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

Python for .NET
o] +¥ & A A == CPython 7d S AH-8-8FA] ¥, v U A] = (managed) NET 3-8 = & 7171 ©] 311 \NET g}©]
B2l & Ayt Bryan Lloyd 7} ¥H& 315 U Tt} B ZbAISE % B 1= Python for NET & 5 o] #] o] A]
AlgH Yk

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

PyPy
An implementation of Python written completely in Python. It supports several advanced features not found in
other implementations like stackless support and a Just in Time compiler. One of the goals of the project is to
encourage experimentation with the language itself by making it easier to modify the interpreter (since it is written
in Python). Additional information is available on the PyPy project’s home page.
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The descriptions of lexical analysis and syntax use a modified Backus—Naur form (BNF) grammar notation. This uses
the following style of definition:
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https://ironpython.net/
https://www.pypy.org/
https://en.wikipedia.org/wiki/Backus%E2%80%93Naur_form

CHAPTER 2

sho]® =2 18- FA (parser) ol 23] AR FA 0] A HL 019 147 (lexical analyzer) 7} BE o v
2 (token) 52 2 =R o] FoIAL ol5] #4170 A UL ERE R B AT
_q—o]»vq cumggdYgrEZ $UFE Frugtog Atk aA o o Fge a7y AL =5 2| A

4 93, 71 B3-S UTF-8 U th AA| 8 W82 PEP 3120 o] g Uth 22 319S tZdd 5 gle o
SyntaxError 7} @A g Tk

2.1 & - X (Line structure)

gtol W 22 22 o 2] 7| = Al & (logical lines) = & Vg U Th

=279 £ L NEWLINE £20% 2T 2ol Sk G 014 (18 591 39814 £
HE Abol) B el A & 119 AAR AZAE 4 GEUTh B0 L WA Aol AL BA A B
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sholf 22 Y= 3 W AT WAl Zo] gl F40] F7A coding [=: 1 \s* ([-\w.]+) T} X5, o
AL QTP Aoz AT of A0 3 ¥ 15 £ ZE He] A3 o] 52 A A gk
A A F AA ol T2 pobol Fith. whebF wlAl Eolehd, 2 WA & oA R slojoF T
A3g Al AF Fele F AL sk

[# —*— coding: <encoding-name> —*-—

ld] GNU Emacs ol A = Q1 4] g U th th& shih+=

[# vim:fileencoding=<encoding-name>

o1 t]] Bram Moolenaar 2] VIM o] A] 21415 Ut}

If no encoding declaration is found, the default encoding is UTF-8. If the implicit or explicit encoding of a file is UTF-8,
an initial UTF-8 byte-order mark (b’ xefxbbxbf”) is ignored rather than being a syntax error.

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

22 g SHN BANE ASHA LA F2 AT+ Y5k B A S0
e clel el £ol A ohd o EelA B0 o ot AL A 2 A A
=

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

FHAZ UL Fe 2a0) 2R S Gach o A E S AR 2R o S
B AR E A B ol B Aol £ LT (5, A U2 o199 o R o SelA S
AEIA T EOl ol A58 4 uvth). BAE DEE el 9 o SaNt SN AFF o
ol9)e] Foll AT AL ol ok

Z5(0), NZE([1), TZITUNIAREHE BT A L84 ol o8 7 EgFd &2 s 5
[} Y L=

month_names = ['Januari', 'Februari', 'Maart', # These are the
'April"', 'Mei', 'Juni’', # Dutch names
'Juli', 'Augustus', 'September', # for the months
'Oktober', 'November', 'December'] # of the year

6 Chapter 2. o]3] 24
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def perm(l) :
# Compute the list of all permutations of 1
if len(l) <= 1:
return [1]
r = []
for i in range(len(l)):
s = 1[:4i] + 1[4i+1:]
p = perm(s)
for x in p:
r.append (1[i:1+1] + x)
return r

2.1. & F+Z(Line structure) 7
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U o= o8 7HAl 227 Al E EoF U

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

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

(P4, A2 Al A9 ol el T 7F A T T A whA et ol ]k 019 #4717k AR Th — return ¢
o) £o)27) 7 28l Q& k7 AA A Th)

NEWLINE, INDENT, DEDENT &}= g 2, 23 772 § 5o E Z 5 o] A3t} /“B*Z}(identiﬁer), 719
= (keyword), Bl E1 & MMMLLEWWMMM¥TNMMWM(“Wﬁ”ﬂ%%ﬁ&ﬂﬁ%ﬁ*“ e
Eoo) ol AW, B g Belste 922 UL 5T A4S, ARNA LEHOZ 92, Ht
woe gren Asd O A dole BAGE TALE 28 A5

2.3 AEzkel 7191 =

A7 (o] & (name) o] e} E FUTH £ T 2L 013 Aol = )& H Tk

ghol o A A Ezte] FHE FUIE BF FE54 UAX-31 o] 719He T, of 7] o] Q& o] Ay vl U §-2
otefell A AUt & o AT W82 PEP 3131 ol A Z& 5 S5 Uth
2.x

ASCIT %] (U+0001..U+007F) W ol A, Z 1} 4] ‘ﬁx}fx}— vhol W 2.x ok By th: Aol M z 9] 9] oAk}
avzh BE A FAE A9 e, f AF0 oA 9
3}o] 2 3.0 ASCIL 9] ¥he] FAES S Y FUTHPEP 3131 =), o] 29 4%, unicodedata ZE°

=3 HAY fFUZE A4 EﬂolEiHﬂ ojzof met £/FF Ut
A ARE Aol Alge] glaL, Al o] (case) & T F YTk

identifier = x1id _start xid_continue*

id_start = <all characters in general categories Lu, L1, Lt, Lm, Lo, N1, the undez
id_continue = <all characters in id_start, plus characters in the categories Mn, Mc,
xid_start = <all characters in id_start whose NFKC normalization is in "id_start xi
xid_continue = <all characters in id_continue whose NFKC normalization is in "id_cont:

Ao AFs FUZE 8] TE=EQ] o u]= o]g G5t
* Lu - uppercase letters

e LI - lowercase letters

8 Chapter 2. o]3] 24
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Lt - titlecase letters

Lm - modifier letters

Lo - other letters

NI - letter numbers

Mn - nonspacing marks

Mec - spacing combining marks

Nd - decimal numbers

Pc - connector punctuations

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

Other_ID_Continue - 1} ZF71A
BE A H 2= ghA o] 28] NFKC 473} g4 o2 WEE 1, 4 H212] v] 3+ NFKC o 719 F U th

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

ohe A ALE S o oo}, B o] 9] A=,  ARSE 1, QubA 9l Az AL E 5 QG UTh of 7] 2]
9 A A 25 2A A of of Fuith:

False await else import pass

None break except in raise

True class finally is return

and continue for lambda try

as def from nonlocal while

assert del global not with

async elif if or yield

2.3.2 Soft Keywords

WA 3.100] F7}.

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

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

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

WA 3.129 A4 ¥ 7 type is now a soft keyword.

2.3. A¥zle) 7|9 e 9
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2.3.3 A7) o o

A Ehe B =) o Bx
Wz g sdor TRE U

o 4EAEL SR A gFUh of RRE) AAAT L A3 2o

*

Not imported by from module import *.
In a case pattern within a mat ch statement, __ is a soft keyword that denotes a wildcard.
Separately, the interactive interpreter makes the result of the last evaluation available in the variable _. (It is stored
in the built ins module, alongside built-in functions like print.)
Elsewhere, _ is a regular identifier. It is often used to name “special” items, but it is not special to Python itself.
Zr3: o] & _ 2 == A 3 (internationalization) 2} #H F| o] AFE-H Yt} o] o] #H| A= gettext
BEY FAT FEIAAL.
It is also commonly used for unused variables.

*
A28 B9 o) F, WBA A 0 2 “HH (dunder)” o] ol eb He AH U Th o] o] 2 EL Qe zelE 9}
IFA(EE ) BEYYE 2T Uh ol Ao FUth A A Al2d o] 52 ST A= o] 55
A 9o ol A =olF Ut stolxle] mE) Wl o B Asol Fold 7ol FUTh
of | Fulo] 47, WA G 02 EAR BEOIR S L Wol e+ o] B9 BE AL, AT gle]
£49 % QU

*

24 Bgd

2 (iteral) & B N FFE] B kS AT B WYY

stringliteral = [stringprefix] (shortstring | longstring)
stringprefix = "™ | "y" | "R" | "U"™ | "f" | "EF"

| "fx" | "Fr" | "fR" | "FR" | "rf" | "rF" | "Rf" | "RE"
shortstring n= "'" shortstringitem* "'" | '"' shortstringitem* '"'
longstring = "mrr'" o Jongstringitem* "'''"™ | '"""' Jongstringitem* '"""'
shortstringitem = shortstringchar | stringescapeseq
longstringitem = longstringchar | stringescapeseq
shortstringchar = <any source character except "\" or newline or the quote>
longstringchar = <any source character except "\">
stringescapeseq :i= "\" <any source character>

10 Chapter 2. o]3] 24
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bytesliteral = bytesprefix(shortbytes | longbytes)

bytesprefix = "b" | "B"™ | "br" | "Bxr" | "bR" | "BR" | "rb"™ | "rB" | "Rb"
shortbytes = "'" shortbytesitem* "'" | '"' shortbytesitem* '"'
longbytes = "rryw Jongbytesitem* "'''" | '"""' Jongbytesitem* '"""!
shortbytesitem = shortbyteschar | bytesescapeseq

longbytesitem = longbyteschar | bytesescapeseqg

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

bytesescapeseqg = "\" <any ASCII character>

One syntactic restriction not indicated by these productions is that whitespace is not allowed between the
stringprefix or bytesprefix and the rest of the literal. The source character set is defined by the encoding
declaration; it is UTF-8 if no encoding declaration is given in the source file; see section ©1 5T A1 &1,

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

HFo] E 4 (bytes) 2l E| A2 4 'b' U 'B' & ol EdYTh str 9] A bytes o] AXHXE

l
|

E Itk S ASCT & A0 £ R 5 5T REqho) 1AL LAY 26 G5 8 WA olx Ao
o2 A ojof gt

EAGutolED PEE BE A9 OE 1xv o} 'Ry BAHE G £Y 5 dF U oW 24D D
B A (raw strings) o 2F31 =), o & A2 AFHU A0, B A Pol A, &

ﬂﬂ%ﬁﬁﬂ
E21do] = '\U' 2} "\u' o] AFAo]ZzE=E
shol 3.x 9t tha A S A e As e

WA 330 27} G uloled 2@ 'br

5} ] %ﬂﬂﬂ orUth stol W 2x9 FHUFE e Ho)
A, tur' 2 A YE A kE Ut
22 gt At b AR R gL T
ho]x 2.x 9} 3.x of| A FAlo| A Adt= ZEEY FARTE ddstr] 9] oA Ao AHSEHE fFUZE
g EHE (u'value') o] BhA] Y= AFUTEH AA 8 A B = PEP 414 of v-Z Ut}

YR B FHFOER 2 B g HE 2 =W Ex19E 2 E (formatted string literal) ) VI T}; f-strings <
RAL. £ e e B AR 5 UG AT b u s AT 5 et geld ¢ 2
EALS AFssAw, 2 ol = Ble € B gk
% HEL 8 I B0l ) o] AW 51 S8 A1 A S ek (k3 6

o], o8] &= & Zoll Al 7|2 o] A o) B 2| ke M E7L 12 A, S H RS FRAYUT (HEE"
AL Agsted Ag S B UL 5,

|

m]n 3;9

Of

o

24. FEH 11
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Escape sequences

Tt R Ol 7E R RS o), B AT uho| £ 9 2l o) E31E o] 27 o]
A8 AT Hl 5 e Ao A HUTh A4S S o] A o]z AP AL ol gL Th

[LI

A DA2Ee TZCoA

olaFA ol AlFA 9] 9] AH

\ <newline> QA A EX7F EAFB YT (1)

\\ %ﬂ ﬁﬂw (\)

\! 23 (")

\T —i’“‘?ﬂr%% ™M

\a ASCII ¥ (BEL)

\b ASCII ® A 5] o] A (BS)

\f ASCII & 3] = (FF)

\n ASCII 2+¢] 3] = (LF)

\r ASCII 7} 8] A] 8] & (CR)

\t ASCII 7} 2 = (TAB)

\v ASCII A & ®] (VT)

\ooo 8K 000 & AR H A} (2,4)

\xhh 1634 hh & A QA 2t (3.4)

TAE gE Do ATt A5 = o] AA o] T AP E:

o|AaAO]Z Al Y] 9 A
\N{name} “U A= g o] g ] o] 20| A name o]+l o] & B E2F (5)
\UxXxXxXX 16-bit 16 A4~ xxxx 2 A A= EA} (6)
\UXXXXXXXX 32-bit 16 5~ xxxooox 2 A A H 24} @)

R AT

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

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

The same result can be achieved using riple-quoted strings, or parentheses and string literal concatenation.
(2) B CSHR7HAIZ, Ao Al 7)) 87147} &8 FH U th
WA 3.119) 4 ¥ 7 : Octal escapes with value larger than 00377 produce a DeprecationWarning.

WA 3.129 A ¥ 7 : Octal escapes with value larger than 00377 produce a SyntaxWarning. In a future
Python version they will be eventually a SyntaxError.

(3) E2 Cob= T, B8] = o] 167157} Al 25 o] of T T

(4) vro| =4 B EFo A, 164591 815 o] 27 o] == A A 4] o] =8 AU Th B4 e
oNAE, o] ol 2Alolm i AR gk fUTE £AE BB Th

(5) WA 33004 HA: EA! Qo] F74E Q5T
(6) &3 4719 161+5 D2 = Fch

) ol Yoz REFUIEE ATYT 5 A&tk 3 8709 16357 Ba o

! https://www.unicode.org/Public/15.0.0/ucd/NameAliases. txt

12 Chapter 2. o]3] 24
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Cole g, Q4 H A g BE o aro]z N AAE B0 MAH A e AT dA Ptk 5,
&A1 7} A ko wﬂwn} (ol B M AT Wl &

g ul, A% ATl A LRE BEE 1A AT+ 9)
NAzT, o EQ 2 E Dol A 2145 A g B 5

18
o gy HN

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

W A 3.129] 4] ¥ 7 : Unrecognized escape sequences produce a SyntaxWarning. In a future Python version they
will be eventually a SyntaxError.

PN 2, g E s o SN R o] 270l x ATk ShA % o S A7} Al @A Tk ol S
Sof, rr\nn & SHLE BRI E DA, F A1) BA Soldl Tk o SEAg} S EE; 1\ &
212 249 R o] b e (d BAYZR TS o SN2 B 5 vk, & 6 2R
wohe, 3 R P shs) o e T4 UL THE S A7 E

AAZ W EQUTh. & el Ao} itz Ro] ot AFEAE = AgHo] oh 2} e o] £ & T A
A2 4ol Z9 3 of Gtk

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

o 719 TZ}@‘OlﬂrHPOlE@‘ HHE S (FHe R FEaA]) o8 7] AHNA tdst= 2ol §E L,
9o o]o] 2ol A Bt} 7 ;quEgo] Az e s S = guth 28 A, "hello"
'world' ¥ "helloworld" 2} %%?M th o] 7152 0 FAES WG oY 2 Ue o 283
A E EAF UG 2 EAL A9 0h} 24 ol A% /b5 o g Sol:
re.compile (" [A-Za-z_]" # letter or underscore

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

il

2ol A Ao E 2 A, Aot A o) TR ol 0] 3 o Ttk A A7kl £ 2

g3foF gtk el d ojojRo] 77t L 4WE T}E S ES

e E BEXGE olojBol= AR 7FEUth, =9 Ex1d9 g HEE
[©) o
~ T

|

2.4.3 f-strings

WA 3.690 =7}

W Bx1d 2 ¥ E (formatted string literal) = 21D (f-string) 2 '£' L 'F Qo] 20l Ex1Y g EY
ok ol EAS AW B S EGE Gt FEE () & PR EAA A G2 EAY AE Rl
RIS B o= A ]“Ri‘%%ZP 2 e E -2 AP A 7ho 74]*\}5]%3;*—1?&143}-

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

TEI AP FE2 A HEAE HFE e, s T2 {({' YW 1 tHSste 2 F2T R

4. 2g]d 13
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il%‘r-ﬂﬂ%@”&‘#lﬂ?&%@ st o= F i 'E X EEE AFA 7=, st H 3 4] o] FukRE
Ut 371 3 584 gA2E Q5T g2 27 BASHH A (W Aol F&FdUch, 284 o 55 “="\&
F71E = dsUth =25 ' 2 Al Zsh=, Mg (conversion) E E 7T F WS = A5y th 29 A A 2} (format
specifier) © G2 4= Q) 22 ;' 02 A FFYTh I} P g 22T 1 2 2y

Expressions in formatted string literals are treated like regular Python expressions surrounded by parentheses, with a few
exceptions. An empty expression is not allowed, and both 7ambda and assignment expressions : = must be surrounded
by explicit parentheses. Each expression is evaluated in the context where the formatted string literal appears, in order
from left to right. Replacement expressions can contain newlines in both single-quoted and triple-quoted f-strings and
they can contain comments. Everything that comes after a # inside a replacement field is a comment (even closing braces
and quotes). In that case, replacement fields must be closed in a different line.

>>> f"abc{a # This is a comment }"

+ 3}"
'abch!
W 37004 W7 sho 3.7 ol Ao, 78 BAR 5] £ BAL e o) BAA0IA awaic £}
async for g 2t Az AL FESHA Aks Ut
WA 3.129] A ¥ A : Prior to Python 3.12, comments were not allowed inside f-string replacement fields.
T2 % ‘—'O] Assd, Sgolle 284 928, '=' @ Frhd o] TFFUS o= F5E2E ' {' H,
AW, = o 2Fo]aEs BF o FAF U 7]%3123 ="' ZH = x4

_ o]
- T
=) repr %xﬂ%—?}wﬂr. ZHo] AAHEH HE ' irro] AAFE A Gt V| BEHoZ 3 A str() 9]

HV438°1127} 15 ="
H 3} (conversion) ©] A F =W, A e] 277l Zufg] Aol P Uk W3 ' 1s' = AFostr() S EE
3L, 'lr' S repr() & EE3HL, 'a' Sascii() EEZEFYTh

The result is then formatted using the format () protocol. The format specifier is passed to the __ format__ ()
method of the expression or conversion result. An empty string is passed when the format specifier is omitted. The
formatted result is then included in the final value of the whole string.

Top-level format specifiers may include nested replacement fields. These nested fields may include their own conversion
fields and format specifiers, but may not include more deeply nested replacement fields. The format specifier mini-
language is the same as that used by the str. format () method.

£ FAD I BL olol ¥ £t QAT A B BEsole] PP 2AHA S5 gETh

=9 249 e d o) & SH

>>> name = "Fred"

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

"He said his name is 'Fred'."

>>> f"He said his name is {repr(name) }." # repr() is equivalent to !r
"

"He said his name is 'Fred'.
>>> width = 10

>>> precision = 4

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

>>> f'"result: {value:{width}. {precision}}" # nested fields
'result: 12.35"

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

>>> f"{today:%B %d, $Y}" # using date format specifier

'January 27, 2017'

>>> f"{today=:%B %d, %Y}" # using date format specifier and debugging
'today=January 27, 2017'

>>> number = 1024

>>> f"{number: :#0x}" # using integer format specifier

(H& sl o] Al ol Al )

14 Chapter 2. o]3] 24
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(o] A sl o] Ao A A<)

'0x400"'

>>> foo = "bar"

>>> f"{ foo " # preserves whitespace
" foo = 'bar'"

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

'line = "The mill\'s closed"'
>>> f"{line 20 "

"line = The mill's closed "
>>> f£"/line 20"

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

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

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

¥ A 3.129] A ¥ 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:

see g = (Mel, Mg, Ted
>>> print (f"List a contains:\n{"\n".join(a) }")
List a contains:

a

b

©

: Prior to Python 3.12, backslashes were not permitted inside an f-string replacement field.

=
[e]
29 24 I H YL 525 (docstring) 0.2 3D 4 G5 Th BAA 0] A gE PhE nhR U,

>>> def foo():
f"Not a docstring"”

>>> foo. doc__ is None

244 =x8€d

A e el Al A FR AGUTh A%, 45, 84 Bad o8 E 22 AL gEUt Eate

4918158 HalA oA UTh)

s
X
/‘l_._]
ZAElE o] 5 2R & Aol Fosfok gtk -1 A 22 FE2 L F A A EEE L
=

24. €4 15
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245 A4 ey

A4 e de e 2L o9 ez mAFYTh:

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

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

(
(

hexinteger = "om o ("x" | "XM) ["_"] hexdigit)+
nonzerodigit = marL.LLu"on

digit = "o"..."9"

bindigit = "o" | "iv

octdigit = "o"... "

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

A e elol A48 4 Aok 9% A4 e de) dojol Al e s
Ok

=2]
We2HE A # o] 1= A ks UTh 7FEAAE w07 Hsl 7\_7(]’:‘% g A&
AUtk B2 Ak Aol 0x & 262 Z 4= X A A (base specifier) Th= o] U= 4= =0,
4%%41%§Hﬂ.

0 0] ohdl 1071571 0.0 A 213 4= g8 o Zo] sl of g th. 3.0 WA o] 4] 5ol Aol 4 A8 & C 2Ebel ]
844 E LT E5H = AL 7] g
A4 e g 5
7 2147483647 00177 0b1001101112
3 79228162514264337593543950336 00377 Oxdeadbeef
100_000_000_000 0b_1110_0101

)

WA 360l A WA E Dol N 2AS) 1L BAT B A2 WEL St

246 A4 FEH

A gHE2 s 22 o9 Az 2dgyth

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

fraction = "." digitpart

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

Bol A4 RE= G 100 P o2 o4 9
011,77e103ﬂr g XA TEFYTE A
Mo rZA R e XA L

]_
A5 2E el 27k g Stk

€ 2ol FolaloF Frth ol & £¢1,077¢010 & SHME
ZEl g st Wee %aawwwwmn+ﬂﬁaaaw

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

WA 36NA W eE BN 245 152 BAT BH o WSS FAPun
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2.4.7 32 2™
s P HYS e 2L o3 Aoz mAF U

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

A5 e E P e ASH002 BarE BEUE Bast 449 22 09 A o] A5 Y rw
ERAUG 00l o SIRE AT RLFE LEAY AFE ASL A A2 E0L G023 91%

gE o 3 7HA] o & U th

[3.14j 10.3 103 .00173 1e1007 3.14e-107 3.14_15_933 ]

2.5 & Xz}

e 2e EREL AT

- - * *x / // 5 d
<< >> & | n ~ =
< > <= >= E =

( ) [ ] { }

5 . g @ = -

= - *= = // 3= e=

& = A= >>= <<= * k=

HRAEE A5 H4 dHTNNE 54T 5 L ASH IHEE A AL BBEE )6 D (ellipsis

o

= o
11teral) 0] 2= 53351 9 ] 7l A5 L] t}. o) & < AFA} (augmented assignment operator) 52 ©] 3]
o}
=x

D}%-"/l ?lfﬂﬂ T ASCH 2252 THE EE5 4724
eyt

G )

39 vl 7k AL, T8 A) 0 o] A

Th2o] Q1415 & ASCIL £ A5 shol ol 4 AHE5 A gharvith 2249 B3} 54 o] 9] o) Fol A AL§
He e 22 gl el Ak

R |
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CHAPTER 3

3.1 AA, 3%, 3

A A (Objects)= n}o] o] © o] B (data) & 3= 4+3} 3+ A (abstraction) Y U t}. 3}o] A
ARG AA 7+e] AAZ 2AH Y} (£ o] % (Von Neumann)fl] «“x g g At
computer)” 292 w2 17, & = HAAoNA ZE A AA R ZdFHUTH)

X g

2399 B E HojE =
A AFH (stored program
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.

CPython 78 4HA]: CPython o] 2%, id (x) £ x 7} A2 v 2 2le] Faquh,

A2 e AN AU AEE AL (o F Fol, “Ro)E 2 YU 2P| AR Fo) /1A %
A s G52 RS BT type O Bt AN B ()2 AN A7 h e B el S, ofel el el
WP AR =, A 2] o (1ype) & A WA A bk

o'l AAES] g = MAT F AF Uk g2 WAL A= AAES 7HA (mutable) ©] 2FaL gyt 4t

THE o)A Fof gk WA T 4= Qe AAES B (immutable) o) 2tal U th (7HA A A of o 3 A2 & A3}
e B AH oYY g 7hE AR o] A v AF AT B £ = lFUTh kA W A st e
A€ Aol v = glomz Ae oy 3] Brolet o A YT webd 242 dEsAE
3 27 e e g g YT & ¢ vl Egyth) 4419 714 (mutability) & T1712] 3o 2] 5
AEUL A& 9 A AE, 52 (tuple) = & W o] X g, &1 4 1 g] (dictionary) &} 8] A E (list) = 7HH ¢
ct.

A7 HA Ao Z 39 FH A GHyt); o FZRE A 952w (unreachable) 7}8] X] 4= 7] (garbage collect)
F3l0] P A 478 A AN 7| AL} okl AL Aol FBR UL — opF F2H & AAE
ﬂﬂ%ﬂ“ﬂﬂﬂ AZbolm Ao pasEAE Tae E4 EAUD,
< A : CPython & & A 315~ A %} (reference-counting) 4] -& A& S, (M8 AH S &)
A8 IR AT 4R R, o PR G A ) A1 oy
O SA % B B2} Sl ANAEE £ARTIE 8L Gt £ 87 A A
A2 GUTh O FASS O A% 481, CPython = 979
733

3 Aol A FUTh AW AE AW o}F A4 Atz o]0 A 4

z Lo

§<EL

24y Q ol N Ok B Y R
Y
l'U

2, o




The Python Language Reference, @ 2] A 3.12.2

49Utk 227 AAD W Z24 02 vho] d e Al o] Al (finalization) 5] £ 2] 9 £3517] opol gtk
(224 B4 LS WA A 0= PolFo]of FTh.

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.

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

ol@ AR5 e The ARl Y3t B2 5 EFeL ASUT oA AS 2 A o] U] (container) 23 EFU T,
o

Sk
e
A
flo
o

FE BaE, gAY 5o AEH oY Ayt o] FREL AH oIV Y FHY dFE YT

g7} Aol e =T ul, S0l AAEY ololdlE E Bl g2 wpF Ut A%, AH o1
7 A s =& = A 7 AR ofeldE E vhS R Ytk ZEA, (FE 22) 9 HH o Y7t
7bA Az F2E 2 vid, 2 7hdE A7 A A E W A ol e W AFH UTh

P2 A BE SN AA 7 B2 ol 4FS FUth AA Y ofoldlE|y ) 2t FRARAE
ol Holl A= JFS LH UL B A, A g HEE AL AA R E olu] EA 5= A FollA
2L YA S 2= AL EHE F A5tk vbdo] 7hH AR oAM= o] Ao] LA EHULh A5
Eol,a =1; b=13%9,a%bEeEg 12222 AL +5 1, old = JF Ut A wtc =
[1; d =[] Fod,cdEF A AHNR G2, FHH o], AE TEo 9l gfxEQ o] AP YT (c
=d= A2 A4AEctael dddnh)

A 9N B AZe) B BT 5 Al (18 Sof, el

o

=
aedor AFA A wld 55), £F gholBEE 3l F7H2 7heAol d 271 Fud
olgfo] o= " o ot AL ‘S5 o] E 2] H E (special attribute)’ & Y E 3= B2 £33}
Ol AEL T H2Z WS AT, AREA A AFES fg Ao] of Utk A= dew HAFE 5
9%tk
3.2.1 None

rlr
£
o
)
o
llf
=
O

3

[0]

SUTh o] e 2 st AR EAZUTE o AR o
2 L o2 717 ARl A o) RAIE de) o] AL H T o & So), WA Ao ArtE
el 5 o W59 B guTh = ge AR YUk

3.2.2 Notlmplemented

This type has a single value. There is a single object with this value. This object is accessed through the built-in name
Not Implemented. Numeric methods and rich comparison methods should return this value if they do not implement
the operation for the operands provided. (The interpreter will then try the reflected operation, or some other fallback,
depending on the operator.) It should not be evaluated in a boolean context.

] Z}A| 8k W] -8-2 implementing-the-arithmetic-operations & 11814 A] 2.

W 7 3.9 4] ¥ 7 : Evaluating Not Tmplemented in a boolean context is deprecated. While it currently evaluates as
true, it will emit a DeprecationWarning. It will raise a TypeError in a future version of Python.
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3.2.3 Ellipsis

o e Sl RS DU o] §E o skl AN S AT o) AL Y . ol

O]t, Ellipsis & &3l §<¥Uth =

3.2.4 numbers.Number

AL A 2B Aol o3 BBl A T, 4% A4k g 4% FSEol AE BeF U 24 AR T
203 Y ol WEcl Y BT M G ol S Fsl Sand RAEs U
A BASI o] AsrUTh AW AFE) 54 EAL A kS B YU Th

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

o FHla AR AgE of el 2 ghe H AR E AL RS A EHE JUh
s 7bsetd, 2d-2 1070 J Y th
« A5 F] BY 0S5 AL s, A9 02 FAIH A kU th
« 273 FY B 0 At T 02 FAH A FEU T
s B2V S wiwk 2AH Y
ol AL B¢, AL, BASE T RFYTH

28 7L 47 23 AZEo} vpa3 sl ko] A4 ol w) Qe A4S AFH 98 ALY

¥ 7HA BRe A4 Atk

F 33t} Al Z E (shift) £} vF2 = (mask)
A =2] 29] H4(2’s complement) & X3 E =4, 5

£-3 (bool)

)AL el gk AN AL e UTh False 9 True F AW 29 § AM U 28 FL int
9] 214 4 (subtype) ©] 31, Th -2 G A 7] 07H A FAFUTh o] 9= TR WAks = 7

2old, Z+7] EAFE "False" & "True" 7} ¥HaHg Y}

numbers .Real (float)

O] L2 7 A 422 W74 = (double precision) ¥ 4474 & LEbAUTh 2 & 3o WSl9 oS
=9] A ejo] Bal A& S 7 A 2] AA (9 C o Aup P @) ol B vtel gayTh Tol ML B
(single precision) %5 243 5 A A5 kUt o/ AEE AHESHE ol 71 ¥ 22 AN W R
A8 sholdolA A€ AETE Tl vl &3 Asgsl o] Sl T 2ol A SR
e 447 £ 2 Aol BishA e 7HA 7 g5t
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numbers .Complex (complex)

NAEL A SEMAE 5 £57 £ B0 8 Ba52E JEAUh 25 254 29 A% BAES
FRYUTH Btz o A5Fe H2RE, 97 A8 o2 HE z.real 9 z.inag 2 AW 5 Y&V

3.25 AP~ E

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

Sequences also support slicing: a [1: 7] selects all items with index k such that i <= k < j. When used as an expression,
a slice is a sequence of the same type. The comment above about negative indexes also applies to negative slice positions.

o™ Al *ﬂ HAY “2 =] (step)” vl 7] A L—re A8k “&F & gho] A (extended slicing)” = 2] | 3y T}
ali:j:kl+=x = i + n*k,n>=0,i<=x<j & U}—-—'S]—‘_J.L'd'ﬁx AT,

AR B Ao we T EE U T

¥ AAA

EHAAA G AR = dd o o= HAE sy th (Gt AA R Fx2E T H, 1
AALPEL 5 AT, WA 5 AL UTh AW, B AR 2Re FrEE AR AT A WA 5
fAsyth)

e 2l YES wW ALY

£ 2} (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.

53 (Tuples)
FEY FELS 499 stold AA YU F Il o] FEORE PR FES FUE E2E &
B9 5802 g 5 AUt bl RO R T FE (2 Hsingleton) & £ A Lol FoE
BAA NS S AU (ZIE RS Fe T YL, @A o2 = /FES WEA 25U
MRES S W BEE BE 5 dHUn

] c} H,0<=x<256 H9]2 A4=2 3%
)= vlolEE 2lE E (b'abe' 3]-?5% I P& bytes () A4 X} (constructor)
s 4 AA = decode () AN EE &3 2XA<€92 UIdE T+ U5

o
A
rlo
%
)
m
jus)
=)
_°,
r_
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7P A A wrEo] A Zo MAE 4 A5 Utk A B3 YA (subscription) 3 £ 2Fo] A2 t) Y F 3} del

Z3: The collections and array module provide additional examples of mutable sequence types.

A F e W 7HA Al A o] AUt

#] A E (Lists)
2aE 352 qol9 sold AA YU Bl AEL B SR
T AFUTH (Bo] 0019 BlAEE RtEEH B R F3 o] B8 gl
vlo] & vl & (Byte Arrays)
Hlo] E ujj & (bytearray) 2} 4| = 7} HH?'JE_ JUth W& bytearray () B4AE RF=oF Ut 7Hd o]
= 2022 A 314 7P TR 2) € A28, vhol = vl e 2 Hol 29 (bytes) Ao e
Qe 5 o] 29} 7] 5-& Al BT T
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3.2.6 %3 3= (Set types)
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3.2.7 1] (Mappings)

o] AES %‘9191 dex Hgoz A = AANES] F3 H-E UEbd Ut =2 3 7] (subscript
notation) a [k] = vH3d a oA k 2 Ad A~ 5 FHS AP o] AL @A) AHED £= I, WY
ot del & bl ol 2 4% YUk g B len() & WFol 9T FRE] A5E EAE U

AR & 7o) g g Wel suTh
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] 412 (Dictionaries)

OJAEZ AL 499 AT~ o= AU = AA S F3ts A vErYYTH 72 AEE
e AL H2E, Y- YU T &9 7HHE FollA oleldlE g7 o2t e & vus = A5 dYth
gAuveEle] 2&4Q Fdol, 719 s Fe] EFol HAEA 31 AL 22 Fo2 FAHESE 87314
A7l ZJUch 712 *F"Lﬂ KA Y A= A ol #SE It A o] Agg Yt Bk F A7t
29y Ny EHE (A E 501,13 1.0), T o 22 944 &5 A= AHEE = A5 UTth
gy e =AY SAE FATYLE 717 gAY ol SAH o R F7HE EA 9 22 AR AAE S %
Ut 71& 718 AN E €= HAFHA AT 715 A AT oA A DS o] A A A& F A S
o4l 2ol 7k Ut

gAY E = 7 dYh (.. ) Z7IHSE v F AdsUth (I Y E daEd o] AMdS A4 Al Q).
373 25 dbm.ndbm ¥ dbm.gnu + 7+ g & AlFdl=tl, collections BE JA| vpZ7HA ¢
Ytk

WA 37004 A g E =36 0] A JrOl Aol A 4] A5 A8 k<5 U th CPython 3.6
ol A, 4HS] A 7}v A5 QA I Aol Aol BFo] ofet 3 A F AMGe g HEst A F YTt
3.2.8 7| E(Callable types)

OJAEL T4 TE T E AN FI)ol A8E S Y= FEYUTh

AgAL B o] 4

h=

AR A G5 AR T4 A S B S UL A A F3). F49) 34 v S (formal
parameter) 553} 22 |59 35S Z35t= A (argument) £ 50 2 T E 5 of oF T}
Special read-only attributes
Sl s B
. A reference to the dict ionary that holds the function’
function.__globals__ s global variables — the global namespace of the module

in which the function was defined.
None or a tuple of cells that contain bindings for the

function.__closure_ function’s free variables.

A AA| = cell_contents JJEZHEE 71X
9l Uth Ao 7He oS mul oy g Zhe A A3

LU AET 4 AT
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Special writable attributes

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

e ER
' The function’s documentation string, or None if unavail-
function.__doc__ able. Not inherited by subclasses.
The function’s name. See also: _ name_
function._ _name___ Bt e e EE.
' The function’ s qualified name. See also:
function.__qualname __qualname__ attributes.
B A 3.30]] &7}
| 571 49 E BEY o) EE (31E 39) None
function.__module___
. A tuple containing default parameter values for those
function.__defaults__ parameters that have defaults, or None if no parameters
have a default value.
The code object representing the compiled function body.
function.__code_
. ) The namespace supporting arbitrary function attributes.
function._ dict__ Seealso:  dict_ attributes.
. ] A dictionary containing annotations of parameters.
function.__annotations__ The keys of the dictionary are the parameter names, and
'return' for the return annotation, if provided. See
also: annotations-howto.
' A dictionary containing defaults for keyword-only
function.___kwdefaults_ parameters.
A tuple containing the fype parameters of a generic
function.__type_params___

function.

WA 31200 7}

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 +-& A}Aj: 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 viathe ___code___

attribute).
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el A ¥ A | A & (Instance methods)

ArbawASE Fes, Fs Aatas BE 28 AR (15 A8 A9 B4 AL

Special read-only attributes:

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

Refers to the original function object
method.__func___

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

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

method.__doc___

method.__name_

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

method.__module__ None if unavailable.

Methods also support accessing (but not setting) the arbitrary function attributes on the underlying function object.

User-defined method objects may be created when getting an attribute of a class (perhaps via an instance of that class),
if that attribute is a user-defined function object or a classmethod object.

When an instance method object is created by retrieving a user-defined function object from a class via one of its instances,
its __self _ attribute is the instance, and the method object is said to be bound. The new method’s __ func
attribute is the original function object.

‘When an instance method object is created by retrieving a c1assmethod 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__)infrontof 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. £ (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 £ (C, 1) where £ is the
underlying function.

Note that the transformation from function object to instance method object happens each time the attribute is retrieved
from the instance. In some cases, a fruitful optimization is to assign the attribute to a local variable and call that local
variable. Also notice that this transformation only happens for user-defined functions; other callable objects (and all non-
callable objects) are retrieved without transformation. It is also important to note that user-defined functions which are
attributes of a class instance are not converted to bound methods; this only happens when the function is an attribute of
the class.
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A # o] €] g4 (Generator functions)

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

3 5¥l 342 (Coroutine functions)

or B PG A o5 Sk WA S8 528 84 (coroutine function) 2 2B T, o 4
Z3tH F2E AR S SHEU await EAAE B E3), async with @ async for & A8
2~ O = =
syt = 3

2)
. IFE A A (Coroutine Objects) A AL FZ 3} Al L.

v]5 7] A o] g g4 (Asynchronous generator functions)

A function or method which is defined using async def and which uses the yie1d statement is called a asynchronous
generator function. Such a function, when called, returns an asynchronous iterator object which can be used inan async
for statement to execute the body of the function.

Calling the asynchronous iterator’s ai terator.___anext___ method will return an awaitable which when awaited will
execute until it provides a value using the yie1d expression. When the function executes an empty ret urn statement
or falls off the end, a StopAsyncIteration exception is raised and the asynchronous iterator will have reached the
end of the set of values to be yielded.

U & k4= (Built-in functions)

A built-in function object is a wrapper around a C function. Examples of built-in functions are 1en () andmath.sin ()
(math is a standard built-in module). The number and type of the arguments are determined by the C function. Special
read-only attributes:

e __doc___is the function’s documentation string, or None if unavailable. See function.__doc__
e _ name___is the function’s name. See function.___name___
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___

U %} w] 4] = (Built-in methods)

This is really a different disguise of a built-in function, this time containing an object passed to the C function as an implicit
extra argument. An example of a built-in method is alist . append (), assuming alist is a list object. In this case, the
special read-only attribute __self__ is set to the object denoted by alist. (The attribute has the same semantics as it
does with ot her instance methods.)
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Z ) ~(Classes)

Classes are callable. These objects normally act as factories for new instances of themselves, but variations are possible
for class types that override __new___ (). The arguments of the call are passed to __new___ () and, in the typical case,
to_ init_ () to initialize the new instance.

Z#| ~ el A2E1 A (Class Instances)

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

3.2.9 -5 (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).

AEYRE UYL EEY ol T gAY E BAFYLE o & E0l,m.x = 1 2m.__dict__ ["x"]
= 13} Z5rh

Predefined (writable) attributes:

__name__
The module’s name.

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

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

__annotations__
A dictionary containing variable annotations collected during module body execution. For best prac-
tices on working with __annotations__, please see annotations-howto.

=597 AE JEARES: _dict_ YAV BEAE BEY o8 F1YUTh

CPython 78 ALA]: CPython ©] 25 241 2 & ul 9 4 wol, &4 v elo] B & 2 7h gopgleiehs,
BEo| 27 E Wol W BE g4 el E a YAk o AL setel ¥, 91 E Bt gAY e
247 o] §3h= 5L BES Fobrolof Tk
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3.2.10 A}8-#} A o] 2 A (Custom classes)

AEA e FHAPYES EHT FHA2 A jEol HEAAFJ UG (U2 HY A FR). FHaE Y
AYeE +3d4 ol F 7S 5 YTh :'EH/\ AEZRE FxE o Yo thst 232 HIHY
th & Eo],c.x =C.__dict__["x"] E HAFUT FIA T JEFHE o= E AHES
s get= o 7t ]——"E—(hOOK)O] 21%‘43]') 7%7101]/‘1 HNEZRE o]Fo] HAH A o™, o]ERFE H
Mo By FgArSoa] ALFHUTLh o] B ZdA AME C3 WA E AA 4 A] (method resolution order)
E AHg3=d], the Sl 7L° 25 QEH’\E 5 o]“ ‘E]' ]° & = (diamond)’ A5 X7 SA = w1}

24 23Ut gho] o] AFE3HE C3 MROO &3 & ©f AA S 82 2.3 vzl HEE #4 https
/ l'www.python.org/download/releases/2.3/mro/ | A %%0}% T A5t

When a class attribute reference (for class C, say) would yield a class method object, it is transformed into an instance
method object whose __self  attribute is C. When it would yield a stat icmethod object, it is transformed into

the object wrapped by the static method object. See section U] 2~ = §] B 7= 313} 7] for another way in which attributes
retrieved from a class may differ from those actually contained inits __dict_

"}?41"01 EREUHIL 22 9 AT E ol A E FE FH 2 gAY E A=A =
Eaagieg

ZHE AA = FH2RJAAHAE SHFEF(OHIE EAAIL) TE2E F UAFSUTE E EAAI Q).
4= o] E 2] { E & (Special attributes):

__name___
The class name.

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

__dict__
The dictionary containing the class’s namespace.

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

__doc___
The class’s documentation string, or None if undefined.

__annotations__
A dictionary containing variable annotations collected during class body execution. For best practices
on working with __annotations__, please see annotations-howto.

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

3.2.11 Zg 2 dA2¥ 2~ (Class instances)

A class instance is created by calling a class object (see above). A class instance has a namespace implemented as a
dictionary which is the first place in which attribute references are searched. When an attribute is not found there, and the
instance’s class has an attribute by that name, the search continues with the class attributes. If a class attribute is found
that is a user-defined function object, it is transformed into an instance method object whose ___self  attribute is the
instance. Static method and class method objects are also transformed; see above under “Classes”. See section T] 2~ = ¢
E] <& 3} 7] for another way in which attributes of a class retrieved via its instances may differ from the objects actually
stored in the class’s __dict__ . If no class attribute is found, and the object’s classhasa ___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.
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3.2.12 1/0 A A (st AA g1 x d&A 5 Th)
s} A7) = 9 Qe debgy Tk 5 AR BE s o8 7HK) wE el 95U Th open () W 3,

os.popen (), os.fdopen () I 27 AH| 2 makefile () WA E (28 1, olv}l= El-XP_‘?_%—‘:—O] ATt
o gesolvmAES

sys.stdin, sys.stdout, sys.stderr = QA Z O = ¢,
AAEJQULH BF HAE B2 A8 A] i0. Text TOBase 324 27

Yok,

3.2.13 U+ 3 (Internal types)
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71 A (Code objects)

FE AA & vho) £ 2 AL H (byte-compiled) A% 7153 sho W T =S £, 1 o] = 7= 2ha
= REUch 3= AA 9} §F45 AF) el Aol 7k Atk B4 AME Bl A *77P<globa1s>< e
Ro 9 ) & WA N0 R 281 AR, TE A of W 59 (contex) £ 2L 21X BT E R 7]8
AAZEE o] 34 ARlol A o] YA W TE AA o= S0} YA k(A Aol AN & FES
DR dE U Th, B AR S Bl 3T AAL Brlo]n b AR ol Bl ol ® BEw (44 52
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Special read-only attributes

codeobject

codeobject.

codeobject

codeobject.

codeobject

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

codeobject

codeobject.

codeobject

codeobject.

codeobject

.co_name

co_qualname

.co_argcount

co_posonlyargcount

.co_kwonlyargcount

co_nlocals

CO_varnames

co_cellvars

co_freevars

co_code

co_consts

CcoO_names

.co_filename

co_firstlineno

.co_1lnotab

co_stacksize

.co_£flags

The function name

The fully qualified function name
WA 3119 =7}

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 ar-
guments with default values) that the function has

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

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

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

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

A tuple containing the names of free variables in the
function

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

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

A tuple containing the names used by the byrecode 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 in-
terpreter.

W A 3.125 €] 9 A & : This attribute of code objects is
deprecated, and may be removed in Python 3.14.

The required stack size of the code object

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

32
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The following flag bits are defined for co_ f1ags: 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 0x2 0 is set if the function is a generator. See inspect-module-co-flags for details
on the semantics of each flags that might be present.

Future feature declarations (from __ future_  import division) also use bits in co_flags to indicate
whether a code object was compiled with a particular feature enabled: bit 0x2000 is set if the function was compiled
with future division enabled; bits 0x10 and 0x1 000 were used in earlier versions of Python.

Other bits in co_ f1ags are reserved for internal use.

If a code object represents a function, the first item in co_ const s is the documentation string of the function, or None
if undefined.

Methods on code objects

codeobject.co_positions ()
Returns an iterable over the source code positions of each byrecode 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
instruction. Column information is O-indexed utf-8 byte offsets on the given source line.

This positional information can be missing. A non-exhaustive lists of cases where this may happen:
¢ Running the interpreter with —X no_debug_ranges.
* Loading a pyc file compiled while using ~X no_debug_ranges.
* Position tuples corresponding to artificial instructions.
¢ Line and column numbers that can’t be represented due to implementation specific limitations.
When this occurs, some or all of the tuple elements can be None.

WA 311 7}

ZF31: This feature requires storing column positions in code objects which may result in a small increase of
disk usage of compiled Python files or interpreter memory usage. To avoid storing the extra information and/or
deactivate printing the extra traceback information, the —X no_debug_ranges command line flag or the
PYTHONNODEBUGRANGES environment variable can be used.

codeobject.co_lines ()

Returns an iterator that yields information about successive ranges of bytecodes. Each item yielded isa (start,
end, lineno) tuple:

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

e linenoisan int representing the line number of the bytecode range, or None if the bytecodes in the given
range have no line number

The items yielded will have the following properties:
e The first range yielded will have a start of 0.

e The (start, end) ranges will be non-decreasing and consecutive. That is, for any pair of tuples, the
start of the second will be equal to the end of the first.
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* No range will be backwards: end >= start for all triples.

* The last tuple yielded will have end equal to the size of the byrecode.

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 byfrecode compiler.

W A 3.100) =7}
o ®7|:

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

codeobject . replace (**kwargs)

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

WA 3.8 =7}

)¢} 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

frame.f_back

frame.f_code

frame.f_locals

frame.f_globals

frame.f_builtins

frame.f_lasti

Points to the previous stack frame (towards the caller), or
None if this is the bottom stack frame

The code object being executed in this frame. Ac-
cessing this attribute raises an auditing event object .
__getattr__ with arguments ob7j and "f_code".

The dictionary used by the frame to look up local vari-
ables

The dictionary used by the frame to look up global vari-
ables

The dictionary used by the frame to look up built-in (in-
trinsic) names

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

34
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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 inter-
preter 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 implement
a Jump command (aka Set Next Statement) by writing to
this attribute.

frame.f_ trace_opcodes

frame.f_lineno

Frame object methods

zd A AA = SEA WA EE AP T
frame.clear ()

This method clears all references to local variables held by the frame. Also, if the frame belonged to a generator,
the generator is finalized. This helps break reference cycles involving frame objects (for example when catching an
exception and storing its raceback for later use).

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

B A 3.40] =7}

E o)A A H| (Traceback objects)

Traceback objects represent the stack trace of an exception. A traceback object is implicitly created when an exception
occurs, and may also be explicitly created by calling types.TracebackType.

WA 3.7 A ¥ 7 : Traceback objects can now be explicitly instantiated from Python code.

For implicitly created tracebacks, when the search for an exception handler unwinds the execution stack, at each unwound
level a traceback object is inserted in front of the current traceback. When an exception handler is entered, the stack
trace is made available to the program. (See section 7y <=-.) It is accessible as the third item of the tuple returned by
sys.exc_info (), and asthe __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 t b_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 final 1y clause.

traceback.tb_next

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

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

£ e}o| 2~ 7Y A (Slice objects)

Slice objects are used to represent slices for __getitem__ () methods. They are also created by the built-in s1ice ()
function.

E Q7] Ag oEBHEE: start ¥ 3F3F(lower bound) Ut} stop 2 AF3k(upper bound) Y U t}; step
2 28 Zduth 2 32 4= 4% None Ut o] o ERREES 1:14-45 o] g £ 5 Uth
Efol A AA|= et A EE ALyt

slice.indices (self, length)

o]l I == dhute] A AR length & Woka] Sefolx AR 7E Ao length A Ao AEH S
o 2 Eetolxo e R E AFUTE Al He] Aer 7498 FES %ﬁ%‘%i‘r: o) RAEL 77}
start &} stop A 29}, step FE= S EFO] 28] AE O] = (stride) A o] YU th A HE AU HHE Wl d

Qe AEL AuA ] Lebo] 29} e WY 02 bl F ok

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

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

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

33 S vAEolFE

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 [1] is roughly equivalent to type (x) .
__getitem__ (x, 1i). Except where mentioned, attempts to execute an operation raise an exception when no ap-
propriate method is defined (typically AttributeError or TypeError).

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

NEYE $ G FTALE AW, 2Y2 2YRAL A0 Yol £ FEAAL PRIE Aol
ZT8FUL A& S, A A E2= NME FHES ANE AR 2 E 52T = 5yt sHA T Al“/‘r
o] 25 AU AL o] ot = 4 5T (o] 8 3H7FA] ol = W3C2 Document Object Model./] NodeList
[e]

3.3.1 7|22 o]l # AE|ujo]A| o] A

object.__new__ (cls[, ])
S s O A JA2RHAE W —‘é— 7l s = =4 14@ _new__ () v 2 WAEIUT (2 FA
GATA ob e S BRI A, A WA A4 DS el S Axvne] Felag)
AUt U A= AA A2 2 Gﬂ(iiﬂ’\ T3l Agd A=Yk __new__ () 9
318} 3He A A A2 0] o] of FLITH (HE cls o] AAE ),

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

Wk new () Zhels o JI2RAE S FA GO0, A A2EH20  init. () © TEHA UF
.
__new__ () =52 EHF (int, str, tuple 7} Z-2) 2] AH ST AAEHA YA
Olciﬁl’h ol AR U TH 3 AREA B Y vl e S oA Sl S A
A5 A ‘4‘:]'-
object._init_(self[,...])
(- new__ () ol o=l A2-H27) vk 1 3o, A W TE AN A EH F7] Aol SEFYth A}
2 FH B8R = 54 OE A" ASdUch wefwols FeA7  inic () Uﬂ/ﬂ‘: =JASII
Aok, B Fej29  init_ () =, ATHH, A" 2o A W o)A Fj A7} AFA] 8= _I'"E]_

2The _hash (), _iter (), reversed__ (),and___contains__ () methods have special handling for this; others will still raise
a TypeError, but may do so by relying on the behavior that None is not callable.
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o] £utz A 27138 <S &3] 37 Y8 HAA LT TS| FoloF FUrL); oS E0]: super () .
__init_ ([args...]).

AAE De=d _ new () & init () 7} HIT YO8 E (__new () = Tt
_init__ () & 3AAE AxEHute|2¥Yth, __init_ () 7k None 0|99 gg ST AP
ZHel| TypeError & €27yt

il
K

(

object.__del__ (self)

A2| A7 335 7] Ao &P Uth Ftoldetol A T (FF AeHA) 3t 2peta &Yy o) vk
ol ATt del () MIMNEE ZEA QITHA, A S a9 del () WA EE, B H
Ahd, AxE 2o A # o] 2 FE| A7t 2R S RES A A3HA AHA|8H7] 9380, A H o2 w o]~
Ze 2o HAMEE T EF oF Tt
(A} A = FATH) __del_ () HIAEE A2xE 2o st A
3 & A AAE § dF YT o] AE AA

ol FHAE TEEAE T et

Az B 7t FE5 T uf of2 Joldl= ARl thalA= __del () HIAES TFo] A XA &
S4rth
Z: del x=FAHx.__del_ () ESEA FS5UTh— dof] A= AL x o] IFX 3] 4= (reference

CPython 73 AFAJ|: 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.

o ®7):

o,
E=)
M
=2
©
Py
©
>
o
ofy
=2
12
0%
>
N
rlr
£
Yo
rlr
-
>
i

i del () o] T&HE= &9l
=z

Lox
o
A

k r
N

i
iy

ol I+

S rlo
©
1o
o o
[>

3
[
=
>

o,

e 1o
N
N
>
O%
Au)
rr
ol
2
}01,
i
it

fu lo
Ky

IO 0\_u4
(724 (n

b o
s~ 39
ofy
v
=

[ ko

% fo

o, M
ol
-
=
Q,
1)
-

i
i)
o

o 22
o o
e
2
=

fijo

T o >
iz
o%
o
N

h
o
ne
2
(o]
o
X
<
Yoy SL =
It o
=

do
ot
of
I
i
M
[
N
2
o
filo
o
d
)
XN
%
fuj
=2
=
)
5
i
fy

5
5o

<

il

S

T =
Non = =
b U= o] AR Sk B A A
2ok 2 ASA Ferhd, el
A e R s R

Q.
0]
b~
rlo
ro
o
[l
i)
A
il
I
> I:m
(]
g
>
D %0

32
AU

e}
lom
hu

¥

Y

=

q

7

flo €,

b 50>
E_I,
x

1=
R}
N

|

Q.

D

|

-

N—

&,

_>|:E

f
N

ol 18
ot L

rlu

k]

-

o
i
30

oy
v
*

object.__repr_ _ (self)

repr () W Bol o)) SE 5 of AR “F 4 A 9 (official)” AL F AL A LT Bof b
Sohd, o) A 22 (A AT B0 Fojd wl) ghe 2 AN AT BE 5 b SwHE o] d B
A A Y Lofof FUTh. A5 ehA ATiH, <. ZEE Ao FEo BALS Sei7 oF Pk
WHE ke MEA] BARdolofof Gtk Wk et str () glol  repr () B AT,

repr ()22 AT 2 WG4 H Q) (informal)” £ Edo] £7F w) D 5 U%

Ut
o) AL v ol ALgF 7] wloll, E& ol

of

FE AR E G BT A A ke Aol T2 FTh
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object.__str__ (self)

yprint () o o8 &5 o] A} “H] F 4] A <l (informal)” &
=527 FA O]JH 7}“ T EAE WS ALY Bh g2 W EA] ZA4E A A of oF gyt
=

ol MINEE _ str. () o] SHIE Fol A S ¥ E Aol ZHH A Fethe FollA
object.__repr__ () Z oYtk © A stal 2HE 3 F o] A .

|
W33 object o]l AYHA 7|8 FAL object. _repr_ () = TEYYTH

object.__bytes__ (self)

bytes o] sl TE= o] AA 9] vle]E D & AUt W 2 REEA bytes A A of oF gyt

object.__format___ (self, format_spec)

object.__1t__ (self, other
object.__le___
object.__eq

object.__gt___
object.__ge

(

(
object.__ne__ (self, other

(

(

format () W3 &<, S5, =W F 214 2 8 & (formatted string literals) 2] A4t} str. format ()

WA S ofa) EE o], ARG “EWH” EAL ERS WS WU Th format_spec AAE L7 =
E SHES EFE BALYUL formarspec A7 HHL _ rormac__ () & FAE Do
gegoth R FHat 2 Y S JFFE] S ALY, ST 2R 34 BHS AL
Fuok

2o g F o 3] A<= formatspec € Farstd U th
Al EAF o] of of gy T

WA 34004 M : object & _format__ WA= Z}pAl-2, 1l FALE o] opd AX}7F A= TypeError
£ 2RI
WA 3.7 ] WA : oA object._ format_ (x, '') =+ format (str(x), '') 7} o}yzt

self , other

—_— = = = ~—

self , other
self , other)

°| A5 £:9] “F & ¥ 31 (rich comparison)” WA = A e, Ak} /) B9 H A E o] § 219 BA L
e Z2syth x<y Ex. 1t <y> TEPYTh x<=y £x._le_ (v) & TFFYT x==y
=x ) EEEdUh x>y Ex._gt__(yv) E

x._eq (y) EZEFUh x!=y £ x._ne_ (y)
TEFYThx>=y = x.__ge__ (y) E%QW;}-

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 f statement), Python will call bool () on the value to determine if the result is true or false.

By default, object implements __eqg () by using is, returning Not Implemented in the case of a false
comparison: True if x is y else NotImplemented. For _ _ne_ (), by default it 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 ().

AREAF A ) Wl AAEAE A b stal g e 712 ARE 5 QL A Vs AAE vrEE 2ol 3%
27 F2F W80l __hash () o FT Ekel YF U

There are no swapped-argument versions of these methods (to be used when the left argument does not sup-
port the operation but the right argument does); rather, __1t___ () and __gt___ () are each other’s reflection,

le_ () and _ _ge () are each other’s reflection,and __eq () and _ _ne__ () are their own reflec-
tion. If the operands are of different types, and the right operand’s type is a direct or indirect subclass of the left

3.3.
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operand’s type, the reflected method of the right operand has priority, otherwise the left operand’s method has
priority. Virtual subclassing is not considered.

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

object.__hash__ (self)

Called by built-in function hash () and for operations on members of hashed collections including set,
frozenset, and dict. The _ _hash__ () method should return an integer. The only required property is
that objects which compare equal have the same hash value; it is advised to mix together the hash values of 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))

23 : hash() = A7 A3 hash () HIANE7 EHF 2 py_ssize_t & AV|E A}
=4 D]-(truncate). o] AL HE 64-bit W E oA = 81}o] E 11, 32-bit ‘?:_1501]/\1 = 4nlo]l EJd Ut} whek
A _nach () 7} AR e HE 2718 g UEE Aelold B ALgE oo el wE
AP D= Eo A =& AAS|oF dyth o] ZA st= 412 W2 python -c "import sys;
print (sys .hash_lnfo.width) n Ayt

If aclass does not definean __eqg___ () method it should not definea ___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 __eqg___ () method, it should not implement ___hash
implementation of hashable collections requires that a key’s hash value is immutable (if the object’s hash value
changes, it will be in the wrong hash bucket).

AR Ao FEllae 7R ACR  eq () ®F__hash__ () MIANEE ZFUTH BE 711‘ = (AH7]
A& A9 skar) 22 kAl Bl E AL, x._hash_ () = AZ T S T, x == v ¥ wa is
y $thash(x) == hash(y) 7FeAll AH T - A== Fyoh

() EARSIAL  hash () EAYSA = FUWESE_ hash () 7kNone 22 HAH
‘45} 2§29 hash_ () MAHE7}None o/, 2|~ AAB AL mg o] A A0
A =& 0] TypeError & € 27|10, isinstance (obj, collections.abc.Hashable) & AAME

w) 34 55 Sheka 2k 24 U

Wk eq () EAARYS= AWV RE FHAERE _ hash () JFASEHTILACH A
BHZg oA HA| A2 o]g8 A XA Fo]oFgU Tt _ hash_ = <ParentClass>._ _hash_

WOF__cq () 8 ABHA e FALA NN ANE WF T AW, T4 Aol _hash_
None & X &sloF &Yt AHAQ]  hash () & 14.45]— _601] 47 e TypeError EdoyE=A4L

isinstance (obj, collections.abc.Hashable) &£ 0] OH Al 7V 5tk A5 ?_]/512}14 t}.

.

[T

Ba: AR sudbytes ANE] hash_ () gL AST S Gk U 2 S =5 of (salied)”
S5 UITh 8 shol A 2 A 2 o A WA b o2 AR AW, st AL B Ao w AT
s ol 5% 4 QA By

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 Azte] WA Ao ol el ol A Ao BB FUT, Tho] M o] Aol e o BAE 5
OF4FUI T (2] 71 K% 32-bit 9 64-bit W= Abo]o] A% ChE U Th.

PYTHONHASHSEED & Z3}4H Al L
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WA 33004 A A d Bl VR Ao R 2

et

33 Ut
object.__bool___ (self)

Called to implement truth value testing and the built-in operation bool () ; should return False or True. When
this method is not defined, __1en___ () is called, if it is defined, and the object is considered true if its result is
nonzero. If a class defines neither __len__ () nor __bool__ (), all its instances are considered true.

[\
2
fu

2 HE A& A 2E upo] A o] 4

3
Al A2t a9 AEYFHE Fx(87], HY3H7], x.name = AHA317]) ] Ju]E WA 7] S8 oh= 3
TR REREE FEP RN,
object.__getattr__ (self, name)
7]% OJEZHE MM A7lattributeError 2 A u] SESH YT name o] A2 A o]ERHE £
Eselfd EH~EG JEAEGHEV}oLBIA _ getattribute_ () 7FAttributeError
£ 4271 A name Z 2 H HJ __get__ () o] AttributeError & 42 Z ul). o] A== (A A
=) O]EFH‘F[‘—E S HHEs AU AttributeError 9ol & o Aof UL‘JQ‘

ARHARJA I AYEE 3l AEAREALAFY __getattr () o] TEHA 5ol Fodl|oF &

[

Utk (el AL getattr () 3 setattr () 2 JEF A YUTh. o] ZA s o] f=
EgwjEol7|= SaL, A ShA oW getattr () 7t OJQ%AA e oERE HoT
ol 7 Wl 7= Futh Hojx AAEA W F9, ol fE A" o] ERRE YA g

o 9A 202 M (R TASE T ARl Y3 UTh AAA A0le A Y 2 A 5 Ak
HEZHE AMAE AAZ HA3] 22 6L= v o tia A= oo Y2 %_getattrlbute_ ()
o A tHE U o,

object.__getattribute__ (self, name)

Zelx drH2 JEFHE ANAE THEY] & 24 Qo] 2P Y. Wk Ze
27V getattr () & @A F@3E,  getattribute () 7t BAHAOE T EEFAY
AttributeError & 4o 7] A &= o]AF _getattr = 3£y Z] o=t} o] AEE o]JEEH
Eo (AE) 3 %34T74H-AttrlbuteError o 9] 2 o Aok st} o] WA= A F3F A7
(infinite recursion) 7} A 5= 2 S U1—7] e, +H L AA ]L]— Qa3 oJEZHE A3 Y&l
olFY Ho|Ax ZFH A HANEE TEHoFFUT dE ,object._ _getattribute__ (self,

name).

ZF31: This method may still be bypassed when looking up special methods as the result of implicit invocation via
language syntax or buili-in functions. See S5 H| A = 23],

Ol 2} obj, name & & ZrA} oMl E object._ getattr_ & THAA A YT

object.__setattr__ (self, name, value)
=2 fE ool NED W SEYUch QWAL AT A2BL AN e AP
Z) thAlel o] 2ol T =F HEP name > ©1 E 2| HE o] F°] 1L, valu of thdstel= Ao
setattr__ () oA °V*E4é JEFFE thystel L Fuf =, 22 o] 59 wo] A Ff 29 H A
% SEdfor gyt & S0 object._ _setattr_ (self, name, value)
o] 2}

rr
Mo
2 l>

obj, name, value & ZrA} o|HlE object._ setattr__ S TAA R YTH

object.__delattr__ (self, name)
_setattr () HHIZ AW | ElHES B 5Hs B A F LTk 9] L del obj.name
o A Aol ¥ 7} 9l 7 5-of uk 77 o] of F]h.

Q1 A} obj, name & & ZrA} o] E object._ delattr_ 2 WAIA 7Y TH
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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.

2E o EZHE A& AXEufo|A o] A

E4gto]§ __getattr_ F__dir ¥ EE AJERFE I F2S AHEA H Y5t ol AHEE 5
S 95U BE £50  getattr RoL Sbe] AAE o Eel RES o] 58 WolA ALE e
S8 F AV AattributeError & WA Aok gt} YHEA 9 23] (& object. getattribute ()
£ 53 oJER E7]' 25 AA oA LAE R %O AttributeError & 4077 Ao 2E _ dict_
oA __getattr 74""61"41’/} LA, o ERHE o527 O Ad4E TSI @J)ra =HsUh

—~

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

70'(01 HE A, 223F 5)S Bt AlUsHA AFEA o steld, 28 AA9] __class__
01 B] EE types.ModuleType & A H ZHPAZ2 AAT 4 S5 UTH g5 51

import sys
from types import ModuleType

class VerboseModule (ModuleType) :
def _ repr_ (self):
return f'Verbose {self._ name__ }'

def _ setattr_ (self, attr, value):
print (f'Setting {attrj}...")
super () .__setattr__ (attr, value)

sys.modules|[__name_ ]. class = VerboseModule

Y BE_getartr_ ASISBE _class AL =R A TEE g 2a9Y
Q2w YUrt-2E Ao] e A A AA (2 F o] LEof o3 A 2ol ALt BEY A P
Gelol cheh B2 AHAh S FA Sric

WA 35004 WA o)A __class_ BEE SJEZHFETI 27 7Fs g th
WA 370 7} getattr_ I _ dir REEOEZHE.
o 17

PEP 562 - & _ getattr__ 3} _ dir__
BE) P&t _ getattr_ T __ dir__ TS APFYch

Y23 gy 7337

gl L= MAESS MAEE 71 Sd (29 I HE (descripror) 22 2) o] A2 AT7F 272
(owner) Z e 20l T w T AEFHUth(H 2T FE = &F2 S 29 9V I £ 2 Fex F 5
] ‘”J/#Liﬂﬂl ol oF . OPEHA ool A, “|ERRE” & o] Fo] &FA Feh£o __dict_ 9 7=
A e o EFREE 7 HYTh

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

SEREEE R ESE

Eal S Fal
AR ekt Bl 55T XA ot A1 A A ). Aheie] e
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AEZRE 27t dojual Y& d2" 2o AL, o] ER R E 7 owner & 53 HAM 2 = = 7% None
dYytt
ol A E= Al4tH A ERRE 32 EHF AU AttributeError o] & oA of Gt}
PEP 252%= _ get__ ()©°] st T 719 QIALE 7= Z 8] 8ozt ;qxgsh/]r)r gjo] W AFAl o] W &+
Haagde & o] YAIE ALY 2, €7 Zﬂ”X}J-—TLOH‘— T4 ERT QA=Y
B 7L d= —’F AsUTH st AAA ) getattribute_ () ?@% g 3“]3} A Glol T+
A2E BF ALy

object.__set__ (self, instance, value)
A2 ZA 2 A2E X nstance &) AE B REE A ghvalue 2 AR T ol & Uth

_set_ ()olU__delete () B F751A tlAa % E §8 0] “dlo] ¥ ¥~ 3 e (data descriptor)”
2 149 FAN L. AN B UEL A 52678 2RI L

_4

object.__delete__ (self, instance)
287} Zej20] AAEA instance &) G| EEHES AA T ) EH U
Instances of descriptors may also have the __objclass___ attribute present:

object.__objclass___

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

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.

JEZHE A2 7115%10 AR gH A o ERHES %4; 23, AA s ALY oS
Eola.x=a._ dict_ ['x'] A A ZE A type(a).__dict_ ['x'] & AA type (a) 9 HE =
25 A9 3k e o]~ %aﬁéég 7%%% 7He 4™ 232 FAAE Y

i}, whek 23] % ghol AT HE WA EE FES AA Y, spo] A2 72 T2 thAalol AT HE WA
E2 5284 YBUth $HEH B2 o S XA oA Yo] YouheA L ol W AT YH WA=}
Aojxo] gl ojd Ao g S5 =X upe} oYt
a3 gy 359 AlZH 2 43 (binding) YU TH a.x. o2 A AAEo] 2FH =2+ a o et thE U T
44 5%
P DEHRAE 1 DS & EE S A REAYAIYH ASE 41 TER WYY
t}:x.__get_ (a)
I EL Ealpe b
AA AdxBExo] AFEHE, a.x = old &2 AIAF Yk type(a). dict_ ['x'].
get___(a, type(a))
Zel2 4%
2o d2gslH,a.x = oA TEZ HIF YT A._ dict_ ['x']._ _get_ (None, A).
Super 2%}
A dotted lookup such as super (A, a).xsearchesa.__class__._ mro__ fora base class B following A
and thenreturns 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__ (), et__ () 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__ (), it is a data descriptor; if it de-
fines neither, it is a non-data descriptor. Normally, data descriptors define both __get__ () and __set__ (), while
non-data descriptors have just the __get__ () method. Data descriptors with __get__ () and __set__ () (and/or
__delete__ ()) defined always override a redefinition in an instance dictionary. In contrast, non-data descriptors can
be overridden by instances.

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

property () &5 o8 JA2IHE 2 TP YT o] wfFoll, A" 2= Z 2 5 F (property) & 5 2=
WA syt

__slots___

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

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

object.__slots__

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

e 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 vari-
ables is desired, thenadd '__dict___' to the sequence of strings in the __slots__ declaration.

» Withouta __weakref__ variable for each instance, classes defining __slots__ do not support weak references
to its instances. If weak reference support is needed, then add '___weakref__ ' to the sequence of strings in the
__slots__ declaration.

e _ 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.

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

s ZE T o2 B A slors_ o BB o) B 2L ol WEE _slors o) A geh, o]
22U 27t AR AFE AAAT 5 G At HUTM o2 ZHLREE YAAHEE A4
233 AL ol 9lth. oA 2R AN A $ A WA FUh veels, o &
WA 5] 3 A AL 2718 AU

e TypeError will be raised if nonempty __slots__ are defined for a class derived froma "variable-length"
built—-in typesuchas int, bytes,and tuple.

* Any non-string iferable may be assigned to __slots__.

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

e 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 Z&x A4 ALEulolAo] A

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, __init_subclass__ solely applies to future subclasses
of the class defining the method.

classmethod object.__init_subclass__ (cls)
ol MMEE xete S HE S RS uinitt S &3P Uth ds = A A E S 2P
wreb dubA ol A AE A WA =R JolH W, o) WA EE BARoR Feja WA =R WFH Tk

2
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

e

712 F & object.__init_subclass__ & oFF Y& SR AT QA7 2w o] S EH W o9

g A U T,

Z3: WE P2 S E metaclass = YH A § Ao o] £2¥]5 31, __init_subclass__ 2
ALE 2 ks ch AA vEer ZF A (FAI A QA SIE tf2ld) &= type (cls) & AN AT 4 9F YT

WA 3.60 =7}

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

(TH& s o] Aol A1)
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(o] A sl o] Ao A A<)

c # The hook is not called

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

H 2kA 8 W 8- Sl A thE Y] & FAsHA Al L.

WA 3.690 7}

we} 2o

NEACE, FA2E type () & AEHA BE LU FUL] vhe = A o 5 F oI AHH 2, 2
2 0] &L type (name, bases, namespace) & Ao A FA o2 AZH Ut}

Zo22 uEs BAL 202 39 Folnetaclass AL AAE ARHAL, 18 A4E EFE ol

EAsE S ASTLEZN AxEHutol2E = JIFUTh TS ool A, MyClass 2F MySubclass &
EF Meta o Ad2~EHAYYTE

class Meta (type) :
pass

class MyClass (metaclass=Meta) :
pass

class MySubclass (MyClass) :
pass

Zex RoolA AR A e A9 AREL oleol A AW £ LE vE oA das2 AP
o2 o7k AR D W, et 2L BA Sk

» MRO &%) 24 )

- AAg e 22t AP

. Ze)2 o8 F2ho] W YTh

object.__mro_entries__ (self, bases)

If a base that appears in a class definition is not an instance of type, thenan __mro_entries__ () method is
searched on the base. If an __mro_entries__ () method is found, the base is substituted with the result of a
callto__mro_entries__ () when creating the class. The method is called with the original bases tuple passed

to the bases parameter, and must return a tuple of classes that will be used instead of the base. The returned tuple
may be empty: in these cases, the original base is ignored.

o B

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

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

Sl oo A v Fhae vha o] 2 F U
o Hlo]2ot YA A QA He FHAE FA] B A type () o] AHEHUTH
s FAAJA HE ST AGH AL, 2A ] type () o A2" 2T o™, IS WE S A2 AR R
Yok

* type () 9 °1£‘:3_£7P”“W A et S Az FoA A AL vl o] A7 A o= glod, 7H wWol 3H

4 wo] st e vt Fej ot A0 A e Feha ()9 AP BE ol s Feha
ek 2 A5 (S, type (cls)) T A UTh 7H o] HAHE ve Zejas o5 RE o A8
(subtype) U Th TeF ol A% o] 2AS WHFA] Borpd, Fe A H O = TypeError &

A g

Fel ol F 7 EHI5]

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

wreF et 2ol o] _prepare_ ol REZ} GrkE, 2o ol B W A Y PO 2713
gk
H

©] B7]:
PEP 3115 - 5}o] & 3000 o] 4] 2] w| e}

_ _prepare_ °|&E3Z7 S

Zl
A3

fr e

3 [

FUrh

o

Sl Hhd = (=) exec (body, globals(), namespace) 37Jr Zol AP Pty dWH A exec() &
2779 Ao e Fea A g wfﬂil o1 w o1 1 237 (lexical scoping) ©] e 2> whe] (22
HATES 23 HA1)§ s}oq:L tﬂxﬂ?}ﬂ Fxof Qe olE

S gaes fees 4400

ol A e d Uﬂ/ﬂE‘éfﬂ% Eaat
b‘r%EH/‘UﬂH of A AR vif+E F

Lt/\/\
A AFAL TS AN A S B RO o}l ~xBE  class  AEE Fslob Ik
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At o 2 x] YA H, ZeH A AA| 7Fmetaclass (name, bases,
namespace, **kwds) < &3l WHEAHUTH A 7NA AGE = F71E QA 7|9 E AR5 __prepare_

of AT E A5 25 oh.

o] Fel A AA &= super () ol AAE FA e 49 F2HE AdUth __class_ &= @2 vir Y HA
TE S o=t E __class__ U super & FERT FL Autd ol g3l HEAR = FAHA FEA
(closure) F2= YUt} o] 212 A4} gl FENS super () 7} ol3] 237 7|uto 2 A A= 1 &= Fea
£ gutEA 2L 5 JAEE Pk vtde Al TE6 AHEE S o AdrEAE= AT AEE A

W) Slbol 72 A1 A5 U o,

CPython =& A}A]: CPython 3.6 o] 4ol A, __class__ A(cel) 2 Z 2 o] & F7H2] __classcell_ 4l
EZ & vE 2ol ﬁ%%‘%r/} ghok 22 strhd, o] A2 :3]1’\7}£‘3}E7'" =713+ 7] 913l type.
__new__ SE7HA AEHA AutE o of Fth O]E‘qﬂ] 1A Z351d nho]l# 3.8 o] A= RuntimeError &
ool 4 Ao,

When using the default metaclass t ype, or any metaclass that ultimately calls t ype . ___new___, the following additional
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__ () hook is called on the immediate parent of the new class in its method resolution
order.

2ol AR} BE D 5 o
T ARE SHA Y HE A o] § B

-

al

£39 Ze) 2 v ze ol HSol A (Arhe) 24 4GS
o .

AR AgH s A= M2 e A4 e
O

type.__new__ 2 A F 27} Hl
] 1 7] A& 32 2] (read-only proxy) 2 &2 #Fo] =1,

oz BAE 1, Yo AA }\
o] Zo] Fefx AR Q] _ dict_ oJEHEZFHYTH
t ®H7):
PEP 3135 - A}| super

B A class. 2R A FzE2 A9t

el Zeg 2o &2

HEl ZElao FAFHQA EE o= AV UL §A4 FE 2 /1R O]'O]qoi ol &= enum, 2 7, Q1€
o]~ AAL A5 3 9] ¢ (automatic delegation), X}EEZ}FJ 2 2 5 €] (properety) 2843, Z 2HA] (proxy), ZH 4
(framework), A= 3} Z}% Z 7)/% 7] 3} (automatic resource locklng/synchromzatlon) So] g5yt

3.34 JadA g A8 FE X HAL AXE ulo] A o] A

O WA EE2 isinstance () $Fissubclass () W& TFFEY 7|2 535 AA Y st ol AP YT
E 3], Hle} 28] 2 abc.ABCMeta = A} H o] 2~ 2] 2 (Abstract Base Class, ABC) & D}E ABC
9o Z A F (AP L 283U “7}AF W o] A Z el A (virtual base class)” 2 3 713 4=
ol HMEES FEF YT

class.__instancecheck__ (self, instance)

instance 7+ (A H Aol AL} ZHH A O 7)) class o] 2R HFE
Aol=l9, isinstance (instance, class) & 78317 f3] =

;o m{m

48 Chapter 3. ©jo]g] ¢


https://peps.python.org/pep-3135/

The Python Language Reference, d#] A 3.12.2

class.__subclasscheck__ (self, subclass)
subclass 7H (AR Aol AV P H L2 ) class &) M B S22 HFE + Jod Fs syt B
Aoz, issubclass (subclass, class) & Fd37] Y3 =25 Yo

ol MINES2 e F(HEr S ol 23] Athe Aol Fosof Futh AA SN S
A=z FoE ¢ suth ol A2 A i bis] TEHE S5 vAES] 239 LA s

o] A% dxd é%%iﬁ/\x}ﬂlf/}
o ¥7):

PEP 3119 - 4w o] 2 Fef 29 T ¢]
__instancecheck ()& subclasscheck () & %3d] isinstance () @ issubclass () 9
32 ﬂAHU}O] Aste ol a3 F S Tt o] 7159 71+ dojoll 4 wlolx Fea
(abc BEZ HAA L) E F7Hetar A} of= o A5y th

3.3.5 A= & Ful W7

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.

o ®7]:

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

Generic Alias Types
Documentation for objects representing parameterized generic classes

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

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

classmethod object.__class_getitem__ (cls, key)
key ol 9= @ Aol o] & A Y Fels0] B48E YEhE ARE B F T
When defined on a class, __class_getitem__ () is automatically a class method. As such, there is no need

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

The purpose of ___class_getitem__

The purpose of __class_getitem _ () is to allow runtime parameterization of standard-library generic classes in
order to more easily apply type hints to these classes.

To implement custom generic classes that can be parameterized at runtime and understood by static type-checkers, users
should either inherit from a standard library class that already 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.
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__class_getitem__ versus __getitem _

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

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

from inspect import isclass

def subscribe (obj, x):
"""Return the result of the 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 does notdefine__getitem (), meaning that expressions
suchas 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'
(th sl o] A o] A<
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(o] A sl o] Ao A A<)

>>> # Enum classes have a custom metaclass:

>>> type (Menu)

<class 'enum.EnumMeta'>

>>> # EnumMeta defines __getitem_ _,

>>> # so __class_getitem__ is not called,

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

<Menu.SPAM: 'spam'>

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

<enum 'Menu'>

o B

PEP 560 - Core Support for typing module and generic types
Introducing __class_getitem _ (),and outlining when a subscriptionresultsin __class_getitem__ ()
being called instead of ___getitem ()

3.3.6 ZHE AA T4 U]

object.__call__ (self[, args... ])
AagdaztdeAd “a3d o g U ol IMEZF A H W, x (argl, arg?, ...) = W=
type(x).__call__ (x, argl, ...)RHAAHYChL

3.3.7 Zelo]vF 1 7]

The following methods can be defined to implement container objects. 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 s11ice objects, which define
arange 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 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 (), count (), index (), extend (), insert (),
pop (), remove (), reverse () and sort (), like Python standard 1ist objects. Finally, sequence types
should implement addition (meaning concatenation) and multiplication (meaning repetition) by defining the methods
_add__(), radd__ (), iadd (), mul (), _rmul () and __ imul () described 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 definea __bool__ () method and whose ___len__ () method returns zero is considered
to be false in a Boolean context.

CPython & %} 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.
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object.__length_hint__ (self)

Called to implement operator.length_hint (). Should return an estimated length for the object (which
may be greater or less than the actual length). The length must be an integer >= 0. The return value may also be
Not Implemented, which is treated the same as if the ___length_hint__ method didn’t exist at all. This
method is purely an optimization and is never required for correctness.

WA 340 =7}

#F3: setol 4 e AR o ol ot Al A =S8 U
[a[1:2] = Db

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

2 W¥ 3, 0 Fol % vhRsbA QU ek Al Seto] 2 B2 G4 None 0.2 AP U

object.__getitem__ (self, key)

Called to implement evaluation of se1f [key]. For sequence types, the accepted keys should be integers. Option-
ally, 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.

¥ for “T—”E\— A A2 E& ZutE A 57 Y8, &5H Qd 2of thdl| IndexError 7} old

ZF31: When subscripting a class, the special class method _ class_getitem () may be called instead of

__getitem__ (). See _ class_getitem__ versus __getitem__ for more details.

object.__setitem__ (self, key, value)
self| key 1 2o e 767 A =P UL _ getitem () F Z2 F7F 3}k
v 9] %o, A7} 7)o thal el WA ﬂ%ﬂﬂAzﬂEd rek A4S, A2 Ao FE ol
WAE g A vt FAF o o Funh FHH key 7k A9 _getitem () oA} ZE L E
%) © 7] of Fch.

object.__delitem__ (self, key)
self[key] & AHAIE T3 Al SE2FYUth _ _getitem () FZ2F7FF 83t mjge
BFole, AA7F 719 AAE T A9, ABLY B FENANALEREH A AL = A& uf vt
TA= oo FUTh AR H key 3 AFE __getitem () AAN LG T2 A E oA FYTH

object.__missing__ (self, key)
dict. _getitem__ () o] dict Al B Fefj2olA 7|7 v Eol gle W self [key] & FA7] 3l
EE s

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.
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object.__reversed__ (self)
reversed () W& g7t o o] E] @) o] A (reverse iteration) 2 & 517 Y3l (YohA) =gt} AH
olfol = AN ES o <02 BT A ol El ol el A7 2l oF FuT
_ _reversed__ () IAEZ} A FEH A oW, reversed () WATTE=A|EA EEE%(ileni ()
I _ getitem__ )%1’41 do® AR I YTE Al A *EE = Z]TJG} AA &L reversed () 7}

A&t ET/PEﬁ EEAN LIS AFTT 5 Y IIH“&_reversed_() £ AlFsl oF Pt
WA AAF AAAE (1n T not 1n) 2 BE AH ool i olEj o] d o & & Ut 3HA] 7, ZH| o]
AL o AN THL The T} 2 S5 WA S B9 AFT 5 AHUch of F% AAE olE e
2o % syt
object._ _contains__ (self, item)

A AN ARAE FASY) A8 ZEP U item o self o] YW FE, 1A gow AR

SR ok gtk viE AR 2] B2, 71-gt Aol ohulek vl e] 717k 1ef s o] of Tk,

__contains__ () & RAY3A &= AAY AS, AHA AA= WA iter () & 53 o] EH g

OJME ANES F,  getitem () & T H2AD2 oJHH oM Z2EZ S AEFUTH Qo

dlwleiog) o] B FTIBAA L.

3.3.8 =2 ¥ U W7

%7 98 Foh 7] 991 T3t 2L MASES Ao R S Gtk FEHE 59 SR £ o3
2 %= AAE (el E , B 7hobd Z} of thgt v E dAikE) ol 3 ot= A =SS FYFH A
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object.__add__ (self, other)

object.__sub__ (self, other)

object.__mul__ (self, other)

object.__matmul__ (self, other)

object.__truediv__ (self, other)

object.__floordiv__ (self, other)

object.__mod__ (self, other)

object.__divmod__ (self, other)

object.__pow__ (self, other[, modulo])

object.__lshift__ (self, other)

object.__rshift__ (self, other)

object.__and__ (self, other)

object.__xor___ (self, other)

object.__or__ (self, other)
These methods are called to implement the binary arithmetic operations (+, -, *, @, /, //, %, divmod (), pow (),
** <<, >>, &, ~, |). For instance, to evaluate the expression x + vy, where x is an instance of a class that has
an___add__ () method, type (x) .__add__ (x, y) iscalled. The divmod () method should be the

equivalent tousing __ floordiv.___ () and __mod__ (); it should not be related to ___truediv__ (). Note
that __pow__ () should be defined to accept an optional third argument if the ternary version of the built-in
pow () function is to be supported.

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

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

These methods are called to implement the binary arithmetic operations (+, -, *, @, /, //, %, divmod (), pow (),
*k <<, >> &, 7, | ) with reflected (swapped) operands. These functions are only called if the left operand does
not support the corresponding operation® and the operands are of different types.* For instance, to evaluate the ex-
pression x — y, where yis an instance of a class thathasan ___ rsub__ () method, type (y) .__rsub__ (y,
x) is called if type (x) .__sub__ (x, y) returns Not Implemented.

A pow() £ __rpow_ () B 5ES 1 AEEA ol ol sl of FiTH(2 YA sl ol A
2 0] 5 B AL oh.

Ha: weF o B 3 A4bA] o] A% v]Adaae] B AE Fehol T, 1 A1 Fe st Ak
AR M= e AL AT, o] WM} A% A} F 3 A @S WA KTk HA
EEPUL o] $AL A B 22t 2B ANS AR T 5 YT G

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 (+=, —=, *=, @=, /=, //=, %=,
*r= <<=, >>=, &=, ~=, | =). 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 += yisequivalentto x = x.__iadd__ (vy)

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

4 For operands of the same type, it is assumed that if the non-reflected method — such as __add__ () — fails then the overall operation is not
supported, which is why the reflected method is not called.
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JIf . iadd () doesnotexist,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)
d ks ik, +abs (), ~) & 7S] A& &P Uth
object.__complex__ (self)

object.__int__ (self)
object.__ float__ (self)

g 34 complex (), int (), float () & 7837 A8 TSt A J g2 =5 oF
i

object.__index__ (self)
operator.index () & T 37| Y3l &5 11, ol M o] X AAE A AA 2 &4 glo] B3
o ul(& B}Ol*‘olur‘%%‘ in (), hex (), oct ( %‘42011/‘19}7‘01)U}D}E5%HD} o] WA =9
EAE A AAN 7 A5 F LS AU t‘&E/\] Ar-E =HFFEUh
__int__ (), __float__ () B __complex__ ()7} B = o] Q1A ko, i W &4 int (),
float () ¥ complex () _ index_ ()& A}&34rth

object.__round__ (self[, ndigits] )
object.__trunc__ (self)
object.__floor__ (self)
object.__ceil__ (self)
W &4 round () & math <4 trunc (), floor (), ceil () & F+H3}7] 3] T Ut} ndigits

7} __round_ () 2 ALHA] G o) HMHEES EF Integral (% int) 2 24 AA 9] 3+
=8 oF Pt

The built-in function int () fallsbackto  trunc__ () ifneither _int_ () nor___index__ () is defined.

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

3.3.9 with & Ag 2= A7z}

ZA B~ E F2] R} (context manager) = with w2 A 8 shuf] 212 3= A3 A X E (context) & A 2] 3= A A ¢
Utk = E59 A3 fal, 9 2E A2 A+ Aot APAN AH2ER ] IAYR Ddas 21 2letych
AY2E A2 2= 5 with & (with & Ao A duth o2 Al ZE AR 259 M =S SE5) A
AR A o= syt

AE2E A2 AP A Eole e S/ A A el (global state) S W A3t B75k= 2, A<
& 7) (locking) &} 11 ﬂiﬂ (unlocking) 3F+= 71, €8 3} & &&= 7l S o] AdF ULk

A ~E FHa| 2o o3 o] 2FA| 3t A K = typecontextmanager ©f U314 T}

object.__enter__ (self)
o] At AAH APAIZF AERE AYFUTh with -2 as 2 AR H thdo] AT, o] wiA
s ask 3 A4
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object.__exit__ (self, exc_type, exc_value, traceback)
o AN ATY AN ANAEE FRYUTE v USEE AYLZ N Yol i BE 91§
71Tt vheF AEAETL o 9] glo] FESTHH, Al 011} RF None o] HUYth
Thok o 9] 7} A| 3= a1, WA E7F o 2] & FAAI 7] AL & st AL Fodd) F(true) =
o FUTh 18R o o9 = o] HiAET}F ZE 3 ?Oﬂ A% R Yk

Note that __exit__ () methods should not reraise the passed-in exception; this is the caller’s responsibility.
] ¥7):

PEP 343 - “with” £
shold with ol T3k 44, ¥l 3, .

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) isequivalentto 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.

B A 3.100] F7}.
o B

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

3.3.11 Emulating buffer types

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

types.

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

object.__buffer__ (self, flags)
Called when a buffer is requested from self (for example, by the memoryview constructor). The flags argument is
an integer representing the kind of buffer requested, affecting for example whether the returned buffer is read-only
or writable. inspect .BufferFlags provides a convenient way to interpret the flags. The method must return
amemoryview 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.
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WA 3,120 F7}.
o B

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 E4 fAE R3]

gAY B ne] B9, BAAQ E5 WASY EEL AR AxEs AU} obd AR Fof
Aolso] g€ wwk gube A BAge] AR Uk o2l B4L he 3 2 AEs eI Yo7t B

>>> 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 conventional
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
S AR G2 MINES TS o) Ao ARHE A== FF vE S & (metaclass
confusion)” o] 2kl EE|1l, EF N ES 23| T ol JA2HAE 35t WHeRE &+ sy
>>> type(l).__hash__ (1) == hash(1l)
True
>>> type(int)._ _hash__ (int) == hash(int)
True

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

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

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

(H& sl o] Al ol Al )
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(o] A sl o] Ao A A<)
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

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 75 €l (Coroutines)

3.4.1 o]¢jo]e]E 7] (Awaitable Objects)

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

ZF31: The generator iterator objects returned from generators decorated with t ypes . coroutine () are also await-
able, but they do not implement __await__ ().

object.__await__ (self)

olE e8] & EeH ok Gtk o9

°|H &
asyncio.Future ¥ await 23X} T35

AR 7RSI A5 g ol of Gtk o Sol,
7 918l o) WA =2 TAFY T

ZF31: 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.

B A 3.59] F7F
o B
PEP 492 7} of§jl o] E| & A A o] th 3t o] ApA| & A B E 23k Q5T
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3.4.2 7 Z ¥l A (Coroutine Objects)

Coroutine objects are awaitable objects. A coroutine’s execution can be controlled by calling__await__ () anditerating
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.

2E2 ool G AT E w8 23 i), AL Ao 8 (41 6 o] B o] 1 ¢ o E] ¥4 = 8 M A1
)9 AEF FkFUh A T AV ol g els 2, TF 2 oJH o] AS A A A3 A= %Q%D}.
WA 352004 HA: T2 EES F W await 5F'H RuntimeError & 42 7 Yth

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 valueis not None, this method delegates to the send () method of the iterator that caused
the coroutine to suspend. The result (return value, StopIteration, or other exception) is the same as when
iterating over the __await___ () return value, described above.

coroutine.throw (value)

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

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

H 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 ()
FFHo] A4S A otal FRSES U th Bk IR H o] A FA] FolH, o] HIAE= WA A
FEo] A FAHEE 3 o|H g ]HJ close () MIAEZ AUt v EES 7HA = 4-9).
I8 o3 A SAAFAA GeneratorExit & WAA 7=, ZFE ] A A4S HE e F
BEUT. A se R TR eo] Aag FRATL EA L, of ] A RAZA FE A 1L,

FEE AA 7} 53 2 w99 22 A 26 whek A5 o2 &3 Y th(closed).
3.4.3 v]% 7] o|€] &) o] €] (Asynchronous Iterators)

Hl57] o|B el ol = AHA1e] __anext_ WA ECAM HEV] ZEE 22T F dsUTh

v 5 7] o]Bl gl o] Bl async for BoA AHEE 4 d5 Yt

object.__aiter__ (self)
u)57) ol Elel o] B 24 & B2 7] of Tk,
object.__anext__ (self)

ol ol H Ha FHe F < A FUH olHH A E1d

StopAsyncIteration of
H]5 7] o|H & AA| 9 o:

class Reader:
async def readline(self):

def _ aiter_ (self):
(th= =l o] A ell Al<)
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(o] A H o] A | A AL
return self

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

raise StopAsynclIteration
return val

WA 3500 F7}

¥ A 3.79]| 4] ¥ 7 : Prior to Python 3.7,
iterator.

aiter__ () couldreturn an awaitable that would resolve to an asynchronous

Starting with Python 3.7, _ _aiter () must return an asynchronous iterator object. Returning anything else will
result in a TypeError error.

3.4.4 v)% 7] AdAE Az}

v % 7] Ad2E B8] X} (asynchronous context manager) = __aenter_ 9} aexit_ WA A AF
A FAE = = A2 E A2 Yo
v 57| AYA~E R A= asyne with B AFEE 4= A5t}

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.

H5 7] AEAE de| A S 29 o

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

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

WA 35090 F7F
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cHAPTER 4

stolf 222 FIE 50 % e JUth EX (block) & T I & Y= F 279 sojd 2=
I HAEQUTE T @ 22 ASe] E59UTH 2, g vt FHa o). o gs e 4
B EEAUh 23PE L (ET JHS Tl A ZEHE AT = sdolv A Z e H o ¥
AatZ A 9t & = BEEYUth 23 HE YH (-c Az JdHzefE YRF P AE HH)S
FE ES5AUTE -n AAE AFE St HE ol H G & 2THER (RE _main_ 0 2) AH =
BEEE IEESPUTE WA TT eval () Fexec() 2 ALEHE ZAE A= FE E5IUT

FE B85 A3 Z o A (execution frame) A A AFFUth. 28 d2 HE ]S AT FE (HH Dol AHEH
UthE 23383, = B89 Ado] 2 Fof] oftjx] o] BA AY S ALT AAAE AT

4.2 o]& 3} <4 (binding)
9]

421 0|22 A7

O] & (Names) & AA S 7+ AU th o] 52 ol &2 A4t wj 2ol vEol Yyt
The following constructs bind names:

« formal parameters to functions,

¢ 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,
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— in a capture pattern in structural pattern matching
* import statements.
* type statements.
* type parameter lists.

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

del ol Ydee td dAl o] 40 A48 Aoz FFUth(AA 2n|7t o] & A4 s Al st A o]
71 =)

Z oot JEE 22 At B4 A U2 FH L B2 Yol 3T 4 Y, BE FEEH Y
= 8804 5T SE A5

ghe} o] o] B2 Yol 25 W, nonlocal o]t global 2 A191E A gk o], 1 829 A9 WYY
o o o] 2 o] BE 2ol A AAS W, A MUk (2F T BE) WSS Ao WA AUtk
ghoF w47

= q
2= 5o M AREH A RE A7 A o= A] o9k A W (free variable) 4 T
Z

79] o] F52 th&oll Y2 ol A4 (name resolution) 7 2] of] whe} F = =

4.2.2 o]E 2] A A (resolution)

251 (scope) = EF WAl A 0] 529 7RAA (visibility) & B FU T A M7t S50 A o5 |, 129
AF2E T E5S EFIUC B A7 A o] FofA Y, Zokd E50] 11 o] 5o tf3f vk
A3s WEA Fe ol 2Tz Aot Yle A Sl 2 E BE EFo = gyt

o]Fo] Z= &5 Wl A AHgE wl, 7P 7PEA S e a3 2o fle Aes AAg Ut ZE 5]
5 e BE T2 JA¥E £5 B4 (environmenr) o] 2HaL FF U T

olF ol YoM LA A oW NameError 2| 7} HAAFYTh whof @A AF 27} b A5 0]
a1, 2 o] F o] AREE = Al el ob4 A 2H A ¢k A W UnboundLocalError o €] 7} A gy ok

UnboundLocalError + NameError & A B S 24tk

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

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

Global B 2o B20) o] 97 AN 2o AnnE 22Ut 24 Mo A2 74A sprbel A S 4
T &3 27 gobal B2 THITY, I AR W dgow HFHE U

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

BEolg ¥ EE A YXEE W AT o2 WUt 23 HE WA ZELS FA_ main_
olgtal & Hth

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

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

However, the following will succeed:

class A:
type Alias = Nested
class Nested: pass

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

4.2.3 Annotation scopes

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

Annotation scopes are used in the following contexts:
» Type parameter lists for generic type aliases.

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

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

¢ The bounds and constraints for type variables (lazily evaluated).
 The value of type aliases (lazily evaluated).
Annotation scopes differ from function scopes in the following ways:

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

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

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

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

¥ A 3.129]] 7} Annotation scopes were introduced in Python 3.12 as part of PEP 695.
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4.2.4 Lazy evaluation

The values of type aliases created through the ¢ ype statement are lazily evaluated. The same applies to the bounds and
constraints of type variables created through the type parameter syntax. This means that they are not evaluated when the
type alias or type variable is created. Instead, they are only evaluated when doing so is necessary to resolve an attribute
access.

Example:

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

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

>>> T = func.__type_params__[0]

>>> T._ bound_

Traceback (most recent call last):

ZeroDivisionError: division by zero

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, Literall")"]]
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.

WA 3120 F7}.

4.2.5 builtins ¢} #| 3= A3}

CPython 73 A A): 18 AL _ builtins__ & A=A Tolop Gtk o] AL 78 ARAGIY T Y2
oE B e WAL AL AHSAE builtins BES import 33 1A o] ER]HES A

S oF it
S 259 493 A9

B b
fr %

02, main REEY YL ulE=  builtins_ I+ UHF
__builtins__ +builtins EEQ A go gt A JUth
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A Aol e ol F AL Aakd Al o) ofjek A A Hol o] Fo Mtk o] AL Th 3} 2e R}
0 FY3s AS EFUD:
i =10
def f():

print (i)
i = 42
£0
eval () #exec() @4% o] 2 AMS 95t AAT A et Aol YF UL 0] EL TE39 A
3} A9 02 BoNA AN = AU AF WAL 4 h7lo] Bl A o & Eabe] ofjet A< o]
A AAFULE excc () Feval () BHoIE A3} A9 o) F B 7 AR L S g A s d
A7} QUi th. whel vhA) 3 o] BhRk Fol AW, AR o] F JhA mEE ALg R ok

deleoEHude Ao AL AEs7] Hs) Z= EFY dF A Ao 5L M FFYUTh o8t

ZAE A DA A AL E Lo Yt (raised); € T = %%O]‘% ARA T2 Ao 2 o7 HA s

FEEEL TESOH FZE EEqAA dYg= A2 = d5Yh

gto] M AHZHHEAF AT JHOLZE YFrE A Z22)E AT v 9 & dogdUrh ol =27

WO raise B ]’o"%H’H YA H o2 & o £ AFULh 98 HEl 7= try - except #OZE
AEUth 28 23l A finally T+ A8l (cleanup) T =& A QG 3HE o] AHSE =, A& A E3t=

A
Aol obule} b4l T= ol A ol9) 4w s 18 A) o ARH ek

Fpo] 2 o 7] 2 2ol “F 2 (termination)” 2 D& AHEFU T ol 9] 2 217] 7\ 7S YA A 5 A,
v A o A A elg 731]*‘?L T JAR o2 o] FAS A AT Fofl A At AT = JFUT
(A8 = 27t A5FE A AR 7= A2 A2 dyeh.

L7t YA E A2 H A e, e ze|El= 22 28] AYPS FFSHAY, Uiy vl F2= Fopgt
Tk % 4% 25, o2 7} systenmxit 9 495 A2k, 28 Edol 288 g

Exceptions are identified by class instances. The except clause is selected depending on the class of the instance: it

must reference the class of the instance or a non-virtual base class thereof. The instance can be received by the handler
and can carry additional information about the exceptional condition.

: ]+ 5o W APL 227} oby] Ut 2 Ul 82 ol o] wdol wid w) A glo] WAE 4
,FEE ole] WA AHze ol YD 5 g L o] o 9 28k Dol k.

Lol gl o] AdE mol ddH e 2= BB AodE £ AR ole EAA k7l W2 dvch
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5.1 importlib

importlib R EL2 X E A|AH I A S 28517 Hfﬂ-%—‘?‘—f{ APIE Al Fg Yt} o9& 9], importlib.
import_module () + YXZE BAE F&8t= ol o] W __import_ () o v]s) AR 31, o] st
APIE A5t o AAe W82 importlib gto] B g dHAE FR A L.

5.2 3} 7] x] (package)

shol W& 8 744 %o BE AA Y 2% 97, BE BES REe] sholHo|1} Cu} 1 el T ol @ Y
o2 pAYEA g} Aol of FAYTh REE 2 AL o8 AFTRE ABA A, ol L
571 4] e ﬂEMAqq

. =
). F A A28 gAE YA Y, 7)1 A= AEH o7 A5} E
= 29T+ A5t
2E 5747} BEoleke A S 7|95k Aol SR Ik AW RE wEo] 3749 AL o}
Joz nasd, AAAL SHE SRe wEATh FA40 R
2EL /A% AFAYTh

All modules have a name. Subpackage names are separated from their parent package name by a dot, akin to Python’s

standard attribute access syntax. Thus you might have a package called email, which in turn has a subpackage called
email.mime and a module within that subpackage called email.mime.text.

5.2.1 A+t =7] A

Fpol 2 F 7HA F72 A E AUt A+t 71 A] ¢ o] 5 w3t 371 AL At 371 A= he]H 3.2

oF 2 o] Ao EAStE A-FAJA M7 AJYUTE B A7 A= BE _init__.py FES 7 HHHH R
FAPYh A AN QEED W, o] __init__.py o] FAHO = A5 3, T50] Fo 5
AR Eo] 749 o] B3] o] BEE AAFULE _init__.py HAL B BES] 42 5 gt
AT 2L vhol W FES EFY 5 A3, ol 0 YEED o BEe| R /HA) o= REE AU
A E Sol, b2 22 st A" wi A= H 4] parent 3] 7] A &} Al 7RO A B 3 7] A& 7 o] ]t}
parent/
__init__ .py
one/
__init__.py
two/
__init__ .py
three/
__init__ .py

parent.one & YEZEJ}WH parent/__init_ .py I parent/one/__init_ .py & FA|F o Z A
sttt o] parent.two & parent.three 9 YZE = Z}Z parent/two/__init_ .py 9}
parent/three/_ _init_ .py & A3}
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sys.path) o 27} o Ff 7| A ZMe et A ANG A5 o= =8 5HA Pt
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YEES= 5L B E |5+ sys.modules oA 21, vk i s gho] X EE WHEdt= EE0|1,
ZZ A"y 6}%] Tt Zko] None ©] ¥, ModuleNotFoundError & € oYt} Tt B & o|Fo
QArhE, sholde B E 442 A% AR

0
=
)]
3
(@]
Q.
C
e
D
0
rlo
[%
N
N
i
i)
it
<
= ;L
N
it
L
X
S
b
K=}
ot
ol
b
(o
X,
&
o
A
rlr
b2
X,
g
v
rlu
bd
e
i
[e]
ey
N

EEo| e B2 E FAL )L
gto]H O 2 St F 1
ModuleNotFoundError 7} & o}

k1
h

(g, -
ol r:
o o
v

25 AA ol e FxE FATTY, sys.modules & A FEHS FRAE2 T F A JEESH F &
A= 22 2ol op A Foll Fofaf of Ptk ¥hdol importlib.reload() € %
StaL, FASHA REY ZEE thA] APEA RES &S thAl 27133 th

53. %

=

69


https://peps.python.org/pep-0420/

The Python Language Reference, @ 2] A 3.12.2

5.3.2 u}elt](finder) 2} 2t (loader)
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7 A 2 FH9] A ZE Zo] Q5 Uth: W E & (meta hook) T+ AEE B E = (import path hook).

] glo] A9, sys.modules /| A] 23] E A B UEZE Aelso] AlFH7| Ao
2 W e &o] sys.path A, 4EZ+§,‘41Z‘ < H@Aﬂ" QA F ok oo
52 sys.meta_path o Al THeT] AAE 215 e 0% E2 a4 gk

2 FEE HE AR
we FrlaE wHes

m —
ru]n v

s.path (Z-& package.__path_ ) A2 442, A9 73
Ayslxo]l, d2E J & 5L sys.path_hooks o A &

0]
=<

5.3.4 WE} 7 & (meta path)

Fo]7 o] 9 RES sys.modules o A 22 4 g1, Fo] 8L sys.meta_pach & A3, vle}
A% T AA S 522 2¥5 dFUTh o] B Ee] FoH o] 8o BES A

gohe WS

U7 Q=3 FstEE @ FFTh WE AR SHESEL find_spec () 2= o]eA HX =5 &) ofvh

e, A1 S B Yk ol g, dEE A=, (3% 1 D B4 (ange) £ A A2 A<l
il @&0174 PAR-E D o]A]/]]q_

FolA o] 8o R EE Aeld 4+ AEAE AF57] A9 o
wobvel A% stz 2ol o 5] RES AP W e Aok, 2d AN E BHF UL 19 5
AT None & EHFUTE W sys.meta_path ﬂﬂﬂ—fﬁ}% HF A Zohal E%-O/] 2ol =23,
ModuleNotFoundError & o Uth YAS= TFE Q&2 JF A 73, dXEE ZZNAE ST

.

e B2 SHAT e find_spec () MM E= WAl RS} AR SEH Y CE AR ke
3] Z++3}+E ©] & (fully qualified name) YU th, A& £¢] foo.bar.baz. F WA A& ZE A &
BEAEZ P 239 ZE] B+ F WA A= None o] AT AN wE o v} A B 3 7] x| o] A
WA Ax= £EA71A _path ol EEFE gtk Wk HAY_path  ojEERES Fxd

NS ModuleNotFoundError 5 YoYUtk Al AR AR o|n] S 6= ZE AA| A, Foll4
299 tidol fUth JEE A AEE A 25 (reload) & wj 7FEF2l& AU Tk
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WEp A o we) QEE 2 Ao ol o2 W wA D 5 Yt ofg Sol, t4 REEC] pRAL
NE A FRthaL o, foo.bar.baz & YZE 5 ZF vl eF B2 3FA Y (mpf) S oll thall mpf.
find_spec("foo", None, None) & T E3|A A4 dXEE FAFULH foo 7t X E & T, 4
B} A2 E F 9AA SAF A foo.bar & Y X E 3=, mpf.find_spec ("foo.bar", foo._ _path_,

=
foo.bar._ _path__, None) & 3&3Y

oWl WEF A A EL 04 H 49 JE
Ao] 28 4 None & EeF U Th
h

sto] ] 718 sys.meta_path = Al 7|9 WEt F2 9IS 23 syt sttt W 288 92 ES}
EWHS YL U ZEE RES YEXESF = WS L, e dEE A2 A RES YXEF= WS

dUThHF A= 7k gkl ).

WA 3404 H7: The find_spec () method of meta path finders replaced £ind_module (), which is now
deprecated. While it will continue to work without change, the import machinery will try it only if the finder does not
implement find_spec ().

WA 3.109 A4 ¥ 7 : Use of find_module () by the import system now raises ImportWarning.
WA 31204 WA : find_module () has been removed. Use find_spec () instead.

5.4 =4 (loading)

module = None

if spec.loader is not None and hasattr(spec.loader, 'create_module'):
# It i1s assumed 'exec_module' will also be defined on the loader.
module = spec.loader.create_module (spec)

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

# The import-related module attributes get set here:

_init_module_attrs (spec, module)

if spec.loader is None:
# unsupported
raise ImportError

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

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

g3 2L AR Aol 2o 3 of FuTh:
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olv] 14 EeZ Atk
7}3-%1/]1:}, o]ﬂ .zJ/\;ao];ﬂ U‘:o]

= e |
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YA S A2 E T J7 B J YT WA sys.modules o] F7180 2 X
Hﬂ@wmm@iﬂ”ﬁbfAﬁﬂﬁkﬂcﬁwﬂi%ﬂ AL g5yt

BEE(LA A RETL sys.modules oA AHAFH Ut} sys.modules
B RA B A F AR 20 BEE e ANl olslelob et o)
sys.modules o] Yol A =+ 2|23 giu] G Y

Th o} A A 7] Ao, 7o A oA Qe Ko, dZE AA= YdEXZEAARE
AUt 9] o) AF = o of| A “_init_module_attrs”).

| A 2EY o5 Tl AFA = Z2HAE YU AgS Ao =m 2o 94
W Aol of ) A9 A o 3H= A 2 Ehu
o] A I exec_module() & A EEH = RE-L JF EQ Lo ulgE = Ao| obd 4 IS5 YT,
WA 34004 HA: JZE A AHo] 712 FAte] it 269 HAS &
importlib.abc.Loader.load_module () HA EA 3= g5t
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541 =Y

DE 2o= 299 24F 7152 A2 Ut 2E A3, dxE A= 5o AAZ importlib.
abc.Loader exec_module () HIAEE 3 &35=0, A3 2 E AA 7} AL YUt} exec_module ()
ol EHFE #F2 FAEYLh
FHEUSH S 8T RS S ok Y
e Nk Fo| Bfo| A RE MR REo|U FHog 25 = Ao oflgh)olH, EH = REY FIEE
259 Ad o]F FZH(module.__dict_ )i Adgs) oF ghjch

e WoF 27 RES AYPFA] EI1W, ImportError & o AoF gt} 3FA| W exec_module ()
Sol BAISHE T2 o] 9 A5 T

o AL, stolrel 2= 2o AR YUt 18 A find_spec() WA EE 27} self 2 A4S
23S FHF U
2E 2EE create_module () MAEE FTAFO 2N 2ste A EE AA S Btes o AYT 5 9
U S 2 25 2a, ¢ Wolkoll 21 5 44U 28 A4S EeI T, create noaule ()
S wE AR e RES AT BRE AL UTh B A b None & EAAFE, AEE AL A
BEL A~E BEYTh
WA 349 7} 269 create_module () WA E.
WA 3494 WA load_module () HIAEE exec_module () E A I, dZTE AA7FEHL T &
3 E (boilerplate) of] o &+ A oS Yt}
o] w] —éxﬁéP“ Etﬂ E39 33 A8, 4ZE H A+ load_module() WA E7} %ZH‘??}T
exec_module () & 7H3}IA] 2™ load_module () & A& Ut} A9 load_module () 2 H
25 945yt i\:—] = 4l exec_module () & F&3 oF Tt
load_module () A EE EE& A= 2 ol HolA AF 3 BE &5 (boilerplate) 29 7] 5= 73
sfopRt Ut 22 Al ofsol 7 ALH e, F/HAA A S BolHd:

* W sys.modules o Fo X o] 52| BE AR 7} o|n] A6, 2= REEA] I AR E AHES oF &
Utk (28X egguj, importlib.reload() ©] Z8}lZE 2 3}A] A FUrth) 2k sys.modules
of Foll o] F9o] 5ol glod, 2EHEM ZEAAE ‘?}E il sys.modules o F7}38f of eyt

2 importlib 73 & W3} g+ A A AFR8HA] Utk iAo, sys.modules Oﬂ’ﬂ ol & Yt} o] 79

E Fo o]

A A Ys = sys.modules o g AL ukE 4 Yri= A %MD} 3 o= spo) A
Tl AT BAE A g5y Th
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« AT Q= AL oY W 2YEE A2 HASH] A6, EH7EE ZEE APE7] Hofl ZE o
Sys .modules of]| 24 oH ok gt}

o WSk 2 o] A3}, E = sys.modules o A YPs =
AANF ST, 27 1 RES A4 BAHOR 2T 4

E5< Al ANk k=, A REWHS
ol gk 2j oF g th

WA 3504 WHA: exec_module() ©] ALY H AT create_module() ©] A A ¢owy
DeprecationWarning o] @A g},

WA 364 MA: exec_module() ©] o= YA W create_module() ©] AL A o
ImportError 5 423 Yt}

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

oy HAYUZS O Z2E (9 & 59, importlib APIE, import WY import—from &, W& _ import_ ())
MBREO ZEEH ], B 2F AAZY A4 -rE BEY o]F FZtel o] F oAUt & =9, 97 A
spam ©] A/ H B& foo & 7}A| ¥, spam. foo g T E 3l Zo=spam o] AAH REo AdZH o]JETHE
foo & ZHA FUth tha3 22 tdE g F2E FHof Jrha FAth:
spam/
__init__ .py
foo.py
and spam/__init__ .py has the following line in it:
[from .foo import Foo ]

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

>>> import spam

>>> spam.foo

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

<class 'spam.foo.Foo'>

slo]x o] 53t o] 5 A A oA B uf o2 2R B Y 5 JFUTH AT AAZE GEZE A|AH 9
ZEAQ 7|5dYth B AL o8 G Ut ek sys.modules['spam'] Fsys.modules['spamn.
Foo '] 71 SILHEl (9191 L EE ol T2 41817 113 ohy Flo 318 A8 BEA o) S A foo ol 0
o) e olot

L= 3
543 25 29
YEE AAe UFE S R E B P ANES AT, 53 20 Aol B EE AR R E
REe) Btk RE £ BAL o] QEE Bl AN E v EUL 2okt AL
ATE B am g AL A YEE A2de] T4 245 AP 4 wth o ol 2E A
S HEEIdE e}t 3RS A 2y . 7P F 8% AL, dXE AU 299 35 A4H(boilerplate
operation) & A% 5 =2 B ATk 2 F Aol Gohd 267 2 E A& A7 BTk
BEY 22 Bg AAY __spec_ AEFHRERZ =g UL EE 2HY Y §of st Al A2
ModuleSpec & HA| 2.

B A 3.409] FE7}
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QEE AR 2YSE T U RES AW Aol BEY 25o] 724 2 2E AR of o] o] =e]
RESS A9 95k

It is strongly recommended that yourely on ___spec___ and its attributes instead of any of the other individual attributes
listed below.

__name___
The __name___ attribute must be set to the fully qualified name of the module. This name is used to uniquely
identify the module in the import system.

__loader__
__loader_ o|EYREL REL 2@ JEE AR/ AEE 20 AN Z AFH of
o] A& 5% Q=2 2 A (introspection) & 91 2 A o] A/ gk, #7449l 2 Hlo] FEE /] 5EL
7% ek ol Sol ZUig A% toleE At 2ol Uitk
It is strongly recommended that you rely on ___spec___ instead of this attribute.

WA 3.120]| A] ' 7 : The value of __loader___is expected to be the same as __spec___.loader. The use
of __loader___ is deprecated and slated for removal in Python 3.14.

package___
The module’s __package___ attribute may be set. Its value must be a string, but it can be the same value
as its __name__. When the module is a package, its __package___ value should be set to its __name__.

When the module is not a package, __package___ should be set to the empty string for top-level modules, or for
submodules, to the parent package’s name. See PEP 366 for further details.

This attribute is used instead of __name___ to calculate explicit relative imports for main modules, as defined in
PEP 366.

It is strongly recommended that you rely on __spec__ instead of this attribute.
WA 3.6004 WHA:_ package_ 9] Fko] _ _spec_ .parent F} ZES Ao 7|thE Uk
A 3.100] A M 7 : ImportWarning is raised if import falls back to __package___instead of parent.

WA 3.129] A ¥ 7 : Raise DeprecationWarning instead of ImportWarning when falling back to
__package__.
—_Spec__
__spec_ OEFHEERES YXTE T AL EE 2F 02 A ok YT __spec_ &
= Fo 27|8lEH = REE X A E FHEH U
A 7 $-oll None &= A g Uth
When ___spec__ .parent is not set,
B A 3.40] 7}
3. H & . _ package_ 7t& Al O, YA =% _ _spec__.parent 7f A3 .
#73.600 4 17 b els A show, oA FASE T
path__
2gol A7 AW (A7 EE o] F B, BE AA _pach_ o ELFE/} M= A7 ofof 2]
ok g2 ol Eolojoksl=t, __path_ 7FHE=9u7t o vl o]HHEY & 5yt TheF
__path__ ZFu]oQA] gropd, A S o] EX1E S Al g oF Ul __path_ 2] o ujoj] &3 A S
&2 ofgflo Y3 Uth.
7] A 7F ok d BRES __path_ oJEFRHEZ} ook gt

__file__

package__is used as a fallback.
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__cached__

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

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

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

It is strongly recommended that yourely on __spec__ instead of __cached___

5.4.5 module.__path__

Aojol Wy, REo _path__ o=l REst 9o, ol REE 37 AQuch
571419 _path__o]EElFEE AL 7S L) ATk QEE DA oI, JLET: 5

RELS AANT YA EY EES A F3t= AoA] sys.path & 2 resyuch 3129 path
= HE sys.path b Aok 2 Ao w1y T)

_path__ £ EAGY o8B A%, HJ Qe & AUtk sys.path T 22 7 o] 377
_path__ 9% A8 3, 97X _path__ & G5 5% sys.path_hooks (Fel A AW Eh)
oA ol AL 5T

N,
off 1=
o
>{\1

A7A _init__.pyHAL HAA] _path__ JEFRES ARAAY WA 5 91, o 2 o] PEP
420 o] Aol 0| & F7F A7) A S TR WO 2 ASHE UL PEP 420 9] £Y O A3, o] F F71 547
A7 _path  2FATWL EFSHE_init .py HIL AT s ol AFUTh YEE 2%

AFog olF X ;MAIAE A _path & AH YT

5.4.6 -5 repr

BEo] 23(_spec_ ) 7HAW, AXE A= DAACEZ R repr & VS A= YTh 270] A
ot AL 2Fo] lod, AZE A2FL EENA AFHE ASE 7|2 repr & 7+ &Y th module.
_ name__,module._ file_ ,module._ loader__ Zrepr 2 YHOE A3} 1 A= 3}=d), w3z

ARE 7 HgEom AT,
AL 3 Y= ASHe 72 L o8&t

=2 7HA ™, 290 Q= AEE repr = A AU Th “name”, “loader”,
1=

S0 A% %HD}.
* BEo]__file OJEIREE 7HAY, 252 repr o] 4= AEH YT
Z

« 550 _rfile OEEHES 2% A% None o] obd __loader & ZFAW, 2H ] repr o]
559 repr o AR ALLHU T

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

o
* BE°] __spec__ oJEZH
“origin”, “has_location” o] E 2]
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WA 3.129 4 ¥ A : Use of module_repr (), having been deprecated since Python 3.4, was removed in Python
3.12 and is no longer called during the resolution of a module’s repr.

5.4.7 A€ vlo]E T = R 53}

Solde] pyo AL RE AN & vhol= 2EE ZES) Aol AN A4 W ALA s oy A
B 71RHo® FUE LAY AT LAY TG AN AL TE W A AN

WAl s ol A7 vl e o] o] B & 429 v B} T o] B 9}

=)
vlo] W& 33 H/q 7| Qp” 7}1/‘] EJF?—-_]% x]%ﬂ%tﬂ, NA] 3+ -2 w el dl o] E thAlof]l & 5t o] | A E
AUk Al 718 .pyc -71'01 o= F 71A BiZ o] Mtll/]q' A AL (checked) 2} B] A AF3 (unchecked). 7
A8 B A] 718F Lpyc IFL S B9, J]'O]“q & 4 A S SjAIstaL A} AT E A 3D Y ﬂ*]-ﬂ'ﬂﬂ—d’oz}
7R A] «4’%1-4 TE24Z AU AN A 719 R A] ko] R eHA b2 o2 AW, Fhol -2
d& thAl Bk A2 AN Al Z71RE 7RA] 3L S ThE U T bl AR S A] 76t pyc vﬂrm-/]
45, -’Jrolﬁ% <] A atdol 2T H 5 %35}5}3’— ZH Ut s Al 719t Lpyc 3t FEA A
Z 2+ ——check-hash-based-pycs Z# 1 & A A= 4 Id5Yth

B A 37004 W 34 )8k pye e ARG UL ol Ao, sho] AL ulo] £ = A A Y Bl ag
719 2 & 5hu A A S o,

5.5 72 7|4t shel]

ol AFMEo), ol AL 2] )R et AR FAHES 21 AHUTh o] F S, 4= ) kel
(PathFinder) 2 ¥elid, 4% A= 59 522 Pu e JEE 42 2 dAFUch 2 42 A=el

25 e XS AU

AR 715 Fel T AL DS QEESE Pol AL obe Aol AEUTh tial, 74 A=
BASEA, g A4 42 AEE e U ok 2 Ael A FAA T

Al
A FE(Lpy JJr"‘E) JJrOl “4 HPOl FE( g .so 3¢
> %l & APyt &g 1—3%3]«1 zipimport Et‘ir" gL tod JH AJ7 dE
RESGL(FH Ol‘ﬂﬂiﬂlexﬂﬂ %)%zipﬁr%l‘é FE 293

fm
iy
fllo
2
oi
R
<
2
1m
m[n
;
rn
L Lu Lo

e e S 5o e e S AA ML e e
A3 QEE ARl A B 58 A 02 75Tk AT o] AE o] m A thE ke AL /o she
Aol F 23U 53, et 42 sholtlt YEE A9 ALl AYSHeH), sys.meta_path AL 5

H}Dﬂoﬂ Az 0116174
HE Zﬂﬂﬂ A, 73

HMP

(A= éi%ﬂ?ﬂ %}SHEP
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Alg o

A2 719 3ty = A MY A4 E ALYt sys.path, sys.path_hooks, sys.
path_importer_cache. 37| A AA| e __path_ oJEHE Est AL HTH o]ZE2 dXE H
Mg ALEupo]| 28 4= 9l Sk WS Al

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

A2 7N gpoly & HEl AE gl o] 7] W&o, oA dyglxo] dxE BAE HAE 7wk kel 9
find_spec() HINEE 3&3=Aog oxE A7 AMES A ZAGYTh find_spec () o Al2% = path
A= T T EZ}% ﬁi 9 ﬂ/\EOJ‘/]D} EE-’HﬂZ] "Hoﬂ/ﬂ YEE 31H 9l 7] A ¢] __path_ o] E ¥

HE.path OJZV} None o9, /4] 42 EE 58t sys.path 7 AHEH Yt

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

AZAEZ 7} AA O gloE, AZ 7] 5} T+ sys.path_hooks o] Y= EE FHEES EHAF YT} o]
E2olzZt Az dEg o AME A7 dEF A3 NE /\}—9~0H/\1 SEHUh o] EHES AR AEFHE
OE 4 9= Az dEg gdoly & 58324, ImportError EWBAZ s UTh I

A2 7 AT} ol @ Fo] 2o Az Alte S99 A2 e 31T B UAT S YOS LelE
8 A8 THT of A9 E R AH L YT J2 BAL ASH D, FL BAdo] vl =g

Futh Hhol= g9 AT YL Fo] AAFL(NE Sof, 5 A28 015G o] L} UTES o] 1} 1 ype] o2
AQ S 9Ly, uhek To] oA t i Oﬁig‘?j ImportErrorE Ao Aok FtTh

an

i =
GIEEREEEDER- SR

hin

ok sys.path_hooks &4 o] of AE A Fetd, d& 710k 5kl H ¢
find_spec() WA E%& sys.path_importer_cache ol None € A ZF sl (0] FE JEFHE Y3t 1t
A7} =S 7He] 71 7] 913l), None & & A o] WE} A= 519t 7F RES 2HS = g2 ¢H U
Bhet sys.path_hooks o Sl ol Bhte] A% dEe] § Bello] A A= Aol & B, 5
Aol BE <92 2337 98] hoo] ot mreze] AR BE AN RES 29T 0
AHEH U ok

A 2+ o @ E 2] (current working directory) — ¥l FAEZ AT - & sys.path o] A= = <
Edsd 0 uvEA Aggdt AAE, A A ddE g7 SA6HA Fo] HHAFHH sys.

path_importer_cache o= o}F & ZE A %5 Z] %}QW"/P- AR, A4 2 dEdEHe = 4 28
23] wuich A g Yk AR Z, sys.path_ importer_cache o]l ARH = F 22} importlib.
machinery.PathFinder.find_spec() 7} E8F+ ZFE2 = ¥ Ex1do] ol A A dA 2] ¢ & E

27k gtk

55. A2 7|9 5l 77
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552 Az e 3l =2

BE3 %739 ,LH7]X]_,] AZEE NP3 o] F T 7| Aol ZHA 2= oulx]3}7] 93l], =2 AE e
3+ find_spec () WA EE L33 oF g th

Egdn 8] A3k o] 34 (4= s e B
BE. find_Spec %M 23] iHTM U%«l 292 B F UL o] 252 G4 loader” 7} A4 B U T}

(7HA A9 7F A5 14 oh.

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

WA 3404 WA find_spec () replaced find_loader () and find_module (), both of which are now
deprecated, but will be used if find_spec () is not defined.

He] & AE2 FH = find spec () Al o] F Y HAFD HNESS FEL + AFUTh o] |
NESE 77 384 o] 2ol o} = AL FUTh A8, find_spec () ©] A% e el LA,
A - MAEELS FAIFH UL

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

JEE mREZY oe FAEN B BALS 90, B AR dEe HANELS W A2 s
7FAQekE A 2 AF AR find_module () HIAE EFF A °Jf‘f¥»lu} A A7 dEg gy
find_module () WA EE B2F path AAZ TEFHA GFUH(AAE2 HAEZE Z Hx &0 F 29

A2 ARE 720% Aoz R rh.

A2 AEF 3AH 9 find_module () WAEE A2 dEZ AW 7} o] & T A 7| X o] ZHO=Z o]
vLA &= A2 aaﬁ}ﬂ ok 7] w2 ol 3 A+ ﬁ%‘/]"/} kel A2 A Eg 3Fd o find_loader () &
find module () o] 5% &A5lH, AT E A AL 3 A find module () HHAl find loader () & 3=

Fuck
WA 31004 W A: Calls to find_module() and find_loader () by the import system will raise
ImportWarning.

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

(&) ]
o
kl
X
ks
kel
[

A 2~ El W A8}

AEE A 2" AAE 2A3H7] A8 /M A8 = dAYUSS sys.meta_path & 7| EFES ZF

AR eta, M Z e HE AR SEE A= AdUTh

kel A2 E AJAHELS AN AEE= TS APICOﬂ FFE A G, A dEE FY FHUES HANE £
A, W __import__ () F4E AASE AR FEE TE JFULh o] 7ML 54 ZE HlAe

ATE po BAUL BANES BE 2olA 488 £ d5Un

HEF AR FF = FoA oJH REY YXEE AU FoR o sl (RE YXE A 2H S A3

B & A3} 5= th4l), find_spec() °A None & &8 F+= th4l, ModuleNotFoundError & 42 7|+

Ao FEFUTH AAt= et &2 A S AES) of stk A& A o= WY, o9 & do7|d SA

Z_E}\] 71\4

o - H
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A dEEE AW He AU & A8 A2 d@A 57 1011/\1 A&k Ao QX EE YERE YT
T ol A AL A 7 A Y RR(S) o e X EES UEr A, A HA A oo A sty
st =S Uebd UL o & S0, tha 3 22 97 lHHiV}ZﬂiQ o :
package/
__init___.py
subpackagel/
__init__ .py
moduleX.py
moduleY.py
subpackage?2/
__init__.py
moduleZ.py
moduleA.py

subpackagel/moduleX.pyY subpackagel/_ _init_ .py EF oA, t}S& F2s A Y] X E QI
t}:

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

@EH Ol E X

O] ZE & import <> E¥E from <> import <> EHS ALS  JA LAY dxEE= F HAH
QA5 A 5 Atk L o] f
[import XXX .YYY.ZZZ J

7FXXX.YYY.2225 AT 4 Q= TFA 07 = E35A] 2 moduleY = F 8 3F £ 4] o] o}y 7] w] &< U T}

5.8 __main__ o] tfj 3} 51H 3t 11 ¥

_main__ 2§ vto]yl %‘EE Alado A ST AdUnh thE el dF X0l _main__
EE52 sys 2tbuiltins A ABZ 2| Y A& o] 44 273Ut sA W, 01 TS E vEA, o] A
sl

HEsHA W BEE A A st © 124\8_main_0157l§‘;ﬂ—t~ ol dHZEHE AR T

£ Zeag e gASH TS v el

5.8.1 _ main__._spec__

__main__ °] o]EA 273 H =R W}, _main__.__spec

AAH 7= gtk

Shol o] -n §H4.02 Al%a
__spec__ 2 _ main_ BEE

EEREEEBENE

spee € HIAL LB AN wE 22 4R €T
o] )2l El ] Lt zip 3} o] 1} T2 sys.path A= & A8l

(

UHZ AL o= _ main__.__spec__ 2 None 22 AAFH =M, _ _main__ & A$E=d AALH Z =7}
QEE 7h5 wgel 47 0 8o1A) 2] T et
s W3 Y 2F=E

57. #i7|A AU Y2 E 79
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A 2 Aol _main__._ spec__©] F4FNone doll T ok Tt AAL ISP o] 7| EH O R RER
2 % glol® 1FAUTh _main_ o] SHE B el o7t B8 Shehel - 29 A 8 ALg o}

T3 _main_ ] YZE Vs BEY &I, __main_ . spec__ o] AA3] AAF Yt} sl B,
ol E2 A3 2 REE HAFH FosoF g O]ZA2 if __name_ == "__main_ ": ZAAZ
SN EZo| ZEo]__main__ o]E FS A u vt AdPs 17, dutF ol JZE uj= AP A vt

A4 w g e,

25

59 Fy+d

YEE WAL ol e 21 e YD) A S5 Th FAE FAT ol ol okke] AR AL o] W3
71 AW, A2 9714 74 2 obd AL 4+ AT el FyTh

sys.meta_path 9| X 742 PEP 302 ©] 11, 5] o] 2 252 PEP 420 9j U .

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

PEP 366 & W 9l B0 4o BAI 49l At) JEEES $19__package__ o] =& HES] F7}o] e} AP a
91Ut
PEP 328 & 8ri o WA 2 Q) Je) §J LES £ 4543 PEP 366 °] A _package__ & A A = AEL

Z7]°) __name__ 2 Z A ¢35

A=
PEP 451 & 23 “ﬂﬂ¢E%%£E%W%&%Tt A% ST, 2 E S FolAd o vge %
SEAYEL JEE ARE $7171% DEYUCE o WAL Qe A 2T ole] APLES HAFHES B
9131, SHOIEl 9} 2 o A Fl A =5 3 /b8 = BEU T
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6.2 o} (Atoms)

bEe BPAY 4 R LA QUL 1 DG ol E S AEAe) YU B, HLE, 5
T2 EeA PJUE BPAoR obEo R RRH U ok B L olgH U

atom = identifier | literal | enclosure

enclosure = parenth_form | 1list_display | dict_display | set_display

| generator_expression | yield_atom

6.2.1 27} (o] F)

2
¢

r[r lo

2 533 A ats o] 2 Ut 013] Aol tha Al A A1e) 7] ¢ = AL, o] 23 Ao th 3t
o] =3} A 4 (binding) M-S B A K.

o5 o] AA AZE ], o}F9 g 73t AAZF g Uth o]go] AZAEHA &S W], S FIH
S} NameError o 2] 7} 4 o] o)

Mo o

8|7 o] 5 ¥ 4] 7] (private name mangling): Z 2 Aol 53t A HAL F AU T2 o]t HER
AlZFstaL, 7 i 2 o) e e R A Fed, O —fajiaﬁﬁ.‘l] H] O] (private name) ©. 2 7szﬂ-1/]r)r,
HZ7) o] 52 1 52 At I =7 50 A7) 2401] 8 7 FHE S YT o] §SkE T o] 59 ¢l 2
EH" ol A=, FAL ol Aol L= REE %%% AAS S, e 2ES F7HgUTh d &

=°l, Ham o] 2t o] F 9 %"ﬂ""ﬂ A8 AL spam ©] 548, _Ham__spam 22 WP Ut o] ¥
AV ZE7E AR = S H AR F o] FAF YT WS o] &

2l L 7‘tﬂ(2552}1d_1:} A1), L3 o]
A A 71 7B E 5 s U Sl o) 5o BEERI A

o7
glow, ML dojix] ok o).

6.2.2 2]€] Y (Literals)

spo] W2 AL vt ED B H P o7 7HA] kAL 2lHE S AUt

literal = stringliteral | bytesliteral

| integer | floatnumber | imagnumber
PlE e g P Fold §(# A, vl EQ, A, A%, By Fol GE Ae A g
Aot Bage] 49 2AGY 5 AFUh AAT UL 2P HHe BAL.
EEHES Bt ol th&3t7] whEoll, A9 ofoldlEl &= g Hot d Sk 22 3o
SlE Qo] o] Aoz e pobw (22 1d AAse 2o ool A OE Fao] e d) B
AANE d= =903, 22 g e A A= = dsud

parenth_form = "(" [starred _expression] ")"
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AN FES 2L AN £E AT 19A FE FE JLUTh.

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 2|2E, A3, A= 9 tl2E# o] (display)
g 2E, A3 9 elE #4517 Y3l sto]H& « Z# ¢] (displays)” et 2= 5ESG EHS 247 +
7HA] 28 B AF gy o

o ZH Y WES YA H SR YIeAL,

o 4o Fmel HE Y AL 55| A4t=E =), A= el dlA (comprehension) ©] 21 EFH Ut}

Azeade] 35 29 2252 g5 U

comprehension = assignment_expression comp_for

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

comp_if = "if" or_test [comp_iter]

Azeldde shte] BR3 1 HE et A4 sl for Ao AL o4F AY for wtif AR
TAFYLE o] 39, A AHOUS] RAEL A for B if o] ARN LEXROR FHA BEL o7
W, 74 el Qi Bl A E@A ) kg FHA wEold AS AU
e, b AZe] for Fol Gt o HHE EAAL AL, AR AAL FA A
oA AFFH Ut o] FA A target_list oA YH = o] Fo] EHAE AT XLE 57
.
A4 959 for 49 oA HANL, Tl 2ol 44 A thg, SA 02 FHE A
zg Az AP Utk Huas for A9 M 9Z for B REFEH AL 7}7491ﬁ o] B 2] E ol Al
Qe ghol W Il 5 QJonE EeiAE AnzoH BAE 5 feUth A8 Y, (x*y for x in
range (10) for y in range(x, x+10)].
Az Mol F4 A P AelolY7t HA AL, BAF SR FHH AT Zof|A] yield 9 yield
fromEFA-E FAF YT

Since Python 3.6, in an async def function, an async for clause may be used to iterate over a asynchronous
iterator. A comprehension in an async def function may consist of either a for or async for clause following
the leading expression, may contain additional for or async for clauses, and may also use await expressions. If
a comprehension contains either async for clauses or await expressions or other asynchronous comprehensions it
is called an asynchronous comprehension. An asynchronous comprehension may suspend the execution of the coroutine
function in which it appears. See also PEP 530.

WA 3.6 F7F: 057 Ay o] =5 9
B A 3804 WA yield & yield from2 BA|ZA O Z Z=HEH A2FZ oA ZAFHUth

d

WA 3.11 9] A ¥ 7 : Asynchronous comprehensions are now allowed inside comprehensions in asynchronous functions.
Outer comprehensions implicitly become asynchronous.

6.2. o}= (Atoms) 83
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6.2.5 2|2 E t]AZ g o]

g A E A Fd o] = t &3 (square brackets) 2 = & Al & A1 o] LA e v]oJ & & A5 Th:

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

6.2.6 A3 t]AZ g o

A daZd ol S22 (curly braces) & EA¥ 41, 7] 9} g5 & 2l 8l (colon) ©] gl Aoz I g
~Zdolg 22E £ st
set_display = "{" (starred_list | comprehension) "}"
@@ﬂ’\ﬁfﬂ o= 7t H AN E v, 2 Y &S B AR A=Az AAFH YL
gel B@A0 220 ABY ul, 1 RA5L Ao LEE0 2 gto] Pel AL, AT AA
QOH?J‘JD} AzgdMdo AlgE wf, T2 Az AR ThEof A= 8 A4ASE FAF YT
MATS () 02 BE & YUtk ol dEEL W G E HEUG

6.2.7 942 txEe o]

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

YAU e tazd ol Al gAY e ARE wEyth

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

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

W A 3.50] 7} PEP 448 o] A 22 A ots I8 tjAaZd o]z ol 9 7.
gAUE Azelad e, Pl A AF Az el Ao thuls) A, QA 9l for 9 if” 2 Qo] FEOE Hejd
TN 2@AS A8 7 Utk Aol A ), ehEoj A= 79t g 84S0l hEolAE EAUR
ERIEEE RVCE =S

Restrictions on the types of the key values are listed earlier in section 353 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.
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) 38914 ¥73: 3fol W 3.8 ol ol SA VPl Al Aol o, 719k ko) H7H €A} A el 51
QFSh LI T CPython ol A, gto] 7 5T} W) 3 71 91U T 385 E =, PEP 5729] A kol we} 7] 7} ghii o}
WA % 7hg Uk,

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

Addels 2842 Zo g A 2 Al ol H 271 At

generator_expression = "(" expression comp_for ")"

Aveold FAAL A AV lE AAE HEUG 2L HBEY FRE U BER S AdThE
Ak A9 shd Azel A A 25T

Ao e BRAN AL AaSe A E AR next () A=} 55D 0 =257
(lazily) 3ol 780 5 Ut (Lt A & o Bl 9 upd 744 QU ohy, Lo} 743 2] for Ao Qe ol E el
ERAAL 24 gro] A, 1RO 2 ols) WABE o = 3 WA ghol FAH & A o] o]} AL
o8| 8] AolE Aol 4 AT, F& sor Ak 18 A% or 4 nE A 202, 717 A%
olEl B Eol A 74A & gtol weh 2ok 4 Qlom e el aE AT LA 3

ot elsUth dE =
(x*y for x in range(10) for y in range(x, x+10)).

i
h‘ U
N
ok

A ] IARE ZE = S 2 A= ZZE AT F AFUTE AA T UHE2 S = S HAS
A ole x4 AHA S 7= = AabZ WAl atA] 947 fal, FAIR SR FoH Ay d oA yield
9t yield from &AL FAHULH

A o)e] EAA o] asyne for AoV await RHAS E£33E 0] %5 7] Ay d ol X8 A (asynchronous
generator expression) ©| 21 EH Ut 85 7] Al olg AL A vlE 7] AvdolH AANE ST
o] AL n] & 7] ol g o)l YU th (8] 57| o B & o] Bl (Asynchronous Iterators) S %}i‘?ﬂ-/\ﬂﬁ).

#4369 27k HIE 714 AV E o B @4 o] £ 5] STk,

WA 3704 "7 gho] A 3.7 o] ez, vl 7] Alvdole 8 A 0] async def ZFH T YES &
AAFU 3THR-EH =, BE dr7b a5 714 Al e oy 84 A + sy
W38 M yield &tyield from& FA AR SHH ~2FZ A FAFYTH
6.2.9 4= 32 (Yield expressions)
yield_atom = "(" yield expression ")"
yield_from = "yield" "from" expression
yield_expression = "yield" expression_list | yield from

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

def gen(): # defines a generator function
yield 123
async def agen(): # defines an asynchronous generator function
yield 123
SR 2Tz thet RGO e, yield BHAS Az A AT A olH A4S T Tl
L S Ao gon Ammd 18R & faun
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WA 3804 A d= x4
AoH A~2FzZ oA FAF Utk
A

A el ol B g vl A
Hrg Ay

When a generator function is called, it returns an iterator known as a generator. That generator then controls the execution
of the generator function. The execution starts when one of the generator’s methods is called. At that time, the execution
proceeds to the first yield expression, where it is suspended again, returning the value of expression_list to the
generator’s caller, or None if expression_1list is omitted. By suspended, we mean that all local state is retained,
including the current bindings of local variables, the instruction pointer, the 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___ () isused (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.

o] LE A2 A olE S ZFE I o H]—EVH Tyt of g | A3E vhs a1, skt o)) 1)
ARe g3 glon], Aol AN FAE 5 YLtk F A 2ol @ A o] B § yield 3 F-of Aol
olf oA AlLE o of st=AE AT = Rtk A AU Aol T Al olB Y 2= A2gunh
Y= BHAL try P22 ool A ST A a0 E 7 (2 R47H00] B AL 7hu] 4] 57
H o g2M) vho]dglo] = (finalize) 5 7] Mol A7HH A koW, Al o] E-o]H & o]H & close () WX =7}
FZ5 0}, 7] £9l finally o] AP 5 & 5| st}
yield from <expr> o] ALgE o, Az T AL oJHEc]oloF U I o]HHES o]E | E
A AAPE = e AA A o B WA= TEA A vtE AEgUth send () 2 AEd BE g
throw() 2 AEH EE ol 9= "ol 9l (underlying) o B & o] B} 7} ol F MM =5 Zta1 glopdd o = A
=] L]T/} ¥R Y, send () & AttributeError Y TypeError & YO 7| X%, throw () & AEH
o9& SA 4ot
Hof 9l= ol HH olH 7 &5 E ], HASl+= Stoplteration A 2B 29 value A EZHEE 4= 9
2] 2] 7‘01 HUth stopIteration & 4o uf YA H o2 HAE A, HE o]E# o]E 7} Al el o] H &
A= AFoz o] FoHYth(AE Al a0 Bl 7} 3h-E 5 (return) 5 O Z H).
WA 334 WA JH o]EFo]E] & Alo] 5 5& 9 Y= yield from <expr> & F7IYF YT
Q= E@ o] el Sulo] T2 hertd BHE YFT 5 Y&k
o B
PEP 255 - 7+h3 A 2 o] ¥

ol ol Al el el B ¢} yield 22 F7Fshe Al <k
PEP 342 - /| A& A H o]E] & £33 I F &

Al ol B ¢] APIS}F 2 % HdsiA, D ZRH o2 AHEE 5 = F e Al
PEP 380 - A B Al gl o]e] & 9] 38 &4

The proposal to introduce the yield from syntax, making delegation to subgenerators easy.
PEP 525 - 0] 7] A & o] €]

FFE gl Aol g 75 < F7sto] PEP 4922 273 A ¢

e Az Aol EAAL PASE U A8HE FAROR

8y th Rbd ol ¥]5 7] A &l o] ¥ = vlE 7] Al vl el o] B ok A ol A
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Al ol E-o] o] B WA=

o] AE AL Adole] olelelol e o) WA= ELS ARtk Avielole Fael AYE Aol st
A48 5 gk

A delel 7t o v A 52 o obeho] et HMAEES $5 34 valueError 998 G07E Ao
F ol sl oF gk,

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
expression_listisreturnedto__ next__ ()’scaller. If the generator exits without yielding another value,
a StopIteration exception is raised.

I MAEE BE SAHo2 5EPUT, o E o), for R2 U vl next () B0l o3,
generator.send (value)
dae ANt Aoy S e “E ¥ Yth(send)”. value QA= A A= 2] Lol
Ytk send () Ml EE Al o] 8 7}yield ot th= g2 S8 F A, Ald dl ol B 71 b8 Fhe yield
817 ¢kl £ 88 W StopTteration & YA UTH send () 7 AV H O HE A ZA I EE T
o, = WS e iAo gleng, QAR = WEEA] None & A &) 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 gener-
ator 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 ver-
sions of Python. The fype 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]| A1 ¥ 7 : The second signature (type[, value[, traceback]]) is deprecated and may be removed in a
future version of Python.

generator.close ()
A a o8 7F DAl F A7 A F o A GeneratorExit & oYtk 28 thg Al oy 7}
o} 8t A (gracefully) F 58 A U, o] u] @ AU, (T A2 & FA 22 M) GeneratorExit & 4
© 79 close= E2 A= Sobztuith Al @ o Bl 7} 242 yield 8- RuntimeError 7 HA) it
A olgrt o A& dod, EEAE AU AlddolE 7t ey B FEE As) o] v]
F25 0, close () £ obF A A= 34 & UTh
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PR
o] 7)o A& o] ok A o] B} F0] AL Al Ade heka o 7h A5 Th:
>>> def echo (value=None) :
print ("Execution starts when 'next ()' is called for the first time.")
try:
while True:
try:
value = (yield value)
except Exception as e:
value = e
finally:

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

>>> generator = echo (1)

>>> print (next (generator))

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

>>> print (next (generator))

None

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

2

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

TypeError ('spam',)

>>> generator.close()

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

yield from & AF&3}F= ol &=, “What’s New in Python.” of] 91+ pep-380 & R A &

H]-5 7] Al ol 4=

async def S AFE S T4 U HA oA dE A &A1= 1
e,

57l Alvdely g7 259, vlE 7] Av#Eols AAZ 482 vjE7] o5 oHE EHF
I8 o3 1 AA= Ay ol e g9 A Aloj@ . vlE 7] Alvd el AA+= BE 25
moync for ol AHEE Lo, AU A o8 AA 7 for Bl A ALEE = WA KA Th

Calling one of the asynchronous generator’s methods returns an awaitable object, and the execution starts when this
object is awaited on. At that time, the execution proceeds to the first yield expression, where it is suspended again,
returning the value of expression_1list 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___ () isused then the result is None. Otherwise, if asend () is used, then the result will be the value passed
in to that method.

e

rlr

T2 HlE A olH ez A

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 col-
lection 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.

Hl5 7] Al E o8 gpoll A, A= 242 try 722 oyl A sl g Ut kA 9, BlE 7] Alu & o]
H7FEZE S57H00] H AW 7}H] A #AE o 24) vho] deto] = (finalize) ¥ 7] ofl AN A ¢F o, try
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EUY dE g2 U7 T rinally B APt d A 4= AdF5Uth o] %o, b5 7] Al
T’—ﬂ °] E1 o] H Eﬂ °|El9] aclose () % 29, 1 AR 2+ IFH AAE AP, 7] 5 finally
Aol AYPHEE 3= A Y2, v 5 7] AU o5 E APl o/l E F I (event loop) L} 2~ A & & (scheduler)

ANA AsU

To take care of finalization upon event loop termination, an event loop should define a finalizer function which takes
an asynchronous generator-iterator and presumably calls aclose () and executes the coroutine. This finalizer may be
registered by calling sys.set_asyncgen_hooks (). When first iterated over, an asynchronous generator-iterator
will store the registered finalizer to be called upon finalization. For a reference example of a finalizer method see the
implementation of asyncio.Loop.shutdown_asyncgens in Lib/asyncio/base_events.py.

#84 yield from <expr> & %5 7] AV e o8 4ol A A3 2L £ ol ek,

)5 7] A e o] Bl-oEl | o] B] W A =

o] MEAA-L n5 7] A ol e olH# olElY] WA EE Ayt Avd e g4 AYS Alolshe
o AHgE Utk
coroutine 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 continue
to the next yield expression. The value of the expression_11ist 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 YIMEE BHE async for FZo Q3] FA|FoZ SEH UL}
coroutine agen asend (value)

ool elFtl, A 5 7] Al o8 dF S AT U A& ol H & send ()
HAE AHH, o] AL #h= H]£7] Al &) o] Ei ¢§“Eu1(send)”1, value A A= A 9= £33 A9
A7k P U asend () WSS S FE ol 9o 6 22 Al o] 6l 7} yield S ThS ghg A
7l StopIteration o] Fto 2 EaﬂTﬂL} B % 7] Ay Eﬂ o|E] 7} t} & ZE yield 314 9k 53514
StopAsyncIteration & doYth 8|57 AlYd ol E A FA 7| 2= asend () 7F TEF W,
e We A= BHA 0] QOB R AAE None ©& 58 of FLiTh,

coroutine agen.athrow (value)

coroutine agen athrow(type[ value[ traceback]])
odlolH &S E T, vlE7] A olB 7t AA] SAT Aol type B9 o9& 42711, Al
& o] ¥ tE}’\7H’1eld ??} Uh 72 DA SH= stoplteration 929 FFo 2 EeF Ut v]E 7] Al &l
o E 7} Th2 %S yield 344 3 S 2519, o]l o] Bl B0l 98] stopAsyncIteration o7} dojg
Utk Alqelole] 7t AEd o9& A AU, thE o9 4o, odlolHES AT wf 1
o) 9] 7} ol gl o] B 2o T Aol A 35Tk

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

coroutine agen.aclose ()
o flol B L Bl v, AW, w5 AL el o e $4 7k A F A% AW O Generatormxit
2 RgUT. ek ol Fol ] Aoy g & k37 (gracefully) %5}/ o]
n 2P ALY, (2 AIE FA FS O EM) GeneratorExit S oW, EHF ojgolHE
StopIteration A& defyrh oloj A& HlE7] Al & ol ¥ 91%01 EHFE F7H] o4l Ol
E|25-2 StopAsyncTteration o8 07Ut} Wk u]E 7] AU @ o B 7} 242 yield 51 o} s
o]E] &B-of 98] RuntimeError 7} ‘51"‘“?,5:]'14 t}h ek v 5 7] AV F ol E 7 2 vre] THE o9l & Y 0 7
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ool HEe ez HPA YT whefulE7] AU olE 7t AU AY FRE olv] FEP Y,
Ol o]o] A& aclose () TEL oFF AL 1A & olflolHES E¥F U

6.3 zz}o]mz

mebol W2t Aojol A 7hg ok At AAES EhEUTh 2L o @&k

primary = atom | attributeref | subscription | slicing | call

oEel R e 22t v} 5 (period) 9 o] Fo] o £ zebo]nelth:

attributeref = primary "." identifier

The primary must evaluate to an object of a type that supports attribute references, which most objects do. This object
is then asked to produce the attribute whose name is the identifier. The type and value produced is determined by the
object. Multiple evaluations of the same attribute reference may yield different objects.

This production can be customized by overriding the __getattribute__ () 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 israised and the objecthasa __getattr__ () method, that method is called as a fallback.

6.3.2 A Y A 37X (Subscriptions)

The subscription of an instance of a container class will generally select an element from the container. The subscription
of a generic class will generally return a GenericAlias object.

subscription = primary "[" expression_list "]"

When an object is subscripted, the interpreter will evaluate the primary and the expression list.

The primary must evaluate to an object that supports subscription. An object may support subscription through defining
one or both of __getitem () and __class_getitem__ (). When the primary is subscripted, the evaluated
result of the expression list will be passed to one of these methods. For more details on when __class_getitem_
is called instead of __getitem__, see _ class_getitem__ versus __getitem__.

If the expression list contains at least one comma, it will evaluate to a t uple containing the items of the expression list.
Otherwise, the expression list will evaluate to the value of the list’s sole member.

For built-in objects, there are two types of objects that support subscription via __getitem _ ():

1. Mappings. If the primary is a mapping, the expression list must evaluate to an object whose value is one of the keys
of the mapping, and the subscription selects the value in the mapping that corresponds to that key. An example of
a builtin mapping class is the dict class.

2. Sequences. If the primary is a sequence, the expression list must evaluate to an int or a slice (as discussed in
the following section). Examples of builtin sequence classes include the str, 1ist and tuple classes.
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The formal syntax makes no special provision for negative indices in sequences. However, built-in sequences all provide
a__getitem__ () method that interprets negative indices by adding the length of the sequence to the index so that,
for example, x [-1] selects the last item of x. The resulting value must be a nonnegative integer less than the number
of items in the sequence, and the subscription selects the item whose index is that value (counting from zero). Since
the support for negative indices and slicing occurs in the object’s ___getitem__ () method, subclasses overriding this
method will need to explicitly add that support.

A stringis a special kind of sequence whose items are characters. A character is not a separate data type but a string
of exactly one character.

6.3.3 &}o] Al (Slicings)

Seol A AL A (15 Sol, EAY R 2204 o)W W9l FEES AT Sefo] 4L
8 A0l A0 B AN o1 Bl A8 & el Setel 351 £ o 5tk

slicing = primary "[" slice_list "1"

slice_1list = slice_item ("," slice_item)* [","]

slice_item = expression | proper_slice

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

lower_bound = expression

upper_bound = expression

stride = expression
o] P4 o= BEFo] stk A BEEAHY Hol= AEL BF Sfo|a2 FFO EEOM 3 A,
EEABxTHdo] Sefo]ld oz siME % AsUnh 2= © B335 HJE% thAl, o] ol A B
2APHA O g A st Aol SEto]l o2 A st Aol ¢t Aosh= Ao R OHUH?‘Jg AAG U
(o] B¢+ €tol FFo] {3 & 2ho] & (proper slice) & ShtE 235HA] 52wl YU Th.

The semantics for a slicing are as follows. The primary is indexed (using the same ___getitem__ () method as normal
subscription) with a key that is constructed from the slice list, as follows. If the slice list contains at least one comma, the
key is a tuple containing the conversion of the slice items; otherwise, the conversion of the lone slice item is the key. The
conversion of a slice item that is an expression is that expression. The conversion of a proper slice is a slice object (see
section 32 <=3 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.

6.34 3
522292 A I8 o), ¥9) B W 4E Yt A4 S BEoz 32k
call n= primary " (" [argument_list [","] | comprehension] ")"
argument_list = positional_arguments ["," starred_and_keywords]
["," keywords_arguments]
| starred_and_keywords ["," keywords_arguments]
| keywords_arguments
positional_arguments = positional_item ("," positional_item) *
positional_item = assignment_expression | "*" expression
starred_and_keywords = ("*" expression | keyword_item)
("," "*" expression | "," keyword_item)*
keywords_arguments = (keyword_item | "**" expression)
("," keyword_item | "," "**" expression)*
keyword_item = identifier "=" expression
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Aere 5 Qe A Y G EAL QAU A9 E QA Foll e 4 AT, o5l 8wl gk o

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 <= A 2] for the syntax of formal parameter lists.

If keyword arguments are present, they are first converted to positional arguments, as follows. First, a list of unfilled
slots is created for the formal parameters. If there are N positional arguments, they are placed in the first N slots. Next,
for each keyword argument, the identifier is used to determine the corresponding slot (if the identifier is the same as the
first formal parameter name, the first slot is used, and so on). If the slot is already filled, a TypeError exception is
raised. Otherwise, the argument is placed in the slot, filling it (even if the expression is None, it fills the slot). When
all arguments have been processed, the slots that are still unfilled are filled with the corresponding default value from the
function definition. (Default values are calculated, once, when the function is defined; thus, a mutable object such as a list
or dictionary used as default value will be shared by all calls that don’t specify an argument value for the corresponding
slot; this should usually be avoided.) If there are any unfilled slots for which no default value is specified, a TypeError
exception is raised. Otherwise, the list of filled slots is used as the argument list for the call.

CPython -8 AHA): 3 ﬂz] uH?H F7F ol 5& ZEA kobA, AL A E”OEOl%ﬂ%OHM

Soehe, A9ET FRE 4 Qe U BeE e oﬁaff—;l qu} CPython o]l A1, Q1 2+5-S 514 31 7] 930

PyArg_ParseTuple () & AME3E=CE ?—?ﬁ% gEo] o] A-YYrh

P s SR ER T T2 A AAEC] YO W, *i dentlfle %%%Akﬁ‘}% A w77

k-2 3} TypeError o9l & 4o Yt} o 73—‘%,1 1 =
=]

AGWHUTH(EE dE A7 AAEo] gow W F 3
Y QA7 YA A4 o] ol B3 koW, «ridentifier FH S AHEFE FA WARST
91| ¢S &, TypeErro YT o 49, 2 F4 AR E g A 9E Q4SS R

ro Q& do

gAY, Fe AA 7R RS o] fled ' (Af) /»:]L—]ﬂg Agruks o)
T *expression o] 4 T &l 53, expression 9 Fh2 o] E H & o] Fofok Tt o] o]H &
o 8AEL, 2359 X7}«l A A O]X} ol 7“43*—.419‘41‘4 TE f(x1, x2, *y, x3, x4) 9 A%,
yo s F& ] AJF2 yl, o, yM 0] Y2THH, o] 22 M+4 7] 2] 9 A AR5 x1, x2, yl, -, yM, x3, x4 2
TE3E AF 55 FYLH

o] Z 9l A= A A} *expression B o] WA 7| Y= A} FH o UL = Qlojg, Z|¥E QA (2

g2]1 B E **expression AALE - olg| & Beh) Ao Aeld = AdUth 23 A:

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

E m[n

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

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" isacceptable, although it will not match any formal parameter that could be declared).
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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
isnot, a TypeError exception is raised.

B *identifier oY **identifier & AL St A 7/ HFTEL Y X AR & F ol 7| E QAR

oEE 2 AEE & T,

WA 35004 WA &
o

A7 () Al &+ 3
A= sy

A |49 *and ** A H A S WopSo|aL, 93] AAE] o]EEHE A
I E QIR gAY A A (<) FAoll & 5 AFUTE 2 E PEP 448 o A

2298 dorA ok o F oW ghe £ FUTh None 4 5 JFUT o] gho] o FA AH =
e 2l AA 0 Fol 2 UFUTh
RHef LA o] —
AH&AE A o] e
AR5 ALe G4 = S50 APFUrh Z= BF] Ago 2 5= d2 F4 vj7fw
FE2 ARl dgste Aduh; ol AL A4 ok A o] N AP Pk IE S5 0] return T2
AYstd, gt T2 0] e g2 A A gy Th
Rk i s e R A
Aibe Az D dFyth W Fot vl =5l te A2 built-in-funcs S HAI 2
els AR
3 2o A dad ATk urEg v
S Bl B B PO RS K
88k A AL B Tt SEE e, 2 Aad a7 A A AR & s g H A AR F =0
Aegy
Zexdadad

The class mustdefinea call () method; the effect is then the same as if that method was called.

olglolH & ol ZFH o AP A FAFUL 4 I7d b o T A 5 Qg U

await_expr = "await" primary

WA 3500 F7}

6.5 A5 Al A4kAt

9 &} o /;_}x}il:} o 2 A AU 249 LEZ E=

e
ot

power = (await_expr | primary) ["**" u_expr]

FART L T AUA AAR N, AAE L EF| ] A% 02 grol PV
£ o £AE AksH AL ohguTh: 1552 2 1 ]

=
QAL W pow ) FH7HF AL AR 55 Wk 2L o u 7 A%y
ASATE L FU 54 AAHE A 35 Fo 2 WHE 3, A3k 1

3
pa)
O :
&
e }01-
F_,_z -
Hgo
Lo ¢
%“4 i
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int ¥} A4k2}e] 7§ A AR} S7F obd o] 4 A HAMAES 22 FE ZE U F WA <
A7 &4, BE AR = float 2 W2 17, float 277 AP UL & £0],10%*2 + 100 & 215 A %,
10**-2 £ 0.01 & E8F Ut}

0.0 5 4% AFAIF3H ZeroDivisionError & €27y
(complex) 7} YUt} (A WA A= valueError & 427

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

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

The unary — (minus) operator yields the negation of its numeric argument; the operation can be overridden with the
neg___ () special method.

The unary + (plus) operator yields its numeric argument unchanged; the operation can be overridden with the
__pos__ () special method.

The unary ~ (invert) operator yields the bitwise inversion of its integer argument. The bitwise inversion of x is defined
as — (x+1). It only applies to integral numbers or to custom objects that override the __ invert__ () special method.

A A A% 2T, A7k SHHE §E 24 SHETHY, TypeError o 917F B4 F o

o] g Atz AbabE AF AN FAHAEAE AU o] AR F AR = AR 0 A Foll = AL o F9
ff oF 3] A Qi El R, @ A 7 7] 2R e, shube FA41 @*PZ}’: 011, St
A Y AAE A YT
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

S A A4S $8 FUT AREE B AT, B A A0 o Qe Ad 2ol
FUTh 9 Aol 2AEL FE Yoz AHE FFAPUE FA A9, AA2Y o] SaAF UL
So) iy gre W AU wE g,

E%

This operation can be customized using the special ___mul_ () and ___rmul__ () methods.

€ (a) AAHE B FAo) S AU st A YAFE ol AE o] ANAE TANA U
Ut

B A 3.50] 7}

/ (=23 /7 (4 YA, floor division) AAMAFE S 1 Q1 A}E-2] ¥ (quotient) & & U T} £ A} QA AEL HA

FEYoz MAR UL 455 1AL A58 ves w4559 A5 B AS A5 e FUth 1
A= s akA ol Ao AT} ‘floor’ 45 & 231 Zﬂ?}‘%rz} 0= \4-‘“ = 718 zeroDivisionError

flo
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This operation can be customized using the special ___truediv__ () and ___floordiv__ () methods.

% (38 =, modulo) °4"“<}L A AR JAAE F A AAZ e YA E FUSh A AR HA 3
oz AdEYTH L% AA7L 00| ZeroDivisionError 9 & & ?Q_O AUth RS L AT E
= AFYLh A& £9],3.14%0.7 £ 0. 343}%*14@(3 14 7} 4+0.7 + 0.34 9} Zomg) RER
At B 7 AR S AdAke 2 R E 2te 2 FUTH(EE 09 UTh; 23] AUz F WA
¥ A4kzte] Aoigi e o 25U

A A B2 dabte Be 22 F5 402 A8 AFUThix == (x//y)*y + (x%y). F
S UEATR REZE YA T4 divmod () 95 A 25 o] 95U divmod (x, y) == (x//y, x5%y).%.
A el RERE A4ks A ske 2ol g, ¢ A4 A d 28dY #4494 “uHEN‘ﬂE%EEﬂ o] A
oF AT A A YSUTHS Saat7] 9o 22-A Az o5 ThAl F Utk B Tujee 2o

vlo] A glol B ejg] &3 d2e] A A old-string-formatting | A A ™ gh o}
The modulo operation can be customized using the special __mod___ () method.

A A A4 EEE AL divmod () 4 B4l thaiA = AolH o] A ks th tiA,
HAstthd, abs () F4E ARSA AF 2 RS L.

£ () QU 2 AAES B8 Gt AAEE § 0 2AAY, £ T e 9ol ATlolol g
%o AP, £AES WA FEDOR WAH %, A GALULE FA9] AF AALLE o] olio] A Huleh,

This operation can be customized using the special __add__ () and __radd__ () methods.
- (7)) AAE T AAE] AE FUT 54 AAEL WA FFF o2 AFPUG

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

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

o

o] AHEL AFES AR WolE ATk A WA AAE F A AR Fol7 WE S0k AF ol
L E& o 2 Y t}(shift).

This operation can be customized using the special ___I1shift__ () and ___rshift__ () methods.

$EZOR nHE NZE St AL pow(2,n) E A5 URAHE o AWk X0z avE
NZE 8 AL pow (2,n) & o A0 AP Urh

labs (x%y) < abs(y) ©] #3880 2= Fo| A wh floatd] 3ol & 253 AFE (roundoff) W Eoll =X & o2 o] obd 5= Y5 T
of| 2 S0, 7o) A float 7} [EEE 754 Bl A = 52212 ZHELS 71 A3 uf, -1e-100 % 1100 7} 1100 9 2L B35 E 712 7] 930, A4HH
éﬂ%fle—loo + 1e100 °ltﬂ,TZW O 21100 7 H 83 22 YUtk T math. fmod () £ F3 7 3 AR Az F 5o

M AR F7) wf £, o] A -1e-100 S EBF YT ojE FZWel o X**‘FPZP & =Z2as %Eﬁ%%\%ﬁk

2x7} yo] A Eat % ¢uﬂ9+ o} 7}7}Tta, 22 (rounding) Wl £l x//y & (x-x3y)//y Btk 1 & 4 g5tk 29 3¢,
divmod(x,y) [0] * vy + x % y7bx & op 7MHES fA817] 98], shojd-& 9 234E F U
6.8. A ZE 24t 95
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6.9 o]g v E 4t

Al A HIE A2 247 e A E As Ut
and_expr = shift_expr | and _expr "&" shift_expr
XOr_expr = and_expr | xor_expr """ and_expr
or_expr = xor_expr | or_expr "|" xor_expr

The & operator yields the bitwise AND of its arguments, which must be integers or one of them must be a custom object
overriding__and__ () or__rand__ () special methods.

The ~ operator yields the bitwise XOR (exclusive OR) of its arguments, which must be integers or one of them must be
a custom object overriding __xor__ () or __rxor__ () special methods.

The | operator yields the bitwise (inclusive) OR of its arguments, which must be integers or one of them must be a custom
object overriding __or__ () or__ror__ () special methods.

6.10 v|

comparison n= or_expr (comp_operator or_expr)*
comp operator e nwen I nsn | n__mn ‘ ns—n I ne=mn | nmyp_mn
| "iS" [llnot"] | ["not"] "in"

Comparisons yield boolean values: True or False. Custom rich comparison methods may return non-boolean values.
In this case Python will call bool () on such value in boolean contexts.

AHEA d2E 5 dsyth ":ﬂa E9o,x <y <= zEx <y and y <= z & 553, Ao
Y AU GHARF A% BE x < v 7h AZ oW 2 9 e oA

Lo
gL
o Th
fo
iy r
F%

c
-
32
r
v
rlr

5w I,

o > oyrlo B

(
2}
~—~

"',y,Z7]-§L*]O]I’_,op],opZ, o opN 7} 8] 3L AAFA}H, a2 opl b op2 ¢ ... y opN
S ALstEa opl b and b op2 ¢ and ... y opN

[0}
off N T rfr
[o
g
8
&
(o)

N N

ol

I gl
>
Lo
-
fifo
Y
&
23
=
roh
i)
rlr

<,
=

a opl b op2 c7hashete] olE FH HLE FAFA 7] W ol o & S0l x < v > z o] 3}
A (ohu} o] mx] = 9Fel 2hw) Sub= Tk Aol 59 of g k.

6.10.1 Zkw|L

ﬂ/\\l—zl—<r >; T >=) <_r '_%ll:_ Zy!j‘“'o’] EV\O H] ?‘:}qq 7]]]}]% ] %%‘% EEJ.JOJ—J\E‘ %i%q]:]—

A, #h @ &2 AA = o) (F3 ofel K E Bl ol Hsl) ghe 7“3}1 2ok sy th stol Mol A AR S e
2 A9 Aaiuh: o o), A=) grol vk 33 = 9l (canonical) AM 2 Pl Gk
AA L] ol SEF A (AL 5], EE HOH JEREE F4HH = 2D L2 FAHH kA= 8
AR FUTh vl A2k AA 9 gro] FALA A S ST F 7 NES FAFUTE AA Y S
HE 53 g A o2 gl stk 42 s E5 Ut

Because all types are (direct or indirect) subtypes of ob ject, they inherit the default comparison behavior from object.
Types can customize their comparison behavior by implementing rich comparison methods like __1t___ (), described

96 Chapter 6. %3 2]
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in 7|24 Q1 A Efuto] A o] A
F5 HA (== 9} I=) o] 7|2 A AA| 9 otollE E o 7|k FUTH ZeiA], 22 olo|dlEHEHE =
AR ZHY] FFHIE 232 F3, thE ofo|dHEE 2= Ad2dA H 55 ¥ae the< FUth
o] 718 &9 F71= BE AA 7L AL (reflexive) (5, x is vy x == y & FAFYH o] =& w17
she &7 g,
7]+ o 4 8] 3L (order comparison) (<, >, <=, >=) &= A|F = A 5T A/ =3t TypeError €234ttt
o] 712 S 2te] B7)E E5 8 FA A5 AV Aok AYUG
T2 olo|dHE & ZHe A" Ao A AR 2T, 7182 55 vl 232, AA 9 3 g 7199
5ol tat 2ol Bel S 40 BEo] WRE s ATe 27 UE + Awuth 28 FES A4
MW ERE AsE kol = & ARt 9w, A Be U gRel 1284 dhn s
0eESe g FeR AR E Mn 54 AeTn

o« YA =2 & ((typesnumeric)) 3} x5 BFo]H 28] ¥ fractions.Fraction ¥} decimal.Decimal

o &3 £AEL, Bagsl Us M@ s A ASA Ferhe A AR w s, 2AY TGE S
7he] vl 7} PSR T A E WS o) A ol A, AU Ee) £4 glo] fetdoR (R E Ao
gulz 7] v ag

NaN(not-a- number) ZYE float ('NaN') ¥ decimal.Decimal ('NaN') & E¥HIH T} B & £x19}
NaN 7ke] vl &= AA Y YTt ”Pz‘ﬁﬁoilﬂzﬁh_ U+ 212, NaN o] zp4l 3 22 ebth= Z1 Y th
& E°],x = float('NaN'),3 < x,x < 3% x == x= EF AFAH x = x&= FYYrch
o] 222 [EEE 7545 &5 3 th

* None and Not Implemented are singletons. PEP 8 advises that comparisons for singletons should always be
done with is or is not, never the equality operators.

« Wpoluf ] | UAE (bytes U bytearray 8 A2HAE) S BE A4 45 ¥l 2D 4 stk o2
S8 9459 TX]- S AFE3 A AFA A 2 2 (lexicographically) B] 2l U T},

e BRI E (str9 2 —g) L2 EAE9 FYFZE FE X2l E (Unicode code points) (W7 S+ ord ()
S e A e W o

 CE R PIE PSS E M E L S s

* Al E (tuple, list, range & JIAHAE) 2 22 7|8 vlud 4 =t range= A B L E
QA FEUT A2 O FT 249 5 0wt 2L 23, AL OE BT 29 t4 W

TypeError & 4o 3Yt}.
A deas .0 0o e ASHA A0z a4 A0 s dudes 5
U ¥ (identical) 2 A| 7} 2}4] 2 ZE‘DPE (equal) 7Hg U Th o] & 3l 5 LT A A
AANE P3Gl A5 AT R BNAL AT
Wg BAAES AAAQ WL T 2ol ol Fol U Th
=g el pobu wwsl 7] AAE, 22 Folw, o)zt 2, )
ek v s ofof S ch(| 8 B0}, [1,2) == 2

Il
=
N
rlr
)
SN,

it vl ag Utk (& 91, (1,21 < [1,2,3] = FYgUTh
38YUTE B2 FE 23 E (code points) (G & S0], U+0041) & A+ & 2} (abstract characters) (9] S , “LATIN CAPITAL LETTER
A B ARG, ST Ae RS A B Aol L4 el 2E BB E E AT A AR ] o4 e T

il =
QEL NAAE THE &= Q= 24 BExFS o] Wo] &Yt} o & So], 2AF £ 2} “LATIN CAPITAL LETTER C WITH CEDILLA” =
FE 9 X U+00C7 o] Q&= 3t 7 2] B3t & 2} (precomposed character) Y+ = 9] X] U+0043 (LATIN CAPITAL LETTER C) o] gl &= 7] &2 Ex}
(base character) &} F W2 = F = 9] 2] U+0327 (COMBINING CEDILLA) ol 1= 2§ & A} (combining character) 2] N A% 3 E 4
AU
TZ}‘Q«I H datale FUIE = ZUE 2o vl gl o] AL Ao Al vk A2 A 4= JdFUTh ol & 0, "\uooc7"
== "\u0043\u0327" & ARAY U} AAF 22 Lo 7;% %44 %7} “LATIN CAPITAL LETTER C WITH CEDILLA" S ¥ 3187 e}

BALE FHEAFEANA B E (F, A A ABA A WYL E), unicodedata.normalize () & A3 Al L.
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42 AnEvhol 25k Ag A o SALELS A FHeiE 2 A 9B

Mappings (instances of dict) compare equal if and only if they have equal (key, wvalue) pairs. Equality
comparison of the keys and values enforces reﬂexivity.

E\’J
A
9

A v 3 (<, >, <=, >=) &= TypeError 2 42
3= (set o] frozenset & 2B AE)L 72 JE7}
o] 2152 F-E 5 T (subset) 7} /391 5 & (superset) = %ﬁ}% =
A <=4 (total Orderlng)E oA gsUth(elE Eol, F AR
o2 st B2 Gl A &, stz oh& shte] A A el A = oF ) =
e o] AAt2 = AgelA GF Ut (€ 9], min (), max (), sorted () o 4P oz 39
Y AEE AFsHH BYF A 2 A5 FUTh.

Ao Hlae 1 2459 WS ZA YT

SS A HAESS FASHA &7 W&ol 71 v F 2

>
fru
i)
rlu
ofh

r
o
=2
)

=
4z
s
lo
o

It
o
ok

S Hl 2= vEALA (reflexive) ©] o] oF U Th o2 T2 T3 51H, ofol®l
] 315 of of ] o}
x is y¥x == yTh
4] 3= o) % A (symmetric) o] of of G}, THE W E
Ut
x == yoy == x

r (
ok
[E
o
o
i)
L
flo
=3
(o
1>
rlo
L
flo
i
i)
i
N
9
°

x 1= y&y I=x
x < y2y > x
x <= y&y >= x
] L= 3] 4 (transitive) ©] of oF T T, The (BA 817 2-2) o] o] o] AL o T T}
x>yandy > z¥x > 2z}
x <y andy <= zWx < zT}
A o8 B o] Hlofof Ptk ThE RE RS, 0he BHAIS o] 2L S Fofok FUth

x == y&not x !=y
x < y®not x >= y(A LAY F9)
x > y®not x <= y(A A9 4
A e F R 1A A A 2Edo] AEFH U (S S0, Al 2o ALH A, HAe B

— 4

28R 51Ut total_ordering () UIF O EHE BAA L

hash() ATH= S5 QRS KAk FUTH 22 AANEL 22 A ZAL A B
o2 3% ole g

shol 92 o] AT FH 52 ZABA itk A4 NaN FHE-S o] 32wz e o Auie
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6.10.2 WY AAF A4t

AR inFnot inSWHAES AAEUTTH x in stEx7Fs S A A Wl True &, 2122 S 1l False
€ $4Yth x not in s 2x in = sUH g9MYeE B oldet RE W AdLSH A
FEo] o] AL A Asher], 94 in o] GHu o] Fo]2 77} A AAHEU Tk list, tuple,
set, frozenset, dict, collections.deque &} Z2 AH| o] HEL AF, TH4 x in yEany(x is e or x ==
e for e in y) 9 E5YTh

2 vtolEd Y] 9, x in yExzby 9 BB
True%‘lfli‘r-%'éf&ﬁ/\}ty-flnd( ) 1= -1 Ygyrh
AFH 7 wZel,"" in "abc" 2 True & B8 FYTh
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.

\‘
Loy
o

o 1L

l=l:1
reh 1

rE M

A} (substring) @1 A%, 28|31 2 & 1 7
LA 2 vE 24k

For user-defined classes which do not define __contains__ () butdo define __iter (), x in yis True if
some value z, for which the expressionx is z or x == zistrue,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 vy 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).

AMA not inin® =gd BAo g HoJH ]
6.10.3 olo]ElE] v
is 9t is not & AR L] opolHEEE AAAUTH x is y Ex 2ty 7} ol EE 7 22 A A

27}
W, e 9% 2 9w Ak AR ool ML id () B8 ABHA 2FFULE x is not v
e edn By g FUn

6.11 =32 <d4H(Boolean operations)

or_test = and_test | or_test "or" and test
and_test = not_test | and_test "and" not_test
not_test = comparison | "not" not_test

In the context of Boolean operations, and also when expressions are used by control flow statements, the following values
are interpreted as false: False, None, numeric zero of all types, and empty strings and containers (including strings,
tuples, lists, dictionaries, sets and frozensets). All other values are interpreted as true. User-defined objects can customize
their truth value by providinga ___bool___ () method.

AAR} not & 2 QA7 AR O True &, 218 A oW False & FUYtTH
ZPA x and y = BAxY ge FEUhx 7F AR ol 2 ge EHFUTH 28A ey o e 73
Fol 1 408 Se UL

AN x or y & WA S FHUT /O 1 S BAFUL 184 oWy o g 2
Fo] 2 478 Bz

o

and ¢t or o]= A& Wk ghol vk 1 @S False & True & A gHolA] 9Far, thAl mpx] uho)] gho] 3 3 A&
Eejzo] 2ol FUTh o] AL W2 227} A5 ol & S0l s 7} EAdo| w o} gow NRgow

4 2% 7}u] A]-4> A (automatic garbage-collection) 2} A} %% free lists) 3} T 2~ 3 ] ] (descriptor) &] 54 < A4 w2, is AXAE
ALY A ALEE VB A TE FAL YA AW, D22 2N oD FAE A F Ak o

AN AH = 159 EAE EQsHA L
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s

(o

thA| = ojoF 3ttt HE, £H A s or 'foo' & ¥

= dote g2 ATtk not 2 A e @ 5
A2Le] 3 AA glo] =2 3 (booleanvalue)% EZHEYUT (9 E E0],not "foo' ="' 7top gt False &
s U th)
o] T‘ S
6.12 EH it ’}-}
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.

AEA QA ARG AH F stube dA sk A A AR el Yt

if matching := pattern.search (data):
do_something (matching)

e ARSI 2EFS A

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 andin assert,with,
and assignment statements. In all other places where they can be used, parentheses are not required, including in 1 £
and while statements.

WA 389 71t Ao gk o] ZA| s ]-&2 PEP 5728 #FZ 314 Q.

6.13 =7 %3 A (Conditional expressions)

conditional_expression = or_test ["if" or_test "else" expression]
expression i= conditional_expression | lambda_expr
22 23842 (W= “4 & A A} (ternary operator)” 211 EH U TH EE o] Aibe A 7H w2 e
AE s
FAA x if C else y= HAxthAo] 24 C Y = FFUTh C 7k ol ™, x 9] gho] Fa AL 2 ke
SHFUh 28x ol y o e 7T Foll 2 2HAE HF U
27 5@ Ao gk o AA| g W82 PEP 308 & 2514 8

6.14 Zt}(Lambdas)

lambda_expr = "lambda" [parameter_list] ":" expression
@ADL (@2 Fef B dambda forme ol 247 Y| o) 5 A8 BEE Y= A A5 0
2l lambda parameters: expression ¥ S AR E FUTE o] o] & Qs AA= oA AYH T

AR A 52

3] Al
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def <lambda> (parameters) :
return expression

WA e 550 FHE o Ao Adg HAL. g @A BEol = F 7 (statements) ©] L}
o] ;= ©]] o] A (annotations) & Z 3 4= ¢l -3-oll Fo 5 oF Tt}

6.15 %32 E= (Expression lists)

expression_list = expression ("," expression)* [","]

starred_list = starred_item ("," starred_item)* [","]
starred_expression = expression | (starred_item ",")* [starred_item]
starred_item = assignment_expression | "*" or_expr

AAEY A AT els AR E Ao, AT S HEE EPIL KU BEL RIS
FUth 529 dol& B2 gt RN A5 YUth RAHEL AR M 2 2% 0 gho] Z3 ALtk
of] 2~ B] 2] 2~ = (asterisk) * = o] & 2] & A 3 7] (iterable unpacking) S FEFH U T} 3] A AMALE= HlEA] o] H 2 &
ololof Utk I ol Bo] FEEY A A2z ST oA, A HF AHANA A FF, el2E, F3t

=gy
B 3.50) 27h: BE 4] BEo|A2) o] Ele)E ol 37, PEP 448 ol A 2 2 2 #] 9k%) AU o,

A trailing comma is required only to create a one-item tuple, such as 1, ; itis 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: ().)

sfold e Ao A e 2Z oz R e TFUTH A Fe TohE o, S grol FunhvA
=z
T

T .
s 204, 2842 259 2o 22 A=Y AU E gol el uth:

exprl, expr2, expr3, expr4

(exprl, expr2, expr3, exprié)

{exprl: expr2, expr3: expréd}

exprl + expr2 * (expr3 - exprd)
exprl (expr2, expr3, *expr4, **exprb)
expr3, exprd4 = exprl, expr2

6.17 AR S A&

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).

WIS, WA A obol MEE AAE S B 2 S AEAE 23 v AN AR e ANY A
$ 2% 0% o]0} o] /] (chaining) 31+ 7] 5 &

B

ol A
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A A=} a4

(expressions...), 23 (binding) = 235 X £F 2], 2|2E A2
[expressions...], {key: value...}, ©],9A4g ga=Zyg o], JdTd Ay 9
{expressions...}
x[index],x[index:index],x (arguments.. AHA2IHA &8fo|A], &, oJESZHRE #IxX
.),x.attribute

await x ool E 84

* ASAF
+X, =X, ~X %, =, HHE NOT

@, /,//,% FA4, 38 FA, YA, A4 A, Y A°
+, - R A 51} A

<<, >> A|ZE

& 8] E AND

A H] E XOR

[ H| E OR

in,not 1in, is,1is not,<,<=,>,>=, = == v o, WA AL} olol Bl E] E] AALS £33 T
not x =2 NOT

and =g AND

or =7 OR

if—else 2 Z23d4

lambda o 2 H A

= gy 2384

SAGAT QA +r £ 2 EBo| 91 Aol HIE 9§ ARtk oFshA AFEUTH S, 2051 0.5 AulTh

65 AxAE EAG Zolg = AR E U 22 $A¢9 7 449U
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CHAPTER /

<= (Simple statements)

simple_stmt =

expression_stmt

assert_stmt
assignment_stmt
augmented_assignment_stmt
annotated_assignment_stmt
pass_stmt

del_stmt

return_stmt

yield_stmt

ralse_stmt

break_stmt

continue_stmt

import_stmt

future_stmt

global_stmt

nonlocal_stmt

type_stmt
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35 =
71 A E
EHA T2 gs A S YA, (H5) L2 AIA (procedure) (9] 7] gl AAE =8 FE E; 9ol
Ro| A ZZAIA = None gt= SHFUTHE £535H7] 98 (7= Eﬂi}?ﬂ OE) AREEHUS 284 29
OE AR E S gE L mu 2 &2 7 55Ut
expression_stmt = starred_expression
RRA L (G BAAY 5 Je) RAA B2 g T
e}y oA, ghol None ©] ofU®, WA repr () &S AMGS| AL 2 WS 1L, T38A U2 EA4F
Sz o EF 2902 BYUYUTH(AH7}None = 18 Qolr, Z2AA TEL oW 2L
s A syrth),
olu
7.2 Y&
WAL ol5= #oll () dEsta 7bi Ao ol EREY FEEe AU
assignment_stmt = (target_list "=")+ (starred_expression | yield expression)
target_list = target ("," target)* [","]
target = identifier
| "(" [target_list] ")"
| "[" [target_1list] "1"
| attributeref
| subscription
| slicing
| mxn target
(attributeref, subscription, slicing ] &% A9+ ZzfolH 2] AXAE HAA L)
YR @Y 22 (0] 70] St BN $5, HER Rel¥ B2 5% Qi) F49 J9E FE
Aths A2 713444 2) o e T3, A% 22X, Site] AT AR E BA B0

g ok
W B (229 Aol wek AR Ao B Pk Bale] 4w AAY AR (JEHE F2}
Uz

Az g o]t kol ) W, b AR F A5 A 0 2 oS-SS ohobrh 83, LA o] SuhEA obd A E
AR e, 3ol Wolso] A 4 o A9 S Ao 5 YUt thdd 5o FAleke 7 4 S} 24
e o952 1 AR PO Aol A FARATH(EEY A5 AL BN L)

ARNE B 25, B

25U 2EE EYAY 5 A AT £ AEUTh o HYshe 2L T o)
SRR BE =
A

= 0] of 22} 2] 22 3 (asterisk) & ol Q) B}, “ 2 B (starred)” B} 7l o] 2k 3L 2 1], Bt
£ S AR L Aol Bl B o] ot A SHTb S 42 A5 FEE AT
2 Eo]o]of FTh ol Elel o) AL FREL, X LEXO R, AELE B3 ol ot
S gk ol 5 2o A5 G5 ABE B2 5o vet BASe B g
aﬁﬂ}wﬂx} F2E2 7AW B 2EZ 28E B 4R Th(o] P AEE o] 9L

ﬂll
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%A o t B F550) e B o 22
olof 3k, FEEL, AZK oA L E8ZKo R, tfS3te Bl sl g g Ut
oz Zojgyrh

E} A o] 2]z} (0] B)
- 2 olgol A = EF Q= global Y nonlocal &l 5743tA Fod: 1 o2 A
2 o] & w7t A AR AZAHY
- 18%1 o 1052 747 A o]F 7ol nonlocal of 9§ AAHE = 2 o] & 7o

4 Lol AL 7)o AAH o A AA S Fx 3TH00]
2] 7} vt s 17 913 A} (destructor) (212 Y THHA) 7 &

)

i
4
39,
ofy M
<
i)

o AU}

=
e AR Ze 2 2B s T o B BE R O AR
(right-hand side) T A4, a.x = A 2EHA o EZHEL (A2EH2 o
REES AN 2T 5 A% Tk 29 (efihand side) B2 a . x & T4 2 5hE WHE
RS FUTh TeA, Fa.x 7k 2L ol Bl 7
OF: 9 EAA 0] Feh2 o E 2 HES AR AT, FuL 19l BALE A
= :

o 2. o
i A N 11122 S A1 S

(m ©em s

O

class Cls:

x = 3 # class variable
inst = Cls ()
inst.x = inst.x + 1 # writes inst.x as 4 leaving Cls.x as 3

o] d¥ o] property () 2 =% T2 (property) o} 22 HAIHE A ER|FHE 482 48
= Ytk
T BA R

B o] AR Aol e o] i metel el H 84 g DU (BlaE 4o T A
A (S AV ) 22) v AR 7 hohok ghith 19 e, AR A3E R840 e TR

W7k (FAE 22) A AL AAY, AB 2aPEs 57 Getol GUth 54W, A
Dol 7t U AUtk AAgE AA2e Qo| et 4L o] ohd ol of 51, AlA o] 1
71 Sl ANE A 23 Td A B2 Aol rndermeror &

If the primary is a mapping object (such as a dictionary), the subscript must have a type compatible with the
mapping’s key type, and the mapping is then asked to create a key/value pair which maps the subscript to the
assigned object. This can either replace an existing key/value pair with the same key value, or insert a new key/value
pair (if no key with the same value existed).

For user-defined objects, the __setitem () method is called with appropriate arguments.

EtZlo] Setol ol d: Fxol Zefolm e RAA S gE FIULH (F2E Z-2) 7hi Ald = AA 7t
vhebof ghuth ol 9H = A= 22 F9 Al A of Futh 2 thE, EASThE &gkt e
E?ﬂ*ﬁ‘iﬂ e THUH 71252 0 A F 2 dojtt. FAGL ATt H ok FUTE £ 5 o=
2o S57F e, /\1%/\«1 ZolE vt 28A AW AAFES 07 AF29 Lot
1 Ao o = o]7}b ol =2 AE Ut upA gto g AJEA ARl & a}o]_ AT = AA2E
tﬂﬁﬁh‘:_ 2AFUTH B A D27 S RTHE, Sekol 29 Dol T = AP 22| 2o] g} ohE

7.2.
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CPython -8 ALAl: B4 7@l 4, B30 £ B A 27 S5 1, F2E 2L 7= A DA A
AR5 7] w2 ol 2] WA A7 & eI A = A

AAL g el Zoj 7 A} ¥ 7ke] T3 o] ‘5 Al A (simultaneous)’ Y2 (& £9],a, b = b, a v F
ﬁTELﬂﬂﬂGPUFL_Wﬁﬂt%¢%Q€ﬂ ﬂﬂﬁ%%@%%%ﬂﬂi%%iiﬁﬂ%%
e E5d T e 2R syt dE so, v 22 22 a8 (0, 2] & I} Th
x = [0, 1]
i=20
i, x[1i] =1, 2 # 1 1is updated, then x[i] is updated
print (x)
o ®B7]:
PEP 3132 - E}Xl-o]E-]E—]-‘g_—,q-]_uH 7]
*target 75l ot 4
7.21 1 )& (Augmented assignment statements)
ZE YRS B E ol A o] F AT YL FHE AAYTh:
augmented_assignment_stmt = augtarget augop (expression_list | yield expression)
augtarget = identifier | attributeref | subscription | slicing
augop = ni—mn ‘ n__mn I mWxk_—n | n@:" ‘ "/:n I "//:" | neg—mn ‘ Wxx—N

| "S>=" | M<g=" | "e=" | MA=T | ow o
G R EDESE T

FE e B (AU g eIt
AR Abol ) Q9] Foll W o] %
w9k ko] 73U o,

x 4= 1HPLFRUYEALx = x + 1AW A L5 e, AT 2L A oA B 5T 2

k

HE FYL FE HAANAE, x99 S F AW YT =351 s, AA AAS AR (in-place)
ol A == =, Al AAE WHE 23S Ao Y7 EoE, oA AAE A STE vyt
?:l‘:x'}ﬂ%?:lﬁ =2y, SR UYL Y S F3H7] o)Al A g FFULE oA E 59, ali] +=
f(x) =AFdali]l 23T, £ (x) 9 S 30, QA S 381, npAHo R 7 435 ali] o
ThA] HHEP.

e EFoA 23 tF o2 st AL o2 3, FE Yo i g I o 3}
2o og Aegyth ufd A g2, A xte] 5849 s A S Q2 o, SR Y Wi Eol +E =
O] A AL Uut o] 7 A .
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7.2.2 o] H o] E = v ¢] & (Annotated assignment statements)
of o] A YL, & Bl A, M5t JE S HE o B o] AT AT 4 Y YRS FHE AT

annotated_assignment_stmt = augtarget ":" expression
["=" (starred _expression | yield expression) ]

The difference from normal tj] ¢} & is that only a single target is allowed.

tel 0] Beedt o] B8 2 A9, ZUAU BE 23 20] gow, ol o] 4L gto] 737 F S
2 25 oJEEHE _ _annotations__ 9 ZJZPE]‘—H] o] 0] FHEZ= (T v FNE FH Q)
W olg2 ol H o] o A7l gAY R s Juth o] ESRHEE 277 FEH L, 2
225 Aug A2 ] o welo] o] Ao WA W HEC] o,

el Ezle s BHAL L), ol Bl 4 Zel AL BE AT xo] e AAY kol FAAA W AGHA
£ 2,

o 2o] T4 2T Lo A o B o] EE| 1, o] 0] 52 7 2T ol A9 (local) YU T 4 AT LA o] e
B0l A2 ghol 7817 ALk A1) 2| &tk

If the right hand side is present, an annotated assignment performs the actual assignment before evaluating annotations
(where applicable). If the right hand side is not present for an expression target, then the interpreter evaluates the target
except for the last __setitem_ () or __setattr__ () call

o B
PEP 526 - 4 o] ;- H| o] H Y
FAL Fo R = AL U (EH2 S A2E A HSy 239 P2 o] H O E = EH=
7V Ak
PEP 484 - 3] 3l &
1=} |

)4 54 79 IDECI A AHEE 5 9l @ o] o]
HES FhHE A ok

r
=2
=
ok
=]
N
g
i
o
Y
g
=)
N,
do
o)
o
]
o
H
=]
O

W A 3.89| 4] ¥ 7 : Now annotated assignments allow the same expressions in the right hand side as regular assignments.
Previously, some expressions (like un-parenthesized tuple expressions) caused a syntax error.

7.3 assert ¥

assert -2 = 2 72 o] Tt 7] o] A A (debugging assertion) 2 4 Y 3= H 2] 3 WH 4 Y o}
assert_stmt = "assert" expression ["," expression]

ZHA3sk S e, assert expression 2 23 55Ut}

if debug
if not expression: raise AssertionError

2449 3, assert expressionl, expression2 = Tt 553t}

if _ debug__
if not expressionl: raise AssertionError (expression2)

o] 554 52 _ debug__ T»]—AssertionError 7V L ol 2 YA H4ESE Ve 7tk A Y ok
AR FEHANA, WF Mg __debug_ 2 LUEH QI AZ oA True o], H A7 S FH U W (B3P
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|4 -0)False 4yt @AY Z= 7= HIL AR HAHE7 Q= assert & st ZT=E
J% 2l ek uUth ol WA Ao Asfigt A 2~ FEE X3S F7} gleo FJAHAAL; AL
28 Efolad] dR 2 S YTL

pass_stmt = "pass"

pass = du) AT — 499 o, @ A ol FG T ey Aoz £ Dashle
FAW G AL G2, AT AL SRR 2EI IS S Bol:

def f(arg): pass # a function that does nothing (yet)
class C: pass # a class with no methods (yet)

7.5 del &+

del_stmt = "del" target_1list

APA = ol ol oA WA obE v sl AT A o2 Ao Ut AA AR A ES st A, o 7]

2 7H2 I E7} A F YT

B B9 A= Z eSS PEA LE2Z0 2 A FH oz AT

o5 A= 22 TE EE9 Q& global 2ol 1 o] F o] TAd=Aof thel X F oy A o] F & 7H A
o] 5 AZE AATYLE o]Fo] AZH ] A ¢S, NameError o 2] 7} L ojd T}

NEZHE IR, ABA2THA, Eebo] A 2 A= A E Zetoly ] Az ALGH Ut &etol A2 AHA|
= dvtd o g £ o vl o)l AE Y Yt A FF UG BHA T o] AxRA}F & 2hol A == AA 7
gty oh.

WA 3204 H7: A Aol = o] 5ol THEH EF A A M2 T3t A A o] F3Hol A AHA| 8=
Zlo] & gx A ¢ /\):Aql:}-

7.6 return =+

return_stmt = "return" [expression_list]

return < wHALE Fefx Fool FHA A7 ok}, e Ao olwt FHE o e 5 A5 Utk

slom g 73k, T3] o™ None O & B Utk

return & Z¥{ A BE (EE=None) 2 ¥ gto 2 dA], A S+ 5=
TEE 7

return ©] finally AL 7} try EoA A7} Y= &
A I finally @o] A ).

A g ol 8 ggollAl, return - AV o8 7 32 74 71 1L, StopIteratlon oAeE eyt
return =] Zﬂ“‘—ﬂ =38 () stopIteration 9 /‘“HX]-Oﬂ Q22 A IT o] StopIlteration.value
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=P HESFULh

vl 5 7] Ay ol &4 A,
StopAsyncIteration C‘ﬂﬂ S doyth

4 el gy

¥l return & 1

7.7 yield ¥

yield_stmt = yield expression

yield B2 yield 23 A 7} Z+
yield & AR Ut} o & 59, yield ¥

71 AddEdel® 7t 2%ee
vl 7] Ay e ol g ol A, vl o] 1A

< 27 s 5 Tyield 2 H 4

&2 o,

or2 yeturn &

o

yield <expr>
yield from <expr>

4

2 83 2L yield B3 4] 2FE7 TS}

(yield <expr>)
(yield from <expr>)

yield 8 A 37} &

T+ A7 AN F+ A Aol H T+ WEES Fhe
yield o] S )& AA A F AFELS A= %9

7.8 raise &

raise_stmt = "raise" [expression ["from"

o A # o e 822 Ao s uj vk ALLE 31, A1 & o] §] 3429 upr]of| A vk A2 U T}
HE yield 2 AH& 3= Anto 2 R3]}

A1 (Yield expressions) A A& 21 5HA F Tt

expression] ]

If no expressions are present, raise re-raises the exception that is currently being handled, which is also known as the
active exception. If there isn’t currently an active exception, a Runt imeError exception is raised indicating that this is

an error.
2R %o, raise+ o9 AAZ, A HA 2349 7S
orEsojop UL SE|AaW, o] dad A=A oS

Ytk
29 & (nype) L Q] AArEA0 Zea

T3t} BaseException & A B Zy 2}
x}o%o] :"EH/\-/] QIAEAE WS 01/\1 }\]._Q_Q

| 3 (value) & Q12282 A4 g e,

A traceback object is normally created automatically when an exception is raised and attached to it as the

___traceback___ attribute.

You can create an exception and set your own traceback in one step using the

with_traceback () exception method (which returns the same exception instance, with its traceback set to its argu-

ment), like so:

[raise Exception ("foo occurred") .with_traceback (tracebackobij)

The from clause is used for exception chaining: if given, the second expression must be another exception class or

instance. If the second expression is an exception instance, it will be attached to the raised exception as the

cause

attribute (which is writable). If the expression is an exception class, the class will be instantiated and the resulting exception

instance will be attached to the raised exception as the
both exceptions will be printed:

cause

attribute. If the raised exception is not handled,

7.8. raise ¥
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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

A similar mechanism works implicitly if a new exception is raised when an exception is already being handled. An
exception may be handled when an except or finally clause, or a with statement, is used. The previous exception
is then attached as the new exception’s __context___ attribute:

>>> try:
print (1 / 0)
except:
raise RuntimeError ("Something bad happened")

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
print (1 / 0)

A

ZeroDivisionError: division by =zero
During handling of the above exception, another exception occurred:

Traceback (most recent call last):
File "<stdin>", line 4, in <module>
raise RuntimeError ("Something bad happened")
RuntimeError: Something bad happened

Exception chaining can be explicitly suppressed by specifying None in the £rom clause:

>>> try:
print (1 / 0)
except:
raise RuntimeError ("Something bad happened") from None

Traceback (most recent call last):
File "<stdin>", line 4, in <module>
RuntimeError: Something bad happened

oAS)ol et o Be AHE o 9] MM HAT 5 917, o] 9] & Aelshe Aol th3t AR
25Uk,

WA 3304 HA: o]A raise X from Y ol|A] Y & None ©| &gt}

rlr
S)
M
1=
L
-3

Added the ___suppress_context___ attribute to suppress automatic display of the exception context.

WA 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 £ EWACE for uhile FEo) ST oA hebd + Utk AT 1 2.2 ore) B4}
Zola Aol AT AL A5

7V ZW7kol A EE AL Qe FEZE FEEA, 1 F
for X7} break 2 TR W, FZ Ao A2 A g2 FA YT
01 u

break 7} finally A& 7} try Tl A A
T finally do] gt

7.10 continue &+

continue_stmt = "continue"

continue = BWHAOLRE for Ywhile TZo ZHE AT el = AHF YT AT 2 F= <19
B0 2eha Aolo] 2 U AL b Uh 14 7hol 4 EEI AT e F27h 018 Aol 22 Yol e 2
M

continue 7} finally B 7F try ol A Ao 7 R U & e = 44, T FE Ato| 23 Al &8}
Aol I finally o] /“53%1/]1’/]—.

7.11 Y Z 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 | "."+
Gmm@ﬂ%@ﬂ%ﬁgi%%gﬂﬂigﬁﬁqw

The details of the first step, finding and loading modules, are described in greater detail in the section on the import system,
which also describes the various types of packages and modules that can be imported, as well as all the hooks that can
be used to customize the import system. Note that failures in this step may indicate either that the module could not be
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located, or that an error occurred while initializing the module, which includes execution of the module’s code.
SAHH BEo] 4FHOR o] A, A 7HA] F st O R X QG o] F F 7ol A Yt
SN as 7t W, as FAoll L= olFo] YZEH BE A AZdgYrh

iy
£

2
s e ool ARHA ¢, YEEH = BB ALY BEH, EEY o5l XEFH = BE| et
B2z Ao o) F1re] AAF YT
 AEEHE BEO] FHAo] BEol obY 2, I BES X TS A 71 A9 o] 5ol H A4S 37
2ol o gk 7+ ZE A1 ol 5 F7 AP UL X EH BEL AP 7| Bt &38| Hrd
°] & (full qualified name) = 53f A A 2~ = o] of ).
From P& 7h v BT AAE AU
1. fromdo| AZH RES 31, ek, AR5t 27|31 Uth
2. import Aol AW AWRE 2zl 3}
I gEER BE0] 1059 o ERRES HHEA AATIT
2 90w, 1012 N BEL YRESFE AL AE TS JEET BEOIA Lo RES
thal AARERY
3. JEZHEZI AT A 4O ImportError & €23 Yth
4. 28 A oFod, I ghol thst Fx7F A o] F Fhell AZE =, as Dol EATHE A 7ol A
ARE | ES AT, 194 oW o ERBE o] EL AT
AH-g- ol :
import foo # foo imported and bound locally

H

import foo.bar.baz foo, foo.bar, and foo.bar.baz imported, foo bound locally
import foo.bar.baz as fbb # foo, foo.bar, and foo.bar.baz imported, foo.bar.baz.
—bound as fbb

from foo.bar import baz # foo, foo.bar, and foo.bar.baz imported, foo.bar.baz.
—~bound as baz

from foo import attr # foo imported and foo.attr bound as attr

By
il
1o
fo
fi
tlo

i
o
of 2 o, i P

o

EF('x) 2 ud, 5o AoH BE F o] 5] import Eo] 5%

=
>

i Y

[k
o

XN
i 12 aE

o

al(f

oi

K

7H o] & (public names) & RE2] o] & F 7 oA __all__ o]glE= o] &2 W& AALSA
AT BAYSl AT 2olol e 3 Fol BeobA AL m o oS
ARG NEE S BAE A m A EASk T as1 ol Bl e,
NA LA = 01% %, BE AR AFEA s BE olFol FME AFH U
API HA| & &3 of U‘HD} o] A2l AL o)k x| ¢k API Y ¥ 7} old FEES =3}
AU (1 2 2 E ol AEEN T AFBIE cholHeje) B E

HE] — from module import * — & BE F£FoA vt o]a-gl/]l‘/]- Pt
+= A=+ SyntaxError & 4o 7Yrth

YxET 5 AT 25 Ao) o] & (absolute name) = A A& 2= s Utk EEolv 7] A 7}k
o2 371 A Stoll =E o, 22 49 1A Well A= 2 7] A O]%Q FaRERly
(relative import) & & 4= AF YT from F ol AR = H 7| AU BE ol €0
AAA e QA 0714 A& Dokt Av e Seool el A48
ARTE e Tael A A AAE EHAT, %A A A B S AL oo A
ST Al S AL F o] 222, 55 A1t 294 pkg 317126l 9 R EIA from . import
mod & A3} H, pkg.mod & YEZETA Y} pkg. subpkgl Aol A] from . .subpkg2 import mod
A58 pkg. subpkg2.mod & YEESA FUTh 4ol JEEC] ok AL 571 A o] 9w Hol
o glgr T

il 2
o,
1o

iy, Fd

i)
i

0 oX,
—
)_l

o))
=
=

a
i
1o
| o
fr ol

o

FIF;:r:LALo

e rr |
1o W,
filo

ol

X

ofr

it

1

of

2
T

d

>l
i
i

In
RS
I

2
>
>
oo 1
=)

>

et

—
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ey REEeEAoR 249
Al-sg@ Yt
912} module, filename, sys.path, sys.meta_path, sys.path_hooks@ ZFA} o|HIE import & A

A7,

o)
-5

rlr
[k

Z2IAEE ALY Y& importlib.import_module () ©]

7111 FA &

T 2 < (future statement) 2 A3 L7 QR R E5S SEF Yol NS
A Al o] (directive) Q1H], 7L 7152 vl 2 ol S A H] = sfol ol X HE 0] H = ﬁﬂ‘%

FA Y HFA2 Ao S8R = Aol =YE v ALY spolHoR FAVE AS g4A =+
AdUct. 1 71 3 o] FFo] HulE oMo RE FAE M 75 AT 5 JEF e U
future_stmt = "from" "__ future_ " "import" feature ["as" identifier]
("," feature ["as" identifier])*
| "from" "_ future_ " "import" " (" feature ["as" identifier]
("," feature ["as" identifier])* [","] ™M)"
feature = identifier
FA4 F2 BEY AY Aol vt Utk 74 & ol U2 5 e E52:
e 25 =2 E F (docstring) (1 THH),
g
(R = A= )
- e FAH BE
F2 & AFgaloF st 93 7] 52 annotations YUY TH(PEP 5632 X234 Al 2).
FA FA T2 T EAIHE 7552 A3 FFolA 3o g3 AAHYTE o BEF
o] = absolute _import, division, generators, generator_stop, unicode_literals,
print_function, nested_scopes % with_statement 7} TIFFH UL o]AEL o] Eld
4 4B T, 92 A TBHL A KA T 97w,
FH R TAHCTE A Ao A4H 1 hE Utk $d THEEY ulo] e WAL FF b
IS FH FEFUTE A 7] 5ol S3H A e (MHELZ d Sl HF) MEL THES EYshe 24
7bsdtd], o] A= AL EES UEA FASE It 280 2RZ S AP AF o v &
Rk
Wz uich, Aot el o @l 7)% o 5ol HY o} A L, vk FA Ro] dx] R /)5S TF}T
glom Astd A e & dou Tt
AHAAAY AHY S ot dZE E5H Z25UTH 28 25 _ future_, $o] A} ot
913, FH) 2ol AP = Aol YA A Pyoz JrEPYc
Fujze Ag A ALEL F4 £ A8 B4 FAZ 7550 Bl dsuint
ol el B o AE 583 Ao gl T ok gt
[import __future__ [as name] ]

)AL FA £ol ohdurth ol r W S A Aol B A Aol gl FUB AEE £ BYYrh

Code compiled by calls to the built-in functions exec () and compile () that occur in a module M containing a future
statement will, by default, use the new syntax or semantics associated with the future statement. This can be controlled
by optional arguments to compile () — see the documentation of that function for details.

kel
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229 AEmelE Zgxsold YR A pe A zelE Aae e o1 £3E 2Dy o
Hx2l87t i, A4Y 2agE ool dga T, %A 2L 2T,
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PEP 236 - " & v] _ future__
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712 global +

global_stmt = "global" identifier ("," identifier)™*
global B2 Q) AE 83 Ao 2485 =AY FAD AUAFe) A302 5 45 ofof et
Zdyrth global Ad o] A MgEo] WS 7HelZ & A7+ AR global glo] A9 Waol gt

i dshe AL 7T
global wo|l Hdd o552 22 ZE £ global & &l 58 & 54U th

Names listed in a global statement must not be defined as formal parameters, or as targets in with statements or
except clauses, orina for targetlist, c1ass definition, function definition, i mport statement, or variable annotation.

CPython 78 4HAl: WA 7-80] o] AloFS o] ARE AR AT 22 TAL o] 55 8817 Lofo}
S, nlele] RS TAES ZARAL =2 IR oS ox glol WAT 4 A7) BT

uiﬁaﬂu]_,]T_,] AV global & 9hA o & A ]X]—(directive) YU th global F3 22 Al ol 5Hd = =

Ir

zoet ALH Yt E3], W exec() T2 F = Exgoly T AA o] £&H global 2 1
— == ~ oco=w T Eed—uﬁ}‘f‘

?51-_,_ $&£S 2oElE FE B2 gL =7 Og_—ﬁ,_j_% BExdo) 23E FE G 52 L £33
FE9 Y= global Fofl Y& HA] 5 UTH eval () Fcompile () FFEE UH&”PXT%N%D}-

rr m[

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 B
PEP 3104 - upZ 23 32 0] Q= o] S5l T A=
nonlocal 22| 4.

Programmer’s note: nonlocal is a directive to the parser and applies only to code parsed along with it. See the note
for the gl obal statement.
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7.14 The type statement

type_stmt = 'type' identifier [type_params] "=" expression
The t ype 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 differ-
ences.

The value of the type alias is evaluated in the annotation scope. It is not evaluated when the type alias is created, but only
when the value is accessed through the type alias’s __value__ attribute (see Lazy evaluation). This allows the type
alias to refer to names that are not yet defined.

Type aliases may be made generic by adding a rype parameter list after the name. See Generic type aliases for more.
type is a soft keyword.

WA 3.12¢) F7%

o ¥7):

PEP 695 - Type Parameter Syntax
Introduced the t ype statement and syntax for generic classes and functions.
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CHAPTER 8

&3+ (Compound statements)
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23,

283}, _E,_xol-—ggl Igol el cry = A9 A2 71y
- FHOo g 27|38} gto]d g A o] A

if,while, for #8& AEAJA A 55 &
A2 (cleanup) F=EFEE= 15 RFE S wy, yirhBL o=
duich ot S FY E=3tER A HEHEEAYH

FESARY S YRS 2

YR L S 2 o4 B 2 TAF U AL AH 9 A9 E (uie) 2 PP U 54 B 4
ATEL BE 2L Soins] 252 RoUth 2 AAUE oA A¥H = AR Aol 2ELR
vt 29=E 2 o3 Alojs & 2 g IF ALtk AL ST BE HoIA 2L Fol Ay
geom peld S 20140 e R 4 NGtk B Atkg S0l Sol2 7] € shiv 2 o4
EFEASE dHUh 04 F9 FHR YD BYLS 2T 5 Gtk e 2 AL Lup=A
ered], Al 2 F M2t clse Aol 9rhd oW £ Qo %317 WESA k7] Wl gy,

[if testl: if test2: print (x)

=3, Bof A AlelEEo] EBET T 7*5}711 23l A
AYEAY o= st A A FFUE Aol T ¢ F;MD}:

[if x <y < z: print(x); print(y); print(z)

compound_stmt = if_stmt
while_stmt
for_stmt
try_stmt
with_stmt
match_stmt
funcdef
classdef
async_with_stmt
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| async_for_stmt
| async_funcdef

suite stmt_1list NEWLINE | NEWLINE INDENT statement+ DEDENT
statement = stmt_1ist NEWLINE | compound_stmt

stmt_1list = simple_stmt (";" simple_stmt)* [";"]
%%%ﬂ@@wmmmEOiﬂﬂuommm7k1%%ﬂéj“%%l ﬂ%@ﬂﬂ-“ﬂfﬁﬂﬂ%@
A2 Aol 4 EFS AFAZ Qe 719 ERE A S| af2ol], 33 o] glthes A= 548 (3
oMo =FTHA if Fol 5 0%’*71 He Ade 272N ‘w2 d (dangling) e1se’ T4 S 3 A oh.

SolA et BY AL 2 42 Ure Fol ¥E2 mrj g

PP ES ZAR Ago)] AL ULk

if_stmt = "if" a
("elif
["else

Aol H= AL AT w7hA] BHAS S R At 2 LA F 3] st A9 EE AUt
2F(Boolean operations) /A& B A L), 24 o

= QA ol T g, 2

=+=gd
Tt if B OhE ojd By
2927k (Qohe) AP

":" suite

ssignment_expression
" assignment_expression ":" suite)*

"t suite]

I>
O
[m
ulit
i
)
o
i)
k)
&
AC)

while B& B@A0] Fel 5 4L R o AU Th:
while_stmt = "while" assignment_expression ":" suite

["else™ ":" suite]
o] A S WHEA o7 HAbetal, oW, A A A EE AYFUTH 24 o] AR ]H (A S FE
AR $5 g th else Aol 29 ek (Grte) AYH 1 22 & SR
R 0A A9 Eo A AW & break B else A& ARFA 9L $2E FBFUTH R 0A A9 E A
AP E = continue T2 2 EL Yu A &S AVH L 2848 AR Fobzivth

for_stmt = "for"
["els

EZo)NAA Y TR g8 ARe] 825 o e o 25t A8

target_1list "in" starred_list ":" suite

e ":" suite]
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The starred_1list expression is evaluated once; it should yield an iferable object. An iterator is created for that
iterable. The first item provided by the iterator is then assigned to the target list using the standard rules for assignments
(see U] 94 ), and the suite is executed. This repeats for each item provided by the iterator. When the iterator is exhausted,
the suite in the e 1se clause, if present, is executed, and the loop terminates.

A WA A ENA AYE = break T2 else DS AYP3IA 1
A== continue & A E YA RES AVHIL U T
else A2 FHYrth
for- 222 g7 220 W4So| AUt for-2Z o] A ENA o]2o]A AS T T3 A, 2 W0
FA Y G5 wE Dol LTk

Jl{l —{m

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

Names in the target list are not deleted when the loop is finished, but if the sequence is empty, they will not have been
assigned to at all by the loop. Hint: the built-in type range () represents immutable arithmetic sequences of integers.
For instance, iterating range (3) successively yields 0, 1, and then 2.

WA 3.119)| 4] ¥4 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

oo FHE F7he) FH= o) MAA S Y, NN E D077 A raise B AHEFE Aol
ot AR = raise & A Ao A 7;@%_/,\_ 9l Uth.
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8.4.1 except clause

The except clause(s) specify one or more exception handlers. When no exception occurs in the t ry clause, no exception
handler is executed. When an exception occurs in the t ry suite, a search for an exception handler is started. This search
inspects the except clauses in turn until one is found that matches the exception. An expression-less except clause,
if present, must be last; it matches any exception. For an except clause with an expression, that expression is evaluated,
and the clause matches the exception if the resulting object is “compatible” with the exception. An object is compatible
with an exception if the object is the class or a non-virtual base class of the exception object, or a tuple containing an item
that is the class or a non-virtual base class of the exception object.

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 t ry clause of the inner handler,
the outer handler will not handle the exception.)

When an exception has been assigned using as target, it is cleared at the end of the except clause. This is as if

except E as N:
foo

ZholgA Hee = A 2

>

U

except E as N:
try:
foo
finally:
del N

This means the exception must be assigned to a different name to be able to refer to it after the except clause. Exceptions
are cleared because with the traceback attached to them, they form a reference cycle with the stack frame, keeping all
locals in that frame alive until the next garbage collection occurs.

Before an except clause’s suite is executed, the exception is stored in the sys module, where it can be accessed
from within the body of the except clause by calling sys.exception (). When leaving an exception handler, the
exception stored in the sy s module is reset to its previous value:

>>> print (sys.exception())

None

>>> try:
raise TypeError

except:
print (repr (sys.exception()))
try:
raise ValueError
except:
print (repr (sys.exception()))

print (repr (sys.exception()))

(Th= sl o] Aol Al%)
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(o] A H o] A | A AL
TypeError ()
ValueError ()
TypeError ()
>>> print (sys.exception())
None

8.4.2 except* clause

The except * clause(s) are used for handling Except ionGroups. The exception type for matching is interpreted as
in the case of except, but in the case of exception groups we can have partial matches when the type matches some of
the exceptions in the group. This means that multiple except * clauses can execute, each handling part of the exception
group. Each clause executes at most once and handles an exception group of all matching exceptions. Each exception in
the group is handled by at most one except * clause, the first that matches it.

>>> try:
raise ExceptionGroup("eg",
[ValueError (1), TypeError(2), OSError(3), OSError(4)])
except* TypeError as e:
print (f'caught {type(e) } with nested {e.exceptions}')
except* OSError as e:
print (f'caught {type(e)} with nested {e.exceptions}')

caught <class 'ExceptionGroup'> with nested (TypeError(2),)
caught <class 'ExceptionGroup'> with nested (OSError (3), OSError (4))
+ Exception Group Traceback (most recent call last):
| File "<stdin>", line 2, in <module>
| ExceptionGroup: eg
-t ] ———————————
| ValueError: 1

Any remaining exceptions that were not handled by any except * clause are re-raised at the end, along with all exceptions
that were raised from within the except* clauses. If this list contains more than one exception to reraise, they are
combined into an exception group.

If the raised exception is not an exception group and its type matches one of the except* clauses, it is caught and
wrapped by an exception group with an empty message string.

>>> try:
raise BlockingIOError
except* BlockingIOError as e:
print (repr (e))

ExceptionGroup ('', (BlockingIOError()))

An except* clause must have a matching type, and this type cannot be a subclass of BaseExceptionGroup. Itis
not possible to mix except and except* in the same try. break, continue and return cannot appear in an
except* clause.
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8.4.3 else clause

Ak 7l5Blelse AL Alo] 80| try A EE WA YT, A 7} AR 99k, return, cont inue
E = break 9] ’“Ugﬂ Ao AFPUth else oA B sEE ol 9= ol e+ except HollA
PR P

8.4.4 finally clause

If finally is present, it specifies a ‘cleanup’ handler. The t ry clause is executed, including any except and else
clauses. If an exception occurs in any of the clauses and is not handled, the exception is temporarily saved. The finally
clause is executed. If there is a saved exception it is re-raised at the end of the finally clause. If the finally clause
raises another exception, the saved exception is set as the context of the new exception. If the finally clause executes
a return, break or continue statement, the saved exception is discarded:

>>> def f():
try:
1/0
finally:
return 42
>>> f()
42

The exception information is not available to the program during execution of the finally clause.

When a return, break or 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 ret urn statement executed. Since the finally clause always
executes, a return statement executed in the final ly clause will always be the last one executed:

>>> def fool():
try:
return 'try'
finally:
return 'finally'
>>> foo ()
'finally'

H A 3.8 A ¥ 73 : Prior to Python 3.8, a cont i nue statement was illegal in the finally clause due to a problem
with the implementation.

[
m~d;

B2t (with = AEAE Ae| A g BAR) 7 ot viNES
ry=rexcept--finally At-§& SHE S HE A AAHE T = IEF

with_stmt = "with" ( "(" with_stmt_contents ","? ")" | with_stmt_contents
with_stmt_contents = with_item ("," with_item)*
with_item n= expression ["as" target]
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shute] “item” & AR& Sk with w2

1.

A I

AL e o] ARFU T

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.

If a target was included in the wi t h statement, the return value from ___enter__ () is assigned to it.

Zr31:  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.

L A9ETF AR g

. 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 argumentsto ___exit__ (). Otherwise, three None arguments are supplied.

If the suite was exited due to an exception, and the return value from the __exit__ () method was false, the
exception is reraised. If the return value was true, the exception is suppressed, and execution continues with the
statement following the wi t h statement.

If the suite was exited for any reason other than an exception, the return value from __exit___ () isignored, and

execution proceeds at the normal location for the kind of exit that was taken.

EEE R

with EXPRESSION as TARGET:
SUITE

gugoz et BEFYh

manager = (EXPRESSION)

enter = type (manager) .__enter_
exit = type (manager) .__exit__
value = enter (manager)

hit_except = False

try:
TARGET = wvalue
SUITE

except:
hit_except = True

if not exit (manager,
raise
finally:
if not hit_except:
exit (manager, None, None, None)

*sys.exc_info()) :

S RO B B8 5, AYAE Bl A vich Fol P8 AN Y ARG

with A() as a, B() as b:
SUITE

ofulgo = g3t FE5EUh

8.5. with &
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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,
) :
SUITE

WA W7 b AL AE B4 A9
WA 3.10| A ¥ 7 : Support for using grouping parentheses to break the statement in multiple lines.
] ¥7):

PEP 343 - “with” &
kol with #9f 5t 4, W7, .

8.6 The match statement

W7 3100 7}

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?

| named_expression

'case' patterns [guard] ":" block

case_block

ZF31: This section uses single quotes to denote soft keywords.

Pattern matching takes a pattern as input (following case) and a subject value (following match). The pattern (which
may contain subpatterns) is matched against the subject value. The outcomes are:

* A match success or failure (also termed a pattern success or failure).

¢ Possible binding of matched values to a name. The prerequisites for this are further discussed below.
The match and case keywords are soft keywords.
o B

* PEP 634 — Structural Pattern Matching: Specification

¢ PEP 636 — Structural Pattern Matching: Tutorial
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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 ex-
pression 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.

Z31: 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 guar-
anteed to have happened.

« If the guard evaluates as true or is missing, the block inside case_block is executed.
¢ Otherwise, the next case_block is attempted as described above.

e If there are no further case blocks, the match statement is completed.

ZF31:  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, vy): # 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 flag isa 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: 17
followed by an expression.

The logical flow of a case block with a guard follows:

1. Check that the pattern in the case block succeeded. If the pattern failed, the guard is not evaluated and the next
case block is checked.

2. If the pattern succeeded, evaluate the guard.
¢ If the guard condition evaluates as true, the case block is selected.
* If the guard condition evaluates as false, the case block is not selected.
« If the guard raises an exception during evaluation, the exception bubbles up.

Guards are allowed to have side effects as they are expressions. Guard evaluation must proceed from the first to the last
case block, one at a time, skipping case blocks whose pattern(s) don’t all succeed. (L.e., guard evaluation must happen in
order.) Guard evaluation must stop once a case block is selected.

8.6.3 Irrefutable Case Blocks

An irrefutable case block is a match-all case block. A match statement may have at most one irrefutable case block, and
it must be last.

A case block is considered irrefutable if it has no guard and its pattern is irrefutable. A pattern is considered irrefutable
if we can prove from its syntax alone that it will always succeed. Only the following patterns are irrefutable:

 AS Patterns whose left-hand side is irrefutable

* OR Patterns containing at least one irrefutable pattern
* Capture Patterns

» Wildcard Patterns

* parenthesized irrefutable patterns

8.6.4 Patterns

Z+31: This section uses grammar notations beyond standard EBNF:
¢ the notation SEP . RULE+ is shorthand for RULE (SEP RULE) *

* the notation ! RULE is shorthand for a negative lookahead assertion

The top-level syntax for patterns is:

patterns n= open_sequence_pattern | pattern
pattern = as_pattern | or_pattern
closed_pattern = | literal pattern

| capture_pattern
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| wildcard pattern
| value_pattern

| group_pattern

| sequence_pattern
| mapping_pattern
| class_pattern

The descriptions below will include a description “in simple terms” of what a pattern does for illustration purposes (credits
to Raymond Hettinger for a document that inspired most of the descriptions). Note that these descriptions are purely for
illustration purposes and may not reflect the underlying implementation. Furthermore, they do not cover all valid forms.

OR Patterns

An OR pattern is two or more patterns separated by vertical bars |. Syntax:

or_pattern = "|".closed _patternt

Only the final subpattern may be irrefutable, and each subpattern must bind the same set of names to avoid ambiguity.

An OR pattern matches each of its subpatterns in turn to the subject value, until one succeeds. The OR pattern is then
considered successful. Otherwise, if none of the subpatterns succeed, the OR pattern fails.

In simple terms, P1 | P2 | ... 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 a s keyword against a subject. Syntax:

as_pattern = or_pattern "as" capture_pattern

If the OR pattern fails, the AS pattern fails. Otherwise, the AS pattern binds the subject to the name on the right of the
as keyword and succeeds. capture_pattern cannotbe a _.

In simple terms P as NAME will match with P, and on success it will set NAME = <subject>.

Literal Patterns

A literal pattern corresponds to most literals in Python. Syntax:

literal_pattern = signed_number
| signed_number "+" NUMBER

| signed_number "-" NUMBER

| strings

| "None"

| "True"

| "False"

| signed_number: NUMBER | "-" NUMBER

The rule strings and the token NUMBER are defined in the standard Python grammar. Triple-quoted strings are
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supported. Raw strings and byte strings are supported. f-strings are not supported.

The forms signed_number '+' NUMBER and signed_number '-' NUMBER are for expressing complex
numbers; they require a real number on the left and an imaginary number on the right. E.g. 3 + 47.

In simple terms, LITERAL will succeed only if <subject> == LITERAL. For the singletons None, True and
False, the is operator is used.

Capture Patterns

A capture pattern binds the subject value to a name. Syntax:

capture_pattern = !''_'" NAME
A single underscore _ is not a capture pattern (this is what !'_"' expresses). It is instead treated as a
wildcard pattern.
In a given pattern, a given name can only be bound once. E.g. case x, x: ... isinvalid while case [x] | x:

. is allowed.

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 = vt

_ 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 u= 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 NAME 1 . NAME2 will succeed only if <subject> == NAME1.NAME2

ZF31:  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
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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] "]"
| "(" [open_sequence_pattern]
maybe_star_pattern "," [maybe_sequence_pattern]
", ".maybe_star_patternt ","?

star_pattern | pattern

") "

open_sequence_pattern
maybe_sequence_pattern
maybe_star_pattern

star_pattern u= "*W (capture_pattern | wildcard pattern)
There is no difference if parentheses or square brackets are used for sequence patterns (i.e. (...) vs [...] ).
ZF31: 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]) isstill 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.

2 In pattern matching, a sequence is defined as one of the following:

¢ a class that inherits from collections.abc.Sequence
 a Python class that has been registered as collections.abc.Sequence
 a builtin class that has its (CPython) Py_TPFLAGS_SEQUENCE bit set
« aclass that inherits from any of the above

The following standard library classes are sequences:
e array.array
e collections.deque
e list
¢ memoryview
e range
e tuple

L
-

: Subject values of type str, bytes, and bytearray do not match sequence patterns.
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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 corre-
sponding 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, ex-
cluding 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 se-
quence.

ZF31: The length of the subject sequence is obtained via 1en () (i.e. viathe __len__ () protocol). This length
may be cached by the interpreter in a similar manner as value patterns.

In simple terms [P1, P2, P3, ‘-, P<N>] matches only if all the following happens:
* check <subject> is a sequence
e len(subject) == <N>
¢ 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 u=  "{" [items_pattern] "}"
items_pattern w=  ",".key_value_pattern+ ","?
key_value_pattern n= (literal pattern | value_pattern) ":" pattern

| double_ star pattern
"x&W" capture_pattern

double_star_pattern

At most one double star pattern may be in a mapping pattern. The double star pattern must be the last subpattern in the
mapping pattern.

Duplicate keys in mapping patterns are disallowed. Duplicate literal keys will raise a SyntaxError. Two keys that
otherwise have the same value will raise a ValueError at runtime.

The following is the logical flow for matching a mapping pattern against a subject value:

1. If the subject value is not a mapping®,the mapping pattern fails.

3 In pattern matching, a mapping is defined as one of the following:
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2. If every key given in the mapping pattern is present in the subject mapping, and the pattern for each key matches
the corresponding item of the subject mapping, the mapping pattern succeeds.

3. If duplicate keys are detected in the mapping pattern, the pattern is considered invalid. A SyntaxError is raised
for duplicate literal values; or a ValueError for named keys of the same value.

ZF31:  Key-value pairs are matched using the two-argument form of the mapping subject’s get () method.
Matched key-value pairs must already be present in the mapping, and not created on-the-fly via __missing__ ()
or__getitem__ ().

In simple terms {KEY1: P1, KEY2: P2, ... } matches only if all the following happens:
¢ check <subject> is a mapping
* KEY1l in <subject>
e P1 matches <subject>[KEY1]

* --- and so on for the corresponding KEY/pattern pair.

Class Patterns

A class pattern represents a class and its positional and keyword arguments (if any). Syntax:

class_pattern n= name_or_attr " (" [pattern_arguments ","?] ")"
pattern_arguments n= positional_patterns ["," keyword_ patterns]
| keyword_patterns
positional_patterns ", ".patternt+
keyword_patterns ", ".keyword_pattern+
keyword_pattern n= NAME "=" pattern

The same keyword should not be repeated in class patterns.
The following is the logical flow for matching a class pattern against a subject value:
1. If name_or_attr is not an instance of the builtin type , raise TypeError.
2. If the subject value is not an instance of name_or_attr (tested via isinstance () ), the class pattern fails.

3. If no pattern arguments are present, the pattern succeeds. Otherwise, the subsequent steps depend on whether
keyword or positional argument patterns are present.

For a number of built-in types (specified below), a single positional subpattern is accepted which will match the
entire subject; for these types keyword patterns also work as for other types.

If only keyword patterns are present, they are processed as follows, one by one:
I. The keyword is looked up as an attribute on the subject.
« If this raises an exception other than AttributeError, the exception bubbles up.

e If this raises AttributeError, the class pattern has failed.

¢ a class 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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* 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__ at-
tribute on the class name_or_attr before matching:

I. The equivalent of getattr (cls, "__match_args__", ()) iscalled.

« If this raises an exception, the exception bubbles up.

« If the returned value is not a tuple, the conversion fails and TypeError is raised.

* If there are more positional patterns than len (cls.__match_args__ ), TypeError is

raised.

» Otherwise, positional pattern 1 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 B

Customizing positional arguments in class pattern matching

I1. Once all positional patterns have been converted to keyword patterns,
the match proceeds as if there were only keyword patterns.

For the following built-in types the handling of positional subpatterns is different:

bool
bytearray
bytes
dict
float
frozenset
int

list

set

str

tuple

These classes accept a single positional argument, and the pattern there is matched against the whole object rather
than an attribute. For example int (0| 1) matches the value 0, but not the value 0. 0.

In simple terms CLS (P1,

attr=P2) matches only if the following happens:

* isinstance (<subject>, CLS)

 convert P1 to a keyword pattern using CLS.___match_args_

* For each keyword argument att r=P2:

— hasattr (<subject>, "attr")

— P2 matches <subject>.attr

 --- and so on for the corresponding keyword argument/pattern pair.
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o B
e PEP 634 — Structural Pattern Matching: Specification
* PEP 636 — Structural Pattern Matching: Tutorial

8.7 T+ 49
I At S A B AR (2FF S AAS BAL) S ATk
funcdef = [decorators] "def" funcname [type_params] " (" [parameter_.
["->" expression] ":" suite
decorators = decorator+
decorator = "@" assignment_expression NEWLINE
parameter_list = defparameter ("," defparameter)* "," "/" ["," [parameter_.
| parameter_list_no_posonly
parameter_list_no_posonly = defparameter ("," defparameter)* ["," [parameter_1list_stai
| parameter_list_starargs
parameter_list_starargs = "*" [parameter] ("," defparameter)* ["," ["**" parameter
| "**" parameter [","]
parameter u= identifier [":" expression]
defparameter = parameter ["=" expression]
funcname = identifier
T Al e AP 5 A= BFAU AP A A ol T 4 0SS T A (P 2
b3 FES B4 5 (wiappen). o] F4 AR L AAY ol F B e F2E P, F57
5220 A o] g FRoz AEH YT
B4 AolE B e ABeA FHUth F4 52D o) AFPuh
24 A ole st 1 o) Ake] tZeolE R0 AR 5 dxuch dF:doE B4 L T4}
BolD ), ¥ o) 8 TPk 2Tz o)A %S FAUTh 1 e FeBolojof e, B AR TL
AAZ AFEa A & H U Th W gho] 3k AR thAl g9 o] 5ol AUt o] 7he] dlZ e o+
THA= Y2 A8H Uk A& o], R 22 2=
Qfl (arg)
Qf2
def func(): pass

o sTn

def func(): pass
func = fl(arg) (£2 (func))

def ol r7F JAIZ o] F func ol AEH A evhe AT HE YT

W Z 3.9 A4 ¥ 7 : Functions may be decorated with any valid assignment_expression. Previously, the gram-
mar was much more restrictive; see PEP 614 for details.

A list of type parameters may be given in square brackets between the function’s name and the opening parenthesis for
its parameter list. This indicates to static type checkers that the function is generic. At runtime, the type parameters can
be retrieved from the function’s __ type_params___ attribute. See Generic functions for more.

4 A string literal appearing as the first statement in the function body is transformed into the function’s __ doc__ attribute and therefore the
function’s docstring.
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WA 3.129 A] ¥ 7 : Type parameter lists are new in Python 3.12.

S 2 o] AHY] w4 E o) parameterfexpression P E M o, F7b 7| 2 i S e
DU 7123kl A= UH7H&‘/\4 A7 2sd o sste A E AT L, TE o mjrpR
718 3ko] A-&H Utk ‘?_]'QF“H7H A7 71 23S 7HAR, 7 744 A FE mEs RE Wi e 72
PR R YT — o] AL 9 FH oA A A o= EHA Al AU

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.:

> L
flo 10, -}

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 parameters
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 “*” or “*identifier”
are keyword-only parameters and may only be passed by keyword arguments. Parameters before ““/” are positional-only
parameters and may only be passed by positional arguments.

¥ A 3.8 4] ¥ A : The / function parameter syntax may be used to indicate positional-only parameters. See PEP 570
for details.

WAHFEL /S o] 2 FHoll L= “: expression” FEY o] H o] AL 7HE 4 dH5 YTt BE 17
Hr= olHolAE 7HE 4= 9=, *identifier Y **identifier YR A T€HF YT J—’Fh uf 7}
HE BEE Fo 25 “—> expr6551on” FEN Y] vk (“return”) o] ;e H o] & 74 4 AF U Th o] o= H| 9]
AEL e ol Aol H ofF Zlo] F 5 dFUTH o e H oM EX+ T4 4“1% Hh 2]
s UTH o H o H =2 T 7“/‘<ﬂ«] annotations ol E gl HE o A ujj 7} ‘i"i-rA 0|28 7|2 =
g el gteZ AlFHYUTh _ future_ oA annotations & YEESIE, A A H 7} ]’ 2743} o
O H ol AL AP 7o BExG 2 Itk 222 o™ & Ao AdE uj Jay} Yt} o] AL
A Elo] e 42 B0 12t A9 T2 €A 2 FAD A5 ok
FHA N SA AHESL] 9180, o5 e F(elgol AZ2HA F2 T E wEE AR T FUTh ¢
AL g xdAs /\}%—“}~Eﬂ, Dlr(Lambdas) A of] A ”“”“JDP gt 2342 wesd g5 JE
A= 2 AVA Fevhe Aol T"]B_]'H]J-'-;“def’, 7% W od e drt @A o R Fod
FrAE AgH A T2 o] Foll Y2 5 A5 uth A 71H = AAste AT ol E o] d = §] et
] oo, “def” FE]7F A H 70‘3“;“4 =2
Z2 I f] A e HAE FH A (first-class) A Th T F O ol A AR H = “def” £ =
FARALGE 5 de= A T2 AT THE FollA /\F‘E—El = AHf WS ELS T def € 38
T A AL ES A2 5 dF UL O AASE &2 o] 534 A 4 (binding) A A& BA &
T B

PEP 3107 - 3l o] - H| o] A
g ol H o] MY FH X 4.

PEP 484 - 3 3l &
o] ;| o] M of| th 3t 3

PEP 526 - Y5 o] ) H| o] H £
Ability to type hint variable declarations, including class variables and instance variables.

4

E.

f‘[N
1o
=)
ox
o
o)
rot
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PEP 563 - o] = H]o] A 2] 2| H H 7}
Z A H 7ot Al AP A 7o o] mH o] S EAE FA 07 HESo] o] E o] A Yo A2 A
x5 ALy

PEP 318 - Decorators for Functions and Methods
Function and method decorators were introduced. Class decorators were introduced in PEP 3129.

8.8 Sei= A9

S Ao W AA G AT ALS EAL)E B gyt

classdef = [decorators] "class" classname [type_params] [inheritance] ":" suite
inheritance = "(" [argument_1list] ")"
classname = identifier

Sl Qo= A3 7 2F AU A5 (inheritance) 552 HE wl o]~ S A5 E5S AlF sk

(9 a5 Akgell EHOH/H“ Ve S 2 EAR), 55 A e g e Y AE FHAS s 2
B AR 7L FHolok FUTh AS FFo] gl Fdlaw, 7| 2A 2R, Hlo]2 Z 2 object & ASHUTH

A

class Foo:
pass

soedEsgUY

class Foo(object) :

pass
”EH’\—J /\HE AR SR A o] F I Ao A o] FS AHE St A A = A (o] 5
Z (binding) & BA| &) oA AFFUch (B, 2 E & 5 FA 55 2TFUh) S 29
57}*‘3" S up W, A 29 A2 578k e 229 A G o] F e BEFULE T- o, AS 55 S
Holx FHAER, HEH A o5 FUHE A ELFE YA E ARG A A Sl AA & w5 Uth
Zef2e] o5& dEfe A o] F Fel A o] FEA AA S} AAH UTh
Zg A nlgoA oJEgHES AolE = A= A ZH|AY  dict_ o HEFH YT} o] AL Z AT}
HEolX AT, Ao U A A HoE & FaEANAT AT £ vk Ao o of T

A
Sejos A Vet el B AN ASHA AzEnto 2T

=L PR S L EERELE EEE EE RS )

class Foo: pass

O 5Tn

class Foo: pass
Foo = f1(arg) (f2 (Foo))

2 ele A4 ghe Fote AL Fe I olHe 2aunh 28 v I A7 S o] el
ddgdh

Sgesubre] WA B0 SAehE B4

Ut

14

JHPL 1 olF BN _doc_ GO AFHof Fehae] 5AEY o
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WA 3.90]| 4] M 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 type parameters may be given in square brackets immediately after the class’s name. This indicates to static type
checkers that the class is generic. At runtime, the type parameters can be retrieved from the class’s __type_params___
attribute. See Generic classes for more.

¥ A 3.129]| A ¥ 7 : Type parameter lists are new in Python 3.12.
—‘i"’iﬂ‘ﬂ T A S A FYg oA FYFH = AFES FH2 AEYREJ UL o A
o

=0 o
=2 U
°ﬂ SHUTLH AIA~EHA JEFHEE AT A self.name = value 2 AAE 4 JS5Uth S~
B~ OERHE BF “self.name” 7|HoE N2 4 91y, o] Aoz 0“1\1]/\ Sk Al AE A

AEoREL B2 o2 BAs ol EAHES AP, FAhs e S dadn o= REY

NEGOE A§E 5 QAT 7Y g2 A HE AL aetA) obe ATE E 4 dSUTh tlaaYE 2
te 7d NS 2E Aot M5 E BeEsy 48T 5 A5
o ®B7):

PEP 3115 - 5} o] 3000 2] v €} S A~
HEe ZHA AAES A FHL
¥ 7 8= A <

PEP 3129 - 28 A ¢8| o] €]
ZH 2 d I o8 E F71sks Aok S A = ol Z g o] B = PEP 3189 4 == 55Ul

= Wgsta, e 2ehast dr FAHAE TSR e onE

89 ¥ +d

WA 3590 F7F

8.9.1 Z7¢ T A9

async_funcdef = [decorators] "async" "def" funcname " (" [parameter_list] ")"
["->" expression] ":" suite

Execution of Python coroutines can be suspended and resumed at many points (see coroutine). await expressions,
async forand async with can only be used in the body of a coroutine function.

async def B HOE HoH T A FFH 4, await Yasync 7|9 ES 233X = H S
=R Bl

F9] vl <ol A yield from A AL AR 5= AL syntaxError YU Th
A~
ES

9] 4

i o
AU
of

SV 1
S

Ay

% o

async def func(paraml, param2):
do_stuff ()
await some_coroutine ()

WA 3794 M7 await and async are now keywords; previously they were only treated as such inside the body of
a coroutine function.
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8.9.2 async for &

async_for_stmt = "async" for_stmt

% 7] ol El el 2 & ¥ %] o] @ olE & A wBSE _ aiter
E]—‘SX]-/‘\_]_Q,] __anext_ Uﬂ/\‘] Oﬂ/\-] H]Ey] A=R=1 Ezzﬂ_f,\_ 9}\%\_

o},
async for 2 v]%7] o]g| & & tj 3t 2|3t o] gl g o] AL F e}

(=R e AR

A= Algstal, HE 7] ol B e o

async for TARGET in ITER:
SUITE

else:
SUITEZ2

ou o ohe T S5tk

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.

FEE 349 vl Hhol| A asyne for & AFRS= AL SyntaxError YUYt}

8.9.3 async with &

async_with_stmt = "async" with_stmt
Hl5 7] A2 E A 2) = enter o exit I S0 A AP g A AT 5 Qe dE2E dejAp Yyt

== Al RGN A=

tlr

async with EXPRESSION as TARGET:
SUITE

oo v s dUth

manager = (EXPRESSION)

aenter = type (manager) .__aenter_
aexit = type (manager) .__aexit___
value = await aenter (manager)

hit_except = False

try:
(Th= S o] Aol Al
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(o] A H o] A | A AL
TARGET = value

SUITE
except :
hit_except = True
if not await aexit (manager, *sys.exc_info()):
raise
finally:

if not hit_except:
await aexit (manager, None, None, None)

Seealso  aenter () and _ aexit () for details.
FE2E g9 vl Hhof| A async with & AFRSFE= Z2& syntaxError YUYth
o Bl

PEP 492 - async ¢} await = -& A}-&3}
IFEL slo| Ao A A A =Y

el

8.10 Type parameter lists

WA 3120 F7}.

type_params = "[" type_param ("," type_param)* "]"
type_param = typevar | typevartuple | paramspec
typevar = identifier (":" expression)?
typevartuple = "x" jdentifier

paramspec = "xx" jdentifier

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] = list[T] | set|[T]

Semantically, this indicates that the function, class, or type alias is generic over a type variable. This information is
primarily used by static type checkers, and at runtime, generic objects behave much like their non-generic counterparts.

Type parameters are declared in square brackets ([ ]) immediately after the name of the function, class, or type alias.
The type parameters are accessible within the scope of the generic object, but not elsewhere. Thus, after a declaration
def func[T] (): pass, the name T is not available in the module scope. 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.
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Generic functions, classes, and type aliases have a ___type_params___ attribute listing their type parameters.

Type parameters come in three kinds:

* typing.TypeVar, introduced by a plain name (e.g., T). Semantically, this represents a single type to a type

checker.

* typing.TypeVarTuple, introduced by a name prefixed with a single asterisk (e.g., *Ts). Semantically, this
stands for a tuple of any number of types.

* typing.ParamSpec, introduced by a name prefixed with two asterisks (e.g., * *P). Semantically, this stands

for the parameters of a callable.

typing. TypeVar declarations can define bounds and constraints with a colon ( : ) followed by an expression. A single
expression after the colon indicates a bound (e.g. T: int). Semantically, this means that the t yping. TypeVar can
only represent types that are a subtype of this bound. A parenthesized tuple of expressions after the colon indicates a set
of constraints (e.g. T: (str, bytes)). Each member of the tuple should be a type (again, this is not enforced at
runtime). Constrained type variables can only take on one of the types in the list of constraints.

For typing.TypeVars declared using the type parameter list syntax, the bound and constraints are not evaluated
when the generic object is created, but only when the value is explicitly accessed through the attributes ___bound___and
__constraints__. To accomplish this, the bounds or constraints are evaluated in a separate annotation scope.

typing.TypeVarTuplesand typing.ParamSpecs cannot have bounds or constraints.

The following example indicates the full set of allowed type parameter declarations:

def overly_generic|
SimpleTypeVar,
TypeVarWithBound: int,

*SimpleTypeVarTuple,
**SimpleParamSpec,

a: SimpleTypeVar,

b: TypeVarWithBound,

c: Callable[SimpleParamSpec,
*d: SimpleTypeVarTuple,

TypeVarWithConstraints: (str,

bytes),

TypeVarWithConstraints],

8.10.1 Generic functions

Generic functions are declared as follows:

[def func[T] (arg: T):

This syntax is equivalent to:

annotation-def TYPE_PARAMS_OF_func() :

T = typing.TypeVar ("T")
def func(arg: T):
func.__type_params__ = (T,)
return func

func = TYPE_PARAMS_OF_func ()

Here annotation-def indicates an annotation scope, which is not actually bound to any name at runtime. (One other
liberty is taken in the translation: the syntax does not go through attribute access on the t yping module, but creates an

instance of typing. TypeVar directly.)

8.10. Type parameter lists
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The annotations of generic functions are evaluated within the annotation scope used for declaring the type parameters,
but the function’s defaults and decorators are not.

The following example illustrates the scoping rules for these cases, as well as for additional flavors of type parameters:

@decorator
def func[T: int, *Ts, **P] (*args: *Ts, arg: Callable[P, T] = some_default):

Except for the lazy evaluation of the TypeVar bound, this is equivalent to:

DEFAULT_OF_arg = some_default
annotation-def TYPE_PARAMS_OF_func() :

annotation-def BOUND_OF_T () :

return int
# In reality, BOUND_OF_T () is evaluated only on demand.
T = typing.TypeVar ("T", bound=BOUND_OF_T ())

Ts = typing.TypeVarTuple ("Ts")
P = typing.ParamSpec ("P")

def func(*args: *Ts, arg: Callable[P, T] = DEFAULT_OF_arg):
func.__type_params__ = (T, Ts, P)

return func
func = decorator (TYPE_PARAMS_OF_func())

The capitalized names like DEFAULT_OF_arg are not actually bound at runtime.

8.10.2 Generic classes

Generic classes are declared as follows:

[class Bag[T]:

This syntax is equivalent to:

annotation-def TYPE_PARAMS_OF_Bag() :
T = typing.TypeVar ("T")
class Bag(typing.Generic[T]) :
__type_params__ = (T,)

return Bag
Bag = TYPE_PARAMS_OF_Bag ()

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 t yping.Generic. The base classes and keyword arguments of generic classes
are evaluated within the type scope for the type parameters, and decorators are evaluated outside that scope. This is
illustrated by this example:

@decorator
class Bag(Base[T], arg=T):
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This is equivalent to:

annotation-def TYPE_PARAMS_OF_Bag () :
T = typing.TypeVar ("T")

_ _type_params__ = (T,)

return Bag
Bag = decorator (TYPE_PARAMS_OF_Bag())

class Bag(Base[T], typing.Generic[T], arg=T):

8.10.3 Generic type aliases

The t ype statement can also be used to create a generic type alias:

[type ListOrSet [T] = 1list[T] | set][T]

Except for the lazy evaluation of the value, this is equivalent to:

annotation-def TYPE_ PARAMS OF_ListOrSet () :
T = typing.TypeVar ("T")

annotation-def VALUE_OF_ListOrSet () :
return list[T] | set|[T]
# In reality, the value is lazily evaluated

ListOrSet = TYPE_PARAMS_OF_ListOrSet ()

return typing.TypeAliasType ("ListOrSet", VALUE_OF_ListOrSet(),

type_params=(T,))

Here, annotation-def (not a real keyword) indicates an annotation scope.
TYPE_PARAMS_OF_ListOrSet are not actually bound at runtime.

The capitalized names like

8.10. Type parameter lists

14
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interactive_input = [stmt_list] NEWLINE | compound_stmt NEWLINE
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eval_input = expression_list NEWLINE¥*
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The notation is a mixture of EBNF and PEG. In particular, & followed by a symbol, token or parenthesized group indicates
a positive lookahead (i.e., is required to match but not consumed), while ! indicates a negative lookahead (i.e., is required
not to match). We use the | separator to mean PEG’s “ordered choice” (written as / in traditional PEG grammars). See
PEP 617 for more details on the grammar’s syntax.

# PEG grammar for Python

He

S o H R R HR R R H R R HR R R HR HR R IR h

mee———————————————————--- §TART OF THE CRAMMAR sS=============———c===cc-o
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 1if 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

(TH& sl o] A ol A <)
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(o] A sl o] A ol A Al %)
rule:
rule_name [return_type]: expression
If the return type is omitted, then a void * is returned in C and an Any in
Python.
el e2
Match el, then match eZ2.
el | e2
Match el or eZ2.
The first alternative can also appear on the line after the rule name for
formatting purposes. In that case, a | must be used before the first
alternative, like so:
rule_name[return_type]:
| first_alt
| second_alt
(e)
Match e (allows also to use other operators in the group like '(e)*')
[ e ] or e?
Optionally match e.

e*

Match zero or more occurrences of e.
e+

Match one or more occurrences of e.
s.e+

Match one or more occurrences of e, separated by s. The generated parse tree
does not include the separator. This is otherwise identical to (e (s e)*).
&e
Succeed if e can be parsed, without consuming any input.
le
Fail if e can be parsed, without consuming any input.

Commit to the current alternative, even if it fails to parse.

STARTING RULES

file: [statements] ENDMARKER

interactive: statement_newline

eval: expressions NEWLINE* ENDMARKER

func_type: ' (' [type_expressions] ')' '->' expression NEWLINE* ENDMARKER

#

GENERAL STATEMENTS

statements: statement+

statement: compound_stmt | simple_stmts

statement_newline:

| compound_stmt NEWLINE
| simple_stmts

| NEWLINE

| ENDMARKER

simple_stmts:

| simple_stmt !';' NEWLINE # Not needed, there for speedup
[ ';'.simple_stmt+ [';'] NEWLINE
(th sl o] A o] A<
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# NOTE: assignment MUST precede expression, else parsing a simple assignment
# will throw a SyntaxError.
simple_stmt:
| assignment
| type_alias
| star_expressions
| return_stmt
| import_stmt
| raise_stmt
| 'pass'
| del_stmt
| yield_stmt
| assert_stmt
| 'break'
| 'continue'
| global_stmt
| nonlocal_stmt

compound_stmt :

| function_def
| if_stmt
| class_def
| with_stmt
| for_stmt
| try_stmt
| while_stmt
| match_stmt

# SIMPLE STATEMENTS

# NOTE: annotated_rhs may start with 'yield'; yield expr must start with 'yield'

assignment:
| NAME ':' expression ['=' annotated_rhs ]
[ ("(' single_target ')'
| single_subscript_attribute_target) ':' expression ['=' annotated_rhs ]
| (star_targets '=' )+ (yield_expr | star_expressions) !'=' [TYPE_COMMENT]
| single_target augassign ~ (yield_expr | star_expressions)
annotated_rhs: yield_expr | star_expressions
augassign:
[ "+="
| | J—
| 9%=0
[ re="'
| /=
[ "%="
[ '&="
| =
| VA=U
| T<<="
| '>>="
| rRx=
| /=

(Th= o] Aol A<
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return_stmt:
| 'return' [star_expressions]

raise_stmt:

| 'raise' expression ['from' expression ]
| 'raise'
global_stmt: 'global' ', '.NAME+

nonlocal_stmt: 'nonlocal' ','.NAME+

del_stmt:
| 'del' del_targets &(';' | NEWLINE)

yield_stmt: yield_expr
assert_stmt: 'assert' expression [',' expression ]
import_stmt:

| import_name

| import_from

# Import statements

import_name: 'import' dotted_as_names

# note below: the ('.' | '...') is necessary because '...' is tokenized as ELLIPSIS
import_from:

| '"from' ('.' | '...')* dotted_name 'import' import_from_targets

[ '"from' ('.' | '..."')t+ 'import' import_from_ targets

import_from_targets:

| '"('" import_from_as_names [','] ")'

| import_from_as_names !','

‘ Tx !
import_from_as_names:

[ ', '".import_from_as_name+
import_from_as_name:

| NAME ['as' NAME ]
dotted_as_names:

| ', '".dotted_as_name+
dotted_as_name:

| dotted_name ['as' NAME ]
dotted_name:

| dotted_name '.' NAME

| NAME

# COMPOUND STATEMENTS

# ,,,,,,,,,,,,,,,
block:
| NEWLINE INDENT statements DEDENT
| simple_stmts
decorators: ('@' named_expression NEWLINE )+

(th= sl o] Aol Al%)
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# Class definitions

class_def:
| decorators class_def_raw
| class_def_raw

class_def_ _raw:
| 'elass' NAME [type_params] ['(' [arguments] ')' ] ':' block

# Function definitions
function_def:
| decorators function_def_raw

| function_def raw

function_def_raw:

| 'def' NAME [type_params] '(' [params] '")' ['->' expression ] ':' [func_type_
—comment] block
| ASYNC 'def' NAME [type_params] '(' [params] '")' ['->' expression ] ':' [func_

—type_comment] block

# Function parameters

params:
| parameters

parameters:
| slash_no_default param_no_default* param_with_default* [star_etc]
| slash_with_default param_with_default* [star_etc]
| param_no_default+ param _with_default* [star_etc]
| param_with_default+ [star_etc]
| star_etc

# Some duplication here because we can't write (',' | &')'"),
# which is because we don't support empty alternatives (yet).

slash_no_default:
| param_no_default+ '/' ',
| param_no_default+ '/' &'")'
slash_with_default:
| param_no_default* param_with_default+ '/' ',
| param_no_default* param_with_default+ '/' &')'

star_etc:
| '"*' param_no_default param_maybe_default* [kwds]
| '"*' param_no_default_star_annotation param_maybe_default* [kwds]
[ "*' ', ' param_maybe_default+ [kwds]

|

kwds
kwds:
[ "**' param_no_default
# One parameter. This *includes* a following comma and type comment.

(Th= o] Aol A<
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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.

E R T T

param_no_default:

| param ',' TYPE_COMMENT?

| param TYPE_COMMENT? &')'
param_no_default_star_annotation:

| param_star_annotation ',' TYPE_COMMENT?

| param_star_annotation TYPE_COMMENT? &')'
param_with_default:

| param default ',' TYPE_COMMENT?

| param default TYPE_COMMENT? &')'
param_maybe_default:

| param default? ',' TYPE_COMMENT?

| param default? TYPE_COMMENT? &')'
param: NAME annotation?
param_star_annotation: NAME star_annotation

annotation: ':' expression
star_annotation: ':' star_expression
default: '=' expression | invalid_default

# If statement

# ____________
if_stmt:

| "if' named_expression ':' block elif_stmt

| '"if' named_expression ':' block [else_block]
elif stmt:

| 'elif' named_expression ':' block elif_stmt

| 'elif' named_expression ':' block [else_block]
else_Dblock:

| '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
(th =l o] A oll Al%)
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# ,,,,,,,,,,,,,,
with_stmt:
| 'with' ' (' ','.with_item+ ','? ')' ':' block
| 'with' ','.with_item+ ':' [TYPE_COMMENT] block
| ASYNC 'with' '(' ','.with_ditem+ ','? ')' ':' block
| ASYNC 'with' ','.with_item+ ':' [TYPE_COMMENT] block

with_item:
| expression 'as' star_target &('," | ")'" | ':")
| expression

# Try statement

# ,,,,,,,,,,,,,
try_stmt:
| 'try' ':' block finally_ block
| 'try' ':' block except_block+ [else_block] [finally_block]
| 'try' ':' block except_star_block+ [else_block] [finally_block]

# Except statement

except_block:

| 'except' expression ['as' NAME ] ':' block
| 'except' ':' block
except_star_block:
| 'except' '*' expression ['as' NAME ] ':' block
finally_block:
'finally' ':' block

# Match statement

match_stmt:
| "match" subject_expr ':' NEWLINE INDENT case_block+ DEDENT

subject_expr:
| star_named_expression ',' star_named_expressions?
| named_expression

case_block:
| "case" patterns guard? ':' block

guard: 'if' named_expression

patterns:
| open_sequence_pattern
| pattern

pattern:
| as_pattern
| or_pattern

as_pattern:

| or_pattern 'as' pattern_capture_target
(th sl o] A o] A<
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or_pattern:
[ "|'.closed_pattern+

closed_pattern:

| literal_pattern
| capture_pattern

| wildcard_pattern
| value_pattern

| group_pattern

| sequence_pattern
| mapping_pattern

| class_pattern

# Literal patterns are used for equality and identity constraints
literal_pattern:
| signed_number ! ('+' | '-")
| complex_number
| strings
| '"None'
| 'True'
| 'False'

# Literal expressions are used to restrict permitted mapping pattern keys
literal_expr:
| signed_number !('+' | '=-")
| complex_number
| strings
| '"None'
| 'True'
| 'False'

complex_number:
| signed_real_ number '+' imaginary_number
| signed_real_number '-' imaginary_number

signed_number:
| NUMBER
| '-'" NUMBER

signed_real_number:
| real_number
| '"-' real_ _number

real_number:
| NUMBER

imaginary_number:
| NUMBER

capture_pattern:
| pattern_capture_target

pattern_capture_target:
‘ !ll n NAME !(l'l ‘ l(l ‘ l=l)

wildcard_pattern:
(th= =l o] A ol A<)
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value_pattern:
| attr ! ('.

attr:

name_or_attr '

\
name_or_attr:

| attr

| NAME

group_pattern:
[ "(' pattern ")'
sequence_pattern:
| '"[' maybe_sequence_patt
| " (' open_sequence_patte

open_sequence_pattern:

| maybe_star_pattern ','

’

maybe_sequence_pattern:
| ','.maybe_star_pattern+

maybe_star_pattern:
| star_pattern
| pattern

star_pattern:
| '"*' pattern_capture_tar
| '"*'" wildcard_pattern
mapping_pattern:
‘ V{' '}'
| '"{' double_star_pattern
[ '{'" items_pattern ',' d
|

’
'{' items_pattern '

1o
;"7
items_pattern:

| ', "'".key_value_patternt

key_value_pattern:

| (literal_expr | attr)
double_star_pattern:

| '**' pattern_capture_ta

class_pattern:
| name_or_attr
| name_or_attr
| name_or_attr
| name_or_attr

V)'

positi
keywor
positi

positional_patterns:
| ', "'.patternt

L

(o] sl o] A o A A <)

ern?

v]v
l)l

rn?

maybe_sequence_pattern?

o
IR

get

\l l}l
r
ouble_star_pattern

v}v

o

1o
o Ve

l}l

v

pattern

rget

onal_patterns
d_patterns ','?

onal_patterns '

4

v

keyword_patterns ','? ")'

(th= sl o] Aol Al%)
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keyword_patterns:
| '",'.keyword_pattern+

keyword_pattern:
| NAME '=' pattern

# Type statement
type_alias:
| "type" NAME [type_params] '=' expression

# Type parameter declaration

type_params: '[' type_param_seq ']'
type_param_seq: ','.type_param+ [',']

type_param:
NAME [type_param_bound]

\

[ '*' NAME ':' expression

| '*'" NAME

| '"**' NAME ':' expression

| '**' NAME
type_param_bound: ':' expression

# EXPRESSIONS

expressions:
| expression (',' expression )+ [',']
| expression ',
| expression

expression:
| disjunction 'if' disjunction 'else' expression
| disjunction
| lambdef

yield_expr:
| 'yield' 'from' expression
| 'yield' [star_expressions]

star_expressions:
| star_expression (',' star_expression )+ [',']
| star_expression ','
| star_expression

star_expression:
| "' bitwise_or
| expression

star_named_expressions: ','.star_named_expression+ [',']

star_named_expression:

(th= sl o] Aol Al%)
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[ '"*'" bitwi

se_or

| named_expression

assignment_expression:

| NAME ':='

named_expressio
| assignmen
| expressio

disjunction:
| conjuncti
| conjuncti

conjunction:
| inversion

| inversion

inversion:

~ expression

n:

t_expression
n .=
on ('or' conjunction )+

on

('and' inversion )+

| "mot' inversion
| comparison

# Comparison op

comparison:

erators

| bitwise_or compare_op_bitwise_or_pair+
| bitwise_or

compare_op_bitwise_or_pair:
| eq bitwise_or
noteqg_bitwise_or
lte_bitwise_or

lt_bitwise_or
gte_bitwise_or

notin_bitwise_or

in_bitwise_or
isnot_bitwise_or
is_bitwise_or

eq_bitwise_or:

|
\
|
|
| gt_bitwise_or
\
|
\
\

bitwise_or

noteq_bitwise_or:

| ("!='" ) bitwise_or

lte_bitwise_or:
lt_bitwise_or:
gte_bitwise_or:
gt_bitwise_or:

'<=' bitwise_or
'<' bitwise_or
'>='" bitwise_or
'>'" bitwise_or

notin_bitwise_or: 'mot' 'in' bitwise_or

in _bitwise_or:

'in' bitwise_or

isnot_bitwise_or: 'is' 'nmot' bitwise_or

is_bitwise_or:

'is' bitwise_or

# Bitwise operators

bitwise_or:

(o] sl o] A o A A <)

(th= sl o] Aol Al%)
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bitwise_or '|'

bitwise_xor

bitwise_xor:

AT

bitwise_xor '
bitwise_and

bitwise_and:

bitwise_xor

bitwise_and

(o] sl o] A o A A <)

| bitwise_and '&' shift_expr
| shift_expr
shift_expr:
| shift_expr '<<' sum
| shift_expr '>>' sum
| sum

# Arithmetic operators

# ,,,,,,,,,,,,,,,,,,,,
sum:
| sum '+' term
| sum '-' term
| term
term:
| term '*' factor
| term '/' factor
| term '//' factor
| term '$' factor
| term 'Q@' factor
| factor
factor:
| '+' factor
| '-' factor
| '"~' factor
| power
power:

Tx%x 0

| await_primary factor

| await_primary

# Primary elements

# Primary elements are things like "obj.something.something", '"obj[something]",

—"obj (something)'", "obj"
await_primary:

| AWAIT primary

| primary
primary:

| primary '.' NAME

primary genexp
' (' [arguments]
'['" slices ']'

\
| primary '
| primary

(th= sl o] Aol Al%)
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| atom

slices:
| slice !',"
| ','.(slice | starred_expression)+ [',"']

| [expression] ':' [expression] [':' [expression] ]
| named_expression

NAME

'True'’

'False'

'None'

strings

NUMBER

(tuple | group | genexp)
(list | listcomp)

(dict | set | dictcomp | setcomp)
\l L}

[ "('" (yield_expr | named_expression) ')'

# Lambda functions

lambdef:
| 'lambda' [lambda_params] ':' expression

lambda_params:
| lambda_parameters

# lambda_parameters etc. duplicates parameters but without annotations
# or type comments, and if there's no comma after a parameter, we expect
# a colon, not a close parenthesis. (For more, see parameters above.)
#
lambda_parameters:
| lambda_slash_no_default lambda_param_no_default* lambda_param with_default*.
— [lambda_star_etc]
| lambda_slash_with_default lambda_param_with_default* [lambda_star_etc]
| lambda_param _no_default+ lambda_param_with_default* [lambda_star_etc]
| lambda_param_with_default+ [lambda_star_etc]
| lambda_star_etc

lambda_slash_no_default:
| lambda_param_no_default+ '/' ',
| lambda_param_no_default+ '/' &':'

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]
(th =l o] A oll Al%)
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| lambda_kwds

lambda_kwds:
| "**' lambda_param_no_default

lambda_param_no_default:

| lambda_param ','

| lambda_param &':'
lambda_param_with_default:

| lambda_param default ','

| lambda_param default &':'
lambda_param_maybe_default:

| lambda_param default? ','

| lambda_param default? &':'
lambda_param: NAME

# LITERALS

fstring_middle:
| fstring_ replacement_field
| FSTRING_MIDDLE
fstring_replacement_field:
[ "{'" (yield_expr | star_expressions) '='? [fstring_conversion] [fstring full_
—format_spec] '}'
fstring_conversion:
[ "!" NAME
fstring_full_ format_spec:
| '":' fstring_format_spec*
fstring format_spec:
| FSTRING_MIDDLE
| fstring_replacement_field
fstring:
| FSTRING_START fstring middle* FSTRING_END

string: STRING
strings: (fstring|string)+

list:
| '['" [star_named_expressions] ']'

tuple:
| '('" [star_named_expression ',' [star_named_expressions] 1 ")
set: '{' star_named_expressions '}'
# Dicts
# ,,,,,
dict
| '"{'" [double_starred_kvpairs] '}'
double_starred_kvpairs: ','.double_starred_kvpair+ [',']

double_starred_kvpair:
| "**' bitwise_or
| kvpair
(th= =l o] A ol A<)
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kvpair: expression ':' expression
# Comprehensions & Generators
for_if clauses:

| for_if clause+
for_if_clause:

| ASYNC 'for' star_targets 'in' ~ disjunction ('if' disjunction )*

| '"for' star_targets 'in' ~ disjunction ('if' disjunction )*

listcomp:
| '"[' named_expression for_if clauses ']'

setcomp:
| '"{' named_expression for_if clauses '}'

genexp:
[ "('" ( assignment_expression | expression !':=') for_if clauses ')'

dictcomp:
[ "{'" kvpair for_if clauses '}'

# FUNCTION CALL ARGUMENTS

# mm===m—m—mm——m—e— oo
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
‘ Tx!

kwarg_or_starred:
| NAME '=' expression
| starred_expression

kwarg_or_double_starred:
| NAME '=' expression
| '"**' expression

# ASSIGNMENT TARGETS

# Generic targets

(th= sl o] Aol Al%)
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# NOTE: star_targets may contain *bitwise_or,
star_targets:

star_target !','
| star_target (',' star_target )* [',']
star_targets_list_seq: ','.star_target+ [',']

star_targets_tuple_seq:
| star_target (',' star_target )+ [',']
| star_target ','

star_target:
[ "*' (!'*' star_target)
| target_with_star_atom

target_with_star_atom:
| t_primary '.' NAME !t_lookahead
| t_primary '[' slices ']' !t_lookahead
| star_atom

star_atom:

(' target_with_star_atom ')'
'('" [star_targets_tuple_seq] '")'
[" [star_targets_list_seq] ']'

single_target:
| single_subscript_attribute_target
| NAME
| '"(' single_target ')'

single_subscript_attribute_target:
| t_primary '.' NAME !t_lookahead
| t_primary '[' slices ']' !t_lookahead

t_primary:
| t_primary '.' NAME &t_lookahead
t_primary '[' slices ']' &t_lookahead

targets may not.

t_primary ' (' [arguments] ')' &t_lookahead

|
| t_primary genexp &t_lookahead
\
| atom &t_lookahead

t_lookahead: ' (' I

# Targets for del statements

del_targets: ','.del_target+ [',']

del_target:
| t_primary '.' NAME !t_lookahead
| t_primary '[' slices ']' !t_lookahead

| del_t_atom

del_t_atom:

(o] sl o] A o A A <)

(th= sl o] Aol Al%)
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(o1 s o] A el A Al<5)
| NAME
[ "(' del_target ')'
[ "('" [del_targets] ')
[ "['" [del_targets] ']’

# TYPING ELEMENTS

# type_expressions allow */** but ignore them
type_expressions:

','.expression+ ',' '*' expression ',' '**' expression
','.expressiont ',' '*' expression
', '.expression+ ',' '**' expression

|
|
|
| '*' expression ',' '**' expression
| '"*' expression
| '"**' expression
| ','.expression+
func_type_comment:
| NEWLINE TYPE_COMMENT & (NEWLINE INDENT) # Must be followed by indented block
| TYPE_COMMENT

# == == = END OF THE GRAMMAR ======================
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APPENDIX A

>>>

2to3

A2t

sho] 2 2x SLEE vpo] A 3x IERE WAF I A L3 B, 225 T LA T v A
EgE AN gA L 5 Qe tiF 2 vEsg s tE Yt

- =
2t03 + E T ol B oA lib2to3 E Al FHUTH S HHSZ AP T + Y+ 2T HE+= Tools/
scripts/2to3 & A& H Yt} 2to3-reference= R A Q.

abstract base class (=4} Hj o] A~ Z) ’\)

S wo]2~ Fe A hasattr () 22 2 HAY S0 EHSA Y v EH ZEH (& £, v 4
A =) B, B o]~ E Zq-/]ﬁ]'h W AT o EN H Ero] & Haghyth ABCE 7Hd Al B
FHN2E =d3=d, FIH2E ASEA FoWMAE isinstance () ¢ issubclass () o &3 7

12+ 3= EH/\CCQQEP,abCE%M“ﬂHEE/‘ﬂL :40]%401]‘—‘{%-8 Y4 ABC E0] et =t
[ e 74 So] A5Yth: A8 7 ZF (collections.abc Eﬁroﬂ/ﬂ) = A} (numbers EE A,
2EY (o B ]/\1), AdxE sl el 29 (importlib.abc BEOA]). abc ZES AFE3| A #FA

ol e o G £ ASEE B, DA Gl EHE £1 B4 RS 4 uE 43t @79

A WMo oo 4 A AT AT S QAT A W, Fehs 54 B B of o]
AL A7 2 g, Ed2, 42 _ _annotations_  EF oEE|HE AAAH UL}

See variable annotation, function annotation, PEP 484 and PEP 526, which describe this functionality. Also see
annotations-howto for best practices on working with annotations.
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f&—?eiﬁgﬂ'@ (EevAs) 2 AL %k F 57 AR A5 U th
A

771 o] B8 A (A S ol name) e -
= 0 =

TEANAM 3T &

H = AR} (keyword argument). S+ &= ul]
ol 29l P22 AYH = AR, o
= A9 QA8

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

o A X QN R} (positional argument): 7]
AdolH & o ol » & 20 A
w3 911 QARSI Tk

A= g vt 9] o] 5 22 A9 A lEH?J%HE} o ti gl x**‘lﬂ% Ao deibe o= 25
HAlg. iAo R, ofd T4 o] AR AHEE = A5 U Th 7l 7 ghol A1 ol vl E Y
Sol A9 v 7wl 53 FAQ ZE QI Ake} vl 7] 4=2] X}o] 2} PEP 3625 KA 2.

asynchronous context manager (0] % 7] Zg) A & ]z}
An object which controls the environment seen in an async with statement by defining __aenter_ () and
__aexit__ () methods. Introduced by PEP 492.

asynchronous generator (H]%-7] A 1] #] o] €])

sl A e o] B ol Bl El O E & FHEE R asyne def B S AT E P B o) =,
async for FZ7FAMEE 5 Qe AR P& VEE yield RS T A= Hol YT

B 05 7] Al o)e B2 71 A e, of | E o A 15 7] A dle]
Yt} o el o n)7} HateiA e ALk, $Ae 8012 AN B gy

v 7] AFE oy &4 awvait EH AT, asyne for B3 asyne with B 28 4 IG5 Yrth

asynchronous generator iterator (V]-57] A& o] €] o] o]€])
v]5 7] Al dl ol 7t e AA.

U —

This is an asynchronous iterator which when called using the __anext___ () method returns an awaitable object
which will execute the body of the asynchronous generator function until the next yie1d expression.

Each yield temporarily suspends processing, remembering the location execution state (including local variables
and pending try-statements). When the asynchronous generator iterator effectively resumes with another awaitable
returned by anext__ (), it picks up where it left off. See PEP 492 and PEP 525.

asynchronous iterable (¥] % 7] o]g]2] &)
An object, that can be used in an async for statement. Must return an asynchronous iterator from its
__aiter__ () method. Introduced by PEP 492.

asynchronous iterator (B]-£ 7] o] €] & o] €])
An object that implements the __aiter () and __anext__ () methods. __anext___ () must return an
awaitable object. async for resolves the awaitables returned by an asynchronous iterator’s ___anext__ ()
method until it raises a St opAsyncIteration exception. Introduced by PEP 492.

attribute (o] E | HE)
A value associated with an object which is usually referenced by name using dotted expressions. For example, if
an object o has an attribute a it would be referenced as o.a.

It is possible to give an object an attribute whose name is not an identifier as defined by 2] H 2}2} 7] 9] =, for ex-
ample 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 ().
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awaitable (o] ¢ o] €] &)
An object that can be used in an await expression. Can be a coroutine or an object with an __await__ ()
method. See also PEP 492.

BDFL
A8 28 Z A1 = A A} (Benevolent Dictator For Life), < Guido van Rossum, 2}o] % 9] ZA] =}

binary file (W}o] 2] 2} )
A file object able to read and write bytes-like objects. Examples of binary files are files opened in binary mode
("rb', 'wb' or 'rb+"'), sys.stdin.buffer, sys.stdout .buffer, and instances of 10.BytesIO
and gzip.GzipFile.

str AAE 3 2 4 9 Y AR A £ HAE 5 E B2 AL,

borrowed reference
In Python’s C API, a borrowed reference is a reference to an object, where the code using the object does not
own the reference. It becomes a dangling pointer if the object is destroyed. For example, a garbage collection can
remove the last strong reference to the object and so destroy it.

Calling Py_INCREF () on the borrowed reference is recommended to convert it to a strong reference in-place,
except when the object cannot be destroyed before the last usage of the borrowed reference. The Py_NewRef ()
function can be used to create a new strong reference.

bytes-like object (0} o] E & & 7 A))

bufferobjects & A D3t C-A< W HE 22 E g £ JdF5 Ut o8 &5 memoryv1ew AA &2
EE2o|1 bytes, bytearray, array.array AAES &Y}, H]—O] ELAF AA L2 vloly g
Fﬂ o|H & thF= o 8] 7HA] AAkEol AHEE = st &5, vkel v g «L‘rmi A, aAS TR AE

Ze A5l Y%tk

8 Q52 ko2 olE 7k R AY Ro A5Th ol o] ARA L FF g 3-27] vt

EdE AHragtr 233k 7hH WS AR Q 2= bytearray E}bytearray/] memoryview
7F A5 Uth o A2 vtolv g HiolE 7 B AR (‘A7) A& vl EG R/ AA) o AREHES
L33 YY; olA AE9 JZ = bytes bytes AA 2] memoryview 7} °1~1/]q

bytecode (B} o] E F &)

oIl £22 T2 vhol= L2 A3 o), Chython Q¥ 2AE| A shol 22 ge] Y 2
AU} wHo|E ZEE pye Fdo] A Hol, 22 HAS T AA) AT o] o WA A sy
Ao vlo]E ZEZ ANATL S I T 5UTh. o] “F2 Ao]” = ZHufo] E I Eof T 33

7] AE At 7 77 oA A E i D3t ch vlo] E == A& ThE ol R 7MY 7] A ol A

25T AR 7|t etA| &, sho] A v 3 kol JFF A o] A = gkt Aol =25l oF ] th

Hho E 5= 9ol 59 B8 dis RE AW Aol VT,

callable
A callable is an object that can be called, possibly with a set of arguments (see argument), with the following syntax:

[callable(argumentl, argument?2, argumentN)

A function, and by extension a method, is a callable. An instance of a class that implements the __call ()
method is also a callable.

callback (Z4Y)
AA2 A== v o= A Ho A Ay HH FH T,
class (& 2)
M-SR o] A S-S
WA= o ES 2T
class variable (Z&] A~ H$)
2o A FoH
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complex number (£ 4 5)

%8 A5 A2 A, BE A7 A5 45 GO BAF UL e A5
A% 09 (19 A & B AU, FF SN 12, mww )2 E7] G th shol e
Ao EAUE 25 Ba4E 718 AATULE A53E ) AUAE Bold E71FUT 9F B0,
3413, math 259 245 v Ho| B HY, cnath® ASHUTH Bato B2 7 57 52 59
4 A% Utk ARETE 2714 RachE, Ag F43 FANE F4 U

context manager (A€ A E ] A}
An object which controls the environment seen in a with statement by defining _ enter () and
__exit__ () methods. See PEP 343.

context variable (A€l ~ E ¥ )

AgxEof ahe) the g 7Ha 4 9t WA, o] 7 AR ek Ao e hE ghe A 5 gl
sd| -2 AR w2k Teh AHAE WSS B, shihe] Aa Adso] o2 Ad s
E7 e 5 gon AUAE W40 3 $EE 5A4 W57 HlaZdA M5E 245 49y

contextvarss ZFX A L.

contiguous (J <)
H ¥ = A &3] C-A <S5 (C-contiguous) ©) AL} 3= E 2 A< (Fortran contiguous)d W] A<0)etal o A Yt}
A 15 L A ol A e A4Sl e}, 98 o AN, FEES A2 o] 9 o, 0l 4
*]@"5}%32?}’\ AdEl Aol AR v 2o v X =] o of Ttk thAY C-AS v ol A, v &2 2]
-4 TAHE FESS T o vpA g AG A7 7 k] AT shA vl L E S A% u G o
1 A WA el A7}t 743 ke WU o)

coroutine (2 F¥l)
iﬁ g o dutstE PPt A EEEL2 S AH A A Y3t o2 7\]**01]/\1
% ol thE A H oA IYdstar, &, AT = AdsUTh o AEL asyne def
rowg —??ﬂ@'—? Ut PEP 4925 H A 8.
coroutine functlon( 2 )
F2E AR E SHF= 5. ZFE 5= asyne def T2 AYH 4 A, await & async
fwﬂawmwuwﬂ%E%E§§¢%€Hﬂ.1 S 2 PEP 492 9 93] =5 51 Th
CPython
vpolW =2 oo ;A<
Python 3} 22 T}2 AS 3} 728 2
decorator (¢ Z & o] €])
OE §48 EAFLE B4 0], HE ewrapper FHE AST B4 WHOR A3F Uk vz ol
El9] £33 o= classmethod () I staticmethod () YY)

daelolel £He wA Be BUY Bk 0 F A5 At v goz S5k

def f (arqg):

ython.orgoll A Bl 3 1] 1—’4— o] ++& -2 Jython ©] 1} Iron-
£ o “CPython” o] AF&H Ut}

N

N
zgr
o =
é’U

f = staticmethod (f)

@staticmethod
def f (arqg):
22N l%ﬁﬁidlEL AsA g @ A 2 Gtk vl Zd o] 8 of] th g o 2bA| g W82 T A 9]
o=~ o] o ABAE HH FHuYth
descriptor (t] A~ =€)

Any object which defines the methods __get___ (), ___set__ (),or__delete__ (). When a class attribute
is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally, using a.b to get, set or
delete an attribute looks up the object named b in the class dictionary for a, but if b is a descriptor, the respective
descriptor method gets called. Understanding descriptors is a key to a deep understanding of Python because
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they are the basis for many features including functions, methods, properties, class methods, static methods, and
reference to super classes.

Haagee) MASSe 3 A NSt A2 E FAs Y AT E AL F A
ey,

dictionary (5 A 2])
An associative array, where arbitrary keys are mapped to values. The keys can be any object with ___hash__ ()
and ___eqg () methods. Called a hash in Perl.

dictionary comprehension (5 A 2] A g3l A)
olHH &l & 84 HAAY LR E At AHE F2 9A e & vhsel= s
= {n: n ** 2 for n in range(10) 12 %}n *x 2°ﬂ UH
Ut g2 E, J3 gAY 89 taEd o (display)S FR 84

dictionary view (9 A2 H)
dict.keys(),dict.values (
Yok o] 252 94U e GBS o
Mg gnte EQUch 94 e e

dict-views = H A 8.

(o}
s
Q

t

docstring (5 A E )
A string literal which appears as the first expression in a class, function or module. While ignored when the suite is
executed, it is recognized by the compiler and put into the ___doc___ attribute of the enclosing class, function or
module. Since it is available via introspection, it is the canonical place for documentation of the object.

duck-typing (%] €}]3)
U2 dH o]~ E TR EA] At Ao S HA v 22Oy 28Y; A, o
HAEGAJEGREGSESHAYASHUTH(“ LB ol e 2]Ay & —
th) 5788 @ tjalol o]~ E AxToanN, & AAH ZE+= A A &S e
FAAS NAE 4+ A5tk § Bo]F 2 type () ©|thisinstance () & ARESF AARE I YT
(3tA gk 9 Elolsg o] A4 woj A~ Zef~ B HebE 5 glgoll Fol#f oF i th) thAlel], hasattr ()
AN EAFP 22 O S S Th

EAFP
3 g H th= X2 31517 7} 4] T} (Easier to ask for forgiveness than permission). ©] &3] & 4= ¢l &= s}o] A
9 2gd2, SR 7Y o EZREY EAE 7Y, I 78 o] S99 Y& FAsUTh o]
23t w2 AL 2 W try8l except B EAIZ EAA AR YL o] HIAY L
W2 Aojol| A 2k A H = LBYL 2~ B A 3} th v g U th

expression (3.3 2))

ol groe 2 Fad ¢ = THAA 27 g2 UE x9eH, ¥4 gHE, o] &, oJEHE
B2, A2 T3 22 S =80T 2 3458 Fol 28 AY Utk & B2 dojg}
hxHor, BE Ao FAEEC A A AL obdUth whilexH, A2 AT 5 gl
4 5ol s UL O = FF0] 11, FH 4 o] ofd Yt}

extension module (2% 2 &)

f-string (f-E=*x}¥)
TEVLb TR 2 ko) 2ol 221 FEHYELS 58] “f-Expdrolgty Baty, v 244 g o
ZYTAYTH PEP 498 & H A 2.

file object (3} Z4A))
An object exposing a file-oriented API (with methods such as read () or write () ) to an underlying resource.
Depending on the way it was created, a file object can mediate access to a real on-disk file or to another type of
storage or communication device (for example standard input/output, in-memory buffers, sockets, pipes, etc.). File
objects are also called file-like objects or streams.
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ARz e A 27 3 AR Sl A ch deaw) vhol v 2] 7}
gt 51l o5 Aol 2t io REANA B U 3
open () B4E 2= AYUTH

file-like object (3} 7 24 A])
skl A7) o w5k,

filesystem encoding and error handler

Encoding and error handler used by Python to decode bytes from the operating system and encode Unicode to the
operating system.

The filesystem encoding must guarantee to successfully decode all bytes below 128. If the file system encoding
fails to provide this guarantee, API functions can raise UnicodeError.

The sys.getfilesystemencoding () and sys.getfilesystemencodeerrors () functions can
be used to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the PyConfig_Read () function:
see filesystem_encodingand filesystem_errors members of PyConfig.

See also the locale encoding.

finder (3} 21t))
QEEPIREL AR 2T B

Sfol 33, o1 ¥ 2, F F 7 SHAIE 7L %1tk sys.meta_path S 7 AHG3HE v e A% el e
9} sys.path_hooks I} @7 AR5 4 & <l E 2] 3F<lH.
o] 244 g W8-S PEP 302, PEP 420, PEP 451 o 1}-&- Utk

floor division (4= Y341)
n%ﬂm$m¢;mad%¢@aqHﬂ@¢4%ﬁ@&4LNE+%%%»Eiﬂ11”4
o e 27h A A% AL 2,758 EATH (11 // 47h-2. 758 e T30 el
fol sl oF g th PEP 2382 2 A 8

function (g+4)

e

o #H I AN E3= AA.

TEANA o S EHFE ] EHE. QAU I o)A <zt 7 AEE £ 9l Biy g
Ao AH2E 5 FUTh v/ o A= 9 Sh o] MAE HAQ
o] H|o] A)

def sum_two_numbers(a: int, b: int) -> int:
return a + b

St o] g o] B - o] oA A )

See variable annotation and PEP 484, which describe this functionality. Also see annotations-howto for best
practices on working with annotations.

future
A future statement, from __future__ import <feature>, directs the compiler to compile the current
module using syntax or semantics that will become standard in a future release of Python. The __ future_
module documents the possible values of feature. By importing this module and evaluating its variables, you can
see when a new feature was first added to the language and when it will (or did) become the default:

>>> import __ future_
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

168 Appendix A. &3


https://peps.python.org/pep-0302/
https://peps.python.org/pep-0420/
https://peps.python.org/pep-0451/
https://peps.python.org/pep-0238/
https://peps.python.org/pep-0484/

The Python Language Reference, d#] A 3.12.2

garbage collection (7}8] 2] 4~ A)

o AHEE A SFE RS Wb ek AR oML Rx A4 FAT B2 £HS FARL L 5
e =3 AHul A 27712 5 AuA 2 AE SF U 1A FATE go BES A Ao @

F g%tk

generator (A&l o] ¥])
Al &l o] o] e & o] s FE : = A= =
A& 2gsthE Fol B ULh o] e for-FZ 2 ALE ‘Pﬂl)rnext (0 @?i 3t ¥ of] 3hubAl 7

% g% th

BE AU F o E 42 F1e) 7 A %, o] | Eulo] = A El o] E o|elel ol B & Fel Rtk o Edhe
o u] 7} WEhal x| @k A9, AT BB HA RETS AT

generator iterator (] ] o] ¥ o] €] & o] ¥])
A e ol e g7t b= AA.

Ao st vl eh,

generator expression (AU @] o]&] & 2])

2]
olHHolEE T = R4, FZ AT HYE Bt for BB 7hestif o] Hol 2+
At A AE HYUth 2 AL SR FHE AT FES HEoYYh

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81

285

generic function (A V] g &4>)
22 A AR e FEd del +ES A T2 784D T S ofF FH AARHA =
a2 dae]Eol s 2738 F Ut

Az 292 €o]F] &7 functools.singledispatch () Bl Z & 0| B2} PEP 443% H A 2.

generic type (4|11 &)
A type that can be parameterized; typically a container class such as 1ist or dict. Used for type hints and
annotations.

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.

GIL
A e meld % 2 HAS

LY

global interpreter lock (H < QJE] Z2]E] )
3] 9.4 Shike] 2 =7} Shol d o] = 3= B A3
g HAYS. (dict} 22 S RFULIES
el ¥ stE 5 vhs o] A CPython 7 & <
22 E e 2d =387 4 et vF
545U,
However, some extension modules, either standard or third-party, are designed so as to release the GIL when doing
computationally intensive tasks such as compression or hashing. Also, the GIL is always released when doing 1/O.
(80 ¢ Wl ASA 35 H ol & Rdis) el o) A2 (free-threaded)” Q1E] Lol €] 1 E 7}
st A AL =82 FdFA A FPet, £ G =22 AAN F5-9 5 A7 s WiE Utk
o) 5 ol 48 FRAL AL THL WA BaLohA BB A §4 H80] B Fo 2 A0 E o A3
&k

hash-based pyc (3} X] 7] 4} pyc)

=& W A5 935 CPython Q1B Z 8] ¥ 7}
3 o) AA Bdlo] AR O R FA] AN 2o
+otA R Uth dH =z H AAE F1e 22 QAH

22 A A AANAZBSE BAe) B HEE

FEAL W] o AT L2 A HF 54 A7) obd HAE AH§SHE o= LE A A
B PEFEDEE LS Ly
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hashable (3] X] 7}%)
An object is hashable if it has a hash value which never changes during its lifetime (it needs a ___hash__ ()
method), and can be compared to other objects (itneedsan ___eg___ () method). Hashable objects which compare
equal must have the same hash value.

A TFsAL ANE DAY 7 U Agte] W& AJLE 4 QA Fl=1], o] AR L2 S o] YE A
o2 A gte AHgst 7] W2 Ay
o shol el Bul g AREL A bs e (F2E E4 Ve 28 Ad AEel S
IR sUth (FE o] U frozenset Z-2) 9 Z1E| O]L‘]%% E9 9 2S0] FA 3wk A
]‘—‘61—\4‘:]' A2 Ao Zefao AABEA ARNEL 7| BAOE F A 5T (2] AAL A€
L) B chE ok v 2E W, AR 1d() 2 2 wEe guch
IDLE

An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter environ-
ment which ships with the standard distribution of Python.

immutable (£%)

importing (Y £ ¥)

B REo] dol RS OhE BEY sold DEAA ASE 5 LS sh AL
importer (2 Z€])

RES 2% 81 2E 3715 sk AR, B Held oz 26 AR Ao

interactive (t} 31 3))
stol e th3y ez el HE 21 g, ez el ZEZEoA 233 284S dYT 5 91,
Zz72+ A A2 E 4 Qo= =Yk AAF ¢lo] ©A] python A& &4A 2 A
ﬁ%“ﬁtziE b dsyth. *H ofolt] o] & HAISH AU RETH 3| 7| A & S thH = vl -7 4= gt

T AU Th(help (x) & 71234

interpreted (QJE] Z 2] €] &)

_4

Hlol|E I = At el EA wfZell 2 o] S8s] A 7] = A uh, sho] A2 At Aoj 7 of et
Az H dofguth oA HAIF R A 3d S WEA GAE, 2 0GES A Y APT
Aot EPUTh 2 223 0] & o A3 /?—:'.%]Qﬂ% SR 9 QB Z 2] E] Jdoj&= HE A3Y Ao
Boh g2 /w7 718 25 Uth tiehs = BA 8.

interpreter shutdown (QJE]Z2]E] £ 8)

S3tete 84S B2, sto| A A Z e E = S A7)0 I Yst=dl, BEolU oY 71 8%
WT‘TLZCJ%7 2 RESGH AAES HAZ S E b Th 3 VA AV E e MBS
U th AR} 9 9k At weakref o] Sl ZEEY AR S *]X”\]ZJ T AFUTh TF A7
%?i”ﬁﬂﬂ“ EEgId AL ES W 5 e, 2 o] Y EFE AHECl Y 7 FEA g2

s ﬂ!
td
e 1
-
L300 ==
o rr
k
o
N
m]n
Al
L
%

=
A7 WA YUTH(ET o= gho] B e
AEZ e $82 9 YA APFE=__main_ BEECY2IHETAFPS T = AU

iterable (o] ]2 &)
An object capable of returning its members one at a time. Examples of iterables include all sequence types (such
as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and objects of any classes you
define withan __iter__ () method or witha __ getitem__ () method that implements sequence semantics.

Iterables can be used in a for loop and in many other places where a sequence is needed (zip (), map (), ***).
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When an iterable object is passed as an argument to the built-in function iter (), it returns an iterator for the
object. This iterator is good for one pass over the set of values. When using iterables, it is usually not necessary to
call iter () or deal with iterator objects yourself. The for statement does that automatically for you, creating
a temporary unnamed variable to hold the iterator for the duration of the loop. See also iterator, sequence, and
generator.

iterator (o] €] g o] €])

An object representing a stream of data. Repeated calls to the iterator’s __next__ () method (or passing
it to the built-in function next () ) return successive items in the stream. When no more data are available a
StopIteration exception is raised instead. At this point, the iterator object is exhausted and any further calls
toits__next__ () method justraise StopIteration again. Iterators are required tohavean __iter_ ()
method that returns the iterator object itself so every iterator is also iterable and may be used in most places where
other iterables are accepted. One notable exception is code which attempts multiple iteration passes. A container
object (such as a 1ist) produces a fresh new iterator each time you pass it to the iter () function or use it in a
for loop. Attempting this with an iterator will just return the same exhausted iterator object used in the previous
iteration pass, making it appear like an empty container.

typeiter o] B ZkA1 &k W&o g5yt
CPython =& %} A : CPython does not consistently apply the requirement that an iterator define __iter_ ().

key function (7] ¢)

7 g rEe 2’ Eﬂ ©] A (collation) &=+ F & (Sorting) o] L} vl & (ordering) ol AF§5 & g2 EEFEZ
HEYUTLE o & 59}, locale.strxfrm() < ZAY S PSS a2+ FE 7] & W=+ d AL
Ayt
1= .

ato] Mo W EF7F 2 4S50l o BA A A A AL Fol=AE Aol et7] Hof 7] TS Hol= AU th
o] ZlEo+=min (), max (), sorted(), list.sort (), heapg.merge (), heapg.nsmallest (),
heapg.nlargest (), itertools.groupby () ©] AFY T}

There are several ways to create a key function. For example. the str.lower () method can serve as a key
function for case insensitive sorts. Alternatively, a key function can be built from a 1ambda expression such as
lambda r: (r[0], r[2]). Also, operator.attrgetter (), operator.itemgetter (), and
operator.methodcaller () are three key function constructors. See the Sorting HOW TO for examples of
how to create and use key functions.

keyword argument (7] 9 & 21 z})
o1z & BHA L.

lambda(i’)ftl-)
2 u) gro] THAL Bpel A4 02 THH ol Yt A B PO VLB BEE ERLS

lambda [parameters]: expression YU Th

LBYL
H 7] Aol X2} (Look before you leap). ©] T AEFY-2 T E ol 23] & 317] Aol HAH 2 ALA
2ASE AAUTE o] AEHAL EAFP 2R3 U 1, B - B 22 S0k
b5 2 e = B700 4], LBYL 42 & <1 775k v 7] 2kl A 242 BEA B A8 o] A%y
o] & 50, FE if key in mapping: return mappinglkey] © AA} T, 31X T 23] A9,
e 2 E7} keyE mapping| A A ASHA AT+ Qs Ut o]d o7& Fo| W EAFP H WS
AHeEe M sl dE o s th

list (2] 2 E)
A built-in Python sequence. Despite its name it is more akin to an array in other languages than to a linked list
since access to elements is O(1).

list comprehension (2] 2 E 7 Z 2|3 A)
ARse R4 AR EE ARE A28 1 ARE AER BeFe ¢AD P result -
['"{:#04x}'.format (x) for x in range(256) if x % 2 == 0] = 0°]A] 255 A}o]of =
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A5E 1604 (0x) S TR B4 A2 UFUD, £ 2L AFL 5 9
59, range (256) o] Yl& EE 247 AggUch

loader (2¢])
2ES ZE58h= AA. load_module () O]F/}% o] Fo WM EE oo Pt BT HF IFelH
ZFE8 S Yttt AAISE W2 PEP 302 £, A d| o] 2~ Z 82~ &= importlib.abe.Loader & HA| 2.

oy

Utk e

locale encoding
On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.setlocale (locale.
LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: "cpl252™").

On Android and VxWorks, Python uses "ut £-8" as the locale encoding.
locale.getencoding () can be used to get the locale encoding.

See also the filesystem encoding and error handler.

magic method (7] 2] o] 4] =)
E5 A= o uFA Al u$3t

mapping (7] 3)
A container object that supports arbitrary key lookups and implements the methods specified in the
collections.abc.Mapping or collections.abc.MutableMapping abstract base classes.
Examples include dict, collections.defaultdict, collections.OrderedDict and
collections.Counter.

meta path finder (W€} 7 & 1} 21 t)
sys.meta_path & ZAA o] FHF+= 3 H. WE A2 3} H= 42 =g 3QlH o #-E
171 AT kg e,
HE A2 37 L3 sE A =S A= importlib.abc.MetaPathFinder & B 3§
e},

metaclass (W] €} S 2)

Zex Fea FHa FAYge FHa ol F, FHa gAY, Weolx FHAEY] B S eyt
v g} = aﬂz\‘— o] Al AALE WhotA Zej2E TE£ IS JUth 29 AA A FP =230
Ao E2 ]E¥°‘4 S ATFULE Ftol A& S5 BtE = AL ALY HE FHAE vHE 5 ke
ZAdUch & AFEA oAl = o) =77 A L8 %*AZ]UJ, 27t A4 o, v Feas FEen
Fobet 3= Xi]*“‘/]“% Ol EFHE WA 29 &7 (logging), 28 E A =7} AA A =4,
HE2ETIR g2 OE X“’*Oﬂ A& E U

method (W] 4] &)

S & vt QoA Ao & T I S ALHAY ERERZA SEHH, I WA=+ A
WA Q1% (RF self dha BAth 2 AadA AAE BTk 35 9 509 A5z B RAS
method resolution order (W] A& 2 A £4])
WAL A4 AL 23k £ W E Ao ol s sl @At 23 delz
stol A QA E =z H ol AHEH & F 9] M e 82 The Python 2.3 Method Resolution Order& X ¥
By},
module (&)
shol 2l =1 2 B o8 BB 24U

o £ NS FITE A 2EL dofe) Aol AN
£
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module spec (25 A 9))
DEL ZES=HAIEEH = YXEE
ModuleSpec o] QIAEH A

MRO
HA= dA cA

o]& ¥7t importlib.machinery.

rJ
r
o
b
il
tjo
ol
Rl
30,
rlr

s

HA L.

mutable (7}H)
7h A= gre]l W 5= AT id () & EASA FATULE 9 = AL

named tuple (U] Y& £Z)

“named tuple(H] & £ FE) 0] 2= Gl FENA FE3L o] & £L o] =] RES Ao} A
5t Sho AL T S Yt BE Gl Seh2o] AP Uk Foluh Feh2olt THE 5=

RS T AFYTh
time.localtime () & os.stat () 7} ¥+3+3l 2+-S £330, ol 2] YA o] YA EZ ) =
T}2 o= sys.float_infod Ut}

>>> sys.float_info[1l] # Iindexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple can be created
from a regular class definition that inherits from t up1e and that defines named fields. Such a class can be written by
hand, or it can be created by inheriting t yping.NamedTuple, or with the factory function collections.
namedtuple (). The latter techniques also add some extra methods that may not be found in hand-written or
built-in named tuples.

namespace (0] S Z 71

HE7 A= = 4. ol & o2 gAY 2 2dg Yt 44 5 57t

wok ozl Ao, Aol 4 o & B2bel AUt o % BAL 0% FEES WANA REAE ANT
Urth ol & Eo], &4 builtins.open Zos.open() & 159 o|E F 7o) oJsf F+HEE T} X3l
1% 72 o8l Wl Y& FUNCAE LR HEIA AR AT 44 B Aol 28 F
t}. & S50}, random.seed () = itertools.islice () &t 2 ¥ 1 &4Eo] 2tz random &

itertools BE°| o3& L& 9] 3 o] g sl A Yt}
namespace package (©] = 3 7} 2| 7] #])

LA ANB 71 AF AH o] &R 7155t PEP 420 9 7] #]. o] F ¥+ 37| A= 8] A < A A 7}
RS TE AL, 58] _init__.py FLo] glermw 4 3 7] A = thEYTh
nET

el Aolol 4 M4 g B 5. o & Sof, 0hE B4 el AT G g Bl g
ASES F2 T 5 A5t P ATnE | RA0 R P2 AT R YL 5 A Tk
Aol Zo)a of T Ao W5 AR e 2mzoA dx EUh BRI 2, Aol Mpse
A o] 8 Bl A 1 %Ytk nonlocal & P2 AF x| »E AL eyt

new-style class (F+ 2 €} )
Old name for the ﬂavor of classes now used for all class objects. In earlier Python versions, only
new-style classes could use Python’s newer, versatile features like _ slots__, descriptors, properties,
__getattribute__ (), class methods, and static methods.

object (2 A])
FH (IEFREY ) & 2L FF (WA E) o] Aod RE HolH. EFL BE wAEY s 9

S L BT BN
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package (2} 7] %))
A Python module which can contain submodules or recursively, subpackages. Technically, a package is a Python
module witha __path___ attribute.

A A7 A o) B 2 A E RAL.

parameter (7 7H H
T (E uwvnHAﬂH 47} e

QEVE). b4l F52) wl AR} o
o 9 X-71 ¥ = (positional-or-keyword): $] =] 21 A}

e
%0,
rlr
‘O,
)
A
rlr
2
rg
oN,
o
-0,
N
D)
il
i
N
2
o
rlr
o
o
M
rlo

719 = i 2 A e 9l A AR E U T
o]

o] Aol 71& Fej o] w7 A dYth A &l thaollA foo &} bar:

[def func (foo, bar=None): ... ]

o A1 A-A & (positional-only): A 2T AFE 5 Y+ AAE AZFUTH A AL il HST=
B4 Aolel MAMS S50/ BAE 2SI 15 AT 5 dFITh o & ol thel A
posonlyl 3} posonly2:

{def func (posonlyl, posonly2, /, positional_or_keyword): ... ]

« ANE-AE (keyword-only): VY EZT AFD 5 A AAE NG P AAS-HE o AAS
£ 34 3ol o] TS B S o) 4 kol el -9 X iAWt 2 v 2 e A 4o

T AFUTE A& S, th2 ol A kw_onlyl &} kw_only2:

[def func (arg, *, kw_onlyl, kw_only2): ... ]

« 718-81 2] (var-positional): (P2 ) M550 ]3] 4] o] v WrobEol 2 917 9145 oI3)) A 32
S 9E A AAEY 999 ARAE AR o A B AMSE v A o) 2ol * & <o
2olA] 42 E 5 Aguth o8 Sof Tl A args:

[def func(*args, **kwargs): ... J

o 7}H-7) 9 E (var-keyword): (TF2 Wi | LS o 234 oju] WolE o] A 7)Y = AAE | &)
ASE T e dY9Y M5 719 = AAts= AZF UL oA wi7f A= M| o] 5ol ** &
ol A BgF 5 s U oAl E 5o 919 ol A kwargs.

RS AEE QAR 98 7R ohek dg dol AL B4 AXEE AR T 5wt
=
=

o1z} —&01 Z 3=, ozt v 4= o] XFolof v} 2= FAQ A&, inspect .Parameter
o] A PEP 3625 H A Q.

path entry (3 2 I E2])

AR ZINEIRIE ZFAXZE F RESS 27 fo Faaste 2 E A= Y st FAa
path entry finder (7 2 QN E 2] 5}l
sys.path_hooks ol & ZHE(F, A2 dEL F) o] EHF+ 32y Ad], Fol A= dEE
EREZS F= IS S I YT
AR AEF FAHE0] LHIE WAEEL importlib.abe.PathEntryFinder o Y& Uth

path entry hook (F & N E 2] %)
A callable on the sys.path_hooks list which returns a path entry finder if it knows how to find modules on a
specific path entry.

path based finder (7 2 7] 49} 5} 2lt)
712 vl et A= ShlE = F o, Y2 E A2 oA BE

path-like object (7 2% 2 A))
Hd A2" A2E e+ AA. AE2F AA= ZE2E JEW+ str Y bytes AA o] Ak

Ut

o
R
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PEP

0s.PathlLike T2 EZS L3 A YY) os.PathlLike T2 EZ S F=
fspath() &4 E TZ 4 str Y bytes 3t Al2d A2 Ad" 5 ga5urth; oA os.
fsdecode () 2} os.fsencode () & 22 str U bytes 23S B A =0 A2 4 J5 U T PEP

SI9= E%‘E] AU

ghold 7§/d Al <. PEP<= sto]d AfFUE| ol AR E AlFst AL sfo] W EE T Z2A|A e &0
M2 75 AHste AA EA YU PEP= AlHE 7ol g 28 7 A H 2 AE

A F8hoF gk

k3 2ol ol ek A F U E 31
& FAR WE7] 95 712 v AU S A ek PEP RS AR

portion (Z )

PEP 420 |4 218 AAF, o] & 57 71 Aol o upA sk shike] g elo] Sol gt LS

2+ i
A3 @ip 3ol AFH = A% 7 oh.

positional argument (9] X] ¢12})

A& HA L.

provisional API (27 API)

A7 APLE £ vho|ueele] 3 B84 HPORRH A AD AYUh Aels|o] 2y 2
W37} of 415 A= SEA T, R A o] 2h EAIH = 2, 2o] A EAE o] B8 ehrya AZRehE B
S8 0] fAT A e Mol ol 4 Yt 18 WAL B A PO Ao AL 2
AU — APIE Z357] Aol $7 Frisha 2E A Aol WAH Aol u old AT

B API A 2 3=, A T84 o] §A5 A b WAL “HFY 2B 0% o ALY BE A9

EAE el AA THE FASFE AU E
ol Aat= E golB Yt LM AT T AR AA LFol EE FE A Fu AL UEF

gHE U o A 3 U8 PEP 411 B U/ ch,

o
|o
ol o
td
£l
>
fr
N
-
o

ot
L
kv

provisional package (ZH3 3] 7] A])

A APIE HA S

Python 3000 (3} o] % 3000)

ghol A 3.x v 24le] "B (WA 39 v 7F ¥ )] o]okr|H Al H e whE0]3] o] Folt}h) o] A
“Py3k” 2 Zo] 27| % FHrh

Pythonic (3}o] A th)

2 o] Sof A Lulz <l A
HE olddEg kel 2
ES AL A oo »
gonzg glo]Hd QadlA

& 7asie o4, shol 1l Aolel A 17 A% ALE
Zk, o oA A}F 2= o]t H L for
@2 Aol o] T/ FAHE]
A 7L E A8 5] Pk

p
for i in range(len(food)):
print (food[i])

o 253 sbol Mk W2 o5

for piece in food:

I
*

print (piece)
.

qualified name (3713} 5 ] &)

v Ao AmmolA BEA Ao H e, B4, WA o2 L AR E HolFe o TR
o] 2. PEP 3155 9| 4 e B uith A4S Bo 2ehad] A9l 7348 o] 2L AA o]
25 urh:
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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'
RES 7he)7) e A2, 18] F73HD ©) & (fully qualified name) & RE R 57| A S-S T3

L)

A RER 7= Zqoi—rﬂ%"]i%?/]‘j] Ut} o] & E0],email .mime.text:

>>> import email.mime.text
>>> email.mime.text. name_
'email .mime.text'

reference count (2} 314)
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Some objects are “immortal” and have reference counts that are never modified, and therefore the objects are never
deallocated. Reference counting is generally not visible to Python code, but it is a key element of the CPython
implementation. Programmers can call the sys.getrefcount () function to return the reference count for a
particular object.

regular package (A1 2 7] A])
__init_ .py 3¥4E& x33t= A 22 AF5 A A 7] A.

olF T AHINA = HAL

__slots__
Fea YR AAdd, AxEHA AEHREES A TS vy Adsta d2dlA g EE
AAZ o 2 v 2 el A E3E FUth Q7] 971 AW, o] Bl uk=A A7)
£ 728 olehd, Mz elo] Ue $4 22agold Be 5o dada e SUR A9

FABE R0 £ Fsdoh

sequence (X] @A)
An iterable which supports efficient element access using integer indices viathe __getitem__ () special method
anddefinesa___ Ien__ () method that returns the length of the sequence. Some built-in sequence typesare 1ist,
str,tuple,and bytes. Note that dict alsosupports__getitem () and__len__ (), butisconsidered
a mapping rather than a sequence because the lookups use arbitrary immutable keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes be-
yond just _ getitem () and __len__ (), adding count (), index (), __contains__ (), and
__reversed__ (). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence Operations.

set comprehension (] ¢} A Z 2] 3 A)
olHEH Bl = 84 AAY IR E At 245 F2 JYes o= 3 Esh
{c for c in 'abracadabra' if c not in 'abc'}+ st
Uth g 2E, J3 9Ay 2o taEd o] (display)& FR A L.

single dispatch (32 t] A3 x])
T o] Lt AR Yol 7| 24 A E = Al 2 ot X9 g FH.
slice (&2}lo]2)
HE AL Y dRE 2Fste AA. Stolas B AT HE Z7|9HE AHEsA B U Th

. results =
d' &Y

- %

|
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variable_name[1:3:5] A&, [] StolA & 7o A& F2o =2 Byt 235 (B 23
) £/ 96 ARAS R 1ice ANE ASHU

special method (54 M A &)
Shol o] Go ol 412, 1A 2, BT BA G0z TEH L WAL, o WAEE T A9
Q22 AT B ol B2 27 AUtk S5 WALE S5 U A o 25 o £A2 BEIA

1% 1.

statement (& 3})
B A9 E (T “BZ (block)) & TAHE LR UL BFL £84 ol AL /Y =8 AE B
o] 71x) 72 E 59 SUAUTh 718 ir, while, for,

static type checker

An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also rype
hints and the t yping module.

strong reference
In Python’s C API, a strong reference is a reference to an object which is owned by the code holding the refer-
ence. The strong reference is taken by calling Py_ INCREF () when the reference is created and released with
Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the Py_ DECREF ()
function must be called on the strong reference before exiting the scope of the strong reference, to avoid leaking
one reference.

See also borrowed reference.

text encoding (B] A E ¢137.9))
A string in Python is a sequence of Unicode code points (in range U+0000-U+10FFFF). To store or transfer a
string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as “encoding”, and recreating the string from the sequence
of bytes is known as “decoding”.

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings”.

text file (A1 A E 5} 9)

str AAE 91 & 4\— R 3 AAl. FF, H2E g2 AAZE v E X F HolHAEH S
°“/‘ﬂ’\°]'51 HAE Qi & A AU dAE S JEL HAE RE ('r' B 'w) E
44 3td, sys.stdin, sys.stdout, io. StrlngIO.J ONAEAE E £ g5t
| ELF A & Q2 & 4 e 3 AAdd s A= vhelvl ] 3td = ZRFA 8

triple-quoted string (2% u}-2 & = E2149)
w}i* )G A 2TEE )M N2 A F2E. I g3 shUE A 22 E el §le
7= A&3tA = %}ZT‘L ol g 71X 01%01]/‘1 275Ut o]aAl ol = H A 9k A2 F
%WP%ES TAE ol 2T = JEF 510, Add FAE 24 GaE o8 o 43 & =,
HE2EYS & 53] £E JFUTh

type (%)
tolH AA o P2 27 0] ol FTHY AAJAE ZAFUTH ZE AA &= Fo] FUth AAY
2 _ class__ 0135—31 EZ ‘ﬂ.‘/‘ﬂ’\%‘—’?— A AU type (obj) B & = JFUTH

type alias (& o & 2] o] )

o?L'

B2 Al T ste] WEOl A+ Fo Foo].
g ol deolat o 98 deslete o 483 2 S

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass

177



The Python Language Reference, @ 2] A 3.12.2

£ ohet 2ol o 947 A BE 4 Utk

Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

°| 71'6-& AW typing¥} PEP 4845 22514 2.

type hint (& 31 E)
W, 2l o BT R E B o v/ s 3] ZIdiE = 3 AR sk of = E o] 4.

Type hints are optional and are not enforced by Python but they are useful to static type checkers. They can also
aid IDEs with code completion and refactoring.

A MaeE Aggety, 19 Wy, FH2 oERE 9 F49 3 I EE typing.
get_type_hints () & AR ko] AN AT 4 Q&)
o] 7|%5& A9 typingd} PEP 4845 F=2 314 8.

universal newlines (-5-U¥ A4 £ 3 7))
o3 22 742 = E—':r £9 2o 2 AASE, HAE CE%‘% Aot B 2 8 EA}
e '\n', A== 3 '\r\n', A A EA Fe '\r'. F7}EQ AL B A= bytes.

splitlines () %f& Ma}PEng}PEpsnsggxﬂL
W o] o] )
20 E

variable annotation (
M EL Feh s o =g e of ko]
WP EL Zes o= REd o H ol A4 Gl e Ad AU Th

class C:
field: 'annotation'

WS ool de dubH o2 o =R ALFHUTH o § Sol, o] Mt int 3E M o2 )
Fuch

[count: int = 0

H o] g o] B AA o] wH| o] EH U] Q] (Annotated assignment statements) 9| A 73 ™ g o}

See function annotation, PEP 484 and PEP 526, which describe this functionality. Also see annotations-howto
for best practices on working with annotations.

virtual environment (7} 4} £+ 7)
Sho] i AL A9 58 T2 aYo), 2 A LM AW & TE Fold 8 TRIAS 57
FBHFES FA oA, gold vl x 37| A EE AAFAY d2d o)== A 7Hs A Sk, ¥
Hoz Azd A% 47,
venv &= E}‘ﬂ,u_

virtual machine (7} 7] A))
AZEovte g FH AFH. o] 7 7| A = vholE ZE An Y7t Yk vholE A
=g AR gy,

Zen of Python (3}o] %] Al)
sholal T2 R12) o Fats el B2 ], Aol & o sl 32 el ol £&o] FUTh o] B2-2 o5}l
ZEZEOA “import this” & YJHIH HYJrch
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APPENDIX B

o] 417 A of] 3]

o] A" A= reStructuredText A0 A ThEo] X o2, gto]x APAE sl SHs] A 24 A8 7]
Sphinx & A& 5 YT}

*.:i“é/ﬂﬁ} o] & % Eiﬂ W shol A ZpA| &F upA A 2 A A 02 2D -F ALY = T 7] o] star
AT, o ¥ of] ti 3 7 B += reporting-bugs 7| o] | & F LS A . A 22 AL E /\}X}t AR} g
Sh=

& BEolA B #AE =Y th
* Fred L. Drake, Jr., 92 sto]H A A = 3o 2 o)A w2 Zrl=9] 27}
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2). QAR O =, B RE (A% AL o UTh Thol A vl 3 GPLI} 3 Utk obel 9] Ei= Tk}

Hjj 32 sgd 3 6 E s GPL & =7
09.0~12 n/a 1991-1995 CWI yes
1.3~152 1.2 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.1+2.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes
2.2 o] Ak 2.1.1 2001-A ] PSF yes
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C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.12.2

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSEF"),.
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—Python

3.12.2 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.12.2 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—~Rights
Reserved" are retained in Python 3.12.2 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.12.2 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made to.

—Python
3.12.2.

4. PSF is making Python 3.12.2 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION.
<~>OR

182 Appendix C. & x}¢} glo] A A



The Python Language Reference, d#] A 3.12.2

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT..
—THE
USE OF PYTHON 3.12.2 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.12.2

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.12.2, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

6. This License Agreement will automatically terminate upon a material breach.
—of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. This.
—License

Agreement does not grant permission to use PSF trademarks or trade name in.
—a

trademark sense to endorse or promote products or services of Licensee, or.
—any

third party.

8. By copying, installing or otherwise using Python 3.12.2, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

(tH& slo] Aol Al<)

C.2. sholol AA|A8A AHE57] 1% o] & oF e 183




The Python Language Reference, @ 2] A 3.12.2

(o] A sl o] Ao A A<)

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
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

(Th= S o] Aol Al
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THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.12.2 DOCUMEN-
TATION

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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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 orig-
inal code:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR

(H& sl o] Al ol Al )
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CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C.32 427

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. 1IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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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.34 F7] &=

http.cookies &2 th53 22 Fo A2 234yt

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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trace REE 0h3} 22 39 AYL TFHUTH

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 %! UUdecode &5~

wu EEL T 2L 3o Age e

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:
— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
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version is still 5 times faster, though.
- Arguments more compliant with Python standard

C37 XML YA =g XA 5=

xmlrpe.client RES The 3 22 29 A3 ek

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER 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

(TH& sl o] A 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-S kqueue Q1 E| 3] o] 2o thal THe 3} 2 9] AgHe ERFU T

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 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

3} Python/pyhash.c ©|+& Dan Bernstein 2] SipHash24 &1 2] & 2] Marek Majkowski 2] =& o] Z 35| of
A5yt 7)ol 23 22 W&ol 3= o s th:

<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>
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Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod ¢} dtoa

The file Python/dtoa. c, which supplies C functions dtoa and strtod for conversion of C doubles to and from strings,
is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/web/
20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains the fol-
lowing copyright and licensing notice:

/‘k*‘k*************************************************************
*
* The author of this software is David M. Gay.
*
* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

* % o

* % o

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.

*

* % o

***************************************************************/

C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available by
the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later releases derived from
that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/
TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

(TH& sl o] Al ol Al )
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"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable

(th= sl o] Aol Al%)

C3. =%

i
B
[t
(m

slolol that eholdls 9 53l

193




The Python Language Reference, @ 2] A 3.12.2

(oA s o] A | A A)
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
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
(th= =l o] A ol A<)
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for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS
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C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured
—-with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

The _ctypes C extension underlying the ct ypes module is built using an included copy of the libffi sources unless
the build is configured ~——~with-system-1ibffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘*Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

196 Appendix C. < x}¢} glo] A A




The Python Language Reference, d#] A 3.12.2

C.3.15 zlib

21ib 8-S Al 2~ o] A LA H 2lib M o] L 2 =] o] A M=o A2E 5 glom,

Ag3he] WEH U o)

]

)

31
=4

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as—-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc °f &l A2 = 3|A] EHo]E9] 3L cfuhash Z2AEE 7|Hlo 2 SHt}:

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

(H& sl o] Al ol Al )
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FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

The _decimal C extension underlying the decimal module is built using an included copy of the libmpdec library
unless the build is configured ——with-system—1libmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N H~E A~ 9 E

The C14N 2.0 test suite in the t est 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,
(th sl o] A o] A%
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this list of conditions and the following disclaimer.
* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/sox/
12.17.7/s0x-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUDING
THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICULAR PUR-
POSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRACTICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE INFRINGE-
MENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE OR ANY
PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect and
consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
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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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Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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ellipsis literal,?2l
LB B |
string literal, 11
. (dor)
attribute reference, 90
in numeric literal, 16
! (exclamation)
in formatted string literal, 13
— (minus)
binary operator, 95
unary operator, 94
' (single quote)
string literal, 10
! patterns, 126
" (double quote)
string literal, 10
mmwn
string literal, Il
# (hash)
comment, 6
source encoding declaration,6
% (percent)
operator, 95

o\
Il

augmented assignment, 106
& (ampersand)
operator, 96
&:
augmented assignment, 106
() (parentheses)
call, 9l
class definition, 135
function definition, 133
generator expression, 85
in assignment target list, 104
tuple display, 82
* (asterisk)

function definition, 134
import statement, 112

in assignment target list, 104
in expression lists, 101

in function calls, 92
operator, 94

* *
function definition, 134
in dictionary displays, 84
in function calls, 92
operator, 93

* Kk —

augmented assignment, 106

augmented assignment, 106
+ (plus)
binary operator, 95
unary operator, 94
+=
augmented assignment, 106
, (comma), 83
argument list, 9l
expression list, 84,101, 107,135
identifier 1list, 114
import statement, 11
in dictionary displays, 84
in target list, 104
parameter list, 133
slicing, 91
with statement, 122
/ (slash)
function definition, 134
operator, 94

//

operator, %4
//=

augmented assignment, 106
/=

augmented assignment, 106
0b
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integer literal, 15

0o
integer literal, 15

0x
integer literal, 15

2to3, 163

: (colon)
annotated variable, 107
compound statement, 118, 119, 122, 124, 133,

135

function annotations, 134
in dictionary expressions, 84
in formatted string literal, 13
lambda expression, 100
slicing, 91

: = (colon equals), 100

; (semicolon), 117

< (less)
operator, 96

<<
operator, 95

<<=
augmented assignment, 106

operator, 96
operator, 96

augmented assignment, 106
= (equals)

assignment statement, 104

class definition, 46

for help in debugging using string

literals, 13
function definition, 134
in function calls,91

operator, 96
function annotations, 134

> (greater)
operator, 96

in assignment target list, 104

list expression, 84

subscription, 90
\ (backslash)

escape
AR

escape
\a

escape
\b

escape
\f

escape
\N

escape
\n

escape
\r

escape
\t

escape
\U

escape
\u

escape
\v

escape
\x

escape
~ (caret)

operator, 96

sequence, 11
sequence, 11
sequence, 11
sequence, 11
sequence, 11
sequence, 11
sequence, 11
sequence, 11
sequence, 11
sequence, 11
sequence, 11
sequence, 11

sequence, 11

augmented assignment, 106
_ (underscore)

in numeric literal, 15,16
_, identifiers,9
__, ldentifiers,9

__abs__ () (object M| =), 55
__add__ () (object W] A=), 53
__aenter__ () (object WA =), 60
__aexit__ () (object M| A &), 60
__aiter__ () (object W] A &), 59

>= __all__ (optional module attribute), 112
operator, 96 __and__ () (object ¥| A=), 53

>> __anext__ () (agen W] A=), 89
operator, 95 __anext__ () (object W] A =), 59

>>= __annotations__ (class attribute), 29
augmented assignment, 106 __annotations__ (function attribute), 25

>>> 163 __annotations__ (function®] £743), 25

@ (ar) __annotations__ (module attribute), 28
class definition, 135 __await__ () (object HlA =), 58
function definition, 133 __bases__ (class attribute), 29
operator, 94 __bool__ () (object method), 51

[1 (square brackets) __bool__ () (object WA =), 41
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__buffer_ () (object WX =), 56 __ge__ () (object Wl A =), 39
__bytes__() (object W] A =), 39 __get__ () (object Wl A=), 42
__cached_ ,74 __getattr__ (module attribute), 42
__call__ () (object method), 93 __getattr__ () (object MIA =), 41
__call__ () (object FlA =), 51 __getattribute__ () (object W] A E), 41
___cause___ (exception attribute), 109 __getitem__ () (mapping object method), 37
__ceil__ () (object ¥|A =), 55 __getitem__ () (object M|A =), 52
_class__ (instance attribute), 30 __globals__ (function attribute), 24
__class__ (method cell), 48 __globals__ (function® £743), 24
__class__ (module attribute), 42 __gt__ () (object Wl A =), 39
_ class_getitem__ () (object® Z# 2 #H A E), _ hash__ () (object W] X E), 40

49 __iadd__ () (object M|A =), 54
__classcell__ (class namespace entry), 48 __iand__ () (object W| A =), 54
__closure__ (function attribute), 24 __ifloordiv__ () (object M|X =), 54
__closure__ (function® £4), 24 __ilshift__ () (object M|A &), 54
__code__ (function attribute), 25 __imatmul__ () (object M|X =), 54
__code__ (function® £43), 25 __imod__ () (object Wl A =), 54
__complex__ () (object M| X =), 55 __imul_ () (object Wl A =), 54
__contains__ () (object MIA =), 53 __index__ () (object M|X =), 55
__context___ (exception attribute), 109 __init__ () (object MIA =), 37
_ _debug__, 107 __init_subclass__ () (objectd] S 2 H A ),
__defaults___ (function attribute), 25 45
_ defaults__ (function® £A), 25 __instancecheck__ () (class WA =), 48
__del__ () (object A =), 38 __int__ () (object M| =), 55
__delattr__ () (object M| X =), 41 __invert__ () (object WA X), 55
__delete__ () (object WA =), 43 __ior__ () (object Wl A E), 54
__delitem__ () (object M| =), 52 __ipow__ () (object Wl A =), 54
_dict__ (class attribute), 29 __irshift_ () (object MIA =), 54
__dict__ (function attribute), 25 __isub__ () (object Wl A =), 54
__dict__ (function® £43), 25 __iter__ () (object | A =), 52
__dict__ (instance attribute), 30 __itruediv__ () (object A=), 54
__dict__ (module attribute), 28 __ixor__ () (object M| =), 54
_ dir__ (module attribute), 42 __kwdefaults___ (function attribute), 25
_dir__ () (object WA =), 41 _ _kwdefaults__ (function® £4), 25
__divmod__ () (object WA =), 53 __le_ () (object PIH =), 39
__doc___(class attribute), 29 __len__ () (mapping object method), 41
__doc__ (function attribute), 25 __len_ () (object WA =), 51
__doc__ (function®] £43), 25 __length_hint__ () (object W] =), 51
__doc__ (method attribute), 26 _ loader_ ,74
__doc__ (methodd] £4), 26 __1shift__ () (object WA =), 53
__doc__ (module attribute), 28 __1t__ () (object W] A =), 39
__enter__ () (object Wl A &), 55 _ main__
__eq__ () (object Wl A =), 39 module, 62, 143
__exit__ () (object WA &), 55 __matmul__ () (object WA E), 53
_ file 74 __missing__ () (object M| A &), 52
_ _file_ (module attribute), 28 __mod__ () (object {1 =), 53
__float__ () (object X =), 55 _ _module__ (class attribute), 29
__floor__ () (object M| A=), 55 __module__ (function attribute), 25
_ floordiv__ () (object M| A &), 53 _ module__ (function® £A), 25
_ format__ () (object Wl A =), 39 __module__ (method attribute), 26
___func__ (method attribute), 26 __module__ (method2] 4743), 26
___func__ (method® £A), 26 __mro_entries__ () (object WA =), 46
_ future_ , 168 _mul__ () (object WA =), 53

future statement, 113 __name__, 74
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__name___ (class attribute), 29 _ xor__ () (object A=), 53
__name___ (function attribute), 25 {} (curly brackets)

__name__ (function® £4]), 25 dictionary expression, 84
__ name___ (method attribute), 26 in formatted string literal, 13
__name__ (method® £4), 26 set expression, 84
__name___ (module attribute), 28 | (vertical bar)

__ne__ () (object W] A =), 39 operator, 96

__neg__ () (object A =), 55 | =

__new__ () (object Wl =), 37 augmented assignment, 106
_ next__ () (generator M| A &), 87 ~ (tilde)

__objclass__ (object®] £A), 43 operator, 94

__or__ () (object f|A =), 53

_ _package_ ,74 A

__path_ ,74 abs

__pos__() (object | X =), 55 built-in function,55
__pow__() (object M| =), 53 abstract base class (FA Hlo]x ZFe2), 163
__prepare__ (metaclass method), 47 aclose () (agen #| A ), 89
__qualname__ (function®] £73), 25 addition, 95

__radd__ () (object M| A &), 53 and

__rand__ () (object X E), 53 bitwise, 96

__rdivmod__ () (object M| A =), 53 operator, 99
__release_buffer__ () (object WA =), 56 annotated

__repr__ () (object WA =), 38 assignment, 107
__reversed__ () (object F| X &), 52 annotation (o] E] o] A), 163
__rfloordiv__ () (object WX ), 53 annotations

__rlshift__ () (object WX =), 53 function, 134

__rmatmul__ () (object M|A =), 53 ANONymMous

__rmod__ () (object M| X =), 53 function, 100

_rmul_ () (object WA =), 53 argument

__ror__ () (object M|A =), 53 call semantics,9]
__round__ () (object M| X =), 55 function, 24

__rpow__ () (object W1A =), 53 function definition, 134
__rrshift_ () (object ]A =), 53 argument (212}), 164
__rshift__ () (object PIX =), 53 arithmetic

__rsub__ () (object "X &), 53 conversion, 81
__rtruediv__ () (object PIXE), 53 operation,binary, 94
__rxor__ () (object WA =), 53 operation, unary, 94
__self__ (method attribute), 26 array

__self__ (method® £43), 26 module, 23

__set__ () (object | =), 43 as

__set_name__ () (object F| X &), 45 except clause, 120
__setattr__ () (object M]X =), 41 import statement, 112
__setitem__ () (object MIX =), 52 keyword, 111, 119, 122, 124
—slots__, 176 match statement, 124
__spec__, 74 with statement, 122
__str__ () (object M]X =), 38 AS pattern, OR pattern, capture
__sub__ () (object M| A &), 53 pattern, wildcard pattern, 126
__subclasscheck__ () (class M| A =), 48 ASCII, 4, 10

__traceback__ (exception attribute), 109 asend () (agen #| A ), 89
__truediv__ () (object WA =), 53 assert

__trunc__() (object M| A =), 55 statement, 107
__type_params__ (class attribute), 29 AssertionError
__type_params__ (function attribute), 25 exception, 107
__type_params__ (function® %73), 25 assertions
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debugging, 107
assignment
annotated, 107
attribute, 104, 105
augmented, 106
class attribute, 29
class instance attribute, 29
slicing, 105
statement, 23, 104
subscription, 105
target list, 104
assignment expression, 100
async
keyword, 136
async def
statement, 136
async for
in comprehensions, 83
statement, 136
async with
statement, 137
asynchronous context manager (H]%7] AH
2 E HE A, 164
asynchronous generator
asynchronous iterator, 27
function, 27
asynchronous generator (B]%7] A\ d o] E]),
164
asynchronous generator iterator (H] % 7]
Ay &l ol o] ¥ # o] §), 164
asynchronous iterable (H]5 7] o] # &), 164
asynchronous iterator (H]% 7] ] g g o] g),
164
asynchronous—generator
object, 89
athrow () (agen ¥ A =), 89
atom, 82
attribute, 20
assignment, 104, 105
assignment, class, 29
assignment, class instance, 29
class, 29
class instance, 29
deletion, 108
generic special, 20
reference, 90
special, 20
attribute (S]EZHE), 164
AttributeError
exception, 90
augmented
assignment, 106
await
in comprehensions, 83

keyword, 93, 136
awaitable (9]¢ ol E &), 165

B
b A
bytes literal, 11
b"
bytes literal, Il
backslash character,6
BDFL, 165
binary
arithmetic operation, 94
bitwise operation, 96
binary file (H}o]\g] 3}4), 165
binary literal, 15
binding
global name, 114
name, 61, 104, 111, 112, 133, 135
bitwise
and, 96
operation, binary, 96
operation, unary, 94
or, 96
xor, 96
blank line,7
block, 61
code, 61
BNF, 4, 81
Boolean
object, 21
operation, 99
borrowed reference, 165
break
statement, 111, 118, 119, 121, 122
built-in
method, 27
built-in function
abs, 55
bytes, 39
call,93
chr, 22
compile, 114
complex, 55
divmod, 53, 54
eval, 114, 144
exec, 114
float, 55
hash, 40
id, 19
int, 55
len, 22, 23,51
object, 27,93
open, 30
ord, 22
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pow, 53, 54

print, 39

range, 119

repr, 104

round, 55

slice, 36

type, 19, 46
built-in method

call,93

object, 27,93
builtins

module, 143
byte, 22
bytearray, 23
bytecode, 30
bytecode (H}°]E F X&), 165
bytes, 22

built-in function, 39
bytes literal, 10
bytes-like object (H}o]E AR A A)), 165

C

c, 11
language, 20, 21, 27, 96
call, 9l
built-in function, 93
built—-in method, 93
class instance, 93
class object, 29,93
function, 24, 93
instance, 51, 93
method, 93
procedure, 104
user—-defined function, 93
callable, 165
object, 24,91
callback (E%), 165
case
keyword, 124
match, 124
case block, 126
C-contiguous, 166
chaining
comparisons, 96
exception, 109
character, 22,91
chr
built-in function, 22
class
attribute, 29
attribute assignment, 29
body, 47
constructor, 37
definition, 108, 135

instance, 29

name, 135

object, 29,93, 135

statement, 135
class (E# ), 165
class instance

attribute, 29

attribute assignment, 29

call,93

object, 29,93
class object

call, 29,93
class variable (F&# 2 WS, 165
clause, 117
clear () (frame W A &), 35
close () (coroutine M| A £), 59
close () (generator M| Xl &), 87
co_argcount (code object attribute), 30
co_argcount (codeobject®] $73), 32
co_cellvars (code object attribute), 30
co_cellvars (codeobject®] 4:73), 32
co_code (code object attribute), 30
co_code (codeobject®] £4), 32
co_consts (code object attribute), 30
co_consts (codeobject®] 4:43), 32
co_filename (code object attribute), 30
co_filename (codeobject®] $:73), 32
co_firstlineno (code object attribute), 30
co_firstlineno (codeobject®] <4d), 32
co_flags (code object attribute), 30
co_flags (codeobject® %74), 32
co_freevars (code object attribute), 30
co_freevars (codeobject®] $73), 32
co_kwonlyargcount (code object attribute), 30
co_kwonlyargcount (codeobject® £4), 32
co_lines () (codeobject M| X &), 33
co_1lnotab (code object attribute), 30
co_1lnotab (codeobject®] 4:743), 32
co_name (code object attribute), 30
co_name (codeobject® £4), 32
co_names (code object attribute), 30
co_names (codeobject®] $41), 32
co_nlocals (code object attribute), 30
co_nlocals (codeobject®] 4743), 32
co_positions () (codeobject W] =), 33
co_posonlyargcount (code object attribute), 30
co_posonlyargcount (codeobject® <74), 32
co_qualname (code object attribute), 30
co_qualname (codeobject®] $73), 32
co_stacksize (code object attribute), 30
co_stacksize (codeobject®] $73), 32
co_varnames (code object attribute), 30
co_varnames (codeobject®] 4:73), 32
code
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block, 61
code object, 30
collections
module, 23
comma, 83
trailing, 101
command line, 143
comment, 6
comparison, 96
comparisons, 39
chaining, 96
compile
built—-in function, 114
complex
built-in function, 55
number, 22
object, 22
complex literal, 15
complex number (B4, 166
compound
statement, 117
comprehensions, 83
dictionary, 84
list, 84
set, 84
Conditional
expression, 99
conditional
expression, 100
constant, 10
constructor
class, 37
container, 20, 29
context manager, 55
context manager (AEAE & A}, 166
context variable (AYXAE HS$) 166
contiguous (%), 166
continue
statement, 111, 118, 119, 121, 122
conversion
arithmetic, 81
string, 39, 104
coroutine, 58, 86
function, 27
coroutine (ZFH¥), 166
coroutine function (ZFE &), 166
CPython, 166

D

dangling
else, 118
data, 19
type, 20
type, immutable, 82

dbm.gnu
module, 24
dbm.ndbm
module, 24
debugging
assertions, 107
decimal literal, 15
decorator (H]Zd] °]€), 166
DEDENT token, 7,118
def
statement, 133
default
parameter value, 134
definition
class, 108, 135
function, 108, 133
del
statement, 38, 108
deletion
attribute, 108
target, 108
target list, 108
delimiters, 17
descriptor (A=A HEH), 166
destructor, 38, 105
dictionary
comprehensions, 84
display, 84
object, 24, 29, 40, 84, 90, 105
dictionary (844 &), 167

dictionary comprehension(YAU g F

A1), 167

dictionary view (9A g H), 167
display

dictionary, 84

list, 84

set, 84
division, 94
divmod

built—-in function, 53, 54
docstring, 135
docstring (52EH), 167
documentation string, 33
duck-typing (2 €}o]3H), 167

E

e
in numeric literal, 16
EAFP, 167
elif
keyword, 118
Ellipsis
object, 21
else
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conditional expression, 100
dangling, 118
keyword, 111, 118, 119, 121

empty
list, 84
tuple, 22, 82

encoding declarations (source file), 6
environment, 62
error handling, 65
errors, 65
escape sequence, 11
eval
built—-in function, 114, 144
evaluation
order, 101
exc_info (in module sys), 35
except
keyword, 119
except_star
keyword, 121
exception, 65, 109
AssertionError, 107
AttributeError, 90
chaining, 109
GeneratorExit, 87, 89
handler, 35
ImportError, 111
NameError, 82
raising, 109
StopAsyncIteration, 89
StopIteration, 87, 109
TypeError, 94
ValueError, 95
ZeroDivisionError, 94
exception handler, 65
exclusive
or, 96
exec
built—-in function, 114
execution
frame, 61, 135
restricted, 64
stack, 35
execution model, 61
expression, 81
Conditional, 99
conditional, 100
generator, 85
lambda, 100, 134
list, 101, 104
statement, 104
yield, 85
expression (8 4]), 167
extension

module, 20
extension module (% EE&), 167

F
f'

formatted string literal, Il
f"

formatted string literal, 1l
f-string (FEA}4Q), 167
f_back (frame attribute), 34
f_back (framed £4]), 34
f_builtins (frame attribute), 34
f_builtins (frame2 £4), 34
f_code (frame attribute), 34
f_code (framed £4)), 34
f_globals (frame attribute), 34
f_globals (frame® £A4), 34
f_lasti (frame attribute), 34
f_lasti (frame®] £4]), 34
f_1lineno (frame attribute), 34
f_lineno (frame2 £A), 35
f_locals (frame attribute), 34
f_locals (frame® £A4), 34
f_trace (frame attribute), 34
f_trace (frame2] £4), 35
f_trace_lines (frame attribute), 34
f_trace_lines (frame2] £743), 35
f_trace_opcodes (frame attribute), 34
f_trace_opcodes (frame2] £4)), 35
False, 21
file object (T} AA, 167
file-like object (FLHF AA), 168
filesystem encoding and error handler

168

finalizer, 38
finally

keyword, 108, 111, 119, 122
find_spec

finder, 70
finder, 70

find_spec, 70
finder (3}21 ), 168
float

built—-in function, 55
floating point

number, 21

object, 21
floating point literal, 15
floor division (A4 U==Al), 168
for

in comprehensions, 83

statement, 111,118
form

lambda, 100

210

=
ro,



The Python Language Reference, d#] A 3.12.2

format () (built-in function)
__str__ () (object method), 38
formatted string literal, 13
Fortran contiguous, 166
frame
execution, 61, 135
object, 34
free
variable, 62
from
import statement, 61, 112
keyword, 85, 111
yield from expression, 86
frozenset
object, 23
fstring, 13
f-string, 13
function
annotations, 134
anonymous, 100
argument, 24
call, 24,93
call,user—-defined, 93
definition, 108, 133
generator, 85, 109
name, 133
object, 24,27,93, 133
user—-defined, 24
function (&), 168
function annotation (&4 o] = H|o]A), 168
future
statement, 113

G

garbage collection, 19
garbage collection (7}H] A =7), 169
generator
expression, 85
function, 27, 85, 109
iterator, 27, 109
object, 33, 85, 86
generator (A4 d o] €]), 169
generator expression (AlU# olg &4, 169
generator iterator (Al d o]E o] € g o]E),
169
GeneratorExit
exception, 87, 89
generic
special attribute, 20
generic function (AU &4), 169
generic type (AUH &), 169
GIL, 169
global
name binding, 114

namespace, 24
statement, 108, 114
global interpreter lock (A9 <l = g H
£), 169
grammar, 4
grouping, 7
guard, 126

Fl

handle an exception, 65
handler

exception, 35
hash

built-in function, 40
hash character, 6
hash-based pyc (3] A] 713k pyc), 169
hashable, 84
hashable (3] A] 7}%), 170
hexadecimal literal, 15
hierarchy

type, 20
hooks

import, 70

meta, 70

path, 70

|
id
built-in function, 19
identifier, 8, 82
identity
test, 99
identity of an object, 19
IDLE, 170
if
conditional expression, 100
in comprehensions, 83
keyword, 124
statement, 118
imaginary literal, 15
immutable
data type, 82
object, 22, 82, 84
immutable (&%), 170
immutable object, 19
immutable sequence
object, 22
immutable types
subclassing, 37
import
hooks, 70
statement, 28, 111
import hooks, 70
import machinery, 67
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import path(YXE 3 =), 170
importer (Y 3ZH), 170
ImportError

exception, 111
importing (Y4 3xH), 170
in

keyword, 118

operator, 99
inclusive

or, 96
INDENT token,7
indentation, 7
index operation, 22
indices () (slice Wl A &), 36
inheritance, 135
input, 144
instance

call, 51,93

class, 29

object, 29,93
int

built-in function,55
integer, 22

object, 21

representation, 21
integer literal, 15
interactive (th3}+3), 170
interactive mode, 143
internal type, 30
interpolated string literal, 13
interpreted (A EHZZE L), 170
interpreter, 143
interpreter shutdown (QAEZZE £8),170
inversion, 94
invocation, 24
io

module, 30
irrefutable case block, 126
is

operator, 99
is not

operator, 99
item

sequence, 90

string, 91
item selection,?22
iterable

unpacking, 101
iterable (o] 8] &), 170
iterator (o] El# o] ), 171

J
in numeric literal, 16

Java
language, 21

K

key, 84
key function (7] &), 171
key/value pair, 84
keyword, 9
as, 111,119, 122, 124
async, 136
await, 93,136
case, 124
elif, 118
else, 111,118,119, 121
except, 119
except_star, 121
finally, 108, 111,119, 122
from, 85, 111
if, 124
in, 118
yield, 85
keyword argument (F|¥E= AXA}p), 171

L

lambda
expression, 100, 134
form, 100
lambda (Zt}), 171
language
c, 20, 21, 27,96
Java, 21
last_traceback (in module sys), 35
LBYL, 171
leading whitespace, 7
len

built-in function, 22,23, 51
lexical analysis,5S
lexical definitions,4
line continuation,6
line joining,5,6
line structure,5
list
assignment, target, 104
comprehensions, 84
deletion target, 108
display, 84
empty, 84
expression, 101, 104
object, 23, 84,90, 91, 105
target, 104, 118
list (8]2E), 171
list comprehension (E|2E AZE3A), 171
literal, 10, 82
loader, 70
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loader (24), 172
locale encoding, 172
logical 1line,5
loop
statement, 111,118
loop control
target, 111

M
magic
method (WA &), 172
magic method (W] & WA &), 172
makefile () (socket method), 30
mangling
name, 82
mapping
object, 23,29, 90, 105
mapping (W33), 172
match
case, 124
statement, 124
matrix multiplication, 94
membership
test, 99
meta
hooks, 70
meta hooks, 70
meta path finder (WE} AE 391 H), 172
metaclass, 46
metaclass (W EF 8 2), 172
metaclass hint, 47

method
built-in, 27
call, 93

object, 26,27,93
user—-defined, 26

method (WA =), 172
magic, 172
special, 177

method resolution order (WA E ZA <A),

172

minus, 94

module
_ main_ , 62,143
array, 23
builtins, 143
collections, 23
dbm.gnu, 24
dbm.ndbm, 24
extension, 20
importing, 111
io, 30
namespace, 28
object, 28, 90

sys, 120, 143
module (X&), 172
module spec, 70
module spec (E& 24, 173
modulo, 95
MRO, 173
multiplication, 94
mutable

object, 23, 104, 105
mutable (7}¥), 173
mutable object, 19
mutable sequence

object, 23

N

name, 8, 61, 82
binding, 61, 104, 111, 112, 133, 135
binding, global, 114
class, 135
function, 133
mangling, 82
rebinding, 104
unbinding, 108

named expression, 100

named tuple (U Y= HF&) 173

NameError
exception, 82

NameError (built-in exception), 62

names
private, §2

namespace, 61
global, 24
module, 28
package, 69

namespace (°] & 271, 173

namespace package (°]& &%t 97| A)), 173

negation, 94

nested scope (FFH 27 =),173

new-style class (2Bt F32), 173

NEWLINE token,5, 118

None
object, 20, 104

nonlocal
statement, 114

not
operator, 99

not in
operator, 99

notation,4

NotImplemented
object, 20

null
operation, 108

number, 15
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complex, 22 binary bitwise, 96
floating point, 21 Boolean, 99
numeric null, 108
object, 21,29 power, 93
numeric literal, I5 shifting, 95
unary arithmetic, 94
O unary bitwise, 94
object, 19 operator
asynchronous—generator, 8§89 — (minus), 94, 95
Boolean, 21 % (percent), 95
built-in function, 27,93 & (ampersand), 96
built-in method, 27,93 * (asterisk), 94
callable, 24,91 **,93
class, 29,93, 135 + (plus), 94, 95
class instance, 29,93 / (slash), 94
code, 30 /7,94
complex, 22 < (less), 96
dictionary, 24, 29, 40, 84, 90, 105 <<, 95
Ellipsis,?2l <=, 96
floating point, 21 1=,96
frame, 34 ==,906
frozenset, 23 > (greater), 96
function, 24,27, 93, 133 >=, 96
generator, 33, 85, 86 >>, 95
immutable, 22, 82, 84 @ (ar), 94
immutable sequence, 22 ~ (carer), 96
instance, 29, 93 | (vertical bar), 96
integer, 21 ~ (tilde), 94
list, 23, 84,90,91, 105 and, 99
mapping, 23, 29, 90, 105 in, 99
method, 26, 27, 93 is, 99
module, 28, 90 is not, 99
mutable, 23, 104, 105 not, 99
mutable sequence, 23 not in, 99
None, 20, 104 or, 99
NotImplemented, 20 overloading, 37
numeric, 21, 29 precedence, 101
sequence, 22, 29, 90, 91, 99, 105, 118 ternary, 100
set, 23, 84 operators, 17
set type,?23 or
slice, 52 bitwise, 96
string, 90,91 exclusive, 96
traceback, 35, 109, 120 inclusive, 96
tuple, 22, 90, 91, 101 operator, 99
user—-defined function, 24,93, 133 ord
user—-defined method, 26 built-in function, 22
object (AA, 173 order
object._ _match_args__ (W W), 56 evaluation, 101
object.__slots__ (W HF), 44 output, 104
octal literal, 15 standard, 104
open overloading
built-in function, 30 operator, 37
operation

binary arithmetic, 94
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P

package, 68
namespace, 69
portion, 69
regular, 68

package (3] 7] A)), 174

parameter
call semantics, 92
function definition, 133
value, default, 134

parameter (W74, 174

parenthesized form, §2

parser, 5

pass
statement, 108

path
hooks, 70

path based finder, 76

path based finder (A= 7% g9lH), 174

path entry (AE dE4g), 174

path entry finder (AE JEg 312 4), 174

path entry hook (AZ JdE=ZF %), 174
path hooks, 70
path-like object (FEF ZAA)), 174
pattern matching, 124
PEP, 175
physical line,5,6,11
plus, 94
popen () (in module os), 30
portion

package, 69
portion (EA), 175
positional argument (%] %] Q1A}), 175
pow

built-in function, 53, 54
power

operation, 93
precedence

operator, 101
primary, 90
print

built-in function, 39
print () (built-in function)

__str__ () (object method), 38
private

names, 82
procedure

call, 104
program, 143
provisional API (FA API), 175
provisional package (FA 3 7] A)), 175
Python 3000 (3] % 3000), 175
Python 3SFA} A<k

PEP 1,175

PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP

8,97

236,114

238, 168
252,43

255, 86
278,178

302, 67, 80, 168, 172
308, 100

318, 135, 136
328, 80

338, 80

342, 86
343, 56, 124, 166
362, 164, 174
366, 74, 80

380, 86
411,175
414,11

420, 67,69, 75, 80, 168, 173, 175
443,169

448, 84,93, 101
451, 80, 168
483,169
484,49, 107, 134, 163, 168, 169, 178
492,58, 86, 138, 164166
498,15, 167
519, 175
525, 86, 164
526,107, 134, 163, 178
530, 83
560,47, 51
562,42

563, 113, 135
570, 134

572, 85,100, 128
585, 169
614,133, 136
617, 145
626,34
634, 56, 124, 133
636,124,133
649,63

688,57
695, 63, 115
3104, 114
3107, 134
3115,47, 136
3116, 178
3119,49
3120,5

3129, 135, 136
3131,8

3132, 106
3135,48
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PEP 3147,75

PEP 3155,175
PYTHONHASHSEED, 40
Pythonic (3}o] W TH2), 175
PYTHONNODEBUGRANGES, 33
PYTHONPATH, 77

Q

qualified name (B73}H o] &), 175

R
r'

raw string literal, 1l
r"

raw string literal, 11
raise

statement, 109
raise an exception, 65
raising

exception, 109
range

built—-in function, 119
raw string, 11
rebinding

name, 104
reference

attribute, 90
reference count (Zx 3 ), 176
reference counting, 19
regular

package, 68
regular package (B4 3 7] A]), 176
relative

import, 112
replace () (codeobject ¥| X £, 34
repr

built—-in function, 104
repr () (built-in function)

__repr__ () (object method), 38
representation
integer, 21
reserved word,9
restricted
execution, 64
return
statement, 108, 121, 122

round
built-in function, 55

S

scope, 61, 62

send () (coroutine W] A1 &), 59
send () (generator M| X =), 87
sequence

item, 90
object, 22,29,90,91, 99, 105, 118
sequence (A|&A ), 176
set
comprehensions, 84
display, 84
object, 23, 84

set comprehension (& A= & A), 176

set type
object, 23

shifting
operation, 95

simple
statement, 103

single dispatch (A& t23x)), 176

singleton
tuple, 22
slice, 91
built-in function, 36
object, 52
slice (£8}o]2), 176
slicing,22,23,91
assignment, 105
soft keyword,9
source character set,6
space, 7
special
attribute, 20
attribute, generic, 20
method (WA &), 177
special method (54 WA E), 177
stack
execution, 35

trace, 35
standard
output, 104

Standard C, 11
standard input, 143
start (slice object attribute), 36, 91
statement
assert, 107
assignment, 23, 104
assignment, annotated, 107
assignment, augmented, 106
async def, 136
async for, 136
async with, 137
break, 111, 118, 119, 121, 122
class, 135
compound, 117
continue, 111, 118, 119, 121, 122
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del, 38, 108
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for, 111,118

future, 113

global, 108, 114

if, 118

import, 28, 111

loop, 111,118

match, 124

nonlocal, 114

pass, 108

raise, 109

return, 108, 121, 122

simple, 103

try, 35,119

type, 115

while, 111,118

with, 55,122

yield, 109
statement (%), 177
statement grouping,7
static type checker, 177
stderr (in module sys), 30
stdin (in module sys), 30
stdio, 30
stdout (in module sys), 30
step (slice object attribute), 36, 91
stop (slice object attribute), 36, 91
StopAsyncIteration

exception, 89
StopIteration

exception, 87, 109
string

_ format__ () (object method), 39
__str__ () (object method), 38

conversion, 39, 104
formatted literal, 13

immutable sequences, 22
interpolated literal, I3

item, 91

object, 90, 91
string literal, 10
strong reference, 177
subclassing

immutable types, 37
subscription, 22, 23,90

assignment, 105
subtraction, 95

suite, 117
syntax, 4
sys

module, 120, 143
sys.exc_info, 35
sys.exception, 35
sys.last_traceback, 35
sys.meta_path, 70

sys.modules, 69
sys.path, 77
sys.path_hooks, 77

sys.path_importer_cache, 77

sys.stderr, 30
sys.stdin, 30

sys.stdout, 30
SystemExit (built-in exception), 65

T

tab, 7
target, 104

deletion, 108

list, 104,118

list assignment, 104

list,deletion, 108

loop control, 111
tb_ frame (traceback attribute), 35
tb_frame (tracebackd] £41), 36
tb_lasti (traceback attribute), 35
tb_lasti (traceback®] 4:43), 36
tb_1lineno (traceback attribute), 35
tb_lineno (traceback? 4A), 36
tb_next (traceback attribute), 36
tb_next (tracebackd] %4), 36
termination model, 65
ternary

operator, 100
test

identity, 99

membership, 99

text encoding (HIAE Q13 H), 177

text file (AIAE u}Y), 177
throw () (coroutine W] A ), 59
throw () (generator Wl A &), 87
token, 5

trace

stack, 35
traceback

object, 35,109, 120
trailing

comma, 101

triple—quoted string (A% w2

177
triple—-quoted string, 11
True, 21
try

statement, 35,119
tuple
empty, 22, 82
object, 22,90, 91, 101
singleton, 22
type, 20

built-in function, 19, 46
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data, 20
hierarchy, 20
immutable data, 82
statement, 115
type (%), 177
type alias (3 ol gelojx), 177
type hint (3 3 E), 178
type of an object, 19
type parameters, 138
TypeError
exception, 94
types, internal, 30

U

u'

string literal, 10
u"

string literal, 10
unary

arithmetic operation, 94

bitwise operation, 94
unbinding

name, 108
UnboundLocalError, 62
Unicode, 22
Unicode Consortium, 11
universal newlines (FUBAd & d7), 178
UNIX, 143
unpacking

dictionary, 84

in function calls, 92

iterable, 101
unreachable object, 19
unrecognized escape sequence, 13
user—-defined

function, 24

function call, 93

method, 26
user—-defined function

object, 24,93, 133
user—-defined method

object, 26

\Y

value, 84
default parameter, 134
value of an object, 19
ValueError
exception, 95
values
writing, 104
variable
free, 62
variable annotation (5 o] H|o]A), 178

virtual environment (7} &7), 178
virtual machine (7} 7] A), 178

W

walrus operator, 100
while
statement, 111, 118
Windows, 143
with
statement, 55, 122
writing
values, 104

X

XOr
bitwise, 96

Y
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PYTHONHASHSEED, 40
PYTHONNODEBUGRANGES, 33
PYTHONPATH, 77

yield
examples, 87
expression, 85
keyword, 85
statement, 109
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Zen of Python (o] Al), 178
ZeroDivisionError
exception, 94
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