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Python for NET ©] &2 A A & = CPython 1+ & -2 AF-&3}A] 2, v U X = (managed) .NET 3§ 2 773 o]
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The descriptions of lexical analysis and syntax use a modified BNF grammar notation. This uses the following style of
definition:
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CHAPTER 2
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A Python program is read by a parser. Input to the parser is a stream of fokens, generated by the lexical analyzer. This
chapter describes how the lexical analyzer breaks a file into tokens.

JJrOW SZRIFHAES FUIEFEGOR AFUth &2 9tdo I A3g Ade 58 A<

4 94at, 712 k& UTE- S%MD} ZpA g W82 PEP 3120 of YUt &2 34 tagd = e wf+

SyntaxError 7} @A gy}

2.1 & S X (Line structure)

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

211 =2|H2l &

= £9 S NEWLINE E2o g g Utk £ ¢] &dtA ¢he ol (& S0 HI2NA &

FE Ate]) B2 =28 & 2] AAE ﬁﬂ%#%i%\%ﬂ} =Y A 22 PAHNAY FAHA E
0

A3t (line joining) T 2 ol wpg} shL} o) AL &2 &

: | 25 AHE 5 U 14&} AsCII LF (7H6§TXH }ﬁ }% ‘%é 3, ASCII
Al CRLECGH 2 A 2l thgoll &+ 78 +2h & AHE-ote 9527 &, ASCILCR(7) 2] A 2] €)= AH&-3t=
‘ o AA glol 5 sHA *}%2}4 AUtk 989 22 v

S
FE EALLUEN £ S8 B4 BFEC A ASCILFE BHSHE \n B4 2
A Z
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21.3 4
AL BAD Yol Y A St A EAWZ ALSD Bel A Fo] Bl A Ttk B4
E A% FHe) SAFHA &L o4, FHL =AY 52 FRAAUT FAL TRl TAGUT

2.1.4 Q1AL MY

sto]d 2a Y =2 A A AU F WA Fo) Y F40) 74 coding [=:1\s* ([-\u.]+) Fvj x5 W, o]
22 T 4 A0E AL H AL o) 8749 A WA 158 An 2= A9l A3 o] 5E AR of
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> —%*

He

ld] GNU Emacs ol A = Q1 4] g Ut} th& shih=

’# vim: fileencoding=<encoding—name>

1 ¢ Bram Moolenaar 2] VIM ol A] 121 Ut}

If no encoding declaration is found, the default encoding is UTF-8. In addition, if the first bytes of the file are the UTF-
8 byte-order mark (b'\xef\xbb\xbf"'), the declared file encoding is UTF-8 (this is supported, among others, by
Microsoft’ s notepad).

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.

215 AR 2 Z

= ol A & A €A AN E AFSIA =2 A 2 27T 5 st S8 A 0]
fz}% g ol 4 R otd o SefA] BAR U, F A A2 i A7 Al A"
A, A AR L Y= =2 FQ Eo FAPUTE A E =
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
SHNE BUHE B Fa0) THA & Gge o SN2 AT R, o Sol e

‘L"‘Z]'Cd FEHES ALt old EEE AFeA ZFUTH (S, FAE gEE oo olH EEE o £ AE
AFIA T Fol Lol 7158 & g Unh). BAE dE g el 9t o SAA Lol A AF T B
o)9] o] ol ST AL Bl ol it

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. 0{F| 244
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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[:1] + 1[4i+1:]
p = perm(s)
for x in p:
r.append (1[i:1+1] + x)
return r

2.1. & X (Line structure) 7




The Python Language Reference, £A| B{Z 3.10.18

U o= o8 7HA 2427 AlFE ERFUth

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

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

(AHA, A8 Al N2 ol TPA 7h 2R FH T A A o of 2k o} 9] 243 7)7F A FU Th — return
o) Soj227] 7} 28] & 7 AA A etk

el 29 AL EAD UL AT, B LA 250, 7, F Y EE E2E 2] 99
Hel2 5 AFUh FE2S Rol 20 T2 E202 4D 5 At 490 B2 Aboo] Fo] B2
o). (]2 Sof,ab & Shike] EZol Atk ab & % ] 22T

22 CIE EES

NEWLINE, INDENT, DEDENT 9}= 8= 2 o} 22 738 9 EZ 5 o] EX &t} 2 ¥ R} (identifier), 7]
T (keyword), 2] &1 & (literal), A2} A} (operator), -3 At (delimiter). (oA A HE & F 8 0] 9)) W A=
EZo ofUAh EES Rt IS P UL BT AL, AFoA LEZOZ ¢S, 3o
EZL2UEL ST R AY dold] RAEE FAH = AS AT

2.3 AlHXIQ} 7| E

AP A} (0] F (name) o] 2Fi % FUTH 2 T3} 22 o]9] Jol = 7leg Ut

spol o A Ad Ao T2 FUILE £F FE5A UAX-31 o 7192 F=], of 710l B2 o] Avk vhe W &2
otefell A AUt & o AT W82 PEP 3131 ol A & < 5 Ut

Within the ASCII range (U+0001..U+007F), the valid characters for identifiers are the same as in Python 2.x: the
uppercase and lowercase letters A through Z, the underscore _ and, except for the first character, the digits O through 9.

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

A 2= ol Agko] glar, Al o] 2 (case) &= =8 YT

identifier n= xid _start xid _continue*

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

id_continue
xid_start = <all characters in id_start whose NFKC normalization is in

xid_continue

Ao AFd FUZE FHH LB ZTEEL on|= o]FGH T
o Lu - uppercase letters

o LI - lowercase letters

8 Chapter 2. 0{F| 244

<all characters in id_start, plus characters in the categories Mn, Mc,

"id start x:

<all characters in id_continue whose NFKC normalization is in "id_cont1
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Lt - titlecase letters

Lm - modifier letters

Lo - other letters

NI - letter numbers

Mn - nonspacing marks

Mc - spacing combining marks

e Nd - decimal numbers

Pc - connector punctuations

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

Other_ID_Continue - BF2F714]
BE A E A= 3hA o 98l NFKC A3} 3 4] o 2 ¥ 3= a1, A8 x}9] ¥] 2+ NFKC 9 719+ Ut

A non-normative HTML file listing all valid identifier characters for Unicode 4.1 can be found at https://www.unicode.
org/Public/13.0.0/ucd/DerivedCoreProperties.txt

231 7| E

ohe A ALE S o oo}, B o] 9] A=,  ARSE 1, QubA 9l Az AL E 5 QG UTh of 7] 2]
9= 23 A 23] 27 AHgH of of i Th:

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 and _ can syntactically act as keywords in contexts related to the pattern matching statement, but this distinction
is done at the parser level, not when tokenizing.

As soft keywords, their use with pattern matching is possible while still preserving compatibility with existing code that
uses match, case and _ as identifier names.

2.3. AHXIQl I|RIE 9
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2.3.3 AExto] oo ¥

PIA=she BAR) o ¥ 27 AAASS 52 v} dHUTh of RR IS L A& 2
W g pEEYTh

_* Notimported by from module import *.

_ Ina 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.

Za:

EE VO

o
alf
rlo
o\
of
1
>
e
5
@
=
=
8
5
=
=3
N
8
Iy
2
Lo
1)
Y
A
2
_‘>:
u:&ﬂ
A
Au)
o
Y
)
=
L
e}
i
[‘
Q
(0]
e
a
(0]
X
fal

It is also commonly used for unused variables.

* MAﬂﬂAﬂEH]

A2 02 “dH (dunder)” o] 5ol 2kl A FF UL o] o]l 552 AE =22 H %
EE:IEONEEE
=
Ao

£ ggioye) Ao FUTE 84 A9 F A2 o
= ol F ) sho]m o) mg) Aok T B ATl Ao

=
=]
2 EAE AR YolUE o] Fo RE AR, L jlol

EREREE SR
Oi?j—i_u“oﬂ/\:i AES] O/\]

=49 4 95Uk

* 2o 2B o 5. o] $RY o BES T2 B Bl A g3 H4e Jehz WP Yrh
5 o0} A4 Zoh 2] “ul B (private)” o] E ] HE 2he] o] B FE-2 33k AG AU A A A
(o] 5) A= BHA 8.

|

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

241 E2Xl€1l HIO|EY 2|E{&

PAG AE DL T 2L olF B2 A& Hh

stringliteral = [stringprefix] (shortstring | longstring)
Stringprefix ::: "r" ‘ "u" | "R" ‘ "U" | "f" | IIF"

| "fr" | "Fr" | "fR" | "FR" | "rf" I "rF" | "Rf" | "RF"
shortstring u= "'" shortstringitem* "'" | '"' shortstringitem* '"'
longstring = "rrv'v o Jongstringitem* "'''" | '""w' Jongstringitem* '"""'
shortstringitem :i= 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>
bytesliteral = bytesprefix(shortbytes | longbytes)
bytesprefix ::= "b" ‘ "B" | "br" | "Br" | "bR" | "BR" | "rb" | n rB" | "Rb"

10 Chapter 2. 0{F| 244
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shortbytes = "'" shortbytesitem* "'" | '"' shortbytesitem* '"'
longbytes = mrryw Jongbytesitem* "'''"™ | '"""' Jongbytesitem* '"""!'
shortbytesitem = shortbyteschar | bytesescapeseqg

longbytesitem = longbyteschar | bytesescapeseqg

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

bytesescapeseq = "\" <any ASCII character>

One syntactic restriction not indicated by these productions is that whitespace is not allowed between the
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 Q15 & A1 <1,

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

Hho] = ¢ (bytes) FIEI B 4 b U 'BY B 9o Btk str 39 A4 A A bytes F9 ALTAE
BEUT. 27 ASCH EAE W £7E 5 U th ZEgto] 12850 TAY 2 FEE WEA] o] 270
302 E35 of of Gk,

Both string and bytes literals may optionally be prefixed with a letter 'r' or 'R'; such strings are called raw strings
and treat backslashes as literal characters. As a result, in string literals, ' \U"' and '\u' escapes in raw strings are not
treated specially. Given that Python 2.x’ s raw unicode literals behave differently than Python 3.x’ s the 'ur' syntax is
not supported.

WA 330 %7k G vhel = e o] hrt 9 2 w7} gt 1rp HFol kb gy,
¥171 330] %7k shol 4l 2x 9 3x 4] B4 o) A A3t TESO) FA WSS Beshal) 515 7o) A8

==
HE UTE S (o value’) ol ThAl % H g% Utk AAE 45 = PEP 414 o] Lhg 1) o,
"frU} R % HAFolz2 2= EXd g gE e =9 x4 B]H 2 (formatted string literal) Y} U T}; Formatted
string literals & H/‘ﬂ e B EAEE S J‘ 'b! tUu o 2% 5 syt
TepA 2 EADL AFEaAE, £ bl =
A oS3 E E A, Al 7)) o] A o] 3 H 2
oh). ol 2] = $HZoll Al 7] o] A A 0] F H A %}% g E7F e = A ]tﬂ FﬂEﬁ Eé% FEAHUL (‘R
LU Ee et ST EAAUDG. 5, 1Y)

TR AT O] A 9L o), AT o] = 2B Yol 31 o] 27 o] = A A2 BE CA
2

O|AFH[O[Z A[EA | 2|0 SOl AFEt
\<newline> o ZEASF AH EA FAF G | (1)
W F Z oA ()

\' A2 m23E (1)

\" o (M)

\a ASCII ¥ (BEL)

\b ASCII ¥ 2~ 5] o] 2 (BS)

\f ASCII & 3] = (FF)

\n ASCII 2}¢l 3] = (LF)

\r ASCII 7] 2] ] 8] & (CR)

\t ASCII 7} 2 &} (TAB)

\v ASCII A 2 &} (VT)

\ooo 8% 000 2 A7 H A} 2.4)
\xhh 1635 hh 2 A A" &=} (3.4)

24. 2|EE 11
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rlr

A o AT QA5 & o] 2 o] = Al AL

O|AAHO|= AR A | 2|O] 72| Atset
\N{name} S Y3 g ol E W o] 2 A name ©] il o] 2 B E2F | (5)
\UXxXXX 16-bit 16 A5 xxxx 2 A A H EA} (6)
\UXXXKXKKXXX 32-bit 16 A xxxxoxnx B A A H E4} 7

9 Abh:

(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 friple-quoted strings, or parentheses and string literal concatenation.
(2) BF Cohvp7A =, Ao Al o] 8314271 3-8 Yt
(3) ®F Coh= 2], B3] 7 79 163147} Al = of of .

4) "ol Ed BH oA, 163459} 8K o] A o] 2= A H gho] el EE AT UL w42 BB =
oNAE, o] elaA ol Z= AR H %k-J FUZE 22 2FFY T

(5) WA 330041 W 8 A Aol F 745 Ao

© 454709 16058 BL2 T,

(M) oI WHOR REFUACE ATYT F AUtk 33 8709 16357 BRI
3

REoaAolZ A FdAE FAG HAS A 2 e E G g Ut &,
77 A

HE oM D), A A e = A3
& el 7 Aol A B e (o] BAE AT u) L2} g ol Ad]x A AL} 2R 9
g ul, HF AR BRY BRS YA AAT 5 dFUth) EAD e Dol A w45 o] 27 o) =
AR, kol £ BB ol At Q145 4] g £ R ol FEFHAIA L.

WA 3.6 4] ¥ 7: Unrecognized escape sequences produce a DeprecationWarning. In a future
Python version they will be a SyntaxWarning and eventually a SyntaxError.

g RIR A 2 g R o Sl 2 ol 20l LT SR o Gl 7} Ashel @A Gk ol g
Sol, r\nn = 2HE EA Y A, £ Ao BRI Bl A5k 3 LA DuLIE; 0\ &
2uhE 24D B Pol oh Ut (2 BALE A 579 o mnié@¢aﬁuwyuamgam
Bel A, AL o) o Sl AR B 4 G UThE SN Fol X GeRE oA oS
717 WU T, o el A9} W2 Hol 2 AWEAL £ Aol ohlet elE Rl 2RH = F A
A A4 F ol o 3oF Gtk

242 EXIE 2|E{E 0|0{E0]|7|

o MY EAGol ol EE BHES (wWoz A o8 7 AFNA (a3t Aol des 1,
g 9uE oA AR ZH UL ZHEEHE ] A= T E E}%ﬁg M-S = Fuyth ZeiA], "hello"
'world' & "helloworld" 8} 55 ?&‘43} o] 7152 1 AL S HY Ay &2 e 283t o
YA E 295U 4 EAE D9 uitp 24 S ol AE 75 E“/]"/P- o & Eof:

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

)

! https://www.unicode.org/Public/11.0.0/ucd/NameAliases.txt
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o207 AL+ A4AE AFgalof FTh H P o]0 Eo] 77} L4U THE WL ES
3 } QL ol ol A=A M FUH, 9 B2 PJHAL

folal o g o,

2.4.3 Formatted string literals

W 3.600 F71.

2 Bx19 2 ¥ E (formatted string literal) == f~F 2L (fstring) < "£' U 'F' 5 g0l 22 Bx1d glEHEY
Uth o] FAE2 AR} F=E xS ¢ e, 5835 {} EFEH = ZTIAYYULE o2 EX4E glg H ol
R 4 =AY

2
AR ZAR W 22D FEH B2 AP A el At
A

o 27 m AP At A EAD AHBAY PP UTH(EA) & EAGA AL ol uTh. P2
Fol £Age] g2 e e EW S wEUTh

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 | NULL | replacement_field)*
literal_char = <any code point except "{", "}" or NULL>
TS U2 B2 vt g EHEAYE HAFH =, olF TEZ "{{' U "1} HHSse dE sEEE
AgdH = Ak dUch st od & FES ' { £ AT ZEE AFA =], shol A 8 4 o] )
FUCH 35 R gaEsh P e wE BAGE (W Yo f-4FUh, AN FHo) 53 - &
F7tE S dFUTh =43% 1 2 A F Sk, A E(conversion) B E7FAWE 4 Q5 U th W 2] % A} (format
specifie = 512 5 QEW, FE 1 02 ASPUTh AR BEE BEFBE ) 2 Bk

Expressions in formatted string literals are treated like regular Python expressions surrounded by parentheses, with a few
exceptions. An empty expression is not allowed, and both Iambda and assignment expressions : = must be surrounded
by explicit parentheses. Replacement expressions can contain line breaks (e.g. in triple-quoted strings), but they cannot
contain comments. Each expression is evaluated in the context where the formatted string literal appears, in order from
left to right.

WA 3704 WA go]lM 37 o] Aoll=, T EAZE A 2 FAE BE E R HA A await THA I}
async for A& X338t Az gAML FEA GhFUTh

TE 7S =0l AW, 2= XHA H2E, '=' W JUHH Fo] 2P UTE A= FEZ (' H,
FdA W, "= FY adfojaes BF 2 fFAH UL 7[EHOE, =1 2 W AR AT} Gl S FHA
9 repr () S AUtk 2Wo] A=W HE ' Ir o] AAFA] GEF7EHoZ THAA Y str() 9]
AHEH U th

Stal, 'Ir' S repr() £ £E9HA, 'a' 2ascii() EEZEY

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

24. 2|EE 13
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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 st r. format () method.

EZR EAL FHE S o2 d e AL AF LAY elHE 2 2/ & syt

=9 BAd e P o) & S

>>> name = "Fred"

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

"He said his name is 'Fred'."

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

>>> width = 10

>>> precision = 4

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

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

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

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

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

>>> number = 1024

>>> f" {number:#0x}" # using integer format specifier
'0x400'

>>> foo = "bar"

>>> £"/ 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" '

A consequence of sharing the same syntax as regular string literals is that characters in the replacement fields must not
conflict with the quoting used in the outer formatted string literal:

f'abc {fal"

x"]} def" # error: outer string literal ended prematurely
f'abe {al'x'] def" # workaround: use different quoting

Backslashes are not allowed in format expressions and will raise an error:

f'"newline: {ord('\n') }" # raises SyntaxError

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

>>> newline = ord('\n"')
>>> f'"newline: {newline /"
'newline: 10"

WA P E E e 524 E Y docstring) © 2 A8 5 Lk EAA 0] A

o

Hebs vp 27k o

Hl

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

>>> foo. doc_ is None
True
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2o 2219 g5 Z7)o] o3k A QhS PEP 498 & #z35y, BEE 29 219 WAYZ S AL
str.format () & A H = Aol &H5Yth

244 X} 2|E{&H

There are three types of numeric literals: integers, floating point numbers, and imaginary numbers. There are no complex
literals (complex numbers can be formed by adding a real number and an imaginary number).

S E el R 58 YA Gt Aol T FUTH -1 % 2L PR A F A F g1
2 748 2349

245 M4 BlEE

A5 PE B e et 2L ol A2 BAY Utk

integer = decinteger | bininteger | octinteger | hexinteger
decinteger = nonzerodigit (["_"1 digit)* | "O0"+ (["_"] "O")~*
bininteger = "0" ("b"™ | "B") (["_"] bindigit)+

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

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

nonzerodigit = "rLLLu"on

digit = "o"..."9"

bindigit = "o | "iv

octdigit = "om..."I"

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

7HE R H R ol AgE o =Rk HNE A 2B R e Aol Aldh2

Q)<L
BA H
el 2H P A g2 248 v 2 F A F5uth HEAEe w7 A8 AES FEl A
S’i%\% ok &2 AR Abol 1 0x 9 22 K14+ 2] % A} (base specifier) Th5oll U2 o dl, & W o sppet

2
_{
Lo
L)
o
)
o
UJ
O
=
2
o
2
S
L
E
2
>
>
ofo
b
;1
e
L

7 2147483647 00177  0b100110111

3 79228162514264337593543950336 00377  Oxdeadbeef
100_000_000_000 0b_1110_0101

WA 36004 A B PN A5 D52 2T FHo2 BES s gy

2.4.6 Floating point literals

Floating point literals are described by the following lexical definitions:

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

24. 2|EE 15
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fraction u= ." digitpart
exponent = ("e" | "E") ["+"™ | "-"] digitpart

Note that the integer and exponent parts are always interpreted using radix 10. For example, 077e010 is legal, and
denotes the same number as 77e10. The allowed range of floating point literals is implementation-dependent. As in
integer literals, underscores are supported for digit grouping.

Some examples of floating point literals:

’3.14 10. .001 1lel00 3.14e-10 0e0 3.14_15_93

WA 36004 A 2l oA A 252 WL FH o2 UES s ggyrh

24.7 5| BlEE

A4 B AL 0o} 2L o3 Fow AP Uh

n "J" )

imagnumber = (floatnumber | digitpart) ("]

An imaginary literal yields a complex number with a real part of 0.0. Complex numbers are represented as a pair of
floating point numbers and have the same restrictions on their range. To create a complex number with a nonzero real
part, add a floating point number to it, e.g., (3+47). Some examples of imaginary literals:

’3.143' 10.7 107 .0013  1e100§  3.14e-103  3.14_15_937

+ - * *x / // B e
<< >> & [ A ~ =

< > <= >= == 1=

26 12X}

o5 EE52 £l T A (delimiter) £ 7]5 3t

( ) [ ] { }

, : . ; Q = —>

4= - *= /= /= %= o=

& |= = >>= << * k=

VHEEE 449 84 AHANAE 54T 5 AgUth A58 0 AE A N AFRE 28 D (ellpsis
literal) o] 2}= £ 3k o] n] 7} JH Ut B5 Zvlo] ZH v 9] A AFA} (augmented assignment operator) S-2 ©] 3]
Aozt PRAR 750t BAIo] A4S A g

29 Q2 E & ASCH EAHE-S ThE B2E AR 2A 583 907k QA 2134 oW o5 #4170
O o Sk .
o gy o
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7 |

2125 £ ASCI B AHE 2 sol o] A AL§51 4] ghuth 44 el B3} 74 o]9le) ol A AL§
A€ 27 9 e ik

s ? \ |
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CHAPTER 3

Hjo[g 2&

3.1 x|, 2t

A A (Objects) = v}o] # o] H] o] E] (data) & 543} 3t 2l (abstraction) J Ut} slo] W =2 230 B E HlojH &
AA AA 7] BAZ 2IAFH UL (& o] (Von Neumann)-‘l] “x g W A AEE (stored program
computer)” 2 @& W= 37, I :’- HHANA Z= A AAZ HFH YtL})

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 ‘is’ operator compares the identity of two objects; the 1d () function
returns an integer representing its identity.

CPython & 7}A]: CPython ] -7, id (x) € x 7FAZA vlZe o FadYnt

A7 o) e AR 7} A A QS-S Ao (15 Sof, “HolF 22 Ju) 1B AR So] A
= b5 e s AU type O FaE AAY W ()2 G4 ARTHS B FUTh ot MEE 9}
uh2 A 2, AR G (ype) A WA A FgU o

of @ A= 2 % L2 HATE 5 = AAEE 7HH (mutable) o] 2bal Ut 4k
=013 % te A== %E‘i(zmmutable) olgtaL f,i}l/]l‘/} rd AR o3 AR E A st
AR 9] ghol ‘?i?‘é}rm WARDD B 25 &y shA| vk A et 9=
A" ol o A3 Eolgty o] AR Uch Wl B gL JddsA =

= Z ¢ n|5guyt) 242 71 A (mutability) -2 2721 2] & of] 2] &
(tuple) & £ o] ] 2k, © A 1 2] (dictionary) 2} 2] 2~ E (list) &= 7}H ¢

(D ﬂllo

O

rlo
e
oM,
ok
.
0,
Iy
<
_Q
N
N,
o
g2:3
oN.
o
),
3

0,
rlr
M
2
N
i,
{0 ot
]
4

]

2

f

_{

5L o
o flo

¥

e

Wi
=
o

X lorfo
rlr |d
o h

off =X
i)
©
=
=

¢

(
=
N

~

o

2

i &

Mo
2

N, WY, 20, 2N

il (A il
o\l
-
iy e >
-
B
3
[UR
A

N O RN KA
.ﬂlo?ioﬁ,

2

Ao ] kSt ¢ xR T A ‘EQ;% ] (unreachable) 7} 8] A] 4= 7] (garbage collect)
7Ha1 A = AE A AA 7] Ak O}O‘ﬂ st Aol siEtg Ut — of2 FxHE= AAES
F7HRIA] AT ojE A o' FHE =X = :[Lzﬂ-/] =4 BA Y

A+ A): CPython < ?'SEXH +z 314~ A Ak (reference-counting) B4 AFS-h=H], (A8 Ao =)
AH 7H A9 A A" A7 F7 - Utk o] W o B tf R AA|E FE2IF A A S A ekt
Ytk AR 2 F 27 = 7RSS T U}T/}— B syt &84 7R A9
HEgc E%QH S Zz3td gUch g2 152 o2 4 o2 533131, CPython = HF 2
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2 9lz=Uth 27 A AR w 272+ 0 7 gho]d 2] A o] A (finalization) & = Aol o] 23}#] wo}of 3t}
(LA B ot = WA A o= dolFofof ).

Note that the use of the implementation’ s tracing or debugging facilities may keep objects alive that would normally be
collectable. Also note that catching an exception with a ‘try---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 c1ose () method. Programs are strongly recommended
to explicitly close such objects. The ‘try---finally’ statement and the ‘with’ statement provide convenient ways
to do this.

ol @ AAEL thE AA o thet FxE 23t A5 Uh ol d AS<= A H ©l Y (container) 2}al F5 Ut
FZ, 22k, gAqvElse] AeE oy ofduth o] FxE2 AH W g R dUTh tREL, ¢
817}74‘61]01L14 e =T, SUe AASY ool e E Kb ghE mal Y th A 9, e o] €]
ZEAA o O =& w= A 7H AR 59 ofol W E B v MR Ut 2 A, (& 22) EW AH <]
b ANz Fx2E St Aok, 2 7k AA T A AW Aoy ghe WA U

Types affect almost all aspects of object behavior. Even the importance of object identity is affected in some sense: for
immutable types, operations that compute new values may actually return a reference to any existing object with the same
type and value, while for mutable objects this is not allowed. E.g., aftera = 1; b = 1, aand b may or may not refer
to the same object with the value one, depending on the implementation, but after ¢ = []; d = [], c and d are
guaranteed to refer to two different, unique, newly created empty lists. (Note that c = d = [] assigns the same object
to both ¢ and d.)

ofgol shol ol WHd 5] H=o] sUth (Ao wetC u Apih b doj2 G 8) S RESS

F7He B2 AT 5 l5uth sto| e v WA A B AS B2 w5 e (S £, frElE

FeHoz ARI A4 e 55), BT golB e E F3 F7HE bl ¥ 27+ FUt

ofefol o= 2 Foll ha Y2 ‘55 o] E2|{ E (special attribute)” & H B3t £ =Y

o] AEL T T WL AT, WA AFEE A3 Ao obdUth Fo=doz WAE 5

AF YT

None ©] &2 stite] kg 2r5Urth o] 2 Zhe stute] AA 7 EAd YUt o] AAde W&d ol &
None & &3 H2 Ut o8 7HA] ”ﬂoﬂ/\i F FAS Gl vl AHEH YU Al S S0l A AR
A7HE 2 A & T W U th =g ARG

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

] 2pA] g Y22 implementing-the-arithmetic-operations = &1 5} Al &

H A 399 4 ¥ 7: Evaluating Not Implemented 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.

Ellipsis ©] 32 31119] ghure &k of g 2 shike] AR 2R G o] AR e HE ..
o} WA ol § Bllipsis & B9 B g welgke AT

numbers Number o| AE-£ 57 el o] 215f S5 1 A0, 4 AL} U g A YFo] Aok &
ZUth A AR 2 Th 3 gro] BHE ol A WA bt sto] o] Ak el s
LA a0 4 e ol Aech AT ARES £ LA A e B 95
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The string representations of the numeric classes, computed by ___repr. () and __str__ (), have the fol-
lowing properties:

4 ko] B 02 A 9B, AW 02 EAH A G5 Th
B9 o 0L AL, FH 0L FAF A ik
£ %A 25 wE EA P U Lh

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

numbers . Integral ©| 252 43159l H4 3P} 2)oll £ 2252 tebd ok
544 SR 447 A5
H4 (int) ol AS (1) W 227} setete o Ao Qs W9 £AF BAFT Axe
(shift) 2} P} 3 (mask) A4be] HA YD w= o] T o] 7HAHH I, 55+ 45 29 H5-(27s
complement) 2 ¥ H =0, L3 n|EV/I &0 2 235 IAH A 2L 23S S}
E¥ (bool) o] A2 =gk AAH} S et HUth False & True 7 AAR 29 & AA
B9 2 B2 g4 247 07 A Y A

Utk £9d 32 int 2
=] alse" & "True" 7} ¥F&-E Y}

dojt Exd g WE = Aoy, 27 B4Y "F
Ayt

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

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

XD AL 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].

Sequences also support slicing: a[i:j] 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. This implies that the index set is renumbered so that it starts at

HA 8l (step)” Wi 7] HE AFS- S “F Y & 2Fo] A (extended slicing)” = A4 Y
x = i+ n*k,n>=0,i<=x<j 5 W& ZE FExEAHFY)

2 2wy nel TR U

Ad2 B9 A o) AL A wEo)2 Fole WA £ la (de e A e
Az 2 zoeid, 1AM S ANY 5 AT, 14D 5 ASUTh A T, B A4 2R BxE s
AA 2] A A= WAD 5 A5 Th)

e 22 32 i AdELd Ytk

F2}4 (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.

w
N
Hl
Eh!
og
X
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str.encode () can be used to convert a st r to bytes using the given text encoding, and bytes.
decode () can be used to achieve the opposite.

FZ (Tuples) 722 F52 422 vpojd A4 -
< gtz 2ed 2d 49 ESoz e dsuTh s 5
© singleton) 2 £ A4 o] FuLE i wE F AsUH(EEZE £
ZIAA MO RE FES UVEA AU W FE2 FFY N Z3 = s 5 Y5UTh

-
oX

o, I i
o, 3

[o M rr
uly e

Hy i
d
f

Hlo] E & (Bytes) A bytes object is an immutable array. The items are 8-bit bytes, represented by integers
in the range 0 <= x < 256. Bytes literals (like b'abc ') and the built-in bytes () constructor can be
used to create bytes objects. Also, bytes objects can be decoded to strings via the decode () method.
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The extension module array provides an additional example of a mutable sequence type, as does the

collections module.
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Dictionaries are mutable; they can be created by the { . . . } notation (see section & A 1] 2] T] 2~ =g o]).

7% 25 dbm.ndom % dom. gnu & F7+8] W3 & A|F =0, collections BE Al uf
Z7HA Y et
WA 3704 WA gAY & 3.6 oA Fho]lH WAA A =AE FABHA ks Th
CPython 3.6l A, 4t ] =417 FAE QAW 2 Al ol & o] BFo] ofyet & AR Ao =
sk U h
= 2] £ (Callable types) ©] A 52 3t AN FFyo] ALE 4 9= FEQUrh

AHEAL o] g AFEA A Y] T AA = sofl FhE ol JuTh (T d o AAM ).
o] 3 4] w7} ¥ 4= (formal parameter) E50 22 Mo F5e 26k ¢ AH(argument) HE©
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Special attributes:

e

OlEE|RE o|o|

__doc___ The function’ s documentation string, or None if unavailable; Writable
not inherited by subclasses.

__name___ The function’ s name. Writable

__qualname___ The function’ s qualified name. Writable
W7 3300 27

_ module_ 7t Ao E REQ o] 2 (9= 4 $) None Writable

__defaults___ A tuple containing default argument values for those arguments | Writable
that have defaults, or None if no arguments have a default value.

__code___ The code object representing the compiled function body. Writable

__globals___ A reference to the dictionary that holds the function’ s global Read-only

variables — the global namespace of the module in which the
function was defined.

_ dict__ The namespace supporting arbitrary function attributes. Writable
_ _closure___ None or a tuple of cells that contain bindings for the function’ s | Read-only
free variables. See below for information on the
cell_contents attribute.
__annotations__ | A dict containing annotations of parameters. The keys of the Writable
dict are the parameter names, and ' return' for the return
annotation, if provided. For more information on working with
this attribute, see annotations-howto.

__kwdefaults___ A dict containing defaults for keyword-only parameters. Writable

Most of the attributes labelled “Writable” check the type of the assigned value.

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. Note that
the current implementation only supports function attributes on user-defined functions. Function attributes on
built-in functions may be supported in the future.

A AA+= cell_contents JJEZHEE 7[X 1 Y5yt A9 S 92 Bl ofy g} gk
@Xéﬁ}‘c = A A5y

Additional information about a function’ s definition can be retrieved from its code object; see the description
of internal types below. The cel1l type can be accessed in the t ypes module.
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ol AEl A W A E (Instance methods) QU 2BE A HAEE ZEga, P2 A2E A RE ZHE A
(H5 A 9] ) Asay
Special read-only attributes: __self_  is the class instance object, _ func__ is the function object;
_doc___is the method’ s documentation (same as ___func__._ doc__); _ name___is the method
name (sameas____func__ . name_ );__module__ isthe name of the module the method was defined

in, or None if unavailable.

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

User-defined method objects may be created when getting an attribute of a class (perhaps via an instance of
that class), if that attribute is a user-defined function object or a class method 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 class method object from a class or instance, its
__self__ attribute is the class itself, and its ___func___ attribute is the function object underlying the
class method.

When an instance method object is called, the underlying function (___func__) is called, inserting the class
instance (__self__ ) infront of the argument list. For instance, when C is a class which contains a definition
for a function £ (), 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 class method object, the “class instance” stored in
_ self  willactually be the class itself, so that calling either x . £ (1) or C. £ (1) is equivalent to calling
f (C, 1) where £ is the underlying function.

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.

Al ¥ o] €] 4= (Generator functions) A function or method which uses the yield statement (see section
yield ) is called a generator function. Such a function, when called, always returns an iterator object which
can be used to execute the body of the function: calling the iterator’ s iterator._ _next__ () method
will cause the function to execute until it provides a value using the yield statement. When the function
executes a return 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.

=

2 ¥] 34> (Coroutine functions) async def & /\}3 A AH
(coroutine function) 2}1l -5 Ut} old St4-E S E5H T
H A S 0| E3l, async with & async for—‘?—o AR 4 9)
Jects) @l/ei S FAzAHAL.

geuMAEE ZeE B
AAE EdFUH await &
Uttt € AA (Coroutine Ob-

oy (@l
N

H]% 7] A @] o] €] 4= (Asynchronous generator functions) A function or method which is defined using
async def and which uses the yield statement is called a asynchronous generator function. Such a
function, when called, returns an asynchronous iterator object which can be usedinan async for statement
to execute the body of the function.

Calling the asynchronous iterator’ s aiterator.__anext__ method will return an awaitable which
when awaited will execute until it provides a value using the yield expression. When the function exe-
cutes an empty return statement or falls off the end, a StopAsyncIteration exception is raised and
the asynchronous iterator will have reached the end of the set of values to be yielded.
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] & g+ (Built-in functions) A built-in function object is a wrapper around a C function. Examples of built-in
functions are 1en () and math.sin () (math is a standard built-in module). The number and type of
the arguments are determined by the C function. Special read-only attributes: __doc___is the function’
s documentation string, or None if unavailable; name___is the function’ s name; __ _self__ is set to
None (but see the nextitem); _module__ is the name of the module the function was defined in or None
if unavailable.

U3} o) 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.

Z @) A (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#) A el AE A (Class Instances) Instances of arbitrary classes can be made callable by defining a
__call_ () method in their class.

X5 (Modules) Modules are a basic organizational unit of Python code, and are created by the import system as invoked

either by the i mport statement, or by calling functions such as import1lib.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).

AEYHE g BEY ol T 9A4AYEHE AT YL dF 9, m.x = 1 2 m.
_dict_ ["x"] = 13 Z5HYth

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 ex-
ecution. For best practices on working with __annotations__, please see annotations-howto.

Special read-only attribute: __dict__ is the module’ s namespace as a dictionary object.
CPython 78 Al CPython °] Z& 4 U] 2 vl W w20, 24l efoll thak 27} dotgl ol

SE, mEo] AR T e Yol W wE YA WL ol AE s d, G E B A
YA E A A o] 83 FHe BES folFojof g o

A} 2} A o] Z-2) 2 (Custom classes) Custom class types are typically created by class definitions (see section < ] 2~

1 2]). A class has a namespace implemented by a dictionary object. Class attribute references are translated to
lookups in this dictionary, e.g., C. x is translated to C.__dict__ ["x"] (although there are a number of hooks
which allow for other means of locating attributes). When the attribute name is not found there, the attribute
search continues in the base classes. This search of the base classes uses the C3 method resolution order which
behaves correctly even in the presence of ‘diamond’ inheritance structures where there are multiple inheritance
paths leading back to a common ancestor. Additional details on the C3 MRO used by Python can be found in the
documentation accompanying the 2.3 release at https://www.python.org/download/releases/2.3/mro/.

When a class attribute reference (for class C, say) would yield a class method object, it is transformed into an
instance method object whose ___self__ attribute is C. When it would yield a static method object, it is trans-
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formed into the object wrapped by the static method object. See section T] 2~ = 3 E| 5231 3} 7] for another way
in which attributes retrieved from a class may differ from those actually contained inits __dict___

SesoEHE Y Fea0) GHUE AAT ®, oW AT RE Zejao G4 S
A=A ok

A2 AR WL ALHEE EHFEF(OFIE AN L) 25 = ASUTER & ZAAR).
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 exe-
cution. For best practices on working with __annotations__, please see annotations-howto.

Z & QI AE A (Class instances) A class instance is created by calling a class object (see above). A class instance

10 A7) (34 AR LT SeiA d&UTh 512 24

i

-5

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~ = ¥ B =231 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’ sclasshasa ___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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Special attributes: ___dict___is the attribute dictionary; __class___ is the instance’ s class.
99 Qe eyt Y ARE e

o 7hA @dEFH o] dHF YT open() W &<, os.popen(), os.fdopen () I &7 A A <
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sys.stdin, sys.stdout, sys.stderr = Q| Z g EQ & Y, &8, o] 2EHoE 27|34
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Special read-only attributes: co_name gives the function name; co_argcount is the total num-
ber of positional arguments (including positional-only arguments and arguments with default values);
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co_posonlyargcount is the number of positional-only arguments (including arguments with default
values); co_kwonlyargcount is the number of keyword-only arguments (including arguments with de-
fault values); co_nlocals is the number of local variables used by the function (including arguments);
co_varnames is a tuple containing the names of the local variables (starting with the argument names);
co_cellvars is a tuple containing the names of local variables that are referenced by nested functions;
co_freevars is a tuple containing the names of free variables; co_code is a string representing the
sequence of bytecode instructions; co_consts is a tuple containing the literals used by the bytecode;
co_names is a tuple containing the names used by the bytecode; co_filename is the filename from
which the code was compiled; co_firstlineno is the first line number of the function; co_lnotab
is a string encoding the mapping from bytecode offsets to line numbers (for details see the source code of
the interpreter); co_stacksize is the required stack size; co_flags is an integer encoding a number
of flags for the interpreter.

The following flag bits are defined for co_flags: bit 0x04 is set if the function uses the *arguments
syntax to accept an arbitrary number of positional arguments; bit 0x08 is set if the function uses the
**keywords syntax to accept arbitrary keyword arguments; bit 0x20 is set if the function is a genera-
tor.

Future feature declarations (from _ future_  import division) also use bitsin co_flags to
indicate whether a code object was compiled with a particular feature enabled: bit 0x2000 is set if the
function was compiled with future division enabled; bits 0x10 and 0x1000 were used in earlier versions of
Python.

Other bits in co_ flags are reserved for internal use.

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

12] 24| (Frame objects) Frame objects represent execution frames. They may occur in traceback objects

(see below), and are also passed to registered trace functions.

Special read-only attributes: £_back is to the previous stack frame (towards the caller), or None if this is the
bottom stack frame; £_code is the code object being executed in this frame; £_1ocals is the dictionary
used to look up local variables; £_globals is used for global variables; £_builtins is used for built-in
(intrinsic) names; £_1last i gives the precise instruction (this is an index into the bytecode string of the code
object).

Accessing f_code raises an auditing event object.__getattr_  with arguments obj and
"f_code".

Special writable attributes: f_trace, if not None, is a function called for various events during code
execution (this is used by the debugger). Normally an event is triggered for each new source line - this can
be disabled by setting £ _trace_linestoFalse.

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

f_lineno is 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 f_lineno.

ze o AAl= A WA =S AL T o

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

RuntimeError is raised if the frame is currently executing.
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A 3.40 F7}.

E g o] 29l A (Traceback objects) Traceback objects represent a stack trace of an exception. A traceback

object is implicitly created when an exception occurs, and may also be explicitly created by calling t ypes.
TracebackType.

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 as the __traceback__ attribute of the
caught exception.

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

For explicitly created tracebacks, it is up to the creator of the traceback to determine how the tb_next
attributes should be linked to form a full stack trace.

Special read-only attributes: tb_frame points to the execution frame of the current level; tb_lineno
gives the line number where the exception occurred; tb_lasti indicates the precise instruction. The line
number and last instruction in the traceback may differ from the line number of its frame object if the ex-
ception occurred in a ¢ ry statement with no matching except clause or with a finally clause.

Accessing tb_frame raises an auditing event object._ _getattr__ with arguments obj and
"tb_frame".

Special writable attribute: tb_next is the next level in the stack trace (towards the frame where the excep-
tion occurred), or None if there is no next level.

WA 370 A ¥ 7: Traceback objects can now be explicitly instantiated from Python code, and the
tb_next attribute of existing instances can be updated.

< 2}o] A YA (Slice objects) Slice objects are used to represent slices for __getitem () methods. They

are also created by the built-in s1ice () function.

E4 Q7] AE JJEBHEE: start & 3}3H(lower bound) ¥ Y t}; stop 2 AFSk(upper bound)
AUtk step & 28 2ol UTh 2 22 eFE 49 None Yl th o] ol ESHES L 29| Fol
g 4+ Ut
Setol A AA| = st WA =S A YT
slice.indices (self, length)
o) A= S A5 A lengh DL A 240) 2 A7 B legth A A2 28
S I getolxo gt AR E AL UTHE Al 7l A4 R 7Y FES SEEYTh
Ol AL 27} start 2} stop AN} step T== L 8Fo] 22 AEBFo] & (stride) 2 o] YUt A=k

97 WS Aol A EAs L dutA el Sefolas) 2 Wy o e AU,

el € v 4] & 2] 4] (Static method objects) Static method objects provide a way of defeating the transforma-

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

Z#) A WA = 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 “User-defined methods”.
Class method objects are created by the built-in classmethod () constructor.

28

Chapter 3. H|O|E{ 2 &



The Python Language Reference, £A| H{Z 3.10.18

33 S+ HME 0|F=

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 [1i] is roughly equivalent to type (x) .
__getitem__ (x, 1). 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__ () toNone, the class is not iterable, so calling iter () on its instances will raise a TypeError (without
falling back to __getitem _ () ).2

T FHaE FEE o, 22 BYP3ete AA o Dol H = FE7HA T FH = 2 o]
= ,Oi?ﬂ/\]%i (! S AWE Ane g s & 52 ¢ 95Ut 5]’*]”7’/\31’
2 Fo] o F 5= dF Utk (o] A dH71A] o = W3C 2] Document Object Model 2] NodeList

3.3.1 7|2=x9l HAE{OIO|A|O|M

object.__new__ (cls[ ])
A s o] A JA2RAE THET] A3 S=F ‘43} _new_ () € 2HE HA=EYUTH (2EA
NS ook HE Hue A gueh e, A WA A B e ot e Felag)
Agdgdch U A JAAELS A B2 & ?ﬂ(aiﬂf\ Tl A" ASdYth __new () 9
ek 2 A AA Aa' oo of FrU Tk (W s O] 1A’ ).

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.

W new_ () 7hes Y JAARFAE FH]F A GO, A JAARH2Y  init_ () & EEHA 25

g},

__new__ () £ F2 EWHY(int, str, tuple T} Z2) ] AH ZFH AT AAEA Y S ALEHupo| 2 5=
O‘CEE}L ol AFSH Ut =5k AR A F o] WEF Fj oA FEla A S ALEuto] =317] 95
A A U T

object._init_(self[,.. ])
(_new__ () ol 93al}) AxR27L wh50] X Fof, stA| vk T2 Aol Al 7] Aol &=H Utk A
R R R =] o2 Zd%% ASdUth vtekwo]lx Fej 27t init () MIAEE 2L
SThE, AR Zal2e]  inic () WAEE, dopE, dadlo)A w ol T2 AR
o] k=4 2713‘}9—% i“a" 5t7) sl WA Ao ® TS FoloF A o & : super () .
__init__ ([args...]).
A= UPCLEﬂ _new__ () % _init_ () 7t @Y YO BE (__new ()
__init_ () € 2A& A2Huel2FUY), __init. () 7}None olgle] 2= EFE AYPA
Zhe] TypeError E doyrh

object.__del__ (self)

AxE 27} 935 7] A Ao &P Utk ol detolA & (LA ASH) ot Aeta Byt wheF

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.

0 I
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Wlola AT del () HIAEE ZHa U, 24 29 del () HIAEE, Bog o
AT, AAE Ao A W o)A Ze A7 A B RES 4 a7 owﬂ 2FA| 7] Y3, A H o2 H o] A~
2o HAEE TE5 oF T Th

(Aot A = GAW) __del () HAMEE ALB2o] e 22 28 g omn dad s
I & A AN 2 = A5y ol 2s AR B olgtu B Uk a5 Z‘iiﬂﬂﬁ%ﬂ% del__()

ol FMAE E2I AL A wtet hEUTh A CPyhon 7EL 24 AR ST

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

Zi: del x=AHx. _del () EITEFA GFUT — ¥oll d= AL x 9] F= 3] 4 (reference
count) & S} A 7] 31, Holl = A2 x o AR A47I00] D uf &P Yt}

CPython & %} Al|: 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 B

gc Bgol thek ZA.

A del () o] EEHEEIZTA
rr

R o
=
b
=2
)]
<
U)
U)
@
Q.
0

A W5 (02 BE 237} 01”1 A 32
4] AR 7} h= AN 7%4111a ot
3}

Fohe 2k 24 5A) Tk
b= 2 S5 e o =

object.__repr__ (self)

repr () W g5l ool T5 % o] AR 0] “B A1 A 9l (official)” FA L S AT vk s
A % et -

stthd, o] A @8(42&%%‘@—?—@@@)%&%%&“ AAE ME TE = A= SutE ghold 19
A A9 EO#"]”’JHD} 7best A ubd, <. ..a2 e AL > FEHY EAES EHFoF R
Hrgk zhe BJE*] TR o] o] o Ft}. ”J%k ST str () §lol __repr () WA YsIGHA
_repr_ () &2 ZH2 A" “H| P A A (informal)” FAFE FH o] 372 ufj AHEE 21%
yrtt.

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

object.__str__ (self)

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

S HMAMEE _str () o gutE Told BERAL B8E AT AUH A s dolA
ohject. _repr () HOHEULE  Belatn A8 B0 AH8E 5 U

U3 object o] Ao H 7| 3L object.  repr () S ZEFYTh

object._ bytes__ (self)

Called by bytes to compute a byte-string representation of an object. This should return a bytes object.
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object.__format___

self, format_spec)

format () W& &=, EoistA, =W F2<Y 2 e & (formatted string literals) 2] A 4rT} str. format ()

HAEo 3l T &5 o], AA|e “XRHA” TAE £HS whEol WUt format_spec QA= 875 =
S 335t BAD AUt format_spec AL AL format_ () S FAIFE= Fo

Hoo, 2 Feiaes uiE S WEFF 9 stUE A dstAY, vl 29l 34 298 A

nSL',\

4
%3 Zufe 2ol th3) A= formatspec S F 13 P Th
3} A

34004 HA: object & _ format__ WA E x}A1-L, ¥l E2}Y o] o}d Q127 A% W TypeError

A 370 A Z: ©o]A object._ format_ (x, '') ¥ format (str(x), '') 7} o}yz=t
str(x) gEsFUT
object 1t__ (self, other)
object le self, other)

object _gt self, other

object ge___ (self, other)
O] AEL &9 “FH g v i (rich comparison)” WA = YU T AR} 7] S 9} WA = o] F 7ol AA =
O3 Z5Uth x<y £x.__ 1t (y) E3ZEFYUThx =y%x _le_ (y) EEZ&FYth x==y
Ex._eq (y) €T x'— % x._ne_ (y) E3ZE¥dUth x>y Ex._gt_ (v) €
STEFUG, x>= y%x _ge_ (y) EEZE¥YTh

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

By default, object implements __eg () 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().

AREAE A Bl AakAE ARt AU E] 712 AFEE 5 Sl el Al Zhs AAE e Ao 3
R 7R S Wl _hash () o] #F F o] YUk

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’ sreflection,and _ _eqg () and __ne__ () are their own reflec-
tion. If the operands are of different types, and right operand’ s type is a direct or indirect subclass of the left
operand’ s type, the reflected method of the right operand has priority, otherwise the left operand’ s method has
priority. Virtual subclassing is not considered.

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))

3.3.
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Z U th(truncate). ©] AL H % 64-bit YE oA = 8Hlo]E L Wl T o Al = 4ule]lE Ut} whek
AA S __hash__ () 7FAZ T2 HE A7E 2= UES /\P ]/‘1 A ALEE o] of StThH, B &
AL DA 3 A oF gt ]aﬂ] St -ﬁ & W2 python -c "import sys;
print (sys.hash_info.width)" ¢Yt}

Z3: hash() & AAZF ALS_ hash () wl/ﬂtﬂiaﬂﬁ“‘—% &% Py_ssize_t & A7|E 2}
2-bit
l

If aclass does notdefinean __eqg_ () method it should notdefinea _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__ (), since
the implementation of hashable collections requires that a key’ s hash value is immutable (if the object’ s hash
value changes, it will be in the wrong hash bucket).

User-defined classes have __eq () and ___hash__ () methods by default; with them, all objects compare
unequal (except with themselves) and x.__hash__ () returns an appropriate value such that x == y implies
boththat x is yand hash (x) == hash (y).

_eq () EAMRBYSAL __hash__ () ERYSHA = FWNE+=__hash_ () 7}None S & AR H
Utk @28 hash () WA E7}None ©| |, E’_EH/\"] Ardas 2 I A ZE 4oy
A =g uf] TypeError & 92 7|11,isinstance (obj, collections.abc.Hashable) & AALE

o) 3 A 715517 b Sube 7H7) Utk

Wk _cq () BARHE FALA TR INANE __hasn () o TR BeMudow
Bl Z g oA A ZH o7 o]FA A A Fo]oF gt} _ _hash_ = <ParentClass>._ _hash___
Wk eq () EAARYI{A e ZFHATLHA LS HE % W, Ze 2 oo _hash__ =
None & E@HoF FUTh AN hash_ () & A% Fol 44 Typerrror & 2L AT
isinstance (obj, collections.abc.Hashable) T&09] H/\] 7Vt al 2R A A E Y o

Fa: 7B A0 7 strihbytes AA 52 _hash_ () 25T 5 gle I F L E “EEF o] (salted)”
°"\14DP W shol A 22 A2 ol A= WsHA] e gho 2 A H A u Stol M-S ubE A o 7 AYdt
o= oS58 5 A Fuch

This is intended to provide protection against a denial-of-service caused by carefully chosen inputs that ex-
ploit the worst case performance of a dict insertion, O(n?) complexity. See http://www.ocert.org/advisories/
ocert-2011-003.html for details.

s Al gk M2 JEe oy o] Aol FFE FUTh Sho] &2 o] Aol tsl o] H B % 5
FHUTH (28 2 2% 32-bit 9} 64-bit W= Alo] o A& tHE U Hh.

PYTHONHASHSEED & Z31 34 Al &

WA 3304 A s A d Bhe V2 A o2 A YT

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, __I1en__ () is called, if it is defined, and the object is considered true if its result is
nonzero. If a class defines neither _1en () nor __bool__ (), all its instances are considered true.
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¢l 7], Y4371, x.name & 1A 317]) 9] o u] & W G317 930 o2

object.__getattr__ (self, name)
Called when the default attribute access fails with an AttributeError (either _ getattribute__ ()
raises an At t ributeError because name is not an instance attribute or an attribute in the class tree for sel1f;
or ___get__ () of anameproperty raises At t ributeError). This method should either return the (computed)
attribute value or raise an At t ributeError exception.

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

object.__getattribute_  (self, name)
S A2 EYRE AMNAE FH7] f8f 27 glo] &3
27V getattr () & A FASIWH, _ getattribute ‘:’é s
AttributeError & YO 7| X] ¢t oA _ getatr = EEQ
E9o (AAHH) 3= EEﬂ—,—ﬂ1/]-AttrlbuteError Oﬂﬂé ©° A
(infinite recursion) 7} T = AL 27 8, +HL AAL F 4‘3-:} OJEﬂ H E o @3?5]'7]
o] 59 WolA ZFE A0 WA EE S &) oF P Th "1]% £9],object.

name).

-~

ZF31: This method may still be bypassed when looking up special methods as the result of implicit invocation via
language syntax or built-in functions. See &< WA = %3],

EA UL JEZYHE AN AL, 9 A obj e name & & A} o] Wl E object._ getattr_ &

2 PAEAREC

object.__setattr__ (self, name, value)
AEZRE Yol A=d o SESHYth %l‘i‘}x—q.?_ HAUZ (S da"dx gAY gl e A et
ZA) thAalof o] Z o] & H HD} name > XY E ] HE o] Fo] 1L, value = 1A th Y3t = P uith
__setattr__ () oA A2"HA CHEH%EOﬂ st S ulj =, -2 o] 59 Hoja Feja v A
D]-. o & E90] object._ setattr_ (self, name, value)

E td9 A, 21&} obj, name, value & ZFA} o] M E object._ _setattr_

___ (self, name)
setattr () T v A v o E g HEE t) )3l tf4lo] AR FTh o] A del obj.name
7ol 77 o] of Ttk

A=
%7§ ‘?_]7"3]- o EZHE AA|9 AL, QA A} obj Lt name & &2 AL o] HIE object._ delattr <
lﬂ

object.__dir__ (self)
Called when dir () is called on the object. A sequence must be returned. dir () converts the returned sequence
to a list and sorts it.
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0E O{EZ|RE HMA HAE{OIO|AO]M

S48 ol5 _getattr__ ¥ __dir £ REEEHREN I HZ S AHEA FY st d A2 5
T AU 28 759 __getattr_ e st AR ol E ﬂw‘ér54 o] & WolA AitE e
%Eﬂﬁiﬂb}AttrlbuteError S WA Ao St} dWbA 9l 23] (S object._ getattribute  ())
£ &3 ol EY R 57} E AA A HAE A FOW, AttributeError £ %_— 717 A BE __dict__
oANA __getattr_ & 7&“—’1@‘4‘3}- LDAEY, JEYRE o] FoR 1 45 523t 2348 25U

—

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

SHCEIERE A, 223 5)< Hoh Al GsA AL A Boleteld, B AR __class_ ©]
EZHES types.ModuleType o] M E Zeja2 AT+ JFUTh o & S

import sys
from types import ModuleType

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

def _ setattr_ (self, attr, value):
print (f'Setting {attr/f...")

super () ._ _setattr__ (attr, wvalue)
sys.modules|[ name ]. class = VerboseModule
F3a: BE_ _getattr_ A9 RE _ _class_ AR L JEYFE AN FES AR 23] ol vH
G m A UTh- 2E Aol that AP A DM (ZE Y] TEof 93t AH ol Ak RE A HA
Yo tigt 2 E AX AW = FFUA F5UT

WA 3504 HMA: o)A __class_ BE A ERHEV 7] 7153t}

W& 370 7} _getattr_ I dir. BEE o EZHE.

o B7):

PEP 562 - & _ getattr__ 3} _ dir__ 2Eo| & __getattr_ ¥} _ dir TFTEALY

%
<
o

CIA38IE 8517

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

object.__get__ (self, instance, owner=None)
SRR 2R (F A2 2 HE QA2 1T FRAY AXAA(ALRL ]2 HE AN 2) )
AEZREE HoHL o SHUth A A owner A A= 272 F 2 J Utk 9 o] instance =
AEYHE F27F dojutal & dad ol Ay, AEFHE 7 owner & &3l A 2 5= 7% None

Quth

=

o WA EL A4E o E2 BE & Sel% A Attributenrror 998 Yo7 oF ),
PEP 2525 _gec (o S RS AR e Fetgoldn A9 ua Ao 44 4
Uaage s o 9AE AU T, QR AL BT E F A5 E BF 27 ohE U2y
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El7F QL& 4 Utk gol W AA e getattribute () FAL BAFA Y BA Y] FAF
A7E 27 Ay

object.__set__ (self, instance, value)
AFAZ 2 AXE X instance &) AEBFHEE A Fhvalue 2 AH T v TS Uth
__set__ ()oY delete ()& &7}3td I‘JAEFEJE% 9 o] “dl o] ¥] t]23 Y ¥ (data descriptor)”
= A3 Pel RN L. AT W EL T 2T dE 5257 BRI L.

object.__delete__ (self, instance)

A2G2FEH 29 A2E XA nstance & ] EBHEE AHA| S ] $&H Ut

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

CIA3EIE S&517|

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

o E P HE WA A 7115;40 AA S dA A oJExJHES O‘F_ 23, A et AYUth A&

ana xEa.__dict_ ['x'] oA A& A type (a)._ dict_ ['x' —‘37%7# type (a) o] WEL S
mfwhméam—%% ﬂi% 7he 9Ee iﬂi?—*é%ﬂﬂh

zaur, ek 23] 3 gho]l YaaPEH A EE AT AW, spo] M2 7|2 B2 th Al tAaTHE HA

cTE 5 g}\

14%4tﬁ%%4ﬁ_ﬁﬂﬂﬂﬂ%%ﬂ%ﬂ4%1%ﬂ%ﬂﬁiﬂﬂﬂitﬂ
o2 325 =0 ufe} ohEU

|22 A3 (binding) YU TH a. x. A B A AAFE o] 2FEHE=A = a o et o5 Ut

A
A EEAE 4F E ALEE 3EC AFgRe FEJYUATHE HAEE AA 35S
ok x (

AAEA A AA Adxdro] 23, a.x £ old &2 HIFYTh type(a) . dict_ ['x'].
__get__(a, type(a)).

ZH2ZAE U2 2, A xE=old 322 HEFE YT A.__dict_ ['x'].__get__ (None,
A).

Super A%} If a is an instance of super, then the binding super (B, obj) .m() searches obj.__class__
_ mro___ for the base class A immediately following B and then invokes the descriptor with the call: A.
_dict__ ['m'].__get__ (obj, obj.__class__).

For instance bindings, the precedence of descriptor invocation depends on which descriptor methods are defined. A
descriptor can define any combination of __get__ (), __set__ () and __delete__ (). If it does not define
__get__ (), then accessing the attribute will return the descriptor object itself unless there is a value in the object’ s
instance dictionary. If the descriptor defines __set__ () and/or __delete__ (), itis a data descriptor; if it defines
neither, it is a non-data descriptor. Normally, data descriptors define both __get__ () and __set__ (), while non-
data descriptors have just the __get__ () method. Data descriptors with __get__ () and __set__ () (and/or

__delete__ ()) defined always override a redefinition in an instance dictionary. In contrast, non-data descriptors can
be overridden by instances.

Python methods (including those decorated with @staticmethod and @classmethod) are implemented as non-
data descriptors. Accordingly, instances can redefine and override methods. This allows individual instances to acquire
behaviors that differ from other instances of the same class.
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property () 5 tolH A3 HEE FAF YT o] wjFof|, A28 A+ = 2 3 (property) & 5 2H=
WA sy
__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__

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

o Withouta __dict__ variable, instances cannot be assigned new variables not listed in the __slots__ definition.
Attempts to assign to an unlisted variable name raises Att ributeError. If dynamic assignment of new vari-
ables is desired, thenadd '___dict__ ' to the sequence of strings in the __slots__ declaration.

o Withouta __weakref _ variable for each instance, classes defining __slots__ do not support weak references
to its instances. If weak reference support is needed, thenadd ' __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.

o 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).

o FHfjaTbulolx Fefao]  slors_ ol BolH o] 5 2L o] 52 M-S _slors_ o AATTHH, A ]
& BT AR ML AT 5 Qe AH A0l G2 a2 YE 44
Z3ote A oderh. ol A2 22 FYFHA 2 R BUA gUth v, o] &
w757 918 AA7E 2748 A,

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__

o 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 ().

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 at-
tributes created by slots (the other bases must have empty slot layouts) - violations raise TypeError.

o If an iterator is used for __slots__ then a descriptor is created for each of the iterator’ s values. However, the
__slots__ attribute will be an empty iterator.
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3.3.3 EeiA M HAEDOIO|X|0|M

Whenever a class inherits from another class, _init_subclass__ () is called on the parent class. This way, it
is possible to write classes which change the behavior of subclasses. This is closely related to class decorators, but
where class decorators only affect the specific class they’ re applied to, __init_subclass__ solely applies to future
subclasses of the class defining the method.

classmethod object.__init_subeclass__ (cls)
ol MiNEE Eote FHha AH FHaTtIEold HH‘J}D}i Utk cs= A AE SH2A Yk
BoF duA Q) 2B s WA SR olS W, o HAZE BAACE Fea WASD W AH

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

class Philosopher:

def _ init_subclass__ (cls, /, default_name, **kwargs):
super () .__init_subclass__ (**kwargs)
cls.default_name = default_name

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

pass

7|2 38 object.__init_subclass__ + o}F 9% 31X QA QA7 28 H o] SEE W 9 E
A Y )

Z3: WE A SE metaclass = YW R & Ao 95 4853, init_subclass_ =

AEH A stk A4 ve Ze s (BA A A FE thilol) £ type (cls) 2 AA 2T sy

WA 3.60 F7}

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

object.__set_name__ (self, owner, name)
Automatically called at the time the owning class owner is created. The object has been assigned to name in that
class:
class A:
x = C() # Automatically calls: x.__set_name__ (A, 'x'")

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

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

o AT NG Se s AR BET] & B L.,

W2 3.6001 =71
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ol et S

B, FehAE type () & AHSHA BRI FUTE Sej 29 whr] A o & F1HIA A 11, 24

2 0] 52 type (name, bases, namespace) & Ao Aoz AZH Yt}
ZYP2E U AR L FPA B Zometaclass 71YE JAAE ADs AL, 28 AAE £33 o)
Aot FHAE ASTOEN ALHutol2E £ s Uth thE ool A, MyClaSS 9} MySubclass &

5 Meta 9 Al2~"EHAQd YT

class Meta (type):
pass

class MyClass (metaclass=Meta) :
pass

class MySubclass (MyClass) :

If a base that appears in class definition is not an instance of type, then an _ mro_entries_  method is searched
on it. If found, it is called with the original bases tuple. This method must return a tuple of classes that will be used
instead of this base. The tuple may be empty, in such case the original base is ignored.

] ®17]:
PEP 560 - Core support for typing module and generic types

ZHlx B A vt S o vhe 2ol 2-g vt
o Wlo]2et YA A HEt ZHAE FA e A7 type () ©l AHGEUTH
o AR MBS WHETFAAH L, 2R 0] type () o JI2®EAT oUW, DAS WEL FHEE AT
Yyrh
o type () o JA2EH2TE YA A HeL e FoAA AL, Wo]27F H Y FH e, 7Hg go] st e
H eF 22 2 7F AHS-H U o
7Hg ol A ve Flae BAHC R AR HE vE FHS (AT AFH BRE o] FHAEY
He FH S (S, type (cls)) FollA Aag Ut 71 Wol spdd ver S+ o5 27 o A E Bl
(subtype) AU th "HeF oj= A& o] xS WFeHA] Rovhd, Z#l& B o = TypeError & LA 7]

A3 g o
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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.

ghoFmlel Zej20] _prepare ol WEZL glrhe, 2ol ol F B ul w4 g MR o 275
gk
H

o ®17]:
PEP 3115 - 5}o] 21 3000 ol Al 2] We} Z2| & _prepare_ o|& ¥ & =YL

ZaliA vic| ™31

2= vhd = (tH3H) exec (body, globals(), namespace) PJr lOl APF U dubF A exec() T
S FH o) FL Fe 2 BT IHT°1W o] Fo] d uf o] 3] 23 5 (lexical scoping) ©] Z 22 H}T] (&
HAEES 232

skl & fﬂxﬂﬁ}ﬂ Fzof = 01%%:% 7‘1‘:‘56}5% & etethe A9yt
]

%
A e, Ze) 2 A7 4 U Ro) A ol ol A W2 AE, Fehs R Ao WAEEL Fejs AT
oA AlH o] 25L B 4 gtk oA AsE dndag ZAA WA A A NS 5
A 23 AL Tk A AN A A BAHOE ofF 2TFH _class_ BEE ook FUTh

oA A TS|

Aot Z g A o] 2 F 7o) A vty E Ao 2/ AYAH, Z e A AA| 7hmetaclass (name, bases,
namespace, **kwds) = E3] BEAFHYUTHA 7oA AET &= F71H QA 7|9 = AAEL _ prepare_
of AgH A&} 25 Yh.

o] Fei 2 AR = super () o AAE F4] ?%‘: AL AxEE= AYYTE _ class_ = ZefA vt o) v A
EE T ol shEs _Class U super & F2 T F-¢ Aapde o o5 ©rEo A= FAI AU FEA
(closure) Frz 9t ]7)‘\% A2 R FE S super () 7Fol3] 233 7o 2 A AYH 1 Y= Fdx
g SvtEA ’;‘%%‘F Z U v dRje] SE AFEE oy AdadH A= HAEZ ADH A

) 9l 2ol 7] @@%qq

CPython =& %} Al]: CPython 3.6 o] Aol A, _ class__ A(cel) 2 Fd 2 o]& &7 _ classcell o
E= uﬂEPiEH/\oﬂ AGgE Uk @k 2130, o] AL ZP A7 a2 A 2713815 7] 9135 type.

__new__ 3E7MA AL A AdE ofof gt} o] 2 A 3FA] 31 1lo]# 3.8 o A= RuntimeError &
EEETLES

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:

B
g

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

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

3) The __init_subclass__ () hookis called on the immediate parent of the new class in its method resolution
order.

5 2ol e o B Sol ] (ke 2 A8 Aga,
2
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When a new class is created by type.__new__, the object provided as the namespace parameter is copied to a new
ordered mapping and the original object is discarded. The new copy is wrapped in a read-only proxy, which becomes the
__dict___ attribute of the class object.

] ®17):
PEP 3135 - A super S A&l _ class. 2 A

Y
X
e
i
ol
d
i
v

oet 22A2 X

HE S ZAAQ EEo & AV fFUTE 84 "H 2 71A] ool o] Eell = enum, £ 7], Q1 E
ol AL A5 ¢ < (automatic delegatlon), 2453 H = 2 7 | (properety) A8 4, = 2FA] (proxy), iaﬂ S
(framework), A}5 35 2Hd £ 71/% 7] 3} (automatic resource locking/synchronization) 5 ©] $l<5 4 t}.

g

3.34 QUAEA QI ME ZEeiA HAF FHAE{OIO|A[0|M

O WA =52 isinstance () 2Fissubclass () W 559 712 523 A A st dl AH-FUth

£ 3], H et %ﬂ]é abc.ABCMeta = 34 H o] 2 Z 2] 2 (Abstract Base Class, ABC) S t}2 ABCE 233l ¢
ol Feavk F(HFF e 2T E‘r) °ﬂ “7F wll o] & F el & (virtual base class)” 2 5718 = QUA| & AL
ol MHEESE FTHIF T

class.__instancecheck__ (self, instance)
instance 7t (A ] A o] AU ZHH A O ) class o] A2V AE HAFE 5 Qo FE SHF YT woF
A o=, isinstance (instance, class) = Fd37] Y =&

class.__subclasscheck__ (self, subclass)
subclass 7t (A ] Aol AV A A 0. 2) class o] HE Fej22 HFE 5+ Jod Fe E8sunh T
Aol= ¥, issubclass (subclass, class) & #8317 Y8 =& Yok

o MAESL Zehzel (g 2o o)A 23 Ak Ao AR 2
WA E AelE 5 gtk ol AL JAE A O8] EE5 = S5 AT S 239
o] A% Axday e AAh

T — 1t =2

o] B7):

PEP 3119 - 34} o] A~ el A~ 9] £¢] Includes the specification for customizing isinstance() and
issubclass () behavior through _ instancecheck__ () and __ subclasscheck__ (), with
motivation for this functionality in the context of adding Abstract Base Classes (see the abc module) to the
language.

3.3.5 MU= & LY LH7]

When using type annotations, it is often useful to parameterize a generic type using Python’ s square-brackets notation.
For example, the annotation 1ist [int] might be used to signify a 11ist in which all the elements are of type int.
o B7):

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__ ().
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classmethod object._ class_getitem__ (cls, key)

key ol Q1= & A7kl o2 A g S0 5438 Uedl= A4 & 85Ut

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 rype hints to these classes.

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

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

__class_getitem__ versus __getitem _

Usually, the subscription of an object using square brackets will 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 ob7j [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 1is 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. t ype does notdefine__getitem__ (), meaning that expressions
suchas 1ist [int],dict[str, float] and tuple([str, bytes] allresultin__ class_getitem _ ()
being called:
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>>> # 1list has class "type'" as its metaclass, like most classes:
>>> type (list)
<class 'type'>

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

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

>>> list[int]

list[int]

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

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

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

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

"""A breakfast menu"""
SPAM = 'spam'
BACON = 'bacon'

>>> # Enum classes have a custom metaclass:

>>> type (Menu)

<class 'enum.EnumMeta'>

>>> # EnumMeta defines __getitem__,

>>> # so __class_getitem__ 1is not called,

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

<Menu.SPAM: 'spam'>

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

<enum 'Menu'>

© B7):

PEP 560 - Core Support for typing module and generic types Introducing___class_getitem__ (), and outlin-
ing when a subscription results in __class_getitem__ () being called instead of __ getitem ()

3.3.6 1

1]

R ELH LY7|

object.__ecall (self[, args... ] )
Called when the instance is “called” as a function; if this method is defined, x (argl, arg2, ...) roughly
translates to type (x) .__call__ (x, argl, ...).

3.3.7 ZH|0|L{E ELH LY 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 (),
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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__ (), ul (), 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’ tdefinea___bool__ () method and whose __1en__ () method returns zero is considered
to be false in a Boolean context.

CPython 3 %} A]: In CPython, the length is required to be at most sys.maxsize. If the length is
larger than sys.maxsize some features (such as len ()) may raise OverflowError. To prevent raising
OverflowError by truth value testing, an object must definea___bool__ () method.

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

B & 3409 &7}

b
B
ffy
A}
_04

>-
rlo

N

4402 thgol Uhe s Al WA S o8 g

’a[l:Z] = Db
Jes5E2
’a[slice(l, 2, None)] =D

= Wels 1, ThE PEIE vpR7hA U Th whd Sefol s B8 g4 None 2 A F YT

object._ _getitem__ (self, key)
Called to implement evaluation of self [key]. For sequence types, the accepted keys should be integers and slice
objects. Note that the special interpretation of negative indexes (if the class wishes to emulate a sequence type) is
uptothe getitem () method. If key is of an inappropriate type, TypeError may be raised; if of 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.

Fil: for FZ = A ARG EE 28R AR5 Y&, AEHE AdE 20 sl IndexError 7F gojd
Ao g 7|gsta sy th

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] 2O U= FES7] Al & %% th _ getitem () I 7L F47 A )
w3 o] Aol =, 2707 7o) Tial ghel WA oAl 7o) FA1E St A9, AAL A s 5ol
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SAD 5 JL wE T A ofof FLith FR B hey Y ASE  geritem () oA} 2L AYE
%) © 7 of gk,

object.__delitem__ (self, key)
selfkey] 8| AA1E 87 As) EEH U _gecicen () H2E F97hBaFhch vge)

) =«
5o, AA 7L 719 A E 01'?%?:_ P A DR AR5 FENAALEZRH A7 E 5 et

ful

T3 ojor sttt ZEH key 74 A —Eigetltemi() A e} 22 & do Aok gL}

object._ _missing _ (self, key)
dict __getitem () °o]dict A H ZFe2oA 7|7t Ao gloW self [key] & FH37] &
S50k

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

object.__reversed__ (self)
reversed () W& 71 9 o] ¥ & o] A (reverse iteration) & & 317] 913 (lvhd) S &3t AH|
ol o] U= 7“%1]%% o o g A o]E ol B AAE = oF Futh

_ reversed () IIAEZ} A2 A %O W, reversed () WASTE=AFAZZ2EFZ( len ()
3 getitem ())% torto g AL UL A DA 22 EZ L Yt AAEL reversed () 7}
ASst= AR EH 2840 FAS A TTF 5 A ujvt reversed () & AZdloF )

WA AAF RS (inFnot in) 2 B AH U i3t olHF o] d o= FHAF YT kA v, A E o]
AAed 2LAd P deA 22 ST MAEE Sl Alg T + dsUnh ol B¢ AA e clHH =Y
28& glsyrh

object._ contains__ (self, item)
WA DN AUAE PN A BEQUL dem o] sef o S0 L, 1FA oW ALE
S F oF uth w3 AR 9 B, 71-3% %ol o gk w3 9] 7] 7F e of of ey T

__contains__ () & ZAY3A &= ”7'<ﬂ-4 A A AAR=E 1A iter () B B3 olH
OJAZS AR &,  getitem () & FF W2 AAL oJH Yol ZEEZS AIEF YT 2o
gl Exo o] A& ° EAETAG B PR

3.3.8 X & ELH LH7|

A FH U A8 o 22 mAEES BT 5 dsUTh FEHE SHT T RF %Z}Oﬂ Sl
AQE A e AAE (S £, BF7Ford 7\*%}’:01] st B E AXE) ol th-&35
oFe A 2 A o of gk,
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 (),
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**, <<, >>, &, *, |). For instance, to evaluate the expression x + vy, where x is an instance of a class that
hasan ___add__ () method, x.__add__ (y) iscalled. The __divmod__ () method should be the equiva-
lent to using __floordiv.__ () and __mod__ (); it should not be related to ___truediv.__ (). Note that
___pow___ () should be defined to accept an optional third argument if the ternary version of the built-in pow ()
function is to be supported.

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

object.__radd__ (self, other)

object.__rsub__ (self, other)

object.__rmul__ (self, other)

object.__rmatmul__ (self, other)

object.__ rtruediv__ (self, other)

object._ _rfloordiv__ (self, other)

object._ _rmod__ (self, other)

object.__rdivmod__ (self, other)

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

object._ _rlshift__ (self, other)

object._ _rrshift__ (self, other)

object.__rand__ (self, other)

object.__rxor__ (self, other)

object.__ror__ (self, other)
These methods are called to implement the binary arithmetic operations (+, -, *, @, /, //, %, divmod (), pow (),
**, <<, >>, &, 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
expression x — vy, where y is an instance of a class that has an ___rsub__ () method, y.__rsub__ (x) is
calledif x.___sub__ (y) returns Notlmplemented.

“ﬂpowu% rpow__ () & TESH L AETHA] ol T oF FUth (23 A st d ZolAd

Fa: TR I AN o] AF ALY Fo| A B FPYiolal, T AE FeaTt ALk
AR A= e FES AlFsHY, o] WA= 4% AiAte] F 6] A 2 WA =R A
TEHEULh o] TS AE STt 245 AAES AR 5 A= T FUTh

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 (+=, —=, *=, @=, /=, / /=, %=

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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*k= <<=, >>=, &=, *=, | =). 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, the
augmented assignment falls back to the normal methods. For instance, if x is an instance of a class with an
__iadd__ () method, x += yisequivalentto x = x.__iadd__ (y) . Otherwise, x.__add__ (y) and
y.__radd__ (x) are considered, as with the evaluation of x + y. In certain situations, augmented assignment
can result in unexpected errors (see faq-augmented-assignment-tuple-error), but this behavior is in fact part of the
data model.

object._ _neg__ (self)
object._ pos__ (self)
object.__abs__ (self)
object.__invert_  (self)

A G Aks A4, +, abs (), ~) = FASH] S8 EEH UTH

object._ _complex__ (self)
object.__int__ (self)
object. float (self)
W& ¥4 complex (), int (), float () & 7387 A TESFUth AZ T F9 = =25 oF

.

object._ _index__ (self)
operator.index () & 7 &837] Y3l £ 2, Fo|H o] X AAE A AA=Z &4 glo] HEs|
of g ulf (& te] O]‘/} W& bin (), hex (), oct ( @‘T—E"ﬂ/ﬂﬂﬂol)”}‘:} TP Yth o] A=
A& A} 7—‘1%1]7} A+ gdE =AY ‘E‘}E/\] A4E =HFFFUh

_int_ (), __float_ () R __complex__ ()7} BeH o] YA oW, ;T HF T int (),
float () ¥ complex () ¥ _ index__ ()& A& Th

object._ _round_ (self[, ndigits] )
object.__trunc__ (self)

object._ floor__ (self)
object. ceil (self)

W &4 round () @ math 3 trunc (), floor (), ceil () & F+d3}7] Y3 E&F Ut} ndigits
7} round () E AYHE R &3 ol HAEEL RE Integral (HE int) & 7“"3 AA 9 7k
Eoi7 ot BTk

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

3.3.9 with 2 HEIAE 22| X}

A A E B2 2} (context manager) = with£-2 A3 w) x}e] F= A3 A A E (context) S A 2] 5= A7 9
Uth 2= 859 Ay S &, AddrE JJFF/]Z]' A3t= APA T A AER Y AYFH} EES A g
Ad2~E J&E]XPbE with & (wirth & Ao AEFUh &2 A 2= A5k, 259 FIAEE TE3) A
AHJ ST 5 dFYTh

Ad A ]

E &AL AP H QA S Eofl & st F72] A A A (global state) & E &3t B 3= 7, AHL S

yo} =
o 1l 1
2 7] (locking) 3F21 A & 7] (unlocking) 3H= 21, €8 314 & &+ 71 5] AFUth

For more information on context managers, see typecontextmanager.

object.__enter__ (self)
ol A et AAd APANT Y 2Eo] AYFUth with & as B2 AGH o] Avhd, o] vl A
=] ulal 22 A AT o,

object.__exit__ (self, exc_type, exc_value, traceback)
o] AA|o} ATA AWA L AHAEES F2FUTE il ANFEL ABAE0 A ol U] e o9 5
71 guTh wek AE e} o] 9] glol $EITH, Al A7 ZF None o BT,

-
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ghef o & 7} Al 35 AL, WM =7 A 8] 8 FAAI7I AL Ao (5 Fabsks AS 2o ) Ftrue) =
A FUT. 2FA God o8 o] N ETLFET T AL AP P Uk

Note that __exit__ () methods should not reraise the passed-in exception; this is the caller’ s responsibility.
© ®17]:
PEP 343 - “with” & 3}o]# with 2o tjst 374, o) 43, <.

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, vy) 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.

WA 3.109 7}
o H7]:
PEP 634 - Structural Pattern Matching The specification for the Python match statement.

3.3.11 54 DAME X3
AgA A Zene) A9, SANA B4 WAEY TEL AR dAEA AT A obd AR Fe

N
AolH o] 98 uw eub A B2 gol RAF U ol 4L 02} 0L FE7} o9 g Uo7l U

gk

>>> 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(1l)
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
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SN2 AZFA G HMAEE STEsHH« olF AY ARH A=+ TF5 ‘WE S 2 & T (metaclass
confusion)’ ©] 2}l %Fﬂ y ST AAEE 2T AAEAE 935t HHOE 98 5 A5y

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

True

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

True

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

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

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

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

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 IR El(Coroutines)

3.4.1 O{¥I0|E{E ZA|(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 types.coroutine () orasyncio.
coroutine () are also awaitable, but they do not implement ___await__ ().

object.__await__ (self)
Must return an iterator. Should be used to implement awaitable objects. For instance, asyncio.Future im-
plements this method to be compatible with the awa i t expression.

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.
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asyncio) that will be managing the awaitable object.

B A 3.50] 37}
© ®17]:
PEP 492 7} oj gl o] 6| & A A of] th$F ] A3 H KW E 2 gstal JF Ut

3.4.2 T2 E| ZHF|(Coroutine Objects)

Coroutine objects are awaitable objects. A coroutine’ s execution can be controlled by calling __await__ () and it-
erating 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.

282 ohof s WA S S e 23 g, Al al )8 (4 v @ o B0 E €] o] 6] W A = B B AN
Syel A A WUt AT A Dol 2768 ol o4 A A A T

WA 352004 AA: TFE S F H await 3} RuntimeError & 427Utk

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 (fype [, 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.

coroutine.close ()
TR A S A2 etal FHEGEF v yth B IR H o] A T2 Fo|H, o] HIA = —t—Ud A3
Felol A FAH LS ol el olEl o] close ) A2 A AT L(LH A= 717
28 kg YA FAA DA GeneratorExit & HAA 7, TEE ] A AN L aags
EUT] vpAete 2 T2 o] A9 S R AT EA SHvl, ok 4 Al oA 23} kot Wl

FEE A7 3 2 v = 9] ZE A 20 w25 o 2 29 U th(closed).

rlr
i°

3.4.3 H|=7]| 0|E{&|0|E{(Asynchronous lterators)

H] % 7] olElHl o] €] & XA _ anext_ WA ZOA U5 7] IEE 553 4 9GUTh
H]5 7] olH 2l ol Bl async for #ollA AHEE 5 Q5 Ut

object.__aiter__ (self)

H5 7] olH el o8 A EefF oF Iyt

object.__anext__ (self)
ol ol H Y tg = T odlodHE = Ak FUtk oHd A 2uH
StopAsyncIteration & & 4o Aok gt}

vl 7] ol E 2l & AA 9] o:
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class Reader:
async def readline(self):

def _ aiter_ (self):
return self

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

raise StopAsynclteration
return val

WA 3500 F7F

¥ A 3.70| 4] H 7 : PriortoPython 3.7, _aiter () couldreturn an awaitable that would resolve to an asynchronous
iterator.

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

3.4.4 H|S7| HHAE z2|X}

v 5 7] Ad 2~ E 2] & (asynchronous context manager) = __aenter_ 9} _ aexit_ WA Zo|A APS
A FAE = = A2 E A2 Yot

v %5 7] AYAE B A= async with T A AFLE 4 A&

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.

Hl5 7] AEAE He|ap 29 o:

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

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

B A 359 F7F
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0>
02t
O
1

41 T2 Ol 1 X

vlold 2232 35 2502 e Utk 55 (block) 2 T 9= A= 27 sjojd 2=
aFEg2EQUrt F3 22 AEol E5AUth BE, g v, S o] P e Y= 4
PR EEYUh 23 HE S (FE YY S 53l 1231Eiixil*ﬂ -ﬂro]‘)]‘/} AEejZ e o P&
Aatz AR E 3td) L Z=E BTt 23HE B (-c 3Pz JHzeE YF P AHFd ¥H) S
FEBSYUTE - JAAE A B E SolA 54‘0‘% TELIAYEE (BE_main_ 02)APHE
EEE IE E5YYUTh WA eval () Fexec() ZALGEHE TAE AR ZE ESY YT

FE B85 A Zd A (execution frame) oA AP Gt A 2> 22 #2| & AT A E(HH ol AHEH
UthE 238t1, 1= E59] Ago] 2 Fof ot A o] BA AH S AL Zﬂ‘iﬂ% A3t

o5 (Names) & AAE 7Fe] U o] 5& ol5 A2 A4t w2l 5ol yth
The following constructs bind names:

« formal parameters to functions,

e class definitions,

« function definitions,

e assignment expressions,

« targets that are identifiers if occurring in an assignment:

- for loop header,

- after as ina with statement, except clause or in the as-pattern in structural pattern matching,
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- in a capture pattern in structural pattern matching
e import statements.

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 T°ﬂ e st Al o] HAoA ddd Aoz BFdUTH(AA 27t ol5< A siAlstE 2ol 7]

%1\

]—J

stk LS EEERE SRR

, BE &S

+

If a name is bound in a block, it is a local variable of that block, unless declared as nonlocal or global. If a name
is bound at the module level, it is a global variable. (The variables of the module code block are local and global.) If a
variable is used in a code block but not defined there, it is a free variable.

Z2 I gAE S5 244749 o] 552 th=oll = ©F 4 (name resolution) 7 2] of] w2} A = =
o] 29] A (binding) < 7}e] Yt

4.2.2 0|E29| ZAM(resolution)

AF T (scope) = E-= Yol A o] E 2] 7}AA (visibility) 2 B T th A M BEEo A Aol W, 129
A2FZE T EES TEFYTE W H o7 T4 EE oA o] F AW, 23H EF o] 1 o]l sl o
AS WEA G ol AT Z = AYFA JE A qoll 2FH BE EF = gy

o]0l ZE EF Yol A A2 wlf, 7HE 7HE Al SR L Qe 2T =0l = Ao E AAFP UL I E E50]
B L IYEREAFTZY JETE EF9 &4 (environment) o] 2l H-F Ut}

olFo] oy A= WHAE A ¢F O NameError o 2] 7} AU T WoF AR AFZ 7} g AT )
a1, 71 o] 20| AFRH = Al H ol o} AAE A ¢S A W4 UnboundLocalError o ¢ 7} A gy

UnboundLocalError + NameError & A B S 29t

Thek o] 5 A AAtol = EF Y9 oo A A deojdtid, 1 &5 LH°1W Jolge REAEL I
EES 7= Aoz AFE UL o)A ﬁﬁﬂﬂ Aol BEZo| A AFRE uff o 2] 2 o]0 & 5 Q5 Th
212w 53}, sho] A o= A A (declaration) ©] {111, o] & AZ 03&01 FE &5 Y9 ojtjo A
AEE UL T EF59 AG HE-E E5 HAE AA|of| A o] 5 AF A4S Zholof

2l Uth o Al &= UnboundLocalError o] #3FFAQ &2& X514 8.

%>:|Jm

O

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 T2 &> 252 o5 Ad At 22 L= S AgUth Af ¥l A5 7P 77kl A e
© &3 27} global & 2T, I A W= A2 AFE Ut

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.

B9 o5 302 EEo Ag dxER W As o2 BEofAUth 2T HE WA RESFA_ main

olebi Eg Uy,

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

class A:
a = 42
b = list(a + 1 for 1 in range(10))

4.2.3 builtins 2} A|3t=l AlsH

CPython & Al AL A= _ builtins_ & A=A Folok FUtt; o] A2 7+ M FEAMF Y U th WA
o2 F7He e WAL AL AL A= builtins RES import 3t1 149 o]EFHE 3k
A8 oF It

I EF AYAF AFF Y 5
dAG UL o] A2 gAY U EEolofof FUTHF A+
©2, main__ EE°] Sl __builtins_ 7} WH
__builtins_ =builtins ZE9 gAY thal ¥

hi»

A
n

N o

£  builtins_ & %3
$ w59 AVt A8 oh.
¥E builtins o|Z, T2 2 &9 ¢

o
e
fr XX

tjo

A Mol s o] 2 AAS Ank Ao ok ek A% Al el o] Fol Ptk o] AL e 2L TET}
122 293tk 22 FEUT
i =10
def f():

print (i)
i = 42
£0)
eval () Frexec () B4 o2 ANL 98 AN B0 U3 F2Ao] YL LT o] BL TEAe] Ao
7 A o] g FLAM AAD 5 AFUTh AR WeE 4 shrke] T4 o] & ko] op et A o] 2
T2l AMEYTE! exec () Feval () Bl A Ao o] FHS AR L 4 I A 745
QAxp7k gl U Th whok BhA) B o] & Fhek RO A B, 17 0] F kA BEE AR T

el olEit o H el 24 M dt7] A& L= 852 Rkl Ao 352 M T YTh o7t
A" ARANA AL E Do UThaised); S = EFol; A FA T2 A 07 o 7p Ay S
FEBELTSTHAE I BFAA 9= AgE 5 s

gholf JAE|Z e H &= AP AT 2 (022 Ui 2 Z2)E UAT o & dozjych slejn 227
WL raise B AAEA BAACRE & dod 5 YFUTh A& Al7|= try -+ except BOR
ARHUTh 28 FMNA finally 7+ A2l (cleanup) Z=5 A A st Hl AHEH =0, A9 £ A2lste
Zlo] op et ebdd I = A of| 9 7F sk 2 A] ok A v Th

Y
vlo] w2 o & A ol “F A (termination)” 2@ S AU T ol €] A 2] 7] 7 H 7 DA P =R AT 5= 9,
HHZ A A A S AL 5= QAT ol g o] Ao A AT Z o Aufd AME A ET = g5t
(BAY Z= 274-& ASHE A A7) 22 oL dUh.
=2 e u), oz g AS 273 st
Utk & 39 2%, o9 7} systemExit ¢ ¢S A9 3ta, 28] Ego]AmS ol
Sl ]

A5 wEo] s TET BEC] Aok & A Rel = £ A3 23]

o
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A} (non- vzrtual ]0]/\ Za 7].3] 74 o]: ?}141;]— B
o ‘:H'J—%—ﬂﬂ o) AR E 3T 145_\/]1—/}

v o Far gle] MAE 5

Fan: o8] AR L Shol W APL 07 ob e U g & ol v alo
913 S e o251 Bopor i

y TEE 3 MY Bz oA A3E 5 9l

—11"—'

AN try T A try %, raise & A raise Fol thst A o] AlFH YTt
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@ o g oM FEL Q¥ T ojeh T2 AAE BH OHE mEO Ik RESO| 0B 42 UL 2
ST import £2 JEE ARE DO L /17 B8 P AW, 3 AT L obg Ut importlin
import_module () &2 &+ U W import () & YEXE FAE o=t AHEE 5 A5 Uth
inport £ % 74 42 T AU 9 oIl ATlle 2B E e Fol, 3 A4 2AE A
27329 o] 5o AZAFUTE import ¥ A A AHT AAEE __import_ () FFE TS+
Aoz Ak __import_ () ¢ ‘?}% %I% import 9] o] & A AxE £t ol AHSF YT
o] o] 2 A Aol F&3s N BEALF ] A= import £ HA L.

_import_ () YA ITELEES 7'45’_, LAAT, B ES UEE dAvs 3tk RE 7| A&
GEE AL o2 Al (sys modules & LHAINE BAE A5} 2E $4H e B Eo] dojd
g A7) AR & A import FRE] o] F _é A4S P

import ol AdqE w, EF WA __import_ () 7FEESHF UL XZE A 2HE S E3= 2 WAYUS
(1mportllb 1mport7module () Z2)L& _ import_ () EAMESIA F1 AXE NES AT g

A0 e AT 5 %%un}.

Lu}o&dﬂwwww o] AT L The AN A Aok ol el A

WA 3304 WA dZE AN AELS PEP 302 ¢ F AR UAS 34 LHIEE A A5 oA
SUth- X%x]] Az E A|2Ho] sys.meta_path & 53 =
7] 2] 9] Zl?lol T A5 UTH(PEP 420 & H A 2).

oy rlr
o2
:t:é

I types.ModuleType & H A2
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5.1 importlib

importlib RELZ AZTE X B3 APIE Al F Ul o & 0], importlib.
s

=
j= h s
import_module () + YXZE ZBAE F&5t= ol o] W __import_ () o v]s) A= 11, o] 7Htst
APLE Al F T o A% 8 Bele AUAE B A 5.

>
T
o
o,
lof
N
ofo
_?L
N
Ho

5.2 17| X|(package)

o] WL 3 74x) SR BE AAW 2T YW, BE R

o ae A Aol o G AT RS 2 AT oI5 AR S A A, 5o

77 2 AL 2 LMAqq

5772 52 A 28]

georz o wes

$2 88 AU 7
=

X

£ 547177} BE ol ek AL 719 5He o] 2P AR BE BEC] 37112 AL oy

Aoz ﬁ?ﬂ‘cﬂ-fﬂ, W7 A& EEFTFY REYULE FAFLE,  path AJEIUFEE XA} EE
B2l di7|AZ AwEUnh
EE RS 0)$] dFUTh AR o & shol el BE ol EelRE AA B g whel, 0 37
o] 5 (dot) & 2 FEF YT ZejA email O]B} =2= ;71 A7 A= 5 ASUTH email & THA] A B
9] 7] A] email .mime & %%‘I’_, o] B 3| 7] A] Yo EE email .mime.text 7} Y 5 A5l
5.21 X33 m{7|X|
o]l W 7 7HA T/ A7 AE AU At 7 A & o] 5 F2F I 7] AL Bt A7) A= Tl A 3.2
o1 0) Ao A B E AL TAAG L, AR AAAC T init ooy AL AR e 22
TFEHUS B l7IAZ d2EE W, o] __init_ .py 3ol FAH R AYPH 1, T A o] H st
AAEo] A7 A9 o5 e o] FEE AAFULE _ init_.py HUL OE BEEO| A 4 Ui
A% 2L shold IEE TFF 4 A, ol WS YEED w) BE F A o] E|HES 2T
NE 50l 22 FAA 2" vl 2 = H 49 parent 37| X e} A 7He] A B 7] A& Ao Ptk
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 F o] parent.two & parent.three o YZE = Z}Z parent/two/__init_ .py 9}
parent/three/__init__.py & A3}

[}
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522 0|E Z7t17|x|

o] & F7H 7] A= ole] 7pA) 4 So] BYA AT, 4 EAES F 8 7)Ao A8 7] A 2 o] upx] e,
EAEL FAN AT T2 A X ol ¥ + YEUTh EAEL zip ol M EA AL} sho]Me] JEE
G} AASE oWl thE Fao) A BAD + AUk ol F B AL HAA 2 AR AH A
ARBAL NS 5= Q1 2BA 42 2= AFUTh FAA FE7L Gt MY BEL SE dSUTh
o|& B2 WAL _path__o]EHER ANAQ 2 AEE AEFHA 5Tk Al S0 ol H
£ 92 Agete, 2 977 W o AEEREPER CE FECEENOE EEPEE
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sys.path) & F27FHg o 37 x =4
olE F 7t A7) A 9] A9, parent/__init_ .py <Y
HEE e 7 dAE 4 9l Z42ke] A2 the 25l o5 Al
parent/two Qo XA &S 4 Q5T o] AL, TholA
QEE G wjvieh 2 4] parent A7 A& 18 o) 27 9
ol5 T 7N A9 7742 PEP 420 & T2 3HA Q.

502 295 Fuich

Uth AH, 92 E A 5ol 7He] parent
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142 g,
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R A9 NS ER R SYTh

TUL, B ERER 7= Fo2 FREE AE2L S UdsULL dE
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foo
E JdZESIHL /\]L:_‘GLH c}. ‘?_]'°‘: AT EV L svEts A3tk H ModuleNotFoundError 7}

ALE AN EF NS0 2 AN £ FLk sys.nodules YU o AL S AR 5E £ A Aol
ZTEHREREY INANE 715Ut TefA] 9HeF foo.bar.baz 7} A YEE T AT, sys.modules
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YEZESH= 52 BE °] 52 sys.modules oA 231, 7ok Qb S| gho] X EE &5t BEol,
ZZ A"y 6}%] Tt ko] None ©] ¥, ModuleNotFoundError & € oYt} Tt B & o|Fo
QTFE, sol W2 v E 942 A% AR o

sys.modules 2 7|7}
RE| O3 BT FAHT U
oo g stojg 1
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5.3.2 1}Ql{(finder)2} 2 (loader)

B E] sys.modules oA WAL R koW BES Folr Rty Y& sto| M Ax

TEULh ol Z2EZ 2 F Y MEH AAEZ T4

e g3, Fold o] B9 BES B2 4

EURELLEE S ERCE 2 )

ofg] 7kA] 712 sl 3 d2EES 2§t

= 2 Z 5 (frozen module) 2] $ X &
z

ZgEZo|

o2 BT E

rlr

ek <l

rSL 30,
F[O N

N

30,
ofy
Ho P
&
>‘)‘4_:
rz
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ph

X0,
H
4
e
)
Py
rlo

LSRN M U )
(o3
%
Bl
tlo

AUtk QX E 42 = 3 A" A2 U zip 32 77l = A A 55 YY

HE = ZAEAHE, AT AAE = = AL ES A E 32 = A5 U

ZE AAE FF 7tsA, BE AL HAE st A8 Al 9elg & 1 4 st
IRIEE AAZ RES ZEIA & SFULE FojA oo RES ZOoH A2 EQ AUH JRES 8 oF3h
BE 23 (module spec) & e FEU, YXE A= RES 248 v o] AS AFS3HA EY ot
g3 AL el 209 2 EZ s £ o A5 Ayt X E FAE F4517] 95 o2 A
M2 AES s 5E=AE 283t
HA 34004 HA: o] A WAL Ffo]Mof A, gl E 7t 26 & A H SHFUA Y, oAl ZHE £33t
AeRBE2IHS EHEFUL AZE EF 27 ol AFLSH 7| AT 1 I8 S4FHJAFUTH
5.3.3 Y EZE = (import hooks)

d2E Aa+= 34T = A= & AAFHAF UL A3 A WAYESS A2E 2 (import hook) YU T F
= o] 5Tt W E = (meta hook) I+ Y ZE 2 = (import path hook).

2] A 50l, sys.modules /WA 23] & AL & A2 E A Eo] A ZE7] Ao
2 e Fol sys.path A2, 222 25, W ZE8sS APAE 5 A Ttk ool
£ 2 sys.meta_path o] A 3}l AAE F718t= HHOoZ 55T 5 JdFUTh

ath (Z2 package.__path_ ) A8 48 =, FAH =2 F§5S W} Al F
%ol Y2 E FJ 2 F2 sys.path_hooks o A} FHEZ FUlst= Yoz

o]

ol

SyS.
| A

ol

i

5.3.4 O|E} & = (meta path)

When the named module is not found in sys.modules, Python next searches sys .meta_path, which contains a
list of meta path finder objects. These finders are queried in order to see if they know how to handle the named module.
Meta path finders must implement a method called find_spec () which takes three arguments: a name, an import
path, and (optionally) a target module. The meta path finder can use any strategy it wants to determine whether it can
handle the named module or not.

BHof el A2 SHIE b 2ol A o] o] RES AP We oY, 2% AAE BUFUL 18 5
SITHe None & B2 F U WeFsys.meta path HE 7k 2L FeFA R5T B2e] Zo| £2s,
ModuleNotFoundError & @2 YTh HAS= th2 o9 &2 1 F4HA] 7|00, dZE 22 A8 T
k.

The find_spec () method of meta path finders is called with two or three arguments. The first is the fully qualified
name of the module being imported, for example foo.bar .baz. The second argument is the path entries to use for
the module search. For top-level modules, the second argument is None, but for submodules or subpackages, the second
argument is the value of the parent package’ s __path__ attribute. If the appropriate __path___ attribute cannot be
accessed, a ModuleNotFoundError israised. The third argument is an existing module object that will be the target
of loading later. The import system passes in a target module only during reload.

[}
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HE AEE WY YXE 8ol thsf o CAE B, U EEEC] oIFAE
N = A Rt & wl, foo.bar.baz & st H, WA 2 vet A& 3} H (mpf) Sl 3l mpf.
find_spec ("foo", None, None) & T &34 HAS dXxEE Z,\—aﬂﬁ-\/]q— foo 7} Y4XE H T4, 1
E} 73‘3‘2 T WA A A foo.bar & YEZE 3}+=d|, mpf.find_spec("foo.bar", foo._ _path_,
None) & z%ﬂq\:} At foo.bar 7} YEE FH W, npA T BN npf | find_spec ("foo.bar.baz",
foo.bar._ path__, None) & &34t}

old et F = I E2 24 /4 dZET ALIUT o] 2B E2 F HA UAE None ©] ofd
Z1o] 29 @4 None & EHF U

UQ‘TE’

[ ot
>
i
b
30
fy
o

sto] 9] 71 sys.meta_path = A 79 HE AE 9 AH & 21 JFULh Sty WA RES X ES]
EHES YL, U222 ERES YREFEHS I, U= Y LE HZ oA RES YZEINE=HES

S THE A= 7)ul shel o),

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

WA 3.109 A4 ¥4 7: Use of find_module () by the import system now raises ImportWarning.

5.4 2%l (loading)

sl AN Y, dEE AR
[e)

=9 29 74 59 Dojihe

o
B e

module = None

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

if module is None:

module = ModuleType (spec.name)
# The import-related module attributes get set here:
_init_module_attrs (spec, module)

if spec.loader is None:
# unsupported
raise ImportError

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

sys.modules[spec.name] = module
elif not hasattr (spec.loader, 'exec_module'):
module = spec.loader.load_module (spec.name)
# Set __loader___ and __package__ 1if missing.
else:
sys.modules[spec.name] = module
try:

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

The 3 e AR AG ol 2o 3 of Tk
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E°] sys.modules o JTHH, X E = oln] 12 & HUth

Fo &L sys.modules o AH & FF5Uth o] A2 ZFA A ZE 0]

) AN GEE G5 97 A E A PA syt .modules O F1H0 25

A (recursion) & WA 8, Z Ao A3 o] H 295 = AS IgH Ut
2E(LA “JH?}E’_%‘?})% sys.modules | A A H Ut} sys.modules

U sHo g2 29H REE-L Ao Fopd o] ofgk gt o] &

sys.modules Oﬂ ‘/PO}‘” Al Qt g 293 o] g Ych

gh ob A APE 7] Hofl, F o] A ol A R ok o], JdXE A= JXE AHEE

AUt 9 A ZE of o] A] “_init_module_attrs”).

| A RE9 o5 F7to] A+ 2R A YU Th AF S HAH o2 2o ¢

W A o] o] wA A9 A of A 2 e

A 2 exec_module() 2 AEE = REL A X EQ T i3ty = A o] ofd 4 QS5 T,

M 3404 W AEE A2do] /2 BA B 2H2 AYE T

importlib.abc.Loader.load_module () WA Z oA 3= A5}
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541 2

BEEEYEZ2YY 2AFAA 75 S AT ULH: BRE AY. dXE A= 39 AAE importlib.
abc.Loader.exec_module () HIAEE S &5l=d, AP 2E AA 7 AddH Ul exec_module ()

o) B FE e EAT T
2HE e 2 2T 205 BEof gk

. BeF R Eo] stoll RE(F BEO L EH 0 25 = o] ofeh oW, 2l REe] It e
BEY Mo o2 Fhmodule. dict )ol A Aas) ok lch
15

o BOF 2H 7 RES AP A £, ImportError & 90 Aok ) 1A ¥k exec_module ()
=13
=

B A9, st et el 2 AR YU 28 B find_spec() WAEE 267 self 2 AAH
A5 e FU T

EE 2T create_module () \INEE FET 2N 295t= T EE AAS e dol AAE 3
Uttt 3o ozl 25 Aﬂ,%r@o}%om 29 FAEE EE AAE S2FYth create_module ()
o BE AR e HES AT DAt YLUTh BF WA None & EHFW, YEE AL A
RES AN BEYLL

WA 349 275 262 create_module () HAZE.

WA 3404 HA: load_module () WA E+ exec_module () 2 HAF UL, YT E A7l 29 FF
3 Z (boilerplate) o] T g+ & A4S Jth

o] 1] —éxﬁéP“ =oEdd S&% A, 4LE A+ load module() WA EZF 243,
exec_module () & F&3}A] &AW load_module () & AFRE U} 3FA 2 load_module () 2
25 945yt i\:—] = 4l exec_module () & F&3 oF Tt}

load_module () FIAEE RES A= A 9o Yo A AF3 2E T E (boilerplate) 21 7] 5S 73

Sfofrt Utk 22 Al ks ol BF AgE =, F7HAd AN e 2o EH:

+ WoFsys.modules o F01 7l o] &) RE A7} o] ] EA N, ZUl& WEX T AHNE Ak T

Uttt (28X ‘E%’EEH, importlib.reload() ©] 2uv}l& ZZ3}#] &A FHUrt}) Wk sys.modules
of Folxl o] F9] BEo] glod, 2H & A ZREAAE TSI sys.modules o] F7}af oF Frh.

Ytk o] A9

2 importlib 7 8-> ¥H3k k& A H AL31] gF Uk e, sys.modules 01]/H o= g
o] |32 oh2 shol A

ZHaA QA B g2 = sys.modules o] 9= Z}AS ¥1E $ Y= A %]1/]1—4_
FRAA 5 AT 2 A5 A Q5.
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« AR e AT o A 2= A BAE] 96, 2HFEE I=E APE7] Aol ZEo
sys.modules o] £A)3 oF gt}

. wHeF 2 50) Ao, U sys.modules o 498 BEES A AN o hd, A5 ¢ REWL
A AN B3, B2 1 BES A YAH O 2= Aol v 1eloF Fulch

WA 3504 WHA: exec_module() © AT YA W create_module() ©] HLH A 4o
DeprecationWarning o] WA},

WA 369 A HA: exec_module() © FYF YA Y create_module() © AT A ¢od
ImportError 5 423 Yt}

WA 3,100 A WHA: load_module () & AFEE ImportWarning< WAl

=

12

542 ME 2 &

o HAYUZOCZ2E (95 £, importlib APIE, import Y import—from &, W& _ import
MNEEFo2Ed uf, A B EE AAZY AZ2 FE EEY o5 &1t o] FAHUTH A& &9,
spam ©] AJ/H B & foo & 7}A| W, spam.foo & YXE 3} T o= spam o] A/ B EEo AZH o]E g

foo & 27 FUth B} 2L e T2 2 Hof Jrii FAI T

Jeil spam/__init_ .py 7}t 22 E& ST FAIth

from .foo import Foo

2 b3t 2ol A3 spam ZEl| foo 2k Foo o thEt o] F A A o] dojdh

>>> import spam

>>> spam. foo

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

<class 'spam.foo.Foo'>

A4 3
ZEAN 7| Pyt e A2 olFH Yl W sys.modules['spam'] ¥ sys.modules['spam.
foo'] 7 ATHA (18] AE 0 5] AFeh7k 2T T, Rl Y AL WEA ol g A9 foo o =2
W7} ooF Pt

5.4.3 Module spec

Uth ol 2 So] B 23

39| &% 9 AH(boilerplate
= AA Hyoh

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

contents of the module spec.

W7 3400 27}
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5.4.4 Import-related module attributes

The import machinery fills in these attributes on each module object during loading, based on the module’ s spec, before
the loader executes the module.

__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___
The __loader__ attribute must be set to the loader object that the import machinery used when loading the
module. This is mostly for introspection, but can be used for additional loader-specific functionality, for example
getting data associated with a loader.

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

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

This attribute is used instead of __name___ to calculate explicit relative imports for main modules, as defined in
PEP 366. It is expected to have the same value as __spec__.parent.

A 3.690 A ¥ 7 : The value of __package___is expected to be the same as __spec___.parent.

__spec__
The ___spec___ attribute must be set to the module spec that was used when importing the module. Setting
___spec___ appropriately applies equally to modules initialized during interpreter startup. The one exception is
__main__ ,where __ _spec__is set to None in some cases.

When ___package___is not defined,
B & 3409 &7}

WA 3.6004 WHA:_ spec_ .parent is used as a fallback when __package___is not defined.

spec__ .parent is used as a fallback.

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

Non-package modules should not have a __path___ attribute.
__file

__cached___
__file__  is optional. If set, this attribute’ s value must be a string. The import system may opt to leave
__file__ unsetif it has no semantic meaning (e.g. a module loaded from a database).

If _ file_ isset,it may also be appropriate to setthe __cached___ attribute 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).

It is also appropriate to set __cached__when ___file_ is not set. However, that scenario is quite atypical.
Ultimately, the loader is what makes use of __file_ and/or _ cached__. So if a loader can load from a
cached module but otherwise does not load from a file, that atypical scenario may be appropriate.
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5.4.5 module.__path__

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

A package’s __path__ attribute is used during imports of its subpackages. Within the import machinery, it func-
tions much the same as sys.path, i.e. providing a list of locations to search for modules during import. However,
__path__ is typically much more constrained than sys.path.

__path__ must be an iterable of strings, but it may be empty. The same rules used for sys.path also apply
to a package’s __path__, and sys.path_hooks (described below) are consulted when traversing a package’ s
__path__

A package’s __init__ .py file may set or alter the package’ s __ path___ attribute, and this was typically the way
namespace packages were implemented prior to PEP 420. With the adoption of PEP 420, namespace packages no longer
need tosupply __init__ .py files containingonly __path__ manipulation code; the import machinery automatically
sets __path__ correctly for the namespace package.

5.4.6 repr
7] HOZ HERELS A}%Qﬂ_i repr = ZX3 AFUThH SHAI R 9]0 o ERRHESH} BE 299 3=
EOﬂ weh, BE A repr & & T YA H 02 Ao 4 9F YT

Ego] &3 (_spec_)e 7MY, JEE A= IACERH repr & UL A =TT T30 A
ot AL 2do] lod, X E /\V\E“ = BEAA AlTH = AEE 71 repr & A YT module.
__name__,module._ file_ ,module._ loader__ Srepr & YO Z AL3E] 2 A =5t=d], w}A
Rur 1Rgoz Aguoh
AHEE AL Yl 8 A A2 o] FH 5 th
e« XEO]__spec_ OEFHEE 7AW, 23 Q= AR Z repr & AT E “name”, “loader”,
“origin”, “has_location” o] E] HEE©
C BEO]_file OJERES AN, BE repr o AR ASH T}
« BE0]__file_ oJEIHREE ZA FA T None ©] obd __loader__ & 7AW, 29 repr ©]
259 repr o] AR 2 AEH L,
o 23 A ko, repr o]l REO _ name & AHEFYTh
W7 3494 M7 Use of loader.module_repr () has been deprecated and the module spec is now used by the
import machinery to generate a module repr.

_'rﬂ

?
oo
ot
i
O

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

WA 3.109 A ¥ 7: Calling module_repr () now occurs after trying to use a module’ s __spec___ attribute but
before falling back on __file . Use of module_repr () is slated to stop in Python 3.12.
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5.4.7 F{AIE HIO|E ZE &3}

gtol o] .pyc FLRFH A A v}o] 2317 Aoll, A 7 H A MARJA &2 py 3L}

MR 7 RA 02, Fhol e £ HF 24 HAARD} 378 A FLL BE ol Sl A A
]xlolo 2~ 3] n'al—qr/]. /\1514/\]7]-01],01415 }\]Q%]% 7“,\] _)—]—O oﬂ x_‘l;(],ﬂ W]FJ'C‘“O]H%{QQ.J ]E]—Eﬂ] 1Ei9‘r
iz ske] A shde] EAS Ao,

Fpol 2 EEFE S A 719 AR A ok = Z]ﬂﬁ}—tﬂ WA 32wl et v o] B thAlof] & 3k o] W g Al &
A AU Th S A 7]9 Lpye FL o= T A M E o] Y5 th A XY (checked) 7 ¥] A A (unchecked). 7
AB AN AW pye A AP, SHol HE a5 A1 B3 A A 5] 3 A] 2 ] 31 5ol
WA st o] FadS AU AAY S A 716 AT 9h D o] viﬁ}x] U2 e A, stolde
WA SFd & thAl A skal Af 22 AN s Al 718 A A 3RS v U ok vl gAY s Al 718 Lpyc 9k 9l

A7, gl W I A stdo] EAE B RS 7HA J‘%‘jr SiA] 718F Lpyc 99 & AA
522 ——check-hash-based-pycs S 12 A A2 4+ 54y Th

W 37004 WA: 54 74k . pyc AL EABG UL o] o, To] AL ulol = TE A A|9) Ef ATz
7% = &5k A AR5

5.5 42 7|dt ool

ol AF R0l shol 2 o2} 7] vt A& 9T 53 2L Q5T o] F st
(PathFinder) 2 8=, 4= A= 29 5 FA A= d2E A= & A4
EEE S XS /AU

BE 71N IIE AL A7EE JEES = Yol disi A& o= 2ol gl Utk tiilel, 4 3=
FASAM, 44E AR B2 AE FA%@%&%%%—E—%EO&EFAﬁ%itﬂﬂl%ﬂ%‘\%v}.
AR AEE A 78 YF-2 v A
(.py L S), stoldd wpe] = 2=(.pyc 5tdS), T4 ol B2 (2
FE2 A et EEeheleedf zipimport REe A WS doH, 7]
&t 2o Wﬂmazﬂﬂ:} %%zipwr%‘éi B 29k
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AlE g,

A2 719 3ty = A MY A4 E AL£¥g Yt sys.path, sys.path_hooks, sys.
path_importer_cache. 37| A AA| __path  oJERE Est AL HTH o252 dXE ZH
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 and bytes should be present on
sys.path; all other data types are ignored. The encoding of bytes entries is determined by the individual path entry
finders.

A2 7|8 gkl T] & vEr A= 9kl o] 7] o], Gl A AR YEXE FA= A= 76k 5k AT
find_spec() WINEE ZEt= AR 2 E 2 A A ZF YT find_spec () o Al 35 = path
A= AT ZAE A2 EY J2EYUTE- B3 971 2] oA JXE &1 3 7] 2] 9] __path__ o] E 2
FE.path 127} None o] ¥, H 49 4EEE 5513l sys.path 7F AHEFH U TH

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’.

Az A=) 7} A Ao] 9o, A= 78k 5 sys . path_hooks o] Y= BE THEES BAFT ol
2otz e %o AAR AR dED AA &S AL SEH UL o

ok sys.path_hooks &AM o] o}
find_spec() WA E+ sys.path_imp A
AH 7t gl 7Hel 71 7] 914l), None & EHFA] o] vet A = I}l 7 RES 2 T S
2k sys . path_hooks o Q& o= Sh}e] = AEe] T Fejgo) A= s 5ol
Arlol wE ~5e 29517 A9 ool et muEge] ASH UL nE AN uE
A4 e,

A 2+ o] @ g g (current working directory) — ¥l Ex1gE EHHT - & sys.path o] Y=
Efsd g tdEA AgE Ut AAE, @A A dBEH L EASA o] TAHE s
path_importer_cache o+ o}7F 8 e A A Utk A2, A4 & ddH =
Z3] wintch tpA] g Utk AR Z, sys.path_importer_cache o AR EH = Z 22} importlib.
machinery.PathFinder.find_spec() 7} S8 F= A2 =W Exdo] ol A A A A 2+ v]d g
217k 9tk

3 In legacy code, it is possible to find instances of imp.NullImporter inthe sys.path_importer_cache. It is recommended that code
be changed to use None instead. See portingpythoncode for more details.
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552 ZE dEZ| mlQlc| ZREZ

REI 2755 H7) A AZRES Y57 o] 2 277X o] ZAOE o|utA|F7] Y, A= AE g
ol H = find_spec () WA EE Fd& oF g th

find_spec () & F N9 AAE Tole Utk Y2 E S 52| &3] B3t 01—334(’%“’47}%‘ 224
EE. find_spec() < Fto] &3 AP RE2 295 EHF U o] 232 4 “loader” 7H 2 A H Y th

(B74A] o2 7F Q5 Hh.

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

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

He] & AE2 FE = find spec () Al o] F Y HAF HNESS FEL + AFUTh o] H
NEEL 3A 384 u] 2o o} A% AFLH Utk 31| v find_spec () ©] A& dEE Flt]d LW,
A A EES FAFHYUTH

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.

dxE Z2EF 02 TIEHN HA 3384 S Hd, B2 42 dEL FAHEL vE 2 9y
7F A Q3te A 2 AE A find_module () WM E E3 ALt AT A& AE g 3T
find_module () WA E+ ZF path AAE SEHA GFUG (AAES FAEZTY HZx2 S v 43

Az ARE720S A0z /B h.

A2 AEZ 3AH 9 find module () WAEE A2 dEZ 3AH 7} o] & T A 7| X o] ZAHO=E o]
HEA] 3k A& aaﬁ}ﬂ ok 7] w2 ol 3 A+ ﬁ%‘/]"/} ke A2 A Eg 3Fd o find_loader () &
find module () o] 5% &A5lH, AT E A AL 3 A find module () Al find loader() & 3=

.

WA 31094 WA: Calls to find_module () and find_loader () by the import system will raise
ImportWarning.

Al

D

H 2 AHISH

(3
(o))
H
M
oo
H
Im

Al2"® AAE 1A 7] e 7HF AFH A = A YEL sys.meta_path & 7| EZES B F
I,MERHEAEAZ FEZ S AU

2 0o
2
S {m

F QEE NAWL AM 2B O APIE T FA 47, 94 JE £ FARL WANE T
W import_ () @48 DA A0E FRTSE AGUTE o] 7L 5 2F el Al

ATE Bo EAUS WAFES BE S0l A 488 = JxUh

HEl 2o IFof e ZoA JH REL JETEE AN FOZ o U (RE YXE A~HS &3]

] &4 315 = thAl), find_spec () o A] None & &3 F+= 4], ModuleNotFoundError & 92 7| &=

Aog SEEULE AA= vE AR AL ASdoF Stk A2 AAIS= B, A& € o7 S4]

FTEAY

[}
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5.7 I{F|X| &t EZE

o) JEEE AW A LTI B A B Al AN A ReE A QEEE de
T ol s A2 dA 7R FE () A dZEE by, A AR A th3 9 A st
shte] +E2 ekl Uth o & Sof, tha 4 22 3 71 A wi 2| 7F A5 o
package/
__init__ .py
subpackagel/
__init__ .py
moduleX.py
moduleY.py
subpackage?2/
__init__ .py
moduleZ.py
moduleA.py

subpackagel/moduleX.pyl} subpackagel/__init_ .py EFoA, 2L Fa3t At dxE I
c}:

from .moduleY import spam

from .moduleY import spam as ham

from . import moduleY

from ..subpackagel import moduleY

from ..subpackage2.moduleZ import eggs

from ..moduleA import foo

AU dEZEE import <> B+ from <> import <> EHEZ AFEE ¢ QAT A dEZEE= F A

QAT AT 5 ATk 2 ol

’import XXX .YYY.ZZZ

7FXXX.YYY. 2225 AR Qe 3402 = E31A 9 moduleY = - 8 3F £ H 4] o] o}y 7] wl] &< U T}

5.8 main__ Of CHEI S8 15

Sto A AFKo],  _main
2] g, °]T7H9}—T/}E7ﬂ SRA
2]

_main__ BEL2 Jo|ye JEE A AH A EY
2] o
SEEESEES-EE

BEL sys & builtins A Az g A= uf F
g T REe AR gt A 2E
Z a9 tE SASY 9FS B w2y

5.8.1 __main__._ spec__

_main__ ©] OB A 2735 =R e}, _main_ . spec_ > A A3 AAH7|E 33l None O &

AR 7= gtk

vlo] M o] -m FA O ZE A, spec_ 23| F3E BEOIYUIAIAY BE &
e B2Eol gadE g zip FLojy thE sys.path AEFHE

___SspecC - main___

EEREEEBENE

U A AL o= _ main_ ._ spec_ 2 None 22 AAFHEY,_ main_ S = AHLH Z =7}
QEE 7h5 e wge] 47 0 o1A) o] Wit

>
OJ'_‘;
—.J
I
3
I
f
f
[k
E
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ASo] _main . spec_ o @4 None Yol RIS FUTh AA 1 5Ye] |G HOR RER
QzE 9 4 gdol= aFF UL main_ o SHHE ZE Hete o] 87k B skehu —m 29 X8 AL of

TS main_ o] YEE Jtest BE EH AL, __main_ . spec__ o] AH3] DAt} e B,
o] EL A TIE REZE F LO|AL if  name == "__main_ ": AAIZ
SO BEo mEol nain  olE 372 AL W 95 1, A4 JEE v AW A ghrhe

A4 w g e,

x|l
it

2

N

(]

:(?L_’,

o
%
L4

A= Ak 3ol as) 237198 49 U
9171 AT, 2 290 517 4] 77 £ ob 4 98
sys.meta_path 9] % 422 PEP 302 o] 17, F o] 2 272 PEP 420 ¢ Ut}

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

CBAE A o Fol F71 AR AFo] WA
o}

PEP 366 -2 | Q1 5o A 9] BAI A Je] AEZLEE 9|8t package_ A EFJFEL] 7ol A3 A3t
A5 th

PEP 328 & Ath o} YA A A Ao AZE S = Y8 PEP 366 ©] 2= __package_ & AASA He=NEd<
Z7)o __name__ ° =2 A+ S YT}

PEP 338 S RES 2IHEZ AP+ A& YTt

PEP 451 2 ~ 3 Ao RE5E Y2 E JEHE 8%t S F71EUTh 2Y 5 Folzd 29 ¥F
e 7‘%‘%%% PXE FAE 7715 YHUTE o] A2 X E A 2H o8] APl ES H A3 EF WHE
RaL, I} 2o A I =EES S8 = U Th
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Qe SRERRT-EEE R
B4 9 A 017]5) 0]01 7 ol 45, o dl R alol ohieh e e A A% Y BNF £ &
A FUT B 2 o] T3 2L GHE A,

name .= othername

L= (semantics) = F X &2 ¥, o] FE] 2] name & 52 othername 3 55Ut}

gl Vet 4 qlabate] Ao “5A} AL FE o2 MRAP e 7AL A8 T o, U g
QA4HA 7@ o] The ) o] AT FYUT)

« otherwise, if either argument is a floating point number, the other is converted to floating point;
« IFA FOW, T A BE A5ojof 3, W B e g

o AMAE (A E 50, ‘% ALHAY A AAZ Fol A= EAD) o | A+ E 7R F719] F 2 o]
28 Ytk &7 (extension)2 1E X4l o] M o2& A o) of FuTh
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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 X} (0[F)

Ao et

e
FU

2 f

r[r lo

Aohs AAE ol 2YUITh 015 Aol BialAlE A2 s 719 A4S, o] B3t
] I} A 4 (binding) AAES HA K.

o5 o] AA AZE ], o}F9 g 73t AAZF g Uth o]go] AZAEHA &S W], S FIH
5t NameError 9] 7} doj gt}

Private name mangling: When an identifier that textually occurs in a class definition begins with two or more under-
score characters and does not end in two or more underscores, it is considered a private name of that class. Private names
are transformed to a longer form before code is generated for them. The transformation inserts the class name, with
leading underscores removed and a single underscore inserted, in front of the name. For example, the identifier ___spam
occurring in a class named Ham will be transformed to _Ham___spam. This transformation is independent of the syn-
tactical context in which the identifier is used. If the transformed name is extremely long (longer than 255 characters),
implementation defined truncation may happen. If the class name consists only of underscores, no transformation is done.

Mo o
u!m o[n

6.2.2 2|E{& (Literals)

spol W2 AL vkl ED B H P o7 7HA] kAL Bl RS2 AU th

literal = stringliteral | bytesliteral
| integer | floatnumber | imagnumber

Evaluation of a literal yields an object of the given type (string, bytes, integer, floating point number, complex number)
with the given value. The value may be approximated in the case of floating point and imaginary (complex) literals. See
section 2] E] & for details.

2E HPe 2 bolH P B35t/ WEel, AR ofolWEEE g BTt € S8k 2L gel
S I MR A e THE (2E g dase 2o ganl AA e Fad 2e W) o8
AAE AS 55 9T, 2L 4 e AANE A2 5% gk
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parenth_form = "(" [starred _expression] ")"
23 oo 4 FAA B2L, B0 T EUA F2o] 4E5 e o] HUth B2 o] Hojx Shute] 4EE
ZotE, F2ol YUth 18X Jod R84 B2 2HF Y @A o] Hu
W25 e W 52 AN E UEUT FEL By gl e s 2L 320 8P (S, F
AN FE2 22 AAL 5 9 187 g 5 AdFUh.

Note that tuples are not formed by the parentheses, but rather by use of the comma operator. 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.

O

6.2.4 B|AE, Zl8H CIML{2|2| C|AZ|0|(display)

I}

g 2B, J3 9 & A7 S8, ghol A “t~F 8 o] (displays)” 2}al 2 SEES RS 47 F
742 ~erd & A2 3ok

o ZAH YUY WSS YA E YA AL,
F 2o} e A &5 T3l Alats =, A= 2 A (comprehension) ©] 23l & YT}

L4 ?‘i] \_"]

Fzedae 35 BH 2452 oYtk

comprehension = assignment_expression comp_for

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

comp_if = "if" or_test [comp_iter]

AzgA A ohte] AT I HAE B2 FH LT for I YAV AH 7R for EEif AR
FAEUL o] A%, A Ao 8 R4 5L 7 for i if o] A%N LEXCE FPH EHE o] %
2,7 Aol 9 Beol A A4S G FaA BE W AB A

SHAI R, 7 A& for Aol Y= olHHE A S Ao, AL BEAFORE FHH A5
oA AFHUTh o] FA S A target_list oA Y& o] 5ol EeiNE 2T ZE “F37 H A GEE

.

73 A% for Aol oHHE BAANL, THME 2o A A7 P}
=2 Az AgP Utk Hutat for A3 M4 9% for 9] BE B
9 Bl et Gord + Qon SHE Aa=dN Y+ G
range (10) for y in range(x, x+10)].

ool 4 A0 B9 Aol e, HA 402 5 RH AT zolA yield S yield
from TAAL FAFUth

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 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 3.60] 274 uE7] Azgdde] =gdH A5 uTh

yFAA LR FHE 25
, 713 A% olE B 2ol A
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WA 38014 M7 yield ®yield from& FAFH LR FHH 2T zo| A FAF Yt

6.2.5 Z|AE C|AZH|0]

g A E t2Fd o] = &3 (square brackets) 2 2 AQ1 3 H 41 9] vypd I v]oQle = A5 th

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

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

A4 AAx} Az Aoz A4H YT}
=02 gho] 7ol A1, A& Aol

6.2.7 EML42| C|AZ8|0|

A dictionary display is a possibly empty series of key/datum pairs enclosed in curly braces:

dict_display = "{" [key_datum_list | dict_comprehension] "}"
key_datum_list n= key_datum ("," key_datum)* [","]

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

YAV e Hageolt A G AHE HEU L

If a comma-separated sequence of key/datum pairs 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 datum. This means that you
can specify the same key multiple times in the key/datum 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 key/datum pairs and earlier dictionary unpackings.

B4 3.50] 5 7h: PEP 448 o 4 H-g A QHel 2] tlaZ e ol 29 9 9.

g AzedAe, elaES A Az o] thulshA], kA “for” & “if” H o]l FERCE F
g8 F Y 284S 282 Fuch A=z do] AyE o, ol A= 7|19 g 84 F0] A=
AU E gAY el A4dg Yt
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Restrictions on the types of the key values are listed earlier in section 3£ <& 7] . (To summarize, the key type should be
hashable, which excludes all mutable objects.) Clashes between duplicate keys are not detected; the last datum (textually
rightmost in the display) stored for a given key value prevails.

W 3800 4 9173: Shol 1 38 o] ol s, DAL E) Fzel Aol A, 719 el BoL A1 7EE Bel ol 9
¢FSk<: U T CPythonoll A, gto] 71Tk WA % 71%) 1% Utk 3856 &=, PEP 5729 A kol me} 7] 7} gk o}
WA =7k ok

6.2.8 A|L12|0|E{ E T4l (Generator expressions)
D5

3

Aldeels @42 2oz A dgd Aoy 271 dut

rlo

generator_expression = "(" expression comp_for ")"

Avdely @42 A Add oy AAE WsUth EHSHZI U FE3 4 232 AL
A AL st Az ed A 25T

Addols @A AHH = HTE2 AVdole A __next () WIAEZFEZEE o] =5HA
(lazily) gko] -3l Uk (L wE Zﬂhﬂ H ol B &} w7t A dUh. 28y 7 A9 for Aol Yl olHEHE
FEHAL2 A 3ol FAAA, 1A oZ Al FAFHE= o = A HA Fro] AAE = A Aol oby g Al
ﬂﬂﬁﬁ“ﬂ%AHﬂﬁﬂHm@ﬂw4?%ﬁxéﬂﬂ%%%ﬁm@ﬂE%%Héﬂ%ﬂ%%%
olE B Eo A 7IA 2 ghol whet Zetd £ lon® EeiatE AT oA Hhe £ Ut o & Sof:
(x*y for x in range(10) for y in range(x, x+10)).

WA kel AAbe 2 EEAL BEE AT S QFUT AT L 5 AL B

Aol 8 @A 2A 2] 7Hl s & dAkS el shA 7] Asl, SA Aoz Fojd Ay e olH oA yield
9} yield from AL FAH Yt

A ole 84 o) async for Aoy await XS £33 8] 5 7] Al d o] ¥ & A (asynchronous
generator expression) ©| 21 E YUt 85 7] AlYd ol EFAL A v|E 7] AYdolH AAE ST
o] AL v|F 7] oA olE YUt} (B 5 7] o ¥ &l o] ¥] (Asynchronous Iterators) & FFZ A K).

WA 3.60 =7} v 7] 4 AV d ol e 3o =elE ST

B2 37004 WA Fhol M 3.7 o] Aellx, W% 7] A H o e EAA ] asyn
AAH UL 3T RE =, BE F47) v 5 7] 4 Al el o 5 E34)

HA 3804 WA yield ¥ yield from2 EA|FOZE =3

L.

=

r
rl

Ir

J
o rgk

(A

~zol A 2

6.2.9 2= HE & 2Al(Yield expressions)

yield_atom "(" yield expression ")"
yield_expression = "yield" [expression_list | "from" expression]

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 itin an async de £ 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
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SE|AE 2220 B RAEOE A, yield BHAL Az AN A el olE BB FAE
AEEE BN R R FojE A7mo] 8D 4 Qe o)

WA 38 WA A= BRAL AudAAR AveolE B4 TAE § AHSHE SAF0R
Boj8 2zl A 24P Uk
A

Aol g g thaoll A A gyt Wl vlF 7] Al el o 8 e vl E 7] Alvl e o] B ok A ol A
HER ARy

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_Ilist to the
generator’ s caller, or None if expression_11ist 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 AV d o8 §48 DU ofF vS A B Th ol el W 298 HETL, s o] 49 19
1%°ﬂ’“%ﬂ“ﬂvﬂ%¢%¥ﬂh%°“ﬂﬂlﬂ°ﬂﬂﬂﬂH§H%WMdﬂﬁﬂ“ﬂﬂ
A

|55 o] oF 5} A 2 Al o] & 4 glrhe A AU Th Aol Fa Al Aol el o] B A AR Tk

FHAL try TEEL o Tol A A B &g UTh AvaolE 7} (2 A57100] B AL} 7w A 47
2 ) 3ol d eho] = (fnalize) 5| 7] ) A5 A 9.0, A o o 60| Bl & o[ B &] close () WA= 7

TEH, U7 F finally o] AYHEF &gt

yield from <expr> o] At uf, A3 A2 ojggjEo]ofof Pt} T o]HHES o] olE

HA BAEE = =2 A Xilﬂffﬂolﬂ HA =9 EEZ]’OH}H 2 AP Urth send () 2 AEH B& 3
throw() & AGH BE o2+ ¥ 9l (underlying) o]E{ & o] E] 7} S F MM =& Zra1 Elﬂ‘rf& :L*Ei A
gd=EUch 184 2 E]—Eﬂ, send () = AttributeError U TypeError & 92 7| X % throw () = AEH

o

1

=
e}

)

N jo |d Lo

o

A

Zoa TN
r1§ J>

il 1o
o]

Aol ol Bl 7} 8 E uwl, WSl StopIlteration AAEI AL value OJEEHEL JdE B3
A1) gho]l Ut stoplteration & 4o u] YA A o7 HAE AL, A H ol & o8 7} Al &l o E| &
EAEo 7 o]FolHUTH K E A Li g o] Bl 7} 32 & (return) F 2 Z A).

WA 33004 WA: A olE OB R Alo] 5L A Y8 yield from <expr> & F7HM%
Yk

JdE B0l tlgRe] $uol T2 tertd 23 e ALY 5 At

t 17]

PEP 255 - Zbdgt A& o] ¥ spol Mo Ay o] )8} yield F& F718k= Al ¢

PEP 342 - 7| A€ Al eo| 6 & &3 TFE A o] H 9] APISt # S /HAA], st ZRH O 2 ARG
4 AT BEE A

PEP 380 - Al B A @ o]E] & 9] Y3} & The proposal to introduce the yield_from syntax, making delega-
tion to subgenerators easy.

PEP 525 - W] 7] Al elo]6] T2 g4o AU dlo] 8 7% F7h5to] PEP 4928 233 A&
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M|LA2l|0lE{-O|E{3I0|E HIME

o] AE AL Adole] olelelol e o) WA= ELS ARtk Avielole Fael AYE Aol st
M%%*%QHW

A a0 E] 7} o] u] A d o ofgfo] Y= HAEES $E5tH valueError o8& o7& Ao
FolshoF Fuch.
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_1listisreturned to ___next__ ()’ s caller. If the generator exits without yielding another
value, a StopIteration exception is raised.

olMMEE HE FAALE TEH U A& 59, for FZU WA next () ol 2] 3).

generator.send (value)

ARE AL A o B B2 G " T (send)”. value Ax}= AR D= EA4 2 ghol
Utk send() WA= ﬂﬂﬂﬂﬂﬂmw4—ﬂuﬁé%ﬁfﬂ%ﬂﬂﬂIHﬂﬂ%&%ﬁd
SHA] a1 Eﬂmswmmmﬂmn°doﬂﬂﬂsammﬂﬂﬂﬂﬂaéﬂﬁﬂﬂiéiég

o, #h= ‘%‘:‘5 de Ao gler® QA= WEA None & A3l oF Fth

generator.throw (value)

generator.throw (fype [, 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 fraceback is provided, it is set on the
exception, otherwise any existing __traceback___ attribute stored in value may be cleared.

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

AE ol
o 7ol Al #l o] 5 & Al & o] B] 9] 52 Al Sk 7hgk o 7 Sl U 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:

(THS slTeTATol A1)
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R s S e e P I )

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&3F+E o=, “What’ s New in Python.” of] Q1= pep-380 = H A 2.

H|S 7| MLH20|E] &%

async def 2GR FFU A=A dE 242 A= 2 FE vl Aveold gz FoF

U,

W% 7] Ao 8 B4t EE W, 057 A ole AME deld vE 7] o HeloHE S5t
2@ kg 2 AA = A ol E Bl RS Al g Th w5 A olE AA = HE 20 Feel
async for Eo A A% L, AV ol B AR 7} for Bol 4 A4S & AT S A T

Calling one of the asynchronous generator’ s methods returns an awaitable object, and the execution starts when this
object is awaited on. At that time, the execution proceeds to the first yield expression, where it is suspended again,
returning the value of expression_1ist to the awaiting coroutine. As with a generator, suspension means that all
local state is retained, including the current bindings of local variables, the instruction pointer, the internal evaluation
stack, and the state of any exception handling. When the execution is resumed by awaiting on the next object returned
by the asynchronous generator’ s methods, the function can proceed exactly as if the yield expression were just another
external call. The value of the yield expression after resuming depends on the method which resumed the execution. If
__anext___ () isused then the result is None. Otherwise, if asend () is used, then the result will be the value passed
in to that method.

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

1571 A o8 B4, A THAL coy 7289 ol 1ol A2 g ek AT, b5 7] Ao
H7FEx S7H00] HAY 7R A A i“ﬂ) s}o]d 2}o] 2 (finalize) & 7] Aol A7} A 2™, try
FTRE Y 9= AL 7] 29 rinally AL APt o) A9 4= 95 UTh o] AL, Hliﬂ A
g olE-olE# o]E Q] aclose () & &3, I 7:1_‘/}; S+ ZFH AAE AAHA, h7] T finally
ol AYPH =% sl= A Y2, ¥]F7] Al el ol B & Aot o[l E F 2= (event 100p)4¢ﬂ]€ﬁ(scheduler)

ol 7] 94Tk

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.

E8 4 yield from <expr> = H]Z 7] Ay d ol g 5o A AFR = A2 Y o]t}
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H|S 7| M|LA2i|0|E{-O|E{2l|0|E] HIME

o] AEAAL WE7] AFalolE B dole e WAEE dgatz], el olE B4e] AeS Aolshe
ol A28 Ut

coroutine agen.__anext_ ()

Returns an awaitable which when run starts to execute the asynchronous generator or resumes it at the last executed
yield expression. When an asynchronous generator function is resumed with an ___anext__ () method, the
current yield expression always evaluates to None in the returned awaitable, which when run will continue to
the next yield expression. The value of the expression_1list of the yield expression is the value of the
StopIteration exception raised by the completing coroutine. If the asynchronous generator exits without
yielding another value, the awaitable instead raises a StopAsyncIteration exception, signalling that the
asynchronous iteration has completed.

ol M EE HE async for ZZo o3| FEAA R TEFH YT}

coroutine agen.asend (value)

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

coroutine agen.athrow (value)

coroutine agen athrow (type[, value[, traceback] ] )
o9 elEHES B, Hl%ﬂ A e ol 8 7F A S A8 A ol type F2| o2& do7]a1, Al
| o] ¥ 347} yield 3 Th WA El= StopIteration 999 o 2 E8iE U th vl S5 7] AU g
o] ] 7} r)ré e yield 3% 93}_71 Z 83, ool g &9 93] stopAsyncIteration 9] 7} dojd
Utk Aol g7t Add o9 & A A e A9 & o, ofdlelHES AT 1
of| 2] 7} o Qo] Bl £-9] T & Aol Al 3 T}

coroutine agen aclose()

ojflolBl &S Eel =, A std, vl 7] Al gl o] B F7F DA B A §F A F S E GeneratorExit
£ 9474k wheF = Olffr | ¥ 7] Al el E 3"‘7} ? 0}6}71] (gracefully) & & 35} A, 01
U] AL (2 A5 FA L2 ZEH) GeneratorExit & Yo7 W, B8 = ofdoHE

StopIteration & & °‘27‘HE}- o] o] 2] = H|-F 7] Al & o] E EEO] 3L F719 o9 0]

Bl 252 StopAsyncIteration o9 S do Ut} ek v %5 7] Al g o) &) 7} S yield 3FH o] 9]
olE] &9 9] 3l RuntimeError 7} AUt} gk v]5 7] Al Vg o] E] 7} 1 v1e] T2 o9l & 27
A, ofelHEY TR H YU ka5 7] Al olE 7t U B FEE oJv] FEHOH,
H o]o] A= aclose () T&2 oFF 2% 84 b+ o9l olEES EHFUTH

6.3 =zlo|0qZ2|

GER U 2L ol g4tk

tlo
flo

mefolm el dlofol A 7bg oA AFsHe AuE

primary = atom | attributeref | subscription | slicing | call
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olE2|HE FEE vhH 3 (period) 2} ©]F o] F ol &2 2 }o]w 2| th:

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. This production can be customized by overriding the
__getattr__ () method. If this attribute is not available, the exception AttributeError is raised. Otherwise,
the type and value of the object produced is determined by the object. Multiple evaluations of the same attribute reference
may yield different objects.

6.3.2 MEA3Z!M(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 bothof ___getitem () and ___class getitem _ (). When the primary is subscripted, the evaluated
result of the expression list will be passed to one of these methods. For more details on when __class_getitem
is called instead of __getitem__,see _ class_getitem__ versus __getitem__.

If the expression list contains at least one comma, it will evaluate to a tuple containing the items of the expression list.
Otherwise, the expression list will evaluate to the value of the list” s sole member.

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 s1ice (as discussed in
the following section). Examples of builtin sequence classes include the str, 1ist and tuple classes.

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

A string is a special kind of sequence whose items are characters. A character is not a separate data type but a string
of exactly one character.
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6.3.3 &2}0]A!(Slicings)

Setol & AAL AR (18 Bof, BAE FE 2 2E)o A ofd W9le] FBES AT Seto] 4L
@40l Qe Aol del Fo AHEE £ 5 UTh Setol Ho] BEe o FHUTh

slicing = primary "[" slice_list "]1"

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

slice_item = expression | proper_slice

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

upper_bound = expression

stride i= expression

ol YA FHolle Bo ol dFUTh RFA FEAH Kol A2 BF Sefo|2 5508 Hol7|% 34,
REAHsIgM Sebol o 4D S5 sk B o B vet g, o] Fgel An
sagHow A s Aol 2etol 4o S48 Aol SATTIR Ao S Aoz ofue A AR T
(0] B%-= etol& 55 o] 73k S 2ol 2 (proper slice) € St 298kA] 2 wll Juth.

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 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.

TR AA ClIE S, dM EEFE A

rlr

A4 5o BEow TEFUTh

call = primary " (" [argument_list [","] | comprehension] ")"
argument_list = positional_arguments ["," starred_and_keywords]

["," keywords_arguments]

| starred_and_keywords ["," keywords_arguments]

| keywords_arguments
positional_arguments = positional_item ("," positional_item)*
positional_item i= assignment_expression | "*" expression
starred_and_keywords = ("*" expression | keyword_item)

("," "*" expression | "," keyword_ item)*
keywords_arguments = (keyword _item | "**" expression)

("," keyword_item | "," "**" expression)*
keyword_item n= identifier "=" expression

BT 5 Qe VAT AR AA G AN E QR ol ebd 5 GA W, 9 v S w0k g,

The primary must evaluate to a callable object (user-defined functions, built-in functions, methods of built-in objects,
class objects, methods of class instances, and all objects having a __call__ () method are callable). All argument
expressions are evaluated before the call is attempted. Please refer to section <~ % 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
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formal parameter name, the first slot is used, and so on). If the slot is already filled, a TypeError exception is raised.
Otherwise, the value of 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 73 ZAl: &2 1 %] v]7f A7} o] 52 2EA] ¢hobA], AAL EA41381e 54 o= 01 ol 2ot

Soehe, ANES 27 4 Qe N BEEL ATR 4 OMIJD} CPython A, AAE S 541517] 9] 3]
PyArg_ParseTuple () S A}&3t=CE2 +849

mln m

l °o] 4-¢dutt.
FAMARF SZEEHT B2 A AAE ] ;JQE‘E *identifier ¥Y& AHESHE B4 Wi A7} 9 A
ore TypeError A& 4ot o] 3¢, 2 F4 Wi7ilee de A AAES £t FES
syt (B ge A2 dAEo] fled 1l 72).
719 E AA7F @A A o] Foll G okA] ¢F oW, **identifier B & AHEShe A Wi E )
AA o2 T TypeError e & doeyrh; o] ¢, L I MM sE FE 7IHE AAES 2=

o
gMde Y, EE A7 RS0l gled Wl () 9M Bl E Adtsyth
= *expression o] g T E| ST, expression & g2 o[F 2l E o] HojoF Pt o] o]HHE

RUBIES | o e

ol g AEL 13120117} AR JAAEA AAHE AgHUTE TF £(x1, x2, *y, x3, x4) 9 A%,
vy e ?—%T‘IH A A2 yl, -, yM o] YT, o] A2 M+470 9] A A AAE x1, x2, yl, -+, yM, x3, x4 &
323 A T HUTH

o] 2 QI35 A= A AL *expression R o] A A Z|YE AR ol U T+ ol&, 7|HE AR} (2
2]3l R E **expression AAE - o}#| & H 2} Ao Z}ﬂlﬂr/}t AJUtt. TeA:

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

>>> f(b=1, *(2,))

21

>>> f(a=1, *(2,))

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: f£() got multiple values for keyword argument 'a'
>>> £(1, *(2,))
12

It is unusual for both keyword arguments and the *expression syntax to be used in the same call, so in practice this
confusion does not 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).
If there is no match to a formal parameter the key-value pair is collected by the * * parameter, if there is one, or if there
is not, a TypeError exception is raised.

W *identifier o|U **identifier & AFR 3= A WS- EL Y% AR &F oy 7| HE A}
FeEE AEE 4 AFILh

M 3SNA R B TS 0919 A58« and ++ 91 7L o}
B EANG )ﬁ"ﬂ%-’% AL

Al s A5 U th

o3, 914 AREo] o o
ARE QA7 EANE A A7 (+5) Flol & 5 A5 UTh 22 2 PEP 448 of A
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552 o192 901 A Gt B B o H G EAF U None D 4 AU Th of ghol o BA A 4k &
Ae gell AAe ol T
B} 151 0] —

A& A} A o] g+ The code block for the function is executed, passing it the argument list. The first thing the code
block will do is bind the formal parameters to the arguments; this is described in section g+ 7 ©]. When the
code block executes a return statement, this specifies the return value of the function call.

YA sty miAed: a3 o gz e g 2 gsUth U 849 i A =S of o) 3F A -2 built-in-funcs
E HA L.

Sl RA ASH: B AEA A8 B BEE e, 1 AAHAA R WA QA o
Srere o 71 914k B2 o] AT L

Ze|A A AElA™: The classmustdefinea __call_ () method; the effect is then the same as if that method was
called.

6.4 O{9[0|E &34

ol9) ol Bl 2 oA} T2 El o AHE A ZR T © A 5= 3h4 of A uk A} 3 4 9t
await_expr = "await" primary

WA 359 F7F

ATAF AAAE TR A% B D F ARk v 5 AR 139 L2 R 21D G
QaE ok ks AR BH L ol gtk

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

A, B2 e AFAFH @ F AR Al 2004, AMARE L EZA dF o7 Fho] T YTt
(e]Zle] I ALY grg T8k A E Al ook 2L obdUth: —1%%2 &
AGAF A= W pow () 77 7R At T2E wfof 22 217} SlF Y]
AAF AFAFE S FUTh A A 9A 35 Jer WA, A 2
int JM*JZM A5, 7 A AT 7 obd o] A FANMAE = 5 il
A7t Fd, BE QA float® M2 11, float 2347 AEH Ut ol & S0, 10%*2 £ 100 & &5
10**-2+£0.01 & EHFYLh

|
M

lo
of
o
P

[
<
=
4

0.0 5 242 ASAIE3IYE zeroDivisionError & €27 Y
(complex) 7} UFUth (oA W Ao A= valueError & 427

This operation can be customized using the special __pow___ () method.
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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 74A AR B, QA7 SR B2 2 =T, TypeError o 9] 7 A g ok

ALAE ZHUT o AN F QP& AR ] 57 ol £ A §Pof Fe
8 : t3AY AT L, St

=
Hu fll
fo
i
4
N
N,
P
M
=
30,
e
in}
ol
AW

m_expr = u_expr | m_expr "*" u_expr | m_expr "Q" m_expr |
m_expr "//" u_expr | m_expr "/" u_expr |
m_expr "$" u_expr

a_expr I= m_expr | a_expr "+" m _expr | a_expr "-" m_expr

() QAL AXEY] B FUTH ARNEL BE A7, 3 AL 340 T2 AR A daojof
) o] A9, 25 BF Foz WRE T Faguch T A%, A2 whio] £AHYT
o) W gre Wl A DAE TEUT.

I

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

@ ) AL D FA AL AQUTh hol A9 WAFE ol AT o] ANAE TARA A%
Y

WA 3.50] 27}

A o) < FUth A AAELS WA
FEFoz HaFH Ut AL S YA S AeE vt =0y AL S Ae YA Ae SUth 2
A= A YA A floor’ 45 A8 AYUTE 002 U=+ 212 ZeroDivisionError

o] & dogrh.
This operation can be customized using the special __truediv__ () and __floordiv__ () methods.

The % (modulo) operator yields the remainder from the division of the first argument by the second. The numeric
arguments are first converted to a common type. A zero right argument raises the ZeroDivisionError exception.
The arguments may be floating point numbers, e.g., 3.14%0.7 equals 0.34 (since 3.14 equals 4*0.7 + 0.34.)
The modulo operator always yields a result with the same sign as its second operand (or zero); the absolute value of the
result is strictly smaller than the absolute value of the second operand'.

!abs (x%y) < abs(y) °] #8A o2& Fo]A gk, float?] 7ol & 44 A& (roundoff) Wi of] $=X] & o 7 Fro] opd 4= 9lF Tt
A& 501, 7ol 4l float 7FHIEEE 754 i B &= AR SAES 712w, -1e-100 % 1100 7}1e100 & 22 ] 7
AT -1e-100 + 12100 AH], £X Ao 2= 12100 I A T3] 22 U th 4 math. fmod () = F

ul
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A UxAREEsr A R 22 F5Ho R A4 JFUTh x == (x//y)*y + (x%y). &
FUXAS EEZE WZ T4 divmod () &= AZH o] dFUth divmod (x, y) == (x//y, x%y).).
AE] el REE AkE s Ao Ha, ¢ AR ol d 28 g *x}g Ei e (A Z ol A
oI FEA dHUthe SR A £AD AR 93 oA B FHUh BAL Eujge] 2ge
glo] A gtol By g @5 &2~ A A old-string-formatting | A] 4 & ] T}
The modulo operation can be customized using the special __mod___ () method.

The floor division operator, the modulo operator, and the divmod () function are not defined for complex numbers.
Instead, convert to a floating point number using the abs () function if appropriate.

£ (O e 2 ARG B FUT A4S E oA § T 2e e Aflzelol g
Qo) AP, £AES WA FEBOR MAH £, A GALUTE TR A5 AALL ool o] A HAuleh,

This operation can be customized using the special __add__ () and __radd__ () methods.
- (7)) AxAHE 7 RS AE FUh 24 AAEL WA FEY o2 WBH U
This operation can be customized using the special ___sub__ () method.

6.8 A|ZE Q1AL

NZE Qe AHe AMHTH IS S50 25T
shift_expr = a_expr | shift_expr ("<<" | ">>") a_ expr

o) UEL HSEL AAE Wobsuith 3 WA AAE F WA AR Fol W W= $uE Ao}
L Ex o 7 W] t}(shift).

This operation can be customized using the special __1shift__ () and __rshift__ () methods.

QEZOR pH|E A|ZE 3¢ A2 pow(2,n) E A UxAstE 2102 ZogUrh dF0Z nHE
A|ZE 3h= 212 pow (2,n) & Fohe 22 &2 ZoF T

6.9 O|2 HIE A4t

ZrsU

A A W E Qare 7] thE 24149

]

and_expr = shift_expr | and_expr "&" shift_expr
XOr_expr and_expr | xor_expr """ and_expr
Oor_expr n= 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.
SAZ AT 7w, o] Af -1e-100 & EHF UL of® F2Weol ¥ AF A £ & T2 2P 2 UFYh

2x7byel BE3 A9 o sk, EP—"r”(roundmg) Hﬂ—roﬂ x//y % x—x%y) //y Bokl 2 5 dsdth 29 A9
divmod (x,y) [0] * v + x % y7bx o 7M=& §2 817 8, sto| A& F 9 235 E8FUrh
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6.10 H|

Cote 22, gojo A BE vl A4k , =
EILC=EE,a < b < c T2 R | T} TS YA o= 5

comparison = or_expr (comp_operator or_expr)*
comp operator e nmen | nsn | n__mn ‘ ns—n | ne—mn | nmyp_mn
| "j_S" ["not"] I ["not"] "in"

Comparisons yield boolean values: True or False. Custom rich comparison methods may return non-boolean values.
In this case Python will call bool () on such value in boolean contexts.

MmE A5 A A2 + YFUTh ofE Bol,x <y <= 2 x < y and y < z 9 E5 ), 3ol
Aoy o] e 24 B MW TR AT GHAR T AE BT x < y 7k A0 2 o) ¢S FHA
Reieh

1w u .

FAAOZ a,b,c, -, y,z 7t EAA 1, 0pl, 0p2, -+, opN 7} 8] 2L AAAFH, a2 opl b op2 ¢ ... y opN
zE 2t B4 S AN AT otk S ALl a opl b and b op2 ¢ and ... y opN
2 9 553U h

o opl b op2 c7ba$he7He] of @ ERY Mm% GAIA 87 R, o B Sol,x < y > z o] 3}

1 (oHul oA ohe] ) = o Ae) 29l sloF e

AR <, >, ==, >=, <=, =& F AA Y g vaFUth AA Sl L2 FLd o2& FY

A, gk B Ze AR Sl (BH 0}01131HE1°11 oal) g2 Zrenka Tata Jsuth stol ol A A 9
B EFAHANIdUh A S %01, AR €] gholl th 3k 8 A < (canonical) HA| 2 W2 syt =T,
Axe] ghol S A (18 Bof, R E Hoj8) o= RER TATE A) o2 T4 olof FrpE 8
A= Qs U Th v A4 Utk A4 9] 33

L}%“ﬂAﬁﬂ”ﬂﬂﬂﬂW}% FERe ANde TAG
grehan A 2sl E S5 o

Because all types are (direct or indirect) subtypes of object, they inherit the default comparison behavior from

object. Types can customize their comparison behavior by implementing rich comparison methods like __1t__ (),

described in 7] %] 91 7| ~Eujo] A o] A,

Eo HlAL (==} 1=) 9] 7|2 22 AA Y ofoldlE E o 7|2 wUth A, 22 ool EE #e
AN EA 7o S5 WAt 2SS 2 THE ol B EE 2t dABA 19 55 Wt e e St

°] 712 529 &7 BE AA 7 WAL (reflexive) (5, x 1s yEx == y & FAFUH) | =5 W34}
e 87Uk

7] o) 4 H] 3 (order comparison) (<, >, <=, >=) = ok

o 712 E2e] 7= E5 3} 43 35 BAT firhe A

T2 olo|HEE & 2He AaH Ao P AR TET, 7|2 55 vl 522, AA 9 g gk 719
ES0l @ 182 428 47 30| B2 S ATE 2] O 4+ A5 Ut 18 FEL A
W ERS AXE vtz B W2} 9w, A B el 194 shn deun
OeBEe AP ER T UFBE WL B4L e

o WA =2 & ((typesnumeric)) 7 2= gto| B 2] 8] & fractions.Fraction ¥ decimal.Decimal

oﬂ 'él\_%]'L 7:] ag; %—4\—4—7}1:]]5\— tﬂﬂ—
7he] W27} U 2EE 9
gulzA 3o,

s

214 ]‘X] Sdt= A AT ALY UOE JE
Al kol A, AT o] <=4 glo] fEA o7 (LuE Ho7)

m[n
o
&)
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NaN(not-a-number) Zt= float ('NaN') ¥} decimal. Decimal( NaN') & EdEshch & =219}
NaN 7+e] vl u= AR JUTh vk 2 #AH o 7 Y x3kal 9= A2, NaN o] 2413 2] okrh= 2 YU th.
oﬂ%% ,x = float ('NaN' ))3 < x,x < 3‘;1}(:: Xt —,—7]Z1O]Z]E!},x != X’E%]l—ot}qq—-

o] 522 [EEE 754 & &gt
e None and Not Implemented are singletons. PEP 8 advises that comparisons for singletons should always be
done with is or is not, never the equality operators.
°] Lﬂ 2] ARAE (bytes Ubytearray o JI2HA5)S JS AW A5 HluD 5 54Ut oA
QAE9 52} F AFR A] AFA A 2 Z (lexicographically) v] ¢4 T}
z a% (str I ArEHAE) L BEAEY FYUFE FE ZQE (Unicode code points) (V] 3= ord ()
A ot I
21 vtol g Al E A v nd 4+ glsyth
A2 E (tuple, list, range 9 A2HAE)2 2§78 o
AgstA gdsuth A2 o8 d5 e F5 Hlie e i, A
TypeError & 4o 7Yt}
AlFae ) gohe 84 2o v & AMgsiA Abd A oz vjudun. W deojy = IRtz o s &
o gt (identical) 2 | 7} 2F4l 2k %‘D}I’— (equal) 7} ). o] & B3l B L gk A Aol th s 554 (equality)
AAE 3 5e] A2 A4S T BWAS fA T
W4 A S e) A W ae g3 2o] o 2ol Pyt
- 5 Ado] 2ra M aH 7] A AE, 2L FoliL, Aol 2L, 3o 2459 7 Aol
% )

rob 3w s o] of STk (o] & o, [1,2] == (1,2

o =
rlo
k

:Jd

z Sl

- A HuE AYets 2EHE2 A HAR o8 2450 22 <48 FUH (& =91, (1,
2,x] <= [1,2,y] ©x <= y &} ZLFAUH. st 227t le 49 o g dddo
Ao vl a gy (& 501, [1,2] < [1,2,3] & FdYeh

o 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.

4 v (<, >, <=, >=) = TypeError & 42 7t}
o J3E (set oY frozenset Y A2HAE) S L2 FEJANE GE FE ol vjlad 5 ¢
Ol A2 F2 A 2 (subset) 2 A9 A 3 (superset) & 558 tab| 2 A4S S B Ut o] 34
<A (total ordering) & A o) 3HA] ksUTH(E 91, 7 AF (1,2} 9+ {2, 3} = HEHAE, sh}~
D}E SRR I it e e P 3}‘/}7}‘3}E shute] A9l A o ] A% Ls}gl/]r)r) 'I]'ﬂ'/ﬂ, A A &
St T4 QxR = ASEA] 45Ut (S o], min(), max (), sorted () o] JF o2 339
B AEE AlFetd B A gk A5 FUTh.

Qo) W 1 2450 WS Al o

AT

l(‘ O_u

ﬁd
N

c HEE G2 YAFES MR MAEES TRSA 37wl o), 71 & vlw T2 ATt
0 52 AsEuto] 23 ALE AL H o) ZHAS L st B 2hx) dBA F2S E58 ok P
« 55 vl WALA (reflexive) o] o] of Futh The w2 R A, ofo B} 2L A& Zriw
1] 5.5 o] of g th:

e points) (01]% %01 U+0041) <2} —?— } 2 X} (abstract characters) (9 S S o], “LATIN CAPITAL LETTER

. HURE=E ] 9,1—‘5 R A EAFE0] 23] 3o ZE ZAEWROZ FHE AW, F712 sy o] 42 TE &
23" ¢ Q= A BxE o] Wol 91L&t "“ £ 0], A £} “LATIN CAPITAL LETTER C WITH CEDILLA”
—‘5 T 9 Z] U+00C7 ©f Q= 3t 7] o] &3t Z 2} (precomposed character) Y Z.E 9] %] U+0043 (LATIN CAPITAL LETTER C) o] 9l+= 7] &
£ I = $) %] U+0327 (COMBINING CEDILLA) ol 1= 2 3t & 2} (combining character) 2] N @22 2 HE

# %%HD}.

ALY v A4 FUIE ZE 2RJAE FEA v %HDP o] A2 Al Al W A AR YD 5 AdFUTh dE ,"\u00C7"
== "\u0043\u0327" = AR JYtT} AA F EA g o] e FA A “LATIN CAPITAL LETTER C WITH CEDILLA” g ﬁgfgx] g
l‘%%\%r/k

EALE A Ex =2 vjnsEd (F, AFdol A A3 9 Wy 2 2), unicodedata.normalize () & AFEIHY AL
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x is y¥Hx == y T}

o HlIE o] A (symmetric) o] o] oF Tt ThE T S, T 22 A2 22 AIE Fofof
Ttk
H

x <= yoty >= x

o H 3= 5] A (transitive) ©] o] oF U T} th3 (B A 8A] 9F-2) ol &0 o] A el FdUth
x>y and y > z®¥x > zT}
x <y and y <= zWx < zT}

o e =T FAol HojobFUth thE BE 28, th=
x == y&not x !=vy
x < y&not x >= y (A LA A)
x > y@not x <= y(A A9 FL)

upAl et F R @A A A A AEF U (& 501, Ald2ele JE8FH A, Jg vjg2
227 ?E}QQE]—).totalforderlng gz olexE B4

H
e hash () 3= T4 A LS FASM o FUTh 22 AAE2 22 A we TAY A 715
o7 A olof gyt

shol AL o] YTHY FHES ZAFHA k& UIth A NaN L o] 738 A g o Ak,

£

A4S o] & e Fojof FuTk:

6.10.2 HH{A HA}

ro
>

S5l ]'X}ln-»]-not in& WA AAE YT x in s=x7ts Y WS 0 True &, 132X S 0 False

FUrth x not in s<x in s 9 & —%zbll’%— gAY e ®atolUet RE YA A FBAET J T
63 S0 o] AL A Y3l=d, I el A= in o] gAY E Y Fo A 77} A=A A AR T} list, tuple,
set, frozenset, dlct, collections.deque &} Z2 AH o] JHEL] A, B4 x in yE=any(x is e or x ==
e for e in y) &5t}

ozi—ﬂ

AR uelEL O B9, x in y Ex7by o] F& FEAFE (substring) Q1 9, 123 2 A I HF9- W True
YU F5F ALy find (o 1= LUtk W EAEE P THE $ALE 2 ¥AL2 AF
7] aj &, " in "abc & True & B FUch

For user-defined classes which define the _ contains__ () method, x in y returns True if vy.
___contains__ (x) returns a true value, and False otherwise.

For user-defined classes which do not define __contains__ () butdodefine __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).

A2 not inZ ino =84 B2 APt
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6.10.3 OlO|HIE|E| H| 1

AR} s 9 is not & AR ofolMEEE AAFUTk: x is y xSyt otelHE e 22 AH Y
391 98 749w Fuch AA 9 ofeldE E: id() $E AHEHA 24F Ut x is not v
weld 2 ke FU

FlOa“ér&

6.11 =2| ¢12H(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.

AR} not 2 2 AR AR oW True &, 18X ¢FO WM False & FYTH

EAA x and yE WA x ) He FHUL a7 AR IS SR FUTE 2194 dow y o 3
sol 1 A2 EeF U

EdA x or yE HAxY & 7FYUhx7F Fold 1 g& Seisyth 218X god yo g& 73
S| 1 438 5 Yth

and2For 9= Z & Qb3 Froju} 1 S False & True 2 A $H1A] 941, thAl upx] 2o gho] 23 7 Q1A;
g FYsfordYth o) A2 w2 LRV IFULHAE S s7}fx}°§°l Hlol oy 7| 2o s
thals ojof Sttt H, FH A s or 'foo' £ Wi F2 AFFULE not 2 A FE WESjoFIEE, 1O
AR} &3 AA §lo] =] gk (boolean value) & = F U TH (& £, not 'foo' & '' 7}olYEtFalse &
U Th)

o

mlo

=24

s

6.12 CHQ! ESA

assignment_expression = [identifier ":="] expression

An assignment expression (sometimes also called a “named expression” or “walrus”) assigns an expression to an
identifier, while also returning the value of the expression.

QubA 9 ALg Al B Shihe AR B AL AT H Tk

if matching := pattern.search(data):
do_something (matching)

E, PAE 9 AEYS AT

while chunk := file.read(9000):
process (chunk)

4 2}% 7}u] A]-4> A (automatic garbage-collection) 2} A} &2 (f ree lists) 2} ©] 2~ =3 7] ¥] (descriptor) 2] 5 & <1 A
AABAWAHESO|} A4S ES NLote A% 28 A P02 AsTul, AL B0 o) 4% FAE FAT 4 Ak
AAG ARE 159 BAE FARYA S

6.11. =g| ¢14AH(Boolean operations) 87
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Assignment expressions must be surrounded by parentheses when used as sub-expressions in slicing, conditional, lambda,
keyword-argument, and comprehension-if expressions and in assert and with statements. In all other places where
they can be used, parentheses are not required, including in 1 f and while statements.

WA 380l 7k o A A of gk o] A Y82 PEP 5728 Fx A&

6.13 =74 ®E&i2Al(Conditional expressions)

conditional_expression = or_test ["if" or_test "else" expression]
expression n= conditional_expression | lambda_expr

2 284 (W = “4F 3 A4FA}(ternary operator)” 2131 & H U TH & Thol A Aol A 7 E & e
918 2y

FHAx if C else yS WA xthAlol 24 C 9 ghe 74U C7F o9, x 9 gho] Fal| A AL T ghe
EHFUTH 28A ol y o g2 7 Fol 2 2AE EHF U

274 EA A tak o A48 8-S PEP 308 £ 2842

6.14 ZiCH(Lambdas)

lambda_expr = "lambda" [parameter_list] ":" expression
ot A A2 () = ot @ 4] (lambda forms) o] 2k EH U o] & fle @& He= d AFSEE YT 13
Al lambda parameters: expression = &4 AAE ZYrt} °] O]% Sle A= ol2A HH g

A7 A 52 o)

def <lambda> (parameters) :
return expression

R B2 S s Ao AldS BAL. g 94 0% 5o 7 T4+ % (statements) ©] Ut
o] .= H]| o] A (annotations) = =3 5= §lSoll 3l oF T Th.

6.15 &

rok

4] 55 (Expression lists)

expression_list = expression ("," expression)* [","]
starred_list = starred_item ("," starred_item)* [","]
starred_expression = expression | (starred_item ",")* [starred_item]
starred_item n= assignment_expression | "*" or_expr
PrEd AR Oageole) ARY WE A5, Had st 4ES TPIE WA B2 FEL
FUTh FE9 ol B=o] e BAAe Atk ERAEL A%l 4 2 EEo 2 ol T,
off 2~ ¥ 2] 2 F (asterisk) * = o] E] & & < 3 7 (iterable unpacking) & VFEFH U th 3] AAMA= WEEA] o] B 2 £
olojop gt I olHE Eo] FEEY AALE FAE oA, A jF AFAA A FE, e2E, JF ol

zgg Uk
H A 3500 27k 284 H50 A2 o]H 2] & 2 97, PEP 448 o[ A H 2 2 A 2k glF Y Th
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The trailing comma is required only to create a single tuple (a.k.a. a singleton); it is optional in all other cases. A single
expression without a trailing comma doesn’ t create a tuple, but rather yields the value of that expression. (To create an
empty tuple, use an empty pair of parentheses: () .)

6.16 kS Tots A

ol e AZ N LEZOZ HANY g FHU B U9 g ToHE B ok, S gro] Auuch AR
Tl ol 24 S
e ESolA, BHAL 150 ol £ £AEY £AYE ko] AT

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 ALK} M

I'-I)

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, which groups from right
to left).

H] i, ”ﬁ:ﬁi A AAL otoldEE AAMES BT 22 AT E 2 v Ad A A s 21X H Aol A
L EBE 07 o]ojZ0]7](chaining) St 7|5 ZFUTH
SALIRF =
(expressions...), A3} (binding) == 23 2 B A, ZJAE UAZ{
[expressions...], {key: value...}, | o], @AY g2y o], T gy 9
{expressions...}
x[index], x[index:index], x (arquments. | ABAIAYHM, E£8fo|A, T, AEZHE IX
.),x.attribute
await x ool E ¢4
* % 71t=xﬂ;15
+X, =%, ~X oF & H|E NOT
@/ /)% A G A, G A, A A, g A]°
= FEEL BN
<<, >> AlZE
& H] E AND
3 H] E XOR
| H]E OR
in, not in, is,is not,<,<=,>>= = == v, WA AALS) ofo|dlE E] AAFS Z 83T
not x =32 NOT
and =g AND
or =2] OR
if-else ZAxIA
lambda 2o 34
- R

6.16. ¢S F6t= =AM 89
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S AG AT AxbA <+

| HIE 9 G AaAE T SRS AT 5, 2601 £ 0.5 Yyt
©% QA BAG Eoh ol = A}

= 4%l 1 3 4l
Huh 22 $4E90 7L 4 8H o,

rlr
0, o
rlu
4B
K-
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CHAPTER 7/

Cta= 2 (Simple statements)

e RS shte] o 49 Z okl TR UL o 9 B Rol AN ZE 02 Belsof shte] Fof 42
S Uk BeRel £ o dEh

simple_stmt = expression_stmt
| assert_stmt

| assignment_stmt

| augmented_assignment_stmt
| annotated_assignment_stmt
| pass_stmt

| del_stmt

| return_stmt

| yield stmt

| raise_stmt

| break_stmt

| continue_stmt

| import_stmt

| future_stmt

| global_stmt

| nonlocal_stmt

A4 L g2 At 285 AY, (R%F) T2 A A (procedure) (2 1] Qe 235 B8 F+ g vlol A
o} ZEAAE None S EAFUHE B3] A3 (LR 3t o =) A4H Uk Bd4 2o o
A= S es waju 2 £ 27 gl o

expression_stmt = starred_expression

91
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B4 L (@t 2L 5 AE) B B2 e 7Y
H3h Y == o)A, gtol None o] OFUE, W repr () F5E AHE3) FALE WBE 7, 134 112 FA4D
2 Yxe) Fo] EF FY 02 Byt (AF b None A ul 1A ghobd], Z2AA BE L ofH B x
BHEA) Sk UTh),
=
72 THEE
HYE2 o5 woll (M AZ3sta 7hA A ol EREV FEES A FTH
assignment_stmt = (target_1list "=")+ (starred_expression | yield expression)
target_list = target ("," target)* [","]
target = identifier
| "(" [target_1list] ")"
| "[" [target_1list] "1"
| attributeref
| subscription
| slicing
| "*" target
(attributeref, subscription, slicing &) & A2 +& zejo|ng] AN HAA L)
e B84 55 (o]Zo] stute] 2@Ad o5, 932 B8 55d o= =, T4 v 7E
o B ol A THE AL 71BN R) o e PITL, DEOA L EECE St AT AAE B2 BEe)
Zhzpel] o ) g ok
e B (5=2)9 Fejol upe AA Aoz FoF Utk BAle] 7pd ARl X (EPRE FEL
Huzsgdol v getol d) 8, 7ol AR A FA0 2 oIS SR oba s, T A0] Suhe] oA E

AA3A, o ¢ o] Lo}_oqm/\oqouqoﬂﬂg%lg PN
shi o9 1 AA ol el H ol ATk (2E W AS A

AANE BA B2, BEY A RER SAAD 5 e AT 5 A5 o s AL te 2ol
AAH 0= e gk
L B R0 (9408 BFo| Sojglt) A=t GE} gl st Bl W AR & B

A

U
E

7‘1
;1

Ok@_ﬁﬂEo]xA16‘} 'FF ‘é_,,]_m-/\g

=Wy

&} o th <
N
o« 1
E}7l, “ABFE (starred)” B2l o] 21l & H U T, Shut
22 4 TR s A2 o] FES AlF ke
%Oloiolt 6“4\’% °l Eiﬂi -4 ;q% PRS2, dFoA L 8&o g, ~8E Bl ¥l he =
OﬂEH‘Q%HE‘r olE ¢ 9] npA| 9} g S Aol ves BAsl Hdgvth
LP“M Jusz 74 e 2esh 2es Be] YR U (o] PAEE uofgle

e 5o FRES AT ol E el ol

lll
flo
r G
2

=

=4

A = BFf 9= global Y nonlocal w0 533}A] ¢kod: 1 o]
7+ W %

EREEISN
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E 3ol nonlocal 9 93] AAE L 25 o] & F7Hol| A

i 5
I
o
bl
rlo
i~
i~
)
19
o

T o8] ofu] A o] Jow AAAF T o] AL 7| Eel AAF o] YW AAY Fx A57}00]
=2 Mol A, A7} B43HE v 2 el 7} whs) 1 9 A destructon) (21 STHR) 7} 255 =2
WE % s

« BAo EYHE FxW: 2o mefolve BAA ge TR AL Y s oj=e
FEE 7H AA S Folof ot lf%i 2 ko™ TypeError 7} doj gyt 2o 2 AR o Fo]X
AEZREER AAE HYst=F e FdUth = AT + lohd o9 (-5 AttributeError
o AW % 18 et grh & Je gy,
T A AA7E S s Ao a0 o ERRE F2VF Y AAALY] FHRolA ZF SAEd,
-7 (right-hand side) £ &84}, a.x & d2H XA °1EEH:%E (" x o ERET ITHY) S
AEZREE M 2T 5 A5 Utk Fd (left-hand side) BH A a. x & F4 D25t w0l A ete A4
AxB A JERHEES AATYT T, Fa.x 7t 2L AEYREE 717+ 22 28270
obuth o0 B@4 0] Zelx o B RES el The, A U)o AR A daHs ofE
JRE=S HEUL
class Cls

x =3 # class variable

inst = Cls{()
inst.x = inst.x + 1 # writes inst.x as 4 leaving Cls.x as 3
o] ¥ o] property () & WEo] X Z 2 ¥ (property) ¢ 22 H2IHE oJEF{HE] A 8§d 42

o) HEag ol ol G xefelniel HAH ol G FUUT (RI2E 2o bl A
AR (A 2] 22) v AA 7 vhelof Ptk 18 The, AH ~AYE BHAY e T"wa.

zeboluj 2l 7} (B AE 28) hd A1 AR AN, AB ATYEE F50h eof Puieh $R A
2o16] DO A, AR A Aot el 4 50] ohel AomeloF Shat A A o] 2
A A G ANE Yol AU T, Aula WS 9ol e nexsrror
QoUrh(Hu AaYE A AAx0 dat g gL e A Al 322 2718 4 g5 Th.

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/datum 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).

44 [kl

For user-defined objects, the __setitem__ () method is called with appropriate arguments.

« E}Zlo] £eto] ol Fxo ZetolW g A9 ghZ FIUTH (H2E 22) 7 Ald 2 A A 7}
elop huth e & AA = 22 F9 Al AAof it 19 ohg, SA ST &Fsk A st
4—@/«14 Fe TS 712 03 Al E 20 dojth A A5 b Holop AU E F o=
AolA 47t v, Aldad dol& Utk 284 o AAFRES 0 A A2 ot
a /\}Ol"ﬂ 7= ol HEE AFUth A HOE AJEA 7“11101] o2 HYSH = Al EAE
HASEE 2 UL el Al A7 st Sefol2xe] dol= g U= &= Alg2e] Zojet g s
T dFYTh

CPython 23 AHA: AR L3l A], B} B HLS A)

ARE 7] ol el WA A7 E A A= A3E L dFUTh
”*}EH‘Q-J A7 A W 7HY S 3 o] <5 Al A (simultaneous)” F-& (Sl & b=Db, a¥t
HEE DG XS s, Y= A5 294 <t Oﬂf\i«} THE AZNAN 2 E2F 22 PdoJL}A,
UHEEE%L—’F A= dAEYFULL AEE B2 [0, 2 :

i)

X =

0,

o
[N

i =

72. o
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R s S e e P I )

i, x[i] = 1, 2 # 1 1s updated, then x[i] is updated
print (x)

o] W7]:
PEP 3132 3 o] €121 91 547 *target 7%l @ 74

N

2.1 S 2 2 (Augmented assignment statements)

FEUYEE T EFNA ol A4 IS A AU

augmented_assignment_stmt = augtarget augop (expression_list | yield expression)

augtarget u= identifier | attributeref | subscription | slicing

augop = ny=mn ‘ w__m | Wx_n | n@:" ‘ "/:n | "//:" | no_mn ‘ Wk d—M
| Ny s=n | Neog="m ‘ ne="m | nA_mn | n|:"

(WA A 712 0] T o= etolu e Alde HAAIL)

ZE YL B2 (LY ETE 2 A el 2 4 ggUth B EAA B2 g2 78, 5L vd

Rz o 9ol Foll W ol F AN £ W F, Aol 2] 1 ARE YTk B 25 &

Wk gho] T8} 7 Ut}

An augmented assignment expression like x += 1 canberewrittenas x = x + 1 toachieve a similar, but not exactly
equal effect. In the augmented version, x is only evaluated once. Also, when possible, the actual operation is performed
in-place, meaning that rather than creating a new object and assigning that to the target, the old object is modified instead.

%%Wﬂﬂ%%fﬂ,r‘;v‘i—ﬂu%%LA = 7ot7] ol el A} e FRULE & S50, ali] +=
£(x) A5l ali] & 23T b5, £(x) o & 7ot QS 38, vpA oz o @ﬂrga ] ol
oA Y T

W

Sitel £l £ 5 BALR t st AL 9% 51H, S8 g 2ol o @ v ge Auk el
Ze o Aegyrh BB, Axtel S A5 N2 S, FE oY WEe] 1A=
o4l d4ke A o] A A4k} AL Th

JEPHE B2 B 9, AV HAAY Seh 20} i s o=l HE B 41 A gP U

7.2.2 0{=E|0|EEl CHR!Z(Annotated assignment statements)

ofiEH o] thPL, T RN, et olERRHE o H o] dR AT = Je i dEe FAE AdUHh

annotated_assignment_stmt = augtarget ":" expression
["=" (starred_expression | yield expression)]

Quh o} 9 o] xpo] G 2.4 shike] AW S gE Tk AU rh
For simple names as assignment targets, if in class or module scope, the annotations are evaluated and stored in a special
class or module attribute __annotations__ thatis a dictionary mapping from variable names (mangled if private) to

evaluated annotations. This attribute is writable and is automatically created at the start of class or module body execution,
if annotations are found statically.

For expressions as assignment targets, the annotations are evaluated if in class or module scope, but not stored.
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o] Fo] 4 AT A o | £ ¥, o] o] B 1 23z o] 29 (local) YU Tk B4 LTzl A o]
Bl o] 2 ghol el A A A FH A efs

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 BW7):

PEP 526 - /4= o} ieelo] d 4] #4925 £Ashe o4, M (Zels A daga s 230 9L
o H| o] E 3= wH S F7Fsk= Al ¢t

PEP484-3 3 E A=A B

3l typlng+%—%
WA 3804 HA: oA o mE| o] EH YFS It J 3 v/t 2 o) 22 34 S 3§
oA, (ZE P FZ R2INHA L2) 47 24 A & o H 7D A5 YT

29} IDESI A ALE 3 5 9l 8 o Eo] doj T3t B2 EHE AT

7.3 assert &

assert £ = 2 13 of] tj ] 7] o] A] A (debugging assertion) = 4 Y 3= H e g HH A Yo}

assert_stmt = "assert" expression ["," expression]

7reb3l H e, assert expression 2 th23 S5 3HU T}

if debug
if not expression: raise AssertionError

44 3, assert expressionl, expression2 = U231 =3t}

if _ debug___
if not expressionl: raise AssertionError (expression?2)

These equivalences assume that __debug___ and AssertionError refer to the built-in variables with those names.
In the current implementation, the built-in variable ___debug___ is True under normal circumstances, False when
optimization is requested (command line option —0). The current code generator emits no code for an assert statement
when optimization is requested at compile time. Note that it is unnecessary to include the source code for the expression
that failed in the error message; it will be displayed as part of the stack trace.

__debug__ o e th A2 &= A s th of W o) g2 AB =z grt A %d wf 24 F Y

74 pass &

pass_stmt = "pass"

pass = dml) AUt — 88 o, obF e AT Jojuhx) ghvith FHACE Fge] ARy
$E2 217} 95U ol & Sol:

w7y

AR AL 9w, A2 S AL BER
def f(arg): pass # a function that does nothing (yet)
class C: pass # a class with no methods (yet)

7.3. assert & 95
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75 del &

del_stmt = "del" target_1list

AR T ol Ao ® AT obF w5 A AA Ao B HUTh DA AR AGES A she th4l, o 7]
@ 74 fl=7k g5k,

HAESY AL A HAL Aol N LERO 2 AA A2 AR Gt
O §9) AAE 2L HE BB Qi global ol 1 o] Fo] 543k A ol upek A o]t A o] & F1ko] A
|59 AdL AAGUTE o] Fol A= o] 94 W, NameError o 9] 7k Aol o,

JEYHE BE, NR2TYM, Setol 49 AA L BAE mebolHe AN ALYtk Setol o] A
tduAoR oW Yo vl Sete A% TS A% 55 AT (AT o Az A Lol 4 5= AAI
ek Th.

WA 32004 W Aol o] Fol FHE BFNA AR WHE 5 P9 A9 o] 5 FLHNA AA T
2

ﬁrZi

&) 2hs) A ook,

7.6 return &

return_stmt = "return" [expression_list]
return & BUAOE e ool FHE A7t ol B4 Felel v F AT of vhebd 5 AUt

ZHA FFo] Yo ghe 7ok, 1H A 4™ None 27 XS Ut
return & Ed A EE (IE= None) 2 ¥ gto 2 3|A], @AY S+ 5=
%

return ©] finally 8L 7} try oA A7l o UE & gle =
el 71 finally o] A3g Ytk

A& ol g 5ol A, return B2 A J @ o E 7} Byt 22 718] 7] 1, StopIteration 9 & & 4o Uth
return 2ol A FE = 7H2 (JTHH) StopIteration 9 "“"421—01] o122 AFT o] StopIlteration.value
o= HES} Pk,

H 57 AYdoly &FoA, ¥ return ¥ HE7] AVdEdHT S €81
StopAsyncIteration 04]94% doAYch vE7] AY Eﬂ ol E] o A, Bl YA FL return <

eI

7.7 yield &

yield_stmt = yield expression

A yield statement is semantically equivalent to a yield expression. The yield statement can be used to omit the paren-
theses that would otherwise be required in the equivalent yield expression statement. For example, the yield statements

yield <expr>
yield from <expr>

o the T} 2L yield W4 25T S5 UG
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(yield <expr>)
(yield from <expr>)

Yield expressions and statements are only used when defining a generator function, and are only used in the body of the
generator function. Using yield in a function definition is sufficient to cause that definition to create a generator function
instead of a normal function.

vield Q] 5o tf st AA| MFE AMFEL A= 333124 (Yield expressions) A A S F313HH FHu Tl
= | |
7.8 raise &

raise_stmt = "raise" [expression ["from" expression]]

FHA ] F XA FOW, raise s, B4 9 BtLE Rk, @A) Ae] 9 98 A Qo A
24 o9 7} QLrh, o] Aol ol el ghe A Lel7] 914 Runt imeError o2 & Ao AU L)

2BA o raise = o8 AAE, A AR T A9 FES LT BaseException & A H FeAL}
Qdsolof Ptk S AW, o9 JAHAE BT A% glo] Fehao] AL AE RS AT
U,

o 2] 9] 3 (rype) = &) A2 20 FE AL, Fh(value) 2 AT 2 AT Y T

A traceback object is normally created automatically when an exception is raised and attached to it as the
__traceback__ attribute, which is writable. You can create an exception and set your own traceback in one step

using the with_traceback () exception method (which returns the same exception instance, with its traceback set
to its argument), like so:

raise Exception("foo occurred") .with_traceback (tracebackobij)

The from clause is used for exception chaining: if given, the second expression must be another exception class or in-
stance. 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 excep-
tion instance will be attached to the raised exception as the ___cause___ attribute. If the raised exception is not handled,
both exceptions will be printed:

>>> try:
print (1 / 0)
except Exception as exc:
raise RuntimeError ("Something bad happened") from exc

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
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>
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:
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>>> try:
print (1 / 0)
except:
raise RuntimeError ("Something bad happened")

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
ZeroDivisionError: division by zero

During handling of the above exception, another exception occurred:
Traceback (most recent call last):

File "<stdin>", line 4, in <module>
RuntimeError: Something bad happened

Exception chaining can be explicitly suppressed by specifying None in the from clause:

>>> try:
print (1 / 0)
except:
raise RuntimeError ("Something bad happened") from None

Traceback (most recent call last):
File "<stdin>", line 4, in <module>
RuntimeError: Something bad happened

ool that o W2 AEE o 9] Ao LA 5 oL, A E At Aol e BE =y & Aol
A=

WA 3394 HAG: oA raise X from Y oAl Y E None ©| &g Yt}

WA 3.39]] &7}: The __suppress_context___ attribute to suppress automatic display of the exception context.

7.9 break &

break_stmt = "break"

break € EWALE for Ywhile Fxo] FHF AL YRS 5 5 Ut A I F2 ko) it
S Aol FHHAA = FFUTh

Vg kel 4 E e A g

v FEEFRAL, T TE belse B 2T ATkA AU U thskip).
for 2 preak £ SR, $2 A0 AL LALE FATI
break 7} finally 38 7} try BoIA Aol Mol hE & s 39, 22 R E) AAE ol ] Ao

I finally &9 /,5__]33%\4\3]-
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7.10 continue &

continue_stmt = "continue"
continue + THALZE for Ywhile FZ FHF AT eI &= dF5Uth AW 1 F= 9+
G 2els Ao F A AL GHUTh 7H 77kl A S AL Yk T2} Th At 22 dojbE S

g o

continue 7k finally A& /AR try oA Aol7t R UEE BhEE AL, T}g £E Afo] 22 A 28}7]
Aol 71 finally Ao] A3}
711 A E 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]l)* [","] ")"
| "from" relative_module "import" "*"
module = (identifier ".")* identifier
relative_module = "."* module | "."+
(fromZo] gle) 712 X E £2 F dAZ g ch
1. 258 3, 28ta, B8t 27|33t
2. YZE (import) o] TN ATZY A F o] F FZtol| o] Fol o] 552 A FUTh
Aol (FEE 28 A MY B 3o, vpx] 2 Ho] HE Y A E Fo o) £8d AAH, F
GAl= Aot HE 2 Sy
A0 B, BES B3 RS A AR AL EE A28 of Sl AMolA o} AASA 4 s
=, dZEE F =AY TFY WIS RESH YZE A 2H S ALEnpo|2st=H AHSE 5 3=
BE So] B AL A s gt
SAA RENATHLRE o EAXY, A 7HA F st & A o] F Fhol| afg Yth:
. BF o]E Fofas 7t 28, as Fo] 9.& o] o] dxE=W BE 4P AFPUch
o ThE O] FOl AR A G, JZEH =50 HA BEolH, E5Y o5l dZEH=E 5 NS
FxE AY o|F Fo| AZF YU
« AXEE = EEO HAO BEC] ot g, I BES 2= A 7)1 A 9 o5 ol /4 7]
Ao et Fx2E A Y o]F Ftoll AZFUTLE dxEH RELZ AP o] 7| Bt &3] A3t
] & (full qualified name) & &3l YA F o] oF FH T}
From 3L f7 ol B AAE AL G h

1. fromZo| A AH
2

. i g
2. oW, T FY AR BES YEEFE AL NES TS JEEH BEAN L ojERES
A A AR o
3. JEYHEZ} IAH A 4O W ImportError & Yo Ut}
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4. 292 oW, I gholl it 27 A Y o] F Fhel AZEH =, as o] EATHH A7) oA
ARE o] B2 A§I, 1A oW o EHE o] S A FYTH
AHE- el
import foo # foo imported and bound locally
import foo.bar.baz # foo, foo.bar, and foo.bar.baz imported, foo bound locally

import foo.bar.baz as fbb # foo, foo.bar, and foo.bar.baz imported, foo.bar.baz.
—bound as fbb

from foo.bar import baz # foo, foo.bar, and foo.bar.baz imported, foo.bar.baz.
—bound as baz
from foo import attr # foo imported and foo.attr bound as attr

AYAEY B2 28 (+0) 2 uHEY, BE 328 BE 3/ o] Eo import ol 534 2T
A9 o] F7kl AFF ULk

BE HH FIN o] = (public names) & BES o] 2 Z7HoA __all_ o]t o] 29 WLEE HAASA
A4 Utk Aels o) glohe, A9 AA2ojok v, 1 REe] Aol JEESE S EYUY
_all A AATo|BEELREFANE HAZH T EEA] Aok UTE a1l o] Ao A o,
250 o]F WA TAF = ol F F, ©E A () E AIASHA ke EE olgol /MR ASEUT
UGl - ) APLAAIR sl of Sk o 4] B A& o A 9] AP R olul BEE L wEa
AL A= AYUtH (7 2 B Eo] JEES T AL st glo|HE g BE).

AxEQ QY tE FE] — from module import * — & BE FEAALFSEI UL Sy g

ool A AHgshel= A== syntaxError & 42Ut

JXEIF ZES AT u ZES Ao o] & (absolute name) & AT T2+ FUTh ZEIY I 7| A7}

o2 9 7] X] <tof] 23 wjj, 22 A9 7 A WA= I 37 A O]%% AFT g glo] Ao dxE

(relative import) & & 4= 55U T from F ol AAFEHE H 71 AU BE ol Bojl= Aoz, AE3] o] &S

QA A AA 97X AFE vy ALY 7ok k= ] AR 4= JdF YL e 2 o]

O‘EEEO}bE%O] A= AR A7) A E SFYLE F e F-2 ) ]1] FESAEH Y= AE
H—J =S 5

Sgth A A B T SS9 UTh 2214 prg 17120 Sk BENA from . import
mod £ A3}, pkg.mod & YZE A H YT} pkg. subpkgl SFl A from . .subpkg2 import mod
£ 988 pkg . subpkg2.mod & VEESHA Ttk Ao Ao ek 748 5171 4 o) 92 ol

rlr

il
2 0>
;9
|

L.
Q

EEdEEES 4R AA%te 58 22O E2 A YeH7] 8l importlib. import_module () ©]

Q1 2} module, filename, sys.path, sys.meta_path, sys.path_hooks & 7ZFA} o|H E import & A}

NEISICR

7111 FX%
F+A < (future statement) & 3} A2} 7F ST REs ST oY 7l A}ﬁoﬂﬁfqﬂr It == WhE =

21 A1 o] (directive) 1B, 7 7152 1] 2o ZA]5] = sho] WA B0

FA R BAL oo T A G WH =
AT 12 7)ol EEe] 5wl E o] Aol BE T Al ]

future_stmt = "from" "__ future_ " "import" feature ["as" identifier]
("," feature ["as" identifier])*
| "from" "__ future__ " "import" " (" feature ["as" identifier]
("," feature ["as" identifier])* [","] "™)"

feature = identifier
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FA 22 BES A Agol Yook Futh F4 £ ol e 5 gle FER:
o BE 52 EF (docstring) (1 THA),
.« 34
W E a7

& AHEaloF ot F 43 752 annotations YU TH(PEP 5635 F 24 A Q).

d o

Aol A4 £& &3 EA43HYE 7552 A3 oA 3o o3 AAFH YT o] BEF
°ﬂ + absolute_import, division, generators, generator_stop, unicode_literals,
print_function, nested_scopes % with_statement 7} TEFH UL o]AEL JdogEQY g

FBEHA, 23 AA TS A FAHIL A7 =AU

FA R PAAORE F5Y AR ANH T R AUtk B THEEY vl B F WAL FF e
2EB9E 5o AR A oo SR G (12e Aol AT 2 Y e Ao 39
P53, ol AL AL BES DA HB 5 dFUTh 18 2FS AGAFoR vHY 5

s Y.

W Zube}, A5t g oW 7% o
o] otq 74%01 /\];G 01]31% E_g

ARAA AP AP MEL g2 Jd2E REF} ZHUth & 2F _ future_, Fo 393U, o}
913, F A Bol AAE £ Aol YukA A YR o= JEEFP U

SR AP AHY MEES F4 Foll gl 2435 = FA AR 7eso 2 dsTh

o] & Bl ob AL 588 Zo] gl T 3o Firk:

import _ future__ [as name]

o) F A £o] ohg Utk obE e S Aol By Aol Al oko] gl FUT YEE Y Bk,

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.

Hsty e zeE A dUH FA £ AuzeE Ade de 72 27E BAA AU 9
HZelH/l i, 48 e ATYE o) gol AL T, AR N 20, T AU FA 2L £,
AP AP ol ol A% & B3P AN E ZHE §AT U

o BW7):
PEP 236 - W) 2 ] _ future__ _ future_ ™| AU Z0] o 3+ ] % 9] A2k

712 global &

global_stmt = "global" identifier ("," identifier)*

The global statement is a declaration which holds for the entire current code block. It means that the listed identifiers
are to be interpreted as globals. It would be impossible to assign to a global variable without global, although free
variables may refer to globals without being declared global.

Names listed in a g1 oba I statement must not be used in the same code block textually preceding that g1 obal statement.

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.
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CPython +-& %} A): The current implementation does not enforce some of these restrictions, but programs should not
abuse this freedom, as future implementations may enforce them or silently change the meaning of the program.

Zga el Fo] ALk global 2 3hA of] = A Al XH(directive) Y U T global w3 22 Al Qof| I = &
Fout ALE Yt} E7, 14.]7(1— exec () b‘]-/\i_:_:L_C.,] = Exgoly} T AAo £&H global 2 1
TES 2= FE EZNEJTFS FA LY, 20 AN 2ZH FE A S T ES 2T

rl

3]—/\ ‘E‘J— — = ~ oo= T - 7
iEOﬂ A= global ol &< T4 sUth eval () Zcompile () &+ EEUH_W}X]?J‘/]E}-

7.13 nonlocal &

n

nonlocal_stmt = "nonlocal" identifier (", identifier)*

The nonlocal statement causes the listed identifiers to refer to previously bound variables in the nearest enclosing
scope excluding globals. This is important because the default behavior for binding is to search the local namespace first.
The statement allows encapsulated code to rebind variables outside of the local scope besides the global (module) scope.

Names listed in a nonlocal statement, unlike those listed in a g1 obal statement, must refer to pre-existing bindings
in an enclosing scope (the scope in which a new binding should be created cannot be determined unambiguously).

Names listed in a nonlocal statement must not collide with pre-existing bindings in the local scope.
o B7):
PEP 3104 - u}Z 23 320 Q&= o] 5o g AA A nonlocal #9 4.
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CHAPTER 8

BREL OE EAE(Y 2155)S TR oW Y ox I e BRES) Ade] 9L FAUA
oL el EAT 0, A ERES BT L 5 /e AT, QAo BgrL oje] 2o
A4k

_—[/_'&]@.qq. s a5 U8 cry = dQ A7y

if,while, for BFE AEAHA Ao &5 X
=1= o=

R

A 2] (cleanup) T = = BFE A8t hE2IFEEBEF FH0Z 27319} glo] g 2| Al o] A
FEEAYST YT E FUth ol Fela Ao 3 EHF oz BEFEY UL

RO st g oAt & 7 FAE YT AL He ‘A9 E (suite)’ 2 FAFUCH S BgE 2
AUE2 EF 22 27 o2 25U 2 3t SEHA AEE = 7 EE A FS AL ZEOE
E9Uth 29 E= 2o o3 Aloju = 4= 5 YU 2 EE=FHY F& FAodA 22 Eol Alv
208 FEd sty I o] e Y AU BEe A0S Eoll 92 7] " St 1 o]y
TAEETEISULh A TR FE R S HE EP S 2T S AdsUth b 22 A2 SulE7
2, AIZ FEE else Fo] QthH ojH ir Hof] &3l=x WEA o7 Wj &4 Yth

’if testl: if test2: print (x)

o] oM AmEEe] TEET ¥ FotA A, tha 22 AolA, print () TEE2 EF

compound_stmt = if_stmt
| while_ stmt
| for_stmt
| try_stmt
| with_stmt
| match_stmt
| funcdef
| classdef

103



The Python Language Reference, £A| B{Z 3.10.18

| async_with_stmt
| async_for_stmt
| async_funcdef

suite = stmt_1ist NEWLINE | NEWLINE INDENT statement+ DEDENT

statement = stmt_1list NEWLINE | compound_stmt

stmt_list = simple_stmt (";" simple_stmt)* [";"]
T&E50°] @4 NEWLINE © & £131 DEDENT 7} 1 H & WE 5 5ol 58l oF Futh. =3k B2 73
A4 Ao I TFZ AN F gle 7IHERE Al FSH] w2, REEo] gtk 2% 554 8 (5
oMM E THA irwol BT HE AS 87T 2N ‘w2 (dangling) else’” A E S A Th.
BHEL 95 thgol £x BB e By FAEL 4 4L 9xe) Fol $E2 TojY

8.1 if B2
PP ZAR Ao ALH YTk

if_stmt = "if" assignment_expression ":" suite
("elif" assignment_expression ":" suite)*
["else" ":" suite]

2 WAG WA BAAEY G S el T A B3] shpe] 29 =8 A g

= =2] A A(Boolean operations) AA S HAHKQ); IH TS 1 A2YEE A3t (2
T ir RO THE of®l BT A9 vk gro] P4 A $EULH, BE EAAE] Aol oo Ao
2=t (gere) A9 o

while P& EWA 0] F Fok 4L Wt o A H Tk

while_stmt = "while" assignment_expression ":" suite

["else™ ":" suite]
RS HANLS WRAO R HAFIL, FolW, A WA 2= AWFUTh AL ] AZ oW (AL HH
AR S5 dUth else 8] A9 E/H(ohe) AYH 1 228 FR
AR 2N ENX AW = break B2 else A5 AWTA] 1 FZE FEFULH A AR 2 EA
AP = continue T2 2 EL YA &S AUH L A8 AR ol
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for w2 (EAE, 7% B2E T2 AEA Y T2 olHHE A9 S 45E o|HH o] Edt=t AHEH Y
t}:
for_stmt = "for" target_list "in" expression_list ":" suite

["else" ":" suite]

The expression list is evaluated once; it should yield an iterable object. An iterator is created for the result of the
expression_list. The suite is then executed once for each item provided by the iterator, in the order returned
by the iterator. Each item in turn is assigned to the target list using the standard rules for assignments (see tf] ¢ ), and
then the suite is executed. When the items are exhausted (which is immediately when the sequence is empty or an iterator
raises a StopIteration exception), the suite in the e1se clause, if present, is executed, and the loop terminates.

A AR 29 E A AAE & break B else AL AWHA F1 £2E FaPUTh 2 AH 2= A
ARSI & continve B A9ES] A FEE AUAT B FEO 2 Yol A, the FEol glod
else A2 7t}

for-F 2= 87 BEE29 HELSo] UL for-FZ o] AYEA o] FolRA AER
DA Y H HEL 2T Dol Hyh:

0%, of

Hl

el A, 2 ol

for i in range(10):
print (1)
i=25 # this will not affect the for-loop
# because 1 will be overwritten with the next
# index in the range

Names in the target list are not deleted when the loop is finished, but if the sequence is empty, they will not have been
assigned to at all by the loop. Hint: the built-in type range () represents immutable arithmetic sequences of integers.
For instance, iterating range (3) successively yields 0, 1, and then 2.

84 try &

The t ry statement specifies exception handlers and/or cleanup code for a group of statements:

try_stmt u= tryl _stmt | tryZ_stmt
tryl_stmt = "try" ":" suite
("except" [expression ["as" identifier]] ":" suite)+
["else" ":" suite]
["finally"™ ":" suite]
try2_stmt = "try" ":" suite
"finally" ":" suite

The except clause(s) specify one or more exception handlers. When no exception occurs in the ¢ ry clause, no exception
handler is executed. When an exception occurs in the t ry suite, a search for an exception handler is started. This search
inspects the except clauses in turn until one is found that matches the exception. An expression-less except clause, if
present, must be last; it matches any exception. For an except clause with an expression, 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.

83. for & 105




The Python Language Reference, £A| B{Z 3.10.18

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 t 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 try statement. (This means that if
two nested handlers exist for the same exception, and the exception occurs in the try clause of the inner handler, the outer
handler will not handle the exception.)

When an exception has been assigned using as target, it is cleared at the end of the except clause. This is as if

except E as N:
foo

ZholgA Wge = A 2

z

Yot

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, details about the exception are stored in the sy s module and can be accessed
viasys.exc_info (). sys.exc_info () returns a 3-tuple consisting of the exception class, the exception instance
and a traceback object (see section 3= 7] %) identifying the point in the program where the exception occurred.
The details about the exception accessed via sys.exc_info () are restored to their previous values when leaving an
exception handler:

>>> print (sys.exc_info())
(None, None, None)
>>> try:
raise TypeError
except:
print (sys.exc_info())
try:
raise ValueError
except:
print (sys.exc_info())
print (sys.exc_info())

(<class 'TypeError'>, TypeError (), <traceback object at 0x10efad080>)
(<class 'ValueError'>, ValueError(), <traceback object at 0x10efad040>)
(<class 'TypeError'>, TypeError(), <traceback object at 0x10efad080>)
>>> print (sys.exc_info())

(None, None, None)

Ak 7l5B8lelse 2L Alo] 32 0] try A2 EES WA U L, o &) 7} B A SR 99k, return, cont inue
T break ol AP A o APFHUTh else HollA BATHE= o9 = Aol b2 & except Foll A

A 2= A 5yt

2 d9g dort rinally 2ol QA G2 e 3E 2do2 YU 2 A ot oA 2E doi A TETh
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If finallyis present, it specifies a ‘cleanup’ handler. The ¢ ry clause is executed, including any except and else
clauses. If an exception occurs in any of the clauses and is not handled, the exception is temporarily saved. The 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 £inally clause always
executes, a return statement executed in the finally clause will always be the last one executed:

>>> def fool():
try:
return 'try'
finally:
return 'finally'
>>> foo ()
'finally'

o o] of] A7t F7ke] AH= o 9] Ao A g 5 3laL, o €]

B8 B ise 7 AMAA 22 5 dgUTh

uli

A0 77 Y3l raise BE AFR = A

¥ A 3.8 A ¥ 7 : Prior to Python 3.8, a cont i nue statement was illegal in the £inally clause due to a problem
with the implementation.

AlR) 7F e Rt WA=

HAE # A} (with & AEAE A2 AHE B ==
t & A AL 5 AR S

SR
o e

ry-except--finally A& 9

with_stmt = "with" ( " (" with_stmt_contents ","? ")" | with_stmt_contents
with_stmt_contents = with_item ("," with_item)*
with_item = expression ["as" target]

Sbe] “item” & AHEBHE with 2] AW the 3 Zo] AAHYrh:
1. The context expression (the expression given in the with_1item) is evaluated to obtain a context manager.
2. The context manager’ s __enter__ () is loaded for later use.

3. The context manager’ s __exit__ () is loaded for later use.
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4. The context manager’ s __enter__ () method is invoked.

5. 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.

6. 2291 =7 A e,

7. The context manager’ s __exit__ () method is invoked. If an exception caused the suite to be exited, its type,
value, and traceback are passed as arguments to __exit__ (). Otherwise, three None arguments are supplied.

If the suite was exited due to an exception, and the return value from the __exit__ () method was false, the
exception is reraised. If the return value was true, the exception is suppressed, and execution continues with the
statement following the wi t h statement.

If the suite was exited for any reason other than an exception, the return value from __exit__ () isignored, and
execution proceeds at the normal location for the kind of exit that was taken.

(SR e A=

with EXPRESSION as TARGET:
SUITE

ojul o s the3 B 5 H T

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, *sys.exc_info()):
raise
finally:

if not hit_except:
exit (manager, None, None, None)

S HT B FEE W, AYAE Bel At vich Fol HE AN Y ATtk

with A() as a, B() as b:
SUITE

BERTE RS et

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:
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with (
A() as a,
B() as b,
) :
SUITE

HAS1M WG OE AYAE 2349 A9

W2 3.109 A] ¥ 7 : Support for using grouping parentheses to break the statement in multiple lines.
o BW7):

PEP 343 - “with” & 3}o]# with #2] 314, vj 7, ©l.

8.6 The match statement

WA 3109 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_block 'case' patterns [guard] ":" block

Z+31: This section uses single quotes to denote soff 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 B7):

o PEP 634 - Structural Pattern Matching: Specification

o PEP 636 - Structural Pattern Matching: Tutorial

8.6.1 Overview

Here’ s an overview of the logical flow of a match statement:

1. The subject expression subject_expr is evaluated and a resulting subject value obtained. If the subject 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.
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ZF31: 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 b1lock inside case_block is executed.
o Otherwise, the next case_block is attempted as described above.

« If there are no further case blocks, the match statement is completed.

Z31: Users should generally never rely on a pattern being evaluated. Depending on implementation, the interpreter
may cache values or use other optimizations which skip repeated evaluations.

A sample match statement:

>>> flag = False
>>> match (100, 200):
case (100, 300): # Mismatch: 200 != 300
print ('Case 1")
case (100, 200) if flag: # Successful match, but guard fails
print ('Case 2'")
case (100, y): # Matches and binds y to 200
print (f'Case 3, v: {y}")
case _: # Pattern not attempted
print ('Case 4, I match anything!')

Case 3, y: 200

In this case, if flagisa guard. Read more about that in the next section.

8.6.2 Guards

guard = "if" named_expression

A guard (which is part of the case) must succeed for code inside the case block to execute. It takes the form: i
followed by an expression.

The logical flow of a case block with a guard follows:

1. Check that the pattern in the case block succeeded. If the pattern failed, the guard is not evaluated and the next
case block is checked.

2. If the pattern succeeded, evaluate the guard.
« 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.

o If the guard raises an exception during evaluation, the exception bubbles up.
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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. (I.e., guard evaluation must happen
in order.) Guard evaluation must stop once a case block is selected.

8.6.3 Irrefutable Case Blocks
An irrefutable case block is a match-all case block. A match statement may have at most one irrefutable case block, and
it must be last.

A case block is considered irrefutable if it has no guard and its pattern is irrefutable. A pattern is considered irrefutable
if we can prove from its syntax alone that it will always succeed. Only the following patterns are irrefutable:

o AS Partterns whose left-hand side is irrefutable

o OR Patterns containing at least one irrefutable pattern
o Capture Patterns

o 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
| 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.
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OR Patterns

An OR pattern is two or more patterns separated by vertical bars |. Syntax:

or_pattern = "|".closed pattern+

Only the final subpattern may be irrefutable, and each subpattern must bind the same set of names to avoid ambiguity.

An OR pattern matches each of its subpatterns in turn to the subject value, until one succeeds. The OR pattern is then
considered successful. Otherwise, if none of the subpatterns succeed, the OR pattern fails.

In simple terms, P1 | P2 | ... will try to match P1, if it fails it will try to match P2, succeeding immediately if
any succeeds, failing otherwise.

AS Patterns

An AS pattern matches an OR pattern on the left of the 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 cannotbea _.

In simple terms P as NAME will match with P, and on success it will set NAME = <subject>.

Literal Patterns

A literal pattern corresponds to most lierals in Python. Syntax:

literal pattern = signed_number
| signed_number "+" NUMBER

| signed_number "-" NUMBER

| strings

| "None"

| "True"

| "False"

| signed_number: NUMBER | "-" NUMBER

The rule strings and the token NUMBER are defined in the standard Python grammar. Triple-quoted strings are
supported. Raw strings and byte strings are supported. Formatted string literals 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.
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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 = L

_ is a soft keyword within any pattern, but only within patterns. It is an identifier, as usual, even within mat ch subject
expressions, guards, and case blocks.

In simple terms, _ will always succeed.

Value Patterns

A value pattern represents a named value in Python. Syntax:

value_pattern = attr
attr = name_or_attr "." NAME
name_or_attr = attr | NAME

The dotted name in the pattern is looked up using standard Python name resolution rules. The pattern succeeds if the
value found compares equal to the subject value (using the == equality operator).

In simple terms NAME1 . NAME2 will succeed only if <subject> == NAME1.NAME2

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
statement.
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Group Patterns
A group pattern allows users to add parentheses around patterns to emphasize the intended grouping. Otherwise, it has

no additional syntax. Syntax:

group_pattern = "(" pattern ")"

In simple terms (P) has the same effect as P.

Sequence Patterns

A sequence pattern contains several subpatterns to be matched against sequence elements. The syntax is similar to the
unpacking of a list or tuple.

sequence_pattern u= "[" [maybe_sequence_pattern] "]1"
| "(" [open_sequence_pattern] ")"
open_sequence_pattern u= maybe_star_pattern "," [maybe_sequence_pattern]

", ".maybe_star_patternt ","?
star_pattern | pattern

maybe_sequence_pattern
maybe_star_pattern

star_pattern = "*" (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 | 41]) is still a sequence pattern.

At most one star subpattern may be in a sequence pattern. The star subpattern may occur in any position. If no star
subpattern is present, the sequence pattern is a fixed-length sequence pattern; otherwise it is a variable-length sequence
pattern.

The following is the logical flow for matching a sequence pattern against a subject value:
1. If the subject value is not a sequence?, the sequence pattern fails.
2. If the subject value is an instance of str, bytes or bytearray the sequence pattern fails.
3. The subsequent steps depend on whether the sequence pattern is fixed or variable-length.

If the sequence pattern is fixed-length:

2 In pattern matching, a sequence is defined as one of the following:

o 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
e memoryview
e range
e tuple

By
K

: Subject values of type str, bytes, and bytearray do not match sequence patterns.
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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>
e P1 matches <subject>[0] (note that this match can also bind names)
e P2 matches <subject>[1] (note that this match can also bind names)

« --- and so on for the corresponding pattern/element.

Mapping Patterns

A mapping pattern contains one or more key-value patterns. The syntax is similar to the construction of a dictionary.
Syntax:

mapping_pattern n= "{" [items_pattern] "}"

items_pattern ", ".key_value_patternt+ ","?

key_value_pattern (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:
o 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_MAPP ING bit set
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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:
o check <subject> is a mapping
e KEY1l in <subject>
e P1 matches <subject>[KEY1]

« - and so on for the corresponding KEY/pattern pair.

Class Patterns

A class pattern represents a class and its positional and keyword arguments (if any). Syntax:

class_pattern u= 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.
o If this raises AttributeError, the class pattern has failed.

« Else, the subpattern associated with the keyword pattern is matched against the subject’ s attribute value. If
this fails, the class pattern fails; if this succeeds, the match proceeds to the next keyword.

« aclass that inherits from any of the above
The standard library classes dict and types.MappingProxyType are mappings.
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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
raised.

), TypeError is

Otherwise, positional pattern i is converted to a keyword pattern using __match_args__ [1]
as the keyword. __match_args__ [i] must be a string; if not TypeError is raised.

If there are duplicate keywords, TypeError is raised.

o ¥7):

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 O, but not the value 0. 0.

In simple terms CLS (P1, attr=P2) matches only if the following happens:

e isinstance (<subject>, CLS)

e convert P1 to a keyword pattern using CLS.__match_args__

« For each keyword argument attr=P2:

- hasattr (<subject>, "attr")

- P2 matches <subject>.attr

« - and so on for the corresponding keyword argument/pattern pair.

| ®17):

o PEP 634 - Structural Pattern Matching: Specification
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o PEP 636 - Structural Pattern Matching: Tutorial

8.7 &+ H9
B4 Aol ARA RO B4 AM (2 AE AHS BHAL) S AP}
funcdef n= [decorators] "def" funcname " (" [parameter_list] ")"
["->" expression] ":" suite
decorators = decorator+
decorator u= "Q" assignment_expression NEWLINE
parameter_list = defparameter ("," defparameter)* "," "/" ["," [parameter .
| parameter_list_no_posonly
parameter_list_no_posonly = defparameter ("," defparameter)* ["," [parameter list_stai
| parameter_list_starargs
parameter_list_starargs = "x*" [parameter] ("," defparameter)* ["," ["**" parameter
| "**" parameter [","]
parameter = identifier [":" expression]
defparameter n= parameter ["=" expression]
funcname n= identifier
B )= AR 5 A BFYUTh AP AA) A o] & B T4 o) 2L B A (Fe) A
b5 F=8 Eel2 o5 wiapper)). o F5 AL A9 o] Fol & F2E TP, A5
5P ) A o & 3o AgFH Yk
4 Aol Bl vl A SEUth F47 559 o APk
B goe bt T ol e ddole] B0 R AR 5 gtk dmdolE BHALS B}
Belg uf, 34 Aol & EFete 2T LA e FRYTE 1 AP Bl Eolojof e, 5 AR v
A2 A3 A BEH Uk W gho] B4 AR B A B9 o] Fol AFH Utk oI A vz ol el =
FAHE P02 4R o & o), e e TE
Qfl (arqg)
Qf2
def func(): pass

oo S5

def func(): pass
func = fl(arg) (£2 (func))

A Tt AR o] F func ol AZHA dethe AW HE Y

=
WA 3.99] A ¥ 7 : Functions may be decorated with any valid assignment_expression. Previously, the gram-
mar was much more restrictive; see PEP 614 for details.

St} 2 o) AFo] wl) 7)) ¥ = £ o] parameter = expression A E| S 7} uf], SFTF <7 E o 4 g S 2
G 7183k = mMAHSY] A, ST o St At E AT 4+ a1, 19

712 3ke] A& Ut Wk iR 7| RG-S VAW, 4 7k A] 1 FHE WM EE

ZEA okt — o] A2 # F Ao A A ke A A FY T

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

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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each call. This is especially important to understand when a default parameter value is a mutable object, such as a list or
a dictionary: if the function modifies the object (e.g. by appending an item to a list), the default parameter value is in
effect modified. This is generally not what was intended. A way around this is to use None as the default, and explicitly
test for it in the body of the function, e.g.:

def whats_on_the_telly (penguin=None) :
if penguin is None:
penguin = []
penguin.append ("property of the zoo")
return penguin

Function call semantics are described in more detail in section & <. A function call always assigns values to all 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.

H A 3.89] 4] ¥ A : The / function parameter syntax may be used to indicate positional-only parameters. See PEP 570
for details.

Parameters may have an annotation of the form “: expression” following the parameter name. Any parameter
may have an annotation, even those of the form *identifier or **identifier. Functions may have “return”
annotation of the form “~> expression” after the parameter list. These annotations can be any valid Python expres-
sion. The presence of annotations does not change the semantics of a function. The annotation values are available as
values of a dictionary keyed by the parameters’ names in the __annotations___ attribute of the function object. If
the annotations import from __future_  is used, annotations are preserved as strings at runtime which enables
postponed evaluation. Otherwise, they are evaluated when the function definition is executed. In this case annotations
may be evaluated in a different order than they appear in the source code.
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8.8 a2 Ho|

SR A= A2 AA (Y A AHAS EAL)E FYFYh
classdef = [decorators] "class" classname [inheritance] ":" suite
inheritance = "(" l[argument_1list] ")"
classname = identifier

S B A 7 e AU Th A (inheritance) 552 W5 Wo]x S 259 HHS AlF st
(A a5 AH-goll EHﬁWt et Z el & BAR), 55 4 FEL S 7wl B FHAES S ek 2
A AR 7L F ol ok Fth A F50] e %Eﬂé%, |24 o=, Wo]x Fef& object & AlsdUTh
A
class Foo:

pass

= Hedessgddn

class Foo (object) :
pass

2e)ag) A EE AR BEI A ol & U AL} W ol & FUE NI A A 2AY (053
912 (binding) & R A £)o 4 DA (L5, A9 EL 3 34 4952 2R Th) 2e20 29
=AY B0, A A Qe et 249 A O Fhe REGUY. 2 UE AL BEL
ol FHAER, HED A9 o] § F02 o= BE G2 AHSHA A 2ol AAE BE UL
Zo)a0) o] 2L Aele] Ao o] B B o] 2ol AR 9 AAH T,

The order in which attributes are defined in the class body is preserved in the new class’ s ___dict__ . Note that this is
reliable only right after the class is created and only for classes that were defined using the definition syntax.

e g vt el B AGHA ASHA AzE e 28 4 Y& UITh

SEEERE R EE REE T EE R EE R D E ey

Qfl (arg)
Qf2
class Foo: pass

£ ok S5 g

class Foo: pass
Foo = f1l(arg) (f2 (Foo))

v e ol e £@4 ) gk 73
Adgurh

WA 3.99]| 4] ¥ 7 Classes may be decorated with any valid assignment_expression. Previously, the grammar
was much more restrictive; see PEP 614 for details.

Zza Fo A FEl A HooA FYH = HFES R dEHFEY UL o AES U2
Oﬂ Z5E Yt O]’\E']/\Oi FHEE=MAEYA self.name = value 2 AAE 5 5T =
A~EAo]ERHE BF “self.name” B7|HOZ A2 4 7, 0]H 2oz oﬂ Mo A8 A

=L B o159 AL B HEE AT, 2 o e REL QAHA o= HE

5 A string literal appearing as the first statement in the class body is transformed into the namespace’ s __doc___ item and therefore the class’ s
docstring.

FHe g5 vz ol Bt 25 Uth 13 the T At Feh s o] B

rlr
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7|2 o2 ASE ¥ gk A

OE 78 ZAE e d2ad 2 e E BE =0 AR S 5 5 YT

] B7):

PEP 3115 - 5}o] % 30002] We} Fel|l A~ wE FH 2 AAES A EHeE WHAsIY, WE ST &= F
HAE TS B o nE WA= Al

PEP 3129 - e~ dlZ & olg] Fej v o8& F713t= Al Qt 42} vl A =t 28] o] ¥ = PEP 3189]
A E=ELdHAdF U

89 3

4m

WA 3.50] =7}

8.9.1 AREl &4 Ho
async_funcdef = [decorators] "async" "def" funcname " (" [parameter_list] ")"

w.nmn

["->" 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 THOZ HH gt JA TFE g9, await Yasync 7| EE 233K Q= ¢ =

rr

A=l
FAEE T vt ¢tol A yield from EHA S AFE 8+ A& SyntaxError YUTh
228 G5 of
async def func(paraml, param2):
do_stuff ()

await some_coroutine ()

W7 3.7 4] Y 7: await and async are now keywords; previously they were only treated as such inside the body of
a coroutine function.

8.9.2 async for &

async_for_stmt = "async" for_stmt

HlE7) ol Bl e & & HlE 7] olHolE & A WhEete  aiter WA EE AFStL, HlE 7] olH o]
Bl A4 anext_ HA Z o] A] a]Eﬂ CASE-S - E B
o]

async for B2 H|%7] o]g| &£l tf g H 2|3} o] E] ¥

=3 g2 IEE

async for TARGET in ITER:
SUITE

else:
SUITEZ2

ofv) o B3t SEHY Lk
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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.

FFH 49 vhy] ghell A async for & AFS38HE 22 SyntaxError YU th

8.9.3 async with &

async_with_stmt = "async" with_stmt
v 5 7] A e ~E Fef 2t = enter 2 exit I E0 A AYS A FAT 4 Qe AEH~E Ae| Ak Yot

e e mE:

async with EXPRESSION as TARGET:
SUITE

olu) 4o 2 T} 7 F5 U )

manager = (EXPRESSION)

aenter = type (manager).__aenter_
aexit = type (manager).__aexit_
value = await aenter (manager)

hit_except = False

try:
TARGET = wvalue
SUITE
except:
hit_except = True
if not await aexit (manager, *sys.exc_info()):
raise
finally:

if not hit_except:
await aexit (manager, None, None, None)

Seealso__aenter () and ___aexit__ () for details.
FFE g4 vy §hel A async with & A3+ 21 SyntaxError Y Uth
o ®B7]:

PEP 492 - async ¢} await &H-& A}-83}
=W A= F7HE A ¢k

28 2RUS sholdolA 44% S Ao BEL,

e
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033 o)A Qe eIt 2 B 7L ATk

interactive_input = [stmt_list] NEWLINE | compound_stmt NEWLINE

52 Bol ok ol fdslor gk A 9 o) B AT

EHE9) B2 e REAA Nl S5 &

H L

B2k

=5

W4 482 A5 eval () o] AHSHUCH o] o=
R RET ERS

eval_input = expression_list NEWLINE¥*

UL TAGU T eval () 9 EA4D A He

Chapter 9.
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cHaPTER 10

HMH 28 7

o] Z1& CPython +& 47| & AAASt= d AMSE = BHAA I 34", AA stold 29 #2494t
(Grammar/python.gram< 234 A| ). o] HAL F= A o] B2 A A FE AR E Ayt

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

file: [statements] ENDMARKER

interactive: statement_newline

eval: expressions NEWLINE* ENDMARKER

func_type: '(' [type_expressions] ')' '->' expression NEWLINE* ENDMARKER
fstring: star_expressions

# type_expressions allow */** but ignore them
type_expressions:

', '.expression+ ',' '*' expression ',' '**' expression
', '.expressiont ',' '*' expression
', '.expressiont ',' '"**' expression

|
\
\
| '"*' expression ',' '"**' expression

| '*' expression

| "**' expression

| ', '.expression+
statements: statement+
statement: compound_stmt | simple_stmts
statement_newline:

| compound_stmt NEWLINE

| simple_stmts

| NEWLINE

| ENDMARKER

(THS seTATol A1)
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simple_stmts:
| simple_stmt !';' NEWLINE # Not needed, there for speedup
[ ';'.simple_stmt+ [';'] NEWLINE
# NOTE: assignment MUST precede expression, else parsing a simple assignment
# will throw a SyntaxError.
simple_stmt:
| assignment
| 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
| 1f_stmt
| class_def
| with_stmt
| for_stmt
| try_stmt
| while_stmt
| match_stmt

# 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)

augassign:

Te<="
T>>=1
Tkx=1

V)=

global_stmt: 'global' ', ' .NAME+
nonlocal_stmt: 'nonlocal' ', '.NAME+

yield_stmt: yield_expr

(Th= s Ao AI%H)
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assert_stmt: 'assert' expression [',' expression ]
del_stmt:
| 'del' del_targets &(';' | NEWLINE)
import_stmt: import_name | import_from
import_name: 'import' dotted_as_names
# note below: the ('.' | '...') is necessary because '...' is tokenized as ELLIPSIS
import_from:
| '"from' ('.' | '...')* dotted_name 'import' import_from_targets
[ "from' ('.' | '...")+ 'import' import_from_ targets

import_from_targets:

[ '"('" import_from_as_names [','] ')'

| import_from_as_names !','

[
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
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_stmt:

| 'while' named_expression ':' block [else_block]
for_stmt:
| '"for' star_targets 'in' ~ star_expressions ':' [TYPE_COMMENT] block [else_block]
| ASYNC 'for' star_targets 'in' ~ star_expressions ':' [TYPE_COMMENT] block [else_
—block]
with_ stmt:
| 'with' ' (' ','.with_item+ ','? ")' ':' Dblock
| 'with' ','.with_item+ ':' [TYPE_COMMENT] block
| ASYNC 'with' '(' ','.with_item+ ','? '")' ':' block
| ASYNC 'with' ','.with_item+ ':' [TYPE_COMMENT] block

with_item:

| expression 'as' star_target &('," | ")'" | ':")
| expression
try_stmt:
| 'try' ':' block finally block
| 'try' ':' block except_block+ [else_block] [finally_block]

(Th= s Ao AI%H)
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except_block:

| 'except' expression ['as' NAME ] ':' block
| 'except' ':' block

finally_block:
| 'finally' ':' Dblock

match_stmt:
| "match" subject_expr ':' NEWLINE INDENT case_block+ DEDENT
subject_expr:
| star_named_expression ',' star_named_expressions?
| named_expression
case_block:
| "case" patterns guard? ':' block
guard: 'if' named_expression

patterns:
| open_sequence_pattern
| pattern
pattern:
| as_pattern
| or_pattern
as_pattern:
| or_pattern 'as' pattern_capture_target
or_pattern:
[ "|]'.closed_patternt

closed_pattern:

| literal_pattern
| capture_pattern

| wildcard_pattern
| value_pattern

| group_pattern

| sequence_pattern
| mapping_pattern

| class_pattern

# Literal patterns are used for equality and identity constraints
literal_pattern:
| signed_number ! ('+' [ '-")
| complex_number
| strings
| '"None'
| '"True'
| 'False'

# Literal expressions are used to restrict permitted mapping pattern keys
literal_expr:
| signed_number ! ('+' | '-")
| complex_number
| strings
| '"None'
| '"True'
| 'False'

complex_number:
| signed_real_number '+' imaginary_number
| signed_real number '-' imaginary_number

(Th= s Ao AI%H)
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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 !(V.l ‘ '(l ‘ V:l)

wildcard_pattern:

‘ non

value_pattern:

[ attr (. [ (| =)
attr:

| name_or_attr '.' NAME
name_or_attr:

| attr

| NAME

group_pattern:
[ "(' pattern ")'

sequence_pattern:
[ '"[' maybe_sequence_pattern? ']’
| '(' open_sequence_pattern? ')'
open_sequence_pattern:

| maybe_star_pattern ',' maybe_sequence_pattern?
maybe_sequence_pattern:
| ','.maybe_star_pattern+ ','?

maybe_star_pattern:
| star_pattern
| pattern

star_pattern:
| '"*' pattern_capture_target
| '*'" wildcard_pattern

mapping_pattern:
Loy
| '{' double_star_pattern ','? '}’
| '"{'" items_pattern ',' double_star_pattern ','?
[ '"{'" items_pattern ','? '}'
items_pattern:
| ','".key_value_pattern+

(TS sl AToT A
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key_value_pattern:

| (literal_expr | attr) ':' pattern
double_star_pattern:

| "**' pattern_capture_target

class_pattern:
| name_or_attr '(' ")
| name_or_attr '(' positional_patterns ','? ')'
| name_or_attr '(' keyword_patterns ','? ')'
| name_or_attr '(' positional_patterns ',' keyword_patterns ','? ')’
positional_patterns:
| ', '".pattern+
keyword_patterns:
| ', '".keyword_pattern+t
keyword_pattern:
| NAME '=' pattern

return_stmt:
| 'return' [star_expressions]

raise_stmt:
| 'raise' expression ['from' expression ]
| 'raise'

function_def:
| decorators function_def_raw

| function_def_raw

function_def_ raw:

| 'def' NAME ' (' [params] ')' ['->' expression ] ':' [func_type_comment] block
| ASYNC 'def' NAME ' (' [params] ')' ['->' expression ] ':' [func_type_comment].
—block
func_type_comment:
| NEWLINE TYPE_COMMENT & (NEWLINE INDENT) # Must be followed by indented block

| TYPE_COMMENT

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:

(Th= s Ao AI%H)
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| "*' param_no_default param_maybe_default* [kwds]
[ '*' ',' param_maybe_default+ [kwds]
| kwds
kwds '**%' param_no_default
# One parameter. This *includes* a following comma and type comment.
#
# There are three styles:
# — No default
# — With default
# — Maybe with default
#
# There are two alternative forms of each, to deal with type comments:
# — Ends in a comma followed by an optional type comment
# — No comma, optional type comment, must be followed by close paren
# The latter form is for a final parameter without trailing comma.
#

param_no_default:

| param ',' TYPE_COMMENT?

| param TYPE_COMMENT? &')'
param_with_default:

| param default ',' TYPE_COMMENT?

| param default TYPE_COMMENT? &')'
param_maybe_default:

| param default? ',' TYPE_COMMENT?

| param default? TYPE_COMMENT? &')'
param: NAME annotation?

annotation: ':' expression
default: '=' expression
decorators: ('Q@' named_expression NEWLINE

class_def:
| decorators class_def_raw
| class_def_ raw
class_def_raw:
| 'elass' NAME [' (' [arguments] ')' ]
block:
| NEWLINE INDENT statements DEDENT

| simple_stmts

star_expressions:

| star_expression (','
| star_expression ','
| star_expression
star_expression:

| "' bitwise_or

| expression

star_named_expressions:
star_named_expression:
| "' bitwise_or
| named_expression

star_expression )+

', '.star_named_expression+

) +

block

[l

(', ']

(Th= s Ao AI%H)

131




The Python Language Reference, £A| B{Z 3.10.18

(o1 o] A ol A A)

assignment_expression:
| NAME ':=' ~ expression

named_expression:
| assignment_expression
| expression !':="'

annotated_rhs: yield expr | star_expressions

expressions:
| expression (',' expression )+ [',']
| expression ',
| expression
expression:
| disjunction 'if' disjunction 'else' expression
| disjunction
| lambdef

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]
[ '*r ', ' lambda_param _maybe_default+ [lambda_kwds]
| lambda_kwds

lambda_kwds: '"**' lambda_param_no_default

lambda_param_no_default:
| lambda_param ','
| lambda_param &':'
lambda_param_with_default:
| lambda_param default ','
| lambda_param default &':'

(Th= s Ao AI%H)
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lambda_param_maybe_default:
| lambda_param default? ','
| lambda_param default? &':'
lambda_param: NAME

disjunction:
| conjunction ('or' conjunction )+
| conjunction
conjunction:
| inversion ('and' inversion )+
| inversion
inversion:
| '"mot' inversion
| comparison
comparison:
| bitwise_or compare_op_bitwise_or_pair+
| bitwise_or
compare_op_bitwise_or_pair:
| eq_bitwise_or
| noteq bitwise_or
| lte_bitwise_or
| lt_bitwise_or
| gte_bitwise_or
| gt_bitwise_or
| notin_bitwise_or
| in_bitwise_or
| isnot_bitwise_or
| is_bitwise_or
eq_bitwise_or: '==' bitwise_or

noteqg_bitwise_or:

[ ("!='" ) bitwise_or
lte_bitwise_or: '<=' bitwise_or
1lt_bitwise_or: '<' bitwise_or
gte_bitwise_or: '>=' bitwise_or
gt_bitwise_or: '>' bitwise_or
notin_bitwise_or: 'mot' 'in' bitwise_or
in_bitwise_or: 'in' bitwise_or
isnot_bitwise_or: 'is' 'not' bitwise_or
is_bitwise_or: 'is' bitwise_or

bitwise_or:
| bitwise_or '|' bitwise_xor
| bitwise_xor

bitwise_xor:
| bitwise_xor '"' bitwise_and
| bitwise_and

bitwise_and:
| bitwise_and '&' shift_expr
| shift_expr

shift_expr:
| shift_expr '<<' sum
| shift_expr '>>' sum
| sum

sum:
| sum '+' term
| sum '-' term

(Th= s Ao AI%H)
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| term
term

| term '*' factor

| term '/' factor

| term '//' factor

| term '$' factor

| term '@' factor

| factor
factor:

| '+' factor

| '-' factor

| '"~' factor

| power
power:

| await_primary '**' factor

| await_primary
await_primary:

| AWAIT primary

| primary
primary:

| primary '.' NAME

| primary genexp

| primary ' (' [arguments] ')'

| primary '[' slices ']'

| atom
slices:

| slice !',"!

| ', '".slice+ [', "]
slice:

| [expression] ':' [expression] [':' [expression] ]

| named_expression
atom

| NAME

| '"True'

| 'False'

| '"None'

| strings

| NUMBER

| (tuple | group | genexp)

| (list | listcomp)

| (dict | set | dictcomp | setcomp)

[
strings: STRING+
list:

[ '"['" [star_named_expressions] ']'
listcomp:

'[' named_expression for_if clauses ']'

tuple:

| '('" [star_named_expression ',' [star_named_expressions] I
group:

| "('" (yield_expr | named_expression) ')'
genexp:

[ "('" ( assignment_expression | expression !':=') for_if_ clauses ')'
set: '{' star_named_expressions '}'
setcomp:

(Th ST eTATell AI%)
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| '"{' named_expression for_if clauses '}'

dict:

[ '"{'" [double_starred_kvpairs] '}'
dictcomp:

[ "{'" kvpair for_if clauses '}'
double_starred_kvpairs: ','.double_starred_kvpair+ [',']

double_starred_kvpair:
| "**' bitwise_or
| kvpair
kvpair: expression ':' expression
for_if clauses:
| for_if_ clause+
for_if_ clause:

| ASYNC 'for' star_targets 'in' ~ disjunction ('if' disjunction )*
| 'for' star_targets 'in' ~ disjunction ('if' disjunction )*
yield_expr:

| 'yield' 'from' expression
| 'yield' [star_expressions]

arguments:
| args [','] &")'
args:
| ','.(starred_expression | ( assignment_expression | expression !':=") !'=")+ [',
— "' kwargs ]
| kwargs
kwargs:
| '",'".kwarg_or_starred+ ',' ','.kwarg_or_double_starred+

| '",'.kwarg_or_starred+

| '",'.kwarg_or_double_starred+
starred_expression:

| '*' expression
kwarg_or_starred:

| NAME '=' expression

| starred_expression
kwarg_or_double_starred:

| NAME '=' expression

| "**' expression

# NOTE: star_targets may contain *bitwise_or, targets may not.
star_targets:

| star_target !','

| star_target (',' star_target )* [',']
star_targets_list_seq: ','.star_target+ [',']
star_targets_tuple_seq:

| star_target (',' star_target )+ [',']

| star_target ','!
star_target:
[ "*' (!'*'" star_target)
| target_with_star_atom
target_with_star_atom:
| t_primary '.' NAME !t_lookahead
| t_primary '[' slices ']' !t_lookahead
| star_atom
star_atom:

(Th= s Ao AI%H)
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| NAME
| '"(' target_with_star_atom ')'
[ "(' [star_targets_tuple_seq] ')'
| '['" [star_targets_list_seq] ']'
single_target:
| single_subscript_attribute_target
| NAME
| "(' single_target ')'
single_subscript_attribute_target:
| t_primary '.' NAME !t_lookahead
| t_primary '[' slices ']' !t_lookahead

del_targets: ','.del_target+ [',']

del_target:
| t_primary '.' NAME !t_lookahead
| t_primary '[' slices ']' !t_lookahead

| del_t_atom
del_t_atom:

| NAME
[ "('" del_target '")'
[ "('" [del_targets] '")'
| '[" [del_targets] ']'

t_primary:

| t_primary '.' NAME &t_lookahead
| t_primary '[' slices ']' &t_lookahead
| t_primary genexp &t_lookahead
| t_primary '(' [arguments] ')' &t_lookahead
| atom &t_lookahead
t_lookahead: ' (" | '"[" | '.'

136
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>>> The default Python prompt of the interactive shell. Often seen for code examples which can be executed interactively
in the interpreter.

e 2L AL e 4 ALYk

o The default Python prompt of the interactive shell when entering the code for an indented code block, when
within a pair of matching left and right delimiters (parentheses, square brackets, curly braces or triple quotes),
or after specifying a decorator.

e Ellipsis W& A,

2to3 A tool that tries to convert Python 2.x code to Python 3.x code by handling most of the incompatibilities which can
be detected by parsing the source and traversing the parse tree.

2to3 is available in the standard library as 1 ib2t o0 3; a standalone entry point is provided as Tools/scripts/
2to3. See 2to3-reference.

abstract base class (34} Wo] A Z|A) FA W o)A Fd A Ehasattr () ZLEHIY S EHE AL
B A ZEH (& 50, 4 HA =) A, JEHA o] AE Y st HHS AT T o =N o o]
< B A3 Yt ABCE 7 Al B %Eﬂii E‘Qﬁ}—ﬁﬂ, S AE ASTHA FOHAE isinstance ()
2} issubclass () o o3 #A=2 ‘—E FH2EYYUTh abc B E ’“‘ﬁfﬂ £ EA L. stol o=
2 Y= ABC 9] tq;:)r;ta] r)rkojr 2 Ao 0"“‘43} A8 & (collections.abc 4_501]/\1),
7\—1]— (numbers R EA]), 2EH (io EENA]), Y E g2 24 (importlib.abc EE I A]).
abc EES A3 A AFAIRES] ABCE WHE & %1%1/] T},

annotation (o] el o] H) #of uhel @ = 2 AHEHE WS, B2 o= RE B G4 HANS U
Hhek 9 A28 o By

A M) o] mE] o] A& A FY Al 7ol AN AT S QA A A, Fea SA D 349 o] H) o]
AL A7y BE, 2, 849 annotations_ 5 oEFHEN AFH Yt

o] 75 = AWt W o H o], $ o] i E| o] A, PEP 484, PEP 5262 X SHA| 2. o] = H| o]
2ol o 8k &3 Ab#] = annotations-howto & 22 34A| &

argument (Q12h) F+E 2T 0 I (B MAE) 2 ABH = & F SF dA7 A5 Ut
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719 E QA erywordargument) S i%“ﬁ A 217} ol B2 1A} (A & 01, name=) = **
E Yo A 9B R AL = AR A& £, th33 22 complex () S04 335 &=
2E 719 = Axd Yk
complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})

o A AR} (positional argument): 71 = AAL7F obd AL 9] 2] AAEL2 A2 HF9] A S U
A olHHE o gofl * & 2 AT F UAFUTh A E S, dSF 22 I 2NA3F%5 &

w5 94 QA Ut

complex (3, 5)
complex (* (3, 5))

QA G4 el 9] o] B2 A9 Mol hdF Uth of thgol A $H = FAS O A& 5F 2L
BAlS. BHACR, ofH BAA A AR AEE 4 A&UTh T4 ghol Ao W vl gR Tt

{01 o) w7 S FE I} FAQ AR 12k} v 7| 9] 2po] 9} PEP 3625 H A &

asynchronous context manager (V)% 7] ZAE]A~E 2] 2}) An object which controls the environment seen in an

async with statement by defining __aenter__ () and __aexit__ () methods. Introduced by PEP 492.
asynchronous generator (V] = 7] Al o]€]) v]57] Alv# o]l o]g|dolE] & EF+= T4, a sync def
ZEAYHEIFZH TFTHE Hol=t,async forFEZ7MAL ST S I=LdHY FES U= yield

FA4L ettt Fol gk

BE 5] A dole B58 7k 712w, of B Eulo| A= v 5] Al elolE o Halo) e & Fel3)
Ut} £ ahe o )7} BoehA O Aen, AR 8018 AA 2B RS (AT

)5 7] Aldglole] St4= await A asyne for B3} async with®& E";}@%\— d5Yth
asynchronous generator iterator (¥]-5-7] A& o] €] o]g]#|o]¥]) u]5 7| A& o] e T7F k== A4

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 yieldtemporarily 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 (8]5 7] ©]€]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 (H]% 7] 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 StopAsyncIteration exception. Intro-
duced by PEP 492.

attribute (M EB] R E) £3] RS AHESHE o] 5o 2 2= AA Y A 2k & S0, AAl o7}
AEZREaE 7MW, 0048 F2F YT
It is possible to give an object an attribute whose name is not an identifier as defined by 2] ¥ 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 ().

awaitable (o] $J]o]E] &) An object that can be used in an awa it expression. Can be a coroutine or an object with an
__await__ () method. See also PEP 492.

BDFL #}v] 2-& £ 41 &2 A} (Benevolent Dictator For Life), < Guido van Rossum, 3}o] %1 2] %FA] 2},

138 Appendix A. 0{%!


https://www.python.org/dev/peps/pep-0362
https://www.python.org/dev/peps/pep-0492
https://www.python.org/dev/peps/pep-0492
https://www.python.org/dev/peps/pep-0525
https://www.python.org/dev/peps/pep-0492
https://www.python.org/dev/peps/pep-0492
https://www.python.org/dev/peps/pep-0492
https://gvanrossum.github.io/

The Python Language Reference, £A| H{Z 3.10.18

binary file (B}o]u] 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 in-
stances of io.BytesIOand gzip.GzipFile.

str AAE 9T 2 4 Y ok AAle] AN E B A= 5 E FEeA L

borrowed reference (' ¥ 2 X) 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 (H}o] E Q-F A A)]) bufferobjects & A Q32 C-A5 HHE AAXE T 5 QJH5 T oF
FE memoryview A EL EE0|1 bytes bytearray, array.array A5 £
O]E‘ﬁ T AR =S H}O]Lﬂﬂ HolB & thF+= o8 7HA] Aibsel A2 5 A5 UTh o5, vhel v g
gd g A AALS B3 AL L AL 01"\141;]—
o8 Q141 2 wpol 12 Hlo|El 7} FH A Y Bk s Th ol @ Ago] AWML BF 92227 vl
O EQE AH” a‘r AT YT 7P W AR Y d Z=bytearray 2tbytearray 9 memoryv1ew
}""\‘4“/} E AdatE2 vtelyE tlolE 7t 2 AR (<8l 7] AL vie] ELR{F AA”) o AFEH=
274Ut o™ o] o2 =bytes@ bytes AA L memoryview 7} dF U T

bytecode (H}o]E F &) Hlo]W A2 F == HlolE =2 AutAE =], CPython ¢ ¥ Z 8| g of| A] u}o] A
Z2IHY 1’H‘T‘—‘—J— AUt vlolE F =+ .pyc 3L A Hol, T2 3dS F 1A AP T uj
o el x] Al R U T (A0 A HEo] E Ei,] AL S I T = AFUTh. °] “27 Aof” = 7+
HFo| E = o tf -&-38= 71 Al Aok 71 71 A ol A A E Tt ST Hlo]E I E = AR TOE
sto] 74t 71 Al A FEE Ao R 7R =, sho] A w3 7hol] Qb A o] A & gkt Ao o] sl of
.
HlolE I & W o] 59 HE2dis ZE YA Ut

callable (2] &) A callable is an object that can be called, possibly with a set of arguments (see argument), with the
following syntax:

L

callable (argumentl, argument2, ...)

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 (Z%) oIz} zj%ﬂ% HHH o] o]

14 = S 2 (5 22 dad oA 7t ofyEh o Ak

class variable (%EH!: Eﬂ—’F) =)
TR W

coercion The implicit conversion of an instance of one type to another during an operation which involves two arguments
of the same type. For example, int (3.15) converts the floating point number to the integer 3, but in 3+4 .5,
each argument is of a different type (one int, one float), and both must be converted to the same type before they
can be added or it will raise a TypeError. Without coercion, all arguments of even compatible types would have
to be normalized to the same value by the programmer, e.g., f1oat (3) +4. 5 rather than just 3+4.5.

complex number (%24 9148 A% A 28e] oI, BE 27 AL SR oz FAYY

h S RE 4ol 94 99 (19 ABDE FE AAY, 55 SHANAE L E, FIAE IR
£ Sfol 0 FAL] E/M & AL BESE 1R A DG 2L 5 AuAE EolA
E71FUeh ol 8 Eol, 3+13. math RES] 245 W40 L5, cnath & AHFHUTH Basd
8L 42 50 454 /5 YUTh BT =712 R ATHE, Ae] FA8 RAHNE Tk
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context manager (J¥] A~ E 2] 2}) An object which controls the environment seen in a w1 t h statement by defining
__enter_ () and __exit__ () methods. See PEP 343.

context variable (A €] A& W 42) A variable which can have different values depending on its context. This is similar
to Thread-Local Storage in which each execution thread may have a different value for a variable. However, with
context variables, there may be several contexts in one execution thread and the main usage for context variables
is to keep track of variables in concurrent asynchronous tasks. See contextvars.

contiguous (%) W= A &3] C-A <% (C-contiguous) ©) Ay EE 2 A L5 (Fortran contiguous) 4 W) A0l
AA- YU A W3 = C- ?iﬁowui ZEZ ALY AD v oA, FEE2 A2 A3}
3, 000 A Al &t @ E Ak AP 20 SA TR w & g of vl x| = of oF Fu T}, thAA C-A <% v Dol A,
W5l Foo] wATR BEES W e u oA o Au AT b e Wk shA Y, EE A%
A2, 30 2] 71 e 2,

coroutne (B e de Aufeel o QD A Augde g0 I997 o
AN BE E I, 513 e o1l £ A Aol A 8915, @8, AN S 9o A

async def 202 73 4 951Ut} PEP 4925 E/‘ﬂ_u_
A

coroutine function (ZF8 &) 778 AAE ST 5. IFH T async defr T2 &2 HoJd 5
1, await & async forQ}async with 7]—.4 = E@’a}ff‘ A5 YTt o] 2 =2 PEP 492 9 2] 3
=95 A5 YT

CPython T}o] ==z a7 <
IronPython ¥} 22 t} 2 7

2,
£
=

, python.orgel A W EF Utk o] 82 Jython o] L}
£ 0] “CPython” o] A& Yt}

decorator (W] Z & o]¥]) T} &45 & Qurapper T H<S AME S S HE o2 A
HAYth dZ# ol H I} staticmethod () YUt}

S
wiwﬂaaﬁe%1Lﬂ%@@%@qWQ%c S DR R RS R[Sk

def f (arqg):

i)
N
rlr
1%
-
o
o
L f é
b

f = staticmethod (f)

@staticmethod
def f (arg):
22 Mg o] FEjao = EA A vk @ A 229 Yt vl Z | o] Ef o] o gt ] A} gk 8- 3 A 9
e o] o AHAE B HYrh
descriptor (t] A= 3] E]) Any object which defines the methods __get__ (), __set_ (), or __delete_ ().

When a class attribute is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally,
using a.b to get, set or delete an attribute looks up the object named b in the class dictionary for a, but if b is a
descriptor, the respective descriptor method gets called. Understanding descriptors is a key to a deep understanding
of Python because they are the basis for many features including functions, methods, properties, class methods,
static methods, and reference to super classes.

Haagee) MASSe 3 AN et A2 e FAs Y ATHE AL Al
e,

dictionary (5 414 2]) An associative array, where arbitrary keys are mapped to values. The keys can be any object
with__hash__ () and__eq__ () methods. Called a hash in Perl.

dictionary comprehension (5 A v]g] el A) olef &) & 84 AAY R E sty 23E G2
dA g E ustsl= 7H2 38 W, results = {n: n ** 2 for n in range(lO)},_ Zrn **
20 wisgH 7] nS 2Fst= 9V E AU BlaE, A5 9y el o] HaEd o] (display) &
TN L.

dictionary view (94 e] H) dict.keys (), dict.values ()

, di
S< 9A4E et BEUth olAE2 9M e dEE

ct.items () HAZ7 B85 A
2 AZ e, 94

;‘.:
r
of
2~
r o~
Ehd
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vel 7k i7gg o, “ﬂ‘ﬂ‘*‘ﬂ% k= “‘:%Mﬁ‘r g9AveE FE S8 gaER v Y

list (dictview) & A}23tH =Y D]—. dict-views = H A &

docstring (52 E 7)) 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 (9 €}0]3g) &H}E AEF o] 25 7Hal =X Adst=t] AA 9] P& BA v 22 28
&, T A, T3] WA S} o B2 HE s} S 55 AL S H U224 Hol w227 AUt
W A %ggl—,}”) =R 5} 3 qp\]oﬂ OlE]H o] A2 7P§ﬂ0§5’ﬂ ZAAE I=E= "/‘rﬁ“—‘. QA 223
Festo g n S AL AT Uttt g Elo] L type ( ]b]-151nstance ()= 7é
2 I Ieh, B o Ehol ol S W) A mad A 25l 5o Hol el
hasattr () AN} EAFP Z 2 28 W& £ th

EAFP 35l2tH tl= 845 +£317] 7} 4 t} (Easier to ask for forgiveness than permission). ©] &3] & 4= ¢l+= 3}9|
WY 2L, 2ukE 7Y ol ERRES A& 7ML, I M o] S8 W A& F5Uth
ZESt e AU B tryShexcept Y EAHE EZA UL o] HIZH 2 CeFZE2 THE
o o ofo A A4F AR E & LBYL 2~ e 3} o ] U T

expression (£32]) oW oz IHA = Jd=EHAA 27 & L E 233, AL 2HE, o] &,
AEFHRE AN, AL S50 22 S EHFE R 845 Fol 28 AY Utk v & B2
Aoje} =4 OE 2E 0401 TFAESC ZFEAA A2 oYUtk whileAd, BHA O 2 AET 5
A= T 5o AUt Y =t FA4olar, 3 4] o] obd Ut

extension module (B3 2 E) C U C++ 2 ZAH BEold|, 3ol M C APIE A28 A A o)L} A& 2 =
Eol 4% Ag 3

fostring (-2 440 '£' U 'pt & ko) Q) BAL eE RS E3l FRAL ol 2,
2lE 2 o AT YU PEP 498 & H A 2.

H~1

9 E A

file object (3} 2} A]) 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.

AAZE Al F72] 9t AAE ol d5uth Eraw) vhojH 2] 91, w9 = (buffered) Bleo] ] 2] 1<, €]
2~E 7H. o] EJ ABIsolxE io REONIA BgUth 3td AXE TEs 82 A W2 open ()
s 2 AdUnh

file-like object (3} 5 AA)) 1Y A A 9 v]=3 L

filesystem encoding and error handler (2} A] A ¥ 917 13} of|2] 2]2]7]) Encoding and error handler used by
Python to decode bytes from the operating system and encode Unicode to the operating system.

The filesystem encoding must guarantee to successfully decode all bytes below 128. If the file system encoding
fails to provide this guarantee, API functions can raise UnicodeError.

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.

ZALdFY = HA L.
finder (3}21t]) JdXEE BES AT =0 & Fodu A E3t= AA.

Since Python 3.3, there are two types of finder: meta path finders for use with sys .meta_path, and path entry
Jinders for use with sys.path_hooks.

See PEP 302, PEP 420 and PEP 451 for much more detail.
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floor division (B U A) 71 717k A-E2 YW she 34 A, A4 A A4txt= // o dE
Sol, ®8A4 11 // 49 @2 27tHAH AL A2 2,758 & E% Utk (-11) // 47F-2.75
E Y3 3 -30] Do 89 3ok T} PEP 2382 HA 2.

function (3+) TE A oA oW S =B FT+= ?—-_1"‘594 AL, QAY I o] AL ozt 7 AEE 4 =1,
vty o] Aol ARgE 4= FUTh v ek vl A = o S Ao AT HAS.

function annotation (g4 o] =g o] A) &= w7 AU NS
S o] o] M2 dHlF o 7 g ELE EALHUL P E &
01 ﬂgg 7= a1, s Aol int W S & 22 7|dE Ych

def sum_two_numbers(a: int, b: int) -> int:
return a + b

B4 ol mrlol 4 By B4 el Aol A AR FUTh

o] 7I5< AW ste W ol H| o] A FPEP 4845 FEokA 2. 3T o] g o] Hof| 3k 2 Abel =
annotations-howto = ZFZ 314 8.

_ future__ A future statement, from __future__ import <feature>, directs the compiler to compile the
current module using syntax or semantics that will become standard in a future release of Python. The
_ future__ module documents the possible values of feature. By importing this module and evaluating its
variables, you can see when a new feature was first added to the language and when it will (or did) become the

default:

>>> import __ future_

>>> _ future__ .division

_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collectlon Zm] A -,—7]) O AFREH A =t 28 E Hhd sl 2 ol W Jx 3l 243 2%
c&e AASAL F= T A "@ 7R Al A1 E S8l 7 Al A ST U 7R AT =

gc BES AFEAA Ao 5~

generator (AU #|o]€]) A|vfd o] o 2
UEE yield RAA S TEITHE= 7‘401 E]' ‘43]' o] 7k
sk o] skt 771%4 AsY
HE Adeole &8 71 71 A gk o™ FH@ o A= A o] H o]E & o] E] & 7l Uth Y =8+
o) |7} g &5}k %LE A5, A A ENA REFES (YT

generator iterator (A ] @) o] €] o]e]d|o]E]) A1 o] T4t wle= AA.
Each yieldtemporarily suspends processing, remembering the location execution state (including local variables

and pending try-statements). When the generator iterator resumes, it picks up where it left off (in contrast to
functions which start fresh on every invocation).

generator expression (A& o] €] £32]) An expression that returns an iterator. It looks like a normal expression
followed by a for clause defining a loop variable, range, and an optional if clause. The combined expression
generates values for an enclosing function:

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function (A8 ) 22 A4S A2 g2 FEof U] FHST o8 T2 THE . SE )
o™ 78 o] ALGE A= tasfx] Gae o os A4 H YTt

AZ t2g 2] 917 23} functools.singledispatch () B Z & o] B2} PEP 443% X A Q.

generic type (AW 8 ) vi7) W43 D o Qe & dWHH R list Ydict o 22 AH oY S, &

gl =9} of 1] o] Ao A ek,

2]
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For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.
GIL A olE=Z gl & & BN L

global interpreter lock (< QQE]Z2E] &) 3 Hol| 2 A 3o A =t FfolH Hio|E & E AFYPJIE =
B8] S8l CPython A¥ =2 ] 7} AH-§-3h= Uﬂ AUE. ([dict S 22 S2I WIS £33He)
AA) welo] ZAH 07 FA A 2ol ]3] b SHE S BHE o] A CPython TS d=sHA BE Yo
de =B AAE F2E A2 dH 2z HE dE2d =387 g4 vt=s g, vdE Z2 A4 714
AATHE BEA B BRI
SA, o) 3 2 E e, FEI A, GFOI S DL AL A A9 FHY
= GILS Bt 5 AA S 5 Ut ?&,I/O‘Eﬂuﬂ%‘ GIL-S uht3h

Past efforts to create a “free-threaded” interpreter (one which locks shared data at a much finer granularity) have not
been successful because performance suffered in the common single-processor case. It is believed that overcoming
this performance issue would make the implementation much more complicated and therefore costlier to maintain.

hash-based pyc (3 4] 7]t pyc) &AL B8 317] Aol s 4 5L e] HF 57 A 7ho] ohd A S AL
3 b= 22 A4 Sh. A A Hho| £ T T L FR AL

hashable (3] X] 7}%5) 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__eq___ () method). Hashable objects
which compare equal must have the same hash value.

;A 7He -2 AAE A 71V AT AW E AT 5 QA St o] A5 FREO Wi A
o g g5 R U
72 glo]x e B W AA =2 Al 7}“21"/]5}, BFE2EYu gy e 2-2) 7 ZAH o &2
282 5yt (5Z o)1 frozenset 2-2) 2 AH )Y EL 159 9450 3|A 75T w2k 3 A
et o LB o] 2 e g ATE L A 5 A A E e () A A
Spa) 2% cheoh ol wE 7, A RS 1d() 2 HE BE ol §U ok

IDLE :L]—O] AL $3 55 7|k 9 sk 3174 (Integrated Development and Learning Environment). idle-& 3}o] % 2]
¥z HHE%Oﬂ mete = 7| 2A Q0 #A @7]94 A ZEE &4 Yuth

immutable (%) TAE e 2 AA. 2¥ AAE 22, £AD, FES TFFYC oA ARETL W
A8+ fdFUTh A % Agshe W A AR E DSl ok Fuith MakA) e Al ghe] ghojof s
Fol A F23 482 Fuith o2 Sof, AU =9 .

import path (YEE 2) 2 /1 520 7 JEE T REE 27 3] GATE FoE (EE A2 A=

path 2 HE) ST}, 4 v A B 9 7] 7] o

T>i])4 *1' ?:IEL—E o v o y

A9 RE AR _path_olERERRH & 45 dgUh
importing (Y £ %) & 259 sjo| 8 =7} e BE) ol il ZEo|A A8E 5 JES 51 A4,
importer (Y £¥]) 252 375 8tal 2E 817 % st AA|; FAl0 ohelH o)Ak =6 AA| ot

interactive (0] 3}3) Python has an interactive interpreter which means you can enter statements and expressions at
the interpreter prompt, immediately execute them and see their results. Just launch python with no arguments
(possibly by selecting it from your computer’ s main menu). It is a very powerful way to test out new ideas or
inspect modules and packages (remember help (x)).

interpreted (Q1E} 32 €] =) vlol = 3= Aaflele) ) Bol 2 el Sels) A7) AW, ol d e
A5t Aoj7t op et Azl E Ao YUk ol AL FAAOR U AL WEA FNE, £
Sk 99 A & D RU T 2 o) 5 B BAR A
ol BE A5 Aol Hrhge AWu g 7718 gk 5

_a

Z; T HAQ
interpreter shutdown (QE]Z g £8) TE3IelE S S T3 uf], Jo|# A= HE= - A 7] A
dat=d, EEolHU o 7HA F 05}‘41—1—?‘ EH T2 RETYE AYES HAF o2 whgdyh
T3 7R = A7) & 0:13% ST AFSA A Y 33 AR weakref SOl Q= I EEY AYS
AIZPA D = QF UL £ 8 A 7] S AYE = Fe = tdeh o o &8 whd 4= gl=d|, 27 o] o &3}
oy g REoY A FAEdUTh

< AHd ol ¢ 7]%&*] ds A7 mEd U (&3 A= 2
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AEZEE 59 FH YA AYPFHE_ main BEOIUA2THEZ AP S ZYE= ALY

iterable (©] €] 2] ) An object capable of returning its members one at a time. Examples of iterables include all se-
quence 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 (), -**).
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 iferator, sequence, and
generator.

iterator (©] €] 2] ©]E]) 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 to its ___next__ () method just raise StopIteration again. Iterators are required to have an
__iter__ () method that returns the iterator object itself so every iterator is also iterable and may be used in
most places where other iterables are accepted. One notable exception is code which attempts multiple iteration
passes. A container object (such as a 1ist) produces a fresh new iterator each time you pass it to the iter ()
function or use 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] & ZpA g W-&©] Q5 Th

CPython -3 4} A)): CPython does not consistently apply the requirement that an iterator define __iter_ ().
key functlon (7] St) 7] &4 = =9 o] A (collation) = A (sort1ng) o] 1} 8 & (ordering) o] AF&-F &

e EHFEZHEIULL A %‘ﬂ,locale.strxfrm( L ERALEA IS HEEAH 7|E

U= /\}o%‘HD‘r.

o] R g =77t R A E o] oAFA A A ] A AL F ol = A Al o517 S5l 7] T dotE YU th

o]A ZlEo+=min (), max (), sorted(), list.sort (), heapg.merge (), heapg.nsmallest (),

heapg.nlargest (), itertools.groupby () ©] AHFY 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, the operator module provides three key function constructors:
attrgetter (), itemgetter (), and methodcaller (). See the Sorting HOW TO for examples of how
to create and use key functions.

keyword argument (7] 9] & 12} <A} & HA L.

lambda (Fth SEE uf go] Fal A& shte] A o7 A9 ol F jle ekl . #n S ve
= EHL lambda [parameters]: expression YUYt}

LBYL 5 7] Aoj X2 g} (Look before you leap). ©] T 2EL 2 &0y 23] 5 517] Hofl YA H o g ALA
Z2AES AU o] 28 G2 FAFP I v E 2, B2 i 2o EAE SZA U
O 2= Sl A, LBYL 22 “H 77 9L “H 77 2hol A 245 WA 2 3ol dssUth
g & £9], ZE if key in mapping: return mappinglkey] £ HAAF & ], LA HF 23] Ao,
g 28 =7} keyE mapping | A A ASHE A& = 95Ut ol o= FOUEAFP AW

Ao dE = stk

locale encoding (2 A Y 217 9) On Unix, it is the encoding of the LC_CTYPE locale. It can be set with 1ocale.
setlocale(locale.LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: cpl1252).

locale.getpreferredencoding (False) can be used to get the locale encoding.
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Python uses the filesystem encoding and error handler to convert between Unicode filenames and bytes filenames.

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] AE HAZ 23 AH) A P29 A5 AR = dRE sty 1 ﬁJ}—xﬂAEEEE:]
—?—L A3, result = ['"{:#04x}"'. forma t(x) for x in range (256) if x % ==
£ 004 255 Abolofl I FE] 1674 (0x.) 2 X283+ £AEY g2EE vEYth irf

7<40 A st 4= 9] T /\gako} ,range (256) o Y= BE 47} A2 H T

loader (2 ]) An object that loads a module. It must define a method named 1oad_module (). A loader is typically
returned by a finder. See PEP 302 for details and importlib.abc.Loader for an abstract base class.

magic method (W] &} W] X =) S vl A= of v]g4] A Ql v23
mapping (W]3) A container object that supports arbitrary key lookups and implements the methods specified in

the Mapping or MutableMapping abstract base classes. Examples include dict, collections.
defaultdict, collections.OrderedDict and collections.Counter.

meta path finder (WE} 3 2 5}91%]) sys.meta path 9 F4o] FeFE vl et A= sheleE A=
=gl shol ol o Hals of 971 s CHE U ok

HEet A2 37 £ S WA =S tha|lA] = importlib.abc.MetaPathFinder & X §
Uk,

¢

metaclass (W e} Fe2) S 29 S g2 Fo= Fda o5, g2 gAY E, vlola FPaEY
225 w5 Urth vE 2 A o] Al QRS Wola] FHAE vtEE= A Y-S AUk g RE A
ATY 23y AojEL 7B S A FdULH go|H g 585 BtE= AL ALY g F
22 WE £ JdtE AYYUTE RE AR Ao A= o) £ 727 AE D2 A D27 A2 o, v et
Zdlae FEsln foldAH S ATT UL oJEZRE AN 22 27 (logging), 8= A A 2
F7h AR AN 22, ASE I L2 o2 Fdo A S Ut

method (W] A E) Z2]2 whr] gkl A 4ol s & 4, e
WA S R R O (RE self byl BATH 2 AAEA AR S WH Uk 95 9 % 09 A0
E HA L.

method resolution order (W] A = Z & 4= 4]) Method Resolution Order is the order in which base classes are searched
for a member during lookup. See The Python 2.3 Method Resolution Order for details of the algorithm used by
the Python interpreter since the 2.3 release.

module (25) ol 8 T =9 %45} 915 ek A2, REL dojel shol 8 ANEL B ol F FHE
25Uth REL 9w AAjo] sl o How e,
5714 £ RAR

module spec (5 A2¥) R E L 2o 3=d ALE
importlib.machinery.ModuleSpec ¢ ¢l

i i

MRO "X = 274 ¢4 & BAL

mutable (7}¥) 7}H AR = ghol M 5 AT id() & SASHA FAZUTH B8 & BA 8.

named tuple (V| & £Z) “named tuple(V] Y= 5Z)’ o|g}E FojE FZ oA AE31a o] & BEL o]ERH
EE ARESte] AElA T 9 Sho ANA T 5 Q= EE FJou S A&g Ut ol
Zelaole 0 AvE e 5 A%
time.localtime () & os.stat () 7

T} E o= sys.float_info YUt

e

}ukerE ke mRketol, o 8 WA Rl M AE FEUUT. &
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>>> sys.float_info[l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple can be created
from a regular class definition that inherits from tuple and that defines named fields. Such a class can be written
by hand or it can be created with the factory function collections.namedtuple (). The latter technique
also adds some extra methods that may not be found in hand-written or built-in named tuples.

namespace (0§ B70) W47k AGE = 4. o e AU R FAF UL, Aol F AT ol & T2
(HA= W)‘—?."&UPOME}XI‘ﬂJdﬂﬂHﬂ ol &7kl dF UL o5 2 o5 TS A EA
E%/\jg AQPIYrTh o9& 59, € —,—bulltlns open I os.open () 2 2159 o]F Z 7o 93
MHE £, o) B UL o nEol YHE FANC AT LY BEAN AEAT 17

FA =22 FULh A& Eoﬂ,random seed() EExitertools.islice() 8t 2 1 &4

—01 Z+ 7z} random ¥} itertools BE &3l +HH S 8 o] H &3 gt}

namespace package (0] S 37t 2]7] X]) A PEP 420 package which serves only as a container for subpackages.
Namespace packages may have no physical representation, and specifically are not like a regular package because
they haveno ___init__ .py file.

ZEE E/H]&.

BTG S by LR AN
““ ?J = A kethe Aol o s oF Fth A <
TR, A WELS A
et o).

new-style class (F+2€}d Z# ) 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, prop-
erties, tribute__ (), class methods, and static methods.

object () el (IEHEY ) & 2L FA (NAZ) o] o H RE Po[B. Edh BE Fard 2
2 9 2% 9 Wlo] 2 Fel 2Tk,

package (7] A]) M B BEEo| U, AAHCE XE W7 AES
712 = __path_ oJEFHE} 9 sto| A REY T

A7 A1 9 018 $2 710 = w2
parameter (WM S) 25 (L WA ) Felol A Fprh g 5 gl 4 (& oW AS ARE) B A
FERG R R B AR A
« $121-719) = (positional-or-keyword): €] %] 17} L} 719 = 912} 2 ARD 5 9 A-E A G
o] Aol 7] Feje] wj AR}, A2 Sof the ol A foo 9 bar:

TP 5 Qe ol vE, EHoT,

’def func (foo, bar=None) :

o Y A-A§ (positional-only): | A2 Al5d 5 = AAE AAZFUh 992 A& vids+=
St oo mig 550 / EAE 288 2 FHd T = dFUThH oA E S0 thEllA

posonlyl 3} posonly2:

’def func (posonlyl, posonly2, /, positional_or_keyword) :

» 719N =-A 8 (keyword-only): 7| EZ T AFE = Q= AAE A FUT 7|9 =-A & w7
2 9ol o] W WS £ 2o A] ko] Shite] -9 A iAW)+ 8 Tk E A Aol T
T A5tk A& 0}, o2 A kw_onlyl 2} kw_only2:

> rlr
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def func(arg, *, kw_onlyl, kw_only2):

o 7FA-91 A (var-positional): (T2 v 7§ Aol o] afj A] o] w] 1
T AeAA A=Y 499 *134’\2 ARt o] A uj
OJW AoE 4 dF UL A& S th3ol A args:

Fol5 o] 21 91 %] QAL Sl ) A 3D
ARG S o] Sl & el

def func(*args, **kwargs):

o 7HH-7]1 9 E (var-keyword): (Th2 mj 7| l-Fofl 3 A] o] n] Wrop5 o] X 7] 9 = AAFE ol H3H)
ABE % e A9 A5 A9 AAEE AB T o)A v A WFE oS o Bofl <+ 2
kol 2ol A 21D 4 g1 h o & ol 912 ol A kargs

ol A E A QAES 913 7] R gk opu ek A o] AL B A S AT 4 ATk

ol zF go] A &, o1z} w9 2Fo]of] UYL= FAQ A&, inspect .Parameter &

o] A, PEP 3625 X A 2.

path entry (2 A=) 2= 70 5}l 7} QEE FBEES 7] 98] Fushe Qe 47 49 s}
ER-2N

&
j)
e

2~
T

path entry finder (3 2 QN E 2] 3}¢lt]) sys.path_hooks o] Y= ZHE (&, 42 dED ) ol BB FTE
ol A, FolA A2 dEE 2 RES FEUHEE SN JAFYTH

AR dEZ I Eo] FH3}E= WA EEL importlib.abe.PathEntryFinder o Y4t}

path entry hook (7 & dlE2] &) A callable on the sys.path_hook list which returns a path entry finder if it
knows how to find modules on a specific path entry.

path based finder (F 2 7|4t 5}elel) 7|2 e} 42 99t S % s, ¥ E 42 oA RES 25
Y.

path-like object (3 27 AA|) 3L A28 2 & ‘/‘rE‘rLH% AA. A2F A= A2 E Y= str =5
bytes AA| o] A} os.PathLike ZE2EZ S F3 3= AA| 011/]13} os.PathlLike T2 EZ 2 XY
3l= AR = os.fspath() TTE igoﬂ/ﬂ str U bytes 9t A|AE Agg Wiy 4 %%q;};
th4l os. fsdecode () 2 os.fsencode () & Z+Zt str U bytes 2345 B35 =0 AFRE &+

Ut} PEP 5192 =5 g4 th

PEP sto] 2l |41 A] k. PEP= sho] il AR Elo] HHE AT AL sho]dl i 1 w2A| 2 Ex $70]
ga AIZe 7% 2dahe 47 £ AT PEPE AlHE 7150 3 h2 % 714 A R 2AE

A %3 of k.

PEPL 2 A28 7152 Aela £Alo] 0 g ARYE 9
B2 AR TEY] 9% 718 W AUZ YTk PEP S A
2 EAS T Ao dFUTh

1

S A3y Fpol Mol B0zt AA A
FUE WA Fel g 7535k2 w

portion (3£49) PEP 420 o4 o3k AAH, o] 5 &2t s 7] Aol o] upA] k= shite] A E 2ol Sof9le
st A 5] H 3 (zip 3t ol A== A% 7 Fuh.

positional argument (9] 2] 21z} <12} & B A 8.

provisional APT (%3 API) 24 API= %% glolH 2] A 34 BAo 2R AE3] AYdd A9Y
th Qe o] 29 & @rﬂ of| A= A= A W Z7 A o] 2l A &= g Fof A AbE o] B 8 strhal
AT A S8 0] FAHA = tﬁﬁo} °‘<>% FUFULh 2 HA2 EZ8s A oR
dojuA &= S AUt — APIE 28317 Aol X Sidta 28 Age] HAH 4 fofvt

A7 APII A 2 A, 37 S840 AR A e WAL AT 20708 J AT BE A9
EAE Bl HA THYL 6
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o] Aate= BF golBH 7 LM AT F G A RE AA Lol IHE FE] A G AT £ R E
S5 A 8L PEP 411 BT Fu T,

provisional package (373 #]7]x]) 74 API & A 8.

Python 3000 (3} 3000) Tho] 4 3.x W] & 2ol o] W (w4 3] w27} @ mlef o] o] o7 | A Aol TS0}
o] olth) o] A& “Py3k” & £ 27| & T Th

Pythonic (s}o] ATHe) ThE Slo]Sol 4 Ak Q) A E-L 1153
VA A AHEE = oA E S 7h7ko] M2 ofoltlof L} 3
ol AL for F= AHESA olEHHEY BE 84 £33

of +AEC| glen g, gfoHo 5381 A] k2 AFFES

m
N
m{m
=y
%
p
;

AL, shol 4 < of of] A
qmﬂﬁﬂzML
= 2 e Qojojx o &
Aol %7} 2B 2 AFEa 71 T ok

#

for i in range(len(food)):
print (food[i])

o 253 spol ok 2 ol s yth

for piece in food:

print (piece)

1 2T LM Bgo] Fojd Selx, g, v =of o2 A =7

PEP 3155 o ] 82 St} 2 4H9] gt o) 22) F-9ol, 47342

mr“

>>> class C:
class D:
def meth (self):
pass

>>> C.__ _qualname

lCl

>>> C.D._ gualname_
'C.D'

>>> C.D.meth. qualname
'C.D.meth'

REZ 7t 7= AFS 2, A3 A FSE o & (fully qualified name) & 25 B 52 7| AN ES £
A RER VM= HoR "'—ﬂ% o] 5L ouFg Ut} o & £9¢],email .mime. text:

Q

>>> 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. Reference counting is generally not visible to Python code, but it is a key element of the
CPython implementation. The sys module defines a get refcount () function that programmers can call to
return the reference count for a particular object.

regular package (A 3}71A]) __init_ .py $YL 233= g o 2L AF A 97 A.
ol F7HI 7)1 A = HAM Q.

_slots__ FeA FH AAH, A2HA A ERESS A3 30 m 2] AAstaL A2 HA
AAZozZN v R E Adete 5 FUTE A7) A7+ sHA ¥ o] Hl 2 = &
= 7Hb 22 HolghA, vl R g o W17He S 3 & Z2 WA g2 5o AxEHAT = 53

AR5 Aol T4UTh

sequence (X] @) Aniterable which supports efficient element access using integer indices viathe __getitem__ ()
special method and definesa ___1en__ () method that returns the length of the sequence. Some built-in sequence
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typesare 1ist, str, tuple,andbytes. Note that dict alsosupports ___getitem_ () and___len__ (),
but is considered a mapping rather than a sequence because the lookups use arbitrary immutable keys rather than
integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes be-

yond just _ getitem__ () and _ _len__ (), adding count (), index (), contains__ (), and
_ _reversed__ (). Types that implement this expanded interface can be registered explicitly using
register ().

set comprehension (3 A= 23 A) olH el &l A= 24 AAY dFE Aelsty 235 2 Fde W
3l 7HE 3 W, results = {c for c in 'abracadabra' if c not in 'abc'}E=E=XA}
QAT ('r', a1 B AATUL B 2E, A, GA YRl T2 o) [diplay) & FRIAAL.

single dispatch ("J & t] 28| X)) F& o] stte] Axke] Fofl 712 A E = Al = T Ha) 29 &
FH.

slice (&0l ) M A7 o QRE ZPFHE AA. Gehol Ak AN AT HE /P AEHA BHEY
t}. variable_name[1:3:5] A®, [] ¢tollA o8] A A& FEo= EEFYLh dZE (MR
~aYE) B/H S WP H O R slice AR AHS UL

special method (54~ M| A=) s}ol Rl o] o] o] ALk, B4 22, AP uf] FA| o
oA WAEL T o WEE A ZE T TR o 22 2T LT S5 v A
o AR BEoA s th

statement (F7) &2 29 E (ZE=9] “EF(block)”) & 74 5ts FEAUTE B2 24 o] A 719
TE A o:lﬁi 7V FxE Fo st dUTh 74 if, while, for.

strong reference (733t 2+ X) In Python’ s C API, a strong reference is a reference to an object which is owned by the

code holding the reference. The strong reference is taken by calling Py_ INCREF () when the reference is created
and released with Py_ DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the Py_DECREF ()
function must be called on the strong reference before exiting the scope of the strong reference, to avoid leaking
one reference.

18z T HAS.
text encoding () 2 E 217 9J) 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 (2E 51Y) str AAE QL & 5 %1— atd AAl FTF, G2E 32
O]Ei/\EE’JO Oﬂ/\ﬂ/\-g}_i\f_ﬂ/\EOﬁlﬂ Z}-Ex}ﬂﬁl],]q_ Eﬂ/\E j;,}.O]_q
TE'w') 2 99 3¢, sys.stdin, sys.stdout, io. StrlngIO«]

Al s A ntel 2] 9 =

HIolEGF AA E A EFJE=TFL A Tzt L

triple-quoted string (3% w2 % @ £x4) W% () 2 U}ij CH)AM AZE Z2RA AL, 1 o
& UE YA FAL §le 7le = AT oA = AR A 7HA] o] ol A ER 7L 5 U TH
O]/\ﬂ] ojx ¥ 7 g2 AR Y EWMEFRE FAE °}°ﬂ 43}@1’—? UEF ot A4 FAE 24

ot
o
iy
R=)
[
ol

iy r
Hj

30 H

Iy
L
e}

G o2 2ol 22 5 e, FAE

type (3) The type of a Python object determines what kind of object it is; every object has a type. An object’ s type is
accessible asits ___class___ attribute or can be retrieved with type (ob7j).

type alias (3 ol Qe]o]2) 8 A8 Aol B Y she] W o)A o 5o,
P o Qelol 2t g F=E desste o R8P 2 S
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def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass

e el 8 947 47 BE 5 A5tk

Color = tuple[int, int, int]

def remove_gray_shades(colors: list[Color]) -> list[Color]:
pass
o] 752 AW typing ¥ PEP 4845 2 HA 8
type hint (3 YE) W5, 22 o2 HE 9 4 vl W5 o oukg ghe] Aols & WL A G she of |

ol .

Type hints are optional and are not enforced by Python but they are useful to static type analysis tools, and aid
IDEs with code completion and refactoring.

A B4g Agsta, 29 W5, Fda oJEdRE 2 359 F dE+ typing.
get_type_hints () & AH&ato] dAl 28 & T
o] 71%5& A3 typingF PEP 4845 F 234 8
universal newlines (SUWA £ d7)) 23 2L AEL BE £ ZoZ A HAE AEFYL FA
SteH=: 492 713 Ex2E '\n', =2 T '\r\n"', A 0j 715/\] el \r'. Z71F 0
) W

AFg-of #3f A= bytes.splitlines ( ol 2} PEP 278 2} PEP 3116 = E A &
variable annotation (H4> o] H|o]A) W EE F 2 ol EZHEQ o] =g o] A,
o

My EE e o Ee HEo] o mHo] M-S P ] g e A8 AUtk

class C:
field: 'annotation'

M4 ol e ol He dubd o o SR AHUTh & Sol, o M4t int k2 M Aoz A4
otk
=]

count: int = 0

W OLI_Eﬂ o]l B2 Al of e o] EH Ul ] & (Annotated assignment statements) o A /3 & g T}

o] 71 S A sle 34 o] o] o] 41, PEP 484 & PEP 526 F2 344 2. 8 o] :H o] A 2o o &
2 /\]—?—1] = annotations-howto & I+ 314 2.

virtual environment (7}4} 37) Ilo) W AF8 212} S8 =g o], e A AHA A E = 2 mlo| A
3

S8 =215 S Ao L FA FOWA, shol A WE W7 AES AH AL Qe ol =5
A2 b e s, BEAow A9 A $7.

0

s r*

i

O

venv E H A 8.

virtual machine (7}4 7]A]) 2 ZEgojuto 2 Aol H AFZE. Fto] Ao 7HAF 7] Al = ulo| E
zg;]-(s]_t H]—O]E ﬁEE /\]é‘ﬂﬁl\/lq—

Ry

= 7Ag}e

)
115

=7k

Zen of Python (3} o] Al) .L}O]M_ T #}ol Ye]9f AstS o] EE oy

= ], Ao} 5 o]l 5L ALg 3t Egol
Ut} o] BEL 5y : !

W E AU

EIZEOA “import this’ TE_— A
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APPENDIX B

About these documents

These documents are generated from reStructuredText sources by Sphinx, a document processor specifically written for
the Python documentation.

AT A et o] 2 f 8 EA A TS sthol ApA of v A 7 A A o' AG B AR =y th 7] o5k
Althd, Zhof W o] of 8t A K 3= reporting-bugs 3] 0] A & Z A AH A 2. A2 AL E 7\}1]'% A 29t
YtH

O3 2504 B2 ZAE =g Ytk
o Fred L. Drake, Jr., the creator of the original Python documentation toolset and writer of much of the content;
« reStructuredText 2} Docutils 22¢] EE HFE = Docutils Z2 A E,

o Fredrik Lundh, 1.2] tj] ¢t 5} o] #1 2% (Alternative Python Reference) = 2 A E o] A Sphinx 7} &2 o} o] ]
2 a9zt
= Tt M B8

B.1 Contributors to the Python Documentation

olH FF gtolBd g ¢ TholA A A 7| F U 72t BEEF
MSL/ACKS E ZAxIAANL
z

14 2 xy
oj4o] ol@ WA AFAE 2A B AL ol W ARUE S 47} 7o) i # U T ZATI TR
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C.1 AZEQ0{Q A}

Python was created in the early 1990s by Guido van Rossum at Stichting Mathematisch Centrum (CWI, see https://www.
cwi.nl/) in the Netherlands as a successor of a language called ABC. Guido remains Python’ s principal author, although
it includes many contributions from others.

In 1995, Guido continued his work on Python at the Corporation for National Research Initiatives (CNRI, see https:
/Iwww.cnri.reston.va.us/) in Reston, Virginia where he released several versions of the software.

In May 2000, Guido and the Python core development team moved to BeOpen.com to form the BeOpen PythonLabs
team. In October of the same year, the PythonLabs team moved to Digital Creations (now Zope Corporation; see
https://www.zope.org/). In 2001, the Python Software Foundation (PSF, see https://www.python.org/psf/) was formed, a
non-profit organization created specifically to own Python-related Intellectual Property. Zope Corporation is a sponsoring
member of the PSF.

All Python releases are Open Source (see https://opensource.org/ for the Open Source Definition). Historically, most,
but not all, Python releases have also been GPL-compatible; the table below summarizes the various releases.

HY = =t oAM= 2 [ 5 AL X} GPL compatible?
09.0~1.2 | n/a 1991-1995 | CWI yes
1.3~152 | 1.2 1995-1999 | CNRI yes
1.6 1.52 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] A 2.1.1 2001-& z} | PSF yes
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ZF31: GPL-compatible doesn’ t mean that we’ re distributing Python under the GPL. All Python licenses, unlike the
GPL, let you distribute a modified version without making your changes open source. The GPL-compatible licenses
make it possible to combine Python with other software that is released under the GPL; the others don’ t.

Guido 9] A& 3}o] o] vl ZE 753 WHE W2 2] 5 AL BARFE AN A ZA= U T
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Python software and documentation are licensed under the PSF' License Agreement.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed under the PSF
License Agreement and the Zero-Clause BSD license.

shole] £ Y Az e ofo] & ke ol At A STk ol AL Y 2ol Ao Hgshe
S eL5) S ). ) 21 ool 5] 5 6h 9 585 A4l ool 68 hol 4 ) ol

e ORE

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.10.18

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSE"),.
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—Python

3.10.18 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 3.10.18 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 3.10.18 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 3.10.18 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
3.10.18.

4. PSF is making Python 3.10.18 available to Licensee on an "AS IS" basis.

PSEF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF

EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION..
—~OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT.
—THE
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USE OF PYTHON 3.10.18 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.18

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT..
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.18, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach.
—~of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. This.
—~License

Agreement does not grant permission to use PSF trademarks or trade name in.
—a

trademark sense to endorse or promote products or services of Licensee, or.
—any

third party.

8. By copying, installing or otherwise using Python 3.10.18, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

5. This License Agreement will automatically terminate upon a material breach of

(= el ATT A
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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
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

(= el ATT A
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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 .

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.18 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,

(TH= sTel Aol A1)
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INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3 EgrEl AT ES0{of| CHet 2jo|MA & SOl
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C.3.1 HE2M E[AH

The _random module includes code based on a download from http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/
MT2002/emt19937ar.html. The following are the verbatim comments from the original code:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

(Th= sTel Aol A1)
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Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C.3.2 A3

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " 'AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 H|S7| A3 MH|A

The asynchat and 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.

(THE seTATol A1)
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SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.3.4 F7| &g

http.cookies BE-L T}e 7} 2 79 ARHS EFF T

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.

C35 M8 &5
o}

trace RE2 U3 &2 39 Ak 233 th

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

(THS seTATol A1)
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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 &4

The uu module contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C3.7 XML A Z2A|X &=

xmlrpe.client REL 047 22 29 A8e TR

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:

(THS seTATol A1)
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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_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE-S kqueue 3B 3] o] 20 tha) The7} 22 0 A1RHS EFF 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:

(THS seTATol A1)
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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.3.10 SipHash24

3} Python/pyhash.c o= Dan Bernstein 2] SipHash24 €37 2] 2] Marek Majkowski 2] =& o] ¥ 3}%] o]
AFUTH 7)ol &= b5 Z2 80| 235 o] 5y 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>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)
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C.3.11 strtod 2} dtoa

The file Pyt hon/dtoa. ¢, which supplies C functions dtoa and strtod for conversion of C doubles to and from strings,
is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/web/
20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains the fol-
lowing copyright and licensing notice:

/****************************************************************

*

* The author of this software is David M. Gay.
*

* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

*

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

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.

*

‘k*****‘k**‘k********‘k*****‘k*‘k***‘k****'k‘k*‘k************************/

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:

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL 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

X% ok X ok ok ok ok X 3k X %
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the documentation and/or other materials provided with the
distribution.

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project” must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-core@openssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED 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 OpenSSL PROJECT OR
ITS 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.

This product includes cryptographic software written by Eric Young
(eayl@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

L I S I S S N S N S S S S S S N S S T e e S T N S S S S N S

Original SSLeay License

/* Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)

* All rights reserved.

*

* This package is an SSL implementation written

* by Eric Young (eay@cryptsoft.com).

* The implementation was written so as to conform with Netscapes SSL.

*

* This library is free for commercial and non-commercial use as long as
* the following conditions are aheared to. The following conditions

* apply to all code found in this distribution, be it the RC4, RSA,

* lhash, DES, etc., code; not just the SSL code. The SSL documentation
*

included with this distribution is covered by the same copyright terms

(THE seTATol A1)
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except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

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 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. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "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.

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]
/
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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

(THE seTATol A1)
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"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

The _ctypes extension is built using an included copy of the libffi sources unless the build is configured
——with-system-1libffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘*Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. 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 (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc o &3] AFEEH = S| A] Hl o] E2] 3L cfuhash Z2AEE 7|wto & s}

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

(THE seTATol A1)
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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 module is built using an included copy of the libmpdec library unless the build is configured
——with-system-libmpdec

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
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 EH|AE ARIE

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from the W3C
website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

* Redistributions of works must retain the original copyright notice,

(THE seTATol A1)
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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
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annotation (o] x=H| o] A), 137

annotations
function, 119

anonymous
function, 88

argument

call semantics, 79

function, 23

function definition, 118
argument (912}, 137

arithmetic
conversion, 69
operation,binary, 82
operation, unary, 82
array
15,22
as
except clause, 106
import statement, 99
match statement, 109
with statement, 107
319 =,99, 105, 107, 109
AS pattern, OR pattern,
pattern,
ASCII, 4, 10
asend () (agen WA =), 77
assert
2,95
AssertionError
1<, 95
assertions
debugging, 95
assignment
annotated, 94
attribute, 92,93
augmented, 94
class attribute, 26
class instance attribute, 26
slicing, 93
statement, 22, 92
subscription, 93
target 1list, 92
assignment expression, 87
async
Y E, 121
async def
2,121
async for
in comprehensions, 71
2,121
async with
2,122
asynchronous context manager (8] % 7] A
2E FAg A, 138
asynchronous generator
asynchronous iterator, 24
function, 24
asynchronous generator (8|3 7] Ay d o] &),
138
asynchronous generator iterator (8] % 7]
A g ol g o] H & o] &), 138
asynchronous iterable (¥]%%7] o]E & &), 138
asynchronous iterator (H]Z 7] o] g d o] §]),
138

capture
wildcard pattern, I11
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asynchronous—generator

A, 76
athrow () (agen WA =), 77
atom, 70

attribute, 20
assignment, 92,93
assignment, class, 26
assignment, class instance, 26
class, 25
class instance, 26
deletion, 96
generic special, 20
reference, 78
special, 20
attribute (J]EZHE), 138
AttributeError
14, 78
augmented
assignment, 94
await
in comprehensions, 71
¥ E, 81,121
awaitable (9]¢ o] E] &), 138

B
bl
bytes literal, 11
b"
bytes literal, Il
backslash character,6
BDFI, 138
binary
arithmetic operation, 82
bitwise operation, 83
binary file (9}o]y gl 3}4), 139
binary literal, 15
binding
global name, 101
name, 51, 92,99, 118, 120
bitwise
and, 83
operation,binary, 83
operation, unary, 82

2,98, 104107
built-in
method, 25
built-in function
call, 81
oA, 25, 81
built-in method
call, 8l
oA, 25, 81
builtins
8 %,123
byte, 22
bytearray, 22
bytecode, 26
bytecode (H}°]E 7 =), 139
bytes, 22
SiE @ s, 30
bytes literal, 10
bytes—like object (H}o]EEHF AA)), 139

C

c, 11
language, 20, 21, 25, 84
call, 79
built-in function, 81
built-in method, 81
class instance, 81
class object, 25, 26, 81
function, 23, 81
instance, 42, 81
method, 81
procedure, 92
user—defined function, 81
callable
oA, 23, 79
callable (E88), 139
callback (%), 139
case
match, 109
Y=, 109
case block, 111
C-contiguous, 140
chaining

or, 83 comparisons, 84
xor, 83 exception, 97
blank line,7 character, 21,78
block, 51 chr
code, 51 SiEE o4, 21
BNF, 4, 69 class
Boolean attribute, 25
operation, 87 attribute assignment, 26
A, 21 body, 39
borrowed reference (A& #X), 139 constructor, 29
break definition, 96, 120
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instance, 26

name, 120

A, 25, 81, 120

2,120
class (E8 ), 139
class instance

attribute, 26

attribute assignment, 26

call, 81

A, 25, 26, 81
class object

call, 25,26, 81
class variable (32 ¥W34), 139
clause, 103
clear () (frame WA &), 27
close () (coroutine M)A E), 49
close () (generator M| A &), 75
co_argcount (code object attribute), 26
co_cellvars (code object attribute), 26
co_code (code object attribute), 26
co_consts (code object attribute), 26
co_filename (code object attribute), 26
co_firstlineno (code object attribute), 26
co_flags (code object attribute), 26
co_freevars (code object attribute), 26
co_kwonlyargcount (code object attribute), 26
co_lnotab (code object attribute), 26
co_name (code object attribute), 26
co_names (code object attribute), 26
co_nlocals (code object attribute), 26
co_posonlyargcount (code object attribute), 26
co_stacksize (code object attribute), 26
co_varnames (code object attribute), 26
code

block, 51
code object, 26
coercion, 139
comma, 71

trailing, 88
command line, 123
comment, 6
comparison, 84
comparisons, 31

chaining, 84
compile

SiEr gr4, 102
complex

number, 21

|, 21

HiE 24, 46
complex literal, 15
complex number (E4%), 139
compound

statement, 103

comprehensions, 71
dictionary, 72
list, 72
set, 72
Conditional
expression, 87
conditional
expression, 88
constant, 10
constructor
class, 29
container, 20, 25
context manager, 46
context manager (AEAE #Hg 2}, 140
context variable (AEIAE W), 140
contiguous (%), 140
continue
2,99, 104107
conversion
arithmetic, 69
string, 30,92
coroutine, 48,74
function, 24
coroutine (FFHE), 140
coroutine function (ZFE &), 140
CPython, 140

D
dangling
else, 104
data, 19
type, 20
type, immutable, 70
datum, 72
dbm.gnu
85,23
dbm.ndbm
25,23
debugging
assertions, 95
decimal literal, 15
decorator (¢ Zd| o] ¥), 140
DEDENT token,7, 104
def
2,118
default
parameter value, 118
definition
class, 96, 120
function, 96, 118
del
2,29,96
deletion
attribute, 96
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target, 96

target list, 96
delimiters, 16
descriptor (4§23 P H), 140
destructor, 29, 93
dictionary

comprehensions, 72

display, 72

A, 22, 25,31, 72,78, 93
dictionary (844 8]), 140

dictionary comprehension (9442 A= 23l

A1), 140

dictionary view (9448 &), 140
display

dictionary, 72

list, 72

set, 72
division, 82
divmod

T oA, 44,45
docstring, 120
docstring (BEAE ), 141
documentation string, 27
duck-typing (2 E}o] ), 141

E

e
in numeric literal, I5
EAFP, 141
elif
S, 104
Ellipsis
), 20
else
conditional expression, 88
dangling, 104
S 2,98, 104106
empty
list, 72
tuple, 22,71

encoding declarations (source file), 6
environment, 52
error handling,53
errors, 53
escape sequence, 11
eval

SIS ShE, 102, 124
evaluation

order, 89
exc_info (in module sys), 28
except

S =, 105
exception, 53,97

chaining, 97

handler, 28

raising, 97
exception handler, 53
exclusive

or, 83
exec

SiEE ghs, 102
execution

frame, 51, 120

restricted, 53

stack, 28
execution model, 51
expression, 69

Conditional, 87

conditional, 88

generator, 73

lambda, 88, 119

list, 88,91

statement, 91

yield, 73
expression (& 4]), 141
extension

module, 20
extension module (3% 2 &), 141

F
f'

formatted string literal, 1l
f"

formatted string literal, Il
f-string (FEAFY), 141
f_back (frame attribute), 27
f_builtins (frame attribute), 27
f_code (frame attribute), 277
f_globals (frame attribute), 27
f_lasti (frame attribute), 27
f_lineno (frame attribute), 27
f_locals (frame attribute), 27
f_trace (frame attribute), 27
f_trace_lines (frame attribute), 27
f_trace_opcodes (frame attribute), 27
False, 21
file object (3} AXA)), 141
file-like object (< F AXA), 141
filesystem encoding and error handler

(FHEA 2" TG} of ] A 2 7)), 141

finalizer, 29
finally

19 £, 96,98, 99, 105, 106
find_spec

finder, 58
finder, 58

find_spec, 58
finder (3}¢14), 141
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float
T g, 46
floating point

generator expression, 142
generator expression (AU # o]E 13 4]), 142
generator iterator (AlY & °]E o] E# o] H),

number, 21 142

THA), 21 GeneratorExit
floating point literal, 15 A<, 75,77
floor division (A4 U4, 142 generic

for
in comprehensions, 71

special attribute, 20
generic function (AU ¥ 34), 142

2,98, 99, 105 generic type (AW ¥ &), 142
form GIL, 143
lambda, 88 global
format () (built-in function) name binding, 101
__str__ () (object method), 30 namespace, 23

formatted string literal, I3
Fortran contiguous, 140

2,96, 101

global interpreter lock (A< QA ¥ =g ¥

frame £),143
execution, 51, 120 grammar, 4
A, 27 grouping, 7

free guard, 110

variable, 52

H

from
import statement, 51,99 handle an exception,53
A =,73,99 handler
yield from expression, 74 exception, 28
frozenset hash
=, 22 ST 4,30
fstring, 13 hash character, 6
f-string, 13 hash-based pyc (G| A] 7]¥Fpyc), 143
function hashable, 72

annotations, 119
anonymous, 88

hashable (| A] 7}%), 143
hexadecimal literal, 15

argument, 23 hierarchy
call, 23, 81 type, 20
call,user—-defined, 81 hooks
definition, 96, 118 import, 58
generator, 73,96 meta, 58
name, 118 path, 58
user—-defined, 23
o), 23,25, 81, 118 |

function (&), 142 id

function annotation (&4 ok g o]A), 142
future
statement, 100

i A, 19
identifier, 8,70

identity
G test, 86

identity of an object, 19
garbage collection, 19 IDLE, 143
garbage collection (Z7}8]A] = 7), 142 if

generator, 142
expression, 73

conditional expression, 88
in comprehensions, 71

function, 24,73, 96 2,104

iterator, 24,96 Y=, 109

WA, 27,73, 74 imaginary literal, 15
generator (AU & o] ), 142 immutable
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data type, 70
object, 70,72
A, 21
immutable (&%), 143
immutable object, 19
immutable sequence
i), 21
immutable types
subclassing, 29

import
hooks, 58
2,25,99

import hooks, 58
import machinery,55
import path (YXE F=),143
importer (Y X ¥E), 143
ImportError

<1<, 99
importing (Y *~H), 143
in

o LF=r, 86

S E, 105
inclusive

or, 83
INDENT token,7
indentation,7
index operation,?2l
indices () (slice M| A =), 28
inheritance, 120
input, 124
instance

call, 42,81

class, 26

i), 25, 26, 81
int

T oA, 46
integer, 21

representation, 21

), 21
integer literal, 15
interactive (t)3}3), 143
interactive mode, 123
internal type, 26
interpolated string literal, 13
interpreted (Q1E| Z 2| E| &), 143
interpreter, 123
interpreter shutdown (AEZZEH £7), 143
inversion, 82
invocation, 23

is not
o= 86
item
sequence, 78
string, 78
item selection,?2l
iterable

unpacking, 88
iterable (°]E & &), 144
iterator (o] Eld o] ), 144

J

in numeric literal, 16
Java

language, 21

K

key, 72

key function (7] &), 144
key/datum pair, 72

keyword, 9

keyword argument (7] ¥ E <1z}, 144

L

lambda
expression, 88, 119
form, 88
lambda (2T}, 144
language
c, 20, 21, 25, 84
Java, 21
last_traceback (in module sys), 28
LBYL, 144
leading whitespace, 7
len

S eh s, 21,22,43
lexical analysis,5
lexical definitions,4
line continuation,6
line joining,5,6
line structure,5
list

assignment, target, 92

comprehensions, 72

deletion target, 96

display, 72

empty, 72

expression, 88,91

1o target, 92, 105
. rE26 M=), 22, 72, 78, 79, 93
}rrefutable case block, 111 list (B]AE), 145
S of A = list comprehension (B]2E HZIA), 145
a I, 86 literal, 10,70
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loader, 58
loader (RT4), 145
locale encoding (ZAY 213
logical line,5
loop

statement, 98, 99, 104, 105
loop control

target, 98

M
magic
method, 145
magic method (W] A WA &), 145
makefile () (socket method), 26
mangling
name, 70
mapping
A, 22, 26, 78, 93
mapping (73), 145
match
case, 109
2,109
matrix multiplication, 82
membership
test, 86
meta
hooks, 58
meta hooks, 58
meta path finder (WE} A& 1}21H), 145
metaclass, 38
metaclass (WEF F ), 145
metaclass hint, 38
method
built-in, 25
call, 8l
magic, 145
special, 149
user—defined, 24
M), 24, 25, 81
method (WA =), 145
method resolution order (WA E A& £ A]),
145
minus, 82
module
extension, 20
importing, 99
namespace, 25
i), 25, 78
module (&), 145
module spec, 58
module spec (BRE £d), 145
modulo, 82
MRO, 145
multiplication, 82

), 144

mutable

oA, 22, 92,93
mutable (7}¥), 145
mutable object, 19
mutable sequence

A, 22

N

name, 8, 51, 70
binding, 51, 92,99, 118, 120
binding, global, 101
class, 120
function, 118
mangling, 70
rebinding, 92
unbinding, 96

named expression, 87

named tuple (UMYX 5Z), 145

NameError
<, 70
NameError (built-in exception), 52
names
private, 70
namespace, 51
global, 23
module, 25
package, 57

namespace (0] & &7, 146
namespace package (°]& &7t 9] 7] A]), 146
negation, 82
nested scope (EFH 27 Z), 146
new-style class (F2E<Y Z2), 146
NEWLINE token,5, 104
None

A, 20, 92
nonlocal

2,102
not

o k=, 87
not in

o LH=r, 86
notation, 4
NotImplemented

I, 20
null

operation, 95
number, 15

complex, 21

floating point, 21
numeric

A, 20, 26
numeric literal, 15
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O

object, 19
code, 26
immutable, 70, 72
object (AA), 146
object._ match_args__ (W& W), 47
object.__slots__ (W& ¥H<%), 36
octal literal, 15
open
S e, 26
operation
binary arithmetic, 82
binary bitwise, 83
Boolean, 87
null, 95
power, 81
shifting, 83
unary arithmetic, 82
unary bitwise, 82
operator
— (minus), 82, 83
+ (plus), 82, 83
overloading, 29
precedence, 89
ternary, 88
operators, 16
or
bitwise, 83
exclusive, 83
inclusive, 83
oA LH=r, 87
ord
S e, 21
order
evaluation, 89
output, 92
standard, 92
overloading
operator, 29

P

[J]8]

, 95
path
hooks, 58
path based finder, 64

path based finder (A& 7]%F 3} YH), 147

path entry (A& JdE=), 147

path entry finder (FZ dE=Z 5}2Y), 147

path entry hook (AZ AEZ] %), 147
path hooks, 58
path-like object (FZF AA), 147
pattern matching, 109
PEP, 147
physical line,5,6,11
plus, 82
popen () (in module os), 26
portion

package, 57
portion (E£A), 147
positional argument (%] €12}, 147
pow

S B4, 44,45
power

operation, 81
precedence

operator, 89
primary, 77
print

i Es, 30
print () (built-in function)

__str__ () (object method), 30
private

names, 70
procedure

call, 92
program, 123
provisional API (ZA API), 147
provisional package (FA 37| A]), 148
Python 3000 (o] 3000), 148
PYTHONHASHSEED, 32
Pythonic (3}o] M Th-g), 148
PYTHONPATH, 65

package, 56 Q
namespace, 57
portion, 57 qualified name (B5F34 o] F), 148
regular, 56
package (3] 7] A]), 146 R
parameter r'
call semantics,79 raw string literal,ll
function definition, 118 r"
value,default, 118 raw string literal, 11
parameter (W 7)), 146 raise
parenthesized form,71 2,97
parser, 5 raise an exception,53
pass raising
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exception, 97
range
SiE grA, 105
raw string, 11
rebinding
name, 92
reference
attribute, 78
reference count (X 314),148
reference counting, 19
regular
package, 56
regular package (B 3 7] A]), 148
relative
import, 100
repr
HiE E s, 92
repr () (built-in function)
__repr__ () (object method), 30
representation
integer, 21
reserved word, 9
restricted
execution, 53
return
2,96, 106, 107
round
i o, 46

S

scope, 51,52
send () (coroutine | 4] &), 49
send () (generator | A &), 75
sequence
item, 78
A, 21, 26, 78, 79, 86, 93, 105
sequence (A|# ), 148
set
comprehensions, 72
display, 72
A, 22,72
set comprehension (H3 A= 3 A), 149
set type
oA, 22
shifting
operation, 83
simple
statement, 91
single dispatch (AF Y29 x]), 149
singleton
tuple, 22
slice, 79
A, 43
SiE e, 28

slice (£38}o]2), 149
slicing,21,22,79
assignment, 93
soft keyword,9
source character set,6
space, 7
special
attribute, 20
attribute, generic, 20
method, 149
special method (B4 HAE), 149
stack
execution, 28
trace, 28
standard
output, 92
Standard C, 11
standard input, 123
start (slice object attribute), 28, 79
statement
assignment, 22,92
assignment, annotated, 94
assignment, augmented, 94
compound, 103
expression, 91
future, 100
loop, 98,99, 104, 105
simple, 91
statement (%), 149
statement grouping,7
stderr (in module sys), 26
stdin (in module sys), 26
stdio, 26
stdout (in module sys), 26
step (slice object attribute), 28, 79
stop (slice object attribute), 28, 79
StopAsynclteration
A<, 77
StopIteration
<<, 75, 96
string
_ _format__ () (object method), 30
__str__ () (object method), 30
conversion, 30, 92
formatted literal, 13
immutable sequences, 21
interpolated literal, 13
item, 78
A, 78, 79
string literal, 10
strong reference (73 %), 149
subclassing
immutable types, 29
subscription, 21, 22,78
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assignment, 93 empty, 22,71
subtraction, 83 singleton, 22
suite, 103 ), 22, 78, 79, 88
syntax, 4 type, 20
sys data, 20
25,106,123 hierarchy, 20
sys.exc_info, 28 immutable data, 70
sys.last_traceback, 28 SHEE 24, 19, 38
sys.meta_path, 58 type (8), 149
sys.modules, 57 type alias (& o dg o), 149
sys.path, 65 type hint (g 31 E), 150
sys.path_hooks, 65 type of an object, 19
sys.path_importer_cache, 65 TypeError
sys.stderr, 26 <, 82
sys.stdin, 26 types, internal, 26
sys.stdout, 26
SystemExit (built-in exception), 53 U
u'
T string literal, 10
tab, 7 u"
target, 92 string literal, 10
deletion, 96 unary
list, 92,105 arithmetic operation, 82
list assignment, 92 bitwise operation, 82
list,deletion, 96 unbinding
loop control, 98 name, 96
tb_ frame (traceback attribute), 28 UnboundLocalError, 52
tb_lasti (traceback attribute), 28 Unicode, 21
tb_lineno (traceback attribute), 28 Unicode Consortium, 11
tb_next (traceback attribute), 28 universal newlines (YA = d7), 150
termination model, 53 UNIX, 123
ternary unpacking
operator, 88 dictionary, 72
test in function calls, 80
identity, 86 iterable, 88
membership, 86 unreachable object, 19
text encoding (Hl2~E Q1FH), 149 unrecognized escape sequence, 12
text file (A12E 3}Y), 149 user—-defined
throw () (coroutine ™| 4] E), 49 function, 23
throw () (generator Wl A &), 75 function call, 81
token, 5 method, 24
trace user-defined function
stack, 28 i), 23, 81, 118
traceback user—-defined method
i), 28, 97, 106 oA, 24
trailing
comma, 88 V
triple-quoted string (A& W% d £x14Y), value
149 default parameter, 118
triple—-quoted string, 11 value of an object, 19
True, 21 ValueError
try 1<, 83
=,28,105 values
tuple writing, 92

it
0

186



The Python Language Reference, £A| H{Z 3.10.18

variable async, 121
free, 52 await, 81, 121
variable annotation (A4 oJxH o] A), 150 case, 109
virtual environment (7} 7), 150 elif, 104
virtual machine (7} 7]17), 150 else, 98, 104106
except, 105
W finally, 96, 98,99, 105, 106
walrus operator, 87 from, 73,99
while if, 109
2,98,99, 104 in, 105
Windows, 123 yield, 73
with =telu g MY
2,406,107 PEP 1, 147
writing PEP 8,85
values, 92 PEP 236,101
PEP 238,142
X PEP 252,34
SHEE S A PEP 255,74
abs, 46 PEP 278,150
bytes, 30 PEP 302,55, 68, 141, 145
chr, 21 PEP 308, 88
compile, 102 PEP 318,121
complex, 46 PEP 328,68
divmod, 44, 45 PEP 338,068
eval, 102, 124 PEP 342,74
exec, 102 PEP 343,47,109, 140
float, 46 PEP 362,138, 147
hash, 31 PEP 366,62, 68
id, 19 PEP 380,74
int, 46 PEP 411,148
len, 21,22,43 PEP 414,11
open, 26 PEP 420, 55,57, 63,68, 141, 146, 147
ord, 21 PEP 443,142
pow, 44, 45 PEP 448,72, 80, 88
print, 30 PEP 451,68, 141
range, 105 PEP 483, 143
repr, 92 PEP 484,40,95,119, 137, 142, 143, 150
round, 46 PEP 492,49,74, 122, 138, 140
slice, 28 PEP 498,15, 141
type, 19, 38 PEP 5109, 147
25 PEP 525,74, 138
_ main_ ,52,123 PEP 526,95,119, 137,150
array, 22 PEP 530,71
builtins, 123 PEP 560, 38,42
dbm.gnu, 23 PEP 562,34
dbm.ndbm, 23 PEP 563,101,119
io, 26 PEP 570,119
sys, 106, 123 PEP 572,73,88,113
XOor PEP 585, 143
bitwise, 83 PEP 614,118,120
PEP 617,125
Y PEP 634,47,109, 117
3= PEP 636,109,118
as, 99, 105, 107, 109 PEP 3104, 102
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PEP

g3 o5

[

3107, 119
3115, 39, 121
3116, 150
3119,40
3120,5
3129, 121
3131,8
3132,9%4
3135,40
3147,62
3155, 148

PYTHONHASHSEED, 32

yield

examples, 75
expression, 73

2,96

I E,73

Z

Zen of Python (3] Al), 150
ZeroDivisionError
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