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

Python for .NET
o] 3L A A 2 = CPython 782 AH&-3}A] 9, v U 2] & (managed) .NET & = & 713 0] 11 NET 2}o]
B2 2] & AF Yt} Bryan Lloyd 7} 9HE 5 Y thth © 214 8F A H = Python for NET & 3] o] #] o] A
A28 Ych

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

PyPy
An implementation of Python written completely in Python. It supports several advanced features not found in
other implementations like stackless support and a Just in Time compiler. One of the goals of the project is to
encourage experimentation with the language itself by making it easier to modify the interpreter (since it is written
in Python). Additional information is available on the PyPy project” s home page.
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CHAPTER 2

ghol W 2 18- 5hA (parser) ol 23l @ U th ThAM 2 Q-2 0% £4 7] (lexical analyzer) 7} BHE oW+

E 2 (token) & 2EFH JUTE o] oA & o9 &4 77} 01%?74] e EEZER BefoteA A dun

«'Jr‘-"]“q SZRIYHAES FUIEFEGOR AFUrh &2 9tdo I A3F Ade 58 A2
% 931, 7] 23S UTE- S%MD} ZhA S W82 PEP 3120 o] U Uth &2 9td S HIGE + gl d=

SyntaxError 7} @A gy}

2.1 & s1Z(Line structure)

Jpold 22 I o) 2] 7| 9] =2 A <l = (logical lines) & g U Th.

211 =2|™2 &
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2.1.3 ZA

AL e E A L35 7 ok HA EAME ASn 2249 20 T4 ZHyth BAFQ
2 AT FA0] FENA BL o4, FAL A 2L FRADUL FHL 2ol FAGUY

214 Q13T M

shol 23 Y= A WAL T WA o] gl F4 0] B4 coding[=:1\s* ([~\w.]+) 7 x5 1, o]
AL dny ddes AUk o AiFAe] A WA 18-S 42 E 5] 938 o] &S A A g o,
A A F AA ol T2 pobol Fith. whebF wlAl Eolehd, 2 WA & oA R slojoF T
Axg Aele] A Wele T AYTh s

[# —*— coding: <encoding-name> —*-—

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. If the implicit or explicit encoding of a file is UTF-8,
an initial UTF-8 byte-order mark (b’ xefxbbxbf”’ ) is ignored rather than being a syntax error.

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

2.1.5 HA|XO| = ASH

= oo BeAd 22 A 2] EA(N\)E AEHA =g AN 22 AFT 4 d5Uth ZH A Zo
Tz}oﬂ glEj Do} 3249 AR} old o SejA] B2 BuUHE, o LA Hup2 s 8 227 A A=
Az, A B AT Yt = H A Zo A UL oS So:

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

FHAZ UL Fe 2a0) 2 S Gach o A S AR RAUL. o S
ES s A R ST S e )
NN F 2ol ol 7152 5 geUth). BA4L 28D dol 9k o 2elAl 7} FoIA AR B
olg)e] ol 543 AL ol o} ek,

%%HD} o & Eof:

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{3] A1
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def perm(l) :
# Compute the list of all permutations of 1
if len(l) <= 1:
return [1]
r = []
for i in range(len(l)) :
s = 1[:4i] + 1[4i+1:]
p = perm(s)
for x in p:
r.append (1[i:1+1] + x)
return r

2.1. & X (Line structure) 7
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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(l[: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

A ()5 (name) o1 P TE FLiTh & T3} 2L o3 o= 7L F vk,

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

ASCII 9] (U+0001..U+007F) Woll A, Sul-& A8 2 2 2= aho]  2.x oF 5 U th: Aol A 2 11 9] o] th&Akek
2w BE L, A A A9 sk, A0 oA 9.

g}o]H 3.0 ASCIL H Y] vo] BExE2 = Y3 th(PEP 3131 #X%). o] EX59] -9, unicodedata &
Z3E MAY FUIZE FA ol o] B W o] 2 0f whet # /- U T
X

A 2= Aol of Algho] §la1, Al o] 2 (case) & =8 Y Th

identifier = x1id _start xid_continue*

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

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

o LI - lowercase letters

8 Chapter 2. 0{F| 244


https://peps.python.org/pep-3131/
https://peps.python.org/pep-3131/

The Python Language Reference, E2|A 3.11.10

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 14.0.0 can be found at https://www.unicode.
org/Public/14.0.0/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 AlHXIO| of|2f AA

=g WA2) o8 R5 0] AUAEL SRT ATE AFA. o $590 A AAFE A5 2

2z #a i o s 2Eg Y

_*
Not imported by from module import *.
In a case pattern within a mat ch statement, _ is a soft keyword that denotes a wildcard.
Separately, the interactive interpreter makes the result of the last evaluation available in the variable _. (It is stored
in the 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.
3 o2 & =% A3} (internationalization) 2F T E H o] AFR-F Ut} o] B o F| A= gettext

g
2EY EAE A2 AL,
It is also commonly used for unused variables
*

Nl Aol o] &, 24 A 02 “BH (dunder)” o] ol 2} a G A5 UTH o] o] S5 o xelE 9}
2 TAESE ehol )28 ERFUTH o] R FUTE BA BT ALH o] BE =5 uHE o] 2
Az 2 o] oA =g Utk o] ngf MAo s ¥ W A5l FeE 75/ ol FUTh
of W FWo] 7, WA AR LA WEo] A AEHS Mol __«__ o] B RE AEL, AL flo]
=449 5 dsdth

_*
SRE-HF ol o] RFO o]FES UL Y EHoA AFE S FA4 A YR HFF Yk
TR Ze 2o AHA ;’ﬂfw “H]-5 74 (prlvate)” AJEZHE 7] o] F T== W7 AFI Uk A E At
(o] 5) A BHA 8.

=5

24 2| &

2]l & (literal) = RH B F = Fx@t= At 271 Ao

241 EXI€1 HOIEY 2|E ™

7Y 2 E AL e 2L olF Helw AL g U

stringliteral u= [stringprefix] (shortstring | longstring)

Strlngpreflx ::: "r" ‘ "u" | "R" ‘ "U" I "f" | "F"

I "fr" | "Fr" I Illel | "FR" | Ilrf" I "rF" | "Rf" | IIRF"
shortstring n= "'" shortstringitem* "'" | '"' shortstringitem* '"'
longstring = "rr'v o Jongstringitem* "'''"™ | '"""' Jongstringitem* '"""'
shortstringitem = shortstringchar | stringescapeseq
longstringitem = longstringchar | stringescapeseq
shortstringchar = <any source character except "\" or newline or the quote>
longstringchar = <any source character except "\">
stringescapeseq = "\" <any source character>

10 Chapter 2. 0{F| 244
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bytesliteral = bytesprefix(shortbytes | longbytes)

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

longbytesitem = longbyteschar | bytesescapeseq

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

bytesescapeseqg = "\" <any ASCII character>

One syntactic restriction not indicated by these productions is that whitespace is not allowed between the
stringprefix or bytesprefix and the rest of the literal. The source character set is defined by the encoding
declaration; it is UTF-8 if no encoding declaration is given in the source file; see section Q1 3 & A1 <1,

A€ U2 AW, TN AP e e e n() 2L (2 EANY S A%
qﬂNAMZﬂﬁ@144awi4§gawm = 9HUTHIAEL RE 45 B s © 244 o
G B YYD, A LA () BAL T 208 50T 957} Y EAEL ol 24 o)A & wl ALEH o,
AREAL, o S el A A4, -8 B A7F 22T,

Hho] £ (bytes) S EJF L 4 1o’ U BT B ol RYUTh str §9) IAHA YA bytes B9 AAHAE
GBIt A ASCH A ST ET 4 A T ol 18HY 27 2E GE S WA ol
Hoz EAE ofof g},

EAGT vl ED PEE BE A9 OE rxv o} 'Ry BAHE G £Y 5 dGUT o 24D D
fﬂ“WWWwWWhJ$~lﬂ%ﬂﬂ%%@ﬂ%ﬂiﬁlﬂw4Qﬁaiitﬂ“ﬂﬁaﬂ%%
AL QI 1\UT % \ur o] AA o L S A A elx] A uieh. vhold 2x8) R UTE 2 E Hol
shol A 3.xst th2 Al BT THE 212 Tl A, rur' BHS A DR A WUk

,E>
iy
o

_l

WA 330 71 G ufolEE gl E Y 'br' 2} 22 U7t = b HF 7 F7E S YT

to] & 2.x 9} 3.x of| A FAlo A Adt= ZEEY FARTE Dwdstr] fs] ddd AHSEHE fFUIZE

2 EHE (u'value')o] thA| T Y= AFUTH A S H H = PEP 414 o U5 U T

'Y F E TR 2 XY gEEe = XY 2 € E (formatted string literal) ) U TF; f-strings &

AAS e e ) ARR S AE T ST e S AR BEIs de A & 2
Ed g HE L 273Ut

3+
BALE AFs A T, 9 ol
A

2o 2 .
4% Te 8 eI, A 9] o] 2 019 ) e AN £ e S G (28 A
or A, LS FRAQU (‘WL E

L__

oh. ol 2] & Fol Al 7] o
S B A As e B E A

24. 2|EE 11

n RB n
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Escape sequences

"W R H T2 A 2 o], EAFE I vbo] E 2l ol 3 ojaA o]z AJdAE EFE CollA

A8 AT 5P A 0% AT A5 ol AAo)m AAAS o] 4] th

O|AAHO|= A|RA 9—|DI 72| Atet
\<newline> S A2} R EX7FFEAIE YUY (1)
\\ <A ()

\! a%w%EV)

\" SuEE (M)

\a ASCII ¥ (BEL)

\b ASCII W 25| o] 2 (BS)

\f ASCII & 3] = (FF)

\n ASCII 8¢l 3] = (LF)

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

\t ASCII 7} £ ) (TAB)

\v ASCII N & ¥} (VT)

\ooo 8K 000 = AH 2+ (2,4)
\xhh 1634 hh 2 A AH EA} (3,4)

4G B Do AR A4 = o] A7 o] = A Bt

o|AaAH[O|= A|AA 2|O) 7o At

\N{name} FU I dl o] EJHl| o] 2| A name ©] 23l o] 5 A A (5)

\uxxxx 16-bit 16 A4~ xxxx & A A H A} (6)

\UXXXXXXXX 32-bit 16 A5 xxxooox 2 A A H B} (7
PEpEE

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

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

The same result can be achieved using triple-quoted strings, or parentheses and string literal concatenation.
2) BECu7IA =, ) Al 7H] 87} 58 F Ut

WA 3.119 4 ¥ 7 Octal escapes with value larger than 00377 produce a DeprecationWarning. Ina
future Python version they will be a SyntaxWarning and eventually a SyntaxError.

(3) ®F Coe 2, 483 F 7] 167} Al g5 of oF Pt

4) "ol E BH oA, 16759} 8K o] A o] 2= A1 H gho] HielEE AT UL w42 2B -
AAME, o] ejaA o]z = A H %k-4 FUIE ZAE AU

(5) WA 3304 WA HA! Yol Z715 LTt
6) B3 4749 16755 222 Frh

(M) ol PHOE BEFUIEE ARG T 5 etk 383 879 160571 Do gk

1 https://www.unicode.org/Public/11.0.0/ucd/NameAliases. txt
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5y

) ¥

Cshe ge), 94597 e B8 o] 20 = Adne ALl FYRA e JHE WA ek 5,
awwuoﬂwﬂ]wq (o] B2 W 4T ) 227 vtk ol 2Alol = A A2 AE s
(A% ATl 2W 2RS4 AT % k) BAL AR LAA L A5 & o) A ol =
7, Hhol £ 2 e Dol A AAH A gk RF o] 25

Z3.6004 WA AAH A b= o)A A o] L Al A& DeprecationWarnings YU th AA7} sho] A
o2l W 011/‘1— SyntaxWarning©] §1 = syntaxError7} 2 ZAYYth

g RAR A 2 g o G2 ol 20l T SR o Gl dshel @A Gk ol g
Sol, rm\vn £ EHE FA DA, T o] BA7L Bl et o Sol A% BULE; i\ n £
LHE 2AY Aol oYUt (4 EAREA TG o SN B 4 Feh). & o Baa
WA, S ) o SN R B 5 ASUTHE LSRN A LL B ES o)~ o)z
NP7 AEII . o S el Ao W ol 2k AREAE & Aol oz ele ol EeEE F A
A2 Q4G o) ol soF Frich

I>§

L o

AQE >, 39 19

24.2 22X 2|E{& 0|0{£0]7]
99 A EAL ] o= AL (3 S CEEGE!
S e olol R A} 2g Ik 2 ge ol S Btk 24, "hellon
'world' = "helloworld" 2} E—‘:?}l/] . 9] AYgA o8 =2 U= 2973 o

oA E EdF U 4 B4 D90tk 24 Bolk A% AU o8 Sol:

re.compile (" [A-Za-z_]" # letter or underscore
"[A-Za-z0-9_]*" # letter, digit or underscore
)
o] 7)550] B oA HelE e AW, Aok Ao TAF ] Fo) 3] oF itk A A zhol] £A
EAL 0|0 £o]7] FIFALE + AUAE Aok FUITh. FH D olojgol/)/l aade e g RE
AT S QI (S EALH AF SR BAAL oloj ol AR A FUTh, £ 24D IHAL
BE FAD e E A ool 5 9ol fo) o ik,

W A 3.600 =7}
29 F X4 2 Y E (formatted string literal) E%f%x}"d (f-string) 2 '£' U 'F' S o] B0l Ex1Y e E Y
Hik o BAge AR BEE T 2 9 ET, BT () 2 FRAE DALY BE B AH Lol
G S DA, T EAL e El DS A ol A4E & DA}
ojaA o] Z A AL E YV EAYE g HEA A I G FUTH(EAOl g EAERA A+ AgdUh. =24
Fol #Ad el 4L ohe3 2L BHe gyt
f_string = (literal_char | "{{"™ | "}}" | replacement_field)*
replacement_field = "{" f expression ["="] ["!" conversion] [":" format_spec]
f_expression = (conditional_expression | "*" or_expr)
("," conditional_expression | "," "*" or expr)* [","]
| yield expression
conversion = "s" | "r" | "a"
format_spec = (literal_char | replacement_field)*
literal_char = <any code point except "{", "}" or NULL>
22 AR A gHEAR FAFTH e, ol T2 {{" W1 tHSSte BE S EEE X%
%DP A dUch et o= 235 ' {' & AT BEE AR 7=, sto] X 3 A o] FupF Ut

24. 2|EE 13
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R} ¥ AN H2Eo AT ke BE BA S W (09 o] $ETUD, EAA A 55— \g %
T oA A, =WE O 2 A ZSHE, H B (conversion) EVFHWE 4= 5 Utk 29 A A2}
(format specifier) & Q2 Y 5+ J=d, T2 ':' CEAFAFUL A} B S= 523 ' 2 E9Unh
W EAE g HEY 2942 25 E SN dubE gtold @A 0 ® HFE =], B 7HA 97t
D Uh Wl EAAS A A 9, Janbdash Y BB - & BE WA A FE 2 52 Aok g,
A2 ZAA LS MY FAE 2T o (& 5o, A5 X 9 249 F42 23T ¢ lsUTh
AR T EALD 2l Dol 5 AR Bl A Aol A L 2H0 2 AN,

WA 37004 WA ho]l i 37 o] Holl=, 7+ FARZ A £ AL 2lE E o RHA A await AT
async for AL 3= Az AAL §EEA ks Th

55715 =0 AFHY, 2ol R HAE, =0 9 Foh8 gho] ERRUC o FBE (1 F,
ERA ), =1 Fe] Asfol sk BE Zeo] AH U EACR, =12 2Y ARV} Qe o 2D
O repr () S AFFUTE 2o A HE "1 o] AAFHA] =7 EHOE FHA Y str() 9]

WA 38 274 55 /)5 =

W 2} (conversion) ©] A A= W, 2] A¥r} g Hof HEHE

Utk #igt st = dFo str() 2 3F
Stal, et Lrepr() € 2ESL, 'la’ Lascii() E YUY

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

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

R 2AL FAHE S o2 L = AT NG BETH oY 2lHER M = s

£ FA4D U o2 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"

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

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

>>> f"{line "

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

>>> f"{line 20 }"

"line = The mill's closed "

(TF& ol Aol A%
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(o] A | o] A e A AL
>>> f£"/line 20"
'line = "The mill\'s closed" '

QurA el EAYD P 2L FUL FRIE A0 A% AT A Do AJH = FAE ] £

£ e YL A Be ot FESHA ekoloF Btk AT

"1} def" # error: outer string literal ended prematurely
'1} def" # workaround: use different quoting

[
I
o
Q
o)

E9 BANE o SANE ST 9T, AHS S ol el h TP ok

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

o Al ojaA ol 2T 2% e 2FEHY, GA HFE HEE FUTh

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

Z0 22 g E P2 FA2E T (docstring) © & AFEE S st 284 o] AE gloiete vpdrb v th

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

>>> foo. doc_ is None
True

T 2A P E Y Foho) oo A Qe PEP 498 & 25w, BdE T B W ALS S Ao
str.format () & A H = Aol &5t

2.4.4 %X} 2|E{
57 FE Dol Al M 77 ABUTE A, A5, 85 Bad fHE 2 AL AeUY Eass
A9} 548 Gl A wEol AU Th)

S7} el ol RE 8 THA i 2ol TS FUTH -1 % 2L TR G A4 Y 1
= 748 234

245 M4 2|lEHE

A5 dHDL e 22 o3 Aoz BAF U

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

octinteger = "0" ("o"™ | "OM™) (["_"] octdigit)+

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

nonzerodigit = A

digit = "om..."on

bindigit = "om | oman

octdigit = "or...mn

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

24. 2|EE 15
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7hgstml el AdE 5 A EANE F 2E Y Dol Ak syt

V2 g HE 22 38 AF T 1= A G5yt 754 o7 Al AES FE AW £271
AF UL BE2 A} Aol 0x & 22 X 4= X A X} (base specifier) Tholl V& 4= 9=, Sk WHof| sfvpgt
AHE £ 5 Uth

4 HE dE &9

7 2147483647 00177 0b100110111

3 79228162514264337593543950336 00377 Oxdeadbeef
100_000_000_000 Ob_1110_0101

WA 36004 A 2l oA A 252 2P FH o2 UES s gk

24.6 A4 gl

A% EHde thed 2e o3 Aoz wdP Utk

floatnumber = pointfloat | exponentfloat

pointfloat = [digitpart] fraction | digitpart "."

exponentfloat = (digitpart | pointfloat) exponent

digitpart = digit (["_"] digit)~*

fraction = "." digitpart

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

A5Rot A5 RE P10 o2 A"k Ao Felsok gtk o ol 0770010 & £l Ed
G, 776104 A FAE HATIY, AF AT 4D UL FAARATY I B 22
AshutAA R WE R $AES] BeS BEt AR ANF I
A 2lHE e 2 714 o & FUth
[3.14 10. .001 1e100 3.14e-10 0eO0 3.14_15_93 ]

WA 36004 A 2l oA A 252 WL FH o2 UES 5 g yrh

24.7 5| BlEE

S eEde the T} 2o olF Aoz BdY Uk

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

3% e e AR AH009 Basg whE Utk Bass 450 22 0 Ao 485 B AR
EAPUE 00] ol AFRE L Bes S B, 458 ookd GUh 2 o), (3+43). 5
gled o] g 714 o & St

[3.143' 10.7 107 .0019  1e1003  3.14e-10j  3.14_15_937 ]
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2.5 QA4kx}

oS3 22 EZ2E52 A Y

; - * * / /7 5 e

<< >> & | ~ = =

< > <= >= == | =

2.6 12X}

o EZEL EHolA T8 A} (delimiter) £ 7]-5 ] T

( ) [ ] { I3

’ . ; @ = —>

b= — “e - // 3= o=

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

AR AT s AN E 4T AsUTh A5H v E A e AR Z 21 H E (ellipsis
literal) o] 2t EE s v 7L 5 UTh HE Tute] & o ¢ o 4FA} (augmented assignment operator) & ©] 3]
Ao 2 FRAZ 753 AT Ao AAS S YT

T}-2-9] 9145 = ASCII
Solv g ok

g ul7k QAL T8 A GOH o} 247 o

# \

{. "

)

th2-9] A4 = = ASCII 252 Tho] 2 o] A A-8-5] 7]
Hedez2A e degdyrh:

[0) Xy
e

s EEEEE N EE S RPN

[s ?

17
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CHAPTER 3

Hjo[E 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 i s operator compares the identity of two objects; the id () function
returns an integer representing its identity.

CPython & FA]: CPython ] -7, id (x) € x 7F A vlZ e FadYnt
s
N

a2
299 3e A Ao dOEE AT (A2 5ol 2olg wm A 139 AAFe 1Y
= A5 e hES AU type () B AR B (] A A4 AATHE EelF LTk ofe] W El 9}
SR 2, BAS] B (pe) B4 WA A et

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

it

<

L e
i)

LH

o o
>,
>,
(0]
f
%
i)
Aul
N

9
X
o
N
&
rlr
3 e

]

ol

\
o JII—>j re K

@
s~}
‘3
=
]
o 5
4

Ul

—

l

2 )
2

=2 o
i >
o yo

Ao, o B9ol AR L& WATH: Aol F5FUTh AT LR AW obF 7 4% AR oo W &
2 F& 7ol b,

o2

&

o
)
‘° N

32

lo -~
e 2
% ol
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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}
(ZAA 4 otd e PA A o2 FolFofof ).

Note that the use of the implementation’ s tracing or debugging facilities may keep objects alive that would normally be
collectable. Also note that catching an exception with a t ry-+-except statement may keep objects alive.

Some objects contain references to “external” resources such as open files or windows. It is understood that these resources
are freed when the object is garbage-collected, but since garbage collection is not guaranteed to happen, such objects also
provide an explicit way to release the external resource, usually a c1ose () method. Programs are strongly recommended
to explicitly close such objects. The try--- finally statement and the wi t h statement provide convenient ways to do
this.

o8 AN Al o8 B E LRI I oA A2 Al o] conaine) 3 F-E e
52, 2aE gAve 5ol Auolue e dyrh o] 25 Adolvs o) ARG Th thiEe, &
F AR o el e 3w, Bol gl AR S 2] oholAElE] Brye bE WA UL, 5, A o 1)
b el el =@ wlE 2 43 AAE S obol WE Bl BS wpy U th e, (FE 22) 29 AH o7}

7h AR =] RS st grkd, 2 7k A7 A S | A ol v 9] = Mg Th

B2 A9 ZE SRl AR 7t F &8s ol dF= FUTE A ololdE T 7} 2t TR RAE
ol WX e JF AFUth 2WF] A9, A ghe Bt A2 AARE o) v EA Sk A FAA
22 33 g A AL 52E 5 s yth el 7 AR A= old Zlo] 885 A st AE
s°la=1; b = 1%, a%b e g 1& A= 22 AL 5 93, obd #= JFYnh AT e =
[1; d = (1%l cobde FAY MR FaL, SPAT, A2 s Nl g AEQe] AP Y (c
=d==ASAAE ctdol A Th)

ofgof] sto] Mol FH F =] F5o] d5uth (FE et C v} Apuht D}— Aol ) R REES
27ke] B2 el 2 itk shol Mol vle) v A 4] & AS FL 2 5 Jed (£ S0, F5,
AR AZI AT d 5%5), BE 2ol By & 58 F7HE 7he ol o 271+ ddth

ool o= 22 Pof thst A2 ‘55 o] E 2] { E (special attribute)” & U dt= TS 2T th
OJAEL T 2T WS AT, YA ARES g Aol ebduth Hoj= Yoz MAE 5

GU e o) 3 ke sukel AA 7L ZAT T o) AA ol 1 o) None
g o12] 4R Aol kel BAE Tt ol ASH U ol Bol, WA Ao w UrtE
Eei7A ot a9 M8 g ke ARk

3.2.2 Notimplemented

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

] ZFA| 8k W82 implementing-the-arithmetic-operations & %318} A] 2

W 7 3.9 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.
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3.2.3 Ellipsis

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

o] Ellipsis = &3 &Ytk =

3.2.4 numbers.Number

VAT L 57 2 E Dol o3 WSl A 3, 2 A3 WG A P40l AT BAFUL SA AR
B0 B g wEold 8 WA gy shel el S Jesl Sar e et U
S A o) gleruiTh ST AFE S 0 E A4 A kS B YU

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

o FHle AR AgE of el 2 e M AR E AL RS A EHE JUh
o 7, EE2 100 At}
o 257 4] HY 0S5 AL st A 02 FAIH A kU th
« 273 5 B 0 A st T 02 FAH A s T
« B3 22V S wiwk 2AH Yo
ol AL H¢, Ag, BasE TR TH

NATL A A5 W F(FH D)ol Sohe 825 ek

Bkl
r (
4
N
flo
o
>
N
H
s
it
>,
[

= 9} wha 3 G abel] H ol ] Sl A2 A e AE A

F 7HA BRe A4 gk

A4 (int)
o] A2 (7H3) Wl R 8 7F & Fahe o Al 9l MY AHE T T Al Z E (shift) @} vf2 3 (mask)
Arto] ER A u= o)A o] 7MHHI, S5+ €52 29 H4(2° s complement) 2 A =4, £ &
HEZLJ& o2 7313 44 A3 22 a38 FYth

£-3 (bool)
ol 2L =gt AR Fe Ued Utk False 9} True + AA W £39 9
% 2] AH4] 9 (subtype) ©] 3L, T -2 Aol A 2471 0341 A | 52U T ol 9
Adl, Z+7] £AE "False" & "True" 7} W& Yt

9

=1
3

=
=3

AdUh &
Fard =z A ﬂ

=

r]r N
oBL‘
o

rlr

numbers .Real (float)

o] AEL 71 Al 59 vl A = (double precision) 5 A4 $& UYEFP U h s 2te &= 3o AL e HER
9] ﬂﬂ"ﬂ Hal A= sH 7] 751]4 A (&} C U ApuE 9) of] w2 = g=vtel] gl U th ho] M2 T = (single
precision) 5 £ 4F 5 A AR GH U ©] =5 £ o7k % Z2AA S R e F
gtol M A AAE AHE B S0 7 Bl &3 A E of wusiH YTt 2wl F 7HA FHe %4%
257 R Aol B e ket 71X 7 gl Ut

w
N
Hl
Eh!
og
X
ol

21
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numbers .Complex (complex)

NATLANA FEMAE BF £57 59 FORZ Ba5E HEUTh B35 A5 29 9A% BAYL
FRYUTH Btz o A5Fe H2RE, 97 A8 o2 HE z.real 9 z.inag 2 AW 5 Y&V
325 A|RAE

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 O, 1, ---, n-1. Item i of
sequence a is selected by a [1]. Some sequences, including built-in sequences, interpret negative subscripts by adding
the sequence length. For example, a [-2] equals a [n-2], the second to last item of sequence a with length n.

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

ojE Al A e /\ﬂ WA <28 (step)” W 7R A E AFE- Sk “EF S 2Fo] A (extended slicing)” &= A4 7 o
ali:j:k] €x = 1 + n*k,n>=0,i<=x<j & f{}é—‘a}%lﬁc FExEAAYI Y

AR B Ao wet T EE U Th

M
e
>
[
[>

EHAAE2 P AA = 4 s R Tol=HAE = gsUth (W oE AA 2o F2E 236d, I
AAL AL 5 AT, WA 5 AL UTh AT, B A 2R FeE AAe) A% A WA 5
AFUTH)

o7 e FEL 2H A2

£ 214 (Strings)

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

& (Tuples)
F2Y g5 A9 FojAH AAJUTh F I o] FEOoR T FE2 FUE FEH %
FAo| B2 o2 B 4 5k o] FEow 7 FE (42 singleton) & E A4 o] F0}E
AN HEFAFUHEZIZ FINS FESFJong AN o2 = FEE UHEA EF5ULH
W RZ2sA Nl 257 ws 5 Jd5yth
vlo] E & (Bytes)

Bo] = (bytes) 2171 21 M LRI Th F22 802 vho] = el 0 <=x <256 W] A5 = A
LhkMﬂEﬂﬂéﬁéﬂLMMEgﬂﬂéwam 9} 22) 3 )% bytes () A4 2 constructor)
S 88 4 YEUTh E3, wto|Ed AR decode () AN EE o) EADE 01D & A%
SEN
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7HH A EA
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Z3: The collections and array module provide additional examples of mutable sequence types.

A F e W 7 Al A o] sy th:

2] A E (Lists)
B AEe) $8 Q9o o)A AA YT FAEL Ful2 HelE WAL ) BE o) Yol BE
/\011\1413]’. (dolooj 18] gl2EE e =H HES Z .
n}o] & ull & (Byte Arrays)
ST 19 (byearay) A7 713 MY ATk 4 byeearsay ) AAAE WEAALEE. Aol
ACLAN 314 B 7Pk 2)S A9, vl = w2 B vhol 2 (bytes) A% 22
AT slol 25} 75 & A BT

3.2.6 gt HE(Set types)

GIAEE 3 g B8 ANE A UL FHD YRS JHAY S ADAL 4 B Iek A
Hol|ES = i, | T len() S HY ol J= FEEY 7 T %ﬁ%b}r/}- A 1:}94 %l‘i”“d

w2 @ 4 7 Al (fast membership testing), A] @ 2o A &
2} %] &} (difference), ™ A %} 5] & (symmetric difference) 2} 22

A5te] YAaEo=dqrg 7|9 22 B A 7o) ALd
o_] =] o] 24%5] 1—4_: 3] oﬂ _'__4 OH o}; ﬂ'b] I‘/]— EI_]:OT: ;<]_7]_ 71-1;]_
Zla‘]—oﬂ Solzt 2 9ath
SEESEREE LS B EeiEE
A3k (Sets)
o)A 7HA JAES YErHUTH W set () AR s 5 YL, add () 22 WA ESS AHE3)
A Uz A8 4 5yt
21 23} (Frozen sets)

0]74‘: ° B e YeE YT U frozenset () AAAAE W
< EBWola A 7hs st g, ok Ao dau, 9 v e g 7

—fcx}t‘fé-ﬂ 75‘%” e S I B e
THH(AE Eo], 1 F1.0), 25 vt

fu gﬁ
i&
of>
v
o
Mz

3.2.7 0§Z(Mappings)

O AEL %‘9491 AP A F3ro g Aqd A= ot
notation) a [k] + i3 a oA k & A& H = FEZ A

S el iych dd A = ]‘ﬁ (subscrlpt

o\ del & bl el @ s= AFUth W & len() 2wl 2349 FE59) 7114%5—@%—14@.
@A) 27N} W g el As itk
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ElA{L42|(Dictionaries)

ol AEE AY A AP A HARo g AP AYH = AAEY & JF¥e b 712 AT
R A B2E, gH Uy T2 9] 8] 7P Y FollA] ofoldlE 7} of gt re g vju s = A It
gAY B&H Fdol, 719 sAIge] EFel MAHA g AL 2L Fgor FAFESF 75t
A7) dEdUTh 712 AR H = A F o] A= A vl ol #e ARk H o] A gtk vhek 5 A}
2 v H (g E0,171.0), T th 22 9- e F5E Addst=d AHeE & dFUTh
g =AY €AE FAZUL 717 gAY e «AH o8 F71E A 2 SAZ AEE S 5
Ut 71 718 AAHE A= A A AR 7S AARNTHF A A st ol d AAE F A
A ol F7F Ytk

grvels Zb9UTE (... B7IH e R BE A5 YT (HA Ve s o] Ade A Al L).
2} 25 dom.ndbm I dom.gnu + 7+ w]33 & Al F 8=, collections & HA| vp74A ¢
Yrt.

W 37004 A7 9 2= 3.6 o] A9 stold B Ao A 4 A4S FA8HA ghskssyTh - CPython 3.6
oA, 4 "/‘17}v AH QAR DA G o= Aol HFo] ot 7 AR Aoz s gls Yt
3.2.8 Z2{=(Callable types)

oAlEX AT TE A E =AML F) ol A8E A= FEdUTh

ALEXL Hol

AREAF A Y e ARl e A Y E Tl weol AU (S Ao A ). o) &4 7) ¥ 4 (formal
parameter) 553} 22 7|0 FES 236 A A} (argument) 50 2 FE 5 of of Tt

Special read-only attributes

OEZ|RE o|o|

A reference to the dict ionary that holds the function’
function._ _globals__ s global variables - the global namespace of the module

in which the function was defined.

None or a tuple of cells that contain bindings for the

function.__closure_ function’ s free variables.

A A= cell_contents OJEZHEE 71X
9l Uth Ao 7He oS mul oy g Zhe A A s

LU AET 4 AT
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Special writable attributes

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

OEE|RE o]
' The function’ s documentation string, or None if unavail-
function.__doc__ able. Not inherited by subclasses.
The function’ s name. See also: _ name_
function._ _name___ Bt e e EE.
' The function’ s qualified name. See also:
function.__qualname _ _qualname__ attributes.
WA 339 =7}
, Gt g d 2ge ol F B (}IE 4-F) None
function.__module_
. A tuple containing default parameter values for those
function._defaults parameters that have defaults, or None if no parameters
have a default value.
The code object representing the compiled function body.
function.___code___
. ) The namespace supporting arbitrary function attributes.
function.__dict__ Seealso:  dict  attributes.
. ] A dictionary containing annotations of parameters.
function.__annotations__ The keys of the dictionary are the parameter names, and
"return' for the return annotation, if provided. See
also: annotations-howto.
A dictionary containing defaults for keyword-only
function.__kwdefaults_

parameters.

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

CPython 73 Z}A]: CPython’ s current implementation only supports function attributes on user-defined functions.
Function attributes on built-in functions may be supported in the future.

Additional information about a function’ s definition can be retrieved from its code object (accessible viathe __code

attribute).
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OIAEIA 0| A E (Instance methods)

ArgauASE Ses, Fs Qatag BE 288 AR (25 A2 H0) B5) S AIIU L

Special read-only attributes:

Refers to the class instance object to which the method is
method.__self T

Refers to the original function object
method.___func___

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

The name of the method (same as method.
_ func__.__name_)

method.__doc___

method.__ _name_

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

method.__module_ None if unavailable.

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

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

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

‘When an instance method object is created by retrieving a c1assmethod object from a class or instance, its __self
attribute is the class itself, and its ___ func___ attribute is the function object underlying the class method.

When an instance method object is called, the underlying function (__func__) is called, inserting the class instance
(__self__)infrontof the argument list. For instance, when C is a class which contains a definition for a function £ (),
and x is an instance of C, calling x. £ (1) is equivalent to calling C.f (x, 1).

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

Note that the transformation from function object to instance method object happens each time the attribute is retrieved
from the instance. In some cases, a fruitful optimization is to assign the attribute to a local variable and call that local
variable. Also notice that this transformation only happens for user-defined functions; other callable objects (and all non-
callable objects) are retrieved without transformation. It is also important to note that user-defined functions which are
attributes of a class instance are not converted to bound methods; this only happens when the function is an attribute of
the class.
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M2 0|E] &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 iferator object which can be used to execute the body of the function: calling
the iterator’ s iterator.___next__ () method will cause the function to execute until it provides a value using the
yield statement. When the function executes a ret urn statement or falls off the end, a StopIteration exception
is raised and the iterator will have reached the end of the set of values to be returned.

I 2 E| &4~ (Coroutine functions)

async def & AR A Ao &= T wAAEE Z2E <4 (coroutine function) 2F1l 55Ut} o] & g

of

E5&0d ZFE AAE SHEF UL await BHAAL 8| FE, async with @ async for & A&
g A5yt 28 A (Coroutine Objects) A A2 ARSI A L.

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

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

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

LH & &t4(Built-in functions)

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

e __ doc___is the function’ s documentation string, or None if unavailable. See function.__doc___
e _ name___is the function’ s name. See function.___name_
e _ self__ issettoNone (but see the next item).

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

L2} 0| A E (Built-in methods)

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

27
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EelA(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.

ZzHA 2IAEIA(Class Instances)

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

3.2.9 2 =(Modules)

Modules are a basic organizational unit of Python code, and are created by the import system as invoked either by the
import statement, or by calling functions such as importlib.import_module () and built-in_import__ ().
A module object has a namespace implemented by a dictionary object (this is the dictionary referenced by the
__globals___ attribute of functions defined in the module). Attribute references are translated to lookups in this
dictionary, e.g., m. x is equivalent tom.__dict__ ["x"]. A module object does not contain the code object used to
initialize the module (since it isn’ t needed once the initialization is done).

JERE UYL 5 o] B YA E AATUTH 68 Sol,mx - 1 Sn._dict_ ["x"]
13 pHUT

Predefined (writable) attributes:

__name___
The module’ s name.

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

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

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

497 A olERES:  dict = gHUZ BdHE BEY o] & B0k
CPython 73 44z CPython ©] &5 )4 1] 22 u]-$-= ubl w] 2ol &A1) 2] o] th et 22 7} hopgl el ehe,
wEo 272 E Hold B E Gl i AUTh ol 242 sa g, 91 e B BAS AU I A B

24 o] §5He B AL BEL FholFojof gk,
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3.2.10 A2 X} M| EelA (Custom classes)

AR Ae FHla FELS B FHla A wEo EAFUT (U~ Ao A Fx). FH@ae Y

AYE = ;ngg_ ol FE AF UL FU2 oERRE FxE ol gAY e 23] & Wsg Y

th o & So],c.x =C.__dict_ ["x"] & HIAP U} GBIA W JEFHE H23E THE PHES

& etste of 2 71A ?T(hook)OI S&%HD}) A7|oA SJERHE o]Fo] HAR A ko, o]ERHE
o o

EEH2ENA ALEE YL o] R S92 AN 3 WA E ZA <A (method resolution order
st=tl, thE 4ol 7“’ 2o Zgag Bo|lx ‘tho]o}E E (diamond)’ AL LRI EAHE
24 SZFEYTE sto]l# o] AR C3 MROO| &8 & ©] ZpA| g W §-2 2.3 vz o] HEE 74 https
/ lwww.python.org/download/releases/2.3/mro/ ol A Zrob& 4= 15U th.

—1—’\-/

When a class attribute reference (for class C, say) would yield a class method object, it is transformed into an instance
method object whose __self  attribute is C. When it would yield a stat icmethod object, it is transformed into
the object wrapped by the static method object. See section T] 2~ = 3 E] %313} 7] for another way in which attributes
retrieved from a class may differ from those actually contained inits __dict_

ZesoEYHE YL 22 AU E ANT R, oW A9E RE o2 AUl AR A=
A& o
Sea AN SHA ALAAE EAFES(FNE HANL) T2 5 ASUTHSN S HAA ),

£ 4= o] E 8] H E & (Special attributes):

__name___
The class name.

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

__dict___
The dictionary containing the class’ s namespace.

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

doc,

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

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

3.2.11 ZefA 2IAEIA(Class instances)

A class instance is created by calling a class object (see above). A class instance has a namespace implemented as a
dictionary which is the first place in which attribute references are searched. When an attribute is not found there, and
the instance’ s class has an attribute by that name, the search continues with the class attributes. If a class attribute is
found that is a user-defined function object, it is transformed into an instance method object whose ___self _ attribute
is the instance. Static method and class method objects are also transformed; see above under “Classes”. See section
t] 2~ = 9 E] 7313} 7] for another way in which attributes of a class retrieved via its instances may differ from the objects
actually stored in the class’ s __dict__. If no class attribute is found, and the object’ s classhasa ___getattr__ ()
method, that is called to satisfy the lookup.

Attribute assignments and deletions update the instance’ s dictionary, never a class’ s dictionary. If the class has a
__setattr__ () or__delattr__ () method, this is called instead of updating the instance dictionary directly.
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3.2.12 1/0 Z4A| (ulY HA2tDE 22N JASLIcH)

51 770 = Qe Qe UE Ut 512 A€ Bhe e of 2] AbA Ba ol e th open () U B4
os.popen (), os.fdopen () I 427 AR makefile () WA= (281, ol & ZEE O] A==
o2 gy mAAEE).

sys.stdin, sys.stdout, sys.stderr = A Z B9 & Y4, =, o8] 2EFY o7 27314H ¥+
AASYUTH EF HAE RER P A io.TextIOBase 34 Fel20) 93] BYH AHIF o]~ 5 i
o,

3.2.13 LHE S (Internal types)

JHZEH7 R A E Aot B FE52 AR A A =& Ut IE Z 2] E 9 v W oA o] 59
Aole WA 5 YA, BATE A9 o7 4 A

T E ZHi[(Code objects)

T E AA = vio| ER A3t H (byte-compiled) A3 7153 gtol W T =E et =], 1 F vlolE I = gkal
T BEUth 2= AA 9} g4 AR ol Akl 7F FUTh T4 AA = T4 A N ZZi(globalS) (&7}
AHolE nE)S Uﬂ/\]ﬁ,gi Fzska YA T = AR = o] H Z 9 (context) & 21 9 A] F Ut o7 2
AAZEE 0] = AAof] A= o] YA ZE AA o= S YA Fsuth (A& A7) A4t = FES
e 7l Wl 24U th. g ARl obe 2], = AAE Eol /b AR ol tidt oW e (A H FL
AR 2E) 283 YA GFUTh

30 Chapter 3. E-'"OlEA E%



The Python Language Reference, E2|A 3.11.10

Special read-only attributes

codeobject

codeobject.

codeobject.

codeobject.

codeobject

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

codeobject.

codeobject

codeobject.

codeobject

codeobject.

.co_name

co_qualname

co_argcount

co_posonlyargcount

.co_kwonlyargcount

co_nlocals

CO_varnames

co_cellvars

co_freevars

co_code

co_consts

CO_names

.co_filename

co_firstlineno

.co_lnotab

co_stacksize

The function name

The fully qualified function name
WA 3119 =7}

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

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

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

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

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

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

A tuple containing the names of free variables in the
function

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

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

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

The name of the file from which the code was compiled

The line number of the first line of the function

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

The required stack size of the code object

An integer encoding a number of flags for the inter-

codeobject.co_flags preter.
32. BEE AS 3
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The following flag bits are defined for co_f1ags: bit 0x04 is set if the function uses the *arguments syntax to
accept an arbitrary number of positional arguments; bit 0x08 is set if the function uses the **keywords syntax to
accept arbitrary keyword arguments; bit 0x20 is set if the function is a generator. See inspect-module-co-flags for
details on the semantics of each flags that might be present.

Future feature declarations (from __ future_  import division) also use bits in co_flags to indicate
whether a code object was compiled with a particular feature enabled: bit 0x2000 is set if the function was compiled
with future division enabled; bits 0x1 0 and 0x1000 were used in earlier versions of Python.

Other bits in co_ f1ags are reserved for internal use.

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

Methods on code objects

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

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

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

o Running the interpreter with -X no_debug_ranges.

» Loading a pyc file compiled while using -X no_debug_ranges.

« Position tuples corresponding to artificial instructions.

 Line and column numbers that can’ t be represented due to implementation specific limitations.
When this occurs, some or all of the tuple elements can be None.

WA 311 7}

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

codeobject.co_lines ()

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

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

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

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

o The (start, end) ranges will be non-decreasing and consecutive. That is, for any pair of tuples, the
start of the second will be equal to the end of the first.
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» No range will be backwards: end >= start for all triples.
o The last tuple yielded will have end equal to the size of the bytecode.

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

W A 3.100) =7}
o B

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

codeobject .replace (**kwargs)

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

WA 3.8 =7}

=8| ZHX|(Frame objects)

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

Special read-only attributes

Points to the previous stack frame (towards the caller), or
frame.f_back None if this is the bottom stack frame
The code object being executed in this frame. Ac-
frame.£f_code cessing this attribute raises an auditing event object .
__getattr__ with arguments obj and "f_code".
The dictionary used by the frame to look up local vari-
frame.f_locals alillas

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

L The dictionary used by the frame to look up built-in (in-
frame.f builtins trinsic) names
The “precise instruction” of the frame object (this is an

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

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

Set this attribute to False to disable triggering a tracing
event for each source line.

frame.f_trace

frame.f_ trace_lines

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

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

frame.f_ trace_opcodes

frame.f_lineno

Frame object methods

z 8 d AA = A WA EE A DY th
frame.clear ()

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

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

B A 3.40] =7}

Eg|o|AHH ZHx||(Traceback objects)

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

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

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

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

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

Special read-only attributes:
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Points to the execution frame of the current level.
Accessing this attribute raises an auditing event
object._ getattr_  with arguments obj and
"tb_frame".

Gives the line number where the exception occurred

traceback.tb_frame

traceback.tb_lineno

Indicates the “precise instruction” .
traceback.tb_lasti

The line number and last instruction in the traceback may differ from the line number of its frame object if the exception
occurred in a t ry statement with no matching except clause or with a £inal 1y clause.

traceback.tb_next

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

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

&2}0|A ZHR|(Slice objects)

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

: t & o}k (lower bound) YU T} stop & 45 (upper bound) YU T} step
J2kE 749 None AUTh o] O ER HEESE oo Wo| D 5 AT}

)
k)
9
[>
i3
i—‘a
rr
ok
g
1o
2
>
[
]
N,
rjg
ot
<
k)

slice.indices (self, length)
ol MM == stute] A4 A&} length & WrobA kol A7) 4 o] length 1 Al Aol 2%
o 2 geto] 2o e A HE AUk Al 7He] A2 A FEe sdsUh ol AdE
start £} stop Q1B 28, step FE= S 2Fo] 28] AEBFO| = (stride) Aol YUt A AR HAE
AE A5 Anba ol Sopo] 29} 2 P o= ThY AU Th

AEHE! HIAE ZHA|(Static method objects)

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

w
N
Hl
Eh!
og
X
Ol
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EaiA HAE ZiA|(Class method objects)

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

33 S+ HME OIF=

A class can implement certain operations that are invoked by special syntax (such as arithmetic operations or sub-
scripting and slicing) by defining methods with special names. This is Python’ s approach to operator overloading,
allowing classes to define their own behavior with respect to language operators. For instance, if a class defines a
method named ___getitem__ (), and x is an instance of this class, then x [1] is roughly equivalent to type (x) .
__getitem__ (x, 1i). Except where mentioned, attempts to execute an operation raise an exception when no ap-
propriate method is defined (typically AttributeError or TypeError).

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

Weddes FW e Sd2s 78S o, 22 ZY3ste AA o Do 5+ 7w FH k= 2 o]
FToAUL A& Sol, o N2 N FESS AW Ane e & 54T 5 sk SPX]“]'AF/}
O|AE AU+ A2 Do) o+ E = AdFYth (o] " 8H71A] o= W3C 2] Document Object Model ©] NodeList
Q)3 o] 29l e}

3.3.1 7|2X2l HAE{OIO|A[0|M

object.__new__ (cls[ ])

BAs sl A A2AsE ME Aol SEAULE _new ) £ 2dE A=Y (2187
A5 Gohe = SWa ALY A, 2 WA A2 oD o b s Sen)
AL U A4S AA AR B (EH2 52 o] ADE ASAUG. _new () 2
uESE ghe A AA] Q2 El 2o] ofof FiTh (B dls o] Q2| 2),

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.

Wt new () 7hds©] AAHAE BHEA o Al AAHAY  init () £ 5EHA RS
gk,

__new__ () & F 2 EWY(nt, str, tuple} Z-2) o] A B FHY 27 AAElA S ALEufo]| =g 4=
T 5 T NGB, T o A 35 e} S AA 2 A4S A el ool o1 51
A3 AHgE Uk,

object.__init___ (self[, ] )

(new_ () ol S3l) 2R 2A S0} Fof, AT BE AN A B %7 Aol EEF U A%
Segda g Rdes dgH AT, G ols Fela} inie () WASS 23
ke, Au Zelao] _inic () MASE, ATHE, QAR sl Wol s Zel Ak AA s BE

2The__hash__(),__iter (), _reversed__(),and__contains__ () methods have special handling for this; others will still raise
a TypeError, but may do so by relying on the behavior that None is not callable.
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o] SuLE A i7li€}%% 23] st7] e YA o' SEFojof Tk & 59]: super () .
__init__ ([args...]).
NAE = Lcﬂ _new__ () % _init_ () 7t @Y YQOBE (_new () v UEL,

_init_ () = 3AE A2EHutol=2F YL, init_ () 7} None 0|99 S Sz AP

7k TypeError E doAYth

object.__del_ (self)

A2E A7} 31 7] AR o] E&FP U th stoldeto]A == (R4 ZsHA) ot Ahetar & o) vhek
Wolx FeAa7t del () WIANEE ZaL °1D}tﬂ A4 F Al  del () HIAEE, AYH o
AThd, A AE o) A HﬂolAiaHAﬂxMﬁh ES AA3 A AA B Y38, A H oz w o]~
ZH 2 M EE TE5 oF Tt
(DA = FATH)  del () HAHEEAAEA U N2 IFRE UHFOZHN A2EHA
I E A AN D = JdF UL o] AS A 2 )
ol FHAIZ TEEIAE T we o

Bl = 2B 7} £ 8 & uj o} & Fo}g)

Ut

AL ded A del () §BESA Btk o) gt AL x 9] 2 A (reference
count) & S} 744 7] 31, ol gl A x 9] Fx 25740 o) B ) £ ek,

CPython 53 A}AJ|: 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.

15 =4

3 del_ () o]l TEHE EAAHIT A
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object.__ _repr_ _ (self)

repr () W& ol 3] S5 of A o] “3 2] A < (official)” #AE T8-S AU Th vk 7

shthd 1&43@8(1.2&_}L o] oA ) g = AAENE UE =

A Bolok Ttk 5aA ShohE, <. .. a2 2e A%, ..> Jeje] B
r

Rl e HPC/\] TX}@‘OM%QHD} ”hk%?ﬂéﬂ str__ () ‘Siol __repr__ () ”J*é/l?fh‘/}fﬂ
_repr_ () =2 ZH:2 A2E A “H] P A A (informal)” FAFE H o] 872w AHEE = UF
Yt

o] ALt Ao ALGH 7] Wi Eoll, R o] FRTF HAEE HaL BRI EHA] @A sk Zlo] o Th

3.3.
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object.__str__ (self)

str (object) & W& &4 (), print () °l &3} :EE% o] A «“n] 3 A A < (informal)” &
BRI =

T W17 EA A 7t = 13y Al EAFE AR o] of gt}

ol MINEE _ str. () o] SHIE FolM mAA S FHE Aol ZHH A Fethe FollA
object. _repr () STHEUTH o Belsha ra e £Wo) A8E 4 A5

WAZE object ol Y H 7B LA L object._ _repr () 2 3&3UL}

object._ _bytes__ (self)

bytes ofl )3} BE % o] A o) vpo| =& EHS AT W S WEA bytes AA o] of Gk,

object._ format__ (self, format_spec)
format () W &<, Fdistd, 29 FA<L 2 ¥l E (formatted string literals) ©] A4+ str. format ()
WA 0] o)) BEE of, AAS| “E A FAD HAL B WL T formaspec AAHE 875
2 FAEES 288 TALE YU format_spec AAY] A format () & FHIE Fol
ge o, By 2aas TuEe HETEe] S AU A, e 29 4 BHE S
Tt

= X’ 1 ol o3 A = formatspec £ Faretd gyt
WESE g2 WhEA] A1 o] of of F T

W 34004 HA: object & _ format__ WA = ZFA-L, ¥l F AL o] opd Q1A 7 A G= W TypeError

Z: o]A object._ format_ (x, '') =+ format (str(x), '') 7} o}y =}t

object._ _ne_  (self, other

©
=
2
>
Q
2 23 2 2

object.__gt__ (self, other

object.__ge__ (self, other)
o) A2 & “FF3h v i (rich comparison)” A=A Ut AR 739 A E o] 2 7lo] BA=
e 25Utk x<yEx.__ 1t (y) E2F Mc‘r x<=y = x.__le_ (y) E3Z&FYT}H x==y
£ x. %E‘Hq,x?ytx.inei(y) %ié?&ﬂﬂ‘r x>y Ex.__gt__(y) ¥

‘(D
I
<
e
by f°1'

._ge_ (y) E3EFYrh

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

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

AREAF A ) Wl AAEAE A stal g e 7= ARE 5 QL A Vs AAE vrEE 2ol 3%
27 F2F W80l __hash () o FT Ekel YF U

There are no swapped-argument versions of these methods (to be used when the left argument does not sup-
port the operation but the right argument does); rather, __1t__ () and __gt__ () are each other’ s reflection,
__le () and __ge__ () are each other’ s reflection,and __eq () and __ne () are their own reflec-
tion. If the operands are of different types, and the right operand’ s type is a direct or indirect subclass of the left
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operand’ s type, the reflected method of the right operand has priority, otherwise the left operand’ s method has
priority. Virtual subclassing is not considered.

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

object._ _hash__ (self)

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

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

Z3: hash() = AA7F ZL8t_ _hash () MAE7 28 FE 3S Py_ssize_t & Z7|2 A}
= \JF}(truncate) o] AL HE 64-bit Y E o Al &= 8H}o] E 1, 32-bit ‘QEOﬂ/ﬂ = 4ulolEJ Ut} vk
AAY __hash__ () 7} /‘13 OEHE 37| & 2 =S Atolol A &7 AbgHojoF Stttd, =&
AdE LESoAM F& Ao U th o] F A st= & W2 python -¢ "import sys;
print (sys .hash_lnfo.width) n Ayt

If aclass does not definean __eqg___ () method it should not definea ___hash__ () operation either; if it defines

eq_ () butnot ___hash__ (), its instances will not be usable as items in hashable collections. If a class
defines mutable objects and implements an __eqg__ () method, it should not implement ___hash__ (), 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).

AL AR ZEllae 7R ACR  eq () ®F__hash__ () MIAEE ZFUTH 2 AA= (A7)
A4S AL etar) 24 Gt ¥l E A, k. hash_ () = AN FS EHFo,x == y g x is
y £thash (x) == hash(y) 7t Ao 44T O‘CE?MD}

() EAABYSL__hash__ () EARYSA = FWLe__hash_ () 7FNone S & B H
1/]1‘/} 220 hash_ () A E7}None o H, Zej A0 Al AHAL m T HARS Fod
A =& 0] TypeError & € 27|10, isinstance (obj, collections.abc.Hashable) & AAME
w) 1A 755hA) ghehar Swhe 44 Uk
et _cq () EARYSE ZUAIRE ZUHARRE _nash_ () 9 PAS BAVL H0wW 9
BHZg oA HA|A o2 o|FA XA Fo]ok gt} _ hash. = <ParentClass>._ _hash_
WeF_cq () 8 AR A g 2ehasl oA AAE WRD Ao, Foha Bjol _nash__

.

l‘li‘ I

None & E3all of hth 2HA19] _ hash_ () & A3 @011 A% TypeError & 927|= 3¢
isinstance (obj, collections.abc.Hashable) TZ 0] 3|A] 753t 2& 01 ”?JFIJD]-
3 71BEAOF stridtbytes AAES] _ hash. () T2 9IS 5 g FFTOE “E EF o] (salted)”

%Ik 71 ol 8 22 Al Vo] M WA S e w FAE AT, so] Mg WA o Asa
e A5 s A gtk
This is intended to provide protection against a denial-of-service caused by carefully chosen inputs that exploit the

worst case performance of a dict insertion, O(n?) complexity. See http://ocert.org/advisories/ocert-2011-003.html
for details.

A ZEY WAL 3ol o] gl @ o] A A o] QS =1t fo] WL o] Ao thal ojW HAE B}
ok U Th (28 AL B% 32-bit &} 64-bit U T Abo] o] A = ThEU Th.

PYTHONHASHSEED & 1314 Al &

3.3.
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W7 330140 WA Sl A B4 B Z) R o w BskE o).

object._ bool__ (self)
Called to implement truth value testing and the built-in operation bool () ; should return False or True. When
this method is not defined, __1en___ () is called, if it is defined, and the object is considered true if its result is
nonzero. If a class defines neither __1en_ () nor _ bool__ (), all its instances are considered true.

3.3.2 O|EE|RE MM A FHAE{OIO|A|O|M
Zejs Aadao] JERE 32 (7], WY, x.name S AR 7)) 9] o] S WA E7] S5 ok}
2L WA =S JolE £ A

object._ _getattr__ (self, name)
7]% HJEZHE IMA7}AattributeError 2 A o] SEH YT (name o] A2EH A oJE|HE &
Eself 9 P2 EF Jd= o EFGHET} o BHA getattribute () 7}AttributeError
£ QoA A name 25 E)9] gt () ol AttributeBrror & 20 A u). o] WA S = (A 4H8)
O EFHE %S W37 U attributeError o2 E 4o A oF gt}

AR AL E S8 ABFEZFBAHAY __getattr () o] ZEHA 5 1145110?6‘
o|AL __getattr () F__setattr () | = withF YUh. o] FA = o F

wol7| % 3hal, APA A fo ™ getattr () ZFISEXS BE o] ERRE **—:Lﬂ
%71 01711%?‘&4‘&} Aolm Axtd s W oT,O%EEi HE AAEX O ERFE HA 2
2 A o2 (Al A5 E o Aol Hayh G g Alejl AA Y 24 S dFTh

OEFHE MNAE AARE A3 2Z3F= Ao A= oo b=  getattribute ()
ol A U T

object._ _getattribute_  (self, name)

Zefn damse oEnRE AN TAHS] A 24 go] ZEAUD wer 2o
27V getattr_ () & A FASIWHE,  getattribute () 7} MAFHLE TEF ALY
AttributeError & YO 7| X Q= ol A _ getattr = iéﬂ ] g Uth ol HAEE JJEZ R
E] (A4 %kgiei—rﬂb‘rAttrlbuteError q]ﬂ% do Aok Ut o] M= 01]/‘1 -3k A 7]
(infinite recursion) 7} LA 5l= 2 & ‘:”'7] A8, FHL A% ]14- 5449_?} oEFHE A7 Y& 7
o] 29 Hlo|x~ ZF 2 HAEE TEF ok FULh o] E E0],object._ _getattribute_  (self,

name).

ZF31: This method may still be bypassed when looking up special methods as the result of implicit invocation via
language syntax or buili-in functions. See &5~ H| A = 23],

Ol 2} obj, name & 2 ZFA} o] W E object._ getattr_ & TAA R YTH

object._ setattr_ _ (self, name, value)
SlEEHE tol A o 5 YT AU WA (S ALT DAY el G A
2) il 410] o] 2 6] £F LTk name 2 ol E 2 HE o] B0) 1, value £ 17 0] Y shel gk

setater_ () A AaBa ol EelfEe] tgshe L T ulk, L ol ol Wols Feae] v A
% SEdor gyt & E0] object._ _setattr_ (self, name, value)
o] 2}

4
obj, name, value & ZFA} o|H E object._ setattr_ S WAA A YTH

object._ _delattr__ (self, name)
setater () FI2AAWIEYHES T Yok o ol AT o] AL del ob).nane
o] A1) oI 0|7} Gl Aol T P A= of oF Tk,
Q1 A} obj, name & & ZFA} o] HIE object._ delattr_ 2 WA 7Y TH
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object.__dir__ (self)

Called when dir () is called on the object. An iterable must be returned. dir () converts the returned iterable
to a list and sorts it.

o

E 0{EZ|EE HMA HAEOIO|MO|M

L.
llf

__getattr 3} _dir £ BEFEJEZFE NI HIZS LA B st vl AHEE T
S BE £2__gerare  GEE ol Aw olmciiEs 58 wop A g8
AY attributeError S WA A Aok Ut dutA ol 23] (2 obj getattribute ()
jojEgn E7]_ 25 AA oA HAE R koW AttributeError & ?:_‘27] 7] Aol =& __dict__

" getatte_ % AARITL BAS Y, o B HE o Bo% 1948 5% d5HE EAFUL.

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

FACIEYRE AR, Z2HE F)S Hoh A LotA AHEA B sted, BE AA9 __class__ o]
EZHEE types.ModuleType 9 AH Z| 22 AT ¢ S5 ULH o E EH

zo,
ofy

2 gt bt Lm
v
oft —lN

_>|:ol.m

—~

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}...")

super () .__setattr__ (attr, value)
sys.modules|[ name ]. class = VerboseModule
3. BE _getattr 75-494-_‘?_% class_ AAL JEZHE AN LES AL 23] o9
FFE oAU BE A D A A A AL (R E Sl 2 o @ HA 20 A mES] A HA
Lﬂﬂﬂltﬁf&%‘i%ﬂﬂﬂﬂd QLA 5T

WA 3504 WA o]A] __class__ BE JEEREZ}I 27 7y th
WA 370 7} _getattr_ I} dir. EE oEZHE.
©] BH.7]:

PEP 562 - 5 _ getattr__ 3} dir__
BEo| )3t __getattr__ I __dir__ F4S AWIUh

CIATRE 73i517]

gl 2 WASES WASE AR Fe2 (49 B2 DY (descripior) S 2) 9] A2E 2T} 254
(owner) 2e20) 54T W2k A EH I h(T 2I R 244 2ol B 2 R a2 F
o) G412l slofok FUEh. ko] ool A, ol EelHET & ol ol 2fiat Felasl _dice_ o 712
g 3 9t o= HES shel gtk

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

272 A (FA2 AEYHE A1) Y T2 ZP22 AAEA(AAHA AEGHE AN 1) 2
AEYFEE H3H Y o SESH Utk A owner AR = 272 ;2 Y Ut wHA o] instance =

33. S+ 0ME OIEE 4
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o

OJEZRE Fx7F dolual e A" 2ol AL, o E-|RE 7} owner 5 53 HA 2 F = 49 None

U,
o] A== ANE o] 7
ol
A

m

HFE AU AttributeError 98 o Aok Tt

=

Me oA E = ZyBolgtn A AT YL Fol A AL WA
ST}, QR A s F U5 E B @ ek U sy
4 __getattribute_ () +38 8% Zlﬁ‘r A glol B F

PEP 252+

LLgv

r>' —ﬁ —{ﬂ ru]o

_get_ ()
Y23 e &= o] BAE A
g7} 98 & g%k st
AAE BF ALGFch
object._ _set_  (self, instance, value)
A2 S A" X instance 0] A EBREE A Fhvalue 2 A3 o S&Fth

__set__ ()oY __delete ()& F7}3td Y2IZHE {3 o] “t] o] ¥ t 2= Y ] (data descriptor)”
24T fATAA L. A NS 2T 5207 FEIYA L

£m$4m
N

= O

],

object.__delete_  (self, instance)
AFAF FH 29 A2E 2 instance & A ERFEE AAE uf SEH Yt
Instances of descriptors may also have the __objclass__ attribute present:

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

ClIA3EE S&3517

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.

SEARE L0l 1L BRE AR S A A=l REE A A AATE AYU, A

Eola.x=a._ dict_ ['x'] A A ZE A type(a).__dict_ ['x'] & A type (a) 9 HE =
25 A9 3k e o]~ %aﬁéég 7%%% 7He 4™ 232 FAAE Y

i}, whek 23] % ghol AT HE WA EE FES AA Y, spo] A2 72 T2 thAalol AT HE WA
E2 5284 YBUth $HEH B2 o S XA oA Yo] YouheA L ol W AT YH WA=}
Aojxo] gl ojd Ao g S5 =X upe} oYt
U2 529 A28E A% binding JUTH a.x. oA AXFS o] 2FE LA+ a o g} ThEU T
49 5%
7 RN E 7 AL E TEL AR ALY FE/UATHE YAZE Y 32 w9y
o} x._ _get_ (a)
I EL Ealpe b
AA AxBExo] AFEH, a.x = old 3&FF HBEF Yt type(a). dict_ ['x'].
__get_ (a, type(a))
SRR
2o 23, a.x = oA TEZ HIFH YT A._ dict_ ['x']._ _get_ (None, A).
Super 2%}
A dotted lookup such as super (A, a).xsearchesa.__ class__._ mro__ for a base class B following A
and thenreturns B.__dict__ ['x'].__get__ (a, A).If nota descriptor, x is returned unchanged.

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

property () &t tlolH aageZ FAF U o] wj &, A28 2= Z 2 E (property) o] 5 2H-S
HAE T fsyTh

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

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

object.__slots___

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

Notes on using __slots__:

When inheriting from a class without __slots__, the __dict__ and __ weakref _ attribute of the instances will
always be accessible.

Without a __dict__ variable, instances cannot be assigned new variables not listed in the __slots__ definition.
Attempts to assign to an unlisted variable name raises AttributeError. If dynamic assignment of new vari-
ables is desired, then add '__dict__ ' to the sequence of strings in the __slots__ declaration.

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

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

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

o) ulol s Fe s sdors o AL)H OB L ol E MEE slos o 4Tk, W] o]
2 YAt AR AL DA LT 5 g A UM o2 S AT E UAIYHE 44
233t AL N Th. o) AL 2 1AL JoH A S AHUE LA Buck e, o
WA 5] 3 A AL 2718 AU

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 iterable may be assigned to __slots__.
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e Ifadictionary 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__

o 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.

3.3.3 SaiA MM FHAEOIO|HMO|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 YA E 2= FNAY A E Fe 27 vEo A of }D‘rig%}ﬂﬂ cds= M AR ZFH2Y YT
whef ubR 9l A A WA =R e, o A= E FAHo R Fea WAz WPk

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

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

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

pass
712 33 object.__init_subclass__ = o}F A& 3R AT QX7 23 EH o] TE2H W o9 &
QEA A U T

Z3: HEe ZW A I E metaclass = YA & AXJ o 93] Av]¥ 0, init_subclass_ =

A2 2] et AA| el Ze A (FAA AE B4l £ type (cls) 2 AAAT S A%

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

o ZpA S W82 Fef o~ A wk
H A 3.60] =71

mln
o
N
kd
ol
>
>,
fo

olEF a4

NEHo 7, Feaetype () S A HEAFY UL S8l n A ol &
/\Ol——type(name, bases, namespace) & A¥o] XN FAH o7 AZAF Tk

_,d
O,
rlr

SHEE BEE AL T o Eollmetaclass 719 E AAE AEst AW, 29 AE 2943 o)A
2AsE ZUAE ASToRA ALl 2E 4 YU OHE oo A, MyClass £} MySubclass &

B 5 Meta & A2EHAQ YT

class Meta(type) :
pass

class MyClass (metaclass=Meta) :
pass

class MySubclass (MyClass) :
pass

o) Qoo A AR TE A E AASL olefol A AuE L RE e Ze)a A4ER AE T
Ze)a o)A 49D ), B2 2L w7 4 E U rh:

« MRO g%0] 25 H Ytk

. ARG e 2 a7 AR P UTh

. 222 o) 2ol ¥R YT,

. 2o~ AR 7} Bs o T,

object._ _mro_entries__ (self, bases)
If a base that appears in a class definition is not an instance of type, thenan __mro_entries_ () method is
searched on the base. If an _ _mro_entries__ () method is found, the base is substituted with the result of a
callto_ _mro_entries__ () when creating the class. The method is called with the original bases tuple passed
to the bases parameter, and must return a tuple of classes that will be used instead of the base. The returned tuple
may be empty: in these cases, the original base is ignored.

| ®17):

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

PEP 560
Core support for typing module and generic types.
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Sl oo A e Felas v 2ol AP YT
o Hlo]2ot YAIA QA HE FHAE FA] %= AP type ) o] AHEFEUTH
s FAAJAHE ZHATEAGF AL, DA 0] type () o Ax" 2T o™, IS WEF ST ARG
Yk

et = S type(cls>)%°ﬂ/‘1 A E%‘%‘%E‘r 7}””“}01 «4”‘“54 e 2 ?41 % o] BE 9] A
(subtype) ?J‘/]D} theF o]u A o] 2AS WA Rovd, FelA F 2= TypeError &
A3 gy o}

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.

wher et Zo|20] _prepare OEREZ QbE, 2ol o2 B ul £4 Qe B 273
gk

o X17]:

xec (body, globals(), namespace) Il]— Zro ] AsE Utk dulA ol exec ()
2 Ay 7F g Y ol A o] o] A ulf o] 3] 2~ 337 (lexical scoping) ©] Z 2} vl (&
stof & dxﬂﬂﬂ 3= Q= 01%%% %‘ZB}E%a%}@D}% Adyrt.
1o o 4 o] R0l W R, Zoh s A B E WAL Bejs 23
S B s @i el B AR S A 3 A A
ANASAY TS AHGNA AR BA A2 o}l 2798 class_ 28 S50k Ty

Hvé“’

Aot Fex o] F o] vy E AT o= A YA H, S 7“iﬂ7Pmetaclass (name, bases,
namespace, **kwds) & B3 HEAFJUTHA7|ANA DAL= &= F718 A 719 = AA=E2S _ _prepare_
of AdH AEI ZH Y.

o] Fe 2 AR = super () o AAE FA] = A F2EHE AYYUTh __class_ & 2 vt vl A
EE T o= shuEks _class U super & %}iﬁa‘ A5 Astd el o3l vhEol A= FAAA 2 EA
(closure) ZF= ¢ th 13&% A2 A= FE Y super () 7Fol3] 233 7Ivte g AA) i Jd= Fela
£ gntEA 2S£ IEE FYh vhde dAje] TE AHgE SHl AU dad A vAER AEE A
HA AR}l 7] 28 A A1 H Ut
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CPython =& A}A]: CPython 3.6 o] 4ol A, __class__ A(cel) & Za| 2 o] & F7He] __classcell 4l
Ef & vE FHaod dEg Ut vk 28T, o] AL FE ATt ulE A 27315 7] 9380 type.
__new__ ZE7HA AgelA Aot ofof gt o] FA &4 XotH Fho] A 3.8 o A= RuntimeError
olold A4IL T

When using the default metaclass t ype, or any metaclass that ultimately calls t ype . __new__, the following additional
customization steps are invoked after creating the class object:

1) The type.__new__ method collects all of the attributes in the class namespace that define a
__set_name___ () method,

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

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

of 23H FHi2 vlZ olE Sl A (ATHH) e~ E ADsta,
3 ﬁJJré iaﬁ/\ﬂ- 7‘4«13% 219 o] F &7l AZAFTh
type._ new_ E A} F 27t wEod o, o] ¥ H I Alss s AA = M2 Os A4 e
fsg o' HAbE a1, Y] AR = WU T A AHES ¢ 7] A& = =HA] (read-only proxy) = Aol &=,

o] Aol Zex AR dict_ oEelHEZ HU
] B7):

PEP 3135 - /‘H super
B A class. ZEA FzE2 A9k

HE} EejaQ =
HE S FAAQA 5ol & AV s Ut &4 H 2 71A ofojt] o] ol = enum, 27, Q1 E

ol AAL, AH53HE 9 A (automatic delegation), Z}EQ—Q —L?._.ﬂ E] (properety) A A1, 3Z 2 A] (proxy), :iEﬂ o
(framework), 2}5-3}5 21 Z 71/ 7] 3} (automatic resource locking/synchronization) 5 ©] $l<5 4t}

3.3.4 QIAEIA QI AME SeiA ZAL HAE{OLO|H|O|M

e HAEEL isinstance () € issubclass () W 459 7| E 222 A A 3= ) AFFH U T

E3], e} 28 2 abe.ABCMeta = ZAF ¥ o] A Z )] A (Abstract Base Class, ABC) S t}2 ABCE £33} ¢
o FHRa2FUAFF S =YL oﬂ “7Hd W) o] & Z 2 2 (virtual base class)” 2 =718 4= QUA| 38 L

class.__instancecheck__ (self, instance)

e
filo
f
v
iz
AW
ui
rd
12

Ao)= ¥, isinstance (instance, class) % ?@‘3}-7] 3] =

class.__subclasscheck__ (self, subclass)
subclass 7} (A H A VAU A O 2 class &) B S22 HAFE 5 glowd F= = FUrh &
A=, issubclass (subclass, class) & F337] 93 s Yt}

ol MNESS EEH’*A FEE S oM 23] d k= Aol Fo s of dunt AAl LA Sl

=
2

AAEE GO8 4 Gt o A8 A AR ] o 5B AL S AT Ee] 2319 g A2 o]
o) A9 AzEE Fes AR,
EER]
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PEP 3119 - &4} Hlo]| A Zej2 o £¢
__instancecheck ()& subclasscheck () & %3] isinstance () 2 issubclass () 9
542 A2Evho Aoh o) B2 3 FoLe E AT, of 159 57 ddolo] 24 vo|x Za)2

3.3.5 MUIZ & S LH7I

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__ ().
classmethod object._ class_getitem__ (cls, key)
key ol & A A @AY Fef 20 E435 Vel AAE B F

When defined on a class, __class_getitem__ () is automatically a class method. As such, there is no need
for it to be decorated with @classmethod when it is defined.

The purpose of __class_getitem__

The purpose of ___class_getitem _ () isto allow runtime parameterization of standard-library generic classes in
order to more easily apply 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 callthe __getitem__ () instance method defined on
the object’ s class. However, if the object being subscribed is itself a class, the class method ___class_getitem__ ()
may be called instead. ___class_getitem__ () should return a GenericAlias object if it is properly defined.

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

from inspect import isclass

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

(TH& sl el Aol A%)
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(o] A | o] A e A AL
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, 1if obj is a class and defines __ _class_getitem_ _,
# call obj.__class_getitem _ (x)
elif isclass(obj) and hasattr(obj, ' class_getitem '):
return obj.__class_getitem__ (x)

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

In Python, all classes are themselves instances of other classes. The class of a class is known as that class’ s metaclass, and
most classes have the t ype class as their metaclass. t ype does notdefine__getitem__ (), meaning that expressions
suchas 1ist [int],dict[str, float] and tuple[str, bytes] allresultin__ class_getitem _ ()
being called:

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

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

>>> # "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'>

© ®7]:
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PEP 560 - Core Support for typing module and generic types
Introducing __class_getitem _ (),and outlining when a subscriptionresultsin__class_getitem__ ()
being called instead of ___getitem ()

3.3.6 22 2| SLH LH7]

object.__call__ self[ args... ]
AABEIAV} S “TEI u] TEF HE} ol {METL B H M, x (argl, arg2, ...) ==k
type(x).__call_ (x, argl, ...)ZWHIgYrch

3.3.7 ZH|O|HE S W47

The following methods can be defined to implement container objects. Containers usually are sequences (such as 1ists
or tuples) or mappings (like dictionaries), but can represent other containers as well. The first set of methods
is used either to emulate a sequence or to emulate a mapping; the difference is that for a sequence, the allowable keys
should be the integers k for which 0 <= k < N where N is the length of the sequence, or s11ice objects, which define
arange of items. It is also recommended that mappings provide the methods keys (), values (), items (), get (),
clear (), setdefault (),pop(),popitem(), copy (),and update () behaving similar to those for Python’
s standard dictionary objects. The collections.abc module provides a MutableMapping abstract base

class to help create those methods from a base setof __getitem (), _setitem delitem (), and
keys (). Mutable sequences should provide methods append (), count (), index (), extend (), insert (),
pop (), remove (), reverse () and sort (), like Python standard 1ist objects. Finally, sequence types

should implement addition (meaning concatenation) and multiplication (meaning repetition) by defining the methods
_add__(), radd__ (), iadd__ (), 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 ___len__ () method returns zero is considered
to be false in a Boolean context.

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

object._ length_hint_  (self)

Called to implement operator.length_hint (). Should return an estimated length for the object (which
may be greater or less than the actual length). The length must be an integer >= 0. The return value may also be
Not Implemented, which is treated the same as if the __length_hint__ method didn’ t exist at all. This
method is purely an optimization and is never required for correctness.
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[a[slice(l, 2, None)] = Db

= Wes 1, T YEE vha kA Quith W Sebol s G52 4 None 0.2 9P Tk

object.__getitem__ (self, key)

Called to implement evaluation of self [key]. For sequence types, the accepted keys should be integers. Option-
ally, they may support s1ice objects as well. Negative index support is also optional. If key is of an inappropriate
type, TypeError may be raised; if key is a value outside the set of indexes for the sequence (after any special
interpretation of negative values), IndexError should be raised. For mapping types, if key is missing (not in
the container), KeyError should be raised.

T for FEe AR 28 U2 A A8l AR 920 th3)] IndexError 7F Aol
AL = 7t syt

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] 29 YL T/ 98 3ZHUT _gericen () 3} 22 797} Ao,
WAl Aol A7 71 o hel W Aol 9] S S AT A5, A A0l G gl
ZAE e wivt FEF ook FUTh A5 H key $O] AP __getitem () X} ZL AL E
SEEEE

object.__delitem__ (self, key)
self [key] o] AHA|E F&3H7] Aol & %%qﬂ}._getitem_() I Fo7t 223 g o
Aol AA 7L 719 AAE 51‘“4% A A2 Bee FENANA2EREH AALD = A T

TFAF oo Utk ERH key B8] B¢ __getitem () oA T2 AdE DA} 5“4 o}
object._ _missing _ (self, key)
dict.  getitem () o] dict B Z oA 7|7 Ao glo selfkey] S FAT7] sl
TP
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& &57F 9 o] & o] A (reverse iteration) & & 317 913 (A thd) SE&F ot A H
oo P& AANES A9 <07 BHAFE= A ol g # o] E ANE= Eﬂ-’ﬂ oF gttt

_ _reversed__ () WA= ]-Xﬂ%'—ﬂ A koW reversed () WASFEANAAZEZEEZ( len ()
I __getitem _ )% Ao g2 ALFUTL A D2 22 EZS X]ﬂﬁ}% AAEL reversed () 7}

Al &3t E“/}Eﬂ AN LAS ATE F+ As Eﬂ‘?_}ireversedi () & AZaH ok Fch

I AAFAAALS (in S not in) 2 HE A ojuo ti gt olEj o] H o= 73 %WD}. SHA| R ZE o] U]

WA A

AAed 28 TS SF 2 ST HUAEE B3l A3 = AdsUth ol A AA = olH2HEY
2o sy

object._ contains__ (self, item)

WA A AAAE A As 2P Utk item o] self ol oW FE, TFA o AR
S AR AU mis ARG B, 71-3k Aol okt v ) 71 7F A o of F Tk
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__contains__ () & BYA &= AA S B, AHA AAe WA __iter () T 53 o]HE
NHE NESF, _getiten () & EB S AAA
g o o] Bg FAFA A L.
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574 38 Fol 7] A3 L5 Le MASEE HA R Sl UTh FAH & S She] £ o3
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object.__add__ (self, other)

object.__sub__ (self, other)

object._ mul__ (self, other)

object._ _matmul__ (self, other)

object._ truediv__ (self, other)

object._ floordiv__ (self, other)

object._ _mod__ (self, other)

object.__divmod__ (self, other)

object.__pow__ (self, other[, modulo] )
object._ lshift__ (self, other)
object.__rshift__ (self, other)
object.__and__ (self, other)
object.__ xor__ (self, other)
object.__oxr__ (self, other)

These methods are called to implement the binary arithmetic operations (+, -, *, @, /, //, %, divmod (), pow (),
** <<, >>, &, ", |). For instance, to evaluate the expression x + y, where x is an instance of a class that has
an___add__ () method, type (x) .__add__ (x, y) iscalled. The _divmod__ () method should be the
equivalent tousing ___floordiv__ () and __mod__ (); it should not be related to __truediv__ (). Note
that __pow__ () should be defined to accept an optional third argument if the ternary version of the built-in
pow () function is to be supported.

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

NotImplemented.
object.__radd__ (self, other)
object._ _rsub__ (self, other)
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)
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object.__ror__ (self, other)

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

AR pow() £ __rpow_ () B EEHAL AL ol FolaoF FUTH (A el d 2ol
F20] U5 BT,

Z: wok 0 2% 5| axie) Fo| A% Ao Fe AH Fefsolq, T A S AT} A4k
8 v Ee] e 2L AT, of WA} A% Ao F 8| A e vAZRT} A
SEHULL o] £4E AB ZeA7t 245 A4S AR T 4 A== T

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 (+=, -=, *=, @=, /=, //=, %=,
**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, or if that
method returns Not Implemented, the augmented assignment falls back to the normal methods. For instance,
if x is an instance of a class withan ___iadd () method, x += yisequivalentto x = x.__iadd__ (y)
JIf . iadd () doesnotexist,orif x._ iadd__ (y) returns Not Implemented, x._ add__ (y) and
y.__radd__ (x) are considered, as with the evaluation of x + vy. In certain situations, augmented assignment
can result in unexpected errors (see fag-augmented-assignment-tuple-error), but this behavior is in fact part of the
data model.

object._ neg__ (self

)
object.__pos___ (self)
object.__abs__ (self)

(

object.__invert_  (self)
A ik A4, +,abs (), ~)= T3] 98] SEFH Uth
object._ _complex__ (self)

object.__int__ (self)

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

4 For operands of the same type, it is assumed that if the non-reflected method — such as __add__ () - fails then the overall operation is not
supported, which is why the reflected method is not called.
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object._ float__ (self)
W& & complex (), int (), float () & F 37 &) TEFH Yk FHE3 9 3¢S EFoF
.

object.__index__ (self)
operator.index () & FA37] A% £EH 1L, shol Mol 4 AAE A5 AN £ §lo] WHs
oF & 1 (2 2ol 4]t 7 bin (), hex (), oct () S-S A SHEN Bhe} 2T}, o WA =9
e = 7“2417}@" Fde 7@”4@ HEA] A5 S8 F oF Pt
_dint_ (), _float_ () B __complex ()7} AolH o] YA o, i A & int (),
float () ¥ complex ()& _ index_ ()& AFH&3YTh

ofr

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

object._ floor__ (self)
object._ ceil__ (self)

WA &4 round () @ math 3 trunc (), floor (), ceil () & F3d3}7] Y3 S =&F Ut ndigits
7} __round_ () 2 ALGEHA] =L o] HAEEL BT Integral (% int) 2 29 2AA Y 3
Fo7 ot By

The built-in function int () fallsbackto_ trunc__ () ifneither__int__ () nor___index__ () isdefined.

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

3.3.9 with & HEIAE zZ2|x}
A~ E B2 2} (context manager) = with 2 AP o x}2] = A3 A2 E (context) = 7@45}% A Y
Uth 7 B20] A3 2 o3, Al AE e A= Qs Nsﬂ/\]ﬂ 53&“&5&4 A EEe Ayt
AUAE Fe 2= BF with 2 (wirh & A A A A FUth 22 A &5 A7 159 Uﬂ/ﬂ—% TEHA
AG LS 5 JdsUTh
A 2E A2t AP A GEoll= thded T7F2 A 448 (global state) S Hasta B8k A, A=
2 7] (locking) 3} 31 °di71 (unlocking) 3= 7, €9 3}Y S &+ 4 5o dFUth
A AE e 2] th 3 o 2}A| 3 A B = typecontextmanager ol L& U] T}
object.__enter__ (self)
o] AA 2} AAA AYA L AHAE] AYFUTE with T2 as D2 AR H tfdo] QIThH, o A
co e g ddgn.
object.__exit__ (self, exc_type, exc_value, traceback)
o) 272} AT AAAI AYAEE SR ) ARSEL AL A R W o 2] &

7€ th whof A AET} o 9] glo] F28ThE, Al SR B None o] Pt

ghef ol 9] 7 Al g H AL, M =T S Q] & FAA 7L Ao (5 F4tetE A2 o) H(true) 2
Sk FUTE 284 ¢Fod o8& o] WA =T EFE Fof AL {]1‘%‘41’4‘-

Note that __exit__ () methods should not reraise the passed-in exception; this is the caller’ s responsibility.
o B7):

PEP 343 - “with” &
stold with ol k54, W} 4, .
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3.3.10 Customizing positional arguments in class pattern matching

When using a class name in a pattern, positional arguments in the pattern are not allowed by default, i.e. case
MyClass (x, y) is typically invalid without special support in MyClass. To be able to use that kind of pattern,
the class needs to define a __march_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) isequivalent to case MyClass (left=x, center=y). Note that the number of arguments
in the pattern must be smaller than or equal to the number of elements in __match_args__; if it is larger, the pattern
match attempt will raise a TypeError.

B A 3.100] 7}
o BW7):

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

3.3.11 S HME =53]

AHgA AL B2 A%, BAAA EL WA £5 AR A2Hx gAY s obd AR ol
ol o] 98w et ut= A Bage] HAPUrh old $4L the e LEA S QorE A

Yk

>>> class C:

pass
>>> ¢ = C()
>>> ¢c.__len_ = lambda: 5

>>> len(c)
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: object of type 'C' has no len()

The rationale behind this behaviour lies with a number of special methods such as __hash__ () and __repr__ ()
that are implemented by all objects, including type objects. If the implicit lookup of these methods used the conventional
lookup process, they would fail when invoked on the type object itself:

>>> 1 ._ _hash__ () == hash(1)
True
>>> int._ hash_ () == hash(int)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: descriptor '__hash_ ' of 'int' object needs an argument

F o AAHA G2 HAEE SE3HE o] 4 FRHA A=+ 55 ‘W F 2 T (metaclass
confusion)’” ¢]gtil £, EF HAEE I T uf A2HAE 33 WHoE 9T ¢ JHFY

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

True

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

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

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

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

object.__await__ (self)

olE @8 & EeH ok Gtk o4

°|El &
asyncio.Future ¥ await 28237} T35

A& A7) A8 ALgF oloF gtk A& 5
71 Y&f o) WA EE FET LT

ZF31:  The language doesn’ t place any restriction on the type or value of the objects yielded by the iterator
returned by __await__, as this is specific to the implementation of the asynchronous execution framework (e.g.
asyncio) that will be managing the awaitable object.

WA 359 F7F
o BW7):
PEP 492 7} o} 9 o] E] & A A of] T 3t o] ApA| S A B E 2 3Fstar 3l

)

k.
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3.4.2 A EE| ZiR|(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.

FHE ool Ygst= vA =S T3 23 =, Alv gl ol 8 (A v & o] Bf-o] Bl | o] E] H A = & HAIA|
2)° AE3} Bers UL A EL AL el ol Bl sk D), ZREL ool de A A U5 .
WA 352004 HA: TFES F W await 3P'H RuntimeError & 42 7Yt}

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

coroutine.close ()

FFdo] A= Xéﬂ?‘f}i FTRIGEE Utk T IR H o] YA FA| FolH, o Uﬂ/ﬂ = WA
Fdo] A FAHEE T olHH oE 9 close () MINER A Uth(aHA oA = = 7= 49).
I8 s A A X] Ao A GeneratorExit & WA 7| =d|, AFE 0] Z A x}/\l A els 2
B YTh viA e 2 IR Ho| Ag ’;‘E?}ED}E F A=, oF A Al &SR 24 ¢F e W = 1 T

FFE AA 75D = 919 Z2A|2of whet AFs 2 2 @3 Y th(closed).

3.4.3 H|=7| O|E{2l|0|E{(Asynchronous Iterators)

HE 7] ol o8 & At 8] __anext_ HINEOA BT ZEE ST s UTH
H] %5 7] o]l & o] Bl async for EolA AFRE £ Q5T
object.__aiter__  (self)
HE 7] ole el ol e AAE Eei 5 oF Pt
object.__anext__ (self)

ol g olE o e e =

StopAsyncIteration o &
W5 7] o e el 2 A2 of:

o ¢

£ ojglolHE & Ak Gtk clHdA Ao Euw
907 ok gtk

class Reader:
async def readline(self):

def _ aiter_ (self):
return self

(TH& sl oA ol A%)
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(o148 s o] A oAl Al A
async def _ anext__ (self):
val = await self.readline ()
if val == b'':
raise StopAsyncIteration
return val

WA 3.50] =7}

¥ A 3.79)| 4] *H 7 Prior to Python 3.7,
iterator.

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

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

34.4 H|S7| HHIAE 22|X}

W5 7] AEYA2E 2] X (asynchronous context manager) + __aenter_ 9} aexit_ WA Z oA AP &
A FALD 5 Qe AHAE #2 A Yo
H57] AEAE #AE| A= asyne with EAA AFEE 4 55Ut

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 similarto __exit__ (), the only difference being that it must return an awaitable.

H 57 A 2E A2 Fef 29 o

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

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

WA 3.50] =7}
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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

4.2 0|1} ¢1Z (binding)

421 0|52 A&

o5 (Names) & A& 7Fe] Ut o] 52 o] 5 94 A4t w2l Tl F vt
The following constructs bind names:

« formal parameters to functions,

o class definitions,

« function definitions,

 assignment expressions,

« targets that are identifiers if occurring in an assignment:

- for loop header,

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

S a
Zojgolt JEE B2 FAhAY T4 A B B L BE Yol SHE 4 YL, BE FEEH
B 4Y 5= Jeuth

AE W, nonlocal o] global 2 AAFR] ¢k o]A}, T EF2] A9 AE-YY
. 18 A AdAE™E, A WU (BRE TE B2 W4 S o)l A9y t}h)
W7 FE BEEOA ARRE A, A 7| oA A2 = A] ok kol A-f WS (free variable) 9 U T

| ~E o] 575te 2H2He] o] 552 thaoll e+ |5 7 M (name resolution) 7 2] of] w2} S+ & =
[e]
=

2T (scope) & EF WollA o] 52 7FA A (visibility) & F o] g th 2] o Rig7F ESoA HojwH, 149
A2FZE O E5ES 2T e H o7 T BEF oA o] oA W, 23 H EF 0] 1 o] Fof thal ohE
S UEA G o 2Tz AYsta Y= A Gl 238 RE EF5 02 gyt

o]Fo] L& EF oA AHSE uf, 718 71l S8R Qe 2T 2o Qe e R ANE UL ZE E50)
B S A BE T2 JFES EF9 &7 (environmenr) o] 2til H-F U th

ool UM T TAF A k2™ NameError o 2] 7} WA Uty whef AA] AT L7} T4 AT Z o)

a1, 72 o] 5 o] AFRE = AR o} & AAE A ¢k 2] M4 UnboundLocalError o] 7} #AY gH T}
UnboundLocalError + NameError & A B S 29t

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

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

global ¥ 22 859 o]F 44 A3 22 2325 dsUth A W2 4¢ 7H 7H7kel A == %
© &3 27} global & 2T, I A W= A2 AFE Ut

nonlocal L t]-g3}= o

1 AZ9 o) FL HIES
RHE U ek Fo) 7 o] Fo] EY A T4 2T T ool = g o] °

ot A | syntaxError = Y
A0tk
w9 08 TR RE| AS ATED W AF O R BEO|FUTh 23 Y e A HES P4 _nain
ozt EY Ut
g Ho EET exec() Seval () 2 ALH = A= S o] & A 2H S 25Utk 232 A
¢ o] £2 AHE T A T 4 Yk AW AT EAUL o AREL AATA LAY WS A
o8 BN BTk A2 AL ol A4 AurAel 742 Eth Fex 409 o B T
Zejzol oEa e QAN R UG 22 2N 29T o] BEY) 2TnE S B Ad

[<2]
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Uth HiAEEe I E EEo = 3 WE]X] FEUth- ol A2 Az A A g oly £3-S 2Fat=t
oJAEC T AT ZE AMSIA FEE 7| i EdUTh o] AL T Z2 A o] Anfsitt= Yy th
class A:

a = 42

b = list(a + 1 for i in range(10))
4.2.3 builtins 2} X|5H=l AlSH
CPython 78 Al: AH8AHE _bui1cins_ & A= 2|2 oot qhileh ol A e TR AP ALYt W
o) B79) G MANT A4S AHBAE builtine TEES import A 179 ol S HES A A
43 oF g
FE EE AP ARAH WA o] F T2, AHA A o]F T o] __builtins. & XFFOoEH
WAG L ol AL GA el B Eo|olo} FichFAe] A% wEe] GAU et ASH I Th, /24
©2, main_ EBEY Y& ulE=_ builtins_ 7} W EE builtins 0|3, T2 25 Y& o=
__builtins__ +builtins BE2 g g ths B A It

A5 A4l il ol & AL AT A o] of]2h AW A Aol o] Fol WU Th o] AL TheH 2L BET

42 St = 21 o th
i =10
def £():

print (i)
i = 42
£()
eval() Fexec() FFE olF AMS A A A digt Aol flFUTh o] 52 5E2H9] A G
erﬂ"ﬂ ol & ﬁﬂoﬂfﬂ AAE = JAFUth A A5 7 7rke] EE A ol & F ko] oyt A o] &
FoA AAE YL exec () Feval () o= AGH A o]5 TS AAHYE 5 Jd= A 753
A27F AF YT wheF k7] 3 o] § F Tk FojA ™, T 7l o] F 7HA BEZ AR H U TH
4.3 0|2
o= dE oA 2 A3t A8 T= &5 Rt Ao & ME sEYd Ut oy 7t
ZAE A ZANA A E Do P YUTH(raised); SR TE EFo|U A HE 2 HHZHSZ of &7 LA s
FEEBEESISETAEH IE EFQAMZA A= A2 &= dsytt
sholA A Z B HE AP A AHO0SZ e A Z2)E ZAT o o & doflyt) sto|ld =21
W raise w2 AAEIA YA H O R oo E o 5 AdFULh A9 A 7]E try - except o2
AARF Yty 19 —‘Ezo“ﬂH finally 7+ %8 (cleanup) T =& A Al o] AHE= =0, 2 & A g3t
Zlo] ol g} ShA T = A of| ] 7} Al et 1 E ] ok As g T

o ¢
2
k)
N
N
2}
N
N
1y
T
ox

glo] W& of| 2] 2 g|of| “E 2 (termination)” =& S A& 3T} o
H}”‘D‘rﬁlﬂl/\i AP 741 e QAL o2 o] A A A
(EAS Z= 27k AF5H ThA A ZA 7= A2 o9 dUh.
A S, JHZEHE JEJBM AR Z FEHAY 3
Utk 7 3% 25, o9 7} systemExit ¢ A& A& 5, =l
A

! o] SHAl & o
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Exceptions are identified by class instances. The except clause is selected depending on the class of the instance: it
must reference the class of the instance or a non-virtual base class thereof. The instance can be received by the handler
and can carry additional information about the exceptional condition.

N 2

Fa: o 9] v XA = sho] A AP 57 obg Utk 1 Uj§-& shol el Mol whE w) B glol WAE
93, TEL oo MAY ABmelgol ) 4B 5 Yt D=L o] o] & £33 WoloF Gk

PR

A 1ry & oA try At raise & oA raise ol thek A o] Al Ut

>

o2
1]
=
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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 RES QX E A2 AFSE 2H8-3517] 93 F5H3HAPIE 11]-“@"/]5} & £, importlib.
import_module () £ YXE ZAE FFs=d Y WP import_ () o ¥l&| A%, o st
APIE A& Ut o AASH Y82 importlib gto]H e g AHYAE 7‘}2'5]'@ Al L.

5.2 17| X|(package)

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

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

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

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

5.2.1 ™Mt o7 |x]

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

o} 2 o] Ao EAStE A-FAJA W7 AJYUTE B A7 A= BE _init__.py FES 7 HHHHR
FAPYh A AN QEED W, o] __init_.py o] FAH Oz A5 3, T50] Fo 5
AR Eo] 749 o] B3] o] BEE AAFULE _init__.py HAL B BES| 2 5 gt
AT 2E vhol W FES EFY 5 A3, ool WS YEED v BEe| R /HA) o=l REE FAAUTH
A E Sol, b2 22 st A& " wj X = H 4] parent 3] 7] A &} Al 7R o] A B 7] 2] E o th:
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

0]
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

FHYth ZEH/\‘]parent/one— gAog
& AN Ee B A A F ol it

142 g,

A g X &8s A, stol e JEED BE(EL 37X, A e o] £ oA FolHe F23HA Frh
.0l 0]2L import Bog AZH o]y QA1) importlib.
R A9 NS ER R SYTh

TUL, B ERER 7= Fo2 FREE AE2L S UdsULL dE
d £, v Oﬂ foo bar &, u}X| 92 & foo.bar.baz

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
X foo, foo.bar, foo.bar.baz FEEE T Uttt 2z 7)o Sot= =S 25 AA YUYt
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

718 AANE NP 2ES 3 A= A R(CHE BEE0] obg 1
iy, % 0| B2 5o AN E FAHAN :
25 ¢ oh) BES R S0l vone & Y S E A, o JEE

i

i)

it
ol _g

30
o
o
jule
ke
mt
2

25 AAo] gt F2E FATHY, sys.modules & HA FES FAE T T A JZESIH 7 &
A e 22 2o] of A ol Fo sl oF Iyt ¥k el importlib.reload() = %
Sk, hdetA REL FE=E thAl AAsA ZE W8-S tha] 273yt
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5.3.2 1}Ql{(finder)2} 2 (loader)

BEE] Sys modules oA WA= A FoH, RES 3to
O ZEEFL2 F 79 7HL3Z4 AANEZE A4S
FS AL, FolR o] F BRES S 5
%01;{15%&-1—‘?—%141:}_3_%4 S ERES E

-

A 2ES7) A5 sl ae] JEE ZREZo] T
g th sHolE 2. shelrle] 4 Aol

o]
AEd g8se YD, = Aol nre
9

rzia

Ql 77 9)

ok

o
rx
rlo
2
) mln
_}L
hi
B
O
_‘1
_\;
2
ke
_VE
Hl
o
bl
n
ol
=3
30,
ofy
o 4
)
pe)

W EEY A4 A
LRELUTE P2 oA
< URLE
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H
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[ fe
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5 S oA Ay s
2 A4 5 e AAES A
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30,
fy
v
v

o 4 S
X
:oll_v“
X
ta
!
o
X3
1o
g
do
e
do
fuj
=)
N
do
:O'l_l:
=
wo o o
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o u it

e
(% (Ml ook
Y
i
o,
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o
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)
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f
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P
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o
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o
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ﬂllol_m

w2,

)
N
o
=)
2

o
X

Eiﬂﬂﬂ o A4S AR, dEE A48 g

o

o
it rlo

o
<,
iin)

yo ¥ o> O [0 &
e O T

[0%)

N

2,
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15

=R
mloo}.ﬁ

mm ..
o

N
LE Jl-ﬂi

!
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[$)]
w
w
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Hl
[m
Hob
3
o]
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(o]
@)
Q
CJ

E 33 ¢ JAEE AAHJSFYLH A QA WAYUSS A2E = (import hook) YU T F
7 A 2 Ho] JdFE Fo] Q5 Utk UﬂE]——-;(metahook)JJr%‘}_E A 2 32 (import path hook).

A8l A&, sys.modules A 23] & A Q3 thE d2E A Eo] A ZE 7] Ao
2 W e &o] sys.path A g, L2 E +§,‘41%‘E%‘%% AR E 4 JA FUh thel
%2 sys.meta_path o A A A E F7HetE HHO R SET 4 JdFTh

2 FES v A A
S F7eteE o=

s.path (F2 package.__path_ ) A 7=, AAA H
A3txo], 4XE J &2 52 sys.path_hooks o A} F7

0]
=<

5.3.4 O|E} & = (meta path)

Fo]7 o] FY EES sys.modules oA 2E 5 §1& o, Tho] WL sys.meta_path E A 3=, HE}
AR oY AA S 552 236t JdFUth o] fRlEso] FolX o] 9 RESZ AP ste WS
obi1 9=z il—ﬂs}_l,:_i qz;mu} el AZ FoAEL find_spec () 2= olEA HA =5 A oFt
o}—tﬂ Al 749l RS WotEdUth: ol &, 92 E A E, (B 7Hs J)E}ﬂ (target) 2 5. W B} A& I}l =

FoJR o5 RES AT F JE=AE @7‘3‘3}7] Al ojE Aol A A 4= °‘A‘/]"/1r-

W e A2 A7 Fold o 5 RES AeShe WE AThY, 29 AANE BBk 1
AT None & EHFUTE W sys.meta_path A7 283 F8]F 2] Xotal 559 ol =234,
ModuleNotFoundError & 4o th HASHE=ETIE A EL 2 IAA 7|, dTE T 225 =0

.

el A2 9k H 9 find_spec() FINEE F AU A 7o axtz gggq;} 3 WA o

A3 Aatshd ol & (fullyqualiﬁedname)%ME} & S0 foo.bar.baz. F WA ou}L nE 7

A2 AEZJUrh FHA9 BEo] BF F HA QAR += None o] A7k, A/ H B 5oL} Al B 3 7] 2

‘ﬂ“‘H AA= FE 7122 __path  oJEZRE FIYch J‘l.“ﬂ.xéff&_path_ﬂ B HEE F23
oW ModuleNotFoundError 5 oAUl Al WA] QA= ojn] A3 B& AA| old|, FHoll4

E‘%%‘EH”OWHD} AXZE A AHL T}A] & (reload) 3 wf 7+ E} 1S A DT,

%nqn r_
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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__ if 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 ALl 2o 3 of Ptk
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2
12
N
2
23
o
ul(i
lo

Fu

n)

N
 f

Y

[o

>

o2

lo —O.E fo

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}

N
X

o

ol

rlo

o "
x

2
[-m N,

i)
& > o0 19
1o
12w o
=TI
N 3o o 2
i
Mgy
M & g0
JrsL rlr
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)
Zi
ko{
_L
fu 2
O
f
Zi

i
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o ¥y

> X

[t
(%] rol, [
= (=
d
=
2L

Ml o
rlr e

‘sz

oo e

o rfo [t

S

0 ol

ut
oll
off
2
2
[t
2

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

.ol wEo] Shold BN BB AR 295t Go ohlehol, 2rt vEY REE
2 g 4 o|F F7Hmodule. _dict_)olA Q@) oF Flck
E

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 of Fo1d o] Fo) BE AA 7} ol n] EASH, ZE & VEA T AR E Aok

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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o At gl AFAS Ay H E2ELH = AS BAG7] A8, EC7FEE ZEE A7) ol BRE
sys.modules o] £A)3 oF gt}
. RF 2 0] AHH, ZEL sys.modules o AT BEES AAN o} T, AT BEUS
A AN oF 3k, 27} 1 RES A Y WA H o2 2 ESH 7 of vk ZejoF ghch
WA 3504 HA: exec_module() © BT YA W create_module() ©] FLH A o
DeprecationWarning o] WA},

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

=

12

B A 3.100 A ¥ 7: Use of load_module () will raise ImportWarning.

542 ME 2 &

o HAYUZOCZ2E (95 £, importlib APIE, import Y import—from &, W& _ import
MEREO ZEd u, MH BEE AAZY AdZ2 FE EEY o5 &7 o] FAH{ULh o & £,
spam ©] A]/H 2 E foo & 7}A| W, spam.foo & YXE 3 T o= spam o] A/ H EEo AdZ4H o]E

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

RO

spam/
__init__ .py
foo.py

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

[from .foo import Foo

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

>>> import spam

>>> spam.foo

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

<class 'spam.foo.Foo'>

slo]x o] =3t o] F AE &

ZEZA 7|5t B F AL ol&LH Y Wk sys.modules['spamn'] & sys.modules['spam.
foo'] 7F AT (18] YEE o] Aef7 2 FUth, Foll J= A2 TEA] eFell Q= 29 foo o] E 7
RE7} = ofoF ghth

= Ao
543 & A4

YEE A= YZTEFA A EEN HI GFTF BEES AP 58] 29 Hol. R 2 JHE= 2E
RE FEolth BE 2 BEA2 0] JXE A AR E REYE 8= AdUth

Y2E FA S G FE7H JEZE A AH] 7 8458 A2E £ YFUTh A E S0l 28 &9
= HeEE IHS IS APt =Y ol 7 2T AL, GEE AA7L Y Y FF A2 (boilerplate
operation) & T3 & 4 Y= st= AUtk & 230 givtd 297t 2E AdS AA FUth

25 AF2 2E AA S __spec_ oEZREER =P Ytk ZE 239 gl tha AT A2

ModuleSpec & HA| 2.
WA 3409 37}

5.4. 2% (loading) 69
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QEE FAE 2YoE FH LU BES Y] Aol BEY 270 7234 7 ZE AR o] o] =2
RESS A9 4t
name

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

__loader___

_loader_ OEYHELEEL W JEE A ALT 28 AME AR o of T

o] 21 F & JAE =3 M (introspection) & 9] 3+ A o] Ak, F74A Q1 ZEjof] #3tE 7552 18 2
A% Sth ol 2 So] =olot A5He HlolEl S A= Ao gt

_ package_
259 _ package_ oJEZ|HE& HIEA] AAHojof gy Th 32 EAF oloj ok of=H], __name__
F 2L A5 ZEol 7 A L wl, __package_ F_n
REo| i A 7tobd uf, H 49 REC|H RN EAERE AAHIL, NEEE ]“5_ A5k JH7]Z]4 o] EQE
AR ofoF Futh H AT &2 PEP 366 & T2 8HA 2.
PEP 366 o 915 o] Y3ol, W mEAA BA R 4T) 4 F
AEZHEZIAEH YL __spec__.parent I} 22 Y Ao
WA 3.6004 HA: _ _package_ 9] o] __spec_ .parent I ZL Aoz ZIH Yt}
—_Spec__
__spec_ OEFREL-REES YXTE T AL EE 2007 A ook T __spec_ 2
Ads] dAstes AL e ze|E 7t 5 BEES & updriA 2 Hgg Uk
SH7FA] oA €)= __main_ Qld], o H Aol __spec__ o] o] Z -l None © & 475 th
__package_ 7} ZYH A ko, tJAEZ _ spec_ .parent 7} AFEEHUTH
WA 340 F71.
WA 3.6004 HA: _ _package_ 7} AYHA Lo AEZE _ spec_ .parent 7} AFEEH YTH
__path__
g WA AH (A E= ol 71}) ‘57“?4]-4 __path__ SJEZFEZIHIEA] A5 ofof Ty
OF. gk ol Bl ) 20| of of 3 _ bHeelu st gen W oHel R 5 dsurh vt
__path__ 7FH]o] Q1 A] ¢Frhd, u*—“hé”fﬁ —v‘x}"é% Algsof FuTh __path__ & o mof A3 A &
&2 ofeffof] vF Y th.
A71A7h ohd BES  path ol E 2R E 7} glojok T
_ file

name__ t4l, ©]

__cached___

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

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

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

5.4.5 module.__path__

ool M=, 5o __path oJEZ|{HEZFCH, o] ZEL ;A A YU

H71 4]  path  OEHEL AH 7S 29w AL TH AZE A} Yo A, AZEFE =
ARES AT AANEY EF5S ATtk HollX sys.path & 22 752 3%%‘49}- O}Z]E’}_path_
= HE sys.pathil:}xﬂ‘l,kzzjo] k=)o),

__path__ & BALY oJHHE AL v YL
__path__ °ﬂ AL, 7)1 A Y __path. &

oA g He 25U

714 _init .py AL A4 path  o|ERES AHSHAY MY
420 9] 0| F T A A S TAE P 02 GG UL PEP 420 9] £ 0 23
A7 _path__ 2% A=W FPSFHE_init__.py FAS AT Lol AG VI AR E AL
AEOE o)F FUHANAE NG path B AT

T AH5Yth sys.path I 22 7 F o] 7 7] A 9
ks ol sys.path_hooks (o}& ol A A3t}

rlr
o?ﬂ

ZNBHog BRE BRE2 A EWStrepr & ZH JHF U A 9 A EYREEIH] BE 29 Q&=
Aol ueh, B8 AA Y repr = & T YA H R AT 4+ 55Ut

BEol 28 (__spec )E 7AW, Y E A= IS ZHE repr & HEHIZ AIEFE YT 230 A
HAUY o] glow, JdxE /‘] 2" BEA AFEHE AEE 7] repr = 7+ YT module.
_ name__,module._ file_ ,module._ loader_ Srepr 9 Yo7 A58 L A =5t+=d], w}A

ARt egos Ayt
AT G AR AL o)
=]

o« ZEO]__spec_ OJEFREE 7IA W, 2Fof 9= AHEZ repr = 4T th “name”, “loader”,
P

“origin”, “has_location” o] E 2] HEE o] A &H Ut}
¢« BE°]_ file OEIUREE7HIAY, EE9 repr & 4R 2 AHEH YT
« BEo| __file OSEZHHFEE ZA ¥A v None o] o}d __loader_ & 7FA W, 2T <] repr
25 repr o] 4R E ARGHYTH
o« 1% kO repr o B 9] _ _name__ 2 AR
WA 3404 HA: loader.module_repr () & ALE0] HAE QI o)A EErepr & U=+ YXEE Z3}

o 23 2F 2 7o) AL&F Uk,

vto] M 333 A TS A, AolA A AHES AIE3H7] Ao, Tk Jox o] Qlod, 219
module_repr () WA EE TE8|A] ZE repr = WY T} A 9 2 A== H A5 g5 T

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

AZ 7N gpdE] & W e A2 3y o] 7] wj o, dell A A ko] dXE A= AE 7N A 9
find_spec() HINEE 3 &3= Ao g oAxE A7 AMES A ZAGYTh find_spec () o Al2% = path

AR = FAHE EZ}% ﬁi 9 ﬂ/\EOJ‘/]D} EE-’HﬂZ] ‘/Hoﬂ/ﬂ UEZE & 3l 7| X8| __path__ o] E g
HE.path ?_12]-7]-None o], Y YXEE 3}l sys.path 7FAFEEH YT

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

A= AEZZFAIl 1o, B2 7IRE 9k H = sys.path_hooks ol = REFHEES FAFUT ©]
2507 42 d=e] % e AR R A=zl A A AR ABHN TFH Y ol Telpe AR A= E
g4 g Az dEg Joyg & EE%THI/}, ImportError WA Z S dsUTh I

A% W SRIT 7} o} W o Fojh A el B AT Az s B B BAL S 9L Lol
ol AU of 9l F Mﬂz@4cﬂ;%&3ﬁ*9uﬂ—v°“}%ﬂ%ﬂozg

hin

FUT Hlo = de] Qduge Fo] Ao (F Fol, e A2 3ol L} UTES ol 1} 2 5]
A2 4 S1eich, Wef Sol QA8 07 4 958 Tnportarror & 9.0 ok it}

2ok sys. path hooks g o] o} FH A= =g Il & 5852 X34, 42 719 759
find_spec () WA E¥E sys.path_importer_cache o] None & A &3l (0] =2 JdETE Y3 1}
AT GEE 7121717 514 one & EATA o 0 A% 19T A BEE HE S B2 E LU
WF sys.path_hooks o 9IE o= Bhyel = =g % Beldel A= Ase et & EATY,
Ao RE ~HS 257 Yl Lol s Z2EZo] ALH UL RE 2FL2 2EL 29T 0
gyt

& A) 2] t] 9 ¥ 2] (current working directory) - ¥1 FA & HEHAHAT - & sys.path o] Y= o2 <l
Efsd o gE2A AggEdch AANE, A4 A ddE 7 EA6HA S0l HAHY sys.

path_importer_cache o= o}F & ZE A %5 Z] %}Q o A=, dA 75}04 qﬂ.aﬂ =4 BEE
23] wjuich A g Yk AR Z, sys.path_ importer_cache o]l ARH = F 22} importlib.
machinery.PathFinder.find_spec() 7} E8F+ ZFE2 = ¥ Ex1do] ol A A A 2H] ¢ & E

27k gtk

3oA FE oA, sys.path_importer_cache © /\1 imp. NullImporter«] AIAHAE 2= Aol 7153yttt Z &7} Al None
S AEEES MAY AL ATFUD, O AT HE-L portingpythoncode & FE AL
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552 ZE dEZ| mlQlc| ZREZ

EEH 2713 7129 X2 EES A AL o] F FF A7) Ao AR onpA| Y] A5, BE AEE
3}l B = find_spec ( Uﬂ/\ :rLf?ﬂﬁH oF gt
find_spec () &% 749 dA4E Mol uith R E &
EE. find_spec() 2 3to] 443 XY REY ~HS
(BE71A] A &7} A5 1/]‘3})-
sdo] o8 B A 2
“submodule_search_locations” & X A2 X35}

T3hd o] 53 (B 753 B
b

5 4 &
SHF YT o] 232 4 “loader” 7} 4 H Y

aupe

rr

o
m
ﬁ;
=

1o,
AC)
N
o
<L

o,
u
=,
[t
i)

<l
ro

=

=
W7 34004 MA: find spec () ©] find_loader () & find _module () 2 thAI &=t & t} o] Al 5 A
H %Yt find_spec () ©] B A o o] AES AT T
dldef A= dEF 3+°1E1L find_spec () HAld] o] F 719 A H WA =SS LA 4 95 T) o] bl
MEEL AA T3 2ol o} F = AHEF Y th AT find_spec () ©] A2 AE Ao T A=,
A MAESES FAFH U

L

find_loader () = 3tu9 <z = ‘0}%%1143}, dTEHE ZEQ HA3 AHF3H oE.
find _loader () =2-5Z 8 =3y, A 1A JE2L 20| F HA FEL o] 2724 JUt}.

YXE T2 EZO UE FHEHY HA TS s, 22 A2 AEF FJAHELS WE A= 34T
7} A1 Qe A9 23 A5 A9 find_module () HAE T3 AUt A A2 dEE 3oy
find_module () MIAEE AFd path AAE TEHA AFUT (AAE2 FE FY Hx = of JHE3

AEZEAHEVEE AR

N

e Y eh.

AZ dEZ 32199 find_module () WA Z=
HEA o= 2= a‘“/‘fﬁ}ﬂ o 7] w2 ol 3 A= 91
find module () o] 5 &A5tH, AT E A2
Fuch.

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

AdEg AT 7} o] & 37| A o] ZHOZ o]
5 ke A2 A Eg 3Fd o find_loader () &
Eé,‘fﬁf}% find module () YAl find loader () E3&

56 E& QI E A|AH! nASH7]

Y E A2 AAE wA 6] A 7B A4 de WAUSS sys.meta_path o] 7|2 ES EF
AASHAL, R EWE AE FEE A= AYUTh

ROf QFE A2 AAATE R APIS ] L FA 2, B4 YEE £ FAUL WANE F
O, W import_ () ¥ E WASt= ALE FET T J5UTh o] 7| 5 EE WHelAe
ATE Bo EAUS WAFES BE S0l A 488 = JxUh

HE AR GFo Y FollA oWl REY YXES AHAOT oY (RE YZE A2HS A3
] &4 315 = thAl), find_spec () o A] None & &3 F+= 4], ModuleNotFoundError & 92 7| &=
A2 FEFULh ARt vet A2 QS AL oF stk 21 A A8k BHY, o9l & 427 W S 4]
FTEANZY

[}
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package/

__init__ .py

subpackagel/
__init__ .py
moduleX.py
moduleY.py

subpackage?2/
__init__ .py
moduleZ.py

moduleA.py

subpackagel/moduleX.pylt} subpackagel/__init_ .py EFoA, 2L Fa3 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

AT AET 5 YgUTh T ol

[import XXX .YYY.ZZZ

)

o)
49

XXX .YYY. 2225 AFR

rlr

© 2 +=Z3}A 9 .moduleY = -G & 3

E@4]0] oh]7] w2 Lt}

5.8 main__ Of CHEI S8 15

_main_ RES solA9 QEE AsdelA S AL AUTh e 2ol 4 AFREC], _main_
BE2sys 8 builtins A A Z e Al 2wl 2AH 27|53 Uth aFA g o] F 7 eh= thEa A, o] A2
AU A REE NG DS AL main ol 2715 = B AT HE 2B 1l
FE Eeash e g AEd] JFE B e,

5.8.1 __main__._ spec__

_main__ o] o]JE A 7|3 = =X W}, __main_ . spec_ 2 A A3 AAT7|E 3} None & Z

AAH7E g

gto] Mol -mFHOZ A&, spec 2 F3E RECIUHAINAY BE Ao AP YT T8
__spec__2__main__ BEolYHEZ Uzip FLo] L} thE sys.path AEZE AYPs= dF2 24
] 7 yj-&-o] 2 FYth
U A Aol _main__.__spec_ 2 None 22 AAH =Y, main__ < A¢=d AL =7}
PXE 7M5s ZE A th-55HA &7 wiEdth

« H3 Y ZE=E
5.7. TiF|X| & = E 75
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w2 Ao _ _main_ ._ spec__ ©] &AFNone o -T—_/] s oF . A ,\]_j_ solo] 7|4 HoT RER
249 285tk __main__ o 8t 2 E W et o] E 7t B2 —m & A& A oF

L3 main_ °) YEE Fs @ RE HEH L, __main__ . spec_ o] AE3d AUt} dH L,
ol 22 A3 e RER HAFH el .O]Z2& if _name == "_main_": FAR
EUAA EFCIREC__main_ o] FS A ulvt Ay, kAl AXE wf= AP A ghethe

A4 w g e,

N

(]

:(?L_',

°
i)
=X

5.9 22

A2 E FAE glo|He] 27| HE As] Hal LS Ut EAE ZA S o] Tof ek7ke] M EA}Eo] W A
%i7]L6‘]'Z] -‘JJ_QYLﬂZ]‘F"—Zﬂ'%o]_;{_]‘ 3—4%—?3}5%%0}2)\%14;}

sys.meta_path o # X 7.2 PEP 302 | 31, ] o] & E3-2 PEP 420 9o,

PEP 420 & s}o]® 33 o o] 2 27} 9] 7] 4 & T &1tk PEP 4202 find module () 9 tjoro &
find_loader () ZE2EE IA] =I5ttt

PEP 366 2 ™[] 5o A2 BA A Jel dZ2EE 913 __package_ oJEFFES 7o sl At

91t

PEP 328 -2 Athe} WA A At 42 EE £ 98 PEP 366 ©] 25 package_ S AR HE= M3
Z7]°) __name_ 2 Z A<k}

PEP 33

8L BES AagER Aushs 22 Aol
PEP 451 & 23 7o) BEY QR E eI S Lokshe 12 2/ th 2H S Folzd e 35
SEAYEL JEE ARE $7171% AEUCE o WAL Qe A 2T ole] APLES HA =S B

S o WAL
A3, Tl o 2H ol A WA EE S 28] % Ba L o

[}
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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)

2

r[r lo
|m oln

e A8 ol 2L T o13] Aol ol T A L 4840} 79 AL, o B3} Ade] et
] I} A 4 (binding) AAES HA K.

o go] Ao AR ], oE Sl L THA AA A ULk ol go] AR A AL W, L T
S} NameError 9| 2] 7} o it

H] %7} o] ¥4l 7] (private name mangling): S )2 Aol of SH3t= AHAI F My 2 ol HERE
A ZSE, T U 2 oA UER TR ko, %EH&Q] v &7 ©] & (private name) O 2 7}251.1/]1:}.
HF 7 o] 52 1 52 At =T w0 A 7] 2401] o ] P2 s Yt o] RIS T o] 59 el &
G o) B8 U, 24 ol Bo Aol ex BE WL AL ¥, SISl WSS 2 S
E0°], Ham o] 2t o] 59 S 2ol ABA __spam o] 548, _Ham__spam & & WSFH T} o] WS
AR C A ol LAY WA Sl Gel 3U A0 duashu ), A
Aol 3 eh 7| F EAT 4 Yich. Fel2 ol Fo] WE R T FAE o] Yo7, AHS Aol hA] euinh.

Mo o

=

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
SlE el g P Fold F(# A, vl EQ, A%, A%, a3 Fol A Gg e A U h
Aot Base] A9t 2L 5 drdch FAFUEL D E 2 A BA L.
EEHES B ool t&3t7] whEoll, A9 ofoldlEl &= g Hoh d Sk 22 3o
lE ol tisf vt d o s ghe ot (=21 E"éEﬂ 22 ZAao AU HE oo d= o) B2
AAE de = L 22 g e A e = d5U

parenth_form = "(" [starred _expression] ")"
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W BE e N REAAE BEUG FES B0y wjBel elE R A% e FHo A8 FUTH(F, F
Al Wl FEL 2L AN SE Q1 2D S 2= QB U,

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

6.24 2|AE, &g ElML{2|9 C|AE8|0](display)
2B, A%, gAY E FAASH] 8, FdolH 2 “taEd o] (displays)” Bt 2= EESEHS 47 F
7HA ~Etd 2 Al th
o ZH ol Y&-E& HAIH S L]'oﬂﬁ]'ﬂ‘/]'
A 3 A AtE =d|, AZ 2 ANA (comprehension) ©] 21 Bt}

e
i
o
-t
I
ﬁ
kL
Ay
oY
D)
an
tjo
O}fﬂ

comprehension = assignment_expression comp_for

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

comp_if = "if" or_test [comp_iter]

Az AL ste] AR I FHE Es H 23519 for 2 YAV o] ] for EEif BE
FARYCE o] 3%, 4 Aol @452 Fror Bt if o] AT A L EZOR FHA Y2 o]
3,7 HEe] 9t BEel A BAAY g THA wEol W AE AL,

SHAIRE, 7Hg A& 9] for Aol Qe olHHE RS Ao, A2 WA EAACE FHH T2
o4 ARG Th o YA A carget_lise N YR E o B0l BNE ATLE s B X FES
o}

7Hg &£ for A9 o]HEE RHA L, SN = _J_JOHH AR B v, SAIACE SHE &5
=2 AAe AR UG AG=E for 47 A A% for A9 BE BE 222, 71 A% o] 2 Lol A
L2 el et el = Jeug Seie & i°ﬂ*1 B P58 &9, [x*y for x in
range (10) for y in range(x, x+10)].

Azeld el 4 A2 P AU HA edx, BANFoR FHY AT A yield 9 yield

from E@ AL FAF T

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 awa it expressions. If
a comprehension contains either async for clauses or await expressions or other asynchronous comprehensions it
is called an asynchronous comprehension. An asynchronous comprehension may suspend the execution of the coroutine
function in which it appears. See also PEP 530.

WA 3660 27k 157 e Ael E AR A%
WA 3804 HA: yield & yield from2 BA|AOoRE =4 FZAA ZFAFE YL

WA 3.11 9 4] ¥ 7 : Asynchronous comprehensions are now allowed inside comprehensions in asynchronous functions.
Outer comprehensions implicitly become asynchronous.
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6.2.5 Z|AE C|AZH|0]

g A E tjAFd o] & 23 (square brackets) 2 E 2] XFQl @A o] Y ol vlo] gl = A5 UTh

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

PiE TaZdelt PaE AME BELY, 2SS EALY BEo} AueAdo A4 5 9

SUTH 482 29 BUAY 220 AFD W, 1 8452 ARN LEZ0T gho] THA 1, 1 %

AUz elaE AR 4 F U Auelddo) A o), laEE AnAdoR BEo e 8 4ER

TP

6.2.6 Zlgt C|AZ0]

A% vaEd ol T2 3 (curly braces) & A H 11, 7] 92} 3h-2 2] 8F+= Z-E(colon) 0] §l= o= g1 g

HaZdelst T2E & gt

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

ﬁé}ﬂ"ﬁfﬂ ol= Al 7hH HT AAE v, 2 g2 2@ AFa Azgd Aoz AAY YU

2ed m@4o B0 ABY W), 1 845 AR LEZOR o] PN, A% ARl

Eﬂcﬂ%‘&ﬂi} AzgdMo) Al o, T A=z AR BEoA = S4AEE 24P YT
WAL () 02 WHE 4 gtk ol HH L W gAY E BHE YT

6.2.7 ElMUH2| C|AZ Y| 0]

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

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

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

YAU e tazd ol Al gAY e ARE wEyth

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

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

A 3.50] 7} PEP 448 o A A2 Al ¢td g g tyaZg ol 29 o 3)7.

grave Axdde, BlaES 3 ﬂiﬂlfﬂ/‘dﬂl thrlsl A, Ak Ql “for” oF “if” & ol EROE £
g F Ao EANLS Few sk dzeddol A9 o, BEol AL 7|9 gt 84 50] BE| A
TAHE g eo] AdEuh

Restrictions on the types of the key values are listed earlier in section 353 7| <. (To summarize, the key type should

be hashable, which excludes all mutable objects.) Clashes between duplicate keys are not detected; the last value (textually
rightmost in the display) stored for a given key value prevails.

¢

rlr
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W7 3.801 A4 W A: Fho] 3.8 o] Mo, PV Y A=
¢F 5 Ut} CPythonol| A, Zko] 7] Rt} A A H 7}
WA 7 Yo

WAl A, 719 kel Bk <A 72 Ao o] 9A
.3.8E Bl PEP 5729 A ¢tof| whe} 7] 7} gFrH o

M
32
rfy
<, _VE
_Q

6.2.8 A|L42|0|E] ES14l (Generator expressions)
5

Audols 2342 252 AU 2T A o8 27H YUt

generator_expression = "(" expression comp_for ")"

Aol e @A A AYeolE AAE e THL BT F2E A BE e SeRATE
A A9 s Az A4 25U o,
A eols @A o AHgE = AeEL Aoy AAS  next () {IAEZFEEE o =337
(lazily) gto] 73 A Yot (ARE Al &l o] B 2} mp 7R AU eh). Z2ju 718 A% 9] for ol = olHH =
ERH2 S ghol FAHAM, TR0 R s BABE e = A WA grol A= Aol oh ek Al
oJ ] EA ] oA A Fol A TR Th F% for A3} 713 A% for Ao| BE BE 272, MY 9%
olEl B EollA 7hA - gholl et gEtd g gleng EENe 27 noA F7tE ¢ gl Ut o E Sol:
(x*y for x in range(10) for y in range(x, x+10)).
WA Shte) ARbE e TEAE FEE AFE S Y5t AAG S S EE AL BA L.

Alv

=
Ay ol 284 29 7)== A4bs Wl shA] 7] A8, FAA A=
9}yield fromEHAL

A ole EAA o] asyne for Aot await RHAS £33 0] 5 7] Alvd ol E& A (asynchronous
generator expression) ©| 21 EHUth 85 7] AlYd olg] AL A vlE7] AYdolH AAE ST
o] AL v Z 7] ol d ol YUt} (8] 5 7] o g g o] ¥] (Asynchronous Iterators) & ZFZ3}A| ).

B4 3600 Z7b: w1514 Aol £ 4 0] £ A5 AU T

H A 3704 M sho] i 3.7 o] Aol E, v]F 7] AU olE EHA 0] async def IFHAR ERE
AAFU 3THR-EH =, BE dr7b a5 714 Al e oy 84 A + sy

WA 3804 M7 yield ghyield fromZ FAA LR FHE 2F 2o M FAH YT

AN

6.2.9 2= FE & Al(Yield expressions)

yield_atom "(" yield expression ")"
yield_from "yield" "from" expression
yield_expression = "yield" expression_list | yield_ from

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

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

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

ez A5

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.

= A2 AYd oy g8 TR o} v v Uth of 2l W 23E wEa, Fh o] o] A Y
a1 Jom, Aol A FAE 5 AUtk FLT Ao HE xﬂﬂaﬂo]a 34 yield 3+ Fof] A8 o]
A= o of H=A & Aol 4 glrks A AU Th Alole 3 Aol Ele] &2 Agg T

FAAL try FREY oYM A g Ut Al ol g7 (FR 37 00] H AL 7k A =7

2 M) sto] d gho]  (finalize) = 7] 7 o]l 7<H7H5]1] orod, Ay olg-olEH & o]EH 9 close () HIA =7}

TEHo], 7] 59l finally Aol AR H =5 T

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

A A== FES A Zilﬂffﬂollﬂ WA =] EEZ}"ﬂH] vtE AP UL send () 2 AGH 2 E k3

throw() & AGH BE o2+ ¥ 9l (underlying) o]E{ & o] E] 7} S F MM =& Zra1 Elﬂ‘rf& :L*Ei A

gyt 2184 ¢ D]’Eﬂ, send () = AttributeError U TypeError & 92 7| X % throw () = AEH

Aol g A doFith

Woj Q= ol olE 7} &5 E uf], YA S}= Stoplteration AAEAY value JEZHEE L 1§
4] 9] %k HUrth Stoplteration & 4o u YA H o2 HAE A, A B o]E & oE] 7} AU o] 5 ¥
A= AHs o ® o) F AP YTH (M E AW H o) E 7} gh& =8 (return) F 2 2 H).

A 3304 HA: A8 o]gd ol E E A|o] i%:—% 29 St= yield from <expr> & F7H35UTh
= m@Aol fgdrel $uo] T2 bty 2EE YT 5 Ak
o ®17]:
PEP 255 - 2he4gt Al v & o] €]

gfoj o AlF e o] H &} yield & F
PEP 342 - 7§41 & Xﬂbﬂ?—ﬂ‘ﬂﬁi =3 %‘?} 759

A g o] B9 APIZF EH S NAASNA, a3 ZFHOE A S 5 Q5 vhe &= A ¢k
PEP 380 - A B A o]E] 2 -?—l %‘5}% +4

The proposal to introduce the yield from syntax, making delegation to subgenerators easy.

PEP 525 - ¥]5-7] Al @l o] €l
F2E 5o A g olH 715S 271319 PEP 4928 343} A oL
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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
A48 5 gk

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

generator.__next__ ()

Starts the execution of a generator function or resumes it at the last executed yield expression. When a generator
function is resumed with a ___next___ () method, the current yield expression always evaluates to None. The
execution then continues to the next yield expression, where the generator is suspended again, and the value of
the expression_listisreturned to ___next__ ()’ s caller. If the generator exits without yielding another
value, a StopIteration exception is raised.

I MAEE RE SAHOR SEYUTH B Sol, for £x bl next () Tl o3l
generator.send (value)
AP AN st AlFdolE 42 s “H Y th(send)”. value A= AR = 3 H A 9] grol
Utk send () WA EE Al g o] 8 7}yield ot th2 g2 S8 F A, Ald al ol B 71 th-& 2h2 yiel
A k11 £ 83 Stoplteration & YoYUttt send() 7 AV OB & A FA 7| =&
of, ¢S e = B4 o] YomE, AXpEE YHEA None & AT of Pk,

fop |
Ty
i) = Al

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 ra i se keyword is used.

For backwards compatibility, however, the second signature is supported, following a convention from older ver-
sions of Python. The #ype argument should be an exception class, and value should be an exception instance. If
the value is not provided, the #ype constructor is called to get an instance. If traceback is provided, it is set on the
exception, otherwise any existing __traceback___ attribute stored in value may be cleared.

generator.close ()
A ol B 7k GA] A G A Aol A GeneratorExit & oAUtk 2d thF AlY e oy g7t
© o} 3} A (gracefully) Z 28 A L}, ol u] B AL, (2 12 E A S0 2H) GeneratorExit & U
© 79 close= E2 A2 Eobgtyth AW d o Bl 7} g2 yield 319 RuntimeError 7} WA g ok
Adeelel7t o d e S 4o |, T2 AUt AlYa o8ty A T2 E U3l o]
FEHTH, close () £ ol d A= 3hA) et

AL o

of 7)ol Al el o)l 2 Al & o] ¥l 2] £2L A3}

rr

ek o7k 5y 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

(TH& sl oA ol A1)
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(o] A | o] A e A AL
finally:
print ("Don't forget to clean up when 'close()' is called.")

>>> generator = echo (1)
>>> print (next (generator))

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

>>> print (next (generator))

None

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

2

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

TypeError ('spam',)

>>> generator.close()

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

yield from & AF&3F+= o=, “What’ s New in Python.” of] 91+ pep-380 = H A 2.

H|S 7| MLH2|0|E] &%

async def A FFUHAEAN dE RHAY EA= 2 FFE V7] AV ol T2 ZY 7
Yt

M52 A E o E B4t £EH W, W57 Aol s AAE Fe A WE] o EHdelHE e F U
29 The 2 AA S A E el e f5e] AL Aol gtk w5 AV olE AAE RE 2 el
async for BN AL £, Yol A7} for Fol A ALEE & w4 T FAFRH o

Calling one of the asynchronous generator’ s methods returns an awaitable object, and the execution starts when this
object is awaited on. At that time, the execution proceeds to the first yield expression, where it is suspended again,
returning the value of expression_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.

H5 7] Alvd ol oA, dE AL try-? E9] ojyol| A A 3 Uth. A T ¥lE 7] Al gl o]
B 7} (7<L7< B 7100] 5 A 7}‘3] 2 +=A9 E’H) 9}o] g g}o] = (finalize) & 7] Aol AA/WH A FOoH, try
FREY de FHAAL 7] 29 finally BL AYst= o AT 5 g5 UTh o] AL, H]Eﬂ Ay
| OlEi ] ¥ Eﬂ °lE]9] aclose () & 3 &3%ta, 1 AAZ 2= I FH AAE APl A, EH7] ¢l finally
Aol AYHEZF 3= AL, b5 7] AV o EH & A Y3 oM E F = (event IOOP)LPé?ﬂEE%(scheduler)

ANA AsU

To take care of finalization upon event loop termination, an event loop should define a finalizer function which takes
an asynchronous generator-iterator and presumably calls aclose () and executes the coroutine. This finalizer may be
registered by calling sys.set_asyncgen_hooks (). When first iterated over, an asynchronous generator-iterator
will store the registered finalizer to be called upon finalization. For a reference example of a finalizer method see the
implementation of asyncio.Loop.shutdown_asyncgens in Lib/asyncio/base_events.py.
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94 yield from <expr> & W% 7] A @ o] E F4ol A A&l AL £ o2t

H|S 7| M|LH2|0|E{-O|E{HI0|E] HIME

o] HRAAL HEA] Aol E o e a o] e o] Ml HE=S Aw sk, A d ol E Faol AAL Alo)she
ol AHg-8 Uk,

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 YME+E BT async for Fxo o3 FAlH o2 SEH UL}
coroutine agen.asend (value)

ool E8g s F ], AW 5 7] Ava oo AW AMFUTE Ae o E e} send()
HAE A4, o] AL k2 v]E 7] Al gl o] % St 2 “ELH(send)”I’_, value QA= A A= 73 249
A7 YUtk asend() FIAEZ} S8 F = ool HE-L A gl o] E] 7} yield 3= DPU Zhe kAl A
I stopTteration 9] o g FeF A, HlF 7] Al o] 87 thE gE yield 514 il SR oM
StopAsyncIteration & dozyth 8|5 7] Al olE & A FAX 7 EE asend () 7} i% ),
Fe s e 3840 glen= QAE None S & T &3 ofF T}

coroutine agen.athrow (value)

coroutine agen athrow (type[, value[, traceback] ] )
oAflelgES EelFwH, vlE 7] Avd el 87t QA SA g A Aol type O 2] & 27|, Al
@) o] ¥] &4 7}yield 3t The 7S A 5= Stoplteration 99 9] o & Eel& U th v]%5 7] A
ol B 7} T} gh2 yield %le %L FHOHY, ol gl ol Bl £l &3l StopAsyncIteration o€ 7} dojd
Uth Ay dely &7t Add o & A FAU, T2 o9& o7, offlolHES Ag o 1
o 9] 7} ol gl o] E1 & 4 Eax}ﬂlﬂl H A Yt

coroutine agen aclose ()
olflolEl =< s8Fl, dA3H, vlE 7] Al # o8 7t A A G A O & GeneratorExit
S AU woF 1 oH of u]57] Al el ol e B4} $ol el (gracefully) & & 8 A1, ol
Ul DH AU, (2 S 7R SO FMN) GeneratorExit & Yo7 W, 2 F o]9o]EHEL
StopIteration |92 Ao GULh oloj AL uE7] Adlol8 o BeFt %7k9 ofel o]
HE5-2 stopAsyncIteration o9& Do Yth whef v|5 7] Al &l o] Bl 7} k2 yield 51 o ¢l
olgl £ 93 RuntimeError 7} HL/\“@-HD} wkok u] E 7] AV ol E 7} 2 ¥k TR o 2] & 90 )
W, of o Bl o] S5 7 Qe vk w5 7] Al el ol ¥l b Ao} A FRE on] ERPod,
O o]oj A= aclose () & oFFA X oHA %+ o9l olHE= EEFUTH
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6.3 =zlo|oqz2|

zzfol gl = A ojol| A 71 et Al Ajete AAMES UERY YT 22 ol g5 Yt
primary = atom | attributeref | subscription | slicing | call

6.3.1 O{EE|RE &=X
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rlr
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(period) £} o] 5] F o] B2 Zgto]H 2t}

attributeref = primary "." identifier

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

This production can be customized by overriding the __getattribute__ () method or the __ _getattr__ ()
method. The __getattribute__ () method is called first and either returns a value or raises AttributeError
if the attribute is not available.

IfanAttributeError israised and the objecthasa __getattr__ () method, that method is called as a fallback.

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

The formal syntax makes no special provision for negative indices in sequences. However, built-in sequences all 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
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the support for negative indices and slicing occurs in the object’ s ___getitem _ () method, subclasses overriding this
method will need to explicitly add that support.

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

6.3.3 =2}0|2l(Slicings)

ool e AL A ()8 Sol, 2R
E@4 o1} v 919 B Zlo]u} del Boll AHg

RE P 2E)o A ofd Wele HBE
= S

= 9
F ek Setol 4l 2

slicing = primary "[" slice_list "]"
slice_1list = slice_item ("," slice_item)* [","]
slice_item

expression | proper_slice

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

lower_bound = expression

upper_bound = expression

stride = expression
o] F4 Bt RE o] YUtk RAA B AY Mol ASL RE Sejo] A B2 02 Wol/| % FA,
REAB2AYA0) Setoldon Y 25 SIGUTh BRE o RAe) nes A, o] 4o A
A2THAO R F A 3= Ao %EM O g A st Ao pAd Tl Aol she A2 ofuighe Al Atk
(o] B9+ Eetolx BE o] {3 & eho] 2 (proper slice) & dtute 3517 945w YU Th.

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

T2 28 AN (8 o), ¥4 U SE Ik JA B BEo R ST,

call = primary " (" [argument_1list [","] | comprehension] ")"
argument_list = positional_arguments ["," starred_and_keywords]

["," keywords_arguments]

| starred_and_keywords ["," keywords_arguments]

keywords_arguments

positional_arguments = positional item ("," positional_ item)*
positional_item = assignment_expression | "*" expression
starred_and_keywords = ("*" expression | keyword_ item)

("," "x" expression | "," keyword_ item)*
keywords_arguments = (keyword_item | "**" expression)

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

AR 4 Qs v A O QAL AU 719 QA ol ek 4 LA B, o] w8 W) kg o

The primary must evaluate to a callable object (user-defined functions, built-in functions, methods of built-in objects,
class objects, methods of class instances, and all objects having a __call__ () method are callable). All argument
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expressions are evaluated before the call is attempted. Please refer to section < 7 2] for the syntax of formal parameter
lists.

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

CPython 73 GA|: 792 A% v /| A7} o] §& 2] Wobd, dA 2Ajgte] 5402 o] Fo] gofzltk

shefehe, /19 =2 358 5 Qe WY FLES AT Y S A5k CPython o4, A5 45 A3
F&ste C2 73d sl ol 44Ut

FAMARS EXE Et‘r‘eg%ﬁil AAZ o) 1o 9, *identifier 24 S 83 F4

%< 3, TypeError 9|91 € 42 A <

Agsunt (B de A4 %Z}%Ol ERREE

719 = QAL G4 AR o] Foll tf5-8kA] oW, **identifier ¥ & AHSSHE P4 v/}

XA &2 e, TypeError o2& d.03] S YA A RSE G AAE AAES EAE

AT e, e 9207 S o] 908 W () AV el & AR

' *expression ©] @ TF ] 55, expression 9 g2 o|E = o] HojoF U o] o]E =

A

o 8452, IS0 F719] ﬂ%i] A= AXYE AUk £ £ (x1, x2, *y, x3, x4) 9 4+,
vy 7k F&uf Al yl, -, yM o] Y2 THA, o] AL M+4 719 Y X QARE x1, x2, yI, -+, yM, x3, x4 &
3

=

PyArg_ParseTuple() & A

R P Ny
o] Z QI3 A= A A}f *expression R o] A A 7| E AA ol & 7+ dolx, 7|9 E AR (2
2|3l B E **expression QRS - ol & HEh) Ao Agld i AYdYth 2 A:

>>> 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 often arise.

If the syntax **expression appears in the function call, expression must evaluate to a mapping, the contents of
which are treated as additional keyword arguments. If a parameter matching a key has already been given a value (by an
explicit keyword argument, or from another unpacking), a TypeError exception is raised.

When **expression is used, each key in this mapping must be a string. Each value from the mapping is assigned to
the first formal parameter eligible for keyword assignment whose name is equal to the key. A key need not be a Python
identifier (e.g. "max—-temp °F" isacceptable, although it will not match any formal parameter that could be declared).
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.
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' *identifier oJu} **identifier § AFEdhe B4 W/lWeES2 A QA XU A & A4
FEEEASE  fls Uk

WA 350X WA e T2 Y A xand xx A IS TotE
M (%) Fell & 4 A3, 719 = AA7F g A 9 () Flell 2 5 A5
Al k= 55U T

SE2 oS oA ok o A oW Fs =2 F U None o = AF U o] gho] oA AttE =

o2 AR Yo D QST

A% B2 ADHA P59 DE BEo] AYPUth IE BBo] Lo s AL F4 A
FEL AR AP AQUTh ol e A4 85 49 o A AP FUTE TE HFo] return £
AR, 4 T2 WA e A BT

W3 gt =
23k ARz H ol Dol Y uch W §49) WA =S e A8 builtin-funcs & HA L

Mg A G4t BEF U, T AL AT AA AR & S E 2 A% S 2o

The class must definea___call () method; the effect is then the same as if that method was called.
6.4 O{9JI0|E HETH 4]
ofglolEl & oA 27 E o AL AN FAFU 24 T7E G4 A EAST 5 AgUTh

await_expr = "await" primary

B A 3.50]] &7},

rlr
ne

o] &} o /‘\l-X]-E'_T/]- o oA 24FUch 279 L EXol 2

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

DA, BB G ATART D G A AL A, A S 2% A% 02 gho] THA T

(o1 210] 3] A2bAke] gh ok €A 2 Al SFohe 22 obguth: 152 & -1 o] e,
ASAF QAL W pow () F27HT AL A2 T2 weh e oful st dSUth 9% AAE ek
AR AFAFE % FUTh 54 AE WA FF o= M 1, Avks 1 P
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A%, F WA A2 257} ok o4 At °
BE QA float 2 WA L, float A7}7F AR YT ol & Sol, 10
12

EHEUS

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 7HA Bf BF, AR 2HEE F8 24 T, TypeError o€ 7F A g o

o] g Atz AbabE AF AN FAHAEAE AU o] AR F AR = AR 0 A Foll = AL o F9
SoF gtk AFAF AAAGE WA, ©2 F 744 £2% Jud), b FAY ARl I, S
S48 A4S QT
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 = m_expr | a_expr "+" m _expr | a_expr "-" m_expr

(G AL AAE FE FUL AREL BE SAAL, § A= A5 T O Axbs AR 20 of
ST 9o 9o, A5 FE oz MAE T FAPUTh $A] A9, AAA whEo] SaAP T
Sof whi ghe W A AAE BEY T

This operation can be customized using the special __mul_ () and ___rmul__ () methods.

¢ (@) A0AE FE FAo] AgeHE AU Folie WAPE o= AE o] ANAE TENA A
Yk,

WA 3.50] 27}

/ (=23 /7 (34 YAl floor division) A AFAFS 2 71 Q1 AE-2] & (quotient) 2 5 Y TF. A A RS2 WA
FEFoz HIFH UL AL YA S AT Evie =0 AL S Ae YA Aee SUth 2
A= kAol Y Ale] Ao floor 45 A8 AYUTE 022 U= 212 ZzeroDivisionError
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This operation can be customized using the special __truediv.___ () and ___floordiv__ () methods.

’F

S (RE =, modulo) QA= 3 WA Q122 = A A2 U Y A= Ut $£2} AAE5L WA 2
oz AdEYLH L% AA7L 00| ZeroDivisionError 98 & ?40711,]1—/} AAEL A7t =
T AU A& 591, 3.14%0.7 £ 0. 349}7"“‘44(3 14 7b4%0.7 + 0.34 9} Zomg) RER
QAL 45 WA A AAA0L 2L R E 2 ARE FU (EE 09V Th; Anel AURE F WA
3] A4k Ake] Auigh R of T
Ao b Alst BEE AR 023 22 A0 AA o] YHUThx == (x//y) *y + (x%y). A
T A E‘EE%W%%‘—’Fdlvmod()ﬁ}E?ﬂ Hol glFUth divmod (x, y) == (x//y, x%y).’.
SASA WA 2E2 Qe SAshe Ao Bl L A oG 2899 £A19 2 (@EE o)
A A5 o g AR o A AelH Ul 219 Tujge] 2o

ojgtiE &4

sto] A gtol B g @ = H 9] A A old- strmg formattmg o A gt
The modulo operation can be customized using the special __mod___ () method.

A A A4 EEE AL divmod () 4 B4l thaiA = AolH o] A ks th tiA,
HAstthd, abs () F4E ARSA AF 2 RS L.

S Ak 3 e §2 U QAR E oA B 2e 99 Adaclo g,
%o AP, £AES WA FEDOR WAH %, A GALULE FA9] AP AALLE o] olio] A Auleh,

This operation can be customized using the special __add__ () and __radd__ () methods.
- (@) AARE 2 AAE] AE FUD 2R AXEL WA FEF o WP

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

NZE A2He 1h QAR T e $449 8 2T
shift_expr = a_expr | shift_expr ("<<" | ">>") a_expr

o

o] AHEL BFEL AR WolB A Th A WA AAE F A AR Fol7 W E S0k AF ol
L EZ 0 7 9] t}(shift).

This operation can be customized using the special ___Ishift__ () and___rshift__ () methods.

LEROZ pHE A|ZE J}= ,\%pow( n) & A4 UeAst= Aoz Aold U 9E0 7 puE
A|ZE 3= A pow(2,n) & Hote A2 Fog Uk
Vabs (x3y) < abs(y) ©]$8dow= z]—o]]

float2] 7 9ol &= 243 2} (roundoff) Wi of] %] A 0 & o] ofd 4= glF YT
S 743w, -1e-100 % 1e100 7}1e100 & 2L RFE 742 7] Y3, 74]@:3
@T}%*lefloo + 1100 oltﬂ,TzW L 2510100 F A F3) 22 F Yk T math. fmod () £ FE7F A WA Ao B350
17‘] A3E F7| &, o] A -1le-100 S S H 14 t} oW o] g 7<47<46};<]‘— oo g B YSsU )
*x7bye] A& % ?HHS&P o}% 717kSH, 225 (round ing) W&ol x//v £ (x-x3y)//y Bth1 2 & 9
divmod(x,y) [0] * y + x % y 7bx S} o}F 7P’éh%w°r 37 fell, ol 5o A3k EFYTh

o & o], 5}o] A float 7} IEEE 754 B}l A = 522181 = %—
0
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6.9 O|S H|IE Qi4t

Al Qe RIE Ak 247 e A E Zsdth
and_expr = shift_expr | and_expr "&" shift_expr
XOr_expr = and_expr | xor_expr """ and_expr
or_expr = xor_expr | or_expr "|" xor_expr

The & operator yields the bitwise AND of its arguments, which must be integers or one of them must be a custom object
overriding __and___ () or__rand__ () special methods.

The ~ operator yields the bitwise XOR (exclusive OR) of its arguments, which must be integers or one of them must be
a custom object overriding __xor__ () or __rxor__ () special methods.

The | operator yields the bitwise (inclusive) OR of its arguments, which must be integers or one of them must be a
custom object overriding __or___ () or __ror__ () special methods.

6.10 H|n
Col g, spo] ol A BE W A4S 2L SN S 2, 4, A2, W E dadsuth day
weh Cobedela < b < c 9 2e BAAe] St N9) 2L FAow A FUTH

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

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

HaEs AREA A48 ¢ A5Uth & E0),x <y <= z¥Ex <y and y <= z 9§53, Ao
ALy el e oA B PAkE AV (AT F A BEx < y 7 AR W 2 9] e T
e op.

FAACRE, a,b,c, v,y 27 EAA 0|4, 0pl, 0p2, -+, 0pN 7} H] L A4FA}E, a2 opl b op2 ¢ ... y opN
z=ZF 2349 gHS o 3 Wk ottt AS AlQ)dlalE=a opl b and b op2 ¢ and ... y opN
z 9} F 5 FUTH

a opl b op2 c7ba®hc7re] ofd F57o B LE A 7] W], G & Sol,x < v > z o] 5}
A (oFul ol m x| = 9 2h) Sut2rii Aol o) dl of Fth,

QAR <, >, ==, >=, <=, 1= £ F A grg v mPch AR Ee] 2L FY Dot 45U
A7, 2, B AL ARGl (B obol e o] Hal) e 2Tk Baka Q5T sho Mol A AR )
e & 2 AH A A AU TE: A2 Sol, 2412 gkoll o2 773 4 <l (canonical) A 2 HHH & glgrl o, w3

m("‘*%%"%—‘?—%tﬂolrﬁw a%EE?—MﬂLmo; T35 o] of gt
AR E 95Ut Bl AARRFE AR gho] Felol X o st EAI 2/ MIS FAT T AA Y 7]—‘2_
2 E3 18 Ao r FYsitty YA e TS5 Th
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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| £ %] 9] 7| 2~ Ejufo] A o] A,

S5 P (==} 1=) 9 V& F22 -‘1411]-4 ool Wl E]E] 9 7]uh-& FUTh JEH/\%, ZL olo|dE EE 2t
A2EA 7H] F5 HaE 23S 3, U ofo|dEHEE e Adada 7o 55 vHlu e oS FUth
o] 7|2 29 F7]= BE AA| 7} WAL (reflexive) (£, x is yEx == y & GATUD) | =5 HEIA
= &Yyt

7] & o 4 ] I (order comparison) (<, >, <=, >=) = Al FH A FFYUTH A|=38™ TypeError & €Yt}
o] 711511-4 7 558 A S #A Vo= A YU Th

o WA =2 & ((typesnumeric)) ¥ &= 2lo]|H 28] § fractions.Fraction 3} dec1mal Decimal
o S5 2AEL, Basrt i @ E ANA) Gerhe Ak AR M, ALY TE 35
2ol W37k B E e AR W Ee) oA Sl A, AU Ee] 4 ol #3A e (RuAE 4o z)
<vt2 A vl gy
NaN (not-a-number) Zt= float ('NaN') ¥ decimal.D ('"NaN') & EH3t 2 & =212
NaN 7b9] M AR AU W A B4 02 WEHT P AL, NaN o] A4} 24 ek AU o
& Eo],x = float ('NaN'),3 < x,x < 3 x == x=BF AR, x = x= Y
o] 3Z-2 [EEE 754 & =gyt

e None and Not Implemented are singletons. PEP 8 advises that comparisons for singletons should always be
done with is or is not, never the equality operators.

o Blol 8] A]|AAE (bytes Ybytearray & AAEAE)2 S AU AS v|nE = d5 Yt o)A
=2 845Y A = AHEE A AR *‘ﬂi(lexlcographlcaﬂy) ‘1‘1 g

e EAIEE (str o A2EHAE) 2 EAEY FYFTE F= EZ 2 E (Unicode code points) (W7 8+ ord ()
o A3 AHG A AR A © 2 Hl a g ok
AL T vtol B Ald 2 F A v S glsyth

e AJAAE (tuple, list, range & AAAEHAE)S 2§78 o
PR syttt A2 8 FE Y 55 vlae Udess T3, A
TypeError & ¥ 23 Yth

Al 2E 88 84 7o) Bl S ARSI AP H S 2 i ok W Al ol v I
2 3 (identical) 4] 7} A} 7} 2Tk (equal) 7 Ut} o] S Fof LT AA
AAE 38t dsg RSt i EWA S AT YT

W B AE] AR H s e} 2ol o] 2ol WUtk

- % Aol griu w7y AN, 2 Fola, 4olst 2, Y3 sE 245 4 4ol

2ok v wE ook Gk (A8 S0, [1,2) — (1,2) £ ARAH, Fol th=7] GEAh.
38UFE BEL FT ZAE (code pomts) (o] & £, U+0041) &} FA} & R} (abstract characters) (o] S , “LATIN CAPITAL LETTER
A”) & FEFULL FUTEf Qe g «1 FAEAE 23 S}LH A= ZQJETOR 464541]@.47}3 Shif o]t ZE =
JQE AAAZ 29E F e F4 A0 @] FUTh cmﬂ , = AF E A “LATIN CAPITAL LETTER C WITH CEDILLA”

= FE Y% U+00C7 o Y= 3t 7] 9] &3 %Z]— (precomposed character) 1/]» F & ¢ % U+0043 (LATIN CAPITAL LETTER C) o] gl&= 7] &
B2} (base character) &F H 2= 2] U+0327 (COMBINING CEDILLA) ©f| 1= A3} &2} (combining character) &) N A2 £33 E
2 9]t}

]

]
I
o
N
)

ALY v A= FUIZE = 2RAE £Fof| A vladytch o] 212 Aol Al BF AAF Y 4= lF Ut o & , "\u00CT7"
== "\u0043\u0327" &= AA YU}, A F EAL o] T2 34 2 “LATIN CAPITAL LETTER C WITH CEDILLA” g ji?ﬂfﬂ'x (B

TALE FA EA FEAA v E (5, ARl A A FA QA PH 2 2), unicodedata.normalize () & AHE Al L
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- e vaE AGstE ZIHAELS A WAE 08 R42ER Z2 EAE FUH (E S,
2,x] <= [1,2,y]l =x <= y&} &
[ ]

iy v g Ut (]2 S,

» Mappings (instances of dict) compare equal if and only if they have equal (key, value) pairs. Equality
comparison of the keys and values enforces reflexivity.

4 B (<, >, <=, >=) &= TypeError & 4o 7t}
o A%E (set oY frozenset & AAHAF)S Z S FEAANE THE FE ol vl

o] 2152 T2 5 3 (subset) 7} -] 5 2 (superset) = 55 8= thaxm] L A4k
7 <= A (total ordering) & 7 2] 814 5 UTH(NE S, = AT (1,2} 2H{2
o2 st REQ ol A &, 37t thE OPL}«] ‘ﬁ@fﬂfol A= L}"HD}
3= o] olzlr = 79@-3}%] gyt (o9& 59, min(), max (), sorted
ﬂéEEZﬂ*O}‘H o= A k2 435 FUh.

A vaE I 8459 WS AU oL
s Ry HE WIS v AMESS FASA G wEel, 712 ¥l A AU
H 3L 52 ALE o] 28hE AR A A Sl as 2 Thestud | 7HA] A3 A 2 el oF Stk
HEALA (reflexive) o] o] of ghuth o2 T2 RASHY, ol EE 7L 22 AA = 2o

z 33
©
EY
9
ot
E)
2
, Lo
o N

) o] o= Aol

FI

B
Ir
r

o H 3= 5 o] A (transitive) ©] o] oF rU T} th3 (B A 8HA] 9F2) o0 o] A el S dyth
x>yandy > z¥x > zT}
x <y and y <= zWx < zT}

. o w24 o] Solol STk THE B2 FASH, b FHAS o] 22 7 Fojok FhuTh
x == y&not x !=vy
x < y&not x >= y (A=A A%)
x > y@not x <= y (A £=A9 FL)

upA et £ 5842 A A 2 A dEF Ut (A& 9, Al A2 E AEHAT I i F2
382 g5 UTh. total_ordering () U o] H % *a‘/\l

« hash () A= 554 ABAL FANEFUTH 2L AANSL 2L AR 2AY 1A B
o2 AR5 of of FTh.

shol AL o] YTHY FHES FAFHA k& UITh A NaN 5L o] 728 A g o Ak,
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6.10.2 HH{Al ZA} OIAL

AR inFnot inSWHAS AAEUTH x in sEx7Fs S A Wl True &, 2124 ¢Sl False
2 FUDh x not in s &x in 59 FAL FUTh AU el ohel BE g ARAST %
FEo] o] A4S A Y], GH el o AL in o] AU o] 3012 77k YA FAEFU T s, wple,
set, frozenset, dict, collections.deque &} Z2 AH | HEL ¢, T84 x in yEany(x is e or x ==
e for e in y) & FFFYTH

TAEFH I ED FO] A9, x in yEx7by o FE FAFE (substring) §1 B¢, 2]l ix—llﬁ % True
dUth TS5 AAEy. find(o) 1= -1 QU N FALE FF e TALE P8 FALR AW
H7 wf &, "" in "abc" & True & EHFUYTH

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, isproduced 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).

AW not inEind =eld RO FoPYrh
6.10.3 O|O|HIE|E| H|
MR} is 9 is not & AA 2 ololBlE E]E AALEUTH x is y=x 9ty 7} ofo]wlE €] 7} 2 AA Y

ﬂ\_
W, e 9% 2 9w AAvch AR ool MBI E id () B ABHA 2AFULE x is not v
e edn By g FUn

6.11 =2| ¢i2H(Boolean operations)

or_test = and_test | or_test "or" and test
and_test = not_test | and_test "and" not_test
not_test = comparison | "not" not_test

In the context of Boolean operations, and also when expressions are used by control flow statements, the following values
are interpreted as false: False, None, numeric zero of all types, and empty strings and containers (including strings,
tuples, lists, dictionaries, sets and frozensets). All other values are interpreted as true. User-defined objects can customize
their truth value by providinga ___bool__ () method.

AAR} not & 2 QA7 AR O True &, 18 A oW False & FUY T

E@4x and vE WA e PHUTEx 7L AZlol A 2 7S EHF U 2137 ghow y o g 7
so) 1 A2 EeF U

A4 x or v+ WA G2 PHUThx 7t FolW 1 ¢S SeFUTh 184 vy o) g 7o

&

and&torol= A= W3 goly 13 Falsei‘rTrueEZﬂﬂﬁW o1, T Al upA ghof Zro] 3l X AAE
EFd FYsfoF FUth o] A HH 22271 JdFUh & o] s 7t BRI Dol nlo] glod 7B oz

4 215 7}¥) 2]-4= A (automatic garbage-collection) &} AH-f &= (f ree lists) 3} T] 2 = ] E] (descriptor) 9] 52 1 A 4 wf Foll, is AAE
AL AN =S A5 S et A7 2 SAR P02 Ngdu, o Holo) ol 4R BH4E AT+ A5tk o
M S AR E 259 BAE FAAPAAL
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tfAE oJoksittd, 8 Al s or 'foo' & U= F2 A FFUTLE not & A S WEojoFIIRE, I
AAfe] &3 AA §lo] =2 3k (booleanvalue)%%ﬂﬂzqﬂ} o & 5o, not 'foo'E"''7}lolYelFalse &
s Ut

6.12 CHS! 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.

AREA Q) ARE AH F StubE dA S Al e AR d Ytk

if matching := pattern.search(data) :
do_something (matching)

T, a2 Y 2EYL AT )

while chunk := file.read(9000) :
process (chunk)

Assignment expressions must be surrounded by parentheses when used as expression statements and when used as
sub-expressions in slicing, conditional, lambda, keyword-argument, and comprehension-if expressions and in assert,
with, and assignment statements. In all other places where they can be used, parentheses are not required, including
in 1 f and while statements.

WA 3.8 37k th Y A ofl 3 o] AbA| & W82 PEP 5725 23kl 2.

6.13 =74 #&i24l(Conditional expressions)

conditional_expression = or_test ["1f" or_test "else" expression]
expression = conditional_expression | lambda_expr
27 B84 (W2 “4 T A7} (temary operator)” 231 B U TH RE Sho] W Asbel A 71 e LM<
92 2o
EHA x if C else y2HAxOA 2ACY 7S FF Yt C7F Zold, x o] Fho] #3 A2 I FE
EHFULh 282 god, yo] e FetFo 1 Zéﬁra =HF Yt
Z7A B3 A i3 5 AA 3 -2 PEP 308 & I R3HA L

6.14 ZiCH(Lambdas)

lambda_expr = "lambda" [parameter_list] ":" expression
ot A A2 () = ot @ 4] (lambda forms) o] 2k3 EH U o] & fle @S He= d AFSE YT 13
2] lambda parameters: expression = 34 AAE F1Uth °] O]% Sle AAlE olg2A FH g
AR A 52 o)
96 Chapter 6. E 314!
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def <lambda> (parameters) :
return expression

HpHAS 55 2 T Ao AAS HA L. do 2dA 0 B &4+ &7 (statements) ©] L}
o] 1= H]| o] A (annotations) S Z 33 4= Q1S of] o] 5f of T

6.15 E 54l 5E (Expression lists)
expression_list = expression ("," expression)* [","]
starred_list = starred_item ("," starred item)* [","]
starred_expression = expression | (starred_item ",")* [starred_item]
starred_item u= assignment_expression | "*" or_expr
AAEY A AT els AR E Ao, AT S HEE EPIL KU BEL RIS
FUth 729 Zdole 559 =AY N-dUth RS2 AFoA LEFHOZ Fho] T FUth
o A~ 2] A 3 (asterisk) * = o] Bl 2] & A 3} 7] (iterable unpacking) < VFEFH U TE 3] QAR = HEE A] o] B 2] £
ojojok FUTh I olH el 8o FEZY AALE FFH o A, A WA AHAA A FF, e2E, Fel

=g Uch
WA 350 F7h A4 BEEo A2 o]g el E < 9, PEP 448 ol A H 2 2 A 9+= dF U Th

A trailing comma is required only to create a one-item tuple, such as 1,; it is optional in all other cases. A single
expression without a trailing comma doesn’ t create a tuple, but rather yields the value of that expression. (To create an
empty tuple, use an empty pair of parentheses: () .)

6.16 giS F5l= =A

sfold e Ao A e 2Z oz R e TFUTH A Fe TohE o, S grol FunhvA
==
T

T .
s 204, 2842 259 2 22 A= AU E gol Fal A th

exprl, expr2, expr3, exprid
(exprl, expr2, expr3, exprié)
{exprl: expr2, expr3: expréd}

exprl + expr2 * (expr3 - exprd)
exprl (expr2, expr3, *expr4, **exprb)
expr3, exprd4 = exprl, expr2

The following table summarizes the operator precedence in Python, from highest precedence (most binding) to lowest
precedence (least binding). Operators in the same box have the same precedence. Unless the syntax is explicitly given,
operators are binary. Operators in the same box group left to right (except for exponentiation and conditional expressions,
which group from right to left).

HlJL, W4 AAL ofolHlEE] AALE2 BF 22 A E 23 vju AXA Ayt A H PEo A
LEZ O = o]o]& 9] 7| (chaining) 3t 7]5S 5 U tth
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4 AFRE o3

(expressions...), 2% (binding) == 235 3 94, 2|2E A&
[expressions...], {key: value...}, o], g9Axyg taZd o], A& a9 9]
{expressions...}
x[index],x[index:index], x (arguments.. AHEA2IHA &8lo|A, &, oJEBHE I=X
.),x.attribute

await x oo E £ 4]

o AFAF

+x, =X, ~X %, =, H E NOT

@, /,//,% FA, P FA, YA, A4 A, JHA°

+, - A 2} vl A

<<, >> A|ZE

& B E AND

A H] E XOR

[ H] E OR

in,not 1in, is, is not, <, <=,>,>=, 1= == v, A AALS) olol Bl €] E] AALS 33U T
not x =2] NOT

and =32 AND

or =2 OR

if-else 27 x84

lambda gt 334

o= iy x84

SAEAF QA @ EEo] 9 Aol HE o QAR oA ATEUTH B, 2041 £ 0.5 At

65 AiAte EAG EM g AL B UL 22 S AeE U
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Cta= 2 (Simple statements)

SeRe St =el A9 & ool AP U ole) /9] deRo AN FEOE Relx o] shie] Fol e
S &t Bege 2 e o 2%tk

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

expression_stmt = starred_expression

99



The Python Language Reference, Z2|A 3.11.10

B4 L (G BEAYL 4 JE) BEA 25 g PR
3} RO A, gko]l None ©] ol ™, W repr () & AHE A2 WSS 1, 23 A Y2 £2Y
= HEY Eo BEF o2 YUt (27 None D W= 23 A QotA], Z2AA T2 oW 2 HE
W= A sy,
ol=
72 THEE
92 o] 5= ol () A Zsta 7k A Y o ERREV FEES T4 h
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 2] ¥ A ol+= Zefolng] AHS HAA L))
WYES BPA BE (0] 20] shte] RAAL S5, IR 2P 2R $5 e, FA Fee R
o] BEolthe AL /1SN L) o §L T, ABAM 2 BB 02 kel o} AA E B3 B2e)

27}l o ) e,

e B (250 Fepol ek ARG o2 B FHULE B0l /A AR AR (e HE B2}
ABag ol &etol ) |, /b A 7254 02 oS S ofwt 3L, T l0] SubEA ohd A S
A4k, ol WelEel A & 0w 98 Ao 5 AFYTh T YEe] FAFE 757 24
e ol S 1 AA Fo oA Foj Ak (R P AS AR HAA L),

HZze sHAd ¢ et A=+ d5Ud ol didste AL o3 2]

Lo

Aoz Bue] Sol9e) Azt 47} gt el glew ARl: Aol B g

4

5 o] o 2B 2] 2 3 (asterisk) & 9Fell £ B}, “ A BFE (starred)” B} o] b3 £ T, Bt
1ol: 27 Aol £ Bh7l B2 o] o B9 41} s 4L A5 5 AlF s
olooF FU T} o H e Bo] A G FREL, AZo|A] 2 2Z o7, A= B ol ok
B E T o H g A v =58 A B Fof e = A5 Bl gy,
o o)A FHER TAH 22T 2 B AR YT (o] 2EE w0l 9e
).

b >

i

iy

oo
ol

Tl

[

I
o 2 i
b

24 4yo T o

ol yo TN T

B
k! 52

e 5o FRES AT ol E el ol

fo
fu =
1’
fo
rlr

°
ok

oa 10

i

M

N

Ir

2

& xim
[o
i

o &M
oo

stitel ghAlo]
. E30] A

- 11 9]
2o

)
o
.
L
=2
)
)

2
rot
N
)
Lo
=)
o

lll e
by
B

ot o,
Ol"_]rl

o = global Y nonlocal i#°l 534 ko™: 1 o]F2 A
Ao AAE et

=
2

(o]

(T (1
2
[ -
e
I

]
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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 o] go] o] Ads o] Yow AAAHYT ol AL 7| Ee] A o] W AA| ] Fx A5 7h00]
HEE 5o, AAZE A fstd vl 22l 7t vhds 31 513 2} (destructor) (23 ATd) 7t EEHES
wE 5 gt

. BRlo] o ERHE FxY: F29 mefolvje] BAA S e FHUTE o] AL Y A5 o =¢
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
AW % 18 Wat grh & de Gy,
%9 A4 AA FAS Qabi0| T o RE FxT )Y AL FEAN BF S5,
% (right hand side) EA4), a.x = AAE A o Eg]HE L} (AU A o] Ee| HE 7} glrhal) o)~
OEFREE AN2T 4 A5 Uth I (left-hand side) BH 2l a. x = 4 B 28t wrsolAete 4
ArEsojee RES AU TN, Fa.x 7} 2L oSS RES el t AL AR 270l
obguth $¥ EA o] Fe s o= RES A Art, AW o] BRlom A dibs o=
JRES BEL
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.

meholul el 7 (A 2e) b A UL AN, A ATGEEL B4} ool itk $5R A
Ao05] O A e, AR A ) Aol sef AL 50] ohel AomeloF Shat A A me]
Qe ~E 717 G5l A E B shebm 2 FPUTh QB2 M9 E Mol uhR, IndexError &
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/value pair which maps the subscript to the
assigned object. This can either replace an existing key/value pair with the same key value, or insert a new key/
value pair (if no key with the same value existed).

For user-defined objects, the __setitem__ () method is called with appropriate arguments.

« EFZo] Lefolgolu: Bxe) metom e EHAY e FHUL (FAE 22) A AAL AR}
Uhshok P Th B & AA L e B AL AR oF Gtk 17 the, EAITHA ek A
EAA] e PR 1L gEL 03 A A2l Folok FAGe B0} H ofok FulTh £ 5 o
Aol £57k oW, AA2e Pol 8 HFgth 1A Aol AARELS 03 A B2 Bolu}
2 Aolo] Bol ke ol MES AFULh nA oz AAs Aol Zejol A tYHE AALE
WASGES 2 3T B2 A A7) s SatriE, Sebolao) Aol thdH & Adas] Dol s
% g%tk

CPython 73 AHA: A7) T A, 78] B9 E34
AR 7] o) Eof o] WA X7} @ A A= AFE i A5 Th

R

”*}EH‘Q-J 4ol 7 AR 9 e FH o] 5 Al A (simultaneous)” A& (& E°1,a, b = b, av F
HEE ASFUTh A, s = HaEe] ZAM oA FHL AFolA LEH R JojuLtA,
ﬂiii@# e dIE weyth dlE 5o, b 2 222 [0, 2] & AAFU:
x = [0, 1]
i=0

(Th= sl o] A ol A%)
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(e1A sl o] A ol A AI5)

i, x[1i] =1, 2 # 1 1s updated, then x[i] is updated
print (x)
o B7):
PEP 3132 - &% o]E|&] & o 37
*target 7]l 3t F2

7.21 S CHZ(Augmented assignment statements)

FEUYEE B BN ol A4 HYES A AUk

augmented_assignment_stmt = augtarget augop (expression_list | yield expression)
augtarget = identifier | attributeref | subscription | slicing
augop = ny—mn ‘ w__mn | Wx_—n | n@:" ‘ ll/:" | n//:n | no—mn ‘ Wk x—N
| Ny s—n | "= ‘ ne="m | nA_mn | n|="
(WA A] 712 0] B o= zetolue] Alde HAAIL)
SE NI B (Rt did w28 d Aol 2 ¢ gsuth A 234 559 S 7ok, 55 9
A2 Ao g9 Fol B ol F AN £ W T F, Aol el 1 ARE YTk B 25 &

Ak gro] 73l % D}.

3e wf%—ﬁr fz@oﬂﬁ%,

] =«
L2 ARt 3 7Hs S ul, A A 03. 42 A7) (m place)
= oA AAE s v Ytk
I

AU I A, B8 UGS S G2 7oA ol Ao] AN G TS, B Bol, (i) +-
Fl) EABa() & £HETE 00 o F 2L, AL ~HT T, AT OE T A E a1 o
thAl %tk

shie] £l FE7 T BACE st AL 9% W, S8 Yol oo vhge A vl
2eUoR AU T, TR, A el Sl S ol 2 oY, S o W ol 29
o4 Ql4ke vk o] A <l

7.2.2 0{=E|0|E &l CHQ! Z(Annotated assignment statements)
o H ol YL, SFEFNA, HF Y o EFRE o H o] AT AFE 4= =t YES A= AUch

annotated_assignment_stmt = augtarget ":" expression
["=" (starred expression | yield_expression) ]

The difference from normal tf] ] & is that only a single target is allowed.

ol B Ao et ol B2 Ak A9, FehA BE Ammo] 9o, ol wrlol4e gho] 7oA 58
22UV EEY oJEZHE _ annotations_ o] AAH =], o] o] EZHEE= (WFu]Z/H FH 42
W olg2 ol H o] A9 oz A7l gAY e s Juth o] ESHEE 277 EEH A, 2
22U 250 A AFE uf ofiEo]do] Ao w WAEE wEo] FHYTh

G HAoR EANS £, ol elol e FAAY RE 2Tmol i AAH gho] TAA AW AL A
= o,
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o] go] F4 2R A o i o] £ W, o] o] F 71 23zl )% (local) YU Th B AT ZAA o] e
Bl o] S grol a2 A vk A 4] ) ¥ o
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

¢ BW7):

PEP 526 - 4> o] ;= H| o] &Y
FAL o 2ot Al A (FU 2 s ATl A i 239 F S oL H o E 3= EH S
F 7}k Al <k

PEP 484 - 3] 3 E
A2 BN TG IDENA AFRE 5 9l & o El o] Ao tid & £ S Al&3t7] 98 typing

BES Flehe Ao

¥ A 3.8°J| A ¥ 7 : Now annotated assignments allow the same expressions in the right hand side as regular assignments.
Previously, some expressions (like un-parenthesized tuple expressions) caused a syntax error.

7.3 assert &

assert =2 = 2 73 of t] ¥ 7] o] A A (debugging assertion) = 4+ Y 5= o 2] 3 HH A Yt}

assert_stmt = "assert" expression ["," expression]

st & E), assert expression 2 23 T53HYth

if debug
if not expression: raise AssertionError

2449 3|, assert expressionl, expression2 = Tt 553t}

if _ debug_
if not expressionl: raise AssertionError (expression2)

5 2 o5 YA HeES 7t 7t
AR T+ W M4 debug_ 2 YREHQl A3ol| A True o]1l, A3}t 8 FH S ol
A O) lse YUttt dAj9 :":”‘“"37h AL A A H A7 &A= W assert = 9 S
A 45 IJDP off g WA Ao At THA Q] 2n FEE 2T Q7)o FAFAHAIL;
8 Efo]ao dR 2 ZH¥HYTH

o,
=
on 1

%% _ _debug__ I} AssertionError 7}
A,

(el
Y [ ol £
flo it o

7.4 pass &

pass_stmt = "pass"

pass £ 4 mull) AU T — A uff, of 7 I
S L AL B W, A2 B AP BT &

7.3. assert & 103
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def f (arg): pass # a function that does nothing (yet)
class C: pass # a class with no methods (yet)
75 del &

del_stmt = "del" target_list

A=t Aol B H WA ofF vl oA A A o' FoPUth HA| AR AMES YEete thAl, o 7]
8 b A= Y5

B 559 A= 4 Ble dFolA L2502 AAH oz AA G

o] 59 A= 22 A= EF = global woll L o] g o] TAst=A o wet A H ol v} A G o] F F 7ol A
o] 59 AZE AAFYULE o] Fo] AZH ] YA W, NameError o 2] 7F G o FUth.

JEelRE %2, AuAIYM, Setol 4 A& BaE Zelolne) Ax 2 ARH YT, Seol Ao A4
tauHoz oW o ul Setol 22 Y shE AT 55T THEAW o A2 Lol 4 5 & AH 7}
gy oh.

WA 32004 HA: o Holl= o] 5ol FHE EFoA At ¥4 2 54k A5 A9 o5 T2l A AHA 8=
Aol s ekE A kgt LT,

7.6 return &

return_stmt = "return" [expression_list]
returnZ EWALR Fefx Fool FHH A7 ok e}, T Ao olut FHE o e 5 A5 U th

E@ﬂ%éﬂﬂz@a%a%HLzaﬂ%ﬁ@Nmezzﬂgﬂqw

return ©| finally 2L 7}A try—v—oﬂf\‘] 7‘11017]'3*011’]'—'— nEE
Aol I finally @o] A3igh Ut}

Ay ol g ol A, return -2 AW #E o8 7 B2 7He] 7] L, StOpIteratlon qel s degdyrh
return & ©]] Xﬂ*ﬂ 2 (Athd) stopIteration & A A el A= AP o] stopIteration.value

SECERT -

Hl 5 7] Al Y o] H U”—’F"ﬂ/ﬂ QW return ¥ HE 7] AYHH} EYgSse g8
StopAsynclteration 9 & do A Yt v Z7] Ay ] o] &g A, Bl YA ¥E return &
ool gyt
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7.7 yield &

yield_stmt := yield expression

yieldF-Z yield 3 H 2 I’Jréo oJu) 7} YF UL F 5 Shyield @ Ao A] B8 E o= BT E B Fet7] 9 5l
yield & A&t} o & 59, yield &

yield <expr>
yield from <expr>

> Ot 22 yield 28 2EEH TS FUT

(yield <expr>)
(yield from <expr>)

yield 2 € A3} 342 Al & o5 &5 Fo T ul @ ARS= 3, Al d o] B] &<=2] nit] of| A vk AFS-FH U T}
S Z Y7 duk g Al Al o8 4§ HEES S Hl e yieldE /\}*"L e Ao g S EFUL
vieldQ] 5o st Aal| ME AMFEL A= 33314 (Yield expressions) A A S 331 3HH FHu ol

= =
7.8 raise &

raise_stmt = "raise" [expression ["from" expression]]

If no expressions are present, raise re-raises the exception that is currently being handled, which is also known as the
active exception. If there isn’ t currently an active exception, a Runt imeError exception is raised indicating that this
is an error.

o

= T+ Yt} BaseException & A H FE 2L}

8RO raise = o AAZE, A HA 2
@ ul QU7 glol Zel 28l AATAE BEolA AT

J
QI Aojof LT Feja, o 9] g AEA
Yo,

o2 2] & (type) = | 2] A~E 20 S22, ZF(value) S A2~E 2~ AR YU t)

A traceback object is normally created automatically when an exception is raised and attached to it as the
__traceback___ attribute. You can create an exception and set your own traceback in one step using the
with_traceback () exception method (which returns the same exception instance, with its traceback set to its argu-
ment), like so:

EAA
3
-

[e]
= L

[

[raise Exception ("foo occurred") .with_traceback (tracebackobj) ]

The from clause is used for exception chaining: if given, the second expression must be another exception class or 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):

(ThS sl el Aol A<)
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(o] A | o] A e A AL
File "<stdin>", line 2, in <module>
print (1 / 0)

A

ZeroDivisionError: division by zero
The above exception was the direct cause of the following exception:

Traceback (most recent call last):
File "<stdin>", line 4, in <module>
raise RuntimeError ("Something bad happened") from exc
RuntimeError: Something bad happened

A similar mechanism works implicitly if a new exception is raised when an exception is already being handled. An
exception may be handled when an except or finally clause, or a with statement, is used. The previous exception
is then attached as the new exception’ s __context___ attribute:

>>> try:
print (1 / 0)
except:
raise RuntimeError ("Something bad happened")

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
print (1 / 0)

ZeroDivisionError: division by zero
During handling of the above exception, another exception occurred:

Traceback (most recent call last):
File "<stdin>", line 4, in <module>
raise RuntimeError ("Something bad happened")
RuntimeError: Something bad happened

Exception chaining can be explicitly suppressed by specifying None in the from clause:

>>> try:
print (1 / 0)
except:
raise RuntimeError ("Something bad happened") from None

Traceback (most recent call last):
File "<stdin>", line 4, in <module>
RuntimeError: Something bad happened

9]0l e B B AW E of o) AlMo] A BAT 5 91T, o)) 2 Al se Aol 3t Fu
k.

WA 3304 HA: o)A raise X from Y oAl Y & None ©] 52 Yt}

Added the ___suppress_context___ attribute to suppress automatic display of the exception context.

rr
3
[l
1=
r
=2

WA 3.119] A ¥ 7 If the traceback of the active exception is modified in an except clause, a subsequent raise
statement re-raises the exception with the modified traceback. Previously, the exception was re-raised with the traceback
it had when it was caught.
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7.9 break &

break_stmt = "break"

break £ EWALE for Ywhile FXZo FHHAAR UEbd = QU sHAI R I F2 1] Tt
S Aol FHAA = sy
o}

Vg 7Wkol A EE AL Qe 2 E FEE, O

r
L
vl
)
<
&
£
=

for 27} break 2 £ 8

A
gE
S
[
)
2
o =
)
flo
e Hu
2
L
o

break 7} finally B 7} try ol A] A
1 finally Aol AP HTh

7.10 continue &

continue_stmt = "continue"

continue & EWHOR for Ywhile F2o] FHF o)A W e £ QU th shA R 1 £ ok
A 2ele Folol FRH AL Gtk H ko A SRR T Qe BRI THS AL 2R Yol tE S
RHE U T

continue 7} finally AL 7k try oA A7 oAU E | B+ 3¢, th3 £ E Alo]Z& A &6
Aol 71 finally do] A3F Yt}

7141 LI E(import) &

import_stmt = "import" module ["as" identifier] ("," module ["as" identifier])*
| "from" relative_module "import" identifier ["as" identifier]
("," identifier ["as" identifier])™*
| "from" relative _module "import" " (" identifier ["as" identifier]
("," identifier ["as" identifier])* [","] ™)"
| "from" relative _module "import" "*"

module = (identifier ".")* identifier

relative_module = "."* module | "."+

(fromZe] glE) 72 JXE F2 F A Z Agg Uk

2

Fol (duxz B2 o8 Mo 22 23w, npx) Zh o] d=e dxE Zo o3 £2d AAH, F
At Atk 8= s 598 U

The details of the first step, finding and loading modules, are described in greater detail in the section on the import system,
which also describes the various types of packages and modules that can be imported, as well as all the hooks that can

be used to customize the import system. Note that failures in this step may indicate either that the module could not be
located, or that an error occurred while initializing the module, which includes execution of the module’ s code.

2Ad EgolATALE go] SAAY A 7HA F o R A o] F Fkel 2/ g Utk

« ZEOJF AN as 7t 29, as Floll 2= o]F°] d2EH RE A gt
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o GE OISO ARHA AL, YEXEFH = B EC] H 4 g0, ZEY o5 YZEH = R e T
FE2E AY ol5 Il A28 Ytk

cl]ﬂ
. JEEHE BFo] H ko] BEo] ob T
ﬂﬂméi Eﬂﬁﬂ%Zﬁﬂ %

| Qe nEel ol §9 ABAREE AREA DA
2 oW, 10189 AN BES JEESE AL ARD TS YEED BEN 1ol HES
thAl A AR
3. JJEZREVIHASA] ¢¢2 ™ ImportError & 427 Uth
4. 28 ko, T ghol thst Fx7F A o] F FXhell AFE =T, as o] EATHE A 7|0l A
ARE o B AL, 1RA) GO o= HE o] B AFTUTH
AH-g- ol
import foo # foo imported and bound locally

e

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

A5 B2 28 () 2 uH, BRE0| F9 W RE B/ 0|85 0] inport Bo| SYT 27z
A o] F 3kl AUt

2ol Bod 37 o= (public names) & 2] |5 oA _all _ olgte o529 M-S HAAS|A
249Utk A2l o] drkd, 2A4Ge] AR solopshi], 1 REo] Pl A gz ERE o B E YU
_all_ oA AT lFES EF TMNE HFHILREA SANFFUTE __all o] FojH A ¢foH,
259 o5 gl A= ol F T, BE A () EAHSA e BE o5l #ME ATHUS
_all & BN APLAAE EFFoF Atk o) 2] BA L o mx] ghA APl YH 7} ohd FEES = E 3}
€ A2 A skE AdUnt (18 2 ZE0] 2 ESIA AREshE SholHE 2] B E).

QEEY HIEFE Yo — from module import * — & BE FEeIAU HSH U Fesu S
ool M AHg-stel= Al =+ syntaxError & 4o Yt

YEXEL RES AALZ o 252 drj o] 5 (absolute name) & AT B2+ 5 th BEEolv 37| A 7}
o2 37174 <ol 2okd wf, 22 A9 A7 A WA L7 o5 AR E8 jlo] Al Y=EE
(relative import) & & 5= JFUTh from FA AR |71 AU ZE kol 2ol o g, AFT o]F2
A7 3tA = FA |7 A A S Ertd AS e Qi‘rﬂ‘)k Ein= l Ade syt shuel A2 o]
YEEE = REO 2AFE A ANNAE FFUL T A FL BN A 5FL ASH Lok 2L

AaﬂqlﬂNAJS%iHﬂ?%%r%%%ﬂﬂ-lﬂﬂmwﬂﬁubﬂmb¢gﬂﬂfmm-lmmﬁ

mod & A3}, pkg.mod & YZE A H YT} pkg. subpkgl SFlA from . .subpkg2 import mod

£ W5 pkg . subpkg2.mod & YEEHA ALTh 4] AEEo] that F AL 574 At} 9 EE B

Sof stk

2 nEESL 5HoE AAFE= SR 22 0WNEL X Y7 Y8 importlib. import_module () ©]
Alsd Ytk

Q1 2} module, filename, sys.path, sys.meta_path, sys.path_hooks & 7ZFA} o|H E import & A}

NEISICH
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7111 X 2

T2 = (future statement) & A3t D27 543 52 SE3 FH ol v /i d S AHE A Aot E | vte =
2| Al o] (directive) A Hl, L 7]-5-2 v 2ol S A= & FFe| Ao A FEo] HE= AYPUth
FA4 2 FH2Aojol] T3H A ke Aol =E v HAY sto]H o g AV AL A e+
Addch 2 71 ‘a o] ZFolHemMEZ ol EE G E A 75 AT UEE TE YT
future_stmt = "from" "__ future_ " "import" feature ["as" identifier]
("," feature ["as" identifier])™*
| "from" "__ future_ " "import" " (" feature ["as" identifier]
("," feature ["as" identifier])* [","] ™)"
feature = identifier
FA 22 28 Al Aol vetof duth 74 & ol e e 252
o BE 52 E ] (docstring) (9 tHH),
g
b ‘i‘l %) ZE]:]—’—
. e FAH BE
FA B2 AL oF st YT 7|52 annotations YU TH(PEP 5632 234 Al L)
JA FA £ Tl 243HY 75 A ol 3o o AdAFUH o EF
o] & absolute_import, division, generators, generator_stop, unicode_literals,

print_function, nested_scopes % with_statement 7} T HUTL o]AEL A Ed &
8RS, A AA TS HEl FAHL 7 - EA YTk

FARe PARCRE AL ARG A4 1 oAUk §4 FAEE o) AL FF OE
I AP E H?‘ 9‘4‘:} Al 7]‘—01 T3 A = (MEL AFAARD) MEZEL EHES =D ote 4722
7bsdtd], o] A= Ao EES UEA AT F I 280 2B S AP AFoE v &
RE Y.

v Zupch, FAotd = ol E 75 ol 550 HYH o YA ¢, v FA o] ¢A Kot 75 £t
Qo A Al H o HE oYt

AHAJNAF A FY NS ohe dXE FSH Z5Uth 28 BE _ future, $o A9 th ot
AL, A4 o] AP = Aol It e r dxEH T

TR AY AR NIEL2 FA4 Foll g 8A3E = FAAN 71550 E A5 U

ol & o= obF A E 53 A o] gl o it

[import __future__ [as name] ]
o] Z1Z A Fo] ohd Utk ok S8 i d ol EH A QL Al oFo] gle AR AXE T F Y Th

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.

03ty AEzeE zExed A EH FA £ Az E Ade] ¢S 77 a2 2ANAU. 9
BzeE7-1, A8 AAYE o] 5o AR, SHOR A 2ela, 1 AAYES} FA S 3,
~aY e AR o) o] A2 £ 3ty AT E3HE FA T,

| ®17]:

711, &

K
lm

(import) & 109
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PEP 236 - ¥ & t] _ future__
_ future_ Wl AY S dlst F x| A<t

712 global =

global_stmt = "global" identifier ("," identifier)*

global B2 WA 3= B8 0] 485 = 4AYT, AH ATl A 0.2 5 45 olof Bk
=Yk global A o] A Sl AHS 7 2 5 A7 SHA W, global §lo] A Wl =
olshe AL &7

gmmu%ﬂqgaq%%%@%izséwﬁgmm¢%%w%%§¢asqw

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, c 1ass definition, function definition, i mport statement, or variable annotation.
CPython 78 4A: A7) 780) o] A 952} AR-g ZATA) QAR T2 292 o] A58 FB3A olof
stedl, vefe] FEL 2SS BASAY 22T ouE A3 glo] AT 5 7 WE Utk

Ei'”ﬂ‘ﬂ«l —r-J AFg: global & vpAfof 5 xl/\l7<}(directive)‘?JH\’/P. global &3} 22 A F ol 3t = =

Foovk AgH YUt 53], ‘ﬂﬂ exec () & —’Fi = 2Ago| G AE 7“7'<ﬂ°ﬂ 23¥ global & 1
drTES Ef&ﬁ}t F= B = 9FS F4 °}3’_ I8 ARG 238H FZ= JA S 5 ES 23
F =0 9+ global ¥l &S WA gkHUTh eval () Fcompile () FFEE UVWV]%MD}

7.13 nonlocal &

nonlocal_stmt = "nonlocal" identifier ("," identifier)*
nonlocal —Er% UdE AEAEo] AG-E AL skl 71 7hrkol A EE A E AT Z oA oju] A ZAH HSE
7171 =5 Wyt o] AL F83h, ﬂéA 718 F2bo] Ao o] 5 e WA AASE Aol W&
Atk ] A AEsE IV AS (BRE) 2TZ Qo A 2T Z 1] HEE AAAT = = FH
ot
nonlocal #o UEH o] §E2, global ol HEH AEFAE 2], S8 2T LA o] &2A3}=
AZES 7te| Ak FUtt (K] dZo] ojH AFZof wtEo] Aot =% HE&sHA 2A T 5 5 h

AR
nonlocal ®ol YE€FH = o552 A
o B7):

PEP 3104 - 1} 231 0] 91 o] S-Sl thak o Al
nonlocal &9 4.
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[if testl: if test2: print (x)

oA AelEgo] E2Eth AotA dFeA, 53 22 oo, print () TEES EF

T3l i q
AP A o= FuE A3E A kU the Ao o8 oF gy th

compound_stmt = if_stmt
| while_ stmt
| for_stmt
| try_stmt
| with_stmt
| match_stmt
| funcdef
| classdef
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| 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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8.3 for &

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" starred_list ":" suite

["else" ":" suite]

The starred_1list expression is evaluated once; it should yield an iterable object. An iterator is created for that
iterable. The first item provided by the iterator is then assigned to the target list using the standard rules for assignments
(see Tl Y1), and the suite is executed. This repeats for each item provided by the iterator. When the iterator is exhausted,
the suite in the e 1 se clause, if present, is executed, and the loop terminates.

AR A ENH AR & break BL else AL AWHA 1 £28 FEFUT A A A9 EA
AR = continue & AAEY UH A REES AUAL g FHOE JojZHAL, ohg Gl glow

else 42 7Yt}

for- 2= B2l 50 Ao df JAUTh for-F20] A9 EoA o] 2] A ASE 2FNA, 7 W]
A P gES BT Folguh

for i in range(10):
print (i)
i=25 # this will not affect the for-loop
# because 1 will be overwritten with the next
# index in the range

Names in the target list are not deleted when the loop is finished, but if the sequence is empty, they will not have been
assigned to at all by the loop. Hint: the built-in type range () represents immutable arithmetic sequences of integers.
For instance, iterating range (3) successively yields 0, 1, and then 2.

W A 3.119]| A WM 7 : Starred elements are now allowed in the expression list.

84 try =

The t ry statement specifies exception handlers and/or cleanup code for a group of statements:

try_stmt u= tryl _stmt | tryZ_stmt | try3_stmt
tryl_stmt = "try" ":" suite
("except" [expression ["as" identifier]] ":" suite)+
["else"™ ":" suite]
["finally"™ ":" suite]
try2_stmt = "try" ":" suite
("except" "*" expression ["as" identifier] ":" suite)+
["else" ":" suite]
["finally" ":" suite]
try3_stmt = "try" ":" suite
"finally" ":" suite

o gJol B Fhe] HRE o) AAANA B 5 AT, AAE D07 A raise B AGTE R0
B8 B ise 7 AMAA 22 5 dgUTh
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8.4.1 except clause

The except clause(s) specify one or more exception handlers. When no exception occurs in the ¢ ry clause, no exception
handler is executed. When an exception occurs in the t ry suite, a search for an exception handler is started. This search
inspects the except clauses in turn until one is found that matches the exception. An expression-less except clause, if
present, must be last; it matches any exception. For an except clause with an expression, that expression is evaluated,
and the clause matches the exception if the resulting object is “compatible” with the exception. An object is compatible
with an exception if the object is the class or a non-virtual base class of the exception object, or a tuple containing an
item that is the class or a non-virtual base class of the exception object.

If no except clause matches the exception, the search for an exception handler continues in the surrounding code and
on the invocation stack.'

If the evaluation of an expression in the header of an except clause raises an exception, the original search for a handler
is canceled and a search starts for the new exception in the surrounding code and on the call stack (it is treated as if the
entire 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 t ry statement. (This means
that if two nested handlers exist for the same exception, and the exception occurs in the t ry clause of the inner handler,
the outer handler will not handle the exception.)

When an exception has been assigned using as target, it is cleared at the end of the except clause. This is as if

except E as N:
foo

ZholgA Hee = A 2

>

U

except E as N:
try:
foo
finally:
del N

This means the exception must be assigned to a different name to be able to refer to it after the except clause. Exceptions
are cleared because with the traceback attached to them, they form a reference cycle with the stack frame, keeping all
locals in that frame alive until the next garbage collection occurs.

Before an except clause’ s suite is executed, the exception is stored in the sys module, where it can be accessed
from within the body of the except clause by calling sys.exception (). When leaving an exception handler, the
exception stored in the sy s module is reset to its previous value:

>>> print (sys.exception())

None

>>> try:
raise TypeError

except:
print (repr (sys.exception()))
try:
raise ValueError
except:
print (repr (sys.exception()))

print (repr (sys.exception()))

(T sl o] A oll A%)
2 e9g dort rinally 2ol QA G2 el 3E 2oz YU 2 A ot oA 2AS goi A TEh
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(o148 s o] A oAl Al A
TypeError ()
ValueError ()
TypeError ()
>>> print (sys.exception())
None

8.4.2 except* clause

The except * clause(s) are used for handling Except ionGroups. The exception type for matching is interpreted as
in the case of except, but in the case of exception groups we can have partial matches when the type matches some of
the exceptions in the group. This means that multiple except * clauses can execute, each handling part of the exception
group. Each clause executes at most once and handles an exception group of all matching exceptions. Each exception in
the group is handled by at most one except * clause, the first that matches it.

>>> try:
raise ExceptionGroup ("eg",
[ValueError (1), TypeError(2), OSError(3), OSError(4)])
except* TypeError as e:
print (f'caught {type(e) } with nested {e.exceptions}')
except* OSError as e:
print (f'caught {type (e) with nested {e.exceptions/')

caught <class 'ExceptionGroup'> with nested (TypeError(2),)
caught <class 'ExceptionGroup'> with nested (OSError (3), OSError (4))
+ Exception Group Traceback (most recent call last):
| File "<stdin>", line 2, in <module>
| ExceptionGroup: eg
-t ] ——————
| ValueError: 1

Any remaining exceptions that were not handled by any except * clause are re-raised at the end, combined into an
exception group along with all exceptions that were raised from within except * clauses.

From version 3.11.4, when the entire Except ionGroup is handled and only one exception is raised from an except *
clause, this exception is no longer wrapped to form a new ExceptionGroup.

If the raised exception is not an exception group and its type matches one of the except* clauses, it is caught and
wrapped by an exception group with an empty message string.

>>> try:
raise BlockingIOError
except* BlockingIOError as e:
print (repr (e))

ExceptionGroup ('', (BlockingIOError ()))

An except * clause must have a matching type, and this type cannot be a subclass of BaseExceptionGroup. Itis
not possible to mix except and except* in the same try. break, continue and return cannot appear in an
except* clause.
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8.4.3 else clause

Ak 7l53Blelse 2L Alo] 80| try A EE WA U L, o 2] 7} A A 99k A1, return, cont inue
& break F0] ’“Ugﬂ A o AFPUth else oA B stE ol 9= ol b+ except HollA
PR P

8.4.4 finally clause

If finally is present, it specifies a ‘cleanup’ handler. The t ry clause is executed, including any except and else
clauses. If an exception occurs in any of the clauses and is not handled, the exception is temporarily saved. The finally
clause is executed. If there is a saved exception it is re-raised at the end of the finally clause. If the finally clause
raises another exception, the saved exception is set as the context of the new exception. If the finally clause executes
a return, break or continue statement, the saved exception is discarded:

>>> def f():
try:
1/0
finally:
return 42
>>> f()
42

The exception information is not available to the program during execution of the finally clause.

When a return, break or cont inue statement is executed in the t ry suite of a try---£inally statement, the
finally clause is also executed ‘on the way out.’

The return value of a function is determined by the last ret urn statement executed. Since the finally clause always
executes, a return statement executed in the finally clause will always be the last one executed:

>>> def fool():
try:
return 'try'
finally:
return 'finally'
>>> foo ()
'finally'

H A 3.8 A ¥ 7 Prior to Python 3.8, a cont inue statement was illegal in the finally clause due to a problem
with the implementation.

8.5 with &

A 2E Fel 2} (with # A 2= wel AP S BAL) L BB HAES
AL E tryexcepto finally g HALS ALHA ANEL 5 A=F

with_stmt = "with" ( "(" with_stmt_contents ","? ")" | with_stmt_contents
with_stmt_contents = with_item ("," with_item)*
with_item n= expression ["as" target]
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st “item” & AHESHE with 29 AR v} 2ol AP FH Yt

1.

A I

The context expression (the expression given in the with_item) is evaluated to obtain a context manager.
The context manager’ s __enter__ () is loaded for later use.

The context manager’ s ___exit__ () is loaded for later use.

The context manager’ s ___enter___ () method is invoked.

If a target was included in the wi t h statement, the return value from ___enter__ () is assigned to it.

ZF31:  The with statement guarantees that if the __enter () method returns without an error, then
__exit__ () will always be called. Thus, if an error occurs during the assignment to the target list, it will

be treated the same as an error occurring within the suite would be. See step 7 below.

L A9ETF AR g

. The context manager’ s __exit__ () method is invoked. If an exception caused the suite to be exited, its type,

value, and traceback are passed as 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.

e 2e mE L

with EXPRESSION as TARGET:
SUITE

v o Bhe3t BEF U

manager = (EXPRESSION)

enter = type (manager).__enter_
exit = type (manager) .__exit_
value = enter (manager)

hit_except = False

try:
TARGET = wvalue
SUITE

except :
hit_except = True

if not exit (manager,
raise
finally:
if not hit_except:
exit (manager, None, None, None)

*sys.exc_info()) :

S RO B B8 5, AYAE Bl A vich Fol P8 AN Y ARG

with A() as a, B()
SUITE

o vl g o= g3t 55 Gk

8.5. with &
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with A() as a:
with B() as b:
SUITE

You can also write multi-item context managers in multiple lines if the items are surrounded by parentheses. For example:

with (
A() as a,
B() as b,
) :
SUITE

WA W T AdAE BAA e A9
WA 3.109| A ¥ 7 : Support for using grouping parentheses to break the statement in multiple lines.
© B7):

PEP 343 - “with” &
kol with #9f 5t 4, W7, .

8.6 The match statement

W7 3100 7}

The match statement is used for pattern matching. Syntax:

match_stmt = 'match' subject_expr ":" NEWLINE INDENT case_block+ DEDENT
subject_expr star_named_expression "," star_named_expressions?

| named_expression

'case' patterns [guard] ":" block

case_block

ZF31: This section uses single quotes to denote soft keywords.

Pattern matching takes a pattern as input (following case) and a subject value (following match). The pattern (which
may contain subpatterns) is matched against the subject value. The outcomes are:

« A match success or failure (also termed a pattern success or failure).

« Possible binding of matched values to a name. The prerequisites for this are further discussed below.
The match and case keywords are soft keywords.
o B7):

o PEP 634 - Structural Pattern Matching: Specification

o PEP 636 - Structural Pattern Matching: Tutorial

118 Chapter 8. =¢r=2(Compound statements)


https://peps.python.org/pep-0343/
https://peps.python.org/pep-0634/
https://peps.python.org/pep-0636/

The Python Language Reference, E2|A 3.11.10

8.6.1 Overview

Here’ s an overview of the logical flow of a match statement:

1. The subject expression subject_expr is evaluated and a resulting subject value obtained. If the subject ex-
pression contains a comma, a tuple is constructed using the standard rules.

2. Each pattern in a case_block is attempted to match with the subject value. The specific rules for success or
failure are described below. The match attempt can also bind some or all of the standalone names within the
pattern. The precise pattern binding rules vary per pattern type and are specified below. Name bindings made
during a successful pattern match outlive the executed block and can be used after the match statement.

Z31: During failed pattern matches, some subpatterns may succeed. Do not rely on bindings being made for a
failed match. Conversely, do not rely on variables remaining unchanged after a failed match. The exact behavior is
dependent on implementation and may vary. This is an intentional decision made to allow different implementations
to add optimizations.

3. If the pattern succeeds, the corresponding guard (if present) is evaluated. In this case all name bindings are guar-
anteed to have happened.

« If the guard evaluates as true or is missing, the block inside case_block is executed.
o Otherwise, the next case_block is attempted as described above.

o If there are no further case blocks, the match statement is completed.

ZF31: Users should generally never rely on a pattern being evaluated. Depending on implementation, the interpreter
may cache values or use other optimizations which skip repeated evaluations.

A sample match statement:

>>> flag = False
>>> match (100, 200):
case (100, 300): # Mismatch: 200 != 300
print ('Case 1")
case (100, 200) if flag: # Successful match, but guard fails
print ('Case 2'")
case (100, vy): # Matches and binds y to 200
print (f'Case 3, y: {y}")
case _: # Pattern not attempted
print ('Case 4, I match anything!')

Case 3, y: 200

In this case, if flagisa guard. Read more about that in the next section.
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8.6.2 Guards

guard = "if" named_expression

A guard (which is part of the case) must succeed for code inside the case block to execute. It takes the form: i1
followed by an expression.

The logical flow of a case block with a guard follows:

1. Check that the pattern in the case block succeeded. If the pattern failed, the guard is not evaluated and the next
case block is checked.

2. If the pattern succeeded, evaluate the guard.
« If the guard condition evaluates as true, the case block is selected.
« If the guard condition evaluates as false, the case block is not selected.
« If the guard raises an exception during evaluation, the exception bubbles up.

Guards are allowed to have side effects as they are expressions. Guard evaluation must proceed from the first to the last
case block, one at a time, skipping case blocks whose pattern(s) don’ t all succeed. (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

Z31: This section uses grammar notations beyond standard EBNF:
« the notation SEP . RULE+ is shorthand for RULE (SEP RULE) *

« the notation ! RULE is shorthand for a negative lookahead assertion

The top-level syntax for patterns is:

patterns n= open_sequence_pattern | pattern
pattern = as_pattern | or_pattern
closed_pattern = | literal pattern

| capture_pattern
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| wildcard pattern
| value_pattern

| group_pattern

| sequence_pattern
| mapping_pattern
| class_pattern

The descriptions below will include a description “in simple terms” of what a pattern does for illustration purposes (credits
to Raymond Hettinger for a document that inspired most of the descriptions). Note that these descriptions are purely for
illustration purposes and may not reflect the underlying implementation. Furthermore, they do not cover all valid forms.

OR Patterns

An OR pattern is two or more patterns separated by vertical bars |. Syntax:

or_pattern = "|".closed_pattern+t

Only the final subpattern may be irrefutable, and each subpattern must bind the same set of names to avoid ambiguity.

An OR pattern matches each of its subpatterns in turn to the subject value, until one succeeds. The OR pattern is then
considered successful. Otherwise, if none of the subpatterns succeed, the OR pattern fails.

In simple terms, P1 | P2 | ... will try to match P1, if it fails it will try to match P2, succeeding immediately if
any succeeds, failing otherwise.

AS Patterns

An AS pattern matches an OR pattern on the left of the as keyword against a subject. Syntax:

as_pattern = or_pattern "as" capture_pattern

If the OR pattern fails, the AS pattern fails. Otherwise, the AS pattern binds the subject to the name on the right of the
as keyword and succeeds. capture_pattern cannotbe a _.

In simple terms P as NAME will match with P, and on success it will set NAME = <subject>.

Literal Patterns

A literal pattern corresponds to most /iterals in Python. Syntax:

literal_pattern = signed_number
| signed_number "+" NUMBER

| signed_number "-" NUMBER

| strings

| "None"

| "True"

| "False"

| signed_number: NUMBER | "-" NUMBER

8.6. The match statement 121



The Python Language Reference, Z2|A 3.11.10

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. f-strings are not supported.

The forms signed_number '+' NUMBER and signed_number '-' NUMBER are for expressing complex
numbers; they require a real number on the left and an imaginary number on the right. E.g. 3 + 47.

In simple terms, LITERAL will succeed only if <subject> == LITERAL. For the singletons None, True and
False, the is operator is used.

Capture Patterns

A capture pattern binds the subject value to a name. Syntax:

capture_pattern = !''_'" NAME

A single underscore _ is not a capture pattern (this is what !'_"' expresses). It is instead treated as a
wildcard _pattern.

In a given pattern, a given name can only be bound once. E.g. case x, x: ... isinvalid while case [x] | x:
. is allowed.

Capture patterns always succeed. The binding follows scoping rules established by the assignment expression operator
in PEP 572; the name becomes a local variable in the closest containing function scope unless there’ s an applicable
global or nonlocal statement.

In simple terms NAME will always succeed and it will set NAME = <subject>.
Wildcard Patterns

A wildcard pattern always succeeds (matches anything) and binds no name. Syntax:

wildcard_pattern = v

_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 NAME 1 . NAME2 will succeed only if <subject> == NAME1.NAME2
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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.

Group Patterns
A group pattern allows users to add parentheses around patterns to emphasize the intended grouping. Otherwise, it has

no additional syntax. Syntax:

group_pattern = "(" pattern ")"

In simple terms (P) has the same effect as P.

Sequence Patterns

A sequence pattern contains several subpatterns to be matched against sequence elements. The syntax is similar to the
unpacking of a list or tuple.

sequence_pattern u= "[" [maybe_sequence_pattern] "]"

| "(" [open_sequence_pattern] ")"
open_sequence_pattern u= maybe_star_pattern "," [maybe_sequence_pattern]
maybe_sequence_pattern = ",".maybe_star_ pattern+ ","?

maybe_star_pattern = star_pattern | pattern
star_pattern u= "xW  (capture_pattern | wildcard pattern)
There is no difference if parentheses or square brackets are used for sequence patterns (i.e. (...) vs [...] ).

ZF31: A single pattern enclosed in parentheses without a trailing comma (e.g. (3 | 4))is a group pattern. While a
single pattern enclosed in square brackets (e.g. [3 | 4]) 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.

2 In pattern matching, a sequence is defined as one of the following:

« a class that inherits from collections.abc.Sequence
« a Python class that has been registered as collections.abc.Sequence
« a builtin class that has its (CPython) Py_TPFLAGS_SEQUENCE bit set
« aclass that inherits from any of the above

The following standard library classes are sequences:
e array.array
e collections.deque
e list
e memoryview
e range
e tuple
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3. The subsequent steps depend on whether the sequence pattern is fixed or variable-length.
If the sequence pattern is fixed-length:
1. If the length of the subject sequence is not equal to the number of subpatterns, the sequence pattern fails

2. Subpatterns in the sequence pattern are matched to their corresponding items in the subject sequence from
left to right. Matching stops as soon as a subpattern fails. If all subpatterns succeed in matching their corre-
sponding item, the sequence pattern succeeds.

Otherwise, if the sequence pattern is variable-length:

1. If the length of the subject sequence is less than the number of non-star subpatterns, the sequence pattern
fails.

2. The leading non-star subpatterns are matched to their corresponding items as for fixed-length sequences.

3. If the previous step succeeds, the star subpattern matches a list formed of the remaining subject items, ex-
cluding the remaining items corresponding to non-star subpatterns following the star subpattern.

4. Remaining non-star subpatterns are matched to their corresponding subject items, as for a fixed-length se-
quence.

ZF31: The length of the subject sequence is obtained via 1en () (i.e. viathe __len__ () protocol). This length
may be cached by the interpreter in a similar manner as value patterns.

In simple terms [P1, P2, P3, -, P<N>] matches only if all the following happens:
» check <subject> is a sequence
e len(subject) == <N>
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 u=  "{" [items_pattern] "}"
items_pattern = ",".key_value_patternt ","?
key_value_pattern n= (literal pattern | value_pattern) ":" pattern

| double_ star pattern
"x&W" capture_pattern

double_star_pattern

At most one double star pattern may be in a mapping pattern. The double star pattern must be the last subpattern in the
mapping pattern.

Duplicate keys in mapping patterns are disallowed. Duplicate literal keys will raise a SyntaxError. Two keys that
otherwise have the same value will raise a ValueError at runtime.

ZF32: Subject values of type st r, bytes, and bytearray do not match sequence patterns.
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The following is the logical flow for matching a mapping pattern against a subject value:
1. If the subject value is not a mapping’,the mapping pattern fails.

2. If every key given in the mapping pattern is present in the subject mapping, and the pattern for each key matches
the corresponding item of the subject mapping, the mapping pattern succeeds.

3. If duplicate keys are detected in the mapping pattern, the pattern is considered invalid. A SyntaxError israised
for duplicate literal values; or a ValueError for named keys of the same value.

Z31:  Key-value pairs are matched using the two-argument form of the mapping subject’ s get () method.
Matched key-value pairs must already be present in the mapping, and not created on-the-fly via _ missing__ ()
or__getitem ().

In simple terms {KEY1: P1, KEY2: P2, ... } matches only if all the following happens:
« check <subject> is a mapping
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 L= name_or_attr " (" [pattern_arguments ","?] ")"
pattern_arguments u= positional_patterns ["," keyword_patterns]
| keyword_ patterns
positional patterns ", ".pattern+
keyword_patterns ", ".keyword_pattern+
keyword_pattern u= 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 t ype , raise TypeError.
2. If the subject value is not an instance of name_or_attr (tested via isinstance () ), the class pattern fails.

3. If no pattern arguments are present, the pattern succeeds. Otherwise, the subsequent steps depend on whether
keyword or positional argument patterns are present.

For a number of built-in types (specified below), a single positional subpattern is accepted which will match the
entire subject; for these types keyword patterns also work as for other types.

If only keyword patterns are present, they are processed as follows, one by one:

I. The keyword is looked up as an attribute on the subject.

3 In pattern matching, a mapping is defined as one of the following:
« aclass that inherits from collections.abc.Mapping
« a Python class that has been registered as collections.abc.Mapping
« a builtin class that has its (CPython) Py_ TPFLAGS_MAPP ING bit set
« aclass that inherits from any of the above
The standard library classes dict and types.MappingProxyType are mappings.
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« If this raises an exception other than Att ributeError, the exception bubbles up.

o If this raises AttributeError, the class pattern has failed.

« Else, the subpattern associated with the keyword pattern is matched against the subject’ s attribute value. If
this fails, the class pattern fails; if this succeeds, the match proceeds to the next keyword.

IL. If all keyword patterns succeed, the class pattern succeeds.

If any positional patterns are present, they are converted to keyword patterns using the ___match_args___ 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.

o If there are more positional patterns than len (cls.__match_args_ ), TypeError is

raised.

« Otherwise, positional pattern i is converted to a keyword pattern using __match_args__ [1i]
as the keyword. __match_args__ [i] must be a string; if not TypeError is raised.

« If there are duplicate keywords, TypeError is raised.

o ¥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 at t r=P2:

- hasattr (<subject>, "attzr")

126
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- P2 matches <subject>.attr

« - and so on for the corresponding keyword argument/pattern pair.

o] B7):

o PEP 634 - Structural Pattern Matching: Specification

o PEP 636 - Structural Pattern Matching: Tutorial

8.7 g H2o

4 Ao E A A B A (

funcdef

decorators
decorator
parameter_list

parameter_list_no_posonly

parameter_list_starargs

AdS HAR) S A3

[decorators] "def"
->" expression]

decorator+

"@"

defparameter (",
parameter_list_no_posonly
defparameter (",

"**" parameter

defparameter) *
parameter_list_starargs
"*" [parameter]

[parameter 1list]

assignment_expression NEWLINE
defparameter)* "," "/" [" " [parameter_ .
["," [parameter_list_stail

defparameter)* ["," ["**" parameter

parameter identifier [":" expression]

defparameter = parameter ["=" expression]

funcname identifier

T A AT e EFAUTE Aged A A o] 5 F T AA (T A3
7hest IEE F 4 @l 3 (wrapper)). ©] g5 A= AR o] & e, 57
E2d ) A9 o & FBoE AP

4 Aol B4 v AR A P, f:; AEza a4

4 Aot shuht 1 o] o Hoz AL 5 2g4L 57t
498 o, %4 el & T3 et o] o] of Bh=vl, T A B2
AALE AR A T EF YT ¥k gho] 3 Al o4l &9 o] 5o th o2 7o " Z g ol e =
FHEE WA oE gt 04]% JEEI=
Qfl (arg)
Qf2
def func(): pass

o EsTn

def func(): pass
func = £l (arg) (£2 (func))

g2 el 7t YA E ] F func O

ddH A evte AW Ut

¥ A 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.

4 A string literal appearing as the first statement in the function body is transformed into the function’ s

function’ s docstring.

- attribute and therefore the

oo
N
oo
+
0
10
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S} 1 o) Ake] w7 4 S o) parameter— expression & 71A wf], St <71 R uj /4 g & 2=t
o 71 23ke] A= UH7Htﬂ‘T‘-’] 47, T8 tgote A E AT 4 a, 2E o viziE s
7] gkl 3—1%%‘4"/} ULok A7 71 BB E VAW, e kA A E WM EE RE AT E V)33

AA oF ik — o] A w Aol EAHA b T A Ak

Default parameter values are evaluated from left to right when the function definition is executed. This means
that the expression is evaluated once, when the function is defined, and that the same “pre-computed” value is used for
each call. This is especially important to understand when a default parameter value is a mutable object, such as a list or
a dictionary: if the function modifies the object (e.g. by appending an item to a list), the default parameter value is in
effect modified. This is generally not what was intended. A way around this is to use None as the default, and explicitly
test for it in the body of the function, e.g.:

def whats_on_the_telly (penguin=None) :
if penguin is None:
penguin = []
penguin.append ("property of the zoo")
return penguin

Function call semantics are described in more detail in section & <. A function call always assigns values to all 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.

W A 3.8 4] ¥ 7 : The / function parameter syntax may be used to indicate positional-only parameters. See PEP 570
for details.

HAAHATEL /A o] & Fofl L= “: expression” HEfY o -H o] AL 71 4 AHY

Hey= ol g oL 7]—E gl %ttﬂ, *identifier U **identifier UﬂEHZX]—Z‘%‘l Yt} ?ﬂ'ff—h o 7}
E FHo &&= “—> eXPressmn” FEf o] WHH(“return”) o] = H o] A& 71 = 5 U T o] o] - H] o]

SHLE SOl EAA ol E o) Aold F 5 YF U o] B0 4e] =L Bore) v § v

ok o H ol d FES T 7“11]«1 __annotations_ OJEEHECM ujZW¢e o] 55 7| S

E]-/] oz AFH YLt _ future_ oA annotations 2 YT ESHH, A AH F 77 &4

GE BN EATR BEAIY 23 goul 9o Qeoi7h AdE u FAAR . o) A%

S an mES o £ A5 THE A2 A1 4 Ysrch

SA AHES7] A8, ol & fle E(olEol dZ2HA e ) E e AR 7t EY

FAA S AR sk, %‘E‘r(Lambdab Ao A8 duch gt 2842 I3t o

Fd@o) AUA Fethe Aol FY A L; “der” FFN A FH

At ol tdE o+ AsUth A WY F42 AAs

of” W AP O 2 T,

o 2E A

I> mfy ;3

ja rl
Hﬂ

-

O

2 2 05k
ii
r

&E‘,:L,LF‘O_]

o

1>
=2
X
o 1o ¢
Ol bt j O,

forelr b b 2o afn o>
N o

1o

N ot 4o s, kK
=
)

Sl

2P
e
=
Q. [UE/
)

Eiliﬂ‘ﬂ o] AHg: S F A E Zel 2 (firstclass) AT 3 H 9] Qo A AP H = “def” £ E
FAGAGE Q= A T APtk FHE FolA AHEE = A ’“%%ldef%?t?j‘%}t—
Fro] A UL S QAT 5 A5 yth o AAT &2 o] 53 4 (binding) A& BHA K.

PEP 3107 - $4 o] - E] o] A
S ol H| o] M9 FH & 4.
PEP 484 - 3 3 &
o] ;| o] Aol T 3 3

PEP 526 - W5 o] ;=B o] A
Ability to type hint variable declarations, including class variables and instance variables.

o

F o 9 g A=,
4
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PEP 563 - o] = | o] A o] x| H 7}
=) BosHE oAl AR A ko] ol Bl o] HE £ FA oz BES S ol wElo]d el 4o A
Az2 AT

PEP 318 - Decorators for Functions and Methods
Function and method decorators were introduced. Class decorators were introduced in PEP 3129.

(o0}

it

8 A ™Mo

u(y

BIES

ox,

9

rlr
iy
o)
ol

2 AR (FZH A

AHE BAL)E BTk

classdef = [decorators] "class" classname [inheritance] ":" suite
inheritance = "(" [argument_1list] ")"
classname = identifier

AW Ao+ A9 753 B Yt A% (inheritance) H5-2 2§ o] ZHAEQ 5EES A3t

(6] 25 8ol A& el 222 & BAR), B2 4 FEL S TR u) A FHAL St 2
B A7 Hojok G Th A BFo] Yl Sehak, 1A=, Wolx Feh4 object B ASTYTH
A
class Foo:
pass
oo S5
class Foo(object) :
pass
Fe)2o) A9 EE N2 BEC R A o2 T efo] A o & FIE AL S A AW 2 Y (o] 53}
2 (binding) & BAL)ANN AFFUTE (BF, A9 =L 23 F5 )52 TR Th) 229 29
E7 YL vhE, A 2e 4 S ST, 2 A o] & B HEFLE 18 0, AS BEL
Wol2 FUATE, HED A o] 8 FE o= HE SAUE AHEINA Al o2 AAE B
Zej2o] o] 2 Aee) Ao o] B o] Fehx AA S AFH T
S vt oA o EYREZF HoE = A5, M FH2Y __dict_ o BREF YT} o] AL FH a7}
WSl A%, Yo WL AR HAH = FHAS AT AT 5 ke Ro] F 3 of Ttk
Zelo AL e Ze) 2 2 AGHA ABHA ALEl vl 28 & L)
Fej2 AN A5 S R F T AL BTl o) =3 5 glsUT),
Qfl (arg)
Qf2

class Foo: pass

O 5Tn

class Foo: pass
Foo = f1(arg) (f2 (Foo))

vze ol BAA Y ge Pobe FHL B4 vl ool 24U 19 The 1 A%} Ze s o B
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W 7 3.99] 4] W 7 Classes may be decorated with any valid assignment_expression. Previously, the grammar
was much more restrictive; see PEP 614 for details.

JE“'EH‘H ol b Fal2 BooA FoH = s FH JEFEYGUE o] AE2 AT 2
01] fFAULh Jd2EA o]ERHEE WA T4 self.name = value &2 AAFE F d5Uth Fg29
/\Eq/\ OEZHE EF “self.name” B7|HOE AM2dd 4 Qlat, ol Aoz Qﬂ,ﬁﬂigwﬂ A2~
AEEREL 0L B9 FAL ol EAHES AR Fals o ELREL dsTs ol ED HEY
Negros Agd 5 AW, AW G g Ao A e Ade & 5 AFth tlaawE &
e 7E AN E 2 daHs ¥ S BE sl AT 5 A5 T,
] ®17):
PEP 3115 - 5}o] % 30002] e} S22
Mt Sd s dde A EHer WAst, vE 2daT e FHAE Pk e A E
W 7 oF= Al <k
PEP 3129 - 2] A o] .| o] €]
2ol vl el ol B 2 F bk Al @49k Hl A = ol 38 o] Bl = PEP 318901 4 £ 81 A5t
8.9 IREI
WA 359 F7}
8.9.1 AREl g4 Ho
async_funcdef = [decorators] "async" "def" funcname " (" [parameter_list] ")"

["->" expression] ":" suite

Execution of Python coroutines can be suspended and resumed at many points (see coroutine). await expressions,
async forand async with can only be used in the body of a coroutine function.

async def 2 HOZ HoH 4= ZFE 4, await Yasync 7P EE 2314 k= A=
g5
T8 g9 i Qboll A yield from £ 4& AHE 8= 212 SyntaxError Y th

async def func(paraml, param2) :
do_stuff ()
await some_coroutine ()

WA 3794 W 7A: await and async are now keywords; previously they were only treated as such inside the body of
a coroutine function.
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8.9.2 async for &

async_for_stmt = "async" for_stmt

%7 ol El el 2 & ¥ %] o] @ olE & A wBSE _ aiter
E]—‘SX]-/‘\_]_Q,] __anext_ Uﬂ/\‘] Oﬂ/\-] H]Ey] A=R=1 Ezzﬂ_f,\_ 9}\%\_

o},
async for 2 v]%7] o]g| & & tj 3t 2|3t o] gl g o] AL F e}

(SR e AR

A= Algstal, HE 7] ol B e o

async for TARGET in ITER:
SUITE

else:
SUITEZ2

ou o the T S5 th

iter = (ITER)
iter = type(iter).__aiter__ (iter)
running = True

while running:

try:
TARGET = await type(iter).__anext__ (iter)
except StopAsyncIteration:
running = False
else:
SUITE
else:
SUITEZ2

Seealso__aiter () and___anext__ () for details.

FEE 349 vl Hhol| A asyne for & AFRS= AL SyntaxError YUYt}

8.9.3 async with &

async_with_stmt = "async" with_stmt
0|5 7] A AE T 2} = enter 2 exit (A S A APL DA A& 4 Qe A8~ Az 2} ¢t}

== Al RGN A=

rlr

async with EXPRESSION as TARGET:
SUITE

gudez v s dUh

manager = (EXPRESSION)

aenter = type (manager).__ _aenter_
aexit = type (manager).__aexit___
value = await aenter (manager)

hit_except = False

try:
(Th& sl el Aol A<)
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TARGET = value
SUITE

except :
hit_except = True

if not await aexit (manager, *sys.exc_info()):

raise
finally:
if not hit_except:
await aexit (manager, None, None, None)

(e1A sl o] A ol A AI5)

Seealso__aenter () and __aexit__ () for details.

FE2E 349 vlr] Hhol| A async with & AR SFE= 2L syntaxError YUY th

¢ B7):
PEP 492 - async 9} await %' -& A} &35}l= 7 £€l
FAEEE FolRo A AEst (AN NIz s, FH DS F7HE At
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file_input = (NEWLINE statement) *
o] 2 tha 3 2 A3l A A Ut
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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
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cHaPTER 10

HMH 28 7

o] 212 CPython 7+ 8 24 7| & A A St o] AFRE = EHAA 2AH A", AA stold & #3dUth
(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

# ========================= START OF THE GRAMMAR =========================

# General grammatical elements and rules:

#

# * Strings with double quotes (") denote SOFT KEYWORDS

# * Strings with single quotes (') denote KEYWORDS

# * Upper case names (NAME) denote tokens in the Grammar/Tokens file

# * Rule names starting with "invalid " are used for specialized syntax errors

# — These rules are NOT used in the first pass of the parser.

# — Only 1if the first pass fails to parse, a second pass including the invalid
# rules will be executed.

# - If the parser fails in the second phase with a generic syntax error, the
# location of the generic failure of the first pass will be used (this avoids
# reporting incorrect locations due to the invalid rules).

# — The order of the alternatives involving invalid rules matter

# (like any rule in PEG).

#

# Grammar Syntax (see PEP 617 for more information) :

#

# rule_name: expression

# Optionally, a type can be included right after the rule name, which

# specifies the return type of the C or Python function corresponding to the

(Th= sl o] Aol Al<)
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(o)A s o] A ol A A )
rule:
rule_name [return_type]: expression
If the return type is omitted, then a void * is returned in C and an Any in
Python.
el e2
Match el, then match eZ2.
el | ez
Match el or eZ.
The first alternative can also appear on the line after the rule name for
formatting purposes. In that case, a | must be used before the first
alternative, like so:
rule_name[return_type]:
| first_alt
| second_alt
(e)
Match e (allows also to use other operators in the group like '(e)*')
[ e ] or e?
Optionally match e.
e*
Match zero or more occurrences of e.
e+
Match one or more occurrences of e.
s.e+
Match one or more occurrences of e, separated by s. The generated parse tree
does not include the separator. This is otherwise identical to (e (s e)*).
&e
Succeed if e can be parsed, without consuming any input.
le
Fail if e can be parsed, without consuming any input.

Commit to the current alternative, even 1if it fails to parse.

S o R T R T R O T R R R R YR R S R R R R HR R R ¥R R R R R R R h

# STARTING RULES
# == ==

file: [statements] ENDMARKER

interactive: statement_newline

eval: expressions NEWLINE* ENDMARKER

func_type: ' (' [type_expressions] ')' '->' expression NEWLINE* ENDMARKER
fstring: star_expressions

# GENERAL STATEMENTS
#77

statements: statement+
statement: compound_stmt | simple_stmts

statement_newline:
| compound_stmt NEWLINE
| simple_stmts
| NEWLINE
| ENDMARKER

simple_stmts:
| simple_stmt !';' NEWLINE # Not needed, there for speedup
(th5 o] A ol A<)
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(o] A | o] A e A Al
[ ';'.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
| if_stmt
| class_def
| with_stmt
| for_stmt
| try_stmt
| while_stmt
| match_stmt

# SIMPLE STATEMENTS

# NOTE: annotated_rhs may start with 'yield'; yield expr must start with 'yield'

assignment:
| NAME ':' expression ['=' annotated_rhs ]
[ ("('" single_target ')'
| single_subscript_attribute_target) ':' expression ['=' annotated_rhs ]
| (star_targets '=' )+ (yield_expr | star_expressions) !'=' [TYPE_COMMENT]
| single_target augassign ~ (yield_expr | star_expressions)
annotated_rhs: yield expr | star_expressions
augassign:
[ "+="
| | J—
| V=t
[ re="'
o=
[ "%="
[ '&="
[ ="
I TA_
| Teg=l
[ '>>="
| rHRx=
| r//="

(TH& sl o1 Aol A1)
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return_stmt:
| 'return' [star_expressions]

raise_stmt:

| 'raise' expression ['from' expression ]
| 'raise'
global_stmt: 'global' ', ' .NAME+

nonlocal_stmt: 'nonlocal' ', '.NAME+

del_stmt:
| 'del' del_targets &(';' | NEWLINE)

yield_stmt: yield_expr
assert_stmt: 'assert' expression [',' expression ]
import_stmt: import_name | import_from

# Import statements

import_name: 'import' dotted as_names

# note below: the ('.' | '...') 1is necessary because '...' is tokenized as ELLIPSIS
import_from:

| '"from' ('.' | '...')* dotted_name 'import' import_from_ targets

| "from' ('.' | '...")t 'import' import_from_ targets
import_from_targets:

[ '"('" import_from_as_names [','] ")'

| import_from_as_names !','

‘ Tk
import_from_as_names:

[ ', '".import_from_as_name+
import_from_as_name:

| NAME ['as' NAME ]
dotted_as_names:

| ','".dotted_as_name+
dotted_as_name:

| dotted_name ['as' NAME ]
dotted_name:

| dotted_name '.' NAME

| NAME

# COMPOUND STATEMENTS
M e

# ,,,,,,,,,,,,,,,
block:
| NEWLINE INDENT statements DEDENT
| simple_stmts
decorators: ('Q' named_expression NEWLINE )+

# Class definitions
(Th sl o] Aol A%)
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class_def:
| decorators class_def_raw
| class_def raw

class_def_raw:
| 'elass' NAME [' (' [arguments] ')' ] ':' block

# Function definitions

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

# Function parameters

params:
| parameters

parameters:
| slash _no_default param no_default* param with_default* [star_etc]
| slash_with_default param_with_default* [star_etc]
| param no_default+ param with_default* [star_etc]
| param_with_default+ [star_etc]
| star_etc

# Some duplication here because we can't write (','" | &')"),
# which is because we don't support empty alternatives (yet).

slash_no_default:
| param_no_default+ '/' ',
| param_no_default+ '/' &'")'
slash with default:
| param_no_default* param_with_default+ '/' ',
| param_no_default* param_with_default+ '/' &')'

star_etc:
| '"*' param_no_default param_maybe_default* [kwds]
[ '*' param_no_default_star_annotation param maybe_default* [kwds]
[ "*' ', ' param_maybe_default+ [kwds]
| kwds

[ "**' param_no_default

# One parameter. This *includes* a following comma and type comment.
#

# There are three styles:

# — No default

(Th= sl o] Aol Al<5)
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— With default
- Maybe with default

- Ends in a comma followed by an optional type comment
- No comma, optional type comment, must be followed by close paren

#
#
#
# There are two alternative forms of each, to deal with type comments:
#
#
# The latter form is for a final parameter without trailing comma.

#

param _no_default:

| param ',' TYPE_COMMENT?

| param TYPE_COMMENT? &')'
param_no_default_star_annotation:

| param_star_annotation ',' TYPE_COMMENT?

| param_star_annotation TYPE_COMMENT? &')'
param_with default:

| param default ',' TYPE_COMMENT?

| param default TYPE_COMMENT? &')'
param_maybe_default:

| param default? ',' TYPE_COMMENT?

| param default? TYPE_COMMENT? &')'
param: NAME annotation?
param_star_annotation: NAME star_annotation

annotation: ':' expression
star_annotation: ':' star_ expression
default: '=' expression | invalid_default

# If statement

# ____________
if stmt:

| '"if' named_expression ':' block elif_ stmt

| '"if' named_expression ':' block [else_block]
elif stmt:

| 'elif' named_expression ':' block elif_ stmt

| 'elif' named_expression ':' block [else_block]
else_block:

| 'else' ':' block

# While statement
while_stmt:
| 'while' named_expression ':' block [else_block]
# For statement
for_stmt:
| 'for' star_targets 'in' ~ star_expressions ':' [TYPE_COMMENT] block [else_block]
| ASYNC 'for' star_targets 'in' ~ star_expressions ':' [TYPE_COMMENT] block [else_
—block]
# With statement

with_stmt:
(Th sl o] Aol A%)
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| 'with' ' (' ','.with_item+ ','? '")' ':' block

| 'with' ','.with_item+ ':' [TYPE_COMMENT] block

| ASYNC 'with' '(' ','.with_item+ ','? ')' ':' block

| ASYNC 'with' ','.with_item+ ':' [TYPE_COMMENT] block

with_item:
| expression 'as' star_target &(',' | ")'" | ':")
| expression

# Try statement

# ,,,,,,,,,,,,,
try_stmt:
| 'try' ':' block finally block
| 'try' ':' block except_block+ [else_block] [finally block]
| '"try' ':' block except_star_block+ [else_block] [finally_block]

# Except statement

except_block:

| 'except' expression ['as' NAME ] ':' block

| 'except' ':' block
except_star_block:

| 'except' '*' expression ['as' NAME ] ':' block
finally block:

| '"finally' ':' block

# Match statement

match_stmt:
| "match" subject_expr ':' NEWLINE INDENT case_block+ DEDENT

subject_expr:
| star_named_expression ',' star_named_expressions?
| named_expression

case_block:
| "case" patterns guard? ':' block

guard: 'if' named_expression

patterns:
| open_sequence_pattern
| pattern

pattern:
| as_pattern
| or_pattern

as_pattern:
| or_pattern 'as' pattern_capture_target

or_pattern:
[ '|'.closed_pattern+
(ThZ sl o] A of] Al<)
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closed_pattern:

| literal_pattern
| capture_pattern

| wildcard_pattern
| value_pattern

| group_pattern

| sequence_pattern
| mapping_pattern

| class_pattern

# Literal patterns are used for equality and identity constraints
literal_pattern:
| signed_number ! ('+' | '-")
| complex_number
| strings
| '"None'
| '"True'
| 'False'

# Literal expressions are used to restrict permitted mapping pattern keys
literal_ expr:
| signed_number ! ('+' | '-")
| complex_number
| strings
| '"None'
| '"True'
| 'False'

complex_number:
| signed_real_number '+' imaginary_number
| signed_real number '-' imaginary_number

signed_number:
| NUMBER
| '-' NUMBER

signed_real_ number:
| real_number
| '"-' real_number

real_number:
| NUMBER

imaginary_number:
| NUMBER

capture_pattern:
| pattern_capture_target

pattern_capture_target:
‘ !Il_ll NAME !(l.l ‘ l(l ‘ l=l)

wildcard_pattern:
‘ " "

value_pattern:
(Th sl o] Aol A%)
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[ 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_patternt+ ','?

maybe_star_pattern:
| star_pattern
| pattern

star_pattern:
| '*' pattern_capture_target
| '*' wildcard_pattern

mapping_pattern:
‘ l{l l}l
| '"{' double_star_pattern ','? '}'
[ '"{' items_pattern ',' double_star_ pattern ','? '}'
| '{' items_pattern ','? '}'

items_pattern:
| ','.key_value_pattern+

key_value_pattern:
| (literal_expr | attr) ':' pattern

double_star_pattern:
| "**' pattern_capture_target
class_pattern:

| name_or_attr '(' ')

| name_or_attr (' positional_patterns ','? ')’

| name_or_attr '(' keyword_patterns ','? ')'
| name_or_attr '(' positional_patterns ',' keyword_patterns ','? ')'
positional_patterns:

| ','".patternt

keyword_patterns:
| ', "'".keyword_pattern+

(TH& sl o1 Aol A1)
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keyword_pattern:
| NAME '=' pattern

# EXPRESSIONS

expressions:
| expression (',' expression )+ [',']
| expression ',
| expression

expression:
| disjunction 'if' disjunction 'else' expression
| disjunction
| lambdef

yield_expr:
| 'yield' 'from' expression
| 'yield' [star_expressions]

star_expressions:
| star_expression (',' star_expression )+ [',']
| star_expression ','
| star_expression

star_expression:
| "' bitwise_or
| expression

star_named_expressions: ','.star_named_expression+ [',']

star_named_expression:
| "' bitwise_or
| named_expression

assignment_expression:
| NAME ':=' ~ expression

named_expression:
| assignment_expression
| expression !':='

disjunction:
| conjunction ('or' conjunction )+
| conjunction

conjunction:
| inversion ('and' inversion )+
| inversion

inversion:
| '"mot' inversion

| comparison

# Comparison operators

(TH& sl o1 Aol A1)
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comparison:
| bitwise_or compare_op_bitwise_or_pair+
| bitwise_or

compare_op_bitwise_or_pair:
| eq bitwise_or

| noteg bitwise_or
| lte_bitwise_or

| 1lt_bitwise_or

| gte_bitwise_or

| gt_bitwise_or

| notin_bitwise_or
| in_bitwise_or

| isnot_bitwise_or
| is_bitwise_or

eg _bitwise_or: '==' bitwise_or
noteq_bitwise_or:

| ('!=" ) bitwise_or
lte_bitwise_or: '<=' bitwise_or
lt_bitwise_or: '<' bitwise_or
gte_bitwise_or: '>=' bitwise_or
gt_bitwise_or: '>' bitwise_or
notin_bitwise_or: 'mot' 'in' bitwise_or
in_bitwise_or: 'in' bitwise_or
isnot_bitwise_or: 'is' 'not' bitwise_or
is_bitwise_or: 'is' bitwise_or

# Bitwise operators

bitwise_or:
| bitwise_or '|' bitwise_xor
| bitwise_xor

bitwise_xor:
| bitwise_xor '"' bitwise_and
| bitwise_and

bitwise_and:
| bitwise_and '&' shift_expr
| shift_expr

shift_expr:
| shift_expr '<<' sum
| shift_expr '>>' sum
| sum

# Arithmetic operators

# ,,,,,,,,,,,,,,,,,,,,
sum:

| sum '+' term

[ sum '-' term

| term
term:

(TH& sl o1 Aol A1)
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l/l
v//l
l@l
factor

factor
factor
factor
factor
factor

term
term
term
term
term

factor:

| '+' factor
| '"-' factor
| '~'" factor
| power

power:

Tk 1V

| await_primary factor

| await_primary

# Primary elements

# Primary elements are things like
—"obj (something)'", "obj"

"obj.something.something”,

await_primary:
| AWAIT primary
| primary

primary:

| primary '.' NAME
primary genexp
primary ' (' [arguments]
primary '[' slices ']'
atom

l)l

slices:
| slice !','
[ ', '.(slice |

', ']

starred_expression) +

[l:l

| [expression] ':'
| named_expression

[expression] [expression] ]

NAME
'True’
'False'
'None'
strings
NUMBER
(tuple |
(list |
(dict |

v v

group | genexp)

listcomp)

set | dictcomp | setcomp)

[ "('" (yield_expr | named_expression) ')'

(e1 sl o] A ol A Al 5)

"obj[something]",

(TH& sl o1 Aol A1)
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# Lambda functions

lambdef:
| 'lambda' [lambda_params] ':' expression

lambda_params:
| lambda_parameters

# lambda_parameters etc. duplicates parameters but without annotations
# or type comments, and if there's no comma after a parameter, we expect
# a colon, not a close parenthesis. (For more, see parameters above.)
#
lambda_parameters:
| lambda_slash_no_default lambda_param_no_default* lambda_param_with_default*.
— [lambda_star_etc]
| lambda_slash with_default lambda_param with_default* [lambda_star_etc]
| lambda_param_no_default+ lambda_param_with_default* [lambda_star_etc]
| lambda_param_with_default+ [lambda_star_etc]
| lambda_star_etc

lambda_slash_no_default:
| lambda_param_no_default+ '/' ', '
| lambda_param_no_default+ '/' &':'

lambda_slash_with_default:
| lambda_param_no_default* lambda_param_with_default+ '/' ',
| lambda_param_no_default* lambda_param_with_default+ '/' &':'

lambda_star_etc:
[ '"*' lambda_param_no_default lambda_param_maybe_default* [lambda_kwds]
[ "*' ', ' lambda_param maybe_default+ [lambda_kwds]
| lambda_kwds

lambda_kwds:
| "**' lambda_param_no_default

lambda_param_no_default:

| lambda_param ','

| lambda_param &':'
lambda_param_with_default:

| lambda_param default ','

| lambda_param default &':'
lambda_param_maybe_default:

| lambda_param default? ','

| lambda_param default? &':'
lambda_param: NAME

# LITERALS

strings: STRING+

list:
| '['" [star_named_expressions] ']'

tuple:
(= sl o] A o] Al%)
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[ "(' [star_named_expression ',' [star_named_expressions] 1T ")
set: '{' star_named_expressions '}'
# Dicts
# _____
dict

| '"{'" [double_starred_kvpairs] '}'
double_starred_kvpairs: ','.double_starred_kvpair+ [',']
double_starred_kvpair:

| "**' bitwise_or

| kvpair
kvpair: expression ':' expression
# Comprehensions & Generators
for if clauses:

| for_if clause+

for_if clause:

| ASYNC 'for' star_targets 'in' ~ disjunction ('if' disjunction )*
| "for' star_targets 'in' ~ disjunction ('if' disjunction )*
listcomp:

| '"[' named_expression for_if clauses ']'

setcomp:
| '"{' named_expression for_if clauses '}'

genexp:
[ "('" ( assignment_expression | expression !':=') for_if clauses ')'

dictcomp:
| '"{'" kvpair for_if clauses '}'

# FUNCTION CALL ARGUMENTS

# m=m===m—m——m————e— e
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:

(TH& sl o1 Aol A1)
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| '*' expression

‘ Tk !

kwarg_or_starred:
| NAME expression
| starred_expression

kwarg_or_double_starred:
| NAME

| vx*

1

expression
expression

# ASSIGNMENT TARGETS

# ,,,,,,,,,,,,,,,
# NOTE: star_targets may contain *bitwise_or,
star_targets:

| star_target !','

| star_target (',' star_target )*

(', '1]

star_targets_list_seq: ','.star_target+ [',']
star_targets_tuple_seq:
| star_target (',

| star_target ','

star_target )+ [',"']

star_target:
[ "*' (!'*' star_target)

| target_with_star_atom

target_with_star_atom:
| t_primary '.' NAME !t_lookahead
| t_primary '[' slices ']' !t_lookahead
| star_atom

star_atom:
' target_with_star_atom ')'

[star_targets_tuple_seq]
' [star_targets_list_seq]

v)v
I]I

single_target:
| single_subscript_attribute_target
| NAME
| '(' single_target ')'
single_subscript_attribute_target:
| t_primary '.' NAME !t_lookahead
| t_primary '[' slices ']' !t_lookahead
t_primary:
| t_primary '.' NAME &t_lookahead
| t_primary '[' ']' &t_lookahead
| t_primary genexp &t_lookahead
| t_primary ' (' [arguments] ')'

slices

bl

(o1& o] A ol A A<)

targets may not.

&t_lookahead

(TH& sl o1 Aol A1)
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| atom &t_lookahead
t_lookahead: '(' | '["'

# Targets for del statements

del_targets: ','.del _target+ [',']

del_target:
| t_primary '.' NAME !t_lookahead
| t_primary '[' slices ']' !t_lookahead

| del_t_atom

del_t_atom:

| NAME

[ "(' del_target ')'
| '('" [del_targets] ')
[ "['" [del_targets] ']’

# TYPING ELEMENTS

# type_expressions allow */** but ignore them
type_expressions:

','.expression+ ',' '*' expression ',' '**' expression
', '.expressiont+ ',' '*' expression
','.expressiont ',' '"**' expression

|
|
|
| '"*' expression ',' '**' expression
| '"*' expression
| "**' expression
| ','.expression+
func_type_comment:
| NEWLINE TYPE_COMMENT & (NEWLINE INDENT)
| TYPE_COMMENT

(o140 s o] A ol A A <)

# Must be followed by indented block

# == == == = END OF THE GRAMMAR ===== = = ==
# ========================= START OF INVALID RULES ========= ============ ==
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argument (212}

F5E B2 G5 (EE WA S) 2 ADH L gL T EFY QAL A5
o I| ¥ E QRA} (keyword argument): T~ i%ﬂ:ﬁ A 217} kol B2 o1z} (& %o} name=) X %%
E Yol 2 9 E AGH & AA A& Eo, b33 22 complex () E&|A 335 &
BE 79E A2t
complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

o 2] 2R} (positional argument): 7] = d A=k t = °ll
At olHE E o go * & 2 A JFUTE o & So], b2 F 22 T34 3-‘4‘
BT 9 A A& Yo

LAERE G 8 R A A3l ) | AYA ABHE FAEA FANE 25 g2
AL EHACR ofd @A) AT A5 5 dEUch T ghol Ao W Pk

Lol uj S FE ﬂFAQg—‘zrﬂx}s}uﬂm@ o] zto] &} PEP 362% H A 8.

asynchronous context manager (V)% 7] ZHl A€ 2]z}
An object which controls the environment seen in an async with statement by defining __aenter_ () and
__aexit__ () methods. Introduced by PEP 492.

asynchronous generator (H]3%-7] A 1] @] o] ¥])

W%E7) Ao E ol e Ao e & EelFE Y. async der 2 FIFE BT LAY Heolw,
soync for R ABR S i o] FEE REE picld EAAE TRATE Aol BET
HE 15 7) AV o] 6 48 742l A AT, o d R o) A 15 7] AV el o) o] el el o] 6] & 72l 3
Uth S E ok o)k B EeHA S AL, AT §o1E AN REFE ATk

v 7] AF#E ol &4x awvait BH AT, asyne for &3 async with S 238 4 95Ut

asynchronous generator iterator (H]-% 7] A #] o] €] o] €] #]| o] E])
& 7] Al o B 7 e A A,

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 yied 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] % 7] o]g] 2] &)
An object, that can be used in an async for statement. Must return an asynchronous iterator from its
__aiter__ () method. Introduced by PEP 492.

asynchronous iterator (H]£ 7] o] €] & o] €])
An object that implements the __aiter () and __anext__ () methods. __anext___ () must return an
awaitable object. async for resolves the awaitables returned by an asynchronous iterator’ s ___anext__ ()
method until it raises a StopAsyncIteration exception. Introduced by PEP 492.

attribute (o] E 2] H-E
A value associated with an object which is usually referenced by name using dotted expressions. For example, if
an object o has an attribute a it would be referenced as o.a.

It is possible to give an object an attribute whose name is not an identifier as defined by 4] 8 2}-2} 7] $] =, for ex-
ample using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted expression,
and would instead need to be retrieved with getattr ().
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awaitable (o] ] o] €] &)
An object that can be used in an await expression. Can be a coroutine or an object with an __await__ ()
method. See also PEP 492.

BDFL
A 22 £ A1 = 2] A} (Benevolent Dictator For Life), < Guido van Rossum, 3} o] % 2] ZA] =}

binary file (B} o] 2] 2} Y)
A file object able to read and write bytes-like objects. Examples of binary files are files opened in binary mode
("rb', 'wb'or 'rb+'), sys.stdin.buffer, sys.stdout .buffer, and instances of io.BytesIO
and gzip.GzipFile.

str AAE 3 2 4 9 Y AR A £ HAE 5 E B2 AL,

borrowed reference
In Python’ s C API, a borrowed reference is a reference to an object, where the code using the object does not
own the reference. It becomes a dangling pointer if the object is destroyed. For example, a garbage collection can
remove the last strong reference to the object and so destroy it.

Calling Py_INCREF () on the borrowed reference is recommended to convert it to a strong reference in-place,
except when the object cannot be destroyed before the last usage of the borrowed reference. The Py_NewRef ()
function can be used to create a new strong reference.

bytes-like object (H]-O]E"E:‘-.‘_%"— 2 A)
bufferobjects & A A3} C-A5 HHE 22X E g F JdH5ULh o8 &5 memoryv1ew A A
E 20| bytes, bytearray, array.array A& £33} H]—O] ELF AA =L o]
dolH & thF& of 8] 7HA] A4bEol AMEE 4= s Uth 45, vhol v g JJr‘”E 7*17‘* ’\7‘]%%&

» W rlo

as

2 % mln

(¢}

zz“\__‘ N= 0] A5 ]’] E}‘
W A5 S vhol e Hol 7 N AY A Rst deriich ol e A9o] ARAE B5 9327 ot
Ol ELF AA” et 1545“413]- 7H ¥ AA ] 2= bytearray R}bytearray/] memoryview
7F syt th2 AAkE2 vtelv g ol H 7 B AR (“9 7] A& vlol EL{ AA”) of| AREHES
STEYLH ol A5 A Z=bytes8bytes AA Y memoryview 7} °]~‘45}
bytecode (H} o] E T &)
ol A~ FEE H]'O]— = A 3d ¥ =1, CPython O]H e A sto] W =2 I YR 7

fE?JHE‘r- Hlol|E I == .pyc 3tdol 74X Hof, 22 atd& F HA AP o of wekA A vyt
2o utelE FE o AL S T 5 YFUh. 9 “%7J Ao)” = Zhvpol E F=of o g5
7] AS At 71 717 ol AFAva Btk vlo]E I == A2 thE 3ho]ld 7 71 A ol A
25 Ao g 7|tstA =, sho] A v 3£ Zhol FA A o] A = 9tk Aol o] 8l oF Py Th
Hhol= 3= BHol 5] B 5L dis BE AFA o] b th
callable
A callable is an object that can be called, possibly with a set of arguments (see argument), with the following syntax:

/\

lut

[callable(argumentl, argument?2, argumentN) ]

A function, and by extension a method, is a callable. An instance of a class that implements the _ call ()
method is also a callable.

callback (&)
QA AeE = ulele o) Adol A ARY AH 2 Fa

class (Z~)
gAY ) A

=
WA= o Ee =

class variable (28] & ¥ %)
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complex number (&2 %)

%3 A4 A 2T P, BE A A5 R 558 Fo2 FAP UL S5 A5
A4 B9 (19 AFDE FR AU, 55 SN L 12, TN E JE BAFUL Tojne
T B WL 2L BASE R AAFGUTh SSEE ) AUAE BIA B G, 8 S,
3119, math BES H45 wdo) aod, crath & AS YL Hoo BEe A FE E
So14 75 duth B2t L7 A £aehE, A9 43 RAHE F5U

context manager (A ¥ 2~ E &z}
An object which controls the environment seen in a with statement by defining _ enter () and
__exit__ () methods. See PEP 343.

context variable (A€ A E W)

Ad s mhet b ghe /b 4 9k M. oy 4 AW Ae Sk W] s ThE ghe HE 4 At
s =2 Aast N2 YT Telu ARAE W5 E Ba, st Aa s s oy Ads
EH e 4 Qo AYAE W4 2 §EE TAA M5 BladolA MerE 25 A9y

contextvars= XA L.

contiguous (<)
W= ;<4 3}3) C-4 4 (C-contiguous) ©) A} . E 2+ A< (Fortran contiguous) 4 W] A< o)gta o AUt
QAL W3 L C-Aldo) A E S A% itk QA ] Aol A, FEEL A 2ol SF32, 00 A
A 2 E A4 e o] ¢ Ao o2 2o 9 X150 of Ttk thAHA C-% ol A, v B2l
29 AR FEEL 23t o upx|ut ol el A7} 7 whe] W o) SR 2k, ZEE AL )] d o
A, 3 WA 827} 71 ) W g,

coroutine (¥ 5€)

:'-‘T‘—‘?l% HE-?—‘?JQ o g3t FJejduth A EFELS S A Ho A Yt o2 AFANA &
E A AZAA JYstar, &k, AN 5 AdF5UTh o] AE2 asyne def
Uth PEP 4925 H A 2.

oy
_E

Z7d 7“24] HEe FF. ZFY 5+ asyne def £ 22 FYD £ 3, await & async

ForSasync with AR EHY 4 G ol 452 PEP 492 o 913 = 945 5
CPython

sholl =2 1Y ool F Al

Python 3} 22 th2 A5 7+H T 2
decorator (t| Z &) o] €])

S PR BN FE U, B orapper BUE BT U5 UB22 AEH U A2

E]e] 3l o= classmethod () ¥} staticmethod () YUY

Haelolel £He wA Be BUY Bk b F A5 Aot v goz TSk

ython.orgof| A ¥l £ Yt} o] 3£&-& Jython ©] 1} Iron-
{0 “CPython” o] A} Ut}

o 4
I
ro
n}
2

pas
o
a“;

def f (arqg):

f = staticmethod (f)

@staticmethod

def f (arqg):

22N l%ﬂ%iﬂlEL A sEAIRE, @ A 2 Ay ok Z g o] B o] th & o] ApA| g W82 o A
o=~ o] o ABAE HH FHuYth

descriptor (t] A 3.2 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
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they are the basis for many features including functions, methods, properties, class methods, static methods, and
reference to super classes.

Hdaagdye Aeso tha AA S &2 tf 2T HE A5 | AT HE AR iAo
Uyt
dictionary (5 A4 2])

An associative array, where arbitrary keys are mapped to values. The keys can be any object with __hash__ ()
and ___eqg () methods. Called a hash in Perl.

dictionary comprehension (5 A1) 7 = 2] 3l A)
e ol Gt 84 AAL} AR S Aelshn ATHE B YAV ]S WHSHE AT, results
= {n: n ** 2 for n in range(10)}2 Ztn ** 29| wWFH 7] nS T3}+= g E WA
S Th 22, e, AV 9] T o] (display) & BE B

dictionary view (9 A1 2] H)

Y
i,

dict.keys(),dict.values(),dict.items () HAEZI E8F= AAESS Y E Rl 75
Urth o] A2 9498 550 & 5A4 A FE AFst=d, d-e 7 a4 2 o, 771 o] ®sE
B aeie SUUTh 9AUE HE AR P AER B List (dictview) B S-S FuTh

dict-views = H A Q..

docstring (5 A E )
A string literal which appears as the first expression in a class, function or module. While ignored when the suite
is executed, it is recognized by the compiler and put into the __doc___ attribute of the enclosing class, function
or module. Since it is available via introspection, it is the canonical place for documentation of the object.

duck-typing (2] €}o]3)
ZulE QAo A5 MHFH A BHsed AAY S HA g 20y 28Y; A, &
HAEY JERREZ SEH AY ARSI YT (‘28X d Bolx 22 A H 2>

th) 543 @ Aol dEsle|aE Fxdoen, F AAE Z=E

EAFP

s gt o= 8 A S F317] 7} g v} (Easier to ask for forgiveness than permission). ©] &3] & 4= 91+ u}o] A
9 2gd2, SR 7Y o EZREY EAE 7L, I 78 o] E8W oY E IS UTh o]
ZESt e AE Y-S W tryStexcept o TR EZA YT o] HIZ Y2 Ce ZE2 oHE

W Aofoll A A3 AFR-E = LBYL 2B 7 th vl g Y T

expression (3 2])

ol ztoz 1A Jd= EHAA 27 g2 ¥R 193, 942 gHE, o] &, oEGHE
DA, AR G40 22 PSS EHFE R L425S Fol &8 AYUTh o2 B2 doje}
HzHoz RE Ao FAHESO QA AL ol dUrth whilexd, 402 AL S 4 gl
ol AsUTh Y =3 BFola1, 8 4 o] ol dyt).

extension module (2% 2 &)

f-string (f-F2}<4)
T L TR 2 ok ol BExd gEHEES T8 f-EAG ol Rary, 2w 249 g 9
ZYd AUt PEP 498 2 H A 2.

file object (2} 74 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.
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A7 2 A 572 5 AR ol gsrieh. Faw) vfol V2] 512, 3] = (buffered) v o] V2] 7}, €]
2 519, o] 59 Qo] 2t do BEAA BT 52 A E vEE 782 HE-S open ()
F5g 2 AU

AN

file-like object (3} 5 A A))
o AA o vk

filesystem encoding and error handler
Encoding and error handler used by Python to decode bytes from the operating system and encode Unicode to the
operating system.

The filesystem encoding must guarantee to successfully decode all bytes below 128. If the file system encoding
fails to provide this guarantee, API functions can raise UnicodeError.

The sys.getfilesystemencoding () and sys.getfilesystemencodeerrors () functions can
be used to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the PyConfig_Read () function:
see filesystem_encodingand filesystem_errors members of PyConfig.

See also the locale encoding.

finder (3} 21t])

PYXEFD BRES AT = & Fodi A =3k AAl.
SHOUII SFE, T ERAAUE U oo mota_pach S A she s AT el
9} sys.path_hooks 3} &7 AFRSl= 7 2 dEE 9olH.

o ZFA 8 Y22 PEP 302, PEP 420, PEP 451 of 12Ut}

floor division (3 4~ U}=A)
MM AR W se £94 Uk Al A Ul dabAe // ool E S0, 284 11 // 4
O fE27kHA, e PRl 2,758 SHFUS (-11) // 47F-2.758 W’ @ -30] Eej
Solalof GITh. PEP 2382 3 A 5.

function ()
S ZEAol A 0| 3k
)

FeiFe 99 RS QA 1 o149 A sk 4w ), vy 9
Aol AR 2 A

a4 o ) 5Lk uk
P olmblo|de dutd o 3 9= 2 AGH Uk o 5o, o] §5E F A int AAE ol E
d Aoz 7YE L, FAO int WIS S = Aoz g E Yt

def sum_two_numbers(a: int, b: int) -> int:

return a + b

S ojmEH o) B2 o Ao ol A

See variable annotation and PEP 484, which describe this functionality. Also see annotations-howto for best
practices on working with annotations.

future
A future statement, from __future__ import <feature>, directs the compiler to compile the current
module using syntax or semantics that will become standard in a future release of Python. The __ future_
module documents the possible values of feature. By importing this module and evaluating its variables, you can
see when a new feature was first added to the language and when it will (or did) become the default:

>>> import __ future_
>>> _ future_ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)
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garbage collection (7}8] X] 4~ #)

o AHEE A SFe RS W ek AR oML Rx A4 FAT B2 £BS FARL L 5
e =3 AHul A 27712 5 AuA 2 AE SF U 1A FATE go BES A Ao @

£ dHUh
generator (AU ] o] €])
Aol el o Ele ol e & EEFE 4. A FEAY Holen, AU FES BEE E:4
A 2P Fol tHEUTh o] FEL for- 222 A8 AU next () F52 7o 4 7
£ dHUh
B3 Aol e &8 7he] 7| A 9, of | Z o A= 2
ou 7} HEslA] o AL

z MU ol 8 olejelo] el & shel ALtk o w5k
AR §oE NN BEFS YTk

generator iterator (AU ] o] €] o] €] o] ¥])
Al el ol g7t = AA.

%t yiclas AAo R AP Foeti, 1 9A9 (A WS

= ink— &
A A E 719U Ay dolH olE#E ol ZF AN Y, it o R AU (EEvTt AR
A= B4sh i o,
generator expression (A @] o] &] £& 2])
OlHHOHE EHF= X2 HA. FZ AU A E FY e for DA AT 7hsshit o] Ho €+
Qul A4 A BYUTh AGD EAAL S0 B E A DAL BSolWITh
>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81

285

generic function (A ] 2} &)
22 A AR e FEd del +ES A T2 784D T S ofF FH AARHA =
s daeFel o 248 g ch

Azt 2a) %] €07 &3} functools.singledispatch () Bl Z & o] 2} PEP 443% H A 8.

generic type (A1 2] &)
A type that can be parameterized; typically a container class such as 1ist or dict. Used for type hints and
annotations.

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.

GIL
A e meld % 2 HAS

LY

global interpreter lock (A& QlE] Z 2 E| &)
3 ol @4 3] 2d| =7} shol A wle] = 3= &
g WAYZE. [@ict S 2L SR NFIEL
o3 92 5HE S BHEof A CPython 7-8-% B3
ZHE tgFad =36y 4A dEE w4, v
ER L=t

However, some extension modules, either standard or third-party, are designed so as to release the GIL when doing
computationally intensive tasks such as compression or hashing. Also, the GIL is always released when doing 1/O.

A o v ASHA I Hl olHE F ) “ad = XHrif(free threaded)” Q1 Z 2B & RF5 1A}
St ALY =8 ’“ FA0|A ZFP ], T GY Z2AA BY A5 A5t A Uﬂ%‘ﬂqﬂr-
o] 45 ol E %%‘5 = A2 TS R E346HA oA vx] a]%o] b 5oz 2o AR
AFYTH

hash-based pyc (3] 2] 7] 4} pyc)
L EAL B 293 3
. A E Hhol E 1 E F g%}

Z

E A5t = B A3 7] Y8l CPython 18 Z 2 ] 7}
o z3tel) A Blo] EAA O @ = A] AN A0
M5 Utk Bz AAE e AL A

EAA A AFHE WL BE RS

B ru

o

H:l rH

oft

I3

ON

BN 57 A7kel obd S Al E AHgShE whol E TE A A

shele) 3%
3}

Z3A 8.

o[>
i
=
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hashable (3] A] 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___eqg__ () method). Hashable objects which compare
equal must have the same hash value.

AN A5 AANE Gl A AT W AEE 5 QA S, o] AR TR YA
o HAZE Ag37 WEG T

g shol o] BW WA AAEL A AT (FAEY 94U 2e) 4 AFe s e
=y fe) = - }\

a9 stk (F *Olb‘rfrozenset Z2) B Ao YEL 259 2450 A 75T uf w3 A
}—U“JE} A2 A Sl AAEA AAEL 7B A0 7 A 7T (A7) AHA1E Al )
3talE) EF thEra vaE ,UH/‘V‘S id() 2 £ 5o g Yt
IDLE

An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter environ-
ment which ships with the standard distribution of Python.

immutable (%Eﬂ)

P A s g eEe R AN BATE FLE (8 9% deo) o 28 Ju=
U

importing (Y £ H)
S 2E shold REA THE BEY shol W TEAA ASE 5 AEF S A3

importer( 152 E])
5ES B 53 2E S7)% sk AA; SA ol 5ol T o)A =r] A k.

interactive (t} 3}3))
shol w2 |3} )T 2lEl & 27 g, AE T E TET A AR EANL YA 4 AT,
=2t A9 A3E B 5 ok 2 Uk 27} o] BhA pythonS AW aHAl P
At A R 4 9g T A ofelriol & B AT R 1A E Eelhee g el

R AU (help (x) E 719 8HA1 8).

interpreted (?]E-]EL.E]E]E_)
ol SE B3ele) o) £l uf 2ol TPl 531357 59 ol W A3 o
Az g dofYguUtt o] A2 HAIH o= 43 A 3
Aot S9UTh 2 22O o] & o Ade] A= 7]+ AT, ?lEﬁ—E]Ei A= 2 E
Boh g2 /w7 718 25 Uth tiehs = BA 8.

interpreter shutdown (Q1e] = 2JE] £ 8)

S8lehs 92 We o, shol 4l Qe melElx S8 e Al 7]o] A S, BE ol ole] /4 Fa %
UPFEE 2L R E B ANEE BAD 0w WAL, B, A0 2717 F Ad W 5F
T AH8A o) 5314 weakref E90] Sl TEES] 4B L AN L 5 gk E A7)
Fo A s not T o9 52 v 5 glud), a%e] g E ekt NS o s eA e 4

AN W E AU (E 2 ol hel B e REolu 4 FASdUh.
AdEZ e 582 9 YA APFH = main_ BRECIY2IHEVAFPS T = AU

iterable (o] €]2] &)
An object capable of returning its members one at a time. Examples of iterables include all sequence types (such
as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and objects of any classes you
define withan __iter__ () method or witha __ getitem__ () method that implements sequence semantics.

Iterables can be used in a for loop and in many other places where a sequence is needed (zip (), map (), ).
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When an iterable object is passed as an argument to the built-in function iter (), it returns an iterator for the
object. This iterator is good for one pass over the set of values. When using iterables, it is usually not necessary to
call iter () or deal with iterator objects yourself. The for statement does that automatically for you, creating
a temporary unnamed variable to hold the iterator for the duration of the loop. See also iterator, sequence, and
genera[or.

iterator (o] €] &) o] ¥])

An object representing a stream of data. Repeated calls to the iterator’ s __next__ () method (or passing
it to the built-in function next ()) return successive items in the stream. When no more data are available a
StopIteration exception is raised instead. At this point, the iterator object is exhausted and any further calls
toits__next__ () method justraise StopIteration again. Iterators are required tohavean ___iter_ ()

method that returns the iterator object itself so every iterator is also iterable and may be used in most places where
other iterables are accepted. One notable exception is code which attempts multiple iteration passes. A container
object (such as a 11 st) 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 T 2} 3 W& 0] gl Th
CPython -3 A} A)): CPython does not consistently apply the requirement that an iterator define __iter_ ().

key function (7] g)
7] g == Z 9 o] A (collation) =+ A E (sorting) ©] U ¥ & (ordering) o] AHE-5 = #= E8FE F
HEYJULE o & S0}, locale.strxfrm() S 2AYL EA YA S a=Ad 7|5 e = d AR

g

ato] Mo W EF7F 2 4S50l o BA A A A AL Fol=AE Aol et7] Hof 7] TS Hol= AU th
o] ZEo+=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, operator.attrgetter (), operator.itemgetter (), and
operator.methodcaller () are three key function constructors. See the Sorting HOW TO for examples of
how to create and use key functions.

keyword argument (7] 9] & 21 z})
o1z & BHA L.

lambda (&t}
5290 gol FaAAE She A4 o2 PAH o F Qi U B4 BT BB REL EYLS

lambda [parameters]: expression YU rh

LBYL
5 7] Aol X2} (Look before you leap). ©] 7@ 2EtL-L T Eolu 23| & 517] doj]l HA|F o7 ALA
252 AARLh o] 2EhA EAFP A2 U DU F 3, BE £ B9 EAZ 5440 T
05 28 = @744, LBYL H2WH-2 “H 772} “H7]” bl A 202 WA 2 1ol dsdth
& £9], FE if key in mapping: return mappinglkey] & AA} Zof|, 3}X] 2 23] A9,
D2 257k key 2 mapping | A A AT AT 5 A% Th o7 o] - %ol Lk EAFP 422
AETozAN2E 5 AU

list (]2 E)
A built-in Python sequence. Despite its name it is more akin to an array in other languages than to a linked list
since access to elements is O(1).

list comprehension (2] 2 E 7 = 2] 3 A)
AA2re 84S AR EE YR E AEst 1 2R E g2ER ST HE S . result =
1 & 00l A] 255 Afolof Ql+=

Q

["{:#04x}"'.format (x) for x in range(256) if x % 2 == 0
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)

S

BoEe 1614 (0x) 58 TR FALY 28 BEUL ir 4 AR+ 9
89, range (256) ol Y+ BE 847 AP UTh

loader (2 ¢])
EES 2E5h= A4 load_module () °]gh= o] 59 WA =& A oslof Ut 2T+ EF 3l H
ZFE8 S Yt AU RS PEP 302 £, 24w o] 2~ Z8 2~ &= importlib.abe.Loader S HA| 2.

locale encoding
On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.setlocale (locale.
LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: "cpl252").

On Android and VxWorks, Python uses "ut £-8" as the locale encoding.
locale.getencoding () can be used to get the locale encoding.

See also the filesystem encoding and error handler.

magic method (7] 3] v 4] &)
5 A S o WFAH 9l W] S8

mapping (7] 33)
A container object that supports arbitrary key lookups and implements the methods specified in the
collections.abc.Mapping or collections.abc.MutableMapping abstract base classes.
Examples include dict, collections.defaultdict, collections.OrderedDict and
collections.Counter.

meta path finder (W€} 7 2 3}2lt])
sys.meta_path & ZAM o] FHF+= 3 H. WE A2 3 H = 42 =g 3QlH o #-AH
171 AT kg e
HE A2 37 L3 sE WA =S A= importlib.abc.MetaPathFinder & B 3§
e},

metaclass (W€} 2] 2)

A2 FHia FHA FY = FH2 ol FH2 9V, Hloa FHAEY FF5E UEUT
v g} = aﬂz\‘— o] Al AALE WhotA Zej2E TE£ IS JUth 29 AA A FP =230
doj=2 ]E?ﬁé AFFUTt toldS S5EEA e A2 A2 HE ZHAE WE Utk
AdUcth B2 A APl A= o] =7 A 28 %izl‘ﬂ, 287t A4, e Sl ae st
Fotgt | ATFUh AEHFE AM 29 27 (logging), 28| & kA9 7} AA B4 4,
AEFE FEIG g2 O FYo AgHSYTh
HEFZE 2~ oA o A S W82 2S5 st
method (W] A &)
S vty QoA B = 5. L ZH LY JAAHAY JERREEAN SEHY, I WA= A
A QAR (HE self Bl 2T 2 A2 AA| S WFUTh o S Hd 252 F HAL
method resolution order (W] 4 & A3 £ 4])
HAE 2A A 235 s AHE A= Wolx FHAEY SAY U 23 AR EH
slo] A o E{ g e o AH2H L g]=9 A S W -&-& The Python 2.3 Method Resolution OrderS X H
Huoh
module (&-&)
Tho] M 7 € olg ehe stk

o 243 89 & gshe A2 LEE delsf shol 0 AN S L
£
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module spec (2& A3

MRO

TES zTag AL
ModuleSpec o] Q1A~H

£ F 7} importlib.machinery.

[» jﬂ
rlr
juiss
kel
[t
ry
Y
o,
o
[
o
ol
k
30
rlr
-

HAE 24 =4 & HA L.

mutable (7}H)

7HH A& hol e 4= JA T id() & A3}

named tuple (V| J & £Z)

“named tuple(V] Y = 77-5)” o gh= ol FEolA A5t o] 5 22 A ET R
g A 8ol AHN2 S 4 e Be Folv el ALF U FoluZ
de T AsUTh

time.localtime () & os.stat () 7} ¥F8Het 2t £ 85le], o ] YA o] Y= EZ AUt} &=
T} & o= sys.float_info YUtk

£ AHg3to] gle
AN

e te 7=

>>> sys.float_info[1l] # Iindexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple can be created
from a regular class definition that inherits from t uple and that defines named fields. Such a class can be written by
hand, or it can be created by inheriting t yping.NamedTuple, or with the factory function collections.
namedtuple (). The latter techniques also add some extra methods that may not be found in hand-written or
built-in named tuples.

namespace (0] S 37

M} A A4 o & F0L YA
el ohiel A9, A, g ol & 3
Urth o & Eo], &4 builtins.open Zos. open(
1% 372 o8 mEel Y& PANCAE LY HEIA
t}. o9& E0], random.seed () = itertools.islice () &1

itertools B o3 2% 90| B ck

namespace package (o] & -Z 7} 3] 7] A])

Cl
23 AMH 71X E2 AH|YEW 7]5 8= PEP 420 9] 7] #]. o] & 37+ 371 A& 222 2 AA 7}
Ne = AL, 53] __init .py BLo] YeBR At 9|74 o thEYTh
RE T

=84 011/“1 HeE Fxohe 59 oA £0l, e & WRolA A8 e nbgd el e
HrsS A2 e Ad5Uth SHE 272 7EA o2 = A2 U7 B Y92 HA dethe
Aol ok FUth A HPEL 7P W F o 27 moA 1 FUth npR7A 2, A HeES
A o]g Fo| A 13 FUTh nonlocal M AT Z o 2= AL 32

new-style class (- A€l S A)

Old name for the flavor of classes now used for all class objects. In earlier Python versions, only
new-style classes could use Python’s newer, versatile features like _ slots__, descriptors, properties,
__getattribute__ (), class methods, and static methods.

object (74 A1)

fy

FH (IEZREY ) S 22 FF (FIAE) o] Ao ZE dolE. £ ZE FoEd 292 9

254l o]~ 2o AT
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package (2} 7] A])
A Python module which can contain submodules or recursively, subpackages. Technically, a package is a Python
module witha __path___ attribute.

Bt W7 A & ol 5 FF A = BHAL.

parameter (7] 7] H 52)
T (B vAE) AoollA T be & e QA (EE ol B AAE) & AR S ol B2

ABE]. T 5] w7 a4} U Th
B

X]-71 ¥ = (positional-or-keyword): 9] %] 12} U 7|9 = Q121 2 AL 4= 9l+= AAE A AT
o] Zle] 71 & FEj o wi T JUTh o & S0 T3

« &

t}-ol A foo 9} bar
[def func (foo, bar=None): ... ]
« AA-A§ (positional-only): | A2 AlFd 5 e AAE AZFUE AA A§ viAdT=
5 A WANS BB/ BAE EFHL 1 H o) AT 5 AFUTh o B Sof Th el A
posonlyl T} posonly2:
{def func (posonlyl, posonly2, /, positional_or_keyword): ... ]

o 71N E=-HE (keyword-only): 71 EE2 W A2 4= = AAE A AH UL 719 =-A8 v 7wl
£ g4 Aole] o)A B2 o 4 ool k] -9 A AL E 1o E gl A Ao S
T AF YT A& 59, b2 A kw_onlyl 2} kw_only2:

[def func (arg, *, kw_onlyl, kw_only2): ... ]

o 7HA-91 A (var-positional): (Th2 w7 S0l o] 4] o] m] o5 o1 X1 9] 2] A=} Bl of) Al5-2
T A= AA A=Y L AA2E AP FUTh o] Wi v o] Fofl * & <ol
24 ZYE = s Uth A& S0 th2oll Al args:

[def func(*args, **kwargs): ... ]

o 7VH-71 9 = (var-keyword): (THE ] 7| HG5 S0l o afjA] o] n] WolEo] 2 7] 9 & Qx5 o H3))
AEE 5 gl dele) A% A9 AAEL AFFTUT o & s MSL v RS o] ol ++ &
ol 2oiA FE = A Uh ol & S0l A9 ool Al kwargs.

WAESE A QRS AT ) BgRE ob e AH Aol At B4 ARE L AHE S dFUTh
A go R B, Axpe} vj7h M4 9] xholo] L}e = FAQ J&, inspect .Parameter 2
Aol A, PEP 3625 H A Q.

path entry (7 & QlE2])
BRIV IRIE 7 AZ2E F RESS 27 A8 Faskes 2 E A2 Y s .

path entry hook (7% 2 Q=g &)
A callable on the sys.path_hooks list which returns a path entry finder if it knows how to find modules on a
specific path entry.

path based finder (7 2 7|4} 5} Q1)
718 v el A= I T E Fotueld], Y EE A A BE

path-like object (3 25 2 A))
g A" A2 E YW E AA. AEF AA = 42 E YE W+ str U bytes AR o] ALY

o
i

U,
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os.PathLike Z2EZE ZA3E= AA YUl os.PathLike ZE2EFS A A3tE= A A= os
fspath() ¥4 E STE3A str U bytes Y Alad 22 H3d 5+ 55U 4l os
fsdecode () 2 os.fsencode () & 27 str Y bytes 23S B As=d AFR-E 4 J5 YTt PEP

519= E%‘ﬂ As Tk
PEP

ghold 7§/d Al <. PEP<= sto]d AfFUE| ol AR E AlFst AL sfo] W EE T Z2A|A e &0
M2 75 AHste AA EA YU PEP= AlHE 7ol g 28 7 A H 2 AE

A F3oF gy u}.

k3 2ol ol ek A F U E 31
30—%;?}%713@ 12 9l AU S ek PEP 2 Ak A%

portion ()
PEP 420 o ] 9 & A&, o] & §7k 57 Ao ol ubA] 3k bl el el o] Sof gt HAEY
A (ip el A5 £ A= 75 Fh.

positional argument ($] 2] <1 x})
A7 E HA L.

provisional API (23 API)

ﬁd
ofr

A7 APLE £ vho|ueele] 3 B84 HPORRH A AD AYUh Aels|o] 2y 2
W37} of 415 A= SEA T, R A o] 2h EAIH = 2, 2o] A EAE o] B8 ehrya AZRehE B
S80] §AE A e W Fo] ol - g UTh 18 WAL BB 8 P02 YofAL %
AU — APIE Z@57] Ao] 4 Frjsha 2R A0l Ago] AR 9ol v ol AUtk
A7 API A=A =, A A o] §A5 A o WAL “HFY Su7 oz o AMUTh- BE 439
2AE B3l B BHE S %Zlﬁ} AMe Foddt RE AR Ay

o) ARl EE o) BT LW AT FF FRH A LFol E AT A BT BAT 5 JEE

SR I R R

provisional package (3 3| 7] ])
A APIE A L.

Python 3000 (5}o] % 3000)
ghol A 3.x v 24le] "B (W 39 w27} ¥ o] o]opr|d Al H e w0 %] o] Fo|t}) o] A
“Py3k” B Z0] 27| % T T}

Pythonic (3} o] % t}-&)

= Qo Sol A QWA AYES G LEE FRSE B4, Tl A Aolo] A 44 AF AL
H & oYL ko] M2t ofolt o} IE £} o8 S, st Ae| A A st oY YL for
2 gl e e BE 942 £H3E AQUTh THE Be dojot o d SR TRl
flonz, st ol ol %a1x] e ARHEL tiAle] 57 e H & ALg37E itk

p
for i in range(len(food)):
print (food[i])

o 253, sfo| Mtk W 2 ol g g yrth

for piece in food:
print (piece)

L

qualiﬁed name (373} 9 o] 8)
o A aF x| BE Ao S, T, A o2 “HRE Rl Hor 17
Q o] 5. PEP 3155 o Al Ao g Uth H 4 o 29 Aol A+43H4 ol & o] &
ZEyrth
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p
>>> class C:

class D:
def meth (self):
pass

>>> C._ _qualname_

IC’

>>> C.D. qualname

'C.D'

>>> C.D.meth.___qualname_
'C.D.meth'

EE< 7t 7l AR , A3 AASEE o) E (fully qualified name) & & 2 9| 71 A &S £
WA RERE 7= HOoRE —-‘ﬂ% o] &g ouT Ut} & E90],email .mime. text:

>>> import email.mime.text
>>> email.mime.text. name
'email.mime.text'

reference count (=R 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 CPyrhon implementation.
Programmers can call the sys.getrefcount () function to return the reference count for a particular object.

regular package (3 5f 2 7] #])
__init_ .py 4= 2Fsh= Ay 9 22 A5 A 9 7] AL

ol T I A = HA L.

__slots__
S WEY AAJAE, A2FA AJEYRESS AT T2 vg] Adsta A"l A 9 e &
AATGoZN WEeE A EFE FUTh 7] A7 3HA R o] Hl 292 Sul2 A A8-317] 7
Z7htbze olehA, R elo] Hizte S8 2 adlo A Be 59 dAEAT i SH AR

AR 2ol FaTh

sequence (X] @ 2)
An iterable which supports efficient element access using integer indices viathe ___getitem _ () special method
anddefinesa__ Ien () method that returns the length of the sequence. Some built-in sequence typesare 1ist,
str,tuple,and bytes. Note that dict alsosupports ___getitem__ () and__len__ (), butis 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 (). For more documentation on sequence methods generally, see Common Sequence Operations.

set comprehension (g A = 2] 3l A)
ol & Y= S AAY LEE AEsta A3E H2 IS 3et= 1HE % Y. results =
{c for c in 'abracadabra' if c not in 'abc'}E= EXEY AT {'r', 'd'} S YA
Utk g2 E, A3, gAY 89 v o] (display) & FREA A L.

single dispatch (42 t] A3 x])
T o] hte ARFY] Fof| 712 AR E = AlvlE 3 Y au) X2 St FE.
slice (&2}o]A)
HEAAx 9 dRE E?:V}‘“ AA. Etolas AE ATHE F S AHE
variable name [1:3:5] A&, [1 ol g8 Mo x5 F2oz Bk U235 (B A3
HE)R7|H2 WRHo=E s llce 7—“@“% AHE-3HY T
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special method (5> WA &)

sholdo] Woll ofw QA4hE, B4l 2L, ART w) BAAOR FEHE WAL, oA HA=E F A
WER A Tihs ol 82 21 AHUTh S5 UASE 54 A o) 25 o EAR g5l

AUtk

statement (F&3})
L 29 E (REY “BE block)”) & PATE FEYVD ERL 284 o)A 19 28 A8
A= O#E% 7HA F2= Fo studUTh 7H if, while, for.

static type checker

An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also rype
hints and the t yping module.

strong reference
In Python’ s C API, a strong reference is a reference to an object which is owned by the code holding the refer-
ence. The strong reference is taken by calling Py_ INCREF () when the reference is created and released with
Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the Py_DECREF ()
function must be called on the strong reference before exiting the scope of the strong reference, to avoid leaking
one reference.

See also borrowed reference.

text encoding () A E 2137 ¢))
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 (Bl A E 3} <)

str AAE A 2 5 Ak Y 4. FF, A5 QS AAZE wolE AF AN AEDS
A 2B €2 07 H & AF AL FUTH HAE e Tl BAE mE (pr EE W) 2
dd 3tY, sys.stdin, sys.stdout, io. StrlngIO«] OIAHAE & 4 95Ut

Whol =5 2§ 93 % 4 gl 7 Aol dhal A= vhol Vel Y £ B2 e

91 ESF
triple-quoted string (X% u}-& 3 ¥ £2}1%)
A

Ul}i*‘ )y AengE C) A AR Sl BAY. 2dF gk tUE SYAA 229 gl
752 ABIHAS AT, o2 717 o] Gol A LH I} LUtk o AAo]Z H 7] ke 4L FE i}
%@%E% TG ¢l 23S £ I EE Stal, A4 BAE 2% FAE Ay Eo 2F 4 e,
E2E"YS £ 53] £1 JHFUTh

type ()
ol M AA Y L 270 o T/ AAAAE ZAHAFUTH BE AA = o] Utk AAY
‘é%_class_oi—alin ELR [ Eate1 S| type (obj) 2 @& § AF YT

type alias (& o] dg]o]x)
P= A Y ote] w0l A= F 9 Foof.

P o Qo 3 AEE Teslshe ol R8P o2 SH:
def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuple[int, int, int]]:

pass

o 2ol 8 971 47 v = s yth
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Color = tuple[int, int, int]
def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

o] 7'5& A" 3t= typing ¥} PEP 4845 = 8kA 2.
type hint (f‘%‘ 3lE)
W, 22 B RE Y e vz Uk ] ZviE = & A sk of = H o] AL
Type hints are optional and are not enforced by Python but they are useful to static type checkers. They can also
aid IDEs with code completion and refactoring.

A9 des xﬂﬂ'&h" A9 Mg, Fd2 oJERE 9 59 ¥ FEE typing.
get_type_hints () & AF&3to] AM A 4 5T}
o] 7= AWt typinwr PEP 484Z Az 354 8
universal newlines (WA & d3)
q _1,]-71-0 74'—'_»#‘!"@4 I’-OE_O]/R]-(S]_I_ Eﬂ/\E /\an.aﬁ/qd_ ﬂ]»l—% 7H3“ }

splitlines( %&OMB}PFP2789+PFP3116 Exﬂﬁ.

variable annotation (¥ <= o] 1= ¥]| o] A)

field: 'annotation'

Moo d e dutH o g o SlER AP UTh o & 0], o] Mg & int & 7H A2 g 7|
HU o
H

[count: int = 0 ]

A o] mglo] A BHE AA of | o] EX U] )& (Annotated assignment statements) ©| A 2 78 g ¢}

See function annotation, PEP 484 and PEP 526, which describe this functionality. Also see annotations-howto
for best practices on working with annotations.

virtual environment (7}4} 317)
Sho] AL Aot S8 22 1go), 28 A 20| A AL e ol W S8 22 1S9 S|
QL 74 oW A, shol i W T A AEL AR AL A2elo| 2ol AL A5 e A ok, Fe
Aoz AgH A &4.

venv & HA L.
virtual machine (7} 71 A])
szeglolwos FoH AHE. shol el 74 71 A = vl T 75}
=g AAgo.
Zen of Python (2}o] 4 Al)
vlo] W T ApQl W el et s BEQl, Ao & olaf st AbE ot dl =R o] FYth o] H52 i3y
ZEZEA “import this” —% JHetH Bt

e
v
N
i
|
oy
rlr
=
o
[m
K
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APPENDIX B

O] dHAMo]| 25}04

117

o] AW A & reStructuredText Ao A TEE 02 Ao g2 atolH AHAE Q] &
Sphinx & A& g5 U th

A7 A9} o 5§13 EA Q) AL Thol A AA 2 npRAX = WA 02 AQE AR = YT 7o} s
Ath, 2o} whg ol o 8 A K= reporting-bugs 3 ©] & A Al 2. A8 AFAEARE AR B g

[RR=
o2 E5oA B2 ZAE =gyt
o Fred L. Drake, Jr., 92} 3}o]# AWA =3 F o] g 2}o] 2 g2 ZHl 2 9] 27}

8] Al A4 A7

« the Docutils project for creating reStructuredText and the Docutils suite;

 Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.

2] 9 gtold Al 71 FUth 7oAk REA A

shol#o] o g WA AWAE 27 B AL Fold AFUE Y A7} 7)of whE Tk - ZHAF T
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appeNDIX G

AALRL 2fO] Ml A

C.1 AZEQ|0{2| A}

o] 2 ABCzl= dojo] T A A2 A v d #X 9] Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/
Z+2) ] Guido van Rossumol] 2] 3l 1990t Z Rk vk o] FHF Ut Ftojx o= th& ArE =9 B2 38 9]
235 A 9, Guido= 3ho| W o] £ 8 AR Fof JlF U T
1995 d, Guido+ Virginia 2] Reston ]| ¢} Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston.va.us/ ) o A Iho] AW B PG ALY, o] RollA o WA AZE A E SAAF YT
20004 5 %ﬂ, Guido 2} -‘ﬂ-ol é‘ﬂ o A 7] 9HEl 2 BeOpen.com 2. 2 & 7 4] BeOpen PythonLabs €12 A A5 Ut &
2 3} 104, PythonLabs ¥ -2 Digital Creations(& A Zope Corporation; https://www.zope.org/ ZZ) 2 =754t}
2001 W d, JJrO] N Az EQ 01 A} € (PSF, https://www.python.org/psf/ %) o] A Q51 th o] &A= slo] A
A A A AHAS AFE S 58] A HH v g 23 YUt} Zope Corporation> PSF2] ¢ 3] Y Ut}
2 E gfolH wj =L Z7) /\/\?:]L]D]- (7N 22 A9 v A= https://opensource.org/E 2+
2). QAF o2, g B & (BFA T A= ot g Yth Ihol A w222 GPLY S Yt ol 9] F+ thgs
W Z S @ ks A Y th

HY = £ o E X S S ION, GPL &7
09.0~12 n/a 1991-1995 CWI yes
1.3~152 1.2 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.1+2.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes
2.2 o] A+ 2.1.1 2001-A 7] PSF yes
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F3: GPLY} EFATH: 2L 927} GPLE o] 42 W Eohche 21
eho] 2 GPL3} 2e] ol e o] WAL 37} 248 BEA 9 £ 48
S8 ehol Mt sho] W3} GPL Stof REH ThE 2 mE oS AYT 5
oLt

Guido®] A= 3}of| o] Wi £ Z 7hsstAl e W2 o7 A BAAS o Al AAFEH U T

Oh

C.2 mo|Moll HMASEHLE AFRSE7| <

r

o] okt

shol dol BEHE UM 4z eg o] o T2 zho] M) A
2E9 3 g Uth ol el at ehol Mo BEA T 52

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.11.10

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSEF"),.
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—Python

3.11.10 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.11.10 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—~Rights
Reserved" are retained in Python 3.11.10 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.11.10 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made to.

—Python
3.11.10.

4. PSF is making Python 3.11.10 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION.
<~>OR
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT..
—THE
USE OF PYTHON 3.11.10 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.10

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.10, 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 3.11.10, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.
(Th= Sl o] Aol A%)
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(e1A sl o] A ol A AI5)

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.
(Th= sl o] Aol 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 .
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.11.10 DOCUMEN-
TATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

(@)
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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,

(TH& sl oA ol A1)
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EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C.3.2 23

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.
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Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.3.4 #7| &z|

http.cookies REX thg3 22 £ AHeE 283

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode & UUdecode &4

R ES ST 2L 39 AE TRk

%

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

(THE sl el Aol A<)
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version is still 5 times faster, though.
- Arguments more compliant with Python standard

7 o] A ol A A <)

C3.7 XML A Z2A|X &=

xmlrpe.client RE-S The 3 22 29) A3 EaHach

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF

(TH& sl o1 Aol A1)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE-S kqueue 3B 3] o] 20 tha) The 7} 22 5o ARHS 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:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

3¢ Python/pyhash.c 9|+ Dan Bernstein ] SipHash24 ¢+11 2] < 2] Marek Majkowski @] =& o] 3Z 3} of
AFUTH 7)ol &= v 22 8ol 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>

(TH sl el Aol A%)
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Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod 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.

L R

*

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

*

*

**k*************************************************************/

C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available by
the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later releases derived
from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/
TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

(TH sl el Aol A%)
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"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable

(TH& sl o1 Aol A1)
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copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or

(TH& sl o1 Aol A1)
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for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with

the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

7 o] A ol A A <)
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C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured
—-with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

_ctypes 3F L2 W E —_yith-system-1ibffi & FA A k= 3 £ H libfi &2 AR S AR5 o]

Weg )

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘*Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED ' "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.15 zlib

z1ib B2 A|2Eo A A zlib W o] Y7 LefE o] A o AgE 4 glo, Z9hd zlib & AHE S

Agstel et

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 &8 A= &= Al Hl o] &2 & -& cfuhash ZZ A EE 7|Hko 2 gt}

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

(TH& sl oA ol 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

_decimal EE2 W EE —-—-with-system-libmpdec & T/ 3}%] &+ oF, Z3HE libmpdec 22 AFE S

Abgakel M= ek

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14NHIAE AQIE

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from the W3C
website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of works must retain the original copyright notice,
(ThZ sl o] A of] Al<)
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this list of conditions and the following disclaimer.
* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/sox/
12.17.7/s0x-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUDING
THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICULAR PUR-
POSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRACTICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE INFRINGE-
MENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE OR ANY
PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect and
consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to

(TH& sl el Aol A1)
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permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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ro

il of 2
., 151

ellipsis literal,?2l
T

string literal, Il
. (dop)

attribute reference, 86

in numeric literal, 16
! (exclamation)

in formatted string literal, 13
— (minus)

binary operator,9l

unary operator, 90
' (single quote)

string literal, 10
! patterns, 120
" (double quote)

string literal, 10
mmwn

string literal, Il
¥ (hash)

comment, 6

source encoding declaration,6
% (percent)

operator, 91

o\
Il

augmented assignment, 102
& (ampersand)
operator, 92
&:
augmented assignment, 102
() (parentheses)
call, 87
class definition, 129
function definition, 127
generator expression, 81
in assignment target list, 100
tuple display, 78
* (asterisk)

* k=

function definition, 128
import statement, 108

in assignment target list, 100
in expression lists,97

in function calls, 88
operator, 90

function definition, 128
in dictionary displays, 80
in function calls, 88
operator, 89

augmented assignment, 102

augmented assignment, 102

+ (plus)

+=

binary operator, 9l
unary operator, 90

augmented assignment, 102

, (comma), 79

argument list, 87

expression list, 80,97,103, 129
identifier 1list, 110

import statement, 107

in dictionary displays, 80
in target list, 100
parameter list, 127

slicing, 87

with statement, 116

/ (slash)

//

//=

Ob

function definition, 128
operator, 90

operator, 90
augmented assignment, 102

augmented assignment, 102
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integer literal, 15

0o
integer literal,I5

0x
integer literal,I5

2to3,151

: (colon)
annotated variable, 102
compound statement, 112,113,116, 118, 127,

129

function annotations, 128
in dictionary expressions, 80
in formatted string literal, 13
lambda expression, 96
slicing, 87

: = (colon equals), 96

; (semicolon), 111

< (less)
operator, 92

<<
operator, 91

<<=
augmented assignment, 102

operator, 92
operator, 92

augmented assignment, 102
= (equals)
assignment statement, 100
class definition,45
for help in debugging using string
literals, 13
function definition, 127
in function calls, 87

in assignment target list, 100

list expression, 80

subscription, 86
\ (backslash)

escape
AR

escape
\a

escape
\b

escape
\f

escape
\N

escape
\n

escape
\r

escape
\t

escape
\U

escape
\u

escape
\v

escape
\x

escape
~ (caret)

operator, 92

sequence, 11
sequence, 11
sequence, 11
sequence, 11
sequence, 11
sequence, 11
sequence, 11
sequence, 11
sequence, 11
sequence, 11
sequence, 11
sequence, 11

sequence, 11

augmented assignment, 102
_ (underscore)

in numeric literal, 15,16
_, identifiers,9
__, ldentifiers,9

operator, 92 __abs__ () (object WA =), 53

—> __add__ () (object Wl A =), 52
function annotations, 128 __aenter__ () (object M| A =), 58

> (greater) __aexit__ () (object M| A &), 58
operator, 92 __aiter_ () (object Ml A &), 57

>= __all__ (optional module attribute), 108
operator, 92 __and__ () (object Wl A =), 52

>> __anext__ () (agen WA X=), 85
operator, 91 __anext__ () (object M| A &), 57

>>= __annotations__ (class attribute), 29
augmented assignment, 102 __annotations__ (function attribute), 25

>>>, 151 __annotations__ (function®] $743), 25

@ (an) __annotations__ (module attribute), 28
class definition, 129 __await__ () (object M| A &), 56
function definition, 127 _ _bases__ (class attribute), 29
operator, 90 __bool__ () (object method), 50

[1 (square brackets) __bool__ () (object W] A=), 40
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_ _bytes__ () (object W] A =), 38 __get__ () (object WA =), 41
_ _cached_ ,70 __getattr__ (module attribute), 41
__call__ () (object method), 89 __getattr__ () (object M| A &), 40
__call__ () (object W] A =), 50 __getattribute__ () (object WA =), 40
___cause___(exception attribute), 105 __getitem__ () (mapping object method), 36
__ceil__ () (object BIXE), 54 __getitem__ () (object M| A &), 51
_class___ (instance attribute), 30 __globals___ (function attribute), 24
__class__ (method cell), 46 __globals__ (function® £4), 24
__class__ (module attribute), 41 __gt__ () (object | =), 38
_ class_getitem__ () (object®] S| WA E), _ hash_ () (object Wl A E), 39

48 __iadd__ () (object W] A &), 53
__classcell__ (class namespace entry), 46 __iand__ () (object WA &), 53
__closure___ (function attribute), 24 __ifloordiv__ () (object W] =), 53
__closure__ (function® %4), 24 __ilshift__ () (object M| A=), 53
___code___ (function attribute), 25 __imatmul__ () (object M| A &), 53
__code__ (function®] 4743), 25 __imod__ () (object W] A &), 53
__complex__ () (object A E), 53 __imul_ () (object WA =), 53
__contains__ () (object W] X=), 51 __index__ () (object |X &), 54
__context__ (exception attribute), 105 __init__ () (object WA =), 36
_ _debug__, 103 __init_subclass__ () (objectd Z 2 WA E),
__defaults__ (function attribute), 25 44
_ defaults__ (function® £A), 25 __instancecheck__ () (class |A &), 47
__del__ () (object |A =), 37 _int__ () (object WA =), 53
__delattr__ () (object Wl A=), 40 __invert_ () (object WA E), 53
__delete__ () (object |A =), 42 __ior__() (object A=), 53
_ delitem__ () (object WA &), 51 __ipow__ () (object Wl A &), 53
__dict__ (class attribute), 29 __irshift__ () (object M| A &), 53
_dict__ (function attribute), 25 __isub__ () (object WA =), 53
__dict__ (function®] 474), 25 __iter__ () (object M| A =), 51
__dict__ (instance attribute), 30 __itruediv__ () (object M| A=), 53
_ dict__ (module attribute), 28 __ixor__ () (object W] A &), 53
_dir  (module attribute), 41 __kwdefaults___ (function attribute), 25
_dir__ () (object WA =), 40 _ _kwdefaults__ (function® £4), 25
__divmod__ () (object M| A=), 52 _le_ () (object WA =), 38
__doc___(class attribute), 29 __len__ () (mapping object method), 40
__doc___ (function attribute), 25 __len__ () (object WA =), 50
__doc__ (function®] £4), 25 __length_hint__ () (object WA =), 50
__doc___ (method attribute), 26 __loader_ ,70
__doc__ (method2] £A4), 26 __1shift_ () (object WA E), 52
_doc__ (module attribute), 28 __1t__ () (object WA =), 38
__enter__ () (object ¥|AE), 54 _ main
_eq__ () (object ¥l A =), 38 module, 60, 133
__exit__ () (object ©IX &), 54 _ matmul__ () (object WA &), 52
_ file ,70 __missing__ () (object M| A &), 51
_ file_  (module attribute), 28 __mod__ () (object W] A =), 52
_ float__ () (object M| A=), 53 _ _module__ (class attribute), 29
_ _floor__ () (object M| A &), 54 __module___ (function attribute), 25
_ floordiv__ () (object FlA &), 52 __module__ (function®] £43), 25
_ format__ () (object M| A &), 38 __module__ (method attribute), 26
___func__ (method attribute), 26 _ _module__ (method®] £43), 26
_ _func__ (method® £4), 26 __mro_entries__ () (object W] &), 45
_ future_ ,156 _mul__ () (object WA =), 52

future statement, 109 _ _name__, 70

__ge__ () (object W] A =), 38 __name___ (class attribute), 29
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__name___ (function attribute), 25 | (vertical bar)
__name__ (function® £4]), 25 operator, 92
__name___ (method attribute), 26 | =
__name__ (method®] £743), 26 augmented assignment, 102
__name___ (module attribute), 28 ~ (tilde)
_ ne__ () (object |X =), 38 operator, 90
_ _neg__ () (object |A E), 53
_new__() (object 1A E), 36 A
__next__ () (generator M| A=), 83 abs
__objclass__ (object®] £73), 42 built-in function, 53
_or__() (object ] A =), 52 abstract base class (A Hlo]2 F#2), 151
_ package_ ,70 aclose () (agen WA =), 85
__path_,70 addition, 91
__pos__ () (object | A=), 53 and
__pow__ () (object X =), 52 bitwise, 92
__prepare___ (metaclass method), 46 operator, 95
__qualname__ (function® £A), 25 annotated
__radd__ () (object | X &), 52 assignment, 102
__rand__ () (object M| A=), 52 annotation (¢} k= Hl o] A), 151
__rdivmod__ () (object MIA =), 52 annotations
__repr__ () (object M| A &), 37 function, 128
__reversed__ () (object W] X =), 51 anonymous
__rfloordiv__ () (object WA E), 52 function, 96
__rlshift__ () (object M| A &), 52 argument
__rmatmul__ () (object M| A=), 52 call semantics, 87
__rmod__ () (object W] X &), 52 function, 24
__rmul__ () (object WX =), 52 function definition, 127
__ror__ () (object ¥l =), 52 argument (¢}, 152
__round__ () (object M| X E), 54 arithmetic
__rpow__ () (object | A =), 52 conversion, 77
__rrshift__ () (object WX =), 52 operation, binary, 90
__rshift_ () (object MIA =), 52 operation, unary, 90
__rsub__ () (object W] A =), 52 array
__rtruediv__ () (object A E), 52 module, 23
__rxor__ () (object M| A=), 52 as
__self__ (method attribute), 26 except clause, 114
__self__ (method®] £73),26 import statement, 107
__set__ () (object MIX =), 42 keyword, 107, 113,116, 118
__set_name__ () (object M| A=), 44 match statement, 118
__setattr__ () (object M| X =), 40 with statement, 116
__setitem__ () (object A=), 51 AS pattern, OR pattern, capture
__slots__, 164 pattern, wildcard pattern, 120
__spec_, 70 ASCII, 4, 10
__str__ () (object M|X =), 37 asend () (agen WA E), 85
__sub__ () (object | A=), 52 assert
__subclasscheck__ () (class | X &), 47 statement, 103
__traceback___ (exception attribute), 105 AssertionError
__truediv__ () (object FlA =), 52 exception, 103
__trunc__ () (object M| X =), 54 assertions
_ xor__ () (object A &), 52 debugging, 103
{} (curly brackets) assignment

dictionary expression, 80 annotated, 102

in formatted string literal, 13 attribute, 100, 101

set expression, 80 augmented, 102
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class attribute, 29
class instance attribute, 29
slicing, 101
statement, 23, 100
subscription, 101
target list, 100
assignment expression, 96
async
keyword, 130
async def
statement, 130
async for
in comprehensions, 79
statement, 130
async with
statement, 131
asynchronous context manager (8] % 7] AH
2 E A2 2P, 152
asynchronous generator
asynchronous iterator, 27
function, 27
asynchronous generator (B]=7] Ay olg),
152
asynchronous generator iterator (H] % 7]
A ol o] H & o] H), 152
asynchronous iterable (H]57] o]E & &), 152
asynchronous iterator (B]Z 7] o] € d o] ),
152
asynchronous—generator
object, 85
athrow () (agen WA =), 85
atom, 78
attribute, 20
assignment, 100, 101
assignment, class, 29
assignment, class instance, 29
class, 29
class instance, 29
deletion, 104
generic special, 20

bytes literal, 1l
b"
bytes literal, Il
backslash character,6
BDFIL, 153
binary
arithmetic operation, 90
bitwise operation, 92
binary file (8}o]y g 5}¢), 153
binary literal, 15
binding
global name, 110
name, 59, 100, 107, 108, 127, 129
bitwise
and, 92
operation,binary, 92
operation, unary, 90
or, 92
xor, 92
blank line,7
block, 59
code, 59
BNF, 4, 77
Boolean
object, 21
operation, 95
borrowed reference, 153
break
statement, 107,112, 113, 115,116
built-in
method, 27
built-in function
abs, 53
bytes, 38
call, 89
chr, 22
compile, 110
complex, 54
divmod, 52,53
eval, 110, 134

reference, 86 exec, 110
special, 20 float, 54
attribute (JJEZHE), 152 hash, 39
AttributeError id, 19
exception, 86 int, 54
augmented len, 22,23, 50
assignment, 102 object, 27, 89
await open, 30
in comprehensions, 79 ord, 22
keyword, 89, 130 pow, 52,53
awaitable (o] o] ¥ &), 153 print, 38
range, 113
B repr, 100
b! round, 54
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slice, 35

type, 19, 45
built-in method

call, 89

object, 27,89
builtins

module, 133
byte, 22
bytearray, 23
bytecode, 30
bytecode (H}o]E T &), 153
bytes, 22

built—-in function, 38
bytes literal, 10
bytes—-like object (H}o]|EAF A A)), 153

C

c, 11
language, 20, 21, 27,92
call, 87
built-in function, 89
built-in method, 89
class instance, 89
class object, 29, 89
function, 24, 89
instance, 50, 89
method, 89
procedure, 100
user—-defined function, 89
callable, 153
object, 24, 87
callback (%), 153
case
keyword, 118
match, 118
case block, 120
C-contiguous, 154
chaining
comparisons, 92
exception, 105
character, 22, 87
chr
built-in function, 22
class
attribute, 29
attribute assignment, 29
body, 46
constructor, 36
definition, 104, 129
instance, 29
name, 129
object, 29, 89, 129
statement, 129
class (E# ), 153

class instance

attribute, 29

attribute assignment, 29

call, 89

object, 29, 89
class object

call, 29,89
class variable (¥ 2 ¥W34), 153
clause, 111
clear () (frame WX &), 34
close () (coroutine M| AE), 57
close () (generator M| X =), 83
co_argcount (code object attribute), 30
co_argcount (codeobject®] $73), 31
co_cellvars (code object attribute), 30
co_cellvars (codeobject® 4:73), 31
co_code (code object attribute), 30
co_code (codeobject®] 44, 31
co_consts (code object attribute), 30
co_consts (codeobject®] %73), 31
co_filename (code object attribute), 30
co_filename (codeobject®] 4743), 31
co_firstlineno (code object attribute), 30
co_firstlineno (codeobject®] <41), 31
co_flags (code object attribute), 30
co_flags (codeobject®] £4]), 31
co_freevars (code object attribute), 30
co_freevars (codeobject®] 4743), 31
co_kwonlyargcount (code object attribute), 30
co_kwonlyargcount (codeobject® £4), 31
co_lines () (codeobject M| X &), 32
co_lnotab (code object attribute), 30
co_1lnotab (codeobject®] 44), 31
co_name (code object attribute), 30
co_name (codeobject®] %4), 31
co_names (code object attribute), 30
co_names (codeobject®] £4]), 31
co_nlocals (code object attribute), 30
co_nlocals (codeobject®] 473), 31
co_positions () (codeobject W| A =), 32
co_posonlyargcount (code object attribute), 30
co_posonlyargcount (codeobject®] £4), 31
co_qualname (code object attribute), 30
co_qualname (codeobject®] 4743), 31
co_stacksize (code object attribute), 30
co_stacksize (codeobject®] $73), 31
co_varnames (code object attribute), 30
co_varnames (codeobject® 4:73), 31
code

block, 59
code object, 30
collections

module, 23
comma, 79
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trailing, 97
command line, 133
comment, 6
comparison, 92
comparisons, 38
chaining, 92
compile
built-in function, 110
complex
built-in function, 54
number, 22
object, 22
complex literal, 15
complex number (E2F), 154
compound
statement, 111
comprehensions, 79
dictionary, 80
list, 80
set, 80
Conditional
expression, 95
conditional
expression, 96
constant, 10
constructor
class, 36
container, 20, 29
context manager, 54
context manager (AEYAE FHg 2}, 154
context variable (AYAE W), 154
contiguous (%), 154
continue
statement, 107, 112, 113, 115, 116
conversion
arithmetic, 77
string, 38, 100
coroutine, 56, 82
function, 27
coroutine (ZFHEl), 154
coroutine function (ZFE <), 154
CPython, 154

assertions, 103
decimal literal, 15
decorator (vl Zd o] ¥), 154
DEDENT token, 7,112
def

statement, 127
default

parameter value, 127
definition

class, 104, 129

function, 104, 127
del

statement, 37, 104
deletion

attribute, 104

target, 104

target list, 104
delimiters, 17
descriptor (A=A HE), 154
destructor, 37, 101
dictionary

comprehensions, 80

display, 80

object, 24,29, 39, 80, 86, 101
dictionary (944 g), 155

dictionary comprehension (844 g A= 3l

A1), 155

dictionary view (9448 H), 155
display

dictionary, 80

list, 80

set, 80
division, 90
divmod

built-in function, 52,53
docstring, 129
docstring (52EH), 155
documentation string, 32
duck-typing (5 €}o]3), 155

E

e
in numeric literal, 16
[) EAFP, 155
dangling elif
else, 112 keyword, 112
data, 19 Ellipsis
type, 20 object, 21
type, immutable, 78 else
dbm.gnu conditional expression, 96
module, 24 dangling, 112
dbm. ndbm keyword, 107, 112, 113, 115
module, 24 empty
debugging list, 80
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tuple, 22,78
encoding declarations (source file), 6
environment, 60
error handling, 61
errors, 61
escape sequence, 11
eval
built-in function, 110, 134
evaluation
order, 97
exc_info (in module sys), 34
except
keyword, 113
except_star
keyword, 115
exception, 61, 105
AssertionError, 103
AttributeError, 86
chaining, 105
GeneratorExit, 83, 85
handler, 34
ImportError, 107
NameError, 78
raising, 105
StopAsyncIteration, 85
StopIteration, 83, 105
TypeError, 90
ValueError, 91
ZeroDivisionError, 90
exception handler, 61
exclusive
or, 92
exec
built—-in function, 110
execution
frame, 59, 129
restricted, 61
stack, 34
execution model, 59
expression, 77
Conditional, 95
conditional, 96
generator, 81
lambda, 96, 128
list, 97,99
statement, 99
yield, 81
expression (@ 4]), 155
extension
module, 20
extension module (3% 2 E), 155

F

f'

formatted string literal, 1l
f"

formatted string literal, Il
f-string (FEAFY), 155
f_back (frame attribute), 33
f_back (frame2] <41), 33
f_builtins (frame attribute), 33
f_builtins (frame? £A4]), 33
f_code (frame attribute), 33
f_code (frame? $43),33
f_globals (frame attribute), 33
f_globals (frame2 £A4), 33
f_lasti (frame attribute), 33
f_lasti (frame2] £41), 33
f_1lineno (frame attribute), 33
f_lineno (frame2] £A4), 34
f_locals (frame attribute), 33
f_locals (frame® £4]), 33
f_trace (frame attribute), 33
f_trace (framed] £4]), 34
f_trace_lines (frame attribute), 33
f_trace_lines (frame2] £74), 34
f_trace_opcodes (frame attribute), 33
f_trace_opcodes (frame2] £41), 34
False, 21
file object (<Y AA, 155
file-like object (FLHF AA), 156
filesystem encoding and error handler

156

finalizer, 37
finally

keyword, 104, 107, 113, 116
find_spec

finder, 66
finder, 66

find_spec, 66
finder (391 H), 156
float

built—-in function, 54
floating point

number, 21

object, 21
floating point literal, 15
floor division (B4 =4, 156
for

in comprehensions, 79

statement, 107, 113

form
lambda, 96
format () (built-in function)

__str__ () (object method), 37
formatted string literal, 13
Fortran contiguous, 154
frame
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execution, 59, 129
object, 33
free
variable, 60
from
import statement, 59, 108
keyword, 81, 107
yield from expression, 82
frozenset
object, 23
fstring, 13
f-string, 13
function
annotations, 128
anonymous, 96
argument, 24
call, 24, 89
call,user—-defined, 89
definition, 104, 127
generator, 81, 105
name, 127
object, 24,27, 89, 127
user—-defined, 24
function (&), 156
function annotation (&4 o] ¥ o]A), 156
future
statement, 109

G

garbage collection, 19
garbage collection (7FH]A] $4), 157
generator
expression, 81
function, 27, 81, 105
iterator, 27,105
object, 32, 81, 82
generator (A & o] E), 157
generator expression (AlU#o]E E&A4), 157
generator iterator (AU d el o] H# o] H),
157
GeneratorExit
exception, 83, 85
generic
special attribute, 20
generic function (A ¥ <), 157
generic type (AU g 9), 157
GIL, 157
global
name binding, 110
namespace, 24
statement, 104, 110
global interpreter lock (A <9 H =Z=gH
=), 157
grammar, 4

grouping, 7
guard, 120

Fl

handle an exception, 6l
handler

exception, 34
hash

built-in function, 39
hash character, 6
hash-based pyc (G| A] 7] ¥k pyc), 157
hashable, 80
hashable (| A] 7}%), 158
hexadecimal literal, 15
hierarchy

type, 20
hooks

import, 66

meta, 66

path, 66

|
id
built-in function, 19
identifier, 8,78
identity
test, 95
identity of an object, 19
IDLE, 158
if
conditional expression, 96
in comprehensions, 79
keyword, 118
statement, 112
imaginary literal, 15
immutable
data type, 78
object, 22,78, 80
immutable (£4), 158
immutable object, 19
immutable sequence
object, 22
immutable types
subclassing, 36
import
hooks, 66
statement, 28, 107
import hooks, 66
import machinery, 63
import path (YZXE 73 =), 158
importer (YEHE), 158
ImportError
exception, 107
importing (¢ xH), 158
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in

keyword, 113

operator, 95
inclusive

or, 92
INDENT token,7
indentation, 7
index operation,?22
indices () (slice W] Al &), 35
inheritance, 129
input, 134
instance

call, 50, 89

class, 29

object, 29, 89
int

built-in function, 54
integer, 22

object, 21

representation, 21
integer literal,I5
interactive (H3-3), 158
interactive mode, 133
internal type, 30
interpolated string literal, 13
interpreted (B Z 2 E| &), 158
interpreter, 133

interpreter shutdown (AEZZE £8), 158

inversion, 90
invocation, 24
io

module, 30
irrefutable case block, 120
is

operator, 95
is not

operator, 95
item

sequence, 86

string, 87
item selection,?22
iterable

unpacking, 97
iterable (°]E & &), 158
iterator (o]E ¥ o] ¥), 159

J

in numeric literal, 16
Java

language, 21

K

key, 80

key function (7] &%), 159
key/value pair, 80
keyword, 9
as, 107, 113, 116, 118
async, 130
await, 89, 130
case, 118
elif, 112
else, 107,112,113, 115
except, 113
except_star, 115
finally, 104, 107,113,116
from, 81, 107
if, 118
in, 113
yield, 81
keyword argument (7] 9= <A}, 159

L

lambda
expression, 96, 128
form, 96
lambda (&}, 159
language
c, 20, 21,27,92
Java, 21
last_traceback (in module sys), 34
LBYL, 159
leading whitespace, 7
len
built-in function, 22,23,50
lexical analysis,5
lexical definitions, 4
line continuation,6
line joining,5,6
line structure,5
list
assignment, target, 100
comprehensions, 80
deletion target, 104
display, 80
empty, 80
expression, 97,99
object, 23, 80, 86, 87, 101
target, 100, 113
list (B]2E), 159

list comprehension (B|l2E ZAZ3A), 159

literal, 10,78
loader, 66
loader (R T), 160
locale encoding, 160
logical line,5
loop
statement, 107,112, 113
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loop control
target, 107

M
magic

method (WA &), 160
magic method (W] 3 WA Z), 160
makefile () (socket method), 30
mangling

name, 78
mapping

object, 23,29, 86, 101
mapping (7] ), 160
match

case, 118

statement, 118
matrix multiplication, 90
membership

test, 95
meta

hooks, 66
meta hooks, 66
meta path finder (WE} A& 1}21H), 160
metaclass, 45
metaclass (W EF F ), 160
metaclass hint, 46

method
built-in, 27
call, 89

object, 26,27, 89
user—-defined, 26
method (WA =), 160
magic, 160
special, 165
method resolution order (WAE
160
minus, 90
module
__main__, 60,133
array, 23
builtins, 133
collections,23
dbm.gnu, 24
dbm.ndbm, 24
extension, 20
importing, 107
io, 30
namespace, 28
object, 28, 86
sys, 114, 133
module (&), 160
module spec, 66
module spec (2E 29), 161
modulo, 91

44 <A,

MRO, 161
multiplication, 90
mutable
object, 23, 100, 101
mutable (7}), 161
mutable object, 19
mutable sequence
object, 23

N

name, 8, 59, 78
binding, 59, 100, 107, 108, 127, 129
binding, global, 110
class, 129
function, 127
mangling, 78
rebinding, 100
unbinding, 104

named expression, 96

named tuple (VY= HF&), 161

NameError
exception, 78

NameError (built-in exception), 60

names
private, 78

namespace, 59
global, 24
module, 28
package, 65

namespace (°]§ &7}, 161

namespace package (0|5 &7+ 7] X)), 161

negation, 90

nested scope (EFH £~23xZ), 161

new-style class (FF2EY ZE82), 161

NEWLINE token,35, 112

None
object, 20, 100

nonlocal
statement, 110

not
operator, 95

not in
operator, 95

notation,4

NotImplemented
object, 20

null
operation, 103

number, 15
complex, 22
floating point, 21

numeric
object, 21,29

numeric literal, 15
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O

object, 19
asynchronous—generator, 85
Boolean, 21
built-in function, 27, 89
built-in method, 27, 89
callable, 24,87
class, 29, 89, 129
class instance, 29, 89
code, 30
complex, 22
dictionary, 24,29, 39, 80, 86, 101
Ellipsis,?21
floating point, 21
frame, 33
frozenset, 23
function, 24,27, 89, 127
generator, 32, 81, 82
immutable, 22, 78, 80
immutable sequence, 22
instance, 29, 89
integer, 21
list, 23, 80, 86, 87, 101
mapping, 23, 29, 86, 101
method, 26, 27, 89
module, 28, 86
mutable, 23, 100, 101
mutable sequence, 23
None, 20, 100
NotImplemented, 20
numeric, 21, 29
sequence, 22, 29, 86, 87, 95, 101, 113
set, 23, 80
set type, 23
slice, 50
string, 86, 87
traceback, 34, 105, 114
tuple, 22, 86, 87, 97
user—-defined function, 24,89, 127
user—defined method, 26

object (AA]), 161

object._ _match_args__ (W3 ®¥H4), 55

object._ _slots__ (WA S, 43

octal literal, 15

open
built-in function, 30

operation
binary arithmetic, 90
binary bitwise, 92
Boolean, 95
null, 103
power, 89
shifting, 91
unary arithmetic, 90

unary bitwise, 90
operator

— (minus), 90, 91

% (percent), 91

& (ampersand), 92

* (asterisk), 90

*%, 89

+ (plus), 90, 91

/ (slash), 90

/7,90

< (less), 92

<<, 91

<=,92

1=,92

==,092

> (greater), 92

>=,02

>>,91

@ (an, 90

~ (caret), 92

| (vertical bar), 92

~ (tilde), 90

and, 95

in, 95

is,95

is not, 95

not, 95

not 1in,95

or, 95

overloading, 36

precedence, 97

ternary, 96
operators, 17
or

bitwise, 92

exclusive, 92

inclusive, 92

operator, 95
ord

built-in function,22
order

evaluation, 97
output, 100

standard, 100
overloading

operator, 36

P

package, 64
namespace, 65
portion, 65
regular, 64

package (3] 7] A]), 162

parameter
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call semantics, 87
function definition, 127
value,default, 127
parameter (W 7] ¥H4), 162
parenthesized form, 78
parser, 5
pass
statement, 103
path
hooks, 66
path based finder, 72

path based finder (FZ 7]t 3}elH), 162

path entry (B =E JdET), 162

path entry finder (A& AEE] 3}l H), 162

path entry hook (AZ dEg %), 162
path hooks, 66
path-like object (AEZF ZAA), 162
pattern matching, 118
PEP, 163
physical line,5,6,11
plus, 90
popen () (in module os), 30
portion

package, 65
portion (EA), 163
positional argument (§ %] ¢1A}), 163
pow

built-in function, 52,53
power

operation, 89
precedence

operator, 97
primary, 86
print

built-in function, 38
print () (built-in function)

__str__ () (object method), 37
private

names, 78
procedure

call, 100
program, 133
provisional API (A API), 163
provisional package (FA 37]A]), 163
Python 3000 (Z}o]# 3000), 163
Python & =¢or

PEP 1,163

PEP 8,93

PEP 236, 110

PEP 238,156

PEP 252,42

PEP 255,82

PEP 278, 166

PEP 302,63,76, 156, 160

PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP

308,96
318,129, 130
328,76

338,76

342,82
343,54,118, 154
362,152,162
366,70, 76

380, 82
411,163
414,11

420, 63, 65,71, 76, 156, 161, 163
443,157

448, 80, 89, 97
451,76, 156
483,157
484,48, 103, 128, 151, 156, 157, 166
492,56, 82,132, 152154
498, 15, 155
519, 163
525,82, 152
526,103, 128, 151, 166
530,79

560, 45,50
562,41
563,109, 129
570, 128

572, 81,96, 122
585, 157
614,127,130
617,135
626,33
634,55, 118, 127
636, 118, 127
3104, 110
3107, 128
3115, 46, 130
3116, 166
3119,48
3120,5

3129, 129, 130
3131, 8

3132, 102
3135,47
3147,70

3155, 163

PYTHONHASHSEED, 39
Pythonic (3}o] #Hth), 163
PYTHONNODEBUGRANGES, 32
PYTHONPATH, 73

Q

qualified name (B34 ©]&), 163
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R
r'

raw string literal, 1l
r"

raw string literal, 1l
raise

statement, 105
raise an exception,6l
raising

exception, 105
range

built—-in function, 113
raw string, 11
rebinding

name, 100
reference

attribute, 86
reference count (FZ 34), 164
reference counting, 19
regular

package, 64
regular package (B3 3 7] A]), 164
relative

import, 108
replace () (codeobject M| X &), 33
repr

built-in function, 100
repr () (built-in function)
__repr__ () (object method), 37
representation
integer, 21
reserved word, 9
restricted
execution, 61
return
statement, 104, 115, 116
round
built-in function, 54

S

scope, 59, 60

shifting
operation, 91

simple
statement, 99

single dispatch (A& Y23]x]), 164

singleton
tuple, 22
slice, 87
built-in function, 35
object, 50
slice (&&}o]2), 164
slicing, 22, 23,87
assignment, 101
soft keyword,9
source character set,6
space, 7
special
attribute, 20
attribute, generic, 20
method (H] A &), 165
special method (E4 WA E), 165
stack
execution, 34

trace, 34
standard
output, 100

Standard C, 11
standard input, 133
start (slice object attribute), 35, 87
statement
assert, 103
assignment, 23, 100
assignment, annotated, 102
assignment, augmented, 102
async def, 130
async for, 130
async with, 131
break, 107,112, 113, 115, 116
class, 129
compound, 111
continue, 107, 112, 113, 115,116

send () (coroutine W| X &), 57 def, 127

send () (generator W] A =), 83 del, 37, 194

sequence expression, 99
item, 86 for, 107,113
object, 22,29, 86, 87, 95, 101, 113 future, 109

sequence (A|&A2), 164 global, 104, 110

set if, 112
comprehensions, 80 import, 28,107
display, 80 loop, 107,112, 113
object, 23, 80 match, 118

set comprehension (J& Az 3A), 164 nonlocal, 110

set type pass, 103
object, 23 raise, 105
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return, 104,115,116

simple, 99

try, 34,113

while, 107, 112

with, 54,116

yield, 105
statement (7)), 165
statement grouping,7
static type checker, 165
stderr (in module sys), 30
stdin (in module sys), 30
stdio, 30
stdout (in module sys), 30
step (slice object attribute), 35, 87
stop (slice object attribute), 35, 87
StopAsynclIteration

exception, 85
StopIteration

exception, 83, 105
string

__format__ () (object method), 38

__str__ () (object method), 37
conversion, 38, 100
formatted literal, 13
immutable sequences, 22

target, 100

deletion, 104

list, 100,113

list assignment, 100

list,deletion, 104

loop control, 107
tb_frame (traceback attribute), 34
tb_frame (traceback® <£743), 35
tb_lasti (traceback attribute), 34
tb_lasti (tracebackd £43), 35
tb_lineno (traceback attribute), 34
tb_lineno (traceback® £ 4]), 35
tb_next (traceback attribute), 35
tb_next (traceback?] £A), 35
termination model, 61
ternary

operator, 96
test

identity, 95

membership, 95

text encoding (Hl2E Q17 H), 165

text file (A12E 3}Y), 165
throw () (coroutine W] X &), 57
throw () (generator W] A &), 83
token, 5

interpolated literal, 13 trace

item, 87 stack, 34

object, 86, 87 traceback
string literal, 10 object, 34, 105, 114
strong reference, 165 trailing
subclassing comma, 97

immutable types, 36 triple—quoted string (A& 2% ¥ EX14),
subscription, 22,23, 86 165

assignment, 101 triple-quoted string, 11
subtraction, 91 True, 21
suite, 111 try
syntax, 4 statement, 34, 113
SYys tuple

module, 114, 133 empty, 22,78
sys.exc_info, 34 object, 22, 86, 87, 97
sys.exception, 34 singleton, 22
sys.last_traceback, 34 type, 20
sys.meta_path, 66 built-in function, 19,45
sys.modules, 65 data, 20
sys.path,73 hierarchy, 20
sys.path_hooks, 73 immutable data, 78
sys.path_importer_cache, 73 type (3), 165
sys.stderr, 30 type alias (& o dg o), 165
sys.stdin, 30 type hint (& 31 E), 166
sys.stdout, 30 type of an object, 19
SystemExit (built-in exception), 61 TypeError

exception, 90

T types, internal, 30
tab, 7
AHO| 205



The Python Language Reference, Z2|A 3.11.10

U

u'

string literal, 10
u"
string literal, 10
unary
arithmetic operation, 90
bitwise operation, 90
unbinding
name, 104
UnboundLocalError, 60
Unicode, 22
Unicode Consortium, 11
universal newlines (FUWHA & 4d7), 166
UNIX, 133
unpacking
dictionary, 80
in function calls, 88
iterable, 97
unreachable object, 19
unrecognized escape sequence, 13
user—-defined
function, 24
functioncall, 89
method, 26
user—-defined function
object, 24, 89, 127
user—-defined method
object, 26

\Y

value, 80

default parameter, 127
value of an object, 19
ValueError

exception, 91
values

writing, 100
variable

free, 60
variable annotation (¥4 o] H|o]A), 166
virtual environment (7} 273), 166
virtual machine (7} 7] A), 166

W

walrus operator, 96
while
statement, 107, 112
Windows, 133
with
statement, 54, 116
writing
values, 100

X

XOor
bitwise, 92

Y

g3 dx
PYTHONHASHSEED, 39
PYTHONNODEBUGRANGES, 32
PYTHONPATH, 73

yield
examples, 83
expression, 81
keyword, 81
statement, 105

Z

Zen of Python (Io]# A), 166
ZeroDivisionError
exception, 90
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