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

can be used to create applications using the Java class libraries. It is also often used to create tests for Java libraries.

More information can be found at the Jython website.



https://www.jython.org/
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Python for .NET o] 7232 A A 2 &= CPython T+3 & A} 3} 2] 9k, v U] X] = (managed) NET 3-8 Z 2 73 o]
I .NET glo] B 2] g & A&t} Bryan Lloyd 7} 9HE 915U thot © 244 8 A B = Python for NET
Sl o] A ol A AlFF YT

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
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93, 712 3L UTF-8 J Yt AFAI S &2 PEP 3120 of] U3 th & J1r°3=l% Higdad o gl s
SyntaxError 7} @A gy}
2.1 & - X (Line structure)
gtol W 22 22 o 2] 7| = Al & (logical lines) = & Vg U Th
211 =8]¥A &
=83 E-’] 2= NEWLINE EZ 2 & dFUth £X 0] 5 &stA] % o] (ol & 50 HEFENA &
HE o)) AL we A9 & 29 AAE ARAE 5 QU =0 L BA AL A A B
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3 AW AFEL B HQ
FEN NN A T

2 ﬂHN
Lo,

sholf 22 Y= 3 W AT WAl Zo] gl F40] F7A coding [=: 1 \s* ([-\w.]+) T} X5, o
22 T 4 A0E AL H AL o) 8749 A WA 158 An 2= A9l A3 o] 5E AR of
A A F AA ol T2 pobol Fith. whebF wlAl Eolehd, 2 WA & oA R slojoF T
A3g Al AF Fele F AL sk

’# —-*— coding: <encoding-name> —*-

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

’# vim:fileencoding=<encoding-name>

o1d] Bram Moolenaar 2] VIM of] 4] <1 4] 5 ] 1:]—,

olFY Mol AR o 7|H 3L UTF- 8?}145]- of 7)o {3, 52 2] UTF-8 BOM
(b'\xef\xbb\xbf') o] J+°1 S AR UTF SEE A" Aoz Byt (o] A2 ufo|3 2 AT E
°] notepad | A A FH Yt})
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.

o b R B H

= oo B AJA E F UA FAN)E AFSA =2 AA 2 4T+ AdsUT: E A F0)
TAE gHE oy 49 d R 7 otd o SEfA] AR 24d, g S Al A2 = i EAE A A H
A=, @A HEIA T Yt =2 A Zol AU oS 5
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 1like a valid date

return 1

A LPNE BUE 22 240 £3E 5 JASUTE o SefAlE FAL AR BT o SefAle
AL B AR oM EEE AFIA RIUG (S BAL D o)9)e) ofml B2E o SHAE
AN T ol L] 7158 & gEUTh). BAD A8 sl 9t o SN Bl A AFT G4
o8] o] 3ol SAsHE A Eol o2y,

=) = =
216 FAHA & 23
Z5(0), HZZ([1), TZEZUDHASEHE 22 9 S glolx o8] A EAJN & Ues 5
A&tk ol & Eol:
month_names = ['Januari', 'Februari', 'Maart', # These are the
'April', 'Mei', 'Juni', # Dutch names
'Juli', 'Augustus', 'September', # for the months
'Oktober', 'November', 'December'] # of the year

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

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

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

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

(AHA, A2 A 7o) ol 2l 5hA 7h AR Tt vk e ol 2wk o] 3] B4 774 A G Th — return T
o) £o)27) 7 28l Q& k7 AA A Th)

NEWLINE, INDENT, DEDENT &= ¥ 5 2, t}23 772 §8 o] EZE o] 22 gt} 4 Bﬂx}(identlﬁer), 719
= (keyword), B ¥ E (literal), A4+ X} (operator), ?——v—x}(delzmtter) (2o /\1 AHE Z £F 0]99) 3 ExEL
Eoo) ol AW, B g Belste 922 UL 5T A4S, ARNA LEHOZ 92, Ht
woe gren Asd O A dole BAGE TALE 28 A5

2.3 AEzkel 7191 =

A 2} (0] 5 (name) o2}l % FUTH & tha 3 22 o] 3] A= 7sgYth
o] Mol A Al zpe] WL G UFAE BFE R4 UAX-31 o 7]9H8 ST, of 7)ol B2 o] Avp vl Y82
olef ol A Ao Ut} & ) AA S &2 PEP 3131 o] A] 242 4= QiU th

ASCII %] (U+0001..U+007F) W ol A, < u}% mz}fx}_ glol 2.x &F ZF Ut A oA Z HY o] &AL}
222 2E L A BAE AL sk, 410 oA 9

3=
o

_4

g}o] A 3.0 ASCIL HY o] EXE2 = YUt (PEP 3131 #XR). o] 2159 4%, unicodedata EE 9
A WA FUIE DZ}EﬂO]Eﬁﬂ o]~ of met 5 Ut
A 2= ol ol Al gko] glaL, Al o] 2 (case) = T H YT

identifier = x1id_start xid_continue*

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

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

e LI - lowercase letters

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

Lm - modifier letters

Lo - other letters

NI - letter numbers

Mn - nonspacing marks

Mec - spacing combining marks

Nd - decimal numbers

Pc - connector punctuations

Other_ID_Start - 319 T34 A4S 93l PropList.txt o] A WA A o2 JEdH ExE
Other_ID_Continue - 1} %714

£ A A 5pA o) 913 NFKC 478 %4 2.2 W85 1, 48 2e] ] 3 NFKC of 7198 5]tk

FUTE=4.19] 012 A HA} EXE2] v A 9l EE-& HTML 31d 2 A 2] 8 B A]E https://www.unicode.
org/Public/13.0.0/ucd/DerivedCoreProperties.txt ol A/ d&& 4 Id5U ‘:}

fd

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

False await else import pass

None break except in raise

True class finally is return

and continue for lambda try

as def from nonlocal while

assert del global not with

async elif if or yield

2.3.2 Soft Keywords

WA 3.100] F7}.

Some identifiers are only reserved under specific contexts. These are known as soft keywords. The identifiers match,
case 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. A¥zle) 7|9 e 9
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2.3.3 2 E e of of F o

19 ot WA R) of® HFo AdASS 583 o u7} QL UTh o] RFo AUASE A2 2o
EERE R Rl

_* Notimported by from module import *.

_ Ina case pattern within a mat ch statement, _ is a soft keyword that denotes a wildcard.

Separately, the interactive interpreter makes the result of the last evaluation available in the variable _. (It is stored
in the builtins module, alongside built-in functions like print.)

Elsewhere, _ is a regular identifier. It is often used to name “special” items, but it is not special to Python itself.

3 ol2_oxx %ZﬂE]-(mternatlonahzatlon)ﬂ- g o] A EH Yt} o] # o] BEfA] = gettext
BEEY FAE ZFXRIAFAL

It is also commonly used for unused variables.

_*__ N2® A9 o], 1345 0 2 W (dunder)” o] Fo] ek Fel ALtk o] o] EEL A melE 9}
T2 (EF o e & g thol APk A4 YD AL o] FL 55 A= o] 55
A3} 72 99 Fol A o FuTh. shel W] el A A B B Aol 39D 7h5 A o FUh,
ofd Fuo) 47, BAAOCE EAE B0l AHGH S Motk __x__ o] Be] RE ALEL, A1 glo]

#4985 9&Uoh

_* S-S o] 5. o] 79 o)F5e S A THA AR A4 FEl= wYdE Y
2w Zefast A Zehao] vl F ) (private)” o] E B HE 2] o) FEL 337 @Y A E A}
(ol5) Ade HAlL
2.4 3Ed
215 (literal) & 22 WZF =9 d=x@s AT 27 AU
241 Fxg ) nio]E Y 2 E
A P EEe T 2L o3 Aol 7 Aeg Utk
stringliteral = [stringprefix] (shortstring | longstring)
Stringprefix = "r" ‘ "u" | "R" ‘ "U" | "f" | IIF"
| "fr" | "Fr" | "fR" | "FR" | "rf" I "rF" | "Rf" | "RF"
shortstring u= "'" shortstringitem* "'" | '"' shortstringitem* '"'
longstring = "' o Jongstringitem* "'''" | ‘'"ww' Jongstringitem* '"""'
shortstringitem :i= shortstringchar | stringescapeseq
longstringitem = longstringchar | stringescapeseq
shortstringchar = <any source character except "\" or newline or the quote>
longstringchar = <any source character except "\">
stringescapeseq i= "\" <any source character>
bytesliteral = bytesprefix(shortbytes | longbytes)
bytesprefix ::= "b" ‘ "B" | "br" | "Br" | "bR" | "BR" | "rb" | n rB" | "Rb"

10 Chapter 2. o]3] 24
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shortbytes = "'" shortbytesitem* "'" | '"' shortbytesitem* '"'
longbytes = mrrww Jongbytesitem* "'''"™ | '"wn' Jongbytesitem* '"""!
shortbytesitem = shortbyteschar | bytesescapeseq

longbytesitem = longbyteschar | bytesescapeseqg

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

bytesescapeseq = "\" <any ASCII character>

One syntactic restriction not indicated by these productions is that whitespace is not allowed between the
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 Q157 & A1 <1,

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

Hho] E < (bytes) 2lH 2 34 "o 1 'B' & ol 20U Th str 39 A2 Al bytes PO A2H2E
BEUT. 2 ASCH EAE W E7E 5 g Uth ZEG0] 12850 2AY 2L FEE WEA] o] 270
Bow @ ook Pt

TAG o] E B Y BE HEAOR 1 OM R' 245 ool = 5 Utk ofd ¥4 g2
A (raw strings) ©2al S|, A SHAIE B Z}E%lﬂqﬂr AHHO =, X ]

T EY
=2

WA 3300 F7F: G upolEY 1’413%194 'br' o Z2 M7 Q= b AT FE7E S UTH
WA 330 27} go] W 2.x £} 3x ol A FA o] A YIe ZEEY FARESFE B3] 96 ol ol A
Hd FYZE gHE (u'value') ol A ¢ t}. 2pA| S A H = PEP 414 of Y31t}
"Eru F'— *‘:°1E7‘L TAE Bl EE =9 !
HE S HAQ 'f'&='r 7} 2 b

g 3 5
GEN BARE A AA T, E vl = P HEE B F e
A o) 227 o]

)

1% w2 B E Dol A, Al e o)Al H K] gk AW ALY wSEA A SE (2L 4 AF
oh. Al &)= st E ol Al 7] e]aA o] H A w7 U= Add, glHE S FEAII YL (‘TSR
L EHYS AR A F EAYYTE =, b
'r' U4 'R AT EA L o)A EAE A ulo|EE glEHo) £3E o] AaA o]z A|FAE FFE CollA
AgE Az wed FH o2 AR UCE AR S o] AA o= AALE o] BTk

S| =AClZ AA= | 9] o] A

\<newline> od ALt A EA7F FEAH YUY | (1)

\\ q <Al ()

\' Zh2 23 (1)

\" 23 (")

\a ASCII ¥ (BEL)

\b ASCII ¥ 2~ ] o] 2 (BS)

\f ASCII = 3] = (FF)

\n ASCII 2}¢l 2] = (LF)

\r ASCII 7§ 2] A] 2] " (CR)

\t ASCII 7} 2 = (TAB)

\v ASCII M| 2 = (VT)

\ooo 8214~ 000 2 A A H FAF (2,4)

\xhh 1635 hh & AAE Z2} (3.4)

4. g€ g 11
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A o AT QA5 & o] 2 o] = Al AL

r

Y BRI EE o A
\N{name} FYZE dlol ¥l o] 20 M name ° 2}l ol & B EAF | (5)
\UXXXX 16-bit 16 A5~ xxxx 2 A A H E X} 6)
\UXXXXXKXX 32-bit 16 35 xxxxxxxx 2 A A = B2} @)

ol A

(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) EE CemR7IAZ, o) Al 7h 9] 8X147} 58 Yt
(3) BF Cee 22, 453 F 71 16357 A= o of ot

() vro|Ed B E Yol 4, 161591 815 o] 270l == AR 7] o2& BAPYTh £A 26 Y
ANAE, o] ol 2ol mt A A el FUTE BAE FATUD

(5) WA 33014 WA 8 Aol Z27E Az
6) AEsl 4709 16452 B8

) ol PHor BEFURSE AT 5 Ytk B3 8709} 16357 B gk
me— Colte g2, A e B olaAolz Aldae FAE A MAH A 42 JH = 97 gyt 5,
3 /\]%/\7],70—2. O):}E:IQ

Za A7 Aol A B (o] 4L 0 Q% ] B8 7} QT o) 27 o)
9}1 o, 2 & Ao A Z5E B2 gJA JAAE = AdF5UTh) SAE e H AT QAR = o] AaA o] =
A|FA7H vto| EE ﬂﬁaoﬂ A AAE A e EFdol FHFAHA L.

WA 36004 WA QAT R = o) AA o] A WAL DeprecationWarning S T+
A 7} 5}o] A 9 U]EH B Ao A= SyntaxWarning©] 11 A= SyntaxError7} E 4

R 2 ST of o) of 2o F ek S A e 7 Ashol WA 9 e o
ol e\ m & SURE B AR A, T A9 £ Belsls ek 3 $UAS SueT;
2ulE 249 P Po] obd Ut (2 BAAE R BN o A2 BY 5 gEUTh). B
welAY, O A S o SR B S G Hﬂ(ﬁﬂﬂﬂﬁﬂﬁ

A WU, o LAk ulE Aol 2 AP EAE E Aol oheh e
BAZ A4 F ol o 3oF Gtk

m{o

Egmln
A
Lﬂ

1o [t 2 rfr

;3&

24.2 FA4 2EH o]o] & 0]7]|

X
2
)
=
-0,
hirt
&ll
X
id
12
ol

Ir
Y
o

el e AL oy Hlol EE HHE S (¥ 5] g a1,
Dol o1l At gevich A sE ol ox £ FUTh 284, "hello”
'world' = "helloworld" 2 =3t} o] AEdE HYF Y 2 s 283 o

oA E EdF U 24 B4 B9t 24 Bolk A% A5t o8 Sol:

re.compile (" [A-Za-z_]" # letter or underscore
"[A-Za-z0-9_]1*" # letter, digit or underscore

)

! https://www.unicode.org/Public/11.0.0/ucd/NameAliases.txt

12 Chapter 2. o]3] 24
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o] 75l ¥ Tl BoH e YA A A|Hol| FAF ol o of Futh A Al zhol FAHE
B oo} Ro|7] AL+ ANAE ALg ok Gk P oloj o]Vt 84 WR HE L EE
AEFF AT (FEALT A4S S E BALL ool RolE AxA s TUh, T EAL TS
HE 2D e e 3t oo 2 5 ALl Fol 3ok Fuich
243 =9 £214 2lH 4
W A 3.60] %7}
E9 24D 2 & D (formatted string literal) = -2 A D (fstring) & ' £1 U} 1B ol B B 2] Y
Yok ol BEAGL NS =S EAG 4 Yrd, $2E () & P EH L EAAYYTh 2 £A4D o]
P A5 S AW, TR BAL e D2 AP Aol AdE = A4 AU}
ojaAolz AdsE AN EAL B LAY O UTHE A L AL A€ A9 IUTh. O R
Fol BAGel g2 ohe3} 2o BH S mEUTh
f_string = (literal char | "{{" "}I" | replacement_field)*
replacement_field = "{" f expression ["="] ["!" conversion] [":" format_spec]
f_expression = (conditional_expression | "*" or_expr)
("," conditional_expression | "," "*" or expr)* [","]
| yield expression
conversion = "s" | "r" | "a"
format_spec = (literal_char | NULL | replacement_field)™*
literal_char = <any code point except "{", "}" or NULL>
TS 2 22 vt g EHEAYE HAFH =, ols T "{{' U "1 S HY 2SR
A= b Ut st o= FTZE {' £ AT I EE AR =, Fhol A 2 A o] HubE
Utk 37 5 224 gaE9 8g e BF BASE W (O W Zo] 48 FUth, EA4 A S0 =\8

F7h g dsUth =4 % T 2 A2 SHE, W3 (conversion) B E7FFWHE 4 A5 th £ 2] A A} (format

specifier) = T2 Y = &=, F2 ' CZAFFPYLE X FE=dE= ST 'y 2 Egh
T B2 glE g 342 257 SN dubFQ stold @A o g HFE =, B 7R ¢ 87t
AUt Wl ZHAA L 52 A ka1, lambdaSt Y 4] =2 BF HAHA ZE 2 FHAoFFUT
A3 AL NPEAS 2T T Ao (S S0, AF 2w H EAY) T4 £33 £ 5y
Zr A2 29 F2E gE o] ST A FHAA AF LEZ S Z AP YT

A 37004 A golH 3.7 o] dol=, & BEAZ s = ExE el H ] A oA await BHA T}
async for A& 2@ AzYAAL FEFA FdHUTh
T E =] AlEHE, 8= 2 HAE, = 9 FUHE Fo] xFH UL = FTZSE (' H,
FAA Y, = FY adolas BF EH fAF UL 7[EH o=, =2 XY AT} Gle R4
9 repr () S AlFTUC o] A A= HE "1 o] AAFXA] e 7EHoZ 5349 str() 9]
A Yth
W38 7 52 7% =
H 3 (conversion) o] A/ H =W, 4 0] Ay7F 2ug] Aol HEFH YT M3 ' 1s' = 2Fstr() S EE
Stal, xS repr() £ EE3, la' ascii() EZEPYT
A= format () TREEZZ g 290 A G2= Aoy HS 43} _ format_ () WA=

9

PR EPEEEFEERREL ROE
.

Top-level format specifiers may include nested replacement fields. These nested fields may include their own conversion

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

24. €4 13

"}ll
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Z0 EAG A PL oloBY £ QAT AT A= bl AP 2AD $E AUk
9 24D B o8 S

>>> name = "Fred"

>>> f"He said his name is {name!/r}."

"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 "

>>> f"{1line = !r:20}"

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

Qb ol BAD H AR 2L EUL F 13 ATk A F BEo| S & BAE 0] £
G P E P A B FESA oo drke AU

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

E0 BPAolE o SANE ST S 9L, S ole e g ok

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

o Sl Al ol 2 o= BRY 7hS EFFHAW, YA W5 E HEW FUT

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

) FAY 2 E P 5AE 3 (docstring) © 2 AHEE 5 PUth F@A o] A

0

Hebe npR 7 U,

>>> def fool():
f"Not a docstring”

>>> foo._ doc__ is None

True
_‘:)i 4G BB F7boll g Al H-2 PEP 498 & =zt #dd W £AE WAUS S AH8dhe
tr.format () = AT HE Aol LU th

14 Chapter 2. o]3] 24
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24.4 57 2€]d

=2k EIHE“H Al 74A SR/ 7F dssUth: A, A, e Bag 2EHE 22 AL (st (Bass
A 5 E HalA E’}EGGHE}-)
<A elHE o] TS x3HekA] o Aol FYsf o FUth -1 R 2 FES A F A R eHE L
2 FAE 284U
245 A4 € d
T 2lE 2 22 o3 Aoz zdg Ut
integer = decinteger | bininteger | octinteger | hexinteger
decinteger = nonzerodigit (["_"1 digit)* | "O0"+ (["_"] "O")~*
bininteger = "o" ("b"™ | "B") (["_"] bindigit)+
octinteger = "o" ("o"™ | "O") (["_"] octdigit)+
hexinteger = "o o ("x"™ | "X") (["_"] hexdigit)+
nonzerodigit = mr,L.L"on
digit = "or..."o"
bindigit — "O" | "l"
octdigit = "or...mm
hexdigit digit | "a"..."f" | "A"..."F"
7He g R elol] A7 = leAte EE A 2lHE ] dojo Al flsUTh
WL el Yol 54 9 AR 0 2H A FUTE ASAL 2o/ Al xABE Tl AL 0 &2}
AFUTH BEL A Abolu 0x &F 22 X4 A] A A (base specifier) Thx-ofl Y= o =, & ol shupet
REE 5 g
0 °] obd 10715 7H0 0.2 A 2Hek 4 glgoll 728 ok Tt 3.0 WA o] 9] sho] WMol A AL§-3FC 2Bt 9
825 eH AT EEH £ AL 9] AFY Uk
A4 ele e o g
7 2147483647 00177 0b100110111
3 79228162514264337593543950336 00377 Oxdeadbeef

100_000_000_000 Ob_1110_0101

WA 36004 A 2lHENA A9 IS 2T HH o2 UES 3Pk
24.6 24 8Ed

AgPEEe e 2L ol o= BAPUT

floatnumber = pointfloat | exponentfloat

pointfloat = [digitpart] fraction | digitpart "."

exponentfloat = (digitpart | pointfloat) exponent

digitpart digit (["_"] digit)™*

fraction = "." digitpart

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

Aot Aeife P 10AP o2 s he 2ol F s of FUth ol & 501, 0772010 & k& 9

15
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o1, 7710 T 2L £AE EAFUTE 44 2 e 78 AR AR
N u A 2 D5 £A50 B s

A% 2B dY @ 714 o2 Futh

AUt A 2l e ol

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

2.4.7 54 8¢ d
ST PHE2 O 22 oF B E 2P UTH

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

S5 e P e A5 R1009 Bas s BEUTh Bas e A5 22 09 Al oo] 485 & 3 o] A5
ERF Y 00] o AFHE 2 BaE BEY, AFE HohE Buth A8 Fol, 3+43). A
el E o 2 717 o & F YT

’3.14j 10.73 103 .0015 1e100j 3.14e-103 3.14_15_933

&= ‘: A= >>= <<= * k=

MRS 259 85 eE g A 5
literal) o] eH= 589 9] W] 7} g5 T, B2 Fuke] Z
Aozt FRAR 7%5HAL, 54 3
2o Q41 £ ASCH RS L ThE E2E QRZA 508 o7 A, 28
Fel gk

Urth d<439 ndE A e Q2R3 2 8 Y (ellipsis
& i o A4} (augmented assignment operator) -2 ©1%]
=S

20w o} 7] #4170

v n # \

S5 = ASCIl £ 215 2 sho] o] A AH85 A Uty 249 e A7) 5

EEEEE PP

Chapter 2. ]3] &4
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CHAPTER 3

3.1 AA, 3%, 3

A A (Objects)= 5to] % o] H] o] ] (data) & F+/3}3F 2] (abstraction) J U T} 3po] 2 = 2 730 9 Hl o] Bl =
ARG AA 7+ BAZ FFFHYh (£ 20| 2 (Von Neumann) ] “3Z & 72 U 4] 7 ¥ (stored program

computer)” RS w27, & T AFHANA = A AAE 2dFH YL}
B AR oFo] dlE ¥ (identity), & (type), %k (value) = Zts5 U Th A & ofo] dl E] ]
WA A gFUTh R ge Ao AA Y FAZ 7= E5UTH ‘is” A4A}
S v aFUTH id() Tt otoldHEE 42 de gE EHFUTh

|

CPython & A}A): CPython &) 2%, id (x) =x 7 AZE W28 =AYt
AA 2 & ;;‘ﬂ]ﬂ 2 Qe dAES 34-‘5}1(04] “Zlo]2 2ty QU2 1 o] AR So] 7HA 5
A 7t HES BAFYUTh type () T ;ﬂM 53(0171 A A 7“}113}) = =8FYth ot g E gL
A7 =, ZMH 3 (type) A B AH A 5!
" AANEY = HAT 5 AFUTE IS HAE 5 A= AAEE 7HA (mutable) °1E}j Ty 4ot
s 7 3o 3 WA T 5 gle AA S &9 (immutable) ©) 2131 T T} (7Pt‘4 A o 3t 2 E A Fet
T 9+ =¥ Adolyv Y 2 7HH AA S ol Wi uw] HAAE Y B 5 JF U AT A AEa e
AANE2 Ato]l vl 4= glom g A oL o HAd] BElolgtn 047%%‘44 E}BW 22 ddsHA
W7 B/ @ e 2 A g Utk £ o mlR g ch) 2419 7b82 (mutability) & 12 9] Pl 23
ARGt A& 0] A £AHE, 7 (tuple) = E ¥ o] A 7k, © A 2] (dictionary) <} 2] 2~ E (list) = 7FH
(R
AA = A3 AR SR 3t 5 2 U th o 25 A 92 of (unreachable) 7}H] ] 5= 7 (garbage collect)
HUoh F&o] 78 A £ AE AAAI 7 A 0}04] ket Aol gyt — o} A FxE = AAES
FATA] = o] % M A AT H Ao R FTHEH A= FHY 4 A Y YL
CPython -3 A} A]|: CPython & & 2] =% 3]l Al Ak (reference-counting) B2l & A& 3t=o], (A B Ado 7)
A o7 AFH 7 AY A ZA 7 F7FE U o] o2 iR E AAE FRI) A A ZAupR;
TAT T AsULh AT e A2V A= THIAEE T U*D}— HAge ‘31%14 o} =24 7| A A 9
Aolol g FH=gc BE TAE FRGA FUh b2 THE2 T2 4 2 F 543831, CPython &= W3 2
loj| ASE 27202, ol F9o] AA 2 F& WAsE Aol 75Tuth AT 2R o A W o} 3 A3 A2 ojojd =
fome dug oz Fe 7ol ohguict,
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9) A =244 0 sho] 9?4l o] Al (finalization) = = 20| &) £317) Wolof ghr}
(224 B4 LS WA A 0= PolFo]of FTh.

TF@o) Algste FAU WA FA L AHE2 2ZA ol #AE = e ANES AoUEFT HEF
Aol Fof sl of FUth EZ ‘tryexcept’ TOR A9 E e AL AAE Aol e + syt

old AAEL F spdon} F e ﬂT(extemal)” A-gEo] e F2E 234Uk o] A S-S AA 7}
7}Hlxl¢74%rﬂ1t&ﬁ%v}1 ol = A vk, 7HH A A= HAE = Aol ot B, O™ AAE2 IFAdDS
Hhdohe WA A QWY =S AlFFUTH BE close () WA ET 2 El%%wé@}ﬂ%la‘iﬁiﬂ%&
P HA A2 Folok(close) YT ‘try-finally’ B3 ‘with’ & o] FA st A WS AlF
Fch

ol AA &2 thE AA ol e =2 23t lsyth ol d A=+ A °l Y (container) 2L F5 U T
T2 P2k, 9qyesol AeElojy e A guth o] FxE2 AH o] fe dF YUYt hEE2, ¢
g7 dE ol 9] e =2 W, ol AAE otoldE E Hhe s m Yt A W, dE o] 9
ZhAA ol Hef =& w= 23 7H] AAEQ ofol B B S mA U th ZeiA, (& Z2) =9 AEH |t
7HA ARz o] FxE sk vk, 2 7hd AA 7 WA A ol v o] = W AE Yth

B2 A BE SHAA AA T T2k ol dFE FUTh AA Y otelHE Y7} 2 %%ﬁ BEAE
old Hol A= dF AFUTh B F9 M g TEx A4S AA 2= olu] EAst= AA Foll A
22 3RS A= AS s 5 A5 Uk v 7h ﬁxﬂoﬂAiL ola* 20] 5§ A FFUth A&
S°lba=1; b=1%agbe= g1 #=22AAY 5 3, obd = dFUTE AT e =
[1; d = [1 %, c&deF MY HED}EL%%@OE,WEW—Mﬂ W aEYe] HAF U (c
=d= A2 A4AEctael dddnh)

TR0 wel C U A OhE ol 2 A E) §F RES S

2=
EENEFE Y REA AT N RS Sl SRS SR A el

AR ARD AT Md 55), 2F golBH P E T F7HE 7ol ¥ 27 = ddth
otefoll o= 2 Foll e A2 ‘55 o] E2|F E (special attribute)’ & Y Eot= =S 2 h
OJAEL T 2T WS AT, YA ARES g Aol ebduth Hoj= Yoz MAE 5

None °] 3= '5}44 Se ZraUth o ghe e skl AAVE EAFYLE o AAldds W ol F
None & 58 HIFUth o2 7pA] ol A ghe] RS LF/]‘—I:-]] AL EH T o] So], WA R o2
a71E anﬁ_;q ok 3}~ o] ulks} 7k

2} ok =8 @2 AFY YT
NotImplemented ©] 32 3}1}o] hvhs Zr5Uth. o] gh& Zb= ahuhe] AA| 7 23Ut o] AR o= W
= o] % NotImplemented & 53] ¥ =&ttt 52} ¥l A = (numeric method) £} ¥] 1L (rich comparison)
WA EE AlEH 3 AARE gis] JAate] 2] o™ o] kS E8FH ok Utk (2H ™ Qe =g
Bl Qb abol wheh 510 8 AAkol v, ol H ThE th Qb A% ghU k) B2 Euo] 4] % 7ke] 4] ekofol
U

] Z}A] 8F W82 implementing-the-arithmetic-operations & 11514 A] 2.
HA 3904 WA B2l EH oA NotImplementedE F7bste A2 HAH AFUTH A=
© 2 75 A 9 DeprecationWarnings WUt FZ WAL go] WA+ TypeErrors

242 2,

Ellipsis ©] @& shite] e 25Ut o] g 2t shitke) ARk 2A ek o AAel s PEE
ol b Wgd o] EEllipsis & Fol A2 FUTh =gk Zeunh

numbers .Number | 7152 %7t 2lel dof 213 W5 oA 31, A& A4 WY 4 FSo) Aoz Ee
FUh 2 AR = AU & A gro] BEoi A A WAl ks yth 3t
Fo el AR Ao wes o 9%t AT AFAS] 24 LA Aoke B gk

20 Chapter 3. ©jo]g] ¢
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The string representations of the numeric classes, computed by ___repr_ () and __str__ (), have the fol-
lowing properties:

s S AR A W el A Fe 7 AA S AL s RS A B HE Yt

- 25 %9 B0 A AL, AW 0 FAF A vIh
- 257 A9 0L AL, TP 0L A A I
c RTE LA S5 WY EAF UL
sl A e A4, A%, BASE PR
numbers . Integral o215 584 45 A (FH &) ol $3h+ 845 e,
% 7H) BR9 347 %Y
A4 (int) o AL (M) vime) 7} B el & Aok g WY £AE AP AzE
(shift) 9} v} 2 (mask) 91 4ko] B4 Q) w0 A EH o] AHH L, 24 A5 29 HE Qs
complement) £ E A &0, B8 W=7 AF 0 2 IS YW A3} 2L BAE FULh
29 (bool) ©| AL e gk AR FS ek a1se o True £ AN el § AN
ok 29 3L int 9 # 139 52g

lse" 9} "True" 7]— =y
ol 7 91w 9 A AL AF

numbers .Real (float) ©| AEL 714 =% 9] v} A & (double precision) F%5 25 A £~E e b] D‘r.
18] = o] WA 2 M) A0 AIA S 57N AGC A 2R
9ol 9% oF. 3ol -2 4 T (single precision) 25 457 48 2| 28k YU o A5S
Ao oS Sl 4] 718 st Aol AAE Ko oI ] B ot
Aol Mu AU ch 1 g Eol] % 71 ERe] RE £5E 22 Aol BESA B
A7 g eh

numbers .Complex (complex) O|AE2 7|A $EMAE XS5 A4 A ooz BEiag
Utk 3E 257 49 a9 BAR S 243
O%_E] Ez.real & z.imag 2 A

AA2E 2ol obd A4 2 2d4 (indexing 2 5 9l 33 Aolo] =4 Q& AT et WS
len() & AA27 71 FBES ASE SHFUCh AA2E dol7bn D o, 82 (ndex) 7 TS
SAO. 1, o1 € EFGITE A2 a s BB itali) 2 8P
AALE Sl ADFUTH ali:]] Li<mk<j 8 BEHE RE F2 LS ARG £9
Ao 458 W, Zefol 2t 22 ol AAAPUTE s AR 0] AL4H =S chA] AT

B WA 29 DA PO AAE I BB Fol = WAE & e Th (B ThE ARzl
F2 2 2FH, 1AL AN 5 93, WD 4 dauth ShA T B0 ARz e B2 s
AA 2 AT AA

T2} (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;

- EEFAS 21
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chr () converts an integer in the range 0 — 10FFFF to the corresponding length 1 string object.
str.encode () can be used to converta st r to bytes using the given text encoding, and bytes.
decode () can be used to achieve the opposite.

FZ (Tuples) FZ9 F5 49 ol AAYUTE F 7 o] FHoz FAFHE= FZ
2 Fulz *ﬂﬂ x84 9 %EOE s S AFULh sty FEoR IHH FEAHZ
Hl singleton) & £ 3 4l of] FulE EojA BHE ¢ AFUHZ IR R3S FE s 9ong
EdAvlogE=52o UJEX] %QHE}) 1l %% S Wl 25 ' vE 5 S5 YTh
vlo] E d (Bytes) H}o] E 4 (bytes) A= 1 s G YUt S22 8- E ulo] EQH], 0 <=x <256
Heo A2 FHEFH YL niolE 7“11]% 7S w = Hlol E

W bytes () A A A} (constructor) S AR 4 95Ut EL vlo]
WASE Ea EALR 2P 5 e,

A ARz b8 AAAE SR Fol WAE 4 A5 Th A B 22 % A (subscription) 3 2 240] 4
S Qe del (AHA) £ Bl 2 A

A7) % 7)) Y e A A2 D o] QLT

P AE (Lists) 9259 G5 Qele] shold AA YU PAEE Bz Lel® £HALS )
25 oo Yol A BHE 5 AUtk (4ol 001 19] e AES e tr FEY 2o B8

s Uth)

nlo] & vl (Byte Arrays) v} o] E vl & (bytearray) 2} A = 7]—31 g gyt WA bytearray ()
AR s Ytk ZhA ol gt A (A A E7Fs st A) S ALl s, viol E
Wi E-2 B vl EF (bytes) AR &} 22 AE H o] 29} 7] 5& AT T

B} BE array = 2719 7PA A A2 B3-S A 23=d], collections BE AA] nfR714 4]

A3 FESettypes) o] =2 TH v B AAEY A 92 & JFS vdebd U A9
Gguith SR olEdlo| £ & & 9w, U B Len () & AT ool = BB AFE FoE
Utk A3 9ura ol 5= wE WA Z Al (fast membership testing), Al @20 A FE2H FE A A,

! 51'(1ntersect10n), ?J’%ﬂ s (umon), 217 & (difference), o) & X} 5] & (symmetric difference) #} 242 & A
AR AAbsE A Y Yth
A dasedes 9xqv e 7|9 22 2 + 2 ] ALHUT <A 39 B9 A vl &gt
15l 912 o] 2§ B Th ol %93 oF Tl Th: BHF 5 A7k 2 Thar # ] W (o) B Sof, 1 71.0),
2% sha Aol Bol2 4 Ath,
A F N g AL F ol dsyth:
%‘J?J(Sets) o] AE2 7hH A vEbdUth W set () AR ¥ 5 913, add () 22 WA=
& AEH A ol 548 % g,
29 %‘Jﬁ(Frozen sets) o] A5 B IS Vb AUtk W& frozenset () FAAE WE = A5
Ut} £ ¥ (frozenset) = B o3l s A] 715 SR ZE, T E &9 ?JAL]', 944 ﬂA 71 =
AHgE 2 9t

71 Mappingy) 0115 9012} Ads Giloz A4 © ARG FAD ATE ek G2
3% 7] ¥ (subscript notation) a [k] = |3 a ol k 2 Qg = = > A
N8 T g 0] oo £4S) Aol D 45 Aerle hF B4 Len () & A T e
FEEo 42 BH B
A sk 7he] W mi g @ o] st

i)
rlr
ot

Y 4] 2] (Dictionaries) ©] 2 &2 7494 dojo g x Ao w Ad A= AAEY Fe JFS
etk 712 A 4 gle AE2 BaE, gAY v 1 99 7 Foll A otoldlE E] 7}
ofUzl e ® v uE = ASE AU gAY a8A T o], 719 s Al o] =50l A=
A G AL L Fger FAHES Q75 A7 WA UTE 712 AR HE A P Y A=
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Aol e A A% o] ABF UTH W T 47 2ok v wH W (6] E Fol, 1 210,
5oL gy BES e dsted A8 4 dn Ut

SV e = A AE SATUT A7 A ol 242 2 2708 A9 2L 2 AR A
e STtk 712 718 AASE SAE AAEE A FARE 715 A ARSI A AR sHdE o)A
AAE FA = A 2o F7HE Ytk

gAY el 7 e | 7oz v s Syt (dA Y] Hasdd el Ade F1
A1 2)

2 2E dom.ndbm # dom. gnu = F7+9] Wi &S Al FSt=H|, collections & HA| vt
A74A Y o,

WA 3704 A gL 3.6 o] A Thol M W AA 4] £AE FAFA GFdFUTh
CPython 3.6l A, 4t ] <A1 7F A= QA A ¥H 2 Al R ol &= o :
st U Th
Z 2| & (Callable types) ©]ZE2 T T & A4 (D
A& AL A o] T AFRA A o S A= 5ol THE o (T Ao A o). T
o] 4] v 7} H 5~ (formal parameter) =53} 22 74~ 9] 52 Z36h= QA (argument) FH O 2
i%ﬂ of of gt

E 2] H- E & (Special attributes):

JEIRE ]
__doc__ s AHote BAMY B e B None; A B *7] 7V
o2 345 A vk
__name___ T o] E. 27 7Fs
qualname_ | @40] 4451 o5, 27 7Fs
WA 3.30] F7}.
__module__ FrT RS RE9 ols Bt (Je A9 None Py =
__defaults__ AR 7| B3 EE= (e A7) None O & o2 /&, | 27] 7t
__code__ AL H 3F42] vh (body) = Y= 3& AF » 7] 7=
__globals__ Shol A HEES 7H g gl thek R — A7 A&
7 Ao H BEY A9 o] & ¥ XH(namespace)
__dict__ Aoy A A EREE A Yot o5 1 27 7vs
__closure__ None T+ 49| 27 W4 (free variable) E©f| o 3t A7 AL
AZE 712 A(cel) 9 F=. cell_contents
oEgHE 3 AH &= ol & HAAL
__annotations__ | A dict containing annotations of parameters. The keys of the »7] 7V
dict are the parameter names, and ' return' for the return
annotation, if provided. For more information on working with
this attribute, see annotations-howto.
__kwdefaults__ | 7|9 E FEIZW A 7Lt w7l =9 723k 271 7V&
7FA dict.

EEQu & g 0] ol v el o]
(metadata) = 1%11 A}ﬁ T AU A EZREE AV L o= A & 23 (dot-
notation) ©] /\} AUtk @) 3L 27 AL HEZ 293} 293
E

oF S W B4l B4 of

A A £ cell_contents O ER|HES AT Y5tk Ao e 9L Bt oje} gre
AR Y E e e 4 5T

©w
)
kKl
SN
ofls
X
oy
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Fh oo A F71HAHQA ARE I AAZRE AL = AFUTh ool o= i F9
71 FAFHA L. A FL types BEIA BA AT 5 915U T

A H A WA E (Instance methods) AIAE A WA EE ZFEs, S JAATAG RE ZHE AA
(& AR A &) 2 28U th
E5 97 AL AEYHES: __self = F#dadads AA|, _ func = 5 AA;
_doc__ 2 vd=e] A9 (_ func__.__doc__ ¥} ZHYThH; __name__ 2 HAE o]E
(__func__.__name__ 3} ZFUYtH; _ _module 2 HWAZZFAHH BEQ o]0l AY gl&

74 £ None.

MASE 7 B RE 5 o EYHESS 42+ AES ALFUTEA Y 27]E A9
814 errUiTh.

OEZFETZ} ARGAL Ao T A A o 74‘%%?41/\ HA= 7“7‘41 /\Pﬁz} g 2] ﬂﬂ/\iE ﬁiﬂ%
Fej2e) o= RES AL v W5

SIAEIA HAE AF 72 A %3}] Z P29 /\}ﬁx]. Ao T AAE Loz H
A, self olEgHEEQAEHA 0T HAE A= ﬁﬂmmmﬁﬂqﬂ%z

ia=l 21
o A WA= func_ olEEREE Hel g4 AAdUTh
g

< 01 2 & £ 9]
Qo] %ﬂ% OME*A( self_) ZFAFE YL dE o, c 7t () o B E 23
S 2o, x7tc Y AxdAad w], x.£(1) E TSI} A2C.f(x, 1) = TE3= A
54Ut

2" HAE AR 7} Eeh 2 A= 7“iﬂi HE&u, self o AFH“FHxAdrdn”
EAARE ZH2 AAGYUTE A x.£(1) oY C.f(1) S EEF= A2 £(C, 1) EXE

p

= A3 2T (F = 7k sy oh.

4 AANA A2BA AR o) WHE A2DARRH JEHES 212 wvir) ol o
Fol3foF Ptk ofd Aol 22 HES A Aol hY5HA, 1 A WS E TS5 S0
8342 9) 245} 7} D ieh e of Wakel A8} Ao ool ) 4 by ol ol o of 3
o ThE el E A (2ela Ee o] ohd BE AA) & W glol Atk Fes AAEAY
= HE QA8 9] Yot AR AT T MBS A FErhe A F 8 FITh o] AEe

o7t 2e)n o ER REY af vk Lot

A & o] ¥ 4= (Generator functions) A function or method which uses the yield statement (see section

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

€] 34 (Coroutine functlons) async def & /\]-d‘l*_H A AoE = 4 HAEE g &<
(coroutmefuncnon) g BEYrh o]# @'—T—E TEotd T EE AAE SHEFYLE await
A4S W &3, async Wlthﬂasync for &= AH&E = AUtk 59 AA| (Coroutine Ob-

jects) AL FZBAAA L.

H] % 7] A& o] €] g4 (Asynchronous generator functions) A function or method which is defined using

async def and which uses the yield statement is called a asynchronous generator function. Such a
function, when called, returns an asynchronous iterator object which can be 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

24
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empty return statement or falls off the end, a StopAsyncIteration exception is raised and the asyn-
chronous iterator will have reached the end of the set of values to be yielded.

U] &} g4 (Built-in functions) LHZL S A= CETE UL A L]ﬂ—(wrapper) W3 g9 o
Zxlen() Fmath.sin() (math & ZF W3 E’.%"‘L]D]—) 7} 95Uttt Qe Mgt 3L
C i SR A AR e R e S
£ 4% None §UTH __name_ 2 359 o] 5 YYth; __self_ +=None OE*”“%‘%E}
(6‘}74‘?}3}8 FES EAAL); __module 2§57 A" BEQ o] Fol A/l 47 None
Uk
W7 o] A = (Built-in methods) ©] 21-2 AHA W7 3F9]
1A} E C 3o Ay A2 21 Q5T
A=, alist = B 2E A YU o] AL, E
e 7—’121]E ARE YT

Z2l 2 (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.

F# & Al AE A (Class Instances) Instances of arbitrary classes can be made callable by defining a
__call__ () method in their class.

2EModules) E 52 FlolH F=9 7|EAQ ZAZ ol import ¥y, importlib.
=Xl =4

import_module () I} LH7<L __import_ (
A Bl Uc 2E 4a1E 2ol 4
EolA 76-45]%5—1— __globals__o|Eg]

AN EE
(o] gA e A &

T2 REdUh, olEe s e o SAY

E v
b

4z 2
Ir
e
It
o
)
o
)
o
v
:L
o d

ﬂ‘ﬂlﬂl?&iﬂi %HD} AE Eof,m.xEm.__dict_ ["x"] %} ZHEUTH BF A= ZES
Z713} et AHEE ZE AAE 2 QA GHUTH(ED 2737t EUd 2 e gleng)
AEIRE YL 5 olF I "dxveEE AU & S, mx =12
__dict__["x"] = 13 ZHUTh

Predefined (writable) attributes:
__name__ The module’s name.
__doc___ The module’s documentation string, or None if unavailable.

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

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

S+ 471 WG oJEFRES: _dict_ = HYMUIR 2dHE E5Y olF U

CPython -9 4A]: CPython o 25 AU 21 w02 il v ol & elof| e 227 ol
Shie, g o) A2 E NojLhd B AU e LW AT o) A2 3l stel W, B4 2 S Bkt

gxyel S A H o] &3t= TL RES FolFojok gy}

AH&- A} 7 o] Z#] A (Custom classes) AHE-AF Ao 2|~ JEL2 BF Fela Fo w £ SR YUTH (2
s Aol AR Fx) FPgas dHAYEE FEH o2 TS 25U FY2oEYRE FxE
o] YA g o EH??_PZE@E%' HAUth ol & 9], Cc.x=C.__dict__ ["x"] 2 H&FH Y} (A vt
o Eg|HE ] F2eE= 2 Y ES § st ol 2 7HA] & (hook) ©) %% th). A7 A o EHE
o] Fo] HAH XA ko, oE BI‘E‘E AN BR Ze a5 ALE UL o] RE Fex FANL

C3 AT 2A A (method resolution order) & AF&-3t=t], T Ao 22 By FAg Hol=

‘T}o] of 2 = (diamond)’ Als T+ 27 S = SHEA] F AU ok JJrO] % o] Abg-8l= C3 MRO &3
Z o AA B Y &2 2.3 v 2o FEH FA] https://www.python.org/download/releases/2.3/mro/ of| A
FrotE = Qs YT

3.2,
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B4 OEARE BRI FALC AT S TAS WA AN AADAE, _selsol=2)
FEZICc A A2 A E AAE A Ut 2 E A =2 A Z =, 2HE HAE AR 7t
2R Qe AAE AP U SRR I CﬂEﬂw@rEﬂ_dict_ of A%H I EeA =
% e ohe who) tl ARl el e es] Ade] g,

ZH2EYRE QP F2 gAY E BAT H, ofdE FAeE FE a9 Y E
A=A = FFYth

SAHe AR = W A2HAE FHFES(OHIE EAA L) T2 T IAFUTE & EAAIL).
E 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 exe-
cution. For best practices on working with __annotations__, please see annotations-howto.

Za 2 2 2AEH A (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~ = ¥ | 5231 5} 7] for another way in which
attributes of a class retrieved via its instances may differ from the objects actually stored in the class’s __dict___
If no class attribute is found, and the object’s class hasa ___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

sEaE g AR, B AT 5 AE Tk

v

by
S oJEURES: _dict_ +olEflRE 9AUIYUTh _class_ & d2bA9 FehAY

VO A7) 5+ AASILE FelA AEUTH 19 A7) £ e AL ek s AAE v
o 7}A] dEHol HFUth: open() W ¥, os.popen(), os.fdopen () I 47 2 A 2
makefile () WA E (221, olvt= im EEE0 AlFshe the el HAES).
sys.stdin, sys.stdout, sys.stderr = AEZ B & YH, &9, g 2EFHo 7 27|34
Id AANSJUTh BF dAE RER 34 io.TextIOBase 34 Fefj2of 3) o= AE 7 o]
28 EYTh

U3 (Internal types) Q1E1Z 2Bl 7F A 0 2 LSS RE A5 A Al A w20 Tk Qe
o wlg) M)A o] 5] Aol WAdE & JA T AT Al o71A dFduTh
F.= A (Code objects) T = A= nfo] &2 75+ S (byte-compiled) 23} 7153 5}o] W T =2 1}E}

i, g ol = s dhu 2 W39k g4 A Aol Aol 4 Gk

m[m
N
o
=1
[

71121] LS 7‘51—"\9] ;QOﬂ _'7P(globals)( 7@_0,]% _1;1_%) tﬂ/\] Hog ﬂzs}ﬁ 0] z] u} A= 714;;] A
olw %wcontexoa 231 917 QuITh B A Akl g AAlo] A4 o] A ne

714 2l
A o= DA FFUTH (AR Aol ALdE = e UEt 7 diEduoh. & AA 2=
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£
kY

-

Do, 2= AR 2ol 1 shd AA Sl e of
& o

EF 87 AL AJEZHES: co_name 2 9] o] & ?J‘/]T/]r, co_argcount = 9 %] AAE (Y
2] A QL) 7| B gho] = AEE =EFHYH ] £ /M4 YUt co_posonlyargcount &
AA AL AA=E (7] 3k A e = oAEL i@'%b]‘;]')«] M YUt co_kwonlyargcount &
719 = A§ JAAE (712 Fk0] %% A== 2FHUH Y WY Uth; co_nlocals & 57
AHEStE AYG BaE (AAES TZFFUTH Y e dUT); co_varnames + A H4LE9 9]
T2 91 Y FEAUTRIAEY o5l A UsUth; co_cellvars + F3H FTE0l
E9 o282 g1 Yg=EZIUtl, co freevars = ZH—’.— 3 4= (free variables)
e ¢ HIO|E ZE WY A|FAE UYE Y+ “?‘X}Oﬂ%}‘%
gqs —"U]"cﬂ"_ = “‘?:]1413]- co_names += H}-9]
g2

uN‘

ESNCEE-

AR E) ZEA QA

rlo

Uﬂ 12
© KR
rlr yo, 4>

rr

A

i

1A

i

£

(@]

O

l()

@]

a
O
(@]
O
0
@
jus)
=
[e]
m
2
rt
N
—|_‘ .
S
>,
oo
o
rlr
W

v E IO
= D—L—M'C‘!TE'.I:]
L=

]
4
o_firstlineno = 49
F

[
kU
o
N
N,
> 5
ofo
ok
rlr
i
Lt
o
ol
<]
0,

t}; co_filename & ANIH FEE Zﬂ““?ﬂ'
_ A HA = ﬁii?:]b]ﬂ—, co_lnotab 2 H}o|E
Mo et 1 FAEE AT g (AT 8-S AE =
FU 3 Al L), co_stacksize £ 83 289 37 YT} co_flags &
Id(flag) €& A= AZG S FAYTH

1uwﬂms§ﬁﬂﬂ43ﬂ AEF D BT 7 ] § A AAE v
%]+ *arguments & AHE-3HE v E 0x04 7} 1o] FUth; 0144 719 =
17 HoHAk&6F~**keywords‘ﬂ%i% AF&-3E B E 0x08 o] 10] YT} v E

0x20 < 7 AV ol e g wf A8 Yt

Fx 715 A (from _ future_ import division) =3t I T AR 7} EA 7|50 &3}

B A AL E JA=AE UEHH 7] A3l co_flags & HIEEEZ AR FUTH ST F4
division©] 433} 9 Aol A AU QO H B E 0x2000 o] AAF YT B E 0x10 2 0x1000
= ol " WA sfo] oA AHEH F U T

co_flags & 2 H|EEL YR ALL 2 94 o ek5] o] Q&5 th

wob 5= A7k 948 SRR, co_consts 9 A WA B2 A% Eago) A A H A
¢} © ¥ None YUYt}

¢ 74 )| (Frame objects) Z#] 9 )| = A9 2z & Y (execution frame) = L EFY U Th E & o] 2n) A
Al 57T+ QA (o E EAA L), 55H F4 FF-2 = Ay e

ST 7 A AERESE: f_back 2 o|d 28 2 (ZE2AWFOR)E 7] 7] AL, o] Al
28 o] uleto] 2} None; £_code & o] L& YJol|A AYH = I = AA|; £_locals = A HFE
23] 5=t /*P&ﬂ YgMel; f_globals & A< Mo /\P%%‘f]"/h f_builtins & W34
(intrinsic) ©] & &9 /\]-3—% Ut}; £_lasti = A3 vlo]E I E 9 & (instruction) 2 A| 3o
(ZE AA 9 H]'O]— = AL st ?l‘i‘i?iqr)r)-

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

T 27 75 o]EBHEE: £_trace i, None ©] oYW, T = A3 F9] o o] EZ 23
EEQL FHIdUth (A ANA AHEF YT, BE oW EE 7 -
f_trace_linesE FalseZ A A3IH o] A2 v 4 A5t

—TL??‘; 2 f trace opcodes 2 True® AAS= Ao E & éﬂ% &3 = (opcode) B |HEE
of ol WA H oA 7t FAH = T2 AU Fo A ¢
9)-g-oll 23] of ik,

i2)
(e,
o]
o,
alf
o
T,

hy

In

2

>

o
Lo

o g

I
o 1

Y N o o
)

-0,
o
K
Ach
o
1o
.
i
é“.:

_\}_1,
N
lo
N
In
o

o O
— 0
2L dlo
O,
T N,
T
41:\9
m]ngL;
(o]

R
iolw

f_lineno = ZH Y2 A & WEIYUTt— Ed o] T4 (f_trace) ol A o] 2 2 AT &2
E27| St HE HHE

eI E‘r 22 7PZ‘ ‘ﬂ}‘—% Eﬁﬂ doll A et 7hs U o). Y A = f_lineno
29
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frame.clear ()

o MAEL Ta| Qo] FE Ao WSl e RE B2 2 AAGT w8, wor ma Yol
A @l o ol <51, Al 2l o) B 7} 5 & § U Th(finalize). o] A& =2l Q) Az 7} Bew Bz
cBS et 2o FUT (T Sol, 9] & FolH Ealo]au S 25 ARE 9al A%

o).
whoF =g o] A A3 F o] RuntimeError o8] 7} Ay gy o
WA 340] 7}

E gl o] An) A (Traceback objects) E & o] 2~ A7) = of 2] o] 28] Ed o]~ 5 YepdU T Ed o]

w2 7'(1] = Oﬂﬂ 7h A o] g5 0] X 11, types.TracebackType & T Z3|A] HA|H o2 s

‘—D‘T/\]QQE o)X Efjo| A~ o] g, o 9] X 2] 7] & o] A A8 S H k2w, 47
GA vttt A2 Ed o] AW O] gtof] Elo]Am] AR E AP T YT oAl A7 E07tH, & H
Efolag 22030l AT F stk iy & A F=E) sys.exc_info() 7t EHFE
FEY A AR FEo|} e 9] __traceback_ O]EZRERE ANAT 5 9FU T
220 A0 A2 /) E ATHA G A9, 28 Edol Ak RE N 2EPLE (7] T
Zuig o)) 289 Ut); whek ol g = g E 7}\:]]Q—f>’J 0] , sys.last_traceback 2 & A& x}o A
Xi]*ﬂ‘/]r/}

i)
Lo
N

,tbnextoﬁ ﬂ EEEA A
= FA A ‘”"Eﬂ AsYth

=
6] 48 o1 ol o rane © 8 A A 49 el 15k £h_Lineno &
7h A g =9 tﬂﬁ%"“/]ﬂ';tb_lasti A 3het ulo]E T WS sle o) uhok o 9)
7} except A o] U finally o] 9l try Foll A LAY, Z W5 o} £ o] 2 o] upx) 5k 3 (last
instruction) & = & Ao = AT 9} }E 2 91tk

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

Asto] AA 29 EF

» Ho
rlo
lu
&
o

>
%
O
41

EL 27 7b5 JERE: th_next £ 28 EF o]0 thL A (&) 7} AT =& Y ek
o 2)ol A thx ©A 7} fl.2 W None Ut
WA 3704 A EFo]ad] AR = o)A Fo| M TEA YA H O E JA2AEAE WE $ 9]0

W 712 A AE A9 th_next o= HEZ WAL 4 Yo

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

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

E4 97 AL oJEFYHEE: start = 3}3H(o

QU step & 28 AU 7 ge

Fol 2 5 YUt

Setola A= st M =5 A A dTh

slice.indices (self, length)
o) WA= hte] B2 1AL length & Wolx] & ekol & A7 Ao length 9 A A 0] A8
e I eetolxo et AHE ANFUTE Al Y] A2 FAE FES SHF 14‘4
Ol AEL 77} start 2k stop QB 29}, step = SEho] 20 AE o] & (stride) 2 o] YU th A
] G 92 Aol AU AL Quba ol Lebol 29 22 YO 2 o AuITh

ower bound) Y U t}; stop & 43 (upper bound)
A" A2 None JUT) o] o] ERHEESL 999

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

tion of function objects to method objects described above. A static method object is a wrapper around any
other object, usually a user-defined method object. When a static method object is retrieved from a class
or a class instance, the object actually returned is the wrapped object, which is not subject to any further
transformation. Static method objects are also callable. Static method objects are created by the built-in
staticmethod () constructor.
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Z# A WA & A A (Class method objects) ~EJE] A= AR X H, S22 WA= 24 GA] 2 2 H)
£ Eeixted, S S A A2l A2 1Y O AAE AW A HEE Syt 1™
23| oA ZEA HAE AR 7L 5 A= A ol A= 9 “ARE A F 9 Hﬂ/HE(User-deﬁned
methods)” ol Al AW A5G UTH S A WA E AA = W classmethod () B4 AR v Y Th

33 55 AE o] 55

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, 1). Except where mentioned, attempts to execute an operation raise an exception when no ap-
propriate method is defined (typically AttributeError or TypeError).

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

WZdS s e SdaE 73T ul, 282 BY3)ste AA o Tol H+= FE7HAW A3k Aol
23] B Sol, oW AL A FEES AL AvozE 4 54T 4 Ltk AW Seh
o|AE AU E AL o] ¢t E 5 dH YT (o] ™ F7}1A] o= W3C 2] Document Object Model 2] NodeList
Q1 E}3f o] 2~ L)

3.3.1 7|2 22l A AE]|ulo]A o] A

object.__new__ cls[ ])
EEH’\clSA A A2~ E 5 7] 95 i%%“/lﬁ} _new__ () € 2HE HAEJUT (ZFA
A5 Gobe S U AL GUh Al 3 WA Axk2 BELRL e A s ne] Faf s
AEgunh. U A A2 44 B4 4@(:’1’41é T3l A" ASdYrh __new () 9
W g2 A A A2 E Aol o] of FLTH(HE cls ] AAE ),

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

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

WF_ new () 7hels 9] A2VAE EHFA FowW, A A2VAY_ init () EEZEFHA G

14 E]— i

AE|ofol =T 4

_new__ () = FE EAY (nt, str, tuple T} Z-2) 9] HH FHPATFAAEHA HAAS A TN
VEF ot ol A FH U Th 3 AFEAF B2 e S 20A Fei 2 S A2 upo]=517] 93]

A7 A8 U

object.__init___ self[ ])

new__ () °f &3l) o1~
Ho

(- Ha7t 501X o, A vk S EA A B8 F7] Aol s&F Uth AR
s Fda At xdor dud AS AUty depdoln FeLTL__inic () HMINES 3%51
ATk, B Fefxe]  init () MAEE, A, A" 200 A o] A7) AR &k
ol ZuteA 2713t & F43] 87 ] Aoz SEFooF FUH; A€ 01t super ) .
__init__ ([args...]).

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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object.

AME WELU _new () S __init () 7t HIFIAL YOBE (new () ¥ WS,
__init__ () & 7S ALHup| =3 init_ () 7Frone ol2le] ¢tE BejFE AAA
74l TypeError%%_ 214 ok
__del__ (self)
A2E A7} 51 5 7] AR o] E&FP Y th sholdeto] A == (R4 E3HA) ot Akt &Yoo) vhek
W] o] 2~ ’aHAﬂfdeli() HAES Z2E3 Jobd, 244 S e 29 del () WA EE, B 5 o
UTHA, A B 2of| A wo] A F A7} ﬂﬂﬂ%i‘i% A A A A 8] 91380, HA| A o2 Wo] A
FHAY WA EE TS oF T
(AR A = FAW) _ del () HA=EEA2EHA Y ME2E HZE UFOZH A2E A9
3 & AAAZ F dFUTh o] AS AA E& olgtn Btk Rt AAZ st o _ del_ ()
o] F A E 2D A= T wet g uth @A CPython +d-2 4 st AT 3 Th
Aelz 7t 5T uf of& ol AA Sl thalj A= () MM ES S & o] BAE A k&
Yth
FH3: del xEAFGx._del () & 3E3A LFUth— ol A= A2 x o] = 314 (reference
count) & 3t ZAA7]1A, FHoll Y= A2 x 9 A2 3AF7t00o] 2w SEH YT

CPython 73 AFA]|: It is possible for a reference cycle to prevent the reference count of an object from going to
zero. In this case, the cycle will be later detected and deleted by the cyclic garbage collector. A common cause of
reference cycles is when an exception has been caught in a local variable. The frame’s locals then reference the
exception, which references its own traceback, which references the locals of all frames caught in the traceback.

o ®7):

_ () 01

o

() <
tﬁ“r(‘:]’g 2E :TL—@') 7} o

o i a2 e

7} Z A 5} A
Ex A st =

>
i)

rlr
-

> 32
ofy

T

e

i

29 AN

[
L‘g‘—l_

object.__repr_ _ (self)

repr () WA ol o5 &
a=nsl 0174°7L8(&é*&%7ﬂ01f°1ﬁrﬂ1)
ﬁ*‘x%ﬂ*ioiokﬂuv} 7Vs3hAl o, <. .
Llacigrd ecy HP‘:M TRWOM oF gt} ﬂ&%
() &2 Zx AxE A “H] Y

= o)
-

=2
27
A o]

f

=
=
_ repr__ Al Z

.
o] AL t)w 7o A8 7) v £o, EHo]

object.__str__ (self)
str (object) 2} W3
=17 A A4 7S

3h for
St B A

(official)” &2}
1

(informal)” X<

L.

jud)
E=)
il
Ko
|
¥,

a}

fu

_g]

A= /\HE
Av..> e

() o

=
=

-
p
T

str___

347 ¢bA she Aol F 23T

)l

&

Al A4

A 2] «“uv] & Al A 9l (informal)” &=

22 o o 3 oh.
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ol MINEE __str. () o] ¥t oA Eﬁd*ﬁ‘% %E%% Aot 7|t A gkethe Aol A
gul o] A

object.__repr_ () 3} thEUytt: o At 7t
W43 object o]l LA 7|2 £ object._ _repr_ () & &3 YT

object.__bytes__ (self)

object.__format__ (s

bytes ol o5 T2 o] AA o) Hho| 2@ EHL AT Th ¥ ZHE WA bytes A7 of of Tk,

lf, format spec)
format () WA S, Sofstd, = B 24 2] Y &2 (formatted string literals) 2] A 4rT} str. format ()

Q

H A = of] 2] 3 i% of, AA el “x M H” B AL vrEol WUt} format_spec OJX}—E— sSTHE
2R FHAES T TAE YU format_spec QA 1AL format_ () & FH3= Foll
g o, QR E o 2" S WP E9 d‘%iﬁ‘”ﬁ}ﬂ B 2st 29 A4 S AR
syt

of| o 3] A] &= formatspec S 15 H U Th
| =2k o] of of T

A 34004 W7 object & _ format_ WA= AL, Wl EAFH o] opd A7 AP W TypeError

7. o)A object._ format_ (x, '') + format (str(x), '') 7} oty

—_ )

object.__le__ self other)

object.__eq__ (self, other)

object.__ne__ (self, other)

object.__gt__ (self, other)

object.__ge___ (self, other)
o) ZEL 25~ vl @mammmMYﬂHEﬂHﬂ-ﬁ_}1EﬂﬂHC°l?&J#ﬂ
o= @gqq X<y =x._ 1t (y) S ZEFRUhx<=y £x.__le_ (y) T T=FYh x==y
Tx._eq (y) EZEFUhxl=y v x._ne_ (y) EEEHPUh x>y = x._gt_ (y) ¥
TEFYUthx>=y=x._ge_ (y) & E%““%E‘r-
B u@ M= S Fo12 %Sl Al S A TAA S A T T ingleton)
NotImplemented & E8 & = 5ttt #eA, AFFQ 9|29 Fals True & 58 &Yt}

H

SA T o WA= o] Bel 7oA el - Aotk 1A Nw A .
comext) (<18 Fol £ £ 22 oA AHER W, ol A kel T ARL e 50 kel oo
bool () & E%Zﬂ’b] T;]—

71BA 0 F objecte=isE AFRHA ARNCE v E w NotImplementedE HI3St= g ()&
F3ATYtl: True if x is y else NotImplemented. _ ne_ () , 71 2R R

_eq () Y NotImplemented 7} olUetd 2 A3E HAS Yok vl A4 7B
T3 7ke] o2 A F ol FA = UGS UTH A E 0], (x<y or x==y) 7} Zo] F/h— OHH x<=y 7} 24
8+ gyt '5]"/]'-4 7|5 d&ii—‘?«ﬁ A AA AxS Z]-EOE WEo]l & ¥, functools.
total_ordering () = HAAIL

AFEAF o] vl AARRFE A Y3t gAY E 7|2 ARRE 5 Qe El Al 7 AAIE e A
2 7HA] F 23 Ul8o] _ hash () o &3 Eho] YUl

o] iA=L o t g (P A2 Axp= A4S A AEHA] A vk 2 2 QA xpr} x| Y g uj

WAL Wz gl tialel 1 () 3}_ ()= HE«] HH 38 A4

ge_ () AR AN ARAULE __eq ()} ne () EAZIHAFT A

pal

A

1o

oﬁ, r
_4 _lo

rlr

i
ot

>
oo
i
[:.IE
40

[
D
H=N]
AL [y 19 o, ok

WA N E T E Fol 1, 221 «40147(]'-4 3 o] QJ% J}O:“}Z]'J B AA
W, 8 -‘4-404”*}«]-'4;@@“%@ ol FAEHTt =S UTH 2 A ko AW 3] ALY WA
© 497 =5tk 7HAF Al B Z e A (virtual subclassmg) 2 1A dFUTh

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

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

23 : hash() = A7 A3 hash () HIANE7 EHF 2 py_ssize_t & AV|E A}
&4 f}(truncate). o] AL H % 64-bit U =0 A= 8u}o] E 11, 32-bit ‘?:_1501]/\1 E4nto]lEd Yt} vk
AA S _hash__() 7} /‘13 2 U E 37| & 2 UES Atolol A 8 AbgHojof siotd, =&
AL WESAAY F& FAAtsloF FUth o] A sk 1% 2 python -¢ "import sys;
print (sys.hash_lnfo.width) v oyt

If a class 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).

AR ALY FAlae 7EHo2  eq () & _hash () WIANEE ZFUTH BE QA= (R
AR S AL Eha) 2R STk MW E 3, x.__hash_ () = AEN P2 EHFo,x == yLdulx is
y 2 hash(x) == hash(y) 7} AN AHE 4+ J=F U

_eq () MY AL __hash_ () & BASA = FU;WSE__hash_ () 7FNone 22 AAH
Utk S22 hash () WA =7 None o[, FH 20 A2 aEs 22 IO 0] SAFt S o
A =& 0] TypeError & € 27|10, isinstance (obj, collections.abc.Hashable) & AAME
W A 7h53hA) eheha bz 248 Uk
WOF_cq () B AR TA2ARE ZALZRE  hash_ () 9 FHL EAVT Yow o
BZ g oA HA| A2 o]g8 A XA Fo]oF Tt _ hash_ = <ParentClass>._ _hash__
2keF —eq_() E AR e FALT A ALE @R A ow, e Fo] __hash__
None & Z sl of uth AN hash () = Zuz i o] A% TypeError & 427|+= 3%
isinstance (obj, collections.abc.Hashable) 3&09| 3|A| 753tk 25 0] /\]QIJD]-

F

l‘ii‘ I

FHa: 712H 07 stri)bytes AAES] _ hash () ql%?:l—’? A= FTFH R “ESE 5 o] (salted)”
"“W’/P N mho] M R A2 Yol A= HkA] s o R HhEA o 2 Agsh
o= A5 5 A Fth

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

fsﬂ/\] e AL A olE el o) e Ao FFS FUTh sHol W o] Ao tisf ofd B E 81
FEUth(Z 22l 5 32-bit &} 64-bit Y= Alo]o| & thE U T).

PYTHONHASHSEED & #1134 Al L

:|o
kﬂ
X,
e’
IG)
©
X
o

WA 334 W A b B R A o R BEE U

object.__bool__ (self)
=2 A WA A4l pool () FES He) EEF Utk False U True & S21FoF FUth o
WAEA AT A e S, BH ol AT __don_ () ol B2 o], ko] 0 o] op T FO 2 <14
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Sk ket 227k ien () B__bool_ () B R elA ghethd, RE dadas FoR

N
9
Im
k)
4

3 E A A A2E nlo] A o] A
%x’ﬂé Q2B 20 oJEFRE F2(87], Y371, x.name & 2HA|3H7]) 9 o) v] & WA 317 A& b=

o) A1 4 Yeuck

object.__getattr__ (self, name)
7]% oEZHE AN AT7FAattributeError 2 A& uf] S &5 Ut (name 0] QA2E A o|EEHE T
Eselfd ZHP2EZY d=oEFRHEVofYBA _ getattribute () 7FAttributeError
£ o7 AY; name Z 7 5 E]«] __get__ () ] AttributeError & 4o uj). o] Y == (A A
lﬂ) 0] g HE 2H2 ¥lEst AL attributeError 9|2 S o AHof EHJE]-

AuAA MAYEE Bl B HENBAH A __gerarer () o] TEHA ho] TS oF &
Joh (1AL getater_ () F__setater_ () 29 8 Mt A AU ), o @7 S o] FE
B wFol/|E 3a, 1A A oW getactr () 7} A2H2Y hE o EeHEd] F2E
o] g7 o] 7] = Ptk Aol w Jius Wge] 49, oW s Aads o= BE g
o A 9o =H (HA) TASS thE Aol YHUth AT Ao} AN 24T 4+ YFUh
JERHE WAL AR T AAE e B AT olelol] her  gerattribure ()
ol 4 Thg T,

object.__getattribute_  (self, name)

Zeja AQ2aHAY JEFPHE AAAE THEY] Y 24 flo] 3P Yk wek Ze
&7F  getattr () & @7 FESH, __getattribute__ () 7} AR Z &5 A
AttributeError & YO 7| Q= oA _getatr. = SETH A 55Ut o] HiAEE oJEZ R
EY (A4 32 =8l A AttributeError @]ﬂ = ?4274‘3]: FUth o] HA = A 73 A
(infinite recursion) 7} AT AL 7] 99, AL AR Do o =2 REC] Al 9e] 2L
o] 9 Ho]A F2o HAHEE STEFoF YT o] E E0],object.__getattribute_ (self,
name).

B3 do] BRI U G5ol & ZAH 5E0] A S5 ASE BRI FSolE o
| MEE AAA &S 5 AFUTE AT WL S5 vA= 23] oA YT

Q1 2} obj, name 0. & ZFA} oWl E object._ getattr
object.__setattr__ (self, name, value)

AEFHE Yo A u SESH UL ¢ AYUZ (S A28 gAY g2 AFs=

Z) tjalel o] Zl 9] EE%HD} name & X1 E B HE ©]F o], value = 17 ol ) 43t = YU Th

__setattr__ () A A2rE A EGRE Y3t T ufj=, 22 o] 59 wlo]A Ze 22 HA

EE S3EFoFgUrLh o & Eo] object._ _setattr_ (self, name, value)

012} obj, name, value@ ZFAF o|HlE object._ setattr_ & HAA ZAYTH
object._ _delattr__ (self, name)

__setattr_ () FH|XFA TN AEGREE thYst= iAol AAF YT o] 22 del obj.name

o] Aol & u| 7} Q= A-Fol T A of of Tt
o=

Ol 2} obj, name & & ZrAF oMl E object._ delattr_ & HAA A YT

object.__dir__ (self

)
AA el dir() o 59 W EEF Ut AAAE SAFFFUTh dir () S B

N
>,
)
[>
i
Ach
[>
[t
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B2E A EHE JA A A 2B uto]A o] A

o] __getattr_ ¥} _ dir__ % EEEYHEN T S AR FYsEd A2

o} B8 $%9 _ getattr_ @E 3o oAtz o]EBHEY] o] 2L ulol A AAH %S
HEAYU AttributeError & B A| Aok &t dutA 9l 23] (Z object.  getattribute_ ())
53] A EBRHEVEE AA| oA HAFH A ko™, AttributeError & %127] 7l Ao BE  dict_
A __getattr__ & 7&‘&1?}‘4 th AW, oERRHE o|207 1 34E 5551 AHE SHE YL

_dir_ e dAE HA G BEAA HE T 5 JdE oleS UEHE AEY A FAAE =8 FoF
FUth A, o] Fr= BRE S EE dir () AAS AF Y F

EFHCIEYRE 44, ZEIH 5)< Brh ALsHA AHEAF B ol et |,
01 Y HEZE types. ModuleType—/] AB ZHgrz2 HAA

yo 1>
o)
o

2, i wft b o

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 _I_E_qetattr 0949}_‘?_ __class. AAL EZHE M2 FELS AL = X3 o0t
AP mFUTH 2E Ao that A A ol WA 2 (R E o eof o3 AA| 2ol ALk wEY] A T A
Yo g FxE 7%17%‘%)% d AFRER] gkE U T
WA 3504 WA: o]A] __class_ BRE JEFHEV 7] 73yt
WA 370 7} _getattr_ ¥ _ dir EE OJETHRE.
© BH7]:
PEP 562 - & _ getattr__ 3} _ dir__ 25| 3 _getattr_ ¥ _ dir_ FrE AHFUTH

Y23 Hy 7337

el 2& MAESL NS E 2 Fe 2 (&S] AT (descriptor) 27 2) 9] A2E 2T} 247
(owner) 22120 54T A AR (D ATHE = 257 2e) 2o DAVl 1 HE 2ex 5 o
o SA Lol SlofoF S Eh. ofels] ol A, ol ERRET & ol Fo) 2R A FehaSl _dice ol A2
g1 Qe o EHES el AU

object.__get__ (self, instance, owner=None)
4 f A U2 (FA 2 o ERRE A 2) 1 1 Fe 29 dARA (A2 o EYRE A 2) 9
AEFFEE HotH L duf TEH Ut A H owner AAb= 272 F e 2 AUtk WA ol instance =
AEBHE Fx7t dojuhil e A2’ 20 7L, o) ER R E 7} owner & F3) XM 2 5= 77 None
AUt}

o MAEE ANE JELHE o 7ok gk

Q] o
PEP 252% _ get__ ()] 3} 7 9] 9_1;(}2 Zt= Zg HBolgta A AU Th o] A 2pAl e g 7

IS Z8F AU AttributeError o9&
l':___
DAIYEE o BAE ALFUh Telv, R AL ETOIE T A4 E B 8PS AT

L §\1
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El7F QL& 4 Utk gol W AA e getattribute () FAL BAFA Y BA Y] FAF
Q& B Aekg )
object.__set__ (self, instance, value)
2GR ZH 2 A" instance & AE T HEE A Zrvalue 2 A AT o] T &FH Yt
__set__ ()oY __delete_ ()& F7F8tA YA HE 3 o] “H o]H %E%(datadescriptor)”
= A EA TN 2 AR DB (|~ H el 5o E BETAAS

object.__delete__ (self, instance)

A2G2FEH 29 A2E XA nstance 2] A EZHEE AHA| S uf] $&FH Ut

AEFRHE _objclass + inspect BE| o3 o] AA 7} HJH ZHAE A A= Aoz AHEH
yrth(e] 3tS A -3 A 7‘*6}“4 FAA ZFHA2AE EH:%E/I AP A 7F A E Z A3 A (introspection) = A g
T JdHFUth. EE9 49, A ‘ﬂWHﬂ%Xl OHPOﬂ FAA YT AE ZFHd2) Y Axd A7 7 H= A
LFEE7EZ = dSU T E ,CPython & CZ 2 & ¥ A 2= A &2 1| A] = (unbound method) o] ©]
e HEE AAHTUD.

CEER R

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.

ANEZHE dA 29 7]%%3}% AA o] M elo A ol ETRES 211 231, AA sk Ad Ut A€

E9a.xva.__dict__['x"] AA A&} A type(a) .__dict__ 1 € AA type (a) o HlE 2
ééxﬂﬁlﬁf}ﬁﬂol/\ﬁﬂl/\ 74Z4 7t dEe 232 AP YL

T}, wheF 23] Frol AT YHE HAE st AR, spol ML 7] B2 thalof] ti~T Y E HA
EE 2T ST A 559 01 HZMW old o] dojU=A = o YAaaHE A =7}
A= Jaojd Ao g SEE A o el thE Yt

23 HE 359 AlFA 2 23 (binding) YU Th a.x. o] B A QIAE o] 2FEH =4 = a o Wt U T

AQ 52 A DDHANE AR L A TEL AR AEA DAAYE MASE AH 55
AU x.__get_ (a

AATA AY AA Axdzo] AGHY, a.x £ ol B2 BHF UL type(a) ._dict__['x'].
__get__(a, type(a)).

Fe)2 AF Fh20) AFsE, A x £ oA 5ER MHAHYTh A._dict_ ['x'].__get_ (None,
A).

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

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

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

33. S HAEolEE 35



The Python Language Reference, = X] #] A 3.10.13

property () & E tlolH H2aHHZ FAF UL o] Wl 2ol], A2 E = 2 9 ¥ (property) o] 5 2H=
HAg s sk
__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.

__slots__ A& T L E

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

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

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

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

» 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 Fefjarbulolx Feao  slors O 24-43 ol FH} 2L ol MFE _slors_ o] AAT T, A ]
2 2271 AR s DAY 5 gle AT Aol B 2E R H a3 g A
233k 4= ddh. o)A Jil%‘a golE A ¢k AdEE RUA guth mldelE, olE
x| 3h7] A3 AAE 27k AU

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

* Any non-string iterable may be assigned to __slots__

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

e __ class___ assignment works only if both classes have the same __slots__

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

 If an iterator is used for __slots__ then a descriptor is created for each of the iterator’s values. However, the
__slots__ attribute will be an empty iterator.
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3.3.3 Z A A AAE|ujo] A o)A

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

classmethod object.__init_subclass__ (cls)

o Ml =t Tt Zej 2o /ﬂ‘ji?/ﬂ’\ﬂﬂ‘:‘ﬂx‘fﬂh}ﬂ}i FUoh ds= A AE S 2Py
Rhef AubA A AAR A HAER JoAH T, o] INEE FAACE S HAEZ AAFH YT

M ZH 2o FoJRA 7|1Y¥E AXREL By Zg 29  init subclass & AT Ytoh
__init_subclass__ &AM ste thE FH2EHY T8 S S8, 2o A= AAES
W Fol B2 A5 Wolx Felaz A of gtk ol ¥ AUtk
class Philosopher:
def _ init_subclass__ (cls, /, default_name, **kwargs):
super () .__init_subclass__ (**kwargs)
cls.default_name = default_name

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

7|2 F+8 object.__init_subclass__+ o}F 4% 31X A9 Q27 25HE o] T2 W o 9

WA At

it

Z3: vEt ZH A 3 E metaclass & U A 3 A Apo -/]b‘ﬂ 2H]E 3, init_subclass_ &
A= A gkt AA wEr S22 (BAIA QA JE thAlel) & type (cls) & HA 2T 4 5 Th

WA 3.60 F7}

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

object.__set_name__ (self, owner, name)

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

class A:

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

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

class A:
pass
c:C()
A.x = C # The hook is not called
c._ _set_name__ (A, 'x") # Manually invoke the hook
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W2 3.6001 =71

[>
&
é
rCI
il
N
filo
i
k1
o
>
>,
fo

3.3.

S5 A= ol 37




The Python Language Reference, = X] #] A 3.10.13

H el S

712 H o R, FHAE type () = ARSSIA BEEol Ut 329 vit] = Al o] & Xkl A A a1, S
2~ 0] EL type (name, bases, namespace) & Ao XHA o7 AZAFH YTk
%Wdéﬁi%ﬂ%%%waﬁﬂ%ﬂmamﬂmsﬂ%c 1A E A AL, 218 9 AE x 383} o]
EAete SHE ASTLEN ALHutol 28 = IFY = ool Al, MyClass 2} MySubclass &
QI Meta 9 01£%£CQ141‘/]—.

class Meta (type):
pass

class MyClass (metaclass=Meta) :
pass

class MySubclass (MyClass) :

- MRO @2 0] 24 Yrh
- AR e 227 AR PUTh
. e o8 F1rol A EUTH

» es ok 4R

MRO @5 24317

Aol ol JEF}E= o)A S A7) type o QAaE AT ol d ALY A7]oA __mro_entries_ M A]
LI BAR W, 0o vol s FE2 52U o] A o ool vl A Fel sl
S oFdyth %—%% Hlol e & AFUth o] A delf vlojaE FAF YT

A [y
My S
tlo gy >

i)
f
N

S oo A8 d e Fae vha 2ol 2R FH U
o Hlo]2ot YA A QA He FHAE FA] = AP type () o] AHEHUTH
« FAAJA HE ST AFH AL, 2R ] type () o A2" 2T o™, 22 WlE F A2 AR
Yk

* type () & AT PA A QA vlEF S F oA AL, W o] 27 o H 9l oW, 7H o] 33 E

71 ol st E e FEas BAH SR A H W FHA (ATt G AR E BRE wojx FHaE9
et FH 25 (5, type (cls)) TolA Agg Utk 7 @ol o8 E vlet Felat o5 BF 9 A H &Y
(subtype) JUth FheF o= 2% o] 25 WhE6HA] Kstttd, S e~ H o= TypeError & LA 7] 1

A3 g o
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Feh2 o B2 5]

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.

wHeF et Sej o] _prepare ol=elREZ GThE, 2e2 ol B W A Y B ow 2713
gk

o ®B7):
PEP 3115 - 5}o] % 3000 o] A &] Wle} Fef~ __prepare_ °l& ¥ 5S =4S

Fei 2 vt = (W) exec (body, globals(), namespace) IFZo] Ag Ut it exec() &
SHFE Ao|He WA A7 ‘HT"ﬂ A o] 7oA wf) o] %] 2 5 7 (lexical scoping) ©] 2 2 HIH] (&
HAESS ZTSNA)E St F FA LG F 2T =20 Q= Ol%%% %‘53}5% & estthe AdYh
SHAI R Sl F Y7 YR A o)A W2 AR, FH A WA AYH A EES S ATZ
AN HoH ) FES B F stk Fda Mg daday Za A= A AR v/ HEE 55
WA 2B AY T2 Ao A Al S FAIH R o3 273 H __class__ FXE Falok T}

s AR e

At F 2 o] & Z7to] Sy E APt 2 N YA, Fd 2 A A 7Fmetaclass (name, bases,
namespace, **kwds) & &3] HEAAFHYUTH( 7] ALEH = F71H 9 F|PEQAEL _ prepare_
of dgd ASH Z5Uth

o] e AA = super () ol AAE FA ‘L’%‘: A4S FzH e A9 UTh __class__ & Z 2 vt vl
Es Fo=stvete _Class_ U super & F2 3 47 Aok o3 ol A = FAIAA 2 2A
(closure) F= AUt} o] A2 AA}F e FENS] super () 7}olF] 2323 7|Hke e FA) Ao gl Zs
S gz 22 5 YL g wEe] AAle] sEol AT Felat dadat AEE A9 A

Al Sl xpel 7] 234 A28 U

CPython =& 2} A : CPython 3.6 o] Aol A, _ class_ A(cel) S ZF 2 o] E &7 _ classcell o
Eg= uﬂE]'iEHioﬂ AEgg ok ek 243, o] AL FeH A7 a2 A 271315 7] 938 type.
__new__ ZE7HA Ag A AutEofof Futh o] F A s1A] ot sho]x 3.8 o] A= RuntimeError 2
oloj A A Yyt

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.

Zej 2 AR 7} WE o)A Fof, 2ok A
2 A%E 22 A A ol F 7

23d S v R ol EolA (ud) FHAE AEsta,
Zroll A2yt
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type.__new__ 2 A S 27t HEoA w, o] F A SR ATEHE AAE A2 ‘?_PE <A e
oz B A, e o] AAE WP Yok A a8 = olEtT
2]

A
ol Ao Ze~ AAY _ dict_ oJEFHHEIH UL

Tt B7]:

PEP 3135 - Af super S A A<l _class_ S 24 Fx& 49Ut

Hl,

vel Ze 20 &%

HEe e FAA A Sxol&= stA T glsuth g4 F 2 71HA] ofoltf o] ol &= enum, £ 7, AE 3
o]~ AL A5 3H 9 A (automatic delegation), A5 3}H = 2 5 €] (properety) A8 A, 3 €k X] (proxy), .—_L_Eﬂ S
(framework), 215315 21 Z 71/ 7] 3} (automatic resource locking/synchronization) 5 ©] $1<5 1 T}

3.3.4 2B A W A8 FElA HA AAE ulo] A o] A

S A EE5L isinstance () Qissubclass () W 459 7|2 232 A A 5l+= o AFFH YTt

E3], e} 8 2 abc.ABCMeta = A4 | o] & Z 2 2 (Abstract Base Class, ABC) S T}& ABCE 2 &3}
dojo] S F (N ED S —”ﬂ'i}‘/] 1‘/]—) of “7} Hﬂ o] 2 Z 2| 2~ (virtual base class)” & £ 7} 4~ QA a2 12
ol HANESS 3&%“4 22
class.__instancecheck__ (self, instance)
instance 7} (A WA AT 1A AL 2 class o) A2W2% AFD 4 oW 42 BeiF U vt
Aol=l, isinstance (instance, class) & Fd37] s =&

class.__subclasscheck___ (self, subclass)
subclass 7+ (3} 5 & o] A} 2t A 0. 2) class <] /ﬂ HZfa® FgE g ol P sHsuyth O
Aol=] ¥, issubclass (subclass, class) & 8317 Y38

o] A EEL Z’ﬂ]"«]“ﬂ(uﬂlz/} ) ol A 23] k= Aol A =)

HAER ;‘4-4 2 5 A5 UTH o] A2 A2 20 tf 3 E% = 5 vAES] 239 dFA AsUTh

o) A% ArBAL Boh2 AR

o B

PEP 3119 - £ A Wo] A ZFYP AL £¢Q _ instancecheck_ () & _ subclasscheck () & &3
isinstance () £} issubclass () 9 T3& ﬂ*EiU]— o]Fsle= o 2R3 FoFE 28ty ©
71558 E71= dojoll 4wl o]~ ELEH’\ (abc BES HAAN)E —7—7%}-1-?(} Sh= | ;l Ytk

—

Fl

3.3.5 A= F Fui W7

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

o B
PEP 484 - Type Hints Introducing Python’s framework for type annotations
Generic Alias Types Documentation for objects representing parameterized generic classes

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

A class can generally only be parameterized if it defines the special class method __class_getitem__ ().
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classmethod object.__class_getitem__ (cls, key)

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

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

The purpose of __class_getitem _

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

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

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

__class_getitem__ versus __getitem _

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

Presented with the expression ob7j [x], the Python interpreter follows something like the following process to decide
whether _ getitem () or__class_getitem__ () should be called:

from inspect import isclass

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

class_of_obj = type (obj)

# If the class of obj defines __getitem _,
# call class_of_obj.__getitem _ (obj, x)

if hasattr(class_of_obj, '__getitem__'):
return class_of_obj._ _getitem__ (obj, x)
# Else, 1f obj 1is a class and defines __class_getitem__,
# call obj.__class_getitem__ (x)
elif isclass(obj) and hasattr(obj, ' class_getitem_ '"):
return obj.__class_getitem__ (x)

# Else, raise an exception
else:
raise TypeError (
f"'"{class_of_obj. name

object is not subscriptable"

)

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

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

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

>>> list[int]

list[int]

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

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

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

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

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

>>> # Enum classes have a custom metaclass:

>>> type (Menu)

<class 'enum.EnumMeta'>

>>> # EnumMeta defines __getitem__,

>>> # so __class_getitem__ 1is not called,

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

<Menu.SPAM: 'spam'>

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

<enum 'Menu'>

] ¥7):

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

3.3.6 28 A Ful 7]

object.__call__ (self[, args... ])
Axda7tdeAd 227 SEgUth ol WINE7F JY =W, x (argl, arg2, ...) ==
type (x).__call_ (x, argl, ...)E HdI"Ech

3.3.7 AE|olYY FU W]

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 s1ice objects, which define
arange of items. It is also recommended that mappings provide the methods keys (), values (), items (), get (),
clear (), setdefault (),pop (), popitem(), copy (), and update () behaving similar to those for Python’
s standard dictionary objects. The collections.abc module provides a MutableMapping abstract base
class to help create those methods from a base setof __getitem (), ___setitem__ (),__delitem__ (),and
keys (). Mutable sequences should provide methods append (), count (), index (), extend (), insert (),
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pop (), remove (), reverse () and sort (), like Python standard 1ist objects. Finally, sequence types
should implement addition (meaning concatenation) and multiplication (meaning repetition) by defining the methods
_add__ (), radd__ (), iadd__ (), ul (), rmul__ () and __ _imul__ () described below;
they should not define other numerical operators. It is recommended that both mappings and sequences implement
the __contains__ () method to allow efficient use of the in operator; for mappings, in should search the mapping’
s keys; for sequences, it should search through the values. It is further recommended that both mappings and sequences
implement the __iter__ () method to allow efficient iteration through the container; for mappings, __iter__ ()
should iterate through the object’s keys; for sequences, it should iterate through the values.

object.__len__ (self)
WA Ten () 1
St bool_ () MINEE AR &2 A __len  (

AsdEdoh

CPython & Z}A|: CPython o| 4], A o]= |t sys.maxsize ¥ Zo] Gt} ghek do]7
maxsize BT} 39, oW 7|5 E (len() F Z2)L2 overflowError & €02 4 JH5Uth 3
AN A overflowError 7} dojub= A& D7) S8, A= _bool () & Ao &l oF Fch

object.__length_hint__ (self
operator.length_hint () & F&37] &l TEH Ut AAS A H Zol& =HF ok FUth(A
Al dolHt 2 AU 25 ?1’5‘41’/}). dol& >=09 Agofof Pt} Wk - Not Implemented
d +% 9o, length_hint__ WA =7} o}d *ZH Sh2] = ZAA " Agg Ut o] MIAE:
%—’Fd?ﬂ HAIE 9o Aol1 AT SulEo] R PH AL G5

oF shiztl, >= 091 A5 &
)02 BT v EHoIA Ao =

—|—’

sys.
A3

Fa: epold2 AA oz tdadd e A vAEScdds) 3 F Ut

= Wels 1, ThE PEIE vpR7hA U Th whd Sefol s B8 g4 None ©2 A FY T

object.__getitem__ (self, key)
Called to implement evaluation of self [key]. For sequence types, the accepted keys should be integers and slice
objects. Note that the special interpretation of negative indexes (if the class wishes to emulate a sequence type) is
uptothe getitem () method. If key is of an inappropriate type, TypeError may be raised; if of a value
outside the set of indexes for the sequence (after any special interpretation of negative values), IndexError
should be raised. For mapping types, if key is missing (not in the container), KeyError should be raised.

3 for —‘?E\_ A A2 E& ZutE A 57 Y8, &5H Qd 2of thdl IndexError 7} old

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

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

object.__setitem__ (self, key, value)
self[key] 29 S F@H7] faf & %% t} _ getitem () H 2L F7l 3t}
w53 o] Aoz, A7 710l thal| kel A oluk A 7]19] 2715 s 2t B¢, Al a2 9= ol
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SAD 5 JL wE T A ofof FLith FR B hey Y ASE  geritem () oA} 2L AYE
%) © 7 of gk,

object.__delitem__ (self, key)
selfkey] 8| AA1 & 87 As) EEH U _gecicen () % 2E F97hBaFhch vge)

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

ful

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

object.__missing__ (self, key)
dict __getitem__ () o]dict A B S A 7|7 DA Q1o self [key] & FA3}7] 5
s &
object.__iter__ (self)

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

object._ reversed__  (self)
reversed () W& 51"\7]- o o] E] g o] A (reverse iteration) & A 37 Y& (JohH) =&Yt AH

ol o] = 7“?1] S 9 o7 gAstE= A olE g ol e AAE S5 ok gk
__reversed__ () Uﬂ/\iEﬂxﬂ%El A ¥ o™, reversed () WATFEAIES JEE (_len_ ()

I getitem () UHAOZAZFTYUTL A|EA Z2EZS A Psl= AAEL reversed() 7}
Agd= ARY © E8F80 LIS A 2T 5 St reversed () B Aok YTk

WA AAFANAS (in T not in) 2 HEF AHY gt olHH o] d o= AP YTt shAw, A E o]
AAed 2LAd P deA 22 ST MAEE Sl Alg T + dsUnh ol B¢ AA e clHH =Y
28& glsyrh

object.__contains__ (self, item)
WA DN QAR T A A TER U den o] slf O 5107 L, 1HA oW AL E
S AR AU mis ARG B, 71-2k Aol okt v g ) 71 7F A o of F T

__contains__ () & B 8A F= MM A, WA A WA iter. () 8 &8 olH Y
JAS A= &, __getitem () & T W AA2 olHE ol Z2EEZS AT YT 910
glE o] o] dg Fasty Al L.

3.3.8 =23 U W7l

S g FA U7 A 83} 22 oASEE A2l 92 e AL SRS e Al o))
2905 A 9 ALE (1E Fof, 457k obd S AE ol et Wl = 3
ore A 2 AT o] of T,
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. (self, other)
o] Uﬂ/ﬂ %*10: o] At AXE(+, -, %, @, /,//, %, divmod (), pow (), **, <<, >>, &, *, | )= F+33}7]
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Al sEGULh A& o, x 7t __add_ () MIAE=E 713 S 29 ?li‘::ji%‘ , B84 x + y
9 e Fe7) HEl, x.__add_(y) 7t EEH YT _ _divmod () WA EE_ floordiv__ () &}
__mod__ () & A&3= A %%%HOF FUth; _ truediv_ () 2} Owrﬂ | Qkolok Y t); WAt
pow () 2] A & W o] A1 4= 7] HsiA =, () WA ETZ AT 5= Qe A HA AAE
QL £ A o] 5 o] of Fof] 95 oF FH ).

wkek o] YA EE F 37 AlFE Aol tisl A4S A QD EHA] koW, Not Implemented & &8 F
oF gt

object.__radd__ (self, other)

object.__rsub__ (self, other)

object.__rmul__ (self, other)

object.__rmatmul__ (self, other)

object.__rtruediv___ (self, other)

object.__rfloordiv__ (self, other)

object.__rmod__ (self, other)

object.__rdivmod___ (self, other)

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

object.__rlshift__ (self, other)

object.__rrshift__ (self, other)

object.__rand__ (self, other)

object.__rxor___ (self, other)

object.__ror__ (self, other)
ol HANEELF ’Q?‘ﬂ 3] AAE A 3l o] & Abs AArE(+, -, %, @, /, //, %, divmod (), pow (), *¥*,
<<, > 8, 0, DS TES] A8 EEFE UL o] s 45 Y AR Y Ak A DA
k3, 3 A A S o] A2 e 3§ o tht o2 S, BEA x - y ol B T @
o,y 7} rsub_ () & ZE %Eﬂi&] o b__ (y) 7} Notlmplemented S =5 4A
y.__rsub__ (x) ZtZEHYh

A& pow() & __rpow_ () T EESFHIL AILTHA] ol ol of FUth (L FA s FolAd

Far: WHeF Q BE S AR Yol AF AR PO HH Feiolal, I A H Fe ATt ALY
T WA T2 T AL AT, o] WA AZ AR F W A e v AR} e A
SR o] S An Zel a7t 245 A4S ARIL 5 Y= 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)
Ol MINESS TE e A (+= —= *= 0=, /=, //= %=, **=, <<=, >>=, §=, "=, |=)= TH}7]

3 o] 7] A A Y8k ?%‘—\_‘:]—”—‘E%EH/\7]—ZE-‘ “ﬂ/ﬂ % ALY, WA E7F NotImplemented & S8 &S =3t 2 2%
9 A2 F A 3w =5 AR S tieho] AlRE =5 3 1“‘ ”1]/‘153 None 22 A7 3HA] Wolof Futh- 28 A = A2 19

ke WA A7 FAFE vk aFE FUTh
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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A8 EFUth o] MiAEE A4S A AR oA (self & FTAMA) SHeF Al =8) ofF o}aL, A (RE=
Al Lok ot A2 ot A T self d = AFUTHE EelF oF Futh ek 54 viA =7 H o5 A
dod, TR Y EEAd HAEES tiAl 7\}9“5”/]5} dE Eo,x7F__iadd () HIAEE
e gef e XA, x 4= yEx = x._ladd_(y) FESHYL A8A GOM, x 4y
A= T HAH, x.__add__(y) @y.__radd__(x) 7} 2HF Yt} 01”3"}%01]/‘1, T2
o] AFX] 23 o 2] 2 o] o] A 4= 5 Yt} (fag-augmented-assignment-tuple-error S X 4] A ). S} A 2t o]
FA-2 AP ol mdle] dRQ Tt

object.__neg__ (self)
object.__pos__ (self)
object.__abs__ (self)
object.__invert__ (self)

d G s A4, +,abs (), ~)= T8 A8 ==H Utk

object.__complex__ (self)
object.__int__ (self)
object.__float__ (self)
LH7<L 3t complex (), int (), float () & F+d3}7] 18l &g Utk A Jo 3tS = FoF

ek,

object.__index__ (self)
operator.index () & Fd3}7] Y3 TEH 3, sho|Wo] A AA & A4 AA| 2 £4 glo] A2
oFg (& E]-OI"]O]\/]-Lﬁ%bln(),hex(),oct @—4;@]A—]ﬂ-7¥o])u}u}§§% t}. o] A
ENe A AA 7T F LS 7 AU ‘3\‘}5/\] ATE =dF kY h

_int_ (), __float_ () R __complex__ ()7} BeH o] YA oW, ;T HF T int (),
float () ¥ complex () ¥ _ index_ ()& AF&3Yth

fr o
1o o

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

LH’“’ St round () & math &< trunc (), floor (), ceil () & F+d3}7] 3] = Ut} ndigits
7} __round_ () 2 ALHA] G o) HMHEES EF Integral (% int) 2 24 AA 9] 3+
= F oF gy

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

3.3.9 with & AY 2~ E &)z}

AW~ E A2] R} (context manager) = with S AP uf] xF2] Fr= A8 A E (context) = 4.4‘6‘]—% AA
o) 2= B20) A9S 9la), AHAE Bel e ok AW A A EEJﬂﬂJH 2 Aelgy .
AEAE A2 2= 5 with 2 (wirh & Ao A A duch o= A& A7 259 Uﬂ"i—% T E A
A AEE S5 Y3

AU~ E He|2e] AP A QA 5ol thFe 572 A9 A (global state) & B A5l HF5k= 2, AHd <
& 7} (locking) 5} 32 0137] (unlocking) 3t= A, €9 314 S &&= 4 o] A5 YT

AdAE e zpo] th3k o 2}A| 3F A H = typecontextmanager ©f] U} 1] T}

object.__enter__ (self)
o] Ao} AFH APAIL
cof uksh g A AT k.

object.__exit__ (self, exc_type, exc_value, traceback)
o] AR\ o} e AN DY AEE FEFUTE MANSEL A AE) A Ho] L] vhE o9 2
71Tk vk A A7} o 9] glol SR ATHH, Al A7 B None o FU T

_H
)

gaEo] AYdUth with T2 as A& A H thdo] Avhd, o] vl A

mﬁm
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g
N
J

B
o

BEOF o) 9] 7 Al S5 31, B A =7} o 98 S A A A2 A0
SejoF gtk 127 god o9 o] HA=s} R D

_exit_ () MINEZF AEH o2& thA] 2 7] A (reraise) G EF -?ﬂ 3o UL} o] AL T&A}
(callen) o] ) ] o,

o 17

PEP 343 - “with™ £ 5ho] 4l wi th Fol tha 4, 14, .

3.3.10 Customizing positional arguments in class pattern matching

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

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

For example, if MyClass.__match_args__is ("left", "center", "right") that means that case
MyClass (x, vy) 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.

WA 3.109 =7}
o B
PEP 634 - Structural Pattern Matching The specification for the Python mat ch statement.

o ZE2 A9 A8 GH Y s okl AAle) Fo
2T e BET )98 YoslE AAY

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

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

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

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

>>> 1 ._ hash_ () == hash(1l)
True
>>> int.__hash__ () == hash(int)

Traceback (most recent call last):

(CF= ol ATl A%)
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(o] A sl o] A A M A%)

File "<stdin>", line 1, in <module>

TypeError: descriptor '__hash__' of 'int' object needs an argument

Fejro AFHA) e WAEE BEs L oW o) FRA NEL FF Het Foh2 E 3 (metaclass
confusion)’ ] 2} 11 B2 1, 55 WA =g 23w A2HAE 235 PHOR T 5 At

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

True

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

True

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

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

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

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

Bypassing the __getattribute__ () machinery in this fashion provides significant scope for speed optimisations
within the interpreter, at the cost of some flexibility in the handling of special methods (the special method must be set
on the class object itself in order to be consistently invoked by the interpreter).

3.4 7 F¥l(Coroutines)

3.4.1 o]¢) o€l

il

78 A (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 () or asyncio.
coroutine () are also awaitable, but they do not implement __await__ ().

object.__await__ (self)

olf e olH & Ak FUE ollolHE AAE FASH] A AHgH o ok FUTh A€ S0,
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asyncio.Future ¥ await A} 535 7] Y3l o] =S FH T}

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

WA 350 7L
o ®B7):
PEP 492 7} o} | ol &1 & A of] o & &) ApAI S FHE 23t Q5T

3.4.2 7 F¥] A (Coroutine Objects)

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

ZREL Theo Ydshs WSS E8 2 ), Al @ o B (Av @ o] H-o] H ] o] B v A= & BAA
<)o AT GRAHUTH A Aol B ol D], AR EL o He o] A AR A YA £ A5

A 35204 HA: ZFEHE F W await 3H RuntimeError & g2 7uUch

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

coroutine.throw (value)

coroutine.throw (type[, value[, traceback] ])
Raises the specified exception in the coroutine. This method delegates to the 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 ()
FFEo] AHlS A otal TR ES U th Bk IR H o] A FA] FolH, o] MIAE= WA A
Feol A FAHES T olHE o] close () MINER HAFUTHIH WM EE 7HA = 4 -9).
I8 o A A A H A GeneratorExit & WYX 7] =H], ZEE o] ZA] AL A S
P kA sto & e elo] A9 SRk FASEE, obg AZehA 2 ghe v s o)

FEE A7 3 2 o= 9] Z2 A 20 w25 o 2 9] U th(closed).
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3.4.3 1] 7] o]g| o] €| (Asynchronous lterators)

H]57] ol o8 = A4l 8] __anext_ MM EOA HlF7] ZEE ST UAFUTH
H]5 7] o|B el ol Bl async for #olA AHEE 5 sy th

object.__aiter__ (self)
H]5 7] ol dl o] ¥l AAE &2 H oF Ut

object.__anext__ (self)
olHd ol E e g @S F of9olHE & ok FUth olEdol Aol By
StopAsyncIteration o & & 4o 7 oF g}

Hl5 7] ol H 2l & AA 9] o:

class Reader:
async def readline(self):

def _ aiter_ (self):
return self

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

raise StopAsynclteration
return val

B A 3.50]] &7},

WA 3. 79| 4] A7 : Priorto Python3.7, __aiter__ () couldreturn an awaitable that would resolve to an asynchronous
iterator.

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

3.4.4 H]E7] AN~ E Pa)A}
v]5 7] A 2~E F 2] X} (asynchronous context manager) + __aenter__ 8} aexit_ WA ZA AP L
A FA T 5 e dE2E FeA} U

v % 7] AEXAE B A= async with oA AHRE 4 d5UTh

object.__aenter__ (self)
__enter_ () MINEL Yo g FASHH], 43 Ao] B2 oldl o] HE & S8 F oF rhk= A
gt

object.__aexit__ (self, exc_type, exc_value, traceback)
_exit_ () MAES Ju o R fAGH, § AT o] AL ol EE 2 EelH o} Brhe AY
g},

Hl57] AEAE #ejar Fe & o

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

async def _ aexit__ (self, exc_type, exc, tb):
await log('exiting context')
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cHAPTER 4

ol Z2IWL FE BEFRO0 = B JUrth £5F (block) = 3+ 92 AYPE = g 27| Fhol =7
I HAEQUTE 23 22 250l ESYUTh BE, T utt, FeHla o). tsy o JgE = 7
HH2EEYUTL 23 HE }A(FF 98S 5 JHzZYEHE A FH & sdoly Ae e o B Y
AAE AAQE 9td) & = BEYUTE 23 HE B (-c FHLZ Az B Pl AHE ¥) 2
FEBSYUTE -n AAE AR HE oA J A9 2THER (RE _main_ 0 7) AP &
EEr 3= BESYUTh BT eval () Fexec() ZEAGH = AE dAE Z= E5 Ut

FE E52 A3 289 (execution frame) A AP Uth 29 & 2E Fe|E 3 A H (B ol A&
UthE 23313, 2= E59] Ago] T Fof ojtfA] o] DA AP S AL AAAE AR T

4.2 o]5 3} <4 (binding)

4.21 |59 9%

Ol (Names) & A& 7Fel A Uth o] 52 ol 5 92 A w2l dsol Ayt
The following constructs bind names:

* formal parameters to functions,

e class definitions,

¢ function definitions,

* assignment expressions,

* targets that are identifiers if occurring in an assignment:

— for loop header,

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

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

del Bol o A o] o] BAol N AAE Ao BFFUTHAA o7 o] 2L A sA S Aol
Ne =),

A=W, nonlocal ©]W global 2 AAFA] ¢k oA, T EF2] A9 A4 Y
= A AR, A MUt (RE T B2 W4 E x oA AUt}
F 2= BZ M AFSEH A v A7 A F =] 2] ¢k9k o A WS (free variable) 9 U T}

o] o] F =2 th=°ll U2+ |5 A4 (name resolution)  Z o] w2} &4 = =

~]

233 (scope) = E5F Woll Al o] 52 7RI (visibility) & B FUth A M7t EFol A FoHd, 21719

AF2E I E5S EFIUT BF A7 BFoA o] FofA Y, 3k B50] 1 o] 5ol 3l ok

A< WA Fe ol 2Tz Aost gle A Ol =3d RE 8502 gy

o] 50l Z= 5 oA AHgE wl, 7P 7PEA AL Sl a3z gl Aoz AAg Ut IE 5]

BT e B aFz Jee £52 &7 (environment) 0] 2Fal F5 U T

o]Fo] YA E LA A ¢k oW NameError o 9] 7} BAFU T whek A 23 =7} 4 252 0]
|

3, 1 o] 2 0] AFRE = A A o}F AAE A kS 2 W4 UnboundLocalError o] 7 ¥ 3
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 2 2L £59 o5 944 A 22 2328 5 Ut A f9] 9 7P 747kol M s 2R
© £ L7 global #5 AT, T Ak Weps A o2 HFE U

150l 713 7h7k el A S Ak 5 2T 2o A oju] AZH o] §& 7hel7

TR Ut vk Foj R o] Fo] 2 e g 23 oyl = glohd Aok Al ol syntaxError S Y

=1

k

AUt

Fes Ao EEFexec() teval () Z AZHE A S8 o] 5 AN EH S 25U ZHH~ F
o ol ES AL T e AY Zte T BFYULE o] FREL AZHA 2 A HFE A
ol TN ZF=the S A stare ol A dutA A S mE Ut 2 F o o5 S
ZH2d oEYRE gAYt FUth S ESoA Ao o] 55 2T ZE FY2 EFCZ AT
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Uth =5 mE 2202 Sofs A ehruth- o] A Az e AT A ole RALS T
o|AE0] T 2FZE AGHA FEE ] WU o] AE kS E2 A o] Atk Y th:
class A:

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

4.2.3 builtins ¢} A 3+5 A3}

?_

CPython 79 44l: L&A1 _builcins_ & A=l A wolok ghich; o] 2:e 78 A5
EPERELEES R

o5 FHY & WAL A2 AHE A= builtins R ES import Sl

78l oF Utk

SE RSO AW 4B NG o1 E TR, A A o) F F1E ol & _builtine_ & 23T A
WAG L ol AL GAV L R Eoloo} Guich(FAe] A% wEe] GAU e ABHTh, /24
©2, main_ EEY Y& ulE=_ builtins__ ]— Y& 25 builtins o]2, &2 2 Eo] S w&=
__builtins__ E=builtins 2E gAY 3t E A A}

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

42 Ao e gyt
i =10
def £():

print (i)
i=42
£()
eval () Texec() 5+ o5 AL 9t S Ao thgt F2 Aol glFULh o5& S279 A G
F A o5 FA AAE 5 dFUTh A A 7P 7ol Bt o] F wke] ol A Y o] &
T A AAFYLE exec () Freval () Fgolls AR A o] S AZIT 5 d= A 7Msed
AA7F A5 Ut whef ©A] & o] 5 F Rt Fol A ™, T4 0] F 7HA] FE AP YT

48 A A9 2= B3 duAY A ETE AL FLA T el
Qo % % o= ozt ay e

JEBESEET S A e
Shold B Z el e A Aol E (022 e A 22) 5 AX T o] o9 8 doyrh shojd 21
AL raise BE ABHN BARCE o8 QoD & AL UTE o2 A2 )T try - cxcept £O2
AR, 28 2N Linally FE 2] (cleanup) 3= A A3 o) AHEE £, o 2 42l
Aol ohule} ShAl TE o)A el 9] 7 ASHA 1R A 9bd A e

o] #-2 ol # 2] of| “F 2 (termination)” 2 & -& AFE- U T ol 2] A 2] 7] 7FH 7 AP =A] H AT 4~ 9,

HHZ A A A S AL 4= AT ol g o] Ao A AT Zof Aufd AME A ET = ¢S5yt

(BAY ZE 27 A HE A AIZA 7] & AL o2 duyh.

oA Q)7 YA =E A=A S ul, dezeHe 22 a1 AYPS FF53 A, sty vo 2z 2 Eolzt
2

Utk F A% 25, 997} systemExit Q1 A5 A Y3, 28 EF o]l A gy Th

Lol gt o) AdE mol 45 & =7 BEo] AtdE £ AR ole SAFA 7 Wi Jdvich

4.3. 92 55
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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.

uhE W A3 glol MAE 4
#) 2otok g ch.

X0 o
H K

2 o8] WlAI A= 3ho] 4 API 01':'7}0}»114;} 2 ee slo| e WAoo
,AEE oy WA A ZaEoAM e £ e A= o=

—1—‘—‘

AA try T oA try B, raise & | A raise Tof th3t AW o] AlFH YTt
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import ol AL wf, £F W __import_ () 7t TE AZTE N2ELS TE3=t2 HAYS
(importlib.import_module () Z2)& _ import_ ( AEHA] k1 AXE IS £EFH] 95k

A4 P S AT S g
o

Bgo]
o]

o
i)
k]
_I {
ol
o it

d: YEE A 2HL2 PEP 302 9 = AA GAE &3] 7S
A d2E AAE stk A 9 E AJ2Ho] sys.meta_path & 53
U] o] B] H (native) ©] 5 ¥t 3 7] A 2] 2@ o] +AH AFUTHPEP 420 & 2 A 2).

= AR AUt oA
C2RYTh of 7)o T,

I types.ModuleType & HA £.
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5.1 importlib

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

5.2 3} 7] x] (package)

shol W& 8 744 %o BE AA Y 2% 97, BE BES REe] sholHo|1} Cu} 1 el T ol @ Y
o2 FAN YA} FHglol o] FYUh BES 243 o] ASTEE AFHI] A, ol A
5717 ehe e 23 U
A
[e]

5717 & 5He Al 29 o] gl e el a 44 E 5 YA, 7 A9 REe] AN Ao Y H S B

ﬁouiﬂﬂhé%i B4tz o o] ook it o] £42] 544, el 9 shdolae
282 AQUTh 3 Axd U H A, WA AL AF Ao 2AB a7 A & HE BERY

Shlek A A7 A= E8E 4 Y

BE 57147k BE ol A2 ]t o] FL LTk HA W BE BE] 79 AL obdyrh ThE

og A, A B SR REAUT FAHCE, path JEIREE B mE

CEEE FEEE -

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

5.2.1 A+t =7] A

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

9} T o] Ao A A5 A HAAJULE AF A7) A= HE__init__.py FIE /I PR
TFEHUS B l7IAZ d2EE o, o] __init__.py 3ol FAH R AYPH 1, T A 0] Ho| st
AR S0l W71 A9 o] F FHY elgEE AdF Utk _init__.py FE2 2 EEE°] 7HE 5 A&
AR 22 oold I =S 2TT 5 I3, go|A S X EH o REol| 2 7R o EZREE F71EUTh
ANE 50l o 22 FIAI2" vl 2 = H 49 parent 37| A e} Al 7Ho] A B 7] A& Ao Tt

parent/
__init_ .py
one/
__init__ .py
two/
__init_ .py
three/
__init__.py

parent.one & YEZEJ}WH parent/__init_ .py I parent/one/__init_ .py & FA|F o Z A
sttt o] parent.two & parent.three 9 YZE = Z}Z parent/two/__init_ .py 9}
parent/three/_ _init_ .py & A3}
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olF B M7 A= o kA 24 S8 BAA A, 4 242 FE 3712 8] A B sf 7] X &2 o] upA| T}
FZASL A 2HY b Aol £Y 7 JdsUTE THAE2zip FLo|H HEH I Fhojplo] JZE
S uf] A= o] H o2 FAAoA WAE 4= 5yt 0]%%’—2}&]{ 71 A= _4.01/\]/\1511_4 2 7 <} Z]x—l;@o]
ABAAL QL 45 Q1 222 ¢S Fx dsUth TAZRYL e g M RED £ 5 A5 U
ol I M7 A= _path_ AEFFRERE WA PAEE AFESHA] kU th thAlel] 583 o] Bl 2
E 3 AREskedl, 2 A WY tha JZE AlEoA 2219 RE 37| A (s A4S A7 A A5
sys.path) & ZAZ7F ¥ O 3 7] A Z A om 23q3A FY

o] F I 71 A9 A9, parent/__init_ .py 3L o} AR, A2 E AM Z ot oj# 7] 9] parent

Qeee) 498 4 9w, 4719 AL 0E £ AE) oo AR Tk, LehH parent/one & Eel Ao

parent/tuo Qo] S A7 e & AZUTh o] 9, ol AL A4 Er AH 7 A) 5 ol b

AEE D Wfube 2 49 parent 917142 A% ol & B2 A4S wE U}

o] 2 F7t 37| A Q] F2L PEP 420 & Fx 54| L.

53 AX

AAE A &eL7] 918), Sto]lH S AXEH BE(EE 7)1 A, sHAI R o] =2 oA AFo] H-2 Fa3HA dth
o] o] import 07 AFH o] AR}, importlib.

=20
G2 AGEH AT EERE UL

o] o] F2 AEZE A o dA AN AESH U, A B REE /M= Ho2 FRHA AE2L S AdsUTh A E
E0] foo.bar.baz. o] %o, Tto]H-L WA foo &, 1T} Oﬂ foo.bar E nA 9O 2 foo.bar.baz
EAZESFHIL AET YT vk =71 A Z E T o]jr sttt A I3t ModuleNotFoundError 7}
g h iR =

QEE AN £ ASO T AAEE FLt sys.modules LT o L 2 A2 5L FHA A 9
ZTEHREREYINANE 715Ut T#fA] 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

SOH B E 9|52 sys.modules oA 211, Ttk T} A S G Fho] YXZEE UEIE B
Sz Ut }Z] dl Zko] None ©]¥, ModuleNotFoundError & 4o 7Uth vk 2 &
AME Az AT}

29 [kl oo
R
) =
%)

-

rx

flo

td

ruin

25 AAl g F=xE %Xl?‘&\’/}‘?i, sys.modules & 7JA FHS FER T T OIA] JEESIH F &
A= 22 Zo] op Al Foll Fofaf of Ptk ¥hdol importlib.reload() € %
StaL, FASHA REY ZEE thA] APEA RES &S thAl 27133 th

53. %

=

59
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5.3.2 u}elt](finder) 2} 2t (loader)

EE50] sys.modules oA DA A FOo W, BFS Fopx ZE3L7] Y5 solHe] YxEE 22 EFo| F

THEHUTL o] ZR2EZLS F 7Y 7HL:‘Zq AAEE TAF o] A5 U holr] 9 2o, shele o) AL ApAlof
A e AFE ARG, T o] 59 RES FE 5 A A s AUk F °1E1Jﬂ°l/\ BEFE
TR AA S d2EHFL A FUN- YT EES 2F T F vt »*Erz}rﬂ% 2Rg EEEUT
o] o] 7HA 7|2 sl e dExH S 2oL Y5Uth A WA A2 WF ZES AAE Fe
T AL, F WA 22 Z2E 2 (frozen module) 2] A& 2H2 5 13, A A A2 RES A2E 4= oA
AAGUT G2 E 4= £ A Al ade F2uzip 9l S 77 = RS9 S5 Ytk 21212 URLE
AdE = de ASAH, AAMARE = e AdES AN S &4E 5 stk

YXE dAe B b4, 25 A4 S 6] S8 A sk & #7184 dsUth
RIHEAAZE RES 2ESA = FFUTE T o2 RES A OH JXES AAA JEHES 24T
B8 23 (module spec) & 2T, 92E 2= RS 298 0 o] A= AH&sHA FYth

O A2 sy et 269 22 2o thsl] & © AA 5] A¥st=tl, A2E AAE 233517 93] o2
Mz A Bel s5eAE 234U

WA 34004 A ol ML shojo A, sH 7 2 £ AH EHFUAT, oAl 2HE 238ty
AEBE LS EHFUL S2E EF 207 ob AR 7| stA T 1 922 405U

YEE A= 432 5 =S AAH S U A4 A WAYUS S AEE Z (import hook) YU T
7 A 2 FH9] A ZE Zo] Q5 Uth: W E & (meta hook) T+ AEE B E = (import path hook).
HE 52 dXE A9 HZol, sys.modules A 23] & A L3 thE dZE A 50| A& 7] Ao
EE%‘JE}- o] 212 W B} F©] sys.path A 2], —LEZJ-%,‘/]VLE%%% A7 = JA FU T okl
A etxol, Mlet £ sys.meta_path o A 31 A& F7tet= R S5 5 d5UTH
UYELE FE 52 sys.path (F2 package.__path_) A7 AR =2, #AD F2 FHS W= A
TEHUT thgoll dHotko], 9XE FE %2 sys.path_hooks o] A} EHES F7Iot= WHe R
=238 2 9=}

= 2 T A8 .

5.3.4 WE} 7 & (meta path)

FolA o] 59 BES sys.modules oA = o], ho] W2 sys.meta_path & A=, #l €}
el

2

A2 AT AA5S BEL TRAHT STk of HATF o] Folxl o] B9 REL Aol b BHE
31 LA S5 8 J LT el 32 SATEL £ind_spec () BhE o £ A EE 7 A o
a%tﬂ,/‘ﬂ A QIALE WotEdUth: o] 5, YZE AR, (B 7+ ]')F)rﬂ(target) 5. WE AR =
Fold )29 BES ALY+ QAT AR Ae) o @ Aekold A4S 5 4T

W ulel 42 Sl 7l R0l o] B0 BES Aeist W drhd, Ad ANE EHEU 29 4
RAThe None & ERF UL ek oys.meta_pach N el A7 L EeiFA 21 B 5o Bol £,
ModuleNotFoundError & oYtk WA= T2 o252 I F E4A 7|10, dXTE T2 AMAE =T

.

H e A& 31015 ¢] find_spec () AINEE F 7HL]"‘ﬂ e AR ié%l/]r/]— A HA A=

3] A4t3}E o] & (fully qualified name)‘ﬁqr/} o| & E0] foo.bar.baz. F WA AA= 2E AM| AR S

AR AEG Ut H4H g0l 4% F HA QA A= None ] A ¢, HE BEEoUAHE JHﬂz o AL F

‘ﬂ’xﬁ AA = B2 7| X]9] __path_ AJEZRFE ZrdUch weF A @3t path oJEREE FX2T
oW ModuleNotFoundError 5 oAUl Al WA] QA= ojn] A3 B& AA| <ld|, FHoll4

i%é—'} o] Futh AxE A AH-L ThA] 2 E (reload) & wf B B} 2 & A 23 oh
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et AR Mo AXE @ Ho thal o] ¥ L2 So], A REES0] o} R AL
M = A gtk & ufl, foo.bar.baz & Y= ZF o eF & 3 (mpf) S0l 8l mpf.
find_spec ("foo", None, None) & T Z3|A] A dZEE S+ UTh foo 7F YZE FH Zo, 1
B} A2 E F 9AA SAF A foo.bar & Y X E 3=, mpf.find_spec ("foo.bar", foo._ _path_,
None) £ &3t} 9 foo.bar 7} ?J:‘,L_Eﬂtﬂ, oA 2 B2 mpf . find_spec ("foo.bar.baz",
foo.bar._ _path__, None) & &34t}

ol WEl A% AT S 24 H 49 QEED AAFUT. o)A ATEHEL F @A) AR None o] obd

i)

n
30
) E[),
N T
= 5

o] 2 &4 None = & FUTH
stol M 9] 7] sys.meta_path = A 78] e A2 A HE 2t JFULTE St WA BRES JEXES]
EHS YL, U= =ZEE2RES YXEF = % &, e YZE JZ oA RES YZEIE=HE

O

MU THE A2 78 9kl ).

WA 34004 WA vle 42 39 find_spec () A E7} o] Al H A A find_module () < A F
Ul W74 glolx 237 A%, dZE A= 997} find_spec () & TR FUS wvt
find_module () & A&t}

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

5.4 24 (loading)

RE ~3o] AN, JEE AA:
olx E O = [e)
aa-— o

Lo
f
ol
i)
o,

module = None

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

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

# The import-related module attributes get set here:

_init_module_attrs (spec, module)

if spec.loader is None:
# unsupported
raise ImportError

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

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

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

e B A AR o s of P oh:
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olv] 14 EeZ Atk
7}3-%1/]1:}, o]ﬂ .zJ/\;ao];ﬂ U‘:o]

= e |

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

EELA A ZET L sys.modules A AHAE Ut} sys.modules
B RA B A F AR 20 BEE e ANl olslelob et o)
sys.modules o] Yol A =+ 2|23 giu] G Y

w, ok A= 7] Ao, H 2] A4 A 8 oFE Fol, YEE A YTE BARE
AUt 9] o) AF = o of| A “_init_module_attrs”).

| A RE9 o5 F7to] A+ 2R A YU Th AF S HAH o2 2o ¢
@ Aol of B A A A} A 2RI
o] A I exec_module() & A EEH = RE-L JF EQ Lo ulgE = Ao| obd 4 IS5 YT,
WA 34 A WA AEE A2l A% BA T 2E AYE 5
importlib.abc.Loader.load_module () WA Z oA 3= A5}

L]
f
)
N
N

=
12
N
2
w2
o
ul(i
lo
td
i
o
0
=
(n
5
O
0.
c
}_1
(0]
0
=2
30
v}
3
UO
m
Im l‘]l‘

8|

f
o,
N

N
X
o~
o
rlo
L

)

o

il

Y
reruj

& > o0 19
1o
o

H o2 oo

P

(
7_4

PNyo S 2
E_EL
e
iy

L=
g =
i o
tosy  Suplr

> X

o 2 o

[ et
o
o
as)

Ml o o
Jo ¢
|m

rlr e
ik
Og:p
lo
Fu

)
fu
o r
N
N
0 ol

ut
oll
off
2
)
[t

541 =Y

2E 2o 299 ZAZA VS AFTTUY: BE A, JdXE A+ sty AARE importlib.
abc.Loader exec_module () HIAEE 3 &35=0, A3 2 E AA 7} AL YUt} exec_module ()
ol EElFE 2 FAE Y
2UE LT e 8T A5 E BEH ok T
. gel 2 Eo] shol B E (2 REO|) A0 2ene Sl ohizhold, 2 nEe B g
259 AY o]F ¥ (module.__dict__ )l A APs)oF Ft.
EE7 EES AR £33}, ImportError & 2 Aok dYrt}h A 9 exec_module ()

b o2 o 9 AT U

offt 12
ro 19

o AL, s} 2ol e AXYUth 138 A find_spec() WA T E 267t self 2 439
~9g EHF Y

BE 24+t create_module () WANEE FHATOZH 23 = TAEE AAE D= LAl NS+ 9
LT 9] Q14 1 o, £ ol ol 2 5 A8 T L AAE £EIFT, create_nodue ()
S BE AR N RES 442 BaL QL UTh BoF A S None & BelFY, AEE ARE A
BES AR YL

WA 349 7} 269 create_module () WA E.

WA 34004 H7A: load_module () M =X exec_module () 2 AT AL, YXE A7 E2HO &5

3 E (boilerplate) of] o &+ A oS Yt}

o] u] %—ZH&L Etﬂ =99 58Z A8, dxE @i}L load_module () ¥ A =7} Zzﬂ—a}v,
exec_module () 2 F3SHA] &g oW 1oad module() & |
A= A5t i‘:ﬂ + U4l exec_module () & T3] oF %“4
load_module () MIMEE RES A8k A 9o %oﬂﬁ AF3 ZE F 5 (boilerplate) 29 7] 5S 73
af ofgt FUTh 22 A o] BF AL =, FUHE A A S 2o HH:

* Tt sys.modules o Fo| X o] 59 BE AA| 7} o|n] S 5HH, 2T = WEEA] 11 AA|E AHSsloF &
Utk (28X egguj, importlib.reload() ©] Z8}lZE 2 3}A] A FUrth) 2k sys.modules
of Foll o] F9o] 5ol glod, 2EHEM ZEAAE ‘?}E il sys.modules o F7}38f of eyt

% importlib 732 ¥H3} gk 3, A A& 3R] k5 Utk tiAlel, sys.modules Oﬂ’ﬂ % Yrtt o] A9

A A Ys = sys.modules o g AL ukE 4 Yri= A %MD} 3 o= spo) A
FAA T BAE A ?%%14 c}.

ﬂI
>
ﬁo
o
<
o
o
N
EI
)
'_l
(@]
[W)]
Q
B
O
O,
c
g
[0]
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e Alst gl AFASd Ay H ELH = AS PAG7] A8, EC7FEE ZEE A7 ol BRE)
sys .modules of] &) oH ok gt}
. vk 2 o] A3, 2B E sys.modules o AT LEES AlAa of shicel, AN REVE
A AN oF 3k, 27} 1 RES A Y WA H o2 2 ESH 7 of vk ZejoF ghch
WA 3504 W7 : exec_module() ©] HYH YA T create_module() ©] HYHZA o
DeprecationWarning o] @A g},

WA 3604 HA: exec_module() © AYH YA T create_module() ©] AYHA oy
ImportError 5 423t}

=

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

oy HAYUZS O Z2E (9 & 59, importlib APIE, import WY import—from &, W& _ import_ ())
MBREO ZEEH ], B 2F AAZY A4 -rE BEY o]F FZtel o] F oAUt & =9, 97 A
spam ©] A/ H B& foo & 7}A| ¥, spam. foo ‘; T E 3l Zo=spam o] AAH REo AdZH o]JETHE
foo & 271 FUTh et 22 UAH e P2 E 5o} ek BT
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'>

sfol4le) o143k o5 912 7 Aol A 2 o] 21919 A WY 5 Uitk HAW AA2E JLE N 2de
ZEAQ 7|5dYth B AL o8 G Ut ek sys.modules['spam'] Fsys.modules['spamn.
Foo'1 71 SIHE (5151 GBS o198 41 11T oy Hll 9o A WA Sl B A o0 oI 20
o) e olot

543 E ~3

QEE AAE YEE 57 LE B3 hFD JHES S P, 53] 29 Ao]. fRE gRE mE
BEo 35|tk BE 250 AL o] JEE Bl M E HEUE 8ok ATk

YEEFA LA ALY JUAYEE N2 29 L 0EL AR S AFUTHAF Fof mF 2o
B sl 24 ARSI e 2ol 43 F28 A, AEE X7t 299 5 A 4H(boilerplate
operation) & 4 A 5 ST % = AYVTE LF 270l GohE 267 2 E S AA Bk

2ES| 29 e WE AN _spec_ {ERRER wFPUTE BE 2R gl Y AR AT

W7 3400 27}
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QEE AR RYFHE B U BES AYHT] Ao BEY 290 7] 254 2 BE AR o] o] o =7

REES A ¥t

__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_ OlEIREERES ZET U JXE AV AR 2T AA| 2 A H ofof T
o] AL F & 9 E & A3 A (introspection) = ] & A o] A wk, F7}A 0l 2T o] F3H 7|55 Y3 Ao
1= dYth A& S0 2o 2 tlolHE &= Aol dsunt

package___

259 _ package_ OEFRHEE=WEA AAF ook UL G2 EAFLE o]ojofdl=t], __name_
H 22 g AdFUth ZEO] 7| AL W], __package_ F2>__name_ O dA & o] of Fh Tt
REo| 7 A 7told wf, AAY REO|H ¥ BEAERE AAF I, AH ZEo|H R gf7]x)o] o] E o7
AAR= ook Ut o A g Ul §-2 PEP 366 & #2314 8.

, __name__ tjAl, o]

__spec__
__spec__olEZHE

CEESUEE G AV EE ~F 02 945 ofof Utk _spec
A3 AR e AL ez E 7} 7
=
[e]

o
—_ =
S50k 271505 = D ES ok vpazkA R A48 ok
ol __spec__ ©] o|®H -7l None .= d7 5 rh

W, A€ 2 __spec__.parent 7} AHEH YT

|o

_ package_ 7 R9HA %
B & 3409 &7}
WA 3.6 HAG:__package__ 7} ALE XA oW, YAEZE __spec__.parent 7FAREHYTH
__path__
BEOH7IAE (B & ol 51, BE AAY _path__ oJEHFEZIHEA] HAH ofof g
o} k2 olE e Holojof htl,  path_ 7l xS vt Glom ¥ ol f B & g5 rh, wher
__path__ 7Fu]o] QA b, A S wf £ E S Al Fsl oF Futh __path_ 2] o nloj] A3k XA S
82 off ol g Uth
25

5| 7] 2] 7} obd 2 path_ AJEFHET} glojoF FTh

__file__

cached

_file o AwE £ vk wek AAHY, o] =R REY g EAPololof FT dxE
A"l oJu) 7} gl Wl (oA & Eo] HoJEHMo]~| A ZEH BE)_ file S AAHNA RS 5
ATt
whef_ file o AW, __cached_ gA A Fo] AP S v, mEe Autd® wA
(A& =0, vio| E A3t dH 3t) S 7Hel 7= A2 Y UL o] EZFEE A7 A8l 3ol &
ZAsoF ¢ B o e YUtk A2t Bed] BokLE shdo) glofjok d 28 el A £ A THPEP
3147 & HA 8
__file. o] AAHA FES W%, __cached_ & AA3= Aol AT 4 JdFYrh A, 19
Aldg] e ol o AJUth TF40=®, 267 file_ ©|Y}__cached &2 & BFE A
FUTH ZRPA 2 ANE BES ZET = YA IR REH AH 22T 4 glokd, o 9] 4 Q1

DE
Ael 27t 4 A 5 Uk
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5.4.5 module.___path__

golo M, 25 __path_ oEZRET} oW, o] B2 7| A YT

5 7] H __path_ AEFRELEAB A7 E 2IT ) AR FUTH I E A YoM, QX E3 =5
;g_ AT YA E0 BE2S A F3rhE= HoA sys.path & 2L 715 z2+5Uth AW __path_
= H% sys.path B} Ak XA 0] U}A‘Jr’]’

_path_ & ALY olHHENAT Hlof 2 F YF UL sys.path 3 22 5 & o] 3 7] A 9
__path__ o|% A4, {7129 __path_ & B3} 5 sys.path_hooks (oefoll A A stch
NA dHE EFUTH

A7) A Y] __init_ .py FLL H7|A Y __path_ AEHFES HAAFAULAFL 5 3L, o] A o]
420 o] Ao 0] 2 ZH I 7| A S T 3I= WpH o2 AL LS UL PEP 420 & 9]0 = Ql3], o] & 7137
A7}y _path_ ZFAF=WE 2= init pyJ+°‘°X1l et lelAsUTh 92 E A7}
s o o)l FLH AN AE A _path_ & AFFYTH

5.4.6 5 & repr
NEAHo R BE RES AT WS repr & 28 5 U SHAIR §19] o ERRESH BE 29 Y&
sl weh 28 7 g A5yt

RFo] 29 (_spec_ )@ AW, QEE AL TAC R repr & HEH T AEFUTE 270] A
oA AFo] glod, YZE AAHL BENA AFEH = AEE 7|8 repr & 7+ FYth module.

_ _name__,module._ file_ ,module._ loader__ Srepr & YO Z A&3lE] 1 A =5l=d], w}A
AEE71EgeZ Aeyth

AREE AL Qe AR A A2 ol F S Ut

e 59| _ spec_ AEFREE 7IAH, 2o 9= HEZE repr = YA T UL “name”, “loader”,
“origin”, “has_location” o] E 2] R E & o] A&F Tk

* ZFo]__file COJEIREE 7MY, ZE repr & A= AHSEH YT

e« XEO]_ file. OJEZRHEE Ztx] &AW None ©] o}d _ loader_ & 7FA W, 29 repr ©]
S5 repr o AR AHGH LT

o 2% ko, repr o]l EES __name__ & AHEFUTH
WA 3.40]4 HA: loader.module_repr () & AFEo] HAFH AT o)A ZE repr & =0 Y3
of ofsff 25 ¥ o] ALYt
g}o] 3.339] 474 S'Zﬂ"* = P8l Flol A A g ES A=387] Ao, vheF oo 9o, 2Tl
module_repr ( ]/H T E Egoﬂ/ﬂ 215 repr 2 El_]—-‘E:-]/] 1';]_ g]_x] w7 uﬂ/‘iE‘C Jﬂ X]ﬂ oq_%\‘q 1:]_

B A 3.100] A4 H 75‘ : 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.

bl

= 4%

5.4.7 A& vlolE 7= 253}
3

stol wlo] pyc YR RE A B vhol= S 28] Aol AN ZEH A WA Lo py L3
AT AR A2, o e 220 25 A B agns) 2718 A4 g s wl B Aol
o) &+ YU TE YA ol QEE N2DL A Lo AR i e o]l & bse] v e ol ol €12}
gzshol A shle] SEAS AATL

shol e B2 <a) ) 719 7)) 5 & A A5, A ke e dlol el galo) 22 7o) 8 o)A &
ARG 8 A] 719 . pye F ol = F 747 WE o] %tk AAFE (checked) 7 ¥ 7 A1 (unchecked). 2
AR A 75 pye 28] A9, ol W e 4 DS A A S AE A A Shele] oAl 2 w5t

rl
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FEES AU AAE SA] 71 A sh o] FESHA] 2 Ao B, vt
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A& FYh.

A2 7149 oy = A MY "HeEE O AEFE s.path, sys.path_hooks, sys.
path_importer_cache. 3] 7] %] A 9 ath oEZHE 3} AL =T o|AEL dxE A
2AHE AaEupo| 28 £ Qls 71 S AT U Th

ALY 555 £33tk PYTHONPATH ¥7 ¥
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=l

Qoo Ut thE R E F2 FAIP YL vle] EF Y T2 7 A= < E g
=2

A2 7k vlelr] & v el 42 ghQlr] o] 7] ujol], Foll A A Ro] JEE A= F2 7k gl
find_spec() MINEE T2 = AR AxE 2 AAE AZAFYTh find_spec () o Al &5 &= path
A= AT F2E A2 ES g2EYUYTh- B 9712 oA JE2E &1 3 7] 2] 9] __path__ o] Eg]

FE.path A7} None o] ¥, /49 dEEE K8k sys.path 7FAFEH U T

RS ELE

ox,

=
H

i
[¢]

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

Az Qe 7 A w\—— A, A& 719k 5191 Bl = sys.path_hooks o = RE ZHEESS AF T} o
5207z e 5 e 408 AR AEe AR B AS LA B2H . o 2L A% Al S
oE g A d2d EE] }ohﬂ £ S8 FA ImportError E 94N £ gSsyth I
AR 7|9 9ol g7 o] FZo] FolZ AR AdED E Y3 A= dEg 3oy
ol AR U T o] o9& /\]5]"’% EﬁEE““?_ ALYtk 3—0% 2+ o]
St o= el 3G e 3o 2900345 ol kel 42 A
AL = AdsUrh, Bek Fo] AAE Y O W ImportError & €2
9ok sys.path_hooks B o] ol & %‘E JdEZ mlolg & qu,i ]
find_spec () WA =%+ sys.path_importer_cache o None < A %35} A s
AH 7t gSL 718 7)1 7] Y3H), None S S FHA] o] v e} 4= J}%H 7HFEES ST e ¢dHYth
=

UloF sys.path_hooks o] Y= ojLr 3ti}e] AR dER & Zg]Eo AEZ JE
Atiell & 295 3-7643}71 *H*H 2ol o= iEEEé—O] AHEEUTH 28
A& Ut

A2 24 o] @ 2] (current working directory) — ¥l F A E 2 £HHT - & sys.path o = & <l
SeE| o oA AFAUL AAE B0 49 DA e} S Gl $IAY ove.
path_importer_cache o= o} 8 ZtE A& A 51Utk EAE, dA) & 7“'04 1:]?—41 Ha:s 2 2E
Z3) ujuict g A] g Yt AR Z, sys.path_importer_cache o /\]——&Q t A2} importlib.
machinery.PathFinder.find_spec() 7} 28 F+= FE2 = W Ex1d o] ol A A dA 2 v & H

27 gyt

Hl

o [E
24

552 FZJE I =22 EZ

BE3 27349 7| A dXEE

39l E find_spec () WA EE T38| of Tt
find_spec () —8——‘?71191 OHP%— olsduth: Jd2E
EE. find_spec () 2 Zko] &A 3] x

(3717 o 2] 7} O]A‘JT/]')

sujo] o] Fte] x4 & RRUTE AL JEE Ao Fejy] Asl, AR A= FAH =
“submodule_search_locations” & AL £33 st= Z AR}

WA 34004 HA: find_spec () ©] find_loader () 2} find_module () & A sl=t], & t} o] A 5 %]
HAHF Y find_spec () o] A A ¢od o] A E5S AU T

3o W FE oA, sys.path_importer_cache Oﬂ/\‘] imp.NullImporter o] A2EAE 2= Ao] 7h5shyt). Z =7} Al None
S AR EE HAT S AUtk o AAI S W82 portingpythoncode & ZHZ3FAH &
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£ ¢33 A7318 o] 53 (42 7hsa) B2
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149 B2 A= AATE £ind_spec() B0 o 719 AAE AAZEE 7 DY S Ag e ol W
NESS 37 534 v Eol o} % A& F UTh 812 %, find_spec () o] A A=2] FAT o] TA= 1,
A M AESE ZAHU T,

find_loader () + 3tu9 A& HLO]‘%
find_loader () £2-5Z & E¢3L0), A A

ATE ZZEZY UE FIEHA FA TS 8, 22 A2 dEZ FAHE2 vE =2 vy
7} A Q3= A 237 AEAQ find_module () HAE T3 Y93ttt A2 A2 dEg gy
find_module () WA=+ ZF path AAZ TEFHA AFUG(ZAEL FE2 o) Hx &5 v HE3

AR AEE7FHE Aoz 7Ihg Y.

FE AE® 94 H9 find module () MINEE A& AEZ] 3AE 7} o5 T 7] Aol 202 o]
v 3= A& 61%}%}%1 %7l W o HA = JAF YUY Wk H=E AEF A Yo find_loader () o
find_module () o] EF &AstH, AT E A 2" L2 &4 find_module () THAl find_loader () S &=

FUch
WA 310914 HA: Calls to find_module () and find_loader () by the import system will raise
ImportWarning.
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rzto] Sl FolA ofH RES] JEES HYHOE o (EE YLE ALUE A
v &4 3} 5= 4D, find_spec () 9 A None & &8 F+ 4], ModuleNotFoundError & 927|&
Aox FREU AAE e A2 A4S ASolok ATl A2 AN GE WH, 2T oW ZA

QA AL BA A A NN A F 5 oy ¢
yol el g Aol Q£ E S e b, 2 R
Y HEREEEESE

package/

__init__ .py

subpackagel/
__init__.py
moduleX.py
moduleY.py

subpackage?2/
__init__ .py
moduleZ.py

moduleA.py

subpackagel/moduleX.pyY subpackagel/__init_ .py BEFoA], 2L FE3 At dFEYY

c}:
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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

At dFE L= import <> EE from <> import <> EWHE AFLE 4 YA 9 A o
FAT AR T 5 Atk ol §

kel
I
rlr
4
rE
)

’import XXX .YYY.ZZZ

kv
ar

rlr

A0 7 = ZskA e .moduleY & &3 4] o] oh 7] w2 Y Ut

rol

32

TFXXX.YYY.ZZ2Z5 AFR S 4

5.8 main__ 9 gjsl &

1k

CignA=

_main_ BEE SfolMS JEE ALY ZUE J LYy e ol Rl AFARG], _main
EEE sys Shbuilting AY Arn el A4 45 ARG UT AR, o) £ sk e, o)A

%~ﬂi>

HEsHA W BEZ HFHA dsyth o122 _main__ o] 27|3}H =N
FrZUagd e SAS TS A 2 Urh

AR

5.8.1 _ _main__. spec__
_main__ o] o]JEB A 27|35 =X W}, __main_ ._ spec_ 2 A A5 AAE7|E 33 None &2
AAE 7= Fch
sto]H o] -mF A O &2 A& } H,_ _spec__ 23Tt BEOIU AN AY BRE A ow dAFH YT =3
__spec__ 2 __main__ BEo] gaAH Yzp 3L O]b}ﬁ} sys.path JIE E]% Agslesdirz 2xd
) 7 Y80l iH%éMDP-
UmMA AL o= main_ . spec_ 2 None 22 AAFH =Y, main_ S ASE=d AILH ZE=V}
YXE 7M5s ZE0 A H th-&3HA &7 15115%1‘45}

-3 mEgnE

* —cwA

s X YYo=z A

o & TtYdojHlolE I E stY R HE] ZH A9
upA g Aol _main__.__spec__ o] @/ None Joll Foljof FUTh A1 1o Ve AR RER
dzE P S Joj= 28FYTh __main__ o 282 ZE WEHH o] g 7} B2t —m A9 X & ARE-S oF
Fh
TS _main_ o] YXE Mt BE &5, __main_ . spec__ o] A3 AAH Yt} stEl gk,
o] B2 A3 o REE HAFH FYdloF E‘r- o]ZZ if __name_ == "__main__": AAZ
EHRA EFC) BEC __main_ ol§ TS AL u T AP, A Jd2E ufj &= AYE A T

A Wz e,
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AEE AL shol Mol 237 RE Aus] Wel otk £AE A4S o] Fof okzke) AE Aol WA
9 7)= B, Hzo] 9 7] 4] 774 L o} A olL £ ol v 2 ol gl ),

sys.meta_path 9 HZ F2AL PEP 302 o] 11, 5 o] & 332 PEP 420 Ut}

PEP 420 & 5}o] 33 of o] 27 9714 & =Y #FUth PEP 4202 find_module () o tito=
find_loader () TE2EF IA| =YP 51U th

PEP 366 -2 | Q1 REo|A 9] BAI A Jef AZEE 98t _package_ A EFJFEL 7ol &3l A3t
A% Th

PEP 328 & At} HA| Aol At) dZEE 935 PEP 366 ©] 2= _ package_ S AAHA FH=H3ES
z7)9 __name___ Oixﬂobﬂj\qq

PEP338 & RES A3 HER AP AL A3t}

PEP 451 & &~ A o] 58 Y= oFsh= ﬁ%% Ut 280l Fo) A d ti #2955
AT WAESL AR E Atz 27]7) o AZE A2HQ] o2 APl E2 FH AT EE T

i=4

3, T} oo A MAEES £ E YELch
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6.2 o} (Atoms)

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

atom = identifier | literal | enclosure

enclosure = parenth_form | 1list_display | dict_display | set_display

| generator_expression | yield_atom

6.2.1 27} (o] F)

2

r[r lo

2 55 WAL o1 F AT o] Aol A 499 7151 A8 2, ol g% Aol
S R= ) llndmg)/‘_“,/ﬁ%ﬂ/\ﬂﬁ,

ool AA e A2 w, LB G2 T AA I EUTH o Fo] A2 A B W, 4L Tohel
3}'d NameError Oﬂﬂ 7]- Aol dyrt}.

Mo o
u!m

H]-F 7l o] & ¥ 41 7] (private name mangling): S A ool 545t AHA7E F Ay 2 o] e WER
A2, 7 L ol e RER EubA] 9F oW, I Fe A9 v O] & (private name) ©. 2 7szﬂ-1/]r)r,
HZ7 o] 58 1 5L 98 T =7 e oA 7 2401] o 71 Yej = f3g . o] Mg 1 o] 59 el F

EH"Ol——*HJ St=d], FeiA o] 29 Lo = REUES A AT F, 51} 2ES 271U o &
£9°], Ham ] gk o] &Y E?ﬂ/“’ﬂ AW 2L spam ©] 538, _Ham__spam S &2 HIFH YT o] HES
AE 27 AbRE = B 2 0l Eulof E2@stt HEkE o] 5 o] Tk 7‘“4(2551}1'113} Z2w9), T3]

[oN=4
Aol g Fehy 7| BYT 5 A5 Th Seh ol Fol WEZW A of ow, WHE Dojubx) Tk

6.2.2 2]€] Y (Literals)

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

literal = stringliteral | bytesliteral

| integer | floatnumber | imagnumber
PlE e g P Fold §(F A, vl EQ, A%, A4, By Fol GE Ae A U h
Aok Base] A9E 2D 5 deUch AT UL e A4S BAL.
EEHES Bt ol th&3t7] ulEoll, AA 9 ofoldlEl &= g Hot d Sk 22 3o
el ol g3 ME Ao e PotE (Z2 W HaE 2L oo YAL T Faol JS o) 2L
AAE AL S = AW, 2L 3 e AAE AL 5= YT

parenth_form = "(" [starred _expression] ")"
BE o] YL R4 BSL, 910|171 R4 B2 o] AE ke Ao] FUh BFo] Ho ¥ shite] HEE
Zotd, F2ol JUth 184 o R4 BE2 7S B £A4 0 Ut
W25 A W 52 AAE UEUT FEL Bl gl Hle Aol s 2 7o) AEH U (F, T

\‘
N
o)
-
[Y
j=
D

-

[+}]
kHl
ol
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AW FES 2L AN 2= AT 2FA G FE YU Th.

F0] B30l 98] TE] AL A0 by, FE AN A8 ul£o| 2 Aol 794 oF gtk o9l
8l 52l 257} B gk £ A0l 25 gl 9L (othing)” & 3 2Hohe 4L BEFE f0ea
A% WA S o rbE o] J3 A e A2 @A T AU

6.2.4 2|2E, A3, A= 9 tl2E# o] (display)
g 2E, A3 9 elE #4517 Y3l sto]H& « Z g o] (displays)’ 2} 2= EY3 EHES 247 +
7HA] 28 B AF gy o

o ZH Y WES YA H SR YIeAL,

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

AzeadY 35 £y L4252 olgunh

comprehension = assignment_expression comp_for

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

comp_if = "if" or_test [comp_iter]

2ol ¥4 1 HE 2L A4S for AR AV o Y] for EEif AR
A AE O] 84S Zhfor B if Fo] AFA LEFZ R THA EFZ o] F

o
o

J= 22l A Z AN e FHA BEI AF YT
SHAIRE, 7S 9%&9] for Holl Yl olHHE A S AL otile, AZ A2 FAF

A AAFA YT} o2 A S| A target_list oA HYEH = o] S o] E A= AT ZE “F57 5 X
.

7HE A% for A9 olHHE HA L, EHA= —L—wﬂ/‘i A4 7t ok ANHoE ZHA 25
giﬂnz@%%wqﬂﬂ-:ﬂm 93} 714 A% for Ao BE FE 2 AL, 71 A% o B Bol A
AL ghol wpgt Zetd 4 YJounE ENE _LJOM F7tg = stk A& €49, [x*y for x in
range (10) for y in range(x, x+10) 7.

Azeladol 4 4 A% go) Ao} A Shelm, B0 FHH 23w A yield 9 yield
from ®AA-2 FAFHUth

O:

2

vto] W 3.6 588, async def FFoA =, vl5 7] o|HH o B & @A 3t7] Y& async for E AT &
A=Y async def @l 3= ﬁzﬂiﬂl A AFel e+ 284 FHoll for Lhasyne for o] &
T 931, 718 for Yasync for Aol & F YL, await HHA BT ARRT - QlFUTH Az Ao
async for Aol await EIAS 5&‘}}6‘]-@ v % 7] A=A A (asynchronous comprehension) ©] 2}1 £
Utk v57] Azgdde 270 54 ZFE o A A FAAZ 5 55Tk PEP 530 &

e v

oz P9 AzumoA FAFH Y
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)
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6.2.5 B AE t]AZH 9|
g2 E fAaEH o] & o 23 (square brackets) & E AL FHA A9 LG ld Bl & 4 JFYTh:

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

PaE agd et B aE AN S HECH, 2 USe BY NS SFe Aucld oL AT 4
Utk PEE o9 2649 550 A5 Se %o H 92X 0% gro] T84 1L,
Aejz g ae Ao AR IS Axedde] AFE ), P aEs Axeddo s BEols 245
T4k

f ey 30

HAa oo

|i= 523 (curly braces) & A ¥ 11, 7|9} Fh< 8] 3t F-&(colon) 0] §l= A2 E g1 g
gagdelet #id 5 2

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

At aEd ol A AN Y ANE BELH, 1§ B NB2 Amdados APk
AR2 PoE B4 B2o) BP0, 1 R4 5L A% A 2 2E 0T gho] 23w, AT Aol
gaj Yt H=z A A Mo oA = 84AEE A YTH

PN <
) 4 Q%

N

315 h =%
Aol Alzd o, §EL A=
R A3 () o7 e ot

it

6.27 YA t)AZe o]

gAy e g ols 52X (curly braces) 2 = 2 A1 7]/t o] B] 2] Y el vlol e 4 A5 uth:
dict_display = "{" [key_datum_list | dict_comprehension] "}"
key_datum_list u= key_datum ("," key_datum)* [","]

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

gAye gagdol Al 9] AA S dsuth

R —Errﬂ% Z\idlol g o Al @7t Fojd o, A0S KA LEHC R gho] Faf AL Ul

ERIEE
SIS Ao GUTh o 2] AL A 1o o8 o1 ool 15 A F e el 21 AL T U o 4
ARk BEANA 2 AE ol W ARG 5 Yrks o], 1 719] A% G2 e ubA ee] Fol 7 A
gt

709 ol B B (asterisk) ** = AR A 3 A (dictionary unpacking) S e Y T 3] A AEAR= vl =
o]@om ok Zhwfg FE2 A gAv e ol F7HE Uth Foll &= g el & Zl/v o] ¥ Aol ek
94 o 57 gl 44 S-S wA Tk

B2 3.50] 37: PEP 448 o] A A& Al k8 G- el HaZao) o) o 54

oz 2] gl of] Thul sl A, AubA Ql “for” Fif” A kol F2 o ® Fe|H
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A (PR T AT o)) g L B ) HlolE S ATt

¥ 38014 W13 o)1 3.8 ol Aol e, DA 2] Azl Ao A, 79 kel H7L A7) 3 Bels o) 914
9Fg14 LI Th. CPythonl A1, gkol 7] 5.tk WA 3 7ks] Sl LiTh, 3.85 6 &, PEP 5729] A] ¢bol whe} 7] 7} ghii ot
WA F7hg ek
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6.2.8 A @ o]€] £33 2] (Generator expressions)

Adels 2842 2oz A 2 A oy 71 At

generator_expression = "(" expression comp_for ")"
Avdely 842 A Avd ey AAE Byt FHS HZ3 U 523 g4 2352 AR

Ak A e shd Azt g5y

Adeely @A o] AHEH = HEE2 AlFd oy AAY _ next () MINEZ E&E W =337
(lazily) Zko] v—LoH?SHD}(?:lH& Ay ol el et wpA A U eh. Zeju 7HE 49 for Ao Yl olHHE
FHA L ZA] o] FAA, LA E A5 L= ol H = A HA ghol A %‘El% 2 3 o] OME‘rZﬂLﬂEﬂ
o] Bl & A o] o] H 2 A ol A ‘ﬂ“ﬂf}iME} F& for AR 7MPF AE for Y BRE ZH AL, M 9E
olEHE oA 7HA 2 ol whEl Zetd S Qlong EAle AT Z oA HUE = gls Ut ol & Eof:
(x*v for x in range(10) for y in range(x, x+10)).

WA shte ARbEE 2 BEAME BEE QYT 5 dFUTh AT UEL 5 4HS BAR

Ay ol e 4] 2HA 9] 7)== A4bs Wl skA] 7] A8, A2 HogH Ay o] oA yield
¢lyield fromZHALS FAF YT

AU ol £ A 0] async for oY await EHAE 2331 v 7] Al & o) ¥ 34 (asynchronous
generator expression) ©] 2+ S U T B S 7] AU ol A2 A v]Z 7] Al olg AAE 2 F=0
o] AL % 7] ol B g o) E YUt} (¥] 5 7] o E] & o] E] (Asynchronous lterators) S 32 3FA| ).

H A 3,600 371 vlE 714 Al el ol Bl @A o] =0 AF YT

nﬂx

WA 3704 HA: go]W 3.7 o] Aofl=, v 5 7] Al o)e EHA 0] async def ZEH T eI 4
AAFUTE 3T R =, BE 7 a5 714 Ay olg 84S A 5 st
WA 38014 WA yield 9 yield frome BAAC R FHH 27 zol A 2P UTh
6.2.9 ¥ 3 2](Yield expressions)
yield_atom = "(" yield expression ")"
yield_expression = "yield" [expression_1list | "from" expression]

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

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

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

Se e 2R R RAEoR Qo yield BAAL Az AN Aol E AL FRAAE 1)

rlr
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ALE = BARo g HoH ATz ALE & F5Ut
WA 38 M dE @A AxeddFd A FdolH @A LS FHske o AHSHE SAFHCR
FoE aFzoA FAH YT

A e ol 8 g thEoll A A 3ok whe ol w5 7] Ay # ol 8 g ul5 7] Al g o] B 3 Al of A
HE 2 Ay ch

When a generator function is called, it returns an iterator known as a generator. That generator then controls the execution
of the generator function. The execution starts when one of the generator’s methods is called. At that time, the execution
proceeds to the first yield expression, where it is suspended again, returning the value of expression_list to the
generator’s caller, or None if expression_1list is omitted. By suspended, we mean that all local state is retained,
including the current bindings of local variables, the instruction pointer, the internal evaluation stack, and the state of any
exception handling. When the execution is resumed by calling one of the generator’s methods, the function can proceed
exactly as if the yield expression were just another external call. The value of the yield expression after resuming depends
on the method which resumed the execution. If __next__ () isused (typically via either a for or the next () builtin)
then the result is None. Otherwise, if send () is used, then the result will be the value passed in to that method.

Avd ol & ZF YT ofF oA whEUTH o 2] W AE v a1, st o] Y] Y
o, Aol A FAE 5 AFUTh T Ao W& A gl o] B = yield g Fof] A3 o]
&LEojor =R E Ao = glthe A AUTh Aol &3 AV ole e s Ex2 Adg Ut
1oty F2EY oA A G AU e} (B2 84700l B AL FHul A 4 A
#]) 3to] d gfo] = (finalize) & 7] ol A7H=] 2] koW, AU o] E]-o]E] & o] E] ] close () WA E7}
325, W7 F finally o] APHEF &3 ch

yield from <expr> o] At ulf, A|-FH A2 ojggjEo]ojof Tt I o]HHES oJEH o E
A AR = FHES A AV ol H WA= SESA A vt2 AEdF UL send () 2 AEH ZE 3
throw() 2 29 & o9+ Lol gl (underlying) o] E o] E 7} WA =& 2F3 lokd 2o =2 A
gdH Ut 28X 9}, send () &= AttributeError Y TypeError & YO 7| AW, throw () = AEH
AL E FA dott

Wofl Q= ol olE 7t G5 E uf, YA 3}= StopIteration A2EH A9 value OJEZHEEYE &9
A19] gko]l H YTt SstopIteration & 9o u BA|H O 2 AAE A, AH o] & o] 7} Al & o] § &
A= A5 o2 o] oA YUTH(AHE AV o8 7} 3 &8 (return) O 2 H).

A 33004 HA: A H olE]H|o]E] R Alo] EEE Y Ydl=vyield from <expr> = F7H3<5
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d= ZF Ao Y22 7ol
o X1
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PEP 380 - A8 A& o]e] 2 ¢ A s}= = The proposal to introduce the yield_from syntax, making delega-
tion to subgenerators easy.

PEP 525 - v]E 7] Al dlolg] Z2E Tof Al @ ol 7|5 3=7151o] PEP 4928 8-74-31 A oF.
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Al ol E-o] o] B WA=

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

A el g7k ojm] A3 S uff ool b MANEES T2 ValueError o9& 27+ 2ol

Zo 8l of gt

generator.__next__ ()
Starts the execution of a generator function or resumes it at the last executed yield expression. When a generator
function is resumed with a ___next__ () method, the current yield expression always evaluates to None. The
execution then continues to the next yield expression, where the generator is suspended again, and the value of the

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

o) MAEE HE BANH o2 FHH YL ol & S0, for 2T G next () Fol 24,
generator.send (value)

A3S AN st Aol H TR g “E Y UThsend)”. value A= A & HHA 9

Yt send () WA E+& Al # o] E 7}yield 3t th g2 =81 AW, Ay ol g7 th& 3

BHA] ¢kl F 5 61H Stoplteration & Y2 3Yth send() ZFAIYH o HE A A 7| =5

o, % 0 Q= BR4 0] 9om g, AR ZE HEA None & A e of Futh

§1\I

+ o]
yie

=

=

fop tlo
il = ol

generator.throw (value)

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

In typical use, this is called with a single exception instance similar to the way the raise keyword is used.

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

generator.close ()
A ol 87k DA BAG A F ol A GeneratorExit & 4oyt I8 thx Al oy 7}
S o}al 7] (gracefully) -5 37 L, ol 0] RE AL, (1 )91 & A 920 2 M) GeneratorExit &
© 7)™ close= EE A2 Eotgyth AW dl o El 7} g2 yield 3% RuntimeError 7} WA g o)
A el 87t o oS doerd, T2z JPJUth Al olH 7t oy A4 T2 sl o]
FTEHJHY, close () € oFHFd d& oA 5yt

214 ol

of 71l Al 2l ol Bl e} A el o] § o) 532 Al st

rlr

2rerst ol 7t 944 o

>>> def echo(value=None) :
print ("Execution starts when 'next()' is called for the first time.")
try:
while True:
try:
value = (yield value)
except Exception as e:
value = e
finally:

(TH& ST ATl A1)
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(o] A sl o] A A M A%)

print ("Don't forget to clean up when 'close()' is called.")
>>> generator = echo (1)

>>> print (next (generator))

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

>>> print (next (generator))

None

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

2

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

TypeError ('spam',)

>>> generator.close()

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

yield from & AF&3}l+= o=, “What’s New in Python.” of] 1= pep-380 & R A &

H]E 7] Aol el g4

async def B AME T FEUTAS N Q= £AA
gk

A5 7] A dolE B4 E2H W, 057 Ao e AME Geld w5 oledolH g SelE
29 ohe 2 AR E AV d el E F4e] AR Ao Th w57 A dolE AR nE 5%
async for Eoll A AHEE L, AV ol 8 AR 7} for Fel A AHEE = B4 T SA 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.
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If an asynchronous generator happens to exit early by break, the caller task being cancelled, or other exceptions, the
generator’s async cleanup code will run and possibly raise exceptions or access context variables in an unexpected context—
perhaps after the lifetime of tasks it depends, or during the event loop shutdown when the async-generator garbage col-
lection hook is called. To prevent this, the caller must explicitly close the async generator by calling aclose () method
to finalize the generator and ultimately detach it from the event loop.

HlE 7] Ay g ole oA, 4= BH AL try 7R EY oA A g Yt SR 7 v]E 7] Al o]
= 7]'(“"“‘ 3 7F00] B Avt 7]"&] A AE 2 2N) Fho] d glo] 2 (finalize) = 7] Mol A N= 2] FOoW, try
TZE Y A= 53 AL 7] %01 finally A& Adshedl Ad T 4 A5 Uth o] 4%, vl57] Ay
g o] Ei o] ¥ Eﬂ °|E{ 9] aclose () & &3+l 1 7éJJr§ = IFY AAE APsHA, 7] T finally
o] AYPH L E 5= A2, v 5 7] Al @ o]HE A5t o]wl E F = (event loop) L 2~ A = 2] (scheduler)

ofl A 91T,

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.

®¥4 yield from <expr> & H|E 7] AV o] ¥ go A AFE3= 212 21 ol E
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v & 7] Ay ol El-ol el 2l o] ¥ WA =

ol B AL H57] Al el o8 olE #lolH o =g A stetl, Al o8 o] A2 Alofste

ol A28 Ut

coroutine agen.__anext_ ()

Returns an awaitable which when run starts to execute the asynchronous generator or resumes it at the last exe-
cuted yield expression. When an asynchronous generator function is resumed with an ___anext__ () method,
the current yield expression always evaluates to None in the returned awaitable, which when run will continue
to the next yield expression. The value of the expression_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 MANEE HE async for B2 5 BAFo R TEH UL

coroutine agen.asend (value)
ofdlelHES S, Adstd v 7] AlYdelg Y Ay ANFUTE A d ol H 9 send()
HAE AH, o] A2 kg vl 7] Al g o8 &2 “Huf (send)” 1L, value QA= A A= 58 A 9
A7 AUth asend () MIAE7F E81F = ol gl ol Bl &2 AW &l o] E] 7} yield &F+= Th3 3k A8 A
7l StopIteration 9] Fo & FF 7, vlE 7] Alvi# o8 7} th& gt yield 314 81l TS5 3HW
StopAsyncIteration & doUth v Z 7] AlYd oEHE A ZAX 7|5 asend() 7F TEE 1),
e S dT B34 o] glomZ A2}E None 22 T & oF Fut).

coroutine agen.athrow (value)

coroutine agen.athrow (type[, Value[, lmceback] ])
oAflelgES EelF e, vlE 7] AvdelH 7t QA SA g A Aol type O o2& 27|, Al
g o] §] &7} yield 3F v} 7k A= StopIteration 999 Fhe & S8 FUt) vH)E 7] Al E
o|H 7} th-& gh< yield 3FA] 9211 S8 819, o9l o] Bl & o]l 98}l StopAsyncIteration o7} Aol
Utk Al dleld 7 A2d o9 & A A T o9& o7, ofdlelHES AT o 1
of| & 7} o Qo] B} £-9] T & Aol Al ]t}

coroutine agen.aclose ()

ool &< el AF s, vl E7] Al o8 7t Al A AT A & & GeneratorExit
S 97k wheF O oo ¥F 7] A el 47F f-okshA (gracefully) F 2 SHA L, o]
) @E AL, (T A E FA A 2 E2H) GeneratorExit & 27| W, THE ofAIHELS
StopIteration o9& doFUrth o]ojA &= H]F7] Ad oy T&0] 8T+ F71Y o9 o]
E|EE2 StopAsynclteration 985 <o A Yt} ek v]5 7] Ay & o ¥ 7} ZhL yield 3 o] 9
olBl £l ol 3l RuntimeError 7} WAtk Rhef vl5 7] Al d o8 7} 2 ¥1o] ThE o 9] & 427
A, ofelHEY EEAE H YU vk u]E 7] A olE 7t U B FEE o|v] FEHOH,
4 oJoj A= aclose () TEL oFF AR 514 ¢+ oldlolHES S FUTH

6.3 Zz}o|mz

mehol 2l Qojol A 7hg ZekA AsHE A4S UEhiUTh 2L o &Yk

primary = atom | attributeref | subscription | slicing | call
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6.3.2 A Y A 37X (Subscriptions)

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

subscription = primary "[" expression_list "]"

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

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

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

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

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

2. Sequences. If the primary is a sequence, the expression list must evaluate to an int or a s1ice (as discussed in
the following section). Examples of builtin sequence classes include the str, 1ist and tuple classes.

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

A 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.

80 Chapter 6.
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6.3.3 &3g}o] A (Slicings)

Sehol 2 Al AA (& &0, ©AHE

£24010 09} B 2o]L} dol Bl ALE

2 9]
AP IOAY M

slicing = primary "[" slice_list "]"

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

slice_item = expression | proper_slice

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

lower_bound = expression

upper_bound = expression

stride i= expression

o] P4 Folt REgol HUth FAA BEATY Hole AL HE Selo| 2 B2 02 Hol/|E 34,
RENHAIYHC) Seol o8 AT 25 STk BNE o 25 whet g4, o] Ao An
~agHow sl s Ao et 4 o% ol ek Aol $4 etk Bl s Aoz ofulge Al AT T
(o] B¢+ €efol FFo] A{F3 & 2fo] & (proper slice) S SHUE 298HA] b= wl U Th
sotold o Yule A 25Utk Zefo| W 7H(LRIA B AT AR 22 getitem () WIAZE AL
FA) thz3} Zo] sEtol& HF o2 HE WA= 7|2 QY H Ut S8fo]l 559 1401‘: St Lte]
HdEE Zetd, 7e Setol2 FEREY M-S 3o FEYUTH 284 koW Sefol & 5 5o
WHEho] Z]dUth A A Setol2 5o MEAL I xFA YU L /& seto lé(propershce)«l k3
2 &g old|, start, stop, step ] EZHE 7} Z+Z lower_bound,

ojAx AR (Ald x5 AT & Heh
upper_bound, stride & Fo A & 40|11,

l:ﬁ

7 %3452 None &2 A3 Uth

TR AA (CIE S, F EE R A A EY FFer T EFUH

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

["," keywords_arguments]

| starred_and_keywords ["," keywords_arguments]

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

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

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

AT 5 e v AR F AL IS A A Ehd 5 QAR 908 v gL

zefolu2le) ghe Pei Eeld A (184 o) B WA B, g AN E WA=, Sl A,
g2 A2 A WAE, _call () WAEE e wE AR 7} 22U Th 7} elel g BE

AR BRAEL £22 AEst7] Aol ghol FAAAULE B4 wlius B2e) wie @5 4o A4S
st guch

e 3t 2ol 94 4w WEE L WA Y9 oA E9) 4944 e
SEE) 220 BESYUTL N /9] A7 AAFo] AThA, A5 N A8 &%l Yy e arg, 4719
= QRpuhe), AR A} O S o %S AASHE o AR Utk (A7 A WA B4 vl e o £}
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Gow, 3 A SR A8 o9 Jow ALGth. Exel o)v) A5 W, Typesrror 31§
Do 1A ol 2 Ael grg axol A9 JG T EB Aol Nore el A ke, $XE
FEA BT thy w5 QAT A1 98 W, S A A B e SRS G AR b S
NEGER ASUL 1EAES 857208 1 8 W b2 PR 24, A B e e
Aol Al gos gE oY S3ol e A e @ BE SEo B ek 1 ol

33 re B
32 o °1?Jl43‘r) 71%%} 1 AARH A a1, ot = Hl o] Y= &0l ‘)’0}0“4 , TypeError
o9 7k AT Ch, 28 o, Y7 SR BEo] 559 A BEo2 ALHC

CPython 7 A A|: 32 914 Wi/ 57} o] F& ZEA] ok, A EASLe] Hxor 01%01 ol At
Aels, 7|9 e 229 4 9 UA S S A Be 4 1"1,]1:} CPython Oﬂ/ﬂ °1Z} = 337 $18)
PyArg_ParseTuple () & AH§3h= CE 738 H F4E0] o] ¢ Yurh

A RS 2 FERT B A AREe] YOW, *identifier $HS G A ARSI A
242 3, Typerrror ol S AL YT of 4%, 1 WA A ML B A4 AAES T FEL
AGWHUTH(EE B 97 AAE] fod ¥l 5 ).

AYE QA7 G4 AR o) Bl B3 SO W, “ridentifier B & AHEFE G4 MRS
1A k-2 B, TypeError A9 T Loy ol A, 2 A NS e J9s AR 2Hoe

o3
gAY EE AR AARE o] gl ' (Ah) D‘/#Lﬂile i=glacagieg

TW *expression ¢ T4 EF 0| 531, expression & 2 o|E & o] Hojok Ut} o] o]HHE
ol 452, IAE] Z7H A AAEN AAE AFE UGS T2 £ (x1, x2, *y, x3, x4) 9 3%,
vy e 7w Aldx yl, -, yM O] 2T, o] 22 M+4 712 9 2] AAE x1, x2, yl, -+, yM, x3, x4 &
3E3= AF 55T

o] 2 A%t A= A AL *expression £ o] A A 7R E AR} H ol U2 £+ Yo &, 7|9 E AR (2
2|3l B **expression UAE - ofe & Heh) Aol Aedrt= A Ytk 1A

>>> 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'
>>> f£(1, *(2,))
12
z oA 7] E AAFe} *expression THE BF AR SHE A2 ARt o)A ¢k7] w2, AAl 2=

e 5z
ol & Eebo] YojupA] ULy,

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

When **expression is used, each key in this mapping must be a string. Each value from the mapping is assigned to
the first formal parameter eligible for keyword assignment whose name is equal to the key. A key need not be a Python
identifier (e.g. "max-temp °F" is acceptable, although it will not match any formal parameter that could be declared).
If there is no match to a formal parameter the key-value pair is collected by the * * parameter, if there is one, or if there
is not, a TypeError exception is raised.

W *identifier oJU} **identifier & AFE3t= F 4 AT ES AA AA EXolY 719 = QA
OIEEZ AMEE 5 glFUth

HA 3504 fA: T 522 A9 W59 xand ** A WA S HolEolL, 94 AAE ] o]E HE <
7 (* )ﬁ"ﬂ = 4 %3, 71 E QAT AU A A (x*) Foll & 5 AFUTH X Z PEP 448 o A
Al s A H U

kil
:

1>
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qE a‘ © 71X1 0}% LP, B4 oW = EEFUth None € = QiU th o] ol o B A Al4tE =
R=Ri)]
= 1

E%ﬂL.

Z éﬂéﬁ—ié HMEE'J 1’41%‘}% AEAL Ao Tt EEE =, I A2’ AT R 1A A2 E =
StUTE o 71 AL EE o] ALYy Y

ZaAdArHAW: T ZHPAE call () HAZEE AYHorTYTH 2 EFAE I A EEHEHE
A3 ZH5Uch

6.4 ojfo]= 2HA

o9l o] E] 2 oAl TR E o A

e

A FAFUG 24 558 5 ol AW AL 5 ST

await_expr = "await" primary

WA 359 F7F

o 3 AR A AU Th 1A %o B AR

power i= (await_expr | primary) ["**" u_expr]
J}A, 257 e AFAES 4 F AR Ao A, AA AL L E2Z A JF o7 gho] LAYt
A5 AR A 8 P ot 5 A Aok A2 A LIk 1ees &t o) Bk
ARAF QLA W pow () 47 F AL QA2 5T wfs 22 vk ik 9% AAE 2 2%
AR AFAFE G2 FUTH 54 AR B4 35 JOo2 W 1, Avks 1 F AU
int 5] 914k 2] 9, A ARpE S5k ok o) 4 A W AAAET S FS ZFU T F wA 9
27 g, BE A = float 2 S 31, float A7 AP Uth o & £0],10%*2 =100 & S8 FA T,

10**-2+0.01

mlm

=dEUh

0.0 8 &4 2 ASA|F35+4H ZeroDivisionError & €2
(complex) 7} UgUth (oA HAANA £ valueError & 92

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

6.5. ASAS 83
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u_expr = power | "-" u_expr | "+" u_expr | "~" u_expr
The unary — (minus) operator yields the negation of its numeric argument; the operation can be overridden with the
__neg__ () special method.

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

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

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

A9 S 25Ut o] A & dRE AR 1] 2 POl = HgH o 7o
E e, shhs FAE AAAHE0 T, st

= RS =2
N2, 24 % AR 220 gl

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

C A DAL AAES) FEFYTE AAEL RF ZAAY, B A F50 TR AL A A2 of
T AT e P e AN D AR DA i
o] Wk gre W AR~ BE UL,

T =

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

€ (a) A4 FY FAol S QU st A YAFE o= A o] AAE TASA U
U,

W 3,500 7}

/ (=) /7 (B v AL, floor division) A4ARAHE 2 1 QIAHE 9] 5k (quotient) = F U oh. A A= HA
FEFoEHIAPULL AL YA A E e, AesYd A A2 Axsags FsUth 1
A= A 0l Ve Al o] Ao floor’ T4E AL AJYT 022 V= AL ZeroDivisionError
o] & dogrh

This operation can be customized using the special __truediv__ () and __floordiv__ () methods.
(252, modilo) AL A WA A4S % A AAL e G A E ST R4 A4EL DA 3
Foz Wy ‘4‘4 LEZ AA}7L 00l W ZeroDivisionError o2& °‘ oAqULh AAE S AT E
dHUth o & S0],3.14%0.7 = 0.34 9} 25U TH(3. 147}4*o7+o349}7*013§) =2
4*%%%?“%4@MWQQS$EEQLEﬁauqq(llﬂﬂﬂ) Aol duighe

labs (x%y) < abs(y) ©] $£84 02 = Zo| X1k floate] 7 Lol = A4 22 (roundoff) W] £of] %] 2 0 & o] o} d
o] £ £ o], 5}o] A float 7} IEEE 754 HH@E—;%XM ZHPZL /AT uf],-1e-100 & 1e100 7}1e1003}E 17
A= -1e-100 + 1e100 9d, A Ao 2= 1100 I A Fs| 22 AU 4 math. fmod () =




The Python Language Reference, = X] #] A 3.10.13

B4 WA BER QAL 02 2L G502 AdF o] dFUThx == (x//y)*y + (x3y). 3
T UAA REZE U g4 diviod () = AZ2F O JdF5 Ut divmod (%, y) == (x//y, x%y).%.
A tla) BEE A FAsE Aol Ko, 4 A ol A e 2L 2ol Y (AL B o)A
Sehas eiA Ugthe FRBEs] A EAD A )5 A A F Ik BAD B B
glo] A 2ho] B 2] & 3 A2 A A old-string-formatting o 4] A ™ gy T},
The modulo operation can be customized using the special __mod___ () method.

A Al Ak g2 A4kl divmod () F s Hago] tisiM s Befs o 9A stk A,
AAsthd, abs () TS AHSS A Ae 2 A A 2.

S Qe 2 A ES S § U AR E oAb, B 2 39 Adaclol g,
X B, AL UA FEF o MEd &, A FAFAUTE A2 B AlFaE olojg oA Ut
This operation can be customized using the special __add__ () and __radd__ () methods.

- (7)) AAAE T ARES] A2 FUTE £ ARNELS WA TEFow AU

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

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

) AUEE AFES A2 WS YU, 3 A AAE F A AL Fol 4 N2 SF Aol
This operation can be customized using the special __1shift__ () and __rshift__ () methods.

$EBZOoR nHE NZE S AL pow(2,n) £ AF UEASE A0% AGUTh 950z nuE
NZE s AL pou(2,n) & B A2 Bl FY T

6.9 o3 n|E A4t

Al WY v E A4k ZH) o A e E sy th
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.
SAZ AT Sl wEel, o] Af -1e-100 & EFUTE of® F2W ol ¥ AF A& & T2 2P 2 UFYh

2x7byS AEE Aol e} ofF sy d, B (roundmg) aﬂ—roﬂ x//y £ ( x—x%y)//y Bty 1 F 4 dFUth 19 A,
divmod(x,y) [0] * y + x % y7kx 2} o}F 7MFEE FA3517] 8, o)A F ] d3& EdFUch

6.9. o]g H|E At 85
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6.10 v| 2

Cohe @, shol Mo A BLE T A4k , =
Ee COE 9,2 < b < c 9 2L BAA o] Stol A9 2L P 0w 9

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

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

Hu s AEA 4248 ¢ AsUth o8 80, x <y <= z¥x <y and y <= z 2 553 Ao
A2y o S 24 i FadvsE AJUT GHAT F 4+ 25 x < y 7 AZ o™ z 9 g2 514
FFUEh.

FAHLCR, a, b, ~-,y,z7]—j——i:_*—‘.0]_17.,0p1,0p2, 5 opN 7} Bl 3L Q14HA™, a opl b op2 ¢ ... y opN
z vz 2AAY e A @ vt Fittks He A9l a opl b and b op2 c and ... y opN
z S ESgUTh

a opl b op2 c7}a3}c7&£’4 oW FFY v E FAIEHA k7 wjEoll, & E°l,x <y > z o] &35}
Al (oFuf o] ¥ 2] = ¢k 2}

—h
o
—h

FeLl krA

(
el

o
)

gy ®

e 9
3
Y
AN

Vv
Il
Il

vV
Il

A
Il
"

rlr

= AAe] e W TFUTH AR So] ZL

1501 (3} ofo] AL E]o] T3l & ZHethn 2oha 3

q_: cﬂ% So], AA ] grol ulsk ;ﬁ‘iﬂﬁ, ,_1( anonical)
sol, RE ey A E R TAH =

}% A S] ghol F A Aol o }% S EF

Ao AZIE F5U o

2) object ol A B gol7| uj &, 15 objecti e 72 v 52

Sl o =R 3u Uﬂ A = (rich comparison methods) & T~ A3 A AFA1 Q] ¥] i

o, 7124 9l A~ e vhol o] A o] 4 A H T,

£ A1) ool eIl 7 M-E FUIT. o)A, 2 ool AElE § 2
FIL, T2 ol B H & 2t 2" e S5 va e ES FYth
HEALA (reflexive) (&, x 1

ko
rr
2
oy
i
:L

2

=

ot

o
flo -
5

)

ol el 4] A <] ghe

TR W i<}

I
o
oy
&
ro
=

o =9 oor wn F Lo

1zl

14
o
A
W& gL
pA

i o

o KU [y
)
s
rlo
2

N ‘ﬂ"n:l)
o
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%

Rl ot 2
El
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r

N
v
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b mfy
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N
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S
—

lo of 22, =N

[o

Ldzﬁ

N
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i g
rlo _[}011
flo
N
=

ot X fd
o
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[N

ﬂ

B

19, off
fEorlr s[> ol 2 ofy
I

e & gor T
-4
r o |

NUR Y
[
o

rlr =
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]I,
ru]o

N~
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N
LLc;jgn

O
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N
24 o o
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rlr
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LH
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il
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R
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10k

(order comparison) (<, >, <=,

>=) & sS4tk
7 55T FAS FF AT vk 2T

o
N
offl B>

v
rlu

o
e
s

Aul
i
o ML
rlr
ro,
N
T,
[>
e
o
otk
o
>
fru
AU
[rtt
v
flr
N
e
offt
ol
R
El
1o

o T
iv
ul(f
o

O
% |

o
2
flo o o &
[>
Anj
)
©
X

N
@
ol

ko

g

=

o M
ol

il

1o

Ry
BlOK
oft

L)

o

N

ffy

E_'Q{J

A

v

=

ZF =2+ & ((typesnumeric)) 3 5 gFo]H 8] 8] & fractions.Fraction ¥} decimal.Decimal
o HHE SAE S, BASsl v B E AASA SForhs A AT W as, 240 e S
Zbe] W57} b e BRI 5] A ol N, AUES] 4 glol Ao (FnelE Aow)
= HFE A ¥ X P
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NaN(not-a-number) ZtE float ('NaN') ¥} decimal. Decimal ('NaN') & EgstUrch 2& =219}
NaN Zbe] il = AR YUtk ¥t g3 F o2 YE 3 g+ A 2, NaN o] ApA 3 ZA] ghrk= 21Ut
& So0],x = float ('NaN'),3 < x,x < 3@ x == x: = AR AUk x 1= x= ZUrh

o] 522 [EEE 754 & &gt

e None¥} NotImplementede= ASFEYJUTH PEP S AZE
operator) 7} b isl} is not & & 8 sf ofstriar A3 oh

« Hlolue] Al AAE (bytes Ybytearray o AAEAE) L 4L AV 45 Mg 5 dSUrh o2

E2 8459 7\‘;(]' %} & A&l Al AR Al S = (lexicographically) W] 31 T}

e EIE (str 9 9 E) 2 B9 Y I = FE 2 E (Unicode code points) (W7 &= ord ()
o d3hE }%*ﬂ/ﬂ’\}@ ° 2 vwgyct’
S EERREE P PSS LR )

o AJAXE (tuple, list, range & JA2HAE)2 22 P78 vl d 4 &=, range+= 4 B I E
A48 FSUTE AZ T2 PS5 1Y 5 i s FILAZEOE IE WY tavaie

TypeError & 4o 7Yt}

AAaE deste 84 e HuE AFESiA AP A oz vlu gyt W AeElolvs It oz 5
< 3k (identical) 2} 2| 7} ZAFA 3 ZTh3l (equal) 7HE Ut o] & F38f & L g A A of] T 3 F 5 A (equality)
AAE $3)8te] 45S MAS T YR 2R ATk

W4 AAAE) AR W The T 2o o] ol h:

- 290 ugn van A AN e Felm, Aol 2 3o A28l A gl
2oha vl s olof B THEl S Bol, [1,2] — (1,2) & AR, Fo| =7 g ch

=

HavuE A g3t ZAAEL &4 HAZ T2 QAER L S FUT (A E 59,
2,x] <= [1,2,yl x <= y &<

2t vl ag Utk (& =91, 11, 2]

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

4 v I (<, >, <=, >=) = TypeError & 4o 7t}
* J3E (set o] frozenset Y JAI2HAE)2 T2 JEJMNZ OEFE

°l AL 23 & (subset) 7 491 3 9 (superset) = S8k thav] . A4AAES B ) o] #Al=

%A (total ordering) & 9] 517] ek Uik (o1& o), 7 AT (1,2} 9 (2, 3} & h2EA %, Sp7

Geﬂ44$¥§§ﬂ1  SPU 7L TR Sge) AR Bel A E gk Eh. mebd, A Aol o &

St Bl ARl AuEA de Utk (ell& o, min (), max (), sorted () ol §H o= 39
2EE AFstd HoH A k2 A& FUTH.
At vaE 1 2459 v S A g T

o iR o2 WAF =2 v Uﬂ"i‘:%%??i%}ﬂ 7] w2, 714 ¥ F 2+

Wi 5 A A ubo| 2okt AL A A BHATLS HsFTIE B

e

H 2.5 o of g}

%52 T T 3EQE (code points) (¢ & S0, U+0041) 2} 4+ & X} (abstract characters) (%] S , “LATIN CAPITAL LETTER

. FEo] Je YRR 24 FAE0] 27 dhute] = “°IE“P°E*‘?ﬂﬂﬂ%%ﬂi%}‘%f’l“fl iz =

JQEJAA2E 53E 5 I T4 A= Bol d5yth Oﬂ =99, % } 22} “LATIN CAPITAL LETTER C WITH CEDILLA” =

T 9 X U+00C7 ol Q= 3k 7l 2] B3} & 2} (precomposed character) W T = $] 2] U+0043 (LATIN CAPITAL LETTER C) o] 9l+&= 7] & 57‘]—

2]

(base character) 2+ F 2= 7= +0327 (COMBINING CEDILLA) ol 1= 2 & A} (combining character) 2] N A% EHE 4
AFUTh

%2}%91 H R A= FUZE FE ZUE S£F A v|2 gt o] AL Ao Al vl A #A A = dH Ut ol & , "\u00C7"
== "\u0043\u0327" = AAYGUT} A F ZxE o] 2 F4 & Z}“LATIN CAPITAL LETTER C WITH CEDILLA”§ i*c;ﬂ;tgx] Zg=

EAE S FAF B e Eol A vt H (F, AFEo) Al A #A e MY © 8) unicodedata.normalize () S AMEEAIAIL
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x is y¥Hx == y T}

« ] 32 o) 3 A (symmetric) o] o] of FU T, ThE T BRI, 0} T 2L BAAL 2L ATE Folof
ok
) o

x == y %y ==
x !=y&y I=x
x <y%y > x
x <= y oy >= x
o H] L& F0] 4 (transitive) ©] o] oF Itk Th (A E1A] 9F-2) el E0] o] A= A5 T
x>yandy > zWHx > zt}
x <yandy <= z9¥x < zT}
e ARl =g A 2o Holok Ut ThE wE RHs Y, ok BHASo] 7L ZHS =ojok )
x == y&not x !=vy
x < y&not x >= y(A A A-%)
x > y&not x <= y(ATA F9)

A g F 2@ A2 A sA A AEPUTH(AE =, Ald2dd = A8 AT A v P2
38 %] 5 Uth. total_ordering () HE O HE BHAAAL

s hash () ATH= BT ABAL SRS oF T Th 2L AR S S 2L ANE 2AU A 25
P Prpt ey

shol A2 o AW FHES FATA G4 UTh AP NaN FE S o] FHL whe g o AUk

o

6.10.2 5w 4 ZHAF Azt

A4 inFnot in-& WHAZ AARFUTH x in sEx7bs o WA o True &, 21384 &S False
£ FUth x not in s 2x in s 9 BAE FYh 9Avg £t ot B WA AFAER JY
A5 A AAsHe, GAN ) 9L in o] GAN Fol 2 717 SR AATIT lis, wple
set, frozenset, dict, collections.deque £} 22 A E| o] S

e for e in y) & F5IYh

2297 nlo]lED 89 AL, x in yE=x 7ty 9 RE B2 (substring) 9 A%, 183 2% 1 Aot
True YUtk B5F AAE y. find () 1= -1 SIUTh W RA4GE PP e BALE B2 g
FHZFE 7| W&o, "" in "abc" L True & THEYth

__contains__ () WA EE Ao 3t= AMEAF Ho] 229 %, x in y+Ey._ _contains__ (x) 7} Z+
£ £ True E,JE‘X] koMW False & EH &Yt

__contains__() & BYsHA] RARF__iter_ () & BYst= AR BY S BF, v & olHE
Tg o RAA % 10 7 o 5 n 2 E Bl TAHE oI G2} GEAA D« i v & Frue U
BAStE St o7 IS ino] 2o E dol Ao wE HFHYLH

npA eto 2 &= ~ehd (old-style) ©] E] ] o] A iiii—‘lf\]czwu} FH 27 __getitem () EAYT}
H,x in yEx is y[i] or x == y[i] & BHEdE= So]old AL Qe A7t &A1, 2R} FHS

BE % A 2E 0] 3 Indexmrror 99 & ?2‘271 A] ‘i’%‘: 45, 283l 24 T F9-% True 7F U T

78] Q7 HFAGHE ino] 1 A E doyl Aow HIFH UL
AR} not in& ind EelH RAHo T FojH )
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6.10.3 o}o|dlE]E] n]Z
AR} 15 9bis not &AM ol HEEE ANFUTH x is yEx oy 7} ololHEE T} 2 A Y

,2E)3 27 2 A AT AR ofo e B = id () 4% AH8sIA 24 F Ut x is not y
weld 54 ghe FUek

flo &8

6.11 =32 <d4H(Boolean operations)

or_test = and_test | or_test "or" and test
and_test = not_test | and_test "and" not_test
not_test = comparison | "not" not_test

=g Aate] Bwlo| A, 181 E@ ] Aol == —v—(control flow statements) o A AF-&-2 o, T} FE2> A
Aoz g Ut} False, None, 2E 2] 52210, ¥l B} AH oY (EAYE, FE, 2l2E, gA- 4,
A3k, B9 A 3 (frozenset) S J_UPEH/]I:}) Jule] RmE 7o Fo 2 FHAPLUTH AL Ao AXSL
__bool__ () Wﬁ_aﬂ*ﬂﬁﬂﬁA%ﬂﬁmme@%ﬂcawﬂzﬂﬂ4 Ut}

AAR}F not & 2 QX7 AR O™ True &, 218 A oW False & FUYTH

F84x and v & WA G TPUTHx b AZlolW I g2 BFUh 2194 ow y o g2 7
Fo 2 A7 el F U

HAA x or yEHAxY F= TPUTh x 7L oW 2 3 EHF U 2383 dody o ge 7+
Lo 2 435 EHF U

and £t or o= Z1 & Rk} gho ]‘4’1 3 Falsei}rTrueixﬂa"‘ﬂ'ﬂ oFa1, Al mpx]abe]] gho] 3l X AAE
EFd FYHoFFUTh o] A2 W2 LRI IAFUTH A& 5o s 7 EAE ol v]o] loW 7| 2o
A= o] oF S, EHA] s or oot et e A BT not & A S WrEojofdtE®, 1
AR} &3k AA GO %ﬂ%k(booleanvalue)E =HFYUT (A& £, not "foo' &' 7kolYEtFalse &
TsuUth)

&

Ol' ER

1=l=

6.12 T Q) A4

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.

Qi Q) AL Abd F Shbs DA shE A4S AT MU

if matching := pattern.search(data):
do_something (matching)

EE ARSI 2EPS Ao

while chunk := file.read(9000):
process (chunk)

Assignment expressions must be surrounded by parentheses when used as sub-expressions in slicing, conditional, lambda,

4 2% 7}8] A)-4> A (automatic garbage-collection) &} A} =2 (free lists) T T] 2 3 H ] (descriptor) &) 5 & 2l A A wj &0, is A4S
QiEA HASEOY AFES Mok A0 28 54T A0 A4S 0, ALE Koo o] 4T FAL FAL 4 Yk UTh o
AAT ARE 1B EAE FAA L,

6.12. o =94 89
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keyword-argument, and comprehension-if expressions and in assert and with statements. In all other places where
they can be used, parentheses are not required, including in i f and while statements.

H A 3.80] 27}: o Q] & Ao thd} o] A3 Y-&-L PEP 5728 22314 2.

6.13 =7 3 Al (Conditional expressions)

conditional_expression = or_test ["if" or_test "else" expression]
expression n= conditional_expression | lambda_expr
Z7A xdAL (W2 “4F & AR} (ternary operator)” 21 & H U TH EE lo] A Ak A 717 Y2 A4
Ag 25Uk
EHA x if C else y2 WA xAY 24 C9o S F&UL} C 7F #old, x 9 ol + A 1 3
EeFUch 284 o,y o e 73 ol 1 AN S F Uk
274 xd4 o o g o 2HA S Y82 PEP 308 & 234 2

6.14 = t}(Lambdas)

lambda_expr = "lambda" [parameter_list] ":" expression
Yok E@4S (W E B} @ 4] (lambda forms) ©] 21 2P U Th o] & it F4E et B A H T £
Al lambda parameters: expression £ < AAE FUTH o] o]& Y= AA = o]F A A HA

AAAE S G

def <lambda> (parameters) :
return expression

RS BE5o FH2 o Ao AXAE HAL. g dA 08 o1 34+ 7 (statements) ©] Lt
ﬂ+ﬂﬂ€@mmmm%£@§¢ﬁ%ﬂ%ﬂﬂ%@ﬂw

6.15 ¥ 34 = (Expression lists)

expression_list = expression ("," expression)* [","]

starred_list = starred_item ("," starred_item)* [","]

starred_expression = expression | (starred_item ",")* [starred_item]

starred_item = assignment_expression | "*" or_expr

gre He gl AR g A Sy, A4 St 4EE TP P4 HEL RES
EE0 8 gol Fei A

FUTE FEe) dolt B%ol gt 2ANY ALY ULh RHAEL AT A ©
ol 2~ ¥ 8] 2~ = (asterisk) * = o|E] 2] & A 3| 7] (iterable unpacking) & YJEFH Ut} 3 A
olofo} Fuith. 1 ol e o] BB AR~z S5 ol A, A 7 AR A
23 Yt

é
2
Lo
°
o
)
i

:‘%
i
=
o
=
=
[}
2
x
Y]

Zol 2+ 4E5E 9 2 R
BT 5 EUh 2o B AE/ gt 0Y BANS RES UEA 93, 1 W49 g2 Futh (3
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sto] e A& e 2%o g A ke THUTE t Q) e T S, ¢ gho] A BT AA
P _?_% o

= 2504, 284 L 2EY 2ol & A= AU R ol Fai Yyt

exprl, expr2, expr3, expr4
(exprl, expr2, expr3, exprié)
{exprl: expr2, expr3: expréd}

exprl + expr2 * (expr3 - exprd)
exprl (expr2, expr3, *expr4, **exprb)
expr3, exprd4d = exprl, expr2

6.17 AR S 49

The following table summarizes the operator precedence in Python, from highest precedence (most binding) to lowest
precedence (least binding). Operators in the same box have the same precedence. Unless the syntax is explicitly given,
operators are binary. Operators in the same box group left to right (except for exponentiation, which groups from right
to left).

3, WA A ol AElEl YAEL B B SAEAE R T Al AT AAY AH A
QLEZEO Z o] o] o] 7] (chaining) 3= 7] 5 ZF5 U]

G e

(expressions...), ﬁ@'(bmdmg) T 33 2 234, g AE A2y

[expressions...], {key: value...}, | o], g taZd o], A& tiaEd o

{expressions...}

x[index], x[index:index], x (arguments. | ABATHA, &£8o|A, 5=, JEZHE IFX

.),x.attribute

await x oJgolE T A

i AwAH

+x, - X, ~X 001:, _%, ]E NOT

*Q,/,//,% ZA FE ZA A A A e R]°

+ - ‘Bi*é]ﬂr@@

<<, >> AlZE

& H| E AND

3 H] E XOR

| H|E OR

in, not in, is,is not,<,<=,>>= = == B, WA AALe) oto] Wl E E] AAME 33T

not x =32 NOT

and =2 AND

or =37 OR

if—else BN

lambda 2} 184

1= ERERE

6.16. IS F5l= <A 91
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CHAPTER /

<= (Simple statements)

simple_stmt =

71 5@ &
24 2 %S Abstn
o A = Z A A= None
OE AR S EtE 1

expression_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

= starred_expression

ol AnEEos 225 shte] Sl U=

Y3 AU, (BF) ZZ A A (procedure) (2] 1] gl 25 B8 S+ ; vl
HeEHFUhE 2=317] Asl (Eﬂ—r—'—‘;ﬂi}ﬁéﬁi) AHEE U 294 £9
= E27F A5

93
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ERY 2L G BR4Y 5 Je) BRY 222 g Tk
3} B0 A, ghol None ©] oty ™, W repr () F5E /\}%311 AR E M A1, DA 2 E A
gure) zol Bx 2802 ByUrh (A7} vone QW 28R holA, TRAA TEL oW 2%
WE A it
7.2 QY&
B YR e o] 22 ghol () AA S 4 AR o] o EPHEY FBES £AT T
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 ] + % Ao+ Zzloln 2] AHS BAA L))
HYES BHA BS Ol A0] Ste RANY 4%, RS Rel8 B2Y % g, Fae) FEFE
o] B ol Itk AL 7198 2) o ke FIIL, AEA L EE O, uje] A7 AAE B B2

Zzko] B g ok,
WYL B (55)9 Fejo weh AR A0 B FUTh E2le] /¥ AR AR (JEARE Fx
NEzaget & ﬂﬂ“ﬂiﬂ%ﬁﬂﬂAzﬂﬁimﬂ%¢%ﬂﬂﬂwhllﬂﬂiﬂeﬂﬁﬂﬂ
A4, o] WotEel A S GO oS Qo d 5 9 7} %
sh oo e 1 AA P Ao H Foj A (EEY A5

A BEY AFER FANL S et AR DG, o Y A e 2o
AFH 2 BolHY
A

I
JHU

o] o 2~ E 8] 2~ = (asterisk 2!
Fr: A Aol w aﬂ%éﬂqz%aaqfﬁqduﬂoﬂTAQ%;m%a%
SISk Ele el A8 9RE L A%o) S ERoR A0E B el ek
EH‘Q%HE} ol 2l &2 S 2= g Ao e = gl Sl thd g Yt
ol YA FEE= 749 8= Bl th g Utk (o] el2EE vol e

Mﬂ
MO
i
0,
o
>.\l
;
;1
y
 E
Eé
_vg
Pt
Yy 2
;&
K
m{
o
°
ju
o
i

Fet >
ofr

i

g
ofr
o
_|_4
4

TN T

:&mm
o

E‘_z
[y 2
[m o5t
AN

oo 2 mlE
o

312
oy
o &

2
R &2

2 H o oo

N
N
lo

N

1o

oot

52 AlFste olHe £

% ot
o
j% o)
L)
rlo 2
fo o rF
&) Jau’
2
HOX
fo
fu =
B
[o to
el
[o & @
oo
o Al
o
2
=
jiA
il
i
O

o
L g
2o

shto] B} 2ol
- B 0] 4

- :LO]
2o

)
o
m
o
-}
R
2

:“.:
o
N
)
)
B 2
o

o &
Y
By
o

ot o,
OI"_]rt

o it
&

= global Y nonlocal 0l 573t ¢Fow: 1 o5 A

Aloll 29 Yt

o
R

(o]
ry

>
ol

]
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- 2R koW T 0|52 A4 A Y o] F FZolt nonlocal of o3 AR E = L o] 5 T3
A AR AEF Ut

]Eo] oju] A= o] o AAAF UL o] AL 7|Ee) AAH ] Jdd AAY F=x 357109]

2 mS ol A, AA 7} AL 6]"?‘_1 w227}t ‘ﬂ—‘é'ﬂ 3} 2} (destructor) (ZF o) 7 TEHEE

AsYrh

[*]
o

=

P

2849 ke TR o] AL U A5 =7
o ok © W TypeError 7} o]t} j_oﬂj_ﬂlxﬂoﬂ_'_o]x]
1= ﬁié?'f“/]i}; S sl 4 gopd o 9] (X% AttributeError

59

N ode @ ®H [
ok
[_EL

lo N m fm N, e I—ﬂ

A AA 7} e

2 (right-hand side) 3% &

d=dfeg AT =4
A

¥
(‘% |
@
s
f=~)
=
o,
o
L)
o
(m
Ny
2 g
T
= of

[m 2 o> [

I>mﬂ£ﬁ
ML ko
[ BN H1mm
2 oo S

class Cls
x = 3 # class variable
inst = Cls ()
inst.x = inst.x + 1 # writes inst.x as 4 leaving Cls.x as 3
o] 7] property () 2 ¥HEo] 7 X2 € (property) 9 22 2 A Y E o EPHES 488 B2
Q)
~ W .

2e] o)A AT, ARGE A AR 2
Aelsg 747 FEo) A& DY eheb &7

S Rl a8
doAUTH(ME ATHE A Ao g o 2
olm 7 (9M 1] Z2) w3 A, A
Fol L Hu 22 e AA o v sHs )/ dgd o Olﬁﬂ 22 % %k"
719 717 e dAE = A, (B2 3] 717 EASHA %}% AR AR AT

.
]_

u

> N2 [
oo H'l rlr oﬁ,ﬂ

>

ﬂﬂﬂﬂ“ﬁ“hvﬂ°¥ﬂuﬂ(ﬂ E Z2) 7hd Ald 2 A
2o W) A A oF Gt 28 g, EART slok A
A2 e FRUTH 71232 0 Al F 29 dojtt. FAZL ATt Hook FUth £ 5 o=

F7F e, Al L_A dol& vtk 2384 2ol AARES 0 A A2 dojut
%ﬂﬂ%ﬁﬂ H%QWUHMQEMﬂAﬂﬂﬂ ﬂﬂé%ﬁ“ﬂbﬂﬁéi

»@umm;m

=] .
CPython 7-3 AHAl: AA| T3l A, B}l o] F2 &4} 2
ARE 7] v & ] o2 HA A 7L & AN S A= A2 F Q)
Ao A7 FHT LW ko] FHo] ‘FAA =
A E nEFUTH A S, e a5 ZHA oA SH2 AF
e 25 e AAE EsUth dE S @O [0, 2

72, YYE 95
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(o] A sl o] A A M A%)

i, x[i] = 1, 2 # 1 1is updated, then x[i] is updated
print (x)

o ®17):
PEP 3132 - 27 o]E]2] & A 97 *target 7]5 ol t 3t 14

N
N
o|N
g
flu)

0
r-lu

(Augmented assignment statements)

SE TS T EFNA olF A i dES FA= Ad U

augmented_assignment_stmt = augtarget augop (expression_list | yield expression)
augtarget = identifier | attributeref | subscription | slicing
augop = ny=mn ‘ w__m | Wx_—n | n@:" ‘ n /:n | "//zu | nog—mn
| nss=n | Neg="m ‘ ne=" | nA_mn | "|:"
(A Al 712 0] £ Aol zetoln g AdS HAA L)
g B (AN YR TE el A Qo] B 4 sUth B B4 B0 e 7ok, 5L 9
ARFE Aol Y] Fof Wi o] @ A LS T, Aehe] Bho] 1 AHE YTk AL 24 &

Wk ghol 7814 U ok

ol

X += 1ﬂét%%ﬂ1‘ﬂ§;%x = x + 1 AF A &5 e, 383 22 29+ oy wknj et 2
FE FUth FEHANAE, x 9 g2 22 Ak 2y h £33, 75 ufl, A A A4S A 2} (in-place)
oA =Y, A AAE HET IR o Y37 ks, oA AAE =4 ohE Qv gyt
dut Y= 2, SE UYL Y S Fat7] o™l FHY S FRHYULh A& 0, ali] +=
f(x) EATNali] €2 oh, £ (x) 9o & 7ok, QS s, vpAgoz 7 A3E a[i] 9
oAl U

e RN T2 05 B2 tYdts AL oY= 3, SRt &l 93 g2 dul o
Z2 oz AP Uth AR g, Azt 5272 7MeAd S Y s, SR U W Eol sdFEE
o] AAre Auk o] W Axba} 5yt

7.2.2 o] o] E H v ¢ (Annotated assignment statements)
olmEl ol A P, g E AN, AF U o EHE o Eo] AR AT S = YRS FAE= AYYh

annotated_assignment_stmt = augtarget ":" expression
["=" (starred_expression | yield_expression)]

The difference from normal tj] ] & is that only a single target is allowed.

ol B 7ol et o B2 25 A, Fel2 U BE 2320 2w, o B0 42 gho] Fa% ¥ S
F2t 259 oJE-HE _ annotations__ ]XJZPQ—H] o] E|HEE= (Wlek n]Z/d FH 4 Q)
W ol g2 ol H o] Ho A7+ AR s JUTh o] ESRHEE 277 S EH L, 2
20 RES ARS AT o mBlo]do] AA e BAR W BEo] Lk,

A Bz 234 £, ol mH o]dL FlaY BE 2320l = AAT ghol T3l A A A FH A
£ 2,
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o] o] g AT LA o H o EX W, o] o] -2 T AF x| A F A (local) JUTE T4 2T Z oA o
H| o] -2 ghol 3l A Ak A Z= 2] o5 T

FH o %Zﬁﬁ}tﬁ 014—51101‘53 o > (7qufﬂ ZoA) o =H o] A S 737 Aol AA g 5+
FUTh 234 ALY A ol EAstA ko, Az EHE EHAY g Feked, v
__setitem__ () O]q_setattr () &L Qs )

o B

PEP 526 - W= o] e glo] A B FAL 53l st Al i (Fda Med dadavis 23hH o) 38
ol :H ¢ E dh& £ S FIHeke Al

PEP 484 - P JE A A £ IDEAA AL S 4= 9l & o o] el e & S AlF3H7]
aikl typlng BES F7hee Al

H A 3.89]| 4 ¥ 7 : Now annotated assignments allow the same expressions in the right hand side as regular assignments.
Previously, some expressions (like un-parenthesized tuple expressions) caused a syntax error.

7.3 assert ¥

assert &2 = 2 713 of] Tj ] 7] o] A] A (debugging assertion) & 4+ ¢ 5F+= H 2] 8k W o Yt

assert_stmt = "assert" expression ["," expression]

7reb3l H e, assert expression 2 th23 S5 3HUt}

if debug
if not expression: raise AssertionError

449 3, assert expressionl, expression2 = U3 EE3Ht}

if _ debug___
if not expressionl: raise AssertionError (expression?2)

ol TS e debug_i’»]-AssertionError 7} e o2 YA MS4EL e 7tk AR Y ok
AR FHAA, W My __debug_ 2> IHHA QA Ao A True 0|31, H A3 7 S PS of (B3
&/ -0) False ?qu/]’ Ao Z= *g/“ﬂt A Al D H A3} 2 = W assert w2 A TS
SR FUTE ol g A Ao Aofst xd A Aax FTEE XTT F Q7 S0l FYFAAL; TAL

sEl Edo] a0 QR E 2P Th

__debug__ o et 42 31 &= A st o] & W) g2 AH e g7t LS wf 24 F U

7.4 pass &+

pass_stmt = "pass"

pass £ dnull) AUt — APD o, o7 A= oA Gk BPAOR Bl BLds)
FAH T AL g2, A28 AL FEE LRI Y5 UTh o & o

def f (arg): pass # a function that does nothing (yet)

class C: pass # a class with no methods (yet)

74. pass & 97
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7.5 del &+

del_stmt = "del" target_list

AR Dol BB WA T} ok Wl L3k AR H 02 A FUTh A AR AFES FAstE T4, of ]
39 71 SlE7} gl U,

B 559 A= 4 EAS FqA LEZ 02 AHFH o2 AT YT

o] 59 Al = 22 IE EE9 & global 2o 1 o]F o] TAd=Aof het A Aoy A A o] F & TH A
ol59 AZAE AAFZYLE olFo] AZAH ] A ko™, NameError o 2] 7} doj gt}

OEZRE Fx, A BT HAM, Seto] Ao Al B E Zetoln g AXZ AL Ut Sehol 8 A7
= gt o g £ o vl o]l AE Yot A T U (BHAI T o] AxRA}F &2fol A == AA 7
sHghyoh.

WA 32004 WA Aol & o] 5ol THE EF A AF HFE 5= A AY o] 5 3ol A AHA|8h=
2l

o 5 2k=| A FgkuiTh.

7.6 return ¥

return_stmt = "return" [expression_list]
return< THALE ZY2 oo SHE F¢7F okl 5 Aot FHH o e & Y5 U Th
ZPA FFo] Jod g Fokal, 134 oW None 22 XS YTt
return& 284 B5E (£ None) 2 HH& o2 S| A, A9 S-S =
return ©] finally A& 7} try BoA A7 HAJYUYEE gtl== F
Aol 71 finally do] A3 r}.

A g ol g gholl A, return &2 A& B 7} E55-& 7He] 7] A, StopIteration 98 & 4o Uth.
return 2o A F 5 = 7k (Yrhd) StopIteration 9 "“"421—01] o122 A FT o] StopIlteration.value
e HES F U

H 57 AYdloly FFolA, ¥ return 2 Hl 57 AYdHoHT EYSS &8y,
StopAsyncIteration o8& oAUtk v 57 AYd ol oA, Ho] YA ¥E return &

4 elE gy

7.7 yield ¥

yield_stmt = yield expression

yield & yield 334 3 g w7} QlFUth 55 S hyield 2@ Aol A BR 2 o= ET & A7) 96
yield & AF2 Ut} ol & £ 0], yield &

yield <expr>
yield from <expr>

TS 2L yied BB A BAET S5

98 Chapter 7. T<%(Simple statements)
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(yield <expr>)
(yield from <expr>)

yield @43} F72 A 131] olH T4 AT wj vk ARE-H 3, Al El o] § 39 uh] of Al vE AL
S o) 7F Ank g Al Al e Ol FrE WEES ot e yieldE AHSohe Ate s S
[e)

£
yield o] 5ol thak A Al A G L= 3T A (Yield expressions) A2 318k H U ok

=]

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.

O33R ko raise+= o9 AAZ, A HAl 2349 gHS UL} BaseException & A H Fd 2}
Adaddaojop et Zejad, o] A" Aas BT ol AR} glo] Feag AAHAE B0 A AHEH
Ytk

ol 9] 2] F (type)- ol 2] AxB 20} Fef 2T, Fh(value) 2 A 2|2 A YL T

A traceback object is normally created automatically when an exception is raised and attached to it as the
__traceback__ attribute, which is writable. You can create an exception and set your own traceback in one step
using the with_traceback () exception method (which returns the same exception instance, with its traceback set
to its argument), like so:

raise Exception("foo occurred") .with_traceback (tracebackobij)

The from clause is used for exception chaining: if given, the second expression must be another exception class or
instance. If the second expression is an exception instance, it will be attached to the raised exception as the __cause___
attribute (which is writable). If the expression is an exception class, the class will be instantiated and the resulting exception
instance will be attached to the raised exception as the ___cause___ attribute. If the raised exception is not handled,
both exceptions will be printed:

>>> try:
print (1 / 0)
except Exception as exc:
raise RuntimeError ("Something bad happened") from exc

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
ZeroDivisionError: division by zero

The above exception was the direct cause of the following exception:
Traceback (most recent call last):

File "<stdin>", line 4, in <module>
RuntimeError: Something bad happened

A similar mechanism works implicitly if a new exception is raised when an exception is already being handled. An
exception may be handled when an except or finally clause, or a with statement, is used. The previous exception
is then attached as the new exception’s ___context___ attribute:

7.8. raise ¥ 99
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>>> try:
print (1 / 0)
except:
raise RuntimeError ("Something bad happened")

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
ZeroDivisionError: division by zero

During handling of the above exception, another exception occurred:
Traceback (most recent call last):

File "<stdin>", line 4, in <module>
RuntimeError: Something bad happened

ol &) A= from Aol None & AN A YA Ao 2 SAA LD 5 JFUTH

>>> 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

oS0l that o B HHE of 9] AMol A BAR 4 917, ol 92 A et Aol that FHE iy & Ao
9% Ut.

WA 3304 HA: o]A| raise X from Y oA Y & None ©

o
B A 3.30] F7}: of| 2] &9 (exception context) 2] A= &3S A3 4 Q= suppress_context_ o E
p

gHE

Ko
i)
it
°

7.9 break ¥+

break_stmt = "break"

break + THAOZE for Ywhile FZo SHE AW YERE 5= AdFUth A9 I F2 Qo] gy
Fx Ao FHHA = EsUTh

7V 7W7bol A EY AL Qe F2E FEE, L F X7 else BE 23 lohd A H Y Th(skip).

for 2Z7} break 2 22 H W, 22 Ao] AL AA S S A U]

break 7} finally A& 7} try BollA A7 Hojus & e s A$, FZ2HE IAAZ Hojyr] Ao
I finally do] A3dF U}
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7.10 continue ¥

continue_stmt = "continue"

continue & ¥HH LR for Ywhile FLo| S AN Yepd £ 5yt sHx|RE 1 £ qhe)
et Zel 2 Aol FHF AL ehrth 2 kel A B AL dE £} 0 Ao 2R dol ke

BET,

continue 7k finally A2 74 try Bo| A Ao} 7} MO UL S BhE s 42, g £E Alo] 22 A 28}7]
Aol 71 finally Ao] A3}
7.11 Y F 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 | "."+

2. YEE (import) ¥0] ST 2T 29 Xl‘—’ﬂ olF &7l olgolv olEES F U
Fol (duz 2eld) o8 /e de =dsty, vhx] 7 do] dxe] JxE Fof o6 F2d AAH, F

& Auit e s o,

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.

2AI BEEolATALE go] SAY A 7 F o R A o] F F3kel 2/ g Yt

+ 2 0l ol as 7F &9, as Fol ok ol B0l YEER BE) AP ARHYh
e TIE 0| 20| N ALRA &1, AT EFH =R EO| FAY ZREOH, ZEY o]So] dZXZETFE=RE I3
Frz Ao o2 grel AR T
c JTERE nEo] Habo] REO| op o, T RES THakE A4 971 A9| ol Fo] 249 317
Aol 3 22 Ao o) & Fol AZFYh JTER REL AW Ho| 7| Rt A3 B 5E
o] £ (full qualified name) 2 S35 A A = o] of T}

From® e o7 E BAW AAE S P

I 9EER BE0| 108y o= HES HHEA AT UG
2 glom, 1089 AR EES JEENE AL NER TS JEEH REH 1ojEelHES
thAl AT

711. Y FZE (import) ¥ 101
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3. JEYHEZ HAHA oW InportError & Yo 7 Uth
4, 222 okow 7 Zho th3t Fxrt A A o] 2 7o ARE =1, as Dol 2R3 A 7)ol Al
AQE o] 52 AHEsa, 23R o oJERHE o5& AFS T
AH-g ol :

e

import foo foo imported and bound locally

import foo.bar.baz foo, foo.bar, and foo.bar.baz imported, foo bound locally
import foo.bar.baz as fbb # foo, foo.bar, and foo.bar.baz imported, foo.bar.baz.
—bound as fbb

H

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

AEAlge) B2 AR () 2 0P, RE0] oW RE F7) o] EEo] import o] 5FF 2Tz

A o] 5 FZtell AAFH YT}

250 BYH F7H ol & (public names) & 252 ©]F FZrolA _all__ olghE o] 59 MTE AAHA

AU Y=o Joid, ALY AlAA ok e, L EEo] AYs AU X Es = o] FEJUTH
all__ oA Ao S5 EF F/NE HFH AL REEA] A8 oF U Th __all o] BY= A FoH,

BEY o]F FA TAFE ol F, BE A _)E AIASHA = BE olgol /MR AFEUTh
all & 7] APL RS Z s of Gt o) 5o 542 o =4 97 APL Y CL 7} o FEES =55

AEZEQ A== HE] — from module import * — = BE FFAT 51 gyt Zd 2y s
Aol o A AFR3FE = A| £+ SyntaxError & 4o Yt}

AFET RES A AT ] REQ AT o] = (absolute name) S A F T 2= glH Utk EE oy 3 7] x| 7}
1

o2 9 7] A ¢hol] 23 of, 22 A9 M7 A Hell A= L 37 A O]%—% AT e glol Al d=xE
(relative import) & & o A5 UTH fromF ol ABHE= 7| A} BE gl Bolv= Fo=, & ol52
At A = ?53 A i 71 A A= ety A 2ebrtok o ] A 4 dsUth st A2 o
PEZEE stz BEo| A A A7 A& U F A A2 57| A 25 ALY 7= A
=3k A Y Ao = 7]]‘,] $£zo zeolyr) j_F,H/\-] pkg JH7] Ao = BEA] from . import

ook

, 5% I
mod & AP35, pkg.mod E YZEFHA HYtTh pkg. subpkgl ol A] from . .subpkg2 import mod
£ 4830 pkg. subpla.mod & FLESA HUI 4 YL E0] AT 725714 4o 2= 2ol
Solg ok

ZrId REES 5H0T AAFNE= SR ZZIHAES X WUFH7] Y3l importlib. import_module () ©]

912} module, filename, sys.path, sys.meta_path, sys.path_hooksZ A} o|HIE import & TA)

Al Ytk

7411 FA4 &

FA Y BFH2 Aol 53R e WA EHE v WA spolHo g FAV= AL A BEE
AdUth 2 71 Fol BFo] He X oHo| EE G E A 75 = AT A= E vt
future_stmt = "from" "__ future__ " "import" feature ["as" identifier]
("," feature ["as" identifier])*
| "from" "__ future_ " "import" " (" feature ["as" identifier]
("," feature ["as" identifier])* [","] ™))"
feature = identifier
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rlf>

==
==

FA E2 259 AY Aol vehoF gyt F4 & el g 5 3
E 52 E ¥ (docstring) (A THA),
A

r]r

ntl

FA E2 AFEE ok ol F L% 7] 52 annotations YU TH(PEP 5638 X234 Al L).

d

HFA FH 22 T3 S43Hd 7|52 A3 ol 3o g APk o BEF
°ﬂ — absolute_import, division, generators, generator_stop, unicode_literals,
print_function, nested_scopes % with_statement 7} TEFH UL o]AEL JdogEQY g
A EsE 3, 24 A TS A AL Q7 dEdYTh

FA T2 FAF == Ao Aol AAH I T FHUh B4 ZAESY Yrd S HAE S TF o2
iE’%‘*é%%ﬁﬁ TP Yh A 7]5 0] E3E A ?%t(*ﬁifﬂl"*oiﬂ%‘)/‘ﬂ TEHS S ATERX
7hsdtd], o] A= ALY EES UEA FAT = ds5Uth 280 2R S22 AP AF o2 nFd &

Ty

o] AolH o] YA AT, Wok FA Fo] TA| Fahe /)5S T

X—VS@?J A3 /\]@94 NI e d2E 534 25U 88 2E __future_, T AW} ot
UL, FA Fol e = Al GrHd PHe R dExEH YT

SR AP AHY MEES F4 Foll g8 2435 = FA AR 7eso 2 AsUTH

ol @ FAol & ol AE 88 Ao] glgol o8 of g Th:

import future [as name]

o2& FA4 £ol obdUth o2 ¥ S8 & Aot BHAA A o] gl B JTE £ 2
FA S 2T BE M 538 W T exec() 9 compile 0 S 3EdA AodE = s,
ZNRERORE, 74 Fol ARt A 20T NE2 A FUTH o] AL compile () o & A 7tE T
AAFE A B 4+ AEUT— AT HES T 5] EAE LA L

FH?W ¢l E% kxd 1‘4 i ZEIZENA JHH FA A Z g AAY G2 7|17 235 A3 A YL <

L. =
FAOR ARSI, 1 ATYET}F
€ 332 §AFU

).
1S
ot

m
N

t

%~
A, 12
ﬂ
;

}l_,
W |

rlr
=
ifl
g
.
=2

S

o B
PEP 236 - W) 2 ] _ future__ _ future__ WA U Z0] o] 3+ 2 2 2] A<t

712 global +

global_stmt = "global" identifier ("," identifier)™*

5 AA A Ag5= Ad Ut ddd AEAE0] A or Ao of Fhrt
=1t} global A glo] A MESo] AL 7he]F 4= Q7] E 312 9 global flo] A W

_;
riﬂ
(]
ul(il
il
flo
i
flo
H
[t

ESolA global ¥ ¢oll 8 + glsyth

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, ¢ I ass definition, function definition, i mport statement, or variable annotation.

global &9
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CPython T8 44 Al: 84 7-90] o] A|FS] Q38 FASA AR, T2 1YL o] A5 5344 Lofo}
Speul, TS PR TAEE ARG T2 2 o) u S o] 7 g0 WA 97 W E A
Z 2w e] 3] A}k global 2 3hA| 9 —?% X] Al A} (directive) Y U TF. global 3 242 Al Hof A H =
Feovt LGt 53], W exec() T4 HH = EAgoly = AAo] 2349 global E2 1
T FES XTI EFNE=EJTFS FAQ °J’ , 28 EXdo) 28H T = A S &S 285 =
T 9= global ¥ &S TA] &5 eval ) & compile () % vh7HA JUTh
7.13 nonlocal ¥
nonlocal_stmt = "nonlocal" identifier ("," identifier)*
nonlocs] £€ Y8 AT AL AT A Aol ) FEAE 2Tm) ] o0l A3 WS
ZHE 7125 e Ut o] 22 83, AZde] 72 o] A o]F FHE WA A= Ao W FE
AUtk o] 42 Aesd A=A S (D%) AFZ o A AFZ B HEEo AAEAT £ ==

ot

nonlocal ¥ 4&d o|FE2, global ol Udd Asde 22, 2| 2T 2N on] EAst+=
AZdEL 7t A Ut (A A o] ofd 2F 2ol RhEo] A ofut =4 W5t 28 4 5 Uth

nonlocal o Y&+ o] 552 A
o B
PEP 3104 - npZ 23 20| Q)= o] F5 ol g QA2 nonlocal £2 4.
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&3+ (Compound statements)

BYEL O BE(Y IFE)S TFFUT o8 PO 1 e RS APo) JFS FAUA
Pt DESA EATu, AA HEYEL B ER 2L 5 /e A QAo BYgRe oY Zof
23,

FAIUT 24 gl el oy = o9 A7y
i th ¥ FHOo R Z7|ste} vtol d 2] A o] 4

EEEL LR 2
YR e St 1 o4 B 2 LT Uh AL AH 9 A9 = (uie) 2 AP U 54 B 4
AU EL BE 2L Sl £22 25U 2 AU e S8 A8 A Y= AN FROR
Zuth 29=E 2 3 Alojs & 2 g IF AUtk A= ST BE HoIA 2L Fol Ay
2o 29 b} 1 o 4] BEEd £ YFUrh Ex A0k Fo] Sojxr] B shh 1 o] 4o
EFEASE dHUTh 04 T FHR YD BYILS EFT 5 Gk e 22 AL Snp=A
ered], Al 2 F w2t clse Aol 9rhd oW £ Qo %317 WESA k7] Wl Py,

ol EHoM AmlZEe] TBET Y FotA AFNA, tha 22 AolA, print () TEE2 EF

N
AEAY o= stut e A A FF Utk Aol S8 oF gt

compound_stmt = if_stmt
| while_ stmt
| for_stmt
| try_stmt
| with_stmt
| match_stmt
| funcdef
| classdef
| async_with_stmt
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| async_for_stmt
| async_funcdef

suite = stmt_1list NEWLINE | NEWLINE INDENT statement+ DEDENT
statement = stmt_1ist NEWLINE compound_stmt
stmt_1list = simple_stmt (";" simple_stmt)* [";"]
TAECl %@*NEWLINE Oiﬂlﬁu DEDENT 7} 1 & W& + &l 'SH of ety th =3 A bt
A2 o] Y 2Z2 AFAAZ U 7IHEZ NS w2l RE %] flvhe A= F55A 2 (3
oo ESHE if ol & 0%’*71 He Ade 272N ‘w2 d (dangling) e1se’ T4 S 3 A oh.
FEEL A3 theol o= BECA teE B FAEL 4 S WE Fo =2 TojY Pyt
8.1 if ¥

PP ES ZAR Ago)] AL ULk

if_stmt = "if" assignment_expression ":" suite
("elif" assignment_expression ":" suite)*
["else" ":" suite]

Fol HE AL AT WA BAAE) e S Ae T2 TN AT shke] A9 EE Qe

= 8
(F AR A= =2 AL (Boolean operations) MAS BA L), 18 S 1 A EE A3t (23
T 1 B9 SR O RS AN A §e] 7914 R, BE FAARS AR 1o B2
2= (ehe) AR

while & E@A 0] F9 ok AL WAL ol AH§H YT
while_stmt = "while" assignment_expression ":" suite

["else™ ":" suite]
o] 212 RHA S WHEH o7 A, FolW, A MA A EE AYPFUTH 24 o] AR oW (M-S FE
AR £ dvth else 29 2A (o) AYH 1 22E SR T
A A 2 o)A AYE E break B else B2 WA G £2E FRFPUL A AA 2 =04
AP = continue - 2 EY YA B2 AYHIL 5849 AR Fobiyth

for 22 (B4, 72, 22E Z2) Al A2 U e olHE & AA Y 2452 oJH o] Est=t] A&

for_stmt = "for" target_list "in" expression_list ":" suite
["else" ":" suite]
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WA B2 W o] FAAUCH ol HHE A thehok Gt expression list o AE
olg dlolE 7} vtEol A Y th 19 ths o E & o] g 7} Al F stk FEutth olHE o g7 EH T AUE,
AR E B U AWF UL £BOITH 2 FEol e BE FA (IUF 2 HAR) 2 B3 BEo]
fdE o, 2 EVF AR H LG EE AZEYS o (e]H# o|E 7} StopIteration ¥ el E 42
[ PR P TR O, the e1se o] 29 =7 (ohe) AAE 7 F 28 RO,

>

e

0%

o

Mg ©

for i in range(10):
print (1)
i=25 # this will not affect the for-loop
# because 1 will be overwritten with the next
# index in the range

Names in the target list are not deleted when the loop is finished, but if the sequence is empty, they will not have been
assigned to at all by the loop. Hint: the built-in type range () represents immutable arithmetic sequences of integers.
For instance, iterating range (3) successively yields 0, 1, and then 2.

84 tr

I
) &N

<

try 22 2% 2ol that 9] 221 71v A 2] (cleanup) T = = 11 5 EFE A5t o AHEE U

try_stmt = tryl_stmt | try2_stmt
tryl_stmt = "try" ":" suite
("except" [expression ["as" identifier]] ":" suite)+
["else" ":" suite]
["finally" ":" suite]
try2_stmt = "try" ":" suite
"finally" ":" suite

The except clause(s) specify one or more exception handlers. When no exception occurs in the t ry clause, no exception
handler is executed. When an exception occurs in the t ry suite, a search for an exception handler is started. This search
inspects the except clauses in turn until one is found that matches the exception. An expression-less except clause, if
present, must be last; it matches any exception. For an except clause with an expression, that expression is evaluated, and
the clause matches the exception if the resulting object is “compatible” with the exception. An object is compatible with
an exception if the object is the class or a non-virtual base class of the exception object, or a tuple containing an item that
is the class or a non-virtual base class of the exception object.

except & 5 o] A= o 2| 2t Wi X H A] ¢FoH, ol 9] A7) AL B ZES T E AE A AL U
2heFexcept A9 s tfoll A= 2@ A gt 7wl o9 7 ddsHd, Ao A2l AN AaE S
FEg 5& 2Eo A A S elof tisl AAZEAAE U (try & AA7F A E 2o Aoz HFFUTh.
1§ 2] =] = except A o] WAE H, o] 2] = Lexcept Aol Y= as 71N = (7F Yohd) F ol A1 d eHlol e L,
except ] AEZF AP UTE BE except 22 A3 7T EFS AR dUT 859 2ol =5,
try & A 2] F ol A AubAQl Aol ALH U (0] AL 22 o 2ol thal] F e SHE A2 717k A,
o ] 7} k5 A 2] 719 try Aol A EAFTHA, vk A 2] 7] = A€ A E]shA A A= ol guth)

't el s derlE rinally Bo] AR 2 Tollele T& 2o HYUth I A o9 o Fe] 2Ag oW A BEYTh
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of|9]7}as target & ARSI T 42 uf, except B Zoll A AHAIF U T} o] 22 ulA]

except E as N:
foo

7b ol gA MEE = A% ZFUT

except E as N:
try:
foo
finally:
del N

o 212 except A F-of 25 W o 92 ThE o Foil tf Y3 of Bk E YLtk o) 98 A AT ol R, 1
Zol ARH Eefol2u oz dla), A8 = B2 < 3e FHAN T /IR £AZ Lofi 74
S zee B E Ao MBS Fol s dE AT,

Before an except clause’s suite is executed, details about the exception are stored in the sy s module and can be accessed
viasys.exc_info (). sys.exc_info () returns a 3-tuple consisting of the exception class, the exception instance
and a traceback object (see section 3£ <=3 7| %) identifying the point in the program where the exception occurred.
The details about the exception accessed via sys.exc_info () are restored to their previous values when leaving an
exception handler:

>>> print (sys.exc_info())
(None, None, None)
>>> try:
raise TypeError
except:
print (sys.exc_info())
try:
raise ValueError
except:
print (sys.exc_info())
print (sys.exc_info())

(<class 'TypeError'>, TypeError(), <traceback object at 0x10efad080>)
(<class 'ValueError'>, ValueError (), <traceback object at 0x10efad040>)
(<class 'TypeError'>, TypeError(), <traceback object at 0x10efad080>)
>>> print (sys.exc_info())

(None, None, None)

ek 75 Stelse A2 Alo] SF0] try A EE WA UL, A& 7} A SHA] 9k 9kl return, continue
E = break #£9] *‘f%‘ﬂ A %}2@ AP Urth else oA BATIE= o2 = ool Y2 = except ZollA
A 2] = A °}’\‘4‘3}

finally 7F QL2 ®, ‘A 2] (cleanup)’ A 2] 7] & X AUt} except & else S E3H| A, ?ﬂ try Ao

FHUTH o] A5 oA °ﬂﬂ7} doj i, of| 9] = AAl A¢F Yt flnally o] Agg Yt
ok A1 o9 7F QLo |, finally A9 ZolA ThA] AT finally Ho] th& o8& 4274,
AAE = A o9 o] A AE (context) 2 AAFH YT} finally o] return, break 2 continue
T2 AP, AFH =gy

>>> def f():
try:
1/0
finally:
return 42

(CF= ol ATl A%)
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(o] A sl o] A A M A%)

>>> £ ()
42
finally A& Aot 5ol AR = 22T A FH A syt

try-finally 29 try 29 E A return, break, continue 0] A3PH ul], finally A= ‘Y7t
Zoj” A3yg Yt

B0 WE e A s A return $O2 AFAULL finally Ao G4 A9 /] g
finally ZollA A= & return F o] /4 vpA ol A== 2l o] FUth:

>>> def fool():
try:
return 'try'
finally:
return 'finally'
>>> foo ()
'finally'

o 9l ofl &3 F kel A= o o] AAHoA Ze L, AYE L2717 Al raise == A& A
WS B H = raise = Ao A e %AQD}

WA 3804 HA: 5lo] W 38 o] A=, continue Bo] 8 BA|Z A3)| finally Bl FE3A &k
S0,

8.5 with &+

)

E # A (with & AE2E Fej A A S BHAR) 7 AT =S
gk tryexceptefinally AHg ES et QAL E = A==

with_stmt = "with" ( "(" with_stmt_contents ","? ")" | with_stmt_contents
with_stmt_contents = with _item ("," with_item)*
with_item = expression ["as" target]

St “item” S AR St= with B9 AYL t}-23} o] AP H U}

1. The context expression (the expression given in the with_item) is evaluated to obtain a context manager.

2. Yol AHEst7] Aol AEAE #2|AY] __enter_ () ZFREHUTH

3. UEo A7) 98 AEAE FE R exit_ () FR2E=EYTch

4, AAAE #2229 _ enter_ () WIAEE T&3 Tk

5. with{#ol] BtZlo] 23e gle _,174011 __enter__ () Y W& S A dFoh
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.

6. 29127 A E ),

8.5. with & 109
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7. AYAE #AE ALY __exit_ () AINES TEFYTH 7 AHESE FEFHEF ST, 1
20 ¥, g, Ed o] o] _exm O o Atz Agdgyrh. 234 o Al 719 None o] 1A=
TEEUTh
2R EZ S w2l FEE U, __exit_ () HIAES W gho] AZlolH, I 9] & A 4o
of. Whek gho] o, 0415’4 AFr2a, withEF o] L€ ez AP ASFUTH
A ETLAS o] 29 o] FE FEAW, _exit_ () o WM FL2 FAHIL, NG TR SRl Re
AA AN APe ASFYTh

e A

with EXPRESSION as TARGET:
SUITE

ol 4o 2 g7} 553

manager = (EXPRESSION)

enter = type (manager) .__enter_
exit = type (manager) .__exit___
value = enter (manager)

hit_except = False

try:
TARGET = wvalue
SUITE
except:
hit_except = True
if not exit (manager, *sys.exc_info()):
raise
finally:

if not hit_except:
exit (manager, None, None, None)

with A() as a, B() as b:
SUITE

ofulgo = g3t FE5Eh

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,
)t
SUITE

WA 3 10A A s AE2E 34 29

W2 3.109 A] ¥ 7 : Support for using grouping parentheses to break the statement in multiple lines.
o B

PEP 343 - “with” & s}o]% with #2] 514, v} 4, °l.
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8.6 The match statement

WA 3.100] 7}

The match statement is used for pattern matching. Syntax:

match_stmt u= 'match' subject_expr ":" NEWLINE INDENT case_block+ DEDENT
subject_expr = star_named_expression "," star_named_expressions?
| named_expression

case_block

'case' patterns [guard] ":" block

ZF31: This section uses single quotes to denote soff keywords.

Pattern matching takes a pattern as input (following case) and a subject value (following mat ch). The pattern (which
may contain subpatterns) is matched against the subject value. The outcomes are:

* A match success or failure (also termed a pattern success or failure).

* Possible binding of matched values to a name. The prerequisites for this are further discussed below.
The match and case keywords are soft keywords.
o B

e PEP 634 — Structural Pattern Matching: Specification

¢ PEP 636 — Structural Pattern Matching: Tutorial

8.6.1 Overview

Here’s an overview of the logical flow of a match statement:

1. The subject expression subject_expr is evaluated and a resulting subject value obtained. If the subject 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.

Z3: During failed pattern matches, some subpatterns may succeed. Do not rely on bindings being
made for a failed match. Conversely, do not rely on variables remaining unchanged after a failed match.
The exact behavior is dependent on implementation and may vary. This is an intentional decision made
to allow different implementations to add optimizations.

3. If the pattern succeeds, the corresponding guard (if present) is evaluated. In this case all name bindings are guar-
anteed to have happened.

« If the guard evaluates as true or is missing, the block inside case_block is executed.
¢ Otherwise, the next case_block is attempted as described above.

e If there are no further case blocks, the match statement is completed.
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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, y): # Matches and binds y to 200
print (f'Case 3, y: {y}")
case _: # Pattern not attempted
print ('Case 4, I match anything!')

Case 3, y: 200

In this case, 1f flagis a guard. Read more about that in the next section.

8.6.2 Guards

guard = "if" named_expression

A guard (which is part of the case) must succeed for code inside the case block to execute. It takes the form: 77
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:

¢ AS Patterns whose left-hand side is irrefutable
* OR Patterns containing at least one irrefutable pattern

* Capture Patterns
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e Wildcard Patterns

* parenthesized irrefutable patterns

8.6.4 Patterns

Z+31: This section uses grammar notations beyond standard EBNF:
* the notation SEP . RULE+ is shorthand for RULE (SEP RULE) *

* the notation ! RULE is shorthand for a negative lookahead assertion

The top-level syntax for patterns is:

patterns = open_sequence_pattern | pattern
pattern = as_pattern | or_pattern
closed_pattern = | literal_pattern

| capture_pattern
| wildcard_ pattern
| value_pattern

| group_pattern

| sequence_pattern
| mapping_pattern
| class_pattern

The descriptions below will include a description “in simple terms” of what a pattern does for illustration purposes (credits
to Raymond Hettinger for a document that inspired most of the descriptions). Note that these descriptions are purely for
illustration purposes and may not reflect the underlying implementation. Furthermore, they do not cover all valid forms.

OR Patterns

An OR pattern is two or more patterns separated by vertical bars |. Syntax:

or_pattern = "|".closed _pattern+

Only the final subpattern may be irrefutable, and each subpattern must bind the same set of names to avoid ambiguity.

An OR pattern matches each of its subpatterns in turn to the subject value, until one succeeds. The OR pattern is then
considered successful. Otherwise, if none of the subpatterns succeed, the OR pattern fails.

In simple terms, P1 | P2 | ... will try to match P1, if it fails it will try to match P2, succeeding immediately if
any succeeds, failing otherwise.
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AS Patterns

An AS pattern matches an OR pattern on the left of the a s keyword against a subject. Syntax:

as_pattern = or_pattern "as" capture_pattern

If the OR pattern fails, the AS pattern fails. Otherwise, the AS pattern binds the subject to the name on the right of the
as keyword and succeeds. capture_pattern cannotbe a _.

In simple terms P as NAME will match with P, and on success it will set NAME = <subject>.

Literal Patterns

A literal pattern corresponds to most literals in Python. Syntax:

literal_pattern = signed_number
| signed_number "+" NUMBER

| signed_number "-" NUMBER

| strings

| "None"

| "True"

| "False"

| signed_number: NUMBER | "-" NUMBER

The rule strings and the token NUMBER are defined in the standard Python grammar. Triple-quoted strings are
supported. Raw strings and byte strings are supported. =" =2} 2] E] 2 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>.
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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:
attr

name_or_attr "." NAME
attr | NAME

value_pattern
attr
name_or_attr

The dotted name in the pattern is looked up using standard Python name resolution rules. The pattern succeeds if the
value found compares equal to the subject value (using the == equality operator).

In simple terms NAME 1 . NAME?2 will succeed only if <subject> == NAME1.NAME2

Z31:  If the same value occurs multiple times in the same match statement, the interpreter may cache the first value
found and reuse it rather than repeat the same lookup. This cache is strictly tied to a given execution of a given match
statement.

Group Patterns
A group pattern allows users to add parentheses around patterns to emphasize the intended grouping. Otherwise, it has

no additional syntax. Syntax:

group_pattern = "(" pattern ")"

In simple terms (P) has the same effect as P.

Sequence Patterns

A sequence pattern contains several subpatterns to be matched against sequence elements. The syntax is similar to the
unpacking of a list or tuple.

sequence_pattern = "[" [maybe_sequence_pattern] "]"

| "(" [open_sequence_pattern] ")"
open_sequence_pattern u= maybe_star_pattern "," [maybe_sequence_pattern]
maybe_sequence_pattern = ", ".maybe_star_patternt ","?
maybe_star_pattern = star_pattern | pattern
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star_pattern = "*" (capture_pattern | wildcard_pattern)
There is no difference if parentheses or square brackets are used for sequence patterns (i.e. (...) vs [...]).
ZF31: A single pattern enclosed in parentheses without a trailing comma (e.g. (3 | 4))is a group pattern. While a

single pattern enclosed in square brackets (e.g. [3 | 4]) is still a sequence pattern.

At most one star subpattern may be in a sequence pattern. The star subpattern may occur in any position. If no star
subpattern is present, the sequence pattern is a fixed-length sequence pattern; otherwise it is a variable-length sequence
pattern.

The following is the logical flow for matching a sequence pattern against a subject value:
1. If the subject value is not a sequence”, the sequence pattern fails.
2. If the subject value is an instance of str, bytes or bytearray the sequence pattern fails.
3. The subsequent steps depend on whether the sequence pattern is fixed or variable-length.
If the sequence pattern is fixed-length:
1. If the length of the subject sequence is not equal to the number of subpatterns, the sequence pattern fails

2. Subpatterns in the sequence pattern are matched to their corresponding items in the subject sequence from
left to right. Matching stops as soon as a subpattern fails. If all subpatterns succeed in matching their 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:

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:
* array.array
e collections.deque
e list
* memoryview
e range
e tuple

By
f

: Subject values of type str, bytes, and bytearray do not match sequence patterns.
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* 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 = "{" [items_pattern] "}"
items_pattern n= ", ".key value_pattern+ ","?
key_value_pattern R (literal_pattern | value_pattern) ":" pattern

| double_star_pattern
"x*W capture_pattern

double_star_pattern

At most one double star pattern may be in a mapping pattern. The double star pattern must be the last subpattern in the
mapping pattern.

Duplicate keys in mapping patterns are disallowed. Duplicate literal keys will raise a SyntaxError. Two keys that
otherwise have the same value will raise a ValueError at runtime.

The following is the logical flow for matching a mapping pattern against a subject value:
1. If the subject value is not a mapping®,the mapping pattern fails.

2. If every key given in the mapping pattern is present in the subject mapping, and the pattern for each key matches
the corresponding item of the subject mapping, the mapping pattern succeeds.

3. If duplicate keys are detected in the mapping pattern, the pattern is considered invalid. A SyntaxError is raised
for duplicate literal values; or a ValueError for named keys of the same value.

Z+3:  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 KEY]1l in <subject>
¢ P1 matches <subject>[KEY1]

* --- and so on for the corresponding KEY/pattern pair.

3 In pattern matching, a mapping is defined as one of the following:
¢ aclass that inherits from collections.abc.Mapping
¢ a Python class that has been registered as collections.abc.Mapping
 a builtin class that has its (CPython) Py_TPFLAGS_MAPPING bit set
« aclass that inherits from any of the above
The standard library classes dict and types.MappingProxyType are mappings.
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Class Patterns

A class pattern represents a class and its positional and keyword arguments (if any). Syntax:

class_pattern = name_or_attr " (" [pattern_arguments ","?] ")"
pattern_arguments

positional_patterns ["," keyword patterns]
| keyword_patterns

positional_patterns ", ".patternt

keyword_patterns ", ".keyword pattern+

keyword_pattern n= NAME "=" pattern

The same keyword should not be repeated in class patterns.
The following is the logical flow for matching a class pattern against a subject value:
1. If name_or_attr is not an instance of the builtin t ype , raise TypeError.
2. If the subject value is not an instance of name_or_attr (tested via isinstance () ), the class pattern fails.

3. If no pattern arguments are present, the pattern succeeds. Otherwise, the subsequent steps depend on whether
keyword or positional argument patterns are present.

For a number of built-in types (specified below), a single positional subpattern is accepted which will match the
entire subject; for these types keyword patterns also work as for other types.

If only keyword patterns are present, they are processed as follows, one by one:

I. The keyword is looked up as an attribute on the subject.
« If this raises an exception other than AttributeError, the exception bubbles up.
e If this raises Att ributeError, 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.

* If there are more positional patterns than len (cls.__match_args
raised.

), TypeError is

¢ Otherwise, positional pattern i is converted to a keyword pattern using __match_args__ [1i]
as the keyword. __match_args__ [1i] must be a string; if not TypeError is raised.

* If there are duplicate keywords, TypeError is raised.
o B7):
Customizing positional arguments in class pattern matching

I1. Once all positional patterns have been converted to keyword patterns, the match proceeds as if there
were only keyword patterns.

For the following built-in types the handling of positional subpatterns is different:
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* bool

* bytearray
* bytes

e dict

e float

e frozenset
e int

e list

* set

* str

e tuple

These classes accept a single positional argument, and the pattern there is matched against the whole object rather

than an attribute. For example int (0| 1) matches the value 0, but not the value 0. 0.

In simple terms CLS (P1, attr=P2) matches only if the following happens:

* isinstance (<subject>, CLS)
¢ convert P1 to a keyword pattern using CLS.__match_args___
* For each keyword argument attr=P2:

— hasattr (<subject>, "attzr")

— P2 matches <subject>.attr

* --- and so on for the corresponding keyword argument/pattern pair.

o B

n

¢ PEP 634 — Structural Pattern Matching: Specification
e PEP 636 — Structural Pattern Matching: Tutorial

7 #5 Ao

S Aol g e B AR (25 F AF A8 BAL) & AU

funcdef = [decorators] "def" funcname " ("
["->" expression] ":" suite

decorators RES decorator+

decorator u= "Q" assignment_expression NEWLINE

parameter_list = defparameter ("," defparameter)*
| parameter_list_no_posonly

parameter_list_no_posonly = defparameter ("," defparameter)*
| parameter_list_starargs

parameter_list_starargs = "*" [parameter] ("," defparameter)*
| "**" parameter [","]

parameter = identifier [":" expression]

defparameter = parameter ["=" expression]

oot

4ol

[parameter_1list]

[parameter_.
[parameter_list_sta.:

["**" parameter
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funcname = identifier
5 Ao AYT 5 A BRI AP @A) A o) F T I o] B2 P4 AA (e A3
7Ved ZEE =% @l H (wrapper)). ©] & AA|= @AY o5 T i IFxE 2@, Tt
22g W A o & FBoE AP
4 gole B4 vl AYsHA) FHUh ¥4/t 522 o) APHY ok
B4 Qo) e St 2 oo Hlzeo)E BAACR FAA 5 AFUTh Hd ol BAAL B4
49D u), 35 42 & TP 22 A hS PR 1 Aok FelBololof hul, A5 AL
AAE AFESA E&FH LT BESE gho] &4 A thAl 49 o] 5ol AZg Ut o /Y dlZ# o e &
TR HAE AgPYrh & Eol, thed 22 A=
@fl (arg)
Qf2
def func(): pass

£ ok S5 g

def func(): pass
func = £l (arg) (£2 (func))

Al Tt AR o] F func ol AZH A gdethe AW HE Y

WA 3.99] A4 ¥ 7 : Functions may be decorated with any valid assignment_expression. Previously, the gram-
mar was much more restrictive; see PEP 614 for details.

StLbLE 71 o] A2 ulj 7l ¥ 5= & ©] parameter = expression B E}E 7HE W, F4T) <72

et 7B ko]l e miEse] A, sES u g Sst= A E TS+ J, a8
718 gkol AgA Ut Wk uj AT 7| B ZFA W, <4 74A] T & w2 BE
7R ok Ut — o] A2 B F F oA I A k= FHA A YU

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.

H A 3.89]| 4] ¥ 7 : The / function parameter syntax may be used to indicate positional-only parameters. See PEP 570
for details.

WAHFEL 7S o] & FHoll L= “: expression” FE|Q] o] = H o] AL 7}
H4 = o] H ol AL 71 4 =], *identifier Y **identifier YE|Z X 18

FUth =E 7
ek g4 v

S o) A A BRo s 5 BAE A HUL Bae] _doc_oEelER WEkE o) gae] SAEd o] Pyt
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Fej ol e 2o AN (EET A5 AAS BAR)E BT
classdef = [decorators] "class" classname [inheritance] ":" suite
inheritance = "(" largument_1list] ")"
classname n= identifier
Zef Aol e 4% 758 2 A AT A< (inheritance) 522 B E wo|» Fo AL HEL A gt
(H 225 A8l tsiA = mlE 22~ & BA ), 559 74 FEZFS TR AR ZHL S PG =F
2 Az 7L = o oF FUTH AlS EF o] gl FHlas, 7EF o2, Wola 2 object & AlGTUTH
2 A
class Foo:
pass

e

class Foo (object) :
pass
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A 4 (binding) S B A L) A A AP = =
S} AR g AR, A 2 QL 515 A T 1A

=

S2efstte] A WA £40E 545 £AD dHPL 108 309 _doc_ FBOz Mo Fehne] 55 o

Uk

8.8. Fl~ A9 121


https://www.python.org/dev/peps/pep-3107
https://www.python.org/dev/peps/pep-0484
https://www.python.org/dev/peps/pep-0526
https://www.python.org/dev/peps/pep-0563

The Python Language Reference, = X] #] A 3.10.13

Molx FUAER, BER A o] BN o EURE IR G A Al Fel2 A4 BT
29 o] 52 A9 A o] F FXoA o] FEa AA} AZ4H UTh

ZeHlx vt oA A EREZ AYH = A=, A FHAY __dict__ o REF U o] A2 FH AT}
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Qfl (arg)

Qf2

class Foo: pass

e s s

class Foo: pass

Foo = fl(arg) (f2 (Foo))

dEoe BAAS) gt o 3L 5 dl R o e ok Ty th 24 kg 1 AT} Fe2 o) Bl

ddgdd

WA 3.9 4] ¥ 7 : Classes may be decorated with any valid assignment_expression. Previously, the grammar
was much more restrictive; see PEP 614 for details.

Ji’fﬂﬁlﬂw-%}ﬂ S Aol FoF e e L ERREU; o] A2 dad At
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async_funcdef = [decorators] "async" "def" funcname " (" [parameter_list] ")"
["->" expression] ":" suite

Execution of Python coroutines can be suspended and resumed at many points (see coroutine). await expressions,
async forand async with can only be used in the body of a coroutine function.

async def THo = Ao gt A ZFH I ddl, avait Yasync 719 EE ZFA = A F =

2244t

FAFE T vt ¢tol A yield from £HA S AFE8t+ 22 SyntaxError YUTh
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FFE g o

async def func(paraml, param2):
do_stuff ()
await some_coroutine ()

WA 3. 794 M7 await and async are now keywords; previously they were only treated as such inside the body of
a coroutine functlon.

8.9.2 async for &

async_for_stmt = "async" for_stmt
H57] olEl & & u]E 7] o]Hd o8 & A W2t __aiter WANEE AF3H, vl 7] o E# o]
Bl = 241 _ anext_ WA E o)A Hl%ﬂ FEESET S JFYTH
async for -2 4|5 7] olHHE s Helg o]y o] A& sttt

R

async for TARGET in ITER:
SUITE

else:
SUITEZ2

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.

FFE g4 vty gholl A async for &= AME 3= A2 SyntaxError YUY Th

8.9.3 async with &

async_with_stmt = "async" with_stmt
5 7] AR AE B A enter 9 exit WA E o) AW WX FAG 5 Qe A AE el Uk

et ge A

async with EXPRESSION as TARGET:
SUITE

89. ZF¥ 123
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ol 4o 2 g7} 553

manager = (EXPRESSION)

aenter = type (manager) ._ _aenter_
aexit = type (manager) .__aexit___
value = await aenter (manager)

hit_except = False

try:
TARGET = value
SUITE

except:
hit_except = True

if not await aexit (manager, *sys.exc_info()):
raise
finally:
if not hit_except:
await aexit (manager, None, None, None)

Seealso__aenter () and ___aexit__ () for details.
FFE 59 vt Jholl A async with & AF83t= 212 SyntaxError YUt}
o ®B7):

PEP 492 - async 9} await & AH431 2528 2ES stoj oA 483 A Fol fP oz WE T,
29 A9 2743 A 9k,
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file_input = (NEWLINE | statement)*
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3ty o AY 9482 53 22 Y A A EUY
interactive_input = [stmt_list] NEWLINE | compound_stmt NEWLINE

() BREL oy B4 ¥l 2L B ok ol S sl ok Gtk 37 Ao B AA T

B2k

9.4 %34 99

A4 9L 95 eval () o AFHUTH Foll £ TS TAFTh eval () o BAL A The 3
© AL

eval_input = expression_list NEWLINE¥*
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o] Z1& CPython +& 47| & AAAS= d AMSE = BHAA I3 st ", AA stold 29 #2A4Uth
(Grammar/python.gram& FZ3HHAI Q). o] HALZ F= AT o8] EF2 A3 N R AR E kgt

The notation is a mixture of EBNF and PEG. In particular, & followed by a symbol, token or parenthesized group indicates
a positive lookahead (i.e., is required to match but not consumed), while ! indicates a negative lookahead (i.e., is required
not to match). We use the | separator to mean PEG’s “ordered choice” (written as / in traditional PEG grammars). See
PEP 617 for more details on the grammar’s syntax.

# PEG grammar for Python

file: [statements] ENDMARKER

interactive: statement_newline

eval: expressions NEWLINE* ENDMARKER

func_type: '(' [type_expressions] ')' '->' expression NEWLINE* ENDMARKER
fstring: star_expressions

# type_expressions allow */** but ignore them
type_expressions:

','.expression+ ',' '*' expression ',' '**' expression
', '.expressiont+ ',' '*' expression
', '.expressiont ',' '"**' expression

|
\
\
| '"*' expression ',' '"**' expression

| '*' expression

| "**' expression

[ ', '.expression+
statements: statement+
statement: compound_stmt | simple_stmts
statement_newline:

| compound_stmt NEWLINE

| simple_stmts

| NEWLINE

| ENDMARKER

(THS slolATell A1)
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simple_stmts:
| simple_stmt !';' NEWLINE # Not needed, there for speedup
[ ';'.simple_stmt+ [';'] NEWLINE
# NOTE: assignment MUST precede expression, else parsing a simple assignment
# will throw a SyntaxError.
simple_stmt:
| assignment
| star_expressions
| return_stmt
| import_stmt
| raise_stmt
| 'pass'
| del_stmt
| yield_stmt
| assert_stmt
| 'break'
| 'continue'
| global_stmt
| nonlocal_stmt
compound_stmt:
| function_def
| 1f_stmt
| class_def
| with_stmt
| for_stmt
| try_stmt
| while_stmt
| match_stmt

# NOTE: annotated_rhs may start with 'yield'; yield _expr must start with 'yield'
assignment:

| NAME ':' expression ['=' annotated_rhs ]
[ ('(' single_target ')'
| single_subscript_attribute_target) ':' expression ['=' annotated_rhs ]
| (star_targets '=' )+ (yield_expr | star_expressions) !'=' [TYPE_COMMENT]
| single_target augassign ~ (yield_expr | star_expressions)
augassign:
[ T+="
I [ J—
[ Tx="
[ re="
IRVAS
[ "%="
[ r&="
[ ="
| TA_
| '<<="
[ '>>="
| Txk=1
=

global_stmt: 'global' ','.NAME+
nonlocal_stmt: 'nonlocal' ', '.NAME+

yield_stmt: yield_expr

(FF= sl el Aol AI%)
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assert_stmt: 'assert' expression [',' expression ]
del_stmt:
| 'del' del_targets &(';' | NEWLINE)

import_stmt:
import_name:
# note below:
import_from:

| "from' ('.' | '...

| "from' ('.' | '...")+
import_from_targets:

[

import_name |
'import'
the ('.'" |

I Tk

import_from_as_names:

| ', '.import_from_as_name+

import_from_as_name:

| NAME ['as' NAME ]
dotted_as_names:

| ','".dotted_as_name+
dotted_as_name:

'y * dotted_name
'import’'

import_from_as_names
| import_from_as_names !',

import_from
dotted_as_names
'...'") 1s necessary because '...'

is tokenized as ELLIPSIS

'import' import_from_targets
import_from_targets
'y n!

| dotted_name ['as' NAME
dotted_name:
| dotted_name '.' NAME
| NAME
if_stmt:
| '"if' named_expression ':' block elif_stmt
| "if' named_expression ':' block [else_block]
elif_stmt:
| 'elif' named_expression ':' block elif_stmt
| 'elif' named_expression ':' block [else_block]
else_block:
| 'else' ':' block
while_stmt:
| 'while' named_expression ':' block [else_block]
for_stmt:
| 'for' star_targets 'in' ~ star_expressions ':' [TYPE_COMMENT] block [else_block]
| ASYNC 'for' star_targets 'in' ~ star_expressions ':' [TYPE_COMMENT] block [else_
—block]
with_stmt:
| 'with' ' (' ','.with_item+ ','? ")' ':' block
| 'with' ','.with_item+ ':' [TYPE_COMMENT] block
| ASYNC 'with' '(' ','.with_item+ ','?2 '")' ':' block
|

ASYNC 'with'

with_item:
| expression 'as'

| expression

try_stmt:

', '.with_itemt+ 't

star_target & (',"' |

[TYPE_COMMENT] block

l)l ‘ l:l)
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| 'try' ':' block finally_block

| 'try' ':' block except_block+ [else_block] [finally_block]
except_block:

| 'except' expression ['as' NAME ] ':' block

| 'except' ':' block
finally_block:

| '"finally' ':' block
match_stmt:

| "match" subject_expr ':' NEWLINE INDENT case_block+ DEDENT

subject_expr:

star_named_expression ',' star_named_expressions?
named_expression

case_block:

guard:

"case" patterns guard? ':' block
'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+

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'
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complex_number:
| signed_real_number '+' imaginary_number
Y
| signed_real_number '—' imaginary_number

signed_number:
| NUMBER
| '"-'" NUMBER

signed_real_number:
| real_number
| '"-'" real_number

real_number:
| NUMBER

imaginary_number:
| NUMBER

capture_pattern:
| pattern_capture_target

pattern_capture_target:
‘ !ll n NAME !(l.l ‘ l(l ‘ l=l)

wildcard_pattern:

‘ non

value_pattern:

[ attr (. [ (] =)
attr:

| name_or_attr '.' NAME
name_or_attr:

| attr

| NAME

group_pattern:
| '"('" pattern ")'

sequence_pattern:

| '['" maybe_sequence_pattern? ']’

| '"(' open_sequence_pattern? ')'
open_sequence_pattern:

| maybe_star_pattern ',' maybe_sequence_pattern?
maybe_sequence_pattern:

| ','.maybe_star_pattern+ ','?
maybe_star_pattern:

| star_pattern

| pattern

star_pattern:
| '"*' pattern_capture_target
| '"*' wildcard_pattern

mapping_pattern:
‘ V{' '}'
| '"{' double_star_pattern ','? '}'

(TH& ST Aol A1)
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| '"{'" 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:
[ ', '.pattern+
keyword_patterns:
| '",'.keyword_pattern+
keyword_pattern:
| NAME '=' pattern

return_stmt:
| 'return' [star_expressions]

raise_stmt:
| 'raise' expression ['from' expression ]
| 'raise'

function_def:
| decorators function_def_raw

| function_def raw

function_def raw:

| '"def' NAME '(' [params] ')' ['->' expression ] ':' [func_type_comment] block
| ASYNC 'def' NAME ' (' [params] ')' ['->' expression ] ':' [func_type_comment].
—Dblock
func_type_comment:
| NEWLINE TYPE_COMMENT & (NEWLINE INDENT) # Must be followed by indented block

| TYPE_COMMENT

params:
| parameters

parameters:
| slash_no_default param_no_default* param _with_default* [star_etc]
| slash_with_default param_with_default* [star_etc]
| param_no_default+ param_with_default* [star_etc]
| param_with_default+ [star_etc]
|

star_etc
# Some duplication here because we can't write (',' | &')"),
# which is because we don't support empty alternatives (yet).
#
slash_no_default:
| param_no_default+ '/' ',

| param_no_default+ '/' &")'

(FF= sl el Aol AI%)

132 Chapter 10. AA & 2




The Python Language Reference, & A] 1] 3.10.13

(o1 A S o] A A Al

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_maybe_default+ [kwds]
| kwds

kwds '**' param_no_default

One parameter. This *includes* a following comma and type comment.

There are three styles:
- No default

- With default

- Maybe with default

There are two alternative forms of each, to deal with type comments:
- Ends in a comma followed by an optional type comment

- No comma, optional type comment, must be followed by close paren
The latter form is for a final parameter without trailing comma.

S o H R R H R W H R W R

param_no_default:

| param ',' TYPE_COMMENT?

| param TYPE_COMMENT? &')'
param_with_default:

| param default ',' TYPE_COMMENT?

| param default TYPE_COMMENT? &')'
param_maybe_default:

| param default? ',' TYPE_COMMENT?

| param default? TYPE_COMMENT? &')'
param: NAME annotation?

annotation: ':' expression
default: '=' expression
decorators: ('@' named_expression NEWLINE )+

class_def:
| decorators class_def_raw
| class_def raw
class_def_raw:
| 'elass' NAME [' (' [arguments] ')' ] ':' block

block:
| NEWLINE INDENT statements DEDENT
| simple_stmts

star_expressions:
| star_expression (',' star_expression )+ [',']
| star_expression ','
| star_expression
star_expression:
| "' bitwise_or
| expression
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star_named_expressions: ','.star_named_expression+ [',"']
star_named_expression:

| "' bitwise_or

| named_expression

assignment_expression:
| NAME ':=' ~ expression

named_expression:
| assignment_expression
| expression !':="'

annotated_rhs: yield_expr | star_expressions

expressions:
| expression (',' expression )+ [',']
| expression ',
| expression
expression:
| disjunction 'if' disjunction 'else' expression
| disjunction
| lambdef

lambdef:
| 'lambda' [lambda_params] ':' expression

lambda_params:
| lambda_parameters

# lambda_parameters etc. duplicates parameters but without annotations
# or type comments, and if there's no comma after a parameter, we expect
# a colon, not a close parenthesis. (For more, see parameters above.)
#
lambda_parameters:
| lambda_slash_no_default lambda_param_no_default* lambda_param_with_default*.
— [lambda_star_etc]
| lambda_slash_with_default lambda_param_with_default* [lambda_star_etc]
| lambda_param_no_default+ lambda_param_with_default* [lambda_star_etc]
| lambda_param_with_default+ [lambda_star_etc]
| lambda_star_etc

lambda_slash_no_default:
| lambda_param_no_default+ '/' ', '
| lambda_param_no_default+ '/' &':'
lambda_slash_with_default:
| lambda_param_no_default* lambda_param_with_default+ '/' ',
| lambda_param_no_default* lambda_param_with_default+ '/' &':'

lambda_star_etc:
[ '*'" lambda_param_no_default lambda_param_maybe_default* [lambda_kwds]
[ '*' ', ' lambda_param_maybe_default+ [lambda_kwds]
| lambda_kwds

lambda_kwds: '"**' lambda_param_no_default
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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

disjunction:
| conjunction ('or' conjunction )+
| conjunction
conjunction:
| inversion ('and' inversion )+
| inversion
inversion:
| '"mot' inversion
| comparison
comparison:
| bitwise_or compare_op_bitwise_or_pair+
| bitwise_or
compare_op_bitwise_or_pair:
| eq_bitwise_or
| 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_or:
| bitwise_or '|' bitwise_xor
| bitwise_xor

bitwise_xor:
| bitwise_xor '"' bitwise_and
| bitwise_and

bitwise_and:
| bitwise_and '&' shift_expr
| shift_expr
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shift_expr:
| shift_expr '<<' sum
| shift_expr '>>' sum
| sum

sum:
| sum '+' term
| sum '-' term
| term

| term '*' factor
| term '/' factor
| term '//' factor
| term '$' factor
| term '@' factor
| factor
factor:
| '+' factor
| '=-' factor
| '~'" factor
| power
power:
| await_primary '**' factor
| await_primary
await_primary:
| AWAIT primary
| primary
primary:
| primary '.' NAME
| primary genexp
| primary ' (' [arguments] ')'
| primary '[' slices ']'
| atom

slices:
| slice !',!
| ', ".slice+ [',"]

| [expression] ':' [expression] [':' [expression]
| named_expression

| NAME

| '"True'

| 'False'

| '"None'

| strings

| NUMBER

| (tuple | group | genexp)
| (list | listcomp)

\

|

(dict | set | dictcomp | setcomp)
Al A}

strings: STRING+

]

list:
'['" [star_named_expressions] ']'
listcomp:
(Th SAToTAT ol A1)
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| '"['" named_expression for_if_ clauses ']'

tuple:
[ "(' [star_named_expression ',' [star_named_expressions] 1T ")
group:
[ "('" (yield_expr | named_expression) ')'
genexp:
[ '"('" ( assignment_expression | expression !':=') for_if clauses ')'
set: '{' star_named_expressions '}'
setcomp:
| '"{' named_expression for_if_clauses '}'
dict:
[ '"{'" [double_starred_kvpairs] '}'
dictcomp:

| '"{' kvpair for_if_clauses '}'
double_starred_kvpairs: ','.double_starred_kvpair+ [',']
double_starred_kvpair:
| '"**' bitwise_or
| kvpair
kvpair: expression ':' expression
for_if_clauses:
| for_if clause+
for_if_clause:
| ASYNC 'for' star_targets 'in' ~ disjunction ('if' disjunction )*
| "for' star_targets 'in' ~ disjunction ('if' disjunction )*

yield_expr:
| 'yield' 'from' expression
| 'yield' [star_expressions]

arguments:
| args [', '] &")'
args:
| ','".(starred_expression | ( assignment_expression | expression !':=') !'=")+ [',
— ' kwargs ]
| kwargs
kwargs:
| '",'".kwarg_or_starred+ ',' ','.kwarg_or_double_starred+

| ', '".kwarg_or_starred+

| ', '.kwarg_or_double_starred+
starred_expression:

| '"*' expression
kwarg_or_starred:

| NAME '=' expression

| starred_expression
kwarg_or_double_starred:

| NAME '=' expression

| "**' expression

# NOTE: star_targets may contain *bitwise_or, targets may not.
star_targets:

| star_target !','
| star_target (',' star_target )* [',']
star_targets_list_seq: ','.star_target+ [',"']

star_targets_tuple_seq:
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| star_target (',' star_target )+ [',']
| star_target ','
star_target:
| 'x' (!'*' star_target)
| target_with_star_atom
target_with_star_atom:
| t_primary '.' NAME !t_lookahead
| t_primary '[' slices ']' !t_lookahead
| star_atom
star_atom:

(' target_with_star_atom ')'
'('" [star_targets_tuple_seq] '")'
[ [star_targets_list_seq] ']'

single_target:

| single_subscript_attribute_target

| NAME

| '(' single_target ')'
single_subscript_attribute_target:

| t_primary '.' NAME !t_lookahead

| t_primary '[' slices ']' !t_lookahead

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 '")'

‘ Al

|

(" [del_targets] ")
'[" [del_targets] ']'

t_primary:
| t_primary '.' NAME &t_lookahead
| t_primary '[' slices ']' &t_lookahead
| t_primary genexp &t_lookahead

| t_primary '(' [arguments] ')' &t_lookahead

| atom &t_lookahead
t_lookahead: " (' | '"['" | '.!'
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complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})
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attribute (] E 2] 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 2] & 2} 2} 7] 9] =, for ex-
ample using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted expression,
and would instead need to be retrieved with getattr ().
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BDFL #}H] 2% &A1 =) 2} (Benevolent Dictator For Life), = Guido van Rossum, 3}o] 21 2] A A},

binary file (o] 2] sFel) ol =5 2458 93 & 4 gl 519 A vhol el o] o2 who]]
2] BE ('rb', 'wb' E¥E 'rb+') & €9 3}4Y, sys.stdin.buffer, sys.stdout.buffer, io.
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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.
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callable A callable is an object that can be called, possibly with a set of arguments (see argument), with the following
syntax:

callable (argumentl, argument2, ...)

A function, and by extension a method, is a callable. An instance of a class that implements the __call__ ()
method is also a callable.
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2o
> ol
L1
& ogh
o
)
+

>

b

IH

stog TP Y
FTEAANE =
HEe ZX ”M&EHQH
%ﬂsijmmha ﬂ%é#ﬂ@q%gam gqq 2220
O A3z 5

- T

A 715 ddrct. 2 ﬂqihﬂﬂ%iqaﬂﬂ ad“ﬂﬂc**qq
ooz withEoA X

r{r P AL o

-{n:rlr% =
.HUAQ

7y > o

o
=]
]
ﬁ
>. mlm

o_>d

context manager (BRI AE A2 A _ enter_ () &_ _exit_ () WIAEE
J. PEP 3432 2 T 9l5 9 <t

=

W% ol 7 A8 e =) w4
Hif, AdAE A2 B, St
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N
T,
1>

J

EV LS 4 9

vy
o 5

~

¢

Jﬁ

T, =2
ﬂrii

o £ se) 7 2EE FAA ME] BaoA
contextvarss ZF 2L

rE >
¥ ot
2
ol

3

Q

2= (C-contiguous) ) Z E & A< (Fortran contiguous)d W A< 0]8k1
04 LoldA TETF ALY Yh A o gAA, FEE2 A= A3}
<<l Eﬂ/\v/] A2 w2 2] of vl X 5] of oF Tt} TR C-A <% vl ol A,
S Ho]"jﬂfm upz] gk el A 7L 71 wikg] W g o} AT 2 E T A&

contiguous
AAR Ik 3%
3,004 A 2H8he
H ] £ FA
DEE A BN O

w1

coroutine (¥ F-€l) T £ B2 A HZE 9] 1:1 oulslE FEfe Utk AEEEL & A A
ARG dEFUTH ZFHL A b A Hol A JAYgsta, dEstar, AN
async def 202 3T 4 Q5 Ut PEP 4928 H A 2.

L ol

rjzr[r MU
o
<

(e ok ﬂ

E o

fo
24
r)o

Ee)
fru
ot
e
ﬂll

[>
N
N
s
2 S
_r&
"
ot
<
5-

l

_1_4

A3

AU ol A

—{> uN
rrl

i L
flo rln

coroutine function (Z 5 €l 3t) FFE AR E =T =
1, await & async forQ}async with 7| P& £3sH

T w94yt

= async def RO AojE 5
I

Q5 UtTh o] A 52 PEP 492 o 2] 3}

CPython }o]# =2 e ™ Aojo] - H A QA & A, python.orgoll A v 2= Yt} o] < Jython ©] 1}
IronPython ¥} 22 t} 2 A S e & 27} 94 ] £ “CPython” o] AF&H Yt}

decorator (H] Z.&|o]€]) t} 2 & E&F+= U, EF5 @wrapper TS AASSt g oz A8
HuUth dZd o8 &3} o= classmethod () I staticmethod () YUYt}
g el T H2 A AL FHY BYUth v F - FAg = Ygrde =z F5dUth:
def f (arqg):
f = éééticmethod(f)
@staticmethod
def f (arg):
22 Mg o] Fjao = AR vk @ Ak 229 Ytk vl g o] B of] T gt o] XA g 82 T 9]
A A g AHAYAE BE U

descriptor (232 HE]) WA= __get_ () o]t} _set_ () o]y} __delete_ () & A3 AA. S

e RE A YA E e HE 2 E S o dd 8¢ dodych WE,ahE 24
U 227}, A SHEE) A8 ul, a] Sl S U el A b el o] & £l 4 AR E R uieh. shA w
pASSHED AT A2 dE AN S SETU, U22HHE ol shE AL ol el

g3t e olale] Al A, T, MAE, 22, Fe2 WAL, 2 HAE, 3] 22 Fx
59| BE 759 7128 o] 21 97l YEI Tk
Haage o] =Sl tie 2AA e W82 a5 E 7S u UaI-HE AR iAo

R

dictionary (5] A L1*’/1) dolol 715 ol - Al71= A ] & (associative array). 7]+ __hash__ () £}
_eq_( 1/‘15% Zt AsUTh oA siAl gt 5t
2o &= 84 AAY ERE At d3E g2
n: n ** 2 for n in range(lO)}%%}:n * K
2°ﬂ “HJJ% 7] 5‘—?}'1’% dAavEE AU Bl2E, A%, 9 Y 2l b2 &9 o] (display)<
EEL RN
dictionaryview GAYE B dict.keys(), dict.values (), dict.items () 7t EE 2= AA
=< 944 -rralr FEULh A= ﬁ/‘qﬂﬂ FEEo ‘:Hfﬂ' FAA FE AFst=dl, 9A
HelZk a4 g o, 71 o] §igE vrgsthes Utk gAY e HE &1 g 2ER npt e
list (dictview)E AF2std FUoh dict-views% HAL

docstring (52 E¥]) S, 3, oA A A @402 Yehvs A 2lHE. 29 EZFA3E
= FAIE A, Aopd ol o5 AAFH o] T UL, T, RES __doc oEFHER A
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HUth dEz2AdS S AT Jonz, AA o AYAE AT A AL oAUt
duck-typing (%] €}0]g) ZutE AE| | o] 25 7h =R Bdstet] AA S FL BHA) ghe 223 26
0 AL, B s AT L o E el HE L 525 AL ASHUTH 2P Y Holw 221 Ak
W, 27 e2th”) 4% @ ol e elas AxFoen, FHAAY F=E TP A A A FS
Heraro N § ok %711*&@# AsUth 9 BFo] 2 type () ©|ttisinstance () & AHSE AL
£ I3k (3HAI R, g Bl g o] S Hj o] %aﬁaii%e¢ Aol frel sl oF et tialef,

hasattr ) AN FAFP Z2 39S FYth

EAFP 6—] 2R o= 845 £317] 7} 4 T} (Easier to ask for forgiveness than permission). ©] &3] & 4= ¢l+= 1} o]
Y 2EYL, eutE 7Y oJERHES] 2R 8 78T, 2 Hg o] EE A9 S t}
e W G e vkt o) £ S el AT o] T
B8 o]0l A A ALEE = LBVL 2Bk 2lz} ol U ok,

rlo
@]
1o
i
rlo
v
rlu

expression (£84) oW gho 2 7812 5 gt P A 27k e B BA5Y, BANL IHY, o,
OEEHE A, AR, PLEN DL PE BAFE B 2LEL o) £A AL OE B
dojst iz R oz, BE o] TAREC EAAA AL otk whiled Y, ERACE A8 5
e w7 5ol eyt ol w8 B 2oL, B4 o] oty

extension module (273 2 5) C U C++Z A H ZEAd], gto] A 2] C APIE AFE3| A 4 o up AFS A} F

EobdE A8

string (-2 21) 16w & ool B BAL eHRES 3 LEAL Ol Fad, 2l 2
ZEE Y EdEdyth PFP498 BAL.

file object (401 AA) S Aol ﬂJoH 3} XA API(read () Ywrite () &2 uﬂ AEE)2 cey=
AA. © 2l otﬂoﬂ we}, 3k AA & AA ga3 g »}?QO]L}D}E A = 2 ]Ur%/\_] 23] (o] =
EOJ, % dE9, A-v 2 W, &, o]z, 55) ol et AN AE AT 5= lFUth 5L AA
= L7 AA (file- llke objects) U} 2E H (streams) ©| 2t = & H Tk
AARE A E5 7Y AA S0 Yd&5UTh (raw) vlo] v g 31, W 3 = (buffered) n}o] v 2] 3}
g5 b o5 AEsolat io REAA Gk 5t AAE e FHAA PHL

[e]
open () f&#%&% Ayt
file-like object (3} L7 A A]) =1L A A & v 2

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.

_t‘~.

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}¢1t]) YZEE RES AT 20 & Fogdu A= AA.

ol 3.3, o] 32, F F 79 27 A5 U sys.meta_path 2 T ARG SF= W EF A 2 9hQl T
9} sys.path_hooks 3} 8| AFE-3h= A =2 A Eg 3kQlH.
o] A4 8 W8-S PEP 302, PEP 420, PEP 451 o] 1}-&-ut}.
floor division (= U A) 7S 7172 A-2 W E et 84 YA A5 Al d4bake // o g
Sol, &84 11 // 49 g2 27tHAT A U2 2.758 EHF U (-11) / 47}-2.75
W& & -30] Foll FJsl oF Ttk PEP 2382 H A 2.
function (3+42) S &7 oW S S8 g8y EFAE. QAL
}EH 011A}39*°‘*14E‘r uH7H A o v A= 9 3 A

it

T
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function annotation (5= o] - €] o] A) &= v 7 ul3} 7ko] o] - H| o] A,

BA
S ojiHoldE ARk o R Y IIE & /\}%%QD}: S 0, o] T F Y int AAE o}
%%‘ Ao g 7|the 3L, FAlo int W& ghe = 222 7| g yth:

def sum_two_numbers(a: int, b: int) -> int:
return a + b

B4 o el o] M 2L 4 o] Aol A AW e

See variable annotation and PEP 484, which describe this functionality. Also see annotations-howto for best
practices on working with annotations.

__future__ A future statement, from __future__ import <feature>, directs the compiler to compile the
current module using syntax or semantics that will become standard in a future release of Python. The
__future__ module documents the possible values of feature. By importing this module and evaluating its
variables, you can see when a new feature was first added to the language and when it will (or did) become the

default:

>>> import __ future_

>>> _ future__.division

_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (7131 2] 4:7)) o A}4 2] ke vl ) & whgtahe WA, sfol W& 2 N4 223 Fx
7 z =

TS AA AL ES F e & 7HA] AV E F3
gc BEZ AFR A Aol 4~ 5T

generator (A U & o] €]) A& o] o] & o] HEL s vl sl A Moy, Aee] FES
UEL yield RPA S 2T Fol hFYTh o] FEL for-FEZE AHE AU next () FHE

2
3 o] shuba 7l 5 gl v,

HE AU o 8§48 7He) 7] A o, of | W A = AU o] 8 o] e el o] 8 & el Ak o m 3k
ou)7h §aa ke A9, SAT S0l 8 A BB S QAT

generator iterator (F) U] d] o] €] o]g]d|o]€]) A dolE] Tt e = AA.
7} piclas AR oR AP S FBT, L AA (A BEE7 7] 5 uy-
AW S A gk A al ol e ol el dlolel kA |, md 2o
A Ashe 49k ol g U o,

Do A 1t Aol Fo] B A EHA Ae B IC, A7 Z8AS B4 HAE 90

gEse sy

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285
generic function (AU &) 22 A4S A2 T2 FEo sl 7Sty T2 749 T4 55 o)

ofd 7@ o] AL§B A=
CEREC EEEE

generic type (A Y] 2 &) A rype that can be parameterized; typically a container class such as 1ist or dict. Used
for type hints and annotations.

Yas)z] GaeEel -JOH 278g Ut
B3} functools.singledispatch () Bl Zd o]E| 2} PEP 443% H A Q.

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.
GIL A< Qe zeE 5 & HAS

global interpreter lock (A9 Qle] = a]e] &) 3l Hol| 2 2 dl}e] Ad 7l gto]H vlo]E F & & AP E =
824317) 9130 CPyhon BV Z2] B} ALESHE M AUZ. (aict st T 52 UFREL EFoE)
AR Zdlo] B Ao g FA] AN 20| thaf HASEE uhE o] A CPython 732 w3l w5 U th
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AelzelE AAE F1e A2 dHzHE HF2d =387 A BEs tiA, ts =2 A4 714
AAZE LA Be BRE 3 AT

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 1/0.
(B2 o u A F H o8& F1E) “2 ¥ Eol Af 22 (free-threaded)” A B Z 2 B E Wh5 1%}

She A9 e AE A oA B, R 0d ZRA A A9e 4% A Aok e U,
| ge eliE A AL T A2 QA H3telA BEo A §A W o] H Eol2 AL AR 1

hash-based pyc (SHAI 7lt'Ppyc) FEES BEsT] Al s T 2 A HF FA A ZEo] obd AE AR
St HEolE FE RA] 9k A A E HEol E S E R a Rt FREAIL

hashable (3] 2] 7}5) 212171 448 71 7101 AotA] e A gE 23 (_hash__ () WA EZFER U,
o2 A A o vl ilf-ltﬂ( __ () HMAEZEE 83, SA 7}~OPD}1 Eia s das Supl vl
= s)A] 7153 _E ﬂg,] 3l ]g}o Zro}of st}
A 72 AAE g Bl 7 e M AR S 5 A k=, o] AR TR0l R A
o2 A FHS AFEE] i E YTt

& ol 2 W AAE2 Al beduth (Bl2EY 9 e 22) 7 dE o e
A U (7 *Olb‘rfrozenset Z2) B dEols2 152 1 s Al 7hs 2wl =k 3 A
FedUth AHgAF B S 29 dadx A EL 7|2 Aoz 3 A 7hedunh (RF7] A Al
Stale) BF o2 rha v aE AL, A g2 id () 2 FE BEol 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.

>,
il
(]

immutable (& Bjl) IR S 2= AA. EA A= AL FAE, FES 23T YLh od AAELS
285Utk A S AAsEE A AAE S o)oF gtk WEHA] ¢k s A gko] QlojoF Ft=

XA T8 AES FUH, o€ 50l 9Hv 29 7]-

import path (Y £ E 7§E) AR 7] vl glolr] 7 A xE &

importing (Y £%) # 259 shold TEA T BE sho]d TEol A AEE 5 RS shi
importer (£ &) EES 2715 83 22 3715 st A A 52l E] o4 = 6] A gy e,

7;'
interactive (th3}3) To| WS e}y JEZ el S 2x Qi dE el 2z oM BT W4
YHg A 23 449 AAE 8 4 As KA A7 60) I pyenong A (
WHATﬂvﬂ1ﬁ%ﬂiﬁ5ﬂ%§$%€wﬂ.N%ﬂﬂﬂaﬂ4dﬂ 53} 572
= 04 D]'E‘— UH ¢ —1 Ho]'

i oY jo

Astd 01037} O}"]a} ABzE Y Adojdurh o] AL A AR A3 std S WA Rk, £
Fde A7 AP+ dvke %?314‘:]' Jzgade] & o AHs] 3PS 7= kAT, A =z 2 H
Adoj= EE 74-4'01 010153]' 2 MdHW A 718 syt tieke & HAL

interpreter ShUtdOWH(°]E‘] e $8) S$E5ehe 238 Heul, Fol dE =B E 5EE A7 A
At gl o2 7HA %35}‘41-1—?‘ S L2 EEE3d AN ES dAA S Z vyt
w3t 7n A A7) & o8 A 2T AR} A 9] 513 AL weakref o] Q= T E S0 AS
AFA D = A5UE TR A7 X AT = Z== G oS v 5 =, 22 0] o &5t
= x]-tgo] = 7]_5};‘] Ao A7 HEAUH(ET Al = gholHefg] REolv Fa FAEdYTh
Azl T80 78 AU APH=__main_ EEC|UH2IAHETIAYS

iterable (o]E]2| &) AHES S H Y 58S 4 A= AA. ol HHEY J 2= BE(List, str, tuple
ZYANFAAFE, dict Z2 2E v A D2 FE, oL AA S, iter () YAE2MELE 78
3= __getitem () HINEE HMA A RE FE29 AAE°] JAF5UTH
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=2

ZO AFEE = AT, A FAE FLR 7 Sl o2 B X (zip(), map (), =)
r 2 AL, 2 AA) 9] o] # o] H]
t} o HHES AHES

o
L
S
v}
-3
2
)

N
i_l"

HEL iter() E3& =1 = =
2 A s slFed, F2E S5 e olHAEA O HE FolE o5 sl M- E e
olE{ & o] E, Al 2, Ay olH = HAS.

iterator (o]E] o] E]) TlolEle] ~EHS HH3= AA. o] o]E 9 __next_ () HINEE NS Ho g
FE3H (EE YR T4 next () 2 AG3H) 2AEL JL FEES A2 EHEYT ¢ o
Ze] dlolE 7 gl& wl&= Al stopIteration 99 & o gdUth o] A A, o] d o]8 AA|+=

Lo
o &

2%, 0] T8 BE  next () PINE T&2 Stoplteration o9& thA] 42779k gyt
olE gl ol Bl = o] H gl o] Bl AA| A& EHF= __iter_ () WA EE 7HE 2] 75 7] uf &, ]

Eeol B ol el el Bol /1% 11 TFE o el B ES oS ol th 2| oA A8 - g%

F83% o9l o8 W olHeE )AL AEdE TEYULh (list 22) AH oY AA = iter ()

g A3 AL for 2o AF&8 wjuje} A o] B & o] B2 WS Ut} o] & AL o] g & o] E] o uj3)

A e shel 3 shE, Ak ol el e ol Aol ALH o] v] £ o]l e o] Bl S el A, W Zel o] 1] A &

HolA vyt

typeiter o] & ZtA|gF U -&-0] QIG5 U TH

CPython & %} A : CPython does not consistently apply the requirement that an iterator define __iter_ ().
key function (7] $+5*) 7] k4 == Z 8] o] A (collation) <=+ A & (sorting) ©] L} ¥l A (ordering) o] AF-&= =

He=dFe SHEDUL & 0, locale.strxfrm() 2 2AL S YA W= AL 7| &

T = o AR Yt

o]y g =7t R 450 AFA A Ao A AL Fol=AFE Aol 5] fEl 7] TrE welE T

ol ZlEo+=min (), max (), sorted(), list.sort (), heapg.merge (), heapg.nsmallest (),

heapg.nlargest (), itertools.groupby () ©] AFY T}

71 48 HEE dE oy ol Ads5Uth o E 0], str.lower () WA EE AoA F
AEE 7] T2 AESE & AdFULh tidFH o2, 7] T4+ lambda A 0 F ThE 5
o], o]& A dYt}: lambda r: (r[0], r[2]). E3H operator BE2 Al /Y 7] &4 A4
A&t attrgetter (), itemgetter (), methodcaller (). 7] &+E w511 AFE 5= ol
tf 8k o & Sorting HOW TO & H A &

keyword argument (7] 9] E 21z} 21x & B AM 2.

lambda (eh 52 0] gro] THHAL el T4 0= TR o) F gt Ak B4 BT FHE W=
= FEH2 lambda [parameters]: expression YU Th

o] X 2} (Look before you leap). ©] T AEFY-2 T & o)} 23] & 517] Aol HAF o2 AFA

ARG o] 25 QS FAFP T 0l H 1, g i Be] 241 54 A0l

282 B0l A, LBYL 1232 “57]"2 5 /)" 7ho] 24 242 wEA B 91 Ho] v,
£9], ZE if key in mapping: return mappinglkey] & ZAA} o, AT 23] Ao,

ChE 7S 7} key mappingo) A A A A A& 5 Q&Ith o @ o]t Fol L} EARP 42 &

AEFo AR 2E 5 ATk

bt Ao

230 %0
e e el

v

-

¢

S

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: cpl1252).
locale.getpreferredencoding (False) can be used to get the locale encoding.
Python uses the filesystem encoding and error handler to convert between Unicode filenames and bytes filenames.

list (2] 28) W shold A A2, T o] Fo = e, A g3 AMA7t0() o) 7] m o], Ad P aE
(linked list) H t}= t} 2 A o] o] v A3} AU ok
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list comprehension (2] AE AZ 23 H) A A2 45 AR = JdRE Aty 1 2HE EV\EEEE%
F= 743, result = ['{:#O4X}'.format(x) for x in range (256) if x % ==
] £ 004 255 Abol ol Sl= BHLE9] 16705 (0x.) E€ £FetE FALY e2ES BFYh if
48 Aok 5 G Itk e sange (1569 W TE £ A E L
o]

loader (2¢6]) EEE ZE5F= AA|. load_module ( = o] E9 HAEE Ao gt 2=
E gl 7 =3 E Utk A 8 W82 PEP 302 E, A uo] A~ Z8 A &= importlib.abe. Loader
% BAL.

magic method (W] 2] WA =) 5= v A = 9 Bl A&l w23k T

mapping (7] 38) 92l 9] 7] 23] & A YW3}1 Mapping ©| U MutableMapping FAtH o] a2 o A A H
HAEES Fds= AHolY AA)|. d| 2+ dict, collections.defaultdict, collections.
OrderedDict, collections.Counter & & 5 JHFYTH

meta path finder (W€} 2 3}2lt]) sys.meta_path & Ao 285+ 3l H. HEL FZ 3= 4=
o E g zlolt] ¢ #aE = o] Q7= A FE U]

HE A& 37 &= WA =E0) th3 A= importlib.abc.MetaPathFinder & B §
e},

metaclass (W€} 2| 2) Sel2o] S FHUa A= Sl olF, 8l gAY, Hlolx F g9
EZ2Z UEUth HE ZaE o) Al AAE Wopr FH A8 vtEE IS AUt g2 A
Ay 22 oY Ao EL2 7|8 TS AUt FJol M-S 5HA et A2 AxE v E
25 s F odrE AUtk gREE AFE A Al o]l =17 A E 22 gAvE o7 A uf, v gl
Flaes AY3a ol AHS AleFUth AEFHHE A2~ 27 (logging), 2H = A A2
F7h AR A 4, AZE AT B2 o2 Fdo A S Ut

w e 2 2 oA o ARA S WSS 2S5 sy Tth

method (WA E) S vir] ¢k A AYH =84 1 Z =
HAZE A WA A2 (BE self gl EATH 2 A€ AAE DFULE 5 9 T HE 253
£ BANL

method resolution order (WA & Z A £ A]) HAE A A= 235 S AHE A= o~ &
259 AU 23 E|aRE Fho]l A dE Z e o AMEH dae] &2 Al e W82 The Python
2.3 Method Resolution OrderZ ¥ ™ 3 Ut}

module (&) 3to|H T =] 2 A3 9| & F3ste A4 BRE2 499 sho|A A= & ol 5 3=
ZrEUTh B2 Ay ZAo ol slojHo g 2 =gy
714 = HAS.

module spec (R & A29) R E L Z=35t=0 A = ¢
importlib.machinery.ModuleSpec & QA1AH A,

MRO #A = 274 4 & B2A8

mutable (7}¥H) 71 A A= o]l & ¢ QAT id () & €AFFA FAEYULE 2 T BHA L.

named tuple (W] Y & HZ) “named tuple(M| Y= FZ)’olgl= fo]= FZoA AE31T o] & B2 o]E
EE AJgsld ol g & 9)\% Q40 3
;'EH/\Oﬂ o= 7]“‘:;& 4
time.localtime () & os.stat () 7} Wt3k
o2 o= sys.float_infod Ut}

o
L
tlo
kel
%
o
&
£
v
=
o
o2t
o
=
o
[
ni
il
A
A
v
H

>>> sys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

(F= ol ATl A%)
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(o] A sl o] A A M A%)

>>> isinstance(sys.float_info, tuple) # kind of tuple
True
AR Y= FEL LA @S DY T, cupleol A A5 o) F B2 WS Ao
A S HYR YJE FEES UE T AFULE oy o= AH A AU AED T4
collections.namedtuple () 2 WE = JH5UTH 219 7|HE AH AAFAY YZ UIE &
oAM= L2 5 e 27 FAHHAEE FUHe = EY Tt

namespace ()% B71) W47t AFE £ 2. o) & 0L HAVE 2 FAFULE AAol 3T 02 82
(AL ) ek ol e} Ao, A, ol 8 Brkol L LITh ol E BE o] FEL HAA
2542 A9 YLE A& 59, ¥ builtins.open ¥} os.open () & 1E9 o] F &7l o3
FHFUD £, 0|8 B0L oW RE| B8 THAREAE BRI BBl A AT 77
HEA 222 ZUYtTh o & £90], random.seed () Ex=itertools.islice() Bt 2 W 1 35
S0] 212} random 3 itertools B &o) ool 785 918 o] ¥ 2kl 4l itk

\

m

namespace package (©] &
277 A = 2ol

e U

BEE T HASL.

nested scope (3 E A3 %) S FoY N M4S F2ohe 5. ol 50, b2 T v FolM Fod
e Frol e virsS Az gyt HE 2z R o2 AR e T
B A2 HA Fevhe Aol FoAsof Utk A a2 7P YR A3 zoA ¢a Hyth
DA R, A ApES A o] 5 FIFolA J3l FUTH nonlocal 2 HPZ AF T 2 A
=gy

new-style class (7 2Bt Fef2) A5 € ZU2 AA ] ALEHL e Al HAY oA o
T 2719 Fold MAdANE, &4 R SHAT  slots |, HAAHE, 29 H,
__getattribute_ (), EWL WA E, 28 E =9} 22 hol W o) A5 e 7l s E= A

5+ dgsuh

object (AA]) e} (EZFEUZH) & 2L T2 (MAE) o] Bojd BE o8 3 RE wAekd 27

29 HFAJA Mol S YU Th

package (3] 7] A]) A Python module which can contain submodules or recursively, subpackages. Technically, a package
is a Python module with a __path___ attribute.

A5 7172 S o) & B2 9717 £ HAIL.

parameter (W] 7)) SHF (EE= WA =) Fo oA S kS 4= 9l
3l ol & B2 dgE. A FH2 vzl EssE 5 Uth:
7

19]S Q4 2 A2E 4 9 A4S AZ Pk

rlr

Q1A (=

rlr

o 3% AXE) & A4

o

o
PR

-7 = (positional-or-keyword): ] =] 1A L}
| A o] 7|2 Fefo] v H Y] oA & £

def func (foo, bar=None) :

o 9 X]-A | (positional-only): | x| 2 3+ A&
24 Bl s B0l BAE E
posonlyl 3} posonly2:

’def func (posonlyl, posonly2, /, positional_or_keyword) :

» 719 =-A§ (keyword-only): 71 EE2 W Al 5 e AAE AZFULH 71 =-H-8 i A
= 9 9] 9] B WA 2 S0l A 22o] kel Zpa-9) A v M)+ ol E gl 4] Ao
T ds5Uth A& 501, tholl A kw_onlyl 2} kw_only2:
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def func(arg, *, kw_onlyl, kw_only2):

» 7H¥-91 %] (var-positional): (FFE AW 5ol A o] v] WolEe] A 94 A5l Ha) A5
% 9 AA A5 99 AALE AF AT oA vl A5 w94 o] ol * & Sl
ol 398 5 ABUTh A8 Sof theoll A args

def func(*args, **kwargs):

o 7HH-ZI R E (v ar-keyword) (T2 w7/ A 5Sof S A] oju] vlol S o] A 7] Y= o AE 9 o 3l)
ATE T A= 499 N+ 719 = O]X]'—_ AR Ut o] Wi Hp = v S o] Foll x* &
ol 24 BE 5 A Uh oAl & 5o 919 ol A kwargs.

AT AHAE AAES A 72w oty gt A8 H ol A B4 AAES AR T 5 A5 YT

ol 2F g o] A A&, o1} v /S 2] X}olo] L2 += FAQ &, inspect .Parameter 2, T
Aol d,PEP 3625 H A Q.

path entry (2 A=2)) 47 73 5olE] HQEE FREES 27 A9 Bushe AL 42 4 el
.

path entry finder (7% 2 QIE 2] 5}¢1t]) sys.path_hooks o] Y= FHE(F, 42 dE ) ol BB FT+&

= XN
AR dEZ A Eo] FH3}E= WA EEL importlib.abe.PathEntryFinder o Y4t}

path entry hook (2 QlE 2] &) sys.path_hook FAEQ J=ZEAH, EH A2 AdED A EE
=S ¢y Ydud J2 JdEF Iy E EHF YT

path based finder (2 7|9} 2}elt]) 7| & W e} A2 3ol E = s, AT E F=E oA EE
Ytk

path-like object (J 27 ZAA|) 3t Al2d FE2E Uetl+= A4l AE2F AAl= 42 UEH = str U
bytes AA| o] At} os.PathLike L2 EZE F 3= AA YUt os.PathLike TE2EZFE A Y
st= AA= os. fspath () FFE TEA str Lbytes L A 2" 22 A8d 5 gy
th4l os. fsdecode () 2 os.fsencode () & Z+Zt str U bytes 2345 EAst=0 AR E &+ U5

Utk PEP 5192 =95 iU th

o

filo
e
oy

PEP 5ho] 4 7] 41 ] ok, PEPL= 5ol AR Elo] AR E A Z8A L sho] W B 1 T2 A& EE $70
e AZe 7152 Agshs 44 EAQUTH PEPE Aok 75 t @ 1128 71& A E 2 A
A28 oF ok,

KN

A 8ke shol Mol Soi 7t A 2

PEPE: 8 A28 75€ Alkaha BAlo] o AR UL 9 4
7 £ ARV Dol A el E 75 5ka o)

e FAE ST 98 712 W AYS YT PEP FA A}

portion (£ H) PEP 420 o] 4| A2 3t AA T, ol & 87 571 Aol o] upA 3k Shibe] Cielel 2o Eol gt
St S 0] 41 ip h ol AFH = A= 7bs g Th.

positional argument ($] 2] 212} Q1A & H A Q.

provisional API (Z+A API) T4 API= & glol B 2|9 I 7 53
o} AE s o] 20 F ME}7} o AE] A= kA v, A A o] 2kl EAH = § T Nl AtEe]
A7 B B o] §AH A g WA o] Aol 5= Ytk 1 W7
ol A= e AT — APLE ZF37] Aol 3 F ooty 2
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o] A= BT gtol B 7t ;W A Fo AR E AA LR/l B e A ko A
BE YT A S-S PEP 4112 B Fu T,

provisional package (Z+A 2 7] x]) &7 API & B A L.

Python 3000 (3F0] 4 3000) 70 3.x W = 2}<le] W3 (82 39 ¥ %7} W m)ef o] o] oF7] @ A Aol WS 0}
o]Fo|th) o] A “Py3k” & £ 27| = Ut}

Pythonic (}o] 21 t}8) THE Q1o Sol A AutA el A S-S el LS FEASHE B4, 5ol 4 o] o] 4
A A7 AFEE o AEL A7ko] M ofo|tolu} A= 27} of, kol Mol A A}z 24
ATFE for F& AT OIEE B RE 802 FYIIL AYn e Be oot old
R0 PA 0| glong, ol el 4537 e AEL tiAle] 57 AL E E ALE S E FT:

for i in range(len(food)):
print (food[i])

B 28 ol drke P e ol dath

for piece in food:
print (piece)

qualified name (J 1315 o] &) REQ A 2FZ oA REO AYH ZFH 2, T, A= ol2=«“F 2~
2 HolFE=Hog ZHY o] & PEP 3155 oA A HUTh A e 220 AL, AF3Hd
ol 5 7“11]«] o5 THUth:

>>> class C:
class D:
def meth (self):
pass

>>> C.__qualname_

lCl

>>> C.D._ _gualname_
'C.D'

>>> C.D.meth._ qualname_
'C.D.meth'

BES 7tE 7| =d AHRE o, A3 AF3E o) 2 (fully qualified name)S RE R 7 7| A 5L £ T
SN BER Ve Jo2 "'—ﬂ% O] YuFYth 9 E £9],email .mime. text:

>>> import email.mime.text
>>> email.mime.text. name
'email .mime.text'

reference count (R 314) A Ao o3t F=x29 7S, 7“?1].,] | ’“7]—0 o7 Wol X, v &g s} gy
Utk 22 3¢ 332 gtz oz go]ld F= o = QZ] = %}7\] , CPython :r“ﬂ«] A e APy

sys BE2 5 AAY Fx A +E 585+ getrefcount ( 7‘*431'1/] th.

regular package (47 97| A]) __init__ .py 3¥E& 2F3= U E“H g} g2 AT A A 7] A.
ol5 w7 A & HA L.

_slots__ Z YR AAQl, A AEHAAEYFEES HSHFHS g AL AAEA G E
A A @33’3‘1 HEeE Zaste 235 FUh A7) A7= A, o] Ha YL EulE A AE-8171 7
Z 712 L HolghA], vRE o vAs 28 28 T A] Bl £ AAEAT Q= EWEHI AL
S sl= Zlo] 5 UL

sequence (A|F2X) __getitem_ () 55 Uﬂ/ﬁ ZEFO AT AIdAE A2 Q4 ANAE X Y3},
Al 2] dolE EHF+E=_ len “ﬂ'ﬂ—‘:—% Aojsl= olHHE 22 WA A AAES YEE Y,
list, str, tuple, bytes 7} 01—1/]1’/} dict TE3F_ getitem_ () Z__len_ () & AA3A v
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230 B4 A 499 B A8 ALg 3] W2l AA2Tt ohet P oz HFHrhe o] 2o

sf oF g}
collections.abc.Sequence A Wlo]| A ZF AL getitem () F__len_ ()2 do]A &
A FHE QB H o] AE 4-475]-511‘]],0011 t (), index (), __contains__ (), reversed_ ()

fy

F7hgUch o] #49 AE 30| 28 TAR §L register ) B AEHA BAAOE 52E S 9
Y

set comprehension (3 AZ2|dA) ol E &= 24 AAY IS A3ty 2345 G2 JggS vt
33l= 7143 M. results = {c for c in abracadabra if ¢ not in 'abc'}E=EA}F
g FJg{'r', 'd"rEAAATUL BaE, JF, 9V Y Y aEd o] (display) & FRIAAL

single dispatch (J 2 t]A o) x]) & o] gt AR} Fof| 7|2 A AR S = Avll g T a2 s
el

slice (E2lo]2) HF A|A 2 o dRE Z3sl= AA|. Eefolas HE ATYHE R
t}. variable name[1:3:5] A&, [] oA A8 7N =22 ZECZ B8
2THE)Z7|HS HFHO=E slice 7—‘1‘7_4]%/\]' .

special method (54 WA &) Flo]p o] Fof o A4S, G 22, AT u] FAFOZ TEF = HAE,
ol WA= F Y Zi/\]ﬂ’ﬁ}l EoeS AL YFULh EF M= ST A= ol 5=
ol EAZ T A s5Uth

statement (F7) &4 29 E (ZE=2] “BF (block)”) & FA = FE AU £ 2T 4 oAU 7] ¢

EEAESIE Y 7HA] 2 E S st Utk 71 if, while, for.

strong reference In Python’s C API, a strong reference is a reference to an object which is owned by the code holding
the reference. The strong reference is taken by calling Py_ INCREF () when the reference is created and released
with Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the Py_DECREF ()
function must be called on the strong reference before exiting the scope of the strong reference, to avoid leaking
one reference.

See also borrowed reference.

text encoding () A~ E 91 7.9J) A string in Python is a sequence of Unicode code points (in range U+0000-
U+10FFFF). To store or transfer a string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as “encoding”, and recreating the string from the sequence
of bytes is known as “decoding”.

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings”.

text ile (952 99 sex AA& 93 & 4 9k 79 A FF, AAE AL AA 2
O 2ERE WALTTL 2 Y 2 AE AT HAE B o2t
FE'w') 2 99 99, sys.stdin, sys.stdout, i0.StringI0 & AA2HAE E F AH5 YT

ol 2R A4 & 92 % 4 e Y Aol el A o]y e 9 £ BEeAL
triple- qlloted string (35 w5 3% 9 £249) W2 E () o A2 w}gj OANE YA E2E. 23 0
£ SR Be el BRI Gt 7% AFIHAL AW, of 8] 74A) o] frol A LRI} g Th
B e b W A S S IR
AHE o 2ol A2 5 Jedl, SAEAL L u] 53 22 YLtk
type () oA AR G 1 1 A Gol YUk AA Y

[ r
i)
Ehs
lut
fu
‘IO
B
[>
ok
4
30
)
L
t
=
3
D

o
1>
e
B
=2
=
(e}
ol
£
rﬂ
il r
B
rr
oflt
Lo
ot
Lo

e  class_ 01
type alias (& ol d2]o]x) o
o delojar P A

My
i‘l
—|—‘
rlr
fin)
Jo
ofo
i)
T
v
2
i
e
4=
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def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuple[int, int,

pass

int]]:

£ ohe s 2ol o 97 94 BE 5 A&k

Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) -> list[Color]:

pass

_,4
P
o
<
3
'_l
o]
Q
i)
1
e
=
=
[+ ]
=
it
2

type hint (& 3 E U n
o] A.
Y I EL A8 Aol n FholHof| A ZA A = FF T A A B =0 {830 IDE
o FERY I YAEL S FHUTH
A A5E AL, A W, s oJENHE D F49 J AEL typing
get_type_hints () %/\}%o}oq MM AT 4= 9T}
°] 71%5& A3t typingd PEP 4845 F2 342

universal newlines (—n—b]H']’“ 97) 2H 22 AES BEF 29 Eo2 A4S, HAE 2EH S 34
St T Y2 A& '\n', A== A "\r\n', Y T EA] _t]_—gﬂ N\rt. 27pA el
AHgol e A= bytes.splitlines () gk ofu] 2} PEP 278 9} PEP 3116 = WA &

variable annotation (‘15>

Mg EE e o= e e ol ol

\_.—,_ 4

wHlo] ) W4 EE Fes ol m el HEe o wmro] 4,
DR EDERE AL OISER

class C:
field: 'annotation'

=2 AgPUTH o Sol, o M4t int 22 M Aoz A4

oflt
(ol

W4 ol gl o] de Jukg o
Utk

count: int = 0

H ol g o] B2 AA o] - H| o] EF U] Y (Annotated assignment statements) 9| A /2 8 g T

See function annotation, PEP 484 and PEP 526, which describe this functionality. Also see annotations-howto
for best practices on working with annotations.

virtual environment (7} 4} 7)) :Jro] AN AL A 22 g 1o], e ]/\E" oA A= o} = Tlo] A
o% 22O E9 FF JFE FA ‘E%—O—“Vﬂ shol A iz 7| A EE AAFAY g ol =8k
7]"—6‘]’7—“ 5}L»§§E—1Z—13§ “ﬂ%/\ag
venvEE/‘ﬂB_.
virtual machine (7} 71 A)) Az EQojnto® HojH HFE. sto| Ao 74} 7| A= vlo|E I = HAutd H 7t
%ﬁﬂ%ﬂﬂiiE%@%@Hﬂ
Zen of Python (s}o] 41 A1) o Q Aelsh BHESY B2, Aol B o 5k AT o] £3 ol

AU o] 22 t3h8 ZEZEo|A “import this” £ dahE B Th.
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APPENDIX B

o] 417 A of] 3]

o] A" A= reStructuredText A0 A ThEo] X o2, gto]x APAE sl SHs] A 24 A8 7]
Sphinx & A& 5 YT}

A S o B AT BA I AEL Shol A A & DA 2 A A O = AAR AR = YU 7] o] 1
A0, 2o} Wl A3 4 8 reporting-bugs 3 0] X & AT SHAA 2. M2 AHABAE A} I
YeH

the Sl B g =y
* Fred L. Drake, Jr., 92 sto]H A A = 3o 2 o)A w2 Zrl=9] 27}
* the Docutils project for creating reStructuredText and the Docutils suite;

* Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.

w
£
o
%
ruE:
_>a
o
ol
r
X
il

e Abgho] sholHl Ao, spol £ gholHejg] ¢ polH A A 7l F T 7)o xpe] FE A QA
B2 22 glo] A A u Z 3] Misc/ACKS & Z23AAA L.
stolo] o] B AYAE ZHA A AL sho| W AFYE Y d83 7o 4t — ZARE Y o
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apPENDIX C

>

oA A} 2ho] Al

|"..|.4

C.1 2ZEY o] Ia}

glo] {2 ABC2l= A ojo] T A A2 A v E 2= 9] Stichting Mathematisch Centrum (CWI https://www.cwi.nl/
ZFZ) 2] Guido van Rossumf] 2] 3] 1990 d o] Z4lof| ThE o] HE U T Jol o= o2 AFFE2] B2 33 o]
=95 94 B, Guido= shol 2] 72 A 22 ol 912 vk

1995, Guido+ Virginia 2] Reston Oﬂ ¢l += Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston vaus/ 22) o A1 sho] A 2 A% 3L, o] ol A o] ] M A2] 42 £ o] F A LT

20004 5 %_J, Guido 2} -‘3]-01 é‘ﬂ Al 7] 9HEl 2 BeOpen.com 2. 2 & 7 4] BeOpen PythonLabs 2 A A5 Ut &
2 3} 104, PythonLabs & -2 Digital Creations( 3 A} Zope Corporation; https://www.zope.org/ FZ) 2 %754t}
2001 4, Jlr W Az E %] 01 A 2 (PSF, https://www.python.org/psf/ ZFz) o] A g5 & th o] ©Al = gho] A
#A AA Qe 2rotEs 585 A H vl F e 24 Ytk Zope Corporation> PSFO] £ 3191 9 U T}

B E JolH vz T2 T /\/\‘Q 141:]- (F7N &2 Ao "8 A& https://opensource.org/E 2 84 /\]
). AP 02, TR (A8 AR L ohduiTh shol 7 W B2 GPLI} T3 UTh oele] Bt ohe
W EFe 2 ore Atk

EEIEC IR E§A [ GPLEEN

09.0~12 | n/a 1991-1995 | CWI yes

13~152 |12 1995-1999 | CNRI ves

1.6 1.5.2 2000 CNRI no

2.0 1.6 2000 BeOpen.com | no

1.6.1 1.6 2001 CNRI no

2.1 2.0+1.6.1 | 2001 PSF no

2.0.1 2.0+1.6.1 | 2001 PSF yes

2.1.1 2.1+2.0.1 | 2001 PSF yes

212 2.1.1 2002 PSF yes

2.13 2.1.2 2002 PSF yes

2.2 o] 2.1.1 2001-& 2] | PSF yes
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Z3: GPLY 238dH =
2ol 4l = GPL} 2]
53 gho] fl = Tho] W}
ek,

2] 7} GPLE slo] W& Wl 23t
WS 3 anz EA du
PL 3ol &3 8 Th 2 2 ZE 0] & AFT

4>l
o2
i glo

Guido®] A = 5}o] o] Wj 2 E 7H5 57 THE B 95 AR AAE A A=Y T,

C2 sjol ol A A5} A T A18517] §1 o] & ok

glo] W A Z E Qo] 2} A A= PSF License Agreementol] Wk} gfo] Al A 7F Fo gy th

stol M 3.8.6 5 €], A A 2] oA, Ze|H A 7|} T == PSF License Agreement 2} Zero-Clause BSD license®l|
o127} ot L .

Shol o] B A% 4= ofol i THE ehol Al 7}

= QRS ;ﬁ]l
2Eoh @ JAE Uk ol 3t elo AlAg) Ben B S
FRIA

ot

A

3 eol Al 2o 5

cBhol Al A E
Z3d a2z E o] th gk ghojdls gl

=2

of ol
e e

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.10.13

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSEF"),.
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—Python

3.10.13 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.10.13 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—~Rights
Reserved" are retained in Python 3.10.13 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.10.13 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made to.

—Python
3.10.13.

4. PSF is making Python 3.10.13 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 3.10.13 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.13

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.13, OR ANY_
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

6. This License Agreement will automatically terminate upon a material breach.
—of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. This.
—License

Agreement does not grant permission to use PSF trademarks or trade name in.
—a

trademark sense to endorse or promote products or services of Licensee, or.
—any

third party.

8. By copying, installing or otherwise using Python 3.10.13, 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& STl Aol A1)
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(o] A sl o] A A M A%)

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE

(TH& SOTATl A1)
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THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.13 DOCU-
MENTATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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_random EE-2 http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html o] A W &
e Feo 7Rt =5 XYL 22 ddl =9 A4S IdE 7 Ad Ytk

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& ST Aol A1)

160 Appendix C. < x}¢} glo] A A



http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html

The Python Language Reference, = X] #] A 3.10.13

(o] A sl o] A A M A%)

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 27

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ""AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.34 F7] &=

http.cookies REX Tha3 -2 £ A& 283 th:

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 &5~

B ES O T 7 AE ERYTH

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:
— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
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version is still 5 times faster, though.
- Arguments more compliant with Python standard

C3.7 XML 94 =2 X# $&

xmlrpc.client B2 53 22 7o A2 233Ut

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test_epoll REL T} 7} 28 29 S 2 8F T}

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& ST 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 QB 3] o] 2] Tla] T}g7} 2 Fo) AL =TT

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}4 Python/pyhash.c o+ Dan Bernstein ®] SipHash24 &1 2] & 2] Marek Majkowski 2] & o] ¥ 3}%] o]
U T ol 7ol & e} 22 o] Ea5 o YU Tk

<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& ST Aol A1)
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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/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod 2} dtoa

The file Python/dtoa . c, which supplies C functions dtoa and strtod for conversion of C doubles to and from strings,
is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/web/
20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains the fol-
lowing copyright and licensing notice:

/****************************************************************

*

* The author of this software is David M. Gay.
*

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* % o

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

* % o

* % o

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

*

***************************************************************/

C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available by
the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here:

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-corelopenssl.org.

OpenSSL License

(THS STl Aol A1)
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Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in
the documentation and/or other materials provided with the
distribution.

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eayl@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

L T S N S N S T IS S N S N R i R T S S N S N S N IS T S S N S S S T S S N SIS S S T N

Original SSLeay License
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Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eay@cryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
1. Redistributions of source code must retain the copyright
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 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.

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]
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C.3.13 expat

pyexpat &2 U 5 ——with-system-expat & FAFA &= 3, £ expat 22 AHES AR5} o]

dEgyn:

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 &2 U E ——ywith-system—1libffi & AR &= 31 34 libffi &

Weg
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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

21ib B Al 2 E o A A H 2lib W o] L1 @ 25 o] A M=o A8F 5 §low, 3 glib 4 AR

Ag3te] WEH U T

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc ©f &3 AHE5 = al A] H| o] £9] FH - cfuhash ZE2AE

]
N
L
[o
fru
)
A
k)

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& ST Aol 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 Y E=E ——-with-system-libmpdec & T4 3}X] &+ F, Z3HH libmpdec 22 AFE S

ALgste] e o

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N H|2E 2~ ¢|E

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/cl14n-20/) was retrieved from the W3C
website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

* Redistributions of works must retain the original copyright notice,

(TH& ST Aol A1)
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this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project:

Programming the AdLib/Sound Blaster

FM Music Chips

Version 2.0 (24 Feb 1992)

Copyright (c) 1991, 1992 by Jeffrey S. Lee

jlee@smylex.uucp

Warranty and Copyright Policy

This document is provided on an "as-is" basis, and its author makes
no warranty or representation, express or implied, with respect to
its quality performance or fitness for a particular purpose. In no
event will the author of this document be liable for direct, indirect,
special, incidental, or consequential damages arising out of the use
or inability to use the information contained within. Use of this
document is at your own risk.

This file may be used and copied freely so long as the applicable
copyright notices are retained, and no modifications are made to the
text of the document. No money shall be charged for its distribution
beyond reasonable shipping, handling and duplication costs, nor shall
proprietary changes be made to this document so that it cannot be
distributed freely. This document may not be included in published
material or commercial packages without the written consent of its
author.
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Non-alphabetical

., 139

ellipsis literal, 20
T

string literal, 11
. (dot)

attribute reference, 80

in numeric literal, 15
! (exclamation)

in formatted string literal, 13
— (minus)

binary operator, 85

unary operator, 84
' (single quote)

string literal, 10
! patterns, 113
" (double quote)

string literal, 10
mwmwn

string literal, Il
# (hash)

comment, 6

source encoding declaration,6
% (percent)

A 4R}, 84

o\
Il

augmented assignment, 96
& (ampersand)
A4kt 85
&:
augmented assignment, 96
() (parentheses)
call, 81
class definition, 121
function definition, 119
generator expression,75
in assignment target list, 94
tuple display, 72
* (asterisk)

function definition, 120
import statement, 102

in assignment target list,94
in expression lists,90

in function calls, 82

QA 4k7}, 84

* *
function definition, 120
in dictionary displays, 74
in function calls, 82
147t 83

* Kk —

augmented assignment, 96

augmented assignment, 96

+ (plus)
binary operator, 85
unary operator, 84

+=
augmented assignment, 96

, (comma), 73
argument list, 81
expression list,74,90,97, 121
identifier 1list, 103, 104
import statement, 101
in dictionary displays, 74
in target list, 9%
parameter list, 119
slicing, 8l
with statement, 109

/ (slash)
function definition, 120

<A 4k7}, 84

//

A4kt 84
//=

augmented assignment, 96
/=

augmented assignment, 96
0b
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integer literal, 15
0o
integer literal, 15
0x
integer literal, 15
2to3, 139
: (colon)
annotated variable, 96
compound statement, 106, 107, 109, 111, 119,
121
function annotations, 120
in dictionary expressions, 74
in formatted string literal, 13
lambda expression, 90
slicing, 81
: = (colon equals), 89
; (semicolon), 105

< (less)
A AFA}, 86
<<
o1 247}, 85
<<=
augmented assignment, 96
<=
A 44, 86
| =
1 4k2t, 86

augmented assignment, 96
= (equals)

assignment statement, 94

class definition, 38

for help in debugging using string

literals, 13
function definition, 120
in function calls, 81

2447, 86
->
function annotations, 120
> (greater)
o Ak=}, 86
>=
14kt 86
>>
Akt 85
>>=
augmented assignment, 96
>>> 139
@ (ar)

class definition, 122
function definition, 120
A LA}, 84

[1 (square brackets)

in assignment target list, 94

list expression, 74

subscription, 80
\ (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)

A4kAL, 85

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

A—

augmented assignment, 96
_ (underscore)

in numeric literal, 15
_, identifiers,9
__, ldentifiers,9

__abs__ () (object M|A =), 46
__add__ () (object M| A =), 44
__aenter__ () (object M| A &), 50
__aexit__ () (object M| A &), 50
__aiter__ () (object M| =), 50
__all__ (optional module attribute), 102
__and__ () (object M| A =), 44
__anext__ () (agen WA =), 79
__anext__ () (object M| A &), 50

__annotations__ (class attribute), 26
__annotations__ (function attribute), 23
__annotations__ (module attribute), 25

__await__ () (object Ml A =), 48
__bases___ (class attribute), 26
__bool__ () (object method), 43
__bool__ () (object W] A &), 32
__bytes__() (object | A =), 31
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__cached__, 64 __hash__ () (object | A =), 31
__call__ () (object method), 83 __iadd__ () (object M| A =), 45
__call__ () (object M| A=), 42 __iand__ () (object WA =), 45
__cause___ (exception attribute), 99 __ifloordiv__ () (object M| =), 45
__ceil__ () (object M| A=), 46 __ilshift__ () (object WA E), 45
__class__ (instance attribute), 26 __imatmul__ () (object | =), 45
__class__ (method cell), 39 __imod__ () (object ¥l A=), 45
__class__ (module attribute), 34 __imul__ () (object | X=), 45
__class_getitem__ () (object® S WA E), _ index_ () (object WA =), 46
40 __init_ () (object W] A &), 29

__classcell__ (class namespace entry), 39 __init_subclass__ () (object®] E# 2 H A L),
__closure___ (function attribute), 23 37
__code__ (function attribute), 23 __instancecheck__ () (class W] A =), 40
__complex__ () (object M| X =), 46 _int__ () (object WA =), 46
__contains__ () (object M| A =), 44 __invert__ () (object M| A &), 46
__context__ (exception attribute), 99 __ior__ () (object M=), 45
__debug__, 97 __ipow__ () (object || =), 45
__defaults__ (function attribute), 23 __irshift_ () (object MIX =), 45
__del_ () (object W] A=), 30 __isub__ () (object WA =), 45
__delattr__ () (object MIX =), 33 __iter__ () (object WA =), 44
__delete__ () (object ¥l A ), 35 __itruediv__ () (object M| A &), 45
__delitem__ () (object M| X =), 44 __ixor__ () (object | A E), 45
__dict__ (class attribute), 26 __kwdefaults___ (function attribute), 23
__dict__ (function attribute), 23 _le_ () (object WA =), 31
__dict__ (instance attribute), 26 __len__ () (mapping object method), 32
__dict__ (module attribute), 25 __len_ () (object WA =), 43
__dir__ (module attribute), 34 __length_hint__ () (object M| A=), 43
_dir__ () (object WA =), 33 __loader__, 64
__divmod__ () (object Wl A &), 44 __1shift__ () (object MM E), 44
__doc__ (class attribute), 26 __1t__ () (object A =), 31
__doc__ (function attribute), 23 _ _main_
__doc___ (method attribute), 24 25, 54,125
__doc___ (module attribute), 25 _ matmul__ () (object WA &), 44
__enter__ () (object M| A &), 46 _ missing__ () (object M| A &), 44
__eq__ () (object A =), 31 __mod__ () (object Wl A =), 44
__exit__ () (object M| A =), 46 __module__ (class attribute), 26
_ file ,64 __module__ (function attribute), 23
_ file_  (module attribute), 25 __module__ (method attribute), 24
_ float__ () (object M| A &), 46 _mul__ () (object Wl A=), 44
_ floor__ () (object M| A &), 46 __name__, 64
__floordiv__ () (object M| A=), 44 __name___(class attribute), 26
_ format__ () (object (A =), 31 __name___ (function attribute), 23
__ func__ (method attribute), 24 __name___ (method attribute), 24
_ future_ , 144 __name___ (module attribute), 25

future statement, 102 __ne__ () (object Ml A=), 31
__ge__ () (object W] A =), 31 __neg__ () (object Wl A =), 46
__get__ () (object W] A =), 34 __new__ () (object | A =), 29
__getattr__ (module attribute), 34 __next__ () (generator M| A &), 77
__getattr__ () (object M| X =), 33 __or__ () (object Wl A =), 44
__getattribute__ () (object W] A ), 33 __package__, 64
__getitem__ () (mapping object method), 29 __path__,64
__getitem__ () (object M| A &), 43 __pos__ () (object W] A =), 46
__globals__ (function attribute), 23 __pow__ () (object Wl A E), 44
__gt__ () (object WA =), 31 __prepare__ (metaclass method), 39
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__radd__ () (object M| =), 45
__rand__ () (object | A &), 45
__rdivmod__ () (object M| A &), 45
__repr__ () (object W] A =), 30
__reversed__ () (object WA E), 44
__rfloordiv__ () (object M|A =), 45
__rlshift__ () (object M|X =), 45
__rmatmul__ () (object M| X =), 45
__rmod__ () (object M| A &), 45
__rmul__ () (object M| =), 45
__ror__ () (object A =), 45
__round___() (object Wl A =), 46
__rpow__ () (object | A &), 45
__rrshift_ () (object M| A =), 45
__rshift__ () (object WX =), 44
__rsub__ () (object Wl A &), 45
__rtruediv__ () (object HIAE), 45
_ rxor__ () (object | A &), 45
__self__ (method attribute), 24
__set__ () (object W] A =), 35
__set_name__ () (object M| A =), 37
__setattr__ () (object M|X =), 33
__setitem__ () (object WA =), 43
__slots_ ,150

_ _spec__,064

__str__ () (object | A=), 30

_ sub__ () (object Wl A =), 44
__subclasscheck__ () (class W] A &), 40
__traceback___ (exception attribute), 99
__truediv__ () (object MIA =), 44
__trunc__ () (object M| A &), 46

_ xor__ () (object Wl A E), 44

{} (curly brackets)
dictionary expression, 74
in formatted string literal, 13
set expression, 74
| (vertical bar)
1 4k3t, 85

| =
augmented assignment, 96

~ (tilde)
o Ak2}, 84

23
asynchronous—generator, 78
Boolean, 21
built-in function, 25, 83
built-in method, 25, 83
callable, 23, 81
class, 25, 83, 121
class instance, 25, 26, 83
complex, 21
dictionary, 22, 25, 32, 74, 80, 95
Ellipsis, 20
floating point, 21

i

A

frame, 27

frozenset, 22

function, 23, 25,83, 119
generator, 27,75,76
immutable, 21

immutable sequence, 21
instance, 25, 26, 83
integer, 21

list, 22,74, 80, 81,95
mapping, 22, 26, 80, 95
method, 24, 25, 83

module, 25, 80

mutable, 22,94, 95
mutable sequence, 22
None, 20, 94
NotImplemented, 20
numeric, 20, 26

sequence, 21, 26, 80, 81, 88, 95, 106
set, 22,74

set type, 22

slice, 43

string, 80, 81

traceback, 28, 99, 108
tuple, 22, 80, 81, 90
user—-defined function, 23, 83,119
user—-defined method, 24

assert, 97
async def, 122
async for, 123
async with, 123
break, 100, 106109
class, 121
continue, 101, 106109
def, 119
del, 30, 98
for, 100, 101, 106
global, 98, 103
if, 106
import, 25, 101
match, 111
nonlocal, 104
pass, 97
raise, 99
return, 98, 108, 109
try, 28, 107
while, 100, 101, 106
with, 46, 109
yield, 98

R
% (percent), 84
& (ampersand), 85
* (asterisk), 84
*x 83
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/ (slash), 84
//, 84

< (less), 86
<<, 85

<=, 86

1=, 86

> (greater), 86
>=, 86
>>, 85
@ (atr), 84
~ (caret), 85
| (vertical bar), 85
~ (tilde), 84
and, 89
in, 88
is, 88
is not, 88
not, 89
not in, 88
or, 89

o] £}
AssertionError, 97
AttributeError, 80
GeneratorExit, 77,79
ImportError, 101
NameError, 72
StopAsyncIteration, 79
StopIteration, 77,98
TypeError, 84
ValueError, 85
ZeroDivisionError, 84

A

abs

w7 g, 46
abstract base class (A d|o]x E82~), 139
aclose () (agen WX =), 79
addition, 85
and

bitwise, 85

QAL 89
annotated

assignment, 96
annotation (o] x=H| o] A), 139

annotations
function, 120

anonymous
function, 90

argument

call semantics, 81

function, 23

function definition, 120
argument (91}, 139

arithmetic
conversion, 71
operation,binary, 84
operation, unary, 84
array
2 E,22
as
except clause, 107
import statement, 101
match statement, 111
with statement, 109
719 &, 101, 107, 109, 111
AS pattern, OR pattern,
pattern,
ASCII, 4,10
asend () (agen WA =), 79
assert
=,97
AssertionError
ol 2], 97
assertions
debugging, 97
assignment
annotated, 96
attribute, 94, 95
augmented, 96
class attribute, 26
class instance attribute, 26
slicing, 95
statement, 22, 94
subscription, 95
target list, 94
assignment expression, 89
async
719 &, 122
async def
=, 122
async for
in comprehensions, 73
=, 123
async with
=, 123
asynchronous context manager (B]%7] A
2 E A A}, 140
asynchronous generator
asynchronous iterator, 24
function, 24
asynchronous generator (H] 7] A\ o] ),
140
asynchronous generator iterator (H] X 7]
A g o€ o] E & o] &), 140
asynchronous iterable (H]57] o]E# &), 140
asynchronous iterator (H]% 7] o] g g o] §),
140

capture
wildcard pattern, 113
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asynchronous—generator =, 100, 106109
A, 78 built-in
athrow () (agen WA =), 79 method, 25
atom, 72 built-in function
attribute, 20 call, 83
assignment, 94, 95 AA, 25, 83
assignment, class, 26 built-in method
assignment, class instance, 26 call, 83
class, 25 AR, 25, 83
class instance, 26 builtins
deletion, 98 25,125
generic special, 20 byte, 22
reference, 80 bytearray, 22
special, 20 bytecode, 26
attribute (AJEZHE), 140 bytecode (H}o|E F X&), 141
AttributeError bytes, 22
o] £], 80 W g, 31
augmented bytes literal, 10
assignment, 96 bytes—like object (H}o]EEHF AA)), 141
await
in comprehensions, 73 C
719 &, 83, 122 c, 11
awaitable (°1§] °]H &), 140 language, 20, 21, 25, 86
call, 81
B built-in function, 83
b!' built-in method, 83
bytes literal, 11 class instance, 83
b" class object, 25, 26, 83
bytes literal, 1l function, 23, 83
backslash character,6 instance, 42, 83
BDFL, 140 method, 83
binary procedure, 94
arithmetic operation, 84 user—-defined function, 83
bitwise operation, 85 callable, 141
binary file (H}°]\g] 5}4Y), 140 AA, 23, 81
binary literal, 15 callback (F9), 141
binding case
global name, 103 match, 111
name, 53, 94, 101, 119, 121 719 =, 111
bitwise case block, 112
and, 85 C-contiguous, 142
operation, binary, 85 chaining
operation, unary, 84 comparisons, 86
or, 85 exception, 99
xor, 85 character, 21, 80
blank line,7 chr
block, 53 W3 a4, 21
code, 53 class
BNF, 4, 71 attribute, 25
Boolean attribute assignment, 26
operation, 89 body, 39
AA, 21 constructor, 29
borrowed reference, 141 definition, 98, 121
break instance, 26
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name, 121 dictionary, 74
A, 25,83, 121 list, 74
=, 121 set, 74
class (E82), 141 Conditional
class instance expression, 89
attribute, 26 conditional
attribute assignment, 26 expression, 90
call, 83 constant, 10
AR, 25, 26, 83 constructor
class object class, 29
call, 25, 26, 83 container, 20, 25
class variable (E3 2 HS), 141 context manager, 46
clause, 105 context manager (AEAE #E A}, 141
clear () (frame M| A=), 27 context variable (AHAE W), 141
close () (coroutine Wl A &), 49 contiguous (%), 142
close () (generator M| A &), 77 continue
co_argcount (code object attribute), 27 =, 101, 106109
co_cellvars (code object attribute), 27 conversion
co_code (code object attribute), 27 arithmetic, 71
co_consts (code object attribute), 277 string, 31, 94
co_filename (code object attribute), 27 coroutine, 48, 76
co_firstlineno (code object attribute), 27 function, 24
co_flags (code object attribute), 27 coroutine (ZFH), 142
co_freevars (code object attribute), 27 coroutine function (ZFHE &), 142
co_kwonlyargcount (code object attribute), 277 CPython, 142
co_lnotab (code object attribute), 27
co_name (code object attribute), 27 D
co_names (code object attribute), 27 dangling
co_nlocals (code object attribute), 277 else, 106
co_posonlyargcount (code object attribute), 277 data, 19
co_stacksize (code object attribute), 277 type, 20
co_varnames (code object attribute), 27 type, immutable, 72
code datum, 74
block, 53 dbm.gnu
code object, 26 2E 23
coercion (Zo]A), 141 dbm. ndbm
comma, 73 2E, 23
trailing, 90 debugging
command line, 125 assertions, 97
comment, 6 decimal literal, 15
comparison, 86 decorator (H Z# °] ), 142
comparisons, 31 DEDENT token, 7, 106
chaining, 86 def
compile =2, 119
g e, 104 default
complex parameter value, 120
number, 21 definition
AA, 21 class, 98, 121
Wt g4, 46 function, 98, 119
complex literal, 15 del
complex number (B4, 141 =, 30,98
compound deletion
statement, 105 attribute, 98
comprehensions, 73 target, 98
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target list, 98
delimiters, 16
descriptor (23 HH), 142
destructor, 30, 95
dictionary

comprehensions, 74

display, 74

A=A, 22,25, 32,74, 80, 95
dictionary (844 3]), 142
dictionary comprehension(YA e A= g3

A, 142
dictionary view (944 g 1), 142
display

dictionary, 74

list, 74

set, 74
division, 84
divmod

W B4, 44, 45
docstring, 121
docstring (52EH), 142
documentation string, 27
duck-typing (2 E}o] ), 143

E

e
in numeric literal, 15
EAFP, 143
elif
719 &, 106
Ellipsis
AA, 20
else
conditional expression, 90
dangling, 106
7199 =, 100, 106108
empty
list, 74
tuple, 22,72

encoding declarations (source file), 6
environment, 54
error handling, 55
errors, 55
escape sequence, 11
eval
WA s 104, 126
evaluation
order, 91
exc_info (in module sys), 28
except
7199 &, 107
exception, 55,99
chaining, 99
handler, 28

raising, 99
exception handler, 55
exclusive

or, 85
exec

W7 e, 104
execution

frame, 53, 121

restricted, 55

stack, 28
execution model, 53
expression, 71

Conditional, 89

conditional, 90

generator, 75

lambda, 90, 121

list, 90,93

statement, 93

yield, 75
expression (X & 4]), 143
extension

module, 20
extension module (% E§), 143

F
f \

formatted string literal, 1l
f"

formatted string literal, 1l
f-string (fFEA}4Q), 143
f_back (frame attribute), 27
f_builtins (frame attribute), 27
f_code (frame attribute), 27
f_globals (frame attribute), 27
f_lasti (frame attribute), 27
f_1lineno (frame attribute), 277
f_locals (frame attribute), 277
f_trace (frame attribute), 27
f_trace_lines (frame attribute), 277
f_trace_opcodes (frame attribute), 27
False, 21
file object (¥ AXA), 143
file-like object (ZLHF A, 143
filesystem encoding and error handler

143

finalizer, 30
finally

719 =, 98, 100, 101, 107, 108
find_spec

finder, 60
finder, 60

find_spec, 60
finder (3}Q1 ), 143
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floating point

number, 21
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floating point literal, 15
floor division (A4 veAl), 143
for
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form
lambda, 90
format () (built-in function)
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formatted string literal, 13
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frame
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free
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from
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frozenset
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name, 119
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function (&), 143
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future
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generator, 144
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GeneratorExit
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special attribute, 20
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global

name binding, 103

namespace, 23
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handle an exception, 55
handler
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hash
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hashable, 74
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identifier, 8,72
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object, 72,74
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immutable (W), 145
immutable object, 19
immutable sequence
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import hooks, 60
import machinery, 57
import path(YXE F =), 145
importer (Y X ¥), 145
ImportError
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importing (¥ H), 145
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inheritance, 121
input, 126
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class, 26

A=A, 25,26, 83
int

W7 &, 46
integer, 21
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interactive (Hh33), 145
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internal type, 26
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interpreter, 125
interpreter shutdown (QEZE|H £]), 145
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item

sequence, 80

string, 80
item selection,?21
iterable

unpacking, 90
iterable (°|E & E), 145
iterator (°]E & o] E), 146

J
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Java

language, 21

K

key, 74

key function (7] &<), 146
key/datum pair, 74

keyword, 9

keyword argument (Z7]¥Z= AR}, 146

L

lambda
expression, 90, 121
form, 90
lambda (H#1}), 146
language
Cc, 20, 21, 25, 86
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last_traceback (in module sys), 28
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lexical definitions,4
line continuation,6
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line structure,5
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display, 74
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expression, 90, 93
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loader (249), 147
locale encoding, 146
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loop control
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magic method (W] 3 WA &), 147
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name, 72
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=, 111
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module
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mutable object, 19
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binding, 53, 94, 101, 119, 121
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function, 119
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rebinding, 94
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NameError
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NameError (built-in exception), 54
names

private, 72
namespace, 53

global, 23

module, 25

package, 59
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None
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null
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code, 26
immutable, 72, 74
object (AA), 148
object._ _match_args__ (W& ¥H4), 47
object._ _slots__ (W& ¥4, 36
octal literal, I5
open
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operation
binary arithmetic, 84
binary bitwise, 85
Boolean, 89
null, 97
power, 83
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unary arithmetic, 84
unary bitwise, 84
operator
— (minus), 84, 85
+ (plus), 84, 85
overloading, 29
precedence, 91
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ord
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evaluation, 91
output, 94
standard, 94
overloading
operator, 29
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hooks, 60
path based finder, 66
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path entry (FZ AE=2]), 149
path entry finder (A= JdEz 3}24), 149
path entry hook (F=Z JdE=zF %), 149
path hooks, 60
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popen () (in module os), 26
portion
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print
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print () (built-in function)
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call, 94
program, 125
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Python 3000 (3}o]# 3000), 150
PYTHONHASHSEED, 32
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PYTHONPATH, 66

package, 58
namespace, 59 Q
portion, 59 qualified name (B3} ©] &), 150
regular, 58
package (3] 7] A]), 148 R
parameter r'
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value, default, 120 raw string literal, Il
parameter (W] 7] ), 148 raise
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attribute, 80
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regular
package, 58
regular package (B3 3 7] A]), 150
relative
import, 102
repr
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repr () (built-in function)
__repr___() (object method), 30
representation
integer, 21
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execution, 55
return
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set
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display, 74
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set comprehension (ZJ& A= 3NA), 151
set type
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shifting
operation, 85
simple
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single dispatch (A= 29 Xx), 151
singleton
tuple, 22
slice, 81
A, 43
W g, 28
slice (£8}o]), 151
slicing, 21,22, 81
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space, 7
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method, 151
special method (E4 WA E), 151
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trace, 28
standard
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Standard C, 11
standard input, 125
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assignment, annotated, 96
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compound, 105
expression, 93
future, 102
loop, 100, 101, 106
simple, 93
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stdin (in module sys), 26
stdio, 26
stdout (in module sys), 26
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StopAsyncIteration
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StopIteration
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string
__format__ () (object method), 31
__str__ () (object method), 30
conversion, 31, 94
formatted literal, 13
immutable sequences, 21
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item, 80
214, 80, 81
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strong reference, 151
subclassing
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suite, 105
syntax, 4
Sys
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sys.modules, 59
sys.path, 66
sys.path_hooks, 66
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sys.stderr, 26

sys.stdin, 26
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tb_lasti (traceback attribute), 28
tb_1lineno (traceback attribute), 28
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TypeError
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