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o1 7] ol A
Jython Python implemented in Java. This implementation can be used as a scripting language for Java applications, or

CPython

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.
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Python for NET ©] &2 A A & = CPython 1+ & -2 AF-&3}A] 2, v U X = (managed) .NET 3§ 2 773 o]
31 NET gto] B8] 8] & A= & Ut} Bryan Lloyd 7} 9FE 5 Uttt o A3 AR = Python for NET
F ool A] el A AlgH 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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213 =M
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2 AT FA0] FENA BL o4, FAL A 2L FRADUL FHL 2ol FAGUY

2.1.4 Q1AL MY

sholf 22 Y= 3 W AT WAl Zo] gl F40] F7A coding [=: 1 \s* ([-\w.]+) T} X5, o
AL QTP Aoz AT of A0 3 ¥ 15 £ ZE He] A3 o] 52 A A gk
A A F AA ol T2 pobol Fith. whebF wlAl Eolehd, 2 WA & oA R slojoF T
A3g Al AF Fele F AL sk

’# —-*— coding: <encoding-name> —*-

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

’# vim:fileencoding=<encoding-name>

1] Bram Moolenaar 2] VIMol| A} 1415 4 1‘/]-.

Axd 420 $AA7 God 712 And & UIRSY ot <710 A5k, gl A g UTFS BOM
(b'\xef\xbb\xbf')o]H I+ Q13 o] UTF 802 Ad"E A& Futh (o] A2 vo|a2AZE
9] notepad || A XA 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.

215 AR 2 Z

= ol A & A €A AN E AFSIA =2 A 2 27T 5 st S8 A 0]
fz}% g ol 4 R otd o SefA] BAR U, F A A2 i A7 Al A"
Az, A AR Y= =2 FQ E FAHAPULE o & =91:
if 1900 < year < 2100 and 1 <= month <= 12 \

and 1 <= day <= 31 and 0 <= hour < 24 \

and 0 <= minute < 60 and 0 <= second < 60: # Looks like a valid date

return 1
SHNE BUHE B Fa0) THA & Gge o SN2 AT R, o Sol e

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

Z5(0)), NZZE([]), FZTUNIAREHE B2 J &4 glol= o8 e 28 dd &2 s 5
ol 2> =

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

6 Chapter 2. 0{F| 244
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def perm(l):
# Compute the list of all permutations of 1
if len(l) <= 1:
return [1]
r = []
for i in range(len(l)):
s = 1[:1] + 1[4i+1:]
p = perm(s)
for x in p:
r.append (1[i:1+1] + x)
return r

2.1. & X (Line structure) 7
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U o= o8 7HA 2427 AlFE ERFUth

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

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

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

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

22 CIE EES

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

2.3 AlHXIQ} 7| E

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

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

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

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

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

identifier = x1id_start xid_continue*

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

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

o LI - lowercase letters

8 Chapter 2. 0{F| 244
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Lt - titlecase letters

Lm - modifier letters

Lo - other letters

NI - letter numbers

Mn - nonspacing marks

Mc - spacing combining marks

e Nd - decimal numbers

Pc - connector punctuations

Other_ID_Start - 3+ T34 A U2 93l PropList.ixt o] A HA| A o2 Jdd X5
Other_ID_Continue - 1} 2713

B A ShA o) o8] NFKC 4578 9410 2 M 1, 48 2je] ¥ 3 NFKC o 7] %2 Stk

LUFE 419 Lul2 A HA} ERE9] H]FH A ¢ 228 HTML IL}O‘E A 2] §F B A & https://www.unicode.
org/Public/13.0.0/ucd/DerivedCoreProperties.txt o] A d&& 4= AH5Y E}

231 7| E

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

False await else import pass

None break except in raise

True class finally is return

and continue for lambda try

as def from nonlocal while

assert del global not with

async elif if or yield

2.3.2 Soft Keywords

WA 3.100] F7}.

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

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

2.3. AHXIQl I|RIE 9
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2.3.3 AExto] oo ¥

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

_* Notimported by from module import *.

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

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

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

* MAﬂﬂAﬂEH]

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

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

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

EREREE SR
Oi?j—i_u“oﬂ/\:i AES] O/\]

=49 4 95Uk

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

|

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

241 E2Xl€1l HIO|EY 2|E{&

PAG AE DL T 2L olF B2 A& Hh

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

| "fr" | "Fr" | "fR" | "FR" | "rf" I "rF" | "Rf" | "RF"
shortstring u= "'" shortstringitem* "'" | '"' shortstringitem* '"'
longstring = "rrv'v o Jongstringitem* "'''" | '""w' Jongstringitem* '"""'
shortstringitem :i= shortstringchar | stringescapeseq
longstringitem = longstringchar | stringescapeseq
shortstringchar = <any source character except "\" or newline or the quote>
longstringchar = <any source character except "\">
stringescapeseq i= "\" <any source character>
bytesliteral = bytesprefix(shortbytes | longbytes)
bytesprefix ::= "b" ‘ "B" | "br" | "Br" | "bR" | "BR" | "rb" | n rB" | "Rb"

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

longbytesitem = longbyteschar | bytesescapeseqg

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

bytesescapeseq = "\" <any ASCII character>

One syntactic restriction not indicated by these productions is that whitespace is not allowed between the
stringprefix or bytesprefix and the rest of the literal. The source character set is defined by the encoding
declaration; it is UTF-8 if no encoding declaration is given in the source file; see section Q15 & A1 <1,

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

dho] E % (bytes) /E) 2L 4k bt 1} 1B B ol B Th str W] AT~ Al bytes Be] AAHAE
tHE U th 22 ASCIH A= W 288 4= %1’\1/]13} FEgrol 128Kt AAY 22 gE5& HEA] o] FA ]
How % HH oo} gt

EAGT ol =D PEE BE A9 A0 1r0 o} 'R R4S o 29U 5 AHUT o] U B4R D
FA19 (rawarings) o] 213 T, © SN E AH S FAZ AGRTh AHAOR, BAD e LoA, &
Aol 9 \U' 9 \ut ol A o] i S s A A kU Th Thold 209 & FUTE HE o]
_4_0]%43)(3]—1;]-271]57451-1/]14_ AL THHA, tur' ENE QR LU

'rb' HFo7F 7k sy T

W 3,300 71 ool 4 2.x 91 3x o) 4 FAI o) A RS A=EG) fAI R4S BE3S] A3 6ol A
HE FUIE 2HE (u'value') o]l A EYH 5 U th A4A| 3 B = PEP 414 of] Y5 Ut
/H [z ]

4
Er R 2 HEole 2t 21 2] 2+ 2l Bl E (formatted string literal) 3 U TF; =9 F 2 <4
s w

R
N
(98]
(98]

=2

N
N
9
)
=

o

m
2
)
o
,

o
o
[

1o

i
flo

1o

=)

N

30,
rlr

fi]EieEE/‘ﬂL ‘f'%'r 3 yth stAI g b U tut o= 28 E 5 gl Ut mhebA
g2l FAEL 7ssA T 2 vlol EE B HE L EVFs U
g W& R E 2 E ol A, Al 7Re] o] 2 A o] 33 = ] ¢k 7S -E—XPB}U}%Eﬂa@}%WDH:’-B]F’- A" Y
oh). oo = 3 Zol Al 7R o]aA o] H A] 2 mFx7F U= A, g HES FEA AU (‘R
= HHE S AFst=d AFS S A Y ULE &, ' U )
'r' U 'R TRV BA 2 o), EXIE T vle| EE glE ol 2FE o] AA o] Z Al A RFE COlA
AHEE A F o R s g Uth QAEE oaA o]z AlIEAE B YT

O|AFH O] A[EA | o[O] 72| Atet

\<newline> o Sef Al e} A EA 7 FAIH YT | (1)

\\ dSHA (\)

\! 2ro -3 3% ()

\" k23 (")

\a ASCII ¥ (BEL)

\b ASCII ¥ A 3| o] ~ (BS)

\f ASCII 2 3 & (FF)

\n ASCII 2}2] 3] = (LF)

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

\t ASCII 7} 2 ¥ (TAB)

\v ASCII N 2 = (VT)

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

\xhh 1635 hh & A A H A (3.4)
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A o AT QA5 & o] 2 o] = Al AL

i

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

9 Abh:

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

>>> 'This string will not include \

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

The same result can be achieved using triple-quoted strings, or parentheses and string literal concatenation.
2) £F C}u7IA =, ) Al 7] 2 87} 5§ Ut
3) ®F Coh= e, Ags] 7 7h9] 1637} Al 55 of oF Ttk

4) "ol Ed BH oA, 163459} 8K o] A o] 2= A H gho] el EE AT UL w42 BB =
MM &, © ]éﬂloliL 1173% %k-J FUZE 22 2FFY T

(6) 7§§"3]47Hﬂ 16742 3¢ 2 3hth
(M) ol PHor HEFUTEE ATYT S itk A3 849 16057k Do gk
8

FCoe 2o, IAHA ghe B olaA oz A das Jej 2 A gtk 5,
< A

=]

T

I % =3 %X}"“‘Oﬂ WAH A 32

o S A7 Ao EA FUh (o] TA2 UM AT W £ 27} s Utk ol aA o] A A AT AR Y
e, S dFolM ZRA FE2 47 AL+ A5 Uth) FAE SlE R oA A4 E = o] aA o=
A AAT7H vl EY ﬂEJE*OH AE AAH A e 7Ll

KN

WA 36004 M7 QAR ¢k o] AFA o] Z A|F A= DeprecationWarningS ¥HE Y th o
A7} ol 2] vl g B Aol A= SyntaxWarning©] ¥ 1 A= SyntaxError7} € ZA g ch

2PN 23 mExE 9 AR o] aA o]z HUh A S "EH/‘V} Aol gA guth A€

i

Eol, r"\"" £ vl E A4 ﬂﬂ‘“’q"]tﬂ,—r Ne A5 °1°]A‘4“/P EH/\]Q]—EH}—H_,_,_' r"\" =
22 A glE o] ol dUth (& X2 A SN G SHAE B —’F ‘31’51/]5}) = o W E&3HA
DA, F 2l H 2 Sl F LA R Jé‘é‘—? m’“‘%‘”/}(‘ﬁ A7 L= SRS O]/\ﬂ] o]z
AZ1 71 EGUth. o EeiA e utR Holl 2= NAEA= & A7l ofv et E]Ei‘“é"ﬂ f—tﬂ + 709
FEALZ QA H o] o] oF gt}

2.4.2 22X 2|E{= 0|0{£0]7]

o 7 ExG ol rle]EE BlHE S (o z BEdA]) o8 7] AHNA L3t Aol 3es a,
I Yguj ol &2l A Z5Uth 4 gHE AR 2 igEE AMSE FUth 2e]4, "hello"
'world' + "helloworld" 2} TS5 & ULH ¢ 7|52 7 AL S HA g 2 Y= 283 o

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

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

)

! https://www.unicode.org/Public/11.0.0/ucd/NameAliases.txt
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o 7% 0] 4 SEAA B H 1 AT, Aok A Fe] FRF ol o3 of Gtk A A7kl 24D
ZAE oJol2ol7] i+ ALAE AHESloF Utk BB E o]o] 0] 77t R 4R U E WX E
ARG QAL (E BRI AT TR FAFE S o020l AxRA Vs EUTh, =W EAE ElHE S
HE 22E g g o]ol B 4 Aol o8 oF & th

243 O EXIHE 2l5H

WA 3.600 F7F

2 Bx19 2 ¥ E (formatted string literal) == f~F 2L (fstring) < "£' U 'F' 5 g0l 22 Bx1d glEHEY
Utk ol $AGL A B WES EJY 4 JET, FBT () 2 7 EHE FAYYYTE ThE 4D H Yol
P44 50 2AW, 2R 24D e P e AGA ol A4 FAA U o

ool Al daE Wt EAE B HEAH dZGF U (FA EEAE A Bfe el dUh. 02 d
Fo EXIAY L et 2L BN e wEYT

f_string = (literal_char | "{{"™ | "}}" | replacement_field)*

replacement_field = "{" f expression ["="] ["!" conversion] [":" format_spec]

f_expression = (conditional_expression | "*" or_expr)
("," conditional_expression | "," "*" or expr)* [","]
| yield expression
conversion = "s" | "r" | "a"
format_spec = (literal_char | NULL | replacement_field)*
literal_char = <any code point except "{", "}" or NULL>

FEI 2 REE2 vt g HEAR A H e, olF FEE {{" Y "1 7HHS ke
BEhe B ST S ol FRE (7 £ AW FEE A2 ), Sfo] 63
B/ F EAN SAEG NG S R EASAT (0900 FE YT, A 7
T & UYSHIS. =TE O E A ZSE, \?ji‘r(conversion) 7}4@% 49
(format SPCCIﬁer)+ Q¢ 4 e, 8 ' 22 AA3 YT X]ﬂ s

ZE e FeA dubHQl shold @A
lambda2t ¢ A =& =
Jou} (Gl & o], 45 WL T W EAY) FAL T
et A o] o A AFoA 2 4
, T —rxﬂ?._o”ﬂiuﬂ B2}
g5k FoksuTh
[ U] .lﬂ7].ﬂ Bl— ]Eﬁg.%
‘ﬂli%(jﬁ>v=|
tirto] AAEZ st 7| ER o T 349

>,

X,

e

ACh

i)

> i
flo Lo
it b

g

o, HE
59, M
]:l

X0,

ko e oy >2

< o
=
iz
=3
¢ (

12

> ok
rlo >

2

w

Q

X
g F

il

By
=Ny r{o

o

g rlo
=
o,

i
[n 4

2LF
e
T e

d
r 4
o oy, 2 =
o Mo o
o
=
W

N
=~ 2

kel

i

o

rlr

¥

k2
Y
r
e
Ach
i)
A
o
=]
rol
1>
>
\])
I
Q
[
oy
ke
ek
1>
X

Q

<
3
o
"
o
R

S

a

>,

o W
2
o
rlo
Jo rqlt
E o g

o

e
g
b
0 ot
=2

_lm

N

fol

r

o,

2

ol

)

o g
X

o

2

f

o

<

O

Bl [y

N

o

|y
ot
L
:L

—
~

= “.’l..l -~
(et
o >

>
=
i
4
°F 1o
>.
sl
o
[
)

(conversmn) o] XA
"1y 2 repr()

format () ZR2EZE It W A G 2= F@ Aol S AHY]  format () HIAE
SR, £ ARAS A W Aol A oA £ A7 A S EARe] 495
.

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

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

0\

o jﬂ

W, A4 A7t 2oE Aol ABF U HE s = ATl str() S 3F
Yok

3
SE3F, 'la' 2 asciil() %i%“

My O E > 10 b ol

SR e

r[r
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Q)

fifo
)

A = JATL AT Hev o gHERE 20 = glsyth
:

T
M

il

>>> 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 BUL TR A0 A% AR A BEo| AEH L EAHE ]
29 P E e A hg R FESHA Shotof the AUtk

Fl
N

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

ER EPAoNE o SANE ST S 9L, S ol el b TP o

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"

ZUl BAY 2B E 2 52 E ¥ (docstring) & & AFSE 4 gl &

o] A3 Qi ek vpazbg Tk

o

>>> def fool():
f"Not a docstring”

>>> foo. doc_ is None
True

rlr

TP BAG B HE F7bo tf g Al ek PEP 498 & Fx 3, A E
str.format () & AFHH = Aol &5t

L

A9 v AUE

A

o

}

kel
Sl
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244 =X} 2|E{&H

7k B E ol Al 7R SR AUtk A, A% S5 Bag R 2 A et Gase

Aot seE el e fdoh)

ZAF e H Eo] F aotA] o Aol Tk Futh -1 # 2 FES A F A4 - FeElHE
FT3HA

A
748 2344

245 M2 BlHE

Jr BHES dsd 22 of Aoz 2dg yth

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

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

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

nonzerodigit = mr,L.L"on

digit i= "or..."o"

bindigit = "o | omav

octdigit = "or...mm

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

7Hest v R E o A 4 QA= ENE A5 2E 2 dojo Al gls

V2 g HE 23S 23T w] 8= A g5yt 7P5“°lﬁ°l7l—ﬂﬁﬁf1}%%—‘?ﬁl A
AF UL BE2 A} Abol Y 0x &F 2 X 4= X A X} (base specifier) Th=ll 5k
AHeE 5 9}’“141’%

0 °] obd 108710

A% eeee g 5

7 2147483647 00177 0b100110111
3 79228162514264337593543950336 00377 Oxdeadbeef
100_000_000_000 Ob_1110_0101

WA 36014 W BB el A A5 152 BEE BHOR WES HSFULh

246 A4 BlEE

A% YL BeH 2L ol Aoz wdE ULk

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

fraction = "." digitpart

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

24. 2|EE 15
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A5G A4 HE G4 107G 02 AR ks o] F2)3oF Ytk o] Sof, 077e010 & LHHE B
o3, 77010 % 2L A2 EAFUTE A% e Do Fete W9l 7A AR AFYYTE 45 e Dol
Ao rpaAiA 2 DR 2459 $8¢ BEE AE AN

A% PP @ A o 2 FUrt

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

WA A eE Pl £ A5 15 BAT BH 02 WES Pk

2.4.7 3|4 2|E™

54 P E e the 22 o3 Aoz AFUTh
imagnumber = (floatnumber | digitpart) ("3j" | "J")

35 A H YL ASEH009 BASE R Badt 450 22 M9 Al o] 485 L B A5

FAF YL 00] ol d AFRE 2= BAFE W, A5 S gstd gyt o & 591, (3+43). 35
gH e 2 717 o & w4 th

’3.14j 10.7 1073 .00175 11007 3.14e-107 3.14_15_933

2.5 14X}

e e E2ES Aud U

+ - * *x / // % @

<< >> & [ A - -

o EZE2 Tl A 2 AHdelimiter) 2 7]-5 U Th:

( ) [ ] { }

’ : . 7 @ = —->

+= - "= - // - -

&= |= - >>= <<= *x=

A= AL s gHEANNE 3T F Ad5Uth 53 v FE Al = ARS8 E E (ellipsis
literal) o] 2}= £ 3t o n) 7} A FYTH BF Tuto] S8 tf o A AR} (augmented assignment operator) S-2 ©]3]
Ao 2 FEAR 7]E3HA T S Ao AAHE =T

o229 A== ASCI #AIE 2 T2 EEE dREA SEG Yu 7 AAY, 22 A ¢Fo o3 24 7]
Sl AR =

L} n # \

59 Q4= = ASCI A& 2 Tho] Mol A AFS5 2] k5 UTh 21 gl e B3 F4 0] 9] o] oA AR
Hede2d e dddlnh:

16
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CHAPTER 3

Hjo[g 2&

3.1 x|, 2t

AA| (Objects) = ko] % o] t] o] E] (data) & 5733} 8t A (abstraction) Y LT} Tho] M =2 139 BE o o E| =
AR AA 7+e] BAZ TIFH Y (& o] 9 (Von Neumann) &] “XZ 2 78 4] AFE (stored program
computer)” RS w2 3, 5 T FHA ZE A A E £HAFHYh)

= E 27 ofo] Wl ¥ denity), 9 ype), T value) & 2451/ eF. A1) ofol e el & ¥l W]
e F AR o

WA A G5 MR el Ae] AR Faz AN E FHUL 1o AL
B8 MR h a0 Be oo AL LS A5e EH 18 5o Uk

CPython & ZA|: CPython 9] 7%, id (x) £ x 7} AZE W22 FAYYTh
ﬁﬂﬂ%%ﬁﬂﬂﬂﬂﬂtﬁ& < AY3tar (o & 5o, “ZolE 2 ) 2 F 9 A 5ol 7HA
AE 7He e BES FAFUTH type () 5+ A F (o)A JA A hE EeF T ofo| W E E <}

A =, ZMH @ (type) 4 ﬂxl sy

oW AMESe) gt WA S ALYt He WAY 5 Qe AASL 7P (nuable) o) 23 T, A
BEol Foll % WA 4 Qe AM S S 2 (mmuable) ©| 23 T T (1 A o )8 225 A e}
ol

2

I Y= B A oY g2 7hd AR gho]l WE IIH AAET B 5 JFUth A v A st e
AANES Aol i 4= glem g Af ol 3] E¥lolgta A YL wetA] UL dUstA+=
WA B8 e 2 e AdE s Ytk £ 9 U1E§}1/l‘3‘r) A ©] 7} /d (mutability) & 7121 2] 3 of] 2 3
ARG Ut oAl E 0] A AL, 7 (tuple) = £ ¥ o] A gk, 9 A A 2] (dictionary) 2} 2] A~ E (list) &= 7FH ¢
[BR=

AA+= 23 GAH R s 2] GGyt ¢ FxRE A %}-S_ ] (unreachable) 7}H] X] 4= A (garbage collect)
AUtk 8] 7h A £AE AAA 7 A 0}041 Aekets Aol R Ut — oA AxHE AAES
TAGA = o] 7HH A AT o Ao B PR =R = -TLUU ZA EAI YT

CPython -3 A} A||: CPython 2 & x| &= 314 A Ak (reference-counting) *41-& AFE-3l=t], (A8 Algto 7)
c@3op o e iAo Ad Ak 2, o] Yo QR AR B2 A AR A
SAY S QBT AW <8 B2 Q5 ANASS £ ATTIE 2AL aUTh 84 e A A
Aojo] #3 JH =gc BE TAE F2E FULh v 2 7 E2 UE 422 543137, CPython & H 7% 2

A AT A0z ol BEol AT FE Ao Ao Fe TG A EE AHAR oL AT Ak olold
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A AL cq1 Z2tA o 2 vlo]d 2] A o] A (finalization) H = Z1of] & £3}A] Zolof gt
(LA FE oS YA A L2 DolFofof Py,

R0 Algot Aot ul 7 AA e A8 YA o 5
o oF L th 3} ‘try-except’ EOE A E I
)]

oj L} F e “9]—,—(externa1)” Aol o

o]l = A vE, 7H) A A= 505]%
o] B} =3} xﬂ—-—tg-qq HE close () HIAET] 3
5 9 WA 0% Dofoblcose) AT, trvortinal st B3}

A5k

ol AA =2 ohE A%
e HaE, 9492
ﬂﬂﬂahhiJQ%
P ol B3] = 2
74 AA 7o) Z

g,
o
F 4

s

S

gy
30
rr
J
A_A“
il
o
fl
9
3

1
3o,

R

o, ¥
o W
il

patk
IM o
5
4
o
L
ox
o
R=)
Ir el
[
o
g rlo
of 3 N 3
e )
ol tfo N,

Mo

rlo
(]

ot

=L

o

p

(<)

AE& AH o) Y (container) B+1L
.ol 3 %ﬂﬂl"]ﬂﬂ e dFE gtk ﬂ1
9 °P°l‘i1 B Bt g2 w YT kA gk
o U o} —'LEH/H (Eéé‘ﬁ)g
7} 711‘7‘<1]7}Hd7§ﬂ‘:5 A oY) = AP YT
St ol S FUth AAY ofoldlE Y7t 2t FoAARAE
A = ”JE% A4k AR R oln] 2 8= AA| Foll A
Aol M= o™ Aol 3852 FFUth oAl&

A 2 AN TE 97, oHd £ G e ST e -

fu
v
v

PN m
=Y
o rr e o 2
[SENTe] Olgn 2
i)
A
o
N
et
o M
o
o
Rl
30
fy
°
NS
]
r}L m =
I
Som
— — r[O
_L4 _L/ ~
19 o -

oftl
lo
O
td
rln
_I{)l'
g
=2
>
a3
__>|4_1’(
N
N

X
rr
of
ot
o
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oy
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o
e ofrt
220
ol
Lo
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o
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it @

. ‘ﬁl FIO

o o ot

ok o
2
Q

to iy

T 30

o)

-

iuj

rn’,

)

2

N

rE
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— e 2
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e
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Q, ~
3% ot
=
2304
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il
L fo
il
K
i g
ol ¢
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I‘E
SH
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s
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L
of
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rl
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32 BEH AS

I
i)
° 2
}H
o
e
o 2
5.:
) O
rﬂ
Y ot
rulrl
Lo
e
N
o
39,
oy

S o whe} C U Ahuhut THE Qo) 2 2k
Al o 74] o F& H&E 4 Y=t (9
5 3742 75 Aol ¥ arle

i)
o
2l
i
il
rlo

o
X
1o
=)
i _1&
-?E "\ O_A.,
]
il
=
Jo
AC)
:{>

F7be] B2 4T % Y%tk 5t

E8H 0= A%E 35 WY

Al et o

ﬂiﬁ

|m

AU Erzi
l"—z:iE il
-.>le

2 T

rlo ‘m
BN
'y

ot i
o &

(special attribute)’ = <

82 9% o] obduth %

M NE
ol
=2
=
ro
m>~
o
O_u ‘|“
o rr
e

oy, 1o
it
H 2

m‘l’

)

Z
in)
o
)
ol
ok
rlr
jn)

o

o
T,

)

o,
o
HU
(o

il
¢
fl

o
)
2y
o

N

stute] AA 7 A F U o] AAlol= WAEH ol &
o] R & LE} = A E UL o & 0], A F o=
ZH2 AR YT

= o] g Zt= ke AA 7 =AU o] AA o= W
A28 o}k =2} v A] = (numeric method) 2} B 3 (rich comparison)
Aito] A ko™ o] FhE o FUTh (LW A =g
oji}, o T2 S A =T T) B A EH ol A B 7= A] gotof

None ©] &2 6?1%4 LE’}% e
None 2 &3] A<

L LT
N
T
>,
o
ogt
2

rk;ﬁr[r

5 o] = NotImplemented = %5]1
A== A2E 5 ?i’ﬂ'x}
B Qo] w2k 514 3

e,

oé
rL{:

] Z}A] 8F W] -8 2 implementing-the-arithmetic-operations < #3134 A] £
WA 3904 ¥ E2]A T A NotlmplementedE Frtet= A2 AAHJFYLE dA= 7
© 7 H7}=] A2 DeprecationWarningE WEFYth &5 WAL glo] Mo A& TypeError&

LA D AU
Ellipsis ©] &2 shite] ghnks ;}—;\141;]. o] ZrS = Bhte] AA 7 =T UCH o] A= FE D ...
ol U FH o]EEllipsis & 53 AUt =832 #Y Ytk
numbers . Number 0]3\3%% <2 gl dof o3 UL]-—‘F%O] 2 31, A A A U F
SUS A AA = EHdUTh @ W go] e ol A 2o fshA] 5yt S
SR A 51 oA S o] S, S g R elo] 4 E A4 AE B St

\i
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The string representations of the numeric classes, computed by ___repr. () and __str__ (), have the fol-
lowing properties:

« S AR A W el A g2 7 AAE G s RS A B HE Yt

=S 0<S A9 3k, A3 02 BAS A k5o
o 273 HY G 0 AL s, T3 02 FAH A sy
o R AV L w v ZAH U TH
ol M A, AF, BATE FEF YT
numbers.Integral °|ZE2 A A, A (FH ) ol Sote 2452 HEFIUTH
7 7Y A7 A5 Y
4 (int) 01 A2 () W22 7t s et o Al ok gl H9Y AE 2P UTH A ZE
(shift) 2} P} 3 (mask) A4be] HA YD w= o] T o] 7HAHH I, 55+ 45 29 H5-(27s
complement) & 23 E =0, B3 H|EV} &0 g 7313 SAH Ay e g9 Ut
24 (bool) o] AL =3k AR F= b Ut False 9 True 7+ AA W 59 3 AA
Utk 28 32 int § 9] x4 (subtype) 0] 2, THE2 Ao A zH7] 0341 A & 52
des AL HEHE AU, 7] AL "False" & "True" 7} WHEHE Y Th
A4 2H FAE 77 EFH A ZES npa T Asbel 71 9 Q&= s A S AlFstr] 918

A,

numbers.Real (float) °]ZAE2 7|4 59| 9] A4 = (double precision) F-5 24 & YERd Ut}
ﬂa‘ﬂ o Aot e ER Y Aol A A= St A A (@ C Urz}ﬂ}—??i)Oﬂ e =
Fatell gls U th sho] M2 T & (single precision) F-5 &5 & A QoA gFUth o] AES
A5 ol §7 ) =2 A A o) vl 22l e] A7 Tho] ol A) A& A8 SH=H S0l 7k H§ 7
A= o] mus) AUtk 2w R F /hA] 280 HE s 27 do]2 BaslA s uks)
7EA 7k sy o
numbers .Complex (complex) ©|AEL 7|4 & AT S5 A4 s Hog B4agE
Utk 2% 259 29 849 2ARE FRAUL Bads 2o AR s5RE, 947 A

OJEZHE z.real & z.imag E A & AH5 YT}

AD2E 2ol ohd 342 A4 (ndexing) B 5 St 789 Aol o) £4 9t F F2 ek h3gS
Len() & AA27F 711 F559 4% £ s el gyt 820 dol7n d wl, A8 A nden) 1 T2
S0, 1, i1 & ERFUCE AA2ae] B8 i2ali) 2 %R,

A2t ol AT LT UTH ali:j] Ei<=k<jE WEZIFE=EREIE L E AU 29
AU B al, Serel At 28 S A TGS S ATE 0014 A 25 £ 5 A
w7 4 U ek,
oE Al Al W RH “2 8] (step)” W W E A BH= B S 2ho] 4] (extended slicing)” = ] A FH
‘:]':a[i:j.k] = i+ n*k,n>=0,i<=x<;j 2 R} RE = 2 AEch
AlA s ElA o wet g Utk
BHAAS 2 ADL P AR Sk wEold Fol WA ¢ Ak (HF ohE AA 2o
F22 TP, 2 AA L AL 5 I3, WAE 5 ek s e B AR 2R Fas s
AR} (g AR WAE = AFUTh)
e e ¥Ee B Adad YT

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;
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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 F52 499 ghojA AAJUtLh F 7 o] 4 52
2 s fﬂﬂ “64”«1 Eioi s 4 dsYth s &
o singleton) & @ Aol FubE BolA WHE £ FUtH(Z T E A4S
B BT EFES ‘ﬂ‘ézl duUth. Rl FEe gl 2o e us
nlo] E & (Bytes) H}o] E < (bytes) A A= £ HH%
W A4z AP YT HiolE 714;1]5 a} u}
W bytes () 2873 AF(constructor) & A = lFUTh T3 Hlo] EE A A= decode ()
WACE E5 EAGE a9 - At
JFH A AR T A D2 E BEo| R Fof A"
S Y EF del (AA) EY gz AL
A2 F e U 7hAa Al d A o] 5 Uth
2|2 E (Lists) 2]|AEQ] 352 99 sto|x AA Pt g2
23 Qo] YolA vhE 4= JlFUTh (2ol 00 Lt 19] E|laE
Reuch)

vlo] E v g (Byte Arrays) v}o] E uj & (bytearray) 21 A= 7PH sl 4 Ut} W3 bytearray ()
AAAR B A o)k Ao A 314 Bk stk 2) € A9 ek, vhol =
WS Bl vho] = A (bytes) AR 9 2o A3 o] 29} 7] 52 AT EU ok

A BE array = 2719 7P A A2 L A28 =], collections BE AA] upa71A] ¢

-
o,

o I 4
o>, 3

lo Elli:l rlr
e

o Jm

|o

fru
#o 4 fu
ﬂJ[O oXx,
st
ﬁ“

Hy it

-+
i)
7)Y
°
in)

Al
A

o]

L.
L

g}

Mg [

1o i

2

Nt
e, o
ko &

S

=z
ol

[ﬂ n
rr

E
_E_U
=

29 AAEY 24 91 F B AELS G 994
I, W len() 2 AT ol = FEEY N E E8F
WA /\} (fast membership testing), A| Ao A FEH & A A,
A 3} (difference), T 3 2} 7] &} (symmetric dlfference)&]- 2o A% o

A3 5 (Set types) ©] A=
R U Th AT o] E

?_]

1_

o]:o & rlo

ok 2] Qua
A g} (intersection), &
S A ek AT,

Ade dasee g e 719 22 B 41 4 ] AEFAYULh A 89 A9+ A vl &3
L1917 o A8 A Tk ol F215)of FuiTh: Wk T 5 A7 ek vl 5] ¥ (o] 8 Eo], 1 71.0)
2% shubg Al Bo2 4 A

AA = W g A Fol st

%‘J?J(Sets) o] A5 7Hd A S Ve YT WA set ) BAEAR TE 5 QAL add () 22 WA=
= AHEAA Ul 23 4 s U th

%Lﬁﬁ(FrozensetS) O] AEL W JFS Uy PUth U frozenset () AAYAE BE A5
Utk &4 %‘J?J(frozenset)%% ojal s Al 7hs St R, thE &9 °J"Ur “HﬂﬂA 7| =

AHgE 4 sy th
uf| g (Mappings) ©]Z1& < °‘¢H Adlx~ 3o 7 g = &= AAE9 fretst J S vepduth <
3 7] % (subscript notation) a [k] = "8 a oA k B QE A &&= FES A A
/\FQ-Q TE A, W?Jol‘%del o el 2 o5 A5yt W 4 len() 2 w3

geso 4E EedF U
A A g P Feol AE Uk

lo

9 4] 2] (Dictionaries) ©] 7l %% Aol oo ddls Rjte g AW AH = AAEY 73 AT
etk 712 A 4 Qe AE2 HaE, gAY v I 99 7 E Foll A ofol e E] 7}
ozl ghe = v % ﬁ%ﬂf‘ﬂﬂi} S e Z&H < FH e, 719 S Alghe] =5 ol WA H
A G AL L Fgor FAHES Q75 A7 WA UTE 712 AR HE A P Y A=
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o
N T
N,

r[og
n=

v
w
rr
o
1A
P
9}
ulit
Jo
B
%
&
N
N
i
2
v
AC)

| Ao R 2748 A9 2L SAE A4
1E B BANE 2AE WA A AW, 718 A AYTEoH hA 4SS o A
b T4l 2o

ZPAAUTE (.. B7IMeE B S S UG (B HaZ ol Ad e

M
o 12
XN O

n
N
o
<
o

wl

al

o mx 3 Nl
> 5
fo
o

2E dbm.ndbm & dbm.gnu = =719 i3 § 2 A Fdt=0), collections BE QA 0}

AR QU e,

e o ot oo (T M)y

ks Y th
E 2| & (Callable types) ©]Z2l&2 T T & A2
A& AL o) g AR A B AA = T A 5o
©] 3 A v} 7} ¥ 4= (formal parameter) &2 3} 2+ 7|49
FEHoloF Fth

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

& E 3ok ¢ AH(argument) H5 0 &2

HEZ|RE o[o|
__doc__ & Ayt EAYE B+ 9l 4 $ None; A H »7| 7b&
AR AEHA GsYTH
__name___ sh49] o] £, 7] 7V
~qualname__ | §%°9) A7 3rd ol 27 7Fs
w3 3.30] 37}
__module_ 7 Ao H BEY o]5 B+ (8l 4-$) None 27| 7V
__defaults__ AZFe] 7| B ZF E = (Yl A-F) None O 2 WHE A FZ. | 27] 7Hs
__code__ Aot dH &9 v (body) & YEH = Z & A A 27| 7vs
__globals__ T A eSS 7 g ol thg =z A7 A&
ST Aol BEO A o] 5 & X namespace)
__dict__ A A A ERREE A Hote ol 5 w1k 27 7vs
__closure___ None FEX & 9] 2} ¥ 4= (free variable) = of] of 3F o7l A&
AZE 71A A(cel) £ 5=. cell_contents
JEZ|FEof thst AW = ol & HAA L.
__annotations__ | A dict containing annotations of parameters. The keys of the 27] 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|99 E PRI A 7ts mi7i i E9] 7123k 27 75
7FA dict.

“27) 745" kil BAIE gl R R o] E g

T A Ao JEYRES Y & = greoll vl el o] E
(metadata) & Eo| =t A} E £ gJS5Uth o] E8g]HEE A AV &= dubd ol A 39 (dot-
notation) ©] AH&-FH Utk WA A2 22 AHEAL Q9 Tk ¢ o ERHEE A g =2

oF Ut W o g oJEREE ol AYE 5+ AU

AT = AT 5 dsuth

w
N
Hl
Eh!
og
X
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(5% 4541 351 B0

= H H
57 97 g AJEREE: _ _self = Z#2Ad2"d2 AR, func = 5 AA;
_doc__ WA= HdY (__func__._ doc__ I ZFUYLH; _name_ 2 WA= o]F
(__func name__ 3} Z5UTH; __module_ 2 WA =7 FogH BEY ool AY §lE
7L None

HAEE 7R o] BE e o ERREES e 7 IAEF ALFUTGEHA T 27 A

pul

32 sy oh.
HNEZHET ALE A F O] g AA o] AY el HAE A, AFEAF F o WA= AA=
FH2G JEYFEE S o4 5 Ad5uUTh (ohnts I Fe A AAFHAE F3A).
Sl R “ﬂ/‘it AR 2N AAHAE T3 S22 A2 A g AAE %4—%2&%1
__self oEFHEEAAEHAO| I HAE AA= 7:'fﬂ(bound)s}oﬂ1:}1 3k
HUM 4 __func__ oJEZREE= YU g AA AT

Ham A= A4 7 FHo A daEH Az R
elf OEFyHEE=ZIHAZR ]0]1,_func_ﬂ5ﬂ%5%%aﬂ

A2 Gtk
At E A7t &2 o, 7|9k
__self ) 7FAYEY
x7PCA°1/\%_é°E‘m1,x.f<1>E
Ed* HMC AN 7F SN v AAZRE S, self o A%
e AU Y T x.£(1) o]y C.£(1) & TE3}
s ﬂ#?‘*wt}(fLﬂH}ﬂ“ﬂHD‘r)
T4 A A A2E A AR 2] WP dAHAR R
Fo o FUth ofl Aol JEFHEE A Ao fY3ta, T A HFE SE3H+= 2 0]
E9A A H A7 P YTk E=3 o] W] AR AF o] 4o ool A vk A Fof| 329 5 oF 3
o o2 Y E A4 (28 28 Eo] ofd BE AA) = HE Qo] J3 Ytk Sl AdaE Al
o EHES AL} Ao St AT WAE R W A dertE A% F23HT; o] e
St A oE HHEC"UJM"‘O% [RR=

fEe
o [
ir
)
;‘;

o

=

[>

F

ll
>
[
N
U
i

[

Slso =i whsojd u,
2 AT 7S FE

0

Irlrro, oy ro mot
Ry —{>

[>

o, |

[

m

>

r]r ™~
i

O

=Pl HEE ¢ Wuith ol ol

N

A & o] €] g4 (Generator functions) A function or method which uses the yield statement (see section

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

€] 3= (Coroutine functlons) async def & AL3A AYHE LY A E I2E T4
(coroutme function) Bt RE UL} o]dH T4 E 3&53H IFEH AAE S EYL await
HA L& v E4), async w1th$}async for & AR 4 QS5 Yt} 7€ A (Coroutine Ob-

Jects) /ﬂ‘.*ﬁl S AN L

H]% 7] Al ] 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 exe-
cutes an empty return statement or falls off the end, a StopAsyncIteration exception is raised and
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the asynchronous iterator will have reached the end of the set of values to be yielded.

Y& 3+ (Built-in functions) W& &~ A= C 42 S A2 95U th(wrapper). W3 a49] o
ZExlen() Fmath.sin() math &= B WF EEYYh 7} 01’\1/]1‘/} ol zLe Mt e

C ol -JOH AR Ut ‘—E.T 271 24% OJEFREE: doc_ 2T AHAH EAL =
R= 49 None YUTH __name & T2 o]FdUTH __self <= None Oi"”*gqﬂr
(CHA R o 35S HAA L), module 2 @7t Aold BE9 o] F o] At §l 4% None
Ayt

7 vl A = (Built-in methods) ©] 21> AHY W7 9] oh 8 R YUt oWl FAZ Q1 3719
QAR C 4o AdE = AAES 2t 21%‘4‘:}- W WA= o2& alist. append () 7}
A, dlist = B AE AAJUh o] Ao, 55 ¢7] A& AAEYRE __self  Talit
A9 AAZ AARFYTh

Z 2l 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.

Z# A QA AEH A (Class Instances) Instances of arbitrary classes can be made callable by defining a
__call__ () method in their class.

T2 EModules) R 5L Fol F9 7|BA A3 o], import ¥o]u}, importlib.
=4 ¢

import_module () ‘41% import O FFEISEHA TS 5 &= d2E A 2dH o 9
311 UPCOVSHD} 5 iﬂ gy e AA = T E ol F FE ZFUth(e]l 9 e AAl=
Eoll Al 7‘445]%?3—? __globals_ °lEZRER IXHUL. oEHE Fx & o] Y- Y
El°ﬂ st 23 = %HD} AE Eol,m.xEm.__dict_ ["x"] I} ZHUh RE QA= RES
z 7|38} sh=t /\} HI=AAE 230 JA FHUtH (@ 27|37 2ud 28 glenz)
AEYRE Y2 EEY olF ¥ 9AUgE BAFUS & o, mx =1 2mn

I rlo
K
i

_ dict_ ["x"]
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

S+ 871 A8 oERES: _dict_ = QMU E R¥H = 2E9 o5 F0Y YT

CPython 73 AHA]: CPython ©] 25 &4 12 & ]S 9hy w) £o], 941 2ol o] 3 227} dopgl
B, R o A3EE Mol E BE YAV NN AL A, YA e B A

AV E A o] &8ss TUe BES oo oF Fth

=)

=
AH8 2} A o] Fel A& (Custom classes) A2 A FHlA FES HEF FeHla ZAY w2l rEAA-{ UL (F
s Aol Ad Zx). e Helz 734 O]%%ﬂ%%‘ﬁqr/} ZHEEYRE 2+
o] B glof tet 23] 2 WP} o .xEC._dict_ ["x"] 2 WP} (FHA T
oJE | HE] F2oh= thE W E= 3 g5t 2] % (hook) ©] Y5 U Th). Aol A o] ERRE
o]F o]l HAF A FoH, °1—ﬂ‘rr5 Ao Bu FE S AL 141?} o] B e AL C3
X = AA <A (method resolution order) & AH&-3F=tl, th5 A< o] 7‘3 FEIZHAER 01 = ‘D}Ol
O}Z & (diamond)’ Al FZ27F &A= =02 A S 2y th —’Jr°] % o] AH&-3F= C3 MRO || &3 &
o A3 Y22 23w Z o] FEH A https://www.python.org/download/releases/2.3/mro/ ol /\1

ZotE 4 s yth

-

Eﬂ _[E
Ul

o d

3.2,

Hl
Eh!
og
X
ol
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BALOEARE I (FALCAT G TAS WA AN AADAE, _se1s ol=2)
HEZbC A AAHAWAE AR Z AH U A0 WASE A28 gk, A v A= A7 7}
AR e AAE ASP Ut FHAEREH I CﬂEﬂw@rEﬂ_dict_ of A%H I FeA =
2 gt nE ol o~ g ] dl e A el g ok

ZH2JEYRE QY ZH2y gAY E BAT 8, ol HeE BE ZH2 A E
A=A = FFYth

SAa AR = W A2HAE FHFES (oM E EAAIL) S22 T IFUTHE & EAA 2).
£ 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__ Theclass’ 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.

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

V0 A (3} AR E A dHUeh v A

R

has a namespace implemented as a dictionary which is the first place in which attribute references are searched.
When an attribute is not found there, and the instance’ s class has an attribute by that name, the search continues
with the class attributes. If a class attribute is found that is a user-defined function object, it is transformed into
an instance method object whose ___self__ attribute is the instance. Static method and class method objects
are also transformed; see above under “Classes”. See section T] 2~ = ¥ E] <2313} 7| for another way in which
attributes of a class retrieved via its instances may differ from the objects actually stored in the class’s ___dict_
If no class attribute is found, and the object’ sclasshasa ___getattr__ () method, that is called to satisfy the
lookup.

Attribute assignments and deletions update the instance’ s dictionary, never a class’ s dictionary. If the class has
a__setattr__ () or __delattr__ () method, this is called instead of updating the instance dictionary
directly.

s< 7Y, S22 A"l AE AL AL, WA 4 5 QF Ut
A

N
FOERHES: _dict_ £ oERE MUY, __class__ & J2TH2Y ZY2Y

£ 99 AL BT Y A7 2
o] 7FA =" o] dH5 Yt open() WA 4, os.popen(), os.fdopen() I A A
nakefile () WAL (121, olulE B4 BE S o] AF oL OHE R Sol ) WA =S

sys.stdin, sys.stdout, sys.stderr = A ZFEQ BE YUY, &, g 2EFo 7 27|34
S AN EYUTh BT HAE R T2 deiA 0. Text 10Base 74 2o} 2ol 23] Ao/ 8 A& o
A wE

% (Internal types) NE|Z B 7} Y7402 AbEet= RE FS2 AREA A =g Ut dH 22
of v Mol o5 Bol= MAE  IAT, TS A A7 AFFUTh

F.E 7] (Code objects) T = A= vlo] EZ Z 3t H (byte-compiled) A 3 7153t sfo] { T =& L}E}
Wi, 2ol E = gas BEUTH & 7&21]9} sk A A ﬂoﬂ— 2}o) 7} &Ytk 4
A= T2 A 37 (globals) (F-71 89 BE)2 /\] Aoz AZ3T YA U T AA=
ol —‘Er”—‘.‘(context)E Zk QA sy Th R 72 QAR o] 5 AA o AEH o] AT IE

A2 ol = AR FFUTH (A A A4S = e dEWl 7l dl2 Ay . 3 AAek=
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£
kY

<

9o, 2= AR L Buoln /b AR So] oW BEE (47 5
bt

97 A& AEZFES: co_name 2 59 o] FYUTH co_argecount & Y A AA= (A

] x%& A2k} 712 gho] = AAEE 2FFYUH Y F /A5 YdUth co_posonlyargcount &
A2 AL 2 X]'— (718 gkel A e = AAERE 23Y ‘41:]')-4 M4dYth co_kwonlyargcount &
719 E g AA= (7117“)] ;}L RtE= xEHYH Y ML Ut co nlocals =347t

AR HorE) 2t YA

rlo

1O
AHE3HE Z]‘—’i ATE (IAES 283U Y He-d Ut co_varnames & A9 HEE9 9]
£2 97 9t B2 YUHAFE] ol Eo] WA FUT; co_cellvars & FHH #4550
Az = A HELEY o]l 58 HT J= EZUT} co freevars = A7 W 4 (free variables)
52 )8 B3 9t FEULTH co_code & M| E ME B A94E Uehle 2229
; co_consts &= H}oJE

A= AE = B HE S 235+ E“‘?Q‘JE} co_names = H}o]
OlEES HY JEFEZYUth co_filename 2 ATYH I =& xﬂ"‘ﬁ]'
co_firstlineno = &49 A HA| = ‘HE?:]\/]E}, co_lnotab 2 H}olE

EEHSZ g HS TXEE ATGS FAUT AATF Y &2 AH=
2O A~ FEE FUF4IAIL); co_stacksize &= BRI A2H O T7|YUTH co_flags &
JejzZeE Y oy T Lflag ES A4 = AZ G Y Yth

I 22 gs0l co_flags £ H 4 XUQCH AUk 7k 7 Ao A AR
H8l A= = rarguments & /\}&SP‘I‘ HIE 0x04 7F1o] Ut 499 7199 =
ﬂﬂ%HO%@UL+ﬂ&ﬁﬂh*Wmmmdvf < ARgahR Bl E 0x08 o] 1o] Btk | E
ol X

0x20 & 7t Al d ol 8 d uf AAE Yt

2 S MA (from _ future_ import division) E3F I = AA7FEA 7|50 A3
A Aol A ALE JA=AE YR 7] 918 co_flags o HIEES /\}*O“Z}‘/]E} 7t FA4
division o] 4315 AEjo A AotdE Qo B E 02000 o] AAHF UTH ¥ E 0x10 2 0x1000
= ol WA sfo] oA AHEH JlF U T

co_flags o thE HIEE2 Ul A& S8l of ok of e

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

9] W] (Frame objects) Z @] 9 A A= 4l 3 = &) 9 (execution frame) 2 LEFY L T} E & o]~ A
A SRE 4 9 (FE RAA D), 557 24 g A2

S5 97 AL AEGREE: £ back 2 o|d 2" 28 (EEAHFo=E 7%3]7]741/} ]74]
2" 9] o] 2} None; f_code & o] ZH oA A== F = AA; f_locals =29 H4E
z23) k= AFEE = 949 e £_globals & A9 W AFSEHULE £ _builtins + W3 H
(intrinsic) °] S AHSH Uth £_lasti & A &3t vlo] E I = 9§ (instruction) = A& 3 th
(Z= A 2] nlo]E T = ExlFo o sl e ~du}.

Accessing f_code raises an auditing event object._ getattr__ with arguments obj and

"f_code".

EF 27 75 olEBHES: f_trace &,None ©] o}U ™, &
[e)

EX 18 Fr AU (U ANA AEH Y TH. BF ojHE

1,
-l>
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E A 5o o o|HER <3
Z A s Eoll A A o -
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frame.clear ()

oM=L e o] F2 A WSl e & F2E A AU L7, whef 2 o]
Al ol gl £35d, Al 2l o B 7} & & Y th(finalize). ©] 22 =2 Y AA 7t dd A =
TH SNt 2 FUH CIE 50, A& oA Edolale 55 AHES A8 A%

‘61— u;H)
whoF =g o] A A3 F o] RuntimeError o8] 7} Ay gy o
WA 3409 F71.

E & o] 2 A A (Traceback objects) E & o]~ A= of 9] o] 28] Eg o] A& JEPYUTE EF 0|2
El

W A= o 9] 7} WA S uf) YhE o] X] 11, types. TracebackType & T &3
—’FE AU

Ao g whsold Eflo]am o] A, ol 9] A 2] 7] & FrotA A A8 2w, 242 FH 3
A vt A A E g o] A o] Qo] E o] AR E AT @M XMﬂOH =°17Hd, &8

/\1 tﬂ}\]xq o7 n=

0

=

¢

Efolag Z2 I AET = JdFUTh (ry & AH FR) sys.exc_info() 7FEHF

FEY M AR FEo|} 3 29 __traceback_ o]ERREE ANAT %l%\% o}

zg2 ol A3 A2 7] & AFoHA e AF, 2H EdolAaE RE Y 2EHSE (H7] £

xUE o) 2Eg Ut B A Z 8 H 7%’4@63 o]¥, sys.last_traceback & & A-gAtof| A

A& ok

BAIA R FH EF o]l A, th_next EYFHEE DA AZAs] WA 28 EF

olAE YA ok A E AAHTE A2 EF o)A S BE = FA A 28 JdFUTh

S5 97 AE AEYHEES: th_frame 2 & WA MY A = dJYth; tb_lineno &

oo 7L iHAst 2ol S & un}, tb_lasti A&3tulolE 7= WL se] AUt uhek o 9
ally o) gle try Al TS, & HE e} EF o]~ o] upx] g} i & (last

o
7} except & o] L} fin
instruction) & = #|

_I\‘:,
_>‘4_,‘

9] £ et vE 5 Syt

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

E+ 27 7b5 o]EBHE: tb_next & AH EF o)A thg @A (& 7} LAY = Y e
S 2)ol AL thF ©A 7t "ﬂit‘ﬂ None ‘QL]D]-

W 3700 W7 Edo]am AR = o)Al sho] A TEO| N FAAOE AXPAZ B £ glo
W 7|E AAE A th next EPHEZ WA & 9L

< 2}o] A 2 A (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 oJERHEE: start = 3%k (lower bound) Y U t}; stop 2 A3k (upper bound)
ﬂqq,step‘_i‘?ﬂ AU th Zh g2 A=k A None Ut o] A ERRESE 499 3o
2+ gy

Setol & AA| = shte M =& A AT

slice.indices (self, length)
o] A == ] A4 QAR length & Wrobx] Efol & AR 7L Z o] length Q1 A Aol A&
Hsw I sgolxo et AR E ALFUTE Al 7S B2 Y /FES E2lF5UTh
o] A5 77t start 2k stop B 28}, step = S EFo] 28] AE o] E (stride) 2 o] Y th A
HAAGEHE HA G JAIAEL2 ARbA QA Sefo] A 2 W o 2 o Ut

g ] 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.

28

Chapter 3. H|O|E{ 2 &



The Python Language Reference, £A| H{Z 3.10.16

-aEH/\ | A = 7 ]| (Class method objects) 2~EJE WA= A XA, Z e A= AA A T2 AA|
£ Eeixted, S S A A2l A2 1Y O AAE AW A HEE Syt 1™
23] A Zex WA= AR 7F 523 W of] gis A= 9 “AFS-2F 2] ¥ A = (User-defined
methods)” ol A A G UTH FH A WA E AA= W classmethod () BBAE YT

33 S+ HME O|F=

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

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

UA S Bl U 2AAE TA W, B Rgsiee AAo] Bol HE AR FATE Ao
LU ol S0, ol AAAE A JEES AL AVO T T 54T 4 A5 AW St
ol2E AUE A2 Hol] ¢t E £ AF Yt (o] ™ d71A] o= W3C 2] Document Object Model 2] NodeList
AEl sl o]~ d Y t)

3.3.1 7|2x9l HAE{OO|A|O|M

object.__new__ (cls[ ])
S ds o A JA2FA2E W7 Al TP Utk new () v 2H Y HA=EdUT (ZF A
AdetA eotr HE= S A -JUrhddl, A AR QAR w583l oh= Jd2H 2 S 27t
AR ek Ul QAL A 494 A8 @S THOl AR AT _new_0) o
HH8E 32 A A Aol ofof T T (E dls o] ALE ),

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.

Tk new () Zhcs & JAIAWEAE ST G0, A A2EHAS . init. () ESEHA EF
[Sh=

__new__ () & F& EWY (int, str, tuple T} Z-2) o] A B Fe A7 QAR A4
AEE 3t o] AU Th 3 AFE 2 A wEl S aoA el S
A3 AHE-F Yt

object.__init___ self[ ]
9l

sEjnto| 28 4

2 4
e v}o] 2817 9] 3

)
(_new__ () ol g3l) d2R2a7FRESolR] Zof, A RE T2 AP Al E2 7] Holl ZE&F T A
R L Bt B fﬂgi ?ﬂ%}% AsdUrh Wk wolxs A7t init () WA EE ZX
O‘DPU# AB Zexe  init. () WA=, AT, A" 204 wlo] A& Fe A 7F AR o= R
ol vt=A 27134 %“a‘fﬂ st7] Sl A A SEsFolof YT A& S0t 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.

33. S+ 0ME OIEE 29



The Python Language Reference, £A| B{Z 3.10.16

AANE D= _new_ () & __init_ () 7} @83 YL BE (_new () v VED,
_init_ () & AL A2EHutol 28 YY), init_ () 7FNone o]&] 9] 3t& sHFH AP A
7+ TypeError & €Ut}

object.__del__ (self)
Q2sE 27} 5k ) 7] A Aol £5F Uk st dekol A i (4 A SHA) sk Ak B YU ok whep
ol Fefa7t  del () WMIANEE ZA JobE, AA S 2 del () A=, B E
AT, a2 A vl o] & Zef 27t A ob= = A A AA517] S8, BAI A o =2 v o]~
Z2o MA =S TS oF A Th

(AA3A = AW __del () AEE JLH2 T AR F2E o2 A AdaE 2l
I & A AN E = 5y ol 2s AA B eolety Btk RER AR oD W __del ()
ol F WA Z ZEFA = A w2t hEYTh @A CPyhon 7AL 21 F AT T E T
ez e/t F28 u ofF dobgle AR S el = __del () WMES] TF0] HAFH A o
syt

Hil: del x= A x.__del () & TF3A ebuytt — 2ol 9= A2 x o F= 3 (reference

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

15 =4 H

Bl del () o] &5+ &t AZ w0, o] A o] A3l Fof HYA 7] &)= FAIS
i, thAlel sys.stderr & A7t 2P Uth 53
o del () 2 (Y 2dEA) P99 FEAYHE=E FF ETEE F AdFUT
del () o] & QoJostAYGE E2H AU S TE3H, __del () S A3}
A3l SHE =T AL E o] AR PS = JomZ WA A of w4~ JF YT
e del () 29dHZZHE FET ul APE 5 AFUh 2HFH o7, AN A of d=
AG Uy (the 25 23 7)ol 1] A5 Sl A U None 2 2 AR S 5 AF UL Thol 22
o] g o] 3ty WEZ Al Zele A AA7 g2 A AASE Y AA A9 S 233Uk
o] AL, Wk 1 A AR Sl i ot FERIFSAEA Gethd, __del () HIA =T}
TEHEARY, XEHA REE0 HolIEs FA3| =t =20 2 5 dsUth

object.__repr_ _ (self)

repr () W ol sl &= o] AA Q) ¥ A A (official)” A2 A= AU Th Wk 7S
sithd, o] A2 22 (A AT & o]l FoA ) ghE 2t AXE ME s 5 Y SHHE vtojd 4
AAE BojopFuch 7heehA] GthH, <. . a2 Qe dY.. > FEHY AL E EFoF FuTh
HEEE 2 e B olojop k. wbek Fef ATt str () §lo]__repr () T AT,

repr_ () &2 Fea A2 “Al P A Al (informal)” FAFE F@ o] 272 W AHEE 5 Q5

Yt
o AL T A A8 7] W Lo, HHo] FRF ARE a1 BEEA 27 S Aol LU

object.__str__ (self)
str (object) & W& &4 format (), print () o 98] S&5 o] AA 9] “v] & 4 A 2l (informal)” &=
<l EA FAE AA o oF Ttk

filo
)
2
%
iy
£
rZ
r i
NS
rlo
2
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ol MINEE __str. () °] EHlE FolH A S FHE Aolg /H A Fethe FollA
object. _repr () HohEUrth: t Agjsta 1+ A5 F3 o] A S4Yrth

W& object ol A H 71 FHZ object. _repr. () S ZEFY

object._ bytes__ (self)

object.__ format___

bytes o] &) TEF o] AA 9] nle]ED xS AU T W 2 REEA bytes A A of oF gy Tk

self , format spec)

u?L',\

format () W& &, 34, = F 219 2 e 2 (formatted string literals) 2] A AtT} str. format ()
WA=l 25 £ 2Fol, AR el “ERD” EAL AL B ol WL th. formar_spec AR 275 =
0 SHEL ERSE EALAUT formarspee A4S ANS  ormar () & TAFE ol
Degle), e 2ot 2R WFRE Y bz ARAL, 5T 20 54 EUE AS
U

U
£F Zof g F ol o3l A<= formatspec & F135HH P oh
<t Al A} o] of of ] th.

A 34004 M7A: object o] __format__ WA = AH4] 2, R EAHE o] obd A7 AL E ™ TypeError

A 3704 HA: o)A object._ format__ (x, '') = format (str(x), '') 7} ofYz}t
str(x) & EF5FYTH
object ___(self, other)
object ___ (self, other)
object _e (self, other)
object._ _ne__ (self, other)
object ___(self, other)
object _(self other)
o] Zﬂ%% 29 “FHe Hl (rich comparlson)” A= g YT A4A 7129 wA = o] F 7] #Al=
o Q%HDP X<y =x.__1t__(y E%?&‘%Dh x<=y ©x.__le_ (y) EZEdUT x==y
Tx._eq_(y) EEZEdYL X'— Tx._ne_ (y) E3ZE¥Uh x>y Ex._gt_ (y) &
U x>=yEx._ge_ (v) & E% tuch.
FRTHE NS £ Y A2 Al AP AL T B AP B Hingleton)
NotImplemented & Eﬂﬂz 4 g5yt J}Eﬂ , A2 A9 Bw False Y True & S8 = 4rth
ATk o] YA E = oW o] ol A EHE QsUtt 28 A vl AR =2] &9 (Boolean

context) (]S Eo] if o ZA) oA AHRHH -L} o ¥ Aol F AR S Fobstr] S gholl th sl
bool () & ZEFYth

72RO F objectE=isE ALREA AR CEZ v|wE EEHNotImplemented%‘ﬂ"_ te__eq  ()E
TdF YT True if x is y else NotImplemented. _ ()9 ALE, ]Hﬁ,gg
_eq ()9 Qs NotImplemented Zbeotdetd 1 A& —ﬂ’ﬁ 145}. H 3L AR 7] E
T3 7o thE A A 9l BA = Y& UTH ol & S0, (x<y or x==y) 7} Fo|gtl A x<=y 7} T
éﬁtmaﬂﬂ-ﬂ%JﬂEdﬂoiﬂﬁﬂAﬂﬂ@4°ﬂioiﬂ ©]ul ¥, functaols.
total_ordering () & HAAI L

A2 o] vl AXRALE A dst gAY e 712 AHE £ Qe SlAl 7 AAE wes A
2 712 223 Yol hash () o B3 Edo] gt

s
ol =S thsh (DAY AR = A4hS A YA AT 22 AR A LT /\}“9“5] )FRE
HALS R glgyth dialel _ 1¢ )ﬂ_gt_()%/ﬂEJ HAAE A4t ()%
L ge () EARYFII AU _eq ()9 ne () =AY AR Odﬁ%Mﬂ‘r,UJ%
ﬂ@@ﬂﬂﬁiqéﬁﬂ%AiﬁA®4ﬂ4ﬁﬂﬂﬁ4@444ﬁ4ﬂﬂ”ﬂﬂﬂu’ﬂA
W, 028 5947 H Qe v ho] SAE Btk 19X o A 3 A WA=
LA 7 =5 UL 7R A B Z A (virtual subclassmg) L 135 A S5y

rH
ok

(
i}
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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))

Z31: hash() & AA7F A8 _hash. () WIANE7} 28 3= S Py_ssize t o A7|E A}
& Y th(truncate). ©] 212 HF 64-bit D = ol A= 8u}o] E 1L, 32-bit @_501]/&1 L 4upolEY Ut whek
AA S __hash__ () 7} /‘13 OEHE 37| 2 U EE Atolol A &7 AbgHojok Stttd, &
A9 DESAAY ZS Aok FUth oA st 4% W2 python —¢ "import sys;
print (sys.hash_lnfo.width) v Q).

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

eq__ () butnot ___hash__ (), its instances will not be usable as items in hashable collections. If a class
defines mutable objects and implements an __eqg__ () method, it should not implement ___hash__ (), since
the implementation of hashable collections requires that a key’ s hash value is immutable (if the object’ s hash
value changes, it will be in the wrong hash bucket).

AR ZElae VIR H R eqg () % _hash () WIAEE ZAFULE BEE AAE= (A7)
A& A stal) 22 rthal Bl A, x.__hash__ () © AA} S EHFo,x == ydux is
y thash (x) == hash(y) 7} AN AHE + A== ?&14“/}-

_eq () EARBYSIL__hash () EBYSHA %= FWE=_ hash () 7FNone 28 A
Utk S8 _ hash () WA E7}FNone o|H, Z# A9 JIAHAE 22 O] SAIFE B2
A =& 0] TypeError & € 27|10, isinstance (obj, collections.abc.Hashable) & AAME
w Al 7H5 5 Skeha ke 244 E U .
WOF_cq () EARARETA2ARE FA2ERE _ hach () 9 FRE EHRT AW 4
BZ g oA HA| A2 o|FA XA Fo]ok gt} hash. = <ParentClass>._ _hash_
1k of —eq_0) = QA A = FHaTte A QLS HET A oW, FeA Hoo|  hash
None & Z sl of guth AN hash () = Zuz i o] 4% TypeError & 427|+= 3%
isinstance (obj, collections.abc.Hashable) TZ 0] 3|A] 753t 2& O] /\]E}IJD]-

F

l‘ii‘ I

i 7|EAH o7 strtbytes AA S _hash__ () 2 &2 5 gl dpgto g “LE 5 o] (salted)”
‘*HD} N sho] A 22 M A Yo A= AR e o2 FASHA T Sol M-S e g oz Agd
= &5 4 glA FYych

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.

?‘fH*] 7ol M2 A olE e ol d Aol G&Fe FU T ol o] &Afol thef o d B 314
k& UTH (22 AL B % 32-bit 9} 64-bit W= Ato] o A & ThE U Th).

PYTHONHASHSEED & 11314 Al &

WA 33004 R A e Bt V2R o7 A4S YT

object._ bool__ (self)
=23k AAE W 4t bool () RS 18 TEH UTE False Y True & 8|5 oF U th ©]
AL BN A e A5, AT AENE  1on () o] 5o ol 06l IR Ho % A4
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FUch weF Felart den () I _bool () EF AR FeviH, EEAxE A= Fog

3.3.2 ({EZ|FE YN A HAE{OIO|H[O|M

HE ZX(97], Y3H7], x.name & 2HA| 31 7]) 9] & v] & WA 317 98l oS3

object._ _getattr__ (self, name)
71E JEGHE I 27LAattributeError 2 A u] SEH YT (name 0] A2BE A~ oJEZHE &
Eselfd ZHP2EZY d=oEFREVoFYBA _ getattribute () 7FAttributeError
£ Ao A name ZEHE Y] get () o] AttributeError & 42 off). o] MIX =& (AAHE)
EZHE 7}S vsdl Al AttributeError o 2] S 4 o Ao gt}

Fe Sl AERREFLHHAY _ getattr () o] TEFH A ol Fsf o 7
1% _ getattr_ () __setattr () S =" vt AUh. o] FA st o7+
ol 7|% &1, ZRA A koW getattr () 7HAAEAY T2 JEFHE Y2
o] §17] o] 7= Futh Aol Adad s 5] AL, oW E A~ A JEFHE gAY
] SR dgomA (A 2RSS v AAol ¥5Uth &g Alo)d AAH 2238 5 Y5 U
NEZRE ANAE AAZ &3] 22st= Wy ofl thai A& obeloll b= getattribute ()
oA B yth

object._ getattribute_  (self, name)

4

oZ, foh T
ﬂmﬂﬁ
e85
0§9|‘-|I1 o
)

N

2

Zela AQ2aHAY JEFHE AAAE THEY] Y 274 flo] 3P Yk wek Ze
27F _ getattr () & @7 FESH, __getattribute_ () 7} AR Z &5 A
AttributeError & YO 7R Q& oA _getatr. = SEFHA FH5Urh o HiAEE oJEZH]
ES (A4 g2 E4T7%Urz‘%ttrlbuteError Oﬂﬂ%— Ao Aok gt o] HA = 011*1 T3 A
(infinite recursion) 7} A oF= A S 7] Y&, +HL2 AA U 2o o ERE HI25H7] A8 22
o] &9 Ho] A F 29 uﬂ/\ﬂzg S &3 ok gt °ﬂ§% ,object._ getattribute_ (self,
name).

e do] Bl Ui o ot EAFQ &0 A3 EF HAEE FR3E Hfolle 9l

|IMEE ARA &S dFUTE AT YL S5 v A= 23] oA tFUTh

Q1 2} obj, name & & ZFA} o] W E object._ getattr S HAA AU TH

object.__setattr__ (self, name, value)
AEFFE Yo AED v S UTh dAA HAYUZ (S Jd2dx
Z) tjAlof o] A o] EZEH YT name & O] EBHE o] 2 0], value = 1A ) dstel = grduych
__setattr__ () NN A2 2EGRE Y3t T ulj=, T2 o] 59 wlojx Fef29] A
EE S3EFoFgULh o & S0 object._ setattr_ (self, name, value)

Q1 2} obj, name, value & ZFA}F o|H E object._ setattr_ < WAA ZAYTH

g 2ol 7he A et

[©)]

object.__delattr__ (self, name)
_setattr () FHIREAW S E2 HES sk tlalo] ARG €] AL del obj.name
o A o]l 2] 7} gl 5ol v & o] of gh T

Ol 2} obj, name & 2 ZFA} oW E object._ delattr_ & THAA ZRYTH

object.__dir_ _ (self)
AA ol dir() o] 52D w] TEPUTL AAAE S ok FUTh dir () & £
= Ngs 3 g

AN
>
)
[>
i
Ach
[>
[
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DE O{EZ|RE HMA FHAEDIO|AO|M

S5 olF _getattr_ I __dir. = EEJEFE I JFZZ AHEA BYst=Hl AHEE

£ etk 25 529 getartr_ @45 S A2 oo R e ol §8 Wotd ANH e
=8 F AV AttributeError & HAAA Aok YT AubA 9l 23] (2 object._ getattribute_ ())
£ 53 o EYREVEE AA A LA A %}iﬁ,AttributeError% AL 7)7) Wl BE __dict__
oANA __getattr_ & 7‘““?:?‘4"4’ DAL H, EYRE o] 528 I ¥4 E S250 445 E8FYTh
_air_ B4t AR 0A QU RENN B2 B4 At 0B S Jrhhs Bade] AUAE BTt
FUth 28, o] Tt BE Y B dir () AL AF T,

BE SA(IENE 44, eold 52 Brl AU A8 AW, BE AA]  class o
EZREE types.ModuleType & A B AR AAHT 5 JFUTh & %Eﬂ:

import sys
from types import ModuleType

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

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

super () ._ _setattr__ (attr, wvalue)
sys.modules|[ name ]. class = VerboseModule
Z3: 2EE_ getattr_ AP RE _class_ AL oERHE AN LEE ALL3E 23]t
AL HPUTH- 2 E Ao tfa A H A AN~ (RE o] TEof o s Mol A} mE] Aol PA
Yo tigt 2 E AX A= FFEA 5T
WA 3504 WA o)A __class__ BE AJEZREZI 27| 7bsFUch
WA 370 7} _getattr_ I dir  REJEFHE.
o B7):
PEP 562 - % _ getattr__ 3} _ dir__ 2Eo| ¥ __getattr ¥} _ dir TFEAYFUT
CIA3EE 7S]
o L= MAEES HAEE 713 S A (&9 U2 T HH (descriptor) 2] 2) ] A2E AT AF A

(owner) 221 220] 54T W A LR UTHO 22 e = 254 2a20 G421 28 22 2 o)
o) B4 2ol slofok FIED. okele] ool A, “of Bl HET & ol ol £fiat Felnsl _dice_ o A2
AEH I e o ELHEES AUt

object.__get__ (self, instance, owner=None)
AR 2R (FRs A2 RE AN L) 1T BHAY ALHA(NAEL ] HE A 2) 9
EZIHEE Hote L T o T=F Utk A& F owner A Ab= &FAF S AUtk WEH of] instance =
OEFRE Fx7F Aoyt Qe A" 2o| A, o] ER R E VL owner S S8 WA B = A -F None
AUt}

ol JIA == A4 o] E g

PEP 252 _ get__ () o] 3hubu}
HaagEs o] BAE A A%y

o
@e

m

B FAY AttributeError 9 & 4o Aok gt}

Q)] o
o) A28 2 FE B BT APk ol A4 U
il AR AR T ol e F ASE BE 2 Pl [aag
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El7F QL& 4 Utk gol W AA e getattribute () FAL BAFA Y BA Y] FAF
A7E 27 Ay

object.__set__ (self, instance, value)
AFAZ 2 AXE X instance &) AEBFHEE A Fhvalue 2 AH T v TS Uth
o]

__set_ ()oY} delete ()3-%—7}8]—tﬂ1‘4/\3%]£%%6§01“13] B] tj 2= ¥ ¥ (data descriptor)”
= WPl FAAAA L. AT UGS 2 8E] 535178 FRUA L.

object.__delete__ (self, instance)
2GR ZFH 29 AA2EH X instance 2] O] EZHEE AA S o] = Ut

JEEHE _ objclass__+1i n8pect ol 93f o] AA 7 Fo)H Fea % A 3t= A Oi?‘fﬂ*—"%
Yth(e] & Ads A E 542 FH2 JEGREY APA N AEZ AT (1ntr08pect10n) S AP
= A5Yh. %’—H%‘-"J 73% HA 312 °1Z}°ﬂ FolA (= AE FHYn) 4 A~ A7 71 e = Avt

1212 4 JFYUTHAE £, CPython & CE 7+ A 45 A ¢F-2 WA = (unbound method) ol ©]

rﬂlﬂ [m y

CIASEE 5857

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.

SEEARE AL 1L FRE AR I A A= REE A A AATE AYU, A

Eola.x=a._ dict_ ['x'] A A ZE A type(a) . dict_ ['x'] & AA type (a) 9 HE =
é%?ﬂlﬂﬁwﬂovﬁavc 74%% 7He 4™ 232 FAAE Y

T, ek 233 ghe]l aaHE WA= St A, spol W2 7] H F 2t Alof tAaTHE WA
EEISET S IFULE A EFY Oi_ﬂxloﬂﬁ ol do] dojyE=A+ ojd y2aaHEH WA E= 7}
Aol o] Qi ojE Aoz 5 %ﬂﬂloﬂ w2} o5 Y ot

a3 gy 359 A2 -2 23 (binding) YU TH a.x. DA IAE o] 2 =4+ a o Wt thE U th

A
44 523 P AAAAAE M G A4S L BEL ASAY EAYAAYH ASE 9H 5EF

A2-A FE AA dxdxo] 2
__get__(a, type(a)).

SUAAY 2eha ARFH, Ax koW EEE WH
A).

1o
_?L
g
rlr
%)
[
fofs
i
Hu
g
4]
funil}
<
In)
t
9

O

(0]

a).__dict_ ['x'].

mkﬂ

Utk A._ dict_ ['x']._ _get__ (None,

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__ (), itis a data descriptor; if it defines
neither, it is a non-data descriptor. Normally, data descriptors define both __get__ () and __set__ (), while non-
data descriptors have just the __get__ () method. Data descriptors with __get__ () and __set__ () (and/or

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

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

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

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

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

__slots__ Al20] &5t L E

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

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

o Withouta __weakref _ variable for each instance, classes defining __slots__ do not support weak references
to its instances. If weak reference support is needed, thenadd ' __weakref_ ' to the sequence of strings in the
__slots__ declaration.

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

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

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

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

» Any non-string iferable may be assigned to __slots__

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

e __class___ assignment works only if both classes have the same __slots___

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

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

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

classmethod object.__init_subeclass__ (cls)
ol MNEE o= FHa AE FeartdEod uinit TEFH Ut ds = A A B F YTk
b dutAl AAEA WA ER A H W, o] AEE BA Ao s SeaMA=E WAPTh
£ Hr Z¥Y 29 _ init_subclass__ 2 AEH Yt}
muswdwafE&%d%q%%w 3o EAHL I3, BLE A AGES
Z5f of ©

o Foll ThE AT S Hlo Fulch ol el A9k

rwl
é‘é
[>
f
rﬁi
:L

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

718 78 object.__init_subclass__ = o} A% 31X GA| T 2R} 7L 23 EH o] TE2EHH A&
YRR

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

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

WA 3.60 F7}

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

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

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

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

oA e 2o
W2 3.6001 =71

[>
&
é
rCI
il
N
filo
i
k1
o
>
>,
fo
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ol et S

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

22 0] 5L type (name, bases, namespace) & Ao XN AHoF AAF |
SH2E TEE AL FAHe Ao Eolnetaclass 7P E AAE AR AW, 28 IAHE 2313 ol
ZXH‘G == /\E Asdgdozn AL npolZ2E ¢ A5 T} TS of of A], MyClass ¢} MySubclass &

-+ Meta 4 ﬂa‘ﬂéﬁwn}.

class Meta (type):
pass

class MyClass (metaclass=Meta) :
pass

class MySubclass (MyClass) :

« MRO 3=o] 45Utk
. AAvlet 227 APH U

S ‘/}EP‘%%Hﬂolé%aﬁiﬂtypef’/] ?li‘::i"ﬂo} 4%, A71 M _mro_entries_ H A
Ut dAF W, e wlola FEZ EEH Uth °l WA EE o] o] A glAlo] ALgE Feje]
g F oF gyt %%—% "o & & 9%5145} o] 4% g ojae FAFEULL

A [y
My S
tlo gy, [>
12 oX

£ FA e BF type () o] AHSHUTH
-%Mﬁﬂﬂﬂﬁﬂéﬂﬂ@ﬂlﬂﬁﬂtweoﬂﬂﬁﬂAﬂ%H%lﬂOWﬂﬁﬂﬁi43§
Yyrh
. type () 9 A2B2T} BA A v Fel 2w Fol A AL, wlol 27k Aejs H o, 74 ol HAlE
weh 2ol 27k AHEE U ok
744 wo] shAE v Fel At WA RO R A4 Wek 2o (AR ARE BE Wo| 4 24T
e 22 (F, type (cls)) SOl AE g Unt 71 Wol 5%*”3 HE ZE e o] 5 BT O A B B
(subtype) AU th "HeF oj= A& o] xS WFeHA] Rovhd, Z#l& B o = TypeError & LA 7]
A g,
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Once the appropriate metaclass has been identified, then the class namespace is prepared. If the metaclass
has a __prepare__ attribute, it is called as namespace = metaclass.__prepare__ (name, bases,
**kwds) (where the additional keyword arguments, if any, come from the class definition). The _ prepare_
method should be implemented as a classmethod. The namespace returned by __prepare__ is passed in to
__new___, but when the final class object is created the namespace is copied into a new dict.

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

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

ZaliA vic| ™31

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

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

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

oA A TS|

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

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

) 9l 2ol 7] @@%qq

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

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

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

B
g

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

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

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

5 2ol e o B Sol ] (ke 2 A8 Aga,
2
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type.__new_ Z A F#27t HEA R
wjsgo® AL 3, A AA = W HY 2
o] Zo] Ze A __dict oEFRE 7}%“41’%-

] ®17):

PEP 3135 - 2] super 5 A A _class. F2A4 F2E 4™t}

COIE B IR AT & AR A BE 4 3
1§ = ot

Hl,

oet 22A2 X

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

g

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

& WA EE2 isinstance () & issubclass () W& FFHEL] 712 T3S A A9 ot o] AHE-F YT
£ 3], H et %ﬂ]é abc.ABCMeta = =4+ W o] & Z & 2~ (Abstract Base Class, ABC)E t}2 ABCE £33l ¢
o Fhav F(HEFI = E%%‘%E‘r)ﬂl “7F wll o] & F el & (virtual base class)” 2 5718 = QUA| & AL
ol MHEESE FTHIF T
class.__instancecheck__ (self, instance)
instance 7} (Z) @ Aol AU ZFH A S Z) class o] A~EAZ HAFE ¢ o IS 85Uk woF
A o=, isinstance (instance, class) = Fd37] Y =&

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

o MAEEL Zeao) Bl Feh) oA 28 Bk Ao F AR 2
WA E AelE 5 gtk ol AL JAE A O8] EE5 = S5 AT S 239
o] A4 JdAE AL Ze) 4 AR,

o] B7):

PEP 3119 - 24 o] A Ze]Ae] £9 _ instancecheck () -‘?Jr _ _subclasscheck__ () & &%
isinstance () £} issubclass () 9 T3& 74/\13 ulo] sl o F Q3 FFS ‘Lfﬂ'o}%tﬂ; o]
71558 E71= dojoll 4wl o]~ ELEH’\ (abc 2ES E*‘/\]_,_ EF7 h‘jh—x} sk ol s uth

3.3.5 A= & L LH7|

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 1ist in which all the elements are of type int.
o ®H7]:

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

Generic Alias Types Documentation for objects representing parameterized generic classes

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

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

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

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

The purpose of __class_getitem _

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

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

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

__class_getitem__ versus __getitem _

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

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

from inspect import isclass

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

class_of_obj = type (obj)

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

if hasattr(class_of_obj, '__getitem_ '):
return class_of_obj._ _getitem _ (obj, x)
# Else, 1f obj 1is a class and defines __class_getitem__,
# call obj.__class_getitem__ (x)
elif isclass(obj) and hasattr(obj, ' class getitem '):
return obj.__class_getitem__ (x)

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

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

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

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

>>> list[int]

list[int]

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

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

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

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

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

>>> # Enum classes have a custom metaclass:

>>> type (Menu)

<class 'enum.EnumMeta'>

>>> # EnumMeta defines __getitem__,

>>> # so __class_getitem__ 1is not called,

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

<Menu.SPAM: 'spam'>

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

<enum 'Menu'>

© B7):

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

3.3.6 1

1]

R ELH LY7|

object.__ecall (self[, args... ] )
Arvx7tgexE a2 ol 2P Uth ol WA =7t AH W, x (argl, arg2, ...) =W
type(x).__call_ (x, argl, ...)EZ2WHIm4rch

3.3.7 ZH|0|L{E ELH LY 7|

The following methods can be defined to implement container objects. Containers usually are sequences (such as 1ists
or tuples) or mappings (like dictionaries), but can represent other containers as well. The first set of methods
is used either to emulate a sequence or to emulate a mapping; the difference is that for a sequence, the allowable keys
should be the integers k for which 0 <= k < N where N is the length of the sequence, or s11ice objects, which define
arange of items. It is also recommended that mappings provide the methods keys (), values (), items (), get (),
clear (), setdefault (),pop (), popitem(), copy (),and update () behaving similar to those for Python’
s standard dictionary objects. The collections.abc module provides a MutableMapping abstract base
class to help create those methods from a base setof __getitem (), _setitem_ (), __delitem__ (),and
keys (). Mutable sequences should provide methods append (), count (), index (), extend (), insert (),
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pop (), remove (), reverse () and sort (), like Python standard 1ist objects. Finally, sequence types
should implement addition (meaning concatenation) and multiplication (meaning repetition) by defining the methods
_add__ (), radd__ (), iadd__ (), ul (), rmul__ () and __imul__ () described below;
they should not define other numerical operators. It is recommended that both mappings and sequences implement
the __contains__ () method to allow efficient use of the in operator; for mappings, in should search the mapping’
s keys; for sequences, it should search through the values. It is further recommended that both mappings and sequences
implement the __iter__ () method to allow efficient iteration through the container; for mappings, __iter__ ()
should iterate through the object’ s keys; for sequences, it should iterate through the values.

object._ len__ (self)

WZg len() & 73871 A Hiéﬁ‘*’% AA e} Aol g EFA okt >=0% A Pyth =
e _pool () MIMEE BATHA &2 AR __len () ol 0= EHFH =T £HNA AR
Atk

CPython 7-& A}A]: CPython o A}, Z o]+ H Y sys.maxsize & A 9] A—T—qu/} wkok Ao 7} sys.
maxsize Ht} 3, ojH 7] %55 (len() 3 Z2)2 overflowError & €22 4 JdHUth & AA
Aol A overflowError 7} ojube A& 2] H?‘fﬂ, Z'iiﬂ—t—_bool_ ()& 7‘*-4311 oF g DP-

object.__length_hint_ (self
operator.length_hint () & Fd387] As| LSHUth AA S =41 Lol EHFFF U
A dolBty AV 2S5 %]\Q‘/]DH dol=>=02 FgofoF gt v g2 N otImplemented
d +% demn, length hint WA =7} ool EAj6tA] b= AMH Helguth o WA=
S5 2 43hE 9B Aol w A7 eukEol £ 7H AL Rtk

Fa: sFto]d2 AA o2 tao s Al M =sdd sl s3g unt

’a[slice(l, 2, None)] =D

= WodE 71, ThE PE % npR 7 QU T mhd S2tol 2 32 34 None 22 A4 U Th

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

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

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

__getitem__ (). See __ class_getitem__ versus __ getitem___ for more details.

object.__setitem__ (self, key, value)
self[key] 29 S F@H7] faf & %% t} _ getitem () H 2L F7l 3t}
v} 3 9] F--oll=, AANZF 7)o sl 3k WA olU A 719 F7HE ST B9, Al dLY BeE F5ol
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SAD 5 JL wE T A ofof FLith FR B hey Y ASE  geritem () oA} 2L AYE
%) © 7 of gk,

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

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

ful

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

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

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

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

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

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

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

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

3.3.8 X & ELH LH7|

571 9 & FU U7 A3 EHE5H 2L AEEE AN Y 5 T FARE S SRl Sl 93]
A9 A e AAE (18 Sof, A7} obd £A4E ol that W= A4HE) ol th 33

1o
e A 2 AT o] of g,
object.__add__ (self, other)
object.__sub__ (self, other)
object._ mul__ (self, other)
object._ _matmul__ (self, other)
object._ truediv__ (self, other)
object._ floordiv__ (self, other)
object._ _mod__ (self, other)
object.__divmod__ (self, other)
object.__ pow__ (self, other[, modulo] )
object._ lshift__ (self, other)
object.__rshift_ (self, other)
object.__and__ (self, other)
object.__ xor__ (self, other)
object.__or__ (self, other)
o INEEL o|F 2b& ALE(+, -, %, 0, /,//, % divmod (), pow (), ¥*, <<, >>, &, %, |) & T & 3}7]
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s TEH Ut odE =91, x7} add__ () MIAEE 7H1 FH 2 JA2dA2d o, A = + v
9 ke Fo7) HEl, x.__add_(y) 7t EEFH YT _ _divmod () WA EE_ floordiv__ () &}
__mod__ () & &3 7Ur£ oH oF Utk truediv. () 2F A& A grotof Iyt WA
pow () &2 4 & v o] A 4= 7] A A+, () PN EZ =S 5 e Al WA JIAE
D=2 A o5 o] of ol Z2o) 3 of Futh

ukek o] MM EE & 37 A2 E Aol tha] AARS A YEHA] Yo, NotImplemented & E8F
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)

lly
*
|

%, @,/,//,%, divmod (), pow (), **,

) HMHEELF ;Qa 3 A= ] 3l o] & 4t A4t

<G>, 08, 0, NS T8 A SEP UL o] 4 EL AFEY B AsAT Y A4S A DEHA]
S, S QA B N e HA T EER UL o B So], B4 x - v o g FHET @
W,y 7} rsub () 7= ZFY2rY Ad2rH2ol, x._ sub__(y) 7} Notlmplemented & = ¢ 5 H

=
y.__rsub__ (x) 7} E&E Yt}
=
=

259D ANE5HA ol RS oF FUTH (12 el 2ol 4

A3 wor 0 B 3 ANAL Yol A% T AR W) AB Zefao) T, T AR Zeh s} AL
AZA A= v A S AFoH, o]l A= 4% A4t A A8 A ¢ WA= H ot WA
SEFPUTH o] A2 A B ZFYP2T2AEY A4S ARG T A= E 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)

371N “A QDA deth = FUav 28 HAEE 2A kA, MA St NotInplemented & B &S P UL 2 2%
A2t AR HAE=EE *}*"LS} o] A= =5 3}34“4 WA EE None & &2 A7 3R] Tolok Futt- 28 A st AL 27

et HAA R gA e WY 23S ST
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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fs =gt ol iA=L A 4_% A 2} 2] of] A (self%—? gl M) Bt = Al =l of 3Faz, A (=
Al 2 of &h= A2 oA T self A = AFUTHE FoF Pt vhek 574 wiA =7t o= A
od, T Y-S EtA <l ] AEES ™Al /\}*"L@r‘/]q oA S Eof,x 7t __iadd () PMINEE
ZeFRNaYgJAadad, x += yvx = x.__iadd__(y) & E5dUE 2187 ‘3%2“‘ X +y
g FEWAY, x._add__(y) &y.__radd__(x) 7} 2HYrh °1“* FFolA, S Y-S
A AFA] ok o # 2 o]o] A 4 95 Y Th (fag-augmented-assignment-tuple-error S K A A] ). 3}FA] 7 9]
2L A dlole 2ee] 23t

object._ _neg__ (self)

object._ pos__ (self)

object.__abs__ (self)

object.__invert_  (self)

d Fabe A4+ abs (), ~) = TS As) =EF Yth

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

gk,

object._ _index__ (self)
operator.index () & T3] A8l EEH 11, stol o] A AAE AS AAZE &4 glo] HEs)
oF g uff (&etold oy W bin (), hex (), oct () FFE 011/‘19}7‘01)‘?}‘3} EE%J Ytk o] A =9
EAE = 7“%1]7} AT 3ds 7=y ‘E‘}E/\] ATE =dF kY

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

object._ _round_ (self[, ndigits] )
object.__trunc__ (self)
object._ floor__ (self)
object. ceil (self)
W &4 round () @ math 3 trunc (), floor (), ceil () & F+d3}7] Y3 E&F Ut} ndigits

7} __round__ () 2 AEHA & 3 o] I EEL BEF Integral (B35 int) 2 Zd A4S 3
s 5 oF FYTh

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

3.3.9 with 2 HEHIAE Za|x}

Y~ E FE) A} (context manager) = witht< AP ol A1) FHe= A3 A E A E (context) & 8 2] 8= A A
Utk F= E59 A S 9, A9 2E A2 As dote AFAT dd2ER 9 AR D22 A2 Pt
AR A~E J;}E]Z]——E with & (with = A A4 A8 FUch o2 Al ZFH A 259 WA EE SE5) A
AR AHEE 5 ds5UTh

A" AE Fe)x1o] A A0 &% o= thFet 5o A Ae (global state) & R A5 BL5= A, AL S
E?c] (locklng) '6]-:_1—’_ Oqi7] (unlocklng) 5]’L o) a4 -‘ﬂ'oal% 2= 7:‘ 'S‘O] 2 /\1413]-

AdAE e z}o] th3k o 2}A| 3 4 H = typecontextmanager ol V&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 SEFUTE MANSEL A AE) A Ho] L] v o9 2
71Tk vk A A7} o 9] glol SR ATHH, Al A4 B None o FU T

_H
)

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

mﬁm
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BHF o 9] 7k A B 31, WA} 9B FAN AT A OH (A
e Aok Gtk 134 o o9l o] WA ST SR Fol A% AYH U

_exit__ () MAEZF ALH A& thA| O 7] A (reraise) =T Fo o gt} o] AL TEA}
(caller) o] & g Yt}

o B7]:

PEP 343 - “with” 5% 3}o| % with ol thk -4, v 7, .

3.3.10 Customizing positional arguments in class pattern matching

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

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

For example, if MyClass.__match_args__is ("left", "center", "right") that means that case
MyClass (x, y) 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 B7):
PEP 634 - Structural Pattern Matching The specification for the Python match statement.

Hel 7} obd A7 o) ol

=
e 2e FETb o9 2 Aot A

>>> 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):

(THE sTeTA ol A1)
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R s S e e P I )

File "<stdin>", line 1, in <module>
TypeError: descriptor '__hash__' of 'int' object needs an argument

F2e] AZFHA “ﬂ/ﬂ ESE5HEold A AEH AN EE ZF ‘W E F 82 E P (metaclass
confusion)’ ©]gtil E&]3, EF WA EE 2T uf AAHAE 33 WHoE 9T 4 JdFyth

>>> 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 T EE|(Coroutines)

3.4.1 0{9lI0|E{E ZHA|(Awaitable Objects)

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

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

object.__await__ (self)

olf e olH & Ak FUh ollolHE AAE 7S] Al AHgH ook FUth S £,
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asyncio.Future ¥ await A} S35 7] Y3l o] =& FH gt}

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.

¥ A 3.50] 7}
] ®17):
PEP 492 7} o} gl o] E1 & A A of] tf S ] ApA S A B E 233t 5y th

3.4.2 TR E| ZHF|(Coroutine Objects)

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

FFEL 5ol dste A =S 3 2t e, Al ol e (Al d el o] B -o] e & o] B] M A = S HATA|
L) ASH st skAIvh Al ol Bl ete @2, ZFH2 olH ol de AF AdsHA = ks Utk

B A 352004 HA: TEES F H await 3+ RuntimeError & 4o ZuUch

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

coroutine.throw (value)

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

coroutine.close ()
FHo] A FAHEE S o]HH o] close () MIAEZ AT UTHH HAEE 7HA &= 9.

O™ 2 A FA A AHo A GeneratorExit & WA 7] =H|, T FE o] A AHAI S H |3t =
ttsUth A gte 2 IR AYS TR T FA S, of & A A 2 A kS T 1T

7Y AR 7L o E vl = 98] ZEA 20 met A5 o 2 23 Y T (closed).
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3.4.3 H|= 7| 0|E{2l|0]|E{(Asynchronous lterators)

>

Hl 5 7] o]H#o]E] = A48 anext WA EIA H]FY] ZEE TET 5 JdHUTh
H| 5 7] o|Hd o] E]+= async for EolA AHEE 5 JdHU Tt

object.__aiter__ (self)
H)5 7] ole gl o ¥ AAE Eei5] oF FUTh

object.__anext__ (self)
olHH#H o HY tF #FHS Tt AdoHE & EdFF Utk olfgH#H oMol EUH
StopAsyncIteration o2& 42 Ao st}

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

A 350 37}
WA 3. 79| 4] XA 7 PriortoPython3.7,__aiter__ () could return 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.

v 5 7] A€ 2] R (asynchronous context manager) = __aenter__ 9} __aexit__ WA ZoA AP&
AR Ad e pel g AU

Hl5 7] AEAE e A= async with oA AHEE 5 A5 Ut

object.__aenter__ (self)
__enter__ () WMINES Yu]Fo g FAGH, L3 Aol HL ool HE & EHF o St A Y

gt
object.__aexit__ (self, exc_type, exc_value, traceback)

it () WA ESH e = fARR], f AT Aol L ol ol E B & EelF of ke A

g},

W57 AHAE el R 2o Al 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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0>
02t
O
1

41 T2 Ol 1 X

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

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

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

« formal parameters to functions,

e class definitions,

« function definitions,

e assignment expressions,

« targets that are identifiers if occurring in an assignment:

- for loop header,

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

53
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- in a capture pattern in structural pattern matching
e import statements.

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

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

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

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

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

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

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

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

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

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

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

nonlocal L t]-g3}= o

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

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

(3,
=Y
(o]
=
Q
T

=
(1]

=

=Y
n
02
1]
&
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Uth AN EEY = B0 % FE A d5UTh- o] 22 Az ejd A Aol 8-S 2Fst=T
OJAE0 T A2FZE AR A FEE 7] tfZ P Ut o] AL th5} 22 A o] A gttt TP UTth
class A:

a = 42

b = list(a + 1 for 1 in range(10))
4.2.3 builtins 2} X|5H=l AlSH
CPython 78 A A& A= builtins & A=A Dofok gk o] AL 78 AlRAFGUTh %
o) F 579 RS WAT L Ae ARALE builting BES import 331 1A o ERHES A A5
s 8l of Ut
FEESAYR AFA W ol F TE, AL A o] F T3] °]F __builtins. & XIFoEH
FAG Uk o] AL g e BEo|ofof FUTHF A A5 2ES] g4/t AgFYUThH. 7184
©2, main_ EBEY Y& ulE=_ builtins_ 7} W EE builtins 0|3, T2 25 Y& o=
__builtins__ +builtins 2ES g9 ths E A Jrh

A7 Aol i3] o] 5 A2 A Al F o] obygt AdP A Fof o] Ut o] AL 2 22 F=v}
£ EY3 :

eval () Fexec() T+ o5 & =)

3R o5 FONA AAD F oA AR W AR o] Be A o
Z7 A A AAF YL exec () Feval

A7} 5k 9o A g o

l(i
o
N

N,
e
AN

I
to
o,
i)
T,

Ry e
[n
m]n:

o
or

- A
"
X

A A 252 Me AUt o7t

S EEE EREEEREREE ELMEL) =
oA o EE N G EEER ER 2 L

Yt (raised); =
=

Ir_ram

oA <]

)

=

2 -
AR 48 AL 00 e
se

AC
e
1o
1y
°
o

©
N
N

o) 9] g QoG Fold =z
try - except w o2

te ol AFgE =T, A9 E Al ste

m

N
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M

o A
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ol 5 X
Q
f
4
o
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of.
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Exceptions are identified by class instances. The except clause is selected depending on the class of the instance: it
must reference the class of the instance or a non-virtual base class thereof. The instance can be received by the handler
and can carry additional information about the exceptional condition.

N 2

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

PR

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

>

o2
1]
=
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IS
H
|m
>
|>
i

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

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

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

A0 e AT 5 %%un}.

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

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

oy rlr
o2
:t:é

I types.ModuleType & H A2

57
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5.1 importlib

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

5.2 17| X|(package)

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

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

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

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

5.2.1 ™Mt o7 |x]

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

o} 2 o] Ao EAStE A-FAJA W7 AJYUTE B A7 A= BE _init__.py FES 7 HHHHR
FAPUTh A7 AANA YEED ), o] _init _.py o] FAHOZ AW, T3 0] B T
ARE ] 7179 o] & F1H| o FEE AFPUrh _init__.py FUS BE BEEFC /ML 4 Ut
AT} 2L shold DEE EFT 4 L, sl H S YEED ) BE B /A o2l RES 2oHg
A E Sol, b2 22 st A& " wj X = H 4] parent 3] 7] A &} Al 7R o] A B 7] 2] E o th:
parent/
__init__ .py
one/
__init__ .py
two/
__init__ .py
three/
__init__.py

parent.one & YEZEJ}WH parent/__init_ .py I parent/one/__init_ .py & FA|F O Z A
sttt F o] parent.two & parent.three o YZE = Z}Z parent/two/__init_ .py 9}
parent/three/_ _init_ .py & A3}

[}
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522 0|E Z7t17|x|

o] & F7H 7] A= ole] 7pA) 4 So] BYA AT, 4 EAES F 8 7)Ao A8 7] A 2 o] upx] e,
EAEL FAN AT T2 A X ol ¥ + YEUTh EAEL zip ol M EA AL} sho]Me] JEE
G} AASE oWl thE Fao) A BAD + AUk ol F B AL HAA 2 AR AH A
ARBAL NS 5= Q1 2BA 42 2= AFUTh FAA FE7L Gt MY BEL SE dSUTh
o|& B2 WAL _path__o]EHER ANAQ 2 AEE AEFHA 5Tk Al S0 ol H
£ 92 Agete, 2 977 W o AEEREPER CE FECEENOE EEPEE

0]
sys.path) & F27FHg o 37 x =4
olE F 7t A7) A 9] A9, parent/__init_ .py <Y
HEE e 7 dAE 4 9l Z42ke] A2 the 25l o5 Al
parent/two Qo XA &S 4 Q5T o] AL, TholA
QEE G wjvieh 2 4] parent A7 A& 18 o) 27 9
ol5 T 7N A9 7742 PEP 420 & T2 3HA Q.

502 295 Fuich

Uth AH, 92 E A 5ol 7He] parent

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

142 g,

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

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

foo
E JdZESIHL /\]L:_‘GLH c}. ‘?_]'°‘: AT EV L svEts A3tk H ModuleNotFoundError 7}

ALE AN EF NS0 2 AN £ FLk sys.nodules YU o AL S AR 5E £ A Aol
ZTEHREREY INANE 715Ut TefA] 9HeF foo.bar.baz 7} A YEE T AT, sys.modules
X foo, foo.bar, foo.bar.baz FEEE T Uttt 2z 7)o Sot= =S 25 AA YUYt
YEZESH= 52 BE °] 52 sys.modules oA 231, 7ok Qb S| gho] X EE &5t BEol,
ZZ A"y 6}%] Tt ko] None ©] ¥, ModuleNotFoundError & € oYt} Tt B & o|Fo
QTFE, sol W2 v E 942 A% AR o

sys.modules 2 7|7}
RE| O3 BT FAHT U
oo g stojg 1

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

i

i)
it
ol _g

30
o
o
jule
ke
mt
2

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

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

-

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

o]
AEd g8se YD, = Aol nre
9

rzia

Ql 77 9)

ok

o
rx
rlo
2
) mln
_}L
hi
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30,
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o 4
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< URLE

30,
H
Lxg
-3
)

N o
o
[ fe
Y [

5 S oA Ay s
2 A4 5 e AAES A
cl

ﬁd
Ach
N
rr

i
1o
1
R
s

e 12
o+
o,
12 N
ok
£

kit

IR R D K
30
H
4
e
2
PN
r[o
[l
l'm

rN
2l
ﬂ
=
Q
2
=
o B
o
o,
=N
&
1o
(o]
M
B
fijo

2
rlr

J

o}

N

N

N

N

ok

4 <
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v
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X

Eiﬂﬂﬂ o A4S AR, dEE A48 g
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yo ¥ o> O [0 &
e O T

[0%)

N
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15

=R
mloo}.ﬁ
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o

N
LE Jl-ﬂi

!
i
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w
w
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Hl
[m
Hob
3
o]
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=
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(o]
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Q
CJ

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

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

2 FES v A A
S F7eteE o=

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

0]
=<

5.3.4 O|E} & = (meta path)

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

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

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

.

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

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

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

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

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

%nqn r_
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HE AEE WY JdXE g o ts] o2 ¥ &4 F 5 FUTh o & Eo], i EEE°] ol s
N = A g 3“"—“ foo.bar.baz & YXZE ot ¥, HA Z v} B E 3} (mpf) =l W3l mpf.
find_spec ("foo", None, None) & i%ﬁﬁ/ﬂ HAAY Az EZ 23U foo 7t AZE T S0, 1)
B} A2 E F 9AA SAF A foo.bar & Y X E 3=, mpf.find_spec ("foo.bar", foo._ _path_ ,
None) & &3t} 99t foo.bar 7} YFE FH W, unpX 2 ML npf  find_spec ("foo.bar.baz",
foo.bar._ path__, None) & &34t}

oW wE AE FAY TS 24 H Y JEEW ALFUL. o] d QEESL F AR ARE None o] o}

Zlo] @ ¥ &/ None & EHF U Th
oMo 7B sys.meta_path = A 7§ et A2 gl & 2t IS5 Yt} sty WA RES YZES
TS EL U ZR2ERES QX ESH= % G, e Y2 E AR A RES YXESEHS

FUTHE F = 7 shel).

WA 3404 WA: WE AR 519 find_spec() WA E7} oA HAH find_module () < A F
Utk WA glolE 52317+ atAu 42 E Fak 3T 7} find_spec () & T3] S wf vt
find_module () < AR&3H )

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

5.4 2%l (loading)

sl AN Y, dEE AR
[e)

=9 29 74 59 Dojihe

o
B e

93t 1A (2 A o 7}21 EYE)S AHS YL o 7]
s 1 :

module = None

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

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

# The import-related module attributes get set here:

_init_module_attrs (spec, module)

if spec.loader is None:
# unsupported
raise ImportError

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

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

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

The 3t 2L A Abgel Fol 3 ok Ty th:
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lo —O.E fo

E°] sys.modules o JTHH, X E = oln] 12 & HUth

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

WA 349 275 262 create_module () HAZE.

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

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

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

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

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

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

Ytk o] A9

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

ZHaA QA B g2 = sys.modules o] 9= Z}AS ¥1E $ Y= A %]1/]1—4_
FRAA 5 AT 2 A5 A Q5.

62 Chapter 5. QIILE A|AH]
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o At gl AFAS Ay H E2ELH = AS BAG7] A8, EC7FEE ZEE A7) ol BRE
sys.modules o] £A)3 oF gt}
. woF 25)0] A 3hH, 2EE sys.modules o AT LEES A AN o Sl AN B LEDS
A AN oF 3k, 27} 1 RES A Y WA H o2 2 ESH 7 of vk ZejoF ghch
WA 3504 HA: exec_module() © BT YA W create_module() ©] FLH A o
DeprecationWarning o] WA},

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

=

12

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

542 ME 2 &

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

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

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'>

Shol419] €)% ol & A7 74

ZEAN 7| Pyt e A2 olFH Yl W sys.modules['spam'] ¥ sys.modules['spam.
foo'] 7 ATHA (18] AE 0 5] AFeh7k 2T T, Rl Y AL WEA ol g A9 foo o =2
WE 715 ol ok .

= Ao
543 & A4

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

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

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

ModuleSpec & HA| 2.
WA 3409 37}

5.4. 2% (loading) 63
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SA 2 RES AW ol REC] o] 7|24 2t BE A o] o] o £

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 oJEElREERES REeu JTE A S 2 A2 A4 ook g,
o] AL F7 o E & A F A (introspection) = 9 3F A o] A 2, 2712 ¢l 2 {0 Z3H 7552 K3 Ao
NE T 8 5ol 2H9 AT HlolHE A= Aol ATk

_ package_
259 _ package_ OJERELEWIEA AAE oo gt g2 EAE o] oJoF &=t __name_
R gd A5yt ZEo] f7|A D wl, _package 2 _name_ o ® HAFo]ok T}
2ol 7| A7 obd uf, H 49 EREO|H R AL R AL ANE BREO|H BRI 7|79 o]0 &
AR o] of Itk o M S W82 PEP 366 = XA &

PEP 366 o] o= o] Ql%o], vl BEA YA A A AXEE A4S wff, _ _name__ th4l, o]
JEZHEZIAMREFA YT _ spec_ .parent 22 3 Aoz ZjdF Yt}
WA 3.600A HMA:_ _package_ 9 ko] _ _spec_ .parent I ZS ALS=E J|FH Uk

__Spec__
__spec_ O|EZHEE EES UYXE T AE3A BE Ador AASJoFFULh __spec_ =
AAs AR AL UEwelE FEEE 50 2155 E R E S o % A 2 B85 Uk
SH71A] ol main_ <l 01‘5 AFol _spec__ o] o 7ol None & 2 ‘7 H T}
__package_ 7} A EH A &
B & 3409 &7}
WA 3.6 M. __package_ 7} AHLFHA o, YA EZ __spec__.parent 7} AFEH YT

_ _path__
g W7 AW (B EE ol ¥7D, BE AAY __path_ oEFREZNIE
ok #& olE B olojof dt=Tl, __path 7PH%54U]7}°*°U4H olHZEY #31%143}. wkef
__path__ Zhujo] 1A Aok, @A S ) £ AE S AT oF Ut __path_ o] o mof &35k 2bA| S
&2 ofef ol Y3yt

H 7| A7} obd BEL2 __path_ AJEFHET} glojoF o

| o
é".:
i—”;
i
fru
[0}
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_ file
cached
_file e A 5 glth Bk 4AH Y, o] o ERRES g Bapdololof Ayt YEE
A 2FE gu 7t gls wf (5 S0 tlelEo]xoA ZEEH BE) _ file. S AASA &S 5
Atk
ok file o] A4H W, _cached_ A 4= Zlo] AT 4 g, mES AstdA WA
(& =0, il E ZAotd A atd) & 7He) 7= BEJUTh o] B REE 237 98l 3 o] &
AR d o+ flesUTh Z2 = 9<s] A3 A stdo] Jlojop & 2 7hEl 2 o 5 U THPEP
3147 & EA S
_ file o] AAYGA S ux, cachedﬁ% A= Aol AT 4= 5yt sHA W, 218
AUl ol APt FFH0E, 267l file ot} _cached JFLERFE AL
e ey AR S S e i M E el K R

Auel st A48 5 A&y Th
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5.4.5 module.__path__

Aol ey, 59 _ path. o]EZHEZ}Yow o] REL 37| XYYtk

HAAY _path__ o] EHEE AN ANAE 2L u ASFUTh QEE DA ol M, JEESE 5
FEES ANT AN EY BEL AT oA sys.path 9 2L 7158 25Utk SHAT_path
£ BF sys.path Hob Aok 2 70] Bguth

_path__ + FALY oJgeEolARL vl IS & AFUTh sys.path 3} 22 5 F o] 3 7] ] ¢
__path__ o= A&H L, 7] A8 __path__ & @8t 52 sys.path_hooks (ofef ol Al A g3t

ANA AL EFYTH

A7) A 9] __init_ .py FLL H7IAY _path  AEHES HAAFAUYHGL F 3L, o] o]

420 o] Ao 0] 2 FH I 7| A S T H3I= UpH o2 AL ST PEP 420 & 9]0 = Q3 o] & 27137

A7} _path_ A FETS 2e=__init__.py LS AFTT Z a7 flojHEUh 92 E HA7}

s o= o5 ﬁz_hﬂﬂxl A __path & AR

o2

NNEAoR, RE RES AT T repr & ZEL Q5 UTH AR 9] o] ER|REEH} EE 299 =
Aol weh 25 AA Y repr = 5 W YA A LE Alojd 5 gyt

REol 29 (_spec_ )= 7AW, X E A= TA S ERH repr 3_ HEHIL AEFYTH 270 A
ot AL 2do] lod, X E /‘]QE&]% BEoA AF epr = 7Yt module.
__name__,module._ file_ ,module._ loader__ & repr o ¢ E—ﬂ‘ﬁi ALg5te 1 Al =5k, whR
Aue e Agun.
PR R ERE EERSEPEr

e« XEO]__spec_ OEFHEE 7AW, 23 Q= AR Z repr & AT E “name”, “loader”,

“origin”, “has_location” o] E 2] HE & o] A-&F Ut}

€0 __file. OEZFREE 7IAH, ZEY repr & ¢F = AEH YT

E0] __file OJEZREE ZA AW None o] obd __loader & 7FAH, 2T 9] repr ©]
T repr o] 4FE AHEH U
=
o

ﬂ
rIr
>£
il
HU
E ;

(S e O

A ko™ repro] 2E2 _ _name_ & A
WA 3404 H7: loader.module_repr () & AFR
o o8 =5 25 o] A8 Tk,
y}o]# 3339 A ii}ﬂ = A3l oA At ES A7 Ao, vhek Fojx o] 9lowd, 29
module_repr () WAEE TEHA BE repr & W5 Y TH AT I A== 9 A5 54

WA 3.100] A ¥ 7 Calling module_repr () now occurs after trying to use a module’ s ___spec___ attribute but
before falling back on __file . Use of module_repr () is slated to stop in Python 3.12.

H A= A oA RErepr & == X E HFA

54.7 A= HIO|E BE 2535}

shol o] .pyc FHARRE A H vlo|E BEE 2E57] Aol, A7 HA WAAA 42 .py FAT}
LY. Ao, Sho| B e 220 HF 424 HAAW R} 27)5 A HAL 5 ) 2] A A
o) &+ YU TE YA ol QEE N2DL A Lo AR i e o]l & bse] v e ol ol €12}

Wz stol AN el §E4S AATU
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5.5.1 42 QEg| o}l
AR 7|8k 3ty = X7 EAE 4= dE
AUtk 729 2 dEZ e 5L Al2de] fXE 7He] 71 A v, o] 2oz Sk d 3

U-]]E]— AZ FAYZ A, 4= 7|0 3}Ql ] = Lol A A3t find_spec() ZEZEFTS
Fol Qx s Az oAl o DA WA T 2T = A = AAE ol Zelr] A8 H

Zﬂ“‘dqq-

A=z 719 el = A A -04 H4E AP Y ), sys.path, sys.path_hooks, sys.
path_importer_cache. 37| X AA Q] _ path_ S EZHE EI AILHT. o]|A&E2 dXE F
2AHE A upo| 28 £ Qls 71 S AT EY

sys.path £ B2EF 7129 AN X & Agote BAEY 5E5S 28 th PYTHONPATH 37 ¥4
oA 7kA A Aok +d 54 7]£%}\_CEHE% z713kg Utk sys.path o] Q= AEZ S 3L A|~H

]_%_Q 2~ o]L_ “Z]'/\C”(Slte_l_“é“%i

£ & 61 2] 9} zip 5+ 22 7he) 71, Tofel FA A 0 BE A4 of A
AIE}. sys . path ol EAAT} kol = A

g
= 7Fel 2 5= 9=, URLOJ o] B H o] & 23] &2 7]
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glojof Fuich e BE F2 TAF UL wpol=ge] 9mge A 4 dee) sl Sof o

ek,

ox,

1o
o

il 27

find_spec () HIAEE Z&E3t = AR A2 E 42 AAS AZAFYLh find_spec () o Al ¥ 5 = path
A= FAE Z2E A2 EY g2EYJUTE- B 7] A Holl A 42 E 3t 5 7] ] 9] __path__ o] EF
FE.path A7} None o] ¥, /49 dEZEE K8k sys.path 7F AR H U T

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’.

AR AEZ 7 Ao glod, A& 7]¥F 9}l Bl = sys.path_hooks o] Y= REF
E5o A 4rdEe] 5 AT FR AEY AR T N E AHSHA TEH U o] 2
OE 4+ Jd= FA2 dEZ 3ot E B3 F ALY, ImportError S HAAZ 4 5 Uth

o AR YT o] ol Q)= FAIE I 3
FUh Ao = e Amge %ol

A & A% Th, W Fol QA4S
ToF sys.path_hooks &A1 o] o}
find_spec () WA E & sys.path_importer_cache ] None & A &3} (
AE7F = 7Hel 71 7] f1al), None & S FA] o] vt A& 9ol 7 RES 2E T fles
Tk sys.path_hooks o Yl o= sty A= e & FyEo] 4= ED el £

AHoll & 292 2457 98] thaoll e+ Z2EFo| ARH UL EE 292 B E
A

A2 24l t] @ E 2 (current working directory) - ¥l EAE 2 T AT} - & sys.path o] Y=
Efsd g vdEA AFE Y AAE, a4 Y dIdE 7 S48 A g s .
path importer cache AL ob¥ @ gE AW A &k SAw, B 49 DAE s 2 B E
Z3) ujuict g A] EE Yt AR Z, sys.path_importer_cache o] A} 2EH = A 22} importlib.
machinery.PathFinder.find_spec() 7} 28 F+= FE2 = W Ex1d o] ol A A dA 2 v & H

27 gyt

552 ZR AEZ| mH Z2EZ
e 2713k 7)1 X 9] d2EE A8kl o] F F3 7)Ao 2H L2 ojupA|H] A6, = AEE
s}l B & find_spec () HIAES F@ s oF Tyt
find_spec() & F 719 AAE WolgPuth J2E & B5of &3 Ht5hd o 53 (B 7hs o) B4
EE. find_spec () 2 go] A3 AA R EE 295 SHF U o] 272 A “loader” 7} 2 HF U T
(R7HA] o2 7k 5y oh).

A2 E Ao 7] A8, 42 A= sAH =

so] o] B A 2 BAGTE A
=2 R
= .

o
5oz 44t
WA 3404 HA: find_spec () ©] find_loader () & find_module () & A =4, & ¢} o] A H A
HAs5Uth find_spec () ©] BHA oW o] AES AHEAYTH

3o A = oA, sys.path_importer_cache oA imp.NullImporter & AABEAS Z= A o] 7k53th =71 )4l None
S AL E2 HAT AL At o XA S &2 portingpythoncode & FZ2 814 £

“submodule_search_locations’
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o e A& AE 9l += find SpeC ) tialel o] =AY A AF A EES FAE = d5UTh o] A
MNEEL A T4 uf o o} = AL qq. SA| R find_spec () ©] A& AEE] FAHo| F+HHH,
Ad MAEES FAFE YT

find_loader () ¥ 3st4 9 °] X]—% HLO]—

d, B2 A2 dED FJAHEL vE FE 39Uy
7} Zhﬂo}L 744 23 A5 A find _module () WA E T3 A AUt A A2 dEg vty
find_module () WA EE AF path SIAE TEHA LHEUG (ZASEL AEZ 2 Hx &5 o A A3

AR AEE VIS E AR 7Itig Unh.

AZ JdEF 9 find_module () HAE
vLA &= A S 51%}?'5}%] 9% 7] w ol o A= )
find_module () o] 2% &X|5tH, YXE A|~
.

WA 310914 HA: Calls to find_module() and find_loader () by the import system will raise
ImportWarning.

BEAED FRAE7}L ol E F UH?WOH xHde® o
ol ok

)l 2 SIAF find module () HHAl find loader () & 3=

S —_—

5.6 E= QUEE A|AH! A5V

QEE NAY AAE TAHA NG A AHY YE AAUEZL sys.neta_path o N EFEE 2T

AbAlstaL, A e v E 2 ZE 2 e Aduth

wob T A2ug M 2o 02 APIEO] A R 91, ©A] JEE B9 S0 AN 5
W, W __import_ () TFE AASE AR FET FE JUFULE o] 7H2 5 25 YollAe

QEE £o] E4US WAFES LE +20 4 482 5 Uit

HEet A2 JFo e FoA oJH EEY IZTES HHAHORE oYU (T YEZE A2H S &4 3

v &A1 3} 5= thAl), find_spec () oA None & &85+ 4], ModuleNotFoundError 5 927| &

Aoz R AAE el A2 A4 A% oF Brhis 2 AT W, A9 & QoW A

FrAYY

5.7 TfF[X] & F=ZE

o
>
09(1‘
r[o
o

= B AA 37| A A A Al 2 St= A
T ol del A He A 7)1 A 9 %:‘—E(%)Oﬂ "HL S AEEES e o, 3 WA
3 = Tk 22 971 A HHX] 7F 21119 o

3z
oo
3]

\=4

o
A

package/

__init__ .py

subpackagel/
__init_ .py
moduleX.py
moduleY.py

subpackage?2/
__init__ .py
moduleZ.py

moduleA.py

kel

E

A
°

subpackagel/moduleX.pyY} subpackagel/__init_ .py BEFoA, 2 Fa3s Ao ¢

t}:

68 Chapter 5. QIILE A|AH]




The Python Language Reference, £A| H{Z 3.10.16

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

kel
I
rlr
n
rE
)

A dZTEE im port <>E= from <> import <> EHE AR 4 A0 At o
FATAET 5 AT L ol f

’ import XXX.YYY.ZZZ

7FXXX . YYY. 2228 AHEE 4 = A 02 = E3A] T .moduleY &= FE S E 3 4] o] o}y 7] w & YU Th

5.8 main__ Of CHSI EE45F 13

_main__ BREE ol JEZE A AF A 583 . oA AF3Fo], main
e oys Shpuiltine A8 ALY A 44 271295 AW, of ¥ ASke vz A, ol 4
EERFE e b i A U A e e
FEZHIg gE FHAEN dFS L7 fE G h

5.8.1 __main__.__spec__

_main__ o] oJEB A 27|35 =X W}, __main_ . spec_ 2 A A5 AAE7|E 33 None &2
AARH 7= T

spolWo] -m g2 AHHE, _spec_ 2 I REYASAY BE 2q0z AFH ) wF
__spec__2__main_ BEEolYHE Yzip FLo] L} thE sys.path AEZE AYs= dF2 24

o 2 W&o Y F T
Uz AL ols_ main_ . spec_ 2 None 02 AAFEY,  main_ S ALEU ALE FZ=T}

N e e i e=r

« ¢34

c XE Pz AY

o a2 PdojpulolE FE o2 RE A4 A
A 2 ol _main__.__spec__©] &4 None ol FYsok Ut AAL L St o] 7| EHOR RER
dxE Yol aFFUth __main_ o] SHIE 2E B ol H 7} B 23T —m 28] 2] & ARE-S oF
it
T3 main_ o] YXE VST EEA NWEHIL, __main_ . spec_ °] A3 AU} st T,
o] 22 A3 th& REE FFH o T8 oF I ‘:]’- °]Z1& if __name__ == "_main__": HAIZ
SYUYAA EFO]REFo]__main_ olF TS AT AFH I, AvHAA A2 E ufj= AP A =t

A Wz e e,
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UZE DA+ gholH o] 2377 H 33| faltsUth BAE 24 3 o] Sof] F219] Al f A o] W A4 =
A7) AT, A 22 5714 77 2 obd AL 4 YEF opsler i

sys.meta_path & & F24 & PEP 302 o] 11, § o] & 3732 PEP 420 Ut}

PEP 420 < 5}o] 4 3.3 o] o] 2 27} 5 =9 3%tk PEP 4202 find module () o thoto =

=
find loader () ZTE2EZ 94X ¢

PEP 366 2 1] Q1 5o 4] WA 2 91 4
15Utk

PEP 328 & Ao}l YA A At d2E
z7]°)| __name__ OS2 A A3AHF YT

PEP338 S RES AT YER APsts AL HolFrh

PEP 451 & 23| AAo] 258 9% oFste AL AT 20 Se) Fol AW iR T
= HYEL YEE AAE $717] o QZE A28 o] APIEL AAHEE BT

&
RN Y

BUY)

=

i
T3
[t
il

913t __package_ OEFRFEQ] F7}d &3 AW st
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915} PEP 366 ©]) 2= _ package_ = AASHA H= M3

=2 =2

$13, ST o = o] A WA =SS s E B
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6.2 O} (Atoms)

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

atom = identifier | literal | enclosure

enclosure = parenth_form | 1list_display | dict_display | set_display

| generator_expression | yield_atom

6.2.1 X} (0[F)

2

r[r lo
|m oln

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

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

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

Mo o

=

6.2.2 2|E{& (Literals)

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

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

parenth_form = "(" [starred _expression] ")"
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N85S W FEANE BEUL FEL B0y wjRel AP A 9} 22 FHo] AEHUTHS, T
Al Wl FEL 2L AN SE Q1 2D S 2= QB U,

FEo) B5o] o] 5ol A Zo] oz, 4 AR ALg wlE ol b Ao Fol s oF FTh o9l ¥
REQd, 257t Bt — BAAA BT gt “glS (othing)” & H et AL REFE HEeha
A% AT S ehE o] 41317 e A2 @A & AUk

6.24 2|AE, & el 2|9] c|AE8|0]|(display)
g 2E, A3 gAY e E A7) A8, ghol W& “tjAaZd o] (displays)” 2t 2= 5T FHS 47 F
742 2epd 2 Alg g

o ZH YUY WEES PYAH SR A AL,

o 4o 2 xo IEFH AXNES 53l Ar= =4, 3z A (comprehension) ©] 2Fal B U T}

AxzedAde w5 v 842 olgsdth

comprehension = assignment_expression comp_for

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

comp_iter = comp_for | comp_if

comp_if = "if" or _test [comp_iter]

Azodde sivel 23R 1 HE E}E%ﬂifﬁ ‘3]"4'94 for A} gAY o2 |9 for EE if AR
FARUL o) 43, 4 Aol ga5e 4 for ik ir o] ABAN e EHOR FHA YFL ol ®
T, 7V o] 9 ol A ke olA BEolW AS I

AW, 714 A% for Aol Qi o|Eel S R4S 2 e
o 4 AFF ULk ol A A target_list oA YR E ol Fol AL AT LR w5 54

1% 959 for Aol el BAL L, FRAE 2nxA A A4 P
g AAZ dEgUth AmEE for 3 7P 9% for Y RE FEH X
Qe ghol me gebd £ e T 2naolA BT S %
range (10) for y in range(x, x+10)].

Azeddol G4 A2 Jo AU/t H7) Helw, BANH oz FHE 20204 yield % yield
from 242 FAH Ut

oy
2
it
i
[E
?
*
LY
.
O
[n}
X
'_J
=]

437 95 async for B AT %
P

=
=

Utk async def <ol 9l 'C ?46“/4 2 74—%01] LH’_EE 2 Flo] for Yasync for o] & 4 911,
o

2719) for U} async for o] & 4 9T, awair EAA 3 A28 5 Y5tk Az A o] async
for ot await RHA S 2oL vF 7] AZ AN (asynchronous comprehension) ©] 2kl & H U th. ¥
T Az WAL 270 54 TR ) AP S AN FAAD S YFUTh PEP 530§ F2EA R
A 360 271 v)E7] AzgslAdo] e g5t

WA 3804 M yield 2tyield from2 FAIHOo R FHH AT 2o A FAFHUTh
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6.2.5 Z|AE C|AZH|0]

ZAE faZ P o] Ul ZE (square brackets) 2 2 A 2 d 2]19] Lpg ol vl o] S 5 A5y Th

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

PAE UAZYolt At AAE BELY, 1SS REAY B0} PR NPT 5 9

Utk 4E2 28 BAAY 520 AZD w), 1 2252 AR A X a1
=

A2 e ~E AAo] AR Ut Az Aol AT ), 2=

A% vaEd ol S22 3 (curly braces) & A H 11, 7] 9} 3h2 3= ZE(colon) ©] Y= Ao Mg

Hazdels 7EE & Yy

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

@E}ﬂ/\“?ﬂ] o= 7t H AN E v, 2 Y &S B AR A=Az AAFH YL
gel B@A0 220 ABY ul, 1 RA5L Ao LEE0 2 gto] Pel AL, AT AA

ol e gxel How BEolAt 24ts TAF T

A3 =
Aol Algd of, F3he A=
o}

Ul JEe (o2 vtsod = gl

6.2.7 ElMUH2| C|AZ Y| 0]

gy e gaZg o]l= 523% (curly braces) 2 S 2 A2 Z)/d] o] B 2] v el vl o] )

o

F U

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

AR 228 7ol 4] AU} S0l w), 24 Zo| A @ 2E 07 gho] Tal A P M1 2]

G5 e AT A A AT Aol o8 o tlo) 12 Aok H 21 A8 5 o ol
L BEN N 22 A1E ol el W ARG 5 AThE FAd|, 1712 % D41 ¢ gL v el Fo] A Aol
AUk,

+ 719 OH’\Eial/‘ﬂ(asterisk) ** £ 9Mu el A 3 A (dictionary unpacking) & YR Ut} 3] A 4kAbE v
°l°1°]ﬁ“*5“43} zb g FE-2 A g o] S Ut Flol @& ghEe] & Al/d ol el ¢
gMu e A 7 a2 ol *”4% HES LA FTh
B 3,500 371 PEP 448 o Al A3 Al bE Mg taEdo] 29 o 37
gAve] Azedde, elaest A Az o] thnlsiA, dubAQl “for” o “if” & kol o2 2
e 7Y 284S 2= Utk =g do] AP uf, BEol A= 7|9 R4S e A=

=AY 2 YA ol 4 E Uk
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2Ake] Foll hak Al ke ke A 2 F 7 A5 oA UasH AUt (2934, 7] B2 5l A 715 B oF
stetl, 2 7 AA S0l xﬂﬁﬂ |ct) S28 7] 9] FEL 4AH A kU ok 7021 719 ola) A2

upx) g (FREAC 2 Hagd ol 7  BF o] &) tlol B 7 gk
H{x438°ﬂ/ﬂ WA glo|A 38 o] A=, A g A=ZE3 1A, 719} 2kl B7F A7 = Ao H o) 9%

2k k5 U th CPythonol| A, gho] 71 KB ot WA 3 7he] Q5 U th 3.8 €] =, PEP 5729] A ¢tell whe} 7] 7} gL e o
w4 B8 ek

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

Aol s 8 A2 2 Al 2 AYE oy 271 d Ytk

generator_expression = "(" expression comp_for ")"

Avdole B@4L A Aol e AME et EYS 2T Y 525 A B2 SRR
Ak A9 s Az AT ZE YT

Avidole 584 485 AR5 AN OIE AAN _nexe () A=A T2 0} w23
(azily) go] 73 U ok (A5F AU & o B 9} o} 2742 U Th. LejLh 7bg A% 9] for Ao Sl o] 6 e 2
BAAe 24 gro TAAA, TA0 2 Ash AT AU A WA %) A5 Aol bl A
e} R4 0) 4o 4ol 4 AT $5 for 431714 A% for 49| BE 9 o

olEe Bol A 7hAL ghol mel webd 4 Qlom e SYRE ATLA B 5 ST o 5

(x*y for x in range(10) for y in range(x, x+10)).
WA Shte] AxbE e BEAIAE BEE AST 5 et AT S $F AHL HA L.
Aol A4 A9 71t E = A4bS el shA] 7] H8l, FAFA o2 Ao H A d o] oA yield

9} yield from %32

A d olE] &3 Ao async for Aoy await XS £33 8] 5 7] Al d o] ¥ & A (asynchronous
generator expression) ©|2t1l 2P UTE B 7] AU oy 342 /\H HZ 7] AV g ol H AAE Se3L
o] AL v|F 7] oA olE YUt} (B 5 7] o ¥ &l o] ¥] (Asynchronous Iterators) & FFZ A K).

W7 3,600 F71: w5714 A e ol 8 E 84 0] =% 5T,

B2 37004 WA Fhol M 3.7 o] Aellx, W% 7] A H o e EAA ] asyn
AAH UL 37RE &=, BE §47)v15 7] 4 A Vel o] B £AAL

H A 384 HA:yield & yield fromS BA|HA o2 ZHE AFZ A ZFA

L.

=

r
rl

l
ki
PN
A
I
N
o
to
B

6.2.9 2= HE & 2Al(Yield expressions)

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

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

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

async def agen(): # defines an asynchronous generator function
yield 123
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SE|AE 2220 B RAEOE A, yield BHAL Az AN A el olE BB FAE
AEEE BN R R FojE A7mo] 8D 4 Qe o)

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

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

When a generator function is called, it returns an iterator known as a generator. That generator then controls the execution
of the generator function. The execution starts when one of the generator’ s methods is called. At that time, the execution
proceeds to the first yield expression, where it is suspended again, returning the value of expression_Ilist to the
generator’ s caller, or None if expression_11ist is omitted. By suspended, we mean that all local state is retained,
including the current bindings of local variables, the instruction pointer, the internal evaluation stack, and the state of any
exception handling. When the execution is resumed by calling one of the generator’ s methods, the function can proceed
exactly as if the yield expression were just another external call. The value of the yield expression after resuming depends
on the method which resumed the execution. If ___next___ () isused (typically via either a for or the next () builtin)
then the result is None. Otherwise, if send () is used, then the result will be the value passed in to that method.

o AV d o8 §48 DU ofF vS A B Th ol el W 298 HETL, s o] 49 19
1%°ﬂ’“%ﬂ“ﬂvﬂ%¢%¥ﬂh%°“ﬂﬂlﬂ°ﬂﬂﬂﬂH§H%WMdﬂﬁﬂ“ﬂﬂ
A

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

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

TEH, U7 F finally o] AYHEF &gt

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

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

o

1

=
e}

)

N jo |d Lo

o

A

Zoa TN
r1§ J>

il 1o
o]

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

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

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

t 17]

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

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

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

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

o] ARAAL AU olE oledloE o WAEES AR th Avielold Be AgS Aol shv
AR LS wuu}

A a0 E] 7} o] u] A d o ofgfo] Y= HAEES $E5tH valueError o8& o7& Ao
Foj8l o g o,
generator._ _next__ ()

Starts the execution of a generator function or resumes it at the last executed yield expression. When a generator
function is resumed with a ___next__ () method, the current yield expression always evaluates to None. The
execution then continues to the next yield expression, where the generator is suspended again, and the value of
the expression_1listisreturned to ___next__ ()’ s caller. If the generator exits without yielding another
value, a StopIteration exception is raised.

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

generator.send (value)

ARE AL A o B B2 G " T (send)”. value Ax}= AR D= EA4 2 ghol
Uth. send () WA=+ AV o] 7}yield 3l T2 S 857, AV ]Eiﬂ’ o g2 yiel
3R] ¢ra 7o StopIteratlon L doAYT send() 7} AV HE AN EE T2

o, F= e dE gdAo gleng, C’JZ}EE HIEA] None & A &3l oF Futh.

generator.throw (value)

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

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

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

generator.close ()
A el 87k DA BAEE A Aol A GeneratorExit 54Ut 9 th3 Ay ol 31*7}
7o}k (gracefully) S 28 A U, olw] @R AU, (T o9 € A b5 2 E M) GeneratorExit &
© 79 close = & A2 EobzbUth. Al o]l 7} g2 yield 3 RuntimeError 7} ¥4 3] DF-
A elel7t o e S o™, TE32k7 JPJUth Al olH7t oy Ad T2 sl o]
FEHJHY, close () € obHFd d& oA A5yt

AL o

ol 7)ol A el ol el ek Al &l o] B g2l 2 Ald st 2 o 7t SlF U th

>>> def echo (value=None) :

print ("Execution starts when 'next()' is called for the first time.")
try:
while True:
try:
value = (yield value)
except Exception as e:
value = e

finally:

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

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

>>> generator = echo (1)

>>> print (next (generator))

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

>>> print (next (generator))

None

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

2

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

TypeError ('spam',)

>>> generator.close()

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

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

H|S 7| MLH20|E] &%

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

U,

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

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

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

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

ol 7] 94Tk

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

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

o] HE AL L 57 A delel olEjd o]l o] W =S AR s, Aol Fae AW Ao s
oAb Vo,

coroutine agen.__anext_ ()

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

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

coroutine agen.asend (value)
ojgolEl B EEF =, A5t v 5 7] Alvgele e A3 AUt Al olEl Q] send()
WA= X E, o] A2 7k v]F 7] Al Yol g2 “ELH(SCnd)”_T’_, value A A= A A d & T3 A9
AA7 B Uth asend () WA E7F B8 FE o9 ol HE2 A &l o] Bl 7} yield 3= T 32 LA
7l SstopIteration o] o ® FHF A, vlE7] Alvdeolg 7t ohe g< yield 312 ggz ?E%}Uﬂ
StopAsyncIteration & 4o fjyrth vlE7] AW H olE & A ZA 7| =5 asend() 7 TEE 0,
FEHS A x40 glon g QA& None 22 S &3) oF T th

coroutine agen.athrow (value)

coroutine agen athrow rype[ value[ traceback]]
oAflelgES Eels e, vlE 7] Avd ol 87t QA SA g A Aol type O o2& 27|, Al
& o] ¥l ‘%V“ﬂyleld"?}DPu =4 sl= stopIteration o219 gre® & FUth v57] Zﬂﬁ 2l
°JE]7} & gk yield 3H4] ¢F3 F 5 5hw, of ¢ o] B 2ol &8l StopAsyncIteration 27} Ao
Ytk Al dold g7 Add o9 & F A A, THE A9 S o7 |, offlolHES AP T I
of| & 7} o Qo] B} £-9] T & Aol Al ]t}

coroutine agen.aclose ()

o9 elHES EH T, Ao, vE 7 Alvd o8 57 DA AA S AP S & GeneratorExit
£ 944t v I °l§°ﬂ H5 7] Ay d ey &7t OPEMl (gracefully) & & 3} A 1}, ©]
o ZR AU (T A9 E A 45 EH) GeneratorExit £ 427 W, EHF oA olHES
StOpIteratlon S E2= °‘ oYt ool A= HlE 7] Al elH E%O] SHFE F719 o4l
B &5 StopAsynclteration o€ & Aok vEef vl-5 7] Al Y & o] B 7} 3k yield 31 o] 9]l
o|H &l 93 RuntimeError 7} Atk gk u]5 7] Al el o] H 7} 2L vhe thE o &) & 427
d, oflolH 8o TEAE H A Yth vHeFu]E 7] Ay el ol H 7} ALGU Y FTER oln TRFPH,
O o] A= aclose () &L oFF AT 3HA] & o9l HES S8 FYth

6.3 Zz2lo|0{2|

zetolwel & Qojol A /4 FokA AFSHE AES vebd Uk 22 ol 345U th

primary = atom | attributeref | subscription | slicing | call
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6.3.1 O{EEZ|RE &X

olE2|HE FEE vhH 3 (period) 2} ©]F o] F ol &2 2 }o]w 2| th:

attributeref = primary "." identifier

zgtolH g &= = F
o] 3ol gt o
AAS _ getattr

_( 3
AttributeError % doAYct ¢
ol 2

6.3.2 MEA3Z!M(Subscriptions)

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

subscription = primary "[" expression_list "]"

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

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

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

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

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

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

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

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

80 Chapter 6.

:
1z

—_



The Python Language Reference, £A| H{Z 3.10.16

6.3.3 &2}0]A!(Slicings)

sefol e DA AR (8 So), AL B2 el aE) o4 of | 9o F=S
A4} T g)e] Bhglel v} del Bol A28 4 & UTh &etol el B

slicing = primary "[" slice_list "]1"

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

slice_item = expression | proper_slice

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

upper_bound = expression

stride = expression

o] P4 o= RE o] dFUTh RHA FEAY Hols AEL BF SEfo|A2 BE0 7 Ho| 7| % 3 A,
EEAB2aMdol seto]ld o g sfAd 45 AU BHS ° 536 vh== thAl, o] Aol AR
~agdoR dgae Aol Sehold o s Ash Aol AT Flate Aoz oju g A AT
(0] A2 & ehol 2 55 0] TLH T &2}l 2 (proper slice) & TP EFBLA & Wl uich.
setold o Yule v 25Utk Zefo| W 7H(GREA B AT AR 2 getitem () WIAZE AL
3 A) T} 2o Setol 2 BE O 2HE WE A& 72 Au P Uth Sefol s BEo] Aol % i
S v, 7 sobol~ FES0) MBS TP FEYUTh 18R o d Setol A F5 shig
HEo] 71Ut A QA Setola F& W2 I x4 YT 1738 Eefo ]’\(pmpershce)«l ik
2 &gfolA AR (AAHA 25 A= & BeP) o, start, stop, step A E B HE 7} Z+ZF lower_bound,

A

upper_bound, stride & FojX T4l o] 11, w7 £ A 53 None &2 A th

634 52
T2 2L AN (15 S0, T USRI AN B E2or TEHUY
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

kst = e A g F B2 7 A AU 719 = AR FH o e 4= AN Qv S HH‘LXI Fsuth
zglolW |9 g FIld FHE wﬂ (AFEAF Ao g, W g, U 7
%ﬂé SA~BE A WAL, call () WAE=EE 7“ BE AA7} 2

A Mg%z%%uﬁmaoﬂ kol w4k B4 o G5 Ao AAS

w3t 2ol 42 A4 WBPUT WA G A REE AAA) ge
A2 Aol kel A& NS Gl Yot 20g, 4719
= QRpuhe), A A} O S %8 A4Sk o] AR ek (A7 A WA B4 vl e o £}

[
bl
i
o
g
J
o,
)
il
2
N
o
£
Z,
)
o
i

6.3. Zzo|oqz| 81



The Python Language Reference, £A| B{Z 3.10.16

AREE AL, o] | Aoz ALYPUY). %] o] Y H W, TypeError
e S35l A9 E5 Utk (EE 4 ] None O]E‘rﬂz]ﬂ‘rt,

ol > to

oo mI}
re rlo rr o

N
wre
i
32
tlo
:‘; filo

bR AN A A R HEES S AU RN @
ojm w) g e g2 TRk 1AM, el AEL S
%ol QAL AR A e RE TR A ERF UL HE o]
o] x]?ﬁﬂ 2| ¢ okl o].zh: ‘3101%1% <20 u—o].oh;]. , TypeError
A &R B2o| 529 o B0 2 ALEH T

}

o) 82 24 grobd, AAF B A AR o 2] R AT

1

mN

[e)
9
CPython & ZAl: 82 9 X UH 7N
Selehe, AAEE 39 4 0t 0 B 5L ATE 4 9141t Chython o141, Q452 514517 9151
PyArg_ParseTuple () S A= CE F3H S4Eo] o] ALY Th

YA WG S E SR EL 917 A5 0] 9o, “identifier BHE AL S B4 u W4T} 94
9F2 B, TypeError o912 Ao UL o] 4%, 1 G4 WANSE P 9K ANES EFE FES
AGWHU T (EL G 97 AAEo] god W FE)

Y= A7t A TR o] B ol ThBHA SFOT, +ridentifier ¥WE ALG I F4 RS}
517 SH& %, TypeError o9& Ao AUt o] 43,2 I AANLE B AAE ARES TUshE

°A
gAML EE AR ARl gled R () 9 Rl E dddsyth
i *expression o] g T E° ST, expression & g2 oJF 2l E o] HojoF gt o] o]HHE

LB = | o

ol 8 AELS 134\50117} AR JAAEA AAHE AgHUTE TF £(x1, x2, *y, x3, x4) 9 A%,
yfq %}\-%_‘F_Q—HH}\]%CJ/L ;yMO] 1/]-—8—[—/]- qul) 17—]EM+47H’/] 'AX] ?_]Z]'E xjyxzry]’ "';)’M,X3,X4§
ZE%te AR F5 UL

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

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

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

21

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

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: f£() got multiple values for keyword argument 'a'
>>> £(1, *(2,))
12
z |4 7191 = AAFSL *expression 2 S BF AR she A2 dubA oA 7] Wi o, Al 2=

235E
olF Eeko] dojubA FF Ut

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

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

W *identifier o|U **identifier & AFR 3= A WS- EL Y% AR &F oy 7| HE A}
NSy re Pty

HA 35004 HA: e T2 A N9 *and ** A SfF S WrotEo]a1, $ 4] AAEo] o|HHE A
e AN G )—H°ﬂ =7 A3, 71 E AT gAY A A (<) Foll & 5 AFUTE H R E PEP 448 o A
Al s A5 U th
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04]91 £ %1 ° 71Xl O}L J, G4 o ge EFUTh None 4 5 AUt o] ghol AR A ALtE =

"]Pg'ﬂ | & HAsUth W g2 v =Eof tf g A %2 built-in-funcs
E HAMSQ.
Fols AAE: 32059 A AaH s wEE G
FH 2 A2HAHAHERA: gS3tE AR A 7 T2 =, I A" A7 3 WA A2 = =
SUTkE o 71 QR BE o] AEHE YT}
FH2A2"HAH: T FHaE_ call () IAEEAZYHFYLhE 2 2= I WS IEH =
A 25yt

6.4 O{9[0|E &34

olflolH & oA =

#m
o
>
)
o
e
>,
o
N,
oo
°
v
to
iy
KU
—{m
U
d
-+
=2
>
g,
>
ofo
ok
4
30,
of>
°
Iy

await_expr = "await" primary

WA 359 F7F

= ¢
B8 snu e

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

DA, DI G AFAFH D F AR AR, ArbAE 0.8
BEEEEAR SRS S R P e -y

H
AEAF QA W pow () B57HF A9 A2 55 w9 2L o7} gl
s

I
=2
_h
[o
u
2y
o
-
i)
_~
°
Iv)

AAF AFAF S S FUTh A JAAE UA 35 Fo2 Wy 1, 23+ 2 FdYrh
int 3] AAF2FS] A9, F WA AT} F 7 obd o] Ay FAMAER B2 S AsUth F HA
A7t &4, nE ﬂx}% float 2 25 1, float 277 AL Uth o & £0],10%*2 =100 & & FA ¢

10**-2=0.01 & &Ytk

0.0 8 &4 2 ASAF5IY ZerobivisionError & 4o Yt 248 242 AFSAFZsSH B4
(complex) 7} UF U Tt (el A WA A= valueError & 42 Z5UTH)
This operation can be customized using the special __pow___ () method

6.4. O{9Y0|E BT 83



The Python Language Reference, £A| B{Z 3.10.16

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.

Al 74A] 9 B, QA7 SHEE 35 22 =T, TypeError o €] 7F A g ot

0|3 2tz AxtAtE AFA A FACHE ZFUTh o] AR F R = R v A P2 H8H o £
sof Fth ARAF QARG BAZ, 4 F A £2% Qe s FAY AT 1, b
Ay AaaE dUth
m_expr = u_expr | m_expr "*" u_expr | m_expr "Q" m_expr |

m _expr "//" u_expr | m_expr "/" u_expr |

m_expr "$" u_expr
a_expr I= m_expr | a_expr "+" m _expr | a_expr "-" m_expr
@A) AAAE AT FE U AREL BF 2AAL, T AAE A Q1 A 20 of

=
VR QIS S Ry e T R s S DU I TAN A i
So] W gre Wl AP AE BT

T =

EP

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

¢ (at) A4-2t= FE FAlo AHE et = AdUth o2 WP E ol A% o] AXAE FAHA 5
U,

WA 3.50] 27}

/ (U= 3/ /7 (34 YAl floor division) A AFAFS 2 1 Q1 AE-2] & (quotient) = 5 Y TF. AP AAE2 WA
TPz B3I UL A A2 AT E e, AFE A A A}E sUth 2
A= A 9 Aol A ‘floor g AL AJYTH 022 U= AL zeroDivisionError

e oAt

This operation can be customized using the special __truediv__ () and __floordiv__ () methods.

% (EE =, modulo) Oﬂf\Px}‘— A AR AAE F A A2 U YA S ZFUh 4} le]-‘:% WA =
FYPor Ay ‘4‘;]' LEZ AA7I00 A ZeroD1VLSlonError SIEIE= 01 oAU AAaEL A4 E
F dFYth dE 0131407Lo.343} Ut} (3. 147}4*o7+o349}7¥o‘3§)3§§
QAR B F WA 5 AAASE B HEE 2 ABE FU(EE 0 Th; Anke] AAGS F )
o A4S AR gE T F5 U,

Uabs (x3y) < abs(y) o] #3&og = 3ol 1 ﬂoat«l 7 $-ollE 243 A5 (roundoff) W Fof| =X 2 2 & o] o} d 4= JHUTH
o 2 S o], 5}o| & float 7} IEEE 754 M} A & 527}9) = 74R 8w, -1e-100 % 1100 7} 1e100 9} ZL BFE 7} 7lﬂﬂ1 A ke
A= -1e-100 + 1e100 9d, S H 2= 1e1004+7g§‘«o] 22 2k Ytk &4 math. fmod () = F 371 A HA] Q1 x}2] B3
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A UxAREEsr A R 22 F5Ho R A4 JFUTh x == (x//y)*y + (x%y). &
FUXAS EEZE WZ T4 divmod () &= AZH o] dFUth divmod (x, y) == (x//y, x%y).).
AE] el REE AkE s Ao Ha, ¢ AR ol d 28 g *x}g Ei e (A Z ol A
oI FEA dHUthe SR A £AD AR 93 oA B FHUh BAL Eujge] 2ge
glo] A gtol By g @5 &2~ A A old-string-formatting | A] 4 & ] T}
The modulo operation can be customized using the special __mod___ () method.

A% el A4kl BER A4, diviod () FHE Bade] tel s Ao s o] 94 eyt T4,
AR, 205 ) YEE AEAA AL AFAN 2.

L) A0AL 0 AAES T2 Tk AAEL S O R, & G AL o) A dsoior T,
X AF, AL HA TP o WEd 5, f&ﬂ AUt Z2k0] B¢ Ald L E o]oj2 oAl Ut
This operation can be customized using the special __add__ () and __radd__ () methods.

- (7)) AAAE T AREY A2 FUT £2 AANEL WA FEFow Wag U,

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

6.8 A|ZE Q1AL

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

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

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

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

6.9 O|2 HIE A4t

Al 70 vl E A4k ZH) o fAES 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.

HHA AHE F7 e, o] ¢ -1e-100 S EHFUTH o FIWol B AAAA = S8 22 2 A5 ch
2x7}yol B3 Aol o} F o, E]——‘?—ﬂ(roundmg) rrﬂfoﬂ x//y % X—X%y) //y b1 & 4 Yok 28 39,
divmod (x,y) [0] * y + x % y7bx &} o} AP EE [F2|517] 135), stol W2 H o] A5 E2FUth
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6.10 H|

Cob= ), shol Mo A RE ul 7 AL , =
wgl, Cobe 2el,a < b < c 9 2 @A o] S3to| A9} 2L A0 5

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

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

HE AR EA AFE 5 AGUTh B Eolx < y <= 25 x <y and y <= z S B5%, Fo)
By o g 04 B MR FATGE AAUT GHAR T AF BEx < y 7k ARG W 2 o) RS T
%30l Th

1w u .

FAAOZ a,b,c, -, y,z 7t EAA 1, 0pl, 0p2, -+, opN 7} 8] 2L AAAFH, a2 opl b op2 ¢ ... y opN
zv 42949 FE U st o= S AL Ea opl b and b op2 ¢ and ... y opN
2 9 55 3T

a opl b op2 c7tatcty oW FFY HAE FAIEHA k7] wjEol], & E0l,x < y > z o] &35}

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

-
o
-

-

2t Hln

e 9

Bl ook b rlo 24
10 gly

T AAY g2 vtk AA S0l 2 Fd o+ g5

| (%ﬂ'o}o]tﬂﬂﬂoﬂ tal) g et et Utk ool A 9

Dol & %01, A A 2] gholl T3k 718 A ¢ (canonical) A Al & W2 gl Ut} =3,

H]O]Eioi 25 E HQL ﬂ)oi:r“‘éﬂ‘ﬂ"]:@‘?}%ﬁ
2y

S 4B A e

Ao 7)object o] A H Fol7] mjFoll, 15-& objecti BE 7|2 ¥ 3 52HE
() 2eFHRsun Uﬂ X E (rich comparison methods) S 3 3] A A}A1 2] v]
o], 7] A <l A e upo] A o] A o Al A g YTt

AA Y ofol e Eo 71uke Futh 1A, L ool HEE S 2

[e)

=

€3, L2 oLl MHE & Rt dAUA D] £F Wa s g S
‘ﬂ'

)
_/\
‘v
Il
i
vV
il
A
Il
"
rlr

N
N,
{
Iy
T~
flo
o]

5
= N
AN

o O
T
T2z

i«

I

2

o, ©
2 o
-0,

o
Am
e T
ol

P

A

T
v
Rl o
24
r>~
N
rr
&
Y
10 g
;:L
3

a
2
Yo
ﬁ
é
;‘.:
Ff'
Jlm
r
N
ru
L
:l:‘;
&
0
-
rel
off

N
i)
My m T
}op
rlo
N
.,d
m

flo |
'_l
t

N
[o

N

T >
—

o ofm 22 =y

|

tlo 1% o A

N Dy
[ &

off X o

forlr s[>t B ofy
a
=
o,
[N
]
4
30
rlr

7]

N
LLJEH

W]
—H of by
e AN N
T oft ot 12
jo]ﬂ'”—
Mr =~
b Rt 2
N

—

N, ok 0 0 off
B
1o K

(order comparison) (<, >, <=, >=) & ok
£71E E5 23 441D 5 DA ok A

fr & Jorf
ot B>

o
N

-

[

r

o

otk

o

>

f

i}

il

v/

v
rlu
(o]
o,
o

Aul
il
N
rlr
0,

o
kol
o
=
o
lor

o T
i
ul(f

flo o & g
1N
ko
N
30

[>
)
=
o
X
o, ] o >

N
o
ofy
ko
)
=
ofh
il
1o
=
BlOK
offt
L)

= o
N,

)y
m?L'
v
;1

O

s
v
_V‘i

3 fractions.Fraction ¥ decimal.Decimal
ARSI St Ao AT ML, A T E 38
A St A, AR T o] &4l glo] fTFo g (dugE FoR)

o Y A Y ((typesnumenc)) I Exg
o &= AES, HAF7 Eﬁﬁ\— H|
7+l Wl w7} 7Rs s ok B 8
= HFE A ¥ X P

s

m[n
lo
L
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NaN(not-a-number) Zt<= float ('NaN') ¥} decimal.Decimal ('NaN') & EdEH3H Ul & %9}
NaN 7be] H it AR QU 9 4280 2 s 9 AL, NaN o] A3} 27 ke A e,
oﬂ%% y X = float ('NaN' ))3 < x,x < 32‘1}( == X%ET ﬂﬁolx]ﬂ_’x I= X’E%]l—ot}qq—-

o] =22 [EEE 7545 438t}

« Whol U e A/ AAE (bytes Y bytearray 9 A2EBAE) S Be AY 4T WD 4 A5 oA

5L 2459 54} kS AFR3l A AFA Al 2 & (lexicographically) B] 2 g T}

e EAIAE (str o A2E2E) 2 EXEL FYUFTE F = EZ QA E (Unicode code points) (W] & 8F4= ord ()
A E Ao A S ] 2 g e
AL vl P AAAE A4 Wa 4+ gath

o« AJAXE (tuple, list, range & JAAHAE) S 22 78 vlagd 4 =0, range+= A ¥ E
AQetA] dsUth AZ 2 FE Y TS5 HELE HES FTLAZ O IS WY o vue

TypeError & g2 Yrth
AlALE g &ohE 2.4 e M E ARSI A A o= Hla gttt W AH ol & dutf o F
2 2 (dentical) 217 7} A412} 2Tk (equal) 7R T T, o & B E A A 10] o) 2 554 (equlity)
AAE $3)8te] 45S AAB T YR 2R § ATk
U 2 A5 A QW aE o3} 2o o] o)tk
- F 240 Zra vusE ] fsiA e, &2 Folal, do7t 2L, g dhe 24aE9 7 Aol
z )

rrhal vl o of Utk (& E01, [1,2] == (1,2

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

o Mappings (instances of dict) compare equal if and only if they have equal (key, wvalue) pairs. Equality
comparison of the keys and values enforces reflexivity.
4 v (<, >, <=, >=) = TypeError & 42 7t}

« AFE (set oY frozenset & JAXHAE) 2 22 FEFHANE THE FE ol vnd 5+
°l AL T2 3 & (subset) 7 4391 3 & (superset) & S5 8h= v AAAHES A ol byt o] &4

<A (total ordering) & A 2] 814] FFUTH(AE S01, F A {1, 2} &{2,3) £ h=2HA =, 5l}7

u}e shte] A gl St ke shel 4914l g 1 A U Th. mebd, A £A10l o F
3t T AR = AFSHA g5t (€ 91, min (), max (), sorted () o P o= 39
el AEE AT BoH A ¢k 23S FUh.

Qo) W 1 2450 WS Al o

AT

l(‘ O_u
N

-

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

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

fmoo) gt R 74 EAEo) 94 e 9 TAE o g wam AR, F7hE St ol 49 m= %
23" ¢ Q= A BxE o] Wol 91L&t "“ £ 0], A £} “LATIN CAPITAL LETTER C WITH CEDILLA”
—‘5 T 9 Z] U+00C7 ©f Q= 3t 7] o] &3t Z 2} (precomposed character) Y Z.E 9] %] U+0043 (LATIN CAPITAL LETTER C) o] 9l+= 7] &
£ I = $) %] U+0327 (COMBINING CEDILLA) ol 1= 2 3t & 2} (combining character) 2] N @22 2 HE

# %%HD}.

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

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

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

x == y %y == x

x !l=y2y !'= x

<y%y > x

<= y%y >= x

5= o] A (transitive) ©] o] oF Utk ok (B A 81A] 94-2) o 50] o] ZZ o5 FYTh
>yandy > z@dx > z T}

X X

=
=1
rlr

X

x <y and y <= zWx < zT}

. ol 24 o] Slojok YUtk THE B B, o2
x == y&not x !=vy
x < y&not x >= y(A =AY FL)

x > y@not x <= y(A A9 FL)

£

A4S o] & e Fojof FuTk:

upA 2 WA A A ZEdo] AP Ut (& 0, Al A8H A, A g2
= %}qu/}). total_ordering() HEZd| o] E X ‘/\]
 hash () 3= T4 4B FASFFUTE 22 AAES2 22 AARS 2AU A E7Fs

o= 3= ojoF Ptk
shol AL o] YTHY FHES ZAFHA k& UIth A NaN L o] 738 A g o Ak,

6.10.2 HH{A HA}

ro
>

‘?‘l/ﬂ'x}ln»}not in2WHAE AAEYTH x in sE=x7se W ?:llIHT rue &, 128X ¢S 0 False

ZYrth x not in s 2 x in s & AL SYt gAY E Eutollst RE YWF AE2EF S
%%O] o] A& A P3t=dl, MY A+ in o] 9 Y Fo1R 717 A=A AAFEY T list, tuple,
set, frozenset, dict, collections.deque &} Z2 AH | HEL ¢, T84 x in yEany(x is e or x ==
e for e in y) &4 =3y}

AR uelEL O B9, x in y Ex7by o] F& FEAFE (substring) Q1 9, 123 2 A I HF9- W True

dyrh S5 @*P%y.find( ) = -1 YT Nl 2AE 2 Y TE EAEEY FE AR AT
7] ol "" in "abc" & True & B F UL

__contains__ () N EE HYst= AMSA A Feh 29 B, x in yEy. contains_ (x) 7}
S E W True &, 184 oW rFalse & EHFYTH

__contains__() & AY3HA GAT__iter_ () B A= AL A Fejae] AL, v £ olH
OJET W FHA x is z or x == z & Fo|FHA G ofH gz 7t BENAM x in y = True YUk
gAstE T A7 EAstd ino]l A9 E do Alw HAFH Ytk

ko g e ~EtY (old-style) OBl H o] X TR EZS A]_cs;;m ok 2 A7t getitem_ () B A3
W, x in y=x is y[i] or x == y[i] & BHEd}= Lo| ojd A4 QA 7l 2R 6t, 2 HT ZLS

BE A4 AddaEof sl IndexError d 2 & Y274 ‘i’%‘: A%, 28]al 24 11 4 True 7F YT

2 Eke] A7 ASHH ino] Lo E Yol Ao w FHFFH UL
AR} not in& ind EelH RAHo T FojH )
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6.10.3 OlO|HIE|E| H| 1
A2t is ok is not 2 AR Y ofo|WEI S AALF U x is y = x2by 7k ol HIE B 7} 22 AA A

Y\__
o, 283 24 2 4% FAUTh A ofeMEE L id() $4E AEHA FUTh x is not y
o weld A ghe Yo

6.11 =2| ¢12H(Boolean operations)

or_test = and_test | or_test "or" and_test

and_test = not_test | and_test "and" not_test

not_test = comparison | "not" not_test
=g dAte] B, 183 T3 A 0] Aol 55 —v—(control flow statements) 9| A A2 o, t}2 =L A
Aoz gyt False, None BE P9 20, ¥l FALE AH oY (A, FE, Bl2E, 944,
A3 B9 A (frozenset) 52 =FFUT. L 9he] B @2 Foz siAg Uk AHEA Ao AAE2
_bool_ ) HIN =S AlFa A A4S =2 %k(truth value) & ALHutol =2 & 4 5 U Th

AAR}F not & 2 QA7 AR O™ True &, 218 A oW False & FUYTH

¥4 x and yEHAxY S FHUhx 7 AR olH 2 3 SHFUTHE 187 gody e 73
So] 1 A5 s Yth

Ed4 x or yv HAXxY S FHUhx 7t ol 2 & ST 284 oy e 73
SO 1 43 s8Fs4yth

and2tor ol Z & Qb3 Frolu} 1 S False & True 2 A $H1A] 9441, thAl upx]etef| gho] 23 7 Q1ALE
=HF Yok Ut o2 w2 E£REILAFULHL A E & s7}tx}°d°l Hloj Qlod 7|t =w
thal= ojof Sttt H, FH A s or 'foo' & Wi F2 AFHULE not 2 A FE WESjoFIEE, O
A2Le] 3k FA glo %Er‘ﬂ%k(booleanvalue) EHZYTH (A S E0],not 'foo' ='' 7ol False &
Ty th)

assignment_expression = [identifier ":="] expression

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

QubA 9 4G Abel B Shbe QNS AL A @ W Lok

if matching := pattern.search(data):
do_something (matching)

E, PAE 9 AEYS AT

while chunk := file.read(9000):
process (chunk)

4 2}% 7}8] A]-4= A (automatic garbage-collection) 2} A& & = (free lists) 7+ T] 2 = ¥ €] (descriptor) & 521 A4 w] &of|, is AAA}E
A2rBA WA EFOYAFES HWEE A3 22 SR A0 AL, 2o 2 H 7| O]AL?}%Z—]{% ZAE 4 dF5 ULt o

M ARE 259 BAE 3N L.

6.11. =g| ¢14AH(Boolean operations) 89
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Assignment expressions must be surrounded by parentheses when used as sub-expressions in slicing, conditional, lambda,
keyword-argument, and comprehension-if expressions and in assert and with statements. In all other places where
they can be used, parentheses are not required, including in 1 f and while statements.

WA 380l 7k o A A of gk o] A Y82 PEP 5728 Fx A&

6.13 =74 ®E&i2Al(Conditional expressions)

conditional_expression = or_test ["if" or_test "else" expression]
expression n= conditional_expression | lambda_expr

2 284 (W = “4F 3 A4FA}(ternary operator)” 2131 & H U TH & Thol A Aol A 7 E & e
918 2y

FHAx if C else yS WA xthAlol 24 C 9 ghe 74U C7F o9, x 9 gho] Fal| A AL T ghe
EHFUTH 28A ol y o g2 7 Fol 2 2AE EHF U

274 EA A tak o A48 8-S PEP 308 £ 2842

6.14 ZiCH(Lambdas)

lambda_expr = "lambda" [parameter_list] ":" expression
ot A A2 () = ot @ 4] (lambda forms) o] 2k EH U o] & fle @& He= d AFSEE YT 13
Al lambda parameters: expression = &4 AAE ZYrt} °] O]% Sle A= ol2A HH g

A7 A 52 o)

def <lambda> (parameters) :
return expression

R B2 S s Ao AldS BAL. g 94 0% 5o 7 T4+ % (statements) ©] Ut
o] .= H]| o] A (annotations) = =3 5= §lSoll 3l oF T Th.

6.15 &

rok

4] 55 (Expression lists)

expression_list = expression ("," expression)* [","]
starred_list = starred_item ("," starred_item)* [","]
starred_expression = expression | (starred_item ",")* [starred_item]
starred_item n= assignment_expression | "*" or_expr
PrEd AR Oageole) ARY WE A5, Had st 4ES TPIE WA B2 FEL
FUTh FE9 ol B=o] e BAAe Atk ERAEL A%l 4 2 EEo 2 ol T,
off 2~ ¥ 2] 2 F (asterisk) * = o] E] & & < 3 7 (iterable unpacking) & VFEFH U th 3] AAMA= WEEA] o] B 2 £
olojop gt I olHE Eo] FEEY AALE FAE oA, A jF AFAA A FE, e2E, JF ol

zgg Uk
H A 3500 27k 284 H50 A2 o]H 2] & 2 97, PEP 448 o[ A H 2 2 A 2k glF Y Th
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Lo B g3 I F = (single tuple) (491, AJ%ﬁ%(smgleto )= e IEYgUth e BE Aol
A = dSsUth Bl B gE5rt s dd 3L 522 HEA I, 2 7234 3 Stk (W
FESUHEHE, N 3 S AR ()

stolf e AZe| A 2 EH 02 FHA e THUL B9 G FoHs B, e gro] Funok wIA
TGN FEHAA L
e EEOIA, BRAL 250 ol B2 245 SANE gol TV

exprl, expr2, expr3, expr4
(exprl, expr2, expr3, exprié)
{exprl: expr2, expr3: expréd}

exprl + expr2 * (expr3 - exprd)
exprl (expr2, expr3, *expr4, **exprb)
expr3, exprd4 = exprl, expr2

6.17 ALK} M

I'-I)

The following table summarizes the operator precedence in Python, from highest precedence (most binding) to lowest
precedence (least binding). Operators in the same box have the same precedence. Unless the syntax is explicitly given,
operators are binary. Operators in the same box group left to right (except for exponentiation, which groups from right
to left).

H] i, ”ﬁ:ﬁi A AAL otoldEE AAMES BT 22 AT E 2 v Ad A A s 21X H Aol A
L EBE 07 o]ojZ0]7](chaining) St 7|5 ZFUTH
SALIRF =
(expressions...), A3} (binding) == 23 2 B A, ZJAE UAZ{
[expressions...], {key: value...}, | o], @AY g2y o], T gy 9
{expressions...}
x[index], x[index:index], x (arquments. | ABAIAYHM, E£8fo|A, T, AEZHE IX
.),x.attribute
await x ool E ¢4
* % 71t=xﬂ;15
+X, =%, ~X oF & H|E NOT
@/ /)% A G A, G A, A A, g A]°
= FEEL BN
<<, >> AlZE
& H] E AND
3 H] E XOR
| H]E OR
in, not in, is,is not,<,<=,>>= = == v, WA AALS) ofo|dlE E] AAFS Z 83T
not x =32 NOT
and =g AND
or =2] OR
if-else ZAxIA
lambda 2o 34
- R

6.16. gt= Fdl= =M 91
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S AG AT AxbA <+

| HIE 9 G AaAE T SRS AT 5, 2601 £ 0.5 Yyt
©% QA BAG Eoh ol = A}

= 4%l 1 3 4l
Huh 22 $4E90 7L 4 8H o,

rlr
0, o
rlu
4B
K-
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CHAPTER 7/

Cta= 2 (Simple statements)

SeRe St =el A9 & ool AP U ole) /9] deRo AN FEOE Relx o] shie] Fol e
S &t Bege 2 e o 2%tk

simple_stmt = expression_stmt
| assert_stmt

| assignment_stmt

| augmented_assignment_stmt
| annotated_assignment_stmt
| pass_stmt

| del_stmt

| return_stmt

| yield stmt

| raise_stmt

| break_stmt

| continue_stmt

| import_stmt

| future_stmt

| global_stmt

| nonlocal_stmt

expression_stmt = starred_expression

93
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B4 L (G BEAYL 4 JE) BEA 25 g PR
3} RO A, gko]l None ©] ol ™, W repr () & AHE A2 WSS 1, 23 A Y2 £2Y
= HEY Eo BEF o2 YUt (27 None D W= 23 A QotA], Z2AA T2 oW 2 HE
W= A sy,
ol=
72 THEE
92 o] 5= ol () A Zsta 7k A Y o ERREV FEES T4 h
assignment_stmt = (target_1list "=")+ (starred_expression | yield expression)
target_list = target ("," target)* [","]
target = identifier
| "(" [target_1list] ")"
| "[" [target_1list] "1"
| attributeref
| subscription
| slicing
| "*" target
(attributeref, subscription, slicing 2] ¥ A ol+= Zefolng] AHS HAA L))
WYES BPA BE (0] 20] shte] RAAL S5, IR 2P 2R $5 e, FA Fee R
o] BEolthe AL /1SN L) o §L T, ABAM 2 BB 02 kel o} AA E B3 B2e)

27}l o ) e,

e B (250 Fepol ek ARG o2 B FHULE B0l /A AR AR (e HE B2}
ABag ol &etol ) |, /b A 7254 02 oS S ofwt 3L, T l0] SubEA ohd A S
A4k, ol WelEel A & 0w 98 Ao 5 AFYTh T YEe] FAFE 757 24
e ol S 1 AA Fo oA Foj Ak (R P AS AR HAA L),

HZze sHAd ¢ et A=+ d5Ud ol didste AL o3 2]

Lo

Aoz Bue] Sol9e) Azt 47} gt el glew ARl: Aol B g

4

5 o] o 2B 2] 2 3 (asterisk) & 9Fell £ B}, “ A BFE (starred)” B} o] b3 £ T, Bt
1ol: 27 Aol £ Bh7l B2 o] o B9 41} s 4L A5 5 AlF s
olooF FU T} o H e Bo] A G FREL, AZo|A] 2 2Z o7, A= B ol ok
B E T o H g A v =58 A B Fof e = A5 Bl gy,
o o)A FHER TAH 22T 2 B AR YT (o] 2EE w0l 9e
).

b >

i

iy

oo
ol

Tl

[

I
o 2 i
b

24 4yo T o

ol yo TN T

B
k! 52

e 5o FRES AT ol E el ol

fo
fu =
1’
fo
rlr

°
ok

oa 10

i

M

N

Ir

2

& xim
[o
i

o &M
oo

stitel ghAlo]
. E30] A

- 11 9]
2o

)
o
.
L
=2
)
)

2
rot
N
)
Lo
=)
o

lll e
by
B

ot o,
Ol"_]rl

o = global Y nonlocal i#°l 534 ko™: 1 o]F2 A
Ao AAE et

=
2

(o]

(T (1
2
[ -
e
I

]
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[
s
bl
rlo
&
i
=
19
)
l(i

F7Vol Y nonlocal o o8 AAE L QF o] 2 Z 71| A

m

[

2

(il

2

e
)
9,
30,
O g,

R
=2

I

HAUth o] A2 7|&0 dAH | A AA 9 Fx 35700
2] 7} vhd = 1 5} R} (destructor) (ZEX JTHH) 7 EEFHEE

Jo [0

o
NI
T
in)
o 1o
SO ]
o o(&i _r‘g

olve) EEA e FHUD. AL B A5 o=
l“OWTwﬁmmrﬂ%ﬂ%HQwalﬁﬂﬂ$ﬂﬂ
Ut g YS 38 4 gutd 99 (X% AttributeError

2
fm
Ac)
Sl
fm
ut
)
N
uli
=2
o o
K
k1
JHU

o,
XN
=
S
[
i)
kL
ko
rlr
2
&
{117
lo
‘E

o 4y
o
>
SL
i
é
N
~
é‘é
[
ro
o)
ok
[_EL

=N
22 (o
S on
& ofn

0_1_4 3594

by ® oy
iﬂﬂm
I>mﬂ£ﬁ
(L ko

EHH,—ra X7P7‘°

:L 0% 7 =
EYREE 7MoY, 2 Ao ooz Af

[ N F g

@ oo &

[m 2 o> [

o
zl
i 1,
o
rE
=3
re
1>
o
mlﬂ
)
[>

X = 3 # class variable

inst.x = inst.x + 1 # writes inst.x as 4 leaving Cls.x as 3

O

]propertY() 2 W50l X = 2 9 E] (property) &F 22 tAIHE o]ERHEC 28E I

ol qEAFHHoIH: 2ol Sl Zetejm 2 A4S FS FHUT BI2E Z22) 7hA Ald S
v (dAuE 22) Wi AA 7 debo gyt 28| v, A H AT HE @4 g U

ME (22 20 hd AL AN, A8 2TGE S Ao ool GuIT g A
of dolb e ASde ALs) dolut e gol o
&1 ol AR % o doiokn 2 AT e ad s
TR 229 ® Adzd B3 e At Al BEe 37
7

Z[I
oIF e} (A 2e) 1 AW, Au 229 E e 2] ) 93t 98 Fololof
T AE ~IYES AR G A/ olE 4 HEES T oju) 2L AghS
129 Ak S B A S T, (22 k) 717 EANA B A9 A AR RS AR
DESSLcS

AGAF Y AR L] B, A-T AR setitem () MINETIEEH
Z

o BHZ2lo] Setoldol: Iz mgtolw g A4 & :ILUL‘JE]' (ﬂiE &2) 7hd Al Al
Lkebob Sy th tidE = AAl= 22 Fo Al AA o AUt 29 o2, AT 3]'55}ﬁ s
ST ]-4 e TEUCH 7122 0 A d A dojok. FAG %7@—’1\—7}540101:?:}‘43} =35 o=
Ao T7F UL H, A 4’\4 dolE gyt 238A 2o BAFES 00X A F29Y Dot
a /\}O]Oﬂ %"17}% #rel 5 A UTh upA o g2 AlFA Ao Sfo]AE HYH = A AR
WA =E 2 g ‘431 /\]?ﬂiﬂa‘?’}?}‘;}‘ﬁ,% oj~9] Aol thYdE = Aldxe] dojg thE
T %\’1514‘3]'
CPython 23 AHA: AR L3l A], B} B HLS 2
ARE 7] w ol o & WA A 7L E A A= AAE L ds YT
AAFT 9ol Aol 7 FHT £ 71e] 23 o] ‘= Al A (simultaneous)’ & % el
HTE E%‘r@qu) GAHE, e = viese 2dd oA TH
g2 E5d e 2AE s dE S, 2R 22 22 I

_l:njﬂz
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T rfr of T,
\1&_ Y
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1o (O it [kl
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R s S e e P I )

i, x[i] = 1, 2 # 1 1s updated, then x[i] is updated
print (x)

o] W7]:
PEP 3132 3 o] €121 91 547 *target 7%l @ 74

~J

2.1 S 2 2 (Augmented assignment statements)

FEUYEE BB ol A0 NS A AUk

augmented_assignment_stmt = augtarget augop (expression_list | yield expression)
augtarget u= identifier | attributeref | subscription | slicing
augop ::= "+:" ‘ nwn__m | My _n | "@:" ‘ n /:" | "//:" | "%:"
| ">>=" | "<<=" ‘ "&:" | nA_mn | n |:"

(WA A 712 0] T o= etolu e Alde HAAIL)

ZE UYL G (AR YL 2 A g7l B 5 gHUth F ERY 559 g2 73, T2 9

ARz ol el ol Wi ol A4S £ AT F, Aehl B3le] 1 FoE WY F U B 2.4 &

W)

i = S ] =
HE HUth SE HANAE, x 9] S 23 3wk 23} 31 75 ), A A 03@— xﬂx}ﬂ(znplace)
NA E =Y, A AAE e IAL el Y7 Hks, oA AAE A okE Qv gyt
At A= 2, SE UYL HY 3 3] o Aol HHY TS FFULh dE E9, ali] +=
f(x) EASNali] EXIT U, £(x) 9 S 7o, QS S, v o g T A}E ali] o
oAl F YT
St oA FE23 U5 B gYshs AL dYz i, S8 g o 9 o g2 dulk o 3
Ze oz AUtk A 2, Azt 5272 7tsAd S Y= 1, TR O W Eeol sdFHE
o] AAre Auk o] X AAba} 5yt

7.2.2 0{-E||0|EEl CHQ 2 (Annotated assignment statements)
e o] A YL, T EFNA, HEY o] ERHE ojmH o] AR AT JE I YES FAE= AdYTh

annotated_assignment_stmt = augtarget ":" expression
["=" (starred_expression | yield expression)]

The difference from normal tf] &} & is that only a single target is allowed.

ool B 710 Tt o B2 25 A, Fe2 Y BE 2320 92w, o w80l 42 gho] Fa7 ¥ S
ZHa Y BEY oJEZHE _ annotations_ o AFEH =, o] oJEFHEE (FeF v W FH 4l Q)
W olg2 ol H o] A9 oz A7+ gAY e i JUtt o] EFRHEE 277 S EH L, 2
AU EEe A Al oficHo]do] Ao s WA ‘{Pcoi Ayt

WY AL R HAAL £, ool e ZAa Y B E Anmol] g AN grol FAAA T A A
= oo
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o] 5] T AT ZOA o H O] EF W, o] o] 52 T AT A HH (local) JU T T AT Z oA of =

g o] -2 gho] el A Ak A FE A k5 U Tth

ol 245, ol =H o EH thY2 (F A3 ol A]) o] eH o] g2 737 Aol AA g 5

FFUT BBA A A eve] ANA Fow, Bz BAY g P, BA T
setitem_ () ©o]Y}__ setattr_ () TE2 A}

© ®7):

PEP 526 - W4 o] 6] o] A
o B0l = S £
PEP484-3 3 E A=A B
230 typlng 2ES

tlo r-ln

T2 IDEC A AFE S 4 Q= & o mH o] ol e 5 FH e A5 5t

¥ A 3.8 A ¥ 7 : Now annotated assignments allow the same expressions in the right hand side as regular assignments.
Previously, some expressions (like un-parenthesized tuple expressions) caused a syntax error.

7.3 assert &

assert £ = 2 13 of] tj ] 7] o] A] A (debugging assertion) = 4 Y 3= H e g HH A Yo}

assert_stmt = "assert" expression ["," expression]

7reb3l H e, assert expression 2 th23 S5 3HU T}

if debug
if not expression: raise AssertionError

44 3, assert expressionl, expression2 = U231 =3t}

if _ debug___
if not expressionl: raise AssertionError (expression?2)

o] =5A £& _ debug__ I AssertionError 7} ZE& o2 YA HLEL VMg itk AR Y th
A LA, W W __debug__ & AREA QA Ao A True o3, H A3}V L JH RS olf (L3
4 -0) False YUttt AR F= A 7= Ao Aol HA37 R Y H H assert 25 AT =5
WA g5yt ol WA Ao Aot ALY A~ FES EFTF F AT glSol FYsHHAIL; 1AL

se] Edo] 2] YR T 2P Th

__debug__ o et 42 3 &= A st o] W W) g2 AB e g7t %S wf 24 F U

74 pass &

pass_stmt = "pass"

pass < @ (ull) AAUTE — APF uf, o} A= dojuhA] g5y th EHA LR FFo 237 =
FAW T AL YL ul, A2l S AL FER LRI Ygth ol & Sof

def f(arg): pass # a function that does nothing (yet)

class C: pass # a class with no methods (yet)

7.3. assert & 97
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75 del &

del_stmt = "del" target_1list

AR T ol Ao ® AT obF w5 A AA Ao B HUTh DA AR AGES A she th4l, o 7]
@ 74 fl=7k g5k,

HAESY AL A HAL Aol N LERO 2 AA A2 AR Gt
o159 AA L e TE BE Y global B9 T ol Fol 533 mhek x| o]} A o] & F7HA
|59 AdL AAGUTE o] Fol A= o] 94 W, NameError o 9] 7k Aol o,
EelRE g2, Ausa g4, Setol 49 A4 L B E metolmel AH 2 AP Ltk Lol 49 AA
£ Qum oz 2 o) U £etol 2 F hASHE AT FSTUT (AW ol A2 A Eetol A+ AA 7
Yrh.

3
H
3.

rZi

201 W7: o) Aol = o] o] FHE BFo| A A WE2 ST 9 Ao o] & Lol A AA S

o 5 2k=| A QFgkuIT).

WE 9
rf

7.6 return &

return_stmt = "return" [expression_list]
return & BPAOE Zejx Ao FHA A9t oheh B4 A F A of Yehd 4 5 Ut
HAA FEo] QoW S 7ok, 28 A 2™ None &2 X &g Ut
return 284 55 (= None) & BHg fho g2 s A, @A 9] T T8 wdUTh
A%, G2 e AR Holrty]

return ©] finally L 7}R try EoA Alo]7} HoUr & wte =
Aol I finally Zol AUt

A& ol g 5ol A, return B2 A J @ o E 7} Byt 22 718] 7] 1, StopIteration 9 & & 4o Uth
return 2ol A FE = 7H2 (JTHH) StopIteration 9 "“"421—01] o122 AFT o] StopIlteration.value
o= el B E 7} H T,

H 57 AYdoly &FoA, ¥ return ¥ HE7] AVdEdHT S €81
StopAsyncIteration 04]94% doAYL HZ7] AY Eﬂ ol oA, vl YA B return S

eI

7.7 yield &

yield_stmt = yield expression

vield-t-2 yield 334 3} 22 u 7k JF5 YT B 5 Shyield 23 Ao A B Q2 3= ZS & A Fsl7] 930
yield 2& ALYt o & E9], yield &

yield <expr>
yield from <expr>

2 o3 2 yield 294 4 EH F5dUT
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(yield <expr>)
(yield from <expr>)

ko

yield 8 417} 22 ] 1] ] o] ¢] 48 4 o) 2w vk A 31, Al o] 6] ) whelol A
B4 A0 7 QS A AV o B B4 E BEES S vl yield ® S 3 Ao R
Z o

g,
Fu T

% o

A
=

O{NI r‘r‘

] | |
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.

IR GO, raise+ o9 AAZE, A AR T AY & 7+ U} BaseException Y A H F2Lt
Axrddacjop gyt F|Aa, oo AAadAE QT QA glo] Feag AAEAE e AREH
[RR=

o 219 & (rype) = ol 2] A2~ FEA 1, Fh(value)-2 AT AFAT YU e,

A traceback object is normally created automatically when an exception is raised and attached to it as the
__traceback__ attribute, which is writable. You can create an exception and set your own traceback in one step
using the with_traceback () exception method (which returns the same exception instance, with its traceback set
to its argument), like so:

raise Exception("foo occurred") .with_traceback (tracebackobij)

The from clause is used for exception chaining: if given, the second expression must be another exception class or in-
stance. If the second expression is an exception instance, it will be attached to the raised exception as the ___cause___
attribute (which is writable). If the expression is an exception class, the class will be instantiated and the resulting excep-
tion instance will be attached to the raised exception as the ___cause___ attribute. If the raised exception is not handled,
both exceptions will be printed:

>>> try:
print (1 / 0)
except Exception as exc:
raise RuntimeError ("Something bad happened") from exc

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
ZeroDivisionError: division by zero

The above exception was the direct cause of the following exception:
Traceback (most recent call last):

File "<stdin>", line 4, in <module>
RuntimeError: Something bad happened

A similar mechanism works implicitly if a new exception is raised when an exception is already being handled. An
exception may be handled when an except or finally clause, or a with statement, is used. The previous exception
is then attached as the new exception’ s ___context___ attribute:

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

o &) A= from Aol None & AN A YA A2 FAA L + FUth

>>> try:
print (1 / 0)
except:
raise RuntimeError ("Something bad happened") from None

Traceback (most recent call last):
File "<stdin>", line 4, in <module>
RuntimeError: Something bad happened

ool that o W2 AEE o 9] Ao LA 5 oL, A E At Aol e BE =y & Aol
A=

WA 3304 MA: o]A raise X from Y oA] Y E None ©

.
WA 339 F7}: o] & &9 (exception context) 2] A5 &3-S A }?—i 5,\— 9l _ suppress_context__ o] E

gHE

£L
jL

7.9 break &

break_stmt = "break"

break € WA LE for Ywhile Fxo SR A b & d5uth shA R I £ <o ke
S Aol FHHAAE FFUTh

7V 7V 7kol A SR AAL Qe F2E TR, I F2Tbelse A2 2 ok AUE Yt (skip).
for FZ7} break 2 85 W, FZ Ao g o
o]

=
break 7} finally A& 7k try Bol A Aol7} Rl UE S Bhet A%, Sxe e AR 2 Hoj}7] Mo

I finally o] APyt
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7.10 continue &

continue_stmt = "continue"

continue & ¥YH LR for Y while ol AN Yepd & g5yt sHA|RE 1 2 qhe
F5ur o2 gelol FHH AL SHUth 74 kol BT Y T2 TS Aol 2R dol e

BHEU T

continue 7} finally AZ 7H try Fo A Alo] 7t Mol U e & e = -9, th& FE Abo] 22 Al F5t7]
Aol 71 finally Ao] A3}
7141 QI 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 | "."+

1. E%% é%i, EE?'S}EL d o8ty 27|33 th

2. QEE (import) Fo] A 2320 A o] 8 F1hel o] Fol Ut o] EES A Fh.

Bl (HEZ 28 ole) /)9 B TP, vpx) 7 o] Wxe] JEE Rof o3| BB AHY,
WAL gt ¥Es Syg

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.

2AF EgolATALE go] SAAY A 7HA F o R A o] F Fkel 2/ g th:

e ZEO|E HAdas 7t 2, as Flol L= olFol dxEH EEo A A4dg Yt

o ThE o] RO AAHA ¢, Y EH = REO A ZECH, BEY o] 50| YZEH = EE
Az A o5 w2l AZdgE Yt

e AXEHEREO Yo BEo] ot g, I BE-E X33t 249 71 A Y o] 5ol A4S 7]
Aol o st =z E 2 < O]E T A48 Ut d2EH BE2 A HH ol 7| Kt A3 FrEE
o] & (full qualified name) & F3] HA| 2 = of of T}

H]
ks
O
5
o
flo
12
L
o
o2
4
r
i)
>
i
S
>
oo |
d
<
kv

I 9EER BE0| 108y o= HES HHEA AT UG
2 glom, 1089 AR EES JEENE AL NER TS JEEH REH 1ojEelHES
thAl AT
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HEZFUAF A oW ImportError & €2yt

7]
A 9row, 1 gholl vha &7} A o] & Frol ARE =), as Dol EASY A7 oA
9022 Agota, 137 GO o= BE o] F

o
>
ofo
i)
<
°

AHE o

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

AR50 B2g A () 2 ulE, REo) 4B RE FA oS50l inport o] ST 2729

A o] 5 FZtell AAFH YT}

Egol Aol F7H ol (public names) & E5°] o] F FHolA _all  ojgt= o] 52 HTE AAIA

AEUTE BoH o] Jotd, FAEY AlAa ook st L BEC] BYSGAY YEXES+= o]l g5 A UTH

_all__ A ARFNFESEF IMNEATHILHEA Ak FUTE __all o] HY A ko,

5 o] Bl A AT £ o] & F WEFA ()R ALEA g BE o] o] FAR AFH UL
all 37} APLAAE EgsfoF Fich ol 2] B2 w2 oA API 27} ohd FEES =535}

AL WAFE AYUT (F L BB JEES L AL BolHeje] BE),
o

= ]—C HE] — from module import * — = EE SEJATIFHSH YL F
+= A=+ SyntaxError & o3 Yth

YXEF BES AT u ZES Zof o] & (absolute name) & AT T2+ FUTh ZEIY 7| X7}
1

o
[>
i
e
N

O 9 7] A ¢toll 282 uf, 22 A9 #H7)A Holl A+ 1 57 A Ol%—% AFT Lo glo) A d=E
(relative import) & & 4~ U TE fromF ol AZE = 7| A U BE ol Zol= o=, Z&3t o]
A QA G A 7 A ASS dult ALY Eetrlok ek l 24 4 JdF YT sy F2 9]

FESAEY S

YEXEE ot BEo| A sts A A7 A& XF Utk 7719 H& g 3714
ST A A9l Ao ¥ A8l See, Utk 214 pkg 71 Aol 9= BEOA from . import
mod & AP35, pkg.mod E YZESHA . pkg.subpkgl Qo A] from . .subpkg2 import mod
£ 4830 pkg. subpa.mod & FLESA HUI 4 YEE0] AT 725714 4o 2= 2ol

ZrId REES 5HoT AAFNE= SR ZZIHAES X Y57 Y3l importlib. import_module () ©]

olZ} module, filename, sys.path, sys.meta_path, sys.path_hooks & 7ZFA} o|H E import & A

AUt

7111 X 2

T4 2 (future statement) = AL A7} ST RES <
2| Al o] (directive) Q1El], 2L 7]-5-& v e o]l S A= = Tho] Mo A &F 0] 5]% 2 1:]‘4

] D}
FA £ BAL dofo] T3 A ghe MAo] £ e MAY o] MOR SATE AL 4A BEL
AJUtt 2750l Fol HE mE o] B A2 A 755 AT 5 AEF Ut
future_stmt = "from" "__ future__ " "import" feature ["as" identifier]
("," feature ["as" identifier])*
| "from" "__ future_ " "import" " (" feature ["as" identifier]
("," feature ["as" identifier])* [","] ")"
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feature = identifier

FA4 2 EEY AY Aol vt FUch 74 £ doll U2 5 e EE52:
o 25 52 E 9 (docstring) (A THH),
E
hd }?_]_ %, 13]57—-
« IEFA TS

FA EL AR oF St YT 7] 52 annotations YU TH(PEP 5632 ZZ A Al L

FA FA T2 T EAIHG 7552 A3 ol 34 93| ?_l&,%qp}, o] &

o] = absolute_import, division, generators, generator_stop, unicode_literals,
print_function, nested_scopes % with_statement 7} £ FH UtTh oA EL JoJEQy

428, 24 A A a8 Ae /AEIL A7 WEd YT

FA L FAA L A5t AHe) 945 7 Ptk 44 FYEES oJviol Y@ WAL e
M= 4 9g 5o AT A 7150 B8N P (2 e A AY) MR e NG SUshe 49
Fs, ol A9t AHAH A BES hEA HAT 5 QS U 18 2EL A APoE MHA >

syt

ulE sk, Asels ojd /)5 o
oy At A A o E o

=
A A o] /\lag /\]X-l_/] HLé
= A

485 L2 odzE BEIH ST EF 2 E . future_ , So] Ay}, ok
NI, FA To] A= Al Fe] dutEd o g JdxEFHY

o2& FA Fol chduith; ob R d 538 )

C, A ol AR Al BT A2 A FUTE o AL compile () o F )
AR AolD 4 AHUTH— AT E-L 150 BAE BN

9919 AEzelE 2ga oA QA8 £ £ e el Aasl e A0 EIE WA AU 2
Hzegst-i, 4898 2aYE ol o] AP §AOE AN51, 1 AAYES FA S £,
£ZYEA ARE ol 5o A2 & 5y AlA AT TE FA T

o B7):
PEP 236 - W = ] _ future__ _ future_ W] A U 3of tfsF 2 22| A <l

712 global &

global_stmt = "global" identifier ("," identifier)*

E5 AAl ZA&HL AAddUch Ue= @“%WEOl Aoz s 4= o of Fth&
2 S 71812 4 A7) A global §lo] A WS ZHS

_,d
:|o
rE
P ==
mln
r_>.i
_IR
m O

global %011 UdH o] 552 22 15 E5 A global & &l 53 & 5T
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Names listed in a global statement must not be defined as formal parameters, or as targets in with statements or
except clauses, orina fortargetlist, c1ass definition, function definition, i mport statement, or variable annotation.
CPython 7@ A4A: @A) T3 o] o] A k2] ARG BAISA R W, T2 1L o] 475 d5317 Loo
sl vels) PR IAS S AAAY zR W v & o3 glol MAT 5 A7) wEA U

Zg o el Fo] Agk: global 2 hA o] T A Al AH(directive) Y Y TF. global 23 22 Al ol 3} =
Foou HgH Utk 53], W exec () ELAE THHE FAG oY ZE A A o 45‘% global #&

o

—1 O
B4 BEE TPoE D= BEAE GFLFA G, 28 B4 2YA D= QA B4 T2 2
Zo Y& global ol &S A %}QHD}. eval () ¥ compile () &5 vp7FA Yy oh

7.13 nonlocal &

nonlocal_stmt = "nonlocal" identifier ("," identifier)*

Honlocal o Udd AdASo AQL ALt 7P Aol A S At AF oA o]u] AAY WSS
7Hel 7|25 R U Th o] AL Fasthh, A2 712 T3] A Y o5 IS WA AAS= Aol Wi
dUth o] 42 Ae3E FEH A (RE) 2T Z 9o A AF 2 o] ApEo AAZE 5 U= F
Ut

2 .

nonlocal ¥ U4 H ©]§EL, global ol YZd 2
o &=

AdE< 7Hel Aoyt (A &
nonlocal o gy = o]|2E52 X
o B7]:

PEP 3104 - u}Z 23 Z o)) Q= o] FEoll st A X nonlocal #9 4.
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CHAPTER 8

BREL OE EAE(Y 2155)S TR oW Y ox I e BRES) Ade] 9L FAUA
oL el EAT 0, A ERES BT L 5 /e AT, QAo BgrL oje] 2o
A4k

_—[/_'&]@.qq. s a5 U8 cry = dQ A7y

if,while, for BFE AEAHA Ao &5 X
=1= o=

R

A 2] (cleanup) T = = BFE A8t hE2IFEEBEF FH0Z 27319} glo] g 2| Al o] A
FEEAYST YT E FUth ol Fela Ao 3 EHF oz BEFEY UL

RO st g oAt & 7 FAE YT AL He ‘A9 E (suite)’ 2 FAFUCH S BgE 2
AUE2 EF 22 27 o2 25U 2 3t SEHA AEE = 7 EE A FS AL ZEOE
E9Uth 29 E= 2o o3 Aloju = 4= 5 YU 2 EE=FHY F& FAodA 22 Eol Alv
208 FEd sty I o] e Y AU BEe A0S Eoll 92 7] " St 1 o]y
TAEETEISULh A TR FE R S HE EP S 2T S AdsUth b 22 A2 SulE7
2, AIZ FEE else Fo] QthH ojH ir Hof] &3l=x WEA o7 Wj &4 Yth

’if testl: if test2: print (x)

o] oM AmEEe] TEET ¥ FotA A, tha 22 AolA, print () TEE2 EF

compound_stmt = if_stmt
| while_ stmt
| for_stmt
| try_stmt
| with_stmt
| match_stmt
| funcdef
| classdef
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| async_with_stmt
| async_for_stmt
| async_funcdef

suite = stmt_1ist NEWLINE | NEWLINE INDENT statement+ DEDENT

statement = stmt_1list NEWLINE | compound_stmt

stmt_list = simple_stmt (";" simple_stmt)* [";"]
T&E50°] @4 NEWLINE © & £131 DEDENT 7} 1 H & WE 5 5ol 58l oF Futh. =3k B2 73
A4 Ao I TFZ AN F gle 7IHERE Al FSH] w2, REEo] gtk 2% 554 8 (5
oMM E THA irwol BT HE AS 87T 2N ‘w2 (dangling) else’” A E S A Th.
BHEL 95 thgol £x BB e By FAEL 4 4L 9xe) Fol $E2 TojY

8.1 if B2
PP ZAR Ao ALH YTk

if_stmt = "if" assignment_expression ":" suite
("elif" assignment_expression ":" suite)*
["else" ":" suite]

2 WAG WA BAAEY G S el T A B3] shpe] 29 =8 A g

= =2] A A(Boolean operations) AA S HAHKQ); IH TS 1 A2YEE A3t (2
T ir RO THE of®l BT A9 vk gro] P4 A $EULH, BE EAAE] Aol oo Ao
2=t (gere) A9 o

while P& EWA 0] F Fok 4L Wt o A H Tk

while_stmt = "while" assignment_expression ":" suite

["else™ ":" suite]
RS HANLS WRAO R HAFIL, FolW, A WA 2= AWFUTh AL ] AZ oW (AL HH
AR S5 dUth else 8] A9 E/H(ohe) AYH 1 228 FR
AR 2N ENX AW = break B2 else A5 AWTA] 1 FZE FEFULH A AR 2 EA
AP = continue T2 2 EL YA &S AUH L A8 AR ol
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for w2 (EAE, 7% B2E T2 AEA Y T2 olHHE A9 S 45E o|HH o] Edt=t AHEH Y
t}:

for_stmt = "for" target_list "in" expression_list ":" suite

["else" ":" suite]

ERA B2 3 W gho] AU o el 2 AR 7L hetok Gt expression_list o Az
olg o] E 7} ksl H Yt 17 thg o] Ei g o5 7} Alg 3t I utith, olEl o7t EH F %HEHE,
~9EZF S WA PPk ol 2 FEo| tiYe] BE A (YE S HAL) O B3 B2
HAdE the, 2 EZFAAF UTE FES0] 2K RS o (o]HH °]E 7} StopIteration ool & 42

A
£ 2 BT, the else o] 2917} (eke) ABH 1 F28 R,
G

A A= = break w2 else Zéﬂ A 5A] 9k =3
AYPE = continue BL AL EY U A RES AYH T v} &

59 A5 S0 PP for- T2 AN o] Fo] A AFE TFHA, T W50

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.

fry BB IFO UG o9 A €))L A e (cleanup) FE E 1 F BFE A A5 o ASH U

try_stmt = tryl _stmt | tryZ_stmt
tryl_stmt = "try" ":" suite
("except" [expression ["as" identifier]] ":" suite)+
["else" ":" suite]
["finally" ":" suite]
try2_stmt = "try" ":" suite
"finally" ":" suite

The except clause(s) specify one or more exception handlers. When no exception occurs in the ¢ ry clause, no exception
handler is executed. When an exception occurs in the t ry suite, a search for an exception handler is started. This search
inspects the except clauses in turn until one is found that matches the exception. An expression-less except clause, if
present, must be last; it matches any exception. For an except clause with an expression, that expression is evaluated, and
the clause matches the exception if the resulting object is “compatible” with the exception. An object is compatible with
an exception if the object is the class or a non-virtual base class of the exception object, or a tuple containing an item that
is the class or a non-virtual base class of the exception object.
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except 2 5 o] A X o Q] v X% x| ¢rod o9 227 AL EHR =D %éE—HOﬂH A<E Yt
THeFexcept 2] Fl T = A g & uf] o2 7} LAY S, Ao Z%’i]ﬂ )

T 5F Ao A A o Qo ts] AAZFAIZRE UL (try & AA 7L o2 & 4ol ﬁ—‘li HAFE Y.
1] ] =] += except @ 9] %ﬁﬂ‘?ﬂﬁlﬂ%lexceptﬂoﬂ A+=as 7] 45(7}0113}‘11)—%01] 273

except Ao 2 E7HAAFUTE EE except 22 A 7 %'PE%% ZhA oF U TH E& 9] o T3,
try & AA 2] Foll A LukA el A3 o] 7#]’“9‘4“/} (Ol 22 2 o elof tisl] F e FHE A e 77 A,
of| 9] 7} k& 2] 2] 719 try Ao A A Th, v Xiﬂﬂ = o) Q] 2 A 2] 5tA] A "tk o] U t})

o9 7bas target & A8 B8 ul, except B ol A AHAH LT o] 2L v

rjﬂ
m
N
o
u)
0
i)
K

except E as N:
foo

7} o) B A MBE = A} 2

>

Yot

except E as N:
try:
foo
finally:
del N

O € except A Foll A2 3he] W o] 95 THE ol Fol v Y5 of Frhs Ik o 2] B A AT o] fr,
A BA =l mo s o), o ol Aot 4% S8 FAAA h R4 A D) A7
EEE EEEEE ERPEEE N TR

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)

"“31:7]-—-5]— else AL Aol EE0] try 2 EE wA 1/]-7]-5_7, o] @] 7} A SHA] ek 3k, return continue
E& break 9] ”‘%E]X] o APHUTH else oA BT o &)= ol L+ except HoA
A 2l= A grE U T

finally 7} Q2 ®, ‘A E] (cleanup)’ X 8] 7] & A AU} except }else B& 23S A, HA try Ao
AP Utt o] 59 01"401]/\174 oAl 9] 7} dojud, o2+ YAl AZF Ut finally o] Ag g Ut
ThoF A G E o9] 7} 9 oW, finally A Eo A thA] R AIZITh finally Ho th2 o9] & o7,

"ol E dor)E finally Aol YA e T oY= TE 28 oz HPYTh I A o9 e AL dofw A TEYTh
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R

e o= A oo AEYAE (context) 2 AAFH YT} finally o] return, break B continue
X

2 gaste, A oo gy

>>> def £():
try:
1/0
finally:
return 42
>>> f()
42

finally A& APshe T FRE T2 a3 AT A FFyTh
try--finally 29 try 29 EOA return, break, continue £o] AFE ufj, finally A& ‘Y7l=
Aol Ay ch

Bl W G2 oAl AW recurn Fo2 AHAYL, finally Bol B4 AP W,
finally oA A8 = return £0] 34 vpx] o] AdE = A o] H Yt}

>>> def foo():
try:
return 'try'
finally:
return 'finally'
>>> foo ()
'finally'

o 9l of] #TF F7F] AW = o o] AMofA FE QAL AYE o7 7] Al raise BE AHESE A
B G W= raise T AAONA 2 U5

WA 3804 W7 mpo] A 3.8 o] Aoll=, continue Fo] FH EAZ A3 finally BolA FA3HA Bk
Fuyrth

8.5 with &
with #2822 AL AYAE HE 2} (with & AEA~E He|A AAE BAR) 7 At AEER
e o A8 o] AL &3t tryexcept-finally A& EZ HeEsHA AAET & =S

with_stmt = "with" ( " (" with_stmt_contents ","? ")" | with_stmt_contents
with_stmt_contents = with_item ("," with_item)*
with_item = expression ["as" target]

shte] “item” & AR&-Sh= with £ A2 thE} o] I H Y th
1. The context expression (the expression given in the with_1item) is evaluated to obtain a context manager.
sl AF&st7] sl A8 AE #e|Ake] __enter () 7 2EHYTh
Ul AHgst7] Aol A AE #EAke] __exit () ZFREHUTH
AEYXE A2jAfe] __enter () MIMEE ZTEFUYTH
hzol iAol 2F= glew, 7o) __enter_ () o Whek ga ti 4P th

A

5

8.5. with & 109
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ZF31: The with stateme

_exit_

nt guarantees that if the __enter_

() method returns without an error, then
() 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.

2]

E o] o]

7} o 9] oo

ﬂ OMA °|

_exit_

=
O 1

frol Fold, A9 £

o =
TESE

2 A% h

) A

__ex1t__

TEWBESYE, 1
W Al 7} ¢ None o] Q1A=

ojd, 2 A5 thA] 4ol

A2 A%

i, dg F

29

with
SUITE

EXPRESSION as TARGET:

o u o2 thg 3t 5P

(EXPRESSION)
type (manager) .
exit type (manager) .
value enter (manager)
hit_except False

manager
enter

try:
TARGET
SUITE
except:
hit_except True
if not exit (manager,
raise
finally:
if not hit_except:
exit (manager,

value

Non

enter
exit

*sys.exc_info()):

e, None, None)

3=

[e]
<] ‘_E__?—Eﬂ);ﬂ_

ol o
-

s} st @

H2E #A= with 0] 5

with A() as a, B()

SUITE

oulde = v

segdth

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 (

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

SUITE

HA310A MG b AE2E 53249 A1

W2 3.109 A] ¥ 7 : Support for using grouping parentheses to break the statement in multiple lines.
o BW7):

PEP 343 - “with” & 3}o]# with #2] 14, v} 7, ©l.

8.6 The match statement

WA 31000 &7}

The match statement is used for pattern matching. Syntax:

match_stmt = 'match' subject_expr ":" NEWLINE INDENT case_block+ DEDENT
subject_expr star_named_expression "," star_named_expressions?

| named_expression

'case' patterns [guard] ":" block

case_block

ZF31: This section uses single quotes to denote soft keywords.

Pattern matching takes a pattern as input (following case) and a subject value (following match). The pattern (which
may contain subpatterns) is matched against the subject value. The outcomes are:

« A match success or failure (also termed a pattern success or failure).

« Possible binding of matched values to a name. The prerequisites for this are further discussed below.
The match and case keywords are soft keywords.
o BW7):

o PEP 634 - Structural Pattern Matching: Specification

o PEP 636 - Structural Pattern Matching: Tutorial

8.6.1 Overview

Here’ s an overview of the logical flow of a match statement:

1. The subject expression subject_expr is evaluated and a resulting subject value obtained. If the subject ex-
pression contains a comma, a tuple is constructed using the standard rules.

2. Each pattern in a case_block is attempted to match with the subject value. The specific rules for success or
failure are described below. The match attempt can also bind some or all of the standalone names within the
pattern. The precise pattern binding rules vary per pattern type and are specified below. Name bindings made
during a successful pattern match outlive the executed block and can be used after the match statement.

ZF31: During failed pattern matches, some subpatterns may succeed. Do not rely on bindings being
made for a failed match. Conversely, do not rely on variables remaining unchanged after a failed match.
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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.

o If the guard evaluates as true or is missing, the block inside case_block is executed.
o Otherwise, the next case_block is attempted as described above.

« If there are no further case blocks, the match statement is completed.

ZF31:  Users should generally never rely on a pattern being evaluated. Depending on implementation, the interpreter
may cache values or use other optimizations which skip repeated evaluations.

A sample match statement:

>>> flag = False
>>> match (100, 200):
case (100, 300): # Mismatch: 200 != 300
print ('Case 1")
case (100, 200) if flag: # Successful match, but guard fails
print ('Case 2")
case (100, y): # Matches and binds y to 200
print (f'Case 3, v: {y}")
case _: # Pattern not attempted
print ('Case 4, I match anything!')

Case 3, y: 200

In this case, if flag is 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: i1
followed by an expression.

The logical flow of a case block with a guard follows:

1. Check that the pattern in the case block succeeded. If the pattern failed, the guard is not evaluated and the next
case block is checked.

2. If the pattern succeeded, evaluate the guard.
« If the guard condition evaluates as true, the case block is selected.
« If the guard condition evaluates as false, the case block is not selected.
« If the guard raises an exception during evaluation, the exception bubbles up.

Guards are allowed to have side effects as they are expressions. Guard evaluation must proceed from the first to the last
case block, one at a time, skipping case blocks whose pattern(s) don’ t all succeed. (I.e., guard evaluation must happen
in order.) Guard evaluation must stop once a case block is selected.
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8.6.3 Irrefutable Case Blocks
An irrefutable case block is a match-all case block. A match statement may have at most one irrefutable case block, and
it must be last.

A case block is considered irrefutable if it has no guard and its pattern is irrefutable. A pattern is considered irrefutable
if we can prove from its syntax alone that it will always succeed. Only the following patterns are irrefutable:

o AS Partterns whose left-hand side is irrefutable

» OR Patterns containing at least one irrefutable pattern
 Capture Patterns

o Wildcard Patterns

« parenthesized irrefutable patterns

8.6.4 Patterns

Z+31: This section uses grammar notations beyond standard EBNF:
« the notation SEP . RULE+ is shorthand for RULE (SEP RULE) *

« the notation ! RULE is shorthand for a negative lookahead assertion

The top-level syntax for patterns is:

patterns n= open_sequence_pattern | pattern
pattern as_pattern | or_pattern

| literal_pattern
| capture_pattern
| wildcard_ pattern
| value_pattern
|

|

|

|

closed_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.
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In simple terms, P1 | P2 | ... will try to match P1, if it fails it will try to match P2, succeeding immediately if
any succeeds, failing otherwise.

AS Patterns

An AS pattern matches an OR pattern on the left of the a s keyword against a subject. Syntax:

as_pattern = or_pattern "as" capture_pattern

If the OR pattern fails, the AS pattern fails. Otherwise, the AS pattern binds the subject to the name on the right of the
as keyword and succeeds. capture_pattern cannotbe a _.

In simple terms P as NAME will match with P, and on success it will set NAME = <subject>.

Literal Patterns

A literal pattern corresponds to most literals in Python. Syntax:

literal_pattern = signed_number
| signed_number "+" NUMBER

| signed_number "-" NUMBER

| strings

| "None"

| "True"

| "False"

| signed_number: NUMBER | "-" NUMBER

The rule strings and the token NUMBER are defined in the standard Python grammar. Triple-quoted strings are
supported. Raw strings and byte strings are supported. 2= 2} ] E] & 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.
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In simple terms NAME will always succeed and it will set NAME = <subject>.

Wildcard Patterns

A wildcard pattern always succeeds (matches anything) and binds no name. Syntax:

wildcard_pattern = L

_ is a soft keyword within any pattern, but only within patterns. It is an identifier, as usual, even within mat ch subject
expressions, guards, and case blocks.

In simple terms, _ will always succeed.

Value Patterns

A value pattern represents a named value in Python. Syntax:
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 . NAME2 will succeed only if <subject> == NAME1l.NAME2

ZF31:  If the same value occurs multiple times in the same match statement, the interpreter may cache the first value
found and reuse it rather than repeat the same lookup. This cache is strictly tied to a given execution of a given match
statement.

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.
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Sequence Patterns

A sequence pattern contains several subpatterns to be matched against sequence elements. The syntax is similar to the
unpacking of a list or tuple.

sequence_pattern = "[" [maybe_sequence_pattern] "]1"
| "(" [open_sequence_pattern] ")"
open_seqgquence_pattern = maybe_star_pattern "," [maybe_sequence_pattern]
maybe_sequence_pattern = ", ".maybe_star_patternt ","?
maybe_star_pattern = star_pattern | pattern
star_pattern = "*" (capture_pattern | wildcard_pattern)
There is no difference if parentheses or square brackets are used for sequence patterns (i.e. (...) vs [...] ).
ZF31: A single pattern enclosed in parentheses without a trailing comma (e.g. (3 | 4))is a group pattern. While a

single pattern enclosed in square brackets (e.g. [3 | 41]) is still a sequence pattern.

At most one star subpattern may be in a sequence pattern. The star subpattern may occur in any position. If no star
subpattern is present, the sequence pattern is a fixed-length sequence pattern; otherwise it is a variable-length sequence
pattern.

The following is the logical flow for matching a sequence pattern against a subject value:
1. If the subject value is not a sequence?, the sequence pattern fails.
2. If the subject value is an instance of str, bytes or bytearray the sequence pattern fails.
3. The subsequent steps depend on whether the sequence pattern is fixed or variable-length.
If the sequence pattern is fixed-length:
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.

2 In pattern matching, a sequence is defined as one of the following:

o a class that inherits from collections.abc.Sequence
« a Python class that has been registered as collections.abc.Sequence
« a builtin class that has its (CPython) Py_TPFLAGS_SEQUENCE bit set
« aclass that inherits from any of the above

The following standard library classes are sequences:
e array.array
e collections.deque
e list
e memoryview
e range
e tuple

By
f

: Subject values of type str, bytes, and bytearray do not match sequence patterns.
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3. If the previous step succeeds, the star subpattern matches a list formed of the remaining subject items, ex-
cluding the remaining items corresponding to non-star subpatterns following the star subpattern.

4. Remaining non-star subpatterns are matched to their corresponding subject items, as for a fixed-length se-
quence.

ZF31: The length of the subject sequence is obtained via 1en () (i.e. viathe __len__ () protocol). This length
may be cached by the interpreter in a similar manner as value patterns.

In simple terms [P1, P2, P3, -, P<N>] matches only if all the following happens:
 check <subject> is a sequence
e len(subject) == <N>
e P1 matches <subject>[0] (note that this match can also bind names)
e P2 matches <subject>[1] (note that this match can also bind names)

« --- and so on for the corresponding pattern/element.

Mapping Patterns

A mapping pattern contains one or more key-value patterns. The syntax is similar to the construction of a dictionary.
Syntax:

mapping_pattern = "{" [items_pattern] "}"
itemsfpattern = ", L key_Value_pattern+ " , "o
key_value_pattern = (literal_pattern | value_pattern) ":" pattern

| double_star_pattern
"x*W capture_pattern

double_star_pattern

At most one double star pattern may be in a mapping pattern. The double star pattern must be the last subpattern in the
mapping pattern.

Duplicate keys in mapping patterns are disallowed. Duplicate literal keys will raise a SyntaxError. Two keys that
otherwise have the same value will raise a ValueError at runtime.

The following is the logical flow for matching a mapping pattern against a subject value:
1. If the subject value is not a mapping’,the mapping pattern fails.

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.

3 In pattern matching, a mapping is defined as one of the following:
« a class that inherits from collections.abc.Mapping
« a Python class that has been registered as collections.abc.Mapping
« a builtin class that has its (CPython) Py_TPFLAGS_MAPP ING bit set
« aclass that inherits from any of the above
The standard library classes dict and types.MappingProxyType are mappings.
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ZF31:  Key-value pairs are matched using the two-argument form of the mapping subject’ s get () method.
Matched key-value pairs must already be present in the mapping, and not created on-the-fly via _ _missing__ ()
or __getitem__ ().

In simple terms {KEY1: P1, KEY2: P2, ... } matches only if all the following happens:

o check <subject> is a mapping
e KEY1l in <subject>
e P1 matches <subject>[KEY1]

« - and so on for the corresponding KEY/pattern pair.

Class Patterns

A cl

ass pattern represents a class and its positional and keyword arguments (if any). Syntax:

class_pattern n= name_or_attr " (" [pattern_arguments ","?] ")"
pattern_arguments n= positional_patterns ["," keyword_ patterns]
| keyword_patterns
positional_patterns = ", ".pattern+
keyword_patterns = ", ".keyword _pattern+
keyword_pattern u= NAME "=" pattern
The same keyword should not be repeated in class patterns.

The
1

following is the logical flow for matching a class pattern against a subject value:

. If name_or_attr is not an instance of the builtin type , raise TypeError.

2. If the subject value is not an instance of name_or_attr (tested via isinstance () ), the class pattern fails.

3. If no pattern arguments are present, the pattern succeeds. Otherwise, the subsequent steps depend on whether

keyword or positional argument patterns are present.

For a number of built-in types (specified below), a single positional subpattern is accepted which will match the
entire subject; for these types keyword patterns also work as for other types.

If only keyword patterns are present, they are processed as follows, one by one:

I. The keyword is looked up as an attribute on the subject.
« If this raises an exception other than AttributeError, the exception bubbles up.
o If this raises AttributeError, the class pattern has failed.

« Else, the subpattern associated with the keyword pattern is matched against the subject’ s attribute value. If
this fails, the class pattern fails; if this succeeds, the match proceeds to the next keyword.

II. 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.
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o 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__ [1] 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:

e bool

e bytearray
e bytes

e dict

e float

e frozenset
e int

e list

e set

e Str

e tuple

These classes accept a single positional argument, and the pattern there is matched against the whole object rather
than an attribute. For example int (0| 1) matches the value O, but not the value 0. 0.

In simple terms CLS (P1, attr=P2) matches only if the following happens:
e isinstance (<subject>, CLS)
« convert P1 to a keyword pattern using CLS.___match_args___
« For each keyword argument attr=P2:
- hasattr (<subject>, "attr")
- P2 matches <subject>.attr
« - and so on for the corresponding keyword argument/pattern pair.
¢ BW7):
o PEP 634 - Structural Pattern Matching: Specification
o PEP 636 - Structural Pattern Matching: Tutorial
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8.7 g H2

5 A SR Y B4 AA (BT A5 A4S BAL) § ATk

funcdef = [decorators] "def" funcname " (" [parameter_list] ")"
["->" expression] ":" suite

decorators u= decorator+t

decorator = "Q" assignment_expression NEWLINE

parameter_list = defparameter ("," defparameter)* "," "/" ["," [parameter_.
| parameter_list_no_posonly

parameter_list_no_posonly = defparameter ("," defparameter)* ["," [parameter_list_stai
| parameter_list_starargs

parameter_list_starargs = "*" [parameter] ("," defparameter)* ["," ["**" parameter
| "**" parameter [","]

parameter = identifier [":" expression]

defparameter = parameter ["=" expression]

funcname RES identifier

5 Aol AWT 5 e BFAUh A AR A o] F Fe] T4 ol F L T4 AA (5 A

7hest A= E F A @l F (wrapper)). ©] &5 A= AR o5 Ftel i FRE E3st=d, 47t

S22 A o] g FRo2 AgH UL

T Aol F4o uid & AYsHA s Utk 4732 w AP oh!

34 Qo) sk 7 ol Ake) tl e olE RUA R PR 5 gk dFdolE EA4L T4}

golg u), 34 Ao 8 EFSHE 2T LA S FHTh 1 AR FelBolojof shu, ¥4 AA WL

QA2 A3 A BEF Uk Wk ghol B4 A B4 B9 o] Fol AFH Utk of @ A vl ze ol el

FAs e oz 487U o g B0l e e m=

Qfl (arg)

@f2

def func(): pass

def func(): pass
func = fl(arg) (£2 (func))

Aef o] Fr7F AAIZ o] F func ol AZH A ethe A v ThE YT

W A 3.9 A ¥ 7 : Functions may be decorated with any valid assignment_expression. Previously, the gram-
mar was much more restrictive; see PEP 614 for details.

Bhupit 1 o] ] w7l 4= E o parameter— expression )& 7HA wf, 7t <71 B w7 A 3 Zetha
3ok 71230 e i) A, 2T w St A E AT 4 gla, 1 o vy
718 3ko]l ASFUth weF L 7| R3S 7FA E, <x” }Xl IFEHEE REWNHSE 7| 2GS

A oF ik — o A w Ao AR A b T A Ak

Default parameter values are evaluated from left to right when the function definition is executed. This means
that the expression is evaluated once, when the function is defined, and that the same “pre-computed” value is used for
each call. This is especially important to understand when a default parameter value is a mutable object, such as a list or
a dictionary: if the function modifies the object (e.g. by appending an item to a list), the default parameter value is in
effect modified. This is generally not what was intended. A way around this is to use None as the default, and explicitly
test for it in the body of the function, e.g.:

Pge it A A BFo R 545 24D dHEL §49 doc ojEelRER WEs o] oo SA=

ot

ol Uk
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def whats_on_the_telly (penguin=None) :
if penguin is None:
penguin = []
penguin.append ("property of the zoo")
return penguin

Function call semantics are described in more detail in section & <. A function call always assigns values to all parameters
mentioned in the parameter list, either from positional arguments, from keyword arguments, or from default values. If the
form “*identifier” is present, it is initialized to a tuple receiving any excess positional parameters, defaulting to the
empty tuple. If the form “**identifier” is present, it is initialized to a new ordered mapping receiving any excess
keyword arguments, defaulting to a new empty mapping of the same type. Parameters after “*” or “*identifier”
are keyword-only parameters and may only be passed by keyword arguments. Parameters before “/” are positional-only
parameters and may only be passed by positional arguments.

W 7 3.89]| 4] ¥ 7: The / function parameter syntax may be used to indicate positional-only parameters. See PEP 570
for details.

1 7H‘?i‘re 2 7 o] & F o] L= “: expression” FE|Q o] H o] AL 7HE = JdHUTH BE )
Ha= o] golHAE 71 4 =0, *identifier W **identifier FE|R X} 228 51Utk T4= o 7
e 55 Fo e <> expreSSlon” FEf o] W (“return”) o ;e H| o] S 7HE 4 Ql5 U T ©] o] = H| o]
AEE S0 ol HAA oIR8 Aol B 5 itk oled ol 9] EAE P4 96l E v
AUtk ojeH oA FE2 T4 7“7414 __annotations__ oJEE]{FEA ujj 7| L—r/l o5& 7|2 3=
gAY o2 AlgF Utk _ future_ oA annotations € YEXEFH, X dH jé‘ﬂﬂ'%!"‘éﬁl-ﬂoi
oo A2 A Aol EALE HEF UL 124 oot - o)k AFD w BAR U o 33
orH O] AX FE Y= AL TE SAR -ﬁ7}a T 91’5‘4‘:}-

EUAIA 24 48317 A9, 01F g D1l AAHA e T Y AL Sbs T, o
AL gt} T H AL AFL3=d], 2ok (Lambdas) A A A A3ttt St AL thE3E 34 Hol &
A=A Bl AA dethe Aol YA 8; “der” A AH Tt AR HoH
AT AR A O o ol AT 5 AT of 2] 2] B AW Az ol el o] 48 5l ek}
7 W ol “de £ FEN 7} AL ] e

Zgav Fo] AFg: T HAE FE A (first-class) A o) T4 L QoA AAE & “def” B2 EH
FAGARE 5 U5 A BoE A FULE FHY Bl A AT £ AF WSS 1 def & T HHE
ghro] 2 ML ES AT 5 JdH U o AN S ‘41&3 o] 53} A 4 (binding) A A& E*ﬂL.

T 17

oo
N
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+
0
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=
8.8 a2 Ho|
SR A= A2 AA (Y A AHAS EAL)E FYFYh
classdef = [decorators] "class" classname [inheritance] ":" suite
inheritance = "(" l[argument_1list] ")"
classname = identifier

S B A 7 e AU Th A (inheritance) 552 W5 Wo]x S 259 HHS AlF st
I

(8 37 Agol el e vler 2o & HAR), B2 2 §E2 2 PR u AN A4S Lo 2
gl A7} E ol of Ttk A% B0l Qs FeAE, ARA LT, Wolx Ze2 object B ASTITH
2 A
class Foo:

pass

= Hedessgddn

class Foo (object) :
pass

Feleso] 2=t R GEold A olF Ut ALY A o) UL AL AR 29 (01521
&1 2 (binding) & HA| 214 SAF T (45, 29 =L 2§45 A5 LI Th) 229 29
=AY B0, A A Qe et 249 A O Fhe REGUY. 2 UE AL BEL
Wol s ZUAEE, HEA A o T F12 JERE GV AEHA A 22 AR E HFULH
Zo)20) o] 2L Aele] A o] B Bl o] 2ol A9 AAH YT

S vt oA A EREZF HoE = A=, M FH2Y __dict_ o EEH YT} o] A2 a7}
ol A 3o, Ho] TS AHESA B = S SolARAIFE T 5 Jthe Aol o) oF fhth
Do) AL e 2ol s 2 ASHA A ALEH T 28 5 ASUTH

ZHlx A FrEH Y old T A H HEZY o ET + 5yt

Qfl (arqg)

Qf2

class Foo: pass

£ ok S5 g

class Foo: pass
Foo = f1l(arg) (f2 (Foo))

dzdlole EdAY e P FAL 5 dTalol st 2EUh 28 0 1 A 22 o] Sof
A2 Y

WA 3.99]| 4] ¥ 7 Classes may be decorated with any valid assignment_expression. Previously, the grammar
was much more restrictive; see PEP 614 for details.

zZ2aHm o] A ZH A Ao AYgHEHFES FH2 AEYREYUTE o)A A2dA T
of FHHULE d2EHA JEGRE= HAEA self.name = value & AAE = A5tk S} 29}
AAE A OELHE BF “self.name” B7|HOZ YN 2T 4= Q131,03 Aoz 0“ Mg u] Aag
JEZREE L2059 ZH2EFREE 7IHULE Fda oE ﬂ%E‘: ‘ﬂé‘%jé oJEBREY]

SZganite A WA BRor S4%E EAY PEHES 208 32 __doc_ FEOE WEH o Zerg SAET o
Fun
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7|2 o2 ASE ¥ gk A

OE 78 ZAE e d2ad 2 e E BE =0 AR S 5 5 YT

] B7):

PEP 3115 - 5}o] % 30002] We} Fel|l A~ wE FH 2 AAES A EHeE WHAsIY, WE ST &= F
HAE TS B o nE WA= Al

PEP 3129 - e~ dlZ & olg] Fej v o8& F713t= Al Qt 42} vl A =t 28] o] ¥ = PEP 3189]
A E=ELdHAdF U

89 3

4m

WA 3.50] =7}

8.9.1 AREl &4 Ho
async_funcdef = [decorators] "async" "def" funcname " (" [parameter_list] ")"

w.nmn

["->" expression] suite

Execution of Python coroutines can be suspended and resumed at many points (see coroutine). await expressions,
async forand async with can only be used in the body of a coroutine function.

async def THOZ HH gt JA TFE g9, await Yasync 7| EE 233K Q= ¢ =

rr

A=l
FAEE T vt ¢tol A yield from EHA S AFE 8+ A& SyntaxError YUTh
228 G5 of
async def func(paraml, param2):
do_stuff ()

await some_coroutine ()

W7 3.7 4] Y 7: await and async are now keywords; previously they were only treated as such inside the body of
a coroutine function.

8.9.2 async for &

async_for_stmt = "async" for_stmt

HlE7) ol Bl e & & HlE 7] olHolE & A WhEete  aiter WA EE AFStL, HlE 7] olH o]
Bl A4 anext_ HA Z o] A] a]Eﬂ CASE-S - E B
o]

async for B2 H|%7] o]g| &£l tf g H 2|3} o] E] ¥

=3 g2 IEE

async for TARGET in ITER:
SUITE

else:
SUITEZ2

ofv) o B3t SEHY Lk
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iter = (ITER)
iter = type(iter).__aiter__ (iter)
running = True

while running:

try:
TARGET = await type(iter).__anext__ (iter)
except StopAsyncIteration:
running = False
else:
SUITE
else:
SUITEZ2

Seealso_ _aiter () and___anext_ () for details.

FFH 49 vhy] ghell A async for & AFS38HE 22 SyntaxError YU th

8.9.3 async with &

async_with_stmt = "async" with_stmt
v 5 7] A e ~E Fef 2t = enter 2 exit I E0 A AYS A FAT 4 Qe AEH~E Ae| Ak Yot

e e mE:

async with EXPRESSION as TARGET:
SUITE

olu) 4o 2 T} 7 F5 U )

manager = (EXPRESSION)

aenter = type (manager).__aenter_
aexit = type (manager).__aexit_
value = await aenter (manager)

hit_except = False

try:
TARGET = wvalue
SUITE
except:
hit_except = True
if not await aexit (manager, *sys.exc_info()):
raise
finally:

if not hit_except:
await aexit (manager, None, None, None)

Seealso__aenter () and ___aexit__ () for details.
FFE g4 vy §hel A async with & A3+ 21 SyntaxError Y Uth
o ®B7]:

PEP 492 - async ¢} await &H-& A}-83}
=W A= F7HE A ¢k

28 2RUS sholdolA 44% S Ao BEL,

e
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(Grammar/python.gram< 234 A| ). o] HAL F= A o] B2 A A FE AR E Ayt

The notation is a mixture of EBNF and PEG. In particular, & followed by a symbol, token or parenthesized group indicates
a positive lookahead (i.e., is required to match but not consumed), while ! indicates a negative lookahead (i.e., is required
not to match). We use the | separator to mean PEG’ s “ordered choice” (written as / in traditional PEG grammars).
See PEP 617 for more details on the grammar’ s syntax.

# PEG grammar for Python

file: [statements] ENDMARKER

interactive: statement_newline

eval: expressions NEWLINE* ENDMARKER

func_type: '(' [type_expressions] ')' '->' expression NEWLINE* ENDMARKER
fstring: star_expressions

# type_expressions allow */** but ignore them
type_expressions:

', '.expression+ ',' '*' expression ',' '**' expression
', '.expressiont ',' '*' expression
', '.expressiont ',' '"**' expression

|
\
\
| '"*' expression ',' '"**' expression

| '*' expression

| "**' expression

| ', '.expression+
statements: statement+
statement: compound_stmt | simple_stmts
statement_newline:

| compound_stmt NEWLINE

| simple_stmts

| NEWLINE

| ENDMARKER

(THS seTATol A1)
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simple_stmts:
| simple_stmt !';' NEWLINE # Not needed, there for speedup
[ ';'.simple_stmt+ [';'] NEWLINE
# NOTE: assignment MUST precede expression, else parsing a simple assignment
# will throw a SyntaxError.
simple_stmt:
| assignment
| star_expressions
| return_stmt
| import_stmt
| raise_stmt
| 'pass'
| del_stmt
| yield_stmt
| assert_stmt
| 'break'
| 'continue'
| global_stmt
| nonlocal_stmt
compound_stmt:
| function_def
| 1f_stmt
| class_def
| with_stmt
| for_stmt
| try_stmt
| while_stmt
| match_stmt

# NOTE: annotated_rhs may start with 'yield'; yield expr must start with 'yield'
assignment:
| NAME ':' expression ['=' annotated_rhs ]
[ ("('" single_target ')'
| single_subscript_attribute_target) ':' expression ['=' annotated_rhs ]
| (star_targets '=' )+ (yield_expr | star_expressions) !'=' [TYPE_COMMENT]
| single_target augassign ~ (yield expr | star_expressions)

augassign:

Te<="
T>>=1
Tkx=1

V)=

global_stmt: 'global' ', ' .NAME+
nonlocal_stmt: 'nonlocal' ', '.NAME+

yield_stmt: yield_expr

(Th= s Ao AI%H)
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assert_stmt: 'assert' expression [',' expression ]
del_stmt:
| 'del' del_targets &(';' | NEWLINE)
import_stmt: import_name | import_from
import_name: 'import' dotted_as_names
# note below: the ('.' | '...') is necessary because '...' is tokenized as ELLIPSIS
import_from:
| '"from' ('.' | '...')* dotted_name 'import' import_from_targets
[ "from' ('.' | '...")+ 'import' import_from_ targets

import_from_targets:

[ '"('" import_from_as_names [','] ')'

| import_from_as_names !','

[
import_from_as_names:

[ ', '".import_from_as_name+
import_from_as_name:

| NAME ['as' NAME ]
dotted_as_names:

| ','".dotted_as_name+
dotted_as_name:

| dotted_name ['as' NAME ]
dotted_name:

| dotted_name '.' NAME

| NAME
if_stmt:

| "if' named_expression ':' block elif_stmt

| "if' named_expression ':' block [else_block]
elif stmt:

| 'elif' named_expression ':' block elif_stmt

| 'elif' named_expression ':' block [else_block]
else_Dblock:

| 'else' ':' block

while_stmt:

| 'while' named_expression ':' block [else_block]
for_stmt:
| '"for' star_targets 'in' ~ star_expressions ':' [TYPE_COMMENT] block [else_block]
| ASYNC 'for' star_targets 'in' ~ star_expressions ':' [TYPE_COMMENT] block [else_
—block]
with_ stmt:
| 'with' ' (' ','.with_item+ ','? ")' ':' Dblock
| 'with' ','.with_item+ ':' [TYPE_COMMENT] block
| ASYNC 'with' '(' ','.with_item+ ','? '")' ':' block
| ASYNC 'with' ','.with_item+ ':' [TYPE_COMMENT] block

with_item:

| expression 'as' star_target &('," | ")'" | ':")
| expression
try_stmt:
| 'try' ':' block finally block
| 'try' ':' block except_block+ [else_block] [finally_block]

(Th= s Ao AI%H)

129




The Python Language Reference, £A| B{Z 3.10.16

(o1 o] A ol A A)

except_block:

| 'except' expression ['as' NAME ] ':' block
| 'except' ':' block

finally_block:
| 'finally' ':' Dblock

match_stmt:
| "match" subject_expr ':' NEWLINE INDENT case_block+ DEDENT
subject_expr:
| star_named_expression ',' star_named_expressions?
| named_expression
case_block:
| "case" patterns guard? ':' block
guard: 'if' named_expression

patterns:
| open_sequence_pattern
| pattern
pattern:
| as_pattern
| or_pattern
as_pattern:
| or_pattern 'as' pattern_capture_target
or_pattern:
[ "|]'.closed_patternt

closed_pattern:

| literal_pattern
| capture_pattern

| wildcard_pattern
| value_pattern

| group_pattern

| sequence_pattern
| mapping_pattern

| class_pattern

# Literal patterns are used for equality and identity constraints
literal_pattern:
| signed_number ! ('+' [ '-")
| complex_number
| strings
| '"None'
| '"True'
| 'False'

# Literal expressions are used to restrict permitted mapping pattern keys
literal_expr:
| signed_number ! ('+' | '-")
| complex_number
| strings
| '"None'
| '"True'
| 'False'

complex_number:
| signed_real_number '+' imaginary_number
| signed_real number '-' imaginary_number

(Th= s Ao AI%H)
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signed_number:
| NUMBER
| '"-'" NUMBER

signed_real_number:
| real_number
| '-'" real_number

real_ number:
| NUMBER

imaginary_number:
| NUMBER

capture_pattern:
| pattern_capture_target

pattern_capture_target:
‘ !ll n NAME !(V.l ‘ '(l ‘ V:l)

wildcard_pattern:

‘ non

value_pattern:

[ attr (. [ (| =)
attr:

| name_or_attr '.' NAME
name_or_attr:

| attr

| NAME

group_pattern:
[ "(' pattern ")'

sequence_pattern:
[ '"[' maybe_sequence_pattern? ']’
| '(' open_sequence_pattern? ')'
open_sequence_pattern:

| maybe_star_pattern ',' maybe_sequence_pattern?
maybe_sequence_pattern:
| ','.maybe_star_pattern+ ','?

maybe_star_pattern:
| star_pattern
| pattern

star_pattern:
| '"*' pattern_capture_target
| '*'" wildcard_pattern

mapping_pattern:
Loy
| '{' double_star_pattern ','? '}’
| '"{'" items_pattern ',' double_star_pattern ','?
[ '"{'" items_pattern ','? '}'
items_pattern:
| ','".key_value_pattern+

(TS sl AToT A
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key_value_pattern:

| (literal_expr | attr) ':' pattern
double_star_pattern:

| "**' pattern_capture_target

class_pattern:
| name_or_attr '(' ")
| name_or_attr '(' positional_patterns ','? ')'
| name_or_attr '(' keyword_patterns ','? ')'
| name_or_attr '(' positional_patterns ',' keyword_patterns ','? ')’
positional_patterns:
| ', '".pattern+
keyword_patterns:
| ', '".keyword_pattern+t
keyword_pattern:
| NAME '=' pattern

return_stmt:
| 'return' [star_expressions]

raise_stmt:
| 'raise' expression ['from' expression ]
| 'raise'

function_def:
| decorators function_def_raw

| function_def_raw

function_def_ raw:

| 'def' NAME ' (' [params] ')' ['->' expression ] ':' [func_type_comment] block
| ASYNC 'def' NAME ' (' [params] ')' ['->' expression ] ':' [func_type_comment].
—block
func_type_comment:
| NEWLINE TYPE_COMMENT & (NEWLINE INDENT) # Must be followed by indented block

| TYPE_COMMENT

params:
| parameters

parameters:
| slash_no_default param_no_default* param _with_default* [star_etc]
| slash_with_default param with_default* [star_etc]
| param_no_default+ param with_default* [star_etc]
| param_with_default+ [star_etc]
| star_etc

# Some duplication here because we can't write (',' | &')"),
# which is because we don't support empty alternatives (yet).
#
slash_no_default:

| param_no_default+ '/' ',

| param_no_default+ '/' &')"

slash_with_default:
| param_no_default* param_with_default+ '/' ',
| param_no_default* param _with_default+ '/' &"')'

star_etc:

(Th= s Ao AI%H)
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| "*' param_no_default param_maybe_default* [kwds]
[ '*' ',' param_maybe_default+ [kwds]
| kwds
kwds '**%' param_no_default
# One parameter. This *includes* a following comma and type comment.
#
# There are three styles:
# — No default
# — With default
# — Maybe with default
#
# There are two alternative forms of each, to deal with type comments:
# — Ends in a comma followed by an optional type comment
# — No comma, optional type comment, must be followed by close paren
# The latter form is for a final parameter without trailing comma.
#

param_no_default:

| param ',' TYPE_COMMENT?

| param TYPE_COMMENT? &')'
param_with_default:

| param default ',' TYPE_COMMENT?

| param default TYPE_COMMENT? &')'
param_maybe_default:

| param default? ',' TYPE_COMMENT?

| param default? TYPE_COMMENT? &')'
param: NAME annotation?

annotation: ':' expression
default: '=' expression
decorators: ('Q@' named_expression NEWLINE

class_def:
| decorators class_def_raw
| class_def_ raw
class_def_raw:
| 'elass' NAME [' (' [arguments] ')' ]
block:
| NEWLINE INDENT statements DEDENT

| simple_stmts

star_expressions:

| star_expression (','
| star_expression ','
| star_expression
star_expression:

| "' bitwise_or

| expression

star_named_expressions:
star_named_expression:
| "' bitwise_or
| named_expression

star_expression )+

', '.star_named_expression+

) +

block

[l

(', ']

(Th= s Ao AI%H)
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assignment_expression:
| NAME ':=' ~ expression

named_expression:
| assignment_expression
| expression !':="'

annotated_rhs: yield expr | star_expressions

expressions:
| expression (',' expression )+ [',']
| expression ',
| expression
expression:
| disjunction 'if' disjunction 'else' expression
| disjunction
| lambdef

lambdef:
| '"lambda' [lambda_params] ':' expression

lambda_params:
| lambda_parameters

# lambda_parameters etc. duplicates parameters but without annotations
# or type comments, and if there's no comma after a parameter, we expect
# a colon, not a close parenthesis. (For more, see parameters above.)
#
lambda_parameters:
| lambda_slash no_default lambda_param_no_default* lambda_param with_default*.
— [lambda_star_etc]
| lambda_slash_with_default lambda_param with default* [lambda_star_etc]
| lambda_param no_default+ lambda_param with_default* [lambda_star_etc]
| lambda_param_with_default+ [lambda_star_etc]
| lambda_star_etc

lambda_slash_no_default:
| lambda_param_no_default+ '/' ', '
| lambda_param_no_default+ '/' &':"'
lambda_slash_with_default:
| lambda_param_no_default* lambda_param_with_default+ '/' ',
| lambda_param_no_default* lambda_param with_default+ '/' &':'

lambda_star_etc:
[ '"*' lambda_param_no_default lambda_param _maybe_default* [lambda_kwds]
[ '*r ', ' lambda_param _maybe_default+ [lambda_kwds]
| lambda_kwds

lambda_kwds: '"**' lambda_param_no_default

lambda_param_no_default:
| lambda_param ','
| lambda_param &':'
lambda_param_with_default:
| lambda_param default ','
| lambda_param default &':'

(Th= s Ao AI%H)
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lambda_param_maybe_default:
| lambda_param default? ','
| lambda_param default? &':'
lambda_param: NAME

disjunction:
| conjunction ('or' conjunction )+
| conjunction
conjunction:
| inversion ('and' inversion )+
| inversion
inversion:
| '"mot' inversion
| comparison
comparison:
| bitwise_or compare_op_bitwise_or_pair+
| bitwise_or
compare_op_bitwise_or_pair:
| eq_bitwise_or
| noteq bitwise_or
| lte_bitwise_or
| lt_bitwise_or
| gte_bitwise_or
| gt_bitwise_or
| notin_bitwise_or
| in_bitwise_or
| isnot_bitwise_or
| is_bitwise_or
eq_bitwise_or: '==' bitwise_or

noteqg_bitwise_or:

[ ("!='" ) bitwise_or
lte_bitwise_or: '<=' bitwise_or
1lt_bitwise_or: '<' bitwise_or
gte_bitwise_or: '>=' bitwise_or
gt_bitwise_or: '>' bitwise_or
notin_bitwise_or: 'mot' 'in' bitwise_or
in_bitwise_or: 'in' bitwise_or
isnot_bitwise_or: 'is' 'not' bitwise_or
is_bitwise_or: 'is' bitwise_or

bitwise_or:
| bitwise_or '|' bitwise_xor
| bitwise_xor

bitwise_xor:
| bitwise_xor '"' bitwise_and
| bitwise_and

bitwise_and:
| bitwise_and '&' shift_expr
| shift_expr

shift_expr:
| shift_expr '<<' sum
| shift_expr '>>' sum
| sum

sum:
| sum '+' term
| sum '-' term

(Th= s Ao AI%H)
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| term
term

| term '*' factor

| term '/' factor

| term '//' factor

| term '$' factor

| term '@' factor

| factor
factor:

| '+' factor

| '-' factor

| '"~' factor

| power
power:

| await_primary '**' factor

| await_primary
await_primary:

| AWAIT primary

| primary
primary:

| primary '.' NAME

| primary genexp

| primary ' (' [arguments] ')'

| primary '[' slices ']'

| atom
slices:

| slice !',"!

| ', '".slice+ [', "]
slice:

| [expression] ':' [expression] [':' [expression] ]

| named_expression
atom

| NAME

| '"True'

| 'False'

| '"None'

| strings

| NUMBER

| (tuple | group | genexp)

| (list | listcomp)

| (dict | set | dictcomp | setcomp)

[
strings: STRING+
list:

[ '"['" [star_named_expressions] ']'
listcomp:

'[' named_expression for_if clauses ']'

tuple:

| '('" [star_named_expression ',' [star_named_expressions] I
group:

| "('" (yield_expr | named_expression) ')'
genexp:

[ "('" ( assignment_expression | expression !':=') for_if_ clauses ')'
set: '{' star_named_expressions '}'
setcomp:

(Th ST eTATell AI%)
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| '"{' named_expression for_if clauses '}'

dict:

[ '"{'" [double_starred_kvpairs] '}'
dictcomp:

[ "{'" kvpair for_if clauses '}'
double_starred_kvpairs: ','.double_starred_kvpair+ [',']

double_starred_kvpair:
| "**' bitwise_or
| kvpair
kvpair: expression ':' expression
for_if clauses:
| for_if_ clause+
for_if_ clause:

| ASYNC 'for' star_targets 'in' ~ disjunction ('if' disjunction )*
| 'for' star_targets 'in' ~ disjunction ('if' disjunction )*
yield_expr:

| 'yield' 'from' expression
| 'yield' [star_expressions]

arguments:
| args [','] &")'
args:
| ','.(starred_expression | ( assignment_expression | expression !':=") !'=")+ [',
— "' kwargs ]
| kwargs
kwargs:
| '",'".kwarg_or_starred+ ',' ','.kwarg_or_double_starred+

| '",'.kwarg_or_starred+

| '",'.kwarg_or_double_starred+
starred_expression:

| '*' expression
kwarg_or_starred:

| NAME '=' expression

| starred_expression
kwarg_or_double_starred:

| NAME '=' expression

| "**' expression

# NOTE: star_targets may contain *bitwise_or, targets may not.
star_targets:

| star_target !','

| star_target (',' star_target )* [',']
star_targets_list_seq: ','.star_target+ [',']
star_targets_tuple_seq:

| star_target (',' star_target )+ [',']

| star_target ','!
star_target:
[ "*' (!'*'" star_target)
| target_with_star_atom
target_with_star_atom:
| t_primary '.' NAME !t_lookahead
| t_primary '[' slices ']' !t_lookahead
| star_atom
star_atom:

(Th= s Ao AI%H)
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| NAME
| '"(' target_with_star_atom ')'
[ "(' [star_targets_tuple_seq] ')'
| '['" [star_targets_list_seq] ']'
single_target:
| single_subscript_attribute_target
| NAME
| "(' single_target ')'
single_subscript_attribute_target:
| t_primary '.' NAME !t_lookahead
| t_primary '[' slices ']' !t_lookahead

del_targets: ','.del_target+ [',']

del_target:
| t_primary '.' NAME !t_lookahead
| t_primary '[' slices ']' !t_lookahead

| del_t_atom
del_t_atom:

| NAME
[ "('" del_target '")'
[ "('" [del_targets] '")'
| '[" [del_targets] ']'

t_primary:

| t_primary '.' NAME &t_lookahead
| t_primary '[' slices ']' &t_lookahead
| t_primary genexp &t_lookahead
| t_primary '(' [arguments] ')' &t_lookahead
| atom &t_lookahead
t_lookahead: ' (" | '"[" | '.'
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FEHE 71Utk vE 7] Al old olH e o8 7} __anext_ () 7FEEF = & ] o gl o] E
EZ2 AMNEE, Wt 2oz BTt PEP 4922} PEP 5255 E/ﬂ]ﬁ.

asynchronous iterable (H] 5 7] o]E]#] &) async for oA AFRE 4 Y= AA. _ aiter () HIAEE:
v 5 7] olH @l ol & B8 oF Ttk PEP 492 2 = Y= dFUth

asynchronous iterator (H] % 7] o]€]#&|o]€]) __aiter_ () &} __anext_ () WA EE 3= AA.
__anext___ = ol olgHE AAE S8 FoF Y D]- async for: StopAsyncIteration 997}
WA S w7} 2] v % 7] o] E @ o] E]Q _ anext_ () BIHEV} S8 FE ojgolEELS YT} PEP

49282 =45 A5tk

attribute (o] E2]J 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 ().

awaitable (o] o|E18) await ZAA o] AL = = AA. ZFE ojvk __await () WINEE 7
AA7FE 4 A5 Y Th PEP 4925 H A 2.

BDFL #}v] 2-& £ 41 &2 A} (Benevolent Dictator For Life), < Guido van Rossum, 3}0] %1 2] ZFA] 2},

binary ile (Sho] 2] shel) v}o) =5 A7 52 913 % 5 sl 5 A, vhe] Aol Aol Az vpo
HE] Z= ("rb', 'wb' E= 'rb+') 2 €9 3}Y, sys.stdin.buffer, sys.stdout .buffer, io.
BytesIO &l gzip.GzipFile & A2EHAE &5 4= 95Ut

str AAE AL 2 5 9 L AR tal AL Bk 5 E Fxa L.
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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.

bytes-like object (B} o] E Q5 M A)]) bufferobjects S X P31 C-A% HHE AAZE & 5 g5 Yt} o
_’Ememory\uew AAEL EECX bytes bytearray, array. array AHNEL T .
OJEGF A= H}O]Lﬂﬂ dolHE thF+ o 8] 71A A4rEdd AH8E 5 dFUTh 45, vhol v gl
A2 A%, & ]2 Tt AS T2 A= 01—14‘3]'

o H QA2 upol ]2 o] el 7 AW A L AR AU ol @ AL AHAL BF g 027 vl
Ol EEQRF AA et @ YTE 7P H I QA2 d|E=bytearray bytearray & memoryview
79 Aqu} T2 252 vho| g Hlo]El 7L B9 AR (<9} 7] AL vlo| EL R AR o] AZEH =
278U old A5 dZE=bytes@bytes A9 memoryview 7} JH U T
Pl

bytecode (H}o]E F &) wlo]H A2 F == HlolE =2 ZAutAE =], CPython ¢8| Z 8] g of| A] u}o] A
22 IR YR YUY vio]E FE+= .pyc 3ol A Hol, 22 3L S F A AF T o
o et A A REF U T (Ao A] vlo] E I ER O AAIGLE I T 5 d5YTh. 9] “27} Aof” = 7+
Hpol E I = o g)-g-3h= 7| A& A sle 7 714 A Aty D Yth ol E IEE A2 OE
o] 71t 71 Ao A FEE AR 7t EHA =, 3ho] A w3 Thol| Qb A o] A & gkt Aol s of
Fch
HlolE I E Hgol59 552 dis ZE AH A U3yt

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.

callback (2) 9122 A= w#o] o] u A|HojA] As)E A H =8 s,
cass (Fe2) AR Ao AAES BE7] AT T, SR AFo e HF FHa dadasdor
AAE= YA E A 5L 283k
class variable (Fe) 22 W) Fel o)A AOH 1 oA FF (5, Fe 20 AT A7 ohEh AR
:‘Q - 1__'T‘
coercion (Z.o]A) 72 9]
ANAo g Hesls A,

ST FJor H
Ae 302 Wty kA, 3+4.5 ol A,
% =

7 . =1
7 A2k o2 3 o] A1 (3Fhe int, THE 3 float), & U317 Aol 22 P o2 HEs) of ).
282 o TypeError% doynh FoM glols, S8HEFYERAE 22097 22
3 5t= thAl float (3) +

complex number (524:42) ¢l A4 A/ A9 ZAd], 2 xAHY
oh BeRE A5 S5 B9 (1o AR E D AN, £F Sl E 12, FAHE I
#2713 th gto]lH e 329 RV S 25 HAFE 7|2 ALF UL s5F = § HuARE B A
#7105, o€ ], 3+19. math BE] H44 w20l 23, cmach & A4E I Th Base)
G2 v =2 7H 7Ytk sttt w7 A XS, A9 g4 6] FA E E5UTH
context manager (A€ A E 72 }) __enter__ () i}_exit O HMAEE AT oZN withFEA B

context variable (] A E HS$) AP AEo ulg) & %)\'% M 4 9= .
A e ade-22 AFaetv gyt 18, A9 A2E A48 33, sty
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Q |m
N

0,

o

3

0,

£E MG F SRS FAH HE Az
A o

rE >
¥ ot
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ol
o
fo <
o F
O
]
B
0]
b
X
<
QO
[n}
[}
iy [o
e

&

2= (C-contiguous) ©] E & A5 (Fortran contiguous) Q4 W] <5 0] 2kl
°4 oliAN TEZ AL IUTH LAY v Qo A, FEE2 A2 A A3}
‘31/\-/] TR &2 2o v X5 of of F T}, thakd C-A % v F ol A,
2 B vpA T Qe 2t A e A o AT, EE A4

5
contiguous (%) Hirﬂ

Rl 2
i
i)
o
31
Q&
_>,L'
RIS
M
rlr
OQ

>
N

LR
ﬁ
m[n r~

fo

kv ()01]/\1 /\] 5 %

m &2 Fao] AT

0

o A, A WA AE A7) 713 wke] H gy T
coroutine (ZF¥l) I FH-2 A HEEFEY ¢ dutsd FePuth AEFEHL s A Ho| A A 3tar th&
Ao EEF UL IFEL o8 T2 A ZANA AYsta, &k, AN 5+ A5 UL o] AES

async defZ0 2 F8T 4 95U PEP 4925 H A 8.

coroutine function (ZF ¢ g) 778 AAE FE TS IFE T4 E async def 202 Fojd
91, await & async forQ} async w1th 7]-%-% F35E 4 ST o] ZAEL2 PEP 492 o 9] &
=dF s UL

CPython 3}olx 2 I efw Adojo] 784 Q1 -3 <1, python.orgol| A vl 3= %‘4‘:} o] F+& S Jython ©| L}
IronPython 7} 22 th2 A5 2 871 Q12 w] 8-¢] “CPython” o] AeE Yk

decorator (| Z#|o]¥]) th& & 8 F+ T, B8 Cwrapper TS AT T W0 R A8
AUk dZd olg 9] &3t o= classmethod () &} statlcmethod ?:] Ut
gz ole] 22 oA HY EHY BYUth s F & Z = ond e g F5FUTh
def f (arqg):
f = staticmethod (f)
@staticmethod
def f (arg):
22 Ndel FHxols EAHA T @ A 2 gtk dl Z g o] B o] th & o AA| g W82 3 A
o Zejn o] o AAE HH HUTh

descriptor (t] Ed B]) WA= __get_ () o]t} _set_ () o]y __delete_ () & BYst= AA. S

( .
2O ERREVIHAAYH A W, o ESRHE 23 = 58 A A2 A48S doUth BE,abs 97
W, 27, Al sl AR ), ag] Zel 9T 2 o)A b T o Bl 7] A E 2 :
b7 A e, sl gets HAAHH WA S7E S2H Utk ORI HEE ofsishe 22 vhojal
g3 2e olale] Al e, T, MAE, T2E, Zeh2 WAL, AtE WAL, 43 2ol B2
S g2 759 7125 o] F 1 A7 WEJ YT

Haa g WA= Ed thet AN W82 2T g e 27y gaage AR A
U2y th

dictionary (“*ﬂﬁﬂ) Ao 71 & gholl A7+ A& vl & (associative array). 7]+ __hash_ () <}
_eq_ () WAEE ZE=REAAE 5 A5tk DolA SA gt £E5 U

)

ﬁmwwwmmmmmMEﬁﬂﬂﬁEﬂlﬁOWH%ﬂ%%ﬁiﬁﬂ4%¥§ﬂﬂ4iﬁﬁiﬂ%
dA g E wstst= 7H2 8 W, results = {n: n ** 2 for n in range( 0)}& Zkn **
20l W39 7l ng T8 AV HE BAFZULE B2k, A 9y ee faE ol( dléplav)%

DES BRK)

dictionaryview HAYeE B dict.keys(), dict.values (), dict.ite ms() HAE7 585 2A
EE ‘—l/qLiﬂ Tl‘a}‘ %qq— ]/\EIO_ ﬁ/‘f’Lﬂﬂ %;oﬂEH %‘ ?J‘I‘El"% ] 6]'1_[}“» *‘l}‘:"
Hel7t g o, §7F o] "3tE vhg stk °‘145‘r. gy HE &A% g2 ERE vt
list (dictview) & AF23+H H Uttt dict-views% HAL

docstring (5 2E¥) Zei, 3, BEOA A HA & ﬁ*‘oilﬁrﬁ‘rﬁrtrz}oﬂﬁlﬂa 29 ETZLAYE
) = FA = A 9 74J1r°‘ﬂi°ﬂ/lﬂ1 ‘ﬂzlﬂoi U™ FUHA, T, EEY __doc_ AEFHHER A9
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HUh JEZ2AARAS S AR S 5 ez, AR APAE AT FEAA Fadutt
duck-typing (¥} €}0]) & AE s o|AE 7HR=A Adsted AA9 & HA ¢he 22Ty &8
d; A, D] A=Y o ERREZT S EH A AR F YT (“L B A H Hola L] AA gt
W, 272 2grh”) 43 Y thale Ao AE FxFo N, F A" ZEE P A A TS
ez FAAS AAE 5 A5 Uth H o] 82 type () ©]ttisinstance () & AHE S A}
Fujol~ S 2 Hebd 5 9l Fof s oF guth) thialel,

EAFP 35l2tH tl= 845 +£317] 7} 4 t} (Easier to ask for forgiveness than permission). ©] &3] & 4= 9l+= 3}9|
W RY AHAL, SHLE A o B RES] EAE AR, 1 Aol Bl o9l & et
BEAILWME A AL L ¢y 9 cxcept B ZAZ EPAFUTh o =YL C} 2L T2
B8 o]0l A A ALEE = LBVL 2Bk z} o ol U o).

expression (2 4])) oW o E T3 5 = THAA 27 o2 UE FHHH, A4 L2 gHE, o F,
AEZRE AN, AL SR Z2 S ST E R SASS Fot 28 AUtk b B2
AojelizA oz, RE A TAHEEC 4 AL obdUth whileAH, B 02 AT 4

EEd Eo dFUTh Y ok 2o, A4 o] o gtk
extension module (273 2E) C U C++2 A H BE1U], 3Fo] M9 C APIE AHEs| A & A o] L} AFE- A} &

EobdE A8

f-string (-221%) '£' U 'F' S Ao 2A EAL eHEE
Z B2 o SdTYUT) PEP 498 S H A 2.

o
ot
i
M
By
s
o
i)
k]
4z
[rtt
rlr
jin)
ke
>_C1
M
R
12

file object (3} AA|) a5 2}l s 5+ 2 3FA API(read () Ywrite() ZL HAEE)E ==
AA. sl ol whet, 5t AR = AA ta3 A srd oy thE A ARV A A (E
Sol, 5#F dE9, d-v=Ze WF, &7, gto]Z, 55) ol thet A5 FAT 5 A5 Ut 5t AA

= 934 F AR (file-like objects) \} 2~E F (streams) ©| 2t = & H U},

AA 25 A 25 5+ Aol iUtk aw) vl U] 2] 5+, M E (buffered) who] v 2] 549, ¢
2E b o] 52 AEjso] At o BEIA AP UL 3 AAE BEE FHAA YRS
FrE 2 AUk

file-like object (3} 7 AA) 2} AA| o] w23 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.

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}Q1t]) YxEH RES A3 =] & Fogfu A =35
o] 33. o] 2, F F 7 37 5Tk sys.meta_path & T AHE St w B A & D10l
8} sys.path_hooks 3 &7 ALE3E= A2 A EE 32lH.
o ALA| 8 8-S PEP 302, PEP 420, PEP 451 o] U84t}

floor division (B U A) 71 717t A2 W shs 34 A, A4 A dA4txt= // th dE
S0, x84 11 // 49 g2 27t AL Ae AL 2,758 EHFUTh (-11) // 47b-2.75

W& gk -30] Fof Fo]3f oF ghth PEP 2382 H A Q.

function (3) TE A oA oJE 3HE S5 9 2FE. (AU T o4 A 7 dEE 5 &,
vit] o] Aol Ab8E 4 sy th w7 vl A = ep gk o] AldE HA L.

3.

rlr

i
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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 (719 7] 7)) B A5 ) ek vl el Whtel 3. sol e 3 Y5 2 B
7 A = AE FF AU 7R AT =

@S AAFAL B2 Ae = A #7715 F3
gc RES ARl A Aol

generator (A& o] €]) A1
BEL pield ERAS ERATE Aol GE UL o
3 o] shuba 74l 5 gl v,
B3 A oly &g 7 71 AW, ol Z ol = Al # ol ol Bl e ol H & el Yt o =5k
o n) 7} B EahA) e A9 o2 A RIS gAY Th

generator iterator (A& o] €] o]E]ao]¥]) A olE Tt wt== A A
Ztyielde A A SR A& T, 1 X (Y H4E
s el g Fle gk A a0l Bl ol Elelo] 8] 7 A 7NE W, Wit 2o % BT (B vl A2
A48 B4 o) o el g U e,

generator expression (4|1 @ o] €] EH4) olE 2 o]E]E EeF 1t B4, 2 W49} WS He) ol for
A3 A b ir dol Hol B AN EAA AW BT ARTF BAH S R F4E AT

gEse sy

£
©
a, >
©
i)
r)
©
A
il
i
v
N
rlr
%
i >
ne
r]I

e
2
_?L
oo -2

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285
generic function (A8 ) 22 A4S A2 g2 FEof U] FAT o8 T2 A . SE 1)

o8 @0l AF3EA L AN Luel Fol oo 22 ek
A= o292 8o 23} functools.singledispatch () Wl Z @ o] E] 2} PEP 443% X A Q.

generic type (A]U] 2 &) A rype that can be parameterized; typically a container class such as 1ist or dict. Used
for type hints and annotations.

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.
GIL A< olg=ZgE] & & HAS.

global interpreter lock (19 Q11 2]e] £) 3t o] © 7] sjL}e] Ad| =7} gho] 4l vo] =
W 57] 918l CPyhon QB 2] B 7} A& 51 Wl AU S (dict 9} 2 528
A7) melo] B A0 5 A AA 2ol tha] HASHE S §H5 0] A CPython 78
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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/O.
(A o uAEA &4 tolHE F1E) “ad =of 22 -2 (free-threaded)” Q18] Z 2B & THE 1A}

Sh A e AR Aol RHH, Ea ad L2AA 399 A AL A BEL o
o) B ol A AL TUE WU RIIA LEoA A g0l o Sold Ao m AN

hmwmmwdﬂnﬂwmowgﬁaw§¢ﬂ%ﬂﬂ 2 5o HF 54 A7ke] ohd A E AL
T S e

hmmmwwwkaﬂﬂﬂmmlﬁﬂ 2547 ek A ES 23 (_hash_ () WA= B2,
e A RE 5 9o (eq () WA=7FB2FTh, 314 7}~o}u}1fgqu}. b v

= Al 7Hs 8 AAE 2] S Al %kﬁ Zrolof gt}
HA s A2 AAE 9AE Y 7Iu A3 W E AR
o= 6H*l = ARESH7] Wi d Ytk

glol o] Bl Y AAEL A 7Hs
—"—E‘Zl AsUth (F *Olb‘rfrozenset ZE“’) £
75U th AR AL Ao Sl AAEA AR E

o
shals) B thEral Hla s i ﬂ/‘l F2id() 2 FH
IDLE An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter environ-
ment which ships with the standard distribution of Python.
immutable (B¥) 1389 gs 2t AA. 28 AA = 2L 24, fEs 233Uk od A2 ¥
%%4>MHHG*Wﬂ°ﬂﬂﬂﬁﬂw7hwfﬂ—ﬂ%@ﬂﬂ:%ﬂﬂ%%%MMb1ﬂﬂ¢ﬂ%
%011* T2 LS FUth ol & S, 949 7).
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715 ot 2 E 87| = S AA; Al 3hlH Olz}iﬂﬂ A Aok

interactive (t]3}3) Tlo)H & 318 ez g8 & 21 Q=] JE =z 22 Ei EXA EFH

U84 U7 52 498 AoAE ¥ SIhE T A 90l B4 python g AR

FEIS] ol 4 s ). Al oot ol & AxTeA Y 2 EH 7] 2
e g A2 A At (ot () 5711

interpreted (QE]Z2|E]=) vio]E I & Aapde] o] EA) ufFoll 2 F& 0] 3B A 7] &= sHA| 7, Jho] #-2

Aol 9lo] 7k of ek QlEj el e elol itk of

o

importer (Y £ E]) &

XN
i oY lo

>)i
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N
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rL[>
i
L
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rlo
ok
>
N
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X
o
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o
1]
XN,
2
S
krl
B r
> 7l

S A AT Aol ULk 1z ool & o A4 A
doje= BE Ao Aok g2 i/t F718 25Ut tisla = BAL
interpreter shutdown (QJE| = 2JE] £8) 53t LA S 1S uf, golH Qe ZgHE EHS A 7] A
AsFetl, BEoI L o2 44 F 28 U3 FRED} RS LE BEE ANES ST wdgh .
w70 A 571 7] & ol el W B2 gtk ALEAL A 9] 919 A weakref 2 o] 9 L= Ee] S
NAND % itk 2 A7 B AR E 2L ke o 2 S B 5 g, 220 o £l
(£ = golBeg g REolv A FAEHdUTH

SRS el G oA e 4 S A E o
H

Jdejzele] 2o 79 AL A3

iterable (°]E]2]|8) WSS A A S8 5 A= AA. olHHYEJ A2z = ist,str,tuple
Z2)ANAXFE, dict Z2E2E o NI FE, Y AAE, __iter_ () YAE2NES 73
f5}‘Efgetitemf() HAEE WA Y3 nE Fef29 AAE0] Y5 Th
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OB H &2 for Fx AH’% T UL AEAE 8 E St U8 B2 X (zip (), map (), )
AHEE 5 dsUth o HHE A7 W T iter () o AR AGHH, 17“%114 olH ol HE
EHFUh o] oH b olH+= #EY %‘Ji}%?‘a HAA = T FaEFUTH oHeES AT o,
HEL2iter() 3 %‘}ﬂlﬁr olg g ole AAE A thE B8+ s UTh for w2 o] AE=2 o ¢
2 ASIA AHs o2 i Fed, F2E T B olHE OB E FotE ol v ¥ E s Ut
o] el dl o] E], A A 2, Zﬂ U olE & RA Q.

iterator (o[E]#| o] ¥]) Ulo|EH o 2ERS Fd = AA. o]H#H O HE __next_ () HIAEEHEHOR
TESHH (B 141*‘ Fnext () 2 AL W) 2EH J&= FEES X}ﬁltﬁiiﬂizqq g o]
A+e] dlo] ] 7} 912 w = thAl StopIteration &S ot} o] A A], o]Eld olE] AA=
A2ZRET,0]Z BE  next_ () IAEETESL StopIteration A& & thAl €27 7] vk
OlEifﬂlolEiL OlEHlolE% A A X}LE = FE__iter_ () MINEE 714 Aol 875 7] w2, o]

el o] B o] el el B ol /| 311 ] & ol | | BE & Wo B ol o 28] £olA 18 5 9% ek
Fog e o] WY ojHd o] S Al=dte ZEYUTE (List Z2) AE oY AA| = iter ()
T B A AY for Fx o A& ufubtt A o Ej#] 0] B S b th. o] | Z5 o] Ef el o] H of v 5)
Al et o sk, A o] B #l o] Aol AHEH o]w] &K1 H o]H o El & %Eﬂ-’_ﬂ/ﬂ, Wl AE oA
H oA wEYth
typeiter o] B ZFAI g W -§-©] F Y Th
CPython & AkAl|: CPython does not consistently apply the requirement that an iterator define __iter__ ().
key function (7] ) 7] &4 == =4 o] A (collation) &= A (sortmg) o] 1} 8l & (ordering) o] AF&-F] &=
#He =T FHEYYULE A& E9, locale.strxfrm() S EAL SZ S == AL 7| E
e A Y Th
ol R g =77t R AE o] oABA A A ] A AL F ol = A Al o817 fl 5l 7] T dotE YU th
o] ZlEo+=min (), max (), sorted(), list.sort (), heapg.merge (), heapg.nsmallest (),
heapg.nlargest (), itertools.groupby() o] g5 Yt

7§58 BE s U ol g ol dguth o S0l str.loer () WA TS Aol s TR gl
AEZS A7 FTEALE T UF 1/]D}. Ao =, 7] T4+ lambda i—i?ﬂ*‘ii s £5 e
dl, o]& Ayt lambda r: (r[0], r[2]). =3 operator BE-2 M 719 7] 34 AAHAE
A&t attrgetter (), itemgetter (), methodcaller (). 7] 45 W11 /\]-—9—'6} = o
tf & o] & Sorting HOW TO & H A &

keyword argument (7] 9] & 12p) <A} & B A Q.

Ir

url

lambda (Bth) &2 uff gho] Pl A= shte] 234 02 FAH o] F gle A2kl . 2 T E v
= EHL lambda [parameters]: expression YUYt}

LBYL 5 7] Aoj X &} (Look before you leap). ©] T4 AEY-L T & oy 23] 5 317] Aol JA|H oz AHA
Z2A5S AU o] 28L& FAFP FEH A v H 3, W2 i f 7O EAE S AP Yt
0% el = oI, LBYL 2 7] 9h <5 7] holl 7 270€ W57 9 Aol %o,
o5 590, = if key in mapping: return mappinglkey] & AA} Fo, 3}FA T 23] Ao,
C}E 27k key 2 mappingol A A ASE A % QLI o] @ o] o]} BAFP FW 2

Aggoz Hag + A5

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: cp1252).
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 (R 2E) WA sho] W A2, 7 o] Bl £ B35k, Aol tha X271 0(1) 0] 7] wEoll, A B aE
(linked list) B t}= T2 Ao 9 v g4 A Y o}
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list comprehension (2] ~AE Hz 2| M) A|F2o 84S AR EE

FE A3 Y. result ["{:#04x}'.format (x) fo
] L 00] 4] 255 Abolo] 9l BAES o] 16712 (0x) S& Ef‘&‘}% A B AES “*CIJDP if

A2 AT+ A5 Urth A =std, range (256) o 8L

loader (2¢]) 25 ZE3}= A4, load_module () °]ghe= o] WA=
= 5loly 7 == UTh x}/\ﬂaj} Y22 PEP302 &, 4 vl o]~ F~
E HAMQ.

magic method (W] & WA =) S5 wjA = o v]FA] A Q] v] 23k

mapping (W] ) 2] 9] 7] 23] & XY}l Mapping oY MutableMapping FA H o] S o A A H
HAEES F3stE Ad oy AA. d 2= dict collections.defaultdict, collections.
OrderedDict, collections.Counter & & 4 J5Yth

meta path finder (W€} 7 2 5}QIt]) sys.meta_path 4 Adol EHF= Il e &2 A= 4=
Q=) 5holE] o ghel sl of 9171 ShA v cheu o,
et A2 37 £ St= WA =S A= importlib.abc.MetaPathFinder & X
.

=
)

r[r
td
r[n
ﬁ&
Ry
oy
Ekﬂ
<
%1

£ syt == X

importlib.abc.Loader

metaclass (W e} Fe|2) S S S 7@4 =Z2Us olg, AL gMv e, Holx ZHAEY
E52 WUt Hlg SHa s o] Al JIAE Woba S A E s AdS JUth o729 A4
AFY 22 Ao52 7|2 TS AT FUh gol RS EHEA vte+= 22 ALE ve S
25 s Adthe A9 Uth giRE AFE Ao A= ol =77 S B8 flAITH 8732 of, v et
Sl ZEsta Lot S AT UL ol EZRE AA 29 27 (logging), 2 H = -3 ]
F7h AA B FA, HEE 7RG B2 oE Yol A RsUt

ofr

WEF Sl oA B A 8 2 5 gLtk

method (Wl A=) Fef2 vl ol A A= &= T 2 FH 2 AR JEYHERZAN TEHW, 1
HAEE A HA A} (EF self gl £ 2 A28 AAE AFULE T T HEH ~5=
E HA L.

method resolution order (WA= A £ 4]) WA= AA A+ ﬁ e T EUHE A= o~ F

5] AU Th 23 Del A5 shol 4l olE mel Eof AL H %2l %] AA T 1§ L The Python
2.3 Method Resolution OrderS ¥ 3t}

module (25) }o]#l T o] 223} th9| S Pksl A, RES el sholwl AA S
25Utk BEL A s Aol o5 stolwe e 2EH T

74 = BA L

module spec (RE 2%) ZES Z =34 AL 5
importlib.machinery.ModuleSpec 9 ¢l

o
i}
rr
o
all

i
N,
o

MRO #[A = A4 =4 & HAS.
mutable (7}¥) 7} A A= gho] W3 4= QA Wk id ()
named tuple (U] Y &= %Z) “named tuple(V] Y = F =)o
E S ARgsto] g 6;}4 9l
Fojaols ohE AsE 98 5 du
time.localtime () ¥} os.stat () 7

o2 o= sys.float_info Yyt

rlr
ko
P
=2
_I (e}
)
[>
]
4
30,
rr
I
rln
o
_O,
i
iy
Ry
[>
=2
2
ofo
juad)
<
u)
ool
o
L

bage ghe 2@ stel, oo 3P ol MY FEY UL &

>>> sys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

(TF= el ATT A
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R s S e e P I )

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

AR U= FES PFF I o) QUh £t tupledl A 4551 o] £ BEES o5t
A 2oh s o2 WY FEL UE 4 AT olelB 2AAE 97 AT £ B5
collections.namedtuple () & B& & JFUTh 242 712 A3 A4 AY W I A= =+
FoAE 2L 5 Yt B A FAUASE TR Tk

(A=

_>L:
RES
o
-,
(e}
9
i
ic
XN,
:IR
=

A o [e)

E‘&’é% A9 Yrct o & Eo], &4 builtins.open ¥ os.open() & 159 o] & F 7o 9 3f
FUR T e o BUE o8 wEol UHE TASCAE $ R wEel A R §7
B4 228 Ut} o/ & 59, random.seed () =¥ itertools.islice () 8t W 1 3k
Eo] 27 random @} itertools BREO] 9 & FAH IS 3 & o] W) Ayt

namespace package (¢] 5 37t 7] 2]) LA A B 3} 7] 2] 5] AH o] Y Z 7 7|55k PEP 420 7 7] #]. o] 5
FHA7IAE EHAJAAZ S T YA, 53] _init__.py o] gleu g A4t 37 4] o=
Ut

2E T HAS.

nested scope (3 HH A5.2) Fei4 Fo oA M4E F23He 58, oS Sof, b2 4 o)A g™
gre g g Je HLES AR S UF5ULE FTHA 2IZZ = V| BH oz = AR S
2, ?J H 2 Fevhe ol FYdoF FUh A G WL 7P YR A3z 9 HU
o} 27 =, A AL EL FAA o] 2 FhoA Y1 & Uth nonlocal S HPZE A7 mo 2= AL

& g3 ot
new-style class (¢ 2t F#2) A F2 BE 2 AAo AEHI A& FHa WA oA o
5. 2719 FolH MAdA s, & F2aEd ZY Attt slors. , U2AAHE, T,
__getattribute_ (), F:2 A E, 288 =9} 22 slo| W] A F Y 75 ES A

gt 4 0104}‘L]E%

object (A7) el (GIEFHELZH & 2T 52 () o] AolE RE vlo]H. T, BE FAEd 29
o) H A Wo| & Zel 2 U,

package (3] 7] x]) A Python module which can contain submodules or recursively, subpackages. Technically, a package
is a Python module witha __path___ attribute.

Bt 71 A & ol F T H TN A = HAL.

parameter (W 4) 315 (L= Bl E) Ao A B2 L 5 Qi QA (B oW A9 AAE) B A

Aot ol £ 22 AL e, A 272 w747 ok
o X]-71 9 = (positional-or- keyword) A ARG 7= RIAt R AeE 5 e AAE AR Y
o] Zlo] 7] FEf ] mi7h A J U th oAl & S0l vl A foo £} bar

def func(foo, bar=None):

« 1 A-A & (positional-only): S| A 27 A 5 = AAE AAAUTE A2 AL AT =
S Aol M 5o/ 2AE 2@t I F o AT AU dlE o] thollA

posonlyl 3} posonly2:

’def func (posonlyl, posonly2, /, positional_or_keyword): ... ‘

o 1Y =-HL (keyword-only): 7| Q=2 A2D 4 Y= 9

‘— AAHE A Gt 719 =-A -8 v 7/lA S
=g 7@-4-4 UH7H HE FZ o A ol 3hte] 7FH-91 ] vi7f i =up + & I 2 23 A YT
FAFUL A E 01, t}-& o A kw_onlyl 2} kw_only2:
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def func(arg, *, kw_onlyl, kw_only2):

o 7FA-9 X (var-positional): (TH2 o 7} A E0f] 2] 3 A] o] n] 1
T A=A A=Y A9 A%"V‘E A1 2 gt o] & uj
OJW Ao)d ¢ JdFUTh A& 59 thxoll A args:

Yo} 5 o171 914 Q15 H3) 4152
ARG w0l o] < 2 ool

def func(*args, **kwargs):

o PHAAE (ar-keyword): (FH2 WM S 0] )31 4] o] v] WopEo] 1 719 = QA5 o)
AFE 5 9 A A% Y AAES A G oA AR L WARS o] ol <+ &
ol 2ol A 4B 4 AU Th oE o 912 o)A kwargs.

MG A QRS2 98 1R gEe ok Ag Aol AL B AREL AT 5 YTk

2
o1z} g0l &, Q1 xpe} w7 M 422 Z}o]of L} 2= FAQ A&, inspect.Parameter 2
Ao A, PEP 3625 HA Q.

path entry (A2 AE2]) 4= /|0 sholt] 7h JEE F BEES 37 919 Fuse Qe J2 49 sh

b

2~
T

_04 x]-/\
path entry finder (F 2 & E] J]— t]) sys.path_hooks ol = FHE (F, 4= JdEZ 5) o] EHF+
ke Add], FARX 4R JdED 2 EES = YHES <L JdFYTH
AR AEL FJoHEo] +HI}E= WA EEL importlib.abc.PathEntryFinder o U3y}
path entry hook (7 2 <l E]—?:;— sys.path hook B|2E Qe ZHEQH, &4 FZ AdEL A ZES
H=wS dy 9oty Az ol ez vloly 2 S8 F Uk
path based finder (7 2 7|9t 5}¢lE]) 7| &2 v F & IolgE = el AT E HAZ A RES 25
Ytk

path-like object (3 27 AA|) 3L A28 2 & ‘/‘rE‘rLH% AA. A2F AA = A2E Yl = str Y
bytes AA| o] A} os.PathLike Z2EZ S F33E= AAYUT os.PathLike T2 EF S XY
3l AA) = os. fspath() F4E 1%3}1/‘1 str U bytes 3tY Al2® A2 =E HaE 4+ s Uth
th4l os. fsdecode () 2 os.fsencode () & Z+Zt str U bytes 2345 BEAst=0 AR E &+ U5

Ut} PEP 5192 =5 g4 th

PEP sto] 2l |41 A] k. PEP= sho] il AR Elo] HHE AT AL sho]dl i 1 w2A| 2 Ex $70]
ga AIZe 7% 2dahe 47 £ AT PEPE AlHE 7150 3 h2 % 714 A R 2AE

A oF & o
PEP= F8 MEL 7]5& Z]?l tal 2 A ol e AFUE 9
712 W AYE 4t PEP &4 Ak

= pun
oA B A3 T Ao et
1

KN

He FR st spol o Solxt A 2
AFUE ol el & F535kaL Wil

portion (£4) PEP 420 o 4 B9 & AAE, o1& F21 3471700] ol i ohs shipe] el el elof Solsle
5159 2% (zip Foll A 2H = A% 75 g Th.
positional argument ($] 3] €12} <1} & H A Q.
pr0v151onal API (Z+A API) ZA API= 2 & o289 A 53
o} QeS| o] 2] 2 @rﬂ N GE A= FA T, FA A ol gkl EAIH = 7 I AEAEol 2
AT 17 BB A o] §45] A S WA o] Lol &
Qoj A £ g AT — APIZ £3817] Aol £

rl
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o] A= = ol BHE 7 LW A B FRE AA L F IE 3R] gy AAE = A==
Ut o A e Ul 82 PEP 4112 29 Hyth

provisional package (7 3| 7] x]) 74 API S HAM 2.

Python 3000 (5} o] %1 3000) o] 3.x w2z g}ole] ¥ (H A 39 w27} A uj2f o] o]ok7|d Al Fef g5 o] F
o]5o|th) o] & “Py3k” 2 £ 27| % gt}

Pythonic (S}o] ¥ thy) the AdolEolA] kA A dES AHES
71 A AR E = ol A e kel mE OPO]qoib‘r
ol for T= AHEIA OlEHHES BE S 4R FX

of B gloenz, gto|Hef Q53R k2 AMEE

m
N
mm
=y
&
r
;

AL, FFo] A Q1 o] of] A
AlwﬂHXZML
= 2 B2 dojol= o™
Aol 57 4B B Agak7] = T o

for i in range(len(food)):
print (food[i])

o 25 sfol itk Y2 ol syt

for piece in food:
print (piece)

o A BLEo Qo Sefs, G, v A Eef o] 2 P2
A A FU A4 B5oh 22 Ao, 3734

é
_I_4_,

Aze A o5 4@%q55

>>> class C:
class D:
def meth (self):
pass

>>> C.__ _qualname

lCl

>>> C.D._ gualname_
'C.D'

>>> C.D.meth. qualname
'C.D.meth'

B2E2 7t 7= AHSE o, &A% A3t E ol & (fully qualified name) > BE H B | 7| A 5& X3
A RER VM= HoR T':ﬂ% o] 5L ouFg Ut} o & £9¢],email .mime. text:

Q

>>> import email.mime.text
>>> email.mime.text. name
'email.mime.text'

reference count (R 314) AA o N3l F=x2] /M4, AR AR 3L 710082 Bol AW, W2 7 v
Ut 2 3¢ 332 dutz o g glo]ld F =9 ‘“iﬂx] = %}X]UP CP_\tlmn:rLﬁf] RN R =
sys BEE 54 AA 9 £ Sl+E 585 getrefcount () = F A

regular package (J4F W71 A])) __init_ .py <& 2= Y Ei 2]} 22 AE A9l 9 7] A].
ol5 w7 A & HA L.

_slots__ ZEia U Fo AAJ], AXBEAERRESS A F S vg] Adstn dad A2 gAY el &
A A “?:}33’5‘1 HEeE Zaste 235 FUh A7) A7= A, o] Ha YL EulE A AE-8171 7
F 722 Holgh A, vl m o] e S & 22 oM B o AAB AT} Qe EHE 92
S sl= Zlo] 5 UL

sequence (A]FX) __getitem () 55 UﬂHEE Eé‘ A AdAE AL 2 @ 4 A5 A Y3},
Al A dolE 58 FE__len. () WIANEEAZYst=olHHE. 22 WA A AXES YEHEH,
list, str, tuple, bytes 7} 01—1/]1’/} dict "":fﬂ—_getitem_() I len () 2 AY3A
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23] A% A Q219 28 A2 AEE) B AUAT oh e BT A FHGE Ao Fo)
SHok ] .

collections.abc.Sequence 4 Ho]Ax F8lAE_ getitem () I __len_ () S oA &
A FHEE QB H o] A& Ao FlE= E‘]], count (), index (), _ _contains_ (), reversed_ (
F7FgUth o] &34 AE o] AE T3S F& register () & AMSHA YA HOZ S5 5 9

Huh.
setcomprehension (A3 222104 o|lel el i 2 A A& ALl ok AskE e ATE W

it

3

Shel= 7143 . results = {c for c in 'abracadabra' 1f c not in 'abc'lE=EXA}
Qo QR ('r, tar B AU F2, A5 T 28] o 2 el o] (diplay) & BEIFAA L.

single dispatch (J 2 t] A3 x]) & o] stite] QAL Fof| 7| zsiA 2 = Avl 2 3 vasf A9 st
FH.

slice (&2}o]2) HF AT~ o dRE J‘&?‘S}_ A, Sefol At HH ATHE B/ WS AFEHA BHEY
t}h variable_name[1:3:5] A&, [] ¢t A oA MY A& g%gi—rﬂﬂ‘/]r/} 23S (ME
2TYHE) BV|HS UREHo= Slic AA S AHE- S ok

special method (£ H| A &) u}o]# o] 3o o] AL, Tl &, A 2]
ol MMEE R EER /\]x‘ﬁh"’- =S ZLJdFUL EF “ﬂ/ﬂE% =5 UﬂHE Ol%—%
o] BAZ 5o A O‘AL]"/P

statement (%) =2 29 E (ZEQ “EF (block)”) & TS FEYUTh 242 234 o] AY 7] £

EEAESIE Y 7K 2 E 5 sty Ytk 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 () 2 E 217 YJ) A string in Python is a sequence of Unicode code points (in range U+0000-
U+10FFFF). To store or transfer a string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as “encoding”, and recreating the string from the sequence
of bytes is known as “decoding”.

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings” .

text file ()2 E 3}¢) str AAE Sl & 9,1? A AR, 22 HAE UL AAZE ulolE A &Y
SIHAEYE AL N AT & AF AT HAE fds] AR HAS 2E (1
e 'w') 2 99 94, sys.stdin, sys.stdout, io.StringI0 & A~ €

MOl SR A7) § A3 % 5 A Y AR AL whel 2] 5he = Fa A L.

IR
l

triple-quoted string (313 W% 8 BAg) WEL () 4 ALGEEL () A N2 FAA EAL 1 G

U YA EAG gl 7152 ABIHAL FATW, ol g 74 o] fol 4 227} dHUTh

ﬂﬁﬂﬂ H7) re ALmEE LY ZWLEE BAG ool 2T 5 T E 5, Ad A 27
=5 22 g5y

=

Uy

BIE o] Bl AW 5 Yt SAEYS L0
8
A

type (&) z}oln AA ] -2 27 0] o T/ AAJAE AR FUtH ZE AA = F o] AdFUch AA 9
P& __class_ AEPRER WML QA type (ob)) 2 85 5 ST
= 01
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def remove_gray_shades (

colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:

pass

o= 2ol o ¢7] 44 we & dsdth

Color = tuple[int, int, int]

list[Color]) —> list[Color]:

def remove_gray_shades (colors:
pass

type hint (3 31E) W, Fej~ o]ERRE 2 & U
o] A.
P AEE A8 ALoln sto]Wofl A A S A= FF Ut stA W, A2 9§ F4] =+ 783} IDE
JI= g AEY S FHUH
A M2 AYdetn, 29 We, 22 JJEIRE D T4 F JEE typing
get_type_hints () & AH&sto] AA 2T 5 QG YT
o] 71%5& A3 typingF PEP 4845 F 234 8

universal newlines (FUM A £ 937) 2 22 AEE BF £9 o2 AA8tE, H2E 2ER S &4
St ElE: U2l BEX A '\n', Q2= &8 "\r\n', AL N EA] FAEH '\r'. F7}F

2l ol 2l PEP 278 £} PEP 3116 & 2 A 2.

AFg-of] #3f A= bytes.splitlines ()
RE9 ojxH o] 4.

ERERERSE PSSR

variable annotation (FH 4= o] - E| o] H) W4 =
He T Fda oEFRE o] g 9]

“ -

Ir
oy
£

[>

2

fut

Rl
()

class C:
field: 'annotation'

o, ol & int & 7 AL E 7T

W olglolde dutg o 3 ez AHgHUh S E
Huok
count: int = 0

Ha o] g ol EH-L A of wH| o] E U] & (Annotated assignment statements) 9| A A4 8 g},
See function annotation, PEP 484 and PEP 526, which describe this functionality. Also see annotations-howto

for best practices on working with annotations.

virtual environment (7 87) o] 4 A& A9} & %2 1o, 22 A2 Hol A AW £ O} o] A
S8 ZE2IHEY T8 F= FA oA, o] H W 7| A5 A AU 28 o] =8k
A8 el s, gE RO AeiE A 47,
venv E H A 8.
EREP

ZESfojRto g Hod AFE. ol 7HF A vl EZE

Aol o]l 5L AHg- sk ol =& ol

Zen of Python (s}o] 4 ) 3ol 4 tx4ol Aelsh AE ol B5 ),
Utk o] 22 o34y 2z o)A “import this” & YA HAUTH

A -
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APPENDIX B

O] dHAMo]| 25}04

117

o] AW A & reStructuredText Ao A TEE 02 Ao g2 atolH AHAE Q] &
Sphinx & A& g5 U th

A7 A9} o 5§13 EA Q) AL Thol A AA 2 npRAX = WA 02 AQE AR = YT 7o} s
Ath, 2o} whg ol o 8 A K= reporting-bugs 3 ©] & A Al 2. A8 AFAEARE AR B g

[RR=
o2 E5oA B2 ZAE =gyt
o Fred L. Drake, Jr., 92} 3}o]# AWA =3 F o] g 2}o] 2 g2 ZHl 2 9] 27}

8] Al A4 A7

« the Docutils project for creating reStructuredText and the Docutils suite;

 Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.

2] 9 gtold Al 71 FUth 7oAk REA A

shol#o] o g WA AWAE 27 B AL Fold AFUE Y A7} 7)of whE Tk - ZHAF T
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appeNDIX G

AALRL 2fO] Ml A

C.1 AZEQ|0{2| A}

o] 2 ABCzl= dojo] T A A2 A v d #X 9] Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/
%) 2] Guido van Rossum ]| 2] 3l 1990 dth Zubol] TS o] H5Uth spojols thE AHEE2] W2 33
235 A 9, Guido= 3ho| W o] £ 8 AR Fof JlF U T
1995 d, Guido+ Virginia 2] Reston ]| ¢} Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston.va.us/ ) o A Iho] AW B PG ALY, o] RollA o WA AZE A E SAAF YT
20004 5 %ﬂ, Guido 2} -‘ﬂ-ol é‘ﬂ o A 7] 9HEl 2 BeOpen.com 2. 2 & 7 4] BeOpen PythonLabs €12 A A5 Ut &
2 3} 104, PythonLabs ¥ -2 Digital Creations(& A Zope Corporation; https://www.zope.org/ ZZ) 2 =754t}
2001 4, ,ﬂro] HAZE %’rﬂ 01 A (PSF, https://www.python.org/psf/ Z2) o] A Y= A5 Yt o] &A= slol#
FHA A QA E 4273 E 5E3] A HE vl g 22 Y Yth Zope Corporation2 PSFe] &9 3] 4 9yt

2 E slo] W vz ) ’\/\‘?J‘/]D]'(J”H 4o~ Aol o] ths) A= https://opensource.org/Z

=}
h=4
©). Ao 7, UEE (A 9 ARE obdUTh Fho] A Wl £ ¥-S GPLF T 3HF T o2l o & Tha
W E L 8 ok AU ok
TR, o E 3T T & AS Kt GPL &7
09.0~12 | n/a 1991-1995 | CWI yes
1.3~152 |12 1995-1999 | CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com | no
1.6.1 1.6 2001 CNRI 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 2.142.0.1 | 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.13 2.1.2 2002 PSF yes
2.2 o] A+ 2.1.1 2001-# A | PSF yes
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C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.10.16

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSEF"),.
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—Python

3.10.16 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 3.10.16 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 3.10.16 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 3.10.16 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
3.10.16.

4. PSF is making Python 3.10.16 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 3.10.16 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.16

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.16, OR ANY._
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach.
—of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. This.
—License

Agreement does not grant permission to use PSF trademarks or trade name in.
—a

trademark sense to endorse or promote products or services of Licensee, or.
—any

third party.

8. By copying, installing or otherwise using Python 3.10.16, 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.

(THS sleTATol A1)
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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

(= el ATT A
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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 3.10.16 DOCUMEN-
TATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array (init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,

(TS sl AToT A
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EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C.3.2 A%

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, https://www.wide.ad.]jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ' "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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asynchat ¥ asyncore BE-2 thg3 22 39 AHgS 28§ Yth

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.3.4 #7| &z|

http.cookies REX thg3 22 £ AHeE 283

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode & UUdecode &4

R ES ST 2L 39 AE TRk

%

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:
— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
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version is still 5 times faster, though.
- Arguments more compliant with Python standard

C3.7 XML EH Z2A|XN S&

xmlrpc.client BE-2 b33} 22 £ AFgS 233 T

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 RES 0h 3 28 9| AL ZFFUTH

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

(THS seTATol 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 252 kqueue Q1E 3] o] 2ol thal The 3} - 39 A9He EFE UL

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

3¢ Python/pyhash.c 9|+ Dan Bernstein ] SipHash24 <11 2] < 2] Marek Majkowski @] <=8 o] 3£ 3} of
Ut of 7ol bz 22 8ol Eglof ATk

<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>

(THE seTATol A1)
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Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1ittle)
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. ¢, which supplies C functions dtoa and strtod for conversion of C doubles to and from strings,
is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/web/
20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains the fol-
lowing copyright and licensing notice:

/****************************************************************

* The author of this software is David M. Gay.
* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

***************************************************************/

C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available by
the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here:

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

/* -

(THE seTATol 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-core@openssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT "“AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. IN 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
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

Original SSLeay License

/* Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)

(THE seTATol A1)
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All rights reserved.

This package is an SSL implementation written
by Eric Young (eaylcryptsoft.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. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]
/
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C.3.13 expat

pyexpat &2 T 5 ——with-system-expat & FAFA o= 3, EHH expat 22 AHES AFR-3} o]

dEgych

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 FF2 W EES ——with-system-1ibffi 2 FA3}A] o 3, ZFH libfli & AHRE-S AFE-31

ey

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 B0 Al 2 E o A B H 2lib W o] L5 @ 25 o] A M=o A2 5 §low, 3 glib 4 AR

AHgtel M=tk

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc o &3] AFEEH = S| A] Hl o] E2] 3L cfuhash Z2AEE 7|wto & s}

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS

(THE seTATol A1)
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FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

_decimal REL2 YE=E ——with-system-libmpdec & FASIA] ¢+ 3F, E 34 libmpdec A2~ AFE-S

Ahgste] =P ok

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N EH|AE ARIE

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from the W3C
website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

* Redistributions of works must retain the original copyright notice,

(THE seTATol A1)
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this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/sox/
12.17.7/s0x-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUDING
THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICULAR PUR-
POSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRACTICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE INFRINGE-
MENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE OR ANY
PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect and
consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043
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APPENDIX D

sho] 3} o] WA E:
Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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ro

Non-alphabetical

., 139
ellipsis literal, 20
T
string literal, 11
. (dox)
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)
o LF=r, 84

o\
Il

augmented assignment, 96
& (ampersand)
oA Lh=r 85
&:
augmented assignment, 96
() (parentheses)
call, 8l
class definition, 122
function definition, 120
generator expression,75
in assignment target list, 9%
tuple display, 72
* (asterisk)

function definition, 121
import statement, 102

in assignment target list,9%
in expression lists,90

in function calls, 82

A LH= 84

* *
function definition, 121
in dictionary displays, 74
in function calls, 82
oLk, 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,74,90,97,122
identifier 1list, 103,104
import statement, 101
in dictionary displays, 74
in target list, %
parameter list, 120

slicing, 81
with statement, 109
/ (slash)
function definition, 121
oA LH= 84
//
oA Lh= 84
//=
augmented assignment, 96
/=
augmented assignment, 96
0b
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integer literal, 15
0o
integer literal,I5
0x
integer literal,I5
2to3, 139
: (colon)
annotated variable, 96
compound statement, 106, 107, 109, 111, 120,
122
function annotations, 121
in dictionary expressions, 74
in formatted string literal, 13
lambda expression, 90
slicing, 8l
: = (colon equals), 89
; (semicolon), 105

< (less)
A LF= 86
<<
o 85
<<=
augmented assignment, 96
<=
oA th=r, 86
| =
o tF=r, 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

in assignment target list,9%
list expression,74
subscription, 80

\ (backslash)

escape sequence, 11
AR

escape sequence, 11
\a

escape sequence, 11
\b

escape sequence, 11
\f

escape sequence, 11
\N

escape sequence, 11
\n

escape sequence, 11
\r

escape sequence, 11
\t

escape sequence, 11
\U

escape sequence, 11
\u

escape sequence, 11
\v

escape sequence, 11
\x

escape sequence, 11
~ (caret)

A=, 85

augmented assignment, 96
_ (underscore)

in numeric literal, 15
_, identifiers,9
__, ldentifiers,9

o A= 86 __abs__ () (object Wl A =), 46
-> __add__ () (object ¥l A=), 44
function annotations, 121 __aenter__ () (object M| A &), 50
> (greater) __aexit__ () (object M| A &), 50
oA LF=r, 86 __aiter_ () (object M| A &), 50
>= __all__ (optional module attribute), 102
o AF=F 86 __and__ () (object WA =), 44
>> __anext__ () (agen WA =), 79
A & =f, 85 __anext__ () (object M| A=), 50
>>= __annotations__ (class attribute), 26
augmented assignment, 96 __annotations__ (function attribute), 23
>>> 139 ___annotations__ (module attribute), 25
@ (ad) __await_ () (object WA E), 48
class definition, 122 _ _bases__ (class attribute), 26
function definition, 120 __bool__ () (object method), 43
A AF=p 84 __bool__ () (object Wl A=), 32
[1 (square brackets) _ _bytes__ () (object W] A =), 31
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__cached__, 64 __hash__ () (object Wl A =), 31
__call__ () (object method), 83 __iadd__ () (object WA &), 45
__call__() (object A=), 42 __iand__ () (object M| A &), 45
__cause___ (exception attribute), 99 __ifloordiv__ () (object W] =), 45
__ceil__ () (object Wl A &), 46 __ilshift__ () (object M| A &), 45
__class__ (instance attribute), 26 __imatmul__ () (object M| A &), 45
__class__ (method cell), 39 __imod__ () (object W] A &), 45
_ class__ (module attribute), 34 __imul__ () (object M| A &), 45
__class_getitem__ () (object®] Z 2 WA E), _ index_ () (object WA =), 46
40 ~init_ () (object MIA =), 29

_ classcell__ (class namespace entry), 39 __init_subclass__ () (object®] E 82 HlA &),
___closure___ (function attribute), 23 37
___code___ (function attribute), 23 __instancecheck__ () (class M| A &), 40
__complex__ () (object M| A=), 46 __int__ () (object M| A =), 46
__contains__ () (object M| =), 44 __invert__ () (object M| A &), 46
__context___ (exception attribute), 99 __ior__ () (object WA E), 45
__debug__,97 __ipow__ () (object W] A &), 45
__defaults__ (function attribute), 23 __irshift__ () (object WA XE), 45
__del__ () (object A=), 30 __isub__ () (object M| =), 45
__delattr__ () (object M| A=), 33 __iter__ () (object WA =), 44
__delete__ () (object ©lA &), 35 __itruediv__ () (object M| X&), 45
_ delitem__ () (object Bl A =), 44 __ixor__ () (object W] A &), 45
__dict__ (class attribute), 26 __kwdefaults___ (function attribute), 23
___dict__ (function attribute), 23 _le_ () (object Wl =), 31
__dict__ (instance attribute), 26 __len__ () (mapping object method), 32
__dict__ (module attribute), 25 __len_ () (object WA E),43
__dir__ (module attribute), 34 _ length_hint__ () (object W] A E), 43
_dir_ () (object M|A =), 33 __loader_ ,64
__divmod__ () (object M| A=), 44 __1shift_ () (object WA E), 44
__doc__ (class attribute), 26 _1t__ () (object M)A =), 31
__doc__ (function attribute), 23 _ main__
__doc___ (method attribute), 24 2 5,54,125
__doc__ (module attribute), 25 _ matmul__ () (object M| A &), 44
__enter__ () (object M| A &), 46 __missing__ () (object M| A &), 44
__eq_ () (object HA =), 31 __mod__ () (object M| 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 | A=), 44
_ _floor__ () (object M| A =), 46 _ _name__, 64
__floordiv__ () (object M| =), 44 _ name___ (class attribute), 26
_ format__ () (object M| 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 A =), 31
__ge__ () (object M)A =), 31 __neg__ () (object M| A =), 46
__get___ () (object M| A E), 34 __new__ () (object W] A =), 29
__getattr__ (module attribute), 34 _ next__ () (generator M| X&), 77
__getattr_ () (object ¥lAE), 33 _or__ () (object Ml A=), 44
__getattribute__ () (object WA =), 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 ®| A E), 45
__rand__ () (object M| A &), 45
__rdivmod__ () (object M| A=), 45
__repr__ () (object W] A =), 30

_ _reversed__ () (object ¥l X &), 44
_ rfloordiv__ () (object ©]AE), 45
__rlshift_ () (objea WA E), 45
__rmatmul__ () (object | X E), 45
__rmod__ () (object M| =), 45
_rmul__ () (object M| A &), 45
__ror__ () (object ©l A ), 45
__round__ () (object W] A E), 46
__rpow__ () (object | A ), 45
__rrshift__ () (object M|A =), 45
__rshift__ () (object WA =), 44
__rsub__ () (object M| A &), 45

_ rtruediv__ () (object F| A E), 45
__rxor__ () (object M| A &), 45
__self__ (method attribute), 24
__set__ () (object M| =), 35
__set_name__ () (object ¥l X &), 37
_ setattr_ () (object ¥lAE), 33
__setitem__ () (object X E), 43
_ slots_ ,150

__spec__,64

__str__ () (object W] A &), 30
__sub__ () (object Bl X &), 44
__subclasscheck__ () (class M| A &), 40
__traceback___ (exception attribute), 99
__truediv__ () (object WA &), 44
__trunc__ () (object M| A &), 46

_ xor__ () (object WA &), 44

{} (curly brackets)

dictionary expression, 74
in formatted string literal, 13

set expression, 74
| (vertical bar)
a8 85

augmented assignment, 96

~ (tilde)
oA L= 84
ik

asynchronous—generator, 78

Boolean, 21

built-in function, 25, 83
built-in method, 25, 83
callable, 23, 81

class, 25, 83,122

class instance, 25, 26, 83
complex, 21

dictionary, 22,25, 32, 74, 80, 95

Ellipsis, 20
floating point, 21

[U]8]

a

frame, 27

frozenset, 22

function, 23, 25, 83, 120
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, 107
set, 22,74

set type, 22

slice, 43

string, 80, 81

traceback, 28, 99, 108
tuple, 22, 80, 81, 90
user—-defined function, 23, 83,120
user—-defined method, 24

assert, 97
async def, 123
async for, 123
async with, 124
break, 100, 106109
class, 122
continue, 101, 106109
def, 120
del, 30, 98
for, 100, 101, 107
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

el

% (percent), 84

& (ampersand), 85
* (asterisk), 84

*% 83
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/ (slash), 84
//, 84
< (less), 86
<<, 85
<=, 86
1=, 86
==, 86
> (greater), 86
>=, 86
>> 85
@ (ar), 84
~ (caret), 85
| (vertical bar), 85
~ (tilde), 84
and, 89
in, 88
is, 88
is not, 88
not, 89
not in, 88
or, 89
1<
AssertionError, 97
AttributeError, 80
GeneratorExit, 77,79
ImportError, 101
NameError, 72
StopAsyncIteration, 79
StopIteration, 77,98
TypeError, 84
ValueError, 85
ZeroDivisionError, 84

A

abs

NI Y446
abstract base class (A4 H]o]x Z8 ), 139
aclose () (agen M| A=), 79
addition, 85
and

bitwise, 85

o L=, 89
annotated

assignment, 96
annotation (o] x=H| o] A), 139

annotations
function, 121

anonymous
function, 90

argument

call semantics, 81

function, 23

function definition, 120
argument (132}, 139

arithmetic
conversion, 71
operation,binary, 84
operation, unary, 84
array
15,22
as
except clause, 108
import statement, 101
match statement, 111
with statement, 109
319 =, 101,107, 109, 111
AS pattern, OR pattern,
pattern,
ASCII, 4, 10
asend () (agen WA =), 79
assert
2,97
AssertionError
<<, 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
Y=, 123
async def
2,123
async for
in comprehensions, 73
2,123
async with
2,124
asynchronous context manager (8] % 7] A
AE Fg A, 140
asynchronous generator
asynchronous iterator, 24
function, 24
asynchronous generator (8|3 7] Ay d o] &),
140
asynchronous generator iterator (8] % 7]
A gl o g o] E & o] §), 140
asynchronous iterable (H]5 7] o]E & &), 140
asynchronous iterator (H]Z 7] o] g d o] §]),
140

capture
wildcard pattern, 113
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asynchronous—generator 2,100, 106109
WA, 78 built-in
athrow () (agen WA =), 79 method, 25
atom, 72 built-in function
attribute, 20 call, 83
assignment, 94,95 A, 25, 83
assignment, class, 26 built-in method
assignment, class instance, 26 call, 83
class, 25 i), 25, 83
class instance, 26 builtins
deletion, 98 15,125
generic special, 20 byte, 22
reference, 80 bytearray, 22
special, 20 bytecode, 26
attribute (9JEZHE), 140 bytecode (H}o|E T &), 141
AttributeError bytes, 22
<], 80 SiE s, 31
augmented bytes literal, 10
assignment, 96 bytes—like object (Hfo]|EEF AA]), 141
await
in comprehensions, 73 C
3|9 =, 83,123 c, 11
awaitable (o] o] €] &), 140 language, 20, 21, 25, 86
call, 81
B built-in function, 83
b' built-in method, 83
bytes literal, 1l class instance, 83
b" class object, 25,26, 83
bytes literal, Il 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 (9}o]\yg] 3}4), 140 A, 23, 81
binary literal, 15 callback (1), 141
binding case
global name, 103 match, 111
name, 53, 94, 101, 120, 122 A== 111
bitwise case block, 113
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 “iEE g, 21
code, 53 class
BNF, 4,71 attribute, 25
Boolean attribute assignment, 26
operation, 89 body, 39
A, 21 constructor, 29
borrowed reference, 141 definition, 98, 122
break instance, 26
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name, 122
A, 25, 83, 122
2,122

class (E# ), 141
class instance

attribute, 26

attribute assignment, 26

call, 83

A, 25, 26, 83
class object

call, 25,26, 83
class variable (Z# 2 W), 141
clause, 105
clear () (frame WA &), 27
close () (coroutine M| X&), 49
close () (generator ¥ X &), 77
co_argcount (code object attribute), 27
co_cellvars (code object attribute), 27
co_code (code object attribute), 277
co_consts (code object attribute), 277
co_filename (code object attribute), 277
co_firstlineno (code object attribute), 27
co_flags (code object attribute), 27
co_freevars (code object attribute), 27
co_kwonlyargcount (code object attribute), 277
co_lnotab (code object attribute), 27
co_name (code object attribute), 27
co_names (code object attribute), 27
co_nlocals (code object attribute), 277
co_posonlyargcount (code object attribute), 27
co_stacksize (code object attribute), 27
co_varnames (code object attribute), 277
code

block, 53
code object, 26
coercion (Zo]A), 141
comma, 73

trailing, 90
command line, 125
comment, 6
comparison, 86
comparisons, 31

chaining, 86
compile

SiE gr4, 104
complex

number, 21

A, 21

SiE 24, 46
complex literal, 15
complex number (B4, 141
compound

statement, 105
comprehensions, 73

dictionary, 74
list, 74
set, 74
Conditional
expression, 89
conditional
expression, 90
constant, 10
constructor
class, 29
container, 20, 25
context manager, 46
context manager (AEAE #E| A}, 141
context variable (AEAE W), 141
contiguous (<), 142
continue
2,101, 106109
conversion
arithmetic, 71
string, 31,94
coroutine, 48,76
function, 24
coroutine (ZFHE), 142
coroutine function (ZFHE d4), 142
CPython, 142

D

dangling
else, 106
data, 19
type, 20
type, immutable, 72
datum, 74
dbm.gnu
15,23
dbm.ndbm
85,23
debugging
assertions, 97
decimal literal, 15
decorator (H|Z ¥ o] ), 142
DEDENT token, 7, 106
def
2,120
default
parameter value, 120
definition
class, 98,122
function, 98, 120
del
2, 30,98
deletion
attribute, 98
target, 98
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target list, 98
delimiters, 16
descriptor (T3 HHE), 142
destructor, 30,95
dictionary

comprehensions, 74

display, 74

|, 22, 25, 32, 74, 80, 95
dictionary (844 38]), 142
dictionary comprehension (YA g A= g3

A), 142
dictionary view (9A g &), 142
display

dictionary, 74

list, 74

set, 74
division, 84
divmod

HiE B g, 44,45
docstring, 122
docstring (E2EH), 142
documentation string, 27
duck-typing (5 €}o]3), 143

E

e
in numeric literal, 15
EAFP, 143
elif
S =, 106
Ellipsis
), 20
else
conditional expression, 90
dangling, 106
19 =, 100, 106108
empty
list, 74
tuple, 22,72

encoding declarations (source file), 6
environment, 54
error handling, 55
errors, 55
escape sequence, 11
eval
SHEF gh4, 104, 126
evaluation
order, 91
exc_info (in module sys), 28
except
¥ E, 107
exception, 55,99
chaining, 99
handler, 28

raising, 99
exception handler, 55
exclusive

or, 85
exec

SiEE grs, 104
execution

frame, 53, 122

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 (2@ 4]), 143
extension

module, 20
extension module (8% E§&), 143

F
f'

formatted string literal, 1l
f"

formatted string literal, Il
f-string (FEAY), 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_lineno (frame attribute), 27
f_locals (frame attribute), 27
f_trace (frame attribute), 27
f_trace_lines (frame attribute), 27
f_trace_opcodes (frame attribute), 27
False, 21
file object (< AA), 143
file-like object (T4 HF Z2A)), 143
filesystem encoding and error handler

143

finalizer, 30
finally

¥ =,98, 100, 101, 107, 108
find_spec

finder, 60
finder, 60

find_spec, 60
finder (¥}¢14H), 143
float
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SiE 2, 46
floating point
number, 21
A, 21
floating point literal, 15
floor division (A4 =4, 143
for
in comprehensions, 73
2,100, 101, 107

form
lambda, 90
format () (built-in function)

__str__ () (object method), 30
formatted string literal, 13
Fortran contiguous, 142
frame

execution, 53, 122

A, 27
free

variable, 54
from

import statement, 53,101

S E, 75,101

yield from expression, 76
frozenset

), 22
fstring, 13
f-string, 13
function

annotations, 121

anonymous, 90

argument, 23

call, 23,83

call,user—-defined, 83

definition, 98, 120

generator, 75,98

name, 120

user—defined, 23

A, 23, 25, 83, 120
function (8+44), 143
function annotation (&4
future

statement, 102

G

garbage collection, 19
garbage collection (7}8]A] 7)), 144
generator, 144
expression, 75
function, 24,75, 98
iterator, 24, 98
A, 27,75, 76
generator (AY & o] ¥), 144
generator expression, 144

E o] ), 144

generator expression (AU o]E T&A), 144
generator iterator (A Y d o] ¥ o] g d o] ),

144

GeneratorExit

A<, 77,79
generic

special attribute, 20
generic function (AUl g &), 144
generic type (AUYE &), 144
GII, 144
global

name binding, 103

namespace, 23

2,98,103

global interpreter lock (A Y A ¥ =& H

=), 144
grammar, 4
grouping, 7
guard, 112

Fi

handle an exception,55
handler

exception, 28
hash

SiE w32
hash character, 6
hash-based pyc (G| A] 7]¥F pyc), 145
hashable, 74
hashable (3] A] 7}=), 145
hexadecimal literal, 15
hierarchy

type, 20
hooks

import, 60

meta, 60

path, 60

|
id
S Es, 19
identifier, 8,72
identity
test, 88
identity of an object, 19
IDLE, 145
if
conditional expression, 90
in comprehensions, 73
2,106
I E, 111
imaginary literal, 15
immutable
data type, 72
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object, 72, 74 o3 88
A, 21 item
immutable (&£4), 145 sequence, 80
immutable object, 19 string, 80
immutable sequence item selection,?2l
A, 21 iterable
immutable types unpacking, 90
subclassing, 29 iterable (°]E & &), 145
import iterator (¢] & # ] E]), 146
hooks, 60
2,25,101 J
import hooks, 60 3
import machinery, 57 in numeric literal, 16
import path (YXE A=), 145 Java
importer (Y3E¥), 145 language, 21
ImportError
f2}, 101 K
importing (Y ¥ H), 145 key, 74
in key function (7] &), 146
o, 88 key/datum pair, 74
¥ E, 107 keyword, 9
inclusive keyword argument (7] 9= <=}, 146
or, 85
INDENT token,7 L
indentation,7 1ambda

index operation,?2l

. expression, 90, 121
indices () (slice Ml A &), 28

form, 90
%nherlic%nce, 122 lambda (&}, 146
}nput, language
lnstanlcle42 o c, 20, 21, 25, 86
ca
» F2y Java, 21
C_mlilSS, 26 last_traceback (in module sys), 28
| 2, 25, 26, 83 LBYL, 146
int G g s leading whitespace,7
o T len
integer, 21 iR oh4, 21, 22,43
rj:“ezlrgfentatlon»ﬂ lexical analysis,5

lexical definitions,4
line continuation,6
line joining,5,6
line structure,5
list
assignment, target, 94
comprehensions, 74
deletion target, 98
display, 74
empty, 74
expression, 90,93

integer literal, 15

interactive (t)2}3), 145

interactive mode, 125

internal type, 26

interpolated string literal, 13
interpreted (A Z 2 El &), 145
interpreter, 125

interpreter shutdown (AEZZEH £37), 145
inversion, 84

invocation, 23

1o target, 94, 107

- tE26 =), 22, 74, 80, 81, 95

}rrefutable case block, 113 list (8]~E), 146

1s o ap % list comprehension (B|2E AZ | 3A), 147

. J L 88 literal, 10,72

1s not loader, 60
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loader (2H), 147

locale encoding, 146

logical line,5

loop
statement, 100, 101, 106, 107

loop control

target, 100
M
magic

method, 147

magic method (W] 3 WA &), 147
makefile () (socket method), 26
mangling
name, 72
mapping
A, 22, 26, 80, 95
mapping (7] 33), 147
match
case, 111
2,111
matrix multiplication, 84
membership
test, 88
meta
hooks, 60
meta hooks, 60
meta path finder (WE} A E 1}21H), 147
metaclass, 38
metaclass (W E F ), 147
metaclass hint, 38
method
built-in, 25
call, 83
magic, 147
special, 151
user—-defined, 24
WA, 24, 25, 83
method (WA E), 147
method resolution order (MAZE A& £ A]),
147
minus, 84
module
extension, 20
importing, 101
namespace, 25
A, 25, 80
module (&&), 147
module spec, 60
module spec (RE& £ 3), 147

A, 22, 94, 95
mutable (7}¥), 147
mutable object, 19

mutable sequence
WA, 22

N

name, 8, 53, 72
binding, 53, 94, 101, 120, 122
binding, global, 103
class, 122
function, 120
mangling, 72
rebinding, 94
unbinding, 98

named expression, 89

named tuple (VY= F&), 147

NameError

A<, 72
NameError (built-in exception), 54
names

private, 72
namespace, 53

global, 23

module, 25

package, 59

namespace (0] & &7}, 148
namespace package (°]& &7t 97| A]), 148
negation, 84
nested scope (EFH £~237 %), 148
new-style class (F2EY Za2), 148
NEWLINE token,S5, 106
None

A, 20, 94
nonlocal

2,104
not

o LF=r, 89
not in

o LF=, 88
notation,4
NotImplemented

A, 20
null

operation, 97
number, 15

complex, 21

floating point, 21
numeric

A, 20, 26

modulo, 84 numeric literal, 15

MRO, 147

multiplication, 84 ()

mutable object, 19

AHO| 185



The Python Language Reference, £A| B{Z 3.10.16

code, 26
immutable, 72, 74
object (AA), 148
object.__match_args__ (W& H), 47
object._ slots__ (WA ¥H<4), 36
octal literal, 15
open
SiEF SF -, 26
operation
binary arithmetic, 84
binary bitwise, 85
Boolean, 89
null, 97
power, 83
shifting, 85
unary arithmetic, 84
unary bitwise, 84
operator
— (minus), 84, 85
+ (plus), 84, 85
overloading, 29
precedence, 91
ternary, 90
operators, 16
or
bitwise, 85
exclusive, 85
inclusive, 85
oA LF =1, 89
ord
S e, 21
order
evaluation, 91
output, 94
standard, 94
overloading
operator, 29

P

hooks, 60
path based finder, 66
path based finder (A& 7|9t 5}21t]), 149
path entry (4 & AE=]), 149
path entry finder (A2 AdAEZ I 4H), 149
path entry hook (AZ AE=E %), 149
path hooks, 60
path-like object (AZF ZAA)), 149
pattern matching, 111
PEP, 149
physical line,5,6,11
plus, 84
popen () (in module os), 26
portion

package, 59
portion (ZA), 149
positional argument ($] %] <12}, 149
pow

S B A, 44,45
power

operation, 83
precedence

operator, 91
primary, 79
print

S s, 31
print () (built-in function)

__str__ () (object method), 30
private

names, 72
procedure

call, 94
program, 125
provisional API (XA API), 149
provisional package (ZA 37]A]), 150
Python 3000 (Z}o]# 3000), 150
PYTHONHASHSEED, 32
Pythonic (3}o] # t}-2), 150
PYTHONPATH, 66

package, 58
namespace, 59 CQ
portion, 59 qualified name (B84 o] &), 150
regular, 58
package (3] 7] #]), 148 R
parameter r'
call semantics, 8l raw string literal, Il
function definition, 119 "
value, default, 120 raw string literal,ll
parameter (W] 7] H ), 148 raise
parenthesized form, 72 2,99
parser, 5 raise an exception,55
pass raising
=,97 exception, 99
path range
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SiEr g, 107
raw string, 11
rebinding
name, 94
reference
attribute, 80
reference count (ZZ 34,150
reference counting, 19
regular
package, 58
regular package (A3 3 7] #]), 150
relative
import, 102
repr
T A, 94
repr () (built-in function)
__repr___ () (object method), 30
representation
integer, 21
reserved word, 9
restricted
execution, 55
return
2,98, 108, 109
round
T oA, 46

S

scope, 53, 54
send () (coroutine W] 5] &), 49
send () (generator M| X &), 77
sequence
item, 80
=, 21, 26, 80, 81, 88, 95, 107
sequence (A]&A ), 150
set
comprehensions, 74
display, 74
A, 22, 74
set comprehension (J% A= 7A), 151
set type
A, 22
shifting
operation, 85
simple
statement, 93
single dispatch (A& t2d]x]), 151
singleton
tuple, 22
slice, 81
2, 43
ShE oA, 28
slice (&£8}o]2n), 151
slicing, 21,22, 81

assignment, 95
soft keyword,9
source character set,6
space, 7
special
attribute, 20
attribute, generic, 20
method, 151
special method (E4 WA E), 151
stack
execution, 28
trace, 28
standard
output, 94
Standard C, 11
standard input, 125
start (slice object attribute), 28, 81
statement
assignment, 22,94
assignment, annotated, 96
assignment, augmented, 96
compound, 105
expression, 93
future, 102
loop, 100, 101, 106, 107
simple, 93
statement (7)), 151
statement grouping, 7
stderr (in module sys), 26
stdin (in module sys), 26
stdio, 26
stdout (in module sys), 26
step (slice object attribute), 28, 81
stop (slice object attribute), 28, 81
StopAsyncIteration
<1<, 79
StopIteration
A<, 77, 98
string
__format__ () (object method), 31
__str__ () (object method), 30
conversion, 31,94
formatted literal, 13
immutable sequences, 21
interpolated literal, 13
item, 80
A, 80, 81
string literal, 10
strong reference, 151
subclassing
immutable types, 29
subscription, 21, 22, 80
assignment, 95
subtraction, 85
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suite, 105

syntax, 4

sys

8 5,108, 125

.exc_info, 28
.last_traceback, 28
sys.meta_path, 60
sys.modules, 59

sys.path, 66
sys.path_hooks, 66
sys.path_importer_cache, 66
sys.stderr, 26

sys.stdin, 26

sys.stdout, 26

SystemExit (built-in exception), 55

T

tab, 7
target, 94

deletion, 98

list, 94,107

list assignment, 94

list,deletion, 98

loop control, 100
tb_frame (traceback attribute), 28
tb_lasti (traceback attribute), 28
tb_lineno (traceback attribute), 28
tb_next (traceback attribute), 28
termination model, 55
ternary

operator, 90
test

identity, 88

membership, 88
text encoding (H1AE Q13 9), 151
text file (HI2E 3}4), 151
throw () (coroutine W X &), 49
throw () (generator Wl A &), 77
token, 5
trace

stack, 28
traceback

A, 28, 99, 108
trailing

comma, 90
triple—quoted string (AF

151

triple—-quoted string, 11
True, 21
try

2,128,107
tuple

empty, 22,72

singleton, 22

SysS
SysS

ofy
=)
tlo
=
i)
gl
>
18

=, 22, 80, 81, 90
type, 20
data, 20
hierarchy, 20
immutable data, 72
SiE w4, 19,38
type (8), 151
type alias (3 o|gg o), 151
type hint (3 31 E), 152
type of an object, 19
TypeError
A<, 84
types, internal, 26

u'
string literal, 10

string literal, 10
unary

arithmetic operation, 84

bitwise operation, 84
unbinding

name, 98
UnboundLocalError, 54
Unicode, 21
Unicode Consortium, 11
universal newlines (FUWA & d7), 152
UNIX, 125
unpacking

dictionary, 74

in function calls, 82

iterable, 90
unreachable object, 19
unrecognized escape sequence, 12
user—-defined

function, 23

functioncall, 83

method, 24
user-defined function

i), 23, 83, 120
user—-defined method

A, 24

V

value

default parameter, 120
value of an object, 19
ValueError

1<, 85
values

writing, 94
variable

free, 54
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variable annotation (4 o]xH o] A), 152 case, 111
virtual environment (7} 73), 152 elif, 106
virtual machine (7} 717), 152 else, 100, 106108
except, 107
W finally, 98, 100, 101, 107, 108
walrus operator, 89 from, 75, 101
while if, 111
2, 100, 101, 106 in, 107
Windows, 125 yield, 75
with B e - e
2,46,109 PEP 1, 149
writing PEP 8,87
values, 94 PEP 236,103
PEP 238,143
X PEP 252,34
SHE P4 PEP 255,76
abs, 46 PEP 278,152
bytes, 31 PEP 302,57,70, 143, 147
chr, 21 PEP 308,90
compile, 104 PEP 318,123
complex, 46 PEP 328,70
divmod, 44, 45 PEP 338,70
eval, 104, 126 PEP 342,76
exec, 104 PEP 343,47,111, 141
float, 46 PEP 362, 140, 149
hash, 32 PEP 366, 64,70
id, 19 PEP 380,76
int, 46 PEP 411,150
len, 21,22,43 PEP 414,11
open, 26 PEP 420,57,59, 65,70, 143, 148, 149
ord, 21 PEP 443,144
pow, 44, 45 PEP 448,74,82,90
print, 31 PEP 451,70, 143
range, 107 PEP 483, 144
repr, 94 PEP 484,40,97, 121, 139, 144, 152
round, 46 PEP 492,49,76, 124, 140, 142
slice, 28 PEP 498, 14, 143
type, 19, 38 PEP 519,149
15 PEP 525,76, 140
__main_ , 54,125 PEP 526,97,121, 139, 152
array, 22 PEP 530,73
builtins, 125 PEP 560, 38,42
dbm.gnu, 23 PEP 562,34
dbm. ndbm, 23 PEP 563,103,121
io, 26 PEP 570, 121
sys, 108, 125 PEP 572,75,90, 114
XOor PEP 585, 144
bitwise, 85 PEP 614,120,122
PEP 617,127
Y PEP 634,47,111,119
39 = PEP 636,111,119
as, 101, 107, 109, 111 PEP 3104, 104
async, 123 PEP 3107, 121
await, 83,123 PEP 3115,39,123
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PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP

7Y A4

o

3116, 152
3119, 40
3120, 5

3129, 123
3131,8

3132,96
3135, 40
3147,64
3155, 150

PYTHONHASHSEED, 32

yield

examples, 77
expression, 75

2,98

A E,T5

Z

Zen of Python (3}o]# A), 152
ZeroDivisionError

<, 84
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