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Python for NET
o] 132 A A 2+ CPython 7+ &S A& 3} A
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IronPython
NETS 3+ tf ¢t 3}o] &, Python NET = 2] o] A& IL& A A5k, 3to]d I =5 NET oA &
22 47 Foh Ak 9 g4 78 ¢tk Jim Hugunin o] 9 9=, Jython o] 914 ko] 7]
& gy AbA @ A 2= TronPython Ao E ol A & 5= U

. 2] 2 (stackless) Z] @ o] LHIIT Hutd 2} 2ol oh&
15S AlegUch o] Z2AE] i F s (Sto|H oz 297
A BEAA Ao AA A T AF S EE= ALUE AANF AR =
A Re 29

7292 o] AYA A AE L Aoje} 23 27 thE Mg o2 Woj AL, BE shol A BA A
Ro A48 59 TRl thal oW 212 H Lolol
1.2 ®#7|H

The descriptions of lexical analysis and syntax use a grammar notation that is a mixture of EBNF and PEG. For
example:

name: letter (letter | digit | "_™)*
letter: "a"..."z" | "A"..."Z"
digit: "Oo"..."9"

In this example, the first line says that a name is a let ter followed by a sequence of zero or more letters, digits,
and underscores. A letter in turn is any of the single characters 'a' through 'z' and A through 7; a digit isa
single character from 0 to 9.

Each rule begins with a name (which identifies the rule that’ s being defined) followed by a colon, :. The definition
to the right of the colon uses the following syntax elements:

» name: A name refers to another rule. Where possible, it is a link to the rule’ s definition.

- TOKEN: An uppercase name refers to a token. For the purposes of grammar definitions, tokens are the
same as rules.

e "text", 'text': Textin single or double quotes must match literally (without the quotes). The type of quote
is chosen according to the meaning of text:

- 'if': A name in single quotes denotes a keyword.

- "case": A name in double quotes denotes a soft-keyword.

- '@"': A non-letter symbol in single quotes denotes an OP token, that is, a delimiter or operator.
e el e2: Items separated only by whitespace denote a sequence. Here, e1 must be followed by e2.

e el | e2: Avertical bar is used to separate alternatives. It denotes PEG’ s “ordered choice”: if e1 matches,
e2 is not considered. In traditional PEG grammars, this is written as a slash, /, rather than a vertical bar. See
PEP 617 for more background and details.

» e*: A star means zero or more repetitions of the preceding item.
« e+: Likewise, a plus means one or more repetitions.

e [e]: A phrase enclosed in square brackets means zero or one occurrences. In other words, the enclosed phrase
is optional.

» e?: A question mark has exactly the same meaning as square brackets: the preceding item is optional.
e (e): Parentheses are used for grouping.
The following notation is only used in lexical definitions.

e "a"..."z": Two literal characters separated by three dots mean a choice of any single character in the given
(inclusive) range of ASCII characters.

4 Chapter 1. 72
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e <...>: Aphrase between angular brackets gives an informal description of the matched symbol (for example,
<any ASCII character except "\">), or an abbreviation that is defined in nearby text (for example,
<Lu>).

Some definitions also use lookaheads, which indicate that an element must (or must not) match at a given position,
but without consuming any input:

e se: apositive lookahead (that is, e is required to match)

o le: anegative lookahead (that is, e is required not to match)
The unary operators (*, +, 2) bind as tightly as possible; the vertical bar (|) binds most loosely.
White space is only meaningful to separate tokens.

Rules are normally contained on a single line, but rules that are too long may be wrapped:

literal: stringliteral | bytesliteral
| integer | floatnumber | imagnumber

Alternatively, rules may be formatted with the first line ending at the colon, and each alternative beginning with a
vertical bar on a new line. For example:

literal:
| stringliteral
| bytesliteral
| integer
| floatnumber
| imagnumber

This does not mean that there is an empty first alternative.

1.2.1 Lexical and Syntactic definitions

There is some difference between lexical and syntactic analysis: the lexical analyzer operates on the individual char-
acters of the input source, while the parser (syntactic analyzer) operates on the stream of fokens generated by the
lexical analysis. However, in some cases the exact boundary between the two phases is a CPython implementation
detail.

The practical difference between the two is that in lexical definitions, all whitespace is significant. The lexical analyzer
discards all whitespace that is not converted to tokens like token.INDENT or NEWLINE. Synfactic definitions then
use these tokens, rather than source characters.

This documentation uses the same BNF grammar for both styles of definitions. All uses of BNF in the next chapter
(03] A1) are lexical definitions; uses in subsequent chapters are syntactic definitions.
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CHAPTER 2

2
o
MHT
1%

vpold 2 12 3kA (parser) ol o8l el Ut} 3hM 2] A H 2 o] 9] 4 7] (lexical analyzer) (22317
(tokenizer) Tt % Ut 7h e ol B2 o] 2E- QU o] FollA ol$] 24778 A 3Hd &
EZEE st A A

HolHL 2R BAES FUIE FEFFOZ AF5UTH A2 g9 dFgL A3y AAE 53
ARE 4 a1, 7)1 B e UTF-8 Y U th AN 8 W82 PEP 3120 o] Y Uth 22 9ld S g3zdad 4
RE w &= syntaxError 7} A Y o}

1 & FX(Line structure)
ghol i =g I3 ol 2] 7§ =2l A QA & (logical lines) & = Y U Th

211 =2|del &

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

21.2 E2|Hol &

A physical line is a sequence of characters terminated by one the following end-of-line sequences:
o the Unix form using ASCII LF (linefeed),
 the Windows form using the ASCII sequence CR LF (return followed by linefeed),
o the ‘Classic Mac OS’ form using the ASCII CR (return) character.

Regardless of platform, each of these sequences is replaced by a single ASCII LF (linefeed) character. (This is done
even inside string literals.) Each line can use any of the sequences; they do not need to be consistent within a file.

The end of input also serves as an implicit terminator for the final physical line.

Formally:

newline: <ASCII LF> | <ASCII CR> <ASCII LF> | <ASCII CR>



https://peps.python.org/pep-3120/
https://en.wikipedia.org/wiki/Classic_Mac_OS
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213 =4
FAZ A el H Holl LA A o= WA EAHH) = A FSaL 8] A9l o] EolA 2d Ut FA14
A& AT A Fol FasHA b2 ol FAL =2ldd E2 TEAAUT F4L2 £ ol FAGUH

HA Sof J&= FAo] A4 ¢ odmg[f IN\s* ([-\w.]+) J o X =] 9,
o] Z/\J 0 o] AXNFTE _4_014 o]:yrA o]%%

A A 1
glofof gt 2l

[# —*— coding: <encoding-name> —*—

l‘

I °
—':ruWH%O]E} , A A E A AT

ot GNU Emacsol| A = 214§ Ut} T} 2 3lu=

[# vim: fileencoding=<encoding—name> }

o]t Bram Moolenaar 2] VIMol| 4 ¢14] ] 1]t}

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'\xef\xbb\xbf ') is ignored rather than being a syntax error.

olF g o]l A ™, olFY o] 2L glo]# o] ol AT 4 Qlo]of ﬂqr/]—(standard encodings & 2 3}A 2).
DS A I8, AAE EHE LT ol LANA £ BT ek

All lexical analysis, including string literals, comments and identifiers, works on Unicode text decoded using the
source encoding. Any Unicode code point, except the NUL control character, can appear in Python source.

source_character: <any Unicode code point, except NUL>

=
E ol 4o Bel A 2L o SUN BANE AGHA == FE 2
Zo] 249 P Po L} 24 AR ohd o SeA EAR ErhE, o &
AAY A=, @A 5 AT Gt =4 Zol AU oI 2 Soi:

if 1900 < year < 2100 and 1 <= month <= 12 \
and 1 <= day <= 31 and 0 <= hour < 24 \

and 0 <= minute < 60 and 0 <= second < 60: # OFETH SFFANT L QS
return 1
% GUA 2 Brhe B2 740 U 4 Gtk 3 SANE A4S AU R & AN
S DB R A9 T o)W BT ATEA ZFUTH (S, AL 2E Y 029 oW EE o o)
NEABHA T Zol Lol 7123 5 G5tk £A4L AE D ol 9t o LA} LA A
B ol2)9] 2o SR AL ERel o U

2.1.6 2EA|X0l = ASH
), %

Z35(0), WZ3(1 S ({N7HAREE e Rd2 d A glolE o8 A EFA 2 e F
dsUth = &

month_names = ['Januari', 'Februari', 'Maart', # ClAELS
'April', 'Mei', 'Juni’', # 22 °lF &=
0 grmilld 7, 'Augustus', 'September', # ZIE9
'Oktober', 'November', 'December'] # SIS T °15 QI =F

NHOR ool AL BEL FHS ZFT S A5 U ololAL 259 SR/t F23A4 G5
2

F3H= 2 S 74l = NEWLINE E o] 850 %) %]
Uit 2A Aoz o L 4F LR H EAYBANAE 545 el Clhg Beh,

(o]

Chapter 2. 01§ 24
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21.7 2l &

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

2.1.8 E0{M 7|

= A F9 AL gl 2= FWM (o] W) EY SART] FE = A4S H AFEE I, o] &
Al #3459 Fo= 28 ol AHEA " Yth

He (ABNN LB OE) 1§42 250l Az ABE U, A VA F9 F 25 0] 4 T4 5789
WM E S R U (Y204 ALEE £ Aol REeE A Uth) A WA v 29 £ A4 2o
G2t B e F4vt 29 S0l E AA UL SoI2IE o S el A8 AL A o2 ] 2l el
22 92 5 Ao Uth A WA 24 oA 0] Se2sE 2 AUn

G2 sheo] G5} 25 o 2 E Hlo] 2 A2, Wol B AL 25l o) 2ol A FHEA o ek A 42
4 QO TabError & 4o 7 YtTh

SR BAE B 59 A UNIX 0219 2AE0 A 0715 0] Bk 34 o) Fof, o) 5]
oA Sol 271 95 WA} 2ol 0] A B Ao A AL AW Aedo] opd it THE EAETN AL
o) Sof27] 52l Aol A&+ ATk AT F8lsof gtk

£ 9E BAL 29 480l e 5 A UTh DA 4B Fol27) £2 AN AL AT UL A3
Fulol T2 20| SR E 9= EAL A5 A S £3E FUD (U1, 23012 571008 7]
9 + 9% Uth

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

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

7)o (EdAHT A BtE) SntaA o027 d shold = 27 Y5 Uth

def perm(l)
# 1 9
(1) <=

jo
= cjn

g =lazg ALY

o

if len
return [1]
r =[]
for i in range(len(l)) :
s = 1[:1] + 1[i+1:]
p = perm(s)
for x in p:
r.append (1[i:1+1] + x)
return r

U= ol o8] 7hA] o277 A& BoF Utk

def perm(l): # °18: A 22 =992 7 WL S
for i in range(len(l)): # 213 992 = oFgra Y=t
s = 1[:1] + 1[i+1:]
p = perm(1[:i] + 1[i+1:]) #ool=: AT Fe =992 7
for x in p:
r.append (1[i:1+1] + x)
return r # °1% . ATJA A= Hepr T

2.1. & P X(Line structure) 9
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(A4, 212 A 2] ol &= 5hA1 7k 1A ek, B v ol ] o} 9] 47174 A FU T — return
r o) Soj2717h el 9 g3t DA A Bruieh)
21.9 E2 Al0|2| Zu

Except at the beginning of a logical line or in string literals, the whitespace characters space, tab and formfeed can be
used interchangeably to separate tokens. Whitespace is needed between two tokens only if their concatenation could
otherwise be interpreted as a different token. For example, ab is one token, but a b is two tokens. However, +a and
+ a both produce two tokens, + and a, as +a is not a valid token.

2.1.10 End marker

At the end of non-interactive input, the lexical analyzer generates an ENDMARKER token.

22 CIE EES

Besides NEWLINE, INDENT and DEDENT, the following categories of tokens exist: identifiers and keywords (NAME),
literals (such as NUMBER and STRING), and other symbols (operators and delimiters, 0P). Whitespace characters
(other than logical line terminators, discussed earlier) are not tokens, but serve to delimit tokens. Where ambiguity
exists, a token comprises the longest possible string that forms a legal token, when read from left to right.

2.3 Names (identifiers and keywords)

NAME tokens represent identifiers, keywords, and soft keywords.

Within the ASCII range (U+0001..U+007F), the valid characters for names include the uppercase and lowercase
letters (A-z and a-z), the underscore _ and, except for the first character, the digits 0 through 9.

Names must contain at least one character, but have no upper length limit. Case is significant.

Besides 2-7, a-z, _and 0-9, names can also use “letter-like” and “number-like” characters from outside the ASCIL
range, as detailed below.

All identifiers are converted into the normalization form NFKC while parsing; comparison of identifiers is based on
NFKC.

Formally, the first character of a normalized identifier must belong to the set id_start, which is the union of:

« Unicode category <Lu> - uppercase letters (includes a to z)

 Unicode category <L1> - lowercase letters (includes a to z)

« Unicode category <Lt > - titlecase letters

« Unicode category <Lm> - modifier letters

« Unicode category <Lo> - other letters

« Unicode category <N1> - letter numbers

o {" "} _the underscore

e <Other_ ID_start> - an explicit set of characters in PropList.txt to support backwards compatibility
The remaining characters must belong to the set id_continue, which is the union of:

o all characters in id_start

« Unicode category <Nd> - decimal numbers (includes 0 to 9)

« Unicode category <Pc> - connector punctuations

« Unicode category <Mn> - nonspacing marks

« Unicode category <Mc> - spacing combining marks

10 Chapter 2. 01§ 24
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e <Other_ID_Continue> - another explicit set of characters in PropList.txt to support backwards compati-
bility
Unicode categories use the version of the Unicode Character Database as included in the unicodedata module.

These sets are based on the Unicode standard annex UAX-31. See also PEP 3131 for further details.

Even more formally, names are described by the following lexical definitions:

NAME : xid_start xid_continue*

id_start: <Lu> | <Ll1> | <Lt> | <Lm> | <Lo> | <N1> | "_" | <Other_ID_Start>
id_continue: id _start | <Nd> | <Pc> | <Mn> | <Mc> | <Other_ID_Continue>
xid_start: <all characters in i1d start whose NFKC normalization is

in (id_start xid_continue*)">

xid_continue: <all characters in id continue whose NFKC normalization is
in (id_continue*)">

identifier: <NAME, except keywords>

A non-normative listing of all valid identifier characters as defined by Unicode is available in the DerivedCoreProp-
erties.txt file in the Unicode Character Database.

231 [/ E

The following names are used as reserved words, or keywords of the language, and cannot be used as ordinary
identifiers. They must be spelled exactly as written here:

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

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

232 AZE F|E

Added in version 3.10.

Some names are only reserved under specific contexts. These are known as soft keywords:
e match, case, and _, when used in the mat ch statement.
e type, when used in the t ype statement.

These syntactically act as keywords in their specific 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.

WA 3129 A4 ¥ A type is now a soft keyword.

2.3.3 AExte| of|ef Y

(P19 =obe WA R) o ¥ RRe] AEASE S8 )7} g5 UTh of RRe] AAASE A2 e
Wz exddos pEgUTh

*

from module import * of ]3| Y ZET R Lt}

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

ghd, ti 3t AE Z e B vpA Y 7 A3 e W ol AT (print ok 22 W Tt
A, builtins & AZHUTH)
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Elsewhere, _ is a regular identifier. It is often used to name “special” items, but it is not special to Python
itself.

%Zﬂ Pj-(mternatlonahzatlon) o} #HEF o] AH U Th o] T o] FE A= gettext

A2d B o), 154 4 0 2 A (dunden)” o] Fol 2k Fei AUk o] o] §EL AHze ¥
91 7R(EF eholny S TP the] A Guich. A B A N2 o] FL 554 =
|5 E A 1 99 el A =2l ek sho] ] vl A A« B B RSl AT A
ol FUth oW BN A, PAACE EAZ BHEA AFHS Rol ks« o9 RE
g2, A1 glol £48 & ds Ut

T 2YauFA o)B. o 5o o5 Fehx B FWel A ALS Y H 419 FehE AP P th
B3 220 A4 o2 03 (private)” o} =] HE 7H9] o] & $E2 35/ ATk

AL (o] F) AdS BAlL

24 2™
2B & (litera) 2 RE WA P = IS AT 27H ATk

In terms of lexical analysis, Python has string, bytes and numeric literals.

Other “literals” are lexically denoted using keywords (None, True, False) and the special ellipsis token (. . .).

2.5 2xl€910} HIO|EY 2|E{&

String literals are text enclosed in single quotes (') or double quotes ("). For example:

"spam"
'eggs'

The quote used to start the literal also terminates it, so a string literal can only contain the other quote (except with
escape sequences, see below). For example:

'Say "Hello", please.'’
"Don't do that!"

Except for this limitation, the choice of quote character (' or ") does not affect how the literal is parsed.

Inside a string literal, the backslash (\) character introduces an escape sequence, which has special meaning depending
on the character after the backslash. For example, \ " denotes the double quote character, and does not end the string:

>>> print ("Say \"Hello\" to everyone!")
Say "Hello" to everyone!

See escape sequences below for a full list of such sequences, and more details.

2.5.1 Triple-quoted strings

Strings can also be enclosed in matching groups of three single or double quotes. These are generally referred to as
triple-quoted strings:

12 Chapter 2. 01§ 24
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[”””This is a triple-quoted string.""" ]

In triple-quoted literals, unescaped quotes are allowed (and are retained), except that three unescaped quotes in a row
terminate the literal, if they are of the same kind (' or ") used at the start:

[”””This string has "quotes'" inside.""" ]

Unescaped newlines are also allowed and retained:

'"'"'"This triple—quoted string

rror

continues on the next line.

2.5.2 String prefixes

String literals can have an optional prefix that influences how the content of the literal is parsed, for example:

b"data"
f'{result !

The allowed prefixes are:

e b: Bytes literal

e r: Raw string

o f: Formatted string literal (“f-string”)

o t: Template string literal (“t-string”)

« u: No effect (allowed for backwards compatibility)
See the linked sections for details on each type.

Prefixes are case-insensitive (for example, ‘B’ works the same as ‘b’ ). The ‘r’ prefix can be combined with ‘£’
‘€ or ‘b’,s0 ‘fr’, ‘r£’, ‘tr’, ‘rt’, ‘br’,and ‘rb’ are also valid prefixes.

Added in version 3.3: 'Z Hlo]EQ 28] B 'br' & 2L U7} Y= 'rpr AFOIFE7ME Q50U
Jpol 2.x 2 3x ol A FAl ol A Wet= ZES FAEFE D3}st7] A6 Ao AHEHE FUZE
28 E (u'value') o] Al = 4= A5 U T A4 8 A 2= PEP 414 o] YUt

2.5.3 Formal grammar

String literals, except “f-strings” and “t-strings”, are described by the following lexical definitions.

These definitions use negative lookaheads (!) to indicate that an ending quote ends the literal.

STRING: [stringprefix] (stringcontent)
stringprefix: <("r" | "u" | "b" | "br" | "rb"), case-insensitive>
stringcontent:

| mrrvow ( fwrvam longstringitem)* mrvam
| rommy ( prmwmma longstringitem)* romma
[-mrr ("' stringitem)* "'"
[ '™t (""" stringitem)* 'M™!
stringitem: stringchar | stringescapeseq
stringchar: <any source_character, except backslash and newline>
longstringitem: stringitem | newline
stringescapeseq: "\" <any source_character>

Note that as in all lexical definitions, whitespace is significant. In particular, the prefix (if any) must be immediately
followed by the starting quote.

25. 2XIYT} HIO|EY a|E{ 13
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2.5.4 O|AFAHO|= A[RA

3

Unless an ‘r’ or ‘R’ prefix is present, escape sequences in string and bytes literals are interpreted according to rules
similar to those used by Standard C. The recognized escape sequences are:

o|AaA0|= AR 2|O)

\<newline> Ignored end of line

\\ Backslash

\! Single quote

\@ Double quote

\a ASCII ¥ (BEL)

\b ASCII ¥ A 5] o] 2 (BS)

\f ASCII & 3 = (FF)

\n ASCII 2}¢l 9] = (LF)

\r ASCII 7 2] A] ] & (CR)

\t ASCII 7} 2 = (TAB)

\v ASCII A & = (VT)

\ooo Octal character

\xhh Hexadecimal character
\N{name} Named Unicode character
\uxxxX Hexadecimal Unicode character
\UXXXXXXXX Hexadecimal Unicode character

Ignored end of line

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

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

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

Escaped characters

To include a backslash in a non-raw Python string literal, it must be doubled. The \\ escape sequence denotes a
single backslash character:

>>> print ('C:\\Program Files')
C:\Program Files

Similarly, the \ ' and \ " sequences denote the single and double quote character, respectively:

>>> print ('"\' and \"')

' and "

Octal character

The sequence \ ooo denotes a character with the octal (base 8) value ooo:

>>> '\120'
'Pl

Up to three octal digits (0 through 7) are accepted.

In a bytes literal, character means a byte with the given value. In a string literal, it means a Unicode character with
the given value.

WA 3.119 4] ¥ 7 Octal escapes with value larger than 00377 (255) produce a DeprecationWarning.
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WA 3.120] 4] ¥ 7 Octal escapes with value larger than 00377 (255) produce a SyntaxWarning. In a future
Python version they will raise a SyntaxError.

Hexadecimal character

The sequence \xhh denotes a character with the hex (base 16) value hh:

>>> '\x50'

'p!

2 CoE =], e T 9 16747} A2 H o] oF Fth

In a bytes literal, character means a byte with the given value. In a string literal, it means a Unicode character with
the given value.

Named Unicode character

The sequence \N{name} denotes a Unicode character with the given name:

>>> '\N{LATIN CAPITAL LETTER P}'
lPl
>>> '\N{SNAKE}'

y 0

O

This sequence cannot appear in bytes literals.

¥ A 3.39]| 4] ¥ 7 : Support for name aliases has been added.

Hexadecimal Unicode characters

These sequences \uxxxx and \Uxxxxxxxx denote the Unicode character with the given hex (base 16) value. Exactly
four digits are required for \u; exactly eight digits are required for \U. The latter can encode any Unicode character.

>>> '\ul234'
'3
>>> '\U0001£40d’

O

These sequences cannot appear in bytes literals.

Unrecognized escape sequences

Unlike in Standard C, all unrecognized escape sequences are left in the string unchanged, that is, the backslash is left
in the result:

>>> print ('\q")
\q

>>> list ('\g'")
['\\', 'g']

Note that for bytes literals, the escape sequences only recognized in string literals (\N. . ., \u. .., \U...) fall into
the category of unrecognized escapes.

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

W A 3.129]| 4] M 7 : Unrecognized escape sequences produce a SyntaxWarning. In a future Python version they
will raise a SyntaxError.

25. 2AIAI HIO|EY 2|E{ 15
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2.5.5 Bytes literals

Bytes literals are always prefixed with ‘b’ or ‘B’ ; they produce an instance of the bytes type instead of the str
type. They may only contain ASCII characters; bytes with a numeric value of 128 or greater must be expressed with
escape sequences (typically Hexadecimal character or Octal character):

>>> b'\x89PNG\r\n\xla\n'
b'\x89PNG\r\n\xla\n'

>>> list (b'\x89PNG\r\n\xla\n')
37, &0, 78, 7i, 13, 10, 26, 10]

Similarly, a zero byte must be expressed using an escape sequence (typically \ 0 or \x00).

2.5.6 Raw string literals

Both string and bytes literals may optionally be prefixed with a letter ‘r’ or ‘R’; such constructs are called raw string
literals and raw bytes literals respectively and treat backslashes as literal characters. As a result, in raw string literals,
escape sequences are not treated specially:

>>> r'\d —-\d —\d !
"N\d{4}-\\d{2}-\\d{2}"'

gelE ey 23, G EE o SN o270 x Gtk AT G SehA 7 2
o & Sof, rr\n & LHIE BX g, F A9 247t S ALk 4 &
s 2R B B o) obduth (4 BAAxA E5AS o z
o B wek A, O A H P st o LA B4 QST 2 A7 ol
o] zAo) = A7 7] R GUTH. o SN whE Fol et AYEAE E ATl ohet
235 £ % Ao Bz A4 F ol 7o) oF g Th

N
i,
i)

25.7 T 2X1A 2|5
Added in version 3.6.

A formatted string literal or f-string is a string literal that is prefixed with ‘£’ or ‘F’. These strings may contain
replacement fields, which are expressions delimited by curly braces {}. While other string literals always have a
constant value, formatted strings are really expressions evaluated at run time.

249 AEAAY LGP (B EALA 3 o9 FuTh.

U=t 22 EHe ey th

SES DEPAE PSS

—

2
Oad Fol £44 g

f_string: (literal_char | "{{" | "}}" | replacement_field)*
replacement_field: "{" f_expression ["="] ["!" conversion] [":" format_spec] "}"
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>
TEI U2 B2 Ut HHEAH AFH e, o5 $Z2E (' Yyt 9Y S2ER
At A oo guch ] o= 25 (0 £ A F=F AFA 7=, dolx FH 4] o
AugUch B71 5 E2d4 drest Y e 2F A D (D0 Z f-4FUh, 224 Hol
ST = E RS dS YUY =E 1 2 A FSEE, W (conversion) A=A TS 4 95U T
9 2 A 2 (format specifier) & 12 Y 5~ Y=, T8 ' CEAAFULL A} FE=DFE=FET )
2 2dyth
zy A Y e de) BAA S TEE SeAel IukH ol stol Bd4 08 AF T ), @ A o9
b Atk W BAAL HYH A BT, lanpdast HY FAY = S RE WA BT FelKob
Fuch 2 EA4e 29 AL e Lol S AR BAolA AZo] A 2 2= 02 AT
A2 AL G R} AT a2 e 2 EAE 2lEE RO A EAE 20T 5
Rom AL 23 JFUth A D= YollA ¢ Fo L& BE W& FALE AUt (B
TZIG W E 22 AFEFUD. o] A9 AR B+t FolA @ oF gyt
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>>> f"abc{a # This is a comment }"
+ 33"
'abch'!

PAR Aa) £W EAL eE Do) RN avaic B
FaSA FRHUTL

W 3704 W73 3to] % 3.7 o] Ao, &
d A
A 3.129] A ¥4 7 : Prior to Python 3.12, comments were not allowed inside f-string replacement fields.

3:
A} asyne for %

=
mlo

5375 ol AFHY, FYo s BEA 9AE, = 8 P gho] ZRFUTE o= TR (-
R, AW, = e o)Ak BE 20| §AF U EHOR, =2 £ AR} gt B
S ropr) 2 AFTU. Eoe) ABAE A 1ol A e B o2 2
cer ol A8 T

Added in version 3.8: & 7|& '="'.
™ 2k (conversion) ©] A F =W, FH A e A7t Zofg] Holl g Ut HE ris = AFol str() &
S L repr() S &3

=

]_
= format () ZEEF W3 A3 rormat__ () WA

<

|

S AgET, £ AN BHY 8 EAG o] AL oAl ENE A5} A5 EAL
A yh

AN 2 AGAE FHD AD DSES 2PF 5 AUk o P V=SS 15 Ao W
ot 2R ARZAE 2T 5 YA Zo] THA AR IBEES 2T T+ Ut 290 AAA
Zko] 1ol= str. format () FIA =X AHEH = A} Z5Uth

EY AL e R e ool £ AT, B Bestole) PR 24 21 Y

= BAY e P ol g Su:

>>> name = "Fred"

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

"He said his name is 'Fred'."

o

>>> f"He said his name is {repr(name) }." # repr() & !r 3 & -t

"He said his name is 'Fred'."

>>> width = 10

>>> precision = 4

>>> value = decimal.Decimal ("12.34567")

>>> f"result: {value:{width}.{precision}}" # H T & ZTU=
'result: 12.35"

>>> today = datetime (year=2017, month=1, day=27)

>>> f"/today:%B %d, $Y}" # SF® ZSH X F I AME

'January 27, 2017'
>>> f"{today=:%B %d, %Y}" # =t* T SH FJ = S Y AR
'today=January 27, 2017’

>>> number = 1024

>>> f"{number:#0x;}" # JF ZT S T I A F
'0x400"'

>>> foo = "bar"

>>> f"{ foo "4 FT S L E P SL
" 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:

25. 2AIAI HIO|EY 2|E{ 17
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>>> a = dict (x=2)
>>> f"abc {a["x" def"
'abc 2 def'

WA 3.129] 4] ®H 7 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 = ["a", "b", "c"]

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

a

b

@

WA 3.129 4] ¥ 7 Prior to Python 3.12, backslashes were not permitted inside an f-string replacement field.

N 22 2 DL 5 AE Y (docstring) ©. 2 ALE 5 L5 U Th EHA 0] A3 ghE hw vpRAA U

&
o,

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

>>> foo. doc  is None

2.5.8 t-strings
Added in version 3.14.

A template string literal or t-string is a string literal that is prefixed with ‘t’ or ‘T’ . These strings follow the same
syntax and evaluation rules as formatted string literals, with the following differences:

o Rather than evaluating to a str object, template string literals evaluate to a string.templatelib.
Template object.

e The format () protocol is not used. Instead, the format specifier and conversions (if any) are passed to a
new Interpolation object that is created for each evaluated expression. It is up to code that processes the
resulting Template object to decide how to handle format specifiers and conversions.

» Format specifiers containing nested replacement fields are evaluated eagerly, prior to being passed to the
Interpolation object. For instance, an interpolation of the form {amount: . {precision}f} will evalu-
ate the inner expression {precision} to determine the value of the format_spec attribute. If precision
were to be 2, the resulting format specifier would be ' .2f£'.

o When the equals sign '=" is provided in an interpolation expression, the text of the expression is appended
to the literal string that precedes the relevant interpolation. This includes the equals sign and any surround-
ing whitespace. The Interpolation instance for the expression will be created as normal, except that
conversion will be set to ‘r’ (repr ()) by default. If an explicit conversion or format specifier are pro-
vided, this will override the default behaviour.

2.6 <X} 2|E{&E

NUMBER tokens represent numeric literals, of which there are three types: integers, floating-point numbers, and
imaginary numbers.

NUMBER: integer | floatnumber | imagnumber

18 Chapter 2. 01§ 24
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The numeric value of a numeric literal is the same as if it were passed as a string to the int, float or complex
class constructor, respectively. Note that not all valid inputs for those constructors are also valid literals.

)

Numeric literals do not include a sign; a phrase like -1 is actually an expression composed of the unary operator ‘-
and the literal 1.

26.1 M 2|lEEH

Integer literals denote whole numbers. For example:

5
3
2147483647

There is no limit for the length of integer literals apart from what can be stored in available memory:

[7922816251426433759354395033679228162514264337593543950336

Underscores can be used to group digits for enhanced readability, and are ignored for determining the numeric value
of the literal. For example, the following literals are equivalent:

100_000_000_000
100000000000
1_00_00_00_00_000

Underscores can only occur between digits. For example, _123,321_, and 123__321 are not valid literals.

Integers can be specified in binary (base 2), octal (base 8), or hexadecimal (base 16) using the prefixes 0b, 0o and
0x, respectively. Hexadecimal digits 10 through 15 are represented by letters A-F, case-insensitive. For example:

0b100110111
Ob_1110_0101
00177

00377
Oxdeadbeef
OxDead_Beef

An underscore can follow the base specifier. For example, 0x_1f is a valid literal, but 0_x1f and 0x__1f are not.

Leading zeros in a non-zero decimal number are not allowed. For example, 0123 is not a valid literal. This is for
disambiguation with C-style octal literals, which Python used before version 3.0.

Formally, integer literals are described by the following lexical definitions:

integer: decinteger | bininteger | octinteger | hexinteger | zerointeger
decinteger: nonzerodigit (["_"] digit)™*
bininteger: "o" ("b" | "B") ["_"] bindigit)+
octinteger: "o" ("o" | "O") ["_"] octdigit)+
A\l

(
(["_
hexinteger: "o"m o o("x" | "XM") (["_"] hexdigit)+
*

zerointeger: "O"+ (["_"] "OM)
nonzerodigit: "1"..."9"

digit: "o"..."9"

bindigit: "o" | omin

octdigit: "o"..."7"

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

WA 36004 A 2l EoA A 252 2T FH o2 UES s gk
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26.2 A 2lEH

Floating-point (float) literals, such as 3.14 or 1.5, denote approximations of real numbers.

They consist of integer and fraction parts, each composed of decimal digits. The parts are separated by a decimal

point, .:

2.71828
4.0

Unlike in integer literals, leading zeros are allowed in the numeric parts. For example, 077.010 is legal, and denotes

the same number as 77. 10.

As in integer literals, single underscores may occur between digits to help readability:

96_485.332_123
3.14_15_93

Either of these parts, but not both, can be empty. For example:

10. # (equivalent to 10.0)
.001 # (equivalent to 0.001)

Optionally, the integer and fraction may be followed by an exponent: the letter e or E, followed by an optional sign,

+ or —, and a number in the same format as the integer and fraction parts. The e or E represents “times ten raised to

the power of””:

1.0e3 # (represents 1.0x10°, or 1000.0)
1.166e-5 # (represents 1.166x10°°, or 0.00001166)

6.02214076e+23 # (represents 6.02214076x10%°, or 602214076000000000000000. )

In floats with only integer and exponent parts, the decimal point may be omitted:

le3 # (equivalent to 1.e3 and 1.0e3)
0e0 # (equivalent to 0.)

Formally, floating-point literals are described by the following lexical definitions:

floatnumber:
| digitpart "." [digitpart] [exponent]
| "." digitpart [exponent]
| digitpart exponent
digitpart: digit (["_"] digit)*
exponent: ("e" | "E") ["+" | "-"] digitpart

HA 36004 HA: BlHEAAN A A5 RFE HFHor dES

2.6.3 5| BlEE

Python has complex number objects, but no complex literals. Instead, imaginary literals denote complex numbers

with a zero real part.

For example, in math, the complex number 3+4.2i is written as the real number 3 added to the imaginary number
4.2i. Python uses a similar syntax, except the imaginary unit is written as j rather than i:

[3+4.2j

1

This is an expression composed of the integer literal 3, the operator ‘+° , and the imaginary literal 4 . 25. Since these

are three separate tokens, whitespace is allowed between them:

[3 + 4.273

20
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No whitespace is allowed within each token. In particular, the 5 suffix, may not be separated from the number before
it.

The number before the j has the same syntax as a floating-point literal. Thus, the following are valid imaginary
literals:

4.25
3.145

10.7

.0017
11005
3.14e-107
3.14_15_937

Unlike in a floating-point literal the decimal point can be omitted if the imaginary number only has an integer part.
The number is still evaluated as a floating-point number, not an integer:

105
03
10000000000000000000000005  # equivalent to le+24j

The 5 suffix is case-insensitive. That means you can use J instead:

[3.14J # equivalent to 3.14j

Formally, imaginary literals are described by the following lexical definition:

imagnumber: (floatnumber | digitpart) ("3j" | "J")

2.7 Operators and delimiters

The following grammar defines operator and delimiter tokens, that is, the generic OP token type. A list of these tokens
and their names is also available in the t oken module documentation.

OP:
assignment_operator
bitwise_operator
comparison_operator

other_delimiter
arithmetic_operator

n n

|
|
|
| enclosing_delimiter
|
|
|

| other_op
Wx_—n

nwy/=n | "g=n

nE=" | me="

assignment_operator: Mg="

nA_m

wAwn

I | \ \
| | \ \
bitwise_operator: "e" | | | [ o>>
comparison_operator: =" ">=m oo | | "==" [omr=n
| | \ \
I | \ \
| | \ \

" [ll ll}ll
n_sn

ll/ll | mon

other_delimiter: wim

Wxxn

|

|

|

|
enclosing_delimiter: " | myn

|

arithmetic_operator: LU

|

other_op: L

0 Fx

Generally, operators are used to combine expressions, while delimiters serve other purposes. However, there is no
clear, formal distinction between the two categories.

2.7. Operators and delimiters 21
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Some tokens can serve as either operators or delimiters, depending on usage. For example, * is both the mul-
tiplication operator and a delimiter used for sequence unpacking, and @ is both the matrix multiplication and a
delimiter that introduces decorators.

For some tokens, the distinction is unclear. For example, some people consider ., (,and ) to be delimiters, while
others see the getattr () operator and the function call operator(s).

Some of Python’ s operators, like and, or, and not in, use keyword tokens rather than “symbols” (operator
tokens).

A sequence of three consecutive periods (. . .) has a special meaning as an E11ipsis literal.
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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 id ()
function returns an integer representing its identity.
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AUtk F& o] 7M1 A S AF AAA 7] ALt ofoll Aefsl= Ao s|Eg Ut — o}F] FxH= AA =
FAGA g o]} 7 A AT olE Ao g FHAE A= THY FE EAG UL

CPython & & A} = 314> 7 Ak (reference-counting) B} 412 AFgal=t], (HH Al og)3td o g o
7R A Y] A A" AR 7 FrHE U o) e g ) RE AAE FX2 I A AR AR AL 5
Utk a2k &3 F27E de /A ES FAS T B8 s Uth <84 7R A A
HAABHE gec BE FAE F2SE FUth & FEE2 thE 428 5361, CPython = W3 E
AsUth F27MAALD w] 524422 s}o]d 2] A o] A (finalization) =] = 21 of] 9] &3}A] Dolof gtk
(LA B3 3t S A Ao 2 GofFolof .

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.

230 iy,
¥ =2 oy it

Loj AgtE 27102, o @ F9o] AR Y& WHSHE Aol b5 FuTh AT AE AW o} 7 4% B o]of A
S9ons dudos £ Azl ohdyrh
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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 try--- finally statement and the with statement
provide convenient ways to do this.

ol AA 52 ot AA ol het F=2E 236t 5UTh o] A& WH oY (comainer) 2FiL 5
.o E2 A" ol 19 7 %l—‘%‘?&ﬂﬂ}.ﬂ—‘%
2o easl A oL ke =3 mli, Sof gt AR S| ofoltlElE] B ok g mA Ut 314 B
Z™ oy 7P dis =2 wl & A 7R AAEY ofoldE g Ytk 1A, (F2 z2)
E9 A" o7 7 AR 2o F2E kAl vk, 2 7HA AA 7 A A E E AE ol v ghe WA g Y Th

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

shefefl sho] o] 4H FEY B=o] dgych (PR wel C U Akt T2 Aol 44 8) T3
BEESS 2719 P2 AT 5 5T stol A vlel WA A § AS] B U T 5 Y ()
Eol, Rels, REHOE AGE A4 WA 55), B2 golnef 8 3 2748 b4l o A7k

ofgfol o= 2 o thst g2 ‘54 o] E ] H E (special attribute)” & UG 3= TS 23U
OJAEL T HZT YA S AF3 —Eﬂ AHHA 9l AFS-E 913 Zlo] ofd Utk A= doz HAE

B2 S gug A o 3 2 She) AR 2T o) A7
B3l }2 g o2 74A Aol A gte) RS dele ol AL B UTh 98 Sol, N Her A7E
HE22 G o urE gyt =8 g 7.]Z1?:]1/]q_

3.2.2 Notimplemented

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.

t] 2FA| 3 W] 82 implementing-the-arithmetic-operations = 331 38}4] Al 2
WA 3.99] A ¥ 7 : Evaluating Not Implemented in a boolean context was deprecated.

WA 3.14 9 4] ¥ 7 : Evaluating Not Tmplemented in a boolean context now raises a TypeError. It previously
evaluated to True and emitted a DeprecationWarning since Python 3.9.

3.2.3 Ellipsis
o] BL st ek ZayTh o] e 2= sl AA L EATUL. o A= HEE ... o}
WAE o8 E1lipsis & B8 A2UTh =2 gk AUtk
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3.2.4 numbers.Number

2.
1RSS5 2|5 Pol 93] TS o)A\, H¢ A4 g Ak §oEol At BEUTh 274 A
=BT 2 W ghol TEol AT A Waps) gt shol el £AE B elsl S84 £ A
WA BAT o] Ainh SA W AR 52 B A S B0 YU

The string representations of the numeric classes, computed by __repr () and __str (), have the following
properties:

. Zela AR A2D o) Q) 24 e A AN E AL FER 2 2 EH D JUT
. JhsarE, B 1028 Ao

O

o 253 o Bd 0 AL B, AF 02 EAIH A FFYTh
. 0= Al2j8taL, 3 02 A A syt

2
e

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

numbers.Integral

AT L 4849 A% AT 2ol Foh 2252 Vel

0 #x
A4 B FAL 257 £FD AZES vha Aabo] 713 o) v] g S 4L AT A8 AIY
ok

T 7] BR A5 A%

A4 (int)
oA (7 W R 3t A < XAE EA YT Al Z E (shift) 9} vpA 3
(mask) Altol BRI uj= o] HH o] 7HAH I, S5 €359 29 E4(2° s complement) 2 3
Hed, R uEZdE o2 Fo3] 44 A 22 a5 FUtt

o] 21 =gt AT & YEH Y Uth False 9 True F AW £ & AA YU £ F 2 int
3] o] x}gaoa (subtype) ©] T, T2 AF3Foll A 7+7] 03+ 2 & T2 o) o 9] = 2 G2 H3E =
Af-dl, Z7] FAE "ralse" & "True” 7} HFEH YT}

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.

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 AEAE

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

3.2. EFSE A

oy
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Sequences also support slicing: a [1: 5] 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.

oI A A A 2 ) THA B 830 29 ohol ) (extended ling)” = AR T ok

ali:j:k] = x = 1 + n*k,n>=0,i<=x<j 5 UZIE=TLEIF 5

A@re 2o npe TRE UL

rulm
rz
)
o
i
Ky

EH AEA

EH AL PO AAl= A Ao Fol= WAFE syt (ke AA 2o FxE 2ok,

I AR 7P = QA MA3E F ASU A, B AAZ R Y FxE e AA 0 A AA =

HwEE s sdoh)

O 22 gL el AR YUT

£ 214 (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 — 10FFFF
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.

5+ (Tuples)

R 22 99 ol A AAYULE F A o4 FBo 2 TYH L RELS Fuiz Hed
FAAY 2202 WE 4 ek U] FBo 2 T FE (4 F singleton) & E &4 of
BUE RN UE FAGUNEEE AL £ Yons N POREFEL UEA
GHUTH. 1l FES &9 W BEE BE 5 YgUth

vl o] E & (Bytes)

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

7HH A EA

7 A DAL BrEo] R o W A E 4= 94U Th A H 3 9 A (subscription) I & 8ho] A& o) 9] B3} ge
(AHAD) 2o ez AHgE 5 sy
0 In

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

A F A WA M AE Aol syt
2] A E (Lists)

PAE 5L lelo] s AR UTh BlaEL Bulz HelH AL Y2 ol Yol A
B 45Ut (Bo] 00119 PJAEE err] AEo] 2o B guyTh)

vlo] E ujj & (Byte Arrays)
34 A BEel Ayt
o2k A (L2l A A B 75 ST 2) S A9l 82, vho] = i &S 2 o] E < (bytes) A 9}
e Qe o) 28} 7 5& Al TPt

3.2.6 gt HE(Set types)

AES TEH e EH AAEY A gla F3s AT vepE YT AT 5= gls Yot shA T
o H o] E —/1\—9} "HZ} o len() 2 AF e = FEEY NFE SHFYSE I T drkFQl
25 = w2 W4 7 Ab(fast membership testing), A| 2o A SEH FE A A, ] (1ntersect10n), A
?S'(umon), Z}%] &} (difference), T & X} 5] & (symmetric difference) 3 242 3 & A 4HS A A= A Yy th
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A3 ool GAI e A9 22 BHA 750 A8 UTh 54 Po] AL 5 vl B
S 1 50] A BT Ao 2915k 8otk B 5 AA G o AT E Bl 1 710
a% shuber A gl So2 5 A5k
A F A g AT Fol AUk

A3 (Sets)
These represent a mutable set. They are created by the built-in set () constructor and can be modified after-
wards by several methods, such as add.

£ A3l (Frozen sets)

o] A& % As vebivoh W frozenset ) A=
(frozenset) & =W o]l s A] 7h5 stE 2, T2 A 3] 9oy, M2l e 7|2 AHgE &

3.2.7 0§Z (Mappings)

o];qc o 01_4_/] o]\:q]/\;gzd.oio ti] ]EE]
notation) a[k] = Wl a oA kx 2 Qdd A )
Dol oo 2R A0 S S5 92 19 B 10

Fiok
@A & el W o Yol ek

. e
122 BALel AHgE £ 3,

El M L1 2|(Dictionaries)

AL 79 doje A o AUAE L AA S FIE A TS YU 7= AT S
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Dictionaries are mutable; they can be created by the { } notation (see section & 4 1 2] T] A~ 9]).

37 BE dom.ndbm I} dom.gnu = F712] ]33 S AlF 3=, collections BE JA| up@71A 9

HE}.

WA 3704 A gAY el 3.6 o] A Tholx WA A 4 XS FA A & ks LT CPython
3.601 4, AF Y A7 FAE QAT T A F = o] BFo] ofet d M H Ao 2 7hEs S U T
3.2.8 Z2{=(Callable types)
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Special read-only attributes

o|o|

function._ _globals_

function._ closure_

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
names specified in the co_freevars attribute of the
function’ s code object.

Al AA = cell_contents O] EZHEE 71X
gUth A9 ke 942 2w ohel g A
3 HlE AT 5 Ut

o R

Special writable attributes

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

OEZ|RE

ofo|

function.__doc

function._ name_

function._ qualname_

function.__module_

function.__defaults_

function._ code_

function._ diect_

function.__annotations

function.__annotate_

function._ _kwdefaults_

function.__ type_params_

The function’ s documentation string, or None if un-
available.

The function’ s name. See also: _ name_
attributes.

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

Added in version 3.3.
Tt A" REY o5 B (§lE 4-) None

A tuple containing default parameter values for those
parameters that have defaults, or None if no parameters
have a default value.

The code object representing the compiled function
body.

The namespace supporting arbitrary function attributes.
See also: _ dict_  attributes.

A dictionary containing annotations of parameters.
The keys of the dictionary are the parameter names, and
"return' for the return annotation, if provided. See
also: object._ _annotations_ .

H A 3.149)| A ¥ 7 : Annotations are now lazily eval-
uated. See PEP 649.

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

Added in version 3.14.

A dictionary containing defaults for keyword-only
parameters.

A tuple containing the type parameters of a generic
function.
Added in version 3.12.
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Function objects also support getting and setting arbitrary attributes, which can be used, for example, to attach
metadata to functions. Regular attribute dot-notation is used to get and set such attributes.

CPython -3 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).

OIAEIA 0| M E (Instance methods)

A2UAHASE Se2, S AL A0 BE 2ol AR (L AR 49 §5) 2 AF P Th

Special read-only attributes:

Refers to the class instance object to which the method
method._ _self is bound

Refers to the original function object
method._ func_

The method’ s documentation (same as method.
__func__.__doc__). A stringif the original func-
tion had a docstring, else None.

The name of the method (same as method.

__func_.__n amef)

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

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

AM|L42]| 0| E{ €r4=(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
vield 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.
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IR El gt4(Coroutine functions)

async def S At2aA AH = AL vAE % FZ2¥ g4 (coroutine function) 21l H-E Ut} o] &
i%f?}“‘ IFY AAE Eﬂ Uth await 38 A Z B X3H, async with & async for &
AFE-E 4 A5 Utk 5 E A A (Coroutine Ob/eclv) ARS FZSHAAA L

0

H|=S 7| M|LH2l|0|E] &4 (Asynchronous generator functions)

A function or method which is defined using async der 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 in an 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 vield 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.

LHZ+ &4~ (Built-in functions)

A built-in function object is a wrapper around a C function. Examples of built-in functions are len () and math.
sin () (mathisastandard 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).

e _ module__is the name of the module the function was defined in or None if unavailable. See function.
__module___

LHZ 0| M E (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.)

ZojA (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.

EellA QA E A (Class Instances)

Instances of arbitrary classes can be made callable by defininga __cai1l_ () method in their class.

3.2.9 2 =(Modules)

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

SEZRE UYL BESY o] E TN YA E AT o E S0l m.x - 1 Ln.__dict_ [("x"]
P sy

30 Chapter 3. C|O|E{ 2 &



The Python Language Reference, & 2|A 3.14.0rc3

Import-related attributes on module objects

Module objects have the following attributes that relate to the import system. When a module is created using the
machinery associated with the import system, these attributes are filled in based on the module’ s spec, before the
loader executes and loads the module.

To create a module dynamically rather than using the import system, it’ s recommended to use importlib.util.
module_from_spec (), which will set the various import-controlled attributes to appropriate values. It’ s also
possible to use the types.ModuleType constructor to create modules directly, but this technique is more error-
prone, as most attributes must be manually set on the module object after it has been created when using this approach.

a

[ X

With the exception of _ name
instead of any of the other individual attributes listed in this subsection. Note that updating an attribute on
__spec___ will not update the corresponding attribute on the module itself:

24

, it is strongly recommended that you rely on _ spec__ and its attributes

>>> import typing

>>> typing. name , typing.__spec__.name
('typing', 'typing')

>>> typing.__spec__.name = 'spelling'

>>> typing._ name_, typing.__spec__.name
('"typing', 'spelling')

>>> typing._ name = 'keyboard_smashing'
>>> typing. name , typing.__spec__.name

('keyboard_smashing', 'spelling')

module._ _name_

The name used to uniquely identify the module in the import system. For a directly executed module, this will
besetto "  main_ ".

This attribute must be set to the fully qualified name of the module. It is expected to match the value of
module.___spec__ .name.

module.__ _spec_

A record of the module’ s import-system-related state.

Set to the module spec that was used when importing the module. See =5 2~ 3 for more details.

Added in version 3.4.

module.__ package_

The package a module belongs to.

If the module is top-level (that is, not a part of any specific package) then the attribute should be set to '’
(the empty string). Otherwise, it should be set to the name of the module’ s package (which can be equal to
module.__name___ if the module itself is a package). See PEP 366 for further details.

This attribute is used instead of __name___to calculate explicit relative imports for main modules. It defaults to
None for modules created dynamically using the t ypes.ModuleType constructor; use importlib.util.
module_from_spec () instead to ensure the attribute is set to a str.

It is strongly recommended that you use module.__spec__.parent instead of module.__ package_ .
__package__ is now only used as a fallback if __spec__.parent is not set, and this fallback path is dep-
recated.

W A 3.40] A ¥ 7 This attribute now defaults to None for modules created dynamically using the types.
ModuleType constructor. Previously the attribute was optional.

WA 3.69 A4 ¥ 7: The value of __package__ is expected to be the same as __spec__.parent.
__package__ is now only used as a fallback during import resolution if __spec__.parent is not defined.
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WA 3.109] A ¥ 7 : ImportWarning is raised if an import resolution falls back to __package___ instead
of _ spec_ .parent.

WA 3.129] A *H 7 : Raise DeprecationWarning instead of ImportWarning when falling back to
__package__ during import resolution.

Deprecated since version 3.13, will be removed in version 3.15: _ package__ will cease to be set or taken
into consideration by the import system or standard library.

module.__loader

The loader object that the import machinery used to load the module.

This attribute is mostly useful for introspection, but can be used for additional loader-specific functionality, for
example getting data associated with a loader.

__loader__ defaults to None for modules created dynamically using the t ypes.ModuleType constructor;
use importlib.util.module_from_spec () instead to ensure the attribute is set to a loader object.

It is strongly recommended that you use module.__spec_ .loader instead of module._ loader_ .

A 3.4 A ¥ 7: This attribute now defaults to None for modules created dynamically using the types .
ModuleType constructor. Previously the attribute was optional.

Deprecated since version 3.12, will be removed in version 3.16: Setting _ loader__ on a module while
failing to set __spec__ .loader is deprecated. In Python 3.16, _ loader__ will cease to be set or taken
into consideration by the import system or the standard library.

module._ _path___

A (possibly empty) sequence of strings enumerating the locations where the package’ s submodules will be
found. Non-package modules should not have a __path__ attribute. See 252 _ parh_ ] E 2] H-E for
more details.

It is strongly recommended that you use module.__spec__.submodule_search_locations instead of
module.__path__ .

module._ file_

module.__ cached_

__file_ and _ cached__ are both optional attributes that may or may not be set. Both attributes should
be a st r when they are available.

__file_ 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 (for example, a module loaded from
a database).

If _ file issetthenthe cached__ attribute might also be set, which is the path to any compiled version
of the code (for example, a byte-compiled file). The file does not need to exist to set this attribute; the path
can simply point to where the compiled file would exist (see PEP 3147).

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

It is strongly recommended that you use module.__spec__ .cached instead of module.__cached_ .

Deprecated since version 3.13, will be removed in version 3.15: Setting __cached__ on a module while
failing to set __spec__.cached is deprecated. In Python 3.15, _ cached__ will cease to be set or taken
into consideration by the import system or standard library.
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Other writable attributes on module objects
As well as the import-related attributes listed above, module objects also have the following writable attributes:

module._ _doc_

The module’ s documentation string, or None if unavailable. See also: __doc__ attributes.

module.__ _annotations_

A dictionary containing variable annotations collected during module body execution. For best practices on
working with __annotations__, see annotationlib.

B A 3.149)| A ¥ 7 : Annotations are now lazily evaluated. See PEP 649.

module.__annotate_

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

Added in version 3.14.

Module dictionaries
Module objects also have the following special read-only attribute:

module._ _dict___

The module’ s namespace as a dictionary object. Uniquely among the attributes listed here, _dict__ cannot
be accessed as a global variable from within a module; it can only be accessed as an attribute on module objects.

CPython ©] & /\Mﬂ = U R R = /»Ma]oﬂ st Fx27F ol HEts, RE 0
2FZE YA B /#LMLHHX‘\%D} o] Z1& FotE ¥, 9B & BARHA Y 94 Y

BE T R RN

3.2.10 A2 X} M| EeA (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
is translated to C.__dict__ ["x"] (although there are a number of hooks which allow for other means of locating
attributes). When the attribute name is not found there, the attribute search continues in the base classes. This search
of the base classes uses the C3 method resolution order which behaves correctly even in the presence of ‘diamond’
inheritance structures where there are multiple inheritance paths leading back to a common ancestor. Additional
details on the C3 MRO used by Python can be found at python_2.3_mro.

When a class attribute reference (for class C, say) would yield a class method object, it is transformed into an instance
method object whose __selr  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~ = 3 E] 528 5} 7] for another way in which
attributes retrieved from a class may differ from those actually contained inits __ dict
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Special attributes

o|o|

type.

type

type

type

type

type.

type

type

type

type

.__qualname___

.__module_

.__dict__

._ bases___

doc

.__annotations

.__annotate__ ()

.__type_params___

.__static_attributes___

The class’ sname. Seealso: __name_ attributes.

The class’ s qualified name. See also: __qualname_
attributes.

The name of the module in which the class was defined.

A mapping proxy providing a read-only view of
the class’ s namespace. See also: _ dict
attributes.

A tuple containing the class’s bases. In most
cases, for a class defined as class X (A, B, C), X.
__bases__ will be exactly equal to (A, B, C).

The class’ s documentation string, or None if undefined.
Not inherited by subclasses.

A dictionary containing variable annotations col-
lected during class body execution. See also:
__annotations___ attributes.

For best  practices on working  with
__annotations__, phww see annotationlib.
Use annotationlib.get_annotations () instead
of accessing this attribute directly.

U

Accessing the _ annotations__ attribute di-
rectly on a class object may return annota-
tions for the wrong class, specifically in cer-
tain cases where the class, its base class, or a
metaclass is defined under from _ future_
import annotations. See 749 for details.

This attribute does not exist on certain builtin
classes. On user-defined classes without
__annotations__, it is an empty dictio-

nary.

¥ A 3.149)| A ¥ 7. Annotations are now lazily eval-
uated. See PEP 649.

The annotate function for this class, or None if the
class has no annotations. See also: _ annotate
attributes.

Added in version 3.14.

A tuple containing the rype parameters of a generic
class.

Added in version 3.12.

A tuple containing names of attributes of this class
which are assigned through self.X from any function
in its body.

Added in version 3.13.

The line number of the first line of the class defini-

type. firstlineno tion, including decorators. Setting the _ module
attribute removes the _ firstlineno_ item from
the type’ s dictionary.
Added i version 3:13:
(mf]
34 The tuple of classes that areccl&ﬁmﬁke% wEﬂQ l(liz'dlqhga
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Special methods

In addition to the special attributes described above, all Python classes also have the following two methods available:

type.mro ()
This method can be overridden by a metaclass to customize the method resolution order for its instances. It is
called at class instantiation, and its result is stored in __mro___

type.__subclasses__ ()

Each class keeps a list of weak references to its immediate subclasses. This method returns a list of all those
references still alive. The list is in definition order. Example:

>>> class A: pass

>>> class B(A): pass
>>> A._ subclasses__ ()
[<class 'B'>]

3.2.11 ZeiA CIAEIA(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 U] 2~ = 7 E| 531 5} 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.

o 5T o EEY MA=EL AT, Zeh A dAdAL A, Ads, B AT 5 A5k 55
A o B E AN HAIA S

Special attributes

object.__class_
The class to which a class instance belongs.
object.__dict___

A dictionary or other mapping object used to store an object’ s (writable) attributes. Not all instances have a
__dict__ attribute; see the section on __slots _ for more details.
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= vlolEZ A3 L H (byte-compiled) 28 7}s 8 gho] A I =& YEU &Y, 2 Hlo]E T =

EE5Uth 2= AA 2} g QA 7ol 2Fo] 7F s th g5 ARl = E9 Ao 5 7H(globals)

7R 2 5) S gAFo g 2 YA T AR = of ™ 9 (context) & 23 Y A] H U]
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Special read-only attributes

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

.CO_names

co_filename

.co_firstlineno

co_lnotab

.co_stacksize

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 from at least one nested scope inside the
function

A tuple containing the names of free (closure) vari-
ables that a nested scope references in an outer scope.
See also function. closure .

Note: references to global and builtin names are not in-
cluded.

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

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

A tuple containing the names used by the byfecode 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 E] 3| X] = : This attribute of code objects
is deprecated, and may be removed in Python 3.15.
The required stack size of the code object

An integer encoding a number of flags for the inter-

codeobject.co_flags preter
32. EEE AS 37



The Python Language Reference, & 2|A 3.14.0rc3

The following flag bits are defined for co_flags: bit 0x04 is set if the function uses the *arguments syntax to
accept an arbitrary number of positional arguments; bit 0x08 is set if the function uses the * *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 (for example, from _ future_ import division) also use bits in co_flags to
indicate whether a code object was compiled with a particular feature enabled. See compiler_ flag.

Other bits in co_ f1ags are reserved for internal use.

If a code object represents a function and has a docstring, the CO_HAS_DOCSTRING bit is set in co_rlags and the
first item in co_const s is the docstring of the function.

Methods on code objects
codeobject.co_positions ()
Returns an iterable over the source code positions of each bytecode instruction in the code object.

The iterator returns tuples containing the (start_line, end_line, start_column, end_column).
The i-th tuple corresponds to the position of the source code that compiled to the i-th code unit. Column
information is 0-indexed utf-8 byte offsets on the given source line.

This positional information can be missing. A non-exhaustive lists of cases where this may happen:

o Running the interpreter with -X no_debug_ranges.

» 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.

0 Iu

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 is an 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:
o The first range yielded will have a start of 0.

o 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.

o No range will be backwards: end >= start for all triples.

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 byrecode compiler.

Added in version 3.10.

(el = -

PEP 626 - Precise line numbers for debugging and other tools.
The PEP that introduced the co_1lines () method.

codeobject . replace (**kwargs)

Return a copy of the code object with new values for the specified fields.
Code objects are also supported by the generic function copy . replace ().

Added in version 3.8.

Z 3| 24| (Frame objects)

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

Special read-only attributes

Points to the previous stack frame (towards the caller),
Fiame e or None if this is the bottom stack frame
The code object being executed in this frame. Ac-
cessing this attribute raises an auditing event object .
__getattr__ with arguments obj and "f_code™".
The mapping used by the frame to look up local vari-
ables. If the frame refers to an optimized scope, this may
return a write-through proxy object.
WA 3.139 A ¥ 7 : Return a proxy for optimized
scopes.
The dictionary used by the frame to look up global vari-
ables

frame.f_code

frame.f locals

frame.f_globals

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 byrecode string of the code object)
The generator or coroutine object that owns this frame,
or None if the frame is a normal function.
Added in version 3.14.

frame.f_generator
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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 tracing
event for each source line.

frame.f_ trace

frame.f_trace_lines

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

The current line number of the frame — writing to this
from within a trace function jumps to the given line
(only for the bottom-most frame). A debugger can im-
plement a Jump command (aka Set Next Statement) by
writing to this attribute.

frame.f_trace_opcodes

frame.f_lineno

Frame object methods

z28 9 AA = A WA EE A9 o
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 fraceback for later use).

RuntimeError is raised if the frame is currently executing or suspended.
Added in version 3.4.

H A 3.13 A ¥ 7 Attempting to clear a suspended frame raises Runt imeError (as has always been the
case for executing frames).

Ego|AH ZH|(Traceback objects)

Traceback objects represent the stack trace of an exception. A traceback object is implicitly created when an ex-
ception occurs, and may also be explicitly created by calling t ypes . 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 try <=-.) 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 final1y clause.

traceback.tb_next

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

B A 3.70]| A ¥ 73 This attribute is now writable

£2}0|A ZHX|(Slice objects)

Slice objects are used to represent slices for _getitem () methods. They are also created by the built-in
slice () function.

E5 97 A& olETRES: start + g (lower bound) Y U T}; stop & ZFEH(upper bound) U T} step
O’\Eﬂﬁﬁﬂ‘%r/} 7y 32 A=FE A7 None YUTE o] | EFREESLS 999 ol E + AFUTh
setolx A= shte] WA =& A Ao

slice.indices (self, length)

o] MlA =& dhuhe] 4 QA A} length E Rrota| Sefol 2 AR 7F A o] length Q1 A Aol A 85 &
o 7 &efo]xof it AR E ALFUE Al Y A4z P FES EHFUTh o2 4
Z} start 2} stop G 28}, step Tm EEFO]| A0 AE lo] E (stride) 4 o] YU th AEE A AL HAE

Hlofu Qg aEe A Ql Lol 20t 22 whE o % Thg A o,

AEHE! HIAM = ZHA|(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.

EoA HAE 2| (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.

33 54 HIME 0185

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
method named __getitem (), and x is an instance of this class, then x [i] is roughly equivalent to type (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).

33. S+ 0HAMEOIEE 41
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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 _()).”

When implementing a class that emulates any built-in type, it is important that the emulation only be implemented
to the degree that it makes sense for the object being modelled. For example, some sequences may work well with
retrieval of individual elements, but extracting a slice may not make sense. (One example of this is the NodeList
interface in the W3C’ s Document Object Model.)

3.3.1 7| X0l F{AE{O}O|A|0|M

object._new_(cls[, ])
A2 cs o A A" —‘é—"&%ﬂHOH TEFEYTH _new () v 2HE HA=IUT (ZEA
AIelA] erols H e S e A9 Th e, 3 WAl AAE BE A1 ok AT Ag Foh A
Aggyrh YA AAE2 AA B8 R (EFNcT2)o A9d ASdUTh _new () 9
e ZE-2 A AA AR o] o of FrUTh (K cls O] Q1A' ).

Typical implementations create a new instance of the class by invoking the superclass’ s new__ () method
using super () .__new__(cls[, ...]) with appropriate arguments and then modifying the newly created
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 selfis the new instance and
the remaining arguments are the same as were passed to the object constructor.

WeF  new () Zhels o ALRHAE EHFA oW, A AR nic () EZEHA R
AS
Syt

_new__ () = FE EWH3 (int, str, tuple T} Z2) 9] A H FEP AT AAEA A S AAEHLo| 2T
S S S ol ALET U T o ALg A 49 eh 2el 2o 2ol AR S A2 e vfol 28]
A A A8 Tk

object.__init__(self[,...])
(new__() ol g&f) A2 A7} 5 o, 3pAI B S22 A 2 F7] Aol & Ut
AAEL Zels AN EHO2 A2H AS AT Bof w0l ZAAI_inie ) WAEE
3 Jobd, B Z 29 inic () HAEYE, Juid, A AE A0 A] H|o] A EEH/\7}5<}Z]
Sl RRol SuleA] 271348 € B8] 7] 9] WA AL 5 Ea|FoloF FUTE A
super () .__init_ ([args...]).
AANE D= _new () % _init_ () 7t YL JOBE (_new () £ UEI,
_init_ () = 3AL AAEHUe|=2FUTLYH,  init () 7} None 0|99 ZHE Sl A A
Z4ol| TypeError = 01 o AYtch

object.__del__(self)

A~E A7} 5t 7] A -] $E P Uth goldelol A =& (R A 3HA) o3 A2t EH U th
wrekwlo) s ZE AT del () WIAEE 2t dubd, A4 2 f’ﬂi«l del_ () MM EE, B9

o] o, Ax'E 2o A w o] Fe| 27} 2FA] 8= —Er% A A3 AA 87 Y35, AR o2

W o)A Fe Ao WA EE T2 ofF Fth

(AF3 A= A W) der () HIAZ= 20| )3

o 3 & A AAZ 5 JdFUTh o) AES %‘iﬂ F&gojgta
_del_ () o] FHAE SEF A= T whet thE Y th

S ch

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.

2The  hash__ () ,__iter (), __reversed (), __contains__(),__class_getitem () and __fspath__ () 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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0 Iz
del x & A x._del () & ZEHA Ut — ol = A2 x o F= 315 (reference
count) & Sttt A 7141, Fofl e A2 x o Fx AF7t0ol B W T2F U

CPython -3 4}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__ () o] EEHE LA AZ W Eo, o] Ao AY Fol TAYAIT] £ o9& FAIH L,
Ao sys.stderr 2 A7 28 H YL 53

e _del_ ()2 QHZIHE FET W AFD 5 JFUth AHAH SR, FM| 28 of d=
A ML (T2 2F 23H 7} o) v AHAE A

q U None 2.2 A4 9L 4 Y& Th o]

AL oo Shite] WER A A A AAH e A9 ANSHTHHA AP LS 0

AT o AL, WeF 1 A AR Sof the e REIFEASA eThE, _del ()

A=t S e Ao, JZED BES0] FolUES A8 ol v £gol D 5
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object.__repr_ (self)

repr () W7 ghpoll ool T2 o AA L] “P A A < (official)” 22D £ AU vk 7}

Sotthd, o] AL e (A3 Aol FolA ul) g Ze AAE MNZ BE 5 Y= SulE ol
:anﬂaioqo]:aqq 7bsshA FTiE, <. 48200 A%, FH EALEE S FH ok
U Th 9kE S HEEA| fXPQOMOP sy wF FeAaTt st () ROl __repr () W
Ao, repr () 2 2 FE A A2E 29 “B]FP A A <l (informal)” FAE H o] 872 uj

A8 5 gt
This is typically used for debugging, so it is important that the representation is information-rich and unam-
biguous. A default implementation is provided by the object class itself.

object.__str__ (self)

Called by str (object), the default  format__ () implementation, and the built-in function print (), to
compute the “informal” or nicely printable string representation of an object. The return value must be a str
object.

ol MMEE __ () o] &ukE ol A S EYE Aol 7HE A Fevhe H oA
object-_repr ()JJrD} Ut o Agjsta 243 2@ o] AHEE 4 S U

WAE object o] YH 7| FHL object._ repr. () & TE&THU T}

object._ bytes__(self)

Called by bytes to compute a byte-string representation of an object. This should return a bytes object. The
object class itself does not provide this method.

3.3.
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object.__ format__ (self, format_spec)

format () W& &<, ol shd, =9 Fx19 2] el & (formatted string literals) ] Al A2} str. format ()
A S]2] 35 of, A31S] “EIAH> £74 82 51, formarspec A 751
LW FHAES TAdE AL AU format_spec QA A2 rormar_ () & 7@k POl

X |dE —‘2—1:!

g geoth it Fdlas TS WIFFEL stUE A dstA L Al 20 54 B S
AHg- 3t

23 EUH% 2 ol &l Al += formatspec & Fa13HH gy Th

z
oty
)

n:

=] FA} g o] o] of Gtk
The default implementation by the object class should be given an empty format_spec string. It delegates to
__str___ ().

WA 34004 WA object o _format WA= A, Wl FAFF o] obd A7 HEEH W
TypeError & WA Yt}

B A 3. 70| 4] H7: o]A| object._ format_ (x, '') = format (str(x), '') 7}FoFY e} str(x)

sk 553

[e)
-

object.__lt__ (self, other)

object.__le_ (self, other)

object.__eq _ (self, other)

object._ ne__ (self, other)

object._ gt__ (self, other)

object.__ge_ (self, other)
o) AE2 A9 “FH 3 v (rich comparison)” HA=dYch A4z 7159 uﬂ/\il: o]% 7vo] &
A2} 25Utk x<y Ex._ 1t (y) 232U x<=y Ex.__le_ (y) 323U},
x==y%x. eqf(y)%iﬁ?&‘/li‘r,x!w%x. nei(y)%?l%%a thx>yEx. gt (y) &
SdUthx>=y Ex._ge_ (y) & g o

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 i £ statement), Python will call boo1 () on the value to determine if the result is true or
false.

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

eqg__ () and inverts the result unless it is Not Implemented. There are no other implied relationships
among the comparison operators or default implementations; for example, the truth of (x<y or x==y) does
not imply x<=y. To automatically generate ordering operations from a single root operation, see functools.
total_ordering().

By default, the object class provides implementations consistent with % ¥] 7: equality compares according
to object identity, and order comparisons raise TypeError. Each default method may generate these results
directly, but may also return Not Implemented.

Mg W QRS A Qs gAY E 712 A E 5 g
B3 W hA F2B G0l nash () o B Eeko] Lhguth

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

Al 7Fs AA S wrEx 2ol

rlr
ofr

When no appropriate method returns any value other than Not Implemented, the == and != operators will
fall back to is and is not, respectively.
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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
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))

0 Ix

hash() & AA 7} A& __hash () AINEZL EHF+ gZ Py_ssize_t o 7| E AF YTt
(truncate). ©] A& H X 64-bit W E | A= 8u}o] E 17, 32-bit & E oA = 4u}o] E Q) whek
AR __hash__ () 7FAZ TE HE 37| & 2 Y EE ALo] oA A ARE-E of of s},
BEAAG WEEA NS Z2 AA oF FLith o] SHe 418 B S python —c "import
sys; print (sys.hash_info.width)" ?j HE}

If a class does not define an __eqg () method it should not define a __hash__ () operation either; if it
defines  _eq () butnot ___hash__ (), its instances will not be usable as items in hashable collections. If a
class defines mutable objects and implements an __eq__ () method, it should not implement __hash__ (),
since the implementation of rashable 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).

User-defined classeshave __eq () and __hash__ () methods by default (inherited from the object class);
with them, all objects compare unequal (except with themselves) and x.__hash__ () returns an appropriate
value such that x == y implies both that x is y and hash (x) == hash (y).

_eq () EARBYSIAEL_ hash () B AYSFHA = SWEE  hash () 7hNone 22 A
Uth Zel28] _ hash_ () WA E7}FNone ©| |, EEH/\"] AaEAs=z2 I S AZS &
A E8 0] TypeError 5 Y€ © 7|1, isinstance (obj, collections.abc.Hashable) 2 AA}
Al b5 5hA) ebeha Swhe 74 Uk

Bk eq () EAARYSE WL RE FWHARRE  hash () o FES BV A
o Az B oA HAI AR o]FA A AF|Fo]ok Pt __hash_ = <ParentClass>.
_ _hash___

WeF eq () EAARYSA e ATt ADS HR L Ao, S A oo hash
None & Z &38| of FUth A hash_ () & AT Fo] A% =
isinstance (obj, collections.abc.Hashable) < 0| |A] 7155t &5 QA ),

'[Oo?i

2 W o

1

mol

oL
-

=

o)
D
=
B
[}
o
[a}

0 Fx

7|2 A 0 7 stri}bytes A E2] _ _hash_ () 2
AsUth 7N sho] W 2 A A Yo X skA] o
AT e ST+ A F U

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 ke W2 A olH# o] =A ol S FUTh 3Ho] WL o] EA o i3] oj W HAgE
SA] 5 U TH (28] AL HF 32-bit 9} 64-bit W= Ao o A = T U T}).

PYTHONHASHSEED & 231 3}4] Al £

N\

g e IR R “EETH o (salted)”
o s 825 A 1, JJro]m SulEAo R

rlr

H A 33004 WA A G B R A o2 S 3 YTh
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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__ () (which is true of the object class
itself), all its instances are considered true.

3.3.2 O{EE|HE YMA FHAE{OlO|H|O|M
e Jadzg o2 BE B2 (97], HYFH], x.name & AA 7)) 9 6] W] A5 ohe
e =gl 4o 4 A5yt

object.__getattr_ (self, name)

Called when the default attribute access fails withan Att ributeError (either __getattribute () raises
an AttributeError because name is not an instance attribute or an attribute in the class tree for self; or
__get__ () of a name property raises AttributeError). This method should either return the (computed)
attribute value or raise an At t ributeError exception. The object class itself does not provide this method.

Note that if the attribute is found through the normal mechanism, _ getattr () is not called. (This is
an intentional asymmetry between _ getattr () and __setattr__ ().) This is done both for efficiency
reasons and because otherwise __getattr () would have no way to access other attributes of the instance.
Note that at least for instance variables, you can take total control by not inserting any values in the instance
attribute dictionary (but instead inserting them in another object). See the _ getattribute__ () method
below for a way to actually get total control over attribute access.

object.__getattribute_ (self, name)
FH A2rEd 2o AJEZRE AAAE FHS7] Yol 27 glo] SE2F Utk WwHF Z
P27t getattr () T A FABY,  getattribute () 7} BA|H Lo E FTE37
AttributeError & YO 7| R 9k oA} getattr £ SET A FH5UTH o] HIAEE= O ETRE
o] (AAH) 7= %Eﬂ—rﬂ UattributeError 92l & Yo A ok Ftt. o] v A = of| A] -3 A} 7 (in-
finite recursion) 7 WAL S 212 7] 913, 7R QAL BR o] = o) ol Aa] 18] 2L
o]E9 H|o|A ZY ALY HAEE TEFoF YT o] & £9],0object.__getattribute_ (self,

name) .
0 Iz
This method may still be bypassed when 100king up special methods as the result of implicit invocation via
language syntax or built-in functions. See = A= z3].

|

w

A

N

el o] EZ|HE AN 29 AL, AR} obi 2 name 2 &2 ZHA} o] HI E object._ getattr =

ek,

object._ setattr_  (self, name, value)
olEFHE ol AlLE uf TEFHUth A<l v AYZ(
= A) thAlel o] Z o] EEF Yt name & A ER{E o] F 0]
e,

Cctatir ) oA A28z o EdREe] YL T uhs, 22 o2 Mol Zeh2o)
HAEE i%ﬁﬂ ok gt} o] & E0] object._ setattr_ (self, name, value)

. |
o oXl
Y

EA WA AEYEE WYY A2, AR} obj, name, valueZ ZFAF ©JHIE object._ setattr

object.__delattr_ (self, name)
__setattr__ () FH]x EPX] WA EHEE Yt iAol AHAIFU T o] 212 del obj.name
o] Ao <717k 91 4ol vk T34 5] o] of gLl o,
EA U7 JJEFGHE A9 AL, AR} obj 2 name 2 & ZHA} | ¥l E object._ delattr &

A A P,
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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.

= 0|E2|RE AMA HAE{OIO|H[O|M

module.__getattr ()

module.__dir__ ()

olF _getattr_ ¥} _dir £ REJEIFEN T HIS A A= AHEE £
Utk 28 439 getattr 4= 3 AR E o] EHEQ o2 S Hlola] 7:]]/\}5] e
Z A AttributeError = HL4§A171 o gt} AHtAQ 3] (2 object._  getattribute_ ())
3 JERHE 7} BE AR A BAE R 92O, AttributeError & Y277 Hol| BE _ dict__
__getattr__ & AT %ﬁﬂ W, ojEg|HE o207 7842 3257 AE S8E YT

he _ dir__ function should accept no arguments, and return an iterable of strings that represents the names ac-
cessible on module. If present, this function overrides the standard dir () search on a module.

-

¢

LR

2 e w30,
ol
of

—
R

module.__class___

RESHOEIRE A, 22 HE 5)S Hop A E A AHgAF Fol s, 28 AR  class
oJE 2] HEE types.ModuleType & A B FEAE AAT 4 JF UL o & EW:

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, value)

sys.modules|[ name ]. class = VerboseModule

0 3z

BE  getattr  F}EE class AP oEURE AN FELS AEFE 230w
Fg o FUctt- 25 Ao that AF AN ANA(RE Yo ZEof o3 AN ALY REY AF
gAage td Z2E AXN AN = JFutx gyt

WA 35004 MA: o)Al _class_ BE OJEZRET}227] 7he U Th

Added in version 3.7: __getattr__ I} _ dir_ R E JEZHE,

e o 1o

PEP 562 - & _ getattr__ 3} _ dir__
Ij%%ﬁ]EH?}AAgetattr473444dir47

b
-
i
i)
of
]
<
kv

ClAa3EE #8517

The following methods only apply when an instance of the class containing the method (a so-called descriptor class)
appears in an owner class (the descriptor must be in either the owner’ s class dictionary or in the class dictionary
for one of its parents). In the examples below, “the attribute” refers to the attribute whose name is the key of the
property in the owner class’ __ dict__ . The object class itself does not implement any of these protocols.
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object.__get__(self, instance, owner=None)
afAFU2 (U2 o ERHE AN
g ojEelRES Aoy T u) T
instance = | EHE F27} dojrtar 9l /‘01741% olE F/l E 7} owner £ S8 HA| 2

5= A% None YUt}
ol A== AAMH A ERHE S E8F A attributeError 92 & oA oF T}

PEP 252= _ get_ ()°] St} F 719 ARE ;g—% :’E{ Bolgly A AU} gfo] A zFAl Q]
W DA EE o) WAE AN TE Teu, AR AR EFOE F I5E BE 87 oE
Y23 HE 7 ds 7 syt oA A4l _getattrlbute () AL F 3R e} AA Qo]
T4 A4 BT AR,

object.__set__ (self, instance, value)
2GR ZH A AAE X instance ] ) EBHEE N ZFvalue 2 A AT o] S=FH U}
_set__ (oY _detete () B 745 T2 Y E §3 0] “Bl o] 8] T) 2 2 H ¥ (data descriptor)”
= WAF FAAAA L. AT UGS U2 E 255178 FRAUAL
object._ delete__(self, instance)
282 Z P29 AAENA jnstance & A EFHEE AA S v S&F U
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
Q).

CIATEE S&517]

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.

CIEARE A 18 FRE AN GUHAN A AR REE YT, 2T AAHE ALY

oE Eo]la.xtw=a._ dict_ ['x'] A A ZSHA] type(a)._ dict_ ['x A type (a) 2] W E}
FaAag AN TR FAREE AR AL Ael 208 T

ol W9} 2909 o] SIS GE WS E UG AN D, ol S 54 v s
WASE 528+ AGUT $AEA 532 ol = AANA o7 ol Lol HAlE o 2= ]
=7l E o] Ql Cﬂ‘ﬂ“iiigﬂ 2 of| wpe} ohE U ok

T o 4]
U3 HE 29 A2 -2 29 (binding) YU T a.x. B A QIAFES o] Z4H =A= a o Wt oY

71 DASAMAE 7 @ AR E E SE2 AMEAY] ZEVFHA2aHEH YAEE AP ST
W JUTh x.__get_ (a)

=
AR Axdxo] 2etE, a.xEold TE2 HEAF YT type(a) .__dict_ ['x'].__get_ (a,
type(a))
o~ 2%
S 23, ax oA TEE HIAFYThA.__dict_ ['x'].__get_ (None, A).
Super 23}
A dotted lookup such as super (A, a).xsearchesa._class_ . mro__ for a base class B following A

and then returns 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
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__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__ (), itis a data descriptor; if it defines
neither, it is a non-data descriptor. Normally, data descriptors define both __get_ () and __set__ (), while non-
data descriptors have just the _ get_ () method. Data descriptors with __get__ () and __set__ () (and/or
__delete__ ()) defined always override a redefinition in an instance dictionary. In contrast, non-data descriptors

can be overridden by instances.

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.

e ol daagdye FAg Ut ol tj2oll, A"+ 2 2 3 (property) 2] 5 2F

__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 creation of __ 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 se-
quence 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, instances of a child subclass will geta _ dict_ and __weakref _
unless the subclass also defines __slots__ (which should only contain names of any additional slots).

Ze)ashwo) s e 29 sors o] Ao H o] EF 2L o] 2o WAEE slors_ o AAFTHT
W0l Zel 27k Aol g s A A% 5 gl el H Utk ol A Z el A2 0 E O A3 H B
274 235k A9E 9T, o] AL 2L Fol A ek AE) 2 BuA Byt oo,
ol W87 918 AL F=74E ATk

TypeError will be raised if nonempty __slots__ are defined for a class derived from a "variable-length"
built-in type suchas int, bytes, and tuple.

Any non-string iferable may be assigned to __slots__

If adictionary isused to assign __slots__, the dictionary keys will be used as the slot names. The values of
the dictionary can be used to provide per-attribute docstrings that will be recognised by inspect .getdoc ()
and displayed in the output of help ().

e _ class__ 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.
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o 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 ZzA MM FHAE{OFO|AO|M

Whenever a class inherits from another class,  init_subclass__ () is called 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,
subclasses of the class defining the method.

init_subclass__ solely applies to future

classmethod object. _:Ln:l.t subclass__ (cls)
ol MNEL Eete Feh2e) HE Fejart vEold moit 2 UTh ds = M A H F
2~k wheF Ak ﬂﬂé%ﬁﬂHEE@Aﬂ%mﬂﬂHE%%Mﬁﬁi%ﬂﬁﬂﬁEi
APk

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

L

718 ¥ object.__init_subclass__ + oFF A% 3R] A QA7) 23 E o] TETEH o 9

£ AU

0 Ix

H et S e~ 31 E metaclass & WA & Aol 93 4H]F 3L, init_subclass_ E HE
HA dsuth AA e S (A A A JE Al £ type (cls) 2 2T 5 YTk

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, 'x'")

If the class variable is assigned after the class is created,  set_name__ () will not be called automatically.
If needed,  set_name__ () can be called directly:

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

o A 8 82

Added in version 3.
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ol et S

71RA 07, FeAE type ) = AFEIA TE AU S 29 vit] = A o] & Il A A H 11,
ZY O]?—\: type (name, bases, namespace) 2] Z3}o] X2 =

FHAE D= HG L2 ZHE HY Sl metaclass 7] YPE AR ALY, 28 AAE £33} o] 1)
At SN2 AST 2N ALHutolz2d 5 YIS UTH T2 ool 4], MyClass 2} MySubclass &
B F Meta 9 Q1EHAJU T

class Meta (type) :
pass

class MyClass (metaclass=Meta) :
pass

class MySubclass (MyClass) :
pass

S A olA AFE e 719 E AAEL ot oM AE = RE ME Y2 ddsE AEeg
Sx A7t AdE ), v 22 DAV g Ytk

« MRO &50] 24 gt

o AAgvE 227 2AEE Uy

o Sl ol ol EHlE YT

object.__mro_entries__ (self, bases)

If a base that appears in a class definition is not an instance of type, then an _ mro_entries__ () method
is searched on the base. If an _ mro_entries_ () method is found, the base is substituted with the result
of acallto__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.

] 27
types.resolve_bases()
Dynamically resolve bases that are not instances of type.

types.get_original_bases()
Retrieve a class’ s “original bases” prior to modifications by mro_entries ().

PEP 560
Core support for typing module and generic types.
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iy

7h3 wol v e Zel e A A SR XA H e 2 A (9
=9 e FAN2E(F, type (cls)) T A8 F Ut 7H3

A B B (subtype) YU T REeF o] Ak o] 2AZ R
LA 7)™ A3l g o

the) St AR H BE wo A Feha
S e 2o sk o] BT o
Eﬂ, %EHL\_ ;g °| = TypeError =

g2 0|F St EHISHY|

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 passedinto___new__, but when
the final class object is created the namespace is copied into a new dict.

whob el 2ol 20] _prepare_ ol EElWEZ} ULk, 2212 o) % B0 W ¢4 Y BT 27
g Yt
(S -
PEP 3115 - 3}o]# 3000 of| 4] ] We} S~
__prepare_ O|F ¥ FS =YY

e A vic| A5
Z 2 vy = (W) exec (body, globals(), namespace) ZFZo] APH LU th LdulA Q] exec() T
JJrTQ 2ol A& Fel & B 7F & ol A o] Fo] A wff o] 3] A 3 3 (lexical scoping) ©] Z & 2 ulr]

EEUAESS EPAA)R oI F AR AR ATz Qi o] BES FRATE slekairhe A9
N
SR, Bol 2 Aol Wl 4 o0l D LR, Fel s A poH JB o HES e Sejn
AT AN BYHlEFES BT %ia‘z]r/‘r S e dadayg S ARy A AR v
HPE Sl AA 2B AY th A Mo A At BA A O R o]3] 273 H __class__ FERE S3loF
Fu ok
SaA A TS|
Add ZF g2 o] E Z 7o)l S vltE Aoz YA H, Fe A AA 7Fmetaclass (name, bases,
namespace, **kwds) %%—‘EH 1?}%01@141:}( 7]°ﬂH @%H%$7}Z—"l?_ ]OJE ?lz]-——c_prepare_
of AgH AEFH 25Ut
o) 2el2 AAE super () ol AAE FA gz A B2 E AYUTh _class_ £ 22 vhr]
HAEE T oL dtets _ class_ Usuper & F2T A Aupd ol sl st A= BAIAA S
2 A (closure) F2 YUt o] AL Q2 ¢l FEN Y super () 7} o]3] 2737 7|¥lo g A ol 1 Q=

Holl A TEo AHEE Felauddad s =R

o928 eni=s) 22
A2 R AR Ao 7

CPython 3.6 o] Aol A, class__ A(cel) & T2 o] & E7FY _ classcell  QEZZ HEFF 20
Aggych vk 248, o] 212 Fef 27t iﬂ}iﬂl 271345 7] AAel type._new_ TEVHA AS
21 A At of of gyt o] A &FA] X5k 3Fo] 4 3.8 o Al £ RuntimeError & o] o)A AUt}
When using the default metaclass t ype, or any metaclass that ultimately calls type._new__, the following addi-
tional customization steps are invoked after creating the class object:

1) The type._ new__ method collects all of the attributes in the class namespace that define a
__set_name__ () method;

2) Those __set_name__ methods are called with the class being defined and the assigned name of that particular
attribute;

3) The__init_subclass__ () hookis called on the immediate parent of the new class in its method resolution
order.
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ZE AR 7S] A Fofl, Zel & A oo 2¢d Sd A dZ A ol HEANA (o) 22U 28 dgst
AL, 2 ddE Edart Ao H e A Y olF w3t dd gyt
When a new class is created by type.__new__, the object provided as the namespace parameter is copied to a new

ordered mapping and the original object is discarded. The new copy is wrapped in a read-only proxy, which becomes
the  dict__ attribute of the class object.

& o 17

PEP 3135 - A super
EAAQ _class_ E2A 3

N
et
i
o,
ot
A
v

OiEt SeHA0| EX
ml e S 20 FA A QA g Eo = AV YIS U B4 A 2 744 ofolt] o] S ol £ enum, 27, STE 3 0]

2 A AHE3HE 9 < (automatic delegation), A5 3} 5 Z 2 ¥ ] (properety) A8 A, Z FA] (proxy), Z & & &
(framework), A}-=3}¥ ]—% 2 7}/ 7] 3} (automatic resource locking/synchronization) 5 ©] ¢l Ut}

3.34 9IAEA O MH SejA HAF HAEOIO|A|O|M
TS A EEL isinstance () & issubclass () WA T4E9 7| E S22 2] A 9 51+= v A& Yt}
E3], W e} 28 2 abc.aBCMeta & A+ ¥l o] & =2 2~ (Abstract Base Class, ABC) & t}2 ABCE 33}
299 FHay FUNTF S 2T Uholl “7H Wl o] & F 2l & (virtual base class)” 2 7+ = 1A
A o] A EES T TH
type.__instancecheck__(self, instance)

instance 7} (Z 3 2 o] A} 7 A 2. 7) class 4 Ardaz Hgd 5 glod Fe sHFyrh B

7§9]Q Eﬂ, isinstance (instance, class) & —7—@3}7] —HB‘H i%% E]—
type.__subclasscheck__ (self, subclass)

subclass 7} (A H A ) AY ZFH A0 R) class & A B 2R H g2 5 oW TS EHF UL

vlok Jo]E W, issubclass (subclass, class) = 73837 948 i%% B

A

°| “ﬂ/‘i:‘éﬁ—?’ﬂiiﬂ (et 2 2) ol M 23] At Aol F2 8 oF dy ot éﬂl%ﬁ]ﬂéoﬂfﬂ S

Uﬂ/ﬂtiﬂ«l T AU o] A2 A" 2o U] EEH = ST HAEEY 23] 9
o] Af A~ % el A T
o 1o

PEP 3119 - 34 wjo] A Zell2 9] £ ¢
Includes the specification for customizing isinstance() and issubclass () behavior through
__instancecheck__ () and ___subclasscheck__ (), with motivation for this functionality in the con-
text of adding Abstract Base Classes (see the abc module) to the language.

3.3.5 M2 & SLH LH7]

When using rype 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.

e o B
PEP 484 - Type Hints
Introducing Python’ s framework for type annotations

Generic Alias Types
Documentation for objects representing parameterized generic classes
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Generics, user-defined generics and typing.Generic
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 @ Qpel o3 A Y Zeh2o) S4BE Uehls AR E SelFUTh

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 7ype 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 implementations of __class_getitem () on classes defined outside of the standard library may not be
understood by third-party type-checkers such as mypy. Using _ class_getitem__ () on any class for purposes
other than type hinting is discouraged.

__class_getitem__ versus __getitem _

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

Presented with the expression ob7 [x], the Python interpreter follows something like the following process to decide
whether _ getitem () or__class_getitem _ () should be called:

from inspect import isclass

def subscribe (obj, x):
"""Return the result of the 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, 1f 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 t ype class as their metaclass. type doesnotdefine getitem (), meaning that expres-
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sions such as 1ist [int],dict[str, float] and tuple[str, bytes] allresultin__ 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'>

>>> # EnumMeta defines __getitem _,

>>> # so __class_getitem__ 1is not called,

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

<Menu.SPAM: 'spam'>

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

<enum 'Menu'>

o B

PEP 560 - Core Support for typing module and generic types
Introducing _ class getitem (), and outlining when a subscription results in
__class_getitem__ () being called instead of _ _getitem ()

3.3.6 22{E A U LH7]

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

Called when the instance is “called” as a function; if this method is defined, x (argl, arg2, ...) roughly
translates to type (x) .__call__(x, argl, ...).Theobject class itself does not provide this method.

3.3.7 ZAH|0|{E ELH LY 7|

The following methods can be defined to implement container objects. None of them are provided by the object
class itself. Containers usually are sequences (such as 1ists 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 (), and update () behaving similar to those for Python’ s standard dictionary objects. The
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collections.abc module provides a MutableMapping abstract base class to help create those methods from a
base setof _ getitem (), __setitem (),__delitem _(),and keys ().

Mutable sequences should provide methods append (), clear (), count (), extend (), index (), insert (),
pop (), remove (), and reverse (), like Python standard 1ist objects. Finally, sequence types should imple-
ment addition (meaning concatenation) and multiplication (meaning repetition) by defining the methods __add__ (),
_radd__(),__iadd (), _mul__ (), __rmul__()and__imul__ () described below; they should not define
other numerical operators.

It is recommended that both mappings and sequences implement the _ contains__ () method to allow efficient
use of the in operator; for mappings, in should search the mapping’ s keys; for sequences, it should search through
the values. It is further recommended that both mappings and sequences implement the ~_ iter () method to
allow efficient iteration through the container; for mappings, __iter__ () should iterate through the object’ s keys;
for sequences, it should iterate through the values.

object.__len__(self)

Called to implement the built-in function 1en (). Should return the length of the object, an integer >= 0.
Also, an object that doesn’ t define a __bool () method and whose __len_ () method returns zero is
considered to be false in a Boolean context.

CPython -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 len ()) 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 __1ength_hint__ method didn’ t exist at all. This
method is purely an optimization and is never required for correctness.

Added in version 3.4.

7 Wy 3, th2 P T up@d kA Ut whA Sako] A 22 34 None 02 Y A

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.

0 #x

for FEE ALY B W BASH] A3, 22 A A 20) Dh3) Indexerror 7 Yol
Aoz st Yk

0 #x
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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 2 g s s S YT __getitem () F
B9 A9 ol AR 7 7)ol thel kel WAl Al 9] FAAE B =
o] ﬂzﬂ% T A uut Ao o Ptk AEH key 3] B+ _getitem () oA}
22 ofl9) & Yo7 of i,

object._ delitem__ (self, key)
self[key] & A1 S Fd3L7] Y8l & ULy _ getitem () T T "IZ—-O’] 728 ?:}‘4‘:]' |
B Ao, AA 7719 AAE S A, A2 e FE Ad
8 e 1oF T A o G15) BT oo 1) A5 0 oA 6 Ao
Fok

object._ _missing__ (self, key)
dict __getitem__ () ) dict B ZFE| 20X 7)1 7} DAl gl selfkey] & FH3H7] 93

sEok
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 () W2 371 o o B # o] A (reverse iteration) < & ?5}71 H8 (i) &3k A

eIl S AAE S o 402 Salate Al ol6ielo]5] AN E £ oF Tl ek

_ reversed__ () | /\157} Al F= A &0 W reversed( ‘/HX]'@{F‘C ANFAXAZRZEZ( len ()

I getitem ()L HetoE AL TE A|E A —LEE S A Y3= AAE2 reversed () 7}

Agst= AR 840 1AL AT 2 YS F[H‘?l'ireversedi () & Ao Iy r’]’
WA AAFA /‘PZ}- (in3} not in) & K% ZAH o] EHU]' o] ¥ g o] A Ag Yt 'B}Z]

Holu AA= ¢ & °X*°1:r“ﬂ° U053 22 EFHASE "ﬂﬂl*%L 21’5‘45} o] 4% Xﬂ‘_
JHHEY BLE guUth
object.__contains__ (self, item)
WA DA QAR TAS A T
S0k gk v AR B9, 7)-
__contains__ () & RAYA = AAY B, AHA AAb= WA __iter () £ &3 o]E
NHE ATE T, oetiten () BB HS AB2 oHAIY Z2ERE AT T Ao
g o Ao o] A& FTIAA L.

HUth item o] self ol oW Fg, 2FA o AXS
A
o

=
Lol ok visg o] 717k arej s o o F o

57t B2 T W) A3 e 22 WAEEL AT 5 HUTh TAHE SV FF 54
o8l A 215 4] 9 ANE (15 5], A47 ol SA Bl 2 v = ANE) o) B 2T HAHEES

Qo5 7] 9 A = BA ol of g,
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)
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object.__pow__ (self, other[, modulo] )
object.__lshift_ (self, other)
object.__rshift__(self, other)
object.__and__ (self, other)

object._ xor__ (self, other)

object.__or__ (self, other)

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
thathasan __ add () method, type (x) .__add__ (x, y) iscalled. The  divmod () method should
be the equivalent to using __ floordiv__ () and __mod__ (); it should not be related to __ truediv__
Note that __pow__ () should be defined to accept an optional third argument if the three-argument version of

the built-in pow () function is to be supported.

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

NotImplemented.

object.__radd__ (self, other)
object.__rsub__ (self, other)
object.__rmul__ (self, other)
object.__rmatmul__ (self, other)
object.__rtruediv__ (self, other)
object.__rfloordiv__ (self, other)
object.__rmod__ (self, other)
object.__rdivmod__ (self, other)

object.__rpow__ (self, other[, modulo] )
object.__rlshift_ (self, other)
object.__rrshift_ (self, other)
object.__rand__ (self, other)
object.__rxor_ (self, other)

object.__ror__ (self, other)

These methods are called to implement the binary arithmetic operations (+, -, *, @, /, //, %, divmod (),
pow (), **, <<, >>, &, ~, |) with reflected (swapped) operands. These functions are only called if the operands
are of different types, when the left operand does not support the corresponding operation®, or the right
operand’ s class is derived from the left operand’ s class.* For instance, to evaluate the expression x - vy,
where y is an instance of a class that has an __rsub__ () method, type (y) .__rsub__ (y, x) is called if

type (x) .__sub__ (x, y) returns NotImplemented or type (y) is a subclass of type (x).

Note that __ rpow__ () should be defined to accept an optional third argument if the three-argument version

of the built-in pow () function is to be supported.

H A 3.14 9] A ¥ 7 : Three-argument pow () now try calling __rpow__ () if necessary. Previously it was

only called in two-argument pow () and the binary power operator.

0 #x

BHOF @ 2 3] A 4bAkY] Fo] A% 3 AR PO A B Fel o) w, T A H Fefirt A
AR A WA e FHL AZHE, o] WA A% Axxte] AR A G v A=K
WA 2B U o 5 AH 2AAT 2SS A4S AR 5 JEE G}

3 “Does not support” here means that the class has no such method, or the method returns Not Tmplemented. 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 operation is not supported,

which is why the reflected method is not called.

5 If the right operand’ s type is a subclass of the left operand’ s type, the reflected method having precedence allows subclasses to override

their ancestors’ operations.
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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 += y is equivalentto x = x.__iadd__ (y)
JIf . iadd () does notexist, orif x.__iadd__ (y) returns Not Implemented, x.__add__(y) and y.
__radd__ (x) are considered, as with the evaluation of x + y. In certain situations, augmented assignment
can result in unexpected errors (see fag-augmented-assignment-tuple-error), but this behavior is in fact part of
the data model.

object._ neg__ (self)

object.__pos__ (self)

object.__abs__ (self)

object.__invert_ (self)
A G Aks A4, +, abs (0, ~)= TFEE] A8 =EF Y h

object.__complex_ (self)

object.__int__ (self)

object._ float_ (self)
W7 &4 complex (), int (), float () & T & 37|

gyt

object.__index__(self)

| s2E Ut A48 9o gre SelF ok

of

operator.index () & ??‘;’3}7] —'4 ) T2, grol A o] L2 AAE F5 AA R £A glo] HEs)
O]E“‘HH(AEPO]NO]L}‘/H% ,hex (), oct ( ?J?‘é"ﬂ/ﬂ&‘rﬂol)u}"/}ié Utk o] A =9
ENe A AR B F

92 AR AT A A4S E ATk BT

_int_ (), __float__ () B __complex__ ()7} AL E o] YA Fow, G HF T int (),
float () W complex () = _ index ()= A& tT)

=

object.__round__ (self[, ndigits] )
object.__trunc__ (self)

object.__ floor_ _(self)
object.__ceil__(self)

W 34 round () @math 4 trunc (), floor (), ceil () & FA 7] Y8l £&H Ut} ndigits 7}
__round__() 2 AEHXA L%t 3k o] A EE2 EF Integral (RF int) 2 Z & A S

=P FU

WA 3.149) 4] ¥ 7 int () no longer delegates to the __trunc__ () method.
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3.3.9 with & HEHAE ZI2|X}

AEXE HeE] A} (context manager) & with & AP wf) 2] 3= A9 AE X E (context) & 74 2] o
AAJUTH ZE E59 APg 95, DEAE A2 9ot APA N A 2E2Y AYH 25
AUt AEYAE #Ae| A= BE with & (wih 7 AA A A9 FUth o g A A, 2E
HAEE TEHA AH A = A5 U

AEAE Fejate] DA SEoll= et T72 A9 A (global state) S H#Astal 5731+ 7,
AHel & 27 (locking) 331 4 2 7] (unlocking) 3h= 2, €8 2 d& &= 2 50l 5t

o, >

For more information on context managers, see typecontextmanager. The object class itself does not provide the
context manager methods.

object.__enter_ (self)
o) AR o} AT AWA AUAE AYGUT wich BL as A2 AR D thabo] 9Tk, of
A =2 vkgt gr2 A4 Th

object.__exit__ (self, exc_type, exc_value, traceback)
o] A} AvE AN AYAEES FRPU W ESEL A Ao A
o] g 7leFUch s AEAETL A9 glo] FRITHE, Al A4 B None ©] H

Rhef ol 9] 7L Al FH AL A 2L o 9] & FAIA 712 A o (5 FatstE A o) Ftrue) =
AR U 23R ol oo o] MM =TSR Foll AL IFF U

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

e ] B

PEP 343 - “with” &
spold with ol 3k 414, W} 7, <.

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 means that case
MyClass (x, y) is equivalent to case MyClass (left=x, center=y). Note that the number of arguments
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.

& o 17

PEP 634 - Structural Pattern Matching
The specification for the Python match 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.
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object._ buffer_ (self, flags)
Called when a buffer is requested from self (for example, by the memoryview constructor). The flags argument
is an integer representing the kind of buffer requested, affecting for example whether the returned buffer is read-
only or writable. inspect .BufferFlags provides a convenient way to interpret the flags. The method must
return a memoryview object.

object.__release_buffer_ (self, buffer)

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

Added in version 3.12.

& 1)

PEP 688 - Making the buffer protocol accessible in Python
Introduces the Python _ buffer_ and _ release_buffer__ methods.

collections.abc.Buffer

ABC for buffer types.

3.3.12 Annotations

Functions, classes, and modules may contain annotations, which are a way to associate information (usually rype hints)
with a symbol.
object.__ _annotations_

This attribute contains the annotations for an object. It is /azily evaluated, so accessing the attribute may execute
arbitrary code and raise exceptions. If evaluation is successful, the attribute is set to a dictionary mapping from
variable names to annotations.

H A 3.149) A ¥ 7 : Annotations are now lazily evaluated.

object.__annotate__ (format)

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

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

If an annotate function doesn’ t support the requested format, it must raise Not ImplementedError. Annotate
functions must always support VALUE format; they must not raise Not ImplementedError () when called
with this format.

When called with VALUE format, an annotate function may raise NameError; it must not raise NameError
when called requesting any other format.

If an object does not have any annotations, __annotate__ should preferably be set to None (it can’ t be
deleted), rather than set to a function that returns an empty dict.

Added in version 3.14.

] 27

PEP 649 — Deferred evaluation of annotation using descriptors
Introduces lazy evaluation of annotations and the __annotate__ function.
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>>> 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 such as __hash () and __repr__ ()
that are implemented by all objects, including type objects. If the implicit lookup of these methods used the con-
ventional 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

29 A8 A %2 A
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>>> type(l) .__hash__ (1) == hash (1)

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

3.4 D FEl(Coroutines)

3.4.1 0{9I0|E{E ZHA|(Awaitable Objects)

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

0 Ix

The generator iterator objects returned from generators decorated with types . coroutine () are also awaitable,
but they do not implement __await__ ().

object.__await__ (self)
Must return an iterator. Should be used to implement awaitable objects. For instance, asyncio.Future
implements this method to be compatible with the awa it expression. The object class itself is not awaitable
and does not provide this method.

0 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.

e B

PEP 492 7} ol o] € & Ao th & o] A4 & FHE TH3T 55Uk

3.4.2 TR E| ZHx|(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.

FFE2 daoll este dA=s =3 2t e, Al ol 8 (Al v & o] B -o] B & o B w4 =
HAA L) S A Gdsunt sHA S Al ol B ek 28], 7L olH e ol d S A A A8t
Eaciuiey

WA 352004 WA ZFE-E F ¥ await 3} RuntimeError & 42 Yth

rir

coroutine.send (value)

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

coroutine.throw (value)

coroutine.throw (fype [, value [, traceback] ] )

Raises the specified exception in the coroutine. This method delegates to the t hrow () method of the iterator
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that caused the coroutine to suspend, if it has such a method. Otherwise, the exception is raised at the suspen-
sion 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 ()

2dol e el g a

St WUt Wk IR o] A FA] Fold, o] A EE A
Feol dA v?‘lﬂ LP °ol&f ¥

o8 9 ciose() MMEE AU H WM =S 7HA =

H). 28 TS I A vZ] A Ao A GeneratorExit & WA 7] =H|, ZFH ] SA] A4S A g
ER R Pl i VR S
= 28
FFE AA 7L o 2 wf &= 9] Z 2 M| 20 mek AHE 23] Y th(closed).

3.4.3 H|=7| 0|E{&|0|E{(Asynchronous lterators)
H]5 7] olH el o] 8 & A __anext_ WA EANA HE7 ZEE 2T 5 S
H]5 7] olB el o] Bl async for oA AHEE & 5T
The object class itself does not provide these methods.
object.__aiter_ (self)
Hl57] olH el o8 AAE S8 F oF I th
object.__anext_ (self)

olH#HoHY g g T odoEHE & EHF FUh olH#H Mol EYUH
StopAsyncIteration ]Eﬂ%%l # oF st}

Hl5 7] olH 2l & 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 StopAsynclteration
return val

Added in version 3.5.

WA 3.79) 4] ¥ 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.

344 H|s7| HHIAE Z2|X}

Z1 Edl
]5 7] Eil E—‘} 2~ E &) A asynchronous context manager) = __aenter__ 2} aexit_ WA EoA] AP
A= 1=

o Bl a} U
‘3157] AR~ E #2| A= asyne with ToA AFRE 4= S5t

The object class itself does not provide these methods.
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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.

W57 A AE B R 22 A0 o

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.

3.4. D EEIl(Coroutines)
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The following constructs bind names:

« formal parameters to functions,

o class definitions,

« function definitions,

 assignment expressions,

« targets that are identifiers if occurring in an assignment:

- for loop header,

- after as in a with statement, except clause, except * clause, or in the as-pattern in structural pattern
matching,

- in a capture pattern in structural pattern matching
e import Statements.

e type Statements.
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e type parameter lists.

The import statement of the form from ... import * binds all names defined in the imported module, except
those beginning with an underscore. This form may only be used at the module level.
del Foll het A 4] o] BACIA AAE A0 BFFUTHAA gn)7} o] 5L A4 AT
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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

Annotations, type parameter lists and t ype statements introduce annotation scopes, which behave mostly like function
scopes, but with some exceptions discussed below.

Annotation scopes are used in the following contexts:

Function annotations.
Variable annotations.
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, constraints, and default values for type parameters (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 qualified name 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.

il
H

3.139]| 4] ¥ 7 : Annotation scopes are also used for type parameter defaults, as introduced by PEP 696.
3.14 9] 4] ¥ 7 : Annotation scopes are now also used for annotations, as specified in PEP 649 and PEP 749.

4.2.4 Lazy evaluation

Most annotation scopes are lazily evaluated. This includes annotations, the values of type aliases created through the
type statement, and the bounds, constraints, and default values of type variables created through the type parameter
syntax. This means that they are not evaluated when the type alias or type variable is created, or when the object
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carrying annotations is created. Instead, they are only evaluated when necessary, for example when the __value
attribute on a type alias is accessed.

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__ attribute of the type alias or the __bound___ attribute of the
type variable is accessed.

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

from typing import Literal

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

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

Added in version 3.12.
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E 2 A O = parent/two Fol YA 3}HA] & 5 UFUTh o] A9, Fol M2 A EE AH A7) F
ojL 37t A2 E & ufjulth H 4 parent 7| E A o] F T A AE YT

o] = F7t 37| A Q) F2L PEP 420 & x4 2.
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5.3 2444

A48 A\ 25}7) S8, ool e QEED BE (E 51714, 314t o] 2] ol Aol & F-a8h 4] okeh

o &A% Atste o5 & 8 E FUth o] o] 52 import L E AFH o QAR importlib.

import_module () L}iimporti() ‘@-Zr_i @%% UH 7H%'/F‘§E—‘?LE1 ‘9“4 D]‘

o] o] 2 YZE FAMY of ] GA A AL E =, B BREE 7= 3 OE-TL‘_% AEL T AU

& E9] foo.bar.baz. ¢ AFof|, oW HA foo &, I} foo.bar & U]—X]U]'OE foo.bar.
T ATEVAL = /‘1-4]?5]'1’4-“4 ModuleNotFoundError

baz & YT ESH T AT HF S AE
3]

M 5% AL R AN B4 sys modules AUTH o] MFE 7 ARES TYANA
Ao AZE A RE REY MNAZE 7] 5FUth LA B foo.bar.baz 7} A Y X E F lohd,
sys.modules = foo, foo.bar, foo.bar.baz FEEES T3 TH ZH 7o LS = PSS B E 7
Uik

QEESHE F BE 022 ays.modules o)A 3, T} GIThE G gho] YEES WEHL B E
o1, ZZ A A= g5 Ut ‘3]-7<] ‘:']' Zko] None ©| ¥, ModuleNotFoundError = 42 7] vk &
o] Fo] Yittd, st M2 BE AME AL APt

sys.modules < 2 7|7} SFH UL 7| E A Sl R ES _ﬂrq A= A T (ThE R EE o] o}

I REA 3 FRE FASHL e T UeBE), AT o5 EE e A E F23E) A, th
Az EU Tto]|H o F Flo]F I RES UHA ;E_% US Ut 7)ol &= None € YT 45 g=d|, thS
ol Z E uj] ModuleNotFoundError 7} o] UEE w5 Ut}

25 AA o 3 FZRE FA ST, sys.modules Y A FES FEZ2 3 ZT A YFEFH F L E
AR = 7L 71 0] o} A Hof] 9 oH oF gt t}. RFHOl importlib.reload() & 22 E& AAE AA
&otaL, ZHsHA RS ZEE A A A BEY &S thA] 27|13 T

5.3.2 1}Ql(finder)2} 2 (loader)

Et‘irol sys.modules oA LA A ko, B ES Fopa] LEGY] 9Jaf slo] o JXE ZRE F o]
AUt ol 22 EEe T A9 AU AANEZ TAH o] YL Uth old 9} 20, Fele A
Z}” °l G e AHFS ARG, Fol W o] 52 RES e 5 A=A 2 sks AUt F AdE o]~
BES —?‘645} AAELS AXEHL REFUG- 8T RES 29T 5 vty 33w g E8lF
‘/]"4‘-
Thol W& g 7HA] 712 s HEH QEEES ¥ A5tk A WA A2 W RESI AAE
e A, F A A2 222 25 (frozen module) o] A A& 2Ha 5 913, Al WA A2 RES YEE
A= oA AAFUL GEE A2 5k A sde A2 zip 39S 7helvle AXEe] HEAUTh
I 2 URLE AEE 9l ASHE, AT AL = de AdES A ES &4 + dsUth
YXE dAe B4 7hsal A, 28 A4 A9 E Fdst] S8 A st o & F71E 5 syt
e e AR RES ZESAE FFUTE Fold o5 e ol X ES HHE FHES
2R BF 29 (module spec) = 2T, dZE A= EE82 2F T 0 o] A= A8t gt
O A2 o H e 26 22 g0 te) & O AAs] dPsted, dZE AL &4st7] 6
NGA MEL AES WHEL THIE=AE 2FFUT
WA 3404 M7 o] WAL spolyo A, A H 7 =Y & A EHF AT, oAl EHE 298t
Ae BE S ESFUTL QZ2E =5 ZE7F oMY AR H 7= st AT 2 982 H45 A5t

i
i
|\
flo
. 12
I~

X E 2 (import hook) YUt}

& =2 AN AL th LA v
& AdXE AZ ;‘3‘;( import path hook).

=

=

15 ‘4 t}: v €} = (meta hook) =

ﬂ LJ“

E£E A Eol A& 7] Ao
ARl e 4 QA Fuek o

o 2,
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YXE JE F2 sys.path (52 package.__path_ ) A2 HE, HAAH FE FES Tht= A H
F2F U thgol 4¥shsol, EE A2 FE sys.pach nooks o A} FHES Frbske Yo
528+ A5

5.3.4 OE} 4 Z(meta path)

Fo]7 o] Y R ES sys.modules oA ZH& = ¢l& off, FFo] H-E sys.meta_path & HA3F=t, # &
A2 skt AASe] 552 2L AF U o] ST Eo] Fojd o[ T HES A St L
23 YA FAste=E 2 Tt WEl A2 FABEL find_spec () B o] 52 uﬂ/ﬂE% T3 3
otk 3t=tl], Al 7§] AAE Lot Uth: o] 5, YXE B =, (A= 7}—6H E} 7 (target) B&. W E F =
et ol %l 0|26 LES APIT 4 ALAE AA A oI Aol A AR £ DAL
Wb et A2 AH s £ol3) ol 5o REE AeShe We drhd, A A EAFUL 28 5
AT None & EHFUTH W sys.meta_path A g7} 29 S F8 £ 2] X oo H59 ol =514,
ModuleNotFoundError & ¥4 7t} & g‘é‘]- T2 &5l 1 FAA7]|1, YZTE 2N AE

Faa

HE A2 39 find spec() WAEE F AUA MY A2 5EFH HD} A AR A= 259
478 A3 o] & (fully qualified name)%MD}, o & £°] foo.bar.baz. F HWH AAE= BE A
e Az dED AUk HAFS] ZEo] A T WA 91R= None 0] AT A H ZE oL} A H 3] 7] 2] <]
A5 F HA AR FE 5 7] 2] 9 _path AEZRE AU B HHS__path_ oJEZREE
ZZE 4 9 2 W ModuleNotFoundError = 421Ut Al WA Q2= o]n] A= & AA Qd|,

Fold 2 o] Ut 2 E AJ2H2 Al 2 E (reload) & wj vk B 2l& A2 3 o)

ﬂ]ﬂﬁi%ﬂ‘ﬂJ AXZE g Aol off 3l 043% g g S dsUth o E S0, Y BEES] ofF A
T AN A Ekthal & o, foo.bar.baz & YXE 6} HH, WA ZF el F 2 91T (mps) Sl 3
mpf.find_spec ("foo", None, None) & TEZ3|A A AZEE 3L} foo 7 YFE H Z o,
U'“F/l'ﬁie = WA B A foo.bar & YEZE 3}=d|, mpf.find_spec ("foo.bar", foo._ path__,
None) & =%ttt 9dl foo. bar 7} ¢ :—L_E_th ulR 2t EFA S of . find_spec ("foo.bar.baz",
foo.bar.__path__, None) =) 1/]1"4—

ﬂﬂﬂﬂﬁiAﬂﬂctiﬁi%%%EEEﬂ%§W%ﬂ%%iﬂ%%E%ﬂﬂﬂEMMOI
ol Aol 27 B4 one & EHF T

glo] Mol 7] sys.meta_path £ Al 7] HlE A& SQIH & 221 JFUTh = W RES 4=
Sl He ¢, Y= Z2E RES YXEIE=H : =2 < 5
HE FdUSHSE A2 75l H).

WA 3404 ¥ vEl AE 3 AH 9] find_spec () WA E7} oA A A H find_module () & A
Utk W7 glol= 5237+ AT A2 E Haks 31T 7} find_spec () & FH3MA] kS wivh
A& ok

2, 0.

WA 31004 A7 YEZE A 2" oA £ind module () & AFE3HH O] A| ImportWarningg WA A7
Yt

WA 3,120 A M7 find_module () 2 A AW FYTE Al find_spec () = AL IHHA L.

5.4 2%l (loading)

RE2Ho) AR, JILTE AXRE=REL 2GS o] ZA (2 A0 7HA 2EHE)S A& T of 7] 9
AXES 29 A o dojub= dof thak o k& 91 17 o] Ql5yth

module = None

if spec.loader is not None and hasattr (spec.loader, 'create module'):
# 'exec_module'X loader®l T A= FF TS
module = spec.loader.create_module (spec)

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

# 22= @M a5 cjEmg=c o TN MIE L,

_init_module_attrs (spec, module)

(TH5 sl el Aol A)
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(e]A sl o] A ol A A<
if spec.loader is None:
# HJHE= Fe e
raise ImportError
if spec.origin is None and spec.submodule_search_locations is not None:

# °lE 32 =77

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]

ok

i)
M
rlo
=

Apgrol F0)8 of g ok

sl

B 5] sys.modules 9 JTHH, YEZE = o]u Y

Y 3t7] Aol EE-L sys.modules o ZH] & FHUTH o] A2 44l 50|
2)ANS JEZE T 5 Q7] i EJUTh WAl sys.modu

= A9 (recursion) & WA 5111, H A Q] ASfof o] H EHEH = AS 25T

B2E(LZAAIPIF RETHNL sys.modules oA AHA|E U T} sys.modules

$ox B3z 4FA0e 2QE REES A golglol okt it

sys.modules Oﬂ ‘6]'0}317‘“ HE=g 2t EHH]%I/]D]’

o4 A7) Aol 519 A4 A L oFE o], R E AAE YEE B

AUt 9 YA Z = o o] A “_init_module_attrs™).

o] o] 5 FZte]l AP A= Z2AHAA U YLH AP AH o=z 2

o) o BA A9 Aok A ARG

exec_module() & FEH = RES YEEQ] o Whee = Zlo] old 5 A5

—

s

i o T

o,

[t
i
it
&
N
Y

2
©
= N

m 2

N

X,

o~

ot

flo

N filo
N,
m>

f
an)
Iy o Lo

i
T
¢
|o
3
[0

B
o
1o

1 N B T S

o My 02 g
)

ol
=
2,
o

ol
EE
>,

o Xt
> = 9
(o o, &L
k3o,

e

BN b
2 £

xird' r

d
and

Mr2 £ om o

(1 o
Mo T
dr 9
Lo
i N,
tlo ¢
i

rlr

=

fu
2

oo >

0:
& (g

2on
N
Y,

do o

ofl o

it
2
)
f(r
2
)

<
as

WA 34004 MY dxE N 2| 7] FAbol| the 25| A ¢
importlib.abc.Loader.load_module () WA Eo|A 3= 5

541 20

g 2re 299 244 75 Al
abc.Loader.exec_module () HAEE
EHFE #FS FAE YL

2o OeR 2L 87 2AEL BEoF G

e B RFO FolH REMF EEIY FTHLR 2HHE &0l ofyehold, 2H= EEY
FEE REY A o] F F(module. dict oA A3 oF Fich

o Wk 27 RES AYFHA] FFHWH, tmportError & Y2 7 oF ) 31A] W exec module ()
FH A= T o9 = dabH Utk

2 importlib 7@ ¥k kS 2 4 A8 5HA) 95U Th tiAlel, sys.modules o A B o &
A0 B QEES S REO| sys.modules o 9= A4S HHE 5 Aok AT o
TR FAUTT B A 5,

5.4. E%(loading) 77
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o, SHolE o 2t 28 AAYUCTH 28 A% £ind spec() WA E 267} aels = 449
HEYth
=2 ‘\—j- create_module () WA EZE FHTOZH &2 = 5
T AsFYrh ‘75}‘%-4 O]X}, BE 29 & lolgolal 29 F /\P%@} 2E 7—“]% 5\’42‘4"/}
create_module() 2 2 & Ao olEFHEE H4AT I

A, QEE A= ZES 222 e YTh
Added in version 3.4: 2 2] create_module () HA E.

B A 34004 HMA: 1oad_module () WA EE exec_module () 2 HWAEH I, YZTE A7 EHY F&E
T Z (boilerplate) o] T s+ 3 A4S Y th
ol EAste ZEHEAY TS A8, EX2E E A+ load_module() WA =7} A3},
exec_module () & T A O W load_module () & AHEFYTh AT load_module () < ¥
A= A5 Uth 26+ Al exec_module () & T3] oF ch
load_module () U‘“HC‘;E‘%ENaﬂd““ 2o fJo A AFT = 9]
SHobeh ith 2L AokEo] mE A8, 7149 49 g Boln
« W sys.modules o FolX o] 52 BE 7“f<ﬂ 7holm] EA e, & W= A] I AAE RS- oF
FUth (Z2EA ZOW, importlib.reload() ¢ HIZE 52314 &A B Ut}) WeFsys.modules
of Folzl o] 52 BEo] glod, 2o M REAANE YHE 1L sys.modules o] F 7} oF Fch.

o At gl AAd Y W 2HEE AL WAE] S5, 2EE7FEE Z=E A7) doll ZEo
sys.modules °f &x]3] oF gt}

. wrof 2 o] A EE, 2 UL sys nodules o 4918 EEES A Ao s, AP LEDE
AAMNF L, 27 1 RES A BAIH o2 2 9ol vk 22 of T Th

HA 354 HA: exec_module() ©] HY = JAAT create_module() ©] A H A
DeprecationWarning ©] WAy gt

WA 3.690A4 HA: exec_module () ©] A= A T create_module () ©] B % A] &2 ImportError
S 4oyt

WA 3,109 4 W A: 1oad_module () & A2 TmportWarning= YAl U T}

[> &2

O
'F
o =
= =

o_Vl

e ) rlo

o

L=y A
-

o

(b01lerplate) 2Y 75L& T3

I‘_EL

542 ME 2 &

ol HAYZ O ZE (9 F £9], importlib APIE, import W import-from &, W& _ import
HEEo 2EHm, AN BE AALo JAL BT BEe] o2 B1ko] o Lol LT} o & Sof, 9714
SPam o] HH BE foo & 7FA W, spam.foo & YEZE 3§ T o= spam ©] A

o ZA BUTh B3} 22 velee) T2 Ho] vk FATh

111
[t
i
=2
2
i
i)
2
m
L)
B
m

spam/
__init__ .py
foo.py

I3 spam/__init__.py 7} O3 22 & 23stta A Th:

[from .foo import Foo

I3 23 o] A3 S spam ZE | foo 2 Foo o T3k o] & A Fo] doj gt}

>>> import spam

>>> spam.foo

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

<class 'spam.foo.Foo'>

15Ut AR AAZE 92
sys.modules [ 'spam'] 3’»]- sys.

[>
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modules ['spam.foo'] 7} YTHH (18] YZE o] %] Fej7t 2 Feh), Fell A& AL WrEA] o

S A9 foo o =2 HET} o] of FTh,

543 2 E AHl

AXE AAE=YXE T E2E Y St ARES AFSTYT &3] 29 Ao g E JH =
EEEEY TFOIh RE 2T 542 o] qXE A JHE BEER 8 ¥k A dUtt

QEE SOk 2eS A HE JEt JEE A 2de P R4EE ADE 5 AGUT oS o BE
ol g BE s wholE ol 12 S AAshE 26 ko). 4 3R AL, JEE A7 2UY BF A4
(boilerplate operation) & T3 & 4= JEF 3t= A YUth BE 2do] gt 27 & A AS A A
=t

2E9 ./l:ﬂ]-% module. spec_ 92 xZF Ut} __spec___ 2 = ks 3] /“—-xixé%]'“f 2L A ZEE 7T
FEE G 2TEE = REE AR AR AP YUth $7HA] A€ = __main_ QlHl, __spec__
o] oj i -l None &2 APt}

25 2" Y& st Al F A2 ModuleSpec & R A 8.

Added in version 3.4.

544 R E°| path_ O{EZ|RE

7 7] 7 9]

=g R

gtk A%

rlr

oA
=2 u
__path__+ B& sys.path B} A 27 o] W5 th

sys.path_hooks (e} ol A A Eeh oA A= S5 U

H 7)1 A __init__.py HL2 7R __parh  oEFES A AUYEAZL 5 YL, o] Z o] PEP
420 o] Ao o] F FZF |71 AE F A= P2 AT UL PEP 420 ] o= IS 5
HZ|A 7k _path 22 ZERbS TASE __init__.py FLS ATT 27} FEUT 9=
WA} As o2 ol 5 T H7NAE AT _path_ S AT

5.4.5 2 & repr

NeAoR, BE RES ALTNE repr & 27 ATk AT 2 JEAHEEH B F 250
e AZ ol Wt 2 E AN repr & E 0 BAHLE Aol 5 gk

BEo] 29 (_spec_ )& /AW, YXE A= IS ZHEH repr & HEH L AIEFYTE 279
A s A 27 o] Yo, YEE AL REANA ATH L AF2 /& repr & P4 FUTE. module.
__name__,module.__file_ ,module.__loader__ =Srepr & YHOZ ALE3lE 1 A|=8l=d], WA A
By Egow gy

AR AL Qe AR A2 o7 S Tth

o BE0]_spec_ AEZFEE 7IAHW, 23 Q= ZEE repr & 3T} “name”, “loader”,
“origin”, “has_location” o] E 2] HREE o] AL&H U Th

=)
=] .
o« BEO__file OEIHEE AW, ZE repr o dEZ AEH UL
e ZEO] _file OJEEHEE ZFA] &AW None ©] oFd __loader & 7}A W, 26 9] repr 9]
2E repr o 4R 2 AFEHYTH
o 28X ko repr o] EE2 _ name_ S AFEFYTH

A 312004 WA o] 348 A " module_repr () & AR Tho] 31204 A AF gL,
T repra FAe+= T HE TEHA F5UTH

H]
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5.4.6 FHAIE HIO|E ZE 53}
H

ol M o] .pyc FAZHE 7|A] H Hlo|E FEZ B E317] Ao, A 7 H A AR AA py 1T}
eyt 7|2 H o8 o] H e a2 HF a4 B2 2o 3715 i S OE o A AR
A o] ZHd = FAF U AP Tel, G2 E A 262 FRA] 3pd ol 2734 vl Bl | o] B & & 20] W B}

Ll ]Eiﬂrtﬂ"ﬁ}oi R A] J]r°‘-4 ¢ EAS AU

ghol M- Egt “af Al 7|9 N A] L& A Dot A 3L wEF ol o] B thalol] A2 5t o] W&
SHAE AR A A oye FLE T A4 BEol DItk A A (checked) 3} 1] 24}
(unchecked). ZAFE Al 7|9t .pyc 3FL O] A ¢, o] M2 AA LS A otal A} A E FHA] 3HL 9
Al 2FHl st Al st o] A S AAFEUTE AANE S A ZIRE A A] B o] fRSHA] k2 Ao R
s B, sho] 2 A A] 319E thAl ARSI A= S AALE 514 74 A ke s LT v A A
Al 71RE . pye o] A9, sho] M- &3] WA st o] EAF AP KRSt 7HE FTh s Al 7Rk
pyc Y F3A AA 2L ——check-hash-based-pycs S| I Z ALY E 4 A H5 YT}

WA 37604 W7 Al 7] L pye HAS FAABE U o] Aol sl AL who] = 25 A A9 eHel
9 /o e A AME ok

5.5 A& 7|dl mlelr]

ol Al AF Ko, FolHL o] 7|2 vE AR IS 21
191 (PathFinder) 2 B U, 42 JdEZ 9 FEF S HAL Y+

ﬂ]Eﬂ“:E—C’—‘KE%O 7]'317]141;]'

-
rv
)
e o

%
o] .so ¥

import REe 7\]-{'_;_ ko, 7]

%mp.ﬂro‘ ERYH 29 FYrh
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Qe ol AHg P ok
A Az o o 3z
SAHA st 22 E
Zq\ °] N ESHA 2T AS
AxE A2 A2 7 Ydt=t, sys.meta_path
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T8 AA e, AHE A Z 79 3FQl T 7} sys .meta_path
4T SHA FHUHh

HUPE ol N Al e o 2 Hof o
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2 o, of r
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i)
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rlr
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oY,
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=
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5.5.1 ZZ JdEg| mol

B 7| okl E = A7 A
AUtk gif29] 3= A== 32
s}

Mg 42 SRl 2 A, 45 710 Sl E £ g 48 find spec) TEEEE FA L AL
mEo] QEE A oA o] WA WA L REH A & ALE o] 25T A8 £ s R B
A% gk

A2 71Hk gt = A MY A4 E AR Y T sys.path, sys.path_hooks, sys.
path_importer_cache. | 7| A AA S _ path. HJEZFHE T3 AL HATL}E o]AEL IdxE &
A& AsE o 2T 5 gk 270 e AT
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sys.path = BEF} H7] A2 A4 A& A g TALY
=
=

W} of 2] 7hA] A Aok 73

A28 o AR 2l 9h2ip 52 7121713, Toke] BAA L2 2 F A o] 3D 4 G HLT (site
RLo| L} ol o] e o] 2 %3] 2 AEUTh sys.pacn & £ T

»—I—EE EF/HO 7}ﬂ%] g)]\% '"»U
Qofor gtk thg e 92
@iﬂ%ﬂﬂﬂ%ﬂﬂﬁﬁﬂhﬁﬂ]]W%%%WHQ%QEN%iéﬂﬂ—ﬁiﬂMAMH
o] find_spec() MINEE 3 %?‘5}% Aog dxE A2 A AN UT find_spec() o A==
path Q1 A} E““ﬂ—”rx} A2 F2EAdUT- BE A7) A HollA A2E &1 371 2] __path__
oJEZFE. path A7k None ©]W, H 49 YEZEE 8L sys.path 7HAFEHE U T

0

AZ 7|t Fd = AN AR RE
(PathEntryFinder)& 77%?1/]‘;]' o] A =49
star) SE 2 A3 FHot7F = 5 Qlal/li}), BE 7 oIH = AR AEZE FE
1] F 5= A S Fe Ty T/]- o] 7§ Al = sys.path_importer_cache ©| vX]Q‘/] (o]
a1, o] A= A EE AAE ATH A o AARE FAY AAE AT YTh. ol ¥
Az e A9 A= e i of WA AL oA B wn FAF U A8
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The current working directory — denoted by an empty string - is handled slightly differently from other entries on
sys.path. First, if the current working directory cannot be determined or is found not to exist, no value is stored
in sys.path_importer_cache. Second, the value for the current working directory is looked up fresh for each
module lookup. Third, the path used for sys.path_importer_cache and returned by importlib.machinery.
PathFinder.find_spec () will be the actual current working directory and not the empty string.

552 AR dEZ| 0l ZE2EEZ

257} 271948 317129 QEEE AL o) F F1 A7) EHLR oHkA 7] Sls), J= A=
3}l &= find_spec () WA EE £33 oF gt}

Find spec() & 719l QAE WobE U th QEE @ REo] #3575 oI5 (2 A5
B2 BE. find spec() & ghol A AP BEY 202 Sel BTk o] A5 G4 “loader” 7}
ARG YUTHEHA Oﬂﬂﬂﬂ AsUTh.

s#lo] o] F B £4 L RAWTHE AL AZE IR D7) A3, A2 dEP FAGE
submodule_search_ locations % :‘T’;/‘j% :‘E‘Q’ ‘]'“r:‘ 5’7%2& éixét;“% E]-

WA 34004 HMA: find_spec() ©] find_loader () & find_module () & YA st=t], E t} o] A H A
H A5 UL} find_spec() ©] FOH A o o] A5 AU T

oo A% AEe] FAHE tind_spec() WA o] F A AL HAESS FAE 5 AUk
o] AN EEL AA S8 uf ol obH = ARSFE YT BHA R find_spec() ©] AE AE ] 31T o
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£ stue AAE welEY YT,

find_loader ( AIXTETE RBE .
2EES BeFu, A WA §RE 2rol 1 F A FBL o[ F F7 T4 9

)
find_loader ()
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YEZE Z2EF & 7dSH H7 TS A, g2 2 JAE v =L e 2 9
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2de

find_module () ©] ¥ 2251, YFE A]AE L2 A} find_module () T4l find_loader() & &
Fuch
WA 31004 HA: YEZE A 2H=H oA find_module () & find_loader () & &3} ImportWarning

= A H YT
B A 3.120 A ¥ 7: find_module () & find_loader () = Al AYS U th
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package/

__init__ .py

subpackagel/
__init__ .py
moduleX.py
moduleY.py

subpackage?2/
__init__ .py
moduleZ.py

moduleA.py

subpackagel/moduleX.py Y} subpackagel/__init_ .py BEFoA, T2 F 33t At dZE YU

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
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At 9FZE = import <> = from <> import <> BHE AFR S 4 A9 At 9
S AT 5 Atk 1 ol
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[import XXX.YYY.ZZZ
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o & FHasve FAS YFE ) gEYGuTh
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A& T Y 4 0] T3t 22 FElE AR 2,
name: othername

EE (semantics) 2 FA| ko W) o] HE) Q] name & &€ othername 3 25U Th

6.1 Al Higl

—_

When a description of an arithmetic operator below uses the phrase “the numeric arguments are converted to a
common real type”, this means that the operator implementation for built-in types works as follows:

« If both arguments are complex numbers, no conversion is performed;
« if either argument is a complex or a floating-point number, the other is converted to a floating-point number;
c I3 GO, T Axpe BT Piofol 5, WAL B8 g5 Th

o]H ALAE (A& Eol, ‘% AR AF AAE Fo x| = AHG) ol thal A= B 7HA] 719 +F 2 ¢]
A& Utk g7 (extension) & 15 AHA1 9] W2 o2& 7 o of of T}

= (Atoms)

[ |
40 744 7]
5

JEe 49l 8 2tk 714 et obE & Aate) el E Yyt %, BB I,
3252 54 YU EUACR ol Eor RRPUTL obBe] £SO dHTh
atom: identifier | literal | enclosure

enclosure: parenth_form | list_display | dict_display | set_display
| generator_expression | yield_atom

6.2.1 A|HX} (0[F)

obF o= FAste A A= ol EYUth o3 B Yol el A= Names (identifiers and keywords) 2 &,
o5 AAol gt F A= ol 53 A4 (binding) A g BHA K.

o] 2 o] Ao A AL ul], o} =] ZHS 75 AA 7 LU T o] 2ol AAH A &kokS o, S Lt
S} NameError o 2] 7} Lo gyt
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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.

& v By

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.

o 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 _ foo in import __ foo.bar is not mangled.

o The name of an imported member, e.g., __ f in 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{= (Literals)
ol M- FAtE T vtol EG BlE H ) o 2] 7HA] At g HE e AU Th

literal: strings | NUMBER

Evaluation of a literal yields an object of the given type (string, bytes, integer, floating-point number, complex num-
ber) 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. See section String literal concatenation for details on strings.

EEHE L B olE ol th-sst7] uf2oll, 24 9] ofe|dlE = # Hotd T2t 22 ke
E]Eia“’ﬂWOH Ao g Fold (2RI P AEY e Fao] AU HE Fao de ) 22
ARS AL 2% 9y, 2o 7 thE A2 AL 4% QS Th

String literal concatenation

Multiple adjacent string or bytes literals (delimited by whitespace), possibly using different quoting conventions, are
allowed, and their meaning is the same as their concatenation:

>>> "hello" 'world'
"helloworld"
Formally:
strings: ( STRING | fstring)+ | tstring+

This feature is defined at the syntactical level, so it only works with literals. To concatenate string expressions at run
time, the ‘+’ operator may be used:
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>>> greeting = "Hello"

>>> space = " "

>>> name = "Blaise"

>>> print (greeting + space + name) # not: print (greeting space name)
Hello Blaise

Literal concatenation can freely mix raw strings, triple-quoted strings, and formatted string literals. For example:

>>> "Hello" r', ' f"{name}!"
"Hello, Blaise!"

This feature can be used to reduce the number of backslashes needed, to split long strings conveniently across long
lines, or even to add comments to parts of strings. For example:

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

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

However, bytes literals may only be combined with other byte literals; not with string literals of any kind. Also,
template string literals may only be combined with other template string literals:

>>> t"HellO" tll !ll
Template (strings=('Hello', '!'), interpolations=(...))

25 ot Y P2, BEE TR A AT EAY Sk

parenth_form: " (" [starred expression] ")"
2F ool Yo AN B, P07 T R4 BEo] HE3E Flo] YUtk BFo] Holx Fitel
ek Fgol FUth 194 gow Fd4 522 743 9 FA4 o] Fuch

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 Z|AE, &&H EIML2|e] C|AZY| 0| (display)

gaE, AE, G EE TS 98, 3hol ML T 228 o] (displays)” 2T R 2= S 3 B 77
= 74 ~er 2 A2 g ok

o ZH oY Y& BAIH L Z LA,
o dRe Tzl FE Y AAES B9 AXE =], Az AA (comprehension) ©] 21 BT}
A=zgdMY FF TH 8452 ol¥5Uth

comprehension: assignment_expression comp_for

comp_for: ["async"] "for" target_list "in" or test [comp_iter]
comp_iter: comp_for | comp_if
comp_if: "if" or_test [comp_iter]

BIABGE U RN 1 AZ e A2 Huiel cor 3 G2 A cor T ar
AFUTE o] A%, Al ABo1S) 25 Zhror Tk is Ho| X LEXoR 1T BE
B, T4 el AL BB A LA e FoIA Bl AT A
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AW, g A% for Aol Gt o HHE BRAL A FHuL, AzAAAL A g
sz o] AU ol 3 A carger list A Y& o] Fo] EHMAE ATEE g 54
=S Gtk

13 A% ror 49| olERE HAL L, Bk AmmaA A PohE O, Hx
2322 A2 ALY, B2 for A 1Y AF ror A9 RE PE 2L,
ABA AL gl meb 2ol - 9o ne AL 2nmolAl BAT 4 Ae Tk oF B, ey

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

Azedie] 34 AT ) Ao HA S, BAH0w S0E ATz A yield S yield
fron14L53*1° :lxl%gL]Ek

Y

Since Python 3.6, in an async def function, an async for clause may be used to iterate over a asynchronous
iterator. A comprehension in an async def function may consist of either a for or async for clause following
the leading expression, may contain additional for or async for clauses, and may also use 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.

WA 3.80 A4 M7 yield & yield from2 BA|A o2 ZHH ~2FZ oA FXH Ut

WA 3.119| A ¥ 7: Asynchronous comprehensions are now allowed inside comprehensions in asynchronous func-
tions. Outer comprehensions implicitly become asynchronous.

6.2.5 2|AE C|AZY|0]
A E Y AF Y o]= tf 235 (square brackets) 2 F e AQl £ A 9] YA vlo] & A5 th

list_display: "[" [flexible_expression_list | comprehension] "]1"

aE UaEdolt el iE AXE BELY, T EL BAL BRo} guedios A9
gtk 4ER Rel8 BANY B AFDu), 1 845 XN S EEO 2 gho] 7314
AR P 2E Aol YR UL Azeldde) AT u, P AEE Anelddos el
24EE 4RV,

2

of

6.2.6 LT C|AEa(0|
A g2aE&d o= S 23 (curly braces) 2 E A= 11, 719} gh2 2] 8= ZE(colon) o] Y= 2= HA
v gaZeolgt #2425 dsyth

set_display: "{" (flexible expression_list | comprehension) "}"

Qg o aEeolt A 49 AE AAE BELH, 1 HES ERAY AD2Y Bz AM0E A4
YUk ES 2PE BAAY B0 AFA W, L asEL AB N eeHoR
ﬁﬂlOHEﬁHéMD}. zeldde] AFE ul, YL Azelddow BEol A &

WA O 02 B S Yuunh o AH L M 9IS BEUT

6.2.7 ElML42| C|AZ8|0|

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_list: dict_item ("," dict_item)* [","]

dict_item: expression ":" expression | "**" or_ expr
dict_comprehension: expression ":" expression comp_for

g4 gagdole A 94 AME vy

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

88 Chapter 6. H 314!


https://peps.python.org/pep-0530/

The Python Language Reference, & 2|A 3.14.0rc3

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] A& A otd 2] tAZd o]z o o 57,

gMvE] Az Ad e, elaEe) e Hz e o) thulshA], kAl “for” o “if” & ol F
frﬂﬂ Mol AAES o2 Utk Fz o] A uf), TS0 &= 7|9 L 2 aE0]
€ sAdE gAYl Adg T

Restrictions on the types of the key values are listed earlier in section 3 53 7| %. (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.

7 38914 W 7: Fhol M 3.8 o o, A E Az el Aol A, 7] 9} 7ke} B} e A7} & Ao o
917] 99k U T, CPythonol A, gkol 71 Wtk WA B 7ks) 914U T, 3835l , PEP 5729] A ko] ufe}
717} 2k Rvh WA B 7P U,

o=
B

g,
i

6.2.8 A|L1{2|0|E{ E T4l (Generator expressions)
Avdole 842 2352 S A Alvalole 271yt

generator_expression: " (" expression comp_for ")"

Auveol e AL A AU olE AAE BEU UL NI FBE A BEZ FHAATH:
A A9 s = A 25 o

Variables used in the generator expression are evaluated lazily when the _ next__ () method is called for the gen-
erator object (in the same fashion as normal generators). However, the iterable expression in the leftmost for clause
is immediately evaluated, and the iterator is immediately created for that iterable, so that an error produced while
creating the iterator will be emitted at the point where the generator expression is defined, rather than at the point
where the first value is retrieved. Subsequent for clauses and any filter condition in the leftmost for clause cannot be
evaluated in the enclosing scope as they may depend on the values obtained from the leftmost iterable. For example:
(x*y for x in range(10) for y in range(x, x+10)).

A ] QA gl T oA 2R E A F ASF YT AT WSS T AdS BAl L.

Aeeld 284 2HA Y 7THhE = A4 el okA] 7] S8, FAACZ FoyH A gl o] E ol A
yield @ yield from B2 Z X ¥ Ut}

A olE A 0] async for olYawait A S E331H H]F 7] Al & o8 &3 4] (asynchronous
generator expression) ©|2tal &Y Ut} 85 7] AV d o] e A2 A} v 5 7] Ay ey AAE B8 F
=l o] 22 )5 7] ol Bl & o] B YTt} (W] 5 7] o] Bl & o] B (Asynchronous Iterators) & 32 SHA ).

Added in version 3.6: B]5 7] 4] A U@ o] & A o] == AE5 YT}

WA 3. 704 WA kel # 3.7 o] Fell, vlE 7] Al el olB A4 0] async der ZFE R LB
AAF U 37 1E,EE 7 ulE 71 A A g ol H @A S AT o A5 U T
H A 3.80 4 MA: yield 2 yield fromS BAF o2 SHHA AFzoA FAFUY

6.2.9 2= F & Al(Yield expressions)

yield_atom: "(" yield expression ")"
yield_from: "yield" "from" expression
yield_expression: "yield" yield 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:
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def gen(): # defines a generator function
yield 123

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

S aFZof e &
ol A E = SA AR =
e BE PR RS E

A e olg Gas geo A Ad e W 07 Avd o o uE ] Aoy da
Aol B e A8,

=z A3 Aol 8 84S TS e

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 yield 1ist
to the generator’ s caller, or None if yield 1ist isomitted. By suspended, we mean that all local state is retained,
including the current bindings of local variables, the instruction pointer, the internal evaluation stack, and the state
of any exception handling. When the execution is resumed by calling one of the generator’ s methods, the function
can proceed exactly as if the yield expression were just another external call. The value of the yield expression after
resuming depends on the method which resumed the execution. If __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.

BEEASS AV lH @48 L7 ob vl s eha Ut o 7 W A3E vhE a1, s o] e
HE o glon, Ao dA] FAE 5 dgUth 7L Aol 2 Aoy dE yield
°]

=

ol ot 1, O,
«{011 iR
é N

2y Cﬂﬂc’ﬂ/ﬂ A& o] ok =R & Zﬂoiﬂ AT F AUk Al = 3 Ay g ol e 9
S22 Agg Uth

E RHAL 0y FEE) oA Heb e, AW # o] 7) (2 D57100] 5 At A 57
H o 2 M) 3ho] d gfo] 2 (finalize) ¥ 7] 7 o] ZH 7115] 2] ko, Ay o] E-olE # ] ] 9] close () WA ET}
zgﬂoi 7] %9l finally Bo| AYPH = %,‘r;,h,]r/}_
yie1d from <expe> o] A8 A BH FAAE ol Ele] Helofof ik 1 Bl B olelel ol
HA A= FES ?ﬂxﬂ Xilﬂfﬂ olf] MM =2 TEA A vtZ ALHYUTLE send() 2 AGH ZE
X3 throw() 2 AEH 2] = Woj o‘%(under]ying) olEHolE 7Y HAEE 2ty Quhd 232

o7 Ad"g Yt 18 X] LUD}E‘E, send () & AttributeError Y TypeError S YO 7| X W throw() =
AGH A E SA doth

Yo Q= ol HH ol 7 52 ulf, T SF= stopIteration LAY value JEBFEE Y= HE
“4 7L°l HUt} stopIteration & o u] YA H O 2 HAE 7, AH olE & o] g 7} Al dl o] E] &
AL FtE o3 o2 o] A UTH(AH xﬂ Y o8l 7} g+ S8 (return) =2 2 4).

A 33004 WA A0 olEld o] B Alo] 5EL A ABHE yield from <expr> & F/HAEITh
Q= Aol B S o] 2 Uerid B5E AT 5 A5

,

e © 17
PEP 255 - Zhekgt Al 2 o] ¥)
shol ol A& oI B &} yield EE F
PEP342- A48 A |E1 g 52 27
A2 ol Ele] APISF B AAB A, e TRE 08 AT 5 JEES BhE = Aok,
PEP 380 - A B Aol 2 9 Ysl= &
The proposal to introduce the yield fromsyntax, making delegation to subgenerators easy.

PEP 525 1% 7] Al g o) ¥
=2 ¥ 20 AU g olE 7|5 Z7}5)o] PEP 4928 3331 A oF,
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M|LA2l|0lE{-O|E{3I0|E HIME

o] AHAA L A oI o]l e o B9 B EES AP FUTH AU o8 B AHS Alof s
A48 % g

AYdole 7l oju] A3 = uff ofgfol] = HATEES $E31H valueError 98 & o 7)== Ao
2] 8 o g .

generator.__next__ ()

Starts the execution of a generator function or resumes it at the last executed yield expression. When a generator
function is resumed with a ___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 of
the yield Iistisreturned to next__ ()’ s caller. If the generator exits without yielding another value,
a StopIteration exception is raised.

ol MAEE HE FAIACR TP ol& 50, for F2Y W next () ol 6.
generator.send (value)

APE ANt Aoy &2 7S “B iU thsend)”. value A A= JA] 4= 2d 29 Fhol

HUrth send) MAE=EE Xilbiﬂlolﬂﬂyleld ste the #= S AW AV elgrt v e

yield 3}X] ¢kt ﬁiﬁ}‘:‘i StopTteration & Y2 YT} send() 7} Zﬂ Yl o5& AR 7 =5

22, 71—0 WS Jdr g3 Ao gonmg, O]X]-E‘; BT A] None & A &8} oF gt}

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 rype 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 traceback is provided, it is set
on the exception, otherwise any existing __traceback___ attribute stored in value may be cleared.

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

generator.close ()

Raises a GeneratorExit exception at the point where the generator function was paused (equivalent to calling
throw (GeneratorExit) ). The exception is raised by the yield expression where the generator was paused.
If the generator function catches the exception and returns a value, this value is returned from close (). If
the generator function is already closed, or raises GeneratorExit (by not catching the exception), close ()
returns None. If the generator yields a value, a RuntimeError is raised. If the generator raises any other
exception, it is propagated to the caller. If the generator has already exited due to an exception or normal exit,
close () returns None and has no other effect.

¥ A 3.139]| A ¥ 7 : If a generator returns a value upon being closed, the value is returned by close ().

AE ol
o 7ol Al dl o] 5 & Al & o] B] 9] T2 Al Sk 7hgk o 7F Sl U th
N

>>> 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:

(TH5 sl el Aol A)
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(o] sl o] A ol A AI)

value = e
finally:
print ("Don't forget to clean up when 'close()' is called.")
>>> generator = echo(1l)

>>> print (next (generator))

Execution starts when 'next()' i1s called for the first time.
1

>>> print (next (generator))

None

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

2

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

TypeError ('spam',)

>>> generator.close ()

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

yield from & AF&3F= of| &=, “What’ s New in Python.” o] 1= pep-380 < R A L.

H|S 7| MLA2[0|E g4

async def &AM U A=A dE A4 EA

o gt

HlE 7] Ay e el g7t 225 |, vl 1 Mffﬂ olf AA 2 & HF7] olHH ol E EHF U
22 kg 1AM E A el o 8 Fae) AFS Aol gtk 057 Aeloe] AR HE B2El Ao
async for EollA AMEE =, Al d ol e A7} for Bl A AMSE = A7 FA Y T

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 yield 1ist to the awaiting coroutine. As with a generator, suspension means that all local
state is retained, including the current bindings of local variables, the instruction pointer, the internal evaluation stack,
and the state of any exception handling. When the execution is resumed by awaiting on the next object returned by
the asynchronous generator’ s methods, the function can proceed exactly as if the yield expression were just another
external call. The value of the yield expression after resuming depends on the method which resumed the execution.
If  anext__ () is used then the result is None. Otherwise, if asend () is used, then the result will be the value
passed in to that method.

2,2 nE7 AddelE g7 A

rr

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.

H) 5 7] Alv @l o] ghpoll A, A= A AL try 2R EQ] oo A F =g Ytk 3HA g 8]E 7] Ay &)
o8 7} (F=R 3 57H09] Elﬂb}ﬂﬂl 2| =AE o2 M) gho] g o] 2 (finalize) = 7] Aol A 7| =] #] ko,
try 7RE WY dE 2342 7] 59 fmally%é_é A 3= *‘JHEL T AdH5YTh o A9,
H] 5 7] Zﬂﬂﬁﬂolﬂ— olE{ | o]l 2] aclose() & &AL, 1 AF2 2= IFH AAE AP A, 7]
%< finally Bo] AYPHEE 3= A A2, v 5 7] Ay o8& A3t o]l E F = (event loop) Lt
2 A2 (scheduler) o A 95U o}

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 acZose () 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.

R H4A yield from <expr> & H|F7] AW & o|E oA AFE3l= A2 B o2t
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async agen.__anext_ ()

Returns an awaitable which when run starts to execute the asynchronous generator or resumes it at the last exe-
cuted 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 con-
tinue to the next yield expression. The value of the yieid 1ist of the yield expression is the value of the
StopIteration exception raised by the completing coroutine. If the asynchronous generator exits without
yielding another value, the awaitable instead raises a StopAsyncIteration exception, signalling that the
asynchronous iteration has completed.

ol M EE BHE async for 20 9 FA|FACZ TEH YT

async agen.asend (value)

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

async agen.athrow (value)

async agen.athrow type[ value[ traceback] ])
offlolHES EF =, vlE 7] A el olB 7t Al AT A type B A5 dov| 1
Al &l o] 8 g7} yield 3 th2 & YA Sh= Stoplteration o9 o g 534114?% 31571
Al ) o] Bl 7} th-2 3k yield 514 ‘3%3’_ SR, ol ol Bl &l 9] 3fl stopasyncIteration o £]7}
dojdurh AlYd ey 7t AEd o9& A FAL T dE o, ofdllolHES
AP uf 7 o2 7t offll el H B2 TE A Al HA YT

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

async agen.aclose ()
Aol ES 8T, AqstY, vE7 AYdolE 57 A AAZ} AP R
GeneratorExit & WA YT} "heF 7 o]Zof v]Z 7] Al 1‘51 St 7} o} 3HA (gracefully) &
Eb‘}ﬂ L ol m @A, (2 A& A ¢b2 2 2 MH) GeneratorExit & Y 27|HW, 2 E o149 Ol
Bl &2 stopIteration 92 & oYt} o]ojA &= H|E7] Al E olH EE0] =8 F+ F7H
o °ll °l B E &2 stopasyncIteration o€ & do gyt whef vu]F 7] Al & o] B 7} gk yield
sH o] 9] ]Ei o o &3 rRuntimeError 7} AU Th wheF vlE 7] Al ol 7t 1 5He ok
o5 o7 i, ool HEY SEAE P Yt weFu]E 7] A olg 7} ﬂlﬂ =; 7@/}} TEE

ojn] FRFP LW, T o]oJ A= aclose () TEL OFF AR 5HA] e ol ol ES EEF YT

6.3 =200z

zepolw gl= Aol A 71 FotA Adtete Aals= UHEHEUTE £ 2 olg5UTth
primary: atom | attributeref | subscription | slicing | call

6.3.1 O{EZ|HE &
S EBHE #xE v & (period) 9} o] & o] ¥ o] B Zejol v )

]
kA

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.

6.3. Zzfo|oiz| 93
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This production can be customized by overriding the ~ getattribute () method or the  getattr ()
method. The _ _getattribute_ () method is called first and either returns a value or raises AttributeError
if the attribute is not available.

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

6.3.2 AMEA3ZIM(Subscriptions)

The subscription of an instance of a container class will generally select an element from the container. The sub-
scription of a generic class will generally return a GenericAlias object.

subscription: primary "[" flexible 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 defin-
ingone or bothof __getitem () and___class_getitem _ (). When the primary is subscripted, the evaluated
result of the expression list will be passed to one of these methods. For more details on when __class_getitem
is called instead of __getitem__, see _ class_getitem__ versus __getitem__

If the expression list contains at least one comma, or if any of the expressions are starred, the expression list will
evaluate to a tuple containing the items of the expression list. Otherwise, the expression list will evaluate to the
value of the list” s sole member.

¥ A 3.119]| A ¥ 7 : Expressions in an expression list may be starred. See PEP 646.
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 or a slice (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
providea _ 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.

(=]

3.3 &2}0]|Al(Slicings)

=

etol 2 AL AR (12 Sof, B4 52 2] 2E) oA ofd W] FBES A g ch Letol
e BAL U h A B otk ael Foll AHEE 4 5 U Th Lol go] B o] Bt

slicing: primary "[" slice_list "]1"

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

ol P4 ERoll mE o] dFUTh A & =
aﬂxa,ﬂxawa%ova}owoz Ad £E JHUTH EHL o B
o) =7 q

: 0]7:10

Zﬂﬂfﬂ'qp}(o] o—?—t f—-v_\?}o]i ET%O] ?ﬂ"\ﬂ—ol/\(prope sl1ce)‘——§~ s 2 3HalR 0}—‘%@]?:]141:]—),

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
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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 3 5% 7] %) whose start, stop and step attributes are the values of the expressions
given as lower bound, upper bound and stride, respectively, substituting None for missing expressions.

$2o Y AR (12 Bo), ) B USE Yt I EY BB o2 SEYCL

call: primary " (" [argument_1list [","] | 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: assignment_expression | "*" expression
starred_and_keywords: ("*" expression | keyword_item)

("," "*" expression | "," keyword_item)*
keywords_arguments: (keyword_item | "**" expression)

("," keyword_item | "," "**" expression)*
keyword_item: identifier "=" expression

WG S QI v S G EI A A9 E AR ol Lhebd 5 QA v, )2 whRA) e,

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.

THZ A ARSI} o)
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>>> 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 is used, each key in this mapping must be a string. Each value from the mapping is assigned
to the first formal parameter eligible for keyword assignment whose name is equal to the key. A key need not be a
Python identifier (e.g. "max-temp °F" is acceptable, although it will not match any formal parameter that could
be declared). If there is no match to a formal parameter the key-value pair is collected by the ** parameter, if there
is one, or if there is not, a TypeError exception is raised.

T ridentifier O]Y **identifier & AFE3IE A A HFEL 9 A AR &F oY 7|P = AR}
Ol EE AMEE F lFUTh
WA 3.5 4] W o|a1, 914 AR5 o] oHHE A

SRR
i (+) Holl & 4 AL, 719
A b= A5 U Th
2 L& dov)A o= sk B old 32 E8FUTH None ¥ 5 5 U TH o] 3ho] o B A AlAEE
=29 E A9 ol 28 A5
ok 7 A o] —

g7t Q) B

The code block for the function is executed, passing it the argument list. The first thing the code block will do

is bind the formal parameters to the arguments; this is described in section <= “J 2]. When the code block

executes a return statement, this specifies the return value of the function call. If execution reaches the end
of the code block without executing a return statement, the return value is None.

U e A s
e e ol 1ol 21514k U1 5 oA S et A7 € bulin funcs € 545

Aol |2 *and ++ A 3} 72 Wol=
AAZF AU A 3 (+) Foll & 5 dFUTh 2= PEP 448 | A
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o
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:41%; = /\}%ZP e @?7} TEH e, 2 AP A7H A A AR H E sturkE © 2 AR}

The class must definea __call () method; the effect is then the same as if that method was called.

6.4 OISI0|E ®34
oflolHE o)A 1T E o YL AA FAFUH £8 D7 G5 o AT AET 5 YgITh

await_expr: "await" primary

Added in version 3.5.
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power: (await_expr | primary) ["**" u_expr]

IHRA, 227 e AFAET L F AR Ao A, AR L B FA dE o7 gho] P A
Lok (o] 0] 3| A IApe] g FohE A8 A A2 ob Ut —1ee2 & -1 o] H UL

EAF ARAE WD pow() G4 F A A2 55T s 22 vt YUth AE A
CEE UARE AFATE GE EUT £ AL O 5 GO 8 WEH T, A5he 1 I
int 3] A 4h0] 7%, F WA AA7E S50} ohd o 4 ATk F AAAET 2L AL 2

S, BE ‘ﬂx} float 2 W= 31, float A7 AP Ut ol & 501, 10%*2 £ 100 & E8F

A 10*x-2 £ 0.01 & EHFYTH
0.0 & 242 AEAF3}YH zerobivisionError & 4o Uttt S48 B4 2 AGA TSt BE44
(complex) 7} YU Th. (o A HiﬁQ]/\‘]—‘iValueError E dog5yth)

This operation can be customized using the special __pow__ () and __rpow__ () methods.

ol & AT

6.6 & & L=1} HIE A4

25 43 A uE Aiats 22 A E FEs Uy
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.

ANl 7FA % B, A2 SuE 8 2] =T, TypeError o 2] 7F A3 S T}

[ N L= L
o/F e QAL BHH SAEAE BT of QA F ARE AR v 54} Fol = A5
ZolsoF FUth AFAF AL BN, 02 T A4 22w e, b 343 Aol n
shibe SAE AaArEY U

m_expr: u_expr | m_expr "*" u_expr | m_expr "@" m _expr |
m_expr "//" u_expr | m_expr "/" u_expr |
m_expr "$" u_expr

a_expr: m_expr | a_expr "t+" m _expr | a_expr "-" m_expr

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

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

¥ A 3.14 ] 4] ¥ 7 : If only one operand is a complex number, the other operand is converted to a floating-point
number.

¢ (a) AAHAE BE FA) AHEFEE AQULE oA WP E ol A% o] ANAE FAIA
o o}
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This operation can be customized using the special __matmul () and ___rmatmul__ () methods.

Added in version 3.5.

/ (A3 /7 (85 YAl floor division) 1 4FAHE 2 =t} £2 AE
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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 zerobivisionError exception.
The arguments may be floating-point numbers, e.g., 3.14%0.7 equals 0.34 (since 3.14 equals 4*0.7 + 0.34.)
The modulo operator always yields a result with the same sign as its second operand (or zero); the absolute value of
the result is strictly smaller than the absolute value of the second operand'.

34 A DR AU TED 0L BEH 02 ARH S AGUTx <+ (//n 7y ¢ o). B
FUxAA RERZE WG T divmod () = ADF 0] YFUTH diviod (x, v) == (x//y, x5y).".
ZAFEC] e REE A4S Flste 2ol sl s AR oA 2D EAE " (A S o
doletals el A Q5L ThS S8 5] A 24D AR 0] &3] ohAl A B BAD ZojEg
2H L2 glo)H glol B g g 3 H 2o Al A old-string-formatting | A A $Fu o}

The modulo operation can be customized using the special __mod__ () and __rmod__ () methods.

A

The floor division operator, the modulo operator, and the divmod () function are not defined for complex numbers.
Instead, convert to a floating-point number using the abs () function if appropriate.

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

This operation can be customized using the special __add () and __radd__ () methods.

WA 3.149 A ¥ 7 If only one operand is a complex number, the other operand is converted to a floating-point
number.

The - (subtraction) operator yields the difference of its arguments. The numeric arguments are first converted to a
common real type.

This operation can be customized using the special __sub__ () and __rsub__ () methods.

WA 3.149| A ¥ 7 If only one operand is a complex number, the other operand is converted to a floating-point
number.

shift_expr: a_expr | shift_expr ("<<" | ">>") a expr
o) AFEL A5 ES AR WolEYUth 3 WA AAE F WA QA2 Fold M E £ 0k A% o)}
Q=22 o 7 Wt} (shift).

The left shift operation can be customized using the special __1shift_ () and __rishift__ () methods. The
right shift operation can be customized using the special __rshift_ () and __rrshift__ () methods.

LEEOEnHlE A|ZE &t A2 pow(2,n) AL YxAete 2102 ZgPUrth dZF &2 nHE
A|ZE 6‘]—‘— pow(2,n)*§""'5]'—7"]o§7§-4%qq’-

Vabs (x%y) < abs(y) °] 88 0 2 = Fo| x| 1k, float2] 790l = 47 A& (roundoff) wl#oll =X H 0 2 Zo] opd = QI
t}. ¢l & £, v ﬂoat7]-IEEE754 WA E A SAES AT wl, -1e-100 5 12100 7F1e100 & Z-& RS E 714 7] 913,
ArE A= le 100 + 1lel00 d], —rz]74 orL 1e1004}24§i3] 22 ZFA U th < math. fmod () = £33 7} A WA <29
Foo B A Ao F7) wf2el, o] A9 -1e-100 & EFUTE oH FHol ¥ AEAA = & 2 2 UFTH

2X7]—y.4 A 33t A 5wl Q) o} F A7k E]——‘?—D](roundmg) 2ol x//y € (x-x%5y)//y BT 1 & & d5dh 1™ 44,

diviod (x,1) (0] * y + x 5 y 7bx 2 o}F ARER §A\ 27 A4, ol ML He) ANE BelF 14\‘/}
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and_expr: shift_expr | and_expr "&" shift_expr
xXor_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 H|
Cel= e, Fol oA BE v A 2L FAEHAE Zdet, e A28, HE st vy
Utk =8, CoE Del,a < b < c 9 22 BA o] sto| A gf e Ao g ST
comparison: or_expr (comp_operator or_expr)*
Comp_operator: wen ‘ nsn | wn__mn I ns=n I Ne=m I n !:n
I Ilisll [llnotll] | [llnotllj llinll

Comparisons yield boolean values: True or False. Custom rich comparison methods may return non-boolean values.
In this case Python will call bool () on such value in boolean contexts.

Has AREA ABY 5 dFUth IS Sol,x <y <= 2Ex <y and y <= 2 FS, o]
2y o ke oA B AT TATE AYUT GATF A9 LF x < y 7h AR 2 o] L FIA

JA A0 7 a,b,c -, y,z 7t EHA 0|1, 0pl, 0p2, -+, 0pN 7} Bl 2l AALAFH, a opl b op2 ¢ ... y opN
ze 2349 g o sk vl W_Li“/}t A& A& 3tilEa opl b and b op2 ¢ and ... y opN
z 9} FEdYTH

a opl b op2 c7ba2tczte] oW F 4 H W% QFAISHA] 947] W 2ol ol & 591, x < y > z o] &
SHA| (ofu} o] 2] = ¢k gt ) %H}E Z1ol| =] 3l oF Tt

ﬂ/\\l—xl—<, >, ==, >=, <=, l:"i ujﬂ"] 71—0 H] 6‘]—141;]—. leljﬂ_é_ '\% :]OE]. E.J-’-L. %i ]4]:]-

A& o] (@ﬂ ofoldl el Bl ol t &) g2 zt=thar wekal dsych o)A Oﬂfﬁ 2 A ¢
- S 59, AAY gholl o g 418 A < (canonical) HA 2 B2 gl5 U T

3k "t ‘(41%%0%,+LHI o|H o EZHER FAH = )OE?-@QOJOF@D}%

LM AR A9 ghe] R Aol @ SR A R Ade FATY

sf Ao AFofsitta s = F5UTh

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 methodslike 1t (),
described in 7] A Q1 # A~ E]ujo] A o] A.

TS ML (== & 15) 9 712 FAL A otoldlE Elof 7|¥kE FUth TEiA, &2 ol E E S
7“‘ A2EA Y F5 HAE Z5S T3, TE olo|RIE B & 2t Jd2H 2 219 S5 ¥aes tdes
Zl/]r/} o] 7] & EZP,] £7] = 2 E A7} WAL (reflexive) (£, x is y=x = y & GAITYDH o] ==
WE At ke & A YT

7] o & ¥] 2L (order comparison) (<, >, 2= A Utk A T8 TypeError & 4o Ut

<=> 1_
e S E e B A B A S A e o,
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02 olo|HIEEE 2= AdadaEo 4 AR gErhs, 7|8 55 vy 532, AA9 3k 3t
710ke] B 530 thE U2 A E /MR PEo] DR E = AP IA E S JS5 U 2B JEL
EREREE EEEPERREEE FP RN S R I e
N - s Y NP EE e S Pl

o YA =2} & ((typesnumeric)) ¥} 5 2}o] B 2] 2] § fractions.Fraction ¥} decimal.Decimal |

Sohe £AEL, BASI T4 Y
ZHe] W37k s g ok Bad
A o2) gnp2s WL g,

B
rt

A 817) herhe Aok AT W s, 27 e 35
o) A Aol N, AUES] £4 flo]| 2FAoR (TS

o,
il

NaN (not-a-number) ZfE float ('NaN') I} decimal.Decimal ('NaN') =

e S2gUt B Ak
NaN Zbef vla &= AR AUt vk @A o2 Yxstal gl 22, NaN o] 2413} 4] k= A ¢
Utk ol & E0],x = float ('NaN'), 3 < x,x < 3 W x == x= BF AR x 1= x= 9]

Urtt. o] 522 [EEE 7545 £ gyt
e 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.
« Hlol ] AJA2E (bytes U bytearray & 2" A2E) 2 F& AY 45 vjud £ dFUrh
=9 2} 7S AF&3l A AFA Al 2 Z (lexicographically) B] 2 $Fu] T,

=
(str & A2EHAE) & EXEY FYFE FE& X2 E (Unicode code points) (U] 7 &=
o

e A|A2E (tuple, list, range & AAEHAE)L ZH2 & 7] g H]
A 4HA FUTh M2 2 FE 7H 55 vl =S
TypeError % ?—_-19_%] 1/] T;]-

AEaE S 84 7H v u & ARRalA Abd A o = vl g ot W2 2 H o
2 5 Y 3k(identical) 21 A 7} A1 3} 2T}l (equal) 7H R Ut o] & B3 5L S
(equality) AAME 73] 6t 5= NAdsty WH EWHAZS AT YL

g A ase) Al w

2 4 g, range tha
2 b2 35 70 o

BB
rir

B
rlr
=
oo
_'g
(L
o
o
—{m
2
2y
i
vl

- 7 Aol Zria vluH 7] A, 22 FolaL, Zol7k AL, et 459 7 el

ZopavlasEolop Utk (o & 501, 11,21 == (1,2) € AXAH, Fo] 27 & dUth
- anuEAdste dddse A AR e 2R 2 A FUT (& &9, 11,
2,x) <= [1,2,y] Ex <= y &} 22 FAYUH. st 227t le 47 0 &2 2840l
Aot vla gy (& 591, 11,21 < 11,2,31 S FYUh

« 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 v A (<, >, <=, >=) = TypeError & 4o 7Yt}

O]L]-frozenset 9/] OJ!—\EJ!—\‘%)‘% e g%ﬂ’/ﬂi q% _63]% Zl—oﬂ H]-’—ﬂ-% _)': %]\{:‘—\1/] \:]-

5 & (subset) 7 A 5§ (superset) & ok thav i A4AES AU o &

(total ordering) & 9] 32| FFUTH(AE £, F AT (1,21 (2,3} ETH2HAE,

stite] REA oI A &, shubrt th2 st A A ol A% sUth. mekA, A
= T5Y AR = AEeA syt (€ £, min (), max (), sorted () ° 4

o] BI~EE A Ftd B H A & AH}E FULD.

= Al
I 8459 WA S Ao

L]
i)

I
—
]
(0]
o

flo

Ly

N > e

(
-

oy ob 2 O
e ol oo

10 o 2 N wfn
oo {0,

)

off
e
Kl

3% 3

LETTER A”) &

It
=]
AN
rlo
&
It
Hel

Z 91 E (code points) (& 50, U+0041) &} AF & A} (abstract characters) (915 & ], “LATIN CAPITAL
CRUTEO Sl TR ES 24 A0 £ Sh}e RE BASWO S LAN AW, 27 h

-
s
i)
i
k)

o4e FE ZJAE NALR 2dE F v F4F EAEC] ol dsuth odE 01, F4 4 “LATIN CAPITAL LETTER
C WITH CEDILLA” = F & 9] X] U+00C7 o 31+ 3+ 7] 2] B3 & 2} (precomposed character) W .= 9] 2] U+0043 (LATIN CAPITAL
LETTER C) o 9+ 7|2 &2} (base character) &+ F 2= I E $] %] U+0327 (COMBINING CEDILLA) ol §l+= 23 2 X} (combining

character) &) N A 22 £38E 4 d5 Ut

EALS ML QA= FUDE TE ZAE SEo A vk o AL AolA W ABAY 5 A5tk o Sol,
"\u00C7" == "\u0043\u0327" = AZAJUTH AL F Ex}F o] 22 34 £ 2} “LATIN CAPITAL LETTER C WITH CEDILLA” &
A= 2FFYh

BE2Y L A B2 Fo A v mstE (S, Ao A A #Z Ql WHH S 2), unicodedata.normalize () S AFR S A L.
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o &% HlaE A (reflexive) o] o] oF Utk ThE T E S, ofol I B 7F 22 AA = 2ok

H] L5 of of g o}
x is ytﬂx == y\jr.

o Bl o] A A (symmetric) o] o oF Ut o2 U2 Y, O 22 13842 g2 294E
FoloF g

% == y Sy = x
x = yﬂ]—y = x
X<y9jry>x

w

<= y%y >= x
o Hl 3= 5 o] 4 (transitive) o] o] of FU Th Th (RA3HA] ok2) ol 5 0] o] A= AT F YTk
x>yandy >z®Hx >z}

x<yandy<=z‘?ﬂx<zr/]-

e G uas = d $ge] Hojol FUth BE DE BARW, e BRI S| T @S Folo
gk
x == yi?—]—not x l=vy

x < yilrnot X >= y(%ﬂ“f’f’"ﬂg 73‘?‘)
X > yS’}not X <= y(7§. ‘ff‘/“]g] 751‘?—)

WA B H A A e Aol 48T THAS Sol, ARl A8 AT, AE DS
2% A wa‘/]r/]'). totalforderlng() HIgolEE HAA ]

chash() ATE FEAT ABAL RANF FUTH 2L ANEL T2 HAGES TAL A
E7b5 0 A5 o] of YT,

shol A& o] QLA THES ZAFA ek UITh A NaN G52 o] 732 M2 g o YUk,

6.10.2 HHH{A HA} AHAH

A A}F in I not in-& WHAS AAFUTH x in s ©x7Fs o WY W] True , 1E2A &S o
Falee 8 FUTH x not in s x in s 9 AL BUTH SAUE By ohje BE G AR AS}
A% @50l AL ARaketl, BAU AL in o YAV o] Fo)7 717k A AT
list, tuple, set, frozenset, dict, collections.deque &} Z2 Ao HE2] A, THA x in yEany(x is e

or x == e for e in y) 9}%%@"41‘/}

AL B Pl EAD Y B9, x in y = x7by o BF F A (substring) @1 B¢, L2 2 A O
True YUt 5T A ey find(x) 1= -1 Juth Rl FAE L 34 e BAg Y 7 24

HA=5 7] 'IHTEOﬂ; "oip "abe" L True & SHEUT

For user-defined classes which define the _ contains__ () method, x in y returns True if vy.
__contains__ (x) returns a true value, and False otherwise.

For user-defined classes which donot define _ contains__ () butdodefine_ iter (),x in yis True if some
value z, for which the expression x is z or x == z istrue, is produced while iterating over y. If an exception is
raised during the iteration, it is as if in raised that exception.

Lastly, the old-style iteration protocol is tried: if a class defines __getitem_ (), x in y is True if and only if
there is a non-negative integer index 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).

AAXR} not inL in E=8A RAHoE AHoH T}
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6.10.3 OfO|HIE|E| H| L
A2} is 2} is not & QA olo]HE EE AU x is x &}y 7} ofol HIE] E] 7} & A A A

W, el 4 2 4w BTk AA ) cholME L 1a() HrE LGN AFHUT x ts noc
y&Eeld nA e Fur

6.11 =2| ¢iLH(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.

< 2 AAZE ARl True &, TF A F oW ralse & FUT

v WA x o) g Tt AR CIE 1 % BT 397 oy
85U

A x 9l ghe TYUThx 7t ol W 1 ghe BelFyh 134 oy 9

4 Fuch

and &} or o] = 215 Wb 3 gho|u} 1 & False £} True & A|8HEHA] ¢, T4l upx]whej gho] 3 7
AAE EHFoll =3l oF Fth 01748 w2 £27F d5Uth & o] s 7 ExD o] vlof o
71 B2 A oo SThH, FH A s or 'foo' & °46Ph e AFFUTE not 2 A} FES THEofof
ez, 1 Azt &3 #A Qo] =2 gk (boolean value) & S FUTE (Gl & £9], not "foo' & ' 7}
oletralse € T5Uth)

Q
r
Y
o]
(@]
9

X

o

1o

Ehs

rob gl

an
| 2

4 b

XO

H
M

E it L

1\1 o 1
)
filo
4
ot

ol Ekl
=2, o
Eil., re, mlﬂl

Q
of

6.12 CHQ T oAl

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

QubA ol AFg AbE 5 Shbs AR S A4S el w Aok

if matching := pattern.search(data):
do_something (matching)

e AR g 2E”HS Al

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 re-
quired, including in i f and while statements.

Added in version 3.8: T ] & Al of] TSk T AFA| 3 W82 PEP 5725 2 SHA 2.
44%ﬂﬂﬂ4ﬂmem%mm¢mmmmﬂﬂ%%%mwmeQAa%HmmmmmJEﬂjﬁaﬂ%wmsﬂ4
o Ex 3

A Aa"lAs X ESo eSS Hluste A% 22 ST A0 ARG v, 2o HIof o] 4T TS g
AHUTH B AAF A HE 25 EAE AP L
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6.13 =71 E ¢l Al(Conditional expressions)

conditional_expression: or test ["if" or test "else" expression]

expression: conditional_expression | lambda_expr
274 23842 (2“4 & A AFA} (ternary operator)” 2F31 B H U TH BE ko] A A4t A 7MW -4
98 25Tk
FEHA x if C else vy HAxtA 2 CY gZ FFUTH C7F oW, x 9] ghol ol A1 1 3k
EHFUTH 284 oW,y g Fet ol 2 A& = F U
22 F Aol g o A4 e W82 PEP 308 S 2314 £.

6.14 ZiCH(Lambdas)

lambda_expr: "lambda" [parameter_list] ":" expression
doh £A4 L (W2 B P4 (lambda forms) o] 2k B YU TH o] 2§l F4E BE= vl AP U Th

j=4 =2 T
X d A lambda parameters: expression — T4 AR E ST o] o] & gl= AA= o2 A A HA
G4 AAAT 5 AT

def <lambda> (parameters) :
return expression

A 550 R T Ao AdS HAQ. gt A4 02 w503 4= # 7 (statements) ©] L}
o] ;= H| O]/ﬁ_ (annotations) < 3= e

6.15 E 34| 55 (Expression lists)

starred_expression: "*" or expr | expression
flexible_expression: assignment_expression | starred _expression
flexible_expression_list: flexible expression ("," flexible expression)* [","]
starred_expression_list: starred_expression ("," starred _expression)* [","]
expression_list: expression ("," expression)* [","]
yield_list: expression_list | starred_expression "," [starred_expression_list]
JAEGFY TaTd ol QXA A, Ao St AR EFoE RUY BEL RIS
FUth 29 Qo B350 Y& BFAY AP BHAEL AZo| A 2202 o] T3

U,
o 2~ Ef 8] 2 (asterisk) * = | Bl & & A 3l 7] (iterable unpacking) = EFH U I‘/]— 3] o Ak A} HEE A o] E]
2l E olojop FuUth I olH el o] FESY AlA2E FAF A, A HA AFANA A FE, 22E,
Aol =gyt

Added in version 3.5: £ 4] 220 A 2] o]E|HE A 7], PEP 448 o]l A H X & A ots] 951

Added in version 3.11: Any item in an expression list may be starred. See PEP 646.

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: ().)

sfo] e AZA A 9 220 FHAL) e PRI TN G Fohe B, $ue gl Aunnk
BA 3 2o B A L.
e BB, BRAL 150 Bol £ £AEY 2ATE gol TP UTh
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exprl, expr2, expr3, expri4

(exprl, expr2, expr3, expré)

{exprl: expr2, expr3: expréd}

exprl + expr2 * (expr3 - exprd)

exprl (expr2, expr3, *exprd4, **exprb)

expr3, exprd4 = exprl, expr2

6.17 HLX} 2M=2
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).

v, WA ZAAL ofol B B AXANES EF 22 SATHE 2 v Ao A A st 214 A A&
A Q8% 0 F o]oF o] 7] (chaining) 3t 7] 5= ZF YT
IS oY
(expressions...), é‘@'(binding) =235 2 85384, g2E gasy
[expressions...], {key: value...}, ©|,"9A4zg taZd o], A =y o]
{expressions...}
x[index], x[index:index], x (arguments.. ABAIAHA &golA], 55 o]JEFHE IF=X
.), x.attribute
await x o]go]E F 3 A
. ABA B
+X, =X, ~X % 2, H|E NOT
“ 61l T4, WY FA, A, A% A, e A
h- EREEE
<<, >> AlZE
& H| E AND
~ H] E XOR
| H E OR
in, not in, is, 1s not, <, <=,>,>=, l= == v 2, WA AALe) ololdlE E] AAME =3 Y T}
not x =] NOT
and =] AND
or =37] OR
if-else ZAz3dA
lambda o 284
_ CEET D
SAFAF AR s+ = QEZ | = AbEo|Y HE A F AT FslA AR YL F, 2x+-1 0.5 YU Th
6 AxAE B21E 2ol "ol = AR HUTH 22 $AeA 7 485U
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CHa=F (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

o 278 S :
S A E e g AT ED & 5 5 o) S (A 518 0.2) X8 ]t oA
2ol thE AHS = F e 1 Hu 2 227} 95y th

expression_stmt: starred expression
BHA L (B A4 5 98) B 259 ge P

313 R oA, gkol None ©] oUW, W repr () T
S EEY %oﬂ g2 28902 2 iUt} (277} None
295 WA gEUth),

4>
o, M
>
ofo
g&

AL E ASEH I, IEA Y+
A GhobA, 22 AR 522 of
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7.2 C

0
Al

BEe o B2 gkl () AAFT 4 AR o] Bl FEL FEES 2 AT

assignment_stmt: (target_list "=")+ (starred_expression | yield expression)
target_list: target ("," target)* [","]
target: identifier

[ "(" [target_1list] ™)"
| "[" [target_list] "1"
| attributeref
\
\
\

subscription

slicing

"x" target
(attributeref, subscription, slicing &) & A& zgjo|ng] AHASZ HAA L))
BYEe B4 25 (149l i) TANY $%, AR FelH %5 FE e, ¥4 49E
FEo| BEolATr A2 7 AT 2) 9 e Foh, AZ A 2 EFO 2 SLte) 23 AAE A

B2 0] zhzto] B Qg o,

AU A E M| JAAGA AR 0% 4900 A0 1 A AR (Aol B
YA eI el setel 4) B, ARt HE A2 )

ohIA & DAL, oY o] Wob5e] A glod Ao g Uo
T AR o5 5 A Bel A oA FoLA (12 A5 AAE A

AAE A 55, 25Uyt Es e AL et AHE st ol ke 22 v 2l

Hog B35

i

o) =t R G o] ezl ol | A & e Ao

— E]—Zl —E‘T% ] OH/\E%ﬂ/\E_(asterisk) = ‘3_]_‘01] %0] E]— T (starred)” }5]'7] o] ﬂ':ﬂ %‘%}‘45},
THE SR AAL Aol B BRel cha e e S Aot A A DS
Algste ol Hel & °]°1°F FUrth olHHEY AF FEE2, dF0A 5’—%§2i ’\E}‘:
B} ol 1} 2 & RS0l AP ek o B2 o] vpA vt B E S Ab= B4 Fof e
Sl EH?JE‘HD} Hel 5o ymA FE52 FA4H S|l 2ETF2FE B EH?JE‘HD}

rlr _>i
j{i

- 1% Xx goH: N ;]

5 — =
Bojojof o1, FEEL, ABo| A L EZOR, ]S

b
shtel Blol gk AR el oL st 2o] AT Ho T e H Y]
- B0 AR} (o] B) W

- 0B 0] WA LE BEol 9t global U nonlocal Fol $AFA o @: 1 0B L A
PEREETEPEE

-

A A ol
- IFA Fod: o524 A o] F FZolY nonlocal o o8l AAHE F ol F T

oA AA AdH Ut

T o]go] oju] AdZAE ] Jo AAZAF UL o] AL 7|E] AZAH ] I A F=R 34710
o] F == vk ol A, AR 7t A frohd w2 2] 7 v = AL 943 A} (destructor) (ZEAL 21‘4”&) tEEH
EEUE S d5UTh

o EHZlo] EYRE FxW: Fxo zeto|n e A S FHUTH o] A2 U] Mol E g
REE 7I AA & Folof ot=tl, 13 A ¢F 0 W TypeError 7} Poj gyt 2o 2 AR o o131
JJEFHERZ AAE NYSEE AT THL Y S 53 4 Qvhd o2 (BE AttributeError
ozl & 18 2+ glth & 4oyt
FY AR AA 7 A A" solal A ERE FRI7F Y AR FEFlA BT 5735,
W (right-hand side) 28 4], a.x = A2V A JEGREY (QJIAHA A ERETGITHH) S
NEZREES A2 = 55Utk 23 (left-hand side) Bl a.x © F4& 226 TEolATt=
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AP ERES AT 284, Fax 7t 22 EIREES 717 A2 2
gxol opdUrh: 29 @4 o] ZeL AJEZRES ZHE| oY, UL Y] Brlo g A
Ax"d2 o EREE BHEUL

inst = Cls{()

inst.x = inst.x + 1 # inst.x °l 4 & I cls.x & 325 SIS

X

o] o] property () & BE]Z L2 E (property) 9 2L T 2AYH o =2 el 458
2ot g5

. BpZo] Auaag Aol Fxe gl metolmel A4S g T (FAE 2L
A1 A A 2) 269 18 A ook Foich, el T e, A eS8
T

Zeho]ol )7} (228 22) AP A2 AAW, A AIYEE P47} dehof gk g4,
A29] o)7L B AU 23S A A2 ol ek 22 S o] ol Ho]of 51, A] Aol

2 IE A E b GBol AAE Y She @ BT QAR E HI L, Tndexsrror
g gogUrt(NE A3 e B AR I YL HAE A FES FAHE S gEU.

zZetolm 27k (9 e 22) mig AAE, ME AT HEE w32 7] F 3 S &
AL el 2 HE A HEE AR gk 7/ S eEES R 39U Ass

e 712 AR AS AT 75 AL, (B2 7 717 EA A e AR A 1R e AT
#E%Aﬂq.

ARG o] AR Y e, ABTF JAAR  setitem () WIHNEZFZESHUTH

2 BAAY g2 PV (FAE 22) 7hi AAs AR
e W B A BT 16l 08, EARR o
BB 2034 A8 20) Aoleh, AAZEE B2} H0lof g o). =
Ao B e AAAS] DS g o) 19 2ol A G & 05 AT
422 St gol 5 AFU T v R o 2 Al s A Aol < eo] A E o 9% &
B2 WSS T e S AL Ak, ool el Aol vl A A A

°
v
©
S
N
N,
|
XN
2y
(o

AR TR A, EF2le) B FAAT A §A5 1, 2RY BWL 2= A4 DA AR 7] o E
off ofl 2] WA A 7} & A A= A5 gL syt
“/\FBH%H o) 7 A - 78] F 3 o] “F Al A (simultaneous)” Y= (& £°1,a, b = b, a = F
158 B HFUTH GASE, D dH = M55 A ol o] FHL AZo| A 22202 dojupA,
W2 E5T 5 9t 208 FEUnh o8 Sof, e 2 22 IR [0, 2] E A FY
x = [0, 1]
i=20
i, x[i] =1, 2 # 1 F AAE HFA, oxri] 0 FAF A
print (x)

&t B

PEP 3132 - 8% o]E] 2] & ¢ 57

rtarget 7%l th & 77 4

7.21 S8 CH2 = (Augmented assignment statements)
SE AT T EZANA ol F AdA i dES FA= AdYTh

augmented_assignment_stmt: augtarget augop (expression_list | yield expression)
augtarget: identifier | attributeref | subscription | slicing
augop: ny—n | n__mn | mWx—n ‘ n@:" ‘ u/:n ‘ "//:" | neg—mn I MWk k=M
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| LN, | Neg=" ‘ ne=" ‘ wA_m | " ‘:n
(@A uE A 715 0] 2 Aol mefol v AL KAL)

SR AL B (A A EFE el A AAol D 5 aUth F ERA 2o ¢S P, 5L
5 4Rz Aol Q19 ol B o] A4S 2B F, Aeke o] 1 A%E AT AL
< g ik gho] el Wyt

k- 1 LS ER YRS x - x + 1 AW A & 5 Qe A T AL oA 2T
A2 Utk 22 MANAEL, <9 S 04 B Ww paych w3, AT ), A4 AL AR
(in-place) AN A 3= =, Al AAE BET TAL BA B Rls, ol A AR S 54 i
o)) gy o,

Aot Y= 2, T2 Y2 Y S 7317 ol A
f(x) EAFNari] & 233 b, £(x) & TS 3, TA

ofl ThA] &
shtel Egol A 527 0% B0 R delshe AL o9 2 51, 2 o) Q2o o 3 i g)e Luk ol
Zro w0 2 @ Uth upx kA 2, A A 52 A5 AAE Oﬂﬂi S ZE Q] mBof 43w =
o] 7 Ak Ak o] ALk YT

AEPHE F2IABAY 35, AN AAAY Sej 29} Amb s o=l B B9 41 A AP U

7.2.2 0{=E|0|EEl CHZE(Annotated assignment statements)

of el o] 4 T YL, B F oM, Wa o E ] HE ol mEo| AT AT 4 Ik NYES FAE A
Yk

annotated_assignment_stmt: augtarget ":" expression
["=" (starred_expression | yield expression)]

Qo] ) Bhe] Aol AL 24 el B e H ATk AU

The assignment target is considered “simple” if it consists of a single name that is not enclosed in parentheses. For
simple assignment targets, if in class or module scope, the annotations are gathered in a lazily evaluated annotation
scope. The annotations can be evaluated using the __annotations__ attribute of a class or module, or using the
facilities in the annotationlib module.

If the assignment target is not simple (an attribute, subscript node, or parenthesized name), the annotation is never
evaluated.

o] &) T 2Tz oA o] imH| o EH W, o] o] 5L T A7 o] XA (local) I TF. T4 270l A
of e o] -2 gko] T3 A] A Lk A % A kU Th
If the right hand side is present, an annotated assignment performs the actual assignment as if there was no annotation

present. If the right hand side is not present for an expression target, then the interpreter evaluates the target except
for the last __setitem () or __setattr__ () call.

& v 17

PEP 526 - "< o] ;B o] H £
FHS Fo @8k tiAl, A (B2 Aot AAd A Mg 29 9] FS o kH| 0| E g+
THe F7hske At

PEP 484 - § ??_]E

w3804 HA: o)Al o] =Ho]EH hYE2 LRE Y UP"‘WWE ol 22 284S 58
thooldellE, (X e 72 AT L) dF 2@ AN ZH o7 RS Y

WA 3.14 9 A ¥ 7. Annotations are now lazily evaluated in a separate annotation scope. If the assignment target
is not simple, annotations are never evaluated.
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7.3 assert &
assert T2 2 73 o] t] ¥ 7] o] A A (debugging assertion) = 4T Y 3= 2] 3 HH A Yo}

assert_stmt: "assert" expression ["," expression]

st & H), assert expression & OF23 S5}

if debug
if not expression: raise AssertionError

33-:1]'78#% t_’éﬁﬂ,assert expressionl, eXpreSSlOHZ‘—‘D]’ J/]-E ?&141:}

if _ debug_
if not expressionl: raise AssertionError (expression?2)

°] 54 €2 __debug__ -T’»}AssertionError 7]— % olEo WA H+EL ZtE itk 7AYok
A FAANA, W A __debug & DR Aol A True o] 3, A3V 2 FH S 0 (Y
FA -0)False YU @A I E A 7= 7&-’}‘4/\]3#1]-‘4745}7}07‘45]“# assert T AT IEE
TR U ol A A o] At 2@ A £~ IS 2FT D27 FYSAA L A2
28 Edol2g] ARz 2R,

__debug__ ol W H Y2 s g A F5Uth o]l W A, 2 Az H A A o 278 F Uth
7.4 pass &

pass_stmt: "pass"

pass—=49mul) dAY U — AP uff, ol FH I & Lo Stk EHA o7 EXo] Q5=
AW T AL Y, AE AL BT L2 AU oI F o)
def f(arg): pass # (°rg) °rFVE °rF e oTH
class C: pass # (°r3Ag) MIMET e 2RI
=
7.5 del &

del_stmt: "del" target_list
Al E o] Ao A3t obs v skl A7 Aoz Aogunt AA AR ARES Uk tiA,
o]7] @ 7kA] I EZ}F A5 Ut
B 50 AA & ZH Bl S Aol A L B0 7 A H o' AtA| g Th
Deletion of a name removes the binding of that name from the local or global namespace, depending on whether the

name occurs in a global statement in the same code block. Trying to delete an unbound name raises a NameError
exception.

EEHE Fx, AN2IYAM, Setol 4ol
Al diAeT 9w o) ul Sehol A
2 7 kg o).

M7 32004 W7A: Ao oo FHH BENA g W2 5L 4 A o) BA

AABHE Ao] 32k A sFekaTh

ARl B zejolu 2] AAE AP L2t 49
ddshs A3 S5 FUT (A ol 2% Sekol 4 5 &

7.6 return &

return_stmt: "return" [expression_list]
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return 9] finall
Aol 11 finally Ao

A& ol oA, return T2 AV d o) E 7} 5 5& 7Fe] 713, stopIteration 98] & 4o Yth
return & oJ| X‘ﬂ—‘-ﬂ ZX2 (AtHE) stopIteration & A3 /‘47(]—01] O1X}Z2 HAE% o] stopIteration.value
ol =2 HEZ} Tk,

HlE 7] Av#Eele gl A, W oreturn 2 W57l AUV HE e &H A,
StopAsyncIteration 01]94 E doAYrh vE7] AlYd ey 5o A, vlo] YA &L return S

=9 olE gy

“‘<

7.7 yield &

yield_stmt: yield expression

yieldE- yield 3= A A T 22 | u 7} 5 UTH F53yield A A A 222
el yield & AMEFU T & £, yield &

yield <expr> J

ol
ol
rr
g
fol
]
ox
A
ol
ok
N

yield from <expr>

OB 2L yield BRA ERET BT

(yield <expr>)
(yield from <expr>)

21, Al gl o] ¥l 42 vir]of A uk AR

yield 28 A3 242 AU g o) E] 48 Ao & uf gk AR
GRS N E A dn e A B A e

Ut 84 Aok w84 A AU Ao E B E §
FERTh

vield o] Seoll th gk AA AF AFS- L= T A (Yield expressions) A4S s Hth.

- | |
7.8 raise &

raise_stmt: "raise" [expression ["from" expression]]

@A 0] Fol A SFOR, raise &, F4 I PIE R 2L, AR AP F A9 E T dorh,
AR A o9 7t Yk, o] A o] ol g2t 2= &ElY] —Aﬂ] RuntimeError 2] S 4o}
OEA] O, raise =9 AAZ, A HAA] 23219 ZHE L3 T} BaseException &) A H Za| 2
Axgdrojor Ut Fead, o9 JAadAaes 38 ??;_ Uﬂ Azt glo] Fef 2o A2FAE vE
A=

] 9] 9] & (rype) 2 | @] AAB A0 FE AT, Fh(value) S A2 A AFA Q] U T

Ed ol A= HE AL 7t dojd uf) A5 28 wHEoj A1 traceback JJEIHERZ JEH
o} o} 2o, with_traceback () 9] HIAEE AFESHY, S & WHET EF o] E A H HHF
AL T TS Sl e A9 QAEAE B, 1 IA RO Bl AN 2 23T

e 3=

[raise Exception ("foo occurred") .with_traceback (tracebackobj)

from 2L o] 9] 2 (exception chaining) Oﬂ AFEEH UL Fo AT, F AR &3 Al (expression) -2 & 519
ofle] 2 EH’\‘/]' Axrddrojof Ut F HAY T84 o] o] AAFHAH, YA of 2] of] (227] 7}%5})
_cause_oi—‘iﬂ-ﬁ'—ii AEFHUT 234 0] &) ZH}aHl, AT AAHAS S o] o] X "4]94

A2 A7 AASE of| 2] of] _ cause AJEFFER HEFUch WS A7 A=A ol F+
o 9] 7} B QA4 g Yth:
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>>> 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
J

o9)7) o m] M e)H 3 YL w) A} o2 7} wA s v sat WA Y Fo] BAAe R ALH UL except U}
finally A B wich £o] AEE ) 9] 7 AP 5 ALk o o9 7} Al ol 9)) _context
JEPHEE ARFUrh

>>> try:
print (1 / 0)
except:
raise RuntimeError ("Something bad happened")

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
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

o 2] A= from Aol None = AN HAIH o2 FAAZ 5 U TH

>>> 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

of 9] of Theh o) Bhe B HE o] 9 AMN A WAL S AT, ol 98 A5 Aol e BHE iy F A 4o
g%tk

A 3394 HA: o)A raise X from Y oAl Y E None ©] 5 &% Ut}

o]l 2] & (exception context) 2] A5 &8 & Ao+ 4= J= _ suppress_context_ O]EFHEE F7}9

Z .

B A 3.119)| 4] ¥ 7 If the traceback of the active exception is modified in an except clause, a subsequent raise
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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 £ WA LR for Ywhile Fxo SHFH AT YELS = 5 Ut shA T 11 Fx2 k] et

e Aojol FPAA L R
7V 7 kol A B L Y= FEZE 53T, 1L FEZ 7 else B S 2
for F L7} break 2 FRF W, FZ Alo] B2l dA S AT

break 7} finally A& 7} try TollA A7 R UEE Bt &= ¢, FZ2HE IARZ dlojyr] Ao
ilﬁmnyﬁﬂéﬁﬂﬂﬂ

7.10 continue &

continue_stmt: "continue"
continue & THAH LR for Wy while R 2o FHEAA T Ve = JFUTE SHA T 1 F 2 ¢He
v ZH A Yo SHAAE U 7HE 77kol A SRR Qe F 2T TS Aol F 2 dol vt

=2 gEh

continue 7]- finally @% 7]—3_] try—E-Oﬂ/\‘] XﬂO]ﬂ- ]3\']01 ]/}}—‘:—% ?}E% 75]—?_' 1:]——‘% "'E—
Aol 71 finally do] A3 Yt}

(m
>,
-
iy
tlo
>
2
o
N

711 2 X E (import) &

import_stmt: "import" module ["as" identifier] ("," module ["as" identifier])*
| "from" relative_module "import" identifier ["as" identifier]
("," identifier ["as" identifier])*
| "from" relative_module "import" " (" identifier ["as" identifier]
("," identifier ["as" identifier])* [","] ")"
"from" relative _module "import" "*"
module: (identifier ".")* identifier
relative_module: "."* module | "."+
(From @ol 9¥) 712 JELE B2 F ez 4gF U
L BES 23, 2E83, 225 2/ gy
2. YEE(inport) £o] 53 272 2) A o] & F7bel o] B0} o] EEL Y At}
TR0l (HEE 28) Ay 7o BE 2FotH, vhx] ZF o] Hr o IXE Fof 3 EElH 2AAH,
FoAE At EE R g Ut
A WA WA, RES B3 22 29 AR AR JEE A o gl Adel A ok F AEA A
Fohed, QEED 5 9t o 7 A7 A4 REEF YEE N 2D A 2Hubo] 25t AT
T e EE Sl AeiM = d¥eta sy
LAY BEAFTALRE ¢glo] AW, A A F AR E A Y o] F Fhl 27g Ut
e B oF HAlas 7t W, as Fo] L& o]Fo] AXEH EEo A dZdF Ut
o ThE2 ol 5ol ARHA &1, dEZEH = REC] HAH BECIH, BEY 0|50 YEEFH = EE
et FxE A o]5 F7tell A4F Uth
+ QEESE wEo| A4l wEol ok B, 1 RES Tt A4S 714 ool A4
7| Aol gt FERE A o] F Fho] AAFUTH dZEH RELS A H A7 Hte 443
A+3+E ©] & (full qualified name) = &3l H A2 = of of T}
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fron WS o H H3re AAE ST
1. from B AAH RES 2, 251, 231 27183t}
2. import Aol A QA A H2E 2ol off 3
I QEEE REC] 2ol ge oS HES AHEA AN
2 Qew, ol ge AN TES JEEHE AL AT S YEER wEAA L ojERE
= ohAl AR o)
3. JEZRHEZ AT A O ImportError & Y2 3T}
4. 287 ¢ko, 1 ol thek Fx7F A Y o] F F7holl A= =, as o] EA3HAE A 7ol A
AR o] 8 ABTT, 1EA BT o E 2] HE o] 52 AT}
AHE o
import foo # foo TF QYEEFHII FJYF25 AJEH
import foo.bar.baz # foo, foo.bar, foo.bar.baz 7 YEXEEHIL, foo T FJIFH=

=
g dAF-Er
import foo.bar.baz as fbb # foo, foo.bar, foo.bar.baz 't YEEEIL, foo.bar.baz 7.
—~rfbb & YAIAF "It

=]

from foo.bar import baz # foo, foo.bar, foo.bar.baz I QUQEZTE=L, foo.bar.baz .
wbaz & QA==
from foo import attr # foo T YEESHIL foo.attr °| attr & A AE |5

AEAE] BES vt (1) 2k, BE] 48 RE
A9 o) F7kl AAH YT,

EE ZoHA F7N o] & (public names) & ZLE 2] o] & F7+ ]A—] a1l olgt= o2 Wi
AR Uth B = o] Yo, ALY Al AL of k=], 1 REo] et A L YEET

th a1l oA ARTO|EES EF INEFAFHL ]’E/\] EAF FUTE _a11_ ]

o, ZE9 o F 17]“’1]/\1 A= o5 & 22 A )EAFSGA e BE 01%01 SHE
AvHUh _a11 370 APL AA & 338l oF FuTh o] 28] BA L = 2] 9FA API 77} opd

o1
=
o
l(f
[t
5
5

S

o

H

al

M
A
ol
o
)
[>
2l
[k
o

BEEE L EAE A AN AT (19 el A A T el elel £ %)
AFXEQ JUE7IE FE] — from module import * — = BE FSFoA v Utk Fe Ay g
g eloll A AHg-8kel = Al =€ syntaxError 8 42 YT

YE2EF RES AT 252 Zof o] & (absolute name) = A| T Z 2 = U5 g ol 371 A 7}
ohE o714 9 ﬂgﬁ%w&e%nﬂmﬂﬂmﬂﬂhzmﬂﬂ1%Eﬂag%aﬁﬂﬂm@iz
(relative import) & & 4= AH5UTH rromF ol A A S = A7) A L} B E o] Bo]= Hog A83 o] &S
AR GDE A A7 AZE Aot AS 2 Bel oot A AR 4 ATk, el 22 o

SUth =AY A2 3 A S Ay S2ke
A= %ﬂb}r/} Al A A 9] SdYh —_’—Eﬂ/ﬂ pkg 3} 7] A o %l—t— oA from .
J_mport mod 2 A3}, pkg.mod = ,:,3;7:53]- H Yt} pkg. subpkgl oAl from . .subpkg2 import

QB QEEaA Gt A0 An el e A 51714 Ar) o s

YEEE sho ol £
o

m

R REES 5HORE AASE SR 22 IOWES A YU3}H7] Y5l importlib. import_module () ©]

Q1 2} module, filename, sys.path, sys.meta_path, sys.path_hooks E ZtA} o]l E import & A A|

AUt

7111 FX 2

F+ A < (future statement) > A3} L7 SR RES
ul= = 2] A] o] (directive) 91 Eﬂ I 7)s2 ugd EAE
FA Y HAL Aojol 385 A gh= Aol =4 H v
duch 1 7]‘_01 ZEFEO|He M E o] Ho HE T2

K

K

pass

future_stmt: "from" "__ future_ " "import" feature ["as" identifier]
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("," feature ["as" identifier])*
| "from" "__ future__" "import" " (" feature ["as" identifier]
("," feature ["as" identifier])* [","] ")"

feature: identifier

FA 22 2EY A Aol vtok Futh F4 & ool & 5 A
E &2 E 3 (docstring) (U THH),
A

r]r
N
[
rlo

st

N

A
=, 181

. e FA EE
FA T AHg3f oF 3F 71% < annotations YU T} (PEP 5632 FZ 314 Al L).

JA FH B2 F5 SAIHG 71552 A3 oM 39 o AAHUTE o] HEole
absolute_import, division, generators, generatoristop, unicode_literals, print_function,
nested_scopes X with_statement 7} TTHUTH o] AEL do &y 4 BAsE 1, 22

AZHE AN FAH D Q7 WE DY
A3 Al A48 3 o AUtk B4 FHBE o vjef WAL
g 5

rok

Q]
=

Sl
rr
:(0

FARe TA4oRE %
SE e AN S TAE 0 A7) bel 28 GE (M At AY) e EUE Soot
$2 A58, 0] ASE AU BES A BT 5 AFUT T3 FHEL AP AR

2Pty dod Antd A4 ol g doic
494 AP AFe) AdL b2 JEE FED ZHUh EEEE  future |, Fo AW T, O
AL, FA Fol AT = Aol dutAJA o2 JExEH T
SHEE AP AH S FA 2ol ol 2435 = FAAA 7= EH AT
ol & Egol & ol E AT S8 A o] gl s o} gtk
[import _ future__ [as name]
o) AL FA Fol bty ol E S8 A d ot FH Al Al ko] Y FUP YEE P BYUh
FA4 B 2T RE M 5= W T exec() compile() B &N A LS = =+,
JEHoRE R4 o) AFE N EAL L HE T, A conpiien) o FE AE T
ARz Ao d  gHUth— AT L 1 B4 BAE HANL
e Ao Sgasl) Yeld FA L A sele] A A Fe 1 ANE PAN YY),
e zel e} 9y £Z9E o) go] AT, §HCE AL, 1 ATYENFA £ S T
} y 2T HEZ AR E o] Fof A &E = 3 Al A E &S FAF YT
o 27
PEP 236 - "W} & ] _ future__
_ future__ W] A Y F o th 3 FH =9 A ¢H
712 global &
global_stmt: "global" identifier ("," identifier)*
global B2 dE AubEe] A 02 8 4F =% vhEUth gobal A9 glo] Af WMEEo] A4S
7bel 2 % 9171 SHA R global glo] A9 WAl ghS BBk 2 B Pk

The g1obal 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 global declaration in the scope.

114 Chapter 7. Ct=2(Simple statements)


https://peps.python.org/pep-0563/
https://peps.python.org/pep-0236/

The Python Language Reference, & 2|A 3.14.0rc3

g 2 3kA of] S A Al A (directive) Y U T global &3 22 Al Qo] 344
Fo L&A Ut 53], W exec() T2 FFH = ALY T = AAof] £FH global
a EEEE=dTE FA Ja, 28 B 28H F= A T
E 85l T X0 9= global ol A& WA 55U th eval () Fcompile () THEX uhH7}

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.

& o 17

PEP 3104 - 0} ZF AF o] Q)= o]

3
nonlocal _1‘1:_!_9/] -F’r7—ﬂ,
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e

2
>
[>

Sl

Programmer’ s note: nonlocal is a directive to the parser and applies only to code parsed along with it. See the
note for the g1obal statement.

714 type &

n_n

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 dif-
ferences.

The value of the type alias is evaluated in the annotation scope. It is not evaluated when the type alias is created, but
only when the value is accessed through the type alias’ s __value_  attribute (see Lazy evaluation). This allows the
type alias to refer to names that are not yet defined.

Type aliases may be made generic by adding a type parameter list after the name. See Generic type aliases for more.
type is a soft keyword.
Added in version 3.12.

o 17
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PEP 695 - Type Parameter Syntax
Introduced the type statement and syntax for generic classes and functions.
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)

3 o] oA AmZ8o]l ZBE Y AetA Ao, th53 22 AlollA, print () TEE

AE ALY o= st A A FFUthE Aol o6 oF it

2

rlo

=
T

[if x <y < z: print(x); print(y); print(z)

8 ofstd:

compound_stmt: 1if 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
statement: stmt_1list NEWLINE | compound_stmt
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stmt_list: simple_stmt (";" simple_stmt)* [";"]
5] FANEWLINE & 2 U3 DEDENT 7F 1 F & e §= 5ol =53 of @tk =3 A=k 7he st
AZd Aol T TFS AN L &= gleE 7IHEZ AFS7] 2o, RE3 o] gitt= A= —?%ﬁ*ﬂﬁ
(Fol oA E THE ir 7ol €927 He AS 87T 2N ‘v 2 (dangling) e1se’ A E 2
yrth.

BHFL A cheol ok AN ot BY FHES 4 22 MEY Fol 3= ZhYFUh
81 it &
irEe ZAR Adgo] A8k
if_stmt: "if" assignment_expression ":" suite
("elif" assignment_expression ":" suite)*

["else" ":" suite]
Fol HE A2 AT 7tA] 2 4S9 S st A= 7oA A 23] shue] 29 EE A
Utk (F AR Y B+ —‘EE] Oi AF(Boolean operations) AL BEA|R); AA TS I A9 EE A
(e i £O) BE ol REE AW Ar ol THAAA @aUTh. wE XA S0 Aol
AR D

while e B4 O] 29l B AL WS v AgP Uk

while_stmt: "while" assignment_expression ":" suite

["else" ":" suite]
oA HHAS HHEAH O 7 AAstaL, FolH, 3 A A ES APFUh FHA o] ARlolH (A%
SE ARY S JEUTH else A9 297 (AT AYH T £ g SR
AR A ENA AP = break T2 else B2 AYPEA U FZE FEFUTE 3 HA 29 EofA
A E continue B2 A ES YA 22 AWFA L 284 AR Sobtyt
=

8.3 for &
for 22 (4G, 7FE, g2E Z2) Al A2 Y 2 o|HHE AA 9 2455 o|Hd o] Est=t] A
By

for_stmt: "for" target_list "in" starred_expression_list ":" suite

["else" ":" suite]

The starred _expression_1list expression is evaluated once; it should yield an iterable object. An iterator is
created for that iterable. The first item provided by the iterator is then assigned to the target list using the standard
rules for assignments (see T ¢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.

R WA A o)A AT break BE clee AE WA 1 £2E FRYUL 2 WA A9 =
oA AT = continue BL AYEL] YA BHELS AYE 1 t}e g2 0 2 Jo] 7} AL, thL &2 o]
o else AE ZFYTh

o Th A FU T for- 28] 29 =0 A o] £l A AEE EYHA, 1 Aol

for i in range(10):
print (i)
i=25 # this will not affect the for-loop
# because i will be overwritten with the next

# index in the range
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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.

B A 3.11) A ¥ 7 Starred elements are now allowed in the expression list.

=
8.4 try @™
The t ry statement specifies exception handlers and/or cleanup code for a group of statements:

try_stmt: tryl _stmt | try2_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

ol 2] ol TEFF 1] A HE 9] AAH 2L 5 AT, NAE D077 A3 raice B AEIE R0
FE A0 ise £ AMANA 22 5 AT

WA 3.149)| A ¥ 7 : Support for optionally dropping grouping parentheses when using multiple exception types.
See PEP 758.

8.4.1 except clause

The except clause(s) specify one or more exception handlers. When no exception occurs in the ¢ ry clause, no
exception handler is executed. When an exception occurs in the 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. Parentheses can be dropped if multiple exception types are provided and the as clause is not used. 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 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 try 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

7ol g7 WEkE £ A3} 24Ut

T2 o) 98 AoTle rinaily Aol YA B ol 5F Agow AN T A ol oAl AL AolwelA BE
Y.
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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 sys 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 ExceptionGroups. 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}')

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
oo —— 1 ———————

| ValueError: 1

J

Any remaining exceptions that were not handled by any except* clause are re-raised at the end, along with all
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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()))

J

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 try. The break, continue, and return statements
cannot appear in an except * clause.

8.4.3 else clause

Ak 7153 else AL Ao EE0] cry A EE WA YLD, ol 7 A SIA] kT, return, continue
s b o] AW A 9O W ART LT e1se Aol A BATHE o) ol ho = cxcnpe Dol

A== A syt

8.4.4 finally clause

If finally is present, it specifies a ‘cleanup’ handler. The try 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 finally clause raises another exception, the saved exception is set as the context of the new exception. If the
finally clause executes a return, break or cont inue statement, the saved exception is discarded. For example,
this function returns 42.

def f():
try:
1/0
finally:
return 42

The exception information is not available to the program during execution of the finally clause.

When a return, break or cont inue statement is executed in the t 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 return statement executed in the £inally clause will always be the last one executed. The
following function returns ‘finally’ .

def foo():
try:
return 'try'
finally:
return 'finally'

¥ A 3.8] 4] ¥ 7 : Prior to Python 3.8, a cont i nue statement was illegal in the finally clause due to a problem
with the implementation.

WA 3.14 | 4] ¥ 7 : The compiler emits a SyntaxWarning when a return, break or cont inue appears in a
finally block (see PEP 765).
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with e 852 A5 AEAE B2} (with & AEH2E e A AAS BAR) 7 AT HAESE
Ut} o] AL &3t try-except s finally AHE HEHE A A AAIE S 5+ A==

=

h

A€ 5 =S FUh
with_stmt: "with" ( "(" with_stmt_contents ","? ")" | with_stmt_contents
with_stmt_contents: with_item ("," with_item)*
with _item: expression ["as" target]

SFite] “item” & AFEShE with £ A S thFt o] AP H Y

1. The context expression (the expression given in the with_item) is evaluated to obtain a context manager.
The context manager’ s __enter__ () is loaded for later use.
The context manager’ s __exit__ () is loaded for later use.

The context manager’ s __enter_ () method is invoked.

A

If a target was included in the wi ¢ h statement, the return value from __enter__ () is assigned to it.

0 Iu

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. 29 =7 AP}

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__ () is ignored,
and execution proceeds at the normal location for the kind of exit that was taken.

e 22 e

)

with EXPRESSION as TARGET:
SUITE

ol 4o 2 Bg 7} 55T

manager = (EXPRESSION)

enter = type (manager).__enter_
exit = type (manager).__exit_
value = enter (manager)

hit_except = False

try:
TARGET = value
SUITE
except :
hit_except = True
if not exit (manager, *sys.exc_info()):
raise

(TH5 sl el Aol A)
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(o1 sl o] A ol A Al <5)
finally:
if not hit_except:
exit (manager, None, None, None)

S HTHERS $ES S 7, AYAE B s wien Bo] FHE AH W ARG h

with A() as a, B() as b:
SUITE

Jugos heT FSFIh

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

A3 1A WA e AEaE 58419 A9

WA 3.109 A ¥ 7 Support for using grouping parentheses to break the statement in multiple lines.

e ] B

PEP 343 - “with” &
shol 8 wicn 29l 4, W3, .

8.6 The match statement

Added in version 3.10.

The match statement is used for pattern matching. Syntax:

match_stmt: 'match' subject_expr ":" NEWLINE INDENT case_ block+ DEDENT
subject_expr: " !star_named_expression’ "," "!star_named_expressions’?
| " !'mamed_expression’
case_block: 'case' patterns [guard] ":" " !block’
0 Ix

This section uses single quotes to denote soft keywords.

Pattern matching takes a pattern as input (following case) and a subject value (following mat ch). 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 match and case keywords are soft keywords.
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& o 27
o PEP 634 - Structural Pattern Matching: Specification
o 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.

0 iu

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.
o Otherwise, the next case_block is attempted as described above.

o If there are no further case blocks, the match statement is completed.

0 3z

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:

>>> 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, if flagis a guard. Read more about that in the next section.
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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: i
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.
o If the quard condition evaluates as true, the case block is selected.
o 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:

o AS Patterns whose left-hand side is irrefutable

o OR Patterns containing at least one irrefutable pattern

Capture Patterns

Wildcard Patterns

« parenthesized irrefutable patterns

8.6.4 Patterns

0 Iz
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: open_sequence_pattern | pattern
pattern: as_pattern | or_pattern
closed_pattern: | literal_pattern

capture_pattern
wildcard_pattern
value_pattern

sequence_pattern

|

|

|

| group_pattern
|

| mapping_pattern
|

class_pattern
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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 pattern+
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 | ... will try 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 as 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 cannot be a _.

In simple terms P as NAME will match with P, and on success it will set NAME = <subject>.

Literal Patterns

A literal pattern corresponds to most lierals in Python. Syntax:

literal_pattern: signed _number
| signed_number "+" NUMBER
| signed_number "-" NUMBER
| strings

| "None"

| "True"

| "False"
[

signed_number: "-"] NUMBER

The rule strings and the token NUMBER are defined in the standard Python grammar. Triple-quoted strings are
supported. Raw strings and byte strings are supported. =" &2} 2] €] @ and t-strings are not supported.

The forms signed_number '+' NUMBER and signed_number '-' NUMBER are for expressing complex num-
bers; they require a real number on the left and an imaginary number on the right. E.g. 3 + 4.

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:
. is allowed.
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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: '_'

_ 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.

Value Patterns
A value pattern represents a named value in Python. Syntax:
value_pattern: attr

attr: name_or_attr "." NAME
name_or_attr: attr | NAME

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 NAME1 . NAME2 will succeed only if <subject> == NAME1.NAME2

0 Ix

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: "[" [maybe_sequence_pattern] "1"
| "(" [open_sequence_pattern] ")"
open_sequence_pattern: maybe_star_pattern "," [maybe_sequence_pattern]
maybe_sequence_pattern: ",".maybe star_patternt ","?
maybe_star_pattern: star_pattern | pattern
star_pattern: "x" (capture_pattern | wildcard_pattern)
There is no difference if parentheses or square brackets are used for sequence patterns (i.e. (...) vs [...]).
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0 #Fx

A single pattern enclosed in parentheses without a trailing comma (e.g. (3 | 4)) is a group pattern. While a
single pattern enclosed in square brackets (e.g. [3 | 4]) is still a sequence pattern.

At most one star subpattern may be in a sequence pattern. The star subpattern may occur in any position. If no
star subpattern is present, the sequence pattern is a fixed-length sequence pattern; otherwise it is a variable-length

sequence pattern.

The following is the logical flow for matching a sequence pattern against a subject value:

1. If the subject value is not a sequence’, the sequence pattern fails.

2. If the subject value is an instance of str, bytes or bytearray the sequence pattern fails.

3. The subsequent steps depend on whether the sequence pattern is fixed or variable-length.

If the sequence pattern is fixed-length:

1. If the length of the subject sequence is not equal to the number of subpatterns, the sequence pattern fails

2. Subpatterns in the sequence pattern are matched to their corresponding items in the subject sequence
from left to right. Matching stops as soon as a subpattern fails. If all subpatterns succeed in matching

their corresponding item, the sequence pattern succeeds.

Otherwise, if the sequence pattern is variable-length:

1. If the length of the subject sequence is less than the number of non-star subpatterns, the sequence pattern

fails.

2. The leading non-star subpatterns are matched to their corresponding items as for fixed-length sequences.

3. If the previous step succeeds, the star subpattern matches a list formed of the remaining subject items,
excluding the remaining items corresponding to non-star subpatterns following the star subpattern.

4. Remaining non-star subpatterns are matched to their corresponding subject items, as for a fixed-length

sequence.

0 Iz

The length of the subject sequence is obtained via 1en () (i.e. viathe _ 7en__ () protocol). This length

may be cached by the interpreter in a similar manner as value patterns.

In simple terms [P1, P2, P3, -+, P<N>] matches only if all the following happens:

o check <subject> is a sequence

e len(subject) == <N>

2 In pattern matching, a sequence is defined as one of the following:
o aclass 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
« aclass that inherits from any of the above
The following standard library classes are sequences:
e array.array

collections.deque
list
memoryview

range

tuple

3l

e

Y

Subject values of type str, bytes, and bytearray do not match sequence patterns.
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e P1 matches <subject>[0] (note that this match can also bind names)
e P2 matches <subject>[1] (note that this match can also bind names)

« - and so on for the corresponding pattern/element.

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: "{" [items_pattern] "}"
items_pattern: ", ".key value_patternt+ ","?
key_value_pattern: (literal_pattern | value_pattern) ":" pattern

| double_star_pattern
double_star_pattern: "**" capture_pattern

At most one double star pattern may be in a mapping pattern. The double star pattern must be the last subpattern in
the mapping pattern.

Duplicate keys in mapping patterns are disallowed. Duplicate literal keys will raise a SyntaxError. Two keys that
otherwise have the same value will raise a ValueError at runtime.

The following is the logical flow for matching a mapping pattern against a subject value:
1. If the subject value is not a mapping’,the mapping pattern fails.

2. If every key given in the mapping pattern is present in the subject mapping, and the pattern for each key matches
the corresponding item of the subject mapping, the mapping pattern succeeds.

3. 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.

0 Fx

Key-value pairs are matched using the two-argument form of the mapping subject’ s get () method. Matched
key-value pairs must already be present in the mapping, and not created on-the-fly via _ missing () or
__getitem__ ().

In simple terms {KEY1: P1, KEY2: P2, ... } matches only if all the following happens:
e check <subject> is a mapping
e 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: name_or_attr " (" [pattern_arguments ","2?2] ")"
pattern_arguments: positional_patterns ["," keyword patterns]
| keyword_patterns
positional_patterns: ",".patternt
keyword_patterns: ", ".keyword_pattern+t

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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keyword_pattern: NAME "=" pattern

The same keyword should not be repeated in class patterns.

The following is the logical flow for matching a class pattern against a subject value:

1. If name_or_attr is not an instance of the builtin type , raise TypeError.

2. If the subject value is not an instance of name_or_attr (tested via isinstance () ), the class pattern 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:

1. The keyword is looked up as an attribute on the subject.
« If this raises an exception other than AttributeError, the exception bubbles up.
o 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.

IL. 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.
o If the returned value is not a tuple, the conversion fails and TypeError is raised.

« If there are more positional patterns than len(cls._ match_args
raised.

), TypeError is

« Otherwise, positional pattern i is converted to a keyword pattern using __match_args__ [1i]
as the keyword. __match_args__ [i] must be a string; if not TypeError is raised.

« If there are duplicate keywords, TypeError is raised.

& o 1]

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:
e bool
e bytearray
e bytes
e dict
e float
e frozenset
e int
e list

e set
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e str
e tuple

These classes accept a single positional argument, and the pattern there is matched against the whole object
rather than an attribute. For example int (0| 1) matches the value 0, but not the value 0. 0.
In simple terms CLS (P1, attr=P2) matches only if the following happens:
e isinstance (<subject>, CLS)

« convert P1 to a keyword pattern using CLS.__match_args___
For each keyword argument attr=p2:

— hasattr (<subject>, "attr")
- P2 matches <subject>.attr

-+ and so on for the corresponding keyword argument/pattern pair.

e ] B

o PEP 634 - Structural Pattern Matching: Specification
o PEP 636 - Structural Pattern Matching: Tutorial

SkEA XHO
8.7 gt 2|
G A ASA A B AR (25 S A4S BAL) 2 F Uk
funcdef: [decorators] "def" funcname [type_params] " (" [parameter_list] ")"
["->" expression] ":" suite
decorators: decorator+
decorator: "Q@" assignment_expression NEWLINE

parameter_list: defparameter " RV "

(G
| parameter_list_no_posonly
("
14
| parameter_list_starargs

nkmn (",

defparameter) +

defparameter)* ", ",

[parameter_1ist_no_posc

parameter_list_no_posonly: defparameter " defparameter)* ["," [parameter_list_starargs]]

parameter_list_starargs: [star_parameter]

| min (n,

| parameter_star_kwargs

[H,"]

defparameter) *

"

["I

[parameter_star_kwargs]]

[parameter_star_kwargs]

n n

parameter_star_kwargs: "x*W parameter

n

parameter: identifier [":" expression]

star_parameter: identifier [":" ["*"] expression]

defparameter: parameter ["=" expression]

funcname: identifier
4 A e APT S A BFAUCE AQsE AR A9 ol 29 A% ol 5L A5 AR (F5)
A% 7 15 =2 @ (wrapper)). ©] ¥ AA = DAY o] F & 7holl e F2E £k,
F57t52E v A o] & BV AEH UL
4 Aot el v g AP Utk G5/t o) AP U
4 Aol bt 2 o4 el ole] BERA 02 AT 5 AUtk AT olE BAAL g4
7+ 894 tﬂ% T AE xToE AF RO A S FRUTE T A FHEC|o ok sk, T
AA T AAZ AR A SEFH Ytk vkt gho] 3k AR th Al T8 o] Sl Adg Yt o2 749
dZdgolel= SHEE Bz Agg Ut A& ;_01 = = S A

4 A string literal appearing as the first statement in the function body is transformed into the function’ s

function’ s docstring.

__doc__ attribute and therefore the

oo

N
0
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Qfl (arg)
Qf2
def func(): pass

£ ok S5 g

def func(): pass
func = f1 (arg) (£2 (func))

AR Tt A E o] F func o]l A2H A etk AW 5 Uth

¥ A 3.9] A X 7 : Functions may be decorated with any valid assignment_expression. Previously, the gram-
mar was much more restrictive; see PEP 614 for details.

Alist of rype 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.

Spy 2 o)A+ v 7 S B o parameter = expresszon UJEH S 71A u), g7 «7| 2 A A g S 7
=0 ZdUch 71230 d=viAHTY A9, 2T o o) 3ok 014 Aekd 4 9la, 1Y o)
R go] 7123kl Ag G Utk w7 B HAH, 47 74A] L FE mE s BE

MEE 7RG Aok T Th— ol A2 F Aol A £ A o WA Aok e,

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 “ridentifier” 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.

W 7 3.89]| A] M 7: The / function parameter syntax may be used to indicate positional-only parameters. See PEP
570 for details.

Parameters may have an annotation of the form “: expression” following the parameter name. Any parameter
may have an annotation, even those of the form *identifier or **identifier. (As a special case, parameters
of the form *identifier may have an annotation “: *expression”.) Functions may have “return” annotation
of the form “-> expression” after the parameter list. These annotations can be any valid Python expression.
The presence of annotations does not change the semantics of a function. See Annotations for more information on
annotations.

WA 3.11 9 A ¥ 7 : Parameters of the form “*identifier” may have an annotation “: *expression”. See
PEP 646.

E A A ZA A A, ol & G B (ol B AAT A $S B4 E WL AT A5FU
AL ek HAAL ALB BT, ST} Lambdas) A AN A AR U Bt EAAL Deshd g
BoE At Ed 2 AA dethe Ao FYSHA8R; “der” ERNA YA e o xd
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Ao Aod FeAy AL AU GE ool 2 5 st o2 9 23S Agste A
ol :-g o] A& 3 eaty] wf&oll, “cer” FEf7F AbL o P ch
Z2aHw §o A T4t FAE e (first-class) AA| Th T4 9 <ol A 64_6“51 = “def’ 72
EHFAGAZE 5 Ade A F4E A FUch FHE T °1W AEEE AT HEELS Tdef 5
Edotes T A WL ES A2 5 91’“14‘:}- B ARS8 oS3} 9 2 (binding) A4S
HAL.

] 27

PEP 3107 - 8= o] - o] A
6‘*04 HolAde Hz 4.

PEP 484 3 ?‘dE

PEP 526 - H+ °111-.Eﬂ o] d ¥H
Ability to type hint variable declarations, including class variables and instance variables.

PEP 563 - | ;- E] 0] A 2] 2] € F 7}
Z A B7lets Al A A 7Ee] o] LB o] M-S EAY B Ao g B ESFLe] o] H o] A Uof A9
A Fxe A9FYh

PEP 318 - Decorators for Functions and Methods
Function and method decorators were introduced. Class decorators were introduced in PEP 3129.

8.8 A Mo

el Aot Ben AR (EEY A5 A4S BAL)E Fel Gtk

classdef: [decorators] "class" classname [type_params] [inheritance] ":" suite
inheritance: " (" [argument_list] ")"
classname: identifier
S FY = A s ERAYG UL ﬂ]*(inheritance) EZ2O0 HE Ho)lA FHYAEY BEEZ AF
st (B 5 A&l sl Al &= wl B S22~ & HAR), ﬁ%-ﬂ 7+ FEZ e T AR FHPAS
Hetss 2ol 2 AR 7 Hofof G TH A% BRo] G el EAO D o] Zeh object
S ASsTULE 1A
class Foo:
pass
e ssdtt
class Foo (object) :
pass

35} el A o & FUL A she A A 220

Telag) 29SE AR BEOl

= Ao ol g ¥ & &7

(el &5+ A 2 (binding) & HA| L)l 1 ”‘a?'%‘%ﬂ‘?‘r (HF, ’\—AE% HEE T 5SS 2P YH)
Zos9) AES AW AW, A 2 AL A AA Y, 1A A Ol% e HEFY
a™¥ o, AS EE5S wolx ;'Eﬂi%i HEH Ao o] 8BS o EelHE GA e 2 A A A
Zea AAE wEUTh FH29 o5 A A o] F FNA o] FEa AR} AZFH Ut

The order in which attributes are defined in the class body is preserved in the new class’ s dict__. Note that this
is reliable only right after the class is created and only for classes that were defined using the definition syntax.

Se)a AL e 22 B AN A ALE R 28 5 5Tk
Sea 9N FLE g ndol g T WAL dndol=g 5 dEyrh

3 A string literal appearing as the first statement in the class body is transformed into the namespace’ s __doc__ item and therefore the class’
s docstring.
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Qfl (arg)
Qf2
class Foo: pass

£ ok S5 g

class Foo: pass
Foo = f1(arg) (f2 (Foo))

ymeo)e TAA Y b PoHE FHL B4 vl me o) B9 25U Th T b 1 BB S e o B
SRR

WA 3.9 A ¥ 7 : Classes may be decorated with any valid assignment_expression. Previously, the grammar
was much more restrictive; see PEP 614 for details.

A list of fype 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.

¥ A 3.120]| A ¥ 7 : Type parameter lists are new in Python 3.12.
o] A

Z2 o fo] AHgh: FHA B BYHE TS FHE AEYREYUL o] A2 I
HA 74 288 Ytk A28 A oJEFHEE WA T oA self.name = value 2 AAEH 4 95Ut
ZP A} AAEA JEFHE BT “self.name” B7|H O 2 ANAT 4= 913, o] Aoz ANAT
d AogsolER ey Ve o5 Fohs o AREE ARG, T ELREL daEs

olEZFES V| EHoZ ARE 5 YAIRE 7P e A shE A2 AdEHA k2 AFE € 5 AFY

lm4

thH2aHE EHE T *Mla 2= J A Al et AR S 5 %l*l%D}
&t 27|
PEP 3115 - z}o] 4 3000 2] W e} Feh A
W s AAdS FA EHer A, e SR e FHaE FASE T Y

of v & W 35 Al

PEP 3129 - 28 A g Zd| o] €]
S 2 g2 o8 & F718kE= Al o St vl = ol Z & o] El= PEP 3189 A = Y= 25U th

8.9 T2El

Added in version 3.5.

SEA
8.9.1 ZREIl gt X
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 THO 2 Ao H 4= A FZHE S|, await Yasyne 7| P EE TR U= H S

= agsych
258 349 uhe) ol Al yield from EAAE ARG AL syntaxbrror YU TH
i

8 g5 of:

async def func (paraml, param?2):
do_stuff ()
await some_coroutine ()
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WA 3.7 4] A 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
vl5 7] ol H e & 2 v 7] olH e olH & AH WEetE __aiter WA EE AlF 6L, v]F 7] o &
o|E &= A4S __anext_ WA EA H]E7] ZEE TET 5 YFUThH
async for & H|F7] o|H el Eol gt A g ol H e o] d& s =ttt
U 22 A5
async for TARGET in ITER:
SUITE
else:
SUITEZ2

ojul 4o s the T E5 LT

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.

F2HE g9 vl qho A asyne for B2 AFR 8= AL syntaxError YUY TH

8.9.3 async with &

async_with_stmt: "async" with_stmt
0% 7] A AE el 2} & enter S exit A E A ARG AN FAT 5 e A e Fel 2 Juh
et ge BEE

async with EXPRESSION as TARGET:
SUITE

ou o2 eIt FEFUh

manager = (EXPRESSION)

aenter = type (manager) .__ _aenter_
aexit = type (manager).__aexit_
value = await aenter (manager)

hit_except = False

try:
TARGET = value
(th& sl o] Aol Al<)
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(e]A sl o] A ol A A<
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.
FFE g2 viy 8rol A async with & ARS8 212 syntaxError YU Th
o B

PEP 492 - async &} await £ -& A} &35}= I F €l
FFEE oA FEd SHAA Mgz e, FH AYS F7135 Al

8.10 Type parameter lists

Added in version 3.12.
¥ A 3.139)| 4] ¥4 7 : Support for default values was added (see PEP 696).

type_params: "[" type_param ("," type_param)* "]"
type_param: typevar | typevartuple | paramspec

typevar: identifier (":" expression)? ("=" expression)?
typevartuple: "*" identifier ("=" expression)?

paramspec: "xx" jdentifier ("=" expression)?

Functions (including coroutines), classes and type aliases may contain a type parameter list:

def max[T] (args: 1list[T]) -> T:

async def amax[T] (args: 1list[T]) —-> T:

class Bag[T]:
def @ iter (self) —> Iterator[T]:

def add(self, arg: T) —> None:

type ListOrSet[T] = 1list[T] | set][T]

J

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 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.
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Type parameters come in three kinds:

e typing.TypeVar, introduced by a plain name (e.g., T). Semantically, this represents a single type to a type
checker.

e typing.TypeVarTuple, introduced by a name prefixed with a single asterisk (e.g., *Ts). Semantically, this
stands for a tuple of any number of types.

e typing.ParamSpec, introduced by a name prefixed with two asterisks (e.g., * *P). Semantically, this stands
for the parameters of a callable.

typing.TypeVar declarations can define bounds and constraints with a colon (:) followed by an expression. A
single expression after the colon indicates a bound (e.g. T: int). Semantically, this means that the typing.
TypeVar can only represent types that are a subtype of this bound. A parenthesized tuple of expressions after the
colon indicates a set of constraints (e.g. T: (str, bytes)). Each member of the tuple should be a type (again,
this is not enforced at runtime). Constrained type variables can only take on one of the types in the list of constraints.

For typing. TypeVars declared using the type parameter list syntax, the bound and constraints are not evaluated
when the generic object is created, but only when the value is explicitly accessed through the attributes _ bound___
and __constraints__. To accomplish this, the bounds or constraints are evaluated in a separate annotation scope.

typing.TypeVarTuples and typing.ParamSpecs cannot have bounds or constraints.

All three flavors of type parameters can also have a default value, which is used when the type parameter is not
explicitly provided. This is added by appending a single equals sign (=) followed by an expression. Like the bounds
and constraints of type variables, the default value is not evaluated when the object is created, but only when the type
parameter’ s __default__ attribute is accessed. To this end, the default value is evaluated in a separate annotation
scope. If no default value is specified for a type parameter, the _ _default__ attribute is set to the special sentinel
object typing.NoDefault.

The following example indicates the full set of allowed type parameter declarations:

def overly_generic]|
SimpleTypeVar,
TypeVarWithDefault = int,
TypeVarWithBound: int,
TypeVarWithConstraints: (str, bytes),
*SimpleTypeVarTuple = (int, float),

**SimpleParamSpec = (str, bytearray),
1(
a: SimpleTypeVar,
b: TypeVarWithDefault,
c: TypeVarWithBound,
d: Callable[SimpleParamSpec, TypeVarWithConstraints],
*

e: SimpleTypeVarTuple,

8.10.1 Generic functions

Generic functions are declared as follows:

[def func[T] (arg: T):

This syntax is equivalent to:

annotation-def TYPE PARAMS OF_func() :
T = typing.TypeVar ("T")
def func(arg: T):
func.__ type_params__ = (T,)
return func

func = TYPE_PARAMS OF_func ()
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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.)

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:

N
@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()

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:
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@decorator
class Bag(Base[T], arg=T):

This is equivalent to:

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 ¢ 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 ()

Here, annotation-def (not a real keyword) indicates an annotation scope. The capitalized names like
TYPE_PARAMS_OF_ListOrSet are not actually bound at runtime.

8.11 Annotations

WA 3.149]| A XA 7 : Annotations are now lazily evaluated by default.

Variables and function parameters may carry annotations, created by adding a colon after the name, followed by an
expression:

x: annotation = 1

def f (param: annotation):

Functions may also carry a return annotation following an arrow:

[def f() —> annotation:

Annotations are conventionally used for rype hints, but this is not enforced by the language, and in general annotations
may contain arbitrary expressions. The presence of annotations does not change the runtime semantics of the code,
except if some mechanism is used that introspects and uses the annotations (such as dataclasses or functools.
singledispatch())

By default, annotations are lazily evaluated in an annotation scope. This means that they are not evaluated when the
code containing the annotation is evaluated. Instead, the interpreter saves information that can be used to evaluate
the annotation later if requested. The annotationlib module provides tools for evaluating annotations.

If the future statement from __future__ import annotations is present, all annotations are instead stored as
strings:
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>>> from __ future import annotations
>>> def f (param: annotation):
>>> f. annotations_

{'param': 'annotation'}

This future statement will be deprecated and removed in a future version of Python, but not before Python
3.13 reaches its end of life (see PEP 749). When it is used, introspection tools like annotationlib.

get_annotations () and typing.get_type_hints () are less likely to be able to resolve annotations at run-
time.
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The notation used here is the same as in the preceding docs, and is described in the noration section, except for an
extra complication:

e ~ (“cut”): commit to the current alternative and fail the rule even if this fails to parse

# PEG grammar for Python

# ========== ============ === START OF THE GRAMMAR =========== m=—=———————e ==

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

(TH5 sl el Aol A)
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(o1 sl o] A ol A] Al )
If the return type is omitted, then a void * is returned in C and an Any 1in
Python.
eleZ
Match el, then match e2.
el | e2
Match el or eZ.
The first alternative can also appear on the line after the rule name for
formatting purposes. In that case, a | must be used before the first
alternative, like so:
rule_name[return_type]:
| first_alt
| second_alt
(e)
Match e (allows also to use other operators in the group like '(e)*')
[ e ] or e?
Optionally match e.
e*
Match zero or more occurrences of e.
e+
Match one or more occurrences of e.
o @
Match one or more occurrences of e, separated by s. The generated parse tree
does not include the separator. This is otherwise identical to (e (s e)*).
&e
Succeed if e can be parsed, without consuming any input.
le
Fail if e can be parsed, without consuming any input.

Commit to the current alternative, even 1f it fails to parse.

&&e
Eager parse e. The parser will not backtrack and will immediately
fail with SyntaxError if e cannot be parsed.

S o O R R R W R HR ¥ R Hh R W R R ¥ R S R W R R W R R R R R R W W

# 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

single_compound_stmt:
| compound_stmt

statement_newline:
| single_compound_stmt NEWLINE

(TH5 sl el Aol A)
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| simple_stmts
| NEWLINE
| ENDMARKER

simple_stmts:
'; ' NEWLINE
['; ']

# Not needed,
NEWLINE

| simple_stmt !
| ';'.simple_stmt+

# NOTE:
# will throw a SyntaxError.

assignment MUST precede expression,

simple_stmt:
| assignment
| type_alias
| star_expressions
| return_stmt
| import_stmt
| raise_stmt
| pass_stmt
| del_stmt
| yield_stmt
| assert_stmt
| break_stmt
| continue_stmt
| 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';
assignment:

| NAME ':' ['="
[ (! !
| single_subscript_attribute_target)

expression
single_target

| (star_targets )+ annotated_rhs

| single_target augassign ~ annotated_rhs
annotated_rhs: yield_expr | star_expressions
augassign:

I Ty

annotated_rhs ]

(o1 sl o] A ol A A1)

there for speedup

else parsing a simple assignment

yield expr must start with 'yield'

':' expression ['=' annotated_rhs ]

[TYPE_COMMENT]

(TH5 sl el Aol A)
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rg="

TA_

'>>="

\
\
\
| k="
\
| vkx=1
| '//="

return_stmt:
| 'return' [star_expressions]

raise_stmt:
| 'raise' expression ['from' expression ]

| 'raise'

pass_stmt:
| 'pass'

break_stmt:
| 'break'

continue_stmt:
| 'continue'

global_stmt: 'global' ', '.NAME+
nonlocal_stmt: 'nonlocal' ', '.NAME+

del_stmt:
| 'del' del_targets &(';' | NEWLINE)

yield_stmt: yield_expr
assert_stmt: 'assert' expression [',' expression ]
import_stmt:
| import_name
| import_from
# Import statements
import_name: 'import' dotted_as_names

# note below: the ('.' | '...') 1is necessary because '...' is tokenized as ELLIPSIS
import_from:

| '"from' ('.' | '...')* dotted_name 'import' import_from_targets

[ "from' ('.' | '...")+ 'import' import_from_ targets
import_from_targets:

| '"(' import_from_as_names [','] ')'

| import_from_as_names !','

‘ Tk
import_from_as_names:

[ ', '.import_from_as_name+
import_from_as_name:

| NAME ['as' NAME ]

(TH5 sl el Aol A)
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dotted_as_names:
| ','".dotted_as_name+
dotted_as_name:
| dotted_name ['as' NAME ]

dotted_name:
| dotted_name '.' NAME

| NAME

# COMPOUND STATEMENTS

# ,,,,,,,,,,,,,,,
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:
| 'eclass' NAME [type_params] ['(' [arguments] ')' ] ':' block

# Function definitions

function_def:
| decorators function_def_raw
| function_def_ raw

function_def_raw:

| 'def' NAME [type_params] '(' [params] '")' ['->' expression ] ':' [func_type_
—comment] block

| 'async' 'def' NAME [type_params] '(' [params] ')' ['->' expression ] ':'C
— [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

(TH5 sl el Aol A)
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# 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]
|
[

'x*? ', ' 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?

| 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

(TH5 sl el Aol A)
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| "if' named_expression ':' block [else_block]
elif stmt:

| 'elif' named_expression ':' block elif_ stmt

| 'elif' named_expression ':' block [else_block]
else_block:

| 'else' ':' block

# While statement

while_stmt:
| 'while' named_expression ':' block [else_block]

# For statement

# _____________
for_stmt:

| 'for' star_targets 'in' ~ star_expressions ':' [TYPE_COMMENT] block [else_
—block]

| 'async' 'for' star_targets 'in' ~ star_expressions ':' [TYPE_COMMENT] block.

— [else_block]

# With statement

# ,,,,,,,,,,,,,,
with_stmt:
| 'with' ' (' ','.with_item+ ','? ")' ':' [TYPE_COMMENT] block
| 'with' ','.with_item+ ':' [TYPE_COMMENT] block
| 'asyne' 'with' '(' ','.with_item+ ','? ')' ':' block
| 'async' 'with' ','.with_item+ ':' [TYPE_COMMENT] block

with_item:
| expression 'as' star_target &('," | ")'" | ':")
| expression

# Try statement

# ,,,,,,,,,,,,,
try_stmt:
| 'try' ':' block finally block
| 'try' ':' block except_block+ [else_block] [finally block]
| 'try' ':' block except_star_block+ [else_block] [finally_ block]

# Except statement

except_block:

| 'except' expression ':' block
| 'except' expression 'as' NAME ':' Dblock
| 'except' expressions ':' block
| 'except' ':' block
except_star_block:
| 'except' '*' expression ':' block
| 'except' '*' expression 'as' NAME ':' block
| 'except' '*' expressions ':' block
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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'
# Literal expressions are used to restrict permitted mapping pattern keys
literal_expr:
| signed_number ! ('+' | '-')
| complex_number
| strings

(TH5 sl el Aol A)
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| "None'
| '"True'
| 'False'

complex_number:
| signed_real_number '+' imaginary_number
| signed_real number '-' imaginary_number

signed_number:
| NUMBER
| '-'" NUMBER

signed_real_ number:
| real_number
| '"-'" real_ number

real_number:
| NUMBER

imaginary_number:
| NUMBER

capture_pattern:
| pattern_capture_target

pattern_capture_target:
‘ !ll_ll NAME !(l.l ‘ l(l ‘ l=l)

wildcard_pattern:

‘ non

value_pattern:
[ attr P('." | (" | '=")

attr:
| name_or_attr '.' NAME

name_or_attr:
| attr
| NAME

group_pattern:
[ "(' pattern '")'

sequence_pattern:
| '"[' maybe_sequence_pattern? ']’
| '(' open_sequence_pattern? ')'

open_sequence_pattern:
| maybe_star_pattern ',' maybe_sequence_pattern?

maybe_sequence_pattern:
| ', '".maybe_star_patternt+ ','?

maybe_star_pattern:
| star_pattern
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| pattern

star_pattern:
| '*'" pattern_capture_target
| '"*'" wildcard_pattern

mapping_pattern:
‘ l{l l}l
| '{' double_star_pattern ','? '}’
[ '"{' items_pattern ',' double_star_pattern ','? '}'
\

'{' items_pattern ','? '}'

items_pattern:
| '",'.key_value_pattern+

key_value_pattern:
| (literal_expr | attr) ':' pattern

double_star_pattern:
| '"**' pattern_capture_target

class_pattern:
ll)l

' positional_patterns ','? ')'

| name_or_attr '
| name_or_attr '
| name_or_attr '(' keyword_patterns ','? ")'
| name_or_attr '(' positional_patterns ',' keyword_patterns ','? ')'
positional_ patterns:

| ', '.pattern+

keyword_patterns:
| ',"'.keyword_pattern+

keyword_pattern:
| NAME '=' pattern

# Type statement
type_alias:
| "type" NAME [type_params] '=' expression
# Type parameter declaration
type_params:
[ "[' type_param_seqg ']'
type_param_seq: ','.type_paramt+ [',']
type_param:
| NAME [type_param_bound] [type_param_default]
| '"*' NAME [type_param_starred_default]

[ '"**' NAME [type_param default]

type_param_bound: ':' expression

(TH5 sl el Aol A)
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type_param_default: '='

type_param_starred_default:

# EXPRESSIONS

expressions:

(G

| expression ','

| expression
| expression

expression:
| disjunction 'if'
| disjunction

| lambdef

yield_expr:

| 'yield' 'from' expression

| 'yield' [star_expressions]
star_expressions:
| star_expression (','
| star_expression ','
| star_expression

star_expression:
| "' bitwise_or

| expression
star_named_expressions:

star_named_expression:
| '"*'" bitwise_or

| named_expression

assignment_expression:
| NAME ':=' ~ expression
named_expression:
| assignment_expression
| expression !':="'
disjunction:
| conjunction ('or'
| conjunction

conjunction:

| inversion ('and' inversion

| inversion

inversion:
| 'nmot' inversion

| comparison

# Comparison operators

expression )+

disjunction

expression

(o1 sl o] A ol A A1)

star_expression

', '.star_named_expression+

conjunction )+

)+

'else’

(']

expression

star_expression )+ [',']

(', ']
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comparison:

| bitwise_or compare_op_bitwise_or_pair+

| bitwise_or

compare_op_bitwise_or_pair:
| eq bitwise_or
noteq_bitwise_or
lte_bitwise_or
lt_bitwise_or
gte_bitwise_or

\

\

|

\

| gt_bitwise_or
| notin_bitwise_or
| in_bitwise_or

| isnot_bitwise_or
\

is_bitwise_or

eqg bitwise_or: '==' bitwise_or
noteq_bitwise_or:

| ('"!'=' ) bitwise_or
lte_bitwise_or: '<=' bitwise_or
lt_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

(o1 sl o] A ol A A1)

# ,,,,,,,,,,,,,,,,,,,,
sum:
| sum '+' term
[ sum '-' term
| term
(Th= o] A ol A1)
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term '*' factor
term '/' factor
term '//' factor
term '%' factor
term 'Q@' factor
factor

factor:

'+' factor
'-' factor
'~'" factor

power

(o1 sl o] A ol A A1)

await_primary '**' factor

await_primary

# Primary elements

# Primary elements are things like "obj.something.something", "obj[something]",

—"obj (something)",

await_primary:

'await' primary

"Obj "

| primary
primary:
| primary '.' NAME
| primary genexp
| primary ' (' [arguments] ')'
| primary '[' slices ']'
| atom
slices
| slice !',"
| ', '.(slice | starred_expression)+ [',"']
slice:
| [expression] ':' [expression] [':' [expression] ]
| named_expression
atom

NAME

'True’

'False'

'None'

strings

NUMBER

(tuple | group |
(list | listcomp)

genexp)

(dict | set | dictcomp | setcomp)
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group:
[ '(' (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+ '/' &':'

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

(TH5 sl el Aol A)
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| FSTRING_MIDDLE
fstring_replacement_field:

(o1 sl o] A ol A A1)

| '{' annotated_rhs '='? [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

tstring_format_spec_replacement_field:

| '"{' annotated_rhs '='? [fstring_conversion] [tstring_full format_spec] '}'

tstring_format_spec:
| TSTRING_MIDDLE

| tstring_format_spec_replacement_field

tstring_full format_spec:
| '":' tstring_format_spec*
tstring_replacement_field:

| '"{' annotated_rhs '='? [fstring conversion] [tstring_full format_spec] '}'

tstring_middle:
| tstring_replacement_field
| TSTRING_MIDDLE

tstring:

| TSTRING_START tstring middle* TSTRING_END

string: STRING

strings:
| (fstring|string) +
| tstring+

list:

| '['" [star_named_expressions]

tuple:
| '('" [star_named_expression

set: '{' star_named_expressions '}'

| '{'" [double_starred_kvpairs]

[star_named_expressions] IR

double_starred_kvpairs: ','.double_starred_kvpair+ [',']

double_starred_kvpair:
| "**' bitwise_or
| kvpair

kvpair: expression ':' expression

# Comprehensions & Generators
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for_1if clauses:
| for_if clause+

for_if clause:

| 'async' 'for' star_targets 'in' ~ disjunction ('if' disjunction )*
'for' star_targets 'in' ~ disjunction ('if' disjunction )*
listcomp:

| '"[' named_expression for_if clauses ']'

setcomp:
| '{' named_expression for_if clauses '}'

genexp:
| "('" ( assignment_expression | expression !':=') for_if clauses ')'

dictcomp:
| '"{'" kvpair for_if clauses '}'

# FUNCTION CALL ARGUMENTS

# ===============c-c-ooo o
arguments:
| args [','] &")'
args:
| ','.(starred_expression | ( assignment_expression | expression !':
—['," kwargs ]
| kwargs
kwargs:
| ','".kwarg_or_starred+ ',' ','.kwarg_or_double_starred+

| '",'.kwarg_or_starred+
| ', '".kwarg_or_double_starred+

starred_expression:
| '*' expression

kwarg_or_starred:
| NAME '=' expression

| starred_expression
kwarg_or_double_starred:
| NAME '=' expression

| "**' expression

# ASSIGNMENT TARGETS

# NOTE: star_targets may contain *bitwise_or, targets may not.

star_targets:

(TH5 sl el Aol A)
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| star_target !

(o1 sl o] A ol A A1)

1
’

| 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 '.'
| t_primary '['
| star_atom

star_atom:

NAME !t_lookahead
slices ']' 't_lookahead

'(' [star_targets_tuple_seq] '")'

|
| "(' target_with_star_atom ')'
\
\

'['" [star_targets_list_seq] ']'

single_target:

| single_subscript_attribute_target

| NAME

| "(' single_target ')'

single_subscript_attribute_target:

| t_primary '.'
| t_primary '['

t_primary:
| t_primary '.'

t_primary '['

t_primary ' ('

NAME !t_lookahead
slices ']' 't_lookahead

NAME &t_lookahead
slices ']' &t_lookahead

[arguments] ')' &t_lookahead

\
| t_primary genexp &t_lookahead
|
\

atom &t_lookahead

t_lookahead: " (' | '

[l ‘ LI

# Targets for del statements

del_targets: ','.del_target+ [',']

del_target:
| t_primary '.'
| t_primary '['
| del_t_atom

del_t_atom:
| NAME
| '(' del_target

NAME !'t_lookahead

slices ']' !t_lookahead

l)l

[ "('" [del_targets] ')'

(TH5 sl el Aol A)
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(o] A | o] A oA A A %)
| "['" [del_targets] ']'

# TYPING ELEMENTS

# type_expressions allow */** but ignore them

type_expressions:

','.expression+ ',' '*' expression ',' '**' expression
', '.expression+ ',' '*' expression
', '.expressiont ',' '"**' expression

\
\
\
| '*' expression ',' '**' expression
| '*' expression

| '"**' expression

\

', ' .expression+

func_type_comment:
| NEWLINE TYPE_COMMENT & (NEWLINE INDENT) # Must be followed by indented block
| TYPE_COMMENT
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>>>
E ool 2E2E. JHzHA A P oz APE 5 e FE AolA A5

o The three dots form of the Ellipsis object.

abstract base class (34} ¥ o] A Z&j) *)

FA d o]~ EEH/\“ hasattr () & 2 HadEo] EHsA L v B3HA &3 (A& =91,

o 2 WAl =) -9, AE O]ié Aol ot U Zﬂ*ﬂoi’/ﬂ g Btol]d & H et ABC+

7hA B ZHAS 2=, 2 7:]]—6‘]—?(] RO HME isinstance() 2} issubclass ()

o &1} A8 5 Q= FANAE AL Th ave E LWAF HALL. shol ol B2 Y ABC F ]

w2t =0 vt & A Eo] G5 UTth AR & (collections.abec EEA]), A (numbers
BEIA), 2EH (ioc EEIANA]), IXE A £ (importlib.abc EEOA]). abc EES

AFg3) A ApAlEES] ABCE WHE 5 Q5 U T

annotate function
A function that can be called to retrieve the annotations of an object. This function is accessible as the
__annotate__ attribute of functions, classes, and modules. Annotate functions are a subset of evaluate
functions.

annotation (o] €] o] A)
5ol met 9 GE 2 AASHE U, 2 s ojE e E
ol EYd Yt
Annotations of local variables cannot be accessed at runtime, but annotations of global variables, class at-

tributes, and functions can be retrieved by calling annotationlib.get_annotations () on modules,
classes, and functions, respectively.

rlr
i

Sl U ke e A4 e

See variable annotation, function annotation, PEP 484, PEP 526, and PEP 649, which describe this func-
tionality. Also see annotations-howto for best practices on working with annotations.

argument (212}
FTEITST Y T (EE M) 2 AGH = 3 7T 7Y dA7 s th
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719 & A3t (keyword argument): I T2 wf APE A7} ol F2 QAA} (] E 01, name=) =
**%%01 2 gMqyel g Ags = oAz
5+ BEF 719 E A Y Th

complex (real=3, imag=5)

complex (**{'real': 3, 'imag': 5})

-%ﬂﬂﬂ@mme@mmyﬂ%zgﬂﬂ@gﬂn,gqgnggqnggg4
Ue A ofH e L 9 ol » £ 2 A2 5 5 Ut A€ 5o, e 22 T2 3
Fs = 25 A AR U

complex (3, 5)
complex (* (3, 5))

QA g4 ukTl o) o] B B A We] B P U o] el 485 & 7S] AL 52
HAS. EYACR, oW RAA | AR ASE 4 YFUTh TR ghol A Wi

2079 uj w4 323 FAQ A5 912}} v 7] W 4= 2] x}o] 9} PEP 3625 H A S

asynchronous context manager (¥]-5-7] ZAY 2~ € #Az]z})
_aenter () S aexit_ () MAES B FORM async wich Bo|A Koli 8L A ojs
= A PEP 4922 =5 Q5 UTh

asynchronous generator (B8] 7] Al 0] E])
H57] Al ol g olg el ole & E8F+ . async =
=, async for FEZIFAET = = Y FEE UE+ yield TFHA
ek
BE ulE7] Avdele &5 7 7] A% oW WA= vlE 7] AlydolE ole e olE &
2 AUt o £ ok o ul 7 WESA e Ak, BN BoIE AN BETLS QAT
vl =7l Aoy St awvait EAAY, asyne for 3}, asyne with S 3
asynchronous generator iterator (H]5-7] A& o] €] o] €] #| o] €])
An object created by an asynchronous generator function.
Hl5 7] olH e o8 QH]l __anext () & ZESH A olHE AAE S F L, o] AL T yvield

84 744 w15 7] A alol 8 ge vt g Ag gy

]
-
X0,
ofy
<
kv

Ztyielde QANH L2 A2l & T, (A AFsd 7] Sduy-vs= TAse) AF AH S
719y th vlE 7] Al o 8 olH el o8] 7} __anext_ () 7} EEFE E 3] ojdolHER

AAEE, g oz B3}l PEP 4929} PEP 5255 H A S

asynchronous iterable (V] % 7] o]€]2] &)
async for wOA AHEE = & AA|. __aiter () MIANEEHE7] oHHoH & E8F oF
ST PEP 492 2 = Y& 5 4Yth

asynchronous iterator (8] % 7] o] €] & o] ¥])

_aiter () & _anext_ () MIAEE FHIE= AA|. __anext_ () € ofdlolHE AAE =
B F oF gttt async fors StopAsynclteration 9|27} WA S o 71X v]% 7] o] ¥ ¥ o] 9
__anext__ () I EZF S F= ol9llolE ——#qqpmw%;cgﬂﬁ Ytk

attached thread state
A thread state that is active for the current OS thread.

When a thread state is attached, the OS thread has access to the full Python C API and can safely invoke the
bytecode interpreter.

Unless a function explicitly notes otherwise, attempting to call the C API without an attached thread state will
result in a fatal error or undefined behavior. A thread state can be attached and detached explicitly by the
user through the C API, or implicitly by the runtime, including during blocking C calls and by the bytecode
interpreter in between calls.

On most builds of Python, having an attached thread state implies that the caller holds the GIL for the current
interpreter, so only one OS thread can have an attached thread state at a given moment. In free-threaded builds
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of Python, threads can concurrently hold an attached thread state, allowing for true parallelism of the bytecode
interpreter.

attribute (o] E 2] H
o ALH AR AB e o0 BT AN AHD gk oA Bol, A3 07h o] EHE

£ 79, 0.a X ™ FxE U

It is possible to give an object an attribute whose name is not an identifier as defined by Names (identifiers and
keywords), 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] $Jo| €] &)
avait BAAO] A S e AR, FEE ol avait () WAES R AA7LE £ A5
t}. PEP 492Z E A 8.

BDFL
28] 2 -8 Al = 2] A} (Benevolent Dictator For Life), = Guido van Rossum, 3} o] 2 2] ZFA] =},

binary file (¥} o] 1?‘4 ut¢d)
Vol EQR AAEE 9T & 5 At 9 AAL wpolve) 5de] Az ol BE (s,
"wb' EEE— 'rp+') 2 3 9+ Y, sys.stdin.buffer, sys.stdout .buffer, io.BytesIO £} gzip.
GzipFile 4 OIAEHAE

o

str A2 & 3 & 5 3

borrowed reference (*J & %)
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 (B} o] & Q5 7 A))

bufferobjects & X Q32 C-A1< HIHE 22 E S JH5 UL o8 F %memoryv1ew AAEL
EE0°]3l bytes, bytearray, array.array A& TEF YT vl EG R/ A 52 vieoly
dolE & thF& o8 713 A4kl AHE 5 s UTh &5, vhol v 2] «L‘r‘”‘i A%, 2L 53

A% 2e A5 d5vth

ol Q45 -e vhol e HolEl 7k AR A Bk sk old Ago] AWML £5 <) T-
&ﬂﬂhm_%%zjwﬂﬁliﬁﬂwﬁ+7PﬂﬂﬂZMMﬂﬂELbWaumyﬂbWaumyJ
nemoryview 7 YU Th ThE Q4SS ulo el Hlolg 7} B A (<97 A& vol = AR
A7) ol ARHE=Z 2 FHUT ol & A5 o 2 bytes S bytes AA 2] memoryview 7 A%
Uk,

bytecode (H} o] E T &)
ol AA FEEulolE F=Z Auld= =d|, CPython Q1E] Z 2] E]of| A slo] W 2 73] Y
FHYUTh violE iEt .pyc IOl A Hof, T2 3 LS F AR Ay of of Wt A vE
Utk (&2 A HPOlE FER ANAIFL S AT 5 AFUh. Ol “FZHAol” = Zhuol E A E O
&3t 71 AE Aot 7 717 oA A Eta Dt h violE 3= /ﬂi T2 spo| A
7Hg 71 A A A5 AR 7|t A &, Ihol A v 3 ol HH H o] A = oFth= Aol 23l of
ok
Hlo]E 3= 7ol

callable (£2] &)
A callable is an object that can be called, possibly with a set of arguments (see argument), with the following
syntax:

o BE 2 dis BE dAol Uyt

iy

[callable(arqumentl, argument2, argumentN)

A function, and by extension a method, is a callable. An instance of a class that implements the _ call ()
method is also a callable.
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callback (Z4Y)

A2 AT = mgfe] oy A|AoA AdE A B FE gk,
class (Z#2)

A&7 Ao AR S L W7

s WAE A S 2T
class variable (Z 2] A H4)

SezolA BYH L 2 FF (5, SH2Y A2 20X 7L ok ) o ARk A = B
closure variable (2 7] ¥4)

A free variable referenced from a nested scope that is defined in an outer scope rather than being resolved at

runtime from the globals or builtin namespaces. May be explicitly defined with the nonlocal keyword to
allow write access, or implicitly defined if the variable is only being read.

For example, in the inner function in the following code, both x and print are free variables, but only x is
a closure variable:

def outer():
x =0
def inner():
nonlocal x
x += 1
print (x)
return inner

Due to the codeobject . co_freevars attribute (which, despite its name, only includes the names of closure
variables rather than listing all referenced free variables), the more general free variable term is sometimes used
even when the intended meaning is to refer specifically to closure variables.

complex number (&4 4)
5a A4 AAde) AP, BE £A7F A5 SR gor BANUL A4
Agol 4 D9 (19 ABDE BB AL, BF £ NE 1 2, FoOIAE 3 2 B2 F
o] M2 T R E 2 BAS ddUh R +=3 d V\PEEO:]/H #7194
& £, 3+15. math —1—‘5‘-/] Ao 3tH, cmath & AFEEUTH HAago 82
S 525 5k DR TD 74 £ATHY, 7o) BHel FAHE Stk

context (A AE)
This term has different meanings depending on where and how it is used. Some common meanings:

FN
2 i

» The temporary state or environment established by a context manager via a with statement.

o The collection of keyvalue bindings associated with a particular contextvars.Context object and
accessed via ContextVar objects. Also see context variable.

e A contextvars.Context object. Also see current context.

context management protocol (A8l A E ) T2 EF)
The __enter_ () and __exit__ () methods called by the with statement. See PEP 343.

context manager (¥~ E #2] 2D
A AE Aol 2233 FPoAL with EolA Kol #4 & Aol st AAl. PEP 3435 x5}
A]A]o
" a

context variable GAEl A E H4)
A variable whose value depends on which context is the current context. Values are accessed via
contextvars.ContextVar objects. Context variables are primarily used to isolate state between concur-
rent asynchronous tasks.

contiguous (J <%
H ¥ = A &3] C-A S5 (C-contiguous) ©) AV EE 2 A2 (Fortran contiguous) L W] A< o)kl o AF
ek AR Cadole £ER AT, ARAAN, FRELE 2ol AR5
00| A Al ZHal= 25 A< ¢ E“’\J A2 w| B ] o) v X] =] of of F Tt} TR C-A <5 v F ol A,
EE el SN2 FREE HETA VA AL e A S
SwolAE, 2 A A8 A7) A e g o,
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coroutine (5 €l)
IAFH2ABEEHY ¢ st Fef Utk ABFEH-L S A Fol A I Y3l of2 A H el A
gEduch IFHLS 0434 o2 A Ho A R Y3t %5}1, AR AsUTH o] AE2 asyne
der B0 72 FHT 4 9l Tt PEP 4925 H A 8.

coroutine function (Z €l %)

FFE AA S SHFE T4 sync def =22 AOJH 4 91, await & async

o] AEL PEP 492 9] ol&f) =4 A5t

juy

N
B
[t
et
el
et
4y
30
zfy
or
_Q, 4

forE]— async wit

CPython
gold 2o Ao FHAA tll, python.orgoll A Wi s Ut o] Fd & Jython o] 1t
TronPython 3} 22 TFE A5 738 B 27} 92w §of “CPython” o AHE- I th.

current context (3 ] AE A E)
The context (contextvars.Context object) that is currently used by ContextVar objects to access (get
or set) the values of context variables. Each thread has its own current context. Frameworks for executing
asynchronous tasks (see asyncio) associate each task with a context which becomes the current context
whenever the task starts or resumes execution.

-+
rr
rO

cyclic isolate
A subgroup of one or more objects that reference each other in a reference cycle, but are not referenced by
objects outside the group. The goal of the cyclic garbage collector is to identify these groups and break the
reference cycles so that the memory can be reclaimed.

decorator (¢ Z &) o] €])
245 EHFTE G5, X5 eurapper EHS A5 S HE o7 AL Ut dZ
olE] 2] &3l o= classmethod () ¥} staticmethod () ¥Y

s ol e B BA A BHY BYUTh TS F F5 A e v oz TSPk

def f (arqg):
f = staticmethod (f)

@staticmethod
def f (arqg):

22 Mgol Fead = SRR T B Ak 2 J YT ol Z# o] ol o gt o] ApA S &2 T
o et el Aol o dHAE EE Yt
descriptor (t] A= 3 E])

HANE _ get. () o]y __set_ () o]y} __ delete ()& Bost= AA. SR AJEYFETL
Hazaded ), oEgRHE 23] &= 583 A2 28-S doyth BF,abs AL, 274,
AR St AHE S, 0] FEA 9 Y oA b B}ﬂ ol 9% 7“Zﬂe§<"§14\’/}. SHA T b7}
HoAHHH, sl Fshs HA2aHE A= TS YTk QAaaaqe o] & 3= 2L s}o] A
=1y OloHA A4, =, A E, Z2HE, S UAE, 28 Y HAE, 73 FEH A xR
Y B2 75Y NzE olF 1 Y7 HEYYTh

O3 e HASE g3t AM S Uee [ aa e T as g A E e GulAd
e

dictionary (<) 41 2])
elolo] 71 & Zhofl 2 A1 7]+ A& v (associative array). 71+ __hash__ () &} _eq__ () HIAEE

e RE A7 E 4+ d&UTh ol A S Ak £y ek
dictionary comprehension (5] A ] g] Az 2|3l A)

ol HE e 24 AAY %l—‘?—g A 2] sk a—Jr% g2 9x Y et 49 Y
results = {n: n ** 2 for n in range (10)}2 Zkn ** 20] P H 7| n& X &3}= g A g
SAAIUH elaE, Ao A ele] taE e o] (display) = F28H AL

dictionary view (9 A 2] H)
dict.keys(),dict.values(),dict.items ( u-]]/ﬂtﬂ-iﬁ = 7—]17_4]%‘— gl/‘:]l’i‘j/] %‘ﬂ‘j’— “?‘%
Ut o] AL gAY FESo| tha 524 HE AFste=t], 9 de 7t w4 o, B ol d
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HEVIALE ST D HE BUD ALES HRAR Lisc (@icevien E A4S
=t} dict-viewsE H A &
docstring (52 E )

Ze, T, BEOA A A @808 Ve BAE B HE. 29 EZF A
A9k, Aspd ol g3 AAH | S F o] E
JNEZAAMS Tl AT+ Jdon2, AX Y AHAE ST FHAA F2 Y

duck-typing (2] €}o]3)
=HFE QEF o] A E VMR EA At AAY B BA e 22 W 289 A, O<b

AGAREEUTH (LBl A 3 ol A | #HAMThH, 12

lof B H o] AE A2FOEZN, & AAH ZEE TP A XS 5

doen FANS NI ds5UTh § BFo]l B2 type () O]t isinstance () & AR AAME

3k (SHAI %Y © BRo]sgo] =4k wo] A~ Zej~ 2 Bebd 4 ol s oF U th) thAled,

hasattr () AAFY EAFP Z 2 718

¢

dunder
An informal short-hand for “double underscore”, used when talking about a special method. For example,
__init__ is often pronounced “dunder init”.

EAFP
3 &R = 8 A& 1317] 7 | ©} (Easier to ask for forgiveness than permission). ¢] &3] & 4= ¢l
o141 7Y AT, SHLE A o Eel =] A2 Aok, 1 Aol BelW o2 &
0| ZEAD WE ATHALE BE o9} cxcepe £ EAR SHA QYT o] HY L CF e

THE W2 Adojof| A 2k A= &= LBYL 2R 3} o B g U th

evaluate function
A function that can be called to evaluate a lazily evaluated attribute of an object, such as the value of type
aliases created with the t ype statement.

expression (X3 4])
ofdl oz 7ol d 4 Qe £ A 27 o)
= =
L

extension module (&
CUCr+ 2 249 ZE A, 3ho] M) C APIE A3l A 4l o] f A2t T =9t 4% A8 oh.

f-string (f-& 2} ¥)

f-strings
String literals prefixed with £ or F are commonly called “f-strings” which is short for formatted string literals.
See also PEP 498.

file object (3} A A)
SHE 2L ol sl 3} A &FA APl(read () Ywrite() 2 HAZE)E =8+ 244, s
el mhet, 3t ARl = AA a2z ”-4 st oy thE A FA U A ZA] (A E 5o, &
Y2, Qv mel Wl £, solx, 55) o e DA ST EAE 5 AUt 52 AAE 5
5 WA (file-like objects) } 2~E & (streams) ]2}t % B H T}

AA 2= Al 772 31 AR Eo] A5t & aw) violH 2] 51, ¥ 3 = (buffered) Ho] v 2] 714,
HAE 3, o] 59 O]Eiﬁﬂ o2 io BEONA BFUrh 3td A E W= FH AL B
open() FTE 2+ AYYrh

file-like object (3} 5+ 2 A])
b AA o Bl

9

filesystem encoding and error handler (3} 2] A~ ¥ Q17 9 3} ol &) 3] 8] 7))
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_encoding and filesystem_errors members of PyConfig.

ZALIY T HA L.

=
T 259 gy rt 5 Uttt sys.meta_path &F A AR S= v e A2 9oy £} sys.
path_hooks 3} A A}_3l= A2 A E g g}l

o ZA|SF W82 3}l (finder) 2} & Y (loader) 2} importlibS FZ A L.

floor division (A4 VA
N AR % ¢imaﬂ% S84 WAl A5 Ul A8RE /o o8 So], B3
/) 49 ZHe 27 E A Al 5—:4%2 758 EHEYh (-11) // 47b-2.752 U Y
ol §9 OH of gt t}. PEP 238 HAlL
free threading (Z}-§- 2 # Q)
A threading model where multiple threads can run Python bytecode simultaneously within the same interpreter.

This is in contrast to the global interpreter lock which allows only one thread to execute Python bytecode at a
time. See PEP 703.

o rEL

211
-39]

3

free variable (A}-5- ¥H3$~)
Formally, as defined in the language execution model, a free variable is any variable used in a namespace which
isnot a local variable in that namespace. See closure variable for an example. Pragmatically, due to the name of
the codeobject.co_freevars attribute, the term is also sometimes used as a synonym for closure variable.

function (g+4°)

FEA A oW e B FE Ao BAS. gAY o4 A4 7 A 4 Qled, vhy 9
Aol AgF 5 Uk v NS A= g o] AME BA L.

function annotation (3~ o] - €| o] H)
Sha o A U 9ESE 3] of | o] A
Fpoedode duAes d a2 A 98 Bol, o B AL o AN
Mol S Ao AthH 31, FAo] int WHE e Z Aoz AP YTt
def sum_two_numbers(a: int, b: int) -> int:

return a + b

G4 ool BHS 94 Ae] A4 APk
o] 715 AW st ¥ ol i H o] HPEP 4845 T2 A 2. =3 o] i H| o] Mol th gk =) Abel=
annotations-howto = =23} 8.

__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] X] 4= #)

o AR A gt e et AR vtol AL Bk A4 2 AT Ax 2B FAFL BL
5 9 ¢ @ A £ A7 B b A £ AR 2BEUE AHA 2 A7) ge RES AHEHA
Aol 4 9%k

generator (4] 12| o] &)

Audele o]elelolH & BeFE B AV FEAY Holtw, A GBS VEL yield
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A2 EgeHs Fol U o] FELS for-FEE AHE 3 U next () T4 3 o] 14

A o) 8] G458 7hel 717 v, of @ # o] #ole o] eje ol 8 & shel dith o %
S o v B S A9k, AT Bl B AN 25 AAUT

generator iterator (#]1]#] o] €] o] H & o] €)
A g ol Bl 4 7F vrE = A .

Zyiciae ANA 0w A28 FRAT, (A A4S 07 A uy-E5L Tohals) A3 e S
ATt A ol ol el el 0|8 7} ANS B, W 3 0.2 BAG O (52 nhe A A 2ot
gt4of el g Y Th.

generator expression (AU o] e] 3 4])
ﬂﬂﬂ]ﬁi% Led“«$£@$ﬂﬁ% ghir Aol ¥ o
5t T AL

= St= 4
= O]—L_ = o }-
R FFE AT HES e WY Th

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function (A ] 2 <)
e A AR O Il el 7+ o e P . T2 w o T A EA =
Yo x] Gare]Eol s 274
=R =Rt by *Q“Oidffa%-‘ﬂl

generic type (A 4] g
) 74 ‘ﬂ-r@rd’\ A @G A LR list Urdict 2 22 AH o] S22, & IEQ} o] | o]

ol AU T,
For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the typing module.

GIL
Aol AEmeE = g WAL

global interpreter lock (A el =g]Eg] €)
sk o) @& hife] A =7t upo) vlolE I E AT S W3] 93l CPython ¥ Z g
E7} A8 31 W AU S, (aict 2} 28 F2 8 YAWES EReE) A7) o] SAAS2 B
o | 2] c 3] 971515 % vHE o] A CPython 78 T}/l HE U Tk QI ZelE A1 2 1
AL Az HE gdF g =3sr] 44 dEE g4, o ii/\ﬂ/ﬂ P A 7} A 2ot WA A o
Be REe s AT,
AL ol GY TS DT AL EoI Y 28 A

A

Aok Q)
AA= QU Th 3, V0S & vl 34 GILE whgh o,

As of Python 3.13, the GIL can be disabled using the ——disable-gil build configuration. After building
Python with this option, code must be run with -X gil=0 or after setting the PYTHON_GIL=0 environment
variable. This feature enables improved performance for multi-threaded applications and makes it easier to
use multi-core CPUs efficiently. For more details, see PEP 703.

functools.singledispatch () HZ & o] B2} PEP 443% X A Q.

==/
ok

A O A5
T HES

In prior versions of Python’ s C API, a function might declare that it requires the GIL to be held in order to
use it. This refers to having an attached thread state.

hash-based pyc (3] 2] 7] 4} pyc)
$R4E Bas) Ao ol 22 e AF $8 A7) o HAE AHEeE v = BE A
9. A E nlo)lE = LE5e F2FA L.

hashable (3] A] 7}%)
A7 A4 7 ghol WA S SA e 2 ( hash () WAL LI, OHE AAl9)
M2g 4 9ew (eq o MAEI DI, A s stha g th 2oha vl 2 £ 6 A
7h5 3 A 52 5 A kL Zobof T,

AN s ANE AU A AT WHE AT 5 QA S, o] AR TEE]
W50 A ghe A5 mE ok,
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HREE stol A B W AAE2 ;A b FUth (Bl2EU gAY E 2-2) 7HE AH oY &
la‘zl rEUTH (FE° lUrfrozenset 22)EW A l oJUES 159 8 A4E°] A /M T wivt
A A gk Aea 4o Zel2el d28s AREL ARALw HA 45T (7]
A= A9l otal ) BT thEohal v E 3, S A g2 1d () B FE o FJ YT

IDLE
ol W& § st 55 ML d st 27 (Integrated Development and Learning Environment). idle-2 3}-9]
Mol FF vz do ke = 712 4‘?_]4478719} AElZ 2] g 24 YUt

immortal (£%F)
Immortal objects are a CPython implementation detail introduced in PEP 683.

If an object is immortal, its reference count is never modified, and therefore it is never deallocated while the
interpreter is running. For example, True and None are immortal in CPython.

Immortal objects can be identified via sys._is_immortal (), or via PyUnstable IsImmortal () in the
C APIL

immutable (£4)

8% 9E-S 3y

import path ()L & # 2)
AR 7 IRIE] 7 X2 E & RES 2] 8 A FasE (B 42 dED) Y BE. Jdx2
E 3= B¢ ol FAEY B= =

=4
22 H% sys.path 25 E iqu} AT A B S 7] 2] 9] A K
7129 _path  o]EFRERZRH & FE YFUTH
importing (¢ % ¥))
g EE) vpol W FEVF O g wold T EM AME 5 =5 k= A Ak
importer (Y ZE)
BES % 1 25 )% = AA; S A of Tl o)z} =] AA )

interactive (t} 3}3))
o] A & Eﬁﬁ}% Q1 E 2z 2] E

A, 5% 4dE e
7

K
o

L o
Tl

i g 2
< it i 4

RO R
=

interpreted (QJE] Z 2] €| &)
Hpo] = T E At e o] A wlEel 1 o] SR
E‘r‘)]Ei 2B AdojdUrh o] A2 A Aoz A8 55 =}
FATE AUt 2 22 O] £ ¥ A Hs] AP 1%’3 A19h e Z 2 H Ao
Aojdoh g /e A 715 25Ut tisl e = .

interpreter shutdown (21 €] = 2] €

o
o

TR GE 8HES WS, o] Az = S A 7)o A Y=, ZEolL o8 71X
ZOG YR FI2EA L2 BE IGHE AP ES dAF o2 ubdsh k. 3 7 A =47 &
o] H SEFYth AFSAF A9 3k At weakref S0 = T ES9 AP A1 ZA L 5 5
Uth 28 A7) S APEHE I =t o EL whd 4 Qled), 2A 0] g2t AL E o)
o 7153 &S = A7l WEdUth (T o= 2ol B e REOIU A FAEJYTLH

iterable (o] €] &] %)

HHES W SR S8 & ¢ Y= AA. oHHEY 9 2= EE (1list, str, tuple Z2)
ARAZ WS, aict 2L RF 0 AL FE, 3 AAS, icer () AAS AGE FASE
__getitem () Uﬂ/ﬂ E‘}}ﬂk] Xég’] 1’9_% %EH_/_\./] 71”‘“% ] 01)\]4‘:]'

OJHHEL ror FZA AMLE £ A A FAE L2 3= 2 B2 X (zip(), map (), ) ©l
AH& %‘4‘—;,1’\145} ole el & AA 7t W 4 iter () o AALE % %Q‘?i,lﬂ‘?ﬂ]«] ]Hﬂ]"]ﬂe
=8 FUth o O]E%Eﬂolﬂt FES ATgS A AXE S FaTULh o HHE /\F‘Z’“ﬂ‘tﬂ,
HEEL iter() B 5EAAY, o H Aol ANE A4 e Do GaUTh ror 2O o A
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AHEL YASIA AAF o7 s, F2E £
9HE U T olEl g o] B, Al A, AU gl o] & BA L.

iterator (]| o] €])

tlolele] 2EY S sk AA. oJHHCIH S _next_ () MINESRIRAHOR T35 (Ex
W g nexe () 2 ALetd) 2EH Qe FEE2 AU Z EF U § o] 42 HlolH 7t
= = thAl stopIteration 2] & DoY) o] Ao A, ol B2l o] Y AA = 23 1, o] 5
O] BE __next_ () WINE &2 stoplteration & thA] do7]7|vk Ut} olH e ol B &
olgldlol A A& EElFE __iter () MIAES 7FA Zo] 275 7] wj&ol, ol Ed ol H =
olglE 8ol 7| & stal T olH B ES WotEole 2 3ol A AH8E &+ A5 Utk 528
e o7 W olg# ol d S AEde ZEY YT (List 22) AH oY AA & iter ) T2
ALt AY ror F2o| AHSE wjuiet A o] B & o] B £ WE Ut o] 212 ol &l o] H o T3 A
Fyste]al shd, A o] Bl g o] ol AHEE o1 £ o] B El o] E S A, ¥l AH YA
HolA w5 th

typeiter o] T Z}A| 3k U] & 0] 95U th

CPython 5-& A} A]: CPython does not consistently apply the requirement that an iterator define
__iter_ (). And also please note that the free-threading CPython does not guarantee the thread-safety
of iterator operations.

SAoJHEH O HE Folw olF Rl W E

key function (7] g)
7] &4 == Z ¥ o] A (collation) F<=+= A E (sorting) ©] 1} ¥l & (ordering) o] AFE-5 &= & =85
ZHEYYrLh o & 0], locale.strxfrm() L ZAYL EZA A E= AH 7§ =
A8
Spol e B w7k a4Fo] o LA €A Aol A FoleAE Aol Ash 7| BHE
Wwol=QlYrth old A&+ min(), max (), sorted(), list.sort (), heapg.merge (), heapq.
nsmallest (), heapg.nlargest (), itertools.groupby () 0] 2)\%14 D]—

7] s wEE vl ofd W] dFUth A& S0, str.lower ) WA EE Aol & §
O

= rr

ke

[e3]
AYE Ao A G2 ASE 5 AGUDE HAAOE, 7] BHE o RHA O UE 5
Q= o]d AYUYT}: lambda r: (r[0], r[2]). BESH operator.attrgetter (), operator.
itemgetter (), operator.methodcaller () 7} Al 7§19 7] & A XA YL 7] &+& U=
AHg-5F= ol t 3k ol & Sorting HOW TO S X A 2.

Rl

keyword argument (7] 9] & 21 z})
A& HA S

lambda (&t}
529 ) ol FelAE kel BA4 02 FAH o & QE Ak ¥ B A4 E VEE
—Ev—‘ﬂ% lambda [parameters]: expression ?:]14\3]-

LBYL

= 7] Aol H 2} (Look before you leap). ©] TG AEFLL T o)L} 23] & 317] Aol YA|H o & ALHA
AL AAEYT o] 2B G2 EAFP FH A UM H A, B i FY EAE SHA A YT
05 29 = 240 A, LBYL H2H-2 “B 717 “H 7|7 2kl A 20 WA 2 Al A5
o} o] & S0, FE if key in mapping: return mappinglkey] = AA} Z o, 3}X qF 23] Ao
o}
ht

o N
e
il

22 = 7} key 2 mapping) A A A1 SHE A5 3k 4 Q%L Th o] €l o]4ri= S o] LFEAFP AW &
o=n 28 4+ A5k
lexical analyzer (¢]3] 241 7))

Formal name for the tokenizer; see token.

list (B] 2~ E)
W sho] W Al I o] B0 BFE L, P4 thEk AM27F00) o) 7] W&o, A
(linked list) B th= TF2 Ao o] v €3} F-AF Y o}

list comprehension (2] A E 7 = 2] 3l A)
Ad2re g4 AR E= YR E At 12 28 g2ER 5855 2 Y. result =
["{:#04x}"'.format X
£9 16715 (Ox.) S& E33HE FALe] HAEES BEUTH ir 42 AR 4+ A5 UTh A
W, range (256) o] Y= &

=

ofo
ofr

iih)
iuk
[>
[m

ko
>
N
_>li'4
AU
Al
A
Ay
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loader (2 ¢])
An object that loads a module. It must define the exec_module () and create_module () methods to
implement the Loader interface. A loader is typically returned by a finder. See also:

o 391 Y (finder) &} 2 Y (loader)
e importlib.abc.Loader

« PEP 302

locale encoding (27| 217.9)
On Unix, it is the encoding of the LC_CTYPE locale. It can be set with 1locale.setlocale (locale.
LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: "cp1252").
On Android and VxWorks, Python uses "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 (7)) 2] W] A &)
R LECE ERERR S

mapping (")} 33)
0l9]9] 7] 23] & A Yt collections.abc.Mapping ©] W collections.abc.MutableMapping
—%—/E} Hﬂ ol %ﬂ]i oﬂ RSl Uﬂ /ﬂ ZES FYskE ﬁEﬂ o] L‘1 7—‘,‘?4]. o] 2= dict, collections.

defaultdict, collections.OrderedDict, collections.Counter = —’F 2)\%1/] D]—

meta path finder (W€} 7 & 5}¢lt])
sys.meta path«l Aol B E vlolt. WE A& g uEs 4= e 919 H ¢ #eg o]
9171 347 5 thE I o,
He 2 37 L83 = wA =S A= importlib.abc.MetaPathFinder S HH 3F
e,

metaclass (H €} Z&]2)

Sz Sehs Fels ot Feh s ol F, 2ol s G, W0l & Fel A E0) £2L v
vE} 2 e A o] Al AAHE Wb FeAE B Aol e AT R E) AR Ay xz 19
Y doj 5o /)i T AL AFGUTE s AL BWH BEL AL AnY e FHAE BE S
9ohs AU Th BEE g Aol A o] 2771 A5 B AW, B w), wE S At
AL Sobe W S AF U o= HE 4429 27 (logging), 2 ¥ = A F7L,
AA Y FA, A2E FAT B ThE Aol ARSIk

method (W] A &)
S k] kol A Ao H & g, 2 5
A AR oA} (HE self &1 %%D} ZA2"EA AR E BHFULE T4 9 FH
AL

method resolution order (W A= A7 4= 4])
WA= 2 A 23] 6hs B e S AAsks wol s 2U A5 £ AU 23 Do AR
tol A Qe Z 2] o] AbE-H L] F9] A S W82 python_2.3_mroE HA| 2.

module (2&)
sholal =0 223}
ZSUth RE2 9=

717 = ®A 2.

s

l i
o

92 BYshe AA. BEL 99 shold AANES Gt o
=
=

ol ofal shol W ez 2R ok

module spec (2 & A3
RES ZEIEU AIEE = YXE AH JHE
ModuleSpec & A2EH A,

HEad T B

o

= & o] & F7F importlib.machinery.
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MRO
WA= 24 A4 5 BA L.
mutable (7}'H)
7hA AA= grol M = AA T id() = LASA FAFEYLE 2 = A L.

named tuple (V| Y& FZ)
“mamed wple(] 9 F-2)" o] 2= Bol & FEl A 4437 o] B2 =
olEl A B4 Q= QAo AN A T2 Y nE o} Za2o ALF U ol 28

e /5E 98 5 dsuth

time.localtime () & os.stat () 7} ¥F3

T} 2 o= sys.float_info Y Yt}

rit

S 25, o AP HYE FEYUHE &

>>> 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

R VJAE FE2WEZSY o) YUth T, tupledl Al 45510 o] F 82 BEE Aot
Rt ZH A YR VY E FES WHE T AU o3 :’ﬂ—t A3 AAsE A, typing
NamedTuple & A S AY HE 2] 34 collections.namedtuple () 2 E’l’% 4 95Ut $219
1o A4 HAAY A A FEAA L B8 £ G B AN 2o AR 2
.

namespace (¢]= 27
15 A 3 o1F 302 AR 2AR UL, 4300 539
A9, A9, W& ol5 &7l dsUth O]% %'—71}% olF F
= uiltins.open 3} os.open ( IE9 ol &
TS °]E & ojd ol g FHF}=AE Htﬂﬁ}?ﬂ TS ol A
.ngzz 14E+ ]%%E%OJ, random.seed () =+ itertools. 1sllce()a}il
s

randomﬁr itertools &l o F&H o] H&s) Frh

namespace package (0] S 7 3} 7] A])
LA A B 37| A EJ Aol E R 7] 5ot 3 7] A, ol§ T2 7| A= 2 H QA AA 7 e

/\1: o] 77

FE 903, 53] _init_ .py ¥l QleB g Yot 3 7] 4] o= tE Ut

Namespace packages allow several individually installable packages to have a common parent package. Oth-
erwise, it is recommended to use a regular package.

[m
k
i
i° '
1
R
g %
%%
o

For more information, see PEP 420 and ©] & -7} 3] 7] A].

2E X HAS.

nested scope (Z 3 H A3 %)
SR AY oA BT E FXoe= 5H. & 59, o2 T WRA BYH T+ upg ol
JEWMESe F2T 4 JdsUth 21D 2Fz L 7BHog Lt F2w M5 2 gL HA
?%EEP% Ao Fojsfof Pt A d HFLE2 7 W H Y AF oA ¢l “qr/} R 7HA 2
AG HUFE2 A o] & FelA g i HUTh nonlocal & H}%’”\:’—“’ﬂ r2E A daﬂqﬂr
new-style class (-~ €} FejX2)

:113 = =
A D‘C‘E

&
[>
J)‘ﬁ

Aol A= Y= SR HAY oA A o] 5. 2719 Fhol A M A A=,
3’(—1‘ ‘T‘r’\E‘ro‘ SR siots. , YAIAYE, ZEHE, _ getattribute (), FEEHAZE,
2 E WA EL} 22 Fto]l M MFA e 7 ES AHEE S Ads YT
object (Z4A))
A (TEHEL ) S 2u 52 (WMAME) o] AoH ZE voE. &3, BE FAEHY

o] 2% 49l W o] 2 S 2] Uk

optimized scope (] A3 H A7 =)
A scope where target local variable names are reliably known to the compiler when the code is compiled,
allowing optimization of read and write access to these names. The local namespaces for functions, generators,

g~

(y
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coroutines, comprehensions, and generator expressions are optimized in this fashion. Note: most interpreter
optimizations are applied to all scopes, only those relying on a known set of local and nonlocal variable names
are restricted to optimized scopes.

package (5}7] )
ABRESOI, AAA 02 NE 7SS

patn olEElRE} 9 shol A RESILTH
At 712 &} o] & w7 H 7] A = BA L.

parameter (U] 7l ¥ 4)

B4 (L WAE) Bl B471 92 5 Sl 1A (L oW 3§ ARE) & AR o B
B2 dAEE. oA EF AN ok

o I A-7199 = (positional-or-keyword): ¢ 2| 212 U 7] 9] = 212 2 AL 4= = AAE A AT
Ut ol Aol 713 BeNe] ul A MG ek, o ol Bl Al foo S} bar
[def func (foo, bar=None): ... }

>~l

o Y X-A | (positional-only): ¢ X] Z 3t A| 3}
S B Y Wi BEof / FAE £t T F o AT 5
/\1 posonlyl 3} posonly2:

Utk 912 A 7
Q5 Uth ol & Sol u}uoﬂ

[def func (posonlyl, posonly2, /, positional_or_keyword): ... }

« ARG keyword-only): 7| HEZF AFD 5 IE AE A FUTh A9 =-2AF v
Mt B4 el 9w A S B S A ol Bhuke] ZbA-91 1 vl ALt - ) 2 £
AoJe 4= Gt A& 9, th2oll A kw_onlyl 2} kw_onky2:

[def func(arg, *, kw_onlyl, kw_only2): ... }

o 7VH-$1 X (var-positional): (T}2 W] 7| H S0 o] A o] u] WrolEod A 9 %] A A=<l d3l)
AZE 9 0 ES) Yolel NS A, ol b o5 ol el
* 5 ol 294 Y2 5 dsUh oA E 0] thZoll A args:

[def func (*args, **kwargs): ... ]

o 7FA-719 = (var-keyword): (TF2 v 7 4=Eof] & 3| A] o] ] RtolE o] 7 7|9 = QA& ¢ 3H)
xﬂlg -’F A= FYY M 71 E JAES AZFULE ol w7 = w7 ¥ o] 5ol
g ol 2o A HoyE = AdFUTH A& =0l A oAl A kwargs.
A= YA JAAES A 712 g8 oty A H o] AV A5 AAES ART 5 AUF
yrt.
A} g0l F] A5, AXe} w7 M52 zpolof] 12 = FAQ A E, inspect.Parameter Zej 2, T
A o] A, PEP 3625 B A £
path entry (3 2 Jd E2])
AR 7MY 79X E F RESS 7] A8 Fasts dxE A2 A s

path entry finder (7 2 JE 2] z}2lt])

B

sys.path_hooks ol Q& B E (5, =2 dE2] F) o] EHFE el dd|, Fol 4= A EZ]
2 RES FEPEe 2 gk
AR ?]_]E‘ﬂ lE o] FHsH= Uﬂ/ﬂ Es2 importlib.abc.PathEntryFinder Oﬂ [RE=ARE=

path entry hook (3 & N E 7] &)
sys.path_hooks B]AE| Q= ZH B, 54 4= dED oA BES =P &0 dotd
drdED 3elH & EHFUTh

path based finder (7 2 7]4} 5} 2l )
712 e A& Sl H 5 F sl 2 E A E oA RES 5

path-like object (73 25 7 A|)
HFd A2" F2E el = A4 A2F AAs 425 YW= str U bytes A o] A

*
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W} os.Pathlike ZEEZ S a5t AAAYTE os.PathLike ZTEEZ S X Q3= Zﬂiﬂ
os.fspath() &5 5 TEMA] str U bytes It A" A2 2 HSE 5 JFUTH J
fsdecode () & os.fsencode () & Z+Zt str Y bytes A4S B A5=t] A2 = A5 THL P
5192 =J9 syt

PEP
Spol 4 A4 A 2. PEPE sho] A AR U E o] A HE S A kol T 1 x4 wE
of st M Z-E 7152 ABste A A YUt PEP= AlFH 7] 5ol thek 2+ 2 7= A+
ZAE AlFsl oF FuTh

Eay
"

2~

T

PEPE 8 A= & 715 Alokata EAlol Blat AR E d8e 44500 shol o] S0l 2 A7
24E B WEY] A% 78 W AYS AT PEP 24 AR E Wol A Fel & 7332
uith o) A £ & Aol Y& th

portion ()
PEP 420 oj| A A 2] 3} A %
A3 p s ol AFE & A= 7}
positional argument ($] 2] <1 x})
A7 E HA L.

provisional API (23 API)
A API= 5 gtol B ele A S84 B o2 HE A58 Al " AUt QEF o]~
2 UL AL L B, AN A B, o] S Dok FAvicrd
7] BB o] §A5 A e WA Yol d 4+ ATk, 18 WAL s
= &2 AYUtt— APIE 2&3517] Aol = J st 22 A Ao

A
z)—;@ API oﬂ /\1 = ;q._,_ _q.ﬂ

EEPER DAY

gﬂ_l
o
ul(if
0[F of
o
£
N
N,
=2
o,
jnd)
=
XN,
ﬁi
o,
v
1o
a
J%
vl
Ach
é

THAo] GAHA b WHL HFY 2O 0% o AQYTE- BE
95 BA B thal 37 AL FATE AUS Foelt LE AL ART UG
o] AL BE ol nel et 0l A B AL AA L Fol WE A BT LAY 5 =R

] =2
WUt O AHA S W82 PEP 4112 2 |

provisional package (Zr73 3 7] 2])
A APIE HA Q.

Python 3000 (z}°] % 3000)
vhold 3x w2 2hele] W (HA 39 w27} W vlef o} o]op7] | Al ofl b= 013l o] F ol th) o] A
< “Py3k” 2 0] 27| % Ut}

Pythonic (= 0] A t}-L)

Aol Eol A AuHA 0l A HES G A TEE TASHE A, shol Al ddojol A g A5 A}
$5 o]t JEL kol Be = oholEloj Ll T 2ok o B S0, Shol HalA] A AL o] E] 12
for 2= AHEAA olHHESY BE 247 F35= AdUth & B2 dojde old T/
TFAEe fleng, sfojHo) o55hA] - AFRES Aol A 72 H E AFS S = Ut
for i in range(len(food)):

print (food[i])
B 2B, shol Atk YL o5tk
for piece in food:

print (piece)

qualified name (3 -3} ¥ o] &)

250 A AFzoA REgo] Jod S, I, A= o2 “BRPE HoAFE HoE
T2 °l5. PEP 3155 ol A gt 49 ok 229 Afoll, B3k ol 52 A4 A <

o2} 2Lk
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-

>>> class C:
class D:
def meth (self):
pass

>>> C._ _qualname_
IC’
>>> C.D.__gualname
'C.D'
>>> C.D.meth. qualname
'C.D.meth'
EEL 7Ig] 7= AR E v, &A35] AH3H o) = (fully qualified name) 2 5 27 AEES

== ol S y q - = 1‘ ==
ZIEA B Eﬂ%@giﬁﬂ%ﬂ%%ﬂ]ﬂw%ﬂ E09], email.mime.text:

>>> import email.mime.text
>>> email.mime.text._ name
'email.mime.text'

reference count (=2 314)

A o th3t F2 A% AR B2 A5/H002 Boj AW, W e) 7 whgg U Th % AR
2o]n) 22 U572 AT A ol AL A AN AH A QrTh B2 A5 2AL dwAo
% 5ol D=l e F5 A AR, CPrhon 78] 4 @ oSV e mwae el 5 A1)

23 4TE EHFE sys.getrefcount () TFE ST 4 J5 Yt

In CPython, reference counts are not considered to be stable or well-defined values; the number of references
to an object, and how that number is affected by Python code, may be different between versions.

regular package (3 3] 7] A])
_init__.py LS 2FetE HHAE D} 22 A5 A A 974
ol F I IA = HASL
REPL
An acronym for the “read-eval-print loop”, another name for the inferactive interpreter shell.

__slots__
S YR AR, AAHA A E ﬂvéé%ﬂf&% P%Ulﬂ“‘ﬂo}i‘ﬂ dagyqyeE
AABORA MRl € AU BAE FUT, Q7] 5171 o o] Bl vt N8
N ke e BelehA, m el 1A e 28 22 gl BE 4o dARAA g ST

398 Bgers Aol T4,

sequence (X] @ 2)

_geticen_() S5 UMAEE 53 A A A ME 24 AALE AU, AL
dolE T __len () WAES Aost= ofElEE. 2R WFAIAEES LP%‘_%HH , 1ist,
str, tuple, bytes 7]— °1A143]- dict ?l'igetltem () _,4— len_ () 2 ] sl ]—7(] i, Z‘_Q oﬂ
A oA 4o A 7hs 715 AR w2l Ald AT ot misd e 7 A g i A 39
3 oF g o).

The collections.abc.Sequence abstract base class defines a much richer interface that goes beyond just
__getitem__ ()and__len__ (),adding count (), index(),__contains__ (),and__reversed__ ().

Types that implement this expanded interface can be registered explicitly using register (). For more
documentation on sequence methods generally, see Common Sequence Operations.

set comprehension (3¢ 7 = 2] 3l A)
olHE Bl Yl 84 WAV IR E Hgsta 245 F& HA S vhshste= 2F
= {c for c in 'abracadabra' if c not in 'abc' !
Ytk 2l2E, A3 gAY el o] gaZd o] (display) & R Al L.
single dispatch (42 t] A 3] x])
T o] st AR Fof| 7|2 A A= = Al 9 ot X9 g FH.
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slice (&&}o]A)
HE AAA Y ARE TS AR, Setol At AN ASPE TP AHEHA
variable_name[1:3:5] A&, [] ¢HollA] of 2] 7HS] eabE 280 E FE|FUTh tiZ 3 (A
SYE) F/PL YR AOZ s1ice ARE AT
soft deprecated (2F3}A| H 2] &)
A soft deprecated API should not be used in new code, but it is safe for already existing code to use it. The
API remains documented and tested, but will not be enhanced further.

Soft deprecation, unlike normal deprecation, does not plan on removing the API and will not emit warnings.
See PEP 387: Soft Deprecation.

special method (5> WA &)

gpolo] ol ojl Atk Sl 22, AT FAHOR SEHE AL oA HAHEE F
Mo BER AAsL 2uE o2 AL AU ST AAEE SF A= ol5 S ol 42

SOl A Ut

standard library
The collection of packages, modules and extension modules distributed as a part of the official Python interpreter
package. The exact membership of the collection may vary based on platform, available system libraries, or
other criteria. Documentation can be found at library-index.

See also sys.stdlib_module_names for a list of all possible standard library module names.

statement (&%)
R AYE (IES “BE (block)”) B TAFE FEYUTL 2L £84 AL NHES
AbgshE o8 7HA F2E FY stUdU T 7H it while, for.

static type checker (3 & & A x}7])
An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also
type hints and the typing module.

stdlib
An abbreviation of standard library.

strong reference (73t 2 X)
In Python’ s C API, a strong reference is a reference to an object which is owned by the code holding the
reference. The strong reference is taken by calling Py_INCREF () when the reference is created and released
with Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the Py_DECREF ()
function must be called on the strong reference before exiting the scope of the strong reference, to avoid leaking
one reference.

W Hx = AL,
t-string
t-strings

String literals prefixed with t or T are commonly called “t-strings” which is short for template string literals.
text encoding (B] A E 217 1))

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 (2] A~ & 5} )

st ANE Q1L 5 9 7D 4. 55, GAE FAL AR 2L o2 AF o HAEDL

A 2ok Ak Q15 & AT A Gt HAE o] 2t HiE B

2 99 399, sys.stdin, sys.stdout, io.StringIo & A2EHAE E 4+ ¢

Hel ELF AA £ Al € 5 A o AA ol tisi M= vl 2] 9td = FzshA 2.

it
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thread state
The information used by the CPython runtime to run in an OS thread. For example, this includes the current

exception, if any, and the state of the bytecode interpreter.

Each thread state is bound to a single OS thread, but threads may have many thread states available. At most,
one of them may be atfached at once.

An attached thread state is required to call most of Python’ s C API, unless a function explicitly documents
otherwise. The bytecode interpreter only runs under an attached thread state.

Each thread state belongs to a single interpreter, but each interpreter may have many thread states, including
multiple for the same OS thread. Thread states from multiple interpreters may be bound to the same thread,
but only one can be atfached in that thread at any given moment.

See Thread State and the Global Interpreter Lock for more information.

token (E33)
A small unit of source code, generated by the lexical analyzer (also called the fokenizer). Names, numbers,
strings, operators, newlines and similar are represented by tokens.

The tokenize module exposes Python’ s lexical analyzer. The token module contains information on the
various types of tokens.

triple-quoted string (X% u}-& % = £214)

2 () U Feugx ) A M B8N Y. 2w & U2 SR EAE e
71%5& Al A= AT, A 7HA] o] Foll A LR7F AF UL o) aA o]z H A b2 Fule
EUEZuESRE FAYE o 2 F UEE 5, AF BAE 22 FuT o Eol 2H £
Jed, E2EHS L0 53 &2 Jd5UTh

type (&)

shol 2 AA|9] @& a7 0] o @ F 5] AH 1A S =
B class o=@ RER ANAT YA type (ob)) E AS 5 UF

type alias (g o] dg]o]x)
F= A A " Q) st Rt A= B9 59 0.

g ol Qeolat o AES deslshe ol -8FUTh o8 S

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplelint, int, int]]:
pass

£ the 3t 2ol o 971 47 HE 4 stk

Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

o] 7]%—% )étg }\_ typlng-q- PEP 4845 % 6]—%]]‘,‘3_‘

B, 2o ol me HE W g4 v S U gre] Ak g A RS o r o] 4L,
% A= AE Aol 1 shol Mol A ZAH A AW, A4 A 44| 8T £ IDE]
TE 94 QARG L Favn

=

Ad WeE ALy, dd W, Zds o

get_type_hints () § AR&-3to] AA AT 5 JF YT

o] 71%5< AW+ typing?} PEP 4845 x84 8.
universal newlines (&Y A £ Jd7)

o2 _,,],71—0 ASS E’_—‘,:— 2_4 ZoZ oAl HAE /\Ea%a]d'—s]._‘f};ﬂ}_;%

e \n', A= FHE \r\n', oA H 9 “H?JEA] & e F7HA QL ARG-of] BB Al = bytes.

splitlines () ¥ut o} g} PEP 278 &} PEP 3116 = P_Aﬂﬁ.
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variable annotation (13~ o] .- €j| o] A)

Me L 2o o2 el e of wro] 4
M4 e 2es ol Bl ol o] Ag B Y AH AFA Tk
class C:
field: 'annotation'
M olieo] e duden 3 dEr AgH Utk o § Bol, o] MeE ine @S 4L A0E
ehe ok
[count: int = 0 }
Hae o H o] d FH -2 AlA o] | o] EH U] Y& (Annotated assignment statements) | A /4 74 g t}.
o] 71%5& AW sl 3¢ o \oH| o] A, PEP 484 & PEP 5262 2 3HA| 2. 3k o] ;o H| o] A 2 9
o st &1 AL += annotations-howto & X 3HA| &

virtual environment (7} 3+7)
shol A1 822} §-8 Z2 1o, 2L A
FFS FA FodA, E}O] A w32 37
Yoz A2d A3 &7.

venv & HA 8.

U oo,

J of] X &=
< AR AU ol =ste AL 7Hs st st

>

virtual machine (7} 7] 4])
2zEgoluto s Ao d AFE. sho] A 4 7] A vho)
T2 Agshrc}.

|m
M
[
o
5=
1o
v
N
i
v
o
rlr
=
o,
(m

walrus operator

A light-hearted way to refer to the assignment expression operator : = because it looks a bit like a walrus if you
turn your head.

Zen of Python (}o] 4 Al)

sholdl TlAel fele} WetEe] B lu, Ao) 8 oS3 Ag st ol =gl FUTh o] HB L
B3P ZEZ o)A “inpore this” & YA HAUTh
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O] dHAOf 25}0q

ylo]# A g A= reStructured Text 4> 22 o] A] U}—oi A Aoz Yo ol WL 9F AT QT o A= =
ZeAEe 44 BeHE A9A 44719 Sphink & A& B2 o

AT A 9} o] 8 913 FA 9 ke shol Wl ApA| 9} v} A 2 A A 0 7 A E AR = Tk 7)o 8
3 Ak, Zo] v of] o 3F A B = reporting-bugs # 0] A & F 1A A . A2 AFF B A A= A AV
s g oH

e BRSO Be 2AE =Ry

o Fred L. Drake, Jr., Y&} gfo] W AP A = 3] 2 x}o] A} W& ZEl % 9] #]x};
« reStructuredText 2} Docutils 2 Y EE vt=

o Fredrik Lundh, Z2.2] tf ¢F 51} o] 8 2= (Alternative Python Reference) 3 2 A E of] A Sphinx 7} -2 o} o]
Holg Asizy .

= Docutils Z2 A E,

B.1 mo| MHA S| ZBXIE

Er A1gro] Thol il Qlo], hol #l B ehol Helel B sholul AW Ao 7o WU Th Fl el Ae] REAQ
B 22 glo]H A v EH2] Misc/ACKS & ZZ AL

sholalo] ol WA AWAE 2A B AL shold ARUE ATt 7ol W2 AU Th- AR
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appeENDIX G

oI b2} 20| Ml A

C.1 AZEQ0{Q A}

Python was created in the early 1990s by Guido van Rossum at Stichting Mathematisch Centrum (CWI, see https:
//www.cwi.nl) in the Netherlands as a successor of a language called ABC. Guido remains Python’ s principal author,
although it includes many contributions from others.

In 1995, Guido continued his work on Python at the Corporation for National Research Initiatives (CNRI, see https:
/lwww.cnri.reston.va.us) in Reston, Virginia where he released several versions of the software.

In May 2000, Guido and the Python core development team moved to BeOpen.com to form the BeOpen PythonLabs
team. In October of the same year, the PythonLabs team moved to Digital Creations, which became Zope Corpo-
ration. In 2001, the Python Software Foundation (PSF, see https://www.python.org/psf/) was formed, a non-profit
organization created specifically to own Python-related Intellectual Property. Zope Corporation was a sponsoring
member of the PSF.

All Python releases are Open Source (see https://opensource.org for the Open Source Definition). Historically, most,
but not all, Python releases have also been GPL-compatible; the table below summarizes the various releases.

HY = =t o= 2 o IS YN GPL-compatible? (1)
09.0~12 n/a 1991-1995 CWI yes
13~152 12 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 yes (2)
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.1+2.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.13 2.1.2 2002 PSF yes
2.2 o)A 2.1.1 2001-& 2]  PSF yes

0 Fx

(1) GPL-compatible doesn’ t mean that we’ re distributing Python under the GPL. All Python licenses, unlike
the GPL, let you distribute a modified version without making your changes open source. The GPL-
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compatible licenses make it possible to combine Python with other software that is released under the
GPL; the others don’ t.

(2) According to Richard Stallman, 1.6.1 is not GPL-compatible, because its license has a choice of law clause.
According to CNRI, however, Stallman’ s lawyer has told CNRI’ s lawyer that 1.6.1 is “not incompatible”
with the GPL.

Guido®] A= 3}of| o] Wi ZZ 7hsstAl e W2 o7 A B AAE o Al AAFEH U T

i

C.2 mlo|Mol| HMIASIHLE AF23E17| I8t 0|2 24

Python software and documentation are licensed under the Python Software Foundation License Version 2.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed under the PSF
License Version 2 and the Zero-Clause BSD license.

sho]mol S5 Q4 £z EFofol i T2 2ol M AT A 88 U Th ehol Al o % 2ho] o] o o}
= 2= 3 YA gU ol @ ehol A BeAE 2B

Ol FZ3IAA L.

RS

l

of ]
]

C.2.1 PYTHON SOFTWARE FOUNDATION LICENSE VERSION 2

[N

This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using this
software ("Python") 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 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001 Python Software Foundation; All Rights
Reserved" are retained in Python 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 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.

4. PSF is making Python available to Licensee on an "AS IS" basis.
PSEF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF PYTHON WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any relationship
of agency, partnership, or joint venture between PSF and Licensee. This License
(TH5 sl el Aol A)
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(o] sl o] A ol A AI)

Agreement does not grant permission to use PSF trademarks or trade name in a

trademark sense to endorse or promote products or services of Licensee, or any

third party.

8. By copying, installing or otherwise using Python, 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"
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED.

basis.
BY WAY OF

EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

OR THAT THE

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,
ADVISED OF THE POSSIBILITY THEREOEF.

EVEN IF

5. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects

by the law of the State of California, excluding conflict of law provisions.

Nothing in this License Agreement shall be deemed to create any relationship of

agency, partnership, or joint venture between BeOpen and Licensee.

This License

Agreement does not grant permission to use BeOpen trademarks or trade names in a

trademark sense to endorse or promote products or services of Licensee, or any

third party. As an exception, the "BeOpen Python" logos available at

http://www.pythonlabs.com/logos.html may be used according to the
granted on that web page.

permissions

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

(T2 sl ol Aol A1)

C.2. mlo|¥ofl HMASIHLE AHZSE7| 218t 0|8 22
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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
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.
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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 DOCUMENTA-
TION

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.3.1 HEM EQ[AH

The _random C extension underlying the random module includes code based on a download from http://www.math.
sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html. The following are the verbatim comments from the
original code:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without

(TH5 sl el Aol A)
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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)

C.3.2 A3

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
(TF& sl o Ao A %)
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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 H|S7| A2 MH|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.

C.3.4 F7| &g

http.cookies E Tha 22 2| AMg 23t

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

(Th= sl ol Aol A1)
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ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C35 A3 =X

trace RES T3} 2L 72 AFS TPk

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.

C.3.6 UUencode X UUdecode g4

The uu codec contains the following notice:

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.

(TH5 sl el Aol A)
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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 T2 A &=

xmlrpc.client R E2 U 22 FY AHS 33 oh

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.

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
(T2 sl o] Al ol A1)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE-L kqueve QB 5 o] 2ol thal T3} 22 Fo) AL ERFTH

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. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

AFUTh of7]ell& tha 7 2 W&ol 23H o] d5uth

<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/

(TH5 sl el Aol A)
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Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod 2} dtoa

The file Pyt hon/dtoa. c, which supplies C functions dtoa and strtod for conversion of C doubles to and from strings,
is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/web/
20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains the
following copyright and licensing notice:

/****************************************************************
*

* The author of this software is David M. Gay.
*

* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

**k*************************************************************/

C.3.12 OpenSSL

The modules hashlib, posix and ss1 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
(Th= sl o] A of] Al%)
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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
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,

(TH5 sl el Aol A)
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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
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.

Submission of Contributions. Unless You explicitly state otherwise,

(TH5 sl el Aol A)

C.3.

SE 2T EFo{ol CHEt 2toldla K 52l 193

Hl




The Python Language Reference, & 2|A 3.14.0rc3

(o1 sl o] A ol A Al <5)
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

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
(TH5 sl el Aol A)
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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.

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.

(TH5 sl el Aol A)
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Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash
tracemalloc o &8 AH&5 & s A] Blo] B9 732 cfuhash Z2AEE 7|uto 2 gy

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
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.3.17 libmpdec

The _decimal C extension underlying the decimal module is built using an included copy of the libmpdec library
unless the build is configured ——with-system-1ibmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
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 C14NHIAE AQIE

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.

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,

(TH5 sl el Aol A)
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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 mimalloc
MIT License:

Copyright (c) 2018-2021 Microsoft Corporation, Daan Leijen

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all
copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE .

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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C.3.21 Global Unbounded Sequences (GUS)

The file Python/gsbr.c is adapted from FreeBSD’ s “Global Unbounded Sequences” safe memory reclamation
scheme in subr_smr.c. The file is distributed under the 2-Clause BSD License:

Copyright (c) 2019,2020 Jeffrey Roberson <jeff@FreeBSD.org>

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice unmodified, this list of conditions, and the following
disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR "AS IS" AND ANY EXPRESS OR
IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED.
IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT
NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF
THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.22 Zstandard bindings

Zstandard bindings in Modules/_zstd and Lib/compression/zstd are based on code from the pyzstd library,
copyright Ma Lin and contributors. The pyzstd code is distributed under the 3-Clause BSD License:

Copyright (c) 2020-present, Ma Lin and contributors.
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 copyright holder 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 HOLDER 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,
(TF& sl o Ao A %)
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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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function, 27
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documentation string, 38
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eval
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exc_info (in module sys), 40
except
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exception
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exception, 91,93
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ImportError
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not in
operator, 101
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module, 30, 93
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