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Jython
Python implemented in Java. This implementation can be used as a scripting language for Java applications,

or can be used to create applications using the Java class libraries. It is also often used to create tests for Java
libraries. More information can be found at the Jython website.

Python for .NET
o] &2 A A 2+ CPython 7+ -2 AF23}A 2, vf L] X] = (managed) NET 98 =2 73 0] 7 NET

|

C2 A48 shold FAYUTH dol9 M2 /5L 1S

rlr
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eho] 119 2 & A3 Itk Bryan Lloyd 7} B5 91 Ul thek. B 24] € 4 3 Python for NET 5] ©]
A o4 A FE U ek

IronPython
An alternate Python for .NET. Unlike Python.NET, this is a complete Python implementation that generates
IL, and compiles Python code directly to .NET assemblies. It was created by Jim Hugunin, the original creator
of Jython. For more information, see the IronPython website.

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.

7 AL ol AYAoIA AT = dofst 234 27 hE WY 2 Holuh AL, EE shol ) EA oA
S B B NS AT o Atel ALE 30l 7 R0l o o AL o et
oA B AR 78 e A B BAE B2 Das AU

1.2 %7

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 | "_")~*

lc_letter = "av..."z"
A 2L name ©] 1c_letter & AlZ3L, QALY 6]—1/]— o]A}e] 1c_letter Y EEo| HupE= g2
TR Tt $H 1c_letter & 'a' & 'z Abo]9] FA st U TH (AHA o] A2 o] £A]

AR 01719} 2 7 Aol 4 A5 ol S5 e 72 LITh)

M A2 05 (91 Aol 583 name) 3} : := 2 A G YT A2 ()= dibss
AREE U o] 71O e Ae 7L 7 W AUtk ()= dell e = F
At 2 W o] A wknd 5 Qlvke S u U Th; v s, Hshr] (+) = o W o] 3 kg E ¢ A e
TE UHE Kola, HEs ()EEHW°ﬂ°AWﬂHQ%?ﬁML”ﬁﬂ“ﬂW Seunh
QA Ao A ASA AAT U $AEN 7 1 EeUth 255 Wolele Be o A4
Utk #4149 gle gL u2 »ggamgqq-mﬂOE%%%ﬂ}E%EE%N%%Hﬂn%ﬂ%
HEdsz zdgurhudel e ta2 e 22 294 et AmEs Escl A=Y E
A A wHE Y o

o191 2] (10l A £ o9} o)) ol N, F 7R Z7
| 3

I

el 7H A8 F Utk e e 2A7k A A
Fah) 91 9] ASCI £4 5 ol 3hibehe
ol e ul B A A 48e AFEIh 5

o849 Aol B4 E AYsed 482 + 94

AHEE = B71¥ o] AY Bk st ets, o3 2k 2 9 Tholl= Atket Abo] 7E Utk o3 Fo =
Ao E Ao ALE =k, B e o3 E477 HEAUE EEE A4F Yk o
7 (“o] 3] B A (Lexical Analysis)”) ol Al AF8-5 = 2= BNF= 03] A gUt}; 1 o] Z 9] ZoA]= 24
Y gtk

4 Chapter 1. 7| &
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CHAPTER 2

shol =219 5HA (parser) o @13 A AITE. THA Sl QS o] 3] 2417 (lexical analyzer) 7 WHE
o 2 (token) £ AE U o] Al AL o3 B477 o @A Y e E2EE Lol SN
gk

el 22 aY HAES FUAE FEGOR gFUTH 42 5199 A7 Y2 AFY HAL 53l

Zl’é 9 5 91, 7 B e UTES I Th A4 & 8-2 PEP 3120 of b Ut 42 5198 0798 4
< W= SyntaxError 7} @AY o}

2.1 & 7~ X (Line structure)

gho) AW =2 72 o /| =8 A9 = (logical lines) S & L}g U T}

211 =2 AN &

=2 F £9 Z2NEWLINE EZ 2 2 g Urh £ o] 32317 ¢ o] (o & 0] HENA

BAE A RS el A9 B 19 AAE ARAE 5 LU =el A9 B2 WA Ao AL} FA A

9 & A% (line joining) 2 ol we} sFL} o) Ao] B2] A Q1 F (physical lines) S 2 74§ U Th

£21799 & 59 BE i AUAR Bie $AES AAAYL Ao AT EAYA S
BIEE 22 8 SuAUazel SF 4D £ slG T ASCHLE AR A & A 831§l
%, ASCII A] A& CRLE(ZH 2] A] 2| thgofl = 7H3 22h & AHgol= Y=+ & ASCIICR(?HFJZ] 1’4‘?1
& AeE o4 MAEA A, o] AHEL BAEY Tok AUl EEAA AET + A5
Aele] 22 vpA e oA 29 FAA 224 A 2S Tk

shol Mg WAR W, A2 IS FAAL NEA F SR FAo] EE C B (ASCILFE £H3H= \n
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21.3 F4
FAL TAG Bl E ol ZAH A de A A E A e 22 A9 9] EolA Syt SA14
A& AT A Fol FasHA b2 ol FAL =28 d &2 FEAAUTE 42 B FAZY

A Zol = T4 A coding[=:1\s* ([-\w.]+) I} o] X5
Lol Ao AWK IFS AAFE HYe] dFY o5
vretof Ul whoF = WA Solehd, A HA & G A A0
_‘[:_

Agu ek s

[# —*- coding: <encoding-name> —*- ]

slo]lW A~z E A A AU F
0] FAL AIYG Ao g %
AARFULE Q7P A = A
ookt elFg Helo] A

o1d] GNU Emacs | Al = 214 Yt} t}2 dlif=

[# vim:fileencoding=<encoding-name>

¢l &) Bram Moolenaar & VIM o] A] ¢1 415 Ut}

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.

If an encoding is declared, the encoding name must be recognized by Python (see standard-encodings). The encoding
is used for all lexical analysis, including string literals, comments and identifiers.

21.5 AL & 2E

5 olgel 29 2 o Ul EAE AN =49 22 AT 5 A5Uth 2949
Fo) £AE e Polh 49 AR} oy o 2efA] LA B, o SN G HrkzE AR FA7
AAR A=, BA AR 1 9 =)Aol Zol FAR U ol & 5ol

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

o ST BUE 2L T4 23D 5 A5 o 2elAE 2L A LT o SeA
29 A HEL AT fH E2E ARHA FFUGHE, FA4D 2|5 o]9 9] oW E2E o &7
NE LA F 2ol hiro] 7188 5 e th), B4 28 vt gl o SelAl 7} ol A AR
A o]9)e] 3ol S4B A Eol of et

216 ZAH Z AF

s

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

, = F88A sy
$t3l= £ § 7holli= NEWLINE E 20| 25 0] 2] %]
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U ZAHOE ool At FEL 45 ULE Y FALENNE 548 5 vl (12 2eh,
o] A9 F4 0] 23D 4 st
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21.7 Y1 &

2 ¥ o], Bl & 1] & (formfeed) 2} 1€ Yt} (5 NEWLINE E £ 9]
WS A A G5 Uh) HEPoE B4 dE+ 8l £ A2l 7/} REPL 7@ of whe} 2hepdd 5
Utk BE 5 ABz e Eol A, $A W 2(F P} RAZA g D)L ThE A AL
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21.8 SoJxnv]

)29 20 A ol £k FH (23029 W)L B Folny] £ES ANSE H AEH L, o)
Tl BEY $22 245 o A=A Utk

Yo (Axo| A S EHOR) 1§ 23022 WEE ), ABD 59 F 23005 F4 57 8¢

Wj%7E ) =2 wEUTh (R 2ol A AR Aol el AU Th) A w6 B £ o

= 29 5012718 AP FoI27] & o SUAE AGHA o8 A BelH A

22 A 5 davth 2 0A o el o142 gulo] Sol2/1E ATk
P

€ 3% "ol B e sl o]xof s Fat=A o w2 v A s A2

]

a2 A-ZRE SHA 59 AFEH UNIX 0]9) 9 ZAE oA B 715 0] 2o} 34 o 2ol shuie] 5l
ol A 012272 98] BT As|o] A8 Ao] 2t AL AW AEo] opdUr). e ZRAE S| e
9 Stk A= Fof 5 o g th.
2 9= EAE 29 Aol U 5 Jth 94 Awe 5627 2 A ol A= EAF UL 3]0 %)
97 22 kol Bulol ) Hlo] gl AL AW A 2L waAE F 4 AwUth (he, 2502 £710
S

o 2789 4 &y

ALH 59 Folns] £F L, 282 A A, ThE 3} 2 ¥ © 2 INDENT DEDENT E2& hE
o AHg-E e

5} 3 E2 97 7ol 03hL1E 2 E o YL thpush); o] ke ThA AL)E (pop) Lol flsrviek 2o
S e WAl Auo ool A A% Sebdwl B SR T 4 el Al 2o A golA 29 S

o
7] Eol 289 7h 9o e g viag Ut 2o ok d dx dojuhA] gkt o ki
I e 9o Y 5hube] INDENT 25 Uhsuth o Athd o] gre ~Elo gl gk 5 shupof oful
Tyt o] RO EE 299 g5S 7l AL (pop), 7AWl 4= 7HF 9] DEDENT E2-2 Ut 9149
2ollAl, 28] Folgls 0X ok & e} 743 DEDENT E&< WYt

of 7)o (EdaH o EARtE) SutaA o227 @ shold Z = 27be] 5y th:

def perm(l):
# Compute the list of all permutations of 1
if len(l) <= 1:
return [1]
£ = [
for i in range(len(l)) :
s = 1[:41] + 1[i+1:]
p = perm(s)
for x in p:
r.append(l[i:1i+1] + x)
return r

= ol o3 7HA S 27] o E Byt

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

for x in p:
r.append(l[i:1i+1] + x)
return r # error: inconsistent dedent

2.1. & F%(Line structure) 7
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(A, 22 A 12 ol &= 3hA 7 A G ek, B4 uhA et o 2 5 o} 7] #4717 A FU Tk — return
r 9 Sojzz)zt 2del Gt g A A B

£2 49 £ AL EAL A DL AL, T £ Asl0) s, Y, H L E2E B3]
A9 ol £ 2 slUTh FERS Ao A HEERO2 AT $ AL A 22 Alel T
B2k (1 Bol,ab = 5] E2o)Athab & Aol E2Uth)

NEWLINE, INDENT, DEDENT $}= ¥ % 2 t}-83} 22 939 E 25 o] 28 th: A ¥ 2} (identifier),
7191 = (keyword), &1 ¥1 & (literal), A2} A} (operator), -5 A} (delimiter). (ko) Al “J% HZ 25 ol9e) o
EAEL EZo] olYA T EES BEdte JT S dFHUL B3 Ff, dEJA 22X R %1%

IIH‘G]-L]—_,]EE_O SulE T 715 3 Y Zojo EAE g TAHE AL AE L) =

2.3 2 Ezte} 7191 =

A2} (0] 5 (name) ©)BHALE U T 2t 22 o) 9] Ao 2 7|leg vtk

ghol o A ALY FHE FUIE BF FE5 A UAX-31 o 719k Fd], o] 7)o Q& o] AL np
W82 ot ol A Zé«l%‘blr%. & 9 AT W82 PEP 3131 o A 22 5 S5yt

ASCII 9] (U+0001..U+007F) ol A, 812 4182} 2 2= sho] 2l 2.x 9} 24U Th: & o A 2 891 9
BEAS AT BE R EAE A S, £40 A 9.

g}o] A 3.0-& ASCII ¥ Hto] ExE52 = ¢ &t} (PEP 3131 &X). o] EAE59 A9, unicodedata
wEo] Eakd WA e £} o o] eu o] ol uhe} £ ok,

2@ 2= Aol of] Aol Qla1, Al o] 2 (case) = T+EFH UTH

—

identifier = x1id_start xid_continue*

id_start = <all characters in general categories Lu, L1, Lt, Lm, Lo,
id_continue = <all characters in id_start, plus characters in the categories Mn,
xid_start = <all characters in id_start whose NFKC normalization is in "id_start
xid_continue = <all characters in id_continue whose NFKC normalization is in

HAelA A FUZE e e Z=E2] onE o] F5Uth
e Lu - uppercase letters
» LI - lowercase letters
e Lt - titlecase letters
¢ Lm - modifier letters
* Lo - other letters
e NI - letter numbers
* Mn - nonspacing marks
¢ Mc - spacing combining marks
* Nd - decimal numbers
* Pc - connector punctuations

 Other_ID_Start - explicit list of characters in PropList.txt to support backwards compatibility

8 Chapter 2. o]3 24
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e Other_ID_Continue - U} ZF7}4]
2 A 5 ol ol NFKC 73 342 2 #2831, 4 28] 1] 24 NFKC of 732 %ok

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

2.3.1 7|99 =

g AMAEL o o], i doje] A E, = AHEH 1, ANAQ B AHEE 5 GHUTh o7
20l Q= A3 AES) 2A A ol of itk

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

2.3.2 Soft Keywords

Added in version 3.10.

Some identifiers are only reserved under specific contexts. These are known as soft keywords. The identifiers mat ch,
case, type and _ can syntactically act as keywords in certain contexts, but this distinction is done at the parser
level, not when tokenizing.

As soft keywords, their use in the grammar is possible while still preserving compatibility with existing code that uses
these names as identifier names.

match, case, and _ are used in the mat ch statement. type is used in the t ype statement.

WA 3.120] A ¥ 7 : type is now a soft keyword.

233 WAl ook o)
CIHESE=ENR) o B7Y AdAES 5ES 9 u| 7 ds Ut o] /Y AHEAELS A2} Z9
UE A g g g Y

*

Not imported by from module import *.

In a case pattern within a mat ch 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.
3
o5 _ 2 %% A3} (internationalization) 2} & =] o] ALg-H Ut} o] & of #s| A gettext
250 2AE FEFHAUAL.

It is also commonly used for unused variables.

2.3. A¥Hzlel 719 9
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*
© A2d Ao o) F, vl FA A 0 2 “UH (dunder)” o] Fol 2k FH F5 U Th o] o] FEL QB xelE
s} FAEE ﬂﬁﬁﬂéiuﬂﬂqu&hhh+@H@ﬂ%ﬂéﬂﬂ%%%$WHE
O] FE MM 1 9)9) A =2 Futh Fhol Aol me) AN E B B AS0] o= Ahs
o] FUT o Buo A, YA RO Z BAZ MR AREH S Holrhe__+ o]Fe RE
A2, A3 glol 48 £ Qg
*

Zo) a2 o) B, o] R5ol o] 2SS ZeA Ao B
R o) o) 244 2ol o) “u] F A (private)” | E 2 HE 7ke] o] B FEL 517 93]
AL (0] ) AL BA R

24 =Y

2le d (litera) = 2R WA I =

Lo

Frpe AT 2R AU

241 FAG}tol=d e

24D P he T 22 ofF o= &Pk

stringliteral = [stringprefix] (shortstring | longstring)
stringprefix = "r" | "y"™ | "R" | "U" | "£" | "E"

| "fr" | "Fr" "fR" | "FR" | "rf" | "rr" | "Rf" | "RE"
shortstring u= "'" shortstringitem* "'" | '"' shortstringitem* '"'
longstring = "rrv'" o Jongstringitem* "'''"™ | '"""' Jongstringitem* '"""'
shortstringitem = shortstringchar | stringescapeseq
longstringitem = longstringchar | stringescapeseq
shortstringchar ::= <any source character except "\" or newline or the quote>
longstringchar = <any source character except "\">
stringescapeseq = "\" <any source character>
bytesliteral = bytesprefix(shortbytes | longbytes)
bytesprefix = "b" | "B"™ | "br" | "Bxr" | "bR" | "BR" | "rb"™ | "rB" | "Rb" | "RB"
shortbytes = "'" shortbytesitem* "'" | '"' shortbytesitem* '"'
longbytes = "r1v'v Jongbytesitem* "'''" | '"nwwtv Jjongbytesitem* '"""'
shortbytesitem = shortbyteschar | bytesescapeseq
longbytesitem = longbyteschar | bytesescapeseqg
shortbyteschar = <any ASCII character except "\" or newline or the quote>
longbyteschar = <any ASCII character except "\">
bytesescapeseq = "\" <any ASCII character>

One syntactic restriction not indicated by these productions is that whitespace is not allowed between the
stringprefixor bytesprefix and the rest of the literal. The source character set is defined by the encoding
declaration; it is UTF-8 if no encoding declaration is given in the source file; see section Q15 & A1 <1,

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

kol £ €l bytes) I H R 4 'br v B! E ol $4ILITE ser Y9 Qg vl bytes Yo A
HAg w5 94 ASCH £ AET 288 4+ A5UTh TEgo] 18RO AY 2E gL veA
SECISE B LSS a8
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4G} ol = PE Y RE AW OR 1r o} 'Ry BAE Qo BY 5 AUt o BAAL
2 2 A (raw strings) ©] b3 S|, o SAHAE WUD EAZ AR P AHH o2, FAE elg
Qo A, & EAGo] gl \Ut & \u' o] sz SHHA AelH A gk uith shold 2x0) @
FURE elgPol shold 3x9) the A B4 U A2 Tl A, rur BHL AU A @EUn
Added in version 3.3: & He] £ & 2] E€le] 1or S} 2L 2] v]7} gl 1 rb' FFO)EFAH YU
shol 41 2.x 9 3.x O A FAI0] AW SHe TEFe] {A RS B85 93 o Hol AgH Y FUnE

ZHE (u'value') o] Al E4H A5 UTH A S A B = PEP 414 of] Y54t}

£ U R E TR 2= BXYE B HE L 2 B Y 2 Y & (formatted string literal) Q) U T}; f-strings
S EAlE. e e B ARR & ASUTh AW, b U e 9 A9 - gath mebd g
I ZAEL 7t A 2 vto| EE glHE-2 EVs @ th
A wE 3 | gy Dol A, Al 7R o] A o] H A k2 N F }ﬂ-fﬂriJﬂdé‘L%ﬂ‘:}(lﬂJ—vﬂ
HAUh. A& = g Zoll Al WY o]aA o] 8 5 A g2 g7 e = A, B E S S5 A AU
COEIE A DS A AR EAAUT S, )

Escape sequences

'r' U 'R JFOI7F A 2 ol wAE A ulo| EE glH | 23 EH o]AaAl o)z AlIFAE ZFEC
W AH&-H 7Ur ek 2 o 2 g Ut QA E & o] AA o] A AAE o|EF YT

o|aAO]Z Al 1] +9 A+

\<newline> g A AW A7 FAFUT (D

\\ a ZHA ()

\! ZA2m-EE (")

\" Zos3E (")

\a ASCII ¥ (BEL)

\b ASCII ﬂﬂaﬁﬂ o] 2 (BS)

\f ASCII £ 3] & (FF)

\n ASCII 29 3] = (LF)

\r ASCII 7] 2] #] 2] 8l (CR)

\t ASCII 7} 2 ¥ (TAB)

\v ASCII A 2 € (VT)

\ 0oo 8R4 000 B A A H B} (2,4)

\xhh 1634 hh 2 A FH &3} (3.4)

i

A AT QA & o] 27 o] Al AL

o|AA o= Al AL 9] o AL
\N{ name} FUZE d o] Wl o] 2 A name ©] 2L o] 5 2 A (5)
\UXxXXX 16-bit 16 A5 xxxx 2 A A H A} (6)
\UXXXXXXXX 32-bit 16 34 xxxooxxx B A A = E2} (7)

S A1

(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.

v

The same result can be achieved using riple-quoted strings, or parentheses and string literal concatenation.
(2) BF Cu7IAR, A Al 79 831471 & -8-H Ut

WA 3.119 A ¥ 7 : Octal escapes with value larger than 00377 produce a DeprecationWarning.
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WA 3.120] 4] ¥ 7 : Octal escapes with value larger than 00377 produce a SyntaxWarning. In a future
Python version they will be eventually a SyntaxError.

(3) B2 Cohe 2], A8a] = o] 16227} A2 o] of T ek,

4) vl EQD 2lEHo A, 16372 8K o] 2Al o]z A %k-J ol EE AU £
g EoA &, o] o] o]z AR A #e FUZE £AS T

WA 334§ EA A Pe] FrkE JdF Ut
AE3) 4719 16345 22 = Frh

~ o~
A W
=

(7) ol WHOE RE FUIEE ATYT 5 dH Uk A3 8709 16757 B2 FU T
£2 0o g, A4H A obs BE o] adolm AAAE B ¥R A ke AElE WA FUTh
=, 9 2 A7 Aol A B U (o] TS Tl AT W) 2B} AHUTh o] 27e)m A A2} A
2w, H5 ATl FRY LELS AA AN+ FUTh) £AD AH DAY A4 =
oA o] = A B 27, who 2 BB Fol Al A5 4] o B R Gl FE A

WA 3.69 A4 ¥ 7 : Unrecognized escape sequences produce a DeprecationWarning.

¥ A 3.129] A ¥ 7 : Unrecognized escape sequences produce a SyntaxWarning. In a future Python version
they will be eventually a SyntaxError.

el Yol A 2%, e RE o Se AR ol AA O L Hujth ST 9 LAt Aol A H e
& Eol, r\ " & 2HLE EAY AHAAH, T e BRI SO ATk o SaAA s 2ube !
er\"  20hE £ el dol oAU n (4 BAARR 5019 & GelA 2 B S AGUTh. §
S B el woe, @ AR e S 3 Selie 2d  gRUnhe gAY e mens
ol Aol A7)/l W Eh,  SelAsh ke Hol o AWEAE E Aol ook o6 2ol
23 s 5 e £A= 214 o ol oF g o,

H~I Q9

24.2 #2149 2l o] o] & 0] 7]

oAy MY FAG oY ol EG HHE S (FHOE FEsiA) oA 7 AFNA (Lot A o] e,
I 9u)=olojE ol A 25Utk Z ElElgHol AR 2 uenE AL T B Ytk 2 A, "hello”
'world' & "helloworld”  E5FULE o] 7152 1 BALL Al oje] 22 Lhs v B2 H o
SN E EAFUE 222 EM it A S Zole A% 7Yt ol & Sl
re.compile (" [A-Za—-z_]" # letter or underscore

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

o] 7|50l ¥ T FolH = YA, Aad Aol FAF FYsof it A ATkl
2R EHLS oo £0]7] AL+ ANAE G ok FLTh B E L o]of o] 77t L adw ThE
MRS ALT S T (G EALT 45 L E BALL ojojHolk AZA ApsUTh, =Y BRI
JHIL HE £ A E D} o]0} A 5 9ol 523 oF T

2.4.3 f-strings

Added in version 3.6.

Z W 2219 2 D (formatted string literal) == f-E 2L (fstring) 2 '£' U 'F' & ol 9 X149 g H
%ﬁﬂﬂ:ﬂ*ﬂ“Oﬂﬂﬂ53£§§¢&ﬁﬁwZ*E{L§¥Tﬂ%ﬁﬁﬂﬁwﬂﬂ$%%ﬂ%
Jedol G4 F2e 2AW, £ FAD eE DL Aol A = @YY

ojaAelx AAat A FAD JHAAY PP U (FAC] & B4 F e o9 duTh.
U3y Fol 2ade gL thed 2 B gy

f_string = (literal_char | "{{" | "}}" | replacement_field)™*

! https://www.unicode.org/Public/15.0.0/ucd/NameAliases. txt
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replacement_field = "{" f _expression ["="] ["!" conversion] [":"
f_expression = (conditional_expression | "*" or_expr)
("," conditional_expression | "," "*" or expr)* [","]
| yield expression
conversion = "s" | "r" | "a"
format_spec = (literal_char | replacement_field)*
literal_char = <any code point except "{", "}" or NULL>
%ﬂiﬂ}’é‘ﬂ%% dut g EAA AFH U, o5 FZ2Z {{' Y"1 7tHSSt e BY SEERE
AFdrhe w9 AU Fte] o= FBE {1 L AB BEE AFA T, o4 B A o]
SEENER-N ST RS A P e
SENEFME F AU =4 x T 2 AJFShE, H S (conversion) BEVHFHWE st
9 A A 2k (format specifier) = Sl2 4 A=, T8 ':' LEAAIULE (A D= BEFTEL
e B

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

format_spec]

>>> f"abc{a # This is a comment }"
+ 31"
'abch'!

WA 37004 WA shol W37 o] Ao, 7R LA Q) £ FAD A E Do ERANA avait £
N3} async for B¢ EFFE AL AAL FEFA ek

WA 3.129] A ¥ A : Prior to Python 3.12, comments were not allowed inside f-string replacement fields.

%ili'ﬁﬂﬂPﬁhﬁﬁal%E @éEH*”ﬂﬂﬂﬂﬁﬂiﬂQQQ-@Lvﬁi'ﬁ

A, B, = Fof Aol ik 2E 20| FAPUL. JRACR, 2 Eol AF AT Qe 3

FHAe epr()%xﬂ%—z‘w@. 2ol AAEH HS ' Irro] AAH A Gk St 7| EFH o R FH A 9
str() o] AREH Y Th

Added in version 3.8: 5% 7|% '=
1 3} (conversion) 0] A A =] A, E3d A A7 =

SE5, ' 'r' Lrepr() S TE5, M a

[o

Ful e Ao HEFH YT W3t s’ = AT str() &
L ascii() 2=

The result is then formatted using the format () protocol. The format specifier is passed tothe _ 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 con-
version 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.

A AL B EHE S o2 d € AT AF LTt elHE s 2/ & syt
A AL BH 2 o€ S

Hl

2
j=)

>>> name = "Fred"

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

"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)
(th= ol Aol A<

24. €Y 13
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(o] 3| o] A ol A Al)
>>> f"{today:%B %d, $Y}" # using date format specifier
'January 27, 2017'
>>> f"{today=:%B %d, %Y }" # 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 20 }"

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

Reusing the outer f-string quoting type inside a replacement field is permitted:

>>> a = dict (x=2)
>>> f'"abc {a["x" def"
'abc 2 def'

J

¥ A 3.129] 4] ¥ 74 : Prior to Python 3.12, reuse of the same quoting type of the outer f-string inside a replacement
field was not possible.

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

>>> a o [“a" "b" "c“]

4 4
>>> print (f"List a contains:\n{"\n".join(a) }")
List a contains:

a

b

(e}

¥ A 3.129]| A W 7 : Prior to Python 3.12, backslashes were not permitted inside an f-string replacement field.
9 FAD E YL S AT doostring 0% AHEE 4 Y UTh BAA ] A3 griehE Az

Yok,

>>> def foo():
f"Not a docstring"”

>>> foo. doc_  is None

rlr

29 2219 25 e 27bol )8 Al OkS PEP 498 © = sy, Bl 2yl 2a4d WA UZS Agst
r T b R = Ao 4y

kﬂr
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24.4 57 2€]d

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).

A E o] 5 & 25312 e Ao Fdf ok dyth -1 I 22 A2 E F A4 - I g HE
182 FAH ZIAY

245 B2 2

5 PP e et 2L o3 A2 2dP Uk

integer = decinteger | bininteger | octinteger | hexinteger
decinteger = nonzerodigit (["_"1 digit)* | "O0"+ (["_"] "O")~*
bininteger = "o" ("b"™ | "B") (["_"] bindigit)+

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

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

nonzerodigit = mr,L.L"on

digit i= "or..."o"

bindigit = "o | omaiv

octdigit = "or...mm

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

7He g R elol] A7 = leAte EE A 2lHE ] dojo Al flsUTh

wee e 7 L% 474% o melH A FHUTh A4 Bl 7] A9 £AES T
227 daUth BB 57 Aboluh ox 9 22 A4 2] A A (base specifier) T2 ol Vg 4 gl
wo] shubek A8 4 gl
091 o 1071571002 N 28 4 g1 2ok Shich 20 4 o 8] sl A A}
Q9] 824 H AT T AL

dreHE dE =Y

=

ofo
r°"
m

7 2147483647 00177 0b100110111
3 79228162514264337593543950336 00377 Oxdeadbeef
100_000_000_000 Ob_1110_0101

WA 36004 A BHENAN A IS 2T HFAoE DES P

2.4.6 Floating-point literals

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

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

fraction = "." digitpart

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

Note that the integer and exponent parts are always interpreted using radix 10. For example, 077010 is legal, and
denotes the same number as 77e10. The allowed range of floating-point literals is implementation-dependent. As
in integer literals, underscores are supported for digit grouping.

Some examples of floating-point literals:

24. €Y 15
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[3.14 10. .001 1e100 3.14e-10 0e0 3.14_15_93 J
WA 36004 A : HEEANA AEY IFS 2L FAHoZ D& st
2.4.7 34 g€eY
S5 H YL e 2L olF Aoz AP YTH
imagnumber = (floatnumber | digitpart) ("j3" | "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+47j). Some examples of imaginary literals:

[3.143' 10.7 107 .0013  1e1003  3.14e-103  3.14_15_937 ]

i = : e / // % @
<< >> & | ~ = =
< > <= >= == | =

O EZ2ES £ oA & A} (delimiter) £ 715 3 o}

( ) [ ] { }

. g @ = >
' = - /= //= 5= o=
& | = A= >>= << * k=
nAEE As 94%1 PHENMNE T84T 5 AdsUth AS5H AR A A= AEHES F/]Eia(elhpsls
literal) o] 2}= E¥H 3 9 u| 7} Y5 l/] o} & Zvo] 282 ) 9 4R} (augmented assignment operator) £
A OB E TEAR S SA W, BA A4S SR
Theel Q4% ASCI BAFE £ the E2E QR A S v 7 A, 197 4o o)) B4
716l -2l o] ghi o}

R |

£ ASCI ZAFE-2 shol tlo] A A1-85 A @5tk BAH 2l 23} 34 o)9] o] 2ol A
27 Qe ol Uk
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CHAPTER 3

tlol 2dd

3.1 AA, 3%, 3

A A (Objects)= ko] % o] ] o] ¥] (data) & 573}k A (abstraction) Y U Th. Tho]H =2 7)o B E ¢ o
B AR AR 7o) FAZ 2@F YTk (2 o9 (Von Neumann)-‘l] “xz 2 72 Y FA AFE (stored
program computer)” 2 &S w}= _T’_, T AFANA ZE A AAE ZEFH YT

Every object has an identity, a type and a value. An object’s identity never changes once it has been created; you

may think of it as the object’s address in memory. The i s operator compares the identity of two objects; the 1d ()
function returns an integer representing its identity.

CPython & 4All: CPython &] 77, id (x) € x 7k A% W2 2] o] 42U

AA ] -2 A7t Z] At 4SS BY3aL (& 50, “dol& 22 ") 2 F o] AA| 5] 7H4
T A= 7}L3P%k = Y FUth type () T AAY P (o] 2 A AAth S EHF Ut otoldl
g Bl o} A =2, “Zﬂﬂﬁé(type)"—ﬂ./\]ﬂd%ﬂ A gkE Yt

old =2l W3S 5 Qe AANEL 71 (mutable) o) 2kal Tt Ak
s o] W (immutable) o 2F31 Ut (7FH AA o] i F2E
S

N,
of
2
2y B
e m{g flo

T

A8t e B A o] g2 7HH A ghol Mg u A E T B 5 dFUth AT AR
3kal ‘tzﬂiﬂ%ﬂ Aol nHE = glenz Ag ojujE o A3 EHolgtal o AU et B2
AU A= A B715S S 2= A= gE ULtk £ 9 3% LW‘/P-) A& 7HA /3 (mutability)
a7 gl g5l AFE Utk dE 59 A} TXPE,WE(tuple) S o] A gk, g A1 g (dictionary) <}

A E (list) & 7FH YU oh

WA= A3 HA RS2 313 = 2 grsUth o 25 2] ¢52 wlf (unreachable) 718 X] 5~ 7 (garbage collect)
Ut 7do] 7u x| £AE A A7) A1 ofo] Aeksle Ao FetH Ut — ofd FRHE AN EL
SASA Gk ol A £ AT o Aom PR AL TR EARAGU

CPython -8 4 A : CPython & A A 2= 314 A /\P(reference—counting) WAl S AFR-Sh=d|, (A AFSEO
2)e@h 0w A8 A0 AAE gA 7L F AR UL, o PHow R AAE B2 A A
AupA} A% 5 U T SAR €8 B2} U AP AES £ARTE L s £84
1A A2 Aolo] B ARE go R E EAE Fz38 Pk DR FRSLS O Ao F48
3, CPython & W AE 5 gl Uth @271 A AD o] Z7b4 0 7 }o] 2] A o] A (finalization) = & 2 o]
O E 547 TroboF AT (Lol A B4 AL BA A 0 = BropFolof FAuITh).

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 t ry---except statement may keep objects alive.

Loj| A gtel 27102, o @ 49o AR|S Y& WHSHE Aol b5 AriTh AT LE h A W o} 3 4o AR o]0 4
Foonz duAoz L Azte] ol

17
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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 t ry--- finally statement and the wi t h statement
provide convenient ways to do this.

Skl 7“;4] =< O AA thet 25 23t stk oY AS< AH ©l Y (container) 2Hal 5
Uth 75, g2 E, 94 g 5ol Ae ol dguth o] FxE5-2 AH ol v 7o) 4Rt o+
22, 287t Ad oy gg =2 ulE, S0l AAEY ofoldlEE Hibe ghe Eﬂrx‘l%ﬂ} SFA| gk,
el 7 g el tisl =& w= A H 7H AA 59 otoldEE vhg WUtk 2 A, (& 22)
=W A" ol 7F 7hH AA 2o FRE S ITh, 1 7HH AA 7 A= AE o] ghx WA g Y
P2 Ao BE SHAA AA 7L T2 Wl QS FUh AA Y ofoldEI L 7} 2he T 2424}
T ojd "ol A= S BFUth EWFY A, A ghs BE s A4k AR E & o] Zxﬂﬁ} 2 3
FoAN 22 P S 2= AL EHE S ST vl 7hd Ao A = o™ Z o] FEE A
Utk dlEEo,a = 1; b = 1 3, a9b e #F1SZEL2AAL F5 T, obd = AFUTH
StAc = [1; d = [1 %ol cddeFAd AR 2L, SHH A, A2 TS0 Bl 2| AE Y]
BAEUth (c = d = [1 £ A2 AAE cddl HgFUrh)

ofgfo] o= 22 ol th st A2 ‘55 o] Eg]R E (special attribute)’ & VLG 3= w S 23 TH
OlAEL T T WS AFst=dl, Eubd A AFSS 9 Aol ofd Utk A= oz wAgd
T AFYTh

3.2.1 None

Hek o] &8 S S A7} EAY G, o AN 12 o8 none
. A GBAA o] FAE Lol A B UL o8 Sof, YA H oz ASE
F7 obe B4 ol whek gtk welgke Ay

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 Not Implemented. 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.

] 2}A] g+ W82 implementing-the-arithmetic-operations < ZF31 34 A] 2.

WA 3.9 4 ¥ 7 : Evaluating Not Tmplemented 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.

18 Chapter 3. tlojg] nd



The Python Language Reference, @ 2] 4 3.12.4

3.2.3 Ellipsis

‘Hﬁﬂﬁﬂ%ﬁﬁquﬂﬁiﬂﬁ-HLJﬂﬂﬂZﬂ@quﬂﬁﬂﬂ%ﬂﬂé.~°h+
Ellipsi s}

3.2.4 numbers.Number

o1 AEL 54 2B Aol o5 W o)A 3, 44 A4 U e PrSe] ATz FAF U 274 A
SRt B4 o) BE oA AU WA S0 ol 6] A 1) S 8 A
u

A A= o AUt shAI e AFE o A @] Al kS WAL sy
t

The string representations of the numeric classes, computedby ___repr_ () and __s
properties:

r__ (), have the following

A g2 7 AAE AE s RS A ElHE Utk

L s, &
- 257 % B 31, 419 02 FAIH A Gruieh

T e _‘?J
« 257 79 B 0E A ek, T 0L FAH A gk
- BB SRS 405

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

numbers.Integral

NAEL SR A5 FE(FH 2o $3HE 825 ehdu

#x
B4 BAFHL S5/ R AZEG vhaT A4kl A4 9w Gk HAL AT AR AYY
o).

F 7 7Y AT AU
A4 (int)
o] AL (7Hd
(mask) ¥14Fo]
Hed, FEREZIAZECR B

£ (bool)
)AL =2 AAT S LT False 9 True ¥ A48 2 el 2 e
33-4 2121 3 (subtype) ©] 12, T -2 Aol A ZH7] 041 A | 2 F YT o &&= A &2 e =
2oy, Zt7] BXE "False" & "True" 7} ¥F3E Ut}

t}. A E (shift) 9} u} 22

4*(2’s complement) 2 % &

™ FBL
L
HIL

numbers .Real (float)

These represent machine-level double precision floating-point numbers. You are at the mercy of the underlying
machine architecture (and C or Java implementation) for the accepted range and handling of overflow. Python does
not support single-precision floating-point numbers; the savings in processor and memory usage that are usually the
reason for using these are dwarfed by the overhead of using objects in Python, so there is no reason to complicate the
language with two kinds of floating-point numbers.

w
N
kKl
N
ofls
X
ol
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numbers .Complex (complex)

These represent complex numbers as a pair of machine-level double precision floating-point numbers. The same
caveats apply as for floating-point numbers. The real and imaginary parts of a complex number z can be retrieved
through the read-only attributes z . real and z . imag.

3.25 A5

These represent finite ordered sets indexed by non-negative numbers. The built-in function 1en () returns the number
of items of a sequence. When the length of a sequence is n, the index set contains the numbers 0, 1, ---, n-1. Item
i of sequence a is selected by a [1]. Some sequences, including built-in sequences, interpret negative subscripts by
adding the sequence length. For example, a [-2] equals a [n—21], the second to last item of sequence a with length
n.

Sequences also support slicing: a[i:7j] selects all items with index k such that i <= 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.

o™ A2+ /‘ﬂ H A “F (step)” v 7| W5 A8 3l= “EH S 2Fo] 4] (extended slicing)” = A 4 g th:
ali:j:k]lE=x =1 + n*k,n>=0,i<=x<j & UE3}= LE FE x E AU}

NArs 2o gep 2 EE o

J

i
[
>,

fdy

>

>
[>

B
i
i—'a
rlr

o

(g °
°
4
%0,
oy
z: V)

ol rH,
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(Strings)

A string is a sequence of values that represent Unicode code points. All the code points in the range U+0000
- U+10FFFF can be represented in a string. Python doesn’t have a char type; instead, every code point
in the string is represented as a string object with length 1. The built-in function ord () converts a code
point from its string form to an integer in the range 0 — 10FFFF; chr () converts an integer in the range
0 — 1O0FFFF to the corresponding length 1 string object. str.encode () can be used to convert a str
to bytes using the given text encoding, and bytes.decode () can be used to achieve the opposite.

glole] stoldl AR YUtk F A o o] FHo
~%¢%%qﬂ~d44ﬂio 2 749
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UUTh. W R A W BEE BE 5 AUk

vl o] E  (Bytes)
"} o] E & (bytes) Zﬂiﬂ—t— EH gt &
FAPYch vho|E AR S TS wl & vlo|E
(constructor) & /\]—*ok?:x} o)<t} E3SH ufo)

98 5 U

%%’(bvabc i}é‘i)ﬂrlﬁ%wytes /\J}/\jx}
AA = decode () HIAEE &35 —E—X]—?:ii o=
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i I B
7P Al 2= vhE o] A Zojl A E = QlH Ut A B A3 9 A (subscription) 7 £ 21o] A& T Y ¥ 3} de
(AHA) o] o7 ALeE 4 g5 yth

A4 % e W b A AsF o] Y th:

2] A E (Lists)
Z2EQ] FEL2 oo gto|H A YU B2EE FutE BE|H A S 2 F ol Yol A
U}‘é—’n\—ﬁ)\ﬁﬂ‘:} (Zol0oly 19 glA2EE HEEU HES] F2o] 8 Ut}

vlo] & vl & (Byte Arrays)
Hlol|E HH o (bytearray) AA| = 7 HH Q9]
ol gh= A (ZLEfA] B 4 %7}—5]";]' )&
22 A o~} 75 7‘1]—‘—?}‘4‘3]'-

Utk WA bytearray () BAAZ ©tEoiF Yt 714
AL star, vho] E v d 2 E W Hlo]| EF (bytes) A A2}
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OJAEL B AZS vYErd UL WF frozenset( B AE T
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3.2.7 1] (Mappings)
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40

] 2] (Dictionaries)
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3.2.8 Zz|E(Callable types)

S P4 52 AM(EE AN F)ol 48D 4 dE FEIYTH

AEAL R B AAE B A B BEIPUTH (@5 Aol A4 A1) B B4 vhEs
(formal parameter) 553} 22 7|4 9] =8 Z 33l= <l A} (argument) 50 2 &5 o] oF gt}

Special read-only attributes

EgRE o v]
A reference to the dictionary that holds the
function’s global variables — the global namespace of
the module in which the function was defined.

None or a tuple of cells that contain bindings for the
function’s free variables.

A AA)=cell contents JEZHEE 712
DUt A9 %L 9L Bekopizh e 44
s dl= A8 S Y5y

function.__globals___

function.___closure

Special writable attributes

Most of these attributes check the type of the assigned value:
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JEIRE o m
_ The function’s documentation string, or None if un-
function.__doc__ available. Not inherited by subclasses.

' The function’s name. See also: __ _name_
function._ _name___ attributes.

' The function’ s qualified name. See also:
function.__qualname __qualname__ attributes.

Added in version 3.3.
, 7t AYE BEY o)l5 B (Y& 4 ) None
function.__module_

. A tuple containing default parameter values for those
function._ _defaults__ 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 attributes.
function._ dict__ Seealso:  dict  attributes.
A dictionary containing annotations of parame-
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
parameters.

function.__annotations___

function.__kwdefaults___

A tuple containing the type parameters of a generic
function.
Added in version 3.12.

function.___type_params___

Function objects also support getting and setting arbitrary attributes, which can be used, for example, to attach meta-
data to functions. Regular attribute dot-notation is used to get and set such attributes.

CPython & A}Al: 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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el A ¥ A | A & (Instance methods)
ArdAvmAEE ZHs, Fa Adadae RE Fej8 A4 (BE AR B Y )= 238Ut

Special read-only attributes:

Refers to the class instance object to which the method
method._ _self N

Refers to the original function object
method.__func___

The method’s documentation (same as method.
__func__.__doc__). A string if the original
function had a docstring, else None.

The name of the method (same as method.
_ _func__.__ _name_ )

method.__doc___

method.__name_

The name of the module the method was defined in, or

method.__module__ 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__)infront of the argument list. For instance, when C is a class which contains a definition for a function
f (), and x is an instance of C, calling x . £ (1) is equivalent to calling C. f (x, 1).

When an instance method object is derived from a c1lassmethod object, the “class instance” storedin ___self
will actually be the class itself, so that calling either x. £ (1) or C. £ (1) is equivalent to calling £ (C, 1) where £
is the underlying function.

It is important to note that user-defined functions which are attributes of a class instance are not converted to bound
methods; this only happens when the function is an attribute of the class.

AU gl o] €] &4 (Generator functions)

A function or method which uses the yield statement (see section yield <) is called a generator function. Such a
function, when called, always returns an iterator object which can be used to execute the body of the function: calling
the iterator’s iterator.___next__ () method will cause the function to execute until it provides a value using
the yield statement. When the function executes a ret urn statement or falls off the end, a StopIteration
exception is raised and the iterator will have reached the end of the set of values to be returned.

24 Chapter 3. djo]g] 2 ¢
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3 3¢l g4 (Coroutine functions)

async def & A3 A %JQ = U A =S IFE 84 (coroutine function) Bt F5- U th o] ¥
52 23y 728 A =dZUth await Etﬁ A& ¥ &3, async with®async for &
AFE-E 4 5 Ut i—erlf/_ 7“ Zﬂ (Coroutine Objects) A A& ZZ A A L.

v] % 7] A 7 o] €] g4 (Asynchronous generator functions)

A function or method which is defined using async def and which uses the yield statement is called a asyn-
chronous generator function. Such a function, when called, returns an asynchronous iterator object which can be used
inan async for statement to execute the body of the function.

Calling the asynchronous iterator’s aiterator.___anext__ method will return an awaitable which when awaited
will execute until it provides a value using the yield expression. When the function executes an empty return
statement or falls off the end, a StopAsyncIteration exception is raised and the asynchronous iterator will
have reached the end of the set of values to be yielded.

U+ 844+ (Built-in functions)

A built-in function object is a wrapper around a C function. Examples of built-in functions are 1en () 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___isthe function’s documentation string, or None if unavailable. See function.__doc__
e  name__is the function’s name. See function.__ _name___
e _ self__ issettoNone (but see the next item).

¢  module__isthe name of the module the function was defined in or None if unavailable. See function.
_ _module___

U A 1) 4] = (Built-in methods)
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 ot her instance methods.)

Z| ~(Classes)
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___ () and, in the typical
case,to __init__ () to initialize the new instance.

Z#] 2 2l A€l A (Class Instances)

Instances of arbitrary classes can be made callable by defininga ___call__ () method in their class.
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3.2.9 25 (Modules)

Modules are a basic organizational unit of Python code, and are created by the import system as invoked ei-
ther 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 dic-
tionary 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 tom.__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).

OJEZRE A2 EEY o5 T YU E BATUS AE E0l,m.x = 1 2m.__dict_ ["x"]
= 13254t

Predefined (writable) attributes:

__name__
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.

EL Q7] AL JEGHES: dict E=dAUgZ ndEERE o2 Z7HA UL

CPython 7-& A : CPython o] BE YA E v by m Eof, DA glof that Fx 7 Folglh
£, mEo] ~nng Roluhd BE DAL M AT ol AL Aokl , B AV el & B AL
94 8S 4 ol 85 UL R ES Hobrolof gt

3.2.10 A}-& %} A o] 2~ (Custom classes)

Custom class types are typically created by class definitions (see section = 2] 2~ % 2]). A class has a namespace
implemented by a dictionary object. Class attribute references are translated to lookups in this dictionary, e.g., C . x
istranslatedto C.__dict__ ["x"] (although there are a number of hooks which allow for other means of locating
attributes). When the attribute name is not found there, the attribute search continues in the base classes. This search
of the base classes uses the C3 method resolution order which behaves correctly even in the presence of ‘diamond’
inheritance structures where there are multiple inheritance paths leading back to a common ancestor. Additional
details on the C3 MRO used by Python can be found at python_2.3_mro.

When a class attribute reference (for class C, say) would yield a class method object, it is transformed into an instance
method object whose ___self  attribute is C. When it would yield a staticmethod object, it is transformed
into the object wrapped by the static method object. See section T] 2~ = 7 E] 531 5} 7] for another way in which
attributes retrieved from a class may differ from those actually contained inits __dict___

FHAERE Y2 ZH2g 9 E BAT 8,0l 9 B ZHa g E s
SRR R A=
UL AN E FAL QAU AE EAFES LIS RN L) T 5 AHUTHAE RN ).
E 4 o] E 2] H E & (Special attributes):

__name___
The class name.

__module___
The name of the module in which the class was defined.
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__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 variable annotations collected during class body execution. For best prac-
tices on working with __annotations__, please see annotations-howto.

__type_params___
A tuple containing the type parameters of a generic class.

3.2.11 S~ 21~ ~(Class instances)

A class instance is created by calling a class object (see above). A class instance has a namespace implemented as a
dictionary which is the first place in which attribute references are searched. When an attribute is not found there,
and the instance’s class has an attribute by that name, the search continues with the class attributes. If a class attribute
is found that is a user-defined function object, it is transformed into an instance method object whose ___self
attribute is the instance. Static method and class method objects are also transformed; see above under “Classes”.
See section T] 2~ = 7 E| 5231 3} 7] 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.

Attribute assignments and deletions update the instance’s dictionary, never a class’s dictionary. If the class has a
__setattr__ ()or__delattr__ () method, this is called instead of updating the instance dictionary directly.

oW 58E o] EE WAEEL AW, Bels AnAAE S ADL, WP A T 5 Y&t 55
WA oS5 AP HAA S

B4 oEelHES: _dict__ tolEelfE 94U dUTh _class_ & Aadx Zead
Y,

3.2.12 1/0 A A (3} AAtax &= A dsUth

3} 2 £ 9 HLL deiych 5t 482 BEE e 7k B30l U th open() WF
4, 05.popen (), 0s . £dopen () 7 27 A o] make£ile () MAE (12, olvhE &7 BES0]
AFAE e B4 Bol IS

sys.stdin, sys. stdout, sys.stderr T dHZYHY xF 4y, 29, 08 2EQC R 27314
I AAESYULH RFHAE REZ JEA 1o.TextIOBase F Zel2o g FoE A H ol
£ gy

3.2.13 Y+ 3 (Internal types)

Jejz e B 7 Y542 E /‘PB—SP% FH S22 AR =S U AE e B vl W ol A
ol 59 A= WAE g AT FHTE Al o714 AFFh
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F = 74 (Code objects)

(@57 498 BE) 2 HA AR B2sha AT, T A7 & ofH £ 9 (context) E 231 A b
oh; 3 /)R QA ghE o] @4 ARIo] A o] AR HE AR oL Sof A kIt (A G AT
A

|4 & g5 Lhehy 7 WU oh. @4 AR ot 2o, E AR L Bl T b A Sof the
ofd Fx= (44 5L HAA0RE) 21 94 GEUh
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Special read-only attributes

codeobject

codeobject.

codeobject

codeobject.

codeobject

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

codeobject

codeobject.

codeobject

codeobject.

codeobject

.co_name

co_qualname

.co_argcount

co_posonlyargcount

.co_kwonlyargcount

co_nlocals

CO_varnames

co_cellvars

co_freevars

co_code

co_consts

CcoO_names

.co_filename

co_firstlineno

.co_1lnotab

co_stacksize

.co_£flags

The function name

The fully qualified function name
Added in version 3.11.

The total number of positional parameters (including
positional-only parameters and parameters with default
values) that the function has

The number of positional-only parameters (including
arguments with default values) that the function has

The number of keyword-only parameters (including ar-
guments with default values) that the function has

The number of local variables used by the function (in-
cluding parameters)

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

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

A tuple containing the names of free variables in the
function

A string representing the sequence of byfecode instruc-
tions in the function

A tuple containing the literals used by the bytecode
in the function

A tuple containing the names used by the bytecode in
the function

The name of the file from which the code was compiled

The line number of the first line of the function

A string encoding the mapping from bytecode offsets to
line numbers. For details, see the source code of the
interpreter.

W A 3.12- 5 €] 9| X] & : This attribute of code objects
is deprecated, and may be removed in Python 3.14.
The required stack size of the code object

An integer encoding a number of flags for the inter-
preter.

The following flag bits are defined for co_f1ags: bit 0x04 is set if the function uses the *argument s syntax to

3.2.

]

3 A

ol
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accept an arbitrary number of positional arguments; bit 0x 08 is set if the function uses the * *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 bitsin co_flags to indicate
whether a code object was compiled with a particular feature enabled: bit 0x2 000 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_ f1ags are reserved for internal use.

If a code object represents a function, the first item in co_const s 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 byfecode 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:
* Running the interpreter with -X no_debug_ranges.
* Loading a pyc file compiled while using ~X no_debug_ranges.
 Position tuples corresponding to artificial instructions.
* Line and column numbers that can’t be represented due to implementation specific limitations.
When this occurs, some or all of the tuple elements can be None.

Added in version 3.11.

e

al

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 byfecodes. Each item yielded is a
(start, end, lineno) tuple:

e start (an int) represents the offset (inclusive) of the start of the byrecode range
* end (an int) represents the offset (exclusive) of the end of the byrecode range

e lineno isan int representing the line number of the byfecode range, or None if the bytecodes in the
given range have no line number

The items yielded will have the following properties:
 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.

¢ 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.
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Zero-width ranges, where start == end, are allowed. Zero-width ranges are used for lines that are present
in the source code, but have been eliminated by the bytecode compiler.

Added in version 3.10.

t] ®7]

PEP 626 - Precise line numbers for debugging and other tools.
The PEP that introduced the co_lines () method.

codeobject .replace (**kwargs)

Return a copy of the code object with new values for the specified fields.

Added in version 3.8.

= #) 9] 2] (Frame objects)

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

Special read-only attributes

Points to the previous stack frame (towards the caller),
frame.f_back or None if this is the bottom stack frame
The code object being executed in this frame.

frame.f_code Accessing this attribute raises an auditing event

object._ _getattr__ with arguments ob7j and

"f code".

The dictionary used by the frame to look up local vari-
frame.f_locals il

The dictionary used by the frame to look up global vari-
frame.f_globals PDIES
o The dictionary used by the frame to look up built-in (in-
frame.f_builtins trinsic) names
The “precise instruction” of the frame object (this is an

frame.f_lasti index into the bytecode string of the code object)
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Special writable attributes

If not None, this is a function called for various events
during code execution (this is used by debuggers). Nor-
mally an event is triggered for each new source line (see
f_trace_lines).

Set this attribute to False to disable triggering a trac-
ing event for each source line.

frame.f_trace

frame.f_trace_lines

Set this attribute to True to allow per-opcode events

frame.£f_trace_opcodes 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 debugger can im-
plement a Jump command (aka Set Next Statement) by
writing to this attribute.

frame.f_lineno

Frame object methods

zd A AA = SEA WA EE AP T
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).

whoF =g o] A A3 F o] RuntimeError o8] 7} Ay g o

Added in version 3.4.

E o)A A H| (Traceback objects)

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.

WA 3.7 A ¥ 7 : 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 fry <.) 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:
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Points to the execution frame of the current level.
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_frame

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 t ry statement with no matching except clause or with a finally clause.

traceback.tb_next

The special writable attribute tlb_next is the next level in the stack trace (towards the frame where the
exception occurred), or None if there is no next level.

B8] A 3.7 4] ¥ 7 : This attribute is now writable

< 2}o] A A A (Slice objects)
Slice objects are used to represent slices for __getitem () methods. They are also created by the built-in
slice () function.

E+ 7] A8 o]JEZHEE: start & 3 (lower bound) Y YT}, stop 2 A3l (upper bound) ISR
step & 28] ZHIUITh 2 ghe A ekE A9 None YUIh o] =R REES Qoje] Hol B 4+ YLk

Sehols AA| = stk M =S Al gy

slice.indices (self, length)

ol MM E= stute] A A length S RrobA Sefol AR 7F Ao length A Aol A8 e
) I Sepolaof i AHE ALY Al He] AeE F4E FES EHsUT olAdE2 4
2} start &} stop Q1 E 29}, step FE= £ EF0] 28] A E 2Fo] E (stride) 2 0] ?J‘Ji‘r- A A A E

oW AlE A5 AubA Q) Sebo] 29} 22 whg o = Thg F ok

2 ¥ g w4 & 7 A (Static method objects)

Static method objects provide a way of defeating the transformation of function objects to method objects described
above. A static method object is a wrapper around any other object, usually a user-defined method object. When a
static method object is retrieved from a class or a class instance, the object actually returned is the wrapped object,
which is not subject to any further transformation. Static method objects are also callable. Static method objects are
created by the built-in staticmethod () constructor.

Z )& A = 7 A (Class method objects)

A class method object, like a static method object, is a wrapper around another object that alters the way in which
that object is retrieved from classes and class instances. The behaviour of class method objects upon such retrieval
is described above, under “instance methods”. Class method objects are created by the built-in classmethod ()
constructor.
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33 S5 UAE o 5E

A class can implement certain operations that are invoked by special syntax (such as arithmetic operations or sub-
scripting and slicing) by defining methods with special names. This is Python’s approach to operator overloading,
allowing classes to define their own behavior with respect to language operators. For instance, if a class defines a
methodnamed ___getitem_ _ (), and x is an instance of this class, then x [ i ] is roughly equivalent to t ype (x) .
__getitem__ (x, 1i). Except where mentioned, attempts to execute an operation raise an exception when no
appropriate method is defined (typically AttributeError or TypeError).

Setting a special method to None indicates that the corresponding operation is not available. For example, if a class
sets__iter__ () to None, the class is not iterable, so calling iter () on its instances will raise a TypeError
(without falling back to __getitem _ ()).

Wed<= & ‘41“ S E FAT o, 22 Y 3}ete AA o Tol H= FE7HA R FH S A o]
FaPUh A& 5o, A8 ANA2e= /B FEES AU AU EE F 54T 5 5 UL 1A

]' seho| s 774”1% 2 Ho] ¢t E F AdF YT (o] H $7HA] o= W3C 9] Document Object Model 9]
NodeList QE] o] ‘JHT/]—)

3.3.1 7] E 32l AA¥E ulo]A o] A

object.__new__ (cls[, ])

o)z cls o) A ALEAE BEA A EFAUT new () & AR AASAUTH (28
A Q3R] eFobe 5] = S e AU Th e, R WAl QAR BE 3 S LA A Feh 27t
AUk U A5 AR 444 R (s 520l A28 ASQUTh__new () o
HEE gk A) AR Q12 F 0] ofof Tl (M F cls 9 A2E ).

Typical implementations create a new instance of the class by invoking the superclass’s __new__ () method
using super () .__new__ (cls[, ...]) withappropriate arguments and then modifying the newly cre-
ated instance as necessary before returning it.

If __new__ () is invoked during object construction and it returns an instance of cls, then the new instance’
s__init__ () method will be invoked like __init__ (self[, ...]1),where self is the new instance
and the remaining arguments are the same as were passed to the object constructor.

ek new () Zhes Y JA2BH2AE SHFA GO, A A2 init () EEEHA

FEUTh

__new__ () = FE =W (int, str, uple} F2) 2 A EH FEHATFJASAS B 5 ALEvpo] =2
T AEE o= vl AR H U T o AR AL A v e S Aol M S S AL uke] 28]

R LS
object.__init__ (self],...])

(__new__() ol g&f)) dxHx27}®

S0l Fo, AW £
ARse Fex AYF EPOE A2 AF

2 Aol 7l B2l 5 7] Aol EF UL
Ui}, hor u)o

AgE AE |2~ ZHWA7  init_ () WA
TE 2y o, AE S muti () WA =L, Johd, JcEdé oA A w o]~ FE AT}
A2 B R o] 2ulE A 2739 S 48] 31 98 YA H g SEFFoloF gL oS
=9°]:super () .__init_ ([args... ] ).
AANE H=vdl _new () & __init. () ZFPYSFL JOBRE (__new () & BHEL,
__init__ () ¥ AAE A2EHuo] 23 init__ () 7FNone o|9¢] 3= E2IFH 4

3 A] 7+of] TypeError & 4o AUt}

object.__del__ (self)
Aadart 575 7] Aol &g Utk sholdetol A T (R4 F3HA) st AHekal By ch
Rhep ol Fefavt  del () WIMEE ZA QITHHE, A4 Fe29]  del () WMIMEE,
Aol 5] o) SITh, Q12 b 2ol A Wo| 2 Ze| 27k A B RS A B A AAFH] A, BA A
oz wo]x Fefao WA ES TE oF Futh

2The hash (), _iter (), reversed (),and _contains__ () methods have special handling for this; others will
still raise a TypeError, but may do so by relying on the behavior that None is not callable.
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(DAHAE GAW) __del () MAEE dxRi] AR 2
29 5k & A B 5 A5k o)A : A
_del__() o] ¥ MAR 3P AL PR w thEUTH @A CPyhon TEL 27 B Wk
=gyt

It is not guaranteed that ___del__ () methods are called for objects that still exist when the interpreter exits.
weakref.finalize provides a straightforward way to register a cleanup function to be called when an
object is garbage collected.

-

3
del x = A x.__del_ () E3ZEA F5UTt— doll = A2 x 9 F=X 314 (reference
count) & S} AN 3, Foll P AL x 8 B2 25710 0] D ) BT

CPython -3 A} A : 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.

_del_()°olZEHE=EUNA
Al sys.stderr & 7

e _del_ ()29H
A ERE XY
= L
Uk ol AL, whek I A AAE .
HAEZLSEFHEAHY, dXEH ZEE0 HolJEE 43 st=d =R 2 5

Utk

object.__repr__ (self)

repr () W4 @40l o)) S5 o AR "4 4 9 (official)” # 4D FAL AT v}
P RThe, o AL e (AT B o] Fol A ul) he 2 AME AL BHE 5 9t LuE 5ol
W EAAA Y Holof Ut} 7} 2R L

Tk W gre v A BAk oo
Bogthd,  repr () &1 2
o AHgE 4 5T

o] 21 YW Aol ALGE 7] wfj ol T o] TR BRE TG BRI 5HA] 9FA dh= A o] F 2P T

object.__str__ (self)
str (object) & W T format (), print () o &8 &5 o] 22 “n] & 4] & 2l (informal)”
T H 7] A A 7t 2AE S ALY T kS g2 W= A] £ 24E A A of of Fu )
Ol MMEE _ str () o] EnLE FolH A S =8 E Zolgtal 7UE A Gethe FolA
object.__repr () oYUttt Hesta HE S d o] AHEE £ dFUTh

WA object o] A 7| AL object.  repr () S ZEF T}
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object.__bytes__ (self)
bytes of] o3 T E= o] AA S vl EE RS AL UTE W3 gh2 W= A] bytes A A o of
gk

object.__format___ (self, format_spec)

17

format () W& &<, BofstA, 29U Fx4 2 8 D (formatted string literals) & A A+ str.
format () HlAE] 3 &= o], AA Q] “xWH” FAE S WYYt format_spec 91
e 87E = 2 FAEE 28 FALE QYT format_spec QAAFS] AL format_ ()
S 7= Fo ot UEE Zdas 2" S YWY S stz A 43 A L Bl st
WA 8-S AT
= 2y o s A= formatspec & 13 H Ut}

3 32 = A A o] of of 3 T

n}
HA 3404 HMA: object 9 _ format__ WA= AL, Wl EX}Fo] old QA7 AL H
TypeError & WA Al 7 U th

WA 3704 M7 o]A object._ format_ (x, '') = format (str(x), '') 7FolYzE}t
str (x) 2+ F5Fch

object.__gt__ (self, other

object.__1t__ (self, other)

object.__le__ (self, other)

object.__eq__ (self, other)

object._ _ne__ (self, other)
( )
(

object.__ge__ (self, other)
O AL L 49 “F 53 v (rich comparison)” WA =J YTl A4z} 715 o A = o] & 7He] &

At Zsuth x<y Ex._1t_ (v) E2ZEFUthx<=y £x.__le_ (v) EZEF
Uth x==y £x._eq__(y) EZS¥Yh x!=y £x._ne_ (y) € 2=FU x>y =x
_gt__(y) EEZEFUhx>=y Ex._ge_ (y) ESZEZYth

A rich comparison method may return the singleton Not Implemented 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 __eqg__ () by using is, returning Not Implemented in the case of a
false comparison: True if x is y else NotImplemented. For _ _ne (), by default it dele-
gates to ___eqg__ () and inverts the result unless it is Not Implemented. There are no other implied re-
lationships among the comparison operators or default implementations; for example, the truth of (x<y or
x==y) does not imply x<=y. To automatically generate ordering operations from a single root operation, see
functools.total_ordering().

g7 Ao} Wi AAE A ek G- 72 A8
B8 2 A F 2 Rl hash_ () o BE B 1

There are no swapped-argument versions of these methods (to be used when the left argument does not support
the operation but the right argument does); rather, 1t () and __gt__ () are each other’s reflection,
__le ()and __ge__ () are each other’s reflection, and __eq () and __ne_ () are their own re-
flection. 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 Not Implemented, the == and ! = operators will
fall back to is and is not, respectively.

object.__hash___ (self)

Called by built-in function hash () and for operations on members of hashed collections including set,
frozenset, and dict. The __hash__ () method should return an integer. The only required property
is that objects which compare equal have the same hash value; it is advised to mix together the hash values of
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the components of the object that also play a part in comparison of objects by packing them into a tuple and
hashing the tuple. Example:

def _ hash__ (self):
return hash((self.name, self.nick, self.color))

hash () & AA7F AL __hash () MM EZL EHF+E & Py_ssize_t & IA7|E 2
=Y th(truncate). ©] AL H & 64-bit Y E o A= 8u}o ]E_T’_, 32-bit Y E o] Al = 410l E Ut}
ek A S _ _hash_ () 7ZHAE T2 HE 37§ Ze AEE Aol oA @7 AHE-F of of &
Od, BE AAT A=A F5 AASoF duth o g4 ot 418 W2 python —c
"import sys; print (sys.hash_info.width)" {44t}

If a class does not define an ___eqg__ () method it should not define a ___hash__ () operation either; if it
defines__eq () butnot___hash__ (), itsinstances will not be usable as items in hashable collections. If a
class defines mutable objects and implements an ___eqg___ () method, it should not implement ___hash__ (),
since the implementation of hashable collections requires that a key’s hash value is immutable (if the object’s
hash value changes, it will be in the wrong hash bucket).

AEAF A FEjae V| ERHORE eq () __hash. () WAEE ZFUL; BE AAl=
(ZF7] ApAl & Al etar) 2A] ekl 31731 x.__hash_ () E A} L EGFol,x ==y
d ) x is y2hash(x) == hash(y) 7t A AHE & == Fch

_eq () EAMABLTL_ _hash () T SA G=FW2=_ hash () 7FNone 22 A A
Atk Zel29 __hash__ () WA =7k None o] |, |29 JAAHAE 22 O] S|AIZES A
O] A= U TypeError & € 27|13, isinstance (obj, collections.abc.Hashable)
= A2 S Al s sA) b ke g AE U

W eqg () EARY = FHAVIRE FHWARRE _ hash () o FEE ERa A
o 1E1 E]Ei°ﬂ7ﬂ YA H o 7 o] HA A A Fo]oF g t}: _ _hash_ = <ParentClass>.
__hash___
e eq () EAARYDA G FHiaTtA ADS HEL A oW, FEA Aol __hash__
= None & Z &3 oF stttk A9 hash () & A3 T A A TypeError & o7 =
A%+ isinstance (obj, collections.abc.Hashable) EZ 0] 3] 7}5stcta 2 ZLE o] Al
o,
z 5

7| 2H o E str=} bytes AAE9] _ hash__ ()
(salted)” YUtk 7Hd sto] W =2 A A o A= WA o= FHo
S HEHOZ AT = ST 5 glA Bt

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.

A ] WA o] ol e # o] Aol FEFS FUTH 3ho] W2 o] A o thal] o B =
BHA] k5 U TH(Z 8 2L BB 32-bit £} 64-bit W E Abo] o A = ThE U T).

PYTHONHASHSEED & Z11 34 Al &

rlo
2
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]
-
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i
+
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|o
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m
A,
2

et

WA 33004 WA A G B 7B o B4R ok

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, __1en_ () 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.

3.3.
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3.3.2 o]ETFE AN A AX2E|Hlo| A o] A

SAHEJARD R ) ERE F2(97], A3, x.name & AASH7]) 9] o w2 WA 3] A8l th=
H 2 HAES) AE 5 s yTh

object.__getattr__ (self, name)

7|2 oJEZHE AN A7} AttributeError 2 A& W] & H YT} (name ©] A2EH X o
EZHE & self o Fdla EF JE AEZFEVF ot &tA _ getattribute () 7}
AttributeError & U2 7] A}; name —'—ivﬁ El9] _ get_ () ©] AttributeError & 4oz
o). o] FiA == (A4 %) oJEZRE S Wt AU AttributeError o 2] S oA oF Yt

AH N YAYS S 5o ol ESHEZTSARE  getattr () o] TEFH A P2 F23fof
AUt ()AL getattr () I setattr () 7t2l 9 == ug A AUth. o2 A I=
o4 T U /% 1, 1FA A Lod  getattr () 7} o]/\Eq/\g = o] E g R
Eo] HZ& WHo] g7l W Zol 7= Futh Hol= OV‘EV‘ W] A, olH PR AAEA
JETRE )% velo @A o z2i (e A ES tE AA H’*QD})‘_@@xﬂo]M
A A zZHet 4= JHUth o EGHE M2 E AR Q‘rﬂ 3] 2 A5 Wp of T3 Al o}l o
U  getattribute () 9A +EYTh

i
rly bol

(=N
m it

object.__getattribute___ (self, name)

ZY 2 AdrHAY oJEFHE AAAE THE7] A3 =24 o] T&=H UL vk Z g
27 getattr () B A FESW,  getattribute () 7t MAIA o R TE3A Y
AttributeError & 9o 7|4 Y= OV‘L _getanr = TEFHA FF UL o] HIAEE oJE
g HE (A4h) %ké %EﬂTﬂlﬁrAttrlbuteError N E oAk FyTh o] WA =
] F-38F 2 7 (infinite recursion) 7} WA sl= A& 27 Y&, +HS AA Y Q3 oJERHE

"ot Asl 22 ol 59 Wlolx S 29 Uﬂ/ﬂEE iééﬂoiﬂ th o & E9], object.

__getattribute__ (self, name).

L

al

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 S~ W] = %3],

EAQ U EGHE AN 29 AL, oA objname & & ZHAF o)Wl E object . getattr_
S gAY
object.__setattr__ (self, name, value)

EFRE Yol AxE w sEHUTE VAR MAUS (S d2dx gy S A
ke 2) Al o] 2ol ZEH UTh name & AAETHE o 5

Iyt
setattr () ANA A2 x o]EZHEN U3 S us, 22 o] &2 Hlojx FH29
HAEE SE5 ok gLt o & E9] object._ _setattr_ (self, name, value)

o

EAR UL JEFHE WYY AP, A obj, name, valueZ ZHAF o] Hl E object.
_setattr_g WA A 7Y o)

i

object.__delattr__ (self, name)

_setattr () HulSEAAW B HES thABhE Aol AA T T ol AL del obs.
name ©] 2719 &]v] 7} Q) A%l TAS of o} Tk,

Edy

Al

AAEZHE A9 A%, AAobi2t name 2 & ZHAF o] HIE object._ _delattr__

U

mE O}l’l.;
ox g,
¥ ok
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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.

o
e
2
fu
i)
S

E YA & FA2E|upo] A o] A

getattr_ T _dir & RE oEREC da 42 48R 49 o A

£ 9% BE £29 _getactr_ R4 o] A4 o 2elREs] o 58 ol
A AR e ¥ F A Y AttributeError 2 TAAI AR Uty AWEA QA 23] (F object.
_ _getattribute ()5 Fd AJEGYREV EE AANA TASF R O W, AttributeError &
do77] Aol BE __dict__ oA __getattr__ < AAMIULh HAH W, o]EBHE 0|20 7 7
458 TEslu A58 EdFU.

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.

BEEFHOIEYRE LA, Z2HE 5)S B MESHA AL Folsled, 28 A _ class_
HJEZHEE types.ModuleType J A B Fefaz AT 4 g5t o & &9

o
|

import sys
from types import ModuleType

class VerboseModule (ModuleType) :
def _ repr__ (self):

return f'Verbose {self._ name__ }'
def _ setattr_ (self, attr, wvalue):
print (f'Setting {attr}..."')
super () .__setattr__ (attr, wvalue)
sys.modules|[_name_ ]._ class__ = VerboseModule

3

BE _ getattr_ HYY RTE_ class_ AAHL JEIHE N2 FES A= 23 o
FFS U FUT-2F AGof that A F A AA2(RE Y FZEo 93 Ax 0] AL RE9
A gAY g F=2E AX A= A syt

HA 35004 WA o)A __class_ BE SJEZHEZ27] 7y h

Added in version 3.7: __getattr_ I} _ dir R E EZHE.

t] B7]

PEP 562 - 2 & _ getattr__ 3} _ dir__
2Eo] 3t _ getattr_ I _ dir

%
5
r
1
of
o
<
T
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t2agE Td57]

2o L= HAEES HAEE 7 S (49 Y2 HE (descriptor) 28] 22) 9] A~ A7) A7)
(owner) S 20 SRS Wk AL PUH(H 2T HE & 27 S22 gAYy I RE S F
stikel g Elof] glojok duth). ofef o Aol A, “o]ER|HE” & o] Fo] &fA Fe; LS __dict
of 712 AV8E 2 Qe ol ESHES shel Py

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

2fA 2R (FH2 AEYRE dM2) I 22 A2HARIAH 2 A EFE AN
JoEREE HotH L & w) TSFUth A=A owner AR = £FAF S W2 Yk ¥
instance = | EB]{HE FZ7F dojutal = A" 2o AL, o EE{FE 7L owner S &3 A2

== 7% None Y th
ol I E Al4td A ERRE FS E8F AU AttributeError o9& Y2 A oF FTh
PEP 252 _ get__ ()o] 3t} = 749 QIAE 2t FyEolegta ATt sholxl A4l e

WA D AIRE S o] WAIE ANFULE Tel), A% AR EFolE F A5E RE 275
a3 ge 7t 2 5 dsUth sho] W A4S getattribute () 782 A 3HA| &} #A
Qo B4 F SIAE BE Aggc
object.__set__ (self, instance, value)
242 ZH 2 A2 instance & A ETRHEE A Zrvalue 2 AARA ST ] & T}
Dot _delete ()8 AW O2age $30] “Hold oY (da
descrlptor)”i HAH A FYHAI L. AT L2 T AT HE TE2317]E FRIAPAL

object.__delete__ (self, instance)
2FA 29 AX2E X nstance &) AEZHEE AT w] s=H YT
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).

Y23 HY 3537

In general, a descriptor is an object attribute with “binding behavior”, one whose attribute access has been overridden
by methods in the descriptor protocol: __get_ (), set_ (),and___delete__ (). If any of those methods
are defined for an object, it is said to be a descriptor.

AEZRE AA 29 7] & %7%‘8 AR A oA AJEZFEE 91, 1, Al sk 2y ok
NE S a.xva._dict_ ['x"] A AIFSHA type(a) .__dict_ ['x'] & AA type(a) 9
H et S E AL st W o]~ %r’ﬂé%s A A 7}L A9 +ﬂ§?‘Aé%qE}-

g, ke 2338 gho] taaYEH WA= et A, gfo] ML 7|2 =2} Ao T] AT E
HAEE ZET T syt A & 4 o] 9] x| o] A] o] & do] Yol p=A] = o] W ] AT E
H A E7}F A o] = o 31101%*4% zgﬂtﬂﬂltﬂrﬂ}ﬂ} Yt

H2aa gy 329 A A2 A (binding) YU TH a.x. oA AA}5 0] 2FH =R+ a o et th5 Y
T}:

)
i)
folr
iy

¥

o

23
it
_\:r\l

SEAE 7Y G A BE e A8 IEHAAE ASE 40 558
X.__get__ (a)

OE?‘J _E

(o,

‘E

.
2y
T

A
__get

2o A%3E, a.x £ oA &2 HEH YT type(a).__dict_ ['x'].
_(a, type(a)).
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Za A AS
P20 dgstH,a.x = oA TEZ2 HIF YT A._ dict_ ['x']._ _get_ (None, A).
Super 2%}
A dotted lookup such as super (A, a) .xsearchesa._ class__._ _mro__ forabase class B following
Aandthenreturns B.__dict_ ['x'].__get__(a, A).If nota descriptor, x is returned unchanged.

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 de-
scriptor; if it defines neither, it is a non-data descriptor. Normally, data descriptors define both __get__ () and
__set__ (), while non-data descriptors have just the __get__ () method. Data descriptors with __get__ ()
and __set__ () (and/or __delete__ ()) defined always override a redefinition in an instance dictionary. In
contrast, non-data descriptors can be overridden by instances.

Python methods (including those decorated with @staticmethod and @classmethod) are implemented as
non-data descriptors. Accordingly, instances can redefine and override methods. This allows individual instances to
acquire behaviors that differ from other instances of the same class.

property () &t HlolE a3 gy 2 TAF Ytk o] &9, A2 A& Z 2 3 E] (property) ] 5
25 WA 4 syt

__slots__

__slots__ allow us to explicitly declare data members (like properties) and deny the creation of __dict__ and
__weakref__ (unless explicitly declared in __slots__ or available in a parent.)

The space saved over using __dict__ can be significant. Attribute lookup speed can be significantly improved as
well.
object.__slots__

This class variable can be assigned a string, iterable, or sequence of strings with variable names used by in-
stances. __slots__ reserves space for the declared variables and prevents the automatic creationof __dict___
and __weakref__ for each instance.

Notes on using __slots__:

When inheriting from a class without __slots__, the __dict___ and __weakref__ attribute of the instances
will always be accessible.

Withouta ___dict__ variable, instances cannot be assigned new variables not listed in the __slots__ definition.
Attempts to assign to an unlisted variable name raises AttributeError. If dynamic assignment of new
variables is desired, then add '__dict__ ' to the sequence of strings in the __slots__ declaration.

Without a __weakref _ variable for each instance, classes defining _ slots__ do not support weak
references to its instances. If weak reference support is needed, then add '__weakref__ ' to the
sequence of strings in the __slots__ declaration.

__slots__ are implemented at the class level by creating descriptors for each variable name. As a result, class
attributes cannot be used to set default values for instance variables defined by __slots__; otherwise, the class
attribute would overwrite the descriptor assignment.

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 geta __dict__ and __weakref__ unless they
also define __slots__ (which should only contain names of any additional slots).

Zejash ol 20 sors_ o] B H o] E3} 2L o] WHE _slors_ o AAgTH,
Mo Zeh2rt Aol g Wt A AT S gl AR BTl A SR AT H TAaYEE
A4 28 e AL 9T, o) AL Ze e Folw A g AHlE Bl A BTk vleel
o2 WA 98 AAF7kE AUk,

TypeError will be raised if nonempty _ slots__ are defined for a class derived from a
"variable—-length" built-in typesuchas int,bytes,and tuple.
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Any non-string iterable may be assigned to __slots__.

If adictionary is used to assign __slots__, the dictionary keys will be used as the slot names. The val-
ues 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__.

Multiple inheritance with multiple slotted parent classes can be used, but only one parent is allowed to have
attributes created by slots (the other bases must have empty slot layouts) - violations raise TypeError.

If an iterator is used for __slots__ then a descriptor is created for each of the iterator’s values. However, the
__slots__ attribute will be an empty iterator.

3.3.3 Zel& A4 AH2Enpo|Ao] A

Whenever a class inherits from another class,

init_subclass__ () iscalled on the parent class. This way, it

is possible to write classes which change the behavior of subclasses. This is closely related to class decorators, but
where class decorators only affect the specific class they’re applied to, __init_subclass___ solely applies to
future subclasses of the class defining the method.

classmethod object.__init_subclass__ (cls)

o WA= EPEE oo A Fehast vEold Wuttk B H U ds & A A2 2o
AU weF duAel AARAWAEE JAS W, o] MHEE FAROE FULUASE
SRS

Keyword arguments which are given to a new class are passed to the parent class’s __init_subclass__.
For compatibility with other classes using __init_subclass__, one should take out the needed keyword
arguments and pass the others over to the base class, as in:

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

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

7|2 +& object.__init_subclass__ £ o}F U= 317 FA T A7 255 o] SEFHE
ol & A F YT

ZHx

HEt Z e 3 E metaclass & UHA & Aol o8 £¥]% 31, __init_subclass__ =
A A FsUnh AA v 2 (PA A A FE hAlol) = type (cls) 2 JA =
AsUTh

Added in version 3.6.

When a class is created, type._ _new__ () scans the class variables and makes callbacks to those with a
__set_name___ () hook.

object.__set_name__ (self, owner, name)

Automatically called at the time the owning class owner is created. The object has been assigned to name in
that class:

class A:
x = C() # Automatically calls: x.__set_name__ (A,

IXI)

If the class variable is assigned after the class is created, _set_name___ () will not be called automatically.

If needed, __set_name__ () can be called directly:

42
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class A:
pass
e = C()
A.x = C # The hook is not called
c._ _set_name__ (A, 'x'") # Manually invoke the hook

o A UL 2o A BET] & FashalAlL.

Added in version 3.6.

v el Sef A

ZNBASR, FHAE type () = AHEAHA THE Ut FE29] vit] & A o] 5 FZFol A A&E a1,
Ze 2 o]E L type (name, bases, namespace) & ZA3jol A]F Ao g A )

ZPArE vt =T AHL A Ao Zometaclass 7] YT QAAE AL A, 18 QAE 233} o))

EAe= FH2E ASTLEN A2Epo]2E 3 JFUTh Tt ool 4], MyClass 9} MySubclass
£ EF Meta 9 Jd2xd QYT

class Meta (type) :
pass

class MyClass (metaclass=Meta) :
pass

class MySubclass (MyClass) :
pass

o2 R ool A AR TE A= AR L ool AYE = BE v Zes A5 ALE U,
Ze)a o)A 49D o), B2 2L w7 4 E U rh:

- MRO %o 249Utk

- AR e 2 AR P

. Zels 0B B2tol EHlEUTH

e L AEL RS

. Zea AR} Bs o F Y o

MRO &= 2 A 3}7]

[e:

object.__mro_entries__ (self, bases)

If a base that appears in a class definition is not an instance of t ype, thenan __mro_entries__ () method
is searched on the base. If an __mro_entries__ () method is found, the base is substituted with the result
of acall 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.

o] ®7]
types.resolve_bases ()
Dynamically resolve bases that are not instances of type.

types.get_original_bases|()
Retrieve a class’s “original bases” prior to modifications by __mro_entries__ ().
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PEP 560
Core support for typing module and generic types.

pal 74,
e Hlojxgt FA = AF type () o] AHEH YT
o WAIAQA WEF FEATF A ARSI, T2 0] type () o JIAEHATF oUW, IS HE FHAE
AU o

« type() o AxBAT} BAA HE Ze|AT 20| A AL}, Wlo] A7} B H Yo, 7HE Bl
EREE R PP i)

7Hg Bol st E We Felas WA HoZ AFH wE Z Aot A FE RE wojx FEa
%ﬂwﬂ%wéééﬁwmmmn%ﬂﬂﬁ%%quWQ%ﬂﬂ%%ﬂﬂ%ﬂ*Lﬂ‘UCJ
Al B EFS] (subtype) U T WHeFolu A o] 2 Z WESHA| XRSTHH, FEl A F Y= TypeError
A7) o A s g ot

Sz o] & B2 215

Once the appropriate metaclass has been identified, then the class namespace is prepared. If the metaclass has
a __ prepare__ attribute, it is called as namespace = metaclass._ _prepare__(name, bases,
**kwds) (where the additional keyword arguments, if any, come from the class definition). The __prepare_
method should be implemented as a classmethod. The namespace returned by __prepare__ is passed in to
__new___, but when the final class object is created the namespace is copied into a new dict.

greF el Fe) 2ol prepare_ o EPRE7 Qubd, Fe2 ol e W ¢4 Qe vl
718k e,

ot

o2 F

R

PEP 3115 - s}o] % 3000 of 4] 2] e} S~
=9

__prepare__ °|§ ¥ EFE

Fe 2 vy & (1 2H) exec (body, globals(), namespace) FZo] AdH Ut vk exec ()
T2 FH Aol A2 FeA Y7t 5 Y RA o] FojF o) 0134 2~ 3 3 (lexical scoping) ©] &
HI(RE WA EES 242 0}041 AR} L H AT L Q= o] FES FRIEE Fgditt=

aKe) 1;1r

5
i

st ]“ S BV g Yol A o] Fojd tjx s, SdA RN Fod WiMEES 2HS
2F A FoE o]l gES E 5 YFUTh ”ﬂ]‘tﬂALOV\H/‘Ur e wA=e] A A i 7f A
T5 ol AA 2T AY 5 Ado A dYste FAH R ]3] 2FFH _ class. FEE FHoF

ﬂuw

44 Chapter 3. tlojg] nd


https://peps.python.org/pep-0560/
https://peps.python.org/pep-3115/

2]~ 3.12.4

The Python Language Reference

24 (closure) 2z Juth
c o AgE 3 WA QA6 A AdE
__class___
oA Z
2 4] 7 5] o] of T T o) LA 2] 51T w1 o] 4 3.8 o Al Runt imeError
__new__,

2o A wE)
dt P2 o] F Fo]l FHL vt E APt ?Jﬂ A AE, S AR
bases, namespace, **kwds) 2 &) wE o] F (o] 7] o A Z%%ﬂ%—’?—
__prepare__ o A&¥ AEH ZFUTH
o] F 2 AA= super () o AAE FA] e A F2EHE= AYUTE __class__ & ZF# 2 uir] Y
HAMES F ol 3let® _ _class_ Ysuper & 2T F¢ At elof 93] rEA A& A F
o) A2 AR §l= FE S super () 7holH 253 V|wko & AR FoH 3L
JeZgAsE 2nt=2A S 5 Y5 = Shch vld o] A A9 TE AFLH Z AL AAE AL 1A
A(cel) 2 SN2 o] F F7H] __classcell
R 27t SurE A 271345 7] 913l type
the following

A}A): CPython 3.6 ©] Abof| A,
yrtt. gheF &) sttt e

ed

CPython -3
AE = v e Fef 20
__new__ T E7MA AE

= ojod AgYrh.
When using the default metaclass type, or any metaclass that ultimately calls type
additional customization steps are invoked after creating the class object

method collects all of the attributes in the class namespace that define a
methods are called with the class being defined and the assigned name of that par-

1) The type._ new_
set_name__ () method
2) Those __set_name i
ticular attribute;
3) The __init_subclass__ () hook is called on the immediate parent of the new class in its method reso-
lution order.
o) 2 AR 7 S0l Foll, Bef 2 oo £FW Zeh 2 W 2e o HENA (ATt Feh A
3,7 A%E U2 39S E A9 0§ T2l AF T
type.__new__ 2 A Fea7tvEo]d o, o] F I /NS R Al FH = A= 2 RHE A e
g o g B AL, A o] AAl= W HUth A AHEE ¢}7] X8 32 2HA] (read-only proxy) 2 & 2] #to] =,
o] Zo] Fefx AA Q] _ dict_ oJEHEZIFHYTH
t B
PEP 3135 - A}} super
FEAAR _class_ 224 Fx2E 29Ut
7}HA] ofolt] o] Eoll = enum, 27, QA E 3| o]

ol 71

Wet Zel2e) £
o g RN
(automatic delegation), A5 3} 3Z 2 5 E] (properety) A A, 3Z 2] (proxy), Z 2| 4 ¥
13} (automatic resource locking/synchronization) 5-©] 15 U t}.

Her S 20 A A Q1
2 AL AFE3E A 9
(framework), 2} 39 24 27])/57
334 22 A H Fe A HAAHLEulo] A o] A
Tt WA =& isinstance () £ issubclass () W& 559 712 522 AR Y st ol AR
yrt.
E3], v e} 28 2 abc.ABCMeta = F 4 ol o] 2 & 2 (Abstract Base Class, ABC) S t}2 ABCE 233t
dojo FHay FFDE ZFFUTh ol “7HAF wl o] & Z ) 2 (virtual base class)” 2 571 = Q)7
st il o] MM EES FEF YT
class.__instancecheck__ (self, instance)
instance 7t (A J A ] AU ZFH A O 2) class o] AAVAZ HFE 5 Jod FS sHF UL vhek
Aolx] ¥, isinstance (instance, class) = 383517 935 i%% Yt}
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class.__subclasscheck__ (self, subclass)
subclass 7t (A A o) AV ZHH A S 2) class o] A B S AE HAFE 5 2
ok Jo)E ¥, issubclass (subclass, class) = #3337 Y8 == Ut

ol HANEEL FHN2Y F(HE F ) oA 2 AT Aol s oF ittt AA| S A S~
HAEE Zogd  glsUth o)A Adxbd o s S&5 = ST WA EES 239 A4 dsUtt
o] AF A" A Fa AT
1=
PEP 3119 - A Ho] A Sl 29 £¢)
__instancecheck () 2} _ subclasscheck () & E 3 isinstance() <}
fssubclass () o BAE A~Eo 4ote o Had Fog 2RetT, o) 7159 5

71 gojol & Z” Hlolx Z & (abe RES EAAIR)E F7bstalat stk ol sy

3.3.5 A= F Fi Wi~

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

t 17
PEP 484 - Type Hints
Introducing Python’s framework for type annotations

Generic Alias Types
Documentation for objects representing parameterized generic classes

Generics, user-defined generics and typing.Generic
Documentation on how to implement generic classes that can be parameterized at runtime and understood
by static type-checkers.

A class can generally only be parameterized if it defines the special class method __class_getitem__ ().
classmethod object.__class_getitem__ (cls, key)
key ol 91 @ Apol o 3 AW D Zehao) E48E Yl AAE BHE 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 _ () isto 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 implements __class_getitem _ (), or
inherit from typing.Generic, which has its own implementation of __class_getitem__ ().

Custom implementationsof __class_getitem__ () onclasses defined outside of the standard library may not be
understood by third-party type-checkers such as mypy. Using ___class_getitem__ () onany 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 ob-
ject if it is properly defined.

Presented with the expression ob 7 [x 1, the Python interpreter follows something like the following process to decide
whether __getitem () or__class_getitem__ () should be called:

from inspect import isclass

def subscribe (obj, x):
"""Return the result of the expression 'obj[x]'"""

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 _ (x)
elif isclass(obj) and hasattr(obj, '__ _class_getitem__'):
return obj.__class_getitem__ (x)

# Else, raise an exception
else:
raise TypeError (
f"'{class_of_obj.__name__}' object is not subscriptable"

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

>>> # 1list has class "type'" as its metaclass, like most classes:
>>> type(list)
<class 'type'>

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

>>> # "list[int]" calls "list.__class_getitem _ (int)"

>>> list[int]

list[int]

>>> # list.__class_getitem _ returns a GenericAlias object:

>>> type(list[int])
<class 'types.GenericAlias'>

However, if a class has a custom metaclass that defines __getitem__ (), subscribing the class may result in
different behaviour. An example of this can be found in the enum module:

>>> from enum import Enum

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

>>> # Enum classes have a custom metaclass:
>>> type (Menu)
<class 'enum.EnumMeta'>

(h& sl o] A ol Al<%)
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(o] A o] A | A AL)
>>> # EnumMeta defines __getitem_ _,
>>> # so __class_getitem _ 1is not called,
>>> # and the result is not a GenericAlias object:
>>> Menu['SPAM']
<Menu.SPAM: 'spam'>
>>> type (Menul['SPAM'])
<enum 'Menu'>

t] ®17]

PEP 560 - Core Support for typing module and generic types
Introducing _ class_getitem (), and outlining when a subscription results in
__class_getitem__ () beingcalled instead of _ _getitem__ ()

3.3.6 & AA Y W~

object.__call__ (self[, args... ])
AABrs GoA 52D m YU o WAEA BH W, x(argl, argz, ...) &
ek type (x) .__call_ (x, argl, ...)E¥HId"mYrc}

3.3.7 Aelolvy 4 7]

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
s1ice objects, which define a range of items. It is also recommended that mappings provide the methods keys (),
values (),items (),get (),clear (), setdefault (),pop (),popitem(),copy (),andupdate ()
behaving similar to those for Python’s standard dictionary objects. The collections.abc module pro-
vides a Mut ableMapping abstract base class to help create those methods from a base setof ___getitem (),
__setitem__(),__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 multipli-
cation (meaning repetition) by defining the methods ___add (), ___radd (), __iadd (), __mul__ (),
_ rmul__ () and __imul__ () described below; they should not define other numerical operators. It is recom-
mended 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 implementthe ___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 1en (). Should return the length of the object, an integer >= 0.

Also, an object that doesn’t definea ___bool__ () method and whose __len__ () method returns zero is
considered to be false in a Boolean context.

CPython -3 A}A]: In CPython, the length is required to be at most sys.maxsize. If the length is
larger than sys . maxsize some features (such as 1en () ) may raise OverflowError. To prevent raising
OverflowError by truth value testing, an object must definea ___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 Not Implemented, 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.
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Added in version 3.4.

al
Sehold 2 AA LR thgol et Al vAEEd s +FF Ut
1

fu
3
I
H
K
o

£ e npasbA AUk A Lol §5-2 B4 None 0.2 AA Pt

object.__getitem___ (self, key)

Called to implement evaluation of self [key]. For sequence types, the accepted keys should be integers.
Optionally, they may support s1ice 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.

Fx

for $EE D29 BL LU FA5H7] A3, SR E Ao B IndexError 7+ Aofd
Ao2 st ik

Fx

When subscripting a class, the special class method  class_getitem_ _ () may be called instead of
__getitem__ (). See __ class_getitem__ versus __getitem__ for more details.

object.__setitem__ (self, key, value)
self] key 1 2o dds FAs] Ael TsH Ut __getitem () 3 22 F 7P H Y Th
wjsg o] Aol AA 7L 71 sl 3k Aol Al 719 F74E S A9, AlEs =
T ol uJﬂ% T A e FAF o of Tk FRH key 7k B __getitem () X2
22 098 Qo Aok Gtk

object.__delitem__ (self, key)

self(key) o A8 U5/ A SEAULE _gecicon () 3 Le 77} Fa gy
w3 o Ao, AA 7L 7o) AAE Heg A9, AN ASE FEo| AALZRH A AT
+ 98 un FASlof Tt LR key RS AFE __gecicen () A% 2L 9l E

2.0 A ok gk,

object.__missing__ (self, key)
dict._ _getitem__ () o] dict AJH S0 A 7|7 e ol QLo self[key] & F3F}7]
Al =T

object.__iter__ (self)

This method is called when an iterator is required for a container. This method should return a new iterator
object that can iterate over all the objects in the container. For mappings, it should iterate over the keys of the

container.
object.__reversed__ (self)
reversed () W& a4 7]- o o] g] & o] A (reverse iteration) = F+3 3}7] Y&l (Ytid) ==}

Aelol ol G AAEE of 0% Tl ot A ol el o] 6] A% £ 4 oF T

__reversed () WA EZ AFH A %O W, reversed() T+ AlB Z2EF
(_len () I __getitem ()= H¢oZ AU AlFx 22 EFZS A Y3t A A
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o

W9 reversed ()

32

E2 reversed() 7t Al &3t ZAEU H &4 2SS AT+
=
=

PR

A A AA RS (in 3 not in) 2 BF AH oyl o g
Aoy Axl=H 24 PSR 22 S NS
JHHEY BRE Uk
object.__contains__ (self, item)
WAl AAF ANAE A 98 ZEF Uk iem ©] self o] oW FE, 1HA oW AL
=7 ok gk vl A2 wmﬂ7”mﬂﬁwﬂﬂm47v}jﬁﬂﬂkiwﬂ
__contains__ () EAYSA &= 7“111-“4 A7 HwHA A iter () £ 53 olEd
oldE A= F,  getitem () ST W AIFEL oJH W_ ZEEZSAEFYT o]
e o] Bg FTHYA L.

o|H 2ol Hurth shA R,

3 =74
S AFE S A% o) o] 33 AT

3.3.8 %7 3 Ful U]

S HS U W7 AN e T LS HAEES A 5 dEUth 7R 533 SR KA
o) A5 A = ALLE (12 Fof, B4} obd £ Aol B3 HIE AaHE) o] Bl WASES

o= A b2 A= FAF o of
object.__add__ (self, other)
object.__sub__ (self, other)
object.__mul__ (self, other)
object.__matmul__ (self, other)
object.__truediv__ (self, other)
object._ _floordiv__ (self, other)
object.__mod___ (self, other)
object.__divmod___ (self, other)
object.__pow__ (self, other[, modulo])
object.__lshift__ (self, other)
object.__rshift__ (self, other)
object.__and__ (self, other)
object.__xor__ (self, other)
object.__oxr__ (self, other)

These methods are called to implement the binary arithmetic operations (+, —, *, @, /, //, %, divmod (),
pow (), **, <<, >>, &, *, |). For instance, to evaluate the expression x + y, where x is an instance of
a class that has an ___add__ () method, type (x) .__add__(x, y) iscalled. The __divmod _ ()
method should be the equivalent to using __ f1oordiv.__ () 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] )
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object
object
object
object

object.

.__rlshift__ (self, other)
.__rrshift__ (self, other)
.__rand__ (self, other)

.__rxor___ (self, other)

__ror__ (self, other)

These methods are called to implement the binary arithmetic operations (+, —, *, @, /, //, %, divmod (),
pow (), **, <<, >>, &, *, |) with reflected (swapped) operands. These functions are only called if the
left operand does not support the corresponding operation’ and the operands are of different types.* For
instance, to evaluate the expression x — vy, where yis aninstance of a class thathasan___rsub___ () method,

type(y) .__rsub__ (y, x) iscalledif type (x).__sub__ (x, y) returns NotImplemented.

2 & pow () & __rpow__ () B ZESH L A EEA ol Fos ok gt (2 FA st =

SEEERREL IR FISIcH

Fu
wHeF o 22 3 A4HAHS] o] A% S AAe] P AH Feholm, T B Feht Al
AFJA WA= O FHS AT, o] FIAE7E dF ALY F ) A 2 WA=
WA ZEg U o] FFSAE P27t 2AASY] ANS AR + UA=E FUnh
object.__iadd__ (self, other)
object.__isub__ (self, other)
object.__imul__ (self, other)
object.__imatmul__ (self, other)
object.__itruediv__ (self, other)
object.__ifloordiv__ (self, other)
object.__imod__ (self, other)
object.__ipow__ (self, other[, modulo] )
object.__ilshift__ (self, other)
object.__irshift__ (self, other)
object.__iand__ (self, other)
object.__ixor__ (self, other)
object.__ior__ (self, other)
These methods are called to implement the augmented arithmetic assignments (+=, —=, *=, @=, /=, //=,
§=, **=, <<=, >>=, &=, =, | =). 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 Not Implemented, the augmented assignment falls back to the normal methods.
For instance, if x is an instance of a class withan ___iadd__ () method, x += vy isequivalentto x = x.
__dadd_ (y).If__iadd () doesnotexist,orif x.__iadd__ (y) returnsNotImplemented, x.
_add__(y)andy._ 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)

3 “Does not support” here means that the class has no such method, or the method returns Not Implemented. 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 —suchas ___add__ () — fails then the overall operation is not
supported, which is why the reflected method is not called.

33. EF A= ol E
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object.__invert__ (self)
A Fibe A=, +, abs (), M= TS Ao =P Yth
object.__complex__ (self)

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

WA 84 complex (), int (), float () & T @37 9] 2R YTk A28 99| e S of
.

object._ _index_ (self)
operator.index () & F+&#3}7] -A—H TZ5 11, glo] o) 7(]— AAE AL AR = £ o]

o0 o8 8 o (o e1o1 o1k U2 bin ). e (oot () Bm ol Aol oty e} 3.2 ek, o
AAE EAL 54 AR A4 D92 el D B BAE o110k T

__int__ (),__float__ () R __complex__ ()7} B JA Fod, F W T4 int (),
float () ¥ complex ()= _ index__ ()& A}&34rth

object.__round__ (self[, ndigits ] )

object.__trunc__ (self)

object.__floor__ (self)

object.__ceil___ (self)
W& e round () &math < trunc (), floor (),ceil () & F 37| Y3 E= Yt} ndigits
7} __round_ () EALGEHA Y= o]l HIAEEL RF Integral (BE int) 2 29 249
#He =Y
The built-in function int () falls back to _ trunc__ () if neither __int__ () nor __ _index__ () is
defined.

WA 3.119 A ¥ 7 : The delegation of int () to___trunc__ () is deprecated.

3.3.9 with & AY X~ E ez}

e ~E F 2] R} (context manager) = with B2 A ul] 2] T A A"~ (context) £ AHo3l=
AAUT D= BRe) AL Ao, AYAE Bel At Aste AN A AE= o A3} S-S
Az}, AYAE B2 AE BE with £(wih ¥ AHo]A d¥eUTh o2 A 2= 7, 15e]

MAEE TEAA AR AT FE At
AYAE el 2] AP A §rol TRk 3Ho| A o obal stte) & B 5 4754 A

J)

A9 -S 2 7 (locking) 3F12 A & 7] (unlocking) 3= 2, €8 3 & 2= 4 59 A5
A~ E e 2ol tf 3k o ZFA] 3 A B = typecontextmanager ol L& Th

object.__enter__ (self)
o] A7 9 ABA AYA AT AES] AYJYTE with B2 as A= ARG E B 4ol ATt o
H A= gt kS Ad ok

object.__exit__ (self, exc_type, exc_value, traceback)
of AR o} ABEY AN AHAEE FEFPUTL ANSEL ANAE A Rol 1A BE
o9& 7| ch ek AEAE 7L o 9] glo] T 5 gthd, Al 1A 27 None ©] U th
qhok of 9] 7} Al H AL, I =7 | 9l & S AIAI 713l A oW (S Fabehs A 2o e i) H(true) S
sk FUTH 218X ko o9 = o] A ETFFES T AL AP T

Notethat __exit__ () methods should not reraise the passed-in exception; this is the caller’s responsibility.

t] B7]

PEP 343 - “with” &
ol with 2ol thek 44, ¥l 4, .
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3.3.10 Customizing positional arguments in class pattern matching

When using a class name in a pattern, positional arguments in the pattern are not allowed by default, i.e. case
MyClass (x, y) is typically invalid without special support in MyClass. To be able to use that kind of pattern,
the class needs to define a __match_args__ attribute.

object.__match_args___
This class variable can be assigned a tuple of strings. When this class is used in a class pattern with positional
arguments, each positional argument will be converted into a keyword argument, using the corresponding value
in __match_args__ as the keyword. The absence of this attribute is equivalent to setting it to ().

For example, if MyClass.__match_args__is ("left", "center", "right") that meansthat case
MyClass (x, vy) isequivalent to case MyClass (left=x, center=y). Note that the number of argu-
ments in the pattern must be smaller than or equal to the number of elements in __match_args__; if it is larger, the
pattern match attempt will raise a TypeError.

Added in version 3.10.

t 17]

PEP 634 - Structural Pattern Matching
The specification for the Python mat ch statement.

3.3.11 Emulating buffer types

The buffer protocol provides a way for Python objects to expose efficient access to a low-level memory array. This
protocol is implemented by builtin types such as bytes and memoryview, and third-party libraries may define
additional buffer types.

While buffer types are usually implemented in C, it is also possible to implement the protocol in Python.

object.__buffer__ (self, flags)

Called when a buffer is requested from self (for example, by the memoryview constructor). The flags argu-
ment is an integer representing the kind of buffer requested, affecting for example whether the returned buffer
is read-only or writable. inspect.BufferFlags provides a convenient way to interpret the flags. The
method must return a memoryview object.

object._ _release_buffer__  (self, buffer)

Called when a buffer is no longer needed. The buffer argument is a memoryview object that was previously
returned by buffer (). The method must release any resources associated with the buffer. This method
should return None. Buffer objects that do not need to perform any cleanup are not required to implement this
method.

Added in version 3.12.

t ®7]

PEP 688 - Making the buffer protocol accessible in Python
Introduces the Python __buffer_ and _ _release_buffer__ methods.

collections.abc.Buffer
ABC for buffer types.
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3.3.12 E2 w| At 23]

A8AF RO e 2] B, FAH A EF A ES TE2 AA G A" G e 7 obd AA 9] ol
Befs o] gle wiwt EnteA o] HAH Y old T4 v 22 ZETH S dod)e
dd Yok

>>> class C:

pass
>>> ¢ = C()
>>> 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()

The rationale behind this behaviour lies with a number of special methods suchas ___hash__ () and__repr__ ()
that are implemented by all objects, including type objects. If the implicit lookup of these methods used the conven-
tional lookup process, they would fail when invoked on the type object itself:

>>> 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

Fere] AEHA A2 MIMES SE3e £ o™ Ao ARA A== FF HE
confusion)’ ©|2}il & 2] 3, S M EE 23 T wf JAHAE I st= YYo=

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

True

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

In addition to bypassing any instance attributes in the interest of correctness, implicit special method lookup generally
also bypasses the ___getattribute__ () method even of the object’s metaclass:

>>> class Meta (type):
def _ _getattribute__  (*args):
print ("Metaclass getattribute invoked")
return type.__ _getattribute__ (*args)

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

return object.__getattribute__  (*args)
>>> ¢ = C()
>>> c.__len__ () # Explicit lookup via instance
Class getattribute invoked
10
>>> type(c).__len__ (c) # Explicit lookup via type
Metaclass getattribute invoked
10
>>> len(c) # Implicit lookup
10

Bypassingthe __getattribute__ () machinery in this fashion provides significant scope for speed optimisations
within the interpreter, at the cost of some flexibility in the handling of special methods (the special method must be

54 Chapter 3. djo]g] 2 ¢



The Python Language Reference, @ 2] 4 3.12.4

set on the class object itself in order to be consistently invoked by the interpreter).

3.4 75 €l (Coroutines)

3.4.1 o] g o]e]lE 7 A (Awaitable Objects)

An awaitable object generally implements an __await__ () method. Coroutine objects returned from async
de £ functions are awaitable.

23

The generator iterator objects returned from generators decorated with t ypes . coroutine () are also await-
able, but they do not implement __await__ ().

object.__await__ (self)

olefe ol B & & oF Futh ofdlolH = i]l

asyncio.Future ¥ await 23X T 5357

£ 7% 98 g olof FUITh ol & Sol,
S8l ol MA=E TR

Fx
The language doesn’t place any restriction on the type or value of the objects yielded by the iterator returned
by __await__, as this is specific to the implementation of the asynchronous execution framework (e.g.
asyncio) that will be managing the awaitable object.

Added in version 3.5.

o] 17|
PEP 492 7} o} Sl o] B & A A o]l th 3} o] ApA| 2 B R E 238k ol5UTh

3.4.2 72 ¥l 74| (Coroutine Objects)

Coroutine objects are awaitable objects. A coroutine’s execution can be controlled by calling __await__ () and
iterating over the result. When the coroutine has finished executing and returns, the iterator raises StopIteration,
and the exception’s value attribute holds the return value. If the coroutine raises an exception, it is propagated by
the iterator. Coroutines should not directly raise unhandled StopIteration exceptions.

& chgol sk M AEE 8 23 Ao, Al 8|08 (1 @ o) El-ol e ] o E] 5] 4 = &
K519 A B G ek, S A ) ok ], e o1l ol A8 A A A
AUt

B A 352004 HA: IFEE F W await 3}H RuntimeError S 4o ZUth

coroutine.send (value)

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

coroutine.throw (value)
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coroutine.throw (type[, value[, tmceback] ])
Raises the specified exception in the coroutine. This method delegates to the t hrow () method of the iterator
that caused the coroutine to suspend, if it has such a method. Otherwise, the exception is raised at the suspension
point. The result (return value, StopIteration, or other exception) is the same as when iterating over the
__await__ () return value, described above. If the exception is not caught in the coroutine, it propagates
back to the caller.

¥ A 3.129) A ¥ 7 : The second signature (type[, value[, traceback]]) is deprecated and may be removed in
a future version of Python.

coroutine.close ()
A elo] AAE A 2oy SRS BE T wet BRE o] YA FA) FolH, o] A =L WA
FAFEo] A FAHEE 3 o]HH olEH Y close () HAEER £ °‘?=MD}(ZE* HAEE 7=
D). 28 2 YA A X A A GeneratorExit & WA 7| =], ZFE o] S A] Z}N% g

SES gD oA o R neHe] A0 e 5Tk EA S, of ) A AR sk
o= g
258 AR 7 5318w 9)9) 2 A 20) oo} A5 0 2 D vhclosed)

3.4.3 v]% 7] o]€]#) o] €] (Asynchronous Iterators)

>

et

v 7] olEl gl o] & AHA1] __anext_ WM EAA H]F7] ZEETET 5 S

v 5 7] olEl g o] Bl async for wollA AFEE 4 JF Ut

object.__aiter__ (self)
H] 5 7] ol Bl gl ol B A& =5 oF Fth
object.__anext__ (self)

olH e H o ts %e F+ ° £ & 95k Ut olfaodel 2uH

StopAsyncIteration o|&] & ¥
H]5 7] ol E & A A 9 o:

class Reader:
async def readline(self):

def _ aiter_ (self):
return self

async def _ anext__ (self):
val = await self.readline ()
if val == b'"':

raise StopAsynclIteration
return val

Added in version 3.5.

WA 379 A ¥ 7 : Prior to Python 3.7, __aiter__ () could return an awaitable that would resolve to an asyn-
chronous iterator.

Starting with Python 3.7, __aiter__ () must return an asynchronous iterator object. Returning anything else will
result in a TypeError error.
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3.4.4 v|57) A€ A~ E Az}

v 5 7] AE A~ E A2 X} (asynchronous context manager) = __aenter_ 2} aexit_ WA ZA AgS
QA FAE 4 e AHAE BHel7} T,
v 5 7] AYAE #HA2| A= asynce with A AFEE = Jd54th
object.__aenter__ (self)

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

Semantically similar to__exit__ (), the only difference being that it must return an awaitable.
v 57 A 2E Fejzt Fef 29 of:

class AsyncContextManager:
async def __ _aenter_ (self):
await log('entering context')

async def _ aexit__ (self, exc_type, exc, tb):
await log('exiting context')

Added in version 3.5.
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stold 22 P FE EF 08 BE|FJUTE 85 (block) & F IR AP F x4 ol 2z
T H2EQUTh g 2 AEol ES YUt BE, g5 v, 2 Ao dislg ez g =
2t E2 B5YUTh 23 HE 3 (FF 492 3 JHZYEHE AFHE Lo Az 2 E o
HEY AR ARE ) ZE ESPUTE 2THE WY (-c FAoz dHZH FRE Yol A5 d
) e ZE ESAUTE n AAE AHE St B SolA A4S £E 2THER (RE _main
o) AYHE REE ZE E5JUT AT eval () Fexec() Z ALH = 4L A= ZE
5494t

FE B52 AP = Y (execution frame) A AFPUth =l d-S 22 el £ AT FH (W A ol AF
SHYUhE 23811, I = E59 Ago] 2 Fof ot A o B A Y-S ALT AJNAE 2H AT

421 o|52 44

of w

i
2
i)
T
v

Mo

O] & (Names) & AAE 7+ AUtk o] 52 ol& &4 At wl
The following constructs bind names:

* formal parameters to functions,

e class definitions,

¢ function definitions,

* assignment expressions,

* targets that are identifiers if occurring in an assignment:

— for loop header,

— after as ina withstatement, except clause, except * clause, or in the as-pattern in structural pattern
matching,

— in a capture pattern in structural pattern matching

* import statements.
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* type statements.
* type parameter lists.

The import statement of the form from ... import * binds all names defined in the imported module,
except those beginning with an underscore. This form may only be used at the module level.

del Bl Jok U4 oA o] SAe)A AR Aoz HEFUTHAA o7 o] 2L A2 sA S
7o) 7] 8 =),

g = Y5 uth
whof o] Fo] B o)A AAH W, nonlocal o] global 2 AAH A g o4, 1 B8] Ao W
Syt whef o) o] WE £EolA A4 W, Aol MASUT (2F BE 850 W4E X ool A
A G Th) Bhof w47t S B S ol 4 A8 A, A 7] ol A Ao % 4] gk W A-f W (free variable)
ek
g BAE S35 zhzte] o] 252 )2 of 1}9 = o] 2 A A (name resolution) 1 X of] whe} 84
H = o] 29 A4 (binding) < 7}2] P U th

25132 (scope) © BF WOl A o] 52 7FA1 A (visibility) = Aol Ut A M7 E50A Fo =1,
IR 23 2E 3855 TFFUTE BF A7 EFoA o] FolA Y, x3d B=0] 1 o] 5
el o d¥e WA Fe ol 2Tz At e A ol xFH EE EFoE gyt
olF°] Z= &5 Wl A2 o, 7HF 7PEA S E AL e 232 e AoE AAFE U =
E50 2T A RE LT JAYS E52 B4 (environment) ) 2HaL F-FU T

ool oYM E T AL A 9k S NameError o€ 7} HAA Tt ek A AT 27} 34 AT 2 0]

;\___L
AL, 2 o] g ol ARGE = Al ol ofA AZAH A ¢k A9 MW UnboundLocalError o 2] 7F A 3y
T} UnboundLocalError + NameError & A B Z A~ JYrch

If a name binding operation occurs anywhere within a code block, all uses of the name within the block are treated
as references to the current block. This can lead to errors when a name is used within a block before it is bound. This
rule is subtle. Python lacks declarations and allows name binding operations to occur anywhere within a code block.
The local variables of a code block can be determined by scanning the entire text of the block for name binding
operations. See the FAQ entry on UnboundLocalError for examples.

If the g1obal statement occurs within a block, all uses of the names specified in the statement refer to the bindings
of those names in the top-level namespace. Names are resolved in the top-level namespace by searching the global
namespace, i.e. the namespace of the module containing the code block, and the builtins namespace, the namespace
of the module builtins. The global namespace is searched first. If the names are not found there, the builtins
namespace is searched next. If the names are also not found in the builtins namespace, new variables are created in
the global namespace. The global statement must precede all uses of the listed names.

Global B 2o BES o]E A7 AT} 2L AT E DEULE AH WY A b Aol A
S AE AT 2T} global £& EFHTR, 1 AF WeE Aojom AFPYh

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

EEY olF 2 BE0l AF JxED ] AHF o R vhEojPUrh. 2AHES v BEL FF

__main__ o]g}tal E YT}

Class definition blocks and arguments to exec () and eval () are special in the context of name resolution. A
class definition is an executable statement that may use and define names. These references follow the normal rules
for name resolution with an exception that unbound local variables are looked up in the global namespace. The
namespace of the class definition becomes the attribute dictionary of the class. The scope of names defined in a class
block is limited to the class block; it does not extend to the code blocks of methods. This includes comprehensions
and generator expressions, but it does not include annotation scopes, which have access to their enclosing class scopes.
This means that the following will fail:
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class A:
a = 42
b = list(a + 1 for i in range(10))

However, the following will succeed:

class A:

type Alias = Nested
class Nested: pass

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

4.2.3 Annotation scopes

Type parameter lists and t ype statements introduce annotation scopes, which behave mostly like function scopes,
but with some exceptions discussed below. Annotations currently do not use annotation scopes, but they are expected
to use annotation scopes in Python 3.13 when PEP 649 is implemented.

Annotation scopes are used in the following contexts:

Type parameter lists for generic type aliases.

Type parameter lists for generic functions. A generic function’s annotations are executed within the annotation
scope, but its defaults and decorators are not.

Type parameter lists for generic classes. A generic class’s base classes and keyword arguments are executed
within the annotation scope, but its decorators are not.

The bounds and constraints for type variables (lazily evaluated).

The value of type aliases (lazily evaluated).

Annotation scopes differ from function scopes in the following ways:

Annotation scopes have access to their enclosing class namespace. If an annotation scope is immediately
within a class scope, or within another annotation scope that is immediately within a class scope, the code in
the annotation scope can use names defined in the class scope as if it were executed directly within the class
body. This contrasts with regular functions defined within classes, which cannot access names defined in the
class scope.

Expressions in annotation scopes cannot contain yield, yield from, await,or :=expressions. (These
expressions are allowed in other scopes contained within the annotation scope.)

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

While annotation scopes have an internal name, that name is not reflected in the __qualname__ of objects
defined within the scope. Instead, the __qualname__ of such objects is as if the object were defined in the
enclosing scope.

Added in version 3.12: Annotation scopes were introduced in Python 3.12 as part of PEP 695.
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4.2.4 Lazy evaluation

The values of type aliases created through the t ype statement are lazily evaluated. The same applies to the bounds

and constraints of type variables created through the type parameter syntax. This means that they are not evaluated

when the type alias or type variable is created. Instead, they are only evaluated when doing so is necessary to resolve

an attribute access.

Example:

>>> type Alias = 1/0
>>> Alias._ value_
Traceback (most recent call last):

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

>>> T = func.__type_params__[0]

>>> T._ bound_

Traceback (most recent call last):

ZeroDivisionError: division by zero

J

Here the exception is raised only when the __value_

the type variable is accessed.

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

attribute of the type alias or the

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

__bound___ attribute of

from typing import Literal

type SimpleExpr = int | Parenthesized
type Parenthesized = tuple[Literall[" (
type Expr = SimpleExpr | tuple[SimpleExpr,

Literal[")"]]
Literal["+",

Expr]

Lazily evaluated values are evaluated in annotation scope, which means that names that appear inside the lazily eval-
uated value are looked up as if they were used in the immediately enclosing scope.

Added in version 3.12.

4.2.5 builtins ¢} #| 3= A3}

CPython & A A): A}-8A=_ builtins_
Aol g F7te] S A3 A2 AF8 A= builtins EES import 3

5} 57 8 oF T,
T 220 Ay} AAH Y
2A AR UL ol AL 94
ZIBEHOZ, main_ BEE 9}1
A& ul=_ builtins__ =

O
c
-
=
.
-
o}

£ A= 2] Wofop Ptk o

A A ol F

iﬁéﬂﬂ%@ﬂq«i
tins RES YAV e o

Lo

__builtins
£ 9Aqe)7

=
=
AR
-‘é; builtins o)X 1’/}% E’_%Oﬂ

T 0N oy,

ﬁ“

24 ol thsl o] & A2 AL Al - o] ofy gt A A H o o] Foj Ut o] AL o T2 A=
7}42%% stoh= 2 @Yt
i =10
def f():
print (1)
i = 42
£()
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eval () Fexec() 5= olEs AN 3 AAZ 3o that F2do] YH UL o] 52 TE4H9
A9 AG o] 5 T AAE 5= JdFUTH A %—’F% 7V 74 rke] 2k o]l & kol ofde A Y
o] Z F7toll A AMFYLE! exec () Feval () FFolE= AG A Y o] & 72 A A4 = Ak

7153 AR} AU Th BoF kA 8 o) BT oA W, T4 0] F A BE R AgR Y
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AL, B2 A A AP LS AL = °1Z1Uh of 212 Y& A A3 Zof Al AMS A =T 5=
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Exceptions are identified by class instances. The except clause is selected depending on the class of the instance:
it must reference the class of the instance or a non-virtual base class thereof. The instance can be received by the
handler and can carry additional information about the exceptional condition.

i
o 9] W A] A= skold API 457k obd U th. 2 W82 shoj o] W o] vpd uf FaL Qlo] A3 E &
3L, TE= o HiZiBlC’E%Eﬂ]EMW*a‘ 32 5 Qe Z= o] Aol & E3HA Eotof Futh

AR try T oA try B, raise & A A raise Fof th3t A o] Al FH Yt}

Lol gt o] A5 mj 2ol s =7 REo| AotLE & A

2]

ol &AM skA k7] w2 it
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CHAPTER D

no,

ke

[
>
>
T,

3 EE o gl ol FEE JxH olgtE ZEAAE B UE RE JE FEE g3 H2
AL AU, impore & AEE AAE DorlE A BT PRI A W, 2 FRLE P
importlib.import_module () ZL2 4 WA _ import_ () & YT E FAE do7|=4 A&
25 aaun
import &2 F 7HA A4be X AQ U WA ol Fe] 7Hevle EES 2e Fol, 2 A9 2HE
Al 25z o] 5o AAFYLE import 29 AA 42 A AASE __import__ () TS
Tt Aoz FoFYth __import_ () o] W& g import 9] o]F A4 Aike e Ul
AR UTE o] o] & AF A4te] B A E Al B A= import B EA 8.

HEE Attt FFPYL RS

Lol 5 971 AR, 24 import Biho] o] F A2 A4S AT
import ol AYD wlf, 8#F W _import__ () 7t ZTEFYTh YZE A 2HE S &= thE W A
U= (importlib.import_module () Z-2)2 _ import_ () EAESHA $2 dETE MIS T3

37] 91 A9 S A8 5 syt

REo AF YxE D, sojd BES A, THAnd, B AX & wE, 2734k
kel 7 o] g0l R ES WAT 4 QIthd, ModuleNotFoundError & 4oyt o dx e F
A5 2E 0] o2 B A wES HE PR AL FATUC o] ALE S b Ao A A H L
012 717 % B9 #4538+ Ao

WA 33004 WA YEE ANAELPEP 302 9] F HA dAS 445 FHEE AAE Y5tk oAl

EAA AT E A= Y5 Uth- AA AZE A AH O] sys.meta_path S E3] =SFH ) o 7]
o 3f], vl o] E] B (native) ©] & &7t 3 7] X o] | Qo] FHE 5 UTHPEP 420 & HA| ).

I types.ModuleType & HA£.
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5.1 importlib

importlib BES JEE A0 4T 4837 9% LW APIE ABFUT o E Sol,
importlib.import_module () + YXZE AXE F53h=dl o W __import_ () o vls] A3

o
oo

w31, B g APLE AlFJ Utk B A s 82 importlib gho]Helg] AYAE FxsHAHA L.

5.2 3} 7] x] (package)

shol e 8 744 FRO BE AN 2T YX, BE RES BEo] shol o]} C} 1 e} thE of
oz FAR LAY gl ol FYUTh BELS 2B o3 o] & AZTEE AT A,
shol e 517 4] b AAd e 23 dEUTh

7 A2 5k A 2dol gl T e etn A 5 QAW A7 A9} REe] AN AFOoRRE &
2L GoBE o] W GE UT B4 Tr)2 345k Lopol itk of 4] B4, vl el 9} 5t
olght v 42 AT AYYTh Y A2E OAHAAY, A AL AS Ao 2Aast, 7] A
HE RERT b e A8 7 A E 23T 4 5L

BE 747 BEC) g A2 7|95k o] F L FUTE A v wE BEo] 37149 2L ohg Ut
tE doz BA5Y, AL SEH E ) REQUTH FAHCE, _patn_ o EREES £

ste RERZE2HVIAE ASEUth

All modules have a name. Subpackage names are separated from their parent package name by a dot, akin to Python’
s standard attribute access syntax. Thus you might have a package called emai 1, which in turn has a subpackage
called email .mime and a module within that subpackage called email .mime.text.

5.2.1 A+t =7] A

gho)l ML F 7HA] T/ WA E A FUTh Af H7)A] & o] 5 w2571 AL A 7] A= shol A
328k T ol Ao EAetd A A A A} AFUTE A A7) A= BE __init_ .py LS 7H ¢
,ol _init_ .py 3tgo] BA|H o7 A1, 17 0]

nit__ .py 342 & ZEE]

EdE oj
Aol st AR Eo] 972 o] B o] EEE
Fet 5 3, sholHe YEED o) RE| 2 /1A o= RES

A5 Qe A 2L Shold HEE ZHY

718,
AL 5o, a3t 22 FAA LR v A= 249 parent 3|7] A & Al 7} 2] A B 37121 & A g th:
parent/
__init__ .py
one/
__init__.py
two/
__init___.py
three/
__init__ .py

parent.one & Y F ESIH parent/__init_ .py I} parent/one/__init_ .py = BA|ZF o7

At ol L parent.two & parent.three & 4ZXE X Z} 7t parent/two/__init__ .py
9} parent/three/__init__ .py & A3t
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R HEPREE EEER R
L EAEL zip 3L oL} Y ES] A1} o] o]
t}. ol 27 77 )= QA 28l o] 779}

.
ABEAY DS FE AT 194 FE 5 AUh FAFA YA AE MY EEY £

30 N g9 T O

U ooz Sl
oo

DA AL _path__olEPRER AuAdl o A= T A G A Sk ol

= AH&sket, 2 71 A el s JEE AIEoA 228 RR 7] A (e F A2 JH7]Z]4

ys.path) ol Z27F Ao 3712 2] thF A} AAS AFFLoR 4@9“6}74] Fyth

7t 971 A o] A$, parent/__init__.py H¥

ent UeE e/} A - 97, 747e] AL e £ A
2O 2 parent/two Goll Y A3A %2 4+ UHU

Stu7t JaE 9 ufjuitt 2449 parent 7| AE AT o] F —S—ﬂvﬂﬂxl 2 P:\JD}
ZF )71 A 2] F 4L PEP 420 & FZ 34 2.

0]

O oY ® 9

o)
Q
s od

[r 5 ol

O o\ rlo
U o

ol

5.

w
oY,
>

A A #skz] 96, ot i% AZED 5 (£ 977, sHA Wk o] =2 ol A Aol 12 F 8.31A] odh

7
o &3] A+tehd o5 & 82 Pyt o] o]F2 import TOE Zﬂ*ﬁ o] 1A, importlib.

import_module () Y}__import_ () T2 ALH wj7jHs FH Sy
o] o] UYXE AA 9 o 5}74101]/‘1 *]‘%ﬂ%t‘“, ANB B 7te Jo2 729 42Y 5+
FUth o & §°] foo.bar.baz. ©] o, Fo]d-& WA foo &, AthF ol foo.bar &, WFA %

©ZF foo.bar.baz & YEZEIHL ;\]1:3;}141;]. Tok F JAZETL o] stvtet e At
ModuleNotFoundError 7} 2AI Y o}

sys.modules
A7 A .
ALEGE £ BE o §8 sys.modules o A 23, whek Arkd A ol JEEE DI 2
olx, ZZ A 2= 4xH Yt A2 ZEo] None ©] ¥, ModuleNotFoundError & 92 7t} whoF
2 ol go] YUY, ol 4 e R E A4S A% AR

2=
sys.modules 2 22 7|7} sl ebg Uth 7| & AHA & Sl & RES 3 5HA & AT (THE ZEE 0] o4
I REA R FRE FASHL S T JeBE) AT o5 EEo g WA E FR3S A, ok
AEEM spol A0 2 BolF 1 R E L OhA] AL UF U 7oL None & YT S5 Y, ohE
ol Z E uf] ModuleNotFoundError 7} o] =& w5t}

2 f

l

r
[ or

55 A7 U@ 222 §A BT, sys.modules o A FEL FEE B F oA JEESU T B
B 271 22 7o) oA Boll #2150 oF Gtk Wl importlib.reload () & 2& 2E AA S
AAFE SR, ks REY BES T ARl A BES 8L th 2718 o

53. H

3
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5.3.2 u}elt](finder) 2} 2t (loader)

E’_‘fai'ol sys.modules oA QAT R oy RES ZofA 2 &
Hyrtt o EEEQE F A NEAE AAER TS AFY

7(]—*1 O] G Qe DS AR, FoAR o5 RES FE 5 3

BEFEE Y J AANES JdxHPSL EFEUGY- 84T RES

o}, sholt] o} = 0. ghelne] AL
AAs= AU, = Qg o)~
2 gohn dehd g AAS B

ghol 2 o] 7}A] 712 RIS A X B &S 235t JlFUth A WA A2 W REEY AAE
e 9, F A AL 222 25 (frozen module) & 1A 22 5 3, A WA A2 RES YEE
Az oA AAdUTH dxE A2 £ I A" AR uyzip 3td S Ve 7l AAEY HE5YYTh
IS URLE A¥E A= ASAH, AA7AAE = de Adse A== 232 + dsyth
Y2 E dAe B 7hsdl A, g A4 H9E st A6 A sk g E #2715 Syt
IRIH = AAZ RS 2E A= d5Uth X o] 5o RES Fod YXEG A AR ES
8 o3 B 23 (module spec) & EH T, QXE A RES 29T 0 o] A& AHESHA Ut
O Ad2 s H e 2H ) z2 o tfsl] & o] AA S AR stetl, 92E ZAE 25t A6l
OEAMEL ASS WEAL TEFE=AE X ‘?&‘41‘/}

B A 34004 | A o) - v ] sholol A, SIT 7 28 & A S F YA, oAl 2HE 238t
Av BE 29SS EHFUN §2E &5 2H7F o AHEH 7= oA R 2 J &2 S4H AU
5.3.3 ¢ Z E = (import hooks)

Y2E A= 4L =S AASEUSU dAA A v AUS2 dEE F(import hook) YUt F
QX E Zo| Q5T W El Z (meta hook) & Y EZE 7 2 = (import path hook).

e &2 AEE 29 Aol sys.modules A 23] S A 9] T2 Y2 E A 2|5 ] AAE 7] Mo
I

=4
F2H ). o)A L W} §ol sys.path A2l 222 0E, F REEE ARl 5 97 g,
thgol AYsHEol, WEt -2 sys.meta_path o Al ST AAE FASE WHOE SET S A%

AXE HE T2 sys.path(ZLpackage.__path_ ) A dEZ, FHH HAZ 5 vhf= A A9
TEHEULh ool d¥otxol, 4XE & 52 sys.path_hooks 9| A FHES F71et= WO =R
=23 2 92Ut}

= = T A1 .

5.3.4 e} 7 2 (meta path)

ZFo]R o]E9 EEE sys.modules oA & 2 sys.meta_path & AAs=4),
HE A& 3y AA =9 552 233 d5UT o] Iy Eo] FoX o] 52 BES A=
S 9 A SAFES A g & find_spec() 2k °1 59 Uﬂ/ﬂEé
T oFgt k=, Ml Y AAE wo} A=Z, (A ek 7153 EFA (target) &
HEe F2 3o & TR o] 59 52 AT 5 J=A A7) sl o deFol A }‘]"Q“ﬂ/\
AF T

RO} A 2 SRIE 7 20131 o] 9] BEE Aol she § e hehy, A% A4 g EAF Y 19 5 9)

,,
° o
4>
0
o
q
)
X

T} None 2 E8EF Yt} W sys.meta_path H 7t 28 S 8| F A B35 EE 9 Zo =354,
ModuleNotFoundError & 4o Uth WASE=E o2 &5 1 F4A] 7] 1, O]‘”‘E =g ﬂ =
Forch

HEF AE 3} H 9] find_spec () HINEE F YA A A2 & 145} ‘ﬂWH 2= B
AR5 A3 o] E (fully qualified name) ]\/]D}, o & £9] foo.bar.baz. F ‘ﬂﬂﬂ A= 25 7
AT AR “‘E‘ﬂ?}qﬂr A9 ZEol 4% F HA A= None O] A ¥ Al B B F oL} A H 5] 7]
o) 3% % WA A R A% _path_ o= RE galve A ALY _parn_ol=2
FEE Z2T 4 ¢l21W ModuleNotFoundError & € o iUth Al WA A2L&= oju] 28t &
A A, oA 2 o] FUTh YZE A AHL o ThA] & E (reload) & wf jF B}l = A3 T}

el A2 3 U I2E QA sl oy W 2 2 £ JAFUTE & Eof, Y EEE o] ofF
A= A =HA 2 /\)\—‘:} g o, foo.bar.baz % UxE stefd, WA Z et = 3AH (mph) &

o
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of sl mp£.£find_spec("foo", None, None) & ZEd|A H 9 YXEE ST foo 7}
AZE 5 o, e FEE F HA S A foo.bar & YEE =4, mpf.find_spec("foo.
bar", foo._ _path__, None) &£ 3Tt} Ao foo.bar 7} YEXE W, upx 2t &AL ppf,
find_spec("foo.bar.baz", foo.bar._ _path_ , None) & Z&34 Tl

om e} A% A ES 2 A4 YEET AAFUTE o8 YEEE L F WA A7 None o]
obd Zlo] &1 &4 None & Eﬁﬂzqﬁ‘r

gto] M Q] 7] sys.meta_path = A 7/} W E AR IJIHE 20 JFUTE P W F EES =
e NS YL U ZEERES YETEFJ=HS €A, U IZE R AN BES YXES

0e PUTHE A2 19 5 el o)

WA 349 4] 7 : The find_spec () method of meta path finders replaced £ind_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 £ind_spec ().

WA 3.109 A ¥ 7 : Use of find_module () by the import system now raises ImportWarning.
B A 31204 W7 : find_module () has been removed. Use find_spec () instead.

5.4 24 (loading)

B Ao UAN Y, JEE ANt RES 2w T2 (A0 1A 2 %) S AL LTk of 7o
QzEe] 29 #% 5% doihi Aol vl g vl sl 190 gvith:

module = None

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

if module is None:
module = ModuleType (spec.name)

# The import-related module attributes get set here:

_init_module_attrs (spec, module)

if spec.loader is None:
# unsupported
raise ImportError

if spec.origin is None and spec.submodule_search_locations is not None:
# namespace package

sys.modules [spec.name] = module
elif not hasattr (spec.loader, 'exec_module'):
module = spec.loader.load_module (spec.name)
else:
sys.modules[spec.name] = module
try:

spec.loader.exec_module (module)
except BaseException:
try:
del sys.modules[spec.name]
except KeyError:
pass
raise
return sys.modules[spec.name]

The 3t 2 Al AbgFel 39 5 of g ok

» WeFFoj X o] 52 EC] sys.modules o YT, YEE= ojn] 22 EE HUTh

. 2U7}RES W37 Ao BEL sys.nodules o] A S ALUTh o] 4L B4 A AT BE ]
(A7 F2 B H0R) A& JEE T4 5] B AU T WA sys.modules o] F712
=4 2 ote] ALgholl A& §li AT (recursion) & WA S L, 2 410] Aol el Wl 2HH £ AL
stk

I=]
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c 2o Asfstd, A RE(L A A3 RETH L sys.modules oA AAFH YT sys.

=
modules Ao o]n] Y= BREH} R-H aRZ AFHORE 2H BRES-2 NA o ol o]
ofgt FUth ol At R EX A} sys.modules o Fol A FH = 2] 2P} thn] g Yt
o 50| SR AR of A AE 7] Aof|, 7] Al oA %Ko, AXE Ha= YXE AH
EEJEIHEESS AATYUT SIS oA Z= o of| A “_init_module_attrs”).
¢« BE AP E2YoA EEY o] Tl MHAE= ARA YU AP AHoE 2o
AdE =, 27t o™ A o] o] BA 2} A o sh=A] 2 ch
« 29 A THE A AL exec_module() B A EH = BE-S X EL 2o 93y = o] ofd = UF
Y.
WA 3404 H73: AEZE A|~H o] 7% :"/‘]’Oﬂ st 209 AAS S HAFUTE o] AEL Aoll&=
importlib.abc.Loader.load_module () WA Z A 435 g5t

541 2t

2E 2EoE 299 ZAAA 75E AZTU:
importlib.abc.Loader.exec_module () HA =
exec_module () o] EHFE 7S /‘1%‘4‘—/]’

2r=gen 2o 27 2 AES ulEG of gt}
ol Fold BE (Y wEolG FHoR YR o] ohehold, RHE RE)

2§ A9 9EE e g A
£ 32shed, 49T BE AA 7 A2,

ol ok

v ‘—‘—E
EE%E’_CB} A o] & FZF(module._ dict_ )l A] A3l oF grt.
e N EI EES AWSIA 5 H, ImportError 5 42 Aok Yt} 3R] ¥ exec_module ()

SolwASE the o9 w AT,
w2 Ao, el 2o 22 AA YUt 218 BF find_spec () WA EE 27t self & A4
A 292 EaFUn,
BEE 22U E create_module() HAEE FTETOER EYs= A 2E A E vl Ao 7
AT & Ads5Yh sy °]7<} 2 E i’" S Wolgoll 2 S ALE EE AAE =HF UL
create _module () < 2% AA 9 Oﬁ ﬂ‘:’EE AT o= g5yt THeF WA E7) None &

E3Y, dxTE Aa= /\H RES AAE w5t
Added in version 3.4;: 2T 9] create_module () HA E.

WA 34004 HA: load_module () WA EE= exec_module () 2 QAE I, YEXE FA7 299
3 3 (boilerplate) o] th3F A S Ut}

olul A3t Y EA TFL 93, YXE AL load module() WA E7 2R3
exec_module () & T8 A] ¥ W load module () & AHEFU T A ¥ load module ()
H 2= 5 Ut 28+ 4] exec_module () & F& 3l of g th
load_module () WA EE RES A= A 9o oA AdF3 nE
TE oy FUTH B2 A kS0l BE AL E ttﬂ, ZlA o] AMS Roln

-ﬂﬂszmmmsﬂ$ﬂﬂﬂ%ﬂE%ﬁﬂﬂwWHéw} ,2EE A 1 AR S AL
245

flo!

oL
o

oft

(boilerplate) 29 7%

tlo

FE

o Ut (¥R o, importlib reload () ©] 2vlE 53 s1A] &A HUth) Wk sys.
modules ©f] Fo]Z o]E2] REo] oW, EHE= /‘H EEAAE WS sys.modules o F7}3)
oF g .

o Ak gle AAd A8 W 2HEH = A2 WAEH] S8, EE7FEE ZEE A7) Holl ZEo

sys .modules o] fXH??H of gk}
o Ttk g lo] A3}, 2= sys.modules o A4 YT EE
AAN} S, 22 R EE AR AT 228 7

? importib 78 & W4 {18 4 418514 Qe ALl sys modules o 4 2 °1%% x5
o A g3 E dXEFE BEO| sys.modules o Y= AAIS vE = Q) A
sho) aq T A E2stty BAE A kLT

7%511 ofstetl, A RE v
oF
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WA 35004 WA exec_module() ©] B H QAT create_module () ©] FOH A ko
DeprecationWarning o] @A}

HA 3604 HA: exec_module() ©] Y H QAT create_module () ©] AL HZA gowy
ImportError%?—l 74t}

B A 3.100 A W7 : Use of Load_module () will raise ImportWarning.

542 AH &

ol HAYSo=ZE (JE £, 'mportlib API &, import Y import-from ¥, WF
import_ () A|B EEo| R g uf, A H B 7“/‘<ﬂ§-4 A4 BB BEY o]F F3tol| o] Fof
AYrth o & Eof, 317] A spam ©] A/ H EE foo & 7}A| ¥, spam.foo & YFE 3l T o= spam ©]
An w ol A28 ol 2o R E foo 8 A BT B33 ¢S elelel 72w o] ik §hA o
spam/
__init Py
foo.py

and spam/__init__ .py has the following line in it:

[from .foo import Foo

then executing the following puts name bindings for foo and Foo in the spam module:

>>> import spam

>>> spam. foo

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

<class 'spam.foo.Foo'>

ol 1) |43 o) & 9 FHAM ¥ G99 A2 WS S AT FAW AALE JEE
A AdHo] ZRAO 7=ttt & 77— ]%‘%HD}' wkoF sys.modules [ spam -Tl]-sys.
modules|['spam.foo'] 7} AT (£19] of Aej 7k 2 FUth, Aol A= A2 RE=EA|
S PR

L o2

U tH r[o
m o
o
T
o

| = b2
543 &5 ~9
AXE A= IdXE Fo Z ZE U St AR ES ALY 53] 29 Ho. gl &E AH =
REREY FEo|th BE AW H5AH2 o] dXE AP JHE HEHE Qo= AYUrh
YExE Fe A3 S AL H JE 7 AZE ALY T QA2 AGE S AFUTL A E S BRE
298 e = SlE et 22 S At 2T el 7P 8% AL, X E At RY Y FF Aat
(boilerplate operation) & & & 4= Y == st= A YUtk BEE 23] Qlotd 2H 7 2 E A IS XA
AUt
1=} .

mEe] 292 RE AR _spec_ oSeBER wERUG. LE 259 gl o g A% ARS
ModuleSpec = H A 2.

Added in version 3.4.
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It is strongly recommended that you rely on ___spec__ and its attributes instead of any of the other individual
attributes listed below.

name

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__

__loader_ o|E|HELRES 2w JXE AA7}AME S 2T AR 2 4G o of Fth.
o] A& = Q1= 223 A (introspection) & 1 3+ Aol A| g, 274 Q) 2 Ho] Hahd 7] 5ES %

Aol7|= FUth, o & S0 Zrj& A3t olEHE 4= 2 o] ds5Uth
It is strongly recommended that you rely on ___spec___ instead of this attribute.

WA 3.120 4] M 7 : The value of __loader___is expected to be the same as __spec__.loader. The
use of ___loader___is deprecated and slated for removal in Python 3.14.

package___

The module’s __package___ attribute may be set. Its value must be a string, but it can be the same value
asits __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 strongly recommended that you rely on __spec__ instead of this attribute.
WA 3.6004 WHA:_ package_ 9] Fko] _ _spec_ .parent F} ZES Ao 7|thE Uk

WA 31004 W7 : ImportWarning is raised if import falls back to _ package__ instead of
parent.

H A 3.12 4] X 7 : Raise DeprecationWWarning instead of ImportWarning when falling back to
__package__.

—Spec__

__spec__ OlEYRELEES AXE T uf AL RE 29
< AA3] A A2 S%4x

= 5
th A 9] main_ 9ld, oW F

2 AAFojor YTt _ spec_
RES T udriAz 384
H 7ol None &2 4 Ut}

allback.

2
3}

spec__ 9]

N,
o o
g

—

When ___spec___.parent is not set,
Added in version 3.4.

WA 36004 WA : __package_ 7t A A ¢FoH, thAl &2 __spec__.parent 7} AHEH

e},

package_ isused as a

path__

Ego] 7| A (B £ o] F 31, B8 AAS __path  oEFJFEZ}IRIEA] A F o]of
U g2 olelgjEelojob st __path ZFH=ourhgled vl o H 2 Ed 5 sy
Wb path_ 7} H|oj9lX] hrhd, S W EX G A B ok Gtk _path_ 9] g u]of
ek A g W82 otz of] vy Th

ﬂ =]

H 7127t obd BEL _ path__ o] EFHET} glo] ok FLh

__file__

72
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__cached__

__file__ is optional (if set, value must be a string). It indicates the pathname of the file from which the
module was loaded (if loaded from a file), or the pathname of the shared library file for extension modules
loaded dynamically from a shared library. It might be missing for certain types of modules, such as C modules
that are statically linked into the interpreter, and the import system may opt to leave it unset if it has no semantic
meaning (e.g. a module loaded from a database).

If _ file_ issetthen 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___maybesetevenif __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.

It is strongly recommended that yourely on __spec__ instead of __cached___

5.4.5 module.__path__

golol e, RE _path  oEelREZYow, o RELS H7AAT
72 ] _pach__ ol ERES AR A7 AE 29 0 A§FUTH AEE DR o)A, JEES =
FABES AT AA S 552 AFAThE Aol A sys.path 9 2L %L 2HUTh AW

__path_ = X% sys.path BT} Ak 2 A o] WHyYt

__path__ £ Z2EY oy Eo| AT v IS & YFUTE sys.path 3} 22 57 3 o] JH7]XH
__path__ A= ALHI, H 7|9 __path_ & F3}E= 5 sys.path_hooks (ool A A3t

thelAl o d< 25 yth

7148 _init__.py B A4 _path_ EelREES AARAUMAT 5 91, o] Ao
PEP 420 o o] o F 32} 3171708 TUSE Pyl 0 2 AT, PEP 40 9] Eelo 2 g, ol &

W7\ A7t _path  £4 DSES EFSE_inic .py 39S AT Bas gl AGUH
JEE A AFOE 0|8 BXAANAE AT _pacn__ & AR

5.4.6 -5 repr

ZIRROR, RE RE2 AEE Wt repr & 23l JIFUTH AT 92 A EGRESH EE A9 0
Ae A el BE AAY repr & & U YAH SR A& £ JdFUTH

5o A (__spec_ )S 7HAE, YZE FA= TACZRE repr & HEHIL AT YT 17 9]
Al 3] t} module.

AL A o] glo ‘:q AZEAN2HL BEM ATHE AEE 7| Erepr = A4 TY
name_, module. file ,module._ loader < © 2 AL83H T A =1, w

ARE 7| Bgto 2 A gyt
AeE T Y B FHL o @

rN|

* 250°] __spec_ OEFHEE 7HAH, 23 9= FEE repr = B4 FU T “name”, “loader”,
“origin”, “has_location” o] E & -n—E =] AHH YT
s BEo|__file. OEIREE 7IAW, EEY repr o FZ AEH Yt

« BEO__file  oJEREES 2% eA ¥ None o] obd _loader_ & 7pAIT, 2H] repr o]
259 repr o] LR 2 AL T,

o 132X ko, repr ol 25| __name_ & AREFUTH

WA 31294 W7 : Use of module_repr (), having been deprecated since Python 3.4, was removed in Python
3.12 and is no longer called during the resolution of a module’s repr.
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5.4.7 7| A ¥ vlo]E T & B35 3}
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a4 o 2e) e FAGUTE Aol YEE A 2HL A A skl A4 v e} o] B E 29 v]e}
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ghol & 3 “sf Al 710k AHA] 5L Z A Aok, A 3D -2 HEL v o B tfalel] & 5hd o W&
HAE AU A 70 cpyc Lol F 7R WE o] AF Utk A A (checked) 2} W] A
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551 7z dEg selr]

A ) shale £ 92724
itk g2 A dEg

We A2 shelEe A, 4 )
Fo] YEE 42 oA o9
Az

Az 71v gty = A Mo W E AR YT sys.path, sys.path_hooks, sys.
path_importer_cache. 7] %] AAS] _ path_ oJEZHE T3 ALLHT. oA dXE
AaE AxEupo| 28 5 9l F71e] WH S Ale i h

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

AZ 7|93l & wlE A 2 3k o] 7] w2, &
find_spec() WINEE T &3= ACR AFTE HA7 AA
path QIAH= AT F21E A 259 g AEQUTH- HE 3 7] 2] YolA d2E 0}‘1] Jﬂﬂ;qﬂ __path__
oJEE]HE. path 21X} 7} None o] &, H A EXEE 53}l sys.path 7FAFEH YTh

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

=z
|

3
o,
o

1S oy,
[> e

ol (

2] 2 24 goj A E%%JH?W S A
o] © 7}e] 7| Ak o) Ao g A=
2

[n
%0 o

oy rr
L
BuA

rlr
e

A 12 5
sholt] = etoll Al AWt find_spec() ZREZS T3
H1 2 E5 A& AxE | zehed A8 4 9)

\I
e
e

rlr
HS

=

U

o
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N
©
o 3

)

o]

frzd o

2
;’_L
_/'\_

= r_&

e
Y
o =,

A dEgTel J2E A= A= 719 9y 9
1S /\]7‘“&‘45} find_spec () o Al&%+=
7]

A% A7 740 G080, A% /M 3B E sys . pach_hooks o Sl RE EAEEL BATY
Oho] 2o 4z dse] § & AN AR A= AR B S ARAN EEHU, o] TelEL
A2 AEE OE 4 e A= =2 eIt & EedF A, InporcError & AT 4 A5,
ImportError & A2 71M Bl L 7} o] W Fo] Fol R Az dlte] B UG A2 =g 5olr] B AY
S Ree det o ASTU o] o9 FAN T QEE A2 B ASFUh £ BAdoln}
ol EEG S 7o af oF Yt HPO]E@J AFYGL Zo] AH3 AL (AE S, FL Al AT o)}
UTF-§ o] 1} 2 9he] o1& A9 4 gl o), whet Fo] 21415 0292 4 928 Importerror & 92,
7 oF Zr .

2HeF sys.path_hooks @A o] o} & F= e 3elH & Eﬂ%z—x] %ok, B2 719k 9kl H 9
find_spec () WA E+E sys.path_importer_cache o None & A &5t (0] A2 JdEZE Y3l o}
el 7k %‘i%% 7+e] 71 7] 9130), None & S F Al o] e} 42 3} 7 RES 23S 5 IS ¢HYTh
ek sys.path_hooks o Y= o= 3stpe] =z dEd 5 FejEo] 4= dEF 3t & FFH,
SFolelo] BE ~HS 2 B8] 93] 2o et 22 EZo] A4S P BE AN BEL 2T
o AHEE Uk

AR 2] ] @ g 2] (current working directory) — ¥l EA}E 2 A AT - & sys.path o] =& <l
Eo 53} e e A ARA U AAE, QA 44 OAE et 2AHA 3ol WA B ays.

path_importer_cache o= o} 8 e A= A AUt A, 4 24 dEddHe= 4 2
Z 3] wjuic} ohA] AP Utk AAE, sys.path_importer_cache o Al E = Z 22} importlib.
machinery.PathFinder.find_spec() 7} S8 FE= A2 =4 Ex1go] ozt AA A 2y o] &

B2l 7k |y
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552 Az dE I =22 EF

RED 2731 7)Ao YZES A Q33 o] F F 7| A o] TH o= o npA B A5, A2 =g
3FQIH = find_spec () WA EE F&3) oF Fth

find_spec () € F 7MY AAE WwolE Ut} dFE T REO A3 AF3H o] S (A ek 753
aﬂng-ﬁmjwa;~%aﬂ%ﬁdz%+l §9) 29¢ 85Ut} o] 23 G4 “loader” 7}

AR F U o9 7} A5 Th.

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

WA 3.40]4 WM find_spec () replaced find_loader () and find_module (), both of which are now
deprecated, but will be used if £ind_spec () is not defined.

oHe] 4= AE A= find_spec () Al o] F 7R #H A =SS —TL?I%‘I% T A5 Yrh
ol HNESS AA T W&ol obF = AHEFE YT AR find spec () ©o] AE AEZ] 3
FAHHE, - A =SS FAF U

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.

YEZE 222 U TAETH 37 TAHL 9], Be Az A=e HAHEe v A2 3y
A AQee A 23 4B A find_module () WA E B A AU A% A= AEe 3}
find_module () WX =+ A+ path AAE Esﬂ AFFUG(AAESFAEFY A2 32w B4
St AR AEE 7| E3E AR 7 g Yth.

A2 AE2 A9 find module () WAEE A2 e helE 7} o) & F A7) Ao ZHo=
ojutA|8t= A2 ?ﬂﬂa}x} % 7] w32 ol JMH 9}%\44 Thek A2 I E g 3kl o) find_loader () £
find_module () ©] EF £A|3}H, YFXE A 2= 2 A find_module () Al find_loader () &
&3k

WA 3.1000 A W7 : Calls to find_module () and find_loader () by the import system will raise
ImportWarning.

B A 3.1200A4 HA: find _module () and find_loader () have been removed.

WoF 4T E AAEE A4 ThE APIE) GFS A 9, BA 4

Z0d, W _ import_ () TFE A= A2 T ET TE JF Utk o] 7|HE EF BE Y

Aol JEE o] EAUE WANEE LE 220l 48 4 duiT)

WEF A 29l o] Y FolA oW RES JEES MDA oW (RE ALE N2 WE BT

H] A3} 5= A, find_spec () oA None € E8]F+= JAl, ModuleNotFoundError & 42 7]+=
o= FRYUD. AAE Wek A2 2AE A% o BTHE A S AN L W, ]9 A0S W ZA

%—EA]@‘JE}-
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vﬂﬂxl HH7<17H1V9 HH
package/
__init___.py
subpackagel/
__init__ .py
moduleX.py
moduleY.py
subpackage?2/
__init__.py
moduleZ.py
moduleA.py

rlo
fols
ol
o
4
sl
b
[t
8

subpackagel/moduleX.pyY subpackagel/__init__ .py BFoA], t}&

Y}

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

AU dZEE import <>EE from <> import <> EHS AL ¢ JYA LAY I E
FAW BT 5 ATk L o) fe

rlr
4
rE
=)

[import XXX .YYY.ZZZ

7} XXX .YYY. 2225 AFRE 5 Qe B A 0 8 =Z61A 9 moduleY = &3 A o] o} 7] i &

ek,

5.8 _ _main__ o] tj3t 53 11

)

_rain_EEE SOl 9= ALYAN SUT LY, 01E 20 ARARO], _main
REL2 sys & builtins AE A=z A Z o) A4 2713 Yt AT, o] T 9= 24,
AL FESANZ REE AFHAA 5 UTE o] A2 _main_ o] 27]3}E = WA o] Az E
AR e B2 b SISl L B R

5.8.1 _ _main__. spec__

_main__ o] oj@A 27| FH =X wa},__main_ ._ spec_ 2 AAH3] AAE 7% 5}1 None &2
AAH 7= gy

sol o] - §4 2% AIZEHH, _spec_ & HHahE mEO A7 nE 2ner 449U,
T3 __spec__ 2 __main__ BEo| gAE g fzip FYo| L thE sys.path AEE APt dF

=g o 1 gl A F Ytk
UmMA AL oE=_ main_ ._ spec_ 2 None 22 AAEHEY,_ main_ S AFE=u AIRH =
ke

e e wEol A 925k 9] e e

s Sy zE2
« —cwA
c ZE P2 AY
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« AaggolbulolE TE Bt R RLE 23 A3

wpA 2 30| _main_._spec__ o] 34 None Qo I oF Fuith HA 3 5ol e 0w
EERQEED 5 QOlE IS4 U _main_ o] 2WE EE vigulolH} B shE n s A g
3

T3 main_ O] YEXE ST EEO NeEH I, main_ ._ spec_ ©o] AA3] AAT YT} 5
ge, o]l E2 oA U= REZE HFH F9 3 ]5?}141‘/]— O)AL&if _name_ == "__main_ ":
AAE YA EF 0 °] __main__ °]F &S A wivt A= a1, RkFQ J X E ufj= A8

Eo| g
H A ket A w2yt

59 Fy+d

N}

At sfo ]4594 %% 7] B Ac}%r] W Utk B2 243 o] Tof oFzke] A E A} o]
7] SHA gk -4_:_./] 9 7] A 24 L& o)A %1%

5]

rE o
o, b

PEP 420 introduced namespace packages for Python 3.3. PEP 420 also introduced the find_loader () protocol
as an alternative to £ind_module ().

PEP 366 & Q) BE e BA A Jo) AEEE AT package_ o EFFEL] Fbo] B3
4w g,

PEP 328 2 At o} A A Qd Al dZES =38} PEP 366 o] 2= __package_ & A4S ==

MELS 279 __name_ 22 AP F YT

PEP338 &L RES ~agEZ A= 212 Ao}

PEP 451 2 29 AAo] RE5H X E HHE 8 9sl= A& F71g Ut 2o &0 Foi3d g7 E9
FTEIEYAES YEE **XPE£717TE AFUTH o] AL X E A AHY o 2] APl &5 7 A 3}
EE SN, IJAE G 2HA A HAHEES F7H6H = A5 Y
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name .= othername

L= (semantics) 2 FA] ¥ o W, o] HEN 2] name 9 =& othername I 25 Yt}

* otherwise, if either argument is a floating-point number, the other is converted to floating point;
- IR oW, F A BE Poolok s, WS A8 gyt

o] AXNAE (A B S0, % AARI] Y2 0L Fo] A= Ex1D)of A= B 7R 271 F A
& U th 27 (extension) = 15 AHAL O] W 5f 2 & A o] 3 of T

6.2 o}= (Atoms)

=
=]

pu3
=

e

=2

of 2,
fole rlo

atom = identifier | literal | enclosure
enclosure = parenth_form | 1list_display | dict_display | set_display
generator_expression | yield_atom

o

o]
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621 219} (o] 2)
ohs e ol 2tk of 3] Aol B AL A A 7|9 = AL, o] 23 Aol
=3} A A (binding) MAL BA L.

AR 422w, oFE] 2 T AR UL o Bo] AR A WS W, e T 7
ameError 9| 7} ol h

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.

t] 17]

The class specifications.

More precisely, private names are transformed to a longer form before code is generated for them. If the transformed
name is longer than 255 characters, implementation-defined truncation may happen.

The transformation is independent of the syntactical context in which the identifier is used but only the following
private identifiers are mangled:

* Any name used as the name of a variable that is assigned or read or any name of an attribute being accessed.
The __name___ attribute of nested functions, classes, and type aliases is however not mangled.

¢ The name of imported modules, e.g., ___spamin import __spam. If the module is part of a package (i.e.,
its name contains a dot), the name is not mangled, e.g., the __fooin import __foo.bar isnot mangled.

e The name of an imported member, e.g., fin from spam import __f.

The transformation rule is defined as follows:

 The class name, with leading underscores removed and a single leading underscore inserted, is inserted in front
of the identifier, e.g., the identifier ___spam occurring in a class named Foo, _Foo or __Foo is transformed
to _Foo___spam.

« If the class name consists only of underscores, the transformation is the identity, e.g., the identifier __spam
occurring in a class named _ or ___is left as is.

6.2.2 2|E]Y (Literals)
stol 4 & EAGutol £ A B W3} o ¥ 74X 57t I REL A BTk

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 2] E] & for details.

wE el e 2l Hlo) e Fof B85/ Wl AR ofeldElEl: gt ek Y Fo Tk 22 gl
e Lol i) wha Ao e pale (2RIY AR 2L o] gAY The Fad ge o) 2L
ANE AL 45 93, 22 7o 2 A E IS 45 Y5
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80 Chapter 6

Bl
:
d



The Python Language Reference, @ 2] 4 3.12.4

parenth_form = "(" [starred _expression] ")"
23 olo Yo B4 B2, Rolo]d 1 EAY B2 o] 4E3he o] FUth H2o] Holx S}y
AEES TPSY, F2ol Ptk 19A o vl R4 522 PHF D BA4 o) itk

WS A2 JF2 AAE D UTE FE22 2807 w2l glef 2o el 22 7ol &Pt
& TR FESZ2AAYL o5 J0 A &S T 5 JdFUh.

Note that tuples are not formed by the parentheses, but rather by use of the comma. The exception is the empty tuple,
for which parentheses are required — allowing unparenthesized “nothing” in expressions would cause ambiguities
and allow common typos to pass uncaught.

6.2.4 A E, J3, A 9 tAEH o] (display)
2E, g 9§ F+A5t7] A8, 3ho] -2 “t] & 8 ©] (displays)” 2L
F 7 28 Y &2 Al gt

o ZIH ol WE&E HAIH SR YE3tAL,

o Ao £xol DY AXNEL Bl Aty =4, A=A (comprehension) ©] 21 £ T}

[m
rlr
A
R
M
i)
o
M)
N,

comprehension = assignment_expression comp_for

comp_for = ["async"] "for" target_1list "in" or_test [comp_iter]
comp_iter = comp_for | comp_1if

comp_if = "if" or_test [comp_iter]

Az d2 st @AY I FE MEE 4T e for B glAV A8 719 for & if
Az PAR UL, o] 4%, A Ao qe 8258 7 for T if Ho] UKo LEHOE 59

E53 o7, M PﬁOﬂ U EZoAM 5349 S 7oA BEojd AEdYTh
SHAI R 7HE A% for Ao e olHHE FHAS AYstas, AzgAd2 BEAFog SHE
ATz AP U o]DA A target_list oA YT = o] Bo] EHAE ATZZ “42

H2 dEE ?MDL

7hg A% for Ao oHYE RHAL, EHNE 2T ioﬂfﬂ 23 jﬂ7h g, AR R SHH
2722 AR AP Uth FME & for A3 7 9% for B9 EE IH 2L, 7HE 9% o H
HEoA A2 gho et et 4= o nE EYAE Aqwﬂﬁ Jﬂﬂ@ RFUTh & E49, [x*y

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

Ze|H o] G4 A AR PO Aro| U7 A Helx, BFAH R FHD 2LZ A yield Fyield
from F3dAL ZF Yt}
Since Python 3.6, in an async def function, an async for clause may be used to iterate over a asynchronous

iterator. A comprehension in an async def function may consist of eithera for or async for clause following
the leading expression, may contain additional for or async for clauses, and may also use await expressions.

If a comprehension contains async for clauses, or if it contains await expressions or other asynchronous com-
prehensions anywhere except the iterable expression in the leftmost for clause, it is called an asynchronous compre-
hension. An asynchronous comprehension may suspend the execution of the coroutine function in which it appears.
See also PEP 530.
Added in version 3.6: H] 57| Az 3 o] = YH g5yt

FA|HO 2

WA 3804 WA yield yield from 2
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WA 3.11 9| 4] X 7 : Asynchronous comprehensions are now allowed inside comprehensions in asynchronous func-
tions. Outer comprehensions implicitly become asynchronous.

6.2.5 ZAE tJ]AZH o]

2| AE YA o]t 3 (square brackets) 2 S 2] A @ A o] A AT vlo S + A5 Th

list_display :i= "[" [starred_1list comprehension] "]1"

2452 P4

6.2.6 H3} t|aEH o]
A% gaEd ol T2 (curly braces) 2 A H 11, 719} -2 £ 2] 3H F2(colon) o] §l= A0 E 9A
He gaZdolet #1285tk

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

Urh 482 28 £84) B2 AT W), 1 84AEL 9
AR ol el AU Azelddel AT ul, A% Azl A

WA () 02 BEY 5 YUk o FAHBL W g E BEULh

ghol oA 3, 43

6.2.7 YAz ] AZH ol

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] "}"
dict_item_1list = dict_item ("," dict_item)* [","]

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

9Ave tasdole Al 94 ARE BE v,

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

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

Added in version 3.5: PEP 448 o A 2]& Al ¢td g e tagd oz A 9 7.

gAve FzedAe, i JE Az Aol thulsiA, IrbAQl “for” o «if” & Y]] RO R
2YE F Y 2@ e FUth A dol AE o], BEo A= 719 g 2450l HEoA
£ eAUE gAY el 48

Restrictions on the types of the key values are listed earlier in section 3= 53 7| 5. (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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B 3.800 4 M ko] 3.8 o] Mol =, g e Az AA, 79k ko] F7F =47 A o of
AA] 2F9ks5 Ut CPythonoll A, gho] 7] Hth WA 5§ 7b= 9l 5 U th. 3.8 B =, PEP 5729 A <t w}e}
717} g E v WA 7hg Yk

6.2.8 A o]E] £33 2! (Generator expressions)

Addels 2842 Zo g A 2 Al ol H 271 At

rlo

generator_expression = "(" expression comp_for ")"

A ele 2@ 42 A AlYdlolE A& Ut FH2 Z3 U S22 A 232 EHAATH=

SEE EE R ESE REE

A ole @A o AHEH = RS2 Aoy A __next_ () MIAEZFSEF off =325HA

azily) o] 52 o} (20 A1 0] 11 o421 v o, el 1 718 5] sor 2 0] 9= o5 ]

S THAL 3 grol FolA A, A2 Ao S ALl A WA ol AAs A4 oz
| 5940 4918 A B0l A WA, F4 for 49714 4% ror 49 wE e 2 AL

A o R RAA AL gl et Do 5 YO R SAAE AT zo|A] BT 5 HE T

o £ E9]: (x*y for x in range(10) for y in range (x, x+10)).

A ] IANE Z = S EA = BSE AT 5 AFUTE AAF UL L S = AHAS HA 8.

Aol s @A 2kA o] 7Iths = A Wl stA 7] fsl, A Az Aod A o] Bl ol A
yield & yield from ZdA2 FAHYth

dHE7] Al el e A4 (asyn-
H2AAZ A HE7] Add oy AAE
A

(Asynchronous Iterators) & #2314 ).

AYdole A 9] async for oY await @A L £33}
chronous generator expression) ©]2}1 B H Ut} 8|5 7] Al d ol H
el o] A2 vE 7] olHd o8 YUtk (H]E 7] o5 o Bl (

Added in version 3.6: H] 5 7] A Al g o|E & A o] =95 A5 Th

¥4 37914 W21 5ol 3.7 o) Ao, WIS 7] Al o 6] £ 0] asyne der AT R Lhekd 5
AU 3T E =, BE B/ 54 A dole A4S AT 5 g

WA 3804 WA yield ®yield from 2 FAIH R FHH 2Tz A FAH YT

6.2.9 4= 32 (Yield expressions)

"(" yield expression ")"
"yield" "from" expression

yield_atom
yield_from
yield_expression = "yield" expression_list | yield from

The yield expression is used when defining a generator function or an asynchronous generator function and thus can
only be used in the body of a function definition. Using a yield expression in a function’s body causes that function
to be a generator function, and using it in an async def function’s body causes that coroutine function to be an
asynchronous generator function. For example:

def gen(): # defines a generator function
yield 123
async def agen(): # defines an asynchronous generator function
yield 123
Sl amzo] o8 Rag o s, yield BHA L P Aan AU e ol BAA S FASE
U A HE BAAO R Bod Anme] AT 5 (SU T

il
WA 38004 WA QE BRAL Ax AT AL olE R4S FHE bl AHLE = FAHO
FEEECEY PSR,

Aol g4 thaollA Ayt Wbl wE 7] Al oy Fe vl 7] Ay el o

f
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Aol N MER AR,

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 expression_1list is omitted. By suspended, we
mean that all local state is retained, including the current bindings of local variables, the instruction pointer, the in-
ternal 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 __next__ ()
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.

< A ely 8 L7 of vl s wha Ut ol 2 ¥ A8 w0, Sk 0] 4
zta glom, Addo] dA TXE 5 JFunh LT Aol A ol B g yield
o] 011’401]/‘% ALE ook st=AE A 5 e A AU h Alol= 34 Al @l ol 5 9

AdEgdh

2 try FEREY oA sgg Uk Al olg 7t (Fx A57F00] H A 7Hu A
FTAR L 2M) stold eto] 2 (finalize) = 7] Aol A A ¢ow, A olEl-o]H H o] H ] close ()
HAE7L S ZE5 0], 7] 52 finally Bo] AYHEEF 5 3}

yield from <expr> o] Ab&E wf, Al FH T HA L ofgj g EolofoF FUtt. I oJHHES o &
OE A A= HES EA X11Lﬂeﬂ olE] A =2 TEAA vtZ AEHUTE send() 2 AEH
RE G throw() 2 ALH BE o2& Wol| 9l (underlying) o] Bl | o] E1 7} 3 W] X =& Zr 1 )t}
Haxoz Ady Yl 28] ¢tiW, send () = AttributeError Y TypeError & 4O 7] A9,
throw() = AEH & SA| doFth

dof gl= olgdolE 7 45 E uff, YA StE= StopIlteration A2E A9 value JEZHEE =
F384) 9 Fto]l FUth stopIlteration & €2 ] A A &2 AAS AL, Al H o] #H o] 8 7} Al Y
HolE Y B9 A 2 & o] F A HUTH(A B AV d ol B 7} ghZ =8 (return) & 2 E ).

HA 3304 AA: AH o]EHF olHZE Ao 5 P Yd=yield from <expr> & F7FAFYTh
Y= E@A0 Y ol 2 GeTd B5E

o mE
19] 7
7ol 4

UE P

=
=
KX
E

(o (X

—{O{A jinSs
—|~ 2 N
_I_4

ALE

fols
[

me,
ke
r 4
Jz

o] 27
PEP 255 - 7+e}k3} A ] o] ]
glo] W Al o]E 2} yield BS F
PEP 342 - 7| A5 A g o|e| & £33t Z £l
A @ ol el o) APIS} £ & AASNA, et TRE o % AL 5 YEE et A9k

PEP 380 - M H AL o]E] 2 $]d3h= # Y
The proposal to introduce the yield from syntax, making delegation to subgenerators easy.

PEP 525 8] % 7] A o) €
8 ol AlFal ol 7l5< F7Fsto] PEP 4925 33 Al <k

A gl el E-ol el o] ¥l WA=

o] JEAAZ A e olE o|F e olE e MAESS A AUt Alvd ey g A2 Ao st

A ol 7} oln] Ad = uwf olgfo] L= mHEES 23 valueError o &2 Q0 7= Ao
Zo 8 of gt
generator.__next__ ()

Starts the execution of a generator function or resumes it at the last executed yield expression. When a generator

function is resumed witha ___next__ () 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

84 Chapter 6. 34


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

The Python Language Reference, @ 2] 4 3.12.4

of the expression_list isreturned to __ next__ ()’s caller. If the generator exits without yielding
another value, a StopIteration exception is raised.

olMMEE HE FAALE TEH U A& 59, for FZU WA next () Fol o5,

generator.send (value)
APZ AN Aol 42 Fhe “H U thsend)”. value 1A= AR A= FTH A9 Fhol
HUth send() MIA == A ]E17Pyleld St The #h= EelF AW, Alvd ol g7 o2 gh=
yield 3}A] 911 £ 83} Stoplteration 2 Yo Yth send() 7} Xﬂ U olHE A FA 7| =5
TEE W, e W A BP 4o GOBR, AR L HEA None & A28 of Pk,

generator.throw (value)

generator.throw (type[, value[, traceback] ] )
Raises an exception at the point where the generator was paused, and returns the next value yielded by the
generator function. If the generator exits without yielding another value, a StopIteration exception is
raised. If the generator function does not catch the passed-in exception, or raises a different exception, then
that exception propagates to the caller.

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 #ype argument should be an exception class, and value should be an exception instance.
If the value is not provided, the fype constructor is called to get an instance. If fraceback is provided, it is set
on the exception, otherwise any existing __traceback___ attribute stored in value may be cleared.

¥ A 3.129) A ¥ 7 : The second signature (type[, value[, traceback]]) is deprecated and may be removed in
a future version of Python.

generator.close ()
AVl El 7} 2] AT ARAA Generatormxic § oAUtk T8 ek AL dl ol el 847}
2o} 3| (gracefully) 8 51 A L}, o]u] @ A}, (2 o2 & A 22 ZH)GeneratorExit &
o 79 close= TEAE Zottyth Al d o) Bl 7} Zh2 yield o]—‘?ﬂ RuntimeError 7} @A) gy
1’/} Al olH 7 e o9 € 4o, T E3AR 31@145}. Adaolg 7t Z 4 T8 = A3l
olw] FEH AT, close () & b A 4= 5HA] FFYth

(o)

A4 ol

of 71l Al ol el e} A el ol § o] S3He Aldshe EE ol 7 syt

>>> def echo (value=None) :
print ("Execution starts when 'next()' is called for the first time.")

try:
while True:
try:
value = (yield value)
except Exception as e:
value = e
finally:
print ("Don't forget to clean up when 'close()

is called.")

>>> generator = echo (1)

>>> print (next (generator))

Execution starts when 'next()' 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.
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yield from-& AF&3l= o=, “What’s New in Python.” of] 1= pep-380 & R A 8.

H]57] Ay e olgl g4

async def & AT P A=A A= FH A A
g9t

H] 57 AU Eol e @47 T2 W, w5 7] AU d o)) A2 el ul5 ) o] e el o] B & BelFyTh
2R The 2 AA = AV o] ¥ 3§40 A2 Aol gt w57 Aol e Al HE 2 H B4
async for EoA ALgH £, AU a8 AA 7 ror FlA A & BAT SAF o

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 expression_11ist tothe awaiting coroutine. As with a generator, suspension means that all
local state is retained, including the current bindings of local variables, the instruction pointer, the internal evaluation
stack, and the state of any exception handling. When the execution is resumed by awaiting on the next object returned
by the asynchronous generator’s methods, the function can proceed exactly as if the yield expression were just another
external call. The value of the yield expression after resuming depends on the method which resumed the execution.
If  anext__ () is used then the result is None. Otherwise, if asend () is used, then the result will be the value
passed in to that method.

agdsE s AlvE ey gz

rlr

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.

HlE 7] Al d ol oA, A= AL try FREY ot oA F g Yttt A %, vlE 7] Al &)
olE 7} (& Sl 7t 00] | A 7Ha| A = AF e 2 4) 3ol d gho] = (finalize) F 7] A o] A} W= A] 9k,
try 72E el 4= @A 7 A finally 32 APsh= o] AT 5 A5k o] 4o,
H]E 7] Ay ol g-clEl gl o] 89 aclose () & T&L, 1 AAE 2+ ZFY AAE AP A, 7]
¢ finally o] APHEF st= A YL, v]57] Al e o8& A5t oW E F 3= (event loop) Lt

2 A2 2] (scheduler) o] A] §1<5 4T}

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 coroutine. 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.

®d4 yield from <expr> & H|& 7] AU o] E go A AFE3= 22 1 ol

)5 7] Al e o] El-o]El | o] E] W A =

o] HuAR e w57 AU alolE o eel o8 o WAEE AEshed, AudolE Bae] AR Aol
£ ol ALg g ek

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 __anext__ ()
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 expression_1list of the yield expression is the
value of the StopIteration exception raised by the completing coroutine. If the asynchronous genera-
tor exits without yielding another value, the awaitable instead raises a StopAsyncIteration exception,
signalling that the asynchronous iteration has completed.

ol MANEE HE async for Fxo| 5 BAFo R TEH T
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coroutine agen.asend (value)
oAflolHES EeF =, At vlE 7] Al ele dalS ANFUh Ald el e
send () PN E A4, o] A2 g vl 7] Alqd ol g 2 “H i (send)” 3L, value 1 Ap= 7Y
d= @49 A7 F U asend () AN EZF EHFE ool HE2 AW &l ] 7}yield 3h=
T #t= EAAI 7 stopIteration & O FEF AL, vE 7] AlYd o] E 7} th2 7k yield
A ¢F31 £ 83} StopAsynclteration & o Uth HF 7] AV o HE AIZFA 7| =5
asend() 7} 22 uf, & WS = F3 o] gloen=E QAAE None &2 T &3 oF FUth.

coroutine agen.athrow (value)

coroutine agen.athrow (type[, value[, tmceback] ])
oflolHES EeiF =, vlE 7] AYd el 87 Al SR & A H el type B o9& Yo7,
A g o] ¥l <=7} yield 8F tF2 32 A A= StopIlteration o9 Q] o2 E8EF Ut v 5 7]
Al #l o] 8 7} th2 gk yield 3HA] 951 559, ol o] B E-of] 2] 3l stopAsyncIteration o9
7F oyt Ay o8 7 g d o9 & A A ThE L& o7 H, ool HES
AP 1 o7} o9 o] HEY TEAA P U Th

W A 3.129 A ¥ 7 : The second signature (type[, valuel[, traceback]]) is deprecated and may be removed in
a future version of Python.

coroutine agen.aclose ()

oflolEHES EeF v, A3, v57] Avdeld 57t A AT} AP R
GeneratorExit & @AYtk ¥ I o] % of u]F 7] Ald o]y &7} 9ot (gracefully)
FTESAL, ojv] BR AW, (T A E FA 5 S EMN) GeneratorExit & Yo7W, EHE
oY olEEL Stoplteration 98] E doUtTh o]ojX&=H|F 7] AV olEH &0 B85+
F 719 oYl o] HEE L StopAsyncIteration o2& oYt} wkeF v % 7] Ay @ o] &7}
= yield 319 o9 o] E Eof| o)l RuntimeError 7} @AYk vEeF ] E 7] Ay & o6 71 1

o2 oY E g, ofdlolHES TEAE HAYYTH vhef ulE 7] Ay o] 7} o9 vt

uk
mnm
B ETEE oV FEFLH, H o]ojA = aclose () TEZ oFF AR oA Y= oldlolHES
=
=

6.3 zzlo]mz

zetoln 2] sojol A 71 ZaiA] Aest

rlr

S AT B e o] B&h

primary = atom | attributeref | subscription | slicing | call

2
|m
E
S
|m
ks
BN
rlr
=
a2
=3

(period) £} o] F-o] F o] B2 Z&to]H gt}

attributeref = primary "." identifier

The primary must evaluate to an object of a type that supports attribute references, which most objects do. This
object is then asked to produce the attribute whose name is the identifier. The type and value produced is determined
by the object. Multiple evaluations of the same attribute reference may yield different objects.

This production can be customized by overriding the __getattribute__ () methodorthe _ getattr ()
method. The _ getattribute_ () method is called first and either returns a value or raises
AttributeError if the attribute is not available.

If an AttributeError is raised and the object has a __getattr__ () method, that method is called as a
fallback.
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6.3.2 A B A3 3] X (Subscriptions)

The subscription of an instance of a container class will generally select an element from the container. The subscrip-
tion of a generic class will generally return a GenericAlias object.

subscription = primary "[" expression_list "]"

When an object is subscripted, the interpreter will evaluate the primary and the expression list.

The primary must evaluate to an object that supports subscription. An object may support subscription through
defining one or both of __getitem () and _ _class_getitem_ _ (). When the primary is subscripted,
the evaluated result of the expression list will be passed to one of these methods. For more details on when
__class_getitem__iscalled instead of __getitem__, see _ class_getitem__ versus __getitem__

If the expression list contains at least one comma, it will evaluate to a t uple containing the items of the expression
list. Otherwise, the expression list will evaluate to the value of the list’s sole member.

For built-in objects, there are two types of objects that support subscription via __getitem _ ():

1. Mappings. If the primary is a mapping, the expression list must evaluate to an object whose value is one of the
keys of the mapping, and the subscription selects the value in the mapping that corresponds to that key. An
example of a builtin mapping class is the dict class.

2. Sequences. If the primary is a sequence, the expression list must evaluate to an int ora s1lice (as discussed
in the following section). Examples of builtin sequence classes include the str, 1ist and tuple classes.

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.

A string is a special kind of sequence whose items are characters. A character is not a separate data type but a
string of exactly one character.

6.3.3 &32}o] 4] (Slicings)
Sl A2 AR QA (A 501, BAE FF g 2E) A oldH U9 FEES ATt Sfol
B B@A U] B Al ol del Foll AHEE = 5 UTh SEtol Y £ o] F 5y th
slicing n= primary "[" slice_list "]"
slice_list = slice_item ("," slice _item)* [","]
slice_item = expression | proper_slice
proper_slice = [lower_bound] ":" [upper_bound] [ ":" [stride] ]

lower_bound = expression
upper_bound = expression
stride = expression
o] Y4 Bl maFol 9l

X
o
>,

FUth 284 %
a4, LE Auadgdel Seholdo 2 o 4D 1A
o HEsagdos s ek slo] Sefel g o A S8t L A ol
A AZTUTE (o] AL Sato]lA B2 o] 1838 S 8ho] A (proper slice) & s % 28817 9 wf QU Tth.

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 35 & 7] 5) whose start, stop and step attributes are the values of the expressions
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given as lower bound, upper bound and stride, respectively, substituting None for missing expressions.

sELEfeAAlE So, g el s dedA S FFeE S 5d YT

call = 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)*
positional_item i= assignment_expression | "*" expression
starred_and_keywords = ("*" expression | keyword_item)

("," "*" expression | "," keyword_item)*
keywords_arguments = (keyword _item | "**" expression)

("," keyword_item | "," "**" expression)*
keyword_item = identifier "=" expression

AR 5 9 mHA B AR A A9 E A Fof e 5 A, o m 8 upA) gk,

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 havinga ___call__ () method are callable). All argument
expressions are evaluated before the call is attempted. Please refer to section <= % 2] for the syntax of formal
parameter lists.

If keyword arguments are present, they are first converted to positional arguments, as follows. First, a list of unfilled
slots is created for the formal parameters. If there are N positional arguments, they are placed in the first N slots.
Next, for each keyword argument, the identifier is used to determine the corresponding slot (if the identifier is the
same as the first formal parameter name, the first slot is used, and so on). If the slot is already filled, a TypeError
exception is raised. Otherwise, the argument is placed in the slot, filling it (even if the expression is None, it fills the
slot). When all arguments have been processed, the slots that are still unfilled are filled with the corresponding default
value from the function definition. (Default values are calculated, once, when the function is defined; thus, a mutable
object such as a list or dictionary used as default value will be shared by all calls that don’t specify an argument value
for the corresponding slot; this should usually be avoided.) If there are any unfilled slots for which no default value
is specified, a TypeError exception is raised. Otherwise, the list of filled slots is used as the argument list for the
call.

CPython 78 A|: A2 $1 2] w7} 7} o] 525 2EA] ¢hoba], A EA8Le] B4 0 7 o] Fo] 2o Fth

o

srets, A9 SR $FE 5 9t U FFES AT 5 % oh CPython A4, AAEL 3143}
94l PyArg_ParseTuple () & AMR3l= CE 73 H 450 o] 429 YtTh

FY A ES SEERT RS AN AAE0] glow, +identifier FHE AHE3E F4 vl ML)
A7 B8 B Typemcror 9§ Yo Auirk; o] 3%, 134 WA RS e X RS S £
FEL AYRHULH(EE dE 97 AR5 glod W R

7191 = A7 A UH7HEH" o] 5ol th-53HA ko fﬂ, **identifier W& ARt F 4 w747}
U4 28 B ypesrror A9 Yo Yulch o) 35, 2 FAAAGLE e A= AR E 2T
= 9Aav R Ee A A7IEE AAFS o] fled Wl () 9M v & AEts Y Th

=4 *eXPression 01 T 3= %%"}@ expression & k& o] £ o] FHojof FT. o] o]
gio gate o]_$_7]._,],,4i] 12HE ]ﬂx}r“ﬂﬁl%qq-i f(xl, x2, *y, x3, x4)

o

ATy %e ?%“ﬂ A A2yl, -, yM Ol 2o, o] A2 M+ e} A A QRS x1, 22, y1, -+, YM,
x3, x4 & ‘%é‘%ﬁﬁr%%@qﬂ}.

o) QU8 A3t WA} expression EHol WAHE AL QA Fol hE 4 Aol AN E AR
(:LF/]"7 B E **expression AAE - ol E Heh) Aol A gE vt A YUk 1A

6.3. Zg}lo|rg] 89

") n



The Python Language Reference, @ 2]~ 3.12.4

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

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

It is unusual for both keyword arguments and the *expression syntax to be used in the same call, so in practice
this confusion does not often arise.

If the syntax * *expression appears in the function call, expression must evaluate to a mapping, the contents
of which are treated as additional keyword arguments. If a parameter matching a key has already been given a value
(by an explicit keyword argument, or from another unpacking), a TypeError exception is raised.

When **expression isused, each key in this mapping must be a string. Each value from the mapping is assigned
to the first formal parameter eligible for keyword assignment whose name is equal to the key. A key need not be a
Python identifier (e.g. "max—temp °F" is acceptable, although it will not match any formal parameter that could
be declared). If there is no match to a formal parameter the key-value pair is collected by the * * parameter, if there
is one, or if there is not, a TypeError exception is raised.

—v—tg *identifier oY **identifier & AR SE= FA o 7fHSEL YA QX
A4 ol B E R 8D+ A h

HA35A HA: T4 S22 499 7H59 *and *+ A S 7S wholE0]a1, 914 A= o|HHE

Q7 () Fol & 4 U, AN AR SAdE A A7 (1) Fol & 5 AUt %2 PEP 48

oAl A Al = AF U T

—|—‘

sxXolH7IfE

TE2 s do|A ot o F oW g EelF Ut None & 4 AF UL o] gho] A=A ALt
HeAEs ZHE A Jo S AF Y
gheF 121 0] —
AH&2L g o] g
AA HZS AGSA 4 = BFo] AFFPUrh & BF0] A F 02 k= 42 F 4] w7
HEES A2 28k AUt o] A2 A T H o o A gyt Z= BF 0] return
TS AR, T 520 Wk S A s gtk
W g m A=
A= JEz e ol g dsuth g e mix =0l i gt 4 -2 built-in-funcs & H A 8.
Fal= AAH
I ZE 2o A A2E AT S U Th
FexdadA WA EA:
) &3he AFE A A g7t EEH E, I A"k ATE R AR QA7 = sty nE o 2 A}
EZo] AEg Yt
e EeE By

The class must definea _call () method; the effect is then the same as if that method was called.

3 Al
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6.4 ol9o]= EH

ool el M T E o APYS YA FAFUL 24 7FE 5 AR AT 5 AU

await_expr = "await" primary

Added in version 3.5.

O

]
=

rlr

AEAF AR 279 d%o] B o & ARpE T 2 ARFUTH 129 2 2 &2
G AQA R ThE okal Al Aok BHL ol R 5T

power I= (await_expr | primary) ["**" u_expr]
A, Z27 e AFAFT 4 F AR A2 A, A= LB EZ A AE SR gho] T A
Ut (ol Aol B QAe] ke 7ok A Alokahs AL ohylUTh: —1++2 & -1 o] itk

]_
AwAF A= W pow () 57 F 719 A2 SE22 wf o} 22 o uj7l dFUth: 9& QxS
LEZE AANF AFA l”ﬂ%k FUth A QA= WA g5 go 7 Wy v, Ady= I Py
int ¥ AAL2LY] A9, F HA] AAIFS57) obd o)A A= ¥ AL ET T2

A7} S, BE A= floatZ W 3= 1, float 23 7F A Uth o & E9,
FAWH 10**-2=0.01 & =dFYTH

d

0.05 242 AFA T3 zerobivisionError & oAUttt S4+E BE42 AFAFSHE B4
=2 9o
= Jdo

(complex) 7} Y3 Yt} (ol A Y Ao A= valueError 5

This operation can be customized using the special __pow__ () and __rpow__ () methods.

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

A 74 39 BT, A7} SuHE §L 227 Qe ThY, TypeError o] 9 7H S A F T
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6.7 o] g & A4t

o] A& AAAE= FH A LA E
Fo s oF Utk AFAlE At R, 24 F kA 2R e, stue wA Y daAE el
st Sl A AE YT

il

m_expr I= u_expr | m_expr "*" u_expr | m_expr "Q@" m_expr |
m expr "“//" u_expr | m_expr "/" u_expr |

m_expr "%" u_expr
w_mn

a_expr I= m_expr | a_expr "+" m_expr | a_expr m_expr
(FA) AWARE AREL] FL FUT AAEL BE £AAL, & AL 5T OE Axpe ADA
olof Fuith. kel Ao, ASL FF PO WAd T FAPUh T 9, AR WhEol

F3E U 29 v 2 W Al F A E wE Y h
This operation can be customized using the special __mul__ () and ___rmul__ () methods.

¢ @) AR BE FAO) ALsteE AQUT. Foj e YFEE oju A% o] AAAE THA
ek U T,

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

Added in version 3.5.

/ (A=) 2/ / (85 vz Al floor division) A4RAFE 2 1 IS 5 quotient) =Yt} £2} s
2 HA FEFILE AP ULE AT EY A A5 E e WY, ’\E47§ L}T"‘%@%
Lo FUth 2 23+ 84 A A Y 2ol floor 45 A& 2
ZeroDivisionError °ﬂﬂ g o 7t}

The division operation can be customized using the special __truediv.__ () and __rtruediv__ () methods.
The floor division operation can be customized using the special ___floordiv.__ () and __rfloordiv.__ ()
methods.

The % (modulo) operator yields the remainder from the division of the first argument by the second. The numeric
arguments are first converted to a common type. A zero right argument raises the ZeroDivisionError excep-
tion. The arguments may be floating-point numbers, e.g., 3.14%0.7 equals 0.34 (since 3.14 equals 4*0.7 +
0.34.) The modulo operator always yields a result with the same sign as its second operand (or zero); the absolute
value of the result is strictly smaller than the absolute value of the second operand'.

A5 AR REE A4 e 22 5402 AAF o] YHUThx == (x//y)*y + (x%y).
—’F 1%7:"“4 REZE WA T4 divmod () &= A5 A5 YT divmod (x, y) == (x//y,

xoy). .

A thell RE 2 dibe saske Aol Hel, ¢ AR Al 28d Y] A 2o E (2

AoletiE Ao A d5UthS s8517] 8] £a4d Az ol g8 thA Bl FUTh EApd v

EHL glo] A glol B 2l g] g 5 @22 Al A old-string-formatting ol A A ™ g o}

The modulo operation can be customized using the special __mod__ () and __rmod___ () methods.

The floor division operator, the modulo operator, and the divmod () function are not defined for complex numbers.
Instead, convert to a floating-point number using the abs () function if appropriate.

£ (S AL T AAE0) 2 FUTh AAEL E AN, E 0 22 Po) NA2edof g,

%ol Af, SAES WA FERCE WRE T, WA FAAUG $A A5 AQLE oo Eol
U,
This operation can be customized using the special __add () and ___radd__ () methods.

Uabs (x%y) < abs(y) o #8822 Fo| A 1k, float?] 9ol 47 A& (roundoff) W] ol =% & o2 Fo] ol 5= 9
FUth o & £, st ﬂoat7HEEE754 WAS AR FAFS 7HE T o, -1e-100 & 1e100 7}1e100 2} 22 H5 & 714 7]
3, AAE d3}= -1e-100 + 1e100 °1tﬂ,—.—x114 0722 1e100 4 A3 2L YUtk T math.fmod () = S5 7 A
HAA QAALe] H5of A7 AAE 7] wf&£ol, © -1le-100 & EHFUTh olE F2Hol o] 8 AAE S& Z2 ¥
g dFUh

2x7hyel A8 Aot ofF 77k, 2h H (rounding) WE ol x//y £ (x-x3y) //y HTF1 I £
divmod (x,y) [0] * y + x % y7hx o} o} /M= F FA517] A3, sfej@ 2 79| 24E =35 U
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- (#7]) AR T AAE AE FU 24 AAEL WA FEJ o= ABF U

This operation can be customized using the special ___sub___ () and ___rsub__ () methods.

6.8 A|ZE A%

NZE QAL e AR FL S HE9E 25T
shift_expr = a_expr | shift_expr ("<<" | ">>") a_expr

o] ANELS A5 ES AR WolE Itk 3 WA AAE F Al AR E Fol 7 M E FukF A= o}
L E& o 7 Yt} (shift).

The left shift operation can be customized using the special ___ 1shift__ () and___rlshift__ () methods. The
right shift operation can be customized using the special __rshift__ () and___rrshift__ () methods.

LEZOCFE pHE AZE 3= Z 2 pow (2,n) 2 AF UAS= A2 JojFUth dFSZ nH|E
AZE 8 22 pow(2,n) & F3te 222 Aofgrh

Al el ulE AL 77) T $ A9 S 2t

and_expr = shift_expr | and_expr "&" shift_expr
XOr_expr = and_expr | xor_expr """ and_expr
or_expr = xor_expr | or_expr "|" xor_expr

The & operator yields the bitwise AND of its arguments, which must be integers or one of them must be a custom
object overriding __and___ () or __rand___ () special methods.

The ~ operator yields the bitwise XOR (exclusive OR) of its arguments, which must be integers or one of them must
be a custom object overriding ___xor__ () or__rxor__ () special methods.

The | operator yields the bitwise (inclusive) OR of its arguments, which must be integers or one of them must be a
custom object overriding __or___ () or__ror___ () special methods.

6.10 v| 2

Cel= &2, Fol oA BE v A4k 22 A E 2=, & =5
Utk E3Cohe Del,a < b < c 922 BAA o] Fatel A 2o oz AP
comparison = or_expr (comp_operator or_expr)*
comp operator = nmen | nsn | n__nmn ‘ ns—n | ne—m | np=n
| "iS" ["not"] I ["not"] "in"

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.

s AREA A28 5 EUh I8 Sol,x <y <= 2 x <y and y <= z % F5 8,
Aol ey o he 9.4 & MEk FUTHE AYUT AR T 4 BF x < y/h AR oW 2 9 ghe

T8FA s Th.
PYARORE, a,b,c, -, y,z 7FEAA )AL, 0opl, 0p2, -+, opN 7F ¥ 3L A2FAH, a2 opl b op2 ¢ ... y
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opN z= Zt 24 g2 A ST F3the A& A €Jdtil=a opl b and b op2 ¢ and
z 3

a opl b op2 ¢ 7ba%hc7te ol® F5ol WAE AN FA 97 B, F S0l x < v > z o
157 (obu o] m ) = 9 F] 2hE) SuL2 The Ao 55 of Tk

ARA <, >, ==, >=, <=, 1= £ F AR g2 wlmguch AAEol 2L FY et gHUrh

23, 4, @ 32 AANE 0] (F3% obo ME Elof tiah) ghe Zrha Wk <tk shol Ao A AH 9
e E 2R NI A8 Sol, A7) kol oh 3k 7% 4 <l (canonical) 9 Al 2 WL §1% U th
w5t A7) 9] gro] B e A (o2 Sof, RE Hlo|E o] B HEE T4 S 2) 0% T4 o] of Bk

} o)
O #15 GAAL A ol EAL Ao N ST EF AYE AT,
%ﬁH 7J_- -]qui zq_/]b‘]—q-j‘!_ }\§7]-——HE ggqq.
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 7] & %] Q1 7| ~E|ujo] A o] A,

TS YL (== %} 1=) o 7] T2 A A 9 ofelwlE]Elof] 7]¥kE FUth e A, &2 ol HIE B & ZHe
A2"EA ] F5 HIAE Z5e T3, TE olo|HB B E 2t d2d 2 2o S5 vias tes 54
th o] 712 &Y F71= BT AA7F WAL (reflexive) (5, x is y £ x == y% AAFUD o =5
s At ke &Y T

7] 8 o 4 ¥] i (order comparison) (<, >, <=, >=) = A 2% x| 51Ut A E38WH TypeError & 42374
t}. o] 7] & F 7o %7]%%%@3’4%/\}?‘&5}%% AZF doks Ad Ytk

r
[>
.,
[>
i
o
ok
oy
>
fru
v
frtt
.
o
E
OPﬂ
o{l‘l
R
E
39
OPﬂ
L
flo
E
E

= XT e
gholl th gt W52 Bol & 71 50l B8 2 st A= A thE & U5 DP- 149 %¥s

rlo

7)ke] 55 3ol th
A9 B35S ALE kol = @ BT} 3, A B APl 1A 53 ATk
e Ese Mg FeR WEYEY va F42 et

. LH?Q'?:Z}?O* ((typesnumerlc) A EZFgolB# Y & fractions .Fractionﬂ]-decimal .Decimal
N 38 A 954A] QeThe Al F AT W 1, A G O JE

o] vl b HeE 3Eel A deld, ANl £ fol 940 (2ue
Aog) gur=A wmgdch
NaN(not-a-number) Zt= float ('NaN') I} decimal.Decimal ('Na .
A2F NaN Zhe] v & AR YUtk k@A o7 2 skal 9le 212, NaN o] A3} 2] oot
AdUrth ol & E°,x = float ('NaN'),3 < x,x < 3% x ==
xE= FYdUth o] 22 [EEE754 & &3 U th

* None and Not Implemented are singletons. PEP 8 advises that comparisons for singletons should always
be done with is or is not, never the equality operators.

o Hloj ] Al A2 E (bytes Ybytearray & A2d125)2 S AV A4S vwE ¢ A5y
O|AEL 8459 A g2 AF&-3| A AFA A 2 2 (lexicographically) B] 2l 1 T},

e BALE (str 9 A2HAE) & EAEY ST E I ZQlE (Unicode code points) (W & &4

3/UIE 5L FAE ZQE (code points) (o S S0, U+0041) &} A+ ¥ X} (abstract characters) (o] S , “LATIN CAPITAL
LETTER A”) & 72Ut FUZZ Y= HFE2Y A4 A5 & 7(] shife]l &= ZQIERIS R *Lfﬂﬂ 2| gk, 742
o]Ato] T E FQE AAAE THH 4 QY& FA ExE0] wol 95 ‘/] t}. o & Sof, =AF £ 2} “LATIN CAPITAL LETTER
C WITH CEDILLA” = F & 9] %] U+00C7 o] 9+ 3k 7 2] &3 —‘?—Z]-(precomposed character) W} T & 9] X] U+0043 (LATIN CAPITAL
LETTER C) ol 1= 7] 8 £ A} (base character) &+ FWE = T = £ 2] U+0327 (COMBINING CEDILLA) ©f| 31+ 23 £ X} (combining
character) &) AR 22 23E = JdH5 YT

£ 1) AAAE FUTE T2 FAE 24 M FUT o] AL Al A W ARAL 5 YUt AF Fol, ™\
u00C7"™ == "\u0043\u0327" = ARAJUTH AA F EX}L o] 22 A EX} “LATIN CAPITAL LETTER C WITH CEDILLA”
£ BAUAYE D85

EAE S FAEx Eo A vl wdtE d (S, Al A 2 @A H O 7)), unicodedata.normalize () S AR SIAIA L
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ol 2 = 22 9718 vlad
BE AT Tad e AL OE G 00 B lme (B8 T Ag HE B a6 A
H] W& TypeError & €2 Yt}
AE 83 2.0 0] Mg ABHA AAACR R B U Ae o]
£ & Y 3h(identical) 2 A 7} x]—/\b/} Zthal (equal) 7HE ) o] S 53l F
(cquility) 2 AHE $-315he] 452 A5k 3 2L fA G T

g 28 dse] Apd A<l HlalE vt 2ol ol AUt

=3 ]

- = AdMo] 2o WlLE 7] Slel A, 2L Folw, dol7} 2L, t g ek R 450 7o)
Zoha wl e of of U TH (el & Sol, [1,2] == (1,2) £ A2 A, Fol b2 2]
th.

N

|2E Adst= 252
X <=
=

[1,2,x] <= [1,2,y] & y S+ o] g
A o] At v P Yk (d & 01, [1,2] < [1,2,3] =FYYTh

* Mappings (instances of dict) compare equal if and only if they have equal (key, value) pairs. Equality
comparison of the keys and values enforces reflexivity.

4 B (<, >, <=, >=) = TypeError & 4o 7rh

o A3E (set o]y frozenset & A2EAE)S T2 PSFHAZ UE

ek

o] AL HE X g (subset) I A9 F & (superset) & 553k tlAn W A4AFES F ot o] &
A= Xd€H<totalorderlng) oA Ul E S0, F A/ {1, 2}2}{2 3) & o wA
=, U o2 shue REF AT, o o '6}1%4 A AT AE FFUTh. wEkA,

A Ao o &= 3‘-?-4 1At = A gstA] gH Ut (el E E9],min (), max (), sorted () °l

dP oz A3 gArEE Algstd A=A 32 AHE FUh.

A vlaE 1 8452 WS A EYTh

e HEEY E UYWAY E2 NI HAEES FAA &7 w2, 7|2 ¥ 53-S ASTUch

H 3 5238 A 2B upo]2ee AF A F o] SHAEL 7hedtttd B 7hA] B F 23S S50 gt
Yt

« 55 WL ALA (reflexive) o] o] of T T THE W E A, olo]HE E 7} 2L AR & 2T
u] 3% of of o

x is y¥Hx == y U}

o« Bl th A A (symmetric) o] o oF T T Th2 T2 FHS Y, b33 22 Rd A2 22 FAHE

Fo]of gt}
x == y %y == x

)

il

Zhofl Bl d 4= 9

z

l

f

I

|
¢

;

-

r
rf

|

x !=y&y I=x
<yey > x

X

<= y%y >= x
o] 4 (transitive) o] o] oF Ut} th= (B A 3HA] 942) ol 5] o] A5 S dYth:
>yandy > zWdx > z¢}

=
E
o[-

b

x <y and y <= zWx < zT}

- g Hat w4 $go] Hojof Futh e W2 EANY, T AT 0] 2L g Fojof
Fuh

x == y&not x !=vy
x < y&not x >= y (A=A A
x > y&not x <= y(A =AY FA)
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v e B A A2 A =4 AEA] 4L gUTh(AE 0, Al dadde A8 A, J v g 2
DA FEY ing ()

fifo
o
2
ol

517 s¥4r Ut AR NaN 2t

il
rlo
o
=N
iy
tjo
=
il
N
§2
rlr
£
s
i
v

6.10.2 S AL A4t

A4kAF in 3 not in& WHAE AAMFUTE x in s £x7bs o W L o Trueg g A k2w
False € $UTh x not in s2x in s HEAE FUTh 9Av g £ ot RE WR AIEAE
e
o

2 419 5ol ol 2% A g st G0 e] Aot in ol Gl el Fo11 7171 3] 2 AAE

e o

list, tuple, set, frozenset, dict, collections.deque 2} 2= ol 59 A%, A x in y = any(x is
e or x == e for e in y) &5 Yrh

2AGT ko= B A9, x in yEx7by o i BAD (ubsting) Q) AP, Te] 2 24 T 3w
True YUTH T5TF A Al y.find(x) != -1 JUTh Wl BEAL2 34 e 2ALEY 72 22
Az ARH 7 GRol, " in "abct & True & EEVITH

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__ () butdodefine_ _iter (),x in yis True
if some value z, for which the expression x is z or x == z is true, is produced while iterating over y. If an
exception is raised during the iteration, it is as if in raised that exception.

Lastly, the old-style iteration protocol is tried: if a class defines __getitem  (),x in yis True if and only if
there is a non-negative integer index i 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).

AR} not ind ino =gA BRAo g AojH )
6.10.3 ofoldlele] 1]
AR isQFis not 2 AA| 9] olo|HEIE|E AAFTUTH x is yE=x2ty7lololdE g7 2L AN L

o, Tel3 98 7 A9 u FAuch AR ofoldE L id () B8 AN 2HFUh x is not
yeeed 54 e Fun

6.11 =] <d4H(Boolean operations)

or_test = and_test | or_test "or" and_test
and_test = not_test | and_test "and" not_test
not_test = comparison | "not" not_test

In the context of Boolean operations, and also when expressions are used by control flow statements, the following
values are interpreted as false: False, None, numeric zero of all types, and empty strings and containers (including
strings, tuples, lists, dictionaries, sets and frozensets). All other values are interpreted as true. User-defined objects
can customize their truth value by providinga ___bool__ () method.

A2} not & 1 A7 AR O True 2, 124 FO W False 2 Ut
E@4x and y & AR 29 e TR ARIE 2 g SFUh 284 ody ol e
T3 T 2 2RE EHF Y

A2 x or yEUAXxY FE TFTYUhx 7 Fold 2 S 85Ut 28X ¢¢od y o 7k 73tk
4 2}% 7}u] A]-4= A (automatic garbage-collection) 2} Z}-& o%i(free lists) 2 T] 2= % E] (descriptor) 2] 52} ¢l A 7 wf &0, is

A8 ArBA NAESO Y AFES MLoHe AT 2L SAD B0 AgT ), A2 B0 o 4T TS 7
QU o A S ARE 25 S FAFHA L
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o) 1 A}E B F U

and—ov} or o= 2= Hg glolut 1 3 3 False 9} True & A §Hs}4] 9%3’—, Al wpz]gbef] gro] 23 %
AAE ZeFoll Y& oF . 01333 =2 ER27FAFUTH oA E 59 s 7FAE ]—’ Hjof glo
71232 gAE ojofstttd, £H A s or 'foo' £ Uit A AFTHUTE not & A & WE
ok stm 2, 1 QA9 &} IA ¢l o] =8| Zk(boolean value) S =& FUTH (& E0],not 'foo'="''7}
olyztrFalse & THEYh)

6.12 ¢ 284

assignment_expression = [identifier ":="] expression

An assignment expression (sometimes also called a “named expression” or “walrus”) assigns an expression to an
identifier, while also returning the value of the expression.

AREA QL ARE AH F St dAShE At A wd Yyt

if matching := pattern.search(data): J

do_something (matching)

Er, 43R Y 2EYS AT W

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 i f and while statements.

Added in version 3.8: T ¢} 3 2o tf 8 o RFA|8F &2 PEP 5725 #2314 8.

6.13 7 %3 2] (Conditional expressions)
conditional_expression = or_test ["1if" or_test "else" expression]
expression = conditional_expression | lambda_expr
27 2942 (| 2“4 3} A 4R} (ternary operator)” 2t B H Ut B E Jho] AAato| A 73 e -4
=92 254
FHA x if C else y2 HAxAlo] 27 C 9 3hs FFYth C 7F FolH, x 9] ko] F3A 1L 1
HeEdFUTh 284 oW,y 3te F3 o] 2 ARE SHFUTH
Z7A 23 Ao o3l t] AFA 3 YRS PEP 308 & 22314 2.

6.14 g t}(Lambdas)

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

Pt EA4L (W) 2 Fo} 4 (lambda forms) o] 2k B UTh o] gl F5E Bes o AHSH UL
¥4 lambda parameters: expression = & AAE FUYTE o] o] g AA= o2 A A9
A 4 AR AY F2ETU Y
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def <lambda> (parameters) :
return expression

A 550 EHE o Ao A S Al g Ao R B ol S 2% (statements) ©] L
©] ;= H] ©] A (annotations) & Z ek o gLl o3l oF Tt

6.15 332 B= (Expression lists)

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

starred_list = starred_item ("," starred_item)* [","]
starred_expression = expression | (starred_item ",")* [starred_item]
starred_item u= assignment_expression | "*" or_expr

PrE HY O ol AR g A, Ao o) RS TP FAY RELFEL
FUth 559 dol B2 gt B AUtk EAAEL ABo|A 22Z 0= gho] 737

gt
ol ~ ¥ 8] 2~ (asterisk) * = o] ¥ 2] & A 3 7 (iterable unpacking) = }FEFH Ut} ¥ A AFRF= HEE A] o] B
g2 olojoR FUtt T olH Bl FES A/BRLE FHFFHA, A A AHA A 7FE, FXE,
A3tel 31 Uk,

Added in version 3.5: % 8 4] £20j 4 2] o2& < 77, PEP 448 o 4 2 2 2 A ] 9151 o,

A trailing comma is required only to create a one-item tuple, such as 1, ; it is optional in all other cases. A single

expression without a trailing comma doesn’t create a tuple, but rather yields the value of that expression. (To create
an empty tuple, use an empty pair of parentheses: ().)

6.16 ZHe FohE £ 4
ol AXEA e BHo T RAAY e AU WYY & Folke= T Y gho] A ET
WA Lol Yol FEIFAAL.

= EE00AM, B2 259 2o B2 £AEY AR ghol Ut

exprl, expr2, expr3, expr4
(exprl, expr2, expr3, exprié)
{exprl: expr2, expr3: expréd}

exprl + expr2 * (expr3 - exprd)
exprl (expr2, expr3, *expr4, **exprb)
expr3, exprd4d = exprl, expr2

6.17 AR S

The following table summarizes the operator precedence in Python, from highest precedence (most binding) to lowest
precedence (least binding). Operators in the same box have the same precedence. Unless the syntax is explicitly
given, operators are binary. Operators in the same box group left to right (except for exponentiation and conditional
expressions, which group from right to left).

W3, WA AL obol IENE) AAFE S B 2o SAe S 2 vl A4 45 E AXY A%
4 2202 o]0l o] /] (chaining) SH= 7152 23U Tk

3 Al

ki
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A 4FA} A

(expressions...), Z 3t (binding) == &% X 234, F2E (A2
[expressions...], {key: value...}, #o], g4y tyaZd o], g =g o
{expressions...}

x [index], x[index:index], AB2A2THAH, &8lolA, 5=, oJEZHE X

X (arguments...),x.attribute

await x oo E £ 4]

* 4‘13}1]%5

+X, =X, ~X

0) g)H]ENOT

*Q,/,//,% _w_)d] 51431 _T'_/\ﬂ L].L/dl L].b/d] L]—D]Z](’
- SEESE
<<, >> AlZE
& H] E AND
A H| E XOR
| H| E OR
in,not in,is, is not, <, <=,>,>=, 1=, == v, Wu] A AALe) ofoldlE] E] AALS E 33
o}
not x =2 NOT
and =] AND
or =2] OR
if—else ZAxIA
lambda 2t 384
- EREL R
SAFAF AR xx = QEF O Q= Atz oy nE A F AR T A ARFYLE F, 21 = 0.5 YUk
65 AiAte EAG ZuHo = AP U 22 $4¢9 7 A4g Utk
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CHAPTER /

k<= (Simple statements)

ol e deERol AlvEEL R FEH o] shite] £

simple_stmt = expression_stmt
| assert_stmt

| assignment_stmt

| augmented_assignment_stmt
| annotated_assignment_stmt
| pass_stmt

| del_stmt

| return_stmt

| yield stmt

| raise_stmt

| break_stmt

| continue_stmt

| import_stmt

| future_stmt

| global_stmt

| nonlocal_stmt

| type_stmt

He A, (HE) Z 2 A A (procedure) (Y 1] Y= 2HE B
= EeFUH S 223] S8 (2 ded e
= o }%Eﬂ%ﬂiﬁﬁtﬂ% 527t dsYth

expression_stmt = starred_expression

R4 B (G BN 5 ) BA4 B9 e T
9813 =4, ghol None © oFU®, WA repr ) BHE A BALZ W1, 19 e

¢
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rlo

2F YR HfUth (237t None & W= 23] ¢FobA, Z2AA 35

HAEL ol ghol () AR5 /b AR e o Bl REY BB S £R T

assignment_stmt = (target_1list "=")+ (starred_expression | yield expression)
target_list n= target ("," target)* [","]
target n= identifier

| "(" [target_list] ")"
"[" [target_list] "]"

|

| attributeref

| subscription

| slicing

| "*" target
(attributeref, subscription, slicing &) % A= Zelo|njg] AH S HAA L)
HYEL EAN F3 () A0l Shpel RAAA S5, YRE $IE BHY$E Yo, FA A9+
FEo] MEol Arte A2 /AN 2) 9 7S o, AZe| A 9 2EO 2 F}e] A3t AAE eHA
B2 0] 717 Bl gLk

YL B (%) Fejo] whet AR O G HUTh Aol /4 AAY AR (=Y RE F=

2ol seteld) B A AAA AFA 0w v 9S54 obtl 53, 17 0] & HHEA

£ AR, Yol RolSol A 4 glow oo E Yo & gy e ATl FAlehe
FAST AT 5L 2 AA Fo] BoolA FolATh(EE Y A5 AL BAA L),

e}

AANE G2 55, 232 4L & A=t BT 5+ Ads5uUth ol th g ote A2 o33 2ol
A7 Aoz Qe gk
- B B2o] (MU OR B S Qi) Autat HE7} gl ] gl d A : gl
o o g Ut
e Else

- E}Zl HE o] o) ¥ ] 2 F (asterisk) E ol 2 EF A, “AEFE (starred)” EFZL o] 21al B H U T,
StUE 233 A= Holx Bl & L& BAY R e F2 e FES
AF 3= ol g E o] ofof T} o]E Ei%-‘ﬂ AL FEEL, XA 22207 /‘E‘r‘:
E}ﬂ ol Yo = gl o tid B Uth ol L9 npx 9 FEE52 A= B4 F o Y2
132A ‘é°ﬂ‘41 dEULh olHHE UnA FEEZ TAH g AETL AEI= EF o T ¢ %‘HD}
(o] J2EE= 1S 5 dFYTh.

- 23 A o AA = B 550 o= gl o} 22 50 FESS AlFste olH Y

J}m
2 e

- 1 o]go°] UQZH F= BEo QlE global Ynonlocal B S3H5HA] Go: 1 0|52 XA
19 o5 F2ellA AA ddEUth
agA Foed: I o5 A7 A o] F FXolv nonlocal o 93] AAHE 7 ol F
oA AA Ol AdEY

I olgol ojm A= e AAZAFH U o] A2 7ol dAH o Ad AR Fx 710
qggﬁL_oviﬂﬂﬂ%%?ﬁﬂEﬂﬂiﬁﬂ 3}3 2} (destructor) (Zr1 Y THH) 7} £ & F]
EEs S dsyd

* BHAlo] oERRE Fxd: Fxo| mefoln ] @AY g FHUTE oA Y 75T o
EREE /M AAE Folokshetl, 238 A o™ TypeError 74 dojdyth. o 2 A
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9] A} 714;1]7}23}]/\ 01/\E%¢o] o E g
% (right-hand side) 28 4], a.x = A2EH 2 of
ANEZREE M2 5 95yt F (left-hand side) B} 2

2
2
td
4
o[
o)
o,
)

N

2 b

class Cls:
x = 3 # class variable
inst = Cls()
inst.x = inst.x + 1 # writes inst.x as 4 leaving Cls.x as 3

AH o] property () & THEo] 2 Z 2 H ¥ (property) & T2 U2THEH o] EHE 284

RAolm: o] g mefolne] BAA g TR (FAE 2L) 7
(A 2] 22) w3 AR 7} el gtk T the, AB A PE BRAY g2

zho]lH g 7h (B AE Z2) 7FH Al A AAE, A ’\EL"E]E% A5 7F vetok Fych S49,
Al ol 7 e HUth AR Ald29 Dol Rt 22 5o] opd 4o of 3}a1, Al 20
I YA 74 ol AAE v steta 8 Tt < ‘“’\7} ‘ﬁ—ﬁ% Aoy, IndexError
S dofyUtg(HE 23 HE A AJA2o| tig gL gl aEd A 5 2713 5 gy h.

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.

» B}7lo] Sefol Yol d: Fae] mefolme] EUA Y g PHULL (] AE 22) 7hd AAL AR
7 vstor gtk s AA e ge 3ol a2 AR oF T 1 TR, 2 A B0 51 el
£ g2 FEUTH 18 S 03 A A2 Dol AAghS A7) = ofof Gtk =
= A4 57, A A0 o8 T, 290 2o AALES 034 AP
U 1 Afo]o] Eol 7k ghol M AF T pA W o e A A A7 ol S o) A E BYH
Aoz WAE S 2 A g B2 A4} S 2Rk, ool 2] Fol Qe & AR
o9} ke 5 A& YT
CPython 78 AHAl: @A) 7#ol A, BAle] 2L AN 2A §A9 1, 329 £HL 15 44
ROl A A5 7] o 2ol ollel WAl A7k W AA A= AThE 9 o
A2 E) 9] Aol 7k st 20l 29l 53 ol 5414 Gimuliancouy A (91 Fol 2, b =
B4E LBFUTH AAE, DS WSS AAH ok o] ) FPL AR N LB
A, s E5E 45 e A%E FEUh ol 8 Bol, the

ﬂ_gr'
l

N, 2> N, ofN o,
4y

r[r

X [0, 1]
i=20
i, x[i] =1, 2 # 1 1is updated, then x[i] is updated
print (x)
T 17
PEP 3132 - 874 o|E] & & ¢ u]] 7)
*target 7|0l thst 4t

72, YYFE 103
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7.21 ZE v ¢ F (Augmented assignment statements)

SEAAES T EFNA olF AT A= FA= AUtk

augmented_assignment_stmt = augtarget augop (expression_list | yield expression)
augtarget = identifier | attributeref | subscription | slicing
augop = ny—mn ‘ w__m | Wx_—n | n@:" ‘ ll/:" | n//:" | no—mn ‘ Wk kM
| Ny s—n | "= ‘ ne="m | nA_mn | n|="
(FA 2 A 750 B A mebol v e] A WA A

e Bzl (Qut e 2T 9 o S o] D
AR kol th o] Wol v o A4S s ¥, Aol B2
Wik gto] 8l 4 oh.

An augmented assignment statement like x += 1 can be rewritten as x = x + 1 to achieve a similar, but not
exactly equal effect. In the augmented version, x is only evaluated once. Also, when possible, the actual operation is
performed in-place, meaning that rather than creating a new object and assigning that to the target, the old object is
modified instead.

At s 2, SF d Y2 e gs o] ol el AR S FHULh & S0, ali] +=
£f(x) A5 ali]l E2IT U, £ (x) o e 7o, QS sk, UFXl‘%‘EElﬁJJr—a [1]

o ThA] %t

fo EL ol
Y r& r{m

Shite] #gol A KB T B0 2 thdshe AL o9 2 3, S 2 o el 92 i) Qv i
2R 02 AR Utk AR, A A $A) 5L ol 9 SHH, B8 Q) W Bl 15 =

7.2.2 o] H| o] EH Y& (Annotated assignment statements)

ofserlo] 4 AL, & AN, W o 2 HE o o] AT Y FT 4 Y= Y

el
fifo
o
r[T
a
o

annotated_assignment_stmt = augtarget ":" expression

["=" (starred_expression | yield expression) ]

The difference from normal tj] ] is that only a single target is allowed.

The assignment target is considered “simple” if it consists of a single name that is not enclosed in parentheses. For
simple assignment targets, if in class or module scope, the annotations are evaluated and stored in a special class
or module attribute __annotations___ that is a dictionary mapping from variable names (mangled if private)
to evaluated annotations. This attribute is writable and is automatically created at the start of class or module body
execution, if annotations are found statically.

If the assignment target is not simple (an attribute, subscript node, or parenthesized name), the annotation is evaluated
if in class or module scope, but not stored.

o] Zo] B4 ATLAA o] iH o B T, o] o] 5L 1 A7 0] 2] 2 H (local) JI T, B4 2Tz A
ofsHlo] 4.2 grol 7314 ALk A 4= A k&I ch.

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.

T 17

PEP 526 - Y13 o] - E|o] A B
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FAE Z ZH3 = A, AP (EFH2 g 202 A 239 F S o] H O E 3t
29g 27 AL
PEP 484 - 3] 3l &
§4 24 =7 IDEAA AHEE ¢ e B olH o] ol et 22 XS A3 19
typing BES F78h= Al ¢

H A 3.80] A

¥ 7 : Now annotated assignments allow the same expressions in the right hand side as regular assign-

ments. Previously, some expressions (like un-parenthesized tuple expressions) caused a syntax error.

7.3 assert ¥

assert < 2 73 of t]H 7] o A A (debugging assertion) & 4 3 Q]

pal

)3t W)

s

Yt

assert_stmt "assert" expression "

",
° g3 55T

expression]

Y

w3l

e, assert expression -2

__debug___

if
if not expression:

raise AssertionError

4% 3, assert expressionl, expression2 v+ 23 =E3Ht}

if _ _debug___

if not expressionl: raise AssertionError (expression?2)

debug_I’f]-AssertionError 7} e ol 2o YA A
A, W78 s __debug_ 2 dREA S 4 3340l A True O]If_,aﬂaip}
1qqam4:c@HﬂL%AMMWﬂqﬂﬂ7

)
=

T =
LA FEE 33

oie) dnz zEEG,
__debug__ ol ti3 th Q1L & 2t %)

[o) B
G

Utk o] U4 W4e) gre olE Ze) ) 7} Al %

7.4 pass &

pass_stmt

pass+ 4 (null)

A v g g

def f (arg):

class C: pass # a class with no methods (yet)

74. pass &
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7.5 del +

del_stmt = "del" target_list
AA)= Tl g) o) o8 AT ok B A AR A o2 Aol HUh AR AR AFES A 4,
7] 2 744 FE7} gk
B BEo AL 2 HAL Bo) N L EZ 07 A Az AAFTh
o] 9] AL B TE BEo| 9 global Bl 1 o] Fo] S et ol A9 o] 2
FoAA o] 59 AZAE AAFULE o] Fo] AZH ] YA 2 W, NameError o8] 7} doj g th
AEZRE FX, ANBEATYAM, Seto]d A= HdE Zefolv ] AAZ AEgUth Setol A
A= dRbg o g 9 oy Nl SetolAE U Yot AN TS FUTHBHAI R o] Ax AL &etol A H =
A3 7} B T,

A 32004 WA ool o] 2o FHE BEo|A A% W2 SHE ¢ A o2 FIA
A A8k 21 o] 3 ghE] A Fgkss U th
7.6 return ¥

return_stmt = "return" [expression_list]

return& EHA LR FY 2 FYo FHE 497 okl & Yol vk F 4 o] b 5 Qs Tth
T35t2, 22 A ¢ O None 2 & X &H U}

 None) & WHEH ZHo 2 Sl A, BAIG) B4 55 S Wy

return©] finally L& 7} try B A Aoj 7t HolUyE 2 gl = 42

Aol 1 finally Zdo] A3 H Yt}

A OIE] B A, return B2 A E| 7 BREL 74271, StopTteration o9 AUy
t}. return 2ol Al 25 = 2L (AttH) stopIteration & AA Aol Q1AE A HE o] StopIteration.
value ol Eg|HE7} FH Ut

H F 7] Ay & ole 3
StopAsyncIteration Oﬂﬂg

4 elE gy

r[r

A, ¥ return B2 HEF7] AYHlHI B &8,
Qo guch w57 Ao g Bl A, Mol 9lA] e return £

7.7 yield ¥

yield_stmt = yield expression

yvield B2 yield =34 3} 22 o n 7} JHF Ut 553 yield E@ A oA Q7 sl 2355 Al
93l yield & AU T o & 91, yield &

yield <expr>
yield from <expr>

L 23 22 yield 34 #4537

oft

53t

(yield <expr>)
(yield from <expr>)

yield @A 7 72 AV e ol B 45 BT wf vk ARRFH AL, Al o8 &9 it o A ¥k ARS
Ut 34 Ao 7} Aut g4 thA AU olE F4E MEEE e Ul yieldE AHE3 = Aoz
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7.8 raise %

raise_stmt = "raise" [expression ["from" expression]]

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 Runt imeError exception is raised indicating
that this is an error.

IR oW, raise & o] AAZ, A ‘:LWH £d4 9 & 7+EYTE BaseException & A B F A
) uﬂ o]
=

U odaEaojop gt FElad, o9 dadHa= B s ) 9} glo] FEag dAHAE UJ%OW
gyt
o 2] 9] & (nype) 2] AxE Ao FRAT, Fh(value) S A 2B 2FA U T

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) J

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)

A

ZeroDivisionError: division by zero
The above exception was the direct cause of the following exception:

Traceback (most recent call last):
File "<stdin>", line 4, in <module>
raise RuntimeError ("Something bad happened") from exc
RuntimeError: Something bad happened

A similar mechanism works implicitly if a new exception is raised when an exception is already being handled. An
exception may be handled when an except 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>

(h& sl o] A ol Al<%)
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(o] A o] A A A AL
print (1 / 0)

A

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

ol 9 of) T3 B B AR E o] 9] M| A AR5 A1, il 2 B A2 S Ao AR
91Utk

WA 33004 HA: o]A| raise X from Y 9|A] Y & None ©] &5 Ut}

rlr
3
El
1=
2
=2

<

Added the ___suppress_context___ attribute to suppress automatic display of the exception context.

WA 3.119 A ¥ 7 If the traceback of the active exception is modified in an except clause, a subsequent
raise statement re-raises the exception with the modified traceback. Previously, the exception was re-raised with
the traceback it had when it was caught.

7.9 break ¥+

break_stmt = "break"

break € €MALE for Ywhile Fxo| FHH AT YRS = JFUth A I F2 <

2o ol 585 A 2sUh

78 7ol BRI ML 9l B2 S TR, 1R 2
3

1o
%

2~
s

7belse < ZFa lvbd AW Y th(skip).
for 27} break 2 F R, FZ Ao B2 I g FAFULH

break 7} finally AL 7} try oA Aloj7l HlolUE & vt 49, 222 HE AAE Yo}
Zol 1 finally Zo] A¥g Ytk

7.10 continue &+

continue_stmt = "continue"

continue v ¥HALE for WY while T2 FHE AR UEE = JF U T SFA T 1 2 Q19
P o2 oo FAH AL ek 7P kel A B AT e T2 oke Aol dol 7k
L L

continue 7t finally & 7FA try FoA Aloj7h HlolUE = RIEE 49, tUs FE Afo] 25 A%

3}7] Aol 1 finally Ao] AdF T}
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import_stmt n= "import" module ["as" identifier] ("," module ["as" identifier])”
| "from" relative _module "import" identifier ["as" identifier]
("," identifier ["as" identifier])*
| "from" relative_module "import" " (" identifier ["as" identifie:
("," identifier ["as" identifier])* [","] ")"
| "from" relative _module "import" "*"

module = (identifier ".")* identifier

relative_module = "."* module | "."+

(from o] §¥) 7|8 YEE £ T A2 APFYrh

(import) #o] 5%t A7 = 9] ]Od o5 &7t o] 5o

el (ﬂd»ifﬂlﬂ) 0431 Mo e =zt vhA] zh Aol Ao dxE Fof o3 &

o =
)
llf
[
o
o
1o
d
v

L g

The details of the first step, finding and loading modules, are described in greater detail in the section on the import
system, which also describes the various types of packages and modules that can be imported, as well as all the hooks
that can be used to customize the import system. Note that failures in this step may indicate either that the module
could not be located, or that an error occurred while initializing the module, which includes execution of the module’

s code.

QA EEol AFALR glof SR, A 7HA] T S R o' A g o] F Xl 27g Ut
» BEF o]E Hof as 7t £, as Flo] 9= o] Fo] dmE=W BE 44 AA Pk
s e o5l AARHA 9L, JEXEHE EEC| A EECIH, EEY o] 5ol YEEHE= EEI
Be B2z Ao o] & g7ol A2,
- JEENE BEo] A4o] BEo| oh vhil, 7 RES EFFH= H A 7149 ol Zo] A
7)Ao thet FxE A o]F Fel] AZdPUth XEH RES AP o] 7| K= &4
A 5+3}E o] (full qualified name) & 53l A 5] of oF gt}
from@e ] HAA AAE A FUTH
I fromdo| AFH RES 21, 238k, A5 27|33t
2. import Ao ARY AEAE 7ol oh )
I 9EER BE0| 1089 JEIRES LA AATUG
2. glod, 102 AL RES JEEFE ASAEF TS JEEH BEA T jERE
2 oA ZAE T
3. OJEHEZ LAS A oW ImportError & 4o Yth
4. 25 A ko, I gholl th gt Fx7F Ao o] F F ol AdEH =, as o] 2R A7 ol A
ARH o] 5= AHEotL, 1A koW o] EYRE o] 52 AHEFYTH
AH-§- ol :
import foo # foo imported and bound locally
import foo.bar.baz # foo, foo.bar, and foo.bar.baz imported, foo bound.
—locally

import foo.bar.baz as fbb # foo, foo.bar, and foo.bar.baz imported, foo.bar.baz.
—~bound as fbb

from foo.bar import baz # foo, foo.bar, and foo.bar.baz imported, foo.bar.baz.
—bound as baz

from foo import attr # foo imported and foo.attr bound as attr

Ao B2 28 ( ) 2 0RE, 2E0] YO B RE F) o) EE0| inport Bo SRR ATz
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Bl A= &N ol (public names) 2 %-‘4 ol FolAl _all__ olgke o5 W& HAIA
279Ut 24/]El°i ATHA, FALE o] Al g 2ofof =1, L 5 ©] 7‘*4 StAYJEE ff}% olgE9Y
th__all A ARTEFES EF MR AFHL NEA EA o FUTE __all_ o] Fo|F A
oW, RES o]F FoA BAEE ol F 5, BE A (_)E AFASA A EE 0]%01 R
AFHUT _all = 3N APLAAE 23l oF gt o] A9 242 o =X 9FA API 7P obd
@%%%i%?%a%%ﬂa%aﬁwwvazaéﬂﬂié}ﬂ&%dfﬂﬂﬂﬂﬂ

YZES SIEFE FB — from module import * — & BF FEoA W &gyt %ﬂélﬁr
St A ool A AFRSlE] = A| =+ SyntaxError & 92 7Yt}

Y2EL RES AR D v 252 Eof o] & (absolute name) = A & 2 = iyt Zgolu 371 A7}
o S 7] A] <ol 2FE wf, 22 49 712 Hell A& 2 577 Ol%% AFTFe %101 dH YEE
(relative import) & & 4~ A5 UTEH rfromF ol ARE = A 7| AU 25 ol 2ol HoE, J&st o5&
A ekA] s @A A7) A A S-S Brtv AL ia‘rﬂOlﬁ 6?—11 A4 4 A5 yth shtbe] A2 o]
YXEE oh= BEol EAsts AA A7 A& SFUTE F 749 22 F 714 28 Ase 22/te
e S Th Al 7H9l AL

e —”F—f—%, S dUh A pkg 7 Aol Yl RENIA from
lmport mod & /é 5, pkg.mod & Y ZEE A Ut} pkg.subpkgl ¢ A from . .subpkg2
i 35t pkg. subpkg2.mod & YZESHA HUTh At dEE ) tst ﬁ% 5 7] 2]
A am sy ad

ErAdREES FHOR AAE S E 22 IWES A Y87 Y8 importlib. import_module ()

o] Al&H Yth.

Raises an auditing event import with arguments module, filename, sys.path, sys.meta_path, sys.
path_hooks.

7111 FX]
I A B (future statement) 2 ZA L #H 7 SRS ZES EFH EHolU M3 S AR SIA A3 E
U= = X A] o] (directive) Q1 6], 1 7] 52 u| g o] EAFH =

A o HA 2 dojo] TR A od= WA o] =dd v
AUt 1 1“014301EIEHH+ ol el 2E &=

future_stmt = "from" "__ future_ " "import" feature ["as" identifier]
("," feature ["as" identifier])~*
| "from" "__ future__ " "import" " (" feature ["as" identifier]
("," feature ["as" identifier])* [","] ™)"
feature = identifier
F4 2 EEY AY Aol vetoF FUth FA4 & ol U2 5 e E52:
e 2 F =2 E ¥ (docstring) (A THH),
e
e ¥l E, T8
- e FAEE

FA E2 AFEE ok ol L% 7] 52 annotations YU TH(PEP 5638 X234 Al L).

FA FA v T G43HE 7552 A3 FFolH 39 g AAF Yk o] &
%Oﬂ - absolute_lmport, division, generators, generator_stop, unicode_literals,
print_function, nested_scopes % with_statement 7} TTFH YT} o] AEL JAgEQY &

FBEH A, 23 A A TS A FAHIL A7 =AU

FA B FAAORE PG Aol A4H 2 AUk B4 THBES) vlof] o
O T A4S 5 TR UL A 7)50] TR A = (22 o ol ) A=
A9 23 b8, ol A9+ AHAH 7 RES EA HAT 5 AFUTh 18 AP 4G A
= m$d 5 gth,

:
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M Evic Ao de) s o) | 7% o] F 50 FF o QA LI, Wk FA Bo] XA R N5 e
2ot glow Ao AF o2l den

AAAA AP N HE) YL e JEE REF DSk BE EE_ future, Fol AW FUT,
o Q3 A Bol AEE AH drA Yoz JrEP YT

Ful2e A9 A AP EL FA 2ol o5 AT = FAEA /550 2l Azt

o) & Bl o2 A% 583k Fo] gl F2l 3ok Tt

{import __ future__ [as name] ]

o] AL FA ol ohguith; o} d Su s A dolu A A oke] gl B YEE F Y BT

Code compiled by calls to the built-in functions exec () and compile () that occur in a module M containing a
future statement will, by default, use the new syntax or semantics associated with the future statement. This can be
controlled by optional arguments to compile () — see the documentation of that function for details.

33 ez ZEZENA J8HE 74 T2 AH=Z g AAY G2 77 23E FAAA YT
A ZEE 7 -1, AFT 2T HE o] Fo] A2 Uth FHLE A Zsta, I ATHETFA & X
dete, 2T UE AN o) Fof A= & th3hY A E ZIE FAFU

t] B7]

PEP 236 - W & ] _ future__
_future__ v 7 V) Zoll T 2 2] A<k,

7.12 global +

global_stmt = "global" identifier ("," identifier)™*

global & dA] T= E& AAo] Ag==AdduUch JdH A EaEo0] Aoz 345 ojof st}
= =Yt} global A Qo] A HESo] AL 78] 2 5 Q7]+ A 9 global glo] A Mo
#FS UdsteE AL B3y

global ol U H o] E52 T2 FE EZ0A global & &9 54 4 F5 YTk

Names listed in a global statement must not be defined as formal parameters, or as targets in with statements
or except clauses, or in a for target list, c1ass definition, function definition, import statement, or variable
annotation.

CPython 73 AA: S| 73 o] o] AFEY] YRS FAISHR] FA W, =21
ook =], vefo] FAL IRES FA AU 22139 9w o 11 glo]
Ytk

Z2 e el Fo] A global 2 kA o] = A Al A (directive) § U T} global &7 22
e 2= ut AR P UTh 53], R exec() TFE FFHE FALDolU T = AA o
global #& 1 ¥+ &S 2Pohe = EFol= JFS 74 43, 28 #AL 23¢E =2
g 5ES 25E 29 Y= global #oll 9T TA FUTh eval () I compile ()

u} 2714 9 U o,

o
(N

_‘d
N at
£, oo
Mo ok

o N

> o
%o,

o°
ik

(M b >

42 ot o
B> it 2

uk
>
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7.13 nonlocal &+

nonlocal_stmt = "nonlocal" identifier ("," identifier)*

When the definition of a function or class is nested (enclosed) within the definitions of other functions, its nonlocal
scopes are the local scopes of the enclosing functions. The nonlocal statement causes the listed identifiers to refer
to names previously bound in nonlocal scopes. It allows encapsulated code to rebind such nonlocal identifiers. If a
name is bound in more than one nonlocal scope, the nearest binding is used. If a name is not bound in any nonlocal
scope, or if there is no nonlocal scope, a SyntaxError is raised.

The nonlocal statement applies to the entire scope of a function or class body. A SyntaxError is raised if a
variable is used or assigned to prior to its nonlocal declaration in the scope.

t] 17]

PEP 3104 - u}Z 23 520)| 9l o] F-E ol Ui gt JAl 2

nonlocal ¥9 #+34.

Programmer’s note: nonlocal is a directive to the parser and applies only to code parsed along with it. See the
note for the g1 obal statement.

7.14 The type statement

type_stmt = 'type' identifier [type_params] "=" expression
The type statement declares a type alias, which is an instance of typing.TypeAliasType.

For example, the following statement creates a type alias:

[type Point = tuple[float, float]

This code is roughly equivalent to:

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

annotation-def indicates an annotation scope, which behaves mostly like a function, but with several small
differences.

The value of the type alias is evaluated in the annotation scope. It is not evaluated when the type alias is created, but
only when the value is accessed through the type alias’s __value___ attribute (see Lazy evaluation). This allows
the type alias to refer to names that are not yet defined.

Type aliases may be made generic by adding a rype parameter list after the name. See Generic type aliases for more.
type is a soft keyword.

Added in version 3.12.

t 1.7]

PEP 695 - Type Parameter Syntax
Introduced the t ype statement and syntax for generic classes and functions.
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CHAPTER 8

£ %2 (Compound statements)

EdE2 02 EFEE 189S 2P Uth ol oz 2 T2 2FEY A dFS FAY
Aojgych 7tdsiA 23w, A4 BFES I =2 & 5 A7 = AW, dutr oz BEe oy
ol A3 Yth

if,while, for #732 AEAA Ao 35 F2E FEPULE EF =Y 25 tdll try = <l A
271y A (cleanup) T= T+ 11 € RFE AR WA, with 2 I £E5 FHOZ 27]3}9}
grojdelAlo]d ZEE AR T F AEE FUth T Fe~ FY E A2 BEFFYUTH
2 v 2 ol A R FAE UL B2 H 9 A9 E(suite) 2 FAAFUTE 5 HFES
daHEe BF 22 5927 £E2 #d5Uth 4 2 g S A dE = 7|9 =R A&t
ZEo=z ZdUth AYEE o g AlojE = EFEY 2FJUL 2 EEFHY Z2 F A
2 Eo ujZ2oz B3 sty 2 o) e d = 5tk B At o S92 "
St 2 o] A 2R EY 5 AFUTE 22 T FJHWn FHE SRS 2T 5 dsUTh
23 22 AL gtz 2, A E FuEE else Zo] Jupd of¥ ir Hoj 3= H &34
7] Wi E P ch.

[if testl: if test2: print (x)

3 o] 2o M Al EE o] 22E T T FetA Al A, B2 22 ool A, print () TEE2 EF

A= A ol ShE AR A spE U The Aol 7o) o gtk

[if X <y < z: print(x); print(y); print(z)

8 oFsh:

compound_stmt = i1f stmt
while_stmt
for_stmt
try_stmt
with_stmt
match_stmt
funcdef
classdef
async_with_stmt
async_for_stmt
async_funcdef
suite = stmt_1list NEWLINE | NEWLINE INDENT statement+ DEDENT
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statement = stmt_1list NEWLINE | compound_stmt
stmt_list = simple_stmt (";" simple_stmt)* [";"]

NEWLINE 22 ZU3 DEDENT 7} I HE W& & o FEd|oF gy} T3, Ak
F =

FEFEAZAZL e I EE AFS ] W, EE o] gtk A 5
THE ir 7ol €927 He A& 87T o2 ‘v 2 (dangling) else’ FAE

o}
2 99 ool 2= BEAM e

ERYAAEL A4 AL WY o $ES TP
81 if
if B2 245 A Aggnh:
if_stmt = "if" assignment_expression ":" suite
("elif" assignment_expression ":" suite)*
["else" ":" suite]
Fol 5 & A BAT W7kA) EA S g s A= FAA A8 e 29 ES HEY
Utk AR A= =g] oAk (Boolean operations) A& BA ), 18 the I A EE A3
W REEE Ay A 3ol FE A A FHFUTH. BE ZAAE ARlH

o]
e1se Ao] 291 E7} (dThe) AP UL

8.2 while
while B EAA O] Z o AYL M= o] AFH YT
while_stmt = "while" assignment_expression ":" suite
["else" ":" suite]
o2& ZAA S RHE A o7 FAAetal, Fold, A WAl A ES AUt 2@ A o] AZloH (HF
W AL SE dath else Ao AR EAN(ThE) AWA T F2 e SR
A A 2QENA AW = break B2 else B AWFA 1 22E 23T 3 AR 29 E
ANA A L= continue BL A ES Y HES Ay 5349 AAR Solzhch

8.3 for ¥

for £ (BAE, 72, 2l2E Z-2) AE2 U tE olHYE AA 9 2458 olHeE o] Est=t] A

Atk

for_stmt = "for" target_list "in" starred_list ":" suite

["else"™ ":" suite]

The starred_list expression is evaluated once; it should yield an iferable 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 U] §J ), and the suite is executed. This repeats for each item provided by the iterator. When the
iterator is exhausted, the suite in the e1se clause, if present, is executed, and the loop terminates.

2 AR 29 2o A AW = break £ else AL AYAA 41 F2E FEPYTE A

WA 9=
oA A £ continue BL A2 YA LG AUAD L FEo2 Yo7, e 32

o]
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for-2 2 B2l B2 o) W5 Sl d P th for- 22 2 0|4 o] Fol 7 AEE ZYA, 1 5o
HA Y E FELS BF Doj %L th
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

Names in the target list are not deleted when the loop is finished, but if the sequence is empty, they will not have
been assigned to at all by the loop. Hint: the built-in type range () represents immutable arithmetic sequences of
integers. For instance, iterating range (3) successively yields 0, 1, and then 2.

WA 3.119)| A M 7 : Starred elements are now allowed in the expression list.

84 try +

The t ry statement specifies exception handlers and/or cleanup code for a group of statements:

try_stmt u= tryl _stmt | tryZ_stmt | try3_stmt
tryl_stmt = "try" ":" suite
("except" [expression ["as" identifier]] ":" suite)+
["else"™ ":" suite]
["finally" ":" suite]
try2_stmt = "try" ":" suite
("except" "*" expression ["as" identifier] ":" suite)+
["else" ":" suite]
["finally" ":" suite]
try3_stmt = "try" ":" suite
"finally" ":" suite

o o] o] ek F7ke] A EE ol 2] QoA g = a1, A& L e7]7] fl8) raise = A3 A

I3 A X E raise T A A A 2HE 4 Q< Tk

rir

8.4.1 except clause

The except clause(s) specify one or more exception handlers. When no exception occurs in the t ry clause, no
exception handler is executed. When an exception occurs in the t ry suite, a search for an exception handler is started.
This search inspects the except clauses in turn until one is found that matches the exception. An expression-less
except clause, if present, must be last; it matches any exception.

For an except clause with an expression, the expression must evaluate to an exception type or a tuple of exception
types. The raised exception matches an except clause whose expression evaluates to the class or a non-virtual base
class of the exception object, or to a tuple that contains such a class.

If no except clause matches the exception, the search for an exception handler continues in the surrounding code
and on the invocation stack.

If the evaluation of an expression in the header of an except clause raises an exception, the original search for a
handler is canceled and a search starts for the new exception in the surrounding code and on the call stack (it is treated
as if the entire ¢ ry statement raised the exception).

When a matching except clause is found, the exception is assigned to the target specified after the as keyword
in that except clause, if present, and the except clause’s suite is executed. All except clauses must have an

'OE2 s dort rinally Bo] YA G F = TF 2doz HPAYUTE I A & oA AL Yo A
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executable block. When the end of this block is reached, execution continues normally after the entire t ry statement.
(This means that if two nested handlers exist for the same exception, and the exception occurs in the t ry clause of
the inner handler, the outer handler will not handle the exception.)

When an exception has been assigned using as target, it is cleared at the end of the except clause. This is as
if

except E as N:
foo

ZholgA WeE = A 2

>

U

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

This means the exception must be assigned to a different name to be able to refer to it after the except clause.
Exceptions are cleared because with the traceback attached to them, they form a reference cycle with the stack frame,
keeping all locals in that frame alive until the next garbage collection occurs.

Before an except clause’s suite is executed, the exception is stored in the sys module, where it can be accessed
from within the body of the except clause by calling sys.exception (). When leaving an exception handler,
the exception stored in the sy s module is reset to its previous value:

>>> print (sys.exception())

None

>>> try:
raise TypeError

except:
print (repr (sys.exception()))
try:
raise ValueError
except:
print (repr (sys.exception()))

print (repr (sys.exception()))

TypeError ()

ValueError ()

TypeError ()

>>> print (sys.exception())
None

8.4.2 except* clause

The except * clause(s) are used for handling Except ionGroups. The exception type for matching is interpreted
as in the case of except, 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), OSError(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}')

(Th= ol Al ol A<
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(o] A o] A | A AL)

caught <class 'ExceptionGroup'> with nested (TypeError(2),)
caught <class 'ExceptionGroup'> with nested (OSError (3), OSError (4))

+ Exception Group Traceback (most recent call last):

| File "<stdin>", line 2, in <module>

| ExceptionGroup: eg

-t ] ———

| ValueError: 1

J

Any remaining exceptions that were not handled by any except * clause are re-raised at the end, along with all
exceptions that were raised from within the except* clauses. If this list contains more than one exception to
reraise, they are combined into an exception group.

If the raised exception is not an exception group and its type matches one of the except * clauses, it is caught and
wrapped by an exception group with an empty message string.

>>> try:
raise BlockingIOError
except* BlockingIOError as e:
print (repr (e))

ExceptionGroup ('', (BlockingIOError()))

An except * clause must have a matching expression; it cannot be except * : . Furthermore, this expression cannot
contain exception group types, because that would have ambiguous semantics.

It is not possible to mix except and except * in the same t ry. break, continue and return cannot appear
in an except * clause.

8.4.3 else clause

Ak 7153 else 22 A9 i
continue E+ break To] A
+= except AoA A=A ws%

o) ey SIS WAUAL A9 BAGA ST, retur,
P else Aol A TABE o9 = ol 112

8.4.4 finally clause

If finally is present, it specifies a ‘cleanup’ handler. The ¢ ry clause is executed, including any except and
else clauses. If an exception occurs in any of the clauses and is not handled, the exception is temporarily saved.
The £inally clause is executed. If there is a saved exception it is re-raised at the end of the finally clause. If
the £inally 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 cont inue statement, the saved exception is discarded:

>>> def f():
try:
1/0
finally:
return 42
>>> f ()
42

The exception information is not available to the program during execution of the finally clause.

When a return, break or continue statement is executed in the ¢ ry suite of a try---finally statement,
the finally clause is also executed ‘on the way out.’

The return value of a function is determined by the last return statement executed. Since the finally clause
always executes, a ret urn statement executed in the finally clause will always be the last one executed:
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>>> def fool():
try:
return 'try'
finally:
return 'finally'
>>> foo()
'finally'

WA 3.89 A ¥ 7 : Prior to Python 3.8, a continue statement was illegal in the finally clause due to a
problem with the implementation.

8.5 with ¥

with BL BB AWE DUAE R (ith & AYAE el A AQL HAL) A D HAESE
RS O AU o) A E8 tryexceptfinally A A HS B HA AAEH 5 AES
A48 5 Y= P}

with_stmt = "with" ( "(" with_stmt_contents ","? ")" | with_stmt_contents
with_stmt_contents = with_item ("," with_item)*
with_item u= expression ["as" target]

BhLre) “item” & AF&BhE with Fo) AW T} 2ol AW

1. The context expression (the expression given in the with_1item) is evaluated to obtain a context manager.

2. The context manager’s __enter__ () is loaded for later use.

3. The context manager’s ___exit__ () isloaded for later use.

4. The context manager’s __enter__ () method is invoked.

5. If a target was included in the wi ¢ h statement, the return value from __enter__ () is assigned to it.
Eig

The with statement guarantees that if the ~ enter () method returns without an error, then
__exit__ () will always be called. Thus, if an error occurs during the assignment to the target list,
it will be treated the same as an error occurring within the suite would be. See step 7 below.

6. ~9E7F AYH Yk

7. The context manager’s ___exit__ () method is invoked. If an exception caused the suite to be exited, its
type, value, and traceback are passed as arguments to __exit___ (). Otherwise, three None arguments are
supplied.

If the suite was exited due to an exception, and the return value from the __exit__ () method was false, the
exception is reraised. If the return value was true, the exception is suppressed, and execution continues with
the statement following the wi t h statement.

If the suite was exited for any reason other than an exception, the return value from ___exit__ () isignored,
and execution proceeds at the normal location for the kind of exit that was taken.

B ge BEE

with EXPRESSION as TARGET:
SUITE

oo the 5P
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manager = (EXPRESSION)

enter = type (manager) .__enter_
exit = type (manager) .__exit_
value = enter (manager)
hit_except = False

try:
TARGET =
SUITE
except:
hit_except = True
if not exit (manager,
raise
finally:
if not hit_except:

value

*sys.exc_info()) :

exit (manager, None, None, None)
J
SR gL 38 Fu, AdaE Bt vich Fol FHE AX Y AFFU T
with A() as a, B() as b
SUITE
oo b3t £S5
with A() as a:
with B() as b:
SUITE

You can also write multi-item context managers in multiple lines if the items are surrounded by parentheses. For

example:
with (
A() as a,
B() as b,
) 8
SUITE

HA3 1A HAG: t}5 A 2E 5349 A Y

¥ A 3.100] A ¥ 7 : Support for using grouping parentheses to break the statement in multiple lines.

o B7]

PEP 343 - “with” &
shol W with 2] 724, W7, 9.

8.6 The match statement

Added in version 3.10.

The match statement is used for pattern matching. Syntax:

match_stmt 'match’

subject_expr

| named_expression
'case' patterns

case_block

subject_expr
star_named_expression ","

[guard] ":"

m.n

star_named_expressions?

block

8.6. The match statement
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z3

This section uses single quotes to denote soft keywords.

Pattern matching takes a pattern as input (following case) and a subject value (following match). The pattern
(which may contain subpatterns) is matched against the subject value. The outcomes are:

* A match success or failure (also termed a pattern success or failure).
* Possible binding of matched values to a name. The prerequisites for this are further discussed below.

The mat ch and case keywords are soft keywords.

t] ®17]
e PEP 634 — Structural Pattern Matching: Specification
* PEP 636 — Structural Pattern Matching: Tutorial

8.6.1 Overview

Here’s an overview of the logical flow of a match statement:

1. The subject expression subject_expr is evaluated and a resulting subject value obtained. If the subject
expression contains a comma, a tuple is constructed using the standard rules.

2. Each pattern in a case_block is attempted to match with the subject value. The specific rules for success
or failure are described below. The match attempt can also bind some or all of the standalone names within
the pattern. The precise pattern binding rules vary per pattern type and are specified below. Name bindings
made during a successful pattern match outlive the executed block and can be used after the match
statement.

al

L

During failed pattern matches, some subpatterns may succeed. Do not rely on bindings being made for a
failed match. Conversely, do not rely on variables remaining unchanged after a failed match. The exact
behavior is dependent on implementation and may vary. This is an intentional decision made to allow
different implementations to add optimizations.

3. If the pattern succeeds, the corresponding guard (if present) is evaluated. In this case all name bindings are
guaranteed to have happened.

« If the guard evaluates as true or is missing, the block inside case_block is executed.
* Otherwise, the next case_block is attempted as described above.
e If there are no further case blocks, the match statement is completed.

z 5

Users should generally never rely on a pattern being evaluated. Depending on implementation, the interpreter
may cache values or use other optimizations which skip repeated evaluations.

A sample match statement:
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>>> flag = False
>>> match (100, 200):
case (100, 300): # Mismatch: 200 != 300
print ('Case 1")
case (100, 200) if flag: # Successful match, but guard fails
print ('Case 2'")
case (100, y): # Matches and binds y to 200
print (f'Case 3, y: {y}")
case _: # Pattern not attempted
print ('Case 4, I match anything!')

Case 3, y: 200

In this case, 1f flag isa guard. Read more about that in the next section.

8.6.2 Guards

guard = "if" named_expression

A guard (which is part of the case) must succeed for code inside the case block to execute. It takes the form:
1 followed by an expression.

The logical flow of a case block with a guard follows:

1. Check that the pattern in the case block succeeded. If the pattern failed, the guard is not evaluated and the
next case block is checked.

2. If the pattern succeeded, evaluate the guard.
* If the guard condition evaluates as true, the case block is selected.
« If the guard condition evaluates as false, the case block is not selected.
* If the guard raises an exception during evaluation, the exception bubbles up.

Guards are allowed to have side effects as they are expressions. Guard evaluation must proceed from the first to the
last case block, one at a time, skipping case blocks whose pattern(s) don’t all succeed. (l.e., guard evaluation must
happen in order.) Guard evaluation must stop once a case block is selected.

8.6.3 Irrefutable Case Blocks

An irrefutable case block is a match-all case block. A match statement may have at most one irrefutable case block,
and it must be last.

A case block is considered irrefutable if it has no guard and its pattern is irrefutable. A pattern is considered irrefutable
if we can prove from its syntax alone that it will always succeed. Only the following patterns are irrefutable:

* AS Patterns whose left-hand side is irrefutable

* OR Patterns containing at least one irrefutable pattern
* Capture Patterns

» Wildcard Patterns

* parenthesized irrefutable patterns
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8.6.4 Patterns

al

e

This section uses grammar notations beyond standard EBNF:
¢ the notation SEP . RULE+ is shorthand for RULE (SEP RULE) *

* the notation ! RULE is shorthand for a negative lookahead assertion

The top-level syntax for patterns is:

patterns n= open_sequence_pattern | pattern
pattern as_pattern | or_pattern
closed_pattern | literal_ pattern
| capture_pattern
| wildcard pattern
| value_pattern
| group_pattern
|
|
|

sequence_pattern
mapping_pattern
class_pattern

The descriptions below will include a description “in simple terms” of what a pattern does for illustration purposes
(credits to Raymond Hettinger for a document that inspired most of the descriptions). Note that these descriptions
are purely for illustration purposes and may not reflect the underlying implementation. Furthermore, they do not
cover all valid forms.

OR Patterns

An OR pattern is two or more patterns separated by vertical bars |. Syntax:

or_pattern = "|".closed _patternt

Only the final subpattern may be irrefutable, and each subpattern must bind the same set of names to avoid ambiguity.

An OR pattern matches each of its subpatterns in turn to the subject value, until one succeeds. The OR pattern is
then considered successful. Otherwise, if none of the subpatterns succeed, the OR pattern fails.

In simple terms, P1 P2 | ... willtry to match P1, if it fails it will try to match P2, succeeding immediately
if any succeeds, failing otherwise.

AS Patterns

An AS pattern matches an OR pattern on the left of the a s keyword against a subject. Syntax:

as_pattern = or_pattern "as" capture_pattern

If the OR pattern fails, the AS pattern fails. Otherwise, the AS pattern binds the subject to the name on the right of
the as keyword and succeeds. capture_pattern cannotbe a _.

In simple terms P as NAME will match with P, and on success it will set NAME = <subject>.
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Literal Patterns

A literal pattern corresponds to most literals in Python. Syntax:

literal_pattern = signed_number
| signed_number "+" NUMBER

| signed_number "-" NUMBER

| strings

| "None"

| "True"

| "False"

| signed_number: NUMBER | "-" NUMBER

The rule st rings and the token NUMBER are defined in the standard Python grammar. Triple-quoted strings are
supported. Raw strings and byte strings are supported. f-strings are not supported.

The forms signed_number '+' NUMBERand signed_number '—' NUMBER are for expressing complex
numbers; they require a real number on the left and an imaginary number on the right. E.g. 3 + 47.

In simple terms, LITERAL will succeed only if <subject> == LITERAL. For the singletons None, True and
False, the is operator is used.

Capture Patterns

A capture pattern binds the subject value to a name. Syntax:

capture_pattern = "' NAME
A single underscore _ is not a capture pattern (this is what !'_' expresses). It is instead treated as a
wildcard pattern.
In a given pattern, a given name can only be bound once. E.g. case x, x: ... isinvalid while case [x] |

x: ... isallowed.

Capture patterns always succeed. The binding follows scoping rules established by the assignment expression operator
in PEP 572; the name becomes a local variable in the closest containing function scope unless there’s an applicable
global or nonlocal statement.

In simple terms NAME will always succeed and it will set NAME = <subject>.

Wildcard Patterns

A wildcard pattern always succeeds (matches anything) and binds no name. Syntax:

wildcard_pattern = L

__is a soft keyword within any pattern, but only within patterns. It is an identifier, as usual, even within mat ch subject
expressions, guards, and case blocks.

In simple terms, _ will always succeed.
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Value Patterns
A value pattern represents a named value in Python. Syntax:
attr

name_or_attr "." NAME
attr | NAME

value_pattern
attr
name_or_attr

The dotted name in the pattern is looked up using standard Python name resolution rules. The pattern succeeds if the
value found compares equal to the subject value (using the == equality operator).

In simple terms NAME 1 . NAME2 will succeed only if <subject> == NAME1.NAME2
U
If the same value occurs multiple times in the same match statement, the interpreter may cache the first value

found and reuse it rather than repeat the same lookup. This cache is strictly tied to a given execution of a given
match statement.

Group Patterns

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.

Sequence Patterns

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 u= "[" [maybe_sequence_pattern] "]"
| "(" [open_sequence_pattern] ")"
open_sequence_pattern u= maybe_star_pattern "," [maybe_sequence_pattern]
maybe_sequence_pattern = ",".maybe_star_ pattern+ ","?
maybe_star_pattern = star_pattern | pattern
star_pattern u= "xW  (capture_pattern | wildcard_ pattern)
There is no difference if parentheses or square brackets are used for sequence patterns (i.e. (...) vs [...]).

z3

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 | 41]) is still a sequence pattern.

At most one star subpattern may be in a sequence pattern. The star subpattern may occur in any position. If no
star subpattern is present, the sequence pattern is a fixed-length sequence pattern; otherwise it is a variable-length
sequence pattern.

The following is the logical flow for matching a sequence pattern against a subject value:
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If the subject value is not a sequence”, the sequence pattern fails.
If the subject value is an instance of str, bytes or bytearray the sequence pattern fails.
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.

e

al

The length of the subject sequence is obtained via 1en () (i.e. viathe __len__ () protocol). This length
may be cached by the interpreter in a similar manner as value patterns.

In simple terms [P1, P2, P3, ---, P<N>] matches only if all the following happens:

check <subject> is a sequence

len(subject) == <N>

P1 matches <subject>[0] (note that this match can also bind names)
P2 matches <subject>[1] (note that this match can also bind names)

--- and so on for the corresponding pattern/element.

2 In pattern matching, a sequence is defined as one of the following:

a class that inherits from collections.abc.Sequence

a Python class that has been registered as collections.abc.Sequence
a builtin class that has its (CPython) Py_TPFLAGS_SEQUENCE bit set

a class that inherits from any of the above

The following standard library classes are sequences:

m

array.array
collections.deque
list

memoryview

range

tuple

3l

Subject values of type str, bytes, and bytearray do not match sequence patterns.
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Mapping Patterns

A mapping pattern contains one or more key-value patterns. The syntax is similar to the construction of a dictionary.
Syntax:

mapping_pattern RES "{" [items_pattern] "}"
items_pattern = ",".key_value_pattern+ ","?
key_value_pattern u= (literal_pattern | value_pattern) ":" pattern

| double_star_pattern
"x*W" capture_pattern

double_star_pattern

At most one double star pattern may be in a mapping pattern. The double star pattern must be the last subpattern in
the mapping pattern.

Duplicate keys in mapping patterns are disallowed. Duplicate literal keys will raise a SyntaxError. Two keys
that otherwise have the same value will raise a ValueError at runtime.

The following is the logical flow for matching a mapping pattern against a subject value:
1. If the subject value is not a mapping’,the mapping pattern fails.

2. If every key given in the mapping pattern is present in the subject mapping, and the pattern for each key matches
the corresponding item of the subject mapping, the mapping pattern succeeds.

3. If duplicate keys are detected in the mapping pattern, the pattern is considered invalid. A SyntaxError is
raised for duplicate literal values; or a ValueError for named keys of the same value.

23

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:
¢ check <subject> is a mapping
* KEY1l in <subject>
e P1 matches <subject>[KEY1]

* --- and so on for the corresponding KEY/pattern pair.

Class Patterns

A class pattern represents a class and its positional and keyword arguments (if any). Syntax:

class_pattern n= name_or_attr " (" [pattern_arguments ","?] ")"
pattern_arguments n= positional_patterns ["," keyword patterns]
| keyword_patterns
positional_patterns = ", ".patternt+
keyword_patterns n= ", ".keyword _pattern+
keyword_pattern u= NAME "=" pattern

3 In pattern matching, a mapping is defined as one of the following:
¢ aclass that inherits from collections.abc.Mapping
¢ a Python class that has been registered as collections.abc.Mapping
¢ a builtin class that has its (CPython) Py_TPFLAGS_MAPPING bit set
« aclass that inherits from any of the above
The standard library classes dict and types.MappingProxyType are mappings.
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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 t ype , raise TypeError.

2. If the subject value is not an instance of name_or_attr (tested via isinstance ()), the class pattern
fails.

3. If no pattern arguments are present, the pattern succeeds. Otherwise, the subsequent steps depend on whether
keyword or positional argument patterns are present.

For a number of built-in types (specified below), a single positional subpattern is accepted which will match
the entire subject; for these types keyword patterns also work as for other types.

If only keyword patterns are present, they are processed as follows, one by one:

I. The keyword is looked up as an attribute on the subject.
« If this raises an exception other than AttributeError, the exception bubbles up.
e If this raises AttributeError, the class pattern has failed.

* 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__", ()) iscalled.
« If this raises an exception, the exception bubbles up.
* If the returned value is not a tuple, the conversion fails and TypeError is raised.

* If there are more positional patterns than 1len (cls.__match_args__), TypeErroris
raised.

e Otherwise, positional pattern 1 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.

* If there are duplicate keywords, TypeError is raised.

t] B7]

Customizing positional arguments in class pattern matching

I1. 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:
* bool
e bytearray
* bytes
e dict
¢ float
e frozenset
e int

e list
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* set
* str
* 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:
* isinstance (<subject>, CLS)
¢ convert P1 to a keyword pattern using CLS.__match_args__
 For each keyword argument att r=P2:
— hasattr (<subject>, "attr")
— P2 matches <subject>.attr

 --- and so on for the corresponding keyword argument/pattern pair.

t 17
* PEP 634 — Structural Pattern Matching: Specification
e PEP 636 — Structural Pattern Matching: Tutorial

8.7 ¥ A<l
A5 A SR TS5 AR (EEY AZ AAS BAL) B AP
funcdef = [decorators] "def" funcname [type_params] " ("
["->" expression] ":" suite
decorators = decorator+
decorator = "Q" assignment_expression NEWLINE
parameter_list = defparameter ("," defparameter)* "," "/" [",
| parameter_list_no_posonly
parameter_list_no_posonly = defparameter ("," defparameter)* ["," [parameter_list_
| parameter_list_starargs
parameter_list_starargs = "x*" [parameter] ("," defparameter)* ["," ["**" paramete
| "**" parameter [","]
parameter = identifier [":" expression]
defparameter = parameter ["=" expression]
funcname = identifier
T A= ABTE A= TFAYULE AFsE AR A G o] 7 T34 T o] 52 5 AA (T
A3 7hs e Z =5 =2 2 H (wrapper)). ©] &5 A= @AY o] 5 Tl e FxE 2o,
g5t 5Ed ) 4o o] & FVo= AgF UL
B4 Aol 40 dElE AR gtk #4755 o AR
T Aol sty 2 o] Y d ZdolE A4 ® AR = AUt tEd oy 2@ A2 T
ZhARoE o, ¢ Ao xotE AT oA gS FRUTE T A FHEolook sk, T
AA RS QA2 ARG A &g Ut vksk gro] 3 AR Al 9 o] Foll dag Ut o2 7H 9
tageolde 1T B2 AgFUrh o & S0, b2} 22 3=

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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Qfl (arg)
Qf2
def func(): pass

def func(): pass
func = f1(arg) (£2 (func))

AR F7F AR o] F func ol AZ2H A Feth= A vyt

W A 3.99)| A X 7 : Functions may be decorated with any valid assignment_expression. Previously, the
grammar was much more restrictive; see PEP 614 for details.

A list of type parameters may be given in square brackets between the function’s name and the opening parenthesis for
its parameter list. This indicates to static type checkers that the function is generic. At runtime, the type parameters
can be retrieved from the function’s __ type params___ attribute. See Generic functions for more.

WA 3.129 A] ¥ 7 : Type parameter lists are new in Python 3.12.

Syt 2 o) AFe) vl 7 XA = £ 9] parameter = expresszon FE)E 71 A uf), 57T B o e 2t
1 BT 2R o] S AR 34, 290 ot O B AT % 9w, 12 uf v

Ho] 7|2 o] A8gUth ek m/i 471 7| B3-S 7AW, 7k A DA FE mE s RE WEsE
7123 ZFA R FU T — o] AL X FAOA £ A = EHA A TG YT

Default parameter values are evaluated from left to right when the function definition is executed. This means
that the expression is evaluated once, when the function is defined, and that the same “pre-computed” value is used
for each call. This is especially important to understand when a default parameter value is a mutable object, such as
a list or a dictionary: if the function modifies the object (e.g. by appending an item to a list), the default parameter
value is in effect modified. This is generally not what was intended. A way around this is to use None as the default,
and explicitly test for it in the body of the function, e.g.:

|

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

Function call semantics are described in more detail in section <. A function call always assigns values to all pa-
rameters mentioned in the parameter list, either from positional arguments, from keyword arguments, or from default
values. If the form “*identifier”is present, it is initialized to a tuple receiving any excess positional parameters,
defaulting to the empty tuple. If the form “**identifier” is present, it is initialized to a new ordered mapping
receiving any excess keyword arguments, defaulting to a new empty mapping of the same type. Parameters after
“x”or “*identifier” are keyword-only parameters and may only be passed by keyword arguments. Parameters
before ““/” are positional-only parameters and may only be passed by positional arguments.

WA 3.89)| 4] ¥ 7 : The / function parameter syntax may be used to indicate positional-only parameters. See PEP
570 for details.

WARFELE WS o] F Foll & “: expression” FE S o] E o] HS 7HE
M HEE o] g o)L A &4 ,}“Eﬂ, *identifier U **identifier JEJ R 2} 5}
T ANy 55 F o = -> expression” FEIS NHR(“return”) o B o] = 71 & 9lF U Th
o] o . E| o] HE-2 S HIE Tl A ‘”ﬂ’“ol‘:ﬂ oj@ Zlold & 4 Adsyth ok H o] A «1 A= 3

Jul & vt A syt o H ol A FES T A A9 _annotatlons_oi—ﬂ E oA w7}l 4=

=
—

9] o] 55 7| & = UMY gt w Xﬂlg yrtl _ future_ 9| A] annotations % ol X E I,
A AE F 77 243 31E o Oi-w—Eﬂ o] & AP o FAE R HEFP U 18R gFo W T Ao}
98 W BB o] 3% o Ho] A A2 T Eo] L L £ASHIE 242 B S GG T
FH A A ZA AHEEE7] 3, ol § flE FF(0lFol dEAHA G2 T E NEE AR MY
AL BTk EAGS ALBSET), G THLambdas) A AN A AU BT} EDAS st o
Aol At =Y Tl AYA %}t = Aol Y38 “der” TFNA B H T B xS
How Aod §oAY ALH AL GE o Bl hAD & AU oI A £42 AReE A
o] B o] AL 3 23l 7] wl ol “det” FEN 7} A B Btk
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z2 a8 §9 A8} 4= HAE ZF A (firstclass) AATh T A ¢ho A AP = “def” B
SHFAUYAGE + A= A FFEAYPFULE 549 ﬂ#Oﬂ/ﬂ APEHE AR LSS 1def &
23 Y A9 HFEES AT = 9 %IADP o ZA 3 W82 o] 53 A A (binding) A A&
HA L.

1=

PEP 3107 - 34 o] = Hl o] A

T o H oMY Hx 4
PEP 484 -3 3l &

ol:Eloldel et E oW H: F I E.
PEP 526 - ¥ o] = H| o] 4 ¥
Ability to type hint variable declarations, including class variables and instance variables.
PEP 563 - o] - Elo] H 9] 2|4 7}
S A B7bste tAl AP ol o i H o] S EAE FAH L2 HESHA] of = H o] A Yol A9
A FxE ALY

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

=

8 Feix A9

A2 Aode FRe AAGEEY AT ALS HAL)E B d U

classdef = [decorators] "class" classname [type_params] [inheritance]
inheritance = "(" largument_1list] ")"

classname = identifier

S e A s 2 Uth Al (inheritance) 552 & W] o] —
Stetl (B g ARl sl A viE 2o & BAR), 559 24 52 ghe 72 u) A8 F4
sete el AA L FHolok FUth AS F50] gl Fdlay, 71 EA 27, wojx FH& obje

S ASsTUH; 2 A

class Foo:
pass

s ged ssHUn

class Foo (object) :
pass

Sejao) A9EL AR BEIQ A o F13} A A o] F FHE AE I A AW =AY
(125} A2 (binding) & RAL)NA AHAUTE (B, 29 EL 23 35 A58 T h)
e A E WS v W, AY 2P AAAA, 1A A9 o] F FHES HEFUTE
G0k, AS BES Wol A SUAER, HER A o] 2 ¥ o2 RE YA Ul E A3 A A
Zejo AR & VRV Fe20) o E Aehe] A o) F FAA o Fe~ AA g AdR

ez ol JEHEA AL 2A L, A 2] _dict_ o REFULh o2 B2zt

ol A5, o = AHgs A Aol s = iﬂ*%ﬂl*ﬂ“&ﬂﬂ%‘—? AtkE 2ol F2 s of ot

S AL e 2ol B ASHA A5 A 2B ol 2 4 AU Tk

S 4 A B8 U ndo JA WA Bz ol =T 4 AFUth

SEZHanit Y A WA BFoR SAE BAE PHBL 1ol F TN __doc_ FHOE WBH Fejag 5AEF o]
gy}
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Qfl (arg)
Qf2
class Foo: pass

o hen S5

class Foo: pass
Foo = fl(arg) (£f2 (Foo))

Hmelo)e] A4 o) ghe o F AL 4 Hl TelolElsk Lk 28 b 1 Ak Feh 2 ol ol
Aag Uk

WA 390 A ¥ A : Classes may be decorated with any valid assignment_expression. Previously, the
grammar was much more restrictive; see PEP 614 for details.

A list of type parameters may be given in square brackets immediately after the class’s name. This indicates to
static type checkers that the class is generic. At runtime, the type parameters can be retrieved from the class’s
__type_params___ attribute. See Generic classes for more.

WA 3.129 A] ¥ 7 : Type parameter lists are new in Python 3.12.
Z2 I F9] A :'ﬂV\ B BoH = T EL FRNL AEYREY UL o] 2=

2 ol FHE YT A" A o ERRE = WA Eo|A] self.name = value E AFE 5
%ﬂéﬂﬂi%éﬂiﬂ%é&% self.name” 3 ﬂm°§®ﬂAﬂA°“7ﬂH“0§ﬁ
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Added in version 3.5.
8.9.1 I £€ ¥4 A9

async_funcdef = [decorators] "async" "def" funcname " (" [parameter_list] ")"
["->" expression] ":" suite

Execution of Python coroutines can be suspended and resumed at many points (see coroutine). await expressions,
async forand async with can only be used in the body of a coroutine function.

async def #HOZ AojH st A ZTFE T4, await Yasync 7| HEE 28314 G+
s 1"%‘-’5‘4‘3}-

=
28 39 vl 9ol A yield from EHAIS AR SE= AL syntaxError YU Tth

29 59 o

MR

{async def func (paraml, param?2):

(= sl o] Al ell A%)
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(o] A o] A | A AL)
do_stuff ()
await some_coroutine ()

WA 3704 H7: 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 &+

async_for_stmt = "async" for_stmt

OJEl&= AH1Y] __anext_ WA =X H]EY] ZEE IS 5 IS TH
async for & HlE7] oJE e &o st At o] E H o] dS & Tt
e e REE:
async for TARGET in ITER:

SUITE
else:

SUITEZ2
ogulger v F5dUH:
iter = (ITER)
iter = type(iter).__aiter__ (iter)
running = True
while running:

try:

TARGET = await type(iter).__anext__ (iter)

except StopAsyncIteration:
running = False
else:
SUITE
else:
SUITEZ2

Seealso_ _aiter () and___anext__ () for details.

FE2E 9] viy] vhojl A asyne for 2 AR SFE AL syntaxError YU Th
8.9.3 async with ¥
async_with_stmt = "async" with_stmt

B 5 7] AE 2 E 2ol enter Shexit A SN QWS AN FAT S A A2 Dol Gun,

2 22 AEE:

async with EXPRESSION as TARGET:
SUITE

oul o2 e E5 T

manager = (EXPRESSION)
aenter = type (manager) .__aenter_
aexit = type (manager) .__aexit___

(Th& s o] A ol A<)
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(o] A o] A | A AL)
value = await aenter (manager)
hit_except = False

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

if not hit_except:
await aexit (manager, None, None, None)

Seealso__aenter () and ___aexit__ () for details.

FEF8E g2 viy vroll A async with #& AFS3dH= 212 SyntaxError YU Th

] 1Y)
PEP 492 - async &} await =& A} &35}= I £ €
FAFEE golHoA AT ZHJHA NI R w53, 23 ALS F7HsE Al

8.10 Type parameter lists

Added in version 3.12.

type_params n= "[" type_param ("," type_param)* "]"
type_param = typevar | typevartuple | paramspec
typevar = identifier (":" expression)?
typevartuple = "*" jdentifier

paramspec u= "x&W jdentifier

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

def max[T] (args: list[T]) —-> T:

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

class Bag[T]:
def _ iter_ (self) —> Iterator[T]:

def add(self, arg: T) —-> None:

type ListOrSet[T] = 1list[T] | set[T]

Semantically, this indicates that the function, class, or type alias is generic over a type variable. This information is
primarily used by static type checkers, and at runtime, generic objects behave much like their non-generic counter-
parts.

Type parameters are declared in square brackets ([ ]) immediately after the name of the function, class, or type
alias. The type parameters are accessible within the scope of the generic object, but not elsewhere. Thus, after a
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declaration def func[T] () : pass, the name T is not available in the module scope. Below, the semantics of
generic objects are described with more precision. The scope of type parameters is modeled with a special function
(technically, an annotation scope) that wraps the creation of the generic object.

Generic functions, classes, and type aliases have a ___type_params___ attribute listing their type parameters.
Type parameters come in three kinds:

* typing.TypeVar, introduced by a plain name (e.g., T). Semantically, this represents a single type to a
type checker.

* typing.TypeVarTuple, introduced by a name prefixed with a single asterisk (e.g., *Ts). Semantically,
this stands for a tuple of any number of types.

* typing.ParamSpec, introduced by a name prefixed with two asterisks (e.g., **P). Semantically, this
stands for the parameters of a callable.

typing.TypeVar declarations can define bounds and constraints with a colon (:) followed by an expression. A
single expression after the colon indicates a bound (e.g. T: int). Semantically, this means that the typing.
TypeVar can only represent types that are a subtype of this bound. A parenthesized tuple of expressions after the
colon indicates a set of constraints (e.g. T: (str, bytes)). Each member of the tuple should be a type (again,
this is not enforced at runtime). Constrained type variables can only take on one of the types in the list of constraints.

For typing. TypeVars declared using the type parameter list syntax, the bound and constraints are not evaluated
when the generic object is created, but only when the value is explicitly accessed through the attributes ___bound___
and __constraints__. To accomplish this, the bounds or constraints are evaluated in a separate annotation
scope.

typing.TypeVarTuplesand typing.ParamSpecs cannot have bounds or constraints.

The following example indicates the full set of allowed type parameter declarations:

def overly_generic|
SimpleTypeVar,
TypeVarWithBound: int,
TypeVarWithConstraints: (str, bytes),
*SimpleTypeVarTuple,
**SimpleParamSpec,

a: SimpleTypeVar,

b: TypeVarWithBound,

c: Callable[SimpleParamSpec, TypeVarWithConstraints],
*d: SimpleTypeVarTuple,

8.10.1 Generic functions

Generic functions are declared as follows:

[def func[T] (arg: T):

This syntax is equivalent to:

annotation-def TYPE_PARAMS_OF_func() :
T = typing.TypeVar ("T")
def func(arg: T):
func.__ _type_params__ = (T,)
return func

func = TYPE_PARAMS_OF_func()

Here annotation-def indicates an annotation scope, which is not actually bound to any name at runtime. (One
other liberty is taken in the translation: the syntax does not go through attribute access on the t yping module, but
creates an instance of typing. TypeVar directly.)

134 Chapter 8. &-¢}%(Compound statements)



The Python Language Reference, @ 2] 4 3.12.4

The annotations of generic functions are evaluated within the annotation scope used for declaring the type parameters,
but the function’s defaults and decorators are not.

The following example illustrates the scoping rules for these cases, as well as for additional flavors of type parameters:

@decorator
def func[T: int, *Ts, **P] (*args: *Ts, arg: Callable[P, T] = some_default):

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

DEFAULT_OF_arg = some_default
annotation-def TYPE_PARAMS_OF_func() :

annotation-def BOUND_OF_T () :

return int
# In reality, BOUND_OF_T () is evaluated only on demand.
T = typing.TypeVar ("T", bound=BOUND_OF_T ())

Ts = typing.TypeVarTuple ("Ts")
P = typing.ParamSpec ("P")

def func(*args: *Ts, arg: Callable[P, T] = DEFAULT_OF_arg):
func.__type_params__ = (T, Ts, P)

return func
func = decorator (TYPE_PARAMS_OF_func())

The capitalized names like DEFAULT_OF_arg are not actually bound at runtime.

8.10.2 Generic classes

Generic classes are declared as follows:

[class Bag[T]: ... ]

This syntax is equivalent to:

annotation-def TYPE_PARAMS_OF_Bag() :
T = typing.TypeVar ("T")
class Bag(typing.Generic[T]) :
__type_params__ = (T,)

return Bag
Bag = TYPE_PARAMS_OF_Bag ()

J

Here again annotation-def (not a real keyword) indicates an annotation scope, and the name
TYPE_PARAMS_OF_Bag is not actually bound at runtime.

Generic classes implicitly inherit from typing.Generic. The base classes and keyword arguments of generic
classes are evaluated within the type scope for the type parameters, and decorators are evaluated outside that scope.
This is illustrated by this example:

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

This is equivalent to:
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annotation-def TYPE_PARAMS_OF_Bag() :
T = typing.TypeVar ("T")
class Bag(Base[T], typing.Generic[T], arg=T):
__type_params__ = (T,)

return Bag
Bag = decorator (TYPE_PARAMS_OF_Bag())

8.10.3 Generic type aliases

The t ype statement can also be used to create a generic type alias:

[type ListOrSet [T] = 1list[T] | set[T] }

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

annotation-def TYPE_PARAMS_OF_ListOrSet () :
T = typing.TypeVar ("T")

annotation-def VALUE_OF_ListOrSet () :
return 1list[T] | set|[T]
# In reality, the value is lazily evaluated
return typing.TypeAliasType ("ListOrSet", VALUE_OF_ListOrSet (), type_params=(T,
ListOrSet = TYPE_PARAMS_OF_ListOrSet ()

J

Here, annotation-def (not a real keyword) indicates an annotation scope. The capitalized names like
TYPE_PARAMS_OF_ListOrSet are not actually bound at runtime.
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9.3 sty dH

B3P o)A Qe b 2 B 78S AT

interactive_input = [stmt_1ist] NEWLINE | compound_stmt NEWLINE

FH39) EFES U3 R W 25 2 F ok Foll fdsf o Fuich shA7F 98 o] & A 8=
o] 23t

32 95 eval () o] AHEFEUTH o] 2= TS ZAFUT eval () o 2L A=
7} -2 42 A3 of g ok

eval_input = expression_list NEWLINE*
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The notation is a mixture of EBNF and PEG. In particular, & followed by a symbol, token or parenthesized group
indicates a positive lookahead (i.e., is required to match but not consumed), while ! indicates a negative lookahead
(i.e., is required not to match). We use the | separator to mean PEG’s “ordered choice” (written as / in traditional
PEG grammars). See PEP 617 for more details on the grammar’s syntax.

# PEG grammar for Python

# == == = START OF THE GRAMMAR ====================

General grammatical elements and rules:

* Strings with double quotes (") denote SOFT KEYWORDS

* Strings with single quotes (') denote KEYWORDS

* Upper case names (NAME) denote tokens in the Grammar/Tokens file

* Rule names starting with "invalid " are used for specialized syntax errors

— These rules are NOT used in the first pass of the parser.

- Only if the first pass fails to parse, a second pass including the invalid
rules will be executed.

— If the parser fails in the second phase with a generic syntax error, the
location of the generic 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 rules matter
(like any rule in PEG).

Grammar Syntax (see PEP 617 for more information):

#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
# rule name: expression

# Optionally, a type can be included right after the rule name, which

# specifies the return type of the C or Python function corresponding to the
# rule:

# rule_name[return_type]: expression

# If the return type is omitted, then a void * is returned in C and an Any in
# Python.

(h& sl o] A ol Al<%)
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el e2
Match el, then match eZ.
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, 1like 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.
e*

Match zero or more occurrences of e.
e+

Match one or more occurrences of e.
s.et

Match one or more occurrences of e, separated by s. The generated parse tree
does not include the separator. This is otherwise identical to (e (s e)*).
sge
Succeed if e can be parsed, without consuming any input.
le
Fail if e can be parsed, without consuming any input.

Commit to the current alternative, even if it fails to parse.

S o H S R H S R H S R O S R ¥ S R R S R R R R Rk R R R

He

STARTING RULES

file: [statements] ENDMARKER

interactive: statement_newline

eval: expressions NEWLINE* ENDMARKER

func_type: '(' [type_expressions] ')' '->' expression NEWLINE* ENDMARKER

# GENERAL STATEMENTS

statements: statement+
statement: compound_stmt | simple_stmts

statement_newline:
| compound_stmt NEWLINE
| simple_stmts
| NEWLINE
| ENDMARKER

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

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

| assignment

| type_alias

| star_expressions

| return_stmt

(th= s ol Aol A

By

=

)
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| import_stmt
| raise_stmt
| 'pass'
| del_stmt
| yield_stmt
| assert_stmt
| 'break'
| 'continue'
| global_stmt
| nonlocal_stmt

compound_stmt:

| function_def
| 1f_stmt
| class_def
| with_stmt
| for_stmt
| try_stmt
| while_stmt
| match_stmt

# SIMPLE STATEMENTS

# NOTE: annotated _rhs may start with 'yield'; yield expr must start with 'yield'
assignment:

| NAME ':' expression ['=' annotated_rhs ]
[ ('(' single_target ')'
| single_subscript_attribute_target) ':' expression ['=' annotated_rhs ]

| (star_targets '=' )+ (yield_expr | star_expressions) !'=' [TYPE_COMMENT]
| single_target augassign ~ (yield_expr | star_expressions)

annotated_rhs: yield_expr | star_expressions

augassign:
[ "+="
| | J—
| 9%=0
[ re="
| /=
[ '%="
[ '&="
[ "=
‘ TA_
| Vke=l
| '>>="
| rRE=
=

return_stmt :
| 'return' [star_expressions]

raise_stmt:
| 'raise' expression ['from' expression ]
| 'raise'

global_stmt: 'global' ', '.NAME+

nonlocal_stmt: 'nonlocal' ', '.NAME+

del_stmt:
(th sl o] A ol Al%)
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| 'del' del_targets &(';' | NEWLINE)

yield_stmt: yield_expr
assert_stmt: 'assert' expression [',' expression ]
import_stmt:

| import_name

| import_from

# Import statements

import_name: 'import' dotted_as_names

# note below: the ('.' | '...') is necessary because '...' is tokenized as ELLIPSIS
import_from:

| '"from' ('.' | '...')* dotted_name 'import' import_from_targets

[ '"from' ('.' | '..."'")t+ 'import' import_from_ targets

import_from_targets:

[ '"('" import_from_as_names [','] ')'

| import_from_as_names !','

I Tk
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

# ,,,,,,,,,,,,,,,
block:
| NEWLINE INDENT statements DEDENT
| simple_stmts
decorators: ('@' named_expression NEWLINE )+

# Class definitions

class_def:
| decorators class_def_raw
| class_def raw

class_def_raw:
| 'elass' NAME [type_params] [' (' [arguments] ')' ] ':' block

# Function definitions

function_def:
| decorators function_def raw

(Th& sl o] A ol Al<%)
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| function_def_raw

function_def_raw:

| 'def' NAME [type_params] '(' [params] ')' ['->' expression ] ':' [func_type_
—comment] block
| ASYNC 'def' NAME [type_params] '(' [params] '")' ['->' expression ] ':' [func_

—type_comment] block

# Function parameters

# ,,,,,,,,,,,,,,,,,,,
params:
| parameters
parameters:
| slash_no_default param_no_default* param with_default* [star_etc]
| slash_with_default param with_default* [star_etc]
| param_no_default+ param_with_default* [star_etc]
| param_with_default+ [star_etc]
| star_etc
# Some duplication here because we can't write (',' | &')'),

# which is because we don't support empty alternatives (yet).

slash_no_default:
| param_no_default+ '/' ',
| param_no_default+ '/' &'")'
slash_with_default:
| param_no_default* param_with_default+ '/' ',
| param_no_default* param_with_default+ '/' &'")'

star_etc:
| "*' param_no_default param_maybe_default* [kwds]
[ '"*' param_no_default_star_annotation param maybe_default* [kwds]
[ '*' ','" param_maybe_default+ [kwds]
| kwds

kwds:
[ "**' param_no_default

# One parameter. This *includes* a following comma and type comment.
#

# There are three styles:

# — No default

# — With default

# — Maybe with default

#
# There are two alternative forms of each, to deal with type comments:
# — Ends in a comma followed by an optional type comment

# — No comma, optional type comment, must be followed by close paren
# The latter form is for a final parameter without trailing comma.
#

param_no_default:

| param ',' TYPE_COMMENT?

| param TYPE_COMMENT? &')'
param_no_default_star_annotation:

| param_star_annotation ',' TYPE_COMMENT?

| param_star_annotation TYPE_COMMENT? &')'
param_with_default:

| param default ',' TYPE_COMMENT?

(Th& sl o] A ol Al<%)
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| 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

# ,,,,,,,,,,,,,,
with_stmt:
| 'with' ' (' ','.with_item+ ','? ")' ':' block
| 'with' ','.with_item+ ':' [TYPE_COMMENT] block
| ASYNC 'with' '(' ','.with_ditem+ ','? ')' ':' 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

(Th& sl o] A ol Al<%)
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except_block:

| 'except' expression ['as' NAME ] ':' block

| 'except' ':' block
except_star_block:

| 'except' '*' expression ['as' NAME ] ':' block
finally _block:

| 'finally' ':' block

# Match statement

match_stmt:
| "match" subject_expr ':' NEWLINE INDENT case_block+ DEDENT

subject_expr:
| star_named_expression ',' star_named_expressions?
| named_expression

case_block:
| "case" patterns guard? ':' block

guard: 'if' named_expression

patterns:
| open_sequence_pattern
| pattern

pattern:
| as_pattern
| or_pattern

as_pattern:
| or_pattern 'as' pattern_capture_target

or_pattern:
| "|]'.closed_patternt

closed_pattern:

| literal_pattern
| capture_pattern

| wildcard_pattern
| value_pattern

| group_pattern

| sequence_pattern
| mapping_pattern

| class_pattern

# Literal patterns are used for equality and identity constraints
literal_pattern:
| signed_number ! ('+' | '-"')
| complex_number
| strings
| '"None'
| '"True'
| 'False'

(o] A o] A el A] Al)

# Literal expressions are used to restrict permitted mapping pattern keys

literal_expr:
| signed_number ! ('+' | '-")
| complex_number

(Th& sl o] A ol Al<%)
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strings
'"None'
'True’
'False'

complex_number:

signed_real_number '+'
signed_real_number '-'

signed_number:

NUMBER
'-' NUMBER

signed_real_number:

real_number
'-'" real_number

real_number:

NUMBER

imaginary_number:

NUMBER

capture_pattern:

pattern_capture_target

pattern_capture_target:

!ll_ll NAME !(l.l ‘ l(l ‘

wildcard_pattern:

non

value_pattern:

attr:

attr (. | (" | '=")

name_or_attr '.' NAME

name_or_attr:

attr
NAME

imaginary_number
imaginary_number

(o1 sl o] Al el A A%

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_pattern+ ','?

maybe_star_pattern:
| star_pattern
| pattern

star_pattern:
| '"*' pattern_capture_target

(Th& sl o] A ol Al<%)
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| '"*'" wildcard_pattern
mapping_pattern:
‘ l{l l}l
| '"{' double_star_pattern ', !
| '"{' items_pattern ',' double_star_pattern ',
[ "{' items_pattern ','? '}’

1o

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 '

ll)'

' positional_patterns ',
keyword_patterns ','? ')'

' positional_patterns ',' keyword_patterns

positional_patterns:
| ','.pattern+

keyword_patterns:
| '",'.keyword_pattern+

keyword_pattern:
| NAME '=' pattern

# Type statement

type_alias:

| "type" NAME [type_params] '=' expression

# Type parameter declaration

type_params: '[' type_param_seq ']'

type_param_seq: ','.type_param+ [',']

type_param:

| NAME [type_param_bound]
| '"*' NAME
| "x*' NAME

type_param_bound: ':' expression

# EXPRESSIONS

expressions:
| expression (',
| expression ','
| expression

expression )+ [',']

expression:

4

U

(o1 sl o] Al el A A%

l)l
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| disjunction 'if' disjunction 'else' expression
| disjunction
| lambdef

yield_expr:
| 'yield' 'from' expression
| 'yield' [star_expressions]

star_expressions:

| star_expression (',' star_expression )+ [',']
| star_expression ','
| star_expression
star_expression:
| "' bitwise_or
| expression

star_named_expressions: ','.star_named_expressiont+ [',']

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:
| "mot' inversion
| comparison

# Comparison operators

comparison:
| bitwise_or compare_op_bitwise_or_pair+
| bitwise_or

compare_op_bitwise_or_pair:
| eq bitwise_or

| noteg bitwise_or
| lte_bitwise_or

| 1lt_bitwise_or

| gte_bitwise_or

| gt_bitwise_or

| notin_bitwise_or
| in_bitwise_or

| isnot_bitwise_or
| is_bitwise_or

(Th& sl o] A ol Al<%)
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eq_bitwise_or: '==' bitwise_or
noteq_bitwise_or:

| ('!='" ) bitwise_or
lte_bitwise_or: '<=' bitwise_or
1t _bitwise_or: '<' bitwise_or
gte_bitwise_or: '>=' bitwise_or
gt_bitwise_or: '>' bitwise_or

notin_bitwise_or: 'mot' 'in' bitwise_or

in_bitwise_or: 'in' bitwise_or

isnot_bitwise_or: 'is' 'not' bitwise_or

is_bitwise_or: 'is' bitwise_or
# Bitwise operators
bitwise_or:

| bitwise_or '
| bitwise_xor

' bitwise_xor

bitwise_xor:
| bitwise_xor '"~' bitwise_and
| bitwise_and

bitwise_and:
| bitwise_and '&' shift_expr
| shift_expr

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

# Arithmetic operators

# ,,,,,,,,,,,,,,,,,,,,
sum:
| sum '+' term
| sum '-' term
| term
term
| term '*' factor
| term '/' factor
| term '//' factor
| term '$' factor
| term '@' factor
| factor
factor:
| '+' factor
| '"-' factor
| '~'" factor
| power
power:

| await_primary '**' factor
| await_primary

# Primary elements

(o1 sl o] Al el A A%
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# Primary elements are things like "obj.something.something"”, "obj[something]",
—"obj (something)'", "obj"

await_primary:
| AWAIT primary

| primary
primary:

| primary '.' NAME

| primary genexp

| primary ' (' [arguments] ')'

| primary '[' slices ']'

| atom
slices:

| slice !','

| ','.(slice | starred_expression)+ [',"']
slice:

| [expression] ':' [expression] [':' [expression] ]

| named_expression

| NAME

| '"True'

| 'False'

| '"None'

| strings

| NUMBER

| (tuple | group | genexp)
| (list | listcomp)

|

[

(dict | set | dictcomp | setcomp)
\l L}

[ "('" (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 no 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+ '/' &':'

(Th& sl o] A ol Al<%)
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lambda_slash_with_default:
| lambda_param_no_default* lambda_param_with_default+ '/' ', '
| lambda_param_no_default* lambda_param_with_default+ '/' &':'

lambda_star_etc:
[ '"*' lambda_param_no_default lambda_param_maybe_default* [lambda_kwds]
[ "> ', ' lambda_param_maybe_default+ [lambda_kwds]
| lambda_kwds

lambda_kwds:
| "**' lambda_param_no_default

lambda_param_no_default:

| lambda_param ','

| lambda_param &':'
lambda_param_with_default:

| lambda_param default ','

| lambda_param default &':'
lambda_param_maybe_default:

| lambda_param default? ','

| lambda_param default? &':'
lambda_param: NAME

# LITERALS

fstring_middle:
| fstring_replacement_field
| FSTRING_MIDDLE
fstring_replacement_field:
[ "{'" (yield_expr | star_expressions) '='? [fstring_conversion] [fstring full_
—format_spec] '}'
fstring_conversion:
[ "™!" NAME
fstring_full_format_spec:
| ':'" fstring_format_spec*
fstring_ format_spec:
| FSTRING_MIDDLE
| fstring_replacement_field
fstring:
| FSTRING_START fstring_middle* FSTRING_END

string: STRING
strings: (fstring|string)+

list:
| "['" [star_named_expressions] ']'

tuple:
[ "(' [star_named_expression ',' [star_named_expressions] IR
set: '{' star_named_expressions '}'
# Dicts
# _____
dict
| '"{'" [double_starred_kvpairs] '}'
double_starred_kvpairs: ','.double_starred_kvpair+ [',']

(Th& sl o] A ol Al<%)
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double_starred_kvpair:
| "**' bitwise_or
| kvpair
kvpair: expression ':' expression
# Comprehensions & Generators
for_1if clauses:

| for_if clause+

for_1if_ 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

# =====—————————————————c
arguments:
‘ args [',l} &l)'
args:
| ','.(starred_expression | ( assignment_expression | expression !':="') !'=")+_
—~['," kwargs ]
| kwargs
kwargs:
| ','.kwarg_or_starred+ ',' ','.kwarg_or_double_starred+

| '",'.kwarg_or_starred+
| ', '".kwarg_or_double_starred+

starred_expression:
| '"*' expression

kwarg_or_starred:
| NAME '=' expression
| starred_expression
kwarg_or_double_starred:
| NAME '=' expression

| '"**' expression

# ASSIGNMENT TARGETS

(Th& sl o] A ol Al<%)
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# NOTE: star_targets may contain *bitwise_or, targets may not.
star_targets:

| star_target !','

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

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

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

star_target:
[ '*' (!'*' star_ target)
| target_with_star_atom

target_with_star_atom:
| t_primary '.' NAME !t_lookahead
| t_primary '[' slices ']' !t_lookahead
| star_atom

star_atom:

(' target_with_star_atom '")'
'(' [star_targets_tuple_seq] '")'
[" [star_targets_list_seqg] ']'

single_target:
| single_subscript_attribute_target
| NAME
| '(' single_target ')'

single_subscript_attribute_target:
| t_primary '.' NAME !t_lookahead
| t_primary '[' slices ']' !t_lookahead

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

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

# Targets for del statements

del_targets: ','.del_target+ [',']

del_target:
| t_primary '.' NAME !t_lookahead
| t_primary '[' slices ']' !t_lookahead

| del_t_atom

del_t_atom:
| NAME
[ "(' del_target ')'
[ '(" [del_targets] ")'
[ "['" [del_targets] ']'

(Th& sl o] A ol Al<%)
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# TYPING ELEMENTS

# type_expressions allow */** but ignore them
type_expressions:

','.expressiont+ ',' '*' expression ',' '**' expression
','.expressiont ',' '*' expression
', '.expressiont ',' '**' expression

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

| '"**' expression

| ','".expression+

func_type_comment:

(o] A | o] A el A Al)

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

| TYPE_COMMENT

# m==mmmmmmmmmmmm—eee e = END OF THE GRAMMAR ============= ========——== ==
# ===============c==z=z==== START OF INVALID RULES =======================
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>>>

2o s
c E027) 9 IE B TES QYT W, AL o) FE TEA(BE, BT, FBI) o]
sEgqe seo]e) A4 F9 T34y Ae] 8 sol W ZEZE.

2to3
ol 2x TEE Fo|H 3x TR ‘ﬂ%"‘ﬂ HA A3 =AU, &22E 77 BAL 7
4 EZE FA5A 75‘]@4— A= R EY v sddS Ut
2t03 + EF #Hol B g oA 1ib2to3 2 ﬂllﬁw/} SHHACE AYT F Y= 2THEE
Tools/scripts/2to3 & Al-&H Yt} 2to3-reference = EA]}L

abstract base class (34} # o] 2 Fa| ~)
S o) s 2t hasater () 2 T2 HIYE] BAFAY v REHA ARE (IS 5
& w A =) A, AE o]~ 7‘4«]3}% S AlET o2 G Elo] g & B s Tth ABCE 7}
AAE ZH2E T Yste, FU2E ASTHA "}qu/ﬂ_l_isinstance() 9} issubclass ()

01] o8 #AE 5 A& %ﬂ%éc YUt} abc 5 AHAE BA LS. Fho] o= @2 W ABC
Sol et v 22 A5 54Ut A8 X (collections.abe BEEA), A
(numbers ZENA), 2EH (io BEIA]), AL E I8¢ £ (importlib.abc EEA]).
abc BE& AHS3lA] AHAIREe] ABCE THE #E AFUTH

annotation (o] =] 0] 4)

ol whe ¥ GE 2 ASHE WS, Foa o EYHE B P45 vl aS ket g 429
glo] & dth

Aol 9o ofierlo] e A A7kl AN AT 4 AT A W, Féhs £4 9D P ofx
HolALe 2zt 5, Zdl2, 842 _ annotations_ EF oEZHE AF 43 14 }.

See variable annotation, function annotation, PEP 484 and PEP 526, which describe this functionality. Also
see annotations-howto for best practices on working with annotations.

-

argument (¢l 2})

FrEE2YW U5 (EEWAD) 2 ASHE T FRY A4 A5
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719 & 9l ]—(keywordargument) St 3= “tﬂX]J]— Qrof] B2 Q1 2} (o] & £ 9, name=) =&
*x 5 Qko] B9l YA E R ﬂ“ﬁ = AL A E Eol, tha3 22 complex () T A 33
55 2F 719 = Adxd Ytk

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

o 2 X] AR} (positional argument): 7]
UL A olE 2 & 9 el x &
35 e wT R AR,

jL
—& [
_>.i

complex (3, 5)
complex (* (3, 5))

Qb G4 kel 9] o] § 2o
e AL EYACR, oW
0 ek

g0 29 w72 =3} FAQ A 9l 219} w7} W 42 9] Xpo] 9} PEP 362% B A| 2.

asynchronous context manager ()% 7] ¥ A E #a] 2}
An object which controls the environment seen in an async with statement by defining ___aenter__ ()
and ___aexit__ () methods. Introduced by PEP 492.

7)o} 4ol th AU of B gol 485 7 A5l el A
28404 AR AEE 4 AHUTH 7R el A

asynchronous generator (8]%-7] A4 ?—ﬂ °] E)
H5 7] Al gl ol o] Bl ol & FE ¥ asyne def 2 A= E
%ﬂﬁﬂmfmrf4ﬂ4%ﬂ”°%ﬂ$&4‘%%@Etymmgﬁ
eyt
HEuls7] Alvd el g5 7 7| A R ol ' Bl o A= 15 7] Al dlelH olE#olH &
Zhe AU th o 2otk Y7t B EehA] g2 B9, AT S E NN E5 TS T
v 57 Alvd oy St await EAAY, asyne for B3} asyne with & XS 4 95
Yt

asynchronous generator iterator (B]-% 7] A4 & o] €] o] e & o] E])
v 7] Ay d o] E] 471 st = A A,

u—7

off

P ® Eol
3

the o]

% o

This is an asynchronous iterator which when called using the __anext__ () method returns an awaitable
object which will execute the body of the asynchronous generator function until the next yie1d expression.

Each yield temporarily suspends processing, remembering the location execution state (including local vari-
ables and pending try-statements). When the asynchronous generator iterator eftectively resumes with another
awaitable returned by __anext___ (), it picks up where it left off. See PEP 492 and PEP 525.

asynchronous iterable (V] 5 7] o]g]g] &)
An object, that can be used in an async for statement. Must return an asynchronous iterator from its
__aiter__ () method. Introduced by PEP 492.

asynchronous iterator (B]-£ 7] o] €] & o] €])
An object that implements the __aiter () and __anext__ () methods. __ anext__ () must re-
turn an awaitable object. async for resolves the awaitables returned by an asynchronous iterator’s
___anext___ () method until it raises a StopAsyncIteration exception. Introduced by PEP 492.

attribute (o] E 2] H =
A value associated with an object which is usually referenced by name using dotted expressions. For example,
if an object o has an attribute a it would be referenced as o.a.

It is possible to give an object an attribute whose name is not an identifier as defined by 21 & 2} 2} 7] 9] =,
for example using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted
expression, and would instead need to be retrieved with getattr ().

awaitable (o] §J] o] €] &)
An object that can be used in an awa it expression. Can be a coroutine or an object withan __await__ ()
method. See also PEP 492.
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BDFL
2] 2 -8 F A1 5 2] 2} (Benevolent Dictator For Life), < Guido van Rossum, 3}o] A o] A 2},
binary file (W}o] 2] 3}4)
A file object able to read and write bytes-like objects. Examples of binary files are files opened in binary

mode ("rb', 'wb' or 'rb+"'), sys.stdin.buffer, sys.stdout.buffer, and instances of io.
BytesIOand gzip.GzipFile.

str ARE 912 45 gt o AR AL B A 5 =

wy

Z3hA 8.

borrowed reference
In Python’s C API, a borrowed reference is a reference to an object, where the code using the object does not
own the reference. It becomes a dangling pointer if the object is destroyed. For example, a garbage collection
can remove the last strong reference to the object and so destroy it.

Calling Py_INCREF () on the borrowed reference is recommended to convert it to a strong 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 (v} o] E G F A A))
bufferobjects & X]ﬂf"}J—C A5 HAE JAXE T S FULE o8 F memoryv1ew AA S
E 20|31l bytes, bytearray, array.array AA &L Y} H}O] EF AAE2 vlo]
g ol & T o8 717 Axbsel AH8E £ AdFUThH 945, vtol v e St E A, &
FHAEFE EL AE] dFUTH

=

tlo % rlo

H AWE-L vpol i el HolEl A Y B AGUT olF o) AHAL FF el
» 7] vlolEdE AA”y AT ) }‘?‘i bﬂfﬂ MA| o] o] 2= bytearray & bytearray 9
nenoryview 7t G YT, THE A% e wholue) Holel kSl A (417 A8 vhol =t
AR o AFEHE=E QUL o]H AE9 o2& bytes bytes A A 2] memoryview 7}
AEIES

bytecode (H} o] E F &)
ol N A FEFulo|E IR 5t E =, CPython QB Z 2] E]o]| 4] ool Z 2 T4 o] W 7
EAULh dlo]E TTE pyc Aol A A o], 22 51AS % wA) A e ) o wepa A s
e}zl A B0l S I=20) A A S 1T, o] “F 2 Aol £ 2} vhol = mEol
Sk IS AAsE 1 7170 o4 ABHED YTh ol TEL AZ the shol
7HE 71 A A ZHed A E 7 sHA &, Tho] A B3 Zhof] HA Aol A = E‘r\_ Aol 23] oF
ot

HlolE I & HEo] 5o B22 dis BE A YA L& th

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 implementsthe __call__ ()
method is also a callable.

callback (Z4¥)
A2 AL = v 2o o= A Rol A AR A H FE B4
class (22 2)
g7} o) S
cHAE Y=
class variable (22| A ¥H$)
2ol BYFH I FHHE T (F, FHLY A2 2o A7} of e} o A v A= = WS,
complex number (& 4 4%)
o153t A4 A 2Hle] G, BE £A7} A5 B
o] 315 B9 (19 AFD E FE A, 32 oAl
ol e Ao BIWE 2k Bard /2 A AT

b o
o ¢
5

AW

o
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o],3+13. math RS Bas wde] DL HY, crath® ASFUTH Base] B8L )
° 234 /)5 Ut Besttha Lr)A FaThE, A9 45 FAHE EEUh
context manager (€ A E 3]z}
An object which controls the environment seen in a with statement by defining __enter_ () and
__exit__ () methods. See PEP 343.

context variable (Z1 | A E WS
Ao npel the ghe 7hd 4 Qe 2} 8 2 = 7h Mol s ThE e A 5
e ade-2 AFgae) H]’\ﬂ‘/h’/} ] HE B3l shube] A A= of g
AU} 98 5 on DAL ol £ GEE TS A HAZNH U5 FAst

AYJYth contextvarsE IR A L.

contiguous (A<
H 3 &= A &3] C-A S5 (C-contiguous) ©) Ay EE 2 A< (Fortran contzguous )4 W] AL ozt JAFY
o 33 W H = C A% o MA EET ALY UTH AR wj Dol A, FBES A= ol S A3, 0
A A Al 28k @ Ak A E 0] A TR W & g of] vl x| = of of gtk ThAb C-A < nl Gofl A,
iz F49) $AUE FREL L W kA % A A7) A1 we W AW, EE D
S ol A, 3 WA A8} e g o,
coroutine (T &)
sEe Aneee) o Aty Y. Aagee 347 ok A7
%Z“/] t}. i?‘ﬂ% o o2 A H el A XV?J@}L % &1, 7R 4 5T o] AE2 asynce
def 2o g8 F3ST 4 9

coroutine function (Z. €l &)

FZE ANE BT 4. ZFE 4= async def—roi Ao)E 4~ 931, await & async
forﬂ—async with 7|9 EE £33 4 95Ut o] AE L PEP 492 9] 93l =4S PS5t}

CPython
slolW g 1)y Adojo] FH A 23 oly, python orgo| Al W Z g Yt} o]
IronPython 3} 22 th& 21 534 ?‘%@' 23 7} & uf] 80 “CPython” o] AF&-H Y
decorator (6] Z#] o] ¥])
g2 s EgFE g4, BE urapper B HS AFR S S AZto g Ao H ULt g 23
o] E}_,] 3‘?_]— of = classmethod () ¥ staticmethod () YU Th

v ole B wA Ao BHY Bk B F I Aot v go s B5F

s N

def f (arqg):

J.l

&S Jython o]}
o},

f staticmethod (£f)

@staticmethod
def f (arqg):

L J

e Agol S EARAT, @ A5 AUk vl @ ol Bl tha o AT F§-2 T
Aof g Fef s Ae] o ARAE Hd Pk,

descriptor (t] 232 HE])
Any object which defines the methods ___get__ (), set_ (),or __delete_ (). When a class at-
tribute 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.

Dz g WAESe e AAF YL o2 e TE e OaadE A A
Uk

dictionary (9 4 1] 2])
An associative array, where arbitrary keys are mapped to values. The keys can be any object with

__hash__ () and__eqg_ () methods. Called a hash in Perl.
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dictionary comprehension (5 A 2] A=z 3A)
olElZl Bl e 24 FAY LR E Agsty 2HE 2 MY E et AT
results = {n: n ** 2 for n in range(10)}<Ztn * n
MUeE AU 2k, A9 g el o] tas e o] (display)& FZE8H Al L.

dictionary view (5 A 2] H)
dict.keys(),dict.values(),dict.items () WA EZ} B8 FE= AANES I8 &l
2EUr ol A5 S gAY RS B FAA B2 AFSEE, AU WAD W, o
o] M35 kg dt= Seduth 9 v e FE ST 2|2 ER v | list (dictview) &
AR5 FH Ut} dict-views S H A Q.

docstring (5 A E )
A string literal which appears as the first expression in a class, function or module. While ignored when the
suite is executed, it is recognized by the compiler and put into the __doc___ attribute of the enclosing class,

function or module. Since it is available via introspection, it is the canonical place for documentation of the
object.

duck-typing (< €}¢]3)

0

[¢]

SUhE Qe o] 28 ZHAEA) BRehed 49 YL HA ez A0 g4, B
HAEYAEREZGSEHAUY ARG HYUTH“Le|AH Hol 2ejAd AAdy, 272
egth”) 55 Y iAo Qe o] AE AxFomN, F AAH ZE+= P A XSS 53
c2A Fa8S NAE S J5UTh 9 Brels2 type () ©lUisinstance () & AR AAME
SR (3L AT, & eho] M o] 4t o] - Z e~ 2 w.ekE & 9l 2ol §olaof ghlch) oA,
hasattr () AAFPVEAFP T2 18-S &t}

EAFP
32 E o= 8415 +£3517] 7} 4 v} (Basier to ask for forgiveness than permission). ©] &3] B 4 3=
gtol A T AL, SHIE U o EFREY A E 7Pk, 2 VM o) £ W 9 E S
Ut} o] 2B WE AHAL B cryof except £ EAZ EAAAR T of Hl2YLC

oF 22 o2 W2 Aofol M A5 A= = LBYL 2~ 8p 3 i vl g Y o

expression (.3 2))

ojE Fto 7 A = FHAEAN 27 g2 U 135, 242 ZHE, o], o EEHE
DA 2, A4, T 22 S EEFE R Q4ES Fol 28 AY YT o2 W o9}
xAozg, BE A FAES AN AL obdUth whileXq, EHA 0 Z AT+ Q=
T sl dsuUth oY =3 o)A, ¢ 4 o] of gt

extension module (&% 2 &)

f-string (f-F2}12)
£ RS el B AL B ES E8 R g Rasd, 2 £ 2 H Y
o] 292 YUth PEP 498 2 B A 2.

file object (3} 21 A])
An object exposing a file-oriented API (with methods such as read () or write ()) to an underlying re-
source. 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.

AA 2= Al 772 3 AA S0l Ut & (raw) HFo] A 2] 3}, ¥ 3] = (buffered) vl-o] U 2] 9t<,
BiE 519 o] 29 Aol Ak o REANA AP 3 AAE e FE A YL
open () ¥FE 2= AYUrh

file-like object (3} Y7 2 A))
okl 24 9 wl%e .

filesystem encoding and error handler

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

The filesystem encoding must guarantee to successfully decode all bytes below 128. If the file system encoding
fails to provide this guarantee, API functions can raise UnicodeError.
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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 () func-
tion: see filesystem_encodingand filesystem_errors members of PyConfig.

See also the locale encoding.

finder (3}21t))

AZEY BEL 3 =0 2 Fo 1 AL A%

=

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 9] E A]~Hl and import1ib for much more detail.

floor division (3 4> 1} A)
7VE 7V A2 W E sk 84
49 e 27 H AT AL e
82 Hx

ol 23 of P T} PEP 23

function (g+4)

A, A4 e QA // th o & 5o, 88411 //
2.752 EHEF YL (-11) // 47}-2.752 WY & -39]

SEAAA AHE FE BHFE A9 A, GAY I o) AR 7 AEE 4= 9l vy 9
Ao AbgE = JFUth v/ dl v = o} Sh Ao AT HA S
function annotation (T4~ o] - ¥ o] A)
g} 7kl of - H| o] A
)

R RIS ERRRT )
A

P4 o meolde utH oz 9 JE 2 AR ol & Sol, o] B4 F /9 int AAE
wol5 e Aoz 7t 1, S int B S E A= At E YT
def sum_two_numbers(a: int, b: int) -> int:

return a + b

T)‘L/\O%LH]O]A:}—E- .‘9_.?'5‘3 2 9] 7(401]/\-] /\JD:]‘quE].

See variable annotation and PEP 484, which describe this functionality. Also see annotations-howto for best
practices on working with annotations.

future
A future statement, from ___future_  import <feature>, directs the compiler to compile the
current module using syntax or semantics that will become standard in a future release of Python. The
___future__ module documents the possible values of feature. By importing this module and evaluating its
variables, you can see when a new feature was first added to the language and when it will (or did) become the

default:
>>> import __ future_
>>> _ future__ .division

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

garbage collection (7}8] 2] 4~ A)
O MG A o W B el 2w et AR shol e FE A5 F AN FE £ PAFLZE S
A= =& 7A FAZE T 7H A S AE SR FUTE 7HEIA A= ge RES AHEEA]

A+ dsUch
generator (%] ] & o] €])

A elole o el oy & BHEE 4. AW FLAY DA
W42 Pt Fol hFUTh o FEL for-FZ 2 A3 AU next () B5 2 & Wof sht
8 A 5 9%k

HE AV o) e §5E 7hel A AW, of | o] e A g0

S S 7l e Be AE L, BT B0l A LETE GAT,

generator iterator (2] U] & o] €] o] €] & o]€])
Ad el ol e 7t t=E A,

160 Appendix A. &3


https://peps.python.org/pep-0238/
https://peps.python.org/pep-0484/

The Python Language Reference, @ 2] 4 3.12.4

7 yiclat AACE A2l FUSL, TN (A ALER 7] F9 iy-FES EPHE)
A AEE 71T Aol ol @Ol g Zh A W, W 3o 2 B gt (S E 0

PERE RS e R

generator expression (Xﬂ vdlolE] 3 4])

e OBl & By Rt B4, £ W59 WHE Fshe for AH A% /b5 ir Bol Hof
gr AR Edd AY LUt 20 EAAL B0 A A2 RES BEC WU}

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81

285

generic function (A 8 <)
2 AN AR g2 FEd s 7+ oA T2 FAE
EV\JHX] gzl s 478 F Uk
AlZ o)~ %] £o]F] &3} functools.singledispatch () HZ & o] E]} PEP 443% X A Q.

generic type (A1 )
A type that can be parameterized; typically a container class such as 1ist or dict. Used for rype hints and
annotations.

b

5. 5E W o H THo] AR L

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.

GIL
Ao B zeH & & HAL

global interpreter lock (A9 Q1] Z 2] &)
B ¥10] 9 Fpel e =] Sfol el ol = 5= & AUES WG A3 CPyon AH 22
B2} A8 3 17 U 2. (dict 9 2e 583 2 Eoaht) A7 BHo] HAHOE 54
o 4| 2:0] T3] SHABIE = TS o] M CPython 78 & W el Al WHE U ok, 1B mele] A& P
AL JHZEE & thFad =3er] A vt g4, ths ii*ﬂ/ﬂ 7)1 A7} Al &8k M 239
O i R g A=

However, some extension modules, either standard or third-party, are designed so as to release the GIL when
doing computationally intensive tasks such as compression or hashing. Also, the GIL is always released when
doing I/0O.

(B 9 uA A 26 b ol HE F1s)“Ad T o) A-G 2 - (free-threaded)” Q1B Z 2| E] & WH5 1.2}
she HAL =82 "3%75.0111 ZAed, T3 Fd =2 AA B9 s A6t s Wl E 9
Yt o] 4% ] AL FHZ IR HG5H ”}t"]/ﬂvz] H]'Q‘O]‘:ﬂaoiﬂﬂoi
o] AL ;l [BR=

hash-based pyc (3l A] 7] %} pyc)
FEAS IE7] A8 G 2 5L FHF 5 Al To] ofd FAIE AR Bl vl E T E A A
3. A S ol E T = R E5S AREA L.

hashable (3] X] 7}%)
An object is hashable if it has a hash value which never changes during its lifetime (it needsa ___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.

AN b5 AR G A A ge) MR A8 Y 5 A e, o] AR TR E
iAoz A ke AFE st ol = Yo
52 el o] X W AR E2 Al 7 FuHh (Rl2Eu g v e Z22) 7 AH ol s2
a8 dFUth (FEoltfrozenset 2-2) B9 AH oJUEL 259 8450 A 75 & wf vt
A b g e gt A8l Felse] Al AAEE ARA 02 HA STtk (4]
A g Algetils) BF 2l v E AL, A g2 id () 2 R BEol Yt

IDLE
An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter envi-
ronment which ships with the standard distribution of Python.

m{
JLJ
Iz
o
rlr
N,

0N

immutable (£%)
DAY S e AR, B AN 54, B, FES 2R o d ANSLS WAY 5 ¢
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Solok gtk WA ¢k s Al ghol glof of st 3ol Al

import path (¢} %
A2 7]HLE}OJ A3 AME= FAE (EE Aw dE

2] 9
path X8 S5 SA% AL A4 39 3

@i

importing (2 3 €)

3 R EQ glo]lH FEVITE REQ glo|H FEA ALLE F JEE 3= F A}
importer (¢} Z€])

EEE 37| = st 2E 817
interactive (¢} &3)

gho] & o513 ez 2] E

=
=
i, %7 AWE A7 B 5

bt
ok
rlr

AR; Ao Tl o)A =1 AA YTk

]

3 gled), AEEelE 2ol 2 XA 49U 2
che Sk 94 flo] ©A) pythong AT 2 (AFE
7 =

FulFolA AEste A 7Fed 5 AsUThH. Al otelt o & AAS AV ZEL 37| AE E49
O = w9 2 s ] U th (help (x) & 71 9 5HAI R).

interpreted (¢JE] Z 2] €] &)
HlolE 3 & HAupd 2o &4 wfjFoll 2 7 0] s8I A 7] = sHA ¥, sho] K2 kY A of 7} of
?%01131 ‘ﬂa 0*01?3‘/]‘3} o] A& “37\]75133 A utdS HEA GuE, ax IS FH AE—E%E

QOJEE} _7H‘:‘EL/D]‘H7‘ IE *%1411}.1’4%

interpreter shutdown (Q1E]Z2]E] £ 8)
Botgte S WS u, Sto] A A ZEH =

S63 2 Fox BTG, £2, 14 oA
e W EEFLTh A8 B 33 At weakref Sl 9l RES 9] AP L AHAD 5 U
Utk 5 A7) B ARSI L TE gkt o9 52 whd S Qe 150] 9| EahE AU Eo|
B 715 5HA) 9 4 Q7] MEQUTHED ol & eholuef e BEolU 41 ZAEIUhH

JHZEH £E2 FH 92 A= __main_ BEINU2IHEAIY S ZYE AGUTh

iterable (o] €] 2] &)
An object capable of returning its members one at a time. Examples of iterables include all sequence types (such
as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and objects of any classes
you define with an __iter__ () method or witha ___getitem () method that implements sequence
semantics.

Iterables can be used in a for loop and in many other places where a sequence is needed (zip (), map (),
--+). When an iterable object is passed as an argument to the built-in function iter (), it returns an iterator
for the object. This iterator is good for one pass over the set of values. When using iterables, it is usually not
necessary tocall 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.

iterator (o] €] & o] ¥])

An object representing a stream of data. Repeated calls to the iterator’s ___next___ () method (or passing
it to the built-in function next () ) return successive items in the stream. When no more data are available
a StopIteration exception is raised instead. At this point, the iterator object is exhausted and any fur-
ther calls to its __next__ () method just raise StopIteration again. Iterators are required to have an
__iter__ () method that returns the iterator object itself so every iterator is also iterable and may be used
in most places where other iterables are accepted. One notable exception is code which attempts multiple
iteration passes. A container object (such as a 1ist) produces a fresh new iterator each time you pass it to the
iter () function or use itin a for loop. Attempting this with an iterator will just return the same exhausted
iterator object used in the previous iteration pass, making it appear like an empty container.

typeiter o] T Z}A 3 W& 0] Ql5 U Th

CPython =& 4} A]: CPython does not consistently apply the requirement that an iterator define
__iter__ ().

162 Appendix A. &3



The Python Language Reference, @ 2] 4 3.12.4

key function (7] )
7] @ B+ Fd o] (collation) T+ F 4 (sortmg) o] 1} vl & (ordering) o] AHE-H & Fh= &
FHEYYLE 9 & £9], locale.strxfrm() < Z2AI EZ YA S mzE= FE 7| & =

Ae8 Y.

ol MY W2 =7t QAT 0] o @A A AoJA AL Fol=A & Alolstr] f& 7] & ot
EYJUth ol#d A& +=min(), max (), sorted (), list.sort (), heapg.merge (), heapq.
nsmallest (), heapg.nlargest (), itertools.groupby () ©] U5 Yth

rr N
& rr

There are several ways to create a key function. For example. the str.lower () method can serve as a key
function for case insensitive sorts. Alternatively, a key function can be built from a 1 ambda expression such as
lambda r: (r[0], r[2]). Also, operator.attrgetter (), operator.itemgetter (),
and operator.methodcaller () are three key function constructors. See the Sorting HOW TO for
examples of how to create and use key functions.

keyword argument (7] $] & 21 z})
12 & HA L.

lambda (&t}
529 1 ol AL e Fa4 o= T4T o F Gt Aetd B4 BT P4E wEE
EHL lambda [parameters]: expression Yt}

LBYL
= 7] Aol B2} (Look before you leap). o] ZH AELY 2 T Z o)L} 23] & 317] Aof| A H o= AR
ZAEE AAFUT o] 2B Y2 EAFP @Eﬁ#qﬂ]ﬂl, B2 i i EANE EZA AP Y T
o3 g = %ﬁﬂ]*i,LBYL A2 “H 77" <H 77 el A 202 WA 2 Al As5Y
t}. o & 59|, ZE if key in mapping: return mapping key] = AAF &, 3R 9 23]
Aol, o2 28 =7 keyE mapplngq]/‘ﬂ A ASH Ao 5 5yt ol# o]+ F o]} EAFP
W2 A TenH 28 5 duith

list (2] A E

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 (2] AE 7 Z 231 4)

ABAY 84S AR EE AR E Aelshn 1 ATE P AET BURE A% B, result
["{:#04x}". format( ) for x in range(256) if x % 2 == 0] =00°J A4 255 A}o]o
£S5 1674 (Ox.) 58 EATe £ALS H2ES WEUL i AS ALk 5 g
*g&,kﬁ},_,range(256)°ﬂ§l% BEE 247 Aeg

loader (2¢])
EE5< 255k A4l load_module () o]gh= l%—-‘ﬂ =g Fosor gt 26+ 5 v}
oy 7l =85 Yt AT W2 PEP 302 &, A H|o]2 S8l & importlib.abc.Loader
£ HA L.

locale encoding
On Unix, it is the encoding of the LC_CTYPE locale. It can be set with Locale.setlocale (locale.
LC_CTYPE, new_1locale).

On Windows, it is the ANSI code page (ex: "cpl252™").
On Android and VxWorks, Python uses "ut £-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 (v} 2 v A =)
S5 u A= o WA Al W5 e T

mapping (7} 3)
A container object that supports arbitrary key lookups and implements the methods specified
in the collections.abc.Mapping or collections.abc.MutableMapping abstract base
classes. Examples include dict, collections.defaultdict,collections.OrderedDict and
collections.Counter.
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meta path finder (W€} 7 & 3} 2l ¢])
sys.meta_path o AAo] B FL shel). e} A= el e 22 ez sheld o Bes ol
9171 % B A b,
el A2 37t F86t= HAEE A= importlib.abc.MetaPathFinder & HH
U,

metaclass (W€} 2 2)

¢

Sejzo) Seh Fels Aot T ol F, Ze s GAU e, Mo & T 0] BEL wETH
Ao} et of A SLAE Wol A Hel B B A2 T ool AR A %
Y RlolEe /12 TAL AT, ol g SWopl V=L A ALY e FAAg e £
STk A Ak o8 A A A o £l A8 AL AT, D2oL 4D ), e 2 A
BERL obe UL AZTUC o2 HE AA 2] 27 (ogeing), 2 = AL 27,
A7) A 34, AZE TR B O 2ol A% T

ME 2o ol A A S 8 Be 5 A5 T

method (W] A &)
EE TR R e T PSR
A AR oA (B E self
BEAL

method resolution order (W] A & Z2 A £ 4])
Method Resolution Order is the order in which base classes are searched for a member during lookup. See
python_2.3_mro for details of the algorithm used by the Python interpreter since the 2.3 release.

module (&)
s}o] A o] Fds

rr
al(f
of
o

AT Y= AN, BES 999 st A ANES
A
=

ol ] 3f 3o 06 2 = =g ok

module spec( 5 A9

BEES R AR E ¢

ModuleSpec o] QIAEH A
MRO

HAE 24 A4 5 RA L.
mutable (7}H)

7hH AR = grol W = QA Tid() v €A AU B T HA L.

named tuple (V] = -‘rE,- Z)

m
fm
rd
r

RAEESHL o] & &7t importlib.machinery.

rr

%l

o

“named tuple(V] 4 = F&)” ol 2k & ol FEolA 458t o] 82 o ERHEE AHE 5ol <
g ole 220 QA2 T e BE Folu 2zl A8F Ut Folu Sdxdls

e 15 E 98 4 gk

time.localtime () ¥ os.stat () 7} QE&S & 2331, o W F P ol I = FZYUth
T o}2 o= sys. float_infoYurth:

>>> sys.float_info[1l] # indexed 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 t uple and that defines named fields. Such a class can
be written by hand, or it can be created by inheriting t yping.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 (¢] S Z7bH

WAt A S g, o8 e gAY 2 AR U ARl 21T ol F T2 (FIAE o A)
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namespace package (°] & 3 7} 2| 7] #])

LA A sf7] A &2 AH ol 2 ¥ 7|58k PEP 420 3 7] #]. o] 5 & 71 A& =2

%i% FE 903,538 __init_ .py dtdo] lemE A4t 374 2k= vhE T
A=

EE HASL
nested scope (ZHH A7 2)
EHR Ao HEE Fxe= Y. dE S0, v T U RAA FYH =
Y= HFES AR L YSULY P a2FzE=7EF o2 = I /s &)
A=t Ao FYsfof Futh A H M2 7HE "H—‘lj*«] ATz A A FUTH
A AFE2 A o] 5 3ol A ¢l FUTh nonlocal & H]”é'/\:?’_l’-oﬂ 2E A

new-style class (- A€}l A

kot A, A, W olF T3] dsUTh olF & o5 FES YA REALS
24U oA & S0, T bulltlns open¥os.open () = 159 o5 &7l g +EF Y
th E3 o] 5 F 2 oW BEo]l & T =AE BB A wEolA FEAA T F A Had el
E2SFUH A& E99, random.seed() = itertools.islice() Bt 2 11 T4 E o
Z+Z random I} itertools BE o8 + &= o] HEs U

Old name for the flavor of classes now used for all class objects. In earlier Python versions, only
new-style classes could use Python’s newer, versatile features like _ slots__, descriptors, properties,

_ _getattribute__ (), class methods, and static methods.

object (7} A])
FH (IERREW ) & 22 FH (WA L) o] Ao B HolH. 3L ZE 7o
o] HFA A o]~ FefadyTh

package (3] 7] %))

e

y

g

A Python module which can contain submodules or recursively, subpackages. Technically, a package is a

Python module witha __path___ attribute.
At 7)1 A] 2} o] 5 79| 7] A = HA L.

parameter (7} 7} ¥ 4=
6Lf~ (== Uﬂ}ﬂ‘:) x],]oﬂ}ﬂ 614:7} Q}é%:?
22 ‘?l]E]E] A FF7 AR S5
o ) X-71 9 = (positional-or-keyword): ] 2] Q1A v 7|9 = 22 & A
Ytk o] Aol 71& FEjS mi/f A g U A&

[def func (foo, bar=None) :

o 9 X]-A & (positional-only): Y} X Z 9 A2 4 3
0% Aolo] S B2o] / BAS E ot
ol| A posonlyl =} posonly2:

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

* N1 E-H& (keyword-only): 71 =2 Al 52 5 9= AAE AA I 7| E=-H-& v 7A
G s 4 98] S ARG 2 A shol S1el 78917 sl AR+ 8 o) T A
A sk 5 QlH5Urth ol & Eo, th2 ol A kw_onlyl 2} kw_only2:

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

)

o 7}H-9 X (var-positional): (TFE vl 7] H4S ol o S A
ASE = A= AA QA= A A FAE A Fch o] w7
* & g qu/ﬂ Aeold 4= AdF Ut & 5] oo A args:

W A

ool Lol A4 AA g Kloh

o] &l

[def func (*args, **kwargs) :

J

s 7HA-ZI ) = (var-keyword): (th& Wl 7| =5 ol s A o m] ol5 o] X 7] = Q1 AFEof] Tl 3l)

AZE 5 9 999 A4 ANE ARES QAT o)A v v
2 grofl 2ol A FolF 4 EUTh E Sof 919 o)A kwargs.

A ol 5o
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=2
=
g
o
rlr
r>~
12
&
rO

A4

]
)y

2
= 2

o
o

9

ot

A 9 1R ozt E Ao A B4 AAE
o1z ol A &5, Qlx}e} uf /M 4=2] Xpo]o] L2 =FAQ A&, inspect .Parameter &,
o] A, PEP 362% H A 8.

path entry (3 2 N E2])
AE 7R IRIE 7 X E d RESS 27 A6 Farske 2= AR Y st A4

path entry finder (3 2 Sl E 2] 5} 2lt])

sys.path_hooks °f ] =,
ZREZS ZFE=UYS ST IdF UL

A% A=e shelH Eo] A T

path entry hook (F £ Q2] &)
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 (73 2 7]4} 3}¢1 )
712 v e A& 9kl e = F o], J 2 E AR oA RES ZFUTH

path-like object (7 27 A A)
FI A 2" 422 dee A4 427 AAE 225 dehdE str U bytes A0 AL
os.PathLike ZREZE 7 AAYUTh os.Pathlike ZREZ S AWt AAE
os.fspath() T4 E TE A str Ubytes FL A28 A2z HEE 4 J5U T thAl os
fsdecode () & os.fsencode () € Z4Z str Ubytes 2345 BAst=d A2 + 54

PEP 5192 S 5 95U th
PEP

x
I

E& importlib.abc.PathEntryFinder o Y34t}

sho] 4 )41 A k. PEP= shol 8 AR E) ol 458 AF81A 1 sho] 1 m2 A4 s B
of 3t A =2 /)5S AW st A BAUTh PEPE A HE 750 thak 1A /)% AFY

<AL AlFslof E}HD}.

PEP+= 8 M2 7|5 At Ao st AFYE I
AAE BEAR UJ%ﬂH?&ﬂ%lﬂlﬂ\% =
Hio o] A4S FAE & A Qo] T
PEP 1 Iz 34 L.

ol Mol S0} 7k 47
A Tl 728w

28

portion (Z A1)
PEP 420 o 4] 2] 3 A5 2, o] 2 57+ 57 Aol o] uk A 3k Bkl Tl e o] Sof 9l 5kl
3k (zip Lol AFE = A% 7Hsdyh.

positional argument (9] X] <12}
Az E HA L.

provisional API (ZF7 API)

T API= %E ol B e]d] A 338 HFo g HE AFs Ald Ayt g o] 29
2 WS S AL %, 3R A0l 551 T 20 ATl YRstein A dee
37 53] 4757 e W0 dolg 2 gk 14 b4 0% ofit

o
~ ==
£ 9 AYUTH— APIZ E57] o] £ ST 2L A Aol BAW 49w Aol

il

9/]

provisional package (79754 ) 7] Z])
FHAPLE BA L

Python 3000 (=} o] 41 3000)
shol 2 3.x WhE ehele] W (w4 39) w7} W m)efe] olok] |l Al Ao] WS o] K] o] Folth) o] 2
2 “Py3k” 2 B o] 27| Fth.
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Pythonic (3}0] At}-e)
Qo) 5o A Auka Q) 7] FRSHE T, ko) Q1oj 4] A4 A A
351“ ol A== 7ol = , FHo] Mo A ApE 2= oY P&
for = AHE3A] olE £ 9 E% SAE F3o= AYYrh o2 B2 A= o7 T /e
TAEC fleB R, stojxle J53a1A] ¢k AFRES thAlo] 2} 7 EH & AMHE S| & i th:

for i in range(len(food)):
print (food[i])

o 2, shol ke WL ol %y

{for piece in food: J

print (piece)

qualified name (3 1+3}€ o] &)
25 A 23z A B Eol 49 H
TH2H o] Z. PEP 3155 o A Aol gt}
o1 g7 Tk

>>> class C:

N

o), B4, VIS o2 A RS HolF
249 et 2o ae) Ao, A73HE o] &

class D:
def meth (self):
pass

>>> C._ _qualname_
ICI

>>> C.D.__gqualname_

>>> C.D.meth. qgualname_

J

BEES 7le) 7| = AFRE uf, &4 AF3H o) = (fully qualified name) S RE 2R 37| A &5
23 RER 7= @33 1_‘“4 A o5 g Eth dE %Oi,emall.mlme.text:

>>> import email.mime.text
>>> email.mime.text. name
'email .mime.text'

reference count (22 314)
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Some objects are “immortal” and have reference counts that are never modified, and therefore the objects are
never deallocated. Reference counting is generally not visible to Python code, but it is a key element of the
CPython implementation. Programmers can call the sys . getrefcount () function to return the reference
count for a particular object.

regular package (3 7] #])
__init__.py SIS EFeh= v EH o 22 AF A 7] AL
ol 77 A & HA L.

__slots__
S YWFHY AAAH, A2HA o ERRESS AT IS g AAsta d2d A g qel &
AATezN WRe|E F7ote BHE FUTH A7) 7€ SHA R, o] Hla2 92 SHkEA| AFE-5}
7] 7} & 72 dolehd], Mu o] Wet §8 22 Aol B o datat gl SE

22 fgas Ao Fauth

sequence (X] @A)
An iterable which supports efficient element access using integer indices via the _ _getitem () spe-
cial method and defines a ___7en__ () method that returns the length of the sequence. Some built-in se-
quence types are 1ist, str, tuple, and bytes. Note that dict also supports ___getitem () and
__len__ (), butisconsidered a mapping rather than a sequence because the lookups use arbitrary immutable
keys rather than integers.
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The collections.abc.Sequence abstract base class defines a much richer interface that goes be-
yond just __getitem () and __len__ (), adding count (), index (), contains__ (), and
__reversed__ (). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence Operations.

set comprehension (3] g A =z 2|3 A)
olHHE Y& 84 AAY R E Aestn 2HE B2 AT vhshet= 2H 2 s WL results
= {c for c in 'abracadabra' if c not in 'abc'}= Exd9 AHS {'r', 'd"} E
AUk 2l E, A9 gAY 2] taEd o] (display) & FZ2SHIA L.

single dispatch (2 t] A3 x])

T30 shitel QlAke] Wol 7|z A AARE A g4 Das e o B,

slice (&2}o]»)

HEAAx Y 97 E 2o+ 7“11]. SetolaE AH ATYHE RIS s
el[1:3:5] A®, [] SHollA A 7o AE Z28 L2 FeldYnh 2 E (A

variable_nam

2FYHE) RV W REAow sllce AR E A+ F YT

special method (54~ WA &)
gtol o] o o H A4S, QA 22, AT uf FAHOE TEFH = WAE. o] HIAEE F
MY BEE AZS L B ol 52 AL ASUTE ST HAEE S5 A= o] 55 ol BAR
E'}%‘ﬂxi AFUTH

statement (=3})
TS 2FE (ZEY “EF(block)”) £ FASIE FEYUT 282 284 oAU 7|HEE
/\}ﬁﬁ}b AY 72 +2E F9 stdUTh 7498 if, while, for.

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 t yping 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 refer-
ence, to avoid leaking one reference.

See also borrowed reference.

text encoding (G| A E ¢17.9])
A string in Python is a sequence of Unicode code points (in range U+0000-U+10FFFF). To store or transfer
a string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as “encoding”, and recreating the string from the sequence
of bytes is known as “decoding”.

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings”.

text file (B A E 5} )
str AAE A1 & 5 Y& 9L AA. 25, d2E 5d-2 AA 2= fo
N A5l Bl AE ol T T & ALE ;qaﬂqr)r B E plool o2 Bl
2 99 9y, sys.stdin, sys.stdout, i0.StringIo 9 ?_]/\‘;?j¢%
ol EL 7 A & A3 & 5 v 3 AA o thafj A& vhel ] 2

triple-quoted string (2% w}-£- % ¥ £x}9)

w}iwwﬂ%} ECO)AAZ SR BAL. 1 M E SR A ALl e
%58 AFHAL LA, o2 747] o GOl A L7 Az h o2 A 0L 5 A ghe FLu}E
EG2EEE £AQ ol TR 5 LS 9L, A4 BAE 24 @k ofe] 2ol A4 5
et SAEYS L) 53 2 Y
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type ()
oW AR ] §& TR0 oW FFY ANAXE AR FULH BE AF = Fol ASU T AR
P& _class_ °E ﬂwt-'rEE RA 2T AU type (ob]) 2 & 5 AF U
type alias (3 ol g 2]o]x)
32 A ztel B Y 3te] BEol A& Yo oo,
Yol Qelol 2t ¥ Y= Bedett vl R8T o8 5
rdef remove_gray_shades ( |
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:

pass

o= 2ol o &7 9 e 5 dsuth

Color = tuple[int, int, int]

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

o] 7158 A3t typingd PEP 4845 2314 S

type hint (& 3 E )
A, FH 2 o ERE 9 S w7 s v wkek 3] 71 E = 32 A A sk of = E o] AL

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.

A Aes AYdsta, A9 Hg, SH2 JERE 9 F59 F FE+ typing.
get_type_hints () & AFE8t] AM 2T - S5t
=

o] 7= A8t typingd} PEP 4845 3

g

A

E

universal newlines (U A £ 9 7))

o g ﬂ%g_‘?’_‘: z_/] Zog QA% HArE AEYL A= HE: SUIA Y &
2 & '\n', == & '\r\n', 79 UH7JE/\] el '\r'. F7HE QA AFgoll #AsA =
bytes.splitlines () ¥t olyz} PEP 278 &} PEP 3116 = H A Q..

variable annotation (¥ LE|o]A)

HeEEZ /\01 ZHE o] =H o] A
He Ee 2 oERRE ojeH oA Do tf & A& AFFY Ut
class C:
field: 'annotation'
Ma ool de dubboE o AER AFHUTH: o Eol, o] WSt int S L HoR
7o U
[count: int = 0 }

Hg o] H o] B2 AA o] | o] E X U 5 (Annotated assignment statements) | A /2 % g+ t}.

See function annotation, PEP 484 and PEP 526, which describe this functionality. Also see annotations-howto
for best practices on working with annotations.

virtual environment (7} 2+7)
Fho] W AL A9t S8 R o), 22 A 2Elo| A AT & ohE ol W 4 22 IAEL] S
F= A FodA, stold wjx A7 A &< AA AU 2l =dt= Ae 7he kA B,
P EEECEEERLE)

venv & HA| Q.

virtual machine (Z}4} 7] A))
AsnEYojmto g AHolw AZE. sto|Me] 1A} 7| A= vlolE TE AgdE 7} 283 vlol =

T APt
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Zen of Python (=}o] % Al)
hol A Tz}l g e A5 S5, A& ol stal AHE ot ol =& o] HUTh o] 552
t3}e ZEZEo|X “import this” & Y3t EYUth
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o] A Aol &3}

o] A A& reStructuredText 2280 A TS0 X Ao 2 Jlo]M AHAE 93] EH3) A2
2l Sphinx & AH&- 5 U T
A A e} o] & A5 EA QA LS sho] A A o} v A = A A 0 &2 A B AR =g g U T 7] of 5t
3 AT, o Wby ol tf 3 A B = reporting-bugs 3| 0] A & F LA Al 2. A 22 AL F AR AL
i
e o)A Be s =gy

* Fred L. Drake, Jr., 92} 3}o]d A A = F39te] AR o)A @& 2Rl =9 27}

* the Docutils project for creating reStructuredText and the Docutils suite;

* Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.

B.1 slo]d AwAle] THAES

B2 Abgho] shol A o], shola F gholB e e Yl shol Aol 715t 7] o] Ak FE A Q)
22 glo]y £ Wi ] Misc/ACKS & FZ M Al L
stolzdo] o] & B X A
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appeENDIX C

oA A9} o] Al

CA 2zEgeld o4

g}o] -2 ABCgt:= Qo] o] T A A& 4] v 2HE 9] Stichting Mathematisch Centrum (CWI https://www.cwi.nl/
2+ %) 2] Guido van Rossum©l] 9] 3l 1990 o] Zuko]l W& o] F <5 Uth Tlo| Mo = thE2 AlgE9) W 23]
o] 2= A v, Guido= Tho] # o] 8 AR} o} 9) A»]D}

1995, Guido+= Virginia 2] Reston Oﬂ @)= Corporation for National Research Initiatives(CNRI, https://www.cnri.

reston.va.us/ Frx) ol A zho] x 24 74] a1, o] oA oy AL AZEAE SAYFYTH

200049 59, Guido&} 3}o] A & /\\3] 7H 2 2 BeOpen.com 2 2 -& 7 4] BeOpen PythonLabs ¥ & T4 35
Yt} 22 3 104, PythonLabs B -2 Digital Creations( & 2] Zope Corporation; https://www.zope.org/ Z+Z) 2
A5 YTE 2001 d, ko] A a3z E 9 o] A H(PSF, https://www.python.org/psf/ 3FZ) o] A HE A5t}
o] A= Fol W #HEH XA AAHES A7 EE EH5] AHE 89 23F Y Yt} Zope Corporation-=
PSFe] .91 5 921U oh.

BE gpo|p w232 I A2 YUTH(F N & oo ths A= https://opensource.org/E & 314
). AR, L (SHA v AN obdUTh Thel 2 Wi £2H-2 GPLF} B8P LT ofele] Et
chore e 2 oke AU

EE e 287 GPL =3}

09.0~12 n/a 1991-1995 CWI yes

13~152 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

212 2.1.1 2002 PSF yes

2.1.3 2.1.2 2002 PSF yes

2.2 o)A 2.1.1 2001-d#] PSF yes

Y
B

173


https://www.cwi.nl/
https://www.cnri.reston.va.us/
https://www.cnri.reston.va.us/
https://www.zope.org/
https://www.python.org/psf/
https://opensource.org

The Python Language Reference, @2 A 3.12.4

GPL7} SR TH: 21 927 GPLE o] A& M ZHTH: AL o) 8A & & th RE sho]l
ehol Al GPL} Dol o2 2o WA e B/ % WEA oha 4 WAL Mz 4 QA Y
t}. GPL 3% 2ol Ml Tho] 7} GPL 3ol 2 H U2 2z Esol S 29 4 Al B Th e

ATe 1394 FHunh

Guido 9] A =35to]| o] ¥ 5 7h5 3t e W2 & F A B AAE ol Al A= - Y Th

C.2 shol 4ol AA A8 AU A18517] 1% o] & oF

B>

Z E o]} A ™ A= PSF License Agreementol] Wk} gho] Al A 7} Fol Yt}

s}

slo] A 3.8.6 €], A A2 oA, 2] L 7] e} T == PSF License Agreement 2} Zero-Clause BSD licensel|
e} o] 5 gho] M A7) o g T

ato]o] FdH dF L xEojol e thE gho]AlaTt A FH Uth gtoldla = o 7 gho] Al 2o 3 Frat
= 2 A HEE Yrth o]# g gtol A BEAAT 5L 23 A Z EQofof tfgh gfojal s
SUE XA AIL.

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.12.4

1. This LICENSE AGREEMENT is between the Python Software Foundation.
—~ ("PSEF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.12.4 software in source or binary form and its associated.
—documentation.

2. Subject to the terms and conditions of this License Agreement, PSF._
—hereby

grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,

analyze, test, perform and/or display publicly, prepare derivative.
—works,

distribute, and otherwise use Python 3.12.4 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—Rights

Reserved" are retained in Python 3.12.4 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.12.4 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made.

—~to Python
3.12.4.

4. PSF is making Python 3.12.4 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY.
—OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY..
—REPRESENTATION OR
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE
USE OF PYTHON 3.12.4 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.12.4

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.12.4, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

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, .
—O0or any

third party.

8. By copying, installing or otherwise using Python 3.12.4, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
(Th5 # o] A ol A<
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(o] 3| o] A ol A Al)
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python

(Th= ol Aol A%
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(o] 3| o] A ol A Al)
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE .

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.12.4 DOCU-
MENTATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3 238 2z e ol Yzt elol A A @ 5el
o] A& shol A wl Z ol ZIHE A 4R} Az ES oo tlE BAFA T Soj b Yl eho] Ao}

C.3.1 24 E 9 AH

The _random C extension underlying the random module includes code based on a download from http:
/lwww.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html. The following are the verbatim com-
ments 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,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
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)
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C.3.2 27

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN 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
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 vlE7] &7 A

[>

The test.support.asynchat and test . support.asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing
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 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.

%
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C.34 F7| &=

http.cookies BE2 U3 &2 7o AHe 243Ut

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
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
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 A3 >3

trace BEL U2 2 39 AL EFLH

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 O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode 4 UUdecode 3+

wu BEL The 3 2 79 S EPTh

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

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 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

C3.7 XML YA Z==2AA 5&

xmlrpe.client RES TheT 22 29 A3 e

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.
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C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE-S kqueue S1E 3] o] 2o thal THe 3} 22 39 AlgHS ERFU T

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
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
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

39 python/pyhash. ¢ ¢+ Dan Bernstein ®] SipHash24 €17 2] = 2] Marek Majkowski 2] =& o] 3Z 35| of
AFUTH 7)o &= a3 22 W§o] Z3E o 5T

<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/siphash24/1ittle)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod 2} dtoa

The file Python/dtoa. ¢, 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:

/****************************************************************
*
* 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.

E

E O

*
* 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.

*

*

**************************************************************/
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C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available
by the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the
OpenSSL libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later
releases derived from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1.

Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
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

(Th& s o] A ol A<%)
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communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

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.

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.

Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and

(Th& sl o] A ol Al<%)
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do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS
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C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured
—-with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

The _ctypes C extension underlying the ct ypes module is built using an included copy of the libffi sources unless
the build is configured ——with-system-1ibffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘*Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.15 zlib
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Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be

appreciated but is not required.

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

tracemalloc o] &J&l AFR T = 3fA] H o] &9 8L cfuhash ZZAEE 7|ulo 7 ghr}:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
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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 Cextension underlying the decimal module is built using an included copy of the libmpdec library
unless the build is configured ——with-system-libmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N H|2E 2~ 9| E

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from the
W3C website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All 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.

(Th& s o] A ol A <)
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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.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE
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
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OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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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.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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., 155
ellipsis literal, 19
string literal, 10
. (dor)
attribute reference, 87
in numeric literal, 15
! (exclamation)

in formatted string literal, 12

— (minus)
binary operator, 92
unary operator,91
' (single quote)
string literal, 10
! patterns, 122
" (double quote)
string literal, 10
string literal, 10
# (hash)
comment, 6

source encoding declaration,6

% (percent)
operator, 92

o\
Il

augmented assignment, 104
& (ampersand)

operator, 93
&:

augmented assignment, 104
() (parentheses)

call, 89

class definition, 130

function definition, 128

generator expression, 83

in assignment target list, 102

tuple display, 81

* (asterisk)
function definition, 129
import statement, 109

in assignment target list, 102

in expression lists,98

in function calls, 89
operator, 92

* *
function definition, 129
in dictionary displays, 82
in function calls, 90
operator, 91

* k=

augmented assignment, 104
* =

augmented assignment, 104
+ (plus)
binary operator,92
unary operator, 91
+=
augmented assignment, 104
, (comma), 81
argument list, 89
expression list, 82,98, 105,130
identifier list, 111,112
import statement, 109
in dictionary displays, 82
in target list, 102
parameter list, 128
slicing, 88
with statement, 118
/ (slash)
function definition, 129
operator, 92
//
operator, 92
//=

augmented assignment, 104

augmented assignment, 104
0b
integer literal, 15
Oo
integer literal, 15
0x
integer literal, 15
2to3, 155
: (colon)
annotated variable, 104
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compound statement, 114, 115, 118, 119,
128, 130
function annotations, 129
in dictionary expressions,§2
in formatted string literal, 12
lambda expression, 97
slicing, 88
: = (colon equals), 97
; (semicolon), 113
< (less)
operator, 93
<<
operator, 93
<<=
augmented assignment, 104
<=
operator, 93

operator, 93

augmented assignment, 104

= (equals)
assignment statement, 102
class definition,43
for help in debugging using

string literals, 12

function definition, 129
in function calls, 89

operator, 93

function annotations, 129
> (greater)
operator, 93
>=
operator, 93
>>
operator, 93
>>=
augmented assignment, 104
>>> 155
@ (at)
class definition, 130
function definition, 128
operator, 92
[1 (square brackets)
in assignment target list, 102
list expression, 82
subscription, 88

\ (backslash)

escape
\N

escape
\n

escape
\r

escape
\t

escape
\U

escape
\u

escape
\v

escape
\x

escape
~ (caret)

operator, 93

sequence, 11
sequence, 11
sequence, 11
sequence, 11
sequence, 11
sequence, 11
sequence, 11
sequence, 11

sequence, 11

augmented assignment, 104
_ (underscore)

in numeric literal, 15
_, ldentifiers,9
__, identifiers,9

__abs__ () (object Wl A =), 51
__add__ () (object Wl A =), 50
__aenter__ () (object A =), 57
__aexit__ () (object MIA =), 57
__aiter__ () (object M| A &), 56

__all__ (optional module attribute), 109
__and__ () (object W] A =), 50
__anext__ () (agen M| A X), 86
__anext__ () (object M| A &), 56
__annotations__ (class attribute), 26
__annotations__ (function attribute), 22
__annotations__ (function® $4)),23
__annotations__ (module attribute), 26

__await__ () (object ¥|AE), 55
_ bases__ (class attribute), 26
__bool__ () (object method), 48
__bool__ () (object W] A &), 37
__buffer_ () (object {IA =), 53
_ _bytes__ () (object M| A &), 36
__cached__,72

__call__ () (object method), 90
__call__ () (object Ml A &), 48
___cause___(exception attribute), 107
__ceil__ () (object M|A =), 52

__class___ (instance attribute), 27

escape sequence, 11 _ class__ (method cell), 45
AN\ __class__ (module attribute), 39
escape sequence, 11 __class_getitem__ () (object®] E& 2~ HAL),
\a 46
escape sequence, 11 __classcell__ (class namespace entry), 45
\b __closure__ (function attribute), 22
escape sequence, 11 __closure__ (function® £43),22
\f __code__ (function attribute), 22
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__code__ (function® £4]), 23
__complex__ () (object A E£), 52
__contains__ () (object M| A=), 50
__context__ (exception attribute), 107
__debug__, 105

__defaults__ (function attribute), 22
_ defaults__ (function® £A4), 23

__del__ () (object M| A =), 34
__delattr__ () (object M| A=), 38
__delete_ () (object Ml A =), 40
__delitem__ () (object M| A =), 49

_dict__ (class attribute), 26
__dict__ (function attribute), 22
__dict__ (function® £4]), 23
__dict__ (instance attribute), 27
__dict__ (module attribute), 26
_ dir__ (module attribute), 39
_dir__ () (object Wl =), 38
__divmod__ () (object WA ), 50
__doc__ (class attribute), 26
__doc__ (function attribute), 22
__doc__ (function®] £43), 23
__doc__ (method attribute), 24
__doc__ (methodd] £4), 24
__doc__ (module attribute), 26

__enter__ () (object A=), 52
__eq__() (object Ml A =), 36
__exit__ () (object M|A =), 52

_ file_ ,72

_ file_  (module attribute), 26

_ _float__ () (object M| A &), 52
__floor__ () (object A=), 52
__floordiv__ () (object M| A =), 50
_ format__ () (object Wl A =), 36

_ func__ (method attribute), 24
__func__ (method® £A), 24
___future__, 160

future statement, 110

__ge__ () (object Wl A =), 36

__get__ () (object M| A =), 40
__getattr__ (module attribute), 39
__getattr__ () (object ] A =), 38
__getattribute__ () (object Wl A =), 38
__getitem__ () (mapping object method), 34
__getitem__ () (object M| X =), 49

__globals__ (function attribute), 22
__globals__ (function® £4),22

__gt__ () (object Wl A =), 36
__hash__ () (object W] A =), 36
__iadd__ () (object WA =), 51
__iand__ () (object M| A =), 51
__ifloordiv__ () (object M| A=), 51
__ilshift__ () (object M]A =), 51
__imatmul__ () (object MIA =), 51
__imod__ () (object Wl A =), 51
__imul__ () (object M| A =), 51
__index__ () (object M| A &), 52
__init__ () (object |A =), 34

__init_subclass__ () (object®] S| WA =),

42

__instancecheck__ () (class M| A &), 45
__int__ () (object W] A =), 52
__invert_ () (object MIA =), 51
__dor__ () (object M|A =), 51
__ipow__ () (object WA =), 51
__irshift_ () (object ]X =), 51
__isub__ () (object WA =), 51
__iter_ () (object Wl A E), 49
__itruediv__ () (object WA E), 51
__ixor__ () (object WA =), 51
__kwdefaults__ (function attribute), 22
__kwdefaults__ (function® £743), 23
__le_ () (object M| A =), 36
_ _len__ () (mapping object method), 37
__len__() (object M| =), 48
_ length_hint__ () (object W] =), 48
__loader_ ,72
__1lshift__ () (object WX =), 50
__1t__ () (object WA =), 36
__main___

module, 60, 137
__matmul__ () (object WA =), 50
__missing__ () (object | A=), 49
__mod__ () (object Wl A E), 50
__module__ (class attribute), 26
__module___ (function attribute), 22
__module__ (function® £4), 23
_ _module___ (method attribute), 24
__module__ (method2] £74), 24
_ mro_entries__ () (object M| A E), 43
_mul__ () (object Wl A=), 50
__name__,72
__name___ (class attribute), 26
__name___ (function attribute), 22
__name__ (function®] £4), 23
__name___ (method attribute), 24
__name__ (method® £743), 24
__name___ (module attribute), 26

__ne__ () (object W] A =), 36

_ neg__ () (object Wl A =), 51
__new__() (object | =), 34
__next__ () (generator M| A =), 84
__objclass__ (object®] £4), 40
__or__() (object W] A =), 50
__package_ ,72

__path__,72

__pos__ () (object | A =), 51
__pow__ () (object W] A =), 50

__prepare__ (metaclass method), 44
__qualname__ (function® £4),23
__radd__ () (object | =), 50

__rand__ () (object W] A =), 50
__rdivmod__ () (object M| A =), 50
__release_buffer__ () (object WA &), 53
__repr__ () (object M| A =), 35
__reversed__ () (object H| A=), 49
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__rfloordiv__ () (object W] A E), 50
__rlshift__ () (object M| X =), 50
__rmatmul__ () (object | X =), 50
__rmod__ () (object W] A =), 50
__rmul__ () (object W] A=), 50
__ror__ () (object Wl A =), 50
__round__ () (object WA =), 52
__rpow__ () (object W] A =), 50
__rrshift_ () (object WX =), 50
__rshift__ () (object A =), 50
__rsub__ () (object W] A =), 50
__rtruediv__ () (object W] =), 50
__rxor__ () (object W] A=), 50

__self__ (method attribute), 24
__self_ (method® £A), 24

__set__ () (object Wl A =), 40
__set_name__ () (object | A=), 42
__setattr__ () (object M| X =), 38
__setitem__ () (object M| X =), 49

_ _slots_ ,167

__spec__,72

__str__ () (object A =), 35

_ _sub__ () (object W] A =), 50
__subclasscheck__ () (class M| A =), 45
__traceback___ (exception attribute), 107
__truediv__ () (object M| =), 50
__trunc__ () (object M| A &), 52

type_params__ (class attribute), 26
type_params___ (function attribute), 22
__type_params__ (function®] $43), 23
__xor__ () (object W] A =), 50
{} (curly brackets)
dictionary expression, 82
in formatted string literal, 12
set expression, 82
| (vertical bar)
operator, 93

‘ =
augmented assignment, 104
~ (tilde)

operator, 91

A

abs
built-in function, 52
abstract base class (FA "ol Z ),
155
aclose () (agen WA Z), 87
addition, 92

and
bitwise, 93
operator, 96
annotated

assignment, 104
annotation (o] = H] o] A), 155

function, 97
argument
call semantics, 89
function, 22
function definition, 129
argument (Q1A}), 155
arithmetic
conversion, 79
operation,binary, 92
operation,unary, 91
array
module, 21
as
except clause, 115
import statement, 109
keyword, 109, 115, 118, 119
match statement, 119
with statement, 118
AS pattern, OR pattern, capture
pattern, wildcard pattern,
122
ASCII, 4, 10
asend () (agen WA =), 86
assert
statement, 105
AssertionError
exception, 105
assertions
debugging, 105
assignment
annotated, 104
attribute, 102
augmented, 104
class attribute, 26
class instance attribute, 27
slicing, 103
statement, 21, 102
subscription, 103
target list, 102
assignment expression,97
async
keyword, 131
async def
statement, 131
async for
in comprehensions, 81
statement, 132
async with
statement, 132
asynchronous context manager (¥]%7] A
g~ E 3y 2}, 156
asynchronous generator
asynchronous iterator, 25
function, 25
asynchronous generator (¥]% 7] A\ g o]
H), 156

annotations

function, 129 asynchronous generator iterator (H]%7]
anonymous A gl o] g o] B &l o] EY), 156
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asynchronous iterable (8] % 7] o] & E),
156
asynchronous iterator (8] 7] o & o] H),
156
asynchronous—generator
object, 86
athrow () (agen WA =), 87
atom, 79
attribute, 18
assignment, 102
assignment, class, 26
assignment, class instance, 27
class, 26
class instance, 27
deletion, 106
generic special, 18
reference, 87
special, 18
attribute (A]EZHE), 156
AttributeError
exception, 87
augmented
assignment, 104
await
in comprehensions, 81
keyword, 90, 131
awaitable (o] gl ol B &), 156

B
b'
bytes literal, 10
b"
bytes literal, 10
backslash character, 6
BDFL, 157
binary
arithmetic operation, 92
bitwise operation, 93
binary file (8}o]\ g 9}4Y), 157
binary literal, 15
binding
global name, 111
name, 59, 102, 109, 128, 130
bitwise
and, 93
operation,binary, 93
operation, unary, 91
or, 93
xor, 93
blank line,7
block, 59
code, 59
BNF, 4, 79
Boolean
object, 19
operation, 96
borrowed reference, 157
break

statement, 108, 114, 117
built-in

method, 25
built-in function

abs, 52

bytes, 36

call, 90

chr, 20

compile, 111

complex, 52

divmod, 50, 51

eval, 111, 138

exec, 111

float, 52

hash, 36

id, 17

int, 52

len, 20, 21,48

object, 25,90

open, 27

ord, 20

pow, 50, 51

print, 36

range, 115

repr, 101

round, 52

slice, 33

type, 17,43
built-in method

call, 90

object, 25,90
builtins

module, 137
byte, 20
bytearray, 21
bytecode, 28
bytecode (M}l E F &), 157
bytes, 20

built-in function, 36
bytes literal, 10
bytes—like object (WFo]ELF AA|), 157

C

c, 11
language, 18, 19, 25,93
call, 89
built-in function, 90
built-in method, 90
class instance, 90
class object, 26,90
function, 22,90
instance, 48, 90
method, 90
procedure, 101
user—-defined function, 90
callable, 157
object, 22, 89
callback (%), 157
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case

keyword, 119

match, 119
case block, 121
C-contiguous, 158
chaining

comparisons, 93

exception, 107
character, 20, 88
chr

built-in function, 20
class

attribute, 26

attribute assignment, 26

body, 44

constructor, 34

definition, 106, 130

instance, 27

name, 130

object, 26,90, 130

statement, 130
class (E3 ), 157
class instance

attribute, 27

attribute assignment, 27

call, 90

object, 26, 27,90
class object

call, 26,90
class variable (F#|2 HS), 157
clause, 113
clear () (frame WA &), 32
close () (coroutine WA £), 56
close () (generator M| A &), 85
co_argcount (code object attribute), 28
co_argcount (codeobject®] $743), 29
co_cellvars (code object attribute), 28
co_cellvars (codeobject®] $743), 29
co_code (code object attribute), 28
co_code (codeobject®] £4), 29
co_consts (code object attribute), 28
co_consts (codeobject®] <73), 29
co_filename (code object attribute), 28
co_filename (codeobject®] <743), 29
co_firstlineno (code object attribute), 28
co_firstlineno (codeobject®] <41), 29
co_flags (code object attribute), 28
co_flags (codeobject®] 44]), 29
co_freevars (code object attribute), 28
co_freevars (codeobject®] < 743), 29
co_kwonlyargcount (code object attribute), 28
co_kwonlyargcount (codeobject® <:74), 29
co_lines () (codeobject M| A1 &), 30
co_lnotab (code object attribute), 28
co_lnotab (codeobject®] 4743), 29
co_name (code object attribute), 28
co_name (codeobject®] :4), 29
co_names (code object attribute), 28

co_names (codeobject®] %4), 29
co_nlocals (code object attribute), 28
co_nlocals (codeobject®] 4:73), 29
co_positions () (codeobject Wl A =), 30
co_posonlyargcount (code object attribute), 28
co_posonlyargcount (codeobject® 44), 29
co_qualname (code object attribute), 28
co_qualname (codeobject®] $73), 29
co_stacksize (code object attribute), 28
co_stacksize (codeobject®] $43), 29
co_varnames (code object attribute), 28
co_varnames (codeobject®] 473), 29
code

block, 59
code object, 28
collections

module, 21
comma, 81

trailing, 98
command line, 137
comment, 6
comparison, 93
comparisons, 36

chaining, 93
compile

built-in function, 111
complex

built-in function, 52

number, 20

object, 20
complex literal, 15
complex number (E44), 157
compound

statement, 113
comprehensions, 81

dictionary, 82

list, 82

set, 82
Conditional

expression, 96
conditional

expression, 97
constant, 10
constructor

class, 34
container, 18, 26
context manager, 52
context manager (AEIAE #E| A}, 158
context variable (AYAE W), 158
contiguous (<), 158
continue

statement, 108, 114, 117
conversion

arithmetic, 79

string, 36, 101
coroutine, 55, 84

function, 25
coroutine (ZFHl), 158
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coroutine function (ZF¥ &), 158
CPython, 158

D

dangling

else, 114
data, 17

type, 18

type, immutable, 80
dbm.gnu

module, 22
dbm.ndbm

module, 22
debugging

assertions, 105
decimal literal, 15
decorator (d Zd o] ¥]), 158
DEDENT token,7, 114
def

statement, 128
default

parameter value, 129
definition

class, 106, 130

function, 106, 128

del
statement, 34, 106

deletion
attribute, 106
target, 106

target list, 106
delimiters, 16
descriptor (tJ2~3 HH), 158
destructor, 34, 102
dictionary

comprehensions, 82

display, 82

object, 22, 26, 36, 82, 88, 103
dictionary (941 8]), 158
dictionary comprehension (YA A=z

), 159

dictionary view (944 g &), 159
display

dictionary, 82

list, 82

set, 82
division, 92
divmod

built-in function, 50,51
docstring, 130
docstring (BEAE ), 159
documentation string, 30
duck-typing (8 E}o] ), 159

E

e
in numeric literal, 15
EAFP, 159

elif
keyword, 114
Ellipsis
object, 19
else

conditional expression, 97
dangling, 114
keyword, 108, 114, 115, 117

empty
list, 82
tuple, 20, 81

encoding declarations (source file), 6
environment, 60
error handling, 63
errors, 63
escape sequence, 11
eval
built—-in function, 111, 138
evaluation
order, 98
exc_info (in module sys), 32
except
keyword, 115
except_star
keyword, 116
exception, 63, 107
AssertionError, 105
AttributeError, 87
chaining, 107
GeneratorExit, 85, 87
handler, 32
ImportError, 109
NameError, 80
raising, 107
StopAsyncIteration, 86
StopIteration, 84, 106
TypeError, 91
ValueError, 93
ZeroDivisionError, 92
exception handler, 63
exclusive
or, 93
exec
built—-in function, 111
execution
frame, 59, 130
restricted, 62
stack, 32
execution model, 59
expression, 79
Conditional, 96
conditional, 97
generator, 83
lambda, 97, 129
list, 98, 101
statement, 101
yield, 83
expression (X3 4)), 159

9]
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extension
module, 18
extension module (&% 2 E), 159

F
f'

formatted string literal, 11
f"

formatted string literal,ll
f-string (FEA}9), 159
f_back (frame attribute), 31
f_back (frame2 £4), 31
f_builtins (frame attribute), 31
f_builtins (frame? £4), 31
f__code (frame attribute), 31
f_code (frame2] £A4), 31
f_globals (frame attribute), 31
f_globals (frame? £4), 31
f_lasti (frame attribute), 31
f_lasti (frame2] £4), 31
f_lineno (frame attribute), 31
f_lineno (frame2 £4), 32
f_locals (frame attribute), 31
f_locals (frame® £4), 31
f_trace (frame attribute), 31
f_trace (framed £4), 32
f_trace_1lines (frame attribute), 31
f_trace_lines (frame2] £4d), 32
f_trace_opcodes (frame attribute), 31
f_trace_opcodes (frame2 $4]), 32
False, 19
file object (F< AA)), 159
file-like object (FLF AA)), 159
filesystem encoding and error

handler, 159

finalizer, 34
finally

keyword, 106, 108, 115, 117
find_spec

finder, 68
finder, 68

find_spec, 68
finder (3}21 ), 160
float

built-in function, 52
floating-point

number, 19

object, 19
floating-point literal, 15
floor division (A4 Y=Al), 160
for

in comprehensions, 81

statement, 108, 114

form
lambda, 97
format () (built-in function)

__str__ () (object method), 35
formatted string literal, 12

Fortran contiguous, 158
frame
execution, 59, 130
object, 31
free
variable, 60
from
import statement, 59, 109
keyword, 83, 109
yield from expression, 84
frozenset
object, 21
fstring, 12
f-string, 12
function
annotations, 129
anonymous, 97
argument, 22
call, 22,90
call,user—-defined, 90
definition, 106, 128
generator, 83, 106
name, 128
object, 22, 25,90, 128
user—-defined, 22
function (&), 160
function annotation (& o]k H|o]A), 160
future
statement, 110

G

garbage collection, 17
garbage collection (7}H] A = 74), 160
generator
expression, 83
function, 24, 83, 106
iterator, 24, 106
object, 29, 83, 84
generator (A # o] E), 160
generator expression (AU @ ol Z &4,
161
generator iterator (AU o]¥ oE g o]H),
160
GeneratorExit
exception, 85, 87
generic
special attribute, 18
generic function (AUlE &), 161
generic type (AU 3), 161
GIL, 161
global
name binding, 111
namespace, 22
statement, 106, 111
global interpreter lock (A< Q¥ =2 H
=), 161
grammar, 4
grouping, 7
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guard, 121

F{

handle an exception, 63
handler

exception, 32
hash

built-in function, 36
hash character,6
hash-based pyc (G| A] 714k pyc), 161
hashable, 82
hashable (3] A] 7}%), 161
hexadecimal literal, 15
hierarchy

type, 18
hooks

import, 68

meta, 68

path, 68

|
id
built-in function, 17
identifier, 8, 80
identity
test, 96
identity of an object, 17
IDLE, 161
if
conditional expression,97
in comprehensions, 81
keyword, 119
statement, 114
imaginary literal, 15
immutable
data type, 80
object, 20, 80, 82
immutable (&), 161
immutable object, 17
immutable sequence
object, 20
immutable types
subclassing, 34
import
hooks, 68
statement, 26, 109
import hooks, 68
import machinery, 65
import path(YEXE F =), 162
importer (¥ X ¥), 162
ImportError
exception, 109
importing (Y H®), 162
in
keyword, 114
operator, 96
inclusive
or, 93

INDENT token,7
indentation, 7
index operation, 20
indices () (slice WAl &), 33
inheritance, 130
input, 138
instance

call, 48,90

class, 27

object, 26, 27,90
int

built-in function, 52
integer, 20

object, 19

representation, 19
integer literal, 15
interactive (th3}3), 162
interactive mode, 137
internal type, 27
interpolated string literal, 12
interpreted (A EHZZE B), 162
interpreter, 137
interpreter shutdown (QAEZZE £78), 162
inversion, 91
invocation, 22
io

module, 27
irrefutable case block, 121
is

operator, 96
is not

operator, 96
item

sequence, 88

string, 88
item selection, 20
iterable

unpacking, 98
iterable (o] 8] &), 162
iterator (°] €& o] ¥]), 162

J

in numeric literal, 16
Java

language, 19

K

key, 82
key function (7] &%), 163
key/value pair, 82
keyword, 9
as, 109, 115, 118, 119
async, 131
await, 90, 131
case, 119
elif, 114
else, 108, 114, 115, 117
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except, 115
except_star, 116
finally, 106, 108, 115, 117
from, 83, 109
if, 119
in, 114
yield, 83
keyword argument (7| ¥ E 214}, 163

L

lambda
expression, 97, 129
form, 97
lambda (&}, 163
language
c, 18,19, 25,93
Java, 19
last_traceback (in module sys), 32
LBYL, 163
leading whitespace, 7
len
built-in function, 20, 21, 48
lexical analysis,5
lexical definitions,4
line continuation,6
line joining,5,6
line structure,5
list
assignment, target, 102
comprehensions, 82
deletion target, 106
display, 82
empty, 82
expression, 98, 101
object, 21, 82, 87, 88, 103
target, 102, 114
list (B12E), 163

list comprehension (B|AE A= 23 A), 163

literal, 10, 80

loader, 68

loader (ZH), 163

locale encoding, 163

logical 1line,5

loop
statement, 108, 114

loop control
target, 108

M

magic

method (WA E), 163
magic method (W] & WA &), 163
makefile () (socket method), 27
mangling

name, 80
mapping

object, 21,27, 88, 103
mapping (7§33), 163

match
case, 119
statement, 119
matrix multiplication, 92
membership
test, 96
meta
hooks, 68
meta hooks, 68
meta path finder (WE F & 3}219), 164
metaclass, 43
metaclass (W EF Zd ), 164
metaclass hint, 44

method
built-in, 25
call, 90

object, 24, 25, 90
user—-defined, 24
method (WA &), 164
magic, 163
special, 168
method resolution order (WAE AA £A]),
164
minus, 91
module
__main_ , 60,137
array, 21
builtins, 137
collections, 21
dbm. gnu, 22
dbm . ndbm, 22
extension, 18
importing, 109
io, 27
namespace, 26
object, 26, 87
sys, 116, 137
module (B &), 164
module spec, 68
module spec (RE 24 164
modulo, 92
MRO, 164
multiplication, 92
mutable
object, 21,102, 103
mutable (7}H), 164
mutable object, 17
mutable sequence
object, 21

N

name, 8, 59, 80
binding, 59, 102, 109, 128, 130
binding, global, 111
class, 130
function, 128
mangling, 80
rebinding, 102
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unbinding, 106
named expression, 97
named tuple (MY9= 5=), 164
NameError

exception, 80
NameError (built-in exception), 60
names

private, 80
namespace, 59

global, 22

module, 26

package, 67
namespace (0] & &7}), 164
namespace package (°]& &7 3 7] A]), 165
negation, 91
nested scope (EHH 237 =), 165
new-style class (7+2EtY E#2), 165
NEWLINE token,?5, 114
None

object, 18, 101
nonlocal

statement, 112
not

operator, 96
not in

operator, 96
notation, 4
NotImplemented

object, 18
null

operation, 105
number, 15

complex, 20

floating-point, 19
numeric

object, 19,27
numeric literal, 15

O

object, 17
asynchronous—generator, 86
Boolean, 19
built-in function, 25,90
built-in method, 25, 90
callable, 22, 89
class, 26,90, 130
class instance, 26, 27, 90
code, 28
complex, 20
dictionary, 22, 26, 36, 82, 88, 103
Ellipsis, 19
floating-point, 19
frame, 31
frozenset, 21
function, 22, 25, 90, 128
generator, 29, 83, 84
immutable, 20, 80, 82
immutable sequence, 20

instance, 26, 27, 90

integer, 19

list, 21, 82,87, 88,103

mapping, 21, 27, 88, 103

method, 24, 25, 90

module, 26, 87

mutable, 21, 102, 103

mutable sequence, 21

None, 18, 101

NotImplemented, 18

numeric, 19,27

sequence, 20, 27, 88, 96, 103, 114

set, 21, 82

set type,21

slice, 49

string, 88

traceback, 32, 107,116

tuple, 20, 88, 98

user—-defined function, 22,90, 128

user—-defined method, 24
object (AA), 165
object.__match_args__ (W ¥4), 53
object._ _slots__ (W HF), 41
octal literal, 15
open

built-in function, 27
operation

binary arithmetic, 92

binary bitwise, 93

Boolean, 96

null, 105

power, 91

shifting, 93

unary arithmetic, 91

unary bitwise, 91
operator

— (minus), 91, 92

% (percent), 92

& (ampersand), 93

* (asterisk), 92

*% 9]

+ (plus), 91, 92

/ (slash), 92

//,92

< (less), 93

<<, 93

<=,903

1=,93

==,93

> (greater), 93

>=,93

>>, 93

@ (ar), 92

~ (caret), 93

| (vertical bar), 93

~ (tilde), 91

and, 96

in, 96

=
ro,
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is,96

is not, 96

not, 96

not in, 96

or, 96

overloading, 34

precedence, 98

ternary, 97
operators, 16
or

bitwise, 93

exclusive, 93

inclusive, 93

operator, 96
ord

built-in function, 20
order

evaluation, 98
output, 101

standard, 101
overloading

operator, 34

P

package, 66
namespace, 67
portion, 67
regular, 66
package (3] 7] A)), 165
parameter
call semantics, 89
function definition, 128
value, default, 129
parameter (W7} H ), 165
parenthesized form, 8l
parser, 5
pass
statement, 105
path
hooks, 68
path based finder, 74
path based finder (AZ 7|9} 512l H), 166
path entry (HZ AE=]), 166
path entry finder (AE JE7 512 H), 166
path entry hook (A =Z dE=Z %), 166
path hooks, 68
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pattern matching, 119
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popen () (in module os), 27
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package, 67
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pow
built-in function, 50,51

power

operation, 91
precedence
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primary, 87
print

built-in function, 36
print () (built-in function)

__str__ () (object method), 35
private
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procedure

call, 101
program, 137
provisional API (A API), 166
provisional package (A 37| A)), 166
Python 3000 (o] % 3000), 166
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PEP 649,061

PEP 688,53

PEP 695,61, 112

PEP 3104,112

PEP 3107, 130

PEP 3115,44, 131

PEP 3116, 169
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qualified name (F3}H °] ), 167
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raw string literal, 10

raw string literal, 10
raise

statement, 107
raise an exception, 63
raising

exception, 107
range

built-in function, 115
raw string, 10
rebinding

name, 102
reference

attribute, 87
reference count (FZx 3 ), 167
reference counting, 17
regular

package, 66
regular package (B 3 7] A]), 167
relative

import, 110
replace () (codeobject W] X £), 31
repr

built-in function, 101
repr () (built-in function)

_ _repr__ () (object method), 35
representation

integer, 19
reserved word,9
restricted

execution, 62

return

statement, 106, 117
round

built-in function, 52
scope, 59, 60

send () (coroutine W] A &), 55
send () (generator W] A] &), 85
sequence
item, 88
object, 20, 27, 88, 96, 103, 114
sequence (A| A ), 167
set
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display, 82
object, 21, 82
set comprehension (& A= 23 A), 168
set type
object, 21
shifting
operation, 93
simple
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single dispatch (AZ t2ax)), 168
singleton
tuple, 20
slice, 88
built-in function, 33
object, 49
slice (£8}o]2), 168
slicing, 20, 21, 88
assignment, 103
soft keyword,9
source character set,6
space, 7
special
attribute, 18
attribute, generic, 18
method (WAl =), 168
special method (E4 WA E), 168
stack
execution, 32
trace, 32
standard
output, 101
Standard C, 11
standard input, 137
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statement
assert, 105
assignment, 21, 102
assignment, annotated, 104
assignment, augmented, 104
async def, 131
async for, 132
async with, 132
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break, 108, 114, 117

class, 130

compound, 113

continue, 108, 114, 117

def, 128

del, 34, 106

expression, 101

for, 108, 114

future, 110

global, 106, 111

if, 114

import, 26, 109

loop, 108, 114

match, 119

nonlocal, 112

pass, 105

raise, 107

return, 106, 117

simple, 101

try, 32,115

type, 112

while, 108, 114

with, 52, 118

yield, 106
statement (&%), 168
statement grouping,7
static type checker, 168
stderr (in module sys), 27
stdin (in module sys), 27
stdio, 27
stdout (in module sys), 27
step (slice object attribute), 33, 88
stop (slice object attribute), 33, 88
StopAsyncIteration

exception, 86
StopIteration

exception, 84, 106
string

__format__ () (object method), 36

__str__ () (object method), 35

conversion, 36, 101

formatted literal, 12

immutable sequences, 20

interpolated literal, 12

item, 88

object, 88
string literal, 10
strong reference, 168
subclassing

immutable types, 34
subscription, 20, 21, 88

assignment, 103
subtraction, 92

suite, 113
syntax, 4
sys

module, 116, 137
sys.exc_info, 32

sys.exception, 32
sys.last_traceback, 32
sys.meta_path, 68
sys.modules, 67

sys.path, 75
sys.path_hooks, 75
sys.path_importer_cache, 75
sys.stderr, 27

sys.stdin, 27

sys.stdout, 27

SystemExit (built-in exception), 63

T

tab, 7

target, 102
deletion, 106
list, 102,114

list assignment, 102

list,deletion, 106

loop control, 108
tb_ frame (traceback attribute), 32
tb_frame (traceback 2] £4), 33
tb_lasti (traceback attribute), 32
tb_lasti (tracebackd] £40), 33
tb_1lineno (traceback attribute), 32
tb_lineno (fraceback® $A), 33
tb_next (traceback attribute), 33
tb_next (traceback®] £4)), 33
termination model, 63
ternary

operator, 97
test

identity, 96

membership, 96
text encoding (HlAE Q17 1), 168
text file (HI2E 3}+Y), 168
throw () (coroutine WA ), 55
throw () (generator Wl A £), 85
token, 5

trace
stack, 32
traceback
object, 32,107, 116
trailing
comma, 98
triple—quoted string (A= W%

<), 168
triple—quoted string, 10
True, 19
try

statement, 32, 115
tuple

empty, 20, 81

object, 20, 88, 98

singleton, 20

type, 18
built-in function, 17,43
data, 18
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hierarchy, 18
immutable data, 80
statement, 112
type (9), 169
type alias (& o &&lo]2), 169
type hint (¥ I E), 169
type of an object, 17
type parameters, 133
TypeError
exception, 91

types, internal, 27
u'

string literal, 10
u"

string literal, 10
unary

arithmetic operation, 9l

bitwise operation,9l
unbinding

name, 106
UnboundLocalError, 60
Unicode, 20
Unicode Consortium, 10
universal newlines (U = 3d7), 169
UNIX, 137
unpacking

dictionary, 82

in function calls, 89

iterable, 98
unreachable object, 17
unrecognized escape sequence, 12
user—-defined

function, 22

function call, 90

method, 24
user—-defined function

object, 22,90, 128
user—-defined method

object, 24

\Y

value, 82

default parameter, 129
value of an object, 17
ValueError

exception, 93
values

writing, 101
variable

free, 60
variable annotation (5 o] €| o] A), 169
virtual environment (7} 273), 169
virtual machine (ZF4 7] A), 169

W

walrus operator, 97

while
statement, 108, 114
Windows, 137
with
statement, 52,118
writing
values, 101

X

XOor
bitwise, 93

Y
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PYTHONHASHSEED, 37
PYTHONNODEBUGRANGES, 30
PYTHONPATH, 75

yield
examples, 85
expression, 83
keyword, 83
statement, 106
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Zen of Python (o] Al), 170
ZeroDivisionError
exception, 92
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