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DV T7 7L YARAT =27V Tld, Python BFBDONEL., ? a7 eR2L~vr T4 7R IZOVWTEALET,
IOV =aTMIZoFROEZHLD LNFETAD, ERILERIEZEHLLTVET, BMETRWHAIAAL
7Y 27 MIRHAAHRBER. HAIAHEY 2 —NIZBET 5~ 2T 4 7 R, library-index TR BN TWE
3, FERE 520 Python SREAMICIE. tutorial-index #BR L TL 72V, C SiBHI2WE C++ Turo~
MU, 2O =a7 b idilicZo0~v=a 7985 D F3, extending-index Tlk, Python JLIREY 2 —
NEFELDDE LNV RERIZOWTHRRTWE T, F£/. capi-index Tl&, C/C++ Fu /7<=, HHTE
54V R—7 2= 2OV THHCEER L TV E T,







ONE

L ®HIC

OV T 7 LY AT=a2a 7 ME, Python 7R 75 I V7 EEAKICET 2R TT, Fa— b7 LTED
NbDOTEHY EE A,

IR =2 7N BTERRFIEMICEZ S £ 35—/ T, SUERFHAFNLIN O 2 TIZOoWT, Efbahizft
FRROAR TR S HRERES C2ICLE L 293328 Ty ZDRF 2 XY b EENRHEICE o TX DA
RFTL B TVBRIETTTY, PCRHVEVLRETDESTVWEIETL x5, (EoT. dLIEDDHRIBKE
PHRTVBANT, TORF 2 XY MEFD S Python ZHEFHEL LS LTWEDRS, Ak tHERILRITN
WBReRWZeddh, FRIEBZLELAOFHEEFEETIPHICTKRSTL & 5, #iZ. H7=H Python
ZFALTHY., Python SHEDH 2R EDERICBWT, BELHAIBMIEMICE - 758, Z0E2I13ZD
FFaXy b THECADILNZ2ZETLEY. dLEIDERMLENSHEEREBLEARS, RO %
FBEL TV TOLEVERA — DL, 7 —VAREETHREHAL TIZE W ),

FRICHT2FMEEEY 77 LY AD R F 2 XY PCHETEZ2DEMR I T — ERIILEEINLI DD
L3, FAUSETHORRIFERIBRLR S LHELZT 20 LARWHASHTT, —J7. CPython AL HbhT
W3 D0 Python F4 (MDD THI NI TV ETH) BOT. FHEDZRICOWTIE, FIZFHEIC X -
TS DHIRDIMZ 5TV BHEIE, M THE MMERDH D 5, EoT. TOTFRMRKITOL>TH
W 7 SRS 23R (imprementation notes)” 255 D IX® SN TVWE T,

Python EEIZWFhd, HADHARAEY 2 — L EEED 2 —ABMBELET, FAHITOVWTIZ,
library-index TR¥ 2 X ¥ MLEATOVET, WL DPOMABIABLEY 2 =MDV TIE, SEERCEERD
PHDEHoTVNEE ZWZDOVWTHINTVE TS,

1.1 5J® Python ®E*&

Python @33 ¥ LTIE, HZIKWTHAREENVEOFELTVE T, ZALUIOEEICBEL T, HED
2 — PR TERIF TV T,

FKCHLN TV R EEZEUT O DD D $7:

Y

CPython
NUIRBIRTENTV S HMRD Python EET, CFHETEINTOVET, IZL AL DHE. SEOHHE

b
[\
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BNHRIFEEREINE T,

Jython
Java THEEXI NIz Python TF, ZOEEE Java 7 7V 75— a v DbDR ) FrEiBE2 LT, b L
Qi Java 79 R54 75V BHol7 75— a Y EERTA7-DEHATE e N TEET, $/-,
Java 74 77 VDT A M ZER T 27201d LIFLIEFEHZATVWES, 6R3EHRITOVTIE the
Jython website ZZR L TL1Z&E W,

Python for .NET z
DFEEFHNHTIE CPython ZFHHLTWETH, NET 7 7V — a Vil o TEHIN TV DT,
NET 94 72 V%RSBT 2 Z e BA[HETT, ZDFEEI Brian Lloyd IZ &> TIERENE LTz, 5723
TEE#IC DWW TIX, Python for NET home page 2SR L TL 72X W0,

IronPython
.NET T Python 2327200 b 5 —D2DHEETT, Python.NET LIZER D, 2 IL 2AEKT
5Z M TE 2 Python DFEEH D, B Python a— FENET 77V icary X4 vLET, Z
X Jython OFMRDEAFE TH % Jim Hugunin IZX > TESNFE LTz, X 5K BEMITOVTIX the
IronPython website S L TL X0,

PyPy
An implementation of Python written completely in Python. It supports several advanced features
not found in other implementations like stackless support and a Just in Time compiler. One of the
goals of the project is to encourage experimentation with the language itself by making it easier to
modify the interpreter (since it is written in Python). Additional information is available on the

PyPy project’s home page.
INLDEFEEI DT a7V TXEMINETHEEEZPRL > TVS, b LI, E#D Python F¥F 2 X

Vb LR 5 TV 02 ED WA RHINT VWS TL x5, HREVPHHL TV EHEE LT, ETFKR
S RERD 20502 W 57201003, FREOMAHELZSHL T3V,

1.2 K Z a7 Il BREE

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"

BAIDITIE, name 2% 1c_letter DEZEA WLl E/ZIXZNLLED 1c_letter 7V X —RaAT7HkN72d D
THBHILHERLTVWET, ZLT, 1lc_letter X 'a' 225 'z' FTOMLLDONF—FTH3ILERLE
o (ZOHANZ, TORFFa Xy bididan T2 FAHAl BSGHANCB W TER N TV 24T (name)

4 £ 1EFLOIC


https://www.jython.org/
https://www.jython.org/
https://pythonnet.github.io/
https://ironpython.net/
https://ironpython.net/
https://www.pypy.org/
https://www.pypy.org/
https://en.wikipedia.org/wiki/Backus%E2%80%93Naur_form
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T—HLTEDLDRTWET),

BRHHNE name (AN X o TERSINT VL DDA & 1= OIEED $9, B|EM (1) 13 EEOERIH
HED»bEZ T2 21V ET; Z0L5E. ZORECEVTRLMEEBLEDRWEREFTY, 7AXY
A7 (%) 1. BN 2HROL U EOBDIELEZRL 3 Ak, 77 R (+) IZ—EU Lo DIEL T,
AN ([ ]) Kb FZaE, FarEefEr—fHET 2 BlosuazTiud, HuotoFaEt 7> 3
VTHB) ZeRRLET, * BEY + HETFOMESHPNITREZR D L L Lo TVWET,; FHD 7 L— Al
AFEMEBFNE T, V7T IAXFINII A — bTHLNE T, ZHE N2V E2RELTW3 L ZOAERERD
9, BANGER. TR ATV ET; ZROBIRKD D 2HANE. RAIDITICODNWT, EERDES
WELZRDOITE LTS E 3,

(LDflD &5 72) FAERTIE, MCZO20BEEMEONTVES: =20 Fy FTRYILATVWE =20V 7
FIALFIR. ZoDXFD ASCI XFa— FicBIF 3 (Baik) @y s Fr TR 2RLET. &
By AFOFA] (<. . .>) 1 ERFADSY YRR T 2 AR D T FlRR, ST 2 E
ERTVEND D ZREWHEONZZ DD T,

FA) E RESHAIOER OB THEDLDA TV A RTLIHZLALF L TTH, ZOBRCIKELRECYHD 3 Fh)
EFRIIATTY = 2O 2 OXLFERD O FTH, MCERIFAMNCTERIN—ED F—27 Y EED K
WE 3, X (7 FAMNTT) I8 % BNF 33 R TFRAERD DD HDTT; ZHLUEDOETIE, WUERD
F=DIfF o TWET,

1.2. AYZa7IlicslradRgE 5






TWO

F R

Python TEHb» N7 7177 L& W= (parser) THAAENF T, N—FAND AL, FAEREE (lexical
analyzer) 2 ko TEREINTz—HD b—T > (token) 572D $3, TOETIE, FAMBHERNT7 7 4 V% b—
7 VINTES B ITIRICOVTHRH L 9

Python &7 022 47 % A b % Unicode 23— FKRA ¥V P LTHARAAET, Y—RT7 7 A LDy =T 4
YZRTva—F4 YJEETEZSGN, F7 4 ME UTF-8 TF, #ffllld PEP 3120 22 L T30,
V—=R7 7 ANPT a— RTERIFII, SyntaxError HEHENET,

2.1 1718&

Python 70275 232D FIBIT (logical lines) WZnHEHE 5,

2.1.1 17 (logical line)

AP T OMRE, b —2 ¥ NEWLINE TR 7, WX EFSNTWEEE (HE3C compound statement
D FFTL: statement) ZFRVT, FATSUIFREITHIC £ /2232 Z LI TE R A, sl TIE—1TER21ZZ2hL
o YIBIT (physical line) 7> 572D . VT OREBIEIHRIN £ 7213 IEH/RIN A 1T388E (line joining) $RIAME
ERE3

2.1.2 #317 (physical line)

PIEAT 2 1d, TR — FTRUIB M FID I TT, V=R 7 7 ARV —ALFHTE, &77 v b
74— LT OFEDITHa— FEFHT 2 2 TEE T, Unix JBR T ASCIT LF ({73 D : linefeed) X
. Windows FER Tl ASCII Bi¥od CR LF (f8%#: return 120 Tf7i%4 D) . Macintosh fEX Tl ASCII CR
(18F) XFTT, N2 TORRDa—RE B> T 79 7+ —LTHFELLMBHTZZ A TEE T, A
NORES. REOVHATOREN 2 L TOREZRLET,


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

The Python Language Reference, 'J1)—2X 3.12.4

PﬁMmkﬁﬁﬁUﬁmu 3. BED C SB0SUTXFOEEHA] (ASCIL LF 2RB L XFa— K \n HTH
UL 72D E£5) 1o T, Python APIIZY —Ra— FZETHENDHD 7,

2.1.3 OX> b (Comments)

Y MESCFIN T IAMNCA S TWRWAY & aXF (#) 2oiA% D, [ UYEHITORRETRDD £9, JEHA
R AT RAIDSEH S TORWIRD . a Xy MEERHTZRESEE T, ax v MM bEf I E 3,

2.1.4 > 11— RFEE (encoding declaration)

Python 227V 7 s O—fTH2ZATHICH 2 a2 X > P HBIEHRH coding[=:1\s*x([-\w.]+) IK~v v F T35

G, aXAYMEZYa—-FESL L TAEINET, ZORBEORIDIN—THY —2a—RK7 74 1LDLY
I—-REHEELET, TVa—FEFSEEHOTIRFNIRD FHA, ZITHICHZH5E. —fTH XV bO

ABOFTHRIINUIRD F¥ A, Tra— REERL LTHRT 2T

[# —*- coding: <encoding-name> —*- J

ZHUZ GNU Emacs Tidak CEE 3, F/2&

[# vim: fileencoding=<encoding-name>

Z4UE. Bram Moolenar & &k % VIM 28T 3BT,

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 YIPESEINIEGE., 2Oy a—7 1 7 %E Python IZX» TERTERIFNUIRD $HA
(standard-encodings 2B L TL 2 E W), EFINzya—7 4 7 BIZEXFHNV TI0, axX¥ b,
HAlFRE D, ETOFARIIEbNE T,

2.1.5 BRBB 1T

TOFRFENL LOYETEREITE LTORITF27DITE. Ny 7Ry vaxF (\) 2o TUTOLS
WCLET: WHITH XTI T I3 XY PHOXFTROANY VAT vy a TR TWBIGAE, &itd 217
EORFT—O0HRBUTEMB L. Nv I RT v aBIUNY I RT v 2DBRAICHIITRIFEHIRL
I BRI

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

return 1

8 82 B FaER
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NI 2Ty aTERDBTIZEIAY Y2 ANE I3 TEERA, T Nv 2725y a®kffioTaxy b
TR T A I TEERA, NI RATy T adXFINI T INRCHIIGEERE, N IR Ty a0k
A= VT2 Z LI X TEERA (TS, WHITHOXFINY T INVUND N =2 VN I ATy
SakffoTHMIT2 I TEERA), LRRUAHNDETIE. XFHNV T INNCHEZ N I RT v aldiy
ZRZHoTHPTIEERDET,

2.1.6 FEBAREYGRTTHERL

ALFEIN (parentheses). fAFEIM (square bracket) . ¥ X UHEHEIN (curly brace) NORUE, Ny 7 AT v > 2% #
OFTE—TULEOYEITICHE T2 e N TEET, HlRIR:

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

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

FEHRINICHEE S NZATICIE AR Y V2 EDE N TEE T, MHITOA V7Y MIEBETIED D ¥ A, 2D
WHATEEL e TET T, JEFRNRMETHICIZ. NEWLINE F—2 VI3FHEL E¥ A, FEHRINZITO
Wnd, SEZ A — P INTH (TRRBHR) THRAELET, COBAIKE. aAY M 28D 5 eNTEE
B A

2.1.7 ZE17

AR=R RT T k=BT 4—F BEEAXY F OBEFUHITIER ST (37455, NEWLINE | —
DRI NEEA)e LEMEBRNCAS LT BT, ZETOMNZITEHAB-FHE-H S (read-eval-print)
N FDEEI Lo TRES I L HH D T, EHENAEIEEA &2 7 ) X DEIETIX, 5ELRTHTTTE M
3 (F7bb, ZETFLAXY B R BERVIST) . BT SR 5 XORMERLET,

218 17>V

RIEfTOTIEICH B, EIDZEN (RR—ZABEUXT) O@ADIE, ZDOHFDOAL V7Y FLALEFHET 270
WKHEOLNET, A VT LUK, FITXD NV —AEFEERET 2720IHWsNE T,

X7 (ErSEDHIANC) 1 DIZDE 8 DOAR—ATEEMZ Hh, BEMZEROTHII 8 ofFucih %
T (Unix THEODATOWBHHAIEFA LIRS XOEBERIATVET), 2L T, BRUIDIEZALFETDAR—ZAD
BED, ZDITDA YTV P ERELE T, A VT Y ME N IR T v Y 2 THEHROWEITICHEITE EHA;
BAIONY V259 2 ETOEANA YTV M ERELE T,

V=R T 7 ANMBERT L AR—ZABREZE, ZOBEERISTIBEXTDAR—-ZAMABIKET 2 L5806, £ T
VHMEIREERZ DL LTHITENE T, ZDHAIX TabError EHINE T,

2.1. 178E 9
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TS5y b7 A—LREOE#EICEATSEE: JEUNIX 799 F 74— BIETFA T4 2oME . —
DODY —AT 7 ANHNTER I ATy M2 REIRTTHES DIFEHTIED D THA, T2 TI9v FT7+—41C
Lo TE, BRA VT Y LV EIRINICHIR L TWa0d LA ER A,

Td—bT7 4 — RXFEPTORBEICH > THHNELA; 74 —L7 4 — FXFRFLEDAL VF ¥ F LRILVEERIZ
BEREXNES, 74 —07 4 — RXFPRBEOZEATOMDIGHINICH 256, ZOHBIRERTT (Bl x12,
2R—ZDEE 012Vt FT30b LAEHA),

HHRT ATICBII 38 ADA 7 FL~Ulld, INDENT 38X DEDENT F—2 V24K 5 37012 fbA %
T, PO YOERIFZREZ Yy 7 ERWTUTO X5 IThbET,

7 7 A VRO BHIOFERATHNIC, A&y ZiIc¥as—ofEN (push EN) T, Zo¥RIRRLTHRE
(pop) ENBZILWEHD EHA, AX v ZDEEICHENTO S HFIE. FICA X v 7 DRED &KL T TH
BWHEMT 2 X518 TVET, FiEITORBRMBICBNT, ZOTOA YT Y P LAUUENR A X v 7 DFEHE
DEE HRENET, EIPFLITNEMDBLERA. A VT Y FLNMEBRZ Yy 7 LOfEL D REFIUE, 4
VFEY P ULANUEIRAZ y 7 12fEE R, INDENT F—27 U h—2ERXNET, A V7Y FLUEDB AR v 27
FoEE D NI VEE, TOMEEFAZ Yy ZJHOVWTALOEE FLLBIFNUEARD FEA ; RXv 7 o4 >
TYFLANEL D S REWVEIZTRTREI N, BEX—DREZNS Z 212 DEDENT F—72 U —D4 KX
NEF, 77 ALVDOKRETIE, RZ v 7o T3P a k) KEWHEIESTHRESN, HR—2BREIRZ L
\Z DEDENT k—2 vhi—o4 S s,

HTOBICELL (LA LYRE®2L512) 427> F &7 Python 2— FO—#%RLE7:

def perm(1):
# Compute the list of all permutations of 1
if len(1l) <= 1:
return [1]

r =[]
for i in range(len(1)):

s = 1[:i] + 1[i+1:]

p = perm(s)

for x in p:

r.append(1[i:i+1] + x)

return r

UTFoflZ, et rFrro—12zbE3:

def perm(1): # error: first line indented
for i in range(len(l)): # error: not indented
s = 1[:4] + 1[i+1:]
p = perm(1[:i] + 1[i+1:]) # error: unezpected indent
for x in p:
r.append(1[i:i+1] + x)

return r # error: inconsistent dedent

(B, BAID 3 DDL7 =3 —FIZL o TRIESNET; REDL T —DANTFABHETROPD £5 —

10 82 B FaER
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return r DA YTV ME, REX v IRHLBERBEIN TV EDA YT PLNUEE =KL FHA)

219 F—JVHEDZER

AT DSEHHP S FINOWNERIC D 258 R E. ZANFTHELIAR—R, X7, BIUT7+—47 14— FId
b= ERETE2DICEHICHHATSZ D TEET, Z2D b= Y Z2URTELEHO =272 LT
ARENTLED X5 RBERIE. V=27 OMIEAPKEL D T (FIZIEX, ab id—2D b—=2 2 TIH,
abld=ZoD =2 b ET),

2.2 EDMD =T >

NEWLINE. INDENT. & DEDENT Ofti, M FOF—2>0h5a): BUF (identifier), F—T— K
(keyword), )T Z I, BEF (operator), T IR (delimiter) PIFEL T, ZHHAXT (L THANIATHUR T
DA IEr =2 v TRERHD ERAD,. b2V ERYUI2@E2BHDET, =2 VOTICHNE VI DET 5
G, PO B EPSHRCHATRETRW =2 VY EBRTEIIREOXFIZ2EL X5 BRI E T,

2.3 #AlF (identifier) 5XVF—T—F (keyword)

WANF (£7213 Bl (name)) 3. LTOFRAERTILAINE T,

Python (28 F 23+ DX, Unicode FEMEMRETELE UAX-31 IO, FH#M ZH AT TERL
F94, #L<IE PEP 3131 #ZR L TL X0,

ASCII #i[f (U40001..U+007F) NTWE, AT & L THEMACFIE Python 2x KB 25D FUTE, K
XFENXFD ADS Z, 7VX—RA7 _, HHOXFERIEF 0 5 9 T,

Python 3.0 1Z, X &1 ASCII &A1 26 X FEEAL ET (PEP 3131 2L TLEZW, ), INHDX
FIZOWTIX, 77T unicodedata Y 2 —/LIZE EN 5 Unicode Character Database DRRZ#WWE T,

WA FORSICEFIRLD D A, KX FREASHET,

identifier = zid_start xzid_continuex

id_start n= <all characters in general categories Lu, L1, Lt, Lm, Lo, N1, the underscore, and
id_continue = <all characters in 4d_start, plus characters in the categories Mn, Mc, Nd, Pc and
xid_start = <all characters in 4d_start whose NFKC normalization is in "id_start xid_continuex*
xid_continue = <all characters in <d_continue whose NFKC normalization is in "id_continuex">

ETEMK U7 Unicode A7 3V a—RNELITERL 3

o Lu - K3F (uppercase letters)
2.3. #AIF (identifier) B&UF—T—F (keyword) 11



https://peps.python.org/pep-3131/
https://peps.python.org/pep-3131/
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FTRT

Ll - /N (lowercase letters)

Lt - FesEMRCF (titlecase letters)

Lm - B (modifier letters)

Lo - 2D (other letters)

NI - Bl % % 335 (letter numbers)

Mn - FIEDI2VELS (nonspacing marks)

Mc - FIRD H 3455705 (spacing combining marks)
Nd - 10 #EF (decimal numbers)

Pc - @i fIFELS (connector punctuations)
Other_ID _Start - explicit list of characters in PropList.txt to support backwards compatibility
Other ID _Continue - [EI¥E

DA BHTTIRIERUERX NFKC (&R S £ 5, il FRO B NFKC ITEOZ £7,

A non-normative HTML file listing all valid identifier characters for Unicode 15.0.0 can be found at https:
//www.unicode.org/Public/15.0.0/ucd/DerivedCoreProperties.txt

2.3.1 ¥—7—F (keyword)

PUT O#AFid. THEE. 7203 Python §38ICEBIT 2 F—T—F (keyword) & L TEb, @E DT L
TS ZL R TEREA, F—7— FIIEEICTROME D KO RTNIRD FEA:

False await 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

12 % 2 B FORN



https://www.unicode.org/Public/15.0.0/ucd/PropList.txt
https://www.unicode.org/Public/15.0.0/ucd/DerivedCoreProperties.txt
https://www.unicode.org/Public/15.0.0/ucd/DerivedCoreProperties.txt

The Python Language Reference, 'J!)J—2X 3.12.4

232 Y7 bFrF—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 ¥ 3.12 TEH: type is now a soft keyword.

2.3.3 FHIEHDHAIFTE (reserved classes of identifiers)

HHMED (F—7— FERL) Al FRLERYI DD £3, 206 0MAFrEIE, EEPKRBCHZ 7 v
R—RAF7 L FDNRE =V TRHISNET:

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.)
Elsewhere, _ is a regular identifier. It is often used to name ”special” items, but it is not special to
Python itself.
R
Zni _ k. LI UIREREE (internationalization) ¥ HICHWHNET; ZOBEBICOVWTOFELWE
i, gettext ZBMBL T2 W,
It is also commonly used for unused variables.
* N

AT LTERS N (system-defined) HHTTT, JFAFUTIZ " dunder” AT E I £ (FRITE: double
underscores D), TNHDHFNIA Y& —TV 2 (BEES L 75V &) ERELTERINLTVET,
BATO Y AT L TOAENG FhHhAY v R RETHEEICEIT SN TVE T, Python OFRDON—=T a »
TREIDZLOUHMAERSIND ZLICARDET, ZOFFaxXy FTHZEA T HIEICEDRV, &

2.3. #AIF (identifier) B&UF—T—F (keyword) 13
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503  *x  DLENE. WHARBZAVFFAMNIBIAMNAETH, BEEIEERZTIZEIT DD
%9,

* 7
FATF A4 R=1 (class-private) BARITT, ZOA TV BT 240NE. 77 AERDIYTF AT
ETHOws GG, BRIEZ SRALRESZ FAD 7 TI74N— b7 BRI CTHAFIEEIEZ 2 0% <
TDICHEZXEINE T, #BTF (identifier. FI2IEHET (name)) ZZRLTLIEZ W,

24 UT3ZI

V7 7 (literal) 2iE, WL O DHAAABIDERERL LD DT,

24.1 XFHEXUNAT FFIUTSIL

XFHNY T I NEUAT OTFHER TR SN X T

stringliteral = [stringprefiz] (shortstring | longstring)
stringprefix u= "r* | "u" | “R" | "U" | "f" | "F"

| "fr" | "Fr" | "fR" | "FR" | "rf" | "rF" | "Rf" | "RF"
shortstring n= "'" shortstringitem*x "'" | '"' shortstringitem* '"
longstring n= "rrrn longstringitemkx "' | Ut longstringitemx '"""!
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 "'" shortbytesitemx "'" | '"' shortbytesitem*x '"'
longbytes "rren longbytesitemx MU' | MM longbytesitemx '""M!
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>

14
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FREDERBAITRENTWRWIGENRFHIRB—2H D £5, VT 71D stringprefic X° bytesprefic &
D OO OMICZEHZ ANTIERLRNI ETY, Y—RA3— FXF+t v I (source character set) (T a—
TAVIEETERINET, Tva—74 YJESHRINUEL UTF-8 TT, §f T>IO—FEE (encoding
declaration) ZZRLTLIZE WV,

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 P FZZE FEIZ b R B AEEHLE T, IAHICKko T, str BTIER LS bytes B4 2%
YADMEMENE T, NA MY T IiE ASCIL XFDAZL I N TEE T, 128 ML EOFEEZ D N1 M
IR =T LU TRINZIFNUIRD FEA,

XFHN T I NL MY FIADMGIE, FETYT 'r' £ 'R 2L 74 v VA OI LN TEX
T 2D & BXFHNZ raw strings LI, N VAT 92 a k)T IANFE LTIHRVWE T, Z20MHR, XF
BV 7 I 0Tl raw XFHHD '\U' & "\u' DTRT — AR ENFEE A, Python 2.x @ raw unicode
V7 75 Python 3.x LIZEB R BRI FENET L5720, 'ur' HUIVR—-r I FHA,

Added in version 3.3: raw N4 RIU T I LD 'rb' FTL T 4w 7 AN 'br' OFEFEEL LTGEMENE L=,

Python 2.x & 3x MiX/EDa— FR—2ADX ¥ FF Y A2 BT 272512, LAF T — unicode V7 I v
(u'value') DV KR— FPHPBAZINE L, 7k PEP 414 22 L T Z& W,

£OESE F OEHEEEMMT W XFEANY T IET =< v MEAXFHNY T IV ( formatted string literal
) TT, FCOVWTIE 74—y FEAXFIIITIIL ZBB LTIV, HEFO '£' & 'v' HlHAS
HLDELNETH, 'b' R 'u' LHAGDLDEDZZLIWIETEFRA, DFED 74— v MEAD raw XFHNV T 70
BAITED, 74—y FMEADANA MY 7 FUIAATT,

SHIZA-PUTIAHNCE, SEHOIRS T ENRVWITF - P XFTY T IR L TLEDRWHNED,

IR =T ENTORVBITR I/ A — b 2ELL IV TEET (012 ZRHEFZDF FXFHNHITHED £95),
(ZZTWS " 74— i, XTFHOBZRIET 2L 2o/ FRRL, ' " OVWITIHTE, )

Escape sequences
'r' FE R BEHXFEROPBROLED XFINELEANL MV TFINAFRDIRT =TT — o 2 RTHERE C

THEONTVE DL ARDOERNC L7ehio THRIRE N E T, DITIZ Python TIEREENZZRAr—F>—r v R
PRLET:

24. UF3L 15
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IRT—=To—r> X B AR
\<newline> Ny IRy ¥ a2 b BATFENEEINET (1)
\\ Ny 727y ¥a (\)

\! —HEH5IHRF (")

\" ZEHGIHRF (")

\a ASCII ##~UL (BEL)

\b ASCII Ny 7 2_—2Z (BS)

\f ASCIT 7 #—247 4 — ¥ (FF)

\n ASCII 173% D (LF)

\r ASCII %54 (CR)

\t ASCII /KF-% 7 (TAB)

\v ASCIT #H & 7 (VT)

\ooo 8 HEXUE 000 & FiOF 2,4)
\xhh 16 EE hh ZHFDOXF 4)

XTI TOARBEINDI IRy — T —r VRAEIUTOE BT

IRT=T—r>R Bk R
\N{name} Unicode 7— & X—ZHT name WO ZHATDLFE  (5)
\uzzzz 16-bit O+/HEME zrze Z2FFOF (6)
\Uzzzzzzee 32-bit DTINEME serrrare EFFOXF (7)

R

(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 concate-

nation.

(2) HE C L RIL <. AT 3 M0 8 EREF TR %5,

N— a ¥ 3.11 TEH: Octal escapes with value larger than 00377 produce a DeprecationWarning.

N—=Ya ¥ 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) HEHE C LI3BW. B x5 L 2 HiD 16 ERLAZHE N T H A,

16
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(4) NA MY FIAFRTIE, TREBLC/EZRT — T35 6NEONL P ERLET, XFHV T
AT, TRT7— I XFEEZ 5N 7-{E%FD Unicode XF%2EL T,

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

(7) H5W22=a— FXFIFEIDEIRX LTI YA —FFZIHMNTEET, EMHEIC 8 XFD 16 EBFHI
BT,

D C LBV, Bl B oI A7y — T =7 Y 2R TRT, ZOFEXFHNHIHERY T, Thbb,
N IRy aHBERPICEDET, (ZOEFIT ANy ZOBERNTT: TRX7 =7 =7 Y ADFRAN X
N, ZOHIFERNEBL TV 20001 DR TR ET, ) XFIHTOARBINDE AT —T>—F
YRE, N MBI T IS, BEBENBVWIRA T =T = R LTHHEEINZDTHERELTLEE W,

N— a3 v 3.6 TEH: Unrecognized escape sequences produce a DeprecationWarning.

~

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

version they will be eventually a SyntaxError.

raw U7 7V Th, 5IAFENY VAT v Y aTIRy =TS TEETH. Nv 7 RX7 v > a2 AR CFINCHERD ¥
T B2, o \"" EEMRXTFAN) T INALT, NP A7y 2o ZB|ARN» ORI TFHERLET,; r"\"
IR 72 SCFAN) 7 I TT (raw V) T I AERBIEEAR 0oy 2 ATy Y 2 THRDOES I LIZTEFRA),
BRI, Ny 2R 79 Y aPBERDIA - M FEZZAr—FLTLESDT) raw XFHEE—DNY D
A7y aTHERDOEBZLIITEIEFEA DT, Ny T ATy Y aDERITBATHETD, [T E EKT 2
DTREL, VT ILD—ETHLZNE DD FL LTHRENET,

2.4.2 XF5) TZILDFESE (concatenation)

XFHRANL MY T I ME, AWVICEZ LA 2> T0Td (HAXFTRY - TY) HHEEEEE2
ZEMTEET, ZNREBL2DOLFINER/ET 2D ERILEH®EZRSB ET, L7z ->T, "hello" 'world' &
"helloworld" Y FIUTT, ZOMAERMS . Nv 7257 v a%Bo LD, BOXFHETFRICHHL T
BEATICE D870, H20VEHA XN eica Xy e BEMT 22822 TEET, flRR:

re.compile("[A-Za-z_]" # letter or underscore

"[A-Za-z0-9_]*" # letter, digit or underscore

)

COMBBEIESOEL ANV TERINTOVETHS, RV T 2ar A LT 2BONEe LTHEBINS Z 2 ITHE
BLTLEE W, ETRICFFIRBEZHEE L2TUR, '+ HETFEHELRIIUIRD F8A, 2. VT I
DFRBITBVTIE, AT IRERICRR 5 HTEL 2o D (raw XFHN e ZFHI AN ZRBEL SR T
XET), 74—~y MEAXFINV T INEBEDLTFIN T INERELLDTE2IL D TEETOTHERL
TLEE W,

*1 https://www.unicode.org/Public/15.0.0 /ucd /NameAliases.txt

24. UF3L 17
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2.4.3 f-strings

Added in version 3.6.

7 =< MEAXFEHNY 7 IV ( formatted string literal ) F721% f-string 1&, ¥EHEE '£' 2 'F' OfF
WXXFHN T IV TT, oD FHNE, BN {3 TRUILNZRXTHLEWR T 4+ — L FEEDZ I LH
TEET, thOXFHN 77 LOHEEFIAEDHEIC—ETED S Z e DIIH LT, 74—~ v MEAIFY
V7 IUEETRICRE LTEMiE N E T,

IR =T = VRABEEOXFIN TNV ERBICTa— FESNET (RZLY 7740 raw XFHTH D
ZHEBFREET) . TRF =T —r Y R%ETa— R LEKRIE. LFHNONBEROSGETHREINE T

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

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

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

NFHND S B, FAENTHE NI MUMNICFEY RSN E T, 20, ZEEER (' BXU '3} 3H
—DOIFFIMCE ERZ oM T, BB EIFEN ' 3BT 4 — L FOBE Y 2EK L, Z2DHEHIZ Python
ORTIHED 7, (T Ny FRICERZHEREE L) Ro7F A+ o, FHEiROME L Ofi#E 2 FR LI WEEI
i, RDORICEES '=' ZMATLEZI WV, ZOHAITIE, BEEF 1 ITX o TEHAINZEH T 4 —L R 2T
ZIENTEET, 612, "' KW TERIBETFZBMNTEE T, BT 4 —L FIZHE— O UKEER '3
THRDD £7,

Expressions in formatted string literals are treated like regular Python expressions surrounded by parenthe-
ses, 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 for-
matted 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. Everything 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—Y a3 3.7 TEH: Python 3.7 X DREIDON— 2 ¥ TlE, await RB XK async for MEELNERERILIX.
FRCH S HEDHEICIDF SN TVERATL,
18 % 2 B FaBEh
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N— a ¥ 3.12 TZH: Prior to Python 3.12, comments were not allowed inside f-string replacement fields.

5 = pEEEINEE BAEINE. ROoTFF 2 VRE, £5 = BIUOFHixhEREEAZ T, M
A { ok, RO, BIY '=' ORECEFNZTEALFRIINTRESNE T, HFIEETHEEL
WD, = ZRELEEE. RSH LT reprO) @A LRSI £5, —5. EXIEETHF
ET2HEE, BT 4 —LFT "' PEESINTVWEWVERED, F74 0L 8T strQ BEHAINE T,

Added in version 3.8: &5 '=',

LAY 4 — VP ESINTVWHE, ROFMHARIEZ 7 +—~ v PORTHICEBEHE T, £ '1s' &
str() &, "'r' I repr() . ZLT '"'a' T ascii() ZHUHLET,

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.

74— FMEAXFIN T I NMEIMOSEFIN) TN EREETE R T, BT 4 — L F2EBOY 77112
DEILTEL ZLIITEEEA,

7 A=< MEAXFIN T INDE N ONETFET:

>>> name = "Fred"

>>> f"He said his name is {name o

"He said his name is 'Fred'."

>>> f"He said his name is {repr(mame)}." # 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, %Y}" # using date format specifier

'January 27, 2017'

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

>>> number = 1024

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

>>> foo = "bar"

>>> £"{ foo " # preserves whitespace

" foo = 'bar'"

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

>>> f"{line g
(KDR=D12HiL)
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(AIDR=I 5 DREE)
'line = "The mill\'s closed"'
>>> f"{line 204"
"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 ¥ 3.12 TZH: 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 = [uan npn "C"]
3 s
>>> print(f"List a contains:\n{"\n".join(a)}")
List a contains:
a
b

C

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

7 4=y MEAXFH T IVE, e AREBATORL o722 LTH, docstring & L TUIHER EEA,

>>> def foo():
f"Not a docstring"

>>> foo.__doc__ is Nomne

True

T F—< v MEAXTFHY T 7% Python [ZBEML71ER PEP 498 3 B L TL XV, F-BET 3 XF
7+ —<v bOMAFHAZH > TWS str.format() HSIRLTLFE W0,
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2.4.4 BEVTSI

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).

BUEY 77 VICERFERFENTORVWI LICHERLTLEIW; -1 O X5 RANE, FEBIQITBEIEEE 7 (unary
operator) '=> £ VT 7L 1 BlAEDEDDOTT,

245 BEHITIIIL

B TNV TOFAER TR IR ET:

integer n= decinteger | bininteger | octinteger | hexinteger
decinteger n=  mnonzerodigit (["_"] digit)* | "O"+ (["_"] "O0")*
bininteger n= "o" ("b" | "B") (["_"] bindigit)+

octinteger m= "0" ("o" | "0") (["_"1 octdigit)+

hexinteger n= "ot ("x" | "X") (["_"] hexdigit)+

nonzerodigit = B R A

digit n= "o"..."9"

bindigit n= "0 | M

octdigit n= "oMr...nT

hexdigit n= digtt | "a"..."f" | "A"..."F"

EBREY ERRINE 20850205 MEZBRTE. BEHY 7 7 VI3RS OFIRYAD D 8 A,

TUR—=2a7EVTINADMEEHMTR2ICH o THREANE T, ZORDT VY E—Ra7 ko THTE S
N—T B THAPTLTEET, 7R —Ra7 3 BF L BEORIC 1 273, HB3 W 0x D &5 L
BUSEDOERIC 1 P IFATEET,

B, 0 OTHEBOEEITX 0 2T o ERA, 24Uk, Python 23N— a > 3.0 IETZfH > Tz C B
Ro/\HEY 7 I L L OB S Z[E# S 2720 TT,

B T2 DD R LET:

2147483647 00177 0b100110111
79228162514264337593543950336 00377 Oxdeadbeef
100_000_000_000 Ob_1110_0101

N—=ar 3.6 TEH: JA—TbEHNWL LYV T IAHDT7 VX —Ra7BHEINDE EIITHRDE L
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2.4.6 Floating-point literals

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

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

fraction n= "." digitpart

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

Note that the integer and exponent parts are always interpreted using radix 10. For example, 077e010
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:

[3.14 10. .001 1e100 3.14e-10 0e0 3.14_15_93

N—=Tay 3.6 TEH: V- tEHNL LY T IAFDT7 VX —Ra7BFIN3 L5k ELE,

2.4.7 B# (imaginary) UT 3L

R 7 2 VT D & 5 e FAER T S L E 3

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

22 8 2 B FamER
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2.5 BEF

YT =27 V3EHAEFTY:

2.6 7' =4 (delimiter)

UTo =2 i3EEDFY) I 2 LTHE XS

( ) [ ] {

5 8 Q = ->
= == *= /= //= h= Q=
&= = ~= >>= <<= *ok=

VA FEFE/NERERERY 7 IoAPICHEBITET, ¥UF F=2DFIER T 4 AKGLICHBIT 5 ERTS
(ellipsis) UV 770 & U TR ERZ RS $5, Y X MEPFORBARABRF (augmented assignment operator)
. FAIMNIIETY I 2 LTREBVWE S, HEDITVED,

T OHFEHE ASCII SXFIE. i v —27 v o—Ey U TRRRERZ > T\ b, FaEHERICE » THEE
BEKRER> TV T:

b o |

LUTF ORIFAE ASCII 27, Python TIfEbNTVWERA. TASDLFERLTFHI FI0a Xy Dot
ZhB5EE, EBEHFICZI—2ih E3:

2.5. EEF 23






THREE

F—RETI

31 #A72x Uk, E. BLUE

Python 28132 T2 x I b (object) i3, 7—XZMRINIKR LD DTF, Python 70 rJ L22BITS
T—RRBFET, A7V 27 VERBATY =7 FEOMGRE LTERENET, (HIEKRTIE. FnrJsa—F
bFERATI2 P LTREINET, ZHE 74>+ /4~ Von Neumann @ ” a7 7 A58 AFRa >
¥ 2 —&X: stored program computer” DETIVTHEL E T, )

FTRTOATY =7 M, FA—E (identity), B iz d-oTVWET, A—8 BERSh DL BLHEINEE
Ao CHEATI 22 DT FLADES RBDELEZBNEHS LWEL A, is HATFIX2 004 TV x 2
FOR—MHEERHB L £9, 1d) BEBIFA—ME2RIBHELRELET,

CPython REDFM: CPython Ti, id(x) X x M ENTVWAEXEY LO7 FLAERLE T,

ATV 27 FOREA TS 27 MY AR— b T LE (B len() ZHR—1+F20) &, A7V =7 FHPWD S
BEZPRELET, type) BIBIIA 7Y =7 OB (BIAKRD ATV =27 2 TF) ZiRLET, A—HEFETL.
F 7Y 27 bDE (type) BEBEAARETT, !

ATz PCEo TR E 2EET LI EHARET T, HZAEETES A7 27 DI L% mutable &L
F9, ARRICEEEETERWA T 27 DI 2% immutable EMUE T, (mutable 24 7Y =7 FAD
ZHZEM L TWVWS immutable 22> 7 F A7 27 FOfEIZ, ZOEALTWE AT =27 FOENE(LL
RRCZEILLETD, av 73R ro4 7o =27 bEBNL T0 20051 Z(L L RO THIUL immutable 72 & #
ZBIENTEFET, LD > T, immutable 208 5 2IIMENEEAJREL ¥ D D BL2IC—HT 2D TEH D
FHA) A 7T =7 D mutable D E S PIEZEDRUC X > THRED £3, HlZIX. BUEE, XFF R e 2 I8l
DA Y AL A immutable T, dict % list (& mutable T3,

AT VERRINICIIE ST 2 283 TEERA; LA L, 7Y 27 MEFETHEE (unreachable) 12723 &,
HAR—=YaLr¥ar (garbage-collection) IZ&k o THMHINZ 0 LNE A, IR—YaLrsaryziEotE
72D, BLUATORWHEEDHF SN TVWET — FFEARERA 7227 P2 L TLEDRWNED, HAR—Ta
Loy a i dRET 203 EEMEDORETTY,

1RO INIIBE, A7V LD type REET 22 2H TEET » AL ELBbAr oG THEY
BEEEFIERITOT, RINCIBRVWEZ TS D A,

25
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CPython REODFH: FHIED CPython EETIIBMA Y > I+ (reference-counting) AR ZM->TEDH, (7
Yare L) BRBHEToTVEIIR=—IA TV 27 M2 BERELE T, ZORETRHEILALYDOA TV
7 P RFETRICKR S LARHICUIE S 2 Z e A TEEIH, ERSBEZEUIR-IF 7Y = 7 b DIUVED SR
WKITON S XSRAEL TV DI TREDHD £¥ A, FRZREROIR-—I A 7Y = 7 MUEEDHIENICOWTIE,
gec EY 2 — 2B L TLZE W, CPython UDEEZHIDOT X2 - TH D, CPython dFKIIHIDTTK
ZHEIDPS LNERA, 7020 MPEERRICR o7& ZICHEBICKR TIUEINS Z 8 ICEL VT X
W (TE25 7 7 A MEBTHIRINICBAC TL 23 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 understood 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.

MOFTYz7 MIMNFT 2R Db OA TV MvHDFT; Zhnld AT F (container) EWHINE T, 2
VTFATI 2 POl LT, XN, VR, BRUOFEEIETONE T, A7V 27 PANOZHRAKD a v
TFOMED—HET T, FLALDHE. AV TFOHEHE VI, AV TFIRA-oTVWEA IV =7 FOHEDZ L %
8L, ZNHA T2 b DOTAT YT 474 TEDHDERA; LELRDEL, 2 Y7 FOEEAREMEIZOWTIA
NZGE, SEIRAVYTFRA2TVEA TV 27 bDTATYT 4T 4ADIERIELET, Lo T, (X
TNAD X)) EEARERA TV =7 bHIEBEARER A 7Y = 7 "ANOZREECHE. ZOEIENT 2 DIFE
HARERA 7Y = 7 b OEBE N, 2 WS Z itk T,

BMEAT7Y =27 FOMEDIZEACRTIIHELET, AT NDTAT VT4 T ADEENE S PTS X,
HHERTRENCEAEINET: ZEFRZATE, H@z2itE T2 X5 2B E2175 . ERICERITLE L
HB2RioZBFEOA 7Y =27 PADBRERT I EBH D T30, AHEARERA T 27 FTIRRZD X5 2E81E
BHEIDZAFEA, PIZIX a=1;b=1rT5L, atb@E]lZ2ROFALATY=7 2B HTLILED
HBHL, Z5TRVEEDDHDET, TRREEREMKFLET, LrL.c=[1;d=[0 32, ctdld
ZNEN"DODEL 0T, HWVII—RZR, FiiFRENZEZD Y A P22 T 5 2 EBRIEENTHE TS, (¢ =
d=1[ 32t . ctdOliARALATY =27 P2RALET)

3.2 RER DR

PUTE Python ICHARAEATWBRO Y X M TF, (EHEICX-T, C, Java, $BZOMOFFETEHEINI)
PEREY 2 =T, ZOMOBPERINTVWE IR DHD T, FilokB (FEEP. BEENEMICHET 2
FeFl, 728) OB, 720 TWIEES £ 75 ) 2l U TRES N F T2, FBRONN—Y 2 > @ Python Ti&, A
DOFEEREGICZD XS RBMPRINE2S LAER A,

DITFCHAT 28D W o2, " KRB (special attribute)’ 2% L 7-E#E R H D £3, TS DBHIEHE
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FAND7 72 ATFEREZRMET 25 DT, —RVEHBICHHT 272008 DTEDH D ¥ A, FRBMEDERITN
KREBVSNZAMBENESH D £5

3.2.1 None

ZORNIZH—DEL2H D EVA, ZOEZROA T 27 VI —DO LI FEELERA, 2TOF TV =7 b
3 AIASS None T7 7 LR ENET, ZOA TV =7 M, BRABRRUCTHEIFELRZRVIEZLOLET,
B2, BRI Z R S 720 BEEUE None 23K L %3, None DEAH (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.
FEE implementing-the-arithmetic-operations S L TL 72X W,

N— 3 ¥ 3.9 TEHE: 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

ZORNZIZHE—DHEL2H D FXA, ZOEEFROA T =27 MEE—DOLPFEELERA, 2O TV =7 b
3V 770 ... £720F Python TR®D 5TV 24T Ellipsis T7 7 AN E T, HEEIZE (true) TT,

3.2.4 numbers.Number

BAEY 7 oM Ko TR E e b BfiHERHAABORMBEKIC L > TRENE A 7Y =7 F T, BH
ATV NIEBEARRETT; —EEIEREINZ e, ZEEFEINSZ21E3HD EHA, Python OfEL T
V7 MEIVWSETHRIBETES L ZADBIEE BABEBRLTVETY, ara—XNTRIEZERET 2
BRICHE S HlFR 2 217 Tk 3,

__repr__ () ¥ __str__ O POEHBEINTHBYES 7 ADXFHNIRINIIRD & 5 RSN H D £3:

o« ZONXFHNI, 7 FARAVALFZRITE LI BT, TTOBIEDMEEZROA 7Y = 7 AT 2 HRZ
gy 770 T3,

e TZX27%456, 102K LTRHIINZ T,
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o NEEDENZH B 1 DD uZRENWT, FICERAPRIIERINEEA.
o IMNEFEDRRIZH B 1 DD R ZRWT, TICHERZZP0RZRREINERA,
o HEIIBENEBDOL XOARTRINET,

Python distinguishes between integers, floating-point numbers, and complex numbers:

numbers.Integral (E#)

BRI, B (EoBB LOCAOR) 2 RTHBFANESNICE T 2 WK 2RI T 28T,

AR

BRI T 2 HENZ. BAOBEEZEDY 7 MEER YA ZHBICBWT, RO AERLERNTESZ XS
CENKXhTWE T,

BRUIZ 2 DD £7:

BH (int) Eilis
FIROEH O E R L 325, FAHARER () XEV A4 XDFIROAEZIFE T, o7 MEEP~
AP EBEDTDIC 2 EBEB 2RO HESNE T, BORIFSE Yy PO AEICERIIEFTWS K57
HEHEE5Z % 2 OMBEROLRITRINE T,

7' —IL{E (bool) i}
BIED False ¥ True 2R L %73, False & True #KT 2 0DF TV =27 FDANT —EL TS =7
FTF, T ABIIBBRIOIRERTHD, BLALORRTZAZA0 & 1 DX S ITIRZ |V E 325,
Bst e LTSN EE Nz 2 232 2h "False" BLY "True" &V XFFIMMREINF T,

numbers.Real (float) (%)

These represent machine-level double precision floating-point numbers. You are at the mercy of the under-
lying 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.
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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. Ttem ¢ of sequence a is selected by a[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 & 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.

=TV RIZEoTE BE0D 7 R Ty (step)” XTI X RERD " HEERA S 4 X (extended slice)” dHK— b
LTWES: ali:j:k] & x =1 +n¥k, n>= 00D i<=2<j THIEIBRA VT IRz 2FD2E5% a 2
TOERZHEIRL X7,

= v AZ, BEARERDDL, I THROWATRBIENTVWET:

EERBELRS—7 > X (immutable sequence)

EERRERY —r Y AROF TV 27 NI, —EERIND L ZOEELET S A TEERA, (A7 =2
MDA T 27 PADZRPB A>TV EHE, ZREINTVEI ATV 27 PEEEARRRA 7S 27 T
k. ZOMBEEINLARMDS S D EF; LrL, ZEAEARA TV 22 FHAEEBHEL VR4 TV 22 b
DELHKE, ZEFT LI EHTEERA, )

DUF ORNIZEEARE /2 > — o v AT

XFF5B (string) X
FH1& Unicode 2 — FRA ¥ P 2RET 2HEDOEHI TS, XFFHFDOLEDa—FRA ¥ b U+0000 -
U+10FFFF O TR XN B Z 2 N TE %9, Python I¥ char #EHFH b ¥ A, b bz, XFFHH
DEDA—FRAVIBEZ " OXFINA T2 b LTRETZ2I N TEFET, MAAABEE
ord () E3¢FAE % U+0000 - U+10FFFF OHIFOEBICEIR L £5, T/ #HAAABBE chr () &
0 - 10FFFF O#IFHDOEBZIMIGT 52 RE 1 OXFINIEHL $9, str.encode() F7FA Ly a—
FTa Y TEMED LT str % bytes KEMT272DIfES 2 BN TEE T, F/2. bytes.decode() KX
IO ZOUWNETTEIENTEET,

2 7ILE! (tuple) X
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TNVDERIZEED Python #7927 T3, ZOYULDEREILRZ XTI, MrxOEEZRET
ZREH VT TRY> THBRLET, B—DERDP SR Z XTI (HES 'singleton’) Z1E5 121k, HEZ
FHRTHRODERICH V= %2DFFET (H—0XZITEE IV EZERLERA, ZhE. Xz r—T1tk
FTEDWIHIEWMEFZ 2 LI LRFNUER LBV ETT), HROLL RWIIEIMOXNZES £ ZED X
TZIED £

bytes
bytes * 7Y = 7 MIPREREFITT, BHRIX 8-bit N4 F T, 0 <=x < 256 DHFADEH TR INZ
T, (b'abc' DX IR) bytes VT FARHAAAD bytes() AV AT 7 X%EffioT bytes A 7Y =7
FEERTEE T, F/2, bytes 7Y 227 bk decode() XY v REBLTXFINCTa—RTEFET,

ZEEARER S — 7>~ XE (mutable sequence)

EHEAEERS —r v 2%, B LR TEETZ e TEE T, ZHEAFERY — 7 VAT, BRERILPR S
A AREEMo TIHRESINZERIRAZITI 2B TE, del (delete) X 2o THEZHIFRT 2228 TE
£3,

AR

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

Python 2RI SMARENTWEEFEARER S — 7 Y ATNE, 5D ZADTT:

)X MR (list) U]
A b OEZIMERD Python A 7Y 227 MITEX 3, VAN, AFENoPIch Y~ TR 6%
WARTED ET, (BREIB 0 1 DY —7r Y RABESZDIFRREGE T TEBER N 2 IERLTLE
X0, )

INA ~ECFY
bytearray 7Y = 27 MIZHEATRELELY T, #HARAAD bytearray() 22X R+ 7 7 XIT Ko TR
NET, EHEARER Z L ZBRFE (DF D vy ¥ 2 b TERW), byte array I3ZFEREER bytes A7 =
JRrERELCA VR =7 =2 — A BRERIREEL F 3,

3.2.6 £5%

E£HINZ, [HEFORW, 22— TARERT 7V 27 FORBRERERILE T, 20D, (BHD) RTFE2 -
TeA YT IRT 7RI TEEL A, 12720, 47 L — MIATHET. HAAABR len) IZEAOERKE IR
LET, BERMO—RIZHENHIZ. EERBLTWR2OEERT R+, ¥—F ¥ 205 DEEOHER, ik
B A - 2 - WL Vo RBEEN R ERE O E T,

HLEDOBERZIZ, HEOF—r R UCHEEICET 2L —ApEHA I E T, BEEIEE OBMELLED L — e
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SZEWRFRELTLZE WV, L 2ODHMHEDHBIRIPFEAMETHZ (FIZIX. 1 ¥ 1.0) K5, ZD5H5D 1D
DAHEEBICEDZ LN TEET,

BE, 2 D0MARAAERERBDHD 75

-y gid] AJ
ERERTTT, HAAAD set() AV AT 7 X TIEHRE N, %25 add() REDWL DDA Y v
FCEHTEZE T,

Frozen set & E

BREERTT, HAAAD frozenset() AV A+ 77 RIZ Ko THEMINE T, frozenset 1ZFRZET
Ny aTEEE DT, HIOEEMOBERIZK 72D, HEDF—IZTBZIeNTEET,

3.2.7 Yy E>JE (mapping)

FEDA VFIRAEETA VF 2RI N, A7V 27 Mo 36ROEEEERRL 5, RERD alk]
3.k TA VT RABEINIZERR a 26BR L9, BERXNZERIRXOPTHES 23 TE, KA del
XDOWNRIZT BN TEET, HAAABE 1len) X, v ¥V IHNOEZEMERLET,

Python IZEMI2 HMARAENTVWE 2y EYIHIE, 5D ZA5—D72)TT:

EER (dictionary)

FIEEEDETA YT I RINIA TV 27 b oRZAROEEEKRLET, ¥— (key) & LTHEIRWHED
ME—DRNE, VA MPEEE, ZLTATY 27 bOE—METRIMETHEINS ZDOMOLEARERETT, N
F. FEERIEMIRINICHEET 2 LT -0y Y al@iPTETHERENH 2720 TT, BlEH%Z X — 1255
B F—HIGEE ORELEIC BT 2 HANCHENE T ZODEAHE L AR SHE (BlZIE 1 & 1.0). HWCH
UHEDZY MY ERTA VT V7R L TES 22D TEET,

HEEIFHADIEF 2R L LT, DF D, F—R@HFFICEMSNLEFEREINATHE LT, BFOFXF—2EEZ
BATH, F—DIEFREDD FX¥A, F—ZHIBRLZDBICHFAT % &, TLOHAT TR S FEEH DORKITEM
SINET,

FERRAEEARLATY; BER {. .Y R TERLET (BERT 23R TSI V),

JEIREY 2 —)L dbm.ndbm . dbm.gnu ¥, collections EF 2 —1D L3I, Blo~y ¥y 7HoflEHREL T
WET,

N—Ya ¥y 3.7 TEHE: Python D N— a3 > 3.6 TlE, FHFIIHAETFEZREFEL EFHATL/, CPython 3.6 T
EIHEAER IR SN E L2A, ZRERESINASEOMEL VWS XD, ZOYUROFEDHITE L Al Ih TV
F L7
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3.2.8 IFUH LATHER! (callable type)
BIROOE O M L IRME (SRORE L (call) BIE) 2175 2 £ 47T & 37T

I—HEZEBH (user-defined function)

I—PERBBA 7Y =7 M BREREITO e TARS AR T (BHES 2K), BfE. 515 (formal
parameter) VA b XA UCBDEREDB A 57258V A M e bIFIHENE T,

Special read-only attributes

B =

A reference to the dictionary that holds the func-
frmetien. el tion’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
Ao G G the function’s free variables.

ATV 2 s MIEME cell_contents o T\
$9, THEELVOEEZRET 2DIIMA T, 1D

E252DICHHRAET,

Special writable attributes

Most of these attributes check the type of the assigned value:
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Bt =S

The function’s documentation string, or None if un-
SR Do (OE available. Not inherited by subclasses.

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

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

Added in version 3.3.

BB ERINTVWEEY 2 —LOARITY, Y
function.__module__ 2= MDA None 127D 5,

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 function
function.__code__ body.

The namespace supporting arbitrary function at-
D = 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 keyword-only
function.__kwdefaults ) )

= = parameters.

A tuple containing the type parameters of a generic

function.__type_params__

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 EZEDEHM: 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

3.2. FREROKE
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__code__ attribute).

AVRZVAAX Y R

AVARYARAY y RETS 27 ME, VIR VIR VARV ALEROOH LATREA 7Y = 7 b (EFEIZ
2 —PERER) 2RI E T,

Special read-only attributes:

Refers to the class instance object to which the

e method is bound

Refers to the original function object
method.__func__

The method’s documentation (same as method.

wEAEEl, __EOE__ __func__.__doc__). A string if the original func-

tion 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

IR, JHRCITO, in, or None if unavailable.

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

object.

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

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

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

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

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

method.

When an instance method object is called, the underlying function (__func__) is called, inserting the class
instance (__self__) in front of the argument list. For instance, when C is a class which contains a definition

for a function £ (), and x is an instance of C, calling x.f (1) is equivalent to calling C.f(x, 1).
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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.f(1) is equivalent to calling
£(C,1) where f is the underlying function.

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

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

T L —A R (generator function)

yield 3 (yield X OHiESR) ZHEIEMD LAEAY vy RIZ DXL —2BH% tMdnEd, 20 k5 4H
B xinize 2IXE I, BROREEFITIADIMAS 1 7L—2 7027 b 2BRLET: A 71—
XD iterator.__next__() XY v FEFFUHT &, yield e M- THEIEEINZ T TEHBEETLE T,
B D return XEFETT 2 0EENEL /- & 21X, Stoplteration BIADNEHEIN, 4 TL —X IR TNEfH
DERBEFTIEZELTVE T,

J)L—F > E3# (coroutine function)

async def ZfEA L TERSI NS A Y v P& JIL—F VB (coroutine function) LWFINE T, FEH
SNz 2D KD RBEEUR coroutine 7Y 27 P RIBLE T, a—F VBRI async with X async for
XIZWFTHAL await REFOZEHHRE T, JIN—FoFTII bk ZBRLTIEIW,

JERHEAY T % L — X E8%K (asynchronous generator function)

async def Zffio TERI N, yield XZMEHAL TWBEEX Y v F%& asynchronous generator function &
MU ES, 20 &5 2B MUotshe &z JERBEATL—42 79227 2 RLES, 207V =2
M3 async for XTHBOKRKREZETT 2DIMRET,

IEFEAA 7L —& D aiterator.__anext__ XYV v REMUHIT &, MOUBERRE-INTWVWS L XIT, yield
AREFVEZREET I ZAFETUELHED S awaitable ZIRUE T, £OBEBMNED return XEFETT 5.
b L ITLHE DK D DICENEL 72 ¥ 21X, StopAsyncIteration filSfNiEH &, FERBAA 7L —XidH TR
XMEORBRICEREL /2 ITRD ET,

#0AHAAHBIF (built-in function)

A built-in function object is a wrapper around a C function. Examples of built-in functions are len() and
math.sin() (math is a standard built-in module). The number and type of the arguments are determined
by the C function. Special read-only attributes:

e __doc__ is the function’s documentation string, or None if unavailable. See function.__doc__

e __name__ is the function’s name. See function.__name__.

o __self__ is set to None (but see the next item).
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e __module__ is the name of the module the function was defined in or None if unavailable. See

function.__module__.

#AHAHRXY 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.)

932
Classes are callable. These objects normally act as factories for new instances of themselves, but variations

are possible for class types that override __new__ (). The arguments of the call are passed to __new__Q)

and, in the typical case, to __4nit__ () to initialize the new instance.

DIADA VAR

FEDI FADA VAR YR, 7IAT __call__() XY v REERT DI THUOH LATREICR D £33,

3.29 E2a-Il

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).

BHEORAZITO . BV 2 — LOLHIEMHEEONELEHLET, M2 m.x = 1 & m.__dict__["x"] =
1 FLCTT,

ERFAD (FHZAAAEERR) BN

__name__ E

Y a—ILD4H,

doc £

Ja—DFFaRXY T, XFH», dLAFTERWEEIE None TF,

__file__
O— RFENZET 22—V T 7 A ILDRAZTT, A VR TYRIIHEINTY V73 NTWSE CEY 2—
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NDEIBFRFEDHEDEY 2 — L TIE, __file. BHRBELRVLDLIAZIEA, EIFA4 75
UMBEINICE — FEXNIRES 2 — VDA, ZOBMIE H£ESA4 77V 7 74 LD KITHR
DEI,

__annotations__ £

D2 VORROFETHICINE LT BT/ 7—>3 Y 2T 25EF T, __annotations__ %

HHATERANTS 7T 4 RAZOVWTE, 7/ T7—2a3>® HOWTO ZSELTL X0,
AN LUEHAOBKEL:  dict_ FEY 22— L OLRIEMT, BEL TV 2 T

CPython R&EDF#: CPython 23EY 2 —LFHEZHIRT 2 HEICED. EY 2 - A #HENEE SR EH -
TVt LTHEDOFFIZEY 2 — PR aA—-T ol NRICHBREN E S, ZzEil) 2123, #EFzar—
T5h, HEPEREFESTVWAIEEY 2 — L E2EEEL T ZX W,

3.210 hRE LY SRE

Custom class types are typically created by class definitions (see section 7 7 ZE#). A class has a namespace
implemented by a dictionary object. Class attribute references are translated to lookups in this dictionary,
e.g., C.x is translated to C.__dict__["x"] (although there are a number of hooks which allow for other
means of locating attributes). When the attribute name is not found there, the attribute search continues
in the base classes. This search of the base classes uses the C3 method resolution order which behaves
correctly even in the presence of ’diamond’ inheritance structures where there are multiple inheritance paths
leading back to a common ancestor. Additional details on the C3 MRO used by Python can be found at
python_ 2.3 mro.

When a class attribute reference (for class C, say) would yield a class method object, it is transformed into
an instance method object whose __self__ attribute is C. When it would yield a staticmethod object, it is
transformed into the object wrapped by the static method object. See section 72X ) F & (descriptor) D
4 for another way in which attributes retrieved from a class may differ from those actually contained in

its __dict__.
IIABHEERAT DL, 207 FADHELIPEHIN., HESZ 7 RAOFHFTERNL VA,

2IRF T2 b ENUHT (ERL2ZR) b, 772X Y AX Y 22EMLET (TzBH),

RIS
__name__ 4
7 24,
__module__ z

SAPERINTWVBEY 2 —LDXH,

_ dict__ 7
Z A DAFTZER AR L T 2,
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__bases__

R—ZAZ75AV R MNIHNBIEFTR—RTZ FRAZHEMLTWVWEZ I,

doc 4

FADRF a2 XY MT, XFH, b LREFEDLEEIE None T,

__annotations__ 4

FADBKRDESTHICINE LT BT /) T—ay BEWNT 2ETT, __annotations _ ZFIH

FTERANTSZ 7T 4 RIZOVWTE, 7/ 7—a3 O HOWTO #SBLTLZ3 W0,

type_params__ A

tuple containing the type parameters of a generic class.

3.211 V5 RA XXX (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 727 1) & (descriptor) M32%E 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.

BHEORARHIRETS 8. A VARV ADFELEHLEITA, Z5ROHELEHRTIILEZHDIHA, 7
T AT __setattr__ () R __delattr__ () XV v RBERIN TV EEGE, BHEA VARV ZAOHELEHT
ZRHHICINEDXY vy FRBERHENE T,

IR VAR RIE. BABFEDLREIDOAY v FEF->TWAIEE, BERSY —F 28 H2A0WE~y 1
DESIIRES Ze B TEFT, FHAVY RS 2SBLTLIEX N,

R EM: __dict__ 3EMOEETY; __class__ A VYRRV ADI T AT,

3212 1/0 #T2x Ok (Z7ANF T2V FDRISR)

file object WEBAPNIZT7 7 ANERLET, 77 ANVE TV b EAER7:0DAKRS a— by MDD
3 open() fHAAABIEL. os.popen() | os.fdopen() . Y7 v b+ 7T =2 F D makefile() XV v F (H 3
WEHEIREY 2 — A0 o RREEI N2 MMOBIKS X Y v ),

F 727 b sys.stdin . sys.stdout BL U sys.stderr &, 4 ¥ XSV XDIEHER S, EHEHT), B X
LSRNV =BT 27 7 ANVA TV =7 PPk EnE S, TABIEITRNTTFRAME-FT
BIAA, io.TextIOBase HIRT 7 A X > TERINA VX —T7 2 —ARMEVE T,
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3.2.13 AEE (internal type)

AV RTY ZBPHFINAAE > TVENL O0ORNE, 2—FIRBHINATVWET, ZhoDERITFEROA V&2
VERDON—=T a Y TREFEINSAREMELH D T, 2 ZTiRiddometol-dicMntss 3,

O—-kFTTTH b

I—-FAT7Y = MI NA LAVNALILEINT: (byte-compiled) FEATRIEEZR Python 22— K, Jl% N FO—F
EREALET, a—FAT7I27 beBBA T 27 FOEWVE, BB 7Y 27 MABEKD 7 a — V5 (B
BrERELTVWIEY 2—107a =) I UTHRINZRSEZR o T0 201 L, a— R4+ 7Y =7 MZ
BarysF AR R0neWVWS e TT; £ BBA T2 7 VTR T 74V MEIBEERRLETEZ I, a—
FATY 27 P TR TEERA (EITRICGIHREIN2HEEZRIT2720), A 7Y =7 b eEW, a—FF7
Yz MIEEARARET, LHEARERA 7Y =7 b0 % (B, HECEDLST) BAEEA,
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Special read-only attributes

The function name

codeobject.co_name

The fully qualified function name
O Added in version 3.11.

The total number of positional parameters (includ-
EEEEER)EEE - 6, ATEEIE ing positional-only parameters and parameters with

default values) that the function has

The number of positional-only parameters (includ-
(1516 Q2R X220, TR Bl el ing arguments with default values) that the function

has

The number of keyword-only parameters (including
LI SRR LI S LI arguments with default values) that the function

has

The number of local variables used by the function
codeobject.co_nlocals . .

(including parameters)

A tuple containing the names of the local variables
codeobject.co_varnames in the function (starting with the parameter names)

A tuple containing the names of local variables that
LRI SE - CO B TR are referenced by nested functions inside the func-

tion

A tuple containing the names of free variables in
codeobject.co_freevars the function

A string representing the sequence of bytecode in-
EEIEEOIR[OIEk0 (GO EER0 structions in the function

A tuple containing the literals used by the bytecode
codeobject.co_consts in the function

A tuple containing the names used by the bytecode
codeobject.co_names in the function

The name of the file from which the code was com-
codeobject.co_filename .

piled
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The line number of the first line of the function

codeobject.co_firstlineno

A cfrirer crvemdi e Fha v ettt or Frmavy Bt oo s AFant o



The Python Language Reference, 'J!)J—2X 3.12.4

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
x*keywords 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 (from __future__ import division) also use bits in co_flags to indicate
whether a code object was compiled with a particular feature enabled: bit 0x2000 is set if the function was

compiled with future division enabled; bits 0x10 and 0x1000 were used in earlier versions of Python.
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:
o Running the interpreter with -X no_debug_ranges.
e Loading a pyc file compiled while using -X no_debug_ranges.
e 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.

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 storing 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.
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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
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 bytecode 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.
e 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.

Added in version 3.8.
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7L —L (frame) 772V b+

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

registered trace functions.

Special read-only attributes

frame.f_back

frame.f_code

frame.f_locals

frame.f_globals

frame.f_builtins

frame.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 dictionary used by the frame to look up local

variables

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)

3.2. FREROKE
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Special writable attributes

frame.f_trace

frame.f_trace_lines

frame.f_trace_opcodes

frame.f_lineno

If not None, 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 function 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 debug-
ger can implement a Jump command (aka Set Next

Statement) by writing to this attribute.

Frame object methods

TL—LF 7927 MEIXAY Yy F—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.

Added in version 3.4.

44



The Python Language Reference, 'J!)J—2X 3.12.4

FL—ZX/N\w¥ (traceback) 7 x4 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— a ¥ 3.7 TAH: 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 ¢ry 3.) It is accessible as
the third item of the tuple returned by sys.exc_info(), and as the __traceback__ attribute of the 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_next

attributes should be linked to form a full stack trace.

Special read-only attributes:

Points to the execution frame of the current level.
RN Satdls) st Accessing this attribute raises an auditing event
object.__getattr__ with arguments obj and
"tb_frame".

Gives the line number where the exception occurred
traceback.tb_lineno

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 TEH: This attribute is now writable
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254 R (slice) #72x¥V k

ATGARFTTI 7 NI __getitem_ () XV v FOLODATARERTDIMbONET, AFA XL TV =
7 MIMAAAD slice() BIFTH ARSI NE T,

HAHLUEHORHREY: start IZ TRTT; stop & LR TT; step XA T v 7OETT; 2hzhEEIhlz
5EE None o TWET, ZhSDBEBHIXMEEORIZETE T,

AFGARZX TS 27 MEXAY y Fe—D%K—PLET:

slice.indices(self, length)

ZDXYy FIZH—DEHITIE length AN, RFARFTY =7 b length BRD Y — 7 > AIH#H
TN BRI TE, ATARCHETAEREHELE T, ZOXYV v RiZ 3 20BE» LR 2TV
PIRLET; 20N start BEU stop DA VT v 7R, step THOBRATA ADEZERBTT, £~
Ty 7 ZMER RV, FFHADETHIUL, BEDORAITA R ED LRV D Mz THRbLE T,

XY v R (static method) 77TV b+

XYy M, ETHIALZE S BBEBA T2 b 2o X Yy RAT V2 b AOEEHIET 272007
FERBELET, XY Yy FA TV 27 MDA S0DA TP =27 b, BERERI—TEBZEAY vy P TV
RO T v XTT, FIIXY v REI FRART FRAAL VARV ADLEIGT 2, EBITRENZ ATV =27 b
FZy FEINTATI 27 Mz ), 2R EEEBRONRITIER D E8 A, BIIX Y v FATY = 7 MIEEIE
UHLUARER A 7Y 227 b2y FLETH, BNA T =7 P BREMOH LATRET T, VA 7Y =7 NI
HIAB AV AN TV X staticmethod() THEMINE T,

ISAXYy RATZ Ik

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 %AV Y R%A

72 A%, FRBHATORX Y v F2ERL T, FARRE (BEMEEPHRA TR, A 74 AKGELRY) 1T
LRGEDHEAEZHLTE T, ZHUd. Python OB T A — N1 —F (operator overloading) ~D7 7' 1 —
FTT, THUTED, 77 RAREHOHER TN T 2 MADORGBHOZERTERXT, BIRE 227 7AH
__getitem__ () EWVWIOAFMDRAY v REERLTBD, x NIDITADA VARV ATHD LT b, x[i] &
type(x).__getitem__(x, i) ZIFIFFEMTT, FRTHEROLWERD, BYIR XY v FAERINTVRVE X,
O &S REFEZAA D LIS (720 TWiE AttributeError ) TypeError) 25X HE N E T,

RFRA Y v FIZ None Z&RET % Z L, ZAUTHIET 2HEASFATE RN 2EKLE S, HIRIX 772
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D __dter () % None WICRKELGAE. FDIZ 7 RFA T I TNIERET. ZDA VAR AIIHL iter()
EMUHTE (__getitem _ () WHUEDPRE XN TIC) TypeError AL T,

HARAABIZ T I 2L = 275 RZRET R 23, HHlir Ihs4 7Y 27 M o TEKRDYH 2HiMIC
KER L YD LONPEETT, HlZIE 2> —r RAMALDEZOIBEEHA LTS LAEEAD, R
FARADEBHAPEBERERIBZVILS LNEEA, (WIC DRFa XU A TP/ METAICH S NodeList A
VR—=T 2= ADZDO—HITT, )

3.3.1 EXNBHREZIAX

object. __new__(cls[, ])

FIZFFAIRNEN T WS DT, BRI Y v REEFTTA2HEEIDH D FRA). 4 YRRV ARERK
TREIBERINTVE I IRZEHE -G DET, RDDFBEA T/ bDary X b5 720K
(7 ADMPHLX) IKEEINET, __new _ O DEDVEEIHLVWAT 27 DAL Y AX YR (BEIR

cls DA VARV R) THRIFUUIRD HA,

75 R cls DFL WA VAR YRR 72D ENT T, __new _ O IZFHIXY v FT(ZDXY vy

WIS TIUE, 7 7 ROl A YRR A BHT 5 & 2121E super O .__new__(cls[, ...]1) i
YIRS BEIELTA—RT FAD __new _ () XYV v FEIFIH L, FiCERSINTA VAKX Y RIZ
BEREEEZMA THHBRLET,

L __new OB AT POERFICHEIHEEIN, cls DA VARV RAZIRLEHEITIE
__init__(self[, ...]1) DX WX LTHLWVWA YRRV AD __dnit__ () PFFECHIAET, 2D
CE, self 3HICEREINTIA VAR VAT, BOOFIEIEA T =7 bav A o 7 RICEI N5
ERLCIZRED ET,

_new_ ()W cls DA VARV RABIREILVIGR, A VAXRYAD __dnit__ () XY v FEHUH I FE
Ao

__new _ O OERHAME, EEREERA (int, str, tuple 2Y) OF T2 FRTA ¥ ARV AEREH A X
SARXTBILRHBDET, $oy ZIRERENRZVAXT B0, AARLDARYZ T AT XL
A—nN—F 4 RENET,

object.__init__ (self[, ] )

AVRARYAD (__new _ O IZ&-oT) ERZNLE., ZAPECH LITIGRE NS IH I E T,
GIBE 7 7 2A0a vy A5 72 CELLSDTT, BIES SR ZOIRES Z AN HIT __init__ ()
XYy REFEOLAE, WREZFRAD __dinit__ () XYV v RIZRIKZ F 2D __init__ () XV v FEARN
WIEH LT, 4 Y AR Y RADHIKY 7 AED@EYNCHIL S 2 2 EREEL R D SH AL fi
ZIX. super O .__init__([args...]) o

*2 The __hash__(), __iter__(), __reversed__(), and __contains__ () methods have special handling for this; others will

1l rai ] 16 50 by 1ol he behavior £l . llab]
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_new _ (O ¥ __dnit__ O WREHELTAII 7 VEMKT 2 (__new _ O DMER L. __init__ () 2%
NEAWARAXTZ) DT, __init__() D»5HIF None EZIRLTIFWIFTERA; Z5LTLES &, 5
fTRFIZ TypeError A ENTLEVE T,

object.__del__(self)

A VAR APWEIND L ZICMHUTIHEINET, TUET7 74 F 745 (BYITIED D £EAD)
FRANI 7R BMPEINE T, REZ FAD __del__ (O XAV vy FEHF-TWBRHAR REZ 72D
_del__ () XYy FiRfMThA, BEZFIAD  del () XYV v FEHRWIZFECHELT, £ v2AXY
ADEED 5 A5 % THEA LHEFEICHIFR LR 8 A,

_del__ O AV Y FHWRERLES ELTWVEA YRAZ Y ZANDH LWBIREED, BEREZXESED I LI
(HERZXNZVWHOD) AIRET T, ZHAUIA TPV 227 b &FE LI ET, BELALA TV =7 VOHE
WEXNZERNC __del__ () PIEFHEINEHE D DIFEEKEFTT; HED CPython DFEIETIXEY]
D—EI L HENAFEE 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.

AR

del x FEH x.__del__O) ZMUIHLEEA — FiERX x DBRAV b2 1 2EL L. BREIX x
DBRAT VI 0 $THEDL ZOAFUH IS,

CPython RZEDEFM: It is possible for a reference cycle to prevent the reference count of an 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.

2E

gc EVa—NLDFFaXrh,

i34

==}
(=]

XYy R __del__ () BARZERIKN TSI Z 72D, FITHICRELLASNIEHES A, DD
12 sys.stderr ICEEPRREINET, FHT:

o del OlF. BEOI—FREFINTVEE X, FEORAL Y FHLERHEE T,

48
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_del__ ()T, My Z%&Blo/b, 70y 73230V —RZ2NEHLEDTIRERD BIHE.
_del__ () DEITICEYHEIEINTza—RiIckDh, 20V Y —IMRBRCEIGENTWT, 7y K
Oy IR ERELIMH LALERA,

o __del__ O AYRTVEZDY %y bR VHRZFETTEET, o T, (fiOET 2 -3
BOR) 77 RRAFTIMEND D 70— VBT T TITHIBRE ATV 3 5>, None IZRE ST
WahdLhERA, Python 3, B—D7 VX —2a7 THEZLEDIA—NLA TV 2
M, fhd 2o — A EBHHIRENBRNCEY 2 — L SHIREN 2 Z e 2FFEL X T, 20
X527 0 = NAVEHAOMHP S DBRBFIE LR WHE. __del__ () XY v AN
BT A YR= PN 2 —ADELHAFGETDH 2 Z & ZRIET 2 DI OH0 S LILE
Ao

object.__repr__(self)

repr ) HARAABBIZ X o TIHUH SN, A7V 27 b2RT [RAD (official) ) XFHNZFHEAL 7,
AlREZR &, T (EYIREREN G Z 5hid) ACEOA 7Y =27 P 2BAERT 20X 2. A%k
Python RO X5 RDJDTHBZNETT, TERWVWRS, <...some useful description...> JEHDX
FHIPREEINEZRETT, ROERXFINA TS 27 FTRINIRDERA, ZFAD __repr _ O %
ERELTOVT __str_ O BERLTOWRINUE. 207 72D Y ARV AD [FERAD (informal)) 3
FHIRADBERINZE ZIZH __repr_ _ O DELNLFET,

ZOBBIET ANy ZOBRICESHWLNE DT, 72 ADEREEA, DVWEVWTHRWVWE S REKLITT S
ZEWEETT,

object.__str__(self)

A7V 227 bD BERAKD (informal)) 2 WIEFERITHE L FHIRBRZEHET 572012, str(object)
E R AIAABBIEL format (), print () IZ K-> THIENE T, R DHEHIX string A 7Y = 7 b TRIFIUIRD
FH A

__str__ (O PAMK Python BRILZLRIT ZePRARINBVEWVWI [T, TDRXY v R object.
__repr__ () CIXELRDFET: XOEAR. FREERERALEHTA 2 TEE T,

FHAAARL object ICX » TEREIN/ZT 7 40 M FEEIZ, object.__repr _ () ZFEFHLET,

object.__bytes__(self)

bytes IZ X o THEUH XN, 7227 bDOANSL FXFHIRBAEZFHE L E T, Z0Ud bytes A7 =7 b
ZIRTNETT,

object.__format__(self, format_spec)
format () FHARAABEE, XK 74—y FEAXFI T7ZI)L OFFf, str.format() XY v
FiZXo T EN, A7 27 D7 7x—~<v MeEi/ (formatted)” XFHNIRBIZIED £ 5,

format_spec BIBUE, DER T+ —~<v MLA T a OB EELXLFEITT, format_spec 513D
BUZ. __format__ () ZFEETZHNCED FTH, IFL A DY 7 RAFMABAADNTNPIZT +—< v
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MEEZE LD, AL L5 R 74—~y MbA T > a VEEXEHVWE T,
BREED 7+ —< v MEX DG, formatspec ZBMR L TL7ZE W,
ROEEFHNA TS 27 P TRITUSRD FH8 A

N=Yay 34 TEH: BTHROXFINDBEINZEEG object HH D _ format_ XYV v FiX
TypeError ZiXHHi L %9,

N—=Y 3 3.7 TEHE: object.__format__(x, '') I¥ format(str(x), '') TEK< str(x) &Zffi
2D ¥ 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)

InBiEWwbw 3 ” JLRE (rich comparison)” XY v RT3, HETS VRILE XY v RAOXIGIX
To#EDTT: x<y & x.__1t__(y) ZMUFHLET; x<=y & x.__le__(y) ZMUHLFT; x==y &
x.__eq__(y) ZMUHLET; x!'=y X x.__ne__(y) ZMUHLET; x>y E x.__gt__(y) ZFFUFHL
F9; 0=y i x.__ge__(y) ZMUHLET,

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 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().

HARLDHREEZYAE—FLTWT, HFEOF—IF5 28 TESZ Ny ariE A7 =227 M %21
LY EQBEBERERSICOWVWT, __hash__ ) DFFa XY FARREIPATVWZOTSIRLTLEXW,

There are no swapped-argument versions of these methods (to be used when the left argument does
not support the operation but the right argument does); rather, __1t__ () and __gt__ () are each

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

) —— —

are their own reflection. If the operands are of different types, and the right operand’s type is a direct
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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 != operators

will fall back to is and is not, respectively.

object.__hash__(self)

FHAIAAD hash() BIES, set, frozenset, dict DL I BNy v a®ffiofzalL 7y a YEIOERITH
TRHREPOMUHEINE T, __hash__ () XYy FIFBHEEZRIRINUIRDETA, TOX Yy Rk
FRMHEIZ, BBRRPIFL WA T 27 VIR Y Y afiZ2 o W5 22 TT; A 7927 bR LR
THLETHMHAINZEREZ R I NVICHED Ty Y 2 fliREE TS T, ZRNZNDOEZD Y > 2

ZRETHIL2BIIDOLET,

def __hash__(self):

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

AR

hash() 3472 =27 MEBE®D __hash__ () XYV v FPIRFTE% Py_ssize_t OV A4 XY FED F
T, ZHUZ 64-bit TEALFEINTWVWBE 8 N4 MT, 32-bit TEALRFINTWEE 4 34 FTT, F
T2 bD __hash__ () BRI DB bit ¥4 XD R THAMREPDLETH 2551, BITETD
FAR—-—PFFTEELFD bit REF v 7 LTLIEE W, £5F 3R 5IE python -c "import
sys; print(sys.hash_info.width)" 2EfT$2Z 2 T3,

TIAD __eq (O AV v FEEZRBLTOVRVWERS, __hash__ () XYy FHERLTIIRDERA; 75
ADS__eq () BERLTOVTSD __hash__ () ZEBLTOVRVEL, ZOA Y AR Y RIF Ny > 2 AHE
AL avDRBL LU TUFEIAFERA, VIADI2a—RINEKI T2 b EEFRLTED., __eq _ 0O
AV REREELTVWERS, __hash__ () ZEBRBLTUIRD ERA, ZHX Ny aFEE aLrya
YOFEBIBNTF—DNAY Y2l A I 2a—RITNTHEIERERINTVENLLTY (X7 =2 b
DNy ¥ BT B, ooy ¥ a7 Y hash bucket ICA>TLEVWET),

I—F—ERITRAET 74NV IT __eq_ ()2 __hash_._ () XV v FEF->TVWET, 20k %, (F—
TRWV) IRTOA TV =7 MIHBUTERD, x.__hash__() & x == y ¥ x is y & hash(x) ==
hash(y) O A ZEWKT 2 L5 R#EUIREEZERL ET,

_eq () BFA—=N=F 4 FLTWT __hash__ () BEZRBLTVERWVWT 7 AT, __hash__ () XEEN
IC None ICREXNET, V77 RAD __hash__ () XV v K2 None DE., ZDITTADA VARV AD
Ny Y al@ERBL LS 2T 2 Y% TypeError 25 X 41, isinstance(obj, collections.abc.
Hashable) TF v 732Ny T afRERHDE LTIELKEH#MEINET,

_eq O BF—N—SA4 RLEZIADBEI FALED __hash__ () O BELZHFFLI-WERS, BHRHB
IZ __hash__ = <ParentClass>.__hash__ ZWETH I LT, Tha 4 &7 XA RFIRD
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FH Ao

_eq O BF—N=F A4 RLTOVRWVWI IABANAY Y aP K- bEHHILZVWEE, 77 AERK
__hash__ = None #&®H T XV, 77 ZAHETHRIWIZ TypeError 2%t 32 __hash__ () ZEFHK
35, isinstance(obj, collections.abc.Hashable) FEUXH L Tiio Ty > aRJBELBABIZ N B
TLZx 9,

AR
T 7 A TR XTI NS MDD __hash__ O EEFHAARER S Y X LET 7 YL R ShE

o Ny Y 2 EHITHEMOD Python B2 AN TITERTH D#Hil) £ 35, Python DR LEET 2
iz, PRITERIARDET,

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 afHOEE L, BEDATL— a VIEFITHEL T, Python 132 DIEFAHI 2 HEL TW»
FHA (2 L GEE 32-bit & 64-bit ORI THELZD £3),

PYTHONHASHSEED H SR L TL /2 &\,

N=VaY 33 TEH: "> aDFVYRLMEBT 7+ L N THINZRD 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__(), all its instances are

considered true.

33.2 EHETIERZHRETA1XT S

UTDOXYy FEEFRLT, 7R VAR ANDENET 72 A ( x.name DA, x.name ~DA, x.name
DHIER) DEEKEHNARTA RTEIENTEET,

object.__getattr__(self, name)

77 4V b DEET 7€ AD AttributeError TR L 72 ¥ (name H34 Y A XV ADJEME F 7213 self
DI FAV ) —DEMETRNZDIZ __getattribute__ () A3 AttributeError %#iEH L7220, name 7

a7 4 D __get__ () P AttributeError ZiEM L7z F) KMPHEINET, ZOXY v Fif FtEX
Nn7c) BHEMELZIR T 5. AttributeError AL ZEH LRI D £8 A,

Note that if the attribute is found through the normal mechanism, __getattr__ () is not called. (This



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

The Python Language Reference, 'J!)J—2X 3.12.4

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 fake 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 YAIHT BIENET 7 R HET L -010, WEFCTIHEAET, 7T AN
__getattr__ () BERLTWBIEA, __getattr _ () 1. __getattribute__ () THI/RIICIEOH T
2. AttributeError Bt ZEZH LR W DIEINE A, 2DX Y v Fid IR NL) BIHEZIR S,
AttributeError fISAZ RN L E T, TDXY v FHPERINCIERZR I HENTLES DZFi <o,
FEOBIITHIC, BDEZBELSTADY 7€ AT, #HlZ1F object.__getattribute__(self, name)
DEDIERIES FADXY v PR UBEBHEALZME > THROHS ZRTUIRD FH A,

AR
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 FIRZR.

FxF a2V T4 DB L5 obj ¥ name ZEL TD object.__getattr__ ZfHio7z@E7 7R3 &
BEARY N BEHLET,

object.__setattr__(self, name, value)

BHEORADHA SN B OHINE T, ZAUTEFEDORADBRE (ThbE, £ VAR AFFEAD
EDORA) OO DU EINE T, name XBHEHA T, value 132 DEMEICRATZETT,

__setattr__ () OHTA VARV RABHEANDORADRER S, BIEKZ 7JAD N LR UHRTDORY v K
FEOCH X RIFAIER D £ A, BIZIX, object.__setattr__(self, name, value) & L%,

FxF 2V T 4D LX57% obj & name ¥ value ZIE L TD object.__setattr__ o@D 7
FA NFBEEANRY N BEELET,

object.__delattr__(self, name)
__setattr__ O WPTWETD, RATIERMADHIREZITVET, TOXY vy FEFEETIOE, 47
Y22 MZE 57T del obj.name DEMDH 2 LA LRFIUIRD £E A,

Fx a2V T4 CHlHB L5 obj ¥ name ZE L TD object.__getattr__ o 7B EDHIFRIE B
ARV ZEHLET,
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.

33. BHAV YA 53



The Python Language Reference, 'J1)—2X 3.12.4

EJVa-IDOBYET IV ERZHREIAXTS

FRRARID __getattr__ ¥ __dir__ &, EY 2 —VEHEANDT7 7L REHIARXSAXTE2DIMEILET, £
Ta— L NLD __getattr__ BBUIEMERARTH 2 1 518 FWD . 5HHE LE%IE S ) AttributeError
PREMLET, BEPEY 2 - A TP 27 o, BEOMEK, DFD object.__getattridbute__ () THRAT
oo TG EE, AttributeError AT 2HIIC, EY 2 —L D __dict__ »5 __getattr__ MR
Nxd, A o75813. ZOEMHA T, MRMPEINET,

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 VKETDEY 2 —LOEIE (BT 0T 4 OREREY) DHAXTA ZADTDIT, £ a—LFT
Y7 bD __class__ JBMEIC types.ModuleType OV 77 I ANRETEE T, HIZIEKRDLITRD ET:

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 {attrt...')

super () . __setattr__(attr, value)

sys.modules[ name__]. _class__ = VerboseModule

AR
EYa2—)D __getattr__ BEFLAD __class__ ZRELZDLTD, BEPDHLIDIEET 7 AD

BWXOMEDLDNZBMRIZT TS - £EY 2—1D globals NDEHET7 7R (EY2—LHNDI—RE1bHLE
Y a—®D globals DEHLLTH) HEELZIFEY Ao

N—Tay 3.5 TEH: EVa—LDEMNE __class__ DBEZAARREICRZD T L=,

Added in version 3.7: __getattr__ EY 2 — VEMEE __dir__ Y 2 —VEM.

25

PEP 562 - €2 a—IJL®D __ getattr___ & __ dir___ *
Pa—ND __getattr__ BB X __dir__ BEEDIHH,
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TR T2 (descriptor) DEE

MUTOXYy Fld, ZOXYy FEFEDOI7IA (WbWwd TRI U TR (descriptor) 75 R) DA Y AR VR
D, A—F— (owner) 7 7 RAHET DL ZRXOABHAEINET (FRAZ VY FRIE, A—F—DF F REFH D,
ZOPFDVWTNDD Y T AFHEZZRTIZRD FEA), UTOHITIE. " EE tid. %t —F—27 2D
__dict__ O 7 w87 4 (porperty) DF—Th 3 X5 REMEEZIHELET,

object.__get__{(self, instance, owner=None)

F—F =252 (V7 ABWET 72 ADFE) . VIADL VARV R (L VARV RABWET 7€ RDE;
B) DOEMEUEFRICEOCHEINE T, instance ZIBUTEMYZ 7 7 AT BT, 7> 2 > D owner 5l
BZA—F—2 7 RTF, owner BBUTENT7 712X T %L ZiX None TI,

ZDOXY v RiE, BHEIEHEEZIR T2, AttributeError FIAf2EH L E3,

PEP 252 1% __get__ (O 31202 005 OM S LAJREAF 79 27 P TH I LERLTVET,
Python OAAAD T A7) F XX ZDIREE S R—F LTWETH, —F =71 8Oy -1z
WSO ELT2dDbHD FF, Python @ __getattribute () FHEIIMLED X S 1 icBEb
53, WMTOFBEFEITHELET,

object.__set__{(self, instance, value)

F—F =TT 2ADA4 VARV R instance EDEMWEHTZ72ME value IEET ABRICIEOCH I E T,

__set__ () HBEWVIX __delete__ () BBIMT R L, TRIZVIFSRE 1F—XFRA7 VTR XEDbY F
o i TRV TAZOFVHL 22U TLEX W,

object.__delete__(self, instance)

F—F =07 2AD4 ARV R instance EOBHERHIRT 2BICHOHINE 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 T2OFVHL

—fIC TR 7Y TR eE Kk JEECEE T 28 (binding behaviour)” Zd oA 7Y =7 MEM DO Z T
T, TAZ VT RIZ, TRZVYFXTF 8t ai (descriptor protocol) DX Y » F: __get__ (), __set__(), B&
U __delete__ () ZfioT, BT 7 ERAEA—N=FL FLTVEHDTT, TNHEDXY v FOWTHHH
AT 27 PIIRHLTERSINTWVEHAE, A7V 27 PVATAZ VTR THLEVVET,

BY7 72 ADT 7 3V OEEE, AT 27 FOFFEELLEEMD B LD MEZFRELD HIBRLZD T2
EWVWIHDTT, FlIZIX, a.x ICEZ2BMEDOMETIE, £3 a.__dict__['x'] . RIT type(a).__dict__['x"']
. ZLT type(a) DEJEY FATAE YT FATRVHDIZHK . LWV oBEEIHEEIEZ D £73,

L L, BMBEWRDMED, TRAIZVTEZXYy ROWTALZERL TWS A 7Y =27 bTHIUR, Python &7
TN MOEHEEL—N—F4 RLT, RODITAZVTEXY y REMUHLET, SlRoE#EoF0 Yy 2T
FRZVTRAY y FBAMEHEINZDIE, EOTFTRAZY FERXY v RRERINTVT, YO XS MEHEH
T2 ITHRIF L E T,

TAZVTRFEUH L DER 722 DIk, BEANOHME (binding) . 37205 a.x TY, 5lEBREDLST
27 ) FRFEEEINDZDIE a KKEFELET

EEMUH L (Direct Call) &
HHT, oo/l VIR LIEIX., a— FHFTEETRAZ VXXV y FORUHL:
x.__get__(a) ZIT22WVIHDTT,

12V RB 2 AR (Instance Binding) *
T2 M UYARVYANFET L a. x I L type(a) .__dict__['x'].__get__(a, type(a))
EENE T,

2 X®E#& (Class Binding) 2

FANHET B, A x IEFEH U A.__dict__['x'].__get__(None, A) IZE#INFET,

super 5R#& (Super Binding)

super(A, a).x DEIRBR Ry v Effioly 77 v ST a.__class__.__mro__ ZHEKL T, A DHID
I ABEZETHL, B.__dict__['x'].__get__(a, A) ZIRLET, bLTRZVTFEXTRITNIL x
PEEETIGELE 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__(Q), 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.

(estaticmethod % @classmethod % &%) Python XY v N, T —E TR 7Y SR LTEEINTVE
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T, FORER, A VARVRATIEAYV Yy FEBHERE LD A —N—F 4 FTEET, ZOZ 2T, fHLZDA >~
AR VADEIL 7 FZADMDA VAR AL HEWZE R 3EREBE T2 n”TEET,

property () BRI T — R TR IV TR LTHEINTOVET, MoT, A VAKXV RED 2 v 87 1 OEIE
A —N=F4 FFTEIEDRTEEEA,

slots

__slots__ BMES L. (TRATADESR) FoRAYANRIRINCES L, (RIS __slots THEL
TWEDPHE T T RHEL TV I TRWVWERD) __dict__ % __ weakref __ ZELRBRVESICTEE T,

__dict__ 5 DICHANT, HifTE 3 XY ZEMEHPRDKREVTT, BERROAY—-Fd 2D A LTS
£73,

object.__slots__
ZDTIAERINE, A VARV ADPHCWIERAERT, XFH. A 7770, EREXFINOS—r v
2ZEMRATEET,  slots  1F. BA VAR A LU THE SRR 7 it i 2 R L.
__dict__ ¥ _ weakref _ DPEHEMNERINBRVWISICLET,

Notes on using ___ slots _ :

o slots BRI IADSLMKTEEE, A VAR VAD __dict__ BMHY _ weakref  JEME
WEHEIWCRIHATRET T,

o __dict__ BEMBBVEE, _ slots  WHIBEINTOROWHIZREREA VARV RARATE I i
TEFHA, FIEINTORVERAZH > TRAL LS & L2HE, AttributeError 2SEHINFE T,
BB EHINRALZWDR S, slots ZESTAEIC ' __dict__ ' 2EBHDOS—F >V RIZ
BMLTLZEW,

o slots  EBEFRLTVDEZ FIADEA VARV AT weakref  BRDIRWEE, £ AR > 2120
T 5552 (weak references) XV R— FEINFEVA, FBROVR— bHBRBERS, _ slots  %E
BT 5T ' __weakref__' EEBHDI =7 Y RITEIMLTL7ZE W,

o slots  F. ZIRADULRILTEERICNTZ TRV TA2 2o THEINT T, ZOKERE.
_ slots WEBRBINTOVWAAL VAR VAERBDOT 7+ MEWZZ S RAEM R THETEIRLKE-T
WET: Z5LRVE, TRAZ Y FRICEZR/AEZ 7 ABESR EEELTLE > ST,

o slots  ODHEHEDIEAZK. ZODRERINZIZIRALITICEEED FHA, BIZ7RXATESFIN
_ slots __ WFF7 7RATHHMAABETT, L7ZL. FZI7RF. BED _ slots (2 22 BMD R
0y FOAFDOAEZDEZNE) RERLBRVIRD __dict__ X weakref B ET,

o BBV TRAT, HEI FATTTRERINTVWE AR Y MEERLLGE, HEVZ 7 A0y M TER
ENTVEA VARV RAERZ (TR Y TREZRIRS A HEHZEFLEVIRD) 772X TELRR
DET, ZHICED., a2 L0BEIREC K> TLEVET, FRIZ. ZORERET 270115
POF v 7 BEMENE2S LNAERA,
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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.
Any non-string iterable may be assigned to ___slots .

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__ ~NORAW. WHDZ I ANEL  slots  EFoTWb L 2DAENEL 75,

BEOAT Yy b RFEOB SR R[Mol: ZEMK ITEEIN,. Ay P THERSIALEEZ R OB
77 2F 1 2B ET (MORKZ F 2D 28y MIETHRINIRD FHA) - TRUKERK TS &
TypeError A I NF T,

L slots WAL TATL—F 2T A T7LV—XDMEI LI TRAIVTE MESNET,
LoL, _ slots  BHIZEDATL—RERDFET,

333 VSREHENREIALITH

I IRAPMD Y F R MK T B XITT, Bl T AD __init_subclass__ O DMECHEhET, ZhZ2FAHT
2, YTV SRADEHEEETZ7 7R EFHELZEDTEET, ZHE. Z79RF7aL - e THRIPUTHL
FTM, VAT — &P, ZADFEHINIZRED Y 5 RAIZDAITHET ZDIZH LT, __init_subclass__
Z. b0, ZORXYV Y REERLEZ FADROY 72 5 ZITHEAINET,

classmethod object.__init_subclass__(cls)

ZDOXY v Rk, ZADERINZZ 7 ADBWEKINZRICHIFECHEINE T, cds LW 7752
TTo DL, ZOXY Y RBA VYRRV ARXYy FE L TERINS &, BEICT I ARAY v FITE#HX
nEJ,

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 key-

e

word 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__ O 7 7 4L P EEIMHITOVERAD, 50058 & HIFLHI T
i’%/ﬁ\@\ I‘i'—%%ﬂjbij—o

58
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AR
AR ZADE ¥ metaclass 1FFR D OEMEMEIC X > TIHBE X4, __init_subclass__ FEEIICHE X

N2l bYEFA, EBORAXZ T2 (HFRMARE Y FTIEARL) &, type(cls) ¥ LT7 Z7E 2
TEET,

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 =375 owner PERIN-RE THIMWIREOHEINE T, A 79227 VEZEDI 2D
name WCEID B ToHNET,

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 automat-

set_name__ () can be called directly:

) =

ically. If needed

class A:
pass
c=2¢c0O
A.x =c # The hook is mot called
c.__set_name__(A, 'x') # Manually invoke the hook

ARl VS ZAF T DR 2SI LTLEE W,

Added in version 3.6.

AR SR

T7ANVETIE, 7 7RI type ) 2o THEREINE T, 7 7 AREEH L WEHTZEMTEITSN, 7 724D
type(name, bases, namespace) DFfEFRIZT — A MIHEE N E T,

I 2AERT ORI HIRARTA X TEEST, TDEDIZIET 7 AEHEITT netaclass F—V— F5|[HEET
P EDEIREBEEFRITICEUCHED Y 7 A2 fAK L £9, XOHIT MyClass & MySubclass IZMliFL b
Meta DA VARV ATT:

class Meta(type):

pass

(RDR=21HiL)
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(AiDR=T 025 DFE &)
class MyClass(metaclass=Meta):
pass

class MySubclass(MyClass):
pass

75 RAEROPTIHREINLMOF— T — FE 5L, BRTEAITRTDOX 7 5 ABEICEINE T,
7T AEBBMFETINBEC, UTORT v IHELFT:
e« MRO T}V OfRRMBITHNS;

o WYX R Y FANRES NS,

27 ADHATEHPERS NS ;

75 ADKEDFITENS;

JIAFTY =7 FHEBN D,

MRO I~ 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__()
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.

25
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.
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B X R S ZDRE
55 RFEFH L THY R R X2 5 203, O LS ChE shE T
o HELIIRINAERA X2 52552 BATORWEEE. type() HEbILE T,

o HIIRINZAAR T S ADEZ6NTWT, 20D type() DA Y AX VX TREWHE, ZhEXX T 57X
&L TEE#FOE T,

o BRI RA R S AL LT type() DA Y ARV ANEZ bleh, BENERINTOWLEEEE &d
IRAE L7z (EBIGRTRD TO) XX 7 7 2pMEbI T3,

ROBRENL X 27 7 201F, (b LHIUL) RNIIEEIN XX 72, EEINZITXRTOR—-ZF F X
DRARI I AMBREIEINE T, MBIRENRX R I RF, TNHEDRAXA XI5 ABEHDITRTOYF TXA FTH 5B
E5RBDTT, XXT T RERMO LN S 2 DIHER R S RIFIUS, 7 5 REHIE TypeError TRKL 3,

75 ZADREZER DR

WY AR IAPEEEINDE &, 77 RADHMERMPHAEREEINE T, D ULAXXT 7 AN __prepare__ JElE%
o TW3 %A, namespace = metaclass.__prepare__(name, bases, **kwds) DFHINE T, BIMDF—
T— R, DL IRAERICONIZREINE T, __prepare__ AV v R VT AAY YR v LTEET

ZRENDHD FF, __prepare__ PMEBRL TGRLUZAZERIE __new__ WKEINF T, BENEIIRA4T

T2 MEIFH LWV dict I2av¥— L TERINE T,

XRS5 RIZ __prepare__ BMUEDNR WA, 7 7 RDOALHTEMIIZED HEFME~vy ¥y e LTS A
9,

2E

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

77 AEEDORT

2 7 AR (REHITIE) exec(body, globals(), namespace) & LTHITEINZXT, @HOMFIHL &
exec() DEHELEWVZ, 7 7 AERVPBEHANTTITONLZHE. LI HINVRAI-TITXoTY 7 AKMK (R
DAY v REZE) PBEEDZa—T MO R a—Tho4ii2SRTEE VWS HTT,

Lol 77 AEEPBEBANETITONIRTIZ, 77 AN TERINZRAY v FIZF 7 AR — S TERX
N7ZEERZ LI TEEHA, VIRABBIIA VAR VAR DT TARXY v ROBRPIDINT X — R H
57 78R3 30, ROHTHIAT 2, BERWIEHNZAa— 76 TW5 __class__ 6772 L%
X £8 A
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VSRFATS U FDIERK

I IARRDEITICE > TY 7 ADLEITZEM DL X725, metaclass(name, bases, namespace,
xxkwds) ZMUPH T I TIIAA TV 27 PPERESNET (ZZTEIAIZEBNMDF—Y— NI
__prepare__ WKEXNZHDLFLTT),

DY IALTTY 7 MiE, super() DEFIFIERICE > THREINZDDTT, __class__ &, 7 7 AKMKH
DAY v W __class__ F72i& super DVWITNDESHE L TVWAIEEIC, 2281 12X o> TIER I BB
D= % —ZRTT, THI XYy FIZESNLEIO5IBIZES W THEDOM I L 21T 5 Il
NDBTTRAEINIA VAR AN E NS /7, super ) DG IFIEAD L F > ANV R a—FIHISWTESR
ENTWVWE 7 7 AR IEMICEHAT 5 Z L 2RI L X5,

CPython RE0DF#: CPython 3.6 LIETIX. __class__ ®iE. 7 7 ALHIZEMICH S __classcell__ T
YR LTRXRIIRARXZEEINE T, __class__ BADRFEL TWGEEIZ. TD7 I ANIEL L L X

N27DIZ, type.__new__ OMUFHLICEIET 2 T RIcEREINET, KL ZEAEE. Python 3.8 Tl
RuntimeError 272D ¥,

T HNPMDRXRT TR type RWMAINCIE type. __new__ EMUHIT XX IR EHoTWEE EIX, 7T R
ATV 27 PEERLZRICRD A ZZ LMEOFIEDSES SN E T

1) type.__new__ XY v FA __set_name__ () BERZINTWV2 7 7 ADHFZEMIIH 22 TOREMET INE
LT,

2) ZNHD __set_name__ XYV v FP, ZDXY vy FWERSINTWVWE 7 IR, BLUZZIET BN
HIbETohTWwaARTZ5 e LT E T,

3) FLWIFADRY v FIRRIEF TS < LITMET 282 5 AT __init_subclass__ () 7 v ZHBHEUH
INET,

AT 27 PIMERINIRIE, 7 IRAERICEENTVWE I IRTaL—& (bLHIUL) IV T AF
TV MPEIN, TAL—EPRTA TV PRI I TERINSLY 7R L TR —DILDOHFIZERICHK
MEnET,

LW 72D type. __new__ THEM I Zid. AEIZEMGIEE LTEZ oA 7Y 27 M3 LWVIER
ffED~y B NEEEN, JEOA 7V =7 MIEINE T, HTILERLZDEHEAHLERHO  n x>
Ty 7&N, VIAF TV =227 bD __dict__ BHEICRD 5,

2E

bt

PEP 3135 - New super
BRD __class__ 70— ¥ BRI OVTEHABALTWET
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ARY S ZADA®E

X &R 75 2B R NBENAAMEZ > TWET, ThETRINTELETA T 7, FIEEA o 75,
AVER=T2—ADFzv 7, BEIFVr—>ay, HEiZu X742 EK, nxsy, 7V—2v—2, ZLTH
Fyy—2uy 7/ HrWwo723005 D £,

334 AVRAAVRADAREIIAREY T IS RAFT VY

MTFDOXY vy FIdMHAAABEE isinstance() ¥ issubclass() OF 7 4L FOEIER EEXT3DICHIHL
%79,

FFIZ, abc.ABCMeta X X 7 7 A%, HREIKZ 7 X (ABCs) %7 RIAKIE S 7 R (virtual base classes)” & LT,
flid ABC &L, (EED 7 7 A% (HARAAZ &) BUTBMT 272012, ZUH6DXY vy REERELTWL
S

class.__instancecheck__(self, instance)

instance B3 (E#E, F7IIHHZINC) class DA Y ARV RALEZHNDIH5EIT true ZIRL T, ERIN
TWhiE, isinstance(instance, class) OFEED/-DICHEIHINE T,

class.__subclasscheck__(self, subclass)

subclass 73 (E#E, EEMBENIC) class DY T 7 7R EZBLNBGEIT true ZIRLE T, EREINT
WAL, issubclass(subclass, class) OEED-DICFEIH IR E T,

BB, INHEDXY Y FiZ, Z7ADR (XZ7FR) LTRBEINE T, EEDIZFRAICITAXY vy Fe LT
ERTDHZILWETEERA, ZHUL. A VARV AZNEHENZ FATH D ZOHEITDAH, 4 VARV AN
HEXNBFRHEXY v ROMREL—EHLTWETS,

2E

PEP 3119 - mREEKI ZADEA il
REKIZ 7R (abc EY 22—V %2ZH) ZFHEICEMT 2XMICENTOEHKD S,
__instancecheck__ () ¥ __subclasscheck__() % L T, isinstance() ¥ issubclass() I

HEOEEZ S 57D DIEEROFEERH H D £5,
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335 JxxVUyIB%EIZIalL—+T3B

When using type annotations, it is often useful to parameterize a generic type using Python’s square-brackets
notation. For example, the annotation 1ist [int] might be used to signify a 1ist in which all the elements

are of type int.

2E

PEP 484 - BlE> 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 =S4
ITRHC NG X — XREDATRET H D, OB REF = v h—DHERTEZY 22V v 7 7 F A% FE
THIHEDREF 2 XV MTT,

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

classmethod object.__class_getitem__(cls, key)

key 1B MBI TRIMLE N 22V v 2 7 R RT ATV 27 FRLE 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__Q).

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 class for

purposes other than type hinting is discouraged.
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__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 object

if it is properly defined.

Presented with the expression 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 expresston 'obj[xz]'"""

class_of_obj = type(obj)

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

return class_of_obj.__getitem__(obj, x)

# Else, if obj is 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 list[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
>>> # "lgist[int]" calls "list.__class_getitem__ (int)"
>>> list[int]
list[int]
>>> # list.__class_getitem__ returns a GenericAlias object:
(RDR=212%i<)
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(ROR—Y 25 DHE)
>>> 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'>

>>> # EnumlMeta defines __getitem__,

>>> # so __class_getitem__ s mot called,

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

<Menu.SPAM: 'spam'>

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

<enum 'Menu'>

2E

PEP 560 - typing €V a— )L xRV wIBIIHIZEREIATICE R HR—k
Introducing __class_getitem _(), and outlining when a subscription results in

__class_getitem__() being called instead of __getitem__ ()

3.3.6 MU LAIGEA T/ b 22l —+T3

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

AVRRADPEBE LT 7 R BCIHCHEAET, 2OX Yy RRERINATWVSHA,
x(argl, arg2, ...) FREPICIF type(x).__call__(x, argl, ...) KEHINET,
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33.7 A7 F%ZIZal—F93

The following methods can be defined to implement container objects. 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 pro-
vide 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
setitem__ ()

__getitem__() delitem__ (), and keys (). Mutable sequences should provide methods

) —— ) ——

append (), count (), index(), extend(), insert (), pop(), remove (), reverse() and sort(), like Python
standard 1ist objects. Finally, sequence types should implement addition (meaning concatenation) and mul-
tiplication (meaning repetition) by defining the methods __add__ (), __radd__ (), __tadd__ (), __mul__ (),
__rmul__() and __imul__ () described below; they should not define other numerical operators. It is rec-
ommended 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 __iter__ ()

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 len(). Should return the length of the object, an integer >=
0. 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 RZEDF##l: 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.

AR

2574 E, BITFTD 3 XY v FIZk o THHMICITbNE T, KD &S BFEUH Ui
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[a[1:2] =Db ]
RD X5 HREN

[a[slice(l, 2, None)] = b }
MUTFHFRETT, BELRWVWARAT A ZDEZHKIZ None THDH LN 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.

AR
for V=TTlE, ¥—F Y AOKIGHEZIELLMIETE S X51CT 27012, RIERA VT 7 RITHLT
IndexError DEH I N2 DL TVWE T,

AR
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]l I T 2MRARLFEET 2D UOHEINET, __getitem () LRUCEEFHEIDTIZE
DET, TOXYy FEFEETEZZ2DIE, H2F—ICNT2EOLEZY R—F LTS, Filchdx—%
BMTE2 L5~y TOBAL, DEERZEEIMRA LN TELS—F Y ADEERIITY, RNER
key ixf LT, __getitem__ () XY v FERRDBSOEH ZITHRITINILD €A,

object.__delitem__(self, key)

self [key] DHIRZFEET 2DIMFIHEEINE T, __getitem () LRUCEFEEFHEIDTIED £7,
DAYy F2FRETEZDIE, F—OHRZYR-—FLTWwa~y TOgaL, BREHIRTE > -7
VADGEEITT, RIER key W LT, __getitem _ () XYV v REFEROHINDZEEETHR TN
72D F8 Ao

object.__missing__(self, key)

self[key] DFEHEICBVWTHEANRLF —DHEEL R oA, dict DY 7275 2D
dict.__getitem__ () WX o TMHUIHINET,
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object.__iter__(self)

DAYy MliE, avy7FINLT AT7L—4 pPERINLBICETHEINET, ZOX Yy NiE, av
TFHNOETDA T 27 M- TRENETE 2 k5%, HilhA T L —XA 7V v eiRE kI
B2 DFERA, vV TR ar T FHOF—ICE - TRIBUE LT AER D £ A,

object.__reversed__(self)

reversed() HHAABLBBDHEAMA T 1L —> a v EERET DI, ((FETUR) MUHLEST, av
TFHNOREZZYIAA T L — 1T 5, FILLATL—XERITRNETT,

__reversed_

(__ten__(O & __getitem__
L7247V =7 ME reversed() £ D dHEOVWHEELRUTEIHEICDA __reversed__ () &E
HTHNETT,

_O XV v FRERINTVRWVWES, reversed) MAABIEIX sequence 7’1 + 3
0)) 2o 7/7ECT7 +—NANy 7 LET, sequence 71 b a)L%HR—

IRE T A MEET (in BXY not in) FEE, 3T FOHERINT S RKELHD LS5 1IcHEEIhET, Lr
L. A7 537927 P TUTORHRAY v FEERL T, KORRWNREEEZToRD, 7927 047

FINTRLTHBEWVWEIICTEET,

object.

BIFET A+ 2E ZRFHUIRD $H A,

__contains__

T RIEZAA LT,

__contains__ (self, item)

IFET R MEEERET 27-DICCHINE T, item B self NMICIFET2HEICEEER, 5 ThW\W
BRIEAEZRIBITINERD ERA, vy T4 7027 FOBHE, BEXF—EOMETIERL, F-1ox0s

COE ZZHLTTFE W,

3.3.8 HMEREZITIaL—FT3

OZBZEBRLBVWATS 227 PIMLTIE, ANy FPFRMIFES.  _dter () 2ffio
R Wy = 2R RETa ran __getitem _ () ZHEVWET, EEELTIFLVAD

MUToxXYy FEERLT, BEEA 7Y 272X 32— FF 32N TEET, FEOMBEOBER TIXY
A= FERNTOWRVE S REEISNST 2 XY v B (FEBOBEICHN T 2y FRABEEZY) & RERD X
FRXLTEB2RITINEZZRD £ A

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)
3.3. FHAVYR4H
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object.__pow__(self, other[, modulo] )

object.__lshift__(self, other)

object.__rshift__(self, other)

object.__and__(self, other)

object.

_xor__(self, other)

object.__or__(self, other)

INEDAY vy FEMATIHEMEE T (+, -, *, 0, /, //, %, divmod ), pow(), **, <<, >> &, 7,
|) #FEZELE T, BlRIE 22 __add_ () XAV Y RDDHZIFTADA VAR YA THIHAE, Nx +y
ZEHMES % & type(x).__add__(x, y) BMFEINET, __divmod__ () XY v Fi& __floordiv__() &
_mod__ () BHERATAZOLEMTRITNUIRD TRA. _ truediv () EEHELTIERD FHA, A
AABD pow() BBO=IHD S DY R — b XN TORITIUIRSZWEE, __pow__ O 1FA T a v
“HIBEZIMBZBDOL LTERSNRITIUIRD 8 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(), *x << >> & . |) 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

*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.

* R CBOWHETICOVWTE, BRIEDOXY v B (22 21E __add__ ) PERLEBE, ZOHEEIR— P IR TORNE AR

NEF, ik FRLEXY v RS XN WEETE
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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.

FFE L. SIEET powO) A __rpow__ () BRI LIZRVOTEE LT EE W (HH o BAIHIER
ICHERRIC T2 B 0 5T,

AR

ARlOWEEF OB ERMOWEEFOROY 727 52 THH, TOHTIZS5RATHB XY v FIghts
ZRERXY v R BRIZFENTERINTVWEHEEICIE. EHOWEETFOIERSF XY v RBFFIN S
A, ZOX Yy RBEENE T, ZOWBEHWNICED, BT 7 SADNBOEESR A —N—5 4 RT3

ZEDAREICTE D £

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 (+=, -=, *=, @=, /=, //=,

%=, #%=, <<= >>= &= "= |=). 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  is an instance of a class with an __zadd__ () method, x += y is equivalent to
x = x.__iadd__(y) . If __<add__ () 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.

object

__neg__(self)

__pos__(self)

3.3. ’HHAYVY R4
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object.__abs__(self)
object.__invert__(self)

WP L C BB (-, +, abs ) BEU -) R EELE T,

object.__complex__(self)

object.__int__(self)

object.__float__(self)
FHAAHBIED complex(), int (), float() DFEEH, SIFIHEINE T, EU LB DM Z IR X 22T HUI7
DEHA.

object.__index__(self)

MM LT operator.index() 25 L 3, Python 2fEA 7Y = 7 M 2EEA 7Y = 7 MciERL
BT BRERD BEE (L AIZATA Y 7%, MAABD bin() . hex() . oct ) BIKY) 1XHIC
MOHENET, ZOXY Y RBH2 L ZOBIEA TS = 7 b PBEEBIITHZ Z e RBINE T, BEE
BRERTUIRD £ A

&L __ant__(), __float__(), __complez__ () DEBEINTVARWVWEE, HAAABEKD int(),
float(), complex() & __index__ () IZ7 = Nv 7 LET,

object.__round__(self [, ndigits] )

object.__trunc__(self)

object.__floor__(self)

object.__ceil__(self)

MHAAABEED round() ¥ math £ 22— LBIHD trunc(), floor(), ceil() DEIEMSMIH X H
%9, ndigits 25 __round__() WKEINZVEDIE, DR TDAY v Fid Integral (72 TWIE
int) CYIDFED BN A TV =7 b OEEET AT,

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

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

3.3.9 with XX AV FF X FIR—Tv

aAVTFRAMT A= v (context manager) Eid. with XOFETRIC T VXA LAY T XA MRERT 24T
V7 bPTT, aVYFTFAMIEX—VxE, a—-F 70y 7 2ETT LD ERAD OB X CH OO0 Z
PngEd, aYTFFRAPIA—Y v BE, with X (with X OEZZH) KX DEHIAE I, ZhdDx
Yy RREHERCHET e TREITL I b TEE T,

AVTFA TR =TI ¥y DREMNZMFENGT L LT, AR — " VEROREB L UOEH, VY —RDuv 7
rrvvavw ., 77ANDF—F e rua— Xk EhRETFONE T,
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AVFTFRAIIEZ =T IOV TDE 51 BIEHRICOVTIE, typecontextmanager SR L TL 72X W,

object.__enter__(self)

AVFTFRAIIYA—TI XY DDA OTEFTEINZUIETT, with XiE, XD as HiCTHEINEEZRT
ZDXAYy FZIFIHLET,

object.__exit__(self, exc_type, exc_value, traceback)
AVTFTFAMII =YX OHOTETINAZMHETT, T X=KF, aVTFAIPRT LIEKE K->

T OWTEHAL TWE T, a¥ 7 F X MRS ZEEE KT LSS, £TO5 I None 23
REENET,

b L. BISDEHES, 220X Yy PRI ZIIHIL 72W5E (Fbb, fIANERESN L DEREw0n
BE). ZOXYy Fid True ZIRSHBERHD £F, 25 TRINUI. ZOXYy FOKTE, sl
WHEDIRET 22 il £9,

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

sibility.

2E

PEP 343 - "with” X7— kX2 k
Python @ with XDtk H&. BIUKFINFEEHINATHET,

3.3.10 95 ANZ—I Vv FOMUESIBDAZAEZIAX

RE—=VDOHF T 7 RGEFAT25HE. MESIBIZT 7 0 FTREAHATE $¥ A, MyClass TRl ¥ R—
b7V ¥ case MyClass(x, y) (FEFEEMTT, ZDXS> -V 2FHT 12 . _ match_args
BlEE S S RCERTIDENDD £3,

object.__match_args__

ZDY I AERBIZILFHNDR TN TH A VAHET T, TDTZ FAMNT T ANRE— 2 DHAES | HTH|
Hahzr, 22 OMESIEIIXIGT 5 _ match_args DODHDEEZF—TV— RT3, F—TU—
FEIBUCEBEINE T, ZOBMEIZVIEZ. O PRESINTVWBEDLRETT,

il 21, b L MyClass.__match_args__ I ("left", "center", "right") MNEZE I N TV HF A,
case MyClass(x, y) ¥ case MyClass(left=x, center=y) Y HFE T I, ¢ X — > D5 D i3,
__match_args DBEZRCFAENPZAUTTRINERSLVWEIKERLTLLEZE Y, L, ool
BEzid, X —r< v FIX TypeError ZiXM L £,

Added in version 3.10.
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BE

PEP 634 - &HNE—2I Y F
match X DFFA,

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)

Called when a buffer is requested from self (for example, by the memoryview constructor). The 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.

2E

PEP 688 - Making the buffer protocol accessible in Python

Introduces the Python __buffer__ and __release_buffer__ methods.

collections.abc.Buffer

ABC for buffer types.
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3.3.12 XY v FIEER

HARLDY T AT, FFEX Y v ROBEEROMOH LI, A 7927 DA VAR VAFFETERL, A7
FORITCERINTWVWR L ZICDALELLLEETZ Z e MRIEENE T, ZOFHEDOH, IO a— FidflszE
EHLE3:

>>> class C:
pass
>>> ¢ = C(O)
>>> 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()

ZOEWEDOE R R AHHIE. __hash__ O & __repr _ () EWVoltype A7V 27 P EFLIRTOLA TV =
P TERINTORREAY v FZBHDET, THHDXY v FOBBROMBIEHEOME I a2 %o 72
LA, type A7 =7 FEMRICH L TEITENZ ZICRKRLTLEVET:

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

True

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

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

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

TIADIMEEAY v FEZDIIICLTEITL LS T35 Z i 'metaclass confusion” LFEENZ Z L b D
D, FRAY Y FERRBTALZWEA VARV ABANALRZAT B e CHBEEEINET:

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

True

EEMEDTDIZA Y ARX VR EEERAFX Yy TT2DITMAT, FEXA Y v RBRRBIEIA T 27 bDRXX I I A%
GO T, __getattribute__ () XY v R ANARZXLET:

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

>>> class C(object, metaclass=Meta):
def __len__(self):
return 10
(KDR=D12HiL)
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(AIDR=I 5 DREE)
def __getattribute__(*args):
print("Class getattribute invoked")
return object.__getattribute__(*args)
>>> ¢ = C(O)

>>> c.__len__() # Ezplicit lookup via instance

Class getattribute invoked

10

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

10

>>> len(c) # Implicit lookup

10

ZDEIIT __getattribute__ () FEEEANA XX FTE LT, FHEXY v ROPWICHET 2 H2BEOHHE L
GIEHZIT (FRRA Y v FEA VX TV E06—HLTHEITENL DI 7 A4 TV =7 MZEE LEIThid
BHIHRW), £ V&=V XE2@HET 27-DDRERRMHIFICAD £F,

3.4 JI—F>

3.4.1 FHAIGEF 72 £ 7 b (Awaitable Object)

awaitable A 7Y = 7 MI—INIZIE __await__ () XV v FOREREINTVWET, async def FAEIIERT
Coroutine 772 =7 b 3HFETRET T,

AR

types.coroutine() 7aAL —&XTT AL —XBMMFFbh7cd 1L =2 HIREND generator iterator F
T2 b BFEAEET A, await ) WFEEINRTVIERA,

object.__await__(self)

iterator BRI RFUERD FXVA, TDXY v FlE awaitable * 7Y =7 M FEETZDIHbNE N
XT9, BHDZDIZ, asyncio.Future IZIEZ DX Y v FWEIEIXN, await R AEHEEZRO XS
BoTWET,

AR

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

p—

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

76 BIBET-RETIL



The Python Language Reference, 'J!)J—2X 3.12.4

Added in version 3.5.

2E

FAEATREL 70 = 7 MIZOWT X DEEL KX PEP 492 28R L TL 7230,

342 JIW—F>FTTxI k

Coroutine &7 TV b X awaitable 7 7P =27 b TFo __await__ () ZFECH L. ZDR D EIIX L KIEL
HEFTAZLrTal—F OEFERHETEET, IL—FLrOETRRETLEEEZR L X2, 4 7L —&Ii
StopIteration ZiAMi L. ZDHISND value BIHITE DR R T E T, aL—F UoHIAEEE LHEE.

ATL=RIZEVEEWEINET, aL—F2h 5 Stoplteration FIANZIMIEHITNETIED D FHA,

AN—=F NIRRT 2 XYy FHHD, b3V 2L —RDXY v F2RLOHUTT (Pl —%2-1
TL—=XYyEF Z2ZRLTIEIWV), ZEL, YA —&EES T, aV—F VIFREUHZ BRI R—
FLTWEHEA,

N—Yary 352 TEH: a)L—F T2 HEPEFFH (await) 55 ¢ RuntimeError 72D £,

coroutine.send (value)

Starts or resumes execution of the coroutine. If value is None, this is equivalent to advancing the
iterator returned by __await__ (). If value is not None, this method delegates to the send () method
of the iterator that caused the coroutine to suspend. The result (return value, StopIteration, or

other exception) is the same as when iterating over the __await__() return value, described above.

coroutine.throw(value)

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

aN—F U THREINEHANEZERLE T, 20XV Yy Flid, A T7LV—RiZal—Fr&2—FfEILET3
throw() XY v FRHIGECNHEZELE T, £ 5 TROVWEHEIIE, T LS D 5 FI5 K
NET, R GBDED StopIteration 2 ZDMDHINN) 1Z. LTHRHLLS7R __await__ () DIED
I U TRIEE T o722 E LRI TT, S ar—F > O TRt S iz - 12355, MOH LT
N EhE T,

N—a ¥ 3.12 TZHE: The second signature (typel, value[, traceback]]) is deprecated and may be

removed in a future version of Python.

coroutine.close()

AN—FURHTEHBOBREMIEZ LK TLES, al—F B —HELELTWAESIE. aL—F 22—
RHEIEX B4 7L —RIZ close() XY v FADIUE, FTREFNCUHERTLE T, 2L T—KE
L7=#if55 5 GeneratorExit DEH XN, =B Ical—F UAEHSBHOBRA T IIZITVWEST, BE

2o FATHBEN TV o HAETSH, I —F VIZETHET LEAZMIT T,

3.4. JlL—F> 7
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AN—F I TI 2l PRSI NDL L ZIE. FEROFIEERZETHIICRAL 5T,

3.4.3 JEREHAAT 7L —% (Asynchronous lterator)

JEREAITL—2 O __anext__ XV v F2 ORI RO a— FREXRE T,
FEMIAA 7L —&1E async for XDOHTHEZX FT,

object.__aiter__(self)

EREAATL—R A7 27 P 2IBRE R TIRD THA

object.__anext__(self)

AT L —RDROMEZIET FHEFIREA T T b ZIRIRIIUIRD FR A, RIEBUHEIKT Lz 2
!¥ StopAsyncIteration L7 —ZEMHTRETT,

IEFAA T 770 F T2 =27 b O

class Reader:

async def readline(self):

def __aiter__(self):

return self

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

return val

Added in version 3.5.

N—a 3.7 TEHE: Python 3.7 X DHITIX. __aiter _ () X JEREIA T L —4% 1% % awaitable %3R¥ %
L7z

Python 3.7 2251%. __aditer__ O WQIEFAIA 7L =2 A 7Y 27 b 2RI RIFNERD ERA. 2SO bD
%3BF ¥ TypeError X7 D £3,
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3.4.4 A TF XA Y H—T % (Asynchronous Context Manager)

ROV THFARIR—T ¥ 3. __aenter XV v F¥ _aexit_ AV vy FHAEHTHEITZ—KEILLTE3
AVTFFRAIYR—T v TT,

FEFAa > T F A b2 =T %13 async with XOPTHEZE T,

object.__aenter__(self)

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

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

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

FEFREZ Y TFFRA 2= % 7 5 Z2DH:

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.

fix
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FOUR

RITETIL

4.1 7075 LDOEIE

Python 7027 a3a—F7ay ZaoflEnEd, 7av 2 (block) 3. —2DFEh e LTHEITEND
Python 70275 A7 XA FOMIRF TS, B 22—/, BIEARK, ZLTIIRAERIETay 7 THD, HFEIC
ANENTlLEA DA< R TRy I TT, AZVT 7740 (A0 X=TY)RFEEATT e LTEZ LN
D, AV XR=TFVRIZavy oL VGeLTERbNET 74 L) ba—RKT7rv /TS, A7V havy
R(AYX=FVRDaAa<vY R4V LT -c A7 aryTiREINTa~Y F) 3a—-K7ay 7 T3, 518 -n
ZEALT, avY R34 Y26 by FLRNAVRZ YT (F7DBEY 2—)b __main__ ) E LTHETESNSE
Ja—NbELI—RFTay T, HAALBEH eval() R exec) WWEINIXFFHEIBba—-FTvy r
T,

a—-Fr7uay 7k, EfT7 VL —24 (execution frame) FTEITENET, ET 7L —201E (T Ay Zifibi
%) BEEERPND SN TVET, o BEOa—F7uy ZOETHET LEERK, Y0X527v27 40
FTRMHT 20EREL TVET,

4.2 &FiJlF £ R (naming and binding)

4.2.1 ZAHIDORE
2B (name) . ATV =7 P EBELET, AHIEZEAT I3, AHIAOKE (name binding) #IEE T
£,
DUT oM hii 2 R L £ 5
« formal parameters to functions,
o« VI RER,
o BIRUER,
o AR,
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e targets that are identifiers if occurring in an assignment:
— for loop header,

— after as in a with statement, ezcept 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 XTI XN B 5. (del ORI, ERIZLHOMA (unbind) TF2%) XOBMK E. FEHEADD
DY HBBINET,

RASR import XidWFhd, 77 APEBER, TV 2—AL L (by Ll a—FK7ay 7)) NTRE
IhE9,

HHHHDB Ty JNTHMBENTWSRR S, nonlocal R global E LTEEINTVWRWVWERED, 2z
0y 7 Du—hLER (local variable) TF, H2HAINEY 2 — L L UL THEINTWER S, ZOAFNES
T — VAR (global variable) T3, (E¥a—la— K78y 7 0ERII. a—ALVEKTDH, 70— LK
THHDET, ) H2ZEBDH2a—F 7y JNTHONATWT, 2070y JTEREZINTVWRWVWESL, £
AUTHHBEZH (free variable) T3,

FUT T 8T H R FRCHHBHET 2700, ZOAHASEHRTY 2R ANOBKT B v 2 hTER S A
7 T8 (binding) %> THNOBIEITHNET,

4.2.2 AEIERIR

A a—77 (scope) 1. 70y ZJHNOAFIDOARELZ RO E T, 0 —DNVEBBHZ2 70y JNTERINTWVWEY
A ERORa -3 2070y 7 2EGAsET, BT 0y JNTHEIOEREZT- 7256, 20 7my 7H
LHNCHIDOREZTDRVED, ERT By JNOETOT Ry 72 EL XA a—TDPIRENE T,

HEEGHT-FTay JATHELOILS &, ZO4FTIZRLIEEI LMD X578 A2 —7 (lRMNA 32— 7" nearest
enclosing scope) Zffio THEOBREZITVET, 25 LR a—T0okRd, H5a—F7ay 7NTSRTE
Z2a—TETOHEEE. 70y 7 DEREE (environment) EFHINE T,

ZHiBEL RS 5k o722 i3, NameError BN EHEINE T, MED R a—HEKD D DT, &Hi
DEDLNZGF T — DA ERD EEEICHEE XN TV WSS, UnboundLocalError FIANANEH XN F T,
UnboundLocalError & NameError ®+72 7 A T7T,
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HHLHHRI— R 70y ZHO Y ZHhTHREIEI R TV RS, 2070y ZNTHDONS ZDHRNETRT, B
EO7ay 7 A0SR LTIRbNWET, Z0kD, H24HHBZ0 70y JNTREINSFNICHbs
S —ZokMD £, ZOHRANIBUKTY, Python IQEXESHRL, a—F70y 70 ¥ 2 TdAATHBERIEN
TEET, H2a—-F7uv 2IlBI20—AVERIE. 780y 707X Makh o LGuiRERELrEET 2 Z
L TCHREXNE T, HliZ UnboundLocalError iZ2WT D FAQ JHH 2L TLZE W,

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 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 X, M7y 7 DRERIELRAIL R a—T2HbEd., »2HHERDRNR 2 — 7 global X7
HH5E. ZOHHERII 0 — "V ERE ABRINET,

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 2 —ILDAFZEMIZ, ZDED 2 —ADBRANC import XNR-RHZHINICERENE ST, RZV T D
FEY 2—/V (main module) 13HIZ __main__ EMINET,

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:
42

b = list(a + i for i in range(10))

a

However, the following will succeed:

class A:
type Alias = Nested

class Nested: pass

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

Type parameter lists for generic type aliases.

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

annotation scope, but its defaults and decorators are not.

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

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

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 imme-

diately within a class scope, or within another annotation scope that is immediately within a class
scope, the code in the annotation scope can use names defined in the class scope as if it were executed
directly within the class body. This contrasts with regular functions defined within classes, which

cannot access names defined in the class scope.

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

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

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

scopes can introduce new names.

While annotation scopes have an internal name, that name is not reflected in the  qualname  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.
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4.2.4 Lazy evaluation

The values of type aliases created through the type statement are lazily evaluated. The same applies to the
bounds and constraints 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
>>> T = func.__type_params__[0]

>>> T.__bound__

Traceback (most recent call last):

ZeroDivisionError: division by zero

Here the exception is raised only when the __value__ attribute of the type alias or the __bound__ attribute

of the type variable is accessed.

This behavior is primarily useful for references to types that have not yet been defined when the type alias

or type variable is created. For example, lazy evaluation enables creation of mutually recursive type aliases:

from typing import Literal

type SimpleExpr = int | Parenthesized
type Parenthesized = tuple[Literal["("], Expr, Literal[")"]]
type Expr = SimpleExpr | tuple[SimpleExpr, Literal["+", "-"], 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.
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4.2.5 #HAHiAH L HIPRT S DRIT

CPython EEDFHM: = —¥13 __builtins__ WM IZRNZITEH D ¥ A; THUIIEEICHEDFMTT,
HAAALDELETZEE O D% A —N—=F 4 F L7z —Hd, builtins Y 2 —L% import LC. £DEME
YN EET HRETT,

HBa—FT7my 7 OERTICEET 2HAAAGRIZERZ,. EBICEa—F7ay 7070 — L aiZE[
540 __builtins__ #MEI DI TRO2D FF; __builtins__ BFHEIEY 2 — A TRIFNUERD F
A (BREOHEFEY 2 VOREVPFLNET), 774N Tl __main__ Y 2 — LHFIZBWTI,
__builtins__ ¥HHAAAEY 2 —)b builtins TT; ZNLINDEEDEY 2 —MZBWTIX, __builtins__
'3 builtins EY 2 — L HEDOFHEDTA Y 7 A TT,

4.2.6 BRNBEELDPD LD

HHZBD ARG 2 >3 VTR S EITRICITDRE S, 2F D, UToa—FEd42 2HALET:

i=10

def £(O):
print (i)

i=42

£0

eval() ¥ exec() BIEUZ. HATOMRIIC, BIEORREO R TEZER 20T TED D $H A, HAENITCH LHIO
O — A 70— NOVEAFTZEM TR T E £ 3, HHARIIENARIZEM TR . 7a—rOLEHT2E R D & R
ENFET, L exec) & eval() BIRICIZA TS a v D5HDH D, Fu—rUL e B — HIVERTERE A —NT
4 R TEEXT, AEIZEMI—D LofE SR T U, WA OAFIZER e LTlEbhE g,

4.3 fIs

Flsteix, a—F7ey 7 0@EEOHIH 7 v —%2HHi LT, =7 —ZoMofIAN RN ZUIETE 2 X512
T22ODFETT, fIAMIT S - SN E T FEE (raise) SNET; HlIAME. =7 —2REROELD
a—Fyay sk, TI7-PFEELLIA- TRy JEREELEBEENCTFOCHLTWS2a -7y 7T L8
(handle) §25Z &P TEEXT,

Python £ ¥ &7V &%, V&4 55— (LafrERY) il Eh s L fsbeEN L ET, Python 7025
L5, raise XM o THIRIICHIIN Z X T2 28 b TEF T, BIS 2 FF (exception handler) 1&, try

. except XTIETAI LM TEE T, try XD finally HizEHS52 27V -7 v Fa—F (cleanup code)
ZRRETEET, 20a— FRHASMNIUEL SEAD, HIT55a— 7y 7 THNDESTHRERITHHE
TEh%x3,
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Python ¥, =5 —LHIC 7 7125 DT (termination)” EFAEZHVTVWET: AT FF1X, Fus
T OAIDBFE LT 2 BT 2 28 TE, AV FIDOIMUD L ~OUWITILEZ ki S 5 2 21X TE 3, (M
BOHo7a— FEDZROPLFATLAEBTOTRVIRD) 27 —DFERZBE LD, FATITKRBL 7=481F2
PHETIELEITEIEA,

BISADRCIMBHEINIZNE &, A VX T VR TR TS LOFTERT IR0, MEGEA A4 Y —F I ZRL
¥9, E5005aS., fIStD SystemExit TRIFIUI, ARy 7D ML —2ANy 72 LET,

BIAE, 757 2L VAR R Lo TRAIENE T, except HilZA VARV AD T 72 e OWTEIRINE
T ZHBA YRR AD T I A, 20 FEREEEI S 28R LET, TOA VYRRV ARFIANAYEFIIZE-
TSN, FINEZEICE T2 BINERE R NP TEET,

AR

BIHD R v —Di, Python API {LEICIZEEN TV ER A, X vE—YDHARIE. H3 Python D N—
JaveRON=Y a VOBTEER LICERINZARENEDLHED T, BEAN—Sa2 DA VR T) X TH)
Eg 2 Xkoka—FRiE, fIAXy - DANBICKTFEZIBIRETIED D THA,

try AZDOWTIX, try X i, raise XITDWTIE raise X Hid SR L TLZE W,

o
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H25 12D module 1IZH % Python A— K0 oMOEI 2 —L% A VR—F $528T, Z22IH2IT—FA
TI7RATESL XD DFT, import XIEA Y R— MEMEZEINTHRD —MRIVRAETT. 2O ME—D);
ETIEH D FHA, importlib.import_module () ®RFHAIAAD __import__ () WV oz ZH->TH, £~
A= MEMEZEDO TN TEET,

import X 2 DO ZHH L TITo TVET; HAKHTDEY 2 — NV ZH L., ZOMBH Rz —h L 23—
TOHFNCHE L £5, import XOMRNIE, FYIR513T __import__ O BFAZEMFUOH T I & LTESR
ENTVWET, __import__ () DR DEIZ import XD HFTHBUHDEITTHEONF §, HATHEUIE D B

ENE import XESBL TL 720,

__import__() ZEEMMUIHT L EY 2 —LDOMRDADTON, ROvo7HE. €Y 2 — VOERIE DT
ONET, By r—YDA Y FR—FX (sys.modules ZZL) HARF v v P 2 DEHREOEIWERAIILZ 2
DD LNFERAD, import XDABHFTHELEZITVE T,

import XFETEIN S L 2, EEOHAAALBEE __import__ () AMINE T, A Y R—- X7 LEM
O Z DD (importlib.import_module() BARD X 572) XA =X L%, __import__() DML %N
ARZALTHEDA Y R=1b - v r T4 ZRAERFEEL TV EA[EEEDSHD D 5

ED2—APPIDTA Y R—bEN3 L ZF, Python ZZDEY 2 —LERKL., Affo7GE, Y2 -4
T2 FRER L, I L 3 , ZOARDEY 2 — DB RAMAD S 1255 72355, ModuleNotFoundError
D ENEF T, Python 1i&, 4 Y HR— MEMOFEITIN/Z & ZICAHFITD HEY 2 — V2K T 2 k4 7RI H
FEINTVET, ChHOEIRIEE. ChMBOHI TSI N ML 7 v 7 2o T, BIELALDIEERELAED T
R

N=Y a3y 33 TEHE: A VR=- 27242 PEP 302 0% 2 7 2 —XDRERFELEATHINE L, D
FRHEEAY 2 A VR — MEMIED D FRA - £ VR — FMEHRAIL sys.meta_path ZiE L TAINATVWET,
MZ T, 3T 4 TOHAZEBNR Y 7 =YDV R— MIFEEIhTHET (PEP 420 25)

*1 types.ModuleType #ZEL TL 72X\,
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5.1 importlib

importlib EY 2 —/lEA Y R— MEME PR O D T2 7-DDMEMLR API Z#E#t L £3, 21X importlib.
import_module() . A ¥ HK— MEWEFITT22DDMARAAD __import__ () L&D b I THEaN
%5 API Z43t L3, K DFMARZ 21T importlib A 7S VD RFa XY P EBLTLZE W,

52 N\wir—<

Python IZIZEY a—nAA 7Y =7 rOfEEIZ 1 BEL» L, Python, C., ZhLADObDD XN TEREIN
TWADIZERZL, TRTOEI 2a— NI ZOBHEICKR Y £3, Y 2 — VO EBNT. ARiFEEZ RS
%7212, Python Il N7 —2 2 WHBEEDRH D £55

RO T =R T 7ANTATLEDT A LI MY, EVa2a—NETA4 L7 MIIZHBET7ANVEEZDBIENTE
FTH, RNy T —IREIV2a—VE T 7 ANVT AT LADHEFNZREIIRVOT, ZOHREEERE D 122
o TIEWITERA, ZOXEDOHMNDZDHIZ, T4L 7MY ET 7AW ERREKREMES 222 LFET,
T77ANTATLADT 4 L7 PO KIS, Ny r—JI3MEEEEZHR L., BEOEY 2 —L2F TR, 7
Ry Fr—V%BLILbHHET,

FTRTORY T —JFET2—ILTTH, TRTDEIS 2a—ADBRy Fr—J IR EWI EZNIEDTEL
DOWEETT, dbLLRMMOSVWEEZT 2, v r—VRBER28HREHEOEY 2 —LTHBIEEAET, FF
12, __path__ BUHERROEEDEY 2 — L@y Fr—Yr R E5,

FTRTOEY 2 —VIHAFTZRH 5, Python OEET 7 RADOFEEFRRIC, 7%y &7 —Y OHRNIH
=% Ry i BETRYISNFE T, Lo T, enail EWHHZRID Ry r—I, ZNNET email .mime
CWIOLHIOY TRy r—I, EHICFNICEENS email .mime.text EEIKRDES 2 — L B2EZ R L
WTEET,

5.2.1 BEONYT—2

Python Tl&, BED/NY T —2 & HRIZENYT—2 O 2 HEO Ry F —IPERINTVET, @HED
o — 1% Python 3.2 DIHEID S1FET 2Ry =2 TF, MBNREED (Y =21 __init__.py
T7ANEELT AL MY LTEEINET, BEORy 7T —I 04 Y R— b0/ & 2D __init__.py
7 7 A VDEERIICEITEIN, ZRTERLTWVWEA T =7 b0y r—IHREITEMICDH 2 BANCHE XN E
Jo __init__.py 7 7 A NE HMOEY 2 —NI2FEIT S Python a— REFAILCDDEELI N TE, £V a—
AL VKR— b ENTz L ZIZ Python FEY 2 —LiZBEEBIMLAED LET,

BIZE LTOES5R7 7 AN AT LBEIZ. 3 20U 78y r =V % FO LD parent Sy 7 — I ZEH
LET:

parent/
__init__.py
(KDR=D12HiL)
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HIDR— % 5D E)

one/
__init__.py

two/
__init__.py

three/
__init__.py

parent.one % 4 ¥ K— b F 3 L HEEIVIC parent/__init__.py & parent/one/__init__.py DFETEINZF
3, EDRIT parent.two H L { iF parent.three &4 Y5K— 3§ 2 ¥, ZhZH parent/two/__init__.py
X° parent/three/__init__.py D’FITE N E T,

5.2.2 ZEIZERANY T—2

HEIZER Ry =Dk A T R—> 3y 2FEEDZDIDOT, TRENDR=—Y a Y EZF TR r—=I%F Sy
F=VRBELET, K=Y a Y377 AV AT LOHADGMICHZZbDDET, K= avid, zip
T 7 ANDHRRIy bV =7 L, FRLAND A VKR — MR Python BEFT Y ZHhOHETRO12 2 v H
DET, BRIEEARY r—JEF T 7 AN AT LEDF TV 27 MTHIET 222 dH2L, Z5TRVWIL DD
DET; ZNOIEFFEBRDOEROBRNMUAEEY 2 —LTT,

HHiZ2Ef oty =D&, __path__ BHICEEDO Y XA MEEVWER A, 2O DITHED iterable Bl%ffi 5T
WT, K= a YOy r =T DR (B LR LN Sy =2 DD sys.path) HEDoHE. Z0D
Ry —ITORDA ¥ K= bOBIZ, FTICHEI TRy r =Y R -2 a v ERRLE T,

HRTZEM Sy 77— DI2iE parent/__init__.py 77 A VWEH D EVA, ZREZT A, BREZE—-—Yarpy
ZNZNRET 2D parent 74 L7 UL VR — MRROBICHOP2Z2dHDFET, L7zd»oT
parent/one |IYHAYIC parent/two DEEDIZH B LIIRD EHA, ZDHE. 2Oy r—=I Y T8y 7 —
PDIB 1 OHBA YR—- 1INt E. Python 13F LD parent /¢y r —I DD DHHTZEM <y F—I %
TERL £5

ZRIZEMR Y 7 — P DHERIZDOWTIE PEP 420 3SR LTL X0,

5.3 &%

MREZIRD 572D121%, Python 34 Y K—FEZNBEVa—L (3 LGNy r—I TR, T I TOHM
DHINZBWTIE I EIWREWTT) O TLEM 208 LET, ZOHAFNI. import XD A 125 1H%
importlib.import_module() B LU __import__() BID NI X =2 oBEoNET,

ZDEHENIA Y R— MEROMA R 7 = — X Tffibh, 2B R foo.bar.baz DL DR Fy P TRYISN T
Y TEY 2= NADRRZ57D LET, ZOHE. Python 1 3R#INC foo &, RIZ foo.bar . £ L THRIZ foo.
bar.baz A4 Y K=+ L XS LET, FHOWIThrD A ¥ R— MIEKL2EEIX ModuleNotFoundError
DPIEHESNET,

53. &% 91



https://peps.python.org/pep-0420/

The Python Language Reference, 'J1)—2X 3.12.4

5.3.1 EYa—-Ilxvyva

4 VR — MRBTEINCHNR 2 571F sys.modules TT, TDVy Y 7E FHDRZ2EL, ZAETIA
VAR—PFEINLEITRTOEY 2—-LDF v v 22 LEF, ZRDT foo.bar.baz 24 ¥ K— MEADGE,
sys.modules ¥ foo . foo.bar . foo.bar.baz DLV M) —%2EAE T, ZNENOF—IXZDfEE L THE
THEYa—NFATY 27 b ERBET,

A4 Y R=FTIFEY 2 — V5T sys.modules 2SI N, FELLGEE, HICT2EIA VR—-FENERE
EJ2a—NTHY, TOMBIFETLET, LD LIMED None 72 7235E. ModuleNotFoundError HikH X %
To EBY 2 —EZDBRMNDSRD - 725E1E, Python X EY 2 —LVOBRERITE T,

sys.modules 3 FH ZIAAABETT, F—DHIFRIEIMNICT 2EY 2 -V ZHEL LV (IOEY 2 -0 ZDE
Ja—NDBREROTWVS) b LNFEVTAL, HEINLEY 2 - LDF vy P2 ¥ N/ MY -2 W)
2L, ZFNDBRICA YR = &N/ & Python KZDEY 2 — L ERDTHMRIBFZ Ik EIT, ¥—%
None IZXEHIT 2 Z 8 b TEEITH, RICZDEY 2 —Lh A ¥V R— bEN3 L XIT ModuleNotFoundError ¥
BoTLEVWET,

TR ZAETa— VATV 27 PADOBRBRERELTBVT, sys.modules IZF ¥ v a SNz b)) — %R
WL, ZOIEELLEY 22—V ZHA Y R—bLAEELTH, 2200DEY2— VA T7P 27 PEFALTIE BV Z
PIZERLTL XV, ZALIINEBIIZ, importlib.reload() X AL Va2 —A4 7Y =7 FEFEFHML,
EV 20— FEHETT LI THICEY 2 —VONEEZEYELT 2720 T,

532 I —cO—4—

sys.modules WIEEINTZEY 2 =B ROD 5D o 75EE, Python DA ¥ R— 7w b aLhEs X .,
EV2— VAo - FLES, 2O7B bavid 2 00BN A 722 b TrA 28— v O—4—
BRDET, 774 v X—DEHEIE, Ao TV EIHMEZlio TIHRESNALEY 2 — L EZROTF 6N 508 5 0¥
Wis222TT, MADA VR—Tz—RRRELTVEA T2 ME A VR—2— LIFENET - 4 VF—
R=FEREINIZEY 2—ADPR—RTEL oo/ E, BHHEHEZRLET,

Python QT 7 4L bDT7 74 Y X = 4 VER—R =PV OrHDET, 1 DOHDODDFMAAAESY 2 —L
DROFIFGEH>TOVT, 2 2HDO S DB S NZEY 2 —b FRIE: freeze Y — L TUHINZEY 2 -1 D
., IurlIIVIFAQ D Y5 L5 Python RZ V) M BRARY K704 FUEBENETN? ] D
HHZZM]) ORSTHEH->TVET, 3 DHODDWE A Y R—ENZ PHEV 2 - VERLET, 1 VKR~
FNZWET 7 AN AT DAL zip 7 7 A VOMEZRTVAPMTT, ZOYRXMEI, URL TRETZ%3
DDES7s, MEZRTIEDTESZEEDY Y —RAOMRICETINRT 22D TEET,

A Y R— MEBIIRAEER DT, Y 2 — VMR OEHH e Ra— 2R T272DICH LV T 7 4 Y X—%fF
Gz 32N TEET,

774V E—3FEBRICEEY 220 —FLERA, HHESNLEY 2 —AHROD GG, 774 V&=
module spec (B 2 —NEER), TROBEI 2 -1 DA ¥ KR— MEHEOEHRE D T L2 DEERLF T,
EYVa2—lOu— PRI Y R— MERIZZAZFIAL £ 5,
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ROHITE, 4V R— MEWEILRT 27200, LW I 74 Y X —n —X—DIE L BERREED, 774 VX —
rE—R—D7Fa Az OWTEDEFLLEHLET,

N—Y g 3.4 TEHE: Python DLRETDANA—Y a YT, 774 VX —3EHE O—4— ZIRLTWE LR,
BHfEEe—&—% 80 EY 2 AHEERLET, B —&X =134 Y R— R EEFELATHE T, BEFEITR
% L7,

533 1VR—+Tvo

4 ¥ R— MERRIRRATREZ £ S RGN T0E T ZOFE L RA2MHMHAET A1V R—bTvo T, £ VK-
N7y 2 2BEDDET: XETYT  AVR—FNRXTYYI TT,

AR T v 7134 Y KR— MLUEDOERES]. sys.modules ¥ v v ¥ a2 DMBUHND A VR — MLHE L DRI IH X R
F¥, ZHTED, sys.path OUHSPHEIN/ZEY 2 —ARPHARAADEY 2 — L TEZd, AXT7v 7 TE
FEEFTDIILDTEFT, XX 7y 73T THHT S5 X512, sys.meta_path IZH LW I 74 VX —F TP =
7 MBS 52 TEREINE T,

A4 Y R—= bR 7 v 7, sys.path (b L < X package.__path__) OUHO—F L LT, MiET 2 RAERE%
OS5 & ZHTHIHENET, 4 Y HR— %27y ZIEUTTHEHRT 2 X512, HILWIFCHLATRES 79 =
2 b % sys.path_hooks IZBHIT 2 Z &L THERINE T,

5.3.4 XHZNZX

BEINEY 2 —ILH sys.modules RO SR o722 X, Python IERITXRNRR + 774 VX — - %7
V7 FPBNENTVD sys.meta_path ZMBLE T, HHESNLEY 22—V Z2W/S LB TELIDE I D
BRNDT=DIT, K7 74 Y RX—IZHWEDEZITVWET, XXSR - 774 X123, Al 4 2R — FogR
(AT arD) B—Fy PEZ2a—1D 3 DD5HZS find_spec() EWHHHID XA Y v FHRHEEINT
WRITIUIWNIT R Ae XX R+ 774 VX —TR, FEESNLED 2 —NAVEWZAD0EI D ZHET 27200
HISIXMEREDOD D2 Mio THOWEE A,

meta path finder MEEXNZEY 2 — LD EH > TWBFEIE. 774 VKT spec 7V 27 F&EIEL
¥9, HESNLEY 2 -V EZWRRVEEIE None iR L 9, sys.meta_path IZX 3 2 AT spec &K
TRV A PDORRBICEGEL TL % » 7285813, ModuleNotFoundError 3% L %3, ZOMMDEL X n=Hs0
ZOFEFMUHLITIKEREIN, 4 v R— MUEEZRFERTIEET,

AXRNRA + 774X =D find_spec() XV v FIZ 2 DF/2E 3 D055 2L TMUHLET, 1 DHODFI
BixA Y R=—1PENZEY 2 —LDOREEMB T, Bl foo.bar.baz R ETT, 2 DHDFIHIZEY 2 -1
ORBTHEDONZ KR TT, HEMOEY 2—1Tld 2 DHDOFIHIZ None KL ETH, $7EY 2 — W7
Ry r—ITE 2 DHDOSIEIEE Sy r—2 D __path__ BHEDMETT, #Y)R __path__ BHICT7 7 ATE
o 1235813, ModuleNotFoundError VA ENE T, 3 DHOGIIEI, HrTr—RENd3X—F v iR
BHFDEY 22—V A TVl FTF, A VR= P RT ARV R—-FOMZI X2y PEV2—L Ly b
LES,
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X ZNRAFE, 1 EDA Y R— PERTEBEEEZNSAHEEESD D £5, X BERTI2EY 2 -2 h
HERF Yy 2aZNTVWRWVWE L72E BT foo.bar.baz 24 Y ER—1+ T2, RINIERXRRRR T 74>
X — (mpf) X L C mpf.find_spec("foo", None, None) ZM-UHHL T, ®EMDA ¥ KR— MUHEETVE
9, foo A ¥ R— b IN/2IC, mpf.find_spec("foo.bar", foo.__path__, None) ZMUHL T\ 2
B HDXZASRZDEEMTOI, foo.bar B4 VK- FXNET, foo.bar DA Y R— M ETITbILL, Bk
DFEHET mpf.find_spec("foo.bar.baz", foo.bar.__path__, None) #MUHL TVWEE T,

HBERARNRA 77 A4V R=Im MDA VR=PDETR—PLTOET, ZNHDA VY KR—&Z—1F, 2 O0HD
51802 None UMD b DODEX - &, HIZ None ZIRL ¥,

Python @77 # L @ sys.meta_path I 3 DDA T 7 4 VX —%FFoTVET, HAAAEY 2 —1DA
UER—PDFERHoTWEHD, HIEINZED 2—LDA Y R—FDHEEZH>TNB D, o ViK—F/NZ
MBEDEY 2—=LDA VR—bDHEZHIOTVWEDHD (DFD NAR=Z « T7A V=) B3HHET,

N—=Ya Yy 34 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—a ¥ 3.10 TZH: Use of find_module() by the import system now raises ImportWarning.

N— 3 3.12 TEH: find_module() has been removed. Use find_spec() instead.

54 O—F

BV 2B ROD o GE A VR MR EY 2 LB - F T ARICZER (BXUOZFRICEEN S
B—&—) Z2fVET, T 4 YR—PrOr—FHITEI 22 DELTT:

module = None

if spec.loader is not None and hasattr(spec.loader, 'create_module'):
# It is assumed 'exec_module' will also be defined on the loader.
module = spec.loader.create_module(spec)

if module is Nomne:
module = ModuleType (spec.name)

# The tmport-related module attributes get set here:

_init_module_attrs(spec, module)

if spec.loader is Nome:
# unsupported
raise ImportError
if spec.origin is None and spec.submodule_search_locations is not None:
# namespace package
sys.modules [spec.name] = module
elif not hasattr(spec.loader, 'exec_module'):
module = spec.loader.load_module(spec.name)
else:
(RDR=D12Hi <)
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(AiDR=T 025 DFE &)
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]

LIToOFMcERL T Z&E W0

e sys.modules DHIZEZ HNLHAFZFOMBEDOEY 2 -4 7P =7 b 23H 5725, import 1 FBEIZZ
NZRELTWBTL & 5,

o EVa—IUE, B—X—PEYa2—)La— FEFETT SH1IC sys.modules ICHFELTVWE T, EVa—L
a— R (EENEIEHEENC) BoEEZA Y R— T 2AREEN D 2 DT, ZHUIEETT,; €Y a—
V% sys.modules IZBAIT 25 Z & T, REDr —XATIXEROHIFN, 2L TRED T — X TIIEHE D
o— k23, #idoThHikEhE T,

o U— FUHIZEBML7GE, ZORBLIZEY 2 —E - ZL T, ZDOEY 2 —L721FH - sys.modules
PO D RPN E T, sys.modules ¥+ v ¥ 2 ZBICEENTVWAIRTOEY 2 —Lk, EHEAL LT
B— RN LZZTRTDEY 2 —UE, HiIZF v v ¥ 2ilRSNET, T3V r— FEMEIT, v
0— ROEAEIXRMLZEY 2 —1D sys.modules ITHEINE T,

o BTV Y TENEINZEIIZ, BV a—ADMELNTHLLETINS FTORICA ¥ KR— MR
AVAR-IMEEDOEY 2 —VEREZRELE S (LEHEL 2 — FHID ”_init_module_attrs”),

o EVa2—NVFETIREY 2 —VOAATZERMAHRI NS 0 — FOEELBRHE TS, FTEn—X—IT82ICE
FEh, B—X—R@BR2YDXSTHETLINZIET ST D £T,

o O— FOMIZIERENT exec_module() IS NZEY 2 —UE £ Y R—TFOKDDITKENLHDL
FRZ P LNFEA,

N=Vay 34 CTEH: A VR=—F AT 230X —DERNZBEEZGIEMEE L, O HEENX
importlib.abc.Loader.load_module() XY v RIZX-> THEITINE LTz,

*2 importlib OFEHEIF, RO EEZEEES 2 2 IGHTITVWET, 20RbDIZ, YV 2— A% %EHHRT sys.modules H5EY 2 — A
TV VeBET, 2535 I L OMIENRMRE. 4 Y R—FENEY 21— sys.modules CWHHTHEZEZMZ 22
3 s £ S Wi WEIECS
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5.4.1 O—4—

EYa—rn—X—ik B—FOEELBETH I T 2 —VIFITERERTRM L E T, 1 08— M. ETL
9 FTBEY2a—NATI 2T PEE—DF# L LT importlib.abc.Loader.exec_module() XYV v K%
MO L %97, importlib.abc.Loader.exec_module() 20 5iRINEEDOMEIXEHRINE T,

H— & —Z M F OB R L TWRI RN $H A

o EV 2D (HARAAEY 2 —LREHNCHAA TN DIGREY 2 — L Tid7 < T) Python €32 —L
PEolGE, B—X—I3EY 2 — 1D — NVAETZEM (module. __dict__) T, Y a—lDa—F%
EITTNRNETT,

e exec_module() OFEH LHIZ ImportError AN DB EH XN, BIESNTER2 LTH, TV 2 —
AEa— R TERVEEE InportError ZEHTARETT,

ZLOEB. 774V R =B —X—@FALCA T 7 P THOERTA; ZD LI REETIE find_spec() X
Vo FIFHIZ self (R A7V =27 VEH) ZIRT7ZU T,

EYa2—lB—&—l%, create_module() XV v NEFEETZITR—-FHRZED 2 -4 TV =7 b EIERK
THIERBINTEET, TOXYy FE EY 2 —RRZSIBICH - T, m— FHIZESHILVWEY 2 — A
T2 EIRLET, create_module() EET 2 — 47V MZBENERETI2LEZIHD FH¥A, L
ZDRAY v K None ZiBTRE, 4 VR— MEMIFHLVEY 2 - V2 HETHERL T,

Added in version 3.4: @ —&X —® create_module() XYV v K,

N— g 3.4 TEH: load module() XV v Rl exec_module() IZX o TEEZ SN, £ v KR— MEWED
00— FOTRTOEMW U521 F LT,

MEon—X—r OHEHEMED /-, LB —X—IT load_module() XYV v FREEL, o0 —X—H
exec_module() ZHEL TLARITIUR 4 ¥ K— MEHIZE —X—D load_module() XYV v FEFEVWET, L
» L. load_module() % deprecated TH D, B—X—13fH DT exec_module() ZHEFTNETT,

load_module() XYV v FiX, Y 2 — N %2FETT 3 I 2 IMATLERE THHINTRXTOER N 0 — e
PEMLURTIUERD F8A. MUGRPEHENE T, DUTREMoRfELTts:

e sys.modules IC5 X OLNZHAFDEY 2 —ABFELTVWEIHE, B —X—EXZ0HRFOEY 2 —L%
FEORFUIITER A, (£5 LARWVWE importlib.reload() FIEL K EHRWVWTL x5, ) fEEZH
72 EY 2 — ) sys.modules WICFELARWVWEE, B—X—@3HLVWEY 2 —NLF 7P =2 F2IERL,
sys.modules IZEM LR ITAUIWIT FE A,

o MIROMIFE/IIERE O — FEFGIET 57010, B—X—HEY 2 —1a— FEFETTIHNTEY 2—
M sys.modules ZFEIE LR ITAUIIR D FH A (must).

o 1— FLHIZKRKL 7258, v —& —1F sys.modules (B LTS 2 —LERD BAZITIUIWIT EE
A, ZRER— FIKRLEEY 12— OF &, ZOEY 2 -0 0 —X—HHIHRIICa— F3h
BB, BRELRFIRD 2 A,
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N—= a3 3.5 TEH: exec_module() WEFEINTWVWT create_module() BEEINTWVWRWVWEA.
DeprecationWarning DA X N5 K52 D F L7,

N—= a3 3.6 TEH: exec_module() WEFEXINTWVWT create_module() BEE XN TWVWRWVWEA.
ImportError ZEH &N 2 X5 D F LT

N—¥ar 3.10 TEHE: load_module() ZffH 3 % & ImportWarning MFEEL 3,

542 ¥J7EDa—I

PTETD 22— FFT2DIIEDLSBA A= L (BlZIE, importlib API. import %7z(d import-from
AT —=bFAY b, ERFEN M VBEBOD __import__) BELNIGAETH, N VT4 VTR TEY 2L
AT VR 2 - VOAFEBMICEEL T, flRE L%y 7 — spam 8% 7EY 2 —)L foo %
Fio TWHA. spam.foo &4 ¥ AR— b+ L7&IE spam I3MEDY 7Y 2 — MK I N2 JE@M foo Z2HiH %
o UTOTF4 L7 PUMEER o TWwWdeLEL &9

spam/
__init__.py
foo.py

Z LT spam/__init__.py U TD XS RoTVWE ELET:

[from .foo import Foo

CDrE, LIT2FETTSILITED spam BV 2 — L DHIZ foo & Foo ICHBXN=HRIMEINET:

>>> import spam

>>> spam.foo

<module 'spam.foo' from '/tmp/imports/spam/foo.py'>
>>> spam.Foo

<class 'spam.foo.Foo'>

Python OB LALZARIHREAL — 25T 2 ZHUIIEZIS LNERAD, ZRIERA VR ZAT7 4
DEARNBIEIET T, FERRLRITINUIRLZRVDIE (DA ¥ H— F DK ET) sys.modules['spam']
¥ sys.modules['spam.foo']l DMFIET 25 E. BREVHIED foo BML LTHFELARTIRSLVENS
T,

5.4. O—F 97



The Python Language Reference, 'J1)—2X 3.12.4

5.4.3 T 21—l

4 VR— MEBE. 4 Y R—bOR (Frice— RO 12, HADEY 2 — MOV TOX FXFRERERVE
T, BHROIFLAZEITRTOEI 2 — L THETT, TV 22— IHOBENIE. 204 Y R— MEEDOFREZ £
Ja—NVDHENTH LT BT,

A VER=POBRICEY 2 —UIFEFES 2213, A VR— RT3V R—%> M, HIZIEEY 2 — N 1ERE%E
52774 Y R— ZhaF 7350 —X—OBTIRELZIEX T2 Z e ZAREICLE T, ROEELRDIE, 2
T Ko TA VR — MEMD O — FOERIBEREZFEITTEL LOTRZ2VWH T, ZATHLT,
Va— R L TR - RFDOELEHoTVWE L,

EYa— UM EYV2-AF T2 D __spec__ B LTREINET, Y 2 — U IRROANEDE
HZDWT I ModuleSpec # SR L TL E &0,

Added in version 3.4.

544 A VR—FEEDEY 2 —-ILEM

A4 YR— MBI — FOR, Y 2 -V OMARRICHESVT, B =X =D EY 2 —ABETT HENCLUT DREEZ
EESUNN- 352

It is strongly recommended that you rely on __spec__ and its attributes instead of any of the other

individual attributes listed below.

__name__

__name__ JBMIZEY 2 — LV OESBHIGIGHREINZFNIRD TRA, ZOHRFTEFHLTAL Y R—1
SRFATEY 2 — V2 —BEIZHILET,

__loader__

__loader__ BMXEY 2 —lu— FRIZA Y R— MEEAFER Lz —X—F 7Y 27 MEREINR
I b F8A. ZORBMREEEINEHOSDTITN, B—X—EHDOBIEED=DICH WS Z i
kg3, flzide—X—FHED 7T —XDOEIETT,

It is strongly recommended that you rely on __spec__ instead of this attribute.

N—Y 3 ¥ 3.12 TEHE: The value of __loader__ is expected to be the same as __spec__.loader.

The use of __loader__ is deprecated and slated for removal in Python 3.14.

__package__

The module’s __package__ attribute may be set. Its value must be a string, but it can be the same
value as its __name__. When the module is a package, its __package__ value should be set to its
__name__. When the module is not a package, __package__ should be set to the empty string for

top-level modules, or for submodules, to the parent package’s name. See PEP 366 for further details.
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spec_

ZDEMIZ PEP 366 TEREINTWVWE X2, XA VEY 2a—L050RALENA >V R— b EEHE
T 3572512,  _name_ ORbOIHHINZE T,

It is strongly recommended that you rely on __spec__ instead of this attribute.

N—a ¥ 3.6 TEHE: __package__ DfHD __spec__.parent LFEIUEZROZ L 2ERIND LI
BhE L7,

N—Y a ¥y 3.10 TAH¥: ImportWarning is raised if import falls back to __package__ instead of

parent.

N— a v 3.12 TZH: Raise DeprecationWarning instead of ImportWarning when falling back to

__package__.

__spec__ BHEREY2— v — FRRIHEHINZEY 2 =L ARy ZIZHRESINRITINERD T8 A,
__spec__ RHEUNCHRET S A1 A—T)REHRICHEHLINZIED 2—)L KHFRRRICEHAZINE
T, BAME __main__ T, __spec__ T HAICL>TIE None IZRESINE T,

When __spec__.parent is not set, __package__ is used as a fallback.

Added in version 3.4.

N—Ya ¥ 3.6 TEHE: __package__ DWERINTWVWARWVE XIZ __spec__.parent 237+ —LNy 7 ¥
LTfELNS XSk FL,

__path__

EY 2 —AH GEEOFIIBHER) Sy r—YOBE, EYVa—AF TV 22 b __path__ JEIED
WEINZREDIDD T, fHIEA 7L — MATRETRIFIUIZ D TRAD., __path__ KEKIZWVWIGE
FZETHHOETA, __path__ BDETRVIEE., 4 71— MR ZER L ZITNERD £8 A
__path__ DE~>YTF 4 7 ZADFMIZ Fic ®@D TY,

Ry r—ITHRWEY 2—UE __path__ BEZF> TV ITEEA,

__file__

__cached__

__file__ is optional (if set, value must be a string). It 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 (e.g. a module loaded from a database).

bL __file_ ZRETS4H. __cached__ JEEDa—FDav M rahienn—yarorin (flz

. N PRI NEINTZT 7 A0L) ANDRRACHETEET, COBMERETICHIoTT7 74V

5.4.
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PEETZREEDD TRA; SR, BICaY AV ENET 7 A VDBEET 205 LAKRWEHTZRL
TW373TF (PEP 3147 25),

__file PREZINTVWARWVWE ZIZ%H _ cached WBRETELZILZIWKHEERLTLEEY, 2L, 20
F Y AR DRI TS, RN, m—X—tiX (__file__ ¥ __cached__ OHRKRTH %) 7 7
AVR=DPRMETE2EY 2 R EFIHT 25D T, LAdoT, dlE—X—»2N*yr v a2 INE
Ja—pbua— RT3 —HTI774lhbldu—RFLiniks, ZOZRIINKYFVHEHEYITL & 5,

It is strongly recommended that you rely on __spec__ instead of __cached__.

5.4.5 module.____path__

EFRELD, BV 2—Z __path__ BMELHIUE, FOEI 2 -3y r—I kD ET,

Ny r—Y0 __path__ BMEF. 2OV T v r—Y04 Y RE-tHflbiEd, 1 K- MEBONETI,
ZHU sys.path IFLALFC XS ITHKEELE T, 2D, A VAR— M RZEY 2 -V ZHEITHHDOV A+ %
RELET, UL, —MINC __path__ & sys.path & D dHlIFIAENTT,

__path__ IZXXFFD iterable TRIFIUSNVIT EVAD, ZETHHOER A, sys.path LR UHAID Ry Fr—
@ __path__ WCHEAZXN, v r—I0D __path__ #EET S L XIZ (R TMIHT %) sys.path_hooks 2%
Bt AnShET,

Ry r—=I@ __init__.py 774 NE, v 75— __path__ BUEEZHRED LLZGEETI b, Z
nh PEP 420 DREIOAHITZER Sy & — Y QB2 537K T L7z, PEP 420 ORI KX D, I3 HAEITRE
Moty r—2F, __path__ ZBET 23— FZ2F 28T __init__.py 7 7 A VR T 2HENRIBRDEL
Jop A4 VR — MERIE, BEIZEMSy =D L BEIICEY) R __path__ 2ty FLE T,

5.4.6 EZa2—JLD repr

F7FNFTIE, TRTOEY 2 —VFHHATERER repr 2o TWET, 2L IHE. ChAETRHPELEZE
HOREABIHKELTED, EV 2 —UMEBICE o TEY 22— A TP 22 bD repr & & b BRIICHIET 2
ZEMTEET,

b LEY 2 — bRk (__spec__) ZFo TR, 4 Y R— MEHIZZZD S repr ZHEKL LS L LET,
LZNDERET 200, FREMAHEDPFELRFIE, 4 Y R= bR T LIEEY 2 -V TAFURELRD 50 515
BESTT 74V D repr ZHEEEL ¥ 3, ZHUd module. __name__, module._ _file__, module.__loader__
Z (BDRVWERICOWTIET 7 40 MEZ o THIWVWRDS) repr NDATTE LTHEBS LEAAE T,

b TV S IEMER AT

o BV a—JLH __spec__ EHEFo TR, HRRICEENZIER repr ZEKT 272D IfFbIE T,
"name”, "loader”, "origin”, "has_location” EBHNSRI N E I,

o« EVa—LWZ __file__ BUDDZLEIE. TP 2—AD repr D—H LTEDLNAE T,
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o EYa2—UZ __file__ 1372WA __loader__ H3HH. ZDIED None TIIRWVWIHEIZ., B —X—D repr
MEY 2—1D repr D—Hf e LTHELNET,

o FOTHRIFNZ, BICEY 2—ID __name__ % repr DFTHEWE T,

N—= a ¥ 3.12 TZH: 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.

547 vy adhi-/\1 - RFOEMt

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—Y a ¥ 3.7 THEHE: Added hash-based .pyc files. Previously, Python only supported timestamp-based

invalidation of bytecode caches.

55 NAR—R + TpA & —

LT z@D . Python IIEWLK DD F T AL EDRARRZ « 774 Y RB=WiboTVWET, ZDI5HD 1
D NAN—=Z « 774 >4 — (PathFinder) I, WAIZY U DVRMTHB 1 VHR— RN 2R
LET, ZNEFRDNRAZY ML, Y 2 -V ERTEMERLTOVET,

RANR=R + 774 Y E—BRIEMDPDA ¥ R—= b FEEH>TWAEHIITED Y FHA, Z20Rbhic, HxD
NRALY MY REBEL. FNPNCEFEDEED 2D NEZH > TWBERAZY Y « 7 7 4 & —REHET
F9,

FIANLIDNRAZY MY « T34 VX =&, F7 AN AT LEDED 2 —NEHOI DD TRTDEY Y
TARABRERELTVET, 20U Python Y—Ra—F (.py 774 /). Python X4 ha—F (.pyc 77
AN, HESA4T750 (BlZIE .so 7740) REDFR T 7 ANVEA TR LE T, EES L7500
zipimport EY 2 —UIZ X o THR—-FENBZHEEF. TIANV DALY MY - 774 Rk (HHEFA4
TI2VDHND) TRTDTZ 7 ANEA TD zip 77 A 5D — FHIOVET,
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NRALY MYVIET 7 ANV AT A EDBFIICREINZXNEIZH D FH A, URL RTF—EXR—ZA7 T YRZFDMH
X TIRETE 2 GMESRT2 2 bAJRETT,

PRAR=R + 77 A YE=IZNET7 v 770 FaAVZEBINT 2N TE, ZRUT K o THERATRER ATV MY
OEEZIIRL, WRARXIAXTEZ2IeNTEET, HlRIE. *v b7 =2 LD URL 28R MY & LTH
R—bFL7WEA, web LOET 2 — LB B3 272012 HTTP OBD /NS 2FEEL-T7 v 7 2EL Ze AT
XEd, 2O (MUHLAREA 7Y 27 b THB) 7y 27k, TTHRHT 2o rarzyR—-1+52% NAIVE
) e T7AE— 2BLET, 2O7B Pl web HHET 2 —10n—X—2RET2DIflbIhET,

ZLEOEE: ZOMitHiOFHOMAT 774 E— LV BEN, XZNR - Ty7A 04— 2 NAITV R -
T7AVEA— LW HBTRAIENTHELATVES, Zhd 2FEO 7 7 4 Y X —3IEFIMUTE Y., B
grartzEPdR—tL, A YR—-MUBETRU LS ITEELESTD, BIICRRZ> TV 3020MIFDTEL DI
HIETT, FlC. XAZAR - 774 v X=134 ¥ F— MUEOBEEE, sys.meta_path OFEBEDH S & X ICHIE
L%,

ZREIIHIINC, NRZY DY« 774 Y X —RBDHBZREKRTNRANR=R + 774 Y X—DREGHMTH D, FE
sys.meta_path D25 RANR—=R + 7 7 4 Y X=DWD BR2NTGE. RAZY MY« 774 VX —DREIM S
FTINBVTL &,

55.1 XAV kY - T7AL 24—

INANR—=Z « TypA VA — 2, XXFH NZATY b THRE X NGO Python €Y 2 —/L% Python /S v
F—IUFEOF. B —FI3EERDHDET, FEALDRALY MVIET7 7 ALY AT A LEDGHEIEEL TV
I, ZIICHIBENZHEETHD FHA,

RARRR + T 7 A YE =2 LT, NAR—Z « T7AE— IZIFHNCHEH L7z find_spec() 71 b a L p35EEE
ENTVETH, THRIMAT AYR—ENZA BET2a—NLEROF, 0—RT2HEEZIRARTAL TS
DR 27y 7L TVET,

INAR—Z « T74 A — I sys.path . sys.path_hooks . sys.path_importer_cache &\5 3 DDZEH
ZHEVET, TRy r—I A TP 27 MO __path__ BEBHVET, ZhoickoT, 4V FR— MUz
AARTARXT BTEPREENE 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.

NAR=Z « T7AE—=1F RENZ + T7AHZ— 1RDT, 4 2KR— MEHIX, AITHIH L7z SAR=Z -
774X —0 find_spec) XV v REFUHEIT I T AV KR—bNZ OBMBEHD LT, path 5180
find_spec() WEINZE X, THTEEBT 2 AXFIIDOVU X b - HEIZIZZD Ny =T DHTA ~
A—=PLTWVWE Ry Fr—ID __path__ BHICRKRD 3, path 518D None o 785E. ThidkEMNDA4 >~
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R—=P+TH5Z%ERLTWT, sys.path 2MFEHLIE 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 235 v v & 2 OHIZHED 5 7235E . path based finder & sys.path_hooks OO LAIEES 7
Pz ERETUYET, ZOVRMDENEND path entry 77 &, MK T 3 path entry EWS 5[ 1D
ZELTHECHENE T, 2O LATEEL 7Y = 27 M path entry 2 & % path entry finder %3R3 D,
ImportError %A U ¥ 3§, ImportError (&, 7 v 725 path entry D7z D path entry finder BRI
& 2 5 7-912 path based finder 2MFWVWE T, ZOHPIMIWIX T, import path %3l - TV AL FET
LNET, 7y 7358 LTXFAINEREIAAL MNIA TS b2 IRFLES;, N MIA TV box v
A—F 4 Y E T v 7IHEIRTNT (FlRE. 77 ANV AT LDy a—T 4 7D UTF-8 2tz ey
TY) . 7y P58k 73— RTER» 725513 ImportError #EHTNETT,

sys.path_hooks ZMZ A NZATZV R « T7 A VA — 2SRRI T o 15E. NAR—=Z - 774
VX —® find_spec() XY v Fid. sys.path_importer_cache IZ (ZDSATY MVIINFTE7 74 VX —
DEELRNWZ L 2R /DIZ) None ZIRTFEL, XFNR - T7AVE— FEY 2 —ADHO0L Ko/ k
ZALR 5 7-0IT None iR L E3,

sys.path_hooks LD NZAIYFU T vy HMUHLATGEL 7Y =27 FORDEOWT AL NZATV R -
T7AVE— THo1= 56, BTHTL 3EY a— Mtz T o0 7o b ardfiibh, ZhEY 2 -1
Fuo—RI30icfEbEd,

(ZBOXFHINT Lo TREND) BEDT 4 L2 P VA sys.path DD T + VY & ZZDERR 2 TETUHE
NExd, 9. BEDOT 4 L2 PUDFEL RV I LB L 72358, sys.path_importer_cache (23 fil %8
MENERA KT, BHEDT 4 L 27 VIS T 2MHIIMEL DEY 2 — VDN v 77 v T THEHITZITRREI N E
3, 3%HE I, sys.path_importer_cache IZffiH 4L, importlib.machinery.PathFinder.find_spec() A%K
TR, FEEOT 4L PV THo TEDOIXFHITIEIDH D R A

55.2 XAV FY « T4 —-7OFIL

EYa— e bENT Ry =P DA VR b2V R T B0, BLUOARZER ANy 5 —IDKR—-> =
e LTRHT 201, ATV MY - 774 Y& =% find_spec() XYV v REFEELRZITNZVTEHEA,

find_spec() & 2 DOEIBEMD ¥F, A VR—PLISELTWVWEEY 2 - LDORELEHMiHE, (X TP a v
D) MREY 2 —NTT, find_spec() FEY 2 —MIHIET 25722 (populated) S 7ALbkZIE L %
3. ZOERRIR (1 20FISZFRWT) FIiZ "oader” £y P EFFoTWE T,
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To indicate to the import machinery that the spec represents a namespace portion, the path entry finder

sets submodule_search_locations to a list containing the portion.

N— a3 3.4 TEHE: find_spec() replaced find_loader() and find_module(), both of which are now

deprecated, but will be used if find_spec() is not defined.

HWRZRZY MY - 774 X —=DHIZIE, find_spec() DO DIZTNS 2 DD deperecated XY v FD S
HLOWTNIrERELELTVEH005H20d LNETA, THHDX Yy RIFBAFEEEDOLDICEITERBEN
TVWET, LhL, ATV Y« 774 Y& —IC find_spec() BFEHEXATHIUL, HOX Y v FIFEHRIN
\i‘j—o

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 namespace portion.

D4 ¥R — MEHO RN T 2B ABED DT, ZBLDRAZY MY - T7 4 VX =1F XXX T 5
4 Y RE=DYR—= b T 20D LA UGEHNA find_module() XY v RHHKRK—-FLTWET, LL, ATV
FY + 774X —® find_module() XY v Fi&, tRL T path 51 TIEMTHSINEEA (DAY v NI,
RRTZ v 7 DRGIOWESH LUr SEY R 2 EWE s T 2 BELR S TOET),

NRALY MY+ 774X =0 find_module() XY v KX deprecated TI, RER D, ZDHETII X
IR T A R —PEEZE ARy T =D L TR=— a v ERET 228 TERVLSLTT, dL
find_loader() ¥ find_module() DM AFMNNRALY MY + 774 VX —IXHEHELTD, 4 VR — I AT L5I1F
# 12 find_module() & D3 find_loader() ZEEL TMUHLF T,

N—Ya ¥ 3.10 TZEHE: 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 ATLEZEBEIHRZD

AVR= P RT LB EMRZ 57-DOREENED D 5 {LHHAIL, sys.meta_path DT 7 4L FDHNER
HIBR L. R2EEHIRAZLDRAXASRT v 7 THEHEMZZHDTT,

% L. import XOEELFZZEEL, f VR— b I RATFTARLXT7ERATHMD API IQIZHEL S5 XL TH &
FAUR, MHAAAD __import__ () BIBZEBEMZ 2723 THATY, ZOFEEZE. 2% 1 2DEY 2 —LNE
T import XOEEEXZEET2DICbHVWSLNE T,

(DA Y KR— P AT LAE2EZEILET2DTIERL) TTRAZXRRIZWEZ 7Y IDROHBZET 2—NLDA ~
A= b Z2EIRNCB < 72012, find_spec() 225 None #iR3 R D2, E#E ModuleNotFoundError % ikH
T3 TTH TS, None ZIRFTDIFRAZANRDEEZHITINETHE I L ZERLE T, fstzELT 2
EFQITERERITHUID £5,
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5.7 Package Relative Imports

Relative imports use leading dots. A single leading dot indicates a relative import, starting with the current
package. Two or more leading dots indicate a relative import to the parent(s) of the current package, one

level per dot after the first. For example, given the following package layout:

package/
__init__.py
subpackagel/
__init__.py
moduleX.py
moduleY.py
subpackage2/
__init__.py
moduleZ.py
moduleA.py

In either subpackagel/moduleX.py or subpackagel/__init__.py, the following are valid relative imports:

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 X9 BB EE

__main__ EY a2 —MZ, Python D4 VY R— bT 27 LICEET 3R — X TF, DB TERIATW
5 X512, __main__ EY 22—l sys X builtins RE L FERRICA VX SV X —2 & — 7 v I THEEMHL
SNET, LHL, §i#E2O00FEY 12— LES T, __main__ FHEITEEL M YOEY 2 -1 LTOE
PR TVWER A, ZHUE. __main__ PHIHLINEHEDA V2 7)) ZBEENIEN 2 2D 7 5 720
AT a VIIFT 57D TT,
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5.8.1 __main__.___spec___

__main__ DO X5 IbE NS 2 HKF LT, __main__.

_.__spec__ WHMYNICEREZINZ Z b HIR
None X5 ZdHH ET,

Python 2% -m * 7> a Y &I TEFTINLHEEITIE., __spec__ WIMIETEES 2 — L F @y r—IDE
Va—MARICREINE T, £/, TALZ MURzip 77 AL, F2EMO sys.path =¥ bV EETT S
WEDO—FE LT __main__ EV2—Ahu— RINBHEICD __spec__ DK (populate) T E T,

ZFRLA D — A TlE. __main__.__spec__ & None ICHREXINE T, Z4UI. __main__ #AH (populate)
ThDIcffbiiza— R4 VR=PAREREY 2 — L EH L TOARVWZDHTT:

o NEETB T b

I

o stdin 22 HEREIXNGE

o VA7 7ANRANAL ba— K7y AAhsEHZREHINTSGE

BEBOFr—ATIE, R AFMCE 7 7 AADREY 2a— L LTEES VE—FTE- ELTH __main__.
__spec__ IIHIZ None ICHR B ZEIHELTAZE WV, L __main__ KBLWTHAMREY 2 - AXAXT—X
WRAEL S -m AL v FEF-TL I,

__main__ 2’4 Y R—FAJREREY 2 — L —H L., __main__.__spec__ DFNWIIL L THRESIN TV LT
b, ZRTHRB, D 2O2DEYa— V@AM AHZEINDE ZEXEFERLTLES W, ZAE, if __name__
== "_main__": FryZIZXoTHRIEENZ T ry 7k __main__ #ARIZERIZ 4K (populate) 35 72DITE
Va—ABEHINZRHCETEITIN, BEOA VR— PRICIIFET IR, 20 HRIGER L TVWET,

5.9 ZE&K

Python OFIHDEL ST 22, 4 Y R—MEBEIERE LVWRELZZRITE Lz, —H#HlIrVWE ZABRFa Xy
FEPNE EDOEDLo TIRVWETH, BAAD v r =YDtk BELEHRL I e TEET,

AV I FND sys.meta_path DfLEkIE PEP 302 T, Z0D#%iky & 2355k 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 &, X4 YEY 2 — L TOHERNZHENA VR—+D7DITEBIM U __package__ JEIED@ERH% L
TVWET,

PEP 328 \3fftt 4 > R— b, RN A VK=, BXK, H¥ __name__ THEZEL. &IZ PEP 366 »°
__package _ TEDMAMKEEALE L7

PEP 338 3EYa2a—LZ2R2 YT LTHEITTZ2DMEEEZEDTVWET,
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PEP 451 i3, EY 2 — WA T2 7 MBI ZEY 2a—LEBDAL VR— MREDH T LZEML TW
F5, £/, X —OEHNZBETDOIELAYEA Y R—MEBICBERDD S TVET, TNHDEHICK
D, A VR=FZRTLDWVL DD API 7 deprecate X, /774 VX —r B —X—IZEHLWVWXY v R
PBIMENE L,

ii1p=3
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SIX

7 (EXPRESSION)

ZDETIE. Python OB IT 514 DEEDOEKRICOWTHH L 35,

RCEICHTZEE: ZOHELLFOETOHIR BNF (extended BNF) ik, FAMHTHAITIEZ <. HUH
Az g 2720 IcHVwo N TWE T, 2RI (DH 2 RETIE) . LUFolR

name = othername

TN TWT, ZORECRFE ORI (semantics) 2R XN TWRWIES, name OFERE & 2 X DOE
RAFF 1 othername OEMATIF LRI LICRD £3,

6.1 EffiZ#: (arithmetic conversion)
DUF o B E F ORidh T, THUES Buddb@oRIicZfish 3 L ErATVD & &, #MAABRININ T 575
BFOFELIMUTO@DICEFELET:

o B DSIBBERBAITHIUI, M7 IERBICERS T T,

e otherwise, if either argument is a floating-point number, the other is converted to floating point;

o ZNLHMNGER. W DOFIRIIBETRIIIZ ST, ZROBEIDH D 8 A

REEDHET (% HEETOESEE LTOXFY) ik, X5 HloMAERINE T, R, ZhEED
BIEWD S FVWEERL TORITIUIRD HA,
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6.2 7 kL. EFMEZE (atom)

atom X, RO—FHEANLRERTT, do & dHHMAR atom X, #KA T E7213) 77 0TF, AFEIM. AFEL &
T2 BEAEICH bR (form) & £z, X E7 b ARHSEINE T, atom OFEUILTO XSk £9

atom n= identifier | literal | enclosure
enclosure =  parenth_form | list_display | dict_display | set_display

| generator_expression | yield_atom

6.2.1 #HAF (identifier. F7cId%H (name))

7 b ADBITH o T 3iAI1F (identifier) 13470 (name) T3, FAEFRTOWVTUX #EIF (identifier) BX T
F—T—F (keyword) ik, HEHTITRHREICONWTIX BEIDTERE (naming and binding) HizZHL TL
72EW,

ZHIDRHZATY 27 MIHEEINTWEEE, %4 atom ZFHET 22 2047027 Mk b 3, LHID
HEXhTWRWEE, atom ZFHMliL &5 ¥ 3 & NameError HISEEH L %7,

Private name mangling

When an identifier that textually occurs in a class definition begins with two or more underscore characters

and does not end in two or more underscores, it is considered a private name of that class.

B2E

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
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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.

o 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 UF3ZJL

Python Ti&, XFHNRNA MV T I e, BABBIEY 77 V23 R— b LTVWET:

literal := stringliteral | bytesliteral

| integer | floatnumber | <imagnumber

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 U7 ZJL for details.

V7 IVEETEERRERT —ZBUHELE T, TDLD, ATV bDTAT VT AT 4FF T2 D
EIZLEETEDD FEA, AUEZFROEEDY 77V 25 iiL7HEa. (ZhoD V) TIAnTnr 5 LDFE
CHATHRD S DTH-TH, £ TRLTHD)HALATI 27 bRIELTWED, o AUEEZROHOA
TV MTRDET,

6.2.3 HIFMAZ (parenthesized form)

HFEER & id, RV X P O— BT, AEINTH->ZdDTY:

parenth_form = "(" [starred_expression] ")"

FFEMTHEHLNZRDV X ME, L2 DORPRET25DICHEDET: VAMNNIDRLL e —D2Dh < Ao
TWBE, ZINCRKRDET: 29 THRWEES, ROV A M EEBRLTW2E—0RXBEDEIZZD 3,

RENZEOIFEMDRTIZ, DR TINVA T =27 b 2RLET, X SVIZEEFREZRODOT, V7 74 L[F KA
DEHAINET (ThbBE, HOXTANR_FERTHbONL L, ZASBFALCATY =7 MZR2ZIdHB L,
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RERNIEHHDET),

ZFVEAFEIMCTIER ENZ DT, AUl X o TERENZ Z L ITEBE LT XV, NI X 7L
T, ZOHEIIIAFEND BETY — MEMD O 7 A EiR L2 WK (nothing)” 22X % X5 LTL
58, EPDPVEFVWRDDIIKS>TLIEY, XL DH2XA TFI2APHBEINRLB-oTLEVE T,

6.2.4 VX . £F. HEDRT
DAL, HE, HEEMET 272912, Python 1& 7 &R (display)” & FHIN 2 FAlRMS 2R L TWT, XD
“HEHTOoNHD T

o VT FONERIRININZET

o NEKREE (comprehension) EMIN S, N—TUHE 7 4 V&2 IO AEDE &2 AW EHHEAR

WE R DIHEDOR X ERIZRDED T

comprehension 1= assignment_expression comp_for

comp_for n= ["async"] "for" target_list "in" or_test [comp_titer]
comp_iter = comp_for | comp_sf

comp_if = "if" or_test [comp_iter]

NERLEEFTHE—OR, L THhARL D 1D for Hi, XSHIHENT 0 U LED for Hid 2 Wik if Hinrd
BHFET, ZOEE. FL&D for i if f{ix, ELOEANFEL BoTW XA LETry 7 AR L, 2 A b
DRND 7B v ZIZEET 2 Z 2 ICHNERTL OIS H 2 27l L 724512, BRI TED2a>7F0
BEFAWCKRDET,

720, mBEWCH D for HiDA 75 TAREZHRNT, WEKRTLIIHBERWICE X b @R O R a— FTHET
ENFT, ZOMEHADBNITT, ROV XA MHATRAZINIZLHIDBIMID R a— 12 7 R3” Zeiddb %
A,

ROECH S for HinvA 77 7R, ZNREEBATHE A3 —FTZDF FiHlixh, BERNBZANLFDR
a—FIHe LTESNET, ®RICH K for fit, HHEICDH D for BiDT7 4 VE—FMHEIA 77 7 VAZE

FEHATOWSRA—TTEFETEERA, 2WVIDIF. TNLEERDEDA T I TN HELNZHEIHKFEL T
WBEHRH LRV HSTT, FIZIERDED TF: [x+y for x in range(10) for y in range(x, x+10)] .

NERGLOHEICHY RO a > 7 F IR 2 DR MRAET 572912, yield % yield from RIIEENLRANTD
Aa—=FTIEEILEIRTVET,

Since Python 3.6, in an async def function, an async for clause may be used to iterate over a asynchronous
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 awast

expressions.
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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: FEFHAN TR EA SN E L,
N—ar 38 TAHE: yield BXU yield from IFEENRANT DR —F T3 RD F LT

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 UX MR

V2 MRRIE, AFELTHONRDRINT T, RINIZEORITHoTdrEVEEA:

list_display := "[" [starred_list | comprehension] "]1"

VAMRTRIE FILWIRAMA T2 b2 523, VAMOWNER, ROV R M ERLIFV R FHERR (list
comprehension) THRESINE T, VI TRYSNALKXDYV R I BEZ oMt i3, ZRHDRERIIEHIS
LACIEICEHIiE AL, ZOMHICY R PICELE SN E T, WAKELPGR oMt Bid, NURGLOMROERT
VR PHRERENE T,

6.2.6 £5KRT

LERRIBFENCRES N, F—HEZTT 23020 e THERHLXlahEd:

set_display ==  "{" (starred_list | comprehension) "}"

BERREE, LW a—RIANBEEF TV 227 V25X ET, BEONAR, ROMPELEIATEKRLICE -
THRESNE T, Ar<RXYD ROV R I HEZ SNt 2l ZOERBIE»SEANIHICHHiZh, £E54 T
Y7 MIMALRET, NEKILPGA oML g3, NEKLOFMROERTEEVPHREINET,

ZEEEIE Y THRTEEEA, ZOV T INMIZEORHHELML 7,
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6.2.7 FHEXRT

A dictionary display is a possibly empty series of dict items (key/value pairs) enclosed in curly braces:

dict_display = "{" [dict_sitem_list | dict_comprehension] "}"
dict_item_list = dict_item ("," dict_item)* [","]

dict_item = expression ":" expression | "¥x" or_ezpr
dict_comprehension = expression ":" expression comp_for

HELRRE, FilknftEtr 7y =27 b2RLET,

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: FFERRD 7 ¥y ZI3HRANIC PEP 448 TREINF Lz,

FEENTARLIE. VR PREESONEREE L IR, EHEO "for” % Vif” HiOFNZ, arrTHIshikz 2
DORMPMETT, NEKRELHEFT 2 L, FROF—HDOERD, fEoNAH LWIHERICHASIE T,

Restrictions on the types of the key values are listed earlier in section HZ2#E 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—Y g 3.8 TZH: Python 3.8 X DHIDA—Y a > Tld, FHEERNERTLICBWT, F— L EOFHMIERIZH
RENTVEEATL, CPython Tid, fHEAF— X DTN TVWE L, XN—=Ya» 38 2261k PEP
572 TREIN TS 51T, F—2MELDEICFHGE N ET,

6.2.8 PxRL—4R

¥ x 2L —%&3 (generator expression) &, AFEME o7z a2 PP = 2L —XKFIETT:

generator_expression = "(" expression comp_for ")"

Txpb—RRBIHART 2 AL —RF TP 27 M52 5T, ZOMUIAELRL L IZEF T T2, AFHNR
BARIN T3 72 < AR T ENE T,
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VAL —RXAOPTHEOLN TV I ZERIE, (BEDOY 2 AL —XEFLEIR) 2DV =2 H VL —RA T =7 b
WHLT __nezt__ () XYy FMENS & EXTIMiABEINET, 2L, HOELDHS for HiDA T F
TARIFEBICFHEENE T, 2DRDZITELLT T —Id, BRYDEIRONLRATIER, Y211 —4&
ADERSINLERETHEEONE T, BRICHIC for Hiit. mRDLEWKCDH S for HIDT7 4 VX —FMHEZATF TV
REZEHMATVER I - TR TEZEA, LWVIDIF. ZNLERBEDA 77 7 Ah 5B 505 HIC
KELTWE0d LARVWELTT, FIZIERDMED TF: (x+xy for x in range(10) for y in range(x,
x+10)) o

B oME—D5 e LTETHEIE, ARl2EBTE X3, fELAIE MUHBL (cwll) BizZRL TS0,

VAL =2 XBHGOMRFINIEELIT RV 0IC, yield % yield from RIIMEEINITERSINY =
I =X TIERIEIhTVE T,

Y pb—XAM async for HidH WL await REBFATWSIHE, 2 R T RL—42R LIFIZN
9, EFAMY = 2L —&2RE, FEFRIAA 7L =X THAHLVIERIIY = 2L =247 = 7 b RIRLET (GE
B 7L —4 (Asynchronous Iterator) #ZH L TL ZE W),

Added in version 3.6: FERHAY = 2L —ZADBEA XN F LT,

N— a ¥y 3.7 TAHE: Python 3.7 XD HEITIE. JERIAS = 4L —&Ki& async def a—F 2 TLEZF
BATLR: 3.7 203 EEOBBTIERY = 1L — &KX 2 K512k D E L%,

N—Tar 38 TLHE: yield BLU yield from FEEWRANFORI—FTIEEILE D E L,

6.2.9 Yield =

yield_atom n= "(" yield_exzpression ")"

yield_from n= "yield" "from" ezpression
yield_expression = "yield" expresston_list | yield_from

yield i xRl —% B JEEEIY oL —% BIZERT 2 L 2ITlibhnEd, to T, BIBERDAK
TOAMFZFE T, BBDOARIKRT yield X ZHHT 2 & Z20BHBUIEY =+ L —XBEUCR D, async def FFDA
HWTHHT 2 20 al—F VERFIERY = 2 L —XBIICR D £5, HIZIERD LSk D 5

def gen(): # defines a generator function
yield 123

async def agen(): # defines an asynchronous generator function
yield 123

BENTVERa—FDEIEHD =9, yield RIFEENTER SNz Ra—FO—fe L THEEKTLP Y = 4
L—2 X2 EHET20IMES 2 LIFFA SN TVERA,
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N—Yar 3.8 TEHE: yield iF. BENRANTFOR2—-FTHAEKLLY 2 2L — K RAZEET 200
RADEEIRITR D £ LT

VAL —XEBIZOVWTIEI ST THHAEIATVE S, ERHIY = 2 L —XBEEIE, JEREBY TR L — 2B
(asynchronous generator function) B/ THHAIN TV E T,

VAL —REBDBMOHINZRE, P Ax =R LTDATL—REZRLET, V2R L —REZDHRI =%
L—XBBMOETEHIEILES, Y2 rxL—XDX Yy RBPFESHENS L ETHMBEINET, I hd L,
BAID yield RETUH L T—FHFEIE L, FEUXH LITA expression_list D%, F7/=1% expression_list
HAEMBENTVIUL None ZIRL £, TZTE S —KFEILLIE. B — A NVZEHORM, maRA ¥ ZLNEROFE
flizzy 7, ZLUTHSMUBED 2 BTN TOR—HWREIMRFF SN Z e 2 ERLE T, BHE, YL —X%&
DAYy FRMIHEINTETEZEHMLLR, ¥z =X yvield P72 0NESH L TH 72D LS
WERZ EFEL %37, FBIRD yield ROMEIIFATEZHEM T2 XY v FIEFLE T, __next__ O ZHALHE
(—HIZ for XRMAAAHBE next () &) DAiHRIX None 272D, send() ZEHLZGBEIZZDXY v FIZ
EINTEIFERICRD 7,

CHRETHHLEAED S, P22 L —ZBBIZaLl—F 2T L HUTVET, V2L —XEHIAED
AL, 12O EDZY PURA Y MERDS, ZORTII—RELEXNET, ¥oFr L —XBEEIZ yield LK T
EITOMEZHIH TRV 2HAME—DEWTT, ZOHIENIHEICY 2 2L —XDONUTH LIEABEINE T,

yield & try EANTHEHTEE S, Y=xL—X0 (BRAITV Y FHRELRITGET 20, IR—YaLrav
12k 2) BTENICHMAZARVWEE, Y2 XL —X-ATL—2D close() XY v RBMEIN, finally EiNE
TEn%xd,

yield from <expr> ZHH L GG, 5X6NLREA T 77NV TRINEIRDERA, ZDAT I TV %EA T
L—1FF 22 THAEBINLMEEIBREDY 2 AL —XDAY v FOMNIH LTEAEHEINE T, send() THEZ
N7HoWwBHY throw() TEINEH LW ZHHMMIMEDA 7L —XITHEYI R XY v FRHIUIES N ET,
B XY v BHRRWEE, send() 1& AttributeError 7» TypeError %. throw() (& X 7= fst % BlpEEIZ
EHLET,

REDA 7L —XD5ETHE, Bl&#fZ 3Nz Stoplteration £ Y AKX Y AD value BHEIZZ D yield ROEY
%D %73, StopIlteration #iEZ FTHUCHIRNICE Yy FENED, T4 T L =BT 2 1L =X THUL (¥
TATVL—=ZPHNZ5MET) HEINIZEY FEN20DEEHNTT,

N—=TVary 33 TEE: 74 7L —XIZHIH 70 —%2Z#ET 572012 yield from <expr> AHEMEINF L7,

yield XPRAXOHFIRDO LK TH 2 & =, FHMFEWTE T,

25

PEP 255 - Bz z L —4&
Python "NDY = x L —&X ¥ yield XDEAIRE,

PEP 342 - flsckEhic z XL —4ZAVWIIL—F> >
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VINBaAN—F e LTHRHTES X512, J=2x L —XDMEE APl 2R T 2184,

PEP 380 - 7 zRL—RADEEEX v
Tz AL —RDOEFEEFEICT 2720D, yield_from X DEAIRE,

PEP 525 - JEE#A L —%& S
N—F YEBADY = 2 L — X DEEREH DB L 5 PEP 492 OHRIER,

JIRL—E-ATL—EXV YR

ZOHTREI AL —ZATL—RDXY v RIZOWTHHALEST, ZO51EY = 1L — XBEBOFEITHIENf#
HTZ%73,

UTOY 2L =XV y FOOHE LI, 2= 2 L —22BLCETHOSE ValueError HilFb 2§ % KU
FELTIRZE W,

generator.__next__()
VL —XBEROET AT 20, RRIC yield ADE[TENL ZA00HFHLES, YL —%&
BIEDY __nezt__ (O XY v NITXk o THINK., ZORED yield NOMHEIZHIC None & FHlli X E
T TDHERD yield RETEITL, Dz L —XII—HFHEIEL L. expression_list D{E% __next__ ()
XYy FOMRHELITIZIELE T, Y21 L —XDRDEZ yield B FITH T L72¥E. StopIteration
BstEH S £ T,

DXV y FIE@EHE., HIZIE for —TRHAAAD next ) BIBIC X o THEBCIFOH ERE T,

generator.send (value)

VL —XERONEAEE 7 ED”, ETEHEMALET, 518D value 1372 DREE D yield RDAER
WZRDET, send) XYy RIERIZIY =22 L —XPERLIEZRL., P23 L —XDBROEZEKT S
Ze <M T T 5L Stoplteration ZiEM L ET, send() DBIFUHEINTI 2 XL —XDHIET 2 L &
. EEZITES yield XBFELRVDT, None 258y L THUOHIRITNUIRD €A,

generator.throw(value)

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

V=R LAMETHNEFESIE T, 203 2 2L — XBEDPERT 2 XDMEZIEL T,
VxR —RPMEELERT B KT T5L StopIteration BRAELFT, P =L —XEBMLE
ENTHNZHIE L 720, D LITES N EREZXEZ S, ZOHINIECH LtNMElEh E T,

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
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If traceback is provided, it is set on the exception, otherwise any existing __traceback__

stored in walue may be cleared.

attribute

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

removed in a future version of Python.

generator.close()

Raises a GeneratorExit at the point where the generator function was paused. If the generator func-

tion then exits gracefully, is already closed, or raises GeneratorExit (by not catching the exception),

close returns to its caller. If the generator yields a value, a RuntimeError is raised. If the generator

raises any other exception, it is propagated to the caller. close() does nothing if the generator has

already exited due to an exception or normal exit.

fERH

UTOMBEZY Y INEY 20 =&Y =0 L — X DIR 2 # 2 FHEBICHN L X3

>>> def echo(value=None):
print ("Execution starts when 'next()' 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 OFHIIZ. "What’s New in Python.” @ pep-380 ZZH L TL 72X\,
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JERHEAY = % L — X E8%K (asynchronous generator function)

async def R L TERINIBEP R Y v FIC yield 3D 2 &, 20T R L —4% B
LTERSINT T,

FEFHAY = 2 L — XBIBI O Eh 2 e, RIS = AL —&2A TP 2 7 b EFHIN 2 IEFEIAA 7L — X 5K &
NEd, ZLT, 204727 IV =3 L —XBAMOETZHIL 5, @, JERS =L -2 A4 7Y =
7 ME a—F VBEBND async for XTHbI, ZHUIT AL =R 4TI 27 IS for XTHONZH
FIHEBL £7,

R 2 XL —XDXY v FD 1 DM UEHT L awaitable 7Y =7 bIHREN, ZDATY =7 bDE)
BB o ZRZETHHRENE T, 20 ZRXETRIRVIO yield XKETEA, 22 THIPKHE .,
ezpression_list DEZFRHET DI N—F VITGRLE T, Y=L —X RIS, HiFreid, BfEon— 12
B, i RARA &, WHEHIER 2 v 7. B X OCHSMLEOIREER Y, §XTor— VIR R7zN 5 2k
PEERLET, RS 2R L =R DAY v FROLRDA T 27 PRI NT-Z ¥ TEITHEAZI NS &, B
EH7h b yield ROHEZ 2L CH L TH 200 & S5 ITEEZED THEE T, FHIIZO yield ROMHEIZ, =
ITEHEBEALEXY Yy FITkoTEZDET, anext_ () ZfHio7235813. BRI None 122D 3, #5TlX
%< asend() BERAINLHEZ. MREZZOX Y v FICEINHEITRD £5,

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.

R = 2 L — XBTIE, try MENOEEOHT yield XBXFHTEE T, 22U, FEHT =1L —%
D (BRBAT Y IPERIGET B, AIN=—Yalryavick?) TR EL D ANCHBI R VEGE, try i
BAOD yield RIFEKR 2D, EITHFBRE o7z finally BiNFEITEINE T, ZOF—X T, FEAY = 2L —
EDBEEI L TWBARY =T Y2 —FDBEBIF. ERAPAS 221 =KD aclose() XV v FEFUIH
L. BhDar—FrF 797 eFETL, 2R KXo TETRELE o7z finally #iSETTES L HI1TL
S

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> &, IEMEIAY = 2L — KB THibI 2 & UET T —I12i D ¥£3,
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R TR L — R AT L—2 XYY

ZO/MITIE, YR L —REBOETHIENHEDLNZIEFAS 2 AL — XA TL—FD XY v FIZOWTHHA
L%,

coroutine 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
__anezt__ () 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 ezpression_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.

ZDOXYy FIZEH, for — & o THEBRIFFH N E T,

coroutine 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.

coroutine agen.athrow(value)

coroutine agen.athrow(type[, value[, 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—Y a3 ¥ 3.12 TEHE: The second signature (typel, value[, traceback]]) is deprecated and may be

removed in a future version of Python.

coroutine 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
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yields a value, a RuntimeError is raised by the awaitable. If the 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

TIA42VIE BRHRCBVWTRMEEDMNEEEZRLE T, SRELLTDOXS1TRD X9

primary = atom | attributeref | subscription | slicing | call

6.3.1 EEER

EBHEZRE. 774V DORAICEY F F AR ZEAQTDDTT:

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
fallback.

getattr__() method, that method is called as a

6.3.2 RFIREC (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 "[" ezpression_list "]"

When an object is subscripted, the interpreter will evaluate the primary and the expression list.
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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 sub-
scripted, 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 versus getitem,___.

If the expression list contains at least one comma, it 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.

MABRAAL T 27 DT, __getitem _ () W XKoo TIHRFRIEZYAR—bT2A4AT7I=27 MNTZ 2 EEDD
EJ

1. vv¥yr, 724~ IvEYd ThHhuEX, RV X bOEFHEERIE~ Yy TROWT LD X —(H
WHEST A7V 27 VZhoRFNERD F8A, IRFERLIX. ZOF—IINIET 3~y Y Z7HADOHE
(value) ZEINL %23, #HARABLDT Y Y77 F5 X0OHNE dict 7 7 XTI,

2. =T VR, TIARUD =2 ThuF, XV R + OFHfiFERIE int 7213 slice (LT OHEITam
CET) TRINIRD XA, HAAARDS —F ¥ 227 5 2DFNIE str, list, tuple 7 7 ADEE
nxd,

The formal syntax makes no special provision for negative indices in sequences. However, built-in sequences
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 1 IXF (character) #BER L THRAILMBEO S — 7 Y A TT, XFFEHORTIER L, 1 XFELE T
5725 X FHITS,

6.3.3 X511 AKREC (slicing)

AFGARRRIIS =T VARF T =27 b (XFFN. ATVERIZV AN BT 2 H2HMOERTERL 3,
A7 A4 ZKFLEA L LTHWED, RAR del XOMRELTHWEDTEET, X774 ARELOMIEILLTOD
LR DFET:

slicing u= primary "[" slice_list "1"

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

slice_item n= expression | proper_slice

proper_slice = [lower_bound] ":" [upper_bound] [ ":" [stride] ]
lower_bound n= erpression

upper_bound n= exrpression

stride L= erpression
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FROEANBEGECEDFEN R ZAHDET: RVRAMIARZZ2BDIF, AFARVAMIBRZE
B, IRFRILIIATAARLE LTHMRINS20WI 2L TT, (RTARAVRAMDHEYIRRATIA R EER
WHE) T ORI OBMIEE T, R4 XKLL LTOMRE D IRFRIL L L TOMR»ELEINS
IFCEHETBZLT. DVFVEEEIDBRONTVE 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 1Z#EEIDPEE) whose start, stop and step attributes
are the values of the expressions given as lower bound, upper bound and stride, respectively, substituting

None for missing expressions.

6.3.4 UL (call)

MO L, R LATREA 7> = 27 b (BIZAE function) & arguments DRINE £ BIFFRHE L F3, RINX
ZEDORINTH-oTHNPEVERA:

call m=  primary "(" [argument_list [","] | comprehension] ")"
argument_list n= positional_arquments ["," starred_and_keywords]

["," keywords_arguments]

| starred_and_keywords ["," keywords_arguments]

| keywords_arguments

positional_arguments = positional_item ("," positional_item)*
positional_item n= assignment_expression | "*" expression
starred_and_keywords = ("x" expression | keyword_item)

("," "x" egpression | "," keyword_titem)*
keywords_arguments = (keyword_item | "**x" expression)

("," keyword_item | "," "xx" expression)*
keyword_item n= tdentifier "=" expression

KEOMEGIBPF -V — N5 BORICH Y ~ZDFTHLEVEETA, MXOERMNTEEZRIZT Z i
HHFEEA,

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 BIZEZ for the

syntax of formal parameter lists.

F—U— FEBDFET 256, UTDX5IC L TRINIALESIE (positional argument) ICZ#INE T, %
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T EOA - TWIRWRT y PBRGIBITH L TAERSNE T, N HOMES B D 256, (METIBUILED N
Zuy MEBEZXNE T, K2, EF—V—F5l8uc20T, #ilFElioTHIET 220y M 2RELET (7%
MFPEADIRGIBHER RS, BAIDZAR Y 2S5, CWoBETT), Auy PATTIIRNTHE -
TW=72 & TypeError iR EHE S, 2N DOEGE. 5z ey MZEDTWE £, (X2 None T
HoTd, ZORTRB Y MO ET), RTOFIEBUHEI NS, FEHEDSATVIRWAR Y F2ZAE
AUTHIE T 2 BBERRO T 7 + L METHO 3, (77 40 MEZ, BB ERSI N 2I—ERTHES
NET; oT. VAIMLEHEOLSREEARERA TS 27 PR T 740 MEE LTEDNS &, XIET 5 R
oy MIGIBZRELZVIED, 20X 727 B2 TOMUHLr6EFINET; 20 K5 RIRHILE &
JBRETT, ) 77 40 MEBIEEINLTORWL, HOED LN TVWRVWAR Y k23> TV HE TypeError
ISP ERENE T, £ TRVWES, ol oh/iAay 2542V X MAHFHLOGIKE LTHbh
£9,

CPython REDFM: KT, HETZFRLLVMES B zeZ TN HAALBERZREZ 22D LA%E
Ao ZOVSGIBMBRF 2 XY MEDTDIZ " HF T 50T Wi LTh, ERICEEMT SN THRVWDT
F—7— FTEEMESNEH A, CPython TIE, C SFETEESINLBHD, BHTZRZ 2 WEL B E $— 2
3 %729\ PyArg_ParseTuple() Z{HHAL £3,

REIERAa Yy FORED % DALESBADH 2558, WX *xidentifier 2o THRE S NG B nHhE
D. TypeError fIStH A T E T K5I8 xidentifier B3H 235G, ZDORGIBUIRATBRAET BB A o724
T (b LI, ROBMEL AR NEAICIZZDOR S L) BT £5,

F—7— F5lEDOWThr RGBT LR WEE, M xxidentifier 2l o THE S LRI D720
FR D, TypeError BIANDSEH X E T (R51#L *+identifier 3B 2HFE. ZDOREIFUIRDHF—7 — F5IH
BAo7 (F—V—FxF—t L., 51BEZF-IHET2HEE L) #FEZZTWMD £, RAOKRF—V—F5|
B WIBEITIE. 22D (Fiielz) BEEZZITHD $3,

BEERE OV LI *expression & WO XN 25513, expression OFEMiFERIE 75 7L ThRriFudiz
DERA. TDAT 7 7NVOEFRZ, BMOMEGIHTH 200 X5 1bivgd, £(x1, x2, *y, x3, x4) &
WO LIZBWT, y OFHEfERDS S — 7 Y R yl, ..., yM 72 o 728581, ZOFFUCH LI M+4 EohiEs|
B oxl, 22, yi, ..., yM, 28, v/ TOMPTHLEFEITCIZRD £3,

ZOffEm e LTI, *expression XX —T — F5[D BB TR dH D E TN, F—V— N5l (L1
B xxexpression 5l - TZZMW) DD A CHZ2DD LTUEINET, oT. 2D &5 REMEICK
D%

>>> 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’
(RDR=D12Hi L)
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HIDR— % 5D E)
>>> £(1, *(2,))
12

F—7— R5[# L xexpression MXZEUMUIH L T—HIMES 22D EHHRVDT, EBIC LD XS R
GLOHEICAE L2 23D D TR A,

BAEUIE N LT **expression XX AiHbN72E. expression OFHlifERIX Y v EY T TRINILD £
BA, FONFITEMDF—v— gl LTHRbONET, F -1~y FF 235820 (ARNZF—7— F5lEIc
XoT. H23VEMDO7 >y Z7OHT) BLUCEZ G Z 5T\ 6, TypeError HIAAD XIS E 5,

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 % **identifier Wi B ff o 725 18X, MESIHA Ty bRF—TU—F5[BKICTZILHT
XFHA,

N—=P a2y 3.5 TEH: BEECH LIXTEORD * 728y 78 +x 72Xy 7 E2ZFWD . @5 8idA 75
TNT 2Ry 7 (x) DRAICHET, F—U— FEIBIIFHET 2%y 7 (%) DBRAICEIT S X512 T L, &
N PEP 448 THREShE L,

O LZITS &, A ZRE LBRWIRD . HiKMo2DEZIEL £9, None ZIRTHEDHD 5., KD ED
EOXSICHEBENRS NI MU LAJEEA 7Y =7 FOIBRIC L o TERD 5,

HILRE T

I1—-YEHRREH £
Boa—r7ay 71258V MAESH, ETEhEd, a—F7ey2id. 3Rz EIRBICHE
(bind) L¥¥; ZOEEICOVWTIE BHER T L TVWEd, a— K71y 7T return XBFETEH
BRI, BB L DR E (return value) SIREET N E T,

HHAABHBIRET-IEIAXAY v KR! s
B4 V27V RIHKIF L F 5 MAAABEL X YV v RO built-in-funcs 2SR L TL 72X W0,

IDSRATSxU b z
DI IRADF L VA VARV ADREINE T,

DSAADVARAVARXY W R xf
BT 22—V EROEBDPIMOHEINEST, COr &, MUEHBELFEOSIBY R LD —2EW5 [V A +T
MOHXNET: A YRR VAPV 2 P OLEIEMEINE T,

DIRAAL VAV R:

The class must define a __call__ () method; the effect is then the same as if that method was called.
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6.4 Await I{

awaitable A 7Y = 7 N TD coroutine F4T7% —FHFIEL £F . coroutine function NTODAFEHTE X3,

awvait_expr = "await" primary

Added in version 3.5.

6.5 NEFEEHE (power operator)

NERMEEZ, EHNCDH 2 BIAFER 7 XD MOESEEIRM E 2D 9, —75, AHICH 2 BIRERE 7 X D 13595
WIS BIIEAIC > TVE T, XU TO X517 D £

power = (await_expr | primary) ["*x" u_exzpr]

o T, NERHEET & FIHEE T2 5 72 2 HESAAFENCTHDLN TWRWEE, HETFIXGD S i L fHi &
NET (ZOHEREETFOFMENET Z58H L Ao DFD ~1++2 1F -1 128D FF),

NERFEHRFOEIKIL, Z2D5THFOHE N2 HAAABK pow() EFRUT, E5lEE5 BRI TEAF
T BUET B FTHmEoRicER I h, #MRIZZORTT,

BHOWHET T, B5IBPATRVERD, FBREIMHET LR UCACRD 25, B 51818085 E. £ T
DS BUFBNEUSENCE B S, FEVINBUERIR E N E T, B ZIE 10%%x2 13 100 ZR L F A5, 10%%-2 1
0.01 ZFRL ¥,

0.0 *BOMTNRNERET 2L ZeroDivisionError #EH L T, BOME/NUTRER L HBERIIEEK
(Comp]_ex number) 12k h £3, (J«Xﬁﬁ@)\*—‘\/ a > ClX ValueError ZEH L TWFE Lf:)

This operation can be customized using the special __pow__ () and __rpow__ () methods.

6.6 HIEHTERE L Ew FEAIRE (unary arithmetic and bitwise opera-

tion)

ETOHREAMERE L vy MRAERI, RCELECZR > TWET:

u_expr = power "-" oy _expr | "+" u_expr | "~" u_ezpr
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The unary - (minus) operator yields the negation of its numeric argument; the operation can be overridden

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.

FRRo=Z210whd, 5I8PIELWETRWESICIE TypeError Bt 2EH I E T,

6.7 ZIEE#EH (binary arithmetic operation)

CIRRMTEELL, EEWREREM R L 0 E T, HETOLWTANE, REOIEERICHEH I N2 DT
FEELTLEI W, REFE (power) HETFZRE, HEFIKIEZZ20L )L, $ROEERN (multiplicatie)
B NEM (additie) HE T L5 D EHA:

m_expr = u_expr | m_expr "*" u_expr | m_expr "@" m_expr |
m_expr "//" u_expr | m_expr "/" u_ezpr |
m_expr "%" u_expr

a_expr = m_expr | a_expr "+" m_expr | a_expr m_expr

* (E: multiplication) HEFIZ, FIBAELOEEZG X £F, 18I WT L SBUETH 20, AT »EECH
TS = Y ARDED L TRINUIZD FR/A. HiFEOHE, BiEdEOIcE I h - RRREEINE T,
BEDOGA. = Y ADBEDBRLIRENTONE T, BOELBEALCT ., DY —Fr A2 5257,

This operation can be customized using the special __mul__ () and __rmul__ () methods.

@ (at) HEFIITHIORE I LHEHA XN E T, Python DHAAATNIZ DEBEFEHEELTVWER A,
This operation can be customized using the special __matmul__ () and __rmatmul__ () methods.
Added in version 3.5.

/ (BRE: division) BX T // (VI D& THRAE: floor division) 1. 5I¥FELOME 52 £ 3, #fE5 1¥33HED
BNCEHR I N E T, B ORERMBIXIFE/NURITR D 3205, ROV D I CTREMRIIERICRD £9; 20
B FERIFBEER 2 BRENC ooy B Z#A L2 b DI b £9, ¥z K 3FRE %175 & ZeroDivisionError
(HIP AR = A BR= ca

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.
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The % (modulo) operator yields the remainder from the division of the first argument by the second. The nu-
meric 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
4x0.7 + 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 ™.

PID S CREER E BRERE, HEX: x == x//y)*y + xhy) OBRICH D $5, UIDIETHRESHIRIT
72 HAIABBEE divmod O: divmod (x, y) == (x//y, x%y) EHERLTVET, 2,

% HEFIX, BUEICN 3 2 RIREEZITO DITMA T, XFF (string) A7V =7 Mgt —nN—mp—-F&Zn, |H
ROXFHOEAL (VbW S HH) Z1TVWE T, XFIOFRMLOME Python 5477V 7 7L 02
old-string-formatting fiZz S L T 72X 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.

+ (h%) EEE, IR LOMEE X 5, 51805 & S BUER D, BT bR LD > — 5 ¥ R TRIF U7
DEEA, HIEDOHE, BiEZHEORICZEH I, IMHEINE T, BREDHE. > — 7 ¥ RIFHEE (concatenate)
ENET,

This operation can be customized using the special __add__ () and __radd__ () methods.
- (BE) HEEZ. 51 BETREZIToEZREL $9, BUES I BIdx Tih@oRicEfahn g,

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

6.8 > 7 NEE (shifting operation)

> 7 MEER, BATEE LD RO 2R o ThE S

shift_expr ==  a_expr | shift_expr ("<<" | ">>") a_ezpr

Cho3EH 5 Ice b 15, I BRI N E T, o7 MEREBE 5%, B5IBTEZ6N0
7eey M2, E¥3AEYy P 7 PLET,

*1 abs(x%y) < abs(y) EEEFEMICIZE L 2D T2, FEVMUICN T 2B OHEICE. i) (roundoff) 7B
BRZRLBWEERD D £T, 21X, Python OFEI/NIUSHEID IEEETH4 fSHERAEICR > TWE 77y b 74— L% HETS &,
-1e-100 % 1e100 i 1e100 L [FAULFFBICR 21T TR DI, FHEMEIZ -1e-100 + 1100 & & D ¥ 3, ZAUIKIEEBEINIIEE
12 1e100 L HHTF, B math.fmod ) ¥, BADFIBEFEL—BT 2 L5 REZIRTDOT., LiDBHEIKIE -1e-100 ZIRL &
T, EB5D7 I u—FnHEYrE, 7TV a YIREFELE T,

*2 x 7}) y DIEfER k%&%&:#ﬁﬂ: (RPN }‘L@@?‘ka x//y s (x -xhy)//y & D % 1 tﬁjt% < f;éT Iﬁ?ﬁ% H i?“o FDEO%
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The left shift operation can be customized using the special __1lshift__ () and __rlshift__ () methods.
The right shift operation can be customized using the special __rshift__ () and __rrshift__ () methods.

nEy hOGHY7 M pow(2,n) WKWEBRAEL LTEREINET, n ¥y bOLEI 7 NI pow(2,n) ITKIEHE
ELTERINET,

6.9 Ev FEALERDTIEER (binary bitwise operation)

UTo=>20ty tBAEFIZIE, ZRENRZEEIEML XARH D 5

and_expr = shift_expr | and_expr "&" shift_exzpr
XOr_expr = and_ezpr | zor_expr "“" and_expr
or_expr n= zor_expr | or_expr "|" zor_expr

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 LbE

C SiEriE > T, Python IZB 2 HEEE IR CEEIENEZ D > TBH, @ TORMEREF. > 7 MEET,
Ly MEMEEFED BEL RoTWET, £/ a < b < ¢ BEETERINCHV SR TWS D X [F URRICZ
52D C BB EVET:

comparison = or_ezxpr (comp_ope'r'ato'r* 07‘_€$p7‘)*
comp operator o ngn I nsn | [[pe—] | ny=n | ng="n | nyp=n
| "iS" [Ilnotll] | [Ilnotll] nin"

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.

HEIIWLS S THEBETEIZINTEET, flRldx <y <=zldx <yand y <=z EFEMAEDET, &
ELZoHA, BiETE y BRE—ERTFHMMI N2 MR ET (EE6D5ETH. x < y IMAIIRI L 2
DIEEFFE o 72K FHES N FEEA )
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FEARIIIE, a, b, ¢, ..., y, 2 D5NT opl, op2, ..., opN HHBIHEFTH S5, a opl bop2 ¢ ... y opN z
!¥a opl b and b op2 c and ... y opN z EFMIZR D EF, 72720, FIFTIEHERFIZLLTH—ELHFF
i EEA.

a opl b op2 c LHEWILEE. a hD ¢ ETOHPFICHEZ0EIDDT A MEETOTIERVWI 2ItFERELTK
FEV, BIZIE x <y > z 1E (FNOARBEHTED D FHAH) FRICELWETT,

6.10.1 {EDLEE

WET <, > ==, >=, <=, BIU 1= 13220047V =2 bOMELBKLEST, 47V =2 b2 LB EZRHORE
D FE A

FI0x Vb . BLUVE OFETE, A7V27 M (B id 1TMAT) EHEROZ L ERRTVET, 7
Y =7 b DfEIZ Python TIERPHRIAMERTT: PIZIE A7 =27 FOMEIZT 7 AT 5 IEMBRTEZDD
FHA. Fh, ZORTOT—XEMI LRI NIREDREDTIET, A7V 27 + OEEMET 2 051D
HDFERA, HBERETIZ, A7V 227 FOEE ZAPICOVTOREDHEEZFEL CVWET, ZOEBOEYE
KEoT, MEMICAT7Y 227 POEZERLTVELEALIEDBTEEXT,

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 BEAMHRAX 2T X.

B (== BX 1=) DF 7 AL FORBFBENE, A7V =227 bOR—MHIZHESVWTVWET, [>T, A—D
4 VAR ZADEMLEEDFERIIFLVERD, A—THRVA YRR ZOEMEDOERIIFL LRV
¥9, 774NV PORBFVEZDESICLADIE, £RTOA T =27 bR (reflexive DD x is y 7%
Bl x == y) BHBDI Lo bTT,

77 4V FDIEFHE (<, >, <=, >=) I3IRHIhERA; LU X5 255 TypeError 5EHEINE T, ZD
REENZT 7 40 s DIRBDENT L AEHRE. FMtEEFU &5 BTAEERRIFT0E 05T,

Fl—ThRW\WA Y AR Y ZIEICEMTRVWE T 2EMLEDT 7 L b DIRZ K, BLAREL T 247D
7 b DMERAEICE D W2 FMIEDOFEANZER C IMBINCEZ2TL x5, 20 X5 RETIIHEOIR SN
BHARTA X THRERHETET, BRI EADHAAATITZAITTORTVWE T,

KDY R FTIE, REEDMHAAAHDHEBOIRS FENEZHH L TVET,

e WO DHAALDEMER (typesnumeric) L 1EHE S 4 75V OB fractions.Fraction B XU
decimal.Decimal (. TN H OB OHFH THER 2 Y R TE I, HEBTIIIEF LSV
A= FINTOVRVEWSHIRSH D £3, Bb2ROFIROEHNTIZ, FHED 0 UL (7
A3Y XLNT) IELWHESITTOh E T,

IEBMETH % float('NaN') ¥ decimal.Decimal('NaN') IXFiRITT, & IEHE L DEEDIEFLE
BIXBTT, BRICKT2EMEE LT, IFMEIXESZBES EFEMTX RV iz s, Mzl x =
float('NaN') 251X, 3 < x,x < 3,x == x I THT. x '= x XETT, ZORZEWI IEEE 754
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K- DTI,

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.

o NAF V=4 R (bytes £721% bytearray DA Y A XY ) iZ, ZNHOHOHFHHTRALZHIL
BTExEd, HWRIIEROBE LToEE M- 2iEEF cfibi g 3,

o XFH (str DA Y AX Y R) OHEIE, XFD Unicode Da— KR4 ¥ DL LTOMHE (FHAIAABEE
ord() MR H) ZffioifFENIEFCiTbhES,

KFHN AL F VY —4 v ZFEBIIHR T EE A,

o ¥—% VR (tuple, list, or range D4 YA XY R) O, FLAE Y S LTL2TA T, range (JIH
Ptz R — P LTOVWEEA, BRI E S LOFEMHEKOMRIZFM TRV LD, B35 LD
lEFF LRI TypeError 2 L 3,

Sequences compare lexicographically using comparison of corresponding elements. The built-in con-
tainers 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.
HAAABDALVZ > a5 LOFMERMBIIRD X5 CEEL 9

— B OMERPEME 725 2 00aL 7y avid, ALAE ACRE, MIGT2HEL 5 LOHKORER
DEMTRFIUIRD TEA (BRI [1,2] == (1,2) 3HEAFTCTHRVOTHTT),

— HFEZSR— L TWwdalLrya yolAfFid,. RYIOEFEMTRVWERZDIAFEFTCICRD £5
BlzR, [1,2,x] <= [1,2,y] i x <= y EAUMEICRD £3), MIET 2 ERIFEELRVIGE.
HMWhHoavrzyayoF»EoEFezh 3 (Bl [1,2] < [1,2,3]1 EETY),

o ¥y VY (dict DA Y ALKV R) DHEROFERHMEM & 722 DIF. FL (key, value) ZFioTWW3 L
ENOZDOL FITRD £F, F— LHOFMELE T EIEHI SN E T,

JEFELLEE (<, >, <=, >=) I& TypeError %X L 3,

o 5 (set £7:13 frozenset DA VAKXV R) OHEZ, ZhoDBIOHFHTERR 2T bITAET,

i
o

SICiE, HARED D2 VIZ ENEENE I 02 L TAIAFHEBENERS A TVWET, ORI

*3 Unicode ##TX, A—RARA >V b+ (code point) (fl 21X U+0041) & HRXF (abstract character) (il 213, "LATIN
CAPITAL LETTER A”) ZXAIL %3, Unicode DIFL A ¥ DMREXFIE 1 2D a— FRA ¥ M ETEM> TREINETH, E
BOa—FRAL VrOFEHoTHRATEIMBRLFDLLEADD 3, HlZX, 5 F "LATIN CAPITAL LETTER C
WITH CEDILLA” (&2 — P U+00C7 2 % BEAXF (precomposed character) 1 DRRFTHRBTEE T L, a— I
{8 U+0043 (LATIN CAPITAL LETTER C) 1<% 2 BEXZF (base character) D512, 23— Rl U+0327 (COMBINING
CEDILLA) i % $#&&XF (combining character) 23t 5l LTHRHTE LT,

XTHN O EBIRIEE Unicode ® 3 — KRS ¥ FOLRAVTITOAET, ZHEIAMICE > TRERHITEZVAS LU EEA, H
ZUEL "\u00C7" == "\u0043\u0327" &, ¥'H 5D F bR UHMFEF "LATIN CAPITAL LETTER C WITH CEDILLA” %
RELTVW2IZb b 56T, ZORMRIL False LD X T,

HMBEXFDOL LT (DFD, AMICY o THENAZGIET) XFH 2 HET %1213 unicodedata.normalize() % ffio T 7
A
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FrERLEEA (FIZE {1,2} & {2,3F 2 W) 200KEBIIAHD 5 —HOMPHEATH L LN
EATHDDFEA) o T, BARRIEFEICKET 280518 LTETITIED D T8A (BIRIE.
min(), max(), sorted() IFEEDV R M2 AN LTHR 2 L REERHERELRD E3),

EEDOIB T, ZOBEZEDNFIEIER XN E T,

o MDMHAABRDIZE A LTI Y v FORRELSINTELT, 7740 b DHBORS FHNEHAL
£75,

HBOR 2N AR A A LT 2—YERY 7 RE, AR 5RO —BEEORANHE S BB D D %5

o HffiLEIIKPITRITNIRD FHA, 2F D, A—0F 7V =7 MIFLLRTFAIZRD FHA:
xis y#Zoldx ==y

o HEBUIHHIITRIFNZRD F8A, 2% D, UTORDOHRIIF U TRIFINLXZD ZEA:
Xx==yZy=x
xl=ytyl=x
x<y&y>x
x <=y &y> x

o BRI TRIFZRD FEA, UUTO (EHRETRW) B3 Z OFHHTT:
x>yandy > zhE5Ex >z
x <yand y <= zZ5Fx < z

o HEBOMBEMBMEOGETRIIUILD TEA. 2F D, UTOROFERIIF L THRIFILD FEA:
Xx ==y &not x =y
x < y ¥ not x >= y (ZIEFDHE)
x >y ¥ not x <= y (ZIEFDHE)

KEO2REI2IMEFIL 7 a ICETREDET (RLRARY—7 YR HUTIED 32, £E
Ty EYIIEYTEED $HA), total_ordering() 7aAL—XHZBRML T IZE W,

o hash() OFRRFFMMEL —HL TW2I2RBERDH D ¥, FikA 7222 M5 LIZRAIT Ny & 2 @2
D, Ny Y aEPFETERVDDL INIZRENDHD T,

Python ¥ Z O —EMRAIZEH L /A FHE, JFUED ZORBANIEDRWHlE 2 b 5,
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6.10.2 FIEREERE

HET in BXUY not an EEBEBREANE T, x in s OFHiilX. z 2% s DERTHIUL True &42D, 25
TRIIAUL False Y72 D ¥ 3, x not in s & x in s DBEZRLET, TNRNTOMARAADY —F > A8y
EERNIMAT, #EFD in ZHENGEZA LN F—Z2H o TV AR ZEATLE LTHR—-FLTWVWE T,
VAN, BTN, BE. WEES. #F3E. collections.deque D k572 a7 FHIZEWT, K x in y I any(x
is e or x == e for e in y) XTI,

XFHNRNA FHFENZDOWTIE, x in y & 2 2 y DA XTI THZ L Z, »DOZDL ZIZRD True ITRD

F9, 2L y.find(x) '= -1 LElTT, EXFINE, MDEEDXFEINDE D LFFN e A ENET, o
T "" in "abc" X True ZRTZ &I D £3,

For wuser-defined classes which define the __contains__ () method, x in y returns True if y.

__contains__(x) returns a true value, and False otherwise.

For user-defined classes which do not define __contains__ () but do define __iter _ (), x in 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 4n raised that exception).

HET not in X in OEBEMEERNE L L TERINTOVET,

6.10.3 F—14DLEER
HET is BEY is notidk, A7V 27 bOA—HICNTE2TAMRITVET: x is y & z & y BEIL AT

Dz EEBETLE, POFOLERRVEICEZDET, A7V =27 bOR—MIZ id) BEEFE-> THEINE
Fo x is not y ¥ is OEfHEERKIL b DIk D 3,

6.11 7—JL:EH (boolean operation)

or_test = and_test | or_test "or" and_test
and_test = not_test | and_test "and" not_test
not_test = comparison | "not" mnot_test

 HENRAR—Yarryary, JV—Y R, T4 X2 ) FROBWEEDLEDIZ, 4 YRR VAR v RREBDHEZIT &5
R EIC is HETOMEZ, —RT3 e HETERVIRIBOLE LM LA, FHlEZEAZAD FF 2 XY P EHERL
TLIEEX W

6.11. 7 —JLJRE (boolean operation) 133
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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.
HET not &, FIEMBTH 2581201 True 2. ZNLAN DL EICIE False IZKD 35,

A x and yid, 3 2z ZiHMAL ET; 2 DMBERS v DEZIRL 3, 2SN OHEEICIE. v 25l L 725G R E
BIRLUET,

Xxoryld 3 2 Z2eHliLxs,; o 2HRS ¢ DEZELET; 2R HNDOGEIE, y Z23Hli L #5REz
BLUET,

7B, and b or b, BI{H%Z True X False IZHIFRE T, BIRICFHE L 72518218 L 9, Z DIEERDMER] 7%
EHHDET, FlZIE s WFINT, BXFHNRLT 74NV FDEICEZEZ 0w %, Xs or 'foo' IIE
ARG ZET, not 3WBFTHULWEEZIENRT 2DT, 5IORICEFER 77—V EZERLET (HlZ1E, not
'foo' I& "' TIF7 < False D X79),

6.12 ATV

assignment_expression = [identifier ":="] exzpression

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

to an ident<fier, while also returning the value of the expression.

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 TLDF LI PEP 572 2SR L T ZX W,

134 %8 6 & 1 (expression)
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6.13 &30 (Conditional Expressions)

conditional_expression = or_test ["if" or_test "else" exzpression]

expression = conditional_expression | lambda_expr

SR (LRLIR D ZHER T CENET) 135D EBEEMEW Python ORI T,

x if C else y L WHRIIHRANT = TR EM C ZFHHEiL 3, C 2% true DHE z 23l S AUEIHR S H
5, ThANDEEIE y DMl LR N E T,

SFMEBICBE L TX DL IE PEP 308 ZZHL T 2T W,

6.14 5 L4 (lambda)

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

FLEX (FoxBRedbMPINET) FELEKEZFERT 201 nwE T, X lanbda parameters:
expression FMAMA T 27 VTR D ET, ZOMAHAF T 2/ PIMITRERSNTOVIHEMA T =
7 MARRICEMEL 5

def <lambda>(parameters):

return expression

FIBO—EORIE BHES 2B LT FEV, SAXRTEREINZEREXR 7/ F—2ar2E8b 2t
PDTERVEICHERLTLEX WY,

6.15 DU X+

expression_list n= expression ("," expression)* [","]
starred_list n= starred_item ("," starred_item)* [","]
starred_expression 1= exzpression | (starred_item ",")* [starred_item]
starred_item = assignment_expression | "x" or_ezpr

)2 FFRRRHEER RO IR > TWVWEHDERE, PRI —20Dh<EELRDV A MIXR Ik
DET, FTLOEZEZ, VAMZHZ2ROBCHE LI DTS, RFELSANFTHIX N T,

6.15. XOUZX 135
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TRARVZAZ x 3 ATITINDOTVINYY ZERLET, COWBEETIZ 41777 TRINERD T8 A,
CDATIINET Ry ZENTNBTEZDS — 7 VARZERIN, HiLnwg L, YR, EECANIAE
nNx7d,

Added in version 3.5: Y A FTDA T TNDT V8w ZI3HHINC PEP 448 TiERXI N X L7,

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 FFflER~

Python &, XZ2EPSEANCINFHEL £, 7272 L. RARXZFHES 2 & 2. AP EL LD b I
nxEs,

MR EITXDOBEITTOFMENEF X, RAFORFIEF LR TICRD £35:

exprl, expr2, expr3, expr4

(exprl, expr2, expr3, expr4)

{exprl: expr2, expr3: expré}

exprl + expr2 * (expr3 - expr4)
exprl(expr2, expr3, *expr4, **expr5)

expr3, expr4 = exprl, expr2

6.17 EEFDEBITIENL

PUF 0K Python 12813 AT OBEEIAM ZERH L7z DTT, BEBMORD @V (HERDED) D
HoRHEV (FEHRDIIN) BOWKHRTHD £5, FTRy 7 ANOHEFEFOBEIAMIZFE T, #X
PHRINSRENTVRWS DRI IHER T TS, RUARy 7 ANOHEAEFIZ, EroaAe 7 rv—FbEhxs
(BIst e LT, REFEBIUOFRMFRNZEL LTV —AEEINET),

& HiclhRosnTnd L5, g FiE. A—MHo 72 NI THFE CERIEMN 2> T\W T, ErbHIC
HEHT 2 L WO R ER o TVWB I IKIERLTLFEE WY,

136 %8 6 & 1{ (expression)
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RBEF

e

(expressions...),

[expressions...], {key: value...}, {expressions...}

x [index], x[index:index], x (arguments. .

awatt T

*k

+x, -X, ~X
*Q,/,//, %
+ -

<<, >>

&

in, not im, 1S, 1S not, <, <=, > >= I=

.), x.attribute

FEE T E 21 FEINE
T BERR
WFHEE. AT A4 AE. O L. B
Await =

NER

IE¥. &%, vy ML NOT
FELATHISRE, BREL. U1 D 5 CRREL, IR
A S X A

> 7 M#EE

vy MEfAL AND

'y A XOR

vy ML OR

g eR—HED 7 A + % & rtbig

U R PERIR, HEER

0

not 7 — VA NOT
and 7 — WA AND
or 7 —iEHE OR
1f - else MK
lambda 7 LEZR
= RAK
i:1pE 3

B NERFEET o+ X AHICH 3 BIERMEE TS 5 WIEHEIEY v MEET XD HOREEEEMN 2D T, OFD 2%+-1 13 0.5

CihE9,
*6 o, JHET L 1

6.17.

[ 1o 4

—Z

BETFOEBEIR

EIER 2SS TIEE D £ 3
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SEVEN

B#iZ (SIMPLE STATEMENT)

BRI e E, B omMEITRICIN® 55X TT, BH—DfTHIZiE, BROHEMXZtIany TRYI>TANS
TEMNTEFT, HMXOMIILTO®ED TY:

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

import_stmt

future_stmt

global_stmt

nonlocal_stmt

type_stmt

139
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7.1 X (expression statement)

AE, (FITHEFEREWATR) HZFRE L THEAT201ffioz b, (@HIE) as Yy (procedure: B
BRMAERZRIRVERD Z 2 TF; Python Tld, 7B Y %3l None %KL £F) M 722 ffiuvg
To ZOMDENTTHALZMES A TEXITL, AARI DD £, AXOMLBIUT DM@ T

expression_stmt = starred_expression

RCEROY 2+ (B—0OROZ L bH b $F) 2L T,

MEEE— FTIX. {l2° None TRIFIUR, EZHAAABE repr ) TXFINCEHL T, ZORERO LTI %R
BT > TEZH L E T, (None IR 2N DEIFFZHINRZWDOT, 70 yOUHLZIT-T
HHNIFONEEA, )

7.2 {AX (assignment statement)

RAXIE, AFiEfEIC () fEL2D, ZEAERA 7V 27 bORBESCERELE LD T 201cfibi
£7:

assignment_stmt = (target_list "=")+ (starred_ezpression | yield_expression)
target_list = target ("," target)* [","]
target n= tdentifier

"(" [target_list] ")"
"[" [target_list] "1"
attributeref

|

|

|

| subscription
| slicing

|

"x" target

(attributeref, subscription, slicing DHEXIZTDOWTIX 54T RSB L TLZIW, )

RAZBEADV A b (ZHEBE—DKXTH, Ay~ TRULNLAV A MTH KL BREZ XMLz A
WHILTLZEW) 23iL, BohiZhEhDA TV =2 beX—4 v b (target) DU R MIHLTED S
GALRALTOE T,

RKABZBE =7y + (VA L) ORI > THRINIITDODWE T, 2=y "BEEA[RLRA 7V =27 + (BHES
M, BWERIL. FRERATAR) O—HTH 256, ZOLHEARERA 7Y = 7 MIEEITRAZFEITLT, £
DRADERNZBAET D 2 04T L2 AUE e D 8 A, RADRARELRIGEICEBINEFHITTE L dTEE
T BlZrica LA R, EHEXAZH5ME, 204 7Y 27 MIERTEZ ATV T (IZEEORE &

140 % 7 E Bl (simple statement)



The Python Language Reference, 'J!)J—2X 3.12.4

EBELTLEEW).

Z—%"w bR M, AFEMSLAENTHEN TV TD XL, ZRUSHT 37227 FORRAR. UTD k51
HIRCERE IR TWET,

o =7 Y MIRMDER=Fy P 1DOREFTaAry<hfHnTEss 3, ERICHENTHONA TV RHE, 4
727 PREDE—Ty MITRAENRET,

o ZODAth:

— "BEMEOR—Fy beMENG, HIZT ARV RIZB—DOM0R =Ty BX =5y YR I
—ORIEENTVEIGE: £ 7V 7 MEIA T I TLT, PR edbX—F vy MURMDR—F v b
DEED D =D R VEREERZRIINIED FHA, BNZEDOX—7y PEDHIOX =57 v MiT, 4
77 INVDFEHOERIEr O ENMASIhET, BN EDOX -7y PIDRADE -7y M2, 4T
FINDOREDERZPRAZINE T, BNFEZDOX—7 v M2, A 77 7NVDKR-LBEBRDY X FHRA
ENET (VAMETHLHLEVEFA),

— Z3TRWEE: 77927 M3 =7y PR MDR—=Fy b RICBOERZFFOA 77 7L T
BTN ST ERIEISEAMIGT X -5y MRAZNET,

W g—4y FADRE—DF T =7 FORAZ. BFO X512 LTHRINCER SN TWET,
. X—2y MAREIT (%) OBE:

— ZHIPBED - F 78y ZHD global R nonlocal XIZELPNTWARWVIFIUL: HAANIHEED
0 —ANVAHIEBNOA 7Y = 7 MICHIEEINE T,

— Z5TRIFNL: ARk ehezns o — VERTZERIND, nonlocal THRD &AMl D ETZERIA
DA Tzl MBI T,

HRID T TIHEEADE S, HEM (rebind) B I b3, HHREICX > T, LETZ OHRNTH
XN TVWATI 27 bOBBA T Y b (reference count) BERIZR - 256, 7Y =7 NI
(deallocate) X4, 7R+ 727 & (destructor) 2% (FFETIUL) MUH N E T,

o« X—7 v FBEUBROEE: BRI TV L —JEEORMMEFHMI SN, EIZARRERBEEZMHS A
TV FTRITINUIRD FBA; 25 TRIFNR, TypeError DX ENET, K2, ZOF TV =7
MR LT, RAA 7Y = 7 P 2E LBHICRAL T urfiugbE 3, AAZFITTERVY
a. BIst (EHFIE AttributeError T, DATRE DD FVA) ZRHEL T,

TR A7 27 bR 7 52 A4 2A2 2T, RAHEEFOMAENESELH S &, HUXD a.x &
A VARV ADELE (A VARV ADEEPFEELZTNR) 27 ARMOYE512d 7 72 AT AR
MRHDF T, EHADX—7 v b a.x FHEICA VRAXVADEE LTE DY Toh, HERSIFEMRX
NEF, 2oeBh, BNZ2-200D a.x BFACEEZZHT 2 IERD LA GLURE 7 7R EEEZSHR
L. EEH LA AR A @EEeRADE =7y b LTERT S LR X!

7.2. fKXAX (assignment statement) 141
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class Cls:
x =3 # class wvariable
inst = Cls()

inst.x = inst.x + 1 # writes inst.x as 4 leaving Cls.z as 3

ZDZ e, property() TERS N0 AT 4 DX SRBRTAZV FRERIIHLTIE, 3T LDHHTIE
F2LIF R FEA

R —7y PHRRFRILZD: ZREINTV LS —JERDFHES N XS, ZHErS (VAMDXSK) Ia—
RINRY = Y AX T2 v, (HEDEOIR) vv ¥y /4 7Yz bHAELARITIERD £8
Ao RIT, FFRELORT DB SN E T,

—XGED (VAMDEIR) I2a—RTNRY—F Y AA TV 27 b THIR, IRFRLIIERE S 22T
IR D FRA, BEPELRS, O—r Y AORIPMAEINE T, BEIEIERKNIZ, -7 Y AOEX X
D H/NERIFADBIBTHRLTERLT, =7 YR 204 VT 7 AHROERIHRAL 7D 2 7 b
ZRALTIODMWEDESONE T, 4 77 AL 5. IndexError DA I NE T (IRFHE
SN = YRR AZIToTH, VA MNEROHLEBIMNITEREA),

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.

R—=07w FBRATA R 6 ZIREINATVE KBRS T, —XKERXE (VA FD LI %)
22— RINRY =T VRFTI 2 bV EEZRTINERD R A, BRALT TV =7 VIR E DY —
VAFTY 27 PTRINERD FH A, K2, A74ZADTRE ERZRIADPBIVIFHMH SN ET; 7
T ANV MEEZENZN 0 2O —F Y ADREI T, LR TROFHMIBK TRIIIEIRD FEA, 0T
NPDOFEAPARKIZ S, =T Y ADORIPMAEINE T, KIS, HFRIZ 025 —F VY RDOEXE
TRINEZ LMD ZFhFET, RILIC. A4 ZREHRAA TV 27 P TEEBRITIWHLS—r v 2
ATV 27 PCEWEDLEE T, B—F v b —F Y ATHENTVBRD, 254 ROEXFHRAS —
TFUVADRIEEZ>TWTEL, ZOHARER—F Yy’ —Fr VAORIPEEINET,

CPython REDFHHM: BEOFEETE, £—7 v FOMXBERAOMIXEFE L TH 2 L ARINTED, W%
M3 a— FAERT = — XML — X v - 2 ffo THA SN E T,

RADERICLUE, FHEHEADF —N—=F v 73’ [l (simultaneous)’ T3 (flXiF a, b = b, ald=>D
DERE ANEZET) 2, RANRERZELH ES5L OF—N—=F v FTRE,ISHARI D, REDOTTT,
PlziE, U FoFers a3 [0, 21 ZHAOLTLEVWET:

x = [0, 1]

i=0

i, x[i] =1, 2 # 4 1s updated, then z[i] is updated

print(x)

142
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BE

PEP 3132 - Extended Iterable Unpacking
xtarget DIEEFEAE,

7.2.1 EEARAX (augmented assignment statement)

RKERAE, “HERERAXEZHAGDE T 2D LD DTY:

augmented_assignment_stmt = augtarget augop (expression_list | yield expression)

augtarget = identifier | attributeref | subscription | slicing

augop e B e B S e BV B L IS
| me>=r | necst | ng=n | no=n | v

(R0 3 DOMCERICOWTIE 51T 2BLTEX, )

BREMRAE, 2—7 v b (BEORAXEE ST, 7%y 73 IV FEA) ERAV R MEFHEL. Zho
DOMIHETFHTREDRBERARD “IHHEE 2TV, MRE2D DX -7y MIAALET, X—7 v NI~
LMl 2 EE Ao

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.

HEOMRA L ITE N, BERAIIGLAZEHES 2 Al AOZFHHL £ 3, e 2 alil += £(x) 3%7
ali]l ZF#N, £(x) ZFHE L TMEZITV, KERICHRZ ali]l KEHDHTET,

RKERALTITOR AN, ZIAANDRAR, = XHIEBDEZ =5y FHFHET 25 a2RE, @EONRA
EHET LS b g, Ak, BERATITON S ZIHERIZ, HECL->oT AV FL—RRE »MT1bil s
ek BEEO IHEREFEL T,

EBHEZROE -7y VDA VIARBEAVAZVZAREICOVWTOER L RMRICEEORANEH S
£79,
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7.2.2 FRAFETAAX (annotated assignment statements)

FEIR RN, 1 DOXDOPTERRENED Y ) 7—are 7o a v ORAXEZHAEDLERHLDTT:

annotated_assignment_stmt = augtarget ":" expression

["=" (starred_ezpression | yield_exzpression)]

WHED KA (assignment statement) ¥ DEWIX, fRAED 1 DIRESI NG Z 2 T 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 annotation

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

A 2 — I THENTERPF VT WG ER. 204N Z OB R a—STte - 1kdoickh 5, 3R
FHHZEME X T, BB a— A I2BMEI N TR A,

If the right hand side is present, an annotated assignment performs the actual assignment before evaluating
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.

2E

PEP 526 - Syntax for Variable Annotations
(2 7 AZERRA VAR 2R 2 B AT) ZROMERZMT 5, axX > M TRIT 2D TRRWE
DEMIRR,

PEP 484 - Type hints
typing Y 2 —/LZBIL, FENTY —L = IDE T X 287 /) 7— 2 > OREHEN SR T 1R
i3 2R,

N—Y ar 3.8 TEHE: Now annotated assignments allow the same expressions in the right hand side as
regular assignments. Previously, some expressions (like un-parenthesized tuple expressions) caused a syntax

€error.

144 % 7 & Bl (simple statement)
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7.3 assert X

assert &, 70277 AT Ny ZH 7% — a ~ (debugging assertion) &N % 72 OEF 72 51ETT:

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

Hili72 5 assert expression i

if __debug__:
if not expression: raise AssertionError

LEMTT, WERIE assert expressionl, expression2 lX. Zh & FHfiTF

if __debug__:
if not expressionl: raise AssertionError(expression2)

FEEOEMBIfRIZ. __debug__ ¥ AssertionError 3, [ DMHAAALEEZ SR L TWVWS LW HHRD FITHK
D> TWET, FEDRETIX, HAAAZEI __debug__ XBEH DR TIX True TH Y, B ER XN
7eE (A P4 47> ary -0) & False TY, BRDa— FAEREHI. 2 284 VIRICRE(EATER &
NTVB L assert XDIA— FZ2—YIHNLFEA, ETRERLERXOY —R3a—-F2L5—XvE—IYHNICA
NBEZRBEEIDDEFHA; a—RERZ Yy 7 P L —RXARNTERINET,

__debug__ NORARPERRIETT, HAAAEBDMHEZ., 4 > &7V X0HIAT 5 L ITRESNE T,

7.4 pass X

pass_stmt = "pass"

pass [EXVEE (null operation) TF - pass BETEINTH, MDHEZFTHA. pass & HGEIITIED
WETZH, a—Fe LTS FT L RWEED T L — AKX e LTHRATY, #filZ:

def f(arg): pass # a function that does nothing (yet)

class C: pass # a class with no methods (yet)
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7.5 del X

del_stmt = "del" target_list
A 7Y 27+ OHIR (deletion) 1. RADER L IEF I HFETHRVICERINTVET, I TIRERR
FIEERE T, W OO Y P ERRBZICEEDET,
X—7y PYRMIHTBHIBRIE. &2 DX—=7 v FREDI AN NRICHIFINCHIRL 35,

HETOHIBRIE. B —A N FE7d 7 a — LR D S Z DAFTORME LI O REF5, 5 5 DHAHITZEM I,
HEIDBFEIC I —F 72y ZJAD global XTEHEEINTWERESIPIZED ET, HAHIHBREME (unbound) 72
5., NameError A A E N E T,

BUESR, TR, BLURT AL ZOHIBREEIX. MR —REA TV =7 MEINET; 74 ADHI
FRIE—BINIZEYI R DZED R T 4 A2KRAT 2D EEMTT (2. COMKERDBRIA RSN AT 2
FTHREZIRTVET),

N—Ta v 3.2 TEH: DIENE. DALRIBARAA N L0y ZOHBEHYE L TERNLESIE. 0 —HILLRHIZE
M2 5 ZDLHIZHIFRT 2 2 L IERERUMT L2,

7.6 return X

return_stmt = "return" [ezpression_list]

return (3. BIRUERANTHSUENICH A F LTHAE T, 2 A M L7 7 RAEBRNCIIFNEE A,
RVR D256, VA MPMEHEISNE T, ZHLILO5EIX None TEZRZ N ET,
return Zff5 . XV R+ (713 None) ZEDfEHY LT, BAEDREIFOH L2 ST L £3,

return 2 X o T, finally Hiz & D75 try XOMUER G 2N Z &, FEEICEED 5K 502
finally HiDSETEINE T,

VAL —XBEBTIE return XEY =1L —X DD D Z/RL. Stoplteration FIAZEHIEF T, KX
N7fEIZ (HAUZ). StopIteration ZMEKT 25U fEDHAL, StopIteration.value BIHIZLD 7,

FERBY 2L — 2B TE, FIHELD return XWEIHFEAPY =2 L —XD¥EDLD ER L.
StopAsynclteration ZEH S EE T, 51EH D D return I, FEFAMAY = 2L — XM TIIETZ T —
‘f“‘j‘o
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7.7 yield X

yield_stmt = yield_expression

yield SUXERINC yield I Y H U TT, yield XEHWS & yield A TRHELRIEMEZ A S 5 Z e 3 HKF
T BRI, yield X

yield <expr>
yield from <expr>

BT D yield R & E T3

(yield <expr>)

(yield from <expr>)

yield KU generator HEFRZT 5 & X2, ZOKRKANTOAMES Z e R E T, BEBERNT yield 2ff
H$2ZtT, Z20OERIIEE OB TR Y =2 L — BRI 3,

yield OEKRDOTERRHINI. Vield I HiZSWL T L& W,

7.8 raise X

raise_stmt = "raise" [expression ["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.

ZITRINX, raise ZEMOREZ, fINNA 70 =27 b LTEHiL £3, UL, BaseException O 77
FRAERZA VARV ATRINERD $H/A, 7T R85, BIAA VARV ANRREIR L & 7T AT
A VYRR ZLT B e TRONE T,

FIAD B ZFIHA S RBEAD T 5 AT ME FA VAR RAFEDDHDTT,

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:
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[raise Exception("foo occurred").with_traceback(tracebackobj)

The from clause is used for exception chaining: if given, the second expression must be another exception class
or instance. If the second expression is an exception instance, it will be attached to the raised exception
as the __cause__ attribute (which is writable). If the expression is an exception class, the class will be
instantiated and the resulting exception instance will be attached to the raised exception as the __cause__

attribute. If the raised exception is not handled, both exceptions will be printed:

>>> try:
print(1 / 0)
. except Exception as exc:

raise RuntimeError("Something bad happened") from exc

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
print(1 / 0)

ZeroDivisionError: division by zero

The above exception was the direct cause of the following exception:

Traceback (most recent call last):
File "<stdin>", line 4, in <module>
raise RuntimeError("Something bad happened") from exc
RuntimeError: Something bad happened

A similar mechanism works implicitly if a new exception is raised when an exception is already being handled.
An exception may be handled when an ezcept or finally clause, or a with statement, is used. The previous

exception is then attached as the new exception’s __context__ attribute:

>>> try:
print(1 / 0)
. except:

raise RuntimeError ("Something bad happened")

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
print(1 / 0)

ZeroDivisionError: division by zero
During handling of the above exception, another exception occurred:
Traceback (most recent call last):

File "<stdin>", line 4, in <module>

raise RuntimeError("Something bad happened")

(KDR=212%i<)
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(AIDR=I 25 DfE X))

{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

BlAMC B3 2B MERIE G Bcd D 3, £z, FIAVLEICE T 2 1ERE try X EICH D T,
N—=Y 3z 3.3 TEH: None »% raise X from YD Y & L TR 2 X5k D E L7
Added the __suppress_context__ attribute to suppress automatic display of the exception context.

N— 3 ¥ 3.11 TEHE: If the traceback of the active exception is modified in an ezcept clause, a subsequent
raise statement re-raises the exception with the modified traceback. Previously, the exception was re-raised

with the traceback it had when it was caught.

7.9 break X

break_stmt = "break"

break XiF. X2 LT for W—7% while L—7ONRITOAHBT 2B TEFTH, L—THNDOH
BOEFRS T 7 AEROAMNIIHTTE EE A,

break X XEFSHEBNMDONL— TR TIE, —FI2A T a D else HinhHAEEFIIETFNEZAF Y
TLET,

for W—""% break Lo THRT TS, V—THlllX -7y MNIZDOROEZHREEL £3,

break % finally HizfES try XOIMINTUIH 2 THERICIE, L— T ZEBRICHKIT 2F1ICZ D finally Hidd
FITENET,
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7.10 continue X

continue_stmt = "continue"

continue & for N—T7% while —TFHNDHI R M THSGENICDABINE TH, V—THNOBIBIERS Y 7
AEROHPIIIN TR A, continue &, XZH S HH WD — T DR AN IR Z HkiE L %9,

continue B3 finally AlZFioz try X&KkF 2 L &, Z0 finally AIBSRON— T A 7 V24D BHHITHE
TEhEd,

7.11 import X

import_stmt = "import" module ["as" identifier] ("," module ["as" identifier])x*
| "from" relative_module "import" identifier ["as" identifier]
("," tdentifier ["as" identifier])*
| "from" relative_module "import" "(" <dentifier ["as" identifier]
("," identifier ["as" <dentifier])x [","] ")"
| "from" relative_module "import" "*"

module n= (tdentifier ".")* identifier

relative_module "."x module | "."+

(from HiM W) FAD import XiZ 2 DDA T v S THEITSNET:
1. EYa— A2 RMNFHL, RETHIUIE— FLIIHES 2
2. import XWRNDZRA A =T D0 - NVHEIZER THRIZ EET %,

XD (B = TRYIBIR) BEOHiEEATVS L 2iE, B x5 ZOHMMEBD import XIZHEI X izD
X312, 20DA Ty ITHEIZ L IEINCETENE T,

EVa2a-AZRMI. B=FF2 1 D2HORT v TOFMICOVTIE, AV R—F2 AT L OFICEDFLH
PRTVET, ZZTE A VR= b RTLOENWEE W ARXSAXTEDIMEZZ22TD T v 7 DA T T
Bl MARKREEDOA VR—FTERZR F—IVLEI 2 LIZOVWTHIRHEINTVET, ZORT v THEK
T2V LIF, BELLEV 2—ADRAMA»LRVD, HBIWE TP 2 —LilhHba— FOETEED, €
D a—OPHILDBRTIZ S —BREZLDEELPPEETVS Z LIERL T IV,

BERLZEY 2a— LPBEEFIEETERGE. XD 3 2D55D 1 DOFETO—INVLRIEBTHERLZ 2 X512
7D ET:

o BV a—LHDIRIT as DN TWEEIZ, as DEADHARTEERE. 4 VR—FENZEY 2 —2KR
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MLET,

o MDAFDPHEEEINTELT, A VK- PFEINTVEIEY 2 —ADREMDEY 2 - Ao GG, ZDE
TV a—VERAL VR P ENET 2 —AADSRE LT, B— IV AETZEMTHREINE T

e AVE—TINTVREY 2 — PR EMOET 22— THWEES, TV a—L280R LDy 7 —
DM, ZFDRy T —IANDSRE LT, n—DIVARIERTHREINE S, {1 VK- EhizEd 22—
I3, EETRELRL ZL2BHig2HoT7 78 ALRITIRD FBA

from TERTIE® 5D LML FIHEHA L T
1. from BITHESINEY 2 — A2 RAMfFH L, BETHIIe — FLIIEHELT %;
2. import HiTHRE SNz N2 DFAFI1T0f LT O 21T 5 :
1. 4 Y R—=FSNEY 2 —ADZ DM FHOBEZ R > T\ 202 HERET 5

2. ZOHATFHOBEZF o TV ZGER, ZO#ANTFHTY 7EY 2 -1 DA VK-t ZilA,
A VR=PENTLEY 2NV EDBEBEND 20 HEMREST 2

3. BHELRH» 5 0IEEE. ImportError ZiEH T %,

4. BUERRA D 0 553 as HidD 27262 Z04HT, 25 TRV ARLENEAZHE > T, ZOHEAND
SH 0 — ANVARIZERICRIFE RS

f:
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 attr

WHIFOVRIHE (') KEZHEDoTWAHEIE, EYV 2 - L TERIN TV ERHEI N2 TOAHETD
import XWWE R A — 7D — A VERTZEEICHEEX N E T,

EV2— L TERINS [EINFLH 3. TV 2N OKHZEMICHS __all  LWVWILRTIOLEEEZFRS
ZETREZINET; ZOEHDPERINTVARERIE, ZIUIEY 2 — L TERI N0 A VK= b IN4H]
MPoRD, XFHNDY =7 Y ATRIUUIVITERA, __all__ THIEINLLENE. 2 TAHEATWS A
REN, FETHZeHPERINET, __all__ PWERINTVRWVWES, KREINLARTCE £V 210D
HHIZEETRMN P o /ey 7YX —Ra7XF ('_') THESRVETOLHOZI LTI, __all__ 32 TORHM
API ZEBUVRETT, ZHUT API O—ETRVHD (ZDEY 2 —NVTA Y KR=- b TWE 7477
EY2—ARE) B o DAIICRBL TLEDORWDDIAHATT,

A YR=PDT AN RKH—REX — from module import * — &, EYV 2 — VLNV TOHFEINET, 77
ZREBERT DR EM/ES 5% ., SyntaxError BEHEN T,

AVR=FTBEI2—LEHBETSLE, ZOEY 2 —LOffixt% (absolute name) #HET 2 HEEH D F
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VAo BV 2=y r =IOy r —JIZHFENTVEIHE, HED My IRy r—INHZD 0y &r—
CHEART DR MHENA VR FTEZIENTEXT, from DRIIEESNIEY 2=y F =T D
FHICHEBEO Fy 2T 2 28T, EERAMZIEEST 2 2R LICBIED Ay 7 —VERE» 50D kD
AT D ERIEET IR TEE S, LHDO Fy 23 1 DDA, import 2B IZHK > TWBEEY 2 —ILHTF
ETIHED Ny =V % RLET, 3DODKy MI 2 DEDLNLERLET, BRDT, pkg Sy 7 —IOH
DEY 22—/ T from . import mod ZHEITFT S ¥, pkg.mod & 1 > R—bF 52 i2% D £73, pkg.subpkgl
DOHI2 6 from ..subpkg2 import mod %Z¥E{TT % L. pkg.subpkg2.mod A4 ¥ HR— b+ LET, HIA > R—
b DR Package Relative Imports DEIZEEFNTVE T,

EDEY 2= — REINZREPEFHINNCRD 20T TV r—> a v Olzdic, HAAABEE importlib.
import_module() MEHtENTVE 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)
Juture X &, FERDORE D7z LHEREMFHE(L S 7z Python @V VU — X THIFHATREIC/R 5 & 5 MRS BIKAT
JEfoT, FEDEY 2a—NZ2ay XA NEEEHD, T2 81 FITHT 248714 (directive) T,

future IIHIBEHED R WEEN X N/FFRD Python DAN—Y 2 VICEZBIIBITT 2720Db DTS, future X
WK o THIEEEDSIFHEL BV U —RDFNCENEEY 2 — VA THHAT 2 Z L 23R E T,

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

("," feature ["as" <dentifier])* [","] ")"

feature n= tdentifier

future XX, €Y 2 — VOLHEFEICEI R ITNIR D FH A, future XOFNIZEWTIWABRIIMLTTT -

e BEV2—ADRFaRXYT—arLFH ( HIuL)

o ZOMD future 3,
future SC& A 5 HEH B 2 ME—DFXAEIX annotations T3 (PEP 563 2L TLZX W),

future X THMIC T EZ 2 BEEMNREREIEX 5 TH Python 3 &L ET., 2OV X b

{¥ absolute_import, division, generator_stop, generators, unicode_literals, print_function,
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nested_scopes, with_statement T3, ZNOHWEXBLICETHEMIIKR > TWVWT, BABHFMED-DZITIC
BENTWED, TERIZITT,

future 32, 3 2 oSA VRRITR7Z2 R D TRk S ., bk 3 SEEOH L% 2 SRR (construct) (Xt
FTRIREKRMNIPEEIN TV ERHE, ZEFNIVIEUIRERZ - FEERT 2 I TEHIATVET, Hik
BHHEC & T, (B FAEED £ 5 7) HEMEORWHILRBAID ANGNE L XAHD 5, 08
By AVRA FTREY 2 -V Z2HIDOR D h I TS 28R DH 200 LNEEA, 25 Lka— FERICET 2
DB, EITRETHRERXL T2 I TEEE A

INFETOLTDY Y —RZBWT, AV, ZIEEOEREDNERBADEH > TE D, future XITKRHADFERE
BEENTVAESICIEa Yy A AR —2EHR L ET,

future XD EITRIC BT 2 BEFENZEHRMAITIE, import X [EUTT, EHEEI 2 —)L __future__ 2B3HH, Z
OV TRETIRRNE T, __future__ &, future XHEITIN B FRIEHE DFFIET import ENE T,

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

T, MoRRZERIZZVOTHERL T W

[import __future__ [as name] ]

2 future XTWEH D THA; ZOXIIEF D import X TH D, ZDOMORTRZ BERA T o C 72 HIBR X
HYEEA,

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.

WA & TV ED Ty TP TERA TAS LT future Xld. ZOBDA VX FV XEty > a YHRTHENCHK
DET, AVXRTVERE -i AT a v TERBILTEITIRERZV S NEEEL, 227V 7 MIC future X%
ANTBL ., Hirze B3R 27 ) T I FETEINRIICHE T 2Ny > a Y TEMNMCR D 35,

B2E

PEP 236 - Back to the ___ future___
~ future  BEHEOEZR
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7.12 global X

global_stmt = "global" <dentifier ("," identifier)*

global X, BIEDa—F7my 7 2ETHERI SN S ES X TT, global UL, FIZEL @il F% 7m— L2
B LTINS 2 X5ETL2IEZERLE T, global 2T 270 — UVEBUTKRAZITS 2 & IFATRE
TP, HHERZHARZZDOZER 270 — NV THLLEEETICI0— N "AVERESRT 5 e NTEXT,

global XTHIET 240N, RILa— 7oy 7T, 07 I 47F X I global XK DA - TIERD
FH A

global X THNIZET 24HMNE. REIEE LT, £713 with XX ezcept HIDX—7 v b LTERIND,
for DR =%y MY R b, class EF. BEER. import X, BT/ 7—>a YOPRTERINSZD LTk
DEFA,

CPython REODFHM: BEDOHEE T, IN5DHIRD S BEOPIIOVWTIRERI L TWEEAD, Tnr I
LT ZORMENTAREEHTRETEDD FEA, FROFEETIZ, ZoOflRZHEH LD, BRDS 5107
0o LADERMNIZEE LD T LARENRD D £3,

TOJSIDIDHDERR: global 13 —WFIHT 2R (directive) T3 Z DFRAIZ, global & A
WKatAAENTT— FIZH L TOABHINE T, K. HARAAD exec() PAFINICA 5 TS global i,
BEOIUHLEZ FATWS a— 70y JNHIRZKIZT I L3R, ZOXIBXFITEENTVS
a— Rk, BHROMUHLEEa— FNOD global XICHEEZZITEEA. AEDZ A, B eval() B X
O compile() IZHYTITED T,

7.13 nonlocal X

nonlocal_stmt "nonlocal" identifier ("," identifier)*

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.
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BE

PEP 3104 - Access to Names in Outer Scopes
nonlocal XD,

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' identifier [type_params] "=" expression

The type statement declares a type alias, which is an instance of typing.TypeAliasType.

For example, the following statement creates a type alias:

[type Point = tuple[float, float] ]

This code is roughly equivalent to:

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

annotation-def indicates an annotation scope, which behaves mostly like a function, but with several small

differences.

The value of the type alias is evaluated in the annotation scope. It is not evaluated when the type alias
is created, but only when the value is accessed through the type alias’s __value__ attribute (see Lazy

evaluation). This allows the type alias to refer to names that are not yet defined.

Type aliases may be made generic by adding a type parameter list after the name. See Generic type aliases

for more.
type is a soft keyword.

Added in version 3.12.

2E
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PEP 695 - Type Parameter Syntax

Introduced the type statement and syntax for generic classes and functions.
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157

EIGHT

#&X (COMPOUND STATEMENT)

BESUTE, DX (D7 —T) BAD £7; BEE, FIZA 2 TV 2 MOXDETORIENA S DD T
THEZRITLE T, —RINCIZ, BEUIEBATICE Z2hio THINE T, 2E D2 —TIER I Bl E
EHLDHDET,

if « while . BXY for i, EHZHIE 7 0 —RlREER L E T, try IHSMLES X/ 7213 —EHD X
WKCHTBZI7V =07y Fa—FEEELET, ZAUSHL T, with XEa— KO F D OFiRTa— KO
L TP FEITTEL LIICLET, B 77 RERD /2. #HNIZEEX TS,

BWEix, —oL D i (clause) 25%D FF, fild, Ay KL AL — b (suite) BHHEDEF, —DODK
EXEHRTEHOANY XiE, BTRILA VFY FLRAUICBIAET, BHiONy KiF—BHICHNTBZF—7—F
THED., aurTHELIET, A4f =M Bk THIAIZNELDEED T, A4 —ME. AN XD 3
fToanryo&kictIany TRY-> TEPN—DU ORI, £/21E ANy Xk ITT—2ZL AL VYT
FENTXDEED T, BEOEKXDAAS —MIRD, SHLICEEXEZXRAITEET,; LTOXIE, else fi
BELELHD if BB 200 F-oZF D LARWVWREDHEL2STIEIZRD £35:

[if testl: if test2: print(x) ]

Fio, ZOAVFTFRAMTE, £Ian icisME5FEanr X hEnTT, o T, UTOHITIE, print()
DIFPH LIZIZRTEITEINZ 2. RLFE[FENRODPOE S SHTT

{if x <y < z: print(x); print(y); print(z) ]

Feowde, UTDLST72h £73:

compound_stmt 1= 1f_stmt

| while_stmt
| for_stmt
| try_stmt
| with_stmt
|

match_stmt
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funcdef

classdef

|

|

| async_with_stmt
| async_for_stmt
|

async_funcdef

suite = stmt_list NEWLINE | NEWLINE INDENT statement+ DEDENT
statement = stmt_list NEWLINE | compound_stmt
stmt_list = simple_stmt (";" simple_stmt)* [";"]

B, XIZHIZ NEWLINE 2°. Z D12 DEDENT 230 b D TR T LE T, F/ F 7Y a > OGNS T,
XZFIBTERWTHRETHE 2 DT, BIRZIIFEL £¥ Ao (Python T " K56 T2 D (dangling) else’ i
Bk, AAPENZ if XEA VT Y FEIED I TRIRINET),

PUT ofiic B3 2 EMRAI 0GR, IS O7z0ic, BHizhl4 DITICHE L XSICLTVE T,

8.1 if XX

if XX, FMEDIREETT 5 -0IfEbhE S

if_stmt = "if" assignment_exzpression ":" suite
("elif" assignment_expression ":" suite)*
["else" ":" suite]

if Xt Xe—20—OfHliL TWE, HIZRZETHITI T, BIZR-LHDRA — FZFEEIRLET (H: true
1B false DEFRITONWTIE, T—ILEE (boolean operation) HizZ SR L TL 72X W); Rz, #RLZR A — b
ZEITLET (2L T, of XOMOETIZ, FITRiHiiz SNERA) BTORDBBICR o 1GA. else Hidd
HUX, ZORA — I BETINET,

8.2 while X

while &, ROMELETH M. ET2EDETLDIHEDNET:

while_stmt = "while" assignment_exzpression suite

["else" ":" suite]

while IR ZMH VIR UEBIM L, ETHIUIRPDAAL — bEEITLE T, ADBBTHIE (BYID HBIC
BRoTWbZedbdHhZET). else HiNHIHEIIETNEFITL. V=T 2K TLET,
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BAIDAAL — FHNT break XMWEITEINDB L, else HIDAA — b EEITTE2IBLAA-TERTLET,
continue XDWRHID AL — "N TETEINZ L, AL —FHNIZHZEDDXDETERF Yy LT, ROEHFF
fliiCRD £3,

8.3 for X

for Xid, ¥—=Fr YR (XFH ZTNVERIZVAN) R, ZOMOKIEA[RE/L A 7S = 7 b (iterable object) A
DEZIE > TRIGUBLZAT S 7 icfibih g 3

for_stmt = "for" target_list "in" starred_list ":" suite

["else" ":" suite]

starred_list RIZ—ERUFHB SN, FHERRE LT ATITIN A7V 27 F2RITBENRDHDET, 204
TIINDPS ATL—2 Mo ks, £3. 41 7L —X0oARS N2 BHIOERN, @HORARDL—IL
W€ - T target_list ITARAEAL (XA (assignment statement) #iZR), 1 DHD A4 — b (suite) H3ELT
ENET, T, A TL—Z0OEREINIBERIIH LU TRDIEEINET, 4 7L — XD TN TOEEHULM
ENFd L. else HiHd LHIUIFTEIN, N—TUBEDBK T LET,

BHIDAAL — b DHFT break XHETEIN 2L, else HIDAAL — N EETTEI RN —-TEKTLETD,
continue XDWHRHID AL — "N TETEINEE, A4 — T HIRDBZEDDXDE[TERF Yy T LT, ROERD
RS B . T EROBEREDPENE SIS else HIOMMIZED £5,

for V=73 X =7y F VR FADEBADRAZITVWET, THUTED, for L —THHEFD T, ZhLHTOE
ToRARBEHFZEINLET:

for i in range(10):
print (i)
i=25 # this will not affect the for-loop
# because 1 will be overwritten with the next

# index in the range

N=TBPETLTHE =7y b X NADOHFNIHIRZINERAD., £ 7 7 TUHBEDHEICIE. V—TTORA
BRLITORERA, b b fHAAAA range ) 1. BROALLEREMYZR L £3, HlZI1X range(3) = KIE
T520, 1ZLT20DEIKHEREZERLET,

N—=Ya ¥y 311 TEHE: KOV R FORTTRAXY Z7{fE DI (starred elements) ZHEETE 2 K512 D ¥
L7z
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8.4 try X

try )&, O FEeDOIIH LT, IFMLEE L/ 5721327V -7y Fa—-FEEELET:

try_stmt n= tryl_stmt | try2_stmt | try3_stmt
tryl_stmt = "try" ":" sutite
("except" [ezpression ["as" identifier]] ":" suite)+
["else" ":" suite]
["finally" ":" suite]
try2_stmt = "try" ":" suite
("except" "*" expression ["as" <dentifier] ":" suite)+
["else" ":" suitel]
["finally" ":" suite]
try3_stmt = "try" ":" suite
"finally" ":" suite

BRI S 2 Z Do fERE FIS HICH D £3, . raise XA X 2B DERICEET 2 1HHIE. raise
X ficHD £T,

8.4.1 except Hf

The except clause(s) specify one or more exception handlers. When no exception occurs in the ¢ry 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.

FISDE D except HIZD A ULR D o750, HEDI— FE2HS XM, 2L THUHLRAZy 7L
BREHTET, !

except HiDA Y XKIZH 2 A2 EFM T 2 & TWHIHNPRET 2L, TLADNY FIBRIETF vy L EN, #F
T2 BT T B HIA N R T ORBEBED except HIOAMUD 2 — FRMFUHLAX Y 712 L TITVWET
(try XEEBHNERIT LD X S IfibiE ).

MIST % except iSO 5 &, except HiDA AL — FBETEINET, ZDME as F—7— F2¥ except Hi

*LogIshg, Flofist R T 2 X5 7% finally HISEVIEEICOAFIHLRAZ y 7N EDD 5, HLWANC X > T, Hufilsh
kb
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WKHFETHR, ZORTIHEINTVWE X =7y MPSHBRAZTRE T, &2 TD except HIIEITAIREZR 711 v
JEFo TVWRITNIRD FR A, 2OT7Ry ZJORRBIZEET 2 &, @HEE try XREOERD 5 FET 2 i
LET, (ZDZkid. 2R SN 2DHI5NY B IDBFETHINIT L THEEL. ARlDOANY FSAD try Fi
THSDFRE L5 E. MDY PR3 ZDRIN 2L LN EZ2ER LT, )

BISDS as target Zffo TRA Nz T, ZHUI except HIDK DD IZHEEINET, ZhUIB x5, T
Da— K:

except E as N:

foo

M, UTFoa— RIZBREN 2D E5R2bDTT:

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

o T, HIN%E except HILIETBTE 2 X512 2720121, FIOGFNIRAZIRZIFIUIRD FHA, HiIF
DHIEENZDIE, FL—ANy ZRMNEEINB L, FORRY 7 7L — A LERBEEZEAED., ROHTX—JIN
HLBETEDIL—2HNDITXRTCOREREEFEIRETLEI ST,

except HiD A A — FIFEITEINZHENCT, BISD sys EY 2 — LI I E T, except HiIOHTIX, sys.
exception() ZMFUIHTHICK o TZDRICT 78R T2 eDTEET, PIANY FIZILT DL, sys E
T a— VIR E TV 2 HINDED. —DRIDEICRED 3

>>> print(sys.exception())
None
>>> try:
raise TypeError
. except:
print(repr(sys.exception()))
try:
raise ValueError
except:
print (repr(sys.exception()))
print (repr(sys.exception()))

TypeError ()
ValueError ()
TypeError ()
>>> print(sys.exception())

None
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8.4.2 except* i

The except* clause(s) are used for handling ExceptionGroups. The exception type for matching is inter-
preted 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), OSError(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
b e e e == —————= I === === ————————

| 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 expression

cannot contain exception group types, because that would have ambiguous semantics.

It is not possible to mix exzcept and except* in the same try. break, continue and return cannot appear

in an exceptx* clause.
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8.4.3 else £

A7 ardelse fiild, avbu—ra—n try A4 — bEHET FISIEHZNT, return X, continue
X, break XDWITNHEDNETEINRDP o TGEITETENE T, else BITRZFIINI. FANCH S ezcept
T X E | A,

8.4.4 finally

finally i3 25613, " BER OMUEIEE L E T, £7 except Hi® else HizE®D, try HiHITEIN
F5, ZNOOHOFTHADIEE, ZOFHNAPUEI N TORWEEICIE., FlIANI—FRICREEIAE T, R
finally HiIDEITINE T, RESNLHINDDH 5 7285813, finally SIOREBTHEN SN E T, finally i
ThHloBIs B EH SN 2551, RESATWEASNIFLWEIISNDa Yy FHF 2 P LTRESNE T, finally
HiT return X. break X®H 5WE continue XEFEITLGEE. RIESNLASMNIHEINET:

>>> def £(0):
try:
1/0
finally:
return 42
>>> £()
42

finally HiZ T LTV A, 71277 40 61 30MERIIFHATE A,

try..finally XD try AA — FAT return . break . £72IE continue XMWETEIN/EHE. finally i
b, ZOX%CHRFHERPIT EITSNE T,

BEELDIR D EIZRARICFEITSI NI return SUT X o TRED $9°, finally HilIMATFEITSINS /. finally
HITHEITE NI return UIFICHRRICETEIND Z IR D ET:

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

'finally'

N— ar 3.8 TAHE: Python3.8 AATTIE., FE LOMEIZ XD finally HiTO continue SUIFIET L 2,
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8.5 with X

with X, 70y Z70FETE, AV FFAPIR—I YR Lo TERSINIERAY Yy FTT v T T 357D
EbONET (with XEAVTHFALIX—TIv £ ar2ZRLTIEIV), ZHIZED, £<H3
try...ezcept...finally M NEZ =220 T L L TEMICENHAT2 8B TEE T,

with_stmt = "with" ( "(" with_stmt_contents ","? ")" | with_stmt_contents ) ":" suite
with_stmt_contents := with_item ("," with_item)x*
with_item n= ezpression ["as" target]

—D00 7 HZE” RO with XOFTEILLTO X5 T L 3
1. aY7F% A MK (with_item THEZSNLRX) 2T 22T, aV7FA b2 =Y ¥ ZHISL £7,
2. AVFTFAII A=V ¥ D __enter__() XYy FH, BTMHS=dica—RFEhET,
3. AVTFRAMIA—T XD __exit__ () XYy P2, BTMES dicn—FEhixd,
4. AVFTFAIII=IXD __enter__ () XV v FHRMPEINET,

5. with XICX—7 v FBEENTWS, ZRUC __enter () HEORVEIAINE T,

AR

with &, __enter _ () XYV v RPT T =R T LEGEIE __ezit__ () PHEIMEENSZ Z L
EHRALE T, TTDT, bLE—F v PR MORAFRZZ I —BEELLGECE. ZHUZZD
AA = bDOHRTHEALZZT LRI IITDNET, UTORT v 7 7 2L TLZE W0,

6. A4 — bPBETSNE T,

7. aAV7TFAMIE=I%D __exit__ () XYV v RPREINE T, A — DI Lo TR T I /=D
5. ZOFNDOEL H, PL—ZANy TP exit_ OB LTHEINE T, 25 TRINUE 325D
None 5|E» 5 2 5N F T,

A4 =M I DT SN, __exit__ () XY v FHLORDEHH (false) 7 H1E. BIFHFEAT &
NEY, ZORDMEHNE (true) 7251 XFINIIIHI S, FATIE with XDRDX» St E 5

B LZDAA — bFINTRVAIS2OMBTRT L72GE. 20 __exit__ () S ORDHIFEH E N
T, FETRIEAE LK T OREICIS U8 O ED Sk L £ 9,

BIFoa—Fk:

with EXPRESSION as TARGET:
SUITE
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ZAUIR k FE T

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)

BBOEZERHDLE, AV THFAMII=I X IEEBD with XPFAA S SINTZhDXSITEITLET:

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

ZAUIR kT

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

M CHDZ 22X ), HEOa T A 2=V vy 2HEBUTICE > TEL e TEX T, fi:

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

A=Yay 31 THE: W07 A PREFR-PLELE,

N—=Pay 310 TEHE: {fHlTHE Z 8T, XeBEBITIAEILTE IS L5 L,

2E

PEP 343 - "with" X7— kX2 k
Python @ with XDtk T&. BXUKFINFTHHENATHET,
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8.6 match X

Added in version 3.10.

match IR Z =V~ v F U7 %75 HNTHELONLE T, #X:

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

AR

ZOkrYarTiE. —EHIHAFTHENATWABDIE VI FEF—T—R 2L LET,

RE—=2=vF U 7E RR— (case DEAD) L v F U INRDIE (match DBRA) AT LET, & —
Y (HTRE=VEEHLDDB) I vy F U IIMNREDOMEIIIH LT, vy FTEhEILOHEMTOIET, fER
ELTROZEHNEIDET:

o COFHIL b LYy TR (SR —VIRY) - KR E SIRENET),
. 9 F LEEOLHIAORE, BEAAFEHALET,

match & case ¥F—V—FNFI VI +b*Fx—"T—F TI,

BE
e PEP 634 - @& —>~< v F: {1k

e PEP 636 - #iify & —r~vF: Fa—1+ U 7L

8.6.1 HIE

match X DR REEDOTNOMEIIRDEBED T

1. ¥7Y 27 K subject_expr AiHlidh, ¥ 7Y =2 MEXGOLNETS, 7V z7 bApar~x&
LE. BE DL —IL o TR IADPMER SN T T,

2. case_block ADENRX =N LT, 47022 MERS v FIT 20230 %F v 7 LET, v v FK
U1 - KROBRZNL—NMIBRAB L E T, v v F U I7DF v 72k, REZ—CHNOLHETO—E D % ik
FTARTIEIFEINE T, BEERNEEEL - VERZ - OBHICE - TER 272D, BALET, ¥V
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FHRMLI-NE— > ORTRESNI-BFIZ. €ONF—>DT Oy IREITTHEL . match XDET
HERATEZEHTEET,

AR

NRE=V=2 o FPEEE LTRBRL TS, ZOHICEENZ T T RE— VDT 2A[REEDNH D F
T, KL~y FORETA2HAFKBERHEE L72a—FEEIPRVI S IZKEDT T IV, #
12, Y FRRMLUH e TEROENRZED > TWRWVWE WS DBEITRICLEWVWTL ZE WV, EEY S
WHIRZFENTHR 2 001d Python OFEEKFTH D, FEMTERLIATEMDIH D £3, BLIREEN
RE(LZITR S &5 BHIICEEKFL LTVWETD,

3. REX =V L7256, ZEOT— 2 (L) dHlichEz s, ZOEHE. RX—YRNOLHINT
NTHBIN TV I EEIFINTVET,

o H— FOFHUMEDLETH 20, b LAIEH— FHR2IFHUX, case_block ND block BETINF T,
o ZIHTHRIFIIUL, XD case_block N L THU LI OUENEITINE T,

o ZHLLE case block D3TEE LR WESIX, match XHETLET,

AR

FARNC, match XD RE— U DEFHEEN 2 L WO HIHETaA— F2HEIRNETRDHY EFEA, A ¥ EX—TV X
DEEC L > TiE, FRZF v v 2T REDRE(LZITV, FHliZ 2 * Y 7T 2a[REMEDL D D L5

fHHi 72 match XD

>>> flag = False
>>> match (100, 200):
case (100, 300): # Mismatch: 200 != 300
print('Case 1')
case (100, 200) if flag: # Successful match, but guard fails
print('Case 2')
case (100, y): # Matches and binds y to 200
print(f'Case 3, y: {y}')
case _: # Pattern not attempted

print('Case 4, I match anything!')

Case 3, y: 200

ZOfITIE, if flag BH—FTT, H— ROV TIERDEL 7 > 2 Y EBBLTL XV,
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8.6.2 H—F

guard = "if" named_expression

guard (case —HfE& LTHND) BFINLTIELHT, ZD case 7Ry 7D aA— FHRETENAE T, F— i
if DRICHKZE LI TRELSINET,

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

1. case 7Ry VDX =V DBEINTE20EID0%F v 7T 5, RMLIEGEIX, guard FFHEiZ 3. X
D case 7Ry 7 DF x v 7z,

2. RR =PI L 725E13. guard OFHliDMTHONE T,
o guard SRIFOFHIENETH 255G, B%HD case 70 v 7 HPERINF T,
o guard &FOFHBENABDEL G, ZED case 71 v ZIHERSNFE Ao
o guard OFMIEFHICHISDEL X N5HEE. 20 AZD EFEH ST T,

H—FREXTH27-9, BIFAZEZTZ D TEE T, H— FOFME, BHID case 71 v 7 BlHIZ, <
R — PR Tz case 70y ZIEME L DD, —2I0iHliZ R FUIVIT EEA (0F D, H— FOFHfiX
EPNTOVRIEFRTIEITINIDELR DD E£F), F/z. case 70 v VBRI NKFR T, H— FOFHlliE £
DI EfToTEWT ERA.

8.6.3 WmBAHEELT—XT7Ov Y

MRAREE Ry — ATy 7 2iE, ATy FTEH75r—RA70 vy 7D LTS, match XDOHF T, FREEAA]
iy —270y 73HmAK—2F T, POREBIMNBTZHENDD T5,

® B

T—2A70y 7R AETH 272012, H— P27 RNE—UDEHBAAETH 20 EBH D T3, 3
R— VDGR RIRE T H 572 DI1213. ZDOE LOMED A 6. ZRDBHEITHINT 5 Z L HHEAT 2 2 682D
DET, MBTARERAAZ—VIEUTDOIIRDDATT:

o KD HBAFRETH 2 AS INZ—>

e BENBZRR—VDI>BPRL H—DOHMBAARETH S OR NEZ—>
o FYTFYNE—Y

o« TAIRA—RNEZ—>

o FMTEDNT, FBAATREZR SR —
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8.6.4 NZ—>

AR
Dt r Y arTlE, @EDO EBNF ##8E L SCELEREHL X9,
e SEP.RULE+ ¥\ 3K:illX RULE (SEP RULE)* DOWE T3,

o IRULE ZBEELHXADELEEZRLE T,

patterns @ kv FL AL DML FOED TT:

patterns n= 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

MUTOFHATIEAN DR T EDRD, RE =V ORIV ZHBEICEVWRLGAOHHE HHHIZES &1 0%
CEVWTVWET (ZDI1Zr ALE. Raymond Hettinger KD FF 2 X ¥ MIEELZIITODDTT ), 72720,
CHEHL FTHBEZYNT 570D THD, NEHNLELZLTLORMLZHDTE HOFEA . T #H
AIRER TR TONRR— U ELZHEL TV A2 DI TIEH D E¥ A,

OR NZ—Y

OR & —id, #itf | TRUILNEHD X -6k D 5, M

or_pattern = "|".closed_pattern+

RERDY 782 — DAL SEAEE THo TRVWIEHA, $h, BIRZXEED 2D, B3 788 — VB3R
T H2H4HOMAGDEIE. TRTHELCTHILENDHD 7,

OR K& =T, ¥ 7Y =2 MEIH L TIAIZEY 7 RE -0 Dy F Y IPThbNE T, v~y FRRINT L L
ZITHRTL., 2O OR RE—=V@3EI L7z BRENET, —F, L0 TRE—VHHILRFHI. 20D
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OR RRX—iFEM Lz iz £5,

fHEIICES5 8. P1L | P2 | ... EWVWHIRKX—2IFPL By FLES L, s hiEr2 2RALET, WTh
MDRE—=VP v FRRNTIUIE S IR b, FhDANDOHERRKE 2D F5,

AS NZ—>

AS RE—=2FH TV =2l MEIH LT, as F—7—FOLEMIZHZ OR E—V2~vy FESEET, HX:

as_pattern = or_pattern "as" capture_pattern

OR REZ =R TIX, TD AS RZ—=V3KRRERDET, BT 727 MEDd as F—U—F
DEOAFNIHFEMEX A, ZD AS X =22 D £3, capture_pattern £ LT _ ZIEET S I kX
TEX XA

fiHICE S . P as NAME 13 P 2~ v F S8, B LSHGEIC NAME = <subject> ORAZITVWET,

DFIIN2—>

VT IR —=F, —H#%ZFR< Python @ UTZIL IZHIGL 35, #:

literal_pattern = signed_number
signed_number "+" NUMBER
signed_number "-" NUMBER

strings

|

|

|

| "None"
| "True"

| "False"

| signed_number: NUMBER | "-" NUMBER

strings £\ 5 /L—JL ¥ NUMBER &\ 5 +—2 & Python DI EMRER TERSINTVWET, 7 +— 3 DOTH
DT FHNR raw XFH, raw NA bHIBERATIEET T, f-strings IXEATE A

signed_number '+' NUMBER ¢ signed_number '-' NUMBER &\ S5 HiS0id EZRHM 2 RHT 270D bDT
T 2D, NI ER. GRNCIEEREECBENHD £F, fil: 3 + 45,

fli#i2E 5 &, LITERAL | <subject> == LITERAL TH 3 L EDAKN T E X —2TF, YN MU TH
% None ¥ True . False i is BT 2o TNz T,

170 % 8 Z #£83 (compound statement)



The Python Language Reference, 'J!)J—2X 3.12.4

FvTFvNEZ—>

FX I F e RR—VE BTV MAZAENTRE L 23, #C

capture_pattern = !'_' NAME

TUR—=Z2AT7—XFD _FF A TF R TEBDERA (1 BRLTVEIDIIDOEKMETT) &
wildcard_pattern ¥ L THRbHLNET,

NRRE—V—DDHT, —DODELHFNE—ELIrEEITZ N TEEHA, HlIZIE case x, x: ... EEEWT
Fh, case [x] | x: ... WIELWTT,

F ¥ T F v RV REIEN LT WS NAAETO R a— 713, PEP 572 THAL S W RAREE T O 2
I—=FN—VEeFIUTT, TH8OHB. Y TIED global X » nonlocal XHBRWERD ., ZDRAEMD A a—
7. %% D match XEELHRD ARIOREEE 2D 9,

fHHICE 5 &, NAME 3H ISR L, NAME = <subject> DRADTONE T,

TAILEA—RNEZ—>

DAL K I — RRE— S FEIH (S LTd~v v F35) L, ZHORMEILEEA. B

wildcard_pattern ::=

_E RE=VOFRTHEHAINZZGEEEXEC Y I EE—T—F T, LHL, RZX—VOFTHRWVWEFEY 7 b
F—U—FTEHHFERA, X2V 7Pz PR guard | case 7Ry Z7OHTH, BHEOEBE LD 5,

fHEIICS S 2. _ W 3HEICHBh L 7,

BENEZ—>

fli &% — 1% Python THEOMNIFSNEZRL T, M

value_pattern := attr
attr = name_or_attr "." NAME
name_or_attr = attr | NAME

Ry F230W7 Z D4RTIE. Python D ZEIERIL—IL ITX > TRRIRENE T, DR —2iF, RS Hh
FAERY 7 27 MEEHE LW (EEE T == 18O ) e 2fhe b 9,
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ffifi1CE 5 ¥, NAME1.NAME2 | <subject> == NAME1.NAME2 T» 2 & ZDAHIHL X5,

AR
—2® match XTHUEMSEREIHE T 2HEG1E. 4 VX2 —TV XBRANHERENEE2F v v 2L,

ZHIERZME ST e R EEZEANHAT3AEEERIDD T, ZOF v v ald, ZD match XDZFD
EIiT—moOEEZ T THEMHEINE T,

TIN—=TNa—>

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—Y

A sequence pattern contains several subpatterns to be matched against sequence elements. The syntax is

similar to the unpacking of a list or tuple.

sequence_pattern n= "[" [maybe_sequence_pattern] "]1"

I u(u [open_seq'u,ence_pattern] ||)||

open_sequence_pattern n= maybe_star_pattern "," [maybe_sequence_pattern]
maybe_sequence_pattern = ",".maybe_star_patternt ","7?
maybe_star_pattern = star_pattern | pattern

star_pattern = "x" (capture_pattern | wildcard_pattern)

There is no difference if parentheses or square brackets are used for sequence patterns (i.e. (...) vs [...]

).

AR
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.
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If no star subpattern is present, the sequence pattern is a fixed-length sequence pattern; otherwise it is a

variable-length sequence pattern.
The following is the logical flow for matching a sequence pattern against a subject value:
1. If the subject value is not a sequence*?, the sequence pattern fails.
2. If the subject value is an instance of str, bytes or bytearray the sequence pattern fails.
3. The subsequent steps depend on whether the sequence pattern is fixed or variable-length.
If the sequence pattern is fixed-length:

1. If the length of the subject sequence is not equal to the number of subpatterns, the sequence

pattern fails

2. Subpatterns in the sequence pattern are matched to their corresponding items in the subject
sequence from left to right. Matching stops as soon as a subpattern fails. If all subpatterns

succeed in matching their corresponding item, the sequence pattern succeeds.
Otherwise, if the sequence pattern is variable-length:

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.

*2 In pattern matching, a sequence is defined as one of the following:
e collections.abc.Sequence 2K L7227 7 X,
e collections.abc.Sequence & L CH#xE N7z 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

AR

Subject values of type str, bytes, and bytearray do not match sequence patterns.
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4. Remaining non-star subpatterns are matched to their corresponding subject items, as for a

fixed-length sequence.

R
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 VA% F v T3
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)

o ... and so on for the corresponding pattern/element.

RyEYINE—>

A mapping pattern contains one or more key-value patterns. The syntax is similar to the construction of a

dictionary. Syntax:

mapping_pattern n= "{" [items_pattern] "}"
items_pattern n= ",".key_value_pattern+ ","7
key_value_pattern n= (literal_pattern | value_pattern) ":" pattern

| double_star_pattern

double_star_pattern := "xx" 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.

*3 In pattern matching, a mapping is defined as one of the following:
e a class that inherits from collections.abc.Mapping

. o Puthon class that has | tored ooty be Maoni
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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.

AR
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 ¥V I/ EFrv T 5
e KEY1 in <subject>
e P1 X <subject>[KEY1] IT~¥ v F T 3

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

DSANER—>

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 n= ",".keyword_patternt
keyword_pattern = NAME "=" pattern

The same keyword should not be repeated in class patterns.
The following is the logical flow for matching a class pattern against a subject value:
1. If name_or_attr is not an instance of the builtin type , raise TypeError.

2. If the subject value is not an instance of name_or_attr (tested via isinstance()), the class pattern

e a builtin class that has its (CPython) Py_TPFLAGS_MAPPING bit set
e a class that inherits from any of the above

- tard 1l ] ) : ) T .
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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.

e If this raises an exception other than AttributeError, the exception bubbles up.

o If this raises AttributeError, the class pattern has failed.

o Else, the subpattern associated with the keyword pattern is matched against the subject’s attribute

value. If this fails, the class pattern fails; if this succeeds, the match proceeds to the next keyword.
II. If all keyword patterns succeed, the class pattern succeeds.

If any positional patterns are present, they are converted to keyword patterns using the

__match_args__ attribute on the class name_or_attr before matching:
I. The equivalent of getattr(cls, "__match_args__", ()) is called.
o If this raises an exception, the exception bubbles up.
o If the returned value is not a tuple, the conversion fails and TypeError is raised.

o If there are more positional patterns than len(cls.__match_args__), TypeError is raised.

e Otherwise, positional pattern i is converted to a keyword pattern using __match_args__[i]

as the keyword. __match_args__[i] must be a string; if not TypeError is raised.

o If there are duplicate keywords, TypeError is raised.

2E
PZANE—IvFDOMUBEFIBDHRAZIAX
[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
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e bytes

e dict

e float

o frozenset
e int

e list

e set

e sStr

o tuple

These classes accept a single positional argument, and the pattern there is matched against the whole

object rather than an attribute. For example int (0|1) matches the value 0, but not the value 0.0.
In simple terms CLS(P1, attr=P2) matches only if the following happens:
o isinstance(<subject>, CLS)
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 X~V v FT 5

o ... and so on for the corresponding keyword argument/pattern pair.

o PEP 634 - #hE X —>~< v F: Lk

e PEP 636 - #iify & —>~<yvF: Fa -1+ 7L
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8.7 BY¥ES

BIBUEFRIE, 12—V ERBA 7Y =7 P2 ERL FT (IREEDOME HSMHK):

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

decorators = decorator+

decorator n= "@" assignment_expression NEWLINE

parameter_list n= defparameter ("," defparameter)* "," "/" ["," [parameter_list_no_posc

| parameter_list_no_posonly

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

parameter_list_starargs n= "x" [parameter] ("," defparameter)* ["," ["*x" parameter [","]]]

| [[poenal} para’mete,,, [u,u]

parameter n= identifier [":" expression]
defparameter n= parameter ["=" expression]
funcname = tdentifier

BIRCERIIFATAIRER TS, BIRCEREZFTT 5 &, BEDO 0 — A R AEI MW TR 2B A 7o =7 b
(BABDFATAIRE — F 2 207 v =) IKHIEL X5, ZOMEBCE 7Y =27 Mcid, BB H S B
Ebn s 7o — OV HEIZER e LT, BIED 70— OV RAFEIZEHEANOSRBA > TWE T,

BIRCE BB AR AT L $ 8 A BIBARREGBEEO MO S RcoaEfTInEF, ™

BRGERIZ oMU LD 7aL—42 XTIy 7 TExd, 7aL 23K ERT L &, BIERDOA-T
Wi Ra—7FTeHlidh g s, ZORRIE. A 7Y =7 b 2l—058uce 2R LATREA 7 = 7 R Tk
TAUIED FE A, BBA 7Y 227 OO DI, BENELEBHICRBENE T, BHOTar—xiEx X
FLTHEHZNE T, Bl UToLS5ka—F:

oef1(arg)
@f2
def func(): pass

1Z. P00k Eiicd

def func(): pass
func = f1(arg) (£2(func))

72720, BiEDa— FTITLA DB %E func & WS HZAIN—RIICHRE T2 Z 2 idhwn, 2WnWH 2 ZA%2[kRE
%9,

*4 A string literal appearing as the first statement in the function body is transformed into the function’s __doc__ attribute

and therefore the function’s docstring
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N—Y a ¥ 3.9 TZHE: Functions may be decorated with any valid assignment_ezpression. Previously,

the grammar was much more restrictive; see PEP 614 for details.

A list of type parameters may be given in square brackets between the function’s name and the opening
parenthesis for its parameter list. This indicates to static type checkers that the function is generic. At
runtime, the type parameters can be retrieved from the function’s __type_params__ attribute. See Generic

functions for more.
N— a3 3.12 TZH: Type parameter lists are new in Python 3.12.

1 DL ED REIE 25 parameter = expression DFEEM-> TWAH & &, B ” 77 4V bEIBUE” 2Ho 5
WET, 7740 MEZFORGIETIE, FEOH LRI ZASHIB T 2 518 IFERTE. 20583 MKE 180
T 7 a0V MEBEDNE T, DETIEDT 7 4V MEZRFE o TWAHA. ZHLRE " B TL 2 To51EU
ETT 740V MiAZRFi o TORITNUIRD FEA - THUEHEER TR RIS N TOROWEXIHIR T3,

T7 4 I RERBEBERBNRITINZ L SICEDNSBATHEINE T, Zhud. 77 40 b5 EBoR IR
ERIND L JWCRE—ELFFHEEN, AL " HEEALAD” EHAFCH LOTIHHENS Z e ZEKL ¥
T ZOMRREZHEL THBL ZERIC, 774V MEIBEB YA MNRHEDEIRI 2 —XTINVRA T2 b
TH2eZWCHETT: BB oA 7Y =27 M 2ZHE (FIZEY R MCEREZEMN) §58. ZOF 740 bl
PP EEORELZZITLELET, —Bicid, ZhEERLARVEETS, 20 X5 REELZELT 2121E. 7
7 4L MEE LT None Zffiv, Z DEZEEAAOHTIHRINCT A LTS, BIZIEUTOXSICLET:

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

return penguin

BEEE O U D BRI T 2300, MO L (call) BiTHRRSATWE T, BEHIFCHLZITS &, 85
XZ YR MIEREINIETDNT XX, MBI ¥—T7—=F 58 77 4L MEDWT o0 HEBMRA X
NFET, "*identifier” EADBFET L., RoLITRTOMESIBEZ TN 7T2X It EnEgd, Z
DT 7 )V MEIZZED X FIVTF, "**xidentifier” WRANFEETIUI., RoITRTOF—7— F5lEz2)
WoEFMED~y ¥y 7477 MHIbEhE S, 2077 4V MARFR CBOZEDO~y ¥ 7F T
Yz FTT, "*” R "*identifier” DHBED T X X EF— T — FEARIX—XT, F—U—F5[5ck->T
DAHAESNE T, /7 DHID T A XN BEHEH S X —2T, MEFBICE > TOAEINE T,

N— ar 3.8 TZH: The / function parameter syntax may be used to indicate positional-only parameters.
See PEP 570 for details.

FIEONTIE. FIE A IITHIT T 7 expression” JTERD 7/ 7—23 Y 2o Ed, *xidentifier X
*xidentifier XX TH, IRTOFIBET /7 —raryeoFohxd, MR, 518V X ok
IZ "-> expression” XA D "return” 7/ 77— arvEDOILNET, ZhoDT7/ T—yavii, EEOH
%h7% Python ORDBMER T, 7/ 7> avhdboTh, BROBRRIZLDD ¥A, 7/ 7Y avYOff
X, BABA 7Y =22 D __annotations__ BHD., 518K EF—r T EHE LTELNE T, __future__ D
annotations 4 Y AR— b+ EMFi-BHE. 7/ T— a VEFEFRIEFY e LCEFXN, Z4uz X b
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DEIEDFREICR > TWVWE T, ZITRWEAWE., 7/ 77— a VIZBHERN FETEIN - 2N E T,
IDFr—ATX, 7/ 7—Ya vV —Ra—RZEN-DLIZESIEFTIHMXN2 2 ehH D 27,

KERFCEH T 2 72012, AR (BRTCHBX A TORVER) 2ERT2 2 dTEET, U3 SL4
(lambda) OEITRMEINT WS T AXREMENE T, 72 XA L XN BEEBEROEIERIICHE RN Z
CIFERLTL IV Vdef” XTERSINIEKD 7 XA TEREINLBEED X512, 518 LTEERED,
HDOLANZEN D B TE e TEET, BHRORE 7 /) 7—2 a UPFEFTEZDT, "def” RO A L D iih
T,

TOTIIADXAE: BEEBE A TP =2 P TF, BBERNTETEINL "def” E, IRDERTIEE L
THEEZ -2V EERL T, X b LEBBATHEDN S BHZKIE, def 2EATVW KOO —H1
ZRICT 72 RATEE T, sbillld BEi DV ERE (naming and binding) BizZR L TLZE W,

BE
PEP 3107 - Function Annotations B
M7 5—3 a vy DO REE,
PEP 484 - B>} 7

JT—a DR ERMITHEE e b DESE,

PEP 526 - Syntax for Variable Annotations

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

PEP 563 - 7/ 7—< 3 > OEE ES
TRIC Y 7 77— a Y 2 EGEHES 2 D TR XTI TR T2 281tk 7/ 7—>a >
BIBHIGBRDY R — b

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

8.8 VS AER

U5 RERIE. Y IRAA TV s N RBELET (BEROKE HSH):

classdef n= [decorators] "class" classname [type_params] [inheritance]l ":" suite
inheritance = "(" [argument_list] ")"
classname = tdentifier

2 I AERIIEITATRER LT, #RY X M3@H, K7 7RV A 25257 (LD@ERfEVHTIR X270
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S22 ZBELTLEEV), TF2S, VR POZNZHOEEOFIEZY 727 7 2LLTHRWT T ATHEN
ETE, RV R PORVY TR, F7 4L FT, HEY 5 R object BHET 20D T

class Foo:

pass

. T eRFETT

class Foo(object):

pass

RIZT T ADARA — "W, Wl BRETT7V— o (BRIDTERE (naming and binding) 22 L TLZEW) N
T, HilfEonzn — I AAEIZEE L T4 D70 — OVAFTZEREZ o TIITINET (BH. DAL — R
BEICHBERNEENE T ), 7 ITADAA = MHETLKZZ . FT7 L —2R3EEINETTH, n—AL
RARZERIIRIFINE T, RS, MR R P REES 7R, RMES N a — A V4RI % B R,
ENFIEOTI FAFTI 27 PHPERINE T, RIRIC, DL OB —WILAFIZEMICBWT, 77 RABID
PIRFTY = MITHEENET,

7 IARKCTRERENERSINLIEFEIHFLVS 72D __dict__ IWRFINE T, CONEIHIFTE 2D,
77 AMMEL NI ERDPDOERB L Mo TERSINILI FRATH I L ZDATT,

77 AEIE, A2T T ZHMALTKRIBICARAZ< A XTEXT,

B 7L — b F20LRAL LS. 252D FAL— M5 EHHKTT,

0f1(arg)
ef2

class Foo: pass

. VW 0nWRE EMTY

class Foo: pass
Foo = f1(arg) (£2(Foo0))

7alL —XROFHIRANIEER T2 L —Z LR U TY, fRiE7 7 ABICHMESTT,

N—=Ta ¥ 3.9 TEE: 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—Ya Y 3.12 TZH: Type parameter lists are new in Python 3.12.

5 25 2DKEDOBEHDONL e LTHONSZ XTI 70, ZOAMZEMD __doc__ BHREERD, ZOI/IFAD RFaXVTF—o3
IR I N ET
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TOUSIDHDER: 77 RAEBNTERSINLLERIIZ SABETH Y, £2TOAL Y ARV AMTHEI N
F9, A VAR ZAEMIF. AV Y FOHT self.name = value ¥ T B3I CHRETEET, 77 2ABESHA
VARV AEMD "self .name” R T7 /LA TE, ZOXRLTTZ7LALLL &, 4 Y RX Y AF/BEEFAAD
77 ABUEEREMLET, 77 RBEMHEE. A VARV RABEDOT 7 4L MEE LTERAETH, 22183 a—%7
NRMEZES & PR RRERICORAD £, 8T 25 &, FElREENRR D4 VAR AT
E= 2

BE
PEP 3115 - Metaclasses in Python 3000 X
R TADEERBUED L. XX FANED T FABLED X 5 ITHEIN L0 DREKREZZLE L
T RR
PEP 3129 - 3273L—% 7
FJATAL—XZBMULERSE, BT aL -4 XYy F7alL—2% PEP 318 TEAINE
Lo

8.9 JI—F>

Added in version 3.5.

8.9.1 JIL—FUEHER

async_funcdef = [decorators] "async" "def" funcname "(" [parameter_list] ")"

["->" expression] ":" suite

Python TETLTWS 2L —F V3% DR R T—RHEIE L BN TE LT (coroutine ZBM)o await ;NTH
% async for ¥ async with &N —F VEABOARKTLIHEZ A

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

or async keywords.
L—F YEBDOREDOH T yield from XN ZEMH T % & SyntaxError 14D ¥,

a )L —F B OH:

async def func(paraml, param?2):
do_stuff ()

await some_coroutine()
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N—a v 3.7 TAHE: 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

_ XYy FTIEFAAL o — R EZFATAIRER. asynchronous iterator %
EHERS __aiter__ XV v FEEHLTOVE T,

asynchronous iterable ¥, % ® __anext_

async for I Ko CIHFEARA T TN ZHHIZA T —2arF 2 TEET,

BIFoa— Kk

async for TARGET in ITER:
SUITE

else:
SUITE2

IR LT & T3

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

iter

iter

running = True

while running:
try:
TARGET = await type(iter).__anext__(iter)
except StopAsyncIlteration:
running = False
else:
SUITE
else:
SUITE2

FENE  aditer (O __anext_ () BBHEL TV,

an—F VBEBOREKDIT async for X2HHT % & SyntaxError 12720 $7,
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8.9.3 async with X

async_with_stmt = "async" with_stmt

asynchronous context manager V&, enter XY v R¥ exit XV v RNETEITZ —F{EILTE % context
manager T3,

MToa— K

async with EXPRESSION as TARGET:
SUITE

ZAUIR & T T

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)

HHE  aenter (O % __aexit () BBIRLTLEX W,

N —F VEBODOAREDIHT async with XZ2MHF % & SyntaxError 124D %3,

2E

PEP 492 - async #XH &V await BXXHFETOIIL—F > a
JL—F % Python DF L bMHITE LIERICL, P R— M3 MR BIL 2185,
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8.10 Type parameter lists

Added in version 3.12.

type_params = "[" type_param ("," type_param)* "]1"
type_param n= typevar | typevartuple | paramspec
typevar n=  didentifier (":" expression)?
typevartuple = "x" jdentifier

paramspec = "xx" qdentifier

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

def max[T] (args: 1list[T]) -> T:

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

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

def add(self, arg: T) -> None:

type 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 parameters.
Type parameters come in three kinds:

e typing.TypeVar, introduced by a plain name (e.g., T). Semantically, this represents a single type to
a type checker.

e typing.TypeVarTuple, introduced by a name prefixed with a single asterisk (e.g., *Ts). Semantically,

8.10. Type parameter lists 185




The Python Language Reference, 'J1)—2X 3.12.4

this stands for a tuple of any number of types.

e typing.ParamSpec, introduced by a name prefixed with two asterisks (e.g., **P). Semantically, this

stands for the parameters of a callable.

typing.TypeVar declarations can define bounds and constraints with a colon (:) followed by an expression.
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.

The following example indicates the full set of allowed type parameter declarations:

def overly_generic[
SimpleTypeVar,
TypeVarWithBound: int,
TypeVarWithConstraints: (str, bytes),
*SimpleTypeVarTuple,
**SimpleParamSpec,

1<
a: SimpleTypeVar,
b: TypeVarWithBound,
c: Callable[SimpleParamSpec, TypeVarWithConstraints],
*d: SimpleTypeVarTuple,

8.10.1 Generic functions

Generic functions are declared as follows:

[def func[T] (arg: T): ... ]

This syntax is equivalent to:

annotation-def TYPE_PARAMS_OF_func():
T = typing.TypeVar("T")
def func(arg: T):
(RDR=1ZHi L)
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(RID_R— 7 5 D %)
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(*xargs: *Ts, arg: Callable[P, T] = DEFAULT_OF_arg):

func.__type_params__ = (T, Ts, P)

return func
func = decorator (TYPE_PARAMS_OF_func())

The capitalized names like DEFAULT_OF_arg are not actually bound at runtime.

8.10. Type parameter lists 187




The Python Language Reference, 'J1)—2X 3.12.4

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):

ZAUIR b FEfT T

annotation-def TYPE_PARAMS_OF_Bag():
T = typing.TypeVar("T")
class Bag(Base[T], typing.Generic[T], arg=T):
__type_params__ = (T,)

return Bag
Bag = decorator (TYPE_PARAMS_OF_Bag())

8.10.3 Generic type aliases

The type statement can also be used to create a generic type alias:

{type ListOrSet[T] = 1list[T] | set[T]

Except for the lazy evaluation of the value, this is equivalent to:
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annotation-def TYPE_PARAMS_OF _ListOrSet():
T = typing.TypeVar("T")

annotation-def VALUE_OF_ListOrSet():
return 1list[T] | set[T]
# In reality, the wvalue 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.

i:1p=3
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9.2 771ILAS
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file_input = (NEWLINE | statement)*
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o BV 2 NVEMRNIT S L &,

o exec() TEINIXXFHNEMEXEN T 5L X,

9.3 XFEHAN
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interactive_input = [stmt_1ist] NEWLINE | compound_stmt NEWLINE

MEEE— FTE (Fy TLRLO) HEXDREBICZEATZ AL TRRLRVWI EIHERLTIEEW; ZTh
. HEXOKIEE =PI T 27D DF00 D & L TRETT,

9.4 IXAH

HKANIZIE eval O DD E T, ZHIREEHOEHZEMAL £3. eval O IZHF 23755 8, UT DK
ZEHIRITIIIED FEA:

eval_input = expression_list NEWLINEx*
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# PEG grammar for Python

START OF THE GRAMMAR

General grammatical elements and Tules:

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 specialized syntax errors

These rules are NOT used in the first pass of the parser.

Only <f the first pass fatls 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 genmeric failure of the first pass will be used (this avoids
reporting incorrect locations due to the invalid rules).

The order of the alternatives involving invalid Tules matter

(like any rule in PEG).

Grammar Syntaz (see PEP 617 for more information):
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rule_name: expression
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(FMDR—I 5 DT E)
Optionally, a type can be included right after the rule name, which
specifies the return type of the C or Python function corresponding to the
rule:
rule_name[return_type] : expression
If the return type is omitted, then a void * is returned in C and an Any in
Python.
el e2
Match el, thenm match e2.
el | e2
Match el or eZ2.
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.e+
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 comsuming any input.

Commit to the current alternative, even if it fails to parse.

FHOFH R OB R OB OHE R R R OHE OH W OH W OW oW oW oW oW oW OB oW OB OB OE R EE R EE KR

# STARTING RULES

file: [statements] ENDMARKER

interactive: statement_newline

eval: expressions NEWLINE*x ENDMARKER

func_type: '(' [type_expressions] ')' '->' expression NEWLINE* ENDMARKER

# GENERAL STATEMENTS
#

statements: statement+

(RDR— D18 )
194 £ 10 E TeHXELR




The Python Language Reference, 'J!)J—2X 3.12.4

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:

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 ]

(AIDR=I 5 DREE)

(RDR=21HiL)
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(AIDR=I 25 DfE X))
| ('(' 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:
| V=

| 1-=
| tx=
| 'e='
[ /=
[ %=
[ '&="
| o=
| o=t
[ <<=
[ '>>=
|

|

Ugok="!

I//=l

return_stmt:

| 'return' [star_expressions]

raise_stmt:
| 'raise' expression ['from' expression ]
| 'raise'

global_stmt: 'global' ','.NAME+

nonlocal_stmt: 'monlocal' ','.NAME+

del_stmt:
| 'del' del_targets &(';' | NEWLINE)

yield_stmt: yield_expr
assert_stmt: 'assert' expression [',' expression ]
import_stmt:

| import_name

| import_from

# Import statements

(KDR=D12Hi)
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(AIDR=I 5 DREE)

import_name: 'import' dotted_as_names

# note below: the ('.' | '...') is necessary because '...' is tokenized as ELLIPSIS
import_from:

[ 'from' ('.' | '...')* dotted_name 'import' import_from_targets

| 'from' ('.' | '...')+ 'import' import_from_targets

import_from_targets:

| '(' import_from_as_names [','] ')'

| import_from_as_names !','

[t
import_from_as_names:

[ ','.import_from_as_name+
import_from_as_name:

| NAME ['as' NAME ]
dotted_as_names:

| ','.dotted_as_name+
dotted_as_name:

| dotted_name ['as' NAME ]
dotted_name:

| dotted_name '.' NAME

| NAME

# COMPOUND STATEMENTS
#

# Common elements

block:
| NEWLINE INDENT statements DEDENT

| simple_stmts
decorators: ('@' named_expression NEWLINE )+
# Class definitions
class_def:

| decorators class_def_raw

| class_def_raw

class_def_raw:
| 'class' NAME [type_params] ['(' [arguments] ')' ] ':' block

# Function definitions

function_def:

(RDR=21HiL)
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(AIDR=I 5 DREE)
| decorators function_def_raw

| function_def_raw

function_def_raw:
| 'def' NAME [type_params] '(' [params] ')' ['->' expression ] ':' [func_type_comment] block
| ASYNC 'def' NAME [type_params] '(' [params] ')' ['->' expression ] ':' [func_type_comment],
—block

# Function parameters

params:
| parameters

parameters:
slash_no_default param_no_default* param_with_default* [star_etc]
slash_with_default param_with_default* [star_etc]

|
|
| param_no_default+ param_with_default* [star_etc]
| param_with_default+ [star_etc]

|

star_etc

# Some duplication here because we can't write (',' [ &')'),

# which is because we don't support empty alternatives (yet).

slash_no_default:

| param_no_default+ '/' ','

| param_no_default+ '/' &')'
slash_with_default:

| param_no_default* param_with_default+ '/'

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

'x' param_no_default param_maybe_default* [kwds]

|
| 'x' 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
#

(KDR=D12Hi)
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(AIDR=I 5 DREE)

# 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 is 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?

| 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

# ____________
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 ':' [TYPE_COMMENT] block [else_block]

(RDR=21HiL)
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| ASYNC 'for' star_targets 'in' ~ star_expressions ':

# With statement

# ______________
with_stmt:

| 'with' '(' ','.with_item+ ','? ')' ':' 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

(AIDR=I 5 DREE)
[TYPE_COMMENT] block [else_block]

# _____________
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' '*' expression ['as' NAME ] ':' block
finally_block:

| 'finally' ':' block

# Match statement

match_stmt:

| "match" subject_expr ':

subject_expr:
| star_named_expression ',' star_named_expressions?

| named_expression

case_block:

| "case" patterns guard? ':' block

' NEWLINE INDENT case_block+ DEDENT

(RDR=21HiL)

200

8 10 & TLBCAMLEEK




The Python Language Reference, 'J!)J—2X 3.12.4

guard: 'if' named_expression

patterns:
| open_sequence_pattern
| pattern

pattern:
| as_pattern

| or_pattern

as_pattern:

| or_pattern 'as' pattern_capture_target

or_pattern:

| "l'.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'
# Literal expressions are used to restrict permitted mapping pattern keys
literal_expr:
| signed_number !('+' | '-')

complex_number

strings

|

|

| 'None'
| '"True'
|

'False'

complex_number:

| signed_real_number '+' imaginary_number

(AIDR=I 5 DREE)
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| 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:
| !ll_ll NAME !(l'l I |(| | |=|)

wildcard_pattern:

value_pattern:
| attr !C . =)

attr:

| name_or_attr '.' NAME

name_or_attr:
| attr
| NAME

group_pattern:

[ '(' pattern ')'
sequence_pattern:

| '[' maybe_sequence_pattern? ']’

| '(' open_sequence_pattern? ')

open_sequence_pattern:

| maybe_star_pattern ',' maybe_sequence_pattern?

maybe_sequence_pattern:

| ','.maybe_star_patternt+ ','?

HIDR— % 5D E)

(KDR=D12Hi)
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maybe_star_pattern:
| star_pattern

| pattern
star_pattern:
| '"x' pattern_capture_target

| '%' wildcard_pattern

mapping_pattern:

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_patterns ','? ')'
| name_or_attr '(' positional_patterns ',' keyword_patterns ',

positional_patterns:

[ ','.pattern+

keyword_patterns:

| ','. keyword_pattern+

keyword_pattern:
| NAME '=' pattern

# Type statement

type_alias:

| "type" NAME [type_params] '=' expression

# Type parameter declaration

'1?

l)l

(AIDR=I 5 DREE)
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type_params: '[' type_param_seq ']'

type_param_seq: ','.type_param+ [',']
type_param:

| NAME [type_param_bound]

[ 'x' NAME

| 'xx' NAME
type_param_bound: ':' expression

# EXPRESSIONS

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

| expression

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

yield_expr:
| 'yield' 'from' expression

| 'yield' [star_expressions]

star_expressions:

| star_expression (',' star_expression )+ [',']
| star_expression ','
|

star_expression

star_expression:
| 'x' bitwise_or

| expression

star_named_expressions: ','.star_named_expression+ [',']

star_named_expression:
| '"%' bitwise_or

| named_expression

assignment_expression:

| NAME ':=' ~ expression

(AIDR=I 25 DfE X))
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named_expression:
| assignment_expression

| expression !':='

disjunction:
| conjunction ('or' conjunction )+

| conjunction

conjunction:
| inversion ('and' inversion )+

| inversion

inversion:
| 'mot' inversion

| comparison

# Comparison operators

comparison:
| bitwise_or compare_op_bitwise_or_pair+

| bitwise_or

compare_op_bitwise_or_pair:
eq_bitwise_or
noteq_bitwise_or
lte_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:

[ ("1=' ) 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' 'mot' bitwise_or

is_bitwise_or: 'is' bitwise_or

(HIDR— D5 DEEE)
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# Bitwise operators

bitwise_or:
| bitwise_or '|' bitwise_xor

| bitwise_xor

bitwise_xor:

| bitwise_xor ' bitwise_and

| bitwise_and

bitwise_and:
| bitwise_and '&' shift_expr

| shift_expr

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

| sum

# Arithmetic operators

# ____________________
sum:
| sum '+' term
| sum '-' term
| term
term:
| term '*' factor
| term '/' factor
| term '//' factor
| term '%' factor
| term '@' factor
| factor
factor
[ '+' factor
[ '-' factor
[ '~' factor
| power
power:

| await_primary '**' factor

| await_primary

# Primary elements

(AIDR=I 25 DfE X))
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# Primary elements are things like "obj.something.something", "obj[something]", "obj(something)",

< "obj" ...

await_primary:
| AWAIT primary

| primary

primary:
| primary '.' NAME
primary genexp
primary '(' [arguments] ')’
primary '[' slices ']’

atom

| slice !'',"

[ ','.(slice | starred_expression)+ [',']

slice:
| [expression] ':' [expression] [':' [expression] ]

| named_expression

NAME
'True'
'False'

'None'

NUMBER

(tuple | group | genexp)

(1ist | listcomp)

(dict | set | dictcomp | setcomp)

|

|

|

|

| strings
|

|

|

|

| 26000

| (" (yield_expr | named_expression) ')'

# Lambda functions

lambdef :

| 'lambda' [lambda_params] ':' expression

lambda_params:

| lambda_parameters

(RDR=21HiL)
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# lambda_parameters etc. duplicates parameters but without annotations
# or type comments, and if there's mo comma after a parameter, we expect
# a colon, not a close parenthesis. (For more, see parameters above.)
#
lambda_parameters:

| lambda_slash_no_default lambda_param_no_default* lambda_param_with_default* [lambda_star_etc]
lambda_slash_with_default lambda_param_with_default* [lambda_star_etc]
lambda_param_no_default+ lambda_param_with_default* [lambda_star_etc]
lambda_param_with_default+ [lambda_star_etc]

lambda_star_etc

lambda_slash_no_default:
| lambda_param_no_default+ '/' ',

| lambda_param_no_default+ '/' &':'

lambda_slash_with_default:
| lambda_param_no_default* lambda_param_with_default+ '/' ',

| lambda_param_no_default* lambda_param_with_default+ '/' &':'

lambda_star_etc:
| 'x' lambda_param_no_default lambda_param_maybe_default* [lambda_kwds]
| 's' ',' 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
| FSTRING_MIDDLE
fstring_replacement_field:

| '{" (yield_expr | star_expressions) '='? [fstring_conversion] [fstring full_format_spec] '}'

(KDR=D12Hi)
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(AIDR=I 25 DfE X))

fstring_conversion:

| "t" NAME
fstring_full_format_spec:

[ ':' fstring format_specx*
fstring_format_spec:

| FSTRING_MIDDLE

| fstring_replacement_field
fstring:

| FSTRING_START fstring middle* FSTRING_END

string: STRING

strings: (fstring|string)+

list:

| '[' [star_named_expressions] ']’

tuple:

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

set: '{' star_named_expressions '}'

| '{' [double_starred_kvpairs] '}'
double_starred_kvpairs: ','.double_starred_kvpair+ [',']
double_starred_kvpair:

| '"**x' bitwise_or

| kvpair
kvpair: expression ':' expression
# Comprehensions & Generators
for_if_clauses:

| for_if_clause+

for_if_clause:

| ASYNC 'for' star_targets 'in' ~ disjunction ('if' disjunction )*
| 'for' star_targets 'in' ~ disjunction ('if' disjunction )*
listcomp:

| '[' named_expression for_if_clauses ']'

(RDR=21HiL)
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(AIDR=I 5 DREE)

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 !':=') !'=')+ [',' kwargs ]
| kwargs
kwargs:
| ','.kwarg_or_starred+ ',' ',' kwarg_or_double_starred+

| ','.kwarg_or_starred+

| ','.kwarg_or_double_starred+

starred_expression:

| '+' expression

kwarg_or_starred:
| NAME '=' expression

| starred_expression

kwarg_or_double_starred:
| NAME '=' expression

| '#x' expression

# ASSIGNMENT TARGETS
#

# Generic targets

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

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

(KDR=D12Hi)
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star_targets_list_seq: ','.star_target+ [',']

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

| star_target ',

star_target:
[ 'x' (!'*x' 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
| 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

(AIDR=I 25 DfE X))

(RDR=21HiL)
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(AIDR=I 5 DREE)
| del_t_atom

del_t_atom:
| NAME
[ '(' del_target ')'
| (" [del_targets] ')'
| '[" [del_targets] 'l

# TYPING ELEMENTS

# type_expressions allow */** but ignore them

type_expressions:

','.expression+ ',' 'x' expression ',' '**' expression
','.expression+ ',' 'x' expression
','.expression+ ',' 'xx' expression

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

| '"#x' expression

|

','.expression+

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

# END OF THE GRAMMAR

# START OF INVALID RULES
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>>>

2to3

abstract

S

&

The default Python prompt of the interactive shell. Often seen for code examples which can be

executed interactively in the interpreter.

K
DHDPEZLNET:

e The default Python prompt of the interactive shell when entering the code for an indented code
block, when within a pair of matching left and right delimiters (parentheses, square brackets, curly

braces or triple quotes), or after specifying a decorator.
o FHAAADER Ellipsis

A
tool that tries to convert Python 2.x code to Python 3.x code by handling most of the incompatibilities

which can be detected by parsing the source and traversing the parse tree.

2to3 is available in the standard library as 1ib2to3; a standalone entry point is provided as Tools/

scripts/2to3. See 2to3-reference.

base class

(HIRILE S 5 R) fIRILE S 7R3 duck-typing 25 S % S DT, hasattr() REDHIDT 7 =v /T
WERNBIFTH o 72 D WIDIZER 2 (Bl Z1E magic methods DBE) JBERXA VX —T7 2 — R B ERT 577k
PHRMEL 3, ABC IR (virtual) ¥ 727 7R ZEALET, THEET FALLHERLERBAD, £
N TH isinstance() % issubclass() WKARHMINFT; abc EV 2 - LD FFaX Y F2ZHLTL
72& W, Python 12id, £ < DilAAA ABC 2SFAIENTVET, ZDOXRIE. (collections.abc E
Ya2—)LT) 7—XME, (numbers €Y 2 — /A T) L (io £ 2—/"T) A+ VU —24, (importlib.abe
EV2—NAT)AVR=F 774 VEARUEB =KX =TT, abc Y 2—NZHHLTHED ABC Z{EKT
ERE S

annotation

(77 7=>ay)EB 77 RN DT X—-22RDEICEFHRT 2 7L TT, BEICXD type
hint & LTEHLRLTWET,
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O—AINVERDT ) F— a VIFETRIZ T 72 A TEXIRAN, Fa—AZEE 7528, B
77 T—=aYiEENFNEY 2 -, 75 A, BD __annotations__ FFRBMEICHERIN TV T,

HEBEDEBAD B 5 variable annotation, function annotation, PEP 484, PEP 526 #ZH 1L T 12X
W, Fiey T/ 7= arEMHATERNRA NS Z 77 4 X LT annotations-howto HZ LT ZX W,

5|% (argument)
(FE518) BIRCZ PO TS, BAE (F721d AV Y F) ICEFHETY, EE2EEH D $3:

o F—T—F5|E: BRI LOBRIZE I BORNCHENF 22OV D (fl: name=) o, ** IZHilF 7= &F
EoHoEr LTHEIN5E. HlZIE. XD complex() ODMEUFH L TIE, 3 ¥ 5 25F%F—7— F5[#
T3

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

o MUESIE: F—U— FEIEUNDEIEL, MESIBIZEIEY X FOHICEL T TE, T2+ 1ITHIT
7z iterable DBEZRL LTEIT BN TEET, HlZIX ROFITIE 3 & 5 XM AHMAESIETT:

complex (3, 5)
complex(*(3, 5))

FE5FUIBEBOFERICBOTHARITEDr — AV ZBICE D HTohFE 3, b Y TETIHAO VT
MUHL (call) ZBRLTLEIWV, YV Ry ZRARXBWTERERT-DICHLOZNEMS 2
RS, FHMBiXh7-{EZo — A AZHIzE Y Y ToNET,

R51% . FAQ @ FEFI ARG IEDENIMTTI2? . PEP 362 2B LTS,

asynchronous context manager
(FERa > 77X A b~ —Y %) __aenter__() & __aezit__() XYy NEERT S I LT async
with XNDBRGZERT 2479 =7 T, PEP 492 THAINE L7,

asynchronous generator
CGERMIY = 2 L — &) asynchronous generator iterator %R S BE T, async def TEEI iz
N—F VBRI TWE T, yield REHROHRTERD £, yield Xid async for L—FTHHT
ZBMHEOM P ZAENRT 2DIEHEINET,

WEIIEFAY = 2L — ZBBERR L E T2, RiCk-> TR A XL —21TL—&2 237546
BHYET, BRSNLERPH L2 THRWEGE, B wen B e AL £,

FEFIAY = 2 L — ZBERITIE. async for XX async with X2 THL await RDDHZIeBHD
£7,

asynchronous generator iterator

CGEFRIIY = 1L —& A4 7L — &) asynchronous generator B THEKENZ AT 27 M TT,
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ZAUX asynchronous iterator T, __anext__ () XY v K& THEN S & awaitable #7227 + %
BLET, 2D awaitable 7Y =7 Mid, KD yield RETIERPAY = 4L — XEROAREEETL
£7,

% yield TIE—IRFINCUIEZHH L. Z0HOETIRE (2 — D AEBPHREFRD try X2 &) Tl
LET, EEBAS T RL—RALTL—2 2 _anext_ () TIREN7=MD awaitable THEBICHEHB T 2K
I3, ZOREFNEINE T, PEP 492 3L PEP 525 2L TLEX W,

asynchronous iterable
(FEFEAA 75 7NV async for XDOHTHATEZ X727 T, BED __aiter__ () XV v Ed»
5 asynchronous iterator iR Z IR FAUIIR D £¥ A, PEP 492 TEAINE L,

asynchronous iterator
CGEFRIIA 7V —%&) __aiter _ () & __anext__ () XY v REEELA TP 27 M TF, __anext__()
W awaitable 7 7Y = 7 b RIBERIFIIRD £8 A, async for I StopAsyncIteration flSf A
IT2FC, EEHATL—FD __anext () XY v RHRT awaitable 2R L £33, PEP 492 T#&
ASNFE L7,

B
(B1) &7y =7 MicBEff o, Fy bRENC > THATTEESRBEINZHTT, XX 47
Dzt o EW @ BFoTWBRE, ZOBMNIZ 0.0 TSRENET,

F 7Y =7 MiiE. BAF (identifier) BEUVF—T—F (keyword) TERZ N AT TIERVAHFTD
EBNE525ZeNTEXRT, LA setattr() 2V, A7V =7 FHZHAEFFAI LTV SHEICT
ZET, ZOXIRBEMHI Ry FREXTWE 7 7R TET, Kb DIT getattr () Zffio THAHEDD
DEJ,

awaitable
(FERERTRE) await NTHEHT 2 e BHKZ2 A7 22 N TF, coroutine 2>, __await__ () XYV v KH
HBA TPz FTT, PEP 492 2B LT X W,

2

BDFL 3

AR =B MIF (Benevolent Dictator For Life) DI T3, Python OfF#H. Guido van Rossum O Z &
‘t\\\j—o

binary file
(NAF VT 7 A4N) bytes-like 7T TT b DFHAAABLIOEZRAALNTES J7MILFTox
Ik TF, XAFVT7 74 0DFNE XA FVE—-F ('rb', 'wb' or 'rb+') TN T 7 4 L,
sys.stdin.buffer, sys.stdout.buffer, io.BytesIO % gzip.GzipFile. DA Y AX Y A TT,

Str A7V 2V FPOMABEENTEL 7 7 ANATT =27 MITOWTIA, text file BZMLTLEE 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
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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 reference
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 Z 4K —+F LTWT, C SFEOEKRT EfLE Ny 7 7 —ZRIERERAL 7O =7 b,
bytes, bytearray, array.array . %< O—#&H7% memoryview A 7Y =7 PRI H LD T,
bytes-like & 7Y =27 ME, T—XEHME. A F VT 7 A ANDIRIFE. Y7y PERHLIZEERE, N4
FVTF—=REERTINAVARBECHHAT 22 TEX T,

BODPDMETEINAF VTR EET2MEDRDHD ET, ZORMEDOFF 2 X PTIREL "HAEE
A[RE7L bytes-like £ 7= 27 M ICEK/RLTWERT, ZHAJAEKRNY 77 —F 73 =7 ML, bytearray
¥ bytearray @ memoryview REDVZFENE T, T/, MMOEODLDMETIIAELRATY =27 PO
AFVTF—& (" HAHLEHAD bytes-like A 72227 +7) ZRELET, £4HICIE bytes & bytes D
memoryview 7Y =7 FBEENE T,

bytecode

callable

callback

932

(N4 a3 —1F) Python ®Y —2a— Fi&, Python 7125 24® CPython £ > & 7)Y XDAFRKBITH
ENAL PA—FAEaYRANEINET, N Pa—FE .pyc 77 A NVIF vy adh, A7 740
HEEHIZETSND 2RI DEHEITHED T (Y —R2—Fr54 ba— FAOEED a > 84 LF
XN FET), 20 " HESEE (intermediate language)” 1, & & DA b 2 — RIS 2 HEIHEE %
192 RET>Y TEMFET WA E T, HERERL LT, N1 ba— NiE#RZ% Python fifi~ >~
BICEMES 2 Z &%, Python VU —RAMTHETH 2 Z 3T TVEE A

NA F2—FOMS—ElZ dis ES2—L IZHYH 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.

(=N 7)) FERO D B RTEITSNS D5 E LTHE SN 5B

(ZIR) =P —FRA T =27 P2MET 57007 7L —+FTT, Z7I7RAERIEH, 2DV TR
DA VARV A LOBEETEXY Yy FOEREEAET,

class variable
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(77 AZER) 77 RA RITERSHN, V7 F7ALARLT (DFED, ZJIRADA VAR YA ETIERLIR) BHX
N2ZexHNE LTWAREHTT,

complex number
(BHRE) L<HON TV REMREZIELLDDOT, IRTOIEI e oM LTREINE T, &
BUIBBEN (-1 OFGR) WEHZzHEHIT 20T, —RIBFETIE 1 e FE2rh, TH¥TE j eFrLE
3. Python ZEFEBUCHAAATHIG L., BEDKILZM > TVWET, BEIIREIC j 223 THEEX
Fo BlZIE 3+1) T9, math €Y 2 — VOEBELRZFM T 2121d. cmath ZWVWE T, HEBOMHI
PR BERBFORETT, PEEZRECZTE, IZEREEVRIEHELTLE>TEVWTL £ 5,

context manager
An object which controls the environment seen in a with statement by defining __enter__ () and
__ezit__ () methods. See PEP 343.

context variable
(AYTFRAMER) av T FRAMURKFE L TR ZEEZFOER, X H2ERDMEHIE L2 DFEITA
Ly FTEEDVBEZRAL Yy FE—ALZA L —=JIUTVWET, LALaYTFRX MEHTIE, 1 DOET
ALy RIZWL2p0ay 77X A MEH DG, 2> 7% A MERO RIS RIERIH X 2 7 OZE#
DIBIFTF, contextvars SR L T X W,

contiguous
(B2, L) Ny 7 7> DS CEE £7213 Fortran &t THEHEIT. £ONy 7 7 3@ LTV
LAREET, YuRgeny 7 71iE CEEiTH D Fortran HH TS, —XTDESITIE. ZOEZRIIHT
XEY ETEES 2 X5 KRB M. RFEXEarLBE DB TWIEFR TR : 3, 2XTo C-HE
BEAITIE. XEY T FLRMEIRER 2K 2 BICIRE DR A T HRANCZED % DIZH L, Fortran ##i 72
HEH TN DI A FHERANCEN & %57,

J—F>
(AN=F ) aN—=F YFHTN—F D XD BRI TT, ¥ 71 —F ViFRD o tigkdn» 5
AD ok Shimr sl E T, al—F I3 Z oA RtEr 5 A5, Hid, ET IR
TEXF, ar—F V3 async def XTEETEZFF, PEP 492 ZZHL T ZE W,

coroutine function
(aN—F VB coroutine A 7Y =7 M ERIRTHEAKTT, a—F VBKIE async def X THEEIN,
await. async for. BXW async with F—V—FZ2HOIeHBHEKRET, I bld PEP 492 TEA
ENE LTz,

CPython
python.org TEMAF XN TW3, Python n 2o 3 v/ EiEOEMENFEETT, "CPython” ¥\ 5 HiGE
E. ZD%EEE% Jython % IronPython ¥ \Wo 7=l 3EEEr XA 2 RENE 25 CHHINE T,

decorator
(FTav—%) HloEEZRITBEIET, B, Curapper M THMZEH iy L TGEHENES, 7aL—20D
— A2 A FAFE. classmethod() ¥ staticmethod() T,
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FaAL—RDFREFI VR VRS 2aH—TF, XD 2 OOEBERIIEHRNICFE LD DTT:

def f(arg):
f = staticmethod(f)

@staticmethod
def f(arg):

FUBEA 2 7 RCHFELE T, DEDEDAFTEA, TAL—XIZOVWTEH LR BHESE B&
L IVFAFE DFRFa XY bEBRLTIIZE 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.

TARAZVTEZDOXAY v FICBELTOFME. 7RI TR (descriptor) DEE % Descriptor How To
Guide 2B L T2 E W,

dictionary
An associative array, where arbitrary keys are mapped to values. The keys can be any object with
__hash__() and __eq__ () methods. Called a hash in Perl.

dictionary comprehension
(FFENTREL) iterable NORTH 2 WIE—HIOERZMH L T, ZOMRI SR IHELZERT a2
FREFEZXFSTI, results = {n: n ** 2 for n in range(10)} ¥ T3 ¥, F—n ZfH n ** 2 1TXf
IS B EEERAM LT, VR, &6, HEORT 2ZRL TIZE W,

dictionary view
(Ff#E Y 2—) dict.keys(). dict.values(), dict.items() 2NRTA 7P =27 b TT, FEHDIHHEDH)
M 2 -2 LE T, Thbb, HFEILFEINDZ L a— R ENERKML 3, FFHE 2 — 2l
WIERL Y A MIZT 51213 list (dictview) ZEA LTIV, dict-views ZZH L T2 E 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 b
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2TV MBELWA YR =T 2 — 2% Fo TOVEANERETIDICA TV 227 ORE R
TIIVIRARANTT, ROz, BcA T =227 bOX Yy FRBERZhZD bz LE
T, (ZELDEIICAZT, 7LD LS RBIFIE. ZARETeATHS.1) A VX =7 —RA%H KD
BEHTZ2Z2T. EFRLFHA v Ehiza—RE RUVE—T7 4 v 7 BRBE2H L TCEREEZM LT ZF
T Xy 7 XAV 7 type() % isinstance() WX AHIEL BT E T, (XL, X7 XxA4 Y I%
HMREEI SR THETZ2ILdTEET, ) 2ofb D, WAIZ hasattr () HIER FAFP a3
IVIERAALED,

EAFP
MRl Z L 2 X DEF L %3 5 /ivii % (easier to ask for forgiveness than permission, ¥—7 4 —DEHI)
DOIETT, D Python TIEL LN TWE a—7 1 V7 RAXA)NTIE, BEFENR X —CBUEDFE
THHDLIEL. ZDEDBR > TOIGHE BN ZHIEL T, COMRTTFRIETa—-7T1>2
AZA MR, try XB LY except XD EADLDPRHMTT, ZD77=v 27 CDEH>5LF
FETEL bR TWVWS LBYL AR AN MIBNZSDTT,

expression

() MHrDEL XN, —F L F D DR (a piece of syntax) TF, Wz 2, XXV 771,
2l JBET 7R, HEFRPEBITOH LY, HZRTROEROEAENRTT, MOZLDFELE
W, Python TEERBEOETOMKERLRNE VIDITEHD XA, while DX, R LTIz
TNX DD ET, KABRTEBRLINTT,

extension module
(FEREY 2—1) C ® C++ THELNZEY 2 =T, Python ® C API #F|H LT Python a2 7%
dI—HY—a—FePheHLET,

f-string
"R 'F AT WA SCFYN Y T I U estring” XN, ZHUE 73—y FEAXFII) TS
L OFEMEEOZMT Y, PEP 498 3SR 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.

T7 AN T 27 PIEBERCEF3IHELDET: 0 NAFU—=T7A1)L. Nv 7730/ N1F
=T 74, LT TFALT7AIL TF /X =724 RF io EY 2a— L TEZREINTVET,
T 7 ANF T 27 b BAEDEEHER LT 1EE open () BEE[ES Z 2 TF,

file-like object
file object ¥ [RF"TT,

filesystem encoding and error handler

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

219


https://peps.python.org/pep-0498/

The Python Language Reference, 'J1)—2X 3.12.4

Unicode to the operating system.

T7ANTATLADIYA—T 4 V7 TlE, TXRTH 128 N4 PYUTRIEFICTa— KNEN53 Z L BRIE
XNBLLTWEEDFERA, 77 ANTAT LD A —F 4 VI TINBRIEXI NI - 128551, API
BEIELDY UnicodeError 2322 ehdH b 3,

The sys.getfilesystemencoding() and sys.getfilesystemencodeerrors() functions can be used

to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the PyConfig_Read ()

function: see filesystem_encoding and filesystem_errors members of PyConfig.
See also the locale encoding.

finder
(77 4V R) A YR=PEINTVBEI 2—1LD loader DFERERITTEA TV 22 b T,

There are two types of finder: meta path finders for use with sys.meta_path, and path entry finders
for use with sys.path_hooks.

See 1 ¥ R— k2 X7 s and importlib for much more detail.

floor division
(I D& TRRE) —Fm BB D 5T 2 BAIBREL, UIDIECREBE I // T3, BIRIE 11 // 4
F 211272 D R IENFNSTFEV NSO EDORRETIZ 2.75 28 BoTE %3, (-11) // 4% -2.75
Z INEWAIC D E GRITE: BOEBAANDIDZITS) OT -3 18425 L IFERLTLEZ W, PEP
238 ZZML TLIZ&E W,

E5E24
(BE%) MO H LANCEZ RS — DD Z & T, BBITIZ 0L ED 3|18 2T 2 e AR ET, Fik
DFEITRHCH B2 R T 2 Z e R E T, REIE. XV R, BHEES 22HRLTIEE W,

function annotation
(BB 7 /7 7= ay) DT X —=ZBRVED annotation TF,

By ) 7—yarid, BEREEEY L bbbz d: flziX, ZoBEE 2 20 int Blo5[5
P IR, £/ int BORDEEE L HAFIATVE T,

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

return a + b

BT /77— a yOERE BRES O THRHEIATVWET,

WERED RN D % variable annotation, PEP 484, 2B LT & W, ¥, 7/ 7= a Y 2FHT
ZRANTFF 27T 4 Ak LT annotations-howto 3SR L TL 72X\,

__ future___
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T RIS EREZHEHA L THEDE 2 — L2 a2 M VT 5 X5 L ET, __future__ E
Y a—)L T, feature D DI ZHE RFa XY MULTVWET, ZOEI2—1%EALYE—IL, D
TR TS 5 2 & T, FREDRANC S FITEM I N DR 0OHhR, WOTF 7 4L MIiRsH ($7213
Koth) #HRBZENTEET:

>>> import __future__
>>> __future__.division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection
(FR=vavLryay) ShEREEDNS 2 X DBV AEY RERT 2 0WHTF, Python &, BIRA Y~
e, EERSEEMH UBE T 2ERIN=—aL 7 22 o ThHR=YaL 7y a vy ETVET, ITR—
YarrXiE ge BV a— o THETEET,

JIxl—4&
(¥ = 2L —2&) generator iterator ZiR 3R TT, BHEDOBBITHTVWE T, yield REFFOHRTE
D EF, yield RiE. for L —FTHEHATEZD, next) B THEE 1 o3 oMb HLEZYTES, H
DM N ZART 2 DIHEHINE T,

HEIIY 2 AL =X ELE T2, RCEsTE Pz RL—FAMTL—F ZI5THEVRH D £75,
B ENERDH S 2 TRWEE, RO DI 2B AL £ 9,

generator iterator

(Y= Ab—&A T L —2R&) generator BIRITHERES NS AT =7 FTT,

yield DI NITHITEITIRE (BFIEBSRLUHED try X Z2ET) ZillE L T, WHEIE— Rl
NET, DxRL—FA4T7L—& Hfchd e, FHLEMNEZIREL T (@FOBEBNIETOLTR
BT LWIRRED S BAR S 2 D L MIRAYTS),

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= v 7BEE) Bz 28U LA CHEL $ 2 BEHED SRS N 2 BET S, MU LIFICE D%
EEHWEPIET 4 ANy FT7ATV XLICEDRESNET,

single dispatch, functools.singledispatch() FalL —&, PEP 443 2ZL T X W,

generic type A

type that can be parameterized; typically a container class such as 1ist or dict. Used for type hints
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GIL

and annotations.

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the typing module.

global interpreter lock ZBHRLTLEE W,

global interpreter lock

(Fa—rn4 &7y &0y 7)) CPython 4 ¥ 27V ZHBMALTWS, —EIZ Python @ /N4 11—
R ZFITT5ALy Fid—2720THE e 2RHET 2 AT, 242k D (dict REDEELRIEA
MBI ZL) A7V 27 PETADEIR T 72 AR U THEERINIZZ 21272 5 DT, CPython OFEHH
SYTNEBRDET AVRTVEEERER Y 7T BT, vAF Ty LT S5 kD a
AR EBIEWIZIC, A VRSV REBRIZSALF ALy METE R X5k ET,

72Uy REED 2 WEHERD WL DD DIRRE Y 2 —Uid, Efie Ny & 257k E Ot EOBE WL Z 3
%L X2 GIL Z2BRT 2 L5 ICRRGET SN TWE T, %7, [/O Lz 3 2556 GIL 3EICEREh s,

Past efforts to create a "free-threaded” interpreter (one which locks shared data at a much finer
granularity) have not been successful because performance suffered in the common single-processor
case. It is believed that overcoming this performance issue would make the implementation much

more complicated and therefore costlier to maintain.

hash-based pyc

hashable

(YT aR—=R pyc 7 7 AV) IESHERHGIT 272012, XT3V =R 7 7 4 VOERAKEHRFLTIE R
ANy Y aflEFHT AN, FaA—FDF v v a7 7ANTT, FywadhicNaT FdI—FOER
1t 2SR TLEEWN,

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 __eg _ () method).

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

Ny Y ab[RERA TV 2 7 MIFEDF —REEDA N LTHZET, H#ECEGOT — iGN
Ty v affzflioTndh6TT,

Python @4 2 2 =X 7T NVRMABIAALT TS =27 NI AR Ny P 2A[RETT, (VA MPHIFOK
572) T a—=RINIRAYTFENY Y 2 RAJRET T, (X TN frozenset DX H7R) 4 I a—& T )Niga
YTFIE BERNY Y ARETH I L EDHNY Y aA[RETT, TP —EEDI FADA VARV AT
HBEOIBATI I MEF T AL Ty Y 20fETT, ZRHEAT (HEERWT) HERRIZIES
flicH b, »y > afliid idO) XDELNET,

IDLE
Python DA FIFEREE (Integrated DeveLopment Environment) M U258 (Learning Environment)
TF, idle X Python ORI ICFRIMIN TV ERANBEEEDO LT 4 R 4 V2 7Y RBIRTT,
immutable
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(A I2=F27N) BEDEEZF-T2A T2 bTT, A3 2—RTNRATY 7 MTF, Bl XCF
. BEURTINARERDHDET, TNO6DA TV 27 MIMEEZEZLNER A, HOEEZTEEEE BB
W FileB A 702 P RERLARTNERD ER A A 32— TNARBRITI =7 NI, BED Ny > a2
EPREL 12 2R TEERZEH R LET, HEFEOF-—BZ20HITT,

import path
path based finder 3 import 3 2EY 2 — VA MRS 25 (£721F path entry) DY R b, import H,
2DV A MIEH sys.path DORETH, 37 v r—IJDFEEP Y —ID __path__ BEH»S
HRET,

importing »
5%EY 2—)1®D Python 23— KPFIDEY 2 —LD Python a— FTHEZX 2 X 51T 30T,

importer =
a—VERLTU—-FRTEFTI I, finder & loader DEBLSHTHHEIXTI 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)).

interpreted
Python 34 ¥ &2 7V XERDOZFETH D, a4 I ZBEOMMICMEL 5, (N4 ba—Far<d
TIWH D7D, ZOXFNIEHRTTD, ) 2ZTOA Y RXRTYVRFFELIEX, Y—RAaA—RFDT7 74 L%,
FIETAREERNC L THLFTIEDL L Vo BER LIC, ERFITTELILZERLET, A V&7
V2RO EETEE., a4 FJERDFEID I/ TNy ZOF A 7 MIFENS DD, Far A
DFEITE—MUTENT T, WEEN ML TLIZZ W,

interpreter shutdown
Python £ Y X =7V X =¥ v v b XU Y REFINTZFHT, T 2RI RNTDI VT 4 VBN
WEERED, TXNTOMRLRZY Y — A REFEMNCHRT 2, Filk7=2—XICAD ET, 207 =2—X
W AR=DOL 4 2EHENCHLET, T ED 2P —ERDT A 77 X —= weakrefl 2 —)1
Ny VPN HENZZEDHDET, ¥ r v bRV Y 72— XHIZETENZ a— FiE ZOHBKET S
UY =AW FTTIBRELZW (KL DH2HIEF7 475 1) —FEY 2— /L% warning HBHETT) 72Dk 472
FISMCER L £9,

AVER—FVEBY Yy PR T3 ELHHIZ  main BV a2 —ARFETIRTWERAZ Y FFOE
I3 T L= TF,

iterable
An object capable of returning its members one at a time. Examples of iterables include all sequence
types (such as list, str, and tuple) and some non-sequence types like dict, file objects, and

objects of any classes you define with an __iter__() method or with a __getitem_ _ () method that
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iterator

implements sequence semantics.

Iterables 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.

T—ROWMNERHTE2A 727 b TT, A7 =KD __next__() XYy RZEDIRLFIHT (F
73R AABBIE next ) 1T ) &, MNDOHFOERZ —DOFTORLET, 7—x2%<k5t, bbb
IZ StopIteration BIAfZ XM L £ 3, ZORKT, A 7L =247 =227 MEIRETED., ZHhLIEIX
__next__() ZfIEMATYS Stoplteration ZZEHLET, A1 7L —XIZ, ZDATL—KXEF Tz
FEGEEIRT __iter__ () XAV v REEELRITNERSLBRVDT, 47 L —XIIMMD iterable 325
I AEDHMTHHATEE T, Eo2 D & LAABMIEROKRIEZITS X5 a— RT3, (list D&
IR)aAVTFATI 2 ME. BEZ iter) BEITA T 27 MZELLD for A—TATHS 20
W2, il REHOA T L —XEERLET, ZNEATL—XTIBI I T5L, #fiBlOfTL—>ay
THERABADFRICA T L —2F 7Y 27 P 2RIIGRT /0, DAy 7 FDE5IKR-oTLELETD,

2SI typeiter I2H D 5,

CPython RZ®DF##: CPython does not consistently apply the requirement that an iterator define
__iter__Q.

key function

keyword

lambda

(F—RB%) ¥ —Bf. H20VEREHEK X V- MRIEFHBO 12D DEERTHECH LAREL 7 =
27 b (callable) T3, 21X, locale.strxfrm() % F—BFIEX X, v r —LKFOY — FDIEEIC
Dot ol —+F—FIRLET,

Python ®ZL DY — ik F —BEEZ WD BROWIESL 7L — L2 EHL £3, nin(), max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby ) E23H D £3,

X —BRREZ TRV D25 D FF, FlZIE str.lover() XY v RERKLF/NLFEZRXRFL7RNWY —
F2ITOF—BHE LTHES 2K E T, HSWE, lambda r: (r[0], r[2]) ® XI5 7% lambda
Ao F—HREEZ B TEEF, £/, operator.attrgetter(), operator.itemgetter(),
operator.methodcaller() @ 3 DOF—[AKI VA NI 7 2ZMHH EF, F—FEABDIEDHFHEWHD
#li% Sorting HOW TO 2SR L TL 72X W,

argument S
S51# 2L TLEE W,

(5 0 K) BHDA Y 54 VKT, BRSO EhE L 2 CHEENS 1 o0 & 2EHET, 4K
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LBYL

list

BE%UE FE 2 /1% lambda [parameters]: expression TTJ,

FZ 213050 (look before you leap) )] DUETT, ZDA—T 4 Y T AXANTIE, MUEH LMK E(T
S HiC. BRANCHTHESRM: (pre-condition) HIEZITWE T, FAFP 77 u—F e XIRNT, if X7 <
X AfEDLI D DHFRHEAI TS,

<WAF ALy FIEEINZEBE T, LBYL 7 70—k " R27 @BEY 7 R BEOBAIREE S| &k
CFTVRIBHH ET, Bz, if key in mapping: return mappinglkey] ¥\ 5 a— Kk, HIED
%, DAL v RBERDAENS mapping 25 key ZEDRS KR L ET, ZOMEEK, vy 2350
EAFP 7 e —F %25 Z L THIRTE %7,

A
built-in Python sequence. Despite its name it is more akin to an array in other languages than to a

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

list comprehension

loader

(VA MAERE) =7 Y 2AHDETH 2 WIE—HOERZUHE LT, ZOMR,1L2D VR KT,
aVRY MRITIETT, result = ['{:#04x}'.format(x) for x in range(256) if x % 2 == 0]
L55e, 005 255 £ TOMEE 16 KL (0x..) LAXFI»6R2 VA MeERLET, of Hilk
F 7Y arTY, if HiKRWIES, range(256) DETOERPMNIEINT T,

€
Pa—NER—FTELF TV b, load_module() EWIHIHKHDAY v REERL TVWARIFIUIRD &
FA, B—X—F—INZ finder 2HIRENF T, FHMllE PEP 302 %, abstract base class IZ2WTIE
importlib.abc.Loader ZZML T W,

Oy—I)ILT>a—F1 >4

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

mapping

special method @ L 721) 72[FFEEET T,

(oY) EEOF—HREEZY K- b LTWVT, collections.abc.Mapping % collections.abc.
MutableMapping ® RHELIES 7 X THEINLAY v FEFEELTWEaAYTFAT7I 27 MTT,
il 21X, dict, collections.defaultdict, collections.OrderedDict, collections.Counter 72 ¥
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T

meta path finder
sys.meta_path MK L TH SN finder. meta path finder 1 path entry finder & BfRIEH D 3
. BT T,

meta path finder 23E2F 2 X Y v FIZDWTIE importlib.abc.MetaPathFinder 2 & L T /2
ISAAN

metaclass

(RRTFGR) VFTADY FATT, 7 ITAERIF. 77 A%, 7 I7RAOFEL, BEZ 72DV R M2/ED
F9, XEIFRZ, ZND 30 LTRIMD., 77 A2 BMEEZEVWET, ZLALDAT
Yz MEFEEE (REEX K75 AD) 77 40 P OERRKZRMEL TV E 3, Python 23KHIRDIEH R
READARY FARNEBMTELZRTT, IFLALDLZ—F WMo T, XET7 FRAIBLMBEDRZNHDT
T, Ll —HOBETIE. XX FRAZBITIVA Y b RGEERELET, e 2EEET 72X
OuZEWo/b ALy Fe—=IWZ2EMLELD, 77927 FOERZERRLD, VIV 2E
T2y, ZLOBETHHINET,

R X2T T2 #BRLTIES W,

XYy kR
(XY v R) ZIAREKOFTERINZEL, 207 FADA VY AX Y ADEMEE LTS SR GE,
AV RIIA VARV RAA TV 27 b 2FHE— B L LTRUWMD £F (ZOFE 51 BUTEH self IR
NET), B & FAINAO—T SWLTLZEW,

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— ) Python 2— FOMMHA L LTIRE B ATV =2 b TF, EY 2— LEED Python
FTV 2 VEEUARIERMERLE T, Y 2 —MZ importing OIRIZ X - T Python IZHiAAEN
S

NTr—=2 ZBRLTIRIW,

module spec T
Va—%Zu— T30 bhd A4 R EEOERE SLAATZEM TS, inportlib.machinery.
ModuleSpec DA Y A XV AT,

MRO
method resolution order ZZHL T Z&E W,

mutable
(32—RTN) 32a—RTNRATIx7 ME, id) 2EZ B R fEREETEE S, 1Sa2a—4%7
L) BB TLIZE N,

226 18 A & BE



The Python Language Reference, 'J!)J—2X 3.12.4

b

named tuple
HREITE X TN W05 HEER. RIVERELTOT, A Ty 7 AP ERICH UEEEZf-oTo 7
LA TEIEROHERL S AICHEINATVET, Z0OHR S AIMMOBREDF-o-TWVWE I L s D
DE¥ET,

time.localtime() ® os.stat() DR HEEZEL WL O DHAAABIIAHITE R T TS, DA
¥ sys.float_info TT:

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

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

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple
can be created from a regular class definition that inherits from tuple and that defines named fields.
Such a class can be written by hand, or it can be created by inheriting typing.NamedTuple, or with
the factory function collections.namedtuple(). The latter techniques also add some extra methods

that may not be found in hand-written or built-in named tuples.

namespace
(BATZ2EH) ZREPBMEN 5 TT, AMEMEFHFEL LTEEIAE T, AATEMEIICEA 7Y =
ZED (XY vy FD) ARNFIRIR-o7d DT TR, FFANRD O, REBEWRS D, 2L THAAAL
DLDOHRHDET, ANMEMFIAFOEZREZICILICE>TEY 2 - EZH K- T 5, HIZIZHE
4 builtins.open & os.open() BHHIZEMTXAENTVWE T, /. EDEY 2 — BBz HE
LTWADBHRT 2 Z 2T &k o CTHETZEMIIAIHME 2 RFEZ B L E 9, HlZIE, random.seed()
itertools.islice() ¥ &EHL &, ZHFNEY 2 —/L random X itertools THEINTWVWS Z & HHH
LT,

namespace package
(BRTZBMEAy =) BT Ry =2 Dary 772 LTOARMEEINS PEP 420 TER I N package
T, BRIZEEA Yy =3 YHENRREER R 2RV BN TE, __init__.py 7 7 A VERER WD,
reqular package EIXFRIZ D F 5,

module SR L TLFE W,

nested scope
(AR PENFRa—=T) IMIITERI N TV LI EH 2SR T 2EET T, BRI D285 0B
PTERSN TV 225G, NHOBEBIMIOBEBTOZRZBRTEET, 2 XA PSR a—-TE7
7 4V b TREBOSRIEI D TE, ZRORAFTERVOTERL T LIV, B = VERIE. &d
WHID R 2 — 7 TEREGRAEELE T, AR, 78— ULEREMES & 7a — OV RT2ER- Ol % Gt
EXLET, nonlocal THMUDEBUCEZIADE T,

new-style class
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Old name for the flavor of classes now used for all class objects. In earlier Python versions, only
new-style classes could use Python’s newer, versatile features like __slots__, descriptors, properties,

__getattribute__ (), class methods, and static methods.

object
(A7 M) RE (BHEPHE) EERINLRELIED (XYY R) 23202 TOT7—%, LG 2T
DFHRARAINI S A OFMOHEES FADI L,

package
(R T =) B TEY 2 —APHRFNICTF IRy =250 L DHKD module DZ T, HMH
WZiE. v = __path__ BH%ZHD Python 7Y =27 T,

reqular package ¥ namespace package SR LU TL ZE W,

parameter
(R518) #EIS OEERT B (2 AV Y F ) OERCBWTHESRIT 2 R385 2RELF3, K515
WX 5 DD 9

o IBFLEF—T—F: U THIWE F—T—F3 e LTET N TEI5/EfHELFT,
ZRUI ZIELLT D foo R bar DX ST, 77 4V M DREIBOBEETT:

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

o NEBEHEM: MEBICX-TOAGALNZGFIMEEELET, MESHOFIEIX BMEERDOTIHD Y X
FOHFTENLDERAIL / ZEDDLIETERTEET, HIZIETED posonlyl ¥ posonly2 \IfiE
HASEUCRD 25

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

o F—U—FRERH: F—TU—FRIZIoTODAEILNZFHERRELET, F—V—FHADSIBEEE
TE235AME, FIZIELITO kw_onlyl = kw_only2 D & 512, BABERDWEIEY A MZED=A]
EREMESIBEIIED « DB TT:

[def func(arg, *, kw_onlyl, kw_only2): ... ]

o AIERME: (MORFIE TR 5N TREOMES B ) EEOEMOMES I BHE X 5
NBZZeEB/ELET, ZOXSREFIEZ. BITD args @ & 5 IRGIEB DRI * 213228 T
ERTEZT:

[def func(*args, **kwargs): ...

o AIERF—T—F: (hORGIBTHICRZT SNALMEREDF — 7 — FIlBUTZT) {EEOED ¥ —
- P55 Z6N5 e 2EELE T, ZOXIRRGIEIZ. EOBID kwargs D X 51AREG 8%
DHNZ ** 2D} 5 L TERTEZF T,
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RBIBUE A > a vy e MEDSIEDOELLBIEETE, 7> a D58 T 7+ MEDIEETE
9,

R51E . FAQ D FE5IE LRI DE NI TTH? . inspect.Parameter 7 7 X, BHIEE £/ > =2
¥, PEP 362 2ZRLTLZX W0,

path entry
path based finder %% import §2EY 12— L &S import path ED 1 DDFFITT,

path entry finder
sys.path_hooks IZ#® % callable (D% D path entry hook) 2SR L7z finder T3 o HZ S8z path entry
WKHBEY 2a—NE/ O 2 EEM>TVET,

NRALY M) =T 74 Y EPEETZ XY v FIZOWTIX importlib.abc.PathEntryFinder %S L
TLREZEW,

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 5
7 4V b D meta path finder ® 1 2%, Y 2—LD import path ZHRRLE T,

path-like object
(path-like A 7Y =27 b)) 77 A VT AT L8R %ZRKL KT, path-like 772 =2 Md, (X% ET str
F T2 b bytes A7V =7 b, F£71F os.PathLike 7B bW EHEL ATV b
T3, os.PathLike 7B F AL EHR—-FLTWVWEATI =7 M os.fspath() ZMUHT Z & T str
F7213 bytes D7 7 A NI AT LSRICEHTEE T, os.fsdecode() & os.fsencode() IFZNZh
str 2V bytes ICRDZ2DERIAET 2D 2 F£5, PEP 519 TEAXhE L,

PEP
Python Enhancement Proposal, PEP &, Python 2 32 2 =7 4 X L THEREZRMET 2. H5 0k
Python OFHERES Z OMEPEREIC OV TR T 2 FEETT, PEP &, HEEIC D W T DR Hiffi
HIRE e IRE T 2PEREDFRIL (HHGR) ZIER 2 RNETY,
PEP &, #EREDIRRBRICH» DB, 23 2 =7 1 I K2 MEREDOEM Y Python 1272 &N 2 EEHANT DL
FODOREMNOBHE 22 ZEKLTWE T, PEP OFHICIEa I 2 =7 4 NOBEBEIT
S5, RMBERZXELTE2Z0EHVDH D £,
PEP 1 ZZJL T X,

portion
PEP 420 TEZR I TW3, namespace package BT 2, HED 7 7 A AW (zip 7 7 £ VKRNI 1
TWAEAEDDHB) 1207 4 L7 VI NI D,

&5 1% (positional argument) =
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518 2ZML T ZE W,

provisional API
(BE API) BHES 4 77V 0% BN RIED S EIICBRA SN DTS, T2DLIBRA V& —
T —ANOKEREHE X, WETH L INTVLRHITARINTOERADL, 2 7HAREIC K > THE
LARBRINUL, BAIEEIREE (L VX2 -7 2 —RXDHIRETEEND) DITONIET, ZOL5#K
ZHRIZDRAITONE D TIEH D EXA - 20U API ZHARATLANIIRAE L SN TWERRRK
M BE L7 ZI2oAThbNET,

BE APLIZOWTH, BTEMEDBWEHIR TREFER) LARINTWET, BERMHAL5E
THRITHEIRBRRREZR T RETT,

Zo7at2cEh, EES AT VEMErREZTVA V27 —ICEVHEBTAD NS Z Ll KR
PHEICELLERITONT T, F#lllE PEP 411 28 L TL XV,

provisional package
provisional API ZZRLTLZE W,

Python 3000
Python 3.x VU =54 D=y 7 3:—LT7TF, (Python 3 BEWIFERDFER > LEIELNZFET
3, ) "Py3k” kI b dH D T,

Pythonic ftt
SHRTRNEEZ T TEINza— FTIER L, Python OFHC—INIZ A 74 A DS T2E X 5%
a—FF, flziE, Python ®—f&i7% A 7 4 A LTI for XEMF>TATIINDITRNTOERICHE -
TL—7L T, tDZ L DFFEIIE I OAMHAZZOD T, Python IZEATHRWAEKD D ICEED

Ay R=FI0d LAEEA:

for i in range(len(food)):
print(food[il)

ZAuTH L. Ehwiz Pythonic 72 A1k

for piece in food:

print(piece)

qualified name
(Bffith) €Y 2 =D —rULRa—=T 0o, ZOEI 2 —)LTERSINLT TR BB XYV v I
D, " RR” BRT Ky MAKRFLTT, PEP 3155 TERINTVET, by FLNLOBEEP Y 72T
X, BEi%EA T 27 POGETEFRIL T

>>> class C:
class D:
def meth(self):
pass
(RD<R=2128i<)
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(AIDR=I 25 DfE X))

>>> C.__qualname__

o

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

>>> C.D.meth.__qualname__
'C.D.meth’

EYV 2 —AANDOBRTHDLNS &, REEMB (fully qualified name) X T XTORR Y =D&k B 2K
DRy +EREL, HlZiE email .mime.text ZEMKL F 3

>>> import email.mime.text
>>> email .mime.text._ _name _

'email.mime.text'

reference count
The number of references to an object. When the reference count of an object drops to zero, it
is deallocated. Some objects are ”immortal” and have reference counts that are never modified,
and therefore the objects are never deallocated. Reference counting is generally not visible to
Python code, but it is a key element of the CPython implementation. Programmers can call the

sys.getrefcount () function to return the reference count for a particular object.

regular package =
M7, __init__.py 77 A VEELT 4 L7 MY 2 LTD package,

namespace package FZBBLTL EE W,

slots, 4
FANTDEFT, A VARV RABHOHEBEDHOPUDERLTEE, A YRAXVAFHELHRT L2
T, XEBVEZHWLES, ZHEELEONE2T77=v 7 TI, ELLFSEAPLIY vy F—KDT,
Fatgr— 2, BIZIEXREVDHEREE 27 TV 75— a v T VARV ADKRERZFET S, tWolz
LERRE, EDRVOMNRZ FTT,

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

immutable 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 Opera-
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tions.

set comprehension
(REWNTEED) iterable NOERTH 2 WE—HROERZ UL T, ZOMRP SR IEERET a0
F 2 EXJTTF, results = {c for ¢ in 'abracadabra' if c not in 'abc'} ¥ 3 ¢, {'r',
"'} VO XTI OFFEEERLE T, UA R, EE. HEORT 2SR LTLZE W,

single dispatch
generic function D—FETRIEITZ—DOD5I DA X DEIREINE T,

slice
(RTAR) =M =T V2 D—FEEOLATI 27 by RT74RF BWERL [1 THZOLNEBO
BomicanryzEL e TEoEd, filZI1X variable_name[1:3:5] T3, AFHIN (FF) id513
slice A 7Y =7 F2WEFTHALTVE T,

special method
(FkRX Y v F) &2 BNREO#ME. BIZXNE %2 F 5 72012 Python 2> HEFEICIF NI E XY v F,
COREDORXY v Fld, XYy FHADOBRMERRICT VX =237 2 OB DO0TWET, KK Y v FiC
DVWTIE AV v R TR SN TVWET,

statement
(%) KR4 — b (A= FD® TRy »7) CRARBERTT, X & »F—7— FhoHRINS L0
DELELHNTT, BEIIE if. while. for BH D 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”.
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text file

There are a variety of different text serialization codecs, which are collectively referred to as "text

encodings”.

(TEFRANZ7740) str AT 27 b 2FHAFEEZTED file object TFo LIELWE. 7FA M7 7400
FEBRICAS MEROT =X A M) -2 T7 7R AL, TFRAMIYO—T 0 27 ZHPBNITVE T,
TERMT7 7 A ADHZ, sys.stdin, sys.stdout, io.Stringl0 f YA XV ARKEETFAME—FK
('r' or 'w') THWEZ 7 4L TT,

bytes-like 7T T b BHAEETEDZ 77 AN T2 7 MZOWTE, NTFUT 71l SR L
TLZE W,

N

triple-quoted string

type

(ZEZ 4 — bXFF)) 3008 L7 #— blE (") 7 RR b 7 4 — () THENL XTI, EHOD
(—H) 7 4 — P XFHNTHRTRITE 2 XFINENEDH D FRAD, %00 OHBHTEHTT, 1 2oh
2ODHEK LY +— B EIAS —THELICEL 2D TEZ T L., 17T (\) 2R THE
BATICERD B I ENTELZDT, FFa X7 — a 5% E RIcHIcER T,

(B Python 77 227 bOBRIIA T2 7 " DBED ISR DDPERDET, HHWE 47T 7 MiE
BERK-TWET, A7V FOBIX __class__  BMET7 7 ALY, type(obj) THHE LD H
%ij‘o

type alias

(B4 V7 R) BojlgT, Bzl IcRALTERL 5,

B4 Y723 BEeY b 2HMLT 20ICEHTT, HlZIE:

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

pass

ZHRERDESICE VAR TSTEET:

Color = tuple[int, int, int]

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

pass

HEREDFADIH %5 typing & PEP 484 ZZHR L TLZ& W,

type hint

(Bler b)) 28 77 2B B AT A —20BVEOHIF SN TEIEE T S annotation TT,

Type hints are optional and are not enforced by Python but they are useful to static type checkers.

They can also aid IDEs with code completion and refactoring.
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ra—rOVER. 75 AEHE. BT, -V EE TRV DDAk ¥ M typing.get_type_hints()
THUSTZ %7,

HEAEDHIIA D 3 typing ¥ PEP 484 2BIL T EE W,

universal newlines 7
FRAPA MY = LDEFGED—DT, LTOITARTEITREFH L £9: Unix DITRHE '\n'. Windows
DOHE '\r\n'. H\ Macintosh ODHE '"\r', FIFAEICOVWTEHL I, PEP 278 £ PEP 3116, X
51T bytes.splitlines() BZBMML T ZE W,

variable annotation

(BT /7 T7—=>ay) BE-D 5037 7 ZABMD annotation .

ZRD DN 7 ABIEICHERZ 728 23, AARTRERTT:

class C:

field: 'annotation'

BT T—aVidBEEEEY N OF0ifbES: FlZIE, ZOZERX int OEEERS Z & 2
BN TVWET:

[count: int = 0 }

TR 7 7= a YOI OWTIE FRA EMAS (annotated assignment statements) EiCER LT
W,

BEBEDFAD D 2 function annotation, PEP 484 , PEP 526 2SR L T2 X\, £/, 7/ 7 — =
YEMHATEANZ ST 27 4 22 LT annotations-howto SR LTL X\,

virtual environment
(IRARBRER) thafic Ul D BES N2 FATERIR T Y, Z4AUC & D Python 2—H e 7 7V r—> a VIFFE LY
27 5 ETEHNTWBMD Python 7 7V 7 —2 a Y OEENC TS 2 Z 27 < Python Sy 7 —Y DA
VAR NVEEHRERITO LD TEERT,

venv 2SR L TL ZX W,
virtual machine

(R~ V) ERICY 7 by 2 7ICE D EFEINza Y ¥ a— &, Python DM~ ik, N4 ba—F
avRAIBHII LI N1 FO—F 2ETLET,

Zen of Python
(Python @18 Y ) Python Z#fE LAIH S 2 ETOEZ %, Python OFGEHHAIE T2 Y X MZLk
HDTT, XWah7 v > 7 M T Yimport this” ¥ F22ZDVRALMEHDET,
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1%

CORFaAXYHMIDOWVT

COFFaxXy M Python D FFa Xy b2FREREHNE L TESLN F¥aXy 7 rtyHd Sphinx
ZHRIFA LT, reStructuredText TERD Y — 2 H4EMRINFE L=,

FFaxXybrZzoy—LHOKEIX, Python BH EFIRICEEICR T VT 4 7OENTT, b LHIVWEEK
L7zwWis, EOX5TRIEXI VIO WT reporting-bugs R—=S 2 ZETE WV, FHILWRT VT 4 7idWo
THEHNTI! GRiF: HARGEROMEICOWTIE, GitHub _E® Issue Tracker THEZ BBV £3,)

LRI EH &

e Fred L. Drake, Jr., AU I F L@ Python FFaX > by =ty FOERET., F¥aXrbrD0Ei%
HEF L

e Docutils 7B =2 b reStructuredText ¥ Docutils vV —1+t v b Z2/ERL F L7,

e Fredrik Lundh @ Alternative Python Reference 71 =2 b & Sphinx X2 D74 77 %15 %
L7z

B.1 Python F¥ a2 XY~ St

%< DFj & Python 78, Python #5475V ZL T Python F¥aXy7—>a ITHBLTINT
WET, V—REHYWD Misc/ACKS 12, ZNHEBMML TS WAL EHACTEDDETHIRA Ty TL
THH %,

Python a3 2= 4 25 DEHEM L B R FTEZDOEBSL LW FFa Xy F—ya YiddEFAFEBATL
7o - DAL D!
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C.1 Python DFESE
Python & 1990 FFR DD, F 5 ¥ XiZH % Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/

ZM) T Guido van Rossum 12 &> T ABC LN 2 SFEOHRMEEL L TEARINE L, ZOHRELD
A% 2 Python IZEHBAL TWE T2, Guido &5 HTH Python BEE DT> TVET,

1995 £, Guido 3 KEY 7 =Y =7 ML X b »iZH % Corporation for National Reserch Initiatives (CNRI,
https://www.cnri.reston.va.us/ ZH) T Python ORFEICHEDL D, W D2PDNN=Y a2V V- LE L7,

2000 £ 3 H. Guido ¥ Python ® 2 7 Bi%F — 413 BeOpen.com (2 D . BeOpen PythonLabs 5 — 4 ##EA L
¥ L7z, [A4E 10 A, PythonLabs 9 — 4% Digital Creations (BIf£®D Zope Corporation, https://www.zope.org/
ZH) 1D £ L7z, £ LT 2001 £, Python 1ZBEF 2 HINWMEZRE T % 7= DIEE A Python Software
Foundation (PSF. https://www.python.org/psf/ Z8) #iLb LIFE L7, ZDr F Zope Corporation i
PSF oBRBIZZRD $ L7

Python DV V=R IR TA =TV Y =R (=7 >V —RDEFEKIZ https://opensource.org/ #BLTL 2 &
W) TF, BRINICAT, T —#FERIZEA YD Python VY —21% GPL BUCK>TWET; £V IV —X
KOWTRTRICEEDTHD £5,
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Jy—x ~KR-=2 FEF &R GPL Hi#:
09.0-1.2 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 no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.14+2.0.1 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-Bift PSF yes

AR

FGPL Hify w5 REUE, Python 25 GPL TEAMEN TV WS EKKTIEH D £¥ A, Python D7 A
Y REFET, GPL LWV, ZELAEANA-—Ya V2T BICEEL L — TV =R LARLSTHDRED
FHA, GPL HF IO I A4 Y ZAD T TIX, GPL TV V) —XRZhTWAMDY 7 b v =7 2 Python Z#AHE
bELNETH, ZhLHNDIA LV ATEZSITEHD FHA,

Guido RO T, TNHDV V—RZARICL T K E 0B DRI VT 4 TDARIATEHL £5,

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

Python software and documentation are licensed under the PSF' License Agreement.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed under

the PSF License Agreement 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 incomplete list of

these licenses.

238 1 C & B >1E> X



The Python Language Reference, 'J!)J—2X 3.12.4

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.12.4

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using Python

3.12.4 software 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 3.12.4 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All Rights
Reserved" are retained in Python 3.12.4 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 3.12.4 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
3.12.4.

4. PSF is making Python 3.12.4 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 3.12.4 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.12.4
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.12.4, 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. 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.
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8. By copying, installing or otherwise using Python 3.12.4, 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
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 THEREOF.

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.

240 1 C & B >1E> X



The Python Language Reference, 'J!)J—2X 3.12.4

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,
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 provisioms.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
(KDR=12HE <)
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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
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 3.12.4 DOCU-
MENTATION

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,
(D=2 12Hi)
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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 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

(KDR=D12HiL)
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A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN 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.

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 Y7wvhk

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.
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. 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
AND FITNESS, IN NO EVENT SHALL Timothy 0'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
(RDR=D12Hi <)
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WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOQUS
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.

C.3.6 UUencode and UUdecode functions

The uu module contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.
A1l Rights Reserved
(RDR=D12Hi <)
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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
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-
(RDR=D12Hi <)
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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 TORTIOQUS
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.

C.3.9 Select kqueue

select Y 2 — Ui kqueue £ ¥ R —7 2 — ROV TDRDEHEEATVET:

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
(RDR=D12Hi <)
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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.3.10 SipHash24

The file Python/pyhash.c contains Marek Majkowski’ implementation of Dan Bernstein’s SipHash24 algo-

rithm. 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
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)
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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:

/KoK ok ok ok ok ok koK ok ok ok ok o ok Kok ok ok ok ok o ok koK ok ok ok ok o ok sk ok ok ok ok ok ok kK ok ok ok ok ok ok koK ok ok ok ok kK K

*

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

The author of this software is David M. Gay.

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. 1IN 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, ssl, crypt 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 release,

and later releases derived from that, the Apache License v2 applies:

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
(KDR=D12HiL)
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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 (507%) 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 modificationms,
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
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

(KDR=D12Hi)
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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
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

(KDR=D12Hi)

252 1 C & B >1E> X




The Python Language Reference, 'J!)J—2X 3.12.4

FDR—TH & D E)
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 ome
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 modificatiomns, or
for any such Derivative Works as a whole, provided Your use,
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 conditioms.
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,

(KDR=D12Hi)
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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
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

(KD<R=2 1285 <)
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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:

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.
(KDR=D12HiL)
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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.

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 TEHL TWE Ny ¥ 25— 7 LDFEEIF,
cfuhash 72 =27 bOBDICEDOZ T

Copyright (c) 2005 Don Owens
A1l 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
(KD<R=2124i<)
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"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.3.17 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.
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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-cl4n2-testcases/ and is distributed under the 3-clause BSD

license:

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 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/
sox/files/sox/12.17.7 /sox-12.17.7 tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users

may copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.
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Sun source code is provided with no support and without any obligation on the part of Sun Microsys-

tems, Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFT-
WARE OR ANY PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special,

indirect and consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

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.
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TILT 7Ry A
..., 213
ellipsis YT ZI, 27
XFHIVTFII, 15
' (single quote)
XFHUTII, 14
| (TORIS5A—23Y)
in formatted string literal, 17
. (Fyh)
attribute reference, 121
in numeric literal, 21
- (BFS)
“IHREF, 128
HIFRETF, 126
! patterns, 169
" (double quote)
XFHITFFI, 14
XFHUTII, 15
# (hash)
source encoding declaration, 8
aAXT K, 8
% (N—t> k)
operator, 127
Y=
augmented assignment, 143
& (FYNTFUR)
operator, 129
&=
augmented assignment, 143
O (hu¥Eam)
call, 123
class definition, 180
function definition, 178
generator expression, 114
in assignment target list, 141
tuple display, 111
« (FREURY)
function definition, 179
import statement, 151
in assignment target list, 141
in expression lists, 135
operator, 127
BEHITEUH LOFD, 124
*k
function definition, 179
in dictionary displays, 114

operator, 126
RHFUH LoD, 125
*ok=
augmented assignment, 143

augmented assignment, 143
+ (73 REE8)

ZIHEEF, 128

HIFERTF, 127
+=

augmented assignment, 143
, (comma), 112

argument list, 123

expression list, 113, 135, 145, 180

identifier list, 154
import statement, 150
in dictionary displays, 114
in target list, 141
parameter list, 178
AFAMR, 122
with statement, 164
/ (RZvy>a)
function definition, 179
operator, 127
//
operator, 127
//=
augmented assignment, 143
/=
augmented assignment, 143
Ob
BRUTII, 21
Oo
BRUTIN, 21
Ox
BRUTII, 21
2to3, 213
2 EH
Ew B RHE, 129
Bl ®E, 127
2EH T, 21
8EH T, 21
10 EHU TSI, 21
16 EHI T3, 21
: (3[AYy)
annotated variable, 144
compound statement, 158160, 164,
166, 178, 180
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in dictionary expressions, 114
in formatted string literal, 17
lambda expression, 135
A5AM 2R, 122
BT/ T—>a>, 179

:= (colon equals), 134

; (semicolon), 157

< (IhEw)
operator, 129

<<
operator, 128

<<=
augmented assignment, 143

<=
operator, 129

operator, 129

augmented assignment, 143
= (equals)
assignment statement, 140
class definition, 59
for help in debugging using
string literals, 17
function definition, 179

EHTEUELOFD, 123

operator, 129
->

BT/ T—>a>, 179
> (KEW)

operator, 129

>=

operator, 129
>>

operator, 128
>>=

augmented assignment, 143

>>> 213

@ (at)
class definition, 181
function definition, 178
operator, 127

0 @Ay
in assignment target list, 141
list expressionm, 113
WEREE, 121

\ (backslash)



\\

\a

\b

\f

\N

\n

\r

\t

\U

\u

\v

\x
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IRT—=F>—=rVR, 15
IRT—=F>—r VR, 15
IRT—=F>—=r VR, 15
IRT—=F>—=rVR, 15
IRT—=F>—=rVR, 15
IRT—=F>—=r VR, 15
IRT—=F>—=r VR, 15
IRT=F>—=r VR, 15
IRT=F>=r VR, 15
IRT=F>—=r VR, 15
IRT=F>=r VR, 15
IRT=F>—=r VR, 15

IRT=T>=r VR, 15

S (FvlLyh)

operator, 129

augmented assignment, 143

_ (underscore)

-

in numeric literal, 21
identifiers, 13

__, identifiers, 13

_abs__(Q) (object DAY F), 71

__add__Q (object DXV F), 69

__aenter__
__aexit__
__aiter_

_all__ (7> a>d module M), 151

__anext__
__anext__
__annotations
__annotations

() (object DXV F), 79
() (object DAY w F), 79
_O (object DAY F), 78
__0O) (object DX w k), 69

O (agen DXV v F), 120

() (object DAY w F), 78
(class attribute), 37
(function DRE), 33

__annotations__ (module attribute), 36

__annotations__ (B¥UEM), 32

__await__
__bases

() (object DAYV R), 76
(V5 2EN), 37

__bool__(Q) (object DAYV F), 52
__bool__Q) (AT VAV YER), 67

__buffer__
__bytes__

() (object DXV F), 74
() (object DAY w F), 49

__cached__, 99
__call__(Q) (object DXV F), 66
_call__Q (XTI XY YE), 125

__cause

(exception DEM), 148

__ceil__() (object DX w k), 72

__class_
__class_

_ (method cell), 62
_ (module attribute), 54

__class__ (1R X[EY), 38

__class_getitem__

__classcell__ (class namespace entry),

O (object DY FAX
Yy R), 64

62

__closure__ (function QREY), 32

__closure__
_code__ (function DEH), 33

(BABUEN), 32

__code__ (FABUEM), 32

__complex__() (object DXV W), 72
__contains__() (object DXV v ), 69
__context__ (exception DEM), 148
__debug__, 145

__defaults__ (function QREY), 33
__defaults__ (BA¥EMY), 32
__del__Q) (object DR w k), 48
__delattr__() (object DXV v F), 53
__delete__(Q) (object DXV F), 55

__delitem__() (object DXV v F), 68
__dict__ (function DBEY), 3‘3
__dict__ (AYRAVRE L*L)

__dict__ (V7 RXEM), 3

__dict__ (€ y:—)blﬁﬁ)

__dict__ (BHEY), 3

__dir__ (module attmbute), 54
ir__() (object DXV K), 53
__divmod__Q) (object (DX‘/‘J r), 69

do _ (function OREY), 3
_ (method UJEL*..) 34
_ (V3 ZBH), 3
_(XVyFE Ii)
—(
(

:E/J—)LE'E) 36
BAEUEM), 3
__enter__() (object GJX‘/ v k), 73
__eq__Q (object DXV k), 50
__exit__(Q) (object DAYV F), 73
_file__, 99
__file__ (E¥a—ILEM), 36
__float__() (object DXV v ), 72
__floor__() (object DAYV Y ), 72
__floordiv__Q) (object DXV v ), 69
__format__() (object DAYV v K), 49
__func__ (method DEMY), 34
__func__ (XV v FEY), 34
__future__, 220
future statement, 152
__ge__Q (object DXV F), 50
__get__Q) (object DAV k), 55
__getattr__ (module attribute), 54
__getattr__() (object DRV v ), 52

__getattribute__() (object DXV w k),

53
__getitem__() (object DXV F), 68
__getitem__Q) (XY TFTZzI DX
Yy R), 46
__globals__ (function DEM), 32
__globals__ (BA¥UEM), 32
__gt__QO (object DRV F), 50
__hash__() (object DXV F), 51
__iadd__() (object DX w k), 71
__iand__() (object DXV F), 71
__ifloordiv__() (object DXV v ), 71
__ilshift__(Q) (object DXV v ), 71
__imatmul__() (object DXV v ), 71
__imod__() (object DXV F), 71
__imul__() (object DXV v k), 71
__index__() (object DXV Y ), 72
__init__() (object DRV v k), 47
__init_subclass__() (object DT T A X
Vv k), 58
__instancecheck
63
nt__Q) (object DXV Y R), 72
__invert__() (object DXV v k), 71
__ior__(Q) (object DXV ), 71
ipow__() (object DAYV v F), 71

_irshift__() (object DAY wK), 71

__0O (class DXV Y F),

__isub__(Q) (object DAYV F), 71
__iter__(Q) (object DXV v F), 68
__itruediv__() (object DXV K), 71
__ixor__(Q) (object DAYV v F), 71
__kwdefaults__ (function ®EMY), 33
__kwdefaults__ (BAEUEM), 32

__le__Q) (object DAY v K), 50
__len__Q) (object DRV F), 67
_len__ O (RYTFITSTIFRDAYYER),

52
__length_hint__() (object DAYV v k), 67
__loader__, 98
__1shift__(Q) (object DAY F), 69

__0O (object dXV v K), 50
__main__

module, 83, 191
__matmul__(Q) (object DXV F), 69
__missing__() (object DRV F), 68
__mod__(Q) (object DAYV F), 69
__module__ (function DE), 33
__module__ (method DEM), 34
__module__ (¥ 3 X[EM), 37
__module__ (XY FE), 34
__module__ (BE#KEM), 32
__mro_entries__() (object DAY v k), 60
__0O (object DRV K), 69

__name__, 98
__name__ (function DEH), 3
__name__ (method U)E’EE) 31
__name__ (V3 RXEMH), 3
__name__ (XVv F‘E'ﬁ)
__name_ (:E/:L—)LE'IE)
__name__ (FA%EMY), 3

_O (object UJX‘/ v I), 50

_ neg O (object DAY K), 71
__new__Q) (object DRV F), 47
__next__Q) (generator DXV v F), 117
_objclass__ (object DEM), 55

__O (object DAYV R), 69
__package__, 98
__path__, 99
__pos__Q) (object DXV k), 71
__pow__Q) (object DXV v F), 69
__prepare__ (metaclass method), 61
__qualname__ (function ®EMY), 33
__radd__Q) (object DX K), 70
__rand__(Q) (object DX v k), 70
__rdivmod__Q) (object DXV v k), 70
__release_buffer__() (object DX

Vy k), 74

_repr__() (object DX w K), 49
__reversed__() (object DXV v F), 69
__rfloordiv__(Q) (object DX w k), 70
__rlshift__() (object DXV v k), 70
__rmatmul__() (object DXV v K), 70
__rmod__(Q) (object DAYV F), 70
__rmul__() (object DAV k), 70
__ror__(Q) (object DAYV F), 70
__round__() (object DX w k), 72
__rpow__() (object DAYV F), 70
__rrshift__() (object DXV v k), 70
__rshift__(Q) (object DXV F), 69
__rsub__(Q) (object DAYV w F), 70
__rtruediv__() (object DXV v k), 70
__rxor__() (object DAYV w F), 70
__self__ (method ®EM), 34
__self__ (XV vy FEY), 34
__0O (object DXV w R), 55
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__set_name__() (object DXV v ), 59
__setattr__() (object DAYV v F), 53
_setitem__() (object DXV v K), 68
_slots__, 231
__spec__, 99
__str__Q) (object DRV F), 49
__sub__(Q) (object DAY v k), 69
__subclasscheck__() (class DXV v K),
63
__traceback__ (exception DEM), 147
__truediv__Q) (object DXV v F), 69
__trunc__(Q) (object DXV v k), 72
__type_params__ (class attribute), 37
__type_params__ (function attribute), 32
__type_params__ (function ODEM%), 33
__xor__Q) (object DXV F), 69
“Tparser™T, 7
“values™ "
writing, 140

{} (curly brackets)

dictionary expression, 114

in formatted string literal, 17

set expression, 113
| (HiEHE)

operator, 129

|=
augmented assignment, 143
- (FILA)
operator, 127
ATV E, 191
12Ty I RgME, 29
17TV, 9
IRT—=T=r >R, 15
I>—, 86
IS>—E, 86
FITTz U bofE, 25
A7z bR, 25
A7z U DR, 25
F—N—O—F
operator, 46
h>=, 112
KRE®D, 136
*— 114
*F—-7U—F, 12,13
as, 150, 160, 164, 166
async, 182
await, 125, 182
case, 166
elif, 158
else, 149, 158160, 162
except, 160
except_star, 161
finally, 146, 149, 150, 160, 163
from, 115, 150
if, 166
in, 159
yield, 115
J32R, 216
body, 61
definition, 146, 180
instance, 38
name, 180
object, 37, 125, 180
statement, 180
AYR+ZU%, 47
B, 37
B KA, 37
ISR 2VRAAVR

call, 125

object, 37, 38, 125

B, 38

Bt KA, 38
ISRATZx Uk

call, 37, 125
JI—F1k, 9
Jo—nIi

name R, 154

namespace, 32

statement, 146, 154
ARYESA1>, 191
AXY K, 8
JI—F>, 76, 116, 217

BE%R, 35
AYZAES94

I3, AT
a> 77, 26, 37
avn—aIi

HAHIAHBIH, 154
a—F

J0Ov 7, 81
dA—RATZxok, 39
H#ITU5 21k

TERRELE, 47
27k

RH, 128
Jrxl—4, 221

expression, 114

iterator, 35, 147

object, 41, 114, 117

BE%K, 35, 115, 147
23—, 81, 82
2829y

FL—2X, 45

£1T, 45
A543, 29,30, 122

KA, 142
V—RI—FXFtEY 8
27,9
Tk

F—1%, 133

®E, 133
FTANSUR, 48, 141
FNyY

assertions, 145
FUIZAR 23
T—4,25

type, 26

type, immutable, 111
FL—ZX

RABy Y, 45
k=o>, 7
RF X2 bXFH, 41
Ny aXF, 8
NVES

BIsk, 45
N1, 30
NALRFIVTSIL, 14
Ny I RX59PaXF, 8
NZR

hooks, 93
Ew B

and, 129

or, 129

EH, 2, 129

EH, BIE 126

xor, 129

ZL—L4L
object, 43
%47, 81, 180
0wy, 81
ad—F, 81
TI3AR— %
i, 110
F314<V, 121
T3, 127
70J3 L4, 191
Y1+ X, 126
XYy R, 226
call, 125
magic, 225
object, 34, 36, 125
A-YEERD, 34
%, 232
#ARAF, 36
> anO, 127
I-HERD
XYy, 34
R, 32
BI# call, 125
A-YEEXAV YR
object, 34
I-HEREY
object, 32, 125, 178
VT3, 14, 111
O—=)\LI>adA—74 2%, 225
=\
operator, 135
FFEIAR, 111
®E, 127
FH#IEE, 12
KA
annotated, 144
augmented, 143
statement, 30, 140
target list, 141
IS5 R, 37
UVSRAVARV R B, 38
A5M4R, 142
B, 140, 141
ARFRED, 142
AIB5I# (positional argument), 229
IS, 86, 147
AssertionError, 145
AttributeError, 121
GeneratorExit, 118, 120
ImportError, 150
NameError, 110
raising, 147
StopAsyncIteration, 120
StopIteration, 117, 147
TypeError, 127
N RS, 45
ValueError, 129
M, 148
ZeroDivisionError, 127
BIANZRS, 86
BN ERXET B, 86
BIANY RS, 86
#74
%, 135
W17, 7, 8, 15
%
XYy R, 232
B, 26
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B, JRA, 26
RIE, 82
RIEEH

PYTHONHASHSEED, 5
PYTHONNODEBUGRANGES, 41

PYTHONPATH, 102
0]
list, 113
tuple, 29, 111
A, 9
Z=17, 9
B
Zxi, 109
B, 2 &, 127
RE, BIR, 126
BTETIL, 86
HAA T
XYy R, 36
HAHRABZRY w R
call, 125
object, 36, 125
#HHAH B
abs, 72
bytes, 49
call, 125
chr, 29
divmod, 70
eval, 154, 192
exec, 154
hash, 51
id, 25
int, 72
len, 2931, 67
object, 35, 125
open, 38
ord, 29
pow, 70, 71
print, 49
range, 159
repr, 140
round, 72
slice, 46
type, 25, 59
aAVNAIL, 154
FEV SR, 72
B/EY, 72
BH
variable, 82
EBVTII, 21
1TI8E, 7
1T, S
TERE, 7, 8
RIF
BH, 28
Eay
dictionary, 114
list, 113
&4, 113
BEH
number, 29
object, 29
HAHIAFHEE, 72
BREHIVTII, 21
2R

sequence, 121

string, 122
BEROZER, 29
=B

c, 26, 28, 35, 129

Java, 28
50, 4
i

JBFF, 136

BEEINABD IR =TTV, 17
BRIETT, 7
BRI, 11, 110
Fgh, 148
e, 129
Bk, 220
annotations, 179
call, 32, 125
call, A—HEED, 125
definition, 146, 178
name, 178
object, 32, 35, 125, 178
JIRL—4&, 115, 147
A—HEED, 32
318 (argument), 32
|7, 135
BRI UH L, 32
L]
type, 26
&8
object, 31, 113
MaR:E, 113
R, 113
== yid]
object, 30
#S1t
name, 110
&R
5T, 136

A

abs
HAHAHBEE, 72
abstract base class, 213
aclose() (agen DAYV v K), 120
and
operator, 134
£ MEfi, 129
annotated
A, 144
annotation, 213
annotations
Ba%k, 179
array
module, 30
as
except clause, 160
import statement, 150
match statement, 166
*¥—7—F, 150, 160, 164, 166
with statement, 164
AS pattern, OR pattern, capture
pattern, wildcard pattern, 169
ASCII, 5, 14
asend() (agen XYV v K), 120
assert
statement, 145
AssertionError
B, 145
assertions
TINyY, 145

assignment expression, 134
async
F—7—F, 182
async def
statement, 182
async for
in comprehensions, 112
statement, 183
async with
statement, 183
asynchronous context manager, 214
asynchronous generator, 214
asynchronous iterator, 35
BA%K, 35
asynchronous generator iterator, 214
asynchronous iterable, 215
asynchronous iterator, 215
asynchronous-generator
object, 119
athrow() (agen DXV v k), 120
atom, 110
AttributeError
FIs, 121
augmented
KA, 143
await
in comprehensions, 112
*F—T—F, 125, 182
awaitable, 215

B
bl

NTRFIVFSIL, 15
b"

NARFIUFSIL, 15
BDFL, 215
binary file, 215
BNF, 4, 109
Boolean

object, 28

EH, 133
borrowed reference, 215
break

statement, 149, 158, 159, 162, 163
builtins

module, 191
bytearray, 30
bytecode, 39, 216
bytes, 30

A HBEER, 49
bytes-like object, 216

C

c, 15
=58, 26, 28, 35, 129
call, 123

instance, 66, 125
procedure, 140
DIRAVRRAV R, 125
USAFTSTU b, 37,125
XYy R, 125
A—HERD B, 125
HHAHXY Y R, 125
HHAHIAHEELK, 125
B, 32, 125

callable, 216
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object, 32, 123
callback, 216

case
match, 166
*¥—7—F, 166

case block, 168
C-contiguous, 217
chr
HAHIAFHEE, 29
class variable, 216
clause, 157
clear ) (frame DAY v F), 44
close() (coroutine DAY W R), 77
close() (generator DXV v ), 118
co_argcount (codeobject DIEM), 40
co_argcount (A—RATJ ¥ FDREM),
39
co_cellvars (codeobject DEM), 40
co_cellvars (A—FATT U FDENY),
39
co_code (codeobject DEM), 40
co_code (A—F#TZx U FOREM), 39
co_consts (codeobject DEM), 40
co_consts (A—RATT ¥ LDEM), 39
co_filename (codeobject DEM), 40
co_filename (A— KA TV FDREM),
co_firstlineno (codeobject DEME), 40
co_firstlineno (A—RA Tz bD
Bf), 39
co_flags (codeobject DEM), 40
co_flags (A— KA ITT U FDREY), 39
co_freevars (codeobject DEM), 40
co_freevars (A—RATJ ¥V FOREM),
39
co_kwonlyargcount (code object
attribute), 39
co_kwonlyargcount (codeobject DEM), 40
co_lines() (codeobject DR v K), 41
co_lnotab (codeobject DEIE), 40
co_lnotab (A—FFTT ¥ FDEM), 39
co_name (codeobject MEME), 40
co_name (A—FFAITZx U FOEM), 39
co_names (codeobject MEM), 40
co_names (A—RFAITT o bDREY), 39
co_nlocals (codeobject DEM), 40
co_nlocals (A—RA Tz FDOEM), 39
co_positions() (codeobject DAY v K),
41
co_posonlyargcount (code object
attribute), 39
co_posonlyargcount (codeobject DEM),
40
co_qualname (code object attribute), 39
co_qualname (codeobject DEM), 40
co_stacksize (codeobject DEM), 40
co_stacksize (A— KA T FDOEY),
39
co_varnames (codeobject DEM), 40
co_varnames (d—RZFA 721U FDENY),
39
collections
module, 30
complex number, 217
compound
statement, 157
context manager, 72, 217
context variable, 217

contiguous, 217
continue
statement, 150, 158, 159, 162, 163
coroutine function, 217
CPython, 217

D
dangling

else, 158
dbm.gnu

module, 31
dbm.ndbm

module, 31
decorator, 217
DEDENT k—% 2, 10, 158
def

statement, 178
default

parameter value, 179
definition

32X, 146, 180

RIS, 146, 178
del

statement, 48, 146
deletion

target, 146

target list, 146

B, 146
descriptor, 218
dictionary, 218

object, 31, 37, 51, 114, 121, 142

RExR:C, 114

=R, 114
dictionary comprehension, 218
dictionary view, 218
division, 127
divmod

HHHIAHEEE, 70
docstring, 180, 218
duck-typing, 218

E

e
in numeric literal, 21
EAFP, 219
elif
*—7—F, 158
Ellipsis
object, 27
else
conditional expression, 135
dangling, 158
F—7—F, 149, 158160, 162
encoding declarations (source file), 8
eval
A HEE, 154, 192
exc_info (sys € a—IJl), 45

except
F—7J—F, 160
except_star
F—J—R, 161
exec

HHHIAHEEE, 154
expression, 109, 219

lambda, 135, 180

list, 135, 140

statement, 140
JIRlL—4&, 114
&M%, 133, 135
yield, 115
extension module, 219

F
£1

formatted string literal, 15
£

formatted string literal, 15
f-string, 219
f_back (frame DEMY), 43
f_back (7 L—LEMH), 43
f_builtins (frame DEM), 43
f_builtins (7 L—LEMH), 43
f_code (frame DEMY), 43
f_code (7L —LEM), 43
f_globals (frame DE), 43
f_globals (7 L—LEM), 43
f_lasti (frame DBMY), 43
f_lasti (7 L—LEH), 43
f_lineno (frame DEMY), 44
f_lineno (7 L—LE), 43
f_locals (frame DEM), 43
f_locals (7 L—LEM), 43
f_trace (frame DEMY), 44
f_trace (7L —LEY), 43
f_trace_lines (frame attribute), 43
f_trace_lines (frame DREE), 44
f_trace_opcodes (frame attribute), 43
f_trace_opcodes (frame DEM), 44
False, 28
file object, 219
file-like object, 219
filesystem encoding and error

handler, 219
finalizer, 48
finally

F*—7—F, 146, 149, 150, 160, 163
find_spec

finder, 93
finder, 92, 220

find_spec, 93
floating-point literal, 21
floor division, 220
for

in comprehensions, 112

statement, 149, 150, 159
format () (HEAAHBIE)

_str__Q (TP IRV YE), 49
formatted string literal, 17
Fortran contiguous, 217
from

import statement, 81, 151

F—7—F, 115, 150

yield from expression, 116
frozenset

object, 31
fstring, 17
f-string, 17
function annotation, 220
future

statement, 152

G

garbage collection, 25, 221

267



The Python Language Reference, 'J1)—2X 3.12.4

generator expression, 221
generator iterator, 221
GeneratorExit

B9, 118, 120
generic function, 221
generic type, 221
GIL, 222
global interpreter lock, 222
guard, 168

H

hash

HAHAHEL, 51
hash-based pyc, 222
hashable, 114, 222
hooks

import, 93

meta, 93

INZ, 93

I
id
HAHIAHEE, 25
IDLE, 222
if
conditional expression, 135
in comprehensions, 112
statement, 158
*¥—7—F, 166
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raise
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send() (generator DXV ), 117
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simple
statement, 139
single dispatch, 232
slice, 122, 232
object, 67
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special method, 232
standard
output, 140
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123
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assert, 145
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assignment, augmented, 143
async def, 182
async for, 183
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break, 149, 158, 159, 162, 163
compound, 157
continue, 150, 158, 159, 162, 163
def, 178
del, 48, 146
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for, 149, 150, 159
future, 152
if, 158
import, 36, 150
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match, 166
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pass, 145
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simple, 139
try, 45, 160
type, 155
232X, 180
Ja—/NJL, 146, 154
KA, 30, 140
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stdio, 38
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sys.exception, 45
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sys.stderr, 38
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sys.stdout, 38
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text encoding, 232
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throw() (coroutine XY v F), 77
throw() (generator DXV v K), 117
traceback

object, 45, 147, 161
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triple-quoted string, 15
True, 28
try

statement, 45, 160
tuple

object, 29, 121, 122, 135
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type parameters, 185
TypeError
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ull
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unbinding

name, 146
UnboundLocalError, 82
Unicode AV —27F L, 15
Unicode XFFIE 29
universal newlines, 234
UNIX, 191
unpacking

dictionary, 114

iterable, 135
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Vv

value, 114
default parameter, 179
ValueError
B, 129
variable
BH, 82
variable annotation, 234
BEIE
operator, 136
FEDZEH, 9
AR, 192
MEXRG, 112
dictionary, 114
list, 113
&4, 113
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HIER
=17, 86
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tuple, 29
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B, 121
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TR, 133
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Hif7, 109
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virtual environment, 234
virtual machine, 234
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B0, 121
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function definitiom, 179
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lambda, 135
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walrus operator, 134
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module, 26
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B, 29
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while
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Windows, 191
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number, 28
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null, 145
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