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F¥aX Y bTHERICEDITIOLNZZETLEY, dLEIVEMLINALFEEREBEAR S, DO %
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HWICHT 252 BREY 77 LV AD FFa XY MCHE T ELDIEMA I L TY — HREIZLES N0 D
Lh?‘\ FUERETHRLELIFEIAELR SLIEL T 200 LAKWASL T, —J. CPython AL b T
W5 —D2® Python F# (FOEED RS NHIT TVETH) RDT. FEDZ LIZOWTIE, FHZEREICK -
TS DHIRDIMZ 5TV BHE L, M THE MMERDH D 5, EoT. TOTFRMRKITOL>TH
W 7 A2 S 2 1EMR (imprementation notes)” 235 D IEH LN TVET,

Python EEIZWFhd, HADHARAEY 2 — L EEED 2 —ARMBLET, ZAHITOVWTIZ,
library-index TRF¥ 2 X ¥ MLEATVET, WL DPOMABIABLEY 2 =DV TIE, SiEEREEERD
PODZEDHoTVD L ZIZOVTHMATHET,

1.1 5@ Python MOE*

Python @33 ¥ LTIE, HZIKWTHAREENVEDFELTVE T, ZALUIOEEICBEL T, HED
2 —FHTERIF TV T,
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BVHRIFEEREINE T,

Jython
Java THEXI NIz Python TF, ZOEEE Java 7 7V 75— a v DRbDR I ) FEE2 LT, L
Qi Java 7954 75V BHol7 75— a Y EERTA7-DEHTZ e nTEET, £7-.
Java 74 77 VDT A M ZER T 27201d LIFLIEHEHZATVWES, 26R3EHRITOVTIE the
Jython website ZZR L TLIZE W,

Python for .NET z
DFEFHNHTIE CPython ZFHLTWETH, NET 7 AV — a Vil o TEHIN TV DT,
NET 94 77V %aSHT 25 ZeMA[HETT, ZDFHEEL Brian Lloyd IZXK > TERENE LTz, 525
TEEIZ DWW TIX, Python for NET home page ZZH L TL 72X W0,

IronPython
.NET T Python 23272003 5 —D20DFEETT, Python. NET LIZER D, ERWIL 2AEKT
52 M TE D Python DFEEH D, EH Python a— FENET 727V cary X4 vLES, Z
X Jython OFMRDEARE TH % Jim Hugunin IZX > TESNFE L7z, X 5K BEMITOVTIX the
IronPython website S8 L TL X W,

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

PyPy project’s home page.
INHDEFEEI DT a 7L TXEMINETHEEEZPRLZ - TVS, b LI, Z#D Python F¥F 2 X

¥ LI 5 TV 2 D EEDIEROAHINTVETL x5, HARLMEAL TR FEE LT, REFR
S RERD B0 5 02T 57201003, FREOMAHELZSRL T3V,

1.2 K Za7IIICHITBREEE

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

This uses the following style of definition:

name = lc_letter (lc_letter | "_")x

lc_letter = "a'..."z"

BAIDITIE, name A% 1c_letter DHRAIWELRAEZIXZNLLED 1c_letter 7V X —RXaAT7hkV7zb D
THBHIHERLTVWET, ZLT, 1c_letter X 'a' 25 'z' FTOMLLDONF—FTH3ILERLE
o (ZOHANZ, TORFFa Xy b Ttwv 3 FAaHAl  BSCHANCB W TER N TV 24T (name)

4 £ 1E LI


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

FHANZ name (BN X o TERS N TV L DDA & ::= OIED $9, FER (1) 13, EEHORIUH
HEO»bEEZ T2 Z2IEVWET; ZOLBRE. CORKCBVTRLMEEBLEDRWEETFTY, 7AXY
A7 (%) 13, BN 2HROL UL EOBDIELEZRL 3 FAEkC. 77 R (+) IZ—EU Lo DIEL T,
AN ([ ]) Kb FaE, FarEefEr—flHET 2 BlosuazTiud, BuotoFaEt 7> 3
VTHB) TeRRLET, * BEY + HETFOMESHPNITREZR D L L Lo TVWE T, FHDZ L — Al
AFEMEBFNE T, V7T IAXFINIT A — bTHLNE T, ZHE N2V E2RELTW3 L ZOAEKRERD
9, FANGER. TP ATV ET; ZROBIRKD D 2HANE. RPIDITICODNWT, EEMRDES
WELZADITE LTl & E T,

(LoD &5 72) FAEFRTIE, MCZO20BEEMEONTVES: 2D Fy FTRYILNATVWE =20V 7
FIAXFIE, ZOoDOXFD ASCIL X Fa— RicB 3 (AalNR) @#if» o XTFE—FREIZLERLET, &
v AhOTFA) (<...>) 1F ERBFEAOS Y RARLBT 2 IR0 p7=TF; HlE, sy 28
ERTVENDD L ZREWHEONZZ DD FT,

FA) R OEROBTHEDLDA TV A RLIKZLALF L TTH, ZOBRRCIKELRECYHD 3 Fh)
EFRIIATTY = 2O &2 OLFERD TV F TH, MCERIFAMMCTERI N —ED F—27 Y ZE DK
WE 3, KH (7 FAMNTT) IS8 S BNF 33 R TFRAERD DD HDTT; ZHLUEDOETIE, WUEFRD
F2DIfFi o TWET,

1.2. AYZa7IlicslraRgE 5






TWO

F A

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 1370277 A7 %X % Unicode 2— RKKRA Y P LTHAAAET, YV—AT7 7 A NVDITYIA—T 4
YR TYa—T 4 YZEETEALN, 77 40 ME UTF-8 TF, ##fliZ PEP 3120 2SI L T ZX W,
V—=R7 7 ANPT a— R TERIFNI, SyntaxError HEHEINFET,

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 bound-
aries 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.

2.1.2 817 (physical line)

PIEAT 2 1d, TR — FTRUIS M AXFIID I TT, V=R 7 7 A ARV = ALFHTEH, £77 v b
74— LT DREEOITHIG 2 — FRMHH T2 222 TEE 3, Unix JENTIX ASCIT LF (473% D : linefeed) X
. Windows JERX Tl ASCII Bi5lod CR LF (18)F: return 120 Tf736 D ) . Macintosh JEX Tl ASCII CR
() XFTT, ThHRTOFERDa— NI, ES T 7y b7+ —LTHELIMMHT LIt TEET, A
HOKRES ., RBREOVIHATOREI 5 0 L LTOREZRZLE T,

Python 12 DALHE I, BHED C FREOSUTXFOLEHEHHR] (ASCII LF #RH L 723F 32— F \n 2M7#
U D EF) 1o T, Python APTICY —RXa— FRETRHRENDD 7,


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

XY MELTFHN T VA2 TOWIRWAN Y & aXF (#) 2oAE D, FCYEITORGTHD D 29, JEH
RHZATREGRAIDSEH S TWARWIRD . aX > MEERETZm S E Y. aX >y M3 EEH IR T,

2.1.4 T> 11— RFEF (encoding declaration)

Python 227V 7 O—fTHPZ/THICH 2 2 X ¥ PHBIERRK coding[=:1\s*x([-\w.]+) IT~v v F T35
B, AXAYIMIZYa—RESL L TLEINET, ZORBORID I N —THY — 22— K774 LDLY
A—-FEIEELET, TVa—-FESEHFOTXRINUIRD A, ZfTHIKH25E6. —THHaAX YO
ADITTRIFIERD FHA, =va—FESAL LTHRET 2R

[# —%- coding: <emcoding-name> —*-—

ZHuX GNU Emacs Tidid CEE 3, Fh2X

{# vim: ftleencoding=<encoding-name> ]

Z4UZ. Bram Moolenar & &% VIM 28T % 32X 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 YIPETEINIHEAE, FOTYa—T 4 ¥ 7HE Python KXo TRMTERITNIRD EA
(standard-encodings 2SR L TL W), EEIhzzya—74 ¥ 7, FIZEXXFHVTI0, axXv b,
MAlFR D, ETOFHRTICELRE T,

2.1.5 BREVRITHkEGE

ZOFREFENL EOYEITRRIITE LTORTF27:DICE, Ny IR Ty vaXFE (\) 2o TUTDO LS
WKWLET: WEITHEXFIN) TIARaXy PHOXFETRHEOANY 72T v aTERbDoTWBIGEE, %3 217
LORTT—2o0MBITEHB L. Nv 27 R579 > aBIUANAY I RT 9 20BAIHBITRXERHIRL E
j—o 1ﬁlji&i:

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

return 1

N9 T RAS vy aTHRbBITIZEaX Yy 2 ANDILIFTEFRA, £ N7 RXFyva®ffioTaxXxyh
PR TAZLIWETEERTA, NI RT Y alXFINI) TINVHICHIGEERE. Nv I RT v a2DR
AR b=7 EiT 5 I IITEERA (TRDE, WIHITHNOXXFEINI TINVLND =0 Ny TR Ty

8 %8 2 & FOEHR
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Sakffio T2 ZLIETEERA), LRMHNDEFTIE. XFINV T INNCHEZ N I RT v aldiy
ZWHoTHRIEL D ET,

2.1.6 FEBATRBYZRTTHAS:

AUFEIM (parentheses). FAFEIN (square bracket) . 38 X QKHEHEIMN (curly brace) ADOUE, Ny 7 AT v > 2% ff
HOFIR—ATULOYEITIZHET 2 2 e TEE T, HlRE:

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

FERANCHERE S NATITIZ X Y P2 ED 2 T e TE LT, MiTOA > 7Y MNIEETIED D A, 2D
MFAT 2 EH S T e TERT, FFRIZRMkRTHICE. NEWLINE F—2 Y EFEEL 8 A, JFIRIZRITO
Mgeld. =H7 A — I FH (P2 l) THRAELE T, ZOHEIIE. aX Y 28D 5N TEE
Ao

2.1.7 ZET

A logical line that contains only spaces, tabs, formfeeds and possibly a comment, is ignored (i.e., no NEW-
LINE 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 OITHICH 5, SLHDOZEH (AR—ABLUEXT) O#ELDIZ, ZOITOA YT Y FLNLVEFET 3720
WHEbNET, A V7Y PR, ETXOIN—FMTEZRET 27DICHOLNE T,

X7 (ErSEDHANC) 1 DIZDOE 8§ DDAR—ATEZZ Hh, BEWIBZOLTHIE 8 OfF kD %
3 (Unix THODATOWBHAIE A IR S XIEBERIATVET), 2L T, BRUIDIEZALFETDAR—RAD
B, ZOTDA YT Y bVERELET, A YT Y MIL Ny TR v Y a THEEROYIETICHEITEEEA;
BHIONYy VA5 v Y 2 ETOEANA VTV M RRELE T,

V=R T 7 ANPBR T ZAR—ZABBEZXE, ZOBKIITINR T DAR—ZMEMIKET L2 L5006, A VF
VIPEREERZ D LTHITENE T, ZDHEX TabError AEHINE T,

TS5y b7 A—LREOE#EICEATSEE: JEUNIX 799 F 74— 2B T7FA T4 X0ME L —
DDV —AT 7 ANVHNTRTEA VTV Ve BIESRTHES DIZEHATEDD FXVA, £/ 779 b7 +—241C

2.1. 178E 9
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EoTiE BRA YTV P LRV EPRIICHR L T0 a2 b LALEE Ao

T A =057 4 — RXFEPTORBEREDH o THHOERA; 74 —47 4 — FXFRELEDA VTV b LNLEERRIC
FEAINET, 74—2L4 74— FXFHRLHEOZAFOMOBINCH 256, ZOHBIRERTT (Bl 21E.
AR—ZDEE 012Vt FT308 LAEHA),

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.

DIROBNZIELL (L2 LYK EZ X51Z) 4 ¥ F ¥ b XNz Python 2a— FO—BERLET:

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

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

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

p = perm(s)

for x in p:

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

return r

IR N 17 N 5 oA AV AV N S b L - I

def perm(1): # error: first line indented
for i in range(len(l)): # error: not indented
s = 1[:41] + 1[i+1:]
p = perm(1[:i] + 1[i+1:]1) # error: unexpected indent
for x in p:
r.append(1[i:i+1] + x)

return r # error: inconstistent dedent

(EBRIZ. B0 3 20T 7 =3 —FIZ ko THRHEINET; BRED LTI —DAPFARENEBETHOPD EF —
return r DA V7TV ME, ARy IR HLBREEZIN TV EDA YTV FLMEE B —HLEEA)

10 8 2 & FOEHh
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219 F—JVHEDZER

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).

22 EOD b—o >

Besides NEWLINE, INDENT and DEDENT, the following categories of tokens exist: identifiers, keywords,
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 #HBIF (identifier) 5L UVF—T—F (keyword)

WANF (£7201% BT (name)) F. LFOFHAERTILAINE T,

Python (2B} 23| FD# ik, Unicode FEMEMREATELE UAX-31 IO E, Ml ZHE AL TERL
F9, #L<IE PEP 3131 #8H L TL X,

Within the ASCII range (U40001..U4007F), 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 char-
acters, the classification uses the version of the Unicode Character Database as included in the unicodedata

module.

WA FORSICEHRA D D A, KNCFEREFENET,

identifier zid_start zid_continuex

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

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

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

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

FTEK U Unicode 773V a—FELTFE2RLET:

o Lu - K3F (uppercase letters)

22. T =2 11


https://peps.python.org/pep-3131/
https://peps.python.org/pep-3131/
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o Ll - /X (lowercase letters)
o Lt - FEHMRTF (titlecase letters)
o Lm - BH#ixCF (modifier letters)
o Lo- ZDMhd3F (other letters)
o NI - 8%z 53 F (letter numbers)
o Mn - FIED\WEES (nonspacing marks)
o Mc - FIRD D 5FEHEFE (spacing combining marks)
o Nd - 10 #£+ (decimal numbers)
o Pc - HiEHAAFELS (connector punctuations)
e Other_ID_Start - explicit list of characters in PropList.txt to support backwards compatibility
e Other ID Continue - [Flfk
TARTOMA T BFTHIREREE NFKC e s 9, @il FHEOEEX NFKC Ko %7,

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 /DerivedCoreProperties.txt

2.3.1 ¥—7—F (keyword)

DU o il &, FTHIEE. £721% Python SBICH T2 F—T—F (keyword) & L TEbN, EHOHHF L L
TS 23 TEREA, F—7V— FREEICPRLOED SRS LTI D $EA:

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

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

12 8 2 & FOEHh
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232 VI brF—U—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 FHIEHDHFIFFE (reserved classes of identifiers)

HHMED (F—v— F2FRL) @Al FELEERYEHD £9. ZhsoiplFHE, LEPREICHL T >~
R—R2AT7LFDNRE— TR ENET:

*

Not imported by from module import *.

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

Separately, the interactive interpreter makes the result of the last evaluation available in the variable
_. (It is stored in the builtins module, alongside built-in functions like print.)

Elsewhere, _ is a regular identifier. It is often used to name ”special” items, but it is not special to
Python itself.

FER: AR0 _ k. LR UIEERRML (internationalization) & HiCHVWHNET; ZOEFICOVWTOFEL WL
1HHIE. gettext ZBRLTLZE W,

It is also commonly used for unused variables.

% >
AT LTERS N (system-defined) HHTTS, JFAFUTIZdunder” AT E I £ T (BRIE: double
underscores D), ZNHDHFNIA VX —TV 2 (BEES 4 75V &) EELTERINLTVET,
BATO Y AT L TOAENG AV v R RETHEEICEIT SN TVWE T, Python OFRON—T a »
TRHEDZLDAFPERINZZLICRDET, ZOFRFa Xy PTHREINTWSHEIEDR W, &
53 __x__ OHENE. WrRZAVTFRA MBI RAATH, BERCESEEIIESREITIeNHD
9,

- 7
FRAT T4 R=1 (class-private) ZHAHITS, ZOATIAVITBT 240N, 7 IRAERDIYTF A

2.3. #BIF (identifier) LUV F—T—F (keyword) 13
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ETHWshGE, BRIE SRALIREZ FAD ”? I 4 R— 27 BB THETEREIEZ 2D %[ <
TeDICHEZXBEINE T, #BF (identifier. FI2IEFET (name)) ZBRLTLIEZ W,

24 UT3ZI

U550 (literal) it W< OhOMARBHOERE R LD DT,

24.1 XFHNEIUVUNARAIUFTSIL

XFANY T I NE T OFAER CTRh SN x5

stringliteral

stringprefix

shortstring
longstring
shortstringitem
longstringitem
shortstringchar
longstringchar

stringescapeseq

bytesliteral
bytesprefix
shortbytes
longbytes
shortbytesitem
longbytesitem
shortbyteschar
longbyteschar

bytesescapeseq

[stringprefiz] (shortstring | longstring)

"rt | "w' | "R" | "U | "g" | UF
| "fr" | "Fr" | "fR" | "FR" | "rf" | "rF" | "Rf" | "RF"
"' shortstringitemx "'" | '"' shortstringitem* '"

mrrn longstringitemx "'''M | "M longstringitemx '"""!

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

"\" <any source character>

bytesprefiz(shortbytes | longbytes)

llbll | IIBII | Ilbrll I llBrll | llell | IIBRH | llrbll | ler" I llell
"'" shortbytesitem* "'" | '"' shortbytesitemx '"'
nmrran Longbytesztem* nmeran | rinn Zongbytes’btem* rtnnna

shortbyteschar | bytesescapeseq

longbyteschar | bytesescapeseq

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

"\" <any ASCII character>

| IIRBII

FEROEFMAITRE N TONROGENZHIRA—D2H D £F, VT FLD stringprefic X bytesprefiz &
RO OERTOENICZERE AT RS RNI 2T, Y —R3a— FXFE v b (source character set) 3> a—
T4 YTEETERSINET, 2va—7 4 YESHRINL UTF-8 T3, fi T¥I—-FEE
declaration) ZZRLTLZE W,

(encoding

14

£2E

FaENR
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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 PV T I ZE HIZ b R B PEHEHLET, INHICKo T, str BT bytes oA 2 &
YAMMERENE T, N4 FHIYU T FUE ASCIL XFDAZLZ N TEE T, 128 U EOBEZEFO A M
IRy =7 L TRINBFUIRD $HA,

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—Yar 3.3 TENM: raw N4 MU TIAD 'rb' L7 4 v 7 AN 'br' ORIFEFEL LTEMENE L,

Python 2.x ¥ 3x MiXfjED I — FR—RADRX YT F Y REHHMLT 27%2DIZ, LA — unicode V7 7V
(u'value') DY KR— PHAHIEASINE L, #Ffllld PEP 414 22 L T30,

£OEE F QBT WX FINY T IMET x —~< v MEAXFINY T I ( formatted string literal
) TT, FHICOVWTIE 73—y FEANXFFIITIIL ZBRB LTIV, FHEFO '£' & 'vr' AL
DELNETH, b 'u' LHAEGDELZ LI TEERA, D2ED 74— v MEAD raw XFH|V T L
WBRAITED, 74 =<y MEADANA MY 7 F)UIAATT,

SHEIZA-PU TR, SEHOIR S =T ENRWT A= P XFTY T IR L TLEDRWHAED,

IRF—TFIRTORVHITRI A — F2EL LA TEET (X510, 20O 2O F EXFHFIED £3).
(ZZTWS " 74 =17 i, XFHOEBERIAET 2L ZIflio /2 XLFRRL, ' 2" OVWITIHTE, )

Escape sequences
'r' 72 R BHEEDROPBROVHLED XFHEIANAL MY T IARD IR =T — v RFHEHE C

THEONTVWE DL FERDOERNC Lichio THRIRE N E T, DUFIC Python TIREENEZ A r—F>—r v R
FRLET:

24. UF3L 15
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IRT—=To—=r> R B AR
\<newline> Ny IRy ¥ a2t BATFENEEINET (1)
\\ Ny 727y ¥a (\)

\! —HEH5IHRF (")

\" ZEHGIHRF (")

\a ASCII $#i#~UL (BEL)

\b ASCII Ny 7 2R—2Z (BS)

\f ASCIT 7 #— 247 4 — ¥ (FF)

\n ASCII 173D (LF)

\r ASCII %54 (CR)

\t ASCII /KF-% 7 (TAB)

\v ASCIT #HE & 7 (VT)

\ooo 8 HEXUE 000 & FFOXF 2,4)
\xhh 16 EBE hh & DT 4)

NFHTOARBEINDI IRy — T —r VRAEIUTOE BT

IRG—T—45>2R

=

\N{name}
\uzzzz

\UzzzzTTTT

Unicode 7 — X X—ZXHT name £\ HZHiDXF
16-bit O+ /NEMH zrar RO T
32-bit O+/NHEE zrzvrrer %2350 F

ER:

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

>>> 'This string will not include \

. backslashes or newline characters.'

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

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

nation.

(2) HEE C LRIT <, AT 3 M0 8 ERF TR %5,

N— a3 ¥ 3.11 TEH: Octal escapes with value larger than 00377 produce a DeprecationWarning.

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

(3) HE#E C LI3BV. B x5 Y 2 Hid 16 B LIS T EA,

(4) A4 MY F S AHRTIR, FAREB O ELR Y — FId 52 oNFEDAL FERLET, STFEHIY 55

16

% 2 B FOFER
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AHITIE, TR T — 7 FIE 2 57 fE%2FFD Unicode XF2ERLET,
(5) N—=¥ a ¥ 3.3 TAH: name aliases™ 10T 59 K— FHEMENE LT,
(6) BxroL 4HiD 16 ER L rZHEINEEA,

(7) 55032 =0— FFRFIDXSICLTIYa— RT5IeATEET, EREC S SUFD 16 EHFIWS
%Tj—o

BEHED C 2IEWL, BMEINBD 07T AT =T — 7 Y REITRT, ZOEEXFHFIEY T, Thbb,
NYOIRZy D abERPIEDET, (ZOEIT ANy FOBRIERNTS: X7 =7 —r Y APFRANE
N, ZOHIFERPRBLTOE2D0080 2 DR TR ET, ) XFHFTOARMINDE AT —T>—4
VA, N MY TR, BRI WI RS =T = R LTHHEINZDTHERELTLZE W,

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

version they will be a SyntaxWarning and eventually a SyntaxError.

raw V7 IV Th, 5IHFENY VRF 9 Y aTZRAT = TEETH, Nv IR v aBERSFINHED £
T B o \"" BEIRXTFHNI T ILT, Ny PR Ty ¥ak BBy »LRATFIERLET; r"\"
FEN 7 XFHN) T TT (raw VT IARTBIEEZ 572Ny 22592 a TROLEZZ LI TEZHA),
BARIZIE, (N 7 ATy Y aPEBRD I I — s XFELZRT—7LTLESDT) raw XFHNEE—DNY Y
ATy aTRHOLERZUIETEFEA BT, XA IR Ty Y 2DEBRIBITHETD., [THEEEZEKT S
DTREL, V7T ILD—HTHE2EZNHL_DODNF e LTURREINET,

2.4.2 XF5) TF I DFEE (concatenation)

XFHNRAAL PV T I ME BAWVICELZ 5T ZE-oTWTS (BAXFTRYI-TY) HHEBEEZE S
ZEDTEET, ZHIEBADXNFINEHETAOLRALERERHET, Lz -> T, "hello" 'world' &
"helloworld" MU TT, ZOMEERMS L. Nv 7R Ty ak@lb Lz, BOXFIEFRICHEEL T
BEATICE D870, H20VEHAXFINZeIca Xy v eBEMT 2282 TEET, HlR:

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

)

ZOBBRIISHEL RNV TERESINTOVETH, X7V b2 ML T2BONEE LTHEREINS Z L IZHE
BLTLRZEV, ETRIIXFANRRAZES L2 '+ HEFE2HELRIFIUIRD FEA, £ VT I
DREEICBVTIE, MET2RERICELR S AR efo72D (raw XFH e ZHIHMFZEFL LS AT
FXF). 74—y MEAXFINV T INCBEDLFIN T INEHEE LD THIHTEXITOTHEREL
TLEEW,

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

N—a v 3.6 TE.

7 =< MEAXFEHNY 7 I ( formatted string literal ) F721% f-string 1&, ¥EHEE '£' 2 'F' OfF
WSCFHNY T I ATE, ThHDXFINE, BN {} TR AKX TH2E L7 4 — L FE2EDZ D
TEET, thOXFHN 7 I LOHEFABEDHEIC—ETED S Z e DIIH LT, 74—~ v MEAIFES
U7 I MFETRICA e LCRHis g 3,

IR =T = Y RAZEEOXLFINY TNV ERRICTa—- FEhET (RZLY T 70 raw XFHTH D
LHERRERT) . TR —T > —r 2% Fa—- FLERIE, XFINONFIROGETHRENE 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 S5 B, BEHENCTHENERSDSINISCFB D R nE 3, 7720, ZHEENR {{' BXY '3} 3H
—DIFFMCE ERZ oM T, BB E N ' 3BIR7 4 — L FOBE Y 2EK L, Z2DHEHIZ Python
ORTHED FT, (T Ny ZJRICEFRZHEREL L) RoTF A b, fHIifROME L Ofi#E 2 FRR LI WEEI
. ROBKICHES =" ZMATLEIV, ZOHAITIE, EERF ' 1ICX > TEAINBERT + —L FEHT
ZIENTEET, X612, "' KW TERIBEFZBMNTEE T, BT 4 —)L FIZHE— O UKER '3
THRDD £7,

Expressions in formatted string literals are treated like regular Python expressions surrounded by parenthe-
ses, with a few exceptions. An empty expression is not allowed, and both lambda and assignment expressions
:= must be surrounded by explicit parentheses. 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—=a ¥ 3.7 TEHE: Python 3.7 XD ETDON— 2 YTk, await RB XY async for AEETLATEEIII,
RIS FEOTAIC I DFEINTVWERATL R,

5 = EEINrE, HAXFINE. ROFFZA VERB, F5 = BIOiHiizh=RE2EA% T, M
ZWAEL { oK, Ko, BIU '=' ORCEFNZZEALFRIINTRESNE T, HEIEETHEEL
BWERD . = ZRE LGSR, RS UT reprO) @A LRI N £5, —FH. FRIEETHEF
T8, BT 4 —LFT "' PEESNTVEWVWRD, F740L 8T strQ BEHINE T,

18 % 2 B FOFER
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N—T g v 3.8 TEM: FE5 '=',

bLEMRT 4 = FBEEINTOEE, ROFHEFERIE 7 + —< v FORNCEREN T T, 2 '1s' X
str() . "' W repr() . ZLT "'a' T ascii() ZMFFHLET,

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.

T x—<v MEAXFEINY F IS NMEMOSLFFN I F SN LEETEETH, BT 4 — L F2EHOY F5 LI
DEILTEL I TEE A

T r—<v MEAXFH T I LDHE N O % T

>>> name = "Fred"

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

"He said his name is 'Fred'."

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

24. UF3L 19
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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:

{f"newline: ord('\n')}" # ratses SyntazError }

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

>>> newline = ord('\n')
>>> f'"newline: {newline/"

'newline: 10'

T =<y MEAXFIN) TI70ME, 72 AREEATORPo722 LTh, docstring ¥ LTIIHEX THA

>>> def foo():
£"Not a docstring"

>>> foo.__doc__ is Nomne

True

7 F =< v MEAXFHNV 7 F 1% Python [TEMU721EERE PEP 498 3L TL ZX W, F/-E#EHT 3T
Bl 7 x—~<v bOHAZHE>TWS str.format () S L TL X0,

244 BEVTIII

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 7 NMVEFEREZENTORNW I ZICERLTLEEW; -1 O LS 2A3, ERICITHIEEET (unary
operator) '=> £ U 7 7L 1 RlAGDEZSDTT,

2.4.5 BHRITIIL

BROY 7T I VU ToFAERCRBINE S

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

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

20 %8 2 & FOER
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hexinteger n= "o ("x" | "X") (["_"]1 hexdigit)+
nonzerodigit = it o

digit n= "or..."o"

bindigit n= "0 | "1t

octdigit n= oM.

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

EXEY EITIRE 2008 5 25 MEZFRITE, BEY 77 VICREIOHIREH D £ A,

TR —=2a7FVTINDEEHMTRICHo TEHHAINE T, 202D 7 X —Ra7 2o THFET
N—AT 2 THRARPTLTEEY, 70X —Ra73BFEHFORIC 1 273, 303 0x D XS5k
BIEEDBERIC 1 OFIBATEE S,

B, IE 0 OHERDEIEICIE 0 2o ER A, Z4UX. Python 23N— 3 > 3.0 DG - Tz C 2
RONEY 771 ODEMKI 2T 2720 TT,

B T IoL0HE N DR LET:

2147483647 00177 0b100110111
79228162514264337593543950336 00377 Oxdeadbeef
100_000_000_000 0b_1110_0101

N=Yar 36 TEE: JL—TzBWNE LV TIAVHOT Y X—RaT7HhFIN5 LR DE 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 = ("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:

24. VT3 21
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[3.14 10. .001 1e100 3.14e-10 0e0 3.14_15_93 ]

N—=Tary 36 TEHE: JV—AeBN LEY T INMHDT Y X—Ra7BRFSND X5k i,

2.4.7 E# (imaginary) UT 3L

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

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

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

literals:

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

2.5 EBF

MFo =27 V3R FTT:

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

2.6 71U X% (delimiter)

UTDO =2 3 ELDTY IR LT E%T:

( ) [ ] { }

> 5 Q = ->
+= -= *= /= /1= U= o=
&= = T= >>= <<= *k=

YU NFEBNMUTERERY T IAPRBETET, VA F=0DHIZR T4 ZAKRGEITB T 2 AT
(ellipsis) U 77L& U TR ERZ RS £9, U X MEFDORBERAFHE T (augmented assignment operator)
F. FHRNCETY I 2 LTRBVWE 25, HEITVET,

22 8 2 & FOEh
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LUROEIFR[BE ASCII XFE, o b —27 v o—Fe U TRHRRE®RER > T\, FHIMBIERICE > TEE
REKERE->TVET:

b o |

N OEIFARE ASCII 3. Python TIXfELN TV ER A, TNLDXFENLFHNV 7T I1a Xy Dot
WHBGE, BEFICZ - h T

N )

1Dz 3

2.6. 1S4 (delimiter) 23






THREE

F—RETI

31 #A72x Uk, E. BLUE

Python i2813% #TZx I b (object) i3, 7— X ZHMRANIKRL7H DT, Python 707 J LAZBIT S
T—RBFET, A7V VERBATY =7 MEIOBMKRE LTERENET, (HIEKRTIE. FnrJsa—F
bFERATI2 P LTREINET, ZHE 74>+ /4~ Von Neumann @ ” a7 7 A58 ARa >
¥ 2 —X: stored program computer” DETIVIHEL E T, )

FTRTOATY =7 M, FA—E (identity). B, iz d-oTWET, A—8 BERSWEDL ZLHEINEE
Ao CHEATI 22 DT ELADES RBDELEZ NS DS LWEL A, is HATFIX2 0047V =2
ORI MR L £9, 1d) BEBUIFE—EE2RIBHR LR LET,

CPython REODF#M: CPython TiX, id(x) X x M ENTVWAEXEY LO7 FLAERLE T,

ATV 27 FORIA TS 27 MY AR— bTLE (B len() ZHR—1F20) &, ATV =7 FHPWD S
BEZPTELET, type) BIBIIA 7Y =7 OB (BIAKD ATV =27 2 TF) ZiRLET, A—HEFETL.
F 7Y 27 DR (type) BEBEAARETT, !

ATV 2 PCEo TR E 2EET LI EHARET T, HZAEETES2 A7 =27 DI ¥ % mutable &L
F9, ARRICEEEETERWA T 27 bDZ 2% immutable EPEE T, (mutable 24 7Y =27 FAD
ZHEZEMH L TWS immutable 22> 7 F A7 27 FOfEIZ, ZOEALTWE AT =27 FOENE(LL
RRCZILLETD, av 73R ro4 727 bEBNL T0 20051 ZE(L L RO THIUL immutable 72 ¢ #
ZBIENTEET, LD > T, immutable 208 5 DIIMENEEAJREL ¥ D D L BRIC—HT 2D TEH D
FHA) A 7T =7 D mutable E S PIEZEDRUC X > THRED £3, HlZIX. BUEE, XFFR e 2 Al
DA Y ALK YA immutable T, dict % list (& mutable T3,

AT VERHRIICE ST 2 283 TEERA; L L, 7Y 27 MEETHEE (unreachable) 12723 &
HAR—YavL 7 a (garbage-collection) IZ X o T ENL 0 LNEL A, AR—YaAL T arkilEoE
72D, BUATORVWHEEDHF SN TVET — FFEARRA 727 P2 L TLEDRWNE D, FR—Ta
Loy a i dRET 203 EEMEDHETT,

1RO INIIBE, A7V 27 LD type REET 22 2H TEET » AU ELBbAr oG THAEY
BEEEFIEREITOT, RINCIBRVWEZ TS D A,

25
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CPython REDFM: HED CPython FEETIISIBA Y > b (reference-counting) FREME->TED, (A7
Paryi L) EREREToTVAEIRN=—IF T2/ M2 BEMRBLET, ZOFEETIRIFZLAEDF TV
7 P RFETRICKR S LRIRHICUIE S 2 Z e A TEEITH, HRSBEZEUIR-IF 7Y = 7 b DIVED R
WKITHNE XSRIEL TV E DI TIED D FH A, ERSEEF ORI A 7Y = 7 MUEEDHIENZOWTIE,
gc EY 2 — 2B LTLZE W, CPython A DEEIZHI DT K2 - TH D, CPython dFKIIHIDTTHK
ZHEIPS LNERA, 7027 MPEERRICR 78 ZICHEBICKR TIUEINS Z 8 ICEL VT X
W (TE25 7 7 A VBB THRANCEH T TL 23 W),

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

objects alive.

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

and the with statement provide convenient ways to do this.

MOFTY 27 MIMNFT 2R EDbOA TV MvHDET; Zhold AT F (container) EWHINE T, 2
VTFATI = POl LT, XN, VR, BRUOFEIETONE T, A7V 27 PAOZHRAKD a v
TFDED—FTT, FLALDHE, AT FOEL VI, AV TFHFIA>TWEF T 27 FOEDOZ %
L. TN F T2 bDT7ATYT 4T 4 TEBYERA; LPLEDS, a7 FOEBEAREMEICOWTIR
NZGE, SEIRAVYTFRA2TVEA TV 27 bDTAT YT 4T 4ADIERIBELET, Lo T, (X
TAD L) BERRERA TV 27 AEFEARER A TV = 7 MAOBREEOHE. ZOEIENT 5 DIFE
HARERA 7Y = 7 b OEBE N, 205 Z itk T,

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., after
a=1; b =1, aand b may or may not refer to the same object with the value one, depending on the
implementation, but after ¢ = [1; d = [], 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 IZERDKEE

IR Python ICHARAENTWBRRDY X FTY, (FEICE - T, C, Java, ERBFZOMDOFFHETEIPNL)
PEREY 2 =T, ZOMOBIDPERINTVE Z DD FT, Fiel (FEES. BREMRMCEET 2
FLFl, 72¥) OEIME, Z20TWIEES £ 75 ) 2@ LRI E 325, kD N—2 2 ¥ Python Tid, &
DREBHEICZ D XS BMARENZ 0D LU EEA,

LIRICEAT 28O WL O202id, " FikEME: (special attribute)” 22 L7-B#&ER DD £5, O DFEHEIEHE
TADT7 7 AFREREET 20T, —RNZHBRICHHT 2720000 TREDH D A, FRBMHDERIIR

26 BIBET-RETIL
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REBSNLARENEDH D £5

3.2.1 None

ZOBIZIEIH—DELIHD ERA, COBEZFOA T =7 MILZ—DULPEFELERA, 204 7Y =2 b
3 AABS None T7 7 LR ENET, ZOF TV =227 M, HABRRTENFELZVIEZLOLET,
BIZIE, BRI Z R S 720 BIRE None 2R L %9, None DEAHE (truth value) 1344 (false) T3,

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.
#FAiE implementing-the-arithmetic-operations S L TL 2 & W\,

N— a ¥ 3.9 TEZHE: 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

COBNZEH—DHEL2HD FX A, COEEZFOATI 27 PELIE—DULPFIELERA, 2OF TV 2T b
3V 7 I ... £7203 Python THR®D 5TV 24T Ellipsis T7 7 A3 E T, HEEHEIZE (true) TT,

3.2.4 numbers.Number

BEY 7 70 X o TR E e b, BifHECHAAADEMBEEIC L > TRENDZ ATV 227 T, A
ATV VIEBERRETT; —EEIEREhL e, ZErEHEINZZL3HD EEA, Python OfEL 7
TxZ PRV X THRKBHETEI L IHDBEL BBEBRLTWE T, ara—XNTHEZXRETS
BRICHES HIRZ 321 TV E T

__repr__ () & __str__ ) hortEINBIEY 7 ZDXFHNIERBUIRD X 5 RN D D 5

o FOXFINZ, 7FRAVA NI IZRIZE L B2, LOBEOEZFOA TV 27 v 2EKT 2G5
BAEY 551 TF,

e TEZX4b, 102K LTREEINET,

o INEEDENZH B 1 DD UZRNWT, FICEREZPRIIERINERA.
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o MNEHDBRIZH D 1 DDE¥aZREWT, NICERZXYOR3FRINTERA,
o TFEIIBIEISEBDOYL ZEDARRINE T,

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

numbers.Integral (E#{)

BRANZ, B (IEOREB L0ADOH) 2RIBANEENICE T 2 HRE2RET 2R TY,

AR BEEBLCHET 2 RANZ, Aoz ety 7 MERP XA ZHEICBVWT, ROABRZBRITES
EOREREATVET,

BRI 2 EED D 5

B (int) il
HIR DFFA DR E R L £ 32, FAMHER (KAH) XV 34 XOGIROAEZIET, > 7 MEES~<
AV EEDT DI 2 EBRBAZRHOLBEINE T, BOFIFTEL v MO EIERICIESTWS KO R
HEHEEPE5 2% 2 OMBEHOETITRINE T,

7' —I)L{E (bool) H
BED False & True &K L £3, False & True #RT 2 00F 7V 27 VDART—NVEA T =7
FTF, T VENIEBOIRERTH D, IZLALDRRTZEAZN 0 & 1 DXSTIRZFVE 25
FlA e L TCFHINCEREI NI 2222 "False" BLU "True" WO XFHINRINE T,

numbers.Real (float) (%)

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

is no reason to complicate the language with two kinds of floating point numbers.

numbers.Complex (complex)

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

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

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

item of sequence a with length n.

Sequences also support slicing: al[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.

= YR oTE BED 7 AT v T (step)” 8T X REFED 7 HLRA Z A R (extended slice)” &P AR — b
LTVWET: ali:j:k] d x =1 + nxk, n>= 0D i<=x<jTHEIEIBRA VT IRz 2FDOX5KR a &2
TOERZHFINL £3,

v AX, BEUREERDDR, I TROWHATRFIENTVWET:

EERBER S —7 > X (immutable sequence)

EEREERS —r Y ABOX TV 27 ME, —EAERINB L ZOMELET 2N TEERA, (A TV =Y
MDA 7Y =27 PANDBRB Ao TWEEGE, ZRINTVWE AT =7 VEEEARRRA 7S 227 T
X<, ZOMELEINSAHENLH D £F; L L, ZEFRERA 7Y =7 FAEESHL TV ATV =2 b
DEGERIE, ZET LN TEEHA, )

UTNOMBZEEARGE 2> — 7 v ZAITY:

XFFIB (string) X
FHiZ Unicode 2 — FARA ¥ P Z2RBT 2EOBHTT, XFHHOLEDa— KA +d U+0000 -
U+10FFFF OH#FTRILINZ Z e B TE FF, Python i& char MERH A, b DIz, XFFH|H
DEDA—FRAVIDBRE "I OXFINATI 27 b LTREATZI N TEE T, MHAAABEI
ord () E3¢FE % U+0000 - U+10FFFF OHIFOEBBICEI L £5, £ HAAABBEE chr O &
0 - 10FFFF OHiHDEBZIMIET 2K S 1 OXFINIEH L £9, str.encode() F7FA LV a—
TAVTEMS Z LT str & bytes IKEMT 27-:DICfF5 BN TEFE T, £/, bytes.decode() I
IO ZOUNETTEIENTEET,

R FILE (tuple) X
TNVDOERIZEED Python 7Y =27 T3, ZOYULDOERPLRZ XTI, McxDEREZRET
2R TR TR L $9, H—DEENHLR L X TN (HESG 'singleton’) Z1E51213, HFEZ
ZHTHRDERICH V=22 FFET (H—0X 20 TE LAV EERLERA, ZHE. Xz -7k
THDOWAEMEFZ 2 X L RTFERSBRVLSTT), BREOEL RWAERONEIES L DX
T D 5,

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

EEARER S —7 > ZE (mutable sequence)

EEARERY — 7 v 23, BRLEBTEE TR N TEES, THAGERY — 7 Y AT, BRFERILPRA S
A ARLEME > TIREINLERITRARITS 28 TE, del (delete) XEfio TEERYIRT 2T
3

7AFR: The collections and array module provide additional examples of mutable sequence types.

Python IZEMI2 AR ENTVWRIEFEARER S — 7 Y ATNX, 5D ZA=DOTT:

1) Z B (list) D)
A M OEFRFMEED Python A 7Y =27 MITEE T, VR ML, AFROFICH v~ TR Sh7X%E
WARTED T, (REDVB 01 O =7 Y RAEEZ T2DIRHRBGE N TIERER N ICHERLTLE
é ll\o )

NA B
bytearray * 7Y = 7 MIZHEATRELELYI T, #HARAAD bytearray() 2 Y A+ 77 XIT X o TR E
NFET, ZHEAGER I L ZBRFE (DFE Dy > a b TERW), byte array I 3ZETEEZR bytes A 7Y =
ZRheRLA YR =T 2 — A BERER R L 5

3.2.6 £5&

H£HIE, HFORW, 22— TRERF 7Y 2 7 VOBRERERILET, 20720, (BiF0) ikFE M-
A YT I AT 7RI TEETRA, 1272 L. 47— MIATRET, MAAABE len() 3EAOERE IR
LEd, BEMO BB HENTIZ. ERCELTVE2DOEEZT A b, ¥ —7 2 205 DEEOHER, HEE
B S - 7 - JFRZE L Vo BN REE OFE T T,

EHEOBHRICIE. FEED T — v [ U WEIEICE T 30— LA S E T, BUOEEEEE O ML D L — IR
5CLIEBLT SV, &L 2 >OREDHEEESFAETH? A 1 L 1.0) K5, 2055015
DHEERIED D - L HTEET,

BUE, 2 DDMBABEERDBDH D L3

==kt Af
BREEFTTT, HARAAD set() AV AT 7 ZTEREN, %25 add() REDWVWL DDA Y v
KCTEHTEZT,
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Frozen set &Y 7
ERESRTT, #HARAAD frozenset() AV AT 7 XIZEk - TIERENE T, frozenset 1FARZET
Ny aTEE 2D T, HIOEEROERICK /72D, HEOF—IZTEI B TEET,

3.2.7 Yy E>JE (mapping)

FEBEDOA VTFIREETA VT2 2{bENT, AT 27 bR 26RBOEELZRAL T, BFERIL alk]
.k TA YT 7 RIEEINZERE a »OIBIRL T3 i BIRINZHBREKXOFTHS e B TE, KA del
XOWMRIZT RN TEET, HAAABE 1len) X, v ¥V IHNOEZEMERLE T,

Python IZH#IH» SHARAENTVWE Yy Y I7HIX, 5D ZA =23 T

2R (dictionary)

FIEERDMETA YT I7RENA T 27 b o2 AROEEEZRLET, ¥— (key) & LTHEZLWED
ME—DRNE, VA MPHE, ZLTAH 7Y 227 POR—METRETHEENS ZOMOZEHERRELZATY, Zh
. BEUZRANCHFET D LT, F—DONy S 2 @R ETH LB D 27:0TT, BEMZ X —12fH 5
Ay F—HTEE OBEHRICB T 2 AN VET: ZOoDENIFELLRZGE FlRiX 1 & 1.0). HWIZH
CHEOLY PV ERTA VTR LTS ZEBTEET,

HEEIFHADIEF 2R L LT, 2F D, F—R@HFFICEMSALEFIERINATHE LT, BFOXF—%2ESZ
BZTH, F—DEFREIEDLD FEA, F—ZHIRLZDBIZHFAT 2 &, JLOHTTIEZ  BEHORRITEM
INET,

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

JEIREY 2 —)L dbm.ndbm | dbm.gnu I, collections EY 2 —LD LT, FlO~y ¥ 7ROFIZHEEL T
WET,

v 3.7 TEM: Python DN—Y a ¥ 3.6 Tk, HFIIHAEFTZ IR L EHATL/z, CPython 3.6 T
EIAER IR SN E L2A, 2RISR E SN ASEOMEL VWS XD, ZOYROFEDHITE L Al EIh TV
E L7

N—3 3

3.2.8 MFUFH LAJEER! (callable type)

BEBO OO LIRME (UL (call) ZRR) 2175 23 TE B TS
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I1—HEZRBH (user-defined function)

\

I—YEREBA 7Y =7 I, BEERZITS Ce TEKRS A E T (BES 2H1). BB, K515 (formal
parameter) U A b R UCBOERNBA 725V X+ 2 2 dIFFCHINE T,

Special read-only attributes

B LS

A reference to the dictionary that holds the func-
GG IR tion’s global variables -- the global namespace of the
module in which the function was defined.
None or a tuple of cells that contain bindings for
R foe e G U the function’s free variables.
A TP 27 MIEME cell_contents o T\
9, THUILLVDEZEES 2DITMA T, LD

E2152DICHHERET,

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 un-

SR Do (OE available. Not inherited by subclasses.

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

EImETLem. _ Graliene. __qQualname__ attributes.

N— a v 3.3 TENM.
BMAERSINTVEEY 2 - LOAHITT, €Y
function. module 2 = AZBBOHANE None (272D ¥ T,

A tuple containing default parameter values for

HUOEEIE,,, CORETHIAE, those parameters that have defaults, or None if no

parameters have a default value.

The code object representing the compiled function
function.__code__
body.

The namespace supporting arbitrary function at-

D = tributes. See also: __dict__ attributes.

A dictionary containing annotations of parame-
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 keyword-only

function.__kwdefaults ) )
-= - 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 EZEDFHH: 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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AVRZVAAX) Y R

AVARYVARAY y RETI 27 ME, VIR VIR VARV RALEROFOIHE LATREA 7Y = 7 b (BEIZ
2—PEHRBR) 2RO ET,

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 func-

tion had a docstring, else None.

The name of the method (same as method.

method.__name__
__func__.__name__)

The name of the module the method was defined
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.f (1) is equivalent to calling C.f(x, 1).

When an instance method object is derived from a classmethod object, the ”class instance” stored in

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

Note that the transformation from function object to instance method object happens each time the 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.

1L —2REH (generator function)

yield X (yicld X OHiZZH) ZH5BMD LAEAY y FE Pz RL—2BH I ET, 2D X5 RMH
BRI EINz 8 ZIEFEIC, BBORKREFITT2DIHX2 1TL—F2 A 7927 v RLET: A 71—
XD iterator.__next__() XYV v FZIEYRH T L, yield X & ffio TEIREXN 2 FTHBEEITLET,
B D return X & FETT 2 0EENEL 72 & X, StopIteration BIADIEHEN, 4 TV —X IR TNEfH
DEBEFTEZELTVE T,

JJL—F > E3# (coroutine function)

async def B L TERINLEHSL XY v F% JN—F VB8 (coroutine function) LR E T, FEUH
SNz 2D KD BB coroutine 7Y 27 FRIBLE T, a—F VBB async with R async for
X2 THRAL await REFOZEDHKRE T, JN—FoFTII bk ZHBRLUTIEEWN,

JERHAS = L — X238 (asynchronous generator function)

async def o TEREAL, yield XEMHALTOWBEER XY v % asynchronous generator function ¥
MUES, 20 &5 R2B%E. MUoHahke & JERBEATL—42 £ 79227 bV 2RLET, 2047927
M3 async for XTHBORKRZETT 2DIMHRET,

A T L — XD aiterator.__anext__ XYV v FEFUHT &, MORERFRFZINTWVWS L X2, yield
AR EVELZRME T2 2 A FTUHEEED B awaitable IR LU E T, ZOBEBMNED return XE2FEITT 5.
b L IFNE KD DICEREL 722 213, StopAsyncIteration FIFt Sk X, FEMIAAL 7L —XIEH T TR
XMEORBICERELZZITRD ET,
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#0AHIAAHBAE (built-in function)

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

by the C function. Special read-only attributes:

e __doc__ is the function’s documentation string, or None if unavailable. See function.__doc_
e __name__ is the function’s name. See function.__name__.
o __self__ is set to None (but see the next item).

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

function.__module__.

#BHAHAY v R (built-in method)

This is really a different disguise of a built-in function, this time containing an object passed to the C function
as an implicit extra argument. An example of a built-in method is alist.append(), assuming alist is a list

object. In this case, the special read-only attribute __self__ is set to the object denoted by alist. (The

attribute has the same semantics as it does with other instance methods.)

932

Classes are callable. These objects normally act as factories for new instances of themselves, but variations
are possible for class types that override __new_ _ (). The arguments of the call are passed to __new__Q)

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

DIADA VAR

FEEDI ZADA VARV RIE, VIAT __call__ () XY v REERT DI THUOHLATEEICR D £3,

3.29 €E2a-I)l

Modules are a basic organizational unit of Python code, and are created by the import system as invoked
either by the import statement, or by calling functions such as importlib.import_module() and built-in
__import__(). A module object has a namespace implemented by a dictionary object (this is the dictionary
referenced by the __globals__ attribute of functions defined in the module). Attribute references are
translated to lookups in this dictionary, e.g., m.x is equivalent to m.__dict__["x"]. A module object does

not contain the code object used to initialize the module (since it isn’t needed once the initialization is done).

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

practices on working with __annotations__, please see annotations-howto.
Special read-only attribute: __dict__ is the module’s namespace as a dictionary object.

CPython EEDFHM: CPython V€Y 2 —AFHEZHIFRT 245Kk D, EY 2 - A FHEPEELSR 2R -
TV LTHZDOHEITEY 2 — AR a—=TpoNRICHIRE A E T, Ihzitl) 213, ffEzar—
T 50, FHEZEEM > TVWAHEY 2 — V2R LTIZE W,

3.210 hREZ LV S RE

Custom class types are typically created by class definitions (see section ¥ 7 ATE#). 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 72X 1) 7% (descriptor) M
524% for another way in which attributes retrieved from a class may differ from those actually contained in

its __dict__.
7A@ ERATI . 207 7 RADOFERFIVPEHIN, BES I ADHERZEFHLIETA,

JIAFTY 2 FEWMOHT (FEE22R) . 759 AA4 VARV ARERLET (Fidz2R).
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Special attributes:

__name__

The class name.

__module__ 7
SAPEREINTVWBEY 2 —ILDLHT,

__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.

__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 RXZ >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 72X U F#& (descriptor) M3E 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.

BHEORARHIRETO 8. A YRRV ADHELFFEHFLE T, 77 ROHELEH T2 EHDELA, 7
I AT __setattr _ () __delattr () XAV v FAERINTWVWIEEE, BEHEA VARV AOHERENT
ZRODICINEDRAY v RRFEUH ENE T,

IS5 AAL VAR Y RIE, BABFEDLZEIDOAY v FERF - TWAIEE, BERRS —F 2B, B3 0WE~y I
DEIDIRES Ze DB TEET, FHAV Y RE 22 LTLEX W,

Special attributes: __dict__ is the attribute dictionary; __class__ is the instance’s class.
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3212 1/0 #T2x O b (Z7ANF T2V FDRIR)

file object WEZBDPNT=T7 7 ANBERLES, 77 ANATI =27 V227200 AKRa— M hy b3 DFE
3 open() fHAIAABIEL,. os.popen() | os.fdopen() . Y7 v P+ 7Y =7 F D makefile() XV v F (H5
WIEIREY 2 — A RSN 2 Mo Y v F) .

A7V b sys.stdin . sys.stdout BLY sys.stderr &, 4 VXY XOEHEA J, BHEH ), B X O
LS —HNA M) —2IZWET 277 ANA T 27 PIHILENE T, ZOABHETARTTFRAIE-FT
f2dl, io.TextIOBase IR 7 AT K o TERS NS Y& —T = — RV F T,

3.2.13 AEBAE! (internal type)

AV RTY ZPREINAE > TV ENL OLDINE, 2—FIRHINTVWET, Zh5DERITFFEROA V2T
YRXDN—T a Y TCREEINIAEEELD D T 3H, TR0z EDiIcMh T,

i Ell o i 7

A-=RFA TV 7 NI NA ROAVNRALILENT: (byte-compiled) FEITAIREZR Python 22— F, jl% N4 FOd—F
ERELET, a—FAT7Ic7 beBA T 7 FOEWE, BEBA 7Y =27 PO 7 v — V25 (B
BreERLTVWEEY 2a—107 1 —rb) I U THRINZRSRZR o T0 DI L, a—F+ 73 =7 MZ
BFaYyTFAMNRRVEWVWS 2 TT; £, ABA TV 27 b TR T 7 AV MEIBUERREETE I, a—
RATY 20 FCIRTE ERA (FIFBCHR SN 3 EERIET 3720), WA 70 =2 L LN, a— K47
Yx 7 MIZEARARET, BHEARERA 7Y =7 bAOZ L (B, HECEDLST) BAEEA,
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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 TBE.

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

default values) that the function has

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

has

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

has

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

(including parameters)

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

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

tion

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

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

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

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

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

piled

40 BIET—RETIL

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
x*keywords syntax to accept arbitrary keyword arguments; bit 0x20 is set if the function is a generator. See

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

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

compiled with future division enabled; bits 0x10 and 0x1000 were used in earlier versions of Python.
Other bits in co_flags are reserved for internal use.
If a code object represents a function, the first item in co_consts is the documentation string of the function,

or None if undefined.

Methods on code objects

codeobject.co_positions()

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

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

Column information is 0-indexed utf-8 byte offsets on the given source line.
This positional information can be missing. A non-exhaustive lists of cases where this may happen:
o Running the interpreter with -X no_debug_ranges.
e Loading a pyc file compiled while using -X no_debug_ranges.
e Position tuples corresponding to artificial instructions.
e Line and column numbers that can’t be represented due to implementation specific limitations.
When this occurs, some or all of the tuple elements can be None.

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
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a (start, end, lineno) tuple:
o start (an int) represents the offset (inclusive) of the start of the bytecode range
o end (an int) represents the offset (exclusive) of the end of the bytecode range

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

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

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

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

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

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

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)

3.2. FRERORKRE
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Special writable attributes

frame.f_trace

frame.f_trace_lines

frame.f_trace_opcodes

frame.f_lineno

If not None, this is a function called for various
events during code execution (this is used by de-
buggers). Normally an event is triggered for each
new source line (see f_trace_lines).

Set this attribute to False to disable triggering a

tracing event for each source line.

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

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

Statement) by writing to this attribute.

Frame object methods

TL—LF 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
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FL—ZXN\w¥ (traceback) 7 x4 b

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

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

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

exception.

When the program contains no suitable handler, the stack trace is written (nicely formatted) to the standard

error stream; if the interpreter is interactive, it is also made available to the user as sys.last_traceback.

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

attributes should be linked to form a full stack trace.

Special read-only attributes:

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

Gives the line number where the exception occurred
traceback.tb_lineno

Indicates the "precise instruction”.
traceback.tb_lasti

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

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

traceback.tb_next

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

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

N— g ¥ 3.7 TEH: This attribute is now writable
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254 R (slice) #72xV k

ATGARFTTI 27 ME __getitem_ () XV Y FOLODDATARERTDIMMEbONET, AFA XL TV =
27 MIMAAAD slice() BITH ARSI NE T,

HAHLUEHORHREY: start 1Z FRTT; stop & LR TS step XA T v 7OMETT; 2hzhEEIhlz
5EE None o TWET, ZhSDBBHIXMEEORIZETE T,

AFGARXT TS 27 MEXA Yy R—D%KR—PLET:

slice.indices(self, length)

ZDXYy FIZH—DEEHITIE length ZEID, RFIARFTY =7 b length BRD Y — 7 > ZITH#AH
TN BRI TE, ATARCHETAEREHELE T, ZOXYV Y RiZ 3 20BEL LRI XTIV
PIRLUET; 20N start BEU stop DA VT v 7R, step THOBERATA ADEZERBTT, £~
Ty 7 ZMER RN, FADETHIUR, BEDORIA R EDLRVR D M- THRbL ¥,

FHIXY v K (static method) 7727 b

A Yy N, ETHALZE S BRBEBA T2 b o X Yy RAT V20 bADOEEHIET 272007
FERELET, XYy FA TV 27 MDA S0DA TP =27 b, BERERI—TEBZEAY vy P TV =S
BT v STT, BIXY v REIFTARI FAL VARV ADOHIGT 52, EBIGREINEZ AT 27 b
FZy FEINTATI 27 Mz ), 2R EEEBRONFITIER D E8 A, BUX Y v FATY =7 MIEEIE
CHLUARERA TS =7 v 2oy TLETH, B4 7Y 27 b BEREMCH LAJRETS, #4722 M3
HIABAY AN TV X staticmethod() THEMINE T,

VSAXYy RATZ Ik

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

built-in classmethod() constructor.

3.3 %XV Y R4

77 A3, FIRRARIDOR Y v FEERL T, AL (ENEESLHRZIFRL. A7 4 AKERY) ITX
DREDHEE T EIETEE T, Zhid. Python OEETFA— 1 — F (operator overloading) ~D7 70—
FTY, SHREED, 77 RABFHEOHERFICHT 2 MHAORLBUZERTEET, PIXIX 25277 2D
__getitem_ _ () EWVWIOAFMDRAY v REERLTBD, x NIDITADA VARV ATHD LT b, x[i] X
type(x).__getitem__(x, i) ZIFIFFEMTT, FRTHEROLWERD, BYIR XY v RPERINTVRVE X
O &S REFEZIAA D LIS (7230 TWiE AttributeError ) TypeError) 25kHE N E T,

Rk X Y v FIZ None ZERAET 5 Z & id, ZAUTHICT 2HELFHTE RN L Z2BHRL %S, HlIZIX 77X
46 BIBET-RETIL
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D __iter__() % None WiELGA., 2DV T RAFA T 7 I7NMIERLT, TDA VAR AIIHL iter ()
EMUHTE (__getitem _ () WHVEDPRE XN FIC) TypeError KL T,

HARABRIZ T I 2L = 575 RZRET R 23, HHlirIhs4 7Y 27 M o TEKRDYH 2HiHIC
FERP L EDIZOPEETT, HlziE, 2> —r YR DEZOERIZZLALE 2D LAFEADL, R
TAADBHEDPERER IRV LNERA, (W3C DRFa2 XY bF TV 2r VETFTNMICH S NodeList A
VR—=T 2= ADZEDO—HITT, )

3.3.1 EXNBHREZIAX

object. __new__(cls[, ])

FIZFFAIRNENT WA DT, BHRIIICEHIIX Y v REEFTTA2HEEIH D FRA). 4 YRRV ARERK
THEIBERINTVWE I IRZE-FIRICEDET, RDDFBEA T bDaryX b5 720K
(7 ADMIHLX) KEEINET, __new _ O DEDVEEIHLVWATS 27 DAL VAKXV R (BEIR

cls DA VARV R) TRIFUUIRD EHA,

75 R cls DFLWA VAR Y RZEL 72D ENT T, __new _ O IFFHHIXY v FT(ZDXY v

WIS TIE, 7 7 ROl YRR R BHT % & 2121E super O .__new__(cls[, ...]1) &
YIRS BEIRELTA—RT FAD __new _ () XV v FEIFIH L, FiTERSINTA VAKX Y RIZ
EREEEMA THHBRLET,

L __new (OB ATIc7 POERPIIETIHEIN, cls DA VAKXV RAZRLEEEICIE
__init__(self[, ...]1) DX LTHLWVA YRRV AD __dnit__ () PFFECHIAET, 2D
&, self IHICERINTA VAR VAT, BOOFIEIEA T =7 bav A o 7 RICEI N5 1H
ERLCIZRED T,

_new_ ()W cls DA VARV RABIREILVIGE, A VARXRYAD __dnit__ () XY v FEMHUHIAFE
Ao

__new _ O OXERHAINE, EEREERA (int, str, tuple 2Y) OF T2 FRTA ¥ ARV REREH A X
SARXTBILRHBDET, $foy V7 IRERENRZVAXT B0, AARLDARYZ T AT XK
A—N—F 4 RENET,

object.__init__ (self[, ] )

AVRARYAW (__new _ O IZ&->T) ERZ LB, ZAPEEH LITIGRE NS IH I E T,
GIEBE 7 7 2A0a YA 572 CELLSDTT, BRI SR ZOIRES Z AN T __init__ ()
XYy REFEOGAE, IREZFRAD __dinit__ () XYV v RIFRIKZ Z 2D __init__ () XV v FEARH
WIEH LT 4 Y AR Y RADEIK Y 7 AE@EYNCHIL s 2 REEL R TR D $H8 AL fi
ZIX, super O .__init__([args...]) o

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

1l rai ] 16 50 by 1ol he behavior £l . llab]
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_new _ (O & __dnit__ O WREHELTAIT I VEMKT 2 (__new _ O DMEK L. __init__ () 2%
NENARAXTZ) DT, __init__() 2»5HIF None EZIRLTIIWIFTERA; Z5LTLES &, &
fTRAIZ TypeError SEHEINTLEVWE T,

object.__del__(self)

A VARV APHREIND L ZWCHTHEINET, TUET7 74 F 745 (BYITIED D EHAD)
FRANI 7R BMPEINE T, BEZ FAD __del__ (O XAV vy FEH-TVWBIHAR REZ 72D
_del__ () XY v RiEfMThAN, BEEIZFIAD  del () XYV v FEHRINICFESHELT, £ 2RV
ADEED A5 THLA LHEFEICHIFR LR TER D £ A,

_del__ O AV Y FAWRLEIS ELTWVEA YRRV ZANDH LWBIHEED, BEREZXELED I LI
(HRINAZVWHOD) AIETT, ZhEA TP b 1BF v MEhET, EELLA T =7 M HE
WEXNZERNC __del__ () PIEFHEINEHE D DIFEEKEFTT; BHED CPython OFEIETIXEY]
D—E L PO HENAFEE A,

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

exits.

AMR: del x FEHE x.__del__ (O ZMUHLERA —HiE T x DBEITYV 2 1 DL L. BER
x DBBAIT B0 FTEDRLEZDANRTHEINE T,

CPython RZEDEHM: 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 EV2a—LDFFaXrh,

BE: XYy P __del__ O BALKEBRKNTHIHE NS 720D, EITHIHAE L AR S,
KO DIT sys.stderr WEEPRREINE T, Fc:

o __del__ ()& EEOa—FPEFTINTVE L ERL, TEOAL Y FRALNUHEE T,
__del__ ()T, By Z%EW-o7h, 70w 732V Y—RERUHLED TI2LERHIHE.
__del__ () OF T bHMENiza—FRickd, 20V Y —2ApBUCHGEhTNT, Ty
Fay 7R E200 LNAFER A

o _del__ODF. AVYRTVRDY vy bRYVHIZFTTEET, o T, (fOEY 2—0L3
Boiz) 7 RARTZREND D 70— NOVERZ T TICHIFRE ATV S %2, None IZRE S
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TW3hH LNEEA, Python 13, B—D7 VX —Ra7 THEILETD 2 — Lt 7Y«
7 M, o e — o OVEBDHIRINZANCEY 2 — A HHIRINE Z e 2RAEL 3 £
DX 57— N AVERANOMD S DBRBTFELBRVEE. __del__ () XV v RBFINT

FRT, A VR ENEEY 2 - ADREEHNHARETDH 2 2 L 2RAET 2 DITKILOHD D L
NEEA,

object.__repr__(self)

repr ) MHARAHLBEEIC L > TREOHEN, 7V 27 v ERT RARD (official)) XFHEFHEL 55
AlRER &, AT GEVIRIREN G Z 6 0hR) ACEOA 79 27 b 2HAEKRT 20X 5. AR
Python KO LS5 R bDTHEINETT, TERWVWAED, <...some useful description...> JEADX
FHDPIREINBERNETT, ROVBEEXFINA T 27 b THRINEED ERA, 2T AP __repr__ (O %
EFELTOVT __str__ O WFERBLTVWARINUE, 207 F7ADA Y AEZ Y AD TIERKD (informal) ) X
FHIRBMNER I N2 22D __repr__ O DMEDIET,

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 ”informal”

or nicely printable string representation of an object. The return value must be a string object.

__str__ (O PAMK Python RILEZRIT ZeBHAMFINBVEWVWI [T, TDRXY v i object.
__repr__ () YIZEZDFET: XO@EMLR, FLEEEARAERFERTA N TEET,

FHAAARL object ICX » TEREIN/ZT 7 4V M FEEIZ, object.__repr _ () ZFEFHELE 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 () #AAABEE, T HWE 74—y FEAXFIU T I OFHi. str.format() XYV v
FIZkoTHHUHER, A7 227 D " 74 —<v MLz (formatted)” XFHIRBEED 3,
format_spec BIEUZ, DER T+ —~<v MbATY a v O EELXXFEHTT, format_spec 515 DfiE
BUZ. __format__ () ZFEEFTZHNCEID FTH, IFLAY DY 7 RAFMAAADNTNPITT +—<
MERRELED, A& R 74—~y Med 7T a U HEXERVE T,

BUED 7 + —= v MEXDOfFFENL. formatspec ZBHL T X W,
ROEEXXTFIA 7Y =7 b ThRINUIR D A,

N—=Yay 34 TEHE: ETROWXFEIPEINZEGEE object HH D  format XYV v Fik
TypeError ZXMH L E3,
3.3. SHAYVY R4 49
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N—=Y 3 3.7 TEHE: object.__format__(x, '') I& format(str(x), '') TIE#i< str(x) &Zffi
&:z’oc D i l./?‘:o

object.__1t__(self, other)
object.__le__(self, other)
object.__eq__(self, other)
object.__ne__(self, other)
object.__gt__(self, other)
object.__ge__(self, other)

InBiEwbw s ” JLRE (rich comparison)” XY v RTF, AT VRILE XY v RAOXIGI
UTo@EHTE: x<y & x.__1t__(y) ZMFHLET; x<=y 13 x.__le__(y) ZHEFHL E£7; x==y 1
x.__eq__(y) ZMUAHLET; x!'=y & x.__ne__(y) ZMFHLET; x>y & x.__gt__(y) ZMFHL
F9; o=y & x.__ge__(y) ZMUHLET,

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

determine if the result is true or false.

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

functools.total_ordering().

HARXRLDHEEE P R—FLTWT, HFEOF—MFES LW TEL Ny argg A7 =2 M 21E
ZYEDBEBERERLICOWVWT,  _hash. ) DEFa XY FAREIPNTVWEDTHBL TLE X,

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

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

) -

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

are their own reflection. If the operands are of different types, and the right operand’s type is a direct
or indirect subclass of the left operand’s type, the reflected method of the right operand has priority,

otherwise the left operand’s method has priority. Virtual subclassing is not considered.

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

will fall back to is and is not, respectively.

object.__hash__(self)

#AIAAD hash() BIRR. set, frozenset, dict DL S BNy v akfliofzalL 7 a VAIOBERITNK
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TEAREP S ENE T, __hash__ () XV v FIREBEZRSZFUILD FEA, TOXY v FiZdh
BRMEIR, HBRRPIFELWA T =27 PVERIC Y Y 2 fER2RDOe WS 8T, A 79 =7 b 2R
TR ETHHNHINGERZ X T NCEHD Ty ¥ afHZdtH T2 28T, ZRZNOERED Ny ¥ 2 fd
ZRAETHILEBTIOLET,

def __hash__(self):

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

FRR: hashQ) BAT7Y =2 MHED __hash__ () XY v FHIRF{EZ Py_ssize_t OH¥ A XIZHIDFE
HET, TAUX 64-bit TEILFENTWVWDE 8 N4 MT, 32-bit TEALFENTVWD L 4 X1 FTY,
FT7Ix7 D __hash__ () BEKL D bit A4 DN FTRAMENDBETH 25851, BTETOY
RA—=1FFT2LNLRD bit lEE2F =y 7 LTLEIWV, 257 587277 python -¢ "import sys;
print(sys.hash_info.width)" ZE{T73% Z ¥ T,

IIAD __eq (O AV v FEERBLTVWRWVWIRS, __hash__ () XYy FHERLTIIRDERA; 75
AN __eq () BERLTWVTS __hash__ () ZEBLTOVRVERL, ZOA Y AR Y RiI Ny ¥ 27]HE
AL avDBRIBELLTUHEIAERA, VIADBI2a—RINRI T2 b EEFRLTED., __eq _ 0O
XYy FREELLTWERO, __hash__ () ZERLTEZRD EFEA, T Ny am[gg arrya
VOEBEZBNTF DNy Y2l A 32— K TNTHEIHEREINTVWEHNHTT (XA 7V b
DNy Y BRI T B, #o72 Yy > 2357 Y: hash bucket IZA>TLEVWET),

User-defined classes have __eq__ () and __hash__ () methods by default; with them, all objects com-
pare 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 EA—=N=F4 FLTWT __hash__() ZERLTVRNVST F AT, __hash__ () 1ZIFEEM
IZ None ICHEENE T, 7T AD __hash__() XY v FH3 None DH, £DTFADA Y ARV AD
Ny Y a@EEFGL &S &3 2 il TypeError A3£H| X241, isinstance(obj, collections.abc.
Hashable) TFxz v 72Ny Y afERDDE LTIEL CBMENE T,

_eq O BF=—N=FA R LI IADPEITADSD __hash__ () O EERRERELI-WER S, BHRE
!Z __hash__ = <ParentClass>.__hash__ Z&ET BRI LT, ThE A4 V27 REABRFIRD
FE Ao

_eq O RA—N=FAFLTOVRVWI IZARNy Yayd K- 2 LI-0WEE. 77 AEHRIC
__hash__ = None 2&®HTLFEW, 77 XAHGTHH/RIMIZ TypeError ik § % __hash__ () BER
35 ¥, isinstance(obj, collections.abc.Hashable) MEUMH L TiR-> T oy ¥ aA[REL #BIE N5
TLzx9,

FR: T AN TR TN AL MO __hash__ O EIETFRIAATEER 5 > X AHT 7 YL R Eh
E3, Ny Y2 fEHIZHEMO Python 70t AN TITERTH D Fild £ 305, Python Z#E DR UESNT % H

3.3.
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W2, FHITERLSARD £,

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 Y2 BOEEIZ, BEDA T L= a VIEFIZEEL 3, Python X ZOIEFMIFZRIEL TV EE
A (Z L CHE 32-bit & 64-bit DI THELD 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__(), all its instances are

considered true.

332 BMET7 IV ERZEHRARIAIXTS

MFDXY Y FEERLT. 7I7AL VARV ANDEET 7€ R ((x.name OffiH. x.name ~DfUA. x.name
DHIFR) OBMKZ WARA X T 5 ENTEEXT,

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)

IJIADA VAR YAINT BN T 7R e RET L0, BEFIFECHEINET, 75 XH
__getattr__ () BERLTWVWBIFEA, __getattr _ () &, __getattribute__ () THIRINCMEIH T
. AttributeError BN EEHLAZWVEDMEhERA, TOXY vy FiX FrEIN) BHEZERS 2,
AttributeError A ZEH L ET, ZDXY vy ROHFINICERZ S FIHINTLES DE[ 728,
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HLEOBIIXF I, BDERBHETAD7 7 AT, flZIX object.__getattribute__(self, name)
DEIWEES FADRXY v FEEUEMEAZME > THEOH I RIFUIRD TE A,

EFR: 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.

Fx a2V T4 1CBHB L7 obj ¥ name L TD object.__getattr__ Zfo72EBHE7 7R3 &
HARY N ZEHLET,

object.__setattr__(self, name, value)

BHEORAD A SN UH I NE T, ZAUTEFEORADME (ThbBE. 4 VARV AFFEAD
EORA) ofb D I ENE T, name FEHEH T, value ZZDEMEITRAT 2ETT,

__setattr__ () ODHFTA YRR ZABUANDODRADBDELRS, BHREZSRADINEFICALFHDOAY v F%E
MOHX I ) 8 A, flZI1X, object.__setattr__(self, name, value) ¥ L E7,

X2V T 412D B L57 obj & name ¥ value ZIE L TD object.__setattr__ o@D 7
AT EEARY N ZEHLET,

object.__delattr__(self, name)

__setattr__ O BTV ETH, RATERZEOHIFFREZITVWE ST, ZOX Yy FEFEETLZDIE, &7
Yz MT¥ 5T del obj.name HEMDIDH 2 HEIFITLRIFIUILRD FEA,

FxF a2V T4 DB L57% obj ¥ name ZFELTD object.__getattr__ Zffio 7B DHIFRIE B
ARV BEHLET,

object.__dir__(self)

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

iterable to a list and sorts it.

EJVa-IDODBRYET VLR ZHREIA1XT S

Rk R0 __getattr__ ¥ __dir__ b, TV 2 —VEUADT 7R ENRAZIAXTEDIMHZET, €
Ja—LNLD __getattr__ BIBUIEMNSATH S 1 51BEZIIMD ., FHHE L fE%ZR 3D AttributeError
PEHLET, BEDPE S 2-AF 7027 W5, BEDOMEK. DFED object.__getattribute__ () THAT
DB o TG E, AttributeError 2T AHIIC, £ 2 — D __dict__ » 5 __getattr__ MR X
Nxd, Ao 75E83. Z0BEBMHA TN, MRPEINE T,

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 VWKETDEY 2 —LOEE (BRI 0T 4 DRERE) DHRARTA ZADTDIT, EY a—LFT
Pz D __class__ BMHIC types.ModuleType DY 77 F ADNKETEE T, FIZIERDE S IR FT:
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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):
print(f'Setting {attr/t...')

super () . __setattr__(attr, value)

sys.modules[ name__]._ _class__ = VerboseModule

A TP a2—10D __getattr__ BEF LD __class__  ERELLZDLTH, BERDIDEEMET 71

A DEIDMEDN BB TS - Y 2—1D globals NDEHET7 7L RAE (EYV 22—V HAOaA—FhrbHEE
Y a—LD globals DB LTDH) EBEZITEH A

N—Tay 3.5 TEH: EVa—nLDOEMN _ class_ BEZAAFREICRZD T LT,
N—ay 3.7 TEM: __getattr__ TV a— @MY __dir__ Y 2 —E
BE:

PEP 562 - €2 a—J)L® __ getattr___ & __ dir__ £
Ya—ND __getattr__ BB L __dir__ BIEBDIHHA,

F A1) 73 (descriptor) DR

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

is the key of the property in the owner class’ __dict__.

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

FA—F =R (VIRABWET 7 LADFE) . VIADA VARV R (A VAR VRBWET 7R
7)) OEMEUSRICECH XN E T, instance ZB U TEBEER 7 72X T 5K, 7> 3 > D owner 5
B4 —F—2 7 RATF, owner BIBUTEN T 7R %L ZiX None TT,

ZDOXY vy RiE, BHEEAEHMEEIR T2, AttributeError At E2EH L E3,

PEP 252 1% __get__ O 31292 005 OM I LAJREA 7V 27 P TH DL ERLTVET,
Python OfAAALD TR 7V F I OHEREZ T HR— P LTOVWETH, ¥— F =7 18-y —1oHic
BH D5 ELEYT25DbHD T, Python D __getattribute () FEIDENE S D ICHD
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53, MTO58ZHICHELET,

object.__set__(self, instance, value)

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

__set__ () HBWVIE __delete__ () BBIMTZ L, TRZVIFSRE F—XRTFRAI7 VTR XEDbLY F
o i TRV TAOFUVHL 22U TLEE W,

object.__delete__(self, instance)

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

object.__objclass__

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

methods that are implemented in C).

TRV T2DOFUHL

=TT RV TR, Rk 7 REICBE S 2 811F (binding behaviour)” 2 $ 20X 7Y 2 7 MEMEDOZ T
3o TARAZ VT RIZ, TRZYFXTa Al (descriptor protocol) DX Y v F: __get__ (), __set__(), B&
O __delete__ () 2ffioT, BT 7R %EF—N=F 4L FLTWVWBEHDTT, ZNOHDAXY v FOWTRLH
AT MWL TEREINTVEIEE, ATV VITRZ VTSR THLEVVET,

BT 22 ADFT 7 AN OEER AT 27 P ORFEPSEEZMDE LD EEZRE LD HIFRLZZD T 5
EWVSHDTT, PIZIR a.x KEXZEMDOMEBTIE. £3 a.__dict__['x'] . RIT type(a).__dict__['x']
. ZLT type(a) DIIEY T RATRARZ FATRVDDITH ., Loz BEEICHEMIR D T,

UL L. MBENROMED, TRAIZVTEZXY Y FOWTHLEERLTVWE ATV 27 b THIUX, Python &7
T AN POEHEE L —N=F4 RLT, RODITAZVTEZXY v REMHUHLET, LhodEHoFO T
TRIZVTRZXYy FRMRUHINEZ DL, EDOTRIZVTRZXY v RRERINTVT, YO LS IFTHIN
TePITHTFE L E T,

FTARAZVTEZECHLOEL L R 2D, BEANOHFE (binding) . $48bDH a.x TT, 5B EDLI T
A7) FRIFEGEINZI DI a ITHRELXT:

EEMUH L (Direct Call) HE'i
HHMT, ool VIR LEEIEX. a— FHRTEETRAZVTEXXY v FORFHL:
x.__get__(a) ZIT22WVHIHDTT,

128> AR (Instance Binding) *
T2 M VARV AANKE T2 2 a.x EUCHL type(a). _dict__['x']l._ _get_ (a, type(a))
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WA T T,

25 ZF#@ (Class Binding) Z
FANHHET 2, A x I U A.__dict__['x'].__get__(None, A) IZE#INET,

super & (Super Binding)

super(A, a).x DEIKRFy 2ozl y 7w T a.__class__.__mro__ 2R L T, A DHID
I RABEFEITHL, B.__dict__['x'].__get__(a, A) ZRLET, bLTRIZ VX THINL x
PEEEFTITGRLET,

For instance bindings, the precedence of descriptor invocation depends on which descriptor methods are
defined. A descriptor can define any combination of __get__ (), __set__ () and __delete__ (). If it does
not define __get__(), then accessing the attribute will return the descriptor object itself unless there is a

value in the object’s instance dictionary. If the descriptor defines __set__() and/or __delete__(), it is

a data descriptor; if it defines neither, it is a non-data descriptor. Normally, data descriptors define both
__get__() and __set__(Q), while non-data descriptors have just the __get__() method. Data descriptors
with __get__() and __set__() (and/or __delete__()) defined always override a redefinition in an instance

dictionary. In contrast, non-data descriptors can be overridden by instances.

(@staticmethod % @classmethod Z&{p) Python XY v RiX, IEFT—X TRV X LTEEINTVE
To ZOKER, A VARV ATERAY v FEHERLEDA—N=F 4 FTEET, 2O LIZLD, fdxDA >
ARYADFE LT FZADMDA Y ARV AL EVCRL 22T 2 2N TEET,

property () BIBUIT —X TRV TR LTHEINTVET, MoT, A YAX Y REH 2 T v T 1 OEIE
A —N—F A4 FFTHIENTEEEA,

slots

_slots RS &L (FRATADESE) Fo XAV SEBIRINCER Ly (WRIGIZ __slots_ THEL
TWEDPHEZ 7 RACTFELTOWE2TRWVWIRD) __dict__ ® _ weakref  ZERLBVEIICTEET,

__dict__ 2SS DICHART, SN TE 2 XEYZE/EZD2ZDKENTT, BHEERDOAVY—Fy A ETE
£,

object.__slots__

ZDTITAEEINE, A VAR VADPHCWBERGERT, XFH, AT 770, REXFHNOS—r >
2ERATEET,  slots 13, B4 VAX Y RN L TES INLELRICRE R BB R L.
__dict__ ¥ _ weakref D EHBIMNICERINZVEIICLET,

Notes on using ___ slots _ :

o slots  EFREBRVWIIADPLMWEKTEEE, A VARV AD __dict__ JgEY _ wedkref B
WEEIWCHIFARRET T,

o _dict__ EEDRWVIGE.  slots  WHIBEINTORWHIELREREA VAR ARATZ I X
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TEFEHA, FIBINTORVWERZEH > TRAL XS & LEA, AttributeError AEHINE T,
iR EBREENCRALZVWORS,  slots RESTAHBIC ' __dict_ ' BEREZDY —7 v R
B TL7ZE W,

_ slots  BEBLTVB I IADEA VAR AT weakref  BEDBBROIBE, 4V AZ 2 225
T 5592 (weak references) I3V R—FEINFEHA, WEROYR— MBRBERS, _ slots  %®EH
ST BHBRIC ' __weakref__' EEBH DI —F Y RIZEIMLTLZX W,

_ slots  F. T ADULRATEERICH TS TRV TR 2o THREXNET, ZORBE.
_ slots WERINTWVWEAL VAR VABEDT 7 L MEIZZ 7 AW E2FH - TRETERL KT
WET; 25 LR0VE, TRIZIVIFRICELZRAZ S AEEREEZLTLES 5T,

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).

H2B7TAT, HEZ FRATTTCRERIN TSR0y M EERLIGA, BEZ 72028y M TER
ENTVEA VARV RZERZ (TARAZ Y T RE2EIES 7 A0 HEHZEIIGLIRWVIRD) 772 A TERLR
DET, ZHICED., 777 LDBEPRECK>TLEVE T, FRIZ. ZORERBT 2720115
POF v ZBEMENE2S LAER A,

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

B DOZRa Yy b ROBI 7R loT ZEMK IITEEITE, Ay P TERIALEEZ OB
77 AF 1 DORRoNET (fMOHKKZ 72D 21y MEETRIFNUIRD FBA) - TRKERKT S &
TypeError X SN E T,

L slots WML TATL—% 2HHT2L. A 7L —XDMHEI LI TRV T MEbhE T,
L2L. _ slots B TL—RERDET,
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333 VS REFZEHREIALITH

TIAPMUD T T A EWAT B ZIWCHT, I IAD _ dnit_subclass__ () BEUOHINE T, THEFHT

2o, VTV TADEELEETZ 7 7 AREL LN TEET, ZHUEX Z77ATaL—Xe e THRLIPTY
FID, IIRTAL XD, FRBHEHINLRED Y 7 AICDOAIFHET 2 DI LT, __init_subclass__
Z. dolES. ZORXY Y REERLEZ ZRADFROY T2 7 ACHEBAINE T,

classmethod object.__init_subclass__(cls)

ZDXY v R, ZRDERINZT 7 ADMEINTZBICHITFERHENE T, cs 3HLWVWE T2 52
TTe DLy TOXY Y RWA VARV ARXY vy R LTERIND ., BRI FTAXY v RITEHLX
nNEJ,

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

For compatibility with other classes using __init_subclass__, one should take out the needed key-

—_—)

word arguments and pass the others over to the base class, as in:

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

cls.default_name = default_name

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

pass

object.__init_subclass__ D7 7 4 /L M EEIAMDITVERAD, [A5H2D58 L & b ITHTH XN
BEE. T —2EHLED,

AR: XX FRADe ¥ b metaclass 35D ORIBERIC X > TIHE X4, __init_subclass__ FEEITHE

XNZZrEHY EHA, EBOXAXY 52 (HFEMAL Y FTEKL) 13, type(cls) ¥ LT7 7 &R T
EET,

N—3 g v 3.6 TEM.

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—2 kb7 7R owner BMERZIN-REE THBMICHUHINE T, A 7027 NEZDI T RD
name WZEID B THNET,

class A:

x = C() # Automatically calls: z.__set_name__(4, 'z')
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If the class variable is assigned after the class is created, __set_name__ () will not be called automat-

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

class A:
pass
c=CO
A.x =c # The hook is mnot called
c.__set_name__(A, 'x') # Manually invoke the hook

Al VS ZAF T DR B L T W,

N— a v 3.6 TEM.

ARUSR

T 74N PTIE, 7 7RI type ) o THEREINE T, 7 7 ARKIETH LOWERTZE[TEITEN. 77 24D
type(name, bases, namespace) DFEFRIZT — AR I N E T,

I IAERT ORI ARIAXTEE T, ZODICIET 7 AEFRITT netaclass ¥F—V— FEHEE T
M. ZDXIRGIEEERITCEUOMED 7 A2 MA L £, RXOFIT MyClass & MySubclass (Filif5 & %
Meta DA VARV ATT:

class Meta(type):

pass

class MyClass(metaclass=Meta):

pass

class MySubclass(MyClass):

pass

7 5 ZAEBROPTHE S NMDF — 7 — F5IHIE, BABTEITNTOX XY I 2RECEINE T,
7 5 REBHPFTEINBZBIC, LIRORT v IHET 5

¢ MRO x> bV ORRA THONS;

o HUIZRARZ I ANRESNG;

o 77 ADAHIZEMMBERE NS,

o VI RADEKEMBEITENS;

o« VIRXTV U MHELND,
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MRO I kU Dfi#R

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.

WA S ZADRE
75 AERIIH LU CTEY A&7 5 20%, UFO XS CRESINE T
o HEDIHRINBEALZXT I ZXHHZ5NTOVIRWESIE, type) LN E T,

o BRIIZA X2 5 ZAHERERTVT, 208 type) DA Y ZAZX Y2 TRABW BE, ZhEAXY 52
L LUCTEEEVWET;

o R X Z2Z 522 LT type() DA Y AR Y ADEZ olzh, BREFNERERINATVWEEEIE. KD
IRAE L7z (RBGRTRD FTO) XX 7 7 ZAM3MEbNE T,

BHIRENRRX 2252, (b LHIUD) BRIMICEESNEA X2 52, EESHETRTOR—R2 5 2
DRARY 5 2 BRENE T, BBIENEA R 5 2E, THEDRXRY 5 AEROTRTOY 7 X4 FTHS
E53%bDTT, X225 REMO LD ZDHER - S ZIFAUL. 2 5 RERIE TypeError TREL T,

77 2D %EIZEE D%

BEI X R 7 I 2APEESIND 8, 77 ADEHEMPHARINET, bLRXRXRT T RN __prepare__ EMHER
o TWBHE, namespace = metaclass.__prepare__(name, bases, **kwds) 2SWHINF T, BIMDF—
V—F58E, L7 IREBRICHODNIRESINE T, __prepare__ XAV Y R IFAAXY YR & UTHERET

ZRNENDHD FF, __prepare__ PMEMR LU TGRLUZAFZERIE __new__ WEINF TV, BEAKRIIRAT
Pz MIH LW dict ICav¥— L TEREINE T,

RXRT 5 A __prepare__ BHDBZWEE, 7 7 ADARIEBIEIZED EFEfHME~vy 7 LTk h
9,
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BE:

PEP 3115 - Metaclasses in Python 3000
__prepare__ HHiZEM 7 v 7 DEA

75 AKBDORIT

7 AKIED (RED1ITIE) exec(body, globals(), namespace) & L THITEINE T, @HOMUIHL L
exec() DEEREWIE, 7 I RAERPEBAT TITONIHE. LIFO LRI -FITLXoTI 7 ARK (R
DAYy REBY) PEEDRAT—-T MDA 2 =T o801 2SI TEL 20 RTT,

Ll 77 RERDPEBAETITONIRTEI R, 77 ARG TERSINTZX Y vy NlZT FAR - TEHRS
NEZHERZ LI TEEIHA, VIAZHEA VARV ARV 9 R TARXY v ROBRAIDRT A — X »
57 7% RT 50 ROHITHIAT 2. BRI R a— 26 Tw5 __class__ Z» 6778 A LR
FAUIR D £E A

VSRFTS T FDIERL

I IARMKDETIC L > TI 7 RDOLRIZEBMBHIIL X N7z 5, metaclass(name, bases, namespace,
xxkwds) FIEUHT I TIZIRAF T2 7 PHBEREINET (ZZTEINZEMDF -7 — FiX
__prepare__ IZEINZHDEFRILTT),

DI IARFTTY =7 NI, super() DESIBERICE > TBREINZDDTT, __class__ 1. 7 7 AKKH
DAY v W __class__ £721d super DVWIT N EBR LTV ARIHEIL. 284 12X o TIERE L 2 EER
Dr7u—Y ¥ =TT, ZHE XYy FIZEINLROFIEICHE SV THREDIF I LTS DI HH S
NBTTRAEREFA VAR ARSI NE—T7, super() DEFIEIHALL FH VR —FIZHIOTERE
ENTW2E Y 7 AZIERIZEHEIS 2 Z L ZATREIC L 95

CPython RED#: CPython 3.6 LIETIX, __class__ ®iE, 7 7 ALHIEMICH S __classcell__ T
VRV LTARIFRICEEINE T, _class__ BADBEELTWEGEEIZ. 2027 7 ZAMWIEL L WL X

N30, type.__new__ OMUHLICEET 2 FT it Ed, KBELZEAEIE Python 3.8 Tl
RuntimeError &/ F3,

T 74N EDRAERT TR type RERMAINIL type.__new__ ZFUHIT XX 5 X2 FoT0WHRE XX, 7T R
A7 27 bERERLIZRICRO D A X MEOFIEREI XN F3:

1) type.__new__ XY v KA __set_name__ () BEBRINTWVSZ 7 ADAFZEMICH 22 TOREMELINE
LES;

2) ZN6D __set_name__ XYV v FH, ZDXY vy FRERSNTWE I 7R, BLUZIET BN
DL ToN TV HRETZGIE LTSN ET;

3) LW ZZADAY v FRIIEF TS < LICMET 282 5 AT __init_subclass__ () 7 v 7D
SNET,
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IIARF T 27 FIMEREI NIRRT, 7 IRAERICEENTVWEZIATaAL—& (bLHIUR) IT7 FRA
TV MBEIN, TAL—XPRT ATV PRI I TERINSEZ IR LT — BV DGFTZERICH
EEhxd,

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
BROD __class__ 70— X BRICOVTEHABLTWET

bt

XRY S ZDRE&E
XRS5 2B R NBENAAMEZ > TwET, ThETRINTELETA T 7 FIEEA o 75,

AVER=T2—ADF v, BEIFVr—>ay, BEiZu X742 EK, nxsy, 7V—2v—27, ZLTH
Fyy—2uy 7 /HrWwo723005 D F3,

334 AVRAVADAREIIAREY T IS RAFT VY

KUTDOXY v FIZMHAAABEE isinstance() ¥ issubclass() DF 7 L FOEIEE FEZITZ2DICHAHL
N

FFIZ, abc.ABCMeta X X 7 7 A%, HREIKZ 7 X (ABCs) %7 RIAKEJE S 7 R (virtual base classes)” & LT,
> ABC % &1, EEDZ 5 2% (HlAAAEE D) BISENT 37251, CABORY v FEEELTL
S

class.__instancecheck__(self, instance)
instance B (E#E, FIIMBEND) class DA VAR VAL EZEZHNBHEIT true ZIRL X T, EFEEH
TWwWiuZ, isinstance(instance, class) DEHDEDICMIHINE T,
class.__subclasscheck__(self, subclass)
subclass 73 (E#E, EFHBENIC) class DY T 7 TR EZBLNBEGEIT true ZIRLE T, EREINT
WL, issubclass(subclass, class) OFEED=ZDIIFFFHINE T,

BB, INHEDXY v RiZ, Z7ADR (XZ7FR) LTRBEINET, EEDZFRAICITFAXY v e LT
ERTDHILRTEEFRA, I A VYRRV AZFNAEN I A THE ZDHEEITDA, 4 VAR KN
HEXNIEHEXY vy FORMEBr—EHLTVET,

BE.:

PEP 3119 - HIREEIZ S ADEA

Includes the specification for customizing isinstance() and issubclass() behavior through
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__instancecheck__ () and __subclasscheck__ (), with motivation for this functionality in the

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

335 PxxUyIBEIZIaL—+TB

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

are of type int.
BE:

PEP 484 - B> +

Introducing Python’s framework for type annotations

Generic Alias Types

Documentation for objects representing parameterized generic classes

Generics, user-defined generics and typing.Generic ES
TRICS I X — ZREDAIRETH D DO F = v H—DHRETEE 23V v 7 7 TR FEET S
FEDRF 2 XY T,

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

classmethod object.__class_getitem__(cls, key)

key \CH MG CRIRMLE N 22V v I I FRRRT ATV =7 FRIRLE T,

When defined on a class, __class_getitem__() is automatically a class method. As such, there is no

need for it to be decorated with @classmethod when it is defined.

The purpose of ___class__getitem__

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

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

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

__class_getitem__().

Custom implementations of __class_getitem_ _ () on classes defined outside of the standard library may
not be understood by third-party type-checkers such as mypy. Using __class_getitem__() on any class for

purposes other than type hinting is discouraged.
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__class_getitem___ versus ___getitem__

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

if it is properly defined.

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

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

from inspect import isclass

def subscribe(obj, x):

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

class_of_obj = type(obj)

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

return class_of_obj.__getitem__(obj, x)

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

return obj.__class_getitem__(x)

# Else, Tatse an exception
else:
raise TypeError(

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

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

__class_getitem__ () being called:

>>> # list has class "type" as its metaclass, like most classes:
>>> type(list)
<class 'type'>
>>> type(dict) == type(list) == type(tuple) == type(str) == type(bytes)
True
>>> # "lgist[int]" calls "list.__class_getitem__ (int)"
>>> list[int]
list[int]
>>> # list.__class_getitem__ returns a GenericAlias object:
(KDR=212%i<)
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RDR—I 2B DHE)
>>> type(list[int])

<class 'types.GenericAlias'>

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

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

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

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

BACON = 'bacon'

>>> # Enum classes have a custom metaclass:

>>> type (Menu)

<class 'enum.EnumMeta'>

>>> # EnumlMeta defines __getitem__,

>>> # so __class_getitem__ s mot called,

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

<Menu.SPAM: 'spam'>

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

<enum 'Menu'>

2E:

PEP 560 - typing EZa—IILeSP xR Uy IBICHT R EREIATICLZHR—
Introducing __class_getitem__ (), and outlining when a  subscription results in

__class_getitem__() being called instead of __getitem _ ()

3.3.6 MU LAIGEA TP/ 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, ...).
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33.7 AYF7F%ZIZal—F93

The following methods can be defined to implement container objects. Containers usually are sequences
(such as lists or tuples) or mappings (like dictionaries), but can represent other containers as well.
The first set of methods is used either to emulate a sequence or to emulate a mapping; the difference is that
for a sequence, the allowable keys should be the integers k for which 0 <= k < N where N is the length of
the sequence, or slice objects, which define a range of items. It is also recommended that mappings pro-
vide the methods keys (), values(), items(), get (), clear(), setdefault(), pop(), popitem(), copy(),
and update () behaving similar to those for Python’s standard dictionary objects. The collections.abc
module provides a MutableMapping abstract base class to help create those methods from a base set of
setitem__ ()

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

) —— ) ——

append (), count (), index(), extend(), insert (), pop(), remove (), reverse() and sort(), like Python
standard 1ist objects. Finally, sequence types should implement addition (meaning concatenation) and mul-
tiplication (meaning repetition) by defining the methods __add__ (), __radd__ (), __tadd__ (), __mul__ (),
__rmul__() and __imul__ () described below; they should not define other numerical operators. It is rec-
ommended that both mappings and sequences implement the __contains__ () method to allow efficient
use of the in operator; for mappings, in should search the mapping’s keys; for sequences, it should search
through the values. It is further recommended that both mappings and sequences implement the __iter__ ()

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

) ——

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

object.__len__(self)

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

zero is considered to be false in a Boolean context.

CPython R&ZE®D:#: In CPython, the length is required to be at most sys.maxsize. If the length is
larger than sys.maxsize some features (such as len()) may raise OverflowError. To prevent raising

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

object.__length_hint__(self)

Called to implement operator.length_hint(). Should return an estimated length for the object
(which may be greater or less than the actual length). The length must be an integer >= 0. The return
value may also be NotImplemented, which is treated the same as if the __length_hint__ method

didn’t exist at all. This method is purely an optimization and is never required for correctness.

N— g v 3.4 TEM.

FR: 25420 20F MUTD 3 XYy FIzko THHERNZITONE T, XD X 5 2ECH Ui

[a[1:2] =b
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KD ESICHREH

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

TRHEHETT, BELRVWAT A ZADEHEIZ None THDHNF T,

object.__getitem__(self, key)

Called to implement evaluation of self [key]. For sequence types, the accepted keys should be integers.
Optionally, they may support slice objects as well. Negative index support is also optional. If key
is of an inappropriate type, TypeError may be raised; if key is a value outside the set of indexes for
the sequence (after any special interpretation of negative values), IndexError should be raised. For

mapping types, if key is missing (not in the container), KeyError should be raised.

AR for V=TT =T Y RADKIHEZIEL ST E S X51ICF 572018, RIERA V7 7 ZITxt
LT IndexError SEHINZ DL TV E T,

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

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

object.__setitem__(self, key, value)
self [key] ITMNT 2RAZHET 27-DICMUIHINET, __getitem _ () LRCERFEIDTIXE
DET, ZORXY Y REFEETZZD1E, H5F-ICNTIHEOEELZYR—bLTWVE0, FihF—%
BIMTEZ X5~y 7OBEL, HEBERLBEMMALIENTELY—r Y ADHLERIFITT, FNER
key 1IXLTCTlE. __getitem _ () XYV v FeAROBIADEN ZITHRITIUIIRD £8 A,

object.__delitem__(self, key)

self [key] DHIBRZHEET 2 7-DICMOHEINE T, __getitem _ () EEUEEFEIDTIED £,
DRV y FRFRETELZDE, F—OHREZYR-—FLTWE~y TOgEL, BELZHIRTE> -7
VADGZEEF T, RIER key WX LTI, __getitem _ () XY v RrEFOHIINDEHEZITORITA
372D ¥ A

object.__missing__(self, key)
self [key] DFEHICBVWTHENIF —DBHELELRDP o HE I, dict DY 7753 2D7DIZ
dict.__getitem _ () WX X > THUIHEINE T,

object.__iter__(self)

DAYy BliE, ay7FINLT AT7L—4 PERINBICETHEINEST, ZOXYy FiE, av
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FTFHNDETDF TV 27 M- TRENHETE L X5, iR ATL—XA 7V 27 v RIS RITH
B0 FERA, v Y7 TI. VT FHNOF—ICE-> TR L 270Uz h 8 A,

object.__reversed__(self)

reversed () MARALBEBIFTAWMA T —> a Y E2EETZ DI, (FETUD) HUOHLES, av
TITNORERZZHIIA TL—1+F5, HLWVWATL—XZRITRETT,

__reversed__ () XY v FRPEBEINTVARWVWES, reversed() fHIAABEBUIX sequence 71 + av
(__len__ () & __getitem _()) ZBffio/HIRICT7 + =Ny 7 LET, sequence 710 k a)L%HKR—h
L7472 22 MA. reversed() & D DWBOVWWEELIRMETE 5 EICDA __reversed_ () %5
HTDINETT,

WilE 7 A MEET (in BEL not in) 1TBHE. 3T FOBERIINT I RELHEO X5 12HEINET, L
L. av7F+43 7927 bTUTORRXY v FEERL T, EOIERNREEETo2D, 7027 34 T
FINTHRLTHIVWEIICTEET,

object.__contains__(self, item)
JFE T R MEEREET 2 1-DICHINE T, item 2 self MIIFAET2HEICEEE, 25 ThW
BRIMBEREI BRI ERA, v T F TP 27 bDGE, HLF—EOMHTIERL, F—ITHT
DIFET A N EEZRFERD R A,

__contains__ () BEBLBVWATO 27 FITHL T ATy FPFAMEIES. _ diter () %ffio

ERIEZRAAZT, KITEHEWS —Fr Y 2ARETa hanr __getitem () BfFVWET, EELT7LYAD
COfi 2L TREW,

3.3.8 HMEEZITIaL—FT3

ROy REERLT, BEHA T 227 b2 IaL— T3 MNTETT, FMEOBEOBER TIIY
A=FENTORVWE S REFIINIET 2 XY v ¥ GEEROKEICNT 2y MEMEHER ) 13, REZEDF
FIIZLTBLRTNEIRZRD FH A,

object.__add__(self, other)

object.__sub__(self, other)

object.__mul__(self, other)
object.__matmul__(self, other)
object.__truediv__(self, other)
object.__floordiv__(self, other)
object.__mod__(self, other)
object.__divmod__(self, other)

object.__pow__(self, other[, modulo] )
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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(), ** <<, >> &, 7, |). 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 different types.** For

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

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

L | which is why the reflected method i led
3.3. HHAV YA 69



The Python Language Reference, 'J1)—X 3.11.13

instance, to evaluate the expression x - y, where y is an instance of a class that has an __rsub__ ()

method, type(y) .__rsub__(y, x) is called if type(x).__sub__(x, y) returns NotImplemented.

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

plicated).

AR AMOHEE TFORPEMOWEETOROY 77 IR THY, ZOVTI7FATHEAY v RiZ
HFBRERAY v BRI ZFEEPERIN TV EGEICE. AOBTEHE T OIS X Y v RTINS
AC. ZDXY y RRMEINE T, ZORBFBVICED, V77 IABOEBE A —N—-F L FFTBZ L
MEREICR D £9,

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

object.__ixor__(self, other)

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

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

but this behavior is in fact part of the data model.
object.__neg__(self)

object.__pos__(self)

object.__abs__(self)
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object.__invert__(self)

PEOOH U CHUHBRINTES (-, +, abs ) BXU ~) 2FEL£7,

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

FAABBEED complex(), int (), float () DFEEILMUHINF T, HULBOMEEIR X I IUuLiz
DEHA

object.__index__ (self)

IJJPUHj LT operator.index() #%%E L 3, Python 2fEA 7Y = 7 M 28EA TP = 7 MciERL

BT BRERDBHBE (2L ABAT A4S Y 7%, MAHABD bin() . hex() . oct () MIEK) I
HZUHjéﬁ’Li?o DXV FRDH2LZOBEATI =7 v BRBATHZ Z e I Ed, Bilor
BREBTUERD £ A

&L __ant__(), __float__(), __complez__ () DEBEINTVARWVWEE, HAAAEKD int(),
float(), complex() & __index__ () IT7 = Nv 7 LET,

object.__round__(self [, ndigits] )

object.__trunc__(self)

object.__floor__(self)

object.__ceil__ (self)

MHAAABEED round() ¥ math £ 22— LBIHD trunc(), floor(), ceil() DEIEMSMLIH XN
%9, ndigits 75 __round__(O) WKEINZVWRDIZ, TAS5DETDAY v P Integral (W TWIX
int) ICYIDEEDSNIA T =7 POEERTNETT,

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

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

339 with XAV 7FF AT R—T v

aAYTFRARY A= v (context manager) Eid. with XOFETRIC T VXA LAY T XA MRERT DA T
V7 bPTT, aVYTFAMIEZ—VxE, - 70y 7 2ETT DB ERAD OB XCH OO0z
PNFET, AV TFRAII2 =Y X IBH, with X (with X OFEEZZR) X OEHHINETH chdox
Yy RREHERCHET e TREITS I b TEET,

AVTFRA IR =Ty DREBOLFENT E LTE, AR — S UEROEREFEBIUEH, VY —RDRr v ¥
rrvvavr, 774D F—Freru—XRhERETLNET,

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

AVTFRAINTAFA =YY DDADATRITEINZMETT, with XIiE, XD as HICHEX N HEERT
DXy REMRUHELET,

object.__exit__(self, exc_type, exc_value, traceback)
AVTFAMIA=I Y DHOTETEINZMETT, RTRXA—KF, aVTFAIPKRTLERERRE 2o
BN OWTEHBAL TWE S, 273X MBI EENETHT LGSR, 2TD5Z8UC None 3
BESNET,

B L. PSSR S, 2oX Yy RHBISNZIIFHIL 72WEE (Tabb, MBS N2 D2l E70n

BE). TOXY v Fid True Z BITBEBRDHD T, ZITRINE ZOXAY v FORKRTE, fiIshida
WHEDIRET 22Tk £9,

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

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

3.3.10 VS ZANA—=2I vy FOMEF IBOARXRZIAL X

RE—2DOHFTY 724 %FHT 255, MBSIBIEZT 7+ F TEAIHTE £ A, MyClass THAIZ R —
P37V e | case MyClass(x, y) (ZEHEEMNTT, ZDXIRAX—V2FHT2I12E, _ match_args
BME 7 7 RTERT HHENRDD ET,

object.__match_args__

ZDT I RAEBICEAXFHND R TIIVNTH A VABET T, DT I ARY 5 ARE— DA ES IO TH|
Hahsr, 2hz2hOMEs I EIEIGT % _ match_args DHDEEZF—TV— RT3, F—U—
FEIBUCEHENE T, ZOBMELZVIE. O BPRESINTVWIDLRIETT,

il Z 1 ¥, b L MyClass.__match_args__ I ("left", "center", "right") DEZE I N TV L EHAE.
case MyClass(x, y) ¥ case MyClass(left=x, center=y) Y HFE T T, $&X — > D5 DKL,
___match_args DEZBEAEILZNUTFTRITINEZLBVWRICERLTLAEZ WL, L, 2ol
BEIE, Z =< v FIid TypeError ZEH L ¥ 35,

N— 3 v 3.10 TEN.
BE:

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

HARLDY T AT, FFEX Y v ROBEEROMOH LI, A 7927 DA VAR VAFFETERL, A 7927
FORITERINTWVWR L ZICDAELLIETZ Z MRS NE T, ZOFHEDH, LUITDa— FiEflszE
EHLE3:

>>> class C:
pass
>>> ¢ = C(O)
>>> c.__len__ = lambda: 5
>>> len(c)
Traceback (most recent call last):

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

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

ZOEWEOE R R AHHIE. __hash__ O & __repr_ _ () EWVWoltype A7V 27 b EFLIRTOLA TV =
I TCEBINTVARHAY y FIZHDET, TNHDXY vy ROBBROBRPNBEHEOMRE S ok 22 #o 7=
LA, type A7 =7 FEMKRIIH L TEITENZ Z2ICRKRLTLEVET:

>>> 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

TIADIEEAY v FEZDIIICLTEITL LS T35 Z i 'metaclass confusion’” LFEENZ Z L b D
D, FRAY Y FERRBTALZWEA VARV ABANAL AT R e CHEEXINE T

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

True

EEHEDTDIZA Y ARX VRAEME R F Yy TT2DITMAT, FEX Y v FRBIEIA T 27 bDRXX I 5 A%
GO T, __getattribute__ () XV v R ANA X LET:

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

>>> class C(object, metaclass=Meta):
def __len__(self):
return 10
(KDR=D12Hi<)
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(FIDR=I 5 DfEE)
def __getattribute__(*args):
print("Class getattribute invoked")
return object.__getattribute__(*args)
>>> ¢ = C(O)

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

Class getattribute invoked

10

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

10

>>> len(c) # Implicit lookup

10

ZDEIIT __getattribute__ () HEEEANA R FTEHZ LT, FEX Y v ROPWICHET 2 H2BREOHHE L
GIEHZIT (FRRA Y v FEA VX TV 06 —HLTHEITENL DI FAF TV =7 MZERE LeIThid
BHIHRW), 4 V&=V XE2@HET 27-DDRERRIMHIFICAD £F,

3.4 JI—F>

3.4.1 FHAIgEx 72 £ ¥ b (Awaitable Object)

awaitable A 7Y = 7 MI—INCIE __await__ () XV v FOREREINTVWET, async def FAEIIRT
Coroutine Z 7 7+ 3FEATRET T,

AM: types.coroutine() 7AL—XTT AL =X oMy = 1L —ZD5IRENDS generator iterator
FT7T =27 b ORFETRET T, __await__ O EFEEINTVERA,

object.__await__ (self)

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

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

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

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

—_—)

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

N— g > 3.5 TEML
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BE:

FEATRELT 7Y 2 7 MIZOWT X DFEEL K 1Z PEP 492 2L TL XV,

342 JIW—F>FTTxU k

Coroutine 772 TV b X awaitable A 7Y =27 b TFo __await__ () ZFFCH L. Z D& D EIZN U KIEL
Bed22eTar—FrOET2HETEES., a1—F Y OETHET LHEIHZREL L &, 4?v~&ﬁ
StopIteration X L. ZOHIID value BHIGR D EE R/ E T, ar—F UfsEEH LS
ATL=RIZEVEEWEINET, aL—F2h 5 Stoplteration FIANZIMIEHTRNETIED D £HA,

AN—=F NIRRT 2 A Yy FHHD, ZHHB Iz AL —RDXY v FALOHUTT (Pl —52-1
TL=XYyF Z2ZRLTIEIWV), ZEL, PR —&EES T, 2)V—F VIFREUHZ BRI R—
FLTWEEA,

N—Yar 352 TEHE: aL—F T2 ED F## (await) 35 & RuntimeError 72D 73,

coroutine.send (value)

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

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

coroutine.throw(value)

coroutine.throw(type[, value[7 tmceback] ])
AN—F Y THEINLANZE R LET, ZOX Yy Flid. A7V —RIal—F 2 —fEILT3
throw() XY v FRDH2GECNHEZELE T, £ TROVWEHEIE, T L2HE0 5 FI5 0K X
NET, R GBDED StopIteration 2 ZDMDHFISN) 1. ETHHLLD7R __await__ () DIED
fEIC L TRENUEETo /22 2L FELTY, st ar—F o THitE I hkhr o 256, MUt Lt
N Eh E T,

coroutine.close()

IN—FUBHTEHEOBRANIE LK T LET, al—F U —REELTWEEAIE, ar—Fr%—
FHEIE X B2A T L —RIZ close() XYy FPHIUR, FTEZNNCNEEZRELES, 2L T—KF1E
L7-#if5 5 GeneratorExit 2SI N, 7 bical—F UG EEORANIZITVWE T, Rk
12, ETHRmEI N TOWELoZGE TS, al— %/kiﬁﬁlmTLtEﬂ%ﬁ’ X

AN—F AT POWERIND L FIZE. FEROFIEZETHEIRICHE S E T,
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3.4.3 JEEHAr 7L —42 (Asynchronous lterator)

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

object.__aiter__(self)

HEHAATL—8 A 7Y 27 M 2RE L TIRD $8A,

object.__anext__(self)

AT LV—RDORDEZIRT FERIREA T I b ZIRSIRTFUIRD FH A, RIBUEIKT Lk i
I¥ StopAsyncIteration TJ —%ZEHITNETT,

JEFHAA T I F TP =7 F Dl

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— g > 3.5 TEML

N—a ¥ 3.7 TEH: Python 3.7 X D EITIE,
L7z

_aiter__ () X IEEERA T L —& 1272 % awaitable #IREE

Python 3.7 22 51&, __aiter _ O WFIEFRAA T L —X A7 27 b ERIRITNERD FHA, ZRLHDHD
%ZiR§ & TypeError 1272 D £,

3.4.4 JERHAO > THF XA Y R— v (Asynchronous Context Manager)

JEREAO Y THFARIYR—T 9 1E, __aenter__ XV v F¥ __aexit__ AV vy FHNETHEITEZ—KEILTE 3
AVFHR FIER—T ¥ T,

FEFRHa > 7 F A b2 =Y % 1d async with XOHFTHEZ F T,

object.__aenter__(self)

Semantically similar to __enter__ (), the only difference being that it must return an awaitable.
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object.__aexit__(self, exc_type, exc_wvalue, traceback)

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

FEFRI Y TFFRA 2= % 7 5 Z2DH:

class AsyncContextManager:

async def __aenter__(self):

await log('entering context')

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

await log('exiting context')

N— g > 3.5 TEM.

fix

3.4. JlL—F>

7







FOUR

HRITETIL

4.1 7075 LDWEE

Python 7025 2da— 7oy 2hofRENET, Tuv 2 (block) &, —2DFr:br LTHITFEINS
Python 70275 A7 XA FOMIF TS, £ 22—/, BEAKK, ZL T I7RAERIETay 7 THD, HFEHIC
ANENlLEADaAa< Y R TRy I TT, AZVT 7740 (A X =TY)RFEATT e LTEZ LN
D, AV XR=TFVRIZav Yy FIAL V5 LTERbNET 7 4L) ba—RKT7av /TS, A7V havy
R (A =TV RDaAa<vY R4V LT -c A7 aryTiREINTa~Y F) da—-K7ay 7 T3, 518 -n
ZHEALT, avY R34V by FLRNAVRZ YT (F8DBEY 2—)b __main__ ) E LTHEITSNSE
Ja—NbFELa-—RFTuy T, HAALBE eval() R exec() WWEINXFHEIBba—-FTuy r
TY,

a—-Fr7uay 7k, EfT7 VL —24 (execution frame) FTEITENET, ET 7L -1 (TAv Zifibi
%) BEEERPND 5N TVET, o BEOaA—F7uy ZOETHET LEERK, Y0X527v27 40
FTR M T 20EREL TVET,

4.2 &FiolF £ R (naming and binding)

4.2.1 BZEIDRE
LB (name) &, ATV =2 b EBELET, ANEEATSIE, AHAOFE (name binding) HIEETU
£,
IVENOL: S GREAY: IR L AR
« formal parameters to functions,
o VI RER,
o BIRUER,
o AR,
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e targets that are identifiers if occurring in an assignment:
— for loop header,

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

pattern matching,
— in a capture pattern in structural pattern matching
o import X.

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 CCHEE XN 2503, (del ORI, ERIZLHOM (unbind) TF2%) LB L. FEEAD
DY BBRENET,

RASZR import XidWihd, 77 ZAPEBER, TV 2— AL~V (by Tl a—KR7ay 7)) NTR
Zhxd,

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.

Tar 5 AT FRAMCARIBHEERT 27200, 204 LN TV RO NHIOBK T vy ZHTERE
7= /B (binding) Z > THRIOBEMITHOIE T,

4.2.2 ZAREIfER

A a—7 (scope) 1. 70y JHNOAFIDOARELZ RO E T, 0 —ANVEBPHZ2 70y JNTERINTWVWEY
B EBDRa—-T 30Ty r e EARET, BTy JNTHRIOEREITo725BE. Z20Hho 7wy 7H
HRNCHI DR EITORVIRED . ER TRy ZHOLTOT 0y 72 BB X5 IR a—TIPIRINE T,

Hr4HHa—F Ty JNTHEDNS &, ZOAFIZRGIEHEI OGS X577 R a—7 (&RMNA 32— nearest
enclosing scope) Zffio THEOBREZITVET, 25 LR a—=T0okR3, H5a—F7ny 7NTSRTE
B2RAa—TETOEAIZ. 7uv 7 DERE (environment) ¥ FHENE T,

ZHIDBEL RS2 5%k o722 i, NameError BB EHEINE T, RED R a—PEED D DT, &Hi
DEDLNBGI T — DB EEEICEE XN TV WSS, UnboundLocalError FIANANEH XN F T,
UnboundLocalError & NameError O+ 7 A T3,

HELHAB AR 7Ry JNDO Y ZHTHREREINTW S, 2078y JNTHEDNS ZOHNETNT, B
EDTHy 7ADZRE LTIRONET, 20D, H24HINBZEDTay JNTHEEWZHICHbIS T
S —IZokMND £, ZOHRANIBURT Y, Python IQEXESHRL, a—F7my 70 ¥ 2 TdAATHBERIEN
TEET, H2a—F70y7IBI2R—AVERE 70y 707X b &E»SAETREREZEE ST 5
L CHREXNE T, HliZ UnboundLocalError iZ2WT D FAQ JHH 2L TLZE W,
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If the global statement occurs within a block, all uses of the names specified in the statement refer to
the bindings of those names in the top-level namespace. Names are resolved in the top-level namespace by
searching the global namespace, i.e. the namespace of the module containing the code block, and the builtins
namespace, the namespace of the module builtins. The global namespace is searched first. If the names
are not found there, the builtins namespace is searched. The global statement must precede all uses of the

listed names.

global &, M7y 7 DFMIREL R LR a—T2Hb %57, »2HHERMDOKRNR 32— 712 global X3
HHGE. FOHEZRIZZ 0 — "UVERE ARSI ET,

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.

HBHEY 2 — VOLHZEMIX, ZDEY 2 —LPRHNC import XN-FRCHBII/ER XN E ST, A7V 7+
FEY 2 —/b (main module) FFIZ __main__ &MEINE T,

Class definition blocks and arguments to exec() and eval() are special in the context of name resolution.
A class definition is an executable statement that may use and define names. These references follow the
normal rules for name resolution with an exception that unbound local variables are looked up in the global
namespace. The namespace of the class definition becomes the attribute dictionary of the class. The scope of
names defined in a class block is limited to the class block; it does not extend to the code blocks of methods
-- this includes comprehensions and generator expressions since they are implemented using a function scope.

This means that the following will fail:

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

4.2.3 #HAHAH L HIPRT S DET

CPython EEODFHM: = —¥F __builtins__ KN INETEDH D FHA; ZHUIHEITEEOFMTT,
FAIABDLRIZEMDOHFDEE A —N—=F 4 R L7202 —HFd, builtins Y 2 —/L% import LT, ZDEME
ZHUNCEE T Z2RETY,

Hba—FT7ny 7 OFRTICEET 2HAAALRIZERZ, EBICEa—F7ay 72070 — L ai2E[ 2
5400 __builtins__ ZMRITZI e THROMD 9, __builtins__ BHELES 2 — AL TRITFNERD %
FA (BEOHEIEY 2 - NVOFHENMEDLDNET), 7740 FTld. __main__ EY 2 —LHIZEWVWTI
__builtins__ ¥HHAAAEY 2 —)b builtins TT; ZNLINDEREDEY 2 —MZBWTIX, __builtins__
¥ builtins EY 2 — L HEDOFEDTA V) 7 A TT,
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4.2.4 BHIBHEEEEDPDED

HHZBDARIRRIE T > A VTR S RITRICATDRE T, 2F D, Uhoa— 42 2HAOL XS

i=10

def £(O):
print(i)

i =42

£0O

eval() & exec() BB, AFIOMERIC, FEDRBEOLTEMZ 2D TIEDHD ¥ A, LANIMECH LEID
O — AR 70— NOVEGFTZEB TR T E %3, HHABIIENARZEM TR . e —oOLEai2eR D & Bk
INFET, LexecO ¥ eval) BEUICEA T Y a Y DB H D, Fu—r Lk a—BLARIZEME A —NT
4 R TEXT, AEIZEMI—D LofE SR UE, W oAEZER e LTEbh g,

4.3 Fl4

B EE, a—F7ry 70@EOHE7a—2HkL T, =7 —2ZOMMORSKILRNZUHETE S X512
T5DOFETT, HIIHNIT T - SN T X (raise) SNET; HIAHE. =7 —DFRAELDE LD
a—RN7ay sy, 7-pREELLa-FT7ay JEZRLIEZENCTIHLTWSa—- 7 a vy 7T WE
(handle) $5Z P TEXT,

Python £ ¥ &7V &%, V&4 55— (LafRERY) 2l Eh s L fsb AN L ES, Python 70275
L5, raise X o THIRINICHIIN Z AT 2 28 b TEE T, BIS 2 KT (exception handler) 1&, try

. except XTHETAIEMNTEE T, try XD finally Hiz#HS52 27V —>7 v Fa—F (cleanup code)
PETEET, 20— NIFIHNIEL LA, HfTT2a—F7ay JTHANEZTHEEIRITHE
TEh%9,

Python &, =7 —QUEIC ” 70 2'Z LD T (termination)” ETFTAEZHWTWET: HIANY FFE Trs
T DA FEE LT R BT 2 2 A TE, ANV R IDOIMUlD LAV i S 2 Z 2 idTE 3, ([
DD oTea— N ZRNPOFETLABTDOTRHRWVRD ) 27 —DFKRZBEE LD, FATITRKL 8F%
PHEFTZLETEEREA,

FIANBEL NIRRTV E, A Y Z TV RE T T LDETERT EIEE 0, WiEXAL VL — I EZRL
9, Y5504, BISD SystemExit TRIFIUL, ZAZv 7D ML —2Ny 72 HHLET,

BIIE, 75 AL VAR R Lo TSN E T, except HilZA VARV RAD I 5 R e OWTEIRINE
T ZHEA VARV ADT T A, FD IEFEEEREI SR 2SR LET, TOA VARV REIAY RFFITE-
TR S, BISNEFICET 2 E8IMEMEEZ 2 2B TEET,

AR SO X v =T Python API fifICIZEFh TV ERA, X v =Y DHNAFIE. H2 Python ©
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N=TareRDON—a VO TELER LZEBEXINLIAHENDZDT, BEAN—Sa D[ VR TYXT
FET 2 L5570 a— RiE FIAX vy E—SDRNBIKESEEIRZTIEDD A,

try SUZTDOWTIE, try 3 fi, raise XITDWTIE raise X HiD SR L TL X0,

1D

4.3. 5 83






H25 12D module 1IZH% Python A— K0 oMOEI 2 —L% A VR—F $5282T, Z2H2aT—FA
TI7RATESL XD DFT, import XA Y R— MEMEZEINTHRD —MIIRAETT. 2O ME—Dr
ETIEH D FHA, importlib.import_module () ®RFHAIAAD __import__ () WV o B ZH->TH, £~
A= MEEEZEDO TN TEET,

import XX 2 DD EEHFE L TIToTWVWET; HAAFMDES 2 —LZHL, ZOMBHRET o —h L 20—
TOHFNCHME L 5, import XOMRNIE, FYIR53T __import__ (O BAZMFUHT I & LTESH
ENTVWET, __import__ () DR DEIZ import XD AHTHBUH D EITTHEONF §, HATHREULIE D B

REANE import XESRL TL7Z2& W,

__import__() ZEHENULHT L EY 2 —LOMKRDABTOI. BOoholBE. Y 2 — VOIERLEHTT
bHhEd, By Fr—TDAf K- F% (sys.modules 2ZL) HALF ¥ v 2 DEHLREDRIEHIZEE 2
PH LILEBAD, import XDAPAFIKBUEZITVE T,

import XFETEIN S L 22, HEEOHAAALBE __import__ () AMINE T, A Y R—- b X7 LEMN
O3 Z DD (importlib.import_module() BAD X 572) XA =X L%, __import__() DML EAN
ARZALTHEDA Y R=1b - v r T4 ZRAZFEL TV EA[EEEDSD D 5

ED2—APPIDTA Y R—bENS L ZF, Python ZZDEY 2 —LERKL, Affo7GE, Y2 -4
T2 MR L, I L 3 , ZOARDEY 2 — DB RAMAD B 125 o 72355, ModuleNotFoundError
HPEHXNE T, Python 1IZiE, £ Y R— MEELETINL L 2P HEY 2 =V ERRT 24 7R HRIE S
FEINTVET, TS5, ChDEOEI TR I NI AR 7 v 72 lio T BIELZDHERLAD T
ERE3 N

N=Yar 33 TEHE: A VR=- 27242 PEP 302 O 2 7 2 —XDRERFEEATHINE L. D
FRHEEA 2 A VR — M EMIED D F A - £ VR — FMEH2KIE sys.meta_path ZiE L TAINATVWET,
MZ T, 34T 4 TOHAZEBAR Y 7 =YDV KR— MIFEEIhTHET (PEP 420 25)

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

importlib EY 2 —/UEA Y AR— MEHBE RO D T2 7-DDMEMLR API Z#EM#E L £3, flZ1X importlib.
import_module() . £ ¥KR— MEWEFEITT22DDMARAD __import__ () &h b I THEaN
%5 API 243t L5, K DFEFMARZ 21T importlib A 75 VD RFa XY P EBLTLZE W,

52 N\wir—<

Python IZIZEY a—nA 7Y =7 v OfEEIZ 1 BEL» L, Python, C. ZhlADbDDrnTHREIN
TWADIZERZL, TRTOEI 2a— I ZOREICKR D £5, Y 2 — VO EBNT. ARiFEEZ R4S
372912, Python Il N7 —2 2 WHBEEDRH D £55

RO T =R T 7 AN AT LEDT A LI MY, EDa2a—NETA4L 7 MIIZHBET7ANEEZDBIEENTE
FTH, RNy T —IREI2a—VE T 7 ANVT AT LADLEFNZREIIR VDT, ZOHREEERE D 122
BoTEWITERA, ZOXEDHMNDZDIZ, T4L 7 Y7740 WS ERREREFES 2 it LT,
T77ANTATLADT 4 L7 PO KIS, Ny r—JIFMEEEEZHR L., BEOEY 2 —L23 TR, 7
RoFr—V%BLILbHH T,

FTRTORY T —JFET2— LTI, TRTDEIS 2a—ADBRvFr—J IR EWI EZNIEDTEL
DOMWEETT, dbLLRMMOSVWEEZT 2, v r—VRBER28HREEOEY 2 —LTHBIEEAET, FF
12, __path__ BUHERROTEDEY 2 — L@ v Fr—Yr R 3h 5,

FTRTOEY 2 —VIHAFTZRH 5, Python OEEY 7 RADSFEEFRRIC, 7%y &7 —2 ODERNIH
r—=%2 Ry FMEBTRUIBNE T, LD > T, email WS ZRTD Ny =T, ZRDEL email .mime
CWHEZHIDT TRy r—Y, ELHIFNICEENS email .mime.text ¥ S DAMDEI 2 — L% EZXB L
BTEET,

5.2.1 BEONYT—2

Python Tl&, BED/NYIT—2 & HRIZENYT—2 O 2 HEO Ry F —IPERINTVET, @HED
o — 1% Python 3.2 DIHEID SFET 2Ry =2 TF, MBWREED (Y =13 __init__.py
T7ANEELT AL MY LTEEINET, BEORy 7T —I P4 VY R— b0/ & 2D __init__.py
7 7 A VDBEEANCEITEIN, ZRATERLTWEA T I =7 b0y =IO HRITZEMICH 2 BANCHE XL E
Jo __init__.py 77 ANE MOEY 2 —NI2EIT S Python a— REFALCDDEELI N TE, £V a—
AL VKR— b ENTz L ZIZ Python FEY 2 — LB EBIMLAD LET,

BIZE LR X587 7 AN RT LBEIZ. 3 2OV 78y r =V % FO LD parent Sy 7 —I % EFH
LET:

parent/
__init__.py
(KDR=D12HiL)
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(FIDR=I 5 DfEE)

one/
__init__.py

two/
__init__.py

three/
__init__.py

parent.one %A 7 R— b5 % L BEEAUIC parent/__init__.py ¥ parent/one/__init__.py BFETSN X
3, EDRIT parent.two b L { iF parent.three &4 5KR— 3§ 2 ¥, ZhZH parent/two/__init__.py
X° parent/three/__init__.py BETEINF T,

5.2.2 ZEMIZEANY T—2

HEIZER Ry =Dk A e R—2 3y 2FEEDZDIDOT, TRENDR—=Y a Y EZF TR r—=I % F Sy
F=IVRBLET, K=Y a Y377 AV AT LOHADGICHZZbdDDET, K= a &, zip
T3 ANDHRRIy T —7 L, FRLHND A KR — FRIZ Python BT Y ZHhOETRO22 2 v H
DET, BRTEREARY r—JE T 7 ANV AT LEDF TV 27 MTHIET 222 dH2L, Z5TRVWIL DD
DET; TNOREBOERDILNMIBEEY 2 -1 T,

ZEIZER Sy =2, __path__ BHIICEED VY X MEIffuERA. 200 DIHED iterable 2% ffi - T
WT, K= a YOy r =T DR (B LR LN Sy =2 DD sys.path) HED-1HE. Z0D
Ry r —ITDRDA ¥ A— FDBRIZ, FICH TRy r—I K-> a v ERRLET,

HRTZEM Sy 77— DI2iE parent/__init__.py 77 A VWEH D EVA, ZREZ A, BREZE—-—Yarpy
ZNZNRET 2ED parent 74 L7 UL VR — MRROBICHAOP2Z2dHDFET, L7izdoT
parent/one |IYHIZ parent/two DEEDICH B LIIRD EHA, ZDHE. 2Oy r—=I Y T8y 7 —
PDIB 1 DOHA YR—- 1INzt &, Python l3H LD parent /8y 7 —I DD DHLHTZEM <y F—I %
TERL £5

ZRIZEMR Y 7 — P DHRIZDOWTIE PEP 420 3SR L TL X0,

5.3 &%

MR EZMHD 5725121%, Python 34 Y RK—FEZNBZEVa—L (LGN r—ITITH, T I TOHM
DHMIZBVW TR I I WVWREVWTY) O T2 HzbEE LET, ZOHAFNE. import XOREL 25185
importlib.import_module() B LU __import__() BID NI X =B oNET,

ZDEHENIA VR — MEROMA R 7 = — X Tffibh, 2B R foo.bar.baz DL DR F vy b TRYISN T
Y TEY 2= NADRRIZ572D LET, ZOHE. Python I 3H&#INC foo &, RIZ foo.bar . Z# L THIRIZ foo.
bar.baz A4 Y AKRK—+r L XS LET, FHDOWIThrD A ¥ R— MIEKL2EEIX ModuleNotFoundError
DPIEHENET,
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5.3.1 EYa—-Il¥xvyva

4 VR — MRBRTHERAINCHR 2 5771F sys.modules TT, TDVy Y 7E FHDRZ2EL, ZHETIIA
VAR=PFEINEITRTOEY 2—LDF v v 22 L % T, ZRDT foo.bar.baz 24 ¥ K— MEADGE.
sys.modules ¥ foo . foo.bar . foo.bar.baz DLV M) —%2EZAE T, TNETNDOF—IXZDfEEL LTHE
THEY2a—NFATY 27 b ERBET,

A4 Y R=FTIFEY 2 —L£IE sys.modules 2SI N, FELLGEEK, HICT2EIA VR—-FENENE
EV2—NTHY, TOMBIFETLET, LD LIMED None 72 7235E. ModuleNotFoundError HikH X%
Fo BV a—NEBRMND SR - 55X, Python 3EY 2 —LVORBREHITE T,

sys.modules 3 FH ZIAAABET T, F—DHIFRIEIMNIET 2EY 2 — L ZHEL LV (IOEY 2 -0 ZDE
Ta—NADBREeRoTW0D) b LAEEAN, HESNLET2—NDF vy adShizy ) — 2R
2L, ZNDBRICA YR = &N/ & Python KZDEI 2 — L ERDTHMRIBFZ Ik EIT, ¥—%
None IZXEHT 2 Z 8 b TEEITH, RICZDEY 2 —Lh A ¥V R— bEN3 L ZIZ ModuleNotFoundError ¥
RoTLEWVWET,

TR ZETa— VATV 27 PADOBRBRERELTBVT, sys.modules IZF ¥ v a SNz b)) — %R
WL, ZOIEELLEEY 22—V ZHA Y R—bLAEELTH, 220DEY2— VA TP 27 PEFALTIE BV Z
PIHEELTL XV, ZALIENEBINC, importlib.reload() X AL Va2 —A4 7Y =7 FEFEFAHAL,
EV 20— FEHETT LI THICEY 2 —VONEEZEYELT 2720 T,

532 I —cO—4—

sys.modules WIEEEINTZEY 2 =B ROD 5D o 725EIE, Python DA Y R— 7w b aLiEsx i,
EVa2a—AEROPIBR—-RLET, ZO7u barid 2 oSN R TV b, TrAVE— 2 O—4— »
BRDET, 774V X—DHEIE, Ao TV IMEZlo TIHESNLEY 2 —LERDOTF 6N 508 5 0¥
WidzZr2Td, MDAV R—Tz—REFEELTVELF TV MNE A VR—2— 2MHENET - 4 VK-
R=FEREINIZEY 2—ADPR—RTER 0o/ E, BHEHEZRLET,

Python QT 74V bDT7 74 VX = 4 YRR =PV OhHDET, 1 DOHDODDZMAAAEY 2 —b
DROFIFGEH>TOVT, 2 2HO S DB S NZEY 2 —b FRIE: freeze Y — LTI NZEY 2 -1 D
Zr, IurlIIVIFAQ D Y5 L5 Python A7V M RBRARY K7L FUEBENETN? ] D
HHZZR) OROI A EH->TVwET, 3 2HOBDWE A VR—FNZ 2OEI 2 -2 LET, 1 VHR—
FNZWET 7 AN AT DAL zip 7 7 A VOMEZRTVAPMTT, ZOYRXME, URL TRETZ%3
DDEI7s, MEZRTIEDTEZEEDY Y —RAOMRICETINRT S 2D TEET,

A VR — MEMIBIGRATREZR DT, €Y 2 — A RROHA L 20— T 2R T 57DIH LT 74 ¥ X —%ft
UMZ25ZenTEFT,

77 A Y E—FERITETEY 2120 —FLERA, HESNLEEY 2 —AMROPoGE 774 VX -1
module spec (B 2 —NEER), TROBEI 2 —1DA ¥ KR— MEHEOEHRE D T LIZBDEERLF T,
EYa—10u— RIS Y R— MR ZERAL £ 3,

88 BSEAVR—FRATL



The Python Language Reference, 'J'J—X 3.11.13

RDOETIE, 4 VR — MEEEZILRT 27-200H LWV I 74 VA —n—X—DIER B2 ED. 774 V& —
ru—X—D7Fa FaMZOWVWTEDE L EHLET,

N—Y g 3.4 TEHE: Python DLRETD A=Y a YT, 774 VX —FEHE O—4— ZIRLTWE LER,
BFfEZe—&X—% 80 Va2 IHEE2RLE T, n—&X -4 Y R— b EE#EbRTOE 525, HER
hE L7,

533 1VR—+Tvo

4 ¥ R— MERRIRRATREZ & 5 ICHREI SN T0E T ZOE L RA2MHMAET AV R—bTvo T, £ VK-
N7y 22D ET: XETYT L AVR—FNRTYYI TT,

AR T v 7134 Y KR— MLUEDOERES]. sys.modules ¥ v v ¥ a2 DMBUHND A ¥V F— ML L DRI IH X R
F¥, ZHTED, sys.path OUHHSPHEIN/ZEY 2 —ARPHARAADEY 2 —VTEZd, AXT7v 7 TE
FEFTDIILDTEFT, XX 7y 73T THHT 5 X512, sys.meta_path IZHLWI 74 VX —F TP =
7 MBS 52 TEREINE T,

A4 Y R—= bR 7 v 7, sys.path (b L < X package.__path__) OUHO—F L LT, MiET 2 RAEE%
OS5 & ZHTHIHENET, 4 Y R— %R Ty 7R THEHRT 2 X512, HILWIFCHLATRES 79 =
27 M % sys.path_hooks IZENT 2 Z & THERINF T,

5.3.4 XHZNZX

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 DHEE X NZEY 2 =L DIPWHFZH > TV EHEIE. 774 v Xidspec A7 =7 b &IRL
¥, HESNLEY 2 -V Z2WRAIRVEHEIE None IR L %9, sys.meta_path IZ0F 3 2 LEAHT spec K
TV R PORBIZEFEL TL % - 72581, ModuleNotFoundError ZiEH L %3, ZDOfDEH X HI5Z
ZOEEMCH LITIERHEN, 4 VR — MUBZEEKTIEET,

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.
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AZANRE, 1 EDA YR—FERTEBEEEZINSAERDH D EF, FIZIE BEFRITZIEY 2 —Adh
HELFr v aZNTVWARWVWE LY ZiT foo.bar.baz 24 Y R—+ T3, RINIBERARARZ -T2 4>
K — (mpf) 12X LT mpf.find_spec("foo", None, None) ZM-UHHL T, ®EMDA ¥ R— MUEETVE
9, foo A ¥ R— b EIN/2IC, mpf.find_spec("foo.bar", foo.__path__, None) RM-UH L TV 2
B HD X ZASRZDFEEMTOI, foo.bar B34 VK- FXNET, foo.bar DA Y R— METITbILL, Bk
DEHET mpf.find_spec("foo.bar.baz", foo.bar.__path__, None) #MUH L TVWEE T,

HEARNRA 774 VR =EIm MDA VR=PDETR—PLTOET, ZTNH5DA VY KR—&Z—1F, 2 O0HD
51802 None IO b DDEX - &, HIZ None ZIRL ¥,

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

N—=Ya Yy 3.4 TEH: The find_spec() method of meta path finders replaced find_module(), which is
now deprecated. While it will continue to work without change, the import machinery will try it only if the

finder does not implement find_spec().

N— a ¥ 3.10 TEH: Use of find_module() by the import system now raises ImportWarning.

54 O—F

EY 2 UMD RO o 5G4 v R— PEBEEY -1k n— FF3RIczh (BXUZhICEENS
n—X—) BEVNET, Ziud 4 VE—bOr— FESTREI 2 2L OELTT:

module = None

if spec.loader is not None and hasattr(spec.loader, 'create_module'):
# It s 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 Nome:
# unsupported
raise ImportError
if spec.origin is None and spec.submodule_search_locations is not None:
# namespace package
sys.modules [spec.name] = module
elif not hasattr(spec.loader, 'exec_module'):
module = spec.loader.load_module(spec.name)
# Set __loader__ and __package__ if missing.
else:
sys.modules [spec.name] = module
(RD<R=212%i<)
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(FIDR=I 5 DfEE)
try:
spec.loader.exec_module (module)
except BaseException:
try:
del sys.modules[spec.name]
except KeyError:
pass
raise

return sys.modules[spec.name]

MUTOFEMIERL T EEW:

e sys.modules DHIZEZ HNLHAFEZFOMBEDOEY 2 -4 7P =7 b 23H 5725, import 1 FBEICZ
NZBLTWETL &S,

o EVa—IUE, B—X—EYa2—)La— FE2FETTSH1IC sys.modules ICHFELTVE T, EVa—L
a— R (BN EIIHEERC) BoBEEZA Y R— T 2N D 2 DT, ZAUIEETT; £V a—
V% sys.modules IZBAIT 2 Z & T, REDFr —XATIXEROFHIFN, 2L TRED T — X TIXEEE D
0— RH, Hid o THilEh 9,

o B— FULHIZKIM LGS, ZOKMULLZEY 2= - ZL T, ZOEY 22—V D - sys.modules

PO DRPNE T, sys.modules F ¥ v ¥ 2 lZBICEEFNRTVAETRNTOEY 22—k, BIFEFHE LT

—NZHEI LT RTOEY 2 —MF, HiZF vy 2 lZBEhET, Y e—FeIidsec, v
00— FOLEIZRMLEY 2 —L'd sys.modules IKHERINE T,

o BTV Y TENINZEIIZ, EVa—ADMELNTHLLETINS FTORICA ¥ KR— MR
AVAR-IMEEDOEY 2 —VEREZRELE S (L 2 — FHID ”_init__module_attrs”),

o EYVa—NFETIREY 2 —LVOKATZEMIMHERES N L0 — FOERERB-M T, E T3 —X—IZ%R2ICE
FEh, B—X—RBR2YDXSITHETLINEZIET S LT D £T,

o O— FOMIZIERENT exec_ module() ICESNZEY 2 —UE £ Y R—TFOKDDITKENLHDL
BRZZPH LNFEA,

N=Vay 34 CTEH A VA= AT 230X —DERNZBEEZGIEMEE L, O HEETNX
importlib.abc.Loader.load_module() XY v RIZX-> THETINE LTz,

*2 importlib OFHEIF, RO EZEEES 2 2 IGHTITVWET, 20RbDIZ, YV 2— A4 %EHHRT sys.modules H5EY 2 — A
7= befFES, 25352 K@ﬁ%m@ﬂ%ﬁ 4 Y R=PEINEY 2 -2 sys.modules CWEHHTHEREEMZ 52
3 WwH I X z % BETIIRE WIRWEIECE
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5.4.1 O—4—

EYa—rn—X—ik B—FOEELBETH I T 2 —VFITHRERTRME L E T, 1 08— M. =71
9 FTBEY2a—NATI 2T PEE—DF# 2 LT importlib.abc.Loader.exec_module() XYV v K%
MO L %37, importlib.abc.Loader.exec_module() 20 5iRINEEDMEIFEHRINE T,

H— & —Z L RO L TWR IR $H A

o EV 2D (HARAAEY 2 —LRERNCHAA TN DIGRE Y 2 — T3 < T) Python €3 a—L
Rolla, =X —I3EY 2 -0 70— ULAHTZER/ (module. __dict__) T, EYa—1DIA— K%
FATITRETT,

e exec_module() O LHIZ ImportError AN OHIABEH XN, BIESNTER2 LTH, TV 2 —
AEa— R TERVEEE InportError ZEHTARETE,

ZLDEA, 774X -0 —X—EEALA TV 7 P THOVWERA; 2O L5 RGEETIE find_spec() X
Vo FIFHIC self (R A7V =27 VEH) ZIRIIZU T,

EY2—lB—&X—l%, create_module() XV v REFEETZZTR—-FHRZED 2 —LF TP =7 b EIEK
THIERBINTEET, TOXYy FE EY 2 —MRRZSIBICH - T, = FHIZESHILWEY 2 — A
T2 bEBRELET, create_module() ZET 2 — ATV 27 MBEWERRETAVEEIDHD FEA, L
DAYy FH None ZiB37456, 4 Y H— MEBEIHLWEY 2 - L ZBHTIERLE T,

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

N— g 3.4 TEH: load module() XV v FlF exec_module() IZX o TEEZ SN, £ v KR— MMEWD
0— FOTRTOEMW U E 5221 F LT,

MEOon—X—r DHEHEMED -, LB —X—IT load_module() XYV v RREEL, Do —X—H
exec_module() ZHEL TLARITIUR 4 ¥ K— MEEIZE —X—D load_module() XYV v FEFEVWET, L
A L. load_module() % deprecated TH D, B—X—13fH DT exec_module() ZHEFTNETT,

load_module() XY v FiZ, Y a— A 2ETT 2 L IMATLEELTHFEINZTRTOERR 20— FHEEE
PREELBZTNIZD FHA, ACHMSEHAINES, UNEMOHEL TS

e sys.modules IC5 X OLNZH/FDEY 2 —ABFHELTVWEIHE, B —X—EXZ0RFOEY 2 —L%
FORFUTVITER A, (£5 LRWVWE importlib.reload() FIEL K EHRWVWTL x5, ) fEEZH
7o ®Y 2 — ) sys.modules ICFELARWVWEGE, B—X—@3HLVWEY 2 —NLF 7P =7 F2IERL,
sys.modules IZEM LR ITAUIWIT FE A,

o EROMFE7ZIGEBE O — F 2k 572012, B—X—=PEY 2 — L a— FEFTTIHNEY 2 —
M sys.modules ZFA(E LR ITAUITR D FH A (must).

o — FLHIZKRKL 72355, v —& —1F sys.modules (B LTS 2 —LERD BAZITIUIWIT EH
AR ZRUIR— FIZKBMLAEEY 2 -0 DH 2, ZDEY 2 —AHha—X—HHIHRINICe — FEh
BB, BRELRFNIRD 2 A,
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N—=a v 3.5 TEH: exec_module() WEFEXINTWVWT create_module() BEXEINTWVWRWVWEA.
DeprecationWarning DA XN 5 K52 D F L7,

N—=T a3 3.6 TEH: exec_module() WEFEINTWVWT create_module() BEE XN TWVWRWVWEA.
ImportError 2 EH EN 2 X5 D F L .

N—Y a3 3.10 TEH: load_module() ZffH 3 % & ImportWarning MFEEL 5,

542 ¥J7EDa—I

PTETD 22— FFT2DICEDLSBA A= L (BIZIE, importlib API. import %7z(d import-from
AT —=hXY b, FRIEFENL ML VBEBO __import__) BMELNLBZBETH. N VT4 Y FE VY TEY 2 -0
AT VY 2 - VOAEBMCEEL T, flRAE L%y 7 —Y spam 8% 7EY 2 —)L foo %
Fio TWiHA. spam.foo &4 ¥ AR— b+ L7#&IE spam I3MEDY 7Y 2 — MK S N2 JE@M foo Z2HH %
o UTFOTF4 L7 PUMEER o TWwWd e LEL x5

spam/
__init__.py
foo.py

Z LT spam/__init__.py U TFD XS RoTVWEELET:

[from .foo import Foo

CDrE, LIFEFETTHILICED spam BV 2 — L DHIZ foo & Foo ICHBXN=LRIDNEINE T

>>> import spam

>>> spam.foo

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

<class 'spam.foo.Foo'>

Python OENBEH LUALZLRIREL -5 3T 28 ZRIEEZLD LAFEAN, ZHUIEEA VR—- PR T 4
DERNBEEIET T, FERRLRITINUIRLZRVDIE (DA ¥ H— F DK% ET) sys.modules['spam']
¢ sys.modules['spam.foo']l MEET 256, BEDHIED foo BIEL LTHEELRITNERLZRVE VS
ZeTd,
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5.4.3 Module spec

4 VR— MEBE. 4 Y R—bOR (Frice— RO 12, HADEY 2 —MIZOVWTOX FXFRERERVE
T, BHROIFLAZEITRTOEI 2 — L THE TS, TV 22— {IHOBEMNIZ. 204 v R— MEEDOFREZ £
Ja—NVDHENTH T BT,

A VER=POBRICEY 2 —UIEFES 2213, A VR— P RT3V R =3 M, HIZIEEY 2 — N 1ERE%E
2774 Y R— Zh%F 7350 —X—OBTIREBLIEX T2 Z e 2AREICLE T, ROEELRDIE, 2
UKo TA VR— MEMED O — FOERNBEREZFEITTEL LSRRI WVWS 2T, ZATHLT, E
Va— R L TR —XRFDOELEHoTWE 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.

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.

__nhame__

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 TEH: 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.
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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—a v 3.4 TEM.
N—T 3 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__

__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
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__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 EXa—ILD repr

F7FNFTIE, TRTOEY 2 —VFHHTRER repr ZFio TWES, 2L HE. ChETIHPELEZE
HOREABIHKELTED, BV 2 —UMEHICE o TEY 2 — LA 7V 27 bD repr & & b BRINICHIET 2
ZEMTEET,

b LEY 2 —hMk (__spec__) ZFo TR, 4 VY HR— MEHEIZZZ2 S repr ZHERL LI LET,
LZNDERBT 20, FREMAHEPFELRFIE, 4 Y R=— b AT LIEEY 2 -V TAFURERD 5 W 515
BHESTT 740D repr ZHEEL F3, ZHU3 module. __name__, module._ _file__, module.__loader__
% (BYBWIERICOWTIET 7 4L MEZ o THIWRD D) repr NOANE LTEEBS b ikAZ T,

b TV S IEMER AT

o EYa—UH __spec__ BHEEF o TWIUL, ERRICEEN 2 TEWD repr ZAEKT 272D IfEbI ¥ T,
"name”, "loader”, "origin”, "has_location” EBHNSREI N E I,

o TV a2 __file__  BUDNHZGEE. T 2—01D repr D—FE LTHEOLNET,

o EYVa—)UZ __file__ 13RWA __loader__ 23H D, ZDfEHDS None TIXRWIHEIFX, B —X—D repr
MEY 2 —1D repr D—He LTHELNET,

o ZHTHINX, HICEY2—LD __name__ % repr DHFTHEVET,

N— 3 Y 3.4 TZH: 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—a ¥ 3.10 TEH: 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.
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547 Fvvyiadhic/N4 - FOEMEL

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—=T a3 3.7 TEHE: Added hash-based .pyc files. Previously, Python only supported timestamp-based

invalidation of bytecode caches.

55 NAR—=R « T7pA 24—

LT ED . Python IIEWLK DD FT T AL EDRARRZ + T7 4 Y B=Wibo>TVWET, ZDI3HD 1
DF NAR—=Z « T7A >4 — (PathFinder) LI, NZAIZV U DV R MTHE 1 VR— N2 ZHR
LET, ZNZENDNRATY ML, BV 2 - E2HTERMEZHELTOVETD,

NRANR—=RA + 774 Y E—BEZADPDA VR—bHFEEH > TWEHDIITEDY FHA, ZORODIC, LD
NRRAIZY MY EEBREL, ZNTNREDHBED RPN EH > TWBERRATY MY « 7 7 4 ¥ & —%EHET
9,

TIANIDRALY MY « T7 A4V R=E, 77 ANTATLLEDEI 2=V E /DT 57DDTRTOEY
T4 ABREELTVETS, Z4UE Python Y—R2a—7F (.py 7 74 1) . Python X4 ha—7F (.pyc 77
AN) . HESA 750 BIZIR .so 77 AN) REDKNR T 7 ANKA TR L E T, EES 47500
zipimport £ 2 —VIZX o THR—FSINZHER. TIANV DRIV MY - T2 4 0 X=F (FKHEIA
T VPHND) TRTDT7 7 A NEA TD zip 77 A A b0 — FHINET,

NRALY MYVE T 7 ANV AT A EDBFICIBEEINZXEEIH D FHA, URL RF—EXR—RA 7 T Y RZFDMH
WNFHTHETE 2GSRI 52 L A[HET T,

RAR=R + 774 Y R=I2WF 7 v 7R 7B barzBMT 5P TE, ZHUTL > TRER[EER SRV MY
OEEZIIRL, WRAXRAXTEZ2IeNTEET, HlZIE. *v b7 =2 LD URL 28R MY & LTH
R—FLEWEA, web LOET 2 — LB B3 272012 HTTP OBD /NS 2FEEL -7 v 7 2EL e AT
XFT, 2O (MOHLAREA 7Y =227 bTH2B) 7y 27iEk, FTHEHTS 7 balzkydKR—r32 NIV H
) e D748 — % BRLET, 2O b web 25HEY 2 —lOu—X—%2BIET2DIfEONE T,
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ZEDOSHE: COHCHIOFHOWAT 7748 — LW BEN, AN TypA V24— NAITV R -
T7AVA— L WORHBTRIEATHELATVWET, Zhd 2BHDO Y 7 4 YA 3IEFILTE D, M7
0 halzdR—hL, A 2R— MUITHEUT XS ITHEEL £ 325, MIDICRZ s TV DZ2LICEDTELDIE
HETT, KT, XZ R - 774 X =134 ¥ R— MLUEHOBKR, sys.meta_path OFEEHNHI & ZIZEHE
L%,

ZHEIEINIRINC, RV MY I 7 A VR —EDIERTRAR=R « 774 YR —DFEEFHMTH Y, EE
sys.meta_path 2 HSANR—=2R « 7 7 4 Y X =AW RHNIGE NAZY MY - 774 Y X —DFEEIIMD
EITXRBRVTL & D,

55.1 XAIV KD « T 48—

INAN=Z « T4 A= 12F,. XFH INZAT Y ) THEEI N Python £ 2 — L% Python /S v
F—YBEOTF. a—RFI3BEELDHDF T, FLALYDRZAI Y MY IE T 7 A LT AT A EDOGFRIEEL TV
FIH, FIHIBEINZHEEHD THA,

ABRNRR + T7 AR =2 LT, WAR—=Z + T7AVE— IZIFHNCHEFH L7z £ind_spec() 71 b a L pm5EE
ENTVETH, THEMAT AYR=—ENZA PLET2a—VEHD, B—FIT23HEEIAXAL XT 57
DIFZ 27 v 7 ERELTVET,

INAR—ZR « T4 >4 — ¥ sys.path . sys.path_hooks . sys.path_importer_cache £ \5 3 DDE¥%
ZEWET, THIvr—=IF T2 D __path__ BEDBFENET, IOHICKkoT, A Y R—-MLHEZE
AARARZARXT BIEP R ENE T,

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

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

NAR=R « T7A VA= F RENZ - T7A 28— DT, 4V R— MEMZ, BICHH LI SAR—Z -
774X —0 find_spec() XY v FEMUHT LT AV HR—F/NZ OMEEZIED $F, path 518N
find_spec() WKEINZ L Fik, ZAIEE T2 AXFHD Y A b - BEINZIZZD Ry ¥ = OHTA
AR=FLTWVWBE Ry —=ID __path__ JEMHICH D £3, path 5|18 None 72 - 72858, ZHEHE LMD A >~
R—bTHBZERLTWT, sys.path BfFEbLNET,

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
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perform the path entry search again®®.

path entry 3% ¥ v ¥ 2 OHUTIED 5 72535, path based finder IX sys.path_hooks OO LAREA 7
Pz bEETUDET, ZOVRXMDENEND path entry 7w T 1k, MET 3 path entry EWS5581 D
ZELTHEIHINE T, 2O LAJEEL 7Y = 7 M path entry 20X % path entry finder %3R3 D,
ImportError XM U ¥ 3, ImportError (&, 7 v 7 path entry DIz D path entry finder ZEHRER N T
L BB 5721 path based finder 23HWE T, ZOFIMILIRX NS, import path %3l - TV LT
LNET, 7y 7358 LTXFINEZEIAAL MIA T2 7 b RRELET; N MIA TV =27 by
A—=FT 4 Y 7F 7y 7 IEERTHT (FIRE. 77 ANV AT LDy aA—T 4 7D UTF-8 2tz
TY) . 7y I05[8% 73— RTERD»>75EIE ImportError ZEHITRNETT,

sys.path_hooks Zill A WNZATZV R « T7 A 22— 2SRRI FITRD o256, NAR—R - 774
V& —® find_spec() XY v R, sys.path_importer_cache IZ (ZD ALY FVIINFT 27 74 V& —
DPEELRBRWI E ZRT D) None ZRIFL. AFZNR « T7AVE— FEY 2 —NADBROP LRI L
FARA 5 7-91T None IR L F75,

sys.path_hooks kD NZATY VT vy MEHLAGEA 7Y =7 PORDVEOWTALD NAITV R -
T7A0E— THole JHh, BRTHTL 38 2 —UMEREZRET DD 70 b arsfibh, ZhEy 2 —L
Za—FFrdifbhEd,

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
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 kY - T4 —-7OFIL

EY 2L EI Ny =TI DA YR— YR T 5D, BIUARTIZER Sy =Y DKR— =
VELTHRMT 272012, RRAZY MY + 774 X —iF find_spec() XV v FEFEEL LTI VWIT EEA,

find_spec() & 2 DOFIBMEMD 3, A VR—-—PLESELTWVWEEY 2 LDOELEHMi%HE. (F TP av
D) MREY 2 =TT, find_spec() FEY 2 =ML T 272 HHL (populated) iz ftbkziR L %
T ZOMEREE (1 2DFISNZEROT) HIZ "oader” £y b EFFoTVWE 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—Ya¥ 3.4 TEH: find_spec() replaced find_loader() and find_module(), both of which are now

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

*3 1In legacy code, it is possible to find instances of imp.NullImporter in the sys.path_importer_cache. It is recommended

: e be cl : . LS . ] o f lotail
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HWARZZY RY « 774 X —OHIZIE, find_spec() DO DITTNS 2 DD deperecated 72X Y v FD S
HLbOWTNDZREELTVWEHDH50b LNMLERA, TNHDXY Yy FERBRAEBEDLDICELEE RS L
TVWET, LaL, ATV Y« 774 X —IC find_spec() MBFEHEIATHIUL, HOX Y v FIFEHRIN
\i\j—o

find_loader () takes one argument, the fully qualified name of the module being imported. find_loader ()

returns a 2-tuple where the first item is the loader and the second item is a namespace portion.

D4 ¥R — MEHBO RN T 2B ABEDTDIT, ZLDRRAZY MY - T7 4 VX =1E XXX T 5
A B —=YRE— T 2DLRECEHNZ find_module() XY v R RE—FLTVET, LrL, SRV
b)Y - 774X =D find_module() XYV v FiX, IRL T path 5IBTEMUHINERA (ZDXY v R,
RRA T 7 DRFIDOMECH LA & WY R ) 2R Z L8R3 2 EESIRF I T F),

NRALZY MY+ 774 & —0D find_module() XY v KiZ deprecated T3, BRERS, ZDHIETIE R
IV 77 A Y R=DEFER Ay r =D L TR= a VERET 2222 TEROLALTT, DL
find_loader() ¥ find_module() DM AN NRALY MY + 774 VX —ICHEELTD, 4 VR— I AT L5I1F
HIZ find_module() £ D % find_loader() ZHEHLLTHLHELET,

N—Ya ¥ 3.10 TZHE: Calls to find_module() and find_loader () by the import system will raise

ImportWarning.

5.6 FEDIVR— b RATLEEETHTRZD

A VR= P RTLRREBEEMNZ 27-D0RHEEED D 2 AL, sys.meta_path DT 7 + L FDONEZ
HIER L. REBE D ZARLDRRNRAT v 7 THEEHRZ 2 HDTY,

% L. import XOBHELZFEEEL, 4 Y R=- b RT LT 7 ERXTHMD API ICITHELZE AR TH &
AU, MHAAAD __import__ () BABEEEXIRZ 273 THA T, ZOFKIE. 2 1 DOFI 2 — AR
\}C import XOEEZZEE T 2DICHHVWLNET,

(BHEDA Y R— P AT ARKZEILET2DTIEIRL) TTRAXRRIZWE 7Y IDROHBEET 2—LDA »
A= b ZERANCEE < 7212, find_spec() 75 None %iR$1H D iz, B ModuleNotFoundError %i%&H
3372 TT O TS, None ZIRFTDIFRAZANRADEBRZHITEIRNETHE I ZEKRLETH, fIstzELT 2
ETQIERZITHEYID £75,
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5.7 Package Relative Imports

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

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

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

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

from .moduleY import spam

from .moduleY import spam as ham

from . import moduleY

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

from ..moduleA import foo

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

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

[import XXX.YYY.ZZZ

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

5.8 main (X9 B4R EE

__main__ EY a2 —M&, Python D4 Y R— bT 27 LICEET 3R — X TF, DFFF TERIATW
5 X512, __main__ EY 22—l sys X builtins RELFERRICA VX SV X —2 & — 7 v I THEEML
SNET, LAL, Wi#E2O00FEY 12— LES T, __main__ BHFETEEL M YOEY 2 —L LTOEMK
PR TVWER A, ZHUE. __main__ PHIHLZ N FHEDNA V2 7)) ZHBEENIEN 2 2D 7 57 Z0Mo
AT a VIIFT 57D TT,
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5.8.1 __main__.___spec___

__main__ DO X5 IbEI NS 2 HKF LT, __main__.

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

Python 2% -m A 7> a Y &I TEFTINLHEEITIE, __spec__ IMIETEES 2 —VF@E v r—IDE
Va—MARICREINE T, £, TALZ MU zip 77 AL, F2EMO sys.path =¥ bV EETT S
WEDO—FRY LT __main__ EV2—Ahu— RINBZHEICD __spec__ DK (populate) T E T,

ZFhLA D — A TlE. __main__.__spec__ & None ICHREZINET, Z4UI. __main__ #4H (populate)
ThDIcffbiiza— KA VR=PAREREY 2 — L EH L TOARVWZDHTT:

o NEETB T b

I I

o stdin » HEBIXNIGE

o V=AT77ANRANAL A=K7 A hbEHZREHINSE

BEBOF—ATIE, R AFMICE 7 7 AADREY 2a— L LTEHES VE—FTE ELTH __main__.
__spec__ IIHIZ None IZHR B ZEWHELTAZE WV, L __main__ KBLWTHAMREY 2 - AXAXT—X
PRBERDS -m AL v FE2FoTLZE N,

__main__ 2’4 Y R—PAREREY 2 — L —H L., __main__.__spec__ DFNWIL L THRESIN TV LT
b, ZRTHRB, D2 O2DEYa— V@M AHZEINDE ZERXERLTLES W, ZAE, if __name__
== "_main__": FryZIZXoTHRIEENZ T ry 7k, __main__ #ARIZERIZ 4K (populate) 35 72DITE
Va— LBERIN BRI EITI N, BEDA VR— MRICIEEIT IR L, LW HEFIGER L TWET,

5.9 ZE&K

Python OFIDOE,I ST 22, 4 Y R—MEBEIERE LVWRELZZRITE Lz, — 5LV ZABRFa Xy
FREFEINTZE EHOLEDL > TUTVETH, BRIAD v r =IO IEZELTHO B TEET,

A1V IFND sys.meta_path DfLEkIE PEP 302 T, Z0D#%ike & 2455k PEP 420 T3,

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

protocol as an alternative to find_module().

PEP 366 &, X4 YEY 2 — L TOHRNZHENA Y R—=+D7DITEBM U __package__ JEIEDERH% L
TVWET,

PEP 328 |3t 4 > R— b, BFRBRHEN A VKR—1, BXK, H¥ __name__ THEZEL. #%IZ PEP 366 »°
__package _ TEDMAMKEEALE L7

PEP 338 3EYa2a— 2R Y TP LTEITTZ2DMEHEEZED TVWET,
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PEP 451 i3, ®Y 2a—WMEHA 727 MBI ZEY 2a—LEBDOAL VR— MREDH T LZEML TW
FF, £/, X —OEHNZBETDOIELAYEA Y R—MEBICBERDD S TVET, TNOHDEHICK
D, A VR=FZRTLDWVL DD API 7 deprecate X, /774 VX —r B —X—IZEHLWVWXY v R
PBIMENE L,

i1 b=

5.9. &Y
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SIX

X (EXPRESSION)

ZDETIE. Python OB IT 514 DEZEDOEKRICOWTHHR L 5,

REOCEICATZER: CORELUBEOETOINER BNF (extended BNF) £aCIE, FAMBHHIAITIZ R < MO
AIZEER T 2 72DICHWHENTWE T, H2HTHAI (DD 2 EKBTTE) 3. UTFDIER

name = othername

TR TWT, ZORECREE OEKRMT (semantics) 2R XN TWRWIES, name OFERE & 2 DOE
AT othername OEM(TIF R LICZRD £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 ZTNLUMGEIE. WA D5 IBIIBETRINIR ST ZHOBEEZD D FH2 A,

REEDEET (% HETOES B LToXFH) ik, X 5IHoMAIEHR I E T, R, ZhEED
R D I EFVWEEBEL TOWRITEIRD 28 A,

105



The Python Language Reference, 'J1)—X 3.11.13

6.2 7 kL. EFHWEER (atom)

atom X, RO—FRHEAMNLRERTT, do & dHMAR atom X, #&KATE7213) 77 0TF, AFEIM. AFEL &
BRI T b ER (form) & £z, X E7 b ARSEINE T, atom ODFEUILTO XS5k £9

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

| generator_expression | yield_atom

6.2.1 #HAF (identifier. F7cI3%7F (name))

7 b ADBITIZ o TV AT (identifier) 3 HT (name) TF, FAERICOWTE BEIF (identifier) BET
F—T—F (keyword) fi%k. HEHTITRHEIOWTIX BFIDTERE (naming and binding) EizZH L TL
EEW,

ZHIDRBH DA T 27 MIHEEINTWEEE, %4 atom ZFHET 2 2047027 Mk b 3, &HID
HEXhTWRWEE, atom ZFHMliL &5 ¥ §3 & NameError HIS4EEH L %7,

Private name mangling: When an identifier that textually occurs in a class definition begins with two
or more underscore characters and does not end in two or more underscores, it is considered a private name
of that class. 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 UTF3ZI

Python Tld, XFHIRNA MV T I0 e, BrAZBIEY 7702 R—F L TWET:

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 J 7 ZJL for details.
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V7T INVERTEERRER T —XBNHIGLE T, 207D, T2 bDTATUYT4T4EA T2 bD
EIFXEETED D XA, RACHEEZFHOERDOY FIALEFELZGE. (TR0 FTIANTa TS LD
CHBFTHRD S DTH > T, ZITHRLLTH) HALATI 27 bEIELTWE D, oL ALEEFFORIO A
TV MIRDET,

6.2.3 FIFMAZR (parenthesized form)

HEER & 13, XY 2 P O— BT, AEINTH -7 DTY:

parenth_form = "(" [starred_expression] ")"

AFEMCHOLNZRDY X ME, HL2DORANPERT2HDICRDFT: VAMNANZORLH—D2DH<hB Ao
TWEGE, BTN HRDET; 25 TRVIGEE, ROV A MEERL TWA2E—ORXBEEOEICD 3,

HFEHEDOIFMDRT IE, HDRTIAF TV 27 N RLET, X FMILEERERDOT, V750 2R U
PREAISNET (Fhbb, HOX TN EATCHEDNS L, THORALA 7Y 22 MNCRZIEbH5 L,
BehnI bbb ET),

2T VEIFFIMTIER SN2 DTIEARL, AV Lo TEREI NS Z L ITHEREL TSI W, fishdzED 2 71
T, ZOHAIEASEND BETY — AUEMODH72 0 7 il 5l L2 wi (nothing)” 222 k5L TL
F58, WEPDVWEFVWRDBDIZHE-TLEY, K DHDEXA T IZAPRBEINL Lo TLEVE T,

6.2.4 VX b, &5, HEOXRT
VR, G BEEMET 27012, Python 13 7 #/R (display)” & FHEN 2 Kl MR 2L TV T, XD
“REETONDD T
o VT FONEZHRINCIIES S
o AR (comprehension) LMINS, N—TUWFE 7 4 V2 —IEDHAE DY % AWVIEHERR

WERLDOIED R ERIZXDED T

comprehension 1= 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 BES "if" or_test [comp_iter]

NEEBRLDEZEFTHE—OR, HVWTHRLed 1D for i, THITHWT 0@ LD for Hid B WIE if Hid S
B ET, ZOHEE, F&D for Hiv if fHirx, ELSENFEL BoTW A A LETay 27 AL, 2 A
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DENDOT B v ZI1ZFET 2 Z L ICNARTOEHEICH 2 RN 2T LR, BRI TESIN2a V5750
BHEBICRDE T,

7272l mBEIH B for HiDA 77 7ARERNT, NERLIIHERINITAR X M IR0 R a— 7 TET
ENFT, ZOMEHADBNITT, ROV XA MATRAZINIZLHTDBIMIDZa— A2 " R(3” Zeiddb %
Ao

ROECDH S for HiDA 77 7R, ZNEREEHATHE A3 —7TZDF FiHlixh, BERNZANLTDR
-5 e LTESNET, RICH K for fit. HDHEICDH D for HiDT7 4 VE—FMHEIA 757 7 VAZE
EHATWARa—=FTEFHMETEERA, LWVIDIF, ZASIERDEDA T 7 TAhE LN HIKFEL T
WEHRH LRV HHTT, FIZIERDED TF: [x+y for x in range(10) for y in range(x, x+10)] .

NERGLEOFEICHY RO a > 7 F IR 2 DR MRAET 572912, yield % yield from RIIEEM LR AN T D
Aa—=FTIEEIELIATVET,

Since Python 3.6, in an async def function, an async for clause may be used to iterate over a asyn-
chronous iterator. A comprehension in an async def function may consist of either a for or async for
clause following the leading expression, may contain additional for or async for clauses, and may also
use awatt expressions. If a comprehension contains 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—ar 3.6 TEM: FRPNEKRLPEASNE LT,
N—=Yar 38 TAHE: yield BXU yield from IFBENZANTDORa—FTIIEILL D E LT

N—Y a ¥ 3.11 TEZH: Asynchronous comprehensions are now allowed inside comprehensions in asyn-

chronous functions. Outer comprehensions implicitly become asynchronous.

6.2.5 UXMRR

VR FERRE, AFEINTHDONRORINT T, RINZZEORINTHoTHILEVEEA:

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

VRAMRRE, FILWIR NI TV =227 b2 52 %3, VAMONAER, KOV XM ERIEZY R FNERG (list
comprehension) THESNE T, AV TRYLNALRDV X IHEZ SN T TR ORERILENS
AANCIEICRHIiE AL, ZOMHICY A PWICELE SN X T, WAERELAGA oMzt ik, NERLOMROERT
VR R ENET,
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6.2.6 £5&XT

EEFRIPAEMCEREIN, F—LEZDT 230 0N e THERR L KHlah g3

set_display ==  "{" (starred_list | comprehension) "1}"

HBEFRRE, FiLVI2a—RINRBEEF TV 27 25257, EEONEER. ROMNELIINERLICE -
THEINET, pr<KPhoXoV 25260t 213, 2OERIEISEANBCIMEX N, £EEF 7
VxZ MIMAeoNET, NERILHEZ SN 2k, NERZOBROBEETESIHERINE T,

et Y THBTEXERA. 2OV F I MIZOFELHR L E T,

6.2.7 EHEXRT

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

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

dict_item n= expression ":" expression | "*x" or_ezpr
dict_comprehension 1= erpression ":" expression comp_for

FEERRNE, ikt EAX 7227 b 2RLE T,

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

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

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

dictionary unpackings.
N=a v 3.5 TBI: H#ERRO7 Vv 7RI PEP 448 TREINE L7,

BENTUERLIE. VR FRPESONTEEL IXXEIIZ, BEO "for” R Vif” HiOFHIZ, an T sz 2
DORDBNETYT, NERIHEFT 22, #HROF—HEOERED, ELNIEICH UWEEEICHAZINE T,

Restrictions on the types of the key values are listed earlier in section 2B DPEE. (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.
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N— 3z 3.8 TEHE: Python 3.8 X DETDN—Y a U TlE, HENTERLICBWT, F— & EDFHIbIEFRZHH
RENTVERATLz, CPython Tld, EHAF— X DECFHEXNTVWE Lz, N—Yar 3.8 22561k PEP
572 TIREINTWS L51T, F—2MEL D RICTHEE N E T,

6.2.8 xxL—4xH

¥ x 2L —X&3 (generator expression) & &, AFEME L o7z 27 PP = 2L —XKFEIETT:

generator_expression = "(" expression comp_for ")"

T p b —RRBHARY 2RV —RF TP 27 M5 E T, TOMUINELRL L IZZF T T2, AFHIIP
BARINTIE72 < . AN TN £ T,

VxAp L —XAOPTHEOLN TV I ZERIE, (BEDOY 2 HA VL —XEFLEIR) 2DV =2 H VL —RA T =7 b
WX LT __nezt__ () XYy FPMENS & EXTiMiABEINET, 2L, HOECDHS for HiDA T F
ITARBEBICFHESNE T, 202D ZITELLLI & BIDENIFOLNLRHATIIRS, Y=2Hr1b—&
AMWERSNERRTHEREONE T, RICK< for i, ROEWCDH D for HIDT 4 VE—FMHFEA 77T
REZBEHMATVER I - TRIHETEZEA, LWVIDIF. ZNLERBEDA 77 7 Ah 5B 505 EHIC
KELTWE0d LARWELTT, FIZIERDMED TF: (x+xy for x in range(10) for y in range(x,
x+10)) o

B oME—D5 e LTETHEIE, ARl2EBTE X, fELAE UL (cwll) BizZRL T2 E W,

Vx AL —2RAYOHFE L BIEEHITRVIDIT, yield X% yield from MIIMMIICERS Y =
FL—RTRRELEEATVET,

Y pb—XAM async for HidH b WIE await REZATWVWEIHE, 2 ERBT T RL—42R LIFIZN
9, FEFAMAY = 2L —&2KRE. FEFRIHA 7L =X THAHLVIEFRIHY = 2L =247 = 7 b RIRLET (3
BHER1 7L —4& (Asynchronous Iterator) ZBIRLTL 2 & W),

N—=ar 3.6 TEM: FEFAPY 2L —2ANEAINE L,

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

N—=Yar 38 TAHE: yield BXU yield from IFMENRZANTDORa—FTIIHILL D F LT
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6.2.9 Yield =

yield_atom n= "(" yield_exzpression ")"
yield_from n= "yield" "from" ezpression
yield_expression = "yield" expresstion_list | yield_from

yield iF xRl —% B FFEAEY cwL—4 B ERT 2 L 2iTffbhE T, to T, BERDOAK
TOAMFZFE T, BBDOARIKT yield X ZHHT 2 & Z20BEBUEIY = 3+ L —XBBUCR D .| async def BEDA
KTHHAT 2 Z20al—F VBEFIERPY = 2L —XBEBICRD 5, AIZIEROISCHRDET

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

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

BENTVRRa—FORIWEH D7D, yield RIFEHEMCER SN R a—T O~ L THNEEKLPLY =+
L—RZREEETIORMS 22 FFH IR TVER A,

N—=Yar 3.8 TEH: yield . BWEHNLANFORI—FTHERLLY =241 — AR FHEET D0
HDEEIRI7R D £ Lz,

Vrpal—XBEBIIOVWTET ST THAZIATOVE T, FERMIY = 2 L — X BRI, JERHIY = L — 2%
(asynchronous generator function) B} THHAZ N TV 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_list 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.

CHETHHLENEDS, V2R L —ZBBIEaL—F e T EABPTVET, Pz —XBEIIMAED
ERL, 12 EDZY YKL Y ERKDL, Z2OFETIE—REIEIhE T, V=L — XL yield L2 T
FITOMBEEZHIETE W L AHE—DFENWTT, ZOHIENZEICY 2 2L —XONREFH LITABEINE T,

yield i try BEANTHEHATEES, P2 x1—20 (BRAIV Y IDPERIET E0, IR=Yarrrav
12X 3) BTRICHBZIARWEES, Y22 L —XAFTL—&D close() XV v EHRMEEIN, finally HiHE
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TEhET,

yield from <expr> 2 L7zHA. G2 o6N7RiIA 77 7NV TRINERD F¥ A, ZDAT I INVEAT
L— b33 TERINEETHEDS 232 L —ZDX Y v FORUH LITANEREINE T, send() TEX
NZHH@BMEL throw() TEINLH LW BIHSMIBED A 7L —XIZHWY)R XY v RBPDNIEINE T,

B XY v R WIEGES. send() 1% AttributeError /> TypeError %, throw() &SN /=H5 % BlEEIC
EHLU T,

REDA 7L —2D%TH, 5|ZZ XN/ StopIteration £ ¥ XX ¥ AD value JBIEIZZ D yield RDEE
7% D %73, Stoplteration I FTHUCHHRINIC LY FENEZD, T4 TL =AY =1L —XTHIUL (¥
TATL—=Xo0Z5MET) BEIRICEY P22 0DEE LT,

N—=Yar 33 TEE: ¥ 74 7L - ZHlH 70— %2&R#ET 57-0IC yield from <expr> 2B E L7,
yield XBRAL OO GEAARTH 2 & &, FHMFEBTEE T,
2E:

PEP 255 - iz L —%&
Python "NDY = 2L —&X ¥ yield XDEAIRE,

PEP 342 - iRz RL—2ZHVW:IJIL—F> N
VIV AN—F e LTHHTE 2 X512, Y32 —XOHXE API 25T 2185,

PEP 380 - # 7S T RL—2ADEHEEX v
T2 A L —ROEREMEICT 570D, yield_from X DEARZE,

PEP 525 - JEEHAY T =L —%& a
N—=F VEBADY = 2 L —ZXDFEREN DB L 5 PEP 492 OHRRIER,

IR —R-ATL—EXY R

ZOHTREI 2 AL —RATL—RDRXY v RIZOWTHHLET, 2O b5lEY = L —XEEOFEITHIEN(H
HTE%3,

PUTROY 2321 —& XYy FOMUHLIZ, ¥ x23 L —ZDBEICETHDEE ValueError 4k 2% H 5 3 fic
HEELTLIEX N,

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 __next__ ()’s caller. If the

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

DAYy NE@EHE., P2 for —7FRHAIAAD next ) BIBIC X o TREBICIF O E R E T,
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generator.send (value)

VAL —XBABONEANEEZ 7 ED ETeEMAL T, 91D value 3Z DIRFRD yield OFR
WD ET, send) XYy FIRRIZZ 232 L —ZPERLIZEEERL, P22 L —ZPROMEEERT 5
2T $ 5L Stoplteration ZEH L EF, send() DIEFHEINTY = 1L —XDFMHT 5 & =
W, EEZITES yield NHBTEE LR WD T, None #3518 L THOHE X R2IFIUERD T8 A

generator.throw (value)

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

VAL =P LAMEBTHNEREZET, 20TV 2L —XEBBPERT 2 RDEZELET,
VAL —RPMEEER TS KT T 5L Stoplteration BHRAEL FT, V=L — XEEEHMNE
INTBIHNERHR LI, D ULIGES IS EREZI R IR E. ZOFINIFFEIH Lt Mel X E 3,

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 walue is not provided, the type constructor is called to get an instance.
If traceback is provided, it is set on the exception, otherwise any existing __traceback__ attribute

stored in value may be cleared.

generator.close()

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

already exited due to an exception or normal exit.

fERA

T oty @y =32 —2 Y = 2 L —XBBOIRS # L2 EFISHMN L £ 3

>>> 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.")

(RDR=D12Hi L)
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(FIDR=I 5 DfEE)
>>> 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 OFEHHIIZ. "What’s New in Python.” @ pep-380 2L TL &\,

JEFEIHAS = % L — X% (asynchronous generator function)

async def ZEH LU TERINLEELA Y v FIZ yield XD 2. 2O IEEAD =L —4 B
LTEREINZE T,

FEFHIY = 3 L= 2B I N2 &, FFAMY 2 2L =& A TP 2 7 b IR B IEFIA 71— XK X
NE9g, 2LT, 20479227 MY 2 AL —XBABOETZHIBL £3, @, FFRAMS = —2F 70 =
7 ME a—F VBEBND async for XTHDN, THET 2R L—XATT =7 D for XTHDNDHE
TICHELIL £9,

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 __anezt__ () 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.

FEFMIY = 3 L — XBELTIE. try ENDEEDBATT yield AAEHTEE T, XL, FRAPY =1L -4
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. (BRAT Y IPERITET B0, AIN=YaL Ty a ick?d) BT LD INCEBINRWEES, try M
EBAOD yield RIFEKE 2D, ETEBRE o7 finally BINFETEINET, 207 —X T, FFRAS = 1L —
EDBEEN L TWBEARY =TT 2 —F DB, ERAAS =2 L =KD aclose() AV v FEMIH
L. BODaLN—F o+ 797 FEFETL. ZRUCK o TETREBEZ o7 finally 8iNFEITTE S L5l
£7,

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, JEFMY = 2L —XBIRTHONZ EIEL T -1 D £F,

RS TR L —FATL—2XY YR

ZO/PNHITIE, YL — ZBEBOETHIENCHEDODNZIEFES 2 AL —Z A T L —ZD XY v RIZDOWTHH
L%,

coroutine agen.__anext__()

Returns an awaitable which when run starts to execute the asynchronous generator or resumes it
at the last executed yield expression. When an asynchronous generator function is resumed with an
__anezt__ () method, the current yield expression always evaluates to None in the returned awaitable,
which when run will continue to the next yield expression. The value of the ezpression_list of the
yield expression is the value of the StopIteration exception raised by the completing coroutine.
If the asynchronous generator exits without yielding another value, the awaitable instead raises a

StopAsyncIteration exception, signalling that the asynchronous iteration has completed.
ZOXYy iR, for V=TI & > THHEBRICFFH IR E T,

coroutine agen.asend (value)

Returns an awaitable which when run resumes the execution of the asynchronous generator. As with
the send() method for a generator, this "sends” a value into the asynchronous generator function,
and the value argument becomes the result of the current yield expression. The awaitable returned
by the asend () method will return the next value yielded by the generator as the value of the raised
StopIteration, or raises StopAsyncIteration if the asynchronous generator exits without yielding
another value. When asend() is called to start the asynchronous generator, it 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] ])

Al 1] all awaltaple 14
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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 calls to aclose() will return an

awaitable that does nothing.

6.3 7513V

TI7A4= VI, SRBRICBVLVTRLESDORWRIEEZR L E T, ERMUTDO X1k ) 3

primary = atom | attributeref | subscription | slicing | call

6.3.1 EMER

BEHESRIZ. 54V DBAICEY I R e&iirERZdDTT:

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.

116 % 6 & I (expression)
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If an AttributeError is raised and the object has a __getattr__() method, that method is called as a
fallback.

6.3.2 ARFRC (subscription)

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

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

subscription = primary "[" ezpression_list "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 sub-
scripted, the evaluated result of the expression list will be passed to one of these methods. For more details on

when __class_getitem__ is called instead of __getitem__, see _ class getitem  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.

MARABL T 27 P TR, __getitem _ () WEo TRFRILEVR—IT2LT7V =27 Mk 2 BEHD
x93

1. wyByr, 794V IvEry tond. AV R b oEFHiERERE~ Yy TRHOVWTID O X —fE
WHYS2AT7 27 MzhoRFNERD F8A. RFRERX, Z20F—-1IMET 52~y Y 7HADE
(value) Z3ERL 9, #HARADT Y Y77 7 2DHNZ dict 75 A TT,

2. V=T VR FITARVD =R THHUX, RNV R+ DOFHliFERIE int F721d slice (BIT OHITHi
CET) TRINUIRD R A, HAAADS =7 Y 27 7 ZDFNTIE str. list. tuple 7 7 ADEE
nEI,

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

__getitem__ () method, subclasses overriding this method will need to explicitly add that support.

XFH) 1EXF (character) 2EERL T AR RBEOY — 7 Y A TT, XFREBORTE KL, 1 XFEET»
5725 THITY,
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6.3.3 X511 ZAKREE (slicing)

AFGAARLIEBY =T VAT TV =27 b (XFHN ZTNVEREFZVARN) BT 2H2HMAOERZEINL £3,
AT A ZAKGIFAE LTHWZD AR del XOXMRE LTHWED TEET, 274 ARGLOMUIILITD
BNy SR I

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

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

slice_item n= expression | proper_slice

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

upper_bound n= exrpression

stride n= erpression

FROERWBELTECEDVEVRE 225D FT: RVAMCRZ23D1F. A7A4 AV A MCHHRZ B
B, WFERILIFATAARLE LTHMREINI 2 0H 8 TT, (R4 AV A MEHYIRRATA R EEE ]
WIHE), S OB OEHIIE T, X7 4AAKREL LTOMME D IRFRILL L TCOMRBELRIND
I2CEHTBZL T, DOVEVEEZID RN TVE T,

The semantics for a slicing are as follows. The primary is indexed (using the same __getitem__ () method
as normal subscription) with a key that is constructed from the slice list, as follows. If the slice list contains
at least one comma, the key is a tuple containing the conversion of the slice items; otherwise, the conversion
of the lone slice item is the key. The conversion of a slice item that is an expression is that expression. The
conversion of a proper slice is a slice object (see section 1Z#EEIDPEE) whose start, stop and step attributes
are the values of the expressions given as lower bound, upper bound and stride, respectively, substituting

None for missing expressions.

6.3.4 IEUH L (call)

MEH Lk, FECHLATRES 72 = 27 b (B ZAE function) % arguments DFRFNIE & BIEUTHL 5, RII
EDOFRINTH>THEVERA:

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

["," keywords_arguments]

| starred_and_keywords ["," keywords_arguments]

| keywords_arguments

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

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

("," keyword_item | "," "xx" expression)*
keyword_item u= identifier "=" expression

KEOMEBEGIBPF -V — N5 BORICH Y ~ZDTTHLEVELTA, BMXOERMNEELZRIZT I i
HHFEHEA,

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 BA%{ES for the

syntax of formal parameter lists.

F—U— F5lBOBFET 225G UTDOX 51U TRINCAIES IR (positional argument) IZE#I N E T, %
FUAEDO Ao TnRnZR ey FARGIBICH L TAER SN E T, N HOMES B0 S 5356, ME5IBIIRED N
20y MIREINE T, R, &F—T— F5lHconT, @#@lrE#E-s T d s 2ny bERELET (&
AFBBRAIDORGIEHEF TS, RFIDR Yy P25, LWVWotBETY), Ay AT TIZIRTHE -
TW7272 & TypeError At & E 3, 2L OHE. 518k Ay Ml TV EE 3, (XA None T
HoTh, 2OXTRuy F2HDET), RTOIEMILH NS, FRMDSATVWARNZRY P 2ZRE
AUSHIE T 2 BEIBUERIF O T 7 4L METHD 3, (77 40 MEZ, BBDERSI N 2IC—ERL RS
NET; oT. VAMPHEDLIBREFARERA T 27 AT 7 4L M LTEDNRD &, WIET 5 R
oy MIEIBEHRELRVIRD, COAT7Y 22 PR TONRCHL2SHAEINET; 20 X5 RIRIIE
JBRETT, ) 7740 MEBIEEINLTORWL, HOED LA TVWRVWAR Y k23> TV HE TypeError
BIARBEHENE T, 25 TRVWGES, HOMH L 20y v 25KRZ VA FBEUCH LD LTHEbR
S

CPython REDFHHM: FHE T, AATZRLRVMES 2205 HAALBEEZREE 22D LOKE
Ao EOVOREIHDB RF 2 XY MEDZDIZ BT Witk LTH, EEFIZEFHATT LA TVWRNDT
F—7— FTEEESNEHE A, CPython TIE, C SFETEESINLEMD, HHTZR 2 WES B E $— 2
3 %729\ PyArg_ParseTuple() 2L £3,

G Ay FORED % K DALES A D 2558, WX xidentifier 2 o THRE S NG B nHhE
D. TypeError fISAH A T E T K5I xidentifier B3H 235G, ZDRGIBUIRATBRMUET BB A o724
T (b LR, ROBMEL AR NEEICIZZEDO R FL) BT £7,

F—7— F5lDOWThr RGBT LR WSS, M xxidentifier 2l o THE S RT3 720
FR D, TypeError B3 EH X E 5 (R51#L *+identifier 3B BFE. ZOWEIFIIRDHF—7 — F5E
BAo7 (F—V—FxF—t L., 51BEZF-ITHET2HEE L) FEZZTWMD £T, ROKRF—V— V5|
O WIBEITIE. 22D (Fiiels) BEE 22D $3,

BEEURE OV LI *expression & W O XN 2513, expression OFEMiFERIE 75 7L TRriFUI
DEXA. EDAT 7 ITNDEZRZ, BMONEGIKTHL220 L5 b Ed, £(x1, x2, *y, x3, x4) &
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WIHTERH LIZBWT, y OFMERSRDS S — & > 2 yl, .., yM 7o 7238581, ZOFCH LIZ M+4 HohiES]
o1, 22, yl, ..., yM, 28, 24 TOMTHL R TCIIRD F3,

Z D & L TIE, *expression XD ¥ — 7V — FE|HD BB 1K HDFTH, F—V—F5l8 (L fF
B **xexpression 5 - FTZZSMW) kDb F WKH2dbD LTUHEEINET, [EoT. ZD KD REIfEICHK
DET:

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

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

¥ —7U— F5Ht *expression X ZF UMM LTI 22 3HED RVDT, EBEZEEDO LSRR
GLOBHEICAE L 2 28 IdH D £ AL

REEUIE N U T **expression WX OiHb N 725, expression OFHiifERIX T v EY ST TRIFIUIRD £
HhAo TONFFZEMDF—7— F5lEE LTibE S, ¥—12~3 v F 325180 (R F -7 — P58
XoT. H2VIEMLD T >y 7 OHT) BLCEZ 5 Z 5N TWe72 6. TypeError Stk T,

When **expression is used, each key in this mapping must be a string. Fach 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 *x parameter, if there is one, or if there is not, a TypeError exception is raised.

xidentifier % **identifier WX B o 72 {R5 18X, MES ATy bRFxF—TU—FE[BKICTEILeHT
XFEHEA,

NP ay 3.5 TEHE: BHITCHLIEEDORD *+ 728y 78 xx 78y 7 E2ZIFWD, @51 8idA 75
TNT 2y 7 (%) DERDICET. F—U— FolBUIHET %y 7 (xx) ORAICEIT 2 L5V E L &
HNZ PEP 448 TRESIN X L,

FEHE L2175 &, BIA 2R LR WERD . B2 H20EZKRL $3, None ZRFHELH D £9, RO ED
DX CEHENS 2. O LATREA 7Y = 7 FDOIFREIC X o THRERD %7,

HILHETIE---

I—-HERRKK:
The code block for the function is executed, passing it the argument list. The first thing the code

120 % 6 & I (expression)
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block will do is bind the formal parameters to the arguments; this is described in section EA¥{7E .

When the code block executes a return statement, this specifies the return value of the function call.

$HAAHBEIRET-IE AV v R i
B34 &2 7Y RIHKIFEL 5 HARAABEER X Y v ROFEEMIZ built-in-funcs 22 L TL 72X\,

ISRATSxTU b z
DT IGADTF LVA VAR ADREINE T,

Al 8 7 & D & SVRVE xf
J8F 51—V EROHBIFIHESNET, o &, HMOHLKEOFEY R PED —=D2RWIIHY X+ T
PO ET: 4 Y AX Y ADFIRY R b OSEEIEMENE T,

DIRAVRARAVR:

The class must define a __call__ () method; the effect is then the same as if that method was called.

6.4 Await T

awaitable 7Y = 7 N TD coroutine F17% —FF1E L £3 . coroutine function NTDAFHTEF3,

await_expr = "await" primary

N—a ¥ 3.5 TEIM.

6.5 NFHEEH (power operator)

NERMEEZ, £HNCDH 2 BIHER ¥ X D MOESEEIRM E 2D £9, —75, AHICH 2 BIREE 7 X D 1355
WIS EBESEIRMLIC 7 o TV T, MU TD L5172 h %5

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

> T, NEREHE T L BIHEE T2 5 72 2 HES DAL THON TWin WG G, HE T3 S A LAl S
NET (ZOLEREETOMENIEF Z5HH L 8 A, DFD -1#%2 13 -1 1D ),

NEREHRTFOREIKRIE, D05 THOH N2 HAAABK pow() LR LT, E5lELTIHBERLTEA X
3o BES I F T @0 RIc AT, KiRIEZORTTY,

BRHOBHEET T, B5IRPETRWED, BREWEE TR AR D 3, F5I8PE05E, & T
DB FOTIFE NEEAENC A X N, FE/NIUERIMR I N E T, FIZIE 10%x2 1% 100 ZIR L 23, 10%%-2 |
0.01 ZIRL ¥ 7,
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0.0 xEDETNRNERT S L ZeroDivisionError ZAM L X3, BOEE/NIUTREFRLLHERIIEZRLK
(complex number) 1272 D £3, (LLATDON— a > Tid ValueError Z#EH L TWE L)

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

6.6 HIBHATRE L E Y FEAIEHE (unary arithmetic and bitwise opera-

tion)

ETOHREAMER e vy MRAERIE, R CELECZR > 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 overridden

with the __neg__ () special method.

The unary + (plus) operator yields its numeric argument unchanged; the operation can be overridden with

the __pos__ () special method.

The unary ~ (invert) operator yields the bitwise inversion of its integer argument. The bitwise inversion of x
is defined as - (x+1). It only applies to integral numbers or to custom objects that override the __invert__ ()

special method.

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

6.7 —IEHEMEHE (binary arithmetic operation)

TIREMEHEE, EENREREM R L ThE T, HETOWTANIE, FEQIEERCHFEHEINSDT
FRLTLEZ WV, REFE (power) HAEFZRE, HEFIIEZ =201V ~b, $2D5RAEM (multiplicatie)
HF Y INER (additie) HEFL2H D EHA:

m_expr = u_expr | m_expr "x" u_expr | m_expr "@" m_expr |
m_expr "//" u_expr | m_expr "/" u_ezpr |
m_expr "%" u_expr

a_expr = m_expr | a_expr "+" m_exzpr | a_exzpr "-" m_expr

The * (multiplication) operator yields the product of its arguments. The arguments must either both be

numbers, or one argument must be an integer and the other must be a sequence. In the former case, the

122 % 6 & I (expression)
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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.

0 (at) B TFIHATHIOREEICH LA X ALEF, Python OMAABIIE Z DHETEFEEL TWEE A,
N—a ¥ 3.5 TEM.

/ (BRE: division) B X // (VIDIETERE: floor division) &, 5IXFILOEE 52 5, BUEL BT THED
BN E N T §, B ORERFIIFZE/ MU D $ 3205 BEOU DI CREMBEIERICRD £73; 205
B FRIFECER R BRENC oor’ BB 2@ L7 DKk D £9, ¥ rIC X 3FRE %175 & ZeroDivisionError
B 2E L £9,

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 second. The nu-
meric arguments are first converted to a common type. A zero right argument raises the ZeroDivisionError
exception. The arguments may be floating point numbers, e.g., 3.14%0.7 equals 0.34 (since 3.14 equals
4x0.7 + 0.34.) The modulo operator always yields a result with the same sign as its second operand (or

zero); the absolute value of the result is strictly smaller than the absolute value of the second operand ™.

U1 B CREHEE L BIRERZ, EEX x == x//y*y + (hy) OBRICH D 3, YD IETRESCRIRIT
Fou HAAIABBIEL divmod (): divmod(x, y) == (x//y, x%y) L dBGLTVE T, 2,

% HE TR, BN B RREEZITS DITMA T, XFH (string) A 7Y =2 Mt —n"—n—FZh, |H
ROXFHDERL (VbW B HH) Z1TVET, XFINOHFRLOMIE Python 2475V 7 7L 22
old-string-formatting fizZH L T 2SI W,

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 __7radd__ () methods.

*1 abs(x%y) < abs(y) EEEFEMNCIIEL R D T2, FEV/MUICN T 2B OL AL, i) (roundoff) 7z B
BIZRLBRWGEEDDHD 5, HlZ1E. Python OFE/NIGEAID IEEETH4 SHEBICR > TWE T Iy b 7+ — 22 ET S &,
-1e-100 % 1e100 i 1e100 LR ULFFBICAR 21T TR DT, FHEMEIE -1e-100 + 1100 & & D 3, ZAUIKIEFEINIIEE
12 1e100 L HHTF, B math.fmod ) &, BADFIBEFTFEDL BT 2 L5 REZIRTDOT., LiDBHEIKIE -1e-100 ZIRL &
T, EB5D7 I a—FHEYNE, 7TV a YIRFELE T,

*2 x 7}) y @ﬂiﬁﬁti%’é%&fﬁkék%kﬁm}: iLbbo)tbbk x//y s (x -xhy)//y & D % 1 tﬁjt% < f;ZvT Iﬁ?ﬁ% H i?“o FDEO%
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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 MEE (shifting operation)

> 7 MEER, BMERE LD S EROEEIRM 2R o TWE g

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

INBI3EKesIBuc e D 9, slfudAoRicA I h g S, o7 MEREE -SIE. Bo5IBTEZ 5N
ey M2, ARG CEY P T FPLET,

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

nEy bOAETT7 NI pow(2,n) KWEBREL LTEREINE T, n ¥y FOET 7 M pow(2,n) ICXZFER
Y LTERENE T,

6.9 Ev FEAMCEEOTIEEHE (binary bitwise operation)

HURO=Z=20F vy MEMEEICIX,. ZHZNERZERIEN L XL3H D 5

and_expr = shift_expr | and_exzpr "&" shift_ezpr
XOr_expr = and_expr | zor_expr "~" and_expr
or_expr n= zor_expr | or_expr "|" zor_ezpr

The & operator yields the bitwise AND of its arguments, which must be integers or one of them must be a

custom object overriding __and__ () or __rand__ () special methods.

The ~ operator yields the bitwise XOR (exclusive OR) of its arguments, which must be integers or one of

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

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

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

Sih L5 T, Python IZH1F 2 HEGHRFIXFR AR Z S o TH D, ®TORMEE T, > 7 MEE T,
vy MMEET XD BELRoTVET, F/a < b < ¢ PEATEHINCHW STV S O &R CHERIZ
2R C BrELEVET:

comparison = or_exzpr (comp_operator or_expr)*
comp operator = ngn I nsn | [[p—] | ny=n | ng=n | np=n
I 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.

HEIZWS S THEEHTZ2ZeNTEET, flRldx <y <=zldx <yand y <= z EFEMRDET, &
EZLZOHAE, BiETR y 3 —ERTHEIN28PERVET (EE005ETH, x < yMBIIRBZ L 2
DEZFF s 7= FHliENFEEA),

FBRINCIE, a, b, ¢, ..., y, 2 INT opl, op2, ..., opN DLBEEFTHE%5E. a opl b op2 ¢ ... y opN z
!¥a opl b and b op2 c and ... y opN z EFffiicizh 3, 72720, FMIFTIEHERFIZLLTH—E LT
flix L ERA.

a opl b op2 c EHEWVWIEE, a »H ¢ ETOHFICHZ20EIDDT A MEIETOTIERVWZ 2ItERELTK
I, flZIEx <y >zl (ERWERFEZATEDD FEAD) ZRICIELWVWIIETT,

6.10.1 {EDLEER

HET <, > ==,>=,<=, BIUL 1= 32200437V FOHEEZEKLE T, A7 =7 M2 R 2RO E
3D EEA.

FTxU b, B, BLUVE 0BT, A7V =27 ME (B id WMAT) fizRoZ 2R TVET, A7
Y =7 b Offild Python TIZRRHMRM AR TT: HlZF A7V 27 bOMEICT 72 RT3 IEMBAEED D
FHA, T TOETOTFT—RBEUI LRI NZ R EDREDHTIET, £ 7V 27 FDIEEHET 2 LE 1D
HHEHA, HBHHEFIZ. A 79227 FPOELIZAPICOVTOREDHEEFE L TVWET, ZoinsEE
ICE-oT, MEBEMCAT 27 POERERLTVWELEZLI 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 BEAMNBRAZ 2T X.

B (== BXL 1=) DF 7 AV FORBZ\BVIE, A7V =227 bOR—MHIZHEISVWTVET, E->T, A—D
A VAR ZADEMBEBOBRIIZLVWERD, A—TRWA Y 2AX Y ZAOEMOBERIFZELI RV ERD
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5, 774N IOWRBFNZZDISICLADIE, BTOATY =7 M2 RHW (reflexive 2% D x is y &2
Hidx ==y) BBDODR Lo 6TT,

77 4V b DIEFLER (<, >, <=, >=) I RMEINELA; L X5 & § % & TypeError BiEHEINET, 20D
R2#NET 7 40+ DIRDEENMS LG, FlitEE R T XS BAEERRI THE 15T,

Fl—ThW\WA Y REX Y AXEICEMTRVE TE2EMELBOT 7 3L FDIRZFEWE, BLPKREr T34 70
7 b DEPMEICE DS W MO EAMN R ER L IEHRINICEZZTL &5, ZD XD RETIXEE DR 2 Fuv
BHARTA XTEZRHENHTET, ERITHEL EADHAAARITZEARTORTWE T,

KDY R FTlE, REZEDHAAATID LB OIRZ FENEREH L TOET,

e WS DODDHAABLDBIER (typesnumeric) L EAEZ 4 75 Y DAY fractions.Fraction 3B X U

decimal.Decimal . TN SHDOBRIDOEHH TR 2L LI TE T2, ERBTRIERF LD
A= FEINTORVEWSHIRRRH D F5, BbH2ROHIROFHEANTIE, HEDOT A UICEENC (7
A3V XLHNZ) IELWHEDITTORE T,

JERMETH % float('NaN') & decimal.Decimal('NaN') IFAl T3, e IEBE L DEEDIEF L
B3R TY, BEBICK TR E LT, FBUEIZE B S L FMiTidRnwI ez b 3, flRE x =
float('NaN') 51X 3 < x,x < 3,x == x IRTHT. x '= x ZETT, ZOIRZEH VI IEEE 754
o 72b DT,

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.

NAF V=4 R (bytes £721F bytearray DA Y AKX Y R) &, IO HOROHIP TR 28 b1t
BTEET, HBRIZEZOE L LTofEz o 1-HERIEFTITbIE S,

R (str DA ARV R) OB, XFO Unicode ®a— FAA4 > b OB E LTOM (1534 HBE
ord() DR D) %Mo 7 HERIEFTHbLET,

XEHN AL F Vo —F V RAFERIIIHRTE 8 A

¥ —4 VA (tuple, list, or range DA Y A XY R) OH#IE, FAUAY S LTLA2TA T, range JJH
FPHEZIR—FLTVWEEA, BT E S LOFMBOMRIZEFEM TRV 2D, RS LD
lEFE L TypeError EH L 3,

*3 Unicode #EH#¥ Tk, A—RKARA > b (code point) (213, U+0041) ¥ #HRXF (abstract character) (il 213, "LATIN

CAPITAL LETTER A”) ZXAIL %3, Unicode DIFL A ¥ DMRELFIE 1 2D a— FRA ¥ M EM-> TREINETH, E
Boa—FEL Y bOFEHEoTHRITEZMELF DL EADY £, HlzE, 55 "LATIN CAPITAL LETTER C
WITH CEDILLA” &2 — RN U+00C7 Z® % BREHAXF (precomposed character) 1 DX THRETEEFT L, a— Ffi
& U+0043 (LATIN CAPITAL LETTER C) 1<% % BEXF (base character) D% 512, a— FfiiE U+0327 (COMBINING
CEDILLA) i % $#&&XF (combining character) 23%i{Fe LTHRHTE LT,

XFLN O HEARIEIE Unicode D2 — FRA ¥ POLARATITORET, ZHRABICE o TREENTEZVAD LOLEEA, B
ZAE, "\u00C7" == "\u0043\u0327" i¥, ¥'5H 5D FdF UMHF "LATIN CAPITAL LETTER C WITH CEDILLA” %
KELT02IZd0b5bF, ORI False D X9,

MBEXFDOL LT (DFD, ABICYE o TEHEMNZRGET) XFH 2 HE T %1213 unicodedata.normalize() Zffio T
X
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Sequences compare lexicographically using comparison of corresponding elements. The built-in con-
tainers typically assume identical objects are equal to themselves. That lets them bypass equality

tests for identical objects to improve performance and to maintain their internal invariants.
HAABDAL 7> a5 LOFERLBIIRD L5 TEEL 9

— B OMERPEME 725 2 00aL 7y ayid LA FURE, MST2EEE S LOHEOHER
DEMTRFIUIRD TEA (BRI [1,2] == (1,2) BHEAFETCTROOTHTT),

- EFEZYR—t L TWwWbsaL 27y a YOIEFIE, BYOFMTHRVWERDIEF R UCIZKRD 5
(BIZE [1,2,x] <= [1,2,y] ¥ x <=y LRICMEIZZRD £7), ST 2EHBRBELELRVEGA,
FMWhoavryaryOhF»kolEfF ez 3 (Flzad [1,2] < [1,2,3] BETY),

e XYV (dict DA YRRV R) DI DFERHIEAME 722 DIE. FU (key, value) ZHio T3
EDOZDL FIRD 5, F— L HEOEMLEKTIXRSE BRI S E 5,

JEFF LR (<, >, <=, >=) & TypeError %EH L 3,
o 5 (set 7213 frozenset DA Y AX Y R) OLIIE, T o DROFFTRL 2T ITRAE T,

BIE, HAEED 2 VE ENEEL S pEREY T3IHFILENERINTVE T, ZOMKRIE2IE
FERERLIEA BIZIE {1,2 £ {2,3} W0 200K HIDD 5 —HOHEIEAETH 72 BN
EATHDHDERA), Mo T, BERRIEFHIKET 2K 0518 LTHEYITIED D A (BRI
nmin(), max(), sorted() IFEADV R M2 ANL LTER 2 REBLHMRERDET),

B0 TR, ZOEZED KSR XN E T,

o MDMHAABLRDIZE A LIIIEA Y v FORRELINTES T, 7740 b DHBOIRS BN Z AL
£79,

O 2 N2 AR A A LT —YERY 7 RE, AJRER S RDO—BHEORANHE S BEAH D %5

o EMLEE I TRIINZRD HA, 2FD, F—DA 7Y 27 MIFLLRTNIZRD FEA:
x is y &b x ==y

o HEUIHHIITRITNZRD F/A, 2% D, UTORDOKRIIFE U TRIFNUIZD ZEA:
x==yty==x
xl=y¥Xyl=x
x<ylZy>x
X <=ylZy>=x

o HBIIHERHI TR IR D $8A. UTO (EHERTRW) Bz DT

x>yandy>zR5 x>z
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x<yand y <=z &HFx < z
o HEOBREMBEOGETHRIFUILD FHA, DFD. UTOXOFRIIFE L TRIFIUILD FEA:
x ==y &not x I=y
x <y ¥ not x >= y (ZIEFDHE)
x >y & not x <= y (ZIEFDHA)

BEBEO2ABEIEFaAL 72 a Y TREDET (FLRAFY—Fr Y RACBETEED I, HE
Ty EYITIYTIEED $H¥A), total_ordering() 7aAL —XBHBMML T LI W,

o hash() DOFRIFFMEL —HLTWIRBERDD 5, FlinA 72 =2 bS5 LRALA Y & afEZH
O Ny Y HEPFITRETELRVH DL EINIRBEND D T,

Python ¥ Z o —HEMRAIZGHRHIL A, FHE. IFED Z ORANIED R WElL 72D 5,

6.10.2 FRERERE

HET in BXU not an 3FBEBRERANE T, x in s DM, z 2% s DELZETHIUL True &2 D, 25
THIFAUL False D EF, x not in s X x in s DBHEXRLE T, TRTOHAAADS —Fr v ATy
BEHIMAT, HED in 2HENGEZONLF—2H o TV A2 EZRHRNZEHATLE LT R—FLTWE T,
VRN, 2T, £E, WEEA. §FE. collections.deque D k5% a > 7 FEIZBWT, K x in y I any(x
is e or x == e for e in y) X FMTT,

XFEFNRNA FHENZOWTIE, x in y & 2 25 y DFAXFHTHZ L E, »OZDL ZIZRD True Ik D
F3, 2L y.find(x) !'= -1 2 FEMTI, BXFINE, MDOEEDOXFHNDET XTI ARINET, o
T "" in "abc" X True ZIRT I IR D 3,

For user-defined classes which define the __contains__ () method, x in y returns True if y.

__contains__(x) returns a true value, and False otherwise.

For user-defined classes which do not define __contains__ () but do define __iter__ (), x in y is True if
some value z, for which the expression x is z or x == z is true, is produced while iterating over y. If an

exception is raised during the iteration, it is as if in raised that exception.

Lastly, the old-style iteration protocol is tried: if a class defines __getitem _ (), x in y is True if and only
if there is a non-negative integer index 7 such that x is y[i] or x == y[i], and no lower integer index

raises the IndexError exception. (If any other exception is raised, it is as if in raised that exception).

HE T not in i3 in OEBYEZRIL72HE L TERSNTVET,
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6.10.3 FE—1DLEER
HETF is BLY is not &, A7V =7 FOR—HIZHNTET7AM2TVWET: x is y & z & y BRI AT

VI MERIETLE, pOFOLEFIIBHEIIRDET, A7V FOR—HIE id() B F o THEXNE
Fo x is not y & is DEMHERKIEL b DI 3,

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" mot_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 1X. 5IBDBTH 25512 True 2, ZHLSNDEEICIE False I D £5,

Xxand yi& £9 2 ZFHliLET; 2 2725 2 DEZELET; ZALANDGEITIE, v 23 U 7458 ME
ZRLET,

Kxor yld 3 2 Z2fMliLET; 2 2ELS ¢ DEZERLFT; ZALBLOEEICIX, v Z7Hil L 72#5 R E2
ELU T,

7B, and b or b, RIME% True X False IZHIRE T, RERICFHM L 7251 E2 R L 5, T OHAEHERZ
LEDBDHDET, BlRIT s BXXFAHNT, BXFHIRSLT 740 bOEICE ZHZ /0w %, R s or 'foo' IFH
ATNEZ G ZEF, not BWRATHLUWHEZIERT 2DT, 5I8ORIEFERLS 77—V EZERLEF (Hl21E, not
"foo' & "' TIZ/& < False KD ET),

 HEMRAR—Yarryary, ZUV—Y R, F4 22V FROBIBFHEDDIC, 4 YRR VARXY v RREBDHEZITS &5
R EIC is HAETOMMIEZ, —RT3 e HETEAVIRIBOLE LM LA, FHlZEAZAD FF 2 XY P ERHERL
TLIEEX W
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6.12 KAR

assignment_expression = [identifier ":="] expression

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

to an identifier, while also returning the value of the expression.

One common use case is when handling matched regular expressions:

if matching := pattern.search(data):

do_something(matching)

Or, when processing a file stream in chunks:

while chunk := file.read(9000):
process (chunk)

Assignment expressions must be surrounded by parentheses when used as expression statements and when
used as sub-expressions in slicing, conditional, lambda, keyword-argument, and comprehension-if expressions
and in assert, with, and assignment statements. In all other places where they can be used, parentheses

are not required, including in if and while statements.

N—a > 3.8 T AL TEDFHFLCIE PEP 572 25 LT &,

6.13 %3 (Conditional Expressions)

conditional_expression = or_test ["if" or_test "else" expression]

expression n= conditional_expression | lambda_expr

MR (LIELE ? ZIHEE 7 LRI E ) 13 s B MRV Python OE T,

x if C else y L WIHRIIHRMNC ¢ TR EM C ZFHHEIL £5, C 23 true DHE = 25FHli X AUED R S H
¥9, ZADANDEE T y pHliE LRSI E T,

SMEBEIICE LTI DL LIE PEP 308 22 L TL &,
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6.14 5 L4 (lambda)

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

FLXX (FLXTER DRI NET) IWMABEBEERT 201 vwE T, X lambda parameters:
expression A TV 27 MITHEDF T, ZOEAKAF T 27 PEIMTRERINTOVWIHEMA TV =

27 MRRRICENEL 9

def <lambda>(parameters) :

return expression

FIBO—EBEoE T BHES 2B L T3V, FAXKRTEREIN-BREIIS Y/ 7—arezatrl e
DTERVEICERLTLEX WY,

6.15 XDOU X+

expression_list n= ezpression ("," expression)* [","]
starred_list = starred_item ("," starred_item)* [","]
starred_expression = expression | (starred_item ",")* [starred_item]
starred_item = assignment_expression | "x" or_ezpr

YR MRRPFHERRDO IR >TVEHDERE, Py —20Dhr<v2E50RDOY) A IR Lick
DEFT, FTNVOEXIE, VRAMZHEZADBITEFLI LD ET, RIErOSEAFHIX N E T,

FTARYVRAZ * X ATZTINDTYINYY 2EHRLET, ZOWHETIZ 1757 TRINERD T8A,
ZDATIINET Uy ZEINTMBTEROY —7 VRIZERIN, FiLvwa L, VR, BEICAILUAE
nNEI,

N—Tay 3.5 TEM: RVAFTDATIINDT Uy ZIZBINC PEP 448 TIRZEXNE 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: ().)
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6.16 FElER

Python &, XZEPSHNEIFHEL £, 7272 L. RARXZFHIT 5 & i, A2/ LD bIuZFHi
nx9,

IR T RITXOBATCOFMINETF X, IRAFOBFIEF LR TITRD £3:

exprl, expr2, expr3, expr4

(exprl, expr2, expr3, expr4)

{exprl: expr2, expr3: exprdl}

exprl + expr2 * (expr3 - expr4)
exprl(expr2, expr3, *expr4, **exprb)

expr3, expr4 = exprl, expr2

6.17 EEFDRITIENL

MR D%#iZ Python I8 2 HEFOBEIAMZEN L7 d DT, BEEMORS &V (WEIRDEV) O
ORI (FEPRHII) DR TH Y 5, RLAy 7 ANOHEFOEBEIRMIEF TS, D
HRINSRENTOVRWS DR IHEREF TS, RURy 7 ANOHEEFIE, ErbhaAe 7 r—FbEhxd
(BIFt e LT, RERBLIUFRMHFRNZEPLEZ IV —ALEINET),

g gt osnTws k52, i fiE. F—HEo 72 32 TR UBRIEMN Z2Hi > TWT, Er5HI
HIHT A L WO ORI AR o TVWB Z B ICERE LTI W,
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BT

BLL]

(expressions...),

[expressions...], {key: value...}, {expressions...}

x [index], x[index:index], x (arguments. .

awatt T

*k

+x, -X, ~X
*Q,/,//, %
+ -

<<, >>

&

in, not im, 1S, 1S not, <, <=, > >= I=

.), x.attribute

FEE T E 221 FEIIE
T RBERR
WFIE. AT A4 AE. O L. B
Z

Await

NER

B, &%, vy ML NOT
FELATHISRE, FREL. U1 D 5 CRREL, R0
A S X A

> 7 M#EE

vy MHEAL AND

'y A XOR

vy ML OR

FigeH—ED 7 A + % &bk

U R PRIR, HER

not 7 — VA NOT
and 7 —HE AND
or 7 —iEHE OR
1f - else MK
lambda 7 LXK
= RAK
iilpE

B NERFEET o+ X AHICH B BEIERMTEHE TS 5 WVIEHEIELY v MEETF XD FHOREEEEMN 2D T, DFD 2%+-1 13 0.5

b EY,

*6 o:ﬁ ;—-—»I

6.17.

[ 1o 4

—Z

BEETFOEBEIRE

EINER 23 TIEE D £ 3
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SEVEN

B2 (SIMPLE STATEMENT)

BRI e E, B omMETRICN® 55X TF, BH—DfTIZiE, BROHEMXZtIany TRYI->TANS
TEMNTEFT, HMXOMIILL o@D TY:

simple_stmt = expression_stmt

assert_stmt
assignment_stmt
augmented_assignment_stmt
annotated_assignment_stmt
pass_stmt

del_stmt

return_stmt

yield_stmt

raise_stmt

break_stmt

continue_stmt

import_stmt

future_stmt

global_stmt

nonlocal_stmt

7.1 X (expression statement)

AE, (FIHFER WA TR) 2R L THENT201flioz b, (@HIE) oYy (procedure: B

BERERZIRZ2VED Z 2 TF; Python Tk, 7B v Il None ZIRL £3) RO T2 ffivg
T, ZOMDHFENATHIAXZMS e TEET L, AHRIL DD ET, AXOHEILTDED TF:

135
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expression_stmt = starred_expression

AXBE KDV AN (H—DAXDZddHbh £7) Z{HFEL £7,

WFEE— F Tl EA None TR TN, (HZMHAALBIE repr () TXFINEHL T, Z DHERD T % A5
BT > TEZH L 9, (None I3 AN DEIFFZHINRZWOT, 7o yOMUHLZIT-T
LB LRERA, )

7.2 fXAX (assignment statement)

RASE, BETZEIC () LD, BEARERA 7Y 27 POBUHSCEREZETE LD T 520Icffibh
£7:

assignment_stmt = (target_list "=")+ (starred_expression | yield_expression)
target_list = target ("," target)* [","]
target n= tdentifier

| "(" [target_list] ")"
| "[" [target_list] "1"
| attributeref

| subscription

| slicing

|

"x" target

(attributeref, subscription, slicing DRESUTOWTIE 774 HESRLTLZEW, )

HRAXBEHDY Z b (ZHRHFE—DOHXTY, AU TRYSNERXY X FTH &L BERZE IV e 2/
WHLTKZZW) ZiHiiL, BohZh et 7P =7 b2 X —5 v b (target) DV X MIH L TE,S
ANERALTOEET,

RAREZ =7y b (VAR T) ORI - THRNIITONE S, X—7 vy MBEEARRA 7Y =227+ (BES
B, RFEIL EREATAR) O—BTHEHE. COLHEARERF 7Y = 7 MIRKIICRAEEITLT, 2
DODRADENBREETD 200 LR TUERD FEA, RADRARERGEIINNERITT 22 TEZE
T, M AaLNHAIR, EHINLH5ME, 204 7Y =27 MIERTHEZONTVET (IZEIDEE Hi
EBELTLEEW).

Z—%"w b YR NI, AFEMRAEITHEN TV T XL, ZRUCHT 23479227 FORAR. UIFD X1
HIRFNCERZI N TOVE T,

« =7y PIRMDR—=F v b1 DI TAYHHWTESL T, EREISHEINTHLOA TV 25, &
7Yl MREDE =Ty MITRAZIRET,
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o FODAth:

- "ENEDX—Fy beMIRE, BHIZTRAZRYRIB—DfW\WIzR =7y bBRX =7 v FYRXMZ
—ORFEFNTVEEE: A7V MIATIIAT, PRI X—F Yy PIRMDE—=F v b
DEED D =D R VERERZRIINIED FHA, BNEDOXR—7y PEDHIOX =7 v M, 4
T ITNDFEHDBERDELLENAZINE T, BENEOX—F vy P EDRBRADX—F v M, 4T
FINDREOEEDPRAZINE T, BNEZOX -7y M, 4 77 TNVDHESEHFED Y R FHRA
ENFET (VRAMETHEDLEVEEA),

— F5TRWEE: A7V 7ME. Z—F v FIRMDXR—% v FeRILKOEEZESA T 571 T
RIS T, BRIEILSEARLT 22X =7y MIRAZIIhE T,

B—DX—7y PANOHE—OF 7227 PORAE., UTDO IS LTHRNICERZINTVWET,
o X—7y MORANT (R0) OEA:

— HEIDBHEEDI—F TRy ZAD global R nonlocal XITHErNTWARWIFIUL: ARNIHEED
O — AV AFIZERNOA 7Y = 7 MBI E T,

— Z5TRIFAUE: ARidEnEN T 1 — OV EETZERIND, nonlocal THD & 7=AMU D& HiTZERAN
DA Tz MIHEEINE T,

HZHID T CTIHMEEADE S, HEM (rebind) BB I b T, HHREIC X > T, LIETZ OHRTIH
XN TWATI 27 bOBRA T >V b (reference count) DX BRI o GE, A7 = 7 MIMIK
(deallocate) X4, 7R+ 727 & (destructor) 2% (TFEETIUR) MUHI N E T,

o« X—7 v FBEBUSROELE: ZREINTVWDE —TEEORMEFHH S N E 3, EIXARTRERBEEZ S A
TP FTRINUIRD FRA; 25 TR, TypeError DEHEINE T, Kz, ZOF TV
M LT, AL 7Y =27 b 2808 LEEBIHECRAL TIupungbE 3, AZEITTERWY
A, BiIsk GEFIX AttributeError T, BATE DD FEA) ZXHL £T,

TR A7 227 030524 222 2T, RAHEETFOMAZENZREH 5 & &, HUKD a.x &
A VAR ADEEE (4 Y RAEX Y ADBESFELRITINR) 27 RABHEOE S 51X 7 7R 5 AR
URDHDF T, FADR—7 v b a.x FHEICA VAXVADEE LTEH DS Toh, BERSIFEMRS
NEF, ZoeBh, BNZ2-00D a.x FFRICEEZSHT 2 2RO LA HGURE7 7 ABHEEZ SR
L. FEBEHLNA YRR REEZRADR =7y e LTERT S LR %

class Cls:
x =3 # class wvariable
inst = Cls()

inst.x = inst.x + 1 # writes inst.z as 4 leaving Cls.z as 3

ZDZ kid. property() TIERM I N7 B ART 4 DX RTRZ Y FRBEHIHLTE. 3 LdHTE
F2 LMD FEA

o X—7y MPIRTERLAS: ZREN TV KX FHEE N E T, B2 (VAIDX5%) Ta—
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RINBY = YRATI 27 Mip, (HBEDXIR) vy ¥y 7479 =7 PARLRARTIRD T8
Ao RIT, RFRALOR TR FHlZ N E T,

—JGER (VA PDEIR) I a—RINRY—Fr YAF TV =27 P THNL, IRERDIZEHE 5 2 7213
NER D FVA, BEPERDL, =7 Y RAORIVPIMEINE T, BEIIRKN, >—F Y RA0EX &
DH/NERIFADBITHRLTERLT, =7 YR 204 V77 RAHRODERIHWRAL 7D 27 b
ZPRALTIOVDLWEDEONE T, 477 ADHPANR S, IndexError 23N I N E T (RFIE
ISy = YRR AZIToTH, VA NEROMAZBIMITEEEA),

If the primary is a mapping object (such as a dictionary), the subscript must have a type compatible
with the mapping’s key type, and the mapping is then asked to create a key/value pair which maps
the subscript to the assigned object. This can either replace an existing key/value pair with the same

key value, or insert a new key/value pair (if no key with the same value existed).
For user-defined objects, the __setitem _ () method is called with appropriate arguments.

R—=079 FBRAITA R0 ZREINTWSE —RKEXDPFHEiE N E T, —KEBERIE. (VA PO LI %)
22— RINKRY =T VAT T 27 VEEZRITNEIRED FRA, BIRAA T =7 VIR LB DY -4
VAKX TY 27 PTRINERD EH A, KIS, Z74 ZADFRE ERERT RPN E T 7
ANV MEFZZENZN 0 > —F Y ADREXTY, LR FROFHEIZEETRITIIERD FEA. 0T
NDDFERPERIR S, S—r Y RAORINMEZINE T, KNI, HBRIZ 026> AOEX %
TRINEZ L5 ZFhFET, REIC, AT RZHERAA TV 27 P TEHEBZTIVILS—Fr R
F7T 27 PEWEDLEET, E—F v b —F VATHINTVWABED, 254 ZOEXIIHRA S —
FUADRILEBRoTVWTEL, ZOHARIEEX—F Y b =T Y RORIPEEINE T,

CPython REDFM: HEDEETIE, X—F v FOMIXREIROEILFALTHEARINTE., Bk
Hilida—FPAER 7 e —XHREMRZ S — X v -V %> THERXINE T,

RADERIC LR, FHAEHADF ——=F v 3’ [l (simultaneous)’ TY (flXiF a, b = b, ald=>D
DEBE ANEZET) 2, RANREBRDZERHE ES5L DA —N—=F v FTREISHEANRI D, RELDOITTT,
BlzZIX, U FoFarZ L3 [0, 2] ZHAOLTLEVWES:

x = [0, 1]

i=0

i, x[i] =1, 2 # 1 1is updated, then z[i] is updated

print(x)

BE.

PEP 3132 - Extended Iterable Unpacking

*xtarget DFEERERE,
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7.2.1 EEHRANX (augmented assignment statement)

RKERAE, ZHERRAXZHAGDE T 2D LD TY:

augmented_assignment_stmt = augtarget augop (expression_list | yield_ expression)

augtarget n= identifier | attributeref | subscription | slicing

augop e Nyp=n | n_=n | Nyg=" | ne=" | u/=n | u//=n | u%=u | Wys="
| nys=n | ngg=" I ng=" | n~—n I |I|=Il

(B0 3 SOMERITOWTIE 751U #BHLTLEEL, )
BERALIE. X—F v b BHEORALLEST, 78y 213D EHA) LR X FEFHL, 25

DOWHRFHTREDRBEAAMO “IHEE 21TV, #RZ DX -7y MRALE T, &—F vy NI~
LoaHili S E Ao

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.

WEORALIZEY, BERAXIALZFMT 2 gl AUZFIMEL 3, 722 213, alil += £(x) %7
ali] ZFAN, £(x) ZFHEL THNEZTV., RRIERE ali]l KEHYTEI,

RKERAXTITON 2 RAZ. ZTAANDRAR, —XHTHE-BD X =5y b BFET 2562k E, @HORA
R &S b hvgd, FEkIC, RERATITON S “HERIZ, HECLoT A TL—REER »WTbih s
e zRRE @EEO IHERE R TY,

BHESHEOX -7y FOBEE V5ABMEA VY RAAYZABRRICOWVWTOEE LAEMICEEDORADEH XN
9,

7.2.2 FR{FERAX (annotated assignment statements)

IR ARAE. 1 DOXDOPTERREED T ) T—ar e+ 7o a v ORAXEHAEDLERDDTT:

annotated_assignment_stmt = augtarget ":" expression

["=" (starred_ezpression | yield_expression)]

WE D KA (assignment statement) & DFEWIE, RAFED 1 DIREIND Z 22 TT,

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
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(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.

A 2 — S THENTERPF VT WG EIR. ZORAFNEZ OB R a—Tte - 1kdoizkh 5, FR
FHhzEM X T, R a— FI2BBMINE A

If the right hand side is present, an annotated assignment performs the actual assignment before evaluating
annotations (where applicable). If the right hand side is not present for an expression target, then the

interpreter evaluates the target except for the last __setitem__ () or __setattr__ () call.
BE:

PEP 526 - Syntax for Variable Annotations
(75 AZEHRA VAR YRR EATR) ZBOBIREZMIT 2, axXy P TRET 2D TIRRWVIED
BAER,

PEP 484 - Type hints
typing B 2 — L ZBIM L, BOENTY —1= IDE THX 287 ) 7 — a > O EE RS
% 2%,

N—Y a3 3.8 TZHE: 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 &, 7077 AT Ny ZFH 7% — 3~ (debugging assertion) & {HHNTF % 72 OEF 72 71ETT:

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

BiffiZ2 73\ assert expression &

if __debug__:

if not expression: raise AssertionError

Y FfiT T, JEERFIN assert expressionl, expression2 &, Zh ¥ FffiTT

if __debug__:

if not expressionl: raise AssertionError(expression2)

140 % 7 E B3 (simple statement)


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

The Python Language Reference, 'J'J—X 3.11.13

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 circumstances,
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__ NORABRERRETT, HAABZERDMEIZ. A 2TV XHFHT 5 L 2ICHESNET,

7.4 pass X

pass_stmt = "pass"

pass [EXVEE (null operation) TF - pass DETEINTH, MDHEZFTHA. pass & HIEANTIEID
WETZH, a—Fe LTS FT LI RWEED T L — AKX e LTHATY, #filZ:

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

7Y 227 b OHIER (deletion) 1, FRADERK L IEF I HETHRINCERIATVET, I TIRELER
IR T, WL 2orDL Y FERRRZICE YD F T,

X—7"y FURMINTBHIBRIZ, F4DX—5y FREDPSENENAHEIRINCHIBRL 3

ZHTOHIFRE. v =37 a — OV AHTZER D 5 Z OHRTO R EZ D BRE 3, 5 5 DHFIZE/M DI,
HHIBFEIC I =R 78y ZJAD global XTHEINTWEIREIICED 3, HHTHARFM (unbound) 72
5, NameError fISF SRS E T,

BHESR. BFRL. BLXUR T4 ROHIBREIEIE, SRR —TFEF TV 27 MCEINET; 2574 ADH|
FRIE—ANITEYI R DZED R T 4 A2RAT 2D EMTT (2. ZOMMRERDBRIA RSN AT 2
FCIREINTOVET),

N—=Ta ¥y 3.2 TEHE: UENE. H24FBFXRX L7y 70 HHERE L TRNL2GBEE. v — LV 4H[%
fH2 & 2 DT ZHIBRT 2 Z & 3T IERUBET L 72,
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7.6 return X

return_stmt = "return" [ezpression_list]

return . BABUERN THSOEMICA R P LTHNE T, 2 A M L7227 7 REZRMEBENLEE A
RVRA MDD B25E, VA MPEHMOZNET, 2N DEEL None TEEMZ 6N E T,
return 25 . RV R+ (%713 None) ZERDfEHE LT, BEDBEEIFOH L2 SKITFH L £3,

return IZX > T, finally iz e bR try XOIMUED G| ZJEE N3 &, EFRICEED 5T 21112
finally HiDSEITINE T,

VAL — XTI return XEY =1L —X DD D Z/RL. Stoplteration FIAZEHEIEF T, KX
N7-{EZ (HAUI). StopIteration ZMM T 55 [BUfEDN, StopIteration.value B D £,

R 2L — BT SIMELD return XWBIERPS = 2L —Z2DKDDD ZRL,
StopAsyncIteration ZEHM XV E T, 5D H D return &, RS = 2 L —XEHKTIEEL T —
T3,

7.7 yield X

yield_stmt = yield_exzpression

A yield statement is semantically equivalent to a yield expression. The yield statement can be used to omit
the parentheses that would otherwise be required in the equivalent yield expression statement. For example,

the yield statements

yield <expr>
yield from <expr>

FELLR D yield A & FlTT

(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 DEMRDOTERLFIHIZ, Vield X HiZ SR L TLEE W,
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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.

ZITRINE, raise WRHIORZ, FIANA 727 b2 LTEHMEIL £3, Z4UX. BaseException ¥ 7~
TRAERIEA VARV RATRIFNERD R A, 7T ABS, A VAR ARDERY & 75 A5 T
A AR ZET B e THRLNET,

FISD B ZFIHA S RBEAD T 5 AT B FA VAR RAEDDHDTT,

A traceback object is normally created automatically when an exception is raised and attached to it as the
__traceback__ attribute. You can create an exception and set your own traceback in one step using the
with_traceback() exception method (which returns the same exception instance, with its traceback set to

its argument), like so:

[raise Exception("foo occurred").with_traceback(tracebackobj)

The from clause is used for exception chaining: if given, the second expression must be another exception class
or instance. If the second expression is an exception instance, it will be attached to the raised exception
as the __cause__ attribute (which is writable). If the expression is an exception class, the class will be
instantiated and the resulting exception instance will be attached to the raised exception as the __cause__

attribute. If the raised exception is not handled, both exceptions will be printed:

>>> try:
print(1 / 0)
. except Exception as exc:

raise RuntimeError("Something bad happened") from exc

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
print(1 / 0)

ZeroDivisionError: division by zero

The above exception was the direct cause of the following exception:

Traceback (most recent call last):
File "<stdin>", line 4, in <module>
raise RuntimeError("Something bad happened") from exc

RuntimeError: Something bad happened

7.8. raise X 143



The Python Language Reference, 'J1)—X 3.11.13

A similar mechanism works implicitly if a new exception is raised when an exception is already being handled.
An exception may be handled when an ezcept or finally clause, or a with statement, is used. The previous

exception is then attached as the new exception’s __context__ attribute:

>>> try:
print(1 / 0)
. except:

raise RuntimeError("Something bad happened")

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
print(1 / 0)

ZeroDivisionError: division by zero

During handling of the above exception, another exception occurred:

Traceback (most recent call last):
File "<stdin>", line 4, in <module>
raise RuntimeError("Something bad happened")

RuntimeError: Something bad happened

Exception chaining can be explicitly suppressed by specifying None in the from clause:

>>> try:
print(1 / 0)
. except:
raise RuntimeError("Something bad happened") from None

Traceback (most recent call last):
File "<stdin>", line 4, in <module>

RuntimeError: Something bad happened

BISMCBE 3 2B EERIE GIS BIcH D $9. T, BISVLEICEE S 2 5ERIE try X BiIiCH D 5,
N—Ta Y 3.3 TEH: None 2% raise X from YD Y 2 L THZX 2 X5k b L7,
Added the __suppress_context__ attribute to suppress automatic display of the exception context.

N— 3 ¥ 3.11 TEHE: If the traceback of the active exception is modified in an ezcept clause, a subsequent
raise statement re-raises the exception with the modified traceback. Previously, the exception was re-raised

with the traceback it had when it was caught.
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7.9 break X

break_stmt = "break"

break SCiE. HX L LTI for —7% while L—7ONAITOAMNET 2 Z 3 TEETH, L—THDH
RUEFR 7 7 AERONMNIZHITE A,

break . XZHSHEOINADONL — T 2R TXHE, L—FI2F TS a D else Hin DA GESITIEEFNE A XY
TLET,

for —=""% break XKoo THKTFT 2. V—THlHE -7y MNIZORDMEZIRFF L 7,

break A finally HizfES try XOIMINTUIRZ T FRICIE, L— T ZEBRIHKIT 2F1ICZ D finally Hidd
FEITENET,

7.10 continue X

continue_stmt ::= "continue"

continue I for N—"T7% while V—THNDHI R M THGERNICDOABNETH, V—THNOBBERSL Y 7
AERDOFNIIBNE R A, continue &, &M 5 &DHNHID L — T DR FHN LI 2 /i L £ 5,

continue A finally AlZFio7z try X&IRIF 2L &, ZD finally fIHRONL— T %A 7V ZiED B H1ICFE
TEhET,

7.11 import X

import_stmt = "import" module ["as" identifier] ("," module ["as" identifier])x
| "from" relative_module "import" identifier ["as" identifier]
("," identifier ["as" identifier])*
| "from" relative_module "import" "(" identifier ["as" identifier]
("," identifier ["as" identifier])x [","] ")"
| "from" relative_module "import" "*"

module = (identifier ".")* identifier

relative_module := "."x module | "."+

7.9. break X 145



The Python Language Reference, 'J1)—X 3.11.13

(from HiM W) FAD import Xi& 2 DDA T v S THEITSNET:
1. EYa—AZRMNFHL, KETHUI— F LAIHET 5
2. import XWRNDZRAA—TDu—hNVHFIZEM THRIE EFRT 5.

X (B = TR BEBOHiZEATVWS L 2iX, B x5 ZOHMMERD import XIZHEIXhizD
k3512, 20DATw IHET L IEINCETENRE T,

EVa2a-AZRMI. B=FF2 1 D2HORT v FOFMICOVTIE, A YV R—F2 AT L OFICEDFFLHE
PRTVET, ZITEH A VR= b RTLDENEE D ARXTA XTEDIMHEZZ2E2TD T v 7 DIELAHAZT T
B, BARBEEDA VR—FTEIRy F =V EI 2 —LIZOVWTHIRRENTVWET, TDRT v IR
TV ZLIE, BELLEY 2—ADRAMA»ERVD, HBEIWE TV 2—LilhHba— FOEFTEED, £
Va— L OYEHLDBH TS =P EZ2DELELPPEE TV Z L IFERELTLEX W,

FERLUZEY 2 — LB BEICHETELGE. XKD 32D55D 1 DOFETE—IAVLRIEBTHEZ 2 X512
BHET:

o BV 2 —LEZDERIT as BFNTWIEEIZ. as DEBRADARTZERE. A VR—FENEEY 22K
HMLE 9,

o MBOLHPBEEZINTELT. A VE—FINTVREY 2 — AR ENOEY 2 —LEosREE. FOE
Ja— VBN VR— P ENEI 2 —IADBIRE LT, n—hL AR THRE N E T

e AVKR=PEINTVWREY 2a—PREMDEY 2—b TRWIHFAE, TV 2 - VE2B80REMD Ny Fr—
VM, DAy = IANDOBME LT, n— A AEIZEMTHREENE T, f Y KR—- PSR EY 22—
i, EETREARLSERBHZZH->T7 72 AL RTHERD A

from JERTIED 5D LEM LG TIRZHA LT
1. from HiITIRESINIEY 2 — A2 RMIFH L, BETHI — N LIHILT 5,
2. import HiITHEE TN 2N 2N DA F IR LI OUI 21T 5 -
L A Y KR=bPENLEY 2 —ABZ DB THOBEEZR > T2 0 2RSS

2. ZOWAITHOBELEER > TWih o 12581, ZOMATHTY TES 2—1D 4 VK- bEEHA,
AVE—FENEEY 2 NI FDEWEDD 20 FHEHKRET 2

3. BED R 572 WIEEE, ImportError AT 2,

4. BYRREAMAD 0 725813, as HiDH 2452 ZOH4HT. Z5 TRVWELEELZH-> T, ZOMEAD
ZD 0 — I NVARTEEICRTEE NS

fl:
import foo # foo imported and bound locally
import foo.bar.baz # foo, foo.bar, and foo.bar.baz imported, foo bound locally

(RDR=212%i<)
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(FIDR=I 5 DfEE)
import foo.bar.baz as fbb # foo, foo.bar, and foo.bar.baz imported, foo.bar.baz bound as fbb
from foo.bar import baz # foo, foo.bar, and foo.bar.baz imported, foo.bar.baz bound as baz

from foo import attr # foo tmported and foo.attr bound as attr

HWATFOUVRAMBE ('x") KWEEHDoTVWAEAIE, Y2 -V TEREINTWV SR NZETOHAFID,
import XW\W\WA R —7Du—HIVHFEIZEMICHRBINE T,

ET2— L TEHEINS [EINLH 3. TP 2L OAFEMICHS __all L WVWHLRIOLEHEZFRS
ZETREZINET; ZOERDPERSINTVRHEER. ZIUIEY 2 -V TERI N0 A VKR— SN 4H]
MBIt s, XFHNDS =7 Y ATRINVIVT EHA, __all__ THEIALAENE. ETRHIATWS R
BREN, BIETEIPERENET, __all__ BEFEINTOVRVWES, A4 E EY2—-10
HHIZEETRMN D o7, 7YX —Ra7XF (') THELRVETOARMD I LT, __all__ 3R TORH
API ZBTLRETT, ZHUd API O—HTRVHD (ZDEY 2 —LTA Y KR— SO TVWE ST 5V
EVa2—NRE) ZS o0 DHAICAALTLELRWDDMAMHATT,

A VR=PDT AN KH—FER —- from module import * - (&, EF 2 — L L)L TDAFINET, 75
ARBBERT DR Z MBS £ F 5 . SyntaxError SN ET,

AVR=FTBEYa—LEIRET I L E, ZOEY 2 -1 Offikt# (absolute name) ZHET 2 DEIH D %
HAo BV 2= ARy F =IO Ry = ZEEFNTWR5E, HBDO Ly TRy =IO o2D 8y r—
DT DR HNA VAR FTEZIENTEET, from DRIHEESNIEY 2=y Fr—=ID
FHICEBMED Ky P25 28T, EMRARTZIEET 2 Z R LIKBIED Ny 7 —JEE» 5 WD LD
BT DZIEET 2N TEE T, EHDO Ky b2 1 DOHE, import B IR TWBEY 2 — L7
ETAHRED Ry r—V%RLET, 3 DODFy ME 2 DEDLNLERLET, RDT, pkg Xy 7 —IDH
DEY 2—)LT from . import mod #FE(TF 2 L. pkg.mod 4 ¥ K—+bFT5Z LIk D £F, pkg.subpkgl
DHID 5 from . .subpkg2 import mod % {7 % L. pkg.subpkg2.mod &4 ¥HR— b+ LET, MR-
F DR Package Relative Imports OENCEEFNTWE T,

CDEI 2 —AhB0— FENEZREPFENRD VT TU 75— a v DDHic, HAAABE importlib.
import_module() PMEHENTVET,

Raises an auditing event import with arguments module, filename, sys.path, sys.meta_path, sys.

path_hooks.

7.11.1 future X (future statement)
future X 1. FERDFFE DH 7= R BEREDIEHE(L X /2 Python @V V) — A THIHTREIC 72 5 & 5 72 SCR B ARAT
JEfoT, FEDEY 2 -2y f LEEZHD, a4 FIZ0T 28R4 (directive) T,

future XIIHIED R WEER X N/FFRD Python D= a VICEZGIIBITT 570D DTT, future X
WX o THIKBEDSIFHEL R BV U —RDFNCENEEY 2 — VA THEHT 2 Z 25k E T,
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future_stmt = "from" "__future__" "import" feature ["as" identifier]
("," feature ["as" identifier])x*
| "from" "__future__" "import" "(" feature ["as" identifier]

("," feature ["as" <dentifier])= [","] ")"
feature n= tdentifier
future XUE, €Y 2 — AV OEHENTEHEDRITIUILD FH A, future XDFNTE VT IVWARIEIUTTY -

« EV2— D REF2RYT—a Y EH ( HiuD)

o ZOMD future X,
future X% 5 HED D % HE— DHEEEIT annotations TF (PEP 563 &L T X W),

future X TEHMICTE 2 REENLHKEIEX 5 TD Python 3 PEBLET, 2DV X b
!X absolute_import, division, generator_stop, generators, unicode_literals, print_function,
nested_scopes, with_statement T3, ZNOHWEXEIICETHEMNIIHE > TWT, BAAEHBMED-DIZIFIC
B Twad e, JIRZREZITITY,

future 3XUE, 2 Y A VR D T CRiS N, bk 3 SREOTE 72 S RSUMAL (construct) (20
TORKRMNINEBEEINTWIHE, ZEHNI LI UIRERERZ a— F2ERT 2 e THREIATVES, Hik
BIEREIC X o T, (i THRED X5 7R) ARV BT Ao e I2HD %5, 20
By AL FTREY 2= NAZHIOR D D THRNT2REND 20 LMERA, 25 Lia— FEBIET 2
PUEIR, ETRETHRERI LTS3 TEEE A

INFETOLETDOY Y —RIZBWT, TV %4 I OEBENERF A2 ZH > THE D, future SUITRKRADHERE
BEENTVAHEEIIEa Y A AL —2EHR L ET,

future XD EITRHC BT 2 BRI 2 BRI, import X 2RI U TS, EEEY 2 —)L __future__ 23D D, Z
IOV TIEETHERNE T, __future__ &, future XWFEIT XN B BUTEFE D HIET import XNE T,

future X OFEITRIC BT 2 REFIZERA T, future XTHMMELE N A REDKREIC L > TED D £ 3,

IRz, A SRR ERIZZ VO THER L TL 20

{import __future__ [as name]

I future XTWEHH THA; ZOXIBEHF D import X TH D, ZDMDORTRZ BERA T CHy 72 HIBR &
HHEHA

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.
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This can be controlled by optional arguments to compile() --- see the documentation of that function for

details.

A 2 U ZDTay P N TEA AN LT future E. ZOHDOA Y Z T Y Xy > a YHHRTHEMICR
DET, AVERTVERE -1 AT ayTERBLTEITIREZRZY S EEEL, X2 ) 7 MHIC future X%
ANTEL ., Hil-LEEEIZ A7) 7 M FETEINRICHBT 2 EE Yy & a Y TEMCRD £3,

BE:

PEP 236 - Back to the ___ future___
_ future  HBHEORZR

7.12 global X

global_stmt = "global" identifier ("," 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 state-
ments or ezcept clauses, or in a for target list, class definition, function definition, mport statement, or

variable annotation.

CPython R#ZEODF#: 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.

TOJZIDHDFIER: global 3 —F T 244 (directive) TF, Z DIERANZ. global X & [
WCHAAENTza— FITH L TOABHINE T, KT, HARAAD exec() BIENIZA 5 T3 global i,
BEONUOHLEZ BATWS a—F70y JAIFIRZRIZT I R3%L. ZOEIBRXFINTEENTNS
a— R, BBOMUHLEEa— FNOD global XISHERZITEHA, RO 2D, B eval) B &
U compile() IZHHTITED X7,
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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.
2E:

PEP 3104 - Access to Names in Outer Scopes
nonlocal XDFHAM,
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EIGHT

#43 (COMPOUND STATEMENT)

BESZIE, o (7N —TF) AD 3, HEE, FICA > TV A MO XDETOHIENA TS 2D D 5
THERPRIFLE T, RN, BENIEBITICE 20> TErNE T, 2O E —(TICE R Bl
XHBHHET,

if  while . BXY for i, EHNZHIE 7 0 —RlREER L E T, try IHSMLES X/ 7213 —EHD X
WCHTBZI7V =07y Fa—FEEELET, ZAUSHL T, with XEa— KO FH OFiZETa— KO
LT EPFEITTELLIICLET, B 77 RERD /2. #HXNIZEEX T,

BWoiE, —oL o i (clause) 257D FF, fild, Ay KL AL — b (suite) BHHEDEFT, —DODK
EXEHRTEHOANY XiE, BTRILA VFY FLRLUICEBIAET, BHONy KiF—BHICHNTZF—7—F
THED., aarTHEDLIET, A4 =M Bk THIAIZNELDERED T, R4 —ME. N XDH 3
fToanryokictIany TRY-> TEPN—DU ORI, £/21E ANy Xk ITT—2EL L YT
FENLXDEED T, BEOHEKDAAS - MIRD, SHLICEEXEZXRAITEET,; LTOXIE, else fi
BELEHD if BB T 200 FoZF D LARWVWREDHE»STIEIZRD £35:

[if testl: if test2: print(x) ]

Fio, ZOAVFTFRAMTE, EIan iciaME1Ean >y X hEnTT, o T, UTOHITIE, print()
DIFRH LIZERTEITEN B H, RLE[TIARVROL S S0 TT

{if x <y < z: print(x); print(y); print(z) ]

Frowde, LT L5272 bh £73:

compound_stmt 1= 1f_stmt

| while_stmt
| for_stmt
| try_stmt
| with_stmt
|

match_stmt
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funcdef

classdef

|

|

| async_with_stmt
| async_for_stmt
|

async_funcdef

suite = stmt_list NEWLINE | NEWLINE INDENT statement+ DEDENT
statement = stmt_list NEWLINE | compound_stmt
stmt_list = simple_stmt (";" simple_stmt)* [";"]

B, XIEHIT NEWLINE 2°. Z D12 DEDENT 230 b D TR T LE T, F/ T 7Y a v OGNS T,
X T ERWTHRETHE 2 DT BIRXIIFEEL £¥ A, (Python T, " 256’29 D (dangling) else’ i
BlE, AANENZ if XEA VYT Y FEIED I TRIRINET),

T ofiic sy 2 EMRA 0GR, S D701z, BHiZhl 4 DITICHE L XSICL TR T,

8.1 if X

if XX, FMEDIREETT 50 fEbhE S

if_stmt = "if" assignment_exzpression ":" suite
("elif" assignment_expression ":" suite)*
["else" ":" suite]

if XE Re—2—DOfHliL TWE, BEIZKR2 X THIT T, BZRoLHDRL — FETZERL T (E: true
1B false DEFRITONWTIE, T—ILEE (boolean operation) HizZ SR L TL 2 EW); Rz, BRLZ R4 — b
ZEITLET (2L T, of XOMOETIZ, FITRiHiiz SNERA) BTORDBMBICR o 1GE. else Hidd
HUX, ZORA = I DRETINET,

8.2 while X

while Xi&, ROMEHNETH M. ET2#EDETLDIHDNET:

while_stmt = "while" assignment_exzpression suite

["else" ":" suite]

while IR ZMHE DR LUEBIM L, ETHIUIRHDAAL — bEEITLE T, ADBBTHIE (BYID HBIC
BRoTWbZedbdHhZET). else HiNHIHEIIETNEFITL. V=T 2K TLET,
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BAIDAAL — FHNT break XMWEITEINDB L, else HIDAA — b EEITTE2IBLAA-TERTLET,
continue XWRHID AL — "N TETEINZ E, AL —FHNIZHZEDDXDEITERF Yy LT, ROEHFF
fliiCED £3,

8.3 for X

for Xid, ¥—=Fr YR (XFHN ZTNERIZVAN) R, ZOMOKIEARE/LA 7S = 7 b (iterable object) A
DEZRITHE > TR ZIT S 7D ifEbh £ 3

for_stmt = "for" target_list "in" starred_list ":" suite

["else" ":" suite]

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 XA (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.

BRAIDAAL — + DT break XWETEND L, else HIDRAL — b EETTZIeRLA—T2RTLETD,
continue XDWHRHID AL — "N TETEINEE, AL —FHNIRDIZEDDXDE[TERF Yy T LT, ROERD
WHICFE 2 . T EROBERDPE NG SIS else HiOMMIZED £5,

for V=3 X =7y PV R FADEBADRAZITVWET, ZTHUTED, for L —THHEFD T, ZhLHTOE
ToRARBEHFZEINET:

for i in range(10):
print (i)
i=25 # this will not affect the for-loop
# because 1 will be overwritten with the next

# index in the range

N=TBETLTHE =7y bR NADOHFNIHIRZINERAD., £ 7 7 TP EDHEICIE. V—TTORA
BRITORERA, b b fHAAAA range ) 1. BROALEEMYZR L £3, HlZI1E range(3) & KIE
T520, 1ZLT2DEICHEREZERLET,

N—=Ya ¥y 311 TEHE: KOV R FOPTTRAXY Z7{fEZ DI (starred elements) ZHEETE 2 K512 X
L7z
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8.4 try X

try XiE, O 2D LT, ISV B X/ 57327V -7y Fa— FEEELET:

try_stmt n= tryl_stmt | try2_stmt | try3_stmt
tryl_stmt = "try" ":" sutite
("except" [ezpression ["as" identifier]] ":" suite)+
["else" ":" suite]
["finally" ":" suite]
try2_stmt = "try" ":" suite
("except" "*" expression ["as" <dentifier] ":" suite)+
["else" ":" suitel]
["finally" ":" suite]
try3_stmt = "try" ":" suite
"finally" ":" suite

BRI S 2 Z Do fERE FIS EICH D F5, . raise XOMEHIZ X 2B DERICEET 2 1HHIE. raise
X ficHD £T,

8.4.1 except fi

The except clause(s) specify one or more exception handlers. When no exception occurs in the ¢ry clause,
no exception handler is executed. When an exception occurs in the try suite, a search for an exception
handler is started. This search inspects the except clauses in turn until one is found that matches the
exception. An expression-less except clause, if present, must be last; it matches any exception. For an
except clause with an expression, 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.

BISA Y D except HICHD A LB o 7BE. BEDI— FRHES 512, Z LTI LRAZ y Z7AL
BMREHIET, !

except HiDAN Y XIZH 22T 2 & TIHIANDIRET 2L, TADNY RIBRIETF vy L EN, #
T BN T BN RS OBRBEZBED except HIDIMAID a2 — FRMIH LA X v Z 12 L TITVWET
(try XEEBFNERITLI0D X S IThbiEd),

MIGT % except HidSHDOH 5 &, except HiDAAL — MBETENET, ZDME as F—7— F2¥ except Hi

*LogIshg, Alofist R T 2 X575 finally HISEVIEEICOAFECHLRAZ y 7 EbD 5, HFLWHANC X > T, Hufilsh
FbhEd
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The Python Language Reference, 'J'J—X 3.11.13

WKHFETHE, ZORTIHEINTVWE X =7y MHSHBRAZTRE T, &2 TD except HIIEITAIREZR 711 v
JEFo TVWRITIRD $¥ A, 2OT7Ry ZJORRBIZEET 2 &, @HEIE try XREOERD 5T 2 i
LET, (ZDZkid. 2R SN2 B IDBETHIINIT L THEL. ARlDOANY FSAD try Fi
THSDFRE L5 E. MDY PR3 20BN 2L LN EZ2EKR LT, )

FISDS as target ZfHio TRAINzE T, ZHUI except IO DD IZHEEINET, ZhUIB x5, LIF
Da— K:

except E as N:

foo

M, IR a— RIZBRREN =00 E5R2bDTT:

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

X o T, A% except BILIETSRTE 2 X512 F 270121, FIOAFNTRAINRIFIUIRD £ A, 5
DHIRENZDIE, FL—ANy I EENRZ Y, ZORAXY 7 7L —ALTERSBEIED . ROHIR—IIN
HLETEDIL—2HNDITXRTCORFEREEFEIRTLEI ST,

except HiD A A — b WFEITEINBHNIC, HIAD sys BV 2 —VIHEHENE T, except HIOHTIX, sys.
exception() EMUHTHEZI>TIDHMNCT 7R TEIENTEET, NN FIRFETZ L, sys £
Va2 =R E N TV B BINDEA. —DORTDMEICRD %5

>>> print(sys.exception())
None
>>> try:
raise TypeError
. except:
print(repr(sys.exception()))
try:
raise ValueError
except:
print (repr(sys.exception()))
print (repr(sys.exception()))

TypeError ()
ValueError ()
TypeError ()
>>> print(sys.exception())

None
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8.4.2 except* fi

The except* clause(s) are used for handling ExceptionGroups. The exception type for matching is inter-
preted as in the case of ezcept, but in the case of exception groups we can have partial matches when the
type matches some of the exceptions in the group. This means that multiple except* clauses can execute,
each handling part of the exception group. Each clause executes at most once and handles an exception
group of all matching exceptions. Each exception in the group is handled by at most one except* clause,

the first that matches it.

>>> try:
raise ExceptionGroup('eg",
[ValueError(1), TypeError(2), 0SError(3), OSError(4)])
. except* TypeError as e:
print(f'caught {type(e)} with nested {e.exceptions}')
. except* OSError as e:

print(f'caught {type(e)} with nested {e.exceptions}')

caught <class 'ExceptionGroup'> with nested (TypeError(2),)
caught <class 'ExceptionGroup'> with nested (0SError(3), 0SError(4))
+ Exception Group Traceback (most recent call last):
| File "<stdin>", line 2, in <module>
| ExceptionGroup: eg
b e e e == —————= I === === ————————

| ValueError: 1

Any remaining exceptions that were not handled by any except* clause are re-raised at the end, 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

except* 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 exzcept and except* in the same try. break, continue and return cannot appear

in an exceptx* clause.
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8.4.3 else £

AT ardelse fliild, avbu—ya—n try A4 — bEHET FISPEHZNT, return X, continue
X, break XOWITNHEDNETEINRDP o TGEICETENE T, else BITRZFIINI. FANCH S ezcept
T X E| 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:

>>> def £():
try:
1/0
finally:
return 42
>>> £()
42

finally fiZ T LTV AIE. 70277 40 01 3MERIIFHTE A,

try..finally XO® try A A — NAT return . break . £721% continue XDFEITEN/BHE. finally Hi
b ZOXE T HRTH BB FTENET,

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— ar 3.8 TZAHE: Python3.8 AR T, FE LOMEIZX D finally HiTD continue SUIPIET Lz,
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8.5 with X

with X, 70y Z70FEFTE, AV FFAPIR—I YR LoTERSINIERAY Yy FTT v T T 270D
EHONET (with XEAVTHFALIX =TIy £ ar2ZRLTIEIV), ZHIZED, £<H3
try...ezcept...finally M NEZ =220 T2 L L TEAICENHT2 8B TEE T,

with_stmt = "with" ( "(" with_stmt_contents ","? ")" | with_stmt_contents ) ":" suite
with_stmt_contents := with_item ("," with_item)x*
with_item n= ezpression ["as" target]

—D0D 7 EHR” RO with XOFETELTD X5 ICHETL £ 3
1. aY7F% A MK (with_item THEZONLR) 2T 22T, aV7FA b2 —Y ¥ 2T L £7,
2. AVFTFAII =T x¥D __enter__() XYV v FH, BTCMHS=dicu—FEhET,
3. AVTFRAMIA—T XD __exit__ () XYy P2, BTMES dicn—Fhixd,
4. AVFTFAIII=I%D __enter__ () XV v RHRMPEINET,

5. with XICX—7 v b BEENTVWS, ZRUC __enter () HEORDEIMAINE T,

AR with UL, __enter ) XYV v FPIT - KT LEGEEICE __exit__ (O WEIMIEINS Z

CEMBEHELET, TTDT, B LE—F v FUZXIDODRAFICET S —FELEEICE. ZhUEZDX
A—FOFTHEELEZS— LRI IIFEONET, UTORTY 77 #SHLTLEE N,

6. A — FBFETEINET,

7. aAVTFAIIEZ=I%D __exit__ () XYV v RPEENE T, A — DI L > TR T IN/=D7%z
5, ZOFMNDOE H, PL =N IH _ _exit__ O W5 LTEINET, 25 TRIFNX 320
None 5|EM 5 2 5N F T,

A4 =DM I DT SN, __ezit__ () XY v FHALORDEHH (false) 7 H1E. BISH AT X
NET, ZORDMENE (true) 72 5 XFSNIIIHI S, FATIZ with XDRDXLPHHEE £ T

b LEDAA — bHFISNTIHNAS OB TK T LGE, 20 __ezit__ O 2o DORDEHIZER S
T, FETEIAE LK T OIS U8 O ED Sk L £ 3,

DIFDa— K.

with EXPRESSION as TARGET:
SUITE
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ZAUIR kT

manager = (EXPRESSION)
enter = type(manager).__enter__
exit = type(manager).__exit_

value = enter(manager)

hit_except = False

try:
TARGET = value
SUITE

except:
hit_except = True

raise
finally:
if not hit_except:

exit(manager, None, None, None)

if not exit(manager, *sys.exc_info()):

BEBOEZENHDL E, AV THFAMII =TI X IEEBD with XPFAA N SINTZhD X SITEITLET:

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

ZAUIR kT

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

M CTHZ 22X ), O TFXF A b=V vy 2HEBUTICE > TEL e TEX T, fi:

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

SUITE

A=Yay 31 THE: WHOaY 7R PREFR-PLELE,

N—=Pay 310 TEHE: {fHlTHE Z T, XeBEEITIRAEIL TE T2 L5 L,

BE:

PEP 343 - "with” XF—FX>

Python @ with XDfEkE, TR, B XA

RIS TVET,

8.5. with X
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8.6 match X

N— a3 ¥ 3.10 TEH.

match IR Z =V~ v F U7 %8IT5 BN THEONLE T, #X:

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

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

AR ZotvryarTid, —HEFAFTTHENATWA DX VI FF—T7—F 2ERL T,

NRE—== v F U TE K= (case DIRA) L~ v F U INROMHE (match DERA) Z AN LE T, & —
Y (HTRER=VEEHRDDB) I vy FYIIHREDOEIIIH LT, vy FTEhEILOHEMTOhE T, fER
CLTROZ DI D FET:

o vy FHI BLART Y FRE (RE -V - KB HIFERET),
o ¥ F LIMEDHAINDHM, BEREMIBRL T,

match ¥ case ¥—V—FE VI rF—T—F TT,

BE:
o PEP 634 - MG X — 2~ v F: fhik

e PEP 636 - iy &2 —>r~<vF: Fa—+r U7

8.6.1 HIE

match DI EIED RN OBEIIRDED TF:

1. #7227 Fi subject_expr DFHiE ., ¥ 7Y =7 MaMELIE T, 7V =27 bApar~zaE
LHE. BHEDONL—V 1o TR TADBERINE T,

2. case_block HDENRX =N LT, 37920 MERY v FTI20EIDEF=zv 7 LET, vy FK
- KMOBEPRA—NVIERLET, v F U I7DOF v 712k, RZ—VHNOHRIO—H D % WViE
FTARTMEIFEINE T, BARNRFEL— IR -V OFBHIC k> TR 72D, BB LET, Iv
FHORIMLINR—>OFTRESNIERIE. EONEZ—>0T7 0Oy VAT THEL . match XDET
HERTRIENTEET,
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AR &= o FHRRe LTERRLTH, ZOFICEENZ Y TR =W 2 AlREMNED D D
F9, KR L7~y FTRETIHMAEMEEZRITEE L72a—F2E2RVEIICREDTTLEE W, #
2. Y FPEMUTH L TEBOERZE D> TOWREVWE VI DBEHEIC LEWTL XV, EEES50S
IR 2 HNTI2 5 201d Python OFEEMRFTH D, ERBTRRIATEEMELD D £, AL RFEIRH#HL
BITZA5 &5, BRMICFEEKRIFE LTV,

3. NE—UBEINLEHE, ZHOH— 28 (b LHIUR) FliShET. ZOBA. $X—YHNOHFIHT
NTHBINTWE I EEIFINTVET,

o H— FOFHMENLETH 20, b L AIEH— FHP2IFHUE, case_block ND block BETINF T,
o ZI3TRITII. XD case_block &I L THUL LI ODMBNEITEINE T,

o ZHLLE case block DSTEE LR WEAIX, match XK T LET,

IR EAMNIC, match XORZ — VR FHHXINZ L WIHORHRTa— FRELIREZTEDIDEVA, [V &X—T
VEXDREICE->TIE, FBREF Yy v 2T 2R EDEHEILEITV, FHliz 23y ST ARREELDH D £5,

i H 72 match XDH:

>>> flag = False
>>> match (100, 200):
case (100, 300): # Mismatch: 200 != 300
print('Case 1')
case (100, 200) if flag: # Successful match, but guard fails
print('Case 2')
case (100, y): # Matches and binds y to 200
print(f'Case 3, y: {y}')
case _: # Pattern not attempted

print('Case 4, I match anything!'')

Case 3, y: 200

ZOFITIE, if flag BH—FTT, H— ROV TRERDEIZ > a v EBRBL TR,

8.6. match X 161




The Python Language Reference, 'J1)—X 3.11.13

8.6.2 H—F

guard = "if" named_expression

guard (case —HfE LTHND) I LTIEILHT, ZD case 7By 7D aA— FHRETENAE T, F— i
if DRICHKZE LI TRELSINE T,

guard [ & D case 7R v 7 DUHEOBIIRD L BHTT:

1. case 7Ry VDX =V PEINTE20EI0%F 2 v 7T 5, RMLGEIX, guard FFHMEix 3. X
D case TRy 7 DF x v 7z,

2. SRR — VBRI L7 AL, guard OFFEATTHILE T
o guard &HFOFMEAETH A, HHD case 710 v ZIMERENE T,
o guard &M OFEMEABOBE. LD case 70 v 2 IHBRSNE LA,
. guard OFMEFICHISAEI S MBI AR, 20BN ZOE TRIENTT,

H—=FREXTH27%0. BEFAZEZ TN TEET, H— FOFHEIE. RO case 70 v ZHh5JHIZ, <
R— PR Tz case 70y ZIEMREL DD, —2I0iHliZ R FUIVIT EEA (DF D, H— FOFHfiX
EPNTOVRIEFRTIEITINIZDELR DD E£F), F/z. case 70 v VBRI NKFR T, A — FOFHlliZ £
DI EfToTEWT EHA.

8.6.3 SR AAIgELR T —XT7Ov Y
HMBARRE Ry — 27y 27k, I Th~Y vy FIT25—A 70y 7D 2 TT, match XOHFT, #HEAA
BER T — AT Ry ZI3HmAK—D2F T, »PORRICMET I2HENDD £3,

T—270y 7 DEHRAETH 2720123, H— PR NE—UDHBRAETH 2 0B 1D D 3, 8
R— VDGR RIRE T H 5 72 DI1213. ZDOE LOMED A 6. ZRDBEITHINT 5 Z L HHEAT £ 2 682D
DET, MBEPARERARZ=VIEUTD LS5 DDATT:

o KD IHBAFRETH 2 AS INZ—

e BENBZRE=—2DIBDKLHb—DONMBARETH S OR INF—
o ¥V TFYNE—Y

e TAILRA—RNZ—

o FMTEDNT, FBAATREZR SR —
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8.6.4 /\H2—

IR ZotkryarTiE, @EO EBNF 2B U ELERZHEHL 5,
e SEP.RULE+ ¥\ 3ilX RULE (SEP RULE)* DOEE T3,

o IRULE WIBEEHLHMADEMEERL T,

patterns D kv F LV ORI R D@D T

patterns = open_sequence_pattern | pattern
pattern = as_pattern | or_pattern

closed_pattern = literal_pattern
capture_pattern

wildcard_pattern

|

I

|

| value_pattern
| group_pattern

| sequence_pattern
| mapping_pattern
|

class_pattern

DTROHATIEID R DR T DD, REX—CORSBVEZHFICE VR LG AOHIZ THEICES &) Ok
WHENTVWET (ZDIFE A YA Raymond Hettinger KD F¥ 2 X ¥ MIHELZIITOHDTT), 1L
CNEH ETHEZBT 270D THY, WHHLEEZLTLORMLEZDOTIE HDFRA . T4, A
AJRE7R TR TONX— U EZMEL TV DITIED D EA,

OR N%&—

OR & —iZ. HER | TRUSLAEZEROARR—U 25k %3, B

or_pattern = "|".closed_pattern+

RRDY 782 — DAL SBAEE THo TRWIEHA, $h, BIRZEED D, BH 788 — VB3R
THH4FOMAGDEIE. TRTELCTHI2LENDHD 7,

OR REA—rTlE, 379227 MEZHLUTIEIZES IR —2 Dy F U IPITbNE T, vy FRENT 3L
FITHRTL, 2O ORRXRX—=VEHRPI LA RINET, —f, EDYFITREZ—V LTI 20D
OR REZ—=VIFEB L7z 2k 5,
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fHEWCES 8. PL | P2 | ... 2WVWHIRR—VIFPL &2y FLEO L, KBTI P2 ZRLE T, WTh
MDRR =<y FUREITIUIEBICEIN ), ZhDNOGETERE 2D FT,

AS NZ—>

AS B =B H 7Y 27 MEIHLUT, as ¥F—V—FOEMIIH S OR Ex—r 2~y FIEET, M

as_pattern = or_pattern "as" capture_pattern

OR REZ—=UREBTIUR, ZD AS RZ—V3EREe D FET, BT HE 37027 MEd as F—U—F
DOEROHFNCHEE N, 2D AS RR—=IIEIE H £3, capture_pattern ¥ LT _ ZEET 2 Z X
TEFEHA,

fHICE S L. P as NAME 3 P 2~ v 38, I L5 EIC NAME = <subject> OfLAZITVE T,

DTFZILNg—>

VT INRE—=F, —#%FR< Python @ UFZIL MG LET, #:

literal_pattern = signed_number
signed_number "+" NUMBER
signed_number "-" NUMBER

strings

|

|

|

| "None"
| "True"

| "False"

| signed_number: NUMBER | "-" NUMBER

strings ¥\ 9 /)L—)L¥ NUMBER ¥ \5 bk —2 & Python DX EMHK TERINTVWET, 74—+ 3OTH
DI FFNR raw XFF, raw NA PHIHEHRTRET S, f-strings I3EHTEEE A,

signed_number '+' NUMBER ¥ signed_number '-' NUMBER ¥ WIS M BHRH 2 RHT 27200 dDT
T, 2D, EHNCEER. GHCE3ERZELERDD ET, #il: 3 + 45,

ffiHICE 5 ¥, LITERAL X <subject> == LITERAL TH B L EDAENTZ X —TF, ¥ IV Th
% None ¥ True . False I is HETZ{Ho TSN E T,
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FvTFvNEZ—>

FX S F e RNR—VE BTV MAZAENTRE L 23, #

capture_pattern = !'_' NAME

TUR—Z2AT7 =NFD _FF A TF R = TEBDERA (V' BRLTVEIDIIDOEMETT) .
wildcard_pattern ¥ L THRbHLNET,

NRRE—V—DDHT, —ODELHNE—ELIrEEITZ2 N TEEHA, HlIZIE case x, x: ... EEEWVWT
T, case [x] | x: ... WELWTT,

F ¥ T F v RV REIEN LT WESNAETO R a— 713, PEP 572 THAZ S W RAREE O 2
I—=FN—=VEFILTT, THROB. Y TIED global X » nonlocal XHBRWERD ., ZDRAEMD A a—
7. %Y D match XEALHRD AMOBEE L 2D 9,

fHHICE 5 &, NAME 3H ISR L, NAME = <subject> DfRADTONE T,

TAILEA—RNE—>

DAL K F— RRE— SV FEICH (S LTd vy F35) L, ZHORMILELA. HY

wildcard_pattern ::=

_E REZ=VOFRTHEHINZZGEEXEIC Y I EEX—T—F T, LHL, RX—VOFTHRWVWEFEY 7 b
F—U—FTEHHFERA, X2V 7Pz PR guard | case 7Ry Z7OHTH, BHEOEBERD FF,

fHEIICS S 2. _ W 3HEICHSh L 7,

ENEZ—>

fli &% — 1% Python THEOMNIFON/EZRL T, M

value_pattern := attr
attr = name_or_attr "." NAME
name_or_attr = attr | NAME

F v bB30W Z DEREIE, Python HEHED GFIRIL—IL Ik > TRIRINE T, DX -k, fRRIH
FAESY 7Y 27 MELH LW (FETHE T == 10HE0) L 2T 2D £9,
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ffifi1CE 5 ¥, NAME1.NAME2 | <subject> == NAME1.NAME2 T» 2 ¥ DAL X5,

FAR: —OD match XTR UEPEREIHE ST 2581, 4 Y &Z—7 V) XABREANCHERENIEZF v v a
L. ZHEiBERZMEBITS i {MEZBEANH T 2 AfREELH D £F, ZDF ¥ v ¥ ald, £ match XDZD
FfT Mmoo THEAEENE T,

TJI—=TNE2—>

A group pattern allows users to add parentheses around patterns to emphasize the intended grouping.

Otherwise, it has no additional syntax. Syntax:

group_pattern = "(" pattern ")"

In simple terms (P) has the same effect as P.

=T AN —Y

A sequence pattern contains several subpatterns to be matched against sequence elements. The syntax is

similar to the unpacking of a list or tuple.

sequence_pattern n= "[" [maybe_sequence_pattern] "1"

I ll(ll [open_sequence_patte'r‘n] ||)||

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

star_pattern n= "x" (capture_pattern | wildcard_pattern)

There is no difference if parentheses or square brackets are used for sequence patterns (i.e. (...) vs [...]

).

ATR: 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.
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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.

4. Remaining non-star subpatterns are matched to their corresponding subject items, as for a

fixed-length sequence.

AMR:  The length of the subject sequence is obtained via len() (i.e. via the __len__() protocol).

*2 In pattern matching, a sequence is defined as one of the following:
e collections.abc.Sequence ZMKL7z2 7 R,
e collections.abc.Sequence & L TH@F SNz Python 7 7 X,
e a builtin class that has its (CPython) Py_TPFLAGS_SEQUENCE bit set
e a class that inherits from any of the above
The following standard library classes are sequences:
e array.array
e collections.deque
e list
e memoryview
e range
e tuple

JATR:  Subject values of type str, bytes, and bytearray do not match sequence patterns.
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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)

o ... and so on for the corresponding pattern/element.

RyEYINE—>

A mapping pattern contains one or more key-value patterns. The syntax is similar to the construction of a

dictionary. Syntax:

mapping_pattern n= "{" [items_pattern] "}"
items_pattern = ",".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

. aed, L ] : ] _ .
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3. If duplicate keys are detected in the mapping pattern, the pattern is considered invalid. A SyntaxError

is raised for duplicate literal values; or a ValueError for named keys of the same value.

AR: Key-value pairs are matched using the two-argument form of the mapping subject’s get()

method. Matched key-value pairs must already be present in the mapping, and not created on-the-fly

via __missing__() or __getitem__ ().

In simple terms {KEY1: P1, KEY2: P2, ... } matches only if all the following happens:

o <subject> XY VI hEFzv TS

e KEY1 in <subject>

e P1 X <subject>[KEY1] IT~¥ v F T 3

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

DSANR—>

A class pattern represents a class and its positional and keyword arguments (if any). Syntax:

class_pattern n=

pattern_arguments L=

positional_patterns =
keyword_patterns u=

keyword_pattern n=

name_or_attr "(" [pattern_arguments ","7] ")"
positional_patterns ["," keyword_patterns]

| keyword_patterns

",".pattern+

",".keyword_patternt

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.

8.6. match X
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If only keyword patterns are present, they are processed as follows, one by one:

I. The keyword is looked up as an attribute on the subject.
e If this raises an exception other than AttributeError, the exception bubbles up.
e If this raises AttributeError, the class pattern has failed.

e Else, the subpattern associated with the keyword pattern is matched against the subject’s attribute

value. If this fails, the class pattern fails; if this succeeds, the match proceeds to the next keyword.
II. If all keyword patterns succeed, the class pattern succeeds.

If any positional patterns are present, they are converted to keyword patterns using the

__match_args__ attribute on the class name_or_attr before matching:
I. The equivalent of getattr(cls, "__match_args__", ()) is called.
o If this raises an exception, the exception bubbles up.
o If the returned value is not a tuple, the conversion fails and TypeError is raised.

o If there are more positional patterns than len(cls.__match_args__), TypeError is raised.

¢ 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:
ISANE—=2IyFOMBEIBDHZAEIAX

[1. Once all positional patterns have been converted to keyword patterns,

the match proceeds as if there were only keyword patterns.
For the following built-in types the handling of positional subpatterns is different:
e bool
e bytearray
e bytes
e dict
e float
e frozenset

e int
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e list
e set

e sStr

e tuple

These classes accept a single positional argument, and the pattern there is matched against the whole

object rather than an attribute. For example int (0]1) matches the value 0, but not the value 0.0.
In simple terms CLS(P1, attr=P2) matches only if the following happens:
e isinstance(<subject>, CLS)
e convert P1 to a keyword pattern using CLS.__match_args__
e For each keyword argument attr=P2:
— hasattr(<subject>, "attr")
— P2 I& <subject>.attr ¥ v F7 5

o ... and so on for the corresponding keyword argument/pattern pair.

e PEP 634 - i X —> < v F: {1k

e PEP 636 - iy & —>~<vF: Fa -+ 7L

8.7 BHER

BIBUERIE, 12—V ERBEA 7 =7 P2 ERL FT (IRERDOME HiSHK):

funcdef = [decorators] "def" funcname "(" [parameter_list] ")"
["->" expression] ":" suite
decorators = decorator+
decorator = "@" assignment_expression NEWLINE
parameter_list n= defparameter ("," defparameter)* "," "/" ["," [parameter_list_no_posc

| parameter_list_no_posonly

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

parameter_list_starargs n= "x" [parameter] ("," defparameter)* ["," ["*x" parameter [","]]]

| [[poso] para,meter [u,n]
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parameter n= identifier [":" ezpression]
defparameter = parameter ["=" expression]
funcname n= identifier

BIHCE IR BT T T, BIEEREEITT 5 L. BIEO 0 — h AR A7 TRl 2 Bt 75 = 7
(O FITARE D — R < 385 v 5—) ML I T, COMEA 7Yz 7 Maid, BEAIEOH & =Bc
b3 7B — LRAHIZER . LT, BIED 20— LB ZRIEEAD SRS A - TOE T,

BIRUEFIIBIBAAEZ FAT U £ 8 A BIBARRIIRBEIF O S RicoaEITang s,

BRER T —2OU LD 7AL—42 XTIy I TEFET, 7aL—ARNEBEREERT L &, BBERDODA-T
WHRAa—7CiHlidhg s, ZoOMRIE. B 7Y =7 b EHE—DFIRICE 20 LATREA 7Y = 7 TR
JIUERD 2R A, A 7Y 7 oo, IRXNEPEBAICREIhE T, BBOTFTa L —&iEx A
FLTHEAINE T, FlZIX. MFoXkSka—Fk:

@f1(arg)
@f2
def func(): pass

. RV WRE FE T

def func(): pass
func = f1(arg) (f2(func))

72720, BiEDa— FTILA DB %E func WO HZAIN—RINCHRE T2 Z 2 i3 wn, 2WS 2 ZA%[RE
%9,

N— a ¥ 3.9 TZHE: Functions may be decorated with any valid assignment_expression. Previously,

the grammar was much more restrictive; see PEP 614 for details.

1 DB ED 1REIE 53 parameter = expression DFEEIR > TWb & &, BEIX ” 77 L b EIEUE” 2o rF
WET, 774 MEZFFOMRGIETIE, WOH LRI Z AU T 2 E5|18 BEBTE, Z2oH &R 1ED
T 7 xN MEBEDNE T, HE5EDT 7 A MEZRFE o TWaGE. LR " B TL 2 TogEZ
ETT 740V MiAZRF > TORITNUIRD XA - ZIEUEER TR I N TOROWEXIHIR T3,

T 74 FEIBEIZERERBDRITEINZ L SICEDNSBATHEShE T, 2. 77 4 M IEBOAXIZBEED
ERIND & XWX RE—ERLTFHEEN, FL 7 FEEAD” ERFIELORIHEHENSE I 2 B8R F
T ZOERREHEEL THL I3RS 7740 FIEUES Y A FRHED LI BRI 2 —XTARA T = b
THZLZWCHETT: BB Z0A 7Y =7 F2ZEE (FIZIXY R MCEREZEN) §58, 207741 Ml
BEDPEFEOMELZITLELET, —RCiE. THUEERILARVENETT, 20 X5 REELELT 2121E, 7
7 %)V MEY LT None Zffiv, ZOfEZEBAKROHTHRINICT AP LET, BIZEFUTOLSICLET:

*4 A string literal appearing as the first statement in the function body is transformed into the function’s __doc__ attribute
and therefore the function’s docstring
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def whats_on_the_telly(penguin=None) :
if penguin is Nome:
penguin = []
penguin. append("property of the zoo")
return penguin

BEEOE OV L O BRI T 230, MFOH L (call) BiTHRRSATWE T, BHEIECHLZITS 2, <5
AR A MIEBRENZETD T AR, MEFHE. F—U—F58. 77+ MEOWTLhD HESRA X
NFE T, "*identifier” BERDBEE TR, Ko ITRTOMEBSIBEZITE =2 FVICHEHLEINES, &
DT 7 )V MEZZED X FIVTF, "**identifier” WAL T, RokITXRTOF—7— F5lEE%T
WoZBFMEDT v By A7V Mt ENE T, 2077 40 MEEFRI LB OZED~Y Yy Y 74T
V27 FTT, "x” % "kidentifier” DED NI RXREF—V—FEMRTIA—KXT, F—U—F5l8uck->T
DABEINE T, 7/ DHIDNT R RBFNEEH T X —XT, MEIFIBICL>TOAEINET,

N— a v 3.8 TEH: The / function parameter syntax may be used to indicate positional-only parameters.
See PEP 570 for details.

2

Parameters may have an annotation of the form ”: expression” following the parameter name. Any

parameter may have an annotation, even those of the form *identifier or **identifier. Functions

b2

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.

KA T 5 710, B (BRI SN TORVBE) 2IFRT 5L b TEET. Sl L4
(lambda) DECHBINTVD 7 AXREWOE T, T 5L RESHIL S N BROE R OB RINBE B
LIS LTSN, Vdef” CTREBSNLMBD 7 AXRCIEMSNABERO £ 512, 3L LTHED,
DBHTICHD M T B Z LA TEET, WHORL T ) 7= 3 YEFTEBDT, "det” BROHH & DI
<Y

TOTSIADAE: BEEE—fA 7Y =7 M T, BEERNTHEITINS "def” E. IR DERTIEE L
THEEZ 0 —2VBEBMEERL T, R b LAEBBATHEDN S BHZHIE, def 2BATVW OB —H 1
ZRICT 72 RATE XS, sfllid BEIDF ERE (naming and binding) #izZRL TS W,

BE:

PEP 3107 - Function Annotations B
W7 ) F5—aromotiE,

PEP 484 - BEY 7
T = a Y OERERNLRERMITH 2T v b DER,
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PEP 526 - Syntax for Variable Annotations

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

PEP 563 - 7/ 57— 3 > OEHESTE =S
fTRRC T 7 77— a YR ERGHES 2 D TIE R XFIA TR T2 210k d, 7/ 57— a2 Y IZB
LETHSBOYR— b

PEP 318 - Decorators for Functions and Methods

Function and method decorators were introduced. Class decorators were introduced in PEP 3129.

8.8 VS AER

U IAERE, FIAA TV b EERLET (EEBOREE HiSH):

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

75 AERIEITATRER LTS, MKV A MA@, REZZAVA M 25257 (XD EEREWGIZ. A7
2 EBRLTIIEZIV), TT2H, VA MDZEALFHOBEREDFHEIIY 77 7 AL THRVWT I R TH BN
ETY, ARV R FDORWVWI FRIE, 77 4L T, BEJEY 5 R object Z{KT 2D T:

class Foo:

pass

. IR ERIFETT

class Foo(object):

pass

RIZY T ADAA — B, #FRFAT7 L — L4 (BEIDTERE (naming and binding) ZBHILTLEEIW) A
T, FlESN 0 — AV L T4 D 70— VRIS Zf > THEITENET (BH. ZORA— I
FFICHBERDIRENET ) 7T RADAA = IBFETLEZDZ ., ST 7L —LAIHEINETHS, v—AL
RARZEMIIRIEINE T, ™ K, MKV R P 2RIEY 7 A2, (RIFES N0 — BV AR12E0 % 8 MEEREE I,
ENTIMESTI AL TV =7 bPEREINE T, RRIZ, DD —WLAFIZEMICBWT, 77 AH/BID
IIRATY 2 MITHREENET,

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

*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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definition syntax.
77 AMEME. AR S ZHHLTKRIBICHARA R4 A TEET,

BRI — R F20LALESIC. 292 FaL— b T3 2L DBHEKRTT,

0f1(arg)
ef2

class Foo: pass

1. VW 0nWREe EliTF

class Foo: pass
Foo = f1(arg) (£2(Foo0))

7 alL—XAOFHIRANIEER 72 L — & LA U T, fiRIE7 7 ARICHR BN ET,

N—=Ta ¥ 3.9 TEHE: Classes may be decorated with any valid assignment_ezpression. Previously, the

grammar was much more restrictive; see PEP 614 for details.

TOVIIDHDER: 7 7 AERNTERSINILERIZZ FRABETHD, £2TOAL YRRV ABTHESH
T3, A VAR VRAEMIZ. XYV v RO T self.name = value ¥ T3 CRETEET, ZoABHDA
VAR AEMD "self.name” KL TT7 V7 ERATE, ZORLTT7 7 AL E, 4 VAR ZABBHEEZD
77 ABEERMLEST, 77 RBMHIE, A VAZVRABHEOT 74NV MEE L TR ETH, 22183 2—47
NREZES & P RERICORAD £9, 8T 25 &, FEMlRERENRR D4 VAR Y RABERH R T
ER-32

B&:
PEP 3115 - Metaclasses in Python 3000 X
R IADEERHEDLIEL, AR T IAMEDI FANED LS ITHEINL20OEKRFEEE L
RE
PEP 3129 - /5 X57aL—% 7
FATAL—REBMURE, BB Tar -4 XYy FFalL—2i3 PEP 318 TEAINE L7,
8.9 J)L—F~

N—a v 3.5 THEM.
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8.9.1 J/IL—FUEHEE

async_funcdef = [decorators] "async" "def" funcname "(" [parameter_list] ")"

["->" expression] ":" suite

Python THFITLTW2 al—F Y 3Z ORRT—IHMEILE BRMATE ET (coroutine 2BM). await XTH
% async for ¥ async with XaL—F VEABOARKTLLHEZ E8 A

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

or async keywords.
aAn—F VEBOAREDHT yield from Xz AT % & SyntaxError 124D %73,

a)—F v OH:

async def func(paraml, param2):
do_stuff ()

await some_coroutine()

N—a v 3.7 TAHE: await and async are now keywords; previously they were only treated as such inside

the body of a coroutine function.

8.9.2 async for X

async_for_stmt = "async" for_stmt

asynchronous iterable &, %@ __anext__ XY v FTIEMMAR 3 — F2EITAEEZR. asynchronous iterator %
EfHRT __aiter__ XYy FEREHELTVET,

async for XIT X o CIFIARA 77 7N EZHBICA T1L —2a vy T 58N TEET,

DIFDa— k.

async for TARGET in ITER:
SUITE

else:
SUITE2

FRIRERINC LT & E T3

176 % 8 Z 883 (compound statement)
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(ITER)
type(iter).__aiter__(iter)

iter

iter

running = True

while running:
try:
TARGET = await type(iter).__anext__(iter)
except StopAsyncIteration:
running = False
else:
SUITE
else:
SUITE2

FEANE  aditer O __anext_ () BEHBHEL TV,

an—F VEBOAREDIT async for X2HT % & SyntaxError 12720 £73,

8.9.3 async with X

async_with_stmt = "async" with_stmt

asynchronous context manager V&, enter XY v R ¥ exit XY v NAFTHEITZ —FEIETZ % context

manager T,

DIFDa— k.

async with EXPRESSION as TARGET:
SUITE

CAUIR L EHT T

manager = (EXPRESSION)

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

hit_except = False

try:
TARGET = value
SUITE
except:
hit_except = True
if not await aexit(manager, #*sys.exc_info()):
(KDR=D12Hi<)
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(FIDR=I 5 DfEE)
raise
finally:
if not hit_except:

await aexit(manager, None, None, None)

FEANE  aenter O R __aexit_ () BSHELTLIEE W,

an—F VEBORRDIT async with XZ2HHT % & SyntaxError 12720 $3,

BE:
PEP 492 - async X H & U await BXHGETOIN—F > a
N—F % Python DF L MO E LRI L, 8- T 2H0EBMLRE,
RS

178 % 8 & 883 (compound statement)
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NINE

ky FLARIVEHE

Python £ & 7Y &%, BEANR, 07700518 LTERZNLRAZ Y b, WEEINC A4 TATIE R
T2, BV a—NADY =R T 7 ANVRKRYE, BRARATEDPOANIZBI P TEET, ZOETIE, Zhth
DEEITHW O N BRI OWTHIAL TV E T,

9.1 2% Python 7O 5 L

SR OF T, ZOFEEUETE2A VR TV RXBPED ISR EINS 0 FTHET Z2LEITR VDT

B, TR Python 7027 20 &2 > TEL e RICLBEE T, E2K Python v 7 J Ak, BRI
b SN B85 2 TOMAAAEHEHEE Y 2 — L HFIHFHET, 2D sys (BA RS AT A9 —E R),
builtins (FHAAABIEL S, B XU None)., __main__ D 3 DEFRD2TOEY a2 — AL I N TVR
WIREETEMEL £ 9, __main__ &, BRRTI 0TI L2FITT I a—ArB X0 — OV A2 %
RT3 DICHLNE T,

5272 Python 7127 AD#E. FTOHITERSE 77 A VAHDDDHDTT,

A4 YR T) ZIFE MNEERE—F (interactive mode) TEEIZNZ I dHDET; ZOHE. A Y X TV XF5%ELR
BRIV T LEHRATETTZOTIEIRL, —ERXE—DOFTY (HEXDLZbHD ET) ZHAAATIEITL
9, YIHIIREBOREE., B2k 7ur I o 2E T2 ZORBELEFRILTY; £EITE. __main__ OHAHFIH
RN TETENET,

ST I 8E 3 OOEATA VA - ) XEXET: -c string A~ KIF3A4 4T arT, avy R
FAVDE 1 5ITEINDE T 740, DEIVIEEANE LTHELET, 7 7 A REEAND tty 734 R
ol A V2= ZINFEE—FICAD ET, ZhLHNDEEE. 77 A VERERTIu I 68 LTH
TLED,
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9.2 771ILAAN

IENFE 2 7 7 A A SFEAH E N ANZ, £TRUEA:

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

MEEE—FTE (Fy TLNL0) HEXDRBICZEATE AL TERLRVI LICHERLTLEEI W, Zh
. EAEXOKIE =R T 27D DF20 D & L TRETT,

9.4 AN

HKANIZIE eval O DD E T, ZHIREEHOEHZEAL £3. eval O IZHF 23755 8, UUTFOEK
ZEHIRITIIIED FEA:

eval_input = expression_list NEWLINEx*

180 FIE FYTLRNILER



TEN

FERBIGELER

Y TRIZRT DI Python DFERLEIETT, CPython D S—HE2ERT 2720 D IEERD SEZEINZDD
T (Grammar/python.gram 22D I &), ZIITRTDIX, a— FERB LTS —WHEICBRT 25870 %
B L7enN—Ya rTT,

SEDFLHEE EBNF & PEG Y DIRATT, BT, & 1T Y RL, F—2 Y ERBFILTL L s — T
fe<HE. ZAUIIEDIEFHA (positive lookahead) (F72b B, HEIIY v FF 2 7DITIIRELEH, v v FRIC
HEINRWV) TT, —HT, ! IFEDKEHA (negative lookahead) (ThDHB, v v F LAV Z2DITHE) T
¥, PEG DJEFA 3R (ordered choice) DXYID XF e LT (BHNICEDNTWS / Tld%) | ZEHL
5, HEDFIEIZDOWT, FLLIE PEP 617 2R T X0,

# PEG grammar for Python

START OF THE GRAMMAR

General grammatical elements and Tules:

Strings with double quotes (") denote SOFT KEYWORDS
Strings with single quotes (') denote KEYWORDS
Upper case names (NAME) denote tokens in the Grammar/Tokens file

Rule names starting with "invalid_" are used for specialized syntax errors

These rules are NOT used in the first pass of the parser.

Only <f the first pass fatls to parse, a second pass including the invalid
rules will be ezecuted.

If the parser fails in the second phase with a generic syntax error, the
location of the genmeric failure of the first pass will be used (this avoids
reporting incorrect locations due to the invalid rules).

The order of the alternatives involving invalid Tules matter

(like any rule in PEG).

Grammar Syntaz (see PEP 617 for more information):

HORH oW OB OB OB R ORE R OO R R R E R R R
I

rule_name: expression

(ROR—1hE< )
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(FIDR—T 5 D X)
Optionally, a type can be included right after the rule name, which
specifies the return type of the C or Python function corresponding to the
rule:
rule_name[return_type] : expression
If the return type is omitted, then a void * is returned in C and an Any in
Python.
el e2
Match el, thenm match e2.
el | e2
Match el or eZ2.
The first alternative can also appear on the line after the rule name for
formatting purposes. In that case, a | must be used before the first
alternative, like so:
rule_name[return_type] :
| first_alt
| second_alt
(e)
Match e (allows also to use other operators in the group like '(e)*')
[ e] or e?
Optionally match e.
ex
Match zero or more occurrences of e.
e+
Match one or more occurrences of e.
s.e+
Match one or more occurrences of e, separated by s. The generated parse tree
does not include the separator. This is otherwise identical to (e (s e)*).
&e
Succeed if e can be parsed, without consuming any input.
e

Fail if e can be parsed, without comsuming any input.

Commit to the current alternative, even if it fails to parse.

FHOFH R OB R OB OHE R R R OHE OH W OH W OW oW oW oW oW oW OB oW OB OB OE R EE R EE KR

# STARTING RULES

file: [statements] ENDMARKER

interactive: statement_newline

eval: expressions NEWLINE*x ENDMARKER

func_type: '(' [type_expressions] ')' '->' expression NEWLINE* ENDMARKER

fstring: star_expressions

# GENERAL STATEMENTS
#

(RDR—HE)
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statements: statement+
statement: compound_stmt | simple_stmts

statement_newline:
| compound_stmt NEWLINE
| simple_stmts
| NEWLINE
| ENDMARKER

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

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

| assignment
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 ]

(FIDR=I 5 DfEE)

(RDR=212HiL)
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| ('(' single_target ')'
| single_subscript_attribute_target) ':
| (star_targets '=' )+ (yield_expr | star_expressions) !'='

| single_target augassign ~ (yield_expr | star_expressions)
annotated_rhs: yield_expr | star_expressions

augassign:

[ '+=
| [J—
| ke
| o=
| /=
| %=
| e
| =
| o=t
|
|
|
|

r<g="
'>>="
U=

I//=l

return_stmt:
| 'return' [star_expressions]
raise_stmt:
| 'raise' expression ['from' expression ]

| 'raise'

global_stmt: 'global' ','.NAME+
nonlocal_stmt: 'monlocal' ','.NAME+
del_stmt:

| 'del' del_targets &(';' | NEWLINE)

yield_stmt: yield_expr

assert_stmt: 'assert' expression [',' expression ]

import_stmt: import_name | import_from

# Import statements

import_name: 'import' dotted_as_names

# note below: the ('.' | '...') is necessary because '...'

(FIDR=I 5 DfEE)

' expression ['=' annotated_rhs ]

[TYPE_COMMENT]

1s tokentzed as ELLIPSIS

(RDR=212HiL)
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(FIDR=I 5 DfEE)
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 !','
[ txt
import_from_as_names:
| ','.import_from_as_name+
import_from_as_name:
| NAME ['as' NAME ]
dotted_as_names:
| ','.dotted_as_name+
dotted_as_name:
| dotted_name ['as' NAME ]
dotted_name:
| dotted_name '.' NAME
| NAME

# COMPOUND STATEMENTS
#

# Common elements

block:
| NEWLINE INDENT statements DEDENT

| simple_stmts

decorators: ('Q@' 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
(KDR=D12Hi)
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(FIDR=I 5 DfEE)

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).

slash_no_default:

| param_no_default+ '/' ',

| param_no_default+ '/' &')'
slash_with_default:

| param_no_default* param_with_default+ '/' ','

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

star_etc:
'x' param_no_default param_maybe_default* [kwds]

|
| '+' param_no_default_star_annotation param_maybe_default* [kwds]
[ 's' ',' 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

OB oW oW W W W™ O™ " W

- No comma, optional type comment, must be followed by close paren

(RDR—V 1<)
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(FIDR=I 5 DfEE)
# The latter form is for a final parameter without trailing comma.
#

param_no_default:

| param ',' TYPE_COMMENT?

| param TYPE_COMMENT? &')'
param_no_default_star_annotation:

| param_star_annotation ',' TYPE_COMMENT?

| param_star_annotation TYPE_COMMENT? &')'
param_with_default:

| param default ',' TYPE_COMMENT?

| param default TYPE_COMMENT? &')'
param_maybe_default:

| param default? ',' TYPE_COMMENT?

| param default? TYPE_COMMENT? &')'
param: NAME annotation?

param_star_annotation: NAME star_annotation

annotation: ':' expression
star_annotation: ':' star_expression
default: '=' expression | invalid_default

# If statement

# ____________
if_stmt:

| 'if' named_expression ':' block elif_stmt

| '"if' named_expression ':' block [else_block]
elif_stmt:

| 'elif' named_expression ':' block elif_stmt

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

| 'else' ':' block

# While statement

while_stmt:

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

# For statement

# _____________
for_stmt:
| 'for' star_targets 'in' ~ star_expressions ':' [TYPE_COMMENT] block [else_block]
| ASYNC 'for' star_targets 'in' ~ star_expressions ':' [TYPE_COMMENT] block [else_block]

# With statement

(RDR=212HiL)
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(FIDR=I 5 DfEE)

# ______________
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

# _____________
try_stmt:
| 'try' ':' block finally_block
| 'try' ':' block except_block+ [else_block] [finally_block]
| 'try' ':' block except_star_block+ [else_block] [finally_block]

# Except statement

except_block:

| 'except' expression ['as' NAME ] ':' block

| 'except' ':' block
except_star_block:

| 'except' '*x' expression ['as' NAME ] ':' block
finally_block:

| 'finally' ':' block

# Match statement
match_stmt:

| "match" subject_expr ':' NEWLINE INDENT case_block+ DEDENT
subject_expr:

| star_named_expression ',' star_named_expressions?

| named_expression

case_block:

| "case" patterns guard? ':' block

guard: 'if' named_expression

(KDR=D12Hi)
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(FIDR=I 5 DfEE)
patterns:
| open_sequence_pattern
| pattern

pattern:
| as_pattern

| or_pattern

as_pattern:

| or_pattern 'as' pattern_capture_target

or_pattern:

| 'l'.closed_pattern+

closed_pattern:
literal_pattern
capture_pattern
wildcard_pattern

value_pattern

|

|

|

|

| group_pattern
| sequence_pattern
| mapping_pattern
|

class_pattern

# Literal patterns are used for equality and identity constraints
literal_pattern:
| signed_number !('+' | '-')
complex_number
strings

|

|

| 'None'
| 'True'
|

'False'

# Literal expressions are used to restrict permitted mapping pattern keys
literal_expr:
| signed_number !('+' | '-')
complex_number

strings

|

|

| 'None'
| '"True'
|

'False'
complex_number:
| signed_real_number '+' imaginary_number

| signed_real_number '-' imaginary_number

signed_number:

(RDR=212HiL)
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| NUMBER
| '-' NUMBER

signed_real_number:
| real_number

| '-' real_number

real_number:
| NUMBER

imaginary_number:
| NUMBER

capture_pattern:

| pattern_capture_target

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

wildcard_pattern:

value_pattern:
[ attr tC .t (] =)

attr:

| name_or_attr '.' NAME

name_or_attr:
| attr
| NAME

group_pattern:

[ '(' pattern ')'
sequence_pattern:

| '[' maybe_sequence_pattern? ']’

| '(' open_sequence_pattern? ')'

open_sequence_pattern:

| maybe_star_pattern ',' maybe_sequence_pattern?

maybe_sequence_pattern:

| ','.maybe_star_patternt+ ','?

maybe_star_pattern:

| star_pattern

(FIDR=I 5 DfEE)

(KDR=D12Hi)
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| pattern

star_pattern:

'*' pattern_capture_target

'*' wildcard_pattern

mapping_pattern:

(FIDR=I 5 DfEE)

I{l 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:

"**' pattern_capture_target

class_pattern:

name_or_attr
name_or_attr
name_or_attr

name_or_attr

|(| l)l

'(' positional_patterns ','? ')'

'(' keyword_patterns ','? ')'

'(' positional_patterns ',' keyword_patterns ','? ')

positional_patterns:

','.pattern+

keyword_patterns:

', ' .keyword_pattern+

keyword_pattern:

| NAME '=' pattern

# EXPRESSIONS

expressions:

| expression (',' expression )+ [',']

| expressiomn ',

| expression

expression:

| disjunction 'if' disjunction 'else' expression

| disjunction

(RDR=212HiL)
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| 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

(WD == h b D %)

# ____________________
comparison:
| bitwise_or compare_op_bitwise_or_pair+
| bitwise_or
(KDR=D12Hi)
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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

(FIDR=I 5 DfEE)

(RDR=212HiL)
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(FIDR=I 5 DfEE)
sum:
| 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 '#*' factor

| await_primary

# Primary elements

# Primary elements are things like "obj.something.something", "obj[something]", "obj(something)",

< "obj" ...

await_primary:
| AWAIT primary

| primary

primary:
| primary '.' NAME
primary genexp
primary '(' [arguments] ')
primary '[' slices ']’

atom

| slice !'',"

| ',".(slice | starred_expression)+ [',']

sikicek:
| [expression] ':' [expression] [':' [expression] ]
| named_expression
(RDR=212HiL)
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(FIDR=I 5 DfEE)

NAME
'True'
'False'

'None'

NUMBER

(tuple | group | genexp)

(list | listcomp)

(dict | set | dictcomp | setcomp)

|
|
|
|
| strings
|
|
|
|
|

| '('" (yield_expr | named_expression) ')'

# Lambda functions

lambdef :

| 'lambda' [lambda_params] ':' expression

lambda_params:

| lambda_parameters

# lambda_parameters etc. duplicates parameters but without annotations
# or type comments, and if there's mo comma after a parameter, we expect
# a colon, not a close parenthesis. (For more, see parameters above.)
#
lambda_parameters:
| lambda_slash_no_default lambda_param_no_default* lambda_param_with_default* [lambda_star_etc]
lambda_slash_with_default lambda_param_with_default* [lambda_star_etc]

|
| lambda_param_no_default+ lambda_param_with_default* [lambda_star_etc]
| lambda_param_with_default+ [lambda_star_etc]

|

lambda_star_etc

lambda_slash_no_default:
| lambda_param_no_default+ '/' ','

| lambda_param_no_default+ '/' &':'

lambda_slash_with_default:
| lambda_param_no_default* lambda_param_with_default+ '/' ',

| lambda_param_no_default* lambda_param_with_default+ '/' &':'

lambda_star_etc:
| '"x' lambda_param_no_default lambda_param_maybe_default* [lambda_kwds]
| '"x' ',' lambda_param_maybe_default+ [lambda_kwds]
(KDR=D12Hi)
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| lambda_kwds

lambda_kwds:

| '"#x' lambda_param_no_default

lambda_param_no_default:

| lambda_param ','

| lambda_param &':'
lambda_param_with_default:

| lambda_param default ',

| lambda_param default &':'
lambda_param_maybe_default:

| lambda_param default? ','

| lambda_param default? &':'
lambda_param: NAME

# LITERALS

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:
| 's%' bitwise_or
| kvpair

kvpair: expression ':' expression

# Comprehensions & Generators

for_if_clauses:

]

I)l

(FIDR=I 5 DfEE)

(RDR=212HiL)
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(FIDR=I 5 DfEE)

| for_if_clause+

for_if_clause:

| ASYNC 'for' star_targets 'in' ~ disjunction ('if' disjunction )*
| 'for' star_targets 'in' ~ disjunction ('if' disjunction )=*
listcomp:

| '[' named_expression for_if_clauses ']'

setcomp:
| '{' named_expression for_if_clauses '}'

genexp:
| "(" ( assignment_expression | expression !':=') for_if_clauses ')'

dictcomp:

| '{" kvpair for_if_clauses '}'

# FUNCTION CALL ARGUMENTS

#
arguments:
| args [','] &")'
args:
| ','.(starred_expression | ( assignment_expression | expression !':=') !'=")+ [',' kwargs ]
| kwargs
kwargs:
| ','.kwarg_or_starred+ ',' ','. kwarg_or_double_starred+

| ','.kwarg_or_starred+

| ','.kwarg_or_double_starred+

starred_expression:
| '%x' expression

I !

kwarg_or_starred:
| NAME '=' expression

| starred_expression

kwarg_or_double_starred:
| NAME '=' expression

| '#x' expression

# ASSIGNMENT TARGETS
#

(RDR=212HiL)
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(FIDR=I 5 DfEE)

# Generic targets

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

| star_target (',' star_target )*x [',']
star_targets_list_seq: ','.star_target+ [',']

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

star_target:
[ 'x' (1'*x' star_target)

| target_with_star_atom

target_with_star_atom:
| 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] 'l

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: '(' | '['" | '.'

(KDR=D12Hi)
198 % 10 B REAEMLR




The Python Language Reference, 'J!J—X 3.11.13

# 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] 'l

# TYPING ELEMENTS

# type_expressions allow */** but ignore them

type_expressions:

','.expression+ ',' '*' expression ',' '**' expression
','.expression+ ',' '*' expression
','.expression+ ',' '**' expression

'*' expression
"$**' expression

|

|

|

| '+' expression ',' '**' expression
|

|

I 1

, ' .expression+

func_type_comment:

(FIDR=I 5 DfEE)

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

| TYPE_COMMENT

# END OF THE GRAMMAR

# START OF INVALID RULES
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T8

>>>

2to3

abstract

oS

&

The default Python prompt of the interactive shell. Often seen for code examples which can be

executed interactively in the interpreter.

x
DHDPEZLNET:

e The default Python prompt of the interactive shell when entering the code for an indented code
block, when within a pair of matching left and right delimiters (parentheses, square brackets, curly

braces or triple quotes), or after specifying a decorator.
o HHAAADER Ellipsis

A
tool that tries to convert Python 2.x code to Python 3.x code by handling most of the incompatibilities

which can be detected by parsing the source and traversing the parse tree.

2to3 is available in the standard library as 1ib2to3; a standalone entry point is provided as Tools/

scripts/2to3. See 2to3-reference.

base class

(HIRIE S 5 R) fIRILE S 7 213 duck-typing 25 S 5 S DT, hasattr() REDHIDT 7 =v /T
WERNBIFTH o 72 D WIDIZER 2 (Bl Z1E magic methods DBE) JBEIXA VX —T7 2 — R ERT 577k
2L £, ABC 3R (virtual) 727 A ZEALET, ZHUIHT AL LMEL FEAD. £
N TH isinstance() % issubclass() WKARMINFT; abc EV 2 —NLDFFaX Y F2ZHLTL
72EW, Python i12id, £ DflAIAA ABC RIS TVE T, ZONRIE, (collections.abe E
Ya—)LT) 7 —XME, (numbers €Y 2 — /A T) L, (io £ 2—/T) A+ VU —4, (importlib.abe
EV2—NAT)AVR= P77 A4 VXA RFB—=K—T7F, abc £ 2 —LZFHLTHED ABC Z{FHKT
FET,

annotation

(77 T7=>ay)EBB 77 RAEMNE. DT X—=22RDEICEFRT 2 7L TT, BEICXD type
hint & LTEHLNLTWET,
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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, classes, and

functions, respectively.

See variable annotation, function annotation, PEP 484 and PEP 526, which describe this function-

ality. Also see annotations-howto for best practices on working with annotations.

5|% (argument)
(FE51%) BIREPEOH SBRIC, BI%L (7213 AV w R) ICESTETT, Eslucd 2@EsH b 3

o F—TJ—FE|E: BRI L OBICE ORI TF2 20z d @ (fl: name=) Ko, ** 1ZHil) 7= &
EoHofEr LTEINZS1BL FlZIRX. RD complex() DMEUFH LTI, 3 & 5 23F—7— F5|#
T3

complex(real=3, imag=5)

complex (**{'real': 3, 'imag': 53})

o MUBESIE: F—vU— FEIELMNDOFIEL MESIBIIFIEY X FOHEHICEL 2P TE, 72+ IZHKIT
7z iterable DERY LTET IR TEZ T, HlZIE. ROHITIE 3 & 5 &M AHMES I TT:

complex (3, 5)
complex(*(3, 5))

FEI BB OERICB VTN 20— HVZEICE D YT oRET, 80 Y TEFFS HACOWTIE
UL (call) 2BRLTLES WV, Y YRy 7 ACBWTEIMERTEDICHLOLREMS 2 L8
HoRE 5, FMiX N7 — HAZHCE D YT HohE T,

512 . FAQ @ FE5EERGIBDENITTT2? . PEP 362 2L T LT W,

asynchronous context manager
GERa >y 7 A b~v =T %) __aenter__() & __aezit__() XV v NEERT S LT async
with XNORREEZEHT 247 =27 FTF, PEP 492 TEAXINF L/,

asynchronous generator
GEFRHY = 2 L — &) asynchronous generator iterator %R T T T, async def TEZRI Nz
N—F VBT TR TH, yield REFOHETRERD £3, yield RiF async for L—FTHHT
X Z2MEDOMPZAEKT 2DIHHEINET,

HEIIEFEY = 2L — 2R L E 30, RICK-o TR RS XL —21TL—& 2355
BHY EY, BHNENLERPHAL P TRWEES, RO DI e 2 B2 EH L £5,

FERHY = 2 L — X BEIEUCIE, async for XX async with X723 TR await ROHBZZ DD
9,

asynchronous generator iterator

(FEFEAY = 1L —& 14 7L —2&) asynchronous generator BTHERENE A 7P 27 M TT,
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ZAUX asynchronous iterator T, __anext__ () XY v K& THEN2Z & awaitable 7 72 =7 + %
BLET, 2D awaitable 7Y =7 Mid, KD yield RETIERPAY = 4 L — XEROREKEETL
£7,

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
CGERIEIA 75 7V) async for XOPTHATESZ A7 227 M TF, BHED __aiter _ () XYV v B
5 asynchronous iterator iR X IR FIUIR D F¥ A, PEP 492 TEAINE L,

asynchronous iterator
GERIA 7V —4&) __aiter _ () & __anext__ () XY v RERELF T2/ M TF, __anext__ ()
3 awaitable 7Y =7 PR E2F IR D T A, async for 1& StopAsyncIteration filft % X
T5FET, ERAPIA TL—&XD __anext__ () XY v FHRT awaitable Zf#RL £3, PEP 492 TH

AENZFE L%,

B

(Bt) A7y =7 MicBEMT LN, Py FRERIC K> THATTHEESREINZETT, flziE, 47
Pzl bt o WEE a ZFFoTVWR L E, ZOEME 0.0 TEREINE T,
A 7Y 2 M #EBIF (identifier) EXTVF—T—F (keyword) TERS N 20T TIERNARTO
BHEEE5RZBZNTEET, 728 2 setattr O 2V, A7 =7 PR ENEFFAIL TV AHEITIT
ZET, ZOEIBBEHE Ry PREXTIE 772 TES, RbDIT getattr O 2> T HENRH
h¥9,

awaitable
(FFH%RTEE) await THEHT 2 Z R E2A TSI =2 M T, coroutine 2> __await__ () XV v FH
H2F7Y =7 bTH, PEP 492 2L T E W,

BDFL o
BR =G MIKE (Benevolent Dictator For Life) DB T3, Python OfE#E. Guido van Rossum O Z
£ T3,

binary file
(N4 F VT 7 AN bytes-like TV LTI b OFHARAABIUEZRAANTES J7AILFTT
Ik TS, X FVT7A0DHNE. N4 FVE—TF ('rb', 'wb' or 'rb+') TH»NT 7 1 1,
sys.stdin.buffer. sys.stdout.buffer. io.BytesIO *° gzip.GzipFile. DA Y A XY A TY,
str A7V POBRAFEENTEZ 774 NF TV 27 MZDWTIA, text file BBRLTLILEE W,

borrowed reference In

Python’s C API, a borrowed reference is a reference to an object, where the code using the object
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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 reference
in-place, except when the object cannot be destroyed before the last usage of the borrowed reference.

The Py_NewRef () function can be used to create a new strong reference.

bytes-like object
bufferobjects ZH K —F L TWT, C BFEDOEKT EfLL Ny 7 7 —Z2R AL 7O 27 b,
bytes, bytearray, array.array ®. %< O —#H7% memoryview & 7Y =7 P ZTHICY D £7,
bytes-like A 7Y =27 ME, T—&FEM. NAF VT 7 ANANDRFE. V7 PEEHLEEFERYE, N4
FVT—RZERTLVLVALLEECHAT 2 Z e TEEXT,

BODPDRETEINAF VTR LETI0EDRDHDET, ZOREDOFF 2 X PTIREL "HAHE
AREZR bytes-like A 7Y =7 P ICEKRLTWE T, ZHEARERANY 7 7 —F 7Y =27 MZId, bytearray
¢ bytearray @ memoryview REDEZFENE T, £/, HMOBODLDIRMETIIAELRA T =7 PO
AFVTF—=& (7 HAH LEHD bytes-like #7222 }7) ZREL £F, £HITIE bytes & bytes D
memoryview * 7Y = 7 FEENE T,

bytecode
(N4 b a—F) Python @Y —Z2a— Fi&, Python 7025 L® CPython 4 ¥ &7V X DONEFRHTH
BNA FA=FAary I LEINET, N PI—FNE& .pyc 774 VZF v v adh, A7 740
DoEHIETINZ L ZF I ERICKRDET (Y—RA—= 2564 Fa— FAOHED 2 ¥ A U
XN FET), 20 " HFES:E (intermediate language)” 1. %4 DA b a2 — RISHET 2 HEWEE % K
732 RETSY TEET 2 WA T, EEARTERE LT, N4 Fa— FidR7% 5 Python i~ >
BICEIfET 2 2 %, Python VU —AMTEETH S LIFIHIATVER A,

NA ra—Foma—Eld dis EV2— 1 IZHHFET,

callable A
callable is an object that can be called, possibly with a set of arguments (see argument), with the

following syntax:

[callable (argumentl, argument2, argumentN) ]

A function, and by extension a method, is a callable. An instance of a class that implements the

__call__ () method is also a callable.

callback
(=N Ny 7)) FERODZRFRTHEITENS 12DIZ5 8 e LTEX SR

952
(ZIR) 2—F—ERF TP 27 V2ERT 27DDT7 7L —=1+TF, VI RERIEH, ZDI TR
DA VARV RALOBERTZEXY v FOEREEAET,

204 18 A & FB5E



The Python Language Reference, 'J'J—X 3.11.13

class variable
(79 AZH) 75 A LICERIH, 2FALRLT (DFED, Z77ADA YRR YA ETIERLIZ) BEX
NBZe2HNE LTWBERTT,

complex number
(HEH) JHSRTVREMEREIELZS DT, TRTORIEBL EHOME LTRINET, &
BOLERCRAT (-1 OTFHR) CEREETI 20T, —ICEEETIE i Ehh, T¥TIR j e ErhE
¥, Python IZEHEBHAAATHIE L, BEORILZWM-oTWET, EEIZKREIC j 2o TEXE
T, BlZ1E 3+1j TH. math €Y 2 — L OEHEKREFIH T 21213, cnath 23, HEROFHIZ
DD EERECEOMEETT, BDEEZEU AT, RSBV A CEELTLE > TIVTL x5,

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
(BEEZ, ) Nv 7 7 BEEIC CEft £7:21% Fortran &t TH2HEIC. 2Dy 7 71 3#FE LTS
LAREET, LuRXe Ny 7 7% C#ftTH D Fortran HH TS, —XTOEFITIX., ZOERIILT
XEY ETREET 2 L5 ICELE S »%#kn#%ﬁib%ifu IEF i E T, Z2RLD C-ulifi
ZECHITIE. X BV 7 FLRIEICERZ K S BRI EREDRZFORINCZED 2 DI L, Fortran @iz
BCAC R DR FHOBRMNCE Z 53,

J—-F>
(an—Fv) ar—F Y3 I7N—F DI D —RNLIEXTT, 70 —F 3R 5N M2 S
AD. Blokd s EmhrohE T, aL—F L IKEZL Ok RHE» A, M2, HET2ZeH
TEXJ, ar—F V3 async def XTHRETEZFF, PEP 492 2ZHL T LZE W,

coroutine function
(FN—F VB coroutine A 7Y =7 FEBRTHEAKTT, a—F VBEII async def XTEEIN,
await. async for. BX async with ¥F—V—F2HFOIHHEKET, 2 bld PEP 492 TEHA
SNFE L7z

CPython
python.org THMAF XT3, Python 71025 I ¥ /' SBOEEN R EITT, "CPython” ¥\ > HiE
. ZD%EEE% Jython % IronPython &\ o 7D FEEY XG5 2 RENE GG ICHHINE T,

decorator

(7Tav—=x) BloBEEE RSB T,. @, ovrapper ML CHIBAN I L CHHZINE T, 7aL—X0D
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— R 72 M HENZ. classmethod() ¥ staticmethod() TI,

FAL—RDIREFI VR VAT ahH—TF, XD 2 ODOEBERIIEHRICHEL DT

def f(arg):
f = staticmethod(f)

@staticmethod
def f(arg):

FIUHESD 7 2 ZCDFEHELETH, bEWfbATEA, TaL—RIZOWVWTFHLLIZ, BEESE BX
L ISAFZ DFF 2 AV FE2BRBLTLIEIW,

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.

TRAZVTEZDRAY v FIZELTOFEMIZ. TZXT U TR (descriptor) DEZEE R Descriptor How To
Guide 2B L T2 E W,

dictionary
An associative array, where arbitrary keys are mapped to values. The keys can be any object with

__hash__() and __eq__ () methods. Called a hash in Perl.

dictionary comprehension
(FEENTRKL) iterable NOETH 2 WIE—HROEREZMHL T, ZOMRI2S R 2HELZRTa Y
P FEXTT, results = {n: n ** 2 for n in range(10)} £33¥%, ¥—n %fln 2
I o HEEEAMLE T, VAR, &6, HEORT 22ML T2 E W,

* %

dictionary view
(FFFEVY 2 —) dict.keys(). dict.values(), dict.items() 2R T A7V =7 M TT, HEDHEHODE)
M a—%2RMLET, ThbL, FEILTEINDZ a3 ZhE KL 3, #HEL 2 — 2l
WHERTRY A MITT 2121d 1ist(dictview) ZEH L TLZE W, dict-views 2B L T E W,

docstring
A string literal which appears as the first expression in a class, function or module. While ignored
when the suite is executed, it is recognized by the compiler and put into the __doc__ attribute of the
enclosing class, function or module. Since it is available via introspection, it is the canonical place for

documentation of the object.
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duck-typing 5]
B2F 727 EHBELWA VR =T 2 —R%FH>TOWEDERETZ2DICATY =27 R E RN 1
TIIVIRRANTT, bbbz, BicA 7Y =27 DX Y v RRBEDSMFEN Dbz LE
T, (7LD EICRRIT, 7eADEIRBIE. 2RI 7L TH2,1) 4 X —T7 =z —R%ZHED
BHTZ2Z2T, EFRLLTFTHFA v ENiza—RE KRVE=T7 4 v 7 BRBEF L TCEREZ M X2 F
T, Xw 7 XA type() X isinstance() WK ZHIEZ BT E T, (772U, Xv x4y 7%
HREEKI X THRETLILHTEET, ) 2ofb b, WRKIC hasattr () HIER FAFP a3
IVIEFAHALED,

EAFP
MERAZ L 2 X DEFL &3 5 /1035 (easier to ask for forgiveness than permission, ¥ —7 4 —®%EHI)
DIETT, TD Python TIELHONTWE I =T 1 Y TR XA LTI, EEFTENR X —LEBEDEE
T2HDEMREL. ZDORED - TWIGEICHINEHIEL 3. COMRTFRLEFETI2a—-7T41 7
AZA M, try XB LS except XDV EADLZDOPRHTT, Z077=v 27k COLIRF
FBTELMEbRTWS LBYL AXA VMBS DT,

expression

() MHrDELFHEX NS, —F & F DD (a piece of syntax) TF, Wz 2, XXV 77,
%l BT 7 X, HAFLHEEMOH LAY, 2 ET0EROEAENTT, tMoZ DFiELE
W, Python TR EHEDETOMBRERNK L VI DI TIEDHD F¥ A, while DX ST, R LTUIEZ
BV bHDFET, AABATERINTE,

extension module
(JEREY 2 —1) C % C++ THELNZEY 2 —L T, Python ® C API ZF|H L T Python 2 7%
I—H—a—FeRhrbLFET,

f-string
YRR 'F DRI WA SLFSN Y T I UIE M-string” EFEEN. ZHUE 73—y MEAXFIID TS
L OEREEOHFTT, PEP 498 $ LTI,

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.

T7ANA T 27 MQWEFEBRCE 3 EBEIVET: O NAF V=T 714, NuT77Zhiz N1F
=T 74, ZLTCTFAMIZ 74 T3, A VZ—T7 24 R io BV 2a— LV TERINTVET,
T 7 ANTTY 27 b BAEBREHEM 72 F5TRIE open () BEEEM S Z ¥ TF,

file-like object
file object £ [AIFETT,

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

Unicode to the operating system.

T7ANTATADLY A—F 4 VI TIE, TRTH 128 N4 PUATRRIEEICTa— FEN3 &I ERE
XN T EDERA 77 ANTRATLADIY A —T 4 Y P TINPRIEI N d - 28581%. API
BIE(AY UnicodeError T2 3H D 9,

The sys.getfilesystemencoding() and sys.getfilesystemencodeerrors() functions can be used

to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the PyConfig_Read ()

function: see filesystem_encoding and filesystem_errors members of PyConfig.
See also the locale encoding.

finder
(774 R) A VR=PEINTVDBEI 2—VD loader DFEREZFITT 24727 bTT,

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
(TID & THRE) —FEWEBCY) D #5 T 2 BABRE, YVIDIECREBEEFIE // T3, BlRE 11 // 4
212D, 2R IEFRCFEV NGB OBEDORETIZ 2.75 28 BoTEFF, (-11) // 4% -2.75
ZINEWAIC A E GRIE: ADERAANDADEITI) DT -3 12K2 I KERLTLEXWV, PEP
238 ZZL TV,

EE
(BI) ECCHH LIS 3B 5 B0 X0 2 L CF . BIHISIE 0 Dl ko 318 2185 2 & pHikE 5. ik
DIATIBIEE AT 5 2 L AR T (BB XV v K, BISUEE 2BML TR,

function annotation
(B 7/ 7—>aYy) DT X—=XIRVED annotation TT,

BT/ 7—>arid, BEEFEEYE ODIEDATS: fIZIX. ZOBKE 2 2D int HD51%
ZHS LHIfFE N, £ int OB D EEFO L HfFETVE T,

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

return a + b

BT /77— a OERF BRES O THRHEINATVET,

FEBEDFADYH % variable annotation, PEP 484, 2B L T Z& W, ¥/, 7/ 7—>a Y 2FHET
LZRANTFT 27T 4 Ak LT annotations-howto 3SR L TL 72X W,
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future
from __future__ import <feature> &\ 5 fulure X &, 2 ¥ %4 7 —IZWKD Python V V —X
THEEY R IBMXPEREZHEH L THEDE 2 -2 a4 LT3 L5 RLET, __future__ £
¥ a—L T, feature DD S 2{lHE RF¥a XY MULTWES, ZOET2—L%EAYFR—IL, £D
ZRFHES 5 2 2T FREDS RAICE BN I N DIEWVOhR, WOT 7 4L MR EH (F71F
Boled) BREZZENTELT:

>>> import __future__
>>> __future__.division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection
(HR=—vaLryay) ThBBEEbis 2 DR\ EY 2RI 20U TF, Python &, Sigh v >~
b, EERSHEMH UBE T 2ERIN-—aL 7 22 ffioThHR=—YaL 7y a v ET0ET, IR—
YavrrXiF ge BV a2 ffio THETE (T,

JIrl—4&
(¥ = 2L —R&) generator iterator ZiR 3T, BEOBEBITHTVWE T, yield REFHFOHRTHE
D FF, yield RiZ. for L —FTHEHTEZD, next() BITHEE: 1 o3 OoWMbOHLEZDTES, H
DU N ZART 2 DIHEHINE T,

WEIIY 2 AL —ZBRZELE 0. WRCE-sTE Pz RL—FMTL—F ZIETHEVH D £7,
B ENERDH L 2 THRWEE, ABR(LD DI B E AL £ 9,

generator iterator

(V=&AL TV —=2%&) generator B THEREINZ ATV =7 +TT,

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
(¥ =2V v 7B Bz 28N LR CHRE2 3 2 B SRS N 2 BT d, MO LIFIZE OFE
EEHWEDPIET 4 ANy F 7LV XLICEDRESNET,

single dispatch, functools.singledispatch() 72 L —&, PEP 443 &ML T F X0,
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generic type A

GIL

type that can be parameterized; typically a container class such as 1ist 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.

global interpreter lock B L TL & W,

global interpreter lock

(Za—rA4 &7y &y 7)) CPython 4 &2 7V ZHBFALTWS, —EIZ Python @ /N1 FJ—
FA2FEITT2RALy RiZ—27R 3 TH2 2 HIET 2EMATT, 2Tk D (dict R OEEREA
ABEEEL) ATV 27 NETFADFEKT 71 2k U TREBRRINCL 2T 5 DT, CPython OFEHEM
SYTNEHRDET, A VRTVREERERY 7T EZL T, wAF TRy ey YL 25D 2
AL EBIEMZIT, A VX T REMBHEICTLF ALy FMETEZ L5512k D ET,

7272 U, BUEED 2 WIIAERD W K D DIRRE Y 2 —LE, FEfER Ny ¥ 23t HER O EOEWILEZ §
%L X2 GIL Z2BRY 2 L5 KKGEI SN TWE T, 74, [/O Uiz T 258 GIL 3EICEREh T,

Past efforts to create a "free-threaded” interpreter (one which locks shared data at a much finer
granularity) have not been successful because performance suffered in the common single-processor
case. It is believed that overcoming this performance issue would make the implementation much

more complicated and therefore costlier to maintain.

hash-based pyc

hashable

IDLE

(Ny ¥ arX—=Z pyc 774 0V) IESHEHAT 272012, WET3Y —R7 7 4 VOEMKEHREL Tk
ANy Y a2 FHTEINL P2 —FDXF ¥y v a7 7A4LTT, Fvvadhiz/N4 FO—RFOER
1t 2SR LTLEIWN,

An object is hashable if it has a hash value which never changes during its lifetime (it needs a
__hash__ () method), and can be compared to other objects (it needs an __eg__ () method).

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

Ny Y AaARERF TV 2 7 MIFHEDF —REEDRX N— LTHZIET, HELEED T — XHEEIIN
BTNy Y affizeffioTVWBE3NL56TT,

Python 4 I 2 =X ITNARBEAAAFT T 27 NI 1FE ANy Y aR[RETT, (VA MPHED X
572) T a—RINIRAYTFENY Y aRAJRET T, (X TN frozenset DX IH7R) 4 I a—&T)Niga
YTHE EHEPNY T AFRETHI L EDHNY Y aFRETT, I—F—ERDI FADA Y ARV AT
HBESIBRFTI 2 PET 74N P THAY T afdfETY, ZASRET (BHZRNT) LRI RIZIEE
ficdhh. »v¥aflid id) XhEshET,

Python DA FFEEREE (Integrated DeveLopment Environment) & U3 535 (Learning Environment)
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T, idle & Python OIEMEMZEAMICEIN SN TV AERAMBIEED LT 4 X 4 V& T RBETT,

immutable
A2—F7N) BEDEEZF>7F TV 27 b T, A J2a—KTARFTI =7 MR, BE, XF
Bl BEURTINARBREBHDET, INHDF TV MIMEZZEZ ONERA, FOEEFEZE BB
W, il 7Y 2 7 PERERLRTNERD ERA A 32 —RTARBRATI 27 NI, BED Y > 2
EPRE L 72 2 KN TEERFHZR-LET, HEOF—DZOHITT,

import path
path based finder 3 import 3 2 %EY 2 — VA MRS 25 (£721F path entry) DY R b, import H,
DY R MIEH sys.path RORETH, $ 78y r —IDHFEB Sy r—2D __path__ B, S
HRET,

importing %5
5%EY 2—)1®D Python 23— KPFIDEY 2 —LD Python a— FTHEZX 2 X 51T 20T,

importer =
JVa—nNEELTO—FTBE3ATI 2T b, finder ¥ loader DEBHLTHHEATI T b,

interactive
Python has an interactive interpreter which means you can enter statements and expressions at the
interpreter prompt, immediately execute them and see their results. Just launch python with no
arguments (possibly by selecting it from your computer’s main menu). It is a very powerful way to

test out new ideas or inspect modules and packages (remember help(x)).

interpreted
Python 34 > & 7V XEROFFETH D, a2 84 I FEOMMICHEL 3, (N4 ba—Far o
TIWH D7D, ZOXFNIEHRTTD, ) 2T TOA Y RTYVRFFELIX, Y—RAa—RFDT7 74 L%,
FIEITAREERC L THOLFTIEDL L Vo B MER LIC, ERFITTEL L RERLET, 1 V&7
V2RO EETEE., a 4 FJERDFEID S/ TNy Z7OF A 7 MIFE NS DD, FarJ A
DEITIF—MUTENT T, WEEH BB TIL I W,

interpreter shutdown
Python £ Y X =7V X =¥ v v bR Y REFINIZFHT, T 2 - LRI RNTDI VT 4 B IVENER
MGz kD, IXRTOMWRLEY Y =R 2BBENCHER ST 2, Fillk 72— ICADEST, 2072 —X
W AR=—TOL 72 2EHEFOHLET, ALY -V —ERDT A+ 77 X —=% weakref T —)1
Ny VPN HENZ BN ET, X v bRV Y 7o —XHZETENDZ a— Fid ZOHBKET 5
VY —ZANFTTIBRELZV (KL DHBHEF7 477 Y) —FEY 2— /L% warning HBHETT) 72Dk 472
FISMCER L £9,

AVER—FYERT Yy bR YT ERHEHITZ  main EYV a2 —AREFTEINTVWSEZAZY FFDHE
I3 T LI TF,

iterable

An object capable of returning its members one at a time. Examples of iterables include all sequence
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iterator

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.

T—RORNERHTEATI L T, AT =D __next__() XYy FEEDRLESHT (£
723 AIABBEE next ) 12 T) . MOWOHFOEEZ—DOTORLET, 7—X072<%5, bbb
IZ StopIteration BIAfZ XML £ 3, ZORKT, A 7L =247 =227 PEIRETED., ZHhLIEIR
__next__() ZfIEMA TS Stoplteration ZEH L ET, A1 7L —XIZ, ZDATL—KXA Tz
FEREIRT __diter__ () XYy FEELELRIFINIRSLRVDT, £ 7L —XIIO iterable %5283
BIFEALOHLFICHHATEE S, 3oZD & LAHIMNIERORIERZITS K572 —FT3, (list D&
7)) aAyrFATY 2 MI. BEZ iterO) BEITA TV 27 MZEL LD for A—TATHS 20
W2, FlBRERAOA T L —RE2ERLET, ZNEATL—XTITBS 558, #fiEOLTL—>ay
THEABADRCA T =247 27 P BHUCGRET 720, HOaAYTFDEIWTHRosTLELETS,

FMZ BRI typeiter I2H D T,

CPython EZED:#: CPython does not consistently apply the requirement that an iterator define

__iter__Q.

key function

(F—BIE) ¥ B H2VIERERKL . V- MRIEFLKD 7D DIEZ BT LATRES 7Y =
2 & (callable) T9, #2113, locale.strxfrm() % F—BHEUCHZ X, v r —UKFDOY — M DIEFEIC
Dotolzy—rF—%ELET,

Python DZL DY —MidF —BHEZZ WY BROU S IESL 7L -2 EEL 3, nin(), max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby ) FE2H D £3,

F—BBEER HIEFWL 20 H D 3, HlZIE str.lower() XV v RERXF/NXFEZRXAILIRWY —
FETF—BEBELTHS Z e HEET, D23 WIE, lambda r: (r[0], r[2]) ® XS 7% lambda
Ao X —BBEIESLZ N TEET, £/, operator.attrgetter(), operator.itemgetter(),
operator.methodcaller() @ 3 D2OF—BI VA 57 XM HHFT, F—BBDIEDHFLHEWTD
filix Sorting HOW TO 2 &ML T X\,

keyword argument =

518 2ZRL T ZEW,
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lambda

LBYL

list

(7 LK) BHDA VT4 BT, BSOS N e 2ICiHidns 1 20 X 28AFT, 74K
BA% % 7E 2 /#6013 lambda [parameters]: expression T3,

FZ23%5%EDM (look before you leap) | DIETE, ZDaA—F 4 Y T AKX ANVTIE, FEUH LRMERZTT
RN, BRANCHTEESEH: (pre-condition) FIEZITWE T, FAFP 7 7a—F  WMEBIT, if X»7L
S AMDONZ DHIRHEN T,

“NAF ALy MEINLERETIE, LBYL 770 —53 7 B37 @i 7 R BEOBEIRER 5| 2
ZTVRIHBHDET, HlZE, if key in mapping: return mappinglkey]l ¥\ 5 a— Rk, HED
%, DAL v FRBEERDEINC mapping 2»5 key ZWDR ERBMLET, ZORMEIZ. vy 27550
EAFP 7 70 —F %25 Z L TRIFTE X T,

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 MHNERE) >—F Y AHFORTHE2VIE—HOBERZUHL T, ZOMRPHRZ VX MEIRT,
aVRY MRIFTIETT, result = ['{:#04x}'.format(x) for x in range(256) if x % 2 == 0]
358,005 255 £TOMEE 16 #EHERE (0x..) LAXFAL 685V A M AR LET, of Hild
AT arTT, if BINRVEA, range(256) DETOERMUEINE 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 abstract base class.

Oy—=I)ILT>ya—-Fa >4

On Unix, it is the encoding of the LC__CTYPE locale. It can be set with 1locale.setlocale(locale.
LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: "cp1252").
On Android and VxWorks, Python uses "utf-8" as the locale encoding.
locale.getencoding() can be used to get the locale encoding.

See also the filesystem encoding and error handler.

magic method

mapping

special method @ 721F 7=[EFRFET T,

(o ¥V EEDOF —HRKZHR—1 L TWT, collections.abc.Mapping #* collections.abc.
MutableMapping @ MRHIET 7 A THEINLA Y v FEEELTVWEa Y7+ A 727 MTT,
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Bl 21X, dict, collections.defaultdict, collections.OrderedDict, collections.Counter 7% ¥
<7

meta path finder
sys.meta_path 2K L T/ SNz finder. meta path finder & path entry finder 2 BERIZHH T

. AT T,
meta path finder 23352 XY v FIZDOWTIE importlib.abc.MetaPathFinder # & L T 2
ISR

metaclass

(RRIFR) VFGADYFTATS, 7IRERIT, V7RG, 7 I7ADEFE L, BEZ7RADY R Z2ED
T, XXIIRF. FNH 3 OG5 LTRIWMD, 77 A 2E2BEZAVET, ZLAYDET
Y27 MEAISEX GRIE: X R 25 20D) 77 40 b OFEEEREMHL THE T, Python 2RI DIE A 2
REDART FRAEEM TEBLRTT, FEAEDI—F —IZW-> T, X XTI T RAZELDEDRNDHDT
Fo LAL, —HOBETIZ, XX 75 AZBNITILA Y Ve kEeiRMtLES, 2 23T 2722
OuRZER-TZD, ALy Re—7W%EBMLZD, A7 =27 FOEREBIF LD, VIV EE
232Ky, ZLOBETHHINET,

FEllE AF TS ZBRL TS0,

XYy R
(XY v R) ZIARROPTERINH, TDIITADA VAR ADEEL LTI NHA.
AV REA VAR YAA TV 27 b oH— 518 L LTRITWD £F (Z0HE—518ILEE self ML
NET) B & RAINEZO—T 3ZLTLIEZ 0,

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.

module
(£ 2— ) Python 2— FOMBHA L LTIRAE B ATT =2 FTF, EY 2—LEED Python
FT7V 27 M EEOCLRZEMERL Y, Y 2 —IE importing DILFRIZ X - T Python IXHAAEN
%7,

NYT—2 Z2BRLTLIEZZWY,

module spec €

Ya—nEu—RFT5301bns A R— FEEDEREZ EUAATZEM T, importlib.machinery.
ModuleSpec DA Y AKX Y A TT,

MRO
method resolution order ZBHL T Z&E W,

mutable
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(32—&7N) S2—RIABATI =2 M3, id0 2EZ 3L BHEEETEE T, 1S2—47
L) BBELTLEE N,

named tuple »

BHIN E X TN LS HERE. 2TV EMALTWT, 4 7y 7 A8 ERIH LEEZf-To 7
Z7EZBTELZERDOIPLY 5 AEHENTVWET, ZOMP T 7 RBMOKEDFR>oTw2d I dd
DEJ,

time.localtime() *® os.stat() DR HEEZEL WL O DHAAARIIAHITE R TV TT, oAl
¥ sys.float_info TF:

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

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

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple
can be created from a regular class definition that inherits from tuple and that defines named 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

(HRTZER) RPN EN IG5 TT, HiZEMIEFHFEE LTEEIAET, AREMEATY =
ZED (XY v FD) ARNFIRIZ-o7d DT TR, RFANRD O, KBRS D, 2L THAAAL
D OVHY ET, AHIZEHMIAHHOEEEZ S L ICL o TEY 2 — MRV R— T2, HlZIXH
# builtins.open & os.open() BHHTZEMTXAHENTVWE T, £/l EDEY 2 — 0B ZEE
LTWBH0HHRT 2 28Ik o THARTZEBIE TG & R EZ SR L £ 9, #1213, random.seed() %
itertools.islice() £&EL &, ZAFNEY 2 —/L random X itertools THREINTWVWS Z & HHH
5 TT,

namespace package
A 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 SR L TLFEW,

nested scope
(AR FENFRA=T) IMIITERSIN TV LR LA 2T 2 EETT, BIRIE. D28 RO D
PTERSIN TV S5E. NHOBEBSMIlORBET o ZHE2ZRTE 5T, 2 A PSR a—Ti37
7 4V b TREBOSBRIEI D TE, ZRORARTERVOTERL T LIV, B =7 VERIE, &d
WHIDR 2 —FTERZHAEEZ LT, RIS, e — VE-ZMS & 7a— VA HEIZER O fEZ &t
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EXL %9, nonlocal THMIDOERICEZIADE 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,

p—

__getattribute__ (), class methods, and static methods.

object
(A7Y 7 b)) KE (BHERMHE) LERINLRIFD (XYY ) 25082 TOT7—%, dLAE 2T
DHAAAILI T DEMOEEKS 72D L,

package
(R T =) B TEY 2 - ARHRINCT 78y F =280 I L DK S module DT & TF, HFH
Wi, Sty =21 __path__ @M ZFD Python #7227 + T3,
reqular package ¥ namespace package SR LUTL ZE W,

parameter

(5 1%) A ORET BE (R AV Y F ) OERICBWTHED R 5 518 2fREL 5, K515
WIS EDD £ 9:

o UBFXEF—T—F: U THIWIE F—T— R e LTET N TEI5/EHEL T,
ZRUI ZIELLRD foo R bar DX ST, 77 40 M DIREIFOBEETT:

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

MEEH: MEICEX>TDAGIONIFIMEREL T3, MEEHDTIEIE BEERDTIED Y R
FOHTENLDERAIL / 2EDDLIETERTEET, HIZIETEED posonlyl ¥ posonly2 \IfiE
BHEASEUCRD 25

[def func(posonlyl, posonly2, /, positional_or_keyword): ... ]

o F—U—FRERH: F—U—-—FRIZIoTOAEILNZFHERELET, F—V—FEHADOSIEEEE
TE235AME, FIZIELITD kw_onlyl = kw_only2 O X 512, BABERDWEIEY A McED=A]
EREMESIBEIIED « DB TT:

[def func(arg, *, kw_onlyl, kw_only2): ... J

o AIERME: (MR IE TR 5N TREOMES B ) EEOERONES I BHE X 5
NBZZeEHB/ELET, ZOXSREFIEIZ. BURD args @ & 5 K5 IEE DRI * #2132 T
ERTEZT:

[def func(*args, **kwargs): ... }

o AIERF—T—F: (hoRGIBTHICRZT SNALMERDF -7 — FIlBUINZ T) (EEOED ¥ —
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T—FEBEZoN3 e BEELE T, 2D XI55, EOBID kwargs D & 5125184
DENZ ** ZOITF B L TEHRTEET,

RBIBUE A 7> a vy e MEDBIEDOE L LBIETE, 7> a D58 T 7+ MEDIGETE
%9,

®518 . FAQ D FH5IE e REIEDENIMTTH? . inspect.Parameter 7 7 X, BHIEE £/ > =2
v, PEP 362 2ZRLTLZX W,

path entry
path based finder 3 import §2EY 12— L BEET import path ED 1 DDFFFITT,

path entry finder
sys.path_hooks IZ# % callable (D% D path entry hook) 2SR L7z finder T3 o H 2 H87z path entry
WKXHBET a—NEROTIZEEM>THET,

NRALY M) =T 74 YEPEETZ XY v FIZOWTIX importlib.abc.PathEntryFinder %S L
TLREZEW,

path entry hook A
callable on the sys.path_hooks list which returns a path entry finder if it knows how to find modules

on a specific path entry.

path based finder 5
7 # )V kD meta path finder @ 1 D&, €Y 22— D import path KL T,

path-like object
(path-like A 7Y =27 b)) 77 A VT AT L8R %EKL KT, path-like 772 =2 Md, (X% ET str
FT7I 2 b bytes A 7TV b, F720X os.PathLike YR baAAEHE LA Tz PO AL
T7¥, os.PathLike 7B Fa L&V R—-— L TWVWELE T Y =7 M3 os.fspath() UM T Z & T str
F7213 bytes D7 7 A NI AT LSRICEHITEE T, os.fsdecode() & os.fsencode() IFZNZh
str 2V bytes IKRDZDEHIAT2DIHFEZET, PEP 519 TEAINE L7,

PEP
Python Enhancement Proposal, PEP (X, Python 2 I 2 =7 41 L CIHERERMET 2. H3 0k
Python OHHERES Z DBIELIRTIC OV TEIRT 2REIXHT T, PEP &, HREIC DWW T DR LM
AItERR © R R 3 2 HRE Ol (BHGR) 21X 52 NETT,
PEP &, FEREORRICHD 2. I 2 =7 4 1T X 2 MEIREDEM L Python I8 SN 2 3G HAMT DL
FEOZDDER LiOEEr 22 ZERLTWE T, PEP OFHICIEAI 2 =7 1 NOBEBRZ1T
S5, RMERZXENTZ2ZLOEBINDD 7,
PEP 1 22 L T EE W,

portion

PEP 420 TEZR I TW3, namespace package BT 2, HED 7 7 A AW (zip 7 7 £ VKR E 1
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TWVWAHEDHZ) 1 D2DT 4 L7 VIS D,

{I&3 % (positional argument) S

I8 2ZML T ZE W,

provisional API

(B5E API) F2HS £ 75 U %5 H MR D & 3 BRI Wb DTT, 2D XS BA ¥ & —
72— ZAANOKERLEE G, TETHZ L EINTV SIS TVEEAD, 2 7EHRFIC L > THE
Y AR ENIUL, BHIEERBEE (4 v 2 —7 2 —ADHIRETAENE) BITONAET. COL5%
EHERORAATONE bDOTEH D FTRA — ZhiE APL 2HAATLHICIERE L SATVRERAEK
MO BR L L SI0AFbRET,

BE APLIZOWTH, BT EMEDBZWEHIR TREFER) LARINTWET, BERIMHALEE
THRITHEIRBRIRREZR ST RETT,

Zo7atRcEh, EES A TS VEMErREZTVA V7 —ICEVHEBUAD NS Z L, KX
PRI CELLERITONE T, #lllE PEP 411 22 L TL XV,

provisional package

provisional API ZZRLTLZE W,

Python 3000

Pythonic

Python 3.x VU =X 4 D=y 7 3—LTTF, (Python 3 2B WVIFRDFER - LEHIELNFET
T, ) "Py3k” tRXNBH v H D ET,

1t

SHRTRNEEZ T TEINza— FTIER <L, Python OFHC—NZ A 74 A DS T2E X%

a—FF, flxiE, Python D—f&M7% A 7 4 A LTI for XEFH>TATIINDITRNTOERICHE -

TL—7L T, tDZ L DFFEIIE I OAMEAZZOD T, Python IZEATHWRW XKD D ICEED
AT R=2ES 0 LOLEEA:

for i in range(len(food)):
print (food[i])

ZAUTH L. Ehwiz Pythonic 72 A1k

for piece in food:

print (piece)

qualified name

(Bffi%) EY 2 =D —NL2a—=Thb, TOEY 2 —LTERINZZ TR, BB XV v FA
D, "R BRI Ry FEEHLTT, PEP 3155 TERINTWVWET, by FLNLOBEP Y 5 X T
. BfigEA 727 FO&RIEFEILTT:
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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’

BV 2 —NAANDOBRTHDLNS &, REEMB (fully qualified name) X T XTORRY =V B 2K
DRy +EREL, HlZIT email .mime.text ZEMKL F 3

>>> import email.mime.text
>>> email .mime.text._ _name _

'email .mime.text'

reference count
The number of references to an object. When the reference count of an object drops to zero, it is
deallocated. Reference counting is generally not visible to Python code, but it is a key element of
the CPython implementation. Programmers can call the sys.getrefcount () function to return the

reference count for a particular object.

regular package =
M, __init__.py 77 A VEELT 4 L7 MY 2 LTD packages,

namespace package B L TLIZE W,

slots 7
FANTODEET, A VARV RABHOHEBEZHOPUDERLTEE, A YAXVAFHFELHRT L2 L
T, XAEVEHHNLET. ZhUE L Fbhs727=9v 27 TTH, ELLFTORIEAL M) v F—-7RDT,
Fter— 2, FIZIEX B YDIEREE 227 V5 —2 a Y TA VAR Y ABKBIGFET S, LW\Wolk
LEERRE, FDORVDHERZ LTI,

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__Q), 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
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__reversed__ (). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence Opera-

tions.

set comprehension
(REWNTE) iterable NOETH 2 WIE—HROERZUHL T, ZOMRP SR IEERET a7
FEXJTTF, results = {c for ¢ in 'abracadabra' if c not in 'abc'} ¥ ¥ 3¢, {'r',
"4'} LV XFHNOFETERLE T, VAR, EE. HEORT 2SRL T2 W,

single dispatch
generic function D—FETEREIZ—DOO5[BOBRIC L DFRENE T,

slice
(RFGAR) =T =T VR OD—WEELATI 2 by AT74 &, BRFERE (1 THZONIERD
BoficaaryzEL ZeTELNET, HlXiX. variable_name[1:3:5] T3, AfEN (RF) 5k
slice A7 =7 F2NETHIHL TVWE T,

special method
(FFERX Y v F) B 2BNKE OBRIE. BIZIIMNE % § 272912 Python » HEFEICUIHIEhE XY v I,
COREDORXY v Flid, XV y FEDERAIERRZRICT VX =227 2 O8O0 TWET, Rk Y v RiC
DV XY v & TSRS TVWET,

statement
(%) R4 — b (A= FD® TRy &) CRARBERTT, X & »F—7— FroHRENS b0
DELLNTT, BEIWIX if. while, for BHDET,

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
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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
(THXFARNZ7A4N) str ATV 27 beGAEFEEZTES file object TS, LIFLIE. 7F X b7 7401
EEBICAL MEAIO T =X A MY =LA77 AL, THFRALIYO—T 1 V5 ZHBNCITVE T,
TX A M7 74 0DHX, sys.stdin, sys.stdout, i0.StringI0 f Y ARV AR EEZTFAME—F
('r'or 'w') THWEZ 74 L TT,

bytes-like 7T T b BHAEETEL 77 AN TV =27 MZOoWVWTE, NTFUT 71l SERL
TLEE W,

triple-quoted string
(ZHEZ +— bXFH) 300l L7227 +— FadE () 7 ARRA bR 7 4 — () THENSCFEY, @HED
(—H) 7 4 — PXFINLHARTERITE 2 FINTENZD D FEAD, BOrOHMETHHTY, 125
200K LY +— FEBEIAS —TMUICEL Z e TEE T L, KT (\) DR THHE
BATICE D2 28N TELDT, FFaXry—aryFEEE S RICRHICERTT,

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 IR L TERL £,

M4y 7R3 Ber b Z2HMLT 2DICHEHTTY, HlZI:

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

pass

ZHERDEIICEDFHEAPT L TEEZI:

Color = tuple[int, int, int]

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

pass

BEEEDFIIHD D % typing & PEP 484 2SR L TL X\,

type hint
(Bler b)) 28 77 2@ BB 5 A —2R0B D EOHIGF SN TZIEE 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.
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Ta—NNVER, 7o RAEME BT, e—AAEHTRVHDDE L >~ M typing.get_type_hints()
THETE T,

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

universal newlines 7
FRAPAMY = LDEFGED—DT, LTFOITARTEITREFH L £9: Unix DITRHE '\n'. Windows
DOHE '\r\n'. H\ Macintosh DHE '\r', FIFAEICOVWTEHL I, PEP 278 ¢ PEP 3116, X
51T bytes.splitlines() BZMML T ZE W,

variable annotation

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

ZRD BN 7 ABIEICHERZ 72 8 23, AABTRERTT:

class C:

field: 'annotation'

BT T —aVidBEEEEY R OFd0ifbES: FlXIE, ZOZERX int OEEES Z 2

FFEhTnET:
[count: int = 0 }

T 7 7= a YOI OWTIE FRA EMAS (annotated assignment statements) HiCER LT
WEd,

FBEBEDFIAD D 2 function annotation, PEP 484 , PEP 526 2SR L T2 X\, £/, 7/ T7— =
YEMHATBEANZA ST 27 4 22 LT annotations-howto S L TL X\,

virtual environment
(IRARERER) R D B N2 FATERIR TS, Z4AUC & D Python 2—H e 7 7V r—> a VIFFE LY
27 5 ETEHNTWBMD Python 7 7V 7 —2 a Y OEENC TS 2 Z 27 < Python Sy 7 —I DA
VARV EERERTO LD TEERT,

venv 2SR L TL 72XV,
virtual machine

(R~ V) ERICY 7 by 2 7K D EFEI N Y ¥ a—&, Python DM~ ik, N4 ba—F
av AL N1 FO—F 2T LET,

Zen of Python
(Python @1&Y ) Python Z#fE LAIH S 2 ETOEZ %, Python OGEHHEAIE T2 Y X M2l
HDTT, W7 v > 7 M T Yimport this” ¥ F22ZDVRAMEHDET,
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T8

ABOUT THESE DOCUMENTS

These documents are generated from reStructuredText sources by Sphinx, a document processor specifically

written for the Python documentation.

FFaxXybrZzoy— 1oL, Python BH EFIRICEEICR T VT 4 7OENTT, b LHRIVEEK
L7zwWis, YOX5TREXI VIO WT reporting-bugs R—=S 2 ZETE WV, HILWRT VT 4 7idWo
THEHNTI! GRiF: HARREROMEIZOWTIE, GitHub E® Issue Tracker THEZBBEWL £3,)

EFNAYT L

e Fred L. Drake, Jr., the creator of the original Python documentation toolset and writer of much of

the content;
e Docutils 7B =2 Mi&, reStructuredText ¥ Docutils ¥V —Lt v b ZER L F L7,

e Fredrik Lundh @ Alternative Python Reference 1Y =2 b & Sphinx X2 D74 77 %18 %
L7z

B.1 Contributors to the Python Documentation

%< DFj & Python 38, Python #5475V, ZL T Python F¥aXy7—>a ITHEHLTINT
WET, V—REHYWD Misc/ACKS 12, ZNHEBML TS AL EHAHCTEDDETHIR N Ty 7L
THH %7,

Python 23 2 =7 4 26 OEHRRE L EEA LR TAEZORBO LW R F 2 X Y MIEFHERATLE -
Dk 5!
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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). Histor-
ically, most, but not all, Python releases have also been GPL-compatible; the table below summarizes the

various releases.
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Jy—z2 R=2 )23 MER GPL compatible?
09.0-12 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
22 DB 2.1.1 2001-37E  PSF ves

AMR: 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 DIERDOTFR, TNHEDV Y —RZHHEICL T BEEoZL DRI VT 4 TDAREI AR L ET,

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

Python software and documentation are licensed under the PSF' License Agreement.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed under

the PSF License Agreement and the Zero-Clause BSD license.

Some software incorporated into Python is under different licenses. The licenses are listed with code falling
under that license. See Licenses and Acknowledgements for Incorporated Software for an incomplete list of

these licenses.
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C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.11.13

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using Python

3.11.13 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 3.11.13 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 3.11.13 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 3.11.13 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
3.11.13.

4. PSF is making Python 3.11.13 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF PYTHON 3.11.13 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.13
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.13, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any relationship
of agency, partnership, or joint venture between PSF and Licensee. This License
Agreement does not grant permission to use PSF trademarks or trade name in a
trademark sense to endorse or promote products or services of Licensee, or any

third party.

C.2. Terms and conditions for accessing or otherwise using Python
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8. By copying, installing or otherwise using Python 3.11.13, Licensee agrees

to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary

form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the

Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

5. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions

granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be

bound by the terms and conditions of this License Agreement.
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C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to

include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisioms.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
(KDR=12HE <)
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FDR—TH & DFEE)
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third

party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and

conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written

prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.11.13 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,
(KDR=D128i)
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INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3 Licenses and Acknowledgements for Incorporated Software

This section is an incomplete, but growing list of licenses and acknowledgements for third-party software

incorporated in the Python distribution.

C.3.1 Mersenne Twister

The _random module includes code based on a download from http://www.math.sci.hiroshima-u.ac.jp/

~m-mat/MT/MT2002/emt19937ar.html. The following are the verbatim comments from the original code:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand(seed)

or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
A1l rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written

permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
(KDR—12HE<)
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CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html

email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C32 Y7wvhk

The socket module uses the functions, getaddrinfo(), and getnameinfo(), which are coded in separate

source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
A1l rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software

without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ~“AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
0UT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.3 Asynchronous socket services

The 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
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
(RDR=212Hi <)
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WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOQUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 Execution tracing

The trace module contains the following notice:

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko 0'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.

Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to

distribution of the software without specific, written prior permission.

C.3.6 UUencode and UUdecode functions

The uu module contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.
A1l Rights Reserved
(RDR=212Hi L)

234 18 C & BEr 1€



The Python Language Reference, 'J'J—X 3.11.13

FDR—TH & DFEE)
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

- Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML Remote Procedure Calls

The xmlrpc.client module contains the following notice:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,

and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written

prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
(RDR=D12Hi L)
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ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOQUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be

included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select Y 2 — L kqueue £ ¥ R —7 2 — ROV TDRDEHEEATVET:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
A1l rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
1. Redistributions of source code must retain the above copyright
(RDR=212Hi L)

236 18 C & BEr 1€




The Python Language Reference, 'J'J—X 3.11.13

FDR—TH & DFEE)
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ~“AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
0UT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

The file Python/pyhash.c contains Marek Majkowski’ implementation of Dan Bernstein’s SipHash24 algo-

rithm. It contains the following note:

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is

furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)
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C.3.11 strtod & dtoa

The file Python/dtoa.c, which supplies C functions dtoa and strtod for conversion of C doubles to and

from strings, is derived from the file of the same name by David M. Gay, currently available from https:

//web.archive.org/web/20220517033456 /http:/ /www.netlib.org/fp/dtoa.c. The original file, as retrieved on

March 16, 2009, contains the following copyright and licensing notice:

/KoK ok ok ok ok ok koK ok ok ok ok o ok Kok ok ok ok ok o ok koK ok ok ok ok o ok sk ok ok ok ok ok ok kK ok ok ok ok ok ok koK ok ok ok ok kK K

*

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

The author of this software is David M. Gay.

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting

documentation for such software.

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

***************************************************************/

C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available

by the operating system. Additionally, the Windows and macOS installers for Python may include a copy

of the OpenSSL libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release,

and later releases derived from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1.

Definitions.

"License" shall mean the terms and conditions for use, reproduction,

and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
(KDR=D12HiL)

238 18 C & BEr 1€



https://web.archive.org/web/20220517033456/http://www.netlib.org/fp/dtoa.c
https://web.archive.org/web/20220517033456/http://www.netlib.org/fp/dtoa.c

The Python Language Reference, 'J'J—X 3.11.13

HIDR— % 5D E)

the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (507%) or more of the

outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity

exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modificationms,
including but not limited to software source code, documentation

source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,

and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,

the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but

excluding communication that is conspicuously marked or otherwise

(KDR=D12Hi)
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designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and

subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution(s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross-claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You

meet the following conditions:

(a) You must give any other recipients of the Work or

Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of

the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its

(KDR=D12Hi)
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distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least ome
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed

as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modificatiomns, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with

the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditioms.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed

with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the

origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any

risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,

(KDR=D12Hi)
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whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor

has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason

of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured

--with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF

(KD<R=2128i<)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

The _ctypes 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,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
0UT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

The z1ib extension is built using an included copy of the zlib sources if the zlib version found on the system

is too old to be used for the build:

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.
(KDR=D12HiL)
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Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it

freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be

appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be

misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

The implementation of the hash table used by the tracemalloc TEHL TW2E Ny ¥ 25— 7L DFEEIF,

cfuhash 7oy 27 FOHDICHIETF T

Copyright (c) 2005 Don Owens
A1l rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

* Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided

with the distribution.
* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived

from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

(RD<— k<)
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"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

The _decimal module is built using an included copy of the libmpdec library unless the build is configured

--with-system-libmpdec

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
0UT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.18 W3C C14N test suite

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from the
W3C website at https://www.w3.org/TR/xml-cl4n2-testcases/ and is distributed under the 3-clause BSD

license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
A1l Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without

specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/
sox/files/sox/12.17.7 /sox-12.17.7 tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users

may copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.
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Sun source code is provided with no support and without any obligation on the part of Sun Microsys-

tems, Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFT-
WARE OR ANY PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special,

indirect and consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be

included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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Python and this documentation is:

Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
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in assignment target list, 136
tuple display, 107
« (FREURY)
function definition, 173
import statement, 147
in assignment target list, 136
in expression lists, 131
operator, 122
BEHIEUH Lo, 119
*k
function definition, 173
in dictionary displays, 109

operator, 121
REFUH LoFd, 120
*ok=
augmented assignment, 139

augmented assignment, 139
+ (F52828)
ZIEEEF, 123
HIERET, 122
+=
augmented assignment, 139
, (comma), 107
argument list, 118
expression list, 108, 109, 131, 140,
174
identifier list, 149, 150
import statement, 145
in dictionary displays, 109
in target list, 136
parameter list, 171
2541 2X, 118
with statement, 158
/ (RZvy>a)
function definition, 173
operator, 123
//
operator, 123
//=
augmented assignment, 139
/=
augmented assignment, 139
Ob
BRUTII, 20
0o
BHRUTII, 20
0x
BHBUTII, 20
2to3, 201
2 EH
By B RS, 124
Bl RE, 122
2EH) T, 20
SEHKUTII, 20
10 EHU TSI, 20
16 EHU T I, 20
: (A[aYy)
annotated variable, 139

251

EL]

compound statement, 152154, 158
160, 171, 174

in dictionary expressiomns, 109
in formatted string literal, 17
lambda expression, 131
2541 2X, 118
BH07/7—>3>, 173

:= (colon equals), 129

; (semicolon), 151

< (Ihaw)
operator, 125

<<
operator, 124

<L=
augmented assignment, 139

<=
operator, 125

1=

operator, 125

augmented assignment, 139
= (¥%)
assignment statement, 136
class definition, 59
for help in debugging using
string literals, 17
function definition, 172

R#FUHLOFD, 118
operator, 125

BBO7/7—>a>, 173
> (KEW)
operator, 125
>=
operator, 125
>>
operator, 124
>>=
augmented assignment, 139
>>> 201
@ (at)
class definition, 175
function definition, 172
operator, 123
0 (AAhvI)
in assignment target list, 136
list expression, 108
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WERGL, 117
\ (backslash)

IRT—TS—=T >R, 15
\\

IRT—TS—=T>VR, 15
\a

IRT—TS—=T >R, 15
\b

IRT—TS—=T>VR, 15
\f

IRT—TS—=T >R, 15
\N

IRT—TS—=T>VR, 15
\n

IRT—TS—=T>Z, 15
\r

IRT—TS—=T>R, 15
\t

IRT—TS—=F>R, 15
\U

IRT—TS—=F>VZ, 15
\u

IRT—TS—=F>VZR, 15
\v

IRT—TS—=T>VR, 15
\x

IRT—FTO—=F>Z, 15
T (Fvlvuh)

operator, 124

augmented assignment, 139
_ (F#)

in numeric literal, 20, 21
_, identifiers, 13
__, identifiers, 13
__abs__(Q) (object DAYV k), 70
__add__(Q) (object DAYV v k), 68
__aenter__() (object DAYV v R), 76
__aexit__() (object DXV v ), 76
__aiter__() (object DXV v k), 76
__all__ (7> 3a>® module BY), 147
__and__Q) (object DXV v F), 68
__anext__() (agen DXV v k), 115
__anext__() (object DXy k), 76
__annotations__ (class attribute), 38

__annotations__ (function DY), 33
__annotations__ (module attribute), 36
__annotations__ (BEUEM), 32
__await__() (object DXV wR), 74
__bases__ (VZXEH), 38

__bool__Q) (object DXy ), 52
__bool__Q) (ATZTVrAYVYER), 66
__bytes__() (object DXV v ), 49
__cached__, 95

__call__() (object DX w k), 65
_call_ _Q (XTI XY YER), 121
__cause__ (exception DBMY), 143
__ceil__(Q) (object DAY R), 71
__class__ (method cell), 61

__class__ (module attribute), 53
__class__ (1A R[EM), 38

__class_getitem__() (object DI F A K
vy k), 63

__classcell__ (class namespace entry),

61
__closure__ (function OEY), 32
__closure__ (BA%EM), 32

__code__ (function OEMY), 33

__code__ (BABUEM), 32
__complex__() (object DXV v k), 71
__contains__() (object DXV v ), 68
__context__ (exception D), 143
__debug__, 141

__defaults__ (function DRE), 33
__defaults__ (BA¥EMN), 32
__del__Q) (object DAY v F), 48
__delattr__() (object DXV v F), 53
__delete__() (object DXV v F), 55
__delitem__() (object DXV v K), 67

__dict__ (function ODEH), 55
__dict__ (4/2’5!/2?1!{)
__dict__ (V5 2EM), 3
__dict__ (& yJ—JLE’E) 37
__dict__ (BABUEM), 3

dir__ (module attmbute), 53
__dir__Q (object DXV w k), 53
__divmod__() (object 0)>(‘J‘y F), 68
_ (function DEM), 3

_ (method @E’t{) 34

_ (V3 ZEY), 3

_(XVy HE'L*LL 34

- (

(

E/:L—)LE'E)
_ (F%EM), 3

__enter__() (object UDX‘/“J R), 71
__eq__Q) (object DRV w F), 50
__exit__(Q) (object DAYV F), 72
__file__, 95
__file__ (E¥a—ILEMH), 36
__float__() (object DAYV W F), 71
__floor__() (object DXV v ), 71
__floordiv__() (object DR v F), 68
__format__() (object DXV v k), 49
__func__ (method DEMY), 34
__func__ (XY v REY), 34
__future__, 209

future statement, 147
__ge__QO (object DXV v k), 50
__get__Q) (object DXV ), 54
__getattr__ (module attribute), 53
__getattr__() (object DXV v ), 52

__getattribute__() (object DAYV v F),

52
__getitem__() (object DXV v R), 67
__getitem__() (XY TFTZzI DX
Yy R), 46
__globals__ (function DRE), 32
__globals__ (FA%UEM), 32
__gt__O (object DXV F), 50
__hash__() (object DX v k), 50
__iadd__(Q) (object DXV v k), 70
__iand__() (object DX w k), 70

__ifloordiv__() (object DXV v ), 70

__ilshift__(Q) (object DXV v F), 70
__imatmul__() (object DXV v F), 70
__imod__(Q) (object DXV v F), 70
__imul__() (object DXV w k), 70
__index__() (object DAYV v K), 71
__init__(Q) (object DAYV W R), 47
__init_subclass__() (object DT F AR
Vv k), 58

__instancecheck__() (class DXV v k),

62
__int__Q) (object DAYy F), 71
__invert__(Q) (object DXV v k), 70
__ior__Q) (object DXV v ), 70
__ipow__() (object DXV w k), 70

__irshift__() (object DXV v k), 70
__isub__(Q) (object DAYV F), 70
__iter__(Q) (object DXV R), 67
__itruediv__(Q) (object DXV v F), 70
__ixor__(Q) (object DXV v K), 70
__kudefaults__ (function DY), 33
__kwdefaults__ (BA¥UEM), 32
__le__Q (object DRV F), 50
__len__(Q) (object DAY ), 66

O (RYFFTZI DRV Y ),

52
__length_hint__() (object DXV w k), 66
__loader__, 94

__1lshift__() (object DXV w K), 68
1t__(Q) (object DAYV w R), 50
__main__

module, 81, 179
__matmul__() (object DXV v k), 68
__missing__() (object DAY K), 67
__mod__Q) (object DAYV v F), 68
__module__ (function DEMY), 33

__module__ (method DE), 34
__module__ (V35 XEM), 38

__module__ (XVv FEY), 34

__module__ (FA%UEM), 32
__mro_entries__() (object DX v k), 60
__0O (object DXV w K), 68

__name__, 94
__name__ (function DEM%), 3
__name__ (method UJEE) 54
__name__ (V5 X&), 3
__name__ (XYv FEE)
__name_ (:E/:L—)LETE)
__name__ (BABUEMN), 3

) (object (DX‘/ v k), 50

__neg__() (object DR w K), 70
__new__Q) (object DXV K), 47
__next__Q) (generator ®XY v F), 112
__objclass__ (object DEMY), 55
or__() (object DXV v k), 68
__package__, 94
__path__, 95
__pos__Q) (object DAYV R), 7
__pow__Q) (object DRV v F), 68
__prepare__ (metaclass method), 60
__qualname__ (function DY), 33
__radd__(Q) (object DAYV w F), 69
__rand__(Q) (object DR F), 69
__rdivmod__Q) (object DXV v K), 69
__repr__() (object DR k), 49
__reversed__() (object DXV v F), 68
__rfloordiv__(Q) (object DX K), 69
__rlshift__() (object DAYV v F), 69
__rmatmul__() (object DXV v K), 69
__rmod__() (object DXV v K), 69
__rmul__(Q) (object DAYV v F), 69
__ror__() (object DXV v F), 69
__round__() (object DAY F), 71
__rpow__() (object DXV k), 69
__rrshift__() (object DXV v ), 69
__rshift__() (object DAYV v F), 68
__rsub__(Q) (object DAYV F), 69
__rtruediv__() (object DXV v F), 69
__rxor__() (object DAYV F), 69
__self__ (method ®EM), 34
__self__ (XY v FEY), 34
__set__Q) (object DAV v F), 55
__set_name__() (object DXV v F), 58
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__setattr__() (object DXV v ), 53
_setitem__() (object DAYV v F), 67
__slots__, 219
spec__, 94
__str__(Q) (object DXV w k), 49
__sub__Q) (object DXV F), 68
__subclasscheck__() (class DXV v R),
62
__traceback__ (exception DEM), 143
__truediv__Q) (object DAYV v F), 68
__trunc__(Q) (object DXV w k), 71
__xor__(Q) (object DXV F), 68
“parser”, 7
““values™®
writing, 136
{} (EHE)
dictionary expression, 109
in formatted string literal, 17
set expression, 109
| (HiEHE)

operator, 124

|=
augmented assignment, 139
- (FILH)
operator, 122
AR TVE, 179
127y RBME, 29
17TV, 9
IRT—=To=7 VR, 15
I>—, 82
I 5—ALE, 82
F7Tz U bofE, 25
F7T U bORE—HE, 25
A7z DB, 25
F—N—0O—F
operator, 46
h>=, 107
KE®D, 131
*—, 109
*—7J—F, 12,13
as, 145, 154, 158, 160
async, 176
await, 121, 176
case, 160
elif, 152
else, 145, 152154, 156
except, 154
except_star, 155
finally, 142, 145, 154, 157
from, 111, 145
if, 160
in, 153
yield, 111
U32R, 204
body, 61
definition, 142, 174
instance, 38
name, 174
object, 37, 121, 174
statement, 174
AYRAEZU%, 47
B, 37
B KA, 37
ISR 2VRAAVR
call, 121
object, 37, 38, 121
B, 38
B KA, 38

ISRATZxU b
call, 37, 121
JI—=F1k, 9
Ja-niL
name R 149
namespace, 32
statement, 141, 149
ARV ESA 2, 179
AXY K, 8
dI—F>, 74, 111, 205
BA%, 35
AYZA394%
IR, AT
aAY7F, 26, 37
a1
AR, 149
=P
ZJOvy, 79
d—FRATZxIFk, 39
#7351k
TERRELR, 47
27k
BHE, 124
Sl —4%, 209
expression, 110
iterator, 35, 142
object, 41, 110, 112

B%L, 35, 111, 142
Z23—7, 79, 80
A2y

FL—2X, 45

%17, 45
254 X, 29, 30, 118

HA, 138

V—XA—kFXFtvk, 8
27,9
Tk

F—14%, 128

BE, 128
FRAMSUAR, 48, 137
FINyYT

assertions, 140
TUIZR, 22
T—4,25

type, 26

type, immutable, 106
rL—2ZX

By, 45
k=02, 7
RFFa XY bXFF), 41
Ny aXE, 8
N2EZ

B, 45
Nk, 29
NALRFII TSI, 14
Ny IRy aXF, 8
AW 4

hooks, 89
Ew B

and, 124

or, 124

EE, 2, 124

BE, BIF 122

xor, 124
ZL—L

object, 42

R17, 79, 174
Javo, 79

ad—FK, 79
TI3AR— %
%, 106
77431, 116
T3, 122
FOv 3L, 179
Y1+ X, 122
XYy k, 214
call, 121
magic, 213
object, 34, 36, 121
A-YEERD, 34
555, 220
$AAF, 36
®2anO, 123
I-HERD
XYk, 34
BA%K, 32
BIEY call, 120
A-HEBEAVYF
object, 34
1Y ERBEK
object, 32, 120, 171
U73I, 14, 106
O—=)\I>adA—714>%, 213
==
operator, 130
FUEIAZR, 107
F/H 122
FHIEE, 12
KA
annotated, 139
augmented, 139
statement, 30, 136
target list, 136
U5 B, 37
USRA4VARV R B, 38
X514 2X, 138
B, 136, 137
ARFRED, 137
AIB5|# (positional argument), 218
B, 82, 143
AssertionError, 141
AttributeError, 116
GeneratorExit, 113, 116
ImportError, 145
NameError, 106
raising, 143
StopAsyncIteration, 115
StopIteration, 112, 142
TypeError, 122
NYRZ, 45
ValueError, 124
EH, 143
ZeroDivisionError, 123
BINZRS, 82
BINEZXHT B, 82
BIANC RS, 82
2
BA%L, 131
YEETT, 7, 8, 15
Rk
XV R, 220
B, 26
B, JRA, 26
RIB, 80
RIFEH
PYTHONHASHSEED, 52
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PYTHONNODEBUGRANGES, 41

PYTHONPATH, 98
0]
list, 108
tuple, 29, 107
A, 9
17, 9
B
i, 105
EHE, 2R, 122
HE, HIF, 122
BTETIL, 82
HAA T
XYy, 36
HAAHAY R
call, 121
object, 36, 121
#HA B
abs, 71
bytes, 49
call, 121
chr, 29
divmod, 69
eval, 149, 180
exec, 149
hash, 50
id, 25
int, 71
len, 2931, 66
object, 36, 121
open, 39
ord, 29
pow, 69, 70
print, 49
range, 153
repr, 136
round, 71
slice, 46
type, 25, 59
VNI, 149
TR, T1
'/EY, 71
BH
variable, 80
EHUTII, 20
T8, 7
1TRERE, 8
TR, 7, 8
E3)
BH, 28
KT
dictionary, 109
list, 108
£4, 109
BEEH
number, 28
object, 28
HAHAFHEE, 71

&R, 132
REENAED IR —TO—=T VR, 17
SREEAT, 7
AT, 11, 106

B, 143

HE, 125
B%, 208

annotations, 173

call, 31, 120, 121

call, I—HEE®D, 120

definition, 142, 171

name, 171

object, 32, 36, 120, 121, 171

JIxrl—4&, 111, 142

IA-HERD, 32

518 (argument), 31

'8, 131
B#FUHL, 31
]

type, 26
&5

object, 30, 109

MEREE, 109

=R, 109
&858

object, 30
#S1t

name, 106
&R

¥, 132

A

abs
fHHIAH IR, 71
abstract base class, 201
aclose() (agen DAY v K), 116
and
operator, 129
Ew MEEfL, 124
annotated
KA, 139
annotation, 201
annotations
BA%K, 173
array
module, 30
as
except clause, 154
import statement, 146
match statement, 160
F—T—F, 145, 154, 158, 160
with statement, 158
AS pattern, OR pattern, capture
pattern, wildcard pattern, 163
ASCII, 5, 14
asend() (agen DXV Y F), 115

statement, 175
async for
in comprehensions, 107
statement, 176
async with
statement, 177
asynchronous context manager, 202
asynchronous generator, 202
asynchronous iterator, 35
BA%K, 35
asynchronous generator iterator, 202
asynchronous iterable, 203
asynchronous iterator, 203
asynchronous-generator
object, 115
athrow() (agen DXV v F), 115
atom, 106
AttributeError
B4, 116
augmented
KA, 139
await
in comprehensions, 108
*—-7—F, 121, 176
awaitable, 203

B
bl

NA RV TSI, 15
bll

N1 RFIV TSI, 15
BDFL, 203
binary file, 203
BNF, 4, 105
Boolean

object, 28

EE, 129
borrowed reference, 203
break

statement, 145, 152, 153, 156, 157
builtins

module, 179
bytearray, 30
bytecode, 39, 204
bytes, 29

1FHABEIH, 49
bytes-like object, 204

C

c, 15
=8, 26, 28, 36, 125

call, 118
instance, 65, 121
procedure, 136
DIRAVRBAV R, 121
USAFTT Uk, 37, 121

BREVTII, 20 assert XYy kR, 121
=X statement, 140 A—HEED B, 120
sequence, 117 AssertionError MAAHKXY v R, 121
string, 117 BISk, 141 $HAIAHEEER, 121
ERDER, 29 assertions BA%K, 31, 120, 121
et TNy, 140 callable, 204
C, 26, 28, 36, 125 assignment expression, 129 object, 31, 118
Java, 28 async callback, 204
5%, 4 F—7J—FK, 176 case
B async def match, 160
254 ]
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F—7—FK, 160
case block, 162
C-contiguous, 205
chr
HAHIAFHEE, 29
class variable, 205
clause, 151
clear ) (frame DAY v F), 44
close() (coroutine DAY W R), 75
close() (generator XY v k), 113
co_argcount (codeobject DIEM), 40
co_argcount (A—RATJ ¥ FDEM),
39
co_cellvars (codeobject DEM), 40
co_cellvars (A—FATT U FDEN),
39
co_code (codeobject DEM), 40
co_code (A—F#TZx U FOEM), 39
co_consts (codeobject DEM), 40
co_consts (A—RATT ¥ FDEM), 39
co_filename (codeobject DEM), 40
co_filename (A—KRA T ¥ FDREM),
co_firstlineno (codeobject DEME), 40
co_firstlineno (A—RA Tz bD
Bf), 39
co_flags (codeobject DEM), 40
co_flags (A—R# I x¥ FOREM), 39
co_freevars (codeobject DEM), 40
co_freevars (A—RATJ ¥V FDOREM),
39
co_kwonlyargcount (code object
attribute), 39
co_kwonlyargcount (codeobject DEM), 40
co_lines() (codeobject DR v K), 41
co_lnotab (codeobject DEIE), 40
co_lnotab (A—FF Tz U FDEY), 39
co_name (codeobject DEM), 40
co_name (A—R#A TV o bDEM), 39
co_names (codeobject DEM), 40
co_names (A—RFAITT o FDREY), 39
co_nlocals (codeobject DEM), 40
co_nlocals (A—RATT ¥V FDOEM), 39
co_positions() (codeobject DAY v K),
41
co_posonlyargcount (code object
attribute), 39
co_posonlyargcount (codeobject DEH),
40
co_qualname (code object attribute), 39
co_qualname (codeobject DEM), 40
co_stacksize (codeobject DEM), 40
co_stacksize (A— KA T FDOEY),
39
co_varnames (codeobject DEM), 40
co_varnames (d—RFFA 7T FDENY),
39
collections
module, 30
complex number, 205
compound
statement, 151
context manager, 71, 205
context variable, 205
contiguous, 205
continue
statement, 145, 152, 153, 156, 157
coroutine function, 205

CPython, 205

D

dangling

else, 152
dbm.gnu

module, 31
dbm.ndbm

module, 31
decorator, 205
DEDENT k—%2 2, 10, 152
def

statement, 171
default

parameter value, 172
definition

U3, 142, 174

BEER, 142, 171
del

statement, 48, 141
deletion

target, 141

target list, 141

B, 141
descriptor, 206
dictionary, 206

object, 31, 37, 50, 109, 117, 138

RExREC, 109

£, 109
dictionary comprehension, 206
dictionary view, 206
division, 123
divmod

HAAAHEEE, 69
docstring, 174, 206
duck-typing, 207

E

e
in numeric literal, 21
EAFP, 207
elif
F—TU—F, 152
Ellipsis
object, 27
else
conditional expression, 130
dangling, 152
F—7—F, 145, 152154, 156
encoding declarations (source file), 8
eval
HHAHIA AR, 149, 180
exc_info (sys €EYa—Jl), 45

except
*¥—7—F, 154
except_star
*F—J—F, 155
exec

AHIAHEE, 149
expression, 105, 207
lambda, 131, 173
list, 131, 135
statement, 135
JIRlL—4,110
&M%, 129, 130
yield, 111

extension module, 207

F
fl

formatted string literal, 15
f"

formatted string literal, 15
f-string, 207
f_back (frame DEMY), 43
f_back (ZL—LEM), 42
f_builtins (frame DREM), 43
f_builtins (7 L—LEMH), 42
f_code (frame DBEM), 43
f_code (ZL—LEM), 42
f_globals (frame DEM), 43
f_globals (7 L—LEM), 42
f_lasti (frame DEMY), 43
f_lasti (7L —LEM), 42
f_lineno (frame DEM), 44
f_lineno (7 L—LEM), 43
f_locals (frame DEM), 43
f_locals (7L —LEM), 42
f_trace (frame DEM), 44
f_trace (7L —LEY), 43
f_trace_lines (frame attribute), 43
f_trace_lines (frame DE), 44
f_trace_opcodes (frame attribute), 43
f_trace_opcodes (frame DEM), 44
False, 28
file object, 207
file-like object, 207
filesystem encoding and error

handler, 207

finalizer, 48
finally

F—J—R, 142, 145, 154, 157
find_spec

finder, 89
finder, 88, 208

find_spec, 89
floating point

number, 28

object, 28
floating point literal, 20
floor division, 208
for

in comprehensions, 107

statement, 145, 153
format () (¥AAHEE)

_str__Q) (AT I RAXYYE), 49
formatted string literal, 17
Fortran contiguous, 205
from

import statement, 79, 146

*—7J—F, 111, 145

yield from expression, 112
frozenset

object, 31
fstring, 17
f-string, 17
function annotation, 208
future

statement, 147

G

garbage collection, 25, 209
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generator expression, 209
generator iterator, 209
GeneratorExit

B4, 113, 116
generic function, 209
generic type, 210
GIL, 210
global interpreter lock, 210
guard, 162

H

hash

HAAHEEL, 50
hash-based pyc, 210
hashable, 109, 210
hooks

import, 89

meta, 89

INZR, 89

I
id
#HAAHBEE, 25
IDLE, 210
if
conditional expression, 130
in comprehensions, 107
statement, 152
F—7—F, 160
immutable, 211
object, 29, 106, 109
F—4 type, 106
import
hooks, 89
statement, 36, 145
import hooks, 89
import machinery, 85
import path, 211
importer, 211
ImportError
B, 145
importing, 211
in
operator, 128
F—7U—F, 153
INDENT k—2 >, 10
indices() (slice DXV v F), 46
inheritance, 174
instance
call, 65, 121
object, 37, 38, 121
J32X, 38
int
HHAHEE, 71
interactive, 211
interpolated string literal, 17
interpreted, 211
interpreter shutdown, 211
io
module, 39
irrefutable case block, 162
is
operator, 128
is not
operator, 128
iterable, 211

unpacking, 131
iterator, 212

j
in numeric literal, 22
Java

il
aul

=, 28

K

key function, 212
key/value pair, 109
keyword argument, 212

L

lambda, 213
expression, 131, 173
=, 131
last_traceback (sys € a—JL), 45
LBYL, 213
len
HHAHIAAHBEE, 2931, 66
list, 213
deletion target, 141
expression, 131, 135
object, 30, 108, 116118, 138
target, 136, 153
KA, target, 136
AEREE, 108
O, 108
=i, 108
list comprehension, 213
loader, 88, 213
loop
statement, 145, 152, 153
loop control
target, 145

M
magic

XYy R, 213
magic method, 213
makefile() (socket XY v K) 39
mapping, 213

object, 31, 38, 117, 138
match

case, 160

statement, 160
matrix multiplicationm, 123
meta

hooks, 89
meta hooks, 89
meta path finder, 214
metaclass, 59, 214
metaclass hint, 60
method resolution order, 214
module, 214

__main__, 81, 179

array, 30

builtins, 179

collections, 30

dbm.gnu, 31

dbm.ndbm, 31

importing, 145

io, 39

namespace, 36
object, 36, 116
sys, 155, 179
3R, 26
module spec, 88, 214
MRO, 214
mutable, 214
object, 30, 136, 137

N

name, 11, 79, 106
rebinding, 136
unbinding, 141
U3, 174
%, 79, 136, 145, 146, 171, 174
RiZ JO—-/1NIL, 149
R, 171
#=1k, 106

named expression, 129

named tuple, 215

NameError
FI%t, 106

NameError (#1A&AHFIN), 80

namespace, 79, 215
module, 36
package, 87
Jo—/nNI, 32

namespace package, 215

nested scope, 215

new-style class, 216

NEWLINE k—2 >, 7,152

None
object, 27, 136

nonlocal
statement, 150

not
operator, 129

not in
operator, 128

NotImplemented
object, 27

null
EE, 141

number, 20
floating point, 28
‘/EY, 28

O

object, 25, 216
asynchronous-generator, 115
Boolean, 28
callable, 31, 118
dictionary, 31, 37, 50, 109, 117, 138
Ellipsis, 27
floating point, 28
frozenset, 31
immutable, 29, 106, 109
instance, 37, 38, 121
list, 30, 108, 116118, 138
mapping, 31, 38, 117, 138
module, 36, 116
mutable, 30, 136, 137
None, 27, 136
NotImplemented, 27
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raise

statement, 143
raising
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rebinding
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package, 86
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relative
import, 147
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simple
statement, 135
single dispatch, 220
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object, 66
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soft keyword, 13
special method, 220
standard
output, 136
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118
statement, 220
assert, 140
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async def, 175
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break, 145, 152, 153, 156, 157
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def, 171
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future, 147
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match, 160
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pass, 141
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simple, 135
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stdio, 39
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sys
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sys.exception, 45
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sys.path, 98
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try
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tuple
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type alias, 221
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TypeError
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unbinding
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dictionary, 109
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BHEUELoFD, 119

\%
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ValueError
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variable
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variable annotation, 222
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operator, 132
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A7, 180
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dictionary, 109
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tuple, 29
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