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ZDY 77 L YAR=a 7Tl Python SeEOIEE., " a7 eikbtvxy 74 7 X7 ZOWTEBL %
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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,
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O L —HFETHEIEN R =T E T,
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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://www.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

A Python program is read by a parser. Input to the parser is a stream of tokens, generated by the lexical

analyzer. This chapter describes how the lexical analyzer breaks a file into tokens.

Python 378275 47 %X % Unicode 23— FKRA Y P LTHAIAALET, V—RT7 74 VDT YT~
T3 zrva—sT 4 Y IESTEZLN, T 740 ME UTF-8 T, ##lid PEP 3120 #ZML TL
EEWV, V=R T 7 A APTF a— FTERIFIII. SyntaxError A I NE T,

2.1 17185&

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

2.1.1 5#IE1T (logical line)

The end of a logical line is represented by the token NEWLINE. Statements cannot cross logical line
boundaries except where NEWLINE is allowed by the syntax (e.g., between statements in compound
statements). A logical line is constructed from one or more physical lines by following the explicit or

implicit line joining rules.

2.1.2 Y817 (physical line)

PIEAT . T — R TRYIS N XFHN DI L TT, V=R 7 7 4LV —AXFH|TIEZ, £77 v b
TF— LT OEEQTRIE I — FEEAT2 22 TEE T, Unix BRTIX ASCII LF (732D : linefeed)
XF. Windows FERTi& ASCI %> CR LF (18)7: return IH\W\TITi% D ) . Macintosh 52U Tld ASCIT
CR (f8IF) XF T3, ChHLRTOBRDI—FIE ES 77y F 7+ —LTHHFELIMEHT L TEX
To ANORED. BREDVHITORENI LG L TOREIZRIELET,

Python (CHIDALHEITIE, BEED C SFEOUUTFOZMBIAI (ASCII LF 2RI L7252 — F \n 2%
TR e 72 D £°F) 1ITHE- T, Python APIICY —2a— REETHRERDHD 75,


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

A logical line that contains only spaces, tabs, formfeeds and possibly a comment, is ignored (i.e., no
NEWLINE token is generated). During interactive input of statements, handling of a blank line may differ
depending on the implementation of the read-eval-print loop. In the standard interactive interpreter, an
entirely blank logical line (i.e. one containing not even whitespace or a comment) terminates a multi-line

statement.

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).

The indentation levels of consecutive lines are used to generate INDENT and DEDENT tokens, using a

stack, as follows.

Before the first line of the file is read, a single zero is pushed on the stack; this will never be popped
off again. The numbers pushed on the stack will always be strictly increasing from bottom to top. At
the beginning of each logical line, the line’s indentation level is compared to the top of the stack. If it is
equal, nothing happens. If it is larger, it is pushed on the stack, and one INDENT token is generated.
If it is smaller, it must be one of the numbers occurring on the stack; all numbers on the stack that are
larger are popped off, and for each number popped off a DEDENT token is generated. At the end of the

file, a DEDENT token is generated for each number remaining on the stack that is larger than zero.

UTOHRZIELL (LA LYKEESE L512) 1 7 &k Python 2— FO—f%ZRLE3:

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[:i] + 1[i+1:]

p = perm(s)

for x in p:

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

return r

UTRoflZ, el rFrro—12zb g3

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

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

return r # error: inconsistent dedent

(R B&HID 3 DDLT =B RR—F I Lo THRIEZNF T, RIRDL T — DA FHENEETROPD X5
—return r DA YTV ME, ARV IPHLBEREESIN TV EDA YTV PLNMEE S —H L FEA)

219 b= HEDZER

Except at the beginning of a logical line or in string literals, the whitespace characters space, tab and
formfeed can be used interchangeably to separate tokens. Whitespace is needed between two tokens only
if their concatenation could otherwise be interpreted as a different token (e.g., ab is one token, but a b

is two tokens).

10 5B 2 & TR
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2.2 EOMD =2 >

Besides NEWLINE, INDENT and DEDENT, the following categories of tokens exist: identifiers, key-
words, literals, operators, and delimiters. Whitespace characters (other than line terminators, discussed
earlier) are not tokens, but serve to delimit tokens. Where ambiguity exists, a token comprises the

longest possible string that forms a legal token, when read from left to right.

2.3 BEAF (identifier) H&UF—T—F (keyword)

WAF (£7213 BT (name)) 3. LNOFAERTILAINE T,

Python 128 2 #Al T OHCIE. Unicode BEMEMRRUNTELE UAX-31 [HO %, M ZH SR TE
FLET, #LLIE PEP 3131 28 LTIV,

Within the ASCII range (U40001..U+007F), the valid characters for identifiers are the same as in Python
2.x: the uppercase and lowercase letters A through Z, the underscore _ and, except for the first character,

the digits 0 through 9.

Python 3.0 introduces additional characters from outside the ASCII range (see PEP 3131). For these
characters, the classification uses the version of the Unicode Character Database as included in the

unicodedata module.

W FORZICEHRA D D A, KIXFREENET,

identifier = zid_start xzid_continuex

id_start n= <all characters in general categories Lu, L1, Lt, Lm, Lo, N1, the underscore, 3
id_continue n= <all characters in 4d_start, plus characters in the categories Mn, Mc, Nd, Pc a
xid_start = <all characters in 4d_start whose NFKC normalization is in "id_start xid_contin
xid_continue = <all characters in <d_continue whose NFKC normalization is in "id_continuex">

TEK L7 Unicode 773V a—FREUTERL X3
o Lu - KXF (uppercase letters)
o Ll - /N5 (lowercase letters)
o Lt - SEEANKSCF (titlecase letters)
o Lm - BT (modifier letters)
o Lo- ZOMhdF (other letters)
o NI- BfE% 3335 (letter numbers)
o Mn - FIED2WEEE (nonspacing marks)

o Mc - FIRDH 3G 75 (spacing combining marks)

22. g0t b—o > 11


https://peps.python.org/pep-3131/
https://peps.python.org/pep-3131/
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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 - [Fltk
FTRTOMANTFIE, BHTHIIERER NFKC cEfixh 3, @l FEoEd NFKC iIcEo 2 £9,

A non-normative HTML file listing all valid identifier characters for Unicode 14.0.0 can be found at
https://www.unicode.org/Public/14.0.0/ucd /Derived CoreProperties.txt

2.3.1 ¥—7—F (keyword)

DUROAlFIE. PREE. 7213 Python SEICBII 2 F—T—F (keyword) & L TEbN., @ DT
ELTHES 2 ETEERA, F—V— FIIEZECTRHOBED IS RITIUIRD F8A:

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 Y7 bFF¥—TU—F

N— a3 ¥ 3.10 TEH.

Some identifiers are only reserved under specific contexts. These are known as soft keywords. The
identifiers match, case and _ can syntactically act as keywords in contexts related to the pattern matching

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

As soft keywords, their use with pattern matching is possible while still preserving compatibility with

existing code that uses match, case and _ as identifier names.

2.3.3 FHIEHDHFIFTE (reserved classes of identifiers)

HAHED (F—v—FZR) @AFIE. FHRAERSD D £3, 000G FRIL. ZESPRECH S
TUR—AATLFDRE—TRBIENET:

Not imported by from module import *.

In

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

12 582 & TR
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The Python Language Reference, 'J1)—2X 3.11.14

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.

FER: R0 _ k. LR UIEEREML (internationalization) ¥ HICHWSNE T; ZDEFICOWT DR
LWHRIE, gettext ZZRL T EE W,

It is also commonly used for unused variables.

>

>
AT LA TERS NI (system-defined) #ETTT, JEAHKITIZ dunder” 28T & FFIEN 3 (FRIE:
double underscores D), ZNHDHAHNIA ¥ X =TV &t (BHES L 751 28) B L TERS
NTVET, BUTO Y AT L TOHANE %AV v FE BRETHEIETFLNTOWE T, Python ®
FERDAN—Y 2 TREDZLDHEMMERIND ZLICEDET, ZOFFaX Yy PTHREATY
SREICED RN, HEWD __*__ OAFNE. WARZAVYTFAMNIBIRFATD, BEEE
ErRGlERITIeLDH FT,

7
AT T4 X—=} (class-private) BRERT TS, ZDAT TV BT 24ENF. 77 RAERDI YT
AP ETHWONIGE, BIKS FRLIREZ 72D 7 754 R— 172" BRI THEEEIEZ 20
ZRilDICEZEINT T, #ATF (identifier. FIIFZAHE (name)) ZZRRL TS W,

24 VT3ZI

V7 7 (literal) id, WL O OMBAALTDER ZRIL LD DTY,

241 XFHEXUNAT RIIUFSIL

XTI T I NI OFAER TRUB SN E T

stringliteral n= [stringprefiz] (shortstring | longstring)
stringprefix = llrll | Ilull | IIRII I IIUII | llfll | IIFII
| Ilfrll I lIFrH | Illel I IIFRII | IlrfII | |II.FII | IlRfll | |IRFII
shortstring = "'" shortstringitemx "'" | '"' shortstringitem*x '"'
longstring n= mrrrn longstringitemx M'''M | 't Jongstringitemx """
shortstringitem := shortstringchar | stringescapeseq
longstringitem n= longstringchar | stringescapeseq
shortstringchar ::= <any source character except "\" or newline or the quote>
longstringchar n= <any source character except "\">
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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= v longbytesitemkx "' | rnvnt longbytesitemx """
shortbytesitem := shortbyteschar | bytesescapeseq

longbytesitem n= longbyteschar | bytesescapeseq

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

bytesescapeseq = "\" <any ASCII character>

FROEFBHATRENTORWSGEN GRS —2H D £3, VT 71D stringprefiz X bytesprefiz
LD O OBICZEAE ANTIZRSRVWI T, Y—RA3—FXFL vy b (source character set) 1

Iya—F 4 YJEHETEREINET, Trva—T 4 Y ESENRIFNI UTF-8 T3, fii T>I—FEF
(encoding declaration) ZZRL TL I 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 escape characters that otherwise have

a special meaning, such as newline, backslash itself, or the quote character.

NA R T ZIE, EIZ ' R B BMEBL T, TAHICL o Tl ostr BT bytes B A 2
R UADPEREINE T, N4 MY F Ik ASCIL XFDAEL I e N TEE T, 128 M EOBEEFFON
A MEZ R =L TRINARZTFNUIR D TR A,

Both string and bytes literals may optionally be prefixed with a letter 'r' or 'R'; such strings are called
raw strings and treat backslashes as literal characters. As a result, in string literals, '\U' and '\u'
escapes in raw strings are not treated specially. Given that Python 2.x’s raw unicode literals behave

differently than Python 3.x’s the 'ur' syntax is not supported.

N—a v 3.3 TEN: raw XA "IV T ZLD 'rb' TL 74 v 7 AP 'br' ORIFBIEL LTEMENE
L7

Python 2.x ¥ 3x MiMEDa— FR—ZADX ¥ FF A% BEM{tT 27212, L — unicode V7 I L
(u'value') DV KR— FHPHPBAZINE Lz, Fiflld PEP 414 22 L T Z& W,

W

£ P OB WIFNY T IVET + =~y MEAXFSNY T 70 ( formatted string
literal ) TF, FHHICOWVWTIE 74—y MEAXFIITIIL 2ZR LTSV, HHEFO '£' & '
CHABDELNETS, 'b' R 'u' LHAGDLDELZZLIETEZTFEA, 2FED 7+ —7 v MEAD raw X
FH T IMIATT D, 74 —<v MEADNAL FY 7 I MIERAITT,

ZEIA PV T IAHRIE, SHEOI R - IR I A - b FTY T ILEREIELTLEDRLWAE
D, TRS—TENTORVEITRS F— F 2B CEBTEET (X610, ZHBIEZDE F LI
DET), (ZITWS " 24— 17 LIk, XFFIOMARMET 2 L 21 flo2XFRRL, ' 2 " OLTR
HTT, )
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Escape sequences

'r' F2E R BEXESOPRBRVLED XFHNEEAL M) T INAFDIR T =T — v R IR
% CTHEOLNTVEDERRDIEANC Lehd o TR S %3, BUFIZ Python T EN2 X7 —7
= AR LET:

IRG—F—=5>R

=i AR

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

Ny ZRFy a2 bITXFNERENET (1)
Ny 72Ty a (\)
—EH5HRF (")

—EG I/ (")

ASCII #ii#~L (BEL)
ASCII /Ay 7 2_—2 (BS)
ASCII 7+ — 247 4 — K (FF)
ASCII f73%b (LF)
ASCITI 1% (CR)

ASCII /K2 7 (TAB)
ASCII X 7 (VT)

8 HERE 000 % HOF (2,4)
16 EXUE hh ZHOSCF (3,4)

NFEHTDABBREINDI LR —F>—r Y RAZL T EH T

HER:

IRT—T—5>R B AR
\N{name} Unicode 7— X X—ZHT name WV GATOXF  (5)
\uzzze 16-bit OT/NHEME zrzr T ROF (6)
\Uzzzzrres 32-bit O+/NHEE rrrzrrsr RO XF (7)

(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.

e C LUK, AT 3HTD 8 ERFTRML £,

N—Y a3y 311 TZ

Octal escapes with wvalue larger than 00377 produce a

DeprecationWarning. In a future Python version they will be a SyntaxWarning and eventu-

ally a SyntaxError.

2.4.

D72l
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(3) HE#E C LI3EWV. B x5 Y 2 Hid 16 LA EEA,

(4) 4 MBI 7 AT, T AES X OTUER Ry — A2 52 SO AL FEELET, CFY
TINARTIE, TAF —TFXFIREZ 5N fE%FD Unicode XFERLET,

(5) N—=¥ a ¥ 3.3 TAH: name aliases™ 10T 29 K— FHEMENE LT,
(6) BxroL 4HiD 16 ER L ZHEINEEA,

(7) W32 — FXFIFIDLIRXLTTZYa— RT3 A TEFT, EMEIC 8 XFD 16 KT
DRETT,

D C 2BV, BlMINB oI Ay =7 =7 YA TRT, ZOFFLFHFICED £T, T
bbb, Ny IRFy 2 abBRAICED XTI, (ZOFEFIT Ny ZFOBRIERNTS: 2 X7 —F>—F v 2AH
MANEINTS. ZOHRNFERPIEBLTVLE00R 01 DT LR ET, ) XFHHPTOAEHEINL TR
=TT = Y RE. AN MY T IR, BERENVBROZIR ST A LTHEINS DTHER
LT,

~

N— a ¥ 3.6 TEHE: Unrecognized escape sequences produce a DeprecationWarning. In a future

Python version they will be a SyntaxWarning and eventually a SyntaxError.

raw V770 Th, 5IAFENY VR T 9 Y2 TIRF—FTEETH. Ny 7 RAF vy BES XFINHE
DET; BIZE o \"" FENRLFHNV T INT, Nv 7R 7y a2 “H ARG, OREIXFIERL E
g r\" biﬁ?ﬁﬁfﬁ?ﬁ” V7 IAVTT (raw VT IV ARE#ER 5Ny JXF v 2 THRDOOLES Z2IE
TEZEA) BERNCIE. (N ZRATy Y aDPERDI A — MNLFEEZAT—FLTLESDT) raw XF
5']7&%—0)/\“/77(7‘yy1‘6%§bbﬁ5x_tti‘@%i‘l‘!/u BT, NV T ATy aDBERICEATHET
b, (TR ERT 2 OTIEERLS., VI LD—8ThsZ2No 00X Fr LTHRRENET,

2.4.2 XF5|) T FIILDOFEE (concatenation)

XFHNRANA MY T I UE AWVICRELR25HF 2o TWTH (HEAXFTRY - TH) HEEHEZE 2
TEDTEET, THIELDOXFHNERET 2D RILE®KERHE T, L7d o T, "hello" 'world'
¥ "helloworld" X[FMUTT, ZOWREZMI &, N 7 XFvy¥a%z@lbLih, ROXFYEFRITHT
HEL THEEBATICE 206870, D2 0EEA XTI LICaxXy b eBEMT 2 2SR TEE T, flRIE:

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

)

COMBEIESIEL NV TERSNTOVETH, A7V T b 2ar 4 L3200 e LTHEBEENS I
EEL TSV, ETRIRFHRBZHE LR '+ HEFZ2@DRIIRD FEA, £V
TINDREITBVTIE, AT 2HERICERLFIAMERZE 7D (raw X7H & ZH5 [T ZEE S
CEXRXTEET), 74—~y bEAXFHI T IV EBEDOXFHNI T INERE LD THIHTE
FTOTHEELTLZZ W,

*1 https://www.unicode.org/Public/11.0.0/ued /NameAliases.txt
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2.4.3 f-strings

N—a v 3.6 Tl

7 == v MEAXFHN 7 IV ( formatted string literal ) F721% f-string (&, G '£' 23 'F' O
MO FHNY 771 TT, ZHDXFINE, BHEN {} TGN THLEWRT + — L F2ED S
ZEBTEET, MOXXFINY T I NDEGERINEDRHICETEDS Z BB LT, 7+—<v b
FHSCFHN 7 7 MEIFETRICR e LTIMlE g 3,

IRy =T o= Y AFBEOXFIN TN EFMICTa— RENET (LY T 7 raw XFH|TH
HEHGEFRERT) , TR =T —F YR T a— F LRI, XFINONERIROGETHRRENE T

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

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

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

XFHND S B, PEFEIRTHE N LONISCTF @D RENE T, 7220, ZEEEN {{' BT '3
BH—OBIEIMNCEE R 5N ET, B EEHEN {" BER7 - L FOIBED ZEKL., Z2OHH
¥ Python OXTHED £9, (T Ny FRRIERIZEREEL LT) XOo7F X b, FHEROMHE L OM#E %2R
RULEWEEIEZ, ROKRIZES '=' ZMATLEIWV, ZOHA1E, BB 1 12X TEASIRZE
a7 4 — L FEHRIZIENTEET, 512, ' v TERIEEFZEBNTEES, BT 4 —L NI
H—oBIUEHEN '} THRDLD 5,

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. Replacement expressions can contain line
breaks (e.g. in triple-quoted strings), but they cannot contain comments. Each expression is evaluated

in the context where the formatted string literal appears, in order from left to right.

N— gy 3.7 TEHE: Python 3.7 EDHIDOAN— a Y TlE, await RE XY async for Al ELNEE
o, EHECHSOMEOERICI DT INTVERATL R,

HE = pMEEINE & HFINE, ROTFF R PERB, F5 = BIUOFHiE LR 2 EAF T,
FEPEFEIN ' OER, RO, BIY '=' ORIZEFNLZEANFRIXRTREFES LTS, HIEETD
FEELRVIEED, '=' ZIEELLBEE. KU T repr) 2@ LRSS INCHZY £F, —7H, FX
THEFVBFIET 2HEE. BT 4 — 0V FT e PHEESATOVRWVRD, 7740 T str() A@EH
nxEg,

N—T g v 3.8 TEN: FE5 '=',

LAWY 4 — N IHPEESN TG E, ROFHIRERIZ 7 + —~ v FORIICERES N E T, £ '1s' 1
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str() &, "'r' Wdrepr() &, ZLT '"ta' 1T ascii() ZMFHL £5,

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.

7 4=y MEBXFHNY T INMIMBDLFHN TN ERETEE I, BT 4 — L FE2ERDY T I
WKHHEILTEL ZLIITEEEA,

T+ —< v MEAXFH T I LDHE N Oz % T

>>> name = "Fred"

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

"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" '

A consequence of sharing the same syntax as regular string literals is that characters in the replacement

fields must not conflict with the quoting used in the outer formatted string literal:

f"abc {a["x"]} def" # error: outer string literal ended prematurely

f"abc {al'x']} def" # workaround: use different quoting

Backslashes are not allowed in format expressions and will raise an error:
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[f"newline: ord('\n') }" # raises SyntazError }

To include a value in which a backslash escape is required, create a temporary variable.

>>> newline = ord('\n'")

>>> f'"'mewline: {newline

'newline: 10'

T A==y MEAXTFHN TI7E, 72 ZAREEATWEDL-722 LT, docstring ¥ L TIEfFR FHA,

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

>>> foo.__doc__ is Nomne

True

T F =<y FEAXTFHY T I 1% Python IZBML722E PEP 498 3SR L T3V, F-HET 2
NFEHN T +—<v FOHHAZF > TWD str.format() HBMBL TLE X,

2.4.4 BV T3

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).

BEY 7 I2NMCEFEPREENTVRVWI EIWRERLTLAZE WV, -1 O X5 R, ERICITHEHET
(unary operator) =" £ V7 I 1 ZHAEDOELDDTT,

2.4.5 BHITIIL

B 7 VI T oA ER TRih Eh g3

integer = decinteger | bininteger | octinteger | hezinteger
decinteger n= nonzerodigit (["_"1 diget)* | "O"+ (["_"1 "0")=
bininteger n= "o" ("b" | "B") (["_"1 bindigit)+

octinteger RES "0" ("o" | "0O") (["_"] octdigit)+

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

nonzerodigit = gt

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

bindigit = "o" | "1

octdigit n= o omon, . n7e

hexdigit n= digit | "a"..."f" | "A"..."F"
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TUR=—2a7FV T ILVDEERW T RICH o THEINE T, 2007 X —2a7 % fio THF%
IN—FNT B THRARITLLTEETT, 7YX —Ra 73 BFELHFOMIZ 1 2. 203 0x D X
SLEBIEEDEBIC 1 2P HFATEET,

35, I 0 OTHEROEICIE 0 2HIT S FEEA, THUS, Python #3— 3 ¥ 3.0 Mo Twi
C RO Y 750 & OB Z BT 575 TF.

B T IL0HE N DR L ET:

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

N—ar 3.6 TEH: JL—FEHNE LYV T IAHDT VX —Ra7PRHEIND LIk E L

2.4.6 Floating point literals

Floating point literals are described by the following lexical definitions:

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

fraction n= "." digitpart

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

Note that the integer and exponent parts are always interpreted using radix 10. For example, 077e010
is legal, and denotes the same number as 77e10. The allowed range of floating point literals is

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

Some examples of floating point literals:

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

N—=Vay 36 CTLHE: FV—bzHWNE LV TIMVHhD7 v X—Ra7pP#FEhsd X512k sk,

2.4.7 B (imaginary) VT3

R 7 7V T D & S e FflE R Cilh S £ 3

imagnumber = (floatnumber | digitpart) ("j" | "JI")

An imaginary literal yields a complex number with a real part of 0.0. Complex numbers are represented
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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:

3.14j 10.3j 10j .001j 1e100j 3.14e-10j 3.14_15_93j
J J J J J J J

2.5 HEF

UTD =72 Y 3HEFTT:

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

2.6 7 X4 (delimiter)

URDO =23 XEEOFY I 2 LCHEES:

s ; Q = ->
e = o /= //= Y= Q=
u= = ~= >>= <<= *ok=

YU A FERFIHNNEECERY 79V EITET, ¥UF F=2DFNIR T 4 RAEXFITBT 2 BB
5 (ellipsis) V7 718 LCRAIGE®RZR D $9, VA MFORERAHEAET (augmented assignment
operator) &, FHIINCIET Y I X LTIREVWE T, HEDITVET,

LUROHEIFATHE ASCII XXFE, o b —27 > o—8y U TRRREKEZR > TWi= b, FHBIERICE o T
HELREREZR>TVET:

O

IR OEIFAIRE ASCII XFi&. Python TREbLNTVWERA, TNEDXFRLFHNY FILaX s b
DINCD BE. BERFICZ T —e D 3

b - - )

2.5. EEF 21
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filE
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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,
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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. E.g.,
aftera = 1; b = 1, a and b may or may not refer to the same object with the value one, depending on
the implementation, but after ¢ = [1; d = [J], c and d are guaranteed to refer to two different, unique,

newly created empty lists. (Note that ¢ = d = [] assigns the same object to both ¢ and d.)

3.2 BEEDMiEE

LUR Python ICHARAENTWBRRDY R FTT, (EHEi2Kk-T, C. Java, FFZoMOFETE D
NR) HREY 2 — AT, ZOMOENERINTVWZ IR HD T3, Fiekl (FHES, BEEHEN
CRUET BEIA. YY) OBEMME. 2V TWEES 4 75 U Rl L TIREINE T, FRoAN=-Yaro
Python Tlid. BOBBMEICZ DO XS REMPRENSE 2D LA ER A

DIRICEAS 28D W o202id, " FBREME (special attribute)’ 2512 L7BENH D £3, ZhbDEME
BHEEANDT 7 AFERERHET 2D DT, RNGZHBICHHT 272008 DTIEH D $HA, FKEMLD
EFRITFPRAE S NS ATREEN D D £ 3
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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— 3 ¥ 3.9 TAHE: Evaluating NotImplemented in a boolean context is deprecated. While it currently
evaluates as true, it will emit a DeprecationWarning. It will raise a TypeError in a future version of

Python.

3.2.3 Ellipsis

ORI E—DEL2D D EFHA. ZOEZFOF TS =27 V3 EE—D2O UL2FELEYA, ZOXT
VxZ MIVT I ... £721F Python THRD 5N TV B 4H] Ellipsis T7 7R3N T, HIHEHIZE
(true) T3,

3.2.4 numbers.Number

BIEY 7 7 ko TR E L2 b, BIERESLHAAAOBRMBEIRIC L o TRENZ AT 27 P T, B
B4 7Y =27 PIEEARETT,; —BEEIERSND . HEEBEINSZEdHD THA, Python D
EAT7Y 227 PRV ETHRABETES L ZHOHUEL BABHRLTVEIH, arPa—XNTHIER
KELT 2B S HIRZZIT THE T,

__repr__ () ¥ __str__ () POFBEINTEBUEY 7 RDOXFHIRBUIIRD X 5 BFRtE»nH D 3

o ZONFHNZ, V7 IRAVAMI I RIZE LI FIZ, TLOBMEDEZFFOF TS = 7 M 2AERT 2H
NRMEY 7 LT,

o TEZRL, 10 %KL LTREINET,

o« NIUHDENCH 2 1 DDEX R ZRWT, EICHERZPnEERINETEA,
o NEUEDRIZH D 1 DDERERVT, NIHERZPREFRRINEEA,
o FEIRBENEROL ZOAFREINET,
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Python distinguishes between integers, floating point numbers, and complex numbers:

numbers.Integral (E#)

BROUNZ, B (BB J0AOH) 2 RITBANESNICB T 2 ER2RBIT 2 TT,

AR BEGRBICE T 2N, BoBK Gy 7 MRS A ZHBICBWT, kD BEEERBERDST
EEIS5REKEIATVET,

BRI 2 DD £

B (int) i
HIR O OFE RELL 30, FAATRER (KAH) XV 34 XOHIROAZZITE T, > 7 MEE
RV RAZEED-DIC 2 ERER RO HEINE T, BN EY v MAEICERIZERTWD
EOREEREZ S 2 OMBEHROERTREINE T,

i

7' —JL{E& (bool)
BED False & True ZR L ¥ 73, False & True KT 2 2047V 27 bOADBT—NVELT TP =
I TT, 7NBIGEBRORERTHD, FALDORRTZENZN O & 1 DX IREFVE
T, FIS e LTXFINCERE N e 232 h "False" BL U "True" W5 XFFIRE N
7,

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.

26 EIET-RETI



The Python Language Reference, 'J1)—2X 3.11.14

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,

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

Python IZEMI2 AR ENTVWEIEHEARER S — 7 Y AKX, 5D 2AZDOTT

1) Z RE (list) )
A+ OBERIIMEED Python 7Y =27 MCTEEF, VR M AENoFICH < TRYIS K
EHNRTEDET, (REDP 01 DY —F Y REMESLDIFRBGED T IEDNER VI L ITFEREL
TLEEW, )

NA ~EEF
bytearray A 7Y = 7 MIZEARERASIT Y, HAAAD bytearray() 2 Y A+ F7 7 XKk o THE
MENET, BEEARERZ EZFRHE (DFED Ay > 2L TERWV), byte array I FZEFETEE/R bytes
FTIO2 7 bPeRICA VR =T = — R RRBERTRIE L £ 3

3.2.6 £E&

E£HIE, RO, 22—V TRERF TV 27 VOHEBEEGEREL T, 202D, (FFD) REXR
otz VT I A7 7L RAFTEEREA, 2720, 47— MIAJRET, MlAAABEE len() FHESDOE
EREZRLET, EEHO—BIZMHECHIE, EEFELTVELOEHRRT AN, =7 Y APLDEED
PERR, @RS - FIRE - 2 - 0E L Vo RHCENRERE O HE T,

HEHOBEHICIE, HEOXF—rRUEEEICHET 2V EHINE T, FERILEE OBELRO L — L
WCHED ZEWHERLTLEE W, L2 00BEOHEHREREMSFEETSH S (FlZiE. 1 & 1.0) 5, 2055
D1IODAEEBICEDDL LN TEET,

BUE, 2 DDMBABEE/DS DD L3

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

Frozen set B4 N
EREESHTT, HAAAD frozenset() IV A M T 7 XX > TEREINFE T, frozenset 1IFZE
T Ny adge 2DT, HOESHOERICKR 72D, HEOXF—ICTEHILDTEET,
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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 EFEHFKT).

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:
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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.

N— g > 3.3 TEM.
BEPERINTVEEY 2 — LDLHITT, £
function.__module__ D 2 — LT AIE None 1272 D E 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-
function.__annotations__

ters. The keys of the dictionary are the parameter
names, and 'return' for the return annotation,
if provided. See also: annotations-howto.

A dictionary containing defaults for

function.__kwdefaults k ) )
-= -= eyword-only parameters.

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

user-defined functions. Function attributes on built-in functions may be supported in the future.

Additional information about a function’s definition can be retrieved from its code object (accessible via
the __code__ attribute).
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ARV AAX Y R

AVARYARAY w RATD 27 ME VTR, V7 AA VARV ALEBOMOH LAREL 7Y =27 b (@
Wi —FEREY) 2RO %3,

Special read-only attributes:

Refers to the class instance object to which the

e method is bound

Refers to the original function object
method.__func__

The method’s documentation (same as method.

wEEARel, __EHE__ __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
method.__module__

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.£(1) is equivalent to calling C.f (x,
1).

When an instance method object is derived from a classmethod object, the ”class instance” stored in
__self__ will actually be the class itself, so that calling either x.f (1) or C.£(1) is equivalent to calling
£(C,1) where £ is the underlying function.

Note that the transformation from function object to instance method object happens each time the
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attribute is retrieved from the instance. In some cases, a fruitful optimization is to assign the attribute
to a local variable and call that local variable. Also notice that this transformation only happens
for user-defined functions; other callable objects (and all non-callable objects) are retrieved without
transformation. It is also 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 —42 B (generator function)

yield X (yield X DffixBHR) ZHEIBEMD LAEXAY vy FE Pz RL—2BHR v W3hEd, 20 L5 7%
BEAM I ZI3HEIC, BROREKEFETTI20IMZI2 A1TL—R A7 bERLET: 4
7L —& D iterator.__next__() XY v FERMUYHT L, yield & H o> THEIIRIEEX NS F TR L5
TLET, BBD return XEFITT 2 0M0IE L L 213, Stoplteration flA2NEH XN, 1 71—
AR FTREEOREFTTEEL TVE T,

J)L—F > E3# (coroutine function)

async def ZffH L TERI NPV v F% JIL—F BE (coroutine function) LWENE S, FELX
XN 2D &5 BB coroutine A 7Y =27 b EIRLE T, aL—F VBB async with % async
for X2 THL await REFFOZEHPHRKET, JN—FoFTPz Ik 2BRLTLIIZI W,

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

async def Zffio TERZN., yield XEMFHL TV AKX Y v K% asynchronous generator function
EMPNES, 20 X5 7BE. Mot E e 2| JERAATL—2 A7V FRBELET, 2O T
Y= M async for XCHEBDOAREZETT2DICMHRAE T,

JEFRHA 7L —&D aiterator. _anext__ XY v FENUOHT 2, MOMENFELZIRTWVWS L XIT,
yield NEMFWEERME T2 22 ETUMEED 2 awaitable 2R L E T, ZDOBENZED return X%
FITT5, LT OKD DICEEL /2 & X1, StopAsyncIteration A 25EH &, IEEIHAA 71—
ZIFHATAREEORZRICEFE L2 2R D T,

$0AIAHBE (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__ isset to None (but see the next item).

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

function.__module__.
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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

Predefined (writable) attributes:

__nhame__

The module’s name.

doc

The module’s documentation string, or None if unavailable.

__file__
The pathname of the file from which the module was loaded, if it was loaded from a file. The
__file__ attribute may be missing for certain types of modules, such as C modules that
are statically linked into the interpreter. For extension modules loaded dynamically from a

shared library, it’s the pathname of the shared library file.

__annotations__ A

dictionary containing variable annotations collected during module body execution. For best
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practices on working with __annotations__, please see annotations-howto.
Special read-only attribute: __dict__ is the module’s namespace as a dictionary object.

CPython R&EDFHHH: CPython MEY 2 —AFHHEZHIRT 2 5ECED. EY 2 —AEPEELSHE
FoTWh LTHZOFHBERTY 2 — AR 2a—ThoANERICHIRINE T, Thiiiy 213, #E
A —F3h HEPEHEE S TVAMEY 2 — 2L T XV,

3.210 hRE LY 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 in the documentation accompanying the 2.3 release at https:

//www.python.org/download /releases/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 &2 1) 7
A (descriptor) M32%E for another way in which attributes retrieved from a class may differ from those

actually contained in its __dict__.
77 RAEEERAT R, 207 5 ADOFHFLZINTEH N, BIES 7 ROFFIEHL A,

JIRXTY 2 PPN T (L2222 b, 77 R4 Y REAVRZER L EF (T z2R),

Special attributes:

__nhame__

The class name.

__module__ 7
TAMERINTVBEY 2 — L DA,

__dict__

The dictionary containing the class’s namespace.

__bases__ A

tuple containing the base classes, in the order of their occurrence in the base class list.

doc

The class’s documentation string, or None if undefined.
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__annotations__ A
dictionary containing wvariable annotations collected during class body execution. For best

practices on working with __annotations__, please see annotations-howto.

3.211 V5 RA 2 XE >R (class instance)

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

BHEORACHIBRET > 8. A VARV ADHEZENLETH, J77ROFELZEHRT S iEdbD T4
Ao Z7IAT __setattr ()X __delattr () XAV v RPERINTWVWBIGE, BEHEA U RAXVADRHE
REIITAZODICINEDXY vy RBMROHINE T,

VIAL VARV RIE, BBIFFEDHBIDRY v FEE-TWBIES, BUERSY — 7 28 Hr 0T~y
TEID XD WIRES e P TEF T, FHAV Y FE 2SR LTLEX N,

Special attributes: __dict__ is the attribute dictionary; __class__ is the instance’s class.

3.212 1/0 #TS T b (F7ANATS LY FDRIR)

file object WEBHDPNTI2T7 7 ANERLE T, 77 AN T2 bV lE27:008A K> a— 1 hy v 3H D
¥ 9 open() MAAABEL. os.popen() | os.fdopen() . V7 v bA TP 27 b D makefile() XY v K
(52 WVIIIREY 2 —Ah SR 2 OB Y v F)

F 727 b sys.stdin . sys.stdout BX U sys.stderr &, 4 XY XRDIEHER S, EEHT, B &
CHEHELS —HAORA M) — 2R T 27 7AMF TV 27 P E N E T, 2B ITRTTFAL
E— RTHAH. i0.TextI0OBase IRV 5 A X o TERINZA VR —T7 = — RIZHEVE T,

3.2.13 AEE (internal type)

A RTY) ZPHFTRNFE o TV Z N DhDBNE, 2—HF IR INTVWET, ZhSDERILFRD A >~
RTVEDN—=Y a3 Y CREBINZARESERD D I, Z TR EHED =DM TBEET,
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i El o i 70

A—FA TP NI NA RAVNAILENT (byte-compiled) FEITAIREZR Python 22— K, Jll# /N1 k
O—F 2RBALET, a—F A7V b eBBA T 27 boEWIE, A7 =7 bBEBO 70—
POVER (BABEER L TVEEY 2 — 1D 7 a— L) I8 LTI RNBZEBEZRF > TV 301 L, a—
FATI 27 PMQE AV THFRINPRVEWVWS 2T £, BEA T2 P TlET7 0 FEIEEEZR
BTEEID, a—FA7V 22 P TRTEEIRA (ERITRICHEIN2EE2RIT270), BF 7Y 22
FEEW, - FA TP 27 MIEERARET, EEAGERA 7Y 27 PAOSME (E#E, HECEDLST)
EHER A,
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Special read-only attributes

The function name

codeobject.co_name

The fully qualified function name
codeobject.co_qualname Ne gy 311 T

The total number of positional parameters (in-
EEEEER)EEE - 6, ATEEIE cluding positional-only parameters and parame-

ters with default values) that the function has

The number of positional-only parameters (in-
(1516 Q2R 220 TR bl St cluding arguments with default values) that the

function has

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

tion has

The number of local variables used by the function
codeobject.co_nlocals (including parameters)

A tuple containing the names of the local vari-
CEEREI|SE - E0,_TREHENES ables in the function (starting with the parameter

names)

A tuple containing the names of local variables
CEEREI)EE - C0,_ BRI TR that are referenced by nested functions inside the

function

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

A string representing the sequence of bytecode in-
CIOEOOIZH 65, GO (E0 structions in the function

A tuple containing the literals used by the byte-
codeobject.co_consts code in the function

A tuple containing the names used by the byte-
GIEEIDOIoH X650 (OO code in the function

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

The line number of the first line of the function
codeobject.co_firstlineno
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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.

N—a v 3.11 TEM.

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

used.

codeobject.co_lines()

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

is a (start, end, lineno) tuple:

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

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

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

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

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

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

are present in the source code, but have been eliminated by the bytecode compiler.
N— a ¥ 3.10 TEM.
BE:

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.

N— a v 3.8 TEM.

7L —L (frame) 772z b+

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

registered trace functions.
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Special read-only attributes

frame.f_back

frame.f_code

frame.f_locals

frame.f_globals

frame.f_builtins

frame.f_lasti

Points to the previous stack frame (towards the

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

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

The dictionary used by the frame to look up local

variables

The dictionary used by the frame to look up global

variables

The dictionary used by the frame to look up

built-in (intrinsic) names

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

object)

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.

3.2. REROME
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Frame object methods

TL—ALF 7Tz 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.

N—a v 3.4 Tl

FL—Z/N\w ¥ (traceback) 77>V b

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

when an exception occurs, and may also be explicitly created by calling types.TracebackType.
N—3 a ¥ 3.7 TZH: Traceback objects can now be explicitly instantiated from Python code.

For implicitly created tracebacks, when the search for an exception handler unwinds the execution stack,
at each unwound level a traceback object is inserted in front of the current traceback. When an exception
handler is entered, the stack trace is made available to the program. (See section try 3.) It is accessible
as the third item of the tuple returned by sys.exc_info(), and as the __traceback__ attribute of the

caught exception.

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

last_traceback.

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

attributes should be linked to form a full stack trace.

Special read-only attributes:

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

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

Gives the line number where the exception oc-

traceback.tb_lineno
= curred

Indicates the ”"precise instruction”.
traceback.tb_lasti
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The line number and last instruction in the traceback may differ from the line number of its frame object

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

traceback.tb_next

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

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

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

254 R (slice) #72x¥V k

AFGARX T 27 Md, __getitem _ () XYV v FOLDDAZA A ZRTDIMMEONET, RF74 4T
Yz MIHAAAD slice() BIBTHAERSINE T,

A LEHORHREN: start I TRTT; stop & ERTT; step FRAT v 7OMETT; ThZ2hEMEX
N7=5E1% None L 2o TWVWET, INSDBHIITEREORERETE T,

AFGARFT TS 27 MEIXY vy F—D¥R—-—PLET:

slice.indices(self, length)

ZDXY v FIZBE—DOBEKEI length ZED, ATARF TV =7 WD length BRED > — & > AT
HEfhle 2I2RBT 5. A5 RCHTBEREZARELET, 2OXY v FiZ 3 20EHE» 522
RINVERLUET; ZNEN start BLUY stop DA YT v 7R, step TRODBRATA ADEER
TS ATy 7 2AD 0D, BHNADETHIUL, BHEDRAT A AL EDLRVR D hlTbh
3,

XY v R (static method) 77214 b

BRIX Y v Fid, ECTHHALE S RBEBA T2 7 o XYy FATY 27 bAOEHZHIES 272D
FEZRBELEST, XYy FATY 27 MDA S04 7T = 7 b, BHEITZ -V EREXY v FA T
Sl bRAL T vRTT, BXY Y PRI IRARI TR VAR APLHIET 2, FEBITRENS A
T2 MITy FEINIA T2 MITk D, RN EEEBRONRIZIEIRD £HA, BXY v RE T
Pz MIEEECH UATRERA 7Y 27 b2 oy FLETH, A 7Y =7 b BERIEFECH LATRET T,
FA 7Y = 7 M3 AAAR T A T 7 X staticmethod() THMENE T,

IIAXVYy RFTST 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.
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3.3 %XV Y R4

72 AE, FRZARTOA Y v FEERL T, Rk (EMEESIRA TR, A 74 AKELRY) X
ZRPEDHA R FEETE XY, I, Python OEE T+ —a—F (operator overloading) ~D7 71—
FTY. THUTED, 77 RBEFHEOERTIINT 2 MEDIRL BN ZERTEET, HIXIE 577X
D5 __getitem__ () EWOHHDRAY v FEERLTED, x BIDIFADA YRRV ATHHL T oL,
x[1] X type(x) .__getitem__(x, 1) ZIZIFFHT T, FRTERDRWER D, #UIR XY v FAEREINT
WRWE R 2O XS REBEERAS LHIF (720 TWIiE AttributeError > TypeError) 2NiEH SN E T,

Rk X Y v RIZ None ZFET 5 Z id, ZAUSHIGT 2HENFHATERWI L EEKL T, IR 27
FAD __iter__ () % None ICRELZGE. ZDI T RABZA T 7N HRET, TFDA VAR RITH
L iter() ZMUHT L (__getitem _ () WKNIEDNRE N FIC) TypeError #iEHL 3,

ARSI Z LTI 2L =527 5 RAFEET L X3, Ml IN2F 7V 27 M o TEKD D 2 H#iH
WKEER L YDHZOPEETT, MR 2> —r v 23MAL2OEZROBFIEETHALH b LAY
AW, AT7ARADERDPEBEREZREBLVPD LNERA, (WICDRFa2 XV METI27 VETALZD D
NodeList f ¥ X —7 £ —ADZD—HITT, )

3.3.1 EXNBHREZIAX

object. __new__(cls[, ])

75 cls DL VA Y ARV A E2 DO ENE T, __new _ O IFFFIXY v R T (ZDX
Yy RIFRIRWE ATV 20T, BRIICHNA Y v FEESTI2HEEH D FHA). A VREY
ABERT B EIEREINTVWE 7 I RAZHE GBI D E T, KHO5EBEA TV boaryx b
7 2OR (2 7AW LX) KEINET, _new () ORVEEHFLVA TV =2 b4 VR

ZYA (BHEE cls DA YRRV R) TIRIFUILRD FEA,

R SREEClE, 7 9 RDFT oA VAR RBERT % L 2121% super ) .__new__(cls[, ...
1) WIS BEIEE L TA—NTZ 2D __new _ () XY v FERUH L, #ilzicERmEhiz4 v
AR Y ARG ERZMA T2 R L £,

L __new O M A7z FDIERPIIFTEIN, cls DA YRRV ZAZRLEHGEITE
__init__(self[, ...]1) DXSWKCLTHLWA Y RXYRAD __4nit__ () BDIEFHINET, 2D
L E self WHICEREINIA VAR VAT, BOO5IIA TV 27 v aryR s I 7 REINT
SIEERTIZRD £5,

_new () MWcls DA VAR VABRIZWEE, A VAXVAD __dnit__ () XY v RIZFFEUOHX
NEHFA.

__new _ () OFERZHMNE. EEAREERE (int, str, tuple R Y) OV T 7 ATA VARV RERE S
ARIARXTBIEITHDET, $hoy VIRERENARART ARG 27D, WARLDRART 5 R
TELA—N=F 4 FENET,

iter__ ()

) —— R——

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

on tne penavio nat None no allaple
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new__ () IZXoT) AREINLE ZADBHOH LTSRS NN SR
$9, 5IBE 7 7 RDa v A7 7 ARCELLDBDTT, K TR ZDIREY 7 ADE HI

init__ () XYy FEEOGE IREZSAD _ _dnit._ (O XV v FIEEEZSAD __init__ ()

XYy REPRINCFECHE LT, £ Y AX Y ADIEE Y 5 BN X3 Z L REE LT
i h F8A. Bz, superO.__init__([args...1)

new_ _ () & __dnit__ O WEELTE IO 27 b KT S (
WENEHAZTAXT D) DT

__new_ _ (O HBMEER L. __init__ (O
_init__ () D5 IE None HZIR L TIIWITEEA; 5L TLE
9 &, EITHFIC TypeError BEHINTLEVET,
object.__del__(self)

AVARYADHESNE L FXMUCHENET, 27 74 F 749 (HYITEH D TEAD)
FRMIZREBMEINE T, BIEZIZAD  del O AV vy FZ2FHSTWAEEE. IREZ 52D

_del__ (O XYy RiXIThh, BEEZ FAD __del__ () XV v FERHRINCIFCH LT, 4 YA X
YADEIKT F AFRT " E D A LHEFITHIFR LRI D £ A

_del__ O XYY EDPHELEIILELTVEA VARV ANDH LWSIREED, WEE2ESEZ
i (HERINRVWDOD) AIRET T, ZAUIA T =2 b 183F e Eh Ed, BiGE LA T2y
FOFHEWREINDZERNIC __del__ O PIEUTHINZ Y S PIEEEKRFTT; HED CPython @
FETERAO—MH LLFFIH IR EE A

interpreter exits.

It is not guaranteed that __del__ () methods are called for objects that still exist when the

AR: del x FEKE x.__del () ZFEUHLIFRA — &I x OSBIV 2 1 OS5 L. &
B3 x OSBAV P 0 ETED-E ZEOARUIHINE T,

CPython EZEEDEM: 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.
BE:

gc EVa—NLDRFaxXVh,

g2=a,
El=K

XYy ¥ __del__ () BAREZRWTHAIH I NS 720, EITHICIHA L 7AIhHImH &
N, RO DT sys.stderr IWEEHH

HERENE T, FHT:

Cdel (). FEDOI—F2AFETINATVIE X, FEDRL Y FRALMIHEEET,
del__ ()T, avyZ%W-o7D
Ba.

Ty T3V —RARMRUHLEDTE2LERD B
del () OFEFICEOHFMEINZa—FRIckh, 20U Y —ApEICEBINT
3.3. BHAYVYER4
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WT, Ty PRy Z7iEE50b LAEE A,

o __del__ O AVETVEDY %y FRYUHIZETTEETS, EoT., (flOET 22—
NBED) 7 7R RATHHEND 70— IOVEBIET TIHIBRE TS 2, None IZ
HEENTVEDH LNLER A, Python &, H—D7 VX —Xa7 THEZ4HTDIa—
PNIUATY 27 ME MO T — NVERDHIRE NS AN EY 2 — A0 HHIfREN 2 Z
PHRAELET; ZOX 5K 70 — A BEAOMD? S DBEBEFELLEVEE, __del__ ()
XYy FHBMINTZRE T, 4 Y R— P ENZEETI 2 — AR ERHEETH 2 2 & BRI
TEDIENODD LNER A

object.__repr__(self)

repr() MAABMEUC & o TGN, +79 22 FEET TARD (official) ] LTI ZFIE L %
T AIAER B, ZAUT (EYIRIREN G Z 5 UR) RICEOA 7Y =7 b2 HAERT 2DIHZ 5. A
W7s Python RO XS 2bDTHEINETY, TERLWARL, <...some useful description...>
RO FINDBRINENETT, RYVEEIXFINA 7Y =7 b TRITINUIRD ¥ A, 7T AN
_repr__ () BERLTOVWT __str__ O FEBRLTVWARINZE. Z2D772ADL Y RAZYAD TFER
RO (informal)) XFHNIRBDERINI L ZIZdH __repr__ O DI E T,

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

and unambiguous.

object.__str__(self)

Called by str(object) and the built-in functions format () and print() to compute the "infor-
mal” or nicely printable string representation of an object. The return value must be a string

object.

__str__ () 2B Python REEZRT I AHA/FINBRVEWVWIHT, ZDXY v R object.
__repr__ () YIFERZDFET: XML, ELEHREARALER T2 N TEET,

FHAAAI object ICK > TERINT 7 40 MFEIZ, object.__repr__ O ZFFOHLE T,

object.__bytes__(self)
Called by bytes to compute a byte-string representation of an object. This should return a bytes
object.

object.__format__(self, format_spec)

format () MAAALBEE., X HWE T+—< v FEAXFH TFI)L OFFfi. str.format() XV v
FIck o TIROIEN, 7922 b0 7 74—y MLE7: (formatted)” SCFFIEB LD %
T, format_spec 5IBUE. BER T +—~<v MbA T > a Y DOFEERE ELXFEFNTI, format_spec 5l
BOBHUZ, __format__ (O ZHEETZHNCEIDETH, ZLALXDI T RFHAAAD T NI
Ta—<y MLEZELZD, ALE5R7+—<v MEA T a VBRIV E T,

BUED 7 + —< v MEXDfFFETIE. formatspec ZZHL T ZE W,

ROERXFINA 7Y =27 P TRIFUILRD $E A,
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N—=YaVy 3.4 TEHE: BTROWLFINPEINZEGE object HHD _ format. XYV v FiX
TypeError ZiXHi L %9,

N—T a3 3.7 TEH: object.__format__(x, '') I¥ format(str(x), '') TIIR< str(x) &
FEffiici b £ L7

object.__1t__(self, other)

object.__le__(self, other)

object.__eq__(self, other)

object.__ne__(self, other)

object.__gt__(self, other)

object.__ge__(self, other)

ZNBEVWbWw3 7 EERIEER (rich comparison)” XY v R TF, HETFIYRLE XY v RAONT
JEL T o@D TT: x<y & x.__1t__(y) ZMUEHLFET; x<=y & x.__le__(y) EMUTHL T,
x==y & x.__eq__(y) ZMFUHLET; x!=y X x.__ne__(y) EMUHLET; >y & x.__gt__(y)
ERECHLET; o=y & x.__ge__(y) ZFFCHL 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().

AARLDHBERZYR—FLTWT, HEOF—IIMHS ZeHMNTED Ny afie A 7Y =2 b
ZE2 L TOEELTERRICOWT, __hash__ ) DFF 2 XY PARKEPATVWEOTEMLTLIE
2V,

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

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

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

considered.

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

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

3.3.
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object.__hash__(self)

HAIAAD hash () BIEP. set, frozenset, dict DL Iy v a%fliofzal 7y a VAIOER
RS 2EL SO EINE T, __hash () XAV v FIEIBEEZRIRITINERD FHA, ZDR
Vo RIZBERNEER, MEERPFELVA TV 27 VEREIUA Ny Y afliR o2 0WS 2T, 47
V7 bR T A ETHHAHINZEREX INCHED Ty Y 2fHZHET ST, Z2hz2h

DEEDNy > 2fB2RET I 2BTTDOLET,

def __hash__(self):

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

AM: hash) @EATP =27 MHED __hash__ () XYV v FIRTE% Py_ssize_t OV 4 i)
DEDE T, ZHE 64-bit TEALRFINTWVB Y 8 N4 MT, 32-bit TEALFINTWVB YL 4 34
FCF, AT7Y =2 bD __hash__ () HFI%D bit B4 XD LI FTHARESLETD 25HE1,
HFTETOIR—PFFTHELFD bit IE2F =y 27 LTIV, 57 5fH2J74E python -c
"import sys; print(sys.hash_info.width)" 2%{T73 2522 T3,

TIAM __eq (O AV FEERBLTOVEREVWRS, __hash__ () XY v RBERLTWERDFRA;
TIRAD __eq () BERLTVWTD __hash__ ) ZEBRLTVERVES, ZOAL Y ARV AE Y
YaRfEalL 7 a v OHERE L THRAEEA, VIRV I a—RINRBF Tz P 2ERLTE
D, __eq _ORAVy REFEELTVWERD, __hash__ () ZERLTUIRDFHA, ZHUX N\vPa
AJEE AL 72 ayOEEIBOVTF—DNy ¥ 2fl@PA I 2—K TNV THDZ I PEREINTVE D
LTY (A7Y 27 by Y 2 fENZELT B L, #ofzny 2237 Y hash bucket IZA->TL %
WET),

User-defined classes have __eq__ () and __hash__ () methods by default; with them, all objects
compare unequal (except with themselves) and x.__hash__() returns an appropriate value such

that x == y implies both that x is y and hash(x) == hash(y).

_eq O BA—=N—=F4 FLTWT __hash__ () ZEFRLTVWRWVWT I XTIX, __hash__( &
FEERAYIZ None WCEREXINE T, 77 AD __hash () XV v FP None DFE. DT 7 ADA
VARVADNy Y aflHEEIGL k5 & F B L) TypeError A3AHI ¥4, isinstance(obj,
collections.abc.Hashable) TF =z v 735Ny Y afEERDDE LTIELFBiEhE T,

_eq O "F=—N=FGARLEIIRADHE I FADPSLD __hash__ () O FEEZRELLVWERS, A
REYIZ __hash__ = <ParentClass>.__hash__ ZETH I LT, ZNEA VX T ) RIEZRRT
I h A

_eq O BF=—N=F4 FLTOVRWVWI FRAMBNy ¥ atR— b 2fflL0EE 77 RAERIC
__hash__ = None Z&®HTL IV, 77 AHHTH/RIIZ TypeError %M 3% __hash__ () %
EFKT 5. isinstance(obj, collections.abc.Hashable) FEUH L TR - Ty & 2 AJBE & ik
MENBTL &9,

FER: T AL FTE XFHNe AL MO __hash__ O EIZTFHEIRATRER 5 > X L HT 7 YL R
ENFET, Ny ¥ HIFHEMD Python 70t ANTITERTH D #ild £ 525, Python Z# DR L
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My 2omic, THITERLRD XS,

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

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

Ny Y afBOEEIX, BEOA T L —> a VIEFICHEL 3, Python & Z DIEFTT R RIEL T
FHA (Z L CHE 32-bit & 64-bit ORI THEED 7).

PYTHONHASHSEED H SR L TL 72 &\,

N—Tay 33 TEH: Ny a7 VELMUMBT 74V b TEMZED 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

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

its instances are considered true.

332 BMET7 IV ERZEHRARIAIXTS

DFRORXY Y REERLT, 7I7AAL VARV ANDBEET 7€ X ( x.name Offif. x.name ~DLA.
x.name OHIBR) OBEMHE I RARXTA ZTHI N TEET,

object.__getattr__(self, name)

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

exception.

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 fake total
control by not inserting any values in the instance attribute dictionary (but instead inserting them
in another object). See the __getattribute__ () method below for a way to actually get total

control over attribute access.

object.__getattribute__(self, name)

JIADA VAR YA T ZENT 7 AR FEET oI, BEMFFOHENET, 75
AW __getattr _ () DEFRLTVWBIEFE. __getattr _ () &, __getattribute__ () THIRINZ
FEOCHI 3 2, AttributeError PIAAZ X LA VR DN EEA, ZOXY v FIE GtREK)
JEVEME %R 3 A, AttributeError BIAAZE L &3, DX Y v ROFERAINCEERZ S MEUH X
NTLESDZEPI LD, EEOBRICIIHEIC, BERBERTADT 7 AT, HlZIE object.
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__getattribute__(self, name) D XS ICREEI FADRA Y v REFRIUBEHLZM > TIECH X7
FAUIR D £8 A

JEMR: 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 $FFk A Y v FIRZR.

X2V T4 BEDB XS5 obj & name ZIEL TD object.__getattr__ 2o EMET 71X
T EEANRNY N BEHLES,

object.__setattr__(self, name, value)

BHEORADAA SN ENE T, JUIBEHEONRADBRRE (Thbb, 4 VARV AfE
ANDEDRA) ORDO D IHFIEEINE T, name FEMEST. value 132 DJEITRAT 2EHTT,

__setattr__ () OHFTA VARV ZABUEANDKRADBDERS, BEIZ FADINEFCARIDAY v
REFFCHZRFIUIRD /A, BIZIE. object.__setattr__(self, name, value) & L ¥ T,

tF a2V T4 CEDHB L5 obj ¥ name ¥ value ZEL TD object.__setattr__ ZfHiozEME
DT7HA N BEEARNY  BEHLET,

object.__delattr__(self, name)

__setattr__ O WPTWETH, RATERIEDOHIBRZITVWE T, TOXY vy FEEETZDIE
A7 =27 MiZ¥ 5T del obj.name HEMHN D 2HEITITLRITIUILD FH A

X2V 74 ICEHB X557 obj & name ZIEL TD object.__getattr__ %o 7@ MEDHIFRIX
EHRANRY N BEHLEI,

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-IDOBREET IV ERZHREIA1XT S

R AR D __getattr__ ¥ __dir__ b, TV 2a—LVEBUENDT /LR EIRAZTA X T EDITHHE
ZFET, EV2a— L LNLD __getattr__ BABIBENHTH 2 1 512 ITWMD, SR LALMEZERT
A AttributeError #EH L T, BUENEIS 2 AT =27 2o, BEDME, DFD object.
__getattribute__ () TR B2 o 785 E . AttributeError Z XM ¥ 571, €Y 2 -1 D
__dict__ 25 __getattr__ PRI ET, AftdrokGEE ZOBEATHEIHE I, BERIER
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 DML VRETDEY 2 —LOEHE (JBHES T BT 4 DRERY) DHREZIA ZDDIT, £ 2—L
A7 D __class__ JEHIC types.ModuleType DH 77 I ANHETEE T, HIZIERD X STk
DES:
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import sys

from types import ModuleType

class VerboseModule (ModuleType) :

def __repr__(self):

return f'Verbose {self._ _name__

def __setattr__(self, attr, value):

oY)

super () . __setattr__(attr, value)

print(f'Setting {attr}.

sys.modules[ name__]._ _class__ = VerboseModule

AR T 2—1D __getattr__ BZEFRLRD
L RADOMXBHEDONLEMRIET T - ES2a—1D
HEEY2—)LD globals DX¥H 5 TH) &

5oe

__class__

ERELZDLTH, HENDLDIIEMNT 2

globals NDEFET 7 L AF (Y 2 —LNDI— K

ERTEEA,

N—Tay 3.5 TEH: EVa—1LDOEMN _class__

HEZAAAREICIR D T Lz,

N—ay 3.7 TEM: __getattr__ TV a—VEMY __dir__ ®Y 2 —EM,

BE:

PEP 562 - €2 a—J)L® __ getattr___ & __ dir__

Ya—LD __getattr__ BB LS __dir__

F A1) 7R (descriptor) DR

BRI D FRH,

The following methods only apply when an instance of the class containing the method (a so-called

descriptor class) appears in an owner class (the descriptor must be in either the owner’s class dictionary

or in the class dictionary for one of its parents).

attribute whose name is the key of the property in

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

F—F =252 (S RBET 7 ZDHEE)

In the examples below, "the attribute” refers to the

the owner class’ __dict__.

R, TVITADA VAR VA (L VARV RAEET 7€

DLGE) DEMEEUSEHCHEOH XN E T, instance B L TREME 7 7 RAT 23K, 720D

owner 5IEIIA —F—2 5 XA TT, owner &

CTElE7y 27232 %X None TT,

ZOXY v RiE, BHEENEHMEEIR T2, AttributeError At 2EH L E3,

PEP 252 1% __get__ O F 1222005 8EFOMUH LAREA 72 =27 FTHEEERLTVE
3, Python DfAAAD TR Y FRIZIZDHAFEZY K- LTOVETH, ¥—F =T 1 8DY—

AOHZIEH T O MENEL T 25055 D
EI5RCHEbLST. WHOFHEHICELET

object.__set__{(self, instance, value)

¥ ¥, Python @ __getattribute__ () FEIIHED

o

F—F =TT 2ADA4 VARV R instance EDEMWEFT272ME value ICEET ABRICEOH XN E T,

3.3. ¥HAVY R4
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__set__ () HBWVIE __delete__ () BT 2L, TRZVITRE 1F—=XFTRA7 VTR IZEDLD
F5, K TRV TRZOFVHL 2SR LTI EX 0,

object.__delete__(self, instance)

F—F =07 2AD4 ARV R instance LOEMZEIRT 2BICHOHINE T,
Instances of descriptors may also have the __objclass__ attribute present:

object.__objclass__

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

for unbound methods that are implemented in C).

TRV T2OFVHL

—fIC TR 7Y IR eiE. R FEICBE 3 2 E1fE (binding behaviour)” & 204 7Y 7 FMEHEDZ &
T, TAZ VTR, TAZ VU TE7m baj (descriptor protocol) DXV v K __get__ (), __set__(),
BEY __delete_ () ZfHoT, BET 7R Z2F—N=F 4 FLTVWEHDTT, TAHDXY v FOW
TN A T 27 PN L TERINTWESE, A7V 27 MATRAZYVTRTHLE L VVET,

BT 7 ADT 7 40 b OEHEE, ATV 27 FOFHEISEEZIMD B LD, HEZRELLD. HIBRL
72h3 203D TT, HlXIE a.x ITXZBEBHOMEBTIX., £F a.__dict__['x'] . RIZ type(a).
_dict__['x'] . ZL T type(a) DEJEZ FATRAKXIZ FATRHRVDHDIHIL . W\ ol BHICHHE
ZhETd,

L2 L. MBERROMED, FTRAZVTRZAYy FKOWTLEERL TR ATV 27 FThHiuX, Python
T 7 AN bOEEREA—N—F 4 FLT, RODITFRAZV TRV v REMROHL T, edoEHoh
DEZTTAZVTERY w RPREFHEINZIDE, EDTAZ YT RZAY 9 FRERINTNT, EDKD
RGN R=F g N (A PR=

TRV TREPH L OER L 725 01F. BHELANDOHM (binding) . T4DH a.x TT, 5D LS
WKTAZ Y T RICKHEESND2E a ITRIFLET:

E#FUH L (Direct Call) -
BHIT, 0% o IEHRVIFUH LIREE, a— RRTEEFZ 2 Y T2 XY v FOFUH L:
x.__get__(a) TS5 L L3 DT,

1> 22> K& (Instance Binding) *
Tz P VAR ZANEET S, a.x EMFH L type(a).__dict__['x'].__get__(a,
type(a)) AN F T,

2 5 A5k#& (Class Binding) 4
FANHET B2, A x I U A.__dict__['x'].__get__(None, A) IZE#INFT,

super R#& (Super Binding)
super(A, a).x DEIR Ky bEffio/ly /7 v ST a.__class__.__mro__ ZHFERLT. A DHf
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DI I7ABEZEITEHL. B.__dict__['x'].__get__(a, &) ZIRLET, bLTAZ IV FXRTRIth
Cix %EE%T&:&L&TO

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__Q),
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& e LTEEILTY
F9, ZOMR, A VARV ATREAY vy FEHERLAEDA—N—F4 FTEFF, ZOZkiTkbD, L
DA YARYADFC 7 7 ADMD A Y AR R EWCRRZ2EEREET 20 TEET,

property () BIBUIT —X TRV PR LTEESINTVET, MoT. A YRRV REHZ 087 4D
FEEA—N—F A4 FTRZENTEFEHA,

slots

__slots S, (FuRTADEIWR) TXAUNEIHRINCES L. (RN _ slots ~ TEH
FSLTWEPEI IRCHFHELTVEDTRWED) __dict__ ® __ weakref _ ZEBLBVWESIZTE
N

__dict__ S DICHART, HINTEZ XY EBE2ZDKEVTT, BEFERORY -k bmt
TZXE9,

object.__slots__
DY TAERINE. A VAR VAPV ERHG RS, XTI AT I TN, FREXFHNDS —
FUABRATEET,  slots 13, BA VAR VR L TES SNEZHICHER D EHEE
FEfRL. __dict__ & _ weakref  HPHEIRNAERINZVWESICLET,

Notes on using ___ slots _ :

o _ slots  EREBWIIZADOMKT R X, A YRR VAD __dict__ @MY _ wedkref B
P E R HRTRE TS,

o __dict__ BEDHBWIGE., _ slots  ITHIBEINTORWHLREBE A VAR Y RIIRAT S Z
CIRTEFRA, FIBINTORVWEBZEZH > TIRAL X5 & L72EE. AttributeError 252EH X
NET, HBEEEHNRALZVDRS, _ slots  ZEETHHIC '__dict__' 2EBHD
= RIGEML TSN,

o slots  EEBRLTWVWDBIZ TADEA VARV RIZ _ weakref  BEDBRWEHE, A VAR
YARIINT 2555 (weak references) FHR— FSNFHA, BHEROYR— P BRBER S,
~ slots  BEETABRIC '__weakref_ ' BERELDT — 7 Y RIZBEMLTLEEWY,

o slots . VIIRADULNALTEERICWT 2 TRV TR 2o THEXNET, ZOHE,
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_ slots  WEBINTWVWARA VAR VRAEBOT 7 )V MERZZ FREHE# - TRETE RS
BoTWET; ZoH5LARVwE, TRAZVFSRICEBZRAR I 7 AU EEELTLES ST,

The action of a ____slots___ declaration is not limited to the class where it is defined. __ slots
declared in parents are available in child classes. However, child subclasses will get a __dict__
and __ weakref __ unless they also define __ slots  (which should only contain names of any

additional slots).

H57IFAT, HEI FATITTWRERINTVWSI ARy PEERLLELEG, K720y b T
ERINTVEA VARV RZERIZ (TR VT REEES AL EHZEIIFLRWRD) 77+ 2T
ERARDET, ZHUCEKD, a7 LOBENPRERCK->TLEVE T, fBRIZ. ZoREL B
7D OErDOF =y ZBBMENZ 2D LILERA

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

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

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

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

DR T Yy N RREORY SR Mo ZEMK ZTEE I, Any PCERSNLEEZHOR
7723 1 DKBRLNET (OEES FAD Ry MIZETHRIFIUIRD FHA) - ZHITERT S
¥ TypeError MiEH I 5,

HL  slots  WHRLTATL—4F 2@HT 232, A TL—XDEITLIC TAIUTE Esh
3, L. slots  BYEERZEDATL—ZeRkDET,

333 VSREMZENREIAZT S

I IADBMBD T T REMAT B ZIWHT, B FAD  dnit_subclass_ () DFECHINET, Ik
MAST 2L, YT SRDEFELET L7 7 A2 EL LB TEET, THUE 77 RA7aL—xeeT
HRAMYTVETY, Z7I7RT7aAL =&, ZADEHAINLFHED Y T RCDAIEET 5DITH LT,
__init_subclass__ &, dolEDH. ZDAY v REERLZIZ FADFRDOY 77 7 RIHEHAINE T,

classmethod object.__init_subclass__(cls)

DAYy Rk, FADRERINT 7 AKX NZBICHITCHEINE T, cs 3FH LW T~
FRATT, DL, TORAVY FWRA VAR VAXY y FELTEREINS &, BRI IZAXY v R
CEBMEANE T,

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

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

—_—

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

54
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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__ OF 7 4L FEBEIMBHITVEEAD. AS2D58 e ¥ HIMESHE
N8, =7 —%2EHLET,

AR: XX F7ADk U metaclass 13D OBBEMIC X > TIHE X4, __init_subclass__ #Ei&

KHEXND L IEHD FRA, FBEORAX 252 (HRMAL Y FTIEZL) &, type(cls) £ LT
J 2 TEET,

N—Ya ¥ 3.6 TENM.

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 =237 7R owner PMEMINRETHBMIMUHEINE T, A 7927 V32D T 5
AD name WZHHHETHNET,

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

A.x =c # The hook is mnot called

c.__set_name__(A, 'x') # Manually invoke the hook

ARl VS ZAF T DR ZSLTLEE W,

N— 3 v 3.6 TEM.
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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.
BE:

types.resolve_bases()

Dynamically resolve bases that are not instances of type.

PEP 560

Core support for typing module and generic types.
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BIEXRY S ZADRE
25 ZAEFH L THYRA X2 5 203, UFO LS CREsnES
o BELHITIRA RS 52852 5 TWAEWESIE, type() HlbNET

o BIRIIZA R Y 5 ZAHEZ BATOT, £hD type() DA Y AR Y 2 TIEBW BE, ZhEARY
TR LTEEHEVWE T,

o BRI X X7 53R LT type() DA Y ARV ADEZ bleh, BENERINLTVLGEIE. &
BIRE L7 (MAEABIRTRS D) X 27 I A0 bhE T,

BROBIRENRA 227723, (b LHEIUI) WRINTIEE SN XX 75 R HEEINLTRNTOR—-RI 5
ADRART I ANERENE T, ROIPIREMNLXZ I T 2F, TNHEDAXT I ABEHOITRTOYTXA T
THDZEIBRDBDTT, AR IRBEMO NS Z DEMERG- X R IFHUE. 7 F RAEFKIZ TypeError TH
WML ET,

75 2D %Az D%

WYX R 7 IABEESIND &, 77 ADGLATEMPHEINE T, b LXXT 7 AD __prepare__ JEE
o TWAHE, namespace = metaclass.__prepare__(name, bases, **kwds) 2SWHINE T, B
DF—TU—F58E. DL IRERICDHINIFTEINET, __prepare__ XYV v FIF ITAXY YR L
TRETIVLENDD FF, __prepare__ PMER L TGRLUZAHTZEMIE __new__ WCEINFTH., &EHR
ZIAFTY 27 PEFH LW dict iICa—LTERINE T,

XR7 5 AT __prepare__ BN WIGE, 77 RDOLRETEMIZZED HEffE~wy ¥y 7 LTHLE
nEI,

BE:

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

77 AKBDORIT

7 ARMED (REDITIX) exec(body, globals(), namespace) ¥ LTHFEITENE T, #HEDMFUIHL L
exec() DHEEILEWVWIZ, 7 7 RAERDPEBNITITONLHE. LIS ANVRAA—TFITLoTY I AKRNK
(EEDOXY v F2&8) HBEIEDRa—F e HMIDR 2 — T o4 2B TE 2 VWO HRTT,

LU, 77 ZERDPBEBAMTITONLIRTE A, 77 ANHTERS NI Y v FId7 FARa—TTE
BINAFHZRLZ I3 TEFERA, 7 I7RERIEIA VAR VARV Yy RDRTFTAAY vy ROBRIIDNZ
RA=BZH67 7R 20, ROHTHWIT 2, BRINIHIIR 2 - 7B o Tns __class__ Z»56
7 7RALBZTINILD FEA,
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VSRATS U DIERK

7 I ARMKDEITICE o TP 7 ADLARTEHBIMI L X N7 5, metaclass(name, bases, namespace,
xxkwds) ZIMFUOH T T IRA T 27 PBERENET (ZZTEIAZEMDF—7 — X
__prepare__ WKEXNZHDLFLTT),

DY IAKFXTY 27 M, super() OESIBIERIZE > TSREINEZDBDTT, __class__ &, 7T AR
KD XY v R __class__ F721F super DWVWITN2ESHB L TWBRHEIIZ, T 24 FI2X o TIER X
NEZBRO 70—V v —BETT, X XYy FREXNZFRADSIBICESOCTHEDERHE L2175
JoDIHFHEINDE 7 FRAENEIA YRR AR E N5 —F. super() OESIBEANL F> IV Ra—
TWEEDSWVTERINT WS Y 7 A2 IEMICEHAST 2 Z e ZATREIC L £ 35

CPython RZEM:#H: CPython 3.6 LI TIE, __class__ ®Lid. 77 AAHTZEMICHZ __classcell__
IR =2 LTRARI ZRICEINE T, __class__ EADBFEELTWEGEEE. FO7IANELLH
MlbXh 272012, type. __new__ O LICEET 2 ¥ T LIcERENET, KBLZEGEIX Python
3.8 Tld RuntimeError 272D £7,

FTIFNIDRART TR type LEAEHNCIE type. __new__ ZMUHT AR I 5 2% FoT0W3 L XL, 7
TAATY 27 bEERLIZRICRD A R X LMEOFIESES SN E 5

1) type.__new__ XY v FH __set_name__ () DWEBREINTWVE 7 7 ADAFZEMH2L2TOREEE
[ELET;

2) ZNHD __set_name__ AV v FH, ZDAY Y FPERINTVWE I IR, BIUZIRET SR
MICHI D B ToRTWaHHTZ5 e LTI IR ET;

3) HLWIIRADAY v FIFRIEFTT C LITMBET 282 7 AT __init_subclass__() 7 v 7 D
UHxhEd,

AT TV 2 PIMEREINBRICIE, 7 TAERICEENTVWE 7 7ATaL—& (b LHIUR) 27 7

AATYV 7 PHEIN, TAL—XPRTA T 27 PRI TERSINST TR LTH—-IIILVOAH]ZE
EICH S £ T,

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

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

PEP 3135 - New super
D __class__ 70 —I ¥ BIOVWTRHALTVET

o
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AR S ADAE

i

X R T ZFRY BWBERNFAMEZ > T0E T, AT THENTERET A4 7T 7IE, FIER, vl
k. A VR -T2 —RADF v, BTV F—>ary, HEFuxT 44K, TuoFs, JL—LAT—7,
ZLTHEYVY—2Ruv 7 At woizd00Hh 3,

334 AVRAAVADAREIRIAREY T IS RAFT VY

MTRDAY v FIZHAAAREE isinstance() ¥ issubclass() OF 7 4L FOFfE%E FE X33 DICHIA
LE,

FflZ. abc.ABCMeta X X7 7 Rid. fIREJES 7 X (ABCs) &7 RIEEE S 5 R (virtual base classes)” ¥
LT, 10 ABC 28t (RO 7 2% (HAASME &) BICHENT 372010, cRBDAY v FER
TLTOVET,

class.__instancecheck__(self, instance)

instance B (B, FIIBHEERND) class DA VAR VAL EZEZ LN EIT true IRLE T, EFR
I TWIUZ, isinstance(instance, class) OEEDO-DICFLHEINE T,

class.__subclasscheck__(self, subclass)

subclass B (E#E, F7IIMHEANC) class DY 77 F AL EZ BN LIHEIT true ZIRL T, EHRS
NTWAUZ, issubclass(subclass, class) OEED-DICHFIHEINE T,

BB, INBEDRXY Y Rk, 772ADH (XX 7 F5R) L TRIBINE T, EEDIZ IR F7AXY v RE
LTERTAILIITEEFRA, THE. A VYRR VRAZNEAERDEZ SRATHBE ZDFEEICDHA, A VARY
2R XN EHRXA Y v FOBREr—BLTWE T,

BE:

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

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

335 PxxVyIBEIZIalL—bTB

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.
BE:

PEP 484 - BlE> b

Introducing Python’s framework for type annotations

Generic Alias Types

Documentation for objects representing parameterized generic classes
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Generics, user-defined generics and typing.Generic
TR ST A = RIENFRETH D DORNBEF = v h—DHRETELZ =2 v 7 7 5 X% FE
TEHEDRF 2 XY MTT,

i

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

classmethod object.__class_getitem__(cls, key)

key 1ITH BB TRHRILINZ 2RV v I I TRERT ATV =7 FERLET,

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.

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 expresstion '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)
(RDR—T12HE L)
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(RIDR=I D5 DR E)

# Else, ©1f 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, ratise an exception
else:
raise TypeError(

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

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

__class_getitem__ () being called:

>>> # list has class "type" as its metaclass, like most classes:

>>> type(list)

<class 'type'>

>>> type(dict) == type(list) == type(tuple) == type(str) == type(bytes)
True

>>> # "list[int]" calls "list.__class_getitem__ (int)"

>>> list[int]

list[int]

>>> # list.__class_getitem__ returns a GenericAlias object:

>>> type(list[int])

<class 'types.GenericAlias'>

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

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

>>> from enum import Enum

>>> class Menu(Enum) :
"""A breakfast menu"""
SPAM = 'spam'
BACON = 'bacon'

>>> # Enum classes have a custom metaclass:

>>> type(Menu)

<class 'enum.EnumMeta'>

>>> # EnumMeta defines __getitem__,

>>> # so __class_getitem__ ts mot called,

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

<Menu.SPAM: 'spam'>

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

<enum 'Menu'>
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PEP 560 - typing EZa—IIL&S xR Uy IBICHTZEREIATICLZHR—
Introducing __class_getitem _ (), and outlining when a subscription results in

__class_getitem__() being called instead of __getitem__ ()

3.3.6 MU LAIGEA Tz b 22l —+93

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

Called when the instance is ”called” as a function; if this method is defined, x(argl, arg2, ...)

roughly translates to type(x).__call__(x, argl, ...).

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
those methods from a base set of __getitem _ (), __setitem__ (), __delitem__ (), and keys(). Mu-
table sequences should provide methods append(), count(), index(), extend(), insert(), popQ),
remove (), reverse() and sort(), like Python standard 1ist objects. Finally, sequence types should
implement addition (meaning concatenation) and multiplication (meaning repetition) by defining the

methods __add__ () radd__ () iadd__ (), __mul__(), __rmul__ () and __imul__ () described be-

) —— | R

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 __<ter _ () method to allow

efficient iteration through the container; for mappings iter__() should iterate through the object’s

) ——

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

object.__len__(self)

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

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

CPython REDFM: 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
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(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.

N—a v 3.4 Tl

AR X740 UTD 3 XYy MIiZko THHERIZITDOREF . RD & 5 RIFCH LI

[a[1:2] =b
KD &S IWCHIFRE
[a[slice(l, 2, None)] = b }

MUTRHEETT, FELBRWVWAT L ZADEHEIX None THO LN F T,

object.__getitem__(self, key)

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

raised.

AER: for V=TT Y= YRAOKEREIELSMIETE S X513 57012, RIERA VYT IR
IR LT IndexError 25EHIN2 D HIFLTVET,

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

instead of __getitem__(). See class__getitem, Versus getitem, for more details.

object.__setitem__(self, key, value)

self [key] KT E2RAZEETZ2-DICMIEEINE T, __getitem _ () LRICEEFEND T
FDET, ZOXYy FEFEETEZDIEX, HAF—IIHTZHEHOEEEZ Y R— L TWEH, Hil-k
F—ZBMTEZL5R~y TOEEL, HDHERTEEIMRI LIV TELY—F Y ADHERIIT
o PIERR key ITXTLTIE, __getitem _ () XY v FeARRDOFINDEEZITHRIFIIRD FHA,

object.__delitem__(self, key)

self [key] DHIFRZHET 27-DIMUIHEINE T, __getitem () EEUCEEFEENHTITED F
T DAYy RERETEZDE, F—DHIFEEIR—FLTVWE~y OGS, BEREHIRTE
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L= Y ADGETET TS, NIER key I LU TIE, __getitem _ () XY v K FREDOHISNDZEH
PITORIFUIZ D £8 A,

object.__missing__(self, key)

self [key] DEHEIZBVWTHIENZF —DELELRDP o HEI, dict DY 72753 2AD%DIT
dict.__getitem _ () WX Xo THUIHINET,

object.__iter__(self)

ZOXAYy FiE, ary7FINLT ATL—8 PEREINLEBFCHFIHEINET, 20XV v Fid,
AYTFHNOERTDFTY =2 M- TRIBIETE S X578, FihATL—XF 722 %R
SRTNERD FEA, vy BV I TR ary7FHADOF -1 - TRELUHE L TR $8A,

object.__reversed__(self)

reversed () fAAABEEMHL A T L —> a v 2FEHET L0, (FETHR) FOHLET, 2
TITNORERZHINEAZA TL—1+F 5, HILWATL—XZEITNETT,

__reversed__ () XV v FBRERINTOVRWES, reversed() #IAAMEIX sequence 7’1 +
an (__len__() & __getitem _()) o/ FHEICT7 =Ny 7 LET, sequence 71 + 32
NEHR—=—PFLEATI 7 MiE, reversed) KD DHMEBOVVWEELRBTEZ2HEICOA
__reversed__ () BERTHNETT,

R A FEET (in BEC not in) IHEH. 3> FFOBRICHT 2 REMHD k5 108 EXhET, L
DL, AVTFATI 27 FTUTRORHEAY v FEEEL T, EOMBRLRFEEEZIT-=D, A7 b
MATITINTRLTHEIVWEIITTEE T,

object.__contains__ (self, item)

W7 A MEREZFEET Z DI EINE T, item B3 self WIZIFEES 2B EWIEEL., £5T
RWESIEBERIBRINERD EXA, vy 77V 27 F OGS, HPF—HOMTIERZ L,
FIINITBRFET R N EZEZRITNERD THA,

__contains._ () BEBLEVWA TV 27 MW LTIE XNy FPTFAMEES.  _iter (O %
ol BEAAET, RCH WS —r Y AKRETa hanr __getitem _ () ZFVWET, SEBL 77
LYZDZDE 2L TTRXW,

338 HERZITIZalL—+TB

DIFDOXYy FEERLT, BUERA 7P 27 b2 I2 L - 22N TEET, FEOHBEDOEERC
FEH A= PENTOARWVE S REFICHINT 2 XY v F (JEREBORECS 2 €y MNEMERZY) 3. K
ERDFEFIZLTEIPRITFNUIRD FHA

object.__add__(self, other)

object.__sub__(self, other)

object.__mul__(self, other)

object.__matmul__(self, other)

object.__truediv__(self, other)
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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)

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

optional third argument if the ternary version of the built-in pow() function is to be supported.

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

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

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

called if the left operand does not support the corresponding operation™ and the operands are of

*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
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different types.** For instance, to evaluate the expression x - y, where ¥ 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.

Note that ternary pow() will not try calling __rpow__ () (the coercion rules would become too

complicated).

AR HROBEHE T ORI EMOPHEEFORDOY 77 FRATHD, OV T I IRATHEAY v
FIZ 3 2R XY v R BRIZEENERIN TV I5HEICE. EROHEEFOIERG XV v BH
FHINBHENC, ZOXY vy ROMHENE T, ZORSEENCI D, 77 7 ABBOTEF 2+ —N—F
4 N3 2 EDAREICIAD 5,

object.__iadd__(self, other)
object.__isub__(self, other)
object.__imul__(self, other)
object.__imatmul__(self, other)
object.__itruediv__(self, other)
object.__ifloordiv__(self, other)
object.__imod__(self, other)
object.__ipow__(self, 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 (+=, -=, *=, 0=, /=,
//=, %=, *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 x 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)

*4 For operands of the same type, it is assumed that if the non-reflected method -- such as __add__ () -- fails then the

1 o | which is whe the reflected method | lled
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object.__abs__(self)
object.__invert__(self)

FEOOH U CHUHBITEE (-, +, abs ) BLU ~) 2FEL 7,

object.__complex__(self)

object.__int__(self)

object.__float__(self)
THAA BRI D complex(), int (), float () DFEELHIFIHINE T, B LBOMELZIRS 2T
372D F8 Ao

object.__index__(self)

MM U C operator.index() %525 L 3, Python 2fEA 7Y =7 M EBEA 7Y =7 MiE
erp BT BRERD BIE (¥ ZIER A Sy, MARAD bin() . hex() . oct () F%)
WHEICMOHEINEST, 20XV RBHZ L ZOREA TS 27 v PEEATHZ Z e BRBEIF
T, BHEIRIRTFIUIRD R A

bL __int__ (O, __float__(), __complez__ () PWERINTVWZRVEE, HAAABEEKD int(),
float(), complex() & __index__ () IZ7 = Nv 7 LET,

object.__round__(self [, ndigits] )

object.__trunc__(self)

object.__floor__(self)

object.__ceil__(self)

FHAABBEED round() ¥ math £ 2 —LEIED trunc(), floor(), ceil () DFEEH HMENH X
NF 3, ndigits 23 __round__() WEIALWVIRDIZ, ThS5DETDAY v Fid Integral (72T
WX int) KYIDEED LN ATI 27 FOEERTNETT,

The built-in function int () falls back to __trunc__ () if neither __4nt__ () nor __indez__ () is
defined.

N— a ¥ 3.11 TZEH: The delegation of int () to __trunc__ () is deprecated.

3.3.9 with XX AV FF X FIR—Tv

aY7TFRA YA —I % (context manager) 1, with XOEITRICT Y XA La YT HFAMEERT 54
T7Yx7 bTY, AVTFAIIA—IxiE, - FT7 0y 7 2FTT 57200 EBAD OB XTHAODL
HERNET, AV TFRA MY r—Y ¥ 3l with X (with X OEZSI) ckhEBIhETH. 2
NoDOXYy REEEFIET I TREITL I HTEET,

AVFTFAITR =Yy DMREWARMFEVT LTI, HARI7e— " VEROREBLUEH., VY —AD
OyZe7ravr, 77A4AMDF—Frerun—IXREBEITFoNTET,

For more information on context managers, see typecontextmanager.
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object.__enter__(self)

AVFTFAIIERA—YryDDOADOTETEINBZNHTT, with XiF. XD as HiTHESNEE
KT ZDRAYy NERIHLET,

object.__exit__(self, exc_type, exc_value, traceback)
AVTFRAMTA =YY OHOTEITINAUHETT, RTX—KX, aVFT7FAMPKTLEZERERE

o 72BN OWTHHL TWES, a7 F 2 MBFINEEHBTRT LGS IX. 2 To5] &5
None X EXNF T,

b L. BB EH IR, 20X Yy RBFNEIIHIL72W5EE (Thbb, fIADERHEINZDE[E
72WE). ZDXY v R True ZIRTDERH D ET, £ TRITFIUL, ZDXY v ROK TR, i
AMIBEBEDEE TS 22D FT,

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

responsibility.
BE:

PEP 343 - "with" XTF—FX>2k
Python @ with XOEH HH, BLUPID LKA TVET,

3.3.10 VS ZANA—=2I vy FOMEF IBOARXRZIAL X

RE=VDOH T 7 2% 2HMAT 256, MEBIIHIET 7+ b TEAHATEEE A, MyClass TH
AP R— DRV E, case MyClass(x, y) ZBEFEEMNTT, ZD LI BAAX—-VE2RET 51213,
__match_args  JEME T T RICERT LIRLEDPDHH T,

object.__match_args__
ZDT T AERICEXFINDR TABTH A VARET T, DY TADPY 7 ANRR— Y DAESIHD
FTHHENZ . ZRENOMNESIEIINIEST S _ match_args  ODHFOEEF—V— RT3,
*F—v— Nyl EHRINE T, ZORBMELLZVRIX. ) PREZINTVWEIDLERETT,

il 21X, d L MyClass.__match_args__ IZ ("left", "center", "right") DBERINTWVWLIHFA.
case MyClass(x, y) & case MyClass(left=x, center=y) & AT T, & — Y DI DI,
_ match_args  DBEZRBEFAFEIZNUTTRINELLLVWAICHFEERELTLEI WL, L, oo
72 EIiE, 8K — < v Fid TypeError A L E T,

N— 3 v 3.10 TEN.
BE:

PEP 634 - #8&HNEZ—2T Y F
match X DFEH,
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3.3.11 HHX YV v FIRER

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(O
>>> 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,

AM: types.coroutine() 7AL—XTTaAlL—XBHIFoN/d 2 XL =X 5RENS generalor
iterator 7Y =7 b BIFEATRETT DY, __await__ O IEEZEIRTOER A

object.__await__(self)

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

Future implements this method to be compatible with the awat expression.

7AMR: 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

pa—

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

N— g v 3.5 TEM.
BE.

FAEATREL 7Y 2 7 MIZOWVWT X DFEEL K 1Z PEP 492 2L TL X 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

IN—F VM TIRBETE2AYy R HD, TNHR@E Yz —ZDXY v RpLOHEMTYT (PRl —
RATL—=EXY Y E ZBRLTLIIEZZIN), L, YA —XEEST, 2V—F VIIRENEZ ERE
WY R=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,

coroutine.close()

aAN—FURETEHBOBREMNIFZ UKTLES, aL—FUR—BEEELTWAESIE. aL1—F
H—RHELE X BT T L —&IZ close() XV v FRHAUR, FFTEFENNEEZRELET, 2L T
—HEZ 1L L7z HS0> & GeneratorExit 2NEH &, K2 bicar—F U BESEEORF{TI 2TV
9, iR, EITHBBIN TR o BETH, aN—F VICFETHE T LHENTET,

AN—F AT POWEEIND L FIZE. FEROFIEZHETHEIRICEHT S E T,

3.4.3 JEEHAr 7L —42 (Asynchronous lterator)

JERHAA FL—4& O __anext__ XY v R 53IERIAD 2 — FHERE T,
RS 71— XX async for XOFTHEZ T,

object.__aiter__(self)

FRHAATL—R A7 =27 P 2RSS TIRD THA
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object.__anext__(self)

ATV —RDRDMEZIRT FHEEIGEA T b ZREIRFIR D E¥ A, KIEUHEIET Lz
%21 StopAsyncIteration T —%EHITNETT,

JEFRHAIA T I F TP =7 LD

class Reader:

async def readline(self):

def __aiter__(self):
return self

async def __anext__(self):

val = await self.readline()
if val == Db'"':
raise StopAsyncIteration

return val

N— a3 ¥ 3.5 THEM.

N— 3 ¥ 3.7 TEHE: Python 3.7 X D EiTlE.
TE L%

_aiter__ () X FEEEAA T L —4 12k D awaitable %R

Python 3.7 22 51d. __aiter_ _ O FIERIAA 7L —&F T2 =2 7 F 2RISR FIUIRD THA. ZHLSD
b D%IKF & TypeError IZ74 D %73,

3.4.4 EFEHA>THF X I R—T ¥ (Asynchronous Context Manager)
JEEEAA>YTHF XA MIR—T 4 X, __aenter__ XV v F¥ __aexit__ XAV vy NN TEITE—REILTE
5 AVTHFAMIRZ—P ¥ TT,

FERP2 Y T7F A P2 —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 __ezzt__ (), the only difference being that it must return an awaitable.

FEFRI Y TFFRA 2= % 7 5 ZADH:

class AsyncContextManager:
async def __aenter__(self):

await log('entering context')

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

await log('exiting context')

N—Y a v 3.5 TEM.
72 EIET-RETI
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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,

75
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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.

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 LTHEEINBHEIE, (del OEKMITE. EBILMOMIL (unbind) TF2%) XOHI L. Fdis»
DHDL BHEINET,

KA import XIEWIFNS, 77 ARHBIER, EY 2 - LN (PyTLRrOa—F7ay ) N
THEID FT,

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

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

7075 AT XA MRAGHIPHERT 2702, ZOA4FIBEDLDA TV 2R AHIOBE T v v 7 TR
N7 K& (binding) %> THATOSBBITONLE T,

4.2.2 BZEIER

Aa—7 (scope) F. 7y ZNOAHOAHREZRDE T, B—ANVEHEDDHZ 70y JNTERSINLTY
256, ZBDORAA-TF3Ix0T7ny 72 &A% T, BT 0y JNTHAETIOERZITo GG, Z20Hho 7
Oy 7 BAFNCHIORBEZITHORVED, ERI7uy JHNOETOT Ry 7280 k51 A a—FpiiRkEh
7,

HrHAPA-FT7ay JNTHEbONSZ ., ZOAFIEREEIPLHS X5 Aa—-F (RNAa—-7"
nearest enclosing scope) Z o> THMOERZITVWET, TS5 LARI-=TN6R5, Hba—F7ay
ATSRTEZRa-T2TOEAEIZ. 70y 7 DIRE (environment) ¥ XN E T,

ZEIPEL A S o7 ¢ EiX, NameError BIADNEHINE T, HEDORI—TBEBDO DT, £
BIDMEDON BT TR — I AERR F P HEICRE I TV WSS, UnboundLocalError fFIA N EH X%
¥, UnboundLocalError & NameError ®F72 7 XT3,

HHHHMPI— R TRy ZJNO Y I THREREINTOWS, 2078y ZJINTHELN S ZDARNIITA
T, BEO 7y 7 OB LTbhEd, Z0kd, 24132070y ZNTHRES S HICHHED
NZLTS—IZOKRMADET, TORANZBIKTT, Python QIZESHAL, a—F7avy 20X Td4
HIdAERENTE XY, H2a—F7uy 2 IBIF30—ALERE. 70y 707X R +2Kh 5 4ETRE
BEEEE TS THREZXNE T, Hlid UnboundLocalError I22WTOD FAQ JEHH 2ZL T 2w,

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
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the names are not found there, the builtins namespace is searched. The global statement must precede

all uses of the listed names.

global XiF. MU 7my Z7OHEREL R L RAa—-72Hb %3, 2 BHERORMN AR 2 — 712 global X
WhHiH5E. TOEHEBIZ 0 — VBB 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.

HBEY 2 —VDLEIZERIE, ZDEY 2 —ADPBRINC import ENTZFHCHBIRNC/ERINE T, A7V S
FDFEEY 2 —)V (main module) IFFIZ __main__ IHEINET,

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 since they are implemented

using a function scope. This means that the following will fail:

class A:

42

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

a
b

4.2.3 #HAH L HIFR{T S DRIT

CPython REODFM: = —¥X __builtins__ N IZNETEH D FHA; ZTHUIHFICEREDFFMT
T MHARAADHFEMOFDEE A —N—=F 4 F LIV —HIX builtins £V 2 —/L% import LT,
ZOEM YN EE T ZRETT,

Hra—K7nvy 7 OFETICHET 2HAAABATZERIZ. EECIZa—-FTay 2070 — LRz
M2 546 __builtins__ ZMBITZ 22 TROPD 3, __builtins__ @EHELEY 2 — L TRITNI
RO EVA (BREOHEIEY 2 —LOFEMEDLDNET), 774/ T __main__ EV 2 —LHICB
WX, __builtins__ EHARAEY 2 —)L builtins TF; FRALMNDEEDEY 2 —MITBWTIZ,

_ _builtins__ X builtins EY 2 —LHBOFHEDOIA VT XTI,

4.2.4 BRIGHEEC DD LD

HHZBDHHIRRIE 2 8 MFTR S ETRICITDRE S, 2F 0, UFoa— 42 2HALET:

i=10

def £():
print (i)

i=42

£0

4.2. #BiJIF K& (naming and binding) 77
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eval() & exec() PAEUZ. HETOMIRIC, BIEOREORTZMEZ 2D TEDD F¥A., LHIEFFOHL
Hloa =2 ra— OVEGETZER TR T E 9, BRZBIIRNGATZEBTIZR . 7a — UL HTZERH
ORI NE T, ! exec) ¥ eval) BIEICIZA T2 a D5 H Y., Fu— Lk b — B L ARETER
BA—NTA PTEET, ZHTZEMEI—D ULrFRE X NRITIUL, W7 OARTZER L LTEDIE T,

4.3 HI9

Bist e, a—r7ay 70EHEOGIE 7 v —2Fli LT, =7 —2ZmofIARNRIRNEZUETE S X5
WCF2DDFETT, PIANIT I - S NIRRT EH (raise) SHET; fSMNE. =7 —HFREHLD
JEADa—r7ay 2k, L7—pFELa—Fr7ay ZEEEEEECTFCHLTwSa—-FTay
7T I8 (handle) $25Z P TEET,

Python 4 ¥ 27V RE, Fv 24 215 — (LulRBERY) pHich s LN ZER L 3, Python 71
75 Lh 5, raise XEfio THRINCHINZEL T2 dTEET, fSf > FF (exception handler)
I, try ... ezcept XTHHETAIENTEF T, try XD finally HiZM>2 7V -7 v Fa—F
(cleanup code) ZIEETEE T, ZDa— FIIHBMNIME L AN, FITT 23— 7oy 7 THlF =
THERERSTHEFTEINET,

Python &, =7 —LHIC ” 7’025 2D T (termination)” EFAEZHVWTWET: sk > K71k, 7
0275 MAAPFE L2 2R T2 2 e BN TE, A R TOIMUD LAWY E S 2 Z 213 TE E T
B, (MEDH-72a— REnEROPLFITLERBTOTRVIED) =7 —DFRREZEBE LD, FITICERK
L7 EERDETI LI TEE A,

PISH RIS NIZ N E, 4 Y EZTVRET 0T 5 ADFATERT SR L0, Mahix 4 2 — Tz
RLET, E556D558, 545 SystemExit TRIFIUI, REZ v 7D ML —ANy 72 ML ET,

BIsME, 72524 VAR A K > THAIEINE T, except HilZA VAR ADZ 5 AITH L OWTEIRX
NFEFT: ZHEA VAR ZAD I T2, ZD FFREEEISR 2SBLET, ZOAL VARV REIAVEFR
T X o TSN, FINFMICET 2 BMEREZERA S Z B TEETS,

AR DX v =%, Python API fHERICIZEEN TV ER A, X v E—JDNEIX, H 5 Python
DN=Ya Y ERDON=Y a YORTELER LCEESNZAREDLH 5 DT, BRN-—Y 22D ¥ 2T
ZCEET 2 L 57%a—FE, ISRy t—YONFIKESEIRETEDD $HA,

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

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

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

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

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

ET 2 —ARDTA VAR —+rEN 3L &, Python Z3ZDET2a—LEHRRL, RiSr o754 £
Va—nNAT7Y 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)
82 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. % 83
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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
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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.

54 O—F

BV 2 UMD RO o A A VE- MEMEZEY 2 — kv - FF3RIcZzh (BXUZCEEN
20— —) ZffnEd, I AV FR—-1tou—-FEITRI%Z0aEMTS:

module = None

if spec.loader is not None and hasattr(spec.loader, 'create_module'):
# It i1s 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 import-related module attributes get set here:

_init_module_attrs(spec, module)

if spec.loader is None:
# unsupported
raise ImportError
if spec.origin is None and spec.submodule_search_locations is not None:
# namespace package
sys.modules [spec.name] = module
elif not hasattr(spec.loader, 'exec_module'):
module = spec.loader.load_module(spec.name)
# Set __loader__ and __package__ if missing.
else:
sys.modules [spec.name] = module
try:
spec.loader.exec_module (module)
except BaseException:
try:
del sys.modules[spec.name]
except KeyError:
(RDR—=V ki)
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(FiDR— 25 D %)
pass
raise

return sys.modules [spec.name]

DUFOFHICER L T &

o sys.modules DG X 5 NAHTZFHOMGFOESY 2 — VAT =27 b 23D 5746, import 1FBEIZ
ZREELTVWETL & S,

o EVa—VE B—X—DEYa2—)La— FEETTLHIZ sys.modules WKHFMELTVWET, £
Ya—a— Fp (EENEZEEZNC) BoESZA Y R— N 28ERH 5D T, THFEE
T3; Y 2—/l% sys.modules IZENMT 2 Z & T, REDF —ATIIMBOFHTA, 2L THRRED
= ATRERE O — FH, #id o THilkEh ks,

o O— FUEICKRML72HE, TORBLAEEY 2—01F - ZL T, ZOEY 22— D - sys.
modules 2> 5H D RN E T, sys.modules F ¥ v ¥ 2 ZBCEEFNTVWLTRTOEY 2 —L L,
BIEFE LTr =R LAEITRTOEY 2 =ML, HiZFy v 2t 3hET, Zhudve—F
LIIMRIT, Ve— FOEAEIFRMLZEY 2 —Ld sys.modules IZHRINE T,

o BODEIIIY TEHINZ LI, EV2—AIMELNTHOLFETINE ETORICA VR — &
HliEA R = EHEDEY 2 —VEMEREL £F (LFEHEMla— MO ”_init_module_attrs”),

o EVa—VETIFEY 2 —LOLRTEMPHERI NI 0 — FOEELRBER T, EfTEe—&—I125%
WEEEHR, =X -2 DI IHETELERET LI IR T,

o O— FOMIHEMENT exec_module() WKEINET 2 —E, 4 VY R—1TDDDITREINS D
DEIFELZ1D LNEFHA S,

N= 2y 34 TEHE: A YR- b RATLER-X—OEHMNLZRTZ5EMEX L e 2N O3RN
importlib.abc.Loader.load_module() XY v FIZXoTHETINE Lz,

5.4.1 O—4—

EVa—u—X—lF 0 FOHEELZKETH SEY 2 —VETHAREZRBL 3. 4 2K — MR 5
TLESETBEY2a— AT 22 b2HE—D5[8 ¥ LT importlib.abc.Loader.exec_module() X
Yy REMYFH L E T, importlib.abc.Loader.exec_module() 75 RENIALEOMEIZWHEINE T,

0 — X — RO 27 L TR T U 8 A

o EYVa—NH (MABRAAEY 2 —REHNCHARAENBILRES 2 — L Tid7% < T) Python €3 2 —
N oGE. 8= —IFEY 2 -1 DI a—VAHTZEM (module. __dict__) T. £V a2—10D
a— FZFTIRETT,

*2 importlib OEEIX, RO HEEZEEGS Z 2 IGHIITWET, 20oRbHIC, BV 2— A EHFHNT sys.modules 1 HEY 2 —
ﬂ/ﬂ‘7/17 FeRET, 25952 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,

ZLDOHBE. 774V RE -0 —X—EFAILA T 27 P THOVEREA; 20 X5 RGEETIE find_spec)
XYy FIFHIC self ((RF: 7Y =27 VEE) ZIRTZITT,

EYa2—nB—X—I, create_module() XV v FEEEFTLZZTa— N ZEY 2 —-LFTTx7 + %
ER T2 BBIRTEE T, ZOXY vy Fid, BY 2 — M EEESIBICE-> T, e— FHRRESHLWVE
Ja—A TVl FEIRLET, create_module() WEEI 2 —AF TP =l MIEMERET ILEEDH
DEVBA, DLIDXY v K23 None ZIRTRSH, 4 Y R— MEEIIHLVWEY 2 -V EZHETERL 5,

N— g > 3.4 TEM: 2—&—0 create_module() XY v K,

N—Ya Y 3.4 TEHE: load_module() XYV v Fif exec_module() IZX-» TEEHI SN, £V K— M
W0 — ROTRTOERMP RN ES | EZTF Lz,

BfFon—&X—rOHEHEMED =D, Lo —X—IZ load_module() XY v FREFEHEL, roR—&X—7»n
exec_module() ZHEL TWARITIUE, 4 > R— M2 — & —D load module() XY v REMVWET,
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 KHEZBLNLHAFMDEY 2 —AHFELTVWEHE. B —X—3ZDOMFOET 2L
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 IZEM LR FIUINT ER A,

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
O— RENHETRD BRELZRTFERD XA

N— a3y 35 TEH: exec_module() BEREXNTWVWT create_module() NEZRXIN TR WVWES
DeprecationWarning XM I 2 KD DE L7

N— a3y 3.6 TEH: exec_module() BEREXNTWVWT create_module() NEZXIN TR WES
ImportError 2SEHE N5 K51k b kL7,

N—Ya¥ 3.10 TEHE: load_module() %ffifi3 % ¥ ImportWarning 2SFEEL 7,
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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 Module spec

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,

The module’s spec is exposed as the __spec__ attribute on a module object. See ModuleSpec for details

on the contents of the module spec.

N— g v 3.4 TEM.
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5.4.4 Import-related module attributes

The import machinery fills in these attributes on each module object during loading, based on the

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

__hame__

The __name__ attribute must be set to the fully qualified name of the module. This name is used

to uniquely identify the module in the import system.

__loader__

The __loader__ attribute must be set to the loader object that the import machinery used when
loading the module. This is mostly for introspection, but can be used for additional loader-specific

functionality, for example getting data associated with a loader.

__package__

The module’s __package__ attribute must 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.

This attribute is used instead of __name__ to calculate explicit relative imports for main modules,

as defined in PEP 366. It is expected to have the same value as __spec__.parent.
N— a ¥ 3.6 TEHE: The value of __package__ is expected to be the same as __spec__.parent.

--Spec__

The __spec__ attribute must be set to the module spec that was used when importing the module.
Setting __spec__ appropriately applies equally to modules initialized during interpreter startup.

The one exception is __main__, where __spec__ is set to None in some cases.

When __package__ is not defined, __spec__.parent is used as a fallback.
N—=Y 3 v 3.4 THE.

N—Y a3 3.6 TEHE: __spec__.parent is used as a fallback when __package__ is not defined.

__path__

If the module is a package (either regular or namespace), the module object’s __path__ attribute
must be set. The value must be iterable, but may be empty if __path__ has no further significance.
If __path__ is not empty, it must produce strings when iterated over. More details on the semantics

of __path__ are given below.
Non-package modules should not have a __path__ attribute.

__file_
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__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).

If __file__ is set then the __cached__ attribute might also be set, which is the path to any
compiled version of the code (e.g. byte-compiled file). The file does not need to exist to set this

attribute; the path can simply point to where the compiled file would exist (see PEP 3147).

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

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

5.4.5 module.___path__

By definition, if a module has a __path__ attribute, it is a package.

A package’s __path__ attribute is used during imports of its subpackages. Within the import machinery,
it functions much the same as sys.path, i.e. providing a list of locations to search for modules during

import. However, __path__ is typically much more constrained than sys.path.

__path__ must be an iterable of strings, but it may be empty. The same rules used for sys.path also

apply to a package’s __path__, and sys.path_hooks (described below) are consulted when traversing a

—_—

package’s __path__.

A package’s __init__.py file may set or alter the package’s __path__ attribute, and this was typically
the way namespace packages were implemented prior to PEP 420. With the adoption of PEP 420,
namespace packages no longer need to supply __init__.py files containing only __path__ manipulation

code; the import machinery automatically sets __path__ correctly for the namespace package.

546 E2a2—I)LD repr

F7 4L h T, IRTDEY 2 — VFFIFHATEER repr 2o TWE T, L IE. ZAZTITHHAL
FEHEORENBIKELTED, TV 22— AAMICEoTEY 2 -1 ATV 227 bD repr % & D BIRANIC
HHT 2B TEET,

b LEY 22— UPMERR (__spec__) ZFioTVhIE, 4 VK- MEMEIZZ DS repr ZAERL LS5 L E
T bLENDVERBMT 20, FREFEEPFELELRITIE A Y R= PP AT LEFEY 2 — LV TAFTHE
RHELWBEREMF>TT 7 4L D repr ZREL 3, 24U module. __name__, module.__file__,
module.__loader__ % (B D BRWHHRIZOWTIZT 7 4L MEZH o THIVRDS) repr NDASI & LT
BoikAET,
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b TV S IEMER AT

o EVa2— __spec__ BMER o TOIUR, (HRRICE EN2THEMD repr AR T 272D icflibih %
3, "name”, "loader”, "origin”, "has_location” BN SIRI N F I,

o« EVa2—UWZ __file__ BUDDZELEEIE. TP 2—AD repr D—E ¥ LTEDLNAE T,

o BV a2 __file__ 1WA __loader__ 23H D, FDHD None TIEHRWIEHIZ, u—&X—0D
repr €Y 2 —LD repr D—Efy L TEDLIE T,

o ZFOTHRIFNL, BICEY 2—)LD __name__ % repr OFFTHNWE T,

N—= a3y 3.4 TEH: Use of loader.module_repr () has been deprecated and the module spec is now

used by the import machinery to generate a module repr.

For backward compatibility with Python 3.3, the module repr will be generated by calling the loader’s
module_repr () method, if defined, before trying either approach described above. However, the method

is deprecated.

N—Y a ¥ 3.10 TEHE: Calling module_repr() now occurs after trying to use a module’s __spec__

attribute but before falling back on __file__. Use of module_repr () is slated to stop in Python 3.12.

54.7 ¥ vwv>adni-/N4 cd—ROEML

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 TZEH: Added hash-based .pyec files. Previously, Python only supported timestamp-based

invalidation of bytecode caches.
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55 NAR—=X « Ty IH—

LT /ED . Python IZIZWL DD TFT T 4L FDRARNRZ « 774 VX =dfiib-oTWET, D55
D1 2F NAR—=Z « T7A >4 — (PathFinder) LIMHEH, NZAIZV ) OVRMTHZ A VHR—FIN
2 ZMRLET, ZAZIDO SRRV PVIE BV 2 — L 2HETEMEHELTVET,

NRAR—=R « 774 YE—BEKZMA»PDA VR—=FHFEEH>TVWAERHOITTEDY EHA, ZORDDIC,
HxDARZLY P ZEBL, FRPNREDOEED A ZDW W EH > TVWB ALY MY « 774 VX —
EEMT F T,

TIANIDRALZY MY - T7 A4V R=F V77 ANTRATLALEDEY 2=V ZBDF27DDTRTD
v T4 VAREELTCVET, 20U Python Y—RXa—F (.py 774 ) . Python X4 Fa—F
(.pyc 774L) . HEFA475V BlIRIE .so 774L) REDFNR T 7 A NVEA TR L %3, F4%
477 VD zipimport EY 2 — M X o THR—-PENBZHEE. T I AV FDNRRAZY MY - T7 A
= (FKEFA T VLHND) TRTDT 7 ANEA TD zip 774450 E— FHFVET,

NRALY MV T 7ANT AT L EDGICBEEININEEIDD FHA, URL RF—EZR—ATTYRFZ
DM FFNTIRETE LM ESRT 2 Z L bAJEET T,

PRANR=R + 774 VX =7y 7B baLEBMT2IeNTE, ZUTL > THREAJRER AT Y

MU ORHHEZINRL. WAXIA XTI eNTEET, HIRE *v b7—2 LD URL ZSRAZ Y bV &
LTHR=FLIEWEE, web LOEY 2 —LE RO 37201 HTTP OB NG RFEE LT v 7 2H
e TEET, 2O (FUHLATEA 7Y 27 bTHB) 7y 7iEk, FTHEHTA2a barzyR—1
T2 NAIZVR) T4 — %2RLET, 2O b web POHEY 2 — DR —X—%HIFT 5
DIZHEbIET,

BEOEE: ZoOFCHOMOMST I7A28— LW FEDN, XENZ - T7A( 28— v NAT Y
e T4 — LS HEBETKAIEATHEDLATWES, Zhsd 2 BHEDO 7 7 £ VX —3IEFITBTED,
Bliz7a barzdR—1rL. 4 Y R=MUETHEU XS HKEEEL 35, MPICREL-oT02020IC8D
THBLDEBEETT, FHI. XZARR - T 74 v EZ =34 Y F— FM@@%%‘H\ sys.meta_path DELED
B =CEELE T,

ZREIFHRANT, $RZY MY - T 7 A YR —EZDHEZERTHNAR=R - 77 4 Y X —DFELEFEHATH D,
FBX sys.meta_path H/NANR=R + 7 7 4 Y X=DHWY RHhNIGE NAZY MY - 774 VX —DF
HIIFHRITENZOTL & S,

55.1 XAV kY « T7pA 24—

INAR=Z « T7A A= 12&, XFF NZAITY b)) THEESINZ5F® Python €Y 2 —/L% Python
R —Y%RADF, B—RFI3BELDDET, FLALDRALY MVIE T 74 VS AT A LDGFTEE
FELTVWETH, ZZCHIRINZDEIEDD T8 A,

RARNRR T 7 AV R= LT, WAR—=R » T74A VA — IR L7z find_spec() 7’81 k 2 /LH5E
BINTOETH, ZHUWMATAYVR=ENZA DEED2a—NVERDF, R—RFRTE3HEEIREZTA X
TE2DHZ2 7y 7 REHELTOET,

INANR—2R « T7A A — % sys.path . sys.path_hooks . sys.path_importer_cache £ \5 3 DD%
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BEfFoEd, Iy r—IF7Y22 D __path__ BEHEDBFVET, ZhdiZk->T, 48— ML
HEH AR AT 5HEPREINE T,

sys.path contains a list of strings providing search locations for modules and packages. It is initialized
from the PYTHONPATH environment variable and various other installation- and implementation-specific
defaults. Entries in sys.path can name directories on the file system, zip files, and potentially other
"locations” (see the site module) that should be searched for modules, such as URLs, or database

queries. Only strings should be present on sys.path; all other data types are ignored.

INAR=Z « T7A A= 1F AENZ « T7A2HA— DT, 4 KR— MERIE BT TR L 7 SAR—
R+ T 74 YZ—=D find_spec() XYV v FEMUIHT I LT A VR—F/INZ OMREIHD E T, path 515
73 find_spec() IKE XN L 23, ZAUIEBET B3 AXFHDO Y R b - WRHENZIZZ Dy Fr—2 DFT
AYKR=PLTVWE T —ID __path__ JBHIZKR D 3, path 518D None 72 - 7235E. £hdHLEN:
DA VR=PTHBZZRLTWVWT, sys.path DELNET,

The path based finder iterates over every entry in the search path, and for each of these, looks for an
appropriate path entry finder (PathEntryFinder) for the path entry. Because this can be an expensive
operation (e.g. there may be stat() call overheads for this search), the path based finder maintains a
cache mapping path entries to path entry finders. This cache is maintained in sys.path_importer_cache
(despite the name, this cache actually stores finder objects rather than being limited to importer objects).
In this way, the expensive search for a particular path entry location’s path entry finder need only be
done once. User code is free to remove cache entries from sys.path_importer_cache forcing the path

based finder to perform the path entry search again™.

path entry 23 ¥ v & 2 OHIZHED 5 7235E. path based finder 1 sys.path_hooks OH DI L ATHE
FT7TP 7 Ve TUDET, ZOVRAMDZENZEND path entry 77 &, HWET 2 path entry W5
SIE 1 oEE LT ENE T, 2O LAJFEA 7Y = 7 & path entry 2R % path entry finder
%3R3 5. ImportError %A U ¥ 3, ImportError &, 7 v 725 path entry D7z ®D path entry finder
ZEERWZ & 2t 27201 path based finder BMEVE T, ZOFSNILIRE T, import path &2l o
TWLEDST oNE T, 7y 7358 e LTXXFINE @3N MlA 7Y =7 b 2IIFL £, N4 M
ATV bOTYA-T 4 Y TE 7y 7EEATOT (BlIRIE. 77 ANV AT LDy A—T 4 VT
D UTF-8 R ZNLANIZETT) . 7y 705827 a— FTERLh o755 InportError 2k XX
T3,

sys.path_hooks Zill 2 LA WZAIZ U R « T4 08— 2RI FTITKDoLBHE. NAR—Z -
774 Y& —0 find_spec() XV v Fid, sys.path_importer_cache IZ (ZDNALY MY IZKTZ7 7
A VE=DPEIELRV I L ZRT72DIT) None ZIRIEL, XFINZ + T7A VA — 1FEI 2 -2 HOD 5
BhpoleZ 8 RIEZX 5 7-9IZ None ZIRL ¥ 73,

sys.path_hooks kD NZATVrUT vy HMOIHLAGEA 7S =27 FPORDEOWTALD NAT Yk
) e T4 — THoT HBE. BTHTL3EY 2 - EHET D07 v bardfibh, ZhrE
Ya—nu—FTikdicibhsd,

The current working directory -- denoted by an empty string -- is handled slightly differently from other

entries on sys.path. First, if the current working directory is found to not exist, no value is stored in

*3 In legacy code, it is possible to find instances of imp.NulllImporter in the sys.path_importer_cache. It is recom-
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sys.path_importer_cache. Second, the value for the current working directory is looked up fresh for
each module lookup. Third, the path used for sys.path_importer_cache and returned by importlib.
machinery.PathFinder.find_spec() will be the actual current working directory and not the empty

string.

55.2 XAV FY - T4 —-7FORIL

EYa—effbtEnNi v r =Y DA Y KR= b2V R—- T B0, BIUARTEB ANy 7= DR~
Parve LTRHET 201, ATV MY - 774 Y& =X find_spec() XV v REFEELZFUEVT
EH A

find_spec() X 2 DDFIEEMD £, A VA-—FPLELI L LTVEEY 2 - LORLEEHMZ L, (X TP a
YD) MREY 2=V TT, find spec() EEY 2 —NIHIET 258 2L (populated) Xh7zfhhk% i
LEd. OB (1 20fiIs2ERNT) 12 "loader” v P> TVWE T,

To indicate to the import machinery that the spec represents a namespace portion, the path entry finder

sets "submodule_search_ locations” to a list containing the portion.

N—Y a3 34 TEHE: find_spec() replaced find_loader() and find_module(), both of which are

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

HWRRZY MY - 774 X —OHIZIE, find_spec() DD DIZZNE 2 DD deperecated 72 XY v ¥
DIBLDOVTNPEFEELTVEHD0H50d LAERA, ThEDXY vy RO DICERE
BENTVWET, Lol NAZY MY - 7574 Y& =T find_spec() NELEXATVIE, HW XY v ¥
(RS TRS = c

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.

flhd A4 > R— MEMOFEEIN T 2B ERED DI, ZLDRRAIY Y « 774 VX —lF, ARRZ -
774 YR =P R— T 2D LR U find_module() XY v FHHR—-FLTVWET, LAL, <
ALY MY+ 774X =0 find_module() XV v Fid, RLT path 5IBTIIMFIHINEETA (ZD X
Vv & SR 7 v 7 DRHIONOH L2 S @Y s 2@z i3 2 BEsfifshtungd),

NRRALZY MY = 774X =D find_module() XYV v KiZ deprecated TF, ¥R S, ZDHIETII R
IYRY T 74 VR —PEFEBARy T =D L TR = a Y ERERT I e B TERVRSTT, BL
find_loader() ¥ find_module() DA NRALY MY « 77 4 VX —IWFELIZH, A VKR— I RT
LIFHIC find_module() XD % find loader() ZHEALLTHUOHLET,

N—Y 3 3.10 TEHE: Calls to find_module() and find_loader () by the import system will raise

ImportWarning.

55. NAR—=Z + T4V RZ— 95
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5.6 FEDIVR— b ATLEEETHTRZS

A VR= P RT LR ZEZIRZ 27:DORSEEND D 2 LA, sys.meta_path DF 7 x L DN
BEHIRL, 2IHEIRRLDRARNRRAT v 7 TBEMRZ 25D TT,

b L. import XOFHEL T ZEEL, £ Y R— MY RT LT 7 E2RTHMD API IZIXEEEL 522 TD
iR, HARAAD __import__ () BAEZE XHZ 272 THH TS, ZOFKE. % 1 20FEY 2 —
JVNZZIT T import XOEHEZZEE T 2DICbHVWLNE T,

(BFEHED A VR—= PR T LR EEILTE2DTIFRL) TTIRAXRRIZVWE I v IPBHEEY 2—1DA
VAR — b EEIRINCRS < 72 ®1CiE. find_spec() »* 5 None ZiRFT{b DI, [E#E ModuleNotFoundError
ZREMT 2720 THATY, None BT DIIX X ARZADEBEEGIIEZNETHD Z L ZEKR LTI, Hist
ZEHT 2T QWERBRITBYID £7,

5.7 Package Relative Imports

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

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

package/

__init__.py

subpackagel/
__init__.py
moduleX.py
moduleY.py

subpackage2/
__init__.py

moduleZ.py

moduleA.py

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

ports:

from .moduleY import spam

from .moduleY import spam as ham
from . import moduleY

from ..subpackagel import moduleY

from ..subpackage2.moduleZ import eggs

from ..moduleA import foo

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

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

[import XXX.YYY.ZZZ

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

96 BEESEAVR—FRTL
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5.8 main X9 BB ERE

__main__ €Y 2 —/UZ, Python DA Y K=+ 27 2HEET 2R 572 r — XT3, MDIFA TEMRZH
TW3 X512, __main__ £ 2—/lid sys ® builtins RELFARRICA VXSV X -2 —}+7 v S TE
Bt hEz s, LaL, B 2 00FEY2a—ILEE-> T, __main__ FEEICEEL I, VDEY 2—L
ELTOERZRF > TVWERA, ZHUE. __main__ PHIEHLEI N D 5ENA V& 7Y ApE#ch s L 20
77 TREDMDF T a VITKIFT 272D T,

5.8.1 __main__.___spec___

__main__ XD X5 I LI N2 IHKIFL T, __main
None X5 ZdHH FET,

spec__ \FHEUNCREINZ Z 2 b HIUL

Python 2% -m # 7> a Y 2 TEITINLEEIIE, __spec__ W EWIETEEY 2 — L FF v Fr—
DEY 2 - NMARICRESNE T, Flo. T4L 7 MU zip 7740, EE3MID sys.path =V bV Z2HE
TT20UEDO—H e LT __main__ EV 2 —ha—- FEINBI3HEICDH __spec__ MAEM (populate) T4
RN

ZRLSN DI — R TlE, __main__.__spec__ I None ICFREINFE T, Z4UE. __main__ 4K (populate)

TEDIEbNa— R4 Y R— AR EY 2 — L EH L TWRWeDTT:
o XfEEFB YT b
o cATvav
o stdin »SEBIXNZHE
o V=RT77ANRNA FA—=RT7 7 A ADLEHZEHINTGE

BEOY — A TR 2 AN 7 7 ANV ES 2 — L LTEHEAS VE—-FTE7~ LTH __nain__.
__spec__ lIHIZ None I3 Z X ICHERELTLZEWV, L __main__ KBWTHEMBREY 2 — N XA RXF—
BHENREL S -m AL v FREoTLEE W,

__main__ 2’4 Y R—PAJEEREY 2 — & —HK L., __main__.__spec__ DZNIELTHEEINTW
L ThH, ZATHRE, ZD2200FYa— @AM ARINSZ I IRERLTLEZI WV, &
¥, if __name == "_ main ": Fz v ZIZXoTHEIEENZ T ay 7. _main _ HHE1TZERZ4 K
(populate) §272DITEY 2 —AHMEH I N LR FEITS N, BHEOA Y R— FMRAIZIFFETEI ARV, &
WO HRITER L TWET,

5.8. __main__ ICX I 34FRIEEE 97
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5.9 B2EE&H

Python OFIIOEN» ST 2, 4 Y R— MEMIEIHRE I LWREEZZRT I L. —f#flrnwe IA08 FF a2
AV IEPNIE EDOED > TRWE T, BRID v r— O 3R I e N TEE T,

F 1) P F LD sys.meta_path DfLERIX PEP 302 T, ZD#%#kr 7z 290555 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 YEY 2 — L TORRPBHENA VK=t D72DIBEM Uz __package__ BIEDRH%
LTWETS,

PEP 328 i&#oft 4 > R— b+, BRI A >R — b, BXU, Y% __name__ THEL. &I PEP 366
» __package__ TEDMAREZTEALE L,

PEP 338 l3EYa— %2R YT LTHEITTZLZOHEZEDTVET,

PEP 451 1%, Y 2 —UIHEA TV 27 NZBIBEY 2 — L EBOA Y R— MREDO S 7 bEBIML T
WET, ¥z, X —DEHNLRBETDIZLAEEZ A Y R—- MEBICERDD ZETVET, ZNHDEH
IED, A VR=PZ AT 2DV D0D API 78 deprecate 2, 72774 VX —2a—X—ZEH LWV
XYy FABMENE Uiz,

1D

98 BEESEAVR—FRTL


https://www.python.org/doc/essays/packages/
https://peps.python.org/pep-0302/
https://peps.python.org/pep-0420/
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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 BEffiZ#: (arithmetic conversion)

When a description of an arithmetic operator below uses the phrase ”the numeric arguments are converted

to a common type”, this means that the operator implementation for built-in types works as follows:
o If either argument is a complex number, the other is converted to complex;
e otherwise, if either argument is a floating point number, the other is converted to floating point;
o ZTHLDAMEEIX. WA DFIEFERTRINER ST, BHOMBEIDH D X 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

99
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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 characters and does not end in two or more underscores, it is considered a private
name of that class. Private names are transformed to a longer form before code is generated for them.
The transformation inserts the class name, with leading underscores removed and a single underscore
inserted, in front of the name. For example, the identifier __spam occurring in a class named Ham will be
transformed to _Ham__spam. This transformation is independent of the syntactical context in which the
identifier is used. If the transformed name is extremely long (longer than 255 characters), implementation

defined truncation may happen. If the class name consists only of underscores, no transformation is done.

6.2.2 UF3ZJL

Python Ti&, XFHNRNA IV T I e, BABBIEY 77 V23 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 INVERTEERRER T —RBNTHE L E T, 20k, ATV 27 bDT7ATFYT 4T 43TV 22
FOMEIZFCEETIED D E¥A, AUEEZFHOEROY 77 VEFHEL5E. (ZhbDV T I Tns
Z LDRILHHTHRD S DTHH->TD, ZHTHLLTDH) ALATY =27 bEIELTWE D, oL FUMHA
ERORDOA T =7 MiZiRD 9,

100 % 6 = 3 (expression)
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6.2.3 FIFMAR (parenthesized form)

AFEMER 2, NV 2 b O—FERET, IFINTH -/~ DTT:

parenth_form = "(" [starred_ezpression] ")"

AFEMTHDONZRDY X MiE, [H2DORDBEHT2H5DICRDET: VX FANZABRLL ey —o2DHhr~<n
A2 TWIEGE, RIVIEDET; 25 TRVES, ROVZAMEHERL TV E—0XXERDOEIZKD
%9,

HFEHEDIIFMD RT3, DR IAA T 22 bR LET, XIVILERERDOT, VFIALLRL
HADSEA SN ET (Thbb, ZOXRIANFEHTHLAL L, ZABEFALF 7Y 2 MckbZEd
BB, RERWILbHDET),

R INFAFEIMTIER I N Z DTIEZRL ., AU RICE > TEREN S Z L ITHERLTL XV, FlshEZEo x
FIT, ZOHEFAEMS BBETT — AFEMDOHi 0 7 il B 5k L2 W (nothing)” 2% % & 5
WLTLES &, EDPDVWEVWRHDIZRoTLEW, KL< DHBXA4 FIADPFMPINRLLoTLEW
£9,

6.2.4 U, 8. HEORT
VAL, RE. FEEMET 272012, Python 1 7 FR (display)” & FEEN 2 Feal O 24 L T T,
RO_FEHFTONHD £3:

o VT FONEERIRINTIZET 2

o WEREC (comprehension) LFEND, N— T 7 4 VX —ILHE DA E DL %2 W75 HRTIR

WELLDOHBEDOMCERIIRDED T

comprehension = assignment_expression comp_for

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

comp_if = "if" or_test [comp_iter]

NERLEFZZITE—DOR, HVWTPRCL D 1 {HD for Hi, X 51ZHWT 0 AU ED for Hid 2 if Hi
PHEDET, TOHE. LD for Hi if Hix, ELOSENERES Lo TW R A M LT R Y 7 AR
L. 2R FOBRNO T 0y ZIZE[ET 2 Z L ISR DOLHICDH 2 N fHili L 72 /iR, RIS T EH0
a7 FOEERITKED ET,

727 L. MBERDH B for HiDA4 75 7TARERVT, W@ﬁ%dwﬁ%m%xbéhkM%wx:~ff
EiTahFEzd, TOHHADBITT, ROV X FNTRAZINLHEIBIMID R a— 712 7 Fihs” 2
EHHEEA,

6.2. 7 kL. RFHEZR (atom) 101
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ROFEICH S for HinA 77 7K. TAZEHMATVWS Za—TZ2D % aliis . BEEAR AN
FORA-TWHIBe LTEINET, HIcH{ for fiiz, mdLELDH S for HiDT7 4 VX —FMHEA T 7
TNREZEHZEMATVEI A= TIEFFETEEEA, EWVIDE. ZALEBRBEDA T I TIANHHEL
NBMEITHKIFEL TV DD LRV 5T, BIZIZRD@ED TF: [x+xy for x in range(10) for y in

range(x, x+10)] .

WERLBFIEY D a > 7 FI1k 2 DR FAET 2729012, yield % yield from IFHFEAIL AR
FORaA—FTIFEELThTVET,

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 await expressions. If a comprehension contains either async for clauses or await expressions
or other asynchronous comprehensions it is called an asynchronous comprehension. An asynchronous
comprehension may suspend the execution of the coroutine function in which it appears. See also PEP
530.

N—a ¥y 3.6 TEM: FRHNERLEPEASNE L,
N—a ¥y 38 TAEH: yield BXU yield from ZEENRANTFORa—F TR HALe LD L,

N—3Y 3 3.11 TZEH: Asynchronous comprehensions are now allowed inside comprehensions in asyn-

chronous functions. Outer comprehensions implicitly become asynchronous.

6.2.5 VX +FRR

VR FERE AFEINTHDNRORINTT, RINZZEORINTHoTHILFEVEEA:

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

VA MRRE, HILWIRA ATV 227 b 25289, VA PORER, ROV R MEAIEY R PAERL
(list comprehension) THREENE T, Vv TRUGNLRKD VA M BGZ ML Eid, ZOHDRER
BEPSENCIACFHEiE AL, ZDIHICY A PAREESINE S, NAKEHEZ okt Fid NAEKLD
FEROERTY R PR ENE T,

6.2.6 £EXT

EEFRBBPAEMTEREIN, F—LER2DT 23000 L THERREKlah 3.

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

BERRIE. FILVIa— XTI VREEA T =7 25253, REONFR, RO H72ZNEERIC
FoTHESNE T, Ar<=XUIDORKDY R MHEZ oML Zld, ZDERIIED SENHIZFHE S A,

102 % 6 = 3 (expression)


https://peps.python.org/pep-0530/
https://peps.python.org/pep-0530/
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BEATV=z7 PIMAORET, NEXRLPGAoNE 2iX, NEKGLOMROERTEAIBA SN
9,

2 E {Y TR TXERA. 2OV F I MIZOFELFER L F5,

6.2.7 HERT

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

dict_display BRES "{" [dict_item list | dict_comprehension] "3}"
dict_item_list = dict_item ("," dict_item)* [","]

dict_item n= expression ":" expression | "*x" or_expr
dict_comprehension = expression ":" expression comp_for

HEERRE, FilnffEdEtr 7y =27 b2RLET,

If a comma-separated sequence of dict items is given, they are evaluated from left to right to define the
entries of the dictionary: each key object is used as a key into the dictionary to store the corresponding
value. This means that you can specify the same key multiple times in the dict item list, and the final

dictionary’s value for that key will be the last one given.

A double asterisk ** denotes dictionary unpacking. Its operand must be a mapping. Each mapping item
is added to the new dictionary. Later values replace values already set by earlier dict items and earlier

dictionary unpackings.
N—=a v 35 TBI: H#ERTOT Y o0y ZI3ERINZ PEP 448 TREINFE L.

HENTURELIZ. VA IPRPESONTEREL L IINRIIC, @ED "for” % "if” HiORNZ, arrTorbh
72 2 OORBMNETT, NERIHEFR T2, HBROF— L HEOERED, 1ESNIEICH LWEFEICHA X
Nx79,

Restrictions on the types of the key values are listed earlier in section {228 DFEE. (To summarize, the
key type should be hashable, which excludes all mutable objects.) Clashes between duplicate keys are

not detected; the last value (textually rightmost in the display) stored for a given key value prevails.

N—=Y a3 3.8 TEAH: Python 3.8 XDHIDN—Y a U Tld, HFENERTLICBWT, ¥ — X HDFHiERF
EFHRENTOVERATLR, CPython Tl EDPF— X DEIFHMENTVE LR, X"—=Ya ¥ 3.8 25
X PEP 572 TREINTWVWE X512, F—HELDRICFHiENE S,

6.2. 7 kL. RFHEZR (atom) 103
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6.2.8 xxxL—4xH

¥ x AL —&3 (generator expression) &&, AFEMZE L o7z a7 PP = 2L —XKFEIETT:

generator_expression = "(" expression comp_for ")"

TxAL—RREFBY 2 AL -2 AT 27 P EEXE T, COMXINERL L IXZFR T T, A
MR PEFRIN T 72 < ARINCH Eh F 5,

AL —=RAROFTHEOLNTVRERIE, BEROI AL —XFALISR) 2OV 232 —XF TP
ZMIMNLUT __next__ () XYy FHAMIND & 2 ETFHEELEEINE T, 72720, &RDLEWCDH S for fi
DA T 7 ITNVRFEBICGFHEIhE T, Z0RDZITELLT I —F. RIOENIELARRTIER L,
VAL —RAADPERINLRRTHELNE T, BTk for Hix, HDLEIKH D for HIDOT7 4 VX -5
HEA 77 7NV KEBEEMATV S R - TEFMTEEZHA, L WVWIDRE, TNSRRDIEDA T I 7
AP LHRLNBEIHKFEL TR LARWELTT, FIZIZROMED TF: (x+y for x in range(10)

for y in range(x, x+10)) .

B oME—D5H e LTETHEICIE, AN ZEBTEET, # LA HUHL (cll) BizZRL TR
W,

VAL —XREBGOHRFINZEERL TR VIDHIC, yield :? yield from FUIMEEINICER Iz
AL —RTIRELEINTVET,

YL —XHAD async for Hid 2\ await REFATWAHE, 24U IEREAS T RL—4R LT
Nxd, FEHY 21 —4RKid, FEAS 7L =X THIHLWIEFAY 2 2L =24 TP 27 PRIRLE
3 (GERERT TL—4& (Asynchronous Iterator) ZZRLUTLIZE W),

N—P 3y 3.6 THEM: IEFMY = 3L — X KYASNE LTz,

N— a ¥ 3.7 TZH: Python 3.7 X DiTI&, JEFEIAS = L —&2HiZ async def a1 —F  TL2H
AFEATLR, 3.7 »oid, EEOBEBTHERAPY = 2L — A MEZ2 X518 D E L,

N—Yar 38 TLHE: yield BLU yield from FEEWNRANFOR ST R D E L,

6.2.9 Yield =

yield_atom = "(" yield_exzpression ")"

yield_from = "yield" "from" ezpression
yield_expression = "yield" expression_list | yield_from

yield Rl Dz L —% B JERAEAS XL —2 EEERT 5 e 2o g3, o T, BHERD
ARIETOAFEZFET, FABOAREKT yield X 2HHT 2 & 20BN = 2L — BT D, async def
BABOAKRTHAT 2 202 —F YEBUIFERY = 2 L —ZBBUCRE D 5, FIZRZRD L STk D
£7:

104 % 6 = 3 (expression)
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def gen(): # defines a gemerator function
yield 123

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

GENTVERa—-TDEWEH D79, yield RIIWHRINCER SN R a—TO—He L THNERLLY =
I —ARAZFET 20125 Z L FFFRI STV EEA,

N—ar 3.8 TEH: yield R, BERNLZANTDORa—FTHERLRLY 2L —EZRE2HEET -9
DERMBEEIICZD £ LT,

Yz r =R OVWTIET T THAIA TR S, JERIEIY = 2 L — XBBUZ. JEEEY =L — 4
. (asynchronous generator function) BNZ3 I THI ATV E T,

When a generator function is called, it returns an iterator known as a generator. That generator then
controls the execution of the generator function. The execution starts when one of the generator’s
methods is called. At that time, the execution proceeds to the first yield expression, where it is suspended
again, returning the value of expression_1list to the generator’s caller, or None if ezpression_list is
omitted. By suspended, we mean that all local state is retained, including the current bindings of local
variables, the instruction pointer, the internal evaluation stack, and the state of any exception handling.
When the execution is resumed by calling one of the generator’s methods, the function can proceed
exactly as if the yield expression were just another external call. The value of the yield expression after
resuming depends on the method which resumed the execution. If __nezt__ () is used (typically via
either a for or the next () builtin) then the result is None. Otherwise, if send() is used, then the result

will be the value passed in to that method.

CRFETHHLEANED?S, V2L —REHZaL—F e ThH I BTV ET, V=L — XXM
EHEML, 1 2 EOZY FYRAL Y MEFRDE, ZOEFTE—REILEINET, V=L —XEI yield
LB TETOMGEZHIHTE R W L2 HE—DBRWT T, ZOFIEIEICY 2 2L —XOFEUH Lt~ X
Nx7d,

yield i try FEANTHEATEE T, Y21 —%D (BRAV Y PELRICET 20, HR—=YalL s> a
2k D) BTHNICHBINABRWES, Y2 RX L —R-A4TL—&D close() XY v FBFIN, finally i
MEITINFET,

yield from <expr> ZH L7HE. GAONALRIZA T 7 7N TRINIRD FHA, ZOATF7 7L %
AT7L—=1FF 2 TERSINMEZTEDY 2 1L —Z DAY v RO LITANEHEEINE T, send()
TEINEDHLWBIHE throw() TEINLDH LW BHSMNIREDA 7L — XIT@EY)R XY v RHHIUITE
INFET, BUIRAY v FPRVEE, send() & AttributeError 2 TypeError %. throw() XEXh
75N 2 BRI R U 5,

WEDA 7L —XD5E TR, 5% Z XNz Stoplteration £ ¥ AKX Y AD value BMIZZ D yield D
fEX 72D %9, StopIteration ZHZ TRRCHARMNICEY FENdD, $TATL—ENRT 2L —XTDH
WL (P74 7L =X R 5(ET) BEINICEY FENZ20DOEE LN TT,

N—=Yay 33 TEE: y 74 7L —XIHIH 70 —%2Z#E T 572901 yield from <expr> 2NEME N E
|

6.2. 7 kL. RFHEZR (atom) 105
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yield KPRAXDOHFIO LK TH 2 & =, FHlIEHTE LT,

BE:

PEP 255 - B z L —2&

Python "D = 2L —&X ¥ yield XDEAIRE,

PEP 342 - iR xR —2BVWEIIL—F %

VINANBaAN—F e LTHHTES X518, Y=L —XDMEE APl 2R T 21RE,

PEP 380 - H 7S T RL—2ADEEE A

T2 A L —ROEREMEICT 570D, yield_from X DEARZE,

PEP 525 - JEEEAY T *L—%& =

N—=F VEBADY 2 2 L — X DFEEREN DB & 5 PEP 492 OHRRIER,

JIRL—R-ATL—EAYYEF

D

FATREI 2R L —FATL—RDAY vy FIZOWVWTHHALET, Zhoidy =1 — XD ETHIEIC

EHTE X7,

URDOY 221 —&ZAYy FORUH LIZ. ¥z — 2B ETHOEE ValueError fiA 25T 3
AICHEREL TR XN,

generator.__next__()

Starts the execution of a generator function or resumes it at the last executed yield expression.
When a generator function is resumed with a __nezt__ () method, the current yield expression
always evaluates to None. The execution then continues to the next yield expression, where the
generator is suspended again, and the value of the expression_list is returned to __nezt__ ()’s

caller. If the generator exits without yielding another value, a StopIteration exception is raised.

ZOXYy BI3EE. Bl for W— M AIAAD next () BARIC & o THEIIFUOH XN E T,

generator.send (value)

Pz L —XBEBONEANEE " ED Y ETEEBLUE S, 518D value 13Z DR D yield DA
RO FF, send() AV w @RI = AV —ZPERLMEZIREL, ¥ z3L —XBROMEZE
52T T2, StopIteration ZEHL 3, send() BPEFHINTY = 2L —X25H
B3 e EE, HEZTES yield RBFEAELZVWD T, None 25182 L TR X RIFAEARD %
A,

generator.throw (value)

generator.throw(type[, value[7 tmceback] ])

L =PRIl LINETHNAZREZIE T, 20V 2 2L —XBERDPERT 2 ROMEZIRL F
To VAL —RPMEEERT SR KT T 5L Stoplteration BEAELFT, YL —XB
B sttt Lizwn, & LAGES 2 RESE 2725, ZOFSNIFOH LIt Mafk S
nxd,

106
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https://peps.python.org/pep-0255/
https://peps.python.org/pep-0342/
https://peps.python.org/pep-0380/
https://peps.python.org/pep-0525/
https://peps.python.org/pep-0492/
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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.

generator.close()

fERH

SN0

Raises a GeneratorExit at the point where the generator function was paused. If the generator
function then exits gracefully, is already closed, or raises GeneratorExit (by not catching the
exception), close returns to its caller. If the generator yields a value, a RuntimeError is raised. If
the generator raises any other exception, it is propagated to the caller. close() does nothing if

the generator has already exited due to an exception or normal exit.

fHERY Y INED 22— R eV 2 2 L — REHOIRZ W2 EBISHEN L E T

>>> def echo(value=None):

print("Execution starts when 'next()' is called for the first time.")
try:
while True:
try:
value = (yield value)
except Exception as e:
value = e
finally:

print("Don't forget to clean up when 'close()' is called.")

>>> generator = echo(1)

>>> print(next (generator))

Execution starts when 'mext()' is called for the first time.
1

>>> print(next (generator))

None

>>> print(generator.send(2))

2

>>> generator.throw(TypeError, "spam")
TypeError('spam',)

>>> generator.close()

Don't forget to clean up when 'close()' is called.

yield from DOffHAIZ, "What’s New in Python.” @ pep-380 #ZMR L TL 7Z& W,

6.2. 7ML, EFHEZE (atom)
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JEEHAS = % L — 2 B8 (asynchronous generator function)

async def AL CTERINZLEBL XY v FIC yield RD3H 2 2. 2O FEEEES =~ L —4% B
ELTERSINET,

FEFIHAY = 4 L — X BB OIS &, FERIIY = 1L — &4 7Y = 7 b EHEN 2 IEREIA 71— & H3
BENET, ZLTC Z20A 7V 27 MIY 231 L —XBROFEITEHIEL 9, @%. FRPHY = 21 —%
A7V ME ar—F YEBAD async for XTHbH, ZHEP 2321 —RFTI =7 MDA for X
TEDA DT ICHEIL 5,

Calling one of the asynchronous generator’s methods returns an awaitable object, and the execution
starts when this object is awaited on. At that time, the execution proceeds to the first yield expression,
where it is suspended again, returning the value of ezpression_list to the awaiting coroutine. As with
a generator, suspension means that all local state is retained, including the current bindings of local
variables, the instruction pointer, the internal evaluation stack, and the state of any exception handling.
When the execution is resumed by awaiting on the next object returned by the asynchronous generator’s
methods, the function can proceed exactly as if the yield expression were just another external call. The
value of the yield expression after resuming depends on the method which resumed the execution. If
__anext__ () is used then the result is None. Otherwise, if asend () is used, then the result will be the

value passed in to that method.

If an asynchronous generator happens to exit early by break, the caller task being cancelled, or other
exceptions, the generator’s async cleanup code will run and possibly raise exceptions or access context
variables in an unexpected context--perhaps after the lifetime of tasks it depends, or during the event loop
shutdown when the async-generator garbage collection hook is called. To prevent this, the caller must
explicitly close the async generator by calling aclose () method to finalize the generator and ultimately

detach it from the event loop.

FEFIAY = 3 L — X BAECTIEL try BEENDIEEOSHFTT yield AMBHHTE LT, 2L L. FEEHY = 1
L—&D, (BRAIV Y IDPERIET 20, IRN=Yalrya ick?) ETHUE L DENCHBI ARV
A, try BHENO yield UFKEE R D, EITRFELRE o7 finally BiIXFETEINET, 2D —R T, F
Y 2 AL —=ZDMEEL TVWBARY FL—TRRAT Y 2 — 7 DBEBZ, RS 2 2L —XD aclose()
AV REMFHL, BODOaL—F 47T =27 bE2EITL, ZRUTE > TETHFEZ o7z finally HiHd
FITTEBZLIICLET,

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> RiZ. JEFEMY = 2L —XBRTHONZ EAEL T -1 D £7,

108 % 6 = 3 (expression)


https://github.com/python/cpython/tree/3.11/Lib/asyncio/base_events.py
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R TR L — R AT L—R2XY Y

ZO/PMITIE, V3L — ZEBOETHIENCHEDNZIERPS 2 2L —Z A T L —Z DXV v FIZDOWT
AL £3,

g\ﬁé\

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
expression_list of the yield expression is the value of the StopIteration exception raised by
the completing coroutine. If the asynchronous generator exits without yielding another value,
the awaitable instead raises a StopAsyncIteration exception, signalling that the asynchronous

iteration has completed.
ZDOXYy FIZEH, for — & o THEBRIFFH N E T,

coroutine agen.asend (value)

Returns an awaitable which when run resumes the execution of the asynchronous generator. As
with the send() method for a generator, this ”sends” a value into the asynchronous generator
function, and the value argument becomes the result of the current yield expression. The awaitable
returned by the asend () method will return the next value yielded by the generator as the value
of the raised StopIteration, or raises StopAsyncIteration if the asynchronous generator exits
without yielding another value. When asend () is called to start the asynchronous generator, it
must be called with None as the argument, because there is no yield expression that could receive

the value.

coroutine agen.athrow(value)
coroutine agen. athrow(type[, value[, tmceback] ] )

Returns an awaitable that raises an exception of type type at the point where the asynchronous
generator was paused, and returns the next value yielded by the generator function as the value of
the raised StopIteration exception. If the asynchronous generator exits without yielding another
value, a StopAsyncIteration exception is raised by the awaitable. If the generator function does
not catch the passed-in exception, or raises a different exception, then when the awaitable is run

that exception propagates to the caller of the awaitable.

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
6.2. 7 kL. RFHEZR (atom) 109
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6.3 751<V

T4 VIE, ERCBVTRDMEEOHNEEZRL I, SR TD LI D X3

primary = atom | attributeref | subscription | slicing | call

6.3.1 EMEESR

EBHEZIRE. 774V DRAICE Y A F AR ZEADDTT:

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
produced is determined by the object. Multiple evaluations of the same attribute reference may yield

different objects.

This production can be customized by overriding the __getattribute__() method or the
__getattr__ () method. The __getattribute__() method is called first and either returns a value

or raises AttributeError if the attribute is not available.

If an AttributeError is raised and the object has a __getattr__() method, that method is called as
a fallback.

6.3.2 RFREC (subscription)

The subscription of an instance of a container class will generally select an element from the container.

The subscription of a generic class will generally return a GenericAlias object.

subscription = primary "[" 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.

110 % 6 = 3 (expression)
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HARAL T 227 b TR, __getitem _ () WKEoTHRFRIEEI K-+ T247V27 M2 2 HlED
hE3:

1. vy ¥y 7, 794=00 IvEYY THHUX XV X OEFHIFERIE~ Yy THOWT D F —
EICHYE T2 A7V 27 Mo RITNERD A, BRERELIEZ. Z0F—1IIHILT 52~y BV
D (value) ZiEIRL £ 3, HAAADY Y ¥ 77 F ZADHNZ dict 7 F AT,

2. =T VR, TIARIN =2 THHUI, RV R+ OFHfiifEIRIE int F7213 slice (AT OH
T ET) TRINUIRD FBA, HBIAADY —F V27 7 ADFNZIE str. 1ist. tuple 7 T A
NEENET,

The formal syntax makes no special provision for negative indices in sequences. However, built-in se-
quences all provide a __getitem__ () method that interprets negative indices by adding the length of
the sequence to the index so that, for example, x [-1] selects the last item of x. The resulting value must
be a nonnegative integer less than the number of items in the sequence, and the subscription selects the
item whose index is that value (counting from zero). Since the support for negative indices and slicing
occurs in the object’s __getitem__ () method, subclasses overriding this method will need to explicitly

add that support.

XFH ESF (character) B BER L T ARAIREEO Y — 7 Y AT, XFEMEHOBTER L, 1 XFEEY
5725 XFHITT,

6.3.3 X511 ARKEE (slicing)

ATARRRES =T VATV 27 b (XFH, XTVERIZV RN B 2H2HEOERTFERLE
T, A4 ARKEEFER LTHWZD, AR del XOXRE LTHWEDTEET, A7 4 AKRTLDOEX
ZSVENOP R RN~ E =S

slicing n= primary "[" slice_list "]1"

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

slice_item expression | proper_slice

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

FROBANBESGEIEZDVEVRE ZADHDET: RVRAMIAZ2bDIE RT7A AV A MIHRZ
270, IWERLIERATA ARG LTHMNINS 205 28 TT, (R4 RV R MDHEYIRRAT 4 R
EEAERVIER). ThL EORCOEMLIZE T, 254 AKELL LTOMRE D HRFRILL L TOMR
PEREIND LSCERTZIL T, DVEFVIEZRDBRVTVET,

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,

6.3. 731<V 111
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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 YL (call)

FECH LI, RS LATREA 72 = 27 b (B ZIE function) % arguments DRFNE L HITHEFHLET, F
FNIZEDRIITH > TDILEVERA:

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

["," keywords_arguments]

| starred_and_keywords ["," keywords_arguments]

| keywords_arguments

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

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

("," keyword_item | "," "kxx" expression)*
keyword_item n= tdentifier "=" expression

REDNMEGIBRF -V — FEI DRI V<2 2F T 2EVnEEA, MXDERMNTEELZKIZT L
BEHHEX 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

BIEITE S for the syntax of formal parameter lists.

F—7 — FEIBMPFET 255, UTFD X5 U THEINIALESH (positional argument) IZZEI N E T,
T3, HOA o TRV RE Yy FHARGIEICH L TERSNE T, N EOMES B D 256, (EL IR
PO N Zny MIERESINET, KT, FF—7— FEEIZOWT, @l 72 - THIss 520y b 2R
ELET GRATDRIOEGIBALFE RS, RUIOZABy b E[FS | LWVWoBATT), ARy MIFTT
WIFRTH K o Tt 5 TypeError fISADE I N E T, ZhLUOGE, 58z 0y MIHDTHE
73, (X2 None TH-TH, ZORTRuY MDD ET), 2 TOFIEDNIHEIN-H, ELEDLNT
WHEWAR Y FEZRZINCHIET 2 BEERRO T 7 40 METHD £ 3, (77 40 MEE, BBIER
SN FRX—ERIFHEINETT; /o T. VA MNCHED XS REEARERA 7 =27 VT 7 4V MA
YLTfEbnz e, ET 228y MSHIBERELRVIRD, 2047V 27 B2 TONTH LY HHE
ENET; 2O X RRPUTEFH BT ZRETT, ) 77 40 MEPTEES LTV, [HOHD STV
WAy FHTER o TWE5E TypeError BIAADEIENE T, 25 TRVWHA, [HOM®Dshiz2my b H
5725V AMPFECHLOF B LTEDLNRE T,

112 % 6 = 3 (expression)
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CPython REDFHHM: FETIE. BATZRRWES e 25 HAAABEB 2RI 00 LK
BhAo IV TGIEBMBRF 2 XY MDD " Ao T Wiz LThH, ERIQEAMIT s T
VWOTHF—vV— FTRBEH"RINEE A, CPython Tid, C SRETHEEINIBEHD. ARV ES]
BHER—RF 5 72HIZ PyArg_ParseTuple() L £3,

REIEAe Yy PRI D Z L DABSIENDH 255G, W3 *identifier Zffl o THHE S NARGIED LW
PED | TypeError FIADSEH XN E T K5I xidentifier B3 2H/E. Z DIRGIEIIRD RALES [FH
A27z 2T (B LI ROBMET DR VIGEIIIZED X TV) 22D 75,

F—U— FEBOWTNMRE [ EAITHIE LR WIES, H3 s*+identifier % ffio THIHE X N/RE I
W2 WIR D | TypeError BIAADEH N F T K5I *+identifier 23D 2HE. Z DIRGIEII R 72 % —
T—F5HBAo7 (F—V—FrF—r L, 5z F 120 T 2 L) #ELZZIWMD £5, |y
BF =T — F5lB0GEIE. O (k) #EZZITID 73,

RARLRE CCH LS *expression ¥ WO MXDHN 25 E1E. expression OFHMifERIE 1 75 7)L ThRiFh
WB2DEEA, Z2DA 77 7NVOERIT, BMOMEGIETH 200 X5 1bhsd, £(x1, x2, *y, x3,
x4) LWVWIOIMUHLIZBWT, y OFHMERSS — 7 v 2 yl, ..., yM 7Zo 72385613, ZOMOCHE LIZ M+4
EDNES IR x1, 22, y1, ..., yM, 3, o4 TOMTHLEETIZRD £3,

ZOffiEm e L TIE, *expression XD F -V —F5|HD %3 1Tk dHHETH. F—U—F5¥
(EAEE D xxexpression 58 - FZ2ZM) XDD AT ZH2DDL L TUHENET, /EoT. ZDLI7%
Bz h 3

>>> def f(a, b):
print(a, b)

>>> £(b=1, *(2,))
21
>>> f(a=1, *(2,))
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: f£() got multiple values for keyword argument 'a'
>>> (1, *(2,))
12

F—U—F5[#t *expression WX EFIUMUOH L T—REZHES 22 E3HFEHRVDT, ERICLETLDO XS
RIBSELOBHBICAE T 5 23D D £H A

RERUECCHY U C *xexpression WXOMEDON G, expression OFMERERIZ v v E> T TRIFIUIRD
FHA. TONRTEMDF -7 — N5 e LTRbhs T, F—ZvyF 3558 (BHARNRF—V—F
FIBUC o T, HH50VEMD T vty 7 0HT) BLIZEZ S5 Z 5 TWe/k 6. TypeError filStpsikii St
£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.

6.3. F351<V 113




The Python Language Reference, 'J1)—2X 3.11.14

*xidentifier % **xidentifier M %2 fio 72R5IEIX, MBS IR vy FoF—TU—F5|HBKIcTEZ N
TEFHA,

N—=Yay 3.5 TEH: FHEMMCHLZITEOBD x 7Ry 78 xx 72y Z7E2ZIFED . (B IBUEA
TITNT YRy 7 (%) ODBRAICET, F—7— FglEIIFHFET vy 7 (xx) OBRAICEIT S X512 D %
L7z, ®UIC PEP 448 TIREXNE LT

O LZTS &, P ZEH LRWRD, BT 520EZIEL £3, None ZIRIHELHDET, B
EAED LRI ENE203, WOHLATREA 72 = 7 PO L > THRED 7,

BILRE T

I ERRKK:
The code block for the function is executed, passing it the argument list. The first thing the code
block will do is bind the formal parameters to the arguments; this is described in section E8%X
E%. When the code block executes a return statement, this specifies the return value of the

function call.

HAAABRETIIAY Y K 4
BiEA &2 7) RIEIFEL T #HARAABEER X YV v FOFMIZ built-in-funcs 2L TL X W,

DSRATSx U b+ s
DI FGADF LA VAR ADPIBREINE T,

DS3AAVARAVARXY W R *f
BT AL —FEZOHEEMAPSHINET, 2o, MEHLEBEOSIHKY X X h—2EWIIHY X
FCIEOHENE T £ VAR ADEIEY A b DOEFHIGEMINET,

VDIRAA 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 FEf7% —FHEIE UE T coroutine function WTODAMHTE £35,

await_expr = "await" primary

N—a ¥ 3.5 TEM.

114 % 6 = 3 (expression)


https://peps.python.org/pep-0448/
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6.5 XFFEEH (power operator)

NEFEHEIZ, FINCH P HEIEHEAT LD SBRWVESELIEN ) T, —7H, GUCh2BIEHET LD
WFFFWEEEEIEMIC > TVWET, BT X512k ) 3

power = (await_expr | primary) ["*x" u_ezpr]

o T, NIRRT L BIRHE 722 672 2 HESDBIFEINCHOA TWIRWE S, HETRERSEA LR
flich g (ZOHLEFEETONEF 258 L EEA. DFED -1x:x213 -1 TR D XTF),

NEREHETFORERE, ZOoD5 I THUIH XN 2 HAAABY pow() LRIT T, A5z HGIREERL TS
ZFT, BES IR F@EoRIc AR, FRIEZOHTT,

BROPHEE T T, B 5 BPETRVED, HREMHEE T E AR £3; B 5180805
2 TO5|BITFE/NE SN CER XN, FEV/NUSRREINE T, HlZI1E 10%%2 1& 100 2R L F 325,
10%x*-2 1% 0.01 ZR L ¥ 7,

0.0 ZEDITNEFRT 5L ZeroDivisionError ZEMH L ¥ 3, BOEEZ/NUTRNER L LMRITERK
(complex number) IZ72 D £3, (LD N— 3 > Tld ValueError ZEH L TWE L)

This operation can be customized using the special __pow_ _ () method.

6.6 HIBHANER L E v FHEMER (unary arithmetic and bitwise oper-

ation)

ETOHEAMER e vy MRAERIE, FCELECZR > TOET:

u_expr ==  power | "-" u_exzpr | "+" u_exzpr | "~" 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.

EfREo=2i3wFhd, 5IEDELWRHTRWESICIE TypeError BIAAEH XN E T,

6.5. NEFFEEH (power operator) 115
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6.7 —IEHEMEH (binary arithmetic operation)

CIHBEMEE G, HENRERIECZEEL TuE Y, HETFOWTArE. FEOIERMERIC S @ =
NEZDOTHERELTLEEI WV, NEFE (power) HAEFZRE, HEFIZE 201X, ThOBRAN
(multiplicatie) HHF & AN (additie) HEF LA2DH D FEA:

m_expr =  u_ezpr | m_expr "*" u_expr | m_ezpr "Q@" m_ezpr |
m_expr "//" u_expr | m_expr "/" u_ezpr |
m_expr "%" u_expr

a_expr = m_expr | a_expr "+" m_expr | a_expr "-" m_expr

The * (multiplication) operator yields the product of its arguments. The arguments must either both
be numbers, or one argument must be an integer and the other must be a sequence. In the former case,
the numbers are converted to a common type and then multiplied together. In the latter case, sequence

repetition is performed; a negative repetition factor yields an empty sequence.

This operation can be customized using the special __mul__ () and __rmul__ () methods.

@ (at) HEFIITHIOFE I LHEH XN E T, Python DHAAATNIZ OEHBEFEHEELTVWER A,
N— a3 v 3.5 TEM.

/ (BRE: division) BX ' // (WD TERE: floor division) X, FIBELOEE 52 £3, BEFIBITET

HEoRIcZHEI N E T, BRORBEMRIZFE/NMNGICRD £330, BROY)D & TRERFIZBERICR
D 9 ZOHE. MRIEBEENZEREIC floor B ZHEMA L2 DI D Ed, YrICKIBREZITO &
ZeroDivisionError ffIfb 2 X L £,

This operation can be customized using the special __ truediv__ () and __floordiv__ () 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*’.

IO B CRAEBEE C FREAI, EEKL x == x//y)*y + &hy) OBRRICH D 9, YD ETRESER
W E 7, MHARALBE divmod O divmod(x, y) == (x//y, xhy) L dBBRLTVET, 2,

% EE X BUEIIH T B RRERE 21T 5 DWMA T, X (string) A 7Y =2 MZA—N—0— FEh,
XD FHDEXI (WD B i) Z2TWVWE T, XFHOEXLDOMIIE Python 24 77V ) 771>

*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 7;57 Iérb)a‘é ) i?o ZD &

HATIE L I 2
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A old-string-formatting HiZ SR L TL 72X 0,
The modulo operation can be customized using the special __mod__ () method.

The floor division operator, the modulo operator, and the divmod () function are not defined for complex

numbers. Instead, convert to a floating point number using the abs () function if appropriate.

The + (addition) operator yields the sum of its arguments. The arguments must either both be numbers
or both be sequences of the same type. In the former case, the numbers are converted to a common type

and then added together. In the latter case, the sequences are concatenated.
This operation can be customized using the special __add__ () and __radd__ () methods.

The - (subtraction) operator yields the difference of its arguments. The numeric arguments are first

converted to a common type.

This operation can be customized using the special __sub__ () method.

6.8 7 NEHE (shifting operation)

7 MEEX, BMEE LD IERWELIEMN 2o TV E T

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

Iho3BlEsIBuCE b x5, slBudbEQRICA I E Y, > 7 MERE 58z, B 518 TEX
by M2, E¥B3AICE Yy P T7 FLET,

This operation can be customized using the special __lshift__ () and __rshift__ () methods.

nEy bOEY 7 ME pow(2,n) ICKAREL LTERINE T, n ¥y bDAET 7 M& pow(2,n) 12k 3
FHLY LTERINE T,

6.9 Ev FELEEODOZIEER (binary bitwise operation)

Uho=2nty MEHEIZIZ, ZRZNERLBRIEMLLNVHH D L7

and_expr = shift_expr | and_expr "&" shift_expr
XOr_expr = and_ezpr | zor_expr "“" and_expr
or_expr = 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.

6.8. > 7 MEH (shifting operation) 117
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The ~ operator yields the bitwise XOR (exclusive OR) of its arguments, which must be integers or one

of them must be a custom object overriding __zor__ () or __rzor__ () special methods.

The | operator yields the bitwise (inclusive) OR of its arguments, which must be integers or one of them

must be a custom object overriding __or__ () or __ror__ () special methods.

6.10 Lb#

SiB2i#E - T, Python 2B 2 BHEETIIR UELIENE D > TED, 2 TOHEMHEE R, > 7 MEE
F. Py FEHETIDBELLEoTVET, ¥72a < b < ¢ BRFETERHCHWSRATVWADLERT
fERICIe 258 C BB BEVWE T

comparison n= or_exzpr (comp_operator or_expr)*
comp operator o ngn I nsn | [[p—] | ny=n | ng="n | nyp=n
| llisll [Ilnotll] | [Ilnotll] llinll

Comparisons yield boolean values: True or False. Custom rich comparison methods may return

non-boolean values. In this case Python will call bool() on such value in boolean contexts.

HEIZWLS S THEET AN TEET, IRl x <y <=zldx <y and y <= z EFEMIcKDET,
7L ZO%E, BB TRy B3l —ERTFHEEN2 S8R D ET (Eb5DHETH., x < y BMBITR
52t z DEEFF o7 KFHESNFEEA)

ERENE, a, b, ¢, ..., y, 2 BPINT opl, op2, ..., opN DLLEEE T TH 254, a opl bop2 ¢ ... y
opN z ¥ a opl b and b op2 ¢ and ... y opN z ¥&liic b 3, 2L, AiEFTEERNIZLTD
—ELrFHMiINERA

a opl b op2 ¢ EFVLHEAE, a 26 ¢ $TOHFAICH 20 50D T A M EIETOTIIRVI LITERL
TEEW, PR x <y > zd (FRVWREEZHTEDD FEAN) FRICIELWIIETT,

6.10.1 fEDLEE

HET <, > == >=<=, BIL 1=32200A4 7Y =7 FOEZIKLE S, #7527 MR CEZHOH5
Z3h FHA,

FITTxV b B BLUVE OFETIE, A7V 227 M (B id KA T) lRFOZ e 2R TVE T, F
7Y =7 FOfEIX Python TIXRRMRNABETT: HlRIX. 7027 FOMEICT 7R T 5IEHRATE
EHHVERA, E/. ZORTOT—XENEDL OB INIREDFREDHIET, A7V 27 POHEERET
ZREMSDHD FXA, WEHEFIZ. A7V 227 POEIZAPICOVTOREDHESEFEL TV T,
COUBOFEHEIZL > T, MENICA T 27 FOEEERLTWREEZLI LD TEET,

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 BAMNERHRA 2T 1 X.

118 % 6 = 3 (expression)
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FEffittE (== BEL 1=) DT 7 4V FORBFWIE, A7V =27 POR—MHICESVTVET, oT, [
—DA VAR Y ZADFEMHELOFEFRIZFE L WD, F—TRHR\A ¥ A X 2O RO RIZEHF L < 720
EBRDET, TI7ANPOIRBFONEZZDEICLDIF, BTOATI 27 b PR (reflexive DF D x
is yRLHWE x == y) BRIDWK Lok 5T,

T 7 4 DIEFLEL (<, >, <=, >=) 3R ETA; HIRL X5 & 3% & TypeError kSN 3,
CORDIENE T 7 AL N DIRDFENC LEIRIE, FHME LRI & 5 BAENRRITT0E 95T,

Fl—ThW\WA YRR RIFICEMTROE T EHEMLEEBDOT 7 0 bDIRZBVIE, HBRBELTE4T
Tz 7 b DEREICE SN MO RN ER L IEHBAINCEZZ2TL £ 5, 20 &5 RAITIREEOIR
2HENEHRARTA XT ZREPHTET, EFIXZ L XADHAIAARTITZEN I ThbRTWET,

RDY R FTid, REHEDMHMAAAHD LB DOIRS B CEHH L TVET,

o WL DO DMAALDIER (typesnumeric) LHEHEZ £ 75 V) DB fractions.Fraction B X
decimal.Decimal (&, IS OROHPAITRL 2L & BT X L3250, BWEBTIINAF LAY
A= FENTVRVWEWSHIRZH D £9, BbH2ROHIRDOEFANTIE, FED 1 M UITHEERIC
(73U XLHNZ) IELWHES I TOA X S,

JFFFUETH % float('NaN') ¥ decimal.Decimal('NaN') IFFAlTT, e IEBUE  DEREDIEF
BT, BRI 2EEE LT, BB EB LS HTIdRVwZ itk 3, Fl2E
x = float('NaN') 2 51E, 3 < x,x < 3,x == x [FE2THT. x '= x TETT, ZOIRZFVIZ
IEEE 754 It > 7= DT,

e None and NotImplemented are singletons. PEP 8 advises that comparisons for singletons should

always be done with is or is not, never the equality operators.

o NAFVUT—5 VR (bytes 7213 bytearray DA Y AKX Y R) &, Zh DR OHP TR 28
IR TE 3, HRITEZROME L ToEZ - 5HEXEFTIThh 3,

o XFH (str DA Y RAX Y R) OB, XFD Unicode D a— FRA > O LTOME (flAAA
BI% ord O DB D fH) %o 2FrERIEFCirbhE s,

XEHN AL F V=5 v AFERIIILIRTE 8 A

o ¥—% VX (tuple, list, or range DA Y A X Y R) OH#KIE, FULHY S5 LTLH»TA T, range 1
NERF L2 R — P L TOER A, BRI S L OFMLKOMBRIIEMTRVERD, B8y
5 L DIEFLL#IE TypeError ZiEH L ¥ 35,

Sequences compare lexicographically using comparison of corresponding elements. The built-in

*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

6.10. L& 119
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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.
HAAADAL T Y ar ) LOFFHERLRIERD X5 ICEHEL £7:

— ORI EME 722 2 00aL 7 avid, AU, RLRE, MST2ERY S LOLBKD
RN TR IUIR D A (FIZF [1,2] == (1,2) FHRPEHCTHRVDOTHTT),

— EFtEZSR— L TWbaL sy a YOIEFIE. RYOFMTHRWERDIEF LRI CICZRD %
T (AR [1,2,x] <= [1,2,y] id x <=y LEUCMHEICRD FT), WMET2BEREIFELERL
Ba. MOhoavrsyaryo»koiFeizh 3 (FlAE [1,2] < [1,2,3] BETT),

e XY BV (dict DA YRRV R) DUBDIERHIEME 722 DI, T (key, value) ZHf-o>TW
LrEPOZDLFITMRD £F, F— LEDOFMLE TIZSEDHRF S E T,

B/ LE#sE (<, >, <=, >=) & TypeError XM L 3,
o 5 (set £7213 frozenset DA Y AKXV R) OLBIF. ThHDROFHFTRL MY ITRE T,

BRI HBrEEDL2VE EMNEENE S h R T3 HFHEIEREIATVES, oMk
BRIEFZERLEFEA (PIZE {1,2) & {2,3} WIS 20DRERFH D 5 —HOETEET
b EIBEETHHD FHA), o T, BEFRMEFIEIMKTET 2B D518 LTHETITIEH D
FHA (BIZIX min(), max(), sorted() BHREDV R M2 AN LTHER 2 L RERLMERLRD
£7)

B0 TR, ZOEZED KSR XN E T,

o MMOMAABLIDIZL AL IZHIEERX Y v FHRLEINTEL T, 77 4L OHIEOIR 2 FEVWZ K L
£5,

O 2 N2 AR A A LTe 2 —YERY 7 RE, AIRER S5 RO —BIEORANHE S BEHAH D %5

o EMHEE I TRIINZRD 'A, 2FD, F—DA 7Y 27 MIFLLRTNIZD FEA:
xis y#Zoldx ==y

o BB TR ITNZRD F/A, 2% D UTORDOKRIIF U TRIFNIZD FEA:
xX==yty==x
x =y ¥yl=x
x<ylZy>x
X <=ylZy>=x

o RN TRIINZIRD FHA, LT (EREITRW) BilH3Z OFHTT:
x>yandy > z%A5Ex >z
x<yand y <=z &5Fx < z

o HIBROMIEMBMHEOEETRITINIBD EFRA, 2Fh. LTOROERIZF U THRITNUIRD FEA:

120 % 6 = 3 (expression)
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X ==y &not x I=y
x <y & not x >= y (ZIHFOHA)
x > y ¥ not x <= y (ZEFDEHH)

BEO2REILIEFIL 72 a VIS TEEDET (LA —F YRS TEED 35, &8
Py YIS TIEED £¥A), total_ordering() 7aAL—XHSMIML T X0,

e hash() DRIFFEMELE —HLTWIHENDHD 7, FikA 72227 b5 LERALAAY ¥ afH
ZFOD, Ny Y2 @IEETERVNSDE SN IMENDHD 7,

Python ¥ Z o —HERAIZ5EEI L A, FHE, IFED ZORANIED R WElE 2D 5,

6.10.2 FIEREER

HET in BE not in ZFIEBEBREANE S, x in s OFHiIE. 2 25 s DBERETHIUL True &R D,
Z5THRITNUE False 2D £J, x not in s ¥ x in s DEEZERLE T, TRTOHEAAAD S — 4
YA EERIMAT, #HED in ZHEVPGRAON X —Z2F o TV 2 ZFANZHETF L LTHR— b
LTWET, VR, 7L, B£E, BHEES. #HE. collections.deque D k5K ay7HRizBnT, R x
in y iX any(x is e or x == e for e in y) XTI,

XFFNRNA FHENZOWTIE, x in y i 2 25 y OFOLFEHITHZ L &, DOZDL EWZRD True I
ZHET, ZhUF y.find(x) '= -1 LEMTT, XTI MOERDSLFHNOET LTI e ARSI E
Fo - T " in "abc" IX True 2RI Z IR D FET,

For user-defined classes which define the __contains__ () method, x in y returns True if y.

__contains__(x) returns a true value, and False otherwise.

For user-defined classes which do not define __ contains__ () but do define __iter _ (), x in yis True
if some value z, for which the expression x is z or x == z is true, is produced while iterating over y.

If an exception is raised during the iteration, it is as if 4n raised that exception.

Lastly, the old-style iteration protocol is tried: if a class defines __getitem__ (), x in y is True if

and only if there is a non-negative integer index 7 such that x is y[i] or x == y[i], and no lower
integer index raises the IndexError exception. (If any other exception is raised, it is as if 7n raised that

exception).

HET not 4n id in OEHEEEZ NI LZfHE L TERINTVET,

6.10. L& 121
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6.10.3 FE—1DLEER
HETF s BEW s not i3, A7V 27 bOR—MICNTE2TAMEITVET: x is y & z & y 2’AEL

AT PRI E POFOLFIZBHEIIRDET, A 7Y 7 POFE—MZ id() BER > TH
EXNET, x is not y 1 1s DEMERELDDOIKRD 5, ™

6.11 7—JL;®E (boolean operation)

or_test = and_test | or_test "or" and_test
and_test = not_test | and_test "and" not_test
not_test = comparison | "not" mnot_test

In the context of Boolean operations, and also when expressions are used by control flow statements,
the following values are interpreted as false: False, None, numeric zero of all types, and empty strings
and containers (including strings, tuples, lists, dictionaries, sets and frozensets). All other values are
interpreted as true. User-defined objects can customize their truth value by providing a __bool__ ()

method.
HET not 1. 5IBDIBTH 255121 True 2. FNLADLEICIE False 122D 3,

Nxand ylid F7 2 Z5HEiLET,; 2 28725 ¢ OEZERL $T; ZhLUDGE I, v ZFFHlli L 74
FEZEL £T,

Axor yid, T 2 ZFMiL ET; 2 BPERS 2 DEEZRL FT; 2B OHEIE, v 27l L -ER
fEZRLE T,

BB, and b or b, IRFTfEHZ True X° False IZHIFRE T MRICFHE L5 BZIR L 3, T OHARAMER
REEHHDFT, BRI s DILFFHIT, HXFINROT 7 40 FOEICEZIRZ 720w & s or 'foo!
WBEAREEEZE T, not BWRBTHLUWMEERIERT 20T, 5IHOBICBEFRRLS 7—VEEZRLET (BlZ
¥, not 'foo' I& '' T3/ < False IR D X)),

6.12 AT

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.

PR AR—Yarrvay, ZV—UR b, F4 A2 FROBIELED DI, 4 VARV ARXY v RRERDHEEITS
EO L EWC is HETOMAEZ, —RI2 BB TREBRVRZBOELZMNILS 2D LNERA, FMEEAZTAD R Fa X b
FHERL TLFZX W

122 % 6 = 3 (expression)
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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.

N—=ar 3.8 TEM: RAKIELTEIDFFLE PEP 572 2L T2 W,

6.13 %&f43{ (Conditional Expressions)

conditional _expression = or_test ["if" or_test "else" exzpression]

expression n= conditional_ezpression | lambda_expr

MR (LELIR 7 ZIHEE T LIHINRET) 3R S EBIEEAEW Python OB TS,

x if C else y EWIHRUIRHNC z TERLGEME C 2FMiL £ 3. C 2 true DFE 1 35 X NEDHR
IhFT, TR OHEICIE y PFHtiS LRI F 3,

SMEHBEICBAL TEDF L <IE PEP 308 ZZHL T 22X W,

6.14 5 L4 (lambda)

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

LXK (FXBAEHPEINFET) ZEAEBZERT 201V EF, X lambda parameters:
expression IZBA 72 7 MITRDET, ZOEHA T 27 MEIMTRERIN TV EEBA TS =
M EBRICEIEL £3:

def <lambda>(parameters):

return expression

FIBO—EOMIE FHESR 22 L TSV, 7AXKNTHERSINLEERER 7 /) 7—>a v 288
D TERVARICHER LTSV,

6.13. %30 (Conditional Expressions) 123
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6.15 XOU X +

expression_list n= ezpression ("," expression)* [","]
starred_list = starred_item ("," starred_item)* [","]
starred_expression = exzpression | (starred_item ",")* [starred_item]
starred_item = assignment_expression | "x" or_ezpr

YR FFRRPHFEFIRO IR o TR HDERE, PR db—20Dh<E2ELRDY X NIRRT NI
BOET, ETNLVOEXIER, VAMNZHEZ2ROBITHELL D ET, RIEILOAENTHIEENE T,

TARYVRY * 3 ATFSTINDTINYY 2EBHRLET, TOWEETIZ 1T757)L TRITUIRD £
o ZDATTITNET Ry 7 ENMETEROY -7 Y AIZERIN, FiLwax L, VRN £EIZ
ATVAENE T,

N—=Tay 3.5 TEM: RVAFTDATIINDT Uy 2RI PEP 448 TRZXNE 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 &, RZ2ELSHEANCIACFHMEIL £9. 72720, RARXZFHES 2 & 2i&, AIHEL XD &I
iz Ed,

PURISR S EITLDRATTOFMENERF X, IRAFORFIERF LR IR £35:

exprl, expr2, expr3, expr4

(exprl, expr2, expr3, expr4)

{exprl: expr2, expr3: exprd}

exprl + expr2 * (expr3 - expr4)
exprl(expr2, expr3, *expr4, **exprb)

expr3, expr4 = exprl, expr2

6.17 EEFDEBILIRE

MR o&IZ Python BT 2 HATFOBRENMZE LD DT, BERBMORD &V (FMEVHRDE)
O HRHEN (FHENRDIIV) bDIRIERTH Y F3, ARy 7 ANOHETFOBEEIEMIZFE T TT,
RSCBIRINSREN TV ARV QR TIHHE T3, LRy 7 ANOHEEFIX, EhrohANe 7L —71b
SNFT (Fhte LT REERBIUVFHFRBErSEC T V—TLShET),

& it s TS X5, i . A—1Eo 7R MIRTHE CEEIEM ZF > Tn T, Er bt
WHEBHT 2 L WO R R R o TV A Z R ITIER L T2 W,

124 % 6 = 3 (expression)
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BET BLL]

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

attribute Z R

await Await R

*k N X

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

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

+ - B & R

<L, >> > ]\ij’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 Za

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,

NERes il

= F X b D4 SESEIEN M T D FF
6.17. EHEFOETIEL 125
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SEVEN

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

B2 (SIMPLE STATEMENT)

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

import_stmt

future_stmt

global_stmt

nonlocal_stmt

7.1 X (expression statement)

AE, (FIAFERREWTTR) HZETRE L THAT 2 201cffioz b, (@EIX) v Y+ (procedure:
BRERZREI VRO Z 2 TF; Python Tld, 7B Y v IIfE None ZIRL 7)) ZMUH T /29I
g d, ZoMOFWATHAXEZMES e TEFETL. AHRIL DD £, XX UILINDIE

HhT3:

expression_stmt =

starred_expression

127
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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
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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
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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)

BE:

PEP 3132 - Extended Iterable Unpacking
*target OFREMHEE,

7.2.1 EBARAX (augmented assignment statement)

RKEAAE, “HERERAXZHAGDE T 2O LZbDTT:

augmented_assignment_stmt = augtarget augop (exzpression_list | yield_expression)

augtarget n= identifier | attributeref | subscription | slicing

augop = Nyp=n | n_—n | Ng=" | nE=" I u/=n | ||//=n | "%=" | NWyop="
I nys=n | ngg=" I ng=" | n=~—n I |||=||

(BRRD 3 DDOWMLERICOVWTIE T30 7) Z2ZRLTIEEW, )

BERALIE, Z—F v b (EEORALLEST, 7Y%y 7RI D EHA) LRV R F2FMHL, Zh
&~ O ORIHEL T RICRE D B A “IEHE R T, SRR LOX—Fy MIRALE T, 2—4
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MI—E LMl S N EE A,

An augmented assignment expression 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, BERASEAL 2 2 BiC A2 iiL 3, e 2E alil += £(x) &%
$ ali] 2@, £(x) ZFHIlI L TEZITV, RRICHERZ alil ITHDHTET,

BERAXTITORBRAE. ZTAADRAR, —XHIEBOR—7 v NDPFETIHEERE, @HED
RAEFRL XS FbEd, FAfC. BERATITORZ ZHEREEZ, BT AYTL—REE »
Thbhs 2k, BHEOIHEE YR U T,

EBESROX -7y FOBE. VSABMEA VARV ZABEICOVWTOEE LFREBRICETE O ADEH X
nxEg,

7.2.2 FRGERAX (annotated assignment statements)

AR ARAE. 1 2OXDOFTEERBHD Y /) 77— are A7 a v ORAXEHAEDLEEZHDTT:

annotated_assignment_stmt = augtarget ":" expression

["=" (starred_ezpression | yield_expression)]

HHED KA (assignment statement) ¥ DFEWIX, fRAED 1 DRIBEXN S Z /2 F T,

For simple names as assignment targets, if in class or module scope, the annotations are evaluated and
stored in a special class or module attribute __annotations__ that is a dictionary mapping from variable
names (mangled if private) to evaluated annotations. This attribute is writable and is automatically

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

For expressions as assignment targets, the annotations are evaluated if in class or module scope, but not

stored.

B R a — S THANTIERMB N VT WG ER. Z0HAFIEZOBEBRAa -7 Tr—AAkbDIZikh £7,
TRUIHEHCFHME S g, B a — T2 H NS L EE Ao

If the right hand side is present, an annotated assignment performs the actual assignment before evalu-
ating annotations (where applicable). If the right hand side is not present for an expression target, then

the interpreter evaluates the target except for the last __setitem__ () or __setattr_ _ () call.
BE:

PEP 526 - Syntax for Variable Annotations
(75 ABERA VAR Y AEBEEAR) BBOBFRE[IT S, a XY P TRET2DTIERVWY
EDBNTESR,
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PEP 484 - Type hints
typing Y 2 — L EBM L., EFIENTY —L = IDE THEZX 287 ) 57— 3 > OFEERN L AT 1R
3 2%,

N—Y 3 3.8 TZH: Now annotated assignments allow the same expressions in the right hand side
as regular assignments. Previously, some expressions (like un-parenthesized tuple expressions) caused a

syntax error.

7.3 assert X

assert L&, TR T T ANICT Ny ZH 7 ¥ — a ¥ (debugging assertion) &AL T % 72 DEF| 7 /77
T3

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

Hiffi7Z2 3\ assert expression &

if __debug__:

if not expression: raise AssertionError

CEMTT, JRREA assert expressionl, expression2 &, TN X EMTT

if __debug__:
if not expressionl: raise AssertionError(expression2)

These equivalences assume that __debug__ and AssertionError refer to the built-in variables with those
names. In the current implementation, the built-in variable __debug__ is True under normal circum-
stances, False when optimization is requested (command line option -0). The current code generator
emits no code for an assert statement when optimization is requested at compile time. Note that it is
unnecessary to include the source code for the expression that failed in the error message; it will be

displayed as part of the stack trace.

__debug__ NORABRERBETT, HAABZERDMEIZ. A 2TV XHHAT 5 & 2ITRESNET,

7.4 pass X

pass_stmt = "pass"

pass {EXVIELE (null operation) T --- pass BFEITINTH, MDBEEEE A, pass 1Z. FTEMIZIE
XHBREREDN, a— R LTUIMADFEIT LK BRWEED T L —AFRLEX e LTERTY, flzid:
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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 =2 b DOHIBR (deletion) (&, RADER L IFE LI HETHRINIERSINTVWE T, I TRE%E
RIRFNIERE T W OhDb Y PR ZICE EDET,

X—7"y FURMINT BHIBRIZ, FLDX—Fy FREDPSHEANENCHIRINCHIFRL 3,

ZHTOHIBRIE, v —A N FEE 7 a - VAR D L ZOLFTORMBEZIMDRE LT, ¥5 5 DHH{2E
M2E, AEIAFACa—RF7ay ZJND global XTHEZINTWENE S 2ICED £F, HETHREHE
(unbound) 7 5. NameError ISt 06 HH X L% 5

EHSR, BFRiL. BLOER T4 ZAOHIBREFEE, R L2 —RFEF TV =7 PEINET; R4 R
DHIBRIE—ANTET R DZED R T 4 A2 RAT 2D LTS (2. ZOMMERD R I 4 2S5 A
T2y FTHREIRTOET),

N—Tar 3.2 TEH: AL, DI2AFMNARA M LE70y 70OHBEZERE LTENZGEEE. u—h1%
AIZEf0 5 Z D4R EHIR T 2 Z L IR ERLE T L 7=,

7.6 return X

return_stmt = "return" [ezpression_list]

return (&, BIBERBNTHSUEMICA A M LTHAETY, 2R L7127 7 RAEZRNITIHANE R A
RVRA MDD B5E. VA MPEHMOZNET, ZAUNDEEL None TEZMZ 5N ET,
return 25 . XV R+ (713 None) ZEDfEHE LT, BEDBEIFOH L2 ST L £3,

return IZ X o T, finally @iz d7& 5 try XOIMIMHED G| EEE N3 &, FEERICEED HRIT 212
finally HiDSET SN E T,

TV pL— XTI, return XY = 2L —X DD D Z/RL., Stoplteration Bt ZXHEE%F, &
ENTAEHIZ (HAUL). StopIteration ZHERLT 5 51RUSfHHAL, StopIteration.value BIEICZD 5

ERPY = 2L —ZBETIE, FIRELD return XWIERAP Y 221 —ZDKbDh ERL,
StopAsyncIteration ZEXH I E X3, 51D D D return iE, JEFHIY = 3 L — X TREIET
5'_‘/6‘3—0
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7.7 yield X

yield_stmt = yield_expression

A yield statement is semantically equivalent to a yield expression. The yield statement can be used to
omit the parentheses that would otherwise be required in the equivalent yield expression statement. For

example, the yield statements

yield <expr>
yield from <expr>

ELLTR D yield X & SFlTF

(yield <expr>)
(yield from <expr>)

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

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

yield DEKRDTRZHINE. Vield 3 HizSZRL TS 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.

Z5TRIFNE, raise ZRFIORE, HIstA 7227 b UTEHEiL £ 3, Z4Ud. BaseException O
TIIRERNFIA VARV ATRINIRD ERA, 7T ARL, FISL VARV ADBRELRL &, 75 R %
WEITA Y REA 2T B THELNET,

FIAND BIWZHINA YRR ZAD T 5 AT, fBEIFZA VARV RAEDSDTT,

A traceback object is normally created automatically when an exception is raised and attached to it as
the __traceback__ attribute. You can create an exception and set your own traceback in one step using
the with_traceback () exception method (which returns the same exception instance, with its traceback

set to its argument), like so:

[raise Exception("foo occurred").with_traceback(tracebackobj)
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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>
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:
(RDOR=V1Fil)
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(RIDR=I D5 DR E)

raise RuntimeError("Something bad happened") from None

Traceback (most recent call last):
File "<stdin>", line 4, in <module>

RuntimeError: Something bad happened

BB 2B EERIE GIS BhcH D $9. Fh, BISVLEICEE S 2 HERIE try X BiIiCH D 7,
N—Tar 3.3 TEH: None 2% raise X from YD Y ¥ L THZX 2 X5k h 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 XiE, HXX 2 LTE for V— 7% while L —7ONHTOAHBETZ2Z BN TEZTH, L—TH
DHEBERSZ 7 AERONINIZHBITE A,

break . XEFESYELNHIONL — T2 TXE, L—F124 7> a3 > D else HiH 2BEH T FNE R
FvFLET,

for W—"T% break Lo THRT T2, L—THlHl&—"y PIZDROMEZRREL 7,

break 2% finally HiZfED try XOIMINALIRZ HEFEIIE, V— T2 EBIH T 2F1ICZ D finally Hi
MEITENET,

7.10 continue X

continue_stmt ::= "continue"

continue XIE for — 7% while L —THDIX A M THEGEMICOATNE T2, L—THNOBEBERL
27 AEBOFNIIHNER Ao continue IE, &P 5 b NRID L — T ORD BN LB Z ki L %57,

continue B finally AlZHio7z try X&ikiI 2 & &, Z0 finally AIHIRDIL— T4 7 L% MG 2 Hi
WHEITEINE T,
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7.11 import X

import_stmt n= "import" module ["as" <dentifier] ("," module ["as" identifier])x*

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

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

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

("," identifier ["as" identifier])* [","] ")"
| "from" relative_module "import" "*"
module n= (identifier ".")* identifier

relative_module := "."x module | "."+

(from EiHfEWV) BARD import &k 2 DDR T v S TETENET:
L 22—zl L, BETHIUIR— FLIHHLET
2. import XWENZ XA —TDu—hVEHIZERTHEIZERT 5,

XH (= TRYISBNT) HROHIZEATVWS L ZiE, b x5 EZOHIDMERD import X7 EX iz
MDEIIT, 20DRTy FTHH T L IBEPNCEITEINE T,

EVa2—AZRMI. v—-FF2 1 2HORAT v FOFMICOVWTIE, A1V R—FRATL OEICEDFEL
KEDPNTVET, ZZTE A VYR I RATLOEER DI REXTA X T E2DIfEZZ22TDT v 7 DI
BT TR, BAREHEDA VR—FTEEZRy =YL ET 2 —LIZDOVWTHFERINTVET, ZDR
Ty ITRERTZ2L0VNSZ2iE. BEOLLKEY 2a—BRMA»SRW, HBEWVWWE TV 2—Nithbda—F
DEFEED, TV 2 —LOYIHLORFTLZI —DEZX 20D EEL2PEETVDE I LIKERLTLE
YN

ERLAES 2 —ADBEEICHETERES. XD 320550 1 DD HETH —HLVLETZMTHZ 3 X
STk ET:

o BV a—LEDERIT as DRV TWGEIX, as DEADLHIZEHZ. A VR—FENEZETD 2 —Ad
HELET,

o MOAFPIEEEINTELT, A VEA—-—FEATVREY 2 —ADREDEY 2 - Ao RGE, £
DEY 2—NEHA VKE— FENEET 2—AADBRYL LT, n—h VA2 THRBEIE S

e A VE—PFINTVREY 2a—ADBREFIOET 2—1 THWEES, EYa—L280RE VDY
T8N, ZFDORy r—IANDOSHE LT, n— LV AEiEETHREINE T, /1 Y R—FEXNE
Va2 —ZlE, BETEZLZLEBHiZEF-o Ty 72 AL RTNIRD $HA

from B TIE D 5D LEMLFIEL A E T
1. from HITHEEENLEY 2 — V2 AMIH L, HETHIUT T — F LIS 3;
2. import HITHRE iz Zh2hoiilF o0 LU O 21T 5

L A Y R=PENLEY 2 - B ZDHBIFHOBEEZ R > T0 20 2R T 5
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2. ZDplFH DB ER - Tnid o 785513, %®uﬁcﬂﬂ¥%fﬁ7:&/1—/l/®4’ ¥AR— bz
By AVR=FEINZEY 2N ZDEEDD % D HEHRT

3. BB EATD S WA IX, ImportError ZiEH T %,

BUEDR R Do 7235813, as HiD 246 ZF ZDHAR. 2 ThRWALENESGEZ/H - T, Z0E
«@%ﬁ#n—ﬁw%%%%uﬁﬁ%h%

:
import foo # foo imported and bound locally
import foo.bar.baz # foo, foo.bar, and foo.bar.baz imported, foo bound locally

import foo.bar.baz as fbb # foo, foo.bar, and foo.bar.baz imported, foo.bar.baz bound as fbb
from foo.bar import baz # foo, foo.bar, and foo.bar.baz imported, foo.bar.baz bound as baz

from foo import attr # foo imported and foo.attr bound as attr

WAIFOV R MR ('+') KEZHD> TWAEHEIE. TY 2 — L TERIN TV BRI NL2TOAIR
B import XHWAHRAA—T D0 —HNVAFIZERICHRBI N E T,

EV2a— L TEHFEINS REAINELH 3. Y2 - LOKRIEMICHZ __all 2 WS HETOEE R H
N2 ZETIREEINET; TOEEDNERIN TV EIHEIF. ZHEEY 2 -V TERI DA Y R—-F &
NAFD»BRD, XFHNDY =7 Y ATRIFIUUIVWIT ER A, __all__ THIEINZALRENX. £ TR
NTW2EeRLIN, FIETLIeMNERSINET, __all__ BERINTOVRWEE, KRS ARE
Z. BTV 2 LA TRM» 72, 7YX —2a7 T (') THESRVWETOLRD I LTI,
__all__ IZ2TORM APl 280RETY, 24U AP O—HTRVWHD (ZDEI 2 —LTA ¥ R—F
SNEDNTVEFTATFTVET 2—RE) 5o DAERICABLTLEDRVADDHEHHATT,

A YR=PDI AN FEH— FFER - from module import * -— I, T 2 —LLNLTDAFINET,
I IARHEBERT IO ZE 5 £ 35, SyntaxError DX ENE T,

AVKR=ITIEY 2—NZHET DL E. ZOEY 2 — L OHfEN4 (absolute name) ZIEE T 2 LEIIDH
DERA, EI 2= NNy F =IOy F—JWZEENTVWEHE, D~y TRy 5 —Ih 2D
Ny r =% %R T2 BAMHNA Y R-bFT2Z2EDTEET, from DRIIEEINZEY 2 —L%
Ry =Y OFEFICEBED ¥y 2T 5 2T, EREREHTZIEET 2 Z 2 R LIZHHED Ny — V&
POV DO LOBEREAT DEEET A IV TEET, KEDO Ry M08 1 DOHE, import ZE IR ->T
WEEY 2= ADBFET IBED Yy F—Y 2R LET, 32D FY ME 2 D EOLRLEZRLET, RO
T, pkg Xy T =Y DHFDEY 2 —/)LT from . import mod ZEITT 5 &, pkg.mod 24 ¥ R—+rFT5Z
227 h 5, pkg.subpkgl DA 5 from ..subpkg2 import mod %EfTF % Y. pkg.subpkg2.mod %
A YR=PLET, A VK= bDIEREE Package Relative Imports DENIEEFNTWET,

EDET 2 - A0 — FENERELZHMNCRDWT TV r—>arnkoic, HaAHBE
importlib.import_module () DRt TVE T,

Raises an auditing event import with arguments module, filename, sys.path, sys.meta_path, sys.

path_hooks.
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7.11.1 future X (future statement)
future X 1%, FEROKHE OHi 7 72 BEREDIEHE(L S 7z Python DV U — X THIHAIREICR 2 & 5 BXRE
WA 2T, FEDES 2 — N2V XM VIR E0D, a4 7120 T 2487R4] (directive) TI,

future I HIED R WVEER XN D Python DAN—2 a VIZBEBICEITT 370D DTT, future
I & o THREREMPEREL 2 2 ) ) — ZADFNICZNE T 2 — VHENTHHT 2 Z 2 R E T,

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

("," feature ["as" identifier])x [","] ")"
feature = tdentifier

future X, EY 2 —VOSEHFANTE 2T UTL D TR A, future XOFNTH VT IWAFIZLIFTTY -
e EVa2-NADFFaXyT—yarXFh (Hiud)
e IXVH,
o 2T,
o ZOMD future 3o

future X% H 5 BEDH 2 ME—DHEEIL annotations TY (PEP 563 22 LT X W),

future X CTHMIC TE 2 BEEMN 2 HEIX. 5T Python 3 AWML ET T, 2DV X MIX
absolute_import, division, generator_stop, generators, unicode_literals, print_function,
nested_scopes, with_statement T3, ZNSIEFBICETHEMITIR > TVWT, BREAEED DT
I TWas0, TRRIZTTT,

future 3CIE. 2 PS4 VRRTRIAZ R D TRl S . b k3 SREOTLE 72 THESCREK (construct)
WKHT 2EMRMNIDEESIN TV GG, ZETIZ LI LIEERERSZ - FE2ART S e TEASNTOE
T B RIEREIC X o T (B R PREED K 5 72) BIMED RV BEDID AN bhs 22 AHD %
T TOHE. AV FTIEFED 2 - ARFOR D DTN T 2REDRDH 200 L0ERA, 25 La—
FAEBICBET 2RER. FITRETHREILT S LI TEEEA,

CHETOETOY Y —RIZBWT, 22830 3 DMRENERF AL EH > TED . future IR DR
HEMEEN TV AEA I a Yy S AR — R EH LSS,

future XOFEITRIC BT 2 EEWN L ERMSIHE, import X R U TS, LTI 2 —)L __future__ 23H D,
AR DWVWTIIRTHRNE T, __future__ &, future XHEIT XN 3 BIEE D HFIET import 3,

future XDOEITRIC BT 2 KAl2BERAT I, future XTHIMLS N2 FEDHKAREIC X > TEDD 15,

IR o3id, A SRR ERIZZ VD TIER L TS

[import __future__ [as name]
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ZAUX future XTED D FHA; TOXKEF D import XTH D, Z DMORHR A2 BRI 2 il R
EHHEEA

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.

SR A v X TV ERDTary P TERA T AN LR future Ek. ZOHBDA VRSV EREy > a yPhTH
D ET, AVETVRE -i 7> a v TREILTEITIRERZYV TS MNEEE L, X2V T M
future XEANTEL &, BRI R 2 I BETEINRICEHBT 205612y > a Y TEMICKED
9,

BE:

PEP 236 - Back to the __ future___
~ future  fEHEOEZR

7.12 global X

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

The global statement is a declaration which holds for the entire current code block. It means that the
listed identifiers are to be interpreted as globals. It would be impossible to assign to a global variable

without global, although free variables may refer to globals without being declared global.

Names listed in a global statement must not be used in the same code block textually preceding that

global statement.

Names listed in a global statement must not be defined as formal parameters, or as targets in with
statements or exzcept clauses, or in a for target list, class definition, function definition, import

statement, or variable annotation.

CPython ERZEDOF#: The current implementation does not enforce some of these restrictions, but
programs should not abuse this freedom, as future implementations may enforce them or silently change

the meaning of the program.

TOJSIDIHDEER: global F 8—HFITHF 2487-4A) (directive) T, ZDIERANIL, global X
LRI ARAENZa - R L TOABBHINE T, FFic. #HARAAD exec) BABAICA-> TV
global 0%, BB LE BATWS a—F 7y JNIMREZRIZT Z 3R, ZOEIBRIFE
FlicaEhTwada— FiE, BRONSHLE2Ea— RO global XICHELZ T EHA, AEDOZ L
2, B eval() BL O compile) IHHTIEED 3,
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7.13 nonlocal X

nonlocal_stmt = "nonlocal" identifier ("," identifier)*

The nonlocal statement causes the listed identifiers to refer to previously bound variables in the nearest
enclosing scope excluding globals. This is important because the default behavior for binding is to search
the local namespace first. The statement allows encapsulated code to rebind variables outside of the local

scope besides the global (module) scope.

Names listed in a nonlocal statement, unlike those listed in a global statement, must refer to
pre-existing bindings in an enclosing scope (the scope in which a new binding should be created cannot

be determined unambiguously).
Names listed in a nonlocal statement must not collide with pre-existing bindings in the local scope.
BE:

PEP 3104 - Access to Names in Outer Scopes
nonlocal XDFHAM,
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EIGHT

#& (COMPOUND STATEMENT)

WA, MDY (D7 —T) BAD EF; WA, FIZA 5T 2 O LOEFOHENA &5 D= D
HeHBERIELET, —MRICIE. A CTERITIC 270 5 TEANE A, RO CE— TR
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

143
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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

The starred_list expression is evaluated once; it should yield an iterable object. An iterator is created
for that iterable. The first item provided by the iterator is then assigned to the target list using the
standard rules for assignments (see fXA3 (assignment statement)), and the suite is executed. This
repeats for each item provided by the iterator. When the iterator is exhausted, the suite in the else

clause, if present, is executed, and the loop terminates.

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 © will be overwritten with the next

# index in the range

N—=TPETLTHX=y b YR MAOLHNTHIFRENERAD, 4T 7 TADBEOHEITIE, V—TTD
RABELATOREEA, B b #AIABE range O 1. BRONZEEMGNZRL £, B2, range(3)
PRETZ2 0. 1 2L T2DIEIHEREEZERLET,

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, that expression is evaluated, and the clause matches
the exception if the resulting object is "compatible” with the exception. An object is compatible with
an exception if the object is the class or a non-virtual base class of the exception object, or a tuple

containing an item that is the class or a non-virtual base class of the exception object.

BISNDIE D except EICS BB L kDo 7E, BEDOI— FZ2H S X HI1I5MILL ZLTHEHLARZ v 7
MR BT ET, !

except HiD~Ny X12H 2 XN B EHII T2 & 2PN FEET D L, TLLADNY FIRRIEF v L0,
Hr7= 72BN T 2 BN B S DRMBZBIED except HIDIMIID 2 — FRFERH LR & v 7120 L TITW
5 (try XEEBBSIVEFEIT L2020 X5 ihbhkd),

TIGT % except HiNHDOH 2 & except HiIDZAA — M BEITEINE T, ZOFE as ¥—7— N except
ENCFETIUR, ZOBRTIREINTVWE X =7y MHINPRAINE T, £TD except HIIFITHHER
TRy 7o TVWRIFNUERD A, 207y 70RRBIZEET 2. BEIX try X2EKOEZRD S
FATEMBLE T, (ZDOZ i AR SN0 R I 25F UEISMSH U TIFEEL. Ao~
FIHND try BiCHINDBRE LGS, AMIDOANY RS ZZOHNEMIE LRV e ZERLET, )

BIADS as target Zffio TIRAINZE X, 24T except HiDKDO D ICHEINE T, ZhAEB xS,
Roa—F:

except E as N:

foo

P, IR a— FICHREN D X572 DT

1 gsE, BoBISEREHT 2 &SR finally HIBEWERICOARTHLZAZ v 7D 5, LW X 5T, #0Hl
Migkbh 3
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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, combined

into an exception group along with all exceptions that were raised from within except* clauses.

From version 3.11.4, when the entire ExceptionGroup is handled and only one exception is raised from

an exceptx* clause, this exception is no longer wrapped to form a new ExceptionGroup.

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 type, and this type cannot be a subclass of
BaseExceptionGroup. 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 £

FFTardelse fild, avirtuo—nru—=2 try 24— EHRIT. FAAPIEHINT, return 3,
continue X, break XDWITNHMRFETINRD o HEWTFITINE T, else HiTRZLAINI. Fll
2B % except HITIFNEINFER A,

8.4.4 finally &

If finally is present, it specifies a 'cleanup’ handler. The try clause is executed, including any ezcept
and else clauses. If an exception occurs in any of the clauses and is not handled, the exception is
temporarily saved. The finally clause is executed. If there is a saved exception it is re-raised at the end
of the finally clause. If the finally clause raises another exception, the saved exception is set as the
context of the new exception. If the finally clause executes a return, break or continue statement,

the saved exception is discarded:
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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,

The return value of a function is determined by the last return statement executed. Since the finally
clause always executes, a return statement executed in the finally clause will always be the last one

executed:

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

'finally'

N— a v 3.8 TZHE: Python3.8 AT, EE LOMEIZKD finally HiTO continue UITIET
L7z

8.5 with X

with X, 7Ry Z70FETE, AVTFAIIA—I YL o TERSINLEAY v FTT7 v 527D
EbNET (withXEAVTHFAMIFZ—Tv €272 ar2Z2HLTIEIWV), ZAZED, X<H3
try...ezcept...finally FIF X =2 % h T TEFMICEAHST 2 Z e A TE T,

with_stmt = "with" ( "(" with_stmt_contents ","? ")" | with_stmt_contents ) ":" suite
with_stmt_contents := with_item ("," with_item)x*
with_item n= ezpression ["as" target]

—00D " EBR 2O with XOFEIFELLTFD X5 ITHEITL T

1. ay7F A MK (with_item THEX 6NN ZFMliT228 T, aY7FAbr—Y ¥ ZHEL
7,

2. AVFTFRAIIAX =¥ D __enter__ () XY v FW, BTHSILDIca—-RFINET,
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3. AVTFARIL—I%D __exit__ () XY v RP, BRTHE>SdDicu—rFanEd,
4. AVFTFRAIIRA =T %D __enter__ () XYV v RBEINF T,

5. with XIZZX—7 v DR EENTWE=SH, Z3UT __enter () OHDRERDEIBIRAZINE T,

FRR: with XE. __enter _ () XYV v RPZT—RKTULEERICE __ezit__ () PEITHIN
BIeEMBIALET, TTDT, bLEX—F v FYRMORAFIZZ S —PRELELAIE. Z
NEZFDRAL — b OHFTHELEZZ I —LRILLLIZTDNET, UTORTv 77 2B LTLE
W,

6. A — FBFETEINET,

7. aYTFRAMYA=I5%D __exit__ () XY v RBPEINE T, AL — BN > TRT I I
DI, ZOFNOE, H, PL—ZNv 2  ezit () WXHIRELTEEINET, 2O TRIIN
X, 3 DD None 518352 5N ET,

A4 =PI EDIRT SN, __exit__ () XYy FHORDEL (false) 72513, FIS D EE
HEhxd, CORVENE (true) 725 XBISNIMHIE ., EITIX with XORDID 5 E T

BLEZDRA — IR THRNMISOMBTHK T LehE, 20 __exit__ (O 225 DR D HIFHER
ST, FATIIFE LT ORI D U 7zl O ED Sk L 5,

IVENOR=ECl

with EXPRESSION as TARGET:
SUITE

ZAUIR & EHT 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)

BROERDH D E, AV THFAIIFZ =T v 3D with XA P ENTPD X5 IETLET:
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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
NP ay 310 TEE: HITHEEC LT, CRMMITICHEILTEI 5 X5 1R D E L,
BE:

PEP 343 - "with” Z7— kX2 b
Python @ with XDtk HR, BLOBIDEEESATVET,

8.6 match X

N— a3 ¥ 3.10 TEH.

match XIINEX—r~vF 7275 HNTHELDRE T, HX:

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

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

AR ZotvryarTid, —HEFHAGTTHENATWR3DE VI RF—TU—K 2ELZT,

RE—=V2 v F U NE, RR— (case DHES) v F U7 HWROM (match DEA) EANL LET, <
K=y (BTRE—YRHHS D) I Ty F L INROMIK LT, < v FF 55 E 5 pOHEIFTONE
Fo MRELTRDOI DRI D ET:

o TYFHY. b LIEY Y FEM (RE— R - KL BIZhET),
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o XV F LIHEOHRINDOHE, DEZFEMAIIEBL L5
match & case ¥—V— NI VI rF+—TU—F T,
BE:

o PEP 634 - MG X — < v F: {1k

o PEP 636 - &R X -2~y F: Fa—-1+U TN

8.6.1 #IE

match XOFHHENZEHEDOTN OMEIIRDED TT:

1. ¥7Y =7 13 subject_expr DFHlic AL, 7Y =2 MEBFEONET, 7V =7 b ar~
2EUHE. BEOL—L o TR TADBMERSNET,

2. case_block NDHE X =N LT, ¥ 70 =27 MRS FTE20EIDEFzv I LET, ¥y
FREY - KBOBARN BN —MIBARLET, v F U I7DF v 712k D, & —YHNOHLRTO—ES
HBVFITRCUEDI RSN E T, BRI REL— I 2 - DI L > TR 27D, &b
LT, IvFHRNLAENZ—ORTRESNIZRFIR. TONFZ—>0TOv IRETTEL,
match XDETHFERATI LW TEET,

AR REX—U= v IR LTRELTS, ZOPREENE Y T X — VD RI§ 2 AT REMED
HHET, RRLE~y FTRETIHEMRMEHTR L Liza— FE2FEPRV LK E2TTLREE

o W, Ry FWRRLD & TEMDENEDL > TRV VI DHFHFRICLRNWT LI, 5
[4%'3}: SWIIR B FENC K B D0E Python OEEMFTH D, HEM TR ZATREMEDSDH D 3, ar iz
FEPRBECEITAS &5, BRICHEEKFEE LTVWET,

3. RR— VB LA, HUOH — KD (b LHIUD) SIS NE T, COBE. <X—YHOLH
BFRTHEENTNS 2 L BRI SN TOE S,

o H— FOFHEENRETH 20, b LT — FHA2IFHZE, case_block D block MREITIN
EC I

o ZI3TRITII. XD case_block I L THUL LI ODMBNEITEINE T,

o ZHLLE case block DSTETE LR WESIX, match XK T LET,

AR EARRNC, match XDARE =V DFHHE I NS EWVWHHHETA— FEZEIRETEDLD FHA, 1V
Z—TVRDFEIZ I o TE, ®REF v v > aF2REDERELEITV, FHliz2¥y 755 REELD D
i\j—o

fHEL 72 match SXOH:
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>>> flag = False
>>> match (100, 200):
case (100, 300): # Mismatch: 200 != 300
print('Case 1')
case (100, 200) if flag: # Successful match, but guard fails
print('Case 2')
case (100, y): # Matches and binds y to 200
print(f'Case 3, y: {y}')
case _: # Pattern not attempted
print('Case 4, I match anything!')

Case 3, y: 200

ZOHITIE, if flag BH—FTT, H— FIZOVWTIERDE 7> a Y EBELTL XN,

8.6.2 A—F

guard = "if" named_expression

guard (case —HlE LTHNZ) B LTE LD T, ZD case 70y 7 DIA— FHRFTEINET, H—F
Foif ORICKZELBE TR ST T,

guard [T Z D case 70y 7 DIHDTIUIRDO B HTT:

1. case 7R Y I DR =Y BENT 20 ES50%F v 7T 5, RRLEGEEX guard [ FFHMliX N3,
RD case 7Ry 7 DF = v 7T,

2. RE =PRI LTHE1E. guard OFHEiR T THILE T,
o guard SRMADFHIENETH 2855, %D case 71y ZHERINE T,
o guard RFOFHIEABDLE. ZHD case 71 v ZIHERTNEE Ao
o guard OFHEHICHISPEL X NIHER. Z20SAZD EFRHENET,

H—=FEXTH270, BHEAZRIIT LN TEET, H— FOFHEIE, BYID case 78 v 75 HIHIC,
RE—= DKLU Tz case 70y 7RI L DD, =20 0FHEINRITFUIVWIT FEA (DFD. F—FOD
FHEIZE PN TV BIEFRTEITSINILESH D £T), £l case 70y VPRSI NLMHT, A—FOD
FHii 2 Z L AT TEW I 8 A
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8.6.3 SBAHRELTr—270v 7

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,

.

=70y ZHEBEARRETH 272012, H— Pl X -V TH 2 0 ERDHD 7,
NE— VDR FIRETH 572 DI2IE. ZDOIELDWED AN S, EODHITHINT 2 2 L HREATE 54
EHHD £F, MBAARRAZ—VBUTOL SR DDATT:

o FEAVHBAFRETH D AS NFZ—>

o BENDREX—VDI BRIV MBAARETH S OR N2 —
o FvTFvNE—

e TAILRA—RNZ—

o FRINTHDNT, B ATRER X —

8.6.4 /\HX—

IR ZotryarTid. @EO EBNF 26B U ELERZHEHL 5,
e SEP.RULE+ ¥\ 3K:ilX RULE (SEP RULE)* OEE T3,

o IRULE WIBEENLHMADEMEERL T,

patterns @ b v F LV ORI TR D@D T

patterns = open_sequence_pattern | pattern
pattern = as_pattern | or_pattern

closed_pattern = literal_pattern
capture_pattern

wildcard_pattern

|

|

|

| value_pattern
| group_pattern

| sequence_pattern
| mapping_pattern
|

class_pattern

UTOFHHTEALDRT DD, "X =V ORIV EHBICE VR LALBEOHAZ TEHHIZE S &)
DRIZEFVTVET (ZDIEL A Y. Raymond Hettinger KD RF 2 X ¥ MZHEEEZITODDTT),
7L, THhEHL FTHRZMITI 2700 THD, NHNZRELLZLTLHIRKMLZBDTIE BOFEA
o, HHARERIRNTORX - UHEZHEEL TV DI TIEHD XEA,
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OR N&—>

OR &=, it | TRUISNTEEDOAAR -0 o) $5, M

or_pattern = "|".closed_pattern+

BRBROY 788 — DAL ERAEE THo TRVWITERA, oy BIRSEE D20, &I 78K — U HR
T2 4ATOMAEDRE. TRTRILTHEMLENDHD 7,

OR & —rTli, 7922 MECHW L TIEICES I RZR—2 Dy F U IBfTbNE T, ~v FHNRINT
LZEYFITHKRTL, 2O OR RNEX—V3E LIz AREINE T, —H, EOFTRR—U R LRTH
X, 2D OR RX—ViFEM Lz iz h 5,

fHEIICS 52 P11 | P2 | ... 2WHIRE—VIFPLZ~YvFLES L, RBTAIEP2 ZRLET, 0T
NDPDNREX =<y FRENTNREBICEI 2 h., ZALADEE IR 2D £5,

AS NZ—>

AS RE—=2B3Y T2 MEH LT, as F—V—FOLEMIZHZ OR RE—VE~vy FEEET, HX:

as_pattern = or_pattern "as" capture_pattern

OR RNZ =PRI E, 2D AS RX—VidKMe b 5, BT ¥ 79 =2 MED as F—
7 — FOLMOARNIHRIEE . D AS X =3I 72D $3, capture_pattern & LT _ ZIEET
5ZLIETEERA.

fHICE S L. P as NAME 3 P 2~ v F &8, I L7HEIC NAME = <subject> DfRAZITVWE T,

UTFIILnNg—>

V7 IR —F, —#%FR< Python @ UTFZI)L iTRIELE3, HX:

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

strings

|

|

|

| "None"
| "True"

| "False"

| signed_number: NUMBER | "-" NUMBER

strings ¥\ 5 /L—/L ¥ NUMBER ¥ W5 k—27 V& Python DAL TERINATVWET, Z7+—+r3D
NEbeYabanvas 2l ~stri
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signed_number '+' NUMBER Y signed_number '-' NUMBER ¥\ 5% {5 2 KB T 27200bD
T, 20D, FEANTIEEY. GRANCIEBEELENHD £, Hl: 3 + 45,

fli#CE 5 &, LITERAL /¥ <subject> == LITERAL TH 3 L EDAENTE X =TT, ¥V ZIL VT
2 None ¥ True . False |I is HEFE2H o CHEINE T,

FrTFrNZ—>

Fx I F X RNR—VF BTV MAZHENTRFE L 5, M

capture_pattern = !'_' NAME

TYR=—RAT=XFD _@FFx T Fr %X —VTEDHDELEA (1" BPRLTVLIDIEZOEMAFTT)
wildcard_pattern ¥ L THRbNFE T,

NRE—=Y—DDHT, —DODHKFNE—EL2HETE IR TEERA, HlZIE, case x, x: ... XEEWL
TI2, case [x] | x: ... FIELWVWTT,

F ¥ TF v RV BEEAL£T, HEShAiio 2 a—71d, PEP 572 T 2 RAXEE 7
DAA=TN—=)LEFRUTTT, $hbLE, BTIEES global X 2 nonlocal XHBRWIRD ., ZDRMEE
DAA—=71F, ZH D match X xR dNAIOBEKE 2D 35,

flfiHICE 5 &, NAME I3 H ISP L, NAME = <subject> DAL THONLE T,

TAILEA—FNEZ—>

DAL K F— FRE—VFEICRY (ICHLTd~y F33) L. AHORMIILEEA, KT

wildcard_pattern ::= '

A RR—VOHRTHERAINLIEREEIC Y I EEF—T—F TS, L2L. X—YOHTHRWESFITY
ThF—TU—RTRDDFELA, LAY TV 2P+ guard | case 70y Z7OHTH, BHOLEH LR
D%x9,

fHEICE S 2. _ IXEICRILE T,
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ENE—>

fEis &% —> 1% Python THREIDTF SbhfEERL £ T, 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 —DOD match XTHUHEPERKEILIIT 285813, 4 & =7V XBRANEREINIAEZ X v v
Yal, HEIEREZMESITS e a{EzHBMNHT2ARBELRHD £F, ZOF v v ald, £ match
XDZDFT—ROMET THAHMIET,

TIN—FTNE2—>

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 ANR—>

A sequence pattern contains several subpatterns to be matched against sequence elements. The syntax

is similar to the unpacking of a list or tuple.

sequence_pattern n= "[" [maybe_sequence_pattern] "]"

I u(u [open_seq'u,ence_pa.ttern] ll)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

[...1).
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EMR: 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.

3. If the previous step succeeds, the star subpattern matches a list formed of the remaining
subject items, excluding the remaining items corresponding to non-star subpatterns following

the star subpattern.

*2 In pattern matching, a sequence is defined as one of the following:

collections.abc.Sequence ZHR L7227 7 Z,
collections.abc.Sequence ¥ L THRE N7z Python 7 7 X,

a builtin class that has its (CPython) Py_TPFLAGS_SEQUENCE bit set
a class that inherits from any of the above

The following standard library classes are sequences:

array.array
collections.deque
list

memoryview

range

tuple

JETR:  Subject values of type str, bytes, and bytearray do not match sequence patterns.

158
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4. Remaining non-star subpatterns are matched to their corresponding subject items, as for a

fixed-length sequence.

7AFR: The length of the subject sequence is obtained via len() (i.e. via the __len__() protocol).

This length may be cached by the interpreter in a similar manner as value patterns.

In simple terms [P1, P2, P3, ... , P<N>] matches only if all the following happens:
o <subject> B —F Y ADEF v TS
e len(subject) == <N>
o P1 matches <subject>[0] (note that this match can also bind names)
o P2 matches <subject>[1] (note that this match can also bind names)

e ... and so on for the corresponding pattern/element.

RyEYINE—>

A mapping pattern contains one or more key-value patterns. The syntax is similar to the construction

of a dictionary. Syntax:

mapping_pattern n= "{" [items_pattern] "}"
items_pattern = ",".key_value_pattern+ ","7?
key_value_pattern n= (literal_pattern | value_pattern) ":" pattern

| double_star_pattern

double_star_pattern := "xx" capture_pattern

At most one double star pattern may be in a mapping pattern. The double star pattern must be the

last subpattern in the mapping pattern.

Duplicate keys in mapping patterns are disallowed. Duplicate literal keys will raise a SyntaxError. Two

keys that otherwise have the same value will raise a ValueError at runtime.
The following is the logical flow for matching a mapping pattern against a subject value:
1. If the subject value is not a mapping*?,the mapping pattern fails.

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 In pattern matching, a mapping is defined as one of the following:
e a class that inherits from collections.abc.Mapping

e a Python class that has been registered as collections.abc.Mapping
e a builtin class that has its (CPython) Py_TPFLAGS_MAPPING bit set

e a class that inherits from any of the above

] tacd 1it ] ) : _ .
8.6. match X 159



The Python Language Reference, 'J1)—2X 3.11.14

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.

F:  Key-value pairs are matched using the two-argument form of the mapping subject’s get ()
method. Matched key-value pairs must already be present in the mapping, and not created on-the-fly

via __missing__() or __getitem__ ().

In simple terms {KEY1: P1, KEY2: P2, ... } matches only if all the following happens:
e <subject> ¥ v VI hEFrv TS
e KEY1 in <subject>
o P1 (& <subject>[KEY1] IZ~¥ v FF 2

o ... 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 L= name_or_attr "(" [pattern_arguments ","7] ")"
pattern_arguments n= positional_patterns ["," keyword_patterns]

| keyword_patterns

positional_patterns = ",".pattern+
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.

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.
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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.
I1. 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:
IIANE—0I Yy FDOMUBSIBDHAZAETAX

[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

s bytes

e dict

e float

e frozenset

e int

o list

e set
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e str

e tuple

These classes accept a single positional argument, and the pattern there is matched against the

whole object rather than an attribute. For example int(0|1) matches the value 0, but not the

value 0.0.

In simple terms CLS(P1, attr=P2) matches only if the following happens:

e isinstance(<subject>, CLS)

e convert P1 to a keyword pattern using CLS.__match_args__

e For each keyword argument attr=P2:

— hasattr(<subject>, "attr")

— P2 X <subject>.attr K~V v F3 5

o ... and so on for the corresponding keyword argument/pattern pair.

e PEP 634 - Bhgf X —>~< v F: {1k

o PEP 636 - &R X -~y F: Fa—1+U TN

8.7 BHER

BRUERIT, 2 —PERBA 7 =7 P2ERL ET (IREE DR HiSMRK):

funcdef

decorators

decorator

parameter_list
parameter_list_no_posonly
parameter_list_starargs
parameter

defparameter

funcname

[decorators] "def" funcname "(" [parameter_list] ")"

["->" expression] ":" suite

decorator+

"@" assignment_expression NEWLINE

defparameter ("," defparameter)* "," "/" ["," [parameter_list_no_]
| parameter_list_no_posonly

defparameter ("," defparameter)* ["," [parameter_list_starargs]]

| parameter_list_starargs

"x" [parameter] ("," defparameter)* ["," ["**x" parameter [","]1]]

| Wy pa'r‘amete'r‘ [u,n]

identifier [":" expression]
parameter ["=" expression]
identifier

BIRCERIIFATAIREL LTS, BIRERZHETT 2 &, BUEO B — A VR AR BN TR 2 Bt 7Y =
7t (BROFETAREI -2 507 v 8—) WHHELET, COMBA 7Y =2 Micid, BBAIFCHE
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NBCEDN S 7 a — LR ARTZER & LT, BIED 7 0 — L RARTEFRANDO BB A > TV ET,
BIRCE R IIBIBAR IR R AT L £ 8 A BBARKEEES O ShRcoaEfTInE T,

BHERIZ—2MUED 7OAL—42 XTIy 7 TEET, 7aL—2RNIFREERT L =, BBERD
AoTWdRa—7TiHlidhEd, ZOMRIE. BEA T =7 F2ME—D5180c e 20 LATREL 7
Pzl PTRITNERD ERA, A 7Y =7 FoRb DIz, BENEIEBG ORI E T, #RD
TaAL—&EAXAMLTHEHAZNET, flZIE. UTFToLk>%a—F

0f1(arg)
ef2
def func(): pass

. P00k EMTy

def func(): pass
func = f1(arg) (£2(func))

72720, BIEDa— FTIEIt 4 OBE%E func & WO BHEIN—RINRET 2 Z 2 idwn, 2W0Wo 2 2 A%k
=ET,

N— a3 v 3.9 TAHE: Functions may be decorated with any valid assignment_ezpression. Previously,

the grammar was much more restrictive; see PEP 614 for details.

1 DD ED R31# 23 parameter = expression DG EE->TWb 2 =, BEIX " 77 4V b IEE” 2Hot
SVET, F7 4 MEREORE BT, MUH LRI ZISHNT 2 REI18 13EKETE. 20HE8E3IK
SIBDF 7 N MEBEONE T, BEFIEMBT 7 4L MAZRFF > TWBHE, ZHLEE "« BT 3
TOFBFETT 74V MEZF > TORITNUIRD A - ZHUISTEERTIEIRIA I TRV
HIFR T3,

T 74 FEIBEIZBERERDRITEIND L EICEDSEATFHEINE T, 24k, 77 40 b5 IIRE
BOERSIND L B E-ERIFHMS A, FL 7EHEEAQ” EXFIHL ORI 22 E
BRLEST, ZOMMREHEMBL TEBL 2RI, 7740 F5IBIEN Y A MRHEED LI BRI 2 -2 TNkH
TV NTHDZZCHEHETT: BN ZOF 7Y 27 bEEE (FIZIEX) A MCEREEEM) §52. 2
DF 7 4NV FIBENEEOHEEZZ I TLELES, R, ZAURERLZVWEETT, ZoXk542H)
ERBET 2121k, 77 4L MEE LT None 2V, Z D% BEEBAKDFHCTHHRINCT A M LET, HlZIE
IO XS LET:

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

return penguin

RESORE O U 0 BBRAF U ICRE S 2 5RME. PPN L (call) BTSN TOVWE T, BBFFCH L ZITS &, 3
FARYAPMIHERBREINTZETONRT XX, MBFIE. ¥—V—F58. 7740 MEDOWThD S ED

*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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RAENE T, "+identifier” TWRDEETIIX. Ro TR TONMES I EEZITI o 7o X UL E
NET, ZOF 740 MERZD R TNV TY, "**identifier” ERADBEAETIUE, RoZ2TRTOF—V—
FEIEZ - ZIEFMED~y ¥y 24 7Y 27 Mt eh g, ZOF 7 4L MAKE CEDZED
Ry YIEA T2 FTT, "x” R "xidentifier” DD NI A XFF—T7— FEPARSF X —XT, ¥—
T— RIS K-> TOAEINE T, 7/” DHIDNRT X XIMBEBHH T X —X T, MESEBICE > TOAE
INET,

N—Ya ¥ 3.8 TZEH: 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. The annotation values are available as values of a dictionary keyed by the parameters’ names
in the __annotations__ attribute of the function object. If the annotations import from __future__
is used, annotations are preserved as strings at runtime which enables postponed evaluation. Otherwise,
they are evaluated when the function definition is executed. In this case annotations may be evaluated

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

K2R T 272010, AR (AN A TORVER) 2FRT22edTEES, Zhid 5
LA (lambda) DEITHHFHENT WS 7 LAXREMENE T, T 22N E W7 BEBUER O EIERII#E
RV LIWERLTLEIW; Vdef” XTERINZBED 7 2 XN TEREINZBBDO L5112, 518e L
THEED, MOAFNCHID YN TE e TEET, BRORE T/ 7 -2 a VHETTEZDT, "det” ¥
ROKBEDEITT,

TOTSIANDXRE: BBUIE WA 7Y =7 b T, BBERNTREITSNE "def” E, B Y ESRTIEL
ELTEEZn—ANVEBZERLET, * R LEEBATHEDN 2 BHZRZ, def ZEA TV 2 HHD
O—ANVEBIZT 78 A TEET, FllllE BRIDTERE (naming and binding) EiZZH L TR E W,

BE:
PEP 3107 - Function Annotations 4]
B7 ) F—a ryDITotREE,
PEP 484 - BlE Y b 7
T = a v OFEERNLRERMITH 28 v F DER,

PEP 526 - Syntax for Variable Annotations

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

PEP 563 - 7/ 7—< 3 > OB ES
IR 7 77— a Y2 AHGHITS 2 D TR B XFINIBRTREFT 2 2 itk s, 7/ 7—>avig
BIBHEIGTBRDOY R — b

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

I IRAERE, VIAFTY 2 P EERLTT (REEDEE HiZHK):

classdef = [decorators] "class" classname [inheritance] ":" suite
inheritance = "(" [argument_list] ")"
classname L= tdentifier

27 7 ZERIIEITATREL LTS, MR Y X MlH, BEZ 72V XA 25255 (X @EREWTIE X
B2 2BMLTLESIWV), TIHRH, VA MOZRENDEZDOFHEIIY 727 7 Z{LLTHRWS T &
THEINETT, MRKVRFDRNT TR, 774/ T, EES 7R object ZHK S 2 DT:

class Foo:

pass

. IR ERISETY

class Foo(object):

pass

RIZT T ADRAA — b3, FilBFAT7 L — 4 (BEIDTERE (naming and binding) ZZRL T I W)
NT, #izicfEohiza— A NEARIZER L T2 D7 a — VERTERZE > TERITINET (BH. 20X
4 = MCEEREBERDEENET ) 77 RADAA = MRFTLEZI D, FIT7 L —LIHEINET
2. B— IV ARIENIRE I N E T, 0 e, MR Y R P EREIKS R, RFES I a — BV ARTAE R
ZEMEEFIC. ThZE>TI IRAA TV 27 MHERINE T, BEIC, dLou— AL ARi%EmIcs
W, ZIREDIDI FAF TV 27 MBI E T,

The order in which attributes are defined in the class body is preserved in the new class’s __dict__.
Note that this is reliable only right after the class is created and only for classes that were defined using

the definition syntax.
75 2. XE V52 ZRIHLUTRIBICAHAREZY A XTEET,

B z7aL—1r320LRLELIIC, Z77RBT7aL—1+F5IehHRET,

@f1(arg)
ef2

class Foo: pass

1. PV nWR e EMitT

class Foo: pass
Foo = f1(arg) (f2(Foo))

*5 A string literal appearing as the first statement in the class body is transformed into the namespace’s __doc__ item

and therefore the class’s docstring
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7 aL — ZROFHIRANIER T2 L — & LA U T, fRIEZ 7 2AHBICH BN ET,

N—=Y 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.

TOTIIDIEHDER: 7 7 RAEBENTERINLERI Y FABETHD, £2TOAL Y A&V AMTHEA
INET, A VREXVREMEZ. XY v FOHT self.name = value T3 L TCHETEET, 77
BB A AR AJEMED "self .name” KL TT7 7L RATE, ZORULTT AL E, A VARV Z
BHEER%ZO 7 I AEEZREMLES, Z77RABHE. A VARV RAREDT 7 40 Mar L TR E 30
FIWXIa—RINRMERMES & PHRRERICORN D 9, 8 F 25 b, PR EENEL S 4
AR AEREENTEE T,

BE:

PEP 3115 - Metaclasses in Python 3000 X
R IADEZSEBEDEL ., XX T FAMNED I FANED LS ITHEI N »OEMREZLH L
AL

PEP 3129 - 5 X5FaL—4 7
FATAL—=REBMLERSR. B7alL -4 XYy F7aL—%3 PEP 318 TEHAZINE
L7

8.9 JI—F~

N— g v 3.5 T

8.9.1 J/IL—FUBE¥ES

async_funcdef = [decorators] "async" "def" funcname "(" [parameter_ list] ")"

["->" expression] ":" suite

Python THEITLTW2 L —F Vi3Z K DIFHRTIRHFEIL E BB TE X5 (coroutine Z2ZMW). await X
TH? async for ¥ async with &I N—F VEBOARKTUIEZ R A,

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

await or async keywords.
aN—F VEBOREDHT yield from RZ AT % & SyntaxError 124D %73,

a)L—F VDK

async def func(paraml, param2):
do_stuff ()

await some_coroutine()

166 % 8 Z 8 X (compound statement)
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N—Y a ¥y 3.7 TEH: await and async are now keywords; previously they were only treated as such

inside the body of a coroutine function.

8.9.2 async for X

async_for_stmt = "async" for_stmt

asynchronous iterable V&, Z® __anext__ XYV v FTIEEIEKR a2 — RE2FEITOTRER. asynchronous iterator

FEFEIRT  aiter XYy REEMHLLTVWE T,

async for IZ KXo CIHFEEARA T TN ZHHIZA T —2arF 2 TEET,

BIFoa—k:

async for TARGET in ITER:
SUITE

else:
SUITE2

FEIRERANCLUT & E T3

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

iter

iter

running = True

while running:
try:
TARGET = await type(iter).__anext__(iter)
except StopAsynclteration:
running = False
else:
SUITE
else:
SUITE2

FENE  aditer (O __anext_ () BBHEL TV,

an—F VEBOREKDIT async for X2HT % & SyntaxError 12720 $73,
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8.9.3 async with X

async_with_stmt = "async" with_stmt

manager T3,

MTRpa— K

async with EXPRESSION as TARGET:
SUITE

ZAUIR kT 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)

FHE  aenter (O % __aexit () BBIRLTLE X,
IN—F VEBOREDHT async with XZ2MH T % & SyntaxError 124D %3,
2E:

PEP 492 - async X H &V await XA ST OIN—F> a
J—F % Python DFr dRMHE LBERICL, P R— M T3 EBMLIZIRE,

168 % 8 Z 8 X (compound statement)
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NINE

ky FLARIVEHR

Python £ ¥ X 7V X, AT, 07 I 0058 LTHEX6NRT7 Y T b, WEMIcx 4 AN
NG, BV 2DV —RAT 7 ANRE, BABRANENOANZEZ N TEET, TOETII,
FNENDEEICHOWONAEGEICOWTHAL TVWE TS,

9.1 2% Python 7O 5 L

SO TIX, ZOBFELZUHE T4V TVZRED XS ITEBXNE D ETHET 2HEIIRVDT
TH, FEEK Python 7077 2 DR EH > TEL e RIEBE T, 582K Python 7027 4%, &R
WAL I N85 2 TOMBIAAER L IEEET Y 2 — A DFIHARET, 2D sys (A BRI AT L9 -1
A). builtins (fHAAABIE, HISb. B XU None). __main__ @ 3 DR EBTDEY 2 —LHBHIHHLE
NTORWIRETEHIELE T, __main__ &, BERIR T I L2FTT 2. e— LB 7a—iL
mAEIZEE RS S DIV e R E T,

5272 Python 7127 A D#E. FTOHITERSE 77 A VAHDDDHDTT,

4 2 TY ZF MEERE— F (interactive mode) TEEZNZZLdHDET; ZOHE. A1 Y& TV X
BB TAT 7 LG ATEITTEDOTRERL, ~HIIH-DETY (BEXDLETHHDXT) &2iihs
AATFEITLE S, PIHIREBOREE, 2RI a2RTT2 L EORBELEFEUTY,; FRTUL
__main__ DHHTZEMANTIITEINE T,

BRI T I LE3ODERTA V2= XICPERET: —c string AV K IA AT a > T, aw
VRIAVOE 1 5IBTHEEINEZ T 740, HEIVIIEEAT L LTELES, 7 7 A VREHEATD tty 7
NARE S TGE AV E=TV REHFFHFE—FITAD £F, ZHLVLOBER. 77 A V2B Tnrs s
LELTHEITLET,
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9.2 771ILAAN

IR 7 7 A Vip bR A S AiE,. £ TR UE

file_input = (NEWLINE | statement)*

ZrhET, ZoMGEE. UTFTORKETHWoNET:
o (77 ANRXFEHIND) 58427 Python 07T LERUENT 2 & %
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,

9.4 AN

HKAINTIE eval O MMEDNFE T, ZAUILHBHDOZEHZMA L $5, eval O 1T T 2 XFH5 18X, UTD
Bz L 53 Ude D 8 A

eval_input = expression_list NEWLINEx*
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TEN

FERBIGELR

LITRIZRT DX Python DSERRXIETT, CPython D=V %2 EKT 2 72D DOEER, SEEEI N
H DTF (Grammar/python.gram 2ZRDOZ &), ZZIRTOK, 2 — FERB LT 7 NIRRT
BE B LN —Y a »TF,

SUEDRLIEIX EBNF & PEG ORAETT . FHS, & 22 YR, b—=7 Y ERBENT L bhirn—7
i HE. TRUIIED S EHEA (positive lookahead) (T7b B, HEICY v FF 2 72DITIEIRBELED, < v
FRICHBINRW) T, —/ T, ! FADIHA (negative lookahead) (T7bDE. v F LEARL 729D
WEE) T3, PEG DIEFAZEIR (ordered choice) DXEID 5 & LT (IeiicfibhTna / TIEZ%L)
| ZHAL T, AEDFELIKICOWT, FELLIE PEP 617 2R T E W,

# 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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HOR OB OB OB OB R OHE R R R R R OHE W OH W OW oW oW oW oW oW oW OW OB OB R OR R

(FiDR— 25 D %)
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.

STARTING RULES

file: [statements] ENDMARKER

interactive: statement_newline

eval: expressions NEWLINE*x ENDMARKER

func_type: '(' [type_expressions] ')' '->' expression NEWLINE* ENDMARKER

fstring: star_expressions

#
#

GENERAL STATEMENTS

statements: statement+

statement: compound_stmt | simple_stmts

statement_newline:

| compound_stmt NEWLINE
| simple_stmts
| NEWLINE

(RDR=DZHEL)
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(RIDR=I D5 DR E)
| 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
| 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)
175




The Python Language Reference, 'J1)—2X 3.11.14

(RIDR=I D5 DR E)
|/=|
1Y=1
g=t

r<g=!
>>=!
U=

1/ /="

return_stmt:

| 'return' [star_expressions]

raise_stmt:
| 'raise' expression ['from' expression ]

| 'raise'
global_stmt: 'global' ','.NAME+
nonlocal_stmt: 'monlocal' ','.NAME+

del_stmt:
| 'del' del_targets &(';' | NEWLINE)

yield_stmt: yield_expr
assert_stmt: 'assert' expression [',' expression ]
import_stmt: import_name | import_from

# Import statements

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 !','
| e
import_from_as_names:
[ ','.import_from_as_name+
import_from_as_name:
| NAME ['as' NAME ]
dotted_as_names:
| ','.dotted_as_name+
dotted_as_name:
| dotted_name ['as' NAME ]

dotted_name:
(RDOR=VIFiL)
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(RIDR=I D5 DR E)
| 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 ['(' [arguments] ')' ] ':' block

# Function definitions

function_def:
| decorators function_def_raw

| function_def_raw

function_def_raw:
| 'def' NAME '(' [params] ')' ['->' expression ] ':' [func_type_comment] block
| ASYNC 'def' NAME '(' [params] ')' ['->' expression ] ':' [func_type_comment] block

# Function parameters

params:
| parameters

parameters:
slash_no_default param_no_default* param_with_default* [star_etc]

slash_with_default param_with_default* [star_etc]

|
|
| param_no_default+ param_with_default* [star_etc]
| param_with_default+ [star_etc]

|

star_etc

# Some duplication here because we can't write (',' [ &')'),

# which is because we don't support empty alternatives (yet).
(RDOR=VIFiL)
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(RIDR=I D5 DR E)

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

| '"xx' 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

annotation: ':' expression
star_annotation: ':' star_expression
default: '=' expression | invalid_default

# If statement

(RDOR=VIFiL)
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if_stmt:

| '"if' named_expression ':

| '"if' named_expression ':

elif_ stmt:
| 'elif' named_expression
| 'elif' named_expression
else_block:
| 'else' ':' block

# While statement

while_stmt:

| 'while' named_expression ':

# For statement

(RIDR=I D5 DR E)

' block elif_stmt
' block [else_block]

':' block elif_stmt
':' block [else_block]

' block [else_block]

# _____________
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+ ','? ')' ':' 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

I)l | |:|)

' block except_block+ [else_block] [finally_block]

# _____________

try_stmt:
| 'try' ':' block finally_block
| 'try' ':
I |tryl 1 B

# Except statement

except_block:

| 'except' expression ['as' NAME ] ':

' block

except_star_block:

| 'except' ':

' block except_star_block+ [else_block] [finally_block]

' block

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

| '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
literal_pattern:
| signed_number !('+' | '-')
complex_number

strings

|

|

| 'None'
| 'True'’

| 'False'

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

# Literal expressions are used to restrict permitted mapping pattern keys
literal_expr:
| signed_number !('+' | '-')
complex_number
strings

|

|

| 'None'
| '"True'
|

'False'

complex_number:
| signed_real_number '+' imaginary_number

| signed_real_number '-' imaginary_number

signed_number:
| NUMBER
| '-' NUMBER

signed_real_number:
| real_number

| '-' real_number

real_number:
| NUMBER

imaginary_number:
| NUMBER

capture_pattern:

| pattern_capture_target

pattern_capture_target :
| !n_u NAME !(l‘l I |(| | |=|)

wildcard_pattern:

value_pattern:
| attr (.t =)

attr:

| name_or_attr '.' NAME

name_or_attr:
| attr
| NAME

group_pattern:
[ '(' pattern ')'
sequence_pattern:
(RDOR=VIFiL)
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| '[' maybe_sequence_pattern? ']'

| '(' open_sequence_pattern? ')'

open_sequence_pattern:

| maybe_star_pattern ',' maybe_sequence_pattern?

maybe_sequence_pattern:

| ','.maybe_star_pattern+ ','?

maybe_star_pattern:
| star_pattern

| pattern
star_pattern:
| 'x' pattern_capture_target

| '%' wildcard_pattern

mapping_pattern:

I |{| 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_patternt+

keyword_pattern:
| NAME '=' pattern

# EXPRESSIONS

expressions:

(RIDR=I D5 DR E)

(RDOR=VIFiL)
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| 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

| expression

star_named_expressions: ','.star_named_expression+ [',']

star_named_expression:
| '"+' 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:

(RIDR=I D5 DR E)

(RDOR=VIFiL)

183




The Python Language Reference, 'J1)—2X 3.11.14

| 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
gte_bitwise_or: '>=' bitwise_or
gt_bitwise_or: '>' bitwise_or
notin_bitwise_or: 'mot' 'in' bitwise_or
in_bitwise_or: 'in' bitwise_or
isnot_bitwise_or: 'is' 'mot' bitwise_or

is_bitwise_or: 'is' bitwise_or

# Bitwise operators

bitwise_or:
| bitwise_or '|' bitwise_xor

| bitwise_xor

bitwise_xor:
| bitwise_xor '~' bitwise_and

| bitwise_and

bitwise_and:
| bitwise_and '&' shift_expr

| shift_expr

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

| sum

# Arithmetic operators

(RIDR=I D5 DR E)

# ____________________
sum:

(RDOR=VIFiL)
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| sum '+' term
| sum '-' term

| term

term 'x' factor
term '/' factor
term '//' factor
term 'Y%' factor
term 'Q' factor

factor

factor:
[ '+' factor
| '-' factor
| '~' factor

| power
power:
| await_primary '**x' factor

| await_primary

# Primary elements

(RIDR=I D5 DR E)

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

" 1"

", "obj

await_primary:
| AWAIT primary

| primary
primary:

| primary '.' NAME
primary genexp
primary '[' slices ']’

atom

| slice !'',"

| ',".(slice | starred_expression)+ [',']

primary '(' [arguments] ')

| [expression] ':' [expression] [':' [expression] ]

| named_expression

| NAME
| '"True'

| 'False'

(RDOR=VIFiL)
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| 'None'
| strings
| NUMBER
| (tuple | group | genexp)
| (list | listcomp)
| (dict | set | dictcomp | setcomp)
|

| (" (yield_expr | named_expression) ')'

# Lambda functions

lambdef :

| 'lambda' [lambda_params] ':' expression

lambda_params:

| lambda_parameters

# lambda_parameters etc. duplicates parameters but without annotations
# or type comments, and if there's mo comma after a parameter, we ezxpect
# 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]
I

lambda_star_etc

lambda_slash_no_default:
| lambda_param_no_default+ '/' ',

| lambda_param_no_default+ '/' &':'

lambda_slash_with_default:
| lambda_param_no_default* lambda_param_with_default+ '/' ',

| lambda_param_no_default* lambda_param_with_default+ '/' &':'

lambda_star_etc:
| '"x' lambda_param_no_default lambda_param_maybe_default* [lambda_kwds]
| 'x' ',' lambda_param_maybe_default+ [lambda_kwds]
| lambda_kwds

lambda_kwds:

| '#x' lambda_param_no_default

lambda_param_no_default:
| lambda_param ','

| lambda_param &':'
(RDOR=VIFiL)
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(RIDR=I D5 DR E)

lambda_param_with_default:

| lambda_param default ','

| lambda_param default &':'
lambda_param_maybe_default:

| lambda_param default? ','

| lambda_param default? &':'
lambda_param: NAME

# LITERALS

strings: 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 '}'

(RDOR=VIFiL)
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(RIDR=I D5 DR E)
genexp:
| '(' ( assignment_expression | expression !':=') for_if_clauses ')'

dictcomp:
| '{' kvpair for_if_clauses '}'

# FUNCTION CALL ARGUMENTS

#
arguments:
| args [','] &')'
args:
| ','.(starred_expression | ( assignment_expression | expression !':=') !'=')+ [',' kwargs
|
| kwargs
kwargs:
| ','.kwarg_or_starred+ ',' ',' kwarg_or_double_starred+

| ','.kwarg_or_starred+

| ','.kwarg_or_double_starred+

starred_expression:
| '%' expression
I Tx!

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:
1

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

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

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

| star_target ',

(RDOR=VIFiL)
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star_target:
[ "' (!'x' star_target)

| target_with_star_atom

target_with_star_atom:
| t_primary '.' NAME !t_lookahead
| t_primary '[' slices ']' !t_lookahead
| star_atom

star_atom:
| NAME
| '(' target_with_star_atom ')'
| '(" [star_targets_tuple_seq] ')'
| '[' [star_targets_list_seq] ']’

single_target:
| single_subscript_attribute_target
| NAME
| '(' single_target ')'

single_subscript_attribute_target:
| t_primary '.' NAME !t_lookahead
| t_primary '[' slices ']' !t_lookahead

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

t_lookahead: '(' | '[' | '.'

# Targets for del statements

del_targets: ','.del_target+ [',']

del_target:
| t_primary '.' NAME !t_lookahead
| t_primary '[' slices ']' !t_lookahead
| del_t_atom

del_t_atom:
| NAME
| "(" del_target ')'
| *('" [del_targets] ')'
| '[' [del_targets] ']’

# TYPING ELEMENTS

(RIDR=I D5 DR E)

(RDOR=VIFiL)
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# type_expressions allow */** but ignore them

type_expressions:

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

'*' expression

I

I

I

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

| '#x' expression

|

','.expressiont+

func_type_comment:

(RIDR=I D5 DR E)

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

| TYPE_COMMENT

# END OF THE GRAMMAR
# START OF INVALID RULES
190 8 10 & T2WCELHR
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8%

>>>
The default Python prompt of the interactive shell. Often seen for code examples which can be
executed interactively in the interpreter.
/N

DHLDPEZONET:

e The default Python prompt of the interactive shell when entering the code for an indented
code block, when within a pair of matching left and right delimiters (parentheses, square
brackets, curly braces or triple quotes), or after specifying a decorator.

o HHAAADER Ellipsis

2to3

A tool that tries to convert Python 2.x code to Python 3.x code by handling most of the

incompatibilities which can be detected by parsing the source and traversing the parse tree.

2to3 is available in the standard library as 1ib2to3; a standalone entry point is provided as

Tools/scripts/2to3. See 2to3-reference.

abstract base class

(HIREE S 5 R) HIREE Y 7 21 duck-typing Zf5EF 5 S DT, hasattr() REDHDT 7 =
7 TENETFTH o 7 D BIDITERZ (B2 magic methods DFE) J\EXA VR —T7 2 — AT ER
THHEZRMEL £, ABC 1K (virtual) 727 S RZEALE T, ZHIFE T 7206/ kK L
FHAN, ZNTH isinstance() X issubclass() IKFRMINFET; abc EP a2 —1D KF 2 X
Y FEZLUTLEZE W, Python 123, £ OflAIAA ABC RRIME A TWE T, ORI,
(collections.abc EY 2 —)LT) 7— X HMi&E, (numbers €3 2 —/LT) #. (io €Y 2—/LT) X}
U —2A, (importlib.abc EY¥ a2 —T) A Y K- 774 Y E/FET—K—T7F, abc EZ 2 —)L%
FIHLTHBED ABC Z/ERTZ %7,

annotation
(77 7—=2ay) BB 77 R BEDNRTX—-22RDEIEGFRT 2 7L TT, BlickD
type hint £ L THEDONTWET,

Annotations of local variables cannot be accessed at runtime, but annotations of global variables,

class attributes, and functions are stored in the __annotations__ special attribute of modules,
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classes, and functions, respectively.

See variable annotation, function annotation, PEP 484 and PEP 526, which describe this func-

tionality. Also see annotations-howto for best practices on working with annotations.

5% (argument)
(FEB18) BIRCERF O FRIC, BAE (F/20d AV Y F) ICETHETT, ECEX 288D D $3:

o F—T—F5IE: BBOTOH L OBICHIDRNIHAF 2OV b D (Fl: name=) . ** IZHiT
TiFEOROEE LTHEINLIE, HIZIE. KD complex() DMFUIHI LTI, 3 & 5 2% —

v — R5I¥TT:
complex(real=3, imag=5)
complex (**{'real': 3, 'imag': 53})

o MUESIE: F—v— F5IBLUANDTIE, MEFIEIX5IEY A FDETHICEL Z8 BN TE, F2 %12
eI 7z iterable DERL LTET I TEE T, HlZIE. XROFITIX 3 & 5 &M /5H0ES 4
T3

complex (3, 5)
complex(*(3, 5))

FEIBUIBBOFERICB W THAIMT ZDor — AV ZRCHID M ToHRE T, HID L T2 HANCOW
T BFUH L (call) ZBRLTLEIV, YRy 7 ARBVWTESRERTDICHLW IR EE
5 Z e AR E T, FHMlixNfEH e — L EBICE D Y TohET,

&51% . FAQ @ FEFIERGIEDENIATTT2? . PEP 362 2B L TS,

asynchronous context manager
GEFfa >y 7¥ A <2 =T %) __aenter__() & __aezit__() XYV v REERTS I LT async
with XNDOBRGEZERT 2479 =2 T, PEP 492 THAINE L7,

asynchronous generator
GEREAY = L — &) asynchronous generator iterator %R T EET T, async def TERINL
N —F VBIBUTBITOWE T, yield REFOHRTRELRD £3, yield I async for L— 7T
FHATZ2EHOM S ZER T 2DIMHINE T,

HEFIERIAY = 2 L — 2R L £ 30, WRICK - TE IEREAS T RL—2 1T L—% 25T
Gandh £, BRSNLERPIHS 2 THRWGE, RO een iz AL £,

FEMEHAY = 2 L — X BARITIE. async for XX async with X THL await RDDHBZZ D
DET,

asynchronous generator iterator
CGEFRIIY = 1L —& A4 7L — &) asynchronous generator B THERENZ AT 27 M TT,

Z X asynchronous iterator Ty __anext__ () XYV v FEHoTHEIN 2 ¥ awaitable 7Y = 7
FERIRLE T, 2D awaitable 7Y 22 M, KD yield RETIEFAY = L — XKD ARK %
FEITLET,
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Each yield temporarily suspends processing, remembering the location execution state (including
local variables and pending try-statements). When the asynchronous generator iterator effectively
resumes with another awaitable returned by __anezt__ (), it picks up where it left off. See PEP
492 and PEP 525.

asynchronous iterable
(FEFIAA 7 Z 7V) async for XOHTHATEZAX 727 bTTF, HED __aiter _() XAV v
B2 & asynchronous iterator ZRERITIUL7Z D $¥ A, PEP 492 TEAINE L7,

asynchronous iterator
CGERIMIA 7L — &) __aiter__() & __anext__ () XY v RZ2RELLAT TP 27 +T
o __anext__ () & awaitable * 7Y =27 P RIBI KR ITNIE R D £ A, async for I
StopAsyncIteration I Z X $ 2 £ T, JEEHA T L —&D __anext__ () XYV v FHBERT
awaitable 2L £3, PEP 492 TEAIhE L7,

M
[

(B) A7y McBEfMfF o, Fy PRERICE > THATTHEEZSHRINAETT, FlRIX +
T2 b o DEMN 0 BEoTWR 2 E, ZOEMIE 0.a THHINE T,

F 7Y =7 MiZid, #EF (identifier) BEUVF—T—F (keyword) TEZRZ N 2AIF TR VWHAHT
DEME G525 TEET, L& 2 setattr O 2V, A7 27 I ZREFAILTWSY
BIITZAET, ZOLIBREMHEFy PRERTIE 7 7€RATEF, bDIZ getattr () %o TH
ZREDDH D FT,

awaitable
(FEHERTRE) await N CTHHAT 2 Z AR Z 47T 227 b TH, coroutine 2> __await__ () XV v
RBH2A T2 FTF, PEP 492 2SR L TL & W,

BDFL

AR X EMEHE (Benevolent Dictator For Life) D& T3, Python OfE#E. Guido van Rossum D
t "Gj—o

-
—

binary file
(NAF VT 7 AN bytes-like TP LTI b OHRAAABIVEZIAALNTES TJ7(ILATVx
Ik TEe XA FVT77A40DHNE NAFVE=F ('rb', 'wb' or 'rb+') THAINLT 7 4 L,
sys.stdin.buffer, sys.stdout.buffer, io.BytesIO % gzip.GzipFile. DA Y AX Y A TT,

Str ATV 2V PORABEINTEL 77 A0F TV 27 MTOWTIR, text file bBRL T E 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
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bufferobjects Z %R — b LTWT, C BFBOEKRT EHLE Ny 7 7 —2RHAGER LT TV 27 b,
bytes, bytearray, array.array . %< O—#&HJ7% memoryview # 7Y = 7 M ZTHICY D X
T, bytes-like A 7P =2 M&, T —XEME. NAFV T 7 A NANDEFEFE. Y7y b ERBLRRZEER
AL FUF—REERTZ20VAVARBECHAT e TEE T,

BODPOBETEINA F VT —RELETIHNEDNDDET, ZOBEDO R Fa XY PTIEEL 75
AEXARER bytes-like A7V =27 M IKERLTWET, ZHARERAAY 77 —F T = 7 ML,
bytearray ¢ bytearray @ memoryview REDEZENE T, F/o. OO OBRIETIIARELA
TV DAL FUF—X (7 HAHLERAD bytes-like ¥ 7Y =27 b)) ZRELE T, Z4UF
bytes & bytes D memoryview A 7P =7 FOEENF T,

bytecode

callable

(>S4 b a—F) Python @Y —Ra— Ri&, Python v 25 4D CPython 4 > & 71 X DAFRE
THBENA FPA—=FANET YR NVEINET, N1 Fa—Fi& .pyc 774V Frvy>adh, AL
77 AN ERHIETEINZ L 2R LDEFEICRDET (V—RA=F2HNL ba— KA NOHED
AV RAVEEEXNET), 2O " FRISHEE (intermediate language)” 1%, %4 DA b+ a— Rzt
J5T 2HEMEEE FATT 2 RIETSY TEET 2 VWA E T, EEAFEREE LT, N ba— iRk
% Python (R~ VBITHET 2 Z &%, Python V'V —XMTHEETH 2 Z e ZHFFxATWE
A,

NA Pa—FomES—Eid dis ES2a—L ZHDHET,

callback

U932

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) J
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—Ny 2) FRDB BREETINTE N2 DI Y LTI 2 B

(P IR) =Y —ERA TV PRERT 570D 7 T L—FTT, 7 7RAERIIEHE, 2DV 5
ADA VAR YA LORERETEAY v ROEREEAE T,

class variable

(7T AER) 77 A RITERIN, ZFALANLT (DFED, Z7ADA YRRV A ETERLIKR) &
HEN2 I ZHME LTWAERTT,

complex number

(BEH) L<HONTOEEBREZIIRLZH DT, TRTORIFERH L EHoM e LTRINE T,
BB (-1 OFHIR) ICEREHIT 20T, RHETIZ 1 tE,hA, TH¥TWE ] &
HIEF, Python I3EZLITHAAATHIEL, BREDOEKGLZIM > TVWET, BHIEIREC j 20
TEXZT, HlxIE 3+1j TF, math Y 2 — L OEBFRREFIH T 2121, cmath ZFVE T, &
FROFER-EH 72D BERECEOBRRET T, HEMEERELRITIR, IREHEECRSEHLTLEST
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LWVWTL &9,

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
variable which can have different values depending on its context. This is similar to Thread-Local
Storage in which each execution thread may have a different value for a variable. However, with
context variables, there may be several contexts in one execution thread and the main usage for

context variables is to keep track of variables in concurrent asynchronous tasks. See contextvars.

contiguous
(B2, Eft) Ny 7 7 DSEEEIC CE 5t $£721% Fortran 8 THRIHAEIIC. £D Ny 7 7 8K LT
WREAREET, ErRXie Ny 7 713 C #ifiTdH D Fortran @i TF, —RITOEAITIE, ZDEH
REIMBFTAEY ETHHES 2 X5 CHE SN, BRFPEar LR DI T EFTHRE T, ZX
TLD C-ER A TR, XEVY 7 F LR ER 2K 5 B3I R DI A FHBRMNTZED B DITH L,
Fortran J##72 B TR DR FORINICE E £ 3

a—F>
(AN—=F V) ar—=F B I ITN—F DI D —KHNLIFRTT, 7L —F VITIEHRD SN
POAD. Blokd s MSroHE T, aL—F L ICEZ L ORkL RHISEPH A, 15, HHT
22D TEET, IN—F VI async def XTHEETEZE T, PEP 492 2B L T2 X0,

coroutine function
(an—F B coroutine 7Y =7 FZIRFTEBTY, ar—F VBRIX async def XTHEEE
S, await. async for. BIUY async with ¥—V—F2FOZ kK ET, sl PEP
492 TEHAINE L,

CPython
python.org THAMA XN TWS, Python v 7T 2 v I/ FiBEOEMEREETT, "CPython” 2\ 5
BZEIX, ZOR¥E%E Jython % IronPython ¥\ o 72D FEE ¥ XBI$ 2 REHNH ZHEICHH IR
9,

decorator
(Fav—x) BloEEEIR TR T, W%, ewrapper WX TRIBZE M L GHEAINE T, TaL—
2 O—f&E 72 FFFZ. classmethod() ¥ staticmethod() T,

FaAL—RDIREFI VR VR aH—TF, XD 2 OOBEBERIIEHRICHELT DD TT:

def f(arg):
f = staticmethod(f)

@staticmethod
def f(arg):

FICHESDS 2 S ZICHDEELETH. HEVFDONERA, 7L —RIZOVWTHLLZ BHEEE B
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FUIFAFRE DFFa XY PEBRLTIIZE N,

descriptor

Any object which defines the methods __get__ (), __set__(), or __delete__(). When a class

attribute is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally,
using a.b to get, set or delete an attribute looks up the object named b in the class dictionary for
a, but if b is a descriptor, the respective descriptor method gets called. Understanding descriptors
is a key to a deep understanding of Python because they are the basis for many features including

functions, methods, properties, class methods, static methods, and reference to super classes.

TAZYTEZDAY v FIZBLTOFME. 7RI UTH (descriptor) D33 K Descriptor How To
Guide ZZL TS0,

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
(FEENTKEL) iterable NOETH 2 WE—HOHERZUIH L T, ZOMR1 52 5HEZIRT a8
7 P REFEZXJTTY, results = {n: n **x 2 for n in range(10)} ¥ T2 %, ¥—n Zfn ** 2
WO 2B FERZERLE T, UR R &G, BEORT 2SR L TSV,

dictionary view
(fFEF L 2—) dict.keys(). dict.values(). dict.items() ANEFTA 7Y =7 b TT, FFEDOHHE
DEZE 2 —Z2 R L E 3, bbb, HEILEINLZ L2 -3 ZhEeKMLET, fFEL 21—
EHRRHIFNCSERR Y X MZT 31C1E list(dictview) ZHHA L TL 72XV, dict-views 2SR L TL
72E W,

docstring A
string literal which appears as the first expression in a class, function or module. While ignored
when the suite is executed, it is recognized by the compiler and put into the __doc__ attribute of
the enclosing class, function or module. Since it is available via introspection, it is the canonical

place for documentation of the object.

duck-typing )
2372 FDBELWA YR =T 2= 2o TWEPERETIDICA TV 27 FORE RN
R7TIVIRARANTT, bz, BCA TS 27 DX Y v RRBEWSRIN Dbz
LET, (ZEALDISKEZAT, 7TEADESITBIHNE FRAETELTHS.1) A VY R—Txz—2R
FRIZDEHTZZ2 T, EFRKFHA v EIha— R RV E—7 4 v 7R E2FF L CRIIEE
MLXEET, v 27XV type() % isinstance() ICXBHERBITE T, (7275 L. &y
IRAVY 7% HMREEV S THETAILHTEET, ) 2ofb b, HAMIC hasattr O
ERX BAFP 7ur7 72y 7%2FHALET,

EAFP
MERA[ % & 2 X DFFLEFHE D HDAES (easier to ask for forgiveness than permission, ¥—7 4 — Dk
f)) O#ETT, 2O Python TIEL bR TWEa—F 4 ¥ 72X A4 L TiE, BEIEIEDZF—E
HEDRETE2DDEREL. ZDOREDFHR > TOIGHIHINLHIRLE ST, ZOMEBETFRELFTS
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=T 4 YT ARA NV, try XBEXY except XD SADZDPRHETT, ZOT77=v7
3. C OIS REETILLMFbATWS LBYL AR AL EHBRZSDTY,

expression

(R) 2Nz, —FLFH ORI (a piece of syntax) TF, Stz 2, AWV 7
Fov, 4Hl BT 7R HAEFPEBETUOHLRY. HrRTROEROEAERTT, oZ<
SEELEW, Python TWEEBOETOMBERNPRN L VI DI TIEDD FH A, while DX ST,
R LTEERZRNY X dHDFET, RADBRTERLIXTT,

extension module

f-string

(JEREY 2—1) C R C++ TEIPNZEY 2—L T, Python ® C API %F|f L T Python 27
LY —a—FrehehLET,

YRR F AVEBHICT WA Y T T Lk Tf-string” RN, ZHUX T A —< v MEAXFES
T3 OEMEEOEZITT, PEP 498 $ B 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.

T7ANATY =27 MCRERCE 3 EEDDET: A0 N1 F V=T 710l Ny T77Shi NA
FIV=T7A4l. ZLTC TFALT 7ML T, A VX =T 24 RiF io EY a— L TERINATY
XY, 77ANAT Y 22 + RS ERERNLTTRIE open () BABZES Z 2T,

file-like object

file object E[AF"TT,

filesystem encoding and error handler

finder

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

encode Unicode to the operating system.

T7ANVNTATLADIYA—F 4 Y7 TlE. TRTH 128 N4 PUTRIEBCTa—FEhs I en
BEEX NGB TIERDFERA, 77 ANV RTFLDIYaA—F 4 YT INDPRIEINL D - HE
1Z. API B2 UnicodeError ZEH T3 H b %3,

The sys.getfilesystemencoding() and sys.getfilesystemencodeerrors() functions can be

used to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the
PyConfig_Read() function: see filesystem_encoding and filesystem_errors members of

PyConfig.

See also the locale encoding.
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(774YR) A VR=PZRNTWVBEY 2—1VD loader DFERZRTT 24727 b TT,

Since Python 3.3, 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 PEP 302, PEP 420 and PEP 451 for much more detail.

floor division
(PID#ETHRE) —FEWEBEICYI DI T2 HCANRE, YD TREEE AT // T3, flRE 11
/] 40F 22D TR INFMCTFE NI OBEDORETIX 2.75 N IR-oTE 3, (-11) // 4
& -2.75 Z IZNEWVWAIC D2 FRIE: BOBERAOIDEITS) DT -3 1845 2 FERLTHL
72& W, PEP 238 ZZfL T X0,

(5E24
(BEE) MM LANCEZIR S —EHDO XD Z T, BIRUCIZ 0 M ED R 25 Z e HikE 5,
FEDFATRHTT IR ER T2 Z AR E T, REIE. AV v E, BEES 22RL TSN,

function annotation
(BB 7 ) 7—>ay) DT X —=ZRVED annotation TF,

BT 7 7—>avid, @HIREEY R oo d: IR ZoEE 2 2D int BD5|
el s e fifesh, %7 int MoOR D EZFO LI TV T,

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

return a + b

BT/ 7—> a »ORIE BRES OHiTHRHIESATVWET,

KREDFAD B % variable annotation, PEP 484, # B LT 1Z& W, ¥/, 7/ 7= a v &F|
HA353X+75 25 4 2% LT annotations-howto 3SR L TL 72 & W,

future
from __future__ import <feature> ¥\ future X l&. 2 ¥ %4 7 —IZKD Python V IV — R
THEHE L R AR EREFH L CTHREDES 2 — A2 a2V A LT3 X545 RLEF, _ future
EY 2 — LTI, feature DD S 5EZ FF a2 XA MELTVWET, ZOEI2—1%EAf VR—F L.
T DERZFHIS 5 2 ¥ T, HREESRINCEFHISEME NIZDEVORR, WOF 7 4L MRS
(5720372 07220) ZRBZ B TEET:

>>> import __future__
>>> _ _future__.division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection
(IR=yavrryay) ZRLBEEDNS 2 DRV E Y ZFRT 20 T3, Python X, SR
b, ERSBERHUBEES 2ERIN-—YaL 7 X e ffio THARN=—YaLryaryeiffungk
T AIR=IVaAL 7 RF gc B 2a— N2l THRIETEET,

Ikl —%
(¥ = I L —2&) generator iterator ZiRFBIKTT, BEOBRBICEITWETH, yield ReHFHFOHRT
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BiD %3, yield R, for L— FTHATERD, next() B THE 1 >F oM LD TE
%, EHOWM R EERT2DIFEHINE T,

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

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

Each yield temporarily suspends processing, remembering the location execution state (including
local variables and pending try-statements). When the generator iterator resumes, it picks up

where it left off (in contrast to functions which start fresh on every invocation).

generator expression
An expression that returns an iterator. It looks like a normal expression followed by a for clause
defining a loop variable, range, and an optional if clause. The combined expression generates

values for an enclosing function:

>>> sum(i*i for i in range(10)) # sum of squares 0, 1, 4, ... 81
285

generic function
(=3 V v 7)) R8I0 LR CRIEEZ T 28> SR XN 28T, MM LKIICY
DEEEANDEPET 4 ANy FT7AITVXLCEDPIESINET,

single dispatch. functools.singledispatch() 7L —x, PEP 443 ZZL T Z&X 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 BB L TLIZ&E W,

global interpreter lock
(ZFa—=2A &2 FY Ry ) CPython £ ¥ X7V XBFHLTWS, —EIZ Python @ /N1
FO—F 273 2ALy RIZ—27F3TH2 2 RAET2HHATT, ZUTXD (dict &Y
DEBELRMAAAREEL) 7Y 227 NEFADFEKREY 71 21250 U THRBRIICERITHKR 5 DT,
CPython OFEENS Y IRV ET, A VAT VEE2KERY 7 FTEZL T, vLF7atyy=
UL BMIULD TR T LRI EHRIC, 4 VX TV XREMBICYLF ALy FETES X5122D
3

7272 L. EEHED 2 W EAEED WL D DIEIRE Y 2 —Uid. FEfie Ny & 2 gtB R Y O E OB WILE
32 EICGIL 2R T2 X CHEISOATOE T, /2. 1/0 W% 3 254 GIL &# IR
SNFET,

Past efforts to create a ”free-threaded” interpreter (one which locks shared data at a much finer

granularity) have not been successful because performance suffered in the common single-processor
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case. It is believed that overcoming this performance issue would make the implementation much

more complicated and therefore costlier to maintain.

hash-based pyc
(Ny ¥ axR—=R pyc 7 7 40) IESERHRIT 27202, WNET B Y —RX 7 7 4 VOREEHIGLT
BNy Y2 l@Z2EHAT A2, Pa—FDF v v a7 740 TY, Fvvadhfc/N«04O—F
DENE ZBRLTILEI W,

hashable
An object is hashable if it has a hash value which never changes during its lifetime (it needs a

__hash__ () method), and can be compared to other objects (it needs an __eq__ () method).

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

Ny AR ATI 27 PEHEDF —REEDOA AN L TR 5, HECEEGD T — X MG
BHNETA Y 2 iz > Tn 2256 TY,

Python O A I 2 =X TV RHABABLA TSI 27 NI IZEAEBAY Y2 A[RETT, (VR FHED
E97) Ia—RITNKRAYTFENY T aRARETT, (ZINR frozenset DL I7R) 4 I2—&7
NRaAYTHE BRPNY Y aFRETH L L EDANY Y aA[RETT, I—F—ERDI T ADA ¥
ARVATHDZEIRATI 27 MEFT 74V M TAY Y af[ETT, TAHEET (HEZRVT)
PSS RIEIEEMTH D Ny ¥ 2fliX idO) Kb FshET,

IDLE
Python Ofi&EHFEEREE (Integrated DeveLopment Environment) & U# & 558 (Learning Environ-
ment) T3, idle & Python OFERREMICFRIME N TV ERNLRBREOZ T 4 X2 4 2T
REREET T,

immutable
(A22—2T7N) BEDEER T4 T I 27 bTF A 32 —RTNRATI 7 MTIE, BiE. X
FH, BEORIAREBHDET, ThoDFT7V27 MIEEEZ ONEXA, FOEETZEXE
BHIIE, FRBRA T2 7 P ERERLRTNERD ERA, A I 2—FT7ARIT T 7 NI BEIE
DNy ¥ a{BHBREE IR 5 KM THERKE 2RI L ET, HEOF—NZDHITT,

import path
path based finder % import %€ 2 —VEWMBRT 25 (X721 path entry) DV X T, import
H, 2O YR MIEE sys.path ORETH, ¥ 70 5 =Y OHEEFH Yy 7 —ID __path__
BN S K ET,

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

importer €
Ja—VERLTR-FRTEE TP b, finder ¥ loader DEBLLTHHEA T =7 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
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way to test out new ideas or inspect modules and packages (remember help(x)).

interpreted

Python 134 ¥ &2 7V XABADFFETH D, a > 4 FF5FBOMUAE L FF, (N4 ba—Far
AIBH B0, ZOXFNIBEHEKTTH, ) 2ITOA X FTYRFiELIZ, V—Ra—FD7 74
N, FFEAUEFERICL T LETIEI L Vo BER LIS, BEETTEL2ZI2EKLE
T A VX TVXERDFEITETE. >4 FBROFFEID ST TNy 7OV 4 7 V30D
DD, FRZTLDFTIE—MITBENT T, HEEH BBWLTL XV,

interpreter shutdown

iterable

iterator

Python £ Y2 =7V X —=d> % v b XY V2 EFHINZRIZ, £V 2 =R IXRTOZ VT 1 A%
NEREEZ R 8D, TRTOMERLEY Y — R BFEINCHEKT 2. FlR7 2 —XICAD EF, 20
72— AR=JOALIF 2EBEMFCHLEST, CTARREDZI—F—ERDT AT 7 X—%
weakref 2 — Ny IBIEUHEINZZeBHDET, v v bEU Y7 2 —XHIZEfTENEa—F
. ENPMEET BV Y — AP TTIHEREL RN (KL H2HIE T4 75V —FY 2 — /L% warning 1
WTF) 7Dk & REISMCER L ¥ 3,

AVR—FTYVEBT vy bEY T E3EREHIZ  main BV 2 —RETINTWEZRAZY I+
DEITHET LIz 2T,

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.

F—RXDMNERHTZ2A T2 T, A TL—KD __next__ () XV vy FEEDIRLFFECHT
(E7FHAAHBEE next ) WCET) &, MNWLOFHOEREZ—DFTORLET, 70 RRB2 L,
Kb DI StopIteration HISNZEH L E T, FORET, A TL—XA TV =27 VIRETEY, *
NLEE __next__() ZAJEMATH StopIteration ZEH L ET, /1 7L —XiEX, 2D 7L —
2A 7Yz FEAKRZIET __iter__() XV v FEFERELRITINUIRSRVDT, 4 7L =D
iterable ZXHE T 2IZL A YOG THHATEE T, FoZ D & LAEASMIERORIEZITS L5k
aA—=FTF, List D&kS5R) ary7F4A7Y =27 M BEZ iter) BABUCA T Y =7 MITE L
D for V—=TFHNTHS 72, FBRFEHOA T L —E 4R LET, Zhef 7L —XTITES
552, HiEDOA TL— a YTHEABADRIUCA 7L —& A 7Y =7 PR BEMIGRT -0, 22D
VTFDESITHEoTLELE T,

FE 7 BRI typeiter I2H D T,
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CPython RZEDF#l: CPython does not consistently apply the requirement that an iterator
define __iter__(Q).

key function

keyword

lambda

LBYL

list

(F—BE) *—BI%k. D2 WAL, V- M RIEFLBR D70 OfEZR IO LATREA 7
¥ =7 b (callable) T3, HlZI, locale.strxfrm() & F—BIRICHZIE. v F —UKFDY — b D
BERICDo oY - F—ZIEL T,

Python DZ < OV — M3 F —BHEZZIIND EZOM SIER 7V — A2 EH L £ 3, min(), max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby ) FE23H D £7,

F—BEEZ HIEEOL 25D £3, Bl str.lower() XY v RERFENLFERXHIL
WY — b7 X B LTS ZeptikEd, H5WE lambda r: (r[0], r[2]) O &
5 7% lambda X6 X —PBfZE5 Z LN TE LY, %7, operator.attrgetter(), operator.
itemgetter(), operator.methodcaller() @ 3 DOF—Fa >R 57 23H h ¥3, F—BIK
DIED 77 2 W7 OfIE Sorting HOW TO 2ZE L TL 72X W,

argument =
S8 2B LTI,

(Z X)) HLDA V54 VBT, BB UOH S hize 2ICiHiichs 1 20 L 284F7, 74
XEABUE VE A #501% lambda [parameters]: expression T3,

FZ 2130R5EDH (look before you leap)) DIFTE, ZDaA—F 1 Y7 AXANLTIE, FFOHLPBRRK
2475 RN, BRANCHTIRSME (pre-condition) HIEZTWE T, FAFP 7 7 v —F L BIYT, if
XHT= K SAMEDN D DRI TT,

<ILF ALy LI ZRETIE, LBYL 7 7 —F13 7 B37 @fE e " R BREOBAREELS &
BITIVRIBDHY ET, HlZIX, if key in mapping: return mappinglkey]l ¥\ 5 22— FiZ,
HEDEZ, Al L v RHBERDHNS mapping 6 key DR L RBMLET, ZOMEIX, v
7355 EAFP 7 7u—F %5 Z L THIRTEZ £73,

A

built-in Python sequence. Despite its name it is more akin to an array in other languages than to

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

list comprehension

loader

(VA MANEER) =7 Y 2AH0ETH VR —HMOERZUHEL T, ZORMR26L2 V) R 2R
T, AV T PRAFETT, result = ['{:#04x}' .format(x) for x in range(256) if x % 2
== 0] £32k, 025 255 X TOMBE 16 EHEKEL (0x..) LEXFI»o4%2 ) AP 2AERL £
T, if HilZA TS a TY, if HiDRWGE, range(256) DR TOERMSUHEINF T,

An object that loads a module. It must define a method named load_module(). A loader is

typically returned by a finder. See PEP 302 for details and importlib.abc.Loader for an
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abstract base class.

Oy—LI>ya—714>%
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 X THRESI LAY vy FEFERELTWIary 7+ 4
7Yz FT9, Bl 21X, dict, collections.defaultdict, collections.OrderedDict,
collections.Counter % ¥ T3,

meta path finder
sys.meta_path ZMEK L TE SNz finder. meta path finder & path entry finder £ BRIZH D £
., BT d,

meta path finder 23525 % XY v FIZDOWTIX importlib.abc.MetaPathFinder 2SR L T %
ISAAN

metaclass

(RRTFGR) VTADT FATT, VIRERIEZE, 77 RA%, 77ADFHEL, HEIFADYV R+ %
EDET, XX 7 I7RE, #ho 30%51 8 LTRIMD, 27 AREZEMLEZEVET, IZLAY
DATY =7 MEAISIEE GRIE: X X7 7 AD) 77 4L b OEREZFRMHEL TV E T, Python 23KE5
BDEFHAZLDART FAZERTEZR TS, FLALDI—F—IZHWoT, X&XT7FRFIEL &
BEORWHDTT, L2L. —EDBETIXE, XX 7RFBBHTZVLA Y " RAEZRELES,
YZREM T 7k 20on Bl ok, ALy RE—2WEBMLED, £ 70227 FOAEREBIL
Tebh, SN UERRETRRY, ZLOBETHAINE T,

FEllE AR TSR ZBRL TS0,

XYy R
(XY 9 ¥) 7 I AREKOPTERINZE, 207 FADL Y AX Y ZADBEME LT X i35
A AV Y FBA VAR YZAATY =27 bE— 58 L LTRIMD £F (ZOHE—58I3EH self
CIENET), B ¥ RAMSINIRO—T 3B LTLIEZE W,

method resolution order
Method Resolution Order is the order in which base classes are searched for a member during
lookup. See The Python 2.3 Method Resolution Order for details of the algorithm used by the

Python interpreter since the 2.3 release.
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module
(¥ 2—)V) Python a2 — FOMBHEMNE LTRE LB ATI 27 FTF, EYV2—-NVEBEED
Python 73 =7 + 2 E8L4AIEMERBL 3, Y 2 —LiX importing DILEIZ X - T Python
WA ENE T,

NVT—2 BB TLTEE N,

module spec £
Va—ku—F35301fFbhi AR EEOEREEOHATZEM TS, importlib.
machinery.ModuleSpec DA ¥ A XY AT,

MRO
method resolution order ZBML TL EFEW,

mutable
(32—FTN) I2—=RTNRBRITI =zl ME, id0) 2ERX DL REEEETEE T, 12—
2TI) BBBLTLIZE W,

”

named tuple
ZHITE RS L WS HEEE, RTALBRRELTWT, 4V Fy 7 AN BRI LB 2T
D7 7R TERZEREOEPR Y S RISHEINTVWET, ZORP Y 5 IMlOMRED > TW\Wa &
LyHHET,

time.localtime() % os.stat() DR DEZZL WL D DHAAARIILHINE X I ALTT, il
DX sys.float_info T

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

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

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple
can be created from a regular class definition that inherits from tuple and that defines named
fields. Such a class can be written by hand, or it can be created by inheriting typing.NamedTuple,
or with the factory function collections.namedtuple(). The latter techniques also add some

extra methods that may not be found in hand-written or built-in named tuples.

namespace

(BHTZEH) BRI ESN 2B T, HRIZEMITEHEE L TEEINES, AREMIEA 722
FD (XYY FO) ANTFIZRo72b DT TR AR O, KERZS D, 2L THAALD
bODVHD ET, HETEMIIBRTIOHERLZIC LT TEY 2R K- 195, HIZIXBEEK
builtins.open & os.open() FHHATEM TSN TVET, Fho. EDEY 2 —UHEE R FE
LTWBHHRT % 2 &I & o THATZERIE TGN & R 2348 L9, BRI, random.seed()
X itertools.islice() ¢HEL v, ZAFNTEY 2 —)l random X itertools THEHEINTWVWS Z
EHBHLTT,

namespace package A
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PEP 420 package which serves only as a container for subpackages. Namespace packages may
have no physical representation, and specifically are not like a reqular package because they have

no __init__.py file.
module 2B LTLZE W,

nested scope
(AR PSR T=T)IMUTERSN TV I ER SR T SAET T, BRI, D 2 BEEDI DB
DR TERINTVWEHE. NAOBEBIZNMIOBEBTOZ 22 RTEET, A A PSR a—7
E7 7 4L b TEEROZRIZINTE, ZHORAITERVOTERL TLZE WV, B—ILVEK
F. ZOWHOR a—FTERZHAEE LR, AR, 70— VEREMES & 7a— o ILHEize
MDEZFAEZLET, nonlocal THHIDOERIZEZIADE 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
(F 7Tz 2 b) RIE (BIERMH) L ERSNARS BN (XY F) 2b02TOF— %, L <A
ETO HRZAINITFR ODRMBOEKT 2D ¥,

package
(R F =) ¥ TEY 2= VLHRY 7Ry r =280 L OHEKD module DZ T, &
FIRCiE, Sy =2 __path__ BHZ2#FD Python A 7Y =27 v T3,
reqular package ¥ namespace package ZZIRLUTL & W,

parameter

(R51%#) R ORIKT B (2 AV Y F ) DERCBWTHBART 5 R3I18 2HHELET. K
FlENCIZ S D D 5

o MEBERIFF—T—F: (B THIVWE F—T—F5|H b LTET I TEL5MEEELF
o TS ZIFBIRD foo R bar DL DI, T 7 40 hDIRGIEOEEHTT:

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

o (EHH: MELCL->TOAGZONSGBEHEL T35, MEFHOTIEZ BEBERDT DY
APDOHTENLDHRAL / R EBDDZILTERTEET, HIZIE D posonlyl ¥ posonly?
EEERATIECRD $T:

[def func(posonlyl, posonly2, /, positional_or_keyword): ... }

o F—U—FRER F—VU-—FZEoTDAEZLNZEHEHRELET, ¥F—V— FEHDO5 %
TEETZ NI, FIZIELLTID kw_onlyl ° kw_only2 ® X 512, BEEBERDRTIEY A T
EOAERMES B EZIZHD « DB TT:

[def func(arg, *, kw_onlyl, kw_only2): ... J
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o TAIERNME: (fORFIE TSR SN TEDOMES BUIZ T) (EEOEH OB B H 5 2
BNBZZERIEELET. ZOXIRIREIEIE. ITD args @ X 5 KRG IEA DRI * 2DF 3
CETERTEET:

[def func(*args, **kwargs): ...

o HERF—T—F: (MORGIETRICZII SNLEREDF -V — FIlEIIMAT) EEOEEKD
F—U—F5BRE5EZ5N2 I REELET, 2D X5 RE5IEE. LOBID kwargs DX 51
IREIEA DRNC #* DT B I TERTEET,

REIENEZA TS a v e HBEDIBDOEL HBIFETE, A7 aroilcidT 7+ MEDIEETE
%9,

RE1% . FAQ @ FE5I1 B K5I DEVIIMTI2? . inspect.Parameter 7 7 A, B#EE £~
vav, PEP 362 ZZRLTIEEW,

path entry
path based finder %3 import §2EY 12— L BEET import path D 1 DDFFITT,

path entry finder
sys.path_hooks IZH % callable (D% D path entry hook) 2SR U7z finder T3 o 52 BTz path
entry IWHBEY 2 —VE BT HEEH>TVWET,

NRRALY P =T 7 A VEDPHEET B RV v FIZDOWTIE importlib.abc.PathEntryFinder %
LTI,

path entry hook A
callable on the sys.path_hooks list which returns a path entry finder if it knows how to find

modules on a specific path entry.

path based finder VA
7 # )t D meta path finder @ 1DWF, €Y 2—LD import path KL T,

path-like object
(path-like 7Y 227 b)) 77 A NVT AT LNRAZRLE T, path-like & 7 =7 bid, 2% R
T ostr A7 Y= MR bytes A 7Y =7 b, £7I03 os.PathLike YR P AN ZRHEL ATV =
7 rDENDTT, os.PathLike 7B AL ZHR—FLTWVWEA T =7 NI os.fspath() %
MOH S Z 2T str £721% bytes D7 7 A VI R T LANRICEHTE £F, os.fsdecode() &
os.fsencode() IZFNFN str H2WVIX bytes WKRDZDEHRIATZ2DIMEZET, PEP 519 T&
AENhFE L7,

PEP
Python Enhancement Proposal, PEP 1%, Python 2 I 2 =7 4 I8 L THEMZIRIET 2. H 2V
Python OHFHERER Z DBIERLIRIFICOW TN T 23EHLFHTT, PEP &, #EBIZOWTOERR
Bk L 1R R 3 2 e Dl (BEw) ZIRR 2 NETT,

PEP 1%, FSREDORRBICHD D, 33 2 =7 4 Ik 2HREREDOERE . Python 1272 X 2 ZEaTTRET
DXEDDDR MO 223 22BN L TCWVWEY, PEP OFZICEZaI 2 =7 1 NOEE
ERETS> 2, RNEREXE(MTZ I OEERDD T,
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PEP 1 22 LT ZE W,

portion
PEP 420 TEF XN TW3, namespace package BT 5. HED 7 7» A AW (zip 7 7 4 MK
ENTVWEHEDDHB) 1207 4 L7 MV ITHNE DD,

{iIi&5 % (positional argument) =

518 2B L TS0,

provisional API
(E7E API) #7465 4 75V 0% BIREREED S FHHANCERE N D DTS, 20X 5784 v X —
72— ANDOREREH I, WETHZ L TN TVIMIIHEFINTOEEAN, a7HREECE-T
WEY AREINIUR, BAFEEIRET ([ 2 =7 2 —RDHIFRETEENDS) PMTONRET, Z
DEIBREFIZLRAIITONEHDOTIEH D FEA - 2T API ZHAATDENCIERE L 2 AT
TERBRMEPBZE L ZIZOATDOIET,

BE APLIZOWTH, BRITASMEORWEE R BT ARSI TVWET, MERIHHLZ
GaTO R AR BIIRZ R T RNETT,

D7t ED, EBES A TIVEMEr R TIHA VI —ICEVWHEE LA ONE Z kL,
FHREEB X TELLZHIT SN FE T, 5l PEP 411 2B L T 723w,

provisional package
provisional API ZZIRLTL X W,

Python 3000
Python 3.x V)V —X74 D=y 7 X —LT7T, (Python 3 BEWFERDFER - EHIZESNE
T3, ) "Py3k” x5 dHhET,

Pythonic fth

S C— kR EZTTTEI NI a— FTIE& <. Python OFHZ—RINEA 74 & LW 7=E 2

fixa— R, BlzIX. Python O—f&HI724 7 4 F L TIE for XfloTAT I T NVDTRTOHE

RIPT-> T —TLET, MDOZ L DFFEIIIZDOEHAIZR VDT, Python IR TWAWANIEA
DORBED Y v X —%F50d LOAFTHEA:

for i in range(len(food)):
print (food[il)

ZAUIH L. ZThWik Pythonic R ER:

for piece in food:

print(piece)

qualified name
(Bffi%h) €Y 2 =N DB —rLRA=T D05, ZOEI 22— LTERINLZ TR, B XY v R
AD, "R BRT Ry MEERFLTT, PEP 3155 TERINTVWET, Fy TLNLOBEKRZ 5
2 TIE, BHi%EA 7Y 227 FOARTERICTE:
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>>> class C:
class D:
def meth(self):

pass

>>> C.__qualname__

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

>>> C.D.meth.__qualname__
'C.D.meth’

EYV 2 —AANDOBRBTEDbND &, TREMB (fully qualified name) I ETXTOH ARy Fr —I %2 &L
2RO Ky R, HlZI1T email . .mime.text ZEKL F 3

>>> import email.mime.text
>>> email .mime.text. _name _

'email .mime.text'

reference count

regular package =

The number of references to an object. When the reference count of an object drops to zero, it is
deallocated. Reference counting is generally not visible to Python code, but it is a key element of
the C'Python implementation. Programmers can call the sys.getrefcount () function to return

the reference count for a particular object.

M, __init__.py 77 A VEELT 4 L7 MY 2 LTD packages,

namespace package BZHL TL 72X W,

__slots___ 2

FANTODEET, A YAXVABUOHEBEDH LN UDERLTEBE, 4 VAR AFELRT 2
ZET, AEVEHHLETST, ZUIELHELNET7=v 7 TIH, ELLFEIREFHPLIY v F—
BROT, Mk —A, BIZIZXEYDWERELRE7 TV —>a Y TA VAR Y AR KEICTHFLET
b, LWVolk ERRE, FDRVDIRZ FTT,

sequence

An iterable which supports efficient element access using integer indices via the __getitem _ ()
special method and defines a __len__ () method that returns the length of the sequence.
Some built-in sequence types are list, str, tuple, and bytes. Note that dict also supports
__getitem__ () and __len__(), but is considered a mapping rather than a sequence because the

lookups use arbitrary immutable keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes
beyond just __getitem__ () and __len__ (), adding count(), index(), __contains__(), and
__reversed__ (). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence

Operations.
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set comprehension
(BEEWNTLKRED) iterable NORTH 2 WIE—EHOERZWUH L T, ZOMREI» LR 2EERIRTa Y
XU PREZXFHTT, results = {c for c in 'abracadabra' if c not in 'abc'} & F % ¥,
{'r', "a'} LWOIXFHNOFELZERLET, UA R £, HEORT 2SHL TSI W,

single dispatch
generic function D —FETHEEZI—DOD5 BTz L DERXNET,

slice
(RFGAR) =R =T VR D—EZ2ELA T 2T b RTA4 R, BFXREL [1 THERZONHE
BoFoicaarzEL e TELNE T, BHIRIX. variable_name[1:3:5] T3, AHHIM (RT)
LB slice A7 Y= 7 PEAETHHAL TVWE T,

special method
(FiFEX Y v ¥) & 2 BNRE DIRIE, B ZIEINEZ 5 % 72012 Python 2 S5 REEICHE N & 2 X
Vo R, ZOMBEORY v Fld, XYy FEOBRFMEREICT VX =237 2 DBDWTWVWET, Kk
XYy FIZOWTIE FHAY v FE TESREATHET,

statement
(2) XEAA— b (3—FD” 70y 27) KRARKREZETT, X X hF—v—Frofikans
bDDELLNTT, BEFIWIE if. while, for DD D E 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
(TXAPMT7A4N) str ATV 27 M EFHAZEETED file object TFo LIXFLIE. 7FA M7 74
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NIEBIAAL MERAIO T =X A MY =27 72 AL, TFALIVI—T 1 27 ZHBTY
F5, TFAMT 7> A LDHX, sys.stdin, sys.stdout, io.Stringl0 £ Y ARV AR EET F
FE=F ('r' or 'w') THHWAEZZ7 74 L TT,

bytes-like 7T T b BHRAEETERZ I 7 ANEA T2 7 MZOWTIE, NA1FUT71IL 35
L TLZZE W,

triple-quoted string
(ZEHZ 4+ — M) 300 L7z2 +— Pads () 27 KA a7 4 — () THENLFEY, #
WD (—H) 74— FXFINIHARTRIT & 3 XFINTENIDH D FHAD, ZOorOMETHHT
T 1002008 LAY 4 — LB Z TR —THULICES 2B TEET L, T T (\) &
HFDLRLTHEBATICE DD N TELDT, FFaXy T —a YXFH %R E IR ER
T,

type
The type of a Python object determines what kind of object it is; every object has a type. An

object’s type is accessible as its __class__ attribute or can be retrieved with type (obj).

type alias
(B4 v 7R) BRI T, B2l I L TERL £3,

M4y 7R3 Ber b 2HMLT 2DICHEHTTY, HlZI:

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

pass

ZHERDEICEDFHEAPT L TEET:

Color = tuplel[int, int, int]

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

pass

BEEEDFIHD D % typing & PEP 484 2SR L TL X0,

type hint
(Bler b)) 28 7 7 ZEME BRBD RS X =22 B EOHIGF SN TUZIEE T 5 annotation TT,

Type hints are optional and are not enforced by Python but they are useful to static type checkers.

They can also aid IDEs with code completion and refactoring.
ra—NLVER 77 RAEE BT m -V ZEK TRV OO E ¥ Fid typing.
get_type_hints() THUETZ %3,

FSEEDFHIHD B % typing ¥ PEP 484 2L TL F X\,

universal newlines 7

FRAMRAMY —ADBERFED—2T, LUFOFTARTEZITREIRIML £9: Unix OFTRHE "\n'.
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Windows OE '\r\n'. H\> Macintosh OHE '\r'. FHEIZOWTFHEL L 1Z. PEP 278 ¥
PEP 3116 ., X5IZ bytes.splitlines() WL TLZ &\,

variable annotation
(EBT 7 T7—=>ay) ZRD50IE7 7 AEED annotation .

BB B NZ 7 7 ZABMICERZ NI 72 & 21k, KA IMEETT:

class C:
field: 'annotation'

BT 7 T7—a @B BEEY L odifibiET: flZIE. ZOEEII int DEZESLZ
XA TVET:

[cou.nt: int = 0 J

ZRT /7= a DU OWTIE FRTETRAIL (annotated assignment statements) i T g
LTV,

HRED AN D 5 function annotation, PEP 484 , PEP 526 2R LT & W, /2. 7/ 7 —
ParvEAHTEINRALN S5 275 4 A LT annotations-howto SR L TL 72X W,

virtual environment
(IARTEES) WA YT D Bl X N7 FATEECF. SAUCE D Python 2—H &7 71 & —3 = VIZI
UL A7 5 ETEHHNTWSMD Python 7 7V 7 — a2 YOBEHNCFH T2 Z 2742 < Python Sy
=Y DA VAN N EHEHFEITI LD TEET,

venv 2SI L TL Z& W,
virtual machine

(R~ V) BRIV 7PV 2 7RI D EREINTT Y B2 —&, Python DR~ > Vid, N4 b
aA—Ray A IHBHN L N FO—F 2ETLED,

Zen of Python
(Python @1&D) Python ZHELFIHT 2 L TOEZ 2%, Python OFGHRAIE HF¥EZ Y R M
L72bDTT, Mi7re > 7 MT 7import this” €358 ZDVRXMEHDET,
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ABOUT THESE DOCUMENTS

These documents are generated from reStructured Text sources by Sphinx, a document processor specif-

ically written for the Python documentation.

FFaxXx>beZzoy — L #HoOBRIZ, Python B L FRRIZEEICRI VT4 7TOEHNTT, b LHREN
BEALZWAES, PO L3I FTHUT X WAIZDOWT reporting-bugs R—I % ZE RE W, HTLWLWEKRT VT 4
FIEWOTHENTY! GRIF: HAFEROBEIZOWTIX, GitHub F o Issue Tracker TG Z BEWL
i‘j—o)

EFNAYT ko

e Fred L. Drake, Jr., the creator of the original Python documentation toolset and writer of much

of the content;
e Docutils B Y =2 M, reStructuredText ¥ Docutils WV —1t v b ZEMRL E L=,

e Fredrik Lundh @ Alternative Python Reference 7R x 7 + 55 Sphinx 32 D74 F7 %218%F
L7z,

B.1 Contributors to the Python Documentation

%< DF 4 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 a3 2 =7 4 26 OFRIZM  EEALTUIZORBEL LV R F 2 X Y MVIEEFNEFHEATLE -
HHrtsl

213


https://docutils.sourceforge.io/rst.html
https://www.sphinx-doc.org/
https://github.com/python-doc-ja/python-doc-ja/issues
https://docutils.sourceforge.io/
https://github.com/python/cpython/tree/3.11/Misc/ACKS




8%

BRr>1t>2X

C.1 Python DFESE

Python was created in the early 1990s by Guido van Rossum at Stichting Mathematisch Centrum (CWI,
see https://www.cwinl/) in the Netherlands as a successor of a language called ABC. Guido remains

Python’s principal author, although it includes many contributions from others.

In 1995, Guido continued his work on Python at the Corporation for National Research Initiatives
(CNRI, see https://www.cnri.reston.va.us/) in Reston, Virginia where he released several versions of the

software.

In May 2000, Guido and the Python core development team moved to BeOpen.com to form the BeOpen
PythonLabs team. In October of the same year, the PythonLabs team moved to Digital Creations
(now Zope Corporation; see https://www.zope.org/). In 2001, the Python Software Foundation (PSF,
see https://www.python.org/psf/) was formed, a non-profit organization created specifically to own

Python-related Intellectual Property. Zope Corporation is a sponsoring member of the PSF.

All Python releases are Open Source (see https://opensource.org/ for the Open Source Definition). His-
torically, most, but not all, Python releases have also been GPL-compatible; the table below summarizes

the various releases.

Jy—2 R=2 i) 232 MR GPL compatible?
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 2.1+2.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes

2.2 LIk 2.1.1 2001-3ifE PSF yes
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7AMR: GPL-compatible doesn’t mean that we’re distributing Python under the GPL. All Python licenses,
unlike the GPL, let you distribute a modified version without making your changes open source. The

GPL-compatible licenses make it possible to combine Python with other software that is released under
the GPL; the others don’t.

Guido RO T, TNHDV V—RZARICL T L E 0B DRI VT 4 TDARIATEHL F75,

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 3.11.14

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using Python

3.11.14 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 3.11.14 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All Rights
Reserved" are retained in Python 3.11.14 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 3.11.14 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

3.11.14.

4. PSF is making Python 3.11.14 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF PYTHON 3.11.14 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.14

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.14, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

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.

. By copying, installing or otherwise using Python 3.11.14, 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

. 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").

. 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.

. 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.

. 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 conditioms.

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
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
(RDR—=V ki)
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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 3.11.14 DOC-
UMENTATION

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 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 asynchat and 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 <)
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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 module 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, ssl, crypt use the OpenSSL library for added performance if made
available by the operating system. Additionally, the Windows and macOS installers for Python may
include a copy of the OpenSSL libraries, so we include a copy of the OpenSSL license here. For the
OpenSSL 3.0 release, and later releases derived from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,

and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by

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 extension is built using an included copy of the libffi sources unless the build is configured

--with-system-1libffi

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 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 Audioop

The audioop module uses the code base in g771.c file of the SoX project.

projects/sox/files/sox/12.17.7 /sox-12.17.7 tar.gz

https://sourceforge.net/

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use.

Users may copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND IN-
CLUDING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A
PARTICULAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR

TRADE PRACTICE.

Sun source code is provided with no support and without any obligation on the part of Sun

Microsystems, Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFT-

WARE OR ANY PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special,

indirect and consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT

license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be

included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION

(RDR—IHi<)
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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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function definition, 162
generator expression, 104
in assignment target list, 128
tuple display, 101
* (FARURY)
function definitionm, 163
import statement, 138
in assignment target list, 128
in expression lists, 124
operator, 116
RHIFOHE LoD, 113
*k
function definition, 163
in dictionary displays, 103
operator, 115
RO Lowo, 113
Hk=

augmented assignment, 130

augmented assignment, 130
+ (73 R58E5)
“ImREF, 117
HIEEET, 115
+=
augmented assignment, 130
, (comma), 101
argument list, 112
expression list, 102, 124, 132, 165
identifier list, 140, 141
import statement, 137
in dictionary displays, 103
in target list, 128
parameter list, 162
AI10 2R, 111
with statement, 149
/ (RZwa)
function definition, 163
operator, 116
//
operator, 116
//=
augmented assignment, 130
/=
augmented assignment, 130
Ob
BEHUTIN, 19
Oo
BHUTI, 19
0x
BHUTIIN, 19
2to3, 191
2 &R
Ew b EE, 117
Bl ®E, 116
2EBV T, 19
8EM T, 19
10 EHVU TSI, 19
16 EHU TSI, 19
: (Aay)
annotated variable, 131
compound statement, 144, 145, 149
151, 162, 165
in dictionary expressions, 103
in formatted string literal, 16
lambda expression, 123
RS0, 111
BBD7/7—2ay, 164
:= (colon equals), 122
; (semicolon), 143
< (hEw)
operator, 118
<<
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operator, 117
<<=

augmented assignment, 130
<=

operator, 118
1=

operator, 118

augmented assignment, 130
= (¥%5)
assignment statement, 128
class definition, 56
for help in debugging using
string literals, 16
function definition, 163

BT UE LoD, 112
operator, 118

B#D7/T—>a>, 164
> (REW)

operator, 118
>=

operator, 118
>>

operator, 117
>>=

augmented assignment, 130
>>> 191
@ (at)

class definition, 165

function definition, 163

operator, 116
00 (AAvI)

in assignment target list, 128

list expression, 102

WFRED, 110
\ (backslash)

IRT=TO—T>2R, 14
\\

IRT=TO—TV2R, 14
\a

IRT=TO—T>R, 14
\b

IRT=TO—FT>R, 14
\f

IRT=T—=T>R, 14
\N

IRT=T—=F5UZR, 14
\n

IRT=T—F5UZ, 14
\r

IRT=T—=F5U R, 14
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\t

IRT—=TO—=rVR, 14
\U

IRT—Fo—=5 V2R, 14
\u

IRT—TO—=T V2R, 14
\v

IRT—F>—=s V2R, 14
\x

IRT—=TO—=TVR, 14
S (FvLyh)

operator, 117

augmented assignment, 130
_ (F#%)

in numeric literal, 19, 20
_, identifiers, 12
__, identifiers, 12
__abs__Q) (object DXV F), 66
__add__Q) (object DAY v K), 64
__aenter__() (object DAYV Y ), 72
__aexit__() (object DXV Y ), 72
__aiter__(Q) (object DXV v K), 71
all__ (7> 3> ® module B%), 138

__0O) (object DX w k), 64
__anext__(Q) (agen AV v K), 109
__anext__() (object DAY v F), 71
__annotations__ (class attribute), 35
__annotations__ (function DEM), 31
__annotations__ (module attribute), 34
__annotations__ (BA¥UEM), 30
__await__(Q) (object DXV v K), 70
__bases__ (V5 XEM), 35
__bool__() (object DX k), 49
__bool__() (AT I FAYYE), 62
__bytes__() (object DX v k), 46
__cached__, 90
__call__() (object DAY R), 62
_call__O) (AT IV MAVYER), 114
__cause__ (exception DEMY), 135
__ceil__() (object DXV Y ), 6
__class__ (method cell), 58
__class__ (module attribute), 50
__class__ (1Y XR>VREMN), 36
__class_getitem__() (object DT FZA K

Vv k), 60
__classcell__ (class namespace entry),
58
__closure__ (function ®RE), 30
__closure__ (B%EM), 30
__code__ (function ®BMY), 31
__code__ (FA®UEM), 30
__complex__Q) (object DAYV v K), 67
__contains__() (object DXV v K), 64
__context__ (exception DEM), 135
__debug__, 132
__defaults__ (function ®BMY), 31
__defaults__ (BA¥UEM), 30
__0O) (object DX w k), 45

__delattr__(O) (object DXV v F), 50
__delete__() (object DXV F), 52
__delitem__Q) (object DAYV v F), 63
__dict__ (function OEM), 31
__dict__ (AR XEM), 36
__dict__ (V3 RE), 35
__dict__ (E¥a—ILEH), 35
__dict__ (FA%UEM), 30
__dir__ (module attribute), 50
__dir__Q (object DXY v K), 50
__divmod__() (object DXV v k), 64
__doc__ (function DEH), 31
__doc__ (method DEMY), 32
__doc__ (V5 REM), 35

c__ (XYY FEMN), 32
c__ (E¥a—LENY), 34
oc__ (FABUEM), 30
__enter__() (object DX R), 67
__eq__Q (object DAYV R), 47
__exit__(Q) (object DAYV v F), 68
__file__, 90
__file__ (E¥a—ILEY), 34
__float__() (object DAYV w F), 67
__floor__() (object DAYV v F), 67
__floordiv__() (object DXV v K), 64
__format__() (object DXV w K), 46
__func__ (method ®EM), 32
__func__ (XV v FEY), 32
__future__, 198
future statement, 139
__ge__O) (object DAV v K), 47
__get__Q (object DXV F), 51
__getattr__ (module attribute), 50
__getattr__() (object DXV v R), 49
__getattribute__() (object DAYV v F),
49
__getitem__Q) (object DXV v R), 63
__getitem__O) (RyFHAITzI DX
Vy k), 44
__globals__ (function D@ ’k{)
__globals__ (BA¥EM), 3
__gt__O (object DAy F), 47
__hash__(Q) (object DXV w R), 47
__iadd__(Q) (object DAV ), 66
__iand__(Q) (object DAYV v F), 66

__ifloordiv__() (object DXV v ), 66
__ilshift__() (object DRV v ), 66
__imatmul__() (object DXV v ), 66

__imod__(Q) (object DR w k), 66
__imul__(Q) (object DAY R), 66
__index__() (object DX v k), 67
__init__(Q) (object DRV w K), 44
__init_subclass__() (object DI F A K
YV R), 54
__instancecheck__() (class DXV w F),
59
nt__() (object DXV Y R), 67
invert__() (object DXV v K), 66
__ior__(Q) (object DAY F), 66
__ipow__Q) (object DAV ), 66
__irshift__() (object DXV v F), 66
__isub__Q) (object DR w k), 66
__iter__() (object DAY R), 64
__itruediv__() (object DXV v F), 66
__ixor__(Q) (object DR k), 66
__kwdefaults__ (function ®BEMY), 31
__kudefaults__ (B&EM), 30
__0O) (object DAYy k), 47
__len__(Q) (object DAYV F), 62
_len_ O (XRyTFTSTV DA
Vv k), 49
__length_hint__() (object DAYV v ),
62
__loader__, 90
__lshift__() (object DAYV v ), 64
__O (object DAYV w R), 47
__main__
module, 77, 171
__matmul__() (object DXV F), 64
__missing__() (object DXV v R), 64
__mod__Q) (object DRV F), 64

__module__ (function ®REk), 31
__module__ (method DEM), 32
__module__ (75 X&), 35

__module__ (XVv FEM), 32
__module__ (FABUEM), 30

__mro_entries_
56
__0O (object DR w k), 64

_O (object DAY R),

__name__, 90
__name__ (function ®EM), 31
__name__ (method @ETE) 32
__name__ (U ZEM), 3
__name__ (XY v F[EMY), 32
__name__ (E¥a—ILEMH), 3
__name__ (B¥EM), 30

() (object DXy R), 4

neg__() (object DAY F), 6
__new__() (object DR w k), 44
__next__() (generator dXY v k), 106
__objclass__ (object DEM), 52
or__() (object DAYV v ), 64
__package__, 90
__path__, 90
__pos__Q) (object DX k), 66
__pow__(Q) (object DAV w k), 64
__prepare__ (metaclass method), 57
__qualname__ (function D), 31
__radd__(Q) (object DXV v F), 65
__rand__() (object DXV v k), 65
__rdivmod__Q) (object DX v F), 65
__repr__() (object DXV v I), 46
__reversed__() (object DXV v R), 6
__rfloordiv__() (object DXV v K
__rlshift__() (object DAYV Y F),
__rmatmul__() (object DXV v I*),
__rmod__() (object DXV v k), 6
__rmul__() (object DXV v ), ())
__ror__() (object DXV v ), 65
__round__() (object DAYV v ), 67
__rpow__() (object DXV v I), 65
__rrshift__(Q) (object DXV v K), 65
__rshift__() (object DAYV v K), 64
__rsub__() (object DXV v R), 65
__rtruediv__Q) (object DAY v ), 65
__rxor__() (object DX v k), 65
__self__ (method DEMY), 32
__self__ (XY v REH), 32
__0O (object DX w k), 51
__set_name__() (object DXV v F), 55
__setattr__() (object DXV v k), 50
__setitem__() (object DXV F), 63
__slots__, 208
spec__, 90
__str__Q) (object DRV w K), 46
__sub__() (object DAV ), 64
__subclasscheck__() (class DAY Y K),
59

__traceback__ (exception DEMY), 134
__truediv__Q) (object DXV v F), 64
__trunc__() (object DXV v k), 67

or__Q) (object DXV K), 64
“Tparser™", 7
““values™"

writing, 128

} (CGEAED)

dictionary expression, 103

in formatted string literal, 16

set expression, 102
| (HEHE)

operator, 118

)
05
65

|=

augmented assignment, 130
~ (FILA)

operator, 115
AYaFIE, 171
12Ty RgME, 27
1TV R, 9
IRT=T>—=Fr VR, 14
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I>—,78
IS4 78
F7Tx U hofE, 23
F72 ¥ ORI, 23
F7Oz U DB, 23
F—N—O—Fk
operator, 44
hr=, 101
KE®D, 124
*—, 103
*F—7—F, 12
as, 137, 145, 149, 151
async, 166
await, 114, 166
case, 151
elif, 144
else, 136, 144, 145, 148
except, 145
except_star, 147
finally, 133, 136, 145, 148
from, 104, 137
if, 151
in, 145
yield, 104
U52X,194
body, 57
definition, 133, 165
instance, 36
name, 165
object, 35, 114, 165
statement, 165
AYRALZ945,45
B, 35
Bt KA, 35
DIRAVARRAVR
call, 114
object, 35, 36, 114
B, 36
B KA, 36
I9SRFTSxUk
call, 35, 114
JI—71k, 9
Ja—ni
name K&, 140
namespace, 30
statement, 133, 140
ARVESA12, 171
AX2 K, 8
JIL—F>, 70, 105, 195
BA%K, 33
aAYR+3594%
U3, 45
Y77, 24, 35
avn_TIi
HAHIAHEEE, 140
d—FK
Oy, 75
d—KRATSzU b, 36
HITU5 21k
EERRELE, 44
2Tk
RE, 117
Jrxl—4%,198
expression, 104
iterator, 33, 134
object, 39, 104, 106
B, 33, 104, 134
20—, 75,76
&2
FL—2X, 42
AT, 42
X542, 27,28, 111
KA, 130

V—2J—FXFtvh, 8
27,9
TR
F—1, 121
B8, 121
TANZUH, 45,129
TFINyG
assertions, 132
TUZ#H, 21
T—%,23
type, 24
type, immutable, 100
FL—X
REYY, 42
k=o >, 7
R¥a X2 XFEF 39
Ny aXE, 8
NYEZ
Bsk, 42
INA b, 27
NARFIYFSIL, 13
NYIRZy2aXF, 8
AW S
hooks, 85
Ew MBI
and, 117
or, 118
HE, 2, 117
EE, B1E 115
xor, 117
ZL—L
object, 40
=17, 75, 165
0wy, 75
ad—FK, 75
TI3AR— %
%, 100
734<, 110
732X, 115
FOJ3 L4, 171
Y1+ X, 115
XYV vk, 203
call, 114
magic, 203
object, 32, 34, 114
A—HERD, 32
555, 209
HHAH, 34
®2a0O, 116
A-HEERD
XV, 32
B8%K, 30
B call, 114
A-FEEAVYYF
object, 32
1Y ERBEH
object, 30, 114, 162
UF3I, 13, 100
O —=)IT>a—57+1>%, 203
=I5
operator, 123
FUEIAZE, 101
£H 116
FHIGE, 12
KA
annotated, 131
augmented, 130
statement, 28, 128
target list, 128
U5 B, 35
IIRA VRV R B, 36
X542, 130
B, 128, 129

g

s

s
s
HI5
2%

g
%

RiR
BRIR

o)

Z=H
=17

B/l

®T
&
e

%

=]z

RFERE, 129

518 (positional argument), 207

, 78, 134
AssertionError, 132
AttributeError, 110
GeneratorExit, 107, 109
ImportError, 137
NameError, 100
raising, 134
StopAsyncIteration, 109
StopIteration, 106, 134
TypeError, 115
NYRZ, 42
ValueError, 117

HEH, 135
ZeroDivisionError, 116
ZS5, 78

ZEHTB, 78
NVEZ, 78

RS, 123
17, 7,8, 14

XYy R, 209

B, 24

B, JRA, 24

, 76

=

PYTHONHASHSEED, 49
PYTHONNODEBUGRANGES, 39
PYTHONPATH, 94

list, 102
tuple, 27, 101
, 9

, 9

i, 99

EE, 288, 116
EH, BIR 115
ETI, 78

A
XVwEk, 34
AHBRY v R
call, 114
object, 34, 114
BONZAEE

abs, 67
bytes, 46
call, 114

chr, 27
divmod, 65
eval, 140, 172
exec, 140
hash, 48

id, 23

int, 67

len, 2729, 62
object, 33, 114
open, 36

ord, 27

pow, 65, 66
print, 46
range, 145
repr, 128
round, 67
slice, 43
type, 23, 56
aYINAIL, 140
FENERE, 67
'EY, o7

variable, 76
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EHITII, 19
T, 7
1THRE, 8
1TERE, T, 8
£
B, 26
KT
dictionary, 103
list, 102
&4, 102
E S
number, 26
object, 26
HAHIAFHEE, 67
‘/EBITII, 19
ER
sequence, 110
string, 111

C, 24, 26, 33, 118
Java, 26

IERE, 124
BEINLDSRIRT—T>—FT VR, 16
SRIBIT, 7
HBIF, 11, 100

BI5, 135

te#g, 118
A%, 198

annotations, 164

call, 29, 114

call, A—HEED, 114

definition, 133, 162

name, 162

object, 30, 33, 114, 162

Jrxlb—%,104, 134

A—HEERD, 30

51 (argument), 29

|2, 123
R#IFUHL, 29
R/

type, 24
&8

object, 28, 102

AEREE, 102

iR, 102
&858

object, 28
#5351t

name, 100
=12

S, 124

A

abs

HAHIAFHEE, 67
abstract base class, 191
aclose() (agen XY v k), 109
and

operator, 122

except clause, 146
import statement, 137
match statement, 151
*—"7—F, 137, 145, 149, 151
with statement, 149
AS pattern, OR pattern, capture
pattern, wildcard pattern,
154
ASCII, 5, 13
asend() (agen AV v F), 109
assert
statement, 132

AssertionError

FIg, 132
assertions

TNy, 132
assignment expression, 122
async

*—7J—F, 166

async def
statement, 166
async for
in comprehensions, 101
statement, 167
async with
statement, 167
asynchronous context manager, 192
asynchronous generator, 192
asynchronous iterator, 33
B, 33
asynchronous generator iterator,
192
asynchronous iterable, 193
asynchronous iterator, 193
asynchronous-generator
object, 108
athrow() (agen XYV v k), 109
atom, 99
AttributeError
B4, 110
augmented
KA, 130
await
in comprehensions, 102
F—7—F, 114, 166
awaitable, 193

B
bl

NALRFV TSI, 14
bll

NALRFIV TSI, 14
BDFL, 193
binary file, 193
BNF, 4, 99
Boolean

object, 26

EE 122
borrowed reference, 193
break

statement, 136, 144, 145, 148, 149
builtins

module, 171
bytearray, 28

call, 112
instance, 62, 114
procedure, 128
ISR 2VRAAV R, 114
I9SRATZxU b, 35, 114
XYy R, 114
IA—-HEERD B, 114
HAAZAY W R, 114
HAHAHEEE, 114
BA%K, 29, 114
callable, 194
object, 29, 112
callback, 194

case
match, 151
*—7—F, 151

case block, 154

C-contiguous, 195

chr

fHAAHBIRR, 27

class variable, 194

clause, 143

clear() (frame DXV W K), 42

close() (coroutine DXV v k), 71

close() (generator DXV v k), 107

co_argcount (codeobject DEM), 38

co_argcount (A—RA Tz FDEY),
37

co_cellvars (codeobject DIEMY), 38

co_cellvars (A—RA Tz FDEY),
37

co_code (codeobject DEME), 38

co_code (A—RFA TV U bDEY), 37

co_consts (codeobject DIEM), 38

co_consts (A—RA Tz FDEM), 37

co_filename (codeobject DEM), 38

co_filename (A— KA 7TV FDEMN),
37

co_firstlineno (codeobject DEM), 38

co_firstlineno (A—F#A Iz D
B), 37

co_flags (codeobject DEME), 38

co_flags (A—FF Tz FDEY), 37

co_freevars (codeobject DEMY), 38

co_freevars (A— KA 7V FDEN),
37

co_kwonlyargcount (code object
attribute), 37

co_kwonlyargcount (codeobject DIEM),
38

co_lines() (codeobject DXy I), 39

co_lnotab (codeobject DIEM), 38

co_lnotab (A—RA Tz FDEM), 37

co_name (codeobject DEME), 38

co_name (A—FZA TPz FDEM), 37

co_names (codeobject DEIE), 38

co_names (A—RF TPz U FDEY), 37

co_nlocals (codeobject DIEM), 38

co_nlocals (A— KA TV FDREN),
37

co_positions() (codeobject DAY v ),
39

co_posonlyargcount (code object

Ew MBI, 117 bytecode, 36, 194 attribute), 37 ‘
annotated b co_posonlyargcount (codeobject DEE),
A ; ytes, 27 38
A, 131 $A7AHRIR, 16 ‘ o ey,
annotation, 191 bytes-like object, 193 co_qualname (code o 'ject attri ute), 37
annotations co_qualname (codeobject DEM), 38
BA%K, 164 C co_stacksize (codeobject DIEM), 38
array co_stacksize (A—RA Tz I bD
module, 28 c, 14 B), 37
as =58, 24, 26, 33, 118 co_varnames (codeobject DEMY), 38
242 %51
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co_varnames (d—RZA 721 FDEN),
37
collections
module, 28
complex number, 194
compound
statement, 143
context manager, 67, 195
context variable, 195
contiguous, 195
continue
statement, 136, 144, 145, 148, 149
coroutine function, 195
CPython, 195

D

dangling

else, 144
dbm. gnu

module, 29
dbm.ndbm

module, 29
decorator, 195
DEDENT k—2 2, 10, 144
def

statement, 162
default

parameter value, 163
definition

232,133, 165

BAK, 133, 162
del

statement, 45, 133
deletion

target, 133

target list, 133

B, 133
descriptor, 196
dictionary, 196

object, 29, 35, 48, 103, 110, 129

RaxR:E, 103

xR, 103
dictionary comprehension, 196
dictionary view, 196
division, 116
divmod

AL, 65
docstring, 165, 196
duck-typing, 196

E

e
in numeric literal, 20
EAFP, 196
elif
F—U—F, 144
Ellipsis
object, 25
else
conditional expression, 123
dangling, 144
F—7—F, 136, 144, 145, 148
encoding declarations (source file), 8
eval
HAHIAFHEEE, 140, 172
exc_info (sys EYa—Jl), 42

except
*F—O—F, 145
except_star
F—U—F, 147
exec

HAHIAFHEE, 140

expression, 99, 197
lambda, 123, 164
list, 124, 127
statement, 127
JxxrlL—4&, 104
%M, 122, 123
yield, 104

extension module, 197

F
f'

formatted string literal, 14
f"

formatted string literal, 14
f-string, 197
f_back (frame DEM), 41
f_back (7 L—LEH), 40
f_builtins (frame DEH), 41
f_builtins (7 L—LEH), 40
f_code (frame DEM), 41
f_code (7L —LEM), 40
f_globals (frame DEM), 41
f_globals (7 L—LEM), 40
f_lasti (frame OEM), 41
f_lasti (7 L—LEMH), 40
f_lineno (frame DEM), 41
f_lineno (7L —LE), 41
f_locals (frame DEM), 41
f_locals (7 L—LEY), 40
f_trace (frame DBEMY), 41
f_trace (7L —LE), 41
f_trace_lines (frame attribute), 41
f_trace_lines (frame DREIE), 41
f_trace_opcodes (frame attribute), 41
f_trace_opcodes (frame DY), 41
False, 26
file object, 197
file-like object, 197
filesystem encoding and error

handler, 197

finalizer, 45
finally

F—J—R, 133, 136, 145, 148
find_spec

finder, 85
finder, 84, 197

find_spec, 85
floating point

number, 26

object, 26
floating point literal, 19
floor division, 198
for

in comprehensions, 101

statement, 136, 145
format () (¥AAHBIE)

tr__ ) (AT RAYYE), 46

formatted string literal, 16
Fortran contiguous, 195
from
import statement, 75, 137
F—T—F, 104, 137
yield from expression, 105
frozenset
object, 28
fstring, 16
f-string, 16
function annotation, 198
future
statement, 139

G

garbage collection, 23, 198
generator expression, 199
generator iterator, 199
GeneratorExit

FH, 107, 109
generic function, 199
generic type, 199
GIL, 199
global interpreter lock, 199
guard, 153

H

hash

HAHAHEE, 48
hash-based pyc, 200
hashable, 103, 200
hooks

import, 85

meta, 85

INR, 85

I
id
HAHAHEE, 23
IDLE, 200
if
conditional expression, 123
in comprehensions, 101
statement, 144
*F—TU—F, 151
immutable, 200
object, 27, 100, 103
F—4& type, 100
import
hooks, 85
statement, 34, 137
import hooks, 85
import machinery, 81
import path, 200
importer, 200
ImportError
B, 137
importing, 200
in
operator, 121
*F—TU—F, 145
INDENT k=% >, 10
indices() (slice DXV w F), 43
inheritance, 165
instance
call, 62, 114
object, 35, 36, 114
J32X,36
int
HHHIAHBER, 67
interactive, 200
interpolated string literal, 16
interpreted, 201
interpreter shutdown, 201
io
module, 36
irrefutable case block, 154
is
operator, 121
is not
operator, 121
iterable, 201
unpacking, 124
iterator, 201
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J

in numeric literal, 20
Java

=8, 26

K

key function, 202
key/value pair, 103
keyword argument, 202

L

lambda, 202
expression, 123, 164
=, 123
last_traceback (sys €2 a—JL), 42
LBYL, 202
len
HAHIAFHEEE, 2729, 62
list, 202
deletion target, 133
expression, 124, 127
object, 28, 102, 110, 111, 129
target, 128, 145
KA, target, 128
MER:E, 102
Z=D, 102
R, 102
list comprehension, 202
loader, 84, 202
loop
statement, 136, 144, 145
loop control

target, 136
magic
XV R, 203

magic method, 203
makefile() (socket DXV v K), 36
mapping, 203
object, 29, 36, 110, 129
match
case, 151
statement, 151
matrix multiplication, 116
meta
hooks, 85
meta hooks, 85
meta path finder, 203
metaclass, 56, 203
metaclass hint, 57
method resolution order, 203
module, 204
__main__, 77, 171
array, 28
builtins, 171
collections, 28
dbm. gnu, 29
dbm.ndbm, 29
importing, 137
io, 36
namespace, 34
object, 34, 110
sys, 147, 171
LR, 24
module spec, 84, 204
MRO, 204
mutable, 204
object, 28, 128, 129

N

name, 11, 75, 100
rebinding, 128
unbinding, 133
32X, 165
S#E 75, 128, 137, 162, 165
Rig, JO—/\IL, 140
%k, 162
#=1k, 100

named expression, 122

named tuple, 204

NameError
FIsk, 100

NameError (¥&HRAHBIN), 76

namespace, 75, 204
module, 34
package, 83
J'a—/n\IL, 30

namespace package, 204

nested scope, 205

new-style class, 205

NEWLINE k=52, 7, 144

None
object, 25, 128

nonlocal
statement, 141

not
operator, 122

not in
operator, 121

NotImplemented
object, 25

null
EH, 132

number, 19
floating point, 26
'/EY, 26

O

object, 23, 205
asynchronous-generator, 108
Boolean, 26
callable, 29, 112
dictiomnary, 29, 35, 48, 103, 110, 129
Ellipsis, 25
floating point, 26
frozenset, 28
immutable, 27, 100, 103
instance, 35, 36, 114
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