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

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







ONE

L ®HIC

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

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

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

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

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

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

1.1 3J®D Python D3R

Python ®FEE Y LT, BHEHRWTEHELAREEN UV EOELELTVWET, 2R OFEECELTd, FE
O L —HFETHEIEN R =T E T,

FLHSNTVWREEIULTOIDONH D £

CPython Z
MWERBRTFEIN TV BHMRD Python HET, C FiETEINATVET, FLAY DY
BRRED VB R HEINFE T,

nu[t
Ul
=
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Jython

Java THE XNz Python T3, ZDFHEEX Java 7 7V 5 —>a YO DRA 7Y FFiEL LT,
L W& Java 79 RIGA TV o727 TV r— a v EERT 27DIEHT 228 TE%
T, Fle, Java IA 7T VDT A MEERT A0 LRLEFEHAIATOET, X5 3EHIC
DWTIE the Jython website ZZB L TL 2 & W,

Python for .NET Z

DEHEIIZANERTIE CPython ZHHL TVWEIH, NET 77V 5= ayiTLkoTEHIATVWSD
T. NET 54 75 V%2235 ZeDAHETT, ZDFEEX Brian Lloyd I & o TER N E L 7,
X 572 3B OWTIE, Python for NET home page 2R L TL 72X W,

IronPython

PyPy

ho
F 2 X

NET <C Python 5 37:00% 5 —~o0HEETT, Python.NET L3R D, 5221 IL 24EMK
T2ZEeMTES Python FE#EH D, E# Python 2— FE.NET 7> 7Vicar 4L LET,
Z AU Jython OHIMRDOFAFEE TH % Jim Hugunin Ik > TESRFE L7z, X 5RZERITOVTIE
the IronPython website ZZMR L TL 7Z& W,

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.

DEEHEZ DY a7V TXEMINETHELEZVER>TWE, b LI, %D Python F
VN AR 5> TV B0 R EDERPNHAINTVWETL &5, dREPFEHLTWEEEE

T, REFREZ@SDBEDRD 20 52 HWT 57-0121F, FFEEOARELSRLTILZZ W,

1.2

The d

AIYZa7INIcHBITB3REE

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

notation. This uses the following style of definition:

name

1c 1

A D
DTH

= lc_letter (lc_letter | "_")x
etter = "a'..."z"
f71&. name 2% 1c_letter DERAIERHE/ZIZZNLLED 1c_letter & 7V X —RXaA7hkinizd

5Z2ERLTOVET, ZLT, 1lc_letter II 'a' 5 'z' FTOMLLDXF—FTH3 I LER

LET, (COMANE, ZOFF 2 Xy MR T3 FaHAI e GRANCBWTER I N TV 2 4RI
(name) T—EHLTHEOATVET),

AN name (BANC & > TERZNTOLZ LOOHKHT) & = pOBE D TF, TEH (1) 12, EHORE
REARDDPEEET 2L 2N ET, CORBE. COTECBL TR BAELEOENEETTT,

7 AR

VR (%) & BRI 2 EEOL O EM LB DELEEL I A, 752 (+) B Lo

4

F1E LIS


https://www.jython.org/
https://pythonnet.github.io/
https://ironpython.net/
https://pypy.org/
https://en.wikipedia.org/wiki/Backus%E2%80%93Naur_form
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BEDIRLT. AR ([ ]) Kb Fad, Fastaf@r—FHET 2 (Hloswhizdhud, uosf
DFNIF TS a>ThHs) ZeERLET, * BEXO + HATOMAHEMIITRERB O M RoT0E T
FHD 7N —FUFIFERZFNE T, VT IALFINI 7 4 — P THbIWE T, ZHE =27 2R8Il
TW3 L ZDAEKREZRL T, HANZER., —THIND s THRT; ZROEIRFEOH 2 AN, B
DIFITDDNT, BEMRDEA K LAHOITE LTitidah 3,

(LoBld & 572) FAPERTIE. MICZOo0BEEIFOATVET: =20 Fy FTRYLATVWE DD
T INFE, ZOoDXFD ASCI XFa— RIgBI 3 (AaMNR) #Hi» O XFEr—FEIILERLE
T BHyahoFh) (<...5) &, ERBFADY Y ALEERT 2 IFERW LD 27T F; HlZE,  HilfE
X REERTVEDND L ERMEONEZeBHHET,

FH RO EROBTHEDON TV A RLIZIZL AR L TTD, ZOEKIIKERBNDEDD 5
FAPEFRIIASY — AR DM 4 DXLFRID BN FE T2, BCEREIFHARTcAERINz—#HD b= v %
DR WET, XKE (7 FAMRK) B35 BNF ZITRTFHERDEZDDHDTT; ZHhLIEDETII,
BCERD Do TWET,

1.2. AYZa7IIICHBIT3REE 5






TWO

F R

Python TEH»r N7z 7 075 213 IN—HF (parser) CHMAENE T, N—FAD AL, FAENER (lexical
analyzer) \Z X o TEREN—EHD b= > (token) 257D %5, ZOETIE. FHIENEN 7 7 A V%
b =2 YN IIRT B ITIRICOWTERR L 5,

Python &7’m 22 A7 % A b % Unicode 2— FHRA ¥ & LTHARALET, YV—RA 774DV a—
FavZB3Irrya—7F4 Y IEETEX LN, T 74 & UTF-8 TY, ##fllidk PEP 3120 258 L C<L
IV, Y—=RAT7 7 A APTa— FTERIFAUI SyntaxError XL EINhE T,

2.1 171818

Python 70275 232D FIBIT (logical lines) WZnH| T E5,

2.1.1 51T (logical line)

AT ORI, b —2 > NEWLINE TRE N F . MY EFFENTWaE5E (G compound statement
HFODFEIT: statement) ZEROT, FATUIGREITRNICE /22035 Z 8 IFTE R A, mBITE—TERIEZh
DL Y817 (physical line) 225720 PIFATOREIIIARI £ 72 13IEBRRIR 1T&EE (line joining) #i
A3 & %35

2.1.2 #3817 (physical line)

PIFRAT . AT 2 — R TXYIS N XFHNDZ e TT, V=R T 7 4RV —AXFHITIE, &7 v b
74— L OFEDITHIGa— F 2T 2 2 TE %9, Unix JERTIE ASCII LF (173D : linefeed)
XF. Windows FERTi& ASCII % CR LF (18)#: return IZH\\TITi% D ) . Macintosh 53Tl ASCIT
CR () XFTF, TOHRTORRDI—FE ES7I7Y P74+ —LTHFLIMHT LM TEX
o AMORED., RZEOVIITORBIL&mE L TOREEZRLELET,

Python \ZHDIATHEITIE, FHED C FREOSUTFOZEHFA (ASCII LF Z2RB L 72XFa—F \n H
IR 2 D £9) 1> T, Python APIICY —2a— REETHRERDHD 7,


https://peps.python.org/pep-3120/
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2.1.3 OX> bk (Comments)

AX Y MIXLFHNY T IR A > TWARWAY a2 (#) 2oMmME D, RCYHEITORKETKDD $9,
FEHIRAYZATREGERRRIASEH S M TWRWIR D, axX ¥ MEEmHET2RImS 9, axX ¥ NI RER
nEg,

2.1.4 T> 13— REFE (encoding declaration)

Python 227V 7 HO—THPZITHICH %2 2 X ¥ b DIEHKH coding[=:1\s*([-\w.]+) II~¥ v F T3
BE, aXAY I Ya—FESL LTUMEIAET;, ZORBOBRIAD I L —TBY —2a— K7 741D
IYa—REHEELET, TVa—FEFSRESOTIRINERD XA, ZATHZH 255, —fTHH 2
XY PDADITTRIFNERD FXHA, =rya—FESe LTH#HEREST 2B

[# —*— coding: <encoding-name> —*-—

ZHUE GNU Emacs Treak CEE 3, /21

[# vim: ftleencoding=<encoding-name> }

Z X, Bram Moolenar (2 & % VIM »iRikC& 3R TS,

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 YIPESEINIGE. TOLYaA—T 4 ¥ 74E Python ICK > TEBiCERIFAUI LD £8
A (standard-encodings ML TL 12X W), HEEI iz rya—7 4 ¥ 7 fIZIEXFHV 770, 2
XY, AR D, ETOFaFTICEbhE T,

2.1.5 BRBB 1Tk

TOFRRBZAU LOYEITEREITE LTORTF 27D Ny 7 RT vy aFE (\) 2o TUFD X
SICLET: WHITAXTINY 77 A4aXy PHOXFTRWAY 7 X7 v aTiRboTWaIE, ki
FTHRTEORFT—OOMITEME L. N I RF7 v ¥ aBIrUNY I RT v ¥ 2DBRACDHIITRNF %
HIBRL 57, HIl R

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 wvalid date

return 1

NI RAFyyaTERDRITIZEaX P RANBZLIETEERA, £/ ANV RATyvva®ffioTax
VIEFEMRTAZLIITEERA, NV T RTvT aBXFINY TFINTIHIGEEERE, Ny T RT5y
aDBARL M=V EMET A ZIETEERA (TROE, MEITHOXXFY 77NN D N —2 V%

8 B2 & TR
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Ny ZRA59aZzlioTaMiT2 I3 TEEEA), LA DEGITIE. XFEANY T I MM H BNy
IRy a3 IRlHoTHRELRDFT,

2.1.6 FEBATRBYZRTTHAS:

HFUHEIN (parentheses). f#EIN (square bracket) . 3 X CEAEIN (curly brace) HOHIZ, Ny 7 X T v >a
ZHEDTICATU LOYETICOET 5 2 enTEE T, HIRIE:

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

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

IERINCHE S NTATICE I X Y P2 ED LN TEE T, MFATOA V7Y MNIEETIEH D ¥ A
ZEDMBATEEL 2 TEE T, IEARMRAHITHICIE. NEWLINE F—2 YI3fFEL £8A. JFIR
72 TOMBIE. =B A — b INFH (TS R) THRAELET; ZoHAIE. aX Y 28952
EPTEEHA,

2.1.7 ZET

AR=A, BT, Tx—LT74—F BIUFaXy rosarzEOHITIIEHAINES (T72bD5. NEWLINE
P2 VEEREINERA), XEMEERITATIL TV ZBICIE, 2297 OO0 IIAT Hi AIA H-FEAT-Hi 1
(read-eval-print) L —FDREEIC X > THRZ D Z DD D F3, FHERLNGERA > & 7Y X DEETIE, 5%
RRZATTTELMEAT (Thbb, HAXFHAX Y P RLEETROVET) X BEITH» 572 5 X0
ZRLUET,

218 17V

AT OIS B, SEHHDZEH (AR—ZABXURT) O DIZ, ZOfFOA4 YT PLNALEFHET S
TeDIEbNE T, £ 7Y LR, FITXDIN—AUEZRET 2 -DICHWLNE T,

R (ErLEDHMNC) 1 DIZDE 8§ DDAR—ATHEEMZ S, BERIBOLFEIE 8 OffFucik
D% (Unix THEODATOVIHAIEFALICHRS X5 BERIENTVET), 2L T, BAIDIEEALFETDR
R—ADKED, ZDITDA VTV VERELE T, A VT Y ME Ny 7 AT v ¥ a THROYEITICE
TEFEVRA; BHPIDNY I RT7 v 2FTOEABALA VTV M ERELET,

V—RAT 7 ANHRRTEAR=ZAZRRAEEE, ZOEKRDITINE T DAR-ZMEBIKEFT 2 X586, A4
VTV MITEERDDOL LTHINENET, ZOHEE TabError SEH I E T,

TS5y b 74— LEOEBEICEETSEE: JEUNIX 59 F 74— LA RBIFATXFRANZF 4 ZOHE
E =2V —RT7 7 ANNTET A VT P ERBEIRTTHS DRBEHTRED Y VA, /2. 779 b
TA— ALk oTE BAA YTV FLAURHRINCHIBLTWA 23 LAEE A

T A —ALT7 4 — RXFPMTOHRBERCD > THOMOETA; 74— 7 4 — FXFEFLDA VTV PLRAEE
FRCIERINE T, 74 —L7 4 — FXFEPREOZAFTOMDIGHTICH 255, ZOFBIRERTT

2.1, 178E 9
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(Bl ZIZ. R_—2D8%E 012V £y FF 205 LILEEA).

HHET 2ITICBIT 284 DA 7 ¥ FL~ULE, INDENT BXU DEDENT b—2 Y Z24EKT % 7-012fEbD
NET, b= YOEREBRAEZ Yy 7ZHOWTURD X5 T,

7 7 ANVHORPIDITEFHAMTHIC, AKXy Zic¥urs—o2fEh (push ) £§; ZOXFRL TR
% (pop) ENZZLEHD FHA, AXy 7 OEREICHENTO EFIE., HICA Xy 7 OKEH &IETHIC
U CHEIZHEM T 2 X512 oTVWET, ZiwMHITOMBMEICB VT, ZDTDA ¥ 7 ¥ b LAUVED R
KXy 7 DFEHOEL RSN E T, EXFELTFEMBLERA A VT Y PLNVEXRRAEZ Yy 7 FOfEX
DHREFNE A VT Y FLANAMEIZALZ v ZiIZfE4L, INDENT b =2 VB —2EREhET, 41 V7
YMLANOUER AR v 7 EOfEL D /N XWEE, ZOMEIERZ y Z7HOWIT I OEE FL L RIFHIER
DERBA; RXY 7 EDA YT Y FLANUMELD S REWVEZITRTRESI N, BEA—DRESNZ LI
DEDENT b —2 VB —24KINET, 77 A NVDEKETIE, ARy Z1HE->TV0bER XD REVHEITE

TREZN, ER—DFREENZ L2 DEDENT b =2 YHR—24&RENET,

DIFOFNZELL (LA LERXEZ L) 4 7~ b &Nz Python a— FO—E%ZRLET

def perm(1):

# Compute the list of all permutations of 1

if len(l) <= 1:
return [1]

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

s = 1[:41] + 1[i+1:]

p = perm(s)

for x in p:

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

return r

UTRofZ. xR A4 VFry P —12kb £9:

def perm(1): # error

for i in range(len(l)): # error:

s = 1[:4i] + 1[i+1:]

p = perm(1[:i] + 1[i+1:]) # error:

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

return r # error:

: first line indented

not indented

unexpected indent

inconsistent dedent

(FEBRE BHID 3 DDLT =3 A A—F I Lo THREINET; RIRD T T —DADTFHABHEIRTHO D £ 5
—return r DA YTV ME, ARV IPHEBERBFEESIN TV EDA YTV FLNMEE S —H L FEA)

10

5B 2 & TR
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219 F—JVHEDZER

FEAT DR L FINONIIC D 2 HEZRE, ZAXFTHIAR—R, X7, BLUTZ+—L74—F
. b= Y EDETEEOICHBCHHT S A TEET, oD b —27 Y EHERTEL HD N —2 >~
ELTARINTLED EORGEICE. =2 Y ORICZEAPKREL 2D £3 (FIZIE ab l&—2d b —
JUTTD, ablE oD b= R ET),

22 EOtD b—o >

NEWLINE, INDENT. 3 X DEDENT ofth, X FD =2 > DA 73V : #BIF (identifier), ¥F—T—
R (keyword), VT Z IV, BEF (operator), T IR (delimiter) BFIEL E T, AT (L TRNATH
WX FLGN) B =2 U TEH D FRAD. P Y EXUZEERDHDET, P—T VOBIZHVE N
DEURGE., P =2 Y EEILRICHATRETRY b =27 Y EBRTE ZREOLTIIE G X 5 ITHE
SNET,

2.3 #AF (identifier) &V F—T—F (keyword)

AT (£7203 %A (name)) 13, UROFAERCTIRBEINE T,

Python 1281} 25 F DX, Unicode BHEMBRTEHIE UAX-31 IO X, M ZFEAIMTTE
FLET, FLLIX PEP 3131 #8MBLTLEI W,

ASCII #iH (U+0001..U+007F) ANTIX, #lF & L THEMAZRCFE Python 2x B2 DERL T,
RXFENLTFDADS Z, 7¥E—Ra7 | BEOXTERIET 0 2256 9 T,

Python 3.0 &, &5 ASCII il 6 F2EAL %3 (PEP 3131 2ZHLT<ES WV, ), 205
DLFIZDOWTIE. 781 unicodedata £ 2 —ILIZE& FMN 3 Unicode Character Database R % {#iu>
%9,

W FORSICEHRA D D A, KNFREFENET,

identifier zid_start xzid_continuex

id_start n= <all characters in general categories Lu, L1, Lt, Lm, Lo, N1, the underscore, 3

id_continue <all characters in 4d_start, plus characters in the categories Mn, Mc, Nd, Pc a

xid_start = <all characters in <d_start whose NFKC normalization is in "id_start xid_contir

xid_continue = <all characters in %d_continue whose NFKC normalization is in "id_continuex">

ETEKU% Unicode 7TV a— FIZMUTFERLET:
o Lu - K3F (uppercase letters)
o Ll - /NXF (lowercase letters)

o Lt - SEFENKSCF (titlecase letters)

22. g0t b—o > 11


https://peps.python.org/pep-3131/
https://peps.python.org/pep-3131/
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o Lm - BfixF (modifier letters)
o Lo- ZDMdDLF (other letters)
o NI- 8%z 33 F (letter numbers)
o Mn - FIEDIZWVELE (nonspacing marks)
o Mc - FIRD® 545G 75 (spacing combining marks)
o Nd - 10 #EF (decimal numbers)
o Pc - #@fEHAIFELS (connector punctuations)
e Other_ID_Start - explicit list of characters in PropList.txt to support backwards compatibility
e Other_ID Continue - Rtk
FTARTOMAF I, FrIIEREER NFKC cZ2fixh g3, @il FRoEid NFKC IcEko 2 %3,

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

2.3.1 ¥—7—F (keyword)

YT O#AFIE, TREE. F£721& Python SfEICBIF 2 F—T—F (keyword) ¥ L TN, @E DT
ELTHES Z I3 TEERA, F—V— FNEIHECTRLO@ED IS RITIUIRD EEA:

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

232 VI bF—U—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.

12 5B 2 & TR
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https://www.unicode.org/Public/16.0.0/ucd/DerivedCoreProperties.txt
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2.3.3 FHEHDHEIFE (reserved classes of identifiers)

HHED (F—v—FERL) MAlFICE. FRERERSDD £3, 200 0HFIFREIE, ZESPREBICH S
FUR—RATLFEDAR— 2 TRAEHET:

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.

=N
Al _ 1. LR UIRERE (internationalization) & 4ICHWSNE T; ZOBEEFITOVWTOREL
WEHRIE, gettext ZZBMRL T ZX W,

It is also commonly used for unused variables.

>

>
AT LTERSNT: (system-defined) #H1TF, JEARITIE dunder” 24 H1 & X £ 3 ERIE:
double underscores Dig), ZHSDARFIA Y R—TV Ry (BHES 4 75 ) &) BEELTERS
NTVWET, BUTO Y X7 A TOARNE F5HAY v FE RETHECET 6N TWES, Python @
FERDOAN=Y a v TREIDZLDAMMBEREINL ZLICRDET, TOFFa Xy PTHEEIATH
LZHBEIIED RV, HE5B __x__ DHHENE, Wk TFAMIBIAHAHATD, BEEIE

FErglFREIT DD £7,

7
AT T4 R—=} (class-private) REHTTT, DA TITVICET 240MF. 77 RAERDI YT
2 b ETHWSNRERGE, BEZ FRIREZ FAD 7 774 X— " BB CTHRIEEIEZ 2 D
ERICT-DICEHEZTBEINE T, #BAF (identifiers £TIFHET (name)) ZBRLTLZE W,

24 V737

V77 (literal) &id. WL DO OMBALMDER ZRIL LD DTT,

2.4.
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24.1 XFHEXUNAT FFIUTFSIL

XTI T INIUTOFAERTRRd SN E T

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

| "fr" | "Fr" | "fR" | "FR" | "rf" | "rF" | "Rf" | "RF"
shortstring n= "'" shortstringitemx "'" | '"' shortstringitem*x '"'
longstring u= "rrrn longstringitemx "' | tUtnt longstringitemx '"""!
shortstringitem := shortstringchar | stringescapeseq
longstringitem n= longstringchar | stringescapeseq
shortstringchar := <any source character except "\" or newline or the quote>
longstringchar n= <any source character except "\">
stringescapeseq := "\" <any source character>
bytesliteral n= bytesprefiz(shortbytes | longbytes)
bytesprefix n= "o" | "B" | "br" | "Br" | "bR" | "BR" | "rb" | "rB" | "Rb" | "RB"
shortbytes n= "'" shortbytesitemx "'" | '"' shortbytesitem*x '"'
longbytes n= "t longbytesitemx MU' | MM longbytesitemx '""M!
shortbytesitem := shortbyteschar | bytesescapeseq
longbytesitem n= longbyteschar | bytesescapeseq
shortbyteschar ::= <any ASCII character except "\" or newline or the quote>
longbyteschar n= <any ASCII character except "\">
bytesescapeseq 1= "\" <any ASCII character>

FROEFFAITRENTORWSGENRHGIRA—D2H D £3, VT 71D stringprefiz X bytesprefiz
EERDDE T OMICZERZ ANTIZRSRNI TS, Y—RAa— FX¥t vy b (source character set) (&

Tya—F4 YJESTERINES, Tva—7 4 YZEFPRINL UTF-8 TY, fi TYI—FESF
(encoding declaration) ZZHL T IEE W,

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

character. See escape sequences below for examples.

NA FHIY T ZIE, FIZ ' R B BMEBAL T, TAHICL o Tl ostr BT bytes B A 2
R UADPEREINE T, N4 MU T I ASCIL XFDAEL I e N TEE T, 128 M EOEEE O
A MEZRFr—7LTRINARZITFNUIR D TR A,

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

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

Added in version 3.3: raw XA RV T ZLD 'rb' LT 4 v 7 AD 'br' OFFEEE LTEMEINE
L7

Python 2.x & 3.x MXfJED I — FR—ZADRX ¥ 7F Y A% BT 272912, L FH > — unicode V7 F L
(u'value') DY KR— PHAHIEAINE L, FFflllE PEP 414 2SR L T30,

£YOEE P OBEESMN O FINY T IMET x—< v MEAXFSNY T 74 ( formatted string
literal ) TF, FHNCOWTIE 74— v FEAXFIITIIL 22U TS W, HEFD '£' 13 'r!
CHAEDOELNETH, 'b' ® 'u' LHAEDELZZEIETEERA, D2FED 74 —7 v FEAD raw X
FH) T IZMIATT D, 74— v bEADNAL MY T I MEARATT,

SEIA— MY FIACE, SHEOI RS — FERRNS A — M FETY F IR LT LEDRVAE
D, TRL—FENTORVEITRZ A — FRBL LA TEET (X510, ENBIELDFE F TR
DEF), (ZITVS 7 Zd— b7 LIk, CFFIORARBIMAT 5 & 2IcliokXFERL, ' 2" OVFR
7"])‘/(.:\ ?O )

Escape sequences

'r' F2E R BEXFEDROLBRVLED, XFHNEEAL M) T IAFDI R =T = v RFE
# C THbLN TV E DL ARDOEANC Lzl THERXNE T, DIFIC Python THR#EENZ A r—7
=T UV AERLET:

IRT=To—=r>R Bk AR
\<newline> Ny JRFy T2 b BITFERHEINET (1)
\\ Ny 727 v¥a (\)

\! —E5 AR ()

\" —HEHG|HAF (")

\a ASCII ¥R~V (BEL)

\b ASCII Ny 7 ZR—2Z (BS)

\f ASCII 7 #—57 4 — ¥ (FF)

\n ASCII 13D (LF)

\r ASCII %97 (CR)

\t ASCII /KF % 7 (TAB)

\v ASCII & 7 (VT)

\ooo 8 EBUE 000 ZFFOXF (2,4)
\xhh 16 #EEUE hh ZHRFOFE (3,4)

NEH TDOABREINZ LR —FS = Y REFLUFO L BH TT:

24. UF3L 15
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IRT—F—FT>R Ek AR
\N{name} Unicode 7—&XN—ZHT name WO HRDLE  (5)
\uzzze 16-bit OT/NHEME rrrr ZHEOXFE (6)
\Uzzzzrrce 32-bit D+INHEME vrrrrrrr % FFOF (7)

HER:

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

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

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

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

concatenation.
(2) #ZHE C Y[R, SKT 3D 8 M ETZHLF T,

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

DeprecationWarning.

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

a future Python version they will be eventually a SyntaxError.
(3) 1HHE C ZiXEW, B xHY 2D 16 ERL»ZEIhERA,

(4) N4 PV T IAHRTIE, TAREBLONEZ R —TEE I NMEDONL FVERLET, XFFHY
FINARTIE, TRT —FNFIFEZ 6N E%HFHD Unicode XFERLE T,

(5) "= 2 ¥ 3.3 TLH: name aliases™ XT3V K- FHBEMINE L,
(6) Bx5Y 4Hid 16 EMUAZHE N E LA,

(7) HHW32=0— FXFRFIDEHIRXLTZrya— RT3 NTEET, EHEIC 8 XFD 16 T
DRETT,

BHED C LBV, RSB oI ATy =T —F Y 2AFTRT, ZOFELFEHFICED £33, TH
bbb NYIRZy D adbBERPICEDET, (ZOXEFIT Ny FOBEIMERTS: 2R T —F> =7V AH
HMANEINTS, ZOHIBERPIBL TO200 000 T BN ET, ) XFHFHTOARMINZ T2
== Y RE, N MY FIAE BRENBROVIRS TS R LTHEEIN S DTHER
LTLEE W,

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

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

version they will be eventually a SyntaxError.

*1 https://www.unicode.org/Public/16.0.0/ucd /NameAliases.txt
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raw V770 Th, 5IHFIENY IJR T v P aTIRF =T TEEITI. Nv IR T v ¥ 2 BIRDCFINHE
DET; BRI o \"" EENRLEINY T INT, Ny 7R 57y v a2 ZHEH AP SR LFHNERL ¥
T o \" RIS SN T I AT (rtaw U T I AW BAEE L 0T Ny J X5 v S a2 TROLE S Z LI
TEEEA) BRI (RNy 22Ty apilEO 74— b XFERTAS—F LT LES OT) raw XF
FIZBE—DNYIRXATvaTERODLEZCLRTEERRA 2018, Ny I AT v Y aDERICEITHET
b, [Tk ZEKT 2 OTREL, VFILD—fTHEENH_D20XFr LTHRRENE T,

2.4.2 XF5)) T ZILDOFEE (concatenation)

XFHNRANA MY T I UE, BWVCRR 25T 2o T0TH (HAXFTRY > TH) EHEEEE 2
ZEMTEET, ZNUIELXDONFHNERET 2O A UE®REELES, L7zh > T, "hello" 'world'
& "helloworld" Y[FMUT3, ZOHWREZMI I, Nv 7R Ty ¥aZz@lolLih, ROXFHZFEIZHT
ML CHEUTICE 2008720, H20VIEEHN XTI Ica Xy b 2BMT2 I8 XX TEET, FlXik:

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

)

COBEREIISTEL NV TERSINTOVWETH, A7V T b2ary 4 L3300 LTEEIAZ Z I
FEREL T XV, ETRICCEHRBEZEA LR, '+ HEFEHEDORIERD F8A. T/ V
T ILDREITBNTIE, METI2RERICERLZ5IANERAZM o720 (raw CFHI & =ZHF | HFZEE 5
CLEZTEZY), 74—~ MNEAXFIN FINL L BEOXTI F 5L EMBELEZDTEI LB TE
FTOTHERLTLZEW,

2.4.3 f-strings

Added in version 3.6.

7 == v MEAXFHN 7 IV ( formatted string literal ) F721% f-string (&, HHEEF '£' 23 'F' O
V7 FHNY T30 T, THDXFINE, BHEN {y TGN THLEWHRT +— L F2ED S
ZEMTEET, OXTIHN 7 7NV DHEEFENENFICETED S I EPENDITHLT, 74—<v b
FHSCFHN) 7 7 MEFETRICK e LTIMiE g 9,

IR =T = Y AGEROLTHNY T IV RIS Ta— FENET (LY T F4h raw XFHITH
DHELBRREET) o TRAF =T —r Y RETFTa—F LRI XTHONFEIROETHRENE S

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

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

| yield expression
conversion = s o] ot | "aM
format_spec n= (literal_char | replacement_field)*

24. UF3L 17



The Python Language Reference, 'J1)—2X 3.14.0a0

literal_char n= <any code point except "{", "}" or NULL>

XFHND 5B, FEAEIRCH E NGB LONICTF@ D R g3, 72720, ZEEEN {{' BXU '3}
BH—OBFEINCE S oNE T, B0 EHEEN ' 3B 4 -V FOMED ZEKRL., ZoH g
1% Python OXTHED £5, (T Ny FRICERIZHEREE LT) Ko7 F 2+ b, FHEBROME L Oli#H %K
RLEEWEEIIE, ROKRICES '=' ZMATLEIV, ZOHKAIE, BESF 1 k> TEHEAINhLE
T4 — N FEFRIDIENTEET, EHIT, "' WKWHEWTERIEEFEEBINTEET, B4 —1L RN
H—oB UM '} THRDbD X3,

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

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

>>> f"abc{a # This is a comment 1}"
L+ 3}"
'abch'

N—=Ya¥ 3.7 TEHE: Python 3.7 K DREIDN— 3 YTl await RB XL async for AIEFLATUR
Fild. FEREIZHESHEOESICL DT EINTVWERATL

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

5 = PEEINZr &, HIXFINE, Ko7 A FRE, 5 = BIUOiHianzXEEAET,
Bl EJAEIN (' OEKR. ROP, BXY '=' ORICEFNI2EALFRI IR TURESINE T, HEETD
FAELRWR D, '=' ZIBELEGEE,. RS LT repr(O) ZEMA LGESHECED £, —H, ERX
BEFHFAET 25, BT 4 — L FT "' BPFEEINRTOVRVED, 77 4L MT str() 2EAX
nx9,

Added in version 3.8: &5 '=',

b LA 4 — L IpfEEIRTWGE, KOFHERERIZ 7 +—~ v FORNCE S E 3, £ '1s' &
str() Z, "'r' X repr() &, ZLT '"'a' F ascii() ZMHFUHLET,

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—y MEAXTFHNY T INBMDOIFIN TN EREETE LT, BRT 4 -V F2EBDY T I
WKHHEILTEL ZLIITEEEA,
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7 4 == MEBXFIN T INDE N ONFEFET:

>>> name = "Fred"

>>> f"He said his name is {name/7}."

"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"

>>> f"{ foo = }" # preserves whitespace

" foo = 'bar'"

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

>>> f"{line = }"

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

>>> f"{line = :20}"

"line = The mill's closed "

>>> f"{line = !/7r:20}"

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

a replacement field was not possible.

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

N
>>> a = [uan np" "C"]
3 k]
>>> print(£f"List a contains:\n{"\n".join(a)}")
List a contains:
a
b

C

N— a ¥ 3.12 TZH: Prior to Python 3.12, backslashes were not permitted inside an f-string replace-
ment field.
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7 4=y MEAXFIN T IV e AREZEATORD 5722 LThH, docstring & L TIHER EE A,

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

>>> foo.__doc__ is None

True

7 =< v MEAXFEFHN T F 0% Python IZBIML721EE PEP 498 3SR L T X0V, F-BH#HT 2
NEFEHNT F—< v OHHARF > TWVWS str.format() SR LTL X W,

2.4.4 BEV TSI

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).

BAEY 77 VIR FESHEENTOARVI LIERL TSI W, -1 O &5 Rfid, EEICIZHEERE T
(unary operator) '=> ¥ U7 )L 1 ZHAGDELDBDTT,

245 BRI TSI

BEO) 77 VBN oFAER Citb s g 3

integer n= decinteger | bininteger | octinteger | hexinteger
decinteger n= nonzerodigit (["_"1 digit)* | "O"+ (["_"1 "0O")*
bininteger m= "0 ("b" | "B") (["_"] bindigit)+

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

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

nonzerodigit = in.oonon

digit n= QM. "

bindigit n= "o | "1

octdigit n= "or...T

hexdigit = digit | "a"..."f" | "Av.. UEM

EDXEY EIZIRE 20085 S MEZFRTE. BEY 77 VIR RIOHIREH D $HA,

TUR—2a7BVTINDEEHWTRICHo TERINE T, 20RO 7 X —Ra7 k2 fo THFR
IN—FT B THRARTTEE T, 7YX —Ra 73 BELHFOMIZ 1 27, H2W0F 0x D &
SHEBIEEDOHEKIZ 1 D FBATEET,

7B, IE0 O TERDLHICIZ 0 2T oNEREA, TR Python 238—2 3 > 3.0 BUATICE > TWi
CHEXD/\EY 771 DBEIRE Z[ELES 27D TT,

BEO) 770 DN DR L £ T
20 % 2 B FOBHm
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7 2147483647 00177 0b100110111
3 79228162514264337593543950336 00377 Oxdeadbeef
100_000_000_000 Ob_1110_0101

N—=Tar 3.6 TEHE: JA—FtEHNE LY T INAHRO7 VXA —2a7BFEIN2 L5k T L,

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 n= (Me" | "E") ["+" | "-"] digitpart

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

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

Some examples of floating-point literals:

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

N—=Tay 3.6 TEH: V-7 tEHNL LY T IAHFDOT7 VX —Ra7BFIN3 L5k EL,

2.4.7 E# (imaginary) U7 3L

FE) 7 2 VIZIR D & 5 e FAE R TR 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 ]
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2.5 EETF

YT =27 V3EHAEFTY:

2.6 7' =& (delimiter)

UTFD =2 i3ELEDFY I 2 LTHE XS

( ) [ ] { b

, ! ; e =
-> = == = /= //= h=
©= &= = B= >>= <<= *k=

YU MIIFE/NUEBRERY 77RO BT E T, BV I F=D2DFNIR T 4 AKGLITH T 2 EIEKF
5 (ellipsis) V7 70 LTRAIREKRZHD £3, VA MRFEORRAABHET (augmented assignment
operator) ¥, FHANIEIT Y I X LTIREBOVE 35, HEDITVET,

MUTOHIFEE ASCII XXFi, oo b —27 > o—Ey U TRRREKERF > Tz b, FafENeEIcE o T
BELEREZE > TWVWET:

O

LUFOHIFAEE ASCII ¥ &, Python TREDLNTVWELA, TRLDXENXFFNY FS5Aa X2 b
DN D BIGE. BRI - b ETF:

O

1D
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THREE

F—REFI

31 #A72x Uk, E. BLUE

Python 12851325 A7 x I b (object) Lid. 7 —XZHMBANIR LD DTT, Python 71277 HI12HE
57 —RI3RT, A7 bV EREBA TV =7 MHOBRE LTRENE T, (HIEKRTIE. Tur 7
LA—FJELATI2 I b LTREINET, ZHUET + > - /4= Von Neumann @ ” 717 J AL
AR Y ¥ a2 —4%: stored program computer” DETMZEHELET, )

FRTOA 7Y =7 Mg, F—H (identity), B % b > TWET, A—M BERSN b L ZEHSNE
YA, TAUEATV 22 L D7 FLADES RDDEEEZ LN Db LW EHA, is WHTIE 20047
Uz FOR—MRIBLET, id0) BEIERA—ME R TEEEEL £,

CPython RZEDHH: CPython TiX., id(x) ¥ x I TVWAEIRAEY LO7 FLRAZKLE T,

ATV ORIIA T 27 AT R— T 28IE (Bl len() ZIR—1F20) &, A7V 7 bHE
DS BMEEPELET, type) BIEUEIA 7Y =7 bW (AIAKD AT 27 b TTF) ZIRLET, FH—M L
AU, A7V x227 bR (type) bEEARAIGETT, !

ATz PCEko TR 2EE T2 I DARETT, HEZEETESLA 7Y 227 PO Z % mutable &
MU Ed, ARRIHEEZZEETERNA 7Y 27 DI % immutable EWFXEF, (mutable 24 7Y =
7 PANDSRERML TV immutable 23> 7F A4 7Y =7 FDOffIZ, ZOHLTVWE AT =27 bD
EWZL LTZRRCEL L E T, a VT FBREDATI =27 P EEHL TO 200082 L RO THIUL
immutable 772 &2 2 Z B TEET, LD > T, immutable 2> 5 DIIMENZEEAIRED & 5 2> £ FTBLIC
—HITE2DITEHYEVA) 7Y =7 bD mutable ¥ I PIFZOENC I > THRED ET, HlZIX. K
R, Sy 2 PABID 4 ¥ 2 & > ZE immutable T, dict % list (& mutable T3,

A7V NEBRIICHIET A Z L IETEERA; L2 L, A 7Y 27 MCEFERRE (unreachable) 1272 3
. AR=YavL 7> ar (garbage-collection) 12 &k > TUHEN 20 LNLERA, ARN—YaLryar
ZELELD, BUTORVEEDFHF SN TOVET — FEARRA 7 =7 P 2L L TLEDRWHARED,
ANR=TAVL 7T arzE5RET LNIERENEDMETT,

CPython REDFHM: HIED CPython EETIIZMIA Y >+ (reference-counting) 77X Z > TH D,
(AF2aryeLO) fERBEEZToTWVEIR=—IUA TV =7 M2 BERH L3, CORETIIFLALD
FT7Y 27 VEEGERREICKR 2 L RIFFICAUET 2 Z e N TEZTH, BERESREELIRN-—IF T =27 +D

L RSEDORMED I INIIGE, ATV 22 MO type EEFET L2220 TEET . Zhud, ELLbhiar o581 T
FAWREEREIEEITOT, RN RVWEZTED D $EA,

23
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PEEDTEEIITHOND EORAEL TV A DI TIEDH D A, BRSEEFFOIR-IF TV 27 MUEDH
oWV TIE, gc BV 2 —LESHIRL TL 72XV, CPython IANDFEEIIBIOHRE[M > TE D, CPython
HFERIGADAREZMES b LI ERA, A 7T =27 FHERERREICR o7z ZICHIFEICK T XN Z &
WHLRWTLEZIW (TT2E 7 7 A VERTIHRINCHAT T ZE W),

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

keep objects alive.

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

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

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

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

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

3.2 IZERDKEE

IR Python ICHARAENATWERO Y X FTF, (HEICX-T, C Java, £XZZDOMOFFETED
N7) RRES 2 — T, ZOMOBMNERSINTVWE I DD D FT, il (HHER. BRBEZIEN
WEET 2 HEF. 72Y) 0B, ZVWTWIEES 4 75 ) 2@ L TRES A E I, Fko—2aro
Python Tid. BOREEMIEICZ D X5 RBMAZRINE 0 LOLEEA,

LIRICEHT 2RO WL O0I2id, " FREME (special attribute)’ ZF2 L7-BEERH D 5, 20 HDEME
BHEREANDT 7 L AFERERMT 20T, —HRNZHRIHHT 200D TREDH D £HA, FKEMED
ERIITEREEIN S AREEL D D £5,
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3.2.1 None

COMICRHE—DEL»H D EEA ZOEEROA TV 22 NEIEE—DLPFELEEA, 20TV 2
7 M3 AIAAY None T7 7 ASINE T, ZOF TV =7 ME. HRABKRUTEIFELRZVWIEZL
HLET, HlzE, IRINCEZIR X 2 0BIEUE None #3R L %3, None D FL{H (truth value) 134 (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.
##iE implementing-the-arithmetic-operations S L TL & W,
N— a3 3.9 TEH: Evaluating NotImplemented in a boolean context was deprecated.

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

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

3.2.3 Ellipsis

ORI E—DELIPDH D ERA, ZOEEROFT TP 27 VEEE— D L2BFEELEEA, 20X T
P27 MIVTFT I ... £721F Python THRDH 5N TWB AT Ellipsis T7 7R3N T, HIHfEHIIE
(true) T3,

3.2.4 numbers.Number

BEY 7 72 M & o TR E e b . BIfEHESHARALDRMBERIC L > TRENE ATV 27 M T, H
it 7Y =27 PIZEEARETT,; —EEIERSNDI . “HEEBEINSZEdHD TH A, Python D
EA 7T 27 NIV ETHIRSBFETES L 2THOHYELHMCBBRL TWETH, av v a—XNTRIEE
KELT 2B S HIRZZITTHE T,

__repr__ () ¥ __str__ O POEHBEINTHBYES 7 ADFFNIRINIIRD & 5 BN H D £3:

o ZFOXFHNZ, Z7I5RAVAFIZRIZELI-E B2, OBEDOMEERFOF TV 27 b EERT B E
hie Bl 7 10 T3,

o TEZLL, 10 ZEL LTRHEINZE T,
o NEUSDRNZH B 1 DD ZRNT, FICERZ PR REINERA,
pi::A

o INEUEDRBRIZH B 1 DD ZBRVT, PMCHEARZPOIIFRRINEE A,
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o MERERBEIEBDL ZDARREINE T,

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

numbers.Integral (%)

BRANZ, B (EOR-B LOCADR) 2R ITBENEENICB T 2 HR2RBT 28 TY,

AR
BHEFICET 20N, BoBBEEDY 7 MNEES YA ZHEILBWT, D ERBRBRNTE 2
IOERENTVWETS,

BREuIi: 2 EEHD £T:

B (int) i3
HIROHA DR E KRB L 34, FIAATRER (K48) XV 3 A4 XOFIROAZZITE T, > 7 MEE
PYRAZEADT DI 2 EEEBR 2RO L HEINE T, AOBIITF Sy FHEIERICES TS
EOREREGZ 5 2 OMBRBOLTTRINE T,

ot

7 —IJL{E& (bool)
BED False & True &R L £F, False & True XK T 2 DDA TV =7 DAV T —IUEA TS =
I TT, TNEIGEBROREETHD, FLAYORNTZENZN O & 1 DX IR TV FE
T, FlA e LTXXFINCEH IR/t 23z i "False" BL U "True" W I XFFIHRE N
S

numbers.Real (float) (3E#{)

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

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

numbers.Complex (complex)

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

can be retrieved through the read-only attributes z.real and z.imag.
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3.2.5 >—% > XA (sequence)

These represent finite ordered sets indexed by non-negative numbers. The built-in function 1en () 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 7 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 k such that ¢ <= k < j. When used as
an expression, a slice is a sequence of the same type. The comment above about negative indexes also

applies to negative slice positions.

V=T VR EoTE, BED P AT v (step)” T R X EFD "HLRA T 4 R (extended slice)” 4
A=PLTVET: ali:j:k] F. x =i + n¥k, n>= 0D i<=z2<j THIEIBRA VT IR z &HD
X957 a BTOEBRZHERL LT,

v AX, BEUREERDDR, I TROWHATRFIENTVWET:

EERBER S —7 > X (immutable sequence)

EERRERY — 7 Y ARIDA 7V 27 ME, —EERINE L ZOMELET 5 LB TEERA, (7Y =
MDA TI 2 7 FADBIB A > TVWEGE, SREINTVWEA 7Y =7 MIEFEARERY TV 27 b
TH &L, ZOMEBERINZAJEEDRH D T, LoL, EERERAL TV 27 W PEESRLTVWE AT
Vs FOESHKE, EETZIEHTEEEA, )

MUTNOMMBZEEARGE > — 7~ AT Y:

XFFIB (string) X
FFZ Unicode 2— FRA ¥ M 2RBT 2HEOBA T, XFHHOLEDa—FARA ¥ FE U+0000
- U+10FFFF O#IPAITRIAIN S Z A TEF T, Python iX char ERH E¥ A, Rbhiz, XF
FIHFDOrDoa—FRA VY PBRERX "D OXFHIA T2 b LTRBEIT 22 TET T, HAA
AR ord O 1FXFHNIR%E U+0000 - U+10FFFF DOHPHOBEBUCEMRL £§, F7-. HHAAAM
B chr() & 0 - 10FFFF OHFIHOBEMENINT 2R X 1 OXFHNEN L £3, str.encode() &
THFAMLYaA—=T4 7 %S5 28T str % bytes TET272DIfES e TEET, £/,
bytes.decode() IZL D ZDWWEITTEIENTEET,

R FILE (tuple) o
TNDERIIEED Python A 72 =27 FTF, DU LOERN S22 K2 T VE, lix DEEZRB
TE2REHD VI TRYI > TR L ET, H—DER1 LK DX TV (HES ‘singleton’) % 1F 21213,
BERrRHTI2ROBERICH VY ~22FFT (B—0ALITEE IV EZERLERA, 2. X%
IN—=FFT BDHFEMEMEZ 2 LI LRTUIR SRV HTT), BHREROL L RWALEN DX
BER L EBDR IV D T,

bytes A
bytes object is an immutable array. The items are 8-bit bytes, represented by integers in the range
0 <= x < 256. Bytes literals (like b'abc') and the built-in bytes () constructor can be used to
create bytes objects. Also, bytes objects can be decoded to strings via the decode () method.
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EEARER S —7 > ZXE (mutable sequence)

AEARER Y —r Y R, A LR TAEST 3 e TEET, AHEARELS — 7 Y AT, INFRILP A
T4 ARG R > THRE SN ERICRAZRITS 2 LD TE, del (delete) XM > TEREHIRT 2 2 &2
TEET,

AR

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

Python IZEMI2 AR ENTVWRIEFARER S — 7 Y ANE, 5D ZADOTT:

1) Z B (list) U]
2 P OEZIEED Python A 7Y 7 MCTEEF, VR ME, AFENodch > < TRY ShkR
RUARTEDET, (REN 0 1 DY —7 Y RA%(E2-DICRERAIBE T EINER N L ICHEEL
TLIZEN, )

NA ~EEF
bytearray 7Y = 7 MIZTEATRERECYI TS, MHAAAD bytearray() 2V A M7 7 X2 X - THE
MENFET, BEAGER I ZRINE (DFED Ay > 2L TERWV), byte array [FZEFETEE/R bytes
FTI2 7 PeRICA VR =T = — R RBERTRIE L £ 3

3.2.6 £5&

LEUI, HFORW, 2= TARERF 7V 27 FVORREGERFILE T, 20k, (WD) KEx
FolzA YT v I A7 7 LREITEFERA, 7270, 47— MIATRET, HHAAABEE len() XEAFDOE
EREBELET, EEHO—BIZMECHIE, EERELTWVEDLOEERT A, =7 Y APLDEED
PEBR, HEES - MG - £ - ML Vo BN REBEDFETT,

BOEHRIZZ, HEOF - RUEHEMHICHET 2 L—EH ST T, BEERNGER OELR DL — L
WHES T WRHERLTLEE W, b L 2 O0BIEDHERRSFEETH 2 (FIZF 1L 1.0)%b, 2055
DIDODAEZERFICEDD I ENTEET,

BE, 2 DOFHARAALEENBH D $5:

ki) Al
EREGTITT, fHAAAD set() IR M I 27 ZTHERIN. B2 5 add) BEDWL DD X
Yy RTEHTEET,

Frozen set &4 T
LiEERTT, flAIAAD frozenset() IV AT 7 RIZE > THEREINF T, frozenset FFZE
T /\wamlge DT, HOESHOBERICK 72D, HEDODXF—IZTAR3IENTEF T,
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3.2.7 Yy EYJE (mapping)

BEBEDA VFIRAEETA VT 7 RMLENT, TV 27 "o R AEROESZRIRL £ 3, RFERLT alk]
.k TA VFI7RIEESIN-ERE a »OBIRLE T, BIRXAABERIROPTHES e TE, AR
del XDOWRIZT R Z e TEFE T, HAAABE 1lenO 2. vy Y IHNOBERKEZRL T,

Python IZE#IH» SHARAENTVWE Yy Y I7TIX, 5D ZA—D/F T

IFER (dictionary)

FIEEREOMETA VT2 RASNEA T 27 v o5 ARDEEERLET, F— (key) & LTERRWME
OME—DINZ, VA MPEHE, ZLTATY 27 FORA—METRIUETHE SN S ZOMOZEEHARERTT
T ZAUR, BEERIZMEMNCHEETZ LT F—DONy Y2 lHIFLETHZMBELRD 572D TT, BEA%
FoZES GG F—HEE OBIEEICE T 2 RANIENE T —oDENIEFEL 255 (BRI 1 &
1.0, BWEFUCHFHHFOLY PV ERTA VTR LTS 2N TEET,

HEIIBADIEFE 2R LES, 2F D, F—3FHBICGEMINERICERIATHEET, BEFEOXF—%
BERITH, F—DIEHFEIZEDLY ZHA, F—FHIRLAEOBICHHBAT 2 2, OB TIRIELFEEOR
BiBmMmEnE 3,

Dictionaries are mutable; they can be created by the {} notation (see section FHERR).

JEIREY 2 —)L dbm.ndbm . dbm.gnu &, collections EY 2 —LD XS, FlD~= v ¥ 7B %2t
LTVET,

N—Y a v 3.7 TEHE: Python DN—Y a3 > 3.6 Tld, HFIIHFAETZREEL £ A TL%, CPython 3.6
TIHFAMEFII RSN E LD, ZRERESNLSHEOMM L VWS XD ZOHKOEEDMFL L A
NTVE L,

3.2.8 MU LAJEER! (callable type)

RIS OCHE LHRME (UL (call) ZH) 2175 2 e TE 28T
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I—HEZRBH (user-defined function)

IV EREMA 7Y 27 NI EREREZTO e cERINE T (BAHER SK), B, K5I
(formal parameter) U A b LA UBMOERDBA 57258V A M2 IS EET,

Special read-only attributes

B LS

A reference to the dictionary that holds the
AT, IR function’s global variables -- the global namespace
of the module in which the function was defined.
None or a tuple of cells that contain bindings for
R foe e G U the function’s free variables.
AT = MIJEMY cell_contents ZHio T
VWET, TRV DEZFET 2DITMAT,

ADEZEZDICHFEZE T,

Special writable attributes

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

30 EIET-RETI



The Python Language Reference, 'J!J—2X 3.14.0a0

B =K

The function’s documentation string, or None if

SR Do (OE unavailable. Not inherited by subclasses.

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

EImETLem. _ Graliene. __qualname__ attributes.

Added in version 3.3.
A ERINTVWBREY 22— LDOLRHITY, £
function._module U 2 = VEDBEVEAIE None K7D %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 func-

function.__code__ tion 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: object.__annotations__.
N— a ¥ 3.14 TZH: Annotations are now
lazily evaluated. See PEP 649.
The annotate function for this function, or None
e if the function has no annotations. See object.
__annotate__.
Added in version 3.14.
A dictionary containing defaults for

function.__kwdefaults__ R
keyword-only parameters.

A tuple containing the type parameters of a

function.__type_params__ generic function.

Added in version 3.12.

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

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

CPython RZE D #: CPython’s current implementation only supports function attributes on
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user-defined functions. Function attributes on built-in functions may be supported in the future.

Additional information about a function’s definition can be retrieved from its code object (accessible via

the __code__ attribute).

AVRZDVAAX Y R

AVARARYARAY Yy RATI 27 MR VTR, VAL VARV RALAEROW U LATREA 7 =2 + (Gl
Wlda—PEREK) 2RO %9,

Special read-only attributes:

Refers to the class instance object to which the

method.__self _ method is bound

Refers to the original function object
method.__func__

The method’s documentation (same as method.

method.__doc__ __Func_ .__doc__).

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

The name of the method (same as method.

method.__name__
__func__.__name__)

The name of the module the method was defined

IR, JTOCIIO, 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.£ (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 B (generator function)

yield X (yield X OFiEBR) #ESBEBD LEX Yy RE P RL—FEH tMEhET, Z20Lk5k
AR I e Zi3FE IS, BROREKEFITTI20IMZIE A TL—R A7 b2RLET: 4
7L —&X®D iterator.__next__() XY v REMUHT ., yield X & f > TEI XN 5 £ THEKEE
TLET, D return XEFEITT 2 0EIGEL /2L 213, StopIteration St EHEIN, 4 T —
APIBRFTREEORE T TEEL TVE T,

J)L—F > E3# (coroutine function)

async def ZffH L TERI NP Y v F& JIL—F VB (coroutine function) EWFNE S, FEX
HE N, 20 X5 2B coroutine A7 =27 PRIRLE T, 2 —F YBBUZ async with X async
for XX TR await REFFOZEHPHKET, JN—F2oF TPk 2BRLTLIIZZ W,

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

async def Zffio TERI N, yield XEMHHL TWABB XY v R & asynchronous generator function
ENOERT, 20X RBBE. WUoHshie & FEPEATL—2 A7V 27 FERELET, 20X T
Yz M3 async for XTHBOKRKRZETT2DITMHRET,

JEFRHAA T L — & D aiterator. _anext XV v FEFEUH T, MHOMERFLZINTWVWS & T,
yield REFEWVEERIEMET 2 A FTUHEED B awaitable 2R L E T ZOBEBDZED return X%
FEITT5. b LIFNIEDOKD D IcEHEL /- & Z1d, StopAsyncIteration FlFt2NEH X, FIEFEAA 71—
ZIFHATREMEORBZRICEFEL-Z 2R D FT,

#0AIAAHBAE (built-in function)

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

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

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

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

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

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

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

I3 R
Classes are callable. These objects normally act as factories for new instances of themselves, but vari-

ations are possible for class types that override __new _ (). The arguments of the call are passed to

new__() and, in the typical case, to __<nit__ () to initialize the new instance.

VIADA VARV R

FEEDIIRADA VARV RIE, Z7FRT __call__() XYy FEEHRT LI THOHLUAIGEICR D £5,

3.29 E2a-I

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

the initialization is done).

BYEORAZITS b, Y 2 — LV OAATEMHFEONEZERLE I A n.x = 11 dn.__dict__["x"]
=1 tﬁtfj‘o

ERFEAD (FHZAAAEERR) BN

__mname__ =

D 2 — LD,

doc £

Ja—DFFaRXY T, XFH», D LAMATERWESIE None TF,

__file__
D= RINLET2a—LT 7 A VDRRAHRTT, A VX TV RIHNZY Y72 hTw5 CE
Ja— DX BFEEOEEDEY 2 — Tk, __file_ BEHEFELRVALD LAFEA,
B4 720 068ica— FENILRED 2 —LDGE, ZOBME XG4 770774
ILDINZAZITHED £3,

__annotations__ A

dictionary containing variable annotations collected during module body execution. For best
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practices on working with __annotations__, see annotationlib.
N— a3 ¥ 3.14 TEH: Annotations are now lazily evaluated. See PEP 649.

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

object.__annotate__.
Added in version 3.14.
AH LEHORREN: __dict__ 3EY 2 — L OARIE/M T, HEL 7Y 27 +TT,

CPython REDFHM: CPython 23EY 2 —AFELHIFRT 2 HEICEL D, BY 2 - LVFEIEXSIRE
FoTWi LTHZDOHBREY 2 — A Ra—TroANERCHIBREINE T, IhEE) 2123, &FE
ZaAV—F50, HETEEFESTVWAMEY 2 — L 2REFLTLEE W,

3.210 hREZ LV S RE

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

by Python can be found at python_ 2.3 mro.

When a class attribute reference (for class C, say) would yield a class method object, it is transformed
into an instance method object whose __self__ attribute is C. When it would yield a staticmethod
object, it is transformed into the object wrapped by the static method object. See section 72X 1) 7
A (descriptor) MEE for another way in which attributes retrieved from a class may differ from those

actually contained in its __dict__.
77 AENERAT I, 207 7 ADOHELIPEHIN, KK 7 RAOFHFIIEHRL LA

IRAXTY 27 M eWUOT (LEZBR) & 77 R Y RAX U RAEERLET (FidzB).

Rk e 1
__name__ 4
7 2440
__module__ 7

FAMERINTVBEDY 2 — L DL,

__dict__ 7
7 ZDZRIZEB ML TV 58,
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__bases__

R—ZAT7 5 AV R MCHNBEFTR—RTZ FAREMHLTVWSE XTI,

doc 4

FADRKF a2 XY MT, XFH, b ULREFEDLEEIE None T,

__annotations__ A
dictionary containing wvariable annotations collected during class body execution. For best

practices on working with __annotations__, please see annotationlib.

i34

==}
[=]

Accessing the __annotations__ attribute of a class object directly may yield incorrect

results in the presence of metaclasses. Use annotationlib.get_annotations() to retrieve

class annotations safely.

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

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

__annotate__.

g

==
[=]

Accessing the __annotate__ attribute of a class object directly may yield incorrect results
in the presence of metaclasses. Use annotationlib.get_annotate_function() to retrieve

the annotate function safely.

Added in version 3.14.

type_params__ A

tuple containing the type parameters of a generic class.

__static_attributes__ A
tuple containing names of attributes of this class which are assigned through self.X from

any function in its body.

__firstlineno__

The line number of the first line of the class definition, including decorators.
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3.211 V5 RA 2 RXE >R (class instance)

A class instance is created by calling a class object (see above). A class instance has a namespace
implemented as a dictionary which is the first place in which attribute references are searched. When
an attribute is not found there, and the instance’s class has an attribute by that name, the search
continues with the class attributes. If a class attribute is found that is a user-defined function object, it
is transformed into an instance method object whose __self _ attribute is the instance. Static method
and class method objects are also transformed; see above under ”Classes”. See section T X7 1) 74
(descriptor) M3RE 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.

BHEORACHIBREITO > &, A VARV ADHEZENLETH, J7ROFELZEHRT I3 4
Ao 7 IAT __setattr ()X __delattr () XAV v RPERINTWVWBIGE, BHEA U RAXVADRHE
FEHTZ2RDOHICINSGDXY v FHRNRURHENET,

TIAL VARV RIE, BIFRFEDHKBIDRY v FER->TWBIES, BUERSY — 7 28 Hr0nE~y
TEID X D WIRES e BN TEF T, FHAV Y FE 2L TLIEX N,

Kok lE: __dict__ WEMORHETT; _class__ WEA VARV ADI T AT,

) ——

3212 1/0 #T2x O b (7ML AFA T2 o FDRISR)

file object WEBHADPNTI2T7 7 ANERLE T, 77 AN T2 b lE27:008kA K> a—bhy v 3H D
¥ 9 open() MAAABEL. os.popen() | os.fdopen() . V7 v bA TP 27 b D makefile() XY v K
(B2 WVIIIREY 2 —Ah BRI 2 OB A Y v F)

F 7Y 27 b sys.stdin . sys.stdout BX U sys.stderr &, 4 XY XRDIEHERJ1, EEHRT, B &
CEEL S —HN A M) —2ISIET 2 7 7 A VAT =7 PZHILE R E T, ThBEITRTTFAL
E£— FTH2 . io.TextIOBase Hif7 7 AT Ko TERINIA Y X — 7 = — RV E T,

3.2.13 AEE (internal type)

A 2R T ZHENEBHNAE > TV B WL DhDfE, 2—FIZRNBXINTVWET, ZhbDEFIRDOA >~
RTYRZDN—T a Y TREBINZAREEND D T30, 2 ZTREEARDELEMLDO DI TEEE T,

d—RAT2xU b+

A—FA 727 NI NA RAVNAILENT (byle-compiled) FITAIREZR Python 22— K, Bl /N1 k
O—F 2RBELET, a—F ATV 7 b eBBA T 27 boEWE, BT 7Y =7 b BEBO 70—
VIR (BIBEER L TWDEY 2 — 1D 7B —oUL) 1IN L THRNLRSRER > Tn 20 L, a—
FATI 27 PMQEAYTHFRAINRIRBVEWVWS T £, AT 27 2 TlEFT7 0 M EIEEEZR
BTEETD, a—FA7V 22 FTRTEERA (RITRICHEIN2EE2RIT270), BF 7Y 22
FEEWV, = FATY 27 PIEEARARET, ZEATRERA 7Y = 7 PADOSHE (B, HECHEOST)
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BHEE A,
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Special read-only attributes

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

co_name

co_qualname

co_argcount

co_posonlyargcount

co_kwonlyargcount

co_nlocals

co_varnames

co_cellvars

co_freevars

co_code

co_consts

co_names

co_filename

co_firstlineno

The function name

The fully qualified function name
Added in version 3.11.

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

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

The number of local variables used by the function

(including parameters)

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

A tuple containing the names of local variables
that are referenced by nested functions inside the
function

A tuple containing the names of free variables in

the function

A string representing the sequence of bytecode in-

structions in the function

A tuple containing the literals used by the byte-

code in the function

A tuple containing the names used by the byte-

code in the function

The name of the file from which the code was

compiled

The line number of the first line of the function

3.2. RERORKE

codeobject.

co_lnotab

3
A string encoding the mapping from bytecode off-
sets to line numbers. For details, see the source

code of the interpreter.
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The following flag bits are defined for co_flags: bit 0x04 is set if the function uses the *arguments
syntax to accept an arbitrary number of positional arguments; bit 0x08 is set if the function uses the
xxkeywords syntax to accept arbitrary keyword arguments; bit 0x20 is set if the function is a generator.

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

Future feature declarations (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.

=N

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

be used.

codeobject.co_lines()

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

is a (start, end, lineno) tuple:
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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 bylecode range, or None if the bytecodes

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

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.
Code objects are also supported by the generic function copy.replace().

Added in version 3.8.
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7L —L (frame) 772U 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

frame

frame

frame

frame

frame

.f_back

.f_code

.f_locals

.f_globals

.f_builtins

.f_lasti

Points to the previous stack frame (towards the

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

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

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

N—3 a ¥ 3.13 TAHE: Return a proxy for opti-
mized scopes.

The dictionary used by the frame to look up global

variables

The dictionary used by the frame to look up

built-in (intrinsic) names

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

object)

42
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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 func-
tion being traced.

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

Set Next Statement) by writing to this attribute.

Frame object methods

TV—LF 7T 27 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 or suspended.

Added in version 3.4.

N—Y a ¥ 3.13 TEZHE: Attempting to clear a suspended frame raises RuntimeError (as has

always been the case for executing frames).

3.2. REROME
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kL—ZX/N\w¥ (traceback) 77 b

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

when an exception occurs, and may also be explicitly created by calling types.TracebackType.
N— a ¥ 3.7 TEH: Traceback objects can now be explicitly instantiated from Python code.

For implicitly created tracebacks, when the search for an exception handler unwinds the execution stack,
at each unwound level a traceback object is inserted in front of the current traceback. When an exception
handler is entered, the stack trace is made available to the program. (See section try 32.) 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_nezt

attributes should be linked to form a full stack trace.

Special read-only attributes:

Points to the execution frame of the current level.
ERERIDRE o I, SEErad Accessing this attribute raises an auditing event
object.__getattr__ with arguments obj and
"tb_frame".
Gives the line number where the exception oc-

traceback.tb_lineno
curred

Indicates the "precise instruction”.
traceback.tb_lasti

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

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

traceback.tb_next

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

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

N— g 3.7 TZH: This attribute is now writable
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254 R (slice) #72x¥V k

ATGARF T2 MiEk, __getitem _ () AV v FOIDDATAAERTORMEONE T, RIALRAT
Pzl MIHAIAAD slice() BB THERINE T,

AHLERHORHREN: start I TRTT; stop & ERTT; step FRAT v TOMETT; ThZ2hEMEX
N7=GEE None 2> TVWET, IS DOFRMIIMEEORIEZFTE T,

AFGARXT TS 27 MEXA Yy R—D%KR—PLET:

slice.indices(self, length)
ZDOXYy FIZH—OBEEIE length ZID, AT A4 AF T I 27 MBS length BRD > — 7 ¥ AT
HEhie 2ICRKBT 2, A7 4 RCET2HERETARLET. ZOXAY Yy FZ 3 208,62
RINVERLUET; ZNEN start BLUY stop DA YT v 7R, step TRODBRATA ADEEIR
TS A YT v 7 2ER VA, HEADETHIUX, BEDORA T A RLEDLLRVR D 2 Tifbh
9,

E#IX Y w R (static method) # 72V k

HHXYy RiZ, ETHBHLEZEISBBEBA 727 b0 oXA Yy FE TV 27 bAOEHEHIET 27200
TEEZRBELET, XYy FA 7027 VEMOM 2O 7Y 27 b, BEIEZI—VFERXY v LT
Pz UL T vRTT, HXAY Y RETIRR I TR, VARV ADLEET 5 &, HFIRIN S A
TV MITy TENA TV 2 Mz D, FRL LR EBRONRIZIERD FHA BIIXY v AT
P MIEEMOHLARERA 7Y 27 Ve oy FLETH, 8L 7Y 27 N BIRIEMECH LATEET T,
A 7Y = 7 MIHAAAT Y R 527 & staticmethod() THERINE T,

IIAXVYy RFTIT o b

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

created by the built-in classmethod() constructor.

3.3 %XV v F4

77 A, FHRBARIORX Y v FEERL T, Rk (EfEEPHRATEL. A 74 AKGLARY) IT&
LRPEDHAZEETEET, T4, Python OEEF A+ — N1 — ¥ (operator overloading) ~D7 71—
FTT, ZHCED, 77 AFEHOEEFICHT2HMEORLI BV EZERTEET, fIRIE 277X
2 __getitem _ () EWIEZRIDRAY v FEERLTBD, x BWIDITITADA VARV ATHBLT5L,
x[1] 1 type(x) . __getitem__(x, i) ZIFFFHH TS, FRTIERDORWERD | BYIR XY v REZRINT

WRWE E 2O XS REEZRAS LHIF (720 TWid AttributeError »» TypeError) 2SR I NLE T,

KRR X Y » FIZ None B ET 2 Z i, ZAUSINT 2HENMHTERWZI L 2EKRL T, FlzE. 7
SAD __iter () % None WKELEIGE., DIV IFREFATIINIERET, DA VAR AN
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L iter) ZMUHT Y (__getitem _ () PR XN TIZ) TypeError %M L E3F,

MHAAATE LTI 2L — TR0 AR FEET I 2T, Bz I AT 27 ML o TEWED D % HiH
WKHEZLEDIODPEETT, Bl B3> -7 Y ARMEAOERORBIEIE LA LT 1D LA EYE
A ATAADEANERZ LI BRVDLH LAFEEA, (WIC DFFa XY ATV 27 FETAREDH D
NodeList f ¥ X —7 =z =AW ZD—HITT, )

3.3.1 EXNBHIEZIAX

object. __new__(cls[, ])

7R cls DFILWA VARV ARNED DI ENET, __new O EEFHIXY v FT (ZDX
Yy RIERIHRNEINT W2 0T, FRIICHIIA Y v FEEST2RLEIEIDHD FRA). 1 v REY
AEERT B E5BERINTWE 7 7 ARE -5 D EF, ROOFEEATY =7 rpary R b
S7RZDOR (27 ADMPHLX) ITESNET, __new () ODRDERHLVA TS =22 FDA V2

ZYRA (BHE cls DA Y ARV R) TIRIFNUILD £EA,

MR SREE T, 77 ADHT2 A VAR REEKT 5 & 212 super O .__new__(cls[, ...
D) TR BIBEREL TR =TI SZAD _ _new () XYV v FEMOH L, HilzicERkshrA v
AR Y ARBEIREBZMA T2 HRL T,

L __new O N A7zl bOERPIREUH I, cls DA YRRV RAEIRLZGEICIE,
__init__(self[, ...1) DEIRXLTHLVA YRRV ZAD __init__ () BPEFHEEIRAET, Z0D
L& self 3ITERSINIA Y AZ VAT, RODGIBUIA 7Y =27 Fary A o7 RIZEEINT:
S EFTICRD £,

__new_ (O M cls DA VARV RAZREBRWEGE, A VAR YAD __init__ () XY v FEFEHE
NEE Ao

__new__ () OEZHMI, EETEERE (int, str, tuple B E) OV T FATA Y ARV RER % H
ARRARTBHILICHDET, $i2. VIREREIRRRAXT 272DI2, DARLDART TR
TELLA—N=F 4 FENET,

object. __ini‘c__(s’elf[7 ])

A VRARYAN (__new__ () ITXoT) ERI Nt ZHDMECH LITIR I NS RHICFFH X
¥9, 5IBE 7 7 RADa v A7 7 ARCELZBDTT, BEIFRALZOIRES FADL HIC
_aGnit._ O XV REEOEE, REZSZAD  _dnit._ () XYy FREEZ XD _dnit__ ()
XYy FERICIECH LT, 4 YRR Y RADORIKY 5 AE5 YN oItz 2 2 REE LR T
Wb A, HlZZ, super).__init__([args...]) o

_new__ (O r __dnit__ O WFEELTAHII 27 bERRT S (__new _ O DMERL. __init__ Q)
MENEHARZARXTS) DT, __init__() »»5HIF None fEZIRL TITWITERA; 5L TLE
5 &, EITKHIC TypeError 2EHEINTLEFVE T,

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

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

fJ— -

None is not callable
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object.__del__(self)

AVARYADESN L L TP ESNET, 27 74 F 74 9% (HYITEH D RAD)
FRALI7REBMINET, BIEZFZAD __del__ () XV v FEF->TWAIEAIR. IREZ 2D
_del (O XYy RiATHIN, BEZIAD __del () AY v FEIRINTERHLT, 4 ¥R &
VADHRIEY T AT R ED A L HERICHIFRL R ITUIR D 8 A

Cdel._ O RV Y EFRWELESILLTVAEAL VAR Y AANDHLWSBIBEZIED, WWEELXSE3 2
i (RN VDOD) AIRET T, ZIA 7Y =7 b 18IF EhEd, BIGE LA T 2y
FAHEWHEINIERC __del__ () PEFHINZ 0D DIFFEEKFETT; BED CPython ®

FETRIREMO—EH LIFOHESNERA,

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 XEHE x.__del__ () ZMUHLEFLA — fiEZE x DSBAIT Vb2 1 DEL L, BHEIX
x DBBAT B0 TTEDRLEDANRTHEINE T,

CPython EZE®D5H#: 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 ETVa—NDRFFaXrh,

34

=3
[=]

XYy ¥ __del__ () BAREZRNTIHEIEEINZ 72D, FITHITHAEL AT ERA S A, K
DDIT sys.stderr KWEENPRREINET, K

o __del__ O FEDaI—RFBEFINTVBE L XL, TEDRAL Y ROLHUOHEF T,
__del__ ()T, vy Z%Wokb, 7av 273230 Y—-RAZMRUH LD T20END S
B6. __del__ () OFETICXhAManza—RNickh, 201) Yy —22BLcBE I TW»
T, Ty Ry rREshd LAEEA

o __del__OIF AVRTVEDY vy bEYVHIZFITTEE T, o T, (DT 2—
NEEBDI) 7 7ERT 2REND B 7R —NVERIIT TEHIFRE ATV S22, None IZ7
ESINTWE0 LILERA, Python i3, B—D7 Y X —Ra 7 THEZHEIDO 7B —N
NFTT 27 ME MO 7T — NV ERHHIRS N SANCEY 2 — A2 bHIREND 2t %

3.3.
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RAEL £9; ZD K 57270 — NAUEHADMD 5 DSHHBFE LR VEE, __del__ () X
Vv ROMEINTZRR T, A Y R—bPENLEY 2 -V ELFARGETH 2 Z & ZRFET
DO D LIERA,

object.__repr__(self)

repr () MARABBBIC X o TSN, A7V 227 F2KRT TRARD (official) ) XFFNZFHRL %
T AIAER B, ZAUT (EYIRIREA G Z 6 UR) RICEOA 7Y =7 b2 HAERT 2DIHZ 5. A
W7z Python KD K H572DBDTHENETT, TERLWVWAEDH, <...some useful description...>
BROXLFHNPEENERETT, RYVERIXFINATY 227 PTRINERD FEA, 772D
_repr__ () BERLTOVT __str__ O FEBRLTVWRINZE. FDZF7RADAL YRRV AD TIER
RO (informal) ) XFHNIRBDERINIE ZIZdH __repr__ O b E T,

COBBIET ANy ZOBBIC KK HVWSLNE DT, 7 TADEREEA, HDVEVTHRW K S REKGIC
THIEDWERETT,
object.__str__(self)

A7 27 +D BEAKXD (informal)] H 2 WIFERRICHE L AXFIRREZEART 2012,
str(object) HHAAABEE format(), print() KX - TMENE T, KD HIX string 7P =2
TR D ER A

__str__ () 2B Python REZRT I AHA/FINBRVEWVWIHT, ZDXY v R object.
__repr__ () YIZEZDFET: IO, L3R ARALERST2 N TEET,

FHAAAI object ICK > TERINIT 7 40 MFEIZ, object.__repr__ (O ZFFOCHLE T,

object.__bytes__(self)
bytes ICX o TN I, ATV 27 FOANA FXFHRIZFHELET, Z4UT bytes £ 7P =
7 MEIRITRETT,

object.__format__(self, format_spec)

format () MHAAABI. X H5I1TE T +—< v MEAXFIIUTZIL OFHfli. str.format() XYV v
FliZkoTHUHEh, A 79227 D ”? 71—~ v MEhENi (formatted)” XFFNRIEZED £
F o format_spec 51EUE. BB T x—< v MbA T a Db EELXFYNITS, format_spec 5l
BRI, __format__ () ZFEETIZHNEID TN, ZLAED Y T RAFHAAABDNT DI
T4 —=3vy MLEZFELZD, AL &R 7+ =<y M 7> a VIR HVE T,

BHED 7 + —< v MEX ORI, formatspec ZBR L TL 72 W,
ROMEEIXFYN AT 27 b TRITFNERD FHA,

N—=Yay 34 TEHE: ETROXFEIPEINLEGEE object HEH®D _ format. XYV v KX
TypeError ZiAH L £7,

N— a3 3.7 TEH: object.__format__(x, '') ¥ format(str(x), '') TIIRK< str(x) &
FEffiici b F L7z,

object.__lt__(self, other)
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object.__le__{(self, other)
object.__eq__(self, other)
object.__ne__(self, other)
object.__gt__(self, other)

object.__ge__(self, other)

I wbw 3 JEERIEEE (rich comparison)” XY v RT3, HETFS Y RLE XY v REDN
JSEL T D@D TT: x<y & x.__1t__(y) ZMUEHLET; x<=y 1T x.__le__(y) EMUTHL ZT;
x==y ¥ x.__eq__(y) EMUHLET; x!'=y & x.__ne__(y) ZMUFHLET; x>y & x.__gt__(y)
ERECHLET; o=y & x.__ge__(y) ZFFHL T,

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

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

By default, object implements __eq__ () by using is, returning NotImplemented in the case of a
false comparison: True if x is y else NotImplemented. For __ne__ (), by default it delegates
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().

HARXRLDHEEEEZYR—FLTWT, HFHEOF—IXFS A TES Ny2af A 7v=2 b
PR EOBEERTEAICOVWT,  _hash._ () DRFFXFa XY FAREINTVWAEIDOTBIBLTLE
W,

There are no swapped-argument versions of these methods (to be used when the left argument
1t__ () and __gt__ O

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

does not support the operation but the right argument does); rather

) ——

are each other’s reflection

) ——

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

considered.

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

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

object.__hash__(self)

FHAAAD hash () BIER. set, frozenset, dict D& SNy akffiofzal sy a VADHESE
WS 2 BIEDPSMIHEINET, __hash__ O XY v FIFEEZRIZFNERDEEA, ZDX
Vo RICBREREE K, HBERPEFEL VAT 27 MEIFETAY Y2 @ZRO22 WS 22 TY; 47
Dz EHET A2 X THHHINIBRERX I NVICHD TNy Y2 liR2ETET AT, Zhzh
DEZEDNy Y 2 HERATH2ILEBITTOLET,
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def __hash__(self):

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

AR

hash() &4 7Y =27 MHE® __hash__ () XY v FPRTE% Py_ssize_t OV A4 XY b
79, ZHUE 64-bit TENLRFZINTWVWDE 8 NA T, 32-bit TEALRFENTWVWBEE 4 X1 T
Fo AT7Y =7 bD __hash__ () HEL D bit 4 XD FTHAMMENBETDH 25513, £
FTETCOVR-FFTREALRD bit BEZF v 7 LTI, 5T 5HL)7EIE python -¢
"import sys; print(sys.hash_info.width)" #%EfT5 52 T3,

TIAN __eq () AV Y REERBLTOVRWVWAESL, __hash__ () XY v FHERLTIIRD FHA;
TIAM __eq () BERLTWVWTD __hash__ ) ZEBRLTVRVEDL, ZO[ VARV RAEFNY
YarAREalL v a v OBEBL LTHRIAERA, VIANIa—XTARFT T MV EERLTE
D, __eq O XYy FEFEELTVWSERS, __hash__ O ZERLTIRDERA, 2RI NyPa
AJEE a1 72 a YOFELEIIBVWTF—DOANAy ¥ aflihi 4 I 2 =K TNV THD I eHERSINLTVWEH
LTS (AT7P 27 bONy ¥ af@hRZT 5L, #io7ey ¥ 237 hash bucket IZA->TL %
WET),

I—F—EEIFTAFT74NVDIT __eq _ (O & __hash._ (O XV v FZHF-TVWET, 2Dk
Z, (FA—=TRWV) IRTOATY 7 NI UTEZD, x.__hash__ ) W x==y2x is y &
hash(x) == hash(y) QWA ZEKT % X 5 REYRMEZEL £3,

_eq () EBA—=—N—=F4 FLTWT __hash__() ZERELTVWRWVWST XTI, __hash__( &
MEERAYIC None WICRRESNE T, 7T AD __hash__() XY v F25 None DIHE, DY 7 ADA
VARVADNy Y afBERBIEL X5 3B itk TypeError 2iEH 41, isinstance(obj,
collections.abc.Hashable) TFz v 732Ny P2 fRERDBDE LTIELSGBH#HEINE T,

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

_eq _ O EBFA=N=FALRLTVRWVI IZABANY ¥ 23 KR— b2HHILZWIEA, 75 AERIC
__hash__ = None Z&®TLZEV, 7 F7 AHHTHRNIZ TypeError ik 5% __hash__ () %
EFKT 5., isinstance(obj, collections.abc.Hashable) FEUH L TiR»> Ty & 2 AJRE & ik
MENBTL &5,

AR

T 7 4V b TR, XFENeNA MO __hash__ O EIETRARATRER S VX LET ” YL Eh
F3, Ny Y 2 fHIZEMD Python 7 vt AN TIZEMTH DHilr £ 35, Python Z#EDIR UL
¥ amic, PRITERS LD ET,

This is intended to provide protection against a denial-of-service caused by carefully chosen

inputs that exploit the worst case performance of a dict insertion, O(n?) complexity. See
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http://ocert.org/advisories/ocert-2011-003.html for details.

Ny T afHOEHRIZ, EEDAL T L — a VIEFIHEL £ 3, Python & Z DNEFT % £RAE L
TWEXRA (£ L THEE 32-bit & 64-bit DRI THELZD 7).

PYTHONHASHSEED SR L TL 72X W,

N—=Tay 33 TEHE: "Ny adDI7 VELMENT 75V b TEMZRD L=,

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
_bool__Q), all

) ——

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

its instances are considered true.

33.2 BET IV ERZHRETA1XT S

URDORXY v FEERLT, 77A4 VARV ANDORENET 7+ A ( x.name O, x.name NDILA,
x.name OHIFR) OBKRZ AR A XTHIENTEXT,

object.__getattr__(self, name)

T 74 b DENET 7 AD AttributeError THRMLZE ¥ (name H34 Y A X Y ZADEMF 7213
self D7 T AV —DEHTRW=DIT __getattribute__ () A3 AttributeError %iEH L7220,
name 7O XF 4 D __get__ () D% AttributeError ZiEM L7 F) WS ENET, ZOX Yy
Mid RN R) BHEZIR T 2, AttributeError B ZEH LR AUIZR D £2 A,

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

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

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

control over attribute access.

object.__getattribute__(self, name)

TIADA VAR RN T BEME T 7 e A2 HET 010, BEHRKFOHINET, 75
AW __getattr _ () DEFRLTWBEE. __getattr _ () &, __getattribute__ () THIRINZ
FEOH 3 20, AttributeError B 2R LARWR D IEh T HA, TOXY v Fid FtRE )
JEMEME % IR 3 2>, AttributeError BN ZEH L E T, ZDXY v RHEFHIFANCKERZ < MEKH
NTLESDZEPI LD, REOBRITIIFEIC, BERBERTADT 7 AT, HlZIE object.
__getattribute__(self, name) DX I ICHEET I RADXY v FEFEUBEHHAZME > TREIH X7
X h g8 A
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=N
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 $5k XY v FIREK.

X2V 74 ICEbHBE57% obj & name ZIE L TD object.__getattr__ ZH-7=EMHE7 7€ X
X EEARY N 2EHLET,

object.__setattr__(self, name, value)

BHEORAI A SN ENE T, ZUIBEHONRADBRRE (Thbb, 4 VARV AfHE
ANDEDA) ORDO DI ENE T, name FEMEHLT. value 132 DJEITRAT HEHTT,

__setattr__ () ODFTA Y RAX Y ZABHEANDRADPBER S, HEIZ I ZADINERUCARTOX Y v
FEMUOHIZFUIE D 2 A, HlZIX, object.__setattr__(self, name, value) ¥ L E7T,

tFxF 2V T 4D B L5 obj ¥ name ¥ value ZIEL TD object.__setattr__ o EM
DT7HA NE BEEARNY S BEHLET,

object.__delattr__(self, name)

__setattr__ O WPTVWETH, RATERIEDHIBRZITVWE T, TOXY vy FEERET ZDIE
A 7Yz MiTE 5T del obj.name HEMDIDH 2 HETFITLRITFUILRD FEA,

X2V 74 IEHB X557 obj & name ZIE L TD object.__getattr__ %o 7z@MEDHIFRIX
EHRANRY N BEHLET,

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.

EJVa-IDBMET VLR ZHREIAXT S

Rk BATD __getattr__ ¥ __dir__ b, EV 2 —LEBUENDT I ELREIRZTA X T EZDITHE
ZET, EVa2a— VL RLD __getattr__ BABIIEMRTH 2 1 51 EZRITWD., GtELEZET
A AttributeError #EH L T, BUENEIS 2 - AT =27 0o, BEOME, DFD object.
__getattribute__ () THRATD» SR o 728 E1E. AttributeError ZiXH T 2H1IC, EY 2 —1 D
__dict__ 25 __getattr__ PRI NET, AftdrokGEE. ZOBEATHEIEIN. FBERIER
ENET,

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 DMPVKETDEY 2 —LOBIE (BRI BT 4 DFRERY) ODHAZIA DD, EY 2—)b
A7 D __class__ BT types.ModuleType DH 77 I AVFHETEE T, HIZIERD X 512k
DES:

52 EIET-RETI



The Python Language Reference, 'J!J—2X 3.14.0a0

import sys

from types import ModuleType

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

return f'Verbose {self._ _name__
def __setattr__(self, attr, value):
print(f'Setting {attr/t...')

super () . __setattr__(attr, value)

sys.modules[ name__]._ _class__ = VerboseModule

AR

EY2—VD __getattr__ ZEFELTZD __class__ ERELLDLTDH, HEXHIDOIETENET 7
2 DEXDMEDLNBZRRIZITT - Y 2—LD globals NDEHET 7 AF (EY 2 —NLADa—Fh
HEEYa2—LD globals DEBELTYH) HEZZITFHEA

J
N—=Tay 3.5 TEH: TV a2a—1LDEMN __class__ DBPEXAAAREICR D F LT,
Added in version 3.7: __getattr__ EY a— @MY __dir__ Y2 —AEN,
BE
PEP 562 - €2 a—IJL®D __ getattr__ & _ dir___ £
Pa—LD __getattr__ BAMB LY __dir__ BEHDIHHA,

TRAYU1)F A2 (descriptor) DEE

UFDXY Y Flid, ZOXYy F2FD7 IR (0WbWwd TRAI VTR (descriptor) 75 R) DA Y ARV R
B, A—F— (owner) 7S RAWFHET I L ZROAFEHEINE T (FTRZYFRIE A—F—DF 5 AFFE
. ZFOFOWITNLD Y T AFFE KR IFIRD HA), UTOfITiE, 7 EBE” i, Aint—F—2
FAD __dict__ OFmT 4 (porperty) DF —TH 5 LI RBHEZIHEL 5,

object.__get__{(self, instance, owner=None)
F—F =0 FR (VIRBHET 7 ERDEHE) . VIRADA VARV A (A VARV RAEBET 7€
DGE) DRBEMEBUSEICFEOHE XN E T, instance B LU TEME 7 7€ X T 23RIC, A7 a>D
owner FlEIEA —F—2 F A TT, owner ZBUTEMET 7€ AF 3L %3 None T,

ZDOXY v RiE, BB ERZIRT 2, AttributeError At 2 EH L E3,

PEP 25213 __get__ () 3 120% 2 005 RO LATEEA 7Y =27 b TH L EERLTVE
3, Python DfAIABD TR Y FRIFIZDOHFEZY R—TF LTVEITH, =N =T 18DV —
NOHIZIIW GO EREL T2b0bHD £3, Python @ __getattribute__ () FEEIILED
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ESEDLL T, MTOFERFICELET,

object.__set__(self, instance, value)

F—F =TT 2ADA4 VARV R instance EDEMWEHT272ME value ITEET ABRICMEOH XN F T,

__set__ () HBWE __delete__ () BBIMT 2L, TRZVIFRE 1T—XT A7 VTR IZEDLD
F5, FHME TRV TEORUEHL 2SR LTLZEW,

object.__delete__(self, instance)

F—F =07 2AD4 ARV R instance EOBMERHIRT 2BCHOHINE 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).

TRV T2DOFUHL

—fIC TR ) IR eIE, R T RSB T 281/ (binding behaviour)” 2404 7Y 27 MEHEDZ &
T3, TARAZ VT RIZ, TAZ VYT ETm baji (descriptor protocol) DAY v F: __get__ (), __set__Q),

B  delete. () #ffioT, BUET77€A 24— N=—F 4L FLTWVWEHDTT, TNHEDAY Y FOW
TP A T2 MWL TEREZINTWEIES, A7 VEITRIZ VTR THZEVNET,

BEE772ADTFT 74V OEfER, A7V FOFHEPOMEEROH LD, HEFRELRZD, HIFRL
72D T30 DTT, HlZIX, a.x ICLZBMUOMBETIX, £3 a.__dict__['x'] . KIZ type(a).
_dict__['x']. LT type(a) DIEY 5 RTAKX 2 5 ATHRLDDITE L. ¥\ o 7= BAICHEAE
ZhET,

LAL. BMBENROMED, TRAZVTEXYy FOWTIHRZERLTWVWEA 7Y =7 M THAUL, Python
E7 74V bOEWEE A —N=F 4 FLT, ROODITRZYTFEZRXYy FEBOHELET, Llho#EgEoH
DEZTTARAZYTRRXY y FRFOHEINLZDE. EDTRAZYTERXY v FRERINLTOT, ED XD
W X2 i E L E T,

TRV TREPH L OER L 22 01F. BEAANDOHM (binding) . T4DH a.x TT, 5B LDLS
WKTFRZ ) TRHEESINE DT a WRKIFLET:

EEMUH L (Direct Call) 54
HHHIT, DO o IEONBRVIETH UREX, 22— FHRTERT RV TFZXYy FROMRUFHL:
x.__get__ () 2722 W05HDTT,

12 X8 AR (Instance Binding) *
Tz P YVRARYZANEET 2, a.x EMIHL type(a).__dict__['x'].__get__(a,
type(a)) IS NE T,
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25 XF#@ (Class Binding) z
FANHET B, A x EFEH U A.__dict__['x'].__get__(None, A) IZEHINFT,

super 5R#& (Super Binding)
super (A, a).x DEI R Ky bEMfiofly 7 v ST a.__class__.__mro__ RHEEL T, A DH]
DZIABEEITHL, B.__dict__['x'].__get__(a, A) 2RLET, bLTFTAZUTXTRIIN
3 x ZEEETITRL X,

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

Data descriptors with __get__() and __set__() (and/or __delete__()) defined always override a

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

(estaticmethod % @classmethod % &¢p) Python XV v Fi&, 7 =& TR 7Y F& L LTEEILTY
Y, ZOMRR, A YRRV ATEXY vy REHERLEDF—N=F4 FTEEXT, ZOZZLh, fix
DA VAR YARRL Y T ADMDA Y AR R EVCER 2R BET e TEET,

property () BRI T -2 T X7V PR LTEREINTVET, MoT, A YREXVREHE7T07 4D
FEEA—N—F A FTRZENTEEHA,

slots

__slots  EfFS . (FuRTADEIWR) T AUNEIHRINCES L. (RINZ _ slots ~ THE
SLTWEREI IRCHFELTVETRWED) __dict__ ® _ weakref  ZERLRBRVWESICTE
£,

__dict__ 2D DITHANT, HIWTEZ XY EHE»HRDKEWTT, BEEROZAY—Fa»rkbAL
TZ%3,

object.__slots__
ZDTIAERINE, A VARV ADBHWBRERGLERT, XFH, A TN, EREFEHDY —
FURABRATEET, slots 13, AV AX RN L TES SN ZEICHE 230 EfEs %
FEfRL. __dict__ & _ weakref  HDPHEIRNAERINZVWESICLET,

Notes on using __ slots _ :

o slots  EFREBRWIIANPLMKTIEE, A VARV RAD __dict__ @Y _ weakref B
M E R HATRET T,

o __dict__ BEDHRVIEGE, _ slots  WKHIBINTORWHITREREA VAX Y ARATEZ
CIITEERA, FIBSINTORVWERSLZMH > THRAL XS & L725EE. AttributeError 25iEH X
NET, IR EREHNCRALIZVWORS,  slots ZESTABIC ' _dict ' 2EREZOD
= Y RITEMLTLEE W,
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o slots  EEBLTVBEBIITIADEZEA VARV RIZ _ weakref  BEDZWEHE, 41 VA X
YARIINT 2555 M (weak references) EH AR — FEINFHA, HEROY K- P HBRBER S,
__slots  REET KT ' __weakref__' AU DOY —r Y RITEMLTLZE W,

o slots . VIRDLNILTHEERIINT 2 TRV TR 2o THEINE T, ZOHE,
~ slots WEBREINTWVWEA VARVAERDOT 7 %V MEWXZ 7 RAEWE# - THRETE L
BRoTWET; £S5 LARWVWE, TRAZYFRICEEZ2RAEZ 7 JAEBHEPEEXZLTCLES ST,

o slots  ODEZFDERHIZ., TOADNERINSZTI IAZFICIEED FVA, HIZFRATEEZE SN
__slots @3 F7 IATHHAMARET T, L. F277RE. BES  slots (T ZI2id &M
D Ay FOAFDAZDZNE) RERLBWVED __dict__ % __ weakref _ ZFHE T,

o BBV IAT, HEZFATITREREINTWE A0y FEERLEEE, HEZSAD20y M T
EBRBINTVEA VARV AERE (TAZ) T REREY 7 A GEHZIUELEVIRED) 7722 T
ZRARDET, ZHUTEKD, Tl T LOBEDPITELZR>TLEVET, fERIZ. ZOREZET
7D OE2DF =y ZBMENE D LILERA,

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

"variable-length" built-in type such as int, bytes, and tuple.
e Any non-string iterable may be assigned to ___ slots .

e 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().
e __class__ ~"ORRAWX, MHDZ ZZANEL _ slots  ZFFoTWB e E2DAEEL FI,

o HEDZAT Y FRFFOBI S F A Mo ZEMK ZTEETHN, Any P TERS LB ZHOB
7731 DRBoNET (MOHKKS 72D Yy MIETRIIUIRD $RA) - ZHUSERKT 2
¢ TypeError DiEHENE T,

e L slots  WITHLTATL—F 2EHT2E. A TVL—RDMEZ LI TRIVT R BMEbh
£9, LHL. _ slots  J&IEIZZEDA TL—RERD ET,

333 VSREFZEHREIALXTS

TS ADPMD 7 S A BMKT B ZICHT, B S RAD dinit_subclass__ () BFFUOHEIAET, Thz
FAT2E. Y77 5RDEHMEERETE7 7 RAZELILNTEXT, ZHE, Z7F59ATaL—keeT
HRABTVETH, Z7I7RT7aL—&p, TADEHINLFHED 7 7 RICDARITHET 2 DIIH LT,
__init_subclass__ &, dolEB. ZDXAY v RZERLLZIZ FADFEROY 77 5 RTHEHAINE T,

classmethod object.__init_subclass__(cls)

ZDXY v Rid, TR ERINZT TAPMARINZBICHATIERHEINE ST, cs 3FH LW T2
FTATT, bl. DXV Y R VRAEXVAXY Y FE LTEHREEND . BRIICZFIAXY v R
WCEBENE T,

Keyword arguments which are given to a new class are passed to the parent class’s
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__init_subclass__. For compatibility with other classes using __init_subclass__, one should

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

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

cls.default_name = default_name

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

pass

object.__init_subclass__ D7 7 # /L bEIEIMBITVERAD, MOLrD5/8E & HITHEIHE
N85, =9 —%2EHLET,

AR

ARTZADE ¥ b metaclass 1FFED OTRIEMIC X > TIHE X . __init_subclass__ FEIT
EXNBZLEBD FEA, EEOR X2 52 (BHRMAL Y FTIEKL) i typelcls) & LT
TIEATEET,

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 =227 7R owner PMEM I NIRRT HIMIIMOHEINE T, 72027 MNEZ2DI 5
AD name WCHH Y THNET,

class A:

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

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

) ——

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

class A:
pass
c=C0O
A.x =c # The hook is not called
c.__set_name__(A, 'x') # Manually invoke the hook

A VS ZAF T FOERE B LTLEE W,

Added in version 3.6.
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AR SR

T 74NV FTE. 77 R type) Zffio THEINE T, 77 AKRKIIH L VAR TEITEA, 75X
#7235 type(name, bases, namespace) DfERICH —HMIHEXNET,

I RAERT AL REHARTA ZTEE T, TDOLDITIEY 7 AEFRITT netaclass ¥— 7 — N5z
Th ED X REIBEERITICEOCMFED Y 7 A% MA L £F, RDOHIT MyClass & MySubclass 13T
&b Meta DA VAKXV RXTY:

class Meta(type):

pass

class MyClass(metaclass=Meta):

pass

class MySubclass(MyClass):

pass

77 ZAEBRDPTIHRESNAMOF — v — PRI, BRET2ITRTOX XY 2ABFITEEINE T,
77 AERDFATEINIC, UTDRT v IBECET:

e MRO =~ }Y OFRBITONS;

WYX R D 5 ADRESIND;

7 5 ADHFIZEM P ER I NS,

27 ADKEINETESNDG;

o VIRXTYV =T MOMELNS,

MRO I kU DfigR

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.

2E

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__ ().
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PEP 560

Core support for typing module and generic types.

BNIRRA R T S5 ZDRE
27 RERICH U THEYZAXZ 27 7 2F, MTFD LS ICRESNET:
o HEHHRILAXZ FAHE5Z 5N TWRVWEER, type() pMfEbIE T,

o BRI AR Y FANEZ 5N TVT, T type() DA Y ARV A TEBEW BE, Tk X &7
AL LTHEHZEVE T,

« BIREIZA RS 5 AL LT type() D4 ¥ AR VARG R b, RENERINTOLBEE.
BIRE LT (ARG TRED FO) X &2 5 2pMEbhET,

ROIRERIZA Z 7 Z A3, (b LHAR) HRINHEE SN A X TR, HHESNLTRTOR=RY 7
ADARY ZADLEIENE T, MDIRENRA R T RE, ThEDRRT I AFERMDITNTOYTXA T
THBEIRBDTT, XX TAFERMDOEND ZDRUEL /- X R1TFUX. 7 T RAERKRIE TypeError TH
MLET,

7 5 2 D% EIZEE D %R

WY AR SAPEESIND &, 77 RADHAEMPARINE T, DLAXT TR __prepare__ JBME
o TWAA, namespace = metaclass.__prepare__(name, bases, *xkwds) DSFREXN 3, B
DF—TU—F5HL. BLIZ 7RAERICONIFREINE T, __prepare__ XV v RIZF IFAAXYYER L
THETHIHEDPDHD F3, __prepare__ HMEM L TR UZZHAEIZERIE __new__ ICEINF T2, &EHR
2 IAXTY 27 MEH LW dict abv— L TERENE T,

AR5 2T __prepare__ BEDZ WGBS, 77 ADAHIZEMIEZED HF &~y ¥y 7 LTk
NnFEJ,

2E

PEP 3115 - Metaclasses in Python 3000
__prepare__ #iZEM 7 v 7 DEA
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75 AEKEDORIT

2 5 AKMAEDS (KREDITIR) exec(body, globals(), namespace) & L THFEITENET, BHEDOFFUHL L
exec() DEELBE VI, 7 7 RERPEBNBTITONIHE. LIS AINRA-TI2XoTH I AEK
(EEDOXY v F2ET) HEEDORa—FLIMIlDR a— T o412 SR TE S L VWHRTT,

Ll 277 REBRVPBEBNGETITONLIRTE A, 77 ANMTERSNIAY v FId7 7 AR a—-FTE
RINLAHERSZ LB TEERA, ZIRAEREBA VAR VARV v FHT TARXY v FOBRAIDZ
A=BZNno7 72 RT 20, ROEHTHIT S, BEEIICEHINZ a2 —-F2Y6nTnd __class__ Bl 5
7 7R ALRFUIED TR A

ISRFTS T FDOIER

77 AREDEITICE 2 TP 7 ADLFTEMBHIAL X N2 5, metaclass(name, bases, namespace,
xxkwds) X OH T I T IRFI T2 7 P2MERZINET (ZZTEINZEMDF—Y—FiX
__prepare__ IZEEINZHDEFRILTT),

DI IARAAXTY 22 M, super() DESIEHERICE->TBRINZDDTY, __class__ 1&. 7T AR
KHED XY v ¥ __class__ F7213 super DWIT N ESBH L TWAHEIC, 3 V%4 FI2X o TERX
NEBHRO /v - % =TT, UL XYy FICEINLBRADOSIEICHE ISV THEDOHIH L 21T
ToDIWERHINDG 7 T RAFENEA YRR Y AN EN S — ], super () OIEFIBIEAS L F AL Ra—
FHDWTERSIN TN DY 7 AZIEMICHENT 2 Z L ZFREICL £ 3,

CPython RZZEME#MH: CPython 3.6 LI TIE, __class__ ®ILiE, 77 AAFZEMICH S __classcell__
IUPYV—2 L TRAEZSRIZEEINET, _class__ BADBEELTOWEEEER. 20275 ABEL LT
HbxN 372512, type.__new__ OFFUH LICERET 2 FCLICEREINE T, KB LA=HE1E. Python
3.8 T!X RuntimeError 124D £,

FIHNEDRART TR type REAEHNTIX type. __new__ RMUHIT X RIS 2% FoTW0W3 & EiE, 7

FAFTY 27 bR LIZRICRD A AR MEDOFIEEE X £ T

1) type.__new__ XY v KW __set_name__ () DEREINTWVE 7 7 RADAFZEMCH 2LTOREMES
[EL F3;

2) ZhHD __set_name__ XY v KA, ZDXY v FRERINTVWEI IR, BIUZZIRETZE
HIZED Y ToN TV RARTZT L LT ENET;

3) FLWIITRADRAY v NRERIHEFTT S LICNEST 282 72 AT __init_subclass__ () 7 v 7 HWE
UHxh s,

JIARFTY 2l POIMERE NI BRITIE, 7 IRAERICEENTVWEZF7RAT7aL—& (b LHIX) 277
AKX T2 FREIN, TAV—XPIBRTA T2 BRI I TERSINZZ 7R L TR —HILVDHRTZE
Fﬂﬂc:ﬁi'{f@éﬂiﬁo

FrLwr 5 A type. __new__ THEMINIr Zid, AHIZEMGIBE LTE XA TV 227 MIFILL
JEFfED~y By 7ICEBEEIN, TTOF TV 27 MIBEINET, HILLEHLEZDDEFHAN LEHD
TRXITIyTIN, JIAFTY =7 bO __dict__ BHICKRD 9,
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B2E

PEP 3135 - New super
BROD __class__ 70— % BHRICOVTRHABLTWET

o

ABY S ADRAE

X R ZZFRY BOWBENFAMEZEf > T0ET, ZAFTHEINTERLT A 7T 712, FIFER, v 53
BoAVR—Tz—RDF v, ABIFVF—>a>y, BEFFu T4 4EH,. TuaF>, JL—L0T—7,
ZLTHENY Y —Ruy 7/ FAtwo723 0035 D 3,

334 AVRAAVADAREIAREYTISRAFT VY

UTDRAY v FIZHHAIAABEE isinstance() ¥ issubclass() DT 7 41+ DEIER LEHE T2 DICFIH
LEd,

FFIZ, abc.ABCMeta X & 7 7 RId, WREK Y 7 X (ABCs) &7 RAEEEE S 5 A (virtual base classes)” &
LT, fiho ABC 288, EED Y 7 A% (#HAAAMEZEL) BIGENT 572012, ZhoDXY v F25E
ELTVWET,

class.__instancecheck__(self, instance)

instance B (EIE, FIIRMIEMNIC) class DA Y ARV AL BEZ HNLHEIT true ZIRLE T, EFR
TN TWHUZE, isinstance(instance, class) OZEED-DICMULHEINE T,

class.__subclasscheck__(self, subclass)

subclass 2% (B, F7IIHIERNT) class DB T 7 F AL EZ LN ZHET true ZIRL F7, ERS
NTWVHUZ, issubclass(subclass, class) OEEDDICFEIHEINE T,

BB, TREDRAY Y K&, Z5ADE (&2 5R) LTREINET, EBROIZSRACZIARAY v RE
LTERTAILIITEFHA, ZHUE. A YRRV RZNBEDN I SR THE ZDEEITDAHR, f VARY
R ENZRHEA Y v FOBRr—EBLTWVWET,

2E

PEP 3119 - HKEEY 5 XDEA il
REKZ SR (abc EY 2 — V%2 SMW) ZEFB/ITEMT 2 LRITBNTOHED &,
__instancecheck__ () ¥ __subclasscheck__() %@L T, isinstance() & issubclass()

WKHEHOHEZ E¥ 5 70 DILRROFE DD D D £7,
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335 JxxVUyIB%EIZIaL—+T3B

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

in which all the elements are of type int.

2E

PEP 484 - B>k

Introducing Python’s framework for type annotations

Generic Alias Types

Documentation for objects representing parameterized generic classes

Generics, user-defined generics and typing.Generic %
TR X = ZREDAIRETDH D POFNLIF = v H—DHEETEL =2V v 77 57 R%
FETEIHEDF X2 XY T,

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

classmethod object.__class_getitem__(cls, key)

key \CH MBI THRIMMLE N 22V v 2V FRZRT ATV =7 FRIELE 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.

62 EIET-RETI


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

The Python Language Reference, 'J!J—2X 3.14.0a0

class__getitem versus getitem,

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

ject if it is properly defined.

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

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

from inspect import isclass

def subscribe(obj, x):

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

class_of_obj = type(obj)

# If the class of obj defines
# call class_of obj.__getitem__ (obj, x)

__getitem _,
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, Tatise an exzception
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:

>>> type(list[int])

<class 'types.GenericAlias'>

However, if a class has a custom metaclass that defines __getitem _ (), subscribing the class may result
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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—)LeP xRy IBIIHIBZEEIATICE R HR—b
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 —+93

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

A YRR AL LT 7 N BRI OHENE T, ZOXY vy RAERSNTWIHE,
x(argl, arg2, ...) FKREHIIF type(x).__call__(x, argl, ...) KEHIIhET,

33.7 A7 F%ZIZal—Fr93

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 provide the methods keys(), values(), items(), get(), clear(), setdefault(), popQ),
popitem(), copy(), and update() behaving similar to those for Python’s standard dictionary ob-
jects. The collections.abc module provides a MutableMapping abstract base class to help create

setitem__ () delitem__ (), and keys (). Mu-

) —— ) ——

those methods from a base set of __getitem__ ()
table sequences should provide methods append(), count(), index(), extend(), insert(), popQ),

remove (), reverse() and sort(), like Python standard 1ist objects. Finally, sequence types should
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implement addition (meaning concatenation) and multiplication (meaning repetition) by defining the
methods __add__ (), __radd__ (), __4add__ (), __mul__(), __rmul__() and __<mul__ () described be-
low; they should not define other numerical operators. It is recommended that both mappings and
sequences implement the __contains__ () method to allow efficient use of the in operator; for map-
pings, 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

iter__() should iterate through the object’s

) —— p—

efficient iteration through the container; for mappings
keys; for sequences, it should iterate through the values.
object.__len__(self)

Called to implement the built-in function 1len(). 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 REOFHH: 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
A7ATYZE, LRD 3 XYy FIZk o THHMUANZITONE T, RD & 5 BIFFOCH LI
[a[1:2] =b J

KD &S5 ICHFRE

[a[slice(l, 2, None)] = b }

MUTRFAKETT, BELEZEWVWRA T L ZDEZEIZ None THD LN E 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.
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AR
for M—=7TRE, ¥—F Y RAOKIGERZIELSBMETE 2 X518 257%DI12. RIERA VT 7 RN
L T IndexError SEHINZ DL TV E T,

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

instead of __getitem__(). See _ class getitem _ wversus __ getitem_ _ for more details.

object.__setitem__(self, key, value)

self [key]l WM T E2RAZHEET 2-DICMIHEINE T, __getitem _ () LEUFEEFEND T
EDET, TOXYVy FEEETEZZ20, H2F—ICNT2HEOLEELZYR—FLTWSE0, ¥k
F—ZBEMTEZ L5~y TOLEL., HDIERZEEMWMRI LI TEL Y- Y ADEFEIZIT
T RIEZR key WX LT, __getitem _ () XY v REFEKRDOBISNOEN ZITHRITIUIZRD £ A

object.__delitem__(self, key)

self [key]l DHIFREFHET 27-2DIMFUHINE T, __getitem _ () LRUCEEFEIDTIIED F
T DRV RERETEZZDE. F—0HIBRZYR—bLTWE vy 7OHEY. ERLHIBRTE
53— Y ADFEIZT T, PIER key LTI, __getitem _ () XV v REFEEOHFINDEH
ZITHRITIUIRD 8 Ao

object.__missing__(self, key)

self [key]l] ODELICBWTHEBENIZCF —DFELELEI o LHEI, dict DI 77 7 2D7DIC
dict.__getitem _ () WX Xo> THUIHINET,

object.__iter__(self)
DXV y R, ay7FHIHLT AT7L—4 PERINLBIIHEIHENET, TOXY v R,
aAVFTFHNDOETDL TV =27 MIES TRIBIBTE SR XS5, FilkkATL—XLF T 27 MEIR
TRTFNERDERA, Sy BV ITIE, avT7FHAOFXF— > TRIEME L Rz b g8 A,

object.__reversed__(self)

reversed () MAAHLBEBDTAMA 7L —>a v i2FEET L7012, (FFETHUR) MEHELES, 2
VT FHNOREZREZWIAIA 7L — T3, HLWATL—ZERINETT,

__reversed__ () XYV v FREZREINTVWRWIEE, reversed() HIAABBIZ sequence 71 +
al (__len__() & __getitem__()) o/ FHEICT7 =Ny 7 LET, sequence 71 k2
NP R—bLA Tz M reversed) kD HFMEBEOVWWEELZRMET XI5 [ ICOA
__reversed__ () BERTHINETT,

g7 A MEET (in BXY not in) I FEE. 2T FOBEIRINT ZRKENHD L S 1cHEEIhET, L
Pl, AYTFF 7T FTUTORHEAY v FEERL T, XODMBRHREELIToLD, ATV =7
MATIZITNTHELATHIVWEIITTEET,
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object.__contains__ (self, item)

fE 7 A MHEAEZHEET 5D EINE T, item D5 self NITFFET 2B EICIBZEE, 25T
BWHRICBBEZRIRINERD EHA, vy IA 7Y =7 FOHAE, ERF— LEHOMTIERL,
FoIHTBRET A P 2B ZRTUILD TR A

__contains__ () BEFELRBVAI T 27 ML TIE, ANy FTAMIET., __iter _ O %
ol BEAAET, RCH WS —r Y AKRETa hanr __getitem _ () ZFVWET, SEBL 77
LYZDZDE ZZRLTREW,

3.3.8 HERZITZalL—+TB

YDAV Yy FEERLT, BUEAIA 7P 27 P22 I 2L — T2 2D TEE T, FEOEEOKERT
BYR=FENTORWE S REEINET 2 XY v F GEEROFEICN T 28y MRAEERY) 13, R
ERDOEFICLTEPRITNIRD £HA,

object.__add__(self, other)

object.__sub__(self, other)

object.__mul__(self, other)

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

object.__xor__{(self, other)

object.__or__(self, other)

INHDRAY v REMFATTIHEMMERET (+, -, *, 0, /, //, %, divmod (), pow(), **, <<, >> & =, |)
ERELET, HlRE D __add O XV FOBHBETZTADA VARV ATHEEHE, Rx +y
ZFHiT 5 & type(x).__add__(x, y) DMINFE T, __divmod__ () XYV v FliX __floordiv__()
 __mod__ () BHEATZOEETRIINIED FHA, __truediv__ (O LEHEHLTIEARD FHA,
HAABD pow() BIHOZIHD b OHF K — b XM TWARTIUEE BRVEE.  pow () 1347
TavOETEFIMEZITNA DL L TERINRIFINUIRD £H A

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

return NotImplemented.

object.__radd__(self, other)

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

object.__rxor__(self, other)

object.__ror__{(self, other)
These methods are called to implement the binary arithmetic operations (+, =, *, @, /, //, %,
divmod (), pow(), **, <<, >> & ~, |) with reflected (swapped) operands. These functions are only

called if the left operand does not support the corresponding operation™ and the operands are of
different types.”* For instance, to evaluate the expression x - y, where y is an instance of a class
that has an __rsub__ () method, type(y).__rsub__(y, x) is called if type(x).__sub__(x, y)

returns NotImplemented.

2L, ZIEEET pow() 25 __rpow _ O BRI LIERVOTHERELTL ZE W (Bt 0 FHRIH
IEEWCHRIC 2 25T,

AR
AHOHEEFOMBEMOWEEFORDY T2 S ZATHY, TOFTIZIATHBHAY v FIC
ST BRERY v R BRZEENERINTVBIESICIE. EROEEFOIERIG XY v A
FEENBENZ, TDX Yy FREENE T, TOWRBBNCED, 77 I ADFHOHEEE F — N —
74 RT3 eMABEICZD £5,

object.__iadd__(self, other)
object.__isub__(self, other)
object.__imul__(self, other)
object.__imatmul__ (self, other)
object.__itruediv__(self, other)

object.__ifloordiv__(self, other)

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

* FCROPHE IS OWTIE, ERIEDOX Y v F (72 21E __add__ ) KRR LIEEE. ZOEEEIYE— FEATHRVE A
REhEd, Zhid, REFLIEXY v RAENHXNRWIHCE
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object.__imod__(self, other)
object.__ipow__(self, other[, modulo])
object.__ilshift__(self, other)
object.__irshift__(self, other)
object.__iand__(self, other)

object.__ixor__(self, other)

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

(modifying self) and return the result (which could be, but does not have to be, self). If a specific
method is not defined, or if that method returns NotImplemented, the augmented assignment
falls back to the normal methods. For instance, if z is an instance of a class with an __<add__ ()
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 faq-augmented-assignment-tuple-error), but this behavior is in fact part of the data

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

object.__invert__(self)

MEOH U CHTHEAMEE (-, +, abs() BEU ~) 2FEELET,

object.__complex__(self)

object.__int__(self)

object.__float__(self)
THAABRBEED complex(), int(), float ) DFEEHILIFUHEINE T, HWYARHOHEER X RITH
72D £ A

object.__index__(self)
MO LT operator.index() %252 L %3, Python BEA 7 =27 b EEKHA TV 27 M
KB 2RBEDRDHB5E (T2 ZIER T4 > 7%, #lARAAHD bin() .« hex() . oct() BIE)
BEICFECHINET, ZOXV Y RRHZLZOBIEA TS 27 v WRBEFITH S Z e BRI NF
T, BRERIRIFNIZD ERA,
L __ant__(), __float__(), __complex__ () PEBRINTVARWVWEE, HAAABEKD int(),
float(), complex() & __indez__ ) IZ7 =Ny 7 LET,

object.__round__ (self[, ndigits] )

object.__trunc__(self)

object.__floor__(self)
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object.__ceil__(self)

FHAIAABEED round() ¥ math £ 2 — )LEAE®D trunc(), floor(), ceil() DFEIENSFENH X
NE T, ndigits 25 __round__ () WEINRVEDIIX, ZA5DETD XY v Fid Integral (72T
WiE int) YD ED BNEA TV = 7 F OEERETRECTT,

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

339 withXeaAY7TFXAIR—T¥

AV TFRA A= % (context manager) 1. with XOETRHIIS Y XA LAV THFA M2 ERT 54
TV P TT, AVTFRAMIR =V v, a—F7 0y 7 2FTT22DICHBERZAY OB XCHOOM
HERNE T, aYT7F A3 —Y v I3lEE, with X (with X OEEZSR) Ik hEHBxhE T, 2
NHEDORXY y REEHEMOHT I TRETZ22TEET,

AVFTFAITR =Yy DREMARFEVTE LTE, A R7e0— " VIEROEEBLUEHR., VY —AD
Dy 7oay ., I774VDF =T ru—XkERBToNET,

AVTFFRAIIL =TI ¥ IZOVTDE SR B IHRICOVTIE, typecontextmanager # ML TL 72X W,

object.__enter__(self)

AVTEFRAMIA =TI Y DDAD ATHEITEINLZWET T, with XIiE, XD as HiTHESNHEZ
B ZDAY Y RETHLET,

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

AVTFAINYF—I vy OHOTETEININHETY, X —&F, avFFAIPKTLEERE
o 7B ONWTHHL TWEST, a7 F 2 MBFINEEHBTRT LGS IE. 28 To5] &5
None EREXNF T,

b L, fISsEH S, 2oX Yy RABINZIHIL 2 WEE (bbb, BINBERHEENL D2kE
TeWGE). DAY vy N True Z BRIBEPDHD £F, Z25TRHRIFNE, TDOXY v FOK &, B
SR D EET 2 28I 7,

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

responsibility.

2E

PEP 343 - "with" XT7—FX>k
Python @ with XOHEE BHFR. BILUOFIPEHHKINATVET,
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3310 SANZ—2IR v FOMUEFIBRDHNZIEZIAX

NE = O Tr SR ZMAT 256, MEBIIBET 7 4L FTREFAMHTE XA, MyClass TH
BT R — 2RV, case MyClass(x, y) IZHEEMINTI, ZDO LI RAAX—-VZMAT 51213,
__match_args BRI T RACEET IRLENRD D I,

object.__match_args__
ZDI T AEBITEXFIND R TADBTH A VAIRET S, DT TFANT T AKX — Y DAES D
R ENE . ZNFENOMBSIFIINIETS _ match_args  OHFOfEEF—TV— RT3,
F—U— R HBUCEBINE T, ZOBMUIRVEIE. O PREINTVWEDLRIETT,

il 21X, d L MyClass.__match_args__ & ("left", "center", "right") BNEXINTWVIFA.
case MyClass(x, y) & case MyClass(left=x, center=y) Y R T I, ¢ X — > D5 DI
__match_args  DBZBEFELZNUT TRIINEROZVWAIICERELTLEI Y, 3L, 2o
7S EIE. KR =< v FIE TypeError ZiEH L E3,

Added in version 3.10.

2E

PEP 634 - i gMINZ—2 Y F
match X DFE,

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.
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=

=

Z

PEP 688 - Making the buffer protocol accessible in Python

Introduces the Python __buffer__ and __release_buffer__ methods.

collections.abc.Buffer

ABC for buffer types.

3.3.12 Annotations

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

(usually type hints) with a symbol.

object.__annotations__

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

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

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

object.__annotate__(format)

=

=

Z

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

their annotation values.

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

to a member of the enum.

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

not raise NotImplementedError () when called with this format.

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

NameError when called requesting any other format.

If an object does not have any annotations annotate__ should preferably be set to None (it

) -

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

Added in version 3.14.

PEP 649 --- Deferred evaluation of annotation using descriptors

Introduces lazy evaluation of annotations and the __annotate__ function.
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3.3.13 HHAY v FIRE

HRARNLT T AT, FEX Yy FOBBROMOHLIZ, 779227 DA VARV AFEETIERL, 7
Dz VO TERINTVWE L ZBIZOALELLHET S ZePMREEXNET, ZOEEDH, UITFTDa—
Rl 22 L E 5

>>> 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()

ZOEEOBE R R AEHIX, __hash__ (O & __repr__ () Vol type TV 27 b EZLINTOL T

V2l FPTEBINTVBRHEXY vy R ET, ZA6DXY vy FORBRORBMNBEEOMR a2 %
oG8, type A 7Y =7 FEMKIIH L THETEINZ e 2ICERBLTLEVET:

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

True

>>> int.__hash__() == hash(int)
Traceback (most recent call last):

File "<stdin>", line 1, in <module>

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

I ADIEEAY v REZDISICLTEITLE S &35 Z 2id. 'metaclass confusion’” ¥ FREN 2 Z & &
B, FFHEX Y Y FERBRTEALZEA VARV ABANAL RRATE I TCHBXNET:

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

True

EREMED 72D VARV RAEWEAF v TT2DITMAT, FHXY v FREBEEZA TS 27 bDXXR I TR
ZEDT, __getattribute__ () XV v RENARALET:

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

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

return object.__getattribute__(*args)

(RDOR=V1Fil)
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(RIDR=I D5 DR E)
>>> ¢c = CO

>>> c.__len__Q) # 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__ () MR ANA RRT BT, FiRXAY v FOBNCET 2D 2HEDOHE
LRI EMZIT (FARX Y v FEA VX TV AP —EHLTETENI DI FAA T =7 MIIRE LT
RS EBW)., [0 & =TV 2 E2@d s 27D DORERRHBFICAD £73,

3.4 JW—F>

3.4.1 #¥RIEEX T 2 ¥ bk (Awaitable Object)

awaitable & 7Y = 7 ME—BRINZIE __await__ (O XV v FRREINTVWET, async def FAKIIRT
Coroutine Z 72 7 k I3FFHATBET T,

AR
types.coroutine() 7L —&XTT AL —XMBHI NP 2 2L =D 5RENDS generalor iterator

ATY =2 b BIFEATRET I, __await__ () BEEINATVEEA,

object.__await__(self)

iterator BIRXRIFUIHED VA, TDRA YV v FiX awaitable A 73 =7 P REET 0 FbI 3
NETT, HHEDZDIT, asyncio.Future IZIZZ DX Y v FPEEXN, await & AL RO X
IR ->TWVWET,

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

Added in version 3.5.

2E

ap

BERJREA 70 =2 7 FIZ DWW T EDEEL KX PEP 492 2L TL ZX W,
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342 JN—FoFT2zVk

Coroutine 72 7 b & awaitable * 7Y 227 v TFo __await__ () ZMECH L, Z0ORDEIIHLKIE
WIETZ 2 Tar—FrOETEFIETEE T, al—F U OETHET LHIHER L E, A TL—
X13 StopIteration ZiXH L. ZDHISND value BHITR DEZF /T E T, L —F VHFISEEL L
7HEEE. AT L =R E VRSN E T, av—F 55 Stoplteration FISNEINEH T NETIEIH D
FH A

AN—FVIELTIREITE2X Yy F3HD, ZhHE IR —XDAY v FrL0HMTS (PRl —
RATL—=EXY Y E ZBRLTLIIEZZIN), L, YA —XEEST, 2V—F VIIRENEZ ERE
FHR=FLTVEEA,

N—=a ¥y 352 TEHE: a)L—F T2 HP LM (await) 35 & RuntimeError 72D %9,

coroutine.send (value)

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

above.

coroutine.throw(value)

coroutine.throw(type[, value[7 tmceback] ])
AN—F U THRESNLHNERELE T, ZOXY v Flid, A 7L —&iCal—F v &2—FET3
throw() XY v FRH2GEWCNMEZREL 3, £ TRWEEITIE, Hl L0 & il o5x
HEhET, &R (R DED Stoplteration 7 Z DMMOFISN) X, ETHHLLD7% __await__ ()
DR DA L TRIBLIE 2T o7 F LR U T, fiskdiar—F > o Tt izl o 58,
PR LoeEif & k5,

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

be removed in a future version of Python.

coroutine.close()
IN—FUPBTEEORAMIZ LK TLES, al—F UP—RHEIEL TWAHEEIX. ar—F
PRHEIE X724 T L —&IZ close() XYV v RRDAE, T EFNCUBEERTLET, LT
—IRHE 1L U7z Higi2» & GeneratorExit 2 X, X BiIcal—F UBAETEHEORF T ZITV
T3, mEZIC, EITHBEBEIR TR RBETH, aL—F VIZFETHET LEHEMTET,

AN—F I 7Tl PRSI NS E ZIE. FEROFIEEZRZETHBANCPAL 5N E T,
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3.4.3 JEEHAr 7L —42 (Asynchronous lterator)

R TL—F O __anext__ XYV v F2oIEIEEIAD a2 — FHFERE T,
JEFHA 71— RIX async for XOFTHEZ T,

object.__aiter__(self)

EEEAFL—8 + 7V =7 FERERLTIERD A,

object.__anext__(self)

ATV —RDORDMEEIRT FHEAIGEA T b BRI RFIR Y E8 A, RIGUHEIET L
% |Z1& StopAsyncIteration =7 —%EHITNETT,

JERIEAA T TN A T = 2 b Dl

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.

AN—% 2 3.7 TZEH: Python 3.7 & D AITIE.
BTE L7,

_aiter__ () & IEEEAA T L —4 12k 3 awaitable %R

Python 3.7 2 5i&, __aiter__ O FEFAMA 7L —X A T2 =2 7 PRI ZFIUIRD ER A, 20D
b D%IRT & TypeError 272D £,

3.4.4 EHA>THF X I R—T ¥ (Asynchronous Context Manager)
JEEEAA>YTHF XA IR—T ¥ X, __aenter__ XV v F¥ __aexit__ XAV vy NN TETE—REILTE
5 AVTHFAMNIFR—D ¥ T,

FERPa Y 7FRA P22 =Y v async with XOHTHZET,

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 __ezit__ (), the only difference being that it must return an awaitable.

R VT EA bR =D v 7 5 2D
76 FIETFT—XETI
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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.

D=3
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FOUR

HRITETIL

4.1 7075 LDWEE

Python 7R 27 alida—Fr7ay 2ol hEd, 7av 7 (block) &, —2DFrEbh e LTHET
N5 Python 7027 47 F A MOWIHA TS, BV a2—b, BABAK, ZLTI7I7RERIEITuy I/ TH
D, MEEHNCAN SN lrDa~vr ¥ 7Ry 7 TT, RZVT 7740 (4 &—=TY XIEHEANT
tLTHERBNED, AV E=FY)RIZav Y RIL Vg e LTERAORT7 74 0) da—RKTay
TS, AZVFbavwy R A VX —=FVZDa<vY 734V ET -c A7 arTHREIhIZa~<w Y K) 3
a—F7By 7 TT, 518 n ZFHLT, a<vY K74 2Oy LA RTZY T (TROBEY 2 —
JV__main__ ) ELTEMTEINZIEY 2—1dFELa—-FRT7ay 7 TF, MHAAABE eval() R exec() I
EXNiFHEba—- 7y 7 T3,

a—RK7avy i ET7V— 24 (ezecution frame) ETETEINET, FIT7 L —2112E, (T Ny Z2fib
Nn3) BHEFEFRPND SNTVWET, oy HEOA—-F70 vy Z7OETHET LRI, EoksicSus
7 LDFETEMIET 2 EPELTVET,

4.2 &FiJlF £ R (naming and binding)

4.2.1 ZHIDORE
2l (name) 3. ATV 27 PSR UET, AHTZEAT 212 BETAORM (name binding) #FZ1T
WE T,
RO AR 2R G L £ 3
« formal parameters to functions,
o« U T RER,
o BIRUER,
o RAR,
e targets that are identifiers if occurring in an assignment:

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

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

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

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

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

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

HHHHIB Ty JHNTHRMINTWERRS, nonlocal R global € LTHFINTVWARWVWERD, Zhidxz
D7ay 7 ou—HNER (local variable) T3S, HIEHHNEY 2 — VLNV THREEINTWERL, 20D
AN 78— VAR (global variable) T, (E¥a2—na—R7my Z70EKIE. n—hLEKTDH, 7
O—NVEHTHDHDET, ) H2EBDHSa—F 7y JNTHOATWT, 2070y Z TERISN
TVWRWAERS, ZRUIEBZER (free variable) TS,

Taro 5T XA MRCHEIBHBET 2702, ZOHFIBEDA TV IRDNAIOREE T 0 v 7 TlEKE
N7z K& (binding) 2> THATOSRIITONE T,

4.2.2 AREIfER

Aa—7 (scope) F. 7y ZNOAHOAHRMEZRDE T, B—ANVEHEDDHZ 70y JNTERSILTY
28, BBORaA-—TE 2070y 7k EAET. BT vy JNTHHIDEREIT-> 54, TOHDT
2y 7 PEENCHIOFEEITHORVWED, EEI7ry JRNOELTOTry 72EL XS5 ICRa—TPRRE N
x93,

HrHHPa—FTay JNTHEbOAS L. ZOAFTZRDEEPSHS X5 Ra -7 (BRARa -7
nearest enclosing scope) Z o THMORREZITVWE T, 25 LicRa—=Thbk3, Hba—F7uav
NTSRTE2Ra -2 TOEEE. 71 v 7 DERE (environment) EFHINE T,

ZHINEL A S 7o 72 & %13, NameError N EHENE T, BREORa—THEBEO DT, £
BIDMEDONSIGAT TR — I AERDR P HEICEB I TV WSS, UnboundLocalError fHIANEH X E
J, UnboundLocalError & NameError OF72 7 XA T7J,

HEHFNaA—-F Ty ZJADOY ZHTHREBERIEIRTWEZS, 207 vy JWTHDON S ZDHAFNITAN
T, BEO7B Yy 7AOBHe LTIRbIWE T, Z07%D. H24HHBZO TRy 7 NTHREI N ZRNCHD
NZrTo5—1ZoRBDET, ZORANIBUXTT, Python KWEEENRL, a—F7 oy 270 ITtdé
AIRERIEDNTEE T, HB2a—-FI7uv 7B 20—hLERIE. Tay 7075 X M2kh 6 4R
BEREB TS CEENE T, #HiZ UnboundLocalError I22WT®D FAQ JHH 2ZHL T X,
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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 XiF. MU 7my 7OHERELHA LA a—-T2HbET, 2 HHERORMN A 2 — 712 global X
WhHiH5E. TOEHEBIZ I a— BB ARINET,

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

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

HBEY 22— VOHHZERIE. ZFDEY 2 —ILBRANS import XN=RHCHEIFN/ERINE T, R7 VT
FDOEEY 2 —)L (main module) IXHIZ __main__ EMEENF T,

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

class A:
a = 42

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

However, the following will succeed:

class A:
type Alias = Nested

class Nested: pass

print(A.Alias.__value__) # <type 'A.Nested'>
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4.2.3 Annotation scopes
Annotations, type parameter lists and type statements introduce annotation scopes, which behave mostly
like function scopes, but with some exceptions discussed below.
Annotation scopes are used in the following contexts:
o Function annotations.
e Variable annotations.
o Type parameter lists for generic type aliases.

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

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

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

executed within the annotation scope, but its decorators are not.
o The bounds, constraints, and default values for type parameters (lazily evaluated).
o The value of type aliases (lazily evaluated).
Annotation scopes differ from function scopes in the following ways:

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

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

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

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

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

tation scopes can introduce new names.

e While annotation scopes have an internal name, that name is not reflected in the  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.

N— =3 ¥ 3.13 TZH: Annotation scopes are also used for type parameter defaults, as introduced by
PEP 696.

N— 3 3.14 TEHE: Annotation scopes are now also used for annotations, as specified in PEP 649
and PEP 749.
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4.2.4 Lazy evaluation

Most annotation scopes are lazily evaluated. This includes annotations, the values of type aliases created
through the type statement, and the bounds, constraints, and default values of type variables created
through the type parameter syntaz. This means that they are not evaluated when the type alias or type
variable is created, or when the object carrying annotations is created. Instead, they are only evaluated

when necessary, for example when the __value__ attribute on a type alias is accessed.

fil:

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

Traceback (most recent call last):

ZeroDivisionError: division by zero
>>> def func[T: 1/0](): pass

>>> T = func.__type_params__[0]

>>> T.__bound__

Traceback (most recent call last):

ZeroDivisionError: division by zero

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

attribute of the type variable is accessed.

This behavior is primarily useful for references to types that have not yet been defined when the type
alias or type variable is created. For example, lazy evaluation enables creation of mutually recursive type

aliases:

from typing import Literal

type SimpleExpr = int | Parenthesized
type Parenthesized = tuple[Literal[" ("], Expr, Literal[")"]]
type Expr = SimpleExpr | tuple[SimpleExpr, Literall["+", "-"], Expr]

Lazily evaluated values are evaluated in annotation scope, which means that names that appear inside

the lazily evaluated value are looked up as if they were used in the immediately enclosing scope.

Added in version 3.12.

4.2.5 #HAHiAH LHIPRT S DET

CPython REDFHM: 2 —¥1% __builtins__ KN ZNETIEDH D FHA; ZIUIBEICFEEDOFMT
T, MHAAADLATZEBOHFDEE A —N—F 4 R L7V —HIE, builtins TS 2 —L% import LT,
ZORMEBYNCEET ZNETT,

Hra—F7ay7OFTICHEET 2 HAAAZRIZMIZ, EBICEa—F7ay 70270 — "L $4RH[2%E
M2 5480 __builtins__ #MKITZZ e TRO2D EF; __builtins__ EHEPEI 2 -1 TRITNZ
BEEY 2 —NDOEEN yal i EY 2 —ekE
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WL, __builtins__ FHARAAEY 2 —)L builtins TF; FRALUHNDEEDEY 2 —MITBWTIZ.
__builtins__ ¥ builtins EY 2 —LHHDHED LA V7R TT,

4.2.6 BIRIGHEEEC DD LD

HHZBOHHIERIE 2 8 MFTR S ETRICITDRE S, 2F 0, UMFoa— 42 2HALET:

i=10

def £():
print (i)

i= 42

£0

eval() & exec() PAEUZ. HETOMIIC, BIEEOREORTZMEZ 2D TEDD FEA., LHNIEFFOHL
Hloa =2 ra— OVAETZER TR T E $9, BRZBIIRNGATZEBTIZR . 7 — UL HTZERH
MPOIRREINE T, ! exec() ¥ eval() BABUCIZA T a Y DBIEMH D, Fu—r ULk v —h LA REITZER
BA—NTA RTEET, LHTZEMI—D UrIREZNRITIUL, WA OARTZERE LTEDNE T,

4.3 HI9

flst ek, a—F7ay 2 0@EOHIEH 7 v —%2Hli LT, =7 —ZDMOFINNRKNEZWETE S XS
KT 27DDFETT, NI - S NRT EEY (raise) SNET; BIFNE. =5 —2FETHLO
FiADa—R7ay 2k, 7= RELa—-F7ay ZJEHZELEEENCIESHELTwSa—-F 7oy
7T I8 (handle) $25Z eV TEET,

Python 4 ¥ % 7V Xi. 5> &4 AT — (XLalREAY) SR SN2 L HS I L E T, Python 71
75 Lh 5, raise XEMo THRINCHINZEN T2 b TEET, fSf > FF (exception handler)
i, try ... ezxcept XTHETAIENTEF T, try XD finally HiZMH>2 7V —v7 v Fa—F
(cleanup code) ZHETEFE T, ZDa— FIFHSMNINE L FRAD, HfTT2a—K7ay 7 THlADIEE
THRERLSTHETINE T,

Python &, =7 —LHIiC ” 7B 25 LD T (termination)” EF A EZHVWTWET: sty Rk, 7
0275 MAABFE L 2R T2 2 e BN TE, AY R TOIMUD LAV E ki S 2 Z 2 13 TE E T
2. (MEDH->7za— REnEROPLFITLEBTOTRVIED) =7 —DFREZEBE LD, FITICERK
L7 ER R D ET Z I TEERA,

BISHBESMHENRWE E 4 X TV RETa T 5 LADOETERT IR E0, Wil A4 vv— Tz
RLET, ¥550558, A SystemExit TRIFIUI, ZAZX v 27D L —2Ny Z7EHNLET,

BlsME, 72524 VAR AWK > THAIINE T, except HilZA VAR ADZ 5 AITH L DOWTEIRX
NFT: ZHEA VAR ZAD I T2, 2D FFREEEISR 2SBLET, 2O VARV REFIAVEFR
T X o TR SN, ISR T 2 BMEREZERA 2 Z B TEET,
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AR
BIstD X vt —1F, Python API fERRICIZEEFN TV ERA, X v E—YDHNREIX. H 2% Python D

N=Ta Y ERDNAN—Y a YO TEEL LICEESNSARENEDL D 2 DT, BHEAA—YavDf &7
VRTEET2L57a—FiE ISRy =Y ONBIMKIFEIEEIRETEDD £ A

try SUZDWTIE, try 3 fi, raise UTDWTIE raise X HiDSIBL T EE W,

fix

4.3. fHI5 85






H3 120 module 1I2& % Python 3— K LMODET 2 —L% A VR—k §2528 T, Z22ICH3a—F
AT TERATESZ X2 D ET, import XUEA ¥ R— MEB T B TR D —RINBRAFETTH, ZhoiM
—DHIETIEDH Y F¥ A, importlib. import_module() RHAAAD __import__() W o 7z %ZH -
TH, 4 YR — M¥EZIIDLT e TEXT,

import X1 2 DO ZHEH L TIToTVWET; HAKHTDEY 2 —LZ2H L. ZOMKMREZ T — IR
I—7OHFNCHME L FF, import X OMFRMEIL, #Y)258T __import__ ) BIEEMUIH T2 L
TERINTVET, __import__ () DEDEIX import XDERTHIFNUIOEITTHEONE T, LETHEL

D FE I FINE import LRSI L TL 72X W,

__import__() ZEHEMNUHT L EY 2 - LDBMRDOAITOI, ROobo/GE. Y 2 — VOIERILEED
TONET, BRI —I DA Y HR— = (sys.modules ZEZ) ML RF v v ¥ 2 DFEHR L ORIERILE
Z20b LNEEAD. import XDAMBLATHIGUH 21TV E T,

import XWFITEIN 53 & 2iTid, BHEOHAAABE __import__ () 2FEENE T, 1 ¥ K- b RT 2%
MO H 3 Z DMl (importlib. import_module() BEEID & 572) X H =X 41&. __import__() DFEHL
EANALRZALTHEDA Y R—b - vy T4 Z2A2FEELTORA[EEELD D 5,

ET 2 —ARDTA VAR —+rEN 3L &, Python Z3ZDET2a—LEHRRL, RiSr o754 £
Va—nNAT7Y 7 bEERL, L LETY . ZOAFDEY 2 —ADEMND 54D o GE.
ModuleNotFoundError A% iAH X% §, Python 121X, 4 ¥R — NI ETI N ZIC4HTL S E
T a— L ERRT kA RBIENELE IR THE T, Zho 0%, ZhALBEOF TSN LR T v
JRFoT, BIELAZDIRRLAZDTEE T,

N=Ya ¥y 33 TEHE: A YR—- P RAT7 420 PEP 302 OF 2 7 2 —XDERBRFEEANEHFEINE L,
HIXPHERNZR A VR— MEWIID D THA - 4 VK- MEK2KIZ sys.meta_path Zill L TRHZATY
F9. MAT, A4 T4 TOAFER ARy Fr =Y OF K- MEIFEEINTVET (PEP 420 228) .

*1 types.ModuleType Z#ZM L T X\,
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5.1 importlib

importlib €Y 2 — LA ¥ R— MEHB L 2 DED 32700 FRI7: APT 2424 L £ 97, 1 21F importlib.
import_module() k. A4 ¥ KR— MEEEZEITT 272DDMARAAD __import__() DbV IV THLE
ENd API 2L 3, KDFEFMARZ 21X importlib 24 75 VD FF a2 XY 2SR L T XN,

52 Nvir—

Python IZIFEY 2 — A 7Y =7 PO 1 MEL 2R, Python . C. ZhALADS DD THEE
ENTVEIEFRELRL, TRTOEY 2= WIZ ORI D £3, Y 2 — L OMIMLZBINT. %EikEE
IS 272012, Python & Ny T —2 2 WHKEERH D 5,

RO =P T 7ANIATLEDT 4 LZ M), B2 — V@3 TALZ MNIZHET7ANEEZDIENT
EFTH, R F—IRET 2 WET 7 ANVT AT A LEENZDHEIIRNDOT, ZOKREHEED I
ZTFW> TREWITERA, TOXEOHNDZDIZ, T4 L7 M) T 74005 ERZHKREZMES Z i
LET, 77AVTRTLADT4ALZ FUVDXIZ, Ny r—Y3EMEZHL. BFEDEY 2 -1 T
B, IR Fr =B HHET,

FTRTONRY T —VWEET 2 —ILTITH, TRTOEI 2a— B vr—ILIFRLRVWI 2 LMCEHDTE
KOWEETT, b LMD EVWGZT 2L, Ny Fr—JFHR R REEOES 2 — L THILEAE
T, FHZ, __path__ BUHEROEEDEY a—ME vy r—Y e RRIhET,

FTARTDEY 2 —VIILHTZFD 3, Python DEWLY 7 ADGEL FARRIC, 7%y & —Y D4R
By r—I% Ry FadETRUISNE T, Lo T, email EWIOIZFID Ny F =R, FOABEL
email.mime EWVIHFDH TRy =Y, THIRZNUTEENS email .mime.text £ F I HAFDEY 2 —
NEBEZBIEPTEET,

521 BEONYT—2

Python Tid, BEDO/NY T —2 ¥ GEIERNYT—2 O 2 EO Ay r =Y PERINTVET, &
WDy =% Python 3.2 DIF12 HFEET 2Ry =2 T35, MARKREED Sy =13
__init__.py 77 ANEBLT 4L PV L LTEEINET, BED Sy r—Ih4 VR—-FENiL &,
2O __init__.py 7 7 A ADEBRINCETEIN, ZRTEELTWEA 7V 27 b8y & —IHHIZEMIC
HHrHENCHEBENE T, __init__.py 7 7 A WE. HOEY 2 —nicFE I} % Python 2— FFLH D%
BLIEMNTE, BV 2—NA0A U R—bFEN/2E ZiZ Python ZEY 2 —LiZ@EEEmL7zo LET,

Bz UTFDXS5R87 7 ANV AT ABEEK. 3 20878y =V % KO EidD parent Xy 7 —I%
EELETS:

parent/
__init__.py
one/
__init__.py
two/
__init__.py

(RDOR=V1Fil)
88 EBEEAVR—FRATL
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(FiDR— 25 D %)
three/
__init__.py

parent.one % A ¥ R— + 32 L BEEMIC parent/__init__.py ¥ parent/one/__init__.py MHEAT
INEFET, ZDRIT parent.two b L { I parent.three %4 ¥ K— b T2 ¥, ZAZN parent/two/
__init__.py % parent/three/__init__.py D’FEITEh 3,

5.2.2 ZHEIZEMNYT—2

RTZEEIR 7T —=D 3 A T R—2 3y 2FHBEDDIDT, ZNZFNDOR—a v EI Ty r—IV%H
Ry r—DWRMELET, B—va @B I 7 ANV RT LD E2DEFICHZ I dHDET, R—a v
W, zip 77 AVDHFRRy b7 —27 B, 2RO A VK — FRIZ Python 23MES ¥ 2 DB TR
522D FET, BEIEEAy F—DF 7 7 AN AT LLEDA T =27 MITHIET B2 dHBL, 25
TRVWIEDDHDFT; ZASRBFEROEEKDOLNMABEEY 2 —LTT,

TR Ry 7 — D&, __path__ BHICEEDY 2 NIV ER A, ZDOMKH D IHED iterable A% fifi >
TWT, K= a YOPRy =Y DR (H LB ANy =2 D7D sys.path) BED - HE.
ZDNR9 I —=ITDORDA VK= bOREIZ, FICHI TRy r —IR—a VERKRLET,

HRTZER Ry 7 —DI2IX parent/__init__.py 7 7 A MEB D FHA, TNE A0, BREZKRK-—avp
ZFNENRMEET 2D parent 74 L7 P UDA VR MRROBRICHOD2 2 v HDET, LidioT
parent/one [ IYHEMIIZ parent/two DD ICH 2 L IFRD FR A, ZDOHE. ZD v T —=I T T8y
TF=ID55 1 24 R—bE Nz X, Python IR LD parent v r —J D7 DHHFTZEM <
=% ERLET,

HETZERE Ry & — T DOHERICOWTIE PEP 420 32 LT X0,

5.3 &%

MBRZIRD 2 72D121E, Python 34 Y R—FENBZET 20 (b LAIF Ry F—ITTH, Z T TOHKam
DHINCBOW T I IWRENTT) O TL2EM ZE2HEL LET, ZOHFNE, import LD L 725155
importlib.import_module() B LT __import__() BED T X —Zh 5B oh %3,

CDHHENIA Y R— PRBOM AL 7 = —XTfibh, THIBI 2 foo.bar.baz DL SR Ky M TXY]
BN TEI 2= NAADRRZ 57D LET, ZOHE. Python &N foo . RIT foo.bar . %
L THRHIZ foo.bar.baz 4 Y R—FL LS & LET, FHOVWTIhID A VKR— MTERELEGEE.
ModuleNotFoundError 2SEH E N E T,

5.3. % 89
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5.3.1 EYa—-Ilxvyv>na

4 ¥ R— MRRTRINCANZ571E sys.modules T, Ty Y 7E HFHEDOARREEL, ZNET
WA YR=PENTTRTOET 2—-1DF v v aZM L ET, RDT foo.bar.baz A1 ¥ R— FEA
DA, sys.modules iF foo . foo.bar ., foo.bar.baz DY M) —%2EAFET, TNENDF—XZD
B L THIET2EY2a— Lt 7V22 VBT T,

A4 Y R=FTIFEY 2 —V£I& sys.modules 2SI N, BFEELGEE, WIET 2ENL Y R—-bEh?
REEI2a—LThHD, ZOWNBIFIZETLE T, L LMED None 72572355, ModuleNotFoundError A3i%
HENFET, Y 2 — VAR SD - 7285E1%, Python IZEY 2 —VOMKREHFTE T,

sys.modules [3FH FIAAARET T, ¥ —DHIFRIIMIET 2EY 2 — L ZHEL RV (ROES 2 —hZ
DEY 2= AANDZREHR>TWD) H LOAFTEAD, HESNLEY 2 - LDFryadhzr b
Y — B L, FRAHBRICA Y R— b ENL E Python KZDEI 2 — L ERDTHRREEESZ Z LI
"D EF, ¥—% None ICHIMIIF 2L TEXETH, RCZDEY 2 —ADAf VyR—-—FENDLER
ModuleNotFoundError £ > TCLEXWVWE T,

TR ZAEYa—F TV 27 PADOBBEREL TBEWT, sys.modules IZF v v ¥ ad Ny b —%
NI L, ZOHRELLEEY 2=V ZHAVKR—bLELELTH, 2D00EY 24T T =2 MIFLTTIE
BV Z2IERELTLEI N, ZALIEIHIRINC, importlib.reload() X AL £V a— A7V b
ZHAMAL, €Y a2—10a— FEHETTL I THICEY 2 - VONEZ BT 27210 TF,

532 I —cO—4—

sys.modules WHHEIN/EY 2 =B REOD 5 KD - 758X, Python DA ¥ FR— b 7a b arpiEsH)
X, EV2a—AEHOTFR—FLES, 2oFu ranii 2 ool&NEr 722 b, TrA V48— ¢
O—4— bW ET, 774 X —DAFEZ, HoTV Mg > TIRESNEZES 2 —LEROTFS
NELEIDHMTEIE T, MDA VX =T 2 —RAERELTNWELF TV NI A VR—2— I
BhET - AV R—ZX—BERINZED 2P —FTEZ oo/ &, HO7EHEZRLET,

Python QW77 4LV DT 74 VX =2 AV R=Z =P DO0rHDET, 1 DHD D DIFHAAALE
Ta— DRI EH - TWT, 2 OHDD DR ENIZEY 2 —b (BRI freeze Y — L TUB S M7z
EYVa2—DI, IRITIIVIFAQ ® TS5 L7z5 Python RZ VT IPBLARXRY RT7R YN, F V%
fERE 327 OHEHEHESR) ORDIAZH>TVWET, 3 D2HODDE A1 VY R—FNZX 2HET 2 —JL
ERELET, AIVR—FNZRIET7 7 AN AT LADNRRAR zip 7 7 A VDMEEZRTVAFTYT, ZOY R
NI, URL THRETE 230D L5k, MBERTILDTERTEDY Y —ROMBICETIRT S 2 &
bTEET,

4 U AR— MR ATEE R DT, Y 2 —VRROHM L 2 a—FE2ILRT27-DH LW I 74 VX —%
NIMZ2ZenTEET,

T77 A4V E—3ERICEEY 2120 - FLEVA, HBESNLET 2 - DRI GE, 774>
& —1% module spec (EY 2 —MERE), TRDBEY 2 -1 D4 ¥ R— EHEDERE H S Lz D%
BLET, EY2—10DB— RFHZA VR—- MBI ZAZFAL £,

ROETIE. 4 VA= MEEEZIRT 27D0H LWV I7 74 VX —r—X—DER L BRE D, 774
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A—rag—X—D7a bagizonWTEDEHELLIEHLET,

N—ar 3.4 TEH: Python DUEION—Y a > TlE, 774 VX —13EE O—4— 2RELTWE L%
M, BEEe—X—% 80 Y2 - HREZRLET, v —X =134 VR—- M EREFEDRTHE T,
HARRD £ L7z,

533 1VR—=+Tvo

4 VAR — MERBBIGRATRE R XS ICERGT S TwE T, 20T e k2 AR A1 VKR—bTvT TF, 4>
A=t 79 2103 2BHEDYET: XETvI & A VR—FNIXTvY TT,

ART 9 7FA Y R— MUEDOERS]. sys.modules ¥ v v ¥ 2 DMRLIAND A >R — MU X D FHIHES H
EhEd, ZHUTEKD, sys.path ODMUEPLHFEENZEY 2 —VPHARABLDEY 2 — L TERDH, XX
7y TLERETLZIENTEERT, XX 7y 7B THHT 5 X512, sys.meta_path IZH LW 7 A4
VR—ATT 2 P RBIMTEIETERINET,

4 YR=F R 7 v 7%, sys.path (b L {1 package.__path__) ODUHDO—fE LT, MiLF 2 SR
FEWO/S L ZATHOHEEINE T, 4 Y KR— b2 7 v ZIZBIRTHEHT 5 & 512, FH LW LATHE
A 7Y 27 bk sys.path_hooks BT 2 Z L TEHINET,

5.3.4 XHZNX

When the named module is not found in sys.modules, Python next searches sys.meta_path, which
contains a list of meta path finder objects. These finders are queried in order to see if they know how
to handle the named module. Meta path finders must implement a method called find_spec() which
takes three arguments: a name, an import path, and (optionally) a target module. The meta path finder

can use any strategy it wants to determine whether it can handle the named module or not.

meta path finder DHEEENZEY 2 =L OPW A ZH > TWEHER. 774V Xid spec 7027 M %
BLES, BEENLEY 2 - Z2RARWVIEEIL None ZIRL $73, sys.meta_path 12X 2 LHD spec
ZREFICY A MORRBIZEFEL TL ¥ o 723581, ModuleNotFoundError A L ¥ 3, ZOfhDiEH X
NBNIZ O F FIFCH LticiZlEh, 4 VR — MUEEZREK T X% 7,

The find_spec() method of meta path finders is called with two or three arguments. The first is the
fully qualified name of the module being imported, for example foo.bar.baz. The second argument
is the path entries to use for the module search. For top-level modules, the second argument is None,
but for submodules or subpackages, the second argument is the value of the parent package’s __path__
attribute. If the appropriate __path__ attribute cannot be accessed, a ModuleNotFoundError is raised.
The third argument is an existing module object that will be the target of loading later. The import

system passes in a target module only during reload.

X ZRZE, 1 HDA VR — FEORTHEBIEEES NS FREEL D D £3, BRI, BRI 2EY 2 -1y
NBELFryvaZNTORVWE Lz XIZ foo.bar.baz 24 VY R—1+ T2, BINIEX XX - T 7
4 > & — (mpf) WA LT mpf.find_spec("foo", None, None) MU L T, & MDA >R— MLH%E
fTWET, foo A VKR— b ZN/EIZ, mpf.find_spec("foo.bar", foo.__path__, None) ZFEUH

5.3. % o1
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LTWL 2 [HEHDX ZRZADEENMTHIA., foo.bar D34 VKR—FXNEFT, foo.bar DA ¥ K— b T TIT
bz o, mBDELET mpf.find_spec("foo.bar.baz", foo.bar.__path__, None) ZMUHL T\ &
£79,

BHBERZNRA + 774 VR =R EMNDA VR—PDAYR—PLTVWET, INHDA VY R—K—I, 2D
HD518Z None AN DS DEX N2 &, HIZ None #IRL £,

Python @77 # /)L b ® sys.meta_path 1 3 DDA T 7 4 Y E—%Fo>TVET, #HARAAEY 2—LD
A4V R=bDHEEZH>TVEHD, HIEINZED 2—1DA Y E—FDFEEHM>TVWEBHD, 1 ViK—
X2 DEDEI 2—NDA Y R—FDHEEZH>TVEDD (DFH WAR—=Z - T7AVH—) HdHD
9,

N—=Yav 3.4 TEHE: 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 TEH: 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

TV 2 WEBB RO oA 4 VR MBI EY 2 — A B R - FT2RICZh (BXUERCETH
ZR—&K—) BHEVET, ZHUI A Y R—tOu— RS TEZ 2 Z e DEMTT

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 None:
module = ModuleType (spec.name)

# The timport-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:
sys.modules [spec.name] = module
try:
spec.loader.exec_module (module)
except BaseException:
try:
del sys.modules[spec.name]
(RDR=D 128 )
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(FiDR— 25 D %)
except KeyError:
pass
raise

return sys.modules[spec.name]

BUFOFHICER L TS

o sys.modules DG X L NAHT2FHOMGFEDESY 2 — VAT =27 b23DH 5726, import 1FBEIC
ZREELTVWETL & D,

e EVa— VI B—X—DEYa2—)La— FEETTLIHC sys.modules WKHFMELTVET, £
YVa—a— Py (EENEZEEEZNC) B7E8Z2A4 Y R— T 3A8ERDH DT, THREE
T3; €Y 2—/% sys.modules IZENMT 2 Z & T, REDF —ATIIMEBEOFHTA, Z L THRRD
F—ATREREO T — FH, Hib o Tk h kg,

o O— FMEICKRML72HE. TORBLAEEY 2—11F - ZL T, ZOEY 2= D - sys.
modules 2> 5H DR N E T, sys.modules F ¥ v ¥ 2 IZBICEFNTVWLTRTOEY 2 —L Y,
AEFE LT — R LAETARNTOEY 2 —UE, HiIZF vy ¥ allEIhEd, chdye—F
LIEAHBIT, Ve— FOEAIRRRLZEY 2 —1d sys.modules ICHRINE T,

o BDEIIIY THEHHNEINEESIC, EV2—ABEONTHRLETEINSETOMICA v FBE— M
HBliZA VR = EEDEY 2 —VEMEREL £ 7 (LEHEMa— MO ”_init_module_attrs”),

o TV a2 VFEITREY 2 — LOLATZEEIHREINLZ 0 — FOEELRBEE T, EITido—&X—I1I5
KEEEN, o—F—3ME2XDX5IHERETINERET I IR X T,

o O— FOMITIEMRENT exec_module() WWHEINESY 2 —E, 4 Y R—1TDDDITREINS D
DEIFELZND LNEFHA S,

N=P a2y 34 TEHE: A YR- b RATLER-X-OEHMNLZRTZ5EMEX Lo 2N IR
importlib.abc.Loader.load_module() XY v FIZXoTHEITINE Lz,

5.4.1 O—4—

EVa—n—X—lF B— FOHEELZKETH 2EY 2 —VEITHREZRBL 3. 4 2K — MR, 5
TLESETBEY2a— ATV 22 b2HE—D58 & LT importlib.abc.Loader.exec_module() X
Yy REMFHLE T, importlib.abc.Loader.exec_module() 225 RINATEOMEIZBHRINE T,

0 — X — RO 27 L TR TV 8 A

o BV a2—H (HAAAEY 2 —VRLEHNCHAA TN BHIRES 2 — LT3/ { T) Python £ 2 —
NG E. =X —I3ET 2 - 1D a —NVAHTZEM (module. _dict__) T. £V a2—10D
a— FZFTITRETT,

*2 importlib OEHEIX, RO HEEZEEGS Z 2 GHIITVET, 2O0RbHIC, BV 2—AHEHFHNT sys.modules 1 HEY 2 —
ﬂ/ﬂ‘7/17 FeRET, 25352 t@Fﬁi‘%E’]&cxﬂ%Li AV R— T\éﬂﬁ%/;——ﬂ/ﬁ) sys modules klﬂéﬁ THEZEZ

= -
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e exec_module() DOFEUH LHIZ ImportError AN DHIA B EH I, BIEINTERELTDH, £
Ya—l%kua— FTELRWVEAIE ImportError AT NETT,

ZLDHBE. 774 =20 —X—@ERILATIV =27 FTHVERA; 20 X5 REETIX find_spec()
XYy FIZHIC self fRIEF: A7 Y227 FEE) 2IRTIZITT,

EYa—NBuB—&X—IlX create_module() XYV v FEHEEFT LI Tr—-—RFPRZEY2a—NFTIzF %
BT 2L ZEIRTEE T, TOXY Y Fidk TV a—ERETEICH-> T, r— FHRRMESHLWE
Ja—NATP 27 b EERLET, create_module() ZEY 2 —NA TV 2 r MIBWERET ZHLEIZH
DEHA, BDLIDXY v FH None ZIBT 25, 4 VR— MEBEHLVWEY 2 - L ZHETHERL £,

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

N— 3 3.4 TEHE: load_module() XYV v FiX exec_module() IZX-> TEEMZI SN, 4 VK- Mg
HWhra— FOFTNTOEMIRNE 25| 2217 E L,

BfFon—&X—rOHEHEMED =D, Lo —X—IZ load_module() XY v FREFEHEL, roR—&X—7»n
exec_module() ZHEL TWARIFIUL, 4 VK- MEHIIT —X—D load_module() XYV v FZHWET,
L2 L. load_module() & deprecated THH., m—KX—I3fkbH DI exec_module() ZHETRETT,

load_module() XY v Fi&, B a2 — I 2FTT 22 WXMATERTHHINZIRTOEH W e —F
BREZ EM L 2R D 8 A, RUKIRIASEAXNE T, MTIEMOIRMELTS:

o sys.modules XG5 X HLNLHHTDEY 2 —ANRFELTWVWEHE, B—X—RBZOHMFDOEY 2 —L
ZREDRFIUIOITER A, (25 L7RWVE importlib.reload() XIEL K E27R\WTL & 5, ) HEE
SN/EY 2— V8 sys.modules WCFELBRWGE, B—X =3 LWVWEY 2 — LA TP =7 F2AE
% L. sys.modules IZENNLZZIFIUIWIT EEA,

o HROFIFEIFEHME DO — FEHIET 27D, B—K—=2EY 2 —)La— FEEITT BR1ICE
¥ 2 —J sys.modules IZFF/E LR ITFAUIIR D TR/ A (must).

o U — NHIZKKLUIZHE, B—X =% sys.modules IZBML7ZEY 2 —LE2ED R ITFHIEW
JEEAD, 2R — FIZERLZZEY 2—V OH &, ZOEY 12— 0 —X—HFITHRIIC
0— FEINGERRD. BRALZTIRD $HA.

N— a3 35 TEH: exec_module() BEREXNTWVWT create_module() NEZRXIN TR WIS,
DeprecationWarning XM I 2 KD DE L7

N—Yar 3.6 TEH: exec_module() BEZRINTWVWT create_module() DEZEXNTWVWARWVIEGEE,
ImportError 2SEHE N5 K51k b kL7,

N—a > 3.10 TEH: load_module() Z{HfH3 % & ImportWarning 23FEAEL £9,
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542 HJ7EDa-)

PTEY 2128 —-FFT25DREDEIBRAH=X2L (FlZ1E. importlib API . import ¥ 7z1d
import-from A7 —hFX Y b, FREENL ML VEKD __import__) BfEONIBETDH. XM VT4 v
3B TEY 2a—NF TV VEBEY 2 - VOARIZEMICEEL $3, flZIE. LSy — span 23
P TEY 2 —) foo FFo TWHE, spam.foo &4 ¥R — b LRI spam I3MEDY 7Y 2 — M HHE
SNTJEME foo ZRBET, UTFDT 4 L7 FPUMEZFR o TWH ELEL & 5

spam/
__init__.py
foo.py

Z LT spam/__init__.py ZUAFD XS HRoTWVWBEE LET:

[from .foo import Foo

ZDrE, DIREEITTZZ21C&D spam Y 2 —LDHIZ foo & Foo WICHB XML EINE T

>>> import spam

>>> spam.foo

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

<class 'spam.foo.Foo'>

Python OEBHB LAZAFREL—AD25FT22 ZHITEZ2S LNLERAN, ZRIEEBEL U R—-1
AT LADEARMNBERETT, FERCRLERITAERLRVDE (ERRDA Y KR—-FDHEALRLET) sys.
modules['spam'] & sys.modules['spam.foo'] DEMET 25E. BEDHIEFD foo EMEL LTHEELR
TR NEWNS 2T,

5.4.3 2 a—)L{tk

4 VR — MEMIE. 4 2 R— PO (Frce— PO 12 l4DEY 2 —NIOWTO S F X Rz )
WET, [BWRDIZLALIRIRTOEY 2 — LV THETT, TV 2 —NMAHOHMZ. 204 U R— FEED
BEHREZEY 2 —LDOHMNTH TEMLTEZ 2T,

A VER=—POBICEY 2= IEEFS ik, A1 VKR— b RT3V R—F 2 ME, FIZEEY 2—UE
BEERT 27 74 VX — TN FT T2 0 — X —OMCTIREZINET 2 2 ZAHEICLE T, RODEER
DIF, ZRUTE o TA YR— MEEL O — FOERWRIEELETTELX51CRZ VW52 TY, ZHZ
LT, BV a— R L TIEe—&ZBZ0ETEZH>TWE L,

BV 2 UIRE, BV 2 ATV 27 bD __spec__ WML LTI NE T, Y 2 —ULEHONED
FEHIC DWW TIX ModuleSpec 2B L TL 72X W,

Added in version 3.4.
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544 4 R—FEEDES 2 —-ILEMK

4 VE— M MEEIZD — PO, EY 2 —LOHBICESWT, B—X—DEY 2 —ADETTIRNUTORE
HEEEAAZT,

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

individual attributes listed below.

__hame__

__name__ BHREEY 2 —LOREEBHMBICREINZINERD TXA, TOLFEMALTA &~
HE— N RFLATEY 2 — N2 —EHIZHINLE T,

__loader__
__loader__ BHIZEY 2 — v — FRICA Y R— MEERFHLIn—X—F 7V =27 MTREST
RIFERD FHA, ZOBMIZEBEZNEHDOD DTN, 1—X—[EH DBIEEED 7=DICHW 2
ZEeHRET, Hlzidn—X—BEEDF—-XDEIFTT,

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

N— a» 3.12 TZH: 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.

ZDEMIE PEP 366 TERINTWB X IIT, XA VEY 2 —h5DRMZHENA v R—1 %
SET 272912, __name__ OO OIHEHINE T,

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

N—Ya v 3.6 TEHE: __package__ DfHD __spec__.parent FIUEZEOZ  ZERZIN 53 X
ST D E L,

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

parent.

N—Y 3 ¥ 3.12 THHE: Raise DeprecationWarning instead of ImportWarning when falling back

to __package__.

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

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

--Spec__

spec__ BHIZEY 2 — v — FRRIZFEHINZEY 2 =V ARy ZJIZEEINRITEI LD 8
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Ao __spec__ BWUNCERET 2L A 2—7) ZRHFHAIZE L INZIED 2—)L b ARICHEA
EhFET, HISMNE __main__ T. __spec__ & HBRICK > TIE None IZERESINE T,

When __spec__.parent is not set, __package__ is used as a fallback.
Added in version 3.4.

N—a ¥ 3.6 TEH: __package__ MERINTWVWARWVWE ZIZ __spec__.parent 37 + —/LNy
zeLTEDbIE X512 ELT

__path__

EY 2= BEDOFIIHRER) v Fr—YOHAE Va2 -Vt TV 27 b D __path__ &l
DRESNDBEND D £, HIZA 7L — PARETRIAUIRD $RAN, __path__ ICEKL LWL
HEIZZETHOHOWERA, __path__ BZETRVEE, 4 7L — MRAIFAZAR L ZTUIRD X
HAo __path__ DE=> 747 ADFMIE FiE D@D TI,

RNy —DTHVEY 2— U __path__ BHEH>TIEWITERA,

__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).

L __file  ZRET D45, __cached__ BMEDa-—FODar Xt rEknn—Taryorih
(BlZIE AL b RANENZT 74 L) ADRRACHETEE T, CORBERET 2 ICHzoT
T 7 ANPEFET AHEEIDD FHA; RRAZE, BIZa VAL ENT7 7 AVBFET 200 LAK

WHFTERLTWAEITY (PEP 3147 25H),

__file_ DREEINTWVWAERWVWE ZIZD __cached__ WEHETEZ I IRFERLTLEX W, 7L,
FOYF VA EDHEOERINTS, PNk, m—&X—rid (__file__ ¥ __cached__ OHKTH
3) 774 VR DT EEY 2 - MHERRZHHTZ2HDTT, LAEdoT, bLE—X—D0F v v
YadNEI a—AnoB—RTE AT 74 bldue—RFLikwnwiks, ZOZHINKSF U4
WFEYITL & 5,

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

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

taken into consideration by the import system or standard library.
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5.4.5 module.___path___

EFRELD, BV 22— __path__ BHELHIUL, ZOED 23w r—IRkDET,

Ny =0 __path__ B, 2OV TR r—ID 4 YR—bRfEbNLE T, 1 VK- MEBONET
X, 24U sys.path LIFE AT XS ITHEEELES, 2D 4 Y R—=MREI 2 -V ZHEITHHOV
AMERELET, UL, —IC __path__ I sys.path & D IR NTT,

__path__ 3XFFD iterable TRIFIUIXWIF ERAD, ZHTHHEOER A, sys.path & FCRAID < 7 —
PO __path__ ICHHEHIN, v 7 —ID __path__ ZEET S L X2 (R TMFT ) sys.path_hooks
PEBICANLGNE T,

Ry r—=I@ __init__.py 77 AME. v T —ID __path__ BUHERED LLQZEETIZI DD,
b PEP 420 LETOAHTZER Sy 7 — S QBRI 2T TET Lz, PEP 420 OfHUC X b, Hide
HRIZER Sy =Dk, __path__ Z#MET 22— 2T %2 & __init__.py 7 7 A VR RHEET 2 0E R
(D F LT A4 vR— M, ARy =2 L EEIICEY)Z2 __path__ 2ty FLET,

546 EXa—ILD repr

T 7 AN R T, TRTOEY 2 — VFFIRATRER repr ZFf-> TWE T, 7L 24Uk, THFEFTICHAL
FBEORENBCHKFELTED, BV a2 — IR E>TEY 2 -1 ATV =227 D repr & & DRI
HET 2B TEET,

S LEY 22—k (__spec__) ZFioTWHIE, 4 VK- MERBIZZ DS repr ZAERL IS LE
o DLENDWERMT 20, ELFEEBPFELRINUE. A VR =PI R TLFEY 2 -V TAFAHE
BRHELODBEREE>TT 74 D repr ZHEL £3, Z4U module.__name__, module.__file__,
module.__loader__ % (B D RWIHHRIZOWTIET 7 4V MEZH > THIVWARDS) repr ANDAST & LT
BoridsET,

ZhapMEbh TV A EER AT

o BV 22— __spec__ BEEFF o TV IUL, EHRICE N2 1FHDS repr ZAEKT 272D E
3, "name”, "loader”, "origin”, "has_location” BN SIRINFE T,

o V22U __file__ BN HZHEIE. TV 21D repr D—HE L THDONE T,

o EVa—)UIT __file__ i¥7WAH __loader__ 2’HH. ZDfED None TIEHWVWEHAIK, »—KX—D
repr D3EY 22— D repr D—HE LTHbLNE T,

o ZITHRIFNUI, BIICEY 2—)LD __name__ % repr DHFTHWE T,

N—= 3 ¥ 3.12 TEHE: Use of module_repr (), having been deprecated since Python 3.4, was removed

in Python 3.12 and is no longer called during the resolution of a module’s repr.
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547 Fvvyadhic/N4 +O— FOEME

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

invalidation of bytecode caches.

55 NAR—=R « T4 —

LT 7z@E D . Python IZIZWL DD T 7 4V DX RNRR + 774 Y R=Dbo>TWVWET, 2055
D 12F WNANR—R « T7+A >4 — (PathFinder) L MIN, NAIYFJ OVRAMTHZ A VHR—FIN
A ZMBLET, ZRAETNOARRZTY FVIE, Y 2 -V 2HITGMEHRLTVE T,

NRAR=R « 774 YE—BHEKZIMA»DA VR—=FHFEEH>TWAERHDITTEDIY EEA, ZORDDIT,
Hx DRy M) ZEBL, FRAPNREDEED S ZDW W EH > TVWBRALY MY « 774 VX —
PREEMT F T,

TIANVIDNRRALZY MY « T3 A4V R=E, TF77ANVTRARTLALEDEI 2=V ERDII27DDFTRNTD
e rT 4 VARFEELTVET, 24U Python Y —Xa—F (.py 77 4) . Python "f ba—F
(.pyc Z740) . HEZA4 750 (BlZF .so 77 4L) REDFRR T 7 A VRA TR 5, FEHE
477 VD zipimport EY 2 — M Ko THR—-PENBZHEE T I7A4VFDNRRAZY MY - T7 A
X—=1x (HEEFA T VHND) TRTDT 74 NVEA TD zip 77 A 5DA— FHPVET,

NRALY MV T 7ANT AT L EDOGFICBEEINZINEEIDD FHA, URL RF—EZR—ATTYRFZ
DM FFNTIEETE LM ESRT 5 Z L bAJEET T,

PRANR=R + 774 VX =7 v 7% 7B baLEBMT2IeRNTE, ZIUTL > THREAJRER AT Y
MY OREEIERL, WA AXTEIeNTEET, X v bV —2 LD URL 28RV bY &
LTHR—FLEWEGE, web LOEY 2 — L Z2 /B3 372901C HITP OB W EFEE L7 v 2 %H
e TEZT, 20 (MFUHLAEELF 7Y 227 b THB) 7v 27k, FCHRHT 270 barzdR—h
T2 NAZVR) « T8 — %KELET, 2070 Fanid web 6ET a—1on—X—%2HET 3
DIELNET,

ZEDODSE: ZOHILHOHOWET Z7A 08— LW SN, XEZNX - T8 — v NAITV
e DA 08— WS HEBTRINXATHELATWES, 2hs 2HED 7 7 £ v X —I13IEHICLITED.
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BrzFararzydR—-—1rL, 4 VR—-MUETHT X5 ITHEL £ 32, BMPICERS> TW20Z LMD
TBLOEFEETT, FHI. XX RR - 7 74 VX =134 Y R— MUEDOFLEKE, sys.meta_path OEED
e XWCEMEL £,

FREWFHBINC, RAZY MY - T2 A VR —EDHIBZERTNRAR—R « 774 VX —DOREFHEMTHD,
FEFE sys.meta_path D2 H8ANRN=R + 7 7 4 Y X =DM D RpNIGE, RAZY MY - 774 VY X—DHE
B3 ETEINRNTL & D,

55.1 XAIV KD « TpA 58—

INAR—=ZR « TpA A — 12, XFH NATY ) THRES NGO Python £ 2 — /L% Python
Ry —U%EOF, B—F32EEIBHDET, FLAYDRRIY MVET7 7 AV AT A DS R
FELTOWETH, Z2ZIHIRINBEEIHD £HA,

RARNRRA T 74 YR =2 LT, WAR—R « T7A V& — IZIEFNCHRF L7z find_spec() 78 b aLHhHE
EXNTOETE, ZHUIMAT AYR—ENZ DOEED2—LE2RDF, B—FITEHEEDIRAEZSA X
TEHDHR2 7y 7 RRELTOET,

INANR—2R + T4 45— 13 sys.path . sys.path_hooks . sys.path_importer_cache £\5 3 DDZ
BreHWET, 512w r—YF 7Y 27D __path__ BUEDFVWET, Tholck-T, £ VR - ML
HEHNZARIA XT3 EDTREENE 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 « TF7AVE—=1F AZNR < T7A 25— IaDT, 4 K- MERMIZ, BT L7 SAX—
A+ 774X —=D find_spec() XV v REMUHT I T A VHR—F/INZ OMREZIHD E T, path 514
75 find_spec() WX N/ Zid, ZAUTEET 2 AT DV R b - WERIFICZZ DRy =Y DHT
A VR=PFLTWVWE Ry =YD __path__ JBMIT72 D £, path 51843 None 72 o 72858, ZHUdE BAL
DA YR=PTHB I ERLTWT, sys.path Bffbh 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 2% ¥ v & 2 DHIZHED - 72354, path based finder 1 sys.path_hooks O DML L AJHE
FT7O2 7 ERTUDET, TOVRANDENEND path entry 7w X, KT % path entry &5
581 DEELTUOHEINE T, ZOFFCH LATEEA 7' = 7 b path entry 23X % path entry finder
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%iR§H, ImportError &M L ¥ 3, ImportError X, 7 v 7% path entry D7z D path entry finder
BRREIRVZ 2 B 572912 path based finder 23{HWVWE 3, ZOFIFMNIMIB XN T, import path %3l -
TWLEDRT oNE T, 7y 7358 e UTFINE @A, MA 7Y =27 PG L £, N4 M
ATV bDTYaAa—F 4 Y ZRE Ty 7RfEIhTOT (FlZiE, 77 ANV AT LDy aA—F 4 7
D UTF-8 R 2NN ETE) . 7y 70587 a— FTERLD) 575513 InportError ZiX T RE
T,

sys.path_hooks Zill 2 LA WZAIZ U R « T7A 08— 2RI FTICKDboHE. NAR—Z -
774 Y& =0 find_spec() XY v Rl sys.path_importer_cache IZ (ZD/AZY bV IINT 37 7
AV E—DFELE VI EZRT7DIZ) None ZIRIFL. XZNZ « T7A 08— BEY 2 —AHEOHNS
B ot Z e BIRA % 72®IT None IR L £3,

sys.path_hooks D NZIYrUT vy HMIHLAEEA 7Y 27 FORDEOWTAL2 NZAT Y k
)« DA 08— ThHhotlc 8. BTHTL 3EY a—UEEZET oD 7 b arpfiibh, ZhnE
Ya—lzu—FFidifibhid,

(Z=OXFINCE-oTRENDG) BEDT 4 L7 M VIL, sys.path OO T > bV 2 IZZDRIR 2 FIETR
HXnET, £3, BEDOT A L7 PUBFEELROWI LV HBH L 72354, sys.path_importer_cache i
BASBMENEREA, KT, BEDT 4+ L7 P VISH T 2HEMHL DES 2 —1DVy 27 v T THEH 7
WCHRINE T, 3%HIC, sys.path_importer_cache IZffii4l, importlib.machinery.PathFinder.
find_spec() AR T RIF, EEOT 4 L7 PV THo TRHDLFINTEDHD FH A,

55.2 NIV kY - T7A424—--7ORIL

EVa— et ENTy r =P DA VKR= b EH K- T B0, BIUGRTEMEAY 7 —IDR—
Parve L THRHT 27012, ATV MY - 774 Y& —IF find_spec() XV v FZEELRIFIUINT
¥ A,

find_spec() X 2 DDFIHZMD FF, A VA—FPLELI L LTVEEY 2 —LORREMH L. (X T2
YD) MREY 2 =TT, find_spec() FEY 2 —MHET 2 5ER2IHIHAL (populated) X7z {LkkE% K
LE9, ZoERkE (1 20FISZFRWT) HIiZ "oader” £y F&2FRo TS,

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—=YaYy 3.4 TEH: find_spec() replaced find_loader () and find_module(), both of which are

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

HWRZRZ Y MY - 774 X —0OHIZIE, find_spec() DO DIZZNS 2 DD deperecated 72 XY v F
DEIBEDVTNDEFEELTVWEHD08H20d LNETA, ZNHDX Yy NIIBRAFEHEED - DICERLE
EENTVWET, LHrL. RRAZY MY« 774 X =T find_spec() BFEEIN TV, HVWX Y v K
SN RS,

find_loader() takes one argument, the fully qualified name of the module being imported.
find_loader() returns a 2-tuple where the first item is the loader and the second item is a names-

pace portion.
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fthd 4 > K— MO RIS T 2% EHMEDZDIC, ZLDRRAZYFY - 774 VX —1F, XXRZ -
T 74 YR =2BR—bFT2DLRUEHNL find_module() XY v FHPR—-—PLTWVWET, LarL.,
ALY FY + 774X =D find_module() XV v RiE, RL T path 5B TIEMUHINEEA (ZDX
Yy RiE SRR Ty 7 DBRAIDOFCH LS s s 2GRz sl s 2 BfEsiF S Ttugd),

NRRALZY M) = 774 Y&—D find_module() XYV v FiZ deprecated TI, ¥R S, ZDHIETIZ R
IVbMY - T 7 A VX =DERIEE Sy =D L TR =Y a VERET 2 2B TERVHASTT, dL
find_loader() ¥ find _module() DWHMBNRALY Y « 774 VX —IXEELES, A VY ER—FTRF
LIXEIC find_module() XY % find loader() ZHEEL TR L %3,

N—=Y a3 3.10 TEHE: Calls to find_module() and find_loader () by the import system will raise

ImportWarning.

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

5.6 BEDAMVKR— b RTLEZEEHRZS

A VR P RTLARREBEERZ 27D DRBEEND D 5 1AL, sys.meta_path DF 7 + L F DN
BEHIFRL, BEEAARZLDRARANRT v 7 TEERZ2HDTT,

% L. import XOEWELITEZEL, A VR— P AT AT 7T BMD APL I3 EEE5 22T
TR, MAIAABD __import__ () BARZE XX 2720 TT O T, ZOFEEK 5 1 DODFET 2—
AT T import XOBHEZEE T Z2DICSHVLNET,

(DA Y R— PP AT LABRZELETZ2DTIEARL) TTRAZNSRZWDE 7y I RoHBEY 2 —1DA
VAR — FEERINCEG < 7-® 12, find_spec() 55 None %iRFfbH D2, [EH ModuleNotFoundError
ZREHT B2 TTHTY, None ZiRT DIEIX X ARRADEBZHITIRETH 2L 2EKRLF I, Hist
BEET 2T QIEERITBYIN £5,

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
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In either subpackagel/moduleX.py or subpackagel/__init__.py, the following are valid relative im-

ports:

from .moduleY import spam

from .moduleY import spam as ham

from . import moduleY

from ..subpackagel import moduleY
from ..subpackage2.moduleZ import eggs

from ..moduleA import foo

Absolute imports may use either the import <> or from <> import <> syntax, but relative imports

may only use the second form; the reason for this is that:

[import XXX.YYY.ZZZ

should expose XXX.YYY.ZZZ as a usable expression, but .moduleY is not a valid expression.

5.8 main ICXT 9 458 EE

__main__ &Y 2 —JliE, Python DA ¥ R— b A7 LICBE# T 255072 7 — A TF, DFFF TEREh
TW3 X912, __main__ EY 2 —/LiE sys % builtins RE L FICA Y X TV X —RKX— 7 v 7 THE
Bt hES, LHAL, BiE 2 O0EI 2—L2i#E> T, __main__ FEHETEEL ML YDEY 2 —L
ELTOBEMER > TWERTA, ZHUE, __main__ PIIHLI N2 HEDA V2 TV ZAPEFHINZ L Z0D
T3 IRFOMDF T a VIHKIFET B72DTY,

5.8.1 __main__.___spec___

__main__ 23D L3I N2 ITKIFEL T
None 127252 bHD ET,

__main__.__spec__ IZEUNIHREZIN D Z b HAUL

Python 78 -m * 7Y a Y I TETINGEICE. __spec__ WHIETE3EY a— L EREFI v r—
DEY 2 —VRICREZINE T, £/, 74127 MU zip 7740, /20D sys.path = + Y &5
T3 2MBO—fHE LT __main__ EYV 2 —Ah - REINZI5EICS __spec__ DK (populate) EdL
i‘j—o

ZRSN DT — 2 TlE, __main__.__spec__ I¥ None ICEEINF T, 2L, __main__ 24K (populate)
FTE7DiIffibh/za— R34 VR— MABEREY 2 — LV EHE R L TOVWRWHTT:

o XTEETT YT}
o —c ST av

stdin 2 HEE X N5 E

o Y—RT77ANRNA FA— T 7 A0 5 EKEH I NIGE

BBOIr — X TIE, 22 ZABMNCIZ 7 s AV ES 2 — L LTHEEA VR—FTE= ELTH __main__.
ALy > :7. - > 3y N L\ . : IL\ > ~
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RDREIL S m 24 v F R TLHEEW,

__main__ 2’4 Y R—PAJEEREY 2 — L& —HK L., __main__.__spec__ DBZFNIELTHEEINTL
e LThH, ZNTHIREB, D2 200FY 2a—VEMLARINE I ICERLTLEIN, Zh
¥, if __name__ == "__main__": Frx v 7R XoTHRIAEZINZ 70y ZII, __main__ HETZEM%ZERK
(populate) §27:DITEY 2 —ADEHIN IR ETS N, BEDA Vo R— MRICIZET IRV, &
WO HEIGER L TV,

5.9 E&K

Python OWIHIDEZ 528, 4 VY R— MEEIER I LVWREZZRTE L, —Hfl2VWE A0 FFa
AV IBEPNTE EPSED o TINWETH, BAWID v 7 =D O X FEHOL N TEEXT,

F 1V P F LD sys.meta_path DfLERkIX PEP 302 T, ZD#%#ky iz 295555 PEP 420 T3,

PEP 420 introduced namespace packages for Python 3.3. PEP 420 also introduced the find_loader ()

protocol as an alternative to find_module().

PEP 366 1%, XA VEY 2 — )L TOHRPBENA VK-t D72DIEM Uz __package__ JBIEDRH%
LTVWET,

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

PEP 338 I3EVa—LB2AZ YT LTHEITTELZOHEZEDTVET,

PEP 451 1%, Y a— WAL 79227 MBI B EY 2 —NEBDA4 VR— MRED S S b ZBINL T
WET, £/, B—X—DFERPLRBLEDIZFL AL EA VR— MEBICERLY XETVET, ZNSDEHE
IZED, A VR= P AT 2DWL DO0D API 78 deprecate 2, /774 VX —2ua—X—1ZEHFH LWV
XYy RoBEMEhE Lz,

1D

104 BEESEAVR—FRTL


https://www.python.org/doc/essays/packages/
https://peps.python.org/pep-0302/
https://peps.python.org/pep-0420/
https://peps.python.org/pep-0420/
https://peps.python.org/pep-0420/
https://peps.python.org/pep-0366/
https://peps.python.org/pep-0328/
https://peps.python.org/pep-0366/
https://peps.python.org/pep-0338/
https://peps.python.org/pep-0451/

SIX

7% (EXPRESSION)

ZDETIE. Python OB IT 514 DEEDOEKRICOWTHEHR L 5,

REOEICETZER: ZORELLEOETOHLR BNF (extended BNF) £alId, FAMHTHAITIIR S
R Z R T 2 72D ICHWHNTVWE T, HMXHIRI (DD 2 KEGIER) 7. LTFOER

name = othername

TR IR TWT, ZOWRFE OEKRMT (semantics) 2R XA TWRWVWIEA. name OFFRE & 2
DEHETIIE othername OEMTIF LR LI D £3,

6.1 HfiZ# (arithmetic conversion)
DUNoBMEE v ot MEs 3@ MicZfish s HE,rN TV & &, HARAARITHS
AT OREIUT 0@ ICEEL $5:
o FDSIBBERBAITHIUT, M7 IERBICERS T T,
e otherwise, if either argument is a floating-point number, the other is converted to floating point;
o ZNLHMNGEE. WA DOFIEIIBETRIIUIR ST, BHOKLEIDHD FE A,

FREDHEAT (% HETOLESIEYE LTOXTFH)) i, XoIHloMAIpEHshE T, IBEREX. 2
BORBEBDID ETVWEERL TORITNIRD A,

6.2 7 kL. EFMER (atom)

atom Z. RO—BEAWRERTT, dok dHHMAL atom 3. FBATZ/3V 7710 TF, AFEN. ALE
g0, FFBFEIMTH O IER (form) d £z, M L7 b 2aSGEHINE T, atom DREUILITD & 5
272 h 3

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

| generator_expression | yteld_atom

6.2.1 #EBIF (identifier. F7=I3%F (name))

7 b L DIFITIE o TV 20+ (identifier) 3% AT (name) T, FRAERICOWTIE #BIF (identifier) &
SUF—T—F (keyword) ik, BTSRRI OVWTIE BFIDFEEE (naming and binding) ik %
LT EE W,

ZHIMH A AT 27 MTHEINTWBGE, 4l atom ZFHMiiT 2 2D A 72 =7 M2k ) £3, 4T
PHREXN TV WES, atom ZFHfiL & 5 &£ 3% & NameError fil4h2iEH L £5,

Private name mangling

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

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

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 mangled.
e The name of an imported member, e.g., __f in from spam import __f.
The transformation rule is defined as follows:

e The class name, with leading underscores removed and a single leading underscore inserted, is
inserted in front of the identifier, e.g., the identifier __spam occurring in a class named Foo, _Foo

or __Foo is transformed to _Foo__spam.

 If the class name consists only of underscores, the transformation is the identity, e.g., the identifier

__spam occurring in a class named _ or __ is left as is.
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6.2.2 UF3ZJL

Python Ti&, XFHNRNA IV T I e, BABBIEY 77V 23 R— P 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 INERTEERRER T — RS LE T, Z0kD, ATV 27 bDT7ATFYT 4T 434 T2
FOMEIZFCEETIED D E¥A, AUEEZFHOEROY 77 VEFHEL5E. (ZhbDV T I8 Tns
Z LADRILHHTHRD S DTHH->TD, ZHITHLLTH) ALATI =27 bEIELTWE D, oL FUMHA
ERORDOA T 27 MiTiRD £,

6.2.3 FIFMAZR (parenthesized form)

HFER & 1d, RV 2 PO~ BT, AN TH->7ZdDTY:

parenth_form = "(" [starred_expression] ")"

FFEMTHDLNERDO U 2 MiE. [l2DORADREHTI25DICHRDET: VX FANZABLL ey —2DHhr=p
A2 TWEES, RIVEZEDET; 25 TRVES, ROVZAMEHBEL TV E—0XXEBROEIZKD
%79,

FRENZEDIIEMDRTIE, BEDR IV F T2 7 b 2RLET, ZINVEIEERERZDT, VFILEREL
HADEAINE T (Thbb, HOXTIAB_FEATHbNAZ . ZALERALCA T2 MZikbZtd
HBU, BOBRNWIEDBDHHET),

ZFMIIFEIMTER I NZDTIE R, AUl Lo TERENZ Z 2 IFEE LTIV, filskizeo &
TNT, ZOHEIEIIEND BETY - HiENDO0 0w " b Elid L2 Wik (nothing)” 22 % &5
WWLTLED &, XEDBDVEVWRDIDIZHS>TLEW, I HB3XL FIAPBBINZLLZoTLEY
9,
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6.2.4 VX, £&. HEORT
VAN, HBE FEEWMET 27912, Python & ” #£/R (display)” & FHEN 2 KAl 252 L TV T,
ROZFEHTOND Y £3:
o VT FONBRIRINTNET
o WEREC (comprehension) LWHIN S, N— TPFREL 7 4 VX - DM A S HEE VG EER

WERFLDOIED R ERIZRDED T

comprehension = assignment_expression comp_for

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

comp_if = "if" or_test [comp_iter]

NERLIEFZFTHE—OR, HLwT 2D 1 HD for Hi, X512V T 0 AL ED for Hid 20X if
MOV ET, ZOHE. B4 D for i if Hiz, EPOLEANELRo TV AR M LT B Y 7 AR
L. 2R MDOERAND T Oy ZICEET % Z L ICNERFLOLIICH 2 X2 il L7451, BT E o
23V T FORERITEDET,

L. BBEIEH B for HDA 75 TNAREZHRWVT, WERIDIIRERANC KR X FXALER O R a2 — 7T
EITENFEz T, TOEHADBETT, ROV X MNTRAZINLLHIHMIDOZa -1 7 Fhsd” 2
EHhEEA,

BOIICH B for HiDA 77 7ANHE, ZNEEEMATY S A2 -7 TLDOXIFHE N, HRIZAN
FORA-FIZHEEe LTEINET, BRI for fiix, mbDLEIDH S for HIOT7 4 VX —FMHEA 75
INRZEEMATHS 23 - TIEFHITE XEA, LWVIDIE ZNHRKROEDA T 7TV Hh 6L
NBMEITHKIFEL TVDEHD LRV H TS, BIZIZRD@ED TY: [x+xy for x in range(10) for y in

range(x, x+10)] .

NEREDFIHYI BB D a Y T IR 2D EMFIAET 572D, yield % yield from RIIFEERHI R AN
FDRA—=TTEEEIRTVET,

Since Python 3.6, in an async def function, an async for clause may be used to iterate over a asyn-
chronous iterator. A comprehension in an async def function may consist of either a for or async for
clause following the leading expression, may contain additional for or async for clauses, and may also

use awatt expressions.

If a comprehension contains async for clauses, or if it contains await expressions or other asynchronous
comprehensions anywhere except the iterable expression in the leftmost for clause, it is called an asyn-
chronous comprehension. An asynchronous comprehension may suspend the execution of the coroutine

function in which it appears. See also PEP 530.
Added in version 3.6: FEFEEANTURLIEASINE LTz,

N—Yar 3.8 TEAH: yield BLU yield from FHEEWRANFDORa STl DE L,
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N— a3 ¥ 3.11 TEH: Asynchronous comprehensions are now allowed inside comprehensions in asyn-

chronous functions. Outer comprehensions implicitly become asynchronous.

6.2.5 UXMRTR

V2 MERRIE. AL THONRDRINT Y, RINIZEDORIITHoTd IR EA:

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

VAMERIE, FILWIR AT 27 25259, VAFOAAER, KOV R MEE3Y X FNERE
(list comprehension) TIEEENE T, H X TRYLNEZKDV R MBEZ oML 2ld, 256 DHER
BEPSHANLICEFHEZ A, ZOIHCY R PNIREEES N E T, NEXLPEZ 6N i3, NEEXELD
MROEHRTY X PRI NE T,

6.2.6 £5&XT

EAFRFPAEMTERSIN, F—LEZDT 230 0DRN L THERR L XKHlah g3

set_display = "{" (starred_list | comprehension) "1}"
play P

BAEFRIZ, FIiLVIa— x9NV BREA TV 27 b e 5255, BEOAREZ, KoM E723NEKLIC
FoTHESNE T, AU ~RXUIDOXDY R MHEZ SN Zid, ZDERIED S ANEIZFHE S
BEF TV =7 PIMAORET, NERLPEZ oML T NEKRLOBROERTEAIMK S I
£,

HEAT Y THRTEEEA. 2OV T IVIROHEZMRL £3.

6.2.7 BFHEXRT

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

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

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

HELTRE, FilknffEtr 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

6.2. 7 kL. RFHEZR (atom) 109



The Python Language Reference, 'J1)—2X 3.14.0a0

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. Fach 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: EELRRD 7 Vv V3N PEP 448 THREX N F L7,

HFENTRIDIE. VR FPEEGONERERLR 2 IS, @FEO "for” % 7if” HIOHNZ, an > THlrsh
72 2 DOXPPETT, NERLHEE T2 L. HROF—LEOERD, 1ESNIEITH L WEEICHEH A X
NET,

Restrictions on the types of the key values are listed earlier in section {2Z£8DFEE. (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—a > 3.8 TAH: Python 3.8 XDHIDN—Y a Tk, BENERLICBWT, ¥ — L HOFHEIES
BIRENTVWERATLR, CPython TR, EAF— X DERFHISATVE L, N—Y a2 38 25
& PEP 572 TRESNATVWS K3, F—HEL D RICFHliS N L5,

6.2.8 xxL—4R

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

generator_expression = "(" expression comp_for ")"

VAL —RREFBY 2 AL -2 AT 27 b2 EXET, ZOMXINERLL L IXEFR T T, A
MR PEFEIN T 72 < ARINCH Eh %5,

Vrzpal—XADHFTHEON TV EERE, (BEDOY 2 XL —XEFALLIR) ZOT 2L —XF TV x
ZMIMNLUT __next__ () XY v FHAMIND & 2 FTFHliEEINET, /2720, RDLWCH S for Hi
DA T I ITNRIFEBICFHIENE T, 20D ZITELLTI X BYIOEIELNLRRTIERL,
VAL —RADNERINMERTHRELNE T, RIHI for Hit, mDAICDH S for HID T 4 L2 —5
x4 77 7V K2 EHHAATV L 22— TR TE EEA, VI DIEF, ZNORBRILEDATF 7
APHELNBEICKFELTVE0D LAKRWHASL TS, HIZIZRD@ED TY: (xxy for x in range(10)

for y in range(x, x+10)) .

B OME—D5 e LTETHEIE AFENZEKBTEET, fFLAE FURL (wll) #HizZRL TR
W,

N\

VAL —XREBOHRFINZEERL TR VIDHIC, yield :® yield from FUIBEEINICEFR Iz
VAl —XTRE LI TVET,

YL —XAD async for HidH 2\ await REBFATWAHE, 24U IEREAS L —42R LT
NET, FAHY = 2L -2, EFAPA 7L =X THIHLVWIFAHY = 2L =247V 27 b RRLE
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3 (GEEERT T L —4& (Asynchronous Iterator) B L TL1ZE W),
Added in version 3.6: JEEAY = 1L — ZADEAINE LTz,

N— a ¥ 3.7 TEHE: Python 3.7 X W EITIE, JEFABY = 2L —& R async def I —F > TLHHE
ZAFVBATLR. 3.7 20ld. EEOBBTIERPIY 2 1L — &KL R 2 K51 DE L%,

N—Yar 38 TLHE: yield BLU yield from FEEWNRANFOR ST RDE L,

6.2.9 Yield =

yield_atom = "(" yield_expression ")"

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

yield F Pz RL—% B RS R L —% BREERT e 2 icfibh i s, o T, BEHERD
ARIETOAFEZFET, FABOAREKT yield X 2HHT 2 & Z20BEY = 3L —2BBITR D, async def
BABOARKRTHEAT 2 20l —F YEBUIFERIAY = 2L —ZBBUCRE D £5, FIZRRD L STk D
x9:

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

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

BENTVWERa—TDEWEH D7D, yield RIIWHRICER IR a T D~ L THEELPY =
I —RRAEFEET L2015 Z LRI TVERA,

N—= 3 3.8 TEHE: yield &, BERUBLANFOR - THURGLPY =z 2L —XAEFET L0
DRI D & Lz,

VA= ZERIZOWTIRT ST THIAS A TWE T, JERIMY = 5 L —XB%IE, RIS L —4E
. (asynchronous generator function) B TEHHAI N TVWE S,

VAL —ZBEBAPOHEINLR, Y2 X L —RELTOATL—Z%BELET, Y22 L —KIFZD
Bz AV —XEBOETEFIELET, YA —XDXY v RTINS L ETHMBEINE T,
ftGE 2 &, mAID yield LECTUB L T—FRHMEIE L. MUOH LI expression_list DfE%Z. &
ezpression_list DIEME N TVAIUL None ZIRLEF, I TED —FFILEIE. v — A VEHDOFM,
MARA VXN OFHTR X v 7, 2 L THNUHED 2 &L TR TOa — A VIREDRFFE NS 2 & & Ek
LET, BE, Y232 —ZDXYy FBRNUOHSNTEITEZEA LR, ¥ =51 —Xid yield X370
SHERF O L TH o 7D X 5 I 2kt L £ 5, FRED yield XKOMIIETZHMT 2 XY v FITIKE
LET, __next__ () ZHERALEE (—HIC for XRMAALBE next () 72¥) OAGRIE None 272D,
send() A LZHEIZZDOXY v NICEINEIHERICKRD £3,

CAETHHLENEDL S, Pzr L —XEHIZar—F 2 TH KTV ET, ¥z — &I
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EHERL, 1 2oy VKRS Y MERE, ZOETE—RMEILEINET, L —XEKII yield
L7 TEITOMGELZFIHTE RV AME— DB VT T, ZOHIENIHEICY = 7L =X OIS LtAB X
nE9,

yield i try ENTHATE X, V2L —X0 (BRAV Y PBERIGET 20, AR—YaL s> a
kD) BTHNICHBINBRWER, Y2 x L —R-A4TL—&D close() XY v FBFEN, finally Hi
MWEITINET,

yield from <expr> ZHL7HE. GAOLNLREA T 77V TRINIEIRD ERA, TDATITV%
A7V —=bF2 I TERINIAEAZTEDS 22 L —ZD XY v ROMEIH LITAEHREINE T, send()
TEINEHLOZHEE throw() TEINLH LW IHMIBEDA 71— RITHEYIR XY v RBHIUIE

ENET, BYRXY vy FARVEE, send() & AttributeError 2 TypeError %. throw() IZJEEh
7Bk 2 BIERIC IR U £ 9,

WEDA 7L —XDE TR, 5% Z XNz Stoplteration £ ¥ AKX ¥V AD value JBMIZZ D yield D
fEx 72D 9, Stoplteration I TERICHHRINICEY bENBZD, T4 TL—XB V242 L—XTH
WL (P74 7L =X R 5(ET) BEINICEY F2N20DOEE LTS,

N—=Yay 33 TEE: ¥ 74 7L Xl 70 —%2ZHET 2701 yield from <expr> ABEIE N %
L7z

yield RPRAXDHEIROEAIHXTH 2 & &, FHlFEHBTE X9,

2E

PEP 255 - iz L —%&
Python "Y' = XL —& & yield XDEARZE,

PEP 342 - kGRS Nz L —2%ZHBW-JIL—F> &
VIV aAN—F T LTHHTES X511, YL —XDMEX L API ZHLR T 1%,

PEP 380 - 7S 1 RL— 4 ADEEEX b
TV AL —RDEERBHEICT 570D, yield_from MXDEARSE,

PEP 525 - JERHA z L —& =
—F VEBADY £ 2 L —RDEERET DB LS PEP 492 OYLREZR,

IR —R-ATL—EXY YR

CTOMTIET 2 XL —ZATL—ZDXY v FIZOWTHIALE S, 2hoidy = 2L — ZBEBOETHIMEIC
fFHTE %3,

UROY 232 L —& XYy FOMUTHLIE. ¥z —ZBBRICETHDEE ValueError Hl4b = XH 3 %
IR LT EXW,

generator.__next__()

VAL —XBROFITEHET 20 &R yield ADFEITSe ZA200HMALEST, =%
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L—RBBD __next__ () XYV v FIZXo THHEINK, ZORED yield ADEIXHEIC None &
FHliX N FE T, ZOHBRD yield REFTHEITL, Pz —XIE—FHEIL L. exzpression_list @
% __next__ () XYy FOMUHLITTIZGRLET, Y=z L —ZBRXDEZ yield BFITHET L
%, StopIteration fAt2EH I E T,

ZOXYy BI3EE. Bl for W— M AIAAD next () BARIC & o THEIIFUOH XN E T,

generator.send (value)

Pz —XBEBONEANEE T ED Y ETEEBLUE S, 518D value 13 DRFED yield DA
RIZBEDET, send() XYy NIRRT 2 2 L—XHPERLEZIEL, ¥ =2 —XBRDEESE
M52 T T 5L StopIteration ZEHL 3, send() BPPEFHINTY = 2L —X25H
BT 5 EE, HEZITES yield RBFEAELZWVWD T, None 25182 L TR X RIFAEARD %
A,

generator.throw(value)

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

L =PRIl LINETHNAZREZIE T, 20V 2 2L —XBERDPERT 2 ROMEZIRL F
To VxArL—RBMEEERT SR HKTT 5L Stoplteration BPEAELFET, Yz L—XB
Bttt Lizwv, & LAEES 2 RESE 2725, ZOFSNIFTH LIt Mafk S
nxd,

In typical use, this is called with a single exception instance similar to the way the raise keyword

is used.

For backwards compatibility, however, the second signature is supported, following a convention
from older versions of Python. The type argument should be an exception class, and value should be
an exception instance. If the value is not provided, the type constructor is called to get an instance.
If traceback is provided, it is set on the exception, otherwise any existing __traceback__ attribute

stored in walue may be cleared.

N—3 3 v 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
function catches the exception and returns a value, this value is returned from close(). If the
generator function is already closed, or raises GeneratorExit (by not catching the exception),
close() returns None. If the generator yields a value, a RuntimeError is raised. If the generator
raises any other exception, it is propagated to the caller. If the generator has already exited due

to an exception or normal exit, close () returns None and has no other effect.

N— a v 3.13 TEH: If a generator returns a value upon being closed, the value is returned by

close().

6.2.
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fERH

MUTOffBEY Yy INET 2 2L —R e P2 2 L — XBEMOIR D BV EEBRIHENLET:

>>> def echo(value=None):
print(”Execution starts when 'mext()' is called for the first time.")
try:
while True:
try:
value = (yield value)
except Exception as e:
value = e
finally:

print("Don't forget to clean up when 'close()' is called.")

>>> generator = echo(1)

>>> print(next (generator))

Execution starts when 'mext()' is called for the first time.
1

>>> print(next (generator))

None

>>> print(generator.send(2))

2

>>> generator.throw(TypeError, "spam")
TypeError('spam',)

>>> generator.close()

Don't forget to clean up when 'close()' is called.

yield from DA, "What’s New in Python.” @ pep-380 SR L TL 7Z& W,

FERHERY = = L — 288 (asynchronous generator function)

async def AL TERSINZEBRLR Y v RIC yield RD3H 5 &, 20T RS T~ L —& B
ELTERSNE T,

FEFAY = L — XU E NS b, A 2 2L —& 4TV 27 F IR S IERBAA 71— & H
BENET, LT, 2047927 MIAYV = 2L —XBEROFEITE2HIBE L £3, @E. FRAHC 1 —%
A7 ME ar—F YEBAD async for XTHbDI, ZHET 2 AL —FFTT =7 b for X
TEDN D ERFICHBIL 9,

JFEFRPY 2 AL —XDXY y RO 1 DO T L awaitable A 7Y = 7 bHEREN, ZOA T =7 M HH)
B o /28 BWXRITHHBINE T, ZOL FXETIRAD yield NE TiHEA, £ 2 THUFH XA,
ezpression_list DEZFEFD AN —F TR LET, Yo xL—X R, Flreid, BfEoe—%
WVERORIE, i mRA v 2 WEEHER 2 v 7. BXOBSMUEDIRER Y. TXTOa— AV RIRED R
NZZZBEHRLET, EAHID 2 AL —XDAY v RRLROA T 27 FREI N Z & TEITHFHHZ
N, BBIEH70d yield AVHEZIZNEIFCHLTH 2200 L5 UHZEDTVWE ST, HEKOD
yvield XDOMEIX, FITEEALEZAY v FICXk-oTEREZD ET, __anext__ () o755k, FRIX None
WD %3, 25T, asend) BEHINGER. HRIZZOXY v FITESNLMEIIRD £,

If an asynchronous generator happens to exit early by break, the caller task being cancelled, or other
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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.

FEFHAY = 1 L — X BAECTI, try BEENDERE QLA T yield AMHHTEEF, 7L, FERAHY =
L—&M, (BREIT Y IBERIET B0, AR—TaL Y a ik 3) KT X D ANCEBE IR WG
AL try BEENO yield FEBM e D, EfFFEFEEE o7z finally HINEFTIhE T, 2075 —2 T, I
Y 2 AL —=ZDMEEL TV B ARY FL—=TRRAT Y 2 — 7 OEBE, RS 2 2L —XD aclose()
AV REBEFHL, BDOaLV—F 4727 P 2FETL., ZRUT L > TETHFH L o7z finally Hihd
FITTEBEIICLET,

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> IiE. FERIHIY = 2 L —XBIBTHDON 2 L 3EL T —I1TR D X T,

RS TR L —FATL—2XV YR

g&%

ZONHITIE, P23 — ZEBOFETHIENCHEDNZIERPAS 2 AL — XA T L—ZXDX Y v FIZOWT
AL %3,

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 re-
turned 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.
ZDORXYy FIZlEHE, for V=TI & > TIHERRICFEH IR 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
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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— a ¥ 3.12 TZH: The second signature (type|, 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 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

TIAVIE ERCBVTRDMEEOHNEELZRL I, SR TDLSITARD X7

primary = atom | attributeref | subscription | slicing | call

6.3.1 SR

EBHEZRE. 774V DRAICEY 4 F AR ZERQTBDTT:

attributeref = primary tdentifier

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

116 % 6 = 3 (expression)
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produced is determined by the object. Multiple evaluations of the same attribute reference may yield

different objects.

This production can be customized by overriding the __getattribute__ () method or the
__getattr__ () method. The __getattribute__() method is called first and either returns a value

or raises AttributeError if the attribute is not available.

If an AttributeError is raised and the object has a __getattr__() method, that method is called as
a fallback.

6.3.2 RFRSC (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 "[" expression_list "]1"

When an object is subscripted, the interpreter will evaluate the primary and the expression list.

The primary must evaluate to an object that supports subscription. An object may support subscription
through defining one or both of __getitem__ () and __class_getitem _(). When the primary is
subscripted, the evaluated result of the expression list will be passed to one of these methods. For more
details on when __class_getitem__ is called instead of __getitem__, see _ class_getitem___ wversus

_ getitem___.

If the expression list contains at least one comma, 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.

MAAARF TV 27 b TR, __getitem _ () WEo> TRFRILEV RV T34 7Y 22 Micid 2 @D
D¥ET:

1. vv Y7, 794008 TwEYY ThHhiuR, AV X b DEFHEFER I~ v TRHOWT LD F—
EIZHY T 23T 227 MchoRIFTNIED TR A, BFERLIZ. Z20F—HIET 32y YW
Df (value) ZBIRL 3, HARAADT Y Y77 5 2001 dict 75 A TT,

2. =T VR FIARIN =TV THHUX, RV R b OFHlliFERIZ int £7213 slice (BUNDH
THMLUET) TRINUIRD FHA, HAAARDY =7 Y 27 7 ZDHNIE str, list, tuple 7 7 &
NEFENET,

The formal syntax makes no special provision for negative indices in sequences. However, built-in se-
quences all provide a __getitem__ () method that interprets negative indices by adding the length of
the sequence to the index so that, for example, x [-1] selects the last item of x. The resulting value must
be a nonnegative integer less than the number of items in the sequence, and the subscription selects the
item whose index is that value (counting from zero). Since the support for negative indices and slicing
occurs in the object’s __getitem__ () method, subclasses overriding this method will need to explicitly

add that support.
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XFF) 35F (character) ZEEZ Y T 3HABEEOS — 7 Y 2TF, LAENOBCERL . 1 LFR
BB B XFHTF,

6.3.3 X531 AKEE (slicing)

ATAARGLIEY =T Y AF T 27 b (LFH ZTNVEREVAL) B 25 2HHOBERZERL £
Fo RTAZARLIFRE LTHOWEZD, AR del XOXWNHRELTHWEDTEET, X714 ARLOHX
WL L5112k £3:

slicing n= primary "[" slice_list "]"

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

slice_item n= expression | proper_slice

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

upper_bound n= exrpression

stride n= exrpression

LREOEAMNLRESGEICIEZHNEVRE ZA8H D FT: KVRAMIRZ2bDIE, AFARAVRAMIBRZ
2720, WERLIIRTAARTLE LTHMEINS 22 W0WI 28T, (RIA AV R MDHEYIRAT 4 R
EEERVIGA). ThL EORIOEMLIZE T, 254 2K LTOMRE D IHRTFRILL L TOMR
PEREIND LSCEHRTZIL T, DUV EEDBRVTVWET,

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 {228 DFEE) 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 'L (call)

MEOCH LIk, RS LATREA 72 = 27 b (B ZIE function) % arguments DRYNE L HITHEFHLET, F
FNIZEDRIITH > TDILEVERA:

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

["," keywords_arguments]

| starred_and_keywords ["," keywords_arguments]

| keywords_arguments

positional_arguments := positional_item ("," positional_item)*

118 % 6 = 3 (expression)
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positional_item n= assignment_expression | "x" expression
starred_and_keywords = ("*" expression | keyword_item)

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

("," keyword_item | "," "xx" expression)*
keyword_item u= identifier "=" expression

REDOMEGIBPRF -V — F5I DRI Y ~22F ThrEVnERA, MYXOERMNTHELRIZT I,
EHH EE A

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

BIEES for the syntax of formal parameter lists.

¥ —U— FEIEDEFETS 256, UTD X 51T L TRANHIETE (positional argument) (ZZHRE N E T,
F3 HOA o TR Ty FHRGIEISH L TERSNE T, N EOMES DD 256, (ES IR
BHO N 2y MZHESNE T, KT, &F—7— F5lUOWT, @ilF2o TR Amy &R
ELET GRAITFORIDRIIBH LR TS, B0y bEHS, LWVoBATT), ARy MFT
WFNRTHE o T2 5 TypeError AR I N E 3, ZhLULOGE, 58z 0y MIHHTHE
%79, (X2 None THoTH, ZORTABY F2HDHFT), RTOFHPUHINS, FLHEDLNT
WARWRR Y b EZEAZIIHIET 2 BEBOERK DT 7 4L METHD £, (77 40 MEZ, BBDER
SN FW—ERIFHEINET; /o T, VA MNPEHED XS RELEARERA 7V 27 D37 7 4V MA
cLTEbnz e, T2 20y MIFIHERELBRWVED, 2047227 B2 TOMRIH Ly oHH
ENFT; ZOXSBRRWBEHERT 2XRETT, ) 77 40 MEMPRES L TOVARYL, HOHED STV
WA By Ko TV EEE TypeError fIAtEH SN E T, 25 THRWHEA, HEOED LA Av Y b
5722 VA MO LOF#E LTEbIET,

CPython REDFM: HE TR, A2 R WAES e RIS HAAABMBERIEEN20b Ltk
Hho E5VoGHBFFaXy MLDZDIZ " AT LRT W LT, ERICBHANIT STV
WOTHF—U— FTIEEtE N E A, CPython Tld, C SFETEEINLBED. HlTEFRRWAES]
B x —RF %791 PyArg_ParseTuple() Z{EHL £73,

Rl AT Y FOE D BZ L OAMETED D 255, #L *identifier Zff o TIEE T N/ 5 [ E D720
ME D, TypeError BRI EF; (K58 xidentifier 3B 235G, Z DRGIEITRS HAIES 4D
A272Z TN (b LI ROBMETEDRVIEEIIIZED X TV) 232D £75,

F—U— FElBOWTO2MRE BB ITHIE LR WIEE, H3 #*+identifier % ffio THE X NRE I
HIRWER D | TypeError HIAM2SE I X E T IRGIEL **identifier 3B BHE. Z DREIBUIRT ¥ —

— P3P Ao (F—TY—FZ2F—t L, 51 8EZF-ICNET 2 EE L) BFEEEZZIWMD £3, |7
BF =T — F5lBWEEIE. O (i) BEEZZITID £73,

RAEME O L IC *expression & W IO DBN 2I5A1E, expression OFHifERIE ¥ 757 )L ThRiTh
BRDERA, 204 77 7 VOHERZ, BIMOMESIKTH 200 X5 bk s, £(x1, x2, *y, x3,
x4) EWVWSIERH LIZBWT, y OFHEifERDS — 7 Y R yl, ..., yM Zo75EE. ZOMUH LIk M+4
EDAES B z1, 22, y1, ..., yM, 3, x4 TOFEFHE L EELTICRD £3,
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ZOfEEmE L TIE, *expression XD F -V —F5|8D %3 K22 v HDFETH. F—U—F5l¥
(EEE D *xexpression 58 - FTZ2ZM) XD A H 2O LTUHEIhET, [EoT. ZOKS5K
BEIceh £3

>>> def f(a, b):
print(a, b)

>>> f(b=1, *(2,))
21
>>> f(a=1, *(2,))
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: £() got multiple values for keyword argument 'a’
>>> (1, *(2,))
12

F—7—F5#t *expression X EFR UMFUHLUTHEIZMHES 2 iEZHEDRVDT, EEIC LD LS
RIBELOHBICETL 222 13H D FH A,

RERIECCHY U C **expression BEXOMEDON TG, expression OFMEEHRIZ Y v EV S TRIFIUIRD
FHA, TONFFEMOF—v—F5 e LTRbhET, F—IT~v vy F 32580 (HRNZF—7—F
FIEIC X o T, 20RO T %y 70HT) BlICEZ 52 5 TW/ 6. TypeError BlStAEH S
£9,

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 M & o 7RG I1EIX, MESIHRAR Yy bF—U—FE|HZAICTEZ N
TEEHA,

N—ay 3.5 TEHE: FEFFUCHLIZEEOED « 7Ry 28 xx 7%y ZRZITED ., MEFIEZA
TIITNT YRy 7 (%) DERAICET, F—T7— F5EUIFHET vy 7 (xx) ORAICEIT S X512 D %
L7z BHIC PEP 448 TREXNE LT,

P L2175 & IS 2R LZRWRD . B 520 EZEK L £7, None Z RTHEDHD I, KD
AR D XS ICEHENE00E, O LATREA 7Y =7 P DIERBIC X o TRZD %5,

BT

1—-YEERBY E
Boa—Fr7ay 2125800 X bpEsh, FTENET, a—F7ay 2 F39ReEEET I
#iE (bind) L3, ZOEFICOWTE BEES Ttk L TWE T, a— K71y 7T return XD
FITSN BB, PRI LOR DA (return value) 2SRE SN E T,

HHAAHBIMETIE AV v B! it
B34 &7 ZHIF L 5 #HAAABEES X YV v FOFMIZ built-in-funcs 2SR L TLZ & W,

120 % 6 = 3 (expression)
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I9SRATSxU b+ z
DI FTADFHLVWA VARV AIRINE T,

DAL DRIV AAY v K xf
59 21— EROBEBDIFOHINE T, 2O EF, HOEHLFEDOFEY A XD —2RWV5IEY X
FTREOHENET: 4 Y AR ZADGIHY X M OSEHIGEMENE T,

DIRA VARV R:
The class must define a __call__ () method; the effect is then the same as if that method was
called.

6.4 Await T

awaitable X 7Y = 7 N TD coroutine F4T7% —FHFIL L £F . coroutine function NTODAFEHTE X3,

await_expr = "await" primary

Added in version 3.5.

6.5 NEHEEHE (power operator)

NEREEL, LANCDH 2 BIHEE T LD O EELEMLE 2D £3, —75, ACH 2 HIHER T LD
FITWREEEEIEMICR > TV E T, XU T X512 9

power = (await_expr | primary) ["*x" u_ezpr]

o T, NEREHF & PIHEE 75 & 2 2 HESSIFENTH O TWRWEGS, HEFIIGA» SEAN LT
iz Ed (ZOHERIEETOFIEIETF ZEH LEEA. DFED -1x+2 13 -1 1TRDXT),

NEREHEFOREKE, —OD5 TR XN 2 HAAABY pow() LRI T, E5lEHFIEEERL TS
ZET, BE5IEE E S @RI E TN, HRIEZDEITY,

B OWHBETTIE, F5I1BPETRWRD, BREISEE T2 B UEICR D 5, F51 808 0EA.
2T OFIBTFE/ NS AN E XN, FEVMNUSEIR XN E T, Hl 21 10%x2 X 100 IR L F 35,
10%x*-2 1% 0.01 ZR L ¥,

0.0 ZHDITNERT 2L ZeroDivisionError ZiXH L 5, ADOE/ MITRERL LMERISERI
(complex number) IZ72 D ¥£3, (LD N— 3 > Tid ValueError Z#AH L TWE L)

This operation can be customized using the special __pow _ () and __rpow__ () methods.
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6.6 HIBHANER L E v FNHEMER (unary arithmetic and bitwise oper-

ation)

ETORHEAMERE vy MRAERIE, RCELECZR > TOWET:

u_expr ==  power | "-" u_exzpr | "+" u_ezpr | "~" u_expr

The unary - (minus) operator yields the negation of its numeric argument; the operation can be over-

ridden with the __neg _ () special method.

The unary + (plus) operator yields its numeric argument unchanged; the operation can be overridden

with the __pos__ () special method.

The unary ~ (invert) operator yields the bitwise inversion of its integer argument. The bitwise inversion
of x is defined as -(x+1). It only applies to integral numbers or to custom objects that override the

__invert__ () special method.

FRoO=21@3wInd. I IELWRETROWEEICE TypeError HIAEN SN E T,

6.7 ZIEHEHEHE (binary arithmetic operation)

TIHAMEE R, BENRERRCEEREL TVES, HEFOLWTAIE, FEOIFBERIC B EH S
NZDTHERELTLLEEI WV, NEF (power) HEFZRE, HEFIZE 2D XL, ThbDBRAN
(multiplicatie) AT & MAEK (additie) HETFLArDH D FEA:

m_expr = u_expr | m_expr "x" u_expr | m_expr "@" m_expr |
m_ezpr "//" u_expr | m_expr "/" u_expr |
m_expr "%" u_expr

a_expr = m_expr | a_expr "+" m_expr | a_expr m_expr

* (RHE: multiplication) HE . 5IBATLOEEEX 3, /8. WAL DBETDH 0. ALK
THHE RS = Y APDEL LN TRITNIRD £ A, BIFEDEE, BEZLEOEIERIN-BREEX
NEd, BEOHE, >—Fr Y AO@DEURBENTORET., BOBLEZAKCT ., HDOY—F VA%
H5Z2%79,

This operation can be customized using the special __mul__ () and __rmul__ () methods.

@ (at) HEFIXTHOREIT UMEHI N E T, Python OMAAALINIZ OHEFEFEEEL TVEEA,
This operation can be customized using the special __matmul__ () and __rmatmul__ () methods.
Added in version 3.5.

/ (BRE: division) B&L L // (WIDIETERE: floor division) X, FIBELOMEE 52 £3, BEGIBIEET

122 % 6 = 3 (expression)
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HiBEOANCE I N FF, BROREMRIIFE/NERICTRD £330, BRoU D & TREMSRITEBRICKR
D3, ZoOGE, BRIZEENZEREI foor’ B 2HEALZ DR T, ¥rICXIBERITO L
ZeroDivisionError ffl#fZEH L3,

The division operation can be customized using the special __truediv__ () and __rtruediv__ ()
methods. The floor division operation can be customized using the special __floordiv__ () and

__7rfloordiv__ () methods.

The % (modulo) operator yields the remainder from the division of the first argument by the sec-
ond. The numeric arguments are first converted to a common type. A zero right argument raises the
ZeroDivisionError exception. The arguments may be floating-point numbers, e.g., 3.14%0.7 equals
0.34 (since 3.14 equals 4%0.7 + 0.34.) The modulo operator always yields a result with the same sign
as its second operand (or zero); the absolute value of the result is strictly smaller than the absolute value

of the second operand*!.

I G CREER E RREEIL, HERX: x == &//y*y + &hy) OBMRICH D £5, UID B TRESESR
W E . MAAABE divmod (): divmod(x, y) == (x//y, xhy) LdBEFRELTVE T, “,

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

The modulo operation can be customized using the special __mod__ () and __rmod__ () methods.

The floor division operator, the modulo operator, and the divmod () function are not defined for complex

numbers. Instead, convert to a floating-point number using the abs () function if appropriate.

+ (NER) EEE, sHEELoMEEZ 5, 5T & dBIER 2, BT ROy — 7 v 2Tk
D FEA. BiFEDHE. BUEEEOICEf I, MEIhET, BREDGE. > —7 Y A3ME
(concatenate) TN E T,

This operation can be customized using the special __add__ () and __radd__ () methods.
- (RE) A, SIEMETHERIToERR L E T, BES BT E FTHEORICERINE T,

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

*1 abs(x%y) < abs(y) FEFMIE L 2D 234, FEVMUSICH T 2B OEHEIE. ALY (roundoff) @7z ICKHEEH
FNCEIZR S RWEEDH D £5, FlZI1E. Python OFEINIGEAA IEEETH EREERINCR o TWE T Iy M7+ —2%R
FET DL, -1e-100 % 1e100 IX 1e100 XA URFBICR 21X TR DIC, FHEMEIX -1e-100 + 1100 & D ¥, ZAUIHIHE
FHREMNICIZREIC 1100 L FHTT, B math. fmod() 1. BAIDFIH L FEDI—HT 3 X5 RHEEETOT, LELOBZAEI
1 -1e-100 ZIBL F T, £¥H656D07 7 —FHYI»E. 77V 5 —>a VITKFLE S,

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

HATIE L I 2
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6.8 > 7 NEHE (shifting operation)

27 MERER, EMTEE XD SEWERIEM 2R o TV E !

shift_expr = a_expr | shift_expr ("<<" | ">>") a_expr
o3 EsIRuc e D 25, Flb@EQRICERE TS, o7 MERIISE 58 E. B58TER
bty MY, E¥3AREy F 7 FLET,

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

methods.

nEy bOHES7 M3 pow(2,n) KLIREL LTERSINET, n By FOAES 7 M pow(2,n) IX3
R LTERINET,

6.9 Ev FEAMCEEOZIEEHE (binary bitwise operation)

HURO=20F vy MHEMEEICIX,. ZRZNERZERIEN L XA3H D 3

and_expr = shift_expr | and_exzpr "&" shift_ezpr
X0r_expr = and_expr | zor_expr "~" and_expr
or_expr n= zor_expr | or_expr "|" zor_ezpr

The & operator yields the bitwise AND of its arguments, which must be integers or one of them must be

a custom object overriding __and__ () or __rand__ () special methods.

The ~ operator yields the bitwise XOR (exclusive OR) of its arguments, which must be integers or one

of them must be a custom object overriding __zor__ () or __rzor__ () special methods.

The | operator yields the bitwise (inclusive) OR of its arguments, which must be integers or one of them

must be a custom object overriding __or__ () or __ror__ () special methods.

6.10 LE&

C E3E LT, Python 15 2 B TI3A LESEIER 2 b > TH D, S TOMMEET. o7 MNE
T Uy FEMEET LD BEL Ao TVET, 7 a < b < ¢ PEECESIMICHN SR TVEDLFL
W7 385 C SHLBNET:

comparison n= or_exzpr (comp_operator or_expr)*
comp operator e ngn I nyn I [[e—] | ny=n I ng=mn | "y=n

124 % 6 = 3 (expression)
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| llisll [Ilnotll:l | [Ilnotll] n inll

Comparisons yield boolean values: True or False. Custom 7rich comparison methods may return

non-boolean values. In this case Python will call bool() on such value in boolean contexts.

HEIEW 5 THHEET A2 TEFET, FlAldx <y <=z x <yandy <=z &¥FfMiickhh 3,
7R LZO%HE, fIETR y Bl —ERIFHMEEN2R80RRDET (E55DHETH, x < y BBITR
2t z DfEIFE > T KFHEXNETA)

FERINE, a, b, ¢, ..., y, 2 BINT opl, op2, ..., opN DIHEIHE FTH25A. a opl bop2 c ... y
opN z ¥ a opl b and b op2 c and ... y opN z &l b EF, /2L, FMIFETIEERNIIZLTD
—E LM E A,

a opl b op2 ¢ EEFEVLHA. a 25 ¢ $TOHAICHZ20E 50D T A M E2IETOTIERVWI LIZEREL
TLEZW, FlZIEx <y >zl (FERVERFZHTEDD FEAD) ERIZIELWIILETT,

6.10.1 {EDLEE

HET <, > ==>= <= BLF 1= 32200F 7V =7 FOEZHEKLES, A7V =227 AR U ZEOH
ZIh gEA

ATV b B BLUE OFETE, A7V 227 M (B id ITMAT) HEFOZ e ZRRTVWET, &
7Y 27 b DffIZ Python TIIRRMABRNLEEZTT: IR A7V FOEICY 72 23T 3 1IEHRAIE
BHDERA, Flo. ZOETOT—XBEUI LRI NZREDFREDHET, A7V 27 FOEEMHEET
ZREHD DD FVA, HBEETIE, A 7227 POBEZIEAPICONTOREOHEEEEL TVET,
COHEBEOFHEIC X > T, BEMNCA TS 27 POEEERLTVWEEEZDZIDTEET,

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 BEARMHRAX 2T X.

B (== BLU 1=) DF 74V FORBZFENE, A7V =27 FOFE—HIESVTVWET, E-T. [
—DA VAR Y ZADFEMBELOFERIZFE L Ve 2D, F—ThR\A ¥ XX 2O DR RIZFF L < 720
ERDET, TI7ANLIORIZBNEZDEIICLDIE, BTOAT Y =7 bERHN (reflexive DF D x
is yRBWE x == y) BBDRKX LTz oh b TT,

T 7 4V b DIEFHE (<, >, <=, >=) [JEHINELA; LB L X5 2§ 5% & TypeError BiEHINE T,
CORDENE T 7 4 b DIRD TN LBE, FMitE L FC &L 5 RAEERRITWE256TT,

Fl—ThRW\WA VAR ZFXEICEMTRVE T 2EMLEBDT 7 + L F DIRZ N, BIRQREL T 547
Dz N OERMEICEDWEMMEOEMANZER L IEHBNCEZZTL 2 5, 20 X5 BATREEORE
ZENEHNRARXTA R TEHZRHREPRETET, BRI EADHAAATITZNAITTORTWE T,

KDY R PTIE, REEDMAAAHDHEDOIRS FENZHH L TVWET,

o WL DHDHMAAHLDEIER (typesnumeric) LHEHES £ 7 F ) DRI fractions.Fraction B & UF
decimal.Decimal (¥, T HDMOHPITREZL 2L LK TE X0, HEBTRIEF DY
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e R ERTORLE WS HIRDS D 5. Bb2HOSROMIEATIE. DT 28 LICHEIIC
(7 ATV R LKD) ELWHEST DTS,

JIEBUETH % float('NaN') ¥ decimal.Decimal('NaN') IR CTF, B IEEE OEBEDIEF
BT, EBICK T 2mA e LT, JEMEIZE DB S L FMliTid vz ez £3, filZE
x = float('NaN') 251X, 3 < x,x < 3, x == x 3L THT, x != x FETT, ZOWRBFVIX
IEEE 754 129725 DT,

e None and NotImplemented are singletons. PEP 8 advises that comparisons for singletons should

always be done with is or is not, never the equality operators.

e NAFVUT—5 YR (bytes £721F bytearray DA Y AX Y A) IF, ZH b DR OHF TR 28
S TEE T, HBITEROK L L TOEEZ M- FHEAEF CITONE T,

o XFH| (str DA VARV R) DHEIX, XFD Unicode Da— KKRA ¥ bOEE LTOE (FHAAA
BIEL ord ) DRV H) Z - frERIEFCfibhE 3, ™

XEFEHN AL F Vo —F  RFERIIIHERTE 8 A

o ¥—7 VX (tuple, list, or range DA Y AKX Y R) OHEIL, F LY S5 LTLHMTA T, range I
EFF R Z R — P LTV ER A, BR2HE S L O OMRITEMTRVERD, BraHYy
5 L DIERFLLENE TypeError ZiEH L 3,

Sequences compare lexicographically using comparison of corresponding elements. The built-in
containers typically assume identical objects are equal to themselves. That lets them bypass

equality tests for identical objects to improve performance and to maintain their internal invariants.
HARAD AL 72 a5 LOFER-EBIZRD L5 CEfEL £3:

— ORI EME 722 2 00aL 7 ayid, AU, RLRE, ST 2EREY S LoD
FERDFMTRINUILD FEA (PIZEF [1,2] == (1,2) BHBFETCTHRVDTHTT ),

— SR AE— P LTVEIL S 2 VORI, RO TRVEROIER L A LIcsD
T (BRIE. [1,2,x] <= [1,2,y] @ x <= y ERACMCRD £5), FST 2 BREAHEL R
Ba, BOHOaL sy s Y OEAEOMERFE D £ (B3, [1,2] < [1,2,3] BETT).

e XY BV (dict DA YRRV R) DHBDIERAFEME %2 DI, FT (key, value) ZHio T\
LrENOZOLFIMD £F, F— LIEOEMILE CIIEHED EEl S E T,

EFFELEL (<, >, <=, >=) & TypeError %#EH L 73,

*3 Unicode #ZH# 1%, d— KRR b (code point) (flZ1E. U+0041) ¥ HRXF (abstract character) (il Z1E, "LATIN
CAPITAL LETTER A”) #XJlL %3, Unicode DIFL ALY DMBELFIE 1 2D a—FRA Y b ETRMHo TREHINE
T, BHEDOa—-F RS Y FOFEFoTHRIATEIMRENFH 1 EADHD T, FIRIE. MR XF "LATIN CAPITAL
LETTER C WITH CEDILLA” 32— F{i U+00C7 iCH 23 BREHXF (precomposed character) 1 D721 T HRE
TEE3 L. a2— F#E U+0043 (LATIN CAPITAL LETTER C) 125 % BEXF (base character) D% 512, a— Ffif
{8 U+40327 (COMBINING CEDILLA) 125 % $&&XF (combining character) %t 5l LTHRITEE T,

XFHN O B #ERIEE Unicode ®a— FARA Y FOLALTITDORET, THRAMICE > TRERK TRV, LLE
Ao BIZIE. "\u00C7" == "\u0043\u0327" ¥, ¥'H5DXFdHLMREXT "LATIN CAPITAL LETTER C WITH
CEDILLA” 2&BILTW2IZdhhb o3, ZORRKIL False D ET,

MREXFOL LT (D% D, AEICE o THEEWRAFET) XFFH % T 51213 unicodedata.normalize() 2{fio>TK
72X

126 % 6 = 3 (expression)
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o BH (set 7213 frozenset DA Y AKXV R) OLRIZ, Zh o DRDHPH TR ML $ITAE T,

£HIE, MAEED 2 VT ENEAPE S 2 EEL TAEFPLHENEREINTVET, ZOHEK
BRIEFZERLETA Bl {1,2Y & {2,3} 20 2D0D08EFIEIF TS 5 —FHOEMIEET
b EBEETH DD FHA), o T, BEEFRMEFIEKRFET 2BBO5 18 LTHEYITIEH D
FEA (FIZIE ninQ, max(), sorted() FHREDV A M2 AN LTEZ 3 e RERRERE D
£7),

BOHETE, ZoERORMEpEHI ST T,

o MMOMAABLRDIZL ALIZHIEZX Y v FHREINTEL T, 77 4L OHIEOIR 2 #E V2K L
£9,

HBOIRZ2 TN AR A XA L=V ERT T A, AIRER HRO—EMEORHANHE > BN DH D £5:

o EMHERBFITRIINZRD F8A, 2FD, F—DA 7Y 27 MIFELLRTIUIZRD FEA:
xis yRBoldx ==y

o HEUIHITRITNZRD F/A, 2% D UTOROKRIIFE T TRIFIUIZD FEA:
x==yly==x
xl=ytyl=x
x<ylky>x
X<=ylty>x

o HERIIHEBHITRINIRD A, UTD (AFEHTRW) BilHZD#HHTT:
x>yandy > z%5Fx >z
x<yand y <= zXZ5Fx <z

o HROWIEMBMBOEE TR INERD A, 2F D, UTORXOBREFA L TRIIUIZD T A:
Xx ==y &not x I=y
x <y ¥ not x > y (RIEFOHE)
x > y ¥ not x <= y (ZIEFDHE)

HEO2REL2MEFIL 7> a I TIEEVET (LAY -7 YRARIBYTEEVEITH, £5
Yy YIS TIEED £HA), total_ordering() 7aAL—XHSMIL T X0,

o hash() DMRIFFEMEL —HL TV RLENHD T, FMARAT7T27 bS5 LIERIT Ny ¥ 2fE
ZFREOD, Ny Y2 l@IEETERVS DL SNIMENDHD 7,

Python ¥ Z 0 —HERAIZ5EHI L A, FHE, IFED ZORANIEDZWElE 72D 5,
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6.10.2 FAEREERE

HET in BXUY not in EIFTBEBREFANRE T, x in s OFHfiE, 7 25 s ODERTHIUL True 272D,
ZITHRIIANUL False D EF, x not in s X x in s DBEEERLET, IRTOMARAALDY — 7
VAR EETNIIA T, #ED in THENEZONLF 2o TV AP EFNSEETE LTHR— 1
LTWES, VAL, X7, £E, HEES. §E. collections.deque D LS Ray 7 FHIcBWT, R x
in y iX any(x is e or x == e for e in y) Y&l TI,

XFHNRNA FPENZOWTIE, x in y i 2 5 y OFOLFHITHZ L &, OZDL ZIZRD True I
BOET, Zhd y.find(x) '= -1 2FEMTT, EXFHNE. MOEEDLFIN DI XES e Al I E
T, o T "" in "abc" 13 True XIRTZ IR D T,

For user-defined classes which define the __contains__ () method, x in y returns True if y.

__contains__(x) returns a true value, and False otherwise.

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 in raised that exception.

Lastly, the old-style iteration protocol is tried: if a class defines __getitem__ (), x in y is True if
and only if there is a non-negative integer index 7 such that x is y[i] or x == y[i], and no lower
integer index raises the IndexError exception. (If any other exception is raised, it is as if 7n raised that

exception).

HE T not in i3 in OEBYEZRIRL72HE L TERSNTVET,

6.10.3 FE—14DLEER
HET is BEUY is not & A7 27 FORI—HICHT 2T A M ZITVWET: x is y ik z & y DAL

AT PRI E, POFOLEIIBHREIICRDET, A 7Y =7 POE—ME id() BEE > TH
EINET, x is not y i is DEfEENKIEL/2b DI $3, ™

6.11 7—JL;ER (boolean operation)

or_test = and_test | or_test "or" and_test
and_test = not_test | and_test "and" not_test
not_test = comparison | "not" mnot_test

In the context of Boolean operations, and also when expressions are used by control flow statements,

the following values are interpreted as false: False, None, numeric zero of all types, and empty strings

PR AR—Yarrvay, ZV—UR b, F4 A2 FROBIELED DI, 4 VARV ARXY v RRERDHEEITS
LR EWZ s HETOMHIZ, —RI2HETERVIEZBENZ G LERA, FHEZZAZTRDO RF2 X2 b
FHERL TLFZX W

128 % 6 = 3 (expression)
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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 I, BB TH 256121 True . FNLIN DG EICIE False 12D 5,

KNxand yi& £7 2 Z2fHMliLET,; 2 28745 ¢ OEZEKEL £T; Zh DG E I, y 27l L 724
RIEZELET

Kxor yld 9 o Z2iMiLET; 2 BEARS 2 DEZERLXT; ZRLBOGE IR, y ZaHli L 72K HR
{[ERGHIEY =

BB, and b or b, EITH%Z True X False IZHIRE T, HRICFHE L 725182 L £5, Z DHRRHER
REEHDHDET, BRI s BXFHIT, BXFINEST 7 4V FOEICEEHZ 20w & X's or 'foo!
BEAZEEZEZE T, not 3R THILWEZIERT 2D T, 5IBOBNCEFRZL 77— UWEZRLET (flx
13, not 'foo' I "' TII < False KD ET),

6.12 KAR

assignment_expression [identifier ":="] expression

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

ezpression to an identifier, while also returning the value of the ezpression.

One common use case is when handling matched regular expressions:

if matching := pattern.search(data):
do_something(matching)

Or, when processing a file stream in chunks:

while chunk := file.read(9000):
process (chunk)

Assignment expressions must be surrounded by parentheses when used as expression statements and
when used as sub-expressions in slicing, conditional, lambda, keyword-argument, and comprehension-if
expressions and in assert, with, and assignment statements. In all other places where they can be

used, parentheses are not required, including in if and while statements.

Added in version 3.8: fRARICBEI LTI DFLKIZ PEP 572 2L T 72X,
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6.13 %&f43{ (Conditional Expressions)

conditional_expression = or_test ["if" or_test "else" exzpression]

expression = conditional_expression | lambda_expr

SR (LRLR D ZHER T CIENET) 135D BEEMEW Python DR T,

x if C else y L WO REHINC 2 TRARLEN C ZiHiiL 3, C 2 true DHE ¢ H3FHE S AUEDHK
EINFET, TN DBEIT y PRI SR ENE T,

SFMEHBICBE L TX DL IE PEP 308 ZZHL T 2T\,

6.14 5 L4 (lambda)

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

LXK (ZXBAEBPEINET) ZEAEBZERT 201V EF, I lambda parameters:
expression BB A 7Y =27 MDD X T, ZOMEA T 27 PRUNIERSN TV IEBA TS =2
M EBRICEIEL £ 3

def <lambda>(parameters):

return expression

S DO—EHOMIE BEESR 22 LTSV, 7 A8 THERINLEBIIS7 / T—varvz2ad
TP TERVRICHER LTS W,

6.15 XDU X+

expression_list n= expression ("," expression)* [","]
starred_list n= starred_item ("," starred_item)* [","]
starred_expression 1= ezpression | (starred_+item ",")* [starred_item]
starred_item = assignment_expression | "x" or_ezpr

)2 FRRPRHER RO IR > TVEHDERE, PR —D2DHVEELRDOY X NIRRT NI
BhET, ATNLOEXEX, VAMZHZ2ROBICHE LI D ET, RBELSANTHIX N T,

TRAEVAZ * 3 ATSTNDTYNY Y Z2EKRLET, COBEETFIZ 777 TRINIZD £
Ao TDATTZITNET %y 7 INTMETEHRDOY — 7 Y RAIZEMS N, HiLnwk I, YR £HIZ
AAENE T,

130 % 6 = 3 (expression)
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Added in version 3.5: YV X FTDA F5ITND7 vy 73BN PEP 448 TIREI WX L,

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 IR

Python &, RZ2ELSHEANCIMEACRHMAIL 9. 7720, RARZFHES 2 & 23, HUHEL XD BIEICHE
ffis g3,

PUMISR S EITXDRATTORMENER X, IRAFORFIERF LA TIcmh £35:

exprl, expr2, expr3, expré4

(exprl, expr2, expr3, expré)

{exprl: expr2, expr3: exprd}

exprl + expr2 * (expr3 - expr4)
exprl(expr2, expr3, *expr4, **exprb)

expr3, expr4 = exprl, expr2

6.17 EEFDBIELIE

MIFoEE Python I8 2 AT OBEIEMZEW LD TY, BEEMORD @V (a1 RS HRL)
DL HEHEV (FEEPRDII) DORKHURTHY £F, MUKy 7 ANOHEEFOBEEIBEMIF LTI,
MSCOIHRINC R ENTORWS DI ZIHERE F T3, AURy 7 ANOHEEFIE, b oAt Zv—71t
ERET (Fste LT, RERB IOEMHRIL2SEC V- LEhEd),

8 fithResnTWnd X512, g, g, F—Mo 7 2 M3 TR CEEIEM 2> T\WT, Ehoh
WHHT 2 L WO R EZERE s TV A Z 2 ICHFE LTI,
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BET BLL]

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

attribute Z R

await x Await X

*k N X

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

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

+ - B & R

<L, >> > ]\{j’ﬁ\ﬁ

& vy MHAZ AND

- vy ML XOR
vy M OR

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

not 7 — VA NOT

and 7 — ViEE AND

or 7 —EE OR

if -- else R

lLambda 7 LE

= RAK

i pE 3

5 ONEREET o+ 13, AHNCH 2 BIEEMEE TS 5 WVIZHEEL v MEET X DITCVEABERIEM Y 2D 3, OF D 2xx-1 1%
0.5 1TkHET,

7 SESEIEN M T D FF
132 % 6 = 3 (expression)




133

SEVEN

B2 (SIMPLE STATEMENT)

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

simple_stmt = expression_stmt
assert_stmt
assignment_stmt
augmented_assignment_stmt
annotated_assignment_stmt
pass_stmt
del_stmt

return_stmt

|

|

|

|

|

|

|

| yield_stmt
| raise_stmt

| break_stmt

| continue_stmt
| Zmport_stmt

| future_stmt

| global_stmt

| nonlocal_stmt
|

type_stmt

7.1 X (expression statement)

AE, (FIHFENREWATIE) HEREE L THAT 2 2D1cffioz b, (EEIX) B> Y% (procedure:
ARELHRZIRESZVEBD Z £ TF; Python Tld, B> v I3 None ZiIRL £7) ZIF-UH 791
HuEd, ZOMOFENATHALZMS 2 TEET L. FHRIL DD ET, AXOMUILIFOiE
HTI:

expression_stmt = starred_exzpression
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AXBE KDV A (H—DAXDZedbdHbh £7) Z{HEFEL £7,

FERE — FTIt. 27 None TR, EAHIAAABE repr() TLFINCEML T, ZORBEDOLF
B BRER AT > THEHLE T, (None IR BAXOMFHEHENAVDT, T0Y Y+ DIFSHL
EiToTHHEHONELA, )

7.2 fXAX (assignment statement)

RASE, BETZEIC (FF) HE L7720, EHEAGERA 7027 PORBERERZZEHE LD T501fb
NET:

assignment_stmt = (target_list "=")+ (starred_expression | yield_expression)
target_list = target ("," target)x [","]
target n= tdentifier

"(" [target_list] ")"
"[" [target_list] "]"

|

|

| attributeref
| subscription
| slicing

|

"x" target

(attributeref, subscription, slicing DRSO WTIE 774X HESRLTLZEW, )

RAZIERDOV Z b (ZARHE—ORTH, HYvTRYLALRY Z M TH &L, BEEFZ IR L Y
EEWHLTLEEW) 23HHEi L, BoNthehod 7Y =2 FeZ—5y b (target) DY 2 MSH LT
E o~ RALTOEET,

AR E =7y + (VA L) OBRH > THIRINICITDRE S, X—7 v bIZEEARAEA 7O =2 (B
S, BTREL, FREBAIAR) O—HTHLHE. COLEARERA 7Y = 7 MIRMEANIRAZ FEIT
LT, ZORABENGEIET D 2 20Wr L7z UIa b 8 A, RADPATRERGE BN EFITS 5
LHTEEY, B ikaoh s fHR, BHEh26503, 20472 =227 MIERTEZONTVERT
(FEROMERE HizZRL T RTW).

Z—4y FUZ M, HFEMRLATFITHERTOTD XL, ZRICHT2F 7V 27 FORAER. UFO X
SIWCHRIICERERINTVET,

e R o FYRAMNDR—F v+ 1O Tary<siEnTEs 3, IECHENTCELA TV
B AT VREDR—Fy MITRAZIRET,

o FODMh:

-V EMNX DXy beMIND, BHIZT AR YR B—DN WX =7y v BRR—=F v MU R
MZ—D2RIEENTVEEHEE: A7V MIATITINLT, PR X—F vy PURTIOD
=2y bOEID S —DDRVWEBEELRRITNER D FEA, B 20X v M X DHTD
R—7yw MZ. 4TI 7IVDEHOERN L SEANMASINE T, BFZ20&—4 v P EXD#ES

134 5 7 & B#iX (simple statement)
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DRy M, 4T 7 TLVOKRBOEEMMAZhET, BFEDX—Fy M2, 477710
Ko BEHDY A PHRAZINET (VR FETEPEVERA),

— Z3TRVES: A7V22 M3, Z—F v FURMOR—Fy F LA LBOBEZREHESA 757
ATRINER ST, BRREDSEANET 52— v MIAIhET,

H—=D&X—=7y PAOHE—DOF 7Y =227 FORAIZ, UFDO LS ICLTHRBINZERSNTVE T,

. X—Fy FHERIT (B OB

— ZAHIPBEED I — R 7u vy ZJHAD global R nonlocal IZHEDLNTWARWITIUL: ARNIHED
0O —HAEEEBAOA 7Y = 7 MBI T T,

— ZITRIINE: AEidZzhzhr o — N VEGRTZERIND, nonlocal THRD &AMl £ ETZE
BANDA 7Y 27 MIZHERBEXNE T,

ZHIDT TR ADEGE. HHRE (rebind) 2B b E 3, FHIMEIC X > T, LETZDARNIC
FEINTWA TV 27 FOBIRA T b (reference count) BERICR o 7HE. 7027 I
fEiit (deallocate) &, T A b F 7 & (destructor) 235 (fFETAUX) P E N F T,

=7y FHRBUESZROGE: ZREINTH L —KEOXPMEFHE S N £ 5, EIRARTRERBENEZ
SFATT 2l PTIRIFNIRD FEA; Z 5 TRIFAUI. TypeError XM INE T, K. TOF 7
V7 MIHLT, AL 7Y =7 FRIEELLZBHECRAL TIurBuwEbE 3, KAZET
TERVWESE, A GBFEE AttributeError TI 2, SRTIEDH D FVA) 2XHLET,

FE: A7 =227 b7 724 Y RAZ AT, RAHEEFOMILIEESRSEH 5 £ &, HURD a.x
B34 YRRV RADENE (A Y AXVRADBUEPFELRITNR) 77 ABEDEE LI T 78R T
ZAREMED DD T, EHDX—F v b a.x EHIA Y AZ Y ADEEL LTEID Y ToHh, KLER
SIXERINE T, ZorBh, HNEZ 20 a.x ZFAUCMHEESE T2 23R A HEF7 7
AEME SR L. EIH LA Y REAVREEERADZ -7y e LTEKRTE X ok %

class Cls:
x =3 # class wvariable
inst = C1s()

inst.x = inst.x + 1 # writes inst.x as 4 leaving Cls.z as 3

ZDZ i, property() TERINLTR T 4 DL BTRIZY FREHICHLTE, HILIH
TWEE2 IR FEA,

Z—5y FPRFREAS: BREINATVE —XEXDPFMEIN T T, BEPS (VR DS R)
DA RTARY—FYRAX T2l b, (HEBEDESR) vy Yy TV 2 s MR SRRITIE
D A, T, FFERLORTRITMENE T,

—KFEB (VAIDEIR) I 2a—RTNRY—r Y AX TV 227 b THNI, RTFERDIERE S X
RIIIRD FRA. BEIARSL, =7 Y AORIMMAINE T, BHIIRENIZ, >—F VR
DRI D H/NIRIFADEBTHEL TREELT, O—F YR, 204 V77 AHOERITHRA
F 7927 PERALTIVBWEDEONET, 4T 7 ADHHAI L S, IndexError 23k X
NFT BEEESIN Y =7 Y RRAZIT-o T, VA MNEROHZRBIMITEZEA)

If the primary is a mapping object (such as a dictionary), the subscript must have a type compatible

7.2.
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with the mapping’s key type, and the mapping is then asked to create a key/value pair which maps
the subscript to the assigned object. This can either replace an existing key/value pair with the

same key value, or insert a new key/value pair (if no key with the same value existed).

For user-defined objects, the __setitem__ () method is called with appropriate arguments.

o X—U v MBPRTARIZE: BRI TV L —TEEAFHliE N E T, —TEERE. (VA PO X5 7%)
22— RINRY =T VARF T 27 v B A RTNERD FRA, FRAA T 27 MIZETLE D
=T YAXTI 27 PTRIFNUIRD A, RIS, RAT7A4 ZADNRE ER %2R0 5 AUXEH X
NET; T7ANVMEIZNRZN0 2> —F Y RADREITY, LRE FROFMGIEEL TR IR D
FHA WINLOERABER LS, - Y AORIPMMEINE T, BEIIC, HRIZ 005> —
FYADRIETIINES K5 2Fgh s, BRI, AFARAZHRAA T =7 P TEEHR
TS —r YAA TV 27 PIMWEDEE T, X—7 v b —F Y ATHINTWSBRD, X7
A ZADREZFHERAS —r Y ZADEI LB R > TV TEL, ZOHARER—F v by —Fr VADEX
PEBINET,

CPython REDM: FHAEDFETIX, 2—2 v FOMIBEROMILLFALTHE L ARINTED, )
R — RERT7 = —XHFIFEHR TS — X v =Y 2o TIEEEINE T,

RADERIC IR, AL GADF —"—F v %’ Al (simultaneous)” T3 (flziX a, b = b, aiF
TODEREANEZET) B RANRERLIELEE ES5L OF—N=F v FR@ENLSLHANEI D, B
DILTT, FlZIE, UTFo7erJ ik [0, 21 ZHIAILTLEVWES:

x = [0, 1]

i=0

i, x[i] =1, 2 # 1 1s updated, then z[t] is updated
print(x)

2E

PEP 3132 - Extended Iterable Unpacking
*xtarget DFHEFEAE,

7.2.1 EBAAX (augmented assignment statement)

HKERAE, ZHER RAXEZHAGDE T 2D LD DTY:

augmented_assignment_stmt = augtarget augop (exzpression_list | yield_expression)

augtarget n= identifier | attributeref | subscription | slicing

augop = Nyp=n | n_=n | Nyg=" | ne=" | u/=n | u//=u | u%=u | Wys="
I nys=n | ngg=" I ng=" | n~—n I |||=||

(RBED 3 DOMERICOVWTIE T34 22 RLTIEI W, )
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REAAEZE, 27y b (BEORAXEE ST, 7oy 73R IDFEA) ERXV X PZFHEL, £h
B ODHHBEFHTREDRER AR O “IHEE 2TV, #Rz2d DX -7y MRALET, X7y
MI—E LMl X £ 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.

HEORALITE Y, RERASIAL 2T 2 Al AUZ2HEiL £3, e 2E ali]l += £(x) 3%
$ alil ZF#X, £(x) ZFHli L TINEZITV, RIRICHERZ alil IKEDHTET,

RKERALTITOR L AAZ, ZTAANDRAR, —XHIEBDEZ =5y W HFET 258 2RE, @FEOD
RAELRIT LS ichbhEd. Fkic, BERATTOI S “HERZ, 58 CL>oT AV TL—REE »
Thihs I zlkE, BEOIHHEAE LR U TT,

EBESROX -7y FOBE VIABMEA VAR ZABEICOVWTOIEE L RERICETE O ADEH S
nxd,

7.2.2 FR{FERAX (annotated assignment statements)

IR AN, 1 DOXOPTERREED Y /) T—ar e A7y a v ORAXEZHAEDLERZDDTT:

annotated_assignment_stmt = augtarget ":" expression

["=" (starred_ezpression | yield_expression)]

WHE D KA (assignment statement) ¥ DEWIX, RALD 1 DIREI NS Z 2 EFTT,

The assignment target is considered ”simple” if it consists of a single name that is not enclosed in
parentheses. For simple assignment targets, if in class or module scope, the annotations are gathered
in a lazily evaluated annotation scope. The annotations can be evaluated using the __annotations__

attribute of a class or module, or using the facilities in the annotationlib module.

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

tation is never evaluated.

B a — P THENCHERBPT VT WG EIR. ZO0REZ0EBRa—FTta—hrkdolzkzh x5,
EREHc M X s, BB R a—FI2h s h A,

If the right hand side is present, an annotated assignment performs the actual assignment as if there was
no annotation present. If the right hand side is not present for an expression target, then the interpreter

evaluates the target except for the last __setitem__ () or __setattr__ () call.

2E
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PEP 526 - Syntax for Variable Annotations
(27 7 ABHRA VAR Y ABER e EATR) ZROMIEREMT 5, axy P TRET20TIERWL
XIEDBMIER,

PEP 484 - Type hints
typing EY 2 —LEBM L., EWNENTY —L% IDE THEX 287 /) 57— a ¥ OEN L EE
Rt 3 2%,

N— 3 3.8 TAHE: 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.

N— a3 ¥ 3.14 TEHE: Annotations are now lazily evaluated in a separate annotation scope. If the

assignment target is not simple, annotations are never evaluated.

7.3 assert X
assert X, 70277 AMNIZT Ny ZH 7% — a > (debugging assertion) % {LHMNT % 72 O FE R4 751k

T3

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

Hiffi7Z2 55\ assert expression &

if __debug__:

if not expression: raise AssertionError

L FEfliTF, JERFIN assert expressionl, expression2 ik, Zh ¥ FffiTF

if __debug__:

if not expressionl: raise AssertionError(expression2)

LR OFEMBEfRIE. __debug__ ¥ AssertionError 23, FHZDHAAAZEEZIRL TWVW5 EWVWHEHED L
WD >TVWET, BEDEETIE, HAAALEE __debug__ [ FBEE DK TIE True TH D, Fidfbd?
ERINIGE (A< Y FI4 04T a >y -0) d False T3, BUROa— ARSI, 3 V84 LRFICHE
BEHBERINTVS L assert XDaA— FE2—IHANLEEA, FITRAKRLEADY —Ra—- 25—
Xyt —IYNIZANZRDEEISD FXA; Ia—NEARY 7 P L —ANTRREINET,

__debug__ NORARIANERBPETT, HAAAZRDMEIZ, 4 2TV XDHIBT 5 ZWCRESNET,
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7.4 pass X

pass_stmt = "pass"

pass 1 XVIRME (null operation) T --- pass DETEINTH, MDEEZFHA, pass &, HUENICIZ
MOREED, A= Fe LTS EIT LI BWEEDO T L -2 RV X e LTEHTT, Az

def f(arg): pass # a function that does nothing (yet)

class C: pass # a class with no methods (yet)
7.5 del X
del_stmt = "del" target_list

A 7Y =7 + DHIBR (deletion) 1, RADER L IFE I HETHRINITERSNATVWE T, I TRE%
EREMEFERE T, WD Y P EBRRZICEEDET,

Z—7y PYRAMINTZHIRE, F4DK—F v bk oha\ CIHCHFRIICHIBRL £5,

LHTOHIBRIE, =DV F7E 7 a - NVAFIZERD? S ZOHFTORBEWMDREE T, 55 DHH[2E
M2k, ARIAFALTa—RF7ry ZJND global XTHEHEINTVWALES2ICED FF, AR RRME
(unbound) 7 5. NameError fSf 0 tH X L& 5

BYHSE, BFERLL. BIUR T A ROHIBRREIX, HRELZ-KEF TV =7 PEShET; 74X
DHIBRIZ—MANTITBET 2B D ZED R 5 A A2 AAT 2D LFHTT (2. ZOMBEKRDB AT 4 XI5 A
TV P TRESNTVET),

N—=ar 32 TEE: DANZ. H2%H080 A Lie7my Z70HHERE LTEALZHAIE. v—A1%
AIZEMH 22 © Z DRI ZHIFRS 2 2 8 I E NIRRT L,

7.6 return X

return_stmt = "return" [expression_list]

return &, BABUERNTHSCEIICAA P LTEHAE T, XXM LA 7 RAEENITENTEA,
RVA MDD 2G5, VA MPEHMEINE T, ZANDEHEL None TEZIZ SN F T,

return 25 &, YA+ (£7213 None) ZRDEE LT, BEOBEBITIH L2 oKITHL £5,
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return W2 X 2T, finally Hiz & bR try XOMUHED G| ZJEE N2 L, EFRICBEED okIT 50
finally HiDSFEITINE T,

T3 L —XBTIE, return XEY = 2L —X DD D Z/RL, Stoplteration Bt ZXHEE %9, &
SNMEZ (HAUTL). Stoplteration KT 2518 DN, StopIteration.value EIHIZHRD £9,

FERBY = 2L —XBEETIE, 5IBELD return XIWEIERPI =21 —XD¥EDLH ZRL,
StopAsyncIteration #EH X B E T, 5IHH D D return id, MY = 2 L — KBTI IET
5_"63—0

7.7 yield X

yield_stmt = yield_expression

yield UFEBRANZ yield TN LF LT, yield X WS & yield XL THELRFFENZEIET 2 Z & HHIK
T3, FlZIX, yield X

yield <expr>

yield from <expr>

WELLR D yield 3 ¥ T3

(yield <expr>)
(yield from <expr>)

yield & ST generator ZERT 2 L ZZ, ZORRNTOAMES Z e PHRKE T, BBERAT yield
ZHHT 5T, ZOERTEE OB TR Y =2 LB D $75,

yield DEMRDOTERLFIHIZ, Vield I HiZ SR L TLEE 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.

Z 5 TRIFNZ, raise ZRHIONE, fINNA T 27 v LTIMEIL £3, ZHid, BaseException OH
TV IAEREZA VAR YATRINIRD ERA, 7 I7ARE, HINA VARV ADPRERE &, 75 %
S| TA v AR 2T 2 TEORET,

B D B ZHISNA VARV AD I FAT, B EAVAZVRAZDHDTT,
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A traceback object is normally created automatically when an exception is raised and attached to it as
the __traceback__ attribute. You can create an exception and set your own traceback in one step using
the with_traceback () exception method (which returns the same exception instance, with its traceback

set to its argument), like so:

[raise Exception("foo occurred").with_traceback(tracebackobj) }

The from clause is used for exception chaining: if given, the second ezpression 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>

(RDOR=V1Fil)
7.8. raise X 141
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(RIDR=I D5 DR E)
raise RuntimeError("Something bad happened")

RuntimeError: Something bad happened

Exception chaining can be explicitly suppressed by specifying None in the from clause:

>>> try:
print(1 / 0)
. except:

raise RuntimeError("Something bad happened") from None

Traceback (most recent call last):
File "<stdin>", line 4, in <module>

RuntimeError: Something bad happened

BlAMc B3 2B MmERE G194 fcd b 3, £/, FIAVLEICE T 2 1ERE try X EICH D T,
N—=Y a3y 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— a3 ¥ 3.11 TEHE: If the traceback of the active exception is modified in an ezcept clause, a sub-
sequent raise statement re-raises the exception with the modified traceback. Previously, the exception

was re-raised with the traceback it had when it was caught.

7.9 break X

break_stmt = "break"

break XX, FX ¥ LTIE for — 7% while L—7ONRITOAHBE T2 e TEETH, L—THW
DREFEFRS Y 7 RAEROARMNIZHTTE ¥ A,

break X, XEHIBZERDINADONL -T2 TEE, L—TWCF T a D else HiDB D 2LGEITIEEFNE R
oS LETD,

for —"T"% break IXLoTHRT TS, V—THlHlX—5 vy MNIZOROEZHREEL £3,

break 2% finally HizfES try XOIMINLIHZ EFRERCIE, L — T2 EBEIZHRK T 2F1ICZ D finally Hi
MHEITINET,
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7.10 continue X

continue_stmt = "continue"

continue 1% for N— 7R while V—THADI A N THGEMZOABNE T, L—TTHNOBEEERS
27 7 ZAEROPICBBNEE A, continue I, X2 S b NHlD L — T ORDFBNILH 2 ke L %5,

continue B finally AlZHio7z try XZ&iRIF 2 £ &, ZO finally AIHIRDIL— T4 7 V245D 5 Hi
KHEITENET,

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" identifier])x [","] ")"
| "from" relative_module "import" "*"

module n= (tdentifier ".")* identifier

relative_module "."x module | "."+

(from HiMEW) FAD import XiZ 2 DDA T v S THEITSNET:
1. EYa— A2 RMNFHL, BRETHIUIE— FLIIHES 2
2. import XWRNDZRAA—=TDu—HhNVHEIZEM THRIZ EET %,

X (A r=TRUISI) BROHIZEZATVWS L 2k, b x5 EZ0HIMERND import SUTHEIX Nz
DX, 2DODAT v THEZ L IMEHINCEITENE T,

EDa—AERMI. v—FF3 1 DHORAT v FOFEMICOVWTIE, A1V R—F X7 L OFICEDFL
KEPNTVET, 2ZTE. A VR= M RTLOENEE I AR AT 2DIMZ22TOT7 v 7 DM
BT TR, HAREEDA VK- TEDZRv =YL EY 2= LIZOWVWTHREHINTVET, ZDR
Ty THRETZL VWS ik, BEOLLEYa—hRMABSRVE, HBWE T2 —1iIlHba—F
DETZED. Y 2a—NLOFHHLORPTZ I —DEEZEZHDPDELLPMBRETNE ZEIERLTLE
W,

FERLZEY 2 —ARHEHICHIETELLGE. KD 320550 1 DOHETH —HILELRIZEHETHZ 2 X
212 h 3

o EY 2 —HZDEIT as BHVTWHEIE. as DEADLHIRERHE. 4 Y R— P ENEET 2—n
HEL T,
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o MODARIDBIEEINTELT, A VR—PFPEINTVBRED 2 —IDPRENDEY 2 —NLEoGE. F
DED 2 —NVEDNAL VE—FEINFEY 2 —LADSBY LT, D—h VLl cHEBINET

e A VE—PFINTVREY 2a—ADBREFIOEI 2—1 THWIEE, EYa—L280RE VDY
T8, FDORy F—IANDOSHE LT, n— LV AEIEMTHREINE T, 4 Y R—FEXNE
Va2 —ZlE, BEETEZLZLEEBHiZEF-> T 72 AL RITNIRD $HA

from BR T 5D LEMLFIEE A E T
L. from HiTIHESINLEY 2 — A2 MTH L. RETHIUIE — F LIHHLT 2;
2. import EITHE Iz 2 h 2 OFAITF I LU RO Z1T 5
1. 4 Y R=FSNEEY 2 - AN ZDH#HFHOBIEZR > TW 202 RS 2

2. 20 FHDBIEZR > TWiR o 58, ZO@HFHTY 7EY 2 —1D 4 R— b &l
By AVR=PENZED 2V ZDEWDLD 2 0 FHERMET S

3. B RMD 5 0IEEIE. ImportError AT %,

4. BEDBRMAP o258, as BiBH AL 6FZDEH. F5ThVWESEBHELAZF- T, ZOHE
ANDBEB T — H VAT I NS

ol:
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 wmported and foo.attr bound as attr

WAIFOV R PHE (') IKEZHD> TWEHEIE. Y 2 — L TERIN TV I RMEINIL2TOHH
B, dmport XBWBH A =T D0 —HIIVEHTEFICHMEE N E T,

EV 2L TERINDS DEASNLRE X, TV 2 VOARZERICH S __all__ bW HRTOEHEHR
NEZETRESINET; TOEBDERIN TV EIHEE, ZREED 2 -V TERINIhA VKR—F X
NGHDLORE, XFHNDY =7 YA TRIFUUIWIT EH A, __all__ THIEINHARNZ. 2 TREAX
NTW2EeRLIN, FIETZIeNERINET, __all__ BERINTOVRWEE, KRS ARE
Z. BV 2 LA TRM» o7z, 7V E—2a7 T (') THESRVWETOHLRD I L TT,
__all__ BRTORM API ZE0RETT, 24X API O—#TRVWHD (ZDEY 2—LTAH YK—F
TIUELNTNEFTATFTVET 2 —LRYE) 5o DIBICABLTL EDbRVW-DDHEHATT,

A YR=PDY AN EH—FEK - from module import * -— &, T 2 — VLNV TOAFINET,
I IARHEBERT IO ZME 5 £ 35, SyntaxError DX ENE T,

AVR=FTEZEV2a—NEHET DL E, ZOEY 2 —LOHEX$ (absolute name) ZIEE T 2 LEIEDH
DEBA, EV 2=y —I2MD Ry r —JRZEENTWEHE, HHEO My IRy 5 —I DB Z0D
Ny r =% % LR T2 BAMHENA VR=bFT2ZeDTEET, from DRIIEEINZEY 2 —L%
Ny =Y ORFCHEMED Ky M 2135 22T, EMRAREIEET 2 e R LIKBED Ay & —JFEE
PHNL D LOREANT D ZIETZ2 LN TEET, LHDOFY b 1 2DHE, import #8275 T
WEEY 2= VHFIETRHIED Ny T —V %2R LET, 3 DD Fy I 2D EDLARVERLET, BD
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T. pkg v I —=YDHDEY 2 —/)LT from . import mod % FEITF % . pkg.mod 4 ¥ R—1+F 35
LTk D £5, pkg.subpkgl OHH 5 from . .subpkg? import mod ZEfT3 % k. pkg.subpkg2.mod %
A VR=PLET, NSV KR= DR Package Relative Imports DEIZEEFNTVWET,

EDEY a—AHhu—RFENIZRNELZHMNCRD I NT TV —>a>Dzdil, MAAABK
importlib.import_module () DRt TVE T,

Raises an auditing event import with arguments module, filename, sys.path, sys.meta_path, sys.

path_hooks.

7.11.1 future X (future statement)
future X W&, FERORE O 7= 1o MEREDFEUE(L X 17z Python DV Y — XA CTHIHRHEICHL 3 & 5 BHECPE
WA 2o T, FEDES 2a— N2V XM VIR EDD, a4 ZI120T 2487R4] (directive) TI,

future ST HBEHED R NEEN I N/ZFRD Python DAN—2 2 VIZEZGITBITT 57200 DT, future
AT K o THIRREDEHEL 725V ) —RADFNCZNEEY 2 — VHITHERT 5 Z L K E T,

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

("," feature ["as" <dentifier])* [","] ")"

feature n= tdentifier

future &, EY 2 — AV DEHENIEHEDRITIUILD £E A, future XDFHITENTIWARIUTTT -
o EVa2-NDRFaXyT—varXFEH (HuL)

e« IXVH

o ZHT,
o ZOMD future 3,
future L& 5 HEH D 2 ME—DFKAEIX annotations T3 (PEP 563 2L TLZX W),

future X CTHMIC TE 2 EHE N2 HEEIX. T3 Python 3 PREBMLET I, 2DV X MIX
absolute_import, division, generator_stop, generators, unicode_literals, print_function,
nested_scopes, with_statement T3, ZNSIFBICETHEMITR > TWT, BRAEAEEDDHZT
WKHREINTWE D, JIRZRIZTTY,

future 33, = YA VIRHIZRIIZZR R D TR E L, b £9: RO ME 725 ST (construct)
AT 2 ERNUPEEINTVSIHE, ZEHFMNILIELIERRZ2 3 - FE2ERT 5 e TERINATVWE
Fo WITIaEREIC L o T (e TAVEED & 5 72) BIMED IR WA D A o2 Z X AHD ¥
T TOHE. AV FTIEFET 2 —ARHOR D DTN T 20BN D200 LERA, 25 La—
FAERBICET 2REE. FITRETHREIL TS I3 TEEEA,
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CHETOETOV Y —RITBWT, 22830 X DERENERF A EH > TED . future IR DR
HEMEEN TV AEA I a Yy S AR — R EH LTS,

future XOFEITRICB T 2 EEWN L ERMS X, import X R U TS, LTI 2 —)L __future__ 23H D,
AU DWVWTIIR TN E T, __future__ &, future XHEIT XN BIEE D FIET import T,

future XDOEITRIC BT 2 KAlR BRI E, future XTHIMLS N2 FEDHREIC X > TEDD 15,

IR osid, A SRR ERIZZ VD TIER L TS

[import __future__ [as name]

ZHUZ future XTREH D ERA; TOIEH D import XTH D, ZDMOFFFRA BRI T MR 22 H R
FHH xEA,

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.

HENA X TV XD Tay P TEA AN LT future XiE, ZOHBDOA VX2 TV Xby P a vHTH
D ET, AVERTVRE -1 A7 a VTHREILTEITIRERZYVTIMNEEEL, A2 U T M
future XEANTEL &, FBBREEIR IV T IPETINRICHET 20E2 Yy > a Y TEMTKRD
%9,

2E

PEP 236 - Back to the __ future___
~ future  BEHEOEZR

7.12 global X

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

global X, HEDaA—F 7y 7 2R THRIINEESETT, global XU, FIZELZ#AT% 70—
PNUVERE LTS 2 X5HET 222 EHKL £, global Zffib iz a— LEFICRAZITS Z
CWEARARET T, HHEREHZZZOERE 70— "L THZ L EEETIZ/0—r EBESRT 3 2
EMTEET,

global XTHIET 24N, MLa—F7uy 7T, 7827 47F AL global XX DAizfio Tl
ZhEEA

Names listed in a global statement must not be defined as formal parameters, or as targets in with
statements or ezcept clauses, or in a for target list, class definition, function definition, import
statement, or variable annotations
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CPython REDFM: BIEDFE TR, TNLDHIRD 5 5EOPICOVTIRER L TWEREAD, T
7 LTI ORMSNIALRZEHTRETIEDD $HA, FROFEETIE, ZOHIRZM®H LD, BB S
BIZT0 77 AOERNIZEE LD T 2HEMSHD £7,

TOTSIDIHDERR: global 1F8—HIIHF 2HRA) (directive) T, Z DFERANIZ global X
CRIRHICHHARAENT - FIZHLTOABEHINE T, FiT, HlAIAAD exec() BABNIZA > TV
global ik, BB LE BATWS a—F 7y JNIHRERIZT Z 3R, ZOEIBRIFE
FReEENTVS a— Fid, BBOFUIHLZELa— FAD global XITHELZITERA, RO L
M, B eval() BL K compile) I HTIEED 3,

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.

2E

PEP 3104 - Access to Names in Outer Scopes
nonlocal X DFHl,

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:
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[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

PEP 695 - Type Parameter Syntax

Introduced the type statement and syntax for generic classes and functions.

148 5 7 & B#iX (simple statement)


https://peps.python.org/pep-0695/

EIGHT

#& (COMPOUND STATEMENT)

WA, MDY (D7 —T) BAD EF; WA, FIZA 5T 2 O LOEFOHENA &5 D= D
HeHBERIELET, —MRICIE. A CTERITIC 270 5 TEANE A, RO CE— TR
MBBEHLBDET,

if L while . BXUY for Xid. BHRMRHIE Y o —MlREEH L 3, try FHISAUEL X8/ F 23—
DT B2V =27y Ta—FEEBEELE T, 2RI LT, with XiZa— ROz h) ORiETa—
FOWAL e BT EEITTEZ LOICLET, B 7 7 XEHED T2, BUNICIIEEXTT,

BEXIZ, —2 LoD i (clause) 25720 £, Hild, Ny XE T AL —1 (suite) HLEDEF, —D
DEEXERTHEHOANY XX, ETHRILA YT FLRLVICEINE T, SHOAN Y ZIZ—BIHAT %
F—U—FTHED, aunrTRODET, 24— M HIICX-> THIAZ N 2 XDEZH T, 24— M,
ANy ZXWHBHTDaAnYDRICE I an Y TRY> TEPNz—DOL LM, F21k, ~Ny Xk LITT
—OELA VT PENEXDEEDTY, BREOHADZAA — MZRD, THLITEEXEFR A PTEXT,
TFDOIE, else HiBEHELD if BT 20030 Z2 D LRVWEREOEE»SRIEICRD £3:

[if testl: if test2: print(x)

T, ZOAVFFAINPRTE, LIan ilisfBaanr X h@nTd, ito T, UFOFITI,
print ) OMEUFH LIRIFETEITEINSG D, ELETINRVHIOEE LN TT:

{if x <y < z: print(x); print(y); print(z)

Feowde, LT LS bh £73:

compound_stmt 1= 1f_stmt
| while_stmt
| for_stmt
| try_stmt
| with_stmt
| match_stmt
| funcdef

| classdef

|

async_with_stmt
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| 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, XIFHIZ NEWLINE 2>, Z D12 DEDENT 250 /=d D TR T LE T, £/, 7 a v OIS
T XEHBTERWTHNETHE 20T, BIKRSEFEL £E A, (Python Tid, * X523 (dangling)
else’ MIZ. A A PEINL 1f XEA VTV PEEDZZETHRREINET),

LRI BT 3 3ERM TR ARIZ. BHEX D012, &Eiz2l4 DITICEL X3 ILTVWET,

8.1 if X

if XAE, FMETIREETT 5D IfEbNhE S

if_stmt o= "if" assignment_expression ":" suite
("elif" assignment_expression ":" suite)*
["else" ":" suite]

if ik, X2—20—DfHfiL TW ., HITR2ETHITI T, BIZRoLEHDRA — M ZERL 3 (H:
true ¥ f4: false DERICOWTIE. T—ILIEBE (boolean operation) fizZRL TLZEW); K, #ERL %
A4 = FETLET (ZLT, if XOMOEIZE, EITPHIZ SNEEA), ETORMPMBITZ - HE,
else finibUX, ZDARA — FHRFETSNET,

8.2 while X

while &, ROMELETH M. ET2#EDIETLDIHDONET:

while_stmt = "while" assignment_expression ":" suite

["else" ":" suite]

while IIRZDIRLEBM L. ETHIUIRMDAA — b 2FTLE T, AMMBTHIUT (B2 S5
WKHoTWBIdHDAET), else HiDDHIGE IR ZNLZETL, V—T2KTLET,

BAIDAA — FNT break XDETEINDZ L, else HIDRAA — b 2FTT 5B N—TE2KTLET,
continue XDBHDAA — FNTETEINZ . A/ —FPHIZHLED DXDFETERAF Yy 7L T, XDHE
AR D £9,
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8.3 for X

for XiE, =7 YA (XFH, BINVEREZY X)) . ZOMORERRERA 7P =7 b (iterable object)
WOEFRITHE > TRIBUIEZAT S D IbN £ T

for_stmt = "for" target_list "in" starred_list ":" suite

["else" ":" suitel

starred_list UI—EFIFHlix ., FHMEFER LT ATSTIL ATV 27 b E2RIDBERDDE T, *
DATIZITNPo AT7L—2 PMEohE T, £3. A 7L -0 oAEMSN2HRADOEREDL, BEE DA
KDL= - T target_list WA I (XA (assignment statement) EiBH), 1 ODHDZA A —
(suite) DEITINET, I, A T L =X bERINZBZERIIHLTHRIEINET, /7L —XD
TRTOERMIEINTH L. else Hindd LHAUIEI TSN, V—TUHEIHET LET,

BAIDAA — bDHT break XDBFETEND L, else HIDRAAf — b EFET T2 RLNA—TR2KTLE
3, continue XDBHHIDAAL — FNTERITEND L, A4 —FTHIZHZEODXDETERAF Y LT, K
DEZDIINE L0, TR EROBEREDPTENG A else HIOMHITED £ 5,

for =1 & —7v P YR MADEBANDRAZITVE T, ZHTED, for L—THNBEDT, ZHRLHEID
ETORAREEZXINET:

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—=TDHETLTH R =7 v MY R MNOAFNIHIFRENERAD, 4T 7 TANZEDHE I, L—TTD
RABELATOREEA, B b #AIABE range O 1. BRONZEEMGNZRL £, B2, range(3)
PRETZ20. 1 2L T2DEICHEREZELET,

N—=Yar 311 TEHE: KOV A POHFTTRAEZY ZAZFEDIH (starred elements) Z4EETE 2 L5124
¥ L7,

8.4 try X

try XiE, O 2D LT, FISMLHB L/ 57327V —r7 vy Fa— FEEELET:

try_stmt n= tryl_stmt | try2_stmt | try3_stmt

tryl_stmt = "try" ":" suite
("except" [expression ["as" identifier]] ":" suite)+
["else" ":" suite]
["finally" ":" suite]
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try2_stmt = "try" ":" suite
("except" "*" expression ["as" identifier] ":" suite)+
["else" ":" suite]
["finally" ":" suite]
try3_stmt = "try" ":" sutte
"finally" ":" sutte

BIAMZEE S 2 2 DM EHRIE B Ficd b £, £/, raise XOMEHIIC X 2 HIHDEICE$ 2 BRI,
raise X HilZHH 3,

8.4.1 except ffi

The except clause(s) specify one or more exception handlers. When no exception occurs in the try
clause, no exception handler is executed. When an exception occurs in the try suite, a search for
an exception handler is started. This search inspects the except clauses in turn until one is found
that matches the exception. An expression-less except clause, if present, must be last; it matches any

exception.

For an except clause with an expression, the expression must evaluate to an exception type or a tuple
of exception types. The raised exception matches an except clause whose expression evaluates to the

class or a non-virtual base class of the exception object, or to a tuple that contains such a class.

BISHE D except HICH BB LR o7HmE. BEOI—FE2HS X HIIHMIL ZLTHIHLAZ v 7
CMRERITET, !

except HiD~N vy Ri2H 2 X MEFHIF 2 & ZWHINDPRET D L. TLADANAY FIMRITF v L&,
Bl FIAC I T B E9 N B S DMBEBIED except HIDIMUID a— FRMIH L A& v 71258 L TTW
T (try XERBHNERIT LD X5 IfbE D),

53 % except HiRO» 5 ¥, except HiD AL — bHFITEINET, ZDORE,. as F—7V— K2 except
HICFETIUE, ZOBRTIHEINTVE X =7y MIHIAPRAZINE T, 2TD except HilIFEITAIRER
70y 2o TWRIFNERD F¥A, 2070y ZORRBICEET 5 &, @HIE try X2ARDERD S
FATEMBLE T, (ZDZLiE. 2R PNV B I 25F UHISMSH UTEEL, Ao
FSHND try EiTHNDIE LGS, MIONAY RSRZZOHNENHE LW L Z2EKLET, )

BISDS as target ZfHo TRAINZE X, ZHUT except HiDKDO Y ICHEINE T, ZhAEB xS,
UFRoa—FR:

except E as N:

foo

M, UFoa— RFIZBiREW7z00E52bDTT:

*Lgshg, MofstERET 2 & 5% finally BIBRWBEICOARPTHLRAZ v 75D Y £5, HLWLHSHI K- T, HWHA
Shdkbh g
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except E as N:
try:
foo
finally:
del N

o T, BIS%E except HILIFETSITE 2 £ 512F 3 720120%, HOARNTRAZIRZITINERD FHA,
BIADHIRENZDIE. FL—ZANy DB EINZ L, FORRY 7 7L —ALTEBRSBEEZFIED. XOH
R—VINEFTED I L —LHAD TR TORAERZEFEZIRTLES LT,

except HiD A A4 — F BEFTINBHC, BFIND sys B 2 —LITHEMNINE T, except HiDH TIE,
sys.exception() ZMUHTHIC Lo TIPS T 7R T 2D TEET, IV F I 2T S
L. sys BV 2 — MR E N TV B FI5LOfED, —DHIDMEICED £73:

>>> print(sys.exception())
None
>>> try:
raise TypeError
. except:
print (repr(sys.exception()))
try:
raise ValueError
except:
print (repr(sys.exception()))
print (repr(sys.exception()))

TypeError ()
ValueError ()
TypeError ()
>>> print(sys.exception())

None

8.4.2 except* i

The except* clause(s) are used for handling ExceptionGroups. The exception type for matching is
interpreted as in the case of ezcept, but in the case of exception groups we can have partial matches
when the type matches some of the exceptions in the group. This means that multiple except* clauses
can execute, each handling part of the exception group. Each clause executes at most once and handles
an exception group of all matching exceptions. Each exception in the group is handled by at most one

except* clause, the first that matches it.

>>> try:
raise ExceptionGroup('eg",
[ValueError(1), TypeError(2), 0SError(3), 0SError(4)])
. except* TypeError as e:
print(f'caught {type(e)} with nested {e.exceptions}')
. except* OSError as e:

print (f'caught {type(e)} with nested {e.exceptions}')

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

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

Any remaining exceptions that were not handled by any except* clause are re-raised at the end, along
with all exceptions that were raised from within the except* clauses. If this list contains more than one

exception to reraise, they are combined into an exception group.

If the raised exception is not an exception group and its type matches one of the except* clauses, it is

caught and wrapped by an exception group with an empty message string.

>>> try:
raise BlockingIOError
. except* BlockingIOError as e:

print (repr(e))

ExceptionGroup('', (BlockingIOError()))

An except* clause must have a matching expression; it cannot be except*:. Furthermore, this expres-

sion cannot contain exception group types, because that would have ambiguous semantics.

It is not possible to mix ezcept and except* in the same try. break, continue and return cannot

appear in an except* clause.

8.4.3 else £

F T arod else fild, avbtu—nr7a— try 24— FEHRF, FADPEHINT, return X,
continue X, break XDWITNDDRFEITEINR > HEICETEINE T, else Hi TR E FIFMK, Fi
2B % except HITIFNIEINFER A,

8.4.4 finally &0

finally i3 25 E1E. W BEAR OWMUZIEEL T, £3 except HiX else Hix @D, try HiDFEIT
SNET, 2L DHIOPTHNDGEE, ZDORINILE SN TVRWEE L, BIFHE—RINRF S
Fo RIZ finally HIDFEITSNE T, RESNLHIND D o 75813, finally HIORRBTHELINE T,
finally EiCHIOBISNDEL SN 25EE. RESATOLASNIFLWHISt O 7F X e LTRIES
NETF, finally HiT return X, break XH 2 W continue X FEIT LG ER. RIFES N HISMINE
‘INET:
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>>> def £(0):
try:
1/0
finally:
return 42
>>> £()
42

finally HiZFITL TV 2. 7027 40 51 3HMERIIFIFACTE E A,

try..finally X® try AA — bAT return . break . ¥£721d continue XMWETE NG, finally
fiv, ZoxE M HRKIHIEHPIT FTINET,

DR D EIEREBZICFETINL return XWX o THRED £9, finally HiGSHTHITIN S 720,
finally HiCHEITI N7z return ITHICHRRICETEINDZ Z Ik 5

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

'finally'

N—3 3 v 3.8 TEHE: Python3.8 MA{TII., E LOMEICKD finally HiTO continue SUFHIET
L7z,

8.5 with X

with &, 7Ry Z7DFTE, AV TFAIIF—I Y Lo TERSNEAY v FTTv T 570I1C
FoNFET (with XEAVTHFARIZ =% 272 ayE2SRBLTLIEIN), Zhckh, X<{H3
try...ezcept...finally FIH X =2 & h T THERMICHAHST 2 Z e A TE T,

with_stmt =
with_stmt_contents ::=

with_item =

"with" ( "(" with_stmt_contents ","? ")" | with_stmt_contents ) ":" suite
with_item ("," with_item)x*

ezpression ["as" target]

—D0D "EE BHEO with XOFITEUTFD X5 ITHEITLET:

1. ay7FxF A (with_item THEX 6NN ZFMfiT2 28T, av7FA b2 —=—Y ¥ ZHIEL
7,

2. AVFTFAMIR—I XD __enter__ () XYy ¥, BTESIZDiln—FIhET,

3. AVTFAITA=I XD __ezit__ () XYV v FH, BTMHSIdicn—RFINFET,
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4. AVFTFRAIIF =¥ D __enter () XY v RBFEINF T,

5. with XIZX =7y FHREENTWH, ZAUT __enter__ ) DODRDVENRASNE T,

AR

with &, __enter _ () XV v RRTT7 =BT LEFAIE __ezit__ O PEIIMFINE Z
CEMHEELES, TTDT, dLEX—F v PR FANDRAFICZ S —DBFEELGEIIE. N
WBEDAA —bOHTHAELZZI— AL LS IbDIET, UTFORT v 7 7 2SHML TR
S,

6. 24 — bDETSNET,

7.aAVFFRAMYR—=I%D __exit__ () XY v FBMEENET, 24— b E > TRT I
DB, FOFNOEL fl, PL—ZANy 7 exit O WZHIEE LTEINET, 25 TRITH
X, 3 DD None 5B EGZ 6N T,

A4 = PN I DT SN, __exit__ O XY v FroORVEL (false) 72513, HISHEX
HEhxd, CORVENE (true) 725 XHISNIMHIS . EITIE with XORDIDHHEE £ T,

BLEZDRAA = bHBINTHRNMIS DB TR T L7GE. 2D __exit__ (O 75 DR D HIZHER
ST, FATIIFE LT OB D U 7zl O E D SRkt L 3,

IRNDa— k.

with EXPRESSION as TARGET:
SUITE

ZAUIR ke FEfT 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)

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

ZAUIR k FE T

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

M CHZ 22X ), HEOay FXF A 2=V vy 2HEBUTICE > TEL e TEX T, fi:

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

N—Pay 31 TEE: @ROaY TR PREFE—FLE LI

N—=ay 310 TEHE: {HlTHE Z 8T, X2BEBITICOEIL TE IS L5 L,

2E

PEP 343 - "with" XT7—FX2k
Python @ with XOEE HH, BLUFIPELEHSATVET,

8.6 match X

Added in version 3.10.

match XINEX -~y F 725 HNTHELDRE T, HX:

match_stmt n= 'match' subject_exzpr ":" NEWLINE INDENT case_block+ DEDENT

subject_expr = star_named_expression ","

star_named_expressions?
| named_expression

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

AR

Dt rTar TR, —EFHAFTHERTVWE DX VI EEF—TU—R 2XLF9,

RE—=V2 v F U NE, RR— (case DHEAS) < v F VI HWROM (match DEA) EANE LET, <
Aoy (FTAR— RGBS B) I T F Y IHROMIH LT, <y FF B0 S hOHENTOIE
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T, BRLTXOZ eI D F3:
o COFHIL b LYy TR (SR =V IRY) - KR E SIRENET),
. o F LEEOLHIAORE, BEARAFEHALET,

match & case ¥F—7V—FKFI VI +b*Fx—"T—F TI,

]
« PEP 634 - BEN X — < v F: {LhR

e PEP 636 - #iify &2 —>r <y F: Fa—1+ Y7L

8.6.1 BI&

match X OFHENZEEDOTRNOMEIIRDED T

1. ¥ 7Y =2 13 subject_expr DFHic AL, 7Y =2 MEBREOhE T, 7V =7 rpar~
ZRUHA, BHEOL—L > TR IADPMERSNE T,

2. case_block ADHE X=X LT, ¥ 70 =27 MRS v FTE20EI0%Fzv I LET, ¥y
FY - KBOBERNBA —MIBIRLET, v F U 7DF v 712k D, $EZ—YHNOHLHETO—ER
HBVITARTIEIFEEENE T, BEAERNLRREL—VIERZ - OEIC K> TERER S 2D, &b
LET, IYFHBRIMLIENE—>OFRTERESINRFIE. EONE2—>07 0Oy 7ARITTERL.
match XDETHEATZIENTETET,

AR

NE—2=y FREEE LTRBLTH, ZOHICEEND Y T 8K — VAR T S AREMED H D
$9, RLZ~y FTRAT AR EZHIRE Lza—F2ENRL LS IZKEDTFTLREE
Vo I, v FBRBLD & TEBOEDIZED > TRV E WS DBEHRIC LRV T L E W,
FFEE S WSR2 EVITZ 52 1d Python ORERFTH D, REMTERRLATRENELRHD £9,
A RREDPRELZITA S & 5. BRIFICEEKEFEL LTWET,

3. NE—UREINLIGE, ZEDOH— FH (b LdHIUR) FHlichxT, TOHE, & — Y NOHH]
PIRTHMENTNE Z BRI TVET,

o J— FOFHEENAETDH 25, b LEH— F2ZRIFUI. case_block WD block MHFEITSH
S

o Z5TRITNE. RD case block N L THUY LI OMMAETENE T,

o ZHLLE case block BSTEE L2 WIEEX. match XA T LE T,
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AR
EAMNZ, match XD KX — U 0FHHEE N2 LW FIHRTa— FE2HEIRETRDHD EHA, 1 &X—
TV ROEEICE o TR, WREF ¥ v 2T 2R EDRELEITV, FHiz 2y 73 2 AR D D
£73,

fHEL 72 match SXOHI:

>>> 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

ZOHITIE, if flag BAH— FTT, H— FIZOVWTIERDEZ > a YEBELTL XV,

8.6.2 H—F

guard = "if" named_expression

guard (case —HlE LTHNZ) DI LTELH T, ZD case 70y 7 DIA— FHRFTEINET, H—F
Foif ORICKZEBE TR ST T,

guard [TZ D case 70y 7 DIHDRIUIRD B HTT:

1. case 7R Y VDR =Y BENT B2 ESI0%F v 7T 5, KRR LB, guard [ FFHliX N9,
KD case 7Ry 7 DF = v 7T,

2. NR =PI L IHEIR, guard OFHEinM THILE T,
o guard £MAFOFHHENETH 25HE. %D case 71 v ZpERINE T,
o guard SRMFDOFHIED B DG G, A D case 70y ZIEEIRSNERA,
o guard OFHliFICHIS A S NG ER. 2o zoF FRHEINET,

H—=FEIXTH27:0, BHEAZRIST N TEET, H— FOFEIE. BYID case 780 v 7 HIEIC,
RE=U PR LTz case 70y ZIIMRIL DD, —200fHiENRITNTVWITEEA (DFED. H—FOD
FEIFEINTVBIERTETEINIREN DD ET), £/, case 70y VEREINLRHRT, H—FD
i % 2L AT o TIEWITF EH A,
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8.6.3 SBAHRELTr—270v 7

.

=270y I HEEBARIRETH 2 701

& = FH7 L,

MBARRE Ry — 27 ey 2 2iE, T~y FTE25r—2A70y 7D ¥ TF, match XOHT, FEEAN
BER s — 270y ZIZH/AK—2F T, DORBRIMNET Z2HENDD T,

NE— DA ARETH 2REN DD £7,

NE— VDR FIRETH 572 DI2IE. ZDOIELDWED AN S, EODHITHINT 2 2 L HREATE 54

EHHD £F, MBAARRAZ—VBUTOL SR DDATT:

o FEDHBAFRETH D AS NE—>

e BENZAREX—VDIBARL LD OIRBAAIRRTH S OR INF—

o FVYTFYNE—

o JAILEA—FNE—

o FRINTHDNT, B ATRER X —

8.6.4 /\HX—

AR

IOty arTiE. @E D EBNF 28R U7 EEERZFEHAL T,

e SEP.RULE+ ¥\ 5 3E0I3 RULE (SEP RULE)* OMETT,

o IRULE B THHADELERLE T,

patterns @ b v 7L~V O RO D T

patterns n= open_sequence_pattern | pattern

pattern = as_pattern | or_pattern

closed_pattern =

UROHATE TR TEDD

literal_pattern
capture_pattern
wildcard_pattern
value_pattern
group_pattern
sequence_pattern
mapping_pattern

class_pattern

VRR—=VDIRD TN E R

EVWRLGEOHE IHHEIZFS L)

DRIZEFVTVET (ZDIEE A Y. Raymond Hettinger [KD R¥ 2 X ¥ MZEEEZ I TDODDTT),
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TRl ZHUIH I TEHEZHIT 270D THD, WARIZFEZLT LHRML725DTIE HDFEA .
T, AR TR TORX -V IBEZMEL THEDITTEDD £HA,

OR NZ—Y

OR & —id, #ith | TRUILNEHD X -6k D 25, M

or_pattern = "|".closed_pattern+

BIROY 788 — PN GERAEEE THo TIWITEEA, $, BIRSERO D, &P 7% -V 2BR
T 24ATOMAEDORE. IRXTRLTHIMLENDHD 7,

OR R&Z =T, 7Y =2 MERH L TIHZEY I RE -0 D3y F 2 IBTbIE T, vy FHRMINT
2L ZZTHRTL. 2O OR RNEX—VEFEN LI ARENET, —F, L0 TRV HILIRITN
. 2D OR NX—Vi3RML7zZ 82 £9,

fHEIICES 2. P1L | P2 | ... 2WIHIRKX—VIFPLZYyFLED L, RirshuEpe 2L 9, W
NPDRE =2y FPENTHIEEBICEII 2D, 2R UANOES IR ) 5,

AS NZ—>

AS RE—=23Y T2 MEH LT, as F—V—FOLEMIZHZ OR RE—Vi~vy FEEET, ¥

as_pattern = or_pattern "as" capture_pattern

OR RNZ—URTE, TD AS RX—VidKMe b 5, BITHE ¥ 79 =2 MED as F—
7 — FOLMOARNIHRIEE . D AS X =3I 72D $3, capture_pattern & LT _ ZIEET
5ZLIETEERA,

fiHICE S5 . P as NAME 13 P 2~ v F S8, MY LHEIC NAME = <subject> ORAZITVWET,

DFIIN2—>

VT IR —F, —f#%ZFR< Python @ UTZIL IZHIGL 5, #H:

literal _pattern = signed_number
signed_number "+" NUMBER
signed_number "-" NUMBER
strings

I

I

I

| "None"
| "True"
I

"False"
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signed_number n= ["-"] NUMBER

strings ¥\ 5/)L—L¥ NUMBER ¥ 5 b —2 V& Python DIGEMLEE TERESINTWES, Z7+— 3D
THbHNIFHNR raw XFFH, raw N4 IS FEHARIEET S, fstrings 3EHTEER A,

signed_number '+' NUMBER ¥ signed_number '-' NUMBER & W5 #HXiE R 2RHT272HDDHD
T3, 207D, ENIFER. HGANCEEREFEILELHDET, fil: 3 + 45,

fifi#i1CF 5 | LITERAL IX <subject> == LITERAL TH 2 & ZEDARNT 31X —>TF, Y7L+ T
% None ¥ True . False |I is HEFEH o TN T T,

FYTFoNZ—>

Fr FFeREX—F, TV MERARNICHREBL 3, #X:

capture_pattern := 1'_' NAME

TUR—=AAT—XLFD _FEFXTFeRR—UTEHDEEA (V' BRLTOVIDEZIDOEMETT)
wildcard_pattern & LTR/ONE T,

NRE—V—DDHT, —DDHZENI—ELIrEE TN TEEHA, HlZIX case x, x: ... IFHEV
TID. case [x] | x: ... XIELWVWTT,

Fr IF e RNX—VIEFEICHILE T, RS h Ao R a— 713, PEP 572 T S RAREHE T
DRAA—=TN—ILeFUTT, ThbbE, BTIEES global X P nonlocal XHBRWIRED ., ZDRETEE
DAI—=F. ZHED match Xz rikd Ao E 2D 5,

fHICE S5 ¥, NAME [ZHICIN L, NAME = <subject> DRADTONE T,

TAILEA—RNE—>

TAN R — FRZ =V EHEHEY (L ThvyF3%) L. HAEIOREIZL ¥ A, X

wildcard_pattern := '

_Ek RO THERINEZEEEEIC Y I RE—T7—F T, L2L., $X—=COFTHRWESIZY
ThF—TU—RTEDDERA, LAV TV 2r AL guard | case 70y Z7OHTH, BHEOLEL X
Di‘—g‘o

fHICE S &, _ 3HITHIIL £5,
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ENE—>

i 82— % Python THEIOMIT SN7MEEERL £F, M

value_pattern := attr
attr = name_or_attr "." NAME
name_or_attr = attr | NAME

Ry b23DW2 Z D4R, Python D AFIFERIL—IL ICXk > TRENE T, TDRKX—IiF, Rk
SNIAELY TP =7 MEEFE LW (REE T == 1ICEOL) L STz b £73,

ffiHIC S 5 ¥, NAME1.NAME2 /X <subject> == NAME1.NAME2 TH 2 & EDAKNL T,

AR
—2® match X THUEPEHEHIR T 258, 4 V=TV XBRRINEREINHEE X vy v > 2

L. ZHEIBRZMEDITS e E2HAMT ARSI DH D £F, ZOF v v ald. ZD match X
DEDFET—EOMEZF THAHAINET,

TJI—=TNE2—>

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 AN —Y

A sequence pattern contains several subpatterns to be matched against sequence elements. The syntax

is similar to the unpacking of a list or tuple.

sequence_pattern = "[" [maybe_sequence_pattern] "]"

I ll(ll [open_sequence_patte'r‘n] ||)||

open_sequence_pattern n= maybe_star_pattern "," [maybe_sequence_pattern]
maybe_sequence_pattern = ",".maybe_star_pattern+ ","7?

maybe_star_pattern n= star_pattern | pattern

star_pattern n= "x" (capture_pattern | wildcard_pattern)

There is no difference if parentheses or square brackets are used for sequence patterns (i.e. (...) vs
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[...1).

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.

At most one star subpattern may be in a sequence pattern. The star subpattern may occur in any
position. If no star subpattern is present, the sequence pattern is a fixed-length sequence pattern;

otherwise it is a variable-length sequence pattern.
The following is the logical flow for matching a sequence pattern against a subject value:
1. If the subject value is not a sequence*?, the sequence pattern fails.
2. If the subject value is an instance of str, bytes or bytearray the sequence pattern fails.
3. The subsequent steps depend on whether the sequence pattern is fixed or variable-length.
If the sequence pattern is fixed-length:

1. If the length of the subject sequence is not equal to the number of subpatterns, the sequence

pattern fails

2. Subpatterns in the sequence pattern are matched to their corresponding items in the subject
sequence from left to right. Matching stops as soon as a subpattern fails. If all subpatterns

succeed in matching their corresponding item, the sequence pattern succeeds.
Otherwise, if the sequence pattern is variable-length:

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.

*2 In pattern matching, a sequence is defined as one of the following:
e collections.abc.Sequence ¥#KL 722 T R,
e collections.abc.Sequence & L CH#FE iz 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

R

Subject values of type str, bytes, and bytearray do not match sequence patterns.
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3. If the previous step succeeds, the star subpattern matches a list formed of the remaining
subject items, excluding the remaining items corresponding to non-star subpatterns following

the star subpattern.

4. Remaining non-star subpatterns are matched to their corresponding subject items, as for a

fixed-length sequence.

AR

The length of the subject sequence is obtained via len() (i.e. via the __len__() protocol).

This length may be cached by the interpreter in a similar manner as value patterns.

In simple terms [P1, P2, P3, ... , P<N>] matches only if all the following happens:
e <subject> WX —F VAP Fzv TS
e len(subject) == <N>
o P1 matches <subject>[0] (note that this match can also bind names)
o P2 matches <subject>[1] (note that this match can also bind names)

e ... and so on for the corresponding pattern/element.

IvEYINE—>

A mapping pattern contains one or more key-value patterns. The syntax is similar to the construction

of a dictionary. Syntax:

mapping_pattern = "{" [items_pattern] "}"
items_pattern n= ",".key_value_patternt ","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

s 5 Puthor cloge that has ] . 1 ecti be. Maod
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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__(Q) or __getitem__ ().

In simple terms {KEY1: P1, KEY2: P2, ... } matches only if all the following happens:
e <subject> ¥ v VI hEFrv TS
e KEY1 in <subject>
o P1 (& <subject>[KEY1] IZ~¥ v FF 2

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

DSANE—>

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 = ",".patternt+
keyword_patterns n= ",". keyword_patternt+
keyword_pattern n= NAME "=" pattern

The same keyword should not be repeated in class patterns.
The following is the logical flow for matching a class pattern against a subject value:
1. If name_or_attr is not an instance of the builtin type , raise TypeError.

2. If the subject value is not an instance of name_or_attr (tested via isinstance()), the class

pattern fails.

e a builtin class that has its (CPython) Py_TPFLAGS_MAPPING bit set
e a class that inherits from any of the above

1 ard il ] : : _ .
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3. If no pattern arguments are present, the pattern succeeds. Otherwise, the subsequent steps depend

on whether keyword or positional argument patterns are present.

For a number of built-in types (specified below), a single positional subpattern is accepted which

will match the entire subject; for these types keyword patterns also work as for other types.
If only keyword patterns are present, they are processed as follows, one by one:
I. The keyword is looked up as an attribute on the subject.

o If this raises an exception other than AttributeError, the exception bubbles up.

o If this raises AttributeError, the class pattern has failed.

e Else, the subpattern associated with the keyword pattern is matched against the subject’s
attribute value. If this fails, the class pattern fails; if this succeeds, the match proceeds to the

next keyword.
II. If all keyword patterns succeed, the class pattern succeeds.

If any positional patterns are present, they are converted to keyword patterns using the

__match_args__ attribute on the class name_or_attr before matching:
I. The equivalent of getattr(cls, "__match_args__", ()) is called.
o If this raises an exception, the exception bubbles up.

o If the returned value is not a tuple, the conversion fails and TypeError is raised.

o If there are more positional patterns than len(cls.__match_args__), TypeError is

raised.

e Otherwise, positional pattern i is converted to a keyword pattern using
__match_args__[i] as the keyword. __match_args__[i] must be a string; if not

TypeError is raised.

o If there are duplicate keywords, TypeError is raised.

BE
ISANZ—=2I Y FOMUBSIBDHREIAX
[1. Once all positional patterns have been converted to keyword patterns,
the match proceeds as if there were only keyword patterns.
For the following built-in types the handling of positional subpatterns is different:
e bool
e bytearray

e bytes
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e dict

¢ float

e frozenset
e int

o list

e set

e sStr

e tuple

These classes accept a single positional argument, and the pattern there is matched against the
whole object rather than an attribute. For example int(0|1) matches the value 0, but not the

value 0.0.
In simple terms CLS(P1, attr=P2) matches only if the following happens:
o isinstance(<subject>, CLS)
o convert P1 to a keyword pattern using CLS.__match_args__
e For each keyword argument attr=P2:
— hasattr(<subject>, "attr")
— P2 |& <subject>.attr ¥ v FT 5

o ... and so on for the corresponding keyword argument/pattern pair.

e PEP 634 - #@i & — >~ v F: {1k

e PEP 636 - @iy &2 —>~<vF: Fa2a -1+ 7L

8.7 BH¥ER

BIBUERIE. 12—V ERBEA 7Y =7 P2 ERL FT (IFEEDME HSHK):

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

decorators = decorator+

decorator = "@" assignment_expression NEWLINE

parameter_list = defparameter ("," defparameter)* "," "/" [" " [parameter_list_no_]
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| parameter_list_mo_posonly

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

parameter_list_starargs = "x" [parameter] ("," defparameter)* ["," ["*x" parameter [","]1]]

| Wy paramete’r‘ [u,n]

parameter n= identifier [":" expression]
defparameter n=  parameter ["=" expression]
funcname n= identifier

BEERIIFEATAIRER X TS, BBERELFETT 2 2. BEOT — IR LRITEMNTREEE 2R 7Y <
7+ (BAROFETARE — R B2 T7 v %) WKL ET, ZOMKA 7Y =7 Micid,. BBRSFEOH X
N=BRicflibin s 7 — OV BETZER e LT, BHED R — NV RGFTZERADOSBNA A > TWET,

BIRUEFIEBIBAREZ AT L £ 8 A BIBARRIEEEI PO S RicosETEan s,

BBERIE—DOL LD 7OL—42 XTIy 7 T2Fd, 7aL— 2 NFEMEERT I L &, BHEERD
Ao TWVWdRa—FTiHMlicah 3, ZOMEIE. BEA 7Y =7 F2ME—D5 18I 2IFH LATREL 7
Pl PTRINERD ERA, A 7Y 27 boRb iz, BRENEIEBGICREEIhET, BRD
TaAL—&RIEXAMLTHAZINET, HlZIE UTDLS>%a—F

@f1(arg)
ef2
def func(): pass

F. BV WRE EHliTY

def func(): pass
func = f1(arg) (£2(func))

72720, BIEDa— FTIEITA OISR func ¥ WO BRIN—FRIICHE T 2 Z 230, 2 W0WH e ZA %R
x%7,

N— 3 ¥ 3.9 TEHE: Functions may be decorated with any valid assignment_ezxpression. 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— a ¥ 3.12 TEH: Type parameter lists are new in Python 3.12.

1 DD LD 1R3IEL 23 parameter = expression D> TV e =, BEIE " 77 4L b1 BE” 2Hok
SVET, T4 MEREORE BT, MUH LERICZSHIET 2 B8 3EKETE. Z0HE813IK
SBDF 7 3L MEDEDNE T, HE5IBHBT 7 40 MaEF > TOBIEE. 2L " T 3 %

*4 A string literal appearing as the first statement in the function body is transformed into the function’s __doc__

1 | therefore the function’s docstrin
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TOFRIEETT 7 4V MEEF > TORITNERD FVA - THEEERTREERH SN TV W
RT3,

T7 4 FEIREIFEREBNRITINZ LS ICEDSAANTMEINEF T, it 7740 b5 EHE
BHERIND L ZWRE—ERLTHiE A, FL " HERAO” HEXFOH L O NHEHIN S Z 2R
WRLET, ZOMEBEHRELTBL ZIFRHS, T7 4L FEIEMED Y 2 FRHED X SR I 2 —KX Ik F
T MTHD L ZICHETT: BN ZOA 7Y 27 bREE (FIZIEX) R MCEREEEM) §58. 2
DT 7 4V b BIENLEEDOHEZZ I TLELET, —HICE. ZARBERLZVENETS, 2o X5 kH)
EZ BT 2121, 77 4L MEX LT None ZfH\. Z OfEZBEBAKOHFTIHRINICT A M LET, HlziL
IVENOBEN U3

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

return penguin

BRI OO L D RN IR S 230, UL (call) BiTHRRSATOE T, BEIECH LEZITS &, X
FARY R MBI NTRTD AT AR, MBI F—7—F 518, 774 MEOWTIh o EH
RAZNE T, "*identifier” WD EETIUR, Ro TN TOMES FEZITI - 7 & T ICHIHL X
NFET, ZOF 7 4L MEIZZED X FILTT, "**identifier” ERADEETIUI., Ko T RTOF—T—
FEIMEZIR-> RIEFN EO~y By 2 F 7Y 27 Mt eh g s, 2OF 7 40 MAZA LR DZED
RV T ATy FTE, "7 % "xidentifier” DED T A RIFF— 7 — FEHHNS X —XT, F—
T—REIC k> TOAEINE T, 7/7 DHID T X RZIMBEHH T X —X T, UBE5BICE > TOANE
INET,

N—Ya ¥ 3.8 TZH: The / function parameter syntax may be used to indicate positional-only param-
eters. See PEP 570 for details.

”

Parameters may have an annotation of the form ”: expression” following the parameter name. Any
parameter may have an annotation, even those of the form *identifier or **identifier. Functions
may have "return” annotation of the form ”-> expression” after the parameter list. These annotations
can be any valid Python expression. The presence of annotations does not change the semantics of a

function. See Annotations for more information on annotations.

REHFFCHEH T 272010, AR (BicHEINTORVER) 2MER T2 22 dTEEd, ZHUX 5
LA (lambda) DEICHEFHENTVWS 7 LAXAZHVE T, 72X KM S N7z BIEUE R D IR R BT E
ERVWIZCIFERLTLEIN; Vdef” XTERINZBKD 7 L XA TERINBBDO LS 12, 5lEe L
THEZD, MOHENCEHIDHETE e TERT, BHRORE T/ 77— a VHEITTELDT, "def” ¥
ROTTBEDBITT,

TOTIIADAE: BIBIIE /A 7Y =7 P T, BBERNTIEITSI N "def” UL, & DIEST I
ELTHEE2n— A EERELET, 2R P LAEBEBNTHEDLDN S BHARUZ. def ZEZATWV 2D
O—AVERIZT 7 A TEET, #Hllll BRIDITEERE (naming and binding) 8z B L TL 12X W,

170 % 8 Z 8 X (compound statement)


https://peps.python.org/pep-0570/

The Python Language Reference, 'J!J—2X 3.14.0a0

BE
PEP 3107 - Function Annotations B
B7 77— a>yDmdtrE,
PEP 484 - 2> b 7

I 7= a r OFEENLBRNITH 2R » + DERK,

PEP 526 - Syntax for Variable Annotations

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

PEP 563 - 77/ 57— 3 > 0BT %
TR Y 77— a Y EEMRTHET 2 0O TE B XFIFERTCHRIFT 22 i1ckb, 7/ 57— =
VB BHIGSROYE—

PEP 318 - Decorators for Functions and Methods

Function and method decorators were introduced. Class decorators were introduced in PEP
3129.

8.8 VS AER

PIRAEREB, VIAFTV 2 PRERLET (IREEDMEE HiZHK):

classdef = [decorators] "class" classname [type_params] [inheritance]l ":" suite
inheritance = "(" [argument_list] ")"
classname L= tdentifier

7 7 RAERIFIFATORER LTS, MRV X MIEHE, BEJSRAVRAMN252%F (X EERFVHIZ, X
U5 #BRELTLEIV), TF2E, VA FOZAZHOBERDFMIY 727 7 AL THRWY 7 2
THENETT, KV ZDRWT FRIE, F7 4L T, HEZF R object ZHET 2DT

class Foo: }

pass

. IR ERISETY

pass

class Foo(object): J

RIZT FADRAA — b3, Fi7epFAT7 L — o (BEIDTERE (naming and binding) ZZRL T LI W)
AT, FlEb Nz — A VAHTZER e LA D 7B — VA HETZEMZ - TEITSNET (E@E. Z0X
A= PCRECHBERLEENET), V7 ADRA — bPETFULKEZIZ L, FIT7 L — A3 WEINET
D5, A= FVRARIEEERIFEINE T, O R, #EKY R P EREES 720, RIFEN 0 — A VAR5

* 25 20AKDRE
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PREMEFREIC. 2o Tr SR A7V 227 PRI NET, BERIC, dOu— B L ERTZE/ICE
WT, ZI5REMNIDISAA T 27 MR ET,

7 I ARKTRERENEREINLIEFIIHF LV FRD __dict__ WREFENE T, ZONEIHFTE2D
F. 77 AMMESNIERPOERE 2o TEREINLI FRATHDL L EDATT,

77 2B, AT TR ZRMALTRIBICARZ< A XTEXT,

BEETaL— b T2DLRLTLEIIC. 7923 TFTaL— 332 dHkES,

@f1(arg)
ef2

class Foo: pass

1. PO0E0nWREe EiiTd

class Foo: pass
Foo = fi(arg) (£2(Foo))

7 alL — X ROFHEHRANIEE T2 L — & AU T, fRIE7 72AHBICH BN ET,

N—= a ¥ 3.9 TEHE: Classes may be decorated with any valid assignment_ezpression. Previously,

the grammar was much more restrictive; see PEP 614 for details.

A list of type parameters may be given in square brackets immediately after the class’s name. This
indicates to static type checkers that the class is generic. At runtime, the type parameters can be

retrieved from the class’s __type_params__ attribute. See Generic classes for more.
N— 3 v 3.12 TEH: Type parameter lists are new in Python 3.12.

TOUSIDHDER: 7 7 AERNTERSINLERIIZ S ABETHD, 2TOA Y A2 ABTHA
ENFET, f VAXZAE WX, AV v FOHFT self.name = value ¥ T B3I L CHRETEET, 774
B A 2R AEMND "self .name” Kl T7 7L ATE, ZORFLTT77LALIELE, A VARV R
BHEFAAO 7 7 AEEEZREMLE T, 77 ABEE. A YAV RAEHEDT 7 + 0 MEr UTHER 325
ZIWI a—RINVIRMEERMES & PR RERICORDID £ 3, 58l F 25 b, ML FEENRLL AV
AR AEREERTEETS,

BE
PEP 3115 - Metaclasses in Python 3000 X
R IADEERBUEDIEL, AR FAMNEDT FANL D X5 ITHEI NS 20 EKHZ 2
BLIRR
PEP 3129 - /5 ZX7aL—% 7
FRATAL—REBMURE, Bi7ar—&e XYy F7aL—4%i3 PEP 318 TEAZhE
Lo

23 rXFH Tk £
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8.9 JI—F>

Added in version 3.5.

8.9.1 J/IL—FUEHES

async_funcdef = [decorators] "async" "def" funcname "(" [parameter_list] ")"

["->" expression] ":" suite

Python THETLTW3 al—F Y i3Z L ODRKT—RMFILE BN TEF T (coroutine 2B M) await X
TH? async for ¥ async with ZIN—F VEBOARKTUIMEZ R A,

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

await or async keywords.
aN—F VEBOAREDHT yield from Rz AT % & SyntaxError 124D %73,

aL—F > B DB

async def func(paraml, param2):
do_stuff ()

await some_coroutine()

N—Y a v 3.7 TEHE: await and async are now keywords; previously they were only treated as such

inside the body of a coroutine function.

8.9.2 async for X

async_for_stmt = "async" for_stmt

asynchronous iterable V&, £® __anext__ XV v N TIEREIR 2 — FZFEITATRELR. asynchronous iterator

PEERYT __aiter__ AV v FEEMHLTVWET,

async for T X o CIFEIARA 77 7N EHBICA T1L —2a vy T 58N TEET,

IVENOR=EC

async for TARGET in ITER:
SUITE

else:
SUITE2

FRIRERINC AT & E T3
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(ITER)
type(iter).__aiter__(iter)

iter

iter

running = True

while running:
try:
TARGET = await type(iter).__anext__(iter)
except StopAsyncIteration:
running = False
else:
SUITE
else:
SUITE2

FENE  aditer O __anext_ () BEHBHEL TV,

AN—F VBB DEREDIT async for X & F 2 ¥ SyntaxError 272D £735,

8.9.3 async with X

async_with_stmt = "async" with_stmt

asynchronous context manager &, enter XY v K& exit XY v FNETHEITE —K{EILTE % context
manager T3,

DIFpa—F:

async with EXPRESSION as TARGET:
SUITE

ZAUIR ke FEf 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)
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FEANE _ aenter O __aexit_ () BESHBLTLIEX W,

aN—F VEBOREDHT async with XEMHHT % & SyntaxError 124D 3,

2E

PEP 492 - async X H & await BXHGETOIN—F > a
N—F 2% Python DF ¥ d7MDIrs LRI L, 3 R— T AMXEBMLRE,

8.10 Type parameter lists

Added in version 3.12.

N—a ¥ 3.13 TEH: Support for default values was added (see PEP 696).

type_params "[" type_param ("," type_param)* "1"

type_param n= typevar | typevartuple | paramspec

typevar n= identifier (":" expression)? ("=" expression)?
typevartuple = "x" jdentifier ("=" expression)?

paramspec n= "xx" {dentifier ("=" expression)?

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

def max[T](args: 1list[T]) -> T:

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

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

def add(self, arg: T) -> None:

type ListOrSet[T] = 1ist[T] | set[T]

Semantically, this indicates that the function, class, or type alias is generic over a type variable. This
information is primarily used by static type checkers, and at runtime, generic objects behave much like

their non-generic counterparts.

Type parameters are declared in square brackets ([]) 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.
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Below, the semantics of generic objects are described with more precision. The scope of type parameters
is modeled with a special function (technically, an annotation scope) that wraps the creation of the

generic object.

Generic functions, classes, and type aliases have a __type_params__ attribute listing their type param-

eters.
Type parameters come in three kinds:

e typing.TypeVar, introduced by a plain name (e.g., T). Semantically, this represents a single type
to a type checker.

e typing.TypeVarTuple, introduced by a name prefixed with a single asterisk (e.g., *Ts). Seman-

tically, this stands for a tuple of any number of types.

e typing.ParamSpec, introduced by a name prefixed with two asterisks (e.g., **P). Semantically,

this stands for the parameters of a callable.

typing.TypeVar declarations can define bounds and constraints with a colon (:) followed by an expres-
sion. A single expression after the colon indicates a bound (e.g. T: int). Semantically, this means that
the typing.TypeVar can only represent types that are a subtype of this bound. A parenthesized tuple
of expressions after the colon indicates a set of constraints (e.g. T: (str, bytes)). Each member of
the tuple should be a type (again, this is not enforced at runtime). Constrained type variables can only

take on one of the types in the list of constraints.

For typing.TypeVars declared using the type parameter list syntax, the bound and constraints are not
evaluated when the generic object is created, but only when the value is explicitly accessed through
the attributes __bound__ and __constraints__. To accomplish this, the bounds or constraints are

evaluated in a separate annotation scope.
typing.TypeVarTuples and typing.ParamSpecs cannot have bounds or constraints.

All three flavors of type parameters can also have a default value, which is used when the type parameter
is not explicitly provided. This is added by appending a single equals sign (=) followed by an expression.
Like the bounds and constraints of type variables, the default value is not evaluated when the object is
created, but only when the type parameter’s __default__ attribute is accessed. To this end, the default
value is evaluated in a separate annotation scope. If no default value is specified for a type parameter,

the __default__ attribute is set to the special sentinel object typing.NoDefault.

The following example indicates the full set of allowed type parameter declarations:

def overly_generic[
SimpleTypeVar,
TypeVarWithDefault = int,
TypeVarWithBound: int,
TypeVarWithConstraints: (str, bytes),
*SimpleTypeVarTuple = (int, float),
*x*kSimpleParamSpec = (str, bytearray),
1(
a: SimpleTypeVar,
(RDOR=V1Fil)
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b: TypeVarWithDefault,
c: TypeVarWithBound,
d: Callable[SimpleParamSpec, TypeVarWithConstraints],
*e: SimpleTypeVarTuple,

8.10.1 Generic functions

Generic functions are declared as follows:

[def func[T] (arg: T):

This syntax is equivalent to:

annotation-def TYPE_PARAMS_OF_func():
T = typing.TypeVar("T")
def func(arg: T):
func.__type_params__ = (T,)
return func

func = TYPE_PARAMS_OF_func()

Here annotation-def indicates an annotation scope, which is not actually bound to any name at runtime.
(One other liberty is taken in the translation: the syntax does not go through attribute access on the

typing module, but creates an instance of typing.TypeVar directly.)

The annotations of generic functions are evaluated within the annotation scope used for declaring the

type parameters, but the function’s defaults and decorators are not.

The following example illustrates the scoping rules for these cases, as well as for additional flavors of

type parameters:

@decorator
def func[T: int, *Ts, **P](*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() 4s evaluated only on demand.
T = typing.TypeVar("T", bound=BOUND_OF_T())

Ts = typing.TypeVarTuple("Ts")
P = typing.ParamSpec("P")

(RDOR=V1FiL)
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def func(*args: *Ts, arg: Callable[P, T] = DEFAULT_OF_arg):

func.__type_params__ = (T, Ts, P)

return func
func = decorator (TYPE_PARAMS_OF_func())

The capitalized names like DEFAULT_OF _arg are not actually bound at runtime.

8.10.2 Generic classes

Generic classes are declared as follows:

[class 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:

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

CAUIR & EHT 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())
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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:

annotation-def TYPE_PARAMS OF_ListOrSet():
T = typing.TypeVar("T")

annotation-def VALUE_OF_ListOrSet():
return 1list[T] | set[T]
# In reality, the value s lazily evaluated
return typing.TypeAliasType("ListOrSet", VALUE_OF_ListOrSet(), type_params=(T,))
ListOrSet = TYPE_PARAMS_OF_ListOrSet()

Here, annotation-def (not a real keyword) indicates an annotation scope. The capitalized names like

TYPE_PARAMS_OF _ListOrSet are not actually bound at runtime.

8.11 Annotations

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

Variables and function parameters may carry annotations, created by adding a colon after the name,

followed by an expression:

x: annotation = 1

def f(param: annotation):

Functions may also carry a return annotation following an arrow:

[def £f() -> annotation:

Annotations are conventionally used for type hints, but this is not enforced by the language, and in
general annotations may contain arbitrary expressions. The presence of annotations does not change
the runtime semantics of the code, except if some mechanism is used that introspects and uses the

annotations (such as dataclasses or functools.singledispatch()).

By default, annotations are lazily evaluated in a annotation scope. This means that they are not evaluated
when the code containing the annotation is evaluated. Instead, the interpreter saves information that
can be used to evaluate the annotation later if requested. The annotationlib module provides tools for

evaluating annotations.

If the future statement from __future__ import annotations is present, all annotations are instead

stored as strings:
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>>> from __future__ import annotations
>>> def f(param: annotation):
>>> f.__annotations__

{'param': 'annotation'}
P

filE
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file_input = (NEWLINE | statement)*
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o EVa—NLEWNIENT L L X,

o exec() TEINIXXFHNEHEXEN T 5L %,

9.3 XA

WEEE— FTOANE, UROSGED FITHXX T S L 3

interactive_input = [stmt_1ist] NEWLINE | compound_stmt NEWLINE

HEEE— FTIE, (Fy 7L D) BEXDRBRICEAT2 AL TIRRLRNWI LITHER LTI W,
UL, BEEXDORIGZ =PRI T 27D DFH0D & LTRHETT,
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eval_input = expression_list NEWLINEx*
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# PEG grammar for Python

# START OF THE GRAMMAR

# General grammatical elements and rTules:

#

# * 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 2f the first pass fails to parse, a second pass including the invalid
# rules will be ezecuted.

# - If the parser fatils 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):

#

# rule_name: expression

# 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_typel]: expression

(RDR=V1Hi <)
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If the return type is omitted, then a votd * is returned in C and an Any in
Python.
el e2
Match el, then 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 inm the group like '(e)*')
[ e] or e?
Optionally match e.
ex
Match zero or more occurrences of e.
e+
Match one or more occurrences of e.
s.et
Match one or more occurrences of e, separated by s. The generated parse tree
does not include the separator. This is otherwise identical to (e (s e)*).
&e
Succeed if e can be parsed, without consuming any input.
e

Fail if e can be parsed, without comsuming any input.

Commit to the current alternative, even if it fails to parse.
e
Eager parse e. The parser will not backtrack and will immediately

fail with SyntazError <f e cannot be parsed.

HOFH R OFH OB OB R OHE R R OHE OHE O R OH W W OW oW oW oW oW oW OW oW oW OW W™ OB OB R OR R

# STARTING RULES

file: [statements] ENDMARKER

interactive: statement_newline

eval: expressions NEWLINE*x ENDMARKER

func_type: '(' [type_expressions] ')' '->' expression NEWLINE* ENDMARKER

# GENERAL STATEMENTS
#

statements: statement+
statement: compound_stmt | simple_stmts

statement_newline:
| compound_stmt NEWLINE

(RDR=DZHEL)
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| 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 ]
| ("(' 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:
I V4=
(RDOR=VIFiL)
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[

| e
| 'e=
| /=
| %=
[ &=
| =
| 1~=1
| <<=
[ '>>="
[ kk=!
[

|//=|

return_stmt:

| 'return' [star_expressions]

raise_stmt:
| 'raise' expression ['from' expression ]
| 'raise'

global_stmt: 'global' ','.NAME+

nonlocal_stmt: 'nonlocal' ','.NAME+

del_stmt:
| 'del' del_targets &(';' | NEWLINE)

yield_stmt: yield_expr
assert_stmt: 'assert' expression [',' expression ]
import_stmt:

| import_name

| import_from

# Import statements

import_name: 'import' dotted_as_names

# note below: the ('.' | '...') is necessary because '...' 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 ]

(RDOR=VIFiL)
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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:
| 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]
(RDOR=VIFiL)
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slash_with_default param_with_default* [star_etc]
param_no_default+ param_with_default* [star_etc]
param_with_default+ [star_etc]

star_etc

# Some duplication here because we can't write (',' | &')'),

# which is because we don't support empty alternatives (yet).

slash_no_default:
| param_no_default+ '/' ','
| param_no_default+ '/' &')'
slash_with_default:
| param_no_default* param_with_default+ '/' ',
| param_no_default* param_with_default+ '/' &')'

star_etc:

'x' param_no_default param_maybe_default* [kwds]

|
| '"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
#
# 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
(RDOR=VIFiL)
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annotation: ':' expression
star_annotation: ':' star_expression
default: '=' expression | invalid_default

# If statement

# oo
if_stmt:

| 'if' named_expression ':' block elif_stmt

| '"if' named_expression ':' block [else_block]
elif_stmt:

| 'elif' named_expression ':' block elif_stmt

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

| 'else' ':' block

# While statement

while_stmt:

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

# For statement

# _____________
for_stmt:
| 'for' star_targets 'in' ~ star_expressions ':' [TYPE_COMMENT] block [else_block]
| 'async' 'for' star_targets 'in' ~ star_expressions ':' [TYPE_COMMENT] block [else_block]

# With statement

# ______________
with_stmt:
| 'with' '(" ','.with_item+ ','? ')' ':' [TYPE_COMMENT] block
| 'with' ','.with_item+ ':' [TYPE_COMMENT] block
| 'async' 'with' '(' ','.with_item+ ','? ')' ':' block
| 'async' 'with' ','.with_item+ ':' [TYPE_COMMENT] block
with_item:
| expression 'as' star_target &(',' | ')' | ':')
| expression

# Try statement

# _____________
try_stmt:
| 'try' ':' block finally_block
| 'try' ':' block except_block+ [else_block] [finally_block]
| 'try' ':' block except_star_block+ [else_block] [finally_block]

(RDOR=VIFiL)
189




The Python Language Reference, 'J1)—2X 3.14.0a0

(RIDR=I D5 DR E)

# Except statement

except_block:

| 'except' expression ['as' NAME ] ':' block

| 'except' ':' block
except_star_block:

| 'except' 'x' expression ['as' NAME ] ':' block
finally_block:

| 'finally' ':' block

# Match statement

match_stmt:
| "match" subject_expr ':' NEWLINE INDENT case_block+ DEDENT

subject_expr:
| star_named_expression ',' star_named_expressions?

| named_expression

case_block:

| "case" patterns guard? ':' block
guard: 'if' named_expression

patterns:
| open_sequence_pattern

| pattern

pattern:
| as_pattern

| or_pattern

as_pattern:

| or_pattern 'as' pattern_capture_target

or_pattern:

| '|'.closed_pattern+

closed_pattern:
| literal_pattern
capture_pattern
wildcard_pattern

value_pattern

sequence_pattern

|

|

|

| group_pattern
|

| mapping_pattern
|

class_pattern

# Literal patterns are used for equality and identity constraints
(RDOR=VIFiL)
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literal_pattern:
| signed_number !('+' | '-')
complex_number
strings

|

|

| 'None'
| 'True'
|

'False'

# Literal expressions are used to restrict permitted mapping pattern keys
literal_expr:
| signed_number !('+' | '-')
complex_number
strings

|

|

| 'None'
| '"True'
|

'False'

complex_number:
| signed_real_number '+' imaginary_number

| signed_real_number '-' imaginary_number

signed_number:
| NUMBER
| '-' NUMBER

signed_real_number:
| real_number

| '-' real_number

real_number:
| NUMBER

imaginary_number:
| NUMBER

capture_pattern:

| pattern_capture_target

pattern_capture_target :
I !n_u NAME !(l.l I |(| | |=|)

wildcard_pattern:

value_pattern:
| attr rC .t |t | =)

attr:

| name_or_attr '.' NAME

name_or_attr:

(RDOR=VIFiL)
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| 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+ ','?

maybe_star_pattern:
| star_pattern

| pattern
star_pattern:
| '"x' pattern_capture_target

| 'x' wildcard_pattern

mapping_pattern:

| |{| l}l
| '{' 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+

(RIDR=I D5 DR E)
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keyword_pattern:
| NAME '=' pattern

# Type statement
type_alias:

| "type" NAME [type_params] '=' expression
# Type parameter declaration
type_params:

| invalid_type_params

| '[' type_param_seq ']'
type_param_seq: ','.type_param+ [',']
type_param:

NAME [type_param_bound] [type_param_default]

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

type_param_bound: ':' expression
type_param_default: '=' expression
type_param_starred_default: '=' star_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:
| "' bitwise_or
(RDOR=VIFiL)
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| expression

star_named_expressions: ','.star_named_expression+ [',']

star_named_expression:
| 'x' bitwise_or

| named_expression

assignment_expression:

| NAME ':=' ~ expression

named_expression:
| assignment_expression

| expression !':='

disjunction:
| conjunction ('or' conjunction )+

| conjunction

conjunction:
| inversion ('and' inversion )+

| inversion

inversion:
| 'not' 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:

[ ("!=' ) bitwise_or
lte_bitwise_or: '<=' bitwise_or

1t_bitwise_or: '<' bitwise_or

(RIDR=I D5 DR E)

(RDOR=VIFiL)
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gte_bitwise_or: '>=' bitwise_or
gt_bitwise_or: '>' bitwise_or
notin_bitwise_or: 'not' 'in' bitwise_or
in_bitwise_or: 'in' bitwise_or
isnot_bitwise_or: 'is' 'mot' bitwise_or

is_bitwise_or: 'is' bitwise_or

# Bitwise operators

bitwise_or:
| bitwise_or '|' bitwise_xor

| bitwise_xor

bitwise_xor:
| bitwise_xor '~' bitwise_and

| bitwise_and

bitwise_and:
| bitwise_and '&' shift_expr

| shift_expr

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

| sum

# Arithmetic operators

B
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

(RIDR=I D5 DR E)

(RDOR=VIFiL)
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| await_primary

# Primary elements

# Primary elements are things like "obj.something.something",

"

1, "obgh ..

awvait_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'

| strings

| NUMBER

| (tuple | group | genexp)

| (list | listcomp)

| (dict | set | dictcomp | setcomp)
|

1 1
| '('" (yield_expr | named_expression) ')'
# Lambda functions
lambdef:
| 'lambda' [lambda_params] ':' expression

lambda_params:

| lambda_parameters

(RIDR=I D5 DR E)

"obj[something]", "obj(something)

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

# 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]
| "' ',' 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:
| '{' annotated_rhs '='? [fstring_conversion] [fstring_full_format_spec] '}'
fstring_conversion:
| "!" NAME
fstring_full_format_spec:

| ':' fstring format_spec*
(RDOR=VIFiL)
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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 ']'

setcomp:

| '{' named_expression for_if_ clauses '}'

(RIDR=I D5 DR E)

genexp:
| "(" ( assignment_expression | expression !':=') for_if_clauses ')'
dictcomp:
(RDOR=VIFiL)
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(RIDR=I D5 DR E)

| '{' 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 )* [',']

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

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

| star_target ',

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

| target_with_star_atom

target_with_star_atom:
(RDOR=VIFiL)
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| 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
| del_t_atom

del_t_atom:
| NAME
| '(" del_target ')'
| '(" [del_targets] ')'
| '[" [del_targets] ']’

# TYPING ELEMENTS
# type_expressions allow */** but ignore them
type_expressions:

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

| ','.expression+ ',' '#' expression ',' '**' expression

(RIDR=I D5 DR E)

(RDOR=VIFiL)
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(RIDR=I D5 DR E)
','.expressiont+ ',' 'xx' expression
'*' expression ',' '*x' expression

|

|

| 'x' expression
| '#x' expression
|

','.expressiont+
func_type_comment:

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

# END OF THE GRAMMAR

# START OF INVALID RULES
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8%

>>> -
Fi% (interactive) ¥ = WIZBF 5T 7 4V b® Python 7a > 7 b TF, 4 ¥ X =71 X —TxfEEM
CEfFENZa—-FHITEIL AT T,

X
DHDHREZHNET:

o MEEM (interactive) ¥ = MTBWT, A ¥ F ¥ bESNa—F7ay 7, MGT 2 EHDXYID
XEOR AR, AR BEEIN. =ZFHSHF) oA, Far—x—ofRic, a—-Fz2 AN
BERICFRENS T 7 4L+ D Python 7> 7+ T,

o HHAAADER Ellipsis

abstract base class

(MREES 7 R) fIREIK Y 7 21F duck-typing 25T T 2 d DT, hasattr() REDHDT 7 =v
7 TREINBHFTH 572 D IDICEE S (B2 magic methods DBE) \BETA ¥ R —T 2 — A% EHR
FBHERRM L EF, ABC ERA (virtual) 72 5 AFHALE T, SAUIELY T 2 6 MK L
FHAD, ZNTD isinstance() X issubclass() IR ENFET; abc T 2 —ILD FF 2 X
YR ESHBLTLZE W, Python 1k, £ OflARAA ABC BRI TVWE T, DRI,
(collections.abc EY 2 —/LTC) 7 — X, (numbers £ 2 —/LTC) . (io EY2—1LT) A b
Y —24, (importlib.abc E¥ 2 —JLT) 4 Y K— b7 74 Y Z/PFB—X—T7F, abc EL 2 —L%
FHLTHE®D ABC Z/ERTZ¥£3,

annotate function A
function that can be called to retrieve the annotations of an object. This function is accessible as
the __annotate__ attribute of functions, classes, and modules. Annotate functions are a subset

of evaluate functions.

annotation
(77 7—=>ay) B 77 2@ BEBDART X —220RDEICEFRT 2 70T, EilickD
type hint £ LTHEONTVET,

Annotations of local variables cannot be accessed at runtime, but annotations of global variables,
class attributes, and functions can be retrieved by calling annotationlib.get_annotations() on

modules, classes, and functions, respectively.
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See variable annotation, function annotation, PEP 484 PEP 526, and PEP 649, which describe

this functionality. Also see annotations-howto for best practices on working with annotations.

51# (argument)

(FE518) B ORI, BBEL (7203 XY w F) ICEIET Y, EIBE 2@ D 9

o F—TU—FR5%: BEMECH L OBICEIEBDORNIHEBI T2 oWz b D (fl: name=) R, *x IZHil}
J-EEOHOEE L THEINZGE. FlZE. KD complex() OMUIHLTIX, 3 & 5 % —
7 — F5lETs:

complex(real=3, imag=5)

complex(**{'real': 3, 'imag': 51})

o fIBSIE: ¥— U — FEIEDLIANDFIEL MEFIBUXSIEY X b DETICEL 22 TE, /2 %12
Wit 7z iterable DEFL LTETIENTEET, XX ROFITIE 3 & 5 1 XMAHEAES IE
T9:

complex(3, 5)
complex(*(3, 5))

3 B MOEIRC BV CTHRI E D1 — A VERITH D M T o R E T, #DYTEITS AL
T WUH L (call) BBRLTLEE D, SV Ry 7 ACBWTEIMERTEDHICH 50 5% M
5 e MR T, FHES A E T — A EBCE D ST BT,

k512 . FAQ @ 5 RGIBDENIATYA2? . PEP 362 2L T 7ZE W,

asynchronous context manager

(FEEHa > 7 XA b~ =T %) __aenter _ () & __aezit__() XY v FEEFRTSI LT async
with XNOREZEM T 24727 FTF, PEP 492 TEAINE Lz,

asynchronous generator

GERAY = L — &) asynchronous generator iterator %R 3T I T T, async def TEFRI N
A —F VRBITITOETH, yield REFORTRELED X3, yield R async for L —7T
HFHTZ2EOWM T ZERT 2DIHHEINE T,

BHIZIEAY = 3 L — X BBEHE L E 3, XRICE > TR IERBS zRL—21TL—% 2875
GEhRH D ET. BRENERI S THRWES, FBRLO 7015t 2R B2 EA L £9,

FEFEAY = 2 L — 2 BENTIE. async for XX async with X7ZW TR await RbDHD I DD
D¥ET,

asynchronous generator iterator

(GERIY = 2L —& 4 7L — &) asynchronous generator B THEREINE LT 27 M TT,

ZAUX asynchronous iterator T, __anext__ () XY v K& TN S & awaitable 7 = 7
FEIRLE T, ZOD awaitable 7 7Y =7 ME. KD yield RETIEFAAY = 1 L — XEROAREKE
FEITLET,

& yield TE—RINCUEZFH L, ZDHOETIRE (20— I VERPRETD try X2 80) %
FEELET, RS I RL—RATL—2 2 __anext__ () TRIN=MID awaitable THRERICH

204

18} A = F5E


https://peps.python.org/pep-0484/
https://peps.python.org/pep-0526/
https://peps.python.org/pep-0649/
https://peps.python.org/pep-0362/
https://peps.python.org/pep-0492/

The Python Language Reference, 'J!J—2X 3.14.0a0

B3 21CiE. 2odhE S RIZNE T, PEP 492 BX U PEP 525 #ZB L TL X W,

asynchronous iterable
GERIBAA 72 7 V) async for XOHPTHHTE 247227 T3, BHD __aiter__ () XAV v
R 5 asynchronous iterator 2R ERFIUIR D E¥ A, PEP 492 TEHAZXIE L7,

asynchronous iterator
EMA 7 v —&) __aiter__() & __anezt__ () XY v FERE LA T/ bT
3o __anext__ () & awaitable X 7Y =27 P RIBIBRITNIE KD £ A, async for I
StopAsyncIteration B4 Z XM $ 2 £ T, FFFAA 7L —&D __anezt__ () XY v PR
awaitable 2R L £3, PEP 492 TEAIhE L7,

Hl
HF

(BM) A7y =7 McBEMIT o, Fy MRERICE - THATTHEEZHINLETT, HlRIX A+
TV b o BEN 0 BFEoTWBEE, ZOREMNZ 0.0 TSHEINE T,

F 7Y 27 M, @EF (identifier) EEUVF—T—F (keyword) TEFR I N2 #AF TIE R WA
DEMEEEZ 2P TEET, & 2L setattr() 2V, A7V 27 VB ZNEFHFAT LTV
BIATAET, O RBHEE Ry FREXTE 77X TEF, bDIC getattr() % {fi- TH
BRENDHH FT,

awaitable
(fPH%PTEE) await R THAT 2 Z PR EZ2 A 72 =22 N TI . coroutine >, __await__ () XV v
RBHBATY 227 b TT, PEP 492 2B L TLE X,

BDFL %=
R ZALH ML (Benevolent Dictator For Life) OB T3, Python OfF#. Guido van Rossum D
Z&T9,

binary file
(NAF VT 7 AN) bytes-like ZT TV b OFRARAABIVOEZIAANTES J7MILFTox
Ik TTe XAFV 774 0DHNE N4 FVE—=F ('rb', 'wb' or 'rb+') THINZT 7 4L,
sys.stdin.buffer. sys.stdout.buffer, io.BytesIO *® gzip.GzipFile. DA Y A X Y XA TY,

Str A7V 2 POBAEBEENTELZ 7740 F TP =7 MTOWTIE, text file BB TLZE W,

borrowed reference In
Python’s C API, a borrowed reference is a reference to an object, where the code using the object
does not own the reference. It becomes a dangling pointer if the object is destroyed. For example,

a garbage collection can remove the last strong reference to the object and so destroy it.

Calling Py_INCREF() on the borrowed reference is recommended to convert it to a strong refer-
ence in-place, except when the object cannot be destroyed before the last usage of the borrowed

reference. The Py_NewRef () function can be used to create a new strong reference.

bytes-like object
bufferobjects Z# R —hLTWT, C BFBOEKRT EHLE Ny 7 7 —Z2REAGELR LT TV 27 b,
bytes, bytearray, array.array . %< O—#&HJ7% memoryview * 7Y =7 P ZTHICY D X
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F, bytes-like A 7Y =7 MI, T—XEHM. A FV T 7 ANAANDRE. Vv NERHLULEER
. AL FUVF—REBERTZVWAWALREEEICHHAT 2 A TEET,

BOPOBIETREINAF VT —R2LEETI2LEDPDD ET, ZOREOFFa Xy PTIREL 75
AHE ZAJAEIR bytes-like A 7Y =27 M IKEKRLTOVWES, ZHEARER Ay 77 —F 7T =27 M
bytearray ¢ bytearray @ memoryview REDEZENE T, F/. MO DBRIETIIALE LA
T2 VDAL F YT =& (7 HAHLEHD bytes-like A 72 =7 b)) ZRHELET, U
bytes ¥ bytes ® memoryview A7V =7 M EENE T,

bytecode

callable

callback

32

("4 ha—F) Python ®Y —RZa— R, Python 702 4® CPython £ ¥ &7 ) X DNEEREL
THIZNA FA—FANE Ay R LENET, N ba—Fi& .pyc 774 MCF vy adi, FAL
77 AN ZEHIZFITINZ 2R EDEHRICRDET (Y—RA—=FhPHNf Fa— FANOHED
AV RAOVFEEINET), 20 7 HEEEE (intermediate language)” (&, & & D N4 b a— Rt
JoF ZHEMEEEFEITT 2 (REEYY Y TEMET 2 WA KT, HERERL LT, N1 ba— FIERR
% Python fRfE~ > Y RITENIMET 2 Z 2=, Python VY — XA TLETH 3 Z 2 3HFIhT\WE
A

NA Pa—FOMES—EiZ dis ES2a—L ZHDHET,

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.

(T—rsy 2) FRO B IR THITE N B DI L LTI S5 B

(ZIFR) A=Y —ERA T2 7 VEMERT 27007 T L=+ TT, 77 AERIEE, 2DF T
ADA VARV A LOBERT 2RV v ROEREEAET,

class variable

(275 2AZH) 75 A LICERSN, Z7FALRLT (DFD, 753ADA VAR YA ETIERELIZ) &
HIN2Z e ZHNE LTWAEHKTY,

complex number

(BERH) L<HLNTOREBREILRLEDDT, TNTORIIER EHoOME LTRINET,
RS RBEEANT (-1 OFEHR) ICEBEHIT 2D DT, —RICBETIZ 1 eErA, T¥TIEj &
I E T, Python I3EFBICHAAATHIEL, BREOEKGLEZM > TWE T, BHIEKREC j 20
TEEFET, XX 3+1j TF, math Y 2 —VOEREBREFAH T 21213, cmath 2#HVWE T, &
FROMEH I D SEREFOREET T, HEMHZET TR, SIEFEVREHLTLEST
WTL x5,
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context manager
An object which controls the environment seen in a with statement by defining __enter__ () and
__ezit__ () methods. See PEP 343.

context variable
(A TFRAPER) av T F A MIMKFEL TRRDMELZFOLER, UL H2ERD[ENS L2 DFAT
ALy RTELZDEFEZAL Yy FRE—ALVA L —=YRBTVET, L2Lary7FIAMEKTIE. 12
DFETAL Y FIZWLK DDA Y TFAMBH DG, 2y 7 F R ERD RS2 IEFE B 2 2
7 DEDBIFTI, contextvars ZSM L TL X W,

contiguous
(B, 8f) Ny 7 7 DI C8Bft $£721% Fortran #Bf: THREAIIC, TONy 7 7 EEKE LT
WBEAREET, LuXRe Ny 7 71k C #HiThHD Fortran #iE T3, —RLOESITIX, ZDHE
RN TREY LTHET 2 L5 CREIN, RFEPLRrOHE DI T EF T E S, 2X
TLOD C-H#i Rl TId, XEV 7 F L RAMICERZ K 5 BRIIRER DI A FHRANTLED 5 DITH L,
Fortran @i R CIIEA OB A FORRINCE 2 F 5,

JL—=F>
(A=) ar—F 37N —F DL RNZIEXTT, 71 —F I RD SRR
PHAD. Blokd s S, o HE T, aL—F L ICFZ L OfkL RHIEPH A, 1B, HIT
B2IEMTEET, IN—F U3 async def XTHEETEXFET, PEP 492 2ZHL T ZE W,

coroutine function
(aN—F VB coroutine A 7Y =7 P RIRTBETT, ar—F VBEUT async def X THEE
S, await, async for. BI WY async with ¥—V—F2FoZ ek ET, bl PEP
492 TEAZINE L,

CPython
python.org THIAF XN TWA, Python R 7 F 3 ¥ 7 SiEOEERNLEETT, "CPython” W5
HGEIX, ZD%EE% Jython % IronPython &\ o iy XIS 2 BN E ZHEICHIH IR
£,

decorator
(Fav—=x) HloBEK IR TS T, @E, ewrapper M CHIBEH L L CGHEHAINE T, 7aL—
2 DO—RH 72 M ARFNZ. classmethod() ¥ staticmethod() TI,

TAL—RONIRET YRy 7 A2 aH—TF, RD 2 OOBBERIFRMICFATL DT

def f(arg):
f = staticmethod(f)

@staticmethod
def f(arg):

FUHEEDN 2 ZRACBHFELETH, HDEDEDLNELA, 7AL—RXIZOWTH LR, BHEERE B
FEIVFRAEEDODRFF XY FEBRLTLILEZ N,
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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.

TARAZVTEZDRXY v RIZBE L TOFME. 7RA2UTAE (descriptor) DFEE % Descriptor How To
Guide ZBRL 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
(FFEMNTIKRED) iterable NORTH 2 WE—HBOERZMMH L T, ZORRP 52 2FELIR ST 3 > %
7 N3EEZH TS, results = {n: n ** 2 for n in range(10)} £ T3¢, F—n Zflin *x 2
WA 28 FEZAERLET, VAR £&. HEORTE 2SR TV,

dictionary view
(fFE L 2 —) dict.keys(). dict.values(), dict.items() 2HRTA TP =7 b TT, FEHDIHHE
DERE 2 — 2L FT, TbbE, HEILEINLI L a— 322 KML $7, &L 2—
ZIRHIFNICSER Y 2 M 311E list (dictview) ZHHA L TL 72XV, dict-views 2ZE L TL
7EE 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 )
23727 IPELWVWA YR =T 2= 2o TWEPERETIDICA TV =7 FORMERZNT
077 IVIRARANLTT, bbbz, Bt 7Y =227 b XY v RRBEEDMENZ D Hbhizh
LET, (FELDEIIKAZT, 7EADEIRKEITIE, FHUIT L THB,)) A VYR —Tx—2R
FRIIDEHTZ T, EFELFTHA v Ehza—RiE RVE—T7 4 v 7 BREERFF L CHRIMEE
MLXEET, Xy 7 XLV 7E type() X isinstance() WKL AHEZBITE T, (2L, XV
IRAVY 7% HREEV SR THETA2IdTEET, ) 2ofb b, MAMIC hasattr O
Ee BAFP 7u27 oI v 7% FHALET,

EAFP
MERA % L 2 X DEFL%ZF 5 DA (easier to ask for forgiveness than permission, ~—7 4 — Dk
AN DIETF, Z® Python TIAL b TWwda—74 Y FRAXAL LTI, BEFTENRF—E
WDTEET 2D EREL. ZDRED > TORGE N ERHIEL £ T, ZOMBRTFRIFI3
A—=FT 4 YT ARA M, try XBXY except XBL ZADZOPRETT, 2077 =v7
. CDEIREHETILLMMORTNS LBYL ZAX AN EXRINIZ S DT,
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evaluate function A
function that can be called to evaluate a lazily evaluated attribute of an object, such as the value

of type aliases created with the type statement.

expression
(R) MroEe iz s, —F2 ¥ DO (a piece of syntax) T, Wz 2L, XL dV 7
Fob. &Hil BT 7R HAFPEBETCH LAY, HZETAOERZOBAENRTT, o%<
SiErEWV, Python TIEEOE2TOMBERNIR L WVWIDIITIEDH D VA, while DX T,
R L TR X dHDET, RABATIERLIXTT,

extension module
(LEREY 2 —L) C % C++ THEIPNZEY 2—L T, Python ® C API 2F|fH L T Python 27
PL—HF—a—FeeLhebhLET,

f-string
£ R B MSEREEIC W SCFAN Y T I uE Yestring” LRI, TR TA—Tw FEAXE
TSI OEMFEKOZ/FTT, PEP 498 3B L TL X\,

file object
An object exposing a file-oriented API (with methods such as read() or write()) to an
underlying resource. Depending on the way it was created, a file object can mediate access to
a real on-disk file or to another type of storage or communication device (for example standard
input/output, in-memory buffers, sockets, pipes, etc.). File objects are also called file-like objects

or streams.

T7ANT T 27 MCBEBICE 3EELDEST: O NAFUV—=T7A)L, Ny 7 7ENi= NA
F)=T7A)l, ZLTTFALT 70 TF, A V& —T7 x4 AF 10 EY 2 — L TERZINLTWV
FT, 77ANK T =0 bEAELIERERN L ITEX open () BIEEES Z 2T,

file-like object
file object L FRIFTT,

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

encode Unicode to the operating system.

T7ANTATLDIYA—F 4 Y7 TlE. TRTH 128 N4 PUTRRIEBITFTa— Rz en
BEEINBLTERDFERA, 77 ANV RTLADLY A—F 4 V7T INPREE XN D - GG
X, API BE%(%® UnicodeError ZEH T3 2 eH D T3,

The sys.getfilesystemencoding() and sys.getfilesystemencodeerrors() functions can be

used to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the
PyConfig_Read() function: see filesystem_encoding and filesystem_errors members of

PyConfig.

See also the locale encoding.
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finder
(774 VR) A VE=PENTVBEY 2—LD loader DFERERITTE2A TV 27 b TT,

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 VR— k2 X7 Ls and importlib for much more detail.

floor division
(0 B CTHRE) —FD VBRI DI T 2 8 ARE. YO BTREEE AT // T3, flzIR 11
/] A 212D, ZRLEINPMCFENIEROBEORETIX 2.75 28 BoTE %3, (-11) // 4
F -2.75 Z INETVAHIC D25 FRE: BORBERADIDZITS) DT -3 12785 Z L ITHFERELTHL
72& W, PEP 238 2L T EE W,

free threading
A threading model where multiple threads can run Python bytecode simultaneously within the
same interpreter. This is in contrast to the global interpreter lock which allows only one thread

to execute Python bytecode at a time. See PEP 703.

EE24
(BEE) PPN LRNCEZIR S —EHDO XD Z T, BRI 0 U Ed 35|18 2T Z e BHkE T,
FEIEDFATRHTT IR ER T2 Z e AR E S, REIE. AV Y, BEESR 22RL TSV,

function annotation
(BA% T/ 7—>ay) B D S5 XA —=XIBDED annotation TS,

BT /) 7—>avid, @I EEYE OoDiffbhEd: HlZX. ZOBEEE 2 2D int BoD5]
BERS e HFxh, £7 int BIORDEEZFO LIS TVE TS,

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

return a + b

BT /77— a »OEE BRES O THRHEIATVET,

KEBEDFAD B % variable annotation, PEP 484, #ZML T XV, /2, 7/ 57— a v &F|
32279277 4 A% LT annotations-howto 3 BB L TL 72X W,

future
from __future__ import <feature> W3 future X X, 2> %4 T —IZfRD Python V U —X
TIEEY R IBYPEREEH L CHREDE  2a— L 2a A VT2 X5ERLET, __future__
EY 2—ILTIE, feature DED S 3EZ FF 2 XY MULTWES, TOEI2—L%EA VKR—F L,
ZOERETE S 5 Z & T, FREELPRINCSIEEICEMENZDITVwO0Re, WOFT 7 4L MR 20
(2720378 0720) ZRZ Z e TEE T

>>> import __future__
>>> __future__.division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection
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vy b, EERSEEMRE UBET 2ERIN—YalL 7 X 2o ThHR—YaL sy ar2iT0g
To HR=VaAL I RF gc BV 2 %flio THRIFTE X3,

Jrxl—%&
(¥ =1L —2&) generator iterator iR TR T T, BEOBEBITMTVETH, yield REFORT
HigD EF, yield NiE, for V=S THEHTERD, next() B THEZ 1 23 OWMOE LD TE
5, HOWM P 24K T 2 DIHHEINET,

BHEEY AV —FBEBZRHRLET. Rk T P RL—RATL—F 2T HELHD X
T BRISNLEE®RPHS L TRVWEGE, AL DI B2 AL 5,

generator iterator
(YA —=&ATVL—2&) generator BAEITHEREINZ A TP =7 FTT,

yield D7 RIZRATFEITIREE (RFTEBRARUHEO try XX zale) ZaalE LT Wi —Kic
WranEd, SxRL—F4TL—2 HHEHINL . T LMNEZIIGL 3 (B OB FT
D 7= NTH LWIRED HF4GS % D & IR TY),

generator expression
An expression that returns an iterator. It looks like a normal expression followed by a for clause
defining a loop variable, range, and an optional if clause. The combined expression generates

values for an enclosing function:

>>> sum(i*i for i in range(10)) # sum of squares 0, 1, 4, ... 81
285

generic function
(=3 V vy 7)) Bz 2800 LR CRIEEZ T 2 B> SR 28T, MO LY
DEEZHCEZPET 4 Ay F7ATY AL DREINET,

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

generic type A
type that can be parameterized; typically a container class such as list or dict. Used for type

hints and annotations.

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the typing module.

GIL
global interpreter lock B L TLIZ&E W,

global interpreter lock
(Fa—=2A &7y Ry ) CPython £ ¥ X7V XBHFHLTWS, —EIZ Python @ /N1
FO—F 2ET32ALy RIZ—270TH2 2 RAET2HHATT, ZUTED (dict &Y
DEBELRMAAATREEL) 7P 227 VEFADFEKRET 71 21250 U THRBRIICL IR 5 DT,
CPython OEENS > INICRDET, A VX TVXERERY V7§58 T, wiLF Tty ¥=
SUNELBMHILD TR+ e FIEHZIT, 4 VR T REMHICTLF ALy RFILTE2 X512k D
N
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7272 L. R 2 VIO WL O DIIEEY 2 —iE, By ¥ a3tB R Y oEOE WL
3 5e EIZGIL ZERT 2 KO WCHREFENTVET, E£io. [/O WiHE T 258 GIL 135 IR
INET,

As of Python 3.13, the GIL can be disabled using the --disable-gil build configuration.
After building Python with this option, code must be run with -X gil 0 or after set-
ting the PYTHON_GIL=0 environment variable. This feature enables improved performance for
multi-threaded applications and makes it easier to use multi-core CPUs efficiently. For more
details, see PEP 703.

hash-based pyc

hashable

IDLE

(N T arR—=X pyc 7 7 A N) EHMEHBIT 272012, XET 2V —R7 7 4 VORKEFHRAIT
B Ny Y a2 FEHTAEIANL FPa—FDF vy v a7 7 ALV TT, FvvradshlcNA FO—F
DEE 2B T EZ W,

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 AA[ERF T 27 MAFEDF —REEDA A LTHZAE T, HEPELGDF— XK
BTy ¥ 2l foTWE 5T,

Python O A I 2 =X TNV RMAABALA TSI 27 NI IFEAEDBNANY Y 2aR[RETT, (VR MHED
£97) I2a—FTNRAVTFIENY T aPARET T, (X T NR frozenset DEIR) £ Ia—&T
ANy TR BRPNYy S aFRETHI L EDHNY Y af[fETT, I—WF—ERDZ FADA ¥
ARVATHZEIBRFATI 2 MET 74V P TAY Y adfETT, ZhHIE2T (AHZRVWT)
HEBHEFREIFEMMTH D Ny > 2l idO) L EshET,

Python Oft&EHFEEREE (Integrated DeveLopment Environment) & U7#E 558 (Learning Environ-
ment) TF, idle i& Python OFEMERREAMICFEMI N TV S ERNZEREDO LT 4 X f ¥ 2T
REREETT,

KA T T bk (immortal)

Immortal objects are a CPython implementation detail introduced in PEP 683.

If an object is immortal, its reference count is never modified, and therefore it is never deallocated

while the interpreter is running. For example, True and None are immortal in CPython.

immutable

(A I2=27N) FHEDEZRFFo/ATI 27 F T A I2a—XTNRA T =7 MTE, BE. X
FH, BIROEEXTIAREBDHDET, ThH6DA TV =27 PIERZEZONFER A, HOEZLESE
BRIIE, FileZe A 7Y =7 PRAFRLIRTIUIRD £ R A. 4 I 2 —Z TN ATY 27 ME FEE
DAy ¥ a @R 72 2 RN CTEHERFE 2R LT, HEOXF—BZ0HITT,

import path

path based finder »% import 32 €Y 2 — NV E2MERT 250 (X713 path entry) DV X+, import
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., 2OV R MIEH sys.path DORETH, 70— DEEEE v =D __path__
BErSBRET,

importing »

importer

3EY 2—)LD Python 22— FAHIDEY 2 —LD Python 2 — FTHZ 2 X 512F 3MNHETT,

Pa—VERLTE—FRTEFTI I, finder & loader DEESLTHHEIATI T b,

interactive

Python has an interactive interpreter which means you can enter statements and expressions at
the interpreter prompt, immediately execute them and see their results. Just launch python with
no arguments (possibly by selecting it from your computer’s main menu). It is a very powerful
way to test out new ideas or inspect modules and packages (remember help(x)). For more on

interactive mode, see tut-interac.

interpreted

Python &4 Y &2 7Y XKD FEETH D, 224 FFBOMMICMELE T, (N4 ba—Farxs
A IWHBDIC. TOXFNIBHKTTD, ) TITOALA Y RTYXFFELIZ, Y—Ra—KD7 74
N, ETEMFAREFRICL T FETIRI e Vo BER LIS, BHEETTEZIL2EKRLE
T A & TV XEROFTEZEE. a4 FEROFIELD BHFE/ TNy Z7OH 4 7 EE WS
DD, T TLDFEITE BN T T, WEEHN DS TLE W,

interpreter shutdown

iterable

iterator

Python £ Y& =7V X —d> v v P XU VY REFHINLFFZ, BV 2RI XRTOI VT 4 AR
NEHEZ 2 8D, TRTOMRL 72V Y — R 2 BRFERNCBS 2. File 7 = —XWCAD X5, 20O
72— AR=JOALVF 2EBEMFCHLEST, TAHCEDZI—F—ERDT AT 7 X —%
weakref 23— LNy IBIEUHINEZZ DD ET, v v MU Y7 2 —XHIZETENEa—F
. ZNPMKETZ VY — AR T TIEREL RV (KL HBHIE T4 75 Y —FY 2 — /L% warning
WTT) 72Dk & REISMCER L 3,

AVR—TVENT vy AU T EZEREHIZ __main_ TP a2 —IRETERTWERAZY T+
DEITHET LI TS,

An object capable of returning its members one at a time. Examples of iterables include all
sequence types (such as list, str, and tuple) and some non-sequence types like dict, file objects,
and objects of any classes you define with an __iter__() method or with a __getitem _ ()

method that implements sequence semantics.

Tterables can be used in a for loop and in many other places where a sequence is needed (zip(),
map(), ...). When an iterable object is passed as an argument to the built-in function iter (), it
returns an iterator for the object. This iterator is good for one pass over the set of values. When
using iterables, it is usually not necessary to call iter() or deal with iterator objects yourself.
The for statement does that automatically for you, creating a temporary unnamed variable to

hold the iterator for the duration of the loop. See also iterator, sequence, and generator.
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F—RXDMNERHT A T2 T, A TL—KD _next__ () XV vy FEEDIRLFFECHT
(£7213HAAABIE next ) ITHET) & MOWOTDHERZ —DFTDORLET, 7—X»BRIKLD L,
K DT StopIteration FIAf XML ET, ZORET, A 7L —2A 7Tz MIRETEBY, %
NP __next__ () RMIEFEA TS Stoplteration ZEHLET, 41 7L —XiX, ZDAfTL—
EAT7Y =27 PARZIET __iter__O) XYy FE2EELLTFNUILLLVDT, 4 7L —XEMoD
iterable ZXHE T 2I1ZL A YOG THHATEE T, FoZ D & LAEAMMIEROKRIEEZITS L5k
A—=FTF, list D&kS5K) ary7F4A7Y =27 M BHEZ iter() BBUCA 7Y =7 MITEL L
D for W—=TFWNTHS 20T, FlBREHDOA T L —XEERLET, e A TL—XTITES
352, BIEIOA 7L =y a Y THABEADRIUA TL—& A7 =7 b RBMIGR T /2, ZEDa
VTFDEIWRIE-oTLELET,

F 7 BRI typeiter 2B D T,

CPython RZEDF#l: CPython does not consistently apply the requirement that an iterator
define __iter__(). And also please note that the free-threading CPython does not guarantee the

thread-safety of iterator operations.

key function

keyword

lambda

LBYL

(F—BIE) *—BI%. H2 WAL IE. V- MRIEFLB D7 OfEZ R IO LATREA 7
¥z 2 b (callable) T3, 21X, locale.strxfrm() % F—BIUCHEZIE. 07 —UKFDOY — b D
BHEIZDo oY= F—2RLET,

Python %< OV — g F —BKEZITIR D EZOWM SIES 7L — A2 EH L £3, min(), max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby ) FE23H D £7,

F—BBEEZHEFTOL DD D £F, Bl str.lower() XY v FERXF/NXFxXHAIL
WY — 75X B LTS ZepHkE T, H5WE lambda r: (r[0], r[2]) O X
5 7% lambda 6 X —PEES Z LA TE LY, F/. operator.attrgetter(), operator.
itemgetter (), operator.methodcaller() ® 3 DDF - X+ 7A03HD 3, F—FK
DYED F7 2 N F DAE Sorting HOW TO 2L TL 72X,

argument S
58 2L T EZ W,

(7 L8) EHDA VT4 VBT, OOz 2 ICiHiixns 120 X 2E5AFF, 724
XA ZME S M lambda [parameters]: expression T3,

FZ 2130 DL (look before you leap)) DIETS, ZDaA—7 4 Y7 AXANVTIE, FFOH LR
ZAT O NS, BIRANCHTIZSEME (pre-condition) HIEZITWE T, FAFP 7 70 —F XHIT, of
XDz SAMDN S DRI TT,

<AF ALy MEINAEERETIE. LBYL 7 7e—F13 " B27 @i 7" R BREORSIREEF| &
BTV RIBHY ET, #HlzIE. if key in mapping: return mappinglkey] ¥ W5 a— FiZ,
HIEDE, DAL v RPERDHIC mapping 25 key FEDERS ¥R L F3, ZOMEIZ. vy
7520 EAFP 7 70 —F %25 Z e THHRTE£3,
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list 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
(VAMAEER) =7 YAHFOETH 2 WE—EHOERZUFL T, ZO/R»257%2V X P&k
T, AV T PRGIETT, result = ['{:#04x}'.format(x) for x in range(256) if x % 2
== 0] £32¥.0m5 255 FTOMBE 16 #EHEEREL (0x..) LEXXFI»HK2 Y R PRERL ¥
To if HildA TT a rTY, if HiLWIEE, range(256) DR TOEENUH XN LT,

loader €
Ja—lEa—RT34T7I 27 b, load_module() EWIZHIDX Y v REERL TLWARIFIUIR
DFERA, B—X—IZ—MBRINC finder 2> S5REINF T, FMllE PEP 302 %, abstract base class 1T
DWTIE importlib.abc.Loader ZHML T 72X\,

Oy —)IT>aA—5F4 >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
special method D < 721} 7z[AFKEET T,

mapping
(oY) FEOF—HEKEZ Y R—F L TWT, collections.abc.Mapping #* collections.
abc.MutableMapping @ HIREE Y 7 2 THRESI LAY vy FEERELTWIary 7+ 4
7Yz FT9, Bl 21X, dict, collections.defaultdict, collections.OrderedDict,
collections.Counter 7% ¥ T3,

meta path finder
sys.meta_path ZMEK L THE SNz finder. meta path finder & path entry finder £ BRIZH D F
T, BTy,

meta path finder 2352552 XY v FIZDOWTIE importlib.abc.MetaPathFinder 2SR LT 7
ISAAN

metaclass
(RRTFGR) VTADI FATT, VIRAEREZF, 77 R4, 77ADFHEL, HEIFADYV R+ %
EDET, XXI7I7RE, #ho 30%51 8 LTRIIMD, 27 AREZEMLEZEVET, LAY
DATY =7 MEAISHEE GRIE: X X7 7 AD) 77 4L b OEREZFRMEL TV E T, Python 23KE5
BDEFHARZLDRART FAZERTEZRTT, FLALDI—F—IZMWoT, X&XT7FRFIEL &
BEORWHDTT, L2L. —EDBETIE, XX FRFEHTZVLA Y " RAEZRELES,
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LRARE%ET 7 ADou kW ob, ALy Re—THZBIMLED, A7V =7 FDERZERL
b SN REETLIRE, ZLOBETHHINET,

FEllE AZ TSR ZBRLTLES W,

XYy R
(XY v F) 7 5 2AKEORTERINLB, 207 FADA Y AX Y ZADOBEEYE LTHROH S5
B AV Y FBA VARV ZAATY =27 PE— B8 L LTRUIMD £F (Z0HE—58I3EH self
CIENET), BE ¥ RA SN dBL TSV,

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—/)V) Python 2 — FOMBEN L LTRELHLATI 2V FTF, EV2—-NLVEEED
Python * 7Y =7 b 2 EOEFZERZRS £ 3, €Y 2 —d importing DAIRIZ X - T Python
W AAENE T,

NYT—2 Z2BRLTLIEZEWY,

module spec €
Ya—nEZu—FT30MHbhis A4 R—- FEHEOEREL L LATZM TS, importlib.
machinery.ModuleSpec DA Y A X Y A TT,

MRO
method resolution order ZZBHL T Z&E W,

mutable
(32—=RTN) 32—RT7NRF TV M, id) ZEZ DI REEZEETEE T, 12—
A7) BBRLTLIZE W,

”

named tuple
ZHIN E R TN LS HEEIE. RTAVZHMELTNT, 4 V7 v 7 AN S ERIIH LEMZE - T
D77 LA TELIEEDESLY 7 RICHZINTVWET, ZORIP Y 7 AIMOMEEDFf> T3 Z
EHHHET,

time.localtime() X os.stat() DR DEZ EZL WV O OHAABEINIAFI & 2 T LTF, A
DL sys.float_info TF:

>>> 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
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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

(BH12EHE) BRI E N 25T TT, HRIZEMIEHEE L TEESNES, AREMIEEA 7Y 22
FD (XYY FO) ARTFIZRo7b DT TR, AR O, KEHNLS D, 2L THAAALD
bOVDHD FF, HETEMIZHEIOEEZC ZICL o TEY a— MRV R— M55, HIZIZBEE
builtins.open ¥ os.open() WFHHIZEMTRAMESNTVET, /. EOEY 2 — IO K EELE
LTWa RS 2 Z e & o THARTZEMEATZE C RTFHEZ R L 3, HlZ1E. random.seed ()
X itertools.islice() ¥&FE k. ZNZFNEY 22—/l random ¥ itertools TEEINTWVSZ
EHHSLTT,

namespace package
(BATZEM Ay =) TR r—=Y0ary7Fre LTOAEMEINS PEP 420 TERI N
package TF o HHIZEM Sy =D 3N R RRA 2 FHFL RN e TE, __init__.py 774 V%
Rl w7z, reqular package ¥ 138D 3,

module ZZHR L TL 72& W0,

nested scope
(AR P ENTRa-T) SMITERIN TV L ERESIRT 2AET T, PRI, D2 BRI DRI
DOFTERIN TV SEE. NAOBBISMIOBBToER-ESRTEXT, A XA ShkRa—7
&7 7 4V P TREBOSRIEZINTE, BHORARTERVOTERLTLLI WV, n—hERK
F. ROAMDR a—FTEBEHGAEE LET, A, 70— "VEHZMES & 7 — L2
BOEEFAEEZ L E T, nonlocal THMIIOZEICEZADE T,

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

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

—_—

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

object
(A7 =7 b)) RE (BERHE) EBINLRLZEN (XYY F) 25208 TOT—%, d LI
ETO HFIAFZAINI SR DFEMWMOEIE S S ADZ L,

optimized scope
A scope where target local variable names are reliably known to the compiler when the code is
compiled, allowing optimization of read and write access to these names. The local namespaces
for functions, generators, coroutines, comprehensions, and generator expressions are optimized in
this fashion. Note: most interpreter optimizations are applied to all scopes, only those relying on

a known set of local and nonlocal variable names are restricted to optimized scopes.

package
(R =) B TEY 2 LPHRNNCH TRy r =Y 2802 DR S module DZ 2 TF, &
IR, 28w =13 __path__ @M% > Python A 7Y =7 + T,

reqular package £ namespace package B L TL 712 &0,
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parameter
(R51%) %A ORET B (2 XV Y F ) DERICBWTHEART 2 R3I18H 2HEHELET, K
IR 5 EED D £

o MEFEEF—T—FK: UE THLIWE F—T7—F5|H 2 LTEST I TEL5|8EEELF
Fo ZHUIFE ZIEBLRD foo = bar D& 512, T 7 4L b DRFIBOFEETT:

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

MEBEHH: MEICL>TDAGRONL5MEREL T, MEFEHOTIEI BEERDT BV
ATNDHTENLDHRAIZ /) ZEDDHI L TERTEET, HIZIETED posonlyl ¥ posonly2
EAEERAS IR D £3

[def func(posonlyl, posonly2, /, positional_or_keyword): ... ]

F—TJ—FEH: F—UV-FREoTOALGZLNZ5MERELET, ¥—V— FHEHOF %
ERTE BN, BIZIELITO kw_onlyl S kw_only2 ® X 512, BABEZEDREIEY R Mz
B EEMES I BE TR x DR T

[def func(arg, *, kw_onlyl, kw_only2): ... }

o TAIERNME: (MOR5IE TR SNTEDOMES BUIZ T) (EEOEH OB 1 BH 5 2
LNBZeRIEELET, 2D XS RFIEIZ. LLTD args ® & 5 IRGIBH DRI * DT 5
Y TEERTEEI:

[def func(*args, **kwargs): ... }

AIZRF—T7—F: (ORI TEICRZ T ONLMEREDOF— 7 — FEEICMAT) EEOAKD
F—U— R BNE5X5NB2 2 2BEELET, 20 L5 k518K, LOBID kwargs D X 512
R DN *x EDIF 2 L TERTEET,

REIEEA T2 a v e HBEDEIBDOEL HBIEETE, A7 ar0s[cidT 7+ MEBDIEETE
9,

RE1% . FAQ @ FE5IBE W51 DEVIIMTI2? . inspect.Parameter 7 7 A, B#ERE £~
vav, PEP 362 ZZRLTIEEW,

path entry
path based finder 73 import § 2 €Y 2 —)LE2ET import path £ED 1 DDGFITT,

path entry finder

sys.path_hooks IZ® % callable (D% D path entry hook) 23R L7 finder TF, G R 6N7 path
entry IWHBEY 22— BT B HEEZH>TVWET,

RAZY P —=T 74 Y EDPEETZ XY v FIZOWTIE importlib.abc.PathEntryFinder %%
RLTZE W,

path entry hook A

callable on the sys.path_hooks list which returns a path entry finder if it knows how to find
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path based finder

modules on a specific path entry.

Ny

7 )V D meta path finder @ 1 D&, €Y 22— D import path ZHRKEL F T,

path-like object

(path-like #7227 b)) 77 A NS AT LRRA%ZRKLF T, pathlike 7 =7 Md, R %2HK
T str A7V P bytes £ 7V 27 b, F721X os.PathLike YR ha L ZRHEL ATV =
ZbDENDTT, os.Pathlike YR Fa %P K—-F L TWVWELF 7Y =7 M os.fspath() %
MUOHT 2T str £7201X bytes D7 7 A VT AT LRAWZEMMTEE T, os.fsdecode() ¥
os.fsencode() IZZNFN str HBWVIX bytes ICRZDERAT 2D EF, PEP 519 T&
ASNE L7,

PEP
Python Enhancement Proposal, PEP 1, Python 2 I 2 =7 4 I L THEHRZERMET 2. H2 W0
Python OHFHERES Z DBESLIRIFICOW TR T 2HEFET T, PEP &, HAEICOWTOfEER
FRIHERR L 1B R 5 2 RE Ol (BlER) 212 2 NE T,
PEP . FBREDIREICO D5, 22 =7 4 I X AMEREDEM . Python 127 XN 2 8%aTHTRET
DOXEND 7D DR O 22 2 ZBERLTWES, PEP OFEIKIZII 2 =T 1 NOEE
FEEZIT> 2. RMNEREZEXENT2Z0BEBELH D £73,
PEP 1 22 L T EZ W,

portion
PEP 420 TERINTW3, namespace package BT 5, DT 7 A DS (zip 7 7 4 VK
EINTVEHELDH D) 1 2DT 4 L7 MV EHE b D,

{iIi&5 % (positional argument) =

518 2B TS0,

provisional API

(BE API) 5 Z 4 75V %7 BHEREED SFHHANCRA I N DTT, 2D LKL V& —
T2 —ANOKREREZHEII, TETHZLINTVAMZHINTWERADL, a7HREEHEICL-T
MY AR EInIUL, BAEERREE (L X —7 2 —ADHIRETETN D) PMTbhiET, Z
D ESBEBRIOLRAIITONE DD TIED D FHA - ZHUX API ZHAALENCIERZ STV
TERKBRMEPFBERE L2 2ICOATbIE T,

TE APT IZoWThH, BATEHMORVWAER R RETFE) LARINTHET, MERIHIL L
GE T R AR BIRREZRTRETT,

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

provisional package

provisional API ZZIRLTL X W,

Python 3000

Python 3.x VUV =254 D=y 73 —LT7T, (Python 3 2 EWIERDFE o FEHITES N E
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¥, ) "Py3k” LBENBZ L b HD T,

Pythonic fth

BB T RN E 2T THINIza— F TR L, Python ORISR A 7 4 F 2o 7B 2

Fiva— KR, BlZIE. Python O— %A 74 F A TIE for X&oTAT 7 ITNVDFTRTOHE

RICE-> TV —TLET, MMDZL DEFEICIEZDMHEMEAIEZR VDT, Python IZIENTHWRW AR
DOIBHED Y R =% H50d LOAFTHEA:

for i in range(len(food)):

print (food[i])

ZAUTH L. Ehwiz Pythonic 24K

for piece in food:

print(piece)

qualified name
(Bffi%h) €Y 2— N DI B—NVRA=T D0, ZOEY 2—LVTERINLZ TR, B XY v F
AD, "R BRT Ry MEEFLTY, PEP 3155 TERSINTVWET, vy FLNLOBEKSLZ 5
ATIE, BHitEA 7 =7 POAFTIER L TT:

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

pass

>>> C.__qualname__

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

>>> C.D.meth.__qualname__
'C.D.meth’

BV 2 AANOBRBTHbLN S 2, T2EMB (fully qualified name) IZTXRTOES Yy =% BT
2RO Ky AR, HlZ1T email .mime.text ZEMKL F 3

>>> import email.mime.text
>>> email .mime.text._ _name _

'email.mime.text'

reference count
BRIV H2F TV 7 VTN TE2SHROB ZRAVV DB 0K E 20X T
Pl MIWEINET, kit THDH, SEIV Y PR TEBEINRWZDICHEH D L THMREER
EhBEWATV 227 vdHDET, BRI Y MEEHEIZ Python @ a— F EICZBEAFEAD,
CPython FEOEERERTT, uro~v—F FEOLX T 27 bOBBAID Y MRl 572912
sys.getrefcount () BIZEMUOH T Z LR T T,

regular package =
M7, __init__.py 77 A VEELT 4 L7 MY 2 LTD package,
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namespace package B L TLIZE W,

REPL
"read - eval — print loop” OBHFEET, WEEE 1 Y X =TV X = = LD jl#,

_ slots___ 7
FANTDEST, A VARV ABHOEBED SN LUDERLTBE, [ VARV AFERHRT S
YT, XAEVEHHWLES, 2R XL HEbN277=2v 7 TTFMN, ELLFES KPP LEY v F—
DT, ks —2, BIZIEXEYDBEEREE 237 7V 75— a YT VAR Y AWRKREBIZEET
5, EWVot BRRE, HHDRVDBRA MTT,

sequence

An iterable which supports efficient element access using integer indices via the __getitem _ ()
special method and defines a __len__ () method that returns the length of the sequence.
Some built-in sequence types are list, str, tuple, and bytes. Note that dict also supports
__getitem__ () and __len__(), but is considered a mapping rather than a sequence because the

lookups use arbitrary hashable keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes

beyond just __getitem__ () and __len__ (), adding count(), index() contains__ (), and

__reversed__ (). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence

Operations.

set comprehension
(BEENTLKRED) iterable NORTH 2 WIE—EOERZWUH L T, ZOMREI LR 2EEERTa Y
XU PREEXFH T, results = {c for c in 'abracadabra' if c not in 'abc'} & 3 &,
{'r', "a'} LLOXFHNOFELZAERLE T, UA R £ HEORT 2SHLTILEI W,

single dispatch
generic function D—FETHEEZI—DODF BTz L DERINE T,

slice
(RFZAR) —RIZ =T 2R 0=z gt 7 2 by AT74RIF REREL [1 THEZONHE
BoBoMicanry2HEL e TEbNE T, HlZIE, variable_name[1:3:5] T3, AN (RF)
FEE slice A7 Y =27 b ENETHAHL TV E T,

soft deprecated A

soft deprecation can be used when using an API which should no longer be used to write new
code, but it remains safe to continue using it in existing code. The API remains documented and

tested, but will not be developed further (no enhancement).

The main difference between a ”soft” and a (regular) "hard” deprecation is that the soft deprecation

does not imply scheduling the removal of the deprecated API.
Another difference is that a soft deprecation does not issue a warning.

See PEP 387: Soft Deprecation.

221


https://peps.python.org/pep-0387/#soft-deprecation

The Python Language Reference, 'J1)—2X 3.14.0a0

special method
(FiFRkX Y v ¥) & 2 BNRE DRIE. BIZIEIEZ $ % 72912 Python 2 5 REEICHE I Eh 2 X
Yy Fo TOEEDXY v Fid, AV v FHORHIERRICIT VX =237 2 003200 TWET, Kk
AV RIZOWTIE %AV v FE TRHINTVET,

statement
(X) XIEAAL — b (a—FD” 7uvy 2") KRAIRBERTYT, XE R »F—T7— FholiEns
HDDEL LN TT, BEITE if. while, for BXHH FE T,

static type checker
An external tool that reads Python code and analyzes it, looking for issues such as incorrect

types. See also type hints and the typing module.

strong reference In
Python’s C API, a strong reference is a reference to an object which is owned by the code holding
the reference. The strong reference is taken by calling Py_INCREF () when the reference is created

and released with Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the
Py_DECREF() function must be called on the strong reference before exiting the scope of the

strong reference, to avoid leaking one reference.
See also borrowed reference.

text encoding A
string in Python is a sequence of Unicode code points (in range U+0000--U+10FFFF). To store or

transfer a string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as “encoding”, and recreating the string from

the sequence of bytes is known as ”decoding”.

There are a variety of different text serialization codecs, which are collectively referred to as "text

encodings”.

text file
(TFAPMTZ7AN) str ATT =7 M 2HAEEXTESD file object TF, LIFLIE. 7FA P77 74
WEFEBIIAAL MEFIOF =X A M) =217 7€ A L, TFRAMIYO=F 1 V7 ZHBHNITO
£3, 7F¥FAM7 74 LDFE, sys.stdin, sys.stdout, io.Stringl0 4 Y AR VAR EER T F A
FE—=F ('r' or 'w') THWAT 7 4L T,

bytes-like ZTV T b ZHAEFETEL 77 A4 T 27 PZOWTE NAMFUT7A1IL %
LTS,

triple-quoted string
(ZEZ +— MXFH)) 32008 L2 +— FilE (") T RRA a7 4 — () THERLLF, @
WD (—H) 74— FXFINIHARTRIT Z 3 XFINTENID D FHAD, EOorOMBTHAT
T 100 200K Ll +— FlEZZ A —HULICES 2D TEET L. 1T#kieFE () %
HORSTHEBITICE D2 DN TELZDT, FF a2 X YT — a XTI S IR R
T,
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type
(F!) Python 7 7Y 27 FOREA T 2 7 M BEDEI RO RRDET, HOLWEA T b
BHRIEE > TWET, A7V 227 D8NE __class__ BYHT7Z 272 AL%=D. type(obj) THUEL

7= HkRE T,

type alias
(x4 )7 R) WOPILT, HEMIITFICRA LTERL £,

M4y 7R3 Ber b 2HMLT 2DICHEHTTY, HlZIE:

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

pass

ZHIERDES I VAT TEET:

Color = tuple[int, int, int]

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

pass

FEEEDFIHD D % typing ¥ PEP 484 2SR L TL 2 X\,

type hint
(Ble >y b)) 28 7 7 2@ BB DS X =2 PBE D EOMIG SN BZIEET 5 annotation TT,

Type hints are optional and are not enforced by Python but they are useful to static type checkers.

They can also aid IDEs with code completion and refactoring.

Ja—NLVEKR 7I7RAEME BERT. o—-F LV EH TRV DDE L ¥ X typing.
get_type_hints() THUFTZ%J,

HEAEDHIIA D 3 typing & PEP 484 2BIL T &L,

universal newlines a
FAMNZ M) —LOBRIED DT, UFOTNTEITRLBML 9 Unix OFTHRBE "\n'.
Windows OFE '\r\n'. W\ Macintosh OFE '\r's FIHEICOWTHFHLLIE PEP 278 &
PEP 3116 ., X512 bytes.splitlines() 3L T X W,

variable annotation
(BT /7 T7—=>ay) BE-DH 5037 7 2ABMD annotation .

ZRDH DN 7 ABIEICHERZ 728 23, AABTRERETT:

class C:

field: 'annotation'

BT T7—aidBEEZEE R OO ET: FlXIE. ZOZEEE int ODEEXIRS Z &
PHIRXHATVWET:
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[count: int = 0 }

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

MEEDFBHDIH 5 function annotation, PEP 484 , PEP 526 2R LT & W, ¥/, 7/ 7 —
avERHTAERANTSTF 77 4 A2 LT annotations-howto HSHR L T L 720,

virtual environment
(IRARIRE) WYl D B S M 7= STEECF, ZAUCK D Python 2—H & 77U 7 —3 3 VA
UL AT 5 ETEHHINTWAMD Python 7 7V 7 — 2 YOBEENCFH T2 Z 2742 < Python Sy
=Y DA VANV ETEHFEITI LD TEET,

venv ZZHAL TL 2& W,

virtual machine
(R~ V) SERITY 7 bV 2 7 XD ERSN/23 Y ¥ a— &, Python O~ >id, N4 b
a—FRarX4 BRI LE N1 FO—F 2T LES,

Zen of Python
(Python @1&D) Python Z#HfE LIS 2 L TOEZ 725, Python OFETRAEIE H¥% VA MC
L7bDTI, Mehirm > 7 T 7import this” £ 32 ZDYRAMEHDET,
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8%

CORFaAXYMIOWVT

COFFaXyME Python D FFaX Y 2FELZEHNE L TESLAL FFaxXry ooy oD
Sphinx ZH|fH LT, reStructuredText B DY — 2 5L XNE LT,

FFaxXx>beZzoy — L #HoOBRIZ, Python B L FRRIZEEICRI VT4 7TOEHNTT, b LHREN
BEALZWAES, PO L3I FTHUT X WAIZDOWT reporting-bugs R—I % ZE RE W, HTLWLWEKRT VT 4
FIEVOTHEGNTY! GRIE: HAZEROMEIZOWTIX, GitHub £ ® Issue Tracker THiE 2 BE WL
i‘j—o)
EPNIRRT R

e Fred L. Drake, Jr., £V L ® Python FFa XY Y —ilty FOIERET, FFaX v D%

CEEXEF L
e Docutils 7B =2 b reStructuredText ¥ Docutils WV —bt v b Z{ERL F L=,

e Fredrik Lundh @ Alternative Python Reference 7R x 7 + 55 Sphinx 32 D74 F7 %218%F
L7z,

B.1 Python RF¥aX> + BEfE

%< DF 4 M Python §if. Python H#Z 4 751U Z LT Python F¥axX>7—a YIZHBLTL
NTVET, V—REMYD Misc/ACKS 12, ZRHEBML TSN AL ZEANCTIEH D ETHBVY X b
7y 7L THHET,

Python 2 2 2 =7 4 25 DERBE L BRI ZDORBEL LV R Fa X v 7—yayidEFhEEA
Tl -HhHHLS!
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BRr>1t>2X

C.1 Python DFESE

Python (& 1990 DA, * F ~ X2 H % Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/
ZHd) T Guido van Rossum I & 5T ABC &I N 2 SiEOBMSEL L TEALINE L, Z0HEE
L DAN4AD Python ICEBAL TWEF2, Guido 1345 H T Python B{EE DI > TVWET,

1995 4, Guido I &KET 7 =Y =7 ML X + >i2dH % Corporation for National Reserch Initiatives (CNRI,
https://www.cnrireston.va.us/ Zi) T Python OBFEICHED D, W D2hrDNN=Jar %2 VY —-RALE
L7z

2000 F 3 H. Guido & Python @ 2 7B¥F — 4 1% BeOpen.com 2 D, BeOpen PythonLabs ¥ —
LEFER LU E L7z, FH4E 10 H. PythonLabs ¥ — 41 Digital Creations (i ® Zope Corporation,
https://www.zope.org/ ZH) 12D £ L7, Z LT 2001 4. Python IZB3 2 HIKNMELZIRE T 270D
FEEFIFHRE Python Software Foundation (PSF. https://www.python.org/psf/ Z#) 23256 EIFE L7z,
Z D ¥ & Zope Corporation (¥ PSF O¥EI&BIck b E L7,

Python OV V) —R@3ETH -V V- (=72 YV —RDERKRIZ https://opensource.org/ ZZHRL T
EEWV) TH, BERANCAT, T —HZRUIZL A YD Python VY —2R1& GPL H#IZRo TV d; &
VY —REDOVTETRICEEDTHD X,

JJy—2 N—2 ii);=33 ¥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 2.142.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes

2.2 DIRE 2.1.1 2001-3ifE PSF yes
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AR

TGPL Hfft) W5 RHUX, Python 25 GPL TEAZIN TV WS EKTIEH Y £¥ A, Python D F
A RFL2T, GPL 2BV, BELA—Y a VERMTABIEE 2 — 7>V =R 2L ThHh
FWEHA, GPL H DS54 Y ZADRTIX. GPL TY VY —XXINTWAdY 7 b7 =7 ¥ Python
PHAGDELNETH, ZHLADI AV RATREZESITED D £HA,

Guido RO T, TNHDVV—RZARICL T L 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 incom-

plete list of these licenses.

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.14.0a0

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using Python

3.14.0a0 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 3.14.0a0 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001-2024 Python Software Foundation; All Rights
Reserved" are retained in Python 3.14.0a0 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 3.14.0a0 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

3.14.0a0.

4. PSF is making Python 3.14.0a0 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
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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 3.14.0a0 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.14.0a0
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.14.0a0, 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.

8. By copying, installing or otherwise using Python 3.14.0a0, 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.
(RDOR=V1Fil)
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(FiDR— 25 D %)

5. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be

bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its

associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
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
(RDR—=V ki)
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PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third

party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
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.
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.14.0a0
DOCUMENTATION

Permission to use, copy, modify, and/or distribute this software for any

purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

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
(RDR=V ki)
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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.

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 VYT7wvhk

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

(RDR=V 1K)
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SUCH DAMAGE.

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

(RDR—=V1Hi <)

234 18 C & B 51t



The Python Language Reference, 'J!J—2X 3.14.0a0

(FiDR— 25 D %)
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 Execution tracing

The trace module contains the following notice:

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko 0'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.

Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to

distribution of the software without specific, written prior permission.

C.3.6 UUencode and UUdecode functions

The uu codec contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.
A1l Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
(RDR=12Hi)
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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-
ABILITY AND FITNESS. IN 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.
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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 —E kqueue f Y Z— 7 2 — ROV TDROEHNEEATOET:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
A1l rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ~“AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE

IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN 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

(RDR—T12HE L)
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OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

The file Python/pyhash.c contains Marek Majkowski’ implementation of Dan Bernstein’s SipHash24

algorithm. It contains the following note:

<MIT License>

Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is

furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod & dtoa

The file Python/dtoa.c, which supplies C functions dtoa and strtod for conversion of C doubles to and
from strings, is derived from the file of the same name by David M. Gay, currently available from https:
//web.archive.org/web/20220517033456 /http: / /www.netlib.org/fp/dtoa.c. The original file, as retrieved

on March 16, 2009, contains the following copyright and licensing notice:

/3K 3Kk ok ok ok ok ok ok ok K o ok ok ok K ok ok ok K ok ok ok K K ok ok oK K K 3 ok ok K K 3 oK oK K K ok ok ok K ok ok ok K ok ok ok K ok ok oK 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

(RDR=V ki)
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or modification of this software and in all copies of the supporting

documentation for such software.

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

E I S S L I

***************************************************************/

C.3.12 OpenSSL

The modules hashlib, posix and ssl use the OpenSSL library for added performance if made available
by the operating system. Additionally, the Windows and macOS installers for Python may include a
copy of the OpenSSL libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0

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

the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the

outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity

exercising permissions granted by this License.

"Source" form shall mean the preferred form for making 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,
(RDOR=V ki)
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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

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

(RDOR=VIFiL)
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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 conditionms:

(a) You must give any other recipients of the Work or

Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of

the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed

as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with

the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.

Notwithstanding the above, nothing herein shall supersede or modify

(RDOR=VIFiL)
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the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any

risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor

has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
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
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C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured

--with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

The _ctypes C extension underlying the ctypes module is built using an included copy of the libffi

sources unless the build is configured —-with-system-1ibffi:

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,
(RDOR=V1Fil)
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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.3.15 zlib

The z1ib extension is built using an included copy of the zlib sources if the zlib version found on the

system is too old to be used for the build:

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages

arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it

freely, subject to the following restrictionms:

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 THH L TW3 Ny ¥ aF— 7L DELE
%, cfuhash 7Ry =7 bDBHDICHDOETF 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
(RDOR=V1FiL)
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notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided

with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived

from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
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. IN 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)
(RDR=V 1K)
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HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N test suite

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from
the W3C website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause
BSD license:

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.
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C.3.19 mimalloc

MIT License:

Copyright (c) 2018-2021 Microsoft Corporation, Daan Leijen

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is

furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all

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,
0UT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT

license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be

included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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C.3.21 Global Unbounded Sequences (GUS)

The file Python/qgsbr.c is adapted from FreeBSD’s ”Global Unbounded Sequences” safe memory recla-

mation scheme in subr smr.c. The file is distributed under the 2-Clause BSD License:

Copyright (c) 2019,2020 Jeffrey Roberson <jeffQ@FreeBSD.org>

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice unmodified, this list of conditions, and the following
disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR ~“AS IS'' AND ANY EXPRESS OR
IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED.
IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT
NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF
THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

248 18 C & B 51t



https://github.com/freebsd/freebsd-src/blob/main/sys/kern/subr_smr.c

8%

COPYRIGHT

Python and this documentation is:

Copyright © 2001-2024 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.

Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.

74t Y ABLUFFHICHET 282 RIERE, BRESAEYR 2B LTS W,

249






TILT 7Ry FUAA
..., 203
ellipsis YT 3L, 25
XFFUTII, 14
' (single quote)
XFHUTFZI, 13
' (TOVRISA=2aY)
in formatted string literal, 17
. (Fy k)
attribute reference, 116
in numeric literal, 21
- (BafS)
ZIEERT, 123
HIFEHETF, 122
! patterns, 160
" (double quote)
XFHITII, 13
XFHUTZI, 14
# (hash)
source encoding declaration, 8
aAXT K, 8
RIS
operator, 123
Y=
augmented assignment, 136
& (TR Y R)
operator, 124
&=
augmented assignment, 136
O (i)
call, 118
class definition, 171
function definition, 168
generator expression, 110
in assignment target list, 134
tuple display, 107
* (FARURY)
function definitionm, 170
import statement, 144
in assignment target list, 134
in expression lists, 130
operator, 122
REIFOELOFD, 119
*k
function definition, 170
in dictionary displays, 110
operator, 121
BT UH Lo o, 120
Hk=

augmented assignment, 136

augmented assignment, 136
+ (73 R58E5)
ZIEEETF, 123
HIERETF, 122
+=
augmented assignment, 136
, (comma), 107
argument list, 118
expression list, 109, 130, 138, 171
identifier list, 146, 147
import statement, 143
in dictionary displays, 109
in target list, 134
parameter list, 168
251X, 118
with statement, 155
/ (RZwa)
function definition, 170
operator, 122
//
operator, 122
//=
augmented assignment, 136
/=
augmented assignment, 136
Ob
BHUTII, 20
Oo
BBUTII, 20
0x
BBUTII, 20
2 ER
Ew bEfi EH, 124
Bl ®E, 122
2 &R T3, 20
8EM T3, 20
10 EHI T3, 20
16 EH T3, 20
: (3aay)
annotated variable, 137
compound statement, 150, 151, 155,
157, 168, 171
in dictionary expressions, 109
in formatted string literal, 17
lambda expression, 130
2541 2X, 118
B8O7/7—>3>, 170
:= (colon equals), 129
; (semicolon), 149
< (/J\;k[,\)
operator, 124
<<
operator, 124

251

]

<<=

augmented assignment, 136
<=

operator, 124
1=

operator, 124

augmented assignment, 136
= (¥%5)
assignment statement, 134
class definition, 58
for help in debugging using
string literals, 17
function definition, 169

BHMFUE LoBD, 118
operator, 124

B¥%DT7/ T—>a>, 170
> (REW)

operator, 124
>=

operator, 124
>>

operator, 124
>>=

augmented assignment, 136
>>> 203
@ (at)

class definition, 172

function definition, 169

operator, 122
00 (AAvI)

in assignment target list, 134

list expression, 109

WFRED, 117
\ (backslash)

IRT=T—5>2Z, 15
\\

IRT=T—r>2Z, 15
\a

IRT=T—r>Z, 15
\b

IRT=T—T>2Z, 15
\f

IRT=T>—F5 V2R, 15
\N

IRT=T>—=5>2Z, 15
\n

IRT=T>—=5>2Z, 15
\r

IRT=T—=5>2Z, 15
\t



The Python Language Reference, 'J1)—2X 3.14.0a0

IRT—TS—=T>R, 15
\U

IRT—T>—rV2R, 15
\u

IRT=To—=rV2R, 15
\v

IRT—FS—=F>VR, 15
\x

IRT—TS—=T>Z, 15
S (FrLyh)

operator, 124

augmented assignment, 136
_ (F#)

in numeric literal, 20, 21
_, identifiers, 12
__, identifiers, 12
__abs__Q) (object DXV F), 69
__add__(Q) (object DAY v F), 67
__aenter__() (object DXV v R), 76
__aexit__() (object DXV v k), 76
__aiter__() (object DXV v ), 76
__all__ (7> a>®d module BY%), 144
__and__Q) (object DXV F), 67
__anext__(Q) (agen DXV v F), 115
anext__() (object DXV v R), 76
__annotate__ (class attribute), 35
__annotate__ (function attribute), 30
__annotate__ (function ®BMY), 31
__annotate__ (module attribute), 34
__annotate__() (object DXV v ), 72

__annotations__ (class attribute), 35
__annotations__ (function OEMY), 31
__annotations__ (module attribute), 34

__annotations__ (object DEMY), 72
__annotations__ (B¥UEM), 30
__await__() (object DXV w k), 74
__bases__ (V5 REM), 35
__bool__() (object DX w k), 51
__bool__Q) (XTI XY YE), 65
__buffer__(Q) (object DXV v K), 71
__bytes__() (object DX v k), 48
__cached__, 97
__call__() (object DXV R), 64
_call__Q (FTTZT IRV YER), 121
__cause__ (exception DEMY), 141
__ceil__(Q) (object DAY K), 69
__class__ (method cell), 60
__class__ (module attribute), 52
__class__ (1A REMN), 37
__class_getitem__() (object DT FZA K
Yy R), 62

__classcell__ (class namespace entry),

60

__closure__ (function ®RE), 30
__closure__ (B%EM), 30
__code__ (function ®BMY), 31
__code__ (FABUEM), 30
__complex__() (object DAYV v K), 69
__contains__() (object DXV v K), 66
__context__ (exception DEM), 141
__debug__, 138
__defaults__ (function ®BMY), 31
__defaults__ (BA¥UEM), 30

el__() (object DAY F), 46
__delattr__(O) (object DX v K), 52
__delete__() (object DXV F), 54
__delitem__Q) (object DAYV v F), 66
__dict__ (function OEM), 31
__dict__ (1YRE2VZEM), 37
__dict__ (V3 RE), 35
__dict__ (E¥a—ILEH), 35
__dict__ (BABUEM), 30

dir__ (module attribute), 52

ir__() (object DAYV v R), 52
__divmod__() (object DAYV v ), 67
__doc__ (function DEMY), 31

c__ (method DEM), 32
oc__ (V7 REMH), 35
oc__ (XYY FEM), 32

c_ (E¥a—ILEH), 34
oc__ (BEUEM), 30
__enter__() (object DXV w k), 70
__eq__Q (object DRV K), 48
__exit__(Q) (object DAYV F), 70
__file__, 97
__file__ (E¥a—ILEY), 34
__firstlineno__ (class attribute), 35
__float__(Q) (object DXV v k), 69
__floor__() (object DX w k), 69
__floordiv__() (object DAYV v k), 67
__format__() (object DAY R), 48
__func__ (method DEM), 32
__func__ (XY v FEY), 32
__future__, 210

future statement, 145

__ge__Q) (object DAY F), 48
__get__(Q) (object DAY R), 53
__getattr__ (module attribute), 52
__getattr__() (object DAYV v K), 51

__getattribute__() (object DAYV Y K),

51
__getitem__() (object DXV w K), 65
__getitem__() (RyFAITzI DX
Yy K), 45
__globals__ (function ®EM), 30
__globals__ (BABUEM), 30
__gt__O (object DXV K), 48
__hash__(Q) (object DAY F), 49
__iadd__(Q) (object DAYV v F), 68
__iand__(Q) (object DXV k), 68

__ifloordiv__() (object DXV v ), 68

__ilshift__() (object DXV v K), 68
__imatmul__() (object DAYV v F), 68
__imod__(Q) (object DAYV v K), 68
__imul__(Q) (object DRV K), 68
__index__() (object DXV v k), 69
__init__(Q) (object DAY R), 46
__init_subclass__() (object DT F A K
Yy k), 56

__instancecheck__() (class DXV w K),

61
__int__(Q) (object DAYV F), 69
__invert__() (object DAYV v ), 69
__ior__(Q) (object DAYV F), 68
__ipow__Q) (object DAY F), 68
__irshift__() (object DAYV v K), 68
__isub__Q) (object DAV k), 68
__iter__(Q) (object DAY v F), 66
__itruediv__(Q) (object DXV v F), 68
__ixor__() (object DAV ), 68
__kwdefaults__ (function ®BMY), 31
__kwdefaults__ (BA¥UEM), 30
le__(Q) (object DAYV w F), 48
_len__() (object DAY w ), 65
) (RyFTAITSz I DA

Yy k), 51

__length_hint__() (object DAYV W ),
65

__loader 96

-

__lshift__() (object DAYV v ), 67
1t__Q) (object DAY W k), 48
__main__
module, 81, 181
__matmul__() (object DAYV v R), 67
__missing__() (object DXV v F), 66

__mod__() (object DXV w R), 67

__module__ (function DEH), 31
__module__ (method ®EM), 32
__module__ (V5 XEM), 35

__module__ (XY v REY), 32

_module__ (B3¥UEM), 30

_mro_entries__() (object DXV v ),
58

__mul__(Q) (object DAYV Y K), 67

__name__, 96

__name_ (functwn DEMN), 31
__name__ (method OJE'TE) 32
__name__ (U ZEM), 3
__name__ (XY HE‘E) dz
__name__ (E¥a—ILEMN), 3
__name__ (B#¥EM), 30

) (object DXV Y ), 4

__neg__() (object DAY v R), 69
__new__() (object DXV v ), 46
__next__Q) (generator DAY v ), 112
_objclass__ (object DEM), 54
or__() (object DAYV v R), 67
__package__, 96
__path__, 97
__pos__() (object DXV v ), 69
__pow__Q) (object DX w K), 67
__prepare__ (metaclass method), 59
__qualname__ (function DRE), 31
__radd__() (object DXV v k), 67
__rand__() (object DAYV Y K), 67
__rdivmod__Q) (object DRV K), 67
__release_buffer__() (object DX
Vy k), 71
__repr__() (object DX w k), 48
__reversed__() (object DXV w K), 66
__rfloordiv__() (object DXV v ), 67
__rlshift__(Q) (object DXV v F), 67
__rmatmul__() (object DRV v R), 67
__rmod__() (object DXV v ), 67
__rmul__() (object DXV v k), 67
__ror__() (object DAV k), 67
__round__() (object DXV v ), 69
__rpow__() (object DX v k), 67
__rrshift__() (object DXV F), 67
__rshift__(Q) (object DAY Y K), 67
__rsub__() (object DXV v k), 67
__rtruediv__(Q) (object DXV v F), 67
__rxor__() (object DAYV Y K), 67
__self__ (method DEMY), 32
__self__ (XY v FEY), 32
__set__Q) (object DAYV W R), 54
__set_name__() (object DXV v ), 57
__setattr__() (object DXV v ), 52
__setitem__() (object DXV v K), 66
__slots__, 221
spec__, 96
__static_attributes__ (class
attribute), 35
__str__(Q) (object DAV v k), 48
__sub__() (object DXV R), 67
__subclasscheck__() (class DAY v ),
61
__traceback__ (exception DEM), 140
__truediv__() (object DRV v k), 67
__trunc__Q) (object DXV v ), 69
__type_params__ (class attribute), 35
__type_params__ (function attribute),
30
__type_params__ (function OEMY), 31
__xor__() (object DXV R), 67
“Tparser™", 7
““values™”
writing, 134

252

]



The Python Language Reference, 'J!J—2X 3.14.0a0

{3 (R4E)
dictionary expression, 109
in formatted string literal, 17
set expression, 109
| (HEHE)
operator, 124
|=
augmented assignment, 136
- (FILA)
operator, 122
127 )R 181
127y 0 RgHE, 27
17Uk, 9
IRT—=T=r >R, 15
I>—, 84
IS4 84
#7210 bOfE, 23
A7z bORE—HE, 23
F72xU DR, 23
F—N—0O—F
operator, 45
hr=, 107
KE®D, 131
*—, 109
F—-T—F, 12
as, 143, 151, 155, 157
async, 173
await, 121, 173
case, 157
elif, 150
else, 142, 150, 151, 154
except, 151
except_star, 153
finally, 139, 142, 143, 151, 154
from, 111, 143
if, 157
in, 151
yield, 111
32X, 206
body, 60
definition, 139, 171
instance, 37
name, 171
object, 35, 121, 171
statement, 171
AYRA394, 46

B, 35

B KA, 35
DIRAVARARAVR

call, 121

object, 35, 37, 121

B1%, 37

B KA, 37
I9S2RFTSxUk

call, 35, 121
JI—T1, 9
Ja-ni

name R, 146

namespace, 30

statement, 139, 146
aARYES12, 181
AX2 B, 8
dL—F>, 74, 111, 207

R%, 33
AYASS9%

U932, 46
aAr77F, 24,35
a1

M AAHEEEL, 147
J-—F

Oy, 79
d—KRATZzOk, 37
HITU3 21k

EEFRELE, 46
27k
EH, 124
Jrxl—%, 211
expression, 110
iterator, 33, 140
object, 40, 110, 112
BE%L, 33, 111, 140
23—, 79, 80
A2y Y
FL—2X, 44
1T, 44
A4 R, 27,28, 118
KA, 136
V—2O—-FXFEv }, 8
27,9
TRk
F—14, 128
IRE, 128
FTARZUR, 47,135
FINyG
assertions, 138
Vx4, 22
—&,23
type, 24
type, immutable, 107
FL—X
ARy 44
k=o>, 7
RFa X2 hXFF, 40
Ny aXF, 8
NYEZ
BIS, 44
INA b, 27
N1 RFIVFTZIL, 13
NYIR592aXF, 8
AW

_7:
7_"_

hooks, 91
Ew hEifi;

and, 124

or, 124

RE, 2 EH, 124

JEE, HIE 122

xor, 124
ZL—L

object, 42

=£17, 79, 171
JOvy, 79

a—R, 79
TSAR—H

i, 106
7514<Y, 116
TSR, 122
70U 3 L4, 181
IA1F2R, 122
XYy R, 216

call, 120

magic, 215

object, 32, 34, 120

A—HERD, 32

855k, 222

HFAAF, 34
Ea0O, 123
I-HERD

AV R, 32

B8%K, 30

B call, 120
A—HYEEXAYV YR

object, 32
1—-HERBHK

object, 30, 120, 168
YF3)L, 13, 107

a4 —=)\T>ya—-5+1 %, 215

="

HHE
£
T8
KA

g

s

5
s
HI5
5

g
%

RiR
BRIR

o)

=R
=17

Bifr

BT
#H

#H

&

operator, 130
Az, 107

, 122

5, 12

annotated, 137
augmented, 136
statement, 28, 134
target list, 134

752 B, 35

VSR1 VRV R B, 37
X142, 136

B, 134, 135

RFREC, 135

5|# (positional argument), 219

, 84, 140
AssertionError, 138
AttributeError, 116
GeneratorExit, 113, 116
ImportError, 143
NameError, 106
raising, 140
StopAsyncIteration, 115
StopIteration, 112, 140
TypeError, 122
NEZ, 44
ValueError, 124

=, 141
ZeroDivisionError, 122
Zik>, 84

EXHY B, 84

N2 R3S, 84

B9%K, 130
17,7, 8, 15

XYy R, 222

B, 24

B, JRA, 24

, 80

ZH

PYTHON_GIL, 212
PYTHONHASHSEED, 51
PYTHONNODEBUGRANGES, 40
PYTHONPATH, 100

list, 109
tuple, 27, 107
, 9

, 9

i, 105
BHE, 28R, 122
EE, B, 122
EFI, 84
AH
XYy, 34
AHAY Y R
call, 120
object, 34, 120
1A HBEEL

abs, 69
bytes, 48
call, 120
chr, 27
divmod, 67, 68
eval, 147, 182
exec, 147
hash, 49

id, 23

int, 69

len, 2729, 65

253



The Python Language Reference, 'J1)—2X 3.14.0a0

object, 33, 120
open, 37
ord, 27
pow, 67, 68
print, 48
range, 151
repr, 134
round, 70
slice, 45
type, 23, 58
aAVINAIL, 147
HE R, 69
'R, 69
BH
variable, 80
EHUTII, 20
T8, 7
1THA, 8
1TERE, 7,8
E 330
B, 26
RT
dictionary, 109
list, 109
&5, 109
BEH
number, 26
object, 26
HHHAHRE, 69
BREHITII, 20
BR
sequence, 117
string, 117

JERE, 131
BEIhAD S IRT—F>—T VX, 16
SRIETT, 7
#AIFE, 11, 106

BISt, 141

&, 125
R, 210

annotations, 170

call, 29, 120

call, A—HE&RD, 120

definition, 139, 168

name, 168

object, 30, 33, 120, 168

SIxlb—%&, 111, 140

HHAAHBE, 69
abstract base class, 203
aclose() (agen DXV k), 116
and
operator, 129
Ew B, 124
annotate function, 203
annotated
KA, 137
annotation, 203
annotations
B8%K, 170
array
module, 28
as
except clause, 152
import statement, 143
match statement, 157
*—7—F, 143, 151, 155, 157
with statement, 155
AS pattern, OR pattern, capture
pattern, wildcard pattern,
160
ASCII, 5, 13
asend() (agen MRV Y F), 115
assert
statement, 138

AssertionError

BI5t, 138
assertions

FNvY, 138
assignment expression, 129
async

F—0—F 173
async def

statement, 173
async for
in comprehensions, 108
statement, 173
async with
statement, 174
asynchronous context manager, 204
asynchronous generator, 204
asynchronous iterator, 33
B8%, 33
asynchronous generator iterator,
204
asynchronous iterable, 205
asynchronous iterator, 205
asynchronous-generator
object, 115
athrow() (agen DXV w K), 116
atom, 105

BE, 128
borrowed reference, 205
break

statement, 142, 150, 151, 154, 155
builtins
module, 181
bytearray, 28
bytecode, 37, 206
bytes, 27
HAHIAHEEE, 48
bytes-like object, 205

C

c, 15
B85, 24, 26, 33, 124
call, 118

instance, 64, 121
procedure, 134
ISR VRAAV R, 121
UVSAFTS UL, 35, 121
XV E, 120
A—HERD B, 120
HHHAHB XY v, 120
AL, 120
BE%K, 29, 120
callable, 206
object, 29, 118
callback, 206

case
match, 157
*—0—F, 157

case block, 160

C-contiguous, 207

chr

AL, 27

class variable, 206

clause, 149

clear() (frame DAY W F), 43

close() (coroutine DXV v K), 75

close() (generator DXV v ), 113

co_argcount (codeobject DEM), 39

co_argcount (A— KA T FDOEY),
38

co_cellvars (codeobject DEM), 39

co_cellvars (A—RA T FOEY),
38

co_code (codeobject DEME), 39

co_code (A—RATT ¥ FDEM), 38

co_consts (codeobject DEM), 39

co_consts (A—RA Tz FDOEM), 38

co_filename (codeobject DEM), 39

co_filename (A— KA TV FDEY),

o . AttributeError 38
1—HERD, 30 ‘ B4, 116 co_firstlineno (codeobject DEM), 39
22 (a‘rgument), 29 augmented co_firstlineno (A—K#AIZ I/ D
&ﬂ? “,Hjmo KA, 136 Bf), 38
REBIFTHL, 29 await co_flags (codeobject DEME), 39
K 4 in comprehensions, 108 co_flags (A—RFTTx I LDREM), 38
Atype, 2 F——R, 121, 173 co_freevars (codeobject DIEM), 39
ﬁnobject 08 100 awaitable, 205 co_freevars (A—RA TV FDEM),
t, 28, 38
W?iﬁﬂz 109 B co_kwonlyargcount (code object
Aiﬁ’-ﬁv 109 attribute), 38
e : . b' co_kwonlyargcount (codeobject DEM),
_object, 28 NARFIYFSIL, 14 39
#SM ) b" co_lines() (codeobject MRV w k), 40
= name, 106 NALRFIV TSI, 14 co_lnotab (codeobject DEMH), 39
BE BDFL, 205 co_lnotab (d—RA TS 12 FOREMY), 38
s, 131 binary file, 205 co_name (codeobject DEM), 39
A BNF, 4, 105 co_name (A—FFTT ¥V FDEM), 38
Boolean co_names (codeobject DEM), 39
abs object, 26 co_names (A—FA T o FDEMN), 38
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co_nlocals (codeobject DIEME), 39
co_nlocals (A—RATT ¥V FDEM),
38
co_positions() (codeobject DAY v K),
40
co_posonlyargcount (code object
attribute), 38
co_posonlyargcount (codeobject DEH),
39
co_qualname (code object attribute), 38
co_qualname (codeobject DEM), 39
co_stacksize (codeobject DIEM), 39
co_stacksize (A—RA Tz I +D
Ef), 38
co_varnames (codeobject DEM), 39
co_varnames (A—RATJ ¥ FDOREM),
38
collections
module, 28
complex number, 206
compound
statement, 149
context manager, 70, 207
context variable, 207
contiguous, 207
continue
statement, 143, 150, 151, 154, 155
coroutine function, 207
CPython, 207

D

dangling

else, 150
dbm.gnu

module, 29
dbm.ndbm

module, 29
decorator, 207
DEDENT k—% >, 10, 150
def

statement, 168
default

parameter value, 169
definition

32,139, 171

BE%L, 139, 168
del

statement, 47, 139
deletion

target, 139

target list, 139

B1%, 139
descriptor, 208
dictionary, 208

object, 29, 35, 49, 109, 117, 135

AEREE, 109

&, 109
dictionary comprehension, 208
dictionary view, 208
division, 122
divmod

HAHIAHEEE, 67, 68
docstring, 171, 208
duck-typing, 208

E

e

in numeric literal, 21
EAFP, 208
elif

F—7—F, 150
Ellipsis

object, 25
else
conditional expression, 130
dangling, 150
F—7—FR, 142, 150, 151, 154
encoding declarations (source file), 8
eval
HAAHIAHEEE, 147, 182
evaluate function, 209
exc_info (sys €E¥a—IJl), 44

except
*F—-TU—F, 151
except_star
*—TJ—F, 153
exec

HAAIAHEEL, 147
expression, 105, 209
lambda, 130, 170
list, 130, 133
statement, 133
JxRL—%,110
M, 128, 130
yield, 111
extension module, 209

F
£

formatted string literal, 15
fll

formatted string literal, 15
f-string, 209
f_back (frame DEM), 42
f_back (7 L—LEH), 42
f_builtins (frame DREM), 42
f_builtins (7 L—LEH), 42
f_code (frame DEM), 42
f_code (ZL—LEM), 42
f_globals (frame DE), 42
f_globals (7 L—L[EM), 42
f_lasti (frame OBEM), 42
f_lasti (7 L—LEM), 42
f_lineno (frame DEM), 43
f_lineno (7 L—LEM), 42
f_locals (frame DREM), 42
f_locals (7 L—LEM), 42
f_trace (frame OEM), 43
f_trace (7L —LEH), 42
f_trace_lines (frame attribute), 42
f_trace_lines (frame D), 43
f_trace_opcodes (frame attribute), 42
f_trace_opcodes (frame DEMY), 43
False, 26
file object, 209
file-like object, 209
filesystem encoding and error

handler, 209

finalizer, 47
finally

*—7—FK, 139, 142, 143, 151, 154
find_spec

finder, 91
finder, 90, 210

find_spec, 91
floating-point literal, 20
floor division, 210
for

in comprehensions, 108

statement, 142, 143, 151
format () (HHAIAHBIEN)

tr__QO (FTZT IV RXYYE), 48

formatted string literal, 17
Fortran contiguous, 207

free threading, 210
from
import statement, 79, 144
*—7—F, 111, 143
yield from expression, 112
frozenset
object, 28
fstring, 17
f-string, 17
function annotation, 210
future
statement, 145

G

garbage collection, 23, 210
generator expression, 211
generator iterator, 211
GeneratorExit

H, 113, 116
generic function, 211
generic type, 211
GIL, 211
global interpreter lock, 211
guard, 159

H

hash

HHHIAHEEE, 49
hash-based pyc, 212
hashable, 110, 212
hooks

import, 91

meta, 91

INZR, 91

I
id
HAHAHEE, 23
IDLE, 212
if
conditional expression, 130
in comprehensions, 108
statement, 150
*F—U—F, 157
immutable, 212
object, 27, 107, 110
F—4 type, 107
import
hooks, 91
statement, 34, 143
import hooks, 91
import machinery, 87
import path, 212
importer, 213
ImportError
B, 143
importing, 213
in
operator, 128
*—7U—F, 151
INDENT k=% >, 10
indices() (slice DXV v ), 45
inheritance, 171

instance
call, 64, 121
object, 35, 37, 121
93 2R, 37

int

$HIAHEEE, 69
interactive, 213
interpolated string literal, 17
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interpreted, 213
interpreter shutdown, 213
io

module, 37
irrefutable case block, 160
is

operator, 128
is not

operator, 128
iterable, 213

unpacking, 130
iterator, 213

J

in numeric literal, 21
Java

558, 26

K

key function, 214
key/value pair, 109
keyword argument, 214

L

lambda, 214
expression, 130, 170
=, 130
last_traceback (sys €2 a—Jl), 44
LBYL, 214
len
HAAHEBE, 2729, 65
list, 215
deletion target, 139
expression, 130, 133
object, 28, 109, 116118, 135
target, 134, 151
KA, target, 134
AaREE, 109
ZED, 109
R, 109
list comprehension, 215
loader, 90, 215
loop
statement, 142, 143, 150, 151
loop control

target, 142
magic
XY w R, 215

magic method, 215
makefile() (socket DXV v K), 37
mapping, 215

object, 29, 37, 117, 135
match

case, 157

statement, 157
matrix multiplication, 122
meta

hooks, 91
meta hooks, 91
meta path finder, 215
metaclass, 58, 215
metaclass hint, 59
method resolution order, 216
module, 216

collections, 28
dbm.gnu, 29
dbm.ndbm, 29
importing, 143
io, 37
namespace, 34
object, 34, 116
sys, 153, 181
b5k, 24

module spec, 90, 216

MRO, 216

mutable, 216
object, 28, 134, 135

N

name, 11, 79, 106
rebinding, 134
unbinding, 139
J3Z, 171
A&, 79, 134, 143, 144, 168, 171
G, U/ O—/NIL, 146
BA%K, 168
#=1t, 106

named expression, 129

named tuple, 216

NameError
FIg, 106

NameError (#AAHBIA), 80

namespace, 79, 217
module, 34
package, 89
Ja—nNIJ, 30

namespace package, 217

nested scope, 217

new-style class, 217

NEWLINE k=%, 7, 150

None
object, 25, 134

nonlocal
statement, 147

not
operator, 129

not in
operator, 128

NotImplemented
object, 25

null
EHE, 139

number, 20
FEIER, 26
BEREY, 26

O

object, 23, 217
asynchronous-generator, 115
Boolean, 26
callable, 29, 118
dictionary, 29, 35, 49, 109, 117, 135
Ellipsis, 25
frozenset, 28
immutable, 27, 107, 110
instance, 35, 37, 121
list, 28, 109, 116118, 135
mapping, 29, 37, 117, 135
module, 34, 116
mutable, 28, 134, 135
None, 25, 134
NotImplemented, 25
sequence, 27, 37, 117, 118, 128, 135,

traceback, 44, 140, 153
tuple, 27, 117, 118, 130
U522, 35,121, 171
ISRA VARV R, 35, 37, 121
a—FK, 37

SIRL—4%, 40, 110, 112
TL—L, 42

XYw R, 32,34, 120
A-HYEEAVYE, 32
I—HEERE, 30, 120, 168
EERER—T VR, 27
EEARERS—T VR, 28
18, 25, 37

BH, 26

S, 26
HAAH KXY w B, 34, 120
HAHAHBEE, 33, 120
BRY, 26

BA%L, 30, 33, 120, 168
£4, 28, 109

&85 28

object.__match_args

— (fHHAHEE),
71

object.__slots__ (#ARAAZEH), 55
open

fHHIAHEE, 37
operator

- (BfS), 122,123

% (K=t ), 123

& (FYNFUR), 124

* (PRARVZRD), 122

*x 121

+ (73 R85), 122, 123

/ (RZwa), 122

/7,122

< (hEW), 124

<<, 124

<=, 124

1=, 124

== 124

> (KEW), 124

>= 124

>> 124

Q (at), 122

S (Fvlwh), 124

| (KitrE), 124

- (FILA), 122

and, 129

in, 128

is, 128

is not, 128

not, 129

not in, 128

or, 129

F—N—0—F, 45

=I§, 130

BSIERL, 131
optimized scope, 217
or

operator, 129
Ew MEfi, 124
AEH, 124
HEfta9, 124
ord
HAHAHEE, 27
output, 134
standard, 134

P

__main__, 81, 181 151 package, 88, 217
array, 28 slice, 65 namespace, 89
builtins, 181 string, 117, 118 portion, 89
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regular, 88
parameter, 218

call DEMBKTIF, 119

function definition, 168

value, default, 169

pass

statement, 139
path based finder, 99, 219
path entry, 218
path entry finder, 218
path entry hook, 218
path hooks, 91
path-like object, 219
pattern matching, 157
PEP, 219
popen() (os € a—IJL), 37
portion, 219

package, 89

pow

HAHAHBEE, 67, 68

power

EHE, 121

print

HHAHEE, 48
print() (¥AHAHEIE)

str__() (AT I RXVYE), 48

procedure

call, 134
provisional API, 219
provisional package, 219

Python
Python
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP

PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP

3000, 219
Enhancement Proposals
1, 219

8, 126

236, 146

238, 210

252, 53

255, 112

278, 223

302, 87, 104, 215

308, 130

318, 171, 172

328, 104

338, 104

342, 112

343, 70, 157, 207

362, 204, 218
366, 96, 104

380, 112

411, 219

414, 15

420, 87, 89, 98, 104, 217, 219
443, 211

448, 110, 120, 131
451, 104

483, 211

484, 62, 138, 171, 204, 210, 211,
223, 224

492, 74, 112, 175, 204, 205, 207
498, 20, 209

519, 219

525, 112, 205

526, 138, 171, 204, 224
530, 108

560, 59, 64

562, 53

563, 145, 171

570, 170

572, 110, 129, 162
585, 211

614, 169, 172

617, 183

626, 41

PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP

634, 71, 158, 168
636, 158, 168
649, 31, 35, 36, 72, 82, 204
683, 212

688, 72
695, 82, 148
696, 82, 175
703, 210, 212
749, 82

3104, 147
3107, 171
3115, 59, 172
3116, 223
3119, 61
3120, 7

3129, 171, 172
3131, 11
3132, 136
3135, 61

3147, 97
3155, 220

PYTHON_GIL, 212
PYTHONHASHSEED, 51
Pythonic, 220
PYTHONNODEBUGRANGES, 40
PYTHONPATH, 100

Q

qualified name, 220

rl

raw
rll

raw
raise

string literal, 14

string literal, 14

statement, 140

raising

sk, 140

range

HAIAAHEH, 151
raw XF5, 14
rebinding

name, 134
reference count, 220

regular

package, 88
regular package, 220
relative

import, 144
REPL, 221

replace() (codeobject DXV v K), 41

repr

HAAHEE, 134
repr() ($#8&AHE#)

_repr__Q) (AT I XAV YER),
48

return

statement, 139, 154, 155

round

ALK, 70

S

send() (coroutine DXV K), 75
send() (generator XY v ), 113
sequence, 221

object, 27, 37, 117, 118, 128, 135,
151

BR, 117

set comprehension, 221

simple

statement, 133
single dispatch, 221
slice, 118, 221
object, 65
AL, 45
soft deprecated, 221
soft keyword, 12
special method, 222
standard
output, 134
start (A1 RF T I FOREY), 45,
118
statement, 222
assert, 138
assignment, annotated, 137
assignment, augmented, 136
async def, 173
async for, 173
async with, 174
break, 142, 150, 151, 154, 155
compound, 149
continue, 143, 150, 151, 154, 155
def, 168
del, 47, 139
expression, 133
for, 142, 143, 151
future, 145
if, 150
import, 34, 143
loop, 142, 143, 150, 151
match, 157
nonlocal, 147
pass, 139
raise, 140
return, 139, 154, 155
simple, 133
try, 44, 151
type, 147
U3, 171
Ja—-/NJL, 139, 146
A, 28, 134
while, 142, 143, 150
with, 70, 155
yield, 140
static type checker, 222
stderr (sys €Y a—IJL), 37
stdin (sys €Y a—IJl), 37
stdio, 37
stdout (sys EZa—IJL), 37
step (RS RXF TV FDEN), 45,
118
stop (RZA1RXF TV FDEN), 45,
118
StopAsyncIteration
Fist, 115
StoplIteration
Bk, 112, 140
string
__format__() (T b X
Yy k), 48
__str__O (TSI IRV Y R), 48
formatted literal, 17
immutable sequences, 27
interpolated literal, 17
object, 117, 118
Zifa, 48, 134
EH, 17
strong reference, 222
suite, 149
sys
module, 153, 181
sys.exc_info, 44
sys.exception, 44
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sys.last_traceback, 44
sys.meta_path, 91
sys.modules, 90

sys.path, 100

sys.path_hooks, 100
sys.path_importer_cache, 100
sys.stderr, 37

sys.stdin, 37

sys.stdout, 37

SystemExit ($#2&HAHFISN), 84

T

target, 134

deletion, 139

list, 134, 151

list A, 134

list, deletion, 139

loop control, 142
tb_frame (traceback DREM), 44
tb_frame (FL—ZNv IEY), 44
tb_lasti (traceback DREM), 44
tb_lasti (FL—ZNv I EM), 44
tb_lineno (traceback DEM), 44
tb_lineno (FL—ZNvIEY), 44
tb_next (traceback DEM), 44
tb_next (FL—ZNYIEH), 44
text encoding, 222
text file, 222
throw() (coroutine MXY v K), 75
throw() (generator MXY w K) 113
traceback

object, 44, 140, 153
triple-quoted string, 222
triple-quoted string, 14
True, 26
try

statement, 44, 151
tuple

object, 27, 117, 118, 130

B—]RD, 27

Zo, 27, 107
type, 24, 223

immutable F—%4&, 107

statement, 147

F—4&, 24

HAAHEEE, 23, 58

RERE, 24
type alias, 223
type hint, 223
type parameters, 175
TypeError

FIg, 122

U
ul
XFHUTFZI, 13
ull
XFHIFZI, 13
unbinding
name, 139
UnboundLocalError, 80
Unicode AV —7 L, 14
Unicode XFFBY 27
universal newlines, 223
UNIX, 181
unpacking
dictionary, 110
iterable, 130
RBFUH LoF o, 119

\Y

value, 109

default parameter, 169
ValueError
Fist, 124
variable
BH, 80
variable annotation, 223
BRIENL
operator, 131
FEDEH, 9
A7, 182
REREE, 108
dictionary, 109
list, 109
&4, 109
MIEREY, 37
BEREEA TS b, 23
HIER
1T, 83
&, 123
FEW
or, 124
B—ZR0D
tuple, 27
BiTH
Ew ML JER, 122
BT RS, 122

B8
B, 116
BEATVE, 23
KREg, 122
R—14
FZk, 128
E2ET)
ToAR—=F7, 106
BE, 122
B, WNED, 37
it
string, 48, 134
&, 105

TERARERF TSI b, 23
EEFRELES—T VR
object, 27
TEREELE
HITU 321k, 46
EEAREG ATz b, 23
EEAREG S —T V2
object, 28
virtual environment, 224
virtual machine, 224
FEER, 5, 7
EH, 13
=17
b & L5/ V!
ZL—L4L, 79, 171
HIPR, 83
RITETIL, 79
KIAXDT I —T1E, 9
HWEEE—K, 181
B1%, 24, 205
deletion, 139
U32R,35
DSRAAVRARAV R, 37
KA, 134, 135
KA, U3, 35
KA, IFRAVREV R, 37
B, 116
RF 455k, 24
W5k, 24
V&=
TA b, 128
518 (argument), 204
call OEERMIF, 118
function definition, 169

BA%L, 29
i
lambda, 130

W

walrus operator, 129
5k

module, 24
HEfthEY

or, 124
i

object, 25, 37
BEVTIIL, 20
By, 27

object, 26

i, 26
BRUTII, 20
XZF (str ), 27, 117
XFFHITII, 13
SOE, 4
RKED

h>=, 131
g

name, 79, 134, 143, 144, 168, 171

£'0—/\JL name, 146
&t

expression, 128, 130
while

statement, 142, 143, 150
B, 4
1B# ¢, 15
BEAN, 181
Windows, 181
with

statement, 70, 155
H&, 49, 124

&, 125

KA T U b (immortal), 212

AA
1% B, 24
FENER
number, 26
object, 26
FENB R
HBHAHBEE, 69
ARFERED, 2729, 117
KA, 135
WE, 123
i
28 By ML 124
2 EH B, 122
Boolean, 128
null, 139
power, 121
2Tk, 124
BIE Ew ML, 122
HIR BT, 122
EETF, 22
writing
““values™ ", 134

X

Xor

Ew MEEfL, 124

Y

yield
expression, 111
statement, 140
F—-U—F, 111
B, 113
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Z ZeroDivisionError
Zen of Python, 224 B, 122

259



	はじめに
	別のPythonの実装
	本マニュアルにおける表記法

	字句解析
	行構造
	論理行 (logical line)
	物理行 (physical line)
	コメント (Comments)
	エンコード宣言 (encoding declaration)
	明示的な行継続
	非明示的な行継続
	空行
	インデント
	トークン間の空白

	その他のトークン
	識別子 (identifier) およびキーワード (keyword)
	キーワード (keyword)
	ソフトキーワード
	予約済みの識別子種 (reserved classes of identifiers)

	リテラル
	文字列およびバイト列リテラル
	Escape sequences

	文字列リテラルの結合 (concatenation)
	f-strings
	数値リテラル
	整数リテラル
	Floating-point literals
	虚数 (imaginary) リテラル

	演算子
	デリミタ (delimiter)

	データモデル
	オブジェクト、値、および型
	標準型の階層
	None
	NotImplemented
	Ellipsis
	numbers.Number
	numbers.Integral (整数)
	numbers.Real (float) (実数)
	numbers.Complex (complex)

	シーケンス型 (sequence)
	変更不能なシーケンス (immutable sequence)
	変更可能なシーケンス型 (mutable sequence)

	集合型
	マッピング型 (mapping)
	辞書型 (dictionary)

	呼び出し可能型 (callable type)
	ユーザ定義関数 (user-defined function)
	Special read-only attributes
	Special writable attributes

	インスタンスメソッド
	ジェネレータ関数 (generator function)
	コルーチン関数 (coroutine function)
	非同期ジェネレータ関数 (asynchronous generator function)
	組み込み関数 (built-in function)
	組み込みメソッド (built-in method)
	クラス
	クラスのインスタンス

	モジュール
	カスタムクラス型
	クラスインスタンス (class instance)
	I/O オブジェクト (ファイルオブジェクトの別名)
	内部型 (internal type)
	コードオブジェクト
	Special read-only attributes
	Methods on code objects

	フレーム (frame) オブジェクト
	Special read-only attributes
	Special writable attributes
	Frame object methods

	トレースバック (traceback) オブジェクト
	スライス (slice) オブジェクト
	静的メソッド (static method) オブジェクト
	クラスメソッドオブジェクト


	特殊メソッド名
	基本的なカスタマイズ
	属性値アクセスをカスタマイズする
	モジュールの属性値アクセスをカスタマイズする
	デスクリプタ (descriptor) の実装
	デスクリプタの呼び出し
	__slots__

	クラス生成をカスタマイズする
	メタクラス
	MRO エントリの解決
	適切なメタクラスの決定
	クラスの名前空間の準備
	クラス本体の実行
	クラスオブジェクトの作成
	メタクラスの用途

	インスタンスのカスタマイズとサブクラスチェック
	ジェネリック型をエミュレートする
	The purpose of __class_getitem__
	__class_getitem__ versus __getitem__

	呼び出し可能オブジェクトをエミュレートする
	コンテナをエミュレートする
	数値型をエミュレートする
	with文とコンテキストマネージャ
	クラスパターンマッチの位置引数のカスタマイズ
	Emulating buffer types
	Annotations
	特殊メソッド検索

	コルーチン
	待機可能オブジェクト (Awaitable Object)
	コルーチンオブジェクト
	非同期イテレータ (Asynchronous Iterator)
	非同期コンテキストマネージャ (Asynchronous Context Manager)


	実行モデル
	プログラムの構造
	名前づけと束縛 (naming and binding)
	名前の束縛
	名前解決
	Annotation scopes
	Lazy evaluation
	組み込みと制限付きの実行
	動的な機能とのやりとり

	例外

	インポートシステム
	importlib
	パッケージ
	通常のパッケージ
	名前空間パッケージ

	検索
	モジュールキャッシュ
	ファインダーとローダー
	インポートフック
	メタパス

	ロード
	ローダー
	サブモジュール
	モジュール仕様
	インポート関連のモジュール属性
	module.__path__
	モジュールの repr
	キャッシュされたバイトコードの無効化

	パスベース・ファインダー
	パスエントリ・ファインダー
	パスエントリ・ファインダー・プロトコル

	標準のインポートシステムを置き換える
	Package Relative Imports
	__main__ に対する特別な考慮
	__main__.__spec__

	参考資料

	式 (expression)
	算術変換 (arithmetic conversion)
	アトム、原子的要素 (atom)
	識別子 (identifier、または名前 (name))
	Private name mangling

	リテラル
	丸括弧形式 (parenthesized form)
	リスト、集合、辞書の表示
	リスト表示
	集合表示
	辞書表示
	ジェネレータ式
	Yield 式
	ジェネレータ-イテレータメソッド
	使用例
	非同期ジェネレータ関数 (asynchronous generator function)
	非同期ジェネレータイテレータメソッド


	プライマリ
	属性参照
	添字表記 (subscription)
	スライス表記 (slicing)
	呼び出し (call)

	Await 式
	べき乗演算 (power operator)
	単項算術演算とビット単位演算 (unary arithmetic and bitwise operation)
	二項算術演算 (binary arithmetic operation)
	シフト演算 (shifting operation)
	ビット単位演算の二項演算 (binary bitwise operation)
	比較
	値の比較
	所属検査演算
	同一性の比較

	ブール演算 (boolean operation)
	代入式
	条件式 (Conditional Expressions)
	ラムダ (lambda)
	式のリスト
	評価順序
	演算子の優先順位

	単純文 (simple statement)
	式文 (expression statement)
	代入文 (assignment statement)
	累算代入文 (augmented assignment statement)
	注釈付き代入文 (annotated assignment statements)

	assert 文
	pass 文
	del 文
	return 文
	yield 文
	raise 文
	break 文
	continue 文
	import 文
	future 文 (future statement)

	global 文
	nonlocal 文
	The type statement

	複合文 (compound statement)
	if 文
	while 文
	for 文
	try 文
	except 節
	except* 節
	else 節
	finally 節

	with 文
	match 文
	概要
	ガード
	論駁不可能なケースブロック
	パターン
	OR パターン
	AS パターン
	リテラルパターン
	キャプチャパターン
	ワイルドカードパターン
	値パターン
	グループパターン
	シーケンスパターン
	マッピングパターン
	クラスパターン


	関数定義
	クラス定義
	コルーチン
	コルーチン関数定義
	async for 文
	async with 文

	Type parameter lists
	Generic functions
	Generic classes
	Generic type aliases

	Annotations

	トップレベル要素
	完全な Python プログラム
	ファイル入力
	対話的入力
	式入力

	完全な文法仕様
	用語集
	このドキュメントについて
	Pythonドキュメント 貢献者

	歴史とライセンス
	Python の歴史
	Terms and conditions for accessing or otherwise using Python
	PSF LICENSE AGREEMENT FOR PYTHON 3.14.0a0
	BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0
	CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1
	CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2
	ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.14.0a0 DOCUMENTATION

	Licenses and Acknowledgements for Incorporated Software
	Mersenne Twister
	ソケット
	Asynchronous socket services
	Cookie management
	Execution tracing
	UUencode and UUdecode functions
	XML Remote Procedure Calls
	test_epoll
	Select kqueue
	SipHash24
	strtod と dtoa
	OpenSSL
	expat
	libffi
	zlib
	cfuhash
	libmpdec
	W3C C14N test suite
	mimalloc
	asyncio
	Global Unbounded Sequences (GUS)


	Copyright
	索引
	索引

