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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+ Tr I I7<hPHHATEEZ M V& =7 2 — ROV THMIEAR L TVWET,







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/
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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
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% (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 ::= xid_start zid_continuex

id_start ::= <all characters in general categories Lu, L1, Lt, Lm, Lo, N1, the underscore, and
id_continue ::= <all characters in %d_start, plus characters in the categories Mn, Mc, Nd, Pc and
xid_start ::= <all characters in ¢d_start whose NFKC normalization is in "id_start xid_continue

xid_continue ::= <all characters in <d_continue whose NFKC normalization is in "id_continuex">
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/15.1.0/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 15.1.0 can be found at
https://www.unicode.org/Public/15.1.0/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 UT3ZI

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 ti="r" | "u" | "R" | "U" | "f" | "F"
| “fr" | “Fr" | "fR" | "FR" | "rf" | "rF" | "Rf" | "RF"
shortstring ti= "'" shortstringitem*x "'" | '"' shortstringitem*x '"'
longstring ti= "N Jongstringitemx "' | UM longstringitemx Mt
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)
bytesprefix "b* | "B" | "br" | "Br" | "bR" | "BR" | "rb" | "rB" | "Rb" | "RB"
shortbytes "'" shortbytesitem* "'" | '"' shortbytesitemx '"'
co= maram * M1 T £ 1
24. VT3 13
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shortbytesitem ::= shortbyteschar | bytesescapeseq

longbytesitem ::= longbyteschar | 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:

14 5B 2 & TR
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IRG—F—=5>R

=R AR

\<newline>
A\
X
\"
\a
\b
\f
\n
\r
\t
\v
\ooo
\xhh

Ny 727y ¥ BITXFHERSNET (1)
Ny 727w ¥a (\)

—HEH5HRF (")

—HEG|HFF (")

ASCII 5~ 1 (BEL)

ASCII v 7 2X—2 (BS)

ASCII 7 — 47 4 — I (FF)

ASCII 173%b (LF)

ASCII 8% (CR)

ASCII K¥-% 7 (TAB)

ASCII EE X 7 (VT)

8 EHUE 000 ZFFOXF (2,4)
16 ERUE hh % FOF (34)

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) B C Y RIL L. fAT 3 Mo 8 T TZIML T,

N—3Y 3 v 311 TZEHE:

DeprecationWarning.

Octal escapes with wvalue larger than 00377 produce a

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,

24. UF3L
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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/15.1.0/ued /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)*
replacement_field ::= "{" f exzpression ["="] ["!" conversion] [":" format_spec] "}"
f_expression = (conditional_ezpression | "*" or_expr)

("," conditional_exzpression | "," "x" or_expr)x [","]

| yield_exzpression

conversion ci= Mg | npn | ngn

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,

AN nx3, EXEETLH

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/7/}."

"He said his name is 'Fred'."

>>> f"He said his name is {repr(name)t." # repr() is equivalent to !r
"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"

>>> f"{ 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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2.4.5 BHRITIIL

B 7V TTo A ER TRl S h g 3

integer ::= decinteger | bininteger | octinteger | hezinteger
decinteger  ::= nonzerodigit (["_"] digit)* | "O"+ (["_"]1 "0")x
bininteger  ::= "0" ("b" | "B") (["_"] bindigit)+

octinteger ::= "0" ("o" | "0") (["_"] octdigit)+

hexinteger  ::= "0" ("x" | "X") (["_"] hezdigit)+

nonzerodigit ::= "1"..."9"

digit i= mQn, . mgn

bindigit A A

octdigit = MOMLLLTY

hexdigit 1:= diget | "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) ezponent
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:

20 5B 2 & TR
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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— 3 ¥ 3.9 TAHE: Evaluating NotImplemented in a boolean context is deprecated. While it currently
evaluates as true, it will emit a DeprecationWarning. It will raise a TypeError in a future version of
Python.

3.2.3 Ellipsis

CORNCFE—DEL»D D EFHA, COEEF DA T 27 VEEE—DO LD TEFEELERYA, 20X T
VxZ MIVT I ... £720F Python THR®H 5N TWB AT Ellipsis T7 7R3N T, HHEHIZE
(true) T3,

3.2.4 numbers.Number

BUEY 7 2 W X o TIE E 72 b . BiHESHAABDORMBEEIC L > TREN ATV 227 M TF, #
i+ 7Y =27 PIEEFRETT; ~EEIEREINZ e, THEEEBEINLZEdHD £H¥ A, Python D
EA 7227 NIV ETHIRBEFETES L ZADHIELMSBIBRL TWETH, a v a—XNTHER
KIT BB S HIRE T TVET,

_repr__ () ¥ __str__ () POFEINEES 7 ADOXFHIRBFIIIRD & 5 BRERH D 3

o ZTONTFHNI, VFARAVAMI IR LI ZiZ, TLOBMEDEEZFFOA TS = 7 M AT 2H
M EUEY 7 7L TF,

e TEZ1H, 10ZEE LTRHZINET,

o« NS DENZH B 1 oD rZRNT, EICHERZPnEERINTEA,

o MNERDRIZHDZ 1 DD BERNT, PTHRZELOIIRRINER A

o MEBRBEIERDL EOARRINET,

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 =13

BBORF a2 X7 —>arXFHTT, FFaX
SR Do (OE VT = a YPIRWIEGEE None 1T/ D £7,

The function’s name. See also: __name__
function.__name__ attributes.

The function’s qualified name. See also:
EImETLem. _ Graliene. __qualname__ attributes.

Added in version 3.3.

BB ERINTVWEEY 2 - LOARITY, £
function.__module__ Ja *‘]b%i}i\f;b\i%éi\&i None 1272 D % j—o

A tuple containing default parameter values for
HUOEEIE,,, CORETHIAE, those parameters that have defaults, or None if no

parameters have a default value.

The code object representing the compiled func-
function.__code__ tion body.

The namespace supporting arbitrary function at-
UGG, hEE tributes. See also: __dict__ attributes.

A dictionary containing annotations of parame-
USRI o CRIEIEEIEEHIE, ters. The keys of the dictionary are the parameter

names, and 'return' for the return annotation,

if provided. See also: annotations-howto.

A dictionary containing defaults for
function.__kwdefaults ) )

-= -= keyword-only parameters.

A tuple containing the type parameters of a

function.__type_params__

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 REODF#M: CPython’s current implementation only supports function attributes on

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).
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AVRARAVAAY YR
AVRARYARY y RATV 27 MNE, 75 R, 27 AL VARV ALEROMIH LATEEL 7Y =27 + (8
WXLV ERBEE) 2O ET,

Special read-only attributes:

Refers to the class instance object to which the

wetasel el 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

MOl OO G 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 f (), and x is an instance of C, calling x.f (1) is equivalent to calling C.f (x,

1).

When an instance method object is derived from a classmethod object, the “class instance” stored in
__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
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T L —2 B (generator function)

yield X (yield X OHiZBR) B#ESBEKD LWEX Yy RE Pz RL—FEH MEhET, Z0Lk5k
BB X iz b 2I3EIC, BBOARKREZEITI 20122 1 T7L—42 7927 P EiRLETS: 4
7L —&X® iterator.__next__() XY v FEMUHT 2, yield X &Moo TEIREX N 2 £ THEKZ =
TLET. D return XEFEITT 2 0KIGE Lz 213, StopIteration fIStSIEHEIN, 4 T —
ZPIBRFTREEOREFTTEEL TVE T,

JJL—F > B3# (coroutine function)

async def AL CERI NP A Y v F& JI—F VB (coroutine function) WU E T, FES
Bk, 20 X5 B coroutine 7 7Y =27 FERIRLE T, a—F YBIIE async with % async
for XIZFTHL await REFOZEDHRET, JN—FoATIIF 2L TLIZEWN,

JEEHAS = % L — 2 B8#K (asynchronous generator function)

async def Zffio TERZN., yield XEMFHAL TV AKX Y v K% asynchronous generator function
EMPOEY, 20X RERIE. Ot he & FEBHATL—-2 AT b RELET, ZOF T
Y= M async for XCHBOAREZETT 2DIMHAE T,

JEFRHAA T L — & D aiterator. _anext_ XV v FEFEUH T, MHOMERFLZINTWVWS L T,
yield NEMFEWEZIRME T2 22 FTUMEEED 2 awaitable 2R L E T, ZOBEBMNZED return X%
FEITT 5. b LMD D D IcEHEL 72 & Z1d. StopAsyncIteration FIFt2NEH X, FEREAA 71—
ZIZHATREMBORZICEFEL-Z 2R D ET,

#0#AA A (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__.
e __self__ isset 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__.

##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.)
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I3

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.

DI3ADA VARV R

ERDI FADA Y ARV RIE, 77 AT __call__() XYy FZ2ERT 2 I THEHLARECZD 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).

BEORAZITS &, Y 2 — L OANZEMHEONEZERLE I FIZAIEX n.x = 11 dmn. __dict__["x"]
= 1 }:[E,IDVG\?—O

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.

b0 Iy
& 2

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
>>> 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

S EgmghEgeine s spelling) 33
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module.__name__

module.__spec_

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.

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— 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 v 3.6 TEHE: The value of __package__ is expected to be the same as __spec__.parent.
__package__ is now only used as a fallback during import resolution if __spec__.parent is not

defined.

N— a ¥ 3.10 TEHE: ImportWarning is raised if an import resolution falls back to __package__

instead of __spec__.parent.

N— 3 ¥ 3.12 TEH: 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.
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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— 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).

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
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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__

ED 2 VOREDOEITHICE L BET7 /) T7—23> NS 2HETT, __annotations__
EFRHTZ2RA NS 7774 AZDOWTE, 7/ 7—>a>y® HOWTO Z2SH L TL 20,

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 23 EY 2 — VEEZHIERT 2 HKICE D, Y 2 - UEHEPEELBRER > TVl LT
b ZOFHITIEY 2 —APBRa—-T oA NRCHBR SN E T, ZhEihiy i1k, HErar—3
L0, HEREEFES> TVWAMEY 2 — L2 REFLTLEI W,

3.210 hRE LY SRE

Custom class types are typically created by class definitions (see section ¥ 7 AFE#). 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 =X 1) 7
& (descriptor) M32%E for another way in which attributes retrieved from a class may differ from those

actually contained in its __dict__.
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27 ABNERAT 2, 207 7 ADHERLIVEFH SN, KK 7 ZADFHEIERL LA

IIRAXTY 27 P WUOT (LEEZBR) . 7 7R Y RXVRZERLET (TiczBH).
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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.__type_params__

type.__static_attributes__

type.__firstlineno__

__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. For best prac-
tices on working with __annotations__, please

see annotations-howto.

AR
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 inspect.get_annotations() to retrieve

class annotations safely.

A tuple containing the type parameters of a
generic class.

Added in version 3.12.

A tuple containing names of attributes of this
class which are assigned through self .X from any
function in its body.

Added in version 3.13.

The line number of the first line of the
class definition, including decorators. Set-

ting the __module__ attribute removes the

38

type.__mro_

firstli n [ N ; oo
__firstlineno__ 1tem rom% fg%igl%;g}l,
nary.

Added in version 3.13.

The tuple of classes that are considered when

lookinoe for hace clacane diirine method recoliition
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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, the first item in co_consts is the documentation string of the

function, or None if undefined.

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)

INHDRAY Y REAT IASRHET (+, -, %, 0, /, //, %, divmod ), pow (), **, <<, >> &, ~, |)
EHERELET, Bl 22 __add._ ) XV Y RDBHEIITADA VAR YATHIHE, Rx+y
ZEHiT 5 & type(x).__add__(x, y) DMINET, __divmod__ () XY v Fli& __floordiv__()
 __mod__ () BHEATZOEETRIFNIED FH A, __truediv__ (O EEHEHLTIEARD FHA,
HARAD pow() BMBO=ZTHDOB DB K- P XA TORITINBESBRVIEE, __pow O EA T
TavOETEFIMEZITNA DL L TERINRITINUIRD £H A

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 left operand does not support the corresponding operation™ and the operands are of
different types.”* 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.

7272 L. ZHEEET pow() Y __rpow _ () ZMERZ LIZIRVOTERLTLZS W (BU5RH| oAl
IEFCHRICIR 202 HTT),

*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.

* FCROPHE IS OWTIE, ERIEDOX Y v F (72 21E __add__ ) KRR LIEEE. ZOEEEIYE— FEATHRVE A
REhEd, Zhid, REFLIEXY v RAENHXNRWIHCE

3.3. BHAVYRE 69




The Python Language Reference, 'J1)—2X 3.13.3

O W
AHOHEEFOMBEMOWEEFORDOY T2 S ZATHH, TOFTIZI5ATHBHAY v FIC
STBARERY v R BRZEENRERINTVBIESICIE. EHOEETFOIERIG XY v A
I BRIC, ZDXY v RABMEENRE T, TORZBWNICE D, 775 ADEDEHE R F — N —
5S4 RTBIEMAREICRD 5,

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, othe'r[, 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 fag-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 () BLY ~) 2FELL 7,

object.__complex__(self)

object.__int__(self)
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object.__float__(self)

FAABBEED complex(), int(), float() DHEENSIFUHINE T, BYILRBDELRX RITH
B EHA,

object.__index__(self)
M-OFH U C operator.index() %52 L 3, Python 2fEA 7Y =7 M EBEA 7Y =7 MiE
K EWRT2RBEDRHZI5E (2 ZIER T4 > 7%, #lAAAD bin() | hex() . oct() BIEX)
WHEICMOHENET, ZOXV Y RBHZZOREA TS 27 v PEBATH S Z e BRI E
T BERRIRIINIRD FHA,

L __int__ (), __float__(), __complex__ () DERINTVARWVIEES, HAAABEED int O,
float(), complex() & __index__ () IT7 = Nv 7 LET,

object.__round__ (self [, ndigits] )
object.__trunc__(self)
object.__floor__(self)
object.__ceil__(self)

FHAIA BB D round() ¥ math EY 2 — )VEIE®D trunc(), floor(), ceil () DFEIEN SFENH X
NEFET, ndigits 25 __round__ () WKEINRVEDIIX, ZN5DETD XY v Rk Integral (20T
Wik int) KYIDEED SN A TV 27 FDERIRTRETT,

The built-in function int () falls back to __trunc__ () if neither __int__ () nor __index__ () is
defined.

N—Yay 311 TEHE: int() ® __trunc__ () OO EFIIIEHE I D £ L=,

339 withXeaAY7TF XY= ¥

aAY7FFRA YA —I % (context manager) 1. with XOETRICT Y XA La Y THFA M ERT 54
TV T, AVTFAIII—VviE, -7 0y 7 2RITT570I0ELAD OB X CHOOL
HERNET, AV TFRA Y=Y ¥ 3l with X (with X OBEZS) Ik hEBxhET. 2
NHDOXYy REEHIFCHT I CRHTL2I e TEET,

AYTFRAPTEA =Ty ORRWREVTT & LT BARZ7 0 - OUVERORITFE KOCE#H, VY —2D
Oy re7ray . 77A4ANMDF =S 7u—XREPETFOLNET,

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

provide the context manager methods.

object.__enter__(self)

AVTFRAMIEX =V v DDAD OTETINZMETT, with ik, XD as HiCHEXN=E%E
BTZDOXYy REMROHLET,

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. ¥HAVY R4 71
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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 HHXV v FIRER

ARRLY Z7 AT, FiRXY v FOBEOIHLIE, A 7522 bDA VY RARZVAFETERL AT
Tl FPOMTERINTVD L ZRXDAELLEIMET 2 Z e it g s, ZOFEDLD, UTDa—
FiEBIs 2R L £ 3

>>> class C:

pass

>>> ¢ = CO

>>> 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()

ZOEWEOBE R 2 AHEIX. __hash__ (O ¥ __repr__ () E\W\Wolitype ATV 27 M EEBLINRTDOL T

Vxl PTERBINTVBRHXY Yy R ET, ZhHDXY vy FORBBROMBEINBEEOMR a2z
fozE. type A7V 27 FEKIIR L TR 2IKBLTLENET:

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

Traceback (most recent call last):
(RDR=D12Hi L)
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(RIDR=I D5 DR E)
File "<stdin>", line 1, in <module>

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

T ADIFEEAY v REZDE S LTEITL LD &35 Z 2id. 'metaclass confusion’” ¥ PRI 2 Z & %
HD, BHEXAY v FERRT I ZWEIA VARV RABANL AT B THBINET:

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

True

IEHEED DI, VARV RAEEEAX Yy TT2DIMAT, FFEAY v RRRIZA TV =7 bDA XTI TR
BEDT, __getattribute._ () XV v R ANAL AL EFT:

>>> 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

>>> ¢.__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 XD __getattribute._ () BHEEANL SR TEZ T, FHEXA Yy FORWVCHET 2H2BEDOEH
gl EHZI (FHHRAY vy R34 X TV 2o —B L TETEINDI DI IRALT TV 27 MRE LR
TNREESHBW), 1 2—7) 2533 27-DDORKERFMDPFICAD £75,
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3.4 JI—F>

3.4.1 ¥rIEEx 72 £ U b (Awaitable Object)

awaitable 7Y = 7 ME—RINE __await__ () XYV v RPFEEINTOVE T, async def BEDIRT
Coroutine 77T T b 3FERTEET S,

0 IR

types.coroutine() 7aAL—XTTFalL —XMBMIF N 2 1L —EhBHIREINS generator iterator
F 727 P HAFERIBET T, await () WEEEXNTOVERA,

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

itself is not awaitable and does not provide this method.

0 IR
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.

> BE
FEPTREA 79 27 PIZOWT X DEL T PEP 492 2L TLZ& W,

342 JW—F>FT>xIk

Coroutine 772 7 b & awaitable 7Y =27 v TFo __await__ () ZMCH L, ZDRDEIIHLKIE
WHET2 2 Tal—FYOETEHEITEE T, aL—F U OETHET LEIHEZR L &, 4 71—
&3 Stoplteration ZiEH L. ZDfIHND value BIEIGRDEZF B E T, a—F Vst ZE L L
7HEE. AT LRIV IEitEhE T, ar—F D55 Stoplteration B ZINIIEHTRETIEDH D

A

AN—=F VB TZETEAY Yy FHHD, ZhbE Yz AL —ZDAY Yy F2RL0HUTY (Pl —
BATL—=AYyF 2ZRLTIEIWV), 2L, Y=2RX b —&REES T, aL—F VIIRIGUH % ER
BFHR—PFLTWVEEA,

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

coroutine.send (value)
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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] ])

aAN—F U TIHREINZHNEEZRLE T, ZOXY vy FiZ, A T7L—XIZar—F 2 —FEIET 3
throw() XY v B 25GEWCNHERELE T, £ 5 TRVWIHEIIE, Il Lm0 & il odiE
Hah s, FER BD{ED Stoplteration 2 Z DMMOFIA) &, LT LZ=L5% __await__ ()
DR DI L TRIEUHEZITo 72 Z LR T, fistpiar—F ot nkhr o 5E.
FEOOH LeA Bl S £ 5,

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

be removed in a future version of Python.

coroutine.close()

aAN—FUPETEEOBRAMIELKETLES, ar—FrR—RHEILL TWAEHEEE, ar—F
ZRHEIL XA TL—&RIZ close() XY v FADIUI, FFT R ZACUWHEZRELET, 2L T
—IRHFEIE L7 iS22 5 GeneratorExit 2AH XN, X BICar—F YHAEHTEHORA NI 21TV
9, RERIC, EITPFBRESNTORP 0 BETH, 2—F VIZETHET LEMEMTE3,

AN—F I 7Tl PRSI NDS E ZIE. FEROFIEZRZRTHIANCPAL 5 E T,

3.4.3 FERIHA 7L —% (Asynchronous lterator)
JEREAA T L—42 @ __anext_ XYV v FhoI3IERHO a— RBFEXRE T,
JEFAA 71— &% async for XOHTHEZ £ T,

The object class itself does not provide these methods.

object.__aiter__(self)

EREAATL—R #7922 FERERLTERD ¥ A,

object.__anext__(self)

ATV —RDRDMEEIRT FHEAIGEA T b BRI RFUIR Y $8 A, KIEUEIET LI
%|Z1% StopAsyncIteration T —%HEHITNETT,

R4 75 TAA T =2 FOpl:

class Reader:

async def readline(self):

def __aiter__(self):

return self

(RDOR=V1Fil)
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(RIDR=I D5 DR E)

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

return val

Added in version 3.5.

N— a3 ¥ 3.7 TEHE: Python 3.7 X DHITIE. __aiter _ O X IEEHRA T L —2 121K 3 awaitable %R
TE L7

Python 3.7 2513, __aiter _ O WFEFHA T 1L =2 F 72 27 P 2RSRIFIUER D £ A, 20D
b D%IRT & TypeError 1272 D £,
3.4.4 JEAHAO>YTF XA YR —T v (Asynchronous Context Manager)

JEFBAA>YTHFARIYR—T 4 X, __aenter__ XYV v F& __aexit__ XV vy FAERTHEITE—KEILTE
52 AVTHRARMIYR—=T ¥ T,

R YT F R b2 =Y ¥ X async with XOHFTHEIET,
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 wvalue, traceback)

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

FEFRI Y TFFRA 2= % 7 5 ZADH:

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

Type parameter lists and type statements introduce annotation scopes, which behave mostly like function
scopes, but with some exceptions discussed below. Annotations currently do not use annotation scopes,

but they are expected to use annotation scopes in Python 3.13 when PEP 649 is implemented.
Annotation scopes are used in the following contexts:

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

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

o 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.
o The bounds, constraints, and default values for type parameters (lazily evaluated).
o The value of type aliases (lazily evaluated).
Annotation scopes differ from function scopes in the following ways:

e 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.

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

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

e 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.

e 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— a3 ¥ 3.13 TZHE: Annotation scopes are also used for type parameter defaults, as introduced by
PEP 696.

4.2.4 Lazy evaluation

The values of type aliases created through the type statement are lazily evaluated. The same applies to
the bounds, constraints, and default values of type variables created through the type parameter syntax.
This means that they are not evaluated when the type alias or type variable is created. Instead, they

are only evaluated when doing so is necessary to resolve an attribute access.

fl:

>>> type Alias = 1/0
>>> Alias.__value__

Traceback (most recent call last):

ZeroDivisionError: division by zero
>>> def func[T: 1/0](): pass
(KDR=V 12X )
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(FiDR— 25 D %)
>>> 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[Literall" ("], Expr, Literall[")"]]
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

Z—H __builtins__ WM ZNZTEDH D FHA; TIUIEEICHEDOFMTS, HAAADAFIZER- D
HOEEF —N—F 4 RLIEZWZ—HFX, builtins EY 2 —L% import LT, ZOREEZBEYNCEET 3
NETT,

HiHa—F7nay 7 DOFITICHEET ZHAAALHTZEME. EFICEa—-FT7ay 7071 — L2
2 5400 __builtins__ ZHKRT 2 22 THROPD £3; __builtins__ EFHFEDPEY 2 - TRIFUIL
B FEVA (BREOHEIEY 2 —LOFEMEDLDNET), 774/ T __main__ EV 2 —LHIB
WX, __builtins__ FHARAAEY 2 —)L builtins TF; FRALUANDEEDEY 2 —MITBWTIZ,
__builtins__ | builtins £ 2 —LHEDEHEDITA V) 7 AT,

4.2.6 BIRIGHEEC DD LD

HHZB D ARG 2 >3 VTR S EITRICITDRE T, 2F D, Uhoa— 42 2HAL T

i=10

def £(Q):
print (i)

i=42

£0
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eval() & exec() PAEUZ. HETOMIRIC, BIEOREORTZMEZ 2D TEDD F¥A., LHIEFFOHL
Hloa =2 ra— OVEGETZER TR T E 9, BRZBIIRNGATZEBTIZR . 7a — UL HTZERH
ORI NE T, ! exec) ¥ eval) BIEICIZA T2 a D5 H Y., Fu— Lk b — B L ARETER
BA—NTA PTEET, ZHTZEMEI—D ULrFRE X NRITIUL, W7 OARTZER L LTEDIE T,

4.3 fIst

Bl eid, a—F7ay 7 0@EEDHIEH 7 v —%2HH LT, =7 -2 EZUETE S X5
T 27DDFETT, HIANIT S - ENRET FW (raise) SNET; FISNE. =7 —FAETLD
FOa—r7ay Ik, 7 =3RELZa—-RF7ay JEHZEEBENCESHEL WS a—-F7ay
7C WIB (handle) $5Z BN TEET,

Python 4 ¥ & 7Y Xid, 7 &4 L7 — (EufRERY) P Eh 5 efilsbziXH LE 3, Python 7’1
T L6, raise XEflio THIRAINICHINZENT 22 TEXT, BISk 2 KT (exception handler)
1, try ... except XTIHETAIELMNTEE T, try XD finally HizZES 27V -7y Fa—F
(cleanup code) ZIEETEE T, TDa— FIEFBNINEL €A, HBITT 23— K7y 7 ThHIAIRES
THERERLTHEITINE T,

Python 1., =7 —QUHIC ” 7’02 F LD T (termination)” ETAEZHWTWET: fiIsi> K7k 7
07 LMIPREAEL P ZIEETZ 2B TE. AY FIOIMID L ROV 2Rk 2 Z 8 I3 TEET
D, (MEDH o723 — FETERIPLFITLRBITOTRVIRED) =7 —DFREZEBELD. FITITEK
L7 EZR DET Z LI TEEE A,

BN RNV &, A VX PV RXI TS5 LDFETERT IR0, WiEX A4 r— FIIEE
RLZE3, 550840, A SystemExit TRIFIUI, ARy 7D ML —2Ny 2RI T,

Bl E. 7R YRR VR Ko THANENE T, except HilZA Y RAXVAD T T RITH £ DV TERX
NE3T: ZHEBA VYRR RADY A0, 20 FEREBEEI SR 22 LET, 2O VARV REFAVE
WX o TRITIS N, BISEMFICE S 2 8INEHRZIEZ 2 2N TEXT,

0 IR
B D R vt —21E, Python API HERICIEEFNTVERA, X vE—YDHAEIX. H 5 Python D

N=Da Ve RON— a VOB TEER LICEBEBINIAREELD 2D T, BEAA—Sa Dl 2T
VERTEET 2 L9570 a— R, BIAX v b—SDRNBITKIFEZIEEIRZTIEDD ¥ A

try AT DOWTIE, try X fi. raise UTDOWTIE raise X HiD SR LTLEE W,

filiE
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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,
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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,

(ZEDOXFINC L oTRENDG) BEDT 4 L7 M VUL, sys.path DD > bV 2I1ZZD R 2 5IETL
HEhEd, ¥3. HEOT 4 L7 PUDBFEELRVW I AL 7238, sys.path_importer_cache 12
FAIBEMENTEA, KT, BEDT 4+ L7 P VISR BHIEZHLDES 2 =Dy 27 v T THEHT7
BRI ET, 3FHIC. sys.path_importer_cache {ZffiH4L, importlib.machinery.PathFinder.
find_spec() PR FTSRIE, EBEDT 4 L7 MY THo TEDOXFHITIEH Y FH A,

552 NXAIV Y -TrpaV4—--OFaL

EIa— Wb ENTZR T —I DA VR— BT R—-F T 2720, BEULHZEB Ay 7 —IYDR—
arve L TIRHT 27012, ATV MY - 774 Y& —IF find_spec() XV v FZEELRIFIUINT
E¥ Ao

find_spec() E 2 DDFIHZMD $F, A VA—PLLI L LTVEEY 2 —LOREREMH L. (X TP a
YD) MREY 2 =TT, find_spec() FEY 2 —MHET 3522 IHIHAL (populated) X7z {LkE% K
LET, 2o (1 20fIAZERNT) HIC "loader” £ v hEFHF->TWVET,

To indicate to the import machinery that the spec represents a namespace portion, the path entry finder
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sets submodule_search_locations to a list containing the portion.

N—Ya¥ 34 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.

HWRZRZ Y MY - 774 X —0OHIZIE, find_spec() DO DIZZNS 2 DD deperecated 72 XY v F
DIBLDVTNDLEEELTVEHDLRH20d LNERA, ThHDX Yy FEBRAEEEDT-DICEEE
BENTVWET, LHrL., RRAZY MY« 774 X = find_spec() BFEHEIN TV, HVOXA Y v F
BN RS,

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.

oD 1 ¥R — MEMDOFEILNN T 2% EBED DT, ZLDANRAIY MY « 774 VX =1, XXX -
T 7 A4 YR =0YR—=bFT2DLRUEHNE find_module() XY v FHPR—-—PLTWVWET, LarL.,
ALY MY » 774 X =D find_module() XY v Fid, LT path 5B TREMFIHEINEEA (ZDX
Yy RiE SR Ty 7 DBRAIOFOH LSl s s 2GRz il s 2 BfEsiF S Ttugd),

NRRALZY M) - 774 Y&—D find_module() XY v FiZ deprecated TF, ¥R S, ZDHIETII R
IYRY T4 VR —DEEERARy =D L TR = a Y ERERT 2 e B TERORSTT, BL
find_loader() ¥ find _module() DWHMBNRALY Y « 774 VX —IXEELES, A VER—FTRF
LIEHIC find_module() & D % find_loader() ZHEELTHUHLET,

N—=Y a3y 3.10 TEHE: Calls to find_module() and find_loader () by the import system will raise

ImportWarning.

N—Y g 3.12 TEH: find _module() and find_loader () have been removed.

5.6 FEDAVR— b ATLEZEEETH]RZD

A VR= P RT LR ZEEIRZ 27:DORSEEND D 5 LA, sys.meta_path DF 7 # L+ DN
AZHIRL., BEZHRARLDRXRANRT v JTEHEMZZHDTT,

% L. import XOFELIIEZEEL, £ VR - AT AT 7L AT 5D APL IQI3HEEE 22T
XiriuE, AAAD __import__ () BARZ B E#Z 2720 THATY. ZOFKE. % 1 2DEY a—
AWTETT import XDEEZLEHE T 2 DI AV T,

(DA VR — PO RT LA RREEIETZ2DTIIRL) TTRAZSRIZWVWE Ty I NoHBEY 2 —1DA
VAR— N EEIRANCHI < 72 ®12id, find_spec() »* 5 None %R 34 D2, EHE ModuleNotFoundError
ZEMT 272 T T T9, None ZiIRT DIIX X NRADEBRZHITEZ2NETHZ L ZEKLET, Hist
ZRERMT 2T CIERRZIIBYID T,

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:
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package/
__init__.py
subpackagel/
__init__.py
moduleX.py
moduleY.py
subpackage?2/
__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__ ICX I 3R REE

__main__ &Y 2 —liE, Python DA ¥ R— b A7 LICB#T 2555727 — A TF, DFFF TEREh
TW3 X512, __main__ EY 2—/lid sys ¥ builtins RE AR VX SV X -2 X -1+ 7 v I THE
Bt hEz s, LoL, BiE 2 O0DFEI2—L2iE-> T, __main__ EHEICELEL M, VDET 2—IL
ELTOBEMEZFRi - T0WERA, ZHUX, __main__ DHIHHELI N FENA V27 2B S 20D
TS IRFDMDE T a VITEFET BT,

5.8.1 __main__.___spec___

__main__ XD X5 IHIIL I N2 IHKAFE L T, __main__.__spec__ ZEUNCREI NS Z & dHIUL
None X5 ZdH D ET,

Python 78 -m * 7> a Y I CETINGEICE. __spec__ WHIETEEY a— L EREFI v r—
DEY 2= VRRICREZINE T, /2, T4V 27 MU zip 7740, F/20EMD sys.path = + Y &5
T3 2MHO—fHE LT __main__ EYV 2 —Aha—- REINZI5EICS __spec__ DK (populate) EiL
ESE
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ZRN DT — 2 TiE, __main__.__spec__ I¥ None ICEEINFE T, 2L, __main__ 24K (populate)
FTE7DiIffibh/za— R34 U R— MABEREY 2 — LV EHE R L TOWRWDHTT:

o MEETB T b

o« cAFTav

o stdin 2 HEBEBIXN/ZGE

o V—RT77ANRNA A= T 7 A0 SEZHEFENLGE

BED T — AT, 728 ZFEMINE 7 7 A VB ED 2 — L2 LTEHEA Y KR—FTE72 2 LTH __main__.
__spec__ IXHIZ None 122 ZEICHERELTLZE W, L __main__ KBWVWTHAMBREIS 2 — XA XT—
RPRERS -m AL v FERF-TLEXW,

__main__ 2’4 Y KR—PAREREY 2 — L& —HK L. __main__.__spec__ DZNIECTHREZIN TV
ELTH, ZATHRE, TD20DFYa— V@M ALRIND ZLICERLTIEE W, Th
¥, if __name__ == "__main__": Fx v 7 IZEkoTRIEEINZ 7 v 7IE, __main__ HETZEM Z 4L
(populate) §272DITEY 2 —AHHHI NSRRI T EITSIN, @HEOA Y R— FRAICIZFETI ARV, &
W HEIGER L TWE T,

5.9 BEEH

Python O#IHIDEN2RS T2, 4 VK- MEBEIHEZLWEREZZRTE Lz, il 2208 8%
AV IREPNIZE ENROED o TUIVE T, RO v 7 - Ot BEEFRL I e»nTEE T,

F 1V P F LD sys.meta_path DfLERIX PEP 302 T, ZD#%#{ky ik 25555 PEP 420 T3,

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 VEY 2 — L TORRPBENA VK-t D7=DITBEM Uz __package__ [BIEDRH%
LTWETS,

PEP 328 ix#axf 4 >R — b, BURIIZRAET A > R— b, BXU, %) __name__ TREL. %I PEP 366
» __package__ TEDMAREETZEALE L,

PEP 338 l3EVa—L%B2AZ YT LTHEITTZLZOMHEEZEDTVET,

PEP 451 1%, EY 2 —UIHF 7V 27 MBI 3EY 2= BOA ¥ FE— MREDO D 7t ZBNL T
WET, o, X —OEHNLBETDIZLAEEZ A Y R—- MEBICERDD ZETVET, ZNHDOEH
IED, A VR= P AT 2DWL D0D API 78 deprecate 2, /774 VX —2ua—X—ZEHFH LWV
XYy FABMENE Lz,

1D
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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)

N oBMEREF OB T, MEs i@ icEfish 3 e E LN T0D L &, AR
A FOREFILINO@ED ICEEL 5

o RADSIBPEREICHIUI, M7 3IERBAUEHRIhE T,
e otherwise, if either argument is a floating-point number, the other is converted to floating point;
o ZTHLAGEIX, WA DSIEIIEBETRIINEIRS T, EROLEEDD FHA,

FEDHEET (% EETFOLELFIKE LToXXF)) 2id. o hlofAlps#EHshEd, fhkid. Z2hE
HORBERD I 2 TV EERL TOVRTFNERD $HA,

6.2 7 kL. EFMER (atom)

atom 1, RO—BEREANLREETT, bo& dEMAL atom &, AT E72EV 7740 TF, AER. AEE
. FRBEHEILTHEDONZIER (form) b F7:, X LT M AHEINE T, atom DFESUILLIFD LS
1272 h 73

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

| integer | floatnumber | imagnumber

102 % 6 = 3 (expression)
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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.

V7 IVEETEERGERT —ZBUHIELE T, 20D, ATV DTAT YT AT 4EFATI 2
FOMEIZEEETED D FEA, RACHEZFOEEDOV 77 V2L 256, (ERHD V) T Ta s
ZLADFELHBITHKRDOSDTH->TH, TI5THRLETH)ALA TV bEIELTWE D, £o7FUMHE
EROROA T 27 MiTi D 5,

6.2.3 HIEMAZ (parenthesized form)
AFEMER 3, XY X M O—JERET, WENTH 723D TF:

parenth_form ::= "(" [starred_expression] ")"

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, ZOHEIEIIEND BETY - HIENDO0 7w " b Elid L2 Wik (nothing)” 22 % &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 AVTFONERIIRINIIES 2
o REREE (comprehension) LWHINS, N— TR L 7 4 L& QDI A EDE % V75 ERER

WL DHBEDOMCERIIRDED 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 1i= "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 ::= "[" [flexzible_exzpression_list | comprehension] "I1"

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,
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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 i:= "{" [dict_item list | dict_comprehension] "}"
dict_item_list 1:= dict_ditem ("," dict_ditem)* [","]

dict_item 1:= expression ":" expression | "*x" or_ezpr
dict_comprehension ::= exzpression ":" 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_expression ")"
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,
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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,
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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.

7 kL, [RFHER (atom) 111



The Python Language Reference, 'J1)—2X 3.13.3

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 "]"
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.
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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 "1

slice_list 1= slice_item ("," slice_item)* [","]

slice_item ::= expression | proper_slice

proper_slice ::= [lower_bound] ":" [upper_bound] [ ":" [stride] ]
lower_bound ::= exzpression

upper_bound ::= ezpression

stride 1= expression

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 1:= primary "(" [argument_list [","] | comprehension] ")"
argument_list 1:= postitional_arguments ["," starred_and_keywords]

["," keywords_arguments]

| starred_and_keywords ["," keywords_arguments]

| keywords_arguments

positional_arguments ::= positional_item ("," positional_item)*
positional_item 1:= assignment_expression | "x" expression
starred_and_keywords ::= ("*" ezpression | keyword_item)

("," "x" expression | "," keyword_item)*
keywords_arguments  ::= (keyword_item | "x*" ezpression)

("," keyword_item | "," "x*x" expression)x*

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
114 % 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,

116 % 6 = 3 (expression)
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BROWHAT T, B 5IBDPETRWRD, BREWEET LR AR Y 23, B85 80BA05E.
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_ezpr | "+" u_ezpr | "~" 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_expr | m_expr "*" u_ezpr | m_ezpr "Q@" m_ezpr |
m_expr "//" u_expr | m_expr "/" u_ezpr |
m_expr "%" u_expr

a_expr ::= m_ezpr | a_ezpr "+" m_expr | a_expr "-" m_expr

* (FHE: multiplication) HE T, FIBMELOEEE5 2 3, 5150, WAL SEMETD 20, FAPE
T DY =7 Y ZAPDEL LML TRIFNERD TR A, BIEDGE. BEZEEORICERIN-BER X
nNET, BEOEHE, 7 Y ADEDIRLUIBENTONE T, BORLEEAICTZ ., ZOY—F VA%
52%%,

This operation can be customized using the special __mul__ () and __rmul__ () methods.
@ (at) A FIXTHIOFE IR LEH SN E T, Python DAAAINIZ DA FEEHEL TVER A,

This operation can be customized using the special __matmul__ () and __rmatmul__ () methods.

6.6. HIBHTEH L E v FEALEE (unary arithmetic and bitwise operation) 117
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Added in version 3.5.

/ (BRE: division) BX ' // (WD TERE: floor division) X, FIBELOEE 52 £3, BE5IBITET
HEORIZZBEI N F 5, BREOREAMRIZFE/NMUICRD £330, BROY)D & TRERFIZBRIC R
DE9; ZOHE. MRIEBEERZREIC floor BI ZHAHL2d DI D E T, YrIZK2BREZITO &
ZeroDivisionError ffIfb 2k H L %3,

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

__rfloordiv__ () 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*’.

PO B CREHE L RREER, HERX: x == &//y)xy + hy) OBRICH D £, UID B TRESER
W7o, MHAAAHBEE divmod(): divmod(x, y) == (x//y, x%y) LdBEFRLTVET, 2,

% AT, BUEICN T 2 RIREEZIT S DWMA T, XFF (string) A 7Y =7 MZA—nN—m— FZh,
HXOXFHoEXL (Wb 5 l) 21TV T, XFHoFALDOWE Python 74 75V V 771>
A old-string-formatting Hiz SR L TL 2 & 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.

+ (JNE) HEEEE, @Iﬁlﬁi@ﬁl’i’%ii?‘o FIEUERTT & S BUER . DT bRICBD > — & » A TiRly
WF D F¥A. WiFOLE, MEREO AR A, MAEIhET, BREDLA, ¥ —F Y AIHME
(concatenate) TN E T,

This operation can be customized using the special __add__ () and __radd__ () methods.
- (RE) A, SIEMETHERIToEEZR L E T, BESEE THEORICERINE T,

This operation can be customized using the special __sub__ () and __rsub__ () methods.

*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; %ﬂﬁa_itmk we, ;w)@tm_ x//y B (x-x%hy)//y DD 1 mﬁ:% 4 &57 Iérb)a‘é ) i?o ZD &

HATIE L I 2

118 % 6 = 3 (expression)
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6.8 > 7 NEHE (shifting operation)
P77 MEER, BMTEE XD S EWERIEM 2R o TV kg

shift_expr ::= a_expr | shift_expr ("<<" | ">>") qo_ezpr

IS EBHESBICE D 25, SRR ERINE T, ¥ 7 MEBEIRS5IEE. 51K TE %
bRy M. EEREFAICEY YT FLET,

The left shift operation can be customized using the special __1lshift__ () and __rlshift__ () meth-
ods. The right shift operation can be customized using the special __rshift__ () and __rrshift__ ()

methods.

ntEy bPOHEST7 MI pow(2,n) KEIBREL LTERSNET, n ¥y POES 7 M pow(2,n) IZX5
AL L TERINET,

6.9 Ev FEMCEREOZIEERRE (binary bitwise operation)

RDO=20 v MHEAEEICIX, THZNERZERIEM L LD D T3

and_expr ::= shift_ezpr | and_expr "&" shift_expr
xor_expr ::= and_ezpr | zor_expr """ and_expr
or_expr ::= zor_expr | or_ezpr "|" zmor_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 Lb&

C Sk #E > T, Python 2B % HEGHA FIIF CEEIEZ S > TE D, 2TORMER T, > 7 MR
F. By PEAGHEETF LD B ESBRoTWET, ¥/ a < b < ¢ PWEFETERMTAHVSLATVWEDLFT
fERIC72 58 C SRBLEVES:

comparison or_expr (comp_operator or_expr)*
comp operator ca= Ngn | nsn | n_—n I ny=n | ng=n I nyp=n

| Ilisll [Ilnotll] | [llnotll] llinll

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.

HEIIW 5 THHEET 22D TEET, FlAldx <y <=zl x <yand y <=z &¥Fffiickhh 3,
FFLCOBE. MHTIE y BRSNS SR D 2T (5 508ETH. x < y HBIH
2t z DfEIFE > T KFHEEXNETA)

6.8. > 7 MEH (shifting operation) 119
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FERINTIE, a, b, ¢, ..., y, 2 DT opl, op2, ..., opN DLEHA T TH 255, a opl bop2 ¢ ... y
opN z X a opl b and b op2 ¢ and ... y opN z X ZFffiic/e b F3, =/~ L., AiFETEERNIEZLTD
—ELrFHiEhEEA,

a opl b op2 ¢ EEFEVLHA. a 25 ¢ $TOHMAICHZ20ES50DT A M 2IETOTIIRVWI LIZIEREL
TLEZW, flZIEx <y >zl (FERVERFZHTEDD FEAD) ERICIELWVWIIETT,

6.10.1 {EDLEEK

HET <, > == > <= BIUY 1=32200F 727 bOEEEKLET, 7Y =2 F23FE CEIZ o0
FiXh FEE A

FITOx b, B BLUVE OFETIEH, A7V =7 M (B id ITMAT) fixRoZ e 2R TWEF, F
7Y =7 F OfElX Python TIXSRRMRNAMETT: HlZIX, 70227 FOBIZT 7R T 2IEHR A
EHDERA, Tl ZORTOT—XENDL OMBUINZREDRFEDHIET, A7V 27 POEEMHET
ZREMEDHD EVA, HBTHETIZ, 7227 POBEZIXADPICOVTOREOHEEHELTVET,
COHBOFEHIT Lo T, BEMICA T 27 FPOEZERL TVWEILERLZILHTEET,

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 BE&RNGEHI 21 X.

FHHER (== BXL 1=) DT 74V FOIRZ NI, A7V 27 FOR—EICESVTVWETS, ifoT. [
—DA Y AR Y ZADFEMPEDAERIZF L VLR D F—TRWNA Y 2AZ 2 2ADOFEMLBOFERIFFL <72
ERDET, TIALIORBBVEZIDLIICLEDIE, BTOFTY 22 bR (reflexive DF D x
is yHOW x == y) BHDRKZ LTz ohbTT,

T 7 40 N DIEFLLEE (<, >, <=, >=) ZREXhFEHA; LB L XS5 &35 & TypeError DX XN E 3,
COIRDIFENE T 7 4+ DIRD TN LEKIE, FHlMEE R U LS BAEERRI TV LR 56TT,

[A—THWA Y 2R Y RFEICEMTRNE T 2EMEEBDT 7 + L+ OIRZFHNE, HABEL T 54T
V=7t OERHEICHED W EH IO FERH R EFR & IEMBANCEZ 2 TL x5, 20 &5 BT B DR
LINE N ARIA X 2REBHTET, BRI TADMABALTEATOR TV T,

KDY A PTIE, KEEDMHAALD DR 2 TN ZHEH L TWE T,

o WL DD DHAIALDEER (typesnumeric) LHEHES £ 75 V) OB fractions.Fraction B X
decimal.Decimal (&, ZHHOROHPAITRL 2L LT X 32, EHREBTIINEART LB Y
A= PERATORVEWSHIRYAD D £3, B2 ROHIBROHEHFA T, FEEO B LI
(TATY XLHNT) IELWHEBATOAE T,

JIERMETH % float('NaN') ¥ decimal.Decimal('NaN') IXHRiAI T3, ¥ IEEE L DIEEDEF
BT, EBICK T 2R e LT, IFMEIZE B S L FliTid vz eicizh £3, Al
x = float('NaN') 25X, 3 < x,x < 3, x == x 3ETHT, x != x ZETT, ZOWRBFVIX
IEEE 754 12t > 7= 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.

120 % 6 = 3 (expression)
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e NAFVUT—F YR (bytes £721F bytearray DA Y AKX Y R) IF, Zh DR OHF TR 28
S TEE T, HBITEROK L L TOEEZM - FHEAEF CITbNLE T,

o XFH| (str DA VARV R) DX, XFD Unicode Da— KRS ¥ bOEE LTOE (FHAAA
BEIE ord ) DR D fH) % ffi- 72FENEF CfTbh g3,

XFHNE AL F Y =5V RFERIFHRTE EE A

o ¥—7 VX (tuple, list, or range DA Y AKXV R) OHEIX, F LY S5 LTLHMTA T, range I
JEF L Z R — P LTOWERA, BRI S LOFEMLLBOFRIZEM TR VLR, BisHY
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 7> a > 5 LOFFERLEIIRD L5 TEEL £5:

— B OKRPEME 22 2 00aL sy arid, FUE, ALRE, MIST2ERE S LOLBD
FERDPFMTRIIIZRD FEA (FIZEF [1,2] = (1,2) BRDPFRCTRVDTHTY ),

— EFEEZY R— L TWwWdalL 7y a YOEFIE. &IIOFMTRVWERDIEF LR CITHD £
¥ (B2, [1,2,x] <= [1,2,y] i x <= y EFEUCMHEICRED FF), MET2ESEMNEELRL
BE. MuAoav sy aryopkolEFeiah g3 (Bl [1,2] < [1,2,3] ZETT),

e XY BV (dict DA YRRV R) DHBDIGERAEME %2 DI, FT (key, value) ZHfoTW
LeEDPOZDLEICRD 5, F— LEOFMLE TIIRS M GRE S E T,

EFFELES (<, >, <=, >=) I TypeError %#EH L %3,
o 5 (set £7213 frozenset DA YA XV R) OLBIE. TS DMOHFFTRL ML ITRF T,

B, BEEDH 2V EEELE I e AL TEFHBEIERSINTVWET, ZOBK
BRIEFZERLEEA BIZIX {1,2) & {2,3} WS 200G DD 5 —HOEHTEET
SR PEETHEDD FEA), o T, EERRIEFHEITKFT 2805 E L LTHEYITIEH D
FHA (FlZIE ninQ, max(), sorted) FHREDV R M2 AN LTEZ 3 REZRRIERE D
£9),

BOIRTIR. ZOBEZD KM EHIXNE T,

o MMDHAAARDIZE AL Y v FBFEESINTEBET. 77 40 M OLBDIR 2 BN R/ L
£9,

*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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HB DR 2N AW AR A AL T2 —YERY 7 RE, AR S RO —BEEORANHE S BEAD D %5

o FHHEHEIIKFNTRIFIUIRD FHA, DD, FA—DA 7Y 27 MIFLLRITIIRD FHA:
x is y ol x ==y

o HWBUHHRI TR IR D F8A, 2% D, UTORDOHRIIFE L TRINEXZD ZHA:
x==yty==x
xl=ytyl=x
X<yZy>x
X <=yly>x

o HWEHERHITRIIZZRD FEA, DUITD (EREITRY) B3 Z OFHHTS:
x>yandy > zhE5Ex >z
x<yand y <= zK5E x < z

o HBOMRBEMBMEDOGETRITIIUIZD FEA, 25D, LFORDOERIZF L TRITINIZD ZHA:
Xx ==y &not x =y
x < y ¥ not x >= y (ZIEFDHE)
x >y ¥ not x <= y (2IEFDOHE)

BEO2REILIMEFIL 7> a I TIEFEVET (LAY Y RARIIYTEEYETH. £E
Ry EYAEYTIED FHA), total_ordering() 7aAL—XHBIMLTL1ZX W,

o hash() DOFRIFFEMMEE —HL TV IRLEND D £, FinA 7227 bS5 LIERIT Ny ¥ afE
ERODP, Ny Y 2 fHERFTETERND DL SNZRENDD T,

Python 13 Z o —BEEMRAIZHHRHIL A, FHE. IFBIED Z ORANIEDZWEl 72 D %5,

6.10.2 FIEREER

AT in BE not in ZFIRBERERANE S, x in s OFHiIE, 2 25 s DBERTHIUL True &R D,
Z 5 TRIFIUL False D FEF, x not in s & x in s DBEZRLET, IRNTOMARAALD S — 7
YA EERNIMAT, HED in ZHEPGAONXF 2o TV 22 EHFNZHEE T LTHR—
LTWET, VAN, 271, BE, BHEES. BHE. collections.deque D kS5 ary7+RizBnt, R x
in y i any(x is e or x == e for e in y) & FfliTT,

XFFNRNA FHFNZOWTIE, x in y i z DY y DA XFHITHZ L &, DOZDL ZIWZRD True I
BHET, ZHUE y.find(x) '= -1 EFHTT, EXFINX, MOEBEDXLFANDERD L FIN e AR I E
T, o T "" in "abc" I True BIRTZ IR D T,

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.

122 % 6 = 3 (expression)
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For user-defined classes which do not define __contains__ () but do define __iter__ (), x in y is 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 ¢ 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 n raised that

exception).

HET not 4n id in OEEEEZ NI LZEE L TERINTVET,

6.10.3 F—MH DL

HET is B s not ld. A7V 227 POR—HIINFT 27 A M 2ITVET: x is y &, 2z & y 2’FET
AT bRETEE, POFOLFIZBHREICRDET, A 7Y =27 POFE—MZ id() BEER > TH|
EXNET, x is not y X s DEfHEKIZL2bDICRD 3, ™

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" not_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.

HEET not 1%, 5IBHIATH 25E121E True . ZRLA DG EICIE False I D 3,

KXxand yi&d £7 2 Z2fHMlLET; 2 28745 ¢ DEZEREL ET; Zh DG E I, y 27l L 724
RIEZELET

Kxor yld 9 o Z2iHMiLET; 2 BEALS 2 DEZEKLET; ZRLBOEE IR, y 25l L 72KHR
{[RGHIEY -

%B. and b or b, EFTH%Z True X False IZHIfRE T, HARICFHE L 725182 R L £3, Z DHARHER
REELHDET, BRI s IFHIT, BLXFHNRET 7 40 FOEICEEHZ Ve E s or 'foo!
BEAREEGZET, not IEATHLWEEZERT2DT, 5IBOEICEFER L 7—UEERLET (2
¥, not 'foo' IX '' TiI#< False IR D FF),

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

6.11. J—JL;EH (boolean operation) 123
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6.12 KAR

assignment_expression ::= [tdentifier ":="] ezpression

An assignment expression (sometimes also called a “named expression” or “walrus”) assigns an

expression to an tdentifier, 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: fRARICBIL TELDF LI PEP 572 2R L T ZX W,

6.13 %3 (Conditional Expressions)

conditional_expression ::= or_test ["if" or_test "else" ezpression]

expression conditional_expression | lambda_expr

SR (LELIR 7 ZIHEEF EPHINRET) 3 S EEEH RV Python OB TY,

x if C else y EWHORIIRINC » TEBRLSEH C 2FHliL 5, C A true DEFH z HFHMi X W fEDNHR
ENEFET, 2L OHEIE y I X EE N E T,

SMFEBEIICE LTI DL PEP 308 22 L TL &,

6.14 5 L4 (lambda)

lambda_expr ::= "lambda" [parameter_list] ":" expression

LK (FLXEREBMPIEINFET) ZEABEBEIFERT 2D VWEF, KX lambda parameters:
expression [FFMA TP 27 M D ET, ZOWMEA TV 27 MIDTICEREZIN TV EIEBA TS =
MEBRICEIEL 9

def <lambda>(parameters):

return expression

SIBO—EOME BHESR 2R L TEEV, 7AXRTHERINZBERIERT /) 7—>a v &8
ZEMTERVEIZHFR L TLEX N,
124 % 6 = 3 (expression)
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6.15 XOU X +

starred_expression si= ["%"] or_ezpr

flexible_expression 1:= assignment_expression | starred_ezpression
flexible_expression_list ::= flexzible_exzpression ("," flezible_exzpression)* [","]
starred_expression_list ::= starred_expression ("," starred_expression)* [","]

expression_list ::= exzpression ("," expression)* [","]

yield_list ::= exzpression_list | starred_ezpression "," [starred_ezpression_list]

)2 FRRPRHER RO IR > TVEHDERE, PR —D2DHUEELROY R MIR TN
ZhET, ETLOEXIZ. VAMIHAIROBICEHELL 2D T, R3ELSANFTHHXNET,

TRARYVRZ x ZATSTINDOTVINYY 2ZERLET, ZOWEETIE 17570 TRIFUERD 8
Ao TDATITMIT Ry ZENMNBETEREDS —F VY RAZEBINA, TILVWE L, YR+, £EIC
AUAENFE T,

Added in version 3.5: Y A M TDA T 7 TNLD7 o8y ZiZwRHNC 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 SHiIER

Python (&, XZ2EPLEANCIAFHEIL 9, 72720, RARZFHIGIS 2 & 2. HUHBEL LD & IEIE
i Es,

MRITR T T L OBATTOMENIEF 1. RAFORFIERF LR TIZRD £73:

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

6.17 EEFDEBILIRE

MIF@EE Python I8 2 AT OBEIEMZEW LD TY, BEHEMORD @V (a1 RS HRL)
DL HEHEV (FEEPRDII) DORKHRTHY £F, MUKy 7 ANOHEEFOBEIBEMIF LTI,
MESCOHRINC R ENTOVARWS DI ZIHERE F T3, MURy 7 ANOHEEFIE, bbbt Zv—T1t
ShET (Fste LT, RERBIOEHFR IS EC V- LEhEd),

LEER HiTHR ST WS K512, HER, AiE. F—Mo 7 X M3 THE CEEIEM 2> T\ T, Ersh
WHEBHT 2 L WO R R R o TWV0 A Z R ITIER L T2 W0,

6.15. XOUZX 125
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BET BLL]

(expressions...), AR EEENR, VR MERR, BEE
[expressions...], {key: value...}, {expressions...} Fn. £EXT
x[index], x[index:index], x(arguments...), x. HRTFTIEE. A 74 ARlE FFOHL, B

attribute Z R

await Await R

*k N X

+X, -X, ~X B, &%, v ML NOT

*xQ,/,//, % RE, THIRE, BRE. VIDIETRE,
Rl

+ - B & R

<<, >> 7 MEE

& vy MHAZ AND

- vy ML XOR
vy M OR

in, not im, 1s, 15 not, <, <=, > >= = == FigCE—HD 7 R + % &g

not 7 — VA NOT

and 7—LiEE AND

or 7 —EE OR

if -- else FMER

lLambda 7 LE

3= RAK

RiSE

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,

7 SESEIEN M T D FF
126 % 6 = 3 (expression)




SEVEN

B2 (SIMPLE STATEMENT)

B i3, BT 5 s T, B—0fTAKE, BROBEMXZtIan Y TRE-TA
NZZENTEET, HMXOMUILITOED T

simple_stmt ::= expression_stmt
assert_stmt
assignment_stmt
augmented_assignment_stmt
annotated_assignment_stmt
pass_stmt
del_stmt

return_stmt

|

|

|

|

|

|

|

| yield_stmt
| raise_stmt

| break_stmt

| continue_stmt
| tmport_stmt

| future_stmt

| global_stmt

| nonlocal_stmt
|

type_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
HTY:

expression_stmt ::= starred_exzpression
RZEROV 2 b (H—DOROZL bHH TT) REIHL T 5,

MEEE— FTIE. 2% None TR T, EEZHAAABE repr O TLFINTEHLL T, Z DFERDO T
ZREEH NI —ATE > THEH L £, (None AR 2AXDHEIZHFZHSINRZWDT, oYy DIFUHL

127
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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,

128 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)

7.2. fXAX (assignment statement) 129



The Python Language Reference, 'J1)—2X 3.13.3

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 (ezpression_list | yield_ expression)

identifier | attributeref | subscription | slicing

ce= Mgmn I n_—n | =1 I ne=" | n/=|| | n//=n | n%=u I Waop="

augtarget

augop
| nys=n | ngg=" | ng=" | n~—_n | u|=n

(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.

130 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
RALRET &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 evaluated and
stored in a special class or module attribute __annotations__ that is a dictionary mapping from variable
names (mangled if private) to evaluated annotations. This attribute is writable and is automatically

created at the start of class or module body execution, if annotations are found statically.

If the assignment target is not simple (an attribute, subscript node, or parenthesized name), the anno-

tation is evaluated if in class or module scope, but not stored.

B A o — 7 CTHANCERBIT VT WS, Z0HRMEZF0BEBRa—FTtr—hrkdoickh 35,
EREET i X g, BB a—FIcd e h g A,

If the right hand side is present, an annotated assignment performs the actual assignment before evalu-
ating annotations (where applicable). 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.

& BE
PEP 526 - Syntax for Variable Annotations
(7 7 ABERRA VAR AER R EATRE) BEBOBTRE T 5. axy bTRET 20TIERV
XIEDBMIER,

PEP 484 - Type hints
typing EY 2 —LEBM L., EWNENTY —L IDE THEX 287 /) 57— a > OEEN L EE
R 2%,

N—Y 3 ¥ 3.8 TEAHE: 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.

7.2. AAX (assignment statement) 131
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7.3 assert X

assert 3. TR T I AMNICT Ny ZH 7% —2 a ¥ (debugging assertion) % L % 72 DER| 72 /5%
T3

assert_stmt ::= "assert" ezpression ["," expression]

HifiZ ¥ assert expression i

if __debug__:

if not expression: raise AssertionError

L EMTY, MR assert expressionl, expression2 &, Zh ¥ FEHfliTT

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__ NORARIAERBFETT, HAAAZ-DIEIZ, 4 22TV XDHIET 5 & ZITRESNET,

7.4 pass X

pass_stmt ::= "pass"

pass & XUEME (null operation) TF - pass BFEITINTH., MDBEZFH A, pass 1. FUGERITIE
XPRETED, a—Re LTUIMADFAT L BRWGED T L —A KA X LTHEATT, 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

F7V s L OlIR (deletion) . RADEH L IEHICLAEFECHRINCERIATVET, -2 TRE
LRFMGTTRLE T, W OBDL Y FERRBICL YHET,

KZ—7y PYRAMINTZHIREE, F4DK—7y bk ohm\ CIRICEFRICHIBRL £5,

F. B—A L FERE =N VAEI R S Z DA ORI ERDRE ST, ¥5 5 DOHHT%E

== S =

HiEILa—FRF7av ZND global XTESXNTWVWAEH Mz kb EF, #F
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(unbound) 72 &, NameError FIA 25X N E T,

BB, TR, BLXUORT A ZADHIBRREIZ. HNRELZ2—XGEA TV =7 MTEINET; AF74 R
DHIBRIE—AINTBET R DZED R T 4 R RAT 2D LFEHlTT (2, ZOMRERDR I 4 RN 54
TV P TREZINTOVET),

N—Ya v 32 TERE: LENEX, 24X A M LT70y 7OEBZERYE LTRNGEIE. u—sL%
Hi22fE 72 6 2 D4R ZHIFRS 2 2 L IZPIERUB T L 7,

7.6 return X

return_stmt ::= "return" [ezpression_list]
return 13, BIEUERNTHGEMNCA A P LTHNETH, XA M LAY 7 REREMITNE A,
RVA MDD B5E. VA MPEHMOZNET, 2R DEEL None TEEMZ 5N ET,
return Zffi5 . YA+ (£7213 None) Z R DEHE LT, BEOBEKITSH L2 oKITH L E3,

return IZ X o T, finally @izt d7& 5 try XOIMINHEDG|ZE I3 & FEEICEED HkIT 2RI
finally HiDSETENE T,

TV pL— XTI, return XEY = 2L —X DD D Z/RL, Stoplteration Bt ZXHEE % T, &
ENTAEHIZ (HAUL). StopIteration ZHERLT 551U DAL, StopIteration.value BIEICZD 5

ERPY = 2L —XBETIE, FIRELD return XWIERAPY 221 —XDKbDh ERL,
StopAsyncIteration ZEXH I E X3, 51D D D return iE, JEFHIY = 3 L — X TR AT
5'_‘/6‘3—0

7.7 yield X

yield_stmt ::= yield_ezpression

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>

FLLT D yield ;A & FEii T3

(yield <expr>)

(yield from <expr>)

Yield expressions and statements are only used when defining a generator function, and are only used
in the body of the generator function. Using yzeld in a function definition is sufficient to cause that

definition to create a generator function instead of a normal function.

=7
= =4

ZH L TL X W,
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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.

ZS5TRIFNI, raise ZRYIORZ, fIstA 727 b UTEHEL £3, Z4Ud. BaseException O
T IRERFA VARV ATRINERBD ERA, 77 ARG, A VAR ABREREE, 75X %
W5 TA v RA 2T B e THEONET,

FIAND BIWEIHINA VAR ZADZ 5AT, BIEA VARV RAZDSE DT,

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 ezxpression 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:

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
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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

BIAMZBE S 2B IEHE GISE Eiicd D £9, F7. BISMLEICEE S 2 EHIE try X HICH D X5,
N—T a2y 3.3 TEH: None 2% raise X from YD Y 2 L TR B2 X5k D L7
Added the __suppress_context__ attribute to suppress automatic display of the exception context.

N— a3 ¥ 3.11 TEHE: If the traceback of the active exception is modified in an ezcept clause, a sub-
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.
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7.9 break X

break_stmt ::= "break"

break I, WX LTI for —7% while L—7ONMITOAHTFATE2Z N TEETH, L—TW
DEEERS 7 7 AEZROAANIZHEITE ZHA,

break i, XZHIHELINAIONL—T 2K TXE, L—TIWCH T a D else HiD D 2LEEHITIZEFNE R
v LETD,

for W—"T"% break IZLoTHRT T2, V—THlHlX—2y MNIZDOROEZREEL 73,

break B3 finally HiZfES try XOIMINTUIZIE 3T FICIE. L— T2 EEITHRIT 2H1CZ D finally i
PEITENET,

7.10 continue X

continue_stmt ::= "continue"

continue X for b— 7% while L —THND XA b THSGEMICO ABNE TH, L— T HNOBEEERS
2 7 AERDTITIIBNE R Ao continue &, X2H S &S NHIDL — 7 DRDFEFNILIE 2 #kiE L £ 3,

continue B’ finally AlZHio7z try X&iRiI 2 & &, ZO finally AIHIRDIL— TV 4 7 L% MED 5 i
WHEITEINE T,

7.11 import X

import_stmt "import" module ["as" tdentifier] ("," module ["as" identifier])*
rom" relative_module "import" identifier [“as" <dentifier

| llf n lati dul ns p n i d tifs [ll " i d tifa ]

("," identifier ["as" identifier])x*

| "from" relative_module "import" "(" <identifier ["as" identifier]

("," ddentifier ["as" identifier])* [","] ")"

| "from" relative_module "import" "*"

module (identifier ".")x identifier

relative_module ::= "."* module | "."+
(from HipM W) FEARD import & 2 DDRT v FTEITINET
1. EYa— A2 AMNFHL, RETHUIE— FLIEHET 2
2. import XWEND A a—TF D0 —HNLAHIEM T ZERT %,

XA (B R TRYIBNE) EROHZEATVS  Xld, b x5 EZ2OHHMAMND import ST/ E X hi=
MDEIIT, 220DRT vy FTHH T L IBEPNCEITEINE T,

EVa2a—AZRMI. a—-FF3 1 2HORAT v FOFMICOVWTIE, A1 Y R—F2RATL OFEICKDFEL
KEDPNTVET, ZZTE A VYR b RATLOEERE DI RRXTAXTE2DIEZZ22TDT v 7 DI
BT TR, BABEEDOA VR P TEEZRy F =Y LI 2= LIZDOVWTHRHINTVET, ZDX
Ty THRRTZ2 0w ZiE, BEOLLKEY a—ABRMALLRVD, HBBEWE TV 2—LiZHba—F
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DRITEED, TV a—LOWHHLOBHFTZ S —DREEZ20DEBLLPEETVWS ZEIFEELTLE
XV,

FRL7ZEY 2 — AHERICHFTERGE. XD 320550 1 DOFIETH— D AVHAITEBTHEZ 3 X
j L-tﬁ D ij_

o BV 2 —ILEZDRIZ as BN T WAL, as DERADAHTEERE. 4 v R—FShEY 2 -
HELE T,

o MOHHIBIFESNTESL T, 4/ VY R—FSNTWVDIEY 2 —ADKEMDEY 2 — V75 15E
DEY 2 —NEHA Y R=PINFZEY 2 AADBE LT, n—h AR TREINE S

e A VE—FEINTVREZ 2—NAPREIIDEY 2—1 THEWEES, EX2—-1280H Dy
TV, FDORy r—IADOSHE LT, n— VAR THEINE S, /1 Y R—FENE
a2 —liZiE, BEETEZLEEEHiGEF > T 7 72 A LRITNIRD $HA

From JERTIED 50 LML FIEE A E T
1. from iITHESINEY 2 — A2 RMNIFHE L. BETHIUT— FLIIIHET 5;
2. import HITHE TN ZhZN DT I LT O 21T 5
1. 4 Y R=PFSNEY 2 - AP ZDH#HTFHOBIEZR > TV 20 2T

2. Z DBl FHDBEEER - Tnid o 785813, %0)“%3@5"]¥%T#7:E/1—1W)4’ ¥AR— bz
By A VK= PENZEY 2NV ZDEWEDD 2 D FHEHERT

3. BN EATD S WIEEIX, ImportError ZiEH T %,

4. BYUDB RN o T HER, as HiDDH 57462 04T, 25 ThRORLEEAZH - T, ZOfH
NDOBD B — VL HTZERIRF S NS

fl:

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 tmported and foo.attr bound as attir

WATFOV A MR ("x') KEEHED> TVWAHAIE., EY 2 — L TERIN TV EIRMINZE2TOAH
. dmport XBWBRAA—T DU —HIVARTEFICHBEE N E T,

EV2—LTEHEINS DEAINAEE X, TV 2 LOAREMICH S __all__ LW AFTOEH%H
NZZETRESINET,; TOLEBDIERSIN TV EIHEE. ZREEY 2 -V TERSI NN A VKR-1 &
NGRS RE, XFHINDOY =7 Y ATRIFIUIWIT EH A, __all__ THIEINHARNX. 2 TRAX
NTVRERRIN, FIET D IEPERSINET, __all__ EREINTVRWVWIEE, R EN4HTE
F. BV 2 —LOAMEM TR P o7, 7YX —2a7XF (') THELRVWETOLRDZ LT,
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__all__ iF2TORM APLI 2 8LRETT, 24U API O—HTHRVDHD (ZDEY 2—1LTA YV HE-F
SIUEDLNTVBETA TTVED 2 —LRE) o DIRICABLTLEbRWAEDDILHHATT,

AVR=PbDT AN FH—FER - from module import * -— &, EI 2 — L LN TOAFINET,
7 I AREBMERTZOBEAZMEEL S £ 35 &, SyntaxError BEHEINE T,

AVKR=FITBIEYV2a—NEHET DL E, ZOEY 2 —LOfftxt% (absolute name) ZIEE T 2 LEIXDH
DEVBA, EV 2= —I MDAy Fr—JICEENTVRIHEA, HEDO My TRy 7 =I5 ZD
N —=VF%RRT LIRS VR FTEIENTEET, from DRIIEEZINDIEY 2 — L%
Ry =Y OEFIEBED ¥y b21T5 2T, EHEREHIZIET 2 Z e RULIKHHED Ry F —JREE
POV D OIS P ZIEET 2N TEET, SEHO Ny AT 1 DOHE, import 2B 278> T
WVWBEY 2= ADPFET Z2HED Ry F =Y ZRLET, 32O Fy ME 2 D EDLRAVERLET, BD
T, pkg X T =Y DHDEY 2 — /LT from . import mod #HEfTFT 5 &, pkg.mod A Y R—FF3Z
L2 D £9, pkg.subpkgl OHH 5 from ..subpkg? import mod %173 % ¥. pkg.subpkg2.mod %
A YR=FLET, A VR—bDERRIE Package Relative Imports DEICEENTWVWE T,

EDEY 2=l —FENZRERZHMIIRD I NWT TV —>arDizdic, MiAHHEK
importlib.import_module () ARt E N 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 &, TEROFHE OF 7z 2 EEDIEHEL X7z Python @V V) — XA THIHATIREIZ R 2 & 5 BB E
AR5 T, BEDES 2 — LB 2V RALEES7D0, 3 Y54 FIhE 3174 (directive) T

future U HEED R WVEER X NT2FFRD Python DAN—Y a3 VIZBEBITBITT 572HDb DT, future
SO & o THEREMEHEL 722 V) —RDRNCZNEEY 2 — VA THAT 2 2 AHKE T,

future_stmt ::= "from" "__future__" "import" feature ["as" identifier]
("," feature ["as" identifier])*
| "from" "__future__" "import" "(" feature ["as" identifier]

("," feature ["as" identifier])* [","] ")"

feature 1= ddentifier
future X, EY 2 —VOISRHFENIEHE 2T UTL D TR A, future XOFNTH VT IWAFIZLIF TS -
e EVa—NLDRFaXrT—yaryXFH (HhuL)
o« IXY b
o ZHT,
o ZOMD future 3L,
future L& 5 HEH B 2 ME—DFEAEIX annotations T3 (PEP 563 2L TLZX W),

future X CTHMIC TE 2 BEE N2 HEEIX. 5T Python 3 AWML ET T, 2OV X MIX

absolute_import, division, generator_stop, generators, unicode_literals, print_function,
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nested_scopes, with_statement T3, ZNOHIWXBIZETHAEMIIK > TWT, BAHEEED D721
WCHRINTWAE D, IIEREZTITE,

future 3XUE, 3 XS4 VRFIZHFAIR R D TRl S L. b k9 SEEOTZ 2 TRESUMEAL (construct)
WX 2 EHMNINEEIN TV I HE, ZERNIUVEUVEERZ 3 - FE2ERT 2 e TEHAIATOE
To BRI K o T, (R TRED X5 R) MO R W7 XHPMD ANSONE I 2AHD ¥
T TOFA. AV AL FREEI 2V EFORD TR T 2B8ERH 50D LOLERA, 25 Lka—
FARICEE T 2U0EIE. FITRFETHRERXLT5 23 TEER A

IAETOETDOV Y —RIZBWT, T2 F1FEDEBEDERFADZH > TED. future I RETDOHE
BEREEFNTVWAEBICEI Y A VLS — 2 EHLET,

future X DFEITHRAIC BT 2 BEHEZERAFIX, import XX R U T, E#EEY 2 —)L __future__ BH D,
ZHUZOWVWTIERTBNRNE T, __future__ &, future XHETEN B BRIEE D FIET import T,

future X DFEITRIC BT 2 RERIZERA T 1. future X TEMLE N B EDKREIC L > TEDD £ 3,

TR, M SRHRRERIZZVOTHERE L T W

import __future__ [as name]

ZHUZ future XTREH D FRA; TOIEH D import XTH D, ZDMOFFRZ BRI oM B 22 HIR
FHH EEA

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.

FEEA v X TPV EADTar T TERAL FTAS LT future XE. ZOHBDA VR T XEwy > a VHRTH
MDD ET, AR TVE%E -1 AT a v TEHBLTEITIRNZRZY S MEZ2EL. A7V 7 MU
future XEANTEL &, FBBEREIR IV P IPETINRICHET 2XEE2 Yy > a Y TEMNTRD
F9,

& 2E

PEP 236 - Back to the __ future___
~ future  HEOEZR

7.12 global X

global_stmt ::= "global" tdentifier ("," identifier)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

declared global.

7.12. global X 139


https://peps.python.org/pep-0236/

The Python Language Reference, 'J1)—2X 3.13.3

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.

TO7SIDEHDFERR: global 1F —F AT 24857-4) (directive) TF, Z DIERAIZ. global X
CERICTHEARAEFNTa— R L TOABEHINE T, K. #HAAAD exec() BIFNIZA-o TS
global ik, BBOMUIHLE BATWS a—F7ny JNIKHMRERIZT Z 23R, 2D X5 BRIF
FhegghTtwbda—RiE BEBOMUHLEELa— FAD global XITHELZITEEA., kDL
2, B eval() BL Y compile) IZHHTIEED FI,

7.13 nonlocal X

nonlocal_stmt ::= "nonlocal" identifier ("," <dentifier)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' <dentifier [type_params] "=" ezpression
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:

annotation-def VALUE_OF_Point():
return tuple[float, float]
Point = typing.TypeAliasType("Point", VALUE_OF_Point())
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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.

> Bz

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

MEEZHTOHD ET,

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)

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 ::= 7f stmt

while_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 1:= 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

if E, FEDIEEETT S -0IfEbhE S

if_stmt ::= "if" assignment_ezxzpression ":" suite
("elif" assignment_ezpression ":" suite)x*
["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" tdentifier]] ":" suite)+
["else" ":" suite]
["finally" ":" suite]
try2_stmt ::= "try" ":" suite
("except" "*" exzpression ["as" identifier] ":" suite)+
["else" ":" suitel
["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,
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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. 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 HIICDEH LR o7GE, BEDOa—FEMS 2 HI1IHMIl. Z L THEHLAZ v 7
CHREGTET, !

except DNy X2 H 2 N2 HF S 2 & ZIHINDRET L L. TLADNY FIMREF v L Ih,
Bl T 26158 B 5 ORBEBED except HIDOIMID a— FRMEUH L AR v 212 LTV
9 (try XEEPBINZFHIT LD X5 1IXfbiE ),

FIE3 % except HiNRO0 5 2, except HiD A A — " DFETINE T, ZOFE as F—7— F7 except
HICFETIUL, ZORTIHREINTWE X —F v MHINDPRAZINE T, £2TD except HIFFEITAIRER
TRy Z7EFE TORITNERD ERA, 2Oy 7ORBIEET 22, @FIX try X2EKOEZDS
FETERBLE T, (ZDZ2E. AR NINLZODFIHANY R I CHSM L TIFEEL, Rllo >
FIHND try BICHINBRE LGS, MIDOANY RS ZZOFNENIEL RV e 2ERLE T, )

BI5DS as target Zflio TIRA I Nz . Z4UT except HIDKDO D ICHEINE T, 2B x5 L.
UTDa—F:

except E as N:

foo

D UTFDa— FICHiRENT0D X 57D TT:

except E as N:
try:
foo
finally:
del N

o T, Hist% except HiLIRTHBIETE 2 L5125 2401I0&. FOLGRNTMRAZINZTFUIRD THA,
BIADHIERENZDIE. PL—ANy ZFEENDZ ., ZOREX Y 7 7L —ATERSBEEHAED. ROH
R—VINEFTED I L —LHD TR TORALERZEFEZIETLEI LTS,

except HiD A A — P DEITINZH1C, B2 sys Y 2 — NI I E T, except HiDOH T,
sys.exception() ZMUHTHICI - TIDHIIT 7 RTEZEDNTEET, HINNY FI2IET S

*Lgshg, Mot RT3 & 5% finally BIBRWBEICOARIPTHLRAZ v 75D D £5, HLWLHSHI X T, HWHA
Shdkbih g
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&, sys EBY 2 — LI E TV 2 HIH DD, —DORTOMEICED 73

>>> 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* i

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=T12HiL)
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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 ezcept and except* in the same try. break, continue and return cannot

appear in an except* clause.

8.4.3 else £

FFarodelse fHild, avbuo—nrza—n try 24— s EEF, FIADBEH ST, return X,
continue X, break XDOWITNSNETINRL o GHICETINE T, else HiTREH4MNX. Fai
I2H 3 except ITIXMHEEINER A,

8.4.4 finally f

finally i3 2B EE. W BEAR OWMUEIEEL £ T, £3 except HiX else Hix @D, try HINFEIT
SNFET, 2O DHIOPTHNDGEE, ZDORINILHE SN TWRWEE L, BIFHE RS
Fo RIZ finally HIDFEITSINE T, RIFESNLHINAD D - 725813, finally HIORRBTHELINE T,
finally EiCHIOBISNDEL SN 255G, RESATOLASNIFLWHISt O Y 7F X e LTRIES
NFE T, finally HiT return X, break XH 5 W& continue XEFEITLGEE. RIFSINHMNIMK
‘INET:

>>> def £(0):
try:

1/0

finally:

return 42

(RDR=V ki)
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(RIDR=I D5 DR E)
>>> ()
42

finally HiZFETLTWAMIZ. 70277 2051 3MERIIFHATE LA,

try..finally X® try AA — FAT return . break . ¥£721d continue XWEITENZGE. finally
fiv, ZoxE HRKIFHIEHPIT FTEINhE T,

DR D EIEREBICETINL return XWX o THRED £9, finally IS THITSIN S 720D,
finally HiCHITI N7z return ITHICHRRICETEINDZ Z Ik 5

>>> def foo():
try:
return 'try'
finally:

return 'finally'

>>> foo()

'finally'

N— a v 3.8 TAHE: Python3.8 AT, EE LOMEIZLD finally HiTO continue UITIET
L7,

8.5 with X

with Xi&, 78y 7DFETE, AVFTFAPIXA =YY Lo TERINIZRAY Y RTT v 7T 50T
HbhET (with XEAVTHFARIZ =T v 2272 avEBRLTLIEIV), ZHED, £<H53
try...except...finally FIF X —2 %2 P L L THEANCHAHAT 2 Z e A TE XS,

with_stmt = "with" ( "(" with_stmt_contents ","7? ")" | with_stmt_contents ) ":" suite
with_stmt_contents ::= with_item ("," with_item)*
with_item = egpression ["as" target]

—OD " HRK” BFO with XOETIIATDO X5 ITH#EITL X

1. ay7% 2K (with_item THABNENK) ZFHET 28T, aV7FA A —Y v ZHIGL
£,

2. AVFTFAITARA=IFD __enter _ () XV v KD, BTHS>7=dlcu—FIhET,
3. AVTFAIIEI=IFD __ezit__ () XYV v KD, BTHES=Dicu—NINET,
4. AVFTFRAIIAR =T %D __enter_ () XY v RBFEINF T,

5. with WX =7 v PBEENTWH, ZRUT __enter__ O DHORDEIATNET,
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0 IR

with X, __enter _ () XV v RRT 7 =BT LA __ezit__ O BPEIEINE Z
CEMFEELES, TTDT, dLEX—F vy P XA FANDRAFICZ S —DBFEELGEICIE. N
BEDAA —FDHFTHAELLZI— RSO ET, UFRORT v 77 2BRLTLE
X0,

6. A — FBFETEINET,

7.aAVFFRAMIR=I%D __exit__ () XYV v FBMEENET, 24— FBFIACE > TRT I
D s, ZOFMNDE, ., PL—ANY I exit () WXEHEIBR LTEXNET, Z25TRITN
X, 3 DD None 51052 6N1FT,

A4 = bDBFMCEDIRT SN, __exit__ () XYV v FHORDEL (false) 7251, FISA A HEX
HEhxd, CORVENE (true) 725 XBISNIMHIS . EITIE with XORDIDHHEE T

BLEZDAA = bHFINTHRNMIS OB TR T L72GE, 2D __exit__ () 75 DR D HIZHER
ST, FATIIFE LT ORI O U 7zl O ED Skt L 5

IVENOR=E

with EXPRESSION as TARGET:
SUITE

ZAUIR & EHTT

manager = (EXPRESSION)

enter = type(manager).__enter__
exit = type(manager).__exit__
value = enter(manager)

hit_except = False

try:
TARGET = value
SUITE
except:
hit_except = True
if not exit(manager, *sys.exc_info()):
raise
finally:
if not hit_except:

exit(manager, None, None, None)

BHOBRERDHD L E, AVTFAINT A= Y ITEEBD with XPFRX M EIN22D X 5IETLET:
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with A() as a, B() as b:
SUITE

ZAUIR ke FfT T

with AQ) as a:
with B() as b:
SUITE

FMTHE Z 2L D, HHOa Yy FHF A2 =Y ¥ ZEBUTICHE > TEL N TE XS, fHi:

with (
A() as a,
B() as b,
):
SUITE

A=Pay 31 THE: WHOAYFEAPKET R LELL,

N—ar 310 TEE: {FHlTHL I T, XEEBUTICOEILTEI S X512 L%,

& B2E

PEP 343 - "with” RF— kX2 b
Python @ with XOfE, KR, BIGHPEHE N THET,

8.6 match X

Added in version 3.10.

match I X —V <y F 2 7275 HTHDNR LT, #3:

match_stmt 'match' subject_exzpr ":" NEWLINE INDENT case_block+ DEDENT
subject_expr ::= star_named_expression "," star_named_expressions?

| named_expression

case_block 'case' patterns [guard] ":" block

O IR

ZDtryaryTld, —HEFIANCTHEATVWS2HDIE VI FF—TJ—F ZRL ¥,

NRE=V=vF U 7IE, NR = (case DKA) b~ v F Y INMROME (match DEA) ZATE LET, 3
By (FTARA—VEEAD D) ik Ty F YIRS LT, vy FT 255 pOHENMTbIE
T, MR LTROZEDEID 5
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o ToFEIL LYy FRI (RE— VY - S BIHERE ),
o Yy FLMEDLHINDRME, HELZMIEBAL FT,

match & case ¥—V—FNI VI rF—T—F TT,

o BE
e PEP 634 —- #@i R & — >~ v F: {1k

e PEP 636 - iy &2 —>~<vF: Fa2a -1+ 7L

8.6.1 HIE
match XOFHENZEEDOTRNOMEIZRDED T

1. ¥ 7Y =22 13 subject_expr DFHlic L, 7Y =2 MEBEOoNE T, 7V =7 tpar~
ZRUHA BHOL—L > TR IADPMERSNE T,

2. case_block ADENRZ =X LT, ¥ 7227 MBS FTENEIDEF v I/ LET, ¥V
FRY - KBOBAEN BN —MIBIRLET, v F U 7DF 2y 712k D, & —YHNOHLHETO—ER
HBVITARTIEIFEEENE T, BEERNLRREL—VIERZ - ORIk > TEL S 2D, &b
LET, IyFHBBRIMLIENE—>OFRTERESNRFIE. EONEZ—>070Ov 7ARITTERL.
match XDETHEATZIENTEET,

0 IR

RR—=y2 o FPREL LTRRLTH, ZOHFREENZ T T RE—UHRINT 2AEE4EDH D
F9, KL~y FTRETIHLFMHRELHHEE La— FE2EDLRV ISR EDITTLEX
W, WIS, vy FORBUIzD & TEBDMENED > TORVE WV DHHFRIC LN TL W,
FEBREY S5 VIR NI S50 Python OFEEKETH D, EEMTRLRZAREEND D £75,
& RFEDPRRELEITZ 2 £ 5. BRIMICEREKFL LTVET,

3. REX=VRENLIGE, ZHUOH— KD (b LR iFHMlichE s, ZOHAE. X —YHNDOLH]
DIRTHEBINTVWAEZ BRI TVET,

o H— FOFHEESETH 222, & LK — FAZRIFIUE, case_block ND block AEITEH
95,

o F5THRITNE. XD case block I L THUY LI OMMERETEINE T,

o ZHLLE case block BTEE L2 WIEEIX. match XA T LET,

0 IR

EARANC, match XD AREX—VHFHE SN EVHFIHRTa— F2HEIRETEDD FEA, 1 VX —
TV RDOFEICL TR, FRZF ¥ v 2T 23R EOREEITV. 5HliZ A F v 75 2A[REHDH D
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e, J

fEHHL 72 match XDl

>>> flag = False
>>> match (100, 200):
case (100, 300): # Mismatch: 200 != 300
print('Case 1')
case (100, 200) if flag: # Successful match, but guard fatls
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 BH—FTT, H— ROV TRERDEIZ > a Y EBRBL T I,

8.6.2 fi—Fk

guard ::= "if" named_expression

guard (case —HlE LTHNZ) BHIHILTE LD T, ZD case 70y 7 DaA— FHRFETEINET, H—F
X if ORICAEELIBTRILEINE T,

guard & D case 7R v 7 DUHEOBNIIRDO L BHTT:

1. case 7R Y ZDRR =Y DPRINT 20 I D% F v 73 5, KBRLUZEGEX. guard IFFHlixN3,
KD case 7Ry 7 DF = v 7Tty

2. R =PI L 75E13. guard OFHliMTHONE T,
o guard FRIFOFHIENETH 255G, %A D case 70 v 7 HPERINF T,
o guard RFOFHBEAB DL G, ZHD case 71 v ZIHERTNFE Ao
o guard OFHEiFICHIS AL S NG ER, 2ofrnzo s FRHE %S,

H—FREIXTH27:0, BHEAZRZIST LN TEET, H— FOFHEIE. BIID case 780 v 7 SR,
NRE =V HPRBMUTz case 7By ZEMEL DD, —0I0FHlid R THEVWITERA (DFED, H—FD
FHEIEE PN TV BIEFETEITSINILES DD £T), £/l case 70y VPRI NLFHT, H—FOD
il 2 2 UL BT o TIEWIT R A,
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o

3 WMBAERRTr—X70v Y

£

6
WA RRE Ry — 27 Ry 7 2iE, T~y FT25r—A70y 7D ¥ TF, match XOHT, @R
ARER 7 — 270y ZI3HmAK—D2F T, PORKIMNETIDENDD T,

I

=270y ZHmBAARETH 272D, H—F27%L, RX—VPmBArETHI20ERH D £,
NRE— U PHBAARETH 27201213, ZOELOREEDADN S, ZADEIIHINT 2 Z L T E 2.0
ERHD T, MBAARERAEZ —VIEUTOE SR DDATT:

o KD IHBAFRETH 2 AS INEZ—>

e BENZAREX—VDIBARL LD —OIMBEAARETD S OR NF—>
o XY TFYNE—Y

o« JAIRA—RNEZ—>

o FEINTHDNT, FBAATREIL S X — >

8.6.4 NH—>

0 iR
Dty arTlE, @E O EBNF 28R L CEELERZFHL 9,

e SEP.RULE+ ¥\ 5 3RECIZ RULE (SEP RULE)* OMETT,

o |RULE I B ENLFHADEKLEERL T,

patterns @ b v L)L ORI RO@ED 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

UTOHHATE DR DR T E DD, REX -V ORI BOVEHHICE VR LGEOHAZ IHRIZE 5 L)
DRIZEFVTVET (ZDIEL A Y. Raymond Hettinger KD RF 2 X ¥ MZHEEEZITDODDTT),
72U, ZHUIH L STHEZIT 270D TH D, NEHILELZHTLORMLZSDTIE HDEEA
o, ARSI RTORX—VBEZMHEL THEDITEDHD A,

154 % 8 Z 8 X (compound statement)



The Python Language Reference, 'J1)—2X 3.13.3

OR NZ—Y
OR & —F. #tht | CRUISNZEEOARE -V ok £5, #:

or_pattern ::= "|".closed_pattern+

BEDY 788 = DAL @BRAEEE THo TRWIT ERA, /o, BIRZEED 720, &I 78K — U HH
W3 24ATOMABRDORIE. IRTRLTHIMLENDHD 73,

OR & —rTlik, 7V 27 MERKW L TIHIZES TR —2 Dy F U I fTbi: s, v~y FHRMINT
ZFIZTHRTL., 2O OR REX—VIEIHN LIz AREINET, —H., EOVTITRX—y R LARTH
. 20D OR SRZ =KLz iz £9,

fHEICE S22 PL | P2 | ... 2WVWIHIRE—VIFZPLZwvyFLED L, KighEp2 #EALE3, T
NDPDORX =By FRENTHIEBIEI 2D, ZRLNDEERERE 2D £5,

AS NZ—>
AS RE =23 HY 7Y 27 MEIHLUT, as ¥F—V—FDEMIIH S OR & —r 2~y FIEET, ¥

as_pattern ::= or_pattern "as" capture_pattern

OR R&X— VKRBT R, 2D AS RE—=VIZKRMe D 5, FTHE 70 =7 MED as F—
U — ROGRIOAFNCHREEN, 2D AS $EZ =3 %D £9, capture_pattern £ LT _ ZI6ET
5Z L3 TEEEA,

fHICE S L. P as NAME 3 P 2~ v F ¥, LG NAME = <subject> OAZITVE T,

DFZILINE—>
VT IR —%, —# %R Python @ UFZIL ICHIGL 5, X

literal_pattern ::= signed_number
signed_number "+" NUMBER
signed_number "-" NUMBER
strings

"None"

"True"

"False"

signed_number  ::= ["-"] NUMBER

strings ¥\ 95 /)L—JL¥ NUMBER &\ 5 k—2 & Python DXEGHR TERINTVWET, 74— +r3D
THbLNIZCFHR raw XTI, raw N4 WIS HERRIRET T, f-strings IXMERATEFH A,

signed_number '+' NUMBER ¥ signed_number '-' NUMBER ¥ WS HiX EZEH 2 RWT 27D D
TY, 207, FANEER. GENCIIEREEIRESH D T, fHil: 3 + 45,

ffi#CE 5 | LITERAL 1% <subject> == LITERAL TH 3 & EDARNT B X —>TF, Y7L+ T
% None ¥ True . False X is HET 2o TN T,
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FYITFyNZ—>
FyTF ARV TV 27 MEZARNCTHE L £33

capture_pattern ::= !'_' NAME

TUYR—RAAT=XFD _BFx T F xR TREHDERA (' DERLTVEDEZOENTT) .
wildcard_pattern ¥ L THRbLNE T,

NRE—=Y—2DDHT, —DODHFNE—EL2HETE IR TEEEA, HlZIE, case x, x: ... XHEEWL
TI2, case [x] | x: ... FIELWVWTTI,

FrTF X AR VIIEITEN L F T, HEEShAEIDR a—713, PEP 572 T 2 7RAREE T
DAA=TN—=)LEFULTT, $hbLE, BTIEES global X 2 nonlocal XHBRWIRD ., ZDRMEE
DAA—=71F, &Y D match Xx Wi dNAIOBEKE 2D 35,

flfiHICE 5 &, NAME I3 H IS L, NAME = <subject> DfRADMTHONLE T,

DAILEA—RNE—>
TAN R — FRZ = EHEEY (L ThvyF93%) L. AEIOREIIL ¥ A, B

1 !

wildcard_pattern ::=

i A=V THEHINIZEAIIEIC VI RE—T—F T, LaL, RX—VYOHTHRVWEEIXY
ThF—TU—RTEDHDERA, LAY TV 2r AR guard | case 70y Z7OHTH, BHEOLHL
DE3,

fHEICE S &, _ WXHEICHRIILE T,

ENR—>
fEis &% —> 1% Python THEIDTF bR L E T, M

value_pattern ::= attr
name_or_attr "." NAME

attr | NAME

attr

name_or_attr

Ry k3o 2 0%&#iE. Python MEHED SRTBRIL—IL 1k > TRIRENE T, ZORK—VIE, Rk
SNMEDIH TV = 7 MEL B L (BT == 1035 ) L Icihe 5 £,

fiHICE 5 | NAME1.NAME2 /X <subject> == NAME1.NAME2 TH 2 & EDAKNL 3,

O IR
—O® match X TH UEPEHEIHEIR T 2583 4 V2 =TV XBRINERENEE2 Xy v > 2

L. ZEIERZMEBITS e 2 EzBAMT 2 rREMSH D £5, ZOF v v 2ld, £D match X
DEDET—HOMEZF THAHAIET,
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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 ANE—>

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 1:= "[" [maybe_sequence_pattern] "]"

| n(n [open_seq'u,ence_pa,tte'r‘n] u)u

open_sequence_pattern ::= maybe_star_pattern "," [maybe_sequence_pattern]
maybe_sequence_pattern ::= ",".maybe_star_pattern+ ","7?
maybe_star_pattern ::= star_pattern | pattern

star_pattern 1:= "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.

*2 In pattern matching, a sequence is defined as one of the following:
e collections.abc.Sequence XKL 722 T R,
e collections.abc.Sequence & L CHEFE 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
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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:

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:
o <subject> B —F Y ADEF v 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.

0 IR

Subject values of type str, bytes, and bytearray do not match sequence patterns.
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IvEYTNE—>
A mapping pattern contains one or more key-value patterns. The syntax is similar to the construction

of a dictionary. Syntax:

mapping_pattern i:= "{" [<tems_pattern] "}"

items_pattern 1= ",".key_wvalue_pattern+ ","7?

key_value_pattern (literal_pattern | value_pattern) pattern

| double_star_pattern

double_star_pattern ::= "*x" 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:
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 R
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:
e <subject> By VBV I Fzv T 5
e KEY1 in <subject>
o P1 (& <subject>[KEY1] IZ¥ v FF 3

e ... and so on for the corresponding KEY /pattern pair.

*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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IDSANE—>

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 1:= ",".keyword_patternt

NAME "=" pattern

keyword_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. 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.
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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.

& BE
IVSANZ—20yFOMUBEIBDARETAX
[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
e dict
o float
o frozenset
e int
e 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:
e isinstance(<subject>, CLS)
e convert P1 to a keyword pattern using CLS.__match_args__
e For each keyword argument attr=P2:
— hasattr(<subject>, "attr")
— P2 X <subject>.attr K~V v FT 5

o ... and so on for the corresponding keyword argument/pattern pair.
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o BE
o PEP 634 - #hE X —>~< v F: Lk

o PEP 636 - MG X -~y F: Fa—1+UTN

8.7 BHER

BRERRE, 2V ERBEA 7Y =7 P2 ERL T (IRREDMEE HiZHK):

funcdef = [decorators] "def" funcname [type_params] "(" [parameter_list] ")"
["->" expression] ":" suite

decorators ::= decorator+

decorator 1= "Q" assignment_ezxpression NEWLINE

parameter_list ::= defparameter ("," defparameter)* "," "/" ["," [parameter_list_no_pos
| parameter_list_no_posonly

parameter_list_no_posonly ::= defparameter ("," defparameter)* ["," [parameter_list_starargs]]
| parameter_list_starargs

parameter_list_starargs ::= "x" [star_parameter] ("," defparameter)* ["," [parameter_star_kwargs
| "s" ("," defparameter)+ ["," [parameter_star_kwargs]]
| parameter_star_kwargs

parameter_star_kwargs 1i= "kx" parameter [","]

parameter 1:= identifier [":" exzpression]

star_parameter 1:= ddentifier [":" ["x"] ezpression]

defparameter ::= parameter ["=" expression]

funcname 1= ddentifier

BIRUE R FATAIRE R LTS, BIRBUERZEITT 5 &, BIED 1 — A L ig Hi22 N TR 2 BRI 77 =
7 b (BABOETARE - N2 287 v8—) CHMLE T, ZOMBCE7Y =7 M, BIBAIFOH
NIBREDN 2 70— LR ARETZER & LT, BIHED 71 — VR ARTEEANDSIB A > TWE T,

BIBUE RIIBIBOAR IR 2 HIT L ¥ A; BIBORRIZBEDT O S h i icoaFE TS g s,

BECERIZ—2U ko 7OL—42 XTIy FTEFd, 7aL— 2RI ERT L &, HEERD
Ao TWdRa—FTiHicah x93, ZORRIE. A 7Y =7 F2HE—D5IBUCE 2IFUH LATREL 7
Pzl bTRINERDERA, BEA 7Y 27 boRb Dz, BREINEIEBGCREEIhE T, BRD
TaAL—XFFA ML THEAINE S, flE UFoXkS5%a—F

ef1(arg)
0f2
def func(): pass

1. P00 REEMTS

*4 A string literal appearing as the first statement in the function body is transformed into the function’s __doc__
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def func(): pass
func = f1(arg) (f2(func))

72720, BIED I — RTIIIe 4 OBE %R func & WO BHEIN—RINRET 2 Z 2 idRw, W 2 2 A%k
XFET,

N— a ¥ 3.9 TEHE: Functions may be decorated with any valid assignment_expression. 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—Y a ¥ 3.12 TZEH: Type parameter lists are new in Python 3.12.

1 DL LD 1R515 25 parameter = expression DI EE->TWb 2 &, BEIX " 77 4V FIEE” ZHob
SVET, T7 4 MAREORG BT, MUH LFRICZISET 2 R5158 13EIETE, Z205HEK
SIBDF 7 4L MEDPEDNE T, HEEIEDBT 7 40 MARF > TWBEHA. 20D " 2T 3 %
TOFEUIETT 7 4L MEZRFF o TORIFIUEAR D FRA - THUSUEERTERB S TOR W
HIRR T3,

T7 ) FEIBERRBERERDETEIND LS ICEDSANTHEINE T, chidk. 77+ 5o IZHE
BHERIND L ZWXLE—ELIFHbOS A, AU 7HERAD” EXFSHLOLRIEHAINE Z 2R
WLET, ZOMEREHRLTEL 23RS, F7 40 FEIEMEDS Y XA FRREED K 5723 2 — X 7Lt
TV MTHBLXICEETT: BN ZOF 7Y 27 bEEE (FIZIX) A MCEREEBMN) $52, 2
DT 7 4V BN EEOHERZITLELET, —icid, ZAEERLRZVEIETT, 20 X5 RE)
EZEET 2121E, 77 4L MEEZ LT None Zffivy, Z DEZBEEAADOHTIHRINCT A M LET, HlZIE
Mro ko1 LET:

def whats_on_the_telly(penguin=None) :
if penguin is None:
penguin = []
penguin.append("property of the zoo")

return penguin

BN L ORISR S 2 3, IO L (call) HiTRROATWE T, BEBIECHLZTS 2,
FARYAMIGEBREINTRTDNT AR, MEFIB. F—T7—F5l8 77 4L MEOWTHD HED
RAEINE T, "*identifier” ERANEET U, RoL TR TOMEG I EZ I 7z X I HHHL
NET, TOFT 7 4L MEIFZED X IV TT, "sxidentifier” BRPEETIUR. Ro2TRTCOF—V —
FEIEZIM - ZIEFMED~y ¥y 74 7Y 27 Mt eh g s, 2077 4L MAEKE CRDZED
Ry YT T2 FTT, " R "sidentifier” DFED NI X RIEF—TU — FEFARI X —-KXT, F—
T— R L > TOAREINE T, 7/” DHIDRT X ZINMBEBHHA T X —X T, MEFIEBICE > TOAE
SNET,

N— a Y 3.8 TAHE: The / function parameter syntax may be used to indicate positional-only param-
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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

”: *expression”.) 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. The annotation values are available as values of a dictionary keyed by the parameters’ names
in the __annotations__ attribute of the function object. If the annotations import from __future__
is used, annotations are preserved as strings at runtime which enables postponed evaluation. Otherwise,
they are evaluated when the function definition is executed. In this case annotations may be evaluated

in a different order than they appear in the source code.

”,

N—Y a3 ¥ 311 TZEHE: Parameters of the form ”*identifier” may have an annotation
xexpression”. See PEP 646.

RERFCHER T 272010, BEAEE (BRI TORVER) 2/ERT2 b TEEd, 2hid 5
LA (lambda) OEICTRHFHEINT VS 7 LXREMFNE T, 7 2 XIS N7z BEGER ORI ICH
EFROVILIHERL TR, "def” XTERINIEED 7 2 XN TIERE WD X 512, 518 L
THEELD, MOBANCHID Y TE e TEFTT, HBRORL T /) 7 -2 a YHFITTELDT, "def” J¥
RKOAHBEDEIITT,

TOTIIADRE: BBIEE—RA 7227 bTT, BEEERBNTETINSL "def” XUE. B D ESLTIE
CLTHEEZu— B EERLET, 2 X M LIBEHRANTHEDLA 2 BHERIZ. def ZEATWSHEHD
O—AVERIIT 7 RATEET, #Hllll BRIDITEERE (naming and binding) 8z B L TLIZE W,

& BE

PEP 3107 - Function Annotations 4]
M7 75— 3y DI REE,

PEP 484 - ®lEY | 7
JT—¥a yOFERLRERMN I TH M » M DERK,

PEP 526 - Syntax for Variable Annotations

Ability to type hint variable declarations, including class variables and instance variables.

PEP 563 - 7/ 7—2 3 > OBETfi %
IR Y 7 T —> a YR ENGHE T 2 D TR 2 XFIHRTRFETI2 Ik, 7 /77— =
VB AHEITASIROY R—

PEP 318 - Decorators for Functions and Methods
Function and method decorators were introduced. Class decorators were introduced in PEP
3129.
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8.8 VS AER

U 5AERE, I IAATV 2 b EERLET (EEROKEE HiSH):

classdef = [decorators] "class" classname [type_params] [inheritance] ":" suite
inheritance ::= "(" [argument_list] ")"
classname = identifier

77 AERIZETAIRER L TY, MRV X M3EE, BEZ AV 25257 (XD@EREWHIE X
BUSA 2BRLTLEIWV), TI»H, VA MDOENZRDOEZDFHMIY 727 7 Z{LLTHRWT T X
THBHERETT, MERYRFDRWT FRIE, T 74T, BJKS 7R object KT 5D T:

class Foo:

pass

. UM ERFETT

class Foo(object):

pass

RIZT T ADAA — bH, Bl RFEIT7 L — L4 (BEIDTERE (naming and binding) 2B LTI W)
WT, HicfEshlzu— AL T4 D20 — N VLRTZRZ - TEITEIAET (BF. 202
4= MIFFWHEBERNEENET ), 7 IRADAA = IPRETLEZIZ ., ET7L—LI3WEILET
B B —AVRARTERERESNE T, O R, KD X P RRES 7 R, RIS — VTR
ZEMEEHEIC, ZhehfloTr I XA 7Y =27 MpERENE T, BRI, b o - L AHi2ERICE
WC, ZIREBIDY TR TV =7 PIIHBEINET,

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 2. AE TS5 ZRHLTRIBICAHARAEZIA X TEET,

B ETaL—brF2DLRAILCEIIC. 77RABTAL—FTEIeHHRET,

@f1(arg)
@f2

class Foo: pass

1. P00k Eiicd

class Foo: pass

Foo = f1(arg) (£2(Foo))

7 alL—ZROFHIRANIBER T2 L —Z LA U TY, fiRiE7 7 ABICHMESNTT,

*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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N—=Y a ¥ 3.9 TAHE: 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— a ¥ 3.12 TEH: Type parameter lists are new in Python 3.12.

TOUSIDEHDER: 77 RAERNTERSINLERIIZ ZABETHD, 2 TOA Y A2 ABTHA
ENFET, A VAR AEHIX. AV v FOHT self.name = value ¥ TA3I L CHRETEET, 772
BlED A 2R 2)EMD "self.name” XKL T7 VLA TE, ZORILTTIZ7EALEEE, A VARV A
EBHEERAD 2 S A @M ERERLE T, 77 REMHE. A VAR ABEDT 7 4L MEE UTHER 355,
ZIWRIa—RTNRMEEMES e PR RICORND £5, S0l F 2S5 &, FMRFEENELR S A v
AR AR ENTEE T,

& 5E

PEP 3115 - Metaclasses in Python 3000 X
R TADEEEHEDLIEL, XXV FTANEDT FADLED L5 XHEI N2 2OEKHEE
HLURER

PEP 3129 - /5 X7dL—% 7
FRATAL—REBMURR, B TaL -2 XYy F7FaL—%i3 PEP 318 TEAINE
Ligs

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 THETLTW2 2L —F Vi3Z K DIFHRTIRHFEIL E BB TE X5 (coroutine Z2ZM). await X
TH? async for ¥ async with ZIaN—F VEBOARKTUIMMEZ R A,

Functions defined with async def syntax are always coroutine functions, even if they do not contain

await or async keywords.
aN—F VEBOREDHT yield from NZ AT % & SyntaxError 124D %3,

a)—F VDK

async def func(paraml, param?2):
do_stuff ()
(RDR= 2L )
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(RIDR=I D5 DR E)

await some_coroutine()

N—Y a v 3.7 TEH: 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 — R E2EIT[HE/R. asynchronous iterator

PEPERT _ aiter X Vv FEEMLTVWET,
async for XIZ X o CIFEMILRA 77 TN EMBICA TL—>a vy 32BN TEET,

VAN =T

async for TARGET in ITER:
SUITE

else:
SUITE2

FRRERINCLUT & E T3

iter = (ITER)
iter = type(iter).__aiter__(iter)

running = True

while running:
try:
TARGET = await type(iter).__anext__(iter)
except StopAsyncIlteration:
running = False
else:
SUITE
else:

SUITE2

FEANE _ _adter (O __anext__ () EHBIRLTLEIW,

IN—F VEBODOREDI T async for XZfHT % & SyntaxError 1272 D £55,
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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 T

IVENOMECE

async with EXPRESSION as TARGET:
SUITE

ZAUER e AT

manager = (EXPRESSION)

aenter = type(manager).__aenter__
aexit = type(manager).__aexit__
value = await aenter(manager)

hit_except = False

try:
TARGET = value
SUITE
except:
hit_except = True
if not await aexit(manager, *sys.exc_info()):
raise
finally:
if not hit_except:

await aexit(manager, None, None, None)

AN aenter ()R __aezit__ () BEBBLTLIEX W,

aN—F VEBOARERDIT async with X2HHT % & SyntaxError 12720 ¥9,

& 2E

PEP 492 - async X & & await BXLGETOIN—F > a
N—F % Python DF ¥ MO H LRI L, 3R— + T 2002 BML 72185,

8.10 Type parameter lists
Added in version 3.12.

N— g v 3.13 TEH: Support for default values was added (see PEP 696).
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type_params ::= "[" type_param ("," type_param)* "]"
type_param 1:= typevar | typevartuple | paramspec

typevar 1:= identifier (":" expression)? ("=" ezpression)?
typevartuple ::= "*" ddentifier ("=" ezpression)?

paramspec 1i= "xx" jdentifier ("=" expression)?

Functions (including coroutines), classes and type aliases may contain a type parameter list:

def max[T] (args: list[T]) -> T:

async def amax[T](args: 1ist[T]) -> T:

class Bag[T]:
def __iter__(self) -> Iterator[T]:

def add(self, arg: T) -> Nomne:

type ListOrSet[T] = 1list[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

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:

o 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.
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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_genericl[
SimpleTypeVar,
TypeVarWithDefault = int,
TypeVarWithBound: int,
TypeVarWithConstraints: (str, bytes),
*SimpleTypeVarTuple = (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:
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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](*args: *Ts, arg: Callable[P, T] = some_default):

Except for the lazy evaluation of the TypeVar bound, this is equivalent to:

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_QOF_arg are not actually bound at runtime.

8.10. Type parameter lists 171



The Python Language Reference, 'J1)—2X 3.13.3

8.10.2 Generic classes

Generic classes are declared as follows:

class Bag[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:

@decorator

class Bag(Base[T], arg=T):

CAUIRE EHTT:

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")

(RDR=V1FiL)
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annotation-def VALUE_OF _ListOrSet():
return list[T] | set[T]
# In reality, the value 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.

1D
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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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(FiDR— 25 D %)

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

statement_newline:
| compound_stmt NEWLINE
| simple_stmts
| NEWLINE
| ENDMARKER

simple_stmts:
| simple_stmt !';' NEWLINE # Not needed, there for speedup
| ';'.simple_stmt+ [';'] NEWLINE

# NOTE: assignment MUST precede expression, else parsing a simple assignment
# will throw a SyntazError.
simple_stmt:

| assignment

| type_alias

| star_expressions

| return_stmt

| import_stmt

| raise_stmt

| 'pass'

| del_stmt

| yield_stmt

| assert_stmt

| 'break'

| 'continue'

| global_stmt

| nonlocal_stmt

compound_stmt:
(RDOR=VIFiL)
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| 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 '=' )+ (yield_expr | star_expressions) !'=' [TYPE_COMMENT]

| single_target augassign ~ (yield_expr | star_expressions)

annotated_rhs: yield_expr | star_expressions

augassign:
| r4=

| 1 x="

| <<=
[ '>>=
| k="

7

return_stmt:

| 'return' [star_expressions]

raise_stmt:

| 'raise' expression ['from' expression ]
(RDOR=VIFiL)
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| 'raise'
global_stmt: 'global' ','.NAME+
nonlocal_stmt: 'nonlocal' ','.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 ('.' [ '...') is necessary because '...' 1s 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 !','

|
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
(RDOR=VIFiL)

181




The Python Language Reference, 'J1)—2X 3.13.3

# 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
function_def raw:
| 'def' NAME [type_params] '(' [params] ')

—,comment] block

| 'async' 'def' NAME [type_params]

—type_comment] block

# Function parameters

params:

| parameters

parameters:

I(I

[params]

DR

['->' expression ]

l)l

(RIDR=I D5 DR E)

':' block

[func_type_

['->' expression ] ':' [func_

| slash_no_default param_no_default* param_with_default* [star_etc]

(RDOR=VIFiL)
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| 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:

| param_no_default* param_with_default+ '/' ',

| param_no_default* param_with_default+ '/' &')'

star_etc:
| 'x' param_no_default param_maybe_default* [kwds]
| '+' param_no_default_star_annotation param_maybe_default* [kwds]
| 'x' ', 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
# - With default
# - Maybe with default
#
# There are two alternative forms of each, to deal with type comments:
# - Ends in a comma followed by an optional type comment
# - No comma, optional type comment, must be followed by close paren
# The latter form ts for a final parameter without trailing comma.
#

param_no_default:

| param ',' TYPE_COMMENT?

| param TYPE_COMMENT? &')'
param_no_default_star_annotation:

| param_star_annotation ',' TYPE_COMMENT?
(RDR=DIHEL)
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| 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

# ommmmmmmmme
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

while_ stmt:

| 'while' named_expression ':' block [else_block]

# For statement

# _____________
for_stmt:
| 'for' star_targets 'in' ~ star_expressions ':'
| 'async' 'for' star_targets 'in' ~ star_expressions ':

— [else_block]

# With statement

(RIDR=I D5 DR E)

[TYPE_COMMENT] block [else_block]

[TYPE_COMMENT] blocky,

# ______________
(RDOR=VIFiL)
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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' expression ['as' NAME ] ':' block
| 'except' ':' block

except_star_block:

| 'except' 'x' 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
(RDOR=VIFiL)
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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_patternt+

closed_pattern:
| literal_pattern
| capture_pattern
| wildcard_pattern
| value_pattern
| group_pattern
| sequence_pattern
| mapping_pattern

| class_pattern

# Literal patterns are used for equality and identity constraints
literal_pattern:

| signed_number !('+' | '-')
| complex_number
| strings
| 'None'
| 'True'

| 'False'

(RIDR=I D5 DR E)

# Literal expressions are used to restrict permitted mapping pattern keys

literal_expr:

| signed_number !('+' | '-')
| complex_number
| strings

| 'None'

(RDOR=VIFiL)
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| '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:

| !u_u NAME !(|.| I l(l | |=|)

wildcard_pattern:

| nn

value_pattern:

| attr '('.' | (| =)

attr:

| name_or_attr '.' NAME

name_or_attr:
| attr
| NAME

group_pattern:

| '('" pattern ')'

(FiDR— 25 D %)
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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:

| ','.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_pattermns ','? ')'
| name_or_attr '(' positional_patterns ',' keyword_patterns

positional_patterns:

| ','.pattern+t

(RIDR=I D5 DR E)

’I? I)I

(RDOR=VIFiL)
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keyword_patterns:

| ','.keyword_patternt

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]
| '%' NAME [type_param_starred_default]
| '#x' NAME [type_param_default]

type_param_bound: ':' expression
type_param_default: '=' expression
type_param_starred_default: '=' star_expression

# EXPRESSIONS

expressions:
| expression (',' expression )+ [',']
1 1

| expression ',

| expression

expression:
| disjunction 'if' disjunction 'else' expression

| disjunction

(RIDR=I D5 DR E)

(RDOR=VIFiL)
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| 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

| expression !':='

disjunction:
| conjunction ('or' conjunction )+

| conjunction

conjunction:
| inversion ('and' inversion )+

| inversion
inversion:
| 'mot' inversion

| comparison

# Comparison operators

[I

(RIDR=I D5 DR E)

# ____________________
(RDOR=VIFiL)
190 % 10 & TLBCEMLR




The Python Language Reference, 'J1)—2X 3.13.3

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

isnot_bitwise_or: 'is' 'not' 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

(RIDR=I D5 DR E)

(RDOR=VIFiL)
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| shift_expr

shift_expr:
| shift_expr '<<' sum
| shift_expr '>>' sum

| sum

# Arithmetic operators

# o
sum:
| sum '+' term
| sum '-' term
| term
term:
| term 'x' factor
| term '/' factor
| term '//' factor
| term 'J%' factor
| term '@' factor
| factor
factor:
| '+' factor
| '-' factor
| '~' factor
| power
power:

| await_primary 'x*' factor

| await_primary

# Primary elements

# Primary elements are things like "obj.something.something"”, "objl[something]",

— "obj(something)", "obj" ...

await_primary:
| 'await' primary

| primary
(RDOR=VIFiL)
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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)

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
(RDOR=VIFiL)
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# a colon, not a close parenthests. (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]

| '%«' ',' lambda_param_maybe_default+ [lambda_kwds]
| lambda_kwds
lambda_kwds:

| '#x' lambda_param_no_default

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
(RDOR=VIFiL)
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(RIDR=I D5 DR E)
| FSTRING_MIDDLE
fstring_replacement_field:
| '{' annotated_rhs '='? [fstring_conversion] [fstring_ full_format_spec] '}'
fstring_conversion:
[ "1" NAME
fstring_full_format_spec:
| ':' fstring_format_spec*
fstring_format_spec:
| FSTRING_MIDDLE
| fstring replacement_field
fstring:

| FSTRING_START fstring middlex FSTRING_END

string: STRING

strings: (fstringl|string)+

list:

| '[' [star_named_expressions] ']'

tuple:

| '(' [star_named_expression ',' [star_named_expressions] ] ')'

set: '{' star_named_expressions '}'

# Dicts

| '{' [double_starred_kvpairs] '}'

','.double_starred_kvpair+ [',']

double_starred_kvpairs:
double_starred_kvpair:
| 'sx*x' bitwise_or
| kvpair
L]

kvpair: expression expression

# Comprehensions & Generators

for_if clauses:
(RDOR=VIFiL)
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(RIDR=I D5 DR E)

| 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'=')+ [',
—' kwargs ]

| kwargs

kwargs:
| ','.kwarg_or_starred+ ',' ','.kwarg_or_double_starred+
| ','.kwarg_or_starred+

| ','.kwarg_or_double_starred+

starred_expression:

| 'x' expression

kwarg_or_starred:
| NAME '=' expression

| starred_expression

kwarg_or_double_starred:
(RDOR=VIFiL)
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(RIDR=I D5 DR E)
| NAME '=' expression

| '#x' expression

# ASSIGNMENT TARGETS
#

# Generic targets

# NOTE: star_targets may contain *bitwise_or, targets may not.
star_targets:
| star_target !','

| star_target (',' star_target )* [',']

star_targets_list_seq: ','.star_target+ [',']

star_targets_tuple_seq:
| star_target (',' star_target )+ [',']

| star_target ','

star_target:
| 'x' (1's' star_target)

| target_with_star_atom

target_with_star_atom:
| t_primary '.' NAME 't_lookahead
| 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
(RDOR=VIFiL)
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| t_primary '[' slices ']' !t_lookahead

t_primary:
| t_primary '.' NAME &t_lookahead
| t_primary '[' slices ']' &t_lookahead
| t_primary genexp &t_lookahead
| t_primary '(' [arguments] ')' &t_lookahead
| atom &t_lookahead

t_lookahead: '(' | '['" | '.!

# Targets for del statements

# __________________________
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] ']

# TYPING ELEMENTS

# type_expressions allow */** but ignore them

type_expressions:

| ','.expression+ ',' 'x' expression ',' 'x*' expression
| ','.expressiont ',' 'x' expression

| ','.expression+ ',' 'x*' expression

| 'x' expression ',' '*x' expression

| '%' expression
| '#x' expression

| ','.expressiont+

func_type_comment:

(RIDR=I D5 DR E)

| NEWLINE TYPE_COMMENT &(NEWLINE INDENT) # Must be followed by indented block

(RDOR=VIFiL)

198

8 10 & T2WCELHR




The Python Language Reference, 'J!1J—2X 3.13.3

| TYPE_COMMENT

END OF THE GRAMMAR

(FiDR— 25 D %)

START OF INVALID RULES
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8%

mE

>>> -
Fi% (interactive) ¥ = WIZBF 5T 7 4V b® Python 7a > 7 b TF, 4 ¥ X =71 X —TxfEEM
TSN a—-FlIcE<RoNE T,

X
DHDHREZHNET:

o MEEM (interactive) ¥ = MTBWT, A ¥ F ¥ bESNa—F7ay 7, MGT 2 EHDXYID
XM AU, AR AR =ESIER) oWl Fal—x -k, a—-FEANT
BRICFRRENB T 7 4L b D Python 70> 7+ T3,

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
U —2A, (importlib.abc EY a2 —/T) A Y KR—F 7 74 VX /P B =X =TT, abc EL 2 —/L%
FHLTHE®D ABC Z/ERTZ¥£3,

annotation
(77 7—=>ay) B 77 2@ BEBDART X —220RVEICEFRT 2 7L T3, ElickD
type hint & LTHEDLATVET,

O—ANEBOT ) 7— a VFETRICE T 7R ATEERAN, 70— VER, 7528, B
BO7 /) 7—ary3FNFNEY 2a—)b, 75 A, D __annotations__ FREMICHIF IR T
WET,

FEBREDRBADI D 2 variable annotation, function annotation, PEP 484, PEP 526 &L T 72
WV, ¥, T/ T7=2avENHTERA NS 27T 4 A LT annotations-howto SR L T <
7EE W,


https://peps.python.org/pep-0484/
https://peps.python.org/pep-0526/

The Python Language Reference, 'J1)—2X 3.13.3

5% (argument)
(518 BRI, B (£ XAV R) KETHETT, BBk 2@EdH D 3

o F—T—REIE BT L OIS OB TAOUE b D (Bl name=) S, wx 1K
EREOMOMY LTSN, BIZE. KO complex() OIFUH LTI, 3 ¥ 5 Ai%—
v — FRITT

complex(real=3, imag=5)

complex (**{'real': 3, 'imag': 5})

o MUESIE: F—v— FEIBLANDEIE, MEFIEIX5IEY) A FDORTEICEL T8RN TE, T2 %12
WelF 7z iterable DBERL LTETZENTEET, HlZIEX. ROBITIX 3 & 5 3 FHAIES
T3

complex (3, 5)
complex (¥(3, 5))

FEIBUIBBOFRICB W THAIN EDon — AV ERICHID B Toh £, HDHTETSHANCOW
T FUHL (cll) ZZBLTIEEIN, VR y ZRAZBWTEG 2R T DIIH o022
5 ek E T, FHiis N EHEIe - AERIZE DY TohE T,

k5% . FAQ @ FHEIEEARGIEDENMIMTTH? . PEP 362 2SR LTLEEW,

asynchronous context manager
(FERia > 7 XA b~tx—Y %) __aenter _ () & __aezit__() XY v FREFETSI LT async
with XNOBRBEEZEHT 247227 FTF, PEP 492 TEAINFE L/,

asynchronous generator
FEFAY = L — &) asynchronous generator iterator %R 3T BT T, async def TERI N
N —F VBIBUZBITWE T, yield REFOHRTRELD £9, yield i async for L—7T
FHATZ2HOM S ZER T 2DIMHHINE T,

R IBIEFEH Y = 2L — 2B L 35, XRICK > T RS zRL—R21TL—4% 25T
Landh £, BRESNLERPHS 2 THRWEGE, RO Een B iEe AL £,

FEMEHAY = 2 L — X BARUTIE. async for XX async with XIZFTHL await RdDDHBZZ 2D
D ij_o

asynchronous generator iterator
GERIY = L —& A4 7L — &) asynchronous generator B THEREN 2 AT 27 M TT,

__anext__ () XYV v REMoTHIENS ¥ awaitable &+ 7Y =2
FEIRLE T, 2O awaitable 7 7Y =2 ME, KD yield RETIHFEY = 1L — XEMDOAREKE
EITLET,

Z X asynchronous iterator T,

Each yield temporarily suspends processing, remembering the execution state (including local
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
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asynchronous iterable
(JEMHAA 7 Z 7V) async for XOHTHATEZ X727 bTT, HED __aiter _() XAV v
B2 & asynchronous iterator ZRERIFIULZ D £¥ A, PEP 492 TEAINE L7,

asynchronous iterator
CGERBIA 7L —%&) __aiter__() & __anext__ () XY v RE2RELLA TP 27 bT
o __anext__ () & awaitable 7Y 2 7 FERIBIFNIERKRD 48 A, async for &
StopAsynclteration 4t 2 EH T2 £ T, JEIHA 7L =KD __anezt__ () XV v FHIRT
awaitable Z R L £3, PEP 492 TEAXNE L7,

B
(Bl A7 =7 McBEEMIT O, Fy PRERC X > THATTEEZRINZETT, X+
TPz b o DEN 0 BFoTWR 2 E, ZOEMIE 0.a THHINE T,

A7 =7 ME #RF (identifier) EXTVF—T—F (keyword) TEFR SN 25 F TIRRNELHE]
DENZE5Z2ZENTEET, AW setattr() 2V, A7V =27 PBZRZFFAIL TS
BRATAET., ZOXIBBEMHE Ny FREXTE 7 72X TEF, KD DIC getattr() Zffio TH
LREDNHD ET,

awaitable
(FFHEPTRE) await NCHAT 22 BHRZ AT 27 M TF, coroutine D __await__ () XV v
RRHBZATI 27 b TT, PEP 492 2SR L T XV,

BDFL b
R Z KR EMIE (Benevolent Dictator For Life) OIS T 3, Python OfE#E. Guido van Rossum @
T,

-
-

binary file
(XA F VT 7 AN) bytes-like ZT2 LTI b DHARABIUOEZRAANTES J71ILATox
Ik TFe "AFV T 74 N0DFNE N4 FVUE—=TF ('rb', 'wb' or 'rb+') THHINLT 7 11,
sys.stdin.buffer. sys.stdout.buffer, io.BytesIO % gzip.GzipFile. DA Y AKXV AT,

Str A7V 20 POBAEZINTEL 7 7 A NE T I 27 MIOWTIZ, text file bBIRLTLZE 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 # 4R — b LTWT, C SFBOEKT EHiLt Ny 7 7 —2RMEAGER T TV = 7 b,
bytes, bytearray, array.array . %< O—f&HJ7% memoryview A 7Y = 7 FHAZAUCHD F
T, bytes-like A 7Y =7 ME, T—&FEME. NAF VT 7 ANANDORIE, Vv P EREHLULEER
LN F Y F=REFERT 20 0ARIBECHHT 2 TEE T,
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BOPOBIETREINAF VTR 2ZEETI2LEDPDD EF, ZOREOFFa Xy PTIRXL 75
AEXTEER bytes-like A 7Y =27 M ICERLTVWET, EEARERANY 77 =4 7Y =7 M,
bytearray ¢ bytearray @ memoryview REDEZENE T, F/. MDD DBRIETIIANE LA
T2 FNDAAL F VT =& (" HAHLHEHOD bytes-like A 72 =27 ) ZRELET, 2H2iE
bytes ¥ bytes ® memoryview A7V =7 FEENE T,

bytecode

callable

callback

I32R

("4 ha—F) Python ®Y —RZa— R, Python 702 4® CPython £ ¥ &7 ) X DNEEREL
THENA Fa—FAgar 3 LEfLExd, Nf ba—Fi& .pyc 774 MZF vy aZh, AL
77 AN ZEHIZFITIN 2R EDEHRICRDET (Y—RA—=FhPHNf Fa— FANOHED
AV RAMFEEEINET), 2D " HREEEE (intermediate language)” (&, %4 D N4k a— Rkt
J6T 2EEMEEE FAT T 2 RIEYS Y TEMET 2 VWA ¥ 3, EERERL LT, N ba—Fid#ER
% Python R~ VITHET 2 Z &%, Python VY —XMTHEETH 3 Z e ZHFFxhA TV
A

NA Fa—FOMS—ElZ dis ES2a—L IZHH T,

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 2) RO B BREATIIT SN2 DI IR Y LT 2 B

(VFR) =P —ERA T2V bRERT 272007 L —bTT, V7 RERIEHE, 2DV 7
ADA VAR A LOBERET IRV v FOEREEAET,

class variable

(75 2AZH) 77 A LICEREIN, Z7FALRLT (DFD, Z753ADA VARV A ETRERLIR) &
BHXN3ZeZHME LTWAREKTT,

closure variable A

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
(RDR=T 1K)
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(FiDR— 25 D %)
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.

complex number
(BHER) XKHIONTOAEMARENIELZD DT, TRTORIEI L B L LTRINET,
EEOT RN (-1 OFHR) WWEBEHI 20T, —RCBETIE 1 vFEhh, T¥TiE j &
HPNE T, Python ZERBITHAAATHIEL, BEORILZI > TWE T, BEIIKREI j 2o
TEEXFET, XX 3+1j TF, math Y 2 —VOEREBREFH T 21213, cmath 2#HVWE T, &
FHOMEHED D SERBFOMEET T, SHEMZE TR, FIEEEVWRIEHLTLE-T
WwTclix o,

context
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 contert manager via a with statement.

e The collection of keyvalue bindings associated with a particular contextvars.Context object

e A contextvars.Context object. Also see current context.

aAYTFRAMEER7OMIL
The __enter__ () and __ezit__ () methods called by the with statement. See PEP 343.

context manager
An object which implements the context management protocol and controls the environment seen

in a with statement. See PEP 343.

context variable A
variable whose value depends on which context is the current context. Values are accessed via
contextvars.ContextVar objects. Context variables are primarily used to isolate state between

concurrent asynchronous tasks.

contiguous
(B, H#ft) Ny 7 7 DEEIC C8ft $£721% Fortran 8 THRIEAIIC. £ONy 7 7 EEK LT
W3 EABREET, ErXITNy 7 71d C @8 TH D Fortran #HFHE TS, —KITOESTIE, ZDE
REIBTRAEY LTHEET 2 X5 CHESN. REPLELLMBMEDHITWIEETEIE T, 2R
LD C-H#fRZEAITIE. XEY 7 FLRIHICEREZ K S BRICERBEORZIFORINCED 2 DITH L,
Fortran #HE/2BLY | TIZERA DR FHRAINCEN = £ 7,
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Jl—F>
(Aan—=F) ar—Fr@3 I I7N—F LD ~RNZEXTT, 70 —F IR@RD SN
POAD. Blokd s MSroHE T, aL—F U ICFZ L ORkL M H A, 15, BT
5ZEDNTEET, ANV—F Uik async def XTEETZET, PEP 492 2B L T 72X\,

coroutine function
(an—F B coroutine 77 =7 M ZIRFTEBTY, ar—F VBRIL async def XTHLE
S, await. async for. BEWY async with ¥—V—F2FOZLhHEKET, sl PEP
492 TEHAINE L,

CPython
python.org TEAA XN TWS, Python v 2'J 3 ¥/ SFEOEERN R EETT, "CPython” 2\ 5
BZEIX, ZDR¥E% Jython % IronPython ¥\ o 72D ¥ XFI$ 2 REMNH ZHEICHH SR
£7,

current context
The context (contextvars.Context object) that is currently used by ContextVar objects to
access (get or set) the values of contexrt 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
(FTav—2x) oK ZIR TR T, @E, owrapper M CHIKEH i L CHEHAINE T, 7aL—
2 DO— A7 FFFZ. classmethod() ¥ staticmethod() T,

TAL—RDOXEE I VR VAT 2l —TF, RD 2 OOBBERIIEHRMICA TS DT :

def f(arg):

f = staticmethod(f)

@staticmethod
def f(arg):

FUHEEDN 2 ZRACBHFELETH, HDEDEDLNELA, 7AL—RIZOWTH LR, BHEER B
FEIVFRAEEDRF XY FEBRLTLIEE N,

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.

TARAZUTEDRAY v RIZBLTOFME. 7RAIUTE (descriptor) DRE R Descriptor How To
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Guide 22 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
(FFENTIKELD) iterable NORTH 2 WIE—HOERZ UL T, ZORRP SR 2FFE LR T 3 > %
27 MgEXFTT, results = {n: n ** 2 for n in range(10)} £ F5&, F—n ZflH n ** 2
RIS 28 FEZAERLE T, VAR &6, HEORT 2SHL TS W,

dictionary view
(ff#H L 2—) dict.keys(). dict.values(). dict.items() 2RT A7V =7 FTT, FEHEDIEH
DEWRE 2 — 2B L E T, TRbE, HEPLEINL a2 -3z KMl £7, HEL 2 —
ERRHIINCTERR Y R MZT 5121E list(dictview) ZHEHA L TL 72E W, dict-views 2B L TL
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 —REFoTWAPERETI2DICA TV 27 FORE RN
NI IVIRARANTT, bz, BIUCA TS 27 DX Y v RRBEWLFRIN Dbz D
LES, (ZELDESICHAT, TEADXSZBIFIE. ZRETEATHS,1) A VR —Tx2—2R
ERIFDEMHTZLT. EFLFYA v a3nza— Rk, RVE—7 4 v 7 2REZHF L TRIIEE
MLXEET, v 7XAL Y7 type() % isinstance() ICXZHERBITE T, (7275 L. Xy
IRAVY TR BREEV SR THET2ZdTEET, ) 2ofb b, MAIIC hasattr (O
R BAFP 7azs Iy 7%FHALE T,

EAFP
MR & 2 X DFFLEFH D ADAES (easier to ask for forgiveness than permission, ¥ —7 4 — DIk
AN OWETF, Z@ Python TIELfbhTWwda—74 Y 7AXAATIE, BEEENEF R
MRFET2DDOLREL. TORED R > TOIGEWHINERHIEL 5. ZOMETFRLIET 2
I—FT 4 YT ARA VI, try XBES except XD SADZDPREUTT, ZOT7=v7
3. CDESREETLILLMFEbATWS LBYL AR AL XIS DTY,

expression

(R) MO FHEiEN s, —FL FH O (a piece of syntax) TF, Wiz s, AWV 7
Fv, 4l BT 7R HAFPEBETOCHLZY. H2RTROEROBAERRTT, Ho%<

DEGELEV, Python TREHEDORETOMKERIALEVWI DI TEDD $EA, while DX I,
RELTRERRN X $HDFFT, KA TIERIXTT,

extension module
(JLEEY 2—1) C R C++ TELNEY 22— T, Python ® C API ZF|f LT Python 27
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f-string

RP1—P—a—rFehebLEI,

£ B ABREEICI W XXFEN Y T Tk Vstring” 2FRER. 2 TA—Tw FEAXFES
T3 OREMEEOELIITYT, PEP 498 3B L TL X\,

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.

T7ANF T2 MAZERIQWE 3HELDET: DO NAFU—=T714)L. Ny 7730/ INA
F)=T7A4)l, LT TFALT 7ML TT, A VR =7 x4 AlF i0 EY 22—V TERINLTL
¥, 77 ANT TV 20 b BAEBEHENRITIEIL open() BB EM S Z 2 TF,

file-like object

file object £ [AIFETT,

filesystem encoding and error handler

finder

Encoding and error handler used by Python to decode bytes from the operating system and

encode Unicode to the operating system.

T7ANTATLADIYA—FT 4 Y7 TlE, TRTH 128 N4 PUTRIEREKTa—FEh3 I en
BREAFXNBLTWEBDERA Z77ANTVATLDIY A—F 4 VP TINABRIAE SN D - - 5E
1%. API B$(%’ UnicodeError ZEH T2 ZeH b T3,

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.

(774YR) A VR=PZRNTWVBEY 2—1ND loader DFERZRTTE247Y =22 bTT,

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 774 VA —rO—4— and importlib for much more detail.

floor division

(U D H&CRHRE) —FoWEBRICU DR T2 BEEMRRE, YD TREHEE I // T3, HlRIE 11
// 4212k b, ZR2IEHNFNCFEE/MIURBOEDRETIX 2.75 28 R-oTE ¥ 3, (-11) // 4
& -2.75 Z INTWVWHIC D2 FRIE: BOMBRADIDZITS) DT -3 12745 Z LIZHERLTK
72& W, PEP 238 ZZHL T X\,
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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.

3k
(BE%) PR LENCEZ RS —# oD Z e T3, BRICIZ 0 U Lo 318 23 2 e hHikET,
FREDFATRHITS IR ZER S 2 Z etk E T, REIE, AV v F, BEESR 2L TS,

function annotation
(B 7 /77— aYy) DT X—=ZRDED annotation TF,

B/ 7—>avid, @HREEY F okdifibhxd: flZAE ZoBKE 2 520 int Bo5]
Beis e i E . £ int MORDEERO L HffSh T E T,

def sum_two_numbers(a: int, b: int) -> int:

return a + b

BT 77— a Y OXEE BHES OFi oI TtuwET,

KEBEDFAD B % variable annotation, PEP 484, #ZML T XV, ¥/, 7/ 57— a v &F|
32279277 4 A% LT annotations-howto 3 BB L TL 72X W,

future
from __future__ import <feature> 2\35 future X ik, 3> %4 7 —IZFRD Python V ) — R
TIEEY R ZBYREREHEH L CHEDE  2a— L 2a A VT2 X5ERLET, __future__
EY 2—ILTIE, feature DD S 3EZ FF a2 XY MUELTWES, TOEI2—L%AVKR—F L,
ZOERETE S 5 Z & T, FRBEPRINCSIEEICEMEINZDITVO0Re, WOFT 7 4L MR 50
(27237 o7d) 2R ZeNTEET:

>>> import __future__
>>> __future__.division

_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection
(AR=varryay) IhBEEONSE 2 DRV EY) ZERT 20 T3, Python X, A
vy b, ERSHEEBE UBEST 2RIy aL 7 & e ffio ThHR=—YaL s> aryzifug
Fo AR=VaL 27X gc B 2a—N%Fo THRIETEE T,

JIrl—2
(¥ =H L —2&) generator iterator ZiRTBIT T, BHOBRBICLITWETH, yield REHFOHT
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BiD %3, yield R, for L— FTHATERD, next() B THE 1 >F oM LD TE
%, EHOWM R EERT2DIFEHINE T,

BHEEY AV —ZBEBZRLET. Rk TE P RL—RATL—F 2T HEVHD X
T, BRISNLEE®RSHS TR VWEGE, LD DI HEE2 AL 5,

generator iterator
(YzHxV =&AL TL—2X) generator BIETHERZINZ A TS =7 M T,

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
(Y=Y v ZEE) B sBIc LECHEZ T 28 E» MRS N 288 TS, MO LKICY
DEBELRHVEZPIET 4 ANy F 7LV XLIZEDREENET,

single dispatch, functools.singledispatch() 7L —&, PEP 443 2L T 72X W,

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 TLIZ&E W,

global interpreter lock
(ZFa—=2Ay&2FY Ry ) CPython £ ¥ X7V XBFHLTWS, —EIZ Python @ /N1
FO—F 2ET32ALy RIZ—27F3TH2 2 RAET2HHATT, ZUTKD (dict &Y
DEELMAAATREEL) 7V 27 NEFADFEKRET 71 21250 U THBRIICLERITKR 5 DT,
CPython OEENS > INICRDET, A VX TVXERERY 7T 58T, wiF Tty
SUMELZMIUED IR T EFIEHRIC, A YR T XEMBICIALF ALy METE S X51kD
£,

UL D 2 0 IEAEDON L DD DIIRE Y 2 —E, EfEe Ny ¥ a3t B Y O EOBEWLE
3 5L EIZGIL ZERT 2 KO WCREFENTVET, £/, [/O W% T 2358 GIL 135 IRk
ENET,

As of Python 3.13, the GIL can be disabled using the --disable-gil build configuration.

210 18 A & B


https://peps.python.org/pep-0443/
https://peps.python.org/pep-0483/
https://peps.python.org/pep-0484/
https://peps.python.org/pep-0585/

The Python Language Reference, 'J1)—2X 3.13.3

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.

hash-based pyc
(Ny¥ar—Zpyc 77 AN) IELSWERHEIT 27012, MIGT DY —R T 7 4 VOB EFRLIT
BHRAANY Y2 lZ2FHT 2, Fa—FDFXFy v a7 74V TT, FrvadnlcNAMbd—F
DEML 2B TS0,

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 __egq__ () method).

Hashable objects which compare equal must have the same hash value.

N T ARRERA T 2 7 PEARHEDOXF —REEDRA A L TR T, HEPESDT — 2 HE
EHES TNy & 22> TWE 5T,

Python O A I 2 =X TNV RHAABALA TSI 27 NI IZEAEDANY Y2 R[RETT, (VR MHED
EOR) 2= TNRAVTFENY T2 RARET T, (X T NR frozenset DEIR) £ I2—%&7
NBAYTFIE, BEBNAY S 20RTHLEEDANY Y 2A[RTT, T—F—ERDZ F7ADA ~
ARVATHZEIBRFITI 2 MET 74V P TAY Y adfETT, 252 T (HHZRWT)
eSS RIIEEMTH D Ny ¥ 2fllX 1idO) Kb FSsNET,

IDLE
Python Oft&EFFEEREE (Integrated DeveLopment Environment) & U7# 8558 (Learning Environ-
ment) T, idle & Python OFEERLEAMICFEMI N TV EARNLEREDO LT 1 2 A 22T Y
XEREET S,

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.

immutable
(A32—2T7N) BEDEER /AT 27 b T A2 —RTNRA Tl M, BiE, X
FH, BEXOEERTIVRERDHDET, ZhoDA 7YV VIEREZONER A, HIOEZERESE
BRI, FieBA T2 7 P ERER L RTNERD ER A, 1 32 —FT7ARIT T 7 NI BIE
DAy ¥ a @R 72 2 RN TEHERFE 2R LT, HEOXF—BZOHITT,

import path
path based finder %% import 3% €Y 2 — NV EZWERT 25 (£721% path entry) @V A b, import
. 2OV R MIET sys.path DORETH, 37 v F—IDFEFHE Yy 7 —ID __path__
EBErSBRET,

importing »
5%EY 2—1® Python 23— RPFIDEY 2 —LD Python a— FTHEZX 2 X 5T 20T,
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importer

Pa—VERLTe—FRTEFTI I, finder & loader DEBESLTHHEIATI T 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 34 > & 7V XEXDEFETH D, >4 I F5FEOMMAEL T, (N4 ba—Farx
A IWBHBIDI1C. TOXFNIBHKTTD, ) TITOA YR TYXFiELIZ, Y—Ra—KD7 74
N, ETEMFARERRICL T ETIRI e Vo BER LIS, BHEETTEZIL2EKRLE
To AR TV XBROFFHEIEE, a4 FIEROFFELD I/ TNy Z7OF A 7 VEFE WD
DD, T T ADFEITIEF—BITENT T, WEEH S TN,

interpreter shutdown

iterable

iterator

Python £ Y& =7V X —d> v v P XU VY REFHINLFHI, BV 2RI XRTOI VT 4 AR
NEHEZ 2 8D, TRTOMERL 72V Y — A2 BBERNCBAS 2. File 7 = —XWCAD X5, 2O
Tz —XF AR=TAL IR ZEBEINFCHLET, TRV ZI—F—EREDTAI I I X%
weakref 23— Ny IBIEPHINZZBHDET, v v b EU Y7 2 —XHFZETEINEa—F
. ZNPMEET BV Y — AR T TIHEREL W (KK D BRI T4 75V —FY 2 — /L% warning 1
HETT) 72Dk 2 BIAMCER L £ 3,

AVR—TVERBY vy AU T ZEREHIZ __main__ TP 2 —IRETERTWERAIZY T+
DETHET L2 TT,

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 _ ()

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.

F—RDOWNERHATEIA T2 b TT, A 7L—FD _next__ () XAV vy FEEDRELUETHT
(£7213HAAABI next ) ITHET) &, MOWOFTDHEREZ —DOFTDORLET, 70K L,
Kb IZ StopIteration HIStZEH L EF, ZORET, A TL—XATV=27 VEIRETEY, *
NP __next__ () RMIEFA TS Stoplteration ZEHLET, 41 7L —XiX, ZDATL—
A7z VAKZIRT __iter__() AV vy FEEZELRZITNILRSZVDT, 471 —XIMho
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iterable ZZM T 21Z L AL OB THHTE R T, 3o & D & LABINZEROREZITS 5%
aA—=FTF, List D&kS5K) ary7FA7Y =27 NI BHEZ iterQ BABUCA T Y =7 MITEL L
D for V—=TFHNTHS 2Rz, FBRFEHOA T L -2 24ERLET, ZhEef 7L —XTITES
L3k, HilDA T =2 a Y THABADEUCA 7L —2A 7Y =7 P2 HEMITR T 0, Eoa
VTFDEIWTEoTLELET,

FE 7 BRI typeiter I2H D T,

CPython RZE D& #: 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

keyword

lambda

LBYL

(F—PBE) *—B%. H2 WAL IE. V- FRIEFLB D OfEZ R FIE O LATREA 7
2z b (callable) TF, BRI, locale.strxfrm() = F —BICH X, v/ —URFDY -+ D
BEIIDo oY — b F—ZIBEL T,

Python D% < OY — g F —BEZITIR D EZOM SIERS 7L — b2 EH L £3, min(), max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby () 23H D £3,

F—BBEEZHEETOLO2HD £9, Bl str.lower() XY v FNERF/NFxXAIL
WY — 75X B LTS ZeBHkE T, H5WE lambda r: (r[0], r[2]) O X
5 7% lambda 6 X —PBfZES Z LA TE XY, F/. operator.attrgetter(), operator.
itemgetter (), operator.methodcaller() ® 3 DDF - X VI 03H D 3, F—FK
DYED FF 2 N T DAE Sorting HOW TO S L TL 72X,

argument S
518 2B LTS,

(7 LK) BHDA VT4 YT, BEEDIES iz 2ICiHiicns 120 X 2E3AET, 74
XA ZE 5 M1 lambda [parameters]: expression T3J,

FZ 21305EDH (look before you leap)) DMFTS, ZDaA—F 4 YT AXANLTIE, FFOHLPRRK
21T 5 T, WIRANCHT#RS M (pre-condition) HIEZ1TWEF, FAFP 77 u—F L MIEAT, if
X3z B AMDND DO T T,

<WAF ALy MEINZRE T, LBYL 7 7R —Fi " B27 @BREr 7 R BREOHSIKEES| &
EZFTVRIBEHDET, HlZIE. if key in mapping: return mappinglkey] ¥\ 5 22— Fid,
HEDKZ. DAL v ROBERLBDHINIC mapping 25 key DR CEMLET, ZOMEIX, vy
752550 EAFP 770 —F %5 Z e THRIRTEET,

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
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a linked list since access to elements is O(1).

list comprehension
(VAMAEER) =7 YAHFORTH 2 WE—HOEZAZUHL T, ZOKR,25722 VX bziK
T, IVRT MRGETT, result = ['{:#04x}'.format(x) for x in range(256) if x % 2
0] 32k, 0256 255 $TOMEEE 16 EHKEL (0x..) LEXXFINH57%25 Y A M 2ENRL %
To if HildA T arTY, if HinRWIBE, range(256) DR TOEBENLH TN E T,

loader
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:
« JFAVH—rO—4—

e importlib.abc.Loader

« PEP 302

O=)ILI>ya—-5Fa >y
On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.
setlocale(locale.LC_CTYPE, new_locale).

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 L 7213 7zAFKFE TS,

mapping
(v YD) FEDOF—HEEY K- LTWVT, collections.abc.Mapping »* collections.
abc.MutableMapping @ MR EEK T 7 X THEEIN LAY v FEEELTWsary 7+ 4
7Y 227 b TF, Bl 21X dict, collections.defaultdict, collections.OrderedDict,
collections.Counter % & T3,

meta path finder
sys.meta_path ZMK L TH LNz finder. meta path finder 1X path entry finder L EARIZH D F

TH BYITY,

meta path finder 255255 % XV v FIZDWTIE importlib.abc.MetaPathFinder Z&MR LT 72
ISAAN

metaclass
(RRTFGR) IV TADT FATT, VIRERIEZ. 77 A%, 7 7ADFHEL, HEIFADYV R+ %
EDET, XX 7 I7RF, Zho 30Z5 e LTRUIMD., 727 RAZE2EEZEVET, IZLAY
DA TY x 7 MEAISIEE GRIE: X X7 7 AD) 77 4L b OERERFML TV EF, Python 23%E5
BDEFAARLDRARY T AR TEZHRTT, FLALDI—F—IZHWMoT, XXT 7RI
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TEDRWHDTT, LaL, —ZOBFHETIE. XX 7 SRFENTo LA Y " RAEREHLES, -
2B 7 Rou Rz, ALy Re—78E2BMLED, 7522 FOERKZEBIFL
72b, PN EEETRY, ZLOGHETHHEINE T,

il X2T T2 ZBRL TS W,

XYy R
(XY v R) 7 IARERDOHFTERSINEE, 2D F7ADA VAR ADEEL L THUH S8
BAYY FBA VAR YZAA T 27 b 2B — 518 L LTRUTMD 7 (ZOHE—51EUIEHR self
CIEENET), B & AT RO—7 3 SWL T X0,

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
(¥ 2—/L) Python 2 — FOMMBHEM L LTEALLLATI 27 PTT, EV 2 - LVREERED
Python A 7Y =7 b2 BOARTZEMEZRL £3, €Y 22— W& importing DI X 5T Python
WCHAAENE T,

NOT—2 ZBRLUTLTEE N,

module spec +
Va—lEZu—F330Hbhi A4 R—- EHEOEHREL ZLLATZEM T, importlib.
machinery.ModuleSpec DA Y A X Y A TT,

See also Module specs.

MRO
method resolution order ML TL Z&E W,

mutable
(R2—RTN) I2—RTNRF TV M, id) ZEZ DI REEZEETEET, 12—
2TI) BB TLIZE W,

”

named tuple
FHIN E R TN WS HEEIE. BT AVZHELTNT, 4 VT v 7 AN K ER I LENZE - T
D7V EAHTELEEOMP Y 7 AZIBHINTVET, ZOMPr 7 AIMMOEEE D F>oTWwb
EHHHET,

time.localtime() % os.stat() DRDEEZEEL WL O DHAAARIILHIFE X I TT, f
D% sys.float_info TT:

>>> gys.float_info[1] # indezed access
1024

>>> sys.float_info.max_exp # named field access
1024

(RDR—=V1HiL)
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(FiDR— 25 D %)
>>> 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
(FATZEM) BB E N 25T, ARIZEMITFHEr L TEEINE T, i3t 7Y 22
FD (XYY FD) ANFICHR-o7b DT TR, RFRS O, KENZ D, 2L THAAALD
SONRHH FT, AREMIZATOERE S ZLICE > TEY a— RS R— T3, HlZIXBEE
builtins.open & os.open() IFHHATEMTXAMEINTVWET, Floo EDEY 2 —HEE R FE
LTWR2IRT 2 Zic ko THAMZEMIZATZE L RTEZE L EF, flZIE. random.seed()
X itertools.islice() &L &, ZNZNEY 22—/l random R itertools THEIN TS Z
EDHL DT,

namespace package
A package which serves only as a container for subpackages. Namespace packages may have
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 &8jZEf/\y 7 —.
module 2B LTI W,

nested scope
(AR PSR =T ) HIMUTERSN TV L LK ZZRT SAET T, BRI, D 2B DRI
OHTERINTVWEHE. NHOBBIZMIOBBHOZ 2SR TE LT, AR PSR a—7
B7 7 4N P TREBOZRZINTE, ZHORARZTERVOTERLTLLI WV, B—AVE
F. ROAMDR a—FTEBEGAEELET, A, 70— \VEHZMES & 7 — L%
BOEEFAEE L E I, nonlocal THMINDOZRICEZIADE T,

new-style class
Old name for the flavor of classes now used for all class objects. In earlier Python versions,

_slots descriptors,

—_ —_—

only new-style classes could use Python’s newer, versatile features like

properties, __getattribute__ (), class methods, and static methods.

object
(A7 =7 b)) RE (BHERHE) EBINLRLZIEBD (XYY F) 2H28TOT—%, d LI
LTO FAZAINI R OFMOEIKS FADZ L,

optimized scope
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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 =) B TEY 2= LPHRNCH TR r—I 2802 DR S module DZ 2 TF, &
FIRICIX, Sy o —2% __path__ @M% D Python + 7Y =2 T,

reqular package € namespace package B LT 72X W0,

parameter
(R51%) B OFIRT BE ( AV Y E ) OERICBWTHEDRIT 2 25|18 28ELET, K
FlENCIZ S D D 5

UBXEEF—T—F: B THLIVE F—T—F3 L LTEST N TEL5HEHEL X
o TS ZIBBIRD foo R bar DL DI, T 7 4~ DIRGIEOEETS:

def func(foo, bar=None): ...

EEH: MEICE > TOAEZLNZ5MEEELET, MEHEHOFIEI BEEERD5 B Y
APMDHTEZENLDRAIC / REDDLIETERTEET, HIZIE D posonlyl ¥ posonly?
EAEEAS IR D £3

def func(posonlyl, posonly2, /, positional_or_keyword):

F—I—FEH: ¥F— Y- FNZLoTOAEZAOLNZI5IMEIEELET, ¥F—V—FEHO5 8%
EFRTE 25X, BIZIELLTD kw_onlyl ° kw_only2 @ X 512, BBERDIRGIEY X MiZ
GO EEMES B FEZIIHD « D% TT:

def func(arg, *, kw_onlyl, kw_only2):

AIERME: (fhDR5IEBTHICZT SRR OMES BT Z T) EEDEBDNMES B 5 2
LNB I EEELET. ZDXIRIGIEE. LR D args D & 5 IRGIEHDENT * 221 5
T TERTEET:

def func(*args, **kwargs):

AERF—T7—F: (ORGIBTEBECZT ONTATEDOF — 7 — F5lEuCiZ ) RO D
F—U—F5BRE5EZ5N2 I REELET, 2D X5 RE5IEE. LOBID kwargs DX 51
B DRNC %% D35 Z L TERTEE T,

REIEEA 7> a Y e HDGIBOEDL HBIEETE, 47> a o583 T 7 4V MEDIFETZ
£75,

®518 . FAQ @ 5B ARG IBDBENIMTTH? . inspect.Parameter 7 7 A, BHESE £~
Yar, PEP 362 Z2ZH LTI,
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path entry
path based finder A5 import 33 EY 2 — VBT import path D 1 DDFFTTT,

path entry finder
sys.path_hooks IZH % callable (D% D path entry hook) D5R U7z finder TF . 52 b7z path
entry IWHBEY 2 —NE BT HEEZH>TVWET,

NRALY M) =T 74 Y EPFEETZ XY v FIZOWTIE importlib.abc.PathEntryFinder %%
RLTIZE W,

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 7
7 4V b D meta path finder ® 1 2%, EY 2—ILD import path ZHRRLE T,

path-like object
(path-like 727 b)) 77 A NS AT LRA%ZRKLE T, pathlike 7 =7 Mid, 2R %2RK
T str ATV bR bytes 7V 27 b, ¥£713 os.PathLike YR b a L ZFHEL AT
7 FDENDTT, os.PathLike 7B F AP R—FLTWVWE A 7P =7 M os.fspath() %
O3S Z 8T str 7213 bytes D7 7 A LT R T LANRICEHTE £F, os.fsdecode() &
os.fsencode() I ZNEH str HBWVWIE bytes IKRZDEMRIET 20X £, PEP 519 TE

AZNZFE L7,

PEP
Python Enhancement Proposal, PEP 1%, Python 2 3 2 =7 4 I8 L TERZIRIET 2. H VI
Python OHFHEEES Z DBERLIRTICOW TR T 2REFIXE TS, PEP 1. BEEicoWToffi#E%R
Bk L 1R R 3 2 RE Dl () ZIRR 2 NETT,
PEP &, FHEREDRRICHH 5, 33 2=7 1 I X 2 MEIGBEOEM L Python 1272 X412 FEHRII
OXENDD DR LA OEMKL 722 2t 2BERILTWE T, PEP OFHFICZaI 2 =741 NOEE
FEHzEIT5> 2. RNERZNFNMNTL2ZLOBEBENHD £7,
PEP 1 2ZLTEE W,

portion
PEP 420 TEF XN TW5, namespace package IZJBT 5. HED 7 7 4 VB (zip 7 7 4 MITKE
ENTVEHELHZ)1D2DT 4 L7 M VIR D,

{I&3 % (positional argument) S

I8 ZZWLTZEW,

provisional API
(B API) S 1 75 V) D% HIEMEMEED & FEINICRA SN DTY, 20X 5K%4 v & —
T2 —ANDORKERER X, WETHZ L INTOIMEIPFINTOEEAN, a7HFHEEFCE-T
B Y A INIUE, BAFEREEE ([ 2 =72 —RDHIRETEENDS) DITONZET, Z
D LS BEFRZLRAIITONE B DTIED D FHA - 21X API ZHAALENCIERE STy
TBERBRMEPBR L2 ZICOATONE T,
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TE APT IZoWTH, BATEHMORVWAER R R&FE) LARINTHERT, MERIHIL L
GETORIT AR BIREZRTRETT,

Zo7atRICE), EHES A TS VERBEE R T VLS —ICREVWHBLAD NS Z 7L,
FMREB X CELLZRHIT SN FE T, 55l PEP 411 2B L T 72X,

provisional package
provisional API 2SR L TL X W,

Python 3000
Python 3.x VUV =254 D=y 73 —LT7T, (Python 3 2 EWIERDFE o FEHIZES N
T3, ) "Py3k” LWINZZdbHHFET,

Pythonic fth
DEFBCT—HNZEZTTTEPNIz 2 — FTIER . Python OFHC—INRA 714 4 20 72E 2
fixa— KR, BlZIE. Python O— 7% A 74 F A TIE for X&oTAT 7 TNDTRTOHE
RIE->TL—TLET, MMDZL DEFBEICIE ZDMEMEAIEZR VDT, Python IZIENTHWRW AR
OOIBHEDO AT v 2 =S5 0d LUEEA:

‘for i in range(len(food)):

print (food[i])

ZAUIH L. ZThWiR Pythonic R ER:

for piece in food:

print (piece)

qualified name
(Bffi%h) €Y 2 —NDIB—rLRA=T D06, ZOEI 2 —LTERINLZ TR, BB XY v R
AD, "R ERT Ry MEERFLTY, PEP 3155 TERINTVWET, vy TLNLOBEKRZ 5
2 TlE, BHi%EA 7Y 227 FOARTERICTE:

>>> class C:
class D:
def meth(self):

pass

>>> C.__qualname__

o
>>> C.D.__qualname__
'C.D!'

>>> C.D.meth.__qualname__
'C.D.meth'

EV 2 NAANOBHTHDONS &, TEEMB (fully qualified name) IZTXTOF NS r—I &L
2RO Ry AR, HlZE email .mime.text ZEHKL T
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>>> import email.mime.text
>>> email .mime.text. name _

'email.mime.text'

reference count
BRATVL) H2FA T2 VIINT IO, SRATV VIR 0K E 204 T
Y7 MIWEINET, kit THH, ZHRITV Y PR U TEHEEINRVDITE D Y THERR
INBVWATI 27 oD ET, BRAIT Y MTEH X Python ®a— K EIQEZHNAZEAD,
CPython FEDEELRERTT, 0l o~—F FEOA T =27 bOBRAY Y M 2RI 272012
sys.getrefcount () BAZMF-ON T 2 S HIRE 3

regular package n
M, __init__.py 7 7 AVEELT 4 L7 MY 2 LTD packages,

namespace package BZHLTL 72X,

REPL
"read — eval - print loop” DHHFFET, WFEE 1 ¥ X =7V X - = L Djl%,

slots 7
FANTODEET, A VARV ABUDHEBEDHOPUDERLTEBE, 4 VAR AFELHIRT 2
ZrT, AEVEHNLET, ZUIELHELNET7=v 7 TIH, ELLFEIREFHALIY v F—
BROT, Mk —A, BIZIZXEYDHERELRE7 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
(BEEWNTLKRED) iterable NORTH 2 WIE—EHOERZWH L T, ZOMREI LR 2EGRERTa Y
R W EE)TT, results = {c for c in 'abracadabra' if c not in 'abc'} T B &,
{'r', 'd'} LVOIXFINOFHELZAERLE T, VAR £, HEORT 2SR L TSI W,

single dispatch
generic function O—FETREIZ—DODFBOEIZ X DERENF T,

slice
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(RFAR) —RIZ =T VR OD—FEELA TV 2T b, RAT74RF, BFREL [1 THRONHE
BoBoficanyz2EL ZeTESNET, BIZIL, variable_name[1:3:5] T3, AEIMN (FF)
FEE slice A 7Y =27 P 2AFICHIHLTWE 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 BLRE D BIE. B ZXMAE 2§ % 72912 Python 7 HHEEICIFOH E 5 X
VR, ZOMEDRAY v FliE, XYy FADRHILRRICT VX =227 2 DOBDOVTWET, ik
XYy FIZOWTIE FHRAY v R THRHINTOVE T,

statement
() XEAAL—=F (2a=FD” 7u v 7") KAAIRBERTT, I X 2F—V—-FroMIEN5
bDDEL HLNTT, BEFIWIL if. while. for BHD ET,

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
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”.

text file
(FXRANTZ7AN) str AT 227 N EHABEETES file object TF, LIFLIE, TFRA 774
MIEBIIAL MEADF —ZZXA MY =227 78 ZA L, THXRAMIYO—F 1 >4 #EABIZITO
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k=0 >

3, 7¥A L7 74 VDA, sys.stdin, sys.stdout, io.Stringl0 4 Y AKX Y AR EE T ¥ A
FE—F (Ir| or 'W') THHWZ7 74 LT,

bytes-like 7T TV b BRAZEETEBZ 77 ANVF T2 MZOWTIE, NAMFUT 71l 35
JRL T,

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

type

(S8 4 — FXFH) 3 0D L2 4 — MEEE () BT HER b7 4 — () THEAEFI, i
D (—E) 21— FCFINHANTEETE 2 CFINGENED ) THAN, KorOHETHAT
S, 1Oh 2 ODME LY 4 — FEERLRS — FWUICE e TEET L. FRESTF (\) %
bR THHBMIFICE DD LB TELDT, FFa kY F— a3 ¥ TFFIR < FHSRHC F]
<5,

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 V7 R) Boplc, Bzl IcRALTERL T,

R4y 7R3 BeY b Z2HMLT 2DICHEHTTY, HlZI:

def remove_gray_shades(
colors: list[tuplel[int, int, int]]) -> list[tuple[int, int, int]]:

pass

CHEBRDESITEDFHHAR TS TEET:

Color = tuplelint, int, int]

def remove_gray_shades(colors: list[Color]) -> list[Color]:

pass

FEBEDFAAD ® % typing ¥ PEP 484 2ZM L T 2 & W,

type hint

(Bler b)) Z8 7 7 2@ BB D5 X =22 BE D EOHIG SN BZIEE T 5 annotation TY,

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.
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Ja—NVEKR 7I7REME BERT. oa—-F LV EH TRV DDA ¥ X typing.
get_type_hints() THUFTZ%J,

HAEDHIIA D 3 typing £ PEP 484 2BIL T EE W,

universal newlines 7
FAMNZIY —LOBRED—DT, UFOTNTEITRLBML 9 Unix OFTHRBE "\n'.
Windows OHIE '\r\n'. &\ Macintosh OFE '"\r's FIFAEICOVWTFHFLIZ, PEP 278 &
PEP 3116 ., X512 bytes.splitlines() 3L T X W,

variable annotation
(BT /) T7—=>ay) EHDH 5037 7 ZABMD annotation .

ZRD BN 7 ABIEICHERZ 72 8 23, AABTRERTT:

class C:

field: 'annotation'

ZR7 7 T7—a @B BEEY L odifEbRET: fIZIE. 2O int DEZERSEZ
PHFEINATOE S

count: int = 0 ]

ZRT 77— a ¥ DU OWTIE FRTE AL (annotated assignment statements) i TR
LTWEY,

MEEDFBHDIH 5 function annotation, PEP 484 , PEP 526 2R LT Z& W, ¥/ 7/ 7 —
avERHTAERANTSTF 277 4 A2 LT annotations-howto HSHR L T L 72X W,

virtual environment
(IRARSRE) WYl D B S M 7= B (TEEECF, Z4AUCK D Python 2—H & 77U 7 —3 3 VA
UL AT 5 ETEHINTWSMD Python 7 7V 7 — 2 YOBEENCFH T2 Z 2742 < Python Sy
T=YDA VAPV EEHEIT) ZENTEET,

venv ZZHAL TL 2& W,

virtual machine
(i~ ) ERCY 7 b Y 2 7IC K DEFE N3 > ¥ a—%&, Python M~ id, A4 b
a—FRary A SBPHALE N FO—F 2FETLED,

Zen of Python
(Python ®1&D) Python Mg LFIHS 2 LTOEZ 725, Python OFEIRAEIE H¥E%Z VA MC
L7bDTI, Mahirv > 7 T 7import this” £ 32 ZDYRAMEHDET,
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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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BRr>1t>2X

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 © 2001-2024 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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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 <)

C.2. Terms and conditions for accessing or otherwise using Python 229



The Python Language Reference, 'J1)—2X 3.13.3

(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)

244 18 C & B 51t




The Python Language Reference, 'J1)—2X 3.13.3

(FiDR— 25 D %)
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:

C.3. Licenses and Acknowledgements for Incorporated Software 245




The Python Language Reference, 'J1)—2X 3.13.3

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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