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

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

(o]

Python for NET ©] & -2 A A| 2 &= CPython T+ &2 A& 314 9, ] Y A] = (managed) .NET S8 Z 271
o] 1L NET z}o] B 2 2] & A|¥ F 1 th. Bryan Lloyd 7} BH= 15 U Thth T ZHA| 8 A B 3= Python for
NET &35 o] #] o A Algg Yth.
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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.

23 AE ol AYAoIA AT = dofsl 234 27 hE WY 22 HoluhAl L, EE sfel ) A0l A
& o09) o] U JHELS AT UTh olg ol AHg S 2@ tfs) o AL ol Fopo}
SHoA des s AL T W ABE L EAS 22T A8 AR

1.2 ®7|H
o3 ZAT EHY 72 £ E BNF 2 £7|HS A UTH o] A2 T3 22 A ~EHYdS
A& T

name = lc _letter (lc_letter | "_")*

lc_letter = "a'..."z"
A =L name ©] 1c_letter & A|ZsLA, YA SFLF o] Ae] 1c letter Y EEo] JuE2= JEHE
TFAATL Y $H 1c_letter & 'a' & 'z Ao]9] EA stubd U TH (A o] - E 2 o] £A]

oA oj# 2k 2H A H oA B = olFEol i F A YY)

N S22 o) & (%] A+ A el EZ‘O} name)TJr pi= 2 AZAEUTE A2 ()= g EEste
AHEE UL ol & l‘:“oﬂf\i A= 7 7P e AR Y Th EE (¢ )“ Qrofl Yo = 5o ks 7
U 3k W o] A HEEE 4= itk o u Ut B2, B ] (+) = § W o] AF Wk E 5 Qx| vk A kst
FE Ut %011, Jéi( DE YA A2 Fo ok U 5 a1, A 7tk Sy *
b+ Aabzbs AUl A5 dZ2FUtE AN M 5 UtE 23 gz FE U AFSE
Utk 2214 gl E2 222 EyAY UL 92 EZS B3l S22 ASEH UL F32
HEIdZZ 3dgUchbdol g2 7HL oy £2 232 sE Jed, A= 250 Azg =z

o 2 e FA7EA A2
A 3 of = Bt ehe %3
4 43S AZYU 5

I

g5 +gsn

B 710 0] A 2T SE ek, o] 728 B9 1ol ATk ol gtk ol F Be s
Qo] A EAboll A B L, B A9 o7 B HEOlYE EaEe] 487U ohe
7 (<o) 3] B A (Lexical Analysis)”) ol A A}-85 = B E BNFE o]3] Hol Ut} 1 o] T 9] ZojAs 2
CEEN

4 Chapter 1. 72
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CHAPTER 2

2
o
MHT

x

spol W 2 12 I (parser) ol o3l S YT THA Y JH L oF —Er/ﬂ. 7 (lexical analyzer) 7P =
A= EE (token) £ 2EH YU Th o] FollA &= o] 3] £47]7} of 2
Avd g oh

sfol A 22 AP HAEE FUIE FEFOZ YJFUTH AL 31Y A7 P2 AFYP AAE 53
xv&#au 7] 27k UTF-8 Y Ut} ZHA 3 U &-2 PEP 3120 o] Y2 Uth &2 398 gayddd 4

< W= SyntaxError 7} @AY o}

2.1 & X (Line structure)

ol =2 232 o MY =2 & Ql & (logical lines) £ = g U th

2|4 ¢l £9] T2 NEWLINE E20 2 R Uth Bl 3 etstA] gE o4 (A& o] BIE
Fe Abol) 2L = A & 0 BAE TFRAE S AsUTh =28 &2 YAIH AU FA A
= %‘(lmejommg)%ﬂ off whe} skt o] ] E2l A <l %(physical lines) E2 T4 Ut}

E829 22 29 24 YU AE2AR 2UEs FAEY APEAYUT 22 3 Y3 EA G &
PEEY BEFE E TS ANFD2E BF AMEE £ 2lF5Uth- ASCILLF (7] 3 PrZH S A f Y2 9,
ASCII A] 82~ CRLE(FH 2] A] 81| thof] & & 73 £ & AHE3h= 9= &, ASCII CR(FH g1 #] 2] °
S S-S A Wi EA . o] FHEL FHEY TR BA] 556}711 A& S Qs Th
do B2 v B H A £ FAH FAA AT JHE‘r

ol NG UWZT s, 22 T BRI MEA F T8 A 25 C ZY(ASCHLFE £ 3h+= \n
Bz Zol 22U THS AL A to]# APIZ A 2g] o] of %“4"/}-
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FA2 A elH Holl 24F A = A AHH) = A FStAL =28 A A 2] 2ol 29Ut FA14
1 ° FA] 932 ol £ =8l AU £& FEADULE 242 EH o] FAZ YT

rO
¥
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%
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kol
ofr

A Zol = T4 A coding[=:1\s* ([-\w.]+) I} o] X5
Lol Ao AWK IFS AAFE HYe] dFY o5
vretof Ul whoF = WA Solehd, A HA & G A A0
_T[E

Agu ek s

shol W 23y 0] 3 W A E
W, o] 4L dng Helom x
ARG A2 AAL % A
Slofof gt 12T Aeie] A

’# —-*— coding: <encoding-name> —*-

o1d] GNU Emacs | Al = 2124 Ut} t}2 3=

’# vim:fileencoding=<encoding-name>

21 d] Bram Moolenaar 2] VIM o] A 1 A1 = 1] T},

Q7T Holo] WA A oW 72 QYL UTF-8JIth of 7o) B4, 5+2e] 42 o] UTE-8 BOM
(o' \xef\xbb\xbf')o]d 3}Y AFYo] UTF-82 AAd Aoz HUch (o] Y42 ujojazihze
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.

N
(3}
02
=
Ja
ro
Wy
I
o

E o4 YA FL A S BA)E AEHA £
Zo] 249 P01} 249 R} obd o LA BRHE 2
AAY Az, BA WSl A5 9 el Aol T AU ol Sel:

mH

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

o PN E B L FA0) 2HE 5 etk o SelAE FAS AFHeLA BT o seiAE
24D DL A ol E E2E AYSHA ZFUL (5, 24D P HE o)9le] ol E2E o S
AE AN T Bl Lol 7128 4 YU Th). 24D EE gl Yt o S BN AT
A2 0l9) 9 Fol S AL Bl ol U

Z3((),NZE([1),FZEUNAREE RS o LA oz o] M EeFAd &2 YEs 5
[} Y .

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

= 2 ¢ JFULh oo A& EE5Y E927]+= FLHA 25
th F7Hl ¥l £o] Eo7tE HUTh BAIA ' & Aste £ 5 1Foll= NEWLINE E 20| g5 0] A] 4]
o) ¥ =
1o o

SU BAA0R ool e 25 4 BEE B EALSANE 548 4 e (o}E Hep,
o] A9 Aol 23 4 Yt

6 Chapter 2. 01§ 24
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21.7 8l =

23| o], B, F 3] E (formfeed) 2} A WO ZE LA H =8 % 2 &2 FAIH YT} (5 NEWLINE E£ 0]
TS0 2 2] HUth) tistg oz FA4o] Jaﬂ%i%ﬂl%‘ﬂéﬂ 2] 7} REPL # & of| whe} getd 4
AS5Uh = U318 A Z oA =, dA3] W S (S Moy FAZA Qe ) 5 3 EH4S

FEAAU

)29 2] A o] £ B (3]0 29 ) B Foj27] £EL ALSE H ST L, o]
S0l %22 AA4she ol A8 A gt

P (BN LEEOR) 1849 25o] AR WEE L, ABD F9] F Avo]x B4 57 8¢
ﬂ?ﬂﬂiéﬂ%wﬂ.vﬁ—ﬂﬂ&ﬁﬂ FHol BreE AYUTh) A WA B B 22 oo
2+ FNY 557159 Sol2/|E AP Fol2/E o SAAE AEHA oA F A B2 A
R -ﬁ@ﬂﬂ%ﬂﬂﬂﬁﬂ%“ﬂ%@ﬁ

>z
O
&.ﬂ

o

>.

3
)

0
o
RN

Z 3= A= 29 A2l ; s %ﬁl*WHt—‘?—/\l%\JE‘r. | o] #]
g 2 el Fwolu go] Qe At AYHA 42 235 £ 5 JFUTH (1, 29 o]~ 710
o7 2713k 4 JdHFYh.

AEH Y 527 22, 282 AR A, o3 22 %Y © 2 INDENTS} DEDENT E 22 BHE =
o A8 YTt

g A EE ¢7] A 03 E 28 o ‘d"HE‘r(push), 1%%%@*177%141% (pop) & o] §lssU T 28 o
Y 32 3 2" ofgfolA 92 S22 o 2 ST 2 =8 Fd £9 AZolA £9 =9
2 7] gFo] 2o 71 flo) 9= # vl YTk 7‘5}“1 0}—“%3* A gt °}AHDP = E=A= R

1 & ~H o Y 51}e] INDENT E%é or=U o) o 2y o] Zhe A Elo] 9l gk = hubo] ot
Ut o] gEo 2 ZE 280 ghE2 AW i (pop), AW S hE DEDENT & 2.8 f&g\%v‘r. 599
2ol A, 280 ol gt 03T} 2 gho] /)4 uh2 DEDENT £22 g o,

7)o (EdAHT A BtE) SHtaA 027 d sfojd = 27 5 yth

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[i+1:]
p = perm(s)
for x in p:
r.append(l[i:1i+1] + x)
return r

U= ol o8] 7HA] S o277 A E BHoFUth

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

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

2.1. & P X(Line structure) 7
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(AH, 22 Al A 9] ol e TpA17h AU T TR wh) et of 2 vk o] 3] #4477 A1 G T — return
r o] Soj27)7} 28] gl gt LA HA AU Th)

71 = (keyword), B €1 B (literal), A 2F A} (operator), 75 A} (delimiter). (Zol| A AHE & F 8 0|2 9]) &1
BEAEL EZo] ol el EES BEstE 9SS ddgucth 2
o], shte] EEL U2 1 7Fsek sk ) dolo] ExE 7 LA H

2.3 AlHXIQ} 7| E

AP AL (0]F (name) o 2Fa % FUTH 2 th23} 22 o]9] ol = 7jeg Ut

ghol o A AR FH S FUIE RF FE54] UAX-31 o 719k F=d], o 7] o] Q& o] A} v
W82 ofefol A gyt & o A W82 PEP 3131 ol A 22 5 Sl Yt

ASCIL #9) (U+0001..U+007F) v ol 4, &u}2 482} £ sho] A 2x o ZaUth: a o A 2 09
WA} 2R, WE |, A BAE A9 53, 540 A 9,

g}o] A 3.0-& ASCII 9] ¥te] EAE5S =93t} (PEP 3131 ZX). o] EAFE9 A%, unicodedata
25 23dE WA FUZE FAFd o] H| o] 20 whe} ERFH YT

A 2= o] o] Algko] glal, Al o] 2 (case) = T H Y th

identifier = xid _start xid_continue*

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

HAelA A U= 7HE| e Z=E2] v o] F5 Ut
o Lu - uppercase letters
o LI - lowercase letters
o Lt - titlecase letters
o Lm - modifier letters
« Lo - other letters
o NI - letter numbers
e Mn - nonspacing marks
e Mc - spacing combining marks
e Nd - decimal numbers
 Pc - connector punctuations

e Other_ID_Start - 319 T34 A Y2 &) PropList.txt o] A] A A o7 YIdH &2}

il

8 Chapter 2. 01§ 24
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o Other_ID_Continue - W} 27}
5= 48 514 o )5 NEKC 4778 94 © = W3] 31, 4 2-9] 1] 5= NFKC o 7|4k Stk

FUTZE 419 vl A A FAE9 vt A 553 HIML 31 2 A 2] st £ 4] & https://www.
unicode.org/Public/13.0.0/ucd/DerivedCoreProperties.txt o| 4 | #H& 4= 5T

231 7| E

e APEAE L o ofo], i Ao} 9] A9 E, 2 ARG I, Ak A AR AR 5 g Uth o)
2o A= A 7&%‘01 ZA A= o oF Tt

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 3109 71

Some identifiers are only reserved under specific contexts. These are known as soft keywords. The identifiers mat ch,
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.

2.3.3 AREXIS| ofef HH

(IS BAR) ol HR o] ARAEL S8G o n)7} ALtk o] 7 AUAE S A 23} 2
WEEANEoR PRIk

_* Notimported by from module import *.

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

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

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

i o]E _ & %% A 3}(internationalization) 2} & F o] A& H Ut} o] Fe o BN =

gettext REY EAE AXSHA L.

It is also commonly used for unused variables.

_x_ Axd A9 o], uFAH 0% 9 (dunder)” o] Bol 2k Fe AFUTE o] o] B EL ABx
JH 1 FAGEE ol He e S £FFho] ZYFUE A AF ALH o] FL 54
A Ol £ E A3} 919 oA e e, sfol el vleh e ol ol B AEe) 99
hs Aol FUTh oW FHAA A, BAHO T FAZ BEIH ALGHS ol ke __+__ o] §
RE A2, A1 ol €42 4 Yt

_x 2B OlE. o] HFY ol BEL Fehx o BN AHSIHE H A A FEZ MBY Uk
B e ag) A4 Sef o] 0B (rivate)” o ERIHE 719 o] F FE2 357 ATk,
gl (o] 5) AR AL

2.3. AHXIQ} [ 9
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24 2|E{E
gle d(litera) & RR HFI S 4@ AT 271 AU

241 EX1€0l HIO|EY 2|E{&

FAG P b3 22 ofF A2 71EHUTh

stringliteral n= [stringprefix] (shortstring | longstring)
stringprefix = "r" | "u"™ | "R" | "U" | "£" | "EF"

I "fr" | "Fr" ‘ "fR" I "FR" | "rf" I "rF" I "Rf" | "RF"
shortstring u= "'" shortstringitem* "'" | '"' shortstringitem* '"'
longstring = "rr'vw o Jongstringitem* "'''" | '"ww' Jongstringitem* '"""!'
shortstringitem = shortstringchar | stringescapeseq
longstringitem = longstringchar | stringescapeseq
shortstringchar = <any source character except "\" or newline or the quote>
longstringchar = <any source character except "\">
stringescapeseq = "\" <any source character>
bytesliteral = bytesprefix(shortbytes | longbytes)
bytesprefix = "b" "B" | "br" | "Br" | "bR" | "BR" 'rb" | "rB" | "Rb"
shortbytes = "'" shortbytesitem* "'" | '"' shortbytesitem* '"'
longbytes = "rr'vn Jongbytesitem* "'''" | '"wwv Jongbytesitem* '"""'
shortbytesitem = shortbyteschar | bytesescapeseqg
longbytesitem = longbyteschar | bytesescapeseq
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
stringprefixor bytesprefix and the rest of the literal. The source character set is defined by the encoding
declaration; it is UTF-8 if no encoding declaration is given in the source file; see section 1 7 & A1 &1,

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

HFo] E 4 (bytes) 2lE] @2 &4 'b' 1 'B' & ol 2P U str F&] A2 hA bytes PO A=
HAE v Uth L ASCH A 29 ¢ s Uth ZEgo] 128H T AU 22 e WEA
ojaA el G o FHF ofof Fch.

A A vl E FHE BF dE Ao R 'r o]y 'R FAE ol 2 F AUk old 24
g A (raw strings) 12kl st o S HAE FHET AR %:LZ}IJD} éﬂ’ﬂﬁ =
oA, & FAL el Y '\U' 9 \u o]aA o] = £ :
FUFRE gE Fo] sto] M 3x} T2 A T AT T aresiA, tur! —Lrt”% A= A ekt

W 330] Rk g upol = el Ee] bt 9 2L vt gt b RO FAAR YU

WA 330] %7k Shol 4 2x 9 3x o A Ao AAshE DEES RARSE D] 93 ol Ao
A Y GUDE 28 (o' value')o] thAl £ G5 Utk AR FHE PEP 414 o LUtk

i

U R E TR 2 2AE g HEL 29 A g 1Eq(formattedstrmgllteral)%‘14\’/]-;EL_BH =
2t 2l EHE S BHAR. £ = e B A 5 JdE5YTH A Y b U rut &= A%E 4 gl Ut

A g
oA G EU EALL AP ohA T, E vhol = 9 2l ee 25
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4z ‘
%Hﬂyﬂﬂ%-<§ﬂW7LJMAﬂ]ﬂﬁﬂ°“W4 et 4
gL A E P g ARt A d EAdUT 5, 1)
'rW+®'ﬁ%ﬂﬂ%ﬂ%&ﬂmn%ﬂgﬂﬂﬂiﬁﬂﬂﬁﬂgﬁuﬂiﬂﬂgﬂﬁi%ﬁ%c
ol A A8 AT vl @ 2 o2 AR Th A4 £ claAolZ A~

rlr
o
ol
fy
i
v

O|AFH O] AR | 2|O| 7ol Atet
\ <newline> S S A2} A FAF FAIE US| (D
AN\ A =HA (\)

\! 22wk 3E (1)

\" o3 (")

\a ASCII ¥ (BEL)

\b ASCII ¥ A~ 3| o] 2~ (BS)

\f ASCII 2 3 & (FF)

- ASCIT 28l 9] = (LF)

\r ASCII 7} 2] ] 8] § (CR)

\t ASCII 7} 2 = (TAB)

\v ASCIIL M 2 ¥} (VT)

\ooo 8214 0oo0 B A A H A} 2,4)
\xhh 1634 hh 2 A A= &2} (3,4)

2 e oA A4 & o] A7 o] = Al AL

[k

O|AAHO|= AR A | 20| T Atet
\N{name} FUZE dlo]eju] o] 20| A name o2} 1 o] = EoJ R 2} | (5)
\UXXXX 16-bit 16 15> xxxx 2 A A= E X} 6)
\UXXXXKXXK 32-bit 16 A xxxxvxnx B A A H 4} @)

9] Argk:

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

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

The same result can be achieved using triple-quoted strings, or parentheses and string literal concatenation.
2) EE C LR A=, H o) Al 71} 871471 5§ F U th
3) ¥ Coh= e, Ags] F 7h9 1637 Al &5 of oF Ttk

@) wpol = B Dol A, 16159} 814 o] ~A ol m = AR E G vlo| =S BAFYTE £A4Y
JE eI, of o] 2ol A4 g fUIE EAE EATY L

(5) WA 3304 WA BA A Qo] F7b= 5tk
6) A3 4702 16742 B2 7 3T}

(7 ol HOZ REJRUIEEAILE 5 55Utk A&3] 879 16357 22y}

EFCe= 2, A4 H A = BE o|aA o]z Al Pae EXE o HAFE A k2 A2 A FUth
5, 9 EHAIZF A A FUth (o] RS U AT ] 271 A5 YT o] aA o] A| AT
AdHFJ S W], 2 F oA ZHEH BES QA AR 5 d5Urtth) BAE 2y oA ut A5 =
ojxA o] = A| AT} Hlo]EE glH A= QA H A gk RFAod FEIAHAIL.

WA 3.600A WA QAE A ¢k o) AA o] A AAE DeprecationWarningS W5t}

AA 7} zho] % 2 m) 2 H%ZMlH~Syntaxwarnlnq°1 il 45 syntaxError7HE Z21Y

t}.

! https://www.unicode.org/Public/11.0.0/ucd/NameAliases.txt
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B3

PIE QoI 2, g s o Sl 2 o) 25 0]x Hyu AT of EelAl g}
g Sof, r\"n & SulE B4 AH AW, F A A Eol YLtk o
"\1 & guhe £ e dol ohduTh(d B AR E4A)0) o el 2 2
A WEAE, 2 e P St o S AR B 5 ggUthe] Se A
Z A7 AEAIh. o SN uE Aol 2k AREAE & AT
35 £ 7 A9 FAw Q4o ol ok gk,

>~ 2

w3

to g,

)
ofy
ol

> o —

-ll

_;
O, T Aty m
PR
Tz
o
k)
T g
by & e T
=2, it whv

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

o 7o ExFE ol Hte| EQ glHE S (T o g FEsiA) o 7 A-MA Lt
7 YJul= o] &< &ﬂﬂréﬁﬂﬂr *ﬂEi O] NE THE W HE ASIE F
'world' = "helloworld" 5% 14‘3]' ] 7]%% 7 —\‘?:x]'oé% He /2} 048% ==

LA ZAFU 4 EAD B utth 242 Eolt A= 7h5 G th o & Sof:

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

)

o
o
Bl
EE

oA A H e QAW G5 AP AP TN FuTh AW Al
oo} & o] 7] Sl A& + AAAAZ A8l of 2
53 (S RADTAF FSE ZALL o]
A 2 H A} o] o 2 Y 4 gl ol 3ok T

ACAR = C e
I dlo 24
rot

il B o

b

o M g
>
oft ofo o

.
w
Hl

T N
2
[0%)
Y
2
Bl
N

o 2R 2lE

i
o,

== (formatted string literal) T== f-—E—Z]-oé (f-strmg) £ U R
} =H, FEI {1 EFEH= R
2 "]5“/\]7“1] AL = 3E3

=) =
HEIHUT (540 saga
& ohg )

f 2L
i N
)

ne

=
L Ao

M
N
>
o nf
_VE

T b
R Ie-)
)
ot
ox
ox
M
§:L
rﬁL‘ i
2
2 1o
Ry

F

SRS
U
_('D_

o
[kl
>
)
[>
rlr

< g dh.

ol Mt T

rlo o
R
tlo g,

o o
I
::L
L
rlo
Mo %
rf o

o
=
M
N
e
S

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

replacement_field :u= "{" f_expression ["="] ["!" conversion] [":" format_spec]

f_expression = (conditional_expression | "*" or_expr)

("," conditional_expression | "," "*" or expr)* [","]

| yield expression
conversion u= "s" | "r" | "a"
format_spec (literal_char | NULL | replacement_field)*
literal_char = <any code point except "{", "}" or NULL>

FEI 2 B RS AUt EAE AgH e, ol F2Z {{"' W "1 HuSske
AZgd = ARt gyt st o= 235 ' {' © X} BEE AFA 7=, dto
AuECh B EAA Ao S kS w T EAS A (D0 Aol 483 Th, BA
“e\2 X he & Q& s, =maE v 2 A &Sk, W3 (conversion) JJE7]'-ﬂfq'%
A Zb(]—(format specifier) & Gl Y 4 Q=d, 22 ':' 22 AFTgYLE I ==

i)
ol 1> fol
folr 0, fu

an > _IZ =3 ;J%,
rir 32 49 g oy
oy 2 .
<
ko)

il

o
i
}01[

bl
o >,
[ o
Qi
e
L)
_VE
39
=]
el
1>
rlo
i
iy
)
>
‘O,
ne
rE
L
= 9,
i)
£
X
>,
[o
fu
AN
Al
i)
rr
9,
bl
N
)
£
to

>,

il b
=
ol i kg

=) flo ret
o <
—r
ip 2
I
o
£ o
N il
% foh
rlo fu
il
v
=
o,

tlo
==

o
ol

s
ol 3&
|o

=

2
i

o
roh
D)
X
1o
M
fo
it
NN
|o
fu
)
>
it
v
v

>
(o
1B
2

<
i
-
rek
Mo
)
Hu
ro,
gLL
Hl
N}
2
N
>
12
AU
o
i)
1o
Bl
r [
1>
=2
>
\1)
3
Q
[
.
EHl
rol

A
WA 374 WA ghe] A 3.7 o] A
A3}t async for AL X338l AZEIAL

Jo
1:;)\1[
N
oy
30
ofy
i
iu
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5SS 7E =0 AlFEHE, 2= 2 HaE, = I YIhE Fro] 2P ULE &= FET (!
FH, 24U, =" Fo aFolar BF S AP YL 7[EFH o=, =2 W AT} Qe g
3849 repr () 2 AlFFUch £Wo] A AEH H3B " irro] AAE A =3 7| EAH o7 734 9
str() o] AFEE YTh

=z

A 380 F7h 55 7T =
W 2} (conversion) ©] A A ,
2%, " Ir' 2 repr() £ EEI, "a' Sascii()
A= format () ZEEZE I g

A 2 AggE Uk 9 A=}

AddEdh

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

o 24D BE S o)l R £k YA, AR Esb ol AP 2D S YUk
9 24D PP o E S

g ris' = A str() &

A3 format_ () H|
2 A7 HF AL

>>> name = "Fred"

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

>>> width = 10

n

>>> 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 20"

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

ubA o BAd el E W3t 28 B S FROE A 02 A% A3kt A Do AgH & BAEC] 1)

= w71 w = s

24D P E P AL R FESA gotof drke AUt

f'abec {fa["x"]} def" # error: outer string literal ended prematurely
f"abc {a['x']} def" # workaround: use different quoting

ER A0l o SUAE ST 5 9L, ST N h Ty T o

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

o Sl ol xA ol 2T 23 e S, GA HFE BHEd FUTh

24. 2|EE 13
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>>> newline = ord('\n'")
>>> f'"newline: {newline}"
'newline: 10"

Z 9 B2 2le gL 52 E 7 (docstring) & 2 AFRE 4 ¢l

ol
iV
=
B

A4jo] A3 gElehs npaA A o

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

>>> foo. doc  is None
True

Eul B 2 e 2 7)ol e A 9h-S PEP 498 & B2}
str.format () & AH K= Z o] 5 YT

j—J
(i
ri
)
Hl
pe)
Sl

A WAUZE AHg ot

2.4.4 5%} 2|EY

S E ol Al A FRF ABUTh A4, A4, 4 Bas dHE 2L AL gEUT(Bass

%5 558 HsA BEe AU th)

58 ZHHA G Ao FAMFFUTH -1 H 2L TR A F ALA - el
A .

245 H4 BlEE

A4 e g e e 2L o9 o)z mAF Yk

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

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

(
(

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

digit = "o"..."9"

bindigit = "o | "inv

octdigit = "o"... "

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

7He SR elof] AE ¢ e EAE A 2lHE ] dojo AT fls T

Eg— g E e A gS 2B o 1YHA G5 Uth 78S Bl fE xAEe FEl A
E7F A5 €& A AFol U 0x &F -2 X5 A] A A (base specifier) Th ol U= 5 =T, &

E‘Ml shubek ARSE 4 QU Tt

=]

0. 0] obd 1045 7H0.0 2 A 23 4 §lgoll 2] 3hoF Tt 3.0 M o] A Shol Aol A AL§ 8 C 28}
Qo) 814 2 H A} 5 = AL =] A,
B4 e Qe o g Sy
7 2147483647 00177 0b100110111
3 79228162514264337593543950336 00377 Oxdeadbeef

100_000_000_000 0b_1110_0101
A 36014 W7 BB Dol 245 15 L AT BA0R WSS Sk
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A% e T 2L o8 o= mAN Yok

floatnumber = pointfloat | exponentfloat
pointfloat [digitpart] fraction | digitpart

exponentfloat = (digitpart | pointfloat) exponent

digitpart = digit (["_"] digit)™*

fraction = "." digitpart

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

A5 AR 410208 0= S 4 Brhe o] F9 3ok gtk ol 8 S0}, 0776010 & 12
Ed0|T, 77010 B 2L A4S EAGULH A5 el A HLB WAL T AR APk A5
B HoA e A 2 2R AEY e UEes AR AdgE U

A% elEl e B 7HA) ol & Futh
’3.14 10. .001 1e100 3.14e-10 0eO 3.14_15_93

24.7 5| BlEE

d4 dEge e 2L ol Aoz APk

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

AL UHTE ALRT00A A LS T HLPE A TE WA ANkl AEAE U 4 4
AP 00] ofd A5 HE 2 Bt s Bse W, 455 Hotd BUth o8 5o, (3+49)

a¢aa@ﬂaﬂﬂﬂ%%qw

’3.143' 10.5 105 .0013  1e100j  3.14e-103  3.14_15_ 937

e 22 EE2E52 A9 Yt

+ - * *x / // % d
<< >> & | ~ ~ =

< > <= >= == 1=

S EZ 5L 2o A 2 E 2} (delimiter) & 7] 5 & o}

( ) [ ] { }

, . ; @ = —

+= = *= = / %= e=

&= |= ~= >>= <<= =

A EE 50 8% A LANE S4Y S A5Uth A5 bR A e AR E 2] e 2 ellipsis
literal) 0] 2t= S 31 o u) 7} QlG Ut B2 Sulo] 28 tf 9] < 4k} (augmented assignment operator) S -2
o]F A 0 8= FTEAR 75 3A o, FAo A4S =TT

2.5. 44X} 15
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o] )£ ASC BAE L ThE E2E YR 2N SHF 7k dAL, 137 o d ofF 24

Aol %l o) ek o
I

TFS-9] 91415 & ASCI B A5 2 shol o] A AHB5 A ich 42 o8 2o} 24 ]9l 2] 2o A
N R T R

’$ ?
16
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CHAPTER 3

Hjole &

3.1 A, gt &

AR (Objects) = F}o] # o] ©| o] E] (data) & =43} 3+ A (abstraction) ¢ U th. Sho] A =2 730 BE 1 o]
HE AAYU A2 7o #AZ 2P Uth (2 =] 7 (Von Neumann) &] “Z 2 73 Y 74] 7 3 F (stored
program computer)” 2 @& w2 17, = I FHH T JA] AA 2 FAFHYT})

2EA Xﬂ = o}o] 2l ] €] (identity), & (type), &k (value) = Zrs5 U th A A 9] o} o] ‘ﬂﬂﬂ =3 gEo A
UOﬂ A=A Utk WR2 g AA Y FAZ AT EFULE ‘s’ A4AE F AA Y
O}OlEﬁlElF%% Hl 2 EUTH id() &5 ol EEHE ASFE 23S S =5 UTh

CPython 78 Z}A: CPython o] 7, id (x) + x 7k A2 W 2 2] e FAYYth

AA o] &2 ﬁiﬂﬂﬂ%ﬂ% AMES BYStL (& 0], “ZolE 2 U?’) 2 F o AA| =] 7HE
S 9e s s A type () & AA 9 F (o)A JA AAh & EHFYUth ofolwl

m]m

eI AR, AR (ope) A B A ek
oW AREY gL MAT S AT 22 WAL 4 A AAEL 7P (nurable) ©] 231 Tk Ak
5ol Fol S WAT 5 Rl AAEL B (mmuable) o 23 FITh. (bR AR ol o3 F2F
A gl B Aro] U9 ghe /b AR ghol W m W AR B S gtk SR AG
S e AR Sl Aol vkl S o ns Ael ol o s wuoleha of At el e
AUIAL W7 BAAS A e 2+ AdE EUT E 6 VR F U AA 9 74 (mutability) &
2719) ) 5 AR T o & S0] SA, EAL, 72 (tuple) & 2 0] 4] vk, =4 2] (dictionary) 2}

A E (list) &= 7HA Y U T

AAE 23 BA Ao g oA H A gk uth ¥ 25 A ¢k uf (unreachable) 7}4] 2] 5~ 7 (garbage collect)
Utk F&o] 7M A £ AE A AA 7] At ofof] Aekst= Aol g Ut — o2 FxH = AAES
S A8t gk o] 7Ha| A AT ojE Ao g FHEFE=AE A E4 EA YUt

CPython -3 4} A)|: CPython & A A 2= 34 A4 (reference—counting) wAl S ALgsl=d|, (A8 ALg o
2)s3Hoz AZH 7Hu| Ao A" T ]7} Z}E Ut} o] vy Epﬁugﬂqxﬂ Az 7} A A
A AT 5 AS UL AT ¢ 8 B2} Y N ASE SARE AL QoL T <84

A7) 2 A Aolo] HE ARE ge BE FAS 2 JuITh O FESS e A o2 545
a1, CPython = WAL 5 AUtk FZ271AAD w] 22220 2 gold e Aol A (ﬁnahzatlon)ﬂ 7o
o2 8h7) otol Ik (LehA] W4 A WA H O 2 ToFolof FuiTh.

oj| Aad AR, ojw Fgol AN L MASE Aol s h AW LR YA o}F 7 3 AHE o]0}
omz Yguid o g = Ox\gz]-o] obdyth

_4

1
%9
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(o
>
2
o
e
30,

B

0, ek
zfy {y =
Lo
tlo ok
2 o
oy
1o,
o

>

o

2,

)
et L

L

g
&
i—",
il

g ol g 22 “ﬂf(external)” A S s FRE 2T 9]

HE L I AT, ) $AS s Ao o m e, 8
ol ¥y TSl Zﬂ—“?ﬂq o HE close() WA ETh =221 & 2
© 7 do}ok(close) ST} ‘try-finally B3 ‘with

N2

f
21t o

=
2
N
N
N
N
=
> flo
e
)

o r mﬂ
2

i
o
o
S~
oty 2 qfrt fn
il elr rlo rlo

o
Hz
>
N
N mlo
.
ot
_?L
l

)
r
i)
)

| EE
)
R

g S
Ru/
o o

2 AH o] (container)
. Hlolvle] gre] A% el
© AR5 opelWE ) Heke g BT 5
1A SS ol B RS ] e, 7
WA || = A

. A A ofo W]E]DV} S %PM}J,*

=3
2

flo o

)

ot

.| L

<

o

o 4
g
!

HERRRRE A A
7

o
frors

Ekﬂ ml
_\:rﬂiﬁ

2

o %
&
_L4
N
N
N
No
E
=)
)
fU e
L
o
N
]
olr
ke
Kl
30,
v
EE J
|
_|\I_,
"
i3
)
N

i) [‘_E,
0
iﬂ

N
B

g N
(g, Lo
2 g

0914'_>’|_,I‘I|'I

iyl
rlo
A=y
N
N

2
it
il
S
)
Nt
N
=2
_>.:
rlr
-
I
Py
o d
_‘L
M oo
i
B
5§
)y

d
=
Q

or N2 orfo BLro LrE W

Hr O T o bl o mr ez © ©
ol ¢

e R R AC L AE HEel M H Aol
3|

w
N
i
P
02
]
Ol

ofefoll sholHo] 4R B 2o YUt (
BEEL 2719 9L AW 5 A5 UTh sol A
_]

.

32

rlr

=
N ok
ol o,

olgfol L} = EE Fof tf 3t YL E4 o] E 8] B E (special attribute)’ & 1}E 3= B2k 2830}

o5 T 2L WS Al Fotetl, REA A AFES AT Aol ob Utk B = dor WAE

T AsUT

None ©] 3§ a}uto] gtk Zr5 Ut o] s z2He atube] AR 7 EAF UL o] AA o= Widd
o] None & &3l FZ@Uth ofg] 7HA] ZZoll A 31 FAE &dele ol AHEH UL ol & S,
PAH LR f7tE FHFA v Y B g AUt =23 ARG U S

NotImplemented ©] 32 ste] ghnks 25Utk o] gk 2t stk A1 7F A d Utk o 249l
= WA&E o] & Not Implemented < &3 HoFd D]— =2} ¥ A = (numeric method) £} H] 2 (rich
31 o] A
e

g\!

comparison) WA == A 29 3] A Ao thaf AAate] LA ko o] 7HS E8F of I
(221 Qe Z el el o Abapol whel F 3l A4toluy, ofwl ThE ke A% Stk Belol B
ol A 7= 2] gkobo gt

] 2pA] 8 )22 implementing-the-arithmetic-operations = ZF 11514 Al 2.

H A 3.90] A ‘?'Pé' =2 T A Not ImplementedS B 7Fohe 22 HAH AT AAl=
zro g2 H by x| vk Deprecat1om/\7<51rr11r1gE w3ty t} 3% A9 glol Mo A& TypeError
20443 AY ek
Ellipsis ©] 92 sjube} ghvks gyt o] = 2= PLH 7“?417} ’"‘XH%“% th. o] AA & g HE
. OlUr‘HZ‘% 1 ipsi
numbers .Number ©]Z &2 7 2 E Aol 93 w50 Z]I, A ?i*&ﬁr W3 Ate geso 2392
EE% Utk =2t AAl= EW QU g ¥ gro] vhEo] A A Aol W sHA] %}S‘%D} JJrOVﬁPJ =<2t
G5 5342 91 ST WA A HAF of Yk, AT AR 5 FAF AL
\:ﬂ-“r 9l U th
The string representations of the numeric classes, computed by ___repr__ () and __str__ (), have the
following properties:

o S AR AEE W) Al A S 7 AAE Bk AT A 2 EE YT

u]m
=
)_l
}_l
H
o]
)]
H
)]
o
offt
ofr
X
rl
i)
<
:L
i Lo
o,
\1
1‘
O
314
mQ
L
:L

—
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« 7bsstd, 282 103 YUtk
« 25 @] FA 05 Al S, A 02 FAE A FuTh
« 25 A9 Fd 0S Al S, 3 02 FAE A FHuTh
« FEE At e i 2AE YT
sl M2 A, A, HasE FEdUS
numbers . Integral °|Z52 A A (T J) ol &ohe 845S eyt

F M4 BRe 357 gk

A4 (int) o] AL (FP) W2 e 7t & =eke oh Al ek fle WY £AE REFUTE A ZE
(shift) 2k UPéf’-(mask) Aol FAL w & o] X ¥ ZMFH A, S5+ 4529 B
(2’ s complement) ® E A =], F 3T H|EV} AF 0w 735 3H G 22 23RS

29 (bool) ©| A2 =gk AR #E VFEHA UL False 9 True F AA w23 3 A
int 939] 214] ) subtype) o] 12, 32 4ol Al 2471 031 1Y 5 2k
o9t EALE Weks £ 49, 47] £4D "False" 9 "True" 7} WHEHE Utk
i

B4 RAFHL 257t WD AZES vhAT A4kl A o) v Gk AL AT AR

numbers .Real (float) ©|ZAE2 7| A =2 9] % = (double precision) {5 A3 —’,‘—% e
Utk sgte = 3ol B9 L SR Ao A A= shE 71 A @74]( C } Apup
&) o 2= bl gls Ut gholH-S I‘/}Xo_l_(smgle precision) -5 £ 4 A £ 2 Y3}HA
AdsUth ol AdEe "}&5}“ o] f 7t H &= ZEAM A} W R A7 sto]HoA AAE
AHE =t S0 7h= vl &3 e of wms g Ut I e F 7]'7‘] TR 5 a3
T2 Aol & E35HA v nket 714 7 fls o

numbers . Complex (complex) ©| 452 714 % MAE 55 4254 59 HO2 Bat8 1}
EAUTh 5 A5 S0l BAG EARS BRI Bas 2o AR 5E, 9]

AL AJEYHE z.real & z.imag 2 Ad & AHF

=4t
AIA2AE o] obd A= 19 (indexing) B 7 A= 738 Zol9 ¢4 A=A

2L
k)
%
<
o
k9
o

2 = A .
$5 lon() £ M2 A GRE0] A5 EAFUDL Aol 2ol 7hn 2, 6812 nder)
A2 1}0,1,'“,’1-1 EFdUG A F 2 FEizali] 2 AYF YT
AMdas St A= ALFYUTh ali:j] Ei<=k<jE WFoe BE FHLEAHFYT
AN AHED 1, Sepol 2t 2 B A2 Q82 [TL 004 A HE £ 2 oA
Ho AR Yo
of @ A A= Al A “2F (step)” W7HHE AFE Bk “gF Setol A (e tended slicing)” = A
Utk ali:j:k]l x = 1 + n*k,n>=0,i<=x<j 5 UE3}= REFE xS AH ok

ARz 24 oheh T EE U o
Ea

EAAAA B AL P AR E AW BE A Fol L WA & YUk (B e AR
o HAE EFSHY, 1 AAE P 5 A3, WD 7 AFUTh AT, B A 2R
Fzs s AA AG AN AFD 5 fLveh)

e e gEL 2u ARAgUT
ol

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

o (Tuples) £:22) T lolo] sholad AA YTk = /) o] 3] FHO 2 FATE &
2o guiz Bed £A4] 220® BhE £ dSUTh shle B2z P4H 2
(42 singleton) & E@ A o] Fu12 LolA] BE + YFUTHTER BHAS B2 5

w
N
3]
Eh]
og
-}
Ol
o
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3 ¥ = (Set types) ©] A %% FTE e
ot o E%‘

ﬂﬂmwwm)ﬂAa—MAAﬂﬂ*@ﬁoioﬂ“ﬂLﬂﬂéﬂ%ﬁ‘

gong, FUA HORE FES WEA GHUH. M RES B4 W BER WE S
<tk
A

Hlo] E Y (Bytes) H}o] E & (bytes) A= £ vl d ) &5 8-1]E nlo]EH], 0<=x
<256 B9)o A4 2 BAFP UL violE AAE vE ufj= vlo]EY 8 E (b'abe' 9
Z:}%)erlﬁ’{*bytes 2§ 24 A} (constructor) & A& = QlF U Th T8 vlo]EE A A=
decode () HIAEE %’ﬂ EAEZ gIdE = A5 ych

7hH A]d 2 7HdA /\]?ﬂé% S0l To HAE = 5y th AHE A3 YA (subscription) 37 & 2
oL YT FH del (AHA]) & tiF L2 AHEE 5 s Th

A F e W b A E A o] sy th

22 E (Lists) 2|2EQ] 52 Qoo gho| AA YUt 2|l2EL FulE FE9H 2342
23 oboll ol A TE & FUth (o001 gAES e BE 9 72 o]
28 gsuth)

Hlo] € u] & (Byte Arrays) B} o] E 8] & (bytearray) 2 A &= 7} s ddich I
bytearray () AA4AE WYt 79 Ol gt A (A A B7bs stk
)& A9 8k, vpol E v g2 £ Hlo] EQ (bytes) 7%‘2119} 2 AEF o] 29} V)5S
A& gt

B4 BE array £ 371 7FH A A2 §-& A3t collections BE AA] upz7}|

dyrh.

@ AAED] $A G2 F Y AIL ek, A998
2 ¢ len() = AT el A= FEEY WSS
7 A} (fast membership testing), A| Ao A FE 3
%) gk (difference), ™) & X} 7§} (symmetric difference)

PRSP
=HEYr) Ay 01u].x40
&2 A A, 2 A & (intersection), & 7§ 3} (union), X
3} 2e AT Awe Asse 29y

7

_I_4
=
“&

A AaSols 9AV e 79 2 24 FH0) AH U 54 39 39+ 54 vl wo
B3 Auk A o] 4§ Ak ol ook Futh wHeF F 5Avt 2k v s W (] § o, 1

7}1.0), 2% Sbek Jgtell ol 2 & ek
AA 7 7he) W AE Fol dsuch

& (Sets) <>l AS2 7 AFS debdUth WA set () ABAE RS 4 3L, add () 22 W]
NESE ALHA UZFo £33 4 95 Yth

EW 3 (Frozen sets) o] A5 2WH IS YebA Ytk WA frozenset () AHYARE v &
Asyth %tﬂ F ¥ (frozenset) = E- W 0] L 3| A] 7h5 st 2, ThE o] A4, 9129
712 AHgE 5 s yth

dl ~ 3% 7] % (subscript notation) a [k] = T3 a oA k 2 QA 5 al

Eﬁd‘lﬂ] AHGE = 9, EH?JO]‘Jr del 27 tidel € & A5tk WF & len(

mgo] 239 FESY s EHF U

A g AL W s Fol stk

9 4] 2] (Dictionaries) ©] 7} %% A dole] Qe x fHgto g JA s = AAES RS AT
Uebd Ut 712 AHE S 2E, gMyei 1 29 7 d FollA] ot "l E E
Zhetyzt gtoz vlus = ASE AU gH e 284 F3 o], 719 sfA gho] =5 ol
HAEA FL AL 22 FOoE FAHES 2751 7 2 dUnh 712 AHRE = A
2 7§—?—t ZAFH o] B ARk A H o] AP U wef F A 2T v aEH (S
S0°,1%1.0, = 229498 52 d9Ast=T /\}3%] T Asynh
g =AY <A FAZU 717 9 Bl A o2 F7HE A 22 SA R
AdES SEUTE 712 718 A E <= HAE A AT 718 A AU A A
sk o]l A A F A8k thal Eoll 7 Ut
gAY E 7h AU (L. BYIHOR e F s UT (A V2] Heasd

A A L).

(o]
5
o

14

37 2E dbm.ndbm ¥} dom.gnu = F719] v S A|F 5=, collections B E A

ob2717) ¢ U o,

_1
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#3704 WA AR 3.6 o] W9 stold WA AHY £AE FASHA eFeksUTh
CPython 3.6°1 A, 4+ 4 A 7F 7 A5 AT, 2 Aol s o] B35 o] ofet 78 A5 A
o7 ZFesTh

F2| & (Callable types) ] 52 3 5% A2 @ = A Fa)e] 488 5 Ade FEddth
AL Qe B4 A Ao B AAE B4 A0 B ol BEAUG (35 4] A4 ).
2151 G MR (ol prameter) 5.5 1 2.5 451 %58 2401 914 (ngument
EE07 $EF oot
4= o] E 2] { E & (Special attributes):

fEE[HE 9o

__doc__ TrE AYete BAE T fle 49 None; A B *7] 7hs
22 AEHA gyt

__name___ Sl 9] o] » 7] 75

__qualname_ o] A ﬁﬂ—ﬂ D=3 »7] 7=
WA 33 01] =7}

__module__ St dold 282 o5 = ()l 4-7) None 227 7+5

__defaults__ AAFe 7125k B (}le A7) None 22 vbE0lX | 227] 715
=,

__code__ A4 " &9 vy (body) e = = A 27| 75

__globals__ T A eSS 7k 9 el "41??} Fx— | 471 A8
37 Ao E 59 A o] 2 F 7H(namespace)

—dict_ AoTe] F ol Ee REE A AL ol% T2 27 15

__closure__ None =& '51’\4 A} W 4= (free variable) = ©f] o gt Q7] A8
AZL 71 A(cel) 59 F&. cell_contents
o= RES e R L ol g BAAL

__annotations__ | A dict containing annotations of parameters. The keys of »7] 7=
the 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__ 719 JE 2t AL 7SS uj s 7EGS | 27 s
7}4 dict.

“7] 745> Stk BAE B RR e o))

4 AAE o) JEHEES QR L 5 YES A9
(metadata) & & o]+ 1:1] AL =
(dot-notation) ©] AF-&-¥ Ut} & A
Fo18)of g ok 2 B0l 3
Al AAH| = cell_contents 9] E
@@ﬂ%ﬂ&&%%?%%ﬁ?

98 o gL AAF U

EF Q7 AL AEGYREE: _ _self = ZFH2A2El2 A, func_ = T A,
_doc__2MWAES AW (__func__._ doc__ FZFUYTH;__name_ 2 HAEY o]F
( func__ ._ name_ 3 ZHFUYTH; __module 2 WAZIAYH BES o]Fol ALY

1—_‘ 7§T None.
WAZE AN B RE B4 o2
A 9514 b4l o).

ol E 2| HET} AL A Ao B4 AR o] At Ses vl A= AA W, ALgA Ao A= AR =
Zoj20) o RES AL 0 B0 4 AITh(olrhE 2 el g A2H A B A).

=
Es

o

AEE A QP THEA T 27

Ehs
oo
%

21

w
N
3]
Eh]
og
-}
ol



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

Aada v E AA 7L SN2 A2DAE Tl S A4 Ao 4 AAE e
A Rbsold dl, _self OJEFFE: AL®2olA, HME A= 2% (bound) S50
FHUTh A HA =S func olERRE= A Fa AA T

Ar”s v AE AR S 2 ALAAZRE S WAS AAE A2 0 2H TS
A, self oJEHEL Zehx ANolL,  func_ oJEIREL Fex WA=}

e e & AA AU

AadavME AR 7259 o, 7]9hE FE 9 (_fun )ﬂigﬂ—tﬂ AR} 552
ool A AAEA (self ) 7HAYIYUTE S & ,c7} ) o] B & 23e}
2Ll x7bc g ArbAdw, x. £(1) T 223 AL c.f< x, 1) 2 Z=%=
2 ZE U

A2 a A= A 7L S & mA = A 25 Ei%rrﬂ, self o A%H “Fefxdxd
2”? EAARE S AAYUTE T x. £(1) oY C.f(1) & &%= AL £(C, 1)
E3Eoe AR ZFUT (£ = 7 °‘\/ID})

S AA NN A2 AR Z O] A2 AAHAZHE o] EREE 95wt} ojgo
ZolsoF FUTh o B A9, o EP HES A Wl A5, 1 A WrE 5Eh
= Aol ARAA HA3L7E H Uk E3, o] o] AbE A A o] ol thaf A v Eg g
Fof o FUth the 29 E AA (22 FelEo] obd BE AA) = | glo] gFUT
SR RJA2EAY A EZRERJANEAAY e AP VINER HSH A gethe A
TRUTH o] &L Tt s ol EFEY ufutk oyt

A &) o] ] g4 (Generator functions) A function or method which uses the y i e 1 d statement (see section

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

7 2 ¥l g4 (Coroutine functions) async def S AFR3A AolH = g4 U A= E Z2E S

(coroutine function) B3l 5 Ut o] d4E S &31H T 78 AAE S S5 YT await &
HAA S W23l async with} async for & AFEE &= 5yttt 378 2 A (Coroutine

Objects) A A& 2 A A L

H]% 7] A @] o] €] 4= (Asynchronous generator functions) A function or method which is defined us-

ing async def and which uses the yie1d statement is called a asynchronous generator function. Such
a function, when called, returns an asynchronous iterator object which can be used in an async for
statement to execute the body of the function.

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

& 4= (Built-in functions) W7 &<~ 23] = C 45 S A1 U5 Y o (wrapper). W3 $H4=9]

Oﬂi— len() ¥ math.sin() (math = ZF=UYF ZEYYUDD 7} A5 th 21A19] 7H—,—3]—
HqoCa oﬂ_,]*-ﬂ 73;(—]9141;], EL AV AL AJJEZYHES:  doc_ & Tﬂ-/\_/] A Zz}
4 =+ = 4% None ?:]‘/]D},_name_t?}/\/] olEdurh __ __+None &2
HRTUT (AT TS BEE HAA ) module_ o 847] 801 B ES ol £l Au)
fle 4-F None YU th

W7 vl A = (Built-in methods) ©] 212 AHd WA 49 b2 R5Y Ut ojHol= FA A A 7}

o] I7tE C ol AEH = AAE 2L A5 Utk W M= ol 2= alist.append ()
7v A=, alist = B 2 E AA JUTh o] Ao, 5 7] AG olEBRE __self  <=alist
2 xdE AA=Z 2398t

Z @ A (Classes) Classes are callable. These objects normally act as factories for new instances of themselves,

but variations are possible for class types thatoverride __new___ (). The arguments of the call are passed
to __new__ () and, in the typical case,to __init__ () to initialize the new instance.

Z & A AE A (Class Instances) Instances of arbitrary classes can be made callable by defining a

__call () method in their class.

22
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2 E (Modules) 252 dto]# =9 7|2 A A3} @9 o], import ¥o|Y}, importlib.
import_module () 3} W7 1mport () LB TEIHNAH ST 4 9= dxE AJAH o
o3 BEol AUtk BE AAE GAU e AR T AR o 2 372 A& tHe] 94
A e ZENA BolHE T __globals__ OEIRER FXHUL). o ERE FxE

ol g glof st 23] & W %%Mv‘r o E S0, m.x%m._dict_["x"] o} Utk B E
AA = BEe 27186kt A = AAE 2 QA o5 (€ 27|37t evd 28
glomz),
dezlBe e 2EY o]F £ gAY E AAFUL o ol max - 1 2 m,

__dict_ ["x"] = 1} ZFUH

Predefined (writable) attributes:
__name___ The module’ s name.
_ _doc__ The module’ s documentation string, or None if unavailable.

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

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

ET A7 AL AEYRES: _ _dict_ £ HAMYIHR 28H= EEY o5 I YTH
CPython 73 7} All: CPython ©] 2§ YA U2 & v]-¢- 3 wf&oll, 9 2ol that =7} dof
AHeE, EEol 2Fz S Yojytd 28 gAY = v U oA s, 9&q Uy S
A AU g E S A A o] 88 %‘?}% BE& gobFolof gyt

AH& A} 7 o] Z el A (Custom classes) AH§-2F 0] Fel2 52 HE e o] & vl Yt
(F= Fo] Al Fx). Fdlas M2 F8E ol F 30< 25Utk SH2 oEgR
E ZFxE ol "9 et 232 AUk ol & 0], C.x = C.__dict_ ["x"] 2§
i‘r%‘/]ﬂr(ﬁ}ﬂ‘ﬂ AEZRE HIoe thE HHES dFot= o 7P<] % (hook) ] 9554
th). A7l A o] EE{E o] F ] ‘:“7437(] Rod, oEFRE FAAL HRE FH2SM AL
AUt o] 2 FHa A2 C3 WA= ZA A (method resolution order) & A3+, th%

g0l L BE FH AR Hol ‘rho]o EE (diamond)” Als 727} EA = vt &
T shol#o] AHE5HE C3 MROO] 23 & o A4 3 U162 23 W Eo] 2E £ A hips:
/ Iwww.python.org/download/releases/2.3/mro/ o] A ztol-E 4= QlF Y th

Ze)s o B HE B2 (A B ) SUA S AR ARE W, __selr ol
EelfEslc el g A AA 2 B ced A= AdE s, 2H g A
AR} AR Y= AN WHFYTE SUAZRE AL B BES__dict_ o A7

23 SAEE BEE o B o] O A e 7 as] Aol dgth

9o ez AU S ANT R, ofd FPE FR Feh29 GA S
Sejs AL SR ALAAS BAFES OIS AN Q) 52 5 IS UTHAE B4

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

__name___ The class name.

_ module__ The name of the module in which the class was defined.
__dict__ The dictionary containing the class’ s namespace.

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

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

3]
Eh]
og
-}
ol
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__annotations___ A dictionary containing variable annotations collected during class body
execution. For best practices on working with __annotations__, please see annotations-
howto.

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

has a namespace implemented as a dictionary which is the first place in which attribute references are searched.
When an attribute is not found there, and the instance’ s class has an attribute by that name, the search continues
with the class attributes. If a class attribute is found that is a user-defined function object, it is transformed
into an instance method object whose ___self__ attribute is the instance. Static method and class method
objects are also transformed; see above under “Classes”. See section U] 2~ = 3 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’ s class hasa ___getattr__ () method, that is
called to satisfy the lookup.

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

oW S8 | FEY HANEEZ A Y, S A2 A= 2L AJE S, v gQl 5 5yt
ST HAE o5 AAE BHAA L.
ST OESRES: _dict_ £EIRE MYV JYL;__class_ = A2"2] FHA
dy ot

VO A (59 A% el A QEUTh 519 A4 £ e 5hAE ehU T 59 AR E e s
ol gl 74 D};Tt:ﬂo] A5Uth: open() W 3, os.popen (), os.fdopen () I A7 A A 9

g g

makefile () AL (121l obrb= WJEC%ﬂ Alg e b FFEolt A Es).
sys. stdin, sys.stdout, sys.stderr = QAHZZEH & Y, &8, dg] 2EHoZ 27|
39 3 AAEYUTH BF 92E REF A io.TextIOBase T4 Fef2ol o3 Fo4d

QEj 3l o] 22 wE T,

(Internal types) A EZ 2B 7} YHEH 02 AME3t= 2 JPE2 AL ANA =P Uth AH=Z
QEJJ 2 WA o] Ho= WA E & YA TS A5 A7 A A5FYTh
F & WA (Code objects) T & AA| = vlo|ER D =

7 3+ A = (byte-compiled) A3 7153 slol W I =
Uet=d], 2@ utolE 7= gt s R Ut ZE AR e} T AA el = 2Fol 7t A5

th; & A= 59 A 37 (globals) (% "r7} dold EE)S HAAHLR Fxeta A
b 7= AH = ojw B (context)‘: Zr1 QA F YT 3 7|2 QRS o] uff— 2 A ol
AR o] AU T A o= AA FFUTH (A Al el AlatE = FES YERY T
wf EdYh. T AR =g :": A= Bola 7 AA Sl gt o | ?:]'5‘—5— A A

N

sogAosE) 2w 94 etk
E4 97 A% oJEFHEE: co_name & 9 o] F YUt} co_argcount & 9
A

A Qs (A2 A8 949 ARgel E AAEE TRAUR S F AS Y
coposcniyaracouns & 911 U8 e (1udel e AHEE 2IGUThel A+
= oA EE ZEE
+E (AAEL 2RI A5
W’/‘r,co varnames—zldtﬁ E° Olua%1°%%% AAFEE] o] Fo] WA 1}
FUth; co_cellvars = 349 5"“:"] Fxohe AW e 2l deFEA
Ut} co_freevars & Ay W4 (free variables) 9] ©] & B I+ FEY YT co_code
LwﬂewtmﬁMJAeqawb 2425 ek co_consts - WOl & TE A} AE o
ﬂEiE* & XA FEYUTS co_names £ HFO|E IETF AR SHE o5 €S B = W
oluytt co fllename L Avtds E’_E‘E AlF38 3L o] EJYrt}; co_firstlineno
o] A A = WF YUtk co_lnotab S HIOJE I =X Y2 & WHFE vfd 3}

£ree A29e YA M EE AR 2 A8 A ),
83 2= 37U co_flags & AE Z 2 E 9| of 2] £ 2 L (flag)
i3 ?li‘%‘?} AdU

=0l co_flags & 913l X*JEM A<LUt): st rt 7 A 9 A QA=
AFE 5+ *arguments S /\}B—S}ﬂi HE 0x04 7} 10] Ut} 999
Fol5 0] 7] 93l AF&3}= **keywords S AFE3H H|E 0x08 ©] 19]

R G RO I E-I =)

% rJSL'L
by

[0}
ot

S elr

a fd
=1
[0)]
|_|
N
0}
rr

a

+

0, — iy
ﬁ,rlo

v do

m:".‘:’

¢

o N O

T 4o oo ol

BR[N]
o

[m 2

e
o M
X
mn
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=

F2 7]% A (from _ future_  import division) 3t ZE= ARV EH 7|50l &
A3 el A Aot E J=AE W 7] 918l co_flags o HIEES AU TH &7}
+ 4] division 0] /3 3}H e oA HotAE 2™ B E 0x2000 o] AFFH Ytk B E 0x10 7}
0x1000 = oA ¥ 2] sfo] o A AHEH A5t

co_flags & 2 H|EEL YR ALL 2 94 o ekx] o] Q&5 th
weF 3= A7 E UEHA T, co_consts o A WA 5
= 2] ¥ None YU th

Z 7| A A (Frame objects) Z 2 Y 21 A= A8 | < (execution frame) S LFEFH U T} E g o] 2H
AA T8 T AL (FHAE HAA L), 559 —ir AgdrEE dggyrh

° 4% EAgel At Aol

E5 Q7 AL JEYHEE: f back 2 oA AH 2| Y (TEA IO 7)E 7] 7| AL, o]
7-]] = 9] H}‘:"O]E‘rfﬂ None; f_code + ©] ZH| oA A= &= ZE AA|; £_locals & A I
W2 23] 51=1) }\]——Q-H gMue]; f_globals + A "o AHEHUTH £_builtins
= WA (intrinsic) o] 2 So] AF2FHUTH £ lasti = A 33 vlol E T & 9 & (instruction) &
AU (Z= 7»‘1]?4]94 HlolE I = FAE o i gk A A Y Th).

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

"f_code".

E4 ’>’\7] 715 9JEBHESE: f_trace =, None ©] oUW, T = A F2] o8] o|HEZ
o) B2 L G AUITH (] A0 A AT U TH. B ol M= & 7 A £ Sol A BT
Ut}- f_trace_lines& FalseZ AA3HH o] AL v A3t 4+ AdHF UL

T3 f_trace_opcodesE TrueZ AASI= A0 2 QA H = 37X (opcode) T o|HEE
g+ 9 ’\‘4"/} T4 ggof g WA H oL 7t FAE = S22 AU H HYE A
9120 Z9] 3l oF g e,

== 1
f_lineno & Z# Y9 dA &= AT JYt} — EF o] &4 (f_trace) ol A ©] %

§
flo
ro, M
,
H:I
E
_WL
OPH
»
m]o
:10
z o
o
>

. ke 2 o
2 Az (3 73 ate 2 do A vk 7s gy th. Y A = f_lineno & 227] 913k
Az PHyd e AT 4 A5 T (Y Set Next Statement).
ZH < AA = A WA =S DU Th
frame.clear ()
O WA= Za| o] 22 A Mg Sol ook R E A2 E A A gk 3, whok m 8
o] Alvi# o] B ol &3Hd, Al &l o] ] 7} OL%‘HE}(ﬁnallze) ol ZH Y AA 7 FHH
Bz B AU EES FUL (15 5ol, o2 S ol A Edlo 20 g 2F A8L

H3l A ).
ok g o] d A A3 F o] RuntimeError o8] 7} Ay gy o},
B & 3409 7}

E o] A1 7 X (Traceback objects) E | o]~ AR &= o] £] & A8 Edo] A& YERY LT Ed
o2l A= o ] 7} A& uf] WS 0] A| 11, types.TracebackType & S &3 A WA F o

T 01/\141;]_

ko,

=

|
>.

NALE oA Ed o] aMe) AL, o9 Hel7) B Fop AW 26 HPe W, 47
747) @A v A A S o] 2l o] holl Eef o] 2u A & AL T o] 9] 2] 7)ol Sol

[>
_IEF

2o m

Edolag 2 IO ARRE 4 QIF YT (ry & A FR) sys.exc_info ()
= 7Y A 1A FHoluf 3l of|2]9] _ traceback_ JEZRERZ ANAT

%wa#iﬂﬂn
rgd

30,
oy &
LN

zeasel 488 A2 /1S ATHA G 49, 28 Sdlo Ak B ol 2EPow (1
71 £A £UE o)) ¥ Ut} ek ez E 7} 3 d o], sys. last_traceback O &
A& 2R Al Al F F U o

HAlZ o7 AHE EF o]l F, th_next JEEB|HEE oJE /A AZsle] AA ~H
Edlo] 25 YA AT ARHL AL S0 AL WEL ZAoA Dol AT

S+ 47148 0153145}15—‘;: th_frame < @ DA A3 g YUt tb_lineno
< Q] 7 A &%91 il uu}, tb_lasti AE3tule]lE 7= WS 7l 7} vhek
o]l ] 7} except & o] 1} finally E °] < try 2olA HAsHE, & N3 of Ed o] o npx]ut
™ & (last instruction) < Z & J A xﬂ./] Z W59 thE 4 95Ut

w
L

3]
Eh]
og
-}
ol

25



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

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

S 27 7bs o] EBHE: tb_next £ &H Ef o290 tha @A (o &) 7F AT 2
WEFog)o AV tE DAV oW None Ayt

WA 37014 W7 Eelo) 2 AAE o)A Shol W TE N BAHL T AAEAT THE 4
900 7% AATAL] th_next JZREES AFT 5 ATk
<& 2}o] A A (Slice objects) Slice objects are used to represent slices for __getitem () methods.

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

Ex 97 AL o] gl HEE: start = 3}3F(lower bound) ¢ Y T}; stop 2 AF3H(upper bound)
?:]141;]. Step /\@ 71—01:]141;]. 71—71—0 /\HEI:% ﬁTNone ?:]141;]. o]o]E_a] %%o]_/]/]
Hol B = aioh

Sehols A= stk M= Al gy

slice.indices (self, length)
o] JI =& sl A QAR length & ol &elol 2 AR 7} Z o] length Q1 Al A2~
A 3592 1 1 Sepol ol @ AN E ANTUG A AL A5z FAE FEL 5
dEUTh ol 452 42 start 9} siop A 25}, step = L ebo] 2] = vho] £ (stride)
Dol AUtk A QAL E S Hold QU AEL Ak gl Sefol 29} Fe POz
o AT
2 e g u] A = 2] A (Static method objects) Static method objects provide a way of defeating the transfor-
mation 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.

= Uﬂ/‘i‘: 78 A] (Class method objects) 2~EJ € WA= AA A H, FHf 2 vAq= 2 JA o2
AAE R, S at ZHAa A2d 22 RE I AAE A= Ao |3tE SU
I Z23] oA Fef A vA = AR 7} 528t Ao tisiA = 9 “AREAF A 9 Uﬂ/ﬂE(USCF-
defined methods)” oAl 293G U F A WA E AA= WA classmethod () AR
ia=g=i=3

33 S+ HIME 0IF=

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
methodnamed ___getitem _ (), and x is an instance of this class, then x [ 1] is roughly equivalent to t ype (x) .
__getitem__ (x, 1i). Except where mentioned, attempts to execute an operation raise an exception when no
appropriate 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 _ ()).?

yZdgs sl =2 ST ,E‘ﬂo‘%l?_‘éﬂ'é}% AA A Lol 5= FE7HA T T3 A 0]
T8 UL o & =9, 01“3 ANd2E /M8 FE5E Z
seholaE 77%‘41% e ULOT S ?)\%‘413]'- (o] ¥ 37} o= W3C 9 Documen

-t
e}
=
o
Q
-t
o
a
@,
lo

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.

26 Chapter 3. C|O|E{ 2 &
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3.3.1 7|2X2l 3{AE{OIO|N|O|M

object.__new__ cls[ ]

BhZ o A A22g 05 A% TEAYTL __new_ () &2 MAS T (137
QoA opolie ¥ S8 8 A+ QUTh Ael, A WA A= w5 e 1 he d2une 227
ARk ol AR AN AT (e B8] ARE AR _ncr ()
HEEH Zhe A AR A8 o] o] of T Th (1 cls O] AATA).

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 cre-
ated instance as necessary before returning it.

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

RO __new () Zhes O A2EAAE BB FA FOow, A AARAY _ init () £ EEHA
s yth

__new__ () 52 EWHY (int, str, tuple I} Z-2) Y A H FHA7F AN
T A== 3k ol AR UTh E3 AR A A 2 v e FE oA e
S8 2 AR U Th

Ha S AxEupo| =2
2 A2 AL mpo] 23817

object.__init_ (self[, ]

(_new__() o g3l) AXE27F 50| Fof, 5tA v S E Ao Al E2 7] Aol & Yt
AAEE s AR ERoR AR AU, Bt ol s Behasl _inic () WA
TEZa 9)\1‘/}"4 ANBZFR2S _ init. () WIAEE, JTHH, ASE 20 A Hl o] FejA7)
LA ot o] SutEA 27|3E & 45| o17] f8) WA AR SEFolof Tk A&
£9°]: super().__init_ ([args...]).

AANE W= _new__ () & _init__ () 7} @Y JOBR (_new_ () v =T,
_init_ () = 3AL A2HE|ZEULY, _init_ () 7} None ]9 9] e SR A

3 A] 7+of] TypeError & 4o AUt}

object.__del__  (self)

AxE A7 5k 5 7] Ao EH Ut gto]ldetol A T (£ A 3HA) 33 2keta E Y oh

Thek Wl o] A ZFEj AT del () WM EE ZHAl QIuhd, X} 2o del () WAHEE,

Aols o] T, AaE oA W o] F A7 AR B HES & A 3HA AHA3H7] 96l YA A

o g ol FHAY WAHEE TS oF FTh

(BAsA = GAH)  del () HAEE A" 2o Y A2 F2E Doz H d2H

29 339 & A AAZ $ AdFUh o)A A & ozt BE YT F&3 AA 7} 23 2 uf
_del__ () o] FHAR 2D A = FA et thFUth @A CPython 7L LA F T I E

ok

ez e 7t SR T W obd ol AR S AL __del () MAES TEe] HgH A
F5UTH

Fa: del xE=FA- x._del () EEEIA G5 z 3
R

(reference count) & 3} } ZHAA 7)1, F ol = AL x o ZF

CPython -3 A} Al|: It is possible for a reference cycle to prevent the reference count of an object from going
to zero. In this case, the cycle will be later detected and deleted by the cyclic garbage collector. A common
cause of reference cycles is when an exception has been caught in a local variable. The frame’ s locals then
reference the exception, which references its own traceback, which references the locals of all frames caught
in the traceback.

o ®B7):
gc B th 3k ZA.

33. ¢
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AX: __del () o] E2H L B3 S )
FAIE I, Aol sys.stderr & Y
N

73 U
g o A) doef =

C _del () & (99)9 = AgEE 5% 52T 5 Ytk
_del () o] B QolopRAY DR BEA AAL TEAY, el () 2 A5
1A FRE D= AAS o) n] AN S Yo w2 Fejo whd - YTk

e _del ()2 AHzHE SR 48D 4+ A&Uth AFA 0=, N 28 of s
A W5 (CHE B EF) 7k o] u] 445 9 A1} None © 2 B4 912 5 g th shol
R e o] B0l shr}e] W2 A 2shs Ao] AR} o2 o] AASHTEuA A E S 1A
FU T o AL, wet 1 Ao Aol tj# ohE 7 0

2~
-

£ Fx/h EAHA PErhE, el
]

HAE7 E2E = AR, JEEH RESo] Yol EE FA3 ot o %o I
J5UTh
object._ repr_ _ (self)
repr () WA 340l 95 E25 o) A2l “8 4 4l (official)” FAFH TS A4 o). vk 7}
53T, o] AL 2L (BAT B o] o] A ) S 2= AAE A2 WS o] 2

o
Syt W g WA FAojoj o Futh Wk AT st ()
Bgttd,  repr () 22 ST A2 2] “u]F 4 A <l (informal)” &%
o) AHEE 5 AF YTk
o] 212 T Aol ALEE 7| wf £, A o] FHT AW E T3 BT 3HA] ¢bA e Ao SaFUch

object.__str__ (self)
str (object) & WA &4 format (), print () o &8 &= o] AA “n]) 3 4] 4 <l (informal)”
T 17 A4 9 e EAE 28-S AU o e e | E2FE 21 A of oF gt}

ol MIMEE __str. () o] 2ulE FolH RHAS FHE Aolgtal e A k=t FollA
object.__repr () thEUth ¢ Aglstal ZHAst T3 o] AHEE 4 F Ut
WAE object ol A H 7| B AL object._ _repr_ () 2 3 &3k

object._ _bytes_  (self)
bytes ol 93] 23] o] AA <] Hho] = AL AL NI G W
o,

object._ format_ (self, format_spec)
format () W& &<, Eostd, =9 Ex<4 2 8 D (formatted string literals) & A Ar3} str.
format () WA Eof &3 &5 o, AA|e “xHH” FAHE £ S TrE oYYtk format_spec Q1
AHe 87H = 2 FHES 2ot EALE AU format_spec AR} A2 format_ ()

°

i)
T,
I
>
o
=
<
(0]
[}
=
?d‘.
£
(]
o

Aol
R
4z

S 13 o D2y I 2oES WIFYEY StUZE JL3A Y, Bl
ZW FA WS AR EUS
£ 28 Fof thal A= formatspec S F3kd P Yk

& ghe WrEA] EAFG o] of of T

u}
HA 34004 HA: object & _format WA= XA, ¥ FAE o] ofd QA7 ALE
TypeError 5 WA A A YT

WA 3794 HA: o]A object._ format_ (x, '') = format (str(x), '') 7}FolYE}t
str(x) 2t &5 FYch

object.__1t__ (self, other)

object._ _le__ (self, other)

object.__eq  (self, other)

object._ _ne__ (self, other)

object.__gt__ (self, other)

object.__ge__ (self, other)

O] AEL 49 “F X3 H| I (rich comparison)” H A = J Ut AR} 7| E o} WA = o] & 71e] &
Ae 23 ZsUth x<y £ x.__1t__(y) EZEPUhx<=y = x._le_ (y) E3ZEY

o8 Chapter 3. C|O|E{ 2 &
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Yt} x==y ._eq__(y) %i%@ﬂﬁ},x!=y%x._ ne_ (y) € 32FYth x>y £ x
_ gt (y E%EME}, x>=y = x.__ge_ (y) EEZEdUTH
EﬂmLﬂﬁchzﬂﬂﬂWAMEﬂﬂH Qe TATHA e A YA ingleton)

NotImplemented S Z8ES 5 AdS5Uth T AZ A B False Y True & S8 EF T
B} A] §E, ©] ”ﬂ/ﬂ‘: oW P9 gold =HE °‘% th, Zef Al Bl AAFA7E =] &9 (Boolean
Context) ("“ﬂ S S0 if Y 27 ANA ARSH W, sho] -2 Ao I AR S zfetalr] el gholl o s
bool () & EZ&% Y h

7|2 A O 7, object & isE AFESIA ARCE v E o] NotImplementedE RFEHoLE=
_eq_ ()5 FIEFYLC: True if x is y else NotImplemented _ne_ ()Y ALE
NeHog  eq  ()o] YL NotImplemented 7} ob et I 23E d%wt} H]
ARz 712 3 7Y e AAA Q] AAE (s UTh oAl E S0, (x<y or x==y) 7} Foltn
A A x<=y 7} L B8+ 5 th st 7]% AAte 2 RE thadA A4S x}EO Pla=as!

W& 9, functools.total_ordering () & BN A 2.

A7 A N QAAAE A RS A e 72 AeE

H% R A FRDWEl_hash_ () of B3 ool U

o) WA = ol 0] 8 (2 8] 12k 1412 A 854 Al 2 £ Qs }

AR glsyth tiAlel __1c_ () Q}_gt_() AR FAFE AadYh__1e ()
kel

r

°k__ge_ () LHEA HHAARYUTE_eq () % __ne () = AR FAI AP
gheF L/&X}ﬂ/‘ii e ey, 224 «403*&7%94 Fol g g AR Fof HHA A HH
Sdad, 229 I AR AR Mol fAdeATt =S 28 A fod A 3 AAe]

WA =71 24491 7F Farul o 74 A B 224 (virual sublassing) & 221 ) 2 o)

object._ _hash__ (self)

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

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

Z3: hash() = AA7F H s hash () A= EHFE= % Py_ssize_t o 272
Zh55 U o (truncate). ©] 212 H-5 64-bit U =0 A= 8HFo] E 1, 32-bit " =0 A= 4uFo] E I T}
TR A hash_ () 7ZF AR T2 HE 7] & ZE UEE Ao ] A A AFg-5] of o shthH
REEALTF A S FZ Ao Ut o] 2 A s 412 2 python -c "import
sys; print (sys.hash_info.width)" 44t}

If a class does not define an __eqg () method it should not definea __hash__ () operation either; if it
defines_ _eq () butnot___hash__ (), itsinstances will not be usable as items in hashable collections. If a
class defines mutable objects and implementsan ___eqg___ () method, it should not implement ___hash__ (),
since the implementation of iashable 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).

A2 ALY FHMae 7BEHCE  eq () ®F__hash () HIAEE ZF
(AH7] AL S Al Q) 3lan) A gkrhar | "’511, x.__hash_ () € &% =
du] x is y Qhash(x) == hash(y) 7t SA A F& 5 J= = ok

_eq () EAMBTIL__hash () —Z*«lﬁ}xl dEZFd;2re_ hash. () 7}None 02 A A
FuU 2e28_ hash_ () WA= b None o)W, Zef o] QAL Z2 o] AN 2
o8 A= v TypeError & €2 7)1, isinstance (obj, collections.abc.Hashable)
2 AAre o sjA] 7hEekA] gbthal ZubE A U T

WOE_cq () S ARYTE TULARE ZA2ERY _ nash_() o FAL BARL A
° ‘:q O]H 1“45% o] Al Al Ao 2 o]|FA A Fo]oF &t} hash = <ParentClass>.
__hash_

Yok wE Al
=

3.3.
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‘?_]"1}_ () EARYBA = ZFH T A D& ‘?-ﬂ"%—jj’f—lﬂ e Ao __hash
= Non O Fotaof gt RAIS] . hash () S AL TE T o & 4 TypeError & €o7]&=
7;;‘—?—-t isinstance (obj, collections.abc.Hashable) %Ol OH/\] 7}tsstcia & Z‘E o] Al
3ot

H

13

Za: 7|BA 07 str}bytes AR S  hash () 2= $ %
(salted)” 25U TH /N Sto] M =2 M A YA = t%‘PZ] A= HOE 77
Hoz Agdue &5 = glA FYth

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.

A ghe] W2 R3] ol o] A 05?‘%}% FUTH sto] W2 o] Ao tia] o B A=
B1A] k5 U TH(2 8] 1 B 32-bit &} 64-bit W E Abo]o| A & THE Y T)).

PYTHONHASHSEED & F L34 A &

e
]

X
=l
|o
HU

=
)

=
Ll

1z @

i g
tlo [m

01

WA 33004 WA A d Bl 7| R A ' S35 Ut

object._ bool__ (self)

= AAG WA A2 bool () S H8 EEFH Uth False U True & S35 oF §Yth. o]
MAZ A5 A G A%, AR ol Y 1en () o] BEF o], gko] 0 0] oW HO2
A4 g Fefart len () I __bool () BF AHLIA gkevid, RE AA”HAE
Feow FHFEdh

3.3.2 0{EZ|RE M A HAE{OIO|H|O|M

SAs dagne o ERRE Fx (7], 87, x.name & A 8H71) 9] o vl & M A 5H7] A el o
I MAES] AE + dsyh

object._ _getattr__ (self, name)

7182 JEFHEHE AN AT AttributeError B A& o] SESFH YT (name ©] A AEH A o

EfRE E& self o 2 Eglof JE AEHFHETL O]'l/]‘j/]'/‘ﬂ __getattribute__ () 7}
AttributeError & %]27]744 name —Liﬂ E]e] _ get_ () o] AttributeError & 4o Z

o). o] WA= (A4HE) o E2 HE @ WSl AU AttributeError 99 907 of gk,

QurA el W AUZS B e REABARN A gerarir () o 5254 30| 2930}
Fych O]Zﬂ%_getattf () I __setattr_ () 2t = vt A JUrh. o] FA d=
olff= B WOV E oA, 2FA A koW getattr () 7F ?liEdii’J 2o EgR
2o 2w B0l §1/l MEOIIE Gtk Aox A2ds Wasl A oW g ALHA
EZRE gdAgo] ¥ o2 (HAlo] 2AES ohE AA e 4 %‘4‘;}) 9}7‘43} Al o] Q1
ANE 248 5 Ytk o B BE AN AF AT Fasl Aok el PslAlE okl
1JrS’_%_getattrlbute_ () oA o+ Y th

object.__ getattribute_  (self, name)

S A" s oJEGRE AAAE TAHEY A8 274 flo] TE2F UL W 24
27V getattr_ () = FA FAFH, () 7t EARoE &3 AY
AttributeError & YO 7| A &= olA _getatr = TEFHA LHUTE o] HAEE oJE
gHES (A4 ¢S EE4%5741%AttributeError o2l & o Aok Futh o] WA=
A1 538k A} (infinite recursion) 7} A &F= 21 97] H&f, 72 AA Y} 283 A EFRE

Aol A8l 22 ol 59 wWolx FHal UﬂHEE ZTEaoF FUTt o E E0°l, object.
__getattribute__ (self, name).

WA EE Fashe Ao

Eiﬁ o4 thE Ut

o
o
=
o
o
+
=
1o
R
Hu
>
o~
rO
fol
e
o
i)
i)
fu
J[m

MM EE AXNA %L 5 ALth AT F G 55 v

2

912} obj, name & 2 ZFAF oMl E object. getattr = TAA YT

30
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object.__setattr__ (self, name, value)
EZIRE Qo] A =g HH TSP YT IREAJ W AYE(
= Z2) tAlel o] A o] &P Ut name & | EEFHE o] &
U,

_setattr_ () oA dads ol EelHEc] ST B als, 2o o] e Wl s Zeja
HAEE SEF o gLt o & 5] object._ setattr_ (self, name, value)

Z Ax"A g o 3 A3t
A, value = 270 Y3t = Y

Q1 2} obj, name, value & ZFAF o|H E object._ setattr_ S TAA A YTH

object._ _delattr__ (self, name)
_setartr_ () T u|2aA W B REE Ol thAlol AA T Th o] AL del ob.
name ©| Aol 2 u] 7} Q= Aol B L H = of oF T Th

Ol 2} obj, name & 2 ZFA} o] H E object._ delattr S HAA ZAYTH

object.__dir__ (self)
ﬂiﬂoﬂdir ©l 3 W TR UL AA2E EAT L FULE dix() & EATAALE
a3k

25 0{EZ|RE HMA FHAEDLO|HO|M

E4% o]5 _ _getattr_ ¥ __dir. = E2EF JJEZREY U FZS AHEA Ho = d A
£2 5% ATk 2E 489 _getatcr Fat o9 GAE o2 HES o] 52 o}
u

A AAE FE aﬂ%—rﬂ\/}AttrlbuteError% g Al Aok St kA ol 23] (2 object.
__getattribute ())& Sl o]EBREZ} BE AA A TAFA ¢fo W, AttributeError &
do77] Aol BE __dict__ oAl __getattr__ % A o}, 31745]%’ O% sHE o202 3
d48 &3ty AAE SHEYh

_ dir 3= oxpEukx oky REoA AT 4
gt EA5Hd, o] 4= ZE e £F dir ()
4_*‘:3._‘07(]—(01 al:lE/HPgl —Li-ﬂﬂ o)aﬁ.q}‘ﬂtﬂo
JEEHEE types.ModuleType & A|BH ZH22 A

§%45} BRG] A F2E EEF oF

_‘_,—|—’

A& 2 A o) sl 7_1,‘;6].4 _ class__
3

import sys
from types import ModuleType

class VerboseModule (ModuleType) :
def _ repr_ (self):

return f'Verbose {self. name_}'
def _ setattr_ (self, attr, wvalue):
print (f'Setting {attr}...")
super () .__setattr__ (attr, wvalue)
sys.modules|[ name ]. class = VerboseModule

: B _gerattr_JS9RE class YL OIEIRE A TEE AL 2
HEb-mE el Be A el A el 2E0) g Aol A wEe A
A9 F2E ANAD L FBUA e

WA 3504 MA: o)A __class_ BE oJEgHEI &7 75

WA 370 37} __getattr_ I _ dir REOEZHE.

o ®B7]:

PEP 562 - % _ getattr__ 3} _ dir__ EEo| & __getattr_ I} _ dir_ TS AHFYTH

3.3. E4 HAME OIEE 31
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Cla3EE #8517

2ol L= HAEEL FIAEE 7H A2 (9] U HE (descriptor) e 2) 9] AAE AT AR A}
(owner) e 2o S vt AL H Uk (2T HE = 274 Sd29 gAY I R S5
Spkel 94 2ol SlofoF T Th. oheh ] oo A, "ol S el R E” = o] B0l At B4 dict
o 712 AHgE 1 Yt o= BES she Ptk
obje ct . _get_ (self, instance, owner=None)
FASHA(F AN AEZHE A 2) L T S A0 AN (AT A ERRE JA| )
o oe SHEE Aseln Tl E2HYTh A9 owner ARE 24 A2 o W]
instance = Y EB|HE FZ 7} dojtil &= Ad2BEH 2ol AY, o EBHE 7} owner & 35 AN~

== 7% None Y th
o] =+ AlAtd o] ERHE 7S S8 F AU AttributeError o9 S Yo Aok T}

PEP 252 get ()°] Shht T /9] Q1448 2 el Eoleka A3 FUTh she]a 4419
WA O AT o) BAE AAFGUTE 1ok QR AR 2L F ASE BE Q75

dME
Yaa ezt 92 & gk o8 AN getattribute () AL BLEA 2} B
glol 4t AAE B A,

object.__set__ (self, instance, value)
2FA FH; 2] AXEX nstance O] AEZHEE M Fhvalue 2 AR W] SE&F UL}

__set__()oly__delete ()& F7Fst tAAYE {3 o] “Hl°]H H 2 H (data descrip-
tor)” 2 A FF ol Fo|FHA . AA T G2 HATHE D257 8 FRFAAIL.

object.__delete_  (self, instance)

2FA U 20 A" instance 8] JEZHEE AT u] $EH Y
olEfHE objclass —E inspect 2E] 9 &) o] AA ]— ZYPAE N AHT}E= ACFE )
A Uth(e] = A 23 A }fﬁ AL 22 EZRESG A é‘/\l F Q1E 2 2~ 34 (introspection) <
A4 4 A5 Uh. 351 -4 3% 3 ‘?ﬂ’“ﬁﬂx] AApel, ol K Uﬂ(f—% AB Fe2)e AxdAT} 7
e AV T2 S 7182 = 95 1/]1‘/]—(01] £9¢],CPython & CZ 73 H ¥ 25 A] 942 1] A = (unbound
method) o] o] S EZFEE @@5‘14&}).

CIA3EIE S&517|

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

LS AL S8 AL AA QLA ALANEE 52 23
AE S a.xta.__dict_ ['x"] oA A|&3HA] type(a).__dict_ ['x"']
e S AL T Al V\; C%%ﬂﬂ 7He 4R iﬂi?"é%l/]i}.

e, who £33 ko] HAINE HASE AL AN, ol 8L S8 52 oAl Bz
]/\

2HA 8k A Yy
£ AA type (a) 9

HAEE TE2T 5 5T AT 55 o= YA odA o] do] dojuh=A& o 2T HH
]/‘1E7}Z§4ﬂ°1 R ojd Ao 7 §E5 =2 ek thE Yt

U223 ygE 29 A2 -2 23 (binding) YU Th a.x. B A AAFE o] 2FE A+ a o gt o5 Y

c}:

AR 32 A VAHUAE NG D AEHE EE L AEA ZEA AR WAEE Y 52T
W dUth x.__get__ (a)

AAEAAG AA Ad2adro AW a.x = old 352 AFFU: type(a).
_dict__ ['x'].__get__(a, type(a)).

ZHR2ZF FH 2o AFEE, Ax £ oW §22 AP Yo A.__dict_ ['x'].
__get__ (None, A).

Super ZA g} If aisaninstance of super, then the binding super (B, ob7j) .m() searchesobj.__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__).
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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 de-
scriptor; if it defines neither, it is a non-data descriptor. Normally, data descriptors define both __get__ () and
__set__ (), while non-data descriptors have just the __get__ () method. Data descriptors with __get__ ()
and __set__ () (and/or __delete__ ()) defined always override a redefinition in an instance dictionary. In
contrast, non-data descriptors can be overridden by instances.

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

property () &€ o8 I HEE FAF U o] ufZof], A" A& 2 2 31 F (property) 2] 5

__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 creationof ___dict_
and __weakref__ for each instance.

__slots__ Al20] 5t L E

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

Withouta ___dict__ variable, instances cannot be assigned new variables not listed in the __slots___ definition.
Attempts to assign to an unlisted variable name raises AttributeError. If dynamic assignment of new
variables is desired, then add ' ___dict__ ' to the sequence of strings in the __slots__ declaration.

Without a _ weakref _ variable for each instance, classes defining _ slots_ do not support weak
references to its instances. If weak reference support is needed, then add '___weakref_ ' to the
sequence of strings in the __slots__ declaration.

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

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

Sejssh o) s FU2) slors_ o D o5} 2L o[ F MEE slors_ o AAGTH,
Wl Fe 27 A9 B S AA LT 5 gt AE LU0l s S AR H AN E
Ag 2330 AL A9, ol AL 1AL Aol A obe Al HujA P meel
|5 A7 A% WAL 1B AU

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

Any non-string iterable may be assigned to __slots__.

33. S+ HME OIEE 33

1



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

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

e _ class__ assignment works only if both classes have the same __slots__

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

o If an iterator is used for __slots__ then a descriptor is created for each of the iterator’ s values. However, the
__slots__ attribute will be an empty iterator.

3.3.3 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 MIEE XFt= FHLY AH SeaTt RSl A EEHH}D} TEFEUNh ds = A AE 2
2AYth wEoF AREARQI JIAR A WA ER FoHH, o] HIAE=EE %AW o2 FHA AR

EEE-IRISY
A Fexd FoARA 719E AAES ERE FH29 _ init subclass 2 Adgyrch
__init_subclass__ & AI23tE= 02 ZY 2590 T L A6, 2L 7YHE AAES
A Fo b A5 Hlola FY 2R dIafof gt o] d *J?JIJE}.
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

2

718 F£9 object.__init_subclass__ = o}F 4% 31X AU QA7) 23T o] ST

9] & LA YT

Z7: HE FH A S E metaclass = VYA 3 Aajof o4& 485 2, init_subclass_
2 AgE A g5k AR WE 2 EH" (H Al 7‘4?_] SIE thAlol]) &= type (cls) B BT
SEtrey

B A 3.60] &7}

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

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

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

class A:
pass

(Th5 sTeTATol A1)
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(o] A sl o] A ol A AH)

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

o ZpA g Y &2 Sl AA 7] <

WA 3.60 F7F

bl

P S Al 2.

HEl SaiA
AEA R, Feh At type () S AR TS FUTH Zeh 2 uit)e A o] B F7AA AW 1,
;W2 o] 52 type (name, bases, namespace) & Ao A HH o2 AAH Yt}
ZrEN=E=AAHL Fs A Zometaclass Z|YE AAE ALFA L, 28 QRS £33) o] ]
EAGE ZU2E AT RN ALEvlol 28 4 d%th 0L ool A, MyClass 2 iySubclass
= 2% Meta 9 d~EHAJUTEH
class Meta (type)

pass

class MyClass (metaclass=Meta) :
pass

class MySubclass (MyClass) :
pass

A Qoo AR TE AYE AASL oleol A AW R E e 22 A5z APy
A Hol 7t A wl, e 2L B S H YT

- MRO &5 0] 249t

. ARG e 227 AR P U Th

. Ze)2 o2 7] EHlHYTh

. ZEa T AR YU

. e AR 7} BEoH Y Th

my

Zex Aol Yehh= wlo] & Fej &7t type o 2B AT obd A9, AZ]olA __mro_entries_
HAEES ZAGUTH HHEH, Ao wlolx FE2 TSH YT o] WA=+ o] o] thAl ol AHg-E
Zola0) 2SS} FUT FEL WAL 5 AU of A Aef wlo2e TAP YT

o ®17]:

PEP 560 - typing 253} AW g ol gk Zo] A1 Y
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Ftype () ol AHEUTH
° type () & 2" A7F oYW, IAS v g WA

« type () o A2AAT BAR WE F2E o AL, WMol 27t B H oW, /g Bl
st v e 2227t g g U

4 el S v Selat WA R AR ok Sl A sl A4E BE Wol Fel
S vt 22|25 (Z, type (c1s)) FoIA AR ULk 7HF Bol SPIE vEt S 2% o5 BT o
A 1 k8] (subtype) I LI T BHoF o = R o] 272 WESA RHTH, Fe 2 Ao+ TypeError &
A7) A5 g o

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

whoF W e} Fel Aol prepare OEFREZIQIOHE, FEla ol 2Nl A JEWEoz 2
7139 Ytk

o ®17):
PEP 3115 - 5}0] %1 3000 o 4] ] wle} Zej~ _ prepare_ o] ¥ F L =JAFUT

ZaiA vic| ™3|

P H]-E] (th2F) exec (body, globals (), namespace) I}Zro] APH Ut} utA <l exec ()
TEHFE Ao H L Fela Fo 7 g HFEA A o] FojF 01“ 2~ 313 (lexical scoping) ©] Z 2
vi] (& Uﬂ NESS ZTANE ?5}042 A} B ATz Q= oG ES FRIEF s ST
Advih

AT, Seh s A7t G o)A o] R A M AE, Fehs PR A HAEEL S
~AnzoH o H O EEE B 5 Quyth Zehs Wes AadAY 2ha WA= 3 WA v
42 59 ANAAY the Aol N AEete BAAOR o)) ~22HH __class_ FEE 3o}
ek

A 2| BHET|
A 2o ol F o] Fehos Wil E AT A AS AW, 2
a%ﬂ@qq@ﬂwﬁa

bases, namespace, **kwds) <
__prepare__ o AEH A& 25
=

o] e AA = super () off AX l ‘{%—E A% FzHE AYUth __class__ £ F# 2 vl
HAEE S e dtet®s _ class_ Usuper & 32T A Astd ol o3 WEol A& FAAA
Z 2 A (closure) FEAUTH ] A2 A4 gl= _é o] super () 7} 013 233 7o FA) AHo
AE ZU2E SutaA 22 5 =T FUth Wi FA 9 T2 A FeA v AT 2 E A

2 Adgd A A ARpel 712 A A EE Y

CPython -3 class__ A (cell) O Fg|a o]E Z7He]  classcell
AdEZZ “ﬂE} EH/\"ﬂ Z“’L%‘JE} ghek = Zxﬁﬂﬂr“‘ o] AL FeNATEutEA 271315 7] 938l type.
__new__ ZZ7HA AEHA A3tE o of It} o] FA O}X] %35 9ho] %1 3.8 ol Al = RuntimeError
Zolofd AYYth.
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When using the default metaclass type, or any metaclass that ultimately calls type.___new__, the following
additional customization steps are invoked after creating the class object:

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

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

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

Zeis AA 7L FE R Fof), Ze 2 Foof £3E Fei o d e o H oA (AThH) Sejas ADs
3,2 ATE ZYPA7FAYEE A Y o] 2 27k A AT T

type.__new_ 2 A ZH A7t HEAA W, o5 FNHHAATZATEH = A= ME THE A U=
g o g B, Ao A= v HUth A} AFE-ES 917] A8 2 24 (read-only proxy) 2 = 2] #to] =,
o] A o] FehA AA Y _ dict_ oJEFHEZFUTH

¢ BW7):

PEP 3135 - A} super SA A9 class  F2A 25 A9 gyrct

HIEl F2iAL| &

mlE S FA A A F=oll= AV fls Utk B F B 744 ofely o] Foll & enum, 27, Q¥ 3| ©]

2 A L A3 9 < (automatic delegation), AH5-3} 5 = 2 3 €] (properety) A A, ZZ 2HA] (proxy), Z 8] 99
(framework), 2}5-3}9 2Hd Z 71/ 7] 3} (automatic resource locking/synchronization) 5 ©] $l<5 4t}

3.3.4 CIAEA gl MEH EelfA A HAE{OO|A[O|M

) IR e AR 5

kv
o
=
>
[
il
rlo
}_l
0]
F
o}
0
@
o
o}
Q
(0]
1o
}_l
0]
0]
c
o
Q
'_l
o
0
0
fio

A7 &) sk wl AH8-H

E3], v} F 8 2 abe.ABCMeta = 34+ W o] &~ = 8] 2 (Abstract Base Class, ABC) S t}2 ABCE £33t
499 FHay FUNEF S 2T Uholl “7H Wl o] & F el & (virtual base class)” 2 7+ = 1A
el o] WASES TAGU

class.__instancecheck__ (self, instance)

instance 7} (A B ol A - A O Z) class 2] A2 A2 AFE F 9od & S8 FUch vheF
Ao W, isinstance (instance, class) & 7337 3 &g}
class.__subclasscheck__ (self, subclass)
subclass 7} (A H A o] AV ZHH A O 2) class o] A H Z 22 HAFE &= Jod F& =5 Uth
ek J ol W, issubclass (subclass, class) & 73A3H] Y38 SEH Yt
ol MAEEL FHa F(ME S oA 23 Ak Aol o) oF itk AA| el A S

o
MAEE He)E 5 gk o] A dAB A O8] £EF & S5 =S 239 ABA YTk
o] A% xRt Ze s ARt

o BW7):
PEP 3119 - A W|o]| A S| A0 Q]  instancecheck () & _ subclasscheck = 53
isinstance () & issubclass () & &S A2 Eulo]Ast= o] Q3 F9FS £ 8351=H), 9]

7% 8] £ 715 Qojol F4b ool ZelA (abc RES HAA 2)E S84 S o] Qe o
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3.3.5 AU ¥ SLH LH7]

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

o ®B7]:
PEP 484 - Type Hints Introducing Python’ s framework for type annotations
Generic Alias Types Documentation for objects representing parameterized generic classes

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

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

classmethod object._ class_getitem__ (cls, key)
key ol Q= @ Azl & A ] Fef 2 5435 Y= AA & s2l54th

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

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

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

__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 ob-
ject 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, 1if obj is a class and defines __class_getitem _,
# call obj.__class_getitem _ (x)
elif isclass(obj) and hasattr(obj, ' class_getitem_ '"):
return obj._ class_getitem__ (x)

(ThS slTeTATol AI%)
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(o] A sl o] A ol A AH)

# 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 type class as their metaclass. type does not define _ getitem (),
meaning that expressions such as 1ist [int],dict [str, float] and tuple[str, bytes] all resultin
__class_getitem _ () being called:

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

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

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

>>> list[int]

list[int]

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

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

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

>>> from enum import Enum

>>> class Menu (Enum) :
""rA 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 (Menu['SPAM'])

<enum 'Menu'>

o ®H7]:
PEP 560 - Core Support for typing module and generic types Introducing __class_getitem (),
and outlining when a subscription results in __class_getitem__ () being called instead of

__getitem__ ()
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3.3.6 22 A LY LH7|

object.__call___ self[ args... ]
Ax27t A “a2E o TSH YT ol I =7 Ao H ™, x(argl, arg2, ...)
e type (x) .__call_ (x, argl, ...)E HIFPYrh

rr

3.3.7 HEH[O|HEY SLH LH7|

The following methods can be defined to implement container objects. Containers usually are sequences (such as
lists or tuples) or mappings (like dictionaries), but can represent other containers as well. The first
set of methods is used either to emulate a sequence or to emulate a mapping; the difference is that for a sequence,
the allowable keys should be the integers k for which 0 <= k < N where N is the length of the sequence, or
s1ice objects, which define a range of items. It is also recommended that mappings provide the methods keys (),
values (),items (),get (),clear (), setdefault (),pop (),popitem (), copy (),andupdate ()
behaving similar to those for Python’ s standard dictionary objects. The collections.abc module pro-
vides a Mut ableMapping abstract base class to help create those methods from a base setof __getitem (),
__setitem__ (), delitem__ (), and keys (). Mutable sequences should provide methods append (),
count (), index (), extend (), insert (), pop (), remove (), reverse () and sort (), like Python
standard 11ist objects. Finally, sequence types should implement addition (meaning concatenation) and multipli-
cation (meaning repetition) by defining the methods ___add__ (), radd__ (), __iadd__ (),_mul__ (),
_rmul__ () and __imul__ () described below; they should not define other numerical operators. It is rec-
ommended 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 implementthe __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
W Len () & 785 95 B2AY T A Aol BAT Gk S, >=09 FEA,
E5 boor () MALE HE S L AR on 0 0l 02 FARH wel Laaln
AR ez AFEY
CPython -3 Z}Al: CPython ol A], Ao+ Ht sys.maxsize ¥ Z o] SFF Yt THeF 4o
sys.maxsize BTt 3, oJ¥ 7]5F (len() F Z2)2 OoverflowError € €24 = UF
th ZF A A AA oA overflowError 7F dojub= AL W7 Y&, AA=_ bool () E A
sk g o,

object._ length_hint__ (self)

operator.length_hint () & F&837] A8 T Utk AAY FHH dol& 587 oF
dUTHAEA dojEtt AU Zg & AFUTh. 2ol >=0¢ BFofoF Yk vk g2
NotImplemented ¥ &% 21,  length_hint__ WA E7} olof] Z2A3}A] k= AXAH A
g ULE ol A== <5 atA JAFE Sls 2ol 23 Sutgo] &7H A+ g5yt

B A 3.40] =7}

i eto] e AdA o g thaol e Al A =Edd sl 35yt

’a[slice(l, 2, None)] =D

2 o5 3, e e kA AU Th wh Sebol 2 T2 P4 None 02 A AU

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
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type) isuptothe _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 FEE N A2 25 Suk2 FA ] Adl, ARE 920 B IndexError 7}
dold 2oz 7h3tar gyt

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) 2SI B g PRl A3 ST, _gecicon () 32 77 Aagye)
g o) Afoll=, AAZE 71l thall gkl A olu A} 719 715 =T B, Aldae] Are
Tl ﬂxﬂg F A LA o FUTh ZEH key 7S] A= getitem () A%}
Z2 A9 %‘274‘#‘3‘44.

object.__delitem__ (self, key)

self (key) o A& 957 A SEAYLE __gecicen () 3 Le 77} Lo )
o) 4 o] QMLJﬁﬂﬂ7L%WW§d%§§ £, 820 A9E ol AUnz e} A7
98 W TAS ook Futh FRT key hS AFE _gericen () AN TE AE
9o A of g},

object._ _missing _ (self, key)
dict.  getitem () o] dict B FF oA 7|7 Do YO selfkey] & FAFHY]
A8 =g

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 o o] g @) o] A (reverse iteration) & 7 & 57 Y3 (YohH) =&Yt
A ol il‘: AAES J o r dAst= Al olHE ol H A& =

_ _reversed__ () WA EZ} Zﬂ%’—ﬂ A 9o W reversed() LH%]'W'—/F——E AN 228 F

)
ﬂ
o,
)
<
O

(_len () & __getitem ())& ﬂMOi AHEFUTH Al EA 22 EFS A Y3t AA
2 reversed() 7} AIE3= ARG H EEAA FHAS AT = AWt reversed ()
—2— Al-g-3l oF g oh
A AAF AXMAE (in I not in) 2 BE AEH Yol Ui g ojg oMoz AP Y) A,
A" oY AA = o 2E&4A FAS h3 74 2 %—‘% HAEE Fal AT 5 AsUth o] % AA=
SEEESE Fr e
object._ contains__ (self, item)

W Al AAF AARE FEEE7] 8] SEH YT dtem o] self o] QoA 2, 1A ko ARANS
S F oF Ut w3 AA S B9, 7]-3k o] obu et wi B 9] 717} a1 e = of oF g th
__contains ()& WA S AR A, WO WA WA _iver () £ BT I
O]/}j% /\]E?l' F,igetltem () = %—1—151—,‘9__ ‘I%_]_/_\_ O]E%H]O]QEEE%% /\]E‘;}qr/} ﬁo}
Al e o] o] A ATIAAL
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3.3.8 =X & SLH LH7|
A= FH W S 2R 22 AAEES B9 T 5 sk FAH = ST S/ Al
o3 A Y A ke AME(AE 59, A5t obd A5 S v E A4E) o &3t HIANE=EES
o)A ghe A= A FoloF g ch
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)
ol YINEEL Olﬂ e ARNE(+, -, %, @, /, //, %, divmod (), pow (), **, <<, >>, &, *, )&

?—ﬁo}ﬂﬁoﬁ TEEUY 2 &
2l x + vy 9 %k% 3171 918, x.__add__(y) 7} EEF YTk _ divmod
_ floordiv__ () & _mod__ () & AH&3}+= ﬂ4+5i af oF g th;
= 2] 9Folok gt W%pow( @#" A W do] Y= 7] YA,

”&ﬂ*°“ﬁﬂmﬂ A2E W= ﬂﬂﬂﬂ%@ﬂ?ﬂﬂ%@ﬂﬂ.

/\_4 o]/\E-]/\o u;H
() HMINE=
_ truediv_ () & AT
() WA =T}

x 7} _add_ () MANEE 713 &

ke o] I EF F U7t AlFE QAo giE] AAE A YUFHA] oW, Not Implemented &
Ay

object.__ radd__ (self, other)

object.__rsub__ (self, other)

object.__rmul__ (self, other)

object.__rmatmul__ (self, other)

object.__rtruediv__ (self, other)

object.__ rfloordiv__ (self, other)

object.__rmod__ (self, other)

object.__rdivmod__ (self, other)

object.__ _rpow__ (self, other[, modulo] )

object._ _rlshift__ (self, other)

object._ _rrshift__ (self, other)

object.__rand__ (self, other)

object.__rxor__ (self, other)

object._ _ror_ self other)
ol MM EEL FR 3 3 A= ) o] F 4t AE(+, -, *, @, /,//, %, divmod (), pow (),
<< 22,08, 0, ) RS S ZEF U o] S £ A e E Aitke A1
SHA] %%1* ARSI ANZ 2 P et SESHUTH & 5o, 284 x - vy g& 73
E%# ko, y7P_rsub () 2 z2t=Zd29 darglrod, x sub__ (y) 7} Notlmplemented
s =8 __rsub__(x) 7t ZEHYTh

A & pow() E__rpow_ () B ZETHIL AIESHA FFoll T ok Futh (A st =2

oA F H o] YT B 3ta g rh.

.E_

Fa: 0 25 AU Yol G AU Pl A2 Fhsolm 10 2407
AR e WA= THE T A AZHY, o WA= AE AAxre] A5 A @ WA= R} A

Po}7)A A QEA etk £ FHat - WA =S 2R ¢
51 91212k9] 9219 W A =8 AHSSHE thgho] A s =
2R IS YA R A8 W 38 FU o

4 For operands of the same type, it is assumed that if the non-reflected method — such as
supported, which is why the reflected method is not called.

r
Ai

AU, WA =7 Not Implemented & S S-S S8tk 22
= oo WA =8 None 0 & AR 1A] Holof grutt- 1A st A

rlo IB

__add__ () - fails then the overall operation is not
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FEYULh o 54 A8 FHat 24EY QNS AT S =T Py

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)
O] uﬂ}ﬂEg% %"‘E‘ ]_E EH o); (+ y T *=) @Z) /=v //=, %=’ **=, <<=, >>=, 65, A=y ‘=)% '?_@_6‘]'7]

el e Ut ol M E= < J% AR ol A (self & 2830 M) SHE 5 A S 3 oF Sfat, A (dh=
Al 2 o 3= A2 o A whself A 5 Y UEH S w25 o Uitk wheF 54 v =71 o= 4]
Fow, 8 oYL duHe UME—;——% A AU g S0, x7F__iadd () INEE
e Sdllad da'la, x += yEx = x.__iadd__(y) $EFSFYUL IFA FoW, x +
y«] e T wE, x._add_ (y) y._ radd_ (x) 7} ZHFFUTH ojW A3oA], 2R

object._ _neg__ (self)
object.__pos__ (self)
object.__abs__ (self)

(

object.__invert__  (self)
A ik A4, + abs (), ~)= T8 S8 S=FH Uth
object._ complex__ (self)

object.__int__ (self)

object.__float__ (self)
W g4 complex (), int (), float () & 737 A8 SE2F Utk A Es P2 gh-S S oF
T,

object.__index__ (self)
operator.index () & 3} 7] -A—H EEH .40]550] 5:—7(} AANSE AL A= <=4 ¢ o
%%ﬁﬂokﬁéﬂ(ga‘rol“ 011/}141% yhex (), oct () FFEolAetdohutt TEH U o

M Dol A Ak AR A B AE A e W) A A B Aok

_int__ (),__float__ () ¥ __ _complex ()7} ALY YA ko e A S int (),
float () Y complex ()&= __ index__ ()& AF&SUth

object.__round__ (self[, ndigits] )
object.__ trunc__ (self)

object._ floor_  (self)
object._ ceil__ (self)

W& s round () @Fmath < trunc (), floor (), ceil () & 737 Y3 T = Yt} ndigits

7} __round__ () B AGHA] &= 3l o] A EEZ E—‘:r ntegral (E% int) 2 Z& A A9
S Ea7ck g

The built-in function int () falls back to  trunc__ () if neither __int () nor __index__ () is

defined.

33. S+ 0HAMEOIEE 43



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

3.3.9 with & ZHEIAE ZI2|X}

P

)

AE~E 2| A} (context manager) = with & A3 uf ] = A3 AH~E (context) A o] 3=
AAJUTE ZE 859 A2 A8, A2 E A A= 9= ’}—33(;‘/\171} AR AR AT B S
AUt AHIAE FE A= 5 with Fwirh & A A AFFych o2 A2 20k, 159
HAEE ZEHA AH AT % dFYh

ZAE2E A2t AP A S xol= thFst T 7 A AE (global state) & H @35l B =
Z+4-& & 7 (locking) 0}3’_ O‘ii'ﬂ (unlocking) 3= 7, €9 9}Y & &+ 2 5o dFUtth

AdAE e 2to] th 3 5 214 3F A B &= typecontextmanager ol V&1 T},

J
P

Jm

I

object.__enter_  (self)
o] A 9 AFE AAAZ A A=) ALFUCh with B as A2 AFH thao] 9rtd, of
=9 w3 7S A

ful

object.__exit__ (self, exc_type, exc_value, traceback)
o] AA g} JBH AWN L AHAES FRFUTH AAFEL ANAE 4 Hol U] BE

N9 /& FUTh BeF AYLE} o9 §lo] FRITH, A A7 2T None o] H Ut
BESF 0] 91 7 A1 55 31, W A S 7} o 9] & 54 A7 31 4 0¥ (5 BAbehE AL 2o ol W) F(tue) &
Eel7of gtk 184 ghod o]t of WA=/ FES Fol A% AP h

_exit_ () MM EZF HAEH A2 & thA] €2 7] A (teraise) Y= T of Ut o] A2 T =F
A} (caller) o] 2 ¢} 4 Ut}

¢ BW7):
PEP 343 - “with” & I}o|® with 2o U3t 74, w4, 4.

3.3.10 Customizing positional arguments in class pattern matching

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

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

For example, if MyClass.__match_args__is ("left", "center", "right") that meansthat case
MyClass (x, y) isequivalent to case MyClass (left=x, center=y). Note that the number of argu-
ments 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 3.100] F7}.
o B7):
PEP 634 - Structural Pattern Matching The specification for the Python match statement.

3.3.11 S 0ME =5

= A9 2" G R 7k obd A 2] g o
A et e 2RI S dodle

A2 o] FEf 4 R
o= o] oS wuk gnf=
AAdd Yt

>>> class C:
pass

>>> ¢ = C()

(Th5 slTeTATol AI%)
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(o] A sl o] A ol A AH)

>>> 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 methodssuchas___hash__ () and__repr__ ()
that are implemented by all objects, including type objects. If the implicit lookup of these methods used the con-
ventional lookup process, they would fail when invoked on the type object itself:

>>> 1 ._ hash__ () == hash (1)
True
>>> int._ _hash__ () == hash(int)

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: descriptor '__hash__' of 'int' object needs an argument

S22 AdAFHA G2 HAEE TESIE = olHl Ao ZAEH A= 2 ‘v E} F8 2 E 2 (metaclass
confusion)’ ©|g}3 B3, SEF WA EE 23T ] AAEAE 3= PP oz 9T £ 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

Bypassingthe _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).
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3.4 D FEl(Coroutines)

3.4.1 O{fIIO|E{E ZHA|(Awaitable Objects)

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

Zr31: The generator iterator objects returned from generators decorated with types.coroutine () or
asyncio.coroutine () are also awaitable, but they do not implement __await__ ().

object.__await__ (self)
olEl el ol Bl & & F oF FUth ol sl ol B E AAE F &) A5 AHEH o] of T} ol & S,
asyncio.Future £ await 2847 355 7] 938 o] HIA=E LA}

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

B A 3.50] 37}
| ®17):
PEP 492 7} o} gl o] E1 & A A of] tfj 3t ] ApA S A B E 233t 5y th

3.4.2 TR E| ZHx|(Coroutine Objects)

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

FFE2 daol Heste dA=s =3 2t e, Al ol 8 (Al v & o] B-o] B & o B w4 =
HAAN L)Y AR Gdsunt sHA S, Al olH ek 28], 7L olH e o] d 2 A A A8t
Eaciuiey

WA 352004 HA: T2ES F H await 3+ RuntimeError & 4o 7 Yrch

rir

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 value is not None, this method delegates to the send () method of the
iterator that caused the coroutine to suspend. The result (return value, St opIteration, 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 sus-
pension 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 ()
ZFEo] A4 g AP oL FRIES W wor A do] IA FA) Fold, o WA=
FAFEo] A FAEHEE 3 o]HH o EH Y close () HIAER A AdFUHIH HAE=EE 714
7A9). 1™ thg YAl A A Aol A GeneratorExit & WA 7=, ZFH o] A AHAE A
SES R iAo 2 AREe AW SR BASEH, oFF A =eA 23} ¥k

o= 2o

Mo T rlr 2,
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228 237} 5432 ws 919 Z2 A 2o whet 250 2 29y chclosed).

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

H] 5 7] o Bl o] 8 & A4S __anext_ WA ZX BV ZEE EET
H]5 7] olH el o] Bl async for oA AHEE 5 s U Th
object.__aiter__ (self)

v 5 7] o] el allo] 6] A & £ 7 o Tirh.
object.__anext__ (self)

olH ol ¥ tha %
StopAsyncIteration

H57] ol H 2l & AA 9] o:

)

et

HE 2 Eeidol Utk olgdolde] Euw

2 o
)
il
ne

class Reader:
async def readline(self):

def _ aiter_ (self):
return self

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

raise StopAsynclteration
return val

WA 359 F7F

WA 3.7 A ¥ 7: Prior to Python 3.7, __aiter () could return an awaitable that would resolve to an asyn-
chronous iterator.

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

3.4.4 H|S7| HHIAE 22| X}

v 5 7] A~ E A2 X} (asynchronous context manager) = __aenter_ 9} aexit_ WA Z A AgS
A FAE = = A2 E A2 Yo

M%) AEAE Bl AE async wich B AEE 5 Syt

object.__aenter__ (self)

__enter__ () WA ES} gufo g FALSHH, L8k xpo] 2 o lolHE & E 5] oF st
Ay ch.

object.__aexit__ (self, exc_type, exc_value, traceback)
_exit_ () MIAES}L YuAFoZ FASHY, § L3 2Fo] H 2 ool HE & S F oF Srh= A

Spel=s
H%7) A AE Bl 2e) 2 o

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

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

WA 3.50] =7}
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LA BEOE UEO PULh B2 (lock) & F TR A Y

=Stk 2 &, 34 ), 2o

) (FF AL 59 Az el H 2 A3 = 3
AN o

o
rlr
i)

Q1 X HE ZoA AAY F 2THEZ (EE _ _main__
SdUTh WZgT eval () Fexec() 2 ALHE FAL AR 2=

ot |
Ly
VN
t rlo
bl
%
ol
H
Ry
[
e
h
lo
1>
o
>
M
e
o
=2
2
v
>
2
o
X
>
o
filo
X,
I
ek
pak
o
N

olF (Names) & AAE 7t AU Th o] 52 °ol5 A2 dst w2l =l Yth
The following constructs bind names:
« formal parameters to functions,
e class definitions,
« function definitions,
e assignment expressions,
o targets that are identifiers if occurring in an assignment:
- for loop header,
- after as in a with statement, except clause or in the as-pattern in structural pattern matching,
- in a capture pattern in structural pattern matching

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

del Eol het A o) o] 2o x AAH Aoz HEFUTHAA v 7 o] 2L QA Ao
Aol 7l A=),

Ztfdolu dx2E 22 Fdav e A wl 2ol FofH = B5 ol 38 5 AL, B8 FEE 49

FEEFH)NM SFE F= syt

wef ol 5ol =5 oA A-H W, nonlocal o]y global & AA=A ef= o], 1 =59 A4 v
TAUTE BF o] Fo] BE s A4, A s duth (RF L= 259 Wiss A HoldA
Agdunh) e w7t I= S50 ARSH AW, 7 710 M A o] =) %] of Lo v A7 M= (free variable)
AY et

Z2 I3 HrEo 55t 44 o] FE2 thEoll e+ ©]F A4 (name resolution) 2] of] w2} &7
== o] 229 A7 (binding) S 7}l P U T}

4.2.2 0|&2| ZAl(resolution)

AFEZ (scope) £ BF U oA o] 52 7FAIA (visibility) & ] Utk A W57 EE oA Ao =W,
A 2F2E T EES 2L B Ao ¢ EF A o] F X, 23 EF o] 1 o] 59
g oh2 28-S HEX G o, 2T T = Ao = A o 2FH RE EE5 07 Figch
olgol = EF WollA A2 o, 7 7 A B AL Qe 2Tz JE AeE AAg YL ZE
E50 B I RE2TE IS EF9 &7 (environment) ©) 2+l F5 Ut

o5 o] Ao A= AR A ¢k O H NameError o & 7} T3 o) vhek AR AT 27} 34 AT 0]

a1, 71 o] g o] AHEE = Al -l ofF] AZAE A 92 A ¥4 UnboundLocalError o2 7 48§y
T}. UnboundLocalError + NameError & A B S A2tk

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 g1 oba 1 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 B8 2L 859 o8 AQ A4} 2L 2nxE AEUTh AR W5 A9 AP A7hel A
7hglobal £& EFaAThA, 1 A W4t Aoz A

o

nonlocal B& B 3HE o F0] 74 AA7kol H B AE B4 2Tz A oln] AFH o] §L HHAE
= BEUTh BHeF Fojd o) o] EYAE §4 A3E ool frhd A5t A6l SyntaxError

'~

Y olF U2 EEO AF dxEE u] AAFo® BEofAUTE 2T HEY] WA RES FA

o) o) B2 T exec() Feval () 2 AL AR S8 o5 M TS pEUTE 2o
Ao o5 AHESt BT o Y= A s EF AU o] FRE2 AZHA 2 AG HTE
A o] 5 F2olA Fethe AS AYstas ol 5 AA9 dubAel AS wFUth 2 FY 9
olF ¥ 22 A ERRE AUt UTh 2 EF0A AYH o559 23z S
EZor ARPUThH WA ESY FE E50 % e A 5t - o] A& A= 2] A3 Al ) o] E
EP2 2Pt ol AEo] F5 ATnE AEHA TEH ) MEGUTE o] AL th 7 2L Aol
A ek Ed U ok
class A

a = 42

b = list(a + i for i in range (10))
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4.2.3 builtins 2} xl|5t=l AlsH

CPython 73 4A: AH& A= builtins_ & HAE | A Tofof ) o] 212 & A AR Y Ut
WA ol g F7He] #e AAs T A2 A8 A= builtins BES import 3t 179 JJEFHEE

A A —5].7.]] 2~ ") —H o} gFi]t}.

o wEe) 97 As T UTh
ZIEAHAO0 2, main REY YSulE_  builtins  ZF WA EE builtins o], TFE 259
S Wl=_ builtins__ +=builtins BES gAY ot & JUch

A Aol thal) o] F AL 3k Al o] of et A Al of] o] Foj Yt o] A R 22 IE
422 93tk 22 Fa ok
i =10
def f():

print (1)
i 42
£0
eval () Ztexec() T+ o5 AAS A AT Ao izt FZ Aol lsUTh ol F2 TEAHY
AT A o] 2 bl AAF 5 JFUTE AR A5E AP 77kl S o] 2 g 3ko] of et A
olF F7ollA AMFYLL! exec () Feval () Folle AT A ol S AT 4+ A= A

a

7H53 A7t AU T B A B ol B B3

4.3 0f|2|

A 2 7& A 237 8 2

S 42 A Yt} (raised); = &t

WA= B A= AEd 5 d5Th

glo] % ez B AP AT A H 02 e 2 22)E ZAT u o2& doiynt. gho|

22N raise B AL ‘EH/ﬂ PAIHOZ L& doZ = dFU g Xiﬂﬂt try - except
$

o] 9] = of 2] Lt o 2] A
AR A A Ao A ol 2] &
o]

C‘:‘ioigl—

A==

E59 dtAd Al 5 M= sEdYth 7t
- = HAH o2 o7} Ay st

r?: [ﬂ
2

[r
e
L
X

X

4 d
o{v

¢

)

Fog AZGYUh 28 EZA finally 7= A (cleanup) T EE A A 3= d] AFREH =1, o9 S
A g et 2ol of et hl F = A oo 7 At 18 A ok A E YT

gho]® -2 ol 2] A 2lof “F 2 (termination)” 2 &2 AR U TE ol 9] X 2] 7|7 H 7 HA P = A AT

AT e A A ﬂ#%#t%ﬂ%ﬂﬂAﬂﬂ°ﬂﬂlil“#ﬂ%&émﬂig$
FUHHEA Y 2= 2742 AS5E A AZA 71 A2 g dyTh.

&ﬂﬂ 7oA = ﬂﬂlﬂxl S, dEzeHe JE:LE“A dF S FESAY, ey il F2

EoHUth 7 A9 BF, o8] 7F systemExit ¢ AE Al taL, &8 Edo]aw S AT

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.

3o, K

i ol 9] HIAI A= 3Fo] A APL 57} obd Ut 1‘41 < ghol o] Wz o] vk w 3 ar gl 1375

o, 3mEE ool e Arze ol AR 4 9k T o) Ao o] £eh A Tojo 2]

2

AA try T oA try B, raise T ol A raise Fof th3k A o] AlFH U Th

Vol gl o] AdE mEol ddH e ZETEREO ATIH & AR olE EAA k7l W dvch
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CHAPTER B

o|mE A|AH
@25 o g Told BEE QT oot meAAE i 0E RE) 9 A S| g AT
AL QU impore 2 ALE AAE Ao rlE 1 S Wl AW, AT WP opy Uy
importlib.import_module () ZL2 45U W _ import_ () E YT E FAE do7|=4 A%
2 4 9%tk
import & F 7FA A4ke &2 Ad U WA o] Fo] 7t REe e S, T AN Y 2345
Alq 2520 o] 5o AAFYTE import £9 AA 42 AR AASE __import_ () TS
Tt Aoz FogYrh __import_ () o] W& gL import 9] o]F A4 Aibe £ e= Ul
AER UL 0 2

] o] 2 o1 A4ke] HBHat Al LA | T A= import B2 HA| L.
[e

__import__() ¢ &
NS AZEGFA Y o8] /A (sys.modules =

X
o
i1
rlo

kd

i

I
L0
j:l
i)
Y
Fel i
v
1)

kd
i

dojd 4= Q7= BHAI R 24 import 0] o] F 94 dA4t= U

import ol A o), FF W __import () ZFEEFUth SXE A2H S T S8 THE WA
U= (importlib.import_module () Z2)L _ import_ () EAIRSIA g dxE IS +d
3t7] 98k AHAL Y] R S AR S S U T

BEEo| AL dXE D uf, gl RES AN, AHETY, B8 AAE e, 278FYh
whef I o] o] RES AT 4 YithY, ModuleNotFoundError & 4o fUth dfo|H e 42 E A
A7t S22 o o] F 29X BEE e g A =S AU o] ABE2 S Ao A AW et
oAy 712 &2 Tl 8 H L F4E = AdsYTh

W 3304 WA JEZE AAEHL2 PEP 302 o] F A BAE 43 FHIESE AAE JdF YT oAl
FEAHA YZE A= -AA YEZE A 2H”lo] sys.meta_path 2 53] =EFH Uth oI 7)o

ulm%li‘;
JE

4
é—\l

t] 3, U] o] E] B (native) ©]

I types.ModuleType & HA|

7] A1 &) A Dol FAH AFUTHPEP 420 & H A 2).

Fo
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5.1 importlib

kol
2

[¢]

P
importlib.import_module () + Y2 E AXE F53=d o W __import_ () o v]s] A3

importlib BE S JEE A2d7 45 A8a7] 93 23 APIS A2 FULE oS Sol
=
97, 1 RS APIE Al L) B A3 8-S import 1ib 2ol Heje ABAE B2 51442

5.2 17| X|(package)

shol e 8 744 FRO BE AN 2T YX, BE RES BEo] shol o]} C} 1 e} thE of
oz FAR LAY gl ol FYUTh BELS 2B o3 o] & AZTEE AT A,
shol e 517 4] b AAd e 23 dEUTh

7 A2 5k A 2dol gl T e etn A 5 QAW A7 A9} REe] AN AFOoRRE &
2L GoBE o] W GE UT B4 Tr)2 345k Lopol itk of 4] B4, vl el 9} 5t
olght v 42 AT AYYTh Y A2E OAHAAY, A AL AS Ao 2Aast, 7] A
HE RERT b e A8 7 A E 23T 4 5L

BE 747 BEC) g A2 7|95k o] F L FUTE A v wE BEo] 37149 2L ohg Ut
e doz BA5Y, AL SEH E ) REQUTH FAHOE, _patn_ oEREES £

ste RERZE2HVIAE ASEUth

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 emai 1, 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]

gho)l ML F 7HA] T/ WA E A FUTh Af H7)A] & o] 5 w2571 AL A 7] A= shol A
328 2 ol Ao EAtd A A A HAAFUTE A A7) A= e __init_ .py LS 7H ¢
,ol _init_ .py 3tgo] BA|H o7 A1, 17 0]

nit_ .py 342 & ZEE]

EdE oj
Aol st AR Eo] 374 o] B o] EEE
#3593, ol WS YEED o) RE| 2 /1A o= RES

A5 Qe A 2L Shold HEE ZHY

2715,
ANE Sol, b 22 st Al 2" wj X = H AHS] parent 3] 7] 2] &} Al 7R o] A B ) 7] 2] & o o
parent/
__init_ .py
one/
__init__ .py
two/
__init__ .py
three/
__init__ .py

parent.one & Y F ESIH parent/__init_ .py F} parent/one/__init_ .py = BA|ZF o7

APt F o] L parent.two & parent.three & 4ZXE X Z} 7t parent/two/__init_ .py
9} parent/three/__init_ .py & A3t
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of

B g} 7] 2] 2] A B 3] 7] A & o] v}
L EAEL zip P oY U E T L} 3o 3 o
th o] & &7t 7| A= LA A~ E o A A 2}

A = FE JdFUThE FAAL IRl M REL TR

{
i

L

o
£
o rfo

>

Ir

30 N g9 T O
it

It Hom oz H Sl
o m
O,
ox
|
3
2,

N
-
X0,
filo
4
oy
0,
K
[

_:Lr

A7 A= __path_ o]EERER AWHHEQl 2|AES AHSHA] ¢
< AHgske, 1417111 HH O YEZE Ao 27| 1 )
ys.path) o] ZE27} WF o 57]4) S A AAE AFoR
k7| A 9] B¢, parent/__init -PY vhd o]
ent 7 EAE 5 9, 474 Zeohe x
Z 0 Z parent/two 4ol § X 3}HA 9%’3 T AE
Strt Q2 E 2 wfjube} H 49 parent 37
2t 3712 2] 4L PEP 420 & #2314 8.

SUTh jAlo] S8 o]g]
AR (= 239 5714
S5 gy

0]

O oY ® 9

o)
Q
s od

o

r
E
i
£
%
o
al(
of
M
X
N
ﬁ
i ¢
f
n
L
;@

O ofNrfo
o

ol

5.

w
oy!
>
=

AAS A ZsH7] f6l, stel W dxEd BE(E 3714, ff}x] gF o] =of ol A Apol 2 F 254 ¢krh
of gAs] A+tetd ol 5 = 42 & Ptk o] o5 import = E Xﬂ*Q o] 1A, importlib.

import_module () Y}__import_ () T2 ALH w7 A FH Sy
o] o] 1:]—1—5 A o 51‘71“°ﬂ/‘1 /\]'&54 o, B REE 7t Joz2 FRA A2 + 3
FUth o & §°] foo.bar.baz. ©] o, Fo]d-& WA foo &, AthF ol foo.bar &, WFA %

©ZF foo.bar.baz & YEZEIHL /\]EEQIJD]— ok T 2 EV} ol stuet: Ao diotd
ModuleNotFoundError 7} 2A Y o},

sys.modules

27 U,

ArxESI= 5 BE °] 58 sys.modules oA 23, ek 9T S| 3ho] Y2 EE WHE3= 2 F
olx, ZZ A 2= 4xH Yt A2 ZEo] None o] ¥, ModuleNotFoundError & 92 7t} whoF

B o] Fo] QriH, ol ML BE A4S A% AT

2=
sys.modules & 227|7} s &g Uth 7| & AA & Sl G RES 3t ot A = A THTHE R EE 0] o4
I REA R FRE FASHL S T U8B E), AT o] 5o EE g A E FR3S A, ok
AEEM spol A0 2 BolF 1 R E L OhA] A5 B U 7oL None & YT S5 Y, oHE
ol Z E uj] ModuleNotFoundError 7} o] UEE w5t}

r
rl

f
o

25 A7)0 0@ 222 §A BT, sys.modules o A FEL FEE B F oA JEESUF B
B 271 28 7o) oy A Boll #2150 oF gLtk ol importlib.reload () & 2& 2E AA S
AAFE L, e REY BES A ARl A BES 8L T 2718 o
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5.3.2 1}Ql{(finder)2} 2 (loader)

E’_‘fai'ol sys.modules oA QAT R oy RES ZofA 2
HUth o] 22 EZ2 F /Y /NP E AAEE +AAH s

7(]-/\101 A3 Y= TS ALEE, TR o] BRES 2S5 3

REEFTHEFAAES dEHPFL EFUY- 8 I RES

o}, sholt] o} = 0. ghelne] AL
AAs= AU, = Qg o)~
2 gohn dehd g AAS B

(

lo] W& ojg] 71A] 7| B ol E3 X HES T2 AUt A HA AL YF REES Y=
25 4= 9101, F A A2 T2 E B E (frozen module) & 91X & 24 4= YA, M HA A2 BRES YT E
Az oA AAFEULH d2E 42 = Y A" A2 vzip LS 77 = FAEY HE YUtk
IS URLZ AEE == ASAE, AAAAE = = A9 A2 E 32 = d5 Utk
A2 E Aa= 4 7HssiA, 2' A B9 E i) f8] Al 3 E F71E = sy th
A= AAZ RES ZEIA = FF UL FAX | FY RES o A2 ES} AHA JRHES
8F8t BE 23 (module spec) & =8 F ], AXE A= RES 2T ] o] A& AE3HA Ut
O Ade gduet 2 2 EZf tisf & vl AHM| 3] Ageted, dXE FAE &3] 95
AEA Mz AES HEL FEIJE=AE iﬂ’%“%r/}

HA 34004 A o] AL o] Mo A, 37 26 & A H SSFJAW, ojAl &= 2H & 28311
AeRBE IS EHFULY JX2E &5 267} obF *}ELF»] 71 =SR2 82 24FH Y U
5.3.3 & Z E = (import hooks)

YEXE A= 4T 9

B4 E e AAN G 2349 AU S QEE T mporthook) I T F
E Zo| 95 Yth: vl el £ (meta hook) I+ YEE A ZE £ (import path hook).
=

HEel =L JdxE A9 AL, sys.modules /A X3 E AL st} A X E 2 g Eo] A2 7] Ao
TEHYLH o] A2 vE F O] sys.path 28], 222 B &, Y BEES AAYE 4 A Fych
thZ ol et ol, B -2 sys.meta_path o A} 3}l AA|E F718t= WHOE 55T 5 UF

AXE FE T L sys.path(ZF-Lpackage._ _path_ )X dHZ, AHH A2 FES W= A A9
TEHEULh thRoll d¥otxo], 4XE A& F2 sys.path_hooks 9| Al FHES F71et= WHo=R
TEE T AFYLH

Fo] R o] 59 5L sys.modules oA 2Z F gl o, 3o ML sys.meta_path & A=,
“ﬂE} BE QY AA 59 F5S XA lF Ut o] Il Fe] Fo o] 59 HES AP st

< find_spec () gk o159 vﬂﬁs%
BAE, (B 7]' SH E}Z (target) &
o
O

SR ok S, A G AAE WolEA T} o] 2, AX
2 = ﬂlﬁﬂﬂﬂﬂﬂﬂﬂ4&ﬂ*

et A= ST FojR o] 5o BES %
AF U

Wb e} 42 Shelu 7k F ol 4 o) Bel mES AP S 0 Ak, 2o A E EAEIT 28 4 )

ot None € B8 F Utk WeFsys.meta_path A 2|7 28-S 28 FX] £l BE9 Zo =&3514,

ModuleNotFoundError & 4o lUth WA= g2 &L 1y A 7] 1, 01_u.E TZAAE
l__?j—ql:]—-

WEl A TS £ind_spec () WASE F LA S A4 TEY UL R WA AL BE

443 A3 o] = (fully qualified name) O]HD}, o| & £0] foo.bar.baz. T+ HA| O]Z}‘_ 25 AA

A AR °“EF4%MD} A9 ZEo] B¢ F HA QA= None o] Ak A B ZE o]} A H 3)7] %)

o

4% = 0 A R A48 _pach_ o=eiE gguh u}oka@@_path o=
HEE A28 4 glod ModuleNotFoundError & go iyt Al HA] < Z]—h o] ] EA8e B E
AR ], H ]/ﬂ 2@ gdo] gtk dXE A|2H f_)_ ThA] 2 E (reload) & wf vk B} 212 A3 o)

=3 dxE 2ot oz W B3 = £ dFUTh o Sof, A REE o] o} F
= A °UIT/P"’ 3t ulf, foo.bar.baz % dxE s, dA 2t WE A2 91 Y (mpf) &

U
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o] )& mpf.find_spec ("foo" None, None) £ T &34 HAS dZEE P} foo 7}
dxE A Fol, Mgt B2 S ‘ﬂWH S A A foo.bar & YEE =0, mpt.find_spec ("foo.
bar", foo._ _path__, None) & E%QHD} At} foo.bar 7} YEE FH W, upx = A2 mpf,
find_spec("foo.bar.baz", foo.bar._ path_ , None) & Z&34 |

oJE ME AT AT EL 04 A9 QEEW AR o]l QEESS T v JIAE None o]
ol A o] 2 A None & Eﬁ Yt

R PR i M P S v )
M GUTHE A2 /9 shelu).

WA 34004 WA WE AZ 539 find_spec () WA E7} o)Al #]| 2] E find_module () & thAlF
Ut} W7 glolx 27357 = A w AZE A= 9ol E 7} find_spec () & FAFA] FH-S wjjwt
find_module () < AF- U ch

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

5.4 2%l (loading)

BE ado] BAYY, JZE AL RES 2T W 2 (2 A0 74 HE)S ASFU T o] 7)o
QEE9] 27 374 Fe Lot Aol o3l kAl Lelo] Ysruich
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 T 22 Al ARG F9 3 oF ek
+ Wop 3o} o] & 2] MEO| sys.modules o YrhE, YEEL o)) 24 EE AU

¢ 27 R ES AP Aol REL sys.modules o At

O0F)AAL A ZE T2 97w = dul
24 F o] Al Al = ZHLH (recursion) = W} 2| 3} 11, H M o] AHslo] o] W BEulE =
I

e

5.4. E%(loading) 57
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e 2do] Ay, At RE(LF A ZET 2 sys.modules A AAH YL sys.
modules 7H/~]°ﬂ gz J4gHor 2dE ZEEL A9 dolg)of
o

olv A=
ofek gyt o= Al & oAl == 2l =38 3 el gy ok

=

. 2 Fo| WO\ AAW, ob1 AR /] Aol, 7<) A4 oA 2 Ko, YL E AAE YT E B
55 ojEe eSS A4 FUTH Sl oA} 1= ool A * init_module attrs”).
CRE QRS Yol REY o F B0 ANAL AAA €2k 4GS AHoz 2o
ALdE =, 2671 oJE o] o} G A HH A oF st=A 2 AT
o 24 A TS0l AL exec_module() 2 ALH = EES Y2 EL 2o vt&= £ A o] obd 5 55
ek,
A4 R GEE NLWOI A BAA D 20 AYG B DG AL WA
importlib.abc.Loader.load_module () H A X ol A —rbﬁﬂ A5YTh
541 20
2E 20¢ 299 2AAA 7S AFFUTh: RE A% dExE 7‘3‘ = stue =z
importlib.abc.Loader.exec_module () WA EE S &3, A3 25 AA 7 A2 Yt

exec_module () °] E8F+ 2 FAH YL

2o e 2 8T 2AEL BE ok Gtk

=2
s e RFo] o] BEMF RECIUTAHALE 2HH = o] ofUehol¥, EHE EEY
FEEREY AY o]E Z 7 (module._ dict_ oA Aaaf o g},
« WG RES AYSHA X8, ImportError & LA o Pt 3HAI Rk exec_module ()
AT T d 9= dabg Ut

A%, sl et 2o & 22 AAYUh 298 4$ find_spec () WA EE 2 7Fself & AH

create_module () WA EE FETqoZHN 23 T4 2
5 AxdTh o) ow wE k), & WolEol W Y 5 A
create_module () < & AA 9 o{ ﬂ‘:’EE AR P o= dsyrh
Zg3Y, d3xE 79;(].___}\“ BES A~xg utEth

WA 340 7} 29 create_module () HA E.

WA 3494 WA load _module () WA EXE exec_module () & HAE I, AZTE A7} 292
FE 3 E (boilerplate) o] T 3 A o1& T}

O] U] %‘ZH 6.]"11_:‘ EE]%:F’]'PJ E?j_'% %%H, ?:}EE 3»%7—(]‘3—;« load_module() uﬂ/\_‘iE7]_ %ZH _a_]_i
exec_module () & FH3}A &A™ load_module () = AFESY T} SFA W load_module ()

H A= PQFULh 26+ 4l exec_module () & FH 30 oF U Th
load_module () WIAEE RES Aats 2 20 FoIA AT 2E FE (boilerplate) 27 7152
TR ke Frith 2L A oFEo] BE 485, F/H4 49 e Boluw:

B ovenodutes o T o154 wE AA ol TANY, wEIT A= 2 AN E 489

flo!

oFgtyt} (28] 9o, importlib reload () ©] iu}; Ezj 312 kA B Uth) Tk sys.
modules of FojZ o] 22 R Eo] oW, 2= /‘H EAAE W51 sys.modules of F7}3)
oF gt

« Al gleE AAL O H 2HE = AS WA A&, 2EH7FEE IEE s Ao RE

sys.modules 9 fxﬁaﬂ oF Yt}

o WFeF E Yo] A3, 2= sys.modules o] A3 EE
AAN s, 2E7F I RES A H YA HoR2 2E3HY

= Al Al of sk, A RE ke
u

=< A
ol ek e o g ot

? importib 7 & 94 9h& 2 4 A8 87 YL Aol sys modules o) 4 B F o] 5¢ X34 BES Aee). ol
o 2949 B3t JEES L EEO| sys.nodules o Yt AHAS HHE 5 Utk AUTh o AL 7@ 44 Sl 1 thE

JJrom TEAA ety BAE R 5t
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WA 350 A HA: exec_module() ©] BYH YA T create_module () ©] A2 H A
DeprecationWarning o] @A g},

WA 3.60 A WA: exec_module() ©] B A W create module () ©] FolH A 9
ImportError 5 4o 7Yt}

52
|o
g

O

[o
0

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

E (J & £, importlib APIE, import Y import—-from &, W%
BEol 2rE uf, A B BE AAR AdA42 FE BEEY o] F F3Hd| o] Fof
AUtk ¢l & £°f, 971X spam ©] A/ B & foo & 7}A W, spam.foo & YZE 3 £+ spanm ¢]
A8 R Eol A28 S RE foo B 2 FUTh BT g e 2] 2 Fol gekn ATk

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'>

shol a1 ] o4 o] & AA FHNA Ewf J9e] ATE B 5 JFUTh AAW A JEE
Nz"e) 28R 7S gk Ee) 722 ol 84 Urh woF sys.modules [ 'spam'] 7 sys
modules [ spam.foo'] 7} SIEHA (919 YEE o] Fo FE7E T FUTh, Aol gt AL VEA

ool 9l A9 £oo o =2 HE 7} = o of o,

= .=
543 2 E AH|

UYZE HAale= Y2E FA A BB UG St A ERES AT, 53] 29 Aof. & R =
BEEEFY TEOIY BE A AL o dXEHHY HJHE REEE 25t AdUH

UYXE STH 2SS ALESIH FEI7F AZE A 2”Y T 452 ALGE F AFUTL A E S0 2 E
23S wE = 9RIE e} 22 S Adske 2 ol 7P T2 AL, X E At 2H Y 35 At
(boilerplate operation) & 3 & 4~ =5 sh= A YUth BE 29 o] gt 27 2E A AS A
Hyth

RE) AN BE AH Y _ spec_ oEFHER =ZFHUTL BE AF 9 Y& th3 AR AL

ModuleSpec = H A 2.
WA 3409 F7}
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Aas 29ste ¢ U7 EEe A7) Aol 8 &30 7|28 A 2t 2§ A A o o]

The_inamei 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_ ©JEIREEEESEET 0 JXE FA7IAS S 21 A2 A H oo FTh
o) AL 32 A8 22 (invospection) & Aol A wk £/ Q) 2o 30 ST AL
Zol71= Ut ol & 5o et A v olHE €+ Aol As5Uth

_ package_

B2 E9 _ package  OEFHHFHEE HIZA AAFFH oF Uttt F FAEo]ojof s,
name__ ¥ 22 g4 ¢ JdHUth BEO HIIAL EH,_package e _ _name_ o7
dAs ook Utk REo] 7| A7 obd uff, H/F9] REO|W Wl FAEE AAHH I, A H BE
W EE 729 o] F o' AAE o of Tt Tl A S 8- PEP 366 & FX3HA 8

PEP 366 o] =] o] Q)X o], Wd BEANA HAIZA A YZEE A4S ul],  name_ WAl o]
AEFHETL /\}%QHD}. __spec__.parent I} 2 FL Aoz 7Ig Yt}

WA 3.600A HMA:_ _package_ 9 ko] _ _spec_ .parent I ZS ALS=E J|FH Uk

>

__spec__

__spec_ OEPREEEES YXE QW NG B Adlog dAFojof Uty __spec__
< A8 AAste AL AH =zt FEH = S 278 H = RES = vk 2 A 89 Y
o @7k Al 9= __main_ UH|, o] B-9-oll __spec__ o] o] 4ol None © = 274 Th

o]
__package__ 7} AL FH A o, UlA
WA 3.40] 7}

WA 3604 HA: __package_ 7} A A oW, YA EE _ spec_ .parent 7} AMEH
[Sh=

path__

wEo] A7) AW (37 E o] B2, BE AA ) _path__ o EHES} BEA AR o of
Uk ke olEl el EolofoF Bhwl, _path_ ZbElE ol sk oW ul ol e 2 4 U
BHOF  path  ZbElol9lA] ghrhel, ST m) BAAS AF ok FLTh _path 9] o]
B8 A4 & v 82 ool hg k.

H 7127k obd 5L __path_ oJEZ|{FET} glojoF Ut

__file_

cached
_file e £ gtk ek AR W, o o ERHES ke BALololof Pk YEE
ALdL oln)7h gl wl (o] Sol Heledlolaol ) REE BE)__sile & ARHAFL S

WA (& , HholE
s} o] _1'1}_;(]] OHO]: a8
912 L] TH(PEP 3147 < 1 4 9).

_ file o] AARAFHA ZE W=,  cached  E A= Aol AET 4+ JdH5Uth spA v
Al e o oAUt g8 C 8, BE i d
AU 2P 2H7H AR REe RE
AL A Ale| et AE T 4+ JF U

60
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5.4.5 module.__path__

Aolol maw, 5 __path_ oJERET} oM, o] RELS H7AYUTh
742 _path  OESHEEAHAAAE 2T AHEFUTH YRE AR YA, JEEFE
A EES AN AAS 552 A Lﬂlﬂ%@pﬁhﬂ@%ﬂ%%&%ﬂﬂ:ﬂﬂ%
__path_ = XF sys.path B0t Ak 2 A o] g5 th.

__path__ £ ALY g E | AT v & = AHF YT sys.path 3} 22 F 7 o] 5 7] 7] 9
__path__ o= AL, 7| A9 __path_ & @M= 5 sys.path_hooks (ool A A g st
tholA A& 5T

7| A9 __init__.py FY-E WA _path_ AEYFREE AAZFAUYHEAT 5 AL, o] A 9
PEP 420 o] of| o] & ¥ 7t 7| A& F 3= W o2 A5 Ut PEP 420 & =9 2 & <13, o] &
T A 7 __path. 2R IS 2FEE= __init. .py FLE AT IR AR F U

AEE AR} AECE o2 R AANAEAD_ parn_ & AR,
5.4.6 2= repr

NEAoR, BE RES AL TR repr & 27 ATk AT A2 = HESH 0 E 23]
Ae Ao wet, 25 AAY repr & F © WAIH SR AT 5 FUT

BEol 2% (_spec_ ) 7AW, YXE A 202 R repr & HEH L AEFYTh 270 A
A o] glod, dEXE AAHLS BRENA AFE = AEE 7] 2 repr & 74 F U Th module.
_ _name__,module._ file_ ,module.__loader__ & repr 9 ‘QE—‘:]QE AFR-5H 1 A = 5=, wil

AREE 7| EGgo =2 AFUTh
AHEE AL Qe e F AL olFF Y Th

« 2E°]__spec_ OJEIREE 7HAH, 290 Q= FEE repr = A F U Th “name”, “loader”,
“origin”, “has_location” ] E 2] - EF o] Ab&-H Ut}

« BE0]_ file. oEYREE /AW, BEY repr o Y= ALH Ut

« BEO|__file ©olE E]w 22| kA Wk None ©] obd __loader_ & 7FA| ¥, EE 9 repr ©]

J—EA repr & 4B 2 A2 )
o IR koW, repr o] B _ name__ S A&

WA 3494 HA: loader.module_repr () & AF&o] HAE a1 o] Al 2E repr & W= =1
Aol €13 wE 23 0] A U Tk

Jho] 4 3.33}2) A T &S A8l Aol e gy
%

module_repr () WAEE SEHA ZE repr = &

Az E
S8 A %3)7) Aol wer gol o] glow, 2o
Utk s1A g, 2 s A = A5 U o

WA 3.109 A ¥ 7 : Calling module_repr () now occurs after trying to use a module’ s __spec___ attribute
but before falling backon ___file . Use of module_repr () is slated to stop in Python 3.12.

5.4.7 FHA|E HIO|E R E BES35}
4

sholHo] .pyc SHA R E A} A H v = IEES
Hateh A o2 ol ie 0o 2% 24
A4 o] 242 ST AGA I,

ool 8o} th = 5te] A4 SHA Y] fEAS AAG U

gpo] W2 FEEF S A] 71RF F|A] 2D S A Dot A 9FL L v el o] 8 thAlofl & sk o] g
HAIE AU Al 718 cpye Lol 7 7HA MF o] A5y th: A A (checked) 7} W] A AY
(unchecked). AA}E | A] 7]4t . pyc -'4';319’] A5, oML a9t A et A OH/\] 7N A] 5}
014 sfAlef vlaLsto] QA Aol RS AU AANE Al 719k R Al 3k o] F R SHA] o

o7 AW, g2 A st v Al A 22 HAAG Al 7] A A 3 S vE Y Tk
H]ﬂ/\}ﬁ’] S Al Z1¥E . pyc -4?44 37, ghol W& &s] ARA] shd o] EAE A RS 7 ok
Al 714 .pyc 3D & A H A} 5 F2 ——check-hash-based-pycs e 212 AR 2 = JdFYth

2ot7] Aell, A7 H A WA LA 22 L py 3L
Eolaglmo} 2718 AN AL s o A A%
g2 A A 5ol AZH v e o] B] & A0 HE}

~é
UO
kel
m @
>,
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HA 3790 W A: 3 A 71Nt .pyc 3t = FIHIF U ol dol&, o] W 2 vlol E I & jA9f Bl
DRSNS E R LT R

5.5 A& 7|dt el

ol A AF Kol gold2 o 72 e F2 g sS 23 5yt ©f
uFQIT (PathFinder) 2 =], 4= dEr 59 555 Fil e JEE T
Az deetBES 22 22 el

A= 719 skl Al e
S AH A, 2+ LA A

Az A salre 7]

% oM TR
HUl o
o I
[t
|
]
It
rr
kL

0.
e g
b2}

B>
flo [
A Ry

O
=
L
e,
[

N
N
o
e,
i

(o

e w, £
ol

o

yo, W
L
ogu=
g e
ey g

o 4o > Mg
b ol
W o

o2 Hu
il .

Z o> [m
o Lo
[

N

fru
N
i)
ro
inj
rlr

=
N
N
ofr
rot

oY, N oY 2 1oy
I 4
o o
<l
ro,
inj
rlr
o
Ho
ot
o

=

m

[m

e 38 Ho 10

< 1y [y
(M

o), o
u Sk
l’ﬂ 2 =

Hulo] 28 4 Q& & 3t F71¢]
H’ﬂ ]’_T’_/E—LD]' , ol A E%é
of] A Mtﬂs]._ T2 EZ
E o] A8 Ut
A& }% A, Wl et A2 ghd] & A=
-?—‘?r A bRt 22 E S
HEA g2t AL 719
] 2ol Hd'}—tﬂ, sys.meta_path

i

4
X
5]
SR
h
o
&Y
of
gl ot
o ¢
Ir

Lc
Iy}

g
o

N

by

b
r
m
q
H
<l
i)
rO
in} r
it
SNy
)
N
rlr
n)

Hot

=
&=

ta o fo o

it

[o

Lo f

8

ol ﬂi
m[m

rlr <
fr =

,
k)
rlr
oo
o

A)i

dst= A2 dEg

2] 1 o] AH3} ol 1o
Aol o e gore e AN T
A Q3 dxE & Z]'Oﬂ/\ﬂ
she Aol F2gUT 5
B B & o{gqq_

W), A& AE < &l; 719k 5k H 7} sys.
meta_path 2 HE AAHY, 2 dE s NI 48 5294 g5

30

-0,
S
o
<l
oo
n)
r]r
0 :|:4

| O, -
Y
rlllrl

—5
=2
ne
o, 0%
i 4%
. lo
|
Sl
S
off -
rlg q
ML
T ﬂQOl‘N
5 o
(Y
o

A =1
o = oA %3t find_spec() ZE2EEF

We A selE A, 35 ) o
A oA BAH T 2 EH A £ ALE 0po] 2 ahe] A2

o] o E AR oﬂ
APEMD}.

A2 7l 3oy = A A W E /\}%—%J'b] t}, sys.path, sys.path_hooks, sys.
path_importer_cache. 7|2 x| 9 _pa AEZHE E3 AEHLE o|AE2 YXE
Aag AxEHupo| 28 £ gl 719 B xﬂ““ﬂ‘%‘;}

sys.path = 253 97| X ] A A& AFst= TALY 552 =3 th PYTHONPATH $H73
Ho) o] 7 7}7\] AA e} FE A 7 EFEERE Z7|FH YT sys.path o = AEHES Y
/\]/\Eﬂ,] o d e 29 zip 3L S 7hE] 7] 2, 2o A Z o7 BE A = “HAA2E"(site
EEZS RS 7HEZ 5 e, URLO]UrEﬂO]EWﬂO]é Z3 2 . sys.path o= &2¢
Fufo =t Qlojot Buh thE BE B BAH T vojEde] dxge AW Az alse sl
ol s 28 g th

A2 7|9k ohl ] £ el A2 3kl o] 7] wj Fof], Gl A A Ro] AxE AAE= AR 7RI H 9
find_spec() HAEE TE5tE A0 2 AT E AZ AL A ﬂﬂb]ﬂ- find_spec () o AlFH =
oatn AL BATEAE AL oAk 5 714 ol A YEE S AR parh
o] EPRE. path 91417} None o ¥, H 9] LE S E53 sys.path 7 AHE ULk,

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

1
UJ ;o

—
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be stat () call overheads for this search), the path based finder maintains a cache mapping path entries to path
entry finders. This cache is maintained in sys.path_importer_cache (despite the name, this cache actually
stores finder objects rather than being limited to importer objects). In this way, the expensive search for a particular
path entry location’ s path entry finder need only be done once. User code is free to remove cache entries from
sys.path_importer_cache forcing the path based finder to perform the path entry search again’.

Az AE2 7 Ao glod, B = 719 9k B = sys .path_hooks o = E‘:ifﬂﬁ%
t} o] B2 2+ Az olEr = &AM A2 dEF A 5 A2 AL T L) B
AZJEZFEGE L Y= A2 JdEF 35 & E8F AL}, ImportError & ‘:”"}E/\]%] 1%1/]1:},
ImportError = 371‘11—'4?1‘317}0”5 FolFoI A dEZ SR A2 dE] Il EXAE
SRR AL ST, gL R D Y Ee J2 Gae AT, $2 EAdol]
Whol £ 7 Thalof BT Hhel EQe] AmY e Fol 445 i}
UTF-8 o]} 72 gte] oh 29 4 gl L Th, whek So] olzh=

Aok ek,

£ o

WeF sys.path_hooks B o] o A= =g 3l & 854 Xotd, 42 7|49 51T 9
find_spec() WA E¥E sys.path_importer_cache ol None & A F35t11 (0] F=2 dEZE Y3l 3}
AH 7t a2 7Hel 71 7] 93l), None & S8 F Al o] W} 4 = 310l 7t EES 22 = oS €HUTH
Yok sys.path_hooks o 9l ol shube] A dlEe] £ FelHoel A% =g sol B EFY,
gl e 25 29 8357 H8 thgol e ZREEZO| ASHYLL RE A2 RS 29T

uf A8 ‘4"4‘-

A 2 o] @ ¥ 2] (current workmg directory) - ¥l 2292 Z3IAHT} - & sys.path o] Y+ =
EeS3) of 7t el ARFUT AR, A0 49 DAt 2ASA G2 FANH sys.
path_importer_cache Oﬂ% ot R = AFEA st EAE, A 2y A= 4 BE
Z 3] ujuic} ohA] EolF Utk AR E, sys.path_importer_cache o AFRE = Z 29} importlib.
machinery.PathFinder.find_spec() 7} B85+ F2 =W ExFo] olye} A A &) 24 ]

B 27t gyt

)

552 ZZ JIER| ul =2 EZE

HEI 27|39 71X dXEE A YA o) 5 FIH I A o] AR o|utA]E17] 913, A =2 N EE
QI H = find_spec () W~§ T+ oF F Tt

find_spec () £ 5 719] %1% wols Utk Y2 E ¥ EC) 943 AFEE o 27 (A 5T
17 BB fin spec() © ghol B AAA mES AHE FelF LI o] 2AL B4 loader 7

ARFUTE7HA 19 7F A5 Y.

23Ho] o] F FHe x4 & BT A %?:1155533 bl &e]7] HHl, A2 AEF FQAH =
“submodule_search_locations” & T AL T35 = 20 7 HAT T}

WA 3404 HA: find_spec() ©] find_loader () & find_module () & thA|st=d|, E T} o] A
A5 510 £ind spee () o) A9 A BB o] HE £ BT

ofHe A= °i]ET’4 3 H & find_spec () Al o] 7 79 HAHA HAEES FHE 5 5T
ol N EEL A S8 wfFol ofA = AFEFH YT AT find_spec () ©] AE AE 34T o
THE, Oﬂﬂ HAEES FAFH YT

find_loader() & U9 QA& HolEJ Yt dTEFE= BES .
find_loader () T2-RES T, A WA FE2 2O F iR FEZ o]F I A Y

gt

UXE 22 EFO UhE FHEHLY HA A S A8, B2 2 AED I E2 v F & 5T
7} A Qe ﬂJJr 231 AE A9 find_module () WA Z =3 2|4t} Ak F & A E2] 342l
find_module () WA =& AF path AAE SEHA GFUTG (AAEL AR FI A2z 32 94

B A ANE NENE ASE A
A= dEe A9 find module () MAEE 2 dEg sHelds} o] 2 3 57 Ao Ao
ol B AL 5 2aiA] 97] o Eo] HA = A5k Wk Aw A=) shlrio] find_loader () 9

3o A F= o)A, sys.path_importer_cache o Al lmp NullImporter 9 01/\‘3/\‘2 k= Aol 7kt Z v Al
None & A2t WA 22 Ayt o A4 3 U-&2 portingpythoncode & 22 344 2.
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H

find_module () ©] 2%
TEFYh

H A 310004 H7: Calls to find_module () and find_loader () by the import system will raise
ImportWarning.

i

A3, JEE A 2

A} find_module () Al find_loader () =

rlo

2 EY YxEEAHHcR o H(RE YXE A AHS ST
v &A1 351+ thAl), find_spec () oA None € E8]F+= A, ModuleNotFoundError & 42 7]+&=
Ao g2 FRFULH A= vet A2 AAS AL of Sttt A& A A8t W, A2 & o 7|H SA

package/

__init_ .py

subpackagel/
__init__ .py
moduleX.py
moduleY.py

subpackage2/
__init_ .py
moduleZ.py

moduleA.py

subpackagel/moduleX.pyl subpackagel/__init_ .py EFoA, 22 G383 A dFE Y

Ytk

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

A dXEEimport <>XEE from <> import <> EWHESARE F JATH AT dEXEE F AR
AT AL T AHUTH 2 ol

import XXX.YYY.ZZZ

7FXXX.YYY. 2228 AHEE - Qe A 28 = E 1A 7, .moduleY &= F- &3 E 8 4 o] of] 7] uffE Y]

et
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5.8 main__ Of CHSI EE45F 1

main__ EEX dto|H o AXE AAH A S F-Jth Stol A Adgxel, _main__
REL sys builtins A ¥ A Z g A& of 2H 37]§‘r%141’/} 75P<] gk, o] & 7hek= thEA,
)AL AHFA WZ EEZ HAFHA EFUTE o] A2 _main_ o] 27|35 &= o] JAEZEHE
AR 1] = B ohE R AT I FL 2] PE LI
5.8.1 __main__.__spec__
_main__ o] oj@A 27| FH =X wa},__main_ ._ spec_ 2 A A3 AAE 7% 5}1 None &2
AR 7= FYh
gtol o] -mFHOE A ZEH,  spec_ 2 3|FotE ERECIU ALY BE A ow AP
et _spec__ 2 __main_ EEo| YH Yz goly thE sys.path AEEE APt I &
F-Ter e et e gy
UM A AL oE=_ main_ ._ spec_ 2 None 22 AAE =Y, main_ S NAFE=u ALH =
A AEE e BB AH A %7 RS Tk

.3y zese

e —cwA

c XE Pz AY

. 22 Bdolpulol = RE A w R 4 A
upA gk Ao __main_ . spec__ ©] &4 None goll Falof Tt AAF L 3ol 7VEH o R
REZATEFE FoE 2EHUYL . main o 2¥IE R E e o Z R THE -m A A E
Ap83 of ik
T3 _main__ ol YEE VIS REY USEH, _ _main__.__spec__ ©] A3 A=A} 5
e, o] EL A3 2 REZ HFH FYsor gt o] AL if _ name_ == "_ _main_ ":

A S 85 ZE°] _main_ o] S A A3, A d dxEwj= A

%) Qr i AL w2 el o,

PEP 420 & 5}o] % 3.3 of o]

=

= 5
find loader () ZE2EZ AdXA] =35
A

U
PEP 366 & ™ <l oA o] YA A AE] YEZES 93 package O] EHE F7}ef 33
Asta dsych

PEP 328 & Atjo} WA A9l At A XL EE %983 PEP 366 o] 22 package = A A8HA 5=
M-S 2710 __name_ 22 A APFYTh
5=

PEP338 2 252 ~THER A3
S A~

PEP 451 & %) AA|o] BE8 JEE JEE 2P A2 /MU 2ri5o] Fol W e
FE IS AYEL YRE AAE 775 U5 ol WAL JEE A28 o2 APIES A5
£% UEYL, FAtel 2rol A WAEES 2787 A,
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6.2.1 A/HX} (0[F)

P A A o BT o9 Belol thal A A Ae) 19 Ad L, ol 83 Ao
153 A4 (binding) AL BHA L.

Ao AAD wf, o5 S F3tH AA7F g Ut o] 5ol AZHA &3k
ameError 9|2 7} & ol gt}

v]-5- 7l o] & ¥4 7] (private name mangling): 22 A o] of] 533t= A EA7FF AU Lol BER
A8l F v 2 o] g WE R S uA] F o, Z%EHQQ H]F 7N o] 5 (private name) . 2 k3 th.
HF7 ol 82 2 ES At I HEA X 7] Aol ¥ 71 FEj 2 AP U th o] "B 1 o] 59 <
S o5 At FHr o5 Aol LEEEDES AAT F, st BE S F7Hh

_,d_
R
= (o]
o
)
2y
tjo
4
=
)
kJ

A€ g, tam olehc o] 2] ool 4MA _spam o] SASH, Han_span 02 WLtk
o WMehe AW A S = B A Falo] FAgTh WAE o] o] IRH ez AW EssAR T

A9, 7d0] )G Aeh 17t BAB 5 AU Se 4 o] Zo] WEZW 2T o] YO, WS
ol ubA) ek,

6.2.2 2|E{ (Literals)
spol 8 BAL} ol £ e e @ of e 1A 54} A EEL A DGk

literal = stringliteral | bytesliteral
| integer | floatnumber | imagnumber

SHUY g THY Foln FEAD, vlol =@, A5, A%, BA) T Fold g e AM U
ok A9 3asel 425 2A0d 5 AUt A2 I 8L e 488 BAR,

BE PE e 2 dlo Yol 337 wEel, 479 choldElEl = gt BTk d T guTh 2L 7o)
e ol oha] MR 0 2 ghe Toku (22 g Hase 28 gao] QA e Fao 9S ) 22
AANE AS S 93, 2L g ThE AHE A2 S = dH Tk

parenth_form = "(" [starred_expression] ")"
23 ool Y& R4 BEL, FQ0| L A BF o] 4&shE A0l Btk B2 o] Holx s}
HEE 2T5HH, FEZol FuUth 23R 2ol 5384 55 A Y 84 ol gt
W2 ge W BE AAE HEUL 5REL 2oy wjRd P del A 2e FHo AePUnt
& TGN FE2 22 AAY o5 0 2EA g2 = dFUh.
FZo] B350 o5 B0l A= Aol ohue}, 4 E AR AL ) F o] 2k Aol Fo] 8l of T o 9]
<N FEdd, 23728yt — 2840l 23 gl “fl (nothing)” & 3] &sh= A2 Ro s
frbetal A4 DA sk QEFE O] Ao A 2 A= A T AdYh
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6.2.4 2|AE, 28 SIAL{2]9] C|AZ|0|(display)

3 2L 77

A
Sl
tjo

g aE, A%, YAV E P57 931, shol AL Tl A E o] (displays)” 2L R 2
F A 2etdE A3 gk

. AFo] e} Y Ee WA o2 I A,
. dele] 2ol DejY AN S Ba A4E s, 22 el A (comprehension) o] 2k B LT},

AzeldAe 35 2 2452 ok
comprehension = assignment_expression comp_for

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

comp_if = "if" or_test [comp_iter]

Az shve] 23843 I 7 & WeEs H 43519 for A3 LAY o9 7H«1 for & if
A= FAPUD. o A%, A Aelo| o] 2258 7} for EE if Ho] UKo 2 2moz £
252 0|22, 1 4%l & BEo)A EAA9) %L TAA TE W AT,

ShAIRE, 7 A& 9] for Aol = olHHE R4S AYetals, AxddL EAACR SHE
rzEo| A AHF U o @A A target List oA AT & o] o] BelAE 2T EE i
94 = gk

7Hg A% for Ao oHYE AL, ERR= 2T 2 I FUHE e, FAFCE 349
A5 QA2 WSFUTh Y2t for B9 /HY A% for 49 BE UH 232, 14 A% o]
HEolq Qe gol nel 9ebd 4 dome BeAE anzdA B4 & ASUTh oS S, [xty
for in range(lO) for v in range(x, x+10)].

Aol GA A A% P Aol U7t A Felx, A A0 FHE ATz M yield Fyield

o
[l

W 2K

H5 7] ol H e o] B & @A) Al asyne for E AT T

2
glo]H 3.6 €], async def FFoA]= -
= #4 F ol for thasync for o] &

JdE5UTh asyne def &9 Y= 713‘—3?‘1’5% A 2o o
5 913, %719 for thasyne for Ao & 4 ' ERALS T 4 UG UTh Az
o] async for doJit}await i?ﬂ AlS x3 2 A (asynchronous comprehension) ©] 2F 1l
EHUTh v57] AZAMS 270 TG IFH T AP S A TAAZ 5 A5 PEP
530 2 A=x3A L

W7 3600 371 W5 7] Az o] =38 Y5

6.2.5 Z|AE C|AZH|0]

ZAE YaEF o] &= thZ & (square brackets) 2 F A A9 LE A vl S 5 A5 UTh

"] n

list_display = "[" [starred_list comprehension]
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6.2.6 Te C|AEH|0|
A taZdol= =23 (curly braces) 2 TA|H 11, 7|2} 3hS E 8| dl= F2(colon)°] Yl= 2oz YA
Y gaZgolet 28 5 ssyth

set_display = "{" (starred_list | comprehension) "}"
A PgaZzygol= A 7hH JF AAE vled, 2 YRS 5@ ANt Azl oz AR
Uth 422 288 2349 E5o) Ag@u], 1 2452 AFqAN 22X 02 go] oA, AT
AR AU Hzeddo] Algd ul, JFS Az AHoE A= 8452 FAFEUTH

6.2.7 ElMUH2| Cc|AZ Y| 0|

o

gy e gaZg o)l= 523% (curly braces) 2 S A2l Z)/d| o] B ] v ol vl o] AL 4 A5y th

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

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

gAve gaZdels Al 94y AA S U

dxz 28 7/ olH o ANAdL7t Fold o, A0S Y& LEFC R gho] AL §AM Y

2o AE ]SS Aok 7 7] AA & G el T ot vlo B8 A vl 7= AL Tk
AL F/gk BN 2L AT A2 W AR 5 ATk £, 2 710) HE AT e he vhA o]
20121 Aol PUTh

T 7He] o2~ E 2] 2 A (asterisk) ** = YA ]| A 3} 7] (dictionary unpackmg) veb iy th g A=
=g o] o] ofwk gk t}. 7} w3 ?’2}53 Al gAY Elo] F7FE Uth Foll &= gksol &9 Zl/H o] B Aol vt
o gMve A 7 2ol 28E e A

w7 3,50 27} PEP 448 o 4 A& Al 2kE DA taZdolze) o 97

YA Amelaae, e ase) 43 e A o) thulsiA, QWA o’ 9} if” A ol 2
Self Folo £@4L Daw PUth Azeldde] AR uf, 5ol A= A9} gt L5
Az g eel 498U

ARSCIEL EH%Mﬂ%kS o] A =3 A5 oM Yd= QorEad, 7] o 54 Tk
s o sh=d], 2E 7hw AA S o] A : <%%ﬂﬂ]%€ﬂﬂwfﬂﬂﬂﬂ
sl A g8 wpA) (%E**Oiﬂé;fﬂ ]9 7} L BF | gli) o B 7k S A F Th
WA 3804 WA gho] A 3.8 o] Holl=, 9 Y , 719 zke] W7 A 7t = A o] 5 o]

A 3
AA ek 3ks5 Tk CPythonell A, gho] 7] Kt} Uth 3.8 E =, PEP 5729] A <to] u}a}
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6.2.8 A|L12|0|E{ E& Al (Generator expressions)
5

Aol s 28 A2

generator_expression = "(" expression comp_for ")"

A alo e ERAL A Aol e AAE HEUT BN O2F Y25 A B2 SRl
Ak A2 o Az e A AT 2
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At (L AU o o B 9} mk 2 7HA QU o, 1k b A% for A
SA gl FelAM, 2= Qs WA S o2 3 WA %}01751&13‘:1
53140 491 AN WA T, 5 for A3} 71 4% ror A 22 7
N 8% olElel Bol A AL ol Bel e - 90 o Bl AL Anzad 34D
o & E0o]: (x*y for x in range(10) for y in range(x, x+10)).

2] st At ZtE T2 E 22 E YD ¢ AF U AT UE2 S Ad S 2EAS.

Ay ele @A A 7= = A4S Wl shA] 947 S8, FAFHCE FojH Al o H ol A
yield $tyield from EHA2 FAF YT}

A #ole] &84 o] async for HolY await THA S £33tH 157] A& ol e &3 A (asyn-
chronous generator expression) ©] 2t S Ut} v]Z 7] Alyvd ol A A2 A 8% 7] A& o] E{ A=
g3 o)A uS 7] olHA "YUt (M5 7] o]l d o] ( v;n(hrmmm lterators) & FZ23HA| 2).

WA 3.600] =7} H1= 7] A Ay olE B384 o] =5 dsy

o},

WA 3760 A4 W7 shol 4 3.7 o] Ao, v]% 7] AV el o] 8 ERA o] async der TEE T Lehd 52
DAL 3T5E &, BE 57 u 5714 A d o8 BRAL A48T 4 A5ITh
A

HA 384 WA yield ¥ yield fromS FA|FA O R Z=HH AFZ A FX] c}.

Aol AHRE = A2 A olH AA S next () WIMET} ié% o
Rl d o] %
14

2ol
Sﬁﬁﬂéﬂ%
]

r]o

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 it in an async def function’ s body causes that coroutine function to be an
asynchronous generator function. For example:

def gen{(): # defines a generator function

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

yield 123

EHAE 2T I RFZ o7 A, yield RHAL A= AdAT A olH RAAS FTAI =

U A8 & BAH R oW Amme] AHSE & g
MA38eIM M A= BANL Az A M A dole EAAE FAFE d AHSFE BAHoR
FolH a3 zo| M FAF YL

Ade ol e thaolA A gynh vk vl5 7] Al oy g vlE 7] Al e ol o
5ﬂ4ﬂ°ﬂ}ﬂ He g A‘“*?}L]EL

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_1list to the generator’ s caller, or None if expression_1list is omitted. By suspended, we
mean that all local state is retained, including the current bindings of local variables, the instruction pointer, the in-
ternal 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__ ()
is used (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] RE A2 Aol € ZFE I ofF HleHA syt o ¥ W AAE vhE A, st o] 4]
A AAS 2t Jon, ddo] dA A2 5 JFuth 4T XPOHQS ZﬂdﬁﬂO]Ei g4 yield
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Fof] A o] oy o A AEFHojof SF=AE AT 5 ke AU Alole I Al e olH 9

229 ot A SSPUh Ao e (2 847 00] 5 AL} 7 A
L 2}o] 2 (finalize) =] 7] Aol 2 7H= A ¢k oW, A& o] Ef-o]E H o] B 9] close ()
DA E 250, T2 £a] £inesry Aoy AR % 5 ekl
sield from <expr o) 184, AT FU S ol e Rololoh YTk L lelelEe o]l
OJE M BAE = e A Xﬂbﬂﬁﬂ ol A= TEAA vtE AEg Uth send() & AgH
REZH throw() 2 AEH ZE o 9= Yol 9= (underlying) o] Bl dlo|E| 7} i WA =& k1 Qi
HIaxoz AP Yt 28] 43, send () & AttributeError Y TypeError 5 9O 7] A 4,
throw() £ ALGH o9& A do7th
ol sl= olgelolB 7t &5 d wf, YAYSl= StopTteration J2H 20 value O EFREE 4=
E&V‘A #ol Utk Stoplteration & 4o Z u] YA H o2 HAE A, AR o]E & o] ¥ 7} Al
HolH Y B¢ AHs 22 o] FoHUTH (A B A o] 8 7} gk = (return) & 2 2 H).
A 3304 HA: A B o]E|Ho]EE Alo] EE S Y Ud}=yield from <expr> & F7}
A&k
Y= FHAOl FARY o] B2 eThE B5E AST 5 LT
o] B7):
PEP 255 - 2918 Al el o]8] shol Aol A el o]El8} o1 B A5 A

PEP 342 - | A8 Ao el & %i#%ﬂdﬂﬂHﬂAﬂﬂ%%%ﬂﬁﬂﬁ, ERERESS
B S YRR WEL Ao

%

PEP 380 - A B A o]e] 2 9] YU3}= EH The proposal to introduce the yield_from syntax, making del-
egation to subgenerators easy.

PEP 525 - v] 7] AlY#lele] 79 ol Alv e oIy 7152 F718te] PEP 4922 2733 A <t

HM|L{2|0|E{-0|E{|0|E] HIME

o] HEAAL Aol ole e olEe) WSS AR Al do)e F4o) AL Aol s
A48 5

T A
Aol 7Foln] Ad) S uf ol e+ HANEES &3 ValueError 92l E o7& A9
Fo & oF gt

generator.__next__ ()
Starts the execution of a generator function or resumes it at the last executed yield expression. When a generator
function is resumed witha ___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_list isreturned to __ _next__ ()’ s caller. If the generator exits without yielding
another value, a StopIteration exception is raised.

o MAEE HE BAHoR T2PYTh ol E Fol, for £ZU A next () §4o] 3.
generator.send (value)
AYS A AV ol e g2 e “E iUt (send)” . value QA= AA] A= 34 9] ghol
5“43}- send () AN EE Al 1317}yleld St= ths e e F AW AV ol B 7 e fE
yield 3}A] 911 £ 83} Stoplteration & €2 Yth send() 7} xﬂ HE olHE A FA 7| =&
T2, & NS de mFdAo| glomFE, O]z]—i% 4T A] None & A3 oF &tk

}_

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
generator function. If the generator exits without yielding another value, a StopIteration exception is
raised. If the generator function does not catch the passed-in exception, or raises a different exception, then
that exception propagates to the caller.

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

72 Chapter 6. HE 514!


https://www.python.org/dev/peps/pep-0255
https://www.python.org/dev/peps/pep-0342
https://www.python.org/dev/peps/pep-0380
https://www.python.org/dev/peps/pep-0525
https://www.python.org/dev/peps/pep-0492

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

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

generator.close ()
Aa o8l 7 YAl B A 8k A Mol A GeneratorExit £ Yo Uth 19 th3 Al o] ¥ &7}
o} A| (gracefully) & S8 A, ol n] @ AL (2 o2& FA| b5 2 EH) GeneratorExit &
d o 7|9 close= T AR FobztUth Ay @ o] ¥ 7} g4 yield 3FH RuntimeError 7} WHAY &
Utk Alvdolg 7t A9 & do7d, SEXE AFJUth A olgHr7t Ay B4 5=
A3 olu] TEHJYTE, close () £ obFH d& 314 gsUTh

ALE o

of 7)o A el ol el ek Al o] B g2 2= Al sk e o) 7 Qg Ut

rlr

>>> def echo (value=None) :
print ("Execution starts when 'next()' is called for the first time.")
try:
while True:
try:
value = (yield value)
except Exception as e:
value = e
finally:
print ("Don't forget to clean up when 'close()' is called.")

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

Execution starts when 'next()' 1s 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 -2 AF&3}= o=, “What’ s New in Python.” o] 91+ pep-380 & H A Q.

H|S7| M A2[0|E] gt

async der & AT LU WA A= R 2AE 2 F4E 057 Aol E B4R
B el gt

v 7] Al o B 47t 52 T, w7 A el o) e Ax 2 e A w57 o] E o B & B E UL
28 T 2 AAE Al o] E Be] AAL Aot w57 A dlold AAE HE 72 ol
async for Eol A ALg= o, AF a0l 8 A7} for Eol A AL = WA T § AR 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_Iist 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__ () is used then the result is None. Otherwise, if asend () is used, then
the result will be the value passed in to that method.
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If an asynchronous generator happens to exit early by break, the caller task being cancelled, or other exceptions, the
generator’ s async cleanup code will run and possibly raise exceptions or access context variables in an unexpected
context-perhaps after the lifetime of tasks it depends, or during the event loop shutdown when the async-generator
garbage 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.

H]5 7] Al ol E] oA, = H A2 try? =9 ojtol A A S &g th. stA T, vlE 7] Al
o8 7} (F=R 3 4=7100] H 74L‘r 7HRIA] = A F 2 2 H) v}o] deto] 2 (finalize) 5] 7] Aol A 7= A] ko,
try 7RE WY 4= 84207 5 flnally 4& st ’“Jﬂﬂ—r 9%1:1]41_4' o] 7,
H] 5 7] Ay &l ]H o] E] | 1E14 aclose () 8 3&3t1, 1 43R 2+ IAFH AAE AP A, o 7]
%< finally Zo] AYPHEE 3t I A2, v 57| Alvjd o6& A3+ lBﬂE 3 (event loop) Lt
2 A2 (scheduler) o A 95U o}

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.

£d4 yield from <expr> & HlE7| A& o] & oA AFE3H= 22 1 ofl 2 Th

H|S 7| M2l 0|E{-0|E{H|0|E]{ M E

o] AEALL 157 A dlolE o HealolEe] WAEE dBshedl, Avielol 8 g5e] AL Ao} 3}
o AgE U

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_1ist of the yield expression is the
value of the StopIteration exception raised by the completing coroutine. If the asynchronous genera-
tor exits without yielding another value, the awaitable instead raises a StopAsyncIteration exception,
signalling that the asynchronous iteration has completed.

ol I EE BHE async for o o BAlF o2 SEH UL}

coroutine agen.asend (value)
offlelHE=<s s, A5 e 7] AuvHolEe A3 A7 FUch A olE e
send () WMINE A", o] AL S vl57] Aldd ol g2 “Hﬁ(send) L, value A= A
A FTH A 7347]'9‘4‘:]’ asend () Uﬂ/ﬁ‘:ﬂ—iﬂﬂ—?— ol Bl &2 A 2 o] Bl 7} yield k=
D}° = YA stoplteration & e & ZHF A, H]E 7] XﬂLﬂEﬂ o] ¥ 7} th-& k= yield
B} A] ?%’1 ?E?ﬂ-‘ﬁ StopAsyncIteration & go Ut 857 AW @ ol EE A 74/\] NEE
asend() 7} TE2E W], S LS 4= 132 o] OJEEE A AE None &2 $ &3l oF g th

coroutine agen.athrow (value)

coroutine agen.athrow type[ value[, traceback] ])
ool ES E &, vlE 7] Al d ol 87t Al FAg A F ol type Fo & dor|n
A # ol ¥l g7} yield 3F TF2 ZHS WA Sl= StopIlteration &9 gro 2 &85 1/]1’/} H]E7]
A o] ¥ 7F o} 2h2 yield 31X ¢kl SR 3HH, ol o] E] B9 93] StopAsyncIteration 92
Zhdoldyth Al ol 8 &7 AgE o 2] & A A thE o9& Qo7 H, olllelHES
APl T2 o9 7t of e H B T E A A H A YT

coroutine agen.aclose ()
o elHES Eﬂ%z—%tﬂ ddstd, vlg 7] Avd oy ek dA A} PO
GeneratorExit & @ YTh ek 1 o] 5o H]F 7] Al °] Bl &7 f-of st A (gracefully)
FE5A, ol YA, (1 )98 7 9O M) GeneratorExit & 407 W, B
olflolE £ StopIteration el & deynt ojojA = HlF 7] Al e ol T &0l BT =
Z719] oY o]HEEE SstopAsyncIteration o2& oYt} wkek vu]% 7] Alvd ol g7}
#h= yield 3t of gl o] B Eofl &3] RuntimeError 7} AU Th REeF H]-F 7] Al & o] & 7} 1
o] thE o9 & d oW, ASllolEEY TEAE H P YT vk v]E 7] Ay g o] B 7} o 2] 1}
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6.3.2 MEA3Z M(Subscriptions)

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

subscription = primary "[" expression_list "]1"

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

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

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

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

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

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

The formal syntax makes no special provision for negative indices in sequences. However, built-in sequences all
provide a __getitem _ () method that interprets negative indices by adding the length of the sequence to the
index so that, for example, x [-1] selects the last item of x. The resulting value must be a nonnegative integer less
than the number of items in the sequence, and the subscription selects the item whose index is that value (counting
from zero). Since 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.
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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.

6.3.3 =2}0|2Al(Slicings)

Setol A A AL AR (o & 501, #AE FE g 2E)odA ofd U Y FESS AP &tol
B2 x@A oG] Bl olvt del #oll AHEE U Th SEtol Y 2 olEFUTh

slicing = primary "[" slice_list "]"

slice_list n= 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] Y4 Rt REFo] YUtk BAA B2 Hol AT RF SPo| 2 RS0 HolJ|x
AM, REAH2IY M) Setol J o2 FAE £ 5 gtk BHL o B et TJVJ, o 3%
o Arsag o2 o dehe flo] &efol o2 sl 4okt o] Pt oS Aoz oju e
AAZUTE (o] BF-& Eetol2 55 0] {3k & 2ho| 2 (proper slice) & dt= Z3H6HA] o8-S w YU Th).
Eetol Ao Y= b2 25 Uth zeto|H e 7 (PR BAT HHAR 2 getitem () WA=
EAREA) the T Zo] SEfol A B0 g B o] A& 7| 2 4 F Uth Setol& BFo] Hojx
shupel g %%%ﬂr‘ﬂ 7]+ —%E}OIC FES WSS 2Tt | %"QQD};Z‘}W oW sfol&

FE '5}‘/}4 H3to] 719ttt FE A9 Sfol A gFEo] Msh2 11 Fd A ¢y th 13 & 2ko] 2 (proper
shce)A M2 Slol A AR (*“ 29 A5 € Heph g, start, stop, step AEYFRET 47
lower_bound, upper_bound, stride & Fo]3 & A o], w2 X HAEL None & & AT}

322 22 AA (12 Bo), ¥) B W 4R dr X 5 BB oz THI

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 = assignment_expression | "*" expression
starred_and_keywords = ("*" expression | keyword_ item)

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

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

A S g vpA e P EAL AU AN E AR Fol Ve 4 QA R, o )& w2 ghg T
zejolw 2o ghe Tohd 2ol AR (18R e T4, UA

§ 4, WG AANSE WAE, e A,
Zo s AARAY WAS, call () WAEE 2L wE A 17221 2 v eh 7} hefof g,
BE % FAAEE B3E AT U0 kol PARUTH BA U HEY BRE B 4o
EEER SR

AYE AR Y ow, WA th 7 o] 93] Az ABFUTh WA B4 AR S ANAA FL
£2E9 BFo BEo YUtk NS 91X AAEo] grhel, A N A &Fe $5Uh ke, 7
9= Axule, 4B S Be 2Ee ARk vl ASFUTHA RS R WA G4 vl sl
BT oW, A WA SR AEH T, oA A 02 A% FTH. 0] ol v AYH O W, TypeError

76 Chapter 6. HE 514!

") "



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

A9 E Do YUtk 19 oW 1 A9l e STl A9 YFUTHEDL ) None o2t B2t
S22 A FUTH. BE AR AelH AL W), oFH ANAA B SFEL P A REH ©

WS o ALAEE ARk CIEEEE D47t 3o12 0 & Wl 1% FRUTH oA, B 2=
9Ael Ze ARG ) AR Go 2 A gE W A Sl AALE AT e BE T2

Q

[e] 1l
FTHEULHL 2 o]ld A3 Fdlor & d dutt) ek 7] 2 ko] A= A 9ka1, ofF & B o] Q= &5 9]
oA thd, TypeError o1& 7F AU th 218 2] ko, A &2 9 Eiol TEYY A EZo=R
&%%HQ.
CPython & AHA: 3
ﬂﬂﬂiﬂﬁﬁﬁi%3%¢ﬁﬂﬂkﬁﬁ¢5% eall,
$13l PyArg_ParseTuple () & AFE3t=CE T+3H F4E0] o] A+t
FA A EXERTG B2 A AAE] Yo, *identifier v = AHSdh= F 4 w7/ H 7
1w4%t§JHMMmrl S dogyrh ol A%, 1 4ﬂﬂﬁ$tkh;$qﬂﬂggiﬂﬁ%
FEE& AGLSULH(EE = A AAEo] glow vl

O,

:L

:L
N
=
X
[
_{
N
>
nlm
leo
Y
¥ 5o
'[>_|g
o
>
vl
>
-'\1Hlj
Qx
< o
gﬁ
o i
Eo
(o
(o,
N o
it
rﬂlog
& ome
o> 8
Ok 3,
N0

DS QA 54 WA o] 500 1S5 ST, = ictont s £ior £ AEIHE B4 S8
917 e 3, TypeErroroﬂsﬂ% gl 39,2 34 A UEE e e dAEE 2T
£ s

L
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=21

0|2 A% BFH= A} rexpression o] BA A 7S AR Ao e St UofE, A9 E A%
(183 BE *rexpression AAHE - oke) & e Aol Ael ks AUk 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'
>>> f£(1, *(2,))
12
e 224 A= A9 rerpression BUE BT 4G AL YL P, A=

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

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

=W *identifier o]y} **identifier & AMGStE A ML EL A A& X0l 719 =
Az otEEE AHEE = (s UTh

B A 35004 AR 3 S22 499 /] *and *x A A S WolS o], 9] AAEC] o]HHE
A 3 () 7 el %? AL, 71 E A7 AU A A (+*) Foll & 5 AFUTh H 2 Z PEP 448
ol A Al = A5 U T

TS s 4o A e T B o1l e SHFUTH None & = A5 UTh o] gho] oA AT
HEAE FeE AR Pl G sk

gheF 7 71 0] —
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AL o] FH: AR EES AL 4o FE BFo] A9
A2 P4 A Ay
E5o| return 2 AP, T 59 v

W3 g5 ASE: ok ez e o] 9e dguth U B ek WA =Sl o 492 built-in-

funcs & H A 2.
Fe A AAA: 1 FHa A A2EH A7 YT
5t

el ARUA WAER: S5 A A
hbere o 2 A4 52 .

FeHAd2HAE: T FWAE call () HAEE RS FUTE I AT 2 HAMETL ST
+ A% 2H Y

6.4 OI90|= EA

ofglol Bl & oA 17 E o YL AN FAGUT 24 DT G5 A B AT 5 3

xf
I
o

await_expr = "await" primary

WA 3.50] =7}

ARAE AAE 229 % B 9 F AR 25A ARFUTH 1A L EX 2 Y
3 AR O ok ARt 2L ol g th
power = (await_expr | primary) ["**" u_expr]

aeA, 2ot e AsAES <

B} A AL A|FA A A], AA A= L ER A JZE o 2 Zlo] L3 A
Uk (6 o] S| A 4he] he ek

THE A eFdhe 22 obH U Th: ~1*%2 2 -1 o] YU
AFAE A W pon() B9/ F A9 QAR 228 M 22 o)} Szt 4% A48
QEZ AU ATATE G2 FUL £4 AAE WA 2F Fo2 WAN T, Ao 1 AU
int ) 4LA2] 79, F WA QA7 S50k ok o 4 ATHE 9 QAR T 22 B ZHUTH T WA
AL G4, R E QA foat W8 1, float A47F AT U ol § Eol, 10%+2 &= 100 & E2
FAT 10**-2 =0.01 & = FYTH
0.0 5242 A5A 534 zZeroDivisionError & 4o Ut 45 B4 2 AGAFIE B4
(complex) 7} Y=g U th (el A M Ao A= vValueError € 4275 )

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

78 Chapter 6. HE 514!



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 7FA 79 B, AA7E 2RkE e 2EA =T, TypeError o 9] 7F A g T

m_expr = u_expr | m_expr "*" u_expr | m_expr "@" m_expr |
m_expr "//" u_expr | m_expr "/" u_expr |

"$" u_expr

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

CGE) DA AR FE FUL RS R SA, @ AR AL e A A
olof Ut o] Ao, RAEL TE Yo7 W ¥ FAFUTL T 4, AA2] WE o]
/\gqg]/]q_ 04 H].Hg)\-olﬂ ]%_/_\_g U]_c:]/]q_.

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

€ (a) AkAtE BE FAO AFgstel e AduUth Jtold e AP E o= A& o] dAE FHEHA
Eacasieg

W7 3.50] 27}

/ (‘4’%"“)“4’ // (Z ‘)li ]4'%*“ floor diViSiOIl) Oﬂ}\]. ]"%—% 1 ?_X]—%Q/] —%(quotlent)g ]41’;]- TZ]. ‘_] ]_%
S WA FEFoE MUY AT EY U2 AT E ==, AT EY A5 A A
%2 BTk 71 AThE 25149l L) A3bol foor §5E 42T AYLITE 002 Lt AL
ZeroDivisionError 92 & 4o 7t}
This operation can be customized using the special __truediv__ () and ___floordiv__ () methods.
% (_‘?—’_Ei modulo) AAAL= 3 AA QA AE F HA AXE e YHAE St 2 AAEL WA &
Egoz M3 YT LEZE QX7L00]H ZeroDivisionError o2& oA YL} AAEL A7}
=R 91%14% o8 50],3.14%0.7=0.34 2} 245Utk (3.14 7} 4%0.7 + 0.34 9} gomg) 1
B2 AR A T 0A T AAbAS 28 e S 2 A0E FUCH(EE 0 Th; el AUgte
= WA 7 abate] AU gk A5,

labs (x%y) < abs(y) o] $£3&A o 2= Fo] X gk float] 7 -ol= &4 2} (roundoff) W) Fof] X & o= 2+ ] old 4= 9l
Ut d & £, J}OWﬂoat7HEEE754uHX§5fX}°l NELS 7HA g}uﬂ -1e-100 % 1e100 7}1e100 8} 22 BT E 7}1x]7)
A&, AAE Adae= —1e 100 + 1e100 onﬂ,—rx]ﬂ o7= 1e100ﬂr7§3‘ﬂe‘] Ze 7k Ytk @4 math. fmod () = 37 A
HA QAApe] Hoof A AFE F7] w2, o] ¥ -1le-100 & EHF ‘4‘:} ojd XSE“IL‘O] Eﬂ HAAA = S Z2 Y0

2 dFUh
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A5 URAR BEE AN TS 2 FEH 02 AR dEUThx == (x//y)*y + (x%y).
A UAR EEREe W T divmod () &= A2H o] 5 UTh divmod (x, y) == (x//y,
x%y) .2

SRS O3] REE A4S £ @3 Aol g, s QbAoA 2E o] 224d ol (A S o)
Adolgtie &2 A sUth<S 3 38H7] A £AE AA ol el thA] g U £4d 25 <
2 gol A glo] B g &5l A9 A A old-string-formatting ] A A g T}

The modulo operation can be customized using the special __mod___ () method.

B4 Ul A4bah, REZ A4k divmod () B4 Bado] tlal A Aol of 94 kg B4,
AAATNE, abs () B8 SN A2 WHTAIA S,

£ (G DAL T AAE L FUTh AREL E D RAA, T 2L
o) 39, 2A5L WA FEYOo AT T, B/ BAAULE FA 49
Fuc.
H

S~

1A~

This operation can be customized using the special __add__ () and __radd__ () methods.
- (7)) ARk T ARES AE FUT $4 AAES WA FEY O WIH T
This operation can be customized using the special __sub___ () method.

AIZE A4bE Ate AR T 32 249 E A5 YT
shift_expr = a_expr | shift_expr ("<<" | ">>") a_expr

o AUEL ALES AR WL YU A A AAE F WA AAE Fol A 0 20T AZolY
L EZ& 0 7 9] t}(shift).

This operation can be customized using the special __1shift_ () and __rshift__ () methods.

LEZOEpHE A ZE & AL pow(2,n) & A UxAlste 202 gk dF o2 nHlE
A|ZE 3t& A2 pow (2,n) & Fote A2 g rh

6.9 O|S H|IE it

A e M E Q4L 7] ThE S A9 S ey
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.

2x7by9] A3k A4u) o) ofF 7479 W, 212 | (rounding) WOl x//y £ (x-x%y) //y BTl 2 ¢ 5tk 28 39,
divmod (x,y) [0] * v + x % y7Fx 9}°}T7V§5%%X]3}7]—‘H%H,ﬁ}ohﬂ%-rl @4 =85 UTh
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6.10 H|
Col= &8, ool OM EE X A2 2 FAEHE et e Al 2", HE QST Y
Utk =8, Cohe el a < b < c 92 BdA | £ 2L Aoz H AP
comparison = or_expr (comp_operator or_expr)*
COHlp operator ::= "<" | ">ll | n__mn ‘ ll>=" | "<=" | n !="
| "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.

H] 3 = A5 Al ﬂé%# AsUTh & E9,x <y <= zEx <y and y <= z &} 553,
Aol ey el g o B g paris AYVT (BARF A¢ BEx < y 7l AZo|W 2 9 gL
TokA sy Th.

FJAAHOZ a,b,c, v,y z 7FEAA 0|, 0pl, 0p2, -+, 0pN 7} ¥ A2A}H, a2 opl b op2 ¢ ... ¥
opN z=ZZHAY ZHS A st 23lth= A2 AlYddll=a opl b and b op2 ¢ and ...
y opN z 2} &5 YT

a opl b op2 c 7ta &c7te] ofH F 79 H]—’E HABEA] 9E7] Wi, & E0),x <y > z
57 (ov} o] A £ el eb) St che Aol %ok § Uk

6.10.1 grd|m
ALE2} <, >, ==, >=, <=, 1= &= F QA9 g2 v PUch AASol T2 FL 28+ s Uth
A, 3k W F2 AAEo] (B ot E Eol Bl&f) gh& ZE=thal Batal 5 . Tho] R of| A A A 2
e T FAAA M YUk o5 Sof, AR ol ﬂ%t&%uz—i‘ﬂ(canonical o A 2 9 & QL.
T3t AA| 9] ghol 5 Hol'/ﬂl (A€ E0], ZE U ol o EH FHHE AR /‘JE]OJO]:UH‘/}ﬁ
ST AR syt vl AAE= AAY ghe] F ‘ﬂ‘ﬂxl‘)ﬂ W@%@@%%J NEE F+EFEYTL
AA S =g T3l P H R sty F A= E5 T
REP2EFHY 2 AR ObjeCt 9 /‘1 H ol 7] w7, 1E2 object E FE 7|& B
28 Asdycth §52 1t ) &} 228 F B3 v 1 W A = (rich comparison methods) S 33| A
ZH4l 9] v 3l F2S AXE U}o]ii‘i—_}ff— Ol—tﬂ 7122 9l AEulo] A o] A o A A H Ut
F5 U (==&} =) 9 7|2 FZ2 AA| 9 oto|dlE Elof] 7IRbE FUTH LA, 22 ool E E & ZE=
AAEA T S5 HaE 252 T3, 2 ofo|dHE E 2= A2EA 7H 55 Hlas %%‘E‘
o} o] 7|18 F&9] F7]= 2E QA 7F HEALE (reflexive) (5, x is yEx == vy & FATYD o|=
s S YUt
7] o & W] 2 (order comparison) (<, >, <=, >=) = A 25 2] 51U TH A £33 TypeError & Y23
o} o] 7| & T2 7= %%E}Jﬂ'%’\}"—i @%% AZF gtk A Yyt

2 oo EE & Zte At AaEo] 4 AR tETE, 7 55 vnYy 5212, AA Y 3 g
719ke] 5ol thet U5 Ho & VM FEo] Y8R S J/}—E’—ﬂ] s g dsyth 21 JE2
ZH4l 9] vl 3l F 2 ALEule]l 2 & g7 L, AR B2 WAy o] 184 a1 )l Th
O 552 /M 8 WZ3FEY v 52 7Isd Ut

(e}
=
e U =2} & ((typesnumeric)) I %= lo] B & FJ & fractions.Fraction ¥ decimal.
Decimal o £3He SATL, BAS e w8 AASA Stk A A Mk, 2
Avhohe B E ol W) Fs R B 95 B ol A, Fue] 4 flol A
2 (2322 40%) 2ol A o2,
NaN(not-a-number) Zf= float ('NaN') ¥ decimal.Decimal ('Na .
Zk2FNaN 7He] vl AR Utk v AFF o 7 W stal 9= 212, NaN o] 4l 3} 22 ¢kth
AUt} A& Eo0],x = float ('NaN'),3 < x,x < 3% x ==
x+ ZYUrth o] 5L EEE 7548 434t

6.10. H|il 81



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

o Hlo]J 2] A]AAE (bytes Y bytearray & A2EHAE)L2 & 5
OJAEL 8AEY A} g ARE Sl A AFA 4] 2 & (lexicographically) ] 2 §HU T}
e EAYEE (str 9 A2HAE) L BEEY FUFE FE 32 E (Unicode code points) (W & aH=
ord() o AN E AEHA AAA 02 W mGLITh
AL vl e AB AL A HEE 5 Qe Th
. ]'ﬂi‘é (tuple, list, range & A€ o e
S AR Gt AL OE D5 08 55wt AEe
H]E’_— TypeError & 4o 7Yt}

2] =4, range = 4 H]
I, A2 G2 FE o tAa

1‘
lo

ofh

N

Ac)

)

\ K
] i,
¥

30

/\]ﬂ’\“ O-83he 84 2 HwE AFS A AR A o2 vl gyt W AEH oY= gutE o
2354 Hldentlcal) A 7F A4 7‘\“/}J- (equal) 7FE U} o] & T3l 5 LS AAof st 554

(equality) AALS 93] 3l A5 MASET YR EHA S AT Th

W 2edEe] AP A vl o 2o ol Fo Yt
- 7 A T vaH 7] A, 22 FolaL, Aolk 2L, S she 2450 7 Aol
ZoavasEojop dUrt (& 01, [1,2] == (1,2) € AAYH, o] th=7] W& dY
oh.
- A HaE NGeE ZAHAES A AMAZ 2 S48 22 S FUT (A& 9,
[1,2,x] <= [1,2,y] ©x <= y & 22 FIdYth. d&ste 247t e A% o &2
Aol At vla gyt (& =01, [1,2] < [1,2,3] S FH9Yth

« 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 & 2o 7Yt}

e AZE (set o]} frozenset 9] AAAEAE) S 740 FE A2 )2 FE 7hof v 2= 4 9

ge}.

o] 2152 2 A T (subset) 7 391 3 2 (superset) & 556k tl v 2 A4S B Pt o] A
£ A <A (total ordering) & 2] 314 k5 th (& S0, F A (1,21 94 (2,3} & D‘rEWL
Sttt thE st R ol A=, vt E}— st AR F Tl A= sy Tth. webA, A
Ao o 23t T AR = AFSHA GFUTh (& 59, min(), max (), sorted() °l
dFo 2 JFS f2rEE AT YA & A5 FUh.

Age vlme 7 2459 v A ok
- gRE e YFFES na WA ESS TRA @7 o Eoll, 71 m @ S2E AL

o
= bl
N 5 e ALl 2ot AL A Y FUHAEL b SThE B AN QB4 FAL E5o ok 3

Ytk
« %5 Bl & BEALA (reflexive) o] o o Futh. ThE T2 S, ofo|WE E] 7} 22 A & i
H] 3L H of of 3 T

x is y¥Hx == y T}

W= th A A (symmetric) o] o] oF gt Tk ThE B E RS, thZ 4 T2
Fofof g ok
38 UFE 522 FE FQE (code points) (
LETTER A”) & 23Utk FUIZ = =
olAte] I FoEY ANFAR TFE 5 Q= _%Ac} {#x]—% ] ol dHUTh o= , 2 A} “LATIN CAPITAL LETTER
C WITH CEDILLA” = I & ¢ %] U+00C7 Oﬂ Q= 3l 7| o] B &=} (precomposed character) U Z & $ % U+0043 (LATIN CAPITAL
LETTER C) ol &= 7] &2} (base character) 2F F W2 += T = 9] 2] U+0327 (COMBINING CEDILLA) °l 1= 2§t ¥ A} (combining
character) &) A A~2 238 E = d54h
EAEY vl A4 FUZE ZE ZRJE FEAA vyt oA
u00CT" == "\u0043\u0327" = ARAPYTH A F 24 Lol 22 4
£ 298 gE 285U
BEaE S =A Ba} _Ar§o1m w3t (5, Al Al 2] &2 9 W 2 2), unicodedata.normalize () & AFE3H4IAl L.

>

Al

=3

ane

=5
rel
flo
flo

2,

[t
il
2

0041) &} A} & A} (abstract characters) (9] S S, “LATIN CAPITAL
TAEC] A e = EJAETO ®E A AT F7LE st

i)
e o
A
1
e

o Abgrol A vk ABAY 5 AUt o F Sof, M\
£ 2} “LATIN CAPITAL LETTER C WITH CEDILLA”
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x == y &y == x

x I=y&y I=x

<y&y > x

<= y%oy >= x

5= ] A (transitive) ©] o] oF FUth. tha (A 87 &) o E0] o] A& FFUch
>yandy > zWdx > 2z}

X

X

o H| X

rlr

X

x <y andy <= zWx < zT}

e o Mt = B Holo FuTh TE U RANY, T RAAT o] 2L % Folof

3ok
x == y&not x !=y
x < y&not x >= y(A£AY AL)
x > y&not x <= vy (A=A FL)
A e F @ A2 A w4 ZE A AGFHUTH(E S0, Al daod= AEH A A mE -2
A== eggqu}). total_ordering () HEF B E HAX L.
» hash() ¥+ T548% dA8 S FAMF FUh 22 AAE2 2L A ¢S Z2A Y A
#5502 445 ook gt
Sol e o] ABA AL AASA btk AL NN RHES o 74 A 2 o AT,
Ab

—

6.10.2 HH{A HA}

e

A2 inFnot in & WWAS AATUTE x in sEx7bs o AL W True &, 2F A k&
False & FUTth x not in s2x in s FALS FUh gAv g B R ol e EE YWF AIEAE
21 Jo) o A8 A WSE, G429 FFE in ol DA Rlo] 10 7174 SLEA AL
list, tuple, set, frozenset, dict, collections.deque &} -2 AH o]V HES A, EHA x in y Eany(x is

e or x == e for e in y) & F5FYh
TAETG vl EE Y A9, x in yEx7by o B2 FAE (substring) 1 A-¢-, 12|31 ©2 11 A-e-uk
True YUTh T5 A b= y.find(x) != -1 JUTh ¥l AL F4 & 2ALEY 7F& 24
dz HAFH 7l w2ell, "" in "abc" 2 True € EHF U
__contains__ () WA EE A= AL A A Fe A9 A9, x in y=vy._ _contains__ (x) 7}
T2 E M True &, 194 F oW False E SHF YL

__contains__ () & BSHA] AW _iter_ () E AYst= AHEA BY FH29 A7, v E °lH
golExd o) A4 x is z or x == ziz“’]ﬂﬂl St oW gtz 7F RS oA W x in y + True
Yuth A st Tk o9 7t %“EGPE“J inol 1 2E o Aoz AFH UL
A Eto 2 &= AEHY (old-style) OBl #l o] T2 EZ-S AEFYTh 27t __getitem () &

o ohd A5 el i 7k EA 3,
D ENE TR R EAY:

W 0T

2
Ao AggUrh

AYetH, x in y £ x is y[i] or x == y[i] & Jé—ﬁ}-&
R 2L = A Qul Ao ] IndexError & 2
True 7}%‘4‘3}- (L ‘%‘wL-g] o 2] 7} A st in o] L AL E Y

AR} not inL ind =8A BAo g AFol=F L},
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6.10.3 OlO|HIE|E| H| 1

Qa7 59 is not 2 AAS ofe eIl S AAT Tk x is yx
W, 193 9 F 7 A0 AUk AR olelMEEE i () F4E
y oA B ke FUL

2}y 7} ofo| I E E] 7} 22 AA Y
AFEEIA AAE YT x is not

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

= A4k A, 2183 23 4] o] Alo] & F (control flow statements) of| A AFE-2 wf], ThF FE2
ARoZ AP UL} False, None, ZE 3 9 7:X]- 0, ,_] B3 A oY (B, BZ, g AE, d
Aue, 1, 29 A& (frozenset) 5 2T UTH. L ¥he] BE g2 Fo = g Ytk AH-EA Z 9
AANEL _ bool () WAEE AZHA =AY iﬂl %k(truth value) S AxEutol =2 & 4 JdF Ut

A2} not & 1 AR AR O H True &, 28 A oW False E FUTh

E84x and v WA 9] e FHUTx 7 AR E I e SHF U 2197 owy o) e
73 %o 1 A7 S E U,

B@Ax or vy WA Fe TEUHx 7l FolW 23S SAF YT 2194 ow yo| e 73
ol 1 AT E EHFUT

and 9} or o= Ax W3 Zolu 1 2 False 9 True & A 8H5}A] &1, th Al upx]2hof ko] £ A
AAE EEwol Fsl oF gt o] AL W2 SR 7T 5 U, Oﬂ%% }%X}oﬂ 01"’ "o} glow
Z1Egro 2 gAlgojokdtttd, 8 Al s or 'foo' & QI S AF ,:MD}- 2N FE HE
ofFtm 2, 1 AR} ﬁéﬂ%ﬂl%iol%ﬂl %X (boolean value) & & FULH (& & ,not "foo'&="''7}

oluet False § YY)

6.12 CHY HB 4

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 ol AHg Abe] F Shbs AR S AFAL Al w Tk

if matching := pattern.search(data):
do_something (matching)

E, PAE 9 AEYS AT

while chunk := file.read(9000):
process (chunk)

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 i f and while statements.

WA 380l 7k o A A of gk o] A Y82 PEP 5728 Zx A2

4 2% 7}8] A]-4> A (automatic garbage-collection) 2} A}-& & = (free lists) 2 T) 2 3 ¥ B (descriptor) &) F 2 01 A A o &of|, is A
A48 Qrds WAESo Y 4FES st A3 0L SRS B2 AT W, 2oz HAd o4 FAE AA
DT O AA S AT 159 TAE a5 A S
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6.13 =74 E3i4l(Conditional expressions)

conditional_expression = or_test ["if" or_test "else" expression]
expression = conditional_expression | lambda_expr
Z4 53842 () 2 <A} 3 & AR} (ternary operator)” 2F1L B H U TH 2E 1lo] W A 4ko| A 7 e oA
+9E 25U
FHA x if C else yZ WA xHAl 21 CY g= FFUTE C7F Fold, x 9 ko] 3l A L 2
a%%a:uW:ﬁ%QGMﬂw4&—%d%wzéﬂ%%a%uw
z7A 234 thal o 24 e &2 PEP 308 & X314 2.

6.14 ZiC}(Lambdas)

lambda_expr = "lambda" [parameter_list] ":" expression
gt 2942 (W 2 gt & 4] (lambda forms) o] 2t EHJUTh o] F §l+= F4E e+ o A E U TH
X3 A lambda parameters: expression « St AAE ZUt} o] 0] E %i‘; AR = o2 A A2

| 34 AR A Y FAPUD

def <lambda> (parameters) :
return expression

A HEY FH2 T Ao AAdE HA L. g A 02 e X T4 &% (statements) ©] L}
o] .= H] o] A (annotations) = Z &3 4= Q1S

6.15 &

rgk

4| =25 (Expression lists)

expression_list = expression ("," expression)* [","]

starred_list = starred_item ("," starred _item)* [","]
starred_expression = expression | (starred_item ",")* [starred_item]
starred_item = assignment_expression | "*" or_expr

daEU A Oagd ol AR UE A, AL Ste) RS EPE HU BEL RIS
FUh 529 Zolt 520 Qe BAe) AsdUth LS RN 22K 02 gho] 53

[BR=3

ol ~ ¥ 8] 2~ = (asterisk) * = ©|E] & & A 9] 7 (iterable unpacking) & JEFH U T} 3] A 4HR= ¥ A] o] H
HE olojop AUt I oJH B Eo] FEEY AIFLE FAFF A, A :

Aol 238 Uk

WA 350 F7h @A FFo A9 olEHHE A 37, PEP 448 o A X 2 & A HH A5 th

2o 2 gdExe 9 w‘:‘%%(smgle tuple) (429, A2 E (singleton)) < THE w2 5P Ut} o2 BE 7
o= g AdFUTh Bl E- 9327 v 9 342 FES UEA &1, 1 584 IS
FUth (W T2 95219, 0 235 2 AFE A2 ()

6.13. =71 H ¢ Al(Conditional expressions) 85
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6.16 42 5= =AM

sfo] 4 AZ N LEZO R FUAY FL PR Y G o= 9, 20 gol HWunh
WA ol ol F 55 L.
2 EEolN, BAAL 259 Tl £ A5 SATU= go] T AT

exprl, expr2, expr3, expr4
(exprl, expr2, expr3, expr4)
{exprl: expr2, expr3: expréd}

exprl + expr2 * (expr3 - exprd)
exprl (expr2, expr3, *exprd4, **exprb)
expr3, exprd4 = exprl, expr2

The following table summarizes the operator precedence in Python, from highest precedence (most binding) to lowest
precedence (least binding). Operators in the same box have the same precedence. Unless the syntax is explicitly given,
operators are binary. Operators in the same box group left to right (except for exponentiation, which groups from
right to left).

W), 4 A, obol AT E) AAE S BE 2 SIS S 23 vl A Aol A AR e AA Y A%l
X 2 2% 0 g o]o]E o] 7] (chaining) 3= 7]%% PAS SRR

A AEX} Ay

(expressions...), é@'(binding) =235 2 332, g AE UgAS

[expressions...], {key: value...}, | do], 91z tja=d o], A3 tjAa=d 9]

{expressions...}

x [index], x[index:index], | AAB23HYAM, SelolA, =, JEFHE IX

X (arguments...),x.attribute

await x ool E A

= AEAT

+x, —X, ~X oF S H|E NOT

*@,/,//,% A, 38 FA LA, A4 LAl U ;q(v

+, — ‘iﬂ@ﬂr@"é}

<<, >> AlZE

& H]E AND

n H] E XOR

| H]E OR

in,not in, is,is not,<,<=,>>= = == v, WA AALS) ofoldlEl E] AALS E g
o}

not x =32 NOT

and =] AND

or =37 OR

if-else ZA x4

lambda 2ot 194

= BRI

SAGAF AR+ £ LEES o.b Aol HIE 4 § QAR oFshl AR S, 251 £ 0.5 dunh
©% Qs BAG Tl gel SR U 2S4S A8 U
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CHAPTER /

CHa=F (Simple statements)

ol e deERol AlvEEL R FEH o] shite] £

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

Ir

=

g
H

it

Abstal 283 A L, (H5) Z 2 A A (procedure) (2] W] §i
e #HS EHFUHE TEF7 A8 (HF2 o3}
ot }%anzw ER7F s

ane
o

2) 28y

USL‘
>
> K

oﬁL‘ r
ofo
o rlr
2]
ol

YU, Lrepr() o a/\}%‘éﬂ =AEE HeEy, o
=

2k 2= ol A, gte] None ©] of A -2
AL BE] Fo BE 202 BT (AH7) None & Wl 1A RolA, ZRAA BEL
olH S HE WA dFUHh),

87
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7.2 CHY

Mo

BAEL ol 52 gol (W) ARSI AW AR o= HEY FEES SR GUTH

assignment_stmt = (target_1list "=")+ (starred_expression | yield expression)
target_list = target ("," target)* [","]
target n= identifier

| "(" [target_list] ™)"
| "[" [target_list] "1"
| attributeref

| subscription

| slicing

| "*" target
(attributeref, subscription, slicing 2] & A o]+= Zglojujg] Al A ¢
WA A4 F5 (o] 2] shte] @A o5, 4 =5
B o] ol Atk A8 7B L) 9 e F3a, XA 2 2%
BE 9] Z+7tof o J & th

WS B (2%)e] Feol ek AA 0= AP Ut elglo] b AR AN (EPHE F=
U ARAIY M Sefol4) B, Ad A AL HE o Q) Saaopwk 8, 1A o] SuFEA
ﬂﬂﬂ%ﬁﬂ&LﬂMﬂH“}ﬂ%k?%oﬂﬂﬂéoi

FAET B 95 T AH GO Ao A Fol

AAE A 55, 23252 8L o+ A=l A

J

;\‘L
=]
N
odh
)
of\i
1
p

fifo
%
>
>
fo

ok
o
%0,
ofy
A
o
=2
4
inss
o
rlr
pa)
rlo
v

o
i

N

N,
)

A7 A o2 oG )
c B BEo] (HE Aoz B0 Eolflw) AMEE dE7F e shte] BH3lol ™ A= EHA
IR
» Else
- Bt B & o] o ~E ]2 F (asterisk) & Foll &2 EFF, “AEFE (starred)” EFZl o] 2kal & H U T,
StUE 235t AA= Holx B A B2 Yo g fHY sy e Al FES

AFoHe ol e Holoof TiT) ol Hel e A S PREL, AFelA L EHow, 2rjs
B2 ol et B S P U h o] B e B o] nhA o FEEL e B Hof e
SASA AU 0 o[eiel Bl oA B 74 s ek A Y EN
(o] Bl 2EE ol g e &
- a9 gow: ﬁﬂ%ﬂ
al,

o] ook 5

i_c
o

= Al g8k ol H Y

+= global Y nonlocal Fol S3SHA ko H: 1 0|52 A
A1 o] 5 FZkell A AA A AAF YUth
- 29A ¢kow: I o 7+7k A o] F FFoly nonlocal o 93| HE QF olF

=20
FZro A Aol AZH Y]

loleololfﬂ 5101 1o

ARe BId: 3o zdan 284 B8 AU, e dd e
. : Jof itk 1o 1A
2 5T 5 Yok o9 (15

O
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F0] Aak: AR 7 2 e A2E A0 T
9 (right-hand side) £3 4], a.x =
o] ﬂHEE oﬂ/\ﬂ/\sl-

el (left hand 31de) E}Z\
BFAF Ol AE A o] ;q_\gll_

~
T
E

class Cls
x = 3 # class variable
inst = Cls{()
inst.x = inst.x + 1 # writes inst.x as 4 leaving Cls.x as 3
o] A™ o] property () & Y50 Z 2 3 E| (property) 2} 22 H A HE oJE|HE] A &2
g2t etk
e Brlo] qEATH AW Fxo Qe 2etolne 2849 e FdUH (FI2E 22) 7Hd
AA2 ARG (FAT 2] 22) )3 AZ 7L hehol itk 17 the, AR A3 YE BFAY e
Tt

mefol vl 7} (22 22) 7hdl A AR W, A8 2T EL 357k Uelok Uk S5,
A Az Pol 7k HA AU Th Aghe A A2 Pol Bt 22 o] obd Lo of 51, Al A 2o
7 QY AE b FEo] ARE thYstebn 8 Y G A8l ssh M E Mol b, IndexError
2 gogUnt(HE 23PE B AL B YL 2 2ud] A FES 24T 5 GEUD.

mepol w27k (948 22) vld AR W, A8 A3 PEL vjB 7] 93 T35 & Folofof

(I
shaL, visgol] 2 B A3 HES AR o v F st 7]/t ol H ”a J%E%a‘iq JQE} ojmj 22

AL 2 7129 AR AL DAL = 93, (2L e} 7171 24517 Qe 49) A 73S
e ST ST
A Ao AAe) A9, AR AAR __setiten () WAEI} BEH UL

 BFA0] Eehol ol Axe) mefolne] E 49| kS FRUT (RIAE e b AL A
Oh AR AR 2 B AAs ARk Tk 1e oS, 24 BThE sha
e PRI 71 R3S 03 A0 Aol AAZE A47} HojoF Funh &
847k e 8, AT 20l 2ol HRITL 2970 244 AAGEE 03} A A2
A Eol7te Gol S % A g wAse s UL Aol Selol g A5 e
AR ARS8 A EA A AR, 2 ool o] 2ol o 5 £ A4S
Qoo b2 5 U T

CPython 78 AHAl: AR 7@l A, B £ BRI 27 fAH L, 22
DA A AR 7] w g ol el A A 7L D AR A S AE S g Th

(i

2L mE 44

M/\]_q]?:]_,] Ao 7t A ¥ 7+ A o] “Z A A (simultaneous)’ Y2 (& E0],a, b = b, a=
WS BGUH DA, U A5 A ool Ae] FHL 9% o ego 9o

1/]_/\1 2 E5d T e 24 E TSyt dE 5o, R E2 22392 [0, 2] & 9P

x = [0, 1]

i=0

i, x[1] =1, 2 # i is updated, then x[i] is updated

print (x)

o ®7):

PEP 3132 - 87 o]H 2] 8 < %) *target 7|5l & +4

7.2. CHE!IE 89
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7.21 £ &2 2 2 (Augmented assignment statements)

SEAAES T EFNA olF AT dEs FA= AdUh:

augmented_assignment_stmt = augtarget augop (expression_list | yield expression)

augtarget = identifier | attributeref | subscription | slicing

augop = ny—mn ‘ w__m | Wx_—n | n@:" ‘ ll/:" | n//:" | no—mn ‘ Wk kM
| Ny s—n | "= ‘ ne="m | nA_mn | n|="

H
el £IN FEA TE BA R U AL ol 92 31, S E v Bl B gL ATl
e oz AUk BRI R, AlAe SAe] AL ol 9 2 ohe, S oo wEol e =
o] A2HE

7.2.2 0{=EH|0|E &l C{QZ(Annotated assignment statements)

o i o] 4 B9 L, B E oA, WA} o B HE ol wEo| A A 4 Ik TP ES FAE AY
ek

annotated_assignment_stmt = augtarget ":" expression
["=" (starred_expression | yield expression)]

The difference from normal tf] ] is that only a single target is allowed.

A7 2 2E 230 o, oficH o] e Fho] 7ol &
E __annotations_ o AFHEH, o] o B FEE (]I
o g2 e A7l gAML e WUtk o] SlEREE 277}
el

=]

A A

sgE i, S A 25 AAS AR o o] H o] do] AFH o R T AEH wrEo] YT

g B2l g 534S &, o eEH o)A FHAUY BE 2T = AAH Fho] FlAA T A7
HA & bt

o 20) B4 2 mol A o] el o] EH W, o] 0] B 1 23] 2] A (loca) 9 VI T, B4 31 2o A
o] H| o] A& Fro] F3l A At A F= A k5 Th

SHo] 28, A eH o EH  J2 (H A3 oA ofH o] A9 grS F3H7] Aol AA =
FAFUTH B9 B A ol SA5HA oW, JAH=ZelH = B A9 g 7ot upA g
_ setitem_ () o]Y}__setattr_ () TS A3}

o B7):

PEP 526 - 4= o] =g o] ¥ =
PSS oLHOESEEHE
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PEP 484 - § 3 E A Z E4 T} IDEAA AFEE 5= = & o =g o] Ao t g 25 £ Al 5317
A3l typing BES F7138= Al ¢k

H A 3.8 A] ¥ 7 Now annotated assignments allow the same expressions in the right hand side as regular assign-
ments. Previously, some expressions (like un-parenthesized tuple expressions) caused a syntax error.

7.3 assert &

assert +-2 = 2 13 of] tj ¥ 7 o] A A (debugging assertion) 2 41} 3F+= H ] 3 9 Utk

assert_stmt = "assert" expression ["," expression]

o

3l e, assert expression & 23 =53t}

if debug
if not expression: raise AssertionError

Z4H e, assert expressionl, expression2 = U231 53Ut}

if _ debug_
if not expressionl: raise AssertionError (expression?2)

o] FFAHEZ debug_iﬂ]-AssertionError ML o YA AT ES ZHE YA H A gy ok
A F@oNA, W M _debug_ 2 AWHA QA Aol A True o], H A3 2 FH 2 wf (P Y
4 -0) False AUTh A T= A 7L Ao AR H A 2 A W asert B2 98 2=
A FF U ol HA Aol Ao A A FTES 2T BRIl FoSAUAIL; A
sm Edo) a0l ARz 2 H T

__debug__ o AR H AL Heks A kUit o] g WAe] ghe Bz e A g w) A4 P ek

7.4 pass &

pass_stmt = "pass"

pass & ) ST A9 W, SRS A Dol e BuAos Eyel as e
v 2=

AAW T AL e, Al AN PE SRR

def f(arg): pass # a function that does nothing (yet)

class C: pass # a class with no methods (yet)

75 del &2

del_stmt = "del" target_1list

AHAlE Yol BYH A o vloHA A7l A o2 g Uth A AR A Ee U8k T4,
7] B 74A A= A5 Tk

B B2 2l 2 HAS A% N e 2Zo 2 A7 Fo R AR}

ol 59 AAlE 22 ZE EF Sl global woll L o]go] SR whet Aol A o] &
FZroA o] 58 A& AAZG YT o] Fo] AZAFH ] AA ‘i’%_‘l‘ﬁ NameError of| ] 7} o o

7.3. assert 2 91
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JEBHE %%, ARAIHM, 24 ARl B zetolve) AAlE AHUTH 2ol 42
AA = AuEA 0 90l o) M Sehol A8 thShe AT EETUCHEA T ol £ Sebol 4 5+
27 7F kg o,

7.6 return &

return_stmt = "return" [expression_list]

return & BHACET o2 Aol FHT A7 opU, B4 Aol F A o] heh 4 AUtk
QoW grS Fokal, 1TEA] 92 None 02 X2 Uth.

return-> Z@ 4 EF (& None) S W8 1o 2 A, Al &4 528 gy

return©] finally %ETS._— 7MA try B A Ao 7t HAUyEE Bt = 4

Aol 1 finally o] A3HFH Lt}

A g ol oA, return -2 A @ ol Bl 7} 2%a& 712 71 1, StopIteration of| & & o 3
t}. return Fo Al 3= = 2 (Y ThH) StopIteratlon-/] A Aol Q122 AT o] StopIteration.
value 9]EZ|HEZ} g Yth

H 5 7] Alyd oy oA, M return & H 57 AYHH EYgS &8,
StopAsyncIteration o2& oAUt v|Z7] AlYd o]g oA, vlo] YA L return S

4 el gy

7.7 yield 2

yield_stmt = yield expression

2o u 7t QG5 Uth 55 3hyield 88 A4 D8 E 3= 25
o & 59, yield &

it

yield®& \l€ld A 2k5} 7]

94
95} yield £ A+

yield <expr>
yield from <expr>

S O2H L yield 2884 £ F5FUT

(yield <expr>)
(yield from <expr>)

yield R4 242 A Vel ol 448 4o wlwk A= 3, A a0l 6 &4 whrlol A w ALS
BUTh @5 97 A @5 oA A delE B52 HEES St Ut yield 8 AHg e AvoR
FE ok

yvield®] ol thal AA| A AFFEL A= 3 A (Yield expressions) A4S s Y th

92 Chapter 7. Ct=2(Simple statements)
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7.8 raise &

raise_stmt = "raise" [expression ["from" expression]]

If no expressions are present, ra i se 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.

IH A O, raise = o9 AAE, 3 HA £H A Y 3k FFth BaseException & B &
G elad o of STk FU AT, o9 d2BAE AT 0 1 glol Feh20l d2HAE BEA
AHEE e,

ol 2] o] & (type) = A 2] A=W Fefaal, Fh(value) & A2F 2 AFA YU o

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 trace-
back set to its argument), like so:

S

raise Exception("foo occurred") .with_traceback (tracebackobij)

The from clause is used for exception chaining: if given, the second expression must be another exception class
or instance. If the second expression is an exception instance, it will be attached to the raised exception as the
__cause___ attribute (which is writable). If the expression is an exception class, the class will be instantiated and
the resulting exception instance will be attached to the raised exception as the __cause___ attribute. If the raised
exception is not handled, both exceptions will be printed:

>>> try:
print (1 / 0)
except Exception as exc:
raise RuntimeError ("Something bad happened") from exc

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
ZeroDivisionError: division by zero

The above exception was the direct cause of the following exception:
Traceback (most recent call last):

File "<stdin>", line 4, in <module>
RuntimeError: Something bad happened

A similar mechanism works implicitly if a new exception is raised when an exception is already being handled. An
exception may be handled when an except or finally clause, or a with statement, is used. The previous
exception is then attached as the new exception’ s __context___ attribute:

>>> try:
print (1 / 0)
except:
raise RuntimeError ("Something bad happened")

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
ZeroDivisionError: division by zero

During handling of the above exception, another exception occurred:
Traceback (most recent call last):

File "<stdin>", line 4, in <module>
RuntimeError: Something bad happened

ol &) A= from Aol None & AN YA A2 FAAZD = JFUTh

7.8. raise & 93
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>>> 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

o 2] of Theh o] BHe JHE o] 9 AMN A WAL S AL, ol 98 A SHe Aol e AR iy F A 4o
91Utk

WA 3394 HA: o]A| raise X from Y oA Y & None ©] &g Ut}

WA 3.30] 7} of| 2] ¥ (exception context) ] A5 £ S A = Y= suppress_context_

SERELS

7.9 break &

break_stmt = "break"

break € THALE for Ywhile Fxo SR AT UEPE = 55Ut SHAIRE 1 £z <he g

U S ool FHE A= syt

7VE 7V 7kol A SRR Qe T2 E TR, I F 2T else Eg 2 Jlokd AU Ut (skip).
for #X7} break 2 *EE] W, Tz Alo] B2l @A g AT

7}

break 7k finally B& 7} try BoA Ao} MO UES EE 9, FLRRE ARZ Ao}
Aol I finally &9 N-o'ﬂQ],]q_

7.10 continue &

continue_stmt = "continue"
continue = BHAOZ for YwhileFZo| ZHE AT el 4= JF5 Ut 3R 2 2 £ 919

P50 2e2 Bolol 2 AR AL deith A M0 A BAL e F27 e Aol 2 Yo}
=% sy

continue 7} finally A& 74A try B A Ao} 7} Aol UEE gle = A9 0} g £ E Alo]2S A2
8l7] Ao 1 finally do] A Urh

711 2 E E (import) &

import_stmt = "import" module ["as" identifier] ("," module ["as" identifier])?*
| "from" relative module "import" identifier ["as" identifier]

("," identifier ["as" identifier])*
| "from" relative_module "import" " (" identifier ["as"
("," identifier ["as" identifier])* [","] ™))"
| "from" relative_module "import" "*"

module n= (identifier ".")* identifier

relative_module = "."* module | "."+

(from o] ) 7| AEE FL F vz APF )

ke

94 Chapter 7. Ct=2(Simple statements)
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2
ol (dx= 29 oz Mo 2 x3etd, vpA] 2 o] B 2 E Fo 93 22ld AAH
_‘T—-_

WA duithAE e Sag Y

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.

LAY BEAFALRE glo] AW, A A F AR A Y o] F Fh 27F Ut

« BEo|E AN as 7t 2, as Flol L o]Fol dxEH BE JHF AZdP Ut}

o THE o] 5] 114511] 1, %iEElL BEOHAY EEH, EEY o] 5ol YXEHE REI
et FxE A o] 5 F7toll A4F Uth

« YXEHE RE] 34%01 Eol obY gtd, 1 BES 2338 H A4 vﬂﬂxu o] 5 o] F o—‘ﬂ
7)Aol het FxE A o]F Fe] AP Uth dXEH BRE2 JFF o7 Kt &4
A3t o] & (full qualiﬁed name) < ‘&3l HA| X = o of Pt

I JEEE RE 1o gY o ERHEE AHEA AAT T
2. oW, 1012 AL RES JEEFE AS AEF TS JZED BEOIA T ojERRE
2 ohAl AR
3. oJERIRHEZITAE A ko™ ImportError & 4o Utk
4. 27 ko™, I gholl tf 3k I 27t A o o] F F Xl AT =1, as Fo] A A7 A
ARE o] F& AHEtaL, 218 A 9o o] ERRE o5& AHEFUTH
AH-g- ol
import foo # foo imported and bound locally
import foo.bar.baz # foo, foo.bar, and foo.bar.baz imported, foo bound.
—locally

import foo.bar.baz as fbb # foo, foo.bar, and foo.bar.baz imported, foo.bar.baz.
—bound as fbb

from foo.bar import baz # foo, foo.bar, and foo.bar.baz imported, foo.bar.baz.
—bound as baz

from foo import attr # foo imported and foo.attr bound as attr

VHAEY BE5S A5 ( ) 2, RE50 A H BE 370 o] F5°] import #o] A} AT
o o] 5 F7te] AZF YTt

Oﬂ 3 E 7N o5 (public names) & 252 o]F F7kolA _all__ olgte o] &

HUth o= o] dohd, 2AE o Al A 2ofof =], T B st AU YZE '}% °olEE
_all_ oM ARTlEEL EF FHEHAFTHL HEA EAHFFUTE __all o] B A
, 59 o] F TN BAHE ol F T, BE A () E AIFSHA o= E’—l_ o] o] FAR
Utk __all = 37 APLAAE E£33) oF UH/]D]' o] A £AL x| A API EF7} obd
= =&%he AS BASE AUtk (718 2 250l O]LEB‘]'—T’— /‘]'%5]'—3} |28 28).
o

o] }d 7= HE] — from module import * —%E’_ T A ZgE Yt S a2y
A AFR3E = A]|E & SyntaxError 5 €2 A Yt}
|

S AR 25| A o] & (absolute name) = A T I8 = ‘giﬁbh’/} Eol 37 A 7}

o2 9 7] A ol ZFE off, 22 49 H 1A ol A e 2 37 A o] & g 01 dH YEE

(relative import) & 3+ 4= Ql5 UL fromF ol AAH = |7 AUV RE & R 3e} o] 28
2 %

A Q37 ke AR 714 AS L Avh} AL Le}rof s Yk s gL of

N E

=

o

[*]

o oA AFe T bl Lo o
Iz IO' oZiﬂ.El[‘I
I'

o o
A

ao
m
ol
|
|

kel
l
"
K
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A% ERUTH T A e 3 A7 4
AUtk 2 A pkg 7] Aol Y= EENA from

Ut} pkg.subpkgl °P°ﬂ/ﬂ from ..subpkg?2
2250 B itk Ao QE ol ek 742 7] 4

= 7ed ke

rlr HN

_411_,
[“H EﬂL

A= 22 IWEZ2 A YU3H7] Y&l importlib. import_module ()

o] Al-sg@ Yt
9l 2} module, filename, sys.path, sys.meta_path, sys.path_hooks & ZA} o|HIE import &

ERREASIN

7111 X 2

A 2 (e sitement) & A3HYE 7L S REE SAR FUY AL ASAA AotdsES
== A ]Oi(dlrectlve)okﬂ 3 712 veol FAIE = FolHoA BFol HE AYUTh
FA Y HAL Ao 2= A GG o) E4E v WAL ThojH o2 FAV= AL GA e+
AU 71 7] 5 0] EFo] 5= W E o] Ao BE B2 A /5L A8 5 YR 5T}
future_stmt = "from" "__ future_ " "import" feature ["as" identifier]
("," feature ["as" identifier])*
| "from" "__ future__ " "import" " (" feature ["as" identifier]
("," feature ["as" identifier])* [","] ")"
feature = identifier

FA B2 259 A9 Aol vheboF FUth 74 & Sl U= = A= 552
=2 E ) (docstring) (A THA),

F2 & AFESloF sl 723 71552 annotations YU T (PEP 5638 FZ 34 Al L).

JAC FH = T A NN EL A3 Tl 3o g3 AP Yk o F
E o &= absolute_import, division, generators, generator_stop, unicode_literals,
print_function, nested_scopes ¥ with_statement 7} ZH Ut} o|AEL2 dojE2y &

F 8, 2.4 A T8-S Al %Zlﬂi A7 w2 ATk

£
L
gau
S

FA T2 FAA L EE Ao A el A4H I R AUt A PSS rjd it WA FF
o F=E S ol FEF YT A 7]”°1 2 2] e (M EL A FAHF) 2L ER S =Yk
Az s, o] A9 ALt RES A YT 5 AHUTh 28 AFEL AP AR
=092+ dedn

M Evic Ao de) s o) | 7% o] E 50 FF o QeA LI, Wk FA Bo] ¥A| R N5 e
zgetn god Antd AA ol g Loyt

AFA AP A A YL e JEE FEF ZHUh RF RE_ future |, Fo AW UL,
o A3, ) Bol AHE AH drH Yoz JrEH YT}

Ful2e A9 A AL EL FA 2ol o5 AT = FAZEA /550 2l Azt

o) & Bgoll o} R A% 583k Fo] gl 23 ok Fuch:

import future [as name]

ol AL FA Fol ohd Ut opr el S Aol B A< A ool Qi AP YEE £ BT}
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FAH S XFote BE Ml 530t W T exec () compile () E &M AFLHE I EE,
ZNRA o2, FA ol A= A I NE S AT ]ﬂ—complle of 2= A 7Hsd
A2 Ao D 4 AHUTH— A G S-S 1 o] ZAE HAA S

t3}3 Qe Z g %z%z N JEH FA 2 Az A G2 7| ZFE HEAH YT
AHZE7} -1, AFT AT HE o]Fo] AP Uth FHOE A8, T ATHEZ FA S £
TotH, 2T HETAYH o] T A FE = 3P AN E S FAFUTH

o B7):

PEP 236 - W 2 ] _ future__ _ future_ ™| AU Z0] o 3+ ] 2 9] A2k

712 global &

global_stmt = "global" identifier ("," identifier)*

global TS A ZE EF Ao A8H= AAAd AUt UEE AEAE o] Yo g 3 A F o of gt
=9t} global 491 §lo] A+ WHEo] AAL 7he] D 5 9714 3w, global gho] A Mo

&S e AL BASTI

global £ HGH o] EEL 2L IE BEo|A global ¥ Fol 53T 4+ g4 U th

Names listed in a global statement must not be defined as formal parameters, or as targets in with statements

or except clauses, or in a for target list, c1ass definition, function definition, i mport statement, or variable
annotation.

CPython & AAl: A F3o] o] Ak AR-E AR AT =232 o] {5 G834

%O}Oké‘}tﬁ],ulﬂ/] T IAEE AASAY T2 uE ]F’—%i ol AT 4 A7 WEY

et

Zgzagwe] Fo] ALgk: global 2 FpA o] & A Al A (directive) Y U TF. global &3 -2 Al H o

s T A gH Yt 53], WA exec() T2 FFEE vAE Y T AAo 23E

global ¥ 1T TS 2= ZE B TS FXA ¢, 28 AL 23E T = A

T S TFSHE T =9 Y= global ol F&FS ‘317(] %5Uth eval () Fcompile () F+EZ

ulzk7kA Y ok

7.13 nonlocal &

nonlocal_stmt = "nonlocal" identifier ("," identifier)*

nonlocal —u:% dE A HzE] AG S Zﬂﬂ 3L 7Hg 7 kol A EE A E 2T Z o ojn] AFH W
E 7HE71 25 YT o] A2 T8.%H], A2 9 7|2 F2o] A1 Y o] F FHE WA A= Aol 7]

‘IHE*?J‘/]E} O] TASAeddd Z=ETM A (BRE) 2FZ Qo A|F AT 9k ALEo AHAZT 5+

9% = e,

nonlocal &9 ‘/]’Oﬂﬂ ol EE2, global ol
GAEE A Ao F 5 A2 o
h.

nonlocal ¥l Y@ £ o] FE2 A 2320 ojv] A5t A2 EH HA A ekotof Fyth
o ®17]:
PEP 3104 - wpZ 23 2 o]l Y= o] FE o TN AA A nonlocal £ 4.

rl
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CHAPTER 8

Eet& (Compound statements)

EdELOE EZE(Q 25E) S =gt ojH oz O gE BFEY Ao &S =AY
Aol ch 2+dsHA R3S uf, AA BFES I 2 & 5 J7|= A2 dulrog BIRO o g
o 23 Yth

if, while, for #7842 A&AA Ao 55 72 FAFUE =Y 25 sl try = ol A
2] 7|} J 2 (cleanup) TE= = 1 5 EFE AAGS= M, with B2 I EE FHoZ 2739}
grojdelAlo]d ZEE AR T F AEE FUth T Fe~ FY E A2 BEFFYUTH
EEL s T o)A A 7 AR YL A2 F T} ‘A E(suite) 2 FAR UL 5 BFE
AaHE2 BT 22 5927 o #FsUth 2 A atie SE6A A EE = 7|9 ERE A&
FE2o7 EYUrth 29 EE Ho o Alojd = EHAEL IFAULE 2YEEFEY FE FHoA
2L Zo AuZEoz B8 sty 2 ojAte] g Ed ¢ 5yt e O o S ™
StUY 2 o] 4 EAEY £ JdFULh 24 32 Y FHE BEFES 2T+ 5
23 2o AL gutax o, A2 AuEE else o] opd o] H ir Hoj £35=4] H 3R
7] Wi J Yot

’if testl: if test2: print (x)

3 o] 2o M Al EE o] 22E T T FetA Al A, B2 22 ool A, print () TEE2 EF

A ALk o] = shbs AR A g ths Ao 598l of gt

’if x <y < z: print(x); print(y); print(z)

8 ofsti:

compound_stmt = i1f stmt
| while_stmt

| for_stmt

| try_stmt

| with_stmt

| match_stmt

| funcdef

| classdef

| async_with_stmt

| async_for_stmt

| async_funcdef

suite = stmt_1list NEWLINE | NEWLINE INDENT statement+ DEDENT
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statement = stmt_1list NEWLINE | compound_stmt
stmt_list = simple_stmt (";" simple_stmt)* [";"]

TdE°l ¥4 NEWLINE © & F1}31 DEDENT 7} 1 H & W& & A= %%611 of gt} 3 gk
7Hest A8 ZE) T BZEAITANZ 5 e ZIH =2 A FS ] w2, REdo] glohe 2AE &5

i =
AL (Tl HAME FTHE irFol 927 He= AL 87T 2N ‘vl (dangling) else’ A&
s Z2gdoh.
HEES Al th2ol L= AEAA UYL B FAEL 4 2SS E59 29 25 g Ty ch

if e 245 Aol AHH U th

if_stmt = "if" assignment_expression ":" suite
("elif" assignment_expression ":" suite)*
["else" ":" suite]
dol= e o] sl de g

2 WA A RS L b Bt TN A
3 o] = 1=2] A %H(Boolean operations) AAS B A R); 1& ¢}

A A ghol A A sy h. %EL*—!%Ol 73 0]

while F-& @A 0] el T AP S Wkt vl AHgHth

while_stmt = "while" assignment_expression ":" suite

["else" ":" suite]
o] A& AS Ao 7 FAbetar, Fol|, A A A9 ES AP Th F A o] ARlolH (A5
R = BEEREEE S LU =8

>
09‘:'
o
N
52
H
u
[kt
]
oy
kt
i)
<
£
Al
2
2
3
do
i

for #& (AL, 72, 2l2E Z22) NP2 U tE olHEE AA 9 2458 olHeE o] Est=t] A

for_stmt = "for" target_list "in" expression_list ":" suite
["else" ":" suite]

E84 222 3 Hul Zho] F3| A Yt} o]l 2] E AA| 7F Felof Ut expression_list & A2 =E
olH @l olH 7t et AUttt 19 th= oA ol ¥ 7t Al st FF it olH Al ol H 7t S FE <A
W2, 29 Es} g W APk = vick 2t FBol Yo BE FH (Y E S HAR) 0= B
5o gdd v, 2AEAFFH YT FES0 2305 S W (o] H & o] B 7} stopIteration
Aolg do Ul W A2 AeE FA WATU L), the else A 2927} (rhe) AR 2
22gFagUr
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R 29 Bl AW broak BL olse G AT G FRE FEFUL. A 0A 29E
A AHS & cont i nue B A LA $ES AVA 1 0L FHO T ol AL, B2 FRol
o else AZ T
for-F.35 170 5.59) ¥5-50] o AR e for-F-29] 29 20l A o1 F012 A5 % £ U4, 2 el
A U RHEL 2T Lolg]

e

for i in range(10):

print (1)

i=25 # this will not affect the for-loop
# because i will be overwritten with the next
# index in the range

Names in the target list are not deleted when the loop is finished, but if the sequence is empty, they will not have
been assigned to at all by the loop. Hint: the built-in type range () represents immutable arithmetic sequences of
integers. For instance, iterating range (3) successively yields 0, 1, and then 2.

84 try =

try 22 8 25l that o9 A2 71 2] (cleanup) L= =& T & EFE AA = ol AHEH YT

try_stmt = tryl_stmt | try2_stmt
tryl_stmt = "try" ":" suite
("except" [expression ["as" identifier]] ":" suite)+t
["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 try clause, no
exception handler is executed. When an exception occurs in the t ry suite, a search for an exception handler is started.
This search inspects the except clauses in turn until one is found that matches the exception. An expression-less except
clause, if present, must be last; it matches any exception. For an except clause with an expression, that expression is
evaluated, and the clause matches the exception if the resulting object is “compatible” with the exception. An object
is compatible with an exception if the object is the class or a non-virtual base class of the exception object, or a tuple
containing an item that is the class or a non-virtual base class of the exception object.

except & ZF ol AT of| o] o} M X =] A] ko, ol 9] X 2]7] AN YW/ TE} T E 2HofA AL
[Sh=
UW%mmﬂAﬂﬂﬂ%tﬁ@ﬂ4aﬁ¥ﬂﬂﬂﬂﬂm&ﬂﬂﬂﬂAﬂﬂﬂ@ﬁ%%

SN T2 TE A" A oo tls] AAZF AIZE UL (try B AA 7L E Lo
HAFHE Y.

) %] =] = except A o] WA, o 9] = j—except 2l % as 7]

= 31, except A o] A9 ET} 4 f‘é‘%“%ﬂr T except A2 AP 753 EFS 7HA kU £59 £
Egetd, wy 2 A2 FollA ArbA A AF ol ASF L (o] 22 22 ol gl haf = A 4%

Z%E};Vl:ér-, ol 9] 7} <+5 A 2] 7] & try ol A ‘ﬂa“é‘?}lﬂruﬂ}eﬂal 1€ o9 € AelstA A drh=

=°l # )

of|9]7}as target = ARSI A T 4 wf, except E Z ol A AHAIH Ut} o] Z1-& WX

71N = (7F k) F ol A1 82 B2l o

except E as N:
foo

7ol @A WakE = A 25U

IThE o9 8 Aoslt finally Aol A e Bolgt EE sdoz HAUTE 1A A9 AL AE dolu A
B o
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except E as N:

try:
foo
finally:
del N
o] A except & F-of] FxsteH o9& thE o] 5ol sl oF Atk Ut A S Al AsHE ol F+,
70 FRE Egolamor s, 28 m di} Fx S FAMA the 7HIA T AT Do
A7MA 2z de RE AG HarES ZLO]'T7] = d Ut

Before an except clause’ s suite is executed, details about the exception are stored in the sys module and can be
accessed via sys.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)

A 7153t else BL A Y §§ o] try 45% WA U 7o, oq]ﬂ 7} @AY SR @k 9k al, return,
continue & break Tol AYE A ko AP Urh else ZolA T ol 2= ol e
= except AolA] 2 2= A ?ggqr/]'-

finally 7} Q2 H, ‘A (cleanup)” A ] 7] & A ZF Ut except & else L 23| A, U*?ﬂ try
ol Agg Ut o] 259 oM A 041317} °‘°%Ur , o9l = GA A A %QD} finally do| A3
Huth Wk A AE o2 7 Yo, finally Ao :’é"ﬂ/H Al A A ZIT) finally @o] ©H2 99 &
o7, AFH o 2= A o9 o] AEAE (context) & AP HUTh finally Ao] return, break £
continue & AP, A4H o o= Wy Uth

>>> def f():
try:
1/0
finally:
return 42
>>> f()
42

finally B& Adste S o] A= 220 A5 A g5y th

try ‘finally 9 try 29 EA return, break, continue 2o AdA ul, finally d% ‘Y7t
=20 AgR .

o] 8 gk WA kol AW recurn 0% AAFUL, £inally ol 4 AT 7] o 2o,
finally % Oﬂf‘i A5 = return F 0] FAF vpA Fof] APE = Zo] HUth:
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>>> def fool():
try:
return 'try'
finally:
return 'finally'
>>> foo ()
'finally'

o 2ol B3 37he] AR E o) MMl A 2 5 AL, A28 Q27)7) 18] raise £ AEE Aol
et BH = raise = AANA S 5 JF YT

WA 3804 HA: gfo]H 3.8 o] Aol &=, continue Fo] F& BAZ Q& finally oA F2 34
Eaischni=ng

8.5 with &

E A A} (with & G ~E He| 2}
3

e 442 8 8) 7 Aol 3 A =
AL B3 tryexcept finally A& 3 9

ASH ==
g Ao A AL S = AEF

with_stmt = "with" ( " (" with_stmt_contents ","? ")" | with_stmt_contents
with_stmt_contents = with_item ("," with_item)*

with_item = expression ["as" target]

St “item” & AF§HE with B9 AW e Zo] WPtk

1. The context expression (the expression given in the with_item) is evaluated to obtain a context manager.
5ol 48517 919 A AE BERe] _enter_ () 7F ZEF YT

ol AHgst7] flel AE B A2 AL __exit_ () ZFREH U

AdAE B _enter_ () MNEES EE I

with 2ol BtZlo] 2= lowd, T __enter_ () & Wi = thdFUoh

A

Zr31: The with statement guarantees that if the __enter__ () method returns without an error, then
__exit__ () will always be called. Thus, if an error occurs during the assignment to the target list, it will
be treated the same as an error occurring within the suite would be. See step 7 below.

6. ~91E7} AP L)

7. AYAE B _exit_ () WASE EEFUT )97t A9 EE FEHES BEATHY,
279 %, 3, Edlel Mol _exit_ () o A% A2HYCTh 284 950w Al 719 None ©f
A%z FF9 ek
297} o9 e o] FEH YT, _exit_ () WAZY WS gro] Alelw, 1 o] 98 thA &
o 710), 0 ol Fol, o1 & e ik B A o EAOL ABE ALTI
A9 ET} 9] 099 ol fE FEHW, _exit__ () o W ghe AR, AT FR FHo

B XA A e AL

with EXPRESSION as TARGET:
SUITE

o ngoz the 55 gk
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manager = (EXPRESSION)

enter = type (manager).__enter_
exit = type (manager).__exit_
value = enter (manager)

hit_except = False

try:
TARGET = wvalue
SUITE
except:
hit_except = True
if not exit (manager, *sys.exc_info()):
raise
finally:

if not hit_except:
exit (manager, None, None, None)

b MU e BES FU, AHAE BEAE wich Bo] HE AN AW Pk

with A() as a, B() as b:
SUITE

oo 53t s dHh

with A() as a:
with B() as b:
SUITE

You can also write multi-item context managers in multiple lines if the items are surrounded by parentheses. For
example:

with (
A() as a,
B() as b,
)t
SUITE

WA 31 A ok AE2E 7349 2

¥ A 3.109]| A ¥ 7 : Support for using grouping parentheses to break the statement in multiple lines.
] X7

PEP 343 - “with” & 3}lo]# with 82 72, vl 4, <.

8.6 The match statement

WA 3109 57}

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 soff keywords.
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Pattern matching takes a pattern as input (following case) and a subject value (following match). The pattern
(which may contain subpatterns) is matched against the subject value. The outcomes are:

« A match success or failure (also termed a pattern success or failure).

« Possible binding of matched values to a name. The prerequisites for this are further discussed below.
The match and case keywords are soft keywords.
o B7):

o PEP 634 - Structural Pattern Matching: Specification

o PEP 636 - Structural Pattern Matching: Tutorial

8.6.1 Overview

Here’ s an overview of the logical flow of a match statement:

1. The subject expression subject_expr is evaluated and a resulting subject value obtained. If the subject
expression 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.

Z}31: During failed pattern matches, some subpatterns may succeed. Do not rely on bindings being
made for a failed match. Conversely, do not rely on variables remaining unchanged after a failed
match. The exact behavior is dependent on implementation and may vary. This is an intentional
decision made to allow different implementations to add optimizations.

3. If the pattern succeeds, the corresponding guard (if present) is evaluated. In this case all name bindings are
guaranteed to have happened.

« If the guard evaluates as true or is missing, the block inside case_block is executed.
o Otherwise, the next case_block is attempted as described above.

« If there are no further case blocks, the match statement is completed.

Z31: Users should generally never rely on a pattern being evaluated. Depending on implementation, the interpreter
may cache values or use other optimizations which skip repeated evaluations.

A sample match statement:

>>> flag = False
>>> match (100, 200):
case (100, 300): # Mismatch: 200 != 300
print ('Case 1")
case (100, 200) if flag: # Successful match, but guard fails
print ('Case 2")

case (100, y): # Matches and binds y to 200
print (f'Case 3, y: {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.
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8.6.2 Guards

guard = "if" named_expression

A guard (which is part of the case) must succeed for code inside the case block to execute. It takes the form:
1 1 followed by an expression.

The logical flow of a case block with a guard follows:

1. Check that the pattern in the case block succeeded. If the pattern failed, the guard is not evaluated and the
next case block is checked.

2. If the pattern succeeded, evaluate the guard.
« If the guard condition evaluates as true, the case block is selected.
« If the guard condition evaluates as false, the case block is not selected.
« If the guard raises an exception during evaluation, the exception bubbles up.

Guards are allowed to have side effects as they are expressions. Guard evaluation must proceed from the first to the
last case block, one at a time, skipping case blocks whose pattern(s) don’ t all succeed. (I.e., guard evaluation must
happen in order.) Guard evaluation must stop once a case block is selected.

8.6.3 Irrefutable Case Blocks

An irrefutable case block is a match-all case block. A match statement may have at most one irrefutable case block,
and it must be last.

A case block is considered irrefutable if it has no guard and its pattern is irrefutable. A pattern is considered irrefutable
if we can prove from its syntax alone that it will always succeed. Only the following patterns are irrefutable:

o AS Partterns whose left-hand side is irrefutable
o OR Patterns containing at least one irrefutable pattern
o Capture Patterns

o Wildcard Patterns

parenthesized irrefutable patterns

8.6.4 Patterns

Z31: This section uses grammar notations beyond standard EBNF:
« the notation SEP . RULE+ is shorthand for RULE (SEP RULE) *

« the notation ! RULE is shorthand for a negative lookahead assertion

The top-level syntax for patterns is:

patterns n= open_sequence_pattern | pattern
pattern as_pattern | or_pattern
closed_pattern literal_ pattern

|
| capture_pattern
| wildcard_pattern
| value_pattern
| group_pattern
| sequence_pattern
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| mapping_pattern
| class_pattern

The descriptions below will include a description “in simple terms” of what a pattern does for illustration purposes
(credits to Raymond Hettinger for a document that inspired most of the descriptions). Note that these descriptions
are purely for illustration purposes and may not reflect the underlying implementation. Furthermore, they do not
cover all valid forms.

OR Patterns

An OR pattern is two or more patterns separated by vertical bars |. Syntax:

or_pattern = "|".closed _pattern+

Only the final subpattern may be irrefutable, and each subpattern must bind the same set of names to avoid ambiguity.

An OR pattern matches each of its subpatterns in turn to the subject value, until one succeeds. The OR pattern is
then considered successful. Otherwise, if none of the subpatterns succeed, the OR pattern fails.

In simple terms, P1 | P2 | ... will try to match P1, if it fails it will try to match P2, succeeding immediately
if any succeeds, failing otherwise.

AS Patterns

An AS pattern matches an OR pattern on the left of the as keyword against a subject. Syntax:

as_pattern = or_pattern "as" capture_pattern

If the OR pattern fails, the AS pattern fails. Otherwise, the AS pattern binds the subject to the name on the right of
the as keyword and succeeds. capture_pattern cannotbe a _.

In simple terms P as NAME will match with P, and on success it will set NAME = <subject>.

Literal Patterns

A literal pattern corresponds to most /iterals in Python. Syntax:

literal pattern = signed_number
| signed_number "+" NUMBER

| signed_number "-" NUMBER

| strings

| "None"

| "True"

| "False"

| signed_number: NUMBER | "-" NUMBER

The rule st rings and the token NUMBER are defined in the standard Python grammar. Triple-quoted strings are
supported. Raw strings and byte strings are supported. " 2} ] E] & are not supported.

The forms signed_number '+' NUMBERand signed_number '-' NUMBER are for expressing complex
numbers; they require a real number on the left and an imaginary number on the right. E.g. 3 + 47.

In simple terms, LITERAL will succeed only if <subject> == LITERAL. For the singletons None, True and
False, the is operator is used.
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Capture Patterns

A capture pattern binds the subject value to a name. Syntax:

capture_pattern = ' ' NAME
A single underscore _ is not a capture pattern (this is what !'_' expresses). It is instead treated as a
wildcard _pattern.
In a given pattern, a given name can only be bound once. E.g. case x, x: ... isinvalid while case [x] |

x: ... isallowed.

Capture patterns always succeed. The binding follows scoping rules established by the assignment expression operator
in PEP 572; the name becomes a local variable in the closest containing function scope unless there’ s an applicable
global or nonlocal statement.

In simple terms NAME will always succeed and it will set NAME = <subject>.
Wildcard Patterns

A wildcard pattern always succeeds (matches anything) and binds no name. Syntax:

wildcard_pattern = L

_ is a soft keyword within any pattern, but only within patterns. It is an identifier, as usual, even within mat ch subject
expressions, guards, and case blocks.

In simple terms, _ will always succeed.

Value Patterns

A value pattern represents a named value in Python. Syntax:

value_pattern = attr
attr = name_or_attr "." NAME
name_or_attr = attr | NAME

The dotted name in the pattern is looked up using standard Python name resolution rules. The pattern succeeds if the
value found compares equal to the subject value (using the == equality operator).

In simple terms NAME1 . NAME2 will succeed only if <subject> == NAME1.NAME2

ZF31: If the same value occurs multiple times in the same match statement, the interpreter may cache the first value
found and reuse it rather than repeat the same lookup. This cache is strictly tied to a given execution of a given match
statement.
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Group Patterns

A group pattern allows users to add parentheses around patterns to emphasize the intended grouping. Otherwise, it
has no additional syntax. Syntax:

group_pattern = "(" pattern ")"

In simple terms (P) has the same effect as P.

Sequence Patterns

A sequence pattern contains several subpatterns to be matched against sequence elements. The syntax is similar to
the unpacking of a list or tuple.

sequence_pattern = "[" [maybe_sequence_pattern] "]1"
| "(" [open_sequence_pattern] ")"
open_sequence_pattern u= maybe_star_pattern "," [maybe_sequence_pattern]
maybe_sequence_pattern = ", ".maybe_star_patternt ","?
maybe_star_pattern = star_pattern | pattern
star_pattern = "*" (capture_pattern | wildcard_pattern)
There is no difference if parentheses or square brackets are used for sequence patterns (i.e. (...) vs [...]).
ZF37: 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 In pattern matching, a sequence is defined as one of the following:
« a class that inherits from collections.abc.Sequence
« a Python class that has been registered as collections.abc.Sequence
« abuiltin 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

e
f

: Subject values of type str, bytes, and bytearray do not match sequence patterns.
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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 corresponding item, the sequence pattern succeeds.

Otherwise, if the sequence pattern is variable-length:

1. If the length of the subject sequence is less than the number of non-star subpatterns, the sequence pattern
fails.

2. The leading non-star subpatterns are matched to their corresponding items as for fixed-length sequences.

3. If the previous step succeeds, the star subpattern matches a list formed of the remaining subject items,
excluding 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
sequence.

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 x=  "{" [items_pattern] "}"
items_pattern = ",".key_value_patternt ","?
key_value_pattern = (literal_pattern | value_pattern) ":" pattern

| double_star_ pattern
"x*&W" capture_pattern

double_star_pattern

At most one double star pattern may be in a mapping pattern. The double star pattern must be the last subpattern in
the mapping pattern.

Duplicate keys in mapping patterns are disallowed. Duplicate literal keys will raise a SyntaxError. Two keys
that otherwise have the same value will raise a ValueError at runtime.

The following is the logical flow for matching a mapping pattern against a subject value:
1. If the subject value is not a mapping’,the mapping pattern fails.

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 In pattern matching, a mapping is defined as one of the following:
o a class that inherits from collections.abc.Mapping
« a Python class that has been registered as collections.abc.Mapping
« a builtin class that has its (CPython) Py_TPFLAGS_MAPP ING bit set
« aclass that inherits from any of the above
The standard library classes dict and types.MappingProxyType are mappings.
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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.

Z3:  Key-value pairs are matched using the two-argument form of the mapping subject’ s get () method.
Matched key-value pairs must already be present in the mapping, and not created on-the-fly via___missing__ ()
or __getitem_ ().

In simple terms {KEY1: P1, KEY2: P2, ... } matches only if all the following happens:
 check <subject> is a mapping
¢« KEY1 in <subject>
e P1 matches <subject>[KEY1]

« - and so on for the corresponding KEY/pattern pair.

Class Patterns

A class pattern represents a class and its positional and keyword arguments (if any). Syntax:

class_pattern = name_or_attr " (" [pattern_arguments ","?] ")"
pattern_arguments u= positional_patterns ["," keyword_patterns]
| keyword patterns
positional_ patterns ", ".pattern+
keyword_patterns ", ".keyword pattern+
keyword_pattern u= NAME "=" pattern

The same keyword should not be repeated in class patterns.
The following is the logical flow for matching a class pattern against a subject value:
1. If name_or_attr is not an instance of the builtin t ype , raise TypeError.

2. If the subject value is not an instance of name_or_attr (tested via isinstance ()), the class pattern
fails.

3. If no pattern arguments are present, the pattern succeeds. Otherwise, the subsequent steps depend on whether
keyword or positional argument patterns are present.

For a number of built-in types (specified below), a single positional subpattern is accepted which will match
the entire subject; for these types keyword patterns also work as for other types.

If only keyword patterns are present, they are processed as follows, one by one:

I. The keyword is looked up as an attribute on the subject.
« If this raises an exception other than AttributeError, the exception bubbles up.
o If this raises At t ributeError, the class pattern has failed.

« Else, the subpattern associated with the keyword pattern is matched against the subject’ s attribute value.
If this fails, the class pattern fails; if this succeeds, the match proceeds to the next keyword.

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_
attribute 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
is raised.

), TypeError

o Otherwise, positional pattern 1 is converted to a keyword pattern using
_ match_args__ [i] as the keyword. _ match_args_ [i] must be a string;
if not TypeError is raised.

« If there are duplicate keywords, TypeError is raised.
o ®H7]:
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___
o For each keyword argument attr=P2:
- hasattr (<subject>, "attr")
- P2 matches <subject>.attr
« - and so on for the corresponding keyword argument/pattern pair.
o B7):
o PEP 634 - Structural Pattern Matching: Specification
o PEP 636 - Structural Pattern Matching: Tutorial
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8.7 g H2

B4 A SR A B AM (EEY A A4S BAL) B A P

funcdef = [decorators] "def" funcname " (" [parameter_list] ")"
["->" expression] ":" suite

decorators u= decorator+t

decorator u= "Q" assignment_expression NEWLINE

parameter_list = defparameter ("," defparameter)* "," "/" [", 6" [paramete
| parameter_list_no_posonly

parameter_list_no_posonly = defparameter ("," defparameter)* ["," [parameter_list_s
| parameter_list_starargs

parameter_list_starargs = "*" [parameter] ("," defparameter)* ["," ["**" paramete
| "**" parameter [","]

parameter = identifier [":" expression]

defparameter = parameter ["=" expression]

funcname RES identifier
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Qfl (arg)
Qf2
def func(): pass

o en S5

def func(): pass
func = fl(arg) (£2 (func))

Aeje] F47k QA2 o] func o AAH A gk A ohEU T

¥ A 3.9 A ¥ 7 Functions may be decorated with any valid assignment_expression. Previously, the
grammar was much more restrictive; see PEP 614 for details.

Sty 2 o) A9 vl 7| Y 5= & o] parameter = expression S E]E 71A wlf, ot <) 2 o RS 7S 2
Sopw B AR kel 9 WM A9, 52T 0 L A AL 5 9w, 12 )
WA W] 7] grol A58 Utk Wy il A M} RG-S AR, A LR E e 2 E v

MAE 7] EE A oF Gtk — ol L £ F Aol B A ok WA A T,

Default parameter values are evaluated from left to right when the function definition is executed. This means
that the expression is evaluated once, when the function is defined, and that the same “pre-computed” value is used
for each call. This is especially important to understand when a default parameter value is a mutable object, such as
a list or a dictionary: if the function modifies the object (e.g. by appending an item to a list), the default parameter
value is in effect modified. This is generally not what was intended. A way around this is to use None as the default,
and explicitly test for it in the body of the function, e.g.:

def whats_on_the_telly (penguin=None) :
if penguin is None:
penguin = []

(ThS slTeTATol A1)
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(o] A sl o] A ol A AH)

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 pa-
rameters, 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. Parame-
ters 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.

5SS o S
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[«

15 Foll &+ “: expression” FEfY o= H o] S 7H & AHY
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class Foo:
pass

=l

class Foo (object) :

pass
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class Foo: pass
Foo = f1(arg) (f2 (Foo))
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WA 3904 ¥ Classes may be decorated with any valid assignment_expression. Previously, the
grammar was much more restrictive; see PEP 614 for details.
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89 3

4m

WA 350 27}

8.9.1 IFEI & O
async_funcdef = [decorators] "async" "def" funcname " (" [parameter_ list]

["->" expression] ":" suite

Execution of Python coroutines can be suspended and resumed at many points (see coroutine). awa it expressions,
async forand async with can only be used in the body of a coroutine function.

async def o= HJod e F ZFE T4, await Yasync 7| HEE T kA b+
AT T8EUT,

T8 o vir ¢rofl Al yield from 8 A5 ARS8 212 SyntaxError YUt

F8 g A

async def func(paraml, param2):
do_stuff ()
await some_coroutine ()

WA 3794 HA: 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

vlE 7] olH el E 2 vl E 7] olE e olH & AR wEsh=_aiter WA EE AFIL, HE 7] o] H E
OlE]= 2}A1 9] anext WA EA HEY ZEE T2 4 S Th
o]

async for B2 057 oElzi Bl o3 We) & ol el
et ge mEL:

async for TARGET in ITER:
SUITE

else:
SUITEZ2

gudez 53 s dUh

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
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Seealso  aiter () and___anext__ () for details.

FZE g9 vl JHoll A asyne for & AFR3+= A2 SyntaxError Y Yt}

8.9.3 async with &

async_with_ stmt = "async" with_stmt
v 5 7] A8 AE 32| 2 = enter Fexit (A ENA AFL DA 2T 4 Q= A8~ E A2z} ¢y t)

(= e A=

it

async with EXPRESSION as TARGET:
SUITE

gu oz et FEFUh

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.
FZE g9 vl qhol| A asynce with & AFR 6= Z2& SyntaxError Y Yth
] ®17):

PEP 492 - async 9} await B¢ AH834E 228 2202 sloldolH 448 S¢Ad dor BE
2,59 A9 271 A 9k,
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file_input = (NEWLINE | statement) *
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9.3 CH=ald &3

B3P o)A Qe b 2 B 8L ATtk

interactive_input = [stmt_1ist] NEWLINE | compound_stmt NEWLINE

(H 29 BFE2 3ty REoA ul 25 o F] oF Foll fdsf ok Fuich sA 7 B B8 AAFE
o] 23t

4.8 918 eval ) o] AEHUTH ol 22 BWE BAFUT. eval ) o £AYD AAE
& WAL AsloF T

eval_input = expression_list NEWLINE*

0>
0

120 Chapter 9. 3

b

to
B>
uin
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MH 28 7

0] Z1-& CPython T+& 4 7] & A3t o] AFE-H = BHolA A 9", AA gold ¥ FAJUth
(Grammar/python.gram& FR2FAHAIL). o] AL = AAAF ol B72} A=A AR JRE A=

Y.

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:

', '".expressiont+ ',' '*' expression ',' '"**' expression
', '".expressiont ',' '*' expression
'*' expression ',' '**' expression

|
|
| ','".expression+ ',' '**' expression
|
| '"*' expression
| "**' expression
| ','.expression+
statements: statement+
statement: compound_stmt | simple_stmts
statement_newline:
| compound_stmt NEWLINE
| simple_stmts
| NEWLINE
| ENDMARKER
simple_stmts:
| simple_stmt !';' NEWLINE # Not needed, there for speedup
[ ';'.simple_stmt+ [';'] NEWLINE
# NOTE: assignment MUST precede expression, else parsing a simple assignment

(Th5 sTeTATol A1)
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(o1 s o] A oA A<

# will throw a SyntaxError.
simple_stmt:
| assignment
| star_expressions
| return_stmt
| import_stmt
| raise_stmt
| 'pass'
| del_stmt
| yield_stmt
| assert_stmt
| 'break'
| 'continue'
| global_stmt
| nonlocal_stmt
compound_stmt :
| function_def
| if_stmt
| class_def
| with_stmt
| for_stmt
| try_stmt
| while_stmt
| match_stmt

# 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:
I Ty=t

v v

N @ %
Il

v

v

o
Il

> — &
Il

v v

="

>>="
Tkt

v )=t

global_stmt: 'global' ', ' .NAME+
nonlocal_stmt: 'nonlocal' ', ' .NAME+

yield_stmt: yield_expr

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

(T sl o Aol Al<)
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import_from:

| "from' ('.' | '...

| "from' ('.' | '...")+
import_from_targets:

[ '"('" import_from_as_name

| import_from_as_names !'

I Tk
import_from_as_names:

[ ', '".import_from_as_name
import_from_as_name:

| NAME ['as' NAME ]
dotted_as_names:

| ','".dotted_as_name+
dotted_as_name:

') * dotted_name
'import'

'import' import_from_targets
import_from_targets
s [',"]

v
’

v)v

+

| dotted_name ['as' NAME ]
dotted_name:
| dotted_name '.' NAME
| NAME
if_stmt:
| "if' named_expression ':' block elif stmt
| '"if' named_expression ':' block [else_block]
elif_ stmt:
| 'elif' named_expression ':' block elif stmt
| 'elif' named_expression ':' block [else_block]
else_block:
| 'else' ':' block
while_stmt:
| 'while' named_expression ':' block [else_block]
for_stmt:
| "for' star_targets 'in' ~ star_expressions ':' [TYPE_COMMENT] block [else_
—block]
| ASYNC 'for' star_targets 'in' ~ star_expressions ':' [TYPE_COMMENT] block.

—[else_block]

with_stmt:

| 'with' '(' ','.with_item+ ','? ')' ':' block

| 'with' ','.with_item+ ':' [TYPE_COMMENT] block

| ASYNC 'with' '(' ','.with_item+ ','? '")' ':' 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]
except_block:

| 'except' expression ['as' NAME ] ':' block

| 'except' ':' block
finally_block:

| 'finally' ':' block

match_stmt:
| "match"
subject_expr:
| star_named_expression '
| named_expression

subject_expr ':

' NEWLINE INDENT case_block+ DEDENT

, ' star_named_expressions?

(T sl o Aol Al<)
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case_block:
| "case" patterns guard? ':' block
guard: 'if' named_expression

patterns:
| open_sequence_pattern
| pattern
pattern:
| as_pattern
| or_pattern
as_pattern:
| or_pattern 'as' pattern_capture_target
or_pattern:
| '"|'.closed_pattern+

closed_pattern:

| literal_pattern
| capture_pattern
| wildcard_pattern
| value_pattern

| group_pattern

| sequence_pattern
| mapping_pattern
| class_pattern

# Literal patterns are used for equality and identity constraints
literal_pattern:
| signed_number ! ('+' | '-")
| complex_number
| strings
| '"None'
| '"True'
| 'False'

# Literal expressions are used to restrict permitted mapping pattern keys
literal_expr:
| signed_number ! ('+' | '-")
| complex_number
| strings
| '"None'
| '"True'
| 'False'

complex_number:
| signed_real number '+' imaginary_number
| signed_real number '-' imaginary_number

signed_number:
| NUMBER
| '-' NUMBER

signed_real_number:
| real_number
| '"-' real number

real_number:
| NUMBER

imaginary_number:
| NUMBER

(T sl o Aol Al<)
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capture_pattern:
| pattern_capture_target

pattern_capture_target:
‘ !H_H NAME !(V.l ‘ l(l ‘ V:l)

wildcard_pattern:

‘ LU 1}

value_pattern:

Lattr (LDt t=Y)
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:

Ly

| '{'" double_star_pattern ','? '}’

| '"{'" items_pattern ', ' double_star_pattern ','? '}'

| '{'" items_pattern ','? '}'
items_pattern:

| ','".key_value_pattern+
key_value_pattern:

| (literal_expr | attr) ':' pattern
double_star_pattern:

| "**' pattern_capture_target

class_pattern:
| name_or_attr '(' ")
| name_or_attr '(' positional_patterns ','? ')'
| name_or_attr '(' keyword_patterns ','? ')'
| name_or_attr '(' positional_patterns ',' keyword_patterns ','? ')'
positional_ patterns:
| ', '.pattern+
keyword_patterns:
| ', "'".keyword_pattern+t
keyword_pattern:
| NAME '=' pattern

return_stmt:
| 'return' [star_expressions]

(Th5 sTeTATol A1)
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raise_stmt:
| 'raise' expression ['from' expression ]
| 'raise'

function_def:
| decorators function_def raw

| function_def raw

function_def raw:

| 'def' NAME '(' [params] ')' ['->' expression ] ':' [func_type_comment] block
| ASYNC 'def' NAME ' (' [params] ')' ['->' expression ] ':' [func_type_comment].
—Dblock
func_type_comment:
| NEWLINE TYPE_COMMENT & (NEWLINE INDENT) # Must be followed by indented block

| TYPE_COMMENT

params:
| parameters

parameters:
| slash_no_default param_no_default* param with_default* [star_etc]
| slash_with_default param_with_default* [star_etc]
| param _no_default+ param with_default* [star_etc]
| param_with_default+ [star_etc]
|

star_etc
# Some duplication here because we can't write (','" | &')"),
# which is because we don't support empty alternatives (yet).
#
slash_no_default:
| param_no_default+ '/' ',

| param_no_default+ '/' &")'

slash with _default:
| param_no_default* param_with_default+ '/' ',
| param_no_default* param_with_default+ '/' &')'

star_etc:
| "*' param_no_default param_maybe_default* [kwds]
[ "*' ', ' param_maybe_default+ [kwds]
| kwds
kwds: '"**' param_no_default
# One parameter. This *includes* a following comma and type comment.
#

# There are three styles:
# — No default
# — With default
# — Maybe with default
#
# There are two alternative forms of each, to deal with type comments:
# — Ends in a comma followed by an optional type comment
# — No comma, optional type comment, must be followed by close paren
# The latter form is for a final parameter without trailing comma.
#
param_no_default:
| param ',' TYPE_COMMENT?
| param TYPE_COMMENT? &')'
param_with_default:
| param default ',' TYPE_COMMENT?

(T sl o Aol Al<)
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| 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

block:
| NEWLINE INDENT statements DEDENT
| simple_stmts

star_expressions:
| star_expression (',' star_expression )+ [',']
| star_expression ','
| star_expression
star_expression:
| '"*'" bitwise_or
| expression

star_named_expressions: ','.star_ named_expressiont [',']
star_named_expression:

| "' bitwise_or

| named_expression

assignment_expression:
| NAME ':=' ~ expression

named_expression:
| assignment_expression
| expression !':="

annotated_rhs: yield expr | star_expressions

expressions:
| expression (',' expression )+ [',']
| expression ',
| expression

expression:
| disjunction 'if' disjunction 'else' expression
| disjunction
| lambdef

lambdef:
| '"lambda' [lambda_params] ':' expression

lambda_params:
| lambda_parameters

# lambda_parameters etc. duplicates parameters but without annotations
# or type comments, and if there's no comma after a parameter, we expect

(T sl o Aol Al<)
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# a colon, not a close parenthesis. (For more, see parameters above.)
#
lambda_parameters:
| lambda_slash _no_default lambda_param_no_default* lambda_param with_default*.
— [lambda_star_etc]
| lambda_slash_with_default lambda_param _with_default* [lambda_star_etc]
| lambda_param no_default+ lambda_param with_default* [lambda_star_etc]
| lambda_param_with_default+ [lambda_star_etc]
| lambda_star_etc

lambda_slash_no_default:
| lambda_param_no_default+ '/' ',!'
| lambda_param_no_default+ '/' &':"'
lambda_slash_with_ default:
| lambda_param_no_default* lambda_param_with_default+ '/' ',
| lambda_param_no_default* lambda_param_with_default+ '/' &':'

lambda_star_etc:
[ "*' lambda_param_no_default lambda_param_maybe_default* [lambda_kwds]
[ '*' ', ' lambda_param_maybe_default+ [lambda_kwds]
| lambda_kwds

lambda_kwds: '"**' lambda_param_no_default

lambda_param_no_default:

| lambda_param ','

| lambda_param &':'
lambda_param_with_default:

| lambda_param default ','

| lambda_param default &':'
lambda_param_maybe_default:

| lambda_param default? ','

| lambda_param default? &':'
lambda_param: NAME

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
| noteqg 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
noteq_bitwise_or:
[ ("!='" ) bitwise_or

(T sl o Aol Al<)
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lte_bitwise_or: '<=' bitwise_or
lt_bitwise_or: '<' bitwise_or
gte_bitwise_or: '>=' bitwise_or
gt_bitwise_or: '>' bitwise_or
notin_bitwise_or: 'mot' 'in' bitwise_or
in_bitwise_or: 'in' bitwise_or
isnot_bitwise_or: 'is' 'not' bitwise_or
is_bitwise_or: 'is' bitwise_or

bitwise_or:
| bitwise_or '|' bitwise_xor
| bitwise_xor

bitwise_xor:
| bitwise_xor '"' bitwise_and
| bitwise_and

bitwise_and:
| bitwise_and '&' shift_expr
| shift_expr

shift_expr:
| shift_expr '<<' sum
| shift_expr '>>' sum
| sum

sum:
| sum '+' term
| sum '-' term
| 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]
| named_expression
atom:
| NAME
| "True'

;' [expression] ]
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| 'False'

| '"None'

| strings

| NUMBER

| (tuple | group | genexp)
| (list listcomp)

|

|

(dict | set | dictcomp | setcomp)
A} A}

strings: STRING+

list:
| '"['" [star_named_expressions] ']'
listcomp:
| '"[' named_expression for_if clauses ']'
tuple:
| '"('" [star_named_expression ',' [star_named_expressions] 1T ")
group:
| "('" (yield_expr | named_expression) ')'
genexp:
[ "('" ( assignment_expression | expression !':=') for_if clauses ')'
set: '{' star_named_expressions '}'
setcomp:
| '"{' named_expression for_if_ clauses '}'
dict:
[ '"{'" [double_starred_kvpairs] '}'
dictcomp:
| '"{' kvpair for_if clauses '}'
double_starred_kvpairs: ','.double_starred_kvpair+ [', ']

double_starred_kvpair:
| "**' bitwise_or
| kvpair
kvpair: expression ':' expression
for_1if 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 [l’l] &l)l
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
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| "'"**' expression

# NOTE: star_targets may contain *bitwise_or, targets may not.
star_targets:

| star_target !',!
| star_target (',' star_target )* [',']
star_targets_list_seqg: ','.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:
| NAME
| (" target_with_star_atom '")'
[ "(' [star_targets_tuple_seq] ')'
| '"['" [star_targets_list_seq] ']'

v

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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HolAL2 27 &, 32, 42 __annotations__ S o]ER|HE AZF Utk

See variable annotation, function annotation, PEP 484 and PEP 526, which describe this functionality. Also
see annotations-howto for best practices on working with annotations.

argument (Q12}) -2 T2 0 g (B MM E) 2 ABH = & F 79 dA7 d5Uth

« 7199= AR} (keyword argument): S5+ T5 wff A AF7} SFoll 22 AR} (] & 01, name=) =
xx Zokol 29 92 ALE & A & o, thg % 22 complex ()
5% BT 719 AR Y Ytk

=

o

complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})
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attribute (6] E 2] E) A value associated with an object which is usually referenced by name using dotted ex-
pressions. For example, if an object o has an attribute a it would be referenced as o.a.

o M

It is possible to give an object an attribute whose name is not an identifier as defined by 2] ¥ 2} 2} 7] 9] =,
for example 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]9 oJE]18) await FAA N AT 4 Qe AA. ZFH o]y __await_ () HIAEE 7K
AA7FE 4 Q<5 U T PEP 4925 H A 2.

BDFL A}8] 22 £ 41 = 2] A} (Benevolent Dictator For Life), < Guido van Rossum, 3} o] % 2] ZA] =},

binary file (9}o] 2] B}el) Hlo] E G F A A S-S 91 & 4 9l 5kl A4, upo 1] e o 2 upo]
HE E= ("rb', 'wb' X 'rb+') 2 €8 3}Y, sys.stdin.buffer, sys.stdout .buffer,
io.BytesIO @ gzip.GzipFile & QAA2EHAE & 4 5 Yh
str AAE 912 4 Qt Y AR hAA L 2= 51 = BaA L.

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.
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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 5 A A)]) bufferobjects S A P31 C-A< HHE 2T E & 4 dHYtTh
2] F% memoryview AAEL EE0]1 bytes, bytearray, array.array AAEL
th vlol EL { A 52 vtol v ] Hl o] H & thF & of 2] 7HA] A4kl AHEE 5
Wl st e A7, £ S B8 A% 2o Aol A&
A AAEL ko2l HolEt AW AL LR} Auieh o] d Aol ARAL EF 591
27l vpol EAF{ AR et A FYTE 7HA W H A Y o £+ bytearray $Fbytearray 9
nemoryview 7} 5 th OFE AAEL wpolviel Hlo|El 7 £ A7 (“9)7] A& hoE AT
AA) Nl AFHA =S 7T ol A5 o Z+ bytes$ bytes AR Y memoryview 7h
AESIES

bytecode (H}o]|E T &) vlo|W 22 FT=1Hlo|E F =7 75} YE =1, CPython ¢l E] & 2] E] o] A] 5}o] A
ZRIH YR 2HJUTE Hlo|E I =+ .pyc 3t A FHof, 2L LS F AR AW of
o EepA] A TR U TH (A 2o vl E I ER O AH LS FT 5 AFUTH. o] “F3F Aol =
Z-utol E I T o th gk 71 AE Aot M 717 ol A Ay E ki B th blolE I ==
A &2 ohE Ttol A ZHE 71 Al el A A A2 7t ek A =, ho] A w2 Thol| QFA A o] A = otk
Zlol & 35) oF .

Hlo|E 2= Welolse] 25 dis RE APA G YU

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 implementsthe __call__ ()
method is also a callable.

callback (%)) QA2 AGE &= v of = A H A AdE A B T &,

dass (F2) AHEA A AAES DHE7] A F. S~ =REF
Z Akt A E Fo s 28T h

class variable (2| A W) S 2ol A A3
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context variable (AR AE W) Ad Ao e} b2 g 7F2 5 Q& . o
Hof sl ohE B Eadge-28 AFAS} R
o, ] A g =o oy AYAETL QS o A
H 5 7] BlaF oA AeE F23= A YU contextvars & FRIAHAI L.

contiguous (<) W3+ F 3| C
g AU AU M C-AgoluA TEZ A&tk A wjdoll A, &
A 2ol AL, 00l A Al &St 52k Qe A0 AT & v B 2] of v %] = o] of Pt thal-d
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C-A%5 Mg, R 4 TAHUZ FESES YT o npA] 2 AE A7} 7p2d whe] gyt
stA| gk 2 EZ AL v oA =, A AR AP A7 74 wike] ¥ g o

coroutine (ZF¥l) T FE 2 HBHEFE 1 dutstd FeJuth A BEFEL 3 A Fo| A A Y3 T2
AZo A g2yt IFEL I g2 A ZoA AYstar, &3k, ANE 5 A5y o] A
S8 async def B0 2 FT3HET 4 51Ut PEP 4928 H AL

coroutine function (¢ ¢+4) T8 AA & ST T4 TFH d4E async def w22 F 9
3493 awaltﬂ— async for®tasync with7Z|9HEE 2T 4 A5 YT o] AE2 PEP 492
°ﬂ 4 H = 013

CPython 3}o|% Eilﬂ]‘% Aojo] 73 A QA & Qld], python.orgol| A vl 225 Y t}. o] +&-& Jython ©] L}

IronPython ¥} 22 t} & 7 dFda7t9e cq1 £-o] “CPython” 0] AFEE Y D]—

decorator (| Z#|o]¥]) & I+ = ¥, B8 @urapper & AHE S g HE S
ALFA Utk dZg °)E e &3 9= classmethod () -»]-statlcmethod ol t}.
H

sl ol 8 B B Mo P LYY e F G5 A n g S5k

def f (arqg):

f = staticmethod (f)

@staticmethod
def f(arg):
22 el Sdadd = EASA R @ A 29 Yt dlZ ol H ol e o AA T W82 o
el ok 2e) Ao o AYAE RE Hch
descriptor (t] &

FYE) WA= __get_ () o]y __set__ () OM delete_ () & A 3= AA.
Z2dEREUA2aHHL W], JEYHE 23| &= 58T A4 28 S 4o

abs A, 27, AAsEH NS o, a9 S~ /@Mﬂoﬂﬁba}iﬂ% A7 AAE
ﬂ*wv} l“PbﬂﬂAﬂ%Em,aﬂﬂs} Haaygeg A=t 328Utk a3 gHE

o3 3l 2L stol Mol T3k 42 o] o] F4]d|, T, wAE, Z2HE, S A, 2B E
Uﬂ/ﬂ_,v# 2 IR FY HL2 759 7|2 E o)F Y7 WEYYTh
Yoz ge o yA=Ed tie A & &2 t~THE a7 U Haa P AR QH Aol
U-g Ut

dictionary (944 2]) 29| 7] & gl g4 7]+ A& vl & (associative array). 7]+ __hash__ () 2}
_eq () WIAEE ZERE QA E 5 A5 Uk oA siA g 5 YT

dictionary comprehension (5 4 g] HZ e A) olHHE e 84 JAY dF-E Aesty 245
2 g & HEetE 728 . results = {n: n ** 2 for n in range (10)}<
n ** 20| WP A 7 ng 2= GAYEEAATYULE B 2E, A5, g o] g o

(display) S ZZ S Al L

dictionary view (54 2] H) dict.keys(),dict.values(),dict.items () WAE7} E&F+= 2
A=< 9A-dE wa}i—‘?—ﬁ Ut o] 252 9y e g5 o L%a‘ﬂ%%ﬂ]%ﬂ%ﬂ],gﬁq
el 7b 8 AE dl, 37} o] W3S gtk UL GAe $E A el AER oye
list (dictview) & AF23tH Ut} dict-viewsS E A &

docstring (SAEH) 2o, 34, BEA A A4 V402 et 49D HE Y. 29 =7 43
Fujs A AT, Aok deiof o8 AN o] Bejd Fe s, B4, BES _doc__oEHER
FAFUTh QEZ AR AS B AAE T+ Jonz, Ade] YA A FH A FaA U

duck-typing (¥] eFol 9) £uhe Qlejs o 28 A LA ushon AASl YE 8o g 2220
2EHe; i, B3] A S o 2R R E 555 AU AP U2 A Y Holu 24T
WA, 1AL 2Pt 54T A Ao AEso] A ﬂmow 2 AAE nEE T
He) 398 Sgto M $A4 S NI4T S Iz Uk o eol AL cype () o]t} isinstance (
SN 87 BAE T (AT H ol Fol 24 ol 4 2o~ 8 e 4 3800 591510}

Fuch) thAlel, hasattr () @AY EAFP 22129 SUth
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EAFP 3] 2tH t}h= & 415 131 7] 7} ¢ t} (Easier to ask for forgiveness than permission). ©] £3] & 4 =
spol W 31 2L, SUFE AL} ol B2 HES] A2 /AT, 1 /o] Bel T ol 28 2he
Yt o] ZF st ““}E AEY L WL 9} except Y 2R 2 EA R FH YT o] HlaYLC
2} 2o 2 B2 Adojo A =} /\Pﬁﬂ LBYL 2~} 7} e v] g Yt}

expression (3 2]) ojW zto 2 L2 = = BEHAAN 27 &2 w2 2, 2342 2 g HE,
o), R HE WAL, AR, BB L S EAFE B A 4ES Hol 28 AT}
gE g2 doegizgdor BnEJdo FAESC] AU A2 of YUt whilexqd, 334
o2 g5 G £ Bl A5tk B9 E o ol m, B4 0] by

extension module (273 2&) C U C++2 24 ¥ EE A, 5to] 8 2] C APIE A3 Al & 4] o]} AFE-A}

Feot 4T AedUth

festring (E-2242) €0 U E B o] 291 B4E A HUEL B8 LR ol2hn R, 2
B71e] el d o] Zolukel Ut PEP 498 2 B A S.

file object (3} AA)) S5 2o hal 9L A 32 API(read () Ywrite() 2 U‘]]HE% £ Y
& . W0l o et 52 A A El e o] o]} e A A £ 3
(04] 2T 9EY, AR W, &7, stol=, 55) ol e AN 2~E FAT 5 A5

bS] 7—‘.‘ A= 3L F AA (file-like objects) } 2~E & (streams) °) 21 = £ H Yt}
[}

AAZE A F72 3t AA S o] sy th Eraw) Bho] U 2] 9}, W 3] = (buffered) Hl-o] Lﬂ 2] 3t
HAE 3k o] 59 A o)AaE io REOA AP Ut 3td AAE e A PHS
open () ¥FE 2= AYUrh

file-like object (3} A7 ZA) 3} 2 7] 2] B] 5238 2

filesystem encoding and error handler Encoding and error handler used by Python to decode bytes from the op-
erating 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 () func-
tion: see filesystem_encodingand filesystem_errors members of PyConfig.

See also the locale encoding.

finder (3}21t]) YxEE BES S 20 & o il A|=3H= A
JtolW 33, o]E R, T 27 7}t 95 Uth sys.meta_path & TA AFRSHE= W E 4=
3}l T & sys.path_hooks I} A AbEsh= 4 = A E2] F}QlH.

o] ZFA 3F U482 PEP 302, PEP 420, PEP 451 ol Y54t}

floor division (J = U A) 713 77k A2 etk _/;zj;L =
oS0, FAALL // 49 F227FHAA W A e
7b-2.755 WH g -3°] Holl fof s oF FTh. PEP 238

o nAe
function () B0l ol gk EelFE Aol BAE. YA 2 ol4) 214 7} Ak 5 )
o, Bhelo) Aae] 48P 4 ATk BN o A= o) 9 o] AME HAlL.
)

function annotation (?.}’\ LHo]A) S wi /A wiE 3k
T olmH ol e kAo § JIE 2 AP Yh A E

A A UxAl ARk /7
2.75& EHFYh (-11) // 4
A

rlr

def sum_two_numbers(a: int, b: int) -> int:
return a + b

ﬂﬂq QQﬁ% %@ ﬂAﬂQHHﬂﬂqq

See variable annotation and PEP 484, which describe this functionality. Also see annotations-howto for best
practices on working with annotations.
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_ 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 (7}9] 7] 7)) T AF&H ] b W22 vhdsls A} solHe Fxz 35 AT
Iz B FARL BE 5 e 28 A £A7 2 55 A A4S @G 7H A
F A= g BES AR A Ao 4 95U

generator (AU &0 E]) 7] ula ol E] o Eldlo]E] 2 Sz 34 dul 34 Ho|g), Qo] s
SUEL yicld RAHE ERATHE ol THEUTE o AEL for FI2 A3 A} next ()
42 3k Hoj 3R A 4~ QS5 Ut
HE Ao E G4 7hel 7| AT, o @ Buo] e A dold ol ed ol e § 7ol Ay th o=

g = @l
st 27 B EetA] b2 A, AT G E NN RE IS iPU
generator iterator (AU @) o] €] o]e]#|o]E]) Al do|E S7 =

7 yielae ANAor A28 e, 19 (4
A% AR S 7)o g T A E ol E ol Elal o] e 7} A7
wiﬂﬁd%%¢%WMEwﬂl

[<3

=18 2
&

for 2 A g 1r A o] 1ol e ) A A el e 2 g A

A3 G52 BE ol th

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

Fr.S5E

0
-
el
£
2
v
1%
+
fri
-

N
i

generic function (A W] & &) 2L Q42 A E THE FJE9
o o & o] AFRE A= T A
AZ 292 8013 &3} functools.singledispatch () HFZ & o] B2} PEP 443% H A Q.

generic type (AW 2 &) A rype that can be parameterized; typically a container class such as 1ist or dict.
Used for rype hints and annotations.

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.
GIL A< oz e & 2 HA Q.

global interpreter lock (H < ¢Qle]Z ] &) 3 Hoj 2R 31} A E7)gto]H Hlo|E 7= & A5}
£% 1457) 913 CPyvhon AE 2B IS AU S, (dice s} 2L FRFNPREL =
Foh) A7) o] 547 2 2 5 A 4] 2] 8l HASHE S T o] A Cython 781 T o
U th Bz H AAE A 2e A2 JHZYEE tsad =386 g4 vte= A, o

22 AN AAZ AT e ddAe] Be REe 5 Ag T

However, some extension modules, either standard or third-party, are designed so as to release the GIL when
doing computationally intensive tasks such as compression or hashing. Also, the GIL is always released when

doing I/0.

(AR o v A eHA T dlolHE F1E) A8 =) A 22 (free-threaded)” B Z 2] H & 511
2L ete HAY] 282 AF A oA B, T 22 AA B9 5 AL A7 e
Utk o] A5 ol E FESE 22 7S U BEA6H oA fA HEol H§ EojZ Zlew

SEEER ENE

hash-based pyc (3 4] 74 pyc) §E42 BH37] 918 9T 4s Ao H% 57 Al7ke] ohd HA 2
g3 whe B SLE A Al 5. A H vhe] = 35 5 R A L.

oo
2
1]
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hashable (F] A] 7}5) AR 7} QA 1 gho] WdhA] k= A ZFS 2t (__hash_ () WA =7 283
Qe e A vad = 9o (eq ) A=) g L RTEh, ] Pheeia g
Zoha vl ws = A b5 e AA .
WA A5 AL ANE GAN A A

$A 02 A g A7) wE g uch

7 ol o] 2 U AA S 2 s A 7}% JHD} (Fl2Eyd gy 22) 7 AElolv s

1@“%] ?%QQDP, *éolb‘rfrozenset 7‘0) H A °l 1%% 1%«1 ﬁi‘éol 6H /\1 7} uf gk
X}’:lé Zﬂﬂﬁh"_ D]—ED]-E_ H]"rﬂ oH/\]%}:e id() = _tTL 1 u]-_o]zqu_

IDLE An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter
environment which ships with the standard distribution of Python.

immutable (%) 7AW +S z2t= A, 84 AR = =2 EAE, 5= .ol# =
048 5 gtk A @S ARSI E A A4S ol of gtk WA ek 3l Al gkol] Slofof
Sk 3ol A %ﬁﬁi%ﬂ%%%qﬂ‘r & S0, 9 7]

import path (JEE A2) 4= 7w 5}olt] 7} Q2= F RES 27 93} A5 FAE (£ 4=
o) S 5 B B Beh o) 4 Bol HES W cyo noih & iel Bl oA A

=
72 AL BB Hf 71X _ _path. o]EFHEZREH L 4% 95U
importing (YY) 3 259 dto|H ZEZITHE REY Fo|d T A AHLE F U EF o= A AL
importer (Y Z¥]) ZE2 27| % 31 2 37 = 3= A A

ZbiIR
interactive (t]3}9) slo| A2 U3)d Qg =Ze|HE 2H1 =
A dET 0, S AYE A9 55 ?lr/}%%f—
AL (A vﬂ«] F ] ol A ’l‘_E—“‘ sl A= 7 4 A5y h. /‘H O]'O]E]Cﬂ = ﬂA}ﬁ}ﬂL} J/}
7)1 A& SR = v 2= I AUt (help (x) & 71931 2).

interpreted (QJE] = 2]E]&) vlolE 3
© A3k 9o} 7} op 2k el =
9tk

e vﬂro] o] ;<17<4 ngsal_/': o)

22 dolt BE Askd dojmrh Ge AW N 28 2ETh 0ol Y HAL

Olﬂ

Aol 7}l T o] 2} 2 T 7"%]‘%1141‘%-

interpreter shutdown (°]E']i3]‘51 £8) T84S TS u, FolH A ZElEH = E5ESHA] 7]
AYgst=d, & —w—E ol oy 712 S8 YR FREH T2 EE TEH AYES EAZoE g
S h =3 7 A A7) & o9y H EE U h AR 9 33 At weakref F 9ol Q)=
19 ”3“ ° AZAIZ = dF U $8 A7 53 AYE = I = OISt ES i
°]LE‘“ 1740] 94+75]'L ]‘%%01 o 7]53tA & 5 A7l WP UTH (T3 o & 2ol B g

°1E1 ElE 4—ﬁ‘—%%?_%Qﬁﬂﬂ%_main_ﬁﬂ‘éol‘%éﬂ%lEﬂQﬁﬂ%gﬂl%Zﬂ‘?:MD}.
iterable (o]E]2] &) % %% gt shuba E8E ¢ e AAl. oHEEY d2E BE (list, str,
tuple Z2) /\l 2 S, dict 22 HR U ANFA2 P 5, D AA S, __iter () HAAS
AIe AR getitem () WASE HA Qelgt RE Fej2) 7“?4] o] O‘%Hﬂ‘r-
OB Bl & for Fx o ARGE 5 213’_ ANA2E Q= st o B2 3 (zip (), map (), )
| AH-8-2 —’F A5yt olEHHAE AAZF W T iter () o AAR ADE W, 22 A9 o] E
goleE E8FUrh o 1E1€ﬂ°lEi HEI ATS A AA = X FEGULE o HHYES
M-S, HEZiter () 5 EESA olH A olH AAE A tHE 22+ lFUTh for B2
ol AES o ES Al H/ﬂ Ao s F=, TE% Ex ol olHE FolkE ol F fle
M ey

th o] g g o] E], Al X, Al o] Bl & HA| Q.
°|

iterator (o|E]#]| o] ¥]) Ulo|H Y 2ERZ 8 et AA|. o|HeE o|H 9 __next_ () HINEETHEAH S
2325 (B WE T next () ZEAGSHH) 2EH = FEES A HE 5T H
o] Ae] o] B 7} ¢l2 wj = thAl StopIteration d&E Yo AUt} o] A A A, o] #H o] A
A= A2RAET,0lFT BE_ next_ () HIAE T&L2 stopIteration 9 E thA] 4o 77 qt
k. o5 d o] Bl = o] El g o] E A ZH‘_] S EHFE_iter_ () MINEE 7HE A o] 8457
ufj Zof], ol B &l o] H = o] Bl 2] & 0] 7| & 3t ThE o H A E 5 WotE o)+ t 29 XellA A2
F AdFULE S8 A= oy MY ]Eiff‘ﬂol/ﬂé AlEdte ZEYUTE (List 22) AH oY
7“?<ﬂ Eiter() 42 ADFAY ror Fxo AL wjutth A o] HH o]HE THEUTE o™

O 3
O
ki3
h=4
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2l olgd o] B ol thsli A =3 sk 1 sk, A o] Bl #| o] ol AFgE ol W] &30 o|F o] &
S A, Rl AE o]y A Kol A vyt

typeiter o] B Z}A|3F U] &0] 95U th

CPython -3 4} A]: CPython does not consistently apply the requirement that an iterator define
__iter_ ().

key function (7] ) 7] st
T HsEHFEE
AE 718 wEE U AR

ol MY W2 T 7t QAT 0] o @A A A oA Fol A& Alolstr] f& 7] & ot
EJUth o]d AEd+=min(), max (), sorted(), list.sort (), heapg.merge (), heapq.
nsmallest (), heapg.nlargest (), itertools.groupby () ©] U5 Yth

7l & e dE o ol UL dlE £0, str.lower () WAEE Alo|A 7
AES A7 -2 A2 = A5tk didH o=, 7] T4 Jambda A A O 2 kS
g, o]& AYUrh: lambda r: (r[0], r[2]). =3} operator REL Al 7| 7
A AE AlF Ul attrgetter (), itemgetter (), methodcaller (). 7] &4 & W
A= o] T3 o] & Sorting HOW TO S H A Q.

keyword argument (7] 9] & 21z} <1z & H A Q.

lambda (Bth) &2 of gto] Fal A& et %34 02 FA4H ol F Qe dekd . #h g E
ue 2 lambda [parameters]: expression YUrth

of] X 2} (Look before youleap). o] I AEFY-2 T E oy 23] 5 17| Mol A A o2 AR

AT o] AEHAE EARP 423 AN O, BE s Be) A 5

T &4 A, LBYL 22 “H 77 <577 7ol A 245 WA 2 A o] sy

E0],FE if key in mapping: return mappinglkey] = AA} 3o, 5}X 7l X3

28| =7} key S mapping | Al Al At A3 4 Ut ol " o4 F ol U EAFP
tloznsldd = syt

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).

Z 9] o] A (collation) 3+4=+= A & (sorting) ©] L} ¥ & (ordering) of] A}-& =
th o & £9], locale.strxfrm() < EAYL SF YA S =2+
o}

e
ot o, HH

1

—

U w4y =2
fd > kol

¢
o
i
o

rl
['L[
p

LBYL 7~

)
(A

[o

2

[y
i

)
ol

m O N

rl
i
o
S
>,
ofo
ok

On Windows, it is the ANSI code page (ex: cpl1252).
locale.getpreferredencoding (False) can be used to get the locale encoding.

Python uses the filesystem encoding and error handler to convert between Unicode filenames and bytes file-
names.

list (B]|2E) W Jfol Al 1T o]
2] 2~ E (linked list) 2 t}= o2 Ao o] w3} F-A U T}
list comprehension (2] AE AZ23A) A|F29 245 AR =9 gota 1 435 B AER
4

LT T =2
x}'.format (x)

ry 1
9 i

S8 FE 748 . result = ['{:40 x 1in range (256) if x
$ 2 == 0] =004 255 Atolof] A= FAFEY 1675 (0x..) & 2T wA LY FrEE
WEUD i 22 A 5 A5tk AT, range (256) o Yt BE 827k A H U
loader (2v]) &2 2E3= A4l load_module () ©]2t= o] 59 HIAEE Fodf o Ut 20+
BE 5ol 7} 32Ut A S 8-S PEP 302 2, 34 0] o] 2 27~ = importlib.abc.
Loader & HA| 8.
magic method (W] 2] Wl =) 55 v A = o] v]F A4 Ql v 238k T

mapping (M]3) doJ o] 7] 23] & X Y3} Mapping ©] Y MutableMapping FA Hlol 2~ F 2
of AAH HAHNEES FHS= AH oY AA. o2& dict, collections.defaultdict,
collections.OrderedDict, collections.Counter & & & Y5H5 T

meta path finder (W€} 4 & 5}91t]) sys.meta_path & AMo] T F= wolr. vg A= gof=
AEdEe] 3hQlH of FHAE o] Q7= AT thE U T
el A2 skl rt F+Hst= WA EEC A= importlib.abc.MetaPathFinder & X3
Huyrh
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metaclass (e} Ze2) S0 Feia FHAFY = Zda o7, Sl Y
o BEg vaUth HE FE 2t o] Al ARE ol S
AR A &3 iElEH“‘ 0*0%‘: > 7| FHS Xﬂ%?&‘/lik g}o]
e FHAE e 5 oke AU th tEE AR Aol Al o) =77 AE 28 AR 287t
AA o), HE 2das 70“’5 S ok o W & Al BT ol Z el HE 920 27 (logaing),
2= dAAY 271 AA A 24, AZE FIAS B U2 Fdol A HSUTh
e Fe 2 oA o 2 S W8S 23S 5 sy Th
method (W A=) S~ vl kol A % 43 2
2 HEE A AR A2 (BT self
A2FZ 2 HASL

method resolution order (W] A& Z2A &) HAE 2H A= 233}
B Sl G 25 S bl e o] 1 <1e] o o]
Python 2.3 Method Resolution Order& H ¥ g Ut}

module (25) 3hol ¥ 7=9] 223 U9l & FFE AA. REL Q99 oM ANEL G oS
TS AU BES Jxd Aol o3 stojxor 2= Ut
374 & BA L.

module spec (25 2¥) ZES 230 AIREH = AdXE &8 JERES F2 = ol ¥
1mportllb.mach1nery.ModuleSpec.4 AAE A,

MRO "A= 27 =4 & AL

mutable (7}H) 7 AR = gho] & 4 QUHJM)%%@ﬂﬂ%NQHWA?&EEW&

named tuple (U] Y = %) “named tuple(W] & FZ)” o] g} = %
YHEE AFE ] QU A T 9l 840 AMA TS
Folup ZFefjxel= ljrE 7] EE A= T AsUTH
time.localtime () Fos.stat () 7F ¥F&3t S 831, o8 Yol U I = FZUYch
T thE o= sys.float_info Y YT}

FEolA JEaL ol 2
B2E ]

Sord 2ol A

>>> sys.float_info[l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

AR AE T2 R ARSI o A i
SHEC BRI E %%%%%¢mé
collections namedtup e ()
FEAAME S 5 e 2 7HA

W
.

namespace (°]5 &%) W7t AZE = Fa ol F w02 ﬁLﬂﬁlE:rL Hyoh Aol S 34 °15
T2 (A E oA Bt oby et A, A, W o] F g3kl dsUTh o5 #L olF FES
LA RESS AU A& 9], ¥4 builtins.open Fos. Open() 2 159 ol &

F70ol 3 PEA ULk E3 ol § 302 o @ REO| F4E TAFEAE LY A BE oA
j =

S, random seed() TrE=itertools.islice()
Maol = R AR =
FZHE7IA]) 24 /\1 B 3} 7] 2] 59 AH ol E T 7] 538t PEP 420 3 7] A].
= %Elzi Sl *‘XJVP N 75 3, 53] _init__.py Fdo] fleBnE A4t
A A ke g o

REE HASR.

nested scope (EHEH AFZ) SN AooA H4E FRs= 5. 9
o8 PN B0l AL ULEE B2 2 ST
ST R, 3] 7] SFErhe Aol 223 of gk,
UL B AR, A W5 Ao o] BolA 92 Utk non

= AL FeEU L

f
_ [
o))
o]
(o}
O
=]
e
r‘f
D
B
al
O
(@]
}_J
0
I
ftfn
2
©
2
4
o
m
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AR AHEH I Y= F
ZHP 29 siots , Y

new-style class (f+ 2€ld S 2) A2 &2
= oz
WAt 22 gho]lHY A FIL T Ee 7S

S RE Z

2. 27)9 Fol A MANHE, 24 FAB
__getattribute_ (), Fd& HAZ, &
2 A 5 Atk

object (AR ¥ (AEAFEL ) & 23 54 (IAE) o] oY LE HoH. EG BE 28t
EEESEE-FE R PN PRSI

package (3} 7] X]) A Python module which can contain submodules or recursively, subpackages. Technically, a
package is a Python module witha ___path___ attribute.
At 714 2 ol 5 FX I A & HAL.

parameter (W9%) 15 (£ 71 4) JAAA T 0L 5 3
A8 ol F & 011:4151 oA S7] e AS Y

o Y X-719 = (positional- or-keyword) AA A2 719 AR AGE = AAE AR E

=4
Lt} o] 2o ]%U*ﬂH AR AU AL S0l thaoll A foo 2k bar:

’def func (foo, bar=None): ... ‘

) rud l>

A7} (EE o A5 AAE) B

rlr

o A X-A & (positional-only): | A Z W A2 4= = AXE AAZFUC 2] AL vfj 7Y
T B Y iy BEofl / £AHE 2@t I Holl AT AU dE =
ol A posonlyl 3} posonly2:

o rr

25
oy

def func(posonlyl, posonly2, /, positional or_keyword) :

o 719 =-AE (keyword-only): 7| EZ W A2 5 = AAE AF YT 7| H=-AL w7
HE= g g oo v A4 BFof| A gholl 3Fute] - X vl =+ & I 2 2 36) A
A& 5= dFUth A& 9, thxoll A kw_onlyl S} kw_only2:

def func(arg, *, kw_onlyl, kw_only2):

o 7FH-9] X (var-positional): (tF2 Wi 7§ A =Fol &3 A o] n] dhotEo X 9 %] AAFEoll &)
AT 5 Jde= A AAEL o] ADAE AATYULE o] & w7/ H 4= w7 i 4= o] Fo
* 5 ol 2o HojE o JdF UL Al E S0 tholl A args:

’def func (*args, **kwargs): ... ‘

o 7}H-71 9 = (var-keyword): (Th2 W 7| =S of] &J 3| A] o] u] WrofE o] X 7] A A= H3l)
AFD ¢ JdE dg M 71 9= AAES A TYLE ol & i/l = w7 H 4= o] 5o
*x 5 Qkof B 01/\1 Aolg ¢ dH Ut ol S0 99 o ol A kwargs.

A= AHA AAES At 7| Eg R ohy et A A o) AU A4 JAAES ARZE & A5
Y th
oA B -, QAxpe} v 7| W42 Zpo] o] 1} 2= FAQ A&, inspect .Parameter S X, T
Aol A PEP362% HA S

pathentry (B2 dER]) 42 7|9l 7l Y2 E E REESES 37 A& Fudte d2E 4= A9
Lo Fas.

path entry finder (7 2 NE ] 312 t]) sys.path_hooks o] Y= ZHE (&, ZZ dEZ =) o] = F
= 9ol Y], FoAA A2 dER Z2 RES ZEYHE ST AdF5YTH

AZ AQEZ IAHYE] FHI}E=HAEEL importlib.abe.PathEntryFinder o U3 th

path entry hook (2 N E 7] &) sys.path_hook ZF2AE0] Y= ZH LY, EH Az dEg A B
EeFe NS g It A2 e 39 & EHEFYh

path based finder (3 2 7|9t 5}Q1t]) 7]& v e} 4 = 3}l v & 5 shuhdd], 9
SuUrth

path-like object (F 257 AA|) 3t Al2d A2 5 e+ AA. A2F AA= BE2E Jetll & str

Y bytes AA| o] Al os.PathLike T2 EEZ S T st= AAYYrL} os.Pathlike ZE2EF
S AYde AA £ os. fspath () 55 T2 A str thbytes I A28 A2 2 Wghd -

&

td
il
tjo
L0

E AR A
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PEP

g5 Ut} Al os. fsdecode () 2 os.fsencode () = Z+Z str Y bytes 23S B 33+
AH8E 4 Jds5 Utk PEP S92 =95 5yt

ko] & 7H A A <t PEP“ s}o] A ﬂv‘/]ﬂoﬂ AREAZAY Tl M e T 22 AN EE ST
ol st 22 715 AWt A A YUTH PEPE AME 7] 5ol thgt 123 7| A g 2
AE Xﬂ%'—ﬁﬁo]i%qu-

PEP= F8 ME L 7|5 At FA o st AFUE 48 3t Iho] Ao E013 A A
AR AR BE7] A 7|2 WM AYUS Y YT PEP 24 2= AFUE WA ol & F+53taL
W) o) A2 EAS T Aelol gt

PEP 1 FZ3HA &

portion (E41) PEP 420 o] 4 51 & 21, 0] $21 5171 0f o] 81 shufe] vl 2ol o9l

sk 5o A3 (dp Aol A AH £ A% s Th.

positional argument ($] 2] €12} ¢1x} & H A Q.

provisional API (213 API) 773 API&= R & glo| 2|9 A 334 Hgo g HE A3 A9
durth AEFH o]~ & W37t oq]ﬂﬂx]‘— AT IR Aol gtal FAH &= § T o] AAE ]
d oot A4St &}74 Z 3 o] F A A ?%t HAol dojd syt 2 HAF S EZ
g3 r dojupA = gkZ AP Ut — APIE =385H7] Aol X Foietal 224 23]
HAE Aot dojd Ayt
A APIMZAE, A7 T80l FAHA e WAL “H T s 0= gAY YY - BE
A8 E ZA Sl tial 4A 55 é%%x] Sl o= EE AR AYE YT
ol AAt= ZE Bol By gt LM A F AR E A LRl HE e A G AT YRS
U th o 2R sk 82 PEP 411% B2 gyt

provisional package (23 #]7]x]) FA API S HA 8.
Python 3000 (2}o]%1 3000) s}o] % 3.x wiaz 2ble] ¥ (M 39 vj27F ¥ v o]of7|d Al & of vt

Pythonic (3}o] M th-2) ThE A o] EollA AREA <

o] o] 2olt}) o] AL “Py3k” 2 %omﬂgwq
= Al gtol A o

o)l A 7} AL F AGE & o] DE% 7y7tel w}z%o}omoab}iziﬁ = Sof, ol ao
M A e oL for B2 ABaA OB Ee) RE 247 238k AYUTh UE Be
Qlofol = o] d £Re] TR YO B2, Tho] o] o5 atx] e AFREL tAle] 74} L E 2

ARESH7| = gyt

N
L
I
o

>
ofo
:(?L_“
>

M

[

rulru

for i in range(len(food)):
print (food[i])

o 289, Fol Ak B oI5k

for piece in food:
print (piece)

qualified name (F 7318 o] F) ZEQ A 2T Zo|A BE HoH S, g, A= o

=x
‘427 HolFr o2 739 oIF. PEP IS AN AL B . 249 Bost Zah 29l A5
o, A3 ol §L AR ol I} Ttk

>>> class C:

class D:
def meth (self):
pass
>>> C._ qgualname_
YC’
>>> C.D.__qualname_
'C.D'
>>> C.D.meth. gualname
'C.D.meth'
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BES 77 ed A2 o, A 3] A3HE o] 5 (fully qualified name) & BE F 2 37| A &&
A REZ T %‘iiifil% o5& 9 uggyr} o & 9], email .mime. text

>>> import email.mime.text
>>> email.mime.text. name
'email .mime.text'

reference count (2R 31) Ao that 2=z 74, AA Y IR 347008 WolRA W, W27} v
R Lk ﬂ+gﬂﬂt%ﬂucRMm%d4@ﬁ
249Ut sys B2 5% AA

A A
1o Z=Z 348 8 F+= getrefcount () & ZL Yt
regular package (47 #|7]A]) __init_ .py 3t4S 2=t EH e 22 A A A 7] 4.

olF 3 IH7A = HAL.

slots__ 2l 5o Ao, AAHs o E RESS 93 FH 1Y AAFT A2 A YA
TS AAGO M W2l S At E3E FUT A7) Q7)€ A, o] HE S Snte
AE871 7 E AR S Hol kA, H R elo] Ve S8 me el A B 5o dnH ATt g

=39 492 B Ho] FHLL
AN

=]
sequence (A] @A) _ getitem () &
3oL, Al A2 dolE 58 FE _ len =
U4, 1ist, str, tuple, bytes 7} getltem (
& A RehA v, 250 A5 thAl 9219 2 7 & ALE S HEel] Al AL} opu et v E o A
FEGE 20 F o ok

collections.abc.Sequence F4t v o]~ %Eﬂé% _ _getitem_ () & __len_ ()=
dojAq &4 FHIE A g o]l ount (), index (), _ contains__ (),
__reversed__ () & F7Fg Yt} o] &34 Qg o i% T3 F& register () & A3
AHAHe R 550

30 CZ
ol
<
7‘1
o
'_l
Q
a
7
;’L

set comprehension (A& A= a3 H) o] H B Y= 84 AA Y IRE Xgsty 232 4 JFgS
w3l st = 7143 C}‘ﬁ results = {c for c in 'abracadabra if ¢ not in 'abc'}
ALY FAF (', " EAAAFYCE Bl2E, A 9M Y e e taEd o] (display) =
26‘]_/\1 }\]

single dispatch (2 t]23]]) 7@ o] b 9lzle] Pof 7| ZahA A £ A g T4 T AT

slice ("E}°l/‘) HEeAdx o R s Ef&%}% AA. Sefolaes AH ATHE 7|2 AFRSA T
FUth variable_name[1:3:5] A3, [] ¢tollA o 7He) A& S8 E Pt 23
MEA2TYHE) B7|H2 YFEHo= sl ice AAE AU}

special method (5= WA =) 3}o] o] gof o] AxE, BlA 22, AP uj] FA]Z
M. old =S F 7o d &
HAE o] 55 o FAE WEoA AFYTh

statement (73 42 29 E (iEi’J ‘%%(bloek)”) T FEYULE 232 234 o] A
7I9EE /\Pﬁﬁ}— o] 7}Al F+28 F9 st AUt 7194 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.

1o
i)
N
u
>
2
o
Rl
m
iy
o
alll
o
pY
kJ
30,
mf
<
v
A

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 refer-
ence, to avoid leaking one reference.

See also borrowed reference.

text encoding (B) A E 21 37.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”.
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text file (|22 5}e]) str AAE 97 2 5 9 519 27, $5, BAE QL A7) 2 uho =
olE2E gL AMoeky s Q7Y & A% ATtk G2 9] 2t gas v
('r'EEx'w) 2 dd 3}Y, sys.stdin, sys.stdout, i0.StringI0 9 AAEHAE &5+ AH
Uk,
ol ELF A & ¢l & 5 &= Y AA o tisiA = vlol v g 3t Y & FRFHA 8.

triple-quoted string (415 ©h&3 8 £49D) TET () 4 ALGET () A A2 Febhel 249, 23
OSSP AR BARol S 7152 AT AL AR, o8 A ol ol A £ 9)
ST o2 A0|Z B4 9 AL E R} REEE FA ol EFL 4 YT o1, A2
FAE 2] T o] S0l 24 £ &, FS2EHS £ 53] £E Jd5UTth

type (3]) dlo]H Aol L& T 0] o]H FZFHo AAAAE Z =
AAS] P& class_ AEFHEZ A2 5 QA type (ob]) 2 d& 5 JFUTh

type alias (3 ol d2]o]2) F2 A E Akl th dste] TS0 A= F o] 5.

g o Qeloat g F =S dese o 8T 42 S0

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass

et 2ol | 97 97 BE 5 gk

Color = tuple[int, int, int]

def remove_gray_shades(colors: list[Color]) —-> list[Color]:
pass

2
IDES] 7= &3 ¢ HEH S FHUTH
A9 HeE Ay, A Wy, Fga ofeEgHE W 3¢9 3 I EE typing
get_type_hints () & AME3to] AA AT = dFU T
°] 71%5-& A3 typing ¥ PEP 4848 F2 344 S,

Im
nSE

2z

universal newlines (FUHA & d7) thSA 22 ZAES BF €9 22 A3, HAE &

A= HE: Y2 A 22 & '\n', A== FE "\r\n', A WD EA &

Z7} A Q Abgof] B A= bytes.splitlines () ¥vk ol g PEP 278 9} PEP 3116 = E/‘ﬂﬁ
variable annotation (i o] L H|o]A) W = F P24 o EHEQ o] - H| o] Al

Mg e Zoh s o B HE o Eo] A T )Y AE AR T}

class C:
field: 'annotation'

WS ofmHol e Ao o AER ASPUTh & Fol, o] WSt int S AL A=

7t Utk
count: int = 0
Hg o] H| o] B2 Al o] -E| o] EH tf Y F (Annotated assignment statements) )| A A4 8 g c}.

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} 7)) 3ol AREALeE 3§ ZE I o], T2 A/~ H oA AP = ThE T}
UEs gl vl 4Y8 T FoRA, Aol X AN EE AAAY G2
S 2L b a B, WE Aoz AeE 49 8.
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venv & HA| 8.

virtual machine (7}4 7] 4]) 2z E9|ojvto g o HFE. oM 7H 7| Al= violE & HAstd
27} 229 vlol= 1= g AR,

Zen of Python (o128 4) o1 EJ29) #1219} BEHE <) 55910, 10] & ol o512 48 oh= o =5
FUr} o] 222 )8y ZEZE A “inport this” & AH B AL,

146 Appendix A. 0{%!



APPENDIX B

O] dHAOf 25}0q

o] A A= reStructuredText 2220 A BFE] R Aoz glo] A A YA E 93] 53] AlgH A 8] 7]

9l Sphinx & AH&-3< o

AT A &} o] & 3 A A TS Bhol A A ef v A 2 A o 7 AFd gAML = P Th 7] o &
T AT, ZFo] Wb ol th 3k A B = reporting-bugs 3] 0] ] = @'I’_ﬁl—é} A2, ME-E AL B AR = A v
s gyt

e BEolA B FAE =gyt
o Fred L. Drake, Jr., 92} s}old A = 5o 2zt 2t W2 Z'l =9 27}
« the Docutils project for creating reStructuredText and the Docutils suite;

 Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.

Aol 71 P F Ut 71 Ak R A <
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appeENDIX G

oI b2} 20| Ml A

C.1 AZEQ0{Q A}

glo] W& ABCEl= 91 o] o] T A 2} 2 4] v g 2= ¢] Stichting Mathematisch Centrum (CWI, https:/www.cwi.nl/
ZFZ) 2] Guido van Rossum o]l 2] 3l 1990 dt)] Zdlof] tE o A G T Sho| Ao+ T2 A HE w2 53
o] Z3t= 1A 9k, Guido+= Tho] K o] =8 A A= o} Ql5th

19954, Guido+= Virginia 2] Reston ]| 31+ Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston.va.us/ Frz) o A sho] W ZQ& AL L, o] oA oA WAL AZE O] E EAYUSFUTH
20003 59, Guido2} s}o] A 34l 7] El -2 BeOpen.com & 2 % 7] 4] BeOpen PythonLabs B & FA A5
Yt} 22 3 104, PythonLabs B -2 Digital Creations( & A} Zope Corporation; https://www.zope.org/ FZ) 2
A5 YTH 2001 3, 5ho] A A = E 9 o] A &H(PSF, https://www.python.org/psf/ #F2) o] A Y= A5t}
o] &A= stol M HA A A AiAS Aot s 5835 AYHE v F 8 24 YUt Zope Corporation-&

PSFo] 391 3919 Th,

RE glo] W vl ZH-E F 22F YUt (F7] 22 A 2o tha A= https://opensource.org/S 2314
AlR). dArd o B, f BHE (AT AR = obd Yt spo]# w222 GPLY 3 Uth; ofef o] &+
o}k Ml =S 2243 AY Yt

Bl=oF | oM e 2 | 5 AR} GPL 387

09.0~1.2 | n/a 1991-1995 | CWI yes

13~152 |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

2.1.3 2.1.2 2002 PSF yes

2.2 o] Ak 2.1.1 2001-& #] | PSF yes

Fi: GPLY s8dAvE A2 78 7FGPLE stold g v zdkE s st & S5y EE
gpol gholAla= GPLH 2] of 2o WS 37/ 422 WA G A vdS iz 5 A
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ol

‘J_

Ut} GPL 58 efo] Al sho] M7 GPL 3o W& 8 2 42 9]0l 8 A 4 A Tk e
AS

- 23A syt

Guido®) A £ 5}oll o] W EE 715317 BE BL 9% 4ARAAS A =P,

C.2 TO|MOll HMASIALE ALS S| S8t 0l o4
glo] W Az EQ o] e} A M= PSF License Agreementol] th2} gfo] Al 7} Kof gy o},

}o] 3 3.8.6 5], ™A 9] oA, 28]y & 7)€} F == PSF License Agreement £} Zero-Clause BSD licensel|
ug} o] 5 gfo] Al 27} ol gyt

glo] o] B8 dH Az EY oo g goldlart AgG Ut goldlas s gho] Al 3 3t
T 29 A g T oy gfo] A BT 552 2391 H Az Egofof tf g ehol Al Bl
g FRIAA L.

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.10.16

1. This LICENSE AGREEMENT is between the Python Software Foundation.
—~ ("PSF"), 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

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.
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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, .
—O0r 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.

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

(ThS slTeTATol A1)
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agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

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

(ThS slTeTATol A1)

152 Appendix C. A2} 2l0[MIA




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

(o] A sl o] A ol A AH)

Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.16 DOCU-
MENTATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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_random B &2 http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html of] A
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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,
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)
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C.3.2 43

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " 'AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 H|S7| &3 MH|A

asynchat ¥ asyncore &2 b33 2 Y AHgHE 233t

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.
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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.

o 2e 39 ARE THFYT

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.
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C.3.6 UUencode 2! UUdecode &t
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Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML ¥4 ZZ2A|X &

xmlrpe.client REE The T 22 29 A3 gk

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.
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C.3.8 test_epoll

test_epoll REL 0he 3 28 79| 4GS 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
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE S kqueue QB3] o] 20 Al the o) 2& 9 A EFFY o

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. 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.
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C.3.10 SipHash24
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<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/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 following 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. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

***************************************************************/
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C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available
by the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the
OpenSSL libraries, so we include a copy of the OpenSSL license here:

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-corelopenssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in
the documentation and/or other materials provided with the
distribution.

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT "“AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. 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)
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ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eayl@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

L I S T

Original SSLeay License

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eay@cryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
1. Redistributions of source code must retain the copyright
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY

ERE T R A B N S N S N S S SN S N S N SN T IS S S S N S S S i T T N S R S N S
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* 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.]

*/

C.3.13 expat

pyexpat &2 WEE ——with-system-expat & /82| %= st E3HH expat &2 AHES ARG

sho] =g ek

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 NONINEFRINGEMENT.
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 &F2 W& ——with-system-1ibffi & 74 3}X] ¢k o, 284 libfli &2 AR S ALS

shof M=k

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

(ThS sleTATol A1)
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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.3.15 zlib

21ib 232 A2 "o A RAE zdib W o] 1R o5 o) W] A8E 5 Qow, EIE zlib 42
g A-gShol e U th

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc °f & A}25 = 3 A] H o] 29 3L cfuhash T2 A EE 7|Hlo 72 Sh T}

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

(Th5 slTeTATol A1)
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from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

_decimal RE2 Y =& ——with-system-libmpdec & 74 3}A] &= S, Z 35 libmpdec 42~ AR
2 Aol W=tk

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14NEHIAE ARIE

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/cl14n-20/) was retrieved from the
W3C website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

(ThS sleTATol A1)
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* Redistributions of works must retain the original copyright notice,
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/sox-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 INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.

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 IN-
FRINGEMENT 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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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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Non-alphabetical

., 133

ellipsis literal, 18
T

string literal, 10
. (dox)

attribute reference, 75

in numeric literal, 14
! (exclamation)

in formatted string literal, 12
— (minus)

binary operator, 80

unary operator,79
' (single quote)

string literal, 10
! patterns, 106
" (double quote)

string literal, 10
mwmwn

string literal, 10
# (hash)

comment, 6

source encoding declaration,6
% (percent)

o=, 79

o\
Il

augmented assignment, 90

& (ampersand)
o= 80

&:
augmented assignment, 90

() (parentheses)
call, 76
class definition, 114
function definition, 113
generator expression, 70
in assignment target list, 88
tuple display, 68

* (asterisk)
function definition, 114
import statement, 95
in assignment target list, 88
in expression lists, 85

in function calls,77

A= 79

* *
function definition, 114
in dictionary displays, 70
in function calls,77
oA L=, 78

* k=

augmented assignment, 90
*=
augmented assignment, 90
+ (plus)
binary operator, 80
unary operator,79
+=
augmented assignment, 90
, (comma), 68
argument list, 76
expression list,69,70,85,91,114
identifier list,97
import statement, 94
in dictionary displays, 70
in target list,88
parameter list, 113
slicing, 76
with statement, 103
/ (slash)
function definition, 114
A= 79
//
o=, 79
//=

augmented assignment, 90

augmented assignment, 90
0b

integer literal, 14
0o

integer literal, 14
0x

integer literal, 14
2to3,133
: (colon)

annotated variable, 90
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compound statement, 100, 101, 103, 104,
113,114
function annotations, 114
in dictionary expressions, 70
in formatted string literal, 12
lambda expression, 85
slicing, 76
: = (colon equals), 84
; (semicolon), 99

< (less)
a L= 81
<<
o=, 80
<<=
augmented assignment, 90
<=
oLk 81
!_
o k=1, 81
augmented assignment, 90
= (equals)
assignment statement, 88
class definition, 35
for help in debugging using
string literals, 12
function definition, 113
in function calls, 76
oA Lh= 81
->
function annotations, 114
> (greater)
oA Lh=r 81
>=
oA Lh=r 81
>>
o k=1, 80
>>=
augmented assignment, 90
>>> 133
@ (an

class definition, 115
function definition, 113
L=, 79

[1 (square brackets)
in assignment target list, 88
list expression, 69
subscription, 75

\ (backslash)

escape sequence, 11
\N

escape
\n

escape
\r

escape
\t

escape
\U

escape
\u

escape
\v

escape
\x

escape
~ (caret)

o= 80

sequence, 11
sequence, 11
sequence, 11
sequence, 11
sequence, 11
sequence, 11
sequence, 11

sequence, 11

augmented assignment, 90
_ (underscore)

in numeric literal, 14
_, ldentifiers,9
_ , identifiers,9

__abs__ () (object WA E), 43
__add__ () (object ©IX &), 42
__aenter__ () (object A E), 47
__aexit_ () (object WA ), 47
__aiter__ () (object |A &), 47
__all__ (optional module attribute), 95
__and__ () (object WA &), 42
__anext__ () (agen WA &), 74
__anext__ () (object M| A &), 47

__annotations__ (class attribute), 23
__annotations__ (function attribute), 21
__annotations__ (module attribute), 23

__await__ () (object FlA E), 46
_ _bases__ (class attribute), 23
__bool__ () (object method), 40
__bool__ () (object ¥l A=), 30
_ _bytes__ () (object W] A &), 28
__cached_ , 60

__call__ () (object method), 78
__call__ () (object WA =), 40
___cause___(exception attribute), 93
__ceil__ () (object |A =), 43

__class___ (instance attribute), 24
__class___ (method cell), 36
_class___ (module attribute), 31

escape sequence, 11 __class_getitem__ () (object®] S| 2 W),
AN\ 38
escape sequence, 11 __classcell__ (class namespace entry), 36
\a __closure___ (function attribute), 21
escape sequence, 11 ___code___ (function attribute), 21
\b __complex__ () (object A E), 43
escape sequence, |1 __contains__ () (object M| =), 41
\f __context__ (exception attribute), 93
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__debug__, 91 __itruediv__ () (object M| A &), 43
__defaults__ (function attribute), 21 __ixor__ () (object M| A &), 43
__del__ () (object MiA =), 27 __kwdefaults__ (function attribute), 21
__delattr__ () (object WA ZE),31 _le_ () (object A =), 28
__delete__ () (object M| A E), 32 __len__ () (mapping object method), 30
__delitem__ () (object ©]A ), 41 __len__ () (object Wl A =), 40
__dict__ (class attribute), 23 __length_hint__ () (object W] =), 40
___dict__ (function attribute), 21 _ loader_ 60
_ dict__ (instance attribute), 24 __1shift__ () (object M| A &), 42
__dict__ (module attribute), 23 _1t_ () (object Wl A =), 28
_dir_ (module attribute), 31 __main__
_dir__ () (object WA =), 31 9 5,50,119
__divmod__ () (object M| A=), 42 _ matmul__ () (object | A =), 42
__doc__ (class attribute), 23 __missing__ () (object M| A=), 41
__doc___ (function attribute), 21 __mod__ () (object | A E), 42
__doc___ (method attribute), 21 __module__ (class attribute), 23
__doc___ (module attribute), 23 __module___ (function attribute), 21
__enter__ () (object | A &), 44 __module__ (method attribute), 21
__eq__ () (object M| A=), 28 _mul__ () (object A=), 42
__exit__ () (object MM &), 44 __name_ , 60
_ file ,60 __name___ (class attribute), 23
_ file_  (module attribute), 23 __name___ (function attribute), 21
_ float__ () (object M| A &), 43 __name__ (method attribute), 21
_ _floor__ () (object M| A &), 43 _ name__ (module attribute), 23
__floordiv__ () (object |A =), 42 __ne__ () (object YA =), 28
_ format__ () (object M| A &), 28 __neg__ () (object WA E),43
__func__ (method attribute), 21 _ new__ () (object ¥l A =), 27
_ future_ , 138 __next__ () (generator M| =), 72
future statement, 96 __or__() (object Wl A=), 42
__ge__ () (object M A =), 28 __package__, 60
__get__ () (object ¥l A =), 32 __path_ ,60
__getattr__ (module attribute), 31 __pos__ () (object WA E), 43
__getattr__ () (object HlA =), 30 __pow__ () (object Wl A &), 42
__getattribute__ () (object WA =), 30 __prepare__ (metaclass method), 36
__getitem__ () (mapping object method), 26 __radd__ () (object M| A=), 42
__getitem__ () (object M| A &), 40 __rand__ () (object ¥| A =), 42
__globals__ (function attribute), 21 __rdivmod__ () (object M| A1 &), 42
__gt__ () (object A E), 28 __repr__ () (object M| A &), 28
__hash__ () (object | A £), 29 __reversed__ () (object Wl A E), 41
__iadd__ () (object M|X =), 43 __rfloordiv__ () (object M| A =), 42
__iand__ () (object M|A =), 43 __rlshift_ () (object MIAE), 42
_ _ifloordiv__ () (object M| A X&), 43 _ rmatmul__ () (object W] A &), 42
__ilshift_ () (object BlX &), 43 __rmod__ () (object W] A =), 42
__imatmul__ () (object FlAE), 43 _rmul__ () (object Wl A=), 42
__imod__ () (object M| A &), 43 __ror__ () (object A ), 42
__imul__ () (object M| A &), 43 __round__ () (object M| A &), 43
__index__ () (object M| A &), 43 __rpow__ () (object ¥| A =), 42
__init_ () (object WA E),27 _ rrshift__ () (object WA &), 42
__init_subclass__ () (object®] S22 WA E), _ rshift__ () (object M| E), 42
34 __rsub__ () (object Wl A=), 42
__instancecheck () (class M| A &), 37 __rtruediv__ () (object A E), 42
_int__ () (object M|A =), 43 __rxor__ () (object M| A =), 42
__invert__ () (object M| A &), 43 __self  (method attribute), 21
__ior__ () (object Wl A E), 43 __set__ () (object WA &), 32
__ipow__ () (object A E), 43 __set_name__ () (object X E), 34
__irshift__ () (object WA =), 43 __setattr__ () (object A =), 30
__isub__ () (object M| A &), 43 __setitem__ () (object A=), 41
__iter_ () (object WA E), 41 __slots_ ,144
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_ _spec__,60

__str__ () (object A =), 28

__sub__ () (object | A &), 42
__subclasscheck__ () (class M| A &), 37
__traceback___ (exception attribute), 93

_ truediv__ () (object Bl A =), 42

_ trunc__ () (object | A E), 43
__xor__ () (object | A &), 42

{} (curly brackets)

dictionary expression, 70
in formatted string literal, 12
set expression, 70

| (vertical bar)

o &=t 80

augmented assignment, 90

~ (tilde)

=

1N}

oA =79

asynchronous—generator, 74
Boolean, 19

built-in function, 22,78
built-in method, 22,78
callable, 21,76

class, 23,78, 114

class instance, 23,24,78
complex, 19

dictionary, 20, 23,29, 70, 75, 89
Ellipsis, I8

floating point, 19

frame, 25

frozenset, 20

function, 21,22,78, 113
generator, 24,70, 72
immutable, 19

immutable sequence, 19
instance, 23, 24,78

integer, 19

list, 20,69, 75,76, 89

mapping, 20, 24,75, 89

method, 21, 22, 78

module, 23,75

mutable, 20, 88, 89

mutable sequence, 20

None, 18, 87

NotImplemented, 18

numeric, 18, 24

sequence, 19, 24,75, 76, 83, 89, 100
set, 20, 70

set type, 20

slice, 40

string, 75,76

traceback, 25, 93, 102

tuple, 19, 75, 76, 85
user—-defined function,?21,78,113
user—-defined method, 21

assert, 91

async def, 116
async for, 116
async with, 117
break, 94, 100, 102
class, 114
continue, 94, 100, 102
def, 113

del, 27,91

for, 94,100
global, 91,97
if, 100

import, 23, 94
match, 104
nonlocal, 97
pass, 91

raise, 93
return, 92, 102
try, 25,101
while, 94, 100
with, 44, 103
yield, 92

A

o

<

% (percent), 79
& (ampersand), 80
* (asterisk), 79
*% 78

/ (slash), 79
/7,79

< (less), 81
<<, 80

<=, 81

1=, 81

==, 81

> (greater), 81
>=, 81

>>, 80

@ (ar), 79

~ (caret), 80

| (vertical bar), 80
~ (tilde), 79
and, 84

in, 83

is, 83

is not, 83
not, 84

not in, 83
or, 84

AssertionError, 91
AttributeError, 75
GeneratorExit, 73,74
ImportError, 94
NameError, 68
StopAsynclteration, 74
StopIteration, 72,92
TypeError, 79
ValueError, 80
ZeroDivisionError, 79
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abs
T S A, 43
abstract base class (A Hlojx~ &
133
aclose () (agen WA =), 74
addition, 80
and
bitwise, 80
o LF=r, 84
annotated
assignment, 90
annotation (o] x=H| o] 4), 133
annotations
function, 114
anonymous
function, 85
argument
call semantics, 76
function, 21
function definition, 113
argument (¢}, 133
arithmetic
conversion, 67
operation,binary,79
operation, unary, 79
array
25,20

),

as
except clause, 101
import statement, 95
match statement, 104
with statement, 103
S =,94, 101, 103, 104
AS pattern, OR pattern,
pattern,
106
ASCII,4, 10
asend () (agen WA =), 74
assert
2,91
AssertionkError
14, 91
assertions
debugging, 91
assignment
annotated, 90
attribute, 88
augmented, 90
class attribute, 23
class instance attribute, 24
slicing, 89
statement, 20, 88
subscription, 89
target list, 88
assignment expression, 84
async
SIHE, 116

capture
wildcard pattern,

async def
2,116
async for
in comprehensions, 69
2,116
async with
2,117
asynchronous context manager (H]%7] A
B Pel ), 134
asynchronous generator
asynchronous iterator, 22
function, 22
asynchronous generator (H]% 7] Ay g o]
H), 134
asynchronous generator iterator (H]%7]
A gl o] g o] B & o] EY), 134
asynchronous iterable (B]Z 7] o g & &),
134
asynchronous iterator (H]% 7] o] d o] E),
134
asynchronous—generator
A, 74
athrow () (agen WA =), 74
atom, 67
attribute, 18
assignment, 88
assignment, class, 23
assignment, class instance, 24
class, 23
class instance, 24
deletion, 91
generic special, 18
reference, 75
special, 18
attribute (JJEZHE), 134
AttributeError
A<, 75
augmented
assignment, 90
await
in comprehensions, 69
S| =,78, 116
awaitable (o]¢ o] E] &), 134

B
b'
bytes literal, 10
b"
bytes literal, 10
backslash character, 6
BDFL, 134
binary
arithmetic operation, 79
bitwise operation, 80
binary file (¥}o] g u}Y), 134
binary literal, 14
binding
global name, 97
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name, 49, 88,94, 95, 113, 114
bitwise
and, 80
operation,binary, 80
operation,unary, 79
or, 80
xor, 80
blank line,7
block, 49
code, 49
BNF, 4, 67
Boolean
operation, 84
A, 19
borrowed reference, 134
break
2,94, 100, 102
built-in
method, 22
built-in function
call, 78
oA, 22,78
built-in method
call, 78
A, 22,78
builtins
25,119
byte, 20
bytearray, 20
bytecode, 24
bytecode (H}°]E 7 &), 135
bytes, 20
SHEF g, 28
bytes literal, 10
bytes—like object (H}o]EEHF AA)), 135

C

c, 11
language, 18, 19, 22, 81
call, 76
built-in function, 78
built-in method, 78
class instance, 78
class object, 23,78
function, 21,78
instance, 40, 78
method, 78
procedure, 87
user—-defined function, 78
callable, 135
A, 21, 76
callback (E4), 135

comparisons, 81
exception, 93
character, 19,75
chr
SiE S s, 19
class
attribute, 23
attribute assignment, 23
body, 36
constructor, 27
definition, 92,114
instance, 24
name, 114
A, 23,78, 114
2,114
class (E# ), 135
class instance
attribute, 24
attribute assignment, 24
call, 78
oA, 23, 24,78
class object
call, 23,78
class variable (&2 WS, 135
clause, 99
clear () (frame WA &), 25
close () (coroutine M| A E), 46
close () (generator M| A E), 73
co_argcount (code object attribute), 24
co_cellvars (code object attribute), 24
co_code (code object attribute), 24
co_consts (code object attribute), 24
co_filename (code object attribute), 24
co_firstlineno (code object attribute), 24
co_flags (code object attribute), 24
co_~freevars (code object attribute), 24
co_kwonlyargcount (code object attribute), 24
co_1lnotab (code object attribute), 24
co_name (code object attribute), 24
co_names (code object attribute), 24
co_nlocals (code object attribute), 24
co_posonlyargcount (code object attribute), 24
co_stacksize (code object attribute), 24
co_varnamnes (code object attribute), 24
code
block, 49
code object, 24
coercion (Z o] A), 135
comma, 68
trailing, 85
command line, 119
comment, 6
comparison, 81

case
match, 104 comparisons, 28
A= 104 chaining, 81

case block, 106 compile

C-contiguous, 135 HE EE, 97

chaining complex
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number, 19

A, 19

S s, 43
complex literal, 14
complex number (E4), 135
compound

statement, 99
comprehensions, 69

dictionary, 70

list, 69

set, 70
Conditional

expression, 84
conditional

expression, 85
constant, 10
constructor

class, 27
container, 18,23
context manager, 44
context manager (AYAE #E| 2}, 135
context variable (AHYAE W4, 135
contiguous (9%), 135
continue

2,94, 100, 102
conversion

arithmetic, 67

string, 28, 87
coroutine, 45,71

function, 22
coroutine (ZFH¥), 136
coroutine function (ZFHE &), 136
CPython, 136

D
dangling

else, 100
data, 17

type, 18

type, immutable, 68
datum, 70
dbm.gnu

25,20
dbm.ndbm

25,20
debugging

assertions, 91
decimal literal, 14

2,27,91
deletion

attribute, 91

target, 91

target list, 91
delimiters, 15
descriptor (J2=ZHE]), 136
destructor, 27, 88
dictionary

comprehensions, 70

display, 70

=, 20, 23, 29, 70, 75, 89
dictionary (944 d), 136

dictionary comprehension (944 Iz

), 136
dictionary view (A48 1), 136
display

dictionary, 70
list, 69
set, 70
division, 79
divmod
S E A, 42
docstring, 114
docstring (F2~EH), 136
documentation string, 25
duck-typing (2 €}o] ), 136

E

e
in numeric literal, 14
EAFP, 137
elif
A<=, 100
Ellipsis
oA, 18
else
conditional expression, 85
dangling, 100
19 =,94, 100102
empty
list, 69
tuple, 19, 68

encoding declarations (source file), 6
environment, 50

error handling, 5l

errors, 51

escape sequence, 11

decorator (6l Zd ] ¥]), 136 eval

DEDENT token, 7, 100 SiE 4,97, 120

def evaluation
2,113 order, 86

default exc_info (in module sys), 25
parameter value, 113 except

definition Y=, 101
class, 92,114 exception, 51,93
function, 92,113 chaining, 93

del handler, 25
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raising, 93
exception handler, 51
exclusive

or, 80
exec

HE s, 97
execution

frame, 49, 114

restricted, 51

stack, 25
execution model, 49
expression, 67

Conditional, 84

conditional, 85

generator, 70

lambda, 85, 114

list, 85,87

statement, 87

yield, 71
expression (¢ 4), 137
extension

module, 18
extension module (3% 2 E), 137

F
f'

formatted string literal, 10
f"

formatted string literal, 10
f-string (FEAFE), 137
f_back (frame attribute), 25
f_builtins (frame attribute), 25
f_code (frame attribute), 25
f_globals (frame attribute), 25
f_lasti (frame attribute), 25
f_lineno (frame attribute), 25
f_locals (frame attribute), 25
f_trace (frame attribute), 25
f_trace_lines (frame attribute), 25
f_trace_opcodes (frame attribute), 25
False, 19
file object (< AA), 137
file-like object (ZLF AA), 137
filesystem encoding and error

handler, 137

finalizer, 27
finally

¥ =,92,94, 101, 102
find_spec

finder, 56
finder, 56

floating point literal, 14
floor division (A4 Y4, 137
for
in comprehensions, 69
2,94,100
form
lambda, 85
format () (built-in function)
__str__ () (object method), 28
formatted string literal, 12
Fortran contiguous, 135
frame
execution, 49, 114
A, 25
free
variable, 50
from
import statement, 49,95
SIYE,71,9%4
yield from expression, 72
frozenset
A, 20
fstring, 12
f-string, 12
function
annotations, 114
anonymous, 85
argument, 21
call, 21,78
call,user—-defined, 78
definition, 92,113
generator, 71,92
name, 113
user—-defined, 21
A, 21, 22,78, 113
function (8+4), 137
function annotation (&4 o]k H|o]A), 137
future
statement, 96

G

garbage collection, 17
garbage collection (Z7}FB]A] =4), 138
generator, 138
expression, 70
function, 22,71,92
iterator, 22,92
A, 24,70, 72
generator (A d o] €), 138
generator expression, 138
generator expression (AU & o]y £¢4]),

find_spec, 56 138
finder (Q1H), 137 generator iterator (AlYd o]E o] g # o]H),
float 138
HiE s, 43 GeneratorExit
floating point <<, 73, 74
number, 19 generic
A, 19 special attribute, 18
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generic function (Al ¥ s+4), 138
generic type (AU " &), 138
GIL, 138
global
name binding, 97
namespace, 21
2,91,97
global interpreter lock (A Y Q¥ ZeH
=), 138
grammar, 4
grouping, 7
guard, 106

F{

handle an exception,5l
handler

exception, 25
hash

SN A, 29
hash character,6
hash-based pyc (G| A] 7]1%Fpyc), 138
hashable, 70
hashable (S| A] 7}%), 139
hexadecimal literal, 14
hierarchy

type, 18
hooks

import, 56

meta, 56

path, 56

|
id
ChE oA, 17
identifier, 8, 68
identity
test, 83
identity of an object, 17
IDLE, 139
if
conditional expression, 85
in comprehensions, 69
2,100
I E, 104
imaginary literal, 14
immutable
data type, 68
object, 68,70
A, 19
immutable (E4), 139
immutable object, 17
immutable sequence
2, 19
immutable types

import hooks, 56
import machinery, 53
import path (YEE A=), 139
importer (Y3Z¥), 139
ImportError

<, 94
importing (¥ =H), 139
in

o Lk=r, 83

A1 =, 100
inclusive

or, 80
INDENT token,7
indentation,”
index operation, 19
indices () (slice M| A &), 26
inheritance, 114
input, 120
instance

call, 40,78

class, 24

oA, 23, 24,78
int

SiE A, 43
integer, 19

representation, 19

I, 19
integer literal, 14
interactive (th33), 139
interactive mode, 119
internal type,24
interpolated string literal, 12
interpreted (QJE Z 2 E| =), 139
interpreter, 119
interpreter shutdown (AEZZH £7),139
inversion, 79
invocation, 21

io
15,24
irrefutable case block, 106
is
o Lr=r, 83
is not
a8, 83
item
sequence, 75
string, 75

item selection, 19
iterable

unpacking, 85
iterable (°]E &), 139
iterator (°]E & ] ), 139

J

subclassing, 27 J
import in numeric literal, 15
hooks, 56 Java
2,23,94 language, 19
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K 2,104
key, 70 matrix multiplication, 79
key function (7] <), 140 mempership
key/datum pair, 70 test, 83
keyword, 9 meta
keyword argument (7] X <12}, 140 hooks, 56
meta hooks, 56

L meta path finder (WE A Z 1}91H), 140
lambda metaclass, 35

expression, 85, 114 metaclass (W S 2), 141

form, 85 T metaclass hint, 36

’ hod

lambda (2}, 140 met
languag(eu q—) built-in, 22

c, 18,19, 22, 81 cal},78

Java, 19 magic, 140
last_traceback (in module sys), 25 special, 1.44
LBYL, 140 user—-defined, 21

| - M=), 21,22, 78
leading whitespace,?7 o= e
len ’ F method (WA &), 141

“HE Sk 4 19, 20, 40 method resolution order (WAZ B4 <A]),
lexical analysis,5 . 141

minus, 79

lexical definitions,4
line continuation,6
line joining,5,6
line structure,5
list
assignment, target, 88
comprehensions, 69
deletion target, 91
display, 69
empty, 69
expression, 85, 87
target, 88, 100
=, 20, 69, 75, 76, 89 mutable
list (E|~E), 140 1,20, 88, 89
list comprehension (B|l2E AZ |3 A), 140 mutable (7}1?-‘4.;), 141
literal, 10, 68 mutable object, 17
mutable sequence

module
extension, 18
importing, 94
namespace, 23
oA, 23,75
module (&), 141
module spec, 56
module spec (2E 23), 141
modulo, 79
MRO, 141
multiplication, 79

loader, 56

1 *
loader (24), 140 2=, 20
locale encoding, 140 N
logical line,5
loop name, §, 49, 68

binding, 49, 88, 94,95, 113, 114

statement, 94, 100
binding, global, 97

loop control

target, 94 class, 114
function, 113
M mangling, 68
. rebinding, 88
magie binding, 91
method, 140 un 9

named expression, 84

i uf] X PR = B
magic method ("% ¥l X =), 140 named tuple (MY E FX), 141

makefile () (socket method), 24

. NameError
mangling el 68
, 68 ’ . .

n.a e NameError (built-in exception), 50
mappLrg names

M=), 20, 24, 75, 89 rivate. 68
mapping (3, 140 namepspace 4,9
match »

case, 104 global, 2l
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module, 23

package, 55
namespace (0] & &7, 141
namespace package (°]5 &7t 37 A]), 141
negation, 79
nested scope (FFH £~3xZ), 141
new-style class (F2EY ZF82), 142
NEWLINE token,5, 100
None

A, 18, 87
nonlocal

2,97
not

o= 84
not in

o Lr=r, 83
notation,4
NotImplemented

A, 18
null

operation, 91
number, 14

complex, 19

floating point, 19
numeric

A, 18, 24
numeric literal, 14

O

object, 17
code, 24
immutable, 68, 70
object (AA]), 142
object._ _match_args__ (W& H$
object._ slots__ (WA S, 33
octal literal, 14
open
i oA, 24
operation
binary arithmetic, 79
binary bitwise, 80
Boolean, 84
null, 91
power, 78
shifting, 80
unary arithmetic, 79
unary bitwise, 79
operator
— (minus), 79, 80
+ (plus), 79, 80
overloading, 26
precedence, 86
ternary, 85
operators, 15
or
bitwise, 80
exclusive, 80
inclusive, 80

a7 84
ord
S A, 19
order
evaluation, 86
output, 87
standard, 87
overloading
operator, 26

P

package, 54
namespace, 55
portion, 55
regular, 54
package (TJH 7] X]), 142
parameter
call semantics, 76
function definition, 112
value,default, 113
parameter (U] 7] ¥ ), 142
parenthesized form, 68
parser,5
pass
2,91
path
hooks, 56
path based finder, 62
path based finder (FZE 7|9t 9}21t), 142
path entry (F= ANE =), 142
path entry finder (AZ dEZ 5} 0), 142
path entry hook (AZ dEE %), 142
path hooks, 56
path-like object (AZF Z2A)), 142
pattern matching, 104
PEP, 143
physical line,5,6,11
plus, 79
popen ()
portion
package, 55
portion (Z4), 143
positional argument ($] %] €12}, 143
pow
HE S, 42
power
operation, 78
precedence
operator, 86
primary, 75
print
SE A, 28

(in module os), 24

print () (built-in function)
__str__ () (object method), 28
private
names, 68
procedure
call, 87

>
=
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program, 119

provisional API (FA API), 143
provisional package (FA 1 7] X)), 143

Python 3000 (Z}o]# 3000), 143
PYTHONHASHSEED, 30
Pythonic (3}o]# T}2), 143
PYTHONPATH, 62

Q

qualified name (B84 o] F), 143

R

r'

raw string literal, 10
r"

raw string literal, 10
raise

2,93
raise an exception,5l
raising

exception, 93
range

HiE o4, 101
raw string, 10
rebinding

name, 88
reference

attribute, 75

reference count (ZFX 3 4), 144

reference counting, 17
regular
package, 54

regular package (B3 3 7] A)), 144

relative

import, 95
repr

s, 87
repr () (built-in function)

__repr___ () (object method), 28

representation
integer, 19
reserved word,9
restricted
execution, 5l
return
2,922,102
round
T S A, 43

S

scope, 49, 50
send () (coroutine W| A &), 46

comprehensions, 70
display, 70
20, 20, 70

set comprehension (H3 A= 3IA), 144

set type
A, 20
shifting
operation, 80
simple
statement, 87

single dispatch (AF Y2dX]), 144

singleton
tuple, 19
slice, 76
I, 40
SiE s, 26
slice (£&}o]2), 144
slicing, 19, 20,76
assignment, 89
soft keyword,9
source character set,6
space, 7
special
attribute, 18
attribute, generic, 18
method, 144

special method (E4 WA E), 144

stack
execution, 25
trace, 25
standard
output, 87
Standard C, 11
standard input, 119
start (slice object attribute), 26, 76
statement
assignment, 20, 88

assignment, annotated, 90
assignment, augmented, 90

compound, 99

expression, 87

future, 96

loop, 94, 100

simple, 87
statement (£73), 144
statement grouping,7
stderr (in module sys), 24
stdin (in module sys), 24
stdio, 24
stdout (in module sys), 24
step (slice object attribute), 26, 76
stop (slice object attribute), 26, 76

cend () (generator W A=), 72 Stog%if%ilteratlon
squiéce75 StopIteration

item, <, 72,92

=), 19, 24, 75, 76, 83, 89, 100 string

Al

sequence (A @), 144 __format__ () (object method), 28
set
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__str__ () (object method), 28
conversion, 28, 87
formatted literal, 12
immutable sequences, 19
interpolated literal, 12
item, 75
A, 75,76
string literal, 10
strong reference, 144
subclassing
immutable types, 27
subscription, 19, 20,75
assignment, 89
subtraction, 80
suite, 99
syntax, 4
sys
2 %,102,119
sys.exc_info, 25
sys.last_traceback, 25
sys.meta_path, 56
sys.modules, 55
sys.path, 62
sys.path_hooks, 62
sys.path_importer_cache, 62
sys.stderr, 24
sys.stdin, 24
sys.stdout, 24
SystemExit (built-in exception), 51

T

tab, 7
target, 88

deletion, 91

list, 88, 100

list assignment, 88

list,deletion, 91

loop control, %4
tb_ frame (traceback attribute), 25
tb_lasti (traceback attribute), 25
tb_lineno (traceback attribute), 25
tb_next (traceback attribute), 26
termination model, 51
ternary

operator, 85
test

identity, 83

membership, 83

text encoding (H1AE Q13 H), 144

text file (HI2E u}4Y), 145
throw () (coroutine W| A &), 46
throw () (generator W] A =), 72
token, 5

comma, 85

triple-quoted string (4% W&

4), 145
triple-quoted string, 10
True, 19

try

2,25,101
tuple

empty, 19, 68

singleton, 19
A, 19, 75, 76, 85
type, 18
data, 18
hierarchy, 18
immutable data, 68
i @ s, 17,35
type (), 145
type alias (8 o g o), 145
type hint (8 31 E), 145
type of an object, 17
TypeError
A=, 79
types, internal,?24

U

u'

string literal, 10
u"

string literal, 10
unary

arithmetic operation, 79

bitwise operation, 79
unbinding

name, 91
UnboundLocalError, 50
Unicode, 19
Unicode Consortium, 10

i

2

universal newlines (UYWA= d7), 145

UNIX, 119
unpacking
dictionary, 70
in function calls, 77
iterable, 85
unreachable object, 17

unrecognized escape sequence, 11

user—-defined
function, 21
functioncall, 78
method, 21

user—-defined function
A, 21,78, 113

user—-defined method
A, 21

trace
stack, 25 V
traceback value
A, 25, 93, 102 default parameter, 113
trailing value of an object, 17
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ValueError async, 116
14, 80 await, 78,116
values case, 104
writing, 87 elif, 100
variable else, 94, 100102
free, 50 except, 101
variable annotation (A4 o] =H| o] A), 145 finally, 92,94, 101, 102
virtual environment (7} 373), 145 from, 71, 94
virtual machine (7} 7] A), 146 if, 104
in, 100
W yield, 71
walrus operator, 84 Trepd g Mg
while PEP 1,143
2,94,100 PEP 8,82
Windows, 119 PEP 236,97
with PEP 238,137
2,44,103 PEP 252,32
writing PEP 255,72
values, 87 PEP 278,145
PEP 302,53, 65, 137, 140
X PEP 308,85
SN g5 PEP 318,115
abs, 43 PEP 328,065
bytes, 28 PEP 338,065
chr, 19 PEP 342,72
compile, 97 PEP 343,44, 104, 135
complex, 43 PEP 362,134,142
divmod, 42 PEP 366, 60, 65
eval, 97, 120 PEP 380,72
exec, 97 PEP 411,143
float,43 PEP 414,10
hash, 29 PEP 420,53, 55,61, 65,137, 141, 143
id, 17 PEP 443,138
int, 43 PEP 448,70,77, 85
len, 19, 20, 40 PEP 451,65, 137
open, 24 PEP 483,138
ord, 19 PEP 484,38,91, 114, 133, 137, 138, 145
pow, 42 PEP 492,46,72,117, 134, 136
print, 28 PEP 498,14, 137
range, 101 PEP 5109, 143
repr, 87 PEP 525,72,134
round, 43 PEP 526,90, 114, 133, 145
slice, 26 PEP 530,69
type, 17, 35 PEP 560, 35,39
=S PEP 562,31
main_ , 50,119 PEP 563,96, 114
a_rray, ZF PEP 570,114
builtins, 119 PEP 572,70, 84, 108
dbm.gnu, 20 PEP 585,138
dbm. ndbm, 20 PEP 614,113,115
io, 24 PEP 617,121
sys, 102, 119 PEP 634,44, 105,112
Xor PEP 636, 105,112
bitwise, 80 PEP 3104,97
PEP 3107, 114
Y PEP 3115,36,115
Y= PEP 3116, 145
as, 94, 101, 103, 104 PEP 3119,37
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3120,5

3129, 115
3131,8

3132, 89
3135,37
3147, 60
3155, 143

PYTHONHASHSEED, 30

yield

examples, 73
expression, 71

2,92

U9is, 71

Z

Zen of Python (3o Al), 146
ZeroDivisionError
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