NXAIV R Y« Twpa4—-OFIL

EYa—eHfbtEni sty r— DA YKR= b 2B KR=- T E20D. BIUKARTZEB ANy Fr =P DR—
Tarve L THMTE0IC, SRRV Y - 7574 X =& find_spec) XV v FEEELRITUDNT
¥ A

find_spec() X 2 DDFIEEMD £, A VA=PLLS L LTVEEY 2 - LOTELEHMZ L. (X TP a
YD) WMREY 2=V TT, find_spec() WFEY 2 — MG T 35221 #HL (populated) X7z fbkk%E iR
LET, ZoftkkE (1 20 ZRWT) #IiZ "loader” £ v b EFF->TWVE T,
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To indicate to the import machinery that the spec represents a namespace portion, the path entry finder

sets submodule_search_locations to a list containing the portion.

N—=Y 3 3.4 TEHE: find_spec() replaced find_loader () and find_module(), both of which are

now deprecated, but will be used if find_spec() is not defined.

HOWRZAZYFY - 774 X —DHIZIX, find_spec() DRHDIZZINS 2 DD deperecated 2 XY v K
DOILEDVWITNPEHEELTVWERDDH20d LNERTA, ZNOHDA Yy NIRRT EHEDI-DICERLE
RBENTVWET, LrL, NAZY MY - 774 Y& —IT find_spec() BELEZATVIIE, HFwxX Y v ¥
EHEhE T,

find_loader() takes one argument, the fully qualified name of the module being imported.
find_loader () returns a 2-tuple where the first item is the loader and the second item is a names-

pace portion.

fhod 4 > HK— MO RIS T 2% EHMEDZDIT, ZLDRRAZY R - 774 VX —1F, XARRZ -
T 7 A VX =PI R— T 3D LFEUEHNA find_module() XY v FHH¥R—FLTVWET, LoiL, %
ALY Y« 774X =0 find_module() XY v Rk, RLT path 5IBTIIMIHINELTA (ZDX
Vv RiE SR Ty 7 DBRAIOFEOH L2 H# s S R ERZ RS 2EEBHIF S T0ET),

NRALY MY « 774 &= find_module() XY v Rik deprecated TT, ¥R D, ZDHETIE R
IVNY - T7 A VR =DPHEER Sy =PI L TR— a VT2 2 BN TERVRASLTT, dL
find_loader() ¥ find module() DWHMNRRALY Y « 774 VX —IKHEELES, A VER—FTRXF
LTHEIZ find_module() & D3 find_loader() ZEELTHUHL E T,

N— a3 3.10 TEHE: Calls to find_module() and find_loader() by the import system will raise

ImportWarning.

N—Ta Yy 3.12 TZH: find_module() and find_loader () have been removed.

5.6 FEDAVR— b RATLEZEETHTRZS

A VR=PFRT LR B EMZ 27:DOR D EHEMNED D 2 AE. sys.meta_path DT 7 + L F DA
BEHFRL, BFEAARZLDRARANART v 7 TEERZ2HDTT,

% L. import XOEWERLITEZEL, £ VR— P AT AT 7T BMD APL ICI3HEEE5 272 T
TR, MAIAABLD __import__ () BARZE XX 2720 TT O T, ZOFEEK 5 1 DODFET 2—
VAT T import XOBHEZEET Z2DICOHVWLNET,

(FHEDA Y R— P AT L BEZIRIET 2D TIEIRL) TTIRXZARRIZWE 7y I P6HBEY 2 —LDA
VAR — FEERINCEG < 72 ®2id. find_spec() 55 None %iRFfbH D2, [EH ModuleNotFoundError
ZEMT B2 TTHHTY, None ZiR T DIIX X ARDEEZHIIEZRETHZ L 2ERL E 3. Hist
REET 2T QEERITBYIN £5,
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5.7 Package Relative Imports

Relative imports use leading dots. A single leading dot indicates a relative import, starting with the

current package. Two or more leading dots indicate a relative import to the parent(s) of the current

package, one level per dot after the first. For example, given the following package layout:

package/
__init__.py
subpackagel/
__init__.py
moduleX.py
moduleY.py
subpackage2/
__init__.py
moduleZ.py
moduleA.py

In either subpackagel/moduleX.py or subpackagel/__init__.py, the following are valid relative im-

ports:

from .moduleY import spam

from .moduleY import spam as ham

from . import moduleY

from ..subpackagel import moduleY
from ..subpackage2.moduleZ import eggs

from ..moduleA import foo

Absolute imports may use either the import <> or from <> import <> syntax, but relative imports

may only use the second form; the reason for this is that:

import XXX.YYY.ZZZ

should expose XXX.YYY.ZZZ as a usable expression, but .moduleY is not a valid expression.

5.8 __main__ IZX T 34RIRER

__main__ &Y 2 —UZ, Python DA ¥ R— b2 X7 2BET 2 R85l 7 — X TF, DIHFF TERSH
TW3 X512, __main__ EY 2—Ilid sys X builtins BRELFARRKICA VX TSV X - X —}+7 v S TE

BObs S, LiL, Bi&E 2 DDEY 2 —LEEST,

CLTOBRZRE > TVWERTA, T, _
T RFDMDF T a VITRIET B 2D TT,

_main__ EEBFICWEEL L VDET 2L
_main__ HIEHLEINZ HEDRA VX T ZPEEIXND L ED
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5.8.1 __main___.___spec___

__main__ 23D K5 LN 2 HIKEFEL T,
None IZR2ZddHHET,

__main__.__spec__ FEYNCHREIN B Z 2 dHIUL

Python 2% -m * 7> a Y 2 TEITINLEEICIE, __spec__ WEWIETEEY 2 — L FF v Fr—
DEY 2 —UERRICRESNE T, /. T4 L 27 MR zip 7740, $7EMOD sys.path =2 + VY 25
T332 O—E2 LT __main__ Y a—hu— FINZHAEICDH __spec__ MAEMK (populate) X4
RN

ZRSN DI — X TlE, __main__.__spec__ I None ICFRE XN FE T, Z4UE. __main__ 4K (populate)
FTA7DIfHbI/za— A4 VR=FAJERED 2 — L EE R L TWRWEEDHTT:

o XfEEFB YT b

o cATvav

o stdin »SEBXNHE

o V=RT77ANRNA A=K7 7 A ADLEEZEHINTSGE

BBy — A TR, 728 ZHEWNCE 7 7 AP EY 2 — L UTHEEA VY E—FTE7 £ LTH __main__.
__spec__ lIHIZ None I3 Z X ICHEREL T ZE WV, L __main__ KBVWTHEMBREY 2 — X RF—
RPRER S -m AL v F oo TN,

__main__ 2’4 Y R—PAJEEREY 2 — L& —HK L., __main__.__spec__ DBZNIELTHEEINTWL
e LThH, ZNTHIREB, TD 2 200FY 2a—VEMLARINE I ICERLTLEIN, Zh
1. if __name == "_ main ": Fz v ZIZXoTHEEENZ T ay 7. main_ _ HHE1TZEMEZ4 K
(populate) T 27=DICEY 2 —ABHEHIN BRI FETIN, BEDA Y R— MRIQIIFEITINRWV, &

WO HEIGER L TV,

5.9 2EEH

Python OWIHDELSF 2, 4 Y A— MEBEIHEE LWREZZTE L, —HMllrne A0 F¥a
AV IREPNIZE EROED > TUIVWETH, ROYD v 7= O BELETL LB TEXT,

FVIFILD sys.meta_path DAk PEP 302 T, ZO%MYE 42 2955k PEP 420 T,

PEP 420 introduced namespace packages for Python 3.3. PEP 420 also introduced the find_loader ()

protocol as an alternative to find_module().

PEP 366 1. XA YEY 2 — L TORRNBENA VK= bD7DITBMLU % __package__ EBIEDE%
LTWVWET,

PEP 328 ixifixf £ >R — b, BRI A > R— b, BXU, H#) __name__ TEZEL. %I PEP 366
7 __package__ CTEDMAREEEALZ L,

PEP 338 l3E¥a— V2R Y PP LTEITTZ 202 ED TVWET,

PEP 451 13, EY a2 WA TP 227 NCBITA3ET 2 —NLEBOA VR— MRED D I b8BT
WET, T, B —X—OFAPRETDIIL AL EA VR MEBICBERDD XETVWET, ThHDEH
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WEDh, A YR=F AT 2DV D0D API 7 deprecate T8, Fh7 74 VX —rn—X—1Zi@EH LWV
XYy RoBEMENE Lz,

fiE
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SIX

7% (EXPRESSION)

ZDETIE. Python OB IT 514 DEEDOEKRICOWTHEHR L 5,

REOEICETZER: ZORELLEOETOHLR BNF (extended BNF) £alId, FAMHTHAITIIR S
R Z R T 2 72D ICHWHNTVWE T, HMXHIRI (DD 2 KEGIER) 7. LTFOER

name: othername

TRBENTOC, ZOHFFH O (semantics) ATBSATWELVIIA, nane OHE & B
DEBEFITIE othername OEHKFIF L F CIck b £5,

6.1 EffiZ#: (arithmetic conversion)

When a description of an arithmetic operator below uses the phrase "the numeric arguments are converted

to a common real type”, this means that the operator implementation for built-in types works as follows:
e If both arguments are complex numbers, no conversion is performed;

o if either argument is a complex or a floating-point number, the other is converted to a floating-point

number;
o ZNLAMEEE. MADOSIEIXBHTRINZIRS T, ZHOLEIEH D FEA,

FEDHEE T (% EETOESIEE LToXFS) ik, 2o HoRAEAShE T, KR, 2hE
BOREDIZI D FWEERL TORITNIED $HA,

6.2 7 b L. [RFHIESER (atom)

atom I, RO—FEANLRERTT, do b dHHMZ atom T, FBATFZE/-ZV T30 TT, AIEM. ALE
i, FFEAEINTHE bR (form) d F72, WX L7 M ACHEINE T, atom OFESUILLTD LS
A=

atom: identifier | literal | enclosure
enclosure: parenth_form | list_display | dict_display | set_display

| generator_expression | yield_atom
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6.2.1 #HAF (identifier. F7cI3%HI (name))

7 b ADBITI o T BikAIT (identifier) 3441 (name) TF, FAERICOWTUE #HIF (identifier) &
FUOF—T—F (keyword) %z, ZEUTFPLHBIZONWTIE BFIDITEERE (naming and binding) Hiz %
LTz w,

ZHINH DA T 27 MTHEINTWBGE, 4l atom ZFHMiiT 22 Z2DA 7 =7 M2k ) £3, 4
PRI TWRWES, atom ZFHiiL & 5 & 3% & NameError fil#h2EH L £5,

Private name mangling
When an identifier that textually occurs in a class definition begins with two or more underscore char-

acters and does not end in two or more underscores, it is considered a private name of that class.

> Bz

The class specifications.

More precisely, private names are transformed to a longer form before code is generated for them. If the

transformed name is longer than 255 characters, implementation-defined truncation may happen.

The transformation is independent of the syntactical context in which the identifier is used but only the

following private identifiers are mangled:

e Any name used as the name of a variable that is assigned or read or any name of an attribute

being accessed.
The __name__ attribute of nested functions, classes, and type aliases is however not mangled.

e The name of imported modules, e.g., __spam in import __spam. If the module is part of a package

(i.e., its name contains a dot), the name is not mangled, e.g., the __foo in import __foo.bar is

not mangled.
e The name of an imported member, e.g., __f in from spam import __f.
The transformation rule is defined as follows:

e The class name, with leading underscores removed and a single leading underscore inserted, is
inserted in front of the identifier, e.g., the identifier __spam occurring in a class named Foo, _Foo

or __Foo is transformed to _Foo__spam.

¢ If the class name consists only of underscores, the transformation is the identity, e.g., the identifier

__spam occurring in a class named _ or __ is left as is.
6.2.2 UFZI)L
Python Tl&., XFFHNIRNAL MV FI0 e, BRABRBIEY) 77V R—bP L TVWET:

literal: stringliteral | bytesliteral

| <nteger | floatnumber | <imagnumber
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Evaluation of a literal yields an object of the given type (string, bytes, integer, floating-point number,
complex number) with the given value. The value may be approximated in the case of floating-point and

imaginary (complex) literals. See section 'J 7 ZJL for details.

VT INBERTEENER T - XIS L E T, TOXD, ATV VDTATYT 4T 4R3ATI =2
FOMEIZEEETED D FEA, RACHEZFOEEDOV 77 V2L 256, (ERHD V) T Ta s
ZLADFELHBITHKRDOSDTH->TH, TI5THRLETH)ALA TV bEIELTWE D, £o7FUMHE
PROROA T 27 MITIRDET,

6.2.3 HIEMAZ (parenthesized form)

AFEIER & RV R P o—JEET, AEINTH -5 DTS

parenth_form: "(" [starred_ezpression] ")"

FFEFMTHDbONERXDO U 2 ME, HLxORPERTI2HDICRDET: VA MO R L —D2Dh r=H
A2 TWEES, IV EDET; 25 TRVES, ROVZA 2B LTV HE—0XXBROEICRD
9,

FRENZEDIIEMDRTIE, BEDR VI T2 b 2RLET, ZINVEIEERERZDT, VFILEREL
HADHEHINE T (Thbb, HOXTIAB_FEATHbNZ . ZABERALCA T2 MZikbZtd
HBU, BOBRNWIEDDHDET),

ZFMIIFEIMTER I NZDTIERL, AUl Lo TERENZ Z L IEFEE LTIV, fiskizo &
TNT, ZOHBEEINFEND BETY - AFEIRD D270 7 A ik LAWK (nothing)” 22 % X 5
WLTLED &, XEBDVEVWRDDIZH>TLEW, XL HB3XL FIABHBEINZLLZoTLEY
9,

6.2.4 UX b, &5, HEDXRT

YR b, A, BEEMST 372512, Python 13 7 F1 (display)” ¥ IR 3 R RIS R HREE L TV T,
RO BT OBD D F 7

o AV T FONEEHRINCIIET S
o REREE (comprehension) LWHINS, N— TR L 7 4 L& QDI A EDE % V75 ERER

NEREEDHE DT ERIIRDE D T

comprehension: assignment_expression comp_for

comp_for: ["async"] "for" target_list "in" or_test [comp_iter]
comp_iter: comp_for | comp_if
comp_if: "if" or_test [comp_iter]

NEERTLIZEFTHEH—OR, TP ed 1D for Hi, XHITHWT 0 AL ED for Hidd B WX if Hi
PORDET, ZOHE. FAD for Hik if Hix, EPOLENEL BTV AR M LT HY 7 AR
L. 2 A POBRAD Ty ZIZEFET 2 Z L ICNERLDOIIICH 2 2 il L 7245812, B TE D0
23T FORERITLD T,
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2720, BEWRD B for HIDA 77 T7ARERVT, NERILIIFEERWICE A bEIEHDORa—FT
T T, ZOHHADOBMFT, ROV X MATRAZINZLFIDIMID 2 a -7 "R s” 2k
XHHEEA,

RO DH B for HIDA T 7 7ARE, ZHZEHEBMATWS Ra—FTZDF FiHlich, BERAZAN
FORaA-FWZEIHBe LTEINET, BRICH for fiiz., MDA DH D for HID T 4 VX —FMHEA T 7
ITNAREEZEFATHWEZRAI—-FTIEFHMATEERA, EWVWIDIE. ZNBHEROIEDA T I TITADLES
NBEIZRFELTWE0H LR WAL TT, PIZIZROBED TF: [x+y for x in range(10) for y in

range(x, x+10)] ,

WKL HEIWCHEY) RO 2 > 7 FI2R 2 DR RAET 572912, yield K% yield from FUIBFERHYZ At
FTORa—FTRREIhTVET,

Since Python 3.6, in an async def function, an async for clause may be used to iterate over a asyn-
chronous iterator. A comprehension in an async def function may consist of either a for or async for
clause following the leading expression, may contain additional for or async for clauses, and may also

use awatt expressions.

If a comprehension contains async for clauses, or if it contains await expressions or other asynchronous
comprehensions anywhere except the iterable expression in the leftmost for clause, it is called an asyn-
chronous comprehension. An asynchronous comprehension may suspend the execution of the coroutine

function in which it appears. See also PEP 530.
Added in version 3.6: FEFEIANTREIEA SN E LTz,
N—Yar 38 TLHE: yield BLU yield from FEEWNRANFORa—-FTIEEILRDE LK,

N—Y 3 3.11 TZH: Asynchronous comprehensions are now allowed inside comprehensions in asyn-

chronous functions. Outer comprehensions implicitly become asynchronous.

6.2.5 VX +FRR

VR FERRE, AFEINTHDONRORINT T, RINZZEORINTHoTHILEVEEA:

list_display: "[" [flezible_expression_list | comprehension] "]"

VAPERE FILOWIVRAMET7 D27 b 252FF, VATONAER, XDV R ME4IEV R MNERERT
(list comprehension) THRESNE T, H < TRUIGNLKD Y X P BRGZI o0 Eid, 205 DKEHE
B SENEIHCFHMEi X AL, ZOIHICY A PAREEBEINE T, NEKRLHEZ ot 2id, NEKELD
MROBEHRETY X PRI NE T,

6.2.6 £EXT
EEFRBBPAEM TR, F—LER2 DT 2300 L THERREKlah x5
set_display: "{" (flezible_ezpression_list | comprehension) "}"

RELRE, LI 2R IABEEA TV =7 2525 T, BEOARE, RO FIINEKIC
Lo THESINE T, HY~<vXUDOADY X +HG R ozt id, ZOERIED O ANIEIZFHIG S A,

106 % 6 = 3 (expression)
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BEATV=z7 PIMAORET, NEXRLPGAoNE 2iX, NEKGLOMROERTEAIBA SN
9,

2 E {Y TR TXERA. 2OV F I MIZOFELFER L F5,

6.2.7 BFHEXRT

A dictionary display is a possibly empty series of dict items (key/value pairs) enclosed in curly braces:

dict_display: "{" [dict_item list | dict_comprehension] "}"
dict_item_list: dict_ditem ("," dict_item)* [","]

dict_item: expression ":" expression | "#x" or_expr
dict_comprehension: expression ":" expression comp_for

FEERRE, Wik EAX 7227 b 2RkLE T,

If a comma-separated sequence of dict items is given, they are evaluated from left to right to define the
entries of the dictionary: each key object is used as a key into the dictionary to store the corresponding
value. This means that you can specify the same key multiple times in the dict item list, and the final

dictionary’s value for that key will be the last one given.

A double asterisk ** denotes dictionary unpacking. Its operand must be a mapping. Each mapping item
is added to the new dictionary. Later values replace values already set by earlier dict items and earlier

dictionary unpackings.
Added in version 3.5: FEERRD T >y 73RN PEP 448 TIREXhF L=,
HENURERLZE. VA FPEAORNERI & RIS, EEO "for” = 7if” HiOFIZ, ag > THiFbh

72 2 DORXBRET Y, NEKILVEHT 5 &, fMROF — LHDERD, (ESNTNEITH L WEEEICHA S
nxd,

Restrictions on the types of the key values are listed earlier in section {Z2EE!DFEE. (To summarize, the
key type should be hashable, which excludes all mutable objects.) Clashes between duplicate keys are

not detected; the last value (textually rightmost in the display) stored for a given key value prevails.
N—=Yar 3.8 TAH: Python 3.8 XDHION—Y 3 »Tid, HEAERTLICBWVWT, F— 2 HEDFHMNET
FHHREINTVWERATL R, CPython TiE, {EAF — X DIEICFHEINTVE L, N—=Ta ¥ 3.8 b
X PEP 572 TREINTWE X512, F—PHELDRBICFHIENE S,

6.28 xxL—42=H

¥ x AL —X&3 (generator expression) L&, AFEMZ o7z a7 PP = 2L —XKFEIETT:

generator_expression: "(" ezpression comp_for ")"

Vb= BREFLT 2 AV —E AT 27 Ve 5AET, ZOMXENEERL L IZZFE LTI A, A
MR PEFEIN T 72 < ARIMCTH I E 5,

Vi —ZROPTHLATV L. (BHOY 2 L —XEALESIT) 20V 2L —2F TV
2 MEHLT __nezt__ () XYV v FHHINS L & TIHEBEShE T, 2721, RbEICHS for fi
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DA TIZ7I7NRIELICTHEEINET, 207D Z I THELZT I -k, RUIDMEIESNIRETIERL,
VAL —RRPERINRETRELNE T, RICH for Hix, MBEKD S for HiD 7 4 LR —%
34 72 7V K2 EHEMATVWS 22— TEFHETE EEA, LWVWIDIE, ZALERBEDA T 77
APHRLNBEIZKFELTVE2D LAKRWHASL TS, BIZIZRD@ED TF: (x+y for x in range(10)

for y in range(x, x+10)) .

B oME—D5 e LTETHEICIE. AN ZEBTEET, LA BUHL (cll) BizZRL TR
LN

VAL —XREAGOHRFINZEERY TR VIZDHIC, yield I yield from FUIBEEINICEFR Iz
VAL —XTREE LI TVET,

Y xxL—&AD async for HidH DI WE await REZFATWEIHE. Zhid EREAZ L —42K LI
NET, FRABY =2 L —&2RF, FAHA 7L —XTHLHLWIFRHY = 2L —2AT7Y =27 P 2IRL &
3 (GERERT TL—4& (Asynchronous Iterator) Z#ZR LU TLIZE W),

Added in version 3.6: FEFHIY = XA L —ZADBEAINF LTz,

N—Y a ¥ 3.7 TZH: Python 3.7 X DHTTIE, FEEMY = 2L — &KL async def I —F > TLHE
ZFHEATLR, 3.7 2old, EEOBBTIEFAYY = AL —XXMWEZ 5 X512 F L%,

N—Yar 3.8 TEH: yield BLU yield from FEEHWRANFDORa STl DE L,

6.2.9 Yield =
yield_atom: "(" yield_exzpression ")"
yield_from: "yield" "from" ezpression

yield_expression: "yield" yield_list | yield_from

yield i =L —% BB JEAEAS T~ L —% B2 ER T 2 L 2ifibh xd, o T, BEERD
AETOAMHZET, BEMOKRKT yield X ZHHT 22 ZOBEIEY = 2L —XBBUICR D, async def
B OARKRTHEAST 2 20 alr—F VEAKIIIEREY = 2 L —ZBICR D 29, FIZIERDLSITRD
9

def gen(): # defines a generator function

yield 123

async def agen(): # defines an asynchronous generator function

yield 123

BENTVE A= TOREIWEHD 9. yield MIIERANTER SN R a—TD—fe L THEEKGLRY =
FL—RAZFET 20125 T FFFAI SN TVEE A

N—Y a v 3.8 TEH: yield N, BREUBLANTORa—FTHERLRLY 2 2L —XRXNEEETLZ729
DFANEEIRCZ D L,

VAL —=XBBIZOVWTIET S RTHHEI ATV S, FEFAHIY = L — XBIE. FEEEAD =L — 4
# (asynchronous generator function) B TEHAZ A TVWE S,

108 % 6 = 3 (expression)
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When a generator function is called, it returns an iterator known as a generator. That generator then
controls the execution of the generator function. The execution starts when one of the generator’s
methods is called. At that time, the execution proceeds to the first yield expression, where it is suspended
again, returning the value of yield_list to the generator’s caller, or None if yield_list is omitted.
By suspended, we mean that all local state is retained, including the current bindings of local variables,
the instruction pointer, the internal evaluation stack, and the state of any exception handling. When
the execution is resumed by calling one of the generator’s methods, the function can proceed exactly as
if the yield expression were just another external call. The value of the yield expression after resuming
depends on the method which resumed the execution. If __nezt__ () is used (typically via either a for
or the next () builtin) then the result is None. Otherwise, if send () is used, then the result will be the

value passed in to that method.

CNETHALENEDLS, P23 L —XBEaL—F e TH BTV ET, V=L — XM
EHEML, 12 EOZY FYRAL Y MEFRL, ZOEFTE—REILINET, L — X yield
L7 CRITOMBERIETER NI L HAME—DENTT, TORHIEANIFICY =2 4L —XDOIEIH LItAB X
nEx9,

yield d try BEATHATE RS, D=3 =20 (BRI Y PRERICET 20, AR—YaAL T3
2k B) BTHNCHBEARWES, Y22 —Z-A4TL—&D close() XY v FOIN, finally Hi
MEITEINET,

yield from <expr> M L7:5E. A 6NALRIEA T 77NV TRINERD E¥A, ZDATITN%
ATV —=1FFB2Z L TERINMBEIEDY 2 AL —XD XY vy ROMUH LTEAEZEEXNE T, send()
THEINDLWEMEE throw() TEINLDHSWSHIINIRED A 7L — XIZHEY L XY v FBHIUTTE
INFET, BEURAY v FPRVEE, send() & AttributeError 2 TypeError %. throw() XEXh
75N 2 BT R U 5

WEDA 7L —XD5ETHE, 5|&#Z X7z Stoplteration £ ¥ A X ¥ AD value BHIZZ D yield XD
fEX 72D %9, StopIteration ZHZ TRRCHARMNICE Y FENEdD, $TATL—ENRT 2L —XTDH
WL (P74 7L =002 5(ET) BEINICEY hEXN20DOEE LTS,

N—=Yay 33 TEE: ¥y 74 7L —XIHIH 70 —%2Z3E T 57291 yield from <expr> 2NEME N E
L7,

yield KPRAXLDHFEIOEAIKTH 2 & =, FHlFEHTE LT,

> B

PEP 255 - Bfioz L —%&
Python "ND¥ = x L —& & yield XDEARE,

PEP 342 - #iske Nz L —2ZBVW:=JI—F> >
VIR aAN—F L LTHHTES X512, xR —XDHEXE API ZHLR T 3 1RE,

PEP 380 - # 7S 1R L — 2 ADEZEIEX 0
T2 XL —RDEEEHHICT 5720D, yield_from X DEARE,
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PEP 525 - JEEHA T =L —% =

N—F YEBADY = 2 L — X DEEREN DB XL 5 PEP 492 OHRIER,

SIRL—R-ATL—EAXY YR
TOMTET 2R L —ZATL—ZDXY vy FIZOWTHIHLE S, 2hsidy = 2L — ZEBOETHIEI
fEHTE %5,

UTRTOY 2321 —& XYy FOMRFHLIZ. ¥zl —XDBBRCETHOEE ValueError Hl4b k-3 3
FICHEELTL XN,

generator.__next__()

Starts the execution of a generator function or resumes it at the last executed yield expression.
When a generator function is resumed with a __nezt__ () method, the current yield expression
always evaluates to None. The execution then continues to the next yield expression, where the
generator is suspended again, and the value of the yield_list is returned to __nexzt__ ()’s caller.

If the generator exits without yielding another value, a StopIteration exception is raised.

DAYy NE@EH., P2 for —7RHAIAAD next O BIBUC X o THERICFFOHI R E T,

generator.send (value)

AL —XEBORNEANEE 7 ED 7, EITEHEBLE T, 518D value 137 DFEE D yield DKE
RITHDET, send() XYy FIIRZY = 1 L—XDBERLIEZERL, ¥ =L —XBROMEE4E
KE 22T T 5L Stoplteration ZEH L E T, send() BIFIPENTY = 2L — X236
WBs 2 e Eid, HEZITES yield RBFELRZVWDT, None £5|8 e L THOHXZIFIUIRD £
Ao

generator.throw (value)

generator.throw(type[, value[, tmceback] ])

VAL —XPHWLMETHNEZREZIE T, 20V 1L —ZBEDPERT 2 ROMEZIRL %
T Vo pL—EDPMEEZERTZ2I KT T 5L Stoplteration BFEAELE T, Yzl —XH
BHEINTHINZHIE LRV, S LZESHISNZREZE 45, ZORISNIIECH Lt Mai X
NnxI,

In typical use, this is called with a single exception instance similar to the way the raise keyword

is used.

For backwards compatibility, however, the second signature is supported, following a convention
from older versions of Python. The type argument should be an exception class, and value should be
an exception instance. If the value is not provided, the type constructor is called to get an instance.
If traceback is provided, it is set on the exception, otherwise any existing __traceback__ attribute

stored in value may be cleared.

N— a ¥ 3.12 TZH: The second signature (type|[, value[, traceback]]) is deprecated and may

be removed in a future version of Python.
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generator.close()

Raises a GeneratorExit at the point where the generator function was paused. If the generator
function catches the exception and returns a value, this value is returned from close(). If the
generator function is already closed, or raises GeneratorExit (by not catching the exception),
close() returns None. If the generator yields a value, a RuntimeError is raised. If the generator
raises any other exception, it is propagated to the caller. If the generator has already exited due

to an exception or normal exit, close () returns None and has no other effect.

N— a v 3.13 TEH: If a generator returns a value upon being closed, the value is returned by

close().

=R
UROBELZY Y INMET 22— R T 22 L — XEROIRB EH VR EBICHEN L 7

>>> def echo(value=None):

print ("Execution starts when 'mext()' is called for the first time.")

try:
while True:
try:
value = (yield value)
except Exception as e:
value = e
finally:

print("Don't forget to clean up when 'close()' is called.")

>>> generator = echo(1)

>>> print (next (generator))

Execution starts when 'mext()' is called for the first time.
1

>>> print(next(generator))

None

>>> print(generator.send(2))

2

>>> generator.throw(TypeError, "spam")
TypeError('spam',)

>>> generator.close()

Don't forget to clean up when 'close()' is called.

yield from DOfFAMIZ, "What’s New in Python.” ® pep-380 #ZHR L TL 2 &\,
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JEREAY = L — X E%K (asynchronous generator function)
async def R L CTEREINLEBP X Y v FI yield Rp3H 2 &, 2O FEEEAD =~ L —% B
LLTERSINET,

FEFAY = 1 L — 2B E NS b, FFAY 2 2L —& 4 TV 2 7 b IR S IERIAA 7L — & B
BEINET, LT, 20X 7927 MIAY = 2L —XEROFETEHIBE L £3, @FE. FRAHY 1L —%
A7 ME ar—F YEBAD async for XTI, ZHET AL —EFTI =7 MDY for X
THEDA DT ICHLIL 5,

Calling one of the asynchronous generator’s methods returns an awaitable object, and the execution
starts when this object is awaited on. At that time, the execution proceeds to the first yield expression,
where it is suspended again, returning the value of yield_list to the awaiting coroutine. As with
a generator, suspension means that all local state is retained, including the current bindings of local
variables, the instruction pointer, the internal evaluation stack, and the state of any exception handling.
When the execution is resumed by awaiting on the next object returned by the asynchronous generator’s
methods, the function can proceed exactly as if the yield expression were just another external call. The
value of the yield expression after resuming depends on the method which resumed the execution. If
__anext__ () is used then the result is None. Otherwise, if asend () is used, then the result will be the

value passed in to that method.

If an asynchronous generator happens to exit early by break, the caller task being cancelled, or other
exceptions, the generator’s async cleanup code will run and possibly raise exceptions or access context
variables in an unexpected context--perhaps after the lifetime of tasks it depends, or during the event loop
shutdown when the async-generator garbage collection hook is called. To prevent this, the caller must
explicitly close the async generator by calling aclose () method to finalize the generator and ultimately

detach it from the event loop.

FEFIAY = 3 L — ZBAECCIL try BEENDEEOHATT yield ABEHTEEF, 2L L. ERAHY = 1
L—2&, (BRAV Y I PERIGET E0, IRN—IaL P avick?) BT XD FncHEB IRV
A, try BB O yield UIKKE R D, EITRFEB o7 finally BIXETEINET, ZDFr—RTiE, I
Y 2 AL = ZDMEEL TV B ARY FL—TRRAT Y 2 — 7 DEBE, RS 2 2L —XD aclose()
AV FEBEFHL, BDOaL—F 47T 27 b 2ETL. ZRUTE > TETHFBZ o7z finally Hihd
FITTEBZLIIILET,

To take care of finalization upon event loop termination, an event loop should define a finalizer function
which takes an asynchronous generator-iterator and presumably calls aclose () and executes the corou-
tine. This finalizer may be registered by calling sys.set_asyncgen_hooks (). When first iterated over,
an asynchronous generator-iterator will store the registered finalizer to be called upon finalization. For a
reference example of a finalizer method see the implementation of asyncio.Loop.shutdown_asyncgens

in Lib/asyncio/base_events.py.

yield from <expr> id. FEFAHY = A L —K B CTHDLNI S & XGET T 12 D £ T,

112 % 6 = 3 (expression)


https://github.com/python/cpython/tree/main/Lib/asyncio/base_events.py

The Python Language Reference, 'J 1) —2X 3.14.0a7

R TR L — R AT L—R2XY Y

ZONEITIE, P2 p L — ZEBOFETHIENCHEDNZIERPAS 2 AL — XA T L—ZXDX Y v FIZOWT

g‘ﬂ“‘i

ML £5,

async agen.__anext__()

Returns an awaitable which when run starts to execute the asynchronous generator or resumes it
at the last executed yield expression. When an asynchronous generator function is resumed with
an __anexzt__ () method, the current yield expression always evaluates to None in the returned
awaitable, which when run will continue to the next yield expression. The value of the yield_list
of the yield expression is the value of the StopIteration exception raised by the completing
coroutine. If the asynchronous generator exits without yielding another value, the awaitable
instead raises a StopAsyncIteration exception, signalling that the asynchronous iteration has

completed.

ZOXYy FIZlH, for V=TI & > THHEBRICFFHH IR E T,

async agen.asend (value)

Returns an awaitable which when run resumes the execution of the asynchronous generator. As
with the send() method for a generator, this ”sends” a value into the asynchronous generator
function, and the value argument becomes the result of the current yield expression. The awaitable
returned by the asend () method will return the next value yielded by the generator as the value
of the raised StopIteration, or raises StopAsyncIteration if the asynchronous generator exits
without yielding another value. When asend () is called to start the asynchronous generator, it
must be called with None as the argument, because there is no yield expression that could receive

the value.

async agen.athrow(value)

async agen.athrow(type[, Ualue[, tmceback] ])

Returns an awaitable that raises an exception of type type at the point where the asynchronous
generator was paused, and returns the next value yielded by the generator function as the value of
the raised StopIteration exception. If the asynchronous generator exits without yielding another
value, a StopAsyncIteration exception is raised by the awaitable. If the generator function does
not catch the passed-in exception, or raises a different exception, then when the awaitable is run

that exception propagates to the caller of the awaitable.

N—3 a3 v 3.12 TEHE: The second signature (type[, value[, traceback]]) is deprecated and may

be removed in a future version of Python.

async agen.aclose()

Returns an awaitable that when run will throw a GeneratorExit into the asynchronous generator
function at the point where it was paused. If the asynchronous generator function then exits
gracefully, is already closed, or raises GeneratorExit (by not catching the exception), then the
returned awaitable will raise a StopIteration exception. Any further awaitables returned by
subsequent calls to the asynchronous generator will raise a StopAsyncIteration exception. If

the asynchronous generator yields a value, a RuntimeError is raised by the awaitable. If the

6.2.
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asynchronous generator raises any other exception, it is propagated to the caller of the awaitable.
If the asynchronous generator has already exited due to an exception or normal exit, then further

calls to aclose () will return an awaitable that does nothing.

6.3 751<V
T4V E BECBOTRLEADRVCREERLE T, STRANFO L5130 7

primary: atom | attributeref | subscription | slicing | call

6.3.1 EtSR

BEHEZRIZ. 54V DBAICEY F R e&iirERdDTT:

attributeref: primary "." identifier

The primary must evaluate to an object of a type that supports attribute references, which most objects
do. This object is then asked to produce the attribute whose name is the identifier. The type and value
produced is determined by the object. Multiple evaluations of the same attribute reference may yield

different objects.

This production can be customized by overriding the __getattribute__() method or the
__getattr__ () method. The __getattribute__() method is called first and either returns a value

or raises AttributeError if the attribute is not available.

If an AttributeError is raised and the object has a __getattr__() method, that method is called as
a fallback.

6.3.2 RFREC (subscription)

The subscription of an instance of a container class will generally select an element from the container.

The subscription of a generic class will generally return a GenericAlias object.

subscription: primary "[" flezible_expression_list "]1"
When an object is subscripted, the interpreter will evaluate the primary and the expression list.

The primary must evaluate to an object that supports subscription. An object may support subscription
through defining one or both of __getitem__ () and __class_getitem _(). When the primary is
subscripted, the evaluated result of the expression list will be passed to one of these methods. For more
details on when __class_getitem__ is called instead of __getitem__, see _ class_getitem___ wversus

_ getitem___.

If the expression list contains at least one comma, or if any of the expressions are starred, the expression
list will evaluate to a tuple containing the items of the expression list. Otherwise, the expression list

will evaluate to the value of the list’s sole member.

N— a ¥ 3.11 TEH: Expressions in an expression list may be starred. See PEP 646.

114 % 6 = 3 (expression)
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HARAL T 227 b TR, __getitem _ () WKEoTHRFRIEEI K-+ T247V27 M2 2 HlED
hE3:

1. vy ¥y 7, 794=00 IvEYY THHUX XV X OEFHIFERIE~ Yy THOWT D F —
EICHYE T2 A7V 27 Mo RITNERD A, BRERELIEZ. Z0F—1IIHILT 52~y BV
D (value) ZiEIRL £ 3, HAAADY Y ¥ 77 F ZADHNZ dict 7 F AT,

2. =T VR, TIARIN =2 THHUI, RV R+ OFHfiifEIRIE int F7213 slice (AT OH
T ET) TRINUIRD FBA, HBIAADY —F V27 7 ADFNZIE str. 1ist. tuple 7 T A
NEENET,

The formal syntax makes no special provision for negative indices in sequences. However, built-in se-
quences all provide a __getitem__ () method that interprets negative indices by adding the length of
the sequence to the index so that, for example, x [-1] selects the last item of x. The resulting value must
be a nonnegative integer less than the number of items in the sequence, and the subscription selects the
item whose index is that value (counting from zero). Since the support for negative indices and slicing
occurs in the object’s __getitem__ () method, subclasses overriding this method will need to explicitly

add that support.

XFH ESF (character) B BER L T ARAIREEO Y — 7 Y AT, XFEMEHOBTER L, 1 XFEEY
5725 XFHITT,

6.3.3 X511 AKEC (slicing)

ATAARGBEY =7 Y AF T2 b (XFH, ZTNERIZVRALN) BT %5 2HHOERZERNL
T, A4 ZARKEEFRE LTHWED, AR del XOXMRELTHWEDTEE T, A7 4 ARTLOHEX
WD L5112k h F5:

slicing: primary "[" slice_list "]"

slice_list: slice_item ("," slice_item)* [","]

slice_item: ezpression | proper_slice

proper_slice: [lower_bound] ":" [upper_bound] [ ":" [stride] ]

lower_bound: ezpression
upper_bound: ezpression

stride: erpression

TR BZHESGEICIZDVEVWREZADDDFET: RVAMIRZ2bDIE RF7A4 AV R MIBHRR
270, BWFERILIIATA ARG LTHHREINS52 0528 TT, (R4 AV R MDHYIRRT A R
EEERVIER). ThLU O COEMILIZE T, 254 AKELL LTOMRE D IHRFRILE LTOMRR
PEBEIND XSCERTEILT. DVEFVIEIDRONTVE T,

The semantics for a slicing are as follows. The primary is indexed (using the same __getitem__ ()
method as normal subscription) with a key that is constructed from the slice list, as follows. If the slice
list contains at least one comma, the key is a tuple containing the conversion of the slice items; otherwise,
the conversion of the lone slice item is the key. The conversion of a slice item that is an expression is
that expression. The conversion of a proper slice is a slice object (see section 1ZZ#E MDPEE) whose start,

stop and step attributes are the values of the expressions given as lower bound, upper bound and stride,
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respectively, substituting None for missing expressions.

6.3.4 IEUH L (call)

MERH LI, MEOCH LATREA 72 = 7 b (B 24X funclion) % arguments DRI & HITHEFHLET, R
TNIZEEDRINTH > TH L EVERA:

call: primary "(" [argument_list [","] | comprehension] ")"
argument_list: posttional_arguments ["," starred_and_keywords]
["," keywords_arguments]
| starred_and_keywords ["," keywords_arguments]
| keywords_arguments
positional_arguments: positional_item ("," positional_item)x*
positional_item: asstgnment_expression | "*" expression

starred_and_keywords: ("*" ezpression | keyword_titem)

("," "x" egpression | "," keyword_item)x*
keywords_arguments: (keyword_item | "*x" expression)

("," keyword_item | "," "x*" expression)*
keyword_item: tdentifier "=" expression

BBEOMBIHRF— vV — F5BORBICH Y EDTTIDPEVERA, BXOBEKRMFICHELZIET L
EHHEEA

The primary must evaluate to a callable object (user-defined functions, built-in functions, methods of
built-in objects, class objects, methods of class instances, and all objects having a __call__ () method
are callable). All argument expressions are evaluated before the call is attempted. Please refer to section

BIEE S for the syntax of formal parameter lists.

F—7 — FEIBMPFET 255, UTD X5 U THEINSALES I (positional argument) IZZINE T,
¥3. HOAoTWRWAR Yy FOMRGIEITH U TAERINE T, N HOMES LD 255, (Es Bk
SO N Z2ny MIRESINET, K2, FF—7— FEEUCOWT, @l F 2o TS5 20y b2k
ELET G TFORRMORGIEZEFURS, BFIOAR Y F2#5, LWVWokkBEATY), Avy 23T
WFRTHE o T2 5 TypeError fINAD R I N E T, ZhLULOGE, 58z 20y MIHDTHE
%7, (X2 None TH-oTH, ZORTABY F2HDHFT), RTOFIHPUHINLS, FLRHEDLNT
WRWRAR Y b EZNZICHIET 2EBERNOT 7 4L METHD 3, (77 4L MEE, BB ER
SN FR—ERIFEINET; /o T, VA MNCHED XS RELEARERA 7 227 V3T 7 4V MA
rLTffibhze, WET2280y MIFIBEHRELRVED, 204 7Y 27 bHRLTONSIHL» HHE
ENFT; ZOX BRI EERT Z2RETT, ) 77 40 MEMRES L TVRY, HOHED 5TV
WAy FHTEK o TWE5E TypeError BRI ENE T, 25 TRVWHA, [HOM®»shiz2my b
57225V AN LOF L LTEDRLE T,

FETIX, AR OB e TN HAALBEBEZREEI N2 LNEREA. ZI Vo5
HEFaXy MEDZDIZ BT onT Wi LTh, ERZEFAMNITIOSATVARVDTF—Y— T
LS FH A, CPython Tid, C FFETHEINLERO, HETZRRWET I BE —RXT 572012
PyArg_ParseTuple() ZfHL %7,

KGR Y O ED HZ L DMESIEDD 255, WX *identifier &l o THE S NG IEAH 2V
116 % 6 = 3 (expression)
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MED | TypeError FIADEH XN E T; [R5 *xidentifier 23D BHE. Z DIRGIEIIR D RALES [FH
Aoz Z TN (b L. RABMET B R VGEITIEIZED X T)V) BT £3,

F—7— FBOWTN2MRG A LR WIEE, #3 **xidentifier 2o THE SN2 R51HK
DL WER D | TypeError BIAAAEH S K F; IR **identifier 23D 2H/E. ZORGIEIIRT L F—
V—FEIBHR A7 (F—V—FeF—t L, 5182 X —ICHICT BMHE L) HEZRITID £33, Ry
7% =T — PR VGEITIE. B0 (Filels) BHEEZZIIWD £7,

BRI L IC *expression & W O MXDHN 255 1E, expression OFHiifERIE 1 757/ ThiTh
BDEBA, 2047 7 7 VOHERZ, BIMOMESIMTH 200D X5 bk s, £(x1, x2, *y, x3,
x4) LWVWIHIMPHLICBWT, y OFHIEFERSS — 7 VX yl, ..., yM 7o 7581 2O LIZ M+4
ADOMIES B x1, 22, y1, ..., yM, z3, 4 TOMUTHLERTIZKED 5,

Z Dffifiam & L TIX, *expression X F —U — FHlD 83 1TRK2ZdDHD EIH. F—U— F5lH
(EAEED xxexpression 58 - F2ZM) LD D A IH2bD L TUHENFT, oT, ZDLI7%
BIfFIC2 D £3:

>>> def f(a, b):
print(a, b)

>>> f(b=1, *(2,))
21
>>> f(a=1, *(2,))
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: f() got multiple values for keyword argument 'a'
>>> £(1, *(2,))
12

F—7— P58t *expression MR UMFUIH LU T—HEIZMHES 2 3HEDRVDT, EEWC LD LS
RIRELAHBICAE T2 ZidH D EH A,

BEEUFE N U T **expression MO NTIGE . expression DFMEfERIE v v EV S TRIFNUXRD
FHA, ZONRTEMDOF -V — F5[HE LTHRONET, ¥y F T 25580 BATRNRF—V—F
FIEC X o T 50RO T %y 70HT) BRICEZ 52 5T\ 6, TypeError BIAdpEH
£,

When **expression is used, each key in this mapping must be a string. Each value from the mapping
is assigned to the first formal parameter eligible for keyword assignment whose name is equal to the key.
A key need not be a Python identifier (e.g. "max-temp °F" is acceptable, although it will not match
any formal parameter that could be declared). If there is no match to a formal parameter the key-value

pair is collected by the ** parameter, if there is one, or if there is not, a TypeError exception is raised.

xidentifier X° **identifier M & {H o 7RG I1EIX, MESIHRAR Yy bF—U—FEHAICTE N
TEFEHA,

N—=ar 35 TEE: BBETUOCHLBEEORD x 728y 7 x 7 2%y 7 RZIFED . E B34
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TITNT YRy 7 (%) DERAICET, F—T7— F5lBUIFHET vy 7 (xx) OBRAICEIT S X512 D %
L7zo BWIC PEP 448 THRZEXNE L=,

P L2175 & ISR Z R LR WR D, HIZh S22 0E%ZK L £7, None Z RTHEDHD I, KD
AR D XS ICEHENE20E. O LATREA 7Y =7 FDIERBIC X o TRRD %5,

BIVRETIZ—

11— ERER:
The code block for the function is executed, passing it the argument list. The first thing the code
block will do is bind the formal parameters to the arguments; this is described in section FZ{ES.
When the code block executes a return statement, this specifies the return value of the function
call. If execution reaches the end of the code block without executing a return statement, the

return value is None.

HAAHBIHETIIAYV W E: e
B34 &7 RIHRIEL £ 37; SHARABER X Y v FOFEMIZ built-in-funcs 2B L TL X\,

DSRATS U b+ s
DI FGADF LVA VAR ADPREINE T,

DSAADVARAVARXY W R *f
BT AL —FEZOHEEATESHEINET, 2o, BEHLEBEOSIHKY X X h—2EWIIHY X
FCIREOHENET: £ VAR ANV A S DOLHIGEMINET,

DIRAA VARV R:
The class must define a __call__ () method; the effect is then the same as if that method was
called.

6.4 Await =
awaitable X 7Y = 7 N TD coroutine F4T7% —FHFIE L £F 5 coroutine function NTODAFEHTE £,
await_expr: "await" primary

Added in version 3.5.

6.5 NFHEEH (power operator)

NERFERZ, ENCDH 2 BIHER XD HWESELIBM 2D £9, —75, AHCH 2 BIEEE XD
FIF VR EBSEIRMIC R o TWR T, XU T X512 D £3:

power: (await_ezpr | primary) ["**" u_ezpr]

o T, NEFHET L HIHEE 75 5 2 2 HEV IR CTHONL TORWES, BEETIIEL S EAN LG
XN FET (ZOHEXHE T OFMEIERFZHEH L EEA. DFD -1xx2 1% -1 Jt,cbi?)o

NEREHETFOREWKE, ZOoD5 T XN 2 HAAABY pow() LRIT T, A5z HFIEERL TS
AET. BEIEE TS H@EoRICE Rz, MRIZZORTY,

118 % 6 = 3 (expression)
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B OBIHA T, B 58P ETRWRED, FERIIWEEFL R AR D 27, B 5100 EADI5A.
ETO5BTFE/ NSNS AR X, FE/NUSRINR I N E T, HlZI1E 10%x%2 1F 100 2R L F 323,
10%x-2 13 0.01 ZRL ¥3,

0.0 ZADITNERT 2L ZeroDivisionError ZiXH L 5., BOBE/MITRER L LHERITERK
(complex number) 272D %3, (BLATD N—Y 3 Tl ValueError ZEH L TWE L72)

This operation can be customized using the special __pow__ () and __rpow__ () methods.

6.6 HIBHANER L E v MEMER (unary arithmetic and bitwise oper-
ation)

ETOHEEMER L vy MRAEEX, F LRV ZR > ThE S

u_expr: power | "-" u_expr | "+" u_expr | "~" u_ezpr

The unary - (minus) operator yields the negation of its numeric argument; the operation can be over-

ridden with the __neg__ () special method.

The unary + (plus) operator yields its numeric argument unchanged; the operation can be overridden

with the __pos__ () special method.

The unary ~ (invert) operator yields the bitwise inversion of its integer argument. The bitwise inversion
of x is defined as -(x+1). It only applies to integral numbers or to custom objects that override the

__invert__ () special method.

EiEo=21@w3ind. 5N ELVWETRWEARICIX TypeError ISt I E T,

6.7 —IEHEMEH (binary arithmetic operation)

TIHBEMER ., EENREEEMEEREL TR, EHETOWITA,R, FEOIFEERIIC b EH &
NBEDOTHERL TSIV, NERE (power) HEFZRE, HEFICE =S50V, TRDLERREN
(multiplicatie) AT & MFEHK (additie) HETFLrDH D FHA:

m_expr: u_exzpr | m_exzpr "*" u_expr | m_expr "@" m_expr |
m_expr "//" u_expr | m_expr "/" u_ezpr |
m_expr "h" u_expr

a_expr: m_ezpr | a_ezpr "+" m_exzpr | a_exzpr "-" m_expr

The * (multiplication) operator yields the product of its arguments. The arguments must either both be
numbers, or one argument must be an integer and the other must be a sequence. In the former case, the
numbers are converted to a common real type and then multiplied together. In the latter case, sequence

repetition is performed; a negative repetition factor yields an empty sequence.
This operation can be customized using the special __mul__ () and __rmul__ () methods.

N— 3 ¥ 3.14 TEHE: If only one operand is a complex number, the other operand is converted to a

floating-point number.
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@ (at) HE I THIOFE IR LEHIN E T, Python DHAAAINI Z OHBE FEFEEL TVER A,
This operation can be customized using the special __matmul__ () and __rmatmul__ () methods.
Added in version 3.5.

/ (BRE: division) B& L // (VIDHETERE: floor division) (&, 58RI LOME 52 £3., BELIBITET

HmoRcZHEI N E T, BROREMRIZFE/NMNRICRD 325, BROY)D G TRERMFIZBERICR
D 9 ZOHA. MRIFBEERNRFREC foor’ B ZHEA L7 DI 9, Enick2BREZITO L
ZeroDivisionError fSb 2k L ¥ d,

The division operation can be customized using the special __truediv__ () and __rtruediv__ ()
methods. The floor division operation can be customized using the special __floordiv__ () and

__7rfloordiv__ () methods.

The % (modulo) operator yields the remainder from the division of the first argument by the sec-
ond. The numeric arguments are first converted to a common type. A zero right argument raises the
ZeroDivisionError exception. The arguments may be floating-point numbers, e.g., 3.14%0.7 equals
0.34 (since 3.14 equals 4¥0.7 + 0.34.) The modulo operator always yields a result with the same sign
as its second operand (or zero); the absolute value of the result is strictly smaller than the absolute value

of the second operand*’.

IS CRREEE & REREEIL, HER: x == x//y*y + &hy) OBMRICH D £5, UID B TRESER
WFE, HAAARBE divmod(): divmod(x, y) == (x//y, x%y) LdBHRELTVET,

% AT, BEN T 2RREEZITS DIMAT, X5 (string) A7V =7 A —n"—m—FEh,
HRXOxFHoEAL (Wb 2 lH) Z21TVWET, XFHOFAMLOWIE Python 74 75V 0 771>
A old-string-formatting f#iz SR L TL X W,

The modulo operation can be customized using the special __mod__ () and __rmod__ () methods.

The floor division operator, the modulo operator, and the divmod () function are not defined for complex

numbers. Instead, convert to a floating-point number using the abs () function if appropriate.

The + (addition) operator yields the sum of its arguments. The arguments must either both be numbers
or both be sequences of the same type. In the former case, the numbers are converted to a common real

type and then added together. In the latter case, the sequences are concatenated.
This operation can be customized using the special __add__ () and __radd__ () methods.

N— 3 ¥ 3.14 TEHE: If only one operand is a complex number, the other operand is converted to a

floating-point number.

*1 abs(x%y) < abs(y) FEFMIE L 2D 234, FEVMUSICH T 2B OEHEIE. ALY (roundoff) @7z ICKHEEH
FNCEIZR S RWEEDH D £5, FlZI1E. Python OFEINIGEAA IEEETH EREERINCR o TWE T Iy M7+ —2%R
FET DL, -1e-100 % 1e100 IX 1e100 XA URFBICR 21X TR DIC, FHEMEIX -1e-100 + 1100 & D ¥, ZAUIHIHE
FHREMNICIZREIC 1100 L FHTT, B math. fmod() 1. BAIDFIH L FEDI—HT 3 X5 RHEEETOT, LELOBZAEI
1 -1e-100 ZIBL F T, £¥H656D07 7 —FHYI»E. 77V 5 —>a VITKFLE S,

*2 x zp y @Eﬁﬁf;%‘%ﬂﬁutmkﬁmt ;w)@tm_ x//y B (x-x%hy)//y DD 1 mﬁ:% 4 &57 lérb)a‘é ) i?o ZD &

HATIE L I 2

120 % 6 = 3 (expression)
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The - (subtraction) operator yields the difference of its arguments. The numeric arguments are first

converted to a common real type.
This operation can be customized using the special __sub__ () and __rsub__ () methods.

N— a ¥ 3.14 TEH: If only one operand is a complex number, the other operand is converted to a

floating-point number.

6.8 > 7 EH (shifting operation)
7 MERR, BEfEE LD EWELIEM 2R o TV g

shift_expr: a_expr | shift_expr ("<<" | ">>") a_expr

Cho3BEsIBuCE b x5, slBudb@EQRICA T E T, > 7 MERIE 58z, H58TEX
by M2, E¥B3AICE Yy P T7FLET,

The left shift operation can be customized using the special __lshift__ () and __rlshift__ () meth-
ods. The right shift operation can be customized using the special __rshift__ () and __rrshift__ ()

methods.

n By b7 M pow(2,n) KXBZRBELE LTERERINE T, n By POES T M pow(2,n) &3
REY LTEEINE T,

6.9 Ev FEAMCEEOZIEEHE (binary bitwise operation)

UFRo=>0vr vy MHEMEEICE., TRENERZEBRIEN L L3S D F3:

and_expr: shift_expr | and_expr "&" shift_expr

xor_expr: and_ezpr | zor_ezpr and_expr

or_expr: zor_ezpr | or_ezpr "|" zor_ezpr

The & operator yields the bitwise AND of its arguments, which must be integers or one of them must be

a custom object overriding __and__ () or __rand__ () special methods.

The ~ operator yields the bitwise XOR (exclusive OR) of its arguments, which must be integers or one

of them must be a custom object overriding __zor__ () or __rzor__ () special methods.

The | operator yields the bitwise (inclusive) OR of its arguments, which must be integers or one of them

must be a custom object overriding __or__ () or __ror__ () special methods.

6.10 LbER

SFELE > T, Python IZB 2 LEBHEEFIZF UEEIEMNEZ D > TED, 2 TOEMEEF, > 7 MNEE
F. Py FENEETFIDBEL LR oTVWET, £/ a < b < ¢ BEETEHEHICHNSGRATWRDEFT
fERRIC 2 Hb C SECEVET:

comparison: or_expr (comp_operator or_expr)*

comp_operator: ngn | nyn | [[p—T} | ny=n | ng=n | np=n

6.8. > 7 MEH (shifting operation) 121
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| |Iisll [llnotll] | [llnotll] Ilinll

Comparisons yield boolean values: True or False. Custom rich comparison methods may return

non-boolean values. In this case Python will call bool() on such value in boolean contexts.

HEIEW 5 THHEET 22D TEEFT, FlAldx <y <=z x <yand y <=z Fffiickd 3,
FR L OBE. BETIE y 3RS R 5 SR D EF (5 50BATH. x < y HBICK
2t z DfEIFE ST KFHEXNETA)

ERENE, a, b, ¢, ..., y, 2 BINT opl, op2, ..., opN DLEIHE FTH25AE. a opl bop2 ¢ ... y
opN z ¥ a opl b and b op2 c and ... y opN z L&fiick b 3, 2L, MIFTEERNIEZLTD
—E LMk E A,

a opl b op2 ¢ EEFVLHA. a 26 ¢ $TOHAICHZ2 050D T A M E2IETOTIERVWI LIIERL
TLEZW, FlZIEx <y >zl (FRVERFEZHTEDD FEAD) ERICIELWVWIILETT,

6.10.1 {EDLEE

HET <, > ==>= <= BXU 1=32200F 7Yz 7 +OfEZHKLE T, A7V =7 bR CHEZFH S
ZIDh VA

ATz Uk, B, BLUVE 0BETE, A7Y227 M (B id A TC) EHEFHOZ e ZRRTVET, +
7Y =27 b OfEiZ Python TIEXRMRMAETT: flxE, A7Y 227 FOMEIRT 72 RT3 1IE/MKRTE
EHDFERA, Ty ZORTOT—XEEDL OMBEEINIREDRFEDHIET, A7V 27 P OEERHET
ZREMES DD FXA, WEHE T, 79227 PO LI OVWTOREDHSEEFEEL TVET,
COHBOFEIEC L 5T, BEEMNCA T 27 POEEERLTVWELEZLILDTEET,

Because all types are (direct or indirect) subtypes of object, they inherit the default comparison behavior

from object. Types can customize their comparison behavior by implementing rich comparison methods
like __1t__ (), described in BEAEMBRAX 2T X.

FHHER (== BXL 1=) DT 74V FOIRDZENE, A7V 27 FOREICESVTVWET, ifoT. [
—DA VAR Y ZADFMBEOFERIZF L WE LD, F—THR\A ¥ XX 2DOFMHE DR RIZTFL < 720
EBRDET, T7ANMOIRDBENEZDIIICLDIF, BTDOA TV 7 b RFH (reflexive DF D x
is y RO x == y) BBDRKZ L1225 TT,

T 7 4V b DIEFHE (<, >, <=, >=) JREHEINELA; LHEBRL X5 235 & TypeError BEH XN E T,
ZOIRBENET 7 40 b DIRZENC LU -ERRIE, FMELFEIC X5 RAEESRITTOE 05 TT,

Fl—ThRW\WA VAR ZFZEICEMTHRVE T 2EMLEBDT 7 4L s DIRZ N, BRQLEL T 247
TV x7 b DEREICE DN MO EHNZER L IIHBANCEZZTL &5, 20 &5 RETIRHEBOIR
N HRARIART HZRNENRHTET, ERICTL SADHARAAIITERRTTOATVET,

KDY A PTIE, KEEDMHAASLD B DR FECEMEH L TVET,

o WL ODDHMAIALDEIER (typesnumeric) LHEUES £ 75 ) DB fractions.Fraction B X
decimal.Decimal (&, T oDROHPH TR LR L LK TE X I, HHEBTRIERF DY
A= PEIATORVEWSHIRYAD D £3, B2 EOHBROHEHFA T, FEEO B LI
(7Y XLARNT) IELWHEBATOA XS,

122 % 6 = 3 (expression)
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JIEBUETH % float('NaN') ¥ decimal.Decimal('NaN') RT3, B IEEE OEBEDIEF
AT, EBlIcK T2 E LT, BB EE L EMTIdRvwZ itk £3, Fl2E

= float('NaN') Z5I1F, 3 < x,x < 3,x == x X2 THBT, x '= x FETT, ZORZBENIZ
IEEE 754 1292725 DT,

e None and NotImplemented are singletons. PEP 8 advises that comparisons for singletons should

always be done with is or is not, never the equality operators.

e NAFVUT—5 YR (bytes £721F bytearray DA Y AKX Y R) Id. Zh o DR DHI TR 28
IR TE 3, HRITEZROME L ToEEZ - FHEXEFTIThh 3,

o XFF (str DA VARV R) DIBIE, XFD Unicode Da— FARA ¥ O e LTOME (fAAA
B ord () DR D H) Z{fio 2-EEREFCiTbh g s,

XFHNE AL F Y =5 v RFEBIIEBTEEE A,

o ¥—% VR (tuple, list, or range DA Y A X Y R) OH#KIE, FULHY S5 LTLH»TA T, range 1
JERF 2 R — P LTV ER A, BRI S L OFMLROMRITEMTRVERD, B8y
5 L DIERFLLENE TypeError ZiEH L 3,

Sequences compare lexicographically using comparison of corresponding elements. The built-in
containers typically assume identical objects are equal to themselves. That lets them bypass

equality tests for identical objects to improve performance and to maintain their internal invariants.
HAABDAL > a5 LOFERBIIRD L5 CEEL 9

— HBORRPEME 22 200aL 7> a3, AL AURE, MET2HEEY S LOLED
FERDEMTRFAUIR D FRA (BRI [1,2] == (1,2) AR THRVOTHTT),

— EFg e R— b L TW5aL 7Y a YOlEFIE. PO TRVWERDIEF R CICRD ¥
T (FZE [1,2,x] <= [1,2,y] iEx <=y EEUCMHEIED ET), METI2ERNFELRL
BaE. HuhoaLr sy ayorhkoEFe b 3 (FlZX, [1,2] < [1,2,3] ZETT),

e XY BV (dict DA YRRV R) DHBDIHERAEME %2 DI, AT (key, value) ZHioTW
LLENOZOLFIMD £F, F— LIEOEMILE CIIEHED EEl S E T,

EFFELER (<, >, <=, >=) & TypeError %#EH L 3,
o 5 (set ¥7213 frozenset DA YA XV R) OLBIE. TS DMOFHTRL ML BITAF T,

B, MAEED2VE RGPS h e B T3 EFHBIERINTVET, ZOBRF
BRIEFZERLEEA BIZIX {1,2) & {2,3} LI 20D0EEREIH D 5 —HOEHTEAT

*3 Unicode #ZH# 1%, d— KRR b (code point) (flZ1E. U+0041) ¥ HRXF (abstract character) (il Z1E, "LATIN
CAPITAL LETTER A”) #XJlL %3, Unicode DIFL ALY DMBELFIE 1 2D a—FRA Y b ETRMHo TREHINE
T, BHEDOa—-F RS Y FOFEFoTHRIATEIMRENFH 1 EADHD T, FIRIE. MR XF "LATIN CAPITAL
LETTER C WITH CEDILLA” 32— F{i U+00C7 iCH 23 BREHXF (precomposed character) 1 D721 T HRE
TEE3 L. a2— F#E U+0043 (LATIN CAPITAL LETTER C) 125 % BEXF (base character) D% 512, a— Ffif
{8 U+40327 (COMBINING CEDILLA) 125 % $&&XF (combining character) %t 5l LTHRITEE T,

XFHN O B #ERIEE Unicode ®a— FARA Y FOLALTITDORET, THRAMICE > TRERK TRV, LLE
Ao BIZIE. "\u00C7" == "\u0043\u0327" ¥, ¥'H5DXFdHLMREXT "LATIN CAPITAL LETTER C WITH
CEDILLA” 2&BILTW2IZdhhb o3, ZORRKIL False D ET,

MREXFOL LT (D% D, AEICE o THEEWRAFET) XFFH % T 51213 unicodedata.normalize() 2{fio>TK
72X
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SR LMEATOIDD ERA), o T, BEEXRIERME KT T 2B D5 5L L THEYITIEZH D
FHA (FlIZIE ninQ, max(), sorted) FHEEDV R M2 AN LTEZ 3 e RERBMERE D
F9)

EEDOIB T, ZOBEZED NG GEG XN E T,

o MOMAABLIDIZL ALIZHERX Y v FHEEINTEL T, 77 4L OHEOIR 2 FEV 2K L
£73,

HBOR 2 N2 W AR A A LTe2—PERY 7 A&, AR O RO—BEEORANIHE 5> BEDH D £5:

o HiLEIZKPITRITNIRD FHA, 2FD, A—0OF 7V =7 MIFLLRTFEIZRD FHA:
x is y ol x ==y

o HWBUIHHRI TR T NZRD F8A, 2% D, UTORDOKRIIFE U TRIFINZZD ZEA:
x==yty==x
xl=ytyl=x
x<y&y>x
x <=y &y> x

o HEUAHERHITRIFTZRD /A, DITO (EHFETRY) B3 Z OFHHTT:
x>yandy>zhE5lEx >z
x <yand y <= zXZ5Fx < z

o HBOMBEMBMEOGETRITIIUIZD FEA, 25D, LFORDERIZF L TRINIZRD ZEA:
Xx ==y &not x =y
x < y ¥ not x >= y (ZIEFDEE)
x >y & not x <= y (RIEFDHE)

BEO2AFLMEFAL 72 a YIS TREDET (LR —7 Y RAIHTUEED 305, 4
Ry EYAEYTXED £HA), total_ordering() 7aL—XHBIMLTLZX W,

o hash() DRRIFFEMMELE —EHLTWIHENDHD 9, FifikA 7227 5 LEAL Y ¥ 2fE
BROD, Ny Y 2 HENFTHETERND DL SNIZRERDHD 7,

Python & Z O —EMRAIZEH L £/ A. FHE, IFBUED ZORANIED R WHle 2 b 5,

6.10.2 FRERERR

HET in BXU not in IFTBEZREFANRE T, x in s OFFMiIE. 7 25 s ODELZETHIUL True 272D,
Z 5 TRIFIUL False D EF, x not in s iE x in s DHEZRLET, IRTOMAAALD Y — 7
VAR EEANIINA T, #EFD in ZHENEZONLF 2R o TV A0 ZHRNEATE LTHR-1
LTVWET, VAN, 7L, £5, BHEES. §FE. collections.deque Dk 5 ay 7 FHEIizEBWT, A x
in y ! any(x is e or x == e for e in y) & FffliTT,
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XFHNRNAL PHENZOWTIE, x in y & 2D y ORI XFITH S X, »OZDE ZIZRDH True I
7D FET, ZHUF y.find(x) '= -1 LEMTT, HXFINE. MOEREDLFANOE T FHNE ARSI E
o E-T " in "abc" I True IR T Z IR D 3,

For user-defined classes which define the __contains__() method, x in y returns True if y.

__contains__(x) returns a true value, and False otherwise.

For user-defined classes which do not define __contains__ () but do define __iter_ _ (), x in yis True
if some value z, for which the expression x is z or x == z is true, is produced while iterating over y.

If an exception is raised during the iteration, it is as if 4n raised that exception.

Lastly, the old-style iteration protocol is tried: if a class defines __getitem _ (), x in y is True if

and only if there is a non-negative integer index 7 such that x is y[i] or x == y[i], and no lower
integer index raises the IndexError exception. (If any other exception is raised, it is as if 7n raised that

exception).

HET not in i3 in OEBYEZKIEL72HE L TERSNTVET,

6.10.3 F—M DL

HET is B s not ld. A7V 27 POR—HIINTE2T7AME2ITVET: x is y & z & y AL
ATV bPRIETLE, POZOLEZRXROERRDET, A7V =2 bOE—HIF id() BEEM[H > TH
FEINET, x is not y iF is DEMENKE LD T,

6.11 7—JL;&H (boolean operation)

or_test: and_test | or_test "or"

and_test
and_test: not_test | and_test "and" not_test

not_test: comparison | "not" mnot_test

In the context of Boolean operations, and also when expressions are used by control flow statements,
the following values are interpreted as false: False, None, numeric zero of all types, and empty strings
and containers (including strings, tuples, lists, dictionaries, sets and frozensets). All other values are
interpreted as true. User-defined objects can customize their truth value by providing a __bool__ ()

method.
HETF not 1%, 5IBHMAETH 25E121E True . ZRLA DB EITIE False IS D £9,

A x and yid, £3 o ZFML 5 2 MBS z DERZRL 3, 2SN OBE I, v 27l L 724
REEELET,

Axor yid, Tz ZFHMliLET; 2 BERS z DEEZRL FT; 2B 0HEIE, v 27 L -ER
fEZRL E5,

B, and D or B, IRITH%E True X False WZHIRE T, REICFHE L 725 18%2 R L £T, ZDOMLEIER
ReELHDET, HIZIE s BXXFHNIT, EXFINGLT 74V MOEICEZHRZ -0 &, s or 'foo!

PR AR—Yarrvay, ZV—UR b, F4 A2 FROBIELED DI, 4 VARV ARXY v RRERDHEEITS
LR EWZ s HETOMHIZ, —RI2HETERVIEZBENZ G LERA, FHEZZAZTRDO RF2 X2 b
FHERL TLFZX W
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BEAZEEZEZE T, not 3R THILWEEZIERT 2D T, 5IBOBNICEFRZLS 77— UWEZRLET (il
1. not 'foo' i "' TII < False KD ET),

6.12 KAR

assignment_expression: [identifier ":="] ezpression

An assignment expression (sometimes also called a "named expression” or “walrus”) assigns an

ezpression to an identifier, while also returning the value of the ezpression.

One common use case is when handling matched regular expressions:

if matching := pattern.search(data):

do_something(matching)

Or, when processing a file stream in chunks:

while chunk := file.read(9000):

process (chunk)

Assignment expressions must be surrounded by parentheses when used as expression statements and
when used as sub-expressions in slicing, conditional, lambda, keyword-argument, and comprehension-if
expressions and in assert, with, and assignment statements. In all other places where they can be

used, parentheses are not required, including in if and while statements.

Added in version 3.8: fRARICBEI LTI DFEL KX PEP 572 2L T 72X,

6.13 %30 (Conditional Expressions)

conditional expression: or_test ["if" or_test "else" ezpression]

expression: conditional_ezpression | lambda_ezpr
F (LIRLIR 7 ZIHERE T LIHINET) 13k BIEEDEW Python OEE T,

x if C else y EWHRUIRMHNC = TERLGEMHE C 2FMiL £ 3. C 2 true DFE 1 H3FHM X NEDGR
IhFT, TR OHEICIE y PFHtiS LR IR F 3,

SMEEBICE L TEDEHLLIZ PEP 308 #8H L TL X,

6.14 5 L4 (lambda)

lambda_expr: "lambda" [parameter_list] ":" expression

FLEK (FLXEREBMPIENFET) IZEABEBEIFERT 2D VWEF, KX lambda parameters:
expression IZBHA 7V 27 MITh D FET, ZOEXLATI 2 MEIMTRERINTVEIEBA T =
MEBRICEIEL 9

126 % 6 = 3 (expression)
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def <lambda>(parameters):

return expression

SIEO—Bo# I BAHES 2B LTIV, FAXNTHERINZEBEXRY /) F—>ar28
TEDNTERVAIREELTLEI WV,

6.15 DU X+

starred_expression: ["x"] or_expr

flexible_expression: asstgnment_expression | starred_expression
flexible_expression_list: flexzible_ezpression ("," flexzible_ezpression)* [","]
starred_expression_list: starred_ezpression ("," starred_ezpression)* [","]
expression_list: expression ("," expression)* [","]

yield_list: expression_list | starred_ezpression "," [starred_ezpression_list]

Y2 FFRRPHFEFRIRO TR o TR HDERE, PR b —20Dhr<E2ELRDY X NIRRT NI
ZOET, FTNLOREXIEZ, VAMZHAROBICHELL A X, RBELSANFHHINET,

TARYVAYZ * B ATITNOTNYY 2EKRLE T, ZOMEETE 1757/ TRIFUIRD £
Ao TDATIITNET VX 7 ENNMETEZDS -7 Y RAZEMEN, FILLWE T, VA, EEIC
ATAENE T,

Added in version 3.5: KUY A M TDA T 7 TNVD7 o8y Zi3wmHNC PEP 448 TREINF L
Added in version 3.11: Any item in an expression list may be starred. See PEP 646.

A trailing comma is required only to create a one-item tuple, such as 1,; it is optional in all other cases.
A single expression without a trailing comma doesn’t create a tuple, but rather yields the value of that

expression. (To create an empty tuple, use an empty pair of parentheses: ().)

6.16 FHElER

Python &, XZ2E»SHEANCMACHHEIL $9. 72720, RARZFHES 2 & 23, AH»EL XD BT
iz Ed,

MR EZTLDORATTOMIEIEF I, RAFOBFIERF LR TIZRD 7

exprl, expr2, expr3, expr4

(exprl, expr2, expr3, expré)

{exprl: expr2, expr3: expré}

exprl + expr2 * (expr3 - expréd)
exprl(expr2, expr3, *expr4, **exprb)

expr3, expr4 = exprl, expr2

6.15. XOUZX 127
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6.17 EEFDEBILIRE

MUFoFE Python I8 2 HETFOBEIAMZEW L2 DTY, BEHEMORD @V (a1 RS HRL)
DN HEHBEV (FEPRDII) DORKHRTHY £F, FUKRy 7 ANOHEEFOBEIBEMIF LTI,
HXHBHRINIREINTOARVD DR IHEE F T3, FALARy 7 ANOHEEFIE. EhrshNe 71—tk
ShET (Fste LT, RERBIOEFHFR IS EC V- LEhEd),

LEER BiClRENT WS K512, HEL, FiJE. F—tEo 7 2 MEE TR UBEIRM ZF > Tw T, Eroh
WHHT 2 L WO R R o TR Z L ITHEREL T ZE W,

BEETF FheA

(expressions. . .), AR ELEMKX, VR FRR, #E
[expressions...], {key: value...}, {expressions...} Rn., F£EXT
x[index], x[index:index], x(arguments...), x. RFHEE. R 74 REE BOEHL., BT

attribute ZHg

await Await X

*k =S

+X, X, ~X E#. 8%, vy bHA NOT

*,0,/,//,h RE, THIRE, BRE. YD ETRE,
R0

+ = A S X A

<<, >> > 7 MEE

& vy A AND

- vy M XOR
vy ML OR

in, not in, is, 18 not, <, <=, >, >=, I= == g eE—MD 7 X &bl

not 7 — Vi NOT

and 7 — WA AND

or 7 —VEE OR

if -- else S5

lambda 7 LRI

= A

iii1pe

5 ONEREET o+ 13, AHNCH 2 BIEEMEE TS 5 WVIZHEEL v MEET X DITCVEABERIEM Y 2D 3, OF D 2xx-1 1%
0.5 1TkHET,
Y LB SEAEIEM A TIZE D 3

128 % 6 = 3 (expression)
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SEVEN

B i3, BT 5 s T, B—0fTAKE, BROBEMXZtIan Y TRE-TA
NZZENTEET, HMXOMUILITOED T

simple_stmt:

7.1 X (expression statement)

AoE, (FICHEEREWTTR) 2R LTI T 2 0oz b, (@HIZ) us P ¥ (procedure:
BRRRZR SRV D Z & TF; Python Tld, 70 Y v I3fH None ZIRL 7)) 2T 72912
Vg, ZOMOBNSTHAXRMS 2N TEETL, FHRIL DD FF, XXOMUILINO@E

HhT3:

expression_stmt: starred_exzpression

expression_stmt

assert_stmt

pass_stmt
del_stmt
return_stmt
yteld_stmt
ratse_stmt
break_stmt
continue_stmt
import_stmt
future_stmt
global_stmt
nonlocal_stmt

type_simt

assignment_stmt
augmented_assignment_stmt

annotated_assignment_stmt

B2 (SIMPLE STATEMENT)

KZEROV R (B—OROZ L &5 D FF) BHEEHHL £,

MEEE— FTIE. 2% None TR T, EEZHAAABE repr O TLFINTEHLL T, Z DFERDO T

ERREH NI ATE> THEZH L E T, (None KR LZAXDEEFFEZHINLVDOT, Ty DMUHL

129
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o THMNTELNEEA, )

7.2 AX (assignment statement)

A, AETZEIC () KL D, EEARERF 727 PORBHESREREZEE LD T5701Ifb
NEJ:

assignment_stmt: (target_list "=")+ (starred_ezpression | yield_expression)
target_list: target ("," target)* [","]
target: tdentifier

| "(" [target_list] ")"
| "[" [target_list] "1"
| attributeref

| subscription

| slicing

| "x" target

(attributeref, subscription, slicing DIEITDOWVWTIE FZA4< ) HiR2SRL TLZEW, )

RAEADY 2 (ZHUFHE—DATH, H Y TRYSNERV A PTD LKL, BEEFEX VKL L
PROWHLTLZEW) 2iliL, Bo0EZhZhOA T 22 b X —4 v b (target) DY R MK LT
E»HHENERALTOEET,

RABE=7 v b (VR M) OERIH o THFINICITDOIUE T, 2=y MO EEARERA 7Y =22 + (8
MZE, Brkid. BRI R) O—HTH 256, ZOLEEARKRA 7Y =7 MNIGMEINTRAZFET
LT, ZORADENLIRIETD 254 LRI D £/ A, RADRATRERGSICEHINERITT 5 2
LB TEZXT, BMIrizaoh AR, RHIN200E. 2047027 MUERTEZONATVET
(FEEDFEE HizZHL T ZEW).

Z—7"y FURME AFEMRHFEMTHEALTOTS XL, ZRUTHT 24 7Y =7 FOAAIR, T &
IICHRINICER SN TNET,

e R o FN)RAMNDR—F v "B 1OFFTary<siEneEsd., ECHENTCHELA TV S
B AT MNIFDOR—Fy PITRAZIHhE T,

o FODMh:

—TEMNE OR—Fy FeMHINS, HIIT AR YRV —Fy bR —Fy P YR
MC—DZRFEENTVWEEE: A7V 27 MIATITAT, 2R BZ—F v PR +D
X=7y FOBED b —DPRVERERLZRTIRD FRA, BEFEZ0X—2y b X DD
R—=7y M, AT 7 TNVOERBEOBEREIEI SENMAZINET, BNE0X—-7y P EDES
DE=Fy M, 4 T 7TVORRBOERPRAZIIE T, BNZ0X—Fy Mz, A 77710
o7 HRDY A FHPRASINET (VAP ETHENPFTVEEA),

— E3THRWGE: A7V =227 M3 E—=F v PURMDX—F v P eRILBOEREZROA 757
NTIRTIUIE ST, BREIEISEAMIET 2K —57 v MicRAShE T,

HB—D&X =7y PAOH—DF 7Y =27 FPORARZ, UFO X5 L THRINEREINATVE T,

130 5 7 & B#iX (simple statement)
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o X—%y NOHAIT (BET) 0BG

— BHIPBAEDaA—F 70y ZHD global R nonlocal ITEPNLTWARWIFIUL: HENIIED
O — AVAFTZEBNDOA 7Y = 7 MR E T,

— 25 TR alikzhehra — NV GEIZEMAD, nonlocal THRD &N zAMIlD 4 ETZE
BNOA TP 27 MTHEINET,

LRI T TICHEEADL S, BHHE (rebind) BB I 2b g T, HIMIC X > T, LIz D4R
XN TOWA T 27 bOBIA T > b (reference count) BERICKR > 7HE, A7V 227 ME
fEhi (deallocate) &, 7 A b F 7 & (destructor) 23 (fFETAUR) FEHHE N E T,

o X—7y MEUESROGE: ZRIN TV S —TEEOADMERME S N K 3, EIFRARTRERE M Z
IATI 7 PTRINIRD EVA; 5 TRIFIUL, TypeError 2 ENET, RiZ, 2047
Pz MIHLT, HRAAA 7Y 27 FERRELLBHECRAL TLV2BWEbEET; KAZET
TERVESE. St (BHEIX AttributeError T A, SRTIEDH D FXA) ZEMLET,

TE: A7 =227 b0 524 Y A2 AT, RAHEEFOMILICEEZRSEH 5 & &, HURD a.x
34 Y RAXADENEE (A VAR ADBUESFELZTNL) 7 7 RABEDOEEHICb 7 78RS
ZHREMD DD T, EHDR—F v b a.x EHICA VY AZ Y ZADEEL LTEID Y ToHh, KBER
SIREMEINET, ZoeBh, BHh3 20 a.x ZAUHEEZSET 2 L3R 28A: AU 5
2EMESIR L, EHEFHF LA YAX Y ABEERRAD X =7y P LTERT S L5k &

class Cls:
x =3 # class wvartable
inst = Cls()

inst.x = inst.x + 1  # writes inst.z as 4 leaving Cls.z as 3

ZDZ . property() TERE N7 0T 4 D LI RTRAIZ VY FXERIIH LTI, £FLdDH
TIXEZLIERD EHA,

o X—Fy FPRFRILRS: ZRINTVE —KEADFHINE T, ZHL2S (VA ID XS R)
R2—RINBY =T YRATI 2 b, (BEEDOLIR) vy B F 7Y =7 bAEF SRR
D ERA, KT, BFRFLORITAPFMENE T,

—JEED (VA IDEDR) Ia—RTARY—Fr Y RA TV 22 FTHUL, BFERTIIEMES 2
RUINIRD VA, BEVERS, -7 Y RORIPMAEINE T, BREIRENIC, ¥—F VR
DREX XD H/NIRIFADBI TR TEIRLT, ¥—F YR, 2D V77 RAFFOBERITHA
F79 27 PERALTIVBWEDbDEONET, 4T 7 ADHHI L S, IndexError 23k X
NFT BEEESN Y —7r Y RRAEIT> T, VA MNEROHLRBIMITEZEA),

If the primary is a mapping object (such as a dictionary), the subscript must have a type compatible
with the mapping’s key type, and the mapping is then asked to create a key/value pair which maps
the subscript to the assigned object. This can either replace an existing key/value pair with the

same key value, or insert a new key/value pair (if no key with the same value existed).
For user-defined objects, the __setitem__ () method is called with appropriate arguments.

o B—F Y MBRIARBS: BRIATV S —KEADFMINE T, —XKERL (VR FDE57)
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Ra—RINKBY =TV REA T2 VB ZRITNERD FRA, BIRAL 727 MEIFECRED
=T VAKX TI 27 PTRIFINIRD A, RS, R T4 ZADTRE ER %2R0 H AUXEH X
NET; F7ANVMEZZENRZEN O 2= Y ADEXTT, ERE FROFMIBEL TRIFIUIRD
FHA WINDLDEANERLS, O —F Y AORIPMEINE T, &K, BRZ 026> —
FUYADRIETINES XS5 AD ZxhEd, &REIC. RTAREHERAA TV =7 P TEEHZ
TEODY =T 2TV 27 VB WEDEET, X—F v b —Fr Y ATHEINTWBRD, X7
A ZADEZFIPRAL —7r VZADEX LB E>TWTEL, ZOHARIRBEE—F v by —Fr VADEX
PEBEINET,

BREORETIE, =7y POMXIIROMIEFLTHE e ARINTED, BRI — FAERK
7 = AHNIFElIR T 7 — X v =Y 2o THRAESNET,

RADERIC I, EAeGADF —n"—=F v 73’ FlF (simultaneous)” T3 (flZiX a, b = b, a i
TODERE ANNEZET) B RANREZRLD2E-E ES5L OF—N—F v FFENLSHANEI D, Bl
DILTT, Pl UFoTnrZsid [0, 2] ZHALTLEVET:

x = [0, 1]

i=20

i, x[i] =1, 2 # 1 is updated, then z[i] is updated
print(x)

& 2E

PEP 3132 - Extended lterable Unpacking
xtarget DIHEFEAE,

7.2.1 EHARAX (augmented assignment statement)

RHEAAE, “HERERAXZHAGDE T 2O LbDTT:

augmented_assignment_stmt: augtarget augop (expression_list | yield_ezpression)
augtarget: identifier | attributeref | subscription | slicing
augop: Ngp="n | n_—n | Nyg=1 | n@=" | n/:n l u//=|| | ||%=n | Wog="

| nys=n | ngg=" | =" | n~—_n | |v|=u
(RED 3 DOMERICOVWTIE 774U 2SRBLTIEIN, )

REAAXE, 2=y b+ (BEORAXEE ST, 7oy 7R3 EIDFEA) ERXV X FZFHEL. 20
5 ZODOHIHE FHTREDRRBRAR O IHHEE 21TV, fREZD L DX -7y MIRALET, X—Fy
MI—E LRl S N EE A,

An augmented assignment statement like x += 1 can be rewritten as x = x + 1 to achieve a similar,
but not exactly equal effect. In the augmented version, x is only evaluated once. Also, when possible,
the actual operation is performed in-place, meaning that rather than creating a new object and assigning

that to the target, the old object is modified instead.

132 5 7 & B#IX (simple statement)
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EEORALITE N, BRERAIA Lz 2 Al ZlZHMEL 3, e A& alil += £(x) 3%
3 alil 2@, £(x) ZFHli L TNEZITV. RRICHERZ alil iKEDHTET,

BRARAXTITONEZRAEZ. ZTAANDRAR, —XHIEBDOZ—7 v " DBHEAT 258 FRE, @HED
RALEIUL &5 &d‘&bhi?‘o [k, BERATITONS IHBEEIZ, HEICXoTAYTL—XEER 2
Thh b Z e ZRE, BFEOIHBEALF U TT,

BESHEOX—7 v FOBE. V5ABMEA VYAV ZABEICOVWTOEE L EMRICGEE DR A EH X
NET,

7.2.2 FRFERAX (annotated assignment statements)

R ARAE. 1 2OXDOFTERRBEND 7 ) 57— arve A7y a v ORAXEHASOEZDDTT:

annotated_assignment_stmt: augtarget ":" expression

["=" (starred_ezpression | yield_expression)]
WHED KA (assignment statement) ¥ DEWIX, RALD 1 DIREINE Z I T,

The assignment target is considered ”simple” if it consists of a single name that is not enclosed in
parentheses. For simple assignment targets, if in class or module scope, the annotations are gathered
in a lazily evaluated annotation scope. The annotations can be evaluated using the __annotations__

attribute of a class or module, or using the facilities in the annotationlib module.

If the assignment target is not simple (an attribute, subscript node, or parenthesized name), the anno-

tation is never evaluated.

B a — P THRNCHERBPT VT WG EIZ. ZO0REZ0BBRa—FTta—hrkdolzkzh x5,
EREEhc M X s, BB R a—FI2h s h A,

If the right hand side is present, an annotated assignment performs the actual assignment as if there was
no annotation present. If the right hand side is not present for an expression target, then the interpreter

evaluates the target except for the last __setitem__ () or __setattr__ () call.

& 2E

PEP 526 - Syntax for Variable Annotations
(7 AZERRA VARV AEREBAR) ZROBIRZM T2, aX Y P TERET 2D TIERWN
XIEDBITE S,

PEP 484 - Type hints
typing £ 2 —LZBML. #HfENTY —L% IDE THZ 287 /7 — > a ¥ ORHEN ISR %
RS 245

N—Y a v 3.8 TEHE: Now annotated assignments allow the same expressions in the right hand side
as regular assignments. Previously, some expressions (like un-parenthesized tuple expressions) caused a

syntax error.
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N— a3 ¥ 3.14 TEZHE: Annotations are now lazily evaluated in a separate annotation scope. If the

assignment target is not simple, annotations are never evaluated.

7.3 assert X

assert 3. TRT I LAMNICT Ny ZRH 7% —2 a ¥ (debugging assertion) % L % 72 OER| 72 /5%
T3

assert_stmt: "assert" ezpression ["," ezpression]

Hili72 3 assert expression i

if __debug__:

if not expression: raise AssertionError

LEMTT, HERIE assert expressionl, expression2 i&. ZhEFHfiTF

if __debug__:

if not expressionl: raise AssertionError(expression2)

These equivalences assume that __debug__ and AssertionError refer to the built-in variables with those
names. In the current implementation, the built-in variable __debug__ is True under normal circum-
stances, False when optimization is requested (command line option -0). The current code generator
emits no code for an assert statement when optimization is requested at compile time. Note that it
is unnecessary to include the source code for the expression that failed in the error message; it will be

displayed as part of the stack trace.

__debug__ NORAIIAERBET T, HAAAZRDIEIZ, 4 2TV XPHIET 2 & ZITRESNET,

7.4 pass X

pass_stmt: "pass"

pass & XVIEE (null operation) TF - pass BFEITINTH, MDBEEZFHE A, pass 1. FUERITIE
XBRETED, a—Re LTUIMATDFIT L RVWGEED T L —A KA X LTHEHTT, iz

def f(arg): pass # a function that does nothing (yet)

class C: pass # a class with no methods (yet)

7.5 del X

del_stmt: "del" target_list

A7 =7 b DHIER (deletion) 1&, RADER L IFF I AETHRNCERINTVWEST, TITIEE
RIS, WOrDb Y FERBRRBIZLEDET,
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KZ—7y PYRAMINTZHIRE, F4DK—F v bk oha\ CICHERIICHIBRL £5,

LETOHIBRIE, =DV F7E 7 m - NVAFIERD? S ZDOHRTORBEMDRE LT, 55 DHH[2E
M2 E, AEIAFACa—RF7ay 7D global XTHFENTWE LY I 2ICED £F, HETHREH
(unbound) 7 5. NameError St tH X L& 5

BYHSH, BFERL. BIUR T A RAOHIBRRERX, R L2 —RKEA TV =7 MTESINLET; 74 R
DHIBRIE—MEANITBET 2B DZED R 5 A A2 AAT 2D LFHTT (2. ZOAMBEKRDB AT 4 2RI DA
TV P TRESNTVET),

N—=ay 32 CLHE: LENE. 280X L7 vy Z70HBERE LTRAZHEE. n—A1%
HIZEM 22 © Z DARTZHIFRS 2 2 8 3 ANIER T L7,

7.6 return X

return_stmt: "return" [ezpression_list]
return &, BIBUERNTHSTERNIC A A P LTHAETH, 2R LAY 7 RERNICEBTNLEE A,
RV R MDD 25E, VR IHMEHMESNE T, 2hLUIDEEIX None TEZIRZ SN ET,
return 25 &, VY A+ (L7213 None) ZIRDMEE LT, BIEDOBBFRH L2 KT L £3

return IZ X o T, finally iz d7& 5 try XOIMIMNHED G EZEE N3 & FEERICEED SR 2RI
finally HiDSEITINE T,

VL — XTI, return XY = 2L —X DD D Z/RL, Stoplteration Bt ZXHEE%F, &
ENTAEZ (HAUI), StopIteration ZT 251U DI, StopIteration.value JEIEIZAD 9

R Y = 2L —ZBETIE, FIRELD return XWIERAPY 221 —XDKbDh ERL,
StopAsyncIteration ZEXH I E X3, 51D D D return iE, JEFHIY = 3 L — X TREIET
5'_‘/6‘3—0

7.7 yield X

yield_stmt: yield_exzpression

A yield statement is semantically equivalent to a yield expression. The yield statement can be used
to omit the parentheses that would otherwise be required in the equivalent yield expression statement.

For example, the yield statements

yield <expr>

yield from <expr>

FLF D yield :3Z & 2T 3

(yield <expr>)
(yield from <expr>)
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Yield expressions and statements are only used when defining a generator function, and are only used
in the body of the generator function. Using yield in a function definition is sufficient to cause that

definition to create a generator function instead of a normal function.

yield DEROTERLHIAIZ, Vield X Hi2ZHRLTIZZ W,

7.8 raise X

raise_stmt: "raise" [exzpression ["from" ezpression]]

If no expressions are present, raise re-raises the exception that is currently being handled, which is also
known as the active exception. If there isn’t currently an active exception, a RuntimeError exception is

raised indicating that this is an error.

Z5TRIFNE, raise ZRFIORE, HIstA 7227 b UTEHEiL £ 3, Z4Ud. BaseException O
T IRENEIA VAR RATRINERD ERA, 7 I7AKL, fINA VARV ADRBERE E, VIR %
S| TA v AR 2T B e TiEORE T,

FIAND BIWZHINA YRR ZAD T 5 AT, fBEIEZA VARV RAEDSDTT,

A traceback object is normally created automatically when an exception is raised and attached to it as
the __traceback__ attribute. You can create an exception and set your own traceback in one step using
the with_traceback () exception method (which returns the same exception instance, with its traceback

set to its argument), like so:

raise Exception("foo occurred").with_traceback(tracebackobj)

The from clause is used for exception chaining: if given, the second expression must be another exception
class or instance. If the second expression is an exception instance, it will be attached to the raised
exception as the __cause__ attribute (which is writable). If the expression is an exception class, the
class will be instantiated and the resulting exception instance will be attached to the raised exception

as the __cause__ attribute. If the raised exception is not handled, both exceptions will be printed:

>>> try:
print(1 / 0)
. except Exception as exc:

raise RuntimeError("Something bad happened") from exc

Traceback (most recent call last):
File "<stdin>", line 2, in <module>

print(1 / 0)

ZeroDivisionError: division by zero

The above exception was the direct cause of the following exception:

(RDOR=V1Fil)
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(RIDR=I D5 DR E)
Traceback (most recent call last):
File "<stdin>", line 4, in <module>
raise RuntimeError("Something bad happened") from exc

RuntimeError: Something bad happened

A similar mechanism works implicitly if a new exception is raised when an exception is already being
handled. An exception may be handled when an ezcept or finally clause, or a with statement, is

used. The previous exception is then attached as the new exception’s __context__ attribute:

>>> try:
print(1 / 0)
. except:

raise RuntimeError("Something bad happened")

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
print(1 / 0)

ZeroDivisionError: division by zero

During handling of the above exception, another exception occurred:

Traceback (most recent call last):
File "<stdin>", line 4, in <module>
raise RuntimeError("Something bad happened")

RuntimeError: Something bad happened

Exception chaining can be explicitly suppressed by specifying None in the from clause:

>>> try:
print(1 / 0)
. except:

raise RuntimeError("Something bad happened") from None

Traceback (most recent call last):
File "<stdin>", line 4, in <module>

RuntimeError: Something bad happened

FIAMCEE S 2B INERE IS Sich b £5, T2, FIAVLEICEE T 2 BRI try X HEICH D £,
N— gy 3.3 TEH: None 7 raise X from YD Y & LT 2 k51D FLT,

Added the __suppress_context__ attribute to suppress automatic display of the exception context.
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sequent raise statement re-raises the exception with the modified traceback. Previously, the exception

was re-raised with the traceback it had when it was caught.

7.9 break X

break_stmt: "break"

break X3, B LTIE for o—7R while L—7ORAITOAHBET 2 Z e A TEETH, L—TH
DRBGERS Y 7 AEZRONANITHETE 8 A,

break i, XZHSIBROBNADONL— T2 TEXHE, L—1CF > arD else HiHAEEITITFNE X
oy FLET,

for —=7"% break Lo THKT T2, V—"THlHE -7y MIZORDOMEZRFFL $7,

break 2% finally HiZzfED try XOIMINTALIEZ JEFEIIE, V— T2 EBIHRK T 2F1ICZ D finally Hi
PEITEINET,

7.10 continue X

continue_stmt: "continue"

continue 1% for N— 7R while V—THADI A N THGEMICOABNE T, L—THNOBEEERS
2 7 ZAEROPIBINEE A, continue I, X2 S b NHID N — T ORI 2 ke L 5,

continue B finally AlZHio7e try X&iRII 2 L &, ZO finally AIHRDIL— T4 7L 2iG0D 5 Hi
KHEITENET,

7.11 import X

import_stmt: "import" module ["as" identifier] ("," module ["as" identifier])*
| "from" relative_module "import" identifier ["as" identifier]
("," identifier ["as" <dentifier])x*
| "from" relative_module "import" "(" tidentifier ["as" identifier]
("," ddentifier ["as" identifierl)* [","] ")"
| "from" relative_module "import" "*"

module: (tdentifier ".")* didentifier

relative_module: "."x module | "."+
(from HipM W) FEARD import & 2 DDRT v FTEIFINET:
1. EY2a— A2 RMIFH L, BETHIITa— FLIIHET 5
2. import XHFENB X3 —FD0— HNLHATEETLETZERT 5.

XH (A= TRYISNL) BBOEZEATVS & b x5 ¥ ZOHMERID import IZHE SN
DPDEIT, 2DODRAT v IHEIZ L I@INCETENE T,

EVa—ERMIF. 0—F3F2 1 D2HDRT v 7OFEMIC

DWVWTE, M VR—F2 27 L OFEITEDFEL
. < o= N .

v IR— M A

%

e Z
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AT TR, BAREBEDOA VR—FTEZ v F—I L ET 2a— LIZOWVWTHEHREINTVET, TDA
T TWERETEZEWVS ZiE. BZEOHLKEY 2a—BRMIPGRVDL, HBBAWVWE EV 2 —NIHBa—F
DEFTEED, T 2a—LOPHLOBRFTZI —AREEZI0DELLLPEETVWE I LICERELTLE
JCKL\O

ERLAES 2 —ADBEEHICIHETERES. XD 320550 1 DDOHETH—HLVELEIZMTHZ 2 X
STk ET:

o EV 2 NAHZDEIT as BV TWEEIR, as DERADLHIREE. 4 VR—FEINEET 2 -0
HREL T,

o MOAFPIEEEINTELT, A VEA-— PO TVREY 2— DR EMNDEY 2 - Ao GG, £
DET 2 —NVEAPA Y R=FENEEI 2—NAADBRE LT, n—WLAFIZEMTHEXNE T

e A VE—FINTVREY 2 —ADBEHREFIVOEY 2—1 THWIEES, EYa—L280RE Dy
T—=I%MB, ZFDORy T —IANDOSHE LT, n— LV EAEiEMTHREXINE T, 4 Y R—FEXNE
Ja—liZlE, EETEELEEBMiGEHo Ty 7 AL RITUIRD FHA

from ERTIE S 5D LIEMRFIEEBAZ T
1. from ITHESINEY 2 — A2 RMNFH L. BETHIUI— FLIIIHET 5;
2. import HITHRE SN ZNZ DA FIT6 LLL N DLFE 21T 5
1. 4 Y R=PFSNEEY 2 - AN ZD#HFHOBIEZR > TW 202 ET 2

2. 2Bl FHDBEEER > TW Do 78551 ZOMAFHTY 7ET 2 — 1D A VR— b &
By AVR=PENZED 2 -V ZDEWULD 2 0 FHERMET S

3. BV RMD 5 0IEEIE. ImportError AT %,

4. BEBRMAP o 7258, as BiBH AL 6ZZDEH. F5ThRVWESEHELAZH T, ZOHE
ANDBIEHB T — HIVEETZEMICRFEE NS

l:
import foo # foo imported and bound locally
import foo.bar.baz # foo, foo.bar, and foo.bar.baz imported, foo bound locally

import foo.bar.baz as fbb # foo, foo.bar, and foo.bar.baz imported, foo.bar.baz,
—bound as fbb
from foo.bar import baz # foo, foo.bar, and foo.bar.baz imported, foo.bar.baz,
—bound as baz

from foo import attr # foo imported and foo.attr bound as attr

HAFOURIDE ("'x") WEEHEDoTWVLAHEIR, TV 2 - L TERIN TV EAMENIETOHH]
W, dmport XWWA R —T7 DR —HVLRTERICHBEIhE T,

EV2— L TEHINS RNESNFLE 3. TP 2L OAFNZEMICH S _all  2WHHAFTOEHEH
RBEZETHREZINET; ZOEHBPERINTVWEILEIE. ZRETED 22—V TEEI NP VER—- X
NLFID SR D, XFHDS —4r Y ZATHRIFUIWVITERA, __all  THEINLLRENL. 2 TAKX
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NTVWBERREIN, FETLIeHERSINE T, __all__ BWERIATVWRWEE, KRS 4HE
. BV 2 - LOHAEMTRMND 572, 7Y R—2a7XFE (') THRELRVWETOHITDI L TT,
__all__ iF2TORM APLI 2 5LRETT, Zhud API O—HTHRVDHD (ZDEY 2—1LTA Y FR—-}
SIUEDLNTNETA TTVEI 2 —LRE) o DIHTICABLTLEbRVWADDIILHATT,

AVR=PbDT AN FH—FER - from module import * - &, EI 2 — L LNV TOAFEINET,
7 I AREBMERTZOBAZMEEL S £ 35 &, SyntaxError DEHEINE T,

AVR=—PTBEY2a—NEHRETILE, ZOEY 2— L Offxf% (absolute name) ZIFE T 2 L EIEH
DERA, EDV 2=y T =IOy r—JWZEENTVRHE, HlHD by TRy r—=I 0520
Ny r =% %R T2 BRAHNA Y R=1FFT 28D TEET, from DRIIEESINZEY 2 —1%
Xy =Y OFEBITEBUED Ky FRMNT 22T, EWRARTEZIEE ST 2 2 R LIRBIED Sy 7 — V8
PHEWK D LOBEEANTDZIET 2 A TEXT, KEHD Ny b3 1 DOHE, import 2H 2725 T
WBEY 2 —AMRFET BBAED Ny =Y ZRLET, 32D Fy NI 2 DO EDLRVZRLET, KD
T, pkg XY T —YDOHDEY 2 —)LT from . import mod ZFEfTF 2 L. pkg.mod A ¥ K—+F5Z
L2 D %9, pkg.subpkgl OHH 5 from ..subpkg? import mod % HEfTF % . pkg.subpkg2.mod %
4 YR=1PLET, HNA VR—bDEERIE Package Relative Imports DHEICEZENTVE T,

EDET2a— DB —-FERLEXREPZHNCRDVT TV r =2 arDloic, HAALBK
importlib.import_module() 2Rt XN TV E T,

Raises an auditing event import with arguments module, filename, sys.path, sys.meta_path, sys.
path_hooks.
7.11.1 future X (future statement)

future X W&, FERORE O 7= 1o MEREDEHE(L X 7z Python DV Y — XA CTHIHRTHEICHL 2 & 5 BECPE
WA 2o T, FEDEY 2a— N2V XA VIR EDD, a4 ZI120T 2487R4] (directive) TI,

future ST EFED R WEE S X NIFFRD Python D= a VICEBIBITT 57200 b DTT, future
I X o THREEDEEL K2V ) —RADFNCZNEEY 2 — VHENTHEHT 2 Z 2 5k F 5,

future_stmt: "from" "__future__" "import" feature ["as" identifier]
("," feature ["as" identifier])*
| "from" "__future__" "import" "(" feature ["as" identifier]

("," feature [“as" identifier])* [","] ")"

feature: identifier

future 3%, €Y 2 — AV OEHBNIEFEDRTIUILD £ AL future XDFNICENTIVWAFZUTTT -
e BEVa2-LDRFaXYT—YaYEH (HIF)
o OXYh,
o ZHT,

o ZOMD future S,

future X =5 HED D % M—DIEEEIE annotations TF (PEP 563 2L TL 72X W),
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future X TEHEMICTE 2 HBBEMN R HEEEIEX. 5T Python 3 BEHRLEST, 20V X M
absolute_import, division, generator_stop, generators, unicode_literals, print_function,
nested_scopes, with_statement T3, ZHNSIFBICETHEMIIR > TWT, BEABED DT
WKHREINTWE D, JIRZRIZTITY,

future 33, = A VIRHZRIIZZ R D TR S L, b £9: FFEOHME 725 ST (construct)
AT 2 ERNUPEEINTVSIHAE, ZEHFMNILIELIERRZ2 3 - FE2ERT 5 e TERINTVE
Fo WITHEREIC K o T (e TAVEED & 5 72) BIMED IR W XHAID Ao Z X AHD ¥
T TOEFA. AV FREEI 2 EHOR D I THENT 2BERH 50 LOLERA, 25 Lka—
FARICEE T 2P0EIE. EITRFETHRERX LT3 TEER A

IRETOETOV Y —RIZBWT, a4 F1FEDERENERFEADZH > TED. future U RET D1
BB ENTVAREIFa Yy A BT — 2R L ET,

future X DOFEITHRAIC BT 2 B ERAFIX, import X R LTS, E#EEY 2 —)L __future__ 23H D,
AU ODWVWTIIR TN E T, __future__ &, future XHEITEN B BIEE D HFIET import EhE T,

future X DFEITRIC BT 2 RERIZERA T 1. future X TEMLEN B EDKEEIC L > TED D £ 5,

DIFO2E, SRR ERIZZ VO THERE L TL 20

import __future__ [as name]

ZAUZ future XTREH D FRA; TOIEHE D import XTH D, ZDMOFERZ BRI oMY 22 HIR
EHH A

Code compiled by calls to the built-in functions exec() and compile() that occur in a module M
containing a future statement will, by default, use the new syntax or semantics associated with the
future statement. This can be controlled by optional arguments to compile() --- see the documentation

of that function for details.

HERA VX TV EDTay P TEA TFTAN LT future Xid. Z0HBDOA VX2 F Y Xby > a vHATH
D ET, AVERTVRE -i A7 a v TRELTEITIRNERZ UM EEE L, X2V T I
future XEANTBL &, BRI R 7Y I BETEINRICEHBT 2005612y > a Y TEICRD
\i‘j—o

& 2E

PEP 236 - Back to the ___ future___
~ future  HBHORZR

7.12 global X

global_stmt: "global" <dentifier ("," tdentifier)x

The global statement causes the listed identifiers to be interpreted as globals. It would be impossible

to assign to a global variable without global, although free variables may refer to globals without being
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declared global.

The global statement applies to the entire scope of a function or class body. A SyntaxError is raised

if a variable is used or assigned to prior to its global declaration in the scope.

TO7IRDIEHDEER: global 1FS—H 0T 274 (directive) TF, Z DIERAIE global L
CARHCHARAEN - RN LTOABEHEINE T, Fiz. HAAAD exec() BIENIC A>TV
global XX, BAEOFFHLE SATWS a—F7ry ZJWIZIREEMIZT 2 E kL, FO LI BYF
FlcEENTVSa— Fid, BROMSHLE2E&a— RO global XICHELZ I ERA, FAkOZ L
B, B eval() BELY compile() IZHHUTEED £,

7.13 nonlocal X

nonlocal_stmt: "nonlocal" identifier ("," identifier)x*

When the definition of a function or class is nested (enclosed) within the definitions of other functions,
its nonlocal scopes are the local scopes of the enclosing functions. The nonlocal statement causes the
listed identifiers to refer to names previously bound in nonlocal scopes. It allows encapsulated code to
rebind such nonlocal identifiers. If a name is bound in more than one nonlocal scope, the nearest binding
is used. If a name is not bound in any nonlocal scope, or if there is no nonlocal scope, a SyntaxError

is raised.

The nonlocal statement applies to the entire scope of a function or class body. A SyntaxError is raised

if a variable is used or assigned to prior to its nonlocal declaration in the scope.

& BE

PEP 3104 - Access to Names in Outer Scopes
nonlocal X DFA,

Programmer’s note: nonlocal is a directive to the parser and applies only to code parsed along with

it. See the note for the global statement.

7.14 The type statement

type_stmt: 'type' tdentifier [type_params] "=" expression
The type statement declares a type alias, which is an instance of typing.TypeAliasType.

For example, the following statement creates a type alias:

type Point = tuple[float, float]

This code is roughly equivalent to:
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annotation-def VALUE_OF _Point():
return tuple[float, float]
Point = typing.TypeAliasType("Point", VALUE_OF_Point())

annotation-def indicates an annotation scope, which behaves mostly like a function, but with several

small differences.

The value of the type alias is evaluated in the annotation scope. It is not evaluated when the type alias
is created, but only when the value is accessed through the type alias’s __value__ attribute (see Lazy

evaluation). This allows the type alias to refer to names that are not yet defined.

Type aliases may be made generic by adding a type parameter list after the name. See Generic type

aliases for more.
type is a soft keyword.

Added in version 3.12.

& 2E

PEP 695 - Type Parameter Syntax

Introduced the type statement and syntax for generic classes and functions.
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EIGHT

#& (COMPOUND STATEMENT)

WA, MDY (D7 —T) BAD EF; WA, FIZA 5T 2 O LOEFOHENA &5 D= D
HeHBERIELET, —MRICIE. A CTERITIC 270 5 TEANE A, RO CE— TR
MBBEEHLBDET,

if L while . BXUY for Xid. BHRMRHIE Y o —MlREEH L 3, try FHISAUEL X8/ F 23—
DT B2V =27y Ta—FEEBEELE T, 2RI LT, with XiZa— ROz h) ORiETa—
FOWAL e BT EEITTEZ LOICLET, B 7 7 XEHED T2, BUNICIIEEXTT,

BEXIZ, —2 LoD i (clause) 25720 £, Hild, Ny XE T AL —1 (suite) HLEDEF, —D
DEEX 2R TBHOANY BiZ, ETHEILA YTV PLRALRZEBINET, SOy KIZ—BEIZHNT 3
F—U—FTHED, aunrTRODET, 24— M HIICX-> THIAZ N 2 XDEZH T, 24— M,
ANy ZXWHBHTDaAnYDRICE I an Y TRY> TEPNz—DOL LM, F21k, ~Ny Xk LITT
—OELA VT PENEXDEEDTY, BREOHADZAA — MZRD, THLITEEXEFR A PTEXT,
RO, else HiBEHHD if BB T 20032 LAVWRYOMENSAIEICRD £

if testl: if test2: print(x) J

Fh, COAYTFFAMPTIE, EIan itk 3E83an sy EhnwTd, /o T, MU RDOHITIZ.
print () OFECH LIZIZETETEIN S0, 2L ETINRVDLDOEE LN TT:

if x <y < z: print(x); print(y); print(z) }

Frowde, LT LS h £3:

compound_stmt: <f stmt
whtle_stmt
for_stmt
try_stmt
with_stmt

|

|

|

|

| match_stmt
| funcdef

| classdef

| async_with_stmt
|

async_for_stmt
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| async_funcdef

suite: stmt_list NEWLINE | NEWLINE INDENT statement+ DEDENT
statement: stmt_list NEWLINE | compound_stmt
stmt_list: simple_stmt (";" simple_stmt)* [";"]

2B, XIZHIZ NEWLINE 2>, ZD%IZ DEDENT 252 b D TR T LE T, T 7Y a v OIS
T XEBTELRWTPREETHRE 20T, BIRSEFEL 2 A. (Python Tid, > X5 23D (dangling)
else’ MIZ. A A PEINL 1f XA VTV PEEDZZETHRREINET),

MUROHENC BT 2 3 ERAoFTER T RE. X O=HI. &HizHlL2 DITICEL XS5 ILTVWETD,

8.1 if X
of Uk, MR AT B I b E T

":" suite

if_stmt: "if" assignment_expression
("elif" assignment_ezpression ":" suite)*

["else" ":" suite]

if XiE, Xe—o0—oFHliL T X, HIZRZETHIT T, HITR-LHIDAA — M ZHERL T (H:
true & false DERICOWTIE, T—ILiEE (boolean operation) HizBRL TL7Z&EW); Kz, ERL
AA—=FZFATLET (ZL T, if XOMDHERDIE. EITPiHliz SNEEA), BETORBBITKR - HE.
else HinbiUF, TDRAL — M PEITEINFET,

8.2 while X
while &, RDENETH 2. EITEHEVRT Db ES:

while_stmt: "while" assignment_exzpression suite

["else" ":" suite]

while SUINEME DR LUEHBTM L. ETHIUIRIIDAAL — b E2FITLE T, AMMBTHIUE (BWID S5
WHEO-TWHIEHHDZIET). else HiN DI HAEIIIZTNEETL. V-T2 TLET,

BHIDAA — FNT break XWFETEINDB L., else DR - EFETTEIeBAN—TE2EKTLES,
continue XDBRHIDAAL — FNTEITENDZ L, AL —TFHRZDPZEHOXDEfTERAFy LT, ROE
BEHMEICRE D £3,

8.3 for X

for L. =7 YR (SLFEH RTNVERIFVA L) R, ZOMDKIGRIREIR A 7Y = 7 b (iterable object)
WOESRITHE o TRIZILIRZAT 5 e i fibiv k3

for_stmt: "for" target_list "in" starred_list ":" suite

["else" ":" suite]

starred_list RIF—ELFFHEiS A, FHEFRE LT AT5TIL A7V 27 2 2RIBEDRDHDET, Z
DATIZINIPE ATL—=2 BMELNET, 3. 41 T L —XroERIN2RADERD, @EHONA
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RONL =t - T target_list ITARAZ N (XA (assignment statement) HiZHR), 1 DHDAA —
(suite) ZEITEINET, I, A TL—EX0OERINLBZEHRBIIHLTHRIESNET, A 7L —XD
FTRTOERPWHEINH L, else Hindd LHNIFETEI N, V—TIUHBKT LE T,

BHIDAAL — b DHT break XBFETEIND L, else HIDRAAL —F2EITTE3ZI R A—TE2RTLE
o continue XBWPID AL — FATHEITFTENZ ., A4 — D IZHERD DOXDFE[TERAFYy LT, X
DBEZOWUENIFE 2 0, TN ERODERDPENGEIX else HIOMEICHE D 3,

for V—F1E R =2y F U A FADEHADRAZITVE T, ZHUTE D, for L—THBED T, ZHLHTD
ETORAFEEEXRET:

for i in range(10):
print (i)
i=25 # thts will not affect the for-loop

# because 7 will be overwritten with the nezxt

# index in the range

N—=TPETLTHE =7y bV X NADOKHANIHIBRINERBADL, £ 77 TABEDEEITIEX, V—TTD
RAFELITbNETA, bV b HAAAE range () F. BROALEMYERL £F, HlZ1E. range(3)
FRIETZL 0. 1 FLT20EIHEREZERL T,

N=Ya¥ 311 TEHE: ROV R POHFT7 AKX Y X7 fFE DI (starred elements) ZHETE S X 51Tk
DE L7

8.4 try X

try &, Ot eI LT, fISMLHEB X/ 57232 V-7 vy Fa— FEIEELET:

try_stmt: tryl_stmt | try2_stmt | try3_stmt

tryl_stmt: "try" ":" suite
("except" [expression ["as" identifier]] ":" suite)+
["else" ":" suite]
["finally" ":" suite]
try2_stmt: "try" ":" suite
("except" "x" expression ["as" identifier] ":" suite)+
["else" ":" suite]
["finally" ":" suite]
try3_stmt: "try" ":" suite
"finally" ":" suite

BIAMCEE S 2 Z oo FHRiE Gl &icd b £33, /2. raise XOMFHIC X 2B OERKICEE S 2 1FHRIZ.
raise 3 HZH b 3,

N—Y a ¥ 3.14 TEHE: Support for optionally dropping grouping parentheses when using multiple
exception types. See PEP 758.
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8.4.1 except £fi

The except clause(s) specify one or more exception handlers. When no exception occurs in the try
clause, no exception handler is executed. When an exception occurs in the try suite, a search for
an exception handler is started. This search inspects the except clauses in turn until one is found
that matches the exception. An expression-less except clause, if present, must be last; it matches any

exception.

For an except clause with an expression, the expression must evaluate to an exception type or a tuple of
exception types. Parentheses can be dropped if multiple exception types are provided and the as clause
is not used. The raised exception matches an except clause whose expression evaluates to the class or

a non-virtual base class of the exception object, or to a tuple that contains such a class.

BISNDIE D except BN BB L Lo 7ehE, BEOI— FZ2H 5 X HI15MIL ZLTHEHELARAZ v 7
LRI ET, !

except HiO~Ny ZIZH 2N HFHIT 2 & 2PN FEET D L. TLADANY FIRREZF v L,
Wiz BIanc It 3 20982 K 7 OMBEBED except HiDAMAID 2 — FRBFERH LR X v 7120 LTITWD
T (try X2EPBINEFET LD XS fbhxT),

53 % except HiROM 5 ¥, except HiD AL — bHFITEINET, ZDOE. as F—7— K2 except
HICHEETAUE., ZORTIRESINTVE X =7y MHIARRAZIHE T, RTOD except HIlIFEITAIEER
70y 2o TWRIFNERD F¥A, 2070y ZORRBICEET S &, @HIE try X2ARDERD S
FAITRMBLE T, (ZDZ 2. AR MINZ00FIHNY R I DECHSM L TFEE L. Nlo >
FSHND try BiCHINDBRE LGS, AMIDAY RS ZZ0OFNENMIE LRV L ZERLET, )

BIADS as target ZfHo TRAINZE X, Z4UT except HiDKDO D ICHEINE T, ZhAEB xS,
INENOR=E

except E as N:

foo

2, UFDa— PRS00 X572 DTT:

except E as N:
try:
foo
finally:
del N

X o T, Bt % except HILIFTSRTE 2 X 5123 2720121%, HOHAFNTRAINRFIUIRD R A,
BINADHIBRENZ DX, PL—ZANy IR 5EXN2 L, ZORZRY 7 7L —LEERBEEFIED. XOH
R—VINEFTED 7L —LHAD TR TORFEREZEFEZIETLEILSHTT,

except HiD A A — FHETENZEIC, FIAD sys T 2 — NV ITHENENE T, except HiDH T,

*Lgshg, Mot ERET 2 & 5% finally BIBRWEEICOARIPOTHLRAZ v 75D D £5, HLWLHBHI K- T, HWHA
Shdkbih g
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sys.exception() ZMUHTHICI - TIDHIIT 7L RTEZEDNTEET, HIANY FIZIET D
Y. sys BV 2 — LI N TV 2 BIA DED, —DORTOMEICED $3:

>>> print(sys.exception())

None

>>> try:
raise TypeError

. except:
print (repr(sys.exception()))
try:
raise ValueError
except:
print (repr(sys.exception()))

print (repr(sys.exception()))

TypeError ()
ValueError ()
TypeError ()

>>> print(sys.exception())

None

8.4.2 except* Hi

The except* clause(s) are used for handling ExceptionGroups. The exception type for matching is
interpreted as in the case of ezcept, but in the case of exception groups we can have partial matches
when the type matches some of the exceptions in the group. This means that multiple except* clauses
can execute, each handling part of the exception group. Each clause executes at most once and handles
an exception group of all matching exceptions. Each exception in the group is handled by at most one

except* clause, the first that matches it.

>>> try:
raise ExceptionGroup('eg",
[ValueError(1), TypeError(2), 0SError(3), 0SError(4)])
. except* TypeError as e:
print (f'caught {type(e)} with nested {e.exceptions}')
. except* OSError as e:

print (f'caught {type(e)} with nested {e.exceptions}')

caught <class 'ExceptionGroup'> with nested (TypeError(2),)
caught <class 'ExceptionGroup'> with nested (0SError(3), 0SError(4))
+ Exception Group Traceback (most recent call last):

| File "<stdin>", line 2, in <module>

| ExceptionGroup: eg
(RDOR=T12Hi L)
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(RIDR=I D5 DR E)

| ValueError: 1

Any remaining exceptions that were not handled by any except* clause are re-raised at the end, along
with all exceptions that were raised from within the except* clauses. If this list contains more than one

exception to reraise, they are combined into an exception group.

If the raised exception is not an exception group and its type matches one of the except* clauses, it is

caught and wrapped by an exception group with an empty message string.

>>> try:
raise BlockingIOError
. except* BlockingIOError as e:

print (repr(e))

ExceptionGroup('', (BlockingIOError()))

An except* clause must have a matching expression; it cannot be except*:. Furthermore, this expres-

sion cannot contain exception group types, because that would have ambiguous semantics.

It is not possible to mix except and except# in the same try. break, continue and return cannot

appear in an except* clause.

8.4.3 else £

AT ard else fild. avirao—nra—=n try 24— FxHF. FIAEREINT. return X,
continue X, break XDWITNDDRFEITEINR2 > BB ICHEHITEINE T, else HITREE FIFMNK, Fii
I2H % except HITIFNHEEINER A,

8.4.4 finally £

If finally is present, it specifies a ’cleanup’ handler. The try clause is executed, including any ezcept
and else clauses. If an exception occurs in any of the clauses and is not handled, the exception is
temporarily saved. The finally clause is executed. If there is a saved exception it is re-raised at the end
of the finally clause. If the finally clause raises another exception, the saved exception is set as the
context of the new exception. If the finally clause executes a return, break or continue statement,

the saved exception is discarded. For example, this function returns 42.

def £():
try:
1/0
finally:

return 42
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finally fiZ ST LTV, 02 F 405 3HMERIIFIHTE X2 A,

try..finally X® try A4 — AT return . break . F£721d continue XMWETENZIGE. finally
fHis, ZoXE N KIFH @I FITShET,

The return value of a function is determined by the last return statement executed. Since the finally
clause always executes, a return statement executed in the finally clause will always be the last one

executed. The following function returns ’finally’.

def foo():
try:
return 'try'

finally:

return 'finally'

N—3 3 v 3.8 TEHE: Pythond.8 MAITTIX, E LOMEIZLD finally HiTOD continue XUIFFIET
L7z

N—Y g ¥ 3.14 TEHE: The compiler emits a SyntaxWarning when a return, break or continue

appears in a finally block (see PEP 765).

8.5 with X

with Xi&, 78y 70ETZ, AVTFAMIRA =V vy Lo TERSINLAY Yy FTITv ST 3D
FoNET (with XEAVTHFARIZ =% 272 aryi2BRLTLIEIV), Zhickh, X<{H3
try...except...finally FIFH X =% h UL U TEANCHAHET 2 Z e 23 TEX ¥ 3,

with_stmt: "with" ( "(" with_stmt_contents ","? ")" | with_stmt_contents ) ":" suite
with_stmt_contents: with_item ("," with_item)x*
with_item: expression ["as" target]

—oD ? EE” BEO with XOFEFIZUTO LS IGETFLET:

1L ay7*% 2K (with_item THZHNEK) ZFHliT 5 28T, aV7FA XA —Y v ZRIEL
£75,

2. AVFTFRAIIARA=I¥D __enter _ () XY v EW, BTHSIdIca—RFINET,
3. AVFTFAINYR=I%D __exit__ () XY v R, BT z0icr— NI T,
4. aYTFXFAIIF =% D __enter__ () XY v RHBFRINE T,

5. with XIZX—7 v bREENTWE=SH, ZHUT __enter () OHDRERDEIBIRAZINE T,

0 iR
with &, __enter _ () XYV v FPZT =T LEGEIIE __exit__ (O BPEIMFEINS Z

CEBRIELE T, TIDT, BLE—7 v PURMORARICZ 7 —MRELLGEIE. h
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BEDAA —FOPTHALLEZI RS ZDNET, MTFORT vy 77 2B L TR
W,

6. 2 — bPBETSNET,

7.aAVTFAMTR=I%D __exit__ () XYV v FPENET, A4 — FBFIMCE o TR T I N
DS, FOHNDOEL fl, PL—ZANy 7 exit O WZHIEE LTEINET, 25 TRITH
¥, 3 2D None 5115z 6% T,

A4 = b E DI T N, __exit__ () XYy FrHDRDELME (false) o3, FlSt D EIX
HEhxd, ZORVENE (true) 725 HIHNIIMNFHEI S, EITIE with XORDXDHHEE £ T,

BLEZDAA = bHBISNTIHRNMTS DB TIR T LG, 2D __exit__ (O 75 DR D EIZHER
ST, FATIIFE LT OREITE U 7zl O E D SRkt L 3,

P a—F:

with EXPRESSION as TARGET:
SUITE

CHUIRE FEHT S

manager = (EXPRESSION)

enter = type(manager).__enter__
exit = type(manager).__exit__
value = enter(manager)

hit_except = False

try:
TARGET
SUITE

value

except:
hit_except = True
if not exit(manager, *sys.exc_info()):
raise
finally:
if not hit_except:

exit (manager, None, None, None)

BEBOEZERHDLE, AV THFAMII =TI X IEEBD with XPFA S SINT2hD X SITEITLET:

with A() as a, B() as b:
SUITE

ZAUIR ke FE T
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with A(Q) as a:
with B() as b:
SUITE

FIMCHl Z itk D, HEOaY TF A P2 =Y ¥ 2EBITICHE > TES e TEX T, fi:

with (
A() as a,
B() as b,
DE
SUITE

A=Y a3y 31 TEE: HHOa Y FFAIREFHE—FLE L,

N—=a ¥ 310 TEHE: {HITHrZ 2T, XERBITICHEILTETZ LR FL,

& 2E

PEP 343 - "with" XT7—FX2k
Python @ with XOEE HH, BLUPIP RS A TVET,

8.6 match X

Added in version 3.10.

match XF X —>=< v F 27275 HTHDNLE T, X

match_stmt: 'match' subject_ezpr ":" NEWLINE INDENT case_block+ DEDENT

subject_expr: star_named_expression ","

star_named_expressions?
| named_expression

case_block: 'case' patterns [guard] ":" block

0 IR

Dt rTar T, —EIHAFTHERTVWAEIBDIEX VI RE—TU—R 2XLFT,

RE=V=vF U 7iE, KR —= (case DKEA) L~ v F Y IMNEOME (match DHA) ZATE LET, 3
R=Y (BTREX=V"EAHRD D) Iy FUYITHROMEIIHN LT, v F 2305 00HEITONE
T, BRELTROZ DRI T

o ¥y FHIL DLy FRM (NE - R BIHENET),
o XV F LLMEDOHEINDHM, BELFEMFIIZRALL T,

match & case ¥—V—RNEI VI bF—T—F TT,
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o BE
o PEP 634 - #hE X —>~< v F: Lk

e PEP 636 —- #iify &2 —>~<yvF: Fa -1+ 7L

8.6.1 1%
match X DEHELA) 2B EDFRN DBEIIRDIED T

1. ¥7Y =27 3l subject_expr DFHic L, 7Y =2 MEBFEONET, 7V =7 bpar
ZEAUHE, BEONL—L o TR TIABERENE T,

2. case_block NDHE X =N LT, ¥ 70 =27 MRS FTE20EIDEFzv I LET, ¥y
FY - KBOEBARN BN —MIBARLET, v F U I7DF v 712k D, & —YHNOHLRTO—E
HB5VITARTCIEIFEEENE T, BEARNLRREL - VIERE - OEIC k> TERR S 2D, &b
LEd. RyFHBBLIENZ—YOPTRESNRFIR. TONEZ—20TOY IARITTEL.
match XDETHEATZENTEET,

O IR

NRE—=U=2 v TR LTRHMLTD, ZOHFIREENZ Y T RE =V DEINT 208605 D
F5, KL~y FTRETIHAAMHMEER TR Liza— FE2EPRV ISR EDTTL X
W, HZ, vy FRRML 7D e TEBDOEIZD > TWRVEWVWI DBHHRIC LAV TLEE W,
FERESWIRZE NI S HE Python OELEKFTH H, FHEMTRRZARENEDLDH D 5,
B x REEDPRELEZITAS L5, BERICERKEL LTVWET,

3. RX— VDI LS. BNOH — K (b LbiuL) FHESNTT. COBE. SZ— HOLH
BERTHMEINCT NG 2 L SRESNTOET,

o H— FOFMEMEIRETH 2D, dLAIEH— FARIFNUL, case_block WD block MHEITXN
3,

o ZF5THRITNE. RD case block IZH L THUY LI OMMERETINE T,

o ZHLLE case block DSEAE LR WIEE X, match XD T LT,

O IR

FHARMIZ, match XDREX— U FHHEEXNDZ L WHFIIRTI— FEELIRETED D FHA, 1 V&R —
FTUVRDEHEIZ X ->TIE. FBREF Y v 23230 EDREILEITV. iHMiiz XFy T 20[8EERD D
3

i H 72 match XDH:
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>>> flag = False
>>> match (100, 200):
case (100, 300): # Mismatch: 200 != 300
print('Case 1')
case (100, 200) if flag: # Successful match, but guard fails
print('Case 2')
case (100, y): # Matches and binds y to 200
print(f'Case 3, y: {y}'")
case _: # Pattern not attempted

print('Case 4, I match anything!')

Case 3, y: 200

ZOFITIE, if flag A —FTT, H— ROV TERDEIZ > a v EBRBL T IV,

8.6.2 H—F

guard: "if" named_expression

guard (case —#i& LTHND) BRI L TIITUDH T, £D case 70y 7D IA— FPETINET, F—F
Foif ORICKZELE TR ST T,

guard [T & D case 70 v 7 DUHOTRNIIRD L BHTT

1. case TR Y ZDRR =Y PRINT 20 EIDEF = v 7T 5, KRBLZEBEE. guard IFFHlix 3,
RD case 7Ry 7 DF = v 7T,

2. NE =PRI LTHER. guard OFHEIDTTHNE T,
o guard SRAEOFHHEESETH 255, 544D case 70y I FEREINF T,
o guard RAFEDOFHEEAB DB E. ZED case 71 v ZIHERS N EE A,
o guard OFHEHICHISD R I NIIBER. 20BN ZDOEFEHEINET,

H—FRXTH27D, BIFHZEZTZeNTEET, H— FORHIE. RHIID case 70 v 72 5JHIZ,
RE—= PR 7z case 70y ZEREL DD, =2 00FHliE R IFUIVWI EFRA (0D, I—FD
FHIEE PN TWBIERTIEITEINL2DENDH D X5 ), £/, case 70y ZWERSNLHRT, A—FD
#Hifi 2 Z UL BT o TEWITF £ A

(=2]

3 BB Tr—X70v Y

6
MBARRE Ry — 27 ey 2 2iE, I T~y FTE25r—2A70y 7D ¥ TT, match XOHT, AR
BER s — 270y ZIZH/RAK—2%F T, DORBRIMNET Z2HERDD £,

S

|

H

=278y ZHHBEARETH 3 72D121F,. H— F237L, RE—UDPEHBAETH 2 LENH D £5,
NRE—UPHBARARETH 2 /- DI121F, ZOXELOBEDADN S, ZADEIIHINT 2 Z L SEFHTE 2.0
ERH D ET, MBAARERAAX -V RO RHDDATT:
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o FUNRBAARETH B AS NE—>

e BENBZRR—VDIBLRL b —ONRBAARETDH S OR NFZ—>
o XY TFYNE—>

e DAIRA—RNEZ—>

ol CcHbNTz, B ATRER S & —

8.6.4 NZ—>

0 iR
Dty arTiE, @ED EBNF Z2H6R U SEER2HHL 29,

e SEP.RULE+ ¥\ 350X RULE (SEP RULE)* DEE T3,

e |RULE I IEBELTHMADSIRMNEZRLET,

patterns @ b v L UL DRESILLFO@E D T

patterns: open_sequence_pattern | pattern
pattern: as_pattern | or_pattern

closed_pattern: literal_pattern
capture_pattern

wildcard_pattern

|

|

|

| value_pattern
| group_pattern

| sequence_pattern
| mapping_pattern
|

class_pattern

TFOHHTERRDRTEDRD, REZ—VORLBVEHBEICEVWR LGS OHNAZ MfHHIZE S &)
DRICEVTVET (ZDIFL A XX, Raymond Hettinger [k®D R¥ 2 X ¥ MZEEEZ I TODDTT),
72U, SHEHL ETHEZIMI 7DD TH D, NEHILEEZLTLORML72SDTIE HDFEFEA
Ero. EHATRER TN TOARR - HEZHEREL T0 a2 DI TED D FH A,

OR N&—>
OR R =i, itk | TRUILNIERD AR =2 poh 5, X

or_pattern: "|".closed_pattern+

BRDY 788 — DN GERAEEE THo TRWITEEA, £, BIRZERO D, &Y 7% - 0R
I 24ATOMAEDRE. TRTRILTHIMLENDHD 7,

OR & =T, ¥ 7Y =7 MEZH LTSS 7K =D~y F U IPTbINET, v F2HINT
HEZITHTL, 2D OR NX—VIZEA LI BBREINET, —J, EOPTRE-V BRI LARTH
. 20 OR 28R — IR L2 212 % F,
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fHEIICS S5 P1L | P2 | ... 2WOIRER—VIEIPLZ~YyFLEI L, BBTHIEP2 ZLET, WT
NDPDRX =<y FRENTHEEBIZEI 2D, ZRLUNDEEFERE 2D £5,

AS N&Z—>
AS REX—23H 7V 27 MEIZH LT, as F—V—RFOEMNICHZ OR REx—r <y FIEET, WX

as_pattern: or_pattern "as" capture_pattern

OR R&X—URBTAURX, 2D AS RE—=VIFKRMEe D 5, FTHE 70 =7 MED as F—
V— ROGHOLENCREE N, 2D AS RX—=VIIHIE D £5, capture_pattern & LT _ #f5ET
5ZLETEFERA,

fEICE 5 £, P as NAME 13 P 2~ v F S8, L5 EIC NAME = <subject> OfUAZITVE T,

DFSINE—>
V7 INRK—id, —H#%ZBR< Python ® YT ZIL IRl £, M
literal_pattern: signed_number
signed_number "+" NUMBER

signed_number "-" NUMBER

strings

[

|

|

| "None"
| "Trye"
I

"False"
signed_number: ["-"] NUMBER

strings £\ 5 /L—)L¥ NUMBER & W5 +—27 Vi Python DIEMLE TERINTVWES, 74—+ 32D
THDONT TN raw KFH, raw NA MIDEAFTRETS . f-strings IMEATEEH A,

signed_number '+' NUMBER Y signed_number '-' NUMBER ¥\ 5% R 2 RBT27200bD
TT, 207D, FNCEFEH. HUCEEREEILEDPDD FT, Hl: 3 + 45,

ffiHCE 5 ¥, LITERAL |X <subject> == LITERAL TH B ¥ EDAENTZ X —VTF, ¥V Z LT

% None ¥ True . False |3 is HETFZHo CTHIN T T,

XV TFVvNE—>
Fr FFREX—F, TV MERARNICHEL 3, #X:

capture_pattern: !'_' NAME

TYR—RAT=XFD _@FF T F %R —VTEDHDELEA (1 BPRLTVLIDIEIOEATT)
wildcard_pattern ¥ L THRbHLNE T,

NRR—=2—D2DHT, —ODHANE—EL2RET 2N TEEEA, HlZIE. case x, x: ... FHEEL
TIh. case [x] | x: ... FIELWVWTT,

F¥ TF v RV RIEEHIL £, SN0 a— 713 PEP 572 T 2 7-RAXEE T
DRAA=TN—)LeELTT, Thbb, YTIES global X 2 nonlocal XWRWERD ., ZDRATEE
29— Pk Y B % I BIEY ¥ 7
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fliHICE 5 &, NAME 13H1C3 L. NAME = <subject> DRADTONE T,

TJAILRA—RNEZ—>
TAN KD — R = IEEIICHY (e L Thd~yF35) L, LEIOFEIILERA. B
wildcard_pattern: '_'

i =Yoo THASINGEIREIC VI RE—T—F TS, LEL, RX—=VOHTRVWEEIXY
ThF—TU—RTEDDERA, LAV TV 2r AL guard | case 70y Z7OHTH, BHEOELKL X
bij‘o

fBHICE S &, _ 3HITHIIL£7,

i $% — 1 Python THRETOMNT SNEEZRLET, M

value_pattern: atir
attr: name_or_attr "." NAME

name_or_attr: attr | NAME

Ry b0V ZD4HIIE, Python 24D ZEIFERIL—IL ICX o THRIREINE T, ZD 8K =%, RR
SNTAEDY 7Y =7 MEEFE LW (HBTEE T == 12D ) e 2 b 5,

fiHICE 5 ¥, NAME1.NAME2 /X <subject> == NAME1.NAME2 TH 2 & EDAKNL 3,

O IR

—2® match XX TH UEPEHEHR T 258, 4 V2 =TV XBRINERENEE2 Xy v > 2
L. HHEIBRZMEDITS e E2 BT 2 ARESH D £F, ZOF v v ald. £D match X
DEDET—HOMEZF THAHINET,

TJIN—FNE—>
A group pattern allows users to add parentheses around patterns to emphasize the intended grouping.

Otherwise, it has no additional syntax. Syntax:

group_pattern: "(" pattern ")"

In simple terms (P) has the same effect as P.

=T VANE—Y
A sequence pattern contains several subpatterns to be matched against sequence elements. The syntax

is similar to the unpacking of a list or tuple.

sequence_pattern: "[" [maybe_sequence_pattern] "I1"
| "(" [open_sequence_pattern] ")"

open_sequence_pattern: maybe_star_pattern "," [maybe_sequence_pattern]

maybe_sequence_pattern: ",".maybe_ star patternt ", "7
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maybe_star_pattern: star_pattern | pattern

star_pattern: "x" (capture_pattern | wildcard_pattern)

There is no difference if parentheses or square brackets are used for sequence patterns (i.e. (...) vs

[...1).

0 IR
A single pattern enclosed in parentheses without a trailing comma (e.g. (3 | 4)) is a group pattern.

While a single pattern enclosed in square brackets (e.g. [3 | 4]) is still a sequence pattern.

At most one star subpattern may be in a sequence pattern. The star subpattern may occur in any
position. If no star subpattern is present, the sequence pattern is a fixed-length sequence pattern;

otherwise it is a variable-length sequence pattern.
The following is the logical flow for matching a sequence pattern against a subject value:
1. If the subject value is not a sequence*?, the sequence pattern fails.
2. If the subject value is an instance of str, bytes or bytearray the sequence pattern fails.
3. The subsequent steps depend on whether the sequence pattern is fixed or variable-length.
If the sequence pattern is fixed-length:

1. If the length of the subject sequence is not equal to the number of subpatterns, the sequence

pattern fails

2. Subpatterns in the sequence pattern are matched to their corresponding items in the subject
sequence from left to right. Matching stops as soon as a subpattern fails. If all subpatterns

succeed in matching their corresponding item, the sequence pattern succeeds.

Otherwise, if the sequence pattern is variable-length:

*2 In pattern matching, a sequence is defined as one of the following:
e collections.abc.Sequence X&KL 722 T 2,
e collections.abc.Sequence & L CH#FE Nz Python 7 J X,
e a builtin class that has its (CPython) Py_TPFLAGS_SEQUENCE bit set
e a class that inherits from any of the above
The following standard library classes are sequences:
e array.array
e collections.deque
e list
e memoryview
e range
e tuple

0 IR

Subject values of type str, bytes, and bytearray do not match sequence patterns.

8.6. match X 159



The Python Language Reference, 'J1)—2X 3.14.0a7

1. If the length of the subject sequence is less than the number of non-star subpatterns, the

sequence pattern fails.

2. The leading non-star subpatterns are matched to their corresponding items as for fixed-length

sequences.

3. If the previous step succeeds, the star subpattern matches a list formed of the remaining
subject items, excluding the remaining items corresponding to non-star subpatterns following

the star subpattern.

4. Remaining non-star subpatterns are matched to their corresponding subject items, as for a

fixed-length sequence.

0 IR

The length of the subject sequence is obtained via len() (i.e. via the __len__() protocol).

This length may be cached by the interpreter in a similar manner as value patterns.

In simple terms [P1, P2, P3, ... , P<N>] matches only if all the following happens:
e <subject> WX —F VA Fzv TS
e len(subject) == <N>
o P1 matches <subject>[0] (note that this match can also bind names)
o P2 matches <subject>[1] (note that this match can also bind names)
e ... and so on for the corresponding pattern/element.
RvEYTNE—>

A mapping pattern contains one or more key-value patterns. The syntax is similar to the construction

of a dictionary. Syntax:

mapping_pattern: "{" [items_pattern] "}"
items_pattern: ",".key_value_patternt+ ","7?
key_value_pattern: (literal_pattern | wvalue_pattern) ":" pattern

| double_star_pattern

double_star_pattern: "**" capture_pattern

At most one double star pattern may be in a mapping pattern. The double star pattern must be the

last subpattern in the mapping pattern.

Duplicate keys in mapping patterns are disallowed. Duplicate literal keys will raise a SyntaxError. Two

keys that otherwise have the same value will raise a ValueError at runtime.

The following is the logical flow for matching a mapping pattern against a subject value:
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1. If the subject value is not a mapping*?,the mapping pattern fails.

2. If every key given in the mapping pattern is present in the subject mapping, and the pattern for

each key matches the corresponding item of the subject mapping, the mapping pattern succeeds.

3. If duplicate keys are detected in the mapping pattern, the pattern is considered invalid. A
SyntaxError is raised for duplicate literal values; or a ValueError for named keys of the same

value.

0 IR
Key-value pairs are matched using the two-argument form of the mapping subject’s get () method.

Matched key-value pairs must already be present in the mapping, and not created on-the-fly via

__missing__() or __getitem__ ().

In simple terms {KEY1: P1, KEY2: P2, ... } matches only if all the following happens:
o <subject> XYV VI hEFzv TS
e KEY1 in <subject>
e P1 X <subject>[KEY1] IZ~¥vF T3
o ... and so on for the corresponding KEY /pattern pair.

IIANZ—>

A class pattern represents a class and its positional and keyword arguments (if any). Syntax:

class_pattern: name_or_attr "(" [pattern_arguments ","7] ")"
pattern_arguments:  positional_patterns ["," keyword patterns]

| keyword_patterns

positional_patterns: ",".pattern+
keyword_patterns: ",".keyword_patternt
keyword_pattern: NAME "=" pattern

The same keyword should not be repeated in class patterns.
The following is the logical flow for matching a class pattern against a subject value:
1. If name_or_attr is not an instance of the builtin type , raise TypeError.

2. If the subject value is not an instance of name_or_attr (tested via isinstance()), the class

pattern fails.

*3 In pattern matching, a mapping is defined as one of the following:
e a class that inherits from collections.abc.Mapping

e a Python class that has been registered as collections.abc.Mapping
e a builtin class that has its (CPython) Py_TPFLAGS_MAPPING bit set

e a class that inherits from any of the above

] tacd 1it ] ) : _ .
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3. If no pattern arguments are present, the pattern succeeds. Otherwise, the subsequent steps depend

on whether keyword or positional argument patterns are present.

For a number of built-in types (specified below), a single positional subpattern is accepted which

will match the entire subject; for these types keyword patterns also work as for other types.
If only keyword patterns are present, they are processed as follows, one by one:
I. The keyword is looked up as an attribute on the subject.

o If this raises an exception other than AttributeError, the exception bubbles up.

o If this raises AttributeError, the class pattern has failed.

e Else, the subpattern associated with the keyword pattern is matched against the subject’s
attribute value. If this fails, the class pattern fails; if this succeeds, the match proceeds to the

next keyword.
II. If all keyword patterns succeed, the class pattern succeeds.

If any positional patterns are present, they are converted to keyword patterns using the

__match_args__ attribute on the class name_or_attr before matching:
I. The equivalent of getattr(cls, "__match_args__", ()) is called.
o If this raises an exception, the exception bubbles up.

o If the returned value is not a tuple, the conversion fails and TypeError is raised.

o If there are more positional patterns than len(cls.__match_args__), TypeError is

raised.

e Otherwise, positional pattern i is converted to a keyword pattern using
__match_args__[i] as the keyword. __match_args__[i] must be a string; if not

TypeError is raised.

o If there are duplicate keywords, TypeError is raised.

& 5E
ISANZ—=2I Y FOMUBSIBDHREIAX
[1. Once all positional patterns have been converted to keyword patterns,
the match proceeds as if there were only keyword patterns.
For the following built-in types the handling of positional subpatterns is different:
e bool
e bytearray

e bytes
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e dict

¢ float

e frozenset
e int

o list

e set

e sStr

e tuple

These classes accept a single positional argument, and the pattern there is matched against the
whole object rather than an attribute. For example int(0|1) matches the value 0, but not the

value 0.0.
In simple terms CLS(P1, attr=P2) matches only if the following happens:
o isinstance(<subject>, CLS)
o convert P1 to a keyword pattern using CLS.__match_args__
e For each keyword argument attr=P2:
— hasattr(<subject>, "attr")
— P2 |& <subject>.attr ¥ v FT 5

o ... and so on for the corresponding keyword argument/pattern pair.

o BE
e PEP 634 - #@i & — >~ v F: {1k

e PEP 636 - @iy &2 —>~<vF: Fa2a -1+ 7L

8.7 B ER

BRrERE, 2P ERBEA 7o 27 P 2ERL T (IRREDMERE HiZHK):

funcdef: [decorators] "def" funcname [type_params] "(" [parameter_list] ")"
["->" exzpression] ":" suite

decorators: decorator+

decorator: "@" assignment_expresston NEWLINE

parameter_list: defparameter ("," defparameter)* "," "/" ["," [parameter_list_no_posonl

| parameter_list_no_posonly

parameter_list_no_posonly: defparameter ("," defparameter)* ["," [parameter_list_starargs]]
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| parameter_list_starargs
parameter_list_starargs: "x" [star_parameter] ("," defparameter)* ["," [parameter_star_kwargs]]
| " ("," defparameter)+ ["," [parameter_star_ kwargs]]

| parameter_star_kwargs

parameter_star_kwargs: "xx" parameter [","]

parameter: identifier [":" ezpression]
star_parameter: identifier [":" ["*"] expression]
defparameter: parameter ["=" expression]
funcname: tdentifier

BIRCERIIFATAIREL LTS, BIREREZHEITT 2 &, BIEO B — A VBRI BN TR 2Bt 7Y =
7t (BABOETAREEa— N2 287 vo8—) CHMLE T, ZOMBCE7Y =2 Micld, BB OH
NBCEDN S 7 m— OV RARTZER . LT, BfED 7 0 — L RARTERANDO BB A > TV ET,

BIRUE BB R AT L £ 8 A BIBARREGBEE MO ShRicoaEfTInE T, ™

BfERE oMU LD 7OL—%2 XTIy FTEFd, TaL— ARz ERT 2L &, BBERD
Ao TWVWBRa—FTiHliEn ks, ZOMRIE, BEA 7> =27 b 2ME—05 8L 20 LATEEL 7
T FTRINERD FEA, BBA 7Y 227 oD, BENAEDBBBAICH M SN TS, H-OD
FTaL—XiEF AP LTHEHERE T, FIZIEX UFoXS57%a—F:

@f1(arg)
@f2
def func(): pass

1. P00k Eiicd

def func(): pass
func = f1(arg) (f2(func))

7272 L. BiEDa— FTIITA DREE func & W HEIN—RINCHM S 2 Z L i3wn, twnwH e 2 A %R
EEI

N— a3 v 3.9 TAHE: Functions may be decorated with any valid assignment_ezpression. Previously,

the grammar was much more restrictive; see PEP 614 for details.

A list of type parameters may be given in square brackets between the function’s name and the opening
parenthesis for its parameter list. This indicates to static type checkers that the function is generic.
At runtime, the type parameters can be retrieved from the function’s __type_params__ attribute. See

Generic functions for more.
N— a3 v 3.12 TEH: Type parameter lists are new in Python 3.12.

1 2L LD R5 I8 A parameter = expression DEEE->TW5 & =, B 7 77 + L FEIE” 2Hor
BWVET, F7 40 MARROIRE BT, WO LI Zhciit s 3 Z51580 1I3EIE T, Z20H813R

*4 A string literal appearing as the first statement in the function body is transformed into the function’s __doc__
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SIBDOT 7 A MEPEONE T, HE5ENT 7 40 MaZF o TWAHE. ZHLEE "+ 2T %%
TOFIIETT 7 4V MEZFR > TWRITIUIRD FHA - ZTHESUEERTIRER SN TV RV
HlFR T,

T7 ) FEIBERBERERDIEITEINDI LS ICEDSAANTHEINE T, Zhid. 77 1L b5 oAIZHE
BOERSIND L IR ERIFHMES A, FL 7EHEEAO” EXFIHL ORI ENS 22 E
BRLEST, ZOMRREEMBL TEBL 2RI, 7740 F5IBIEN Y A FRHED LI RI 2 -2 TNkH
TV NTHZLEFICHEETT: BN ZOF 7Y 27 bEEE (FIZIEX) A MCEREEEM) $52, 2
DT 7 4NV FIBENPEEOHELZZITLELE T, —RITE. ZARERLZVWEETT, ZoXk57%H)
TEZBET 5121, 77 4L MEYX LT None Zffiv, ZOMEZBEBAKOHTHRINZT A M LET, flZIE
UFo k512U %7

def whats_on_the_telly(penguin=None) :
if penguin is None:
penguin = []
penguin.append("property of the zoo")

return penguin

BRI O L O R AN ISR S 2 R0, (UL (call) BITHRRSATOVE T, BEIECHLEITS &,
FARZY R MBI NTETD T XX, MBI F—7—F518. 77 4 MEDWT D & HEH
RAZINZFE T, "*identifier” WRDFET L, Ko I RTOMESIEEZIFE - 72X 7oA X
NEFT, ZOFT7 4L MEZEDX FNTT, "*+identifier” ERPEFETIE. RoTRTOF—V—
REBEZIR-LIEFN EDO~y B 7 F 7Y 27 Mt Ez T, 207 7 40 MEZFE T EOZED
Ry TFTI L FTT, "+ R "sidentifier” DED NI X RIEF—TU — NEHRFTX—KT, F—
T—FEHIC L > TOAREINE T, 7/ DHID T X XN BEBHHA T X —X T, MEFEBICE > TOAE
INET,

N—a Y 3.8 TAH: The / function parameter syntax may be used to indicate positional-only param-
eters. See PEP 570 for details.

2

Parameters may have an annotation of the form ”: expression” following the parameter name. Any

parameter may have an annotation, even those of the form *identifier or **identifier. (As a special

”: xexpression”.) Functions may

case, parameters of the form *identifier may have an annotation
have "return” annotation of the form ”-> expression” after the parameter list. These annotations can
be any valid Python expression. The presence of annotations does not change the semantics of a function.

See Annotations for more information on annotations.

N—a v 311 THZH: Parameters of the form ”*identifier” may have an annotation ”:

*xexpression”. See PEP 646.

N2 AIRHCHEA T 272010, AR (BRI N TORVEIR) ZERT2 2 dTEET, 2hid 5
LA (lambda) DEITHHENTWS 7 LAXRZENE T, T 42N S 7 BBUER DRI #E
FRVWZEIFERBLTLIEEI N "def” XTERSINLEKD 7 2 XX TERINBEED X512, 5l8kE L
THEELD, MOHANCEID LA TL 2N TERT, HBORLT /7 -2 a YPRITTE LD T, "def”
ROTHEDESITT,

TOTSIANDRAE: BBUIE KA 7Y =7 b TF, BEBERNTRETSNE "def” UL, B DERT I
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CLTEEZu— VB EERLE T, 2R LAZBEBANTHEDNZ BHZRE. def ZEA TV 2D
0—hVEBIZT 7 ATEE T, FHllE ZaiDF ERE (naming and binding) Hiz S LTLZE W,

& 2E

PEP 3107 - Function Annotations B
W7 57— arDmdttkEE,

PEP 484 - B> | 7
7= a vy OERERNLRERMIITH M v FDER,

PEP 526 - Syntax for Variable Annotations

Ability to type hint variable declarations, including class variables and instance variables.

PEP 563 - 7./ 57— 3 > 0BT %
TR Y 77— a Y EEMRTHET 2 0TI B XFIFERTCHRFT 221k b, 7/ 57— =
VIZBIBHIGSROYE—

PEP 318 - Decorators for Functions and Methods
Function and method decorators were introduced. Class decorators were introduced in PEP
3129.

8.8 VS AER

Y5 RERE. FIRF TV 2y N EEHRLET (IBEROKE HiSR):

classdef: [decorators] "class" classname [type_params] [inheritance]l ":" sutite
inheritance: "(" [argument_list] ")"

classname: identifier

75 AEFRIIETARER LT Y, MRV X MEilH, BEZ 7RV A M 2523 (X DEELRHVHIE. X
BRI ZBRLTLIEEN), TI2H, VA MNDZNZNOEZROFMIIY 77 7 AL LTHRVWI 7 X
THBHERETT, MRV ROV FRIE, T 74NV T, £JKS 7R object KT 5D T:

class Foo:

pass

. IR ERETY

class Foo(object):

pass

RIZT T ADRAA — b3, Fi7BFAT7 L — 2 (BEIDTERE (naming and binding) ZZRL T I W)
WT, Hifiohlen—AVARIZER Tt 4 D 70— VA RETZERZ o TEITESNET (B8F. Z0R
A= PMCEEBEBERBPEENET), 7 IRADAAL — b DBFEFTLKRA L, FT 7L -2 HEIAET
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M, B — AR ZEMIMEFEIRE T, *° RIS, RV R s 2RIEY 5212, REI g — h L ER1ZERH
PREMEREIC. ZhPE-oTr 5237V 27 PRI E T, RRIC, dor— B L ERizlics
WTC, ZIOREMIDIZ SRAF TS 27 MIHEBEINET,

The order in which attributes are defined in the class body is preserved in the new class’s __dict__.
Note that this is reliable only right after the class is created and only for classes that were defined using

the definition syntax.
75 ZEHE. XE 52 ZRHLTRIBICAHAREZS A XTEET,

B2 7aL— 1320 77RATaL—1+325 I ehHRET,

@f1(arg)
ef2

class Foo: pass

1, VW e EitT

class Foo: pass

Foo = fi(arg) (£2(Foo0))

7al —XROFHEEHNIEE T a L — & LRI TY, fMRIZ7 7 RBCHEEINET,

N—= a ¥ 3.9 TEHE: Classes may be decorated with any valid assignment_ezpression. Previously,

the grammar was much more restrictive; see PEP 614 for details.

A list of type parameters may be given in square brackets immediately after the class’s name. This
indicates to static type checkers that the class is generic. At runtime, the type parameters can be

retrieved from the class’s __type_params__ attribute. See Generic classes for more.
N— g v 3.12 TEH: Type parameter lists are new in Python 3.12.

TOUSIDHDER: 7 7 RAERNTERSINLERII S ABETHD, 2TOA YR ATHA
XNET, £ REVZABEHIE, AV Yy FOHT self.name = value ¥ TR3I L TCHRETEZXT, 772X
B A VAR REMD "self.name” Kl T7 VLA TE, ZORFLTT7Z7ELALLLE, A VARV R
EHEERAD 2 S AEN 2R L E T, 77 RABEMEE. A VAR ABEDT 7 4L MEE U THER 355,
ZFIWXIa—RINREEMFES » FHERERICORND £F, S0lF 2MHS5 b, FFMlRFZENELZ 4
AR Y AL FRTE LT,

& 5E
PEP 3115 - Metaclasses in Python 3000 P
R IADESRZBEDIEL, XRI FANEDT FABED &5 ITHES N2 DOEKRHZZL
BLRE

*5 A string literal appearing as the first statement in the class body is transformed into the namespace’s __doc__ item
and therefore the class’s docstring
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EP 3129 - /5 ZX5FL—% 74
SATFalL—REBMUEER, B7aL—%e XYy FFalL—Xi3 PEP 318 TEAXQhE
L7z,

8.9 JI—F>

Added in version 3.5.

8.9.1 J/IL—FUEHES

async_funcdef: [decorators] "async" "def" funcname "(" [parameter_list] ")"

["->" ezpression] ":" suite

Python THEITLTW2 ar—F Vi3Z L DR T—RHEILE BT E £ (coroutine 2B M), await X
TH5 async for & async with ZANV—F VEABORKTLIHEZ EE A,

Functions defined with async def syntax are always coroutine functions, even if they do not contain

await or async keywords.
a—F VEBDOAKDOHPT yield from XZMH T % & SyntaxError 274D 9,

a )L —F B O

async def func(paraml, param?2):
do_stuff ()

await some_coroutine()

N—Y a v 3.7 TEHE: await and async are now keywords; previously they were only treated as such

inside the body of a coroutine function.

8.9.2 async for X

async_for_stmt: "async" for_stmt

asynchronous iterable ', Z® __anext__ XYV v R TIERIAM a — RE2EIT[HEMR. asynchronous iterator
PEPERT _ aiter X Vv FEEMLTVWET,

async for XXX o CIFEMILA 77 TNV EMBICA TL—>ar 32BN TEET,

IVEN =T

async for TARGET in ITER:
SUITE

else:
SUITE2

RN LUT & E T3
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iter = (ITER)

iter = type(iter).__aiter__(iter)

running = True

while running:
try:
TARGET = await type(iter).__anext__(iter)
except StopAsyncIteration:
running = False
else:
SUITE
else:

SUITE2

M aditer ()R __anext_ () BBILTL XV,

AN —F VBB DOAREDIT async for X =5 % ¥ SyntaxError 272D £73,

8.9.3 async with X
async_with_stmt: "async" with_stmt

asynchronous context manager W&, enter XY v R ¥ exit XV v RN TEITE —FHEILTZ % context
manager T3,

DIFDa— K.

async with EXPRESSION as TARGET:
SUITE

CAUIR L EHT T

manager = (EXPRESSION)

aenter = type(manager).__aenter__
aexit = type(manager).__aexit__
value = await aenter (manager)

hit_except = False

try:
TARGET
SUITE

value

except:
hit_except = True
if not await aexit(manager, *sys.exc_info()):
raise

(RDOR=V1Fil)
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(RIDR=I D5 DR E)
finally:
if not hit_except:

await aexit(manager, None, None, None)

FEANE _ aenter O __aexit__ () BESHBLTLIEX W,

an—F VEBOARARDIT async with XZ2HHT % & SyntaxError 12720 ¥9,

& 2E

PEP 492 - async X & & U await BXHFETOIN—F > a
N—F % Python DF ¥ MDY H LRI L, 3R— + T 2R BML21E%,

8.10 Type parameter lists
Added in version 3.12.

N— 3 v 3.13 TEH: Support for default values was added (see PEP 696).

type_params: "[" type_param ("," type_param)* "]"

type_param: typevar | typevartuple | paramspec

typevar: identifier (":" expression)? ("=" expression)?
typevartuple: "*" identifier ("=" expression)?

paramspec: "xx" jdentifier ("=" expression)?

Functions (including coroutines), classes and type aliases may contain a type parameter list:

def max[T] (args: 1list[T]) -> T:

async def amax[T] (args: 1list[T]) -> T:

class Bag[T]:
def __iter__(self) -> Iterator[T]:

def add(self, arg: T) -> None:

type List0rSet[T] = 1ist[T] | set[T]

Semantically, this indicates that the function, class, or type alias is generic over a type variable. This

information is primarily used by static type checkers, and at runtime, generic objects behave much like
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their non-generic counterparts.

Type parameters are declared in square brackets ([1) immediately after the name of the function, class, or
type alias. The type parameters are accessible within the scope of the generic object, but not elsewhere.
Thus, after a declaration def func[T](): pass, the name T is not available in the module scope.
Below, the semantics of generic objects are described with more precision. The scope of type parameters
is modeled with a special function (technically, an annotation scope) that wraps the creation of the

generic object.

Generic functions, classes, and type aliases have a __type_params__ attribute listing their type param-

eters.
Type parameters come in three kinds:

e typing.TypeVar, introduced by a plain name (e.g., T). Semantically, this represents a single type
to a type checker.

o typing.TypeVarTuple, introduced by a name prefixed with a single asterisk (e.g., *Ts). Seman-

tically, this stands for a tuple of any number of types.

e typing.ParamSpec, introduced by a name prefixed with two asterisks (e.g., **P). Semantically,

this stands for the parameters of a callable.

typing.TypeVar declarations can define bounds and constraints with a colon (:) followed by an expres-
sion. A single expression after the colon indicates a bound (e.g. T: int). Semantically, this means that
the typing.TypeVar can only represent types that are a subtype of this bound. A parenthesized tuple
of expressions after the colon indicates a set of constraints (e.g. T: (str, bytes)). Each member of
the tuple should be a type (again, this is not enforced at runtime). Constrained type variables can only

take on one of the types in the list of constraints.

For typing.TypeVars declared using the type parameter list syntax, the bound and constraints are not
evaluated when the generic object is created, but only when the value is explicitly accessed through
the attributes __bound__ and __constraints__. To accomplish this, the bounds or constraints are

evaluated in a separate annotation scope.
typing.TypeVarTuples and typing.ParamSpecs cannot have bounds or constraints.

All three flavors of type parameters can also have a default value, which is used when the type parameter
is not explicitly provided. This is added by appending a single equals sign (=) followed by an expression.
Like the bounds and constraints of type variables, the default value is not evaluated when the object is
created, but only when the type parameter’s __default__ attribute is accessed. To this end, the default
value is evaluated in a separate annotation scope. If no default value is specified for a type parameter,

the __default__ attribute is set to the special sentinel object typing.NoDefault.

The following example indicates the full set of allowed type parameter declarations:

def overly_generic[
SimpleTypeVar,

TypeVarWithDefault = int,
(RDOR=V1Fil)
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TypeVarWithBound: int,
TypeVarWithConstraints: (str, bytes),
+xSimpleTypeVarTuple = (int, float),

**SimpleParamSpec = (str, bytearray),

1(
a: SimpleTypeVar,
b: TypeVarWithDefault,
c: TypeVarWithBound,
d: Callable[SimpleParamSpec, TypeVarWithConstraints],

*e: SimpleTypeVarTuple,

8.10.1 Generic functions

Generic functions are declared as follows:

def func[T](arg: T):

This syntax is equivalent to:

annotation-def TYPE_PARAMS_OF_func():
T = typing.TypeVar("T")
def func(arg: T):
func.__type_params__ = (T,)
return func

func = TYPE_PARAMS_OF _func()

Here annotation-def indicates an annotation scope, which is not actually bound to any name at runtime.
(One other liberty is taken in the translation: the syntax does not go through attribute access on the

typing module, but creates an instance of typing.TypeVar directly.)

The annotations of generic functions are evaluated within the annotation scope used for declaring the

type parameters, but the function’s defaults and decorators are not.

The following example illustrates the scoping rules for these cases, as well as for additional flavors of

type parameters:

@decorator

def func[T: int, *Ts, **P](xargs: *Ts, arg: Callable[P, T] = some_default):

Except for the lazy evaluation of the TypeVar bound, this is equivalent to:
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DEFAULT_OF _arg = some_default

annotation-def TYPE_PARAMS_OF_func():

annotation-def BOUND_OF_T():

return int
# In reality, BOUND_OF T() is evaluated only on demand.
T = typing.TypeVar("T", bound=BOUND_OF_T())

Ts = typing.TypeVarTuple("Ts")
P = typing.ParamSpec("P")

def func(*args: *Ts, arg: Callable[P, T] = DEFAULT_OF_arg):

func.__type_params__ = (T, Ts, P)

return func

func = decorator (TYPE_PARAMS_OF_func())

The capitalized names like DEFAULT_OF_arg are not actually bound at runtime.

8.10.2 Generic classes

Generic classes are declared as follows:

class Bagl[T]:

This syntax is equivalent to:

annotation-def TYPE_PARAMS_OF _Bag():
T = typing.TypeVar("T")
class Bag(typing.Generic[T]):
__type_params__ = (T,)
return Bag

Bag = TYPE_PARAMS_OF_Bag()

Here again annotation-def (not a real keyword) indicates an annotation scope, and the name

TYPE_PARAMS_OF _Bag is not actually bound at runtime.

Generic classes implicitly inherit from typing.Generic. The base classes and keyword arguments of
generic classes are evaluated within the type scope for the type parameters, and decorators are evaluated

outside that scope. This is illustrated by this example:
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@decorator

class Bag(Base[T], arg=T):

ZAUIR ke FfT T

annotation-def TYPE_PARAMS_OF_Bag():
T = typing.TypeVar("T")
class Bag(Base[T], typing.Generic[T], arg=T):
__type_params__ = (T,)
return Bag
Bag = decorator (TYPE_PARAMS_OF_Bag())

8.10.3 Generic type aliases

The type statement can also be used to create a generic type alias:

type ListOrSet[T] = 1ist[T] | set[T]

Except for the lazy evaluation of the value, this is equivalent to:

annotation-def TYPE_PARAMS_OF_ListOrSet():
T = typing.TypeVar("T")

annotation-def VALUE_OF _ListOrSet():
return 1list[T] | set[T]
# In reality, the walue is lazily evaluated
return typing.TypeAliasType("ListOrSet", VALUE_OF_ListOrSet(), type_params=(T,))
ListOrSet = TYPE_PARAMS OF ListOrSet()

Here, annotation-def (not a real keyword) indicates an annotation scope. The capitalized names like

TYPE_PARAMS_OF_ListOrSet are not actually bound at runtime.

8.11 Annotations

N— a ¥ 3.14 TZEH: Annotations are now lazily evaluated by default.

Variables and function parameters may carry annotations, created by adding a colon after the name,

followed by an expression:

X: annotation = 1

def f(param: annotation):

Functions may also carry a return annotation following an arrow:
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def f() -> annotation:

Annotations are conventionally used for type hints, but this is not enforced by the language, and in
general annotations may contain arbitrary expressions. The presence of annotations does not change
the runtime semantics of the code, except if some mechanism is used that introspects and uses the

annotations (such as dataclasses or functools.singledispatch()).

By default, annotations are lazily evaluated in a annotation scope. This means that they are not evaluated
when the code containing the annotation is evaluated. Instead, the interpreter saves information that
can be used to evaluate the annotation later if requested. The annotationlib module provides tools for

evaluating annotations.

If the future statement from __future__ import annotations is present, all annotations are instead

stored as strings:

>>> from __future__ import annotations
>>> def f(param: annotation):
>>> f. annotations_ _

{'param': 'annotation'}

FilE
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# PEG grammar for Python

# START OF THE GRAMMAR

General grammatical elements and rules:

* Strings with double quotes (") denote SOFT KEYWORDS

* Strings with single quotes (') denote KEYWORDS

* Upper case names (NAME) denote tokens in the Grammar/Tokens file

* Rule names starting with "invalid_" are used for spectalized syntaxz errors
- These rules are NOT used in the first pass of the parser.

- Only if the first pass fails to parse, a second pass including the invalid

#

#

#

#

#

#

#

#

# rules will be ezecuted.
# - If the parser fails in the second phase with a generic syntax error, the

# location of the gemeric failure of the first pass will be used (this avoids
# reporting incorrect locations due to the invalid rules).

# — The order of the alternatives involwing invalid rules matter

# (like any rule in PEG).

#

#

Grammar Syntax (see PEP 617 for more information):
(D=1 L)
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rule_name: expression
Optionally, a type can be included rTight after the rule name, which
spectifies the return type of the C or Python function corresponding to the
rule:
rule_name[return_typel: expression
If the return type ts omitted, then a void * is returned in C and an Any in
Python.
el e2
Match el, then match e2.
el | e2
Match el or e2.
The first alternative can also appear on the line after the rule name for
formatting purposes. In that case, a | must be used before the first
alternative, like so:
rule_name[return_type] :
| first_alt
| second_alt
(e)
Match e (allows also to use other operators in the group like '(e)*')
[ e] or e?
Optionally match e.
ex
Match zero or more occurrences of e.
e+
Match one or more occurrences of e.
S. et
Match one or more occurrences of e, separated by s. The generated parse tree
does not include the separator. This is otherwise identical to (e (s e)*).
&e
Succeed if e can be parsed, without consuming any input.
e

Fail if e can be parsed, without consuming any input.

Commit to the current alternative, even if it fails to parse.
e
Eager parse e. The parser will not backtrack and will immediately

fail with SyntaxzError if e cannot be parsed.

# STARTING RULES

(RDR=DZHEL)
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file: [statements] ENDMARKER

interactive: statement_newline

eval: expressions NEWLINE* ENDMARKER

func_type: '(' [type_expressions] ')' '->' expression NEWLINE* ENDMARKER

# GENERAL STATEMENTS
# _—

statements: statement+

statement:
| compound_stmt

| simple_stmts

single_compound_stmt:

| compound_stmt

statement_newline:
| single_compound_stmt NEWLINE
| simple_stmts
| NEWLINE
| ENDMARKER

simple_stmts:
| simple_stmt !';' NEWLINE # Not needed, there for speedup
| ';'.simple_stmt+ [';'] NEWLINE

# NOTE: asstignment MUST precede exzpression, else parsing a simple assignment
# will throw a SyntazError.
simple_stmt:

| assignment

| type_alias

| star_expressions

| return_stmt

| import_stmt

| raise_stmt

| pass_stmt

| del_stmt

| yield_stmt

| assert_stmt

| break_stmt
(RDOR=VIFiL)
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| continue_stmt
| global_stmt

| nonlocal_stmt

compound_stmt:
| function_def
| if_stmt
| class_def
| with_stmt
| for_stmt
| try_stmt
| while_stmt
| match_stmt

# SIMPLE STATEMENTS
#

# NOTE: annotated_rhs may start with 'yield'; yield_expr must start with 'yield'
assignment:
| NAME ':' expression ['=' annotated_rhs ]
| ('(' single_target ')'
| single_subscript_attribute_target) ':' expression ['=' annotated_rhs ]
| (star_targets '=' )+ annotated_rhs !'=' [TYPE_COMMENT]

| single_target augassign ~ annotated_rhs

annotated_rhs: yield_expr | star_expressions

augassign:
| V=

| V="

(RDOR=VIFiL)
182 % 10 & TLBCEMLR




The Python Language Reference, 'J 1) —2X 3.14.0a7

(RIDR=I D5 DR E)
return_stmt:

| 'return' [star_expressions]

raise_stmt:

| 'raise' expression ['from' expression ]

| 'raise'
pass_stmt:

| 'pass'
break_stmt:

| 'break'

continue_stmt:

| 'continue'

global_stmt: 'global' ','.NAME+

nonlocal_stmt: 'monlocal' ','.NAME+

del_stmt:
| 'del' del_targets &(';' | NEWLINE)

yield_stmt: yield_expr

assert_stmt: 'assert' expression [',' expression ]

import_stmt:
| import_name

| import_from

# Import statements

import_name: 'import' dotted_as_names

# note below: the ('.' [ '...') 4s necessary because '...' is tokenized as ELLIPSIS
import_from:

| 'from' ('.' | '...')* dotted_name 'import' import_from_targets

| *from' ('.' [ '...')+ 'import' import_from_targets

import_from_targets:
| '('" import_from_as_names [','] ')'

| import_from_as_names !','
(RDOR=VIFiL)
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R
import_from_as_names:

| ','.import_from_as_name+
import_from_as_name:

| NAME ['as' NAME ]
dotted_as_names:

| ','.dotted_as_name+
dotted_as_name:

| dotted_name ['as' NAME ]
dotted_name:

| dotted_name '.' NAME

| NAME

# COMPOUND STATEMENTS
#

# Common elements

block:
| NEWLINE INDENT statements DEDENT
| simple_stmts
decorators: ('@' named_expression NEWLINE )+
# Class definitions
class_def:
| decorators class_def_raw

| class_def_raw

class_def _raw:

| 'class' NAME [type_params] ['(' [arguments]

# Function definitions

function_def:
| decorators function_def_raw

| function_def _raw

D]

;' block

(RIDR=I D5 DR E)

(RDOR=VIFiL)
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function_def raw:
| 'def' NAME [type_params] '(' [params] ')' ['->' expression ] ':' [func_type_
—comment] block
| 'async' 'def' NAME [type_params] '(' [params] ')' ['->' expression ] ':' [func_

—type_comment] block

# Function parameters

# ___________________
params:
| parameters
parameters:
| slash_no_default param_no_default* param_with_default* [star_etc]
| slash_with_default param_with_default* [star_etc]
| param_no_default+ param_with_default* [star_etc]
| param_with_default+ [star_etc]
| star_etc
# Some duplication here because we can't write (',' | &')'),

# which is because we don't support empty alternatives (yet).

slash_no_default:
| param_no_default+ '/' ',
| param_no_default+ '/' &')'
slash _with_default:
Vo

| param_no_default* param_with_default+ '/' ',

| param_no_default* param_with_default+ '/' &')'

star_etc:
| '+' param_no_default param_maybe_default* [kwds]
| 'x' param_no_default_star_annotation param_maybe_default* [kwds]
| "' ',' param_maybe_default+ [kwds]

| kwds

kwds:

| '#x' param_no_default

# One parameter. This *includes* a following comma and type comment.
#
# There are three styles:

# — No default
(RDOR=VIFiL)
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- With default
- Maybe with default

HORH O R OW® OB OB R

param_no_default:

| param ',' TYPE_COMMENT?

| param TYPE_COMMENT? &')'
param_no_default_star_annotation:

| param_star_annotation ',' TYPE_COMMENT?

| param_star_annotation TYPE_COMMENT? &')'
param_with_default:

| param default ',' TYPE_COMMENT?

| param default TYPE_COMMENT? &')'
param_maybe_default:

| param default? ',' TYPE_COMMENT?

| param default? TYPE_COMMENT? &')'
param: NAME annotation?

param_star_annotation: NAME star_annotation

annotation: ':' expression
star_annotation: ':' star_expression
default: '=' expression | invalid_default
# If statement
# oo
if_stmt:
| 'if' named_expression ':' block elif_stmt
| 'if' named_expression ':' block [else_block]
elif stmt:
| 'elif' named_expression ':' block elif_stmt
| 'elif' named_expression ':' block [else_block]
else_block:
| 'else' ':' block

# While statement

- Ends in a comma followed by an optional type comment

The latter form is for a final parameter without trailing comma.

(RIDR=I D5 DR E)

There are two alternative forms of each, to deal with type comments:

- No comma, optional type comment, must be followed by close paren

# _______________
(RDOR=VIFiL)
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while_stmt:

| 'while' named_expression ':' block [else_block]

# For statement

# _____________

for_stmt:
| 'for' star_targets 'in' ~ star_expressions ':' [TYPE_COMMENT] block [else_block]
| 'async' 'for' star_targets 'in' ~ star_expressions ':' [TYPE_COMMENT] block,

— [else_block]

# With statement

# oo
with_stmt:
| 'with' '(' ','.with_item+ ','? ')' ':' [TYPE_COMMENT] block
| 'with' ','.with_item+ ':' [TYPE_COMMENT] block
| 'async' 'with' '(' ','.with_item+ ','? ')' ':' block
| 'async' 'with' ','.with_item+ ':' [TYPE_COMMENT] block

with_item:
| expression 'as' star_target &(',' | ')' | ':")

| expression

# Try statement

# _____________
try_stmt:
| 'try' ':' block finally_block
| '"try' ':' block except_block+ [else_block] [finally_block]
| '"try' ':' block except_star_block+ [else_block] [finally_block]

# Except statement

except_block:

| 'except' expressions ':' block
| 'except' expression 'as' NAME ':' block
| 'except' ':' block

except_star_block:

| 'except' '*' expressions ':' block

(RDOR=VIFiL)
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| 'except' '*' expression 'as' NAME ':' block
finally_block:
| 'finally' ':' block

# Match statement

match_stmt:
| "match" subject_expr ':' NEWLINE INDENT case_block+ DEDENT

subject_expr:

| star_named_expression ',' star_named_expressions?

| named_expression

case_block:

| "case" patterns guard? ':' block

guard: 'if' named_expression

patterns:
| open_sequence_pattern

| pattern

pattern:
| as_pattern

| or_pattern

as_pattern:

| or_pattern 'as' pattern_capture_target

or_pattern:

| '|'.closed_pattern+

closed_pattern:

| literal_pattern

| capture_pattern

| wildcard_pattern
| value_pattern

| group_pattern

| sequence_pattern
| mapping_pattern

| class_pattern
(RDOR=VIFiL)
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# Literal patterns are used for equality and identity constraints
literal _pattern:

| signed_number !('+' | '-')

| complex_number

| strings

| 'None'

| 'True'

| 'False'

# Literal expressions are used to restrict permitted mapping pattern keys
literal_expr:

| signed_number !('+' | '-')

| complex_number

| strings

| 'None'

| 'True'

| 'False'

complex_number:
| signed_real_number '+' imaginary_number

| signed_real_number '-' imaginary_number

signed_number:
| NUMBER
| '-' NUMBER

signed_real _number:
| real_number

| '-' real_number

real_number:

| NUMBER

imaginary_number:

| NUMBER

capture_pattern:

| pattern_capture_target

pattern_capture_target:
| !n_u NAME !(|.| I l(l | |=|)
(RDOR=VIFiL)
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wildcard_pattern:

value_pattern:

| attr 'C'.' | 'C | '=")

attr:

| name_or_attr '.' NAME

name_or_attr:
| attr
| NAME

group_pattern:

| '('" pattern ')'

sequence_pattern:
| '[' maybe_sequence_pattern? ']’

| '(' open_sequence_pattern? ')'

open_sequence_pattern:

| maybe_star_pattern ',' maybe_sequence_pattern?

maybe_sequence_pattern:

| ','.maybe_star_pattern+ ','?

maybe_star_pattern:
| star_pattern

| pattern

star_pattern:
| '+' pattern_capture_target

| '+' wildcard_pattern

mapping_pattern:
| I{I I}I
| '{' double_star_pattern ','? '}'
| '{' items_pattern ',' double_star_pattern ','? '}'

| '{' items_pattern ','? '}'

items_pattern:

(FiDR— 25 D %)

(RDOR=VIFiL)
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','.key_value_pattern+

key_value_pattern:

| (literal_expr | attr) ':' pattern

double_star_pattern:

| 'x*' pattern_capture_target

class_pattern:

| name_or_attr '(' ')’

| name_or_attr '(' positional_patterns ','? ')'
| name_or_attr '(' keyword_patterns ','? ')'
| name_or_attr '(' positional_patterns ',' keyword_patterns ','? ')’

positional_patterns:

| ','.pattern+t

keyword_patterns:

| ','.keyword_pattern+

keyword_pattern:
| NAME '=' pattern

# Type statement

type_alias:
| "type" NAME [type_params] '=' expression

# Type parameter declaration

type_params:
| invalid_type_params

| '[' type_param_seq ']’

type_param_seq: ','.type_param+ [',']

type_param:
| NAME [type_param_bound] [type_param_default]
| 'x' NAME [type_param_starred_default]

| '#x' NAME [type_param_default]
(RDOR=VIFiL)
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type_param_bound: ':' expression
type_param_default: '=' expression
type_param_starred_default: '=' star_expression

# EXPRESSIONS

expressions:
| expression (',' expression )+ [',']
1 '

| expression ',

| expression

expression:
| disjunction 'if' disjunction 'else' expression
| disjunction

| lambdef

yield_expr:
| 'yield' 'from' expression

| 'yield' [star_expressions]

star_expressions:
| star_expression (',' star_expression )+ [',']
1 1

| star_expression ',

| star_expression

star_expression:
| '"x' bitwise_or

| expression

star_named_expressions: ','.star_named_expression+ [',']

star_named_expression:
| '"x' bitwise_or

| named_expression

assignment_expression:

| NAME ':=' ~ expression

named_expression:

| assignment_expression

(RIDR=I D5 DR E)
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| expression !':='

disjunction:
| conjunction ('or' conjunction )+

| conjunction

conjunction:
| inversion ('and' inversion )+

| inversion

inversion:
| 'mot' inversion

| comparison

# Comparison operators

comparison:
| bitwise_or compare_op_bitwise_or_pair+

| bitwise or

compare_op_bitwise_or_pair:
| eq_bitwise_or
| noteq_bitwise_or
| 1te_bitwise_or
| 1t_bitwise_or
| gte_bitwise_or
| gt_bitwise_or
| notin_bitwise_or
| in_bitwise_or
| isnot_bitwise_or

| is_bitwise_or

eq_bitwise_or: '==' bitwise_or
noteq_bitwise_or:

| ("'=') bitwise_or
lte_bitwise_or: '<=' bitwise_or
1t _bitwise_or: '<' bitwise_or
gte_bitwise_or: '>=' bitwise_or
gt_bitwise_or: '>' bitwise_or
notin_bitwise_or: 'mot' 'in' bitwise_or

in_bitwise_or: 'in' bitwise_or

(RIDR=I D5 DR E)

(RDOR=VIFiL)
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isnot_bitwise_or: 'is' 'mot' bitwise_or

is_bitwise_or: 'is' bitwise_or

# Bitwise operators

bitwise_or:
| bitwise_or '|' bitwise_xor

| bitwise_xor

bitwise_xor:

| bitwise_xor ' bitwise_and

| bitwise_and

bitwise_and:
| bitwise_and '&' shift_expr

| shift_expr

shift_expr:
| shift_expr '<<' sum
| shift_expr '>>' sum

| sum

# Arithmetic operators

(RIDR=I D5 DR E)

H# oo
sum:

| sum '+' term

| sum '-' term

| term
term:

| term 'x' factor

| term '/' factor

| term '//' factor

| term 'J%' factor

| term '@' factor

| factor
factor:

[ '+' factor

| '-' factor

(RDOR=VIFiL)
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| '~' factor

| power

| await_primary 'x*' factor

| await_primary

# Primary elements

# Primary elements are things like "obj.something.something",

— "obj(something)", "obj" ...

await_primary:
| 'await' primary

| primary

primary:
| primary '.' NAME
| primary genexp
| primary '(' [arguments] ')’
| primary '[' slices ']’

| atom

slices:
| slice !'',"

| ',".(slice | starred_expression)+ [',']

slice:
| [expression] ':' [expression] [':' [expression] ]

| named_expression

| NAME

| 'True'

| 'False'

| 'None'

| strings

| NUMBER

| (tuple | group | genexp)

| (list | listcomp)

| (dict | set | dictcomp | setcomp)

(RIDR=I D5 DR E)

"obj[something]",

(RDOR=VIFiL)
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(RIDR=I D5 DR E)

group:

| '(" (yield_expr | named_expression) ')'

# Lambda functions

lambdef:

| 'lambda' [lambda_params] ':' expression

lambda_params:

| lambda_parameters

# lambda_parameters etc. duplicates parameters but without annotations
# or type comments, and if there's mo comma after a parameter, we expect
# a colon, not a close parenthesis. (For more, see parameters above.)
#
lambda_parameters:
| lambda_slash_no_default lambda_param_no_default* lambda_param_with_default*
<. [lambda_star_etc]
| lambda_slash_with_default lambda_param_with_default* [lambda_star_etc]
| lambda_param_no_default+ lambda_param_with_default* [lambda_star_etc]
| lambda_param_with_default+ [lambda_star_etc]

| lambda_star_etc

lambda_slash_no_default:
| lambda_param_no_default+ '/' ','

| lambda_param_no_default+ '/' &':'

lambda_slash_with_default:
| lambda_param_no_default* lambda_param_with_default+ '/' ','

| lambda_param_no_default* lambda_param_with_default+ '/' &':'

lambda_star_etc:

| 'x' lambda_param_no_default lambda_param_maybe_default* [lambda_kwds]

| '%x' ',' lambda_param_maybe_default+ [lambda_kwds]
| lambda_kwds
lambda_kwds:

| 'x*%' lambda_param_no_default

(RDOR=VIFiL)
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(RIDR=I D5 DR E)

lambda_param_no_default:

| lambda_param ','

| lambda_param &':'
lambda_param_with_default:

| lambda_param default ','

| lambda_param default &':'
lambda_param_maybe_default:

| lambda_param default? ',

| lambda_param default? &':'
lambda_param: NAME

# LITERALS

fstring_middle:

| fstring replacement_field

| FSTRING_MIDDLE
fstring_replacement_field:

| '{' annotated_rhs '='? [fstring_conversion] [fstring_ full_format_spec] '}'
fstring_conversion:

| "t" NAME
fstring_full_format_spec:

| ':' fstring format_spec*
fstring_format_spec:

| FSTRING_MIDDLE

| fstring replacement_field
fstring:

| FSTRING_START fstring middle* FSTRING_END

string: STRING

strings: (fstring|string)+

list:

| '['" [star_named_expressions] ']'

tuple:

| '('" [star_named_expression ',' [star_named_expressions] ] ')'

set: '{' star_named_expressions '}'

# Dicts

(RDOR=VIFiL)
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(RIDR=I D5 DR E)

dict:

| '{'" [double_starred_kvpairs] '}'
double_starred_kvpairs: ','.double_starred_kvpair+ [',']
double_starred_kvpair:

| '"x*x' bitwise_or

| kvpair

kvpair: expression ':' expression

# Comprehensions & Generators

for_if clauses:

| for_if_clause+

for_if clause:

| 'async' 'for' star_targets 'in' ~ disjunction ('if' disjunction )*
| 'for' star_targets 'in' ~ disjunction ('if' disjunction )*
listcomp:

| '[' named_expression for_if_clauses ']'

setcomp:

| '{' named_expression for_if_clauses '}'

genexp:

| '(' ( assignment_expression | expression !':=') for_if_clauses ')'

dictcomp:

| '{' kvpair for_if_clauses '}'

# FUNCTION CALL ARGUMENTS

#
arguments:

| args [','] &')'
args:

| ','.(starred_expression | ( assignment_expression | expression !':=') I'=')+ [',
(RDOR=VIFiL)
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(RIDR=I D5 DR E)
"' kwargs ]

| kwargs

kwargs:
| ','.kwarg_or_starred+ ',' ','.kwarg_or_double_starred+
| ','.kwarg_or_starred+

| ','.kwarg_or_double_starred+

starred_expression:

| '*' expression

kwarg_or_starred:
| NAME '=' expression

| starred_expression

kwarg_or_double_starred:
| NAME '=' expression

| '#x' expression

# ASSIGNMENT TARGETS
#

# Generic targets

# NOTE: star_targets may contain *bitwise_or, targets may mot.
star_targets:

| star_target !','

| star_target (',' star_target )* [',']

','.star_target+ [',']

star_targets_list_seq:
star_targets_tuple_seq:
| star_target (',' star_target )+ [',']

| star_target ','

star_target:
| "' (!'%' star_target)

| target_with_star_atom

target_with_star_atom:

| t_primary '.' NAME !'t_lookahead
(RDOR=VIFiL)
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| t_primary '[' slices ']' !t_lookahead

| star_atom

star_atom:
| NAME
| '(' target_with_star_atom ')'
| '(" [star_targets_tuple_seq] ')'
| '[' [star_targets_list_seq] ']’

single_target:
| single_subscript_attribute_target
| NAME
| '(' single_target ')

single_subscript_attribute_target:

| t_primary '.' NAME !'t_lookahead

| t_primary '[' slices ']' !t_lookahead
t_primary:

| t_primary '.' NAME &t_lookahead

| t_primary '[' slices ']' &t_lookahead

| t_primary genexp &t_lookahead

| atom &t_lookahead

t_lookahead: '(' | '[' | '."

# Targets for del statements

| t_primary '(' [arguments] ')' &t_lookahead

(RIDR=I D5 DR E)

# __________________________
del_targets: ','.del_target+ [',']
del_target:

| t_primary '.' NAME !t_lookahead

| t_primary '[' slices ']' !t_lookahead

| del_t_atom
del t_atom:

| NAME

| '(' del_target ')'

| (" [del_targets] ')'

| '[' [del_targets] 'l'

(RDOR=VIFiL)
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(RIDR=I D5 DR E)

# TYPING ELEMENTS

# type_expressions allow */** but ignore them

type_expressions:

| ','.expression+ ',' 'x' expression ',' 'x*' expression
| ','.expressiont+ ',' 'x' expression

| ','.expression+ ',' 'x*' expression

| '%' expression ',' '#x' expression

| '+' expression
| '#x' expression

| ','.expressiont

func_type_comment:
| NEWLINE TYPE_COMMENT &(NEWLINE INDENT) # Must be followed by indented block
| TYPE_COMMENT

# END OF THE GRAMMAR

# START OF INVALID RULES
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>>> -
Fi% (interactive) ¥ = WIZBF 5T 7 4V b® Python 7a > 7 b TF, 4 ¥ X =71 X —TxfEEM
CEfFENZa—-FHITEIL AT T,

X
DHDHREZHNET:

o MEEM (interactive) ¥ = MTBWT, A ¥ F ¥ bESNa—F7ay 7, MGT 2 EHDXYID
XEOR AR, AR BEEIN. =ZFHSHF) oA, Far—x—ofRic, a—-Fz2 AN
BERICFRENS T 7 4L+ D Python 7> 7+ T,

o HHAAADER Ellipsis

abstract base class

(MREES 7 R) fIREIK Y 7 21F duck-typing 25T T 2 d DT, hasattr() REDHDT 7 =v
7 TREINBHFTH 572 D IDICEE S (B2 magic methods DBE) \BETA ¥ R —T 2 — A% EHR
FBHERRM L EF, ABC ERA (virtual) 72 5 AFHALE T, SAUIELY T 2 6 MK L
FHAD, ZNTD isinstance() X issubclass() IR ENFET; abc T 2 —ILD FF 2 X
YR ESHBLTLZE W, Python 1k, £ OflARAA ABC BRI TVWE T, DRI,
(collections.abc EY 2 —/LTC) 7 — X, (numbers £ 2 —/LTC) . (io EY2—1LT) A b
Y —24, (importlib.abc E¥ 2 —JLT) 4 Y K— b7 74 Y Z/PFB—X—T7F, abc EL 2 —L%
FHLTHE®D ABC Z/ERTZ¥£3,

annotate function A
function that can be called to retrieve the annotations of an object. This function is accessible as
the __annotate__ attribute of functions, classes, and modules. Annotate functions are a subset

of evaluate functions.

annotation
(77 7—=>ay) B 77 2@ BEBDART X —220RDEICEFRT 2 70T, EilickD
type hint £ LTHEONTVET,

Annotations of local variables cannot be accessed at runtime, but annotations of global variables,
class attributes, and functions can be retrieved by calling annotationlib.get_annotations() on

modules, classes, and functions, respectively.
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See variable annotation, function annotation, PEP 484 PEP 526, and PEP 649, which describe

this functionality. Also see annotations-howto for best practices on working with annotations.

51# (argument)
(518 BRI, B (£ AV R) KETHETT, EEuc 2@EH D 3

o F—TU—FR5%: BEMECH L OBICEIEBDORNIHEBI T2 oWz b D (fl: name=) R, *x IZHil}
J-EEOHOEE L THEINZGE. FlZE. KD complex() OMUIHLTIX, 3 & 5 % —
7 — F5lETs:

complex(real=3, imag=5)

complex(**{'real': 3, 'imag': 5})

o fIBSI: ¥—v— F5lELU D58, METIBIITIEY 2+ OFFICHELS Z A TE, $h* 12
WelF 7z iterable DBERL LTETZENTEET, HlZIEX ROBITIX 3 & 5 M FHAES
T3

complex (3, 5)
complex(*(3, 5))

FHIRFBRDOEEIC B W THEMT E D — AN ZRHCHID I TohE g, &0 HTZTSHANTON
TR FUHL (cll) ZBBLTLIEEIN, VR y ZRARZBWTEG 2 LT DIH o052
5 ZeAHRE T, FHMiis N EIe — A ERIEH DY TohE T,

RE1% . FAQ @ FHEEIEEARGIBDENMIMTTH? . PEP 362 2SR L TLEEW,

asynchronous context manager
(FEEa > 7 XA b~ =Y %) __aenter _ () & __aezit__() XY v FEEFETSI LT async
with XNOBRREEZEET 247227 FTF, PEP 492 TEAINF L/,

asynchronous generator
FERAY = L — &) asynchronous generator iterator %R 3T BT T T, async def TEZRI N
aN—F VREBICBITWE T, yield REFFOHTHERD £F, yield I async for L —7T
FHTZ2HOM S ZER T 2DIMHEINE T,

EFIBIEFEH Y = 2 L — 2B L 35, XRICK > T RS zRL—R21TL—&% 25T
GEhd 3, BRENTERPH S THRWEE, BRLD 7012 R B2 AL £ 9,

FEFAY = 2 L — XL, async for XX async with X2 TR await RDDHZZ 2D
D ij‘o

asynchronous generator iterator
GERIY = 2L —& A4 7L — &) asynchronous generator B THEREN2 LTS 27 M TT,

Z X asynchronous iterator T, __anext__ () XV v RE#HoTHIN 2 ¥ awaitable 7Y = 7
FERLET, 2D awaitable 7Y =7 MME, KD yield REFTIEEMAY = 2 L — XERORKE
EITLED,

Each yield temporarily suspends processing, remembering the execution state (including local
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variables and pending try-statements). When the asynchronous generator iterator effectively re-
sumes with another awaitable returned by __anezt__ (), it picks up where it left off. See PEP
492 and PEP 525.

asynchronous iterable
CGEFRIBAA 7 Z 7)) async for XOHPTHHTEZ A7 227 3 T3, BHD __aiter _ () AV v
R 5 asynchronous iterator R ERFIUIR D E¥ A, PEP 492 TEAZXIhE L,

asynchronous iterator
GERA 7 v —%&) __aiter__() & __anezt__() XY v FEREL LA T 27 bT
3o __anext__ () ¥ awaitable X 7Y 27 P RIBIBRITNIERD £ A, async for I
StopAsyncIteration B4t X3 2 £ T, EFEMPA 7L —&XD __anext__ () XYV v FHRT
awaitable ZfERL 3, PEP 492 TEAINE Lz,

attached thread state A
thread state that is active for the current OS thread.

When a thread state is attached, the OS thread has access to the full Python C API and can safely

invoke the bytecode interpreter.

Unless a function explicitly notes otherwise, attempting to call the C API without an attached
thread state will result in a fatal error or undefined behavior. A thread state can be attached and
detached explicitly by the user through the C API, or implicitly by the runtime, including during
blocking C calls and by the bytecode interpreter in between calls.

On most builds of Python, having an attached thread state implies that the caller holds the GIL
for the current interpreter, so only one OS thread can have an attached thread state at a given
moment. In free-threaded builds of Python, threads can concurrently hold an attached thread

state, allowing for true parallelism of the bytecode interpreter.

(BME) A7 =7 MCBIEMT 5. Ky FERRICE > TR CEESHINSETT, flzIE, +
FOzI b o BN 0 B oTWB L &, ZOEMIE 0.0 TEEINET,

A7V =7 ML BBIF (identifier) EXVF—T—F (keyword) TEFR SN2 HATF TRV
DEMNEEZZZENTEET, & 2 setattr) 2V, A7V =7 M ZREFFAILTWVWEY
BRITAET, ZOXSRBEMHIEN Y FRERTE 7722 TES, Kb DIT getattr() 2ffi-> TH
ZREDHH ET,

awaitable
(fFHEPTEE) await R THAHT 2 2R EZA TSI =2 N TH, coroutine >y __await__ () XV v
FRH2BF 727 FTT, PEP 492 2SR LTI X W,

BDFL %=
IR EH M (Benevolent Dictator For Life) DT, Python OfF#, Guido van Rossum @
T3,

binary file
(NAF VT 7 AN) bytes-like TP TV b DHARABIVEZRAANTES J71ILATox
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Ik TS, "AFVT77A4N0DHNZ, N4 FVE=F ('rb', 'wb' or 'rb+') THINIZT 7 1L,
sys.stdin.buffer. sys.stdout.buffer, io.BytesIO % gzip.GzipFile. DA Y AKXV AT,

Str ATV 2 FORMAEFEENTEZ 77 A NF TV 27 MTOWTI, text file BBRLU TS W,

borrowed reference In

Python’s C API, a borrowed reference is a reference to an object, where the code using the object
does not own the reference. It becomes a dangling pointer if the object is destroyed. For example,

a garbage collection can remove the last strong reference to the object and so destroy it.

Calling Py_INCREF() on the borrowed reference is recommended to convert it to a strong refer-
ence in-place, except when the object cannot be destroyed before the last usage of the borrowed

reference. The Py_NewRef () function can be used to create a new strong reference.

bytes-like object

bufferobjects %R —brLTWT, C SFBOEKT EHiL Ny 7 7 —ZREAGER LT TV 27 b,
bytes, bytearray, array.array . %< O—f&k{J7% memoryview # 7Y =27 B THICEHD X
T, bytes-like 7Y =7 MI, T—XEHM. A FV T 7 ANANDRE, Vv FNEREHLULEER
ENAFVTF=REERTLE20VAVAREBIECHHT 2B TEET,

BODPDBRIETEINA F VT —RELBETZ2RENDD ET, ZOBEOF X2 XY PTIREL 7
HEZTRER bytes-like £ 7Y =227 b7 WEKRLTWES, EHEAFEERNY 77— 7Y =27 T,
bytearray ¢ bytearray @ memoryview REDPEZENF T, T/, OO OBRIETIINELRA
TV VDAL F Y TF—& (7 HAHLEHOD bytes-like A 7Y =27 b)) ZRELE T, U
bytes ¥ bytes @ memoryview A 7P =7 MEENE T,

bytecode

callable

callback

("4 Fa—F) Python ®Y =23 — Rl Python 70235 4®D CPython £ ¥ &% 7 ) X DNERFEH
THEIAN, Fa—FAeary3fLENFd, Nf ba—Fi& .pyc 774 MZF vy adh, AL
77 AN ZEHICFEITINZ L 2R LD ERICRDET (Y—RA—=FhH N, Fa— FAOHED
AVRAVIERENET), 2D " HHEEFEE (intermediate language)” 1&. & & D NA b3 — R
JI5T AHEMEEE FATT 2 RV Y TEfET 2 0WAE 3, EEAERL LT, N Fa—FiEER
% Python (R~ VB THEIfET 2 Z £, Python V) —RMTRETH 2 Z L3P/ T0E
Ao

N bPa—FomE—Elddis EVa—L ZHHET,

A
callable is an object that can be called, possibly with a set of arguments (see argument), with the

following syntax:

callable(argumentl, argument2, argumentN)

A function, and by extension a method, is a callable. An instance of a class that implements the

__call__() method is also a callable.

(TN y 7) RO B BIEETIIT A DI L LT 2 B
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32

(ZIR) A=Y —ERA T =7 " 2MERT 270D T T L — 1+ TY, 77 RAERIIEMH, DY F
ADA VARV A LDOBER T HRAY v ROEREZAET,

class variable

(75 2AZH) 75 A LICERESN, Z7FALRLT (DFD, 753ADA VARV A ETERELIZ) &
BFXN2Ze2HME LTWAREHTT,

closure variable A

complex

context

free variable referenced from a nested scope that is defined in an outer scope rather than being

resolved at runtime from the globals or builtin namespaces. May be explicitly defined with the

nonlocal keyword to allow write access, or implicitly defined if the variable is only being read.

For example, in the inner function in the following code, both x and print are free variables, but

only x is a closure variable:

def outer():
x =0
def inner():
nonlocal x
x += 1
print (x)

return inner

Due to the codeobject.co_freevars attribute (which, despite its name, only includes the names
of closure variables rather than listing all referenced free variables), the more general free variable

term is sometimes used even when the intended meaning is to refer specifically to closure variables.

number

(BEH) L<HONTOEEBREZIIRLZ2 DT, IRTORIFEH e oM LTRINF T,
IR (-1 OFHR) CEBEHT D 0T, —ICEETIE i e Erh, T¥T1E j v &
HIEF, Python I3EFELBITHAAATHIEL, BEDKILZM > TVWET, BHEREIC j 20
TEZFT, XX 3+1j TT, math Y 2 — VOEIBERREFH T 2121, cmath ZHEVET, &
FHOMAEID D SERBFOMEETT, SHEMZE TR, EIFEEVWRIEHLTLE-T
FWwTlL ko,

This term has different meanings depending on where and how it is used. Some common

meanings:
e The temporary state or environment established by a context manager via a with statement.

e The collection of keyvalue bindings associated with a particular contextvars.Context object

and accessed via ContextVar objects. Also see context variable.

e A contextvars.Context object. Also see current context.

A7 MEEZONIIL
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The __enter__ () and __ezit__ () methods called by the with statement. See PEP 343.

context manager

in a with statement. See PEP 343.

context variable A
variable whose value depends on which context is the current contexrt. Values are accessed via
contextvars.ContextVar objects. Context variables are primarily used to isolate state between

concurrent asynchronous tasks.

contiguous
(BE#Z. i) Ny 7 7 DSEEIC C-8ft £ 7213 Fortran Bt TH2HEIT. ZDNy 7 7 138k LT
W3 EARBREET, ¥rRXITNy 7 71% C @i TdH D Fortran #fETT, —RKITOESITIE, ZDH
RIEFIMBTAEY LTHHET 2 X5 CHEI N, BRFEXIELE2OHEDHIATOHF TS E T, 2X
TLD C-HERLEAITIE, XEVY T FLRNACER 2K 2 BITIZRBE DI A FHBRANTLED 5 DITH L,
Fortran #i#i & FLA TLERAI DI A FORANCH = £ 5,

J—-F>
(anN—F) ar—F @3 I IN—F DI D —fRNLIFKXTT, 71 —F VITIERD SN MR
PHAD, Blokd sl MmrSHET, a—F I ZL ORARMIE» B A S, 5, BT
BIEMTEET, aN—F I3 async def XTHEETEZET, PEP 492 2ZHL T ZE W,

coroutine function
(aN—F VB coroutine A 7Y =7 M IRTBETT, ar—F VBEUT async def X THE
TN, await, async for. B async with ¥F—T—FZFO IR ET, Zhbdid PEP
492 THASNE L7

CPython
python.org TR I N TWS, Python 7u 7o 3 v I FiEOEMERNLRELETT, "CPython” £\ 5
HZEIX, ZDFEER Jython % IronPython &\ o =Ml ¥ XHIF 2 HEH B FEICHHIH
£9,

current context
The context (contextvars.Context object) that is currently used by ContextVar objects to
access (get or set) the values of context variables. Each thread has its own current context.
Frameworks for executing asynchronous tasks (see asyncio) associate each task with a context

which becomes the current context whenever the task starts or resumes execution.

decorator
(7Tav—=x) oK EIR TR T, @, cwrapper M CRIBA i L CHEHHINE S, 7aL—
&2 D— A7 A HABIZ. classmethod() ¥ staticmethod() TI,

FaAL—RDFREFI VR VRS aH—TF, XD 2 OOBEBERIIEHRNCHE L DD TT:

def f(arg):

f = staticmethod(f)
(RDOR=V1Fil)
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(FiDR— 25 D %)

@staticmethod
def f(arg):

FUHERD 2 ZRACBFELETH, HDEDEDLNELA, 7L —RIZOWTH LR, BHEES B
FOVFRAFEE ORF 2 X P EBRLUTIEZ W,

descriptor
Any object which defines the methods __get__ (), __set__(), or __delete__ (). When a class
attribute is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally,
using a.b to get, set or delete an attribute looks up the object named b in the class dictionary for
a, but if b is a descriptor, the respective descriptor method gets called. Understanding descriptors
is a key to a deep understanding of Python because they are the basis for many features including

functions, methods, properties, class methods, static methods, and reference to super classes.

TAZVTEZDRAY vy RIZB LT, 7RI U TR (descriptor) DFEE S Descriptor How To
Guide 2B L T2 E W,

dictionary
An associative array, where arbitrary keys are mapped to values. The keys can be any object
with __hash__ () and __eq__ () methods. Called a hash in Perl.

dictionary comprehension
(FFENERED) iterable NORTH 2 WE—EHOERZUH L T, ZOMREDLP SR SEEEZIR S 3 %
7 MgEXFTT, results = {n: n ** 2 for n in range(10)} £ 35&, F¥—n ZfH n ** 2
RIS 28 FEZAERLE T, VAR &6, HEORT 2SHL TS W,

dictionary view
(fF#H L 2—) dict.keys(). dict.values(). dict.items() 25RTA 7P =7 +TT, FHEHEDIEH
DEWRE 2 — 2B LT, T2bE, HEPLEINL a2 -3z 2L £7, HEL 2 —
ZREINC TR ) A T 2121E list (dictview) ZHH LT ZE W, dict-views 2SI L T
72E W,

docstring A
string literal which appears as the first expression in a class, function or module. While ignored
when the suite is executed, it is recognized by the compiler and put into the __doc__ attribute of
the enclosing class, function or module. Since it is available via introspection, it is the canonical

place for documentation of the object.

duck-typing )
2TV MHPELVA VR =T 2 —REFoTWEPERETZDICA TV 27 FORE RN
R7TIVIRAXANTT, bz, BHICA TS 27 DX Y v RRBEULSFRIN Dbz D
LEF, (ZELDESICHAT, TEADXSZBIFE, ZRETEATHS,1) AV Z—Tx2—2
EFRIFDEMRTZLT. EFL T A v a3nza— Rk, RVE—7 4 v 7 RREEZHF L TRIER
MELXEET, v 7XL Y7 type() % isinstance () ICXBHERBITE T, (7z75L. Xy
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IRAVCY IR MREREVSA THETHILdTEET, ) 2oRb b, HANNC hasattr O H
ER FAFP 7uZ’o 2 v 7 %HMELET,

EAFP
MR Z L 2 X DEFLZFE 5 /DA% (easier to ask for forgiveness than permission, ¥— 7 4 — Dk
Hl)) OB&TS, Z® Python TR b TWEa—7T 4 YT AXA LTI, #EFTENLZF—RE
PWDFIET 2 HDEMRE L. ZDRED > TORGEIHINEMIEL £F. ZOBRTFRIET
I—FT 4 YT ARA NI, try XBES except XD SADZDPREUTT, ZOT7=v7
. COXIRBEBTILIMEDLONTWS LBYL AZXA LML DT,

evaluate function A
function that can be called to evaluate a lazily evaluated attribute of an object, such as the value
of type aliases created with the type statement.

expression

(R) 2oL iHiiznsd, —FrFHOMYL (a piece of syntax) TF, Sz 2, AV 7
Fv, 4l BT 7R, HEFPEBMEOH LAY, EERERITROBEROBAERTT, o<
DEFBLEV, Python TIISEOETOMBERIR L VI DI TIEDHH FVA, while DX DIZ,
AR LTIERRN X dHDEFT, RADBRXTIERIXTT,

extension module
(JEBREY 2—) C % C++ TELNZEY 2 —L T, Python ® C API #FIf LT Python 27
PL—HF—a—-—FeLhrHLET,

f-string
£ F BRI W XXFES Y 75U Mfostring” EFEER. AU T4 —T v MEAXXFE
TII DEMEOLMTT, PEP 498 3B L TL F&X W,

file object
An object exposing a file-oriented API (with methods such as read() or write()) to an
underlying resource. Depending on the way it was created, a file object can mediate access to
a real on-disk file or to another type of storage or communication device (for example standard
input/output, in-memory buffers, sockets, pipes, etc.). File objects are also called file-like objects

or streams.

T7ANVF T2 MEERE3SEEIDEST: £O NA1F V=T 710IL, N7 7&0/z NA
FU=T7A, ZLTTHFALT77A4IL T, A VX—T7 24 A& io EY 2 — L TERINLTWV
E5, 77ANVATY =0 b RAESEHERIRTEE open() BB S 2T,

file-like object
file object ¥ [HF"TT,

filesystem encoding and error handler
Encoding and error handler used by Python to decode bytes from the operating system and

encode Unicode to the operating system.

T AN AT ADIY A—F 4 VI TlE, TRTH 128 N FYURIREFICTa—FIhdZen
FREEXNBLTERDERA 77 AN AT LADIYA—F 4 Y TINADRI I N2 25E
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1%, API B2 UnicodeError ZEH T2 b %3,

The sys.getfilesystemencoding() and sys.getfilesystemencodeerrors() functions can be

used to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the
PyConfig_Read() function: see filesystem_encoding and filesystem_errors members of

PyConfig.
See also the locale encoding.

finder
(77 4V R) A YR=PEINTVBEI 2—1LD loader DFERERITTEA TV 227 b T,

There are two types of finder: meta path finders for use with sys.meta_path, and path entry

finders for use with sys.path_hooks.
See 7 74 A —¥O—4— and importlib for much more detail.

floor division
(I D B THRE) —FLWEBECYI DT 2 BAIBRE, YD BTREHEE T // T3, flRIX 11
/] 40F 227D ZRE ENFMCFE NI OBEDORETIX 2.75 BV R-oTE T, (-11) // 4
F -2.75 Z INEWVWAHIC D2 FRE: BORBRADOIDEITS) DT -3 127485 Z L IHERELTK
72& W, PEP 238 ZZHEL T &\,

free threading
A threading model where multiple threads can run Python bytecode simultaneously within the
same interpreter. This is in contrast to the global interpreter lock which allows only one thread

to execute Python bytecode at a time. See PEP 703.

free variable
Formally, as defined in the language execution model, a free variable is any variable used in a
namespace which is not a local variable in that namespace. See closure variable for an example.
Pragmatically, due to the name of the codeobject.co_freevars attribute, the term is also

sometimes used as a synonym for closure variable.

E3E24
(BEE) PPN LANCEZIR S —EHDO XD Z T, BRI 0 U Ed 35|18 2T Z e HkE 3,
FEDRITRHI T B2 RS2 e R E T, RFIE. XV v R, BEES 22 LTIV,

function annotation
(B% T/ 7—=>ay) B DT XA —=XRIBDED annotation TS,

Bt 7—>ayid @HIR EEY F oditfbhEd: IR 2o 2 2D int BD5|
Beiis e WifFE . £ int MORD EEFO L HiffSh T g,

def sum_two_numbers(a: int, b: int) -> int:

return a + b

BT ) 7—> a > ORIE BRESR OHiTHRHEIATVWET,
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WEEDFHAD H % variable annotation, PEP 484, ZZML T &\, £/, 7/ 7—> a3 V& Fl
HA53_X+7525 4+ A% LT annotations-howto 3SR L TL 72 & W,

future
from __future__ import <feature> ¥\ future X ik, 2 ¥ %4 7 —IZ8KD Python V IV — R
THE R I2EXPEREZFHA L THEDE Y 2 -2 a {35 X5 ERLET, __future__
EY 2—ILTIE, feature DD S B3EE FFa2X Y MELTWES, ZOEI2—L%EA VKR—-1F L,
ZOEBETHET 5 Z & T, FRREDRANC T FEICEMINZDIXVDO0R, WO T 7 4L MRS
(FFld e o7h) #HA LA TEET

>>> import __future__
>>> __future__.division

_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection
(IR=yavryay) ZhLBEEDNS Z L DRV EY RERT 20U TY, Python ik, S
vy b, ERSEEBE UBET 2RI R—YalL 7 & zffioThHR—YalL s> aryzifung
To AR=TVaL 7R gc B a—N%2Fo TRIETE T,

Jrxl—4
(¥ =1L —2&) generator iterator R TR T T, BEOBEBITMTVETH, yield REFORT
R D EF, yield N, for —FTHHATEZLD, next() BITHEEZ 1 DFOWMDHLAEDTE
5, HOWM P 24K T 2 DI ET,

BHEEY AL —FBEBZRLET. Rk T P RL—R1TL—F 2T HELHD X
T BRISNLEBE®RPHS L TRWEGE, HBLO DI BEE2 L 5,

generator iterator

(YA —=&ATVL—2&) generator BAEITHERZINZ A TP =7 FTT,

Each yield temporarily suspends processing, remembering the execution state (including local
variables and pending try-statements). When the generator iterator resumes, it picks up where it

left off (in contrast to functions which start fresh on every invocation).

generator expression
An expression that returns an iterator. It looks like a normal expression followed by a for clause
defining a loop variable, range, and an optional if clause. The combined expression generates

values for an enclosing function:

>>> sum(i*i for i in range(10)) # sum of squares 0, 1, 4, ... 81
285

generic function
(=3 V vy 7B Bz 2800 LR CRIEZ T 2 B> SRS N 2 BT, MO LY
DFEEZHNDEPET 4 ANy FT7AITVXLCEDPIESNET,

single dispatch, functools.singledispatch() 7L —X, PEP 443 ZZML T2 X0,
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generic type A
type that can be parameterized; typically a container class such as list or dict. Used for type

hints and annotations.
For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the typing module.

GIL
global interpreter lock B L TL IZE W,

global interpreter lock
(Fa—=rA ¥R FY Ry ) CPython £ X7V XBFHALTWS, —EIZ Python @ /N1
FO—F 273 2ALy RIZ—2F3THE 2 RAET2HMATT, ZHUTED (dict & ¥
ODEERMAAAEZL) A7 27 FETADFEE 7 7 & 2120 L TIEBRINICZ R 5 DT,
CPython OEENRS Y INICRDET, A VR TVRXEERKERY V7 TEZ2T, wLF kv~
SUMPEL ZUMHINLD AR M EFIEHZI, 4 VR T ) REHHRICSILF ALy FLTE2 X512k D
%7,

7272 L. BEED 2 VIO WL ODDIEIEE Y 2 — UL, Efie Ny ¥ 238 Yo EpE VLIS
3 5L EICGIL 2T 5 XD ICREFENATVET, Fiz. /O WA T 255 GIL &% IR
INET,

As of Python 3.13, the GIL can be disabled using the --disable-gil build configuration.
After building Python with this option, code must be run with -X gil=0 or after set-
ting the PYTHON_GIL=0 environment variable. This feature enables improved performance for
multi-threaded applications and makes it easier to use multi-core CPUs efficiently. For more
details, see PEP 703.

In prior versions of Python’s C API, a function might declare that it requires the GIL to be held

in order to use it. This refers to having an attached thread state.

hash-based pyc
(N ¥ arR—=R pyc 7 7 A) IENWEHFIT 27012, MIET Y —R7 7 4 VORKEFRLT
BNy Y aflizflHlT 24 Pa—FOF» v 227740 TTF, FrvviadhfcNAOd—F
DEE 2SR TIEEI W,

hashable
An object is hashable if it has a hash value which never changes during its lifetime (it needs a
__hash__ () method), and can be compared to other objects (it needs an __eq__ () method).

Hashable objects which compare equal must have the same hash value.

Ny T AARERA T 2 7 PEIRHEOXF —REEDA A L TR T, HEPESDT — 2 HE
WEARERTAY ¥ 2 fliZ2FH > TWE 25T,

Python O A I 2 =X TV RMAABABLA TSI 27 NI IZEAEBAY Y2 A[RETT, (VR FHED
E97) I2a—RITNKRAYTFENY T2 AARETT, (ZINR frozenset DL I7R) 4 I2—&7
NRaAYTHE BRINY Y aFRETH L L EDANY Y aA[RETT, I—F—ERDI T ADA ¥
ARVATHDZEIRATI 27 MEF 74V M TAY Y ald[ETT, TAHEET (HEHEZRVT)
HEFERIGIEFMTH D, Ny > 21X id) XDELNET,

213


https://peps.python.org/pep-0483/
https://peps.python.org/pep-0484/
https://peps.python.org/pep-0585/
https://peps.python.org/pep-0703/

The Python Language Reference, 'J1)—2X 3.14.0a7

IDLE
Python Ofi&EHFEEREE (Integrated DeveLopment Environment) & U7# 85358 (Learning Environ-
ment) TF, idle & Python OFEERLZEAMICFEMI N TV EANLEREDO LT 1 2 A 2T Y

KA T T bk (immortal)
Immortal objects are a CPython implementation detail introduced in PEP 683.

If an object is immortal, its reference count is never modified, and therefore it is never deallocated

while the interpreter is running. For example, True and None are immortal in CPython.

Immortal objects can be identified via sys._is_immortal(), or via PyUnstable_IsImmortal()
in the C APL

immutable
(A32—2T7N) BEDEER->TAT I 27 bTT A2 —RTNRA T 7 MTIE, BiE, X
FH, BERORXRTAREDRHYET, ThoD4 7Yz MIMEREZONER A, HlOEELESE
BHITIE, FiBA T2 7 P ERERLRTNERD ERA, A I 2—FT7ARI T NI BEIE
DNy 2 A PR E L B NN TEEREHZR-LET, HEOF—DZOHITT,

import path
path based finder % import %€ 2 —VEMBRT 25 (X721& path entry) DV X T, import
i, ZOVU R MIEE sys.path DORETH, 37 v F—IDFEFHE Yy 7 —ID __path__
BHED S bR ET,

importing H
%5%EY 2—1® Python 2 — RPBFIDEY 2 —LD Python a— FTHEZX 2 X 5T 2UHETT,

importer €
Va—NERLTO—FRTB3F T2 b, finder ¥ loader DEBL LTI HEA T2 b,

interactive
Python has an interactive interpreter which means you can enter statements and expressions at
the interpreter prompt, immediately execute them and see their results. Just launch python with
no arguments (possibly by selecting it from your computer’s main menu). It is a very powerful
way to test out new ideas or inspect modules and packages (remember help(x)). For more on

interactive mode, see tut-interac.

interpreted
Python 134 ¥ &2 7V XKD FFETHD., 3> 4 FFFBOMBUHAEL FF, (N4 ba—Far
A IWH2B7-DIT. ZOXFNIEHR T2, ) TITOA Y2 TYXFiELIFE, Y—RIa—FD7 7 A
N, FTEFAREFRICL T ETIEI e Vo BER LIS, BHEETTEZIL2EKLE
To A VX TV XEROFEIEE., a4 FBRAOFFELD DK/ TNy 7OV A 7 UFFH D
DD, TaZILDFFATE B NT T, WEEHN DS T W,

interpreter shutdown
Python £ Y& =7V X —d> v v bR Y REFHINLFFI, Y 2RI XRTOI VT 4 AR
WEIEZ 728D, TRTOMRLIZY Y — 22 BRERICHKT 5. k7 2 —XICAD 9, 20
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iterable

iterator

72— AN—J AL I% 2HEBEMFTHLET, TAREID2—F—ERDTAFF7 7K —%
weakref I— Ny IDBPPHINZZEDRDHDET, v v PXU YTz —AFUCETENLa—-F
. ZNPMKET BV Y — AR T TIMEREL BV (KL DB BHIE T4 75 ) —FY 2 — /L% warning
WTT) 7-DITkkc RBISMCER L ¥ 3,

AVR—TYVENT vy AT T ZEREHIZ _ main_ TPV a2 —IRETENTWERAZY T+
DEITHET LI TS,

An object capable of returning its members one at a time. Examples of iterables include all
sequence types (such as list, str, and tuple) and some non-sequence types like dict, file objects,
and objects of any classes you define with an __<iter_ _ () method or with a __getitem _ ()

method that implements sequence semantics.

Tterables can be used in a for loop and in many other places where a sequence is needed (zip(),
map(), ...). When an iterable object is passed as an argument to the built-in function iter (), it
returns an iterator for the object. This iterator is good for one pass over the set of values. When
using iterables, it is usually not necessary to call iter() or deal with iterator objects yourself.
The for statement does that automatically for you, creating a temporary unnamed variable to

hold the iterator for the duration of the loop. See also iterator, sequence, and generator.

FT—RXDOMNERHTE2A T2 P T, A 7L —KD __next__ () XV vy FEEDIRLIFUCHT
(E723HHAABRIE next ) I2ET) &, MOOFTOEREZ —DOFTORLE T, TR Rd L,
R DT StopIteration FIAfEEH L ET, ZORET, A 7L —&XA TP =27 MIRETEBY, %
L __next__ () RMIEFFA TS Stoplteration #EHLET, 41 7L —XiX, ZDATL—
ATz FEAKREIRT __iter__() XY v FEEELRITNUIRLZRVDT, 4 7L —&IiEMhoD
iterable ZZH T 2L AL DHATHATEE T, BoZ D & LAHSNIEROKEZITS L 574
a—FTF, (List D&IR) av7F437Y =27 M. HE%Z iter) BICA TV =7 MITEL
D for M—=TFHNTHES Iz, FBRRFEHOA T L2 24EMLET, ZOEfTL—XTITES
532, BiEOA TL— a YTHERABADRIUA 7L —&XA TP =7 P EBEMIGRT 20, ZEDa
YTFDESTHoTLELETS,

2GR typeiter I2H D 5,

CPython RZEODF#: CPython does not consistently apply the requirement that an iterator
define __iter__(). And also please note that the free-threading CPython does not guarantee the

thread-safety of iterator operations.

key function

(F—BI%) *—BIEL H2VIIRERMEEIE. V- MRIEFHED 7D OfEZ RSO LATREL 7
¥ =2 b (callable) TY, HIZIZ, locale.strxfrm() Z ¥ —PBRUICHZIE, v —UKEFDY — b D
BEIZDo oY =+ F—%RLET,

Python D% < @Y — it —HAHEZ IO EROW NIER 7L — b2 E R L F9, min(), max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby () E2H D 75,
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keyword

lambda

LBYL

F—BBEEZ HEETOL OB D £F, Bl str.lower() XY v FERXF/NLFERXHAIL
BNY — AT F B LTS SR KT, 20, lambda r: (r[0], r[2]) &
572 lambda R 6 F —BRZIEL Z B TE % F, £/, operator.attrgetter(), operator.
itemgetter(), operator.methodcaller() @ 3 DDF—FAMa YA I 7 2235 H £F, -
DIED e NG DRIE Sorting HOW TO ZSEL TL &0,

argument £
518 2B T IZE W,

(7 LR) HDA VT4 VBT, AU Ihz 2 ICiHiixns 120 X 2E5AFT, 724
R Z1E B lambda [parameters]: expression T3,

FZ2130REDH (look before you leap)) DIEFTT, ZDaA—7 1 Y7 AXANVTIE, FFOHLPBRR
21T 5N, BRANCHT$ESM (pre-condition) HIEZITWE T, FAFP 77 u—F L MIEHT, if
X7z SAMDON S DO TS,

< F ALy MEESHRE T, LBYL 77 —F13 7 B27 @ft e " RN @REOHSIREL G &
BZFTVRIBHD EF, BlZIX. if key in mapping: return mappinglkey] &\5 a— Fid,
HEDE. DAL v RPELRDHIIC mapping 7»5 key FEDRLS EEMLE T, ZOMEIX, vy
2355 EAFP 7 7 —F %25 Z & THIRTZ £7,

lexical analyzer

list

Formal name for the tokenizer; see token.

A
built-in Python sequence. Despite its name it is more akin to an array in other languages than to

a linked list since access to elements is O(1).

list comprehension

loader

(VATMHNUEGL) =7 YAHORTH L2 VWE—HOHERZUE LT, ZORMENLHKRZV A P &R
L aAYRT FRAETT, result = ['{:#04x}'.format(x) for x in range(256) if x % 2
0] ¥ 2k, 0025 255 FTOMEE 16 EHEL (0x..) LAEXXFINH»B7225 ) R M 2ERL F
§o if HildA T arTY, if BiRWIHA, range(256) DR TOERNNHINE T,

o

An object that loads a module. It must define the exec_module() and create_module () methods

to implement the Loader interface. A loader is typically returned by a finder. See also:
o TFAVA—rO—H—
e importlib.abc.Loader

« PEP 302

Oy—=JIT>aA—F14 >4

On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.
setlocale(locale.LC_CTYPE, new_locale).
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On Windows, it is the ANSI code page (ex: "cp1252").

On Android and VxWorks, Python uses "utf-8" as the locale encoding.
locale.getencoding() can be used to get the locale encoding.

See also the filesystem encoding and error handler.

magic method
special method @D < 721} 7=FIFHIET T,

mapping
(oY) FEOF—HKEZ Y R—F L TWT, collections.abc.Mapping #* collections.
abc.MutableMapping @ MR HEEK I 7 X THEINLXAY v FEEELTVWEary 7+ F
7Y 27 FTF, il 21E, dict, collections.defaultdict, collections.OrderedDict,
collections.Counter R ¥ T3,

meta path finder
sys.meta_path BB L TH SNz finder. meta path finder i path entry finder £ BRIZH D F
o AT,

meta path finder 255255 % XY v FIZDOWTIE importlib.abc.MetaPathFinder # &R L T 7
ISR

metaclass

(RRTFGR) VTADT FATT, VIRERIEZF, 77 RA%, 7 7ADFHEL, HEIFADYV R+ %
EDET, XXI7I7RE, #ho 30%51 8 LTRUIMD, 727 RA2EZEMLZEVET, IZLAY
DATY =7 MEAISIEE GRIE: X X277 AD) 77 4L b OERERFRMHEL TVWE T, Python 23KE5
BDFHARZRLDRARY T AR TEZHTT, FLALDI—F—IZHWM-T, XXTF7RAFELL
BEORWHDTT, LrL. —HDBETIE, XX 7 7 RFEHTTVLA Y "V RAEZRELES, =
YZRBEMT 7 20on B oD, ALy RE—7WEBMLED, £ 70227 FOAEREBIL
Teb, YN REETLIRY, ZLOGHETHHINE T,

FEllE AZ TSR ZBRL TS0,

XYy R
(XY R) ZIAKRKDHTERINIEE, 207 F7ADA VARV ADREELE LTI N5
B AV Y PBA VARV ZAATY =27 PE— 58 L LTRIMD £F (Z0HE—58IIEH self
CIENET), BE ¥ RA SN O—T dBHLTLIEZE W,

method resolution order
Method Resolution Order is the order in which base classes are searched for a member during
lookup. See python_ 2.3 mro for details of the algorithm used by the Python interpreter since

the 2.3 release.

module
(8¥ 2—)V) Python 2 — FOMBENE LTRELHLATI =2 FTF, EV2—-NLVEEED
Python * 7Y = 7 b 2 EOEFZEMZRS £ 3, €Y 2 —Id importing DIFRIZ X 5T Python
W AAENE T,
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NYT—=2 ZBRLTLIEZZWY,

module spec £
Ya—rEu—F330fbhi Ay R—- FHEOEHRE ZLHATZEMTT, importlib.
machinery.ModuleSpec DA Y A X Y A TT,

See also Module specs.

MRO
method resolution order ML T ZE W,

mutable
(32—RTN) 32—RTNRF TV M, id) ZEZ LI R EEZELETEET, 12—
2TI) BBRRLTLIZZ W,

named tuple ?

ZRITZE X I L WS HEBIR, R TAEBRELTWT, 4 2 F v 7 AN EREIIH Lo T
D77 LA TEBZEEDOAR Y S AITBHINTVWET, Z0RIR Y S5 3o o TWa 2
EHHHET,

time.localtime() % os.stat() DRDEZEL WV O DHAAARIILHIMNE X I LTT, fib
DL sys.float_info TI:

>>> sys.float_info[1] # indezed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple
can be created from a regular class definition that inherits from tuple and that defines named
fields. Such a class can be written by hand, or it can be created by inheriting typing.NamedTuple,
or with the factory function collections.namedtuple(). The latter techniques also add some

extra methods that may not be found in hand-written or built-in named tuples.

namespace

(HHi2EM) 2RI N 25T, HaTZEEEFHEL L TERINE T, BTZEICEA 7Y =2
FD (XYY FO) ANFIZHRo7b DT TR, RFRS O, KENZ D, 2L THAAALD
OB FT, LRIERIEERIOHEREEZS I TEY 2 — RS R— T3, il XK
builtins.open ¥ os.open() WFHHTZEM TSN TWET, /. YOEY 2 —UH K ZELE
LTWA2IART 2 Z 80k o THAMZERIZATZE L RTEEZE L E T, flXiE. random.seed()
X itertools.islice() & &, ZNZFNEY 22—/l random R itertools THEIN TS Z
LS TE,

namespace package

A package which serves only as a container for subpackages. Namespace packages may have
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no physical representation, and specifically are not like a regular package because they have no

__init__.py file.

Namespace packages allow several individually installable packages to have a common parent

package. Otherwise, it is recommended to use a regular package.
For more information, see PEP 420 and $giZf/\y 7 —.
module ZZIUTLIZE W,

nested scope
(AR PSR a=F)HSMITERIN TV LK 2SI T 2AET T, BRI D 2B ORI
DOHFTERSI N TV EHE. NHIOBBIZSMIOBIBt oKz S RTE% T, A A PSR a—T
377 4V P TREROSIRIEZI B TE, ZRORAFTERVOTERL T EE WV, B - VEHK
F. ROAMDR a—FTCEBEGAEE LET, A, 70— "VEHZMES &7 — L%
RIDEEFAEE L ET, nonlocal TIMUDERICEZIAD T T,

new-style class
Old name for the flavor of classes now used for all class objects. In earlier Python versions,
only new-style classes could use Python’s newer, versatile features like

_slots descriptors,

- —_

properties, __getattribute__ (), class methods, and static methods.

object
(A7 =7 b)) RE (BERHE) LEBRINLRLZEFE N (XYY F) 2528 TOT—%, b LI
ETD FAEZAINT TR DFBOEK T 72D ¥,

optimized scope
A scope where target local variable names are reliably known to the compiler when the code is
compiled, allowing optimization of read and write access to these names. The local namespaces
for functions, generators, coroutines, comprehensions, and generator expressions are optimized in
this fashion. Note: most interpreter optimizations are applied to all scopes, only those relying on

a known set of local and nonlocal variable names are restricted to optimized scopes.

package
(R T =) ¥ TEY 2= VPLHRH TRy r =2 8L L OHEKS module DZ T, &
FICIE, Sy =2 __path__ BHZEFFD Python A 7Y =27 + T3,

reqular package € mamespace package B LT 720,

parameter
(IR5150) ARMTOEET BEE (2 AV YR ) OEBICBOTHEENZIT S E5|8 2HEELET, K
SIS DD £

o MBELIFF—T—F: (B THIVWE F—T—F5|H b LTET LD TEL5MEEELF
o T2 ZIEBLRD foo % bar DL DI, T 7 40 hDIRGIEOBEEHTT:

def func(foo, bar=None):

o MEHM: NEICL-oTDAEZXLNL5IZREL 3. MEEHDFIEIL BBERDT KDY
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APDHTEZENLDRAIC / REDDLIETERTEET, HIZIETRED posonlyl ¥ posonly?
EAEEAS IR D £3

def func(posonlyl, posonly2, /, positional_or_keyword):

o ¥F—U—FREH: ¥F—V-RNIIoTOAEZONBFIHERELET, ¥F—V—FEHDOFIH%
ERTE L5, BIZIELLTD kw_onlyl R kw_only2 @ X 512, BBIERDIRGIEY X M
B ERMESIBEZIEFHD x DB TT:

def func(arg, *, kw_onlyl, kw_only2):

o AIERME: (OR5IE TR S NTREDMES BUIMZ T) (EEOEKOAES 15 2
BB RIEELET. OIS RIRGIEIZ. LITD args @ X 5 1RG BB DRI * 2D 5
ETERTEET:

def func(*args, **kwargs):

o AIERF—7—F: (MOR5IHETHCRI SNLMERDO X —V — F5IEICMAT) EEOFEKD
F—U—F5BBE5Z5N2 e RIEELET, 2D X5 RE5IEE. LOBID kwargs DX 51
BB DRNC %% D35 Z L TERTEE T,

RBIEUEA 7> a vy e NEDSIBOEEHHIEETE, 72 a vO5IICIZFT 74+ MEBIEETE
%9,

REI1E . FAQ @ E5IBEARGIEDE NI TT? | inspect.Parameter 7 7 A, BAHER &7
¥ar, PEP 362 22 LT3,

path entry
path based finder 73 import § 2 €Y 2 —)VE2EET import path LD 1 DDEFITT,

path entry finder
sys.path_hooks IZ®H % callable (D% D path entry hook) 23R L7z finder TS, 5 Z BTz path
entry WHBEI 2 —NERBOIFEHEEH>TVWET,

NRALY M) =T 74 YRWFEEFT S XY v FIZDOWTIE importlib.abc.PathEntryFinder %%
LTI,

path entry hook A
callable on the sys.path_hooks list which returns a path entry finder if it knows how to find

modules on a specific path entry.

path based finder VA
7 4V D meta path finder @ 1 2%, €Y 2—D import path ZFREL F 3,

path-like object
(path-like #7227 b)) 77 A NS AT LRRAZRLF T, pathlike 72 =7 Mid, RRX%2RK
T str A7V 27 bR bytes 7Y =7 b, ¥£713 os.PathLike R ba A ZFELE LA TV =
ZbDENDTT, os.Pathlike YR Fa %P K= L TWVWELF TP =r M os.fspath() %
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MOH$Z 2T str £721% bytes D7 7 A VT R T LA NRICEWTE £F, os.fsdecode() &
os.fsencode() IZFNFN str H2WVII bytes WKRDZDEHRAT Z2DIMEZ LT, PEP 519 THE

ASNE Lz,

PEP
Python Enhancement Proposal, PEP 1%, Python 2 I 2 =7 4 128 L THEMERIET 2. H 2V
Python OHFHAER 2 DBIERFRIFICOW TR T 2K XEHFTT, PEP &, HEEICDOWTOMER
BirAR L 1R R T 2 HEE Damill (FlEw) 2152 2 RE T,
PEP &, FHEREDRREICHh D5, 33 2 =7 1 I X 2 MEIGEDOEM L Python 1272 X415 B%ETH TR
DLEND7=DDR MO 22 Z e ZERILTVWE T, PEP OFHICEII 22T 1 NOAE
Rz 75 2. RMERZXENLTSZLO0BEBNDHD 7,
PEP 1 Z2ZRLTLEE W,

portion
PEP 420 TE&RZ N TW5, namespace package ICET 5, D7 7 4 DS (zip 7 7 4 VKN
SNTWVWEHEDDHD)1DDT 4 L7 PV KGNSS D,

fiI&35 % (positional argument) %

518 2B TIZE W,

provisional API
(B APL) BEHES £ 75 ) 0% 5 FHHEARAE A & RN IR SN b DTF, ZDESRA ¥R —
72— ANDORKEREH I, BETHZ L INTOEMIIHHFEINTOEEAL, a7HREECE->T
WY ARINIUR, BAFEIREE ([ 2 =7 2 —RDHIFRETEEND) DMTONARAET, Z
DI RBREFIIDLRAIITONE DDTIEDH D FHA - 20U API 2HAADENCIERE L 2T
TERBRRMHPBE L2 2ICOATHOIET,

E APL 12O\ TH, RATABMEDOBRWEE R TRRFE cARIATVET, MERIHHLZ
Ga T R HIRB IR ZR T RNETT,

o7k, BHES A TSVREBEL R 7T A Y s—ICEVWHB LA 6L Z L,
FREEB X TELLZHIT SN FE T, FHllk PEP 411 23 LT 723 W,

provisional package
provisional API 2B L TLZ&E W,

Python 3000
Python 3.x YV =254 D=y 73 —,LT73, (Python 3 2SRWRRDFE - HEI/ESNSHE
T3, ) "Py3k” tgEhzZdHDHET,

Pythonic ftt
DEEBT—RNRE Z A TEINIza— FTIER L, Python OFHC—RINZA 7 4 A 2o 72E 2
Jea— R, BlziX, Python O—fk7kA 7 4 A LT for XEFoTA T 7 TNLDITRTOHE
RIE->TL—TLET, MOZ L DFFHEITIIZDMEHAIZRVOT, Python IR TR ANIZA
OOIBIEDO AT v 2 =25 b LI EEA:
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for i in range(len(food)):

print (food[i])

ZAUTH L. Ehwik Pythonic & AiE:

for piece in food:

print(piece)

qualified name
(Bffith) €Y 2 —Dra— LR A—=T b, ZOEY 22—V TERSNLEZ 7R, B XYV v ¥
AD, "R ERT Ry MEKRFLTY, PEP 3155 TERSINTVWET, by TLNLOBEKR Y F
2 TlE, BHi%EA T 227 bOAFIEFRILTT:

>>> class C:
class D:
def meth(self):

pass

>>> C.__qualname__

o
>>> C.D.__qualname__
'C.D!'

>>> C.D.meth.__qualname__
'C.D.meth'

BV 2 AADOBRBTHEDLNS 2, TREE (fully qualified name) IZTXTORASy r =IO % &
2RO Ry 43K, HlZIE email .mime.text ZEBKRL 3

>>> import email.mime.text
>>> email .mime.text. name _

'email .mime.text'

reference count
BRIV H2F TV VI TE2SHROB ZRAVV DB 0K E 20X T
Pl MIEINET, kit THH., SRAV Y FRL TEEINR VD IZE D Y THMER
EhBRWATV 227 bbb ET, BRI Y MEIEHEIZ Python @ a— F R3O FEAD,
CPython FEDOEERERTT, uro~v—d EEOX T =7 bOBBAID Y MR 572912
sys.getrefcount () BABZIFUNH 3 2 IR E 3,

regular package =
M7, __init__.py 77 A VEELT 4 L7 MY 2 LTD packages,

namespace package EZBBLTL EE W,

REPL
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"read — eval - print loop” DFBHFFE T, WFEE 1 ¥ X -7V X - = L Djl%,

slots 7
FANTODEET, A VARV ABUDOHEBEDH LN UDERLTEBE, 4 VAR AFELHIRT 2
ZrT, AEVZEHHLET, ZUIELHELNET 7=y 7 TITH, ELLFEIREFHALIY v F—
BROT, Mk —A, BIZIZXEYDWERELRE7 TV —>a Y TA VAR Y AR KEICTHFLET
b, LWVolk ERRE, FDRVDIRZ MTT,

sequence
An iterable which supports efficient element access using integer indices via the __getitem _ ()
special method and defines a __len__ () method that returns the length of the sequence.
Some built-in sequence types are list, str, tuple, and bytes. Note that dict also supports
__getitem__ () and __len__(), but is considered a mapping rather than a sequence because the

lookups use arbitrary hashable keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes
beyond just __getitem__ () and __len__ (), adding count(), index(), __contains__(), and
__reversed__ (). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence

Operations.

set comprehension
(BEEWNTLKRELD) iterable NORTH 2 WIE—EHOERZWUH L T, ZOMREI LR 2EERRTa Y
R+ EE)TT, results = {c for c in 'abracadabra' if c not in 'abc'} T B &,
{'r', '"d'} LLOIXFHNOFEEZAERLE T, UA R E&. HEORT 2SHLTILI W,

single dispatch
generic function O—FETREZ—DODFBOEIZ X DEREI N F T,

slice
(RFZAR) =T =T 2R =gt 7Yz by AT74RIE REREL [1 THEZONHE
BooMican ry2EL Z e TEbNE T, HlZIE, variable_name[1:3:5] T3, AN (RF)
B slice A7 Y =7 b ENETHAHL TV E T,

soft deprecated A

soft deprecated API should not be used in new code, but it is safe for already existing code to use

it. The API remains documented and tested, but will not be enhanced further.

Soft deprecation, unlike normal deprecation, does not plan on removing the API and will not emit

warnings.
See PEP 387: Soft Deprecation.

special method
Rk X Y v F) & 2 BNZREOBRIE. B Z XA Z $ % 72912 Python 7 6 REEICIF O 5 X
Vo R, COBMBEDOXY Yy Fld, XYy FEOBRMERERICT VX =237 2 DBDWTWET, Kk
XYy FIZoWTIE FH%HAY Y FE TESREATHET,

statement
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(X) XFAA—F (I—RD” 78y 27) CARARKRERTY, X3 X pF—v—Froflishs
bDDEELE LN TT, BB if. while, for BHH FT,

static type checker

An external tool that reads Python code and analyzes it, looking for issues such as incorrect

types. See also type hints and the typing module.

strong reference In

Python’s C API, a strong reference is a reference to an object which is owned by the code holding
the reference. The strong reference is taken by calling Py_INCREF () when the reference is created

and released with Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the
Py_DECREF() function must be called on the strong reference before exiting the scope of the

strong reference, to avoid leaking one reference.

See also borrowed reference.

text encoding A

text file

string in Python is a sequence of Unicode code points (in range U+0000--U+10FFFF). To store or

transfer a string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as ”encoding”, and recreating the string from

the sequence of bytes is known as “decoding”.

There are a variety of different text serialization codecs, which are collectively referred to as ”text

encodings”.

(THXFARAINZ74N) str ATV 27 M 2HmAEETES file object TF, LIFLIE. 7F A7 74
JEFEBRICAA MEFO T =X A M) =LA77 AL, TFRAMIYO—T 1 27 ZHBHIATO
F5, 7TFAMT7 7 A LDFE, sys.stdin, sys.stdout, io.Stringl0 £ Y ARV AR EET F
FE—F ('r' or 'w') THWAEZ 741 T,

bytes-like Z T TV b BHAZEETELZ 77403 TV 27 MZOVWTIE, NA1FUT 71 35
LTSRS W,

thread state

The information used by the CPython runtime to run in an OS thread. For example, this includes

the current exception, if any, and the state of the bytecode interpreter.

Each thread state is bound to a single OS thread, but threads may have many thread states

available. At most, one of them may be aftached at once.

An attached thread state is required to call most of Python’s C API, unless a function explicitly

documents otherwise. The bytecode interpreter only runs under an attached thread state.

Each thread state belongs to a single interpreter, but each interpreter may have many thread
states, including multiple for the same OS thread. Thread states from multiple interpreters may

be bound to the same thread, but only one can be attached in that thread at any given moment.
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See Thread State and the Global Interpreter Lock for more information.

k—o> A
small unit of source code, generated by the lexical analyzer (also called the tokenizer). Names,

numbers, strings, operators, newlines and similar are represented by tokens.

The tokenize module exposes Python’s lexical analyzer. The token module contains information

on the various types of tokens.

triple-quoted string
(ZHEZ = MFH) 30D L2 +— FELF (7)) 27 ARRA PR T 4 — () THENXFH, @
WD (—H) 74— FXFINIARTRIT Z 3 XFINTENID D FHAD, EOoroMBITHAHT
T 1202008 L7l 4+ — bIEBEEXT IR —TMLICEL N TEET L, TiCE () &
HORL THOHEEITICE DB 2D TELZDT, FFaXrT—a Y FHEE RICRICER]
T,

type
The type of a Python object determines what kind of object it is; every object has a type. An

object’s type is accessible as its __class__ attribute or can be retrieved with type(obj).

type alias
(B4 ) 7R) BORIZT, BE2#RlFIcRALTERL £3,

By 723 Ber b 2HMET20ICEHTY. IR

def remove_gray_shades(
colors: list[tuplelint, int, int]]) -> list[tuple[int, int, int]]:

pass

CHRRDES I D FHAR TS TEET:

Color = tuplelint, int, int]

def remove_gray_shades(colors: list[Color]) -> list[Color]:

pass

PEREDFAAD ® % typing ¥ PEP 484 2L TL 2 & W,

type hint
(Bler b)) 28 7 7 RAEME BRBD AR5 X =22 B EOHIF SN TEIEE T 5 annotation TT,

Type hints are optional and are not enforced by Python but they are useful to static type checkers.

They can also aid IDEs with code completion and refactoring.

ra—NLVEK 77 RAEE BEBT e—-2 L ZEH TRV IODOE L Y X typing.
get_type_hints() THURTZ %73,

FEEEDFTIHD H % typing ¥ PEP 484 2L T F X\,
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universal newlines a
FRAPRAMY — 2L DERED—DOT, UROITRTEITRLEHL T3 Unix OITRBRE '\n'.
Windows OFE '\r\n'. #\ Macintosh OFE '\r'c FIHEICZOWTHLLIE PEP 278 &
PEP 3116 , X 51T bytes.splitlines() SR L T W,

variable annotation
(EBT /) T—=>ay) ZRD 5030 7 @D annotation .

ZRDH 07 7 RARMEICERZH 722 23, AARDRERTT:

class C:

field: 'annotation'

ER7 77— aYid@EIEBEEY L bbb ES: HlxiE. 2O int DEEZERZ L
PHIEEI N CVWET:

count: int = O

ZRWT /7= a DU OWTIE FRTFETRAIL (annotated assignment statements) i T g
LTVWET,

BEBEDFHADI D 2 function annotation, PEP 484 | PEP 526 28R L T FX\W, £z, 7/ 7 —
avEFHTAEINRA ST 277 4 A LT annotations-howto SR L TL ZE W,

virtual environment
(IRAEBEE) MY D BEX N RATEEC T, CAUCK D Python 2—¥¥ 7 7Y & —3 2 VIZF
CY 25 5 ETEHHNTWSMD Python 7 7V 7 —3 a YOBEHNCTFH TS Z 2742 < Python Sy
F=YDA VA=V EER T ENTEET,

venv ZZIR L TL X W,

virtual machine
(RfE~<> V) BRIV 7 MU 27X D EREINZa Y B2 —&, Python DR~ > Vid, N4 b
a—Rarv AL oA LE N FO—FK 2ETLES,

Zen of Python
(Python @1&D ) Python ZHf# LAIHT 5 L TOEZ 725, Python ORGEHFEAIE T¥%2 Y X Mg
L72dDTY, WMah7m > 7 FT 7import this” ¥ $22 ZDY R EHDET,
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8%

ABOUT THIS DOCUMENTATION

Python’s documentation is generated from reStructuredText sources using Sphinx, a documentation
y s

generator originally created for Python and now maintained as an independent project.

FFaxXx>beZzoy — L #HoOBRIZ, Python B L FRRIZEEICRI VT4 7TOEHNTT, b LHREN
BEALZWAES, PO L3I FTHUT X WAIZDOWT reporting-bugs R—I % ZE RE W, HTLWLWEKRT VT 4
FIEWOTHENTY! GRIF: HAFEROBEIZOWTIX, GitHub F o Issue Tracker TG Z BEWL
i‘j—o)

EFNAYT ko

e Fred L. Drake, Jr., the creator of the original Python documentation toolset and author of much

of the content;
e Docutils 7B =2 b reStructuredText ¥ Docutils WV —bt v b Z{ERL F L=,

e Fredrik Lundh @ Alternative Python Reference 7R x 7 + 55 Sphinx 32 D74 F7 %218%F
L7z,

B.1 Contributors to the Python documentation

%< DF 4 H Python §7f. Python H¥EZ 4 751U, ZL T Python F¥FaxXr7—yaYIZHBLTL
NTVWEd, V—REMYD Misc/ACKS 12, ZRHEHBML TS NAEAL ZEAHICTEDD FTHV X
7y TLTHH ET,

Python 2 I 2 =7 4 25 OWEHREE EED 7RI NUIZ DR BESL LW R F 2 X v F—va VIZEFENEEA
Tl -®hre>5!
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C.1 Python DFESE

Python was created in the early 1990s by Guido van Rossum at Stichting Mathematisch Centrum (CWTI,
see https://www.cwi.nl) in the Netherlands as a successor of a language called ABC. Guido remains

Python’s principal author, although it includes many contributions from others.

In 1995, Guido continued his work on Python at the Corporation for National Research Initiatives (CNRI,

see https://www.cnri.reston.va.us) in Reston, Virginia where he released several versions of the software.

In May 2000, Guido and the Python core development team moved to BeOpen.com to form the BeOpen
PythonLabs team. In October of the same year, the PythonLabs team moved to Digital Creations, which
became Zope Corporation. In 2001, the Python Software Foundation (PSF, see https://www.python.
org/psf/) was formed, a non-profit organization created specifically to own Python-related Intellectual

Property. Zope Corporation was a sponsoring member of the PSF.

All Python releases are Open Source (see https://opensource.org for the Open Source Definition). His-
torically, most, but not all, Python releases have also been GPL-compatible; the table below summarizes

the various releases.

Jy—2 ~R=2 FEE &R GPL-compatible? (1)
0.9.0-1.2 n/a 1991-1995 CWI yes
1.3-152 1.2 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no

2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI ves (2)
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.142.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes

2.2 DI 2.1.1 2001-BifE  PSF yes
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0 IR
(1) GPL-compatible doesn’t mean that we’re distributing Python under the GPL. All Python
licenses, unlike the GPL, let you distribute a modified version without making your changes

open source. The GPL-compatible licenses make it possible to combine Python with other

software that is released under the GPL; the others don’t.

(2) According to Richard Stallman, 1.6.1 is not GPL-compatible, because its license has a choice
of law clause. According to CNRI, however, Stallman’s lawyer has told CNRI’s lawyer that
1.6.1 is "not incompatible” with the GPL.

Guido DFERD T, TNHDV YV —RZARRICL T EE o0%ZL DRI VT 4 TDHR S ATEH L £,

C.2 Terms and conditions for accessing or otherwise using Python

Python software and documentation are licensed under the Python Software Foundation License Version
2.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed
under the PSF License Version 2 and the Zero-Clause BSD license.

Some software incorporated into Python is under different licenses. The licenses are listed with code
falling under that license. See Licenses and Acknowledgements for Incorporated Software for an incom-

plete list of these licenses.

C.2.1 PYTHON SOFTWARE FOUNDATION LICENSE VERSION 2

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using this

software ("Python") in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001 Python Software Foundation; All Rights
Reserved" are retained in Python alone or in any derivative version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee hereby

agrees to include in any such work a brief summary of the changes made to Python.
(RDR—=1ZHE <)
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(FiDR— 25 D %)

4. PSF is making Python available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF PYTHON WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of

its terms and conditiomns.

7. Nothing in this License Agreement shall be deemed to create any relationship
of agency, partnership, or joint venture between PSF and Licensee. This License
Agreement does not grant permission to use PSF trademarks or trade name in a
trademark sense to endorse or promote products or services of Licensee, or any

third party.

8. By copying, installing or otherwise using Python, Licensee agrees

to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary

form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the

Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
(RDR=12Hi <)
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(FiDR— 25 D %)
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREQF.

5. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be

bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its

associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version

prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
(RDR—=V ki)
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Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013".

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to

include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third

party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
(RDOR=VIFiL)
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or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and

conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written

prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON DOCUMEN-
TATION

Permission to use, copy, modify, and/or distribute this software for any

purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3 Licenses and Acknowledgements for Incorporated Software

This section is an incomplete, but growing list of licenses and acknowledgements for third-party software
incorporated in the Python distribution.

C.3.1 Mersenne Twister

The _random C extension underlying the random module includes code based on a download from
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html. The following are the

verbatim comments from the original code:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand(seed)

or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
A1l rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written

permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR

PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF

LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
(RDR=VIZHiEL)
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NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html

email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C32 VY4 vhk

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate

source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software

without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
0UT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.3 Asynchronous socket services

The test.support.asynchat and test.support.asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing

A1l Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior

permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.3.4 Cookie management

The http.cookies module contains the following notice:

Copyright 2000 by Timothy 0'Malley <timo®@alum.mit.edu>

A1l Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy 0'Malley not be used in advertising or publicity
pertaining to distribution of the software without specific, written

prior permission.

Timothy 0'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS

SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
(RDOR=V1Fil)
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AND FITNESS, IN NO EVENT SHALL Timothy 0'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 Execution tracing

The trace module contains the following notice:

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko 0'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.

Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to

distribution of the software without specific, written prior permission.
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C.3.6 UUencode and UUdecode functions

The uu codec contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

A1l Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

- Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML Remote Procedure Calls

The xmlrpc.client module contains the following notice:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,

and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is

hereby granted, provided that the above copyright notice appears in

(RDR=V1FiL)
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all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written

prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be

included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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C.3.9 Select kqueue

select EY 2 — Ui kqueue £ ¥ R —7 2 — ZIZOVWTDRDEHEEZEATVET:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
A1l rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

The file Python/pyhash.c contains Marek Majkowski’ implementation of Dan Bernstein’s SipHash24

algorithm. It contains the following note:

<MIT License>

Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is

furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
(RDR=V1FiL)
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all copies or substantial portions of the Software.

</MIT License>

Original location:

https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod & dtoa

The file Python/dtoa.c, which supplies C functions dtoa and strtod for conversion of C doubles to and
from strings, is derived from the file of the same name by David M. Gay, currently available from https:
//web.archive.org/web/20220517033456 /http: //www.netlib.org/fp/dtoa.c. The original file, as retrieved
on March 16, 2009, contains the following copyright and licensing notice:

/sksksk ok ok ok sk ok sk ok ok sk ok sk ke ok sk sk sk e ok sk sk sk sk ok ok sk sk sk ke ok sk sk ok o ok sk sk ok s ok ok sk sk ok sk sk sk sk e ok sk sk sk s sk sk ok ok ok
£ 3

* The author of this software is David M. Gay.

*

*x Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* Permission to use, copy, modify, and distribute this software for any
* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy
* or modification of this software and in all copies of the supporting

* documentation for such software.

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

***************************************************************/

C.3.12 OpenSSL

The modules hashlib, posix and ssl use the OpenSSL library for added performance if made available

by the operating system. Additionally, the Windows and macOS installers for Python may include a

copy of the OpenSSL libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0
] 1] ] lerived f | he Apache Li 5 lies:
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Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1.

Definitions.

"License" shall mean the terms and conditions for use, reproduction,

and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by

the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the

outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity

exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modificatioms,
including but not limited to software source code, documentation

source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,

and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the

editorial revisions, annotations, elaborations, or other modifications

(RDOR=V1Fil)
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represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,

the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise

designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and

subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the

Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of

this License, each Contributor hereby grants to You a perpetual,

worldwide, non-exclusive, no-charge, royalty-free, irrevocable

(except as stated in this section) patent license to make, have made,

use, offer to sell, sell, import, and otherwise transfer the Work,

where such license applies only to those patent claims licensable

by such Contributor that are necessarily infringed by their

Contribution(s) alone or by combination of their Contribution(s)

with the Work to which such Contribution(s) was submitted. If You

institute patent litigation against any entity (including a

cross-claim or counterclaim in a lawsuit) alleging that the Work

or a Contribution incorporated within the Work constitutes direct

(RDOR=VIFiL)
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or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate

as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You

meet the following conditions:

(a) You must give any other recipients of the Work or

Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices

stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of

the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed

as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or

for any such Derivative Works as a whole, provided Your use,
(RDOR=VIFiL)
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reproduction, and distribution of the Work otherwise complies with

the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed

with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the

origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any

risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor

has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,

or other liability obligations and/or rights consistent with this
(RDOR=VIFiL)
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License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason

of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured

--with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

The _ctypes C extension underlying the ctypes module is built using an included copy of the libffi

sources unless the build is configured —-with-system-1ibffi:
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Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. 1IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
0UT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

The z1ib extension is built using an included copy of the zlib sources if the zlib version found on the

system is too old to be used for the build:

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages

arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it

freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be

appreciated but is not required.

(RDR= ki)
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2. Altered source versions must be plainly marked as such, and must not be

misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler

jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

The implementation of the hash table used by the tracemalloc THEH L TWa Ny ¥ a7 — 71 DHEE
&, cfuhash 70y =27 F DB DITEOZT LT

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

* Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided

with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived

from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR

SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
(RDR—DIHi<)
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HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

The _decimal C extension underlying the decimal module is built using an included copy of the libmpdec

library unless the build is configured --with-system-libmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
0UT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N test suite

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from
the W3C website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause
BSD license:
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Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
A1l Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without

specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 mimalloc

MIT License:

Copyright (c) 2018-2021 Microsoft Corporation, Daan Leijen

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is

furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all
(RDR= ki)
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copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT

license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be

included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.21 Global Unbounded Sequences (GUS)

The file Python/gsbr. c is adapted from FreeBSD’s ”Global Unbounded Sequences” safe memory recla-

mation scheme in subr smr.c. The file is distributed under the 2-Clause BSD License:
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Copyright (c) 2019,2020 Jeffrey Roberson <jeff@FreeBSD.org>

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice unmodified, this list of conditions, and the following
disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR "AS IS" AND ANY EXPRESS OR
IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED.
IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT
NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF
THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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type, immutable, 105

rFL—X
BT, 45

k=02, 7, 225

FFaxX> bXF5H, 42

Ny aXF, 8

NYEZ
BN, 45

INA &, 27

N1 RS TSI, 13

NYIRFy2aXF, 8

AW S
hooks, 90

ey MBI
and, 121
or, 121
BE, 2 ¥, 121
EH, BIE 119
xor, 121

ZL—L
object, 43
%17, 79, 166

Javo, 79
ad—FK, 79
T3AR— %
%&Hi, 104
73143, 114
73X, 119
v S L, 177
Y1+ X, 119
XYy R, 217
call, 118
magic, 217
object, 31, 33, 118
A—HEED, 31
458k, 223
fHHRAH, 33
> a0, 120
A—HEERD
XYy, 31
BA%K, 29
B call, 118
A-—HEEXYV Y
object, 31
A—HEREH
object, 29, 118, 163
U73I, 13, 104
O7—LI>3d-F1 >, 216
=R
operator, 126
FuEIAZ, 105
®’H, 119
FHIEE, 12
KA
annotated, 133
augmented, 132
expression, 126
statement, 27, 130
target list, 130
U352 B, 37
ISRA VRV R B, 39
AI1 X, 131
B, 130, 131
WRFRED, 131
AIB5I# (positional argument), 221
B4, 84, 136
AssertionError, 134
AttributeError, 114
GeneratorExit, 110, 113
ImportError, 138
NameError, 104
raising, 136
StopAsyncIteration, 113
StopIteration, 110, 135
TypeError, 119
NVES, 45
ValueError, 121
&, 136
ZeroDivisionError, 120
BINZRS, 84
PINEXHT B, 84
BFINANCRS, 84
%
BA#K, 126
Y817, 7, 8, 14
T
XYy R, 223
BiE, 24
Et%, RA, 24
BRI, 80
BHAZH
PYTHON_GIL, 213
PYTHONHASHSEED, 52
PYTHONNODEBUGRANGES, 42
PYTHONPATH, 97
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0]
list, 106
tuple, 27, 105
xR, 9
217, 9
Bl
i, 103
RE, 2&H, 119
HE, HIm, 119
BRTETN, 84
HHAA S
XYy R, 33
HHAHXY v R
call, 118
object, 33, 118
A HE
abs, 70
bytes, 50
call, 118
chr, 27
divmod, 69
eval, 142, 178
exec, 142
hash, 51
id, 23
int, 71
len, 26, 28, 66
object, 32, 118
open, 40
ord, 27
pow, 69
print, 50
range, 147
repr, 129
round, 71
slice, 46
type, 23, 59
aAVINAIL, 142
RN R, 71
B|EHE, 71
BH
variable, 80
EHUTII, 19
1THE, 7
1T, 8
TR, 7, 8
xR
B, 26
KT
dictionary, 107
list, 106
&5, 106
BEH
number, 26
object, 26
HAAHEE, 71
BREREVTII, 19
BR
sequence, 114
string, 115

?%a)i%m, 26

C, 24, 26, 32, 121
Java, 26
50K, 4
i
BFF, 127
BEINAED IR =T VR, 16
RIET, 7
EBFE, 11, 104
EH
B9k, 136
EeER, 122

BA%K, 211
annotations, 165
call, 29, 118
call, A—HEHRD, 118
definition, 135, 163
name, 163
object, 29, 32, 118, 163
JxRlL—4, 108, 135
A—HERD, 29
518 (argument), 29
88, 126

BEBIFTHL, 29

REE
type, 24

a

object, 28, 106
ME5REE, 106
xR, 106

&858
object, 28

#3SMk
name, 104

(=124
5T, 127

A

abs
AL, 70
abstract base class, 203
aclose() (agen MRV v F), 113
and
operator, 125
Ew MEf, 121
annotate function, 203
annotated
KA, 133
annotation, 203
annotations
R, 165
array
module, 27
as
except clause, 148
import statement, 139
match statement, 153
F—7—F, 138, 147, 151, 153
with statement, 151
AS pattern, OR pattern, capture
pattern, wildcard pattern,
156
ASCII, 4, 13
asend() (agen DXV F), 113
assert
statement, 134
AssertionError
B, 134
assertions
TN, 134
assignment expression, 126
async
*—-TU—F, 168
async def
statement, 168
async for
in comprehensions, 105
statement, 168
async with
statement, 169
asynchronous context manager, 204
asynchronous generator, 204
asynchronous iterator, 32

B, 32

asynchronous generator iterator,
204
asynchronous iterable, 205
asynchronous iterator, 205
asynchronous-generator
object, 112
athrow() (agen XY w K), 113
atom, 103
attached thread state, 205
AttributeError
B4, 114
augmented
KA, 132
await
in comprehensions, 106
F—7U—F, 118, 168
awaitable, 205

B
bl

N RV TZIL, 14
bll

N RFIVTZIL, 14
BDFL, 205
binary file, 205
BNF, 4, 103
Boolean

object, 26

BE, 125
borrowed reference, 206
break

statement, 138, 146, 147, 150, 151
builtins

module, 177
bytearray, 28
bytecode, 40, 206
bytes, 27

HHHAHEE, 50
bytes-like object, 206

C

C, 14
S5E, 24, 26, 32, 121
call, 116

instance, 65, 118
procedure, 129
DIRAVRBV R, 118
I9SRATTxU b+, 37,118
XYy R, 118
aA—HERD B, 118
HAABXY v B, 118
HAHER, 118
BA%L, 29, 118
callable, 206
object, 29, 116
callback, 206

case
match, 153
*—7—F, 153

case block, 155
C-contiguous, 208
chr

HAHAHEE, 27
class variable, 207
clause, 145
clear() (frame MXY W F), 45
close() (coroutine DXV v k), 76
close() (generator MAY v k), 110
closure variable, 207
co_argcount (codeobject DEM), 41
co_argcount (A—RA Tz FDEY),

40
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co_cellvars (codeobject DIEM), 41
co_cellvars (A—RA TV FDOREM),
40
co_code (codeobject DEM), 41
co_code (A—FATZ U FDEM), 40
co_consts (codeobject DEM), 41
co_consts (A—RATZ ¥ FDEM), 40
co_filename (codeobject DEME), 41
co_filename (A—FA TV FDEM),
40
co_firstlineno (codeobject DEM), 41
co_firstlineno (A—KRF Iz I +D
Ef), 40
co_flags (codeobject MEM), 41
co_flags (A—FFATT U FDREM), 40
co_freevars (codeobject DEM), 41
co_freevars (A—RA T2z FDOEM),
40
co_kwonlyargcount (code object
attribute), 40
co_kwonlyargcount (codeobject DEIE),
41
co_lines() (codeobject DXV v ), 42
co_lnotab (codeobject DEIE), 41
co_lnotab (A—RAFATT ¥ FDEH), 40
co_name (codeobject DEME), 41
co_name (A—FFITT U FOEM), 40
co_names (codeobject DEM), 41
co_names (A— KA TV FDEMN), 40
co_nlocals (codeobject DIEMY), 41
co_nlocals (A—RA TV FDEM),
40
co_positions() (codeobject DAY v K),
42
co_posonlyargcount (code object
attribute), 40
co_posonlyargcount (codeobject DEH),
41
co_qualname (code object attribute), 40
co_qualname (codeobject DIEME), 41
co_stacksize (codeobject DEME), 41
co_stacksize (A—RFA Tz I +D
Bf), 40
co_varnames (codeobject DIEE), 41
co_varnames (A—RFZA T FDEM),
40
collections
module, 27
complex number, 207
compound
statement, 145
context, 207
context manager, 71, 208
context variable, 208
contiguous, 208
continue
statement, 138, 146, 147, 150, 151
coroutine function, 208
CPython, 208
current context, 208

D

dangling

else, 146
dbm.gnu

module, 29
dbm.ndbm

module, 29
decorator, 208
DEDENT k—% >, 9, 146
def

statement, 163

default

parameter value, 164
definition

32X, 135, 166

B, 135, 163
del

statement, 48, 134
deletion

target, 134

target list, 134

B, 135
descriptor, 209
dictionary, 209

object, 28, 37, 51, 107, 114, 131

AaR:E, 107

R, 107
dictionary comprehension, 209
dictionary view, 209
division, 120
divmod

HAIAAHEH, 69
docstring, 166, 209
duck-typing, 209

E

e
in numeric literal, 20
EAFP, 210
elif
*—TU—F, 146
Ellipsis
object, 25
else
conditional expression, 126
dangling, 146
*—"7—F, 138, 146, 147, 150
encoding declarations (source file), 8
eval
fHAAHRIRK, 142, 178
evaluate function, 210
exc_info (sys €X' a—IJl), 45

except
F—T—F, 147
except_star
F—T—F, 149
exec

HAHIAHEE, 142
expression, 103, 210
lambda, 126, 165
list, 127, 129
statement, 129
JzRlL—4&, 107
KA, 126
&M%, 125, 126
yield, 108
extension module, 210

F
f '

formatted string literal, 14
fll

formatted string literal, 14
f-string, 210
f_back (frame DEMY), 44
f_back (7 L—LEMH), 43
f_builtins (frame DEH), 44
f_builtins (7 L—LEM), 43
f_code (frame DEMY), 44
f_code (7 L—LEM), 43
f_globals (frame DEM), 44
f_globals (7 L—LEM), 43
f_lasti (frame DEMY), 14

f_lasti (7L —LEM), 43
f_lineno (frame DEH), 45
f_lineno (7L —LEY), 44
f_locals (frame DREM), 44
f_locals (7 L—LEM), 43
f_trace (frame DEM), 45
f_trace (7L —LEH), 44
f_trace_lines (frame attribute), 44
f_trace_lines (frame DE), 45
f_trace_opcodes (frame attribute), 44
f_trace_opcodes (frame DEMY), 45
False, 26
file object, 210
file-like object, 210
filesystem encoding and error
handler, 210

finalizer, 48
finally

*—7—F, 135, 138, 147, 150
find_spec

finder, 91
finder, 90, 211

find_spec, 91
floating-point literal, 19
floor division, 211
for

in comprehensions, 105

statement, 138, 146
format () (MAAAHEIE)

tr__ ) (AT I RAYYE), 49

formatted string literal, 16
Fortran contiguous, 208
free threading, 211
free variable, 211
from

import statement, 79, 139

*—7—F, 108, 138

yield from expression, 109
frozenset

object, 28
fstring, 16
f-string, 16
function annotation, 211
future

statement, 140

G

garbage collection, 23, 212
generator expression, 212
generator iterator, 212
GeneratorExit

fist, 110, 113
generic function, 212
generic type, 213
GIL, 213
global interpreter lock, 213
guard, 155

H

hash

HHAHER, 51
hash-based pyc, 213
hashable, 107, 213
hooks

import, 90

meta, 90

INZ, 90

I
id
AHIAHBEE, 23
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IDLE, 214
if
conditional expression, 126
in comprehensions, 105
statement, 146
F—U—F, 153
immutable, 214
object, 27, 105, 107
T =24 type, 105
import
hooks, 90
statement, 33, 138
import hooks, 90
import machinery, 87
import path, 214
importer, 214
ImportError
B4, 138
importing, 214
in
operator, 125
F—7U—F, 146
INDENT k=2 >, 9
indices() (slice DXV F), 46
inheritance, 166
instance
call, 65, 118
object, 37, 39, 118
32,39
int
EHAHEIH, 71
interactive, 214
interpolated string literal, 16
interpreted, 214
interpreter shutdown, 214
io
module, 40
irrefutable case block, 155
is
operator, 125
is not
operator, 125
iterable, 215
unpacking, 127
iterator, 215

J

in numeric literal, 21
Java

558, 26

K

key function, 215
key/value pair, 107
keyword argument, 216

L

lambda, 216
expression, 126, 165
=, 126
last_traceback (sys €2 a—JL), 45
LBYL, 216
len
HAHAHBEE, 26, 28, 66
lexical analyzer, 216
list, 216
deletion target, 134
expression, 127, 129
object, 27, 106, 114, 115, 131
target, 130, 146

KA, target, 130
MEREE, 106
D, 106
R, 106
list comprehension, 216
loader, 90, 216
loop
statement, 138, 146
loop control

target, 138
magic
XYy R, 217

magic method, 217
makefile() (socket D XY w K), 40
mapping, 217
object, 28, 39, 114, 131
match
case, 153
statement, 153
matrix multiplication, 119
meta
hooks, 90
meta hooks, 90
meta path finder, 217
metaclass, 59, 217
metaclass hint, 60
method resolution order, 217
module, 217
_main__,
array, 27
builtins, 177
collections, 27
dbm. gnu, 29
dbm.ndbm, 29
importing, 138
io, 40
namespace, 33
object, 33, 114
sys, 148, 177
3R, 24
module spec, 90, 218
MRO, 218
mro() (type DXV w k), 39
mutable, 218
object, 27, 130, 131

N

name, 11, 79, 104
rebinding, 130
unbinding, 135
32X, 166
xR, 79, 130, 138, 139, 163, 166
Rig, JO—/NL, 141
B, 163
#3SMt, 104

named expression, 126

named tuple, 218

NameError
Fist, 104

NameError ($A&AHFISN), 80

namespace, 79, 218
module, 33
package, 89
Ja—nI, 29

namespace package, 218

nested scope, 219

new-style class, 219

NEWLINE b—2 >, 7, 146

None
object, 25, 129

81, 177

nonlocal
statement, 142
not
operator, 125
not in
operator, 125
NotImplemented
object, 25
null
BE, 134

number, 19
FENER, 26
BEY, 26

O

object, 23, 219
asynchronous-generator, 112
Boolean, 26
callable, 29, 116

dictionary, 28, 37, 51, 107, 114, 131

Ellipsis, 25

frozenset, 28

immutable, 27, 105, 107
instance, 37, 39, 118

list, 27, 106, 114, 115, 131
mapping, 28, 39, 114, 131
module, 33, 114

mutable, 27, 130, 131
None, 25, 129
NotImplemented, 25

sequence, 26, 39, 114, 115, 125, 131,

146
slice, 66

string, 114, 115
traceback, 45, 136, 148
tuple, 27, 114, 115, 127
52,37, 118, 166
ISAA VARV R, 37, 39, 118
a—FK, 40

JrRL—4%, 42,107, 110
TL—L, 43

XYw R, 31,33, 118
A-HYEEXVYE, 31
I1—-HEEBEH, 29, 118, 163
EERBEL—T VR, 27
EEAREARS—T VR, 27
18, 25, 39

BH, 26

FEVIN, 26

HAHBAHAY W R, 33, 118
HAAAHEE, 32, 118
BEEH, 26

BA%L, 29, 32, 118, 163

&4, 28, 106

&85 28

object.__match_args__ (AHAHZEEH),

72
object.__slots_
open

#HHIAHREE, 40
operator

- (B%8), 119, 120

% (IN—t> ), 120

& (PYNHUER), 121

* (FARURY), 119

*x 118

+ (75 R5E8), 119, 120

/ (RZwva), 120

//, 120

< (hEw), 121

<<, 121

<=, 121

(MAABEL), 57
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=121

==, 121

> (REW), 121

>=, 121

>> 121

@ (at), 119

T (Fwlwh), 121

| (HiErE), 121

- (FILA), 119

and, 125

in, 125

is, 125

is not, 125

not, 125

not in, 125

or, 125

F—N—0O—F, 47

=I§, 126

BSTIRfL, 128
optimized scope, 219
or

operator, 125

Ew MBI, 121

T, 121

Brtheg, 121
ord

HAHIAFHEE, 27
output, 129

standard, 129

P

package, 88, 219
namespace, 89
portion, 89
regular, 88

parameter, 219
call DOEBKHIF, 116
function definition, 163
value, default, 164

pass
statement, 134

path based finder, 96, 220

path entry, 220

path entry finder, 220

path entry hook, 220

path hooks, 90

path-like object, 220

pattern matching, 153

PEP, 221

popen() (os €Za—IJL), 40

portion, 221
package, 89

pow
1HHIAHEIE, 69

power
RE, 118

print
A AIAHBEE, 50

print ) (#HAHEE)

_str__ O (FTZTIRAYYE), 49

procedure

call, 129
provisional API, 221
provisional package, 221
Python 3000, 221
Python Enhancement Proposals

PEP 1, 221

PEP 8, 123

PEP 236, 141

PEP 238, 211

PEP 252, 55

PEP 255, 109

PEP 278, 226

PEP 302, 87, 101, 216
PEP 308, 126

PEP 318, 166, 168

PEP 328, 101

PEP 338, 101

PEP 342, 109

PEP 343, 72, 153, 208
PEP 362, 204, 220

PEP 366, 34, 101

PEP 380, 109

PEP 411, 221

PEP 414, 14

PEP 420, 87, 89, 95, 101, 219, 221
PEP 443, 212

PEP 448, 107, 118, 127
PEP 451, 101

PEP 483, 213

PEP 484, 63, 133, 166, 204, 212, 213,

225, 226

PEP 492, 76, 110, 170, 204, 205, 208

PEP 498, 19, 210

PEP 519, 221

PEP 525, 110, 205

PEP 526, 133, 166, 204, 226

PEP 530, 106

PEP 560, 60, 65

PEP 562, 55

PEP 563, 140, 166

PEP 570, 165

PEP 572, 107, 126, 157

PEP 585, 213

PEP 614, 164, 167

PEP 617, 179

PEP 626, 43

PEP 634, 72, 154, 163

PEP 636, 154, 163

PEP 646, 114, 127, 165

PEP 649, 30, 36, 38, 74, 82, 204

PEP 683, 214

PEP 688, 73

PEP 695, 82, 143

PEP 696, 82, 170

PEP 703, 211, 213

PEP 749, 82

PEP 758, 147

PEP 765, 151

PEP 3104, 142

PEP 3107, 166

PEP 3115, 61, 167

PEP 3116, 226

PEP 3119, 63

PEP 3120, 7

PEP 3129, 166, 168

PEP 3131, 11

PEP 3132, 132

PEP 3135, 62

PEP 3147, 36

PEP 3155, 222
PYTHON_GIL, 213
PYTHONHASHSEED, 52
Pythonic, 221
PYTHONNODEBUGRANGES, 42
PYTHONPATH, 97

Q

qualified name, 222

R

r!

raw string literal, 14
r"

raw string literal, 14
raise

statement, 136
raising

B, 136
range

HHIAHBEER, 147
raw XF5, 14
rebinding

name, 130
reference count, 222
regular

package, 88
regular package, 222
relative

import, 140
REPL, 222
replace() (codeobject DAY v R), 43
repr

fHAAHRIER, 129
repr() ({AAHAAHBEE)

_repr__QO) (AT I RXYYER),

49
return
statement, 135, 150, 151
round
HAAAHEE, 71

S

send() (coroutine DXV F), 76
send() (generator XY v F), 110
sequence, 223
object, 26, 39, 114, 115, 125, 131,
146
BXR, 114
set comprehension, 223
simple
statement, 129
single dispatch, 223
slice, 115, 223
object, 66
fHAAHRIR, 46
soft deprecated, 223
soft keyword, 12
special method, 223
standard
output, 129
start (RSA1RXF TP FDEY), 46,
115
statement, 223
assert, 134
assignment, annotated, 133
assignment, augmented, 132
async def, 168
async for, 168
async with, 169
break, 138, 146, 147, 150, 151
compound, 145
continue, 138, 146, 147, 150, 151
def, 163
del, 48, 134
expression, 129
for, 138, 146
future, 140
if, 146
import, 33, 138
loop, 138, 146
match, 153
nonlocal, 142
pass, 134
raise, 136
return, 135, 150, 151
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simple, 129
try, 46, 147
type, 142
U32X, 166
-/, 135, 141
KA, 27, 130
while, 138, 146
with, 71, 151
yield, 135
static type checker, 224
stderr (sys €Y a—Jl), 40
stdin (sys €2 a—JL), 40
stdio, 40
stdout (sys EZa—JL), 40
step (RSA1RA TV FDREM), 46,
115
stop (RSA1RAT TV FDREM), 46,
115
StopAsyncIteration
B, 113
StopIteration
B4, 110, 135
string
__format__() (AFTx I X
Vv k), 50
_str__Q) (TSI RKXYYE), 49
formatted literal, 16
immutable sequences, 27
interpolated literal, 16
object, 114, 115
ZH#, 50, 129
EBR, 115
strong reference, 224
suite, 145
sys
module, 148, 177
sys.exc_info, 45
sys.exception, 45
sys.last_traceback, 45
sys.meta_path, 91
sys.modules, 89
sys.path, 97
sys.path_hooks, 97
sys.path_importer_cache, 97
sys.stderr, 40
sys.stdin, 40
sys.stdout, 40
SystemExit ($EAIAAHBIN), 84

T

target, 130

deletion, 134

list, 130, 146

list XA, 130

list, deletion, 134

loop control, 138
tb_frame (fraceback DEH), 46
tb_frame (FL—Z/N\wv I EM), 46
tb_lasti (traceback DREM), 46
tb_lasti (FL—ZNw I EM), 46
tb_lineno (traceback DEE), 46
tb_lineno (FL—ZNYvIEY), 46
tb_next (traceback DEM), 46
tb_next (FL—ZNVIEY), 46
text encoding, 224
text file, 224
thread state, 224
throw() (coroutine XYW K), 76
throw() (generator MXY v K), 110
traceback

object, 45, 136, 148
triple-quoted string, 225

triple-quoted string, 14
True, 26
try
statement, 46, 147
tuple
object, 27, 114, 115, 127
B—]%0, 27
o, 27, 105
type, 24, 225
immutable F—%4&, 105
statement, 142
T—4, 24
HAAIAHEEL, 23, 59
PEfE, 24
type alias, 225
type hint, 225
type parameters, 170
TypeError
B4, 119

U

u
XFHIFFI, 13

XF5UTFI, 13
unbinding

name, 135
UnboundLocalError, 80
Unicode AV =27 L4, 14
Unicode XFHE, 27
universal newlines, 226
UNIX, 177
unpacking

dictionary, 107

iterable, 127

RBFUH LoFD, 117

Vv

value, 107
default parameter, 164
ValueError
sk, 121
variable
BH, 80
variable annotation, 226
B
operator, 128
SEEDZER, 9
AR, 178
MExRT, 105
dictionary, 107
list, 106
%48, 106
MERRL, 40
BERGEA T OB, 23
HIRR
=17, 83
&, 120
oam
or, 121
B—ZZ0D
tuple, 27
Hi1g
Ev MEfI JEE, 119
By EE, 119
BB

an

B, 114
BEBAIVE, 23
REE, 119
F—1&

FRI, 125
R0

%

TSAR—F4, 104
BE, 119
B, WE®D, 40
it
string, 50, 129
B, 103
EERABERA TSI b, 23
EBERBELB—T VR
object, 27
EERRELRE
#7951k, 47
EEAIEBRA TSI I, 23
EEARRB S —T VR
object, 27
virtual environment, 226
virtual machine, 226
FRIREM, 4, 7
EH, 13
£1T
AAY Y, 45
TL—L4, 79, 166
HIPR, 83
EITETI, 79
RAXDT I —F1E, 9
WEEE—K, 177
B, 24, 205
deletion, 135
U522, 37
ISAAVRAV R, 39
KA, 130, 131
KA, 952X, 37
KA, IV RAVREAVR, 39
B 114

A %k, 24
5%, 24
IR
TR, 125
318 (argument), 204
call OEBK{TIF, 116
function definition, 164
Ba#K, 29
iz
lambda, 126

W

walrus operator, 126
Hi5R

module, 24
Bty

or, 121
HiE

object, 25, 39
BEVFSI, 19
B, 27

object, 26

I, 26
BHRUTII, 19
XF (str &), 27, 115
XFHUTII, 13
XGE, 4
KED

h>=, 127
g

name, 79, 130, 138, 139, 163, 166

£'8—/\JL name, 141
eSS

expression, 125, 126
while

statement, 138, 146
WX, 4
1E%# c, 14
AR, 177
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Windows, 177
with
statement, 71, 151
8, 50, 121
EiH, 122
KA TS U b (immortal), 214
AR
% Bk, 24
FEIR
number, 26
object, 26
FENN S
HHAHBEE, 71
RFRED, 2628, 114
KA, 131
HE, 120

2EH Ew MBI, 121
2 EH &, 119
Boolean, 125
null, 134
power, 118
27k, 121
BIg By MBI, 119
By B/, 119
EETF, 21
writing
““values™ ", 129

X

Xor

Ew MEAI, 121

Y

yield
expression, 108
statement, 135
*—7—F, 108
i, 111

Z

Zen of Python, 226
ZeroDivisionError

B4, 120
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