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1>

o

5t shol W TR AT L HA W, SR HAAE M HAEANA T4

o] £ g e,

CPython 91%0] 7| = 8131 714 2 #2151 9t C2 A4 E shol 1 2AYUTh doje] Aze 752
BE ol 7)o A4S 53F U

Jython IT}o]H Apuld. o] &
gtolH e & &83t= & =
HAEE e &= d A5 7= FYth o AA S A

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 &3] o] A] o A A5 Ut
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IronPython .NET-2 9] 3 tj ¢ 5}o] . Python.NET #}= &2] o] A2 ILS A 313, 9po] W T =& NET
oAdE2 2 AH Audste &g gheo]d 3 YUtk Jim Hugunin ©] BHS 1=, Jython &} 1 4]
Zpo] 71 &= ok ApA g A B <= TronPython Y Aol E o Al & 4 Ql5 U Th

PyPy ¢+ 3] stojxl o g 24 a}o] 4‘4 T, 28 2] (stackless) A olUrJIT At e Zol g +
54011*%%%%4%1%1171 = AlF ?:MD} o] ZRAEC B} F st (Fto]H o g 287]
- Zol) Az ey 42 4A ‘ﬂgom A o] A ol ﬂ%ﬂ“fﬂ%% = AU AA T HH =
PyPy Z 2 Al E o] Z 5 o] A] o A g 5 5T

27 AL o WA A AP & Aolsh 234 2] G2 PR Boj LA, BE shol i EA o
So09 we BN 4RSS AT d2 o] Ag 5 T vl oW AL o Lolol
A B ARAL A L2 A B BAE ~ .

1.2 ®E7|H

o3 £ A3 WY 71$S 48 BNF 2 £/ S A8 FUTh oA the 2
AHg gt

rlo
o,
lo
[>
k)
me
o

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
FAECT B 3B L letter £ 'a’ 9z Aol Fap S Th (A4 o] 32 o] £

o A o1 9} 2 F Ho A B9 5= o] S-Sl that A ATk

A AL o) F (A H ol TFst= name)TJr =2 AT Alzg () HdES el st bl
AR YT o] & l‘:“oﬂfﬂ A7 7S e AR U EE (* )“ ol e = 5 o] Aeke A
uh ek o]k wkE g 4 otk o ul U th R EHA|, BB (1) & g W o] A ukEE 5 YA v A S
FE dvs %011, Jéi( NEEeRA A2 HAd & H & 5 A3, A= 7bssitke S9Uth *
Shr AxAts Arje A ASA A AR Uh SAEA A EwuUth B E ol 2 Be o AHE T
Uth 22 gled e e seagUth e EES Fedtes S22 ARE g Yt 32
Bz adgUch ol e e de 28 2dd o olvt, Anz2s 5o A2

E P 2A7HA A
% ofu Shbehe £¢

Utk ERAEE (<. . .>) ol Bolle FES, AeH L A sol g w4 E AWE ARG =
oo A% Alo] BA & Ayar=o A48 5 deuh

A8 £ 0] A8l 2rha shuehe, ol %l 2k £ Ao} 2ol Arke 2ol 7} ik ol % ol
Qo] 7 BAo] H8HE v, By Ak ofF] £477} wEol e E2Se] A2P ULk g
2 (“0)3] EA (Lexical Analysis)”) ol A AF-&5 = 25 BNF= o]3] Ao Ut} 1 o] F o] o= 2

4 Chapter 1. 72


http://ironpython.net/
http://pypy.org/

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"/}-



https://www.python.org/dev/peps/pep-3120
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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
¥
ity
%
44
o
Jo
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} Z+7}4]
2E AW 54 o) o5 NFKC 373} 940 2 M8 1, 48 2ke] u] 2 NFKC of 7]3-8 S Ut}

FUIE 419 28L& A-A 2259 v+ A 555 HTML 3194 2 A 2|3 F 4 E hittps://www.
unicode.org/Public/13.0.0/ucd/DerivedCoreProperties.txt o] 4 &3 4= 9JF Y th

231 7|} E

g AMAEL o o], i doje] A E, = AHEH 1, ANAQ B AHEE 5 GHUTh o7
o] Q)= A3 AT ZA ALg o] of Itk

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 AExto| of|ef A

>

(AAESHE BAR) o | 2RO AEASE W A7 A UTh o] LR AHAT L A 2
=i

2z EaE o TRk

_* from module import * of &J3] YXEFX] ¢t5th SH3 A ER}_ = U313 Qe Z 2 E o A

upx vo] A3 A & AP §E2 ASH U builtins LE Ak B3y
BEsbobd 39 £ SWE AV Y, FANAE Bk GEE (mpor) B ARE HA L.

i °lF _ 2 $F = A3} (internationalization) & &&= o] Ab&H Ut o] & o AWM=

gettext REY EAE AR L.

—*__ AN2E A ol F, Hle A A2 2 “dH (dunder)” o] Foleta A A5 UTh ©] ol55& AE 2
B9 2 FAEE ol B S 2LdF U o] APt A Fod A ~H ol 52 5
HIA S o] 55 A 2 9] 9] Sl A = P Ut whel o] wlel widell M= o B2 S e] Hefd
7bs/d ol Syt of |l EHAA A, A Ao AR ghEo) I AR S Helvbe 059
EEANEE, Baglol &4E 5 syt

_* 22U ol E. o] F7Y 55 TS Ao Tl AM AR E H A JEj = Ag g Tk
FE Sl ook 2 FE 29 A5 (private)” O] EBFE 2] o] F FE& ¥EH] A AU
A (o] F) Ade BAS

24 2|E™

gle d(litera) & 2R WFIF S dx@e AT 271 AU

24. 2|EE 9
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241 E2Xl€n} HIO|EY 2|EH

PAG AE DL T 2L olF B2 A& H U

stringliteral = [stringprefix] (shortstring | longstring)
stringprefix poc "™ | "y" | "R" | "U"™ | "f" | "EF"

| "fr"™ | "Fr" | "fR" | "FR" | "rf" | "rF" | "Rf" | "RE"
shortstring n= "'" shortstringitem* "'"™ | '"' shortstringitem* '"'
longstring = mrrwn Jongstringitem* "'''™ | '"""' Jongstringitem* '"""!'
shortstringitem = shortstringchar | stringescapeseq
longstringitem = longstringchar | stringescapeseq
shortstringchar = <any source character except "\" or newline or the quote>
longstringchar = <any source character except "\">
stringescapeseq i= "\" <any source character>
bytesliteral = bytesprefix(shortbytes | longbytes)
bytesprefix = "b" | "B" | "br" | "Br" | "bR" | "BR" | "rb" | "rB" | "Rb"
shortbytes = "'" shortbytesitem* "'" | '"' shortbytesitem* '"'
longbytes = mrr'w Jongbytesitem* "'''"™ | '"wn' Jongbytesitem* '"""!
shortbytesitem = shortbyteschar | bytesescapeseqg
longbytesitem = longbyteschar | bytesescapeseq
shortbyteschar = <any ASCII character except "\" or newline or the quote>
longbyteschar = <any ASCII character except "\">
bytesescapeseqg = "\" <any ASCII character>

o] A A o] Ro]F A B3l Sk 7R B A A FL stringprefix U bytesprefix 2 2] E 9]
Wol A] 23 Afol o] F o] 5|2 A ke AUTH 42 EA QTS A3 Ao Ao HuT
s shelo] 38 Alo] o w UTF-89 . 2155 419 442 1A 8.

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.

Hpo] E & (bytes) 2lHHE -2 34 'b' Y 'B' & ;L°ﬂ =dUH str F 9 °1"EV\EH’\1 byt s @9 A=
Has vyt 24 ASCH%X}%‘?}E@@‘F AFUTh ZEZO] 1280 A AY 22 FE2 WEA
ojAA o] P o7 %HAF o] oF Fhrh,

A vl EL glHE B AH AR 'r o 'R FAE Gl 2D 5 A5 UTE ol EAEES
g AL (raw strings) ]2kl sk, O €A E BT %Z}E H%E“/]D} ARAe=, 24 2 H
oA, & B 9l '\U' 9} "\u' o]aHA o] 13 2.x9] &

'gﬂl iiﬂﬂ Z] g5yt vto

_—L_‘:_Eﬁa:]
SUIE 2 o] shol 7 3x9 b2 A AT AL TeHNA, rur' LS A A% A F5L T
W7 3.30] 27k g ulol =4 2 E e 1br 9 2L 9 u 7} 9 1rb Aol 7} 37 gl g,
w2 330] 27b: ol A 2.x S} 3.x o 4] B4 o] A A5 o GARSE Besls7] 98 o Aol
AHEH Y GUTE 282 (0 value')o] ThA] £ 915 95U Th A8 A5 & PEP 414 o L& U]t}
U E 2 TR 2 EAY PHEL TU F Zu R
2t 2le g EE/‘ﬂL. £ =t B 2SS Sy ]U} b Ut = A4 QS th

kU
[
min r

whebd & Zo EAD L b s, £ o] £ @ el e e Bobs gt
4% D23 A 2 E Dol A, A NS ol 2 A 017 A @2 N BAS} mE oL 52k e (223 64
FUTh. 9t @ Foll Al A9 o] 27 0] B A e wE R et AH, E e FRAD U
(“obg = am 2 Aot A E EAAUT F, 1 1)

e U R AR A 98 o4, £AET ol =@ 2E Po] W o] ado]m AP AL BEC

A ) o1 ) 155 A LIt A o) o] 5 A L o1 o] B

10 Chapter 2. 01§ 24
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OJAAO[= A[HA | o] S o] A
\newline o Z A A S AW EAF EAF U
\\ A =HA (\)
N e )
\" 223 ()
\a ASCII #! (BEL)
\b ASCII ¥} 2 5] o] 2 (BS)
\f ASCII 2 3 & (FF)
\n ASCII 2}+¢l ¥ = (LF)
\r ASCII 7l 2] ] 8] § (CR)
\t ASCII 7} 2 =] (TAB)
\v ASCII A 2 &} (VT)
\ 000 84 000 B A A H XA} (1,3)
\xhh 16234 hh 2 A A E &2} 2,3)
A A E Dol % QA5 o] Aoz A AL
O[AFAOI= A[AZ | oD Sl AT
\N{name} FUIE ol ef ¥ o] 20l A name °J21al o] 5 B A | ()
\UxXxXXX 16-bit 16 A5~ xxxx 2 A A= E X} %)
\UXXXXXKXX 32-bit 16 A xxxoxvxonx & A A H EX} (6)
%) A
(1) B2 CshubAAA =, Ho) Al A 8357 588 Uth
2) % Ce= 28, B3] 7 /MY 167571 AlF= of of F T
(3) ol EQE BEH oA, 1652} 874 o] AaA| o]z = A A H o] vio]EE YL AL
e oA, o] o]aAlolZE= AAH g FUIE FAE I FYTH
@ WA 33004 W7 8R! A 9o] R 5T
(5) F&3 4N 165 F2 2 Ty}
©) o YR RE SULEES AT 5 A5 Uh A3 8719 167571 DR F o,
EFCoE 2, dAHA e BE oA Z Al A AL WA A o2 2 ¢A gt
%, 9 S A7 Ao GA FU T (o] 382 U AT o L2 7T JFUTE o] aA ) Z A E AT AR
dE=E S, HF AAoA ZEEH BES HA AAT 5 dH5Uth) EXE gEHEANA T A4 EH =
oA o) Z A AL, w2 el ol A& 24 4] 9 R o] 2B A4 L.

DeprecationWarning< YU T}
SyntaxWarning©o] ¥ 11 A= SyntaxError”7} 2 AYY

N 24w o SUHAIR o|aA o= HUTh A v o S A 7t Aol A F Yt
A E A, F o) A7 Sol stk o S Ash g E;
o]_ -

U EAGR 20 o SAAR B S Y5k, &
o e B, el g o) O SelA R B 5 gev ok Se Al et ne RS
oA ol % A7/l hEAUTH. 8 SehASt ukz Hol o= APRAE F Aol ohuiet d e Lo
2P & F e BAR Q47 T30k Fuint.

! https://www.unicode.org/Public/11.0.0/ucd/NameAliases.txt
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24.2 ZXIHE 2|E{E 0|0{E0]7|

a
.
i)
K

o 7N EXE oy rle|lEE gl E S (o g EEsA) o 7] AFMNA Ydst= Ao
I 9uje o] 2 AT ZH UL A ElHEo] A2 U2 IR E AN = a
'world' &= "helloworld" 2}E5 UL o] 7|52 1 FAES YA A &2 Y
EHPAE S5 U 4 22 S vt 24 & Eole AE s U o & o1t

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

A

A

of 7@ ol F2) 3 of gir). A
g 7

| o} &) 7] 7} 2.4

(i, o

i u Mt D

)
N
do
K=}
>
rlr
+,
re
>
>,
)
i d

u

RN
el =,

=
=1
o

=~

3

S
w
H
2
Mo
Ral
ne
L}
m
1

k7 N
)
»
[@)}
=2
o
N
N

gl
B
o M
)
o
i)

(formatted string literal) T = -2 XL (f-string) < ' £
T
L

Ayl

M
2
ne
rlo
et
o i)
I
L
3

(o]
Lo Mo

= =

[kl

I H
o yg
ol X ¥ T g
odh
3
2
o
H
2
X
o
Fe

a9
DY

(]
Mo >
R
e >
forr
oo rZ N
l‘]o r_hj
o
tlo ue
o
}1_‘

o
=

f_string (literal_char | "{{" | "}}" | replacement_field)*
replacement_field "{" f_expression ["="] ["!" conversion] [":" format_spec] "}"
f_expression = (conditional_expression | "*" or_expr)

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

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

gHEAE HAFHEU, oS FZ2E {{' U "1 S gE F
Yt 3] ol £ 583 (' £ AT F=E A FA 7=, gtolH &
Ausuych 27t 2984 dAE S ghs BF EASH W (T W Aol F-8FUth, 5384 F
“r2\Z A MY & Qe St =WE O 2 A FSHs, W3k (conversion) B E 7 H IS
EZ R A A A} (format specifier) = W24 5+ J=d, T2 ' L2 AT YH AF F=E
"y EEdyrh

rl

30 2
AU
PR

ENTE
T,
=
ret
1>
rlo
el
nich

Au)

N

58

jil

—

Q

5

&

Q.

QO

o

=

0,
i kg

r U

>,

& I:kl I:FI r

(el el
1> 1>
flo rlo
S~

>2, o2
M

Y
g

a

e,
©

Y
o
o
%
(0%)
~
o

[9)]

L<

3

Q

}sh

O

N o

i

[o

Hl

%

o,

rr

oy 2

[kl =
i

) 4
‘
M
2,
KU
ro
:‘.JL_',
]
>,1:1
qo 4
N
B
g
AC)
o
i)
lo
=]
r 4
1>
2
>
Q
g
Q
[
=
Bl
ret

N
fol
]
o
Y
OI’J il
Au
D> 2
i
v
=2
rr
e
r (
1>
1z
[>
jm
i
g,
ol mfy
N

B Atoft 1> F 20 ok N
foh & my T
-
[>

=3
gt
1>

0] ‘;:, |
]
A
1o

o
Z >
(]
]
]
filo
2
ol
E?L' =
<
v
el rlr
>,Cl
o
X,
o
Ru
FE, :|o
B
Ao, il
N
o
=
Q,
hu
N
5
rlr
L
N
re
»
|o
fru
=
r U
1>
1o

9]
pers

s =843l str() =

]-o{u
i
ok
Rl
N
flo
K
0]
e
[
o
]-o{u
i
ok
K
;{
rlo
s}
[0)]
Q
a
o
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ZAi}E= format () ZE2EEZE Zujg gl
AN 2 dgdg Utk 29 XA =271 A =k
A Yk

HAA =W AG A= S
dr o} =Y N AHAALE SHA AR 2=
Ao str. format () A EA AMEE = A Z5 U
ZY FAE g HE S o] B YA X3} F=Tt oY gHEE BN = syt

ZW AL BB R o

b 20 AAAE EAH M A rormar_ () o
o EAgo] AF U oA A 297} F EAL ol

jﬂL

Zko

—

>>> name = "Fred"

>>> f"He said his name is {name
"He said his name is 'Fred'."
>>> f"He said his name is {repr (name)
"He said his name is 'Fred'."

>>> width = 10

# repr() is equivalent to !r

>>> 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=Jdanuary 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"/{line 20"

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

AukA ol B g A} 22 FHL FHIE AR A% AE N F B AT = BRSO 29
BAG B R A WSS 3E3A gobok Brke AUtk

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

9 BAAN L o 2HNE ST S 9T, A8 ol e 7k B g ok

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

q A o)Azt R3PS TFEH Y, YA WS wEW YT
>>> newline = ord('\n"'")

>>> f'"newline: {newline}"

'newline: 10'

2 21 2l H g2 52 E 7 (docstring) & 2 AFE-E 4= glF U Th

=5

4 0] A8 Qriets vl A7 o,

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

>>> foo. doc is None
True

24. 2|EE 13
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T 2219 2 g 27} o) ek A9+ PEP 498 & 251, e 29 24 v AU S S AL
str.format () & A H = Aol &H5Yth

244 X} 2|E{&H

A B Lol Al M S5 At B4, A, B9 et fH Y 2 AL etk (et

Q%o 828 HalA BEol AT
o) $5 5 ZPSA b Aol FoFobFUTh -1 F 2 PELS A F AR FEE
&

245 M4 BlEE

A% E gL e 2L o8 Helw BAFULh

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

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

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

nonzerodigit = "rLLLu"on

digit = "o"..."9"

bindigit = "o | "iv

octdigit = "o"...""

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

7HE R e ol AFE 4 deAe ENE A 2lHE ] Dol A2 flsuyTth

BE2 gEHEY 22 gs 2R ) 1 H A E’%’S\/]E‘r- HEAE wol7l f =AE S T A
7} AsUTh LELE A Aol Y 0x 9F 2 X154 2] A A (base specifier) Th o] L& 4~ =1
EH_OH stk AR 4 Qs YT

00] o} 10747} 002 Al A& 4 gl 93 oF Firh. 3.0 1 o] 2] sho] ol A AL & C 28
ERHEL TR

o &

Ao elE e A 51

7 2147483647 00177 0b100110111
3 79228162514264337593543950336 00377 Oxdeadbeef
100_000_000_000 0b_1110_0101

WA 3600M M BlH AN A A5 WL FH o2 UES s ggdYTh

o

246 M4 2|HY

A dEde e 22 o3 Aoz gtk

floatnumber = pointfloat | exponentfloat
pointfloat = [digitpart] fraction | digitpart "."
exponentfloat = (digitpart | pointfloat) exponent
digitpart = digit (["_"]1 digit)*

fraction = "." digitpart

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

14 Chapter 2. 0§
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AeRol AR E B4 100w S ATk Aol FelaoF gt g o), 0776010 & Lup2
ER0|2, 77010 7 22 AT EAFUT A5 e R 2 99 A AR AT A5
e oA VAR BER2 $AEY e Ve A Adg YUY
A gEH e 2 714 o & FYth
’3.14 10. .001 1e100 3.14e-10 0e0 3.14_15_93
WA 36014 W7 el Lo 2 Ee) 15 EAR BA0R WES BT
24.7 3|4 2lEE
S 2B gL 0 22 of) Helz BAFUTh
imagnumber = (floatnumber | digitpart) ("3j" | "J")
A5 g e A9 RA00Y HASE DELL, Rk A5 T W) AN 4575 24 4
$2 FUGUT 00] obd A5 DS 2E HaE HEAY, AFE UE BT AF 5o, (3449)
sl HEe 2 714 o & FYth
’3.14;‘ 10.9 107 .0013  1e100j  3.14e-10j  3.14_15_937j
2.5 ALK}
e} 2L E2ES AuAUT
+ - * - / // 5 e
<< >> & | ~ ~ =
< > <= >= —= 1=
2.6 L&2X}
o EZE2 Tl A 2 AHdelimiter) 2 7]-5 U Th:
( ) [ ] { }
, : . ; @ = ->
4= - *= /= /] 5= o=
&= |= = >>= <<= * ok =
DARE A49 545 AH AT SR 4 ATk AR b E A AL AR 2 e D ellipsi
literal) O]B}L E3s ou 7t Syttt 55 Exle] S8 o ¢ A 4HA}(augmented assignment operator) &2
AR A w e PEAR 75 aA W, A ANE &

o
29 A4 E = ASCH EASL T2 B2S QR A

71l 2l v gy o

o) QAL TRA GOH o)F $A

v n # \

52 4= = ASCIL A5 2 FFol Mol A ARG A F5 Ut EAHE SlH 3 34 o] 9] o] 3of A
t}:

AgE = e 24 gle dE| a9y

’ $ ?

15
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CHAPTER 3

Hjole &

3.1 A, gt o

A A (Objects) = ko] % o] d] o] ¥ (data) & F=/33} 3+ Z (abstraction) Y U Th. Tho]H =2 7)o BE ¢ o
Bl= AU AA 74e] BAZ 2P U (& o] (Von Neumann).‘ll “Z2 W A
program computer)” 2 @S w2, &= T FH A T JA| A2 2P YrL})

EE AA = oFol "l E H (identity), & (type), X (value) % st U th AA S ofol ‘ﬂﬂﬂ =¥ s
Sole AAH A Utk WRe oA Ao Far A FEUTh is Oiﬂ'x}%—‘:r Zpe
ofo]AE E & vl dYth id() e O]'O]Ei]E]E]% A2 xdstgs dEsUth

CPython implementation detail: CPython 2] 7%, id (x) + x 7} AZH w2 gl o] FAd Yt}

AA o] H -2 7—]1?1]7}11%5P AMES BYSHAL (& 0], “ZolE 2 ) 2 P9 AA| =] 7HE
T Ade 7]‘ S AES AU type O e AA S F (o] 2 A AAh e & F Ut otold

1>
o
3
o,
2
o
-
a
o,

eI AR, AR ope) A B A ek

off A gk WAL S AFUTE G WAL 5 9t ANESL 719 (nutable) o] 23 Ttk A

WSl Foll g2 WA+ At 7w1££%@_(zmmurabze) o2k G (7 AR o B3t 28
|

Az ] grol HEw) tﬂﬁﬂi}ii = dEsUth ﬂﬂ”‘ A%
) 2 A" oY= A3 E¥olgtal A AR YLt webx] 24
TS FE 2 A= dE Uk F o v B h) AAY 7Hd "é(mutablht )2

AP Uh oA & 59 =2 £4Y, F2 (tuple) = £ o] A vF, &1 41 ] (dictionary) £}

EliE(hst)L 7HA Y Ytk

WA= 23 BA A2 33 5 A ¢kt o] 325 A] 95 wlf (unreachable) 71H] 2] 4= 7 (garbage collect)

HUoh T3 o] 7M A =AE A AA 7] AL ofef] kst Zl o] sjEg Uttt — ob FxE = AAES

FATA] = o] % M A AT H Ao R FTHEH A= FHY 4 A Y YL

10 rlo

CPython implementation detail: CPython 2 & A 3% 3] 4= 7] 4k (reference-counting) B} 4] & AME-3F=4),
(28 Yo w) Baow A28 A A9 AE 447 F AR o 0w e A § Fx
2 A A AT A 5 AT S e ST 8 F2 7] Y I AE S AR B g,

+=2A 7ha A AL Aojo] #E AR = ge BE RAE % shd %\JD} o2 TdEL o T2 Ao g
5248, CPython & W4 E 4 Q5 UTh F=7H A AR Fﬂ1 S7t4 o 2 stold g A| Ol’ﬂ(ﬁnahzatlon)ﬂ =
Zloll o] E51A] Hofof gtk (LefA FAF LS HA A o= FdopFofof ).

Loj| A gte 2702, o @ 9o ARS Y& WHSHE Aol b5 AuTh AW LE AW o} H 4 AR o]0 4
S9ons duAow Fo Ao otk

17
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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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. b5 s, 2R 104 AT
. 257 o] B 02 A9 B, A8 0 EAIH A brvich
257 A9 T 0L A HL, FY 0L A A g
c REE LA S W EAF T
Sl AL A%, A%, BasE PRGUT
numbers . Integral | A5& #3149l A4 A (P &)l S3he 2452 Ve

=
=
F 74 57 357 ek

A (int) o] A2 (V) MR 7} s et g Al oF fle WY A 28 EYTh
2 2

numbers.Real (float) ©]Z1E-2 7|4 9] ¥} A = (double precision) -5 A 52 ey
yoh s =E = 3kl t‘d%ﬁ‘riﬁi%ifﬂ A 2ol &) A= st 7 7%]4 A l(?JrC u Ak
Aol 2= ol th. Fhol - “475_1_(s1ng1e precision) #-5 i—’,‘—@ 2 295
AFULh ol dE= A}&G}L olF 7t H = ZRAA S} v e E3he quOMioﬂH AAE
*}*%Ftﬂ o017k A& A o] mivs AUtk 2w 2ol F 7HA F72 5 24
TE Ao E BstA whEuket 7HX) 7 gl U th

numbers.Complex (complex) ©|ZE2 7|A T B E 5 &5 o Hom A, E Y
AU 95 454 29 A EARE FHTUL Ros o ARsl HaRE, 9]
AL JEYHE z.real & z.imag 2 Ad = ASF5YH
AGAE §ol o 452 A9 (ndexing) B 91 89 2019 £4 1 AL eRa e 0%
3 len () /\]%"7]'7}21 FEE9 7H—r§ SHF YT Al 29 Aol 7tn 4 o, 919 2 (index)
%‘J?JL 1}0,1, con-1S EEFYUTE A A2~ a g FHisali] 2AHF YL
AMdas St A= ALFYUTh ali:j] Ei<=k<jE WFoe BE FHLEAHFYT
SR AEE 1, Sebol At 2 Hol DA olH A AL 004 A A5 E 2 ThA

Ho AR Yo

o1 AJA 2= Al WA “/\‘?‘J(step)” P8 AHE S 5 G ehol A (extended slicing)” = 4] 9
Utk ali:j:k]l x = 1 + n*k,n>=0,i<=x<j 5 UE3}= REFE xS AH ok

Al ae 2l et 28 Ut
Ea

2y Ads 29 DA B AL Qe 5ol Fol WA £ QST (BT A=
o 2z Eew, 1 AANE ANL 5 93, WAD £ ABUTh AT, B9 AL 2R
Fze e AR A% AR 92 5 dauth)

B2} (Strings) FAE 2 F I = FE= 2l E (Unicode code point) 52 X 3F= &9 Al
A2JYTh U+0000 - U+10FFFF B9 RE FE IAQEEL BEXYE BdE 4 9
SUth Ftolxe+= char Fol glsyth tale] a8l J= 2= ZJEE 4ol 1
QPAY AR BAR UL WA T —rord()%iEgo]E%%x}gfﬁﬂﬂ]/ﬂo -
10FFFF B9 A2 AUt chr () 2 H9 0 - 10FFFF & A4E Al F o= 4ol
19 EAE AA =2 Ao str-encode () EFARH2E JAIY S AR A str
<= bytes & W3}, bytes.decode () & 1 H&ﬂ] e T3y oh

¥Z (Tuples) /29 &5 499 sholA AAGULE F 7l o] 3] FEHo2 FAH = F
=2 :’UPE T\’J% E?‘Mﬂ %%QE s S dsUTh sty FRoR FTH4HEH /FE
(74 & 9 singleton) = EH A of] FutE BA Tt F AFUHEZE R4S F2 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

20
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WA 374 HA: HME] = 3.6 o] M o] W WA A Y A4S FASHA s UTh
CPython 3.6 A, 4F ] A7 7 A= QA R, T A Fell& dof BF o] opyet 73 Al F A
o7 ZFesTh
£ & (Callable types) ©] 25 T4 5 & A4HEZ =AM Fa)ol 488 A& 3
AHg AL o] g A2 F Y S AAl= T B E
9] 3 A ) 7] ¥ = (formal parameter) %55 7 2
E507 gE5ojof Fyrh

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

EzEE S[a]

__doc__ s Bt TAYE B+ Yl 4 F None; Al B 27| 75
FAHAE AFEHA GFYh

—name 2o ol TS

__qualname__ 9 A3k o] . 7] 75
WA 3.3 7}

__module__ g7t A" 252 o] E+ (Yl= 4-7) None 27] 7}

__defaults_ QAo 7| EZF EE (le A $) None & & W&o % 27 75
TE.

—code_ Ao I 0] T (body) & JENE Z= A | B TS

__globals__ St A HEES 7H g ol tiek 3xE — 97 A&
7 Ao H REQ A o] ¥ 7 namespace)

_dict__ Ao A o] EBRES A W3t= ol 5 w3k 27 7hs

_ _closure__ None B aF49] X5 ¥ 4> (free variable) S o] oj 3+ o7 AL
AAE 717 A(cell) 59 £Z. cell_contents
o= 2 HEo] o3l 4 B oFdE AL

__annotations__ | W7/IHSY o] =H o] AL 74 dict. dictd] 7] = » 7] 75
7| M 4=2] o] F-Qldl, vk gk o] E| o] A o] ThH
'return' 2 7| & A&t

__kwdefaults__ | 7|9 E JEHIZWt A 7hsst i =52 7| 23S | &7 75
7FA dict.

“m 7] Fh=r Sk o

=
T4 AR e Y] EREE YN & 5 UEF A A3}
(metadata) S o] =4 AF2E 4 9
(dot-notation) ©] AF&-E Yt} AR
Fo s ok AUtk 13 Be] 34
A AA|= cell_contents 9 E
AR e d=E AL A5

=]
P A olof] #3744 AHE = AAERE E& 5 Ut oflol e = WF 39

A Yo o EFHESE Zhol

>
lo
[ rlo &

i
gl

5
A=
7S FAIHAIL. AL types BEAA M2 = dHUT)

ol ~E¥l X~ W] A = (Instance methods) AX~BE X HAEE S, FHA AT BEZHE A
A (HF AR A ) S 23 FUh
EF Q7 AL AEGREE:  self = FH2A2ElAAA,  func_ = T A,
_doc__2MWAME=9 A (__func__._ doc__ FZHYDH;__name_ 2 HAEL o] &
(__func__._ name__ ¥ ZHFYT; __module_ S HWAE7FAH BES o]Fo| ALt
9= A4S None.
HAEE 7|3 RE S oEHESS oS 4 AESE ALY (SHA v 22 7] =
A A5k kU Th.
ANEZHETI AFEAL A gk AA o] AL} S|~ WA= A, AFEA A WA= AR =
FHAY AEFREE Sl W& S 5T (otE 2 29 JAA|AE F3A)
A2EA WA AA 7 22 A2EAE T S 29 AR A g AAE dFo=2
M urso]ld ul,  self OoEHEEAAEro0lY, HAE A= 23 (bound) 3H5 tHL

21
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TaUT A FIA =S func_ oEZREE A 5 AA YU

Ar"A S A S A QAR AR RE S WAS AAE 9L 0RA B

Auf,  self AEFFEEFH2AA0lL,  func AJEFFEL P2 vAET}
7IvbE = g AA Y-
SEA TN AR S EE v, 71WhE T I (_func_ ) 7FSEHEH, AR 55
o SUAA2EA(_self ) 7FAYFULE A& S, cr7t @ £0 o S 293
Piolil, x Zhc o IaAAd W), x.£(1) £ 2Fd= A2 C.f(x, 1) & TET=
Zeyd

2= AR SRS AR ZRE Sol,__self o AFH “Fejxdad
AAZE FHa YU TefA x. £(1) o]y Cc.£(1) S EE3E A2 £(C, 1)
SE3e A ZFUT (£ & 71 Y.

¢

2

rlr

w [» e e e o
D o

F AANA 2B AR 29 WHL ALBAREE o E2 RES 2L Wit} Lo yo]
Zolalof Fut) @ Ao, JE2RES Ao A5l Bgeln, 1 A W4T 523
£ A0 BFAA A A5 Ptk ok, o Wsko] AR A o) ol s Al T A ol
Zolslof U th B 2o E AR (222 T2l o] ohd BE AR L W glo] FPUTh
e datag o ELREN A A Bt AFD A ER WA ks AE

T8 ULH o] S Tt A A EYREY w vk o dyth

Al gl o) ] 4> (Generator functions) yield&(yield & A Z=R) S AFE = T4} H A EE AlY
#) o] B] &<~ (generator function) B+l F-5 Ut} o] & <45 S =3 FAF o] B F] o] E] (iterator)
AAE s8F=d|, g2 vl (body) & A3l st= o] AFEE Ut} o]E] o] E] 9] iterator.
_next_ () MIHEE TE3}H yield To] &= AT uj71x] 7 A Uch g7}
return B2 AP AY Zo =51 StopIteration JJE o711, o|HFH o=
WgkslE e Eol =E3HA g Yt

(coroutine function) 2t F-E5 Ut} o] d 42 &5 d T2 AAE SdE5 UL await
HAA S ¥ E3l, async with @ async for & AR 4 QG5 Yty ZFE A A (Coroutine

Objects) A/d-& 2 A A L.

"] = 7] Al &) o] €] &= (Asynchronous generator functions) async def S AFg38jA AojE &= g
7} yield & ARS8 B] 5 7] Ayl o) ¥ 4= (asynchronous generator function) B3l H-5
Yttt oA S5 3 &35 4 8] 5 7] o] E] &) ©] E] (asynchronous iterator) A A& & F+=4),

4= 9] ult] (body) & A3 817] 93 async for oA A-gEYUth

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 3 A= C 45 SR 5 Y th(wrapper). W& g2
ZE len() Fmath.sin() (math + =W ZEJ YD 7} A5t AR 742}
2 Cggo o 2FPULE EF 97 AL AJEZREE: __doc_ 2o Ay £}
T+ ¢l= 4% None §Uth __name_ 2 9 o]5 YT __self £ None & &
AUt GHA T T2 §5& RAA L), __module_ 2 7 HoH BREL o] 5o At
73§ None Yt}
A] & (Built-in methods) ©] Z1-> A W7 0] th 2 B5 YU th ojWoll= FA A 7
AALZ C ol s = AAE 2 Utk WA A =S o £+ alist.append ()
F A, dlist = B 2~E AR YU o] Ao, 5+ 7] A& EBRE __self  Ealist
2 x99 A= AAFFE Y

Y

=
o

[a]

rlr o

=
o

1o &2 = xR oft 2, o

N

Z2l| 2~ (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 QA AEH A (Class Instances) Instances of arbitrary classes can be made callable by defining a
__call__ () method in their class.

2EModules) E 52 Fto]H Z =9 7|EAQA XA Y olil, import o]}, importlib.

import_module () 3 W& __import_ () FFE TEWA 75T 5 Y& AxE A ~H o
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A&7 A o] 2 EH’\(Custom classes) A2} Ao ZH A FEL RE ZHA AY

=

o8 Wl Ptk BE A gAY AN TAH L o8 1L 2HUTHE] G4
AAL wE A ) H L F5ES]_ globals_ oEelRER F2HULh. o= RE Bt
o] SV ol th3t 23] 2 MBH UL o] & Sof, m.x£m.__dict_ ["x"] % ZHUTE BF
ARe RES 275t o A8E TE AAE 27 AA FaUh (L 2757 2udE E8
Qlomz)

JEZRE g2 ZEY o5 I gAY E BAFUL odF E°, mx = 1 & m
dict__["x"] = 14} ZFYth
g A" (227 7153 AEYHEE:  name. 2 BEY o]EYUrLH _ doc & REY
Ar 2AY = e 47 None U (12 % ) _annotations_ & ZE HlHE
APstHA A A ol eHold S 2 gAY YUTE __file 2 EEo]EZEH 599
AERYUCH JEZ o FH o= ﬂé%CE%T/} 2o ETFY BEEENN=__rile
AEYFREZAFHA FsUth & o] B & 2] (shared library) 22 8] T A o8 g 9% = 33
259 B¢ Ff eeolBE g %‘Et’éo] AlsH Utk
ST Y7 AGoEYREE: _dict_ = HAYYR ZdH = EEY ol FUHYYTLH
CPython implementation detail: CPython ©] 25 Y g & v]-$-= 9y w2, 94 gl st
Fx7hFolfltets, R0l 232 E ‘ﬂoﬂ‘/]’tq 25 9Av g ued Yt o] A2 st 9,
gAYy e & BEAI AU gAY B E A F o]k e BE = FobroloF dyrh

(2o Ao AR F2). Fohat DAY 73

E FzxE o D‘/#Lﬂ?/]Oﬂ e 232 AEF U & £9], C

§]‘5]141ﬂr(o]—}(]u]—o% E]HEoﬂ XJ:LE], I—/],EH %%6‘1%—5—]’
E 2]

E
e ‘/]r/} ] %F/Hi 75‘/5'4% C3 “ﬂ A= éxé <= 4] (method resolution order) = /\]—ﬁﬁ}ttﬂ, D}?
Go] L NE FeAE Rol i TholohE E (diamond)’ A% FE 7 EA S E Lur2 Al 52
@uﬂ.QO&ﬂ ARg8FE C3 MROO &3 & o AAIS &2 23 v = quHQUAHmm
/ Iwww.python.org/download/releases/2.3/mro/ o] A Ztol-& 4= Q)5 U th

2o~ olEPRE F27) (Belac e s 22 HAE AR A 4D e, __self o
=afesbed dada s Az ARG Al WA=e a9 b sdd s
AL AT Qe AR ARG FHLRRY QL o= HET}_ dice_ o A%H

rl

M
@t ek e s et ope ol 028l e 7 elel sl Ao tg o,
Sz olEgRE oo Fo2s YA E AN R o H AFE R Fel 29 SA Y2 S
A=A = FFUth
Sl AN A AARAL SAFES Gl HANL) T2E & AGUTHEE RN
2)
EF OEZHEE: name_ 2 ZF#H 29 o]EYYTE _ module 2 FH27AH RE
oYUt __dict__ &= FH;AY o]F TS A= 9 YUt _bases_ = FE
ZAAEL AFIE REQUD, LT 24 E 2o tehibe £42 §ATUh__doc_ &
o A EXE o] A Ao H A ¥ oW None YU th (YL 4 9+=)  annotations =
Sejoo] ol e AAUA 408 W5 o welol ¥ B gL BT Y.

2 9l 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| =315} 7] for another way
in which attributes of a class retrieved via its instances may differ from the objects actually stored in the class’
s__dict__. If no class attribute is found, and the object’ s classhasa ___getattr__ () method, that is
called to satisfy the lookup.

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

3]
Eh]
og
-}
Ol

23
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oE EHT ) EEY HIMNEES 7HA Y, S JdabH A= 2| AJAL, v F QA AT 4 st
ST HAE o5 AAE HAA L
ST ERES: _dict_ = OEIRFE GMUYUTL _class__ = A2T 29
du ot

/0 AA) (3td AAt 1T &3 A JdHUh 32 24 & €9 34 YEd YT 3d AAE e
o8 714 D"j? o] A5 Ut}: open() W &<, os.popen(), os.fdopen () I} L7 AH 9
makefile () WA E (28], oluts S REEo] A& the §FEolU mAE=ES).
sys. stdin, sys.stdout, sys.stderr = QA ZZE 9 & Y, &8, g 2EHoZ 27|
39 3 AAEYUTH BF 92E R EF A2 A io.TextIOBase T4 Fef2ol o) Fo4d

Qo] A5 wE LT},

W5 & (Internal types) QAE|Z 2|7} YR A O 2 A3t 22 52 AR A A =2 H Uth &

ﬂEJA w2 M A A o] 5] A= ‘ﬂﬁg*"ﬂ{,%x‘if&%%ﬁﬂﬂ/ﬂ AFdUh

BH=Z

F.& A (Code objects) T = AA| = vlo|EE A a5t H (byte-compiled) A3 7153 vjo| W I =&

UER ], 2@ ulolE = a}iE—‘%SHD‘r F= AR e} g AA o= Aol 7} 9

ok ¥ AR e B0 A F 7 globals) (47} A9 H BE)S HA Ao FEHT

w4

o) ;(]

vh ZE AX = o™ -Ev—“—’.‘(context) 7+ QA 5T E 7B AAZHE o) ,j¢ 2 A o]
A7E o] AT FZE AR o= AA] ?%GHEHE!%A‘ Azl A e = gE= YER 7]
i E=dUh. g Z‘Ml&}h“ T AAE EW) I 7HH A S0l gk o] 7&55(14%3
S Ao RE) ZEa QUA] ¢ 14D‘r.

E4 97 AL JEZHEE: co_name & 59 o]EJYtT}; co_argcount =

N

co_posonlyargcount & ¢ %] A& °1Z}E (18] = AAEE iﬂQHE}M

2 o]x}E (Y= AL AR} 7| BZo] = dARET TFAYho & MUYt

N

AJYt}; co_kwonlyargecount & 7|9 = AZ QARE (711%} 1 = A== =FFEYTh
o A+ dYth co_nlocals & 3‘—’?7}/\}3%}— A< ‘_TE(?_]X]'%% E3HUh Y A<l
Ut} co_varnames = A9 H4E9) ]—— S JE FEUUTQIAIES] o] o] WA U
HwUh; co_cellvars £ 3 HE 0] AR AG HFEEY o5 L A= FE9
Utk co freevars = Af ‘?'i—r(free variables) 9] °o]& 2 =211 Q= EZJ Utk co_code
U E I E WY A AAE eI = AL YUt co_consts & HFO| E A E7FAMS-3F=

AUt} co_filename 2 AFLH F=E AFoF 349 o] YU co_
o] A WA & NE YU co_lnotab 2 HPo|E FE o2 Y X2 & HEE nf

O
@]
t filo
[o)]
Q
~
0]
'_J
N
()
r

wt Qe e
rf 1

o O mjo ol
Hox
m=
lo

$Eﬂiﬂ@§ﬁHW
2 50| co_flags B 915 AelH o} A5tk F47) 7w A5 914 9

S0]7] 918 A8 F) & vargunents FH-2 A8 B E 0x04 7} 10] F Uk %

N

HUth v E 0x20 & 7 AV Fo)l g Y uff A A= Yok

FE4 715 AA (from _ future_ import division) =3+ 3

[
=3
i—",
N
)
[
ox

7
33 AEl oA A9t AE J=AE YE 7] fl6l co_flags o HIESS ARSI T &

g E S ol FEYUth co_names © HIO|E FEZFARRSE ol 55 HA Y F
firstlineno

23}

EAEE °1i SR F YT (A G RS2 Q1 fﬂEH ANFEE ﬂio}*‘ﬂ 2);
83 2" 379Ut} co_flags = QAE ZEE 9 o%ﬂ% = 2 1 (flag)

A=

o9l

Y& o xE vk }‘: 0] 7] A3 AFE3E **keywords +H = AFE3H U E 0x08 ©] 19]

A division o] B/ 3 Aol A A2t = gl o™ ¥ E 0x2000 o] AAFH Yt HE 0x10 3%

0x1000 = o 7 ¥ A 2] sho] W A AHg) G155 L k.
co_flags 9 ThE2 H EEL2 Y& AFLS 93] o ¢kx o] Y5 T
R

loF F = A7} 42 JEFATIE, co_consts 9 A WA I
=] 2] 9k © ™ None ?:ME}.

& ¢ A (Frame objects) =& A 2 A= 4 3 Z &) <] (execution frame) & UrE‘r‘ﬂ Ut} Ed o]
AR 5FL 7 AL (P E HAAN L), 55 4 -2 Agg

=A% EAE o) AY

/\

EF AV AL AERHEE: £ back2 oA 28 Y (EEAFFL )L 71 7] A, o

74] mzu vl ho] 2} None; £_code & o] Z & Qo igﬁgﬂL FE=AA; £ locals = A Y
HEE 23] 3= AHEH &= /»%Liﬂ,f_global = A Hayo] AFEEH Ut f_builtins
= Y24 (intrinsic) ©] 2 S of] A}& % Utk £ lasti = A 33 vlo|E Z & W & (instruction) &
AFFUH(EE AA Y vlo]E Z = FpF el gk ddl A gy th).
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Accessing f_code raises an auditing event object.__getattr__ with arguments obj and
"f_code".

l

54 227] 75 o] ERHES: £ _trace &, None o] o™, IE A3 Fof of2] o|MER
Aa T=H = Fr AUt (T ANA AHEFH Y. B o|HlE 71"H A FolA T
Ut}- f_trace_lines& FalseZ AA3HH o] A v A3t 4+~ AdHF UL

T3 f_trace_opcodesE TrueZ AASIE A2 2 QHH = 37X (opcode) T o|HEE

8T S AGUT A U0l A LA A A} AR PhR WAL SEEEE

0

fr Iﬂ

=2 T A

== s HsgUg — EEﬂO]/‘ Sh4 (f_trace) o] A o] Zh& 22
2 FJz3Yh (3 7 ate 28 dof| Atk 7Hs Y th. Y ¥ A &= f_lineno & 22 7]
Az HHy S AT 4 A5 TH (Y Set Next Statement).

frame.clear ()
o) HMEE ZY Jo] F2 A G HeEo the BE FREAATYLH z# 4
o] Al #l o] ol &3}, Al el o] B 7} & L%‘H“/Hﬁnalize)- o] A2 = Y A7t AHH
Az SN =22 FUY EE , 9] & FotA E 2+s
Nkl ZV““WH).

FoF za| Jo] AA| Ad) F o] RuntimeError o 2] 7} T g h

340 F7}.

A (Traceback objects) E & o]2~™ AR &= o] 2~H) Efo]A~E YEFH YT EF
= o Q7 A u] vbEo] A 11, types. TracebackType & &3 A HA|H L

>

gJ::EF
N r3i_|

&
_>.~L'_.

et 4
+
PH
?9
L)
e
)

Ego]

Loy
l>i_|2i )
ﬂ@lo
m =
g“—!—’

fu
)
il
2
N, PN,
I
g
o
%
=
o, 1o
O
_|
2
o
N
)
j
il
e
N
_,Q
_>.:
o%
>
JE
m[o
.‘rﬂ
20y
o
2
N
N
N
N

o

M Ao
N
N

EE:/_E“O] /\}*Q-E]‘ T O]/\l/]r/} (fl) i "“/“i E = ) sys .exc_info()
of Al A gE o} 343l d 29 _ traceback__ o]EZRER AMAT
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=
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HEE: tb_frame 2 & A o
| 2] 7 A 3 =9 tﬁi% +l4 D}, tb_lasti A2
2] 7} except & o]} fin 2ol Y& try BoA LS
& (last instruction) < E ] 2 xﬂ =Wz E 4 9

of e = IYPYTh tb_lineno
O]EE‘V_‘:
5 ‘?ﬂiﬂ—éﬁﬂolﬁﬂ_ﬂﬂ U}Z]ti}

U,

Accessing tb_frame raises an auditing event object._ getattr__ with arguments obj and
"tb_frame".
S 27] 7hs o EEHE: th_next & &8 Edo]29 th3 THA (o & 7} #AY T 2 g ¢
sk 2) o AL} o2 @7 7} gle ™ None SIuITh
B4 37004 WA Edo] 2 A o)A o] FEC| A WAHOE ALRAE BE 5
Aom 71E JA2EA0 th_next JEZREE AT+ s Th

< 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.
ES Q7] AL 0] 2] HEE: start &= 3}3H(lower bound) Y U T} stop 2 AF3H(upper bound)
QT step & 28 G 2 2 A2 A2 None SILITH o] ol E e HEE S Q9|
Hol g 4 &Y
setol & A= st WA =& A AT

v
r
jus)
=

— T

oy (B

=

3]
Eh]
og
-}
ol
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slice.indices (self, length)
ol A EE 3] F4 A A} length & roba] Sefol2 AR 7 2 9] length A1 Al 29
AEH JS w I setolao e A E ALY Al Y B2 FAE FES E
HEF Ut} o) ASL 47 start &} stop A 29}, step == S Elo] 220 A E 2)o] = (stride)
Q019 It e AL B Wol e A5 © eJukA Q) Sebo] A0k 2 o
ohg A Uk

2 €] g v 4] = 7] H] (Static method objects) A~EJE Hl A= A= oA Ayt g AAE WA=
A7) 2 H3sl= ﬂ@%%ﬁl o}h UHE AT TUTH 28 g A= AR = o2 g9 A4,
HE AR A AAEE %MD} 2H g HAET oy FHa dad a2 R
98 uf Az 7k *‘ZﬂEEﬁTL AL 8N d A A, thE ojE M= F 85 A
°}° iUt B8 Al 288, 28 g v = AR AA = FHEo] obd YT
QEHE—% HAE A= W staticmethod () AR WU Th

= Ea “ﬂfﬂ‘: 7} #]| (Class method objects) ~EJE WA= AR H, S A= Az JA] T2
AANE S, SN2t Fex dadAZHE I AAE A 2 MsE FUth
I 23] A Fela WA= AR 7L 52 Ao tisi s 9 “ARgAF A9 Uﬂ/HE(User-
defined methods)” oAl A3 G UTh Z 2 WA E AA= WA classmethod () BAAA=E
Fla=gRi=}

33 S+ HME 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). Exceptwhere 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 () ).2

WadSFHHE F T o, B2 23t AR o Dol H = 27 v AT A o]
FaFUTLH A& =9, 01 3 /\]i’\‘_ 7 EEE AU ARz E 584 ¢ F Ut O]'z]“}
—%E}O]C—% ANEs AL o] ¢+ E S g5 D}. (o] ¥ 37} A o= W3C 2] Document Object Model &
NodeList Q] #Ho]A gt}

e
oi’ﬂ

o]

3.3.1 7|2=x9l F{AE{O}0|A|0|M

object._new_(cls[,...])
s A 2SR 7] fs SEHUT  new () = 2HE AIA=Ed YT (2 FEA
] ) d, 3 A AT S e w s dadse] Fehavt
Xd%%‘flﬂ}. v A OJXP%L AABRAEHA(FN2 T2 ALH AEYUSE _new () 9

ArkA <l ?—fﬂ 2 super() ._new__(cls[, ...]1)dAAFARES Ao =WHOE 7]
Zelzel new () BTN A ALDAE BE Fof, Bel 5] Aol Do +4S 7h
If __new__ () is invoked during object construction and it returns an instance of cls, then the new instance’
s__init__ () method will be invoked like ___init__ (self[, ...]),whereselfisthe new instance

and the remaining arguments are the same as were passed to the object constructor.

RheF  new () Zhds & J2RAE EHFA GO, A A2 init () £ EEHA

FEUTh

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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__new__ () =52 EHI (int, str, tuple 7+ Z-2) O] A B ZE AT} JAAHA ZA S ALEupo] 2T
T AEF ot ol AR U th TS AFSAF A 9] vlEF Z 2ol A Sl S AxE Hlo] =5}
13 2p= AHE-FH U

object._ init_ (self[, ] )

(_new__() ol g3l) A2E27F 0] Fof, 5tA v S Ao Al E2 7] Aol SEF Yt
AAES FH2 WA o E A2 ASdUth vk o)A Feja7t inic () HlA
TE R JTHE, B ZFHae  init. () FIAEE, ATHA, A" A wo] A FEf AT}
LA oF o] SutEA 27|13 & 45| o17] f8) WA AR SEFolof Tk A&
=9]: super () .__init__ ([args...]).
AAE H=sdl __new () & _init_ () ZFFHSFAL JYLBRE (new () £ TE
__init_ () & AL AxEupol=2d Uy,  init () 7FNone 0|99 g2 EFd A
YA 7kol] TypeError & ¥ o Yth

object.__del__  (self)

JA2E 27 37 H 7 Ao 2P U Fhol detol A wi (A A s 97 A2 2T
u-]

hok ploj s ZFE ATt del () WIAEE 23 QQopd, A A FEl2e]  del () WA EE,
Aoj= o] QthH, A2 2o A W M%Fﬂéﬂx}ﬂﬂff%% 2 A sHA 2HA| 8] Y&, A A
o ZWo)la FYA HAHEE TEF oF Tt

(AFSA = LATH) _ del () HIAEE A" 2o 3 M2 FZRE HEoz2H Ad2H
29 FIE A AAZ = dH5Uth o] AES AA| B& ozt R U R&3 AR 7 913 2 u)
_del () o] FRHIAZ S22 A& A et thFYh €A CPython +3 2 22 T 5=

Fu

AE B/ FR T W obd] dotgle AR AL __del () WA= SEo] WA
U Th

Fi: del x = AR x._del () § TE3HA %5 z 3
>

(reference count) & 3t} ZHAaA] 7)1 3, FHoll Q= AL x 9 #+

CPython implementation detail: 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 ®17]:

A del () o] ZEHE %OJX St 233w Zofl, o] A o] A3 Fof DAY= o2+
FAE 2, thAlof] sys.stderr & A7t S8 H Ut £53]
e del ()& (%HA 2 EA) delo] FEVFAYEHE T TEE 5 A5 Uh
_del__ () o] ZEE dojolIAYYE B2 A AYL TEFH,  del () S AP}
71 98] S HE Z=7F AL o] AA Y-S - oz WA e o whd 4= QU Tth
o del ()2 AdHzZYHEZFETu APE = JdFUch AdAH o2, AN AT oF =
A W (o2 28 23 7} o) v] 4 A H ﬁﬂ»‘rNone o2 4 AE 5 AdF YTt o
2 o] Fol e BEE A&l A A7 g2 A9 AA R D}dei AAES B
T ol 2L, wof 1 Ao} AME T T BEALASA FEY, el ()
HAE7FSEEE A Qd, dZ2EH BE %OI ol =& 24 3 E}L b &%) 2 5
A5y

(
repr () W23 g9 9 ol
%k% x% 7“]113 /‘H

3.3.

S+ HIME O|&E 27
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_str__ () Qo] _repr ()9
ol (informal)” &A1 3 o] &332

)
Y
rlo
A
E
_,>:

ofo
it}
N
2
r-]u
m
(o
)
of
4z

T AEE G LT A A sk Aol F2FUTH

object.__str__ (self)
str(object ) & W e format (), pri

int () 3| T E&=] o] AA| 2] “n] & 2] A 2l (informal)”
T 17 EA4 A4 7St 2E 28 & ALY vk g

=] £249 27 of of LT}

ol MINEE _ str () o] ZHIE FolH A S S8 E Aol 7t A Y=the A ollA
object.__repr () FttEYt}: o] H st 7123 o] AHLE 5

A=
W3 object ol o H 7|8 FHL2 object.__repr () & ZEFYTh

=

object._ bytes__ (self)
bytes o] 93 TE= o] AA vlolEE S AT UL W3 g2 HEEA] bytes 21 A of of
ik

object._ format_ (self, format_spec)
format () W& &, Eostd, =9 B4 2 5 2 (formatted string literals) & A A+ str.
format () HlA Eo] Yl SE5 o], AA|e “xHHA” FAE ﬁ?ﬂé = ol WU th format_spec Q1
e 875 = 2 FAEE e AL YU th format_spec QAAFS] AL format_ ()
S 3= ol Yo, gEE Fdars 2 g UIFFE9] vz H Aot AL v 3
o g4 BYe AT
£ 2o 1 ol ti3) A = formatspec & a1 3tH Ut
ek ZEE whm ) E2 o] of of g o,
WA 34004 HA: object & _format__ #lAE A2, W1 AL o] ofd A7 AGH W
TypeError S WA A ZA Y Th
WA 37004 HA: o]A| object._ format_ (x, '') = format (str(x), '') 7FotYye}
str(x 3}5':2}14 }.

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 &9 “THH H]E_(rich comparison)” WA= Uth AR} 7] S 9} WA = o]
As o 47‘%‘45}: X<y Ex._ 1t (y) &
| =

Hﬂm~— Ex._eq (y) E3ERUThxl-yEx._ne (v
_gt__(y E%ﬂﬂﬂx> Ex _ga_w»%§§§ o}
¥dmlﬂﬂ o BBl A0 A A A0S TAGHA iz A T A singleton)

H]_TJLE“J False YTrue & =3 =4t}
A vl A4} = 2] &3 (Boolean

Azte] 2 AR shetst ] 94 gholl ol sl

t}

o
NotImplemented & E3Z 4 Gt A, HF4A
o]-X]U]— O] U-]]/R-]_ I‘Cj_é‘é_q] 71—0]73%3:11/\0]%

context) (] & E0] if #2o] 2 A) A ALEE W, gfo] A
bool () & T&FYth

I‘[O_g
L] rE

7|1 BA 07 object = isE AL A ARCE ¥ 2 E u] NotImplementedE HIS3}=
_eqg  ()E F3FdUT}: True if x is y else NotImplemented. _ ne ()9 A$+,
Z|BAOoR  eq | 9] 913} NotImplemented 7} obUetd 2 235 HAS UL v
A4 718 A 7] o GAI A AAl= (s th dlE £91, (x<y or x==y) 7} Folgtn
A x<=y 7} Fd 2+ s Uth Y 7]% AAtC 2 RHE AaAA A4S A5 o= v

W& ¥, functools.total_ordering () & EAA L.

e A v AAE A4St ST 7= 418
28 @ 74 23 Yol hash () o B3 £ 1}

I ASEN T (@A A A ASA BA 2B AL A8 5 %

Sl A R gsyth EH”Oﬂ 1t ()% gt () AR FAA A4P U __1e ()
_ge  ()EARYFAAFIANIUE __eq () _ne () =AZYFHAAS AAY YL}

F

I
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object.__hash__ (self)

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

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

F31: hash() & AA7F B8t __hash () WINET 28 F+ gZ Py_ssize_t o 7|2
ZFE Y th(truncate). ©] 22 H % 64-bit W = o] A= 8H}o] E 11, 32-bit W E o A= 4u}o] E Ut}
gk AR hash () ZFNER G HE A71E ZHe T E Abo| o A A AFS-E o] of ST,
EE AL LESAAY ZS Al oF Ut o] F A st 42 W2 python —c "import
sys; print (sys.hash_info.width)" Yt}

B2 ATt g () B AA WOHM  nash () A A 5HA) Wopof itk wrep
Ccq () BRYSAR__nash_ () & RISA FETE, 229 AAHAE A Ay 2
Aol A AHgE = YUk BeFFeh 27t Y AAE A HD YN _eq () B FAITE,

__hash__ () & T @A Eolok dh=d], Al 7 B HAE] FH o H A RLe] B =S
S 8kal Q7] w2 Yy Th(Rk ek A 9] s Al gkl Wohd, 2 3l Al ¥ Zl (hash bucket) ol A H
yh.

AR ALY FA A V|EHCR . eq () & __hash. () FINEE ZH5UTH BE AA=
(ZF7] 22l & A2l star) ZA] eFthal v _’Q—T’— x.__hash_ () =&%& = v
duf x is y & hash(x) == hash(y) 7F EA AHT = I =& S
eq_ () EAARZYSIL__hash () ERZYYIA Fe=FWNAE_ _hash () 7kNone L2 A A
AUtk 229 hash () WA E 7 None o] ¥, FE| A9 AAB AL =8 T FA|ZES A
O A= ) TypeError & € 27|13, isinstance (obj, collections.abc.Hashable)
= A W AN ot ¢ Foba Snhe g U o
vt Aolshe FUAT I RE FALRRE _nash () o THL £WT 4
od °]E1 ﬂEioﬂ A A H o7 o]gA A Qs Fo]oF Futh __hash_ = <ParentClass>.

WeF__eq () EABYEHA = Fe ATt OH/\] 7‘] 04 SHFIAOH, FHhA Ao __hash__
= None & X338 of Ut A4S hash 385 ol A4 TypeError & 27|+
A9+ isinstance (ob7, collections.abc.Hasha le) T=0°] A 7}53tctar & XLE Q14

ok,

3. 71EAH o2 strdbytes AAE2] _ _hash. () F2 A&+ Y= dFFOE “E€ETH o
(salied)” 91U T}, 718 shol 41 3 2 Al Dol A& M5 Shis ghO = 8 25| A5 vho] dg b
Aoz AW UL o ZT 5 A B

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.

ShAl ] WA F e olE o]l Aol FFES FUTh 3Fol W& o] EAo s o B
312 ¥4 Ut (28] 3 B8 32-bit 2} 64-bit W = Abol oA & ThE U TH.

PYTHONHASHSEED £ Z 31 A] 2

A 33004 WA s A G B R A oz S 3g YTh

3.3.

S+ HIME O|&E 29
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object._ bool__ (self)
=2 g AAR W A4t bool () S 98 E=H Utk False U True & S8 oF Futh o]
HA =7 B E A o= BT, 7&4301 ATt Ten () o] ZEH o], grol0 o] bW o7
AAGUTE Bk e 2t len () F__bool () BT A 5A Serhe, BE dadar
Fow AR

3.3.2 0{EZ|FE HMA FHAE{OIO|A|0|M

Zejz Qagne o EYHE B2 (97, H Y], x.nane S AA S S o5 E WA 98 The
B2 WAESe] 398 5 A5 UTh

object.__getattr__ (self, name)
7|2 oJEZHE ANV} AttributeError 2 A w] SEH YUY} (name ©] A2H 2 of
ERE E& self o S22 Efo Yl AERET} obYetA] __getattribute () 7
AttributeError £ %127] At; name :ﬁi—ﬂ B9 get_ () ©] AttributeError & doZ
o). o] i E= (A4H) ol EE| R E ghs WFshst A Y AttributeError o 2] & 4 oA oF Y Th

ANEA A W AYZ S T3l AEHEZNRARE _ getattr () o] TEFH A ol FY3) oF

ok (] A gaawA_wﬂh_wUHU;J)GQBHﬁQMW%JHW)ﬂaﬂﬁP-

olf & RV E S, A A FoW __geractr () 7hALER ThE =R R

SRl g7 WiZ ol 7= Futh Aok A2"A W] AR, olH T AAEA

o EHE Ao WA e o=H (Ao 1ASL T2 Aol deUth FAT Aof

AA™E 2248 5+ 5 Uth o ERRE AN E AA R 73] 246t i ofl tis) A& ot o
Q¥  getattribute__ () oA t}tE Utk

object._ getattribute_  (self, name)

S JAAHAY EYRE ANAE TS A 24 glo] S Ytk vk &
27V getattr () = @A FASH,  getattribute_ () 7} BAIA ST TEIAY
AttributeError & YO 7R = oA _ getattr = TEZT A LH5UTE o] HAEE o E
g RHES (A4H) %k% %Eﬂ—rﬂ‘/‘rAttributeError e E oA FUT o] WA=
A 52k A 7 (infinite recursion) 7} A 3= 21 =7] 93], 7+ QA B2 o] E{FE|
H2ot7] sl 22 ol 59 Wolx Sl Uﬂ/ﬂ— T ZdoF FUTt o E £}, object.
__getattribute__ (self, name).

Fa: Aol F oy Wi Fol Yt EA A &0l 2RE SF A EE FRS= AFode
ol MIMEE AR A & 5 AFUh AT WL 55 A= 23] oA thg YT

Ol 2} obj, name & & ZFA} o|HIE object._ getattr_ 2 WAA 7Y Th

object.__setattr__ (self, name, value)
01 FRE Yo A=E o SEFPuch ubaE vl A Y S(
) e Aol o] Aol TFH ULk name & o2 HE o] Fo|
Je.
__setattr__ () A A2x"HAx AJEZFE et T uf=, T2 o] 59 #lojx FefaY
HAEE SEd ok gt o] & Eo] object._ setattr_ (self, name, value)

= Q" gy glof ke A3}
1, value = 2 A t) Yt = Y

12} obj, name, value & FHAF oMl E object._setattr_ & A ZH YT
object.__delattr__ (self, name)

—setattr () FWRFAARW JEARES st thao] AAFUT 1AL del obj.

name ©] 7ol ] ] 7} Qi 73 -0l v 7@ of of T,

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

object.__dir__ (self)
AAN dir() o] SEE ) SEFUTh AA2E SeFFFUh dir() & EHE AESE
BAER U & ALY
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25 MEEIRE HMA HAEDIO|AO]M

558 ol E _getattr_ 3 _dir_ & RE oEoFEd o 42 e A9 Fe o A
82 5% UG UTE 2E 489 _getattr_ B4k 49 A4 oS HEY o] 52 Wop
A AAE & E81F ALY AttributeError % WA Al Aok Ttk dubAQ 23] (F object.

ge tattrlbute (NE S AJEGHEVEE AA| A AT A 4o, AttributeError &
do7|7] Mol 5 __dict__ oAl __getattr % AU D AEH, oJEYRE o]g2 & 1
drE SE5Ha 734 =HEF Y

i @eE AR wA Sn BN 42 84 Y o B2 UERE 2AEe) AA2E Eol7o}
gtk EAetd, o] FrE EE tg FF dir ()

2E ER 0l aHEMﬂJéwao)aiwmg}m4%4@4&a £ A _class_
o]EZ|HE & types.ModuleType & A B Fd|A2 AT 4 Jd5Urth 04]% %tﬂ-

import sys
from types import ModuleType

class VerboseModule (ModuleType) :
def _ _repr__ (self):
return f'Verbose {self._name__ }'

def _ setattr_ (self, attr, value):
print (f'Setting {attr/f...")
super () ._ _setattr__ (attr, wvalue)
sys.modules|[ name_ ]. class__ = VerboseModule

F1: BF _ getattr AL EE_ class AAHLZAEZHE A& LES AEIE 23] 9wt
FEFZ U HUT- 25 Ao st A H A BN (RE WY ZEo o AN 2ol AY BES A
gAygel tist Fx2E AX A= FFRA FsUT

WA 35004 MA: oAl __class_ BE o]ERET 27 53

W& 370 7} getattr_ I dir. EEoEZHE.

] B7):

PEP 562 - E _ getattr__ 3} _ dir__ BEof tfgt__getattr_ ¥} _ dir  FFE Y

d
<
°

CIA38IE F85H7]

o L= vMAES2 MAEE 7H S (29 YT HE (descriptor) S e 22) 2] AL ATF 472}
(owner) 220l ST T AL P UH(HE2IHHE 274 22 g I 72 a?ﬂ* 5
skl g 2o ??:ME‘r) otef o] ool A, “o] ER|RE” & ol F o] &fA Fe;WLS] __dict
o 712 AHEE AL Q= Sl ERREE T A Y Th

object.__get__ (self, instance, owner=None)
£FAZAA(FU L O ERNE A 2) 1T Fen0) ALEAAAH
o oEZREE Ao n B ) T2 U AHA owner AR £FA
instance = JE T RHE FZ7F doju Y= A2rE 20l AL, ol E E] E7
== ¢ None U th.
ol YN EE= ALE AJEZHE S S35 AV AttributeError 98 & 4O F of T}
PEP 252 get_ ()o] 3t} T 7l QRS 2= FejEo|gta A ATt gho] A 1Al 9
W a3 ge e ol 9AE ALY th 2t R AN EFole F A4 E RF 273
23 HE 7 de o Asyth gold Ao getattribute () AL R FHA| o #A
glol 34 T AAE BT AP,

3.3. E4 HAME OIEE 31
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object.__set__ (self, instance, value)
2GR ZH 29 A2E X instance ] AEZHEE A Ztvalue 2 AAST o] =& U Th

__set__()oly__delete_ ()& F7Fsd I HE 73 0| “vll o] ¥ Y= % ¥ (data descrip-
tor)” 2 WA F ol AL AM T Y2 tATHE 2517 & FReHAA L.

object.__delete_  (self, instance)
2FA W29 AXE X nstance 8] AEZHEE AA T w] SE5H YTk

object.__set_name__ (self, owner, name)

22 Z W owner 7F RSl A ol T H Yt o] YA HE 7 name ofl Y= S5 th

o
M[
i
i
1
f

ZYT: _ set_name_ ()2 type AR dE 7 BEAlFHogY =
ﬂ*ﬂﬂﬁﬂ o] 7 o HEs ) TR BAFoR SET eVt s th

class A:

pass
descr = custom_descriptor ()
A.attr = descr
descr.__set_name__ (A, 'attr')

o AR WL Sl AR BET] S FAFAL.

WA 3.600 F7}

oJEgHE _ objclass__ = inspe t BEo ol o] AAZF BIH FURAE A= A= 3
Agn(e] = 4839 23 P‘iﬂ% A Ze & A E T FEL AP A Q1 E &= 23 A (introspection) &
A9 5 1’“‘43}) ZHEY A9, A AR X Ao, Tl F(Ee B Fe ) A2 AT 7
HE A 2SS 7Hel 2 ‘%‘4‘3} o & E¢], CPython = C&2 F&H AZH A 942 WA = (unbound
method) o] ©] o] E El FEE A3 FY).

ClA3EEH 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.

AZRE A2l 1% FAL AU el ASIES §2, 23, A A5
& Eo]a.xEa.__dict_ ['x'] A A|Z3HA type(a) .__dict_ ['x'] & AA type(a) 9
H e S AE AL S| V\:' i%%ﬂﬁ 7He €99 iﬁi:ﬁ"é%‘%‘:}-

e, whoF 238 o] AIYH WASE PR AAW, ol AL 7B 54 iAol YA

HAEE TS 5 AdFUh FAES 559 o= A X|olA o] do] dojuh=Al& oJd 2T HE

| E7F B o o] Qla old Ao g S &5 =X mhe} oY th

U3 YE 322 AZEL A5 (binding) U TH a.x. oA QRS o] Z3HE =A== a o uh2t o5 Y

t}:

AR 3E 7P NG AANE M B A H = S22 A ZEZT AT HE A EE AH T &S
AUk x.__get_ (a)

AN2HA AR AA dad2o] ZFSHE, a.x v od T2 AFF Uk type(a).

dict ['"x"] get (a, type(a))
ZHA2AF S A2l AW, Ax £ old $22 HIAH YT 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__).

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
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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 () &g+ HlolH 23 gz FAF Ytk o] ufFoll, A28 A= 2 5 ¥ (property) & &
2+ WA 4 g5yt

__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__ ALE0]| &t = 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 Att ributeError. If dynamic assignment of new
variables is desired, thenadd '___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).

Zejah ol Sl 20 _slos_ o B H o] S 2L o] E WEE _slors_ o AATTHA

Wolx Zelar} Aol g W A AT 5 gl e AUt~ 2a AR AT Y E
A3 23 8te At derh. ol A2 222 FoH A 2 FHE EUA guth vdls,

o] & WA 3H7] A AAE S7HE A YUt
int,bytes, tupled} 22«7} Z o] (valiable-length)” o] W B 5 Al dte e = 24
Ql_ slots_ T AR Yt

Any non-string iterable may be assigned to __slots__

=

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__
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« 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 SaiA MM FHAEOIO|HO|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_subclass__ (cls)
ol MMEE X3 }%E 2o B ZHaTtwisold wnit SE2FHUTh ds = A A B 2
AQUT) THoF AN AAEA WA EE AOH Y, o] MAEE ZAHOR Feha AR

W49 ek,
A Zeadd FoARA 7195 AAES ER FH 29 _ init subclass Z AdE Y
__init_subclass_ & A= TIE P25 AL Y&, 2L 7Y E AAES
A Foll O ASE Mol Zeaz A of gtk o d AUk
class Philosopher:
def _ _init_subclass__(cls, /, default_name, **kwargs):

super () .__init_subclass__ (**kwargs)
cls.default_name = default_name

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

718 73 object._ _init_subclass__ = o}F 4% XA A9k QA A}7} 3

o 9] £ LA YT

H~l

el sEHW

Z3: HE FY X S E metaclass = U A 3 Aol )& 4A8]F 2, init_subclass_
2 AL A G5tk AA wE F EH’\ (FA A QA JE thAld) = type (cls) & AT 5
1.

WA 3.60 F7}

HIEF E2iA
Z1RAH o, FEAe type () = AMSSA REEAHUTE S22 vt & A o] & Sl A AgE 1
Z e~ o]EL type (name, bases, namespace) & ZAx}ol x| FH o2 A AL}
ZHAER=EE= AL Z g Ho Eonetaclass 7)1 YPE ARE ALEF AL, 18 ARE £33 o
ZA5tE FH2E AT ozHN ALEulo]RE £ G Ut T2 oo A, MyClass & MySubclass
T EF Meta o d2"EAQ YT
class Meta (type)

pass

class MyClass (metaclass=Meta) :
pass

class MySubclass (MyClass) :
pass

S A oNA AFE e 71N E A= otoA AdEH = RE e S2U s ddsE AEeg
S A7 29D o, 53 2L DAV H Y th
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« MRO &= 0] 24 Ur);
. AA e 2o as AR B U

. 2ol o)E Brol W H YT,

Zd 2 Ao ety = v o)A S8 27 type o] 2B AT ol AR, A7]oA __mro_entries_
HAEE AT A, dejo #lo]a JFEE SEH U o] HA =& o] Wlo] A tAlof AHgE
Ze)29 FEL S FUTE FES oI9S 4 AFUD of 29 A Wol 2 FAR L

| ®17):

RELD

g g e

« type () & A2"ATE GA A HE} SR FoAX AL, W] 27 Ao H o, 7 wol

Sh 9 ver Zel 27k A g Utk
714 vro] SHAE v S At BAH0R AQE W 22 (QrhH) 9 A Y RE o Feha
o] g 2 AE(F, type (cls)) FAA AHFUTE 714 Bol 34 H vlef Sehis o] 5 BF o
A B B (subtype) J U TH ek olu AE o] 2 AL wESHA 23y, Fel A B o= TypeError &

YA 7] 0 A5 e

224 0|F St £HISH|

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

wHef B S 20 __prepare_ OJEFREZIQIOHY, ZE S o5 2 W A Sle T
713 Y

¢ B7):
PEP 3115 - 5}o] 2 3000 o A o] e} Fef A __prepare_ o5 ¥ 2 =4S YTH

o2 2

ot
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Sl dic| 2™3547]

exec (body, globals(), namespace) I}
Fe)2 AL T R ool A u o
LR 2 BtolF AR g A7 232 9]

2o~ v e (e
523 29 Aol
dh) (RE WA=
Ak,

FH Ut dubA <l exec ()
3 (lexical scoping) ©] Z a2
EolgEe FXRIEE Estt=

F;\%m}i
[>
}ﬂJru

2F)
A o
)= S
o
= =2

FA T, Fehs A G4 WA o R A WEAE, 2 RN F D A =E L Fehs
sz A AOlE o] BES E 5+ 9EUTh S MrE dnda) ZH A WASY R A v
52 5 AALFHAL TS Ao A AT SN H O o}f] 2TYH _ class FEE ook

.

SeiA A AHE 7|

I

A 7} metaclass (name,

Aok e o & Frbe] Zehs ult]E AR FOo A ANAW, Fej2 A
¥ HE #7449 A9 AREL

bases, namespace, **kwds) 2 E3] dESo] HuUth(o] 7oA A
prepare o] A9d AS3 25U Th.

o] Fex AA = super () o AAE A = A FRH= A
HAEE 5 ol 6P1)rE‘rE_class U super & I
Z 2 A (closure) ZFZ YUt} o] AL 2} ¢l= HE| Q] super s
A FHAE SuEA ZE F JEF FUch vhdof AR T2 AHE &
T2 AGHE A HA Aol 71284 A EFH U

CPython implementation detail: CPython 3.6 o] Aol A, _ class__ Al (cell)
_ classcell_ JdEZ=Z HE Fdo AZF Y vk A StHE, o] A
z2718 = 7] Y3l type.__new_ TE7HA AL A A3t ojof Tt o] 2 A B
ol A].= RuntimeError & o]} & At}

712 vEt S} 2 type S AT w2 WE S AT E = type._new_ £ ZET W, FH
AAE TE o, tha53 T2 F71e] AAEutolA o] d oA 71 A= g Y th:

__set_name__ () & A3 FUrolF v REUAIHHE

rr

« AR Z, type.__new

o AU,
« SR, olFA ~FE B

set_name__ & 3 E3H=t, AYH 1 Y= FHaG YT HE

Fol7l oL dabw AT E o
o pX|EIo 2 WAHE AR A w7 Vb BB Sl init subclass_ () FO| EE
Hurh
;2 AA 7 e R FTof, F 2 o 23 %?41’\ dZ olEZolA (thd) FH2E HAD st

1,7 8%E 227 3AH £ A9 o] & 1) AB Tk
°]

type.__new_ 2N ZH 27t HrE] A o, E%’—Z}U]VH N A2 e A= A8 s 44 9
g o g B A, Ao A= W HUth A} AFE-S 917] A8 2= 24 (read-only proxy) 2 = 2] #to] =,
o] Aol FehA AA Y _ dict_ oJEFHEZFUTH

¢ BW7):
PEP 3135 - A} super S A& Q1 _ class_ F2A FZE5 Ay}
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HEl EeijAaS 25

Her S 20 FA A G o= AV s U T &4 | 2 7HA] ofolt] o] Fofl = enum, £ 7], QA E]F| 0]
2 AAL A5 31 9] 9 (automatic delegation), A5 81 3 2 3 E] (properety) A A, L&A (proxy), T8 Y <
(framework), 215318 2Hd Z 71/ 7] 3} (automatic resource locking/synchronization) 5 ©] $J<5 4t}

3.4 CIAEA Y MEH FellA A FHHAE{OO|A|0]M

HAMNEES isinstance () 2Fissubclass () W 459 712 52& A Qs+ ol AH8H

eta = ZA) H o] & =7 A (Abstract Base Class, ABC) S t} 2 ABCE &3}
2] 9 «1 ﬂP‘LJr 3 (141 AL 23 h ol “71d W o] 2 Z e 2 (virtual base class)” 2 718 5= Q1A
Be] L o] Uﬂ/ﬂEé < ?@%“4‘3}-
class.__instancecheck__ (self, instance)
instance 7t (A A o] A PR A &) class o] AXEHAE F 52 5
AolxE] ¥, isinstance (instance, class) & Fd3}7] Y] &

gow @
=gyt
class.__subclasscheck__ (self, subclass)

subclass 7} (R H A o) AV ZHH A 2 &) class & A B :’EH’\E HAed ¢ oW Fe HdFYH-
ghok AJolx) W, issubclass (subclass, class) & F3835H7] Y& = Utk
1A

VAN=ES T2 BOIS FA2)0l d A Achs Ao Fefsh o} B0k A S d Fo
MAEE A8 £ g ol e At ) 985 L S5 4= of 23]9F Q4 ST,
o] A9 AxRat Zeha AR Th

o B7):

PEP 3119 - 24 Wo|A ZejAre] £¢] _ instancecheck () & subclasscheck_ () & 59
isinstance () 2 issubclass () -/] ZE2ZS A2E o] AS= o ER3) F S T =1|, o
71559 71 dojoll 4wl o]~ i"/ﬂi (abc RES HAAR)E F71etat b= ol A5yt

3.3.5 MU & S 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.

¢ BW7):
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 o 91 @ Qpel 9 3 AN Ze)20] S48E b AR E SelFUTh

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.
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The purpose of __class_getitem__

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

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

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

__class_getitem__ versus __getitem _

Usually, the subscription of an object using square brackets will 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 obj [ x], the Python interpreter follows something like the following process to decide
whether __getitem () or__class_getitem _ () should be called:

from inspect import isclass

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

class_of_obj = type (obj)

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

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

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

In Python, all classes are themselves instances of other classes. The class of a class is known as that class’ s
metaclass, and most classes have the 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'>

38 Chapter 3. C|O|E{ 2 &




The Python Language Reference, S A| {7 3.9.23

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

>>> from enum import Enum

>>> class Menu (Enum) :
"""A breakfast menu'"""
SPAM = 'spam'
BACON = 'bacon'

>>> # Enum classes have a custom metaclass:
>>> type (Menu)

<class 'enum.EnumMeta'>
>>> # EnumMeta defines
>>> # so __class_getitem _ is not called,

S

>>> # 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__ ()

3.3.6 2 E 2| SLH LH7|

object.__call___ (self[, args... ] )
AAEA RN 52 0] 2P UTE o A=A FH W, x (argl, arg2, ...) =
2 type (x) .__call__ (x, argl, ...)=2HAIdFHYr}

3.3.7 ZHO|HE S W47

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 MutableMapping abstract base class to help create those methods from a base setof __getitem (),
__setitem_ (), delitem__ (), and keys (). Mutable sequences should provide methods append (),
count (), index (), extend (), insert (), pop (), remove (), reverse () and sort (), like Python
standard 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() & F 87 S8l T Utk AA Y Zol& EF kst >=0d F- P
T3k bool () Uﬂ/‘iE% o BHA o2 AN __len. () ©] 0L EHFH =8 YA
AA
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CPython implementation detail: CPython of| A, 4 o] sys.maxsize & Ao] R FFH Ut} whek
207l sys.maxsize BT} 3 E, o]H 7|5 E (len( )& overflowError &= o7 4
AsUTH F AR AAfol A OverflowError 7F dojvt= As 9] f4, 7—’.‘ﬂ]%_bool_ ()&

% o] 3} of ] oh,

object._ length_hint__  (self)
operator.length_hint () & Fd3}7] 93| ===
A BojRot 2 AL A2 5 dFY

Pqom,

22317

r]r
LY

NotImplemented ¥ —’,\—E o, | A E7) o}od] 2A)8FA] = A

g YLh o] MM EE= & A HH3E 9 Aol A7 LutEo] 27 H AL 5T
B A 3.40 F7}.

Fa: gpolde FA LR thgol e Al vA=ESdd s +a3g Ut

x;
e
rlo
M;
Y
rlo

b

’a[slice(l, 2, None) ]

2 W8 1, O FEE v A7 AU Th WAl Seto) & §2-2 B4 None .2 A4 U T,

object.__getitem__ (self, key)
Called to implement evaluation of self [key]. For sequence types, the accepted keys should be integers and
slice objects. Note that the special interpretation of negative indexes (if the class wishes to emulate a sequence
type) 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.

Fa: for FZE AP L SukE ZA 5] 6, 5 A9 20 tis) IndexError 7}
dolg Aoz 7Ihsta QlF Ut

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] 2 Y&+ A S Uth __getitem () I ‘% Zzo7 8 02;}141;}

uf g o] Aol AAN 7 7ol thal 3he] Aoy A} 719 F7HE S ET G, AldAY F5

FEo) nAE ¢ = uit FAS o of Gtk R key T2 BT
22 A9 e doAFFYh

object.__delitem__ (self, key)

getitem__ () °ﬂ*1ﬂ-

selflkey) o SAE FU7) A SEAYT _oecicen () 3 e T AU
W29 Aol A7} 719l HAR AAD AL A de) A8 GRo] AA22IE A 71D
+ g w78 olof BTk AR key @8l ALE __getien () AN LL AT
2 0 Aof Pk,

object._ _missing _ (self, key)
dict.  getitem () o] dict A H F& oA Z]7F Ao YO self[key] & FE3}7]
A9 B2

object.__iter _ (self)
A"l el olHdo]H7F 2o uf o] A= S EHUTH o] WA E+= 74‘51] ol o =g
AAE ol H el o] ES = = olHd o8 AAE el oF Futh wid o 3¢, AHl ol
o] & & o] E3fj oF F T

N o
e

19 pin

40 Chapter 3. C|O|E{ 2 &



The Python Language Reference, S A| {7 3.9.23

olej# ol e AA| HA| o] HINEE FHAT 87 JAFUTEH 7] A4S S35 oF Futh o] &
o] ¥ A Al o gt F=7}+] A B = typeiter o] 55U T
object.__reversed__ (self)
reversed () WA &7 9 o] ¥ g o] A (reverse iteration) & & 3} 7] 9
A" ol = AA =S °—ﬂ| L0 2 gAslE= A olEjd| o E] AAE =1
_ reversed () WIAEZ} AFHA YO W, reversed() LHXJ'%";L‘F% Al EEE—E—
Lleni() I __getitem ())<= "HOPOE AHEEUTE Al EA =2

E2 reversed() 7} Al 2E = ART Y E8F0 LA ABT S ﬂ%“ﬂ?}_reversed_ ()
£ Al g3l oF Y er.
WA AA QRS (0 ot i0) & HE A o]l @ olEldol MO AR, SA,
Belol A S BB A S 8E e} 28 B4 AL E 5 AE 4 etk o] B3 AT

ol Ed 22 & }lF Ytk

object._ contains__ (self, item)
WA AR QRS P RA] 95 SEH U item 0] self ol O T, 1R ko ARNE
ZeiF ok gk v A2 32, 71-gk ol obiet o] 77k me s oj ok 3

__contains__ () EAYSHA k= AA S AF, WA A= WA iter () &
ML NE3E,  getitem () L EI I AP olHy ol 22EZL A=t} oo
gl o o] o] A FAs AL

3.3.8 <X & ELH LH7|

A= FUW W2l el o JJr”O HAESS ZAT + A :

o] 3 11 15 2] b= AAE (& S0, A7) obd A =0l tie v E

3o % 4] ehe A AT ol of g,

object.__add__ (self, other)

object.__sub__ (self, other)

object._ mul__ (self, other)

object._ _matmul__ (self, other)

object._ truediv__ (self, other)

object._ floordiv__ (self, other)

object._ _mod__ (self, other)

object.__divmod__ (self, other)

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

object._ _lshift__ (self, other)

object.__rshift__ (self, other)

object.__and__ (self, other)

object.__ xor__ (self, other)

object.__or__ (self, other)
o] AN EEL o] at& AXNE(H, -, %, ¢, /, //, %, divmod (), pow (), **, <<, >>, &, \) S
FEs7I s U oS S0, x 7 __add () WIAEE 7HX S Qe g d o,
F3AA x + v e #3798, x.__add__(y) 7+ &I YUt _ divmod () Hﬂ/ﬂ =

__ floordiv__ () & __mod__ () & AH&3He AT} FSsloF Futh; _ truediv. () 9 CH%

Io

%) ghobok Shich U pou () B2l 4 A Aol A7) A 0 WA=}
AR5 sl U A4S s 7 2] ¥ o} of gl %] 8 oF ],
ok o] YA EE F ST AlFH QAR o thsl A4S X QA ko NotImplemented =

object.__ radd__ (self, other)
object.__rsub__ (self, other)

object.__rmul__ (self, other)
object.__rmatmul__ (self, other)
object._ rtruediv__ (self, other)

object.__rfloordiv__ (self, other)
object.__rmod__ (self, other)

3.3. E2 OME 0|2E M



The Python Language Reference, S A| {7 3.9.23

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 ARSI FArAE ) o] F At LS (+, -, %, @, /,//,%,divmod (), pow (),
*x, << >80, )= A HE EEE U o] 2 A5 Y gAdsA T Y dAbE A Y
S 9, STl A e 3L e TR ULE: T Sol, A « - v G2 o
Hdu g, y7t_ rsub_ () EZEZFY2Y A", %, _sub__ (y) 7} Notlmplemented
EEHFHy.__rsub_ (x) ZFEEFUTh

A& pow() & __rpow_ () B ZEHIL AEEA ol FYMoF T (2 EA HE =
oA 32 o] V% B35 L oh

B WoF o 2% B AR Yol A% 5 Ae] Pl AL Feh ol 1, 1AL el 27} A4k
HR e WA= e AL AT, o] WA= A% Aakaje] 1A e v A= R v A
FEHUC o B4 AN FALA 2ATY QNS AT 5 AT E T}

object._ _iadd__ (self, other)
object.__isub__ (self, other)

object.__imul__ (self, other)
object._ _imatmul__ (self, other)
object.__itruediv__ (self, other)

object._ ifloordiv__ (self, other)
object.__imod___ (self, other)
object._ _ipow__ (self, other[, modulo] )
object.__ilshift__ (self, other)
object._ _irshift__ (self, other)
object.__iand__ (self, other)
object.__ixor__ (self, other)
object._ _ior__ (self, other)

ol MINEEL S b Y (+=,

=, *=,8=, /=, //=, %=, ¥ *=, <<=, >>=, 6=, 0=, | =) S FHBH

HAs 2EF Ut o] FIMEE A % ]Z}ﬂ oA (self & Al A) SF== A =3 of 3taz, A (=

Al L oF 3= AL oFL] ] u]—self 2= 9]

wod, T2 ?Q% AREA QI A ESS Al /\}—9“?}‘45}. Oﬂ% Eo],x7}  iadd () HIAEE
Zr Zehae] A iE AT, x b=y bk =

y.__radd__ (x) 7]—,1_3:]91/]1:} o] N—zﬂ-cﬂ]/ﬂ
Y t}. (fag-augmented-assignment-tuple-error S & 4 A] _?_)

o
D)

d
q,
o
offt
L)
rlo
N
>,
>
n)
o
)

|

in
Lo
e
—Hz
o
T
v

5 UThE E27 oF FUT). whelk 54 v A =7} AejH

X.__iadd_ (y) & FS5Yct 128X %Qtﬁ,x +

2 A HAYSZE MR QASN, _ ipow ()& HY AT Not Implemented &
2Ex.__pow__(y)Sy._ _rpow__ (x)E EW 52 G o] 1 stolA

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

(

object.__invert_  (self)
A F e A, + abs (), ~) & FA7) 9] 2B
3oi7) A “xX YA e = 2Pt a™ UﬂHEé Z2) QAL WA E 7 Not Implemented & F=E5PUL 2
T A4AEe] F P8 WA EE AL theto] AIEEEF 3ol WA =8 None 22 A A3 “‘O}OF 5“4 th- 28 A 3=

2R IS HAH R FA 8 W 38 FY

4 For operands of the same type, it is assumed that if the non-reflected method — suchas ___add__ () - fails then the overall operation is not

supported, which is why the reflected method is not called.
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object._ _complex__ (self)

object.__int__ (self)

object._ float__ (self)
W4 34 complex (), int (), float () & T 837 98] T2P Utk 423 F o] S S FHoF
k.

object.__index__ (self)
operator.index () & T+ &3}7] —A*H 3253, ool A AAE A4 AA = ’\/\El gl o]

W &hsf of 6“ﬁfﬂ(’\ﬂ‘rol*‘ ol & bin (), hex (), oct ( fﬁ—’?—‘éﬂl/ﬂﬂﬂol)ﬂ}ﬁ}i HuUrtt o

A=Y 2Ae A AA 7L B %?.J = 7HAY “P‘:/\] A4E =k FUrh

ul

_int__(),__float__ () R _complex__ ()7} AEH ] Q1A ko, s Wd & int (),
float () W complex () & _ index ()& A&tk

object.__round__ (self[, ndigits] )
object._ _trunc__ (self)
object._ floor__ (self)
object._ ceil__ (self)
W& 8 round () @Fmath &< trunc (), floor (), ceil () & 737 Y3 T = Yt ndigits
7} _round_ () 2 ALHA G o) HINEES EFI ntegral (E% int) 2 22 A A9

ke Bl H ok gy th.

The built-in function int () falls back to  trunc () if neither  int () nor ___index__ () is
defined.

3.3.9 with & HEHAE Z2|X}

AY~E & A} (context manager) = with 2 A3 u 2] = A8 ﬁ‘é‘}éE(comext)E Aol st=

AR GUH Z= E59] AYS 9Jl, AHAE He| A= Aot APAN A AER G AH 2=

A gdurch Ad2E FEAE BE with B with & A A8 ch e g A1z 2wl la"]

HAES SEHA AH A T °"\‘41’/}

AH2E ﬂﬂﬂﬂ AP A xo= Oy F 91 A 4

Z}%% 2 7} (locking) 5} 31 A &2 7 (unlocklng) st 2, 49 I d s ‘%% A 5ol °1"141‘/}
SE X

g
5
o
=
é
g
it

HI
8
ﬁod
k
I
-4
ok
rr
>i

object.__enter__ (self)
o] AR} A AYA 7 A 2E AYFULE with B as A2 AFH il 9rhd, of
HA = vhst 3hS A4

object.__exit__ (self, exc_type, exc_value, traceback)
of AA st A BT AYA L AAAEE SR S5 ADAEA A Rolb) we

A9 5 & FUTE Bop AYAES o) Qo] FRITHH, A A EF None o] F Ut
BHOF ol 9) 7} A F5 3, W A =7} o] 98 FA A A1 A0 W (5 Hashe 22 vo e H) Firue) S
Eelor g th 284 ghod o9 o] WA S/ SRS Fol A% AYFUTh

_exit_ () MIAEZF AEH o2& thA] Lo 7] A (reraise) FE=F F o FUt o] A 5 E

Z}(caller) o] 2 <) g Yt
o B7):
PEP 343 - “with” & Sto| W with 2o )t 734, vl 4, 9.

33. S+ 0HAMEOIEE 43
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3.3.10 E4 OIME X35

A8AF RO e 2] B, FAH A EF A ES TE2 AA G A" G e 7 obd AA 9] ol
Befs o] gle wiwt EnteA o] HAH Y old T4 v 22 ZETH S dod)e
dd Aok

>>> class C:

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

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

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

The rationale behind this behaviour lies with a number of special methods suchas ___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(1l)
True
>>> int._ hash_ () == hash(int)

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

Zefxe] A4 A G2 WA EE &5t ol
confusion)’ ©]2tx E8|1, E4 A= E

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

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
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set on the class object itself in order to be consistently invoked by the interpreter).

3.4 I FEl(Coroutines)

3.4.1 0{SII0|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# ol B & EelF ok FUth o9 olEl & AAE LS| S8 AHEH o] oF FUTh ol & 91,
asyncio.Future & await 2847 535 7] 935 o] HIA=E T AT}

WA 3500 F7}
o B7):
PEP 492 7} o] | o1& A A of] T & B AAI T FHE 23t Q5T

3.4.2 I FE| Z4H|(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 value 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 ol Ueste AiA=E =3 223 e, Al ol 8 (A v @ o] B-o] Bl g o] ] v A = &
HAA L) A Woksuth sARE Al ol Hele 28], ZF 2 o H e ol de A H A dstA =

k5 th
B A 3.520A WA TFEE F A await 3H RuntimeError & 2o 7Uch

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 ()
TFFEO] A S B otil TEEF WUt Tt IR H o] A FA] Fo|H, o] HAE= HA
TFFHo] A FAHES St olE#E o]E Y close () MINEZ JAFUTHIH M EE 7HA =

3.4. I REI(Coroutines) 45


https://www.python.org/dev/peps/pep-0492

The Python Language Reference, S A| {7 3.9.23

3.4.3 H|= 7| 0|E{2l|0]|E{(Asynchronous lterators)

v 5 7] o] e ol E] &= A1) __anext_ WA ZAX H|F7] ZEE TET 5 3

85 7] o &l o Bl async for Bol A A2 5 Y.

>

gt

object.__aiter__ (self)
u1 % 7] ol el dlo] B A7 527 oF gtk
object.__anext__ (self)
olH# olH tF FHS Tt Ao HE S EdFF FUth olH#Ho M EUH
StopAsyncIteration o & 4o .

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

class Reader:
async def readline(self):

def @ aiter_ (self):
return self

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

raise StopAsynclteration
return val

B A 3.50]] &7},

WA 379 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| HHAE Palx}

v % 7] AE A~ E A2 X} (asynchronous context manager) = __aenter_ 2} aexit_ WA Z A A
AN FAF 5 Yt AAE el AU
M%) AUAE B AE async wich BN AEE £ Ut
object.__aenter__ (self)
nter () AAES oz SARE, U@ Fo B olgloHE & BTk Aot
AU
object.__aexit__ (self, exc_type, exc_value, traceback

)
_exit_ () FIAES S u o2 FARH, AT Aol AL ollolHE & Sl o Brh 7

Utk
H) 5] A AT B a2 o) 2 o

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

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

B A 359 F7F
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>
02t
h
1

S IZEEFog wEolHUth E£5 (block) & 3 9 2 AP = 3

YUtk 25, &4 Aty S A 9.

d(XE 98 53l dEl = H =z AFH = 7
Ea

m Q1% WE SN AN v 2THER (BRE _main__
EEEY9Uth AT eval () Fexec() Z HALEH = AL AR =

¢
il

o
- =2
£ P, T BE AYo] Tk Fo] of A oA AALS AXT AAA

o [
L
£

o] & (Names) & AAE 718 3

L

th o] 52 o5 A2 At w2l TEol R Yth

O3} 22 ASo] o B ARAUTE: B2 ADHE G4 WARS, inport B, Feh2s B4 4
(TAZL Zol A} 85 ol 22 A9 3w 9l B5o] QAU Th, 1ol 1 b3} 22 Ao S
AR YAE: Y, for FZ T, with Eo] Y except B2 as F|. from ... import * FE|Y
import #+2 YEZEH = BE HH RE o] FS AZF UL LEZ A3l o] 552 o YTl
o Fele B E SEolARAEE 5 A% T

del ol Y+ thi 9A] o] EH A AdddE Aoz HFFUthH(AA Yul7t ol5& A2 A=
Aol 7] %)

4

=W, nonlocal oY global & AAE ] ¢k o)A, 7 B22] 2 ¥
FolA AdZAFHE, A HEdUh (R T ES59 HEE A go]WA
EEof| A ARSE A 1, A7 ol A Ao ] A] ¢k ko A-§ WS (free variable)
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S22 t}2o L2+ o] & A A (name resolution) 7f 2 of] w}e} 27

4.2.2 0|&29| ZHAM(resolution)

=

o A} o] &) 7}AI A (visibility) & 7 o] g Tt Ao ¥ B
o Wk o7t e EF ol A o] FolA W, x3E B=
1

°]
s o) oha 9t A ot T RE B2 0w HPuL
U

27
A AGA SN e A3z e Aoz AAH
2 B £ 9] 37 (environment) ©] 2t £S5t}

o] ool Al = A 9k © ™ NameError & 7} bt th gk @) AT =7} 34 AT Z 0]
o] 5ol AH&H = Al F ol ob&] AZH A ¢k-& A9 MW UnboundLocalError ¢ 9 7]- A Y
nboundLocalError = NameError 9 A/ B ZgA2J Ut}

A4 dste] = E5 Y9 ojtfoflA A %‘O%‘drﬂ}tﬁ,l%% i ofl A 1 ol &

%7}1147]L310Ev415‘14‘?‘r o] AL AAH 7] Aol EF ol A AHE Uﬂ"ﬂ
° o] B gy} gho] Aol = A < (declaration) ©] %1, ol A4 ﬂ*‘}‘ﬂ =
EESSPEULL F=E EF A HpE EF9 HAE AR oA o

3z (scope)

i e
2 M
et e g

N

=
M =
[y =
R
[kioo T

SN Ry
(]
[kl
go. Mo
IrHe >
ok
o
L
r ml

4l o R
b o

o fr %

rr

u[m e
"@E
3.

mE
[
* kﬂ
52
o)

_V}iL

q

(2 Q%0 ek 1, TQH& mr o &[>

> 0oy 24 19
o 2, T

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

global B2 28BS o3 A AU 2E £I2F AT A BE| AP A Aol

SNt 237} global £& EFATHA, 1 A WL Aoz AFH
ot ocat B8 3 o Bo] A1 AbeIA B E B4 Szl o] A dF 0|28 el
ST BHOF ol A o] Bo] EHAE §4 A3= ool flrhd A5t A6l SyntaxError

.‘_4

+ﬂ§94 o]F T EEC AF dExEE o A5 o= WEoHYUTh 2T HEY HA RES FA

Zel2 Ao B2 exec() Feval ) 2 ADHE ARE 5UH 0§ 24 P 5L Feh
GOlE ol B S A8 4T 5 A A 5B E AU, o FREL A AT A B A A e
Ao o] FAA Frhe S ALHTE o] & A IWAA FHS wFULh Fejx Foe)
o)f FZe Fel2el o ERHE S e FULh S~ BS A A H o] EFe) AuEE Feho
Bgos AR AN=ES) 2= B2 A0 gy AL Axeddst q
Z2AS 2okt o] AEe] F4 2F2E AEA FEHZ WEJ U o] AL o2 2L Aol
Aot Syt
class A:

a = 42

b = list(a + 1 for i in range(10))
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4.2.3 builtins 2} xl|5t=l AlsH

CPython implementation detail: A}- 2= builtins__ & AX 2| x| Dolof FUt}; o] AL 73 A
2ARYUh v o) & F7e) L WAL A& A AL builtine BEL inport 3 14
=P HES A AetA 485 oF Tk

B2 Y3 ARA UG o] & B, A AY o2 7

2R BAF UL} o] AL g g} BEolo]of T TtHE ALY
ZIBHOoR, main_ BEE Y& W= __builtins_ 7} WA
A2 wl=_ builtins__ +=builtins 2&2 A g dst &

4

l

32

o]2 bpuiltins = X3 %o
o B59 97} ALE F VT,
B2 E builtins o|Z, t}& 2 E9
=] O]

9310 o

2 o,

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]

T B2 9o ji?i T

T— ==

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

r&[ﬂ
E
[r
e
L
X,
)

4 d
o{v

¢

2=}

Fog AZGYUh 28 EZA finally 7= A (cleanup) T EE A A 3= d] AFREH =1, o9 S
Al sk Aol ohet A FEoA o9 7t AeHd 23 4] ok Ag 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

1, FE o HAY dez M AP E 5 e ZEE o] Aol o EHA] Totof Y

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 () Z2 &4+ W _ import_ () E YT E FAE do7|=0 AFR
2 4 9%tk
import B2 F 44 QAL B AU WA o 2o] el 7t RES L o, 1AM ATE
Alq 2520 o] 5o AAFYTE import £9 AA 42 AR AASE __import_ () TS
TE3te 2oz Ptk __import_ () o ¥FE g2 import 9 o] F I A A4S =l
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}
PEXE 9 Zof, vlgt AEE F HA FA3NA foo.bar & YEE st=0|, mpf. find_spec ("foo.
bar", ma_p&h_JNm@ EE%QHQ— walmrﬂMJEEwiﬂﬂmaﬂgmﬁ
find_spec("foo.bar.baz", foo.bar._ path_ , None) & Z&34 |

od H et AE RIS LA H A ZET ALF UL o] JXEEL F HA AAE None ©]
obd Zlo] & &4 None & 554 Ytk

Heme gy UL ez uES dnE }% e o,-;z, Shpe gz e 7= o A
H2 UTHE 4 = 74l shol o).

WA 34014 W 7: el A= 5HIH 9] £ind_spec () WAEZL o)A X E £ind module () & AT
Ut} W7 glolx 27357 = A w AZE A= 9ol E 7} find_spec () & FAFA] FH-S wjjwt
find_module () S A&t}

5.4 2%l(loading)

B 20 HAS Y, GEE AAE WES 2T TACA) Y 2HE)E AF T 47100
QEEo) 29 74 5ok Jouhi Aol ek vk 9 10 gy

module = None

if spec.loader is not None and hasattr (spec.loader, 'create_module'):
# It i1s 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__ 1f 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]

2 T 28 AR Apapol] F9] 3 o F Tk
. TheF 0|7 o] 0] RE o] sys.modules o JThH, JZELE oju] 14 BeiZ ALch

e 27} RES A3 Aol EEL sys.modules o A}
(AR8 T2 AP A0D) ANS YEE @ 5 97 W2 dules o
24 F o) Aol Al gle A7 (recursion) S WA 8kl H A Aol o2 W 2HEE AS
Syt
=] .

s =l
HEdow wum LB AN dorslo]
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oft eyt o= A3 RE XA} sys.modules o @ol3lA H = 2P Rl g Yt
o 50| S FAIRE ob A A= 7] Hof|, F o] Al oA %Ko, dXE Ha= YdXE A-
EEVEIHEES AATYUTHH Y oA Z = o o) A] “_init_module_attrs™).
C BE QYL 2Rl M BEC 0|8 B0l ANAE AR £2UTh AL AHoR 2ol
AdE =, 2671 o8 Z o] o FA A A oF sh=A 737@?:}14‘3}-
o« 2 F TS A Al exec_module() 2 AEE = BES QX EQ o uigs = Zlo] ofd 5= 95
ey
W7 3404 W QEE A2o] 72 FA] dja 2He] A9E BT etk o AEL Aol s
importlib.abc.Loader.load_module () WA Z oA 3= 5}
541 2O
25 Eos 299 ZAFA s AUtk 2E A8 Jd=xE F }— st Q1ztE
importlib.abc.Loader.exec_module () WA EE &3, A3 25 AA 7 A2 Yt

exec_module () o] EHFE 2 FAE YL
2O 0es e 27 2AES BEH} Gtk

e Wk B Eo] FolW REMA REoUSAHoT 25 L 3Fo] ol eghold, 2= ZEY
F7Hmodule.__dict__ oA Asdsof g}

=
= =1

H7F 2 ES A Y32 B3, ImportError & Yo Aok sttt} 1A W exec_module ()

Al

.
o

-
[}
)

B2 Ao, sl 2= 22 AR YUtk 1™ B find_spec() WA EE 207} self & 4F
H2#1S 585U

EZE t— create_module ( ]/\1 S TN 2= TG EE AAE HEE Lo 7l
d4E 5 AHFh e O]XP 2E 29 Q%O%Oli EY FALT EE AAE EHFUY
create_module () 2 BE A2 01 E] EEAAT I8+ gl W WA =7} None &

=939, dxE 4 Z}% "H BEES 222 B YTh
WA 340 =27} 2HQ create module () HAE.

WA 34004 HA: load_module () HAEE exec_module () 2 HWAEH YL, IZE Ex7F 29
% 3 X (boilerplate) o] o] 3 A A4S F .

ojw] 2A3te 2HEHY] T#HE A, JEXE HFA+£ load_module() WINE=E7 EA L,
exec_module () & FH3}A &A™ load_module () & AFEFYTE SFA W load_module ()

H A H PH5Uth 2= Al exec_module () & F3 3 of gt

r{o

load_module () HINEE RES AP 2 9o HollA AF s ZE FF (boilerplate) 21 7] 5&
T3 ofuk ?:MD} T2 Akgol BE ALH =, F7HAQ0 A S S B H:

W9 sys.modules o Fol31 0|89 BE AA 7} ol ] EASH, 20 WEA 7 A7 E 2830
of Utk (Z3A 4o, importlib.reload() ] SHLE 282 7 FUth) W sys.
modules o] F0]3 o] 52| RE0] glod, 2= /‘H BEAAE WEIL sys.modules o] F7}3H
oF g

o AR }le AT o A 2EEE A YA 8, 2H 7 EE ZEE A7) Aol ZE ]
sys.modules o &X| oH of gt}

. B9k 2 o] A3}sHY, 20t sys.modules o 419 T BEES A ke, Ushe nEUE
AAsMF3, 2H 7 1 RES A YA F oz 2EF Hfollwk 2 oF gyt

HA 3594 HA: exec_module() ©] H2F QAT create_module() ©] FF A Fod
DeprecationWarning ©] 2HA) g T}

=
=
3

? importlib 7 &-& ‘ﬂ'ﬁ' e AR Aok 5tk thAlol, sys.modules oA 2F ©]
o P AN EaFE IEE ﬂ ‘j‘:ol sys.modules o & A& vE 4= Tk A Y YtTh 9]
gho] M FH oA T2 5_14' =2 gksUth
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WA 3604 HA: exec_module() ©] BYH YA T create_module() ©] ALY A god
ImportError & 4o zYrt}

o], importlib APIE, import Y import-from &, W%
2o, JE BE AA2Y A2 FR BEY o5 &7 o] F 9
X B BE foo & 7FA Y, spam. foo & YEZE 3 Fof &= spam ©]
=
=

2E
2 AUtk o 22 Y EE e P22 H o] Jnhal A th

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'>

2 HY FAFUL AT AAZE dXE
185y ek sys.modules['spam'] ¥ sys.
A

o

sholm o] o4 o) & A F Aol A
.‘;H <
el 7k 2 U, Hel g AL wEA

2 o
Aege] 2EAQ 7S AUtk el 74
9 o

modules['spam.foo'] 7} YTHH (19 X E o] 5T

2ol 9l A9 £oo o E 2] HE 7} H o of T,

543 B E Adl

PYEZE A= dZE A AR5 i ST A LSS AHEFYTH 53] 29 doll. &2 BH =
EERES EoITh Bk AT 2L o] QEE ¥ AEE LEUE 2oF}E AT

UXZE FHAAS ALSHA AN AZE A2 T 2458 ALE £ UF5UTL QS S0 2E
238G s Blust 1A S AQete 20 2l FEF2 9 AL, YFE A} =YY BE AL
(boilerplate operation) & 3 4= JEE = AJYrh EE 2do] gittd 297 RE A A2 A A
By}

25 AT BE AR spec oEYREE =EHUth ZE 291 YR th3 AR AL

ModuleSpec 2 H A 8.
¥ A 3.40] Z7}.

AR 2YSHE B 2t BES AYss] Aol BEY 2H e 7|24 24 BE AA ] o]

__name__ o|EFHEL RE 943 47518 (fully-qualificd) o] 0.2 A4 o] of FTh. o]
B ATE Ax #2357 (uniquely) 48 5= B 2188 Uk,

o2,
o
u
i
filo

O

S,

__loader___
__loader_ ©lEZREL RSS2 ul 2 E A7 ARR S 2T A2 A= o] of
o] Z1& F & QA E 2 A3 (introspection) & 9] 3F A o] A vk, 714 Ql 2o 53HH 7 5E

o}

3y
2 93
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_ package_
29 _package oEelREs WEA AAS ook Ptk e £AQelolo} e,
__name__ ¥} T2 %k°‘ T+ JdHUth BE JH7111°‘W1,_package #2_name_ O &
AAH o FUth B ]Jﬂﬂxl Po}” uf, 45 EEold Hl —rx}‘ﬁi A A, Al B K50
BB 5719 o8 02 445 ook itk § A2 8- PEP 366 & 325 2.
PEP 366 ol 7§ 2] = o] Q1% o], vl ¢l EEoA HA A At dxEE AL ], name_ thA, ]

AEYHEZFAMEF YT __spec__.parent 3} 22 7Y Aoz 7P Th
WA 3.6004 HA: _ package_ 9] o] __spec_ .parent I 2L Aoz ZIH Y}

__spec__

__spec_ AEYRE-REES YZE T ALFEE 2907 A ojop Tt _ _spec_
S AF3] AAE AL AHZ Y 55 E 5 273 = EES AT vp N E 489 Y
u}.smx]oﬂﬂL __main__ d], oj® F - spec_oloﬁrﬂfg%ﬂmoneﬁi*é%ﬂ%b}v}.

o]
__package_ 7} A EH A o™, A
WA 340 F7}.

WA 3.6004 H7A: __package_ 7} Y= A oW, A EE _ spec__.parent 7} AHEH
=3

path
REO] WA (B B olF 1D, 25 AA _path_ o]EZFE7}I BEEA] A A= ofof
Fuch g oleejelojop s, _path_ 7} H: oful7t flom W o8 4 gyt

wer parh_ 7} 9o QA SrThE, @A S W) £AQE AlwaoF FUTh _parh_ 9| 9 1]
e A &L olefo] Tk

N7 A7k obd 5L __path_ o]EZ|FET} glojof Fyth.

_ file

__cached___
_file 2 A 5 gk weF 4R, o] o= HES] e BAGolojof Utk YEE
A"l ol m 7L Qs ol (& Eol tlolBlo] 2ol 22l ®E)  file S AASA =5
A<t
Ut _file o 43 _cached N BT Aol 49T S o], 229l AR
HAE S0l vholE Aatdd std) & 7He 7= B2 AUtk o] oERES A 517] 93l
o] H & ZHoHOlEff‘é %%‘A%HD}, dE v O<o] A d o] Qlojop & XS vkl E 5

AH5YUTHPEP 3147 & B A| 2).

_sile o] AA¥A L WE, cached AR Ao AT S AF T A,
AE et ok g AU FFHOR, 26 file ol cached  F2
A F U TN 2E A AN

S EERRIREER L T

5.4.5 module.__path__

Aol w2, 250 _ path. JJEFRHEZ}JOH, o] BEL 97| X Yt}

71X __path_ AEFHRFEEAE W72 & 2T o AT Th °]:TL— A Yo A, YEZES}+=
FUHEES ANT AAEY BE5 S ATttt FollA sys.path & 22 7]%% Zr& Utk kA
__path. = XHE sys.path BT} Al 2 Ao] W5yt

__path_ £ ZxEY oy Eo| AT v IS = AFUTE sys.path I 22 57 3 o] JHﬂX]
_path__ o= ALHI, H7| A9 __path_ & Fs= 5 sys.path_hooks (ool A At
thel A g AL E54Utt

71 A9 __init_ .py L2 H 7| X __path_ AEFREE AAINAUYHAE 5 a1, o] 2 o]
PEP 420 o] Ao] o] & Z 7} 3 vl o 2 AR5 Ut PEP 420 & =90 ¢l

T2 W71 A7 __path_ ia‘i_‘ﬂ%%u"}%ilnltf-py IS ATT 27 RARFYUH
PZE A7 A5 07 o] 5 37 E 9% _path_ EAAFIYCH
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ek A E 99) o E el RES T BE 27
% % Uk
=

A
BEO AH(__spec VS 7AW, JdXE HAj= a7
[e]

Bl 29 (__ FE repr & WEH L AIEFUTH 2210l A
A 2o glod, AFZTE A AELS RENA A FEHE= AEE 7] 2 repr 2 74 Ut} module.
_ name__,module._ file_ ,module._ loader__ 2repr 9 YHOE ALL38] 1 A= 5t+=d], wi

AARARE 7| Hzro 7 YTt
AHEE L Qe g A2 o EE YT

e ZEO|__spec_ OEZHEE 7AW, 290 9= A HZ repr = A Y} “name”, “loader”,
“origin”, “has_location” o] E 2] HE S o] AL-&H Ut}

« X50]__file_ OEZREE 7IAW, ZE repr o dFH & AHEHUTH
o« 250]__file_ SEZREE ZA ¢4A|¥None o] obd __loader__ & 7HA ¥, 2T repr ©|
259 repr o dF = AHEFH YT

o 232X ko, repr ol EES _ _name_ & AREFUTH
WA 3404 M 7A: loader.module_repr () & AbR o] HAH I o] A ZE repr & ==t
Aatol ol g &% o] AR YT
Tho] 3.3342] A T A S F5l, HollA AT e

=

module_repr () WAEE TEHA ZE repr & W

ol E
= =

==

Hl

52 X E87] Hol, wheF FojE o} 9o, = e
Utk 8%, 2 v = A 9y o,

5.4.7 F|A|=l H}O|E FE 2535}
2

sto] o] .pyc L2 E A A £ 2E37] Ao, AL HA MAAA £ .py A3
MEEUh A0 R, Sho] e A0 HF 24 BHYLP LY TS AN LS WEW B
A4 o A2 S HFUTH AGA o, YZE A2 A o] AFH W e ol 8 E 2

sho] W2 gk “FA] 719 FA] st LS A D3t NA LS wE g ol Al a2 st yl§
HAAIE AZFTYTE A 718 cpyc FLodlE F 7HA] WE o] 5tk A A (checked) 7 ¥ A
(unchecked). AAE Al 719k .pyc Lo A, ol M2 A 3D S A et A3 A E WAl 3
Ao A 2} vl Bte] A FL] RS AAFEYTE AALE Al 719E A R o] fFEFA] 2
Aoz AW, o)A A LS thA] AL A2 AN A 719 R A] L& Ty Tt
H AAS | A] 718 Lpyc 3D o] A3, o] WS thd] A A o] AT AL Fasttk 7FE ST
Al 719 .pyc FY FEA AA 5 A ——check-hash-based-pycs S 12 A F )2 5 JdHF Y

HA 37914 W A: 31 A 710 . pyc dhd = FIHF U ol dol&, ho] W2 vlol E I E FjA9f Bl
B 7 ase A A s yh

=~ AN =2
A2 % shol o A& WS JEESHE Pol talAE ok Zlo] iUtk HAlel, 2 A= A= g
SASGEN, 4712 FAH 2 Ae) S L WS obe A= AEe shelvis BAA AU
Az A= FAE ) 72 JFL 5} A2l BES v B2 BE QIS TS, 3ol
W 22 FE (py FYE), 5ol W upol E T = (Lpye FAE), B et Bl el (o] Eol .0 HAE
922 55 3 AYES ATtk EFeto| W e)9) zipimport BES] AU oM, AR A=
A= FHIEE o] BE 3 (34 eholBel e & AT AF) S 7p AT 2R EH 2P
A2 A=t N2d FA2 ATE BLE 95U Th URLO U dlolHio] 2 23 24d 2
23D 4 9 ol | X = AHs o

5.5. A2 7|8t O}l 59
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AE 71 oRIe = A 7hsst A2 AE Y {3 S st ALEHU |28 5 JUEF = 5719
SR ZE2EZS AFTHYLH oA E S0, UEXIZ URLS FE AEE AUt Athd, oA BRES
Zr=HITP 7142 78t 52 AT o AdsUth o] = (FHE8)2 }EHOﬂ’H AHotes ZEEES
Adstes 42 dEg 3y & EdFed, ol = EES AT EHE =1 J\PB-%HD]'-
A8 F: o] AT el Y2 A5 BF g ehes £ & AFE 3T ] Wt AE oY & B =
AE = JPO]ﬂ g & o] & ARSSA FEFUH o] T E /Y It = w¢ FABIA v 2R EES
A 4ot GEE Ao A vt A 02 7] EFth stA T o] A o] n|BoHA thETh= AL 7Y
st Aol T8tk 53], e A= st dXE XY Ao /Y st=d, sys.meta_path
gAS ol Eolwyth
v, A& AE Qi+ AR 7|9k Ao 73 A, AHd =2 7]k 5kl B 7} sys.
meta_path 2 R A AFHH, F2 dE ol g2 dd T &£ A 9 %‘4‘;]'
5,5.1 ZZE QAEz| meld
AR 70l = X7 EAE AR dER] 2 AARE FolH REAG A E A 2ES= IS
AUt tiR29 2 AEF+= Y Al A E 7H 71 A%, o] 2o &2 st d B8+ sttt
HE A& AT 2 A, 4= 7|9 3120 T] & dollA] AW e find_spec() ZR2EFS TAFUT A T
R0 AEE AE A oGA BAF I ZRES =X = ALEupo| 2 =d AHEE = U= F7H 52

Az,

A=z 714 gy = A MY HeE ALY, sys.path, sys.path_hooks, sys.
path_importer_cache. 3 7] A A < 7path7 EZHE T3 AR AL o]AEL Id=
QAL AL ol 28 4 gl 77k BHE AT

sys.path & BEE3 37| X9 A A& Al-&dt= TALY —,%%J_QEFQD} PYTHONPATH 3+7
Aol o 7hA] A X e 8 EA 7 EPFEEREH 2713 F YUth sys.path ol Y= dEHELS 7Y
/\]/\E“-J g g tzip LS 7HE] 7] a1, Agtel] FAAH R BE A AFEE 5 e “AFAaE  (site
2s2 Heh)E 7teld 5 e, URLO]‘/}H]O]EMW 2 23] 22 259Ut sys.path o= £AHE
Fato] EG R QJojoF FUTh thE B 32 FAIPYTh ol EE Y Q7 g2 7 A= =g el
Eol 9 28 g Uth

A2 7]k skl e £ v ef g2 sl of 7] wh e, e A
find_spec( ) WIME ‘%‘%dgigzgggg

lut

YR Eol YEE AR F2 710 sl Y
g AU find _spec () o AT &
714 el A JEE 4 57149 path
STE P FE. path 947} vone ol @, 9] ELE F60 sys.pach 7 A8 el

=

Az A spee 74 Aze) RE dEeg gae D, Y dEuig 288 4w dse
(PathEntryFinder) & 25 Uyth o = = AAd = o F (o E 59, 0
A8 star) TEZ A3 HE7 Y-S 5= 73; AEFE 7

O &2 mjget= A E FHFUTt o] 7 sys.path_importer_cache °f F A ¥
2253, o AL S EE AME AGE A b AR 2 shelt AHE AFE . o
ER Az dED YA A= dEg ol o v AN 92 & Wk 5P} }%x}
sys.path_importer_cache 9 7] A] A E &£ 2HA] oH /H ﬁi 7] vk golg 7 1 A= dEF
AA ek 2 She 2o sekR U r.

%EOHEE]7}7H}\]OH%§\O S} O
r/]., O]E.i_,] 71—7ﬂ§01_§a]_§§
=

_,
-

fm o
2 &Lz ro
o &,

Ll-ﬂi
rﬂiﬂ@
07_,_0‘

L Mllﬂulmﬂni o
o
o

il

A=
THA

|

Hh 9QI B = sys.path_hooks ol &= BE FHEES
G AZ dEZ AA S AE ARRHA TSP U o
u} A
il

o
flo ©

T o

®

AR § EUT AL, mporterror 8 WANY £
ImportError &= AZ 7|4 = FoA Az dED E Y3 A= AET u]ro_]tﬂ
TS Y —t—ﬂ1/\]'*‘l“/]\3‘r.° o9& FAEI JEE 7
ol EE S 7|l of FUth vlo] EE Y A Y2 Fo] ZABIA(ANE =
UTF-8 o1} 7 ¥h9] b2 22 4 9141 o) AAE NI T 5 ¢
A oF .

THoF sys.path_hooks B o] ol & & =g 3} & 5?441] E35hd
find_spec () WA E+E sys.path_importer_cache o None & #&3}1 (o

30,
mﬁmmmm

ofl 12 L
e 2 O iy
o £ T n%

RN
Y
2
Hot

i)
o

o
©lo

oM, ~

i

2

m
;WL

i

do

3 01] ¥l :T’V_COH/\'] sys.path_importer_cache oA imp NullImporter & QAJAEAE ZH=
None & AMg-3t= & W4T Z21S AU th o AA g W82 portingpythoncode & 2 3}A &

S
2
N
ol
g_?\_j
v

1]
I
N
e
>
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B 7k 922 741717 A1), None & B o] et A= sholT A RES 2L 5 S THV
Wk sys.path hooks of SI ol LS| A2 AEe) F el 2ol A2 AEe old £ FHAFY,
ShelEo] 25 £ 92 2 357] 93] ol ot R EF] ASH UL RE A2 RES 29T

o b8 U
3 A Z+d ] & B 2] (current workmg directory) - ¥l EXd 2 HHT} - &= sys.path o] =& 4
EfSd Rt rEA AFgUn AARE, A4 A gHdEHe 7 S5 @l AW sys.
path_importer_cache Oﬂ% ol ¥ FI& A A 7\] ?%’Q‘/]D} ERZ, dA F ﬂoq gagel= 2 28
zZ3] vt} pA] EFG Utk AAZ, sys.path_importer_cache 9 /\}_&Q &2 importlib.
machinery.PathFinder.find_spec() 7} E8FE F2E ¥ EXg o] ol AA| &R 2y ¢ =

B2z gyt

552 ZZ JIER| nl =2 EZE

59427134 JH?]ZH UZEZ AYstal o] 5 F o 7] A o]l TS & olupA| 17| 935, A= A E g
JJr‘ﬂEi = find_spec () WA EE F&3H o FUTh
find_spec () %—?71194 AAE Lol dUth X E T RE2 443 Aqtdd ol 53 (B F 7153
B} 7 B E. find_spec () & Zto] 4R MY REY 2H92 EE1tT} o] 282 A “loader” 7}
AARFYUTH(E7HA o2 7F sy .
Ado] o5 FZHY 24 F

=2
» =2
=

LY,

A2 %L—EE g 2ol )7 §1el, AE A=

“submodule_search_locations Il BE0 7 *é st}

WA 3404 HA: find_spec() ©] find_loader () & find_module () & thA|st=d|, & T} o] Al
A= QFUT find_spec () o] FE A o o] AL AFEFUTH

Ao A= dE 3+ find_spec () Al o] F 7Y HAAHA HAHNEES FIT & JdF5UTh
o) M EEL2 A T34 7ol ofF = AFgFH Ut 8FA T find_spec () ©] A& NEE 3}QlH o
T, A-d A EES FAFUTH

find_loader () = 3dFv}9 <l X]—E Hl—o]—‘: AUt dxE

el I:H
o rok
el -\1
UOl‘ l‘[r

Tl
2]

£ 289 &ds A3dE o+
find_loader() 22528 EYFed, A WA FEL 2oy F A FEL2 o5 T A Y
Ytk
dzE Z2EF 02 79 EJM HA TR ES A8, B2 A2 JAE AHE2 v A= 3l Y
7 A Qs A3 23 AEAQ find_module () WA= EE?} AQFUTh A A2 dEg 3}y
find_nodule () WA =& A path A2 :Q:EQZ] dsUd@AES 42 5 Fx 220 14

AT ARE 7] s AoZ ZIg Y.

A=z JdEF I find_module() HAEE FAZ AEE JQry7} o] & F7H 7| Ao xAHo 2
AT A8 B oA €7 1Bl 145 e o), B A A o] ST E el £ind Loadon () SF
find_module () ©] 25 EA5lH, YZE A 2" L A find module () Al find loader () =

TEFUh

5.6 E&E ¢

r)l

|
Im
>
>
02
El
=
el
N

@%%EEMﬁ@%@Wi&%Q%AH%ﬂ%%%éﬂ%ﬂfﬁ1u 7
Fohe, U4 __import_ () 4B AASE 402 FEV SR dFUTh o AN SH RE
K O]:’-_E—ﬂ‘j:-/] = Z2uk2 ¥ A 5}

HEF R0 AdFof 9= FofA o E
H| &4 8131 thAl), £ind_spec ( =
Aoz R Ax=vEl AE AL AL oF
FTEAAYLL

Y dxESHHAc s o (RE YEEAN2E S
Al ModuleNotFoundError & ¢
=2 AN W, o9 g 27

_—
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5.7 I{F|X| &t EZE

PR AT e dei e
23712 WA AT o

package/
__init__ .py
subpackagel/

__init__ .py
moduleX.py
moduleY.py

subpackage?2/
__init__ .py
moduleZ.py

moduleA.py

subpackagel/moduleX.pyl} subpackagel/__init_ .py EFoA, 322 F33 A 9T E QY

Yk

from .moduleY import spam

from .moduleY import spam as ham

from . import moduleY

from ..subpackagel import moduleY
from ..subpackage2.moduleZ import eggs
from ..moduleA import foo

AU dZEE import <>EE from <> import <> EHS AL ¢ JYA LAY I E
FAW AT 5 AT 1 ol fi

rlr
4
rE
=)

import XXX.YYY.ZZZ

7} XXX . YYY. 2225 AR S 4 Y= THA 02 =E51A T .moduleY = F 23 T3 Al o] ol 7] ] &

k.

5.8 main__ Of CHSI EE45F 1

__main__ BREL2 vto|He] AXE A" A B AL YY) o} 2 oA AFA =Kol __main__
252 sys ¢ builtins ﬂ‘j’q Az ey Al o AH Z713hg Ut shA R o] 7 7H9P =24,
)AL AUFA WG REZ AFHA FHUTh o] 22 __main_ o] 27|35 = WA o] JHZHHE
AR e B2 b RSl L B R
5.8.1 __main__.__spec__
_main__ o] o]@A 27| FH =X wa},__main_ . spec_ 2 AAH3] AAE 7% 5}1 None & &2
AR 7= Fth
gtol o] -mFHOE A ZEH,  spec_ 23| Pt ERECIU ALY BE A ow AP
TSt spec_ 2 __main_ EEC YAHZ Yz pJJrolol‘/}r/} sys.path IEZ & A= dH

= o 1 gol A F Ytk
UmMA AL oE=_ main_ ._ spec_ 2 None 22 AAF =Y, main_ S AF=u AILH =
A ATE Fs w B A4 e 97 B

e i3ty 2 F=ZE

—c &AM
c XE Pz AY
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« AaggolbulolE TE Bt R LE 23 A3

w48 A9o] _main__ . spec_ o] &4 None Qo FIshok Gtk AAk 1 5o] |EH o
EEE QEE D 4 0% 285U _nain_ o] SuE ZE vettlolt sl Bt n A A
A8 slok g o
T3 _main__ ol YEE VIS EE USEH A, _main__._ spec__ °] A A3 A=A} 5
e, o] EL A3 2 REZ HFH FYsor gt o] AL if _ name_ == "_ _main_ ":
AAE YA EFo] BRE°]__main__ °olF IS A= wivt AP I, dRbHQd JdEZE = A
= A gkethe AR wlEd Yo

A
5.9 HZl o[ E
XXX ZE7F o Au E7ch
XXX * (import_machinery.rst) 2 &3} 9] 7] X o] S EZ|HEE vt Std A A2 o]jE7}? olulz H o] H
2d g H b o] Ao = A FEHES st AV thAlsl oF & 2ol th
XXX 2ol B2l 2] A A 9] runpy, pkgutil 552 A YEE AJ2E A0 2 TH= “See Also” B IE A0

2ol opgt gk,

XXX __main__ o] 27]3FH e W El T A2 H 2o of shp?
XXX __main__ o] 7ttt E F/0 2ol th ek A HE F 716k} (S PEP 395 o] AR

QEE AL Thol MY 2F7)RE IS WA AU BN G o) Foll ] A RAT o
WA Q71E AR, A 2 5714 74 £ ob4 48 5 S delg Ltk
P e

42 PEP 420 ¢ YT},
U

PEP 420 & 5}o] % 3.3 of o] T}. PEP 4202 find_module () & tjete 2

=

=3
find_loader () T2 EZ dA| =L
A

Y
PEP 366 -2 | Q1 25 o 4] ¢ A FH dx2EE N __package  OJEF{HEL] F7}o &3
Arsta Jdsuth

PEP 328 2 Aujel YA HQ At d2EE T Y3FaL PEP 366 ©] A= _ package_ & AAQ3IA H+=
MAE 270 __name_ 22 A GUFYTh

PEP 338 &
PEP 451 2

)
>
o

o]

2 AR BEE YEE FHE Lo AL FAGUTH 2E Sl Fol AH iR
35 A= AYEL YEE AAE $/1/1E DUrh o WAL AXE A 2H 9 oje) APL 5 5 435}
£ 959, el v g 2ole) Al WA EES e AU

5.9. &zl o|#E 63
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https://www.python.org/doc/essays/packages/
https://www.python.org/dev/peps/pep-0302
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https://www.python.org/dev/peps/pep-0420
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7re) 1t
play

=
T

set_dis

7}A]

=
=

R

play |

4

o]

e,

H

Sk
dict_dis

A-g) o

3 of

o

yield _atom

enclosure

< A9
play |
|

]

ps
=
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_‘Iflr

literal
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=
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6.2.1 A/HX} (0[F)

Aok AEARE o] YU T o} B ol AL A8} 7|9 = AAL, o S AR

=
— [e) l
E A= o5} A4 (binding) AAES KA K.

AR 422w, oFE] 2 T AR UL o Bo] AR A WS W, e T 7
ameError o2 7} & ol gt}

H]-3 7] o] ¥ 41 7] (private name mangling): S} o] o] 543= A7 F Ay L o]t AER
A ZSEAL, 7 7 U T o) 4o e R EUbA] 9F o™, O Felf 28 v F ) ol & (private name) & 2 I T
HE7h olg2 2 5= AT ZE7HEEA7] Aol 8 U Fej2 Mg Ytk o] M2 T o] 59 gl
ZH 2 ol ES A Ysted, FHl2 o5 Sl L= EE UEZ AASTE, st BES S o
o], Ham o] 2= o] o] e 2ol A FA__spam ©] 53, _Ham__spam &2 HEAH YT}
o] < APEAZE AR E = A 2o Fad Ut WeE o]Fol SEH o ® AW255AE T
29), Aol Ao A 7172 E = AFUTE S 2 o] Fol BER W FAFH Jod, "I
dojupAl eyt

= O

12
Sl

fl

6.2.2 2|E{ (Literals)
stol e 2@} who| =9 2 H A} ole] 7HA] 54 S HBELS AAG Tk

literal ::= stringliteral | bytesliteral
| integer | floatnumber | imagnumber

Fold Y (RAYG, vho| 2, A4, A%, Bag) T Fol A ghe 2t AM L g
A Q.Q
o .

E] L . —

ek 5ok Base J9L 24 & dauth AT RS elE D 442 BA L

B e P 29 vlo] e gol th35k7] wEol, Ao clol e gk Hrh € P Th 2L
e ol ths) B A 0= e TokE (R2 YW YAEY 2 Fao] AL THE Foo] S uf) 2L
AAE QS FE 91, 2L g hE AN E AL SE YHUh

parenth_form = "(" [starred_expression] ")"
ZF o] YL RHY BRL, 20| 1 B4 B20] AE ke o] FUth BFo] Holx shie)
HEE X5, FEol FuUth 2187 god 234 BEES A G Fd4 o] gyt
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] o o3 WSl A& Ro] ohule}, 415 A AAe] g wj ol ek o] 39 3 of gtk o 9]
=Rl FEUdU, 25728 % — Z @A A 235 Y= “ = (nothing)” & & &Het= A2 RS2
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

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

6.2. O} (Atoms) 67


https://www.python.org/dev/peps/pep-0530
https://www.python.org/dev/peps/pep-0530
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6.2.6 T Cl|AaZ2|0]
A taZdol= =23 (curly braces) 2 TA|H 11, 7|2} 3hS E 8| dl= F2(colon)°] Yl= 2oz YA
el fageole pE + A5 uth
set_display :u= "{" (starred_list | comprehension) "}"
A dasdols A 7hd A

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 men

gAve bagdols A gAY AAE BE

ARxE F28 7)/dolE Y Al AT oA o, A S AFNA LBEHOE o] F3 A 2L YA
g AEZES BYdUth: 7 7] A= 9M 2ol &5t tlolHE A&she dl 7|2 AR U th
o] AL N/Zk BEFNA B2 71 E oAy W ARE  Qvke £, 2 719 HF "M E g2 upA 2ol
Fo]X Aol HYth

T 7He] o2~ ¥ 2] 2 F (asterisk) ** = Y ﬁﬂﬂ@JVWWMMwmmm@) Ve U 3 A AR=
g o] o ofgk gtk Zh v 52 A 9 Y glo] 7 Uth F ol &= 3ksol &l 7l/H o] B Aol vt
ol gAYy e A A a2l BAHE == A F Y

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

expression expression comp_for

o=
B

R
i rh

Z3ke) ol T Aok o) MM £29 AS o UdH A5k (2oFskAE, 7 B2 A 7
A Soel, 2E A AR o] AT ) S 7] 19 SRS A A BL e Fol 4 o]

oal AR A (7 RS 2 AT o8] 718 2 B2l ) Hlo|El 7 S4 g ok,

H A 3.8 4 "7 kol 3.8 o] Mol &, §M U A, 719} 3ol 37 =X 7 A ol H o
91 A ¥k Uty CPythonol A, gto] 7| Kt} @ Uth 3.8 E =, PEP 5729] A ¢to]| uhat
717} kE ok WA 7 Yo

6.2.8 A|L12|0|E{ E& Al (Generator expressions)
5

Aoy @42 2oz A ae Aoy 71 At

generator_expression = "(" expression comp_for ")"

A alo e ERAL A Aol e AAE HEUT BN O2F Y25 A B2 SRl
Ak A9l s AxelAds 2
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A ol e 3
(lazily) gko

o]
2 xd42
]

A2 AL H = A2 Alddold AR S next () Uﬂ/ﬂ‘:ﬂi' o =
37 U Tk (L A 2l o] B 9F v} A7 U T, 22l 7 9% for Aol 9
SA gl FelAAM, Aoz Qs WA S ol # = A WA ghol A== A1H

E3d A o] AoJH X AA vt UL S for A 71F A ZE for Fo ZE FE
A A% ol BN /AL ol Tk 2ebd 5 Yo B A ATmolA B 5
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.

A ole 24 2pA o 7 ﬂm% Axb= el ehA] 7] A, FAIACE HoH A g o] E o A
yield $tyield from EHA2 FAF YT}

Adole A 0] async for oY await TH AL £33 157] A ole 84 (asyn-
chronous generator expression) ©| 2+ EHUtH v 57 Al dlolg] 2 AL X v]5 7] AlYd olE AAEZ
g3 o)A uS 7] olHA "YUt (M5 7] o]l d o] ( v;n(hrmmm lterators) & FZ23HA| 2).

W2 3,600 271 W5 714 Al el ol B @A o) £ A QAT
B0 3,700 4 W73 sho] 4 3.7 o] ol =, ul 5 7] Al el ol ] £
A4

Aol async def ZFE Ut e 4
AAJFUTE 3TRE &, B &7 E 714 A deld 84S A 5 AssUTh
HA 38 HA: yield & yield from2 FAIHoZ SHE ATz FAH YL
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
SHRE ATTo OB RAEOR Qal, yield ERAL Az A AT AFeo)e BAAL A=
SR REENEEEE DEPEER RTE RNl
WA 3804 M dE @A Az AR AV olE A4S FHSE U AHEHE FAIHORE
EERCER R

Aol s g oA A duth whael vE 7] Adel oy e Al 7] Al el ol H e
Ao ez Ao

Aol g47t 522 uf, Al ol 2 &l o] 8 ]Ei =dFUth 28 ¥ I A ol g7t
Aol e Trel AR e Aolgich AVdelHe] MASE 5 7t 528w Aol A2
o 1 /‘]@oﬂ, "algg% A AR d= FAA7HA] JY s &, 7‘]71"1]/‘1 Al YA S A ( USPCHd)S}—’ A
g o]el o] TE AN A expression_list & L EHFUTh A SR A= AL, B E A AE]7}
BREFHoE= oy, A9 HE-E2] dA AZFAE, W& X9 H (instruction pointer), Ul 5 ﬁ/ﬂ- 2 ® (internal
evaluation stack), &£ o &) A 2] Ae) 7} 2&F Ut Add olg e WA EE F stUE SE3A A3 ol
ANE of, e ubx] = @A o] A E e R 5&<Q 747(134 ﬂ““ﬂ AFYth 7<H7HE]
To] dE FHA Y g2 AAZ ANSIES vtE WA = G5t (BF for Unext () WS

FM) __next_ () ZFAHEE B A= None YUtk 218 X] 9431, send () 7F AR SdD}U A=
:/_uﬂ/ﬂti AEE Yy

o] RE ASL AVIE o) Y5 E T E ol F vl 3HA WE T of ¢l ¥ ATE WET, St o] 4
A ARE 27 0w, Aol LA FAE 5 AT FA Aol AL Aol B4 yiew
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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 AA ISP Utk AU ol E A (Fx 2474 00] 5 AL} 7h )
ool 2 (nalize) =1 7] Aol A A5 A -2, A & o E]-o] Bl el o] 2] close ()
U'“/"]Eﬂ'ii-ﬂoi th7]) &2l finally do] AYPH T & =gtk

yield from <expr> o] At&E i, Al FH T A2 ol g Eolojok Futh I o] EZ o|H
OJE M BAE = e A Xilbﬂﬁﬂ olE WA =9 TEX}NA vtE ALdH UL send() 2 AEH
BEFF throw() 2 AEH BE o9& Dol 31+ (underlying) o] B & o] E] 7} | WA =& Za Stk
HIaxoz AP Yt 28] 43, send () & AttributeError Y TypeError 5 9O 7] A 4,
throw() € A2 & A 4o 7th

Yol Q= ol #HolE 7 5 d uf, B8l Stoplteration AAEH A value JEEREE 4=
Efﬂ*u Zrol HUth stoplteration & 4o 2 uf A|A o2 HAF A, AE o|E g o] 7} Al Y
dolH Y 9= A5 o2 oA YTH (A E A o8 7} g2 &8 (return) & 2 2 ).

WA 3304 HAG: A ol o]HE Alo] 35& 9 Y3t yield from <expr> & F7}

FE YT
A= A Y YEL SR T2 Yool 255 A = JdFYTh

ﬂ

—

PEP 255 - 7eket Al el o] ] Thol ol AV e o] B 9} yicla Bg % 7hoHs A o

7
PEP 342 - A8 A el o6l & 53 758 A el ol Bl 9] APISH 2L AMH A, 2ebd agEos
NETF AEE B Al

PEP 380 - A2 AL o] Bl 2 $] 918} B9 vield from £ EaA, A2 A doHzel 94
2 47 wEE A

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] HEA AL A ol El ol e olEl o] WA =SS Ayt Al ol e T2 AP Aol
)\]._9.9 2~ ol/\qr/].

A ole 7t oju] A F L off ofefoll L= MANESES EE38HW ValueError 92§ €27+ Al

93 oF G ek,

generator.__next__ ()
A gole g AgS ARt A Y A gt o 2 A J= 3 H A ol A 2 A F T Al E o]
a7l next () QAZZ AMNE uf], A9 9= AL A None S et AP
1—4_2 A= FHA7A] o]o] A =], 2 A Al o= ThA] YA SR 11, expression_list
g #e__next_ ()Y TEAANA FHFYUH Al o] H 7} thE Fh= yield 614 9k FEFHH
StopIteration o] 7} 2 A8 sHu T},

ol MAEE HE FAIACR TP ol & S0, for FZU W next () Foll o sl.

generator.send (value)
A ANk Al °l B g2 g2 B2 Uth(send)”. value AAE AA A= £H 42
5“43}- send () I EE AlF el o ¥l 7hyield 3t ths fte S8 F A Ald ol 87t ok & 3k
yield 3F4] 931 £ 8531 StopIteration & €23 Yt} send () 7} xﬂ U o] EE A ZA 7 =
S o, ze e gt F3Ao| gomF, o];q.gL B E A] None & A3 oF ).

T e —

§¥

J}m mlo o

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.
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For backwards compatability, 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 ()
Aol e 7 Al A gk A Hol| A GeneratorExit £ 42Ut 218 th3 Al Hl o] H -7—7}
o} A| (gracefully) & S8 A, ol n] @ AL (2 o2& FA| b5 2 EH) GeneratorExit &
do 79 closev TEAE Eold Ut Al @ el E 7} ZhE yield O]-Eﬂ RuntimeError 7} ©tA &
Utk Al delH 7t e & dovd, SEAE A Y 1’/} AU olH 7t At B TEE
A3 olu] TEHJYTE, close () £ obFH d& 314 gsUTh

ALE o

of 71l Al el ol e ek Al Ell o] B o] F 2= Al sk b o 7t s Y o

>>> def echo (value=None) :
print ("Execution starts when 'next()' is called for the first time.")
try:
while True:
try:
value = (yield value)
except Exception as e:
value = e
finally:
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|S 7| MIL{2[0E] 4

=

async def & AHES LU WA Eq A dE 8 A £ I F5E 57 Alvd ol 42
Yt

H5 7] Ay e o8 57 259, b5 7] Al o e AA 2 Gl R v57] olg g olHE s F YT
I ok 2 AA = Al ) o] 1?}’\" AYE AUt vE 7] Ao e AA= HE IFH 59
async for B AFgE =0, Alvd ol A7} for ol A A= = ¥4 3 F- AU o)

Hl5 7] Al g ole Y HAEE F 3hUE TE3HH oDl olHE AAE =851, o] AAE await T o
Aol AlZg Yt I A He, A2 A HA 4= TJA 7R JPFS 3, A7| A A A TA
(suspend) 3} 17 await 3 ¢1 T €l of| A expre531on list 9 ZFS EH =Ytk Ay dl ol gl A=, LA
FTAEGE AL, BEEAG A7t HEdnhe 5, A9 45y A A2, ¥ 2 QA H (instruction
pointer), V5 ¢ AF 2 ©A (internal evaluation stack), 2E A9 A AE 7 =&FH YLt 8= 7] Ay o] 9
HAE7 S8 tha AAE await 3| A A3 o] AA7HE of, 3= vhx] 4= 8 4 o] ThA] I 3hite] o 7
TEU AAE IAYT 5 AFUTE ARE Tol d=E A9 F2 "]Ec‘} S A= S T HA =
HAFUTE __anext_ () 7FAREE ATHE 7,%-14"; None ?:]1/]1:}, IZ2A a1, asend () 7FAHEE 9L
O, 23= 1 HAEE AdgE g ych
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H]5 7] Al ol E] ol A, = FH A2 try?i%-/] ojtj ol A A s ghg Yt skA 9 vl 7] Al
o] ¥ 7} (’<LZ S 7100] B At 7He A AR . 2 4) 1ho] d 2ho] 2 (finalize) = 7] A ol A 7Hﬁ 2] ko,
ey PEE N Y= A2 7] 39 £inally BE AT AAT £ Ao ol F o),
H|-5 7] Xﬂ‘rﬂﬁﬂolﬂ olH # o|E] ¢ aclose () & Egﬁ}i I AR 0= AFH AAE AR A, o 7]
59l finally o] AAHEE 51 AL, W57 A EE AR ol Ml E £ 2 (event loop) 1}
2 A2 (scheduler) o A Y.<t}
gtold g] A o] A2 A 2] 8t7] &, o]l E —?—
A & ol E-o] B &l o] ] & ®FobA] ofntE ac
o] A & sys.set_asyncgen_hooks () %
g olg-olgdolg &= ol de|Alo]dm) TEE 55
H A =29 ZZ8ukst o] = Lib/asyncio/base_events.py
TS HA L

84 yield from <expr> & W57 AU d o E F5olH g3k AL £ ol ch

() & Egom::f;a%@sm u}. "ENEE

] 9,\% asyncio. Loop shutdown _asyncgens

H|S 7| M|L42i|0|E{-O|E{2l|0|E] HIME

o] A B AL v]5 7] Al olE olH o] e mAEE At Al dolH &9 A Alofst
Lo AHgH YT
coroutine agen __anext___ ()

olflol Bl &g el T, At nF 7 Avd oy g AP Al A Y npA gre 7 A
FE A= TAAA AU vE7] AU ol L7 anext () WAZE AAD o,
u]@]—L olglolEl Boll A FA 2 Y= EH AL T4t None FHS 21 WISHE o Yo B E-S A3 std
02 4= 234714 oloj Yt 9= 53 4 expression_list o] 3-& F 5= I FH O
Yo7 stopIteration & YUt HlF 7] Al d o8 7} th& 3k yield 1A ¢k S 554,
HE 7| g 285 &l 7] 93] oJglolE & o] Al StopAsyncIteration & ot}

ol YN EE BT async for Fxof| 9 EAHS =tk
coroutine agen. asend(value)
offlelHE<s s, A5 ve 7] AuvHol B A3 A FUch A olE

send () WA E A4, 0134\3 %;\e HZ 7] Ay oy g2 “ELH(send) a1, value 9 A= & A
d= FA4 9 7%%7}%14@ asend () UMC#EE%é gl o] B B2 A & o] E] 7} yield 3=
D}° S AN stopIteration & o2 EHF AL, v]5 7] xﬂdeﬂ o] E] 7} T2 ZEE yield
514 1%1 %Es}ﬁl StopAsyncIteration & do Ut vHE7] AUd o EHE A FA 7 ==
asend() 7} EE22 ], S oS d= %HA <] 04233 Ol A}-Z None 2 & &3 oF g o)

coroutine agen.athrow (value)

coroutine agen.athrow type[ value[, traceback] ])
ool ES E8 &, vlE 7] Al d o8 7t Al FAg A F ol type F o & dor|n
A gl ol g &4=7}yield 3F th2 7F2 WA 5= stoplteration 9|99 gro g S8 F Ut v 5 7]
A g o] E] 7} o} 2h2 yield 31X k1 SR 3, ol o] E] B9 93] StopAsyncIteration o€
Zhdoldynh Al ol 8 &7 g E o 2] & A A thE 9 E 4o, ol HES
ATl 2 o9 7 o] 9] IE% £ TEANA HAF YT

coroutine agen.aclose ()
offlolEl &= aﬂﬂwz—“tﬂ Ak, v57] Avdoly 7t A BAG AFe =
GeneratorExit & VR Yth ¥k 71 o] 5o vl F 7] A Ol B g7} ot sk A (gracefully)
Z83 A olu] @Y AL (2 98 & AR 4L 07 HN) GeneratorExit & Yo7 H, EES‘—"‘
olflolE £ StopIteration e E e 7&‘4‘3} oo} A = ] 7] A g o] Eﬂ E%O] s8F
F71e] o olEE 52 StopAsyncIteration o2& oYt} whek v 7] A & o] ¥ 7]’
%l% yield 3t o ¢ o] E] &of| 9] 3} RuntimeError 7} ‘“"EE}‘%D} Tk ul-5 7] Al #l ol Bl 7F 1
T thE cl 9 & 4o 7|, ool HEY TEAE P Uth wheF u]E 7] Al gl o] B 7} o 9] Lt
Zé% FTEE oV FEFYLH, § oJoJA = aclose () EFL oHF A% 1A S+ ofdlolE &S

sHEY
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6.3 =zlo|oqz2|

mebol W2t ojol A 7bg Aok ARsHe AAES EhdUTh 2L ol @Sk

primary = atom | attributeref | subscription | slicing | call

2
AU
e

[
ks
BN
rlr
=)
N
=5

(period) £} o] 5] F o] B2 Zgto]H 2t}

attributeref = primary "." identifier

zetol el ¢S PHS W o= HE B2 AAstE Fo AA sk ohof s, SRR AR 7}

o] A&l Bt o AA= -t o) Eg AMAR S JEHES ANIES 2 AWH T, of

mlru

A getattr () WIAEE A0 i AsEutol= & 4 glsynh o] o E EH:%E 7Fled,
AttributeError & €2 7‘1/]1:} I8x gow AAE 7ﬂx1]4 634 e o AA ey o) 2AHE YTk

2o oo HE Bxel g cle W walu 47 BE AR 7k 2ol d = 95U Th

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__ iscalledinstead 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.

A string is a special kind of sequence whose items are characters. A character is not a separate data type but a
string of exactly one character.
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slicing = primary "[" slice_list "]1"

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

slice_item = expression | proper_slice

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

lower_bound = expression

upper_bound = expression

stride i= expression

ol A FHol= Rode] H EHA EZAH Hol= AE2 BEF Egola 5RO EEO] 1
A, REAB2THHo] SEto]ldoer sjAdE & JFUth S ¥ B3 vt T4, o] 3

o HEAI YA R A ste Zlo] eetolJ o2 A st o A3t Aost= o= OHUHszo
AAZUTE (o] A+ Eetol2 B5 o] 173k & 2ho| 2 (proper slice) & 3t = 23312 oFS w YU Th.

setol Y Yuje A EsUth Zepo| W M (YW A B AT HAT ZE getitem () HIAE
£ 3N 2ol STlol S50 2 e SR 712 A9 UICk Sojols Bol Aol
& Sohol £ FEESl AHE EYTHE REYLD 237 goul seiol
o efol s PR MBS 1 EAAALTH 158 ko] 2 (proper
shceH tﬂﬁ‘r B‘rO]/‘ 7“%1] (*“ i = 2 Heh ), start, stop, step o] EgHE 7} 747}
lower_bound, upper_bound, stride & Fo|Z Ao 17, w7 EHAES None 22 A& 1/]1:}

=2

6.34 S
T2 ZHE AA (18 5, TP EUSE YL AX Y BEoR THYPUL
call n= primary " (" [argument_list [","] | comprehension]
argument_list = positional_arguments ["," starred_and_keywords]
["," keywords_arguments]
| starred_and_keywords ["," keywords_arguments]
| keywords_arguments
positional_arguments = positional_item ("," positional_item)*
positional_item i= assignment_expression | "*" expression
starred_and_keywords = ("*" expression | keyword_item)
("," "*" expression | "," keyword_ item)*
keywords_arguments = (keyword_item | "**" expression)
("," keyword_item | "," "**" expression)*
keyword_item n= identifier "=" expression

G 5 gl vk AR AAG A Qb F ol ek 5 QAT v uhA) e,

mefolmele] g TokE 2o AR (HEAF Y B, WA TS, B AR WAS, Sehs AR,
Zos A2t ao MAS, a1 () WASE 2L RE 447 #2511 Eh 7 Lister e
BE A RAANEL B2 A7) Aol gho] TaAPUTE B v BEe] we 35 4o

=

m}u

719 = A2 o, WA thE 3} Zo] 91 4] AAR AEH Ut WA FA v/ SE] AR A 9
2 Eo E2o| ntEo]AYth N 719 92 QxS o0] Qtpd, 4S N 7H4 S| ”*W‘/} vk, 7
719 = Aztuteh, A- 27 O S8 €52 AR sk ol A E U T (4 %Z}ﬂ A AR A ol 70
olEy o, N A £FL AR E 1, olH Aoz ALY, £F 0] o|u AY AL H, TypeError
el E douch 189A Fow 1 AR ghg Ex A WH Ut (FEH A o] None o] g} &7 Bh,
EXZ A FYUh. BE A7 A HH JAS o, o}bF APAA A2 Ex5= T BYEZHRE L
gSote 7122 AUtk 12052 742 of gk vt &%%JWD} 2 A, Bl*EUr
Ay e 22 7t AA Sl 7B E ASH W TG EX 0 AARE AATA G2 BE SENA
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FHPYUTH B ol @ A4%-2 3 oF & AYuIth) vhek i) A B A 91, ol % wlo] gl £F o]
FOIITHR, TypeError 9] 7 A Th. 134 o w, AR SF0) BEol 520 AN BEoR
g8 Uk,

CPython implementation detail: -3 -2 $] %] W] 7| H4=7} o] & ZEA] ¢olA, A
ﬂ%ﬂ%ﬁﬁWﬂﬂﬂ ﬂﬂci*gﬁk?ﬁtm%@¢%%ﬂ1§T%§ WCWMmﬂH
s0°]o°

ﬂ
> Hu

FA oS SZERT U}%-,Ji] QI A}E 0] oW, *identifie <

917 $FE 3, TypeError o 918 A0 AU Th o A9, 1 BA AL i 9] 3
= AT UTH (Ee Fe A dAEl Yo’ ¥ 7).

T 2z A wf S o] 2 of TS EA] o Eﬂ **identifier ¥+ S AFESIE 4] w7l
2 3, Typesrror o9& Qo o] A, 1 B4 W AMFL B AN ARELS 2

% o o] 4 =g

AUgv, = A A7 AAso] glod vl (M) 98 E Agts Ut

*expression ©] &5 T &0l 54 H, expression 9 g2 o] H & o] Hojof T} o] o]H
9 QAT L TAL 27}_4 _,4 ‘] A= AAE HAFHYY §F £(x1, x2, *y, x3, x4)

g ALy %’,\% T u] AJRAAyI, e, yM 0] 2T, o] 212 M+4 7] 2] 9 2] QRS x, x2, y1, -+, yM,

3= A 55 ?JHD}

A= A AL *expression & 0] HA] 4°J 719 E QA F ol & = A5, 719 E AR}

%**expressmn LZ}—fO}ﬂ] wep Al Aelfeke AU 1 A:

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

>>> f(b=1, *(2,))
21
>>> f(a=1, *(2,))
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: f£() got multiple values for keyword argument 'a'
>>> f£(1, *(2,))

24 /|9 = Q1A9} rexpression £ BE AHGIHE 2L AukA 0|4 9] wjel, AA =
o ojubA] er&yTh

=4 **eXpresswn o] & T &l 53, expression & g2 vl o] Hojof Fyt, I g0
Z7)o] 7191 = olzol A H HZFH UL 7|9 =7 (HA A9 719 = oA thE o 9] 7] 0 2 2 E]) o]n]
A @A TypeError o &) 7F g gtk

H

2% *identifier o1} **identifier B AHE3HE WA MAUSEL 9% A% &Rl A Y=

A} o} B ER A}w S a5t

WA 3504 WA B4 5EL 9019 A5 rand ++ A HA L WolS o], 91 A AXFEo] o el &

Q7 (1) Aol & 5 AT, AAE AA47H S AT A A7 (+4) Hol & 4 ATk A% PEP 448
et

©7)7) gk B, B4 o] S BB FU T None A 5 AU Th o] grol WA A4
T EE 5

LA A FaE: A4 BB AL A Foo] = BRe] AAPYr = BBo] A Lo % Hi
Qe P4 A RSES AR AFeE A o] AL MM T4 Ae] o AR =

2 QaEAWASH: Yo AgRH
Shibuhe o 71 A B2 o] AR U
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6.4 O{FI0IE HEH4

ofglolel & o A 276 o AL AN FAFY 24 7FH G5 AR ST 5 AUk

await_expr = "await" primary

WA 3.50] 27}

rir
e

Qg AT FEA AFFUTE R L2 EA
o

SEEE

power = (await_expr | primary) ["**" u_expr]
A, Z27 e AFAFT 4 F AR A F 2o A, AR L B E A AE SR Fho] T A
e (01 o] QA G L &AL AT AL b 12 2 -1 o] Hoieh

WA pow() 957 E NSl e 5EE st 2e Aol etk 4% g
FAFE e FU 574 QA MA 35 JO2 WA, A 1 Yok

=
gl
i

A7k 571 obd o4 AThe 3] A ARHET ¢
€ floatz W25 11, float 277 gt o€ &
le‘ﬂ,lo** 2 t 0.01 & =eFYch

0.0 8 242 AFAIH3 Y ZeroDivisionError & 4otk F4E B2 AFAFsIH Bas
(complex) 7} UF Ut (oA W Ao A= valueError & 92

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

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 742 -5 25, AR 20EE B2 A =T, TypeError o 9] 7 A gy o
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6.7 O|& Al Q1AL

1% FE A BEHA PALAE 25T o) AW F ARE A0 24 Yol 4890
zo)alof S Th A AF ARt WA R, 04 AR S22 e, shis 548 ARl 1
Shube S8 AARHE QU

m_expr I= u_expr | m_expr "*" u_expr | m_expr "Q" m_expr |
m _expr "//" u_expr | m_expr "/" u_expr |
m_expr "%" u_expr

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

@A) AAAE AAES F& FUTE ANEL BF SR, B AR B0 0 A A
ﬂ%ﬂﬂﬂ°hl—%ﬂrﬂ o gEgow wne ¥ AU F4 49, AA29] wto]
AH T, 2o W gt 3 A A2 S e,

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

€ (a) A4S ALY FAol Skl s AQUTh Tl A WAFE ol A% o] ANAE FHINA
FHUTH

B A 3.5 7}

/ (A3} // (B4 UA, floor division) A AAS L 71 01z} S o %(quotient) =t} 2} dAs
2 WA TEFoE HBE YL AT A2 AFE =g, A5 A A A
e FUth 2 23 889 YU Ale] A3 ‘floor 45 ;‘4%' Zi"“/li} 022 Fre A2

ZeroDivisionError o9& 4o 7Yt}
This operation can be customized using the special ___truediv.___ () and __floordiv__ () methods.

(252, modulo) 4L 31 WA QA F WA AL e ol A § Fu e S AAEL WA 3

o\

FPoZ HIAFH YL LEZ& AA7100] W ZeroDivisionError 2 & 01 oYL} ARAEL /;jl_’;:ﬂ.
g 4 JdFUnh A& £91,3.14%0.7 & 0. 343}7P‘14u}(3 14 7}4*0.7 + 0.34 8 gom=a) R
EZ A=A F A H AR L BFTE 2t AFNE ZYtH(EE=09YTth; 239 Xh;n%k‘:
= w3 A bare] AdghE ok A o,

A5 A BER QAR 0o 2L B5 0% AAH o] QaUThx == (x//v) "y + (x3y).
A4 xS RE2E U T4 divmod () &F= d25 o] d5Uth divmod (x, v) == (x//y,
x%y) .2

SRS o] REE AL St Ao g, s A= o A AU o] B9 Zuj g (Q1E]Z4 o
Aolgtix ¢ A dsUthS FF 317 93 —.—x}oﬂ Ao o3 oA Aol H Utk B Z g9
TH2 ghol A grolH g 3 f 29 A old-string-formatting o] A A & Fu T}

The modulo operation can be customized using the special __mod___ () method.
A5 hed Qb B2 A4 divnod () L Sagol BiaA s Aols o) 94 g B,
A A8, abs () TS AFEHA AT 2 HBSFHA L

+ (B4 A= 2 AAEY e FYUh AAE2 E AU, v 22 §

Ge) A%, 2AEL WA 2RI WAE ¥, BA FALUL FA AF AA2
=t

This operation can be customized using the special __add__ () and ___radd__ () methods.

- 7)) AR T ARES] A FUT £4 AAEL WA FEFOR WTF ULk

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

labs (x%y) < abs(y) o] $£8& o2 o] Xk floatd] 73 -oll= A4 A A2 (roundoff) T o] 2] & 0 & o] of
sUyth dE £, J}OV“']ﬂoat7]—IEEE754HHX§E_;’€X}°l PEQ 71A tguﬂ -1e-100 % 1e100 7}1e1009+ﬂ%—‘% =
<18, At éﬂr— -1e-100 + 1100 °1tﬂ,fxv*°EL 1100 3} &3] 2L Atk R4 nath. fmod () &£ F57}
WA AAke] £ 5ol 97 AHE 7/ w2l o AP 101002 EeFUT o H FHol B AAYAE 3§ mE 1
aaMAqq

2x7}ye] A3 ALu) e o} 479 W, 2 o(roundmg) B0 x//y = (x-x%y)//y EE]-] S
divmod (x,y) [0] * v + x % v 7}x & o}F 7M=& FA317] 18], stol L Feo] 275 Ytk

5Uch 28 49,

—_
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NZE Qe g AART B S A5 E 24T
shift_expr = a_expr | shift_expr ("<<" | ">>") a_expr

o ANEL ASLES AAR WOLE UL A A AAEF WA QA2 FoI W 0= 20T Aol
L EZ& 0 7 9] t}(shift).

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

SEZOZpH|E AIZE & 212 pow(2,n) 2 A UAstE 202 AP Uth dF o2 nulE
A|ZE st= AL pow(2,n) § Fote A2 E AP Yt

Al 7je) HE e 747) ThE S A9 2tk

and_expr = shift_expr | and_expr "&" shift_expr
XOYr_expr = and_expr | xor_expr """ and_expr
or_expr = xor_expr | or_expr "|" xor_expr

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

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

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

6.10 H|!

Cel= g, tolxoA BE vl A2 22 459
< rd T

Ytk E3L Coke= e, a < b

comparison = or_expr (comp_operator or_expr)¥*
comp operator - nen | nsn | n__mn ns—n | ne—mn | LU [ |
| "is" ["not"] | ["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.

HlaE A5l d4E = dsUth A& €0, x <y <= zEx <y and y <= z 2 55,
kol M2y o ks 24 SRRk FathE AUt BHA R 7+ B¢ EFx < y 7k AR old z 9 g
ToHA] FFUTh.
IHACR, a,b, ¢,y 2 7 E
opN z = ZF 2849 ZE Fu
y opN 294%%?}14@-

a opl b op2 c 7ta & c7te] ofH F 72 H] W= AIEA] 7] W ol dlE S0, x <y > z ©]
24 &1 A| (o}u} o] X = okl ElE) iH}E + 2ol o5 oF Fth

& 2101, opl, 0p2, -, opN 7} 8] 2L AAA}H, a2 opl b op2 ¢ ... ¥y
gt Foltt= S A= a opl b and b op2 ¢ and
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A7) ke wlmTh AAEe] 2 Y et dsych

=
AA, # B A2 AA =] (6334'0 oldlElEloll Hafl) gh= Zr=thal okl 5 Ut sho] oA A4 2
= F A £ 5ol, A9 gholl thgk 574 & 2 (canonical) M A2 W2 fl5 U Th
w3, A7) ] gho] Sl WA (5 Sol, BE HoE] o EgHER P = ) 07 2A ol
AL . b= AA Y ghol FAAA | tht ST T/ e FEFUoh
s Ao Fodnty A s = F5UTh
AHA Z& AL R) object & A H Fo]7] wfjFofl, 152 object & FH 7]& vl
1t__ () & 22 FTH 3 v 1 W A = (rich comparison methods) & -3 3l A]
e AxEutol 2 4 gl ttﬂ, 7] 2 A Q1 AEupolA| o] A o A Ar g U th

A1) bl AEElof 71w Tk a8}, A ofol M el § R

L= =]
2= AA7} t&/\}a (reflexive) (é, x is yEx == y = 4AFY u}) ohﬁ

=

é

lo

2y

— m{o

jus}

Bl

(il

oft <L
=)
kI
e~
ri
>4

> 2l

10 gjo ot
T Xrlo

Rl of
oft

-
> ki

N
M N —
i o H
oI-rlj%
I
1o,
N,
re
off
s

Iy ol
T,
off
Rt
=1
rr
M
]o
flo
N
fJ
_E
HJ
9,
o
")
Au)
jﬂ,
ﬂl
}L
s
0, 1
N
T, -
N
N,
1o
f o
I'I
R
E
l

¢

N
N,

2

Lo

of

)

R
ok
fro
o
-
8
AW
S

P Lo ot U oft f

e

e
g K
B>
=
kl

order comparison) (<, >, <=, >=) = A &% X &HFUTH Al =3} TypeError 5 92374
@ 95 277} ok A9
Axr"dagol A AMNZ YETE, 7|2 F5 8y 5232, 4
£ /b0 350l BR 2 e ATe 2/ g 4 YUch 19 BE
Blufol =2 & F g 7} a1, AMA B2 g o] 284 a1 F U Th
o) Ml A2 71EFU T
S ((typesnumeric)) I & go]H B8 & fractions.Fraction 3 decimal.
Decimal ©f “—EPL RAEL, HAagT) Eﬂi Hlﬂe A datA] Gethe AFAG T wLE, 2
A he B 2ol Mwt b gk B B59 A dol A, 4w 4 gl FuA e
2 (¢ugF HoR) gut=A vyt
NaN (not-a-number) %}E float ('NaN') I} decimal.Decimal ('Na .
Ak} NaN 7He] v = A A T ‘ﬂ@.&@ii W2z 3tal 9= 212, NaN o] A1) %] okt
AUt} A& Eo0],x = float ('NaN'),3 < x,x < 3 W x ==
x= ZYUrth o] 22 [EEE 7545 43Ut}
e None} NotImplemented+= AZEJUTL PEP 8& AZEo] Y3t vjus G4 55 A4}
(equality operator) 7} o} ist}is not &2 $3 & oFstc} @& ot
o Hlo]JE] A]A2E (bytes Ybytearray & A28 AE)2 & A
OJAEL 8AEY A} g& ARRSl A AF 4] & & (lexicographically) ] 2§ T}

)& EAE FYFE ZE 2l E (Unicode code points) (U] &=

0N
o

re
off
5
o
fi
N
-
of
f
ok
(e
Jo .
>
>
of

N2
T
Lo N
ot o
L
2@ 4

ZF
L

>
lo
=

o kot g
of

N
-~

S
=
s

=

=4, range = 4 H]

. ]?ﬂi“—_ﬁ (tuple list, range«] Ql = 2 =
Y 5 HlEe S FIL AR OE FE Y s

N T,
[>
il

lo
N
M
lo
ot
N,
Ach
i
=
hi
4
30

H].Tﬂ_— TypeError = 0129{:} Y I;]—

NAAL Y eat= @4 7he] 2 AR e|A AR Ao 7 v wduch YA Ag ol Adutk
=2 %%lf?}(ldentlcal) 7 A 7} z]-/\]J)r 77-1;};,_ (equal) 7} z}-u]r/} o= 23 =

(equality) AAE %3] 3t} A5S MAst R WAL FATU

Q1 E (code points) (o] & 9], U+0041) &} 24 & R} (abstract characters) (5 E©1, “LATIN CAPITAL
LETTER A°) & 78§11t R0 .5 U526l 54 450l 4 16 0= S W LA AT, 7712 o
oY FE ZAEY NF2E FAE 5 Y= 34 {#X}%O] o] A;*qu} CE=s , 4 ¥ A “LATIN CAPITAL LETTER
C WITH CEDILLA” &= Z.E £] X] U+00C7 ] Y= 3k 79 &3 —‘,__x} (precomposed character) U ZE 9] % U+0043 (LATIN CAPITAL
LETTER C) 9] 9= ]% Z]—(base character) 2} W2 = F & 9] 2] U+0327 (COMBINING CEDILLA) ol 3l A St ¥ 2} (combining
character) 2] A& /\E 239 4 ds5 Yy
B WL AMAE FUIE T TAAE ol A oI o2 Aol A W AAAL 5 sl th. A Bol, "\
uO OC7 " o== "\u0043\u0327" = AAJUTH AAl F EAx Qo] & FAF E 2} “LATIN CAPITAL LETTER C WITH CEDILLA”
E| HLZ] ZtE 285U

—‘EX}%‘% -’F*JTZF oA vlastE H (5, AFROlAl A#A 0 HH 2 2), unicodedata.normalize () & AFEIA] Al L

1=
T
&
It
=
AN
rlo
£
It
m
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W A5 A A vl o 2ol o] F ol P Ytk

- FZH Mo iy v nH 7] YA E, 22 Fola, Zo|7t 2, Ul-g5he 8452 7 #o]
2o vlaE ook gt (o & 91, [1,2] == (1,2) & AR, Fo] 27 &Y
oh.

- A uuE Adets 2SS A HAAE 2 84S 22 SAE FUH (A& £,
[1,2,x] <= [1,2,y] ©x <= y &4 Z2ZIdUh. S 847t Ao &2
Aol At v P Ut (A& £, [1,2] < [1,2,3] =FIYh.

o M= (dict & JA2HAF) & 22 (key, value) == 7FE o], 18|31 23 o] A9t Zrin
vl g Ut 71} 3k 5 vlaE A S AR o
4 v (<, >, <=, >=) &= TypeError & 42 7Yt}

« WS (set o]t} frozenset 9 JI2HAE) L T2 FESHR AR T FE ol vlud 5 5
yrtt.
o] AE-2 F& 3 3 (subset) 7 449 F 3 (superset) & 553 P thAann AXAES F o FU T o] BA
+ A <A (total ordering) & B & oFA] kU TH (& S°l, F A (1,2} & (2,3} & D}EWM
Bttt th& o}bH F2AG AR, str o o}LH *H%J@Ol A= 5. mebA, A
Al &t F5Y AARE AFsHA Ut (€ £0], min (), max (), sorted() °I
dygo= é.ZA Y AEE AlFstd BYH A 42 AR FUh.
A vlaE 1 2459 S ZA YT

o EES T2 WRFE2 v WA ESS TEA &7 woll, 7] vl x 522 Alsdth
A& AxEuto| 2= AMEA Y] FHaEL Mttt B V1A 43 FEAE EFHor

o=
oH

55 ¥l WHAMA (reflexive) ©] o] oF I th T2 T2 E @S, ofo|dlE ] 7} 22 A A& Lrha
H] 3L H of of 3 T

x is y¥Hx == y T}

o Wl o] A A (symmetric) o] o oF Ut T2 U2 2 H Y, O 22 13842 g2 295
Folof g
x == y %y == x
x !=y&y !I= x
x < yﬂ—y > X
x <= yE]—y >= X
o H| I 5=9] A (transitive) ©] o] oF U T} Th3 (A A 8FA] ¢F2) ol E0] o] AL St

>yandy > zWHx > zT}

X

Xx <y andy <= zW¥x < zT}

e g ula reld RAol ook YUtk ThE B AW, O RS 2L e Folof
gk

x == y&not x !=y
x < y&not x >= y (A LA F)
x > y&not x <= vy (A=A FL)

A e R E AL A A 2 ARG U (& S0, Ald 2ol = A8 H A A v g2
I3 XA g5 Uh. total ordering () HIZH OJHE HAA L.

« hash() AT FEAT ABAS FAME FUTE 2L AANEL 2L AAGS ZAY A
E7b5 07 A4 ofof gt

shol & o] YeHA THES ZAFHA Utk A NaN G52 o] 732 M) g o Yk,
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--—

6.10.2 QHH{A! ZA} Q1A

AdAF indnot inS WAL AAFUTE x in s =x7ts 2 WA 0l True &

M
offt
>
8
ftlo
E=

False £ FUTH x not in s x in SJ—‘?—@% FUth gAY e Etotlet RE WA A DA E
353 BE ] AL A sk, SR AL in ol GANe] Fol 2 17 9 AT
list, tuple, set, frozenset, dict, collections.deque 2} Z2 AH o] HE2] A, A x in yEany(x is
e or x == e for e in y) &5k

AL A vl EE PO B, x in y Ex7by o] FE F A (substring) 91 -7, 28]l 22 T ARt
True YUth 553 AA = y.find(x) = -1 JUTh Wl EXEE 4 ot EAEEY & 4
Q2 AFH 7| w2, "" in "abc" 2 True & =¥ FUTH

_ _contains__ () WIAEE A= A2 A A 29 A9, x in yE=vy._ _contains__ (x) 7}
S Ew True &, 2184 o ralse & S F YL

__contains__ () A AT __iter () E B} AEA B 2] AR,y E °H
g ol Ed uf & ?‘i’i.x is z or x == z & Fo| HA &= oW gz 7k WS AW x in y = True
Juch GAst= T A7 TS inol Zoo]E de Ao w FFH U
A Ete 7, S E AEY (old-style) o]H #l o] 22 EFS AIEFUTH ST getitem () E
dostd, x in y £ x is y[i] or x == y[i] %‘3&#6}%%0] obd A e a7 EA e,

JHTH 2L 2= A Ul AL &) IndexError o9& O 7| A b= A4S, 28|11 23 1 AL

True ZFHUth (2 5re] o7t A3 ™H ino] 2 & o Aoz HAFH YL
AR} not in& ino =gA BRAGog AojHr}

6.10.3 O}O|HIE|E| H| 1
AAA is 8} is not & AA olo]HE B E AAX

SF
h= ]
o, 223 9.5 7 49w AAuch Ao ofold
v =ea 2y gg U

Utk x is y&xghy7hololdlE st e A7 9
Elxid() F+E AL 28FE Utk x is not

6.11 =2| ¢i2H(Boolean operations)

or_test = and_test | or_test "or" and_test
and_test = not_test | and_test "and" not_test
not_test = comparison | "not" not_test
=g QAo EwojA], 18] 1 T3 A o] A o] & F(control flow statements) ol 4] AFEE o, T} =

o
AR o= S| FH Ut False, None, 5 9] 20, ¥l FAEH AH o] | (ZAHY, FF, 2|l2E, H
AUE, A3, B9 A (frozenset) & 2FFYUTH. 2 9o BE g2 Fo g s AgUh AHE A A9
ANEL  bool () WAEE AFSNA 2] 2= el ghruth value) & A 2 ] ufo] = & 5 1%L Th.
A4} not & 1 QAk7E Aol W True &, 187 FoH False & FUTH
84 x and v+ HAx 9 S FRUthx 7t AR E 2 g& SelsUth 234 el y 9 @2
o 1d¥4E EHF HE‘r-
F8A x or yEHAxY ZE FHYUTHx 7 oW 2 S EelFUTh 28X oWy ghs 73
o 1 A5 8 F UL
and &} or o= A% W3 ghoju 1 %%FalseE}True 2 A 5kstA] %‘3’_, th Al wpz] whof] gho] -3 X

j
AR EAG 2o GUT, ol AL e 227} AT A Sol 2} Aol o] o

s
&
o

=

72O 2 thA|E ook stohd, 84 s or 'foo' & W= # Xﬂ—'—ﬂ‘/]q not & A} 3t 9k
ofstm 2, 1 QA }e] &3} FA Qo] =¢] gt (boolean value) & & F YT} (o & £, not 'foo' ="' 7}
olUetFalse & R4 th)

4 2% 7}8] A]-4> A (automatic garbage-collection) &} A} & ==
At JA2"dA A EE U ATES H A= AT 22 5
DL UL B AR AR 159 EAE SARA L

(free lists) T} T] 2~ = ¥ €] (descriptor) 2] T2 o1 A4 wj &0, is A
;g :l. \:ﬂ»A] o7 A].&fﬂg;ﬂ 7-1 oz Eﬂoﬂ ]/\H’s %x_]—g__ iy 6‘;_1
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6.12 CH! FEoiAl

assignment_expression = [identifier ":="] expression

o ] 3% & 4] (assignment expression, W] 2= “H M F 3% & 4] (named expression)” ©] L} “v}t} 7 7] €] (walrus)”
A ,:M L expressiong identifierd] ) YJstE F A9, expression? < wH3gyt}.

AEA QA AR A F stubeE Ak A AR ul Ayt

if matching := pattern.search(data):
do_something (matching)

e A3z od 2GS A )

while chunk := file.read(9000):
process (chunk)

WA 3.80] 271 Y A A9 o8t o] AFAH 8 U 22 PEP 5728 A2 314 S

6.13 =74 E 514!l (Conditional expressions)

conditional_expression = or_test ["if" or_test "else" expression]
expression i= conditional_expression | lambda_expr
Z27A 523842 (w2 “4F & A Az} (ternary operator)” 2t3 B Ut BE glo] W At A 71 e oA
=98 &t
FAA x if C else y A xR 24 C Y = YT C7F o], x & gho] Faf A 21
e sesUth 294 e,y Y e 7 Fol 2 d3E syt
ZA 320 i3k o 243 &2 PEP 308 & FX2 3514 2.

6.14 ZiCH(Lambdas)

lambda_expr = "lambda" [parameter_list] ":" expression
g} 242 (wf 2 Fo} & 4] (lambda forms) o] 2t EFH UTH o] & gl= T4 E e = d AFRE YT
234 lambda parameters: expression = 5 AAE = 141:]- o] o]2 gl AA= oA AHY

| ¥4 AAAY 5ok

def <lambda> (parameters) :
return expression

WA B8 BYS 95 4
3r

. o) AHS HAL. g 5@ A o8 5ol X] = &% (statements) ©] Lt
o] .= €] ©] A (annotations) = X 3+gk 4~ 9l &
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6.15 E 34| 55 (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
PaEuggrageols dRA WS AS T, Ao st ARE TP RAA RZL FEL
FUTh £E9] ol 550 Qe P AL PUh FAELS FNAH L2507 Fho] 737
Ut}

off ~E 2] A F (asterisk) * = o]l & & A 3 A (iterable unpacking) < YEFH U Th 3] A2 HEEA] o]
g E ojojor FUth T olE#Eo] FEEY AIALE FAH A, A A AFANA A FE, BAE,

Aol Zdg o

WA 350 F7h @A FZo A olHelE ¢ 37, PEP 448 ol A H 2 & A e Y5y th.

2o 2 9E+ 9G¥ FZ (single tllple) (&%), 2 FE (singleton)) & T Wi vt B+ YgUch oh & 2 4
Fole AT £ st 2ol 2+ 447} Gt T BAAL RS BEx ¢y, 1 RAAY ke
FUTH (W FE2S WHEHY, W 23 S AMSAEAIL: ()

2 2849 ghe T Y9 e T B Sue ghol Hunck

1
SolA, 24 L 2L 2ol 22 A= AU R ol Fall vt

exprl, expr2, expr3, expré
(exprl, expr2, expr3, exprié)
{exprl: expr2, expr3: exprd}

exprl + expr2 * (expr3 - expr4)
exprl (expr2, expr3, *exprd, **exprb)
expr3, exprd4 = exprl, expr2

6.17 ALK} M

I'-I)

The following table summarizes the operator precedence in Python, from highest precedence (most binding) to lowest
precedence (least binding). Operators in the same box have the same precedence. Unless the syntax is explicitly given,
operators are binary. Operators in the same box group left to right (except for exponentiation, which groups from
right to left).

Hla, WA AL oboldlE B AAE 2 BF 22 A E 2t vl Aol A e A Y A5
X LEZ S Z o]o]& o] 7] (chaining) 3= 7|5 & 25U Th

—
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PPN oy

(expressions...), A%t (binding) == 235 2 B2, g 2E HaE
[expressions...], {key: value...}, | o], A tJaZd o], A3 t]A2=d o]
{expressions...}

x [index], x[index:index], | AB23 A Selo|A, TF, o]EZHE X

X (arguments...),x.attribute

await x ool E ¢4

= AEATE

+X, =X, ~X %, =, H|E NOT

56,7, /7% T, 99 54, P A, A% U, A
Y- ERERE

<<, >> A|ZE

& H] E AND

~ H| E XOR

| H]E OR

in,not 1in,1s,1s not,<,<=,> >= l= == B, WA AAS) olo| A E] E] AAFS Z a3

o}

not x +=2] NOT
and =32 AND
or =7] OR
if-else Z4d 234
lambda 2o 2384
: ERER R
SARAF AR +* = 2 B2F o) L& Aol HIE I F AR oFslA AT &, 2%%-1 £ 0.5 YU Th
05 AiAte EAIG El o= A B U 22 S AL E 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),

85
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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_1list] "1"
| attributeref

| subscription
|

|

slicing

"*" target
(attributeref, subscription, slicing &] & A2o)&= Zojo|n ] AN HAA L)
HYEE LU BF (020 el TUAY $E, A2 B 2T S ded), T AP
FZol soXithes A 718t Al L) o 3= ok, dFo A L 8£ 07, ste] 23 A& B

EEA 71—71—01] T;Hmﬁh,]q_

B e (529 Fejol e A7 H o= Pl HUch gAo] bd Azl A (= HE F2
G A BTG Seol4) B, b AR} HE A0 o) A oftt 51, T o] LHEA|
obd A E ATt T o] Rot= 04 Aot des de

FHEI PR oSS 2 AR D) B ol A Fol AT (L F 3 A5 AHE HAA L),

AAE A 55, 23252 8L o+ A=l A

J

ok
o
%0,
ofy
A
o
=2
4
inss
o
rlr
pa)
rlo
v

o
i

N

N,
)

AT H oz FolH o,
« B BE5o] (HEHACE 5o Eos) A2 g7 §le st BHalel ¥ A= Eb3lell
EIIE=RR
o Else
- B} HE o] o ~F 2] 2 F (asterisk) & ol &< BF A, “AEFE (starred)” EFZl o] 2Fal B H Uk
SHFE 235t AAl= Aol ® B 5o o= gAY fHET st A2 Ao RS

ﬂ*ﬂhﬂﬁﬂ%ﬂﬂﬁﬂﬂﬂ—11H%ﬂﬂ%}ﬁ%%%%ﬂH°E%iEAﬂc
B gkl o= B Ao Tl BT o H 80 npx v B 5L ~EhE B fol e
eHAS o el Ut ol 2o el A FEE = 24T 2l A5 Aehs ebel o9 U T

(o] P2 Hlo] 9 e

S
P
- 237 gow: AR &

R |
Holofof 5, FEEL

}_
shite] BRZlol ti ek A o] tf 2 v 2ol A7l Aoz HolEHy
il

. B 0] A8 A (0] F)

= Al g8k ol H Y

(o N,
1B
K-
>~
fo
rlu
I
o
I
fu)
q?
rr

+= 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
T QY 2E b G| ARE thYstebn 8 Gtk A8 ss M S Mol e, IndexErrox
2 gogUnt(HE 23PE B AL B YL 2 2ud] A FES 24T 5 GEUD.

mepol v el 7k (GA U 2e) v AAW, A0 23 P wge 7] P} E8H = golojo
S, 0] A8 22T EE AR O] WASHE A/dolE 42 BEES AT ojn) 22
AGES e 7120 AR AL AL S E AL, (L @e) A17F EARA b 49) A A/zk AL
A FE dEyrh

AR AR A9, AAR ARE__setitem () WAL ETEH UL

ze) mebolme] EHAY G FHU (F2E 22) 7hd AR~ A
oh o9 = A RS 2L Ao AR ARk Y Th 19 the, EA BT 5a
ahe FIITH 71 B3k 03 A A 29) Dojth. AAGEe A47} 5 ojof Utk =
847k e 8, AT 20l 2ol HRITL 2970 244 AAGEE 03} A A2
Folhe @] S % AR UL v o2 Aldls Aol Gehol 2 H s
NTAAZ ARG R 8 AL B A4 5 ST, Gr2le] el Dol o] 95 & A4S
A A a

CPython implementation detail: & A =& o A, E}2le] EH S & 4]

W
, M
;

F= g dANA ARE 7] wf Eofl o] HlAI A 7} @ AAFH A= AHE ¢

”/\}ﬂ]‘ﬂ«l Y7t A e %Z}dol ‘5 Al A (simultaneous)” Y= (& E9l,a, b = b, a+
HEE w3 TH A E, dH = -9 24 oY SH2 AEFANA LEH SR Yo

Ur/ﬂ 2 5T A= 2HE ‘JAHEP l% So, g2 g2 =z a¢L [0, 2] & AHFY

x = [0, 1]

i =0

i, x[1] =1, 2 # i is updated, then x[i] is updated

print (x)

] B7):

PEP 3132 - 87 o]H 2] 8 < %) *target 7|5l & +4

[1(%]
Mo

7.2. THY 87
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7.21 S CH = (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 :: "+:" ‘ nwn__m | mik_n | "@:" ‘ "/:" | "//:" | n %:" ‘ LIS O e |
| Ny s—n | "= ‘ ne="m | nA_mn | n|="

=8 =3 A < 73, B2
I AMAE Aot th Y] ol B o] A4kS e &, Yo g Al 1 AFE i dFUTh B A
22 s winkgho] Yt

x 4= 1P EFROYFALx = x + 1AW A £ 5 A, AR 2L B oA H S
3 A8 FUTh 52 WA A L, x o ghe 0 3 vk T3 th E9, b5 w), A4 Aske A2
' %> 2 B s Rk, o AR E S BT

it A= e, SR A AL e g Fok7] o)l e = FHUTE ol & 50, ali] +=
i Hata, vhA o 2 1 ATE ali]

f(x) EAFANali]l & RIS, £ (x) 9 = 731, QS 33t

of oAl HU Tk

] BN S22 tF el e 2 U dstE AL 2 5, SE g Fof ot gL vl o 3}
Ze oz Aeg Uyt upd A 2, Al At 522 M S df 2 o, S E O Wl Eof ===
o] F AAre Aul o] A AAka} ZHU

7.2.2 0{=E||0|EEl CH Z(Annotated assignment statements)

ol el o] 4 AL, 3 B, M} o 22 HE of o M3k TS 4 9t Y
gt

el
fifo
o
r[T
a
o

annotated_assignment_stmt = augtarget ":" expression

["=" (starred_expression | yield expression) ]

o,
2
)

0,
M
i)
1o
)
o
o
rlo
fo
N
o,
v
1o
o
P
=
e
ik
i
ul
rlr
S
o
i
=

g QA m & on
o
iy
Ac)
[>
T
Cut
i
lo
o

rlr o

2o (4>l o

Rl
K
iy
i)
[>

% T
1
]
o

50l

LH o] 2 gho] Fa A At A FE A] ks U T

Hol 2R, ol wH o] EH Y2 (A A3 oA o eH o] M 3h-g F3517] Aol AAl Y=

AU 94 B A o] EAHA o, A Z e = H A9 g 7ot vhA e

_ _setitem__ () °|Y__setattr () =& A=Yt}

o B7):

PEP 526 - W= o] mE| o] A 2] =
EERSHNEEE A
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PEP 484 - JE A A T4 =7 IDECIA AFEE 4 Qe 3 ol :H| o] ol th & 2 A3
Al typing && F7bskE Ak

o 2
W 3804 WA o)Al o] =EHo]Ed Y2 AR J} vpApA| = ol 22 23 A S 58 F Y
th o], (EZ e FE TR L) GF @A NN 29 01137}%%?&"14\4.

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)

f

o] FTH = debug_l]-AssertionError 7} 22 ol A HTES 7 At 7 g gy ok
AR FHAA, W - debug > IHFA QI Ao A True o] 3L, H A3 7 R FAF S o (FEH
4 -0)False YUtk dA Y T = FA37 &= Hotd /\W"ﬂaﬂ*ﬂﬂﬁ J = assert & FF ITE=EE
WA s U T ol H WA Ao AsfjEt FHA Y A FESE XFT I R7FYE0l FFHAIL; T
8 e do) 2o Ay 2 #H

__debug__ o B f A2 H2ks A kUit o] g WAe) ghe Bz E kAl A w) 4P ek

7.4 pass &

pass_stmt = "pass"

pase du) GG — 489 oY A Aol g B o R Bl Lasle
v 2=

SHAIRFE I gl o, A E A Fe= &R

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,
o7 @ 714 e 7} LU Th

B 5520 A= 2Bl S &4 2 8F o g A7 Ao m AAYTh

ol 59 AAlE 22 ZE EF Sl global woll L o]go] SR whet Aol A o] &
Tl A o] 59 AAZ AAF UL o] F o] AZF o] YA 2, NameError o 9] 7} doj g th

7.3. assert 2 89
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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

920 Chapter 7. Ct=2(Simple statements)
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7.8 raise &

raise_stmt = "raise" [expression ["from" expression]]

If no expressions are present, raise re-raises the exception that is currently being handled, which is also known as
the active exception. If there isn’ t currently an active exception, a Runt imeError exception is raised indicating
that this is an error.

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 & 91
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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

A 3304 W A: o]A] raise X from Y oA Y & None o] 3 &3 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 7} finally @ try ZollA Ao7t BloUe S vte = 49, F22 5 H IARE Blo| 1}
A I finally Ao 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 = (identifier ".")* identifier

relative_module = "."* module | "."+

(from o] ) 7| # AEE F F vhAz APg Ik

ke

92 Chapter 7. Ct=2(Simple statements)
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2. X E(import) wo]l SFF 2T L A o] F FZH o] 5oy o] FES AYFYTH
T30 (AEZ EEE) oy M 2& 23t d, vpx] 2 o] Mx o] X E Fof o3 EE A,
F A= dultt s g 3 Yt
A AR A, RES Fa 2 E3+= A AR A2 Q2 E A 2H o Qls AX A o} A 3HA A
P, d2EE S A= A8 THY A7AG REEY AZE A AHS ALEulo] =23=4 AHSE
T E EE Zd A= Agsta dF
SA4E BE)HFTHLZ 9o A, A 7HA] T S O Z X g o] F gt AE YTt

c ZEOJEHAdas 7t e, as Flo LEolEo dXEH BZE JH AZ2EYUTH

. ol g0l AAE A 1, YZEF = BEO A4S BECH, BEL 0|50 YZEH = EE

FEEAY o5 3o d2dg vt

B§o] H4o] REo| o] 2,

o Ego &0 |d
ol el

4N
N

I JZEW REo] 1089 o= HES AHAEA AR
2 9oW, 1B JH RES YEEFE AL NEH THS YEEH BEIN T ojERE
2 o) AU T
3. JEBREZI LA A oW ImportError & 4ot}
4. 217 gkod, 1 gholl gt 27 A o o] F FXkoll AGE =1, as o] A A A 7] A
ARH o] 5= AHEotaL, 2R koW o] EYRE o5& AHEFYTH
AR el
import foo # foo imported and bound locally
import foo.bar.baz # foo, foo.bar, and foo.bar.baz imported, foo bound.
—~locally

import foo.bar.baz as fbb # foo, foo.bar, and foo.bar.baz imported, foo.bar.baz.
—~bound as fbb

from foo.bar import baz # foo, foo.bar, and foo.bar.baz imported, foo.bar.baz.
—bound as baz
from foo import attr # foo imported and foo.attr bound as attr

AWAEY BB Agh () U, BE) B9 H RE B o] BEo] import £o] 5HT AT
of Ao} o] & g7kl A2H YTk,

BEE FH F 7N & (public names) = ZES] o] &7t A __all  olgle oo HTE
AARF YL ZoF o] Jopd, FALE Q] A| Aok dl=t, I BE O] oAU YEZEF}+=

oh__all oA XA o] FE2 EF FNEAFTH L UEA EAH ok FYTh __all o]
o, BEY o5 w7 TAFHE o5 5, BE A (L) Z AFIA] G BE ool TMNE
AFEUTh __all = 37 APLAAE 2@ oF Tt o] A9 HAHL g5 A A API F 7} ofd

FEES w2t A2 YATE AYUT UF 2 R Eol AE = ahu ASHHE gholH el R E).
¥ EQ JUrFE HE| — from module import * — = BE FEIJATFEH Y} Sy
T ool A AHR st & Al =+ SyntaxError 5 923 Th
YZET RES AT 252 @ o] & (absolute name) = A F & E 8 = glsUth BEolv 37| A 7}t
g2 51714 sl : 2

=

o] =3 =
(relative import) & & = HF UL fromF ol A A= = | 7| AU & <ol

AR HA BT BA A7) A AS S Auh} AL Sebrtop e A AT 5 AUk ke AL of
YEEE 3= REo| EASE A 7148 FFUTH F /1 FL F )74 552 AL Lehrts
A =Gk A A AL F A £52, 55Utk 284 pkg 7140l g1 RENA from

7.11. YEE(import) & 93
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import mod & A3}, pkg.mod & YZE A F YTl pkg.subpkgl QoA from . .subpkg?
import mod & *ebﬁ 51 pkg. subpkg2.mod & YZESHA F Ut 4] JEZEf th g 4 3l 7] A
A ol ZE Ao o] Th

RZEd REES SH o AAF}E=SR 2 IHES A5 Y3 importlib. import_module ()
o] Al&H Yth.

Ol 2} module, filename, sys.path, sys.meta_path, sys.path_hooksE ZFA} o|HIE import &

LAY T

mlo

7111 FX
2 2 (fuure siarement) & A7} ZAT B SR LWl AL N8N AAIES
T = A Al of (directive) U], L 7]-5-& v 2ol S A= & FFo] R oA o] H= AYPUth
FA 7Y BEA2 Ao 38R = AA o] EYH v ALY sto|HoZ FAVME AL A BEE
AU Th 71 7)1 5 0] £Fo| 5= W E o] Ao BE T2 A /5L A3 5 QTS T}
future_stmt = "from" "__ future__" "import" feature ["as" identifier]
("," feature ["as" identifier])™*
| "from" "__ future_ " "import" " (" feature ["as" identifier]
("," feature ["as" identifier])* [","] ")"
feature = identifier
FA e 25 A9 Aol »etoF FUth 4 £ doll s 5 A= 52
« BF 52 E g (docstring) (Y1 THH),
e
TSI A= 1
- e FAEE
Fx] BEL AL ol st G YU 7] 5L annotations YU TH(PEP 5632 223 A 2

=

FA FA 2 T S4HE 7552 A3 ol 3 o "J@‘%HE}- o] &
%Oﬂ-‘f absolute_import, division, generators, generator_stop, unicode_literals,
print_function, nested_scopes % with_statement 7} TTFH UL} o|AEL JoJEQY &

A3, 2 A A TS A FAE L Q7 dfE Py Th
vﬂ T2 AR R E At Al F ) AAH 1 P U HA FAAESY Ano e WAL
A= AEE T FEFE U Al 7] 5ol S8 A de (*HET AFAAR) MELE TH= =Y
AP, o) AR UALLAT REE A NI AT W AARE A

£l
i
2
30
rlr
B
12
K
rEI
12
el
M
)
e
X
i
ke
rlr
N
off
ftlo

TR AY AHY MEES T4 Foll Y8 @435 = FA AR 7sso EHAdsTh

o) &l Bl o} A% 583k Ro] ghgol 39 3ok FiTh

import future [as name]

| AL FA £o] ohgduth opt A S ol B A Al oo] YE AW JYEE £ BYYTh
FA S 2@ ZE M| 58t WA & exec() 2compile () E3EMA AT E T,
NeHO 2L, F1 ol AAFE A BN AR S ABTULE ol A2 compile () o F= A2k A5
AAE Ao = Ut — AT R8-S 1 9 A4S E*&Ah
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Hely dezels Zgned A JUE F4 2 AezH A4 Be 72 ZHE DAY
Qe L E 7t -5, AAY ~AHE o] Bo] ALF T §HOT AFehaL, 1 AAPE FA £
gobe, 229 B} A o Fol A2 e tshy AHdHE B3 FA g

] ®17):
PEP 236 - ¥} 2= ] _ future__ _ future_ W AU S]] )3t 2 22 A<k

4

7.12 global &

global_stmt = "global" identifier ("," identifier)*

global #2 @A 2= E5 AA o 485 = AAdYYch vYg=d *‘tﬂz}ECﬂ Ao =z 3| A5 ofof st}
= S Ytk global A %’iol A HEE AGE 7M1 4 A7)+ A T global flo] A W4
S U dst= A2 By

global B YEH o] EE 2 22 7= EEo A global & <o

global Eol VAH o) & A Alo] B2
B o) A oTel A8 2 15 Shoob Al
VAS

=2 1:1
CPython implementation detail: &7 >3 o] o] A| k2] R E ZAHA] AT, =
&

ol

4T 5 g,

2, 2 2 (class) BY, T A9,

il
rlo
ofh
>,
=2
)
(g
9
;
'\h
O
H

2392 o 472

S5t A] Zofof st=d], vj#o] +HLS IAES FAFA L 2218 ou| & il glo] AT &
°‘7] o & J Yot

Aol =+ A Al AF(directive) Y U T} global £33} 222 A] A 9

z2 el F9 A global £ 3
#“ﬂthﬂwﬁ%%Hﬂmgﬁ ﬂemu>ﬂAz+ﬂﬂLtﬂﬁﬂwqcﬂmﬂi@%
= EE2os dPE FA &7, 19 EAYo] £3hE TE o

=4
o A= global ol G2 DA g5Uth eval () Fcompile () T4

m;#

ﬂIIﬁ
2>,

o} 2717 QU o,

7.13 nonlocal &

nonlocal_stmt = "nonlocal" identifier ("," identifier)*

nonlocal B2 AR AWAT] AAL A S 1Y 77kl Fel we 2atzol ol vl AA 9
£ 71e)7) =% whE Ut o 2SS a8, A4 7B S2to] Ao o] & FHE WA FAFHE Aol

WEY T ol BAS AESHE 2L A (RF) 27 2o Ao 272 319 WS AAAL

9% 2 Ty
nonlocal o] Yydg T

AZES 7Hel Ak AUt (A AZo] oW A3 =
oh.

nonlocal o JEEH = o] E52 XY AFxof o|n] 2A3t= AZ S A XA Zofof gt
© B7):
PEP 3104 - v} A 3.3

[i
2,
30,
rr
o
il
il
2,
=
=
>
>
o]
O
3
b~
e}
Q
Q
~
1
1o
By
[,
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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 AL ol s Aas A g The Aol Fo) o gtk

’if x <y < z: print(x); print(y); print(z)

8 ofsti:

compound_stmt = i1f stmt
| while_stmt

| for_stmt

| try_stmt

| with_stmt

| funcdef

| classdef

| async_with_stmt

| async_for_stmt

| async_funcdef

suite n= stmt_1list NEWLINE | NEWLINE INDENT statement+ DEDENT
statement = stmt_1list NEWLINE | compound_stmt

97
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stmt_list = simple_stmt (";" simple_stmt)* [";"]
4= °l ¥4 NEWLINE © & 2131 DEDENT 7} 71 52 whg = 350l S5 oF Fhuoh. ok, A=k
bt A Aol §4 £ AN D £ e A =R AL wleel, REgel glrke A £5
St 8 (Fro] oM FHE irFol E27 HE AL ST T2 2N v (dangling) else’ A S
3 23 oh.
BEFGS A thgoll L= A e EH A2 A ESHEY 2ol g5 2idFch
81 if &
iFES AR A AH UL
if _stmt = "if" assignment_expression ":" suite
("elif" assignment_expression ":" suite)*
["else" ":" suite]

Bol Nt AL WAL AN FAAE S S AN T A B8 ] 2H =S A
A Aol = =g ?j/c}(Boolean operations) AAS BHAMQ);, IHA S 1 2~ A
‘F_—'T'—-c f’fﬂﬂﬂ‘ﬁr%}o] FAA A FFUTH. BE R84 E0] AA o]
A ﬂ

while &2 @A 0] 4 FAd AP WHE o= o AHEH U th:

while_stmt = "while" assignment_expression ":" suite
["else" ":" suite]

o212 A S RHEA o7 FAStaL, oW, A WA A ES AYPAUh T A o] ARl (A=
e AL £ dFvth else o) 29 =7 (oh) 4P 1 22 g SR}
A AR 2 ENA AYS & break T2 else A5 AP3HA 4ol F2E FTEFULH 3 HA 29 E
oA AHH & continue B 2N ES] Lhul A LR S AUH T EAA ] AR Sobghth

=
83 for m
for B2 (BAE, 7 g2E Z22) AlA2 Ut olHe & AA Y 8458 oJEH o] Edt=d AHS

gk

for_stmt = "for" target_list "in" expression_list ":" suite
["else" ":" suite]
A 552 AT gho] Fa A YTH ol H #E AA 7} vh2bof T expression_list o ZFE

clejslol el 7} ol Ut 3@ o o el o]} A 33 Fvieh, ol el ol BelF oA

7he WA AR 2t 4§50 tle] TF 79 (FIE L HAL) 02 B
2, 29 E7 A9 gt §550] 22592 uj (o] H# o] €l 7} StopIteration
T AR AeE SA AT, the else ) 29 E7} (ITh) ARE @
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R0 2 B A AW break B2 eloe AS AWNA ST FIE FEFUTL A A 29 =
NA YL E cont inue B2 2AEY o)A RES AUH T 01 502 dol AL, T G5
o else AZ T

for-F 3= Bl B 59] W4Eo B FUTh for-F2 9 A Ee A o] 2ol AEE EFHA, 1 5o
=

=
A AHYE BE= BF HolE

t}:
for i in range(10):
print (1)
i=25 # this will not affect the for-loop
# because 1 will be overwritten with the next
# index in the range
A RS 0|25 2R E W) AAH A GAT, A W27} o] YTk, Tzl o5 A o]
dojupA] o2 = S Utk JE: A g range () = H2Z for i = a to b dod EHE
FUW e Age Z49 O]Eﬁ lO]H EHFULE ol & £9], 1list (range (3)) & B 2E [0, 1,
2] 55 UH
FaL: Adazt Fxo oo A E vl = v B H o] hFUTh (o] A2 2.4 7k AJA Lo AR doj
7} o] e ¢l o] A ul e}

o) 743 e 2E). theol ol G5 o] AP AE F A5 ¥ AL E A ALSH T,
ST o] -2 H 7k Al A0 dolo] ERFE F37}FRH UTh o] AL woF A9 =7 Al AL
A (Ex 1 o] A0)) 322 AR Y, ThE FEL AU A Arhe YT (O B35 o] o)n oA
A BB AEAE 2 B W E YT, S ATA R, 297 S BE GO AR FEE
AT, Al 5L F 29| T = ol A A G2 7 9l B oA A BT o AL Teek I
oo} % g, AR AD2e] Sefol iz AN AR WEOEA 3T 5 AFUTh IS 5

for x in al[:]:
if x < 0: a.remove (X)

try w2 T 2wl gt 9] A8 71y A g (cleanup) T &= = 1 & BFE A A= ol AMSE U Th

try_stmt = tryl_stmt | try2_stmt
tryl stmt = "try" ":" suite
("except" [expression ["as" identifier]] ":" suite)+
["else" ":" suite]
["finally" ":" suite]
try2_stmt = "try" ":" suite
"finally" ":" suite

The except clause(s) specify one or more exception handlers. When no exception occurs in the 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 d 5 o]= AL oot mf x| F 2] ¢Fo W, A9 A7) AL U ZEYR T E 2H A ALH

'O 2 o9& Yo7t finally o] A 42 o9t 5F 2oz APtk 2 A o9+ A & ddolw el

84. try & 929
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1j}okexcept 29 tﬂlﬁi"ﬂ E XA FE 7w A7 A sE, Y A7) AN HAAFHT
EHR I TE A~ Oﬂ/ﬂ A ol e thsl] AAZF AIREH U (try & AAZL AL E Lol Ze=

HAFE Y.

1] 2] =] &= except D o] WAHH, @]ﬂ—t—lexcept Aol Qe as 7= (7F Athd) FHoll X174 E ef A of th )

= 11, except B A2 EVF AFFHUTE BE except 22 A3 7153 EES 7FA of Iyt BEE9] Eo

S5, try & AA| S Fol A durA <l ’“f‘“ o] AL HYTH (0] AL 2L oo tsl F MY =HA

2181717} a1, o &) 7F ek& A 8] 7] 9] try % 01]/‘1 WA THA, B2 A 8] 7] = o9 S A 2] 6hA] A "Ark=

o] Ut}
o197} as target & AHESIA TYD ), except 2 Zoll A AP Ut o] AL A

except E as N:
foo

7 ol2 WaE = AT 2HUT

n:[

except E as N:

try:
foo
finally:
del N
ol 51 except A Foi] 2252 W o) 98 ThE o] 5o th 93 of ek U . o9 S A A S el
A A mdel2m oz Q8 A8 ma AT Fx 2 e YANA e ThlA A7 Dol

A7k 1 me Qo] BE AS MR LT WEdu T

except Ao 29 E7F AYH 7] Ao, o 2] o] AFA| WG] sys gl A= =0, sys.exc_info() &
ol AM 2T JFUTh sys.exc_info() £ 9] S, ol9] JAXH, Oﬂﬂﬂiila‘«l old

Oﬂfﬂ LAY =AE °LﬁzhEEﬂ°]’\‘m AA (3 ﬂ]%ii*ﬂﬁ) EOFAAN3-FES EHFYLH
sys.exc_info () #E2 d L& At g2 LE EA T u) o]d gtez Byt
A2k 7153 else B2 Alo] EE0] try 2 EE WA U7, ol 7F A SR ¢k, return,

o
contlnue T+ break o] AHA kod AP else oA T3t o9 = ol Y2
= except 2401]/\1 A el= A k5T

finally 7} QL2 W, ‘A 2] (cleanup)’ A 2| 7] & A H Ut} except & else B Z3|A], HA try
Aol AgUrth o] A9 oA o2 7} Ao, ol 9] = YAl ZV‘}%‘%E} finally o] 43
Auch vk A E o) 7 o, finally Ao] BolA thA] YA th finally Aol b2 o9 &
do7d, AFH o 2)+= A o 2] o] A AE (context) 2 AAFH YT} finally @] return, break Ex
continue & A3, A%H 4o+ HAYTh

>>> def f():
try:
1/0
finally:
return 42
>>> £ ()
42

finally & A3PslE Foh o AR = 7T o| A5 A eb5Uth
try-finally %9 try 2 E A return, break, continue £o] APD ul], finally = ‘L}7}

£ e AgF ek

o] Rkt b wpA etol] AW E recurn B E AR FUTE finally o]l 4 AH 7] w2,
finally % 01]/\1 A E = return 9] 51'/‘7’ upz] ghof] A= = Zlo] Huth:
>>> def fool():
try:
return 'try'
finally:

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

return 'finally'
>>> foo ()
'finally'

ol £l of] &3t 7o) FHE o o] Aol 2 = 9031, o] & L L27]7] 98l raise E2 ARS8 A
B3 AR = raise T A A A ZHE 4 S5 Th

WA 3.8 A4 WA spo]# 3.8 o] Aof=, continue £0] T AR Q3 finally B FAEA
FdsUTh

8.5 with &

AU LE Pl 2} (wirh £ A2 Pel A A4 BAR) AU AEE
A& &3t tryexcept-finally A A ES HE A AAEE = AESE

A ) ASF UL o

Aestd + A=F dunt

with_stmt = "with" with_item ("," with_item)* ":" suite
with item = expression ["as" target]

Sto] “item” & AL S with B AW TheH 2ol WP T

1. AY2E #e2AE A7) A3 AP 2E 594 (with_item ol F0] X expression) o] 3h-& F+3th
U0 ALg8l7] 98 AeaE #ejAe]  enter () 7t 2EFH YT

Uzoll AHg37] Qo e AE BERe]  exit () 7h2=RUth

AEAE AR enter () HINEE TZITH

with £l Bl o] 2= Qom, TR __enter () o) W3k h YT Th

A

AL with#2__enter. () WIMEZFo Qlo] Eokgtawl, _exit_ () 7} FEEzede
B th 2 A, B2 ol th ok S <ol B 7l stE, A E Qo A o 2 7h E A’k A} o]
AFgUth ofeie] 6AE EA 8.

6. 2 EZFAYF U

7. AEAE #Aeate]  exic () VIMEE TESFULH 9t AN ES FEAEE WBEQTHY,
a7 F, 3, Edolamo] __exit. () o AAE AEF YT 25 A ¢ko ™ A 7§ None ©]

JAA = 2RH U

~9)E7} o9 W Eol] FRHAL, exic () WA= 9 ko] ARolW, 19l E A I
A1), 8 Aol HOE, AN AF e i B A Ok EROE ADE AT,
S ETLe) g o)9le] o) RE FRHW, exit () o NB G TAH L, HG SR T

GL s Al A e AL,

et gL e

with EXPRESSION as TARGET:
SUITE

ou 4oz eIt FEFUh

manager = (EXPRESSION)
enter = type (manager).__enter_
exit = type(manager).__exit_

(THS SoTAT o A1)

8.5. with & 101
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(o] A sl o] A ol A AH)

value = enter (manager)
hit_except = False

try:
TARGET = wvalue
SUITE
except:
hit_except = True
if not exit (manager, *sys.exc_info()):
raise
finally:
if not hit_except:
exit (manager, None, None, None)

S RO B BB W, A AE Fel e vich Fol HE AN Y APtk

with A() as a, B() as b:
SUITE

ool gow g3} 55 th

with A() as a:
with B() as b:
SUITE

WA 3 1A HA: tF AE2E 349 29
o B7):
PEP 343 - “with” & 3}o|® with £ 72, w4, .

8.6 &+ H9
4 Ao e e o) T4 AR (EFH A5 AN S BAlL) B AP Th
funcdef = [decorators] "def" funcname " (" [parameter_list] ")"
["->" expression] ":" suite
decorators = decorator+
decorator = "Q" assignment_expression NEWLINE
parameter_list = defparameter ("," defparameter)* "," "/" [", " [paramete
| parameter_list_no_posonly
parameter_list_no_posonly = defparameter ("," defparameter)* ["," [parameter 1ist_:c
| parameter_list_starargs
parameter_list_starargs = "x*" [parameter] ("," defparameter)* ["," ["**" paramete
| "**" parameter [","]
parameter = identifier [":" expression]
defparameter = parameter ["=" expression]
funcname = identifier
T A= AP 5 e TFAUTE AAstH AR A S o] F FIH T o] 52 T AA (Y
A3 7hs % =%t o (Wrapper)) o] & AA &= A o] F 3t thet FxE x3st=H,
o3 =
- =4

}
= 2 AN = JEyrh vzd oy 23842 3
Ao ), g5 S 2P 2Tz o)A e UL 1 Aohe FelBololof s, ¥4
1 ol

(=
WA EFo R 5 24D AHDL G5 doc fERER MBI P4 SAET o] Hulth
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A vk OWE AHEE A TS Yt W gho] I A ti Al 9] o] Fol AZF Ut oY 79
tEdgelse $HEA= T2 A&FH U o & 0], 2R 22 2=

Qfl1l (arg)

Qf2

def func(): pass

def func(): pass
func = fl(arg) (£2 (func))

g2 e gt dA =

E
HA 3904 WA et BE
o] Holiz, £ o] Al AT o]}

Stk 2 o) 439 )

A2HA Fevhe AR HEYTh

o]
F23 assignment_expressionl Z U A olE E
AU th ZAHA S 8-S PEP 6142 Z 234X 2

= func 9

4
30,
ol
<
ul

N
T

parameter = expression FE| S 712 wlj, S¢7F <7 B wj ) HS

4 ol &2 7
sohm B ok JEgke] A MANSY 39, £ 0 gt o4 2 A%E S 9w, 1 )
Wi 7j o) 7] gre] A Utk HeF AW L 7] ke A |, 7 4A) 1 H S nhat 2E v

WA 7| BEES 7P oF gtk — o 2 B FH ol A AR A o= £ A A UTh

34 Aot A ), Bl ARG G B LEF 02 Zho] ZalTh oA e B
7 9ol ) & ¥ ko] T A, BETIT} g vule] AL gho] S ELhE AL FHT o
oSt AL 53] AEgte] PAEL S 2L b AN wf 8ok Wk F
AR E 543w 2 F/4guUth, 1 A% 7B gkel 24P YTk o] AL
ook gt Aol otk of EAIE 37 ekt WS /RS2 None & AHEET, &
HAA oz Ak AdYth g Sol:

o 0
S, ok
2 b o

é[o—ﬁ

wm
jns)
o

def whats_on_the_telly (penguin=None) :
if penguin is None:
penguin = []
penguin.append ("property of the zoo")
return penguin

Function call semantics are described in more detail in section & =. A function call always assigns values to all
parameters mentioned in the parameter list, either from positional arguments, from keyword arguments, or from
default values. If the form “*identifier” is present, it is initialized to a tuple receiving any excess positional 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.

WA 3.8 4] ¥ 7: The / function parameter syntax may be used to indicate positional-only parameters. See PEP
570 for details.

7 o] F F ol 2= “: expression” FE|O| o H o] d S 7 4 A

A& 71 4 9l=H), *identifier Y **identifier YEIR X} 22 HF YT g
‘~> expression” FE|S W3 (“return”) ] = H| o] A& 71 4 .
WHE shol A A oW o Aol B 4 AFUh ool de] 245 B4
Lok H oA ZFEL T4 AAL]  annotations  OJEZHEJA w7 HS
oAV Ele ke w Zﬂ;'—g yrtl _ future_ o|A] annotations & YXESIHY,
73 8} o] Oi-w—Eﬂ o de AN AL E HEaEPUth 284 ¢how g o7}
th o] B ol xHl o] 2 A FEo Yo = A TE AR F7HE 5 s Uth

H&-37] 918l ol 5 flv (el AZH A 932 T E Hers A 7}

A& A=), Fh(Lambdas) A Ao A AEIUch Bk B3 AL

] EF ol A ke Ao FOBHA 8 “der” FFNA HJH P

TAH AGH AU e ol W92 = Y5tk o8 Ao B AFst
53t 7] W& oll, “def” FEf 7} A T 7”-% it

e FH2E Z Y2 (first-class) AAI T T Ao <ol A AR E = e

o 45 A9tk 59 Tﬂ“’ﬂ*ﬂ AEE = A HEES T def &

rr
)
>
I
R
4
=2
ko o
r[r

lo
o 5
oo
éoﬂmlo_%
oﬂ—‘\l—fﬂ,‘ﬁ
X,
52,

oyl

Tl
0

NN
it
Toox

— H
1] o
r]r
10

> N 1o
ot 12

I rlo >l i

)
2

Ao Mo

=2
>
4N
>,
>~
E

oﬁjgﬂﬁ
19 ph 11

2 > o O
b lo 1o 5 ra

S
AN
B
E)

i [kl

[o0]
»
oo
+
0
1o
=
w
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EPSHe F49 A WSS S ANAT 5 AUtk o AT NEL ol 23 A2 (inding) AL

PEP 3107 - &4 o] ;g 0] 4 o] Bl o] 9] H & 414

PEP 484 - 3§ 31 E ol H o] Mof tft F o u] HoJ: g 3=

PEP 526 - i o] go] A 3 Sl W A A2HA WSS 23 et U Aol FAEE E 5
Ae 7%

PEP 563 - ouﬂlolku A4 7} —é/«l F 7 ete Al A@A ko] o mH o] A& FAE F4aoz K

8.7 EallA Mo
FHx A= ZHa AA (T A5 A BAL)E Y Fth
classdef = [decorators] "class" classname [inheritance] ":" suite
inheritance = "(" [argument_1list] ")"
classname n= identifier
ZH= 7@%% A 7hsd A YUSE A (1nher1tance) 2o HE oA ZPrE BES AT
st (5 25 A&l EHOH/H e A EHAR), E5Y A FELFS T U AR FHAS
5 gl EEH/‘ A7} = o oF Fth As Eiol e FAlos, 71EH S E, WolA Fe 2 object

E AT LA

class Foo:
pass

soes EsRUY

class Foo (object) :
pass

Y2 2EE /\HE LSl Z A ol F
(o] 53} 2 (binding) & BAM L) ANA A3qH

AR e PO AP T
Fro] 29 EVL AR S upx W, A 2y e g eAn 1A A o] F FH2 REFYTH
JA G Als BEES o2 FHAER, REH A Y o) FUS AEYRE G Z AL A Al
Zex AAE Ut FE29] o5 AHfe A o] F Tl A o] FEx AA G AAH Utk
Ze) 2 ult oA o] E ﬂ_llsll_Eﬂ-Z%_,]ﬂl—_—’;:/\-]‘:,/\H 29 dict_ o HEHUTE o] AL A7}
THEol A HFof, HY] EHE AMSIA Y E & FHAEANATAF T 5 ok Aol F &) of it
Fefx A3 v e ZeH s E ARSI A “0}71174/“54 npo] =& 4= glEth
ZeHlx A s v g o|d T A H HEZY o ET + 5 Uth
@f1 (arg)
Rf2

class Foo: pass

£ o S5

class Foo: pass
Foo = f1(arg) (f2 (Foo))

Sge)s ool A MR B0 S BAE H P T 0lF T _doc HOR WEH o Fe2 SAET o]

gy}
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AR},

WA 390A HA: Foe BE 83 assignment_expressionl E U I H olE H 4 JdH5Uh
ol Aol &, T ol X AT o] AFUThH AA S Y82 PEP 6145 ZZ2 34 Al 2.

Zzadw 7o A S ool AoH = WeS2 SHL EAFEJUH; oA S

RPN P
2ol FHAUL 28R 2P REL WAE0]A self.name = value 2 48 4 Y%L
o229 AAHA ] ER|HE B “self.name” £/ HOE AN AT 5 AT, o)A 402 AN AT
W QAHA ojERREL 2L o] 59 22 ERREES AUk S22 ofEYREE A2
JEFRES RO T AHEE £ AAT, W S S I AL et e AHE F 5 dFY
hotlaagE B OE A AANE 2 Ao a MEE BELH A4S 4 AFUTh

318 M =YH Qs Ut

=

[ —

88 3

S|l

WA 3.50] =7}

8.8.1 ZFEIl g HO
async_funcdef = [decorators] "async" "def" funcname " (" [parameter_ 1list]

["->" expression] ":" suite

ol FFE O AP o A AHANA DA FAFHAYANE = AFUTHEFEH S EA L) TFEHY
vit] Qo A, await £ async AB A= o ¢k 7] =7 F Ut oSl ol E (await) F& A, asyne for,
async witht ZFE vt o Aok ARS8 4= 95U Th

async def B o2 Ho|H = T4 TFE 49, await Yasyne 7| PEE TFA &
A= agsyrh
F8 3o vir] kel Al yield from % A& AHE-8H= 22 SyntaxError YU Th

2~
)=
Fd o] o

rlr

RR

async def func (paraml, param?2):
do_stuff ()
await some_coroutine ()

8.8.2 async for &

async_for_stmt = "async" for_stmt

Hl57] olH2lE 2 W& 7] ol H ol £ A A West= __aiter , HI5 7] o8 ¥

o
OB A48 __anext_ HIAEA H]E7] ZIEEZET 5 JFYTH
async for =2 H|5 7] oJE]E Eof ot He| st o]HH o] A

ez e e

rlr
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async for TARGET in ITER:
SUITE

else:
SUITEZ2

BERNEE RS et

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
o AN YRS aiter () & anext A ok

TFH 49 viy] whell A async for & /\]-%‘3]-% 212 syntaxError YU th

8.8.3 async with &

async_with_stmt = "async" with_stmt
v 5 7] AGAE B2 2} = enter QF exit A S oA APLS A AT 4 Q= A A~E A2} L}
oER RS IEE
async with EXPRESSION as TARGET:
SUITE

o gow theat F5 g

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)

o ZM S W RE  aenter () & aexit_ () & HYE FUth
FFE g4 vt §hol A async with & AHS ]‘% & syntaxError Ytk

© ®7):
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PEP 492 - async ¢} await S AH&3H= 7Y I TS sfojol A A 23

AL, = Al e SR Al ek

FEHAJ Mdes s
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CHAPTER 9

e 248
shol i IHZE L o ¥ Hx 2HZRE 9P 2 5 dFUTh BF 9o 2 A%z
A2E 239, faP oz 498 2, BE 42 3D 55, o 3L o] AT AEH & BULAF

Ut

Aol FZo] o 407 o] Az g 17HJ_E“QLZ]% ug 4 é = QA9 &A% ol A
Zzzadolgt=NdS 2= AL 227 syt &4A ‘JJJr ol RIS H Ao R 27|5HH
oM AdYFUth REWZF EFEE O] A25 A9 sys (& A]/\Eﬂ Au|2E)8 builtins
(W7d 35, o9l &, None) ¥} __main__ 0]£]9] oj = 7}357]5}32] F ks U th ubx e 22 st
Z2 IR AYE st A I A o] F TS AlF- 3= ol AHEE Y Th

S spolH Z2 T8 FHLE TS Ao AE = oY 989 Yyt

JEZEHe oz AgE = JdFYth o] 4%, 9”47‘5?2&1‘%‘ < QlojA AY3tA] ka1, o
Hol 3t 24 (BFEE 7Hssith A QoA Adgstyct. 27 42 A3 =2 395 25Uz
TS _main__ 9 o]F Ftol A AyF Yrh

Sdst zz2 e M 7R FJElZ AdHZ | Hol A AEE 5 AdFULh: —csring Y FHALZ, A
HA P A2 AGH o2, 2+ JdHFo 2. gdoly ZEYdHolwy FAH, JHzZe HE= tsd
B2 SUFYLH 28X god 2 9 d S ddst =2 a8 o2 APt

file_input = (NEWLINE | statement)*

o] ¥ tha I & &elA A YTH
o (FYo|} EAG2HE &) R ghol A T2 TWS 5k u);
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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
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cHaPTER 10

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.

3 7] 2 EBNF&EPEG] Edd Utk 53], ¢ Aol 7|3, EE == 252 5 A5

X 7] (positive lookahead, &, 4 2] &}l of 5} vk 40| ¥ A= k=) & WERH, | = 74 v 2] B 7] (negative
lookahead, %, 4 2] 8} #] ¢kotof &t=) & UEFY U | FRAHE ARS-8Fo] PEGE] “<5A] QL= A © (ordered

choice)” (A5 2 9 PEG + oA+ /Z 7| SE YU H S S

# PEG grammar for Python

file:
interactive:
eval:
func_type: '

[statements]

ENDMARKER
statement_newline

expressions NEWLINE* ENDMARKER

(' [type_expressions] ')' '->' expression NEWLINE* ENDMARKER

fstring

star_expressions

# type_expressions allow */** but ignore them

type_expressions:
Tk kT

| ','.expression+ ',' '*' expression ',' expression
| ', '.expression+ ',' '*' expression
| ','".expression+ ',' '**' expression
| '"*' expression ',' '"**' expression
| '"*' expression
| "**' expression
| ','.expression+
statements: statement+
statement: compound_stmt | simple_stmt

statement_newline:
| compound_stmt NEWLINE
| simple_stmt

| NEWLINE
| ENDMARKER
simple_stmt:
| small_stmt !';' NEWLINE # Not needed, there for speedup
[ '";'".small_stmt+ [';'] NEWLINE

# NOTE: assignment MUST precede expression, else parsing a simple assignment

(Th5 sTeTATol A1)
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# will throw a SyntaxError.
small_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

# 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
I | J—
| [
I v@:|
I l/=l
| LR
I vg="
| l|=l
| TA_
| <=1
| Ts>="
| Thkh—1
[ r//="
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

import_from:

(T sl o Aol Al<)
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| '"from' ('.' | '...')* dotted_name 'import' import_from_targets
[ '"from' ('.' | '...")+ 'import' import_from_ targets
import_from_ targets:
| '"(' import_from_as_names [','] ")'
| import_from_as_names !','
[
import_from_as_names:
| ','.import_from_as_name+
import_from_as_name:
| NAME ['as' NAME ]
dotted_as_names:
| ', '".dotted_as_name+
dotted_as_name:
| dotted_name ['as' NAME ]
dotted_name:

| dotted_name '.' NAME
| NAME
if_stmt:
| "if' named_expression ':' block elif_ stmt
| "if' named_expression ':' block [else_block]
elif stmt:
| 'elif' named_expression ':' block elif_ stmt
| 'elif' named_expression ':' block [else_block]
else_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

return_stmt:
| 'return' [star_expressions]

raise_stmt:
i expression expression
| 'raise' 'from'
| 'raise'

function_def:
| decorators function_def raw

(T sl o Aol Al<)
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| function_def raw

function_def_raw:

| 'def' NAME ' (' [params] ')' ['->' expression ] ':' [func_type_comment] block
| ASYNC 'def' NAME ' (' [params] ')' ['->' expression ] ':' [func_type_comment].
—block
func_type_comment:
| NEWLINE TYPE_COMMENT & (NEWLINE INDENT) # Must be followed by indented block

| TYPE_COMMENT

params:
| parameters

parameters:
| slash_no_default param_no_default* param _with_default* [star_etc]
| slash_with_default param with_default* [star_etc]
| param_no_default+ param_with_default* [star_etc]
| param_with_default+ [star_etc]
|

star_etc
# Some duplication here because we can't write (',' | &')"),
# which is because we don't support empty alternatives (yet).
#
slash_no_default:
| param_no_default+ '/' ',

| param_no_default+ '/' &")'

slash_with_default:
| param_no_default* param_with_default+ '/' ',
| param_no_default* param_with_default+ '/' &")'

star_etc:
| '"*' param_no_default param_maybe_default* [kwds]
[ "*' ', ' param_maybe_default+ [kwds]
| kwds

kwds: '**' param_no_default

One parameter. This *includes* a following comma and type comment.

There are three styles:
- No default

- With default

- Maybe with default

There are two alternative forms of each, to deal with type comments:
- Ends in a comma followed by an optional type comment

- No comma, optional type comment, must be followed by close paren
The latter form is for a final parameter without trailing comma.

S oH W H R W H KR R R KR W

param_no_default:

| param ',' TYPE_COMMENT?

| param TYPE_COMMENT? &')'
param_with_default:

| param default ',' TYPE_COMMENT?

| param default TYPE_COMMENT? &')'
param_maybe_default:

| param default? ',' TYPE_COMMENT?

| param default? TYPE_COMMENT? &')'
param: NAME annotation?

annotation: ':' expression

(T sl o Aol Al<)
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default: '=' expression
decorators: ('@' named_expression NEWLINE )+

class_def:
| decorators class_def_raw
| class_def raw
class_def_raw:
| 'elass' NAME [' (' [arguments] ')' ] ':' block

block:
| NEWLINE INDENT statements DEDENT
| simple_stmt

star_expressions:
| star_expression (',' star_expression )+ [',']
| star_expression ','
| star_expression
star_expression:
| "' bitwise_or
| expression

star_named_expressions: ','.star_named_expression+ [',']
star_named_expression:

| "' bitwise_or

| named_expression
named_expression:

| NAME ':=' ~ expression

| expression !':="

annotated_rhs: yield expr | star_expressions

expressions:
| expression (',' expression )+ [',']
| expression ','
| expression

expression:
| disjunction 'if' disjunction 'else' expression
| disjunction
| lambdef

lambdef:
| '"lambda' [lambda_params] ':' expression

lambda_params:
| lambda_parameters

# lambda_parameters etc. duplicates parameters but without annotations
# or type comments, and if there's no comma after a parameter, we expect
# a colon, not a close parenthesis. (For more, see parameters above.)
#
lambda_parameters:
| lambda_slash_no_default lambda_param_no_default* lambda_param_with_default*.
— [lambda_star_etc]
| lambda_slash_with_default lambda_param_with_default* [lambda_star_etc]
| lambda_param_no_default+ lambda_param_with_default* [lambda_star_etc]
| lambda_param with_default+ [lambda_star_etc]
| lambda_star_etc

lambda_slash _no_default:
| lambda_param_no_default+ '/' ',

(T sl o Aol Al<)
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| 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
| 1lt_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
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

(T sl o Aol Al<)
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bitwise_xor:
| bitwise_xor '
| bitwise_and
bitwise_and:
| bitwise_and
| shift_expr
shift_expr:
| shift_expr
| shift_expr
| sum

AT

e

Tt
TS

sum
sum

sum:
'+' term

| sum
'-'" term

| sum '-
| term

Tk
l/l
|//|
V%l
term 'Q@'

| factor

factor:
[+

‘ T_1

factor
factor
factor
factor
factor

factor
factor
| '"~' factor

| power
power:

| await_primary

| await_primary
await_primary:

| AWAIT primary

Tkt

| primary
primary:

| primary
| primary
| primary
| primary
\

'.'" NAME
genexp

'(' [arguments]
'[' slices ']'!
atom

slices:
| slice !',!
[ ', '".slice+ [',"]
| [expression] ':'
| expression

| NAME

| "True'

| 'False'
| '"None'

| '__peg parser_ '
| strings
| NUMBER

| (tuple |
[ (list |
| (dict |
\

v v

group | genexp)
listcomp)

set | dictcomp |

strings: STRING+

list:

[expression]

bitwise_and

shift_expr

factor

v)v

[v:v

[expression] ]

setcomp)

(Th5 sTeTATol A1)
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| '['" [star_named_expressions] ']'

listcomp:

| '"[' named_expression ~ for_if clauses ']'
tuple:

[ "(' [star_named_expression ',' [star_named_expressions] 1 ")
group:

[ '"('" (yvield_expr | named_expression) ')'
genexp:

| '"(' named_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 [', '] &")'
args:
| ','".(starred_expression | named_expression !'=")+ [',' kwargs ]
| kwargs
kwargs:
| ','".kwarg_or_starred+ ',' ','.kwarg_or_double_starred+

| '",'.kwarg_or_starred+

| '",'.kwarg_or_double_starred+
starred_expression:

| '*' expression
kwarg_or_starred:

| NAME '=' expression

| starred_expression
kwarg_or_double_starred:

| NAME '=' expression

| '"**' expression

# NOTE: star_targets may contain *bitwise_or, targets may not.
star_targets:

| star_target !',!

| star_target (',' star_target )* [',']
star_targets_list_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 sl o Aol Al<)
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| t_primary '.' NAME !t_lookahead
| t_primary '[' slices ']' !t_lookahead
| star_atom

star_atom:

(" target_with_star_atom '")'
'('" [star_targets_tuple_seq] '")'
[" [star_targets_list_seqgq] ']'

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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APPENDIX A

>>> 5}y Aol AR slold 28 xE. Az H A HFPor AAY 5 it T ool A A5 2

e e AEL A 4 A&
s B2/ HE B89 IES 4YT W), AL oL TEA (BF, BT, FLT) oo
=S 9T o, v elole 44 Fo| th3lP Aol ¥ so] A mERE,

e Ellipsis W& Ab<.

2to3 dto|W2xIEE 3Jr°]é‘i3.xi£§‘?ii_'}ﬂii AEsts =7, 228 77 B4 78 24
EfE FANA AT = e 2] vz e tE Ut

2t03 + 5 grolB g oA lib2t03§7‘ﬂ*%‘/]r/},%%’%ii AT F JdE=E 2THEE
Tools/scripts/2to3 & A|-&H YT} 2to3-reference= H A L.

abstract base class (—’F-’;}Hﬂol./;%iﬂ)\) =2 wo] :'a]/\L hasattr () ZL o2 g aySo B3}
A vl BEA ARE (18 B0, vl A WA =) B, AEf s o] 2 xu e S AT T EA
S thol % & HF T ABCE Y AN ZeAE £SH, FUAE ASoA SO uA
% isinstance () £ issubclass () o Y3l ZAE 5 = FHE2EYUTH abe BE A A
E HAL. 9} Woﬂ“ B2 H]’E}ABC Eo] m}a}g%tﬂ e 3 2o ASo) syt Aw T2
(collections.abc BEA), A} (numbers REANA), AEHY (io BEIA), YZE 3} 59}
Z 0 (importlib.abc BEA]). abc EES A3 A AFAlEEe] ABCE 95 % J5UTh

annotation (o] - E|o]A) F5o| et d JE 7 AHEH = WS, Fe A oJEFRHE B 5 L
LRk 3 A A9 ol B Yt

o|de A A zhe] AN~ S AT, Ao} A, FeA S Bl Bpof o

e A7t g, Ed 2, 49 _ annotations_ Eg oJEZHE A FH YT

o] 715& A et W o] . H o] A, 3 o] = H| o] A, PEP 484, PEP 526 & = 5HA| &
A2 T4 T2 W P (EEvAE) B ALEE L FEFY dA7 AFUh

Y= 2z}t (k yword argument): T4 T Z i Altﬂx]-ﬂ— oto]| & ]x]-(oﬂ 2 S0, name=) £

5 ol 2 gAYl e dEE = AAb olE S0l v 22 complex () &E0A 3 3%

5= m% 79 dagych

complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})
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o A A2} (positional argument): 71 = A2L7F obd A AL 9] X AAE2 AAF HF9] %30l
e AU olE 2 E o Gl x & 2ol AT = UAs U dE =
35 2% 92 AR

complex (3, 5)
complex (* (3, 5))

B 18
rE
>
£
RS
ik}
<
o

(]

i E

el
a5 E/H]L. —Er‘ﬁxﬂ.gi, ojd 3
gk
B9 w7 F53FAQ A2 AAFe} vl 7 w4 2] Xpo] 9 PEP 3625 WA 8

asynchronous context manager (8] 5-7] A€ A& E]X]') __aenter__ () %__aexit_ () ¥
AFOEZMN async withEolA Hole 375 Ao st AA|. PEP 4922 =95 5T
asynchronous generator (¥]5-7] Alvi#l o] &) v|5 7] Afe o] H o|E#olH & EHF+=
def 2 A= Z2E 428 Hold|, async for =7} AFE Q"’l\‘ A
St yield®d4E 2} Hol heYTh
HE w7 Ald e ol g

F o) QJAkE ARG

r[r
ne
r
(o]
2y
il
o
=

£ M 71 AR o | 2H oA = B 7] Al ol H olH e olE &
el QU o w ok )7} W akelx) e A, A e oS MA BB S 1Tk

v S 7] Al dl o8 &4+ avait BAA asyne for 3 async with & T8 4+ I5

e},
asynchronous generator iterator (H]% 7] AU & o] €] o]e]do]€]) H]E 7] Al d o] g &7} dte

157 o ElelloE] ot __anext () B 5&5W oo HE AN E EFT, o] AL T}
vield ER4 742 057 A el o8 B4o] vl £ A8 g o).

Ztyielde QAIH SR A Tk, 2 A XY (AG et S uy-2= EHE)
AP AEHE 7193 31%7] A olg olH el ol 7} __anext_ () 7k & FE K& st

olflelHEE A/HHE, Wt X o= KBt PEP 4929} PEP 5255 H A 2.

asynchronous iterable (8] % 7] o]Je]&] &) async for BN AFLE 4= J= AA. _ aiter () WA

Exs s olE e olE & E¥F ok ¥ th PEP 492 & =915 35Ut

asynchronous iterator (H] 5 7] o]Je]#d|o|E]) _ aiter () & _ _anext_ () WA EE F33= AA.

__anext_ = oY olHE AAE S FHoFgUT} async for: StopAsyncIteration o9
7} @Ay & EﬂVﬂ'x] H]-5 7] ]Eifﬂ oJE]9] _ anext_ () MINEZ} EHF £ odlolHES FUTHL
PEP 4922 = 5 9% o).

attribute () E2) HE) EAAS AH§3HE o] Fo8 F2H L ARG AT A gL o8 Sof, A 07}
JEREaE AW, 0aX Y FEF T

awaitable ()9 )E1 ) anaic EAM O BT gl AR, DT ol _avaie () AAEE 7
A7 E 5 A5 UTH PEP 4922 H A Q.

BDFL #}v] 2-& £ 41 &2 A} (Benevolent Dictator For Life), < Guido van Rossum, 3}o] %1 2] ZFA] =},

binary file (sFo]12] 5hQl) vho] = 5 27 5 913 2 4 91 544 47, vpol 2] 5pde] of 2 & vo)
HE] RE ("rb', 'wb' X 'rbt+') B oﬂﬂ-ﬂ-a} sys.stdin.buffer, sys.stdout .buffer,

io.BytesIO & gzip.GzipFile & JAAHAE & 4 Y5 Uth
str AAE A3 & 5 = 3L AAo A= BAE 3hd & IFRA 8

bytes-like object (B} o] E D5 74 A)) bufferobjects S A Y3} C-1% HHE AT E & 5 JdH Ut} o
] &% memoryview 7 ﬂ]%—‘% =2 09]1 bytes, bytearray, array.array A& 23
th vl EAF AA| 2 vhol v 2] Hl o] Bl & thR = ol 7 7FA] AAbEl AHSE 4 YsuTh 45,
ol g utd =2 A%, 5\_7)] S E3 AL 2L ASo] g5yt
o8 QRS whol U2l ol Et A4 Y Ba sk g old Aol AUAE $F U
7] vlo]EE R AX gt AT UTH 7 B AA 9 o z2= bytearray E}bytearray 9

memoryvicw 7} AU TH ThE AAES uho U7 tlo B 7t 8 A4 (“6)7] A& vloE AR
AR ) ol AFHEE 27 FUTH o] d AT 2+ bytes 9 bytes AM 9 memoryview 7k
25U,
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bytecode (H}o] £ Z.=) o] 4l 422 TE L upo] £ IE % 75} A5 5, CPython 91| 2] €] ol 4 5ol
z2agel i EAYUTh vho] E SE S pye 5HAo] AA o, 22 A S F A AR o

o ek A A B U T (R ol A Hhol £ ER 0] AAFAL 3 5 AT, o] “FTF Aol &
% who £ SE O TS 3 A AE AASHE 14 /17 ol 4 AW ELT B L), delE =S
A T2 stol Al A /| AoIA A58 A 02 At 3HAE, shol 4 Wl E Thell 9 2 o] A = ghrh

2ol s of F o

Hlo| = 3= Welo} S o] B2 dis RE Aol gt

= LA Al e TR

class variable (22 &~ -’F ZH 2NN B FHAE FF (F, FWH2Y A" 20 A 7L of ) o
AR A=l

coercion (F.o]A) 22 Fo] F AALE FuelE= Asbo] dojup= 5oL st P A ABEAETHE FJo 72
SAA s AEetEs A oS 501, int (3.15) £ AFE A 302 WS YT shA|uh 344.5
ol Al, ZF 1A= Tt F o] AL (Sfih+= int, ThE SFb float), &5 T 87] Aol 22 P& ¥ ghaf of
f,ﬂ'l/]l:]— I8 ¢FOo W TypeError& 4o Yth FojH gloj&, 33 = dE2AE =204
Wt ZEPor @%ﬂﬂ?‘ﬂ‘# gduch & 50, 2F 3+4.5 3t Al float (3) +4.5.

complex number (5 25) 953t A5 A/AH Y A, BE AV AT R R o g 9
AUtk sl iE Aol s A -1 AF2)E F A, TF FTHAA = 18, FEoA =
JE Z71FUh golHE 22 UM S 2 BEATE 72 ALY Lh daF = HYALE

context manager (93_ )~ o ()9 exit () WANTE BT BN with Bo
A Kol 874 Ao]at A PEP 34302 T 5 g4y th
B I

7_‘
F) AEAEd wt o ke 7HE S Qe W o

m
)
i)
24
= ~—
o)
5
S
)
w

context variable (9l A E =7+ A8 AH 7}
o el o2 S M8 £ Qe 2gE-2d A9 vk a2y, AHAE H4E
o, it Ad Ao o] AHAEV S - o AHAE W50 F 85+ FA4
H]5 7] Eﬁéﬂoﬂfﬂ WE FA3 AYUth contextvarsE TN L

contiguous (%) W H = A &3] C-A S5 (C-contiguous) ©) A} 2 E 2k A2 (Fortran contiguous) 4 W] 455 9]
2tal o A Yt ij} Ho e C-AKoldA TER ALYt A v oA, FEE2

Aol Q17 812, 00 4 A 231 @ 5 A< Aelze] At = vl 2 2lol o) 35 o] of g . ch3}el
C-a% Mo, vl22) Fos] EAthe FEEL BRI ol 2 2774 wel W
dﬂwiz%@ ﬂdﬂﬁb- A e 2ok 7hg me) Mg o

coroutine (ZF£¥) # o B =Eo o] AulslE Fej U Th A BEEL 3 A Ao A 95T o
ﬂ”ﬂﬁﬂzﬂqqi 2 o7 or2 A Aol A AeHw, B2, AT 5 AU T o] A
5’\_

coroutine function( Ed f'é.‘—’.“—) FEE A E B2 FE 4. ZFY F54 = asyne defr Fo 7 A9
S5 2T A5 ©] 22 PEP 492

it
4>
L yo,
K
j\))
)
QJ
[
ks
;9
UJ
S
3
Q
)
O
N
'
©
'
o]
Q
S
™
b
y
N
_(

NIRRT

CPython 3}o]A —LE:LEH WAool A T ?_E‘ﬂ, python.orgoll A ¥ = Ut} o] &2 Jython o] L}
IronPython ¥} 2+ Th-& ; 0] “CPython” ©] AF-g-H Ut}

decorator (| Z & o]¥]) T} & & @wrapper =< /\]'B-Q T Hgor
AgF U} g Z g ol Ee ) ¥ staticmethod () YUYtk

Hmeole Be v A9 2 AU 0L F I35 3 e dugo s S5

¢

Amé

Lm°" S
4 din %
frt

1o

def f (arqg):

f = staticmethod (f)

@staticmethod

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

def f (arg):

22 Ndol o ®E A A, @ A5 2d Ut v 2 ol B ol ! g 5 AA T 82 o
ol eFZef s o] S HABAE EE gy

descriptor (C] A3 HE]) WAE __get_ () o]\t __set_ () oY __delete_ ()& BYst= AA.
ZolsolEREAUATRE 0], ]S HE 23 B A4 442 deU HE
abE FAW 2 A AHAI St AR E 0, 0] SElA M oA b AL o] 5 AR AAE
5t 3}11“&b7}51i3%]‘3‘?i,5ﬂ%"5}% daagy A=t s2g3Yth daagyHE
olsjsh= 22 Fhol ol th gk 22 o3l o] G4l A, g, A E, Z2HE, FH A WA E, A E
HAS, 73 SR T2 5 B2 75 7125 o) F A Q7 EdYh
Haa gy vA=Esof thak A g &2 t 2~ A7 E 25U AT HE AR Qb A o
e,

dictionary (944 2]) 499 7|1& gJ;Oﬂ 2/ RN 7] = A& v <9 (associative array). 7]+ _ _hash__ () &
_eq () MIAEE Z+= ZE AAVE 5 d5UTE Dol A A st REUTH

dictionary comprehension (€] 2] A= 2|3 A) ol & J= 84 AA Y IRE Hegsty 4=
2 g E HESt= 728 . results = {n: n ** 2 for n in range (10)}<
@+ 2099 A0 BHHE SR AAIUT 225, A8, G AU 2
(display) & ZZ A 2

dictionary view (A 2] ) dict.keys(),dict.values(),dict.ite ) WA= B8 S 2

0 s ()
AES YA Heba REU o AL YA 2 3= 5 o il

2549 BE AT, IA

Helk 92 o, 57 o] WshE etk EALT, DAel i BT A5 el
list (dictview) & AF&3HH Ut} dict-viewsE E A &

docstring (FAE) 22, §4 LHolH A WA ERHOR GEE B A Y 22 09

A AW, A5 ol o8] QA o} B Fe s, T, BES  doc ojEelRER
AT QEz N0 B AT 5 gone, Aol AL AT FEA gL

duck-typing (Y] }0]g) ZutE AHH o)A E MR A Attt AAY B HA e 22T
2B Al ©ed] A =Y ol E ﬂ‘deﬂiéﬂ %LJr*P*"L%HE‘r(“OEVJE‘EOl"’ LA
Eﬂ“@“ﬂ‘ﬁqfﬂ,lﬁﬁ Eﬂlﬁ‘r”) 45 @ thAlel JAES o]~ E 7LZT"°E’>‘1 ZAAE F== Ty

22l A2 0131'3]' E’Vﬂ L/‘é% Ut} g glo]F & type () ©]ttisinstance ()
loligﬂﬂéii%gﬁ“—ﬁl%oﬂ frof sl oF

%qul;}.)l:ﬁ/ﬂoﬂ,hasattr ﬁAMEAFPEE:LEH“J%%HD}.

EAFP 35]2tR )= § 45 23177} 44 o} (Easier to ask for forgiveness than permission). ©] &3] 2 4 Q&=
stol W T AEYL 2nlE F|}olEgHES RS /AT, I 7o) E W o9 &
Ytk o] @"7‘7"5]'57— W2 AL S Bl Q) except B A2 EAAAAF UL ol HlaZY L C

o} 22 02 B2 dolol A A3 ALE S LBV ekl oo Uk,

expression (£32)) ol® grow 7l 4 e BHAJ 27 th2 ¥ 2 BHoY, A2 gEHE,
ol &, AEFHE HA 2, AL F4ER 22 gS ST RH 8455 Fob 29 AUt
e WS dojsttizdor BE do] FAHES RFA QA A2 obdYth whileXd, 84
OE}‘]"Q‘EL‘T‘ fle v =l dFyth Y =3 g o
€

r_u
lo
9!
>
=
it
>
oo
:Oé‘
>

)

>,
o
g
>
ofo
)

extension module (2% 2 &)
FE AT ALYt

f-string (f-F#Fg) '£' 1} : ol
2714 2] g o 29l L?:] Ut PEP 498 2 H A 8.

file object (3} AA)) 3}5 ALl 3l 9 Y XA API(read () Ywrite () Z2 HAEE)
= AA. =o)X Wy ol whet, 3t AA = AA a3 "]'4 i O]Urr/}e A7 A
(aﬂggo],g}_f.: d=9, Ad-vrg ¥y, &7, go]Z, T5) o gt ANA~E FTAT
3B AR = o dF A ] (file-like objects) V} 2~E & (streams) o] 2} % &}

AA 2 A 7o) 3 AA o] YFUTh E(raw) HHo] 1 2] 31, ¥ 3 = (buffered) vlo] v 2] 914,
@iiﬁﬂiﬂe4diﬂ]_Lio;gﬂﬁQQ%QWJWQﬁﬂ%%E%%%@ﬂ%%Q

nE
m[m
HS
=2
i
O,
M
)
ue
i)
il
e
iy
fifo
ot
ol
e

l
B
2
i)
=2
4z
[rt
rlr
o
e
=)

o°{'
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open () & 2+ Atk
file-like object (3} Q7 A 7} A A o vl o
finder (3}Q1t]) AXEF RES AT =0 & Foga A== AA.
ofolH 33. o] Z =, F FF IAY 7} § %‘4‘:} ys meta_path & &7 A} &35= v EF A &2
3}l &) sys.path_hooks I} 3 Ab23= 4 2 <l =g 5ol .
o ZFA| 8F W22 PEP 302, PEP 420, PEP 451 o] U-&Ut}.
floor division (B4~ UxA) 7H 7H7h2 A2 Wi ste 84 LH%*D. A4 G AaRs // th
A

d)
& Eof, A 11 // 49 227 AT A5 A 758 =9FUh (-11) // 4
7}-2.758 W9 gt -30] Fol §] 3l oF ). PEP 238

o
function (g+4*) =X} A o] % EgzE= 9o E24E 9l
o), uhe o A sl A8 4

function annotation (34> o] - ¥

<
M 1:0
o
o
1o
r %]
N
=~
N
2

gg 4 9
FUh g A S 9 35 o AP BA S,
A

) FH ALk gk of o

B4 olwrlolde ANAOR 3 A= 2 AP U o8 5o, o
WolEd A% 7| a, S Aol int MBS A0 /g

rr

0
. ?O
04

5‘.:

def sum_two_numbers(a: int, b: int) -> int:
return a + b

P4 ol mElo] 4 B G4 Aol FolA Ak
o] 715< AH st W o] H o] 4 I} PEP 4845 FE5HA| 2.
_ 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}H] 2] 5:7]) T AF85 2] obi W2 ]S uhasls A} shol WL
Fx 3 AAGL B T A= F 7}31 A FA71E 3 7Hh A = AE S h 7HE A
TA7IE gc BES AHEEA Al 4 s th

generator (AU o]€]) A& o]Ef ©
S UEE yield BAAS X
?}"E g Wl shbA Al 5

HE AvdelH 42 7h2) 71 A9, ol R ol A= Al @l o B ol B e o] E & ZF AUt o=
St oW 7 g Al 2 B, AT ol E A e AT

generator iterator (A ] @] o] €] o]E]do]¥]) A o]y Tt == AA
Ztyiclat ANA R He) g FEea, 19X (NI WLER D7) T uy-BES TF3HE)
AP A E 7 FUTh A @ ol H ol @ olE ZF ANE W, wd o2 B FYTH(ZE vt
M2 AZahs W45k o v o).

generator expression (A g|o]e] £H2) olE 0B & BT v X4 F= AL WS Hodte
for AR At 7h5 e if ol Ao 2= AT AN AR HAYrh AT RAN 2 Sefd A2

A gEe deolduh

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function (A U] g) g4) 72

o] o] -3 o] /\}%%‘Xl;aéﬁﬂﬂ SREEROE REEE 1=
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Aty 2] €)% &5} functools.singledispatch () Bl Zd o] E] 2} PEP 443% B A Q.

generic type (AU 2 &) A rype that can be parameterized; typically a container class such as 1ist or dict.
Used for type hints and annotations.

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.
GIL A< o=z & & HASL.

global interpreter lock (<9 ¢le]Z2]g] &) 3l Hof 2 2 5}t A~ g =7} ufo]H violE T = & A3)3}
£2 8 2517] 98] CPyhon AE 22 )7} BB W ANE. (dict 2 2o FRFYFAES E
B A7) 2ol 1402 ) o] o] tlS] LSS SrEel A Chython 7818 B 5}
e uth Az E AAE FE A2 B2 HE e sdEse ] 4A wnEs g, ve
=2 AN AAZ AT B Do B F 22 54T
SPA T ol B REEL, BRI A BE, hEoluh a4 22 A QoA H e A
& GIL& ¥hasote 5 AAE A5 UL E3LV0E & uj & 344 GILE vhadyoh
(@R o v A A FF dolHE F 1) “ad = A-F 22 (free-threaded)” A Z B E S HEL
A5 A 0] e e 4B Aol A R, £ B TR AN 399 A% A8k} 48] f £
Uth o] A% ol4E FRAE AL PAL AN BRGA BBl A §4 g0l o Sold AT
A AA T Y&k

hash-based pyc (3] A] 7|8k pyc) FEAAS FE37] 98 T 22 51D HF 54 AlZo] ofd A&
AH&-3He HEol E = A A] 3. JHA H viol E 1= R E g FRIA L

i
A Fie— 7‘1 (__hash__ () W=7 Ba3
A

), Al 7k shohal Syt

=
In
N
ruhlx
ns:L
i
)

T R R i
Edas SURCI TR B P I oo e
Al 75 AA S AT Y 71V A Az AR 5 QA sk, o] AR FE S0
WRA e A gha AHESH7] i Ut
R shol o] 2 WA AAS-L Al 7 U oh (Bl2Ev gM el 22) 71 AE ol s2
22X st (FE ol frozenset Z-2) B AH U E2 159 8450 A 715 wivt
A ZFS5U T AFS R A ZEjAo AdAEA AHESL 7EA 07 A M5 YT) (A7)
AAIE AL E) RE 2ty v e T, AL id() 2 B S A Yt}

IDLE 3}o] S 93 53 7|2 317 (Integrated Development Environment). IDLE-S 5}o] 4 9] 3 2 wl)
o mete = 71 2AQ AR 79 ez H &3 dYth

ke
e

2

immutable (B¥) 1A H g= 2= A4 2 A= <2 BAYE, FES 2EFULE o AA &2
HAE 5 glsUth A 22 AZsteld A A& vhEolof Tt wistA] ek s Al gke] ook
Sk ol A F 8% &S FUT ol & S0, 9x v Y 7).

import path (Y E FA&2) 42 7|[H 3} 7 Jd2E & BEES 37 Y8 A= F4as (EE 4=
ANED) S EF. AXZE o= B o) FAEY BFF2 HE sys.path ZFRH YT} A THA B
7|21 9] A FE A7) A _path_ o]EZREZRH E F% JFUth

importing (Y £ ¥) st 259 sto|H T =7 THE BEY dolH Z X AMEE &S o= E A

importer (Y 2E]) 253 F7| % &1L 2T 517| % sk AA|; FAlOl 3Fl T o]} = AA Yt

interactive (t] 3} 3) slo]M 2 t3}3 Iz HE zH 1L %1%3] JHZEH ZEIZEA uﬂ’-"]’
Al %aﬂﬂ/\ AL ’:.(7}’5*—11‘% AHE E 5 dvke S9UTE A3 glo] @A pythong "‘?f“‘d}

T M‘J—v =
of &

7‘1]—11— (2 E{./] S

_l_4
|‘_|_4
J%
ok
rlr
pa)
bt
N
N
ofr
[

S 95 UTh. Al ool tlo} & AN AL BE T

7)1 A& SR & - ZE S B AU (help (x) & 7193 &

interpreted (QJE]Z 2| E]t) HlolE T = Auld o] &X) | Fof I FEo] A 7] &= A gk, sho| A
2 At A7t 0}143} SIHZEE Aoyt o] A2 WA FOZ A ud S WEA A%,
/\’\ LS AP AR A= YUt T 220 F ¢ A8 A 7= 3HA T, QU H
Z g ﬁoﬁL H A3 AR g2 MY 7 F71E 25Utk U8 s = BEAS

1nterpretershutdown(°]E1 e £8) F83E= 23S IS o, JolH AHZEHE SEI A 7]
2 ?Jb‘}btﬂ, EolU oy 7R S LG YR FREF T2 EZEIGH AEES HAFSE vt
Stk =3 /}H] 2l A7 & 48 H TS YT AR A A Y 343 AP weakref F 9 o]l Q1=
F=E9Y ”3“ ° AIZIAZ = AE5UTE 28 A7 5o A3EE FE=Odeh g &2 vhd 5=
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iterable (o] €]
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[kl

(1ist, str,
R A G e ST
ke

SE Zans AR S0l AHUh

for$4°ﬂ A 5 %lJ—, ANE2E 222 3= 02 W2 32 (zip (), map ()
AsUth oJHHE AAZ W &5 iter () of AX=E DAL=, I AA 9
E%EWU} o] 1E1€1101E1L%k o] oS 3t AXE= FokFashrct olH g
r() & EE3A olg#@ ol AAE A H 8E

EH °H’H Z}Eoihﬂﬂ—ttﬂ,—rﬁi-\:—%%‘l ol g

olEl gl o, Al A, Al olH = HAlL.
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flo
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rlr rlo o T 4
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20, Mo rulm o-
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iterator (¢]E]@|o]E]) tlojEe ~2EHL T3 st= AA). o]EH OB _ next_ () HAZEMEARO

ESEoHA (B ‘Hﬂ Frnext () 2 AG3H) 2EHA Y= FEHES ']'Eﬂ‘:HEEE% Utt o
o] Aol tﬂo]EW} < uj= Al StopIteration ALl & dofuth o] AR A, olEjH o] A
Ae 2352 0]—.—-/] EE_ next_ () HIAE i%?_ StopIteration 9|2 & TA] 42 7] 7]‘?}
ch °]E1§1]°]E1“ ol el g o] & AA] Z]'\_E =8FE__iter () HINE=E 7HE F o] L:rLﬂﬂ
wj2oll, o] Bl &l o] Bl &= o] Bl ¥ £ o] 7| = s}l thE O]Eiae‘éa HholZ o] = tf F2 9] Lol A AHE

T AFULE S8 A= o] He oJH Y o] AE ARt ZEY YT (List 22) ﬁEﬂolLﬂ
7“24]1_ iter () ¥R AD3AY for FZo| AHEE wnitt A o]HH o]HE WY th o] "
Ag o e d ol el thall A e et L ot H, At o] Bl #| o] Mol ALEH o] ] &AZH o]HH o HE
= A, H AE o)A H HolA vhE ‘/]D}

typeiter o 11‘1 ZpA & W-&-o] A5 th
& o] A (collation) &=+ A & (sorting) ©] U ¥l & (ordering) ol A&

. E
= W= %?4—7—% %ﬂ% dUrth o & 50l locale.strxfrm() < ALY 5 PAS =2+
§d 71 & W= b AR E YTt
ol M g EF7F 8 450] ofFA A A AL Fol=AE Alostr] Al 7] FE whop
EYYth ol"d A& +=min(), max (), sorted(), list.sort (), heapg.merge (), heapq.
nsmallest (), heapg.nlargest (), itertools.groupby () ©] Y5

I

71 S-S s v oy Yol dFUTh Al S o], str.lower () HIAEE AolA 7 &
AES A7 T2 AHRE AUt Hig e =, 7] St = lambda E?ﬂ*‘ o2 us
Jd=d, old AYdYt}: lambda r: (r[0], r[2]). S} operator RE2 A 79 7

%WX}E 11]*‘—5]'1/] t}: attrgetter(), itemgetter (), methodcaller (). 7] &+E Tl
AF&-31= W ol T 3t o]l 2 Sorting HOW TO & B A &

p

N rul
it mok > 20
B> bl

keyword argument (7] 9] & Q12p) <A} & B A Q.

lambda () 522 ) gro] PR L el wal 4 o2 AT ol F g AT Fa. BT BAE
U= EHE lambda [parameters]: expression YUYt}

LBYL f7] || H 2} (Look before youleap). ©] T A8 Y- S Z ol vt 23] & o17] Mol BAIH 2 AR
2052 AU o] 2842 EAFP A2 A tinH o, W2 i 7o SR EZA A YT
0% 2d= B A, LBYL A20E 87195571 ol 24 202 WEA D 98] 9%
th o] & £9],FE if key in mapping: return mappinglkey] &= AA & Oﬂ B2 9k 23]
Ao, b2 2 =7} key & mapping | A A/ ASHH A3 = lFUth o|" o4& 5oL} EAFP
QWL 4B TR A2 5 Ak

list (B]2E) WA spold A, T o] Follx E5taL, gl that A 27E00) 0] 7] wf&oll, 42

list comprehension (B] AE AZ g3 H) A|FA9 QAL AR = JHE s

2] 2~ E (linked list) B Th= o2 A o] o] Wi &3} AR o

1
%Eﬁ—?% Zl’@?}‘ﬂo]"ﬁ. result = [' { #O4x}' format (x) for x in ran
5 2 == 0] £ 0°l|A 255 Aol gl= A52f 167 4 (0x.) 5= EF3H= %x}%ﬂ gAEE
BB L B e At e ranas (250) 4 90 &
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o} sl of Fuir}. re

importlib.abc.

loader (2¢]) 2R E2 22X 3l+= 2AA|. load_module () o]g}= o] E HIAEE A
HE 30 A} BRIk AT B PEP 302 8, 54 o)~ 2o
Loader & HA| Q.

rlr L

magic method (7] 2] WA &) 5 WA = o] v|F 2] A 2 vl 2,

mapping (M]F) 4 2oJ o] 7] 23] & R Y3} Mapping ©] Y MutableMapping A Hloj 2~ 2
off AAAH HAHMEEES FAS= A™H oY AA. o2& dict, collections.defaultdict,
collections.OrderedDict, collections.Counter & & & JdF5 Ut

meta path finder (W€} 4 & 5}¢It]) sys.meta_path & AMo] =8 F= voly. He A2 oy =
A e sholt] o eis of 9/ ShA B CHE T,

HE A2 g7 FHsE Y AEE YA = importlib.abc.MetaPathFinder & B
U,

metaclass (WEl Ze|2) S 29 S A AHY= ZH2 olE, FU2IAHYE, Hlolx FHaE
of 528 WE U vEl 2ol of Al JAE WA Zel A B Mg FT oRE
A AFY 223y AdolEL 7|2 7S Al gtk oS 588 vtes AL AL
He ZH s wE 5 Ak AYUTh RE ARE A A= o] =77 A8 22 AT, 287t

:mj

Adu, e oo A sha Lol SN E ABT U JEARE A4 2o) 2 7 (logging),
rel= AR 27, AR A4 % wag%wwo che Aol AHgBE U
Jl

method (Dﬂx—]‘:) Z 2 vl OPOﬂ/H Aolg = g2 7 Zeao 9l
IWAEE A HA A (RE self 2l 2dTh 2 A=
AFZ EHAL

method resolution order (W A& Z2A $=4]) WA= 7;5 A —TE
FH2EY YU 23 2R E Tholx <l
Python 2.3 Method Resolution OrderS ¥ 3 U D]-.

module (2-5) Ito| F =9 223 9 & F3atE AA. BES 499 Fold AAES B+ ol
FHe 5 UTE REL Qe Ao s sfolHor =g Yrh
W71 A = HA L.

module spec (R E 2%) ZES ZEotU ASEHE 92E #A AREE B2 A+ o5 51
importlib.machinery.ModuleSpec & AAHA,

MRO "4 = 24 <A & HA Q.

mutable (7}H) 7FA AA = Fhol & QAT id () € LA FAFUH 29 = HA L.

named tuple (VY& £Z) “named tuple(V] Y = F=)” 0|2t fo]E FZ oA A5 9]
DR EE AL Q1H 3 5 Y 84 S e -
Aol Zelrolt thE 15 E US4 Yy
time.localtime () Zos.stat ()7
I o2 o= sys. float_info Y Yt}

ﬁd
r&
rigt
o
)
o
kel

atol, ole} AP ol WA= FE AU

>>> sys.float_info[1l] # indexed access
1024
>>> sys.float_info.max_exp # named field access
1024
>>> isinstance(sys.float_info, tuple) # kind of tuple
True
AR YIE RS P3P (39 o) PUth Et, tupled] A A5 o] & £ F=E o
U0 2 AL IS RES UE LG el LA s A e
llecti s.namedtuple () 2 W& F JF5 YT TR 7[HL A H FAS AV WA U A=
oA e é%—’F e 2 7HA F7H A EE FUte 7 = Syt
namespace (9] 27 W47l A £ Z4. ol 2re dAelz FAEYUT AAdl FHE o]
F2H (A oA Bk ofe} Ao, Ao, 7 o] & F1ke] daUTh o B T o E FES
BA A BEAQS A AU ol 2 Sol, 4 builtins.open P os.open () & 159 o] 2
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FZke] o PP Yth E3 o] F T o™ T+ E LIRS EHFHA vhEo] A
V=37 74 E’\” qELSHULLA9EE random seed () == itertools.islice ()
gt A 1 St 5] ZH2 random & itertools EE ol &3 ?‘dﬂﬁd = o] W) gyt

namespace package (¢| & 37t 371 x]) A A B 37252 AH oY ZTE 7|5 5k+= PEP 420 3 7] A].
o B2 AL £ AU AA 9E +E A%, B3 _inic_.py o] gemE A
5174 e kg o,

REETZ HASR.

7}—%}'33,741?3 ﬂﬂ% .
EUth A R, A9 A5 A o5 T2l A ¢lal HUTh nonlocal 2 ¥ A5 0
2= AL gy h

new-style class (+ A€l Ze|A) AFL& =2
S 2719 golA MAAAE, &%
_ _getattribute__ (), W2 HAE,
= A AFUTH

object (AA]) ] (AEZFEYZH & 21 57 (MAE) o] AgH RE HolH. =3 BE 72E Y
ZH g HF5HA oA FHaY YT

package (3] 7] x]) A B RESO|UV AALLEZ AR AES 2FT T e do|d 5. 7808,

7105 pach  o|EeHETL 9 stol A BE YT
Bt 712 & ol F T I 7IA = HASL.
parameter (M7 ) oHr (B WA E) A olA Tt s 5 e A (Ee o B¢ A4S &
A7 o= o] 5 B2 ‘?lE]E] = e PO —/1\—7]- A5y
o 1 A-71 99 E (positional-or-keyword): ] 2| 212} U} 7] 9] = 21 =
Utk o] o] 712 Fef o] iz Juth ol & S0l th2ol

def func(foo, bar=None):

o A X-A$ (positional-only): A A2 A T2 4+ A= W
3 Hojo] Mg BRo / B2 23ety 2 FH o] Fold 4 g5yt o 2 S0
°ﬂ /\1 posonlyl 3} posonly2:

’def func (posonlyl, posonly2, /, positional_or_keyword) :

e A=A G (keyword-onb): AN EZ W AFD 5 e AAE AGFUTh A H=-A 8 v
W% g4 2] B S 504 ol Sk 192wl - & o) 2 A
)8 % 5T o8 Sol, thg ol A kw_onlyl 2 kw_only2:

def func(arg, *, kw_onlyl, kw_only2):

o 7FH-91 X (var-positional): (F+2 v 7| H5=Eof] 3| A] o u] Wol5 o] 2 9] 2] AR HF)
ATE 4 Y= 2 ARS 2] Aolo] ADAE AT L) o] & wl /WS u WS o] 2o
* 5 oo EO%/H AoE 4 JdFUth A& £ thZol A args:

def func(*args, **kwargs):

o 7VH-71 9 = (var-keyword): (T} uf 7HE'E-’F%°1] Yl A] o] m] grol=o A 7] 4 A2l B 3H)
A2 g J+E Y ME 7195 AAES AT o v b= v 7 i 4= o] 5ol
** 5 groll BojA FoE ¢ FULh o E °1H-4 of o] ] kwargs.

AR AEE AAES A 7|2 gE v oly gt A H o] AL} B AAES A FT 5 U5
[BR=

z}i{o] F =, oIz} v /4 9] X}o]of L} =FAQ A&, inspect .Parameter 22, T
A o] A, PEP 362_,_ BALQ.
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pathentry (J2 Ez]) FJ= 7|0k ol 7 JEE G BESS 27 fa Fauste dxE F= 49

kel g

path entry finder (2 N E =] 5}Qt]) sys.path_hooks o] Y= ZHE(F, 42 dEZ ) o] BHF
E 0y Add], FAR A2 dER 2 ZES = UHES ¢ JAF5UY

AZ JdEZ QA 5o L= A EEL importlib.abe.PathEntryFinder o V3 th
=

path entry hook (3 2 E 7] &) sys.path_hook FAEQ Y& Z# LY, EA 4= 2 E2] oA
ES A= HE ST Y JR JdED A E EHF ‘/]D}~

path based finder (3 2 7]9l 5}Qlv]) 7| & ve} 4 & 95 E &= 511l o
sS4tk

path-like object (B 257 ZAA) 3L Al2" A2 E Y& AA. A2F A= 42 E UEH = str
U bytes AA o] A} os.PathLike Z2EF S T d3E= AR YYtTh os.PathLike Z2EF
& A D3k ARl os. fspath () 55 TE A str thbytes FL A28 Az e Wy &
54Ut th4l os. fsdecode () 2 os.fsencode () = ZZF str YU bytes 235 HA5H=1
AHEE 4 S5 UTH PEP 5198 = Y= 5 U T

PEP 5ol 714 A 9%, PEPE Shol 2l AR E]o] B8 A1 257 shol 2l e 1 m2 A~ EX 87
o et M2 75 Astes AA E4 Utk PEP= Al ¢d 75l the 2t o
2AE AT LIS

kel
o
iy
filo
R

= 42 oA

PEPL 8 M22 752 Al Qsha EAIol thet AR U E 982 2450 sho] Ao ol 7t 47
RS EAS ) T8 N8 A AT PP A A1) oA 5] E 7o

—

S a2 EAS e Aol 25
PEP 1 #2314 2.

portion (E4) PEP 420 o] A 2] 3t AAH, o] & 27 37| x| o]l o]upA sl shr}e] vl e elof] Sof e
}AEY A @ip Lol A= A% 7HedUh.

positional argument (2] 2] 21z} <12} & B A 8.

provisional API (7} API) 74 API+= & glo|B# 2| 3} A T34 B3
°‘1413‘r QNE] 1/\-43343‘1}7}041%ﬂx1 FA T, A

sottta A ZHstid A S o] FAEH A ke WA € .
Ao g doj A ¢S AU — APIE 28317 Ao £X Zdjst1

H AFollvk dojd AP Yt

APIA M ZAE, A T80 FAHA g HA L “F T o 02 AP YTEH- B E

H A el JA S-S FA 5k 8l A .

e ®F golBe g7 LA A S AR

s U Th o ARAIE W82 PEP 4112 2 H U

provisional package (33 2|71 X)) A API & B A

Pyth0n3000 (J_]_o]y—] 3000) _1]-0]%1 33X HH_]_ B]’ -/] ‘g_ (lﬂ;ﬂ 3-4 HH 7]'tﬂ U]ﬂ]./] ]O]:ﬂ]\}l }\]7‘(‘4—'0“ Eﬂ-
S0 o] & o|t}) o] AL “Py3k” B £ 27| % |

>E,

Y, er

>l ko m

E oXl

3
()

Pythonic (ho] Athe) T2 QoS Aol AYEL AHEA TES TASHE th4l, sl o
ofol A 714 A5 G o] AEL A7ke] w2 ofoltof i} BE 27, o  Sof, o] Ao
N A 2L o UL for B2 ASHA olH e R BE 247 £RsE AT ThE B
Aofol o] d FRO| THR] YOB R, Thol Ao] A%3tA S AFEL Ao 4 AL EE

g% Gtk

for i in range(len(food)):
print (food[i])

o 2H W, sholArke Py e oY

oy

Ytk

for piece in food:
print (piece)
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qualified name (3135 o] &) %-4 AYg a3z BZE HYH S, T, AT o]=
“BETEHAFERFOR 9 o] &. PEP 3155 011/‘1 AUt 49 = 3} B ES
of, A++3td ol 52 AA 9 OlEJJr gsyth
>>> class C:
class D:
def meth (self):
pass
>>> C.__ _gqualname_
YC’
>>> C.D.__ _gualname_
'C.D'
>>> C.D.meth. gualname
'C.D.meth'’

EES 7le] 7= AFRE ul, &A S| AF3H o) E (fully qualified name) & = R 2 3] 7| A &S
TN RER Tt 793; H2od o] 52 Yugyt} o & £90], email .mime.text:

>>> import email.mime.text
>>> email.mime.text. name_
'email.mime.text'

reference count (3 314) Ao tfet Ao 4. AA|9 F=x 57002 B W, w227} vk
HRULL 2% 35 242 QU0 sho|d Be o wEH AL QA CPlon 7] A4
L49Yrt} sys EEL AR AZ B4+ E EB]F = getrefcount () 2 AY Yt}

regular package (J5F 3] 71A]) __init_ .py 342 T3t A E 29 2 AE A 3 7] A

15 579714 = RAM L.

[«

slots_ el U F) AAA, M o= REEE A B ¥ Medon dmis o4

AAGOZN v e] S AA3tE B34S FULh A7) Q71 A, o Bl L e
717 % 7Tk Holeh, vl 2o W7 e 2§ mm e

A2 S s Aol EHUT

sequence (A| @A) _getitem () SFHAEE S B AHUAE ARG WE 24 AN 2E A
3oL, Al daY dolg S 5 __len ()W 2
Ugsl B, 1ist, str, tuple, bytes 7} AE5YTH dict =3t getitem () I ___len_ ()
= XltOW 0F 23] o] A4 Al 49 E9 7] & AFSSH] wi o)l Al A AT ofueF v P o2 F
—‘L%D}L Zof] )& oF g .

collections.abc.Sequence F4 Hlolx FdaE _ getitem () I __len ()=
Qola RN XS Qe HolaE AH3E=d, count (), index (), _ contains__ (),
_ reversed__ ()& F7FgUth o] §4H QEHo]AE FHS F 2 register () & AHE3)
ABAR oz 528 5 95th

set comprehension (J & AZ A A) o5 HE d&= 84 DAY IFEE A8t 238 F2 AT
H‘Fﬂ—ﬁ]—“ VA3 W, results = {c for c in 'abracadabra' if c not in 'abc'}
EEAL QY ('r, ‘a1 B AATUDL aE, AT, DA 2o 0 E el o (dislay) & 7
Z A Q.

single dispatch (42 t] A3} z]) F& o] svte QAAFY Fof| 72X AR = AlvF o fau)x

slice (&2fo]2) W5 AJdx o RS 235t= 71“?1 Sglolas MH ATYE 7S AL A W
wUYth variable —name [1:3:5] A™, (1 AolA A2 7He RAE FEoR FE Ut 2%

MNBE23HE) Z7H2 W

s 1

ﬂmﬂd_h
mEOkDE
e/

I

(-

IS

%

SHow srice ANE BT,
specal method (54> o A4=) 1ol o] Aol ofd 438, 5140 22 YAY W 5 AH 02 BB =
AE. o]d MAELE ¥ 7)o BER AZeT Bhs o 8e 21 d&Uth S5 MAEE 55

A9 E (ZEQ “EF(block)”) § TS FEJUTh -2 194 o] AY
Sl o8] 7HA) 2 & £9 styd Uttt 718 if, while, for.
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text encoding (¥) 2 E 217 9J) A string in Python is a sequence of Unicode code points (in range U+0000-
U+10FFFF). To store or transfer a string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as “encoding”, and recreating the string from the sequence
of bytes is known as “decoding” .

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings”.

text file (S22 549]) str AAE 97 & 5 Yt 94 2474, %, GAE HAL WA =& vpol= A3
olEl2E A g AA2s I F 2 o5 d & A% A2 g BAE e o 2i HAE R
("r'&EE'w') 2 499 3tY, sys.stdin, sys.stdout, 1o.StrlngIOA AAHAE S5 Y5

U,
v EAF AA £ YAl € 5 Yt oL AA ol tif A& vhelv 2] 5t = et e
triple-quoted string (3% w}-& % © Fx14¥) u}
whe Sz Aol 2490 g
G oledlol = 57 e Seng
EAE 2A GAE o Fof 28 5 9

AB5 o hA o, of2] 714 o ol frol A 237}

=
type (%) sho]d AR o] G 270 oW E5 ANAAE ARPUTH ZE AR L Fo] A5UTh
AR P& __class_ AJEYFER AT F QAU type (ob)) B A& 5 AF U
type alias (& ol d&]o]x) FS A dA ol tf Jste] ol A& B 5.
Yol geolat § AEE desse o G4 2 51
def remove_gray_shades (
colors: list[tuple[int, int, int]]) —-> list[tuplelint, int, int]]:
pass
=t 2ol g g7 gA v 5 dssyth
Color = tuplel[int, int, int]
def remove_gray_shades(colors: list[Color]) -> list[Color]:
pass

=
A9 A Adsta, A
get_type_hints () & AHESF] BA AT 5 gl

o] 7]%5& A 9Y3t= typing T} PEP 48

universal newlines (-4 & J7) o2 JJ- AES ooz AFe HAE AEZYS
A s B = Y2 7H?%‘ A& '\n", %E—?— A "\r\n', A A WA EA FHE '\r
Z71A Q1 AFR-of TE| A= bytes. splitlines () 29t o}l 2} PEP 278 &} PEP 3116 &= H A 2.

variable annotation (4= o] - Ef|o] H) W T = FE 2 oJERHEL] o] -H o] A,
HeE T FH2AEFGREY ool AES & uf o o2 A8 AUt

=

e il
Y

BN

ofr

ol

=

ko

class C:
field: 'annotation'
M olmgolde dutg o § JER AGPUTh o o], o Met int g2 ML Aoz
Aok
count: int = 0
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Q) & (Annotated assignment statements) | A 4 8 g c}.
PEP 5262 FZ3M L

shol A AL A9} -8 2 I o), e A AHe| A A £ ThE o]

rE
b
o <
b
£
)
r
Mo
in)
rlo
A
p
9
b
i}
o
[
s}
=
E_4

I~
=S
virtual environment (7} 4} g7
=
[¢)

degasidt sa0) 9ue 2 gord Aoluwz AL AASAL el o]
=5t 22 b5l s, @940 R deln A9 @

venv & HA| 8.

virtual machine (7} 71 A4)) 2 ZE9ojglo g Ao FH A, oW 7HA} 7| A= nlolE I & Axtd

47t Egate vhole n=2 A
Zen of Python (s}o] 4 A) }ol 4l Tl#h<) Ue] 9k AeE2] B2 ], ¢10] & 0|5 531 AH§3h o] £go]
M E3

FUth o] 52 3}y ZF2EA “import this” & JYstd HY ot
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APPENDIX B

O] dHAOf 25}0q

o] A ™ A= reStructuredText Ao Al RES 01X A0 2, sho]H AYAE Sl 53] A2 A A 87
9l Sphinx & A& 5 Yt}
AT A et o] & AT EA A N2 Shol ApA| of mpHA = A o 7 AFA-gALARe] =3 Y T 7] o] 8}
Athd, Zro] R ol th 3k A B = reporting-bugs | ©] A1 & il 75‘]’ AA 2. 22 AL S AP A Al
It
= EsoA B2 A =-YTth
o Fred L. Drake, Jr., 9 &f s}old AvgA =7 R go] 2 apo| 2t w2 2dl =9 27

&

ﬂl

l—J

« reStructuredText 2} Docutils 22¢] EE HFE = Docutils Z2 A E,

 Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.

B2 Abgho] shol A Qlof, sholx ®F gholu e 2] Bl shold A Ao 715Ut 7oAt FE A
B 22 glo]H A v EH2] Misc/ACKS & ZZ AL
stolxlo] o] & WX WA E ZA | AL mtolg AFUE S 4 7)o qfE Yy th- A o
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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
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C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.9.23

1. This LICENSE AGREEMENT is between the Python Software Foundation.
—~ ("PSF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.9.23 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 3.9.23 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 3.9.23 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 3.9.23 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
3.9.23.

4. PSF is making Python 3.9.23 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 3.9.23 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 3.9.23

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A._
—RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.9.23, 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 3.9.23, 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
agency, partnership, or joint venture between BeOpen and Licensee. This License

(Th5 slTeTATol AI%)
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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
Virginia shall govern this License Agreement only as to issues arising under or

(ThS slTeTATol A1)
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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 3.9.23 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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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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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.

C.3. Z3E 2ZE|0{oll it 2foldla K 52l
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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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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
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/****************************************************************

*

* The author of this software is David M. Gay.

*

* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

*

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

*

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
*

WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

***************************************************************/
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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)

FE R ST T S N S R TR S N S S S S S S N S S e T S S S S N SRS N S T S T S

(TS SoTAT o A1)
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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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C.3. Z&HE AZEQ0{0l CHEt 2fo|MA L S0l 149

Hl




The Python Language Reference, S A| {7 3.9.23

(o] A sl o] A ol A AH)

* 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.
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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

., 121

ellipsis literal, 18
T

string literal, 10
. (dox)

attribute reference, 73

in numeric literal, 14
! (exclamation)

in formatted string literal, 12
— (minus)

binary operator, 77

unary operator, 76
' (single quote)

string literal,9
" (double quote)

string literal,9
mmwn

string literal, 10
# (hash)

comment, 6

source encoding declaration,6
% (percent)

A Lk=r, 77

o\
Il

augmented assignment, 88

& (ampersand)
o=, 78

&:
augmented assignment, 88

() (parentheses)
call, 74
class definition, 104
function definition, 102
generator expression, 68
in assignment target list, 86
tuple display, 66

* (asterisk)
function definition, 103
import statement, 93
in assignment target list, 86
in expression lists, 83
in function calls,75

oL, 77
* *
function definition, 103
in dictionary displays, 68
in function calls,75
276
* k=

augmented assignment, 88

augmented assignment, 88
+ (plus)
binary operator, 77
unary operator, 76
+=
augmented assignment, 88
, (comma), 66
argument list,74
expression list, 67,68, 83,89, 104
identifier 1list,95
import statement, 92
in dictionary displays, 68
in target list, 86
parameter list, 102
slicing, 74
with statement, 101
/ (slash)
function definition, 103
A L=, 77
//
A= 77
//=

augmented assignment, 88

augmented assignment, 88
0b
integer literal, 14
0o
integer literal, 14
0x
integer literal, 14
2to03,121
: (colon)
annotated variable, 88
compound statement, 98,99, 101, 102, 104
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function annotations, 103
in dictionary expressions, 68
in formatted string literal, 12
lambda expression, 82
slicing, 74

; (semicolon), 97

< (less)
oA Lh=r 78

<<
oA Lh= 78

<<=
augmented assignment, 88

augmented assignment, 88

= (equals)
assignment statement, 86
class definition, 34
for help in debugging using

string literals, 12

function definition, 103
in function calls, 74

o LH=, 78
—>
function annotations, 103
> (greater)
A= 78
>=
=78
>>
A= 78
>>=

augmented assignment, 88
>>> 121
@ (ar)
class definition, 104
function definition, 102
L= 77
[1 (square brackets)
in assignment target list, 86
list expression, 67
subscription, 73
\ (backslash)
escape sequence, 10
\N\
escape sequence, 10
\a
escape sequence, 10
\b
escape sequence, 10
\f
escape sequence, 10
\N
escape sequence, 10

\n

escape sequence, 10
\r

escape sequence, 10
\t

escape sequence, 10
\U

escape sequence, 10
\u

escape sequence, 10
\v

escape sequence, 10
\ x

escape sequence, 10
~ (caret)

A= 78

augmented assignment, 88
_ (underscore)

in numeric literal, 14
_, ldentifiers,9
__, lidentifiers,9

__abs__ () (object | A ), 42
__add__ () (object M| =), 41
__aenter__ () (object A=), 46
__aexit__ () (object M| A &), 46
__aiter_ () (object FlA E), 46
__all__ (optional module attribute), 93
__and__ () (object {| A =), 41
__anext__ () (agen WA =), 72
__anext__ () (object M| A &), 46

___annotations__ (class attribute), 23
__annotations___ (function attribute), 21
__annotations__ (module attribute), 23

__await__ () (object M|A E), 45
_ _bases__ (class attribute), 23
__bool__ () (object method), 39
__bool__ () (object W] A =), 29
__bytes__ () (object ¥| A=), 28
_ _cached_ ,58

__call__ () (object method), 76
__call__ () (object ¥l A =), 39
__cause___ (exception attribute), 91
__ceil__ () (object A =), 43

__class___ (instance attribute), 24

_ class__ (method cell), 36

_ class___ (module attribute), 31

__class_getitem__ () (object®] S| WA X)),
37

__classcell__ (class namespace entry), 36

__closure__ (function attribute), 21

___code___ (function attribute), 21

__complex__ () (object ¥l X &), 42
__contains__ () (object W]AE), 41
__context___ (exception attribute), 91
__debug_ , 89

__defaults__ (function attribute), 21
__del_ () (object WIA =), 27
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__delattr_ () (object H]A ), 30 _le_ () (object A=), 28
__delete__ () (object M| A &), 32 __len__ () (mapping object method), 30
__delitem__ () (object Wl A=), 40 __len__ () (object A=), 39
__dict__ (class attribute), 23 __length_hint__ () (object WA =), 40
__dict__ (function attribute), 21 _ loader_ ,57
_dict__ (instance attribute), 24 __1shift_ () (object M| A &), 41
__dict__ (module attribute), 23 __1t__ () (object M A=), 28
_ dir_ (module attribute), 31 _ _main___
__dir__ () (object WA =), 30 3 5,48, 109
_ divmod__ () (object M| A &), 41 _ matmul__ () (object M| A &), 41
__doc__ (class attribute), 23 _ missing__ () (object W] Al &), 40
__doc__ (function attribute), 21 __mod__ () (object Wl A &), 41
_doc__ (method attribute), 21 _ _module__ (class attribute), 23
_ doc__ (module attribute), 23 __module__ (function attribute), 21
__enter__ () (object M| A &), 43 __module__ (method attribute), 21
_eq__ () (object M| A E),28 _mul__ () (object WA E), 41
__exit__ () (object A E), 43 __name__,57
_ file ,58 _ _name___ (class attribute), 23
__file__ (module attribute), 23 __name___ (function attribute), 21
_ float__ () (object M| A &), 42 __name__ (method attribute), 21
_ _floor__ () (object Bl A &), 43 ___name___ (module attribute), 23
_ floordiv__ () (object ©]AE), 41 __ne__ () (object ¥l A=), 28
_ _format__ () (object Wl A=), 28 __neg__ () (object A =), 42
__ func__ (method attribute), 21 __new__ () (object M| A =), 26
_ future_ ,125 __next__ () (generator M| =), 70
future statement, 94 _or__ () (object WA =), 41
__ge__ () (object M| A=), 28 __package_ ,57
__get__ () (object A =), 31 _ _path_,58
__getattr__ (module attribute), 31 __pos__ () (object M| A =), 42
__getattr__ () (object Wl A=), 30 __pow__ () (object | A =), 41
__getattribute__ () (object WA =), 30 __prepare__ (metaclass method), 35
__getitem__ () (mapping object method), 26 __radd__ () (object Wl A E), 41
__getitem__ () (object H]A ), 40 __rand__ () (object Wl A &), 41
__globals__ (function attribute), 21 __rdivmod__ () (object WA E), 41
__gt__ () (object YA =), 28 __repr__ () (object A=), 27
__hash__ () (object | A =), 29 __reversed__ () (object M| =), 41
__iadd__ () (object ©IX &), 42 _ rfloordiv__ () (object M| A X&), 41
__iand__ () (object BIX &), 42 _ rlshift_ () (object M| A &), 41
__ifloordiv__ () (object A=), 42 __rmatmul__ () (object W] A E), 41
__ilshift__ () (object |A =), 42 __rmod__ () (object M| A &), 41
__imatmul__ () (object M| A=), 42 __rmul__ () (object | =), 41
__imod__ () (object Wl A &), 42 __ror__ () (object WA E), 41
__imul__ () (object ©IX &), 42 __round__ () (object M| A &), 43
__index__ () (object Fl A E), 43 __rpow__ () (object Wl A &), 41
__init__ () (object M| A=), 27 __rrshift_ () (object WA E), 41
__init_subclass__ () (object®] S 2 WA E), _ rshift__ () (object M| A=), 41
34 __rsub__ () (object M| A =), 41
__instancecheck () (class M|A &), 37 __rtruediv__ () (object BIX &), 41
_int__ () (object BIX &), 42 __rxor__ () (object Wl A &), 41
__invert__ () (object M| A &), 42 __self_ (method attribute), 21
__ior__ () (object MA =), 42 __set__ () (object | A =), 31
__ipow__ () (object ¥ A =), 42 __set_name__ () (object M| =), 32
__irshift__ () (object M| A &), 42 _ setattr__ () (object W] A &), 30
__isub__ () (object ©IX &), 42 _ setitem__ () (object W] A &), 40
__iter__ () (object W] A =), 40 __slots_ ,131
__itruediv__ () (object |AE), 42 _ spec_ ,58
__ixor__ () (object A=), 42 __str__() (object A=), 28
__kwdefaults__ (function attribute), 21 _ sub__ () (object Wl A E), 41
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__subclasscheck__ () (class M|A &), 37 break, 92,98, 100
__traceback___ (exception attribute), 91 class, 104
__truediv__ () (object M| =), 41 continue, 92,98, 100
__trunc__ () (object M| A &), 43 def, 102
_ xor__ () (object WA E), 41 del, 27, 89
{} (curly brackets) for, 92,98
dictionary expression, 68 global, 89, 95
in formatted string literal, 12 if, 98
set expression, 68 import, 22, 92
| (vertical bar) nonlocal, 95
A LF=F, 78 pass, 89
| = raise, 91
augmented assignment, 88 return, 90, 100
~ (tilde) try, 25,99
A LF=r, 76 while, 92,98
Rk with, 43, 101
asynchronous—generator, 72 yield, 90
Boolean, 19 oA LF=F
built-in function, 22,75 % (percent), 77
built-in method, 22,75 & (ampersand), 78
callable, 21,74 * (asterisk), 77
class, 23,75, 104 ** 76
class instance, 23,75 / (slash), 77
complex, 19 //, 77
dictionary, 20, 23, 29, 68, 73, 87 < (less), 78
Ellipsis, I8 <<, 78
floating point, 19 <=,78
frame, 24 1=,78
frozenset, 20 ==,78
function, 21, 22,75, 102 > (greater), 78
generator, 24, 68,70 >=,78
immutable, 19 >> 78
immutable sequence, 19 Q (ab), 77
instance, 23,75 ~ (caret), 78
integer, 19 | (vertical bar), 78
list, 20,67,73,74, 87 ~ (tilde), 76
mapping, 20, 23, 73, 87 and, 81
method, 21, 22,75 in, 81
module, 22,73 is, 81
mutable, 20, 86, 87 is not, 81
mutable sequence, 20 not, 81
None, 18, 85 not in, 81
NotImplemented, 18 or, 81
numeric, 18,23 <
sequence, 19, 23,73,74, 81, 87, 98 AssertionError, 89
set, 20, 68 AttributeError, 73
set type, 20 GeneratorExit, 71,72
slice, 40 ImportError, 92
string, 73,74 NameError, 66
traceback, 25, 91, 100 StopAsyncIteration, 72
tuple, 19, 73,74, 83 StopIteration, 70,90
user-defined function, 21,75, 102 TypeError, 76
user—defined method, 21 ValueError, 78
= ZeroDivisionError, 77
assert, 89
async def, 105 A
async for, 105 abs
async with, 106 “HE Sh4, 42
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abstract base class (A4 Hlolx =),
121
aclose () (agen WA =), 72
addition, 77
and
bitwise, 78
o L=, 81
annotated
assignment, 88
annotation (o] = H|o]A), 121
annotations
function, 103
anonymous
function, 82
argument
call semantics, 74
function, 21
function definition, 103
argument (¢12}), 121
arithmetic
conversion, 65
operation,binary, 77
operation, unary, 76
array
25,20
as
except clause, 100
import statement, 93
with statement, 101
319 £,92,99, 101
ASCII, 4,9
asend () (agen WA =), 72
assert
2,89
AssertionError
1<, 89
assertions
debugging, 89
assignment
annotated, 88
attribute, 86
augmented, 88
class attribute, 23
class instance attribute, 23
slicing, 87
statement, 20, 86
subscription, 87
target list, 86
async
S =, 105
async def
2,105
async for
in comprehensions, 67
2,105
async with
2,106

asynchronous context manager (B]%7] #A
HAE Feah), 122
asynchronous generator
asynchronous iterator,?22
function, 22
asynchronous generator (B]=7] A d o]
H), 122
asynchronous generator iterator (H]%7]
A ol g o] H & o] H), 122
asynchronous iterable (H] %5 7] o ¥ & &),
122
asynchronous iterator (H]%7] o] d] o] ),
122
asynchronous—generator
A, 72
athrow () (agen WA =), 72
atom, 65
attribute, 18
assignment, 86
assignment, class, 23
assignment, class instance, 23
class, 23
class instance, 23
deletion, 89
generic special, 18
reference, 73
special, 18
attribute (J]EZHE), 122
AttributeError
A<, 73
augmented
assignment, 88
await
in comprehensions, 67
1Y =, 76,105
awaitable (o] 9o E8), 122

B
b'

bytes literal, 10
b"

bytes literal, 10
backslash character, 6
BDFL, 122
binary

arithmetic operation, 77

bitwise operation, 78
binary file (8}o]y g 5+Y), 122
binary literal, 14
binding

global name, 95

name, 47, 86, 92, 93, 102, 104
bitwise

and, 78

operation,binary, 78

operation,unary, 76

or, 78

xor, 78
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blank line,7
block, 47

code, 47
BNF, 4, 65
Boolean

operation, 81

AL 19
break

2,92,98, 100
built-in

method, 22
built-in function

call, 75

M, 22,75
built-in method

call, 75

A, 22, 75
builtins

25 109
byte, 20
bytearray, 20
bytecode, 24
bytecode (H}°]|E T E), 123
bytes, 20

S A, 28
bytes literal,9
bytes-like object (R}o]EAF A A)), 122

C

c, 10
language, 18, 19,22, 78
call, 74
built-in function, 75
built-in method, 75
class instance, 75
class object, 23,75
function, 21,75
instance, 39, 76
method, 75
procedure, 85
user—-defined function, 75
callable
A, 21, 74
callback (£w), 123
C-contiguous, 123
chaining
comparisons, 78
exception, 91
character, 19,73
chr
SIS s, 19
class
attribute, 23
attribute assignment, 23
body, 36
constructor, 27
definition, 90, 104
instance, 23

name, 104
A, 23, 75, 104
2,104

class (8 2), 123
class instance

attribute, 23

attribute assignment, 23

call,75

A, 23,75
class object

call, 23,75
class variable (Z#2 ¥HS), 123
clause, 97
clear () (frame WA &), 25
close () (coroutine M| A &), 45
close () (generator M| X &), 71
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_lnotab (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_varnames (code object attribute), 24
code

block, 47
code object, 24
coercion (o] A), 123
comma, 66

trailing, 83
command line, 109
comment, 6
comparison, 78
comparisons, 28

chaining, 78
compile

SiE A, 95
complex

number, 19

I, 19

SNEE s, 43
complex literal, 14
complex number (E44), 123
compound

statement, 97
comprehensions, 67

dictionary, 68

list, 67

set, 68
Conditional
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expression, 81
conditional
expression, 82
constant, 9
constructor
class, 27
container, 18,23
context manager,43
context manager (AEYAE FHg 2}, 123
context variable (AEAE W), 123
contiguous (9<),123
continue
2,92,98, 100
conversion
arithmetic, 65
string, 28, 85
coroutine, 45, 69
function, 22
coroutine (ZFHE), 123
coroutine function (ZFHE &), 123
CPython, 123

D
dangling
else, 98
data, 17
type, 18
type, immutable, 66
datum, 68
dbm.gnu
35,20
dbm.ndbm
85,20
debugging
assertions, 89
decimal literal, 14
decorator (b Z & o] g), 123
DEDENT token, 7, 98
def
2,102
default
parameter value, 103
definition
class, 90, 104
function, 90, 102
del
2,27,89
deletion
attribute, 89
target, 89
target list, 89
delimiters, 15
descriptor (J23 PH), 124
destructor, 27, 86
dictionary
comprehensions, 68
display, 68
), 20, 23, 29, 68, 73, 87

dictionary (944 &), 124
dictionary comprehension (94 7AZE
A A), 124

dictionary view (844 g H), 124
display

dictionary, 68

list, 67

set, 68
division, 77
divmod

SR E A, 41,42
docstring, 104
docstring (EA~EH), 124
documentation string, 24
duck-typing (& E}o] ), 124

E

e
in numeric literal, 14
EAFP, 124
elif
71 E,98
Ellipsis
3, 18
else
conditional expression,§2
dangling, 98
19 E,92,98100
empty
list, 67
tuple, 19, 66

encoding declarations (source file), 6
environment, 48
error handling, 49
errors, 49
escape sequence, 10
eval
SiEE g &, 95,110
evaluation
order, 83
exc_info (in module sys), 25
except
A E,99
exception, 49,91
chaining, 91
handler, 25
raising, 91
exception handler, 49
exclusive
or, 78
exec
S e A, 95
execution
frame, 47, 104
restricted, 49
stack, 25
execution model, 47
expression, 65
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Conditional, 81
conditional, 82
generator, 68
lambda, 82, 103
list, 83,85
statement, 85
yield, 69
expression (E&4]), 124
extension
module, 18
extension module (% 2 E), 124

F
f'

formatted string literal, 10
f"

formatted string literal, 10
f-string (FEA}4), 124
f_back (frame attribute), 24
f_builtins (frame attribute), 24
f__code (frame attribute), 24
f_globals (frame attribute), 24
f_lasti (frame attribute), 24
f_lineno (frame attribute), 25
f_locals (frame attribute), 24
f_trace (frame attribute), 25
f_trace_lines (frame attribute), 25
f_trace_opcodes (frame attribute), 25
False, 19
file object (¥< AA), 124
file-like object (ZFLF AA), 125
finalizer, 27
finally

319 =,90, 92,99, 100
find_spec

finder, 54
finder, 54

find_spec, 54
finder (3}¢19), 125
float

i oA, 43
floating point

number, 19

A, 19
floating point literal, 14
floor division (A4 =4, 125
for

in comprehensions, 67

free
variable, 47
from
import statement, 47,93
I E, 69,92
yield from expression, 70
frozenset
A, 20
fstring, 12
f-string, 12
function
annotations, 103
anonymous, 82
argument, 21
call, 21,75
call,user—-defined, 75
definition, 90, 102
generator, 69, 90
name, 102
user—-defined, 21
oA, 21, 22,75, 102
function (&), 125
function annotation (&4 o= H| o] A), 125
future
statement, 94

G

garbage collection, 17
garbage collection (7F8]A] 4A), 125
generator, 125

expression, 68

function, 22, 69, 90

iterator, 22,90

A, 24, 68, 70
generator (A Y # °]¥), 125
generator expression, 125
generator expression (AU d olg &d 4],

125
generator iterator (AlY# ol o]EdH ] H),
125

GeneratorExit

A<, 71,72
generic

special attribute, 18
generic function (AU " a), 125
generic type (AUYE &), 126
GIL, 126
global

Z,92,98 name binding, 95
form namespace, 21
lambda, 82 2, 89,95
format () (built-in function) global interpreter lock (A °9lE = g
__str__ () (object method), 28 £), 126
formatted string literal, 12 grammar, 4
Fortran contiguous, 123 grouping, 7
frame
execution, 47, 104 H
A, 24 handle an exception, 49
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handler
exception, 25
hash
i s, 29
hash character, 6

hash-based pyc (S} A] 713k pyc), 126

hashable, 68
hashable (| A] 7}%), 126
hexadecimal literal, 14
hierarchy

type, 18
hooks

import, 54

meta, 54

path, 54

|
id
HE s, 17
identifier, 8, 66
identity
test, 81
identity of an object, 17
IDLE, 126
if

conditional expression,§2

in comprehensions, 67
2,98
imaginary literal, 14
immutable
data type, 66
object, 66, 68
A, 19
immutable (E4), 126
immutable object, 17
immutable sequence
A, 19
immutable types
subclassing, 26

import
hooks, 54
2,22,92

import hooks, 54
import machinery, 51
import path (YZE A=), 126
importer (Y EH), 126
ImportError

1<, 92
importing (Y2 H), 126
in

oA Lh= 81

T E,98
inclusive

or, 78
INDENT token,7
indentation, 7
index operation, 19
indices () (slice M| A &), 25

inheritance, 104
input, 110
instance

call, 39,76

class, 23

oA, 23,75
int

SiE A, 43
integer, 19

representation, 19

I, 19
integer literal, 14
interactive (th33), 126
interactive mode, 109
internal type, 24
interpolated string literal, 12
interpreted (QJIE|Z 2 E|E), 126
interpreter, 109
interpreter shutdown (AEZZEH £7), 126
inversion, 76
invocation, 21

io
15,24
is
o= 81
is not
o Lr=r, 81
item
sequence, 73
string, 73
item selection, 19
iterable

unpacking, 83
iterable (9] & E), 127
iterator (°]E g o] ), 127

J

in numeric literal, 15
Java

language, 19

K

key, 68

key function (7] ¥4), 127
key/datum pair, 68

keyword, 9

keyword argument (7Y E A=A}, 127

L

lambda
expression, 82, 103
form, 82
lambda (BT}, 127
language
c, 18,19,22,78
Java, 19
last_traceback (in module sys), 25

AHO|
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LBYL, 127
leading whitespace, 7
len
SiE ek, 19, 20, 39
lexical analysis,5S
lexical definitions,4
line continuation,6
line joining,5,6
line structure,5
list
assignment, target, 86
comprehensions, 67
deletion target, 89
display, 67
empty, 67
expression, 83, 85
target, 86, 98
a0, 20, 67, 73, 74, 87
list (B12E), 127
list comprehension (B]2~E A= 23A), 127
literal, 9, 66
loader, 54
loader (2 T), 128
logical line,5
loop
over mutable sequence, 99
statement, 92, 98
loop control
target, 92

M
magic
method, 128
magic method (W] A wWl A &), 128
makefile () (socket method), 24
mangling
name, 66
mapping
WA, 20, 23, 73, 87
mapping (73), 128
matrix multiplication, 77
membership
test, 81
meta
hooks, 54
meta hooks, 54
meta path finder (WEF AZ 5}2lt), 128
metaclass, 34
metaclass (W EF Z&2), 128
metaclass hint, 35
method
built-in, 22
call, 75
magic, 128
special, 131
user—-defined, 21
A, 21, 22,75
method (WA &), 128

method resolution order (WAE BA £A),
128
minus, 76
module
extension, I8
importing, 92
namespace, 23
i), 22,73
module (&2&), 128
module spec, 54
module spec (RE 23), 128
modulo, 77
MRO, 128
multiplication, 77
mutable
A, 20, 86, 87
mutable (7}¥), 128
mutable object, 17
mutable sequence
loop over, 99
I, 20

N

name, 8, 47, 66
binding, 47, 86, 92, 93, 102, 104
binding, global, 95
class, 104
function, 102
mangling, 66
rebinding, 86
unbinding, 89
named tuple (VY= F&),128

NameError

1<, 66
NameError (built-in exception), 48
names

private, 66
namespace, 47

global, 21

module, 23

package, 53

namespace (0] & &7, 128
namespace package (°]& &7t 3 7] A]), 129
negation, 76
nested scope (33 H &3 2), 129
new-style class (F2EY F32), 129
NEWLINE token, 5,98
None
A, 18, 85
nonlocal
2,95
not
o k=, 81
not in
oA 81
notation, 4
NotImplemented
a0, 18

166



The Python Language Reference, S A| {7 3.9.23

null
operation, 89
number, 14
complex, 19
floating point, 19
numeric
i), 18, 23
numeric literal, 14

O

object, 17
code, 24
immutable, 66, 68
object (AA]), 129

object._ _slots__ (W& ¥4, 33

octal literal, 14
open
HE s, 24
operation
binary arithmetic, 77
binary bitwise, 78
Boolean, 81
null, 89
power, 76
shifting, 78
unary arithmetic, 76
unary bitwise, 76
operator
— (minus), 76, 77
+ (plus), 76, 77
overloading, 26
precedence, 83
ternary, 82
operators, 15
or
bitwise, 78
exclusive, 78
inclusive, 78
o L=, 81
ord
HE A, 19
order
evaluation, 83
output, 85
standard, 85
overloading
operator, 26

P

package, 52

namespace, 53

portion, 53

regular, 52
package (3] 7] A]), 129
parameter

call semantics, 74

function definition, 102

value,default, 103

parameter (W7 ¥H4), 129
parenthesized form, 66
parser, 5
pass

2,89
path

hooks, 54
path based finder, 59
path based finder (ZZ 7]4} 5}2lt]), 130
path entry (B2 JdEg), 130
path entry finder (A& dE3g 92 4), 130
path entry hook (F=E JdE=Z F), 130
path hooks, 54
path-like object (FEF AA)), 130
PEP, 130
physical line,5,6,10
plus, 76
popen () (in module os), 24
portion

package, 53
portion (EA4), 130
positional argument (¢ =] 12}, 130
pow

SiE A, 41,42
power

operation, 76
precedence

operator, 83
primary, 73
print

ShEr oS, 28
print () (built-in function)

__str__ () (object method), 28
private

names, 66
procedure

call, 85
program, 109
provisional API (A API), 130
provisional package (FA 1 7]A]), 130
Python 3000 (3}o]# 3000), 130
PYTHONHASHSEED, 29
Pythonic (3}o] ¥ the), 130
PYTHONPATH, 60

Q

qualified name (B34 0] &), 131

R

r'

raw string literal, 10
r"

raw string literal, 10
raise

2,91
raise an exception, 49
raising

exception, 91

AHO|
= -

167



The Python Language Reference, S A| {7 3.9.23

range
HE 2 s, 99
raw string, 10
rebinding
name, 86
reference
attribute, 73
reference count (Fx 34,131
reference counting, 17
regular
package, 52
regular package (B3 3 7] A]), 131
relative
import, 93
repr
SiE Ers, 85
repr () (built-in function)
__repr__ () (object method), 27
representation
integer, 19
reserved word, 9
restricted
execution, 49
return
2,90, 100
round
i oA, 43

S

scope, 47,48
send () (coroutine M| X] &), 45
send () (generator W| A &), 70
sequence
item, 73
=, 19, 23,73, 74, 81, 87,98
sequence (A|HF ), 131
set
comprehensions, 68
display, 68
=, 20, 68

set comprehension (J A= g3NA), 131

set type
), 20
shifting
operation, 78
simple
statement, 85
single dispatch (A& t29x]), 131
singleton
tuple, 19
slice, 74
), 40
SiE e, 25
slice (£8}o]22), 131
slicing, 19,20, 74
assignment, 87
source character set,6
space, 7

special
attribute, 18
attribute, generic, 18
method, 131
special method (E4 WA E), 131
stack
execution, 25

trace, 25
standard
output, 85

Standard C, 10
standard input, 109
start (slice object attribute), 25, 74
statement
assignment, 20, 86
assignment, annotated, 88
assignment, augmented, 88
compound, 97
expression, 85
future, 94
loop, 92,98
simple, 85
statement (£73), 131
statement grouping,7
stderr (in module sys), 24
stdin (in module sys), 24
stdio, 24
stdout (in module sys), 24
step (slice object attribute), 25, 74
stop (slice object attribute), 25, 74
StopAsyncIteration
A<, 72
StopIlteration
<<, 70, 90
string
__format__ () (object method), 28
__str__ () (object method), 28
conversion, 28, 85
formatted literal, 12
immutable sequences, 19
interpolated literal, 12
item, 73
oA, 73, 74
string literal,9
subclassing
immutable types, 26
subscription, 19, 20,73
assignment, 87
subtraction, 77
suite, 97
syntax, 4
sys
8 %, 100, 109
sys.exc_info, 25
sys.last_traceback, 25
sys.meta_path, 54
sys.modules, 53
sys.path, 60
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sys.path_hooks, 60 U
sys.path_importer_cache, 60 '
sys.stderr, 24 string literal,9
sys.stdin, 24 a"
sys.stdout, 24 string literal,9
SystemExit (built-in exception), 49 unary
arithmetic operation, 76
T bitwise operation, 76
tab, 7 unbinding
target, 86 name, 89
deletion, 89 UnboundLocalError, 48
list, 86,98 Unicode, 19
list assignment, 86 Unicode Consortium, 10
list,deletion, 89 universal newlines (FUBA & 7)), 132
loop control, 92 UNIX, 109
tb_frame (traceback attribute), 25 unpacking
tb_lasti (traceback attribute), 25 dictionary, 68
tb_1lineno (traceback attribute), 25 in function calls,75
tb_next (traceback attribute), 25 iterable, 83
termination model, 49 unreachable object, 17
ternary unrecognized escape sequence, |l
operator, 82 user—-defined
test function, 21
identity, 81 functioncall, 75
membership, 81 method, 21
text encoding (Hl2~E Q137 H), 132 user-defined function
text file (B|AE 5}19), 132 WA, 21, 75, 102
throw () (coroutine W] X &), 45 user—-defined method
throw () (generator W] A =), 70 |, 21
token, 5
trace V
stack, 25 value
traceback default parameter, 103
A, 25,91, 100 value of an object, 17
trailing ValueError
comma, 83 <], 78
triple-quoted string (4% W23 9 BA values
), 132 writing, 85
triple—-quoted string, 10 variable
True, 19 free, 47
try variable annotation (<4 o] -H|o]A), 132
2,25,99 virtual environment (7} 7)), 133
tuple virtual machine (7} 7] A), 133
empty, 19, 66
singleton, 19 W
A, 19, 73,74, 83 while
type, 18 2,92,98
data, I8 Windows, 109
hierarchy, 18 with
immutable data, 66 2,43,101
S e, 17, 34 writing
type (8), 132 values, 85
type alias (g ol dgojx), 132
type hint (8 3 E), 132 X
type of an object, 17 SR or4
TypeError abs, 42
=, 76 bytes, 28
types, internal,?24 chr, 19
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XOor

Y
2=

compile, 95
complex, 43
divmod, 41, 42
eval, 95,110
exec, 95
float, 43
hash, 29

id, 17

int, 43

len, 19, 20, 39
open, 24
ord, 19

pow, 41,42
print, 28
range, 99
repr, 85
round, 43
slice, 25
type, 17, 34

__main_ ,48,109
array, 20
builtins, 109
dbm.gnu, 20
dbm . ndbm, 20

io, 24

sys, 100, 109

bitwise, 78

=

as, 92,99, 101

async, 105

await, 76, 105

elif, 98

else, 92,98100
except, 99

finally, 90, 92,99, 100
from, 69, 92

in, 98

vield, 69

rels gy s

PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP

1, 130

8,79

236,95
238,125
252,31

255,70
278,132
302,51, 63, 125, 128
308, 82

318, 105
328,63

338,63

342,70
343,43,102, 123
362,122,129

PEP 366,58,63

PEP 380,70

PEP 395,63

PEP 411,130

PEP 414,10

PEP 420,51,53,58, 63,125,129, 130
PEP 443,126

PEP 448,68, 75,83

PEP 451,63, 125

PEP 483,126

PEP 484,37, 89,104, 121, 125, 126, 132, 133

PEP 492,45,70,107, 122,123
PEP 498, 14,124
PEP 519,130
PEP 525,70, 122
PEP 526,88, 104, 121, 133
PEP 530,67
PEP 560, 35,39
PEP 562,31
PEP 563,94, 104
PEP 570,103
PEP 572,68, 82
PEP 585,126
PEP 614,103,105
PEP 3104,95
PEP 3107, 104
PEP 3115, 35,105
PEP 3116,132
PEP 3119,37
PEP 3120,5
PEP 3129, 105
PEP 3131,8
PEP 3132,87
PEP 3135,36
PEP 3147,58
PEP 3155, 131
3 A%
PYTHONHASHSEED, 29
yield
examples, 71
expression, 69
2,90
I E, 69

Z

Zen of Python (o] Al), 133
ZeroDivisionError
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