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A Wzt J= A= 53 2¥85ULE 28A, 92E SUS T H2 (FE LE) 7HFR UYL=
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CPython 91%0]7]% 3k31 747 & el 5] 2 9 C2 A4 H shol A TAYUTE ol 9 A28 /)52 1
of 7|0l A X & 5 AU T,
]_

Jython 5] 21 A8, of P AL A § 8 LRI WL F T AIYE Ao 2 AGH AL, Au) Fe 2
o nefe & BEoE S Z2 WS BT ASE 5 EUTH 55 A} ol o HAEE
RPE L o VB 71 PO T O AP S HE Jython 81 AL0] = o4 22 4 AU ok



http://www.jython.org/
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Python for NET ©] 72382 A A & = CPython 1+ &2 AF-&3} A 2, vl U A = (managed) .NET 3-8 3 2 773 o]
I NET 2}o] B 2] 8] & A&t} Bryan Lloyd 7} BHE 95 Uttt © 2pA 8 A X = Python for NET
Sl o] A ol A AlFF YT

IronPython .NET-S $] 3}t ¢F 5i}o] 4. Python.NET = & ] o] A2 ILS A5, glo]l F=E5 NET oAl
B2 A4 Ao dste S48 stold A Y Yt Jim Hugumn o] BH& l+=], Jython 2] ﬂ?ﬂ Apol 71 &=
Yt AA S A H = TronPython Y Aol E o A A& 4= 5 Tth

PyPy 98] shol Mo 2R shol M T8, 28 2] (stackless) A 90| UHIT 7542l ¢ 9} 2o The 7

ol e S F e 2F 75 ATTYL JEZ“~4 L%E% 'P‘/‘r (Ffol oz 2 7]

w2ol) ez £4& GA sl Ao AA T AFLS FE=E AYUth AAT HEH=
PyPy Z 2 Al E o] & 10121 oAlA S & dF YT

7+ 2L o] Ao AEE = doje 22 A 24y th2 W o7 Wol gAY, B ho] A EA o A

ol F&of t3l] oj M ZAE o Lolof =X

S el D 4 ES AUl o8| AE 5
L O LR = ~

Aﬂ
rr
M
x

-t
\J

2 H7|H

olf 47 2o 7|4 5+ 4HBNF 2 B/ AHSFUTh o] AL the 3t 2o o 26U AHE
et

name n= lc_letter (lc_letter | "_")*

lc_letter = "at..."z"

A &2 name ©] lc_letter 2 AJF8LAL, gAY St o] 2] 1c_letter Y B E| A=< JEHj& +
BT BT B e letter £ 'a’ 9 'zt Abole] BAL Sb U Th (AHA o] 2L o] EA A
o %5k £ FH AN Aol o] 5ol th3t 74 Ak

N A H2 o5 (A FH A SF8E name) 7 1 1= 2 A FAFUTE A2 ()= ddES F2lst=
FEH U o] 2710l A7 7P w2 AUk B ()€ ol e FEo] A=E A
S ol kg E £ Qo= A u U HI sk, Hekrl ()= e o] A R E sl An ST =
itk 5ol 22 ((DHE AL A2 A & A Ur%ff‘ AL, B bestthbe SdUth < 9+
Az Aot dFstA ddg Uk FAeA P 25U 285 FojgE e d ARSE UL
24D HEL LR FHAY U PHS EELS Relst SERRASY UL FHL HE F
22 FARUTH ool B F AL ol 22 HAF S5 g, At 250 AR R A2
st

013 Aol (Aol £ Alet Zo]) e, F 74A F7F F&A7F AHEE Ut F 7R 2l E A7 Al 7R
Aoz e o] glod FoAR (F F A 25 23¢she) WA 9 Ascnfx}?oau bt =9yt
THLBI(<...>) o Soldt FEL, AoFE /) Tol i uF A A0S AFFUh S DR
A5 (Ao Bap 2 Awsted A58 4 A&t
AREE £ 71 o) A9 2ohaL st Bk, o] 91 ok Y A 2ol = Arkek Aol 7k Sl U th: o9 Ao+ 4 Y
of 7h EAtel A&5 =, 2 o= old] 2477t gEodE B2 A8H U s F ((oF]
=4 (Lexical Analysis)) ) o1 A] AF8E £ R E BNFE ol 3 A9 QU Tk 1 o] 5.o] Foll Al 24 A2yt

4 Chapter 1. 742


https://pythonnet.github.io/
https://pythonnet.github.io/
http://ironpython.net/
http://pypy.org/

CHAPTER 2

o2 &4
sho]lH = 2 T2 3hA] (parser) o] oo AP YT shA o] JH 2 o F] A7 (lexical analyzer) 7} ¥HE ol &

B2 (token) 9 2E D JUTH o] FoA= o3 2477t oA Btd& EZEE Falish=A A Euch
TolHE 22 AW HAES FUFEFEZGOR JFUTH A2 T AT A3 F AAL T3l A8
4 9la1, 71 E S UTE-8 YUt ZFA 3 WS PEP 3120 o] U3 Uth 22 9td S Ay ¢ g2 u=
SyntaxError 7} @A gy}

2.1 & 41X (Line structure)

gtol =2 WL of 2] /| =2 A <l Z (logical lines) &= e YT

211 =2|&®ol =

= AA £ E2NEWLINE EZ 22 P YT Yol destA ghe ol (& 50 HFElA
TAE A B2 = AJA S Y BAE VIREAE T s Uth = A A 2 A A o] ALY FAI A
= 2 (line joining) vt 2 of] we} sp1} o] 432 E 8| A Ql F (physical lines) 5 = 7738 Y th.

-
EY EEFEFTE A
A2 CRLEGFR ] A 8
A MNEA . o] FEjE
=AU 29 FAIA A2
P

o] 5 AHgE 4 5 th- ASCIILF (R332 2h & AH&-ot= 92 3@, ASCII
H B E AL A5 3, ASCIICR(FH B A] B 5) S A28l
TFBA ] T3 AT AF UL ] Z2 npA g

)
£
oo
L=
fo
rr

oS WS =, A FE FAE2NEA £ T8 T4 £F C AP (ASCIILFE EH 3= \n T AR
Zo] 2RAUTHE 48314 shol A APLE AL ofof gt



https://www.python.org/dev/peps/pep-3120
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2.1.3 ZA
24 2AY eE Pl EIH A e A FAHE AR B A 2] TN Bduth A4
2 A FH o] REFA FL o4, FAL el 2L FEAAUT FHL B0l FAFUT

214 Q3g MA

sholf 22 G E ] 3 M AT WAl Fol gl F40] FFA coding[=: ] \s* ([-\w.]+) F o} X5 1, o]
S0 elmd 490 AL H T o) B7 A9 A WA 158 n s 98] Ay o3 E A B o
ALY AL 2 AA o] T2 Vhobok gth. Wb A Solebu, 3 WA 2 A FA T gloloF T
Q59 4ol AF Bt F AL shbe

’# —-*— coding: <encoding-name> —*-

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

’# vim:fileencoding=<encoding-name>

ol d] Bram Moolenaar 2] VIM o] A] <1 4] ¥ 1/] t}.

AFg Mde] TALH A Fod 7|2 QA2 UTF-8
(o' \xef\xbb\xbf')o]™ v} 17 ] o] UTF-82.2 A
notepad Oﬂfﬂ Agg Yyt

i

E oY BN 2L G SAN BAN)E AN £ A ER BT 5 Jgyh Bl A S0
B Aol $49 Ao ohd @ SN B B o <A A E A EA A
A, @A Sl A3 gl e A el Tl ARV o F Sol:

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

SANE BUL T2 240 RRD S G o Sel i A ATAA R, o SN
‘L"‘Z]'Cd YEE S A3t od EEE AFoHA] ZFUTHS, £AE 2lHE 0|99 ol EEE o A&
A& A Oﬂ o] 7158 4 gl Uth). 24 2lEHE gtoll e o S 7 SollA A8t e
o] 9] 9] Fofl FA5H= 21e B ol o} Stk
21.6 SA[HC = ZE
ZS((0)), HZI([D), TEIUNHAEEH = 582 F SHA glol= oy 7HY EAA EE Us 5
AFULH & E99:
month_names = ['Januari', 'Februari', 'Maart', # These are the

'April', 'Mei', 'Juni', # Dutch names

'Juli', 'Augustus', 'September', # for the months

'Oktober', 'November', 'December'] # of the year

6 Chapter 2. 0{% &4
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2 X
Ir
ok iy
= (o
—04 (
ﬁiup
i o
=
ﬁzmb
fr
>.
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o 5
el T
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102
i go
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[
£

i
L4
e

2

7] 4o, AE S ALR A, T T 22 99 © 2 INDENTS} DEDENT E2.8 ghe = b

T
my

lo it bt foh

< ¢7] Aol 08tE 28 ol 5 YT (push); ©] g2 HHA] A= (pop) Lol 5 U T £2E
’%"EU O}ﬂﬂlﬁﬂiiﬂ}ﬂﬁﬂ W 2 222 29 4ol A 29 Sojzv)
EHPJ 7Hg f1ol A= F v g Yok 2o oFFd A= dojiiA] ‘”*‘4“/} o320 I ghe

31 3puhe] INDENT =2 2 vhguich. B Aohdl o] ghe 28 sl g 5 3jihof oFad ZMD} o]
%}}EQ_EUCQEHA%}: S AW AL (pop), Al B Z 2] DEDENT E&2S ¢ %‘/]D]' g o] ZolA], 28 o
Folgle 0E T 2 3k 7H$UJ% DEDENT & 2-& 75U th

of 7)o (BT @A) Stz A Selr] € sol A TE 27 o]

N
~

Y rol £L >R PeoT o ot £y
é_o,g
V l> rlo

[
e rfr e oo Ng

syt

32

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

2.1. & X (Line structure) 7
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U o= o8 7HAl 24227 Al E EoF U

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

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

VA, A& Al A ol el T 7F 2 A g T 7 whA et ol )k o]9) £47] 7k AR Th — return ¢
o) £o)27) 7} 28l Q& k7 AR 5A h)

el 2o AeH AL AL AL AL, T EAA Aslolx, W, F L £2L Hel)
Aol ol 2 5 YFUTh FE2S Bol 21 e E202 4T 5 It 49w E2 Ao]o] FHo]
P2k (o1 Sof, ab = Shte] Sl AW ab = F /1] B2 Lh)

NEWLINE, INDENT, DEDENT &} =52, 23 8 3 EZ
= (keyword), 81 ¥]1 ¥ (literal), A XY R} (operator), 75 A} (delimiter). (G A A5 E = £ 8 ]94«])—‘—‘”4 BREL
E2o] o AT ER Releli A2 YU, L5 T 4%, ARA LELOT 98 f, i)
Eoe gulen ba @20 dojs] EAYR T E AL A3 gt

S o] At} A X} (identifier), 7]
]

2.3 AlHXIQ} 7| E

Nbﬂx}(olamame}owmgwm e 2o o8 Aol v A%
ﬂol»ﬁwmwu 2o LEﬁﬁ%j—%HUAX-Sl Oﬂ 7)9re F=t), o} 7] o) BlR o] AL HhE U 8-

ASCII 9] (U+0001..U+007F) ‘41 ol A1, % Sk TZP— JJrO] H2x ek ZFUth: oA z M9 2 tZ Ak}
2w BE L A 2AE A9 sk, A0 oA 9.

glo] A 3.02 ASCIL H Y] o] BEXEE =YY tHPEP 3131 FXR). o] EAE9 %, unicodedata EE9

ETE WA FUIE “Z}tilOlEiﬂﬂ o] 2o upet FFF Yt

A Abs dololl Algte] §laL, Al o] 2 (case) = T2 E U Th

identifier = xid_start xid_continue*

id_start = <all characters in general categories Lu, L1, Lt, Lm, Lo, N1, the undez
id_continue = <all characters in id_start, plus characters in the categories Mn, Mc,
xid_start = <all characters in id_start whose NFKC normalization is in "id_start xi
xid_continue = <all characters in id_continue whose NFKC normalization is in "id_cont1

Ao AFs FUZE HH L8] TE=EQ] o u]= o] g5t
* Lu - uppercase letters

e LI - lowercase letters

8 Chapter 2. 0{% &4
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2=

o [z - titlecase letters

* Lm - modifier letters

e Lo - other letters

¢ NI - letter numbers

* Mn - nonspacing marks

* Mc - spacing combining marks

¢ Nd - decimal numbers

* Pc - connector punctuations

o Other_ID_Start - 39 T34 A Y-S 93l PropList.ixt o] A HA] A S 2 \dH
e Other_ID_Continue - W} Z+7}%]

2

Mo
il

£ AR ol o sh NFKC 3778} 8 4 0. 2 W ghs 31, 48 2e] ¥ 5 NEKC o 719k Sk,

RUTE 4.19] LHhE 84 EAE] W FPA BS

HTML 3} 2 A 2] gt BA]E https://www.unicode.

o
org/Public/13.0.0/ucd/DerivedCoreProperties.txt | A & = A5t

231 7| E

TS AP EAE L o efol, = Qo] o] 719) =, 2 A8 T, Ak Al AEAlE A8 4 gl th o} 7] 2]
Sl A7 Q33 2A A8 o] o Ptk

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 Al#x}o| 0i|2t A

AN = wA =) o\ ¥
EEERE N

*

S
r{r
:“.:
ot

W o
o,
_Tl‘l
[kl
Ach
i
=2
>

from module import * o o] X EFH A ¢S5ttt EHE é]‘ﬂaﬂx]—_
u}x] U]—oﬂ A s Ao e AFAste 52 AL F T bulltl

_ Aad A o8, WA HOR (WH (dunden)) o Folehn G AHUTh o o] EEL AHze
B9 1 7R (EE ol nel e g £FFUthol APt 84 A H Axd o] L 55 WA=
o] 25 A A7 1 99 el A = B LIk sho] W] me WAL B B ASe] Ao b5 Aol
FUth @ Fulo] 7, WA R EAR BEo AS P Rol ks o] B0] BE A1§2,
A1 glol €49 4 dxun

23.

Agixtet 7194 9



http://www.unicode.org/Public/12.1.0/ucd/PropList.txt
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__* Ze) AT o) E. o] HRe o 2ES Fels Ao Rulo) A AHgIE HAA Fe = WPPUch B E
Zel 29} 244 e 29 (a1 (private)) | B RHE 7o o] & FEL F37) AFAYTh 4 u A
(ol5) A HAl L.

=

24 2|5 &

2 e 2 (lteral) & B2 W3 E) 45qkS A B/ M AU

241 EXI¢€1} HIO|EY 2|E{ &

FAE HHE 2 T3 22 o3 YR VeHYth

stringliteral = [stringprefix] (shortstring | longstring)
Strlngpreflx ::: "r" ‘ "u" | "R" | "U" I "f" | "F"

| llfr" | "Fr" I "lel | "FR" | Ilrf" I "rF" | "Rf" | IIRF"
shortstring = "'" shortstringitem* "'" | '"' shortstringitem* '"'
longstring = "rr'v Jongstringitem* "'''" | '"wwv 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 u= bytesprefix (shortbytes | longbytes)
bytesprefix — "b" ‘ "B" | "br" | I|Br" | "bR" | "BR" | "rb" | IIIB" | "Rb"
shortbytes = "'" shortbytesitem* "'"™ | '"' shortbytesitem* '"!'
longbytes = mrvarmn lOHgbyteSltem* mrvirmn ‘ Tmwmwmwa lOHgbyteSltem* Twmwmwa
shortbytesitem = shortbyteschar | bytesescapeseq
longbytesitem = longbyteschar | bytesescapeseqg
shortbyteschar = <any ASCII character except "\" or newline or the quote>
longbyteschar n= <any ASCII character except "\">
bytesescapeseq = "\" <any ASCII character>

o] A R o] HoJF R Bol= 3t 7R EHA A| kL stringprefix Y bytesprefix 2t 2E]E 2] YA

T Abolof] I o] Bl ete #] gk=the AYUTE 22 FA A4S AF G ddem Ao Ut 42 51

A3 Aol glom UTF-8Iuth 135 Al AL BA 2.

Ae B2 AR, F b BE g e A4 ALnS R () Y BGSR(M T FURY S ATk £,

S 45 Aoute B 2 EE FUAY S5 ASUGCIAEL BE 45 B E B4

olgbi BYUTH. 4 LA (\) BAE B2 2o W SWI 7} Qi BAEL o 270 P T ) AL ),

NAFEAE F SefAl A4, w232 A7 2 A G Y ok

Hlo] E < (bytes) ElHE-2 34 b’ U 'B' & ol 2YUTH str o xR A bytes Y A2HAE

TEUTh L F ASCIH FAE v 23 4 dsuth ZEZo] 128K T AU 22 S WEA] o279

oz FE of of gk

EALT npolEQ Y BE AH MO R rrr oL 'R BAE Qo Y S AUt) o] F BAAS

224 (raw strings) ©) 2} SHET, o SUNE RS EAZ AF AU Aoz, BAD Dol A, &

Aol 9 \U' g \ut o] AAo] Zi B ahA Hels) A ek sol 4l 2x9) g fUTE PP ol

%

sho 4 3x 9 tha Al 5 AR TH: AL A, urt EWS AU A b,

g
o

Chapter 2. 0{% &4
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WA 3300 F7b: gt £ elElWe) bt 9 2L v)7k Yk rb AFOI R AT

M 330 7} mhold 2x 9} 3x ol A FAIO] A AFE FEEY] KA RSE Theslar] 98 o Aol A
Hd FUFE € (u'value') o] A 295 2 qqﬂﬂﬂ@i%ﬂ%ﬂAﬂ%£%ﬂ

fr U R B TR %%% —E—X]-%i 2] g W F22E gHE (formattedszring literal) QU TF; 229 2214
o A
=

Pyo 7
SEE S HAR. £ e e B ART S ASUT, A, b v w2 AT 5 AU webA
G = EAEL AsstAn, £ whol = BB Y S BT
e mhgE " g ol A, Ml 7R o] aA 0] H A k& Y EAe TS Yt (2 {FA
Huth. o= st ol Al 7R o]aA o] HA 2 mFiE7F Ve A, gHES TEAA YT
((OFg3E) & 28 82 A Aot ALE s AL 2, ' )
R B0l 7} B A RS o) 4k, BALT vhol = 2 e Yol EFE o 2A 0]z A AL E EE ColA
A A N5 F Ao FAH U A4 o~ A o ADAE o YTt
B NEEEEE SOl ATEF
\newline & SN AE EA FAFAT
\\ g =#HAL )
\! 2o 3 ()
\" 3% (")
\a ASCIL ¥ (BEL)
\b ASCII ™ 2~ 5] o] 2~ (BS)
\f ASCII & 5 = (FF)
\n ASCIL 2Fel 5= (LF)
T ASCIT /2 A] 2 & (CR)
\t ASCII 71 = 9 (TAB)
v ASCII M| 2 ] (VT)
\ooo 824 000 B A A= B2} (1,3)
\xhh 1635 hh 2 A A H B2} (2,3)
TAE Bl Bol A RE A A E = o] AA o] Z Al F A=
O[AZO|= AR A | 2[0] 72| Atet
\N{name } FTUIE o o] e ¥l| o] 20| A] name ©]2}il o] 5 A £2F | (4)
\UXXXX 16-bit 16 A= xxxx & A FH X} (5)
\UXXXXXXXX 32-bit 16 A5~ xxxxxxex 2 A A= EX} (6)

o} mpR A =, 2 ) Al 7o) 81147} 3 88 ek,
(DE%C%E% ﬁﬂafﬂﬂmﬂ$ﬂﬂlﬂﬂkiﬂﬂ

(4) WA 33004 M FA! H’ﬂo vz—ﬂﬂ%i ‘IIEP

6) ol oz BE FUILEE AnYT 5 A&k A3 8709) 16057 B gk,
s, A A e R
2 217k Aol dA F Uk (o] 54

W, #% ARl 22D RES AA AAT 5
AEESIRNBEE B EEE RERRL OIS

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

N
@]
rl
rln
>
N N,

2,50 v
2
i

[
A

239
ll~| ftlo
[}
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WA 36004 MA: oAE R gk o] AA o] T A] WA= DeprecationWarningS WS ol
AA 7} gfo] A 2] ml e ¥ Ao A= SyntaxWarning©] ¥ 11 A< SyntaxError7} g AJYtch
g elH oA 23 Mg e o SHAIR o|aA o)l Z Huth A RE A S A 7F Aol A %"41’/}; o

Sof, rr\nn = SUlE BAY | H DA, £ A B4 Bl Stk o 2elA% 2n s
A2 AY ARG AU (3 BAIT ELI A 292 B UG B
WoE, e H UL e o AR B4 Ao The SAA 7 ol e e RS
S A th, o o9 e H o 6k A AL S Ao oot 21 8 20 b oA
222 914 g o] 523 of ik,

[» of 5
A oy 2
o o

1o [k 2 rfr i

24.2 EXIHE 2[E{E 0|o{E0][7]

o] Ao Aoy HiolED BlHE S (o E 2] o A A ddste Aol &,
T o2 AR Zs Utk A 2lHEo) AE e xS AF8el e Futh 2eA, "hello”
e B

'world' += "helloworld" 3}%%?&14 t}. o] 7l e A Y & Y=o 283
LN E FolF UL 2 24D B9 nieh 248 Bol: A% A5t o ol
re.compile (" [A-Za—-z_]" # letter or underscore

"[A-Za-z0-9_1*" # letter, digit or underscore

o] 7ol ¥ X oA HoH e YA WL Ao Al AP /l%H oF Ytk A3 Al Tkl AL
A2 ololFol7] Nel AL (+) A4AE Agahol FUTh e D ool ol 77} L 4aNE 2 BLES
BT S Y (L EALAAE ST EALL ool Rol AR A5HUh, TR EAL AH DS
B3 Z22E g g3 o) 2 d 5 Aol F sl oF Ut

243 T 22X 2|5

A 3.600 37}

29 EA4 g 1Eé(f ormatted string literal) &= = f-2 214 (fstrmg) S et} rpr B Qo Bol Ex1Y g5 E Y
Utk o] EAQL AR UEE XL 5 e, RS () £ FEHE 2L ThE £ALD I Lol
B ARG ZAT, EA EAD AR TS A% A ol A & E 849 e

f_string = (literal_char | "{{" | "}}" | replacement_field)™*
replacement_field = "{" f_expression ["="] ["!" conversion] [":" format_spec]
f_expression n= (conditional_expression | "*" or_expr)
("," conditional_expression | "," "*" or expr)* [","]
| yield expression
conversion = "s" | "r"™ | "a"
format_spec = (literal_char | NULL | replacement_field)™*
literal_char = <any code point except "{", "}" or NULL>
TSI U RE2 vt HEAH AgH e, ol $2E "{{' Y "1} 7HUS ﬂ%%%%%ﬁiﬂ;
Arhs Aol ek Sl ele $8E 1 £ AR BES QAN ), stold EA Aol Ak h
Bl 5 BAA HAES Y e BF HASHI W () 4o] 43I Th, £ Hol 55 (-)\8 %
TE & Qs =FE O 2 AFSkE, H S (conversion) BEVFFAWE = 55U th W A A}
(format specifier) & HE A 4 e, 22 ' o2 AAFUTL N} FL B FBE ) 2 B
T EAE P HEY 2dA2 2SR FE A dutEQl stold A 02 HFH =, 2 7HA 97t

12 Chapter 2. 0{% &4
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AFYth ¥l 2L HSE A ¥, lambda2t Y BHA =& BF YA H T 2 EHoF FUTH
N AL ANYEAS 2L 5 Yo (ol B0, 45 W E E EAD) FAL 29 S QiU
Az 2 2Ad e Po] S AR Bl AFoA e 8H oz ATt

WA 3704 A A shol @37 ol doll e, 78 AR A8 ZW EALD HE D) FAA A await BT}
async for A& TPt A= AN FRIA Gt

TE7NZ =0 AlFEY, 8= 2EA HAE, = D FJUlE Fol 2EH YL A= FEE {' H,
EHAY, = FHY avolas BFE ESH FAFYLE 7[EH o g, =2 W A G27L gl st xEH A 9
repr () 2 AlZgUch =Wo] A1 AFHE M3t rirro] MAFH R =3l 7| BH o7 THA 9] str() 9]

PN
W 380 27h: 55 7]

folr

¥ & (conversion) o] A A W, EA4 2 A7t Eojg o] AR WH 15t & Aol str() €
TE3a, ' r' Lrepr() S 3&%T, ' 1a’ Lascii() EEEF¥YT
A3 = format () ZEEZE Z1

>>> name = "Fred"

>>> f"He said his name is {name L

"He said his name is 'Fred'."

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

>>> width = 10

>>> precision = 4

>>> value = decimal.Decimal ("12.34567")

>>> f'"result: {value:{width/. {precision} /" # nested fields
'result: 12.35"

>>> today = datetime (year=2017, month=1, day=27)

>>> f"{today:%B %d, $Y}" # using date format specifier

'January 27, 2017'
>>> f"{today=:%B %d, %Y }" # using date format specifier and debugging
'today=January 27, 2017'

>>> number = 1024

>>> f"{number:#0x}" # using integer format specifier
'0x400"

>>> foo = "bar"

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

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

>>> f"{line "

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

>>> f"/{line 20"

"line = The mill's closed "

>>> f"/line 20"

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

QurAel £AD JHAY 2L EYL FRAE A0 A%
24D 2 e P A

24. 2|EE 13
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x"]} def" # error: outer string literal ended prematurely
f'abe {al'x'] def" # workaround: use different quoting

E BAANE A SHNE ST 5 G, A S ol e

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

o Sl o)A ol 27 B2 F e xS, GA HFE HEE FUTh

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

9 24D YL EAE T (docstring) © 2 A Uitk TH4 o] A3 gk vhAAHA U ok

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

>>> foo. doc_ is None
True

2 #2442 E F 7)ol th gk Al -2 PEP 498 & 3z 311,
str.format () E AHHE Aol &5 Yt

rJ
Y
(i
i
P
M
2
1
=
Al
T
T\
o
>,
ofo
e
rlr

off

244 =X} 2lEH
=2 g E o= A 7R 2H7F dsUth: A, A5, 8. BEag gHE 2L AL syt (Eass
ATt s & galA el JUth)

S eE o] REE EF A bt Aol TSk FUTh -1 H 2L TR QG AMA (—(FeAHB 1
= 749 2AA Y

245 M4 g|E{

A4 PE e s 2 oy Aojr 2AY U

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

bininteger = "0" ("b" | "B") (["_"] bindigit)+

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

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

nonzerodigit = mrLLLu"on

digit = "om..."9"

bindigit = "om | omn

octdigit = "or...mn

hexdigit = digit | "a"..."f" | "A"..."F"
7He g R Elol] AE ¢ eAts AR B e E Y dolof Al gl yth
REe e del 27 e ATl 22E A BT ASHL 507 %) £AEL 2 AL w) LR}
ﬂﬁﬂﬂz”é—r}]ﬂqﬂwﬂﬂﬁ 4= A1 % A} (base specifier) Tha-oll W& o~ L=, & W of shutwt

14 Chapter 2. 0{% &4
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0 0] ohd 10574002 A =8 4
874 e g3 T = AL

dreHE dE Y

woll Fof sl of FuTh 3.0 WA o] of v el AE-oHC AL Y

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

WA 36004 R B HEoA S IFS RFT FHo2 dES s HF Uk
246 A4 BEE

A5 eEge e e olf 4oz 2aY Yk

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

exponentfloat = (digitpart | pointfloat) exponent
digitpart = digit (["_"] digit)*

fraction = "." digitpart

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

A5Rol Ane B4 10402 s AH ke A0 293 oF FU T o F 5ol 077010 & &}
HOT, 77010 3} 2 RAE FAUUT, A4 LS Ao WA A AR AT 4
JHPANA T AAAZ BER £AEY] 22 BEE A% AAF YL

A% eE e B 7 o8 Futh:

.14 10. .001 1lel00 3.14e-10 0e0 3.14_15_93

=

.

P
T

w

WA 36004 B B BN A IF S EAY FH 0 WES H Pk

24.7 5| BlEE

s UYL e 2L ol Aoz wAPUTh:

imagnumber = (floatnumber | digitpart) ("j3" | "J")

8% e E e ALRA009 Barg Rk Bapt A5s 22 U Aol 45 : B e A5z
EPPULE 00] ohd USRS 2 BASE BEH, A4S Potd Utk o2 Sof, (3+49). FF
glE 2o # 714 o & FYth:

. . . e lde- .14 15
3.145  10.7 107 001§  1e1003  3.14e-103  3.14_15_937

24. 2|EE 15
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( ) [ ] { }

, . ; @ = ->

+= -= *= = %= @=

&= | = = >>= << k=

WS 459 S5 AN Y 5 ek A4 oI A RS A ol el Clipss
literal) o] k= &S o n] 7} JdH5 Ut 55 Suke] S8 o 9 o 4R} (augmented assignment operator) S =
A H o2 TRAR 75 A W, F A A4S+ T

ThS o AsE L ASCH BAEL THE E2E AR 2A S8 07k YA, 12K GoH o} B4 o
Fol gk

R \

T}£9) Q4% &= ASCIL £ AH5-2 sho] Aol A AL4 5 4] eharIth 2244 2 E 2} 74 o] 9] o] Fol 4 AL§
HeAe 27 Qe g A
R |
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CHAPTER 3

Hjo[g 2&

3.1 x|, 2t

A2 (Objects)= v}o] K ] ] o] E] (data) & F/d3} 3t A (abstraction) YU T} Fho] A Z2 T B E Ho]H+=
AL AR 7+ BAZ 2HAFHYTh (& 209 (Von Neumann) &) (Z 2 73 34 A% (stored program
computer)) RS M2 37, & 7 AF AN T= A A2 2 F Uth)

EE AA= oFol ¥l E (identity), ¥ (type), 3k (value) = ZE5 Ut A 2] ofo]dlE B & 3 ¥ W50 Fol &
WA A FeUth vz oA AA 9 Far A= FE5UTh (is) A= F AA S ofoldlE

EEHadUt; id() e oleldEHEE A4z 2% g EHF U

CPython implementation detail: CPython Y A%, id(x) Ex7FAZE WEZ e FAYYUTh

AA S 2 AR 7 Aok AeES BBt (& S0, (2ol Z AW )) 2 FY AA S0l 7HE 5
Ae 7tse e 7‘4-46]'1/]"/} tYPe ) T AAY F (o)A A AAth S EelFYth ool " E B 2
np7RA 2, AR ] F (1ype) A AAH A k5T

ofm AMSe] 3t WA S AUtk S AAE 4 9 AHNSL 7P (mutable) o) 23 T, A

A Tl e W AR S G AAE L 2 mmabe) |47 G2k P A A AE AT
29 B Av o] e Fhu AR e gro] W w WARTH B 5 gtk sA 9 A gew 9l
AAE) 2 gol v 5 glonz Aol o 43 Blolehi ol Ak Heb 24 AR &
WA RS g2 2 sk g s, & uR g e Adl S b nuabily) £ 2219 5ol
o5 AAH UL o2 ol 54, BAY, FE (uple) 2 B ¥ o] A 1, B4 v ¢ dictionary) $F 2] 2 = (lisy)
ey

AR A FA 02 5 H A

° gsUth o Z2H A ‘EJ;% o] (unreachable) 7}8] X] 4= A (garbage collect)
HUch Faol A 5 AE QAN 7] Ak oko] AYFE Aol HARUG— oA F2H & AAEL
SATA S ol A AT oW Ao FAH AL 7Ae) B EAIY
CPython implementation detail: CPython -2 & 2] &% 3] 4= Al A} (reference-counting) WA S AFE-31=d], (A
4ﬂ°EV@W°E@§HﬂNN°NL%%lﬂ%ﬂgﬂﬂﬂﬂmoiﬂﬂﬁ A7 % 227} A A
AT AR Agch AU EE F A ASE SR n e Gt ead )7
FTAL Aolo] A R ge BE BAE F2otH gUth o RS2 thE A 2 = 5761, CPython
Uojwl AlRre 0%, ofm Ao AR B2 WATHE Ao] A5 TUTH AT LR O AW o} % 243t Ate oo A 4
Qonpg dupd o FL Azto] opgut),

17
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=879 4 AUtk 3270 A A 0 Z245 0 2 5o d el A o] A (finalization) 5] = 31 €] E5A] Tolo}
FUTh(eA 34 5 S HAH 0= Dololok G h.

FRo] AFSHE FHNU MY FAY S THA oW 2 AL £ Ak ANEL P =S WE 5
9ol 7)o FLTE Ed (tryexcept) BOZ 9IS At AR AHE Aobgll BE 5 &
o8 AR S Aol 5ol B LL (22 (extema)) AL EN D B2E TFI T, of AUEL A}
7312 A ) AE O o3 H A v, AU A A R AR E Ao o nE, 18 AAEL 9 RAUS
whgele BA A B E o AT T BE close () MAED 2239 AT aE 18 W AN S
B BAIA o o & ofof(close) U Tt (try--finally) &3 (with) &2 ol 87 s+ AT Y=
AZ T,

o ANEL e AR & F2E TFHT AU Th o 5L AE o] (container) 231 F-F U T
RE, gaE, gAU S AHeV A gUtt of F2EL AU e AR YREL,
Fek Aol el 98 @l Solsle AR5 ool dElE Behe g8 m LT S, Al
Zhe Aol theh =@ w4 4 ARE ] ofo] e e v mp U th A, (FE 22) 2 AE o] v 7}
b AR o) F2E 53 rkE, 717 AR A A Agv ] g WAH U

g A BE SN AH BT PRl AFS FUTh AN otolHE U R FLAERE
o ot G2 HUTH: BRG] A9 A g HEL A WAL ofn] EAFHE AR FoA
e Y ghe e AL 5eE 5 ASUTh W) AU AR AL o) e Aol 383 A vtk o2
Sol,a=1; b=15,a9bE @12 2E 22 ANY S5 U5, obd £ 5 AFUTh HATc =
0 d = [ %ol cohds T A AR ch23, 5P 401, A2 B4 1 P2Ede] RFFULh (o
—d = AL AANE c ool HYFITh)

T@o) ek C Lt At BhE dolz 44 E) $Y BEEL

ofefoll shol ol 8 FE2) B0l Yk
W A B AS G e S S (IS Sol, £
HyE

F7be] B2 AT 4 A%tk stol A v
_%_ Y

E8HoR AE 45 D 55), £F ol Hejel B 5 F7h8 540l f 27)% Uk
obefol et B Pol th3 AL (54 o] £ B E (special attribute)) T 4D 2HS ZHFUTH
gL T AT UL AT, UALATE AT A ST e gen 9GS

-~

None ©] &2 stite] gnbs 2ts ] st= stuke] AAZF AU o] AR = WEE ol
None < &3 A2t ol 7] A3l A 2 ogeu g AL H UL o] 2 So], MA R o7
"ﬂﬂ'%iﬁ—r A e g vk gyt =2 g2 AR YU

NotImplemented ©] &2 3119 ghhs zhsUth o] gh= 2he shuke] A7 2A U Th o] AAlodl= Wt
% o] & NotImplemented & &3 FZ Yt <A} wl A = (numeric method) £} ¥] 1 (rich comparison)

W= A 2E 3 Azt tlE] date] 1AE A ko o] S ok (W o =z g
Bl Oﬂ/‘}x}oﬂ ek F A8l dsbolu), o thE ti kS Al = Th) =2l g YT
t] AFA] 8 Y] -&-& implementing-the-arithmetic-operations = 2+11 3FA] A] Q..

Ellipsis ©] &2 stute] gk %QQD}. o] Z+e 7zt Fhite] AA 7L AT T) o] AA o= 2 EE ...
ol Y AH o] & Ellipsis & B8 F2FUTh =83 FYuch

numbers .Number ©] ZAE5< 42} glg] P o] 3] WS o] 2| 17, A% A A U4 Al &4

FUTh S22 AR 2R 8 9 ko] B ol A vl A Wakx) U sholWel SAke 23
St ol 25T WA BAF of JTh AW AFE o £A BAA Aok W JSUTh

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

5.t

o) A%z 5

W l-ﬂi
2, it

mugruln
[ o

¢ They are valid numeric literals which, when passed to their class constructor, produce an object having the
value of the original numeric.
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A€

» The representation is in base 10, when possible.
» Leading zeros, possibly excepting a single zero before a decimal point, are not shown.
 Trailing zeros, possibly excepting a single zero after a decimal point, are not shown.

* A sign is shown only when the number is negative.

shold e A4, A%, Bat s FEYUT:

numbers.Integral °|AS2 T A A AR (FH o) ol o= 2452 UEHEUSL

numbers .Real (float) ©]

numbers .Complex (complex) ©| AESL 7| A 4+ZF vj

¥ 7HA BRe 357t dgith

B2 (int) o] AL (Fh4h vl R el 7 B et 7, Al Qs WS £AE BAFY AzE
(shift) 2} Pk T (mask) Aol A A wl& o] 7 2 o] 7ML, S5 52 29 H4(2%s
complement) & X E =0, £S5 H|EVI Y& o0 F B3] A4 A 22 a8 S

22 (bool) o] AL =27t AR FL e

alse" & "True" 7} Wizt o)

& ke = zho] W9} e W= 2 o] o] WalAl= S 7 AL AA (9 C ‘/} P‘ﬂ}?fﬂ)"ﬂ =
uko]] glssyyth gho] W2 T4 = (single precision) F-5 254 5 A YA FF UL o] A
*}£0}% °]Tr7}51 = z2A 194“1] 2] 9] 72 gho] A oA 7”74]‘3 AHE-3h=tl S o 7k vl
Aafs o) mus) AUk 2w F A FR HE 254 $2 A& BiFeA wE
ZFA 7 sy ok

A £
Uth BE 257 2291 3419 EA AL 24U Bag g o A4Hel F4He o
OEZHE z.real 9} z.imag 2 A = JdH5 Yt}

25 Solotd A= o_lri“c](indexing)9 FAERFFF Lo - d= AT Wk U3
len() 2 A2 7 FEE9] M4-E EHF UL A/ EA ]
x40, 1, ~,n1€iﬂww. Al%éaﬂ FEiE ]

Adxe lﬁixt?}qq ali: ] 1 Ei<=

o) A6 7hn 9 ], &€ (index) 3]

WA

o™ Aldae Al HA (2H (step)) N HFE AFS-3h= (3 £8o] ‘(extended slicing) ) = A
Uthrali:j:k]l &x = 4 + n*k,n>=0,i<=x<j & WHoe BE G5 xS APt

mMr >
E

)
[»
rr

@%ﬂ@ﬂ?%ﬂﬂq

o u?L‘ i
01[
>
)
Hopy
2 ook
2 1o
rlr N
R
(B o
e mIo
i
30 =
H il
g 2
oY,
il
4
30,
fy
<
e
ol
N
=
M
(e
)
i_:’l

Yo loaun [y mo

o 24 (N My
MmN

2 >

rlo
)
il

] E (Unicode code point) & %3 3}= %«] /\]

L

l
t
.
l

o] 4ol 1 °1 -
X0 - 10FFFF ¥
= ol o] £48 A

ANt
y rlo

=2

sfo] Wol &= char @ol gl itk o
AANZE G U W T ord()
B4R MBI YT; chr () 2 W9
W3t} str.encode () &
bytes.decode () = 1 ¥t ZYS

Mo e
Y

o, Mt ¥,
o

]

e ied

e 10
ofl ool
2>
r[r 9

(

NN
o [>
ul
(]
K
of,
o
>
opo
:O.l_‘a
_>|:

+
2
<
kS

[t Hd
N

o M
fru

(e ke
-l
mkﬂ
_{
30,
]I
L
:;

t} False & True F 2AA W E2 & 2AA
Ut E9 32 int ¥ 2] &4 (subtype) o] 1L, ‘:H—t}"E" Ao A ZH7) 044'17?4 %X—]';nh/]r%-

o

=

o Al

Foll 4 ol m] gl S A2 A B3 9B

L2 714 42 9] W] A = (double precision) F-F A4 == JEby Y Tth

E:_l_

EE
e
vk

ER
A=

< bytes 2 W335},

Hl

M
o
-
Ol
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T+ (Tuples) F=2| F52 4o shoj# AA AUt F 7 o] Fe FEo= I = 7=
< e 2eld 24 EFor whs sy stue FEoR FAHE FERE
= singleton) 2 E @A o]l FulE 24X TS F AFHUH(EZE A4S FS T J2BE,
xAA o RgERES T =2 34 nE T AsUH

Hlo] E & (Bytes) HlFo] E 4 (bytes) A& &

HAAY A2 2P YL vlolE AAE T

W bytes () A A 2} (constructor) & AFR-E 4= JI5 U T}
AAES 5ol EAAE O nHH 4 A2

P A2 b AL A Fol 17

S AT del (AHA) =& H g o2 A

A F A W kA Al B~ e] AF T

2AE (Lists) 2~ F2L Q)9 Fojd A YU Pt Buiw 2oH 04
HBE kol FolA BE 5 AU Th (ol 00] 119 e AES HELH BEe] # o B8

Asyrh)

Hlo] E v < (Byte Arrays) H}o] E v &g (bytearray) AA = 7kA Wl JdUh WA bytearray ()

AR YT Mol A (2 A ;A EVHS 6‘}1’/} Z) <& Algl ek, vpol E
i g B nlo]EY (bytes) A9} 2 2e Z QE T o]~} 752 AT P h

FEE array = 3719 7P A1 A2 L Al FE=T, collections BE JA] npz7A ¢

HE‘r
3 B = (Settypes) ©|AS2>F %
AQD} SHA| gk o] H & o] ET

J&‘i

—i> =0

= E2H AAEY <A 92 Fd A TS e UL QA S
A3, WG T len() S HG S A= FEEY NFE EHFY
Agte] bl &=+ w2 WA AAF (fast membership testing), A| Ao A FEH & A A, 27
(intersection), ?:}?S g (union), 2} % & (difference), o A %} 3 &} (symmetric difference) 3} 1’% A A4

Aok A duth

A dasde 9Mve] 719 22

o ul % o ng_g]q__ 2 o] TJ—HO]E

a5 stk Aol o2 5 stk

A F AL W A P ol Atk

3 Sets) o) AEL 7HA Fohe U iUt WA set () AEAE WS+ 3L, add () 2 A=
S 2 AHEEiA Usol 38 =+ syt

£ 33 (Frozen sets) ©] &2 £ A2 Uebd YUtk W& frozenset () B4AE s 5 5
Yt B9 A3 (frozenset) < B8 o)1 5] A] 7}5 2, THE X e %iur, g 72
AHE = S U Th

w3 (Mappings) ©| 2152 ¢Jojo] Aluls G oz du s & Ao §39 QTS vhehy ) dgs
I q

2
o}.
3t
H\
<R
=

2
ENERS NS

3£ 7] ¥ (subscript notation) a [k] + "33 a oA k 2 A& A H = FES AAFUTH o] A2 18 4] o
AE = AL tid el u del 5*‘-4 ol € += AFUth WA T len() & w330 34

59 A58 EUF L
@7 el W o ol Ak

411 2] (Dictionaries) 1/\%% A9 doe e s fgoz A Y= A= FAF AL
UepdUth 712 AH S S Qe 252 BAE, gAMYL 1 98] 7hiE Foll A ool dlE Bl 7}
ozt gho 2 v st ASRYULE G4zl 5842 FHol, A9 5 Al ko] £3o) WA
A AL L2 oz FAARES 27 gl W2 Uk 712 A8 = A g A
KAWLl A ARE A F o] AP urh: whof F AP Aok vl u S W (oS £l 1 F1.0),
= o 22 gMve 35& A9 dste AHE 5 dSvth
gMdes A9 SAE FAZU 717 gAY el SAF 02 271E eA 9 22 $A =
AREE ST 7€ 718 A E M MABEA A, 715 AAYTTE oA bl et

20 Chapter 3. E-'"OlEA E%
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o] 4§48 A5 th4l Zol 27E YT
Aew

gAade = 7k AUtk (... & nE AUt Hasde] Al Fa
SHALL).

&2 25 dbm.ndbm ¥ dbm.gnu & F7}2] w3 §-& A F5t+=4], collections BE 9 A] n}
ArtA ey o

WA 3704 A7 M el 3.6 o] A9 ghojAd mA A A4 A E FASHA FRFUTH
CPython 3.6l A, 4] <A 7F 7 A H A L Al ol = Ao B0l ofyeh & A7 Aoz
st As T

O

Z# £ (Callable types) ©|ZE2 T4 52 A2HE =AM Fa)o] 482 + JE=F=YYth:

AR A B A8 A B AALE B4 A E B wE AT (H5 A9 A4 A1), B
o] & 4] v 7} *H 5= (formal parameter) =5 3} 282 74~ 9] FE-5 E 35k ¢l A} (argument) HH O 2
525 ol oF Tk

4= o] E 2] { E & (Special attributes):

HEZ|RE o|o

_doc__ g Aete TAMY B s B 7 None; A B »7] 7V
Selaz A%HA s,

__name___ T ol 27 7hs

__qualname___ o A —’?j—ﬂ ol & » 7] 7t
W33 °ﬂ 7}

__module__ St 7 Aol H BRE9 o] T+ (Y 4 ) None S

__defaults__ AR 7| 23 = (fle ) None S 2 THE03 [, | 27| 7hs

__code__ Aot dH T2 vt (body) & W= 3= AA 7] 7V

__globals__ T A e S 7H 9 ol the 3 — A7) A&
7 Ao H REQ A o] 5 ¥ 7 (namespace)

it AeTe W ol = BET AUINE ol 21 S

__closure___ None T 9] A} ‘?ﬂ—’r—(free variable) & ©| tj] gk Q7] A&
AdE 7]',_ 1 A (cel) 2] F&. cell_contents
=)o) e A HE ok HAAS

__annotations__ | #i7fH Y] o g o] S 7HA dict. dicte] 7] = 27 7Hs
o 7 4=2] o] & Qldl, WkE Zt o] :mH| o] A o] JdTid
'return' 2 7| & A3

__kwdefaults__ | 7= FEH Rt AL 73t w7 S 9] 7|2 8e 7H | 27 75
dict.

(2717 Ik AR o] e G 9 9 A
$4 AL 499 = HES A7 £ 4 YET AU, o F Fol B
(metadata) & £ o] =1 /‘}%
(dot-notation) ©] A& Yt} <L
Fols o FUTh W B9 B o= 7
Al AA= cell_contents JEZREE 7[R ¢
A o AEE 5 s,

G Aol # FHAA ARG IE AAZRE A3 5 AF YT otefel o= R
7@& FasaA L. AP L types BEAA A2 4 5T

QIAE A WX = (Instance methods) 1 AH A HAEE e, e dauA9 BE Zejl8 AR
EE AR ) = AU T
ST 7l A8 oleen

EE: __self 22 d2"dA AA, _ func_ E T AA
_doc Az Ay (_

name__ 2 WA &9 o] &

func__ ._ doc
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(__func__._ name__ ¥} ZFUYrth; _module_ & WA EZLFH ZEY o]Fol AU gl
¥ None.
HAEE 7N 4 RE TS AEREES 98 5 AEE (AT ERA T 271 A

37 ek U Th.

2 = AEozn
BEod ], _self  OJEHEEL 2w, WAE AA = AT (bound) 3 Th WHY

th A MM ES] _ func_ olEZREE AU I AU

AEPAHAME AR 7 2o d2d 2201 SR HAE A E oz n thsold
o], _self_ olEf|HELXZgA x}Alol1, _ func__ o]EHEL ZPYA vAE=E7} 7HES
e g AA AU

Arda M= AA 7528 o, 7IWhe F£ 5 (__func_) 7t TEH £, dA 559
ol S J2FHE (Lself ) ZFAYEUT dE o, c /b £0) o Y& 2=
Szl x 7hc o dxdad ), x. £(1) § 2F%E A2 C.£(x, 1) = &= AH
ZEUth

AxdA M= AA 7 S A= AAZRE S ul, __self o A" (Fex dxd
2y EAANEE YA AAJUTE 2B . £(1) oY C.f(1) S TET}E= AL F(C,1) =
TEE AT ZFUTH(E = 7 gy .

g AANA A2 AAZ o A2 JAAHAREE | ESFEE o2 wlntr) oo

Fo|sok Gtk o @ F9of, o ES HES A ol thAshaL, 1 A MHE TE 5 A o]
&40 A A7 P th 8, o Wko] AH§ A 9| Frol thah A uk WAy ol F9) s of Fy]
o T 28 A4 (Zela 2ol obd BE AA) £ A glol 4tk Zes AAEAY
A= HEQ AGA A Pt AT H NS WEE A BTkt A% FLFUTH o] AL
ok 2ehs o=l R e wjw Qofghch

AU &) o] ] §4= (Generator functions) yield & (yield & A FX2) & AHE3te U HAEE AlY
& o] §] &= (generator function) Bt1l F5 Ut o)A T4E T &5 A4 o] H ) o] H (iterator)
AAE EeFEd, T4 v (body) & AW st o] AFSH UTH: o] E & °]E 9] iterator.
_next_ () WINEE £&3tH yield o] S A w712 7 APyt g7t
return B2 AP AL Zoll =43 StopIteration o2 E L0711, o]g d o] g = w3}t
st gEel 2ol =2 BT

F 2 €] 3+ (Coroutine functions) async def & A3
(coroutine function) 21 -5 Ut} o] ¥ St+5 5 &35} =
S ¥ &E3, async with @ async for & AFRES 4 JdE5 Yt &
HAE BN L.

Aoje e g MAEE 2RE B
E] =85 Yth await 84
=¥l A A (Coroutine Objects)

H] % 7] Al & o] €] 4= (Asynchronous generator functions) async def S AFE3A] Aol = g7
yield & AF83HE 8|5 7] Al o) ¥ &4 (asynchronous generator function) 2+31 F-5 U T}, o]
S5 &5 &4 vl 5 7] ©] B &l o] ¥ (asynchronous iterator) 2 A & & F=d|, &9 #F

(body) & A3 3}t7] A3l async for FolA AHEH YT
H] % 7] o]E] @ o] E]9] aiterator.__anext_ () HIAEE STE5tH oY olHE & =8 F =),
await & o yieldZo] & AT w712 7t AyF U 7t recurn 2 A
2o £23¥ stopAsyncIteration o8& 4271, v]57] o E & o] B} &= Ht3H3a}

2o =&stA guyth

A g4 (Built-in functions) W7 g4 A A=

-

2]
T

rlr o2
= o
il
i

@eel

=+ C &5 =92+ 5 Y th(wrapper). W7 39
= len() ¥ math.sin() (math = FF HZ X Suyth Az Ao
ol o5 2B Utk S5 97 AE AJEYRES: _doc_ 2 ¥ A FAE E=
£ A None YUTH __name_ 2 &2 o] F YUt} __self +=None 22 AAFYTh

b
flo &

I
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GHA R TS F5-5 B4 A1 2); __module__ 2 7 HH ZES] ool AU @l

Uy,

73‘—?— None

rlr

25U ool BAHd 2719
F A =9 o2& alist.append() 7}
| AE AJESRHE __self it 2

30,
rlr
n}
=y
=
rlr
Au)
[>
[t
)
i—";
inss
T
=
o
oM,
o
2
o
o,
N

239 AA 2 dHFUTh

Z# 2 (Classes) et FeEQUT o] AAE2 B AU MZ L JA2H2E T
(factory) & 5 &3t=t], _ new_ () WA EE AR (override) 3t= Fef & A
AsUth TF AAE  new () ZALEH, dFHog A AAHAE 273}
_init_ () 2= AGFEYth

2 91 AEl A (Class Instances) Z | 2oA] _ call () HAEE Aoz, ZeA AdAEHA
£ EHEZ s+ dsyTh

g

2EModules) 252 stol F =9 7|2 A A3 ¥ o, import o]y, importlib.

import_module () & W& __import_ () ¥FE ZTEMNAN FF5L F Y& d2E A 2H o 9
3 Byt 2§ A < °ls

25NN AYE = T4 5L _ _globals_ oEHEERZ FxFYUT. o]E7
glol ek 23] 2 WEg Y

Z718eted AHEE 2=

=
n 2] FojH (7] 7h5 ) o EE:  name_ 2 REY oJFYUTH _doc__ 2 EE AW
$None YU ThH (RS 5 &) _annotations_ £ BEY vt & AP 3FHA
AESH2IAYEYUTH__file. 2 REo|ZrdE vtdY A=Y YUt
AH =g ¥ ol CREEF}ZL AU TRY BREEANAE_rile oE
AlSH A ks Uth; 3 2ho] B2 2] (shared library) 2 78] 58 02 295 = 7 Z59
gtolBejg]o] A2 o] AlFgth

EF Y7 AL OEYHES:  dict_ E=YAMu
=

2ADEE g
S8 W ol

CPython implementation detail: CPython ©] 25 YA 2] & v Wy u] &, d v gl ulsk =
Zhgotddets, BEol A3z E Mojud BE dHve= vg gyt o] AS g5t ™, g e &
EASEAG 9 Y EE A A o] &5t TS BEe Fobrolok @yttt

AF8- A} A o] S A (Custom classes) AH2AF A ZeA FEL HE Fea Fo wj o] WS YUTH(E
B go] A Fx). Felae 9AVER 78 o) 3 ZFULh A2 JEYRE Fx &
ol g gt 23] 2 MEFH UL ol & o], Cc.x=C.__dict_ ["x"] 2 AZFF YT (EHAI T
o E R E ] o= thE WSS ok o] 7HA F (hook) ©] Yl U Th). A 7oA ol EERE
ool HHHA ¢Fo W, JETHE AN AR FHAEA ALH o] RR FejAs AL
C3 WA = Z A <A (method resolution order) & At 23t=t), ThE Ao & Hu Zeiarg ol

#H3E o AM B U §-2 2.3 a2 HEE B A https://www.python.org/download/releases/2.3/mro/
oA ZtobE 4~ St

S AEYFE FxTH(E N c A U vANE AA R AZE wl=, _self_ oEF
FEZIc A da"dAmAE AR Hebg Uk 28 E HAsg 72449 o=, 28 E WA= AA 7
2R Q= AR 2 HeSH UL FE A2 RE AL ojERHEY  dict o AZE gH A==
BE = o o] tla A HE A6 Al vt

JEIFE YL S MY E BAL E, olHE B¢

td

gejso 9 E

=]
T

bt

U2 A2UAS BARES (HE HAN L) BEY 5 AFUTHAT LA L),
=
=

2o o] YUt __module_ 2 Edarl FoH RES ol

3.2,

BEEYAS 23
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iy
By
[>

O wd

JUth __dict_ EF#HaY o)F TS AFFE I E YU, _bases_ EHE
AZete T2 ?JHD},TE%ﬂi%%ﬂ] Uetues A4S FAZYY; _doc__ & F
EAE o] At Ao A koW N e?J‘/]T‘/P;(%i‘%—’FS’J“)_annotatlons = 24
AYPIPHA = H WA o] o] ducth

XA El A (Class instances) 2]~ Jé%é% FHAAAE TEAA (HE EAAIL) T
ArBbAE gAY R FEE = olF TS % —fﬂ 01 PREE F2du 7173
Ut 23X A o ERREZ AR A ¢k, B A0 AT o] 5o oEE R

[> &
lo [»
z o

-

¥, rlr iy I>
o o >J£“-=r~
Er_% mln
% m 2
ru{m R )
>.[\1 _|>~ L

H A

_ JEFREIAAHAA AAEA HAEZ HBHUTH AHE HA =9l 2 ﬂéﬂ
@mﬂgqq-44<4£4ﬂ4 Z 2|2 (Custom Classes)) HELS HAA Q. Fejaz
a]‘:‘ EZ} Zeja9 _ dict__ o xiﬂﬂ B LA ES e T ol t a2
d Ao &Uth gtk Z A o] ETRESE AL Q1,2 EH/_\.7]—7getattr7()
, 235 WEA 7] A3 2 A EE TEF YT

YT A AATAS S el S AT R, A3 U9 G el S Ame)A
setattr_ ()oY delattr () HAZE 7} A, AdAE A DA
St 4ol 2 NS S 52T

P,L_leml—lrﬂzn;gl)

> 2
A=)
12
il
;“.:
>
:

(
=

rlo

(e

ﬁd
-[m
rEP

AN
Ehd
ft

2 o © 9

HE gAY E YUY, __class_ = A2E 2] F

A
ﬂ%%@
2
[m
AL
o
m
[
e
Q
a
|
lr
2
m
AL
i

VO A7 (542 AAUILE FAA AGUTH 59 A £ AR HE AT A
ol g] 7}A ©E W o] 95Ut open() WA 34, os. pOpen(), os.fdopen () & i/\] 2
makefile () WA= (:LFJ a1, ofutE & ﬂz" EESol AlFdte the ErEoluHAES).
sys.stdin, sys.stdout, sys.stderr = QE|Z2|E o & Y, E8,dg] 2EFHOE %7
I AASYUTH BF HAE BT ' A io.TextIOBase T4 Fe2ol 3] A H Qs

25 5y th

U 3 (Internal types) Q1 E|Z 7} YR AH o7
Blo] wjef wdoA o] 52 Ho=wAE

F.E A (Code objects) 7= A= vlo| E & A5} A A (byte-compiled) A3 7153 vho] W I=5
edl, g Hfe] E S Bt Byt 35 4 ﬂi}ﬂ" A7) 7rol = Aol 7} 914 T

AA = ko] A F7H(globals) (-7 FoH RE)S HA|H o2 Fx3a YA g, = 2

ol l'ir"—‘l‘(context)li ZEal QA FFUTH = 7R OJXH}t%Ol ERa 7%‘21101] A7 o] A

A o & AA FFUTHA R A o)l ALdE = ES UER 7] diE AU h. & A

9e), mE AAL Bueln A ARl e o E B2 (44 e FAAOwE) 20

S e

:—'_N

A
P
40,
N

o]l 294 Yrt}; co_argcount & ¢ X 2l

r2 oo
2o o
(E 2t N
gﬂ
-~ :(JI
o [t
39, [

rr
Q
S o
>4 |:s
Q)
E
0]
H~I flo
U.?L ﬂ?‘.’;
-l>
(]

|y tfn

/j-\g

=

= ofo
L oo Lo,

X oo

Ir &

N o

ofo 0,
N
rhe
gl

O
;O

I
2y
i
- mln

e el
[

7t S 23EYH Y N+ YYUth co_nlocals &

A5 2 Uth 9 /M4 d YUt co_varnames = A9 H4E

( 9] o]Zo] WA & UTH; co_cellvars = FFJH T
)

_,d
ol
tlo X, kI ¢l

il 3

a

N

)

s

o 2%

i oy O, N
o BNl >
okt o
o 11 ag

o,
ST
o, 4 4
e e
R

(]
—

]i‘;

7} AL = Eﬁ%*% ZIFFE=EEZ ?j\JE]-, co_names
o fllename Antdd I=E A

Q
(0]
Q
©]
3
@]
pt
9]
r
T
-
o]

rEo
:.:,|

DEA A S B e N B e
e Y 2 FEE ZLE_?S]-/\‘/\]J_) co_stacksize & "?—-;1517:5_
ez E 9 0431 S 21(flag S BArE dZI T FAUTh

F AT (A g 2

= 5 Z Ut} co_freevars = A ¥4 (free variables)
d HRolE I & W A A28 e = A4 Y

= ol

i oF. o

e

—:/LEH/\oi ﬂ_ﬁ’_EEﬂAﬂo]ﬁ]’_"\Qqq.ﬂ—okHLa%i /\01 E]—,‘E,'~E7}/\]——g—x}7g_4 /\Eﬂ,

A=
R
HE
Hl A

[o)
)

ae

a9
s o]

4
A A=
I
=

917

A

st Uth 9 & /49Ut co_posonlyargcount
E_@-% yth 9 M9 yth; co_kwonlyargcount

T
I:‘.o]

0]

3t

o) 1/11‘/}, co_lnotab 2 n}olE

Bl =

o 379Ut} co_flags &
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Z# ¢ A (Frame objects) Z & 2] = A3 =3

E o] A9 A A (Traceback objects) E & o] 2 A3 = of| 2] o] ~H) E g o]

e 22 ghEo) co_flags & 9131 AL H o AUtk G5 /b A5 91K ARE
o} o] 7] 913} AH§5 & *arguments EWS AHGSHE B E 0x04 7} 10 Huith; Qele] 19 =
QAXHE WobE o] 7] A3 ALG I **keywords FW S A FHE M E 0x08 o] 10] itk vl=

0x20 2 47 AYd o e g w] AA=F Yt}

FA 715 A (from ___future_ import division) T3t I & AA 7} &H 7|50 8443
R Aol 4 BoFAH A=A E Jehh 7] A5 co_lags o) MEEL BT Th: B0 FA
division o] 4315 Aejoll A AL Qo ¥ E 02000 o] AFH YT ¥ E 0x10 7 0x1000
= oAl A WA gfo] Mol A AHEH JlE U T

co_flags o THE H|EEL R ALE-2 918 o oFs] o] dgTh

wek I = ARV S5 YEPA T, co_consts & A AR FE2 A EALE ol AY H o FH A
¢k © ¥ None g Yt}

Z xecutlon frame) = Y EFH Ut E ol
AA ol 58T 5 AL (oL E EAAN L), 559 F T2E AggE )
ST 7 AE AERRES: f_back 2 o|d 28 ZHd (ZE2A WFOR)E 7] 7] ALY, o] Al
281 9] vjeho] 8} None; £ code— o] ZH JoA] A3PH = F & AA|; f_locals =X Hg
z23] et AHEE = YA £_globals & A "o AFEFE YT £_builtins & W4
(intrinsic) ©]SE o] AFEE YT} f_lasti & A &3t vlo] E Z & W 7 (instruction) & A& g oF
(ZE A2 vlolE T = ExE o tf gt el AU th.

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

i ’c’o‘
u°l‘

mlm

AP Fo o] oM E R <l
P Al 2 Z oA AR T -
U,

TdL2 f_trace_opcodesE TrueZ A A= 2o Z QHFHE ST = (opcode) & o|HIEE
dﬁﬂ*“*ﬂﬂzﬂﬁ”lAﬂmmﬁﬂﬂﬂzﬂﬂ%i$iﬂﬁ% EEEER
ALl zmele] 5 2E FUT S 8ol 7915 oF Gk

(e} —la‘l'l’ea_r‘%\
f lineno+ ZH Y2 A & HE YUt — EF o] 4= (f_trace) A Al o] 3k

Nl

fy |

EL 27 75 olE8ZJHEE: f trace =, None ©] ofU W, F
229 BAUT N ANA AL UTh. £F oMEE

f trace lines& False® AASH o] AL AT 4 9

r]r

S 2HUNGTER
A= (2.7) 713 ¥ 2 Y01 42 ks g eh. elul A Clineno & 2071 912 0= B
FAE 4 QG5 YT} (49 Set Next Statement).
z 8 d AA = A WA EE Ad Yo
frame.clear ()
ol HHEE ZH Yol F2 A HEEo st BE FXRE A AFTYCH E3H Tk 28 ¢ o]
A #o) el ol %8, A ol o B 74 5 2 5 U T (fnalize). o] AL =Y AA 7} Bl F 2z
&S 7= E%% FUT (A& £, & & FolA B ol S 25 A18-S 8 A

uf).
thek Z g o] d ) A3 F o] RuntimeError ol & 7} EA3 g
WA 340 F7}

¥

P
—_=
ul 3 AA = o2 7} FA ST wf] THE o] A 11, types.TracebackType & T &5

F= JEU Tk

4

NA o wso)zl 2alo|ame] AL, 62 Ae]7) 8 HolH Qs AuS H7He o), 77 H 7]
DA BT @A) Edo) Auo] Qo B o u AR E AT T o9 A 7] Sol A, A
Edojag xz awo] ALET & AF UL (ry &AM FE) sys.exc_info() 7t BelFE

) =
T A A FEol v Y Al2]e] _traceback  OJEIRER AT F U
=

zr Wl AEst A2 7| & AFeA g A, 28 Efolas RF oY 2EHCE (7] £4
Zuigo]) Ed=8 Ut vtek A el = g € 7 i3S 0] ,sys.last_traceback & & A} R}l A

Hl
Eh!
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A&yt

YAH oz AAE Edo]2me] A9, th_next o EHES oA AAste] A A8 £
o)AE PNk St=AE AR St A2 Edlo]ad g vte = FA A EE dsUth

EL A7) AL JEFHEE: tb frame 2 & WA A A3 =8 AJUrth; tb_lineno &=
A17h 24T £ M E Fueh cb_lasti JHA whol = DT B S A YV vk
7} except A o 1‘)rﬁnally o] & O‘h try*"ﬂ/ﬂ e, & WS o) Ed o] A o] npx)ut vy ¥ (last

instruction) 2 Z & A A2 = Tﬂii’»]- o= 4+ A5 Yt}

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

E4 7] 7k o ERlHE: th_next £ 29 Edo] 29 T ©A (197 1A 2

o Zyo|AY o} A 7} ¢l 2 None YUt}

]:Hﬁ 3701]/\1 %7[;]. EE—"O]/\HH 7]}2‘”1« O] ]
Ao 7]E JAAEAY] th_next OJEEHE

78 A (Slice objects) &2lo]2 AA|=_ getitem () WA
T4 slice () B 9 £ % A5 YTh

7] Ag oJETYHEE: start & 3}3F(ower bound) Y Y t}; stop 2 A3k (upper bound)
; step & 28] gAY 7‘%;?""&“*% A2 None QJUT} o] o]EEHEEL 999
S+ 9%,

A7l shibe) A= E A Qg

slice.indices (self, length)
o] Uﬂ/‘iE% StLte] A AR} length & WrobA S efol A AX| 7F 4 of length QI Al @20 A&
HASw 1 Eeo V\Oﬂ st AR E AMFUTE Al AY B4R 2 FES =S5 UH
]ﬁ%% Z+ 7% start 2} stop 219 2 9}, stepEE‘; < glo]| 29l AE gho] & (stride) 2ol YUt A
ZE J A HAE oG A AEL2 I J setolagt 2 o ® gy Yrth

ful

2 €] g H| 4] = 2 A (Static method objects) ~EJ € W= A= oA A3 g4 AAE A=
A2 A2ote A S WA o= WS AFFUth 2HE A= AA= o8 499 AA,
HE A8 B wAEE = EV‘L‘JD]' 2H Y A Fjag S QAT AR BE 9
AA 7N AAZ 8 FE A2 S84 Jd AA N, T ofd HE 285 ] ok ”EH?JWE]'
EHRAE AAl= 298 eks, 2H g WA S A4 A A= 2 E o] opd Ut 2 E HAE AA=
WA staticmethod () MAAE g5 T}

el & Wl A = A A (Class method objects) ~EjE] WA = AR X H, FH A HA = AA A th2 A A
E E YN, Fdas U dadazRE O AXE A E4 tﬁﬁ‘r% Utk 19
23] oA 2 wAE AR 7L F st WA ol A= 9 (AFEAF A ] w A = (User-defined
methods)) oA AHIASGSYc} S~ Uﬂ/ﬂE 7“74]“ WA classmethod () A AE wFEUth

gefo

Eopis
AWE) o¢1>

it L wo

oft w0,
o,
o |

i
'y
E

_1>1

3.3 S+ HAME O|F=

Sojat SU8 B WASES A PO A SR BN (BE Ao} Ad Aol Lol Y 22
of af) A &E = o] AAES 7T = AFUth o] Aol AiAr & 29 (operator overloading) )| Hf gt
shol el A2y AH], S 27} Aojo] ARl o] A7) AAel B HE BT & GES it o &
o], a7t getitem () ol2hE o] FY WA EE B ot x 7F o] el AATH A x[1] =
e type (x) . _getitem_ (x, 1) FZSTULh dFH AL E A Lst, A3 A=} ;q-/]ﬂ]]
SES ] AAL Y E do A YT (EF AttributeError Y TypeError).

S5 o 4= None 02 A4 oHe A€ Y Aarel ABH A TR A2 7 AT AE Fof, werF
W7t iter () ENone & & "qﬂﬁ}n‘ FHlaE olH g E o o]—l/‘141:]- wpebA] o] lx' 2o iter ()
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=

Ytk
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__getitem () S A2 Z A]

=3
TR, 2L A A o) = SEAAE F A L)
A2E AN JEES AL AVO LT TERT 5 A5tk AR Lo
4 A5 Yt (0] ¥ 371A] o= W3C 2] Document Object Model.J NodeList

A ¢

o)
)
=
(o]
[n]
o
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\\1 i
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=
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O

off &
il

o2 R
2 eg >

ot
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-
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o
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<
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3.3.1 7|2=x0l 3{AE{O}O|A|0|M

object.__new__ (cls[, ])
S s o A JA2EFAE BHE7] 9350 E%%‘HD}. __new__ () & 2EHE l 1‘:%11/13}(—"’-&‘741
AAshA] gote H &= 583 A duth o], A HA AAE ¥ %E%Fl }%
o AN YA EAZY 2 23 AE A
t‘&% %k% A AA QIa'E 2 o]ofof FrTh (HF cls O] IAE ),

dukA ol 282 super().__new_ (cls[, ...]1) o A3 AAELS ALs= I Ho =z 75
FH2Y  new () EEZEIHA A A2EAE ‘1% —|—°ﬂ, HF7) Ao o +AHS 7

. itk
If _ _new__ () is invoked during object construction and it returns an instance of cls, then the new instance’s
__init__ () method will be invoked like __init_ (self[, ...]), where self is the new instance and
the remaining arguments are the same as were passed to the object constructor.
WO new () 7hes O JAARFAE FH]F A GO, A JAAGH2Y  init. () £ ZEHA 25
.

__new__ () ©FE EW3 (int, str, tupleT} Z-2) 2] A B Zg A7t Ad2HA A S AXAEulo| 28 4
= o ol ALGH T o, AL AL B v} Fel 2ol A Zol2 A4S AzE vhol 237] 914
SEEE N

object.__init__ self[ ]
2l

(_new__ () Al gal) A2 A7F E4 X T, stA T TS XA 5F7] Aol T=F Ut <

A2 ZH2 WA FIoZ A2 AUtk wekmolA FHATF inic. () HMINEE

Zv3 o, B Fef A  init () WAEE, YT, A2 2o A W ol F A 7F AR 3=
Fio]l entE A 27)|3lE S FA43] 817 A8l BA AR sEdFolof ) ol & 59t super () .

__init_ ([args...]).

AANE H=+=d _new () & __init () ZFEE3}L Yo B=E (__new_ ( eI

) bt_ \__E‘—’y
_init_ () € 3L AxEHutol23UtLh, _ init_ () 7FNone o]|&] 9 FE EHFH AP A

4ol TypeError & 4o 71Ut}
object.__del__ (self)

QA2 F 551 7] Aol 52 Uk kol kol A i (24 A5 7 Aok B Y I ch, vk
Hlolx S e A7F  del () UﬂHEE ZEa e, A4 EEHCA _del () A==, B o
ATHH, A2 2o A W o] & ZEf A7} AFA] 8b 25 A A A AFA|517] 91 8l, B A A o2 o]~
Zol 25 WASE B2 oF g

(A A= AR __del () MAEE J2H2 U NER FERE THFOEZH ALEH A9
& AAAZ AUt o] S AA £ ol REUTh &3 = 1
o] F A Z SEE A= Fdo et ttE U A CPython +8 L 2 A st ATl & &

AHzE 7t SR Y W obd ol AME o] HAAE _del () WA TEo] BG4
U Th

2 hash__ (), _iter (), _reversed _ () __contains__ () MIAEEo] o]H ZL-o st S A& £33 5
Utk o2 AEE o A5 TypeError & Y2 7] A ¥l &% None o] Zg]Eo] ojyyu g 73 AWt}
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FHi: del x=FHx._del_ () EZTE3A U — ol A= A2 x 9 F=x 3 4= (reference
count) £ 3t} A 713, FHoll = AL x o] FZX 3AF7l00] v TE2HY

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.

© B7):
gc BEo g FA.

il del () o]l &%= EA3 A
, Al sys.stderr 7

7
i

4
92 % U sl e
w

1—3—01 1o B A A 1ok A L A At} B A B A
GIA L, WO 1A AA Gl Bl e F2A £ ST A g
sEHE AR, JEEH RES0] Yol £ 2 43| s vl £ F 4 dayTh

object.__repr_ _ (self)

repr () W @501 93 SE5 o} AA (F4H 9 (official)) EAS FEL ALFU wef b
CEL!

S, oA B e (489 Bo] Fold ul) E2 B ANE AL DE e AE ol 6 57
AHR wofok Flch A AA RebE, <. £2%E 9. FeS BAEL BAoF U
wlak ghe M= A B olo]of BT weF Ze| A7k ser () §lol _ repr () v Ao Brh,

repr__ () &1 Z#H2 A2EAY (B FH A A (informal)y) FAE THo)l 872 v A+LE 5

;9{

).
ks
T

= .
o] A YW Aol AHSH 7] wfZell, FH o] IR ARE Tl RS eA A 3t 2ol TG

object.__str__ self

str (object) & WA &4 format (), print () o Y& &5 o] A2 (¥ Al A <l (informal) )
TE R A AN s EAE 23S AU v 32 e Al }oé A A o oF T T}

I HMAEE str () o SuE ol S 2% Aolehy /E A gethe HolA
object. _repr () SorEUch o Aestu 1A% Fdol AHE £ AF U

W7dd object ol B H 7| FAL object.__repr_ () & TEFYTH

object.__bytes__ (self)

bytes ol 23l &5 o] A o] vlo]Ed 2 AU Wk g2 V=X bytes A A of oF F T,

object._ forma _(self format spec)

format (

()
X = o &3

Star, B 5hd, =W F 21 2 B &2 (formatted string literals) 2] Al Ak} str format ()
%5101, A (2R ) FAE S HEAHYUTh formar_ spec 91 12= 875 =
at= ExG Ut format_spec 1AL S|A L format () & FAT= o
B 2ot De HBRE) b A AAL, 2T ER -S4 2UL AS

£ 2o)g # ) a4 & formatspec & L3k F LT
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o
T,
r 4
2y
rlo
(
rt
>,
Ao
N
B
e
)
2
°
o
<
=

WA 34004 HA: object & __format__ WA= AAIL, Wl B X E o] o}l QX7 AEE M TypeError

o] A| object._ format_ (x, '') = format (str(self), '') 7ZFolyse}

object.__1t__ (self, other

object.__le__ (self, other

)
)
object.__e (self, other)
)
)

object.__ne__ (self, other
(

object.__gt___

self, other

object.__ge___ (self, other)

o] AEE &% (FHF 3 H] L (rich comparison) ) WA EJUT} ALEA}F 7] S & A = o] F 2+ AAl =
2 25Utk x<y Ex.__1t_ (y) EZEFPUhx<=y v x._le_ (y) EEZ=FYrh x==y
Tx._eq (y) EZEPUL x!l=y £ x._ne_ (y) ExEdHUh x>y Ex._gt_ (v) &
TEPUhx>=y =x._ge_ (y) EZT=FY

FTHERS A A EE FolZ gk AA A S AE FHEA = BT &Y A (singleton)
NotImplemented & E8& 4 5 Uch A4, A5 AU vl W False U True & EFUTH
SEA| G o] MIA E= oW PO ol d E8F o Asuth 2eiA vl A4} =2 &9 (Boolean
context) (¢ & 5¢] if Y 27 oA AHEEH W, Fto] W2 Aol I A RS 51et37] 98 gLl o

bool () = TE=F Yk

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

AREAE A S Rl AaAE A Yt gAY E] 712 AFEE ¢ Sl el Al Zhs AAE irEs Ao 3
2 74A) F 23 YRo] _ hash_ () o] #3 Erko] YUt

o] I =E o] thh (A AR A4bS A Y3HA] AT L2 A7 A LS uff AMSH£=) F S
HAL mz gk Aol 1t ) gt () =EARY FHAN AAIUT; e () 9
_ge () EANRYHAI A4 s_eq ()% _ne () e=ARFAD A4AdUty; vhek
AT A2 T2 Folal, L 23 AR Fo] A AR o A AN HE Fefaw,
229 9 A FH A WAl ATt E5UTH 28X god A3 3 AR WA =T
L2497 =5 Utk 7HAF A B Z 2] A (virtual subclassing) -2 112 F ] ¢F<5 U th

object.__hash___ (self)

Y& 34 hash () @) set, frozenset, dict &F ZHL 3] A

o hash () © ZAFE€ =eFoF Utk 2ol vl ay
AAw e TH U AN vno] AEHE L4 EE FES
2AES AR A AL ATUL o SH:

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

Z3: hash() £ AAZF RS _hash () MIHNETE8FE FS Py_ssize_t & 72 A}
E Ut} (truncate). ©] AL HE 64-bit & E o] A] &= §H}o] E 17, 32-bit YE o A = 4u}o]E U} whoF
AA L] __hash__ () 7t AZ2 B2 HE 37§ 2t A EE Alo]olA 7 ArgEojofsittd, B E
A9 LDESAAY FE AAN oF Futh o] 2 A o= 412 W2 python -¢c "import sys;
print (sys.hash_info.width)" ¢§Yt}.
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WepFARHATE__eq () EAASA oW _hash () HA B A ook gtk wher
S GAD  heen () £ ATA DECE, 149 QAL AN s B
Aol A A+ UG et AAE geldn dnco () 8 paadd
TR Lolof s, oA 75 AAAESY Tl 719 A zho] BHo| ==
F AU THRRE AR 9 B Al gho] ®istd, ZEH 3l Al W Z (hash bucket) o] $LA] H U TH).
AR AR FH A=V RASRE eq () & __hash () FIANEE ZFUTH BE AAE (A7)
X}/ﬂ%xﬂﬁlﬁh)%ﬂ °}D}1 H W3, x.__hash__ () E A IS FHFol,x == ydux is
y ¢t hash(x) == hash(y) 7} SAA AH T 5+ A== FUch
() EAALYB L __hash__ () EAHLA = FE 2= _hash_ () 7FNone 22 HAHH
141:]— :EH/\-/] hash () WX E7}None oW, |29 o A~B A= 2 TH 0] A ZHE o
A= ] TypeError & 27|11, isinstance (obj, collections.abc.Hashable) & AALS

o 4] 7b5 5 Shar Swbe 714 ek,

ek eqg () EARYSe UL RE FHEERE _ _hash () Y FHES EHTILACH S
BH= E]H °ﬂ A HA Ao R o]FA XA Fo]oFdUth:  hash = <ParentClass>._ hash
Tkef —ea_ () EAMRZLA G a7 HA ADE HEDL AW, e Holo __hash =
None & sl of &btk A hash () & Xuz S0 44 TypeError & o7& AL =
isinstance (obj, collections.abc.Hashable) S&0°] d|A] 7F53tctar 25 Q21U

Fa: 7NBACRE, suTbytes AANES] __hash__ () FE AT gle 3

(salted)) As5UThH 7HE Tho] W =2 A A Yol A= HEkA] ebe ghe 2 A H A 9 gho] /&
EART o= 5T 5 A FYTh

o] A& dict AF Y 2] F 2] A - A5 (worst case performance), O(n2) 3=, & &-8-317] 98 &
A Q)= o] o] & Afu] 74T(demal of-service) & 7 o] t &+ o & AlF317] 4 & A Ut
W82 http://www.ocert.org/advisories/ocert-2011-003.html o] 915t}

SHAIREe] WAL Ak olH e ol wAol dFe FUT ol o] Aol thsl] of® HAL 514
SF<sUTH(2 8 AL B 5 32-bit 9 64-bit W= ALo] o = ThE U Th.

PYTHONHASHSEED £ Z115HA] A] 2.

WA 33004 WA S B B 7R A 02 B8 Ut
object.__bool__ (self)

=2 AA W 4t bool () FAS Hsll ZEHUT False U True & &2 oF dth o]

WA E7F A A b= A, B AT __len_ () o] EEH ], gol 0 o] ofH Fo = Q14

Ut Wk Z e A7t den () B bool () BRFEAYEA] vy, REAAEAL FOo T

AsdEdoh

3.3.2 O{ER|REE HMA FHAE{OO|HO|M

Zex A A OEFRE F2 (7], Y37, x.name & AHA|517]) ¢] o] n] & WA 517] 95 thST}
ZevAEEo AoE & Atk

object.__getattr__ (self, name)
71 JEZHE AN A7 AattributeError 2 A o] SEH YT (name 0] AI2~BE A o]ERHE &
Eself Y~ EG JEAEGHEToLBIA _ getattribute_ () 7FAttributeError
E do7| A name ZEHE|Q] _ get_ () o] AttributeError & 4o uff). o] YA == (AAEH)
ol EZHE 7}2 skl Al AttributeError o2 S 4 0 Ao gt}

QA WAUZES TN AEAREABAAY __gerarer () o] 3B A o] 295 op
FUTH(O) AL __getattr__ () I} __setattr__ () Z¥ = vt A YU }. o] FA 3= ol =
FEg o) E o, 2FA A oW getattr () 7FAdaEAl R oERHE H2T
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o] 917 we] 71 = Fich.

Ao Qi wge) 4P, o
ol YA ko =M (Al 1AES

2 oel AN E 228 5 Yt
AEZRE JN2E AAZ A3 2273t ol A& oteloll b= getattribute ()
o A CHE I T,

object.__getattribute___ (self, name)
2 dadac JEARE ANAE FAR S8 24 g0 2V ULk wof 2o
27V getattr_ () = A FHIYE, _ getattribute () 7 A Ao T3 ALY
AttributeError & QO 7| X Q= ol _getarr = S E2HA AH YT o] Y AEE JEFH
Eo (AR 7= %Eﬂ-rﬂUrAttrlbuteError of| o] & d oA oF Tt o] HlA = oA 3 A
(infinite recursion) 7} MY BH= A2 7] ), £ AA DR ol E e HEo] A2 A3 B2
o]E9] Ho]A FH Y HAEE SEF o FUtT) o & E9],0object.__getattribute_ (self,
name).
Har: dol BRoL W daol A ZA R 5E0] A%z 55 HACE rotE Aot o
HAEE AXA & d5Uth AA W82 S5 mA = iﬂ 011/‘1 oYt

For certain sensitive attribute accesses, raises an auditing event object .__getattr__ with arguments obj
and name.

object.__setattr__ (self, name, value)
ERE ol Ad ) BEF ek el A 29
20 thAloll o] Zl o] Z&H YU Th name 2 A E | {-E °]F°] 1L, value & 12 11’41?46}6% HMD}.
__setattr_ () oA d2EXo]ERRE st T, 22 o] 52| Hlo]& S L] A
ZE SEd oYt o9& 50 object.__setattr_ (self, name, value)

T\
4N

(o}
l>
M oo

For certain sensitive attribute assignments, raises an auditing event object .__setattr__ with arguments
obj, name, value.

object.__delattr___ (self, name)
__cetattr () BSEAW Bl HES Yot A SAFUE ol AL del obj.name
o AR o] )] 7} Q1= 9ol v & of of Gk,

For certain sensitive attribute deletions, raises an auditing event object .__delattr__ with arguments obj
and name.

object.__dir__ (self)

AN dir () ol T2 ] TSFEUTh AlIFAE EFH T UL dir () 2 &8
HEe 3 FJF o)

AFAE T RER

N

2 S 0{EZ|RE HMA FHAEDIO|HO|M

EF3lolE getattr I __dir_ +
Jd&SULH BE __getattr_ &

BE e HEd e 22 A AL S U A8 S

Hrt Bhpe] AR ol S 2 HES) o] £2 Wobd ANE e E2)

—,—ﬂb]—AttrlbuteError E A Aok U dubAQ 23] (F object. 7getattrlbute (NE

Ed EYHEVREE AANA LAT R oW AttributeError S 40 7]7] Aol 2E _ dict__
"ﬂ/ﬂ _getattr_g AUty TA=H, 01 R e e @ﬂ%iﬁ Yt
_dir e JdASRA A REAAN F2Z D 5 e ol5S B BALY AELE SHF ok
U EAstY, o] e RE R 2F dir () AN AZ AT

B CIE s A4, 2o e 52 uoh AW B A S, 2 E AA clacs
oJE2]REE types.ModuleType Y A B FEHAE AAHT 5 FUch oA E =4
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import sys
from types import ModuleType

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

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

super () .__setattr__ (attr, wvalue)

sys.modules|[ name_ ]. class__ = VerboseModule

3y BE getattr Aot RE class DAL AEYRE N2 FTEE A= 23T
AFS AU -2E AGe] g A HAA AN (RE WY Z=0 st AN2o0]AY EEY AY
T%‘/#LiﬂﬁlWLfé}iE AN A = LA stk

WA 3504 MA: o)A __class_ BE AJEZREZ 27 7hsdUch
W& 370 7} _getattr_ I} _ dir. REE o]ETHE.
t] B.7]:

PEP 562 - & __getattr__ ¥} __dir__ 2 E°] 3+ __getattr_ ¥ _ dir_  F+E LT

il

9

Y.

CIA3EE 78517

—l—‘

o LE=EHAEE2 WAEE 71 FH 2 (49 D]/\EL% ¥ (descriptor) 2 2) ] AAEH AT &
(owner) 220 SHL e AP UH(HE2IHE = &7 A 29 D"‘%Lﬂal‘/}l—‘?—‘j :'ﬁﬁ/\%
shute] 942l 101011?314‘3}) ofef o] dlof A, (AJEFRE) £ ol 5ol &fA e __dict_ 9
712 A8 T Yt ol B2 RES A2 ok
object.__get__ (self, instance, owner=None)
292 ZYA(ZU 2 ETGHE ANA) U T 222 Ad2EHA(AAEA o]EFHE AN A2
oEZREE HotH L o TEH U A H owner AAF= 272 F e 2 YUtk ¥ o instance =
E 2B E B2} Ao Y ALT 20l ALk, of £ 2] H-E 7} owner S F5] A2 5= A None

U,
o] WA EE At o=
o]
A

m

B F AV AttributeError 9o E & O Aok g}

A9 A Fe EH LA AR, o) 12 4
L), AR ARG RS A5 BT g okt v A
./] __getattribute__ () —T’-?ﬂ% _8_5]'?(]3]- SAglel A F

:::,ﬂllﬂ

PEP 252%_get ()
HUaageE e ol HAE A
792 5 s Ut 5

QA5 BE ARFCh

object.__set__ (self, instance, value)
5:-?.—2]- F/H/\«] Ol A~ E X jnstance & AN E B HEE A Zhvalue B2 AR ST o] =7 Yth

__set__ ()oY __delete__ ()EF7IIH Y23 YgE 53 o] (H o] 114& 2 ] (data descriptor) )
Z HAHA FYSAA L. AT W RS AT HE SE31H7]E FRAA L.

Fls
U
sh
1 2}

Erﬁ—?‘i Je
r> S o

=

object.__delete__ (self, instance)

22 29 AXE A nstance &) A EZHEE AT ] S=FH YT

object.__set_name__ (self, owner, name)

222U owner 7F ol A W T E2H Utk o] A - E 7t name o A H 55U T

32 Chapter 3. E-'"OlEA E%



https://www.python.org/dev/peps/pep-0562
https://www.python.org/dev/peps/pep-0252

The Python Language Reference, £A| H{™ 3.8.13

ZF3: _ set_name_ ()Lt ype A dRE BAFORUNSZHBE, 27| P4 o]Fof A
Y7 Ee 2o FHE o A7) e 2 BAIF R S5 FRVF s YT
class A:

pass

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

o A e Ze s AR BE] & BT

WA 3.60 =7}

EZHE _ objclass__ = inspect EE| o3 o] AA| 7} A
(o] 3 B A3 gz%-g].:q FAA FNA JERFES APATH
AsUth. 2HES 4%, A HA A AR, Fo4 X F (e A
A< 7H 2 5 5yt (el E £9], CPython = CE 73 H A 44
PHEE AAZFYh.

)

EH£§ ARsh= A2 s A g
2 23 A (introspection) & A Q&
EHi)iZ] A2t 27F 71 Ak

] A = (unbound method) ol ©]

[z ro
52 iy m Y

N

1Ke)
'C

]

A o7, AT HE = (2 Y352 (binding behavior) ) & 73 AA| o] EE]REQJUTH o] ER R E AA|
27 Y23 Y Z 2 EF (descriptor protocol) o] WA =50 s A H YT get. (), _set_ (),
__delete_ (). °] I EE F stvtets Fol= o Qlod, tyAaa g etal Ryt

OJEZHE AN 20 7| B FZL Ao Yo o]ETHEES %h, 1, A= A YUt ol

E9a.xtva._dict_ ['x"] oA A3 A] type (a) .__dict__['x'] & AA type (a) & #EF S

2E AL oA ZFUAES AA 7= ddY 2= FAAE YL

JEM,t&%k z23) 3 kol g %Ei HAEE TA3 AAE, slo] WL 7| 2 thAlof )2 HE WA
AEUth SAEH H5 o= HA]oA o] do] dojubeAE ofH H2IaHH wA =7}

o2 TE ﬂﬂ@ﬂq [RR=

242 A (binding) YU TH a. x. DA AAFE o] 2FH =R+ a of e} thE Ut

Al &
SHEAE 1 G ASHE EES ASAY HEAOAIYH NSS4 £5F

Y53 A%
YUtk x.__get__(a)
28X A AR Aadro] 2F3 W, a.x = 0] TEZ HBFYTh: type(a).__dict_ ['x'].
__get__(a, type(a)).
ZYP2Z2 S 28, A x =08 3E2 AEFE YT A, dict_ ['x'].__get_ (None,
A).
Super 75"?}' super & QA~E 2o A%SH, 23 super (B, obj).m() 2 obj._ class__._ mro__
& AASA B LR ol et WMol el & e ol oS A AT YR E B E U

Z—\._dict_[ 'm'].__get_ (obj, obj.__class_ ).

For instance bindings, the precedence of descriptor invocation depends on which descriptor methods are defined. A
descriptor can define any combination of __get_ (), _ set__ () and _ _delete__ (). If it does not define
__get__ (), then accessing the attribute will return the descriptor object itself unless there is a value in the object’
s instance dictionary. If the descriptor defines __set__ () and/or __delete__ (), it is a data descriptor; if it de-
fines neither, it is a non-data descriptor. Normally, data descriptors define both __get__ () and __set__ (), while
non-data descriptors have justthe __get__ () method. Data descriptors with ___set__ () and__get__ () defined
always override a redefinition in an instance dictionary. In contrast, non-data descriptors can be overridden by instances.
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glo] W WA E (staticmethod () £ classmethod () & 2T A) = vHolg Y23 HEHE FAF YL}
o wffofl, AAEAE MM EE M Z st AL Hol& = G T o] A2 7 A2H A7 22 ZE 29
Oe AHAERE GEEAS AL 4 3

=

property () &= tlolH
TUth

o

AYEE FAF UL o] W Zel, A2 A= Z 2 FF (property) o 52

S 2~
LOET%}\—]

object.__slots__
o] ZHY A HE o= AdAEHA ) AFREHE HLE o] 2L A Fdt= EAHY, o] B 2] £ (iterable),
T AFUTh _slots__ 2 AAH AL ELS S FHE o ek, A"

__slots__ A20|| &5t =

[m

=)
_slors__ Ao YE=E A ke N HFEUAE = s
t 2

o __dict__ W57} BE A =
UdE R g2 Haemo g tf¢sle] a3 AttributeError & €2 7Yt} wek 5 A AN Mg

o Ax"EAntty _ weakref  WAFT7FQOBR,  slos E FY I FElas o€ 5
(weak reference) & A 91812 kU Th. vhoF oFg x A o] Basrie, _sors_ A1e] £
220 ' weakref_ ' E F7FEtTh

s _slots_ =7 A% ol Erit g AaYE S e s FH o2 Fes SR A TEHY

ARHog, FesoEYREE =
o2 A48 £ geth 292 o
o _slots__AdAo= A% may= T A0 Fojd Fe
FH YT AT A4 A HE Ze) —
o3} A| =tk _ dict &} weakref S ZXA H Y Th

o) _slots_ o AEIH o] 3} 22 0| F] WEE _slors_ ol AAFTHE, W o]
L B e L - PR B PN P = R PN b
. olAe Z2ade Ao A b A HujA ek weols, o &
#7k9 A vk,

» int,bytes, tupled} Z+2 (7} Z o] (valiable-length) ) o] W HHES AlSdte S 2oA= 23 1]
_slots__ TF X L=

= ST
Thel, slors_ A1919] BAA AlBAG] 1 dict v & F7bghch
2 el

bl rlo |
_|>i
>
|
k)
[»
2
2

:‘?L_"
J
o]
o
<
&
tlo
o

RO )

-l
o >
L™

N
N
ooy WE ¢

o o2

o
[>
it
o)
[>

o N[> iy
ok
o e to,

X
o
N

o _slots__ o= FAE o]9] 9] olHHYES YT 4 AUt MlFEE G AT 5 5yt A
ulfel, Zk 719 o33t #E Ju)7t Ho4E 4= A5yt

s FEZH2AEL _slots__ & 2= A9 class__ tJ o] 52T}

e EFE S ANEIEAYH REE ZHAES S AET 5 UA W 2 e Hrnt&E oz w57
oEZHEE 7HE = AFUTHTE o] 252 W £F2 7FA- okul ghut}) - o] £ o] 7] ¥ TypeError
= 9oz}
= = 1=} .

 oJE ol B 7} _slots__ofl A& 2} o] Bl | o] Bl o] ghell tis I HE 7 Sy th e,
_slots__ AET{HE= ® o]E g o] H 7} gt
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3.3.3 EeiA M HAEDOIO|X|0|M

27 E FHAEAST W], 2 N2 _init_subclass__ 7} SEFH Ut 9] Ho]_tg ,AE ZE A
FAE AAS = FH2E 2= Aol 7R old 2= FH A d I o HeE Y 1 HHEE o U5
Utk 3Rt S~ g T ol H & 2ES AMSste SRS S oo v 2-83HA 1 1nlt_subclass_
G508 I HAMEE HYste FEHlaY v B Fea BRI A FEFTh

classmethod object.__init_subclass__ (cls)
ol M EL Zose Zej20 A Ze2Tt wEol A wjultt &P UL ds = A A B Zef 2yt
rof AdubA Rl A A mAER HOHH, o] A EE FAIHCR S vAER HAH U

AN S 2o FolRA 7|Y¥E AAREL By Z g9 init_subclass 2 A2 Yo

__init_subclass__ & A}g&3tE=THE %ﬂ]é =99 TAL Y, 223 7)1 Y= AAEL A
W Fol B2 A5G Wl Fel sz A of gtk ol @ A guch:
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

7182 F 3 object.__init_subclass__ = o}F A% 1R A9k QA7 £8E o] T EE W o JE
1 AEARR R 3

Z3y: vEt ZH A S E metaclass & YA & Aafof] 9 48|F 1, init_subclass_ &
A= 2] dsuth AA e S (BA A S]E tfalel) & type (cls) 2 BA AT 4 QIG5 UTH

WA 3.60] F7}

olEt 2

718 Ae g2, FHAE type () & ARESIA HEARHUTE FH29 vt Al ol 5 FXHlA A3 1

Z e~ o] 5L type (name, bases, namespace) & ZAX}ol A]F A o2 AAHr}

ZH2E dEE A2 UL A ol metaclass 719 E A AL AY, Id AAE £33 o]

2= = /\E' Asddozn AxEuto]|2E 4= 5 YT o2 o o A, MyClass &} MySubclass &
—‘:rMeta/] ‘ﬂi‘?ii‘ﬂq"%-

class Meta (type):
pass

class MyClass (metaclass=Meta) :
pass

class MySubclass (MyClass) :
pass
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o FEj2 ol FZFe] EvlE YT
s 22 uY AP F YT
« S ARV HEIH YT

2 Zoo yeElUYE= ol Fd a7 type o A2EH AT ok AP, A7]oA __mro_entries_
EH : . o] A =& o] o] tjAlof] AME-E
T A5 U o] A g wlolaEs FAH UL

PEP 560 - typing 2 &7} Al & ol th st T o] X

% type () o] AFEHUTE;
Zlo] type () & A" A7 oUW, IS WE S22 A9

% Wl 58 w8 Fels BAAOE A0 8 FAAGITE) % AR BE Wols FYAE
HE FHHAE(F, type (cls)) FTolA A8 F Ut 71 wol JMEQ HE 2 31 Ol & BF 9 AME EY
(subtype) YUt} WheF ol A% o] 2 AL WEEA B, S~ A= TypeError £ DA 7] ™
e

A 0|§ 37 &HI51H7|

Aot H A3 e F 7?“‘:‘33“‘ Fe 2 o)l whol ExlgE Utk W e Fel A7) prepare
o]EZ|HEE 7}A W, namespace = metaclass.__prepare__ (name, bases, **kwds) Z2 20
2 5 2HUG A 71AE AA7 driE 2a2 A9 ol 4] £ AYUD. _prepare_ WA=

classmethod () 2 F&S ook Ut} _ prepare_ o &) 9t&H o] 5 F 72 _ new_ o] &= A0t
5 ZHx 7“14]7]' Eold wf o] F Fho] AR dictol BARP Y Th

BHoF el Ze) 0] prepare ol EEWEZL GIrhE, Fel2 ol B Wl 24 g vl o 273
Fueh

o ®W7):
PEP 3115 - 5} o] 3000 o] A 2] e} S| A _ prepare_ 9]

llf
ol
o
Hot
o

=S U
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ZallA HiC| AlsHE}7|

Z 2 vl = (W) exec (body, globals (), namespace) FZro] AdPHUtTH AWltA <l exec() &
S0 FE Aol FE FAWA Y7 & Y FAA o] F o & uff o] 3] A 5 (lexical scoping) ©] 2 vt
BEEYAEES 235 1)E'5}°C]1547<H9}ﬂ ~Fzo Q= O]%%% FRFIEE gt A YU
AT, Zol2 A7k e v Rol A ol Fol W W2 A, Fea RN AR AHEEL Fo)a s
A A H ol B B 5 YTk Fes ArE Art A 2o AT R A A AEEE 5o
AH 25 AL} T} AHoI N A B BAAL R o f) 2398 class_ 42E EaloF gt

Aot Z P2 o] = F 7o) FHP A vty E Ao 2 YA H, 2 A AA 7Fmetaclass (name, bases,
namespace, **kwds) & &3 HEAFHYTH( 7oA ALEE F7HH 2 7| Y= QRS2 prepare_
of AgH AEH Z5Uth

o] Zel 2 AA £ super () of AAE FA = ¢ %‘iﬂ% AdUrth __class__ & Z#: 2 vty 9
HAEE F oJ= dtuet®E __class__ U super & 2T A% Aol Yol o2& FA A
S EA (closure) = AU T 0] 212 A A} §las FEISf super () 7HolH 23 7|2 fﬂxﬁ Aol= a1 gl
FHAE SHEA S F AEF FYUh o dAY TE AR EH FHAY AAHAEHAER

A A WA A J 24 AR .

CPython implementation detail: CPython 3.6 ©] Aol A, _ class__ A (cel) = F e 2 o] & F 79
__classcell_ AEZ =z vg Sef2o] AEgUrh vhef 2A30hd, o] A& S 27 SvbEA 2
71849 7] 98l type. __new_ T E7HA AL A Aot of of fhU T} o] B A 514 X5 Fho] 3 3.8 ol A=

RuntimeError®E o]ojd A Y ch

712 vt 22 type S A U T vlE S A7 AF type._new_ S 3@, FHX AAE
RhE Fofl, tha 3t 22 718 ALE oAl o] @A 7 A g Uth:

s AME, type.__new__+ _ set_name_ () & BY3t= ZH 2 o5 TN EE YUY2IAHHELZ
LS
c =R, olZA FAHE B _set_name__ 2 S &S, AYHIL Je FHd 2T HE

FolZ o] 55 AR AU Th;
nRgo 2, WM E A sA o el 7 77k R R WS __init_subclass. () o] ZEF

g},

of Z3a 2o vz ol B ol (AThE) 2 AT AYsaL
0 A%E 227 BT E A o8 F3bel AT
7

type.__new__ 2 A SeAT7F olE BLANALE A e AM = A2 AE LA
g o w HAbE o, e o) AA = A -8 3 2L A] (read-only proxy) 2 5 2] #}9]
o]Ao] FeP AAQ _ dict_ o]EFHEIFHU T

o X7

PEP 3135 - Al super =X A2l _ class_ Z 24 Fz2E A9yt
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olE} S22 8%
wel 2eae] A A SR L B QLT B4 @ AR ofo] T o] Sl enum, 27, AE T

ol ZAAL 2531 H 9] < (automatic delegation), A5 3}H 3 2 3 €] (properety) A A4, 3 2FA] (proxy), Z & 94 <
(framework), 215314 21 Z 71/ 7] 3} (automatic resource locking/synchronization) 5 ©] 9154t}

3.4 QIAEA Tl AME ZejA HAF FHAE{OIO|A|O|M

3
U5 A =EEL isinstance () 2 issubclass () W 45 7|2 532 AA Y s o AFHEFH YT

3], W e} E 2 2 abc.ABCMeta &= F4F vl o] 2~ Z 2 2 (Abstract Base Class, ABC) S T} 2 ABCE £33 o

= =4
e St P IS 2FIUTH °ﬂ (7Fd Wl o] & Z @) 2 (virtual base class)) 2 374 5= A sk 1L
ol HANEES FAFY E‘r
class.__instancecheck___ (self, instance)
instance 7+ (A A o] AU 2 A S 2) class & JAA2HAR FHF

Ael= W, isinstance (instance, class) & F#3}7] $3
class.__subclasscheck___ (self, subclass)

subclass 7 (1 AN AT A AL 2) class 9 4B FAH22 A5 5 Y08 B2 EAFUDG. wof

Aolx] ¥, issubclass (subclass, class) & 338357 Y8 T&FH Yok

o) WA EEL el (e Feh) ol A 23 Bk Ao T oF Fuih A Sej ol a Seha
MAEE A8 5 g oA Axd o) ts) £EF & S5 A S 239 9B AFUnh
o] A9 Axgas Zela AR T

] BW7):

PEP 3119 - 4 Hlo| A Felxeol =9
isinstance () 2 issubclass(

()
el S ole] 2ol ol o 2

instancecheck () €+ _ subclasscheck
o F2g AxElvlo] Yot vl WA FHG 3
H 2 (abc RES HAA ) E F715t2 2} 6F= d] 9

o FH
nSL' 2
oh
rlr
kv
-

3.3.5 AU ¥ SLH LH7]

=5 v =S G302 M PEP 4840) 4 AR H AW Zehs £ (I8 5P List [int]) S FAT S

classmethod object._ class_getitem__ (cls, key)

key ol = & SlAefl o AV 229 553 E Uehis AAE S F
=

ol =L Fela ANA AA ANA 23] H ), S viy o] Fojd A, o] HA 2
AAEdUS ol MIAUSS F2 F4 F AEL} A AFEsH7] Asl ol efs o syt o

A%stA] ks U th
o B7):
PEP 560 - typing 25} A 2] ol gt o] A
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3.3.6 22 A LY LH7|

object.__call__ self[ args... ]
Called when the instance is ¢ called) as a function; if this method is defined, x (argl, arg2, ...) roughly
translates to type (x) .__call__ (x, argl, ...).

3.3.7 ZH|O|HE &L L47

" ol AAE T3] A8 thad 22 A ESES BT 5 AF

SHFEZ2)GEEHAYE 7&%) o] A%k thE AH oY E IA 8T
AL R B U o] AL ek 0] 42, A48 A% 85 1 7 N o] A 229] 2oj L al o
< x < NEUEFEAFLS) GREY UAE Ao Gefol s AR W HAH Lk AT sol e
EE Y48 AA Y v])oHA 52T E S, vl F o WA= keys (), values (), items (), get (), clear (),
setdefault (), pop (), popitem(), copy (),update () & A F3d}I= Aol £5 UL collections.abe
EE2MutableMapping 34 H| o)A A E A Z5t=d], 7| & ﬁ?ﬂ getitem (), __setitem (),

_delitem  (),keys() 2 RH ) HANEESS M ol EZ FUTE Fo| Ao £F 22E AH
A9, 7 Al B2+ W A E append (), count (), index (), extend (), insert (), pop (), remove (),
reverse (), sort () EAFMHoF T vpA e 2 AJF A G2 ool A A= WA= add (),

_radd__ (), __iadd__ (), _mul__ (), _rmul__ (), _imul__ () & B Bs}t7] (o] &7 &

tts]—qx;].)_g].—-—a]-ﬂ 29 =R Th 2 FA oF SHUTE T2 £AF AAAEL ol e %O}OFTQHE}-
in Q2EAS] BAQ AVES S Fet] Yo, i F G A/ AL BF _ contains. () A EE FTHIE
AFFYTh "HT’JJ A%, in 2 g 71 E 7“”°H°F“°;}143} NA2o AL, FES 74&"0110?7%14‘3}
ZAelolye] &2 olg ol AE 3] Ao, BF A A EF _ iter ()W 1 %:r“?ﬂ' =7
EAZAUTH B B9, __iter () & AAY 71E o]H ]E 3 oF T th; Al A%, BES
ol ¥ @ o] E 3l oF gt}

object.__len___ self
WA len () 2 7] A3 529 HHAﬂﬂAﬂﬂ%%ﬁ%%ﬂ%wptoﬂ%¢ﬂﬂthE?
__bool__ () HMC S H3HA 2 AAY __len () °
AFHYh

CPython implementation detail: CPython ©f /\ﬂ, Zol= A sys.maxsize G Aol FFH Yt} "ok
Zo)7tl sys.maxsize BT} 3, o]JH 7|5 E (len () .\/} o)L overflowError & 4o 5 95

yth 3 AA AAF A OverflowError 7F dojy+= A& _}7]_,4011 A= bool () B Aok
Fuo.

object.__length_hint___ (self
operator.length hint () & @37 A5 2Pk Al 249 Aol 2 Eel 7o Gtk

A o8 el A A 4 Dl e, Qo1 5= 091 el oF FIch. W S noe Impenented
Jd 5= glow, length hint_ WA =7} obe EAsHA = AAY AUk o MA=E
&5 H A3 9t Aol AF LulE o] S A kST

W 3.40f 7}

B3 ool de A o® thge] et Al WA= Solels] £y
’ [1:2] = Db

RpesEe

’a[slice(l, 2, None)] =D

= Wos I, T YEE vhashA Quith W Sebol s G52 §4 None 0.2 AP Th
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object.__getitem___ (self, key)
selflkey] o && 7317 918l E2HUTh AA2YY 49, A9 2ot = AW A= 589
W%%AMﬁcuﬁaﬂAﬂMﬂAﬁévwwﬂ ARciE) o SR AN gericen ()

4 20 22 9) gofl 23 of YT Bhok key 7} A W14 ke Yl B, Typesrror 7 AR
*OVWK%%%M%é°ﬂﬂ*mﬁE%ﬂqﬂ( ol B % 593 314 Fol), IndexError &

do AUt v Fof A% key 7 (AEN o] Holl) Y12, KeyError £ oAk P

i}j’— for -?—E% Al 2o] E& Ent2 ZA317] A8, ZxE dd 2o td] IndexError 7} €ojd

object.__setitem__ (self, key, value)

selfikey) 2] 9 AN/ S5l T2HUS _getiten () 3 2e Fo)7t Do
el Aol = A2} 7190 Kol el Bel ) Z1) £AAE ST B, AL B3GR
WAD % 92w AT olof FUTh FRA key @el AL _ceticon () NAs 2L o9l E

do Aok gyt
object.__delitem___ (self, key)

self [key] & A& FA35H7] A8l 3 % Utk getitem () #Z2Fo7FE 9k v

Aole, AA7E 719 AAE 28 B, A2 A= FRo AF2ERE AAE 5

A ojoF Funt. FXA key 312l 73 %_getitem_ () Ao 2 oef s do

object.__missing__ (self, key)
dict.__getitem () o] dict A B Z#| oA 7|7 Ao §lo™ self [key] & FE3}7] 93
eI

object.__iter__ (self)
ZH ol o]E ol 7 2o uf o] IAETFSEH UL o] A=+
AR & o)l elo| E3 5 QI ol EJ el o] E] AR & E 21 oF Fuich. v 7
o] = 3] of g ok
olg gl o] E] AA GA] o] HINEE FHT a7t JdFUTEH A7) A4S E8F oF T o] 5 # o] H
A A )8 7] A K = typeiter o] 5T}

object.__reversed__ (self)
reversed () W& &7 9 o] g @) o] A (reverse iteration) = T~ & 5} 7 9l
ool = 7”21]%% o Fo =7 A= A o] ol E AAE = ﬁ-’ﬁok 2y
__reversed__ () MINEZFAFEH A 42, reversed () WATFTEAALZEZEEZ( _len ()
F__getitem  ())SUHASEZ ASFULL A|lEA Z2EZS A Pdh+= 7~‘1‘iﬂ£L reversed () 7}
Algstes AR H 2EAJA FHES AT+ A= diwt reversed () & AlFsHoF Fuch

WA A AAAE (inFnot in) 2 HE AE ot gl o] B2 o] d OE%L%%HD}. ShA| R, ZH o] U]

e oy 23H BE
[e) = E
=

, AH eI 9] 7]

AAE=H EEHA TS UL 22 ST HAEE Tl AT 5 Ad5UTh o] A% AAl= olHHEY
2% gl
object.__contains__ (self, item)

WA AAF AAAE 1 5}7] HOH SEF YL item o] self o] Yo FL, 18 gom AR
S F ok FUth w3 AA 9 B9, 7]-gk o] bz g o] 7] 7} AL e F of of T}
__contains__ () & AostA o= AA L A7, AHA A WA __iter () E T °lH I
OJHME ANEZ Z, getitem () S ETFHE2AFA2 oHo]H Z2EZZ A=} o
g H 0] o] AE FAFAHAIL
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3.3.8 =X} & ELH L}7|

FAYE TN A AN GEA L AN=EL JAL S AT, THAE 299 $F 240 o
AL A gk AAE (G Fo), A7} obd AT B M E AUF) o] B3 BE A EES ALl A

B A= AT ook YT

object.__add__ (self, other)

object.__sub___ (self, other)

object.__mul__ (self, other)

object.__matmul__ (self, other)

object.__ truediv__ (self, other)

object.__floordiv___ (self, other)

object.__mod___ (self, other)

object.__divmod___ (self, other)

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

object.__lshift__ (self, other)

object.__rshift__ (self, other)

object.__and__ (self, other)

object.__xor___ (self, other)

object.__oxr__ (self, other)
o] N EEL o] At AXE(+, -, *%,Q,/,//, %, divmod (), pow (), **, <<, >>, &, ~, |) & FH3}H7]
Al EFUth & 5ol x 7P_add_ () HAEE I 2 dadad o, 884 x + y
o) 7S o7 Aeh, x.__add__ ﬂié%WqL_ﬁwmi_mﬂHE%_jMMﬂN;JN%
_mod__ () & }36}— 7%%55011 oF Ut truediv. () & AAFH A gkotok itk WA
pow () &2 A & WAool AYH 7] A, _pow () MIAEZL AR = e Al A AAE
L= Ao H o F Foll =2 3ff oF ot
ulok o] HIA EE = 3t Al 2 E ARt el A4S A QA 90 W, Not Implemented & Z#] 3 oF
ek

object.__radd__ (self, other)

object.__rsub__ (self, other)

object.__rmul__ (self, other)

object.__rmatmul___ (self, other)

object.__rtruediv___ (self, other)

object.__rfloordiv___ (self, other)

object.__rmod___ (self, other)

object.__rdivmod__ (self, other)

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

object.__rlshift__ (self, other)

object.__rrshift__ (self, other)

object.__rand__ (self, other)

object.__rxor___ (self, other)

object.__ror__ (self, other)

ol AN ESE F A dAAS ol tel] o3 bE Aads (+, -, %, €, /,//, %, divmod (), pow (), **,
<<, >> 8, N, DS T ﬁOH ZHUth o] 52 dZ9] v AL G AMS A DA
v

i, B AAAE o] A ThE
fq%yﬂ_rsub_ ()& %L‘C %EH&
__rsub_ (x) 7FE=FYTh

Y-

g 5o, 24 x - vy g2 FIH
o)1, x.__sub__(y) 7}N0t[mplemented%%ﬂil$—‘iﬂ

o
ro, [+

2 @ pow () £ __rpow__ () B TESHIL AIESA ol FAs o Futh(2FA st Zoj A

LA IR et & BALA ST WA E 2 BAU A= o mplenentea § £A 58
A 518 A S S A8 <ol A SR S M AR Nohe 8 4 Tolof T

Here BAA LR FA oL v B E B
4 For operands of the same type, it is assumed that if the non-reflected method — such as __add__ () — fails then the overall operation is not
supported, which is why the reflected method is not called.
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T2 o] v s Ay oh.

Z31: If the right operand’s type is a subclass of the left operand’s type and that subclass provides a different
implementation of the reflected method for the operation, this method will be called before the left operand’s
non-reflected method. This behavior allows subclasses to override their ancestors) operations.

object.__iadd__ (self, other)
object.__isub__ (self, other)

object.__imul__ (self, other)
object.__imatmul___ (self, other)
object.__itruediv___ (self, other)

object.__ifloordiv___ (self, other)
object.__imod___ (self, other)
object.__ipow__ (self, other[, modulo] )
object.__ilshift__ (self, other)
object.__irshift__ (self, other)
object.__iand___ (self, other)

object.__ixor___ (self, other)

object.__ior__ (self, other)
o] ANEEL S8 A&t (+= —=, *=, @=, /=, //=, %=, **=, <<=, >>=, &=, "=, |=) & T AT}
A3 TEF Uth o] A =& A4S 7<1]?<]-E] of A (Self £ 543 /‘1) S E Al E 3l oF 3ta, A (REEA]
e ok St A ]—14;<]DPself d g UdsUh E F oF ?éh/]‘:]’ Thek S v A =7 A 9 = A
dod, T E UYL dtAd HEEE Al }\}*O“ﬁ"/]‘;} dE Eo],x7}__iadd () WMIAEE
Zt= 229 A" AT x += yEx = x.__iadd_ (y) 4 F55FYh 28X ‘E‘%—‘ltﬂ,x +y
e P A, x.__add__(y) 9y.__radd__(x) 7}@24%141:} o1 Aol A, 32 o3l
A=A Et ol EE o]o] A 4= 9 F Yt (faq-augmented-assignment-tuple-error S E A A] 0) 6]-1] ol o]
22 AMA HlolH RE o] dFE g Ut).

FHa: =g asf A W AYZ HIE AN, ipow ()& B AT NotImplementedE HFSH
K}Li 2Ex.__pow_ (y)Sy.  rpow_ (x)E W 2| Fyth o] 1 gho]# 3.1000 A
A= A5t

object.__neg__ (self)
object.__pos__ (self)
object._ _abs__ (self)
object.__invert__ (self)

A ke AA(-, +, abs O, ~) S FE8H] A8 TEH U Th

object.__complex__ (self)
object.__int__ (self)
object.__float__ (self)
WA 4 complex (), int (), float () & FA37] ) T2FHUch Ade o e S5 of

P,

object.__index__ (self)
operator.index () & F ¥/ Y8 == 11, JJro]a{\_o] LA AR E A2 AR 7 24 Qo] |
o wf (&eteld ol WA bin (), hex (), oct () FFEANAGZ )ttt SEFH Yt o] WA
o 7hel Auich WhE A 452 S e H of g th
__int__ (), __float__ () W __complex__ ()7F BH o] QIA ko, sjF W& T int (),

float () ¥ complex () ¥+ _ index_ ()& AF&gYrth

ZAL 2R AN 5 FAL

N

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

LHX]' St round () & math &4 trunc (), floor (), ceil () & FH 7] Y3 T = Ut} ndigits
7F _round__ () 2 HAYHA =3 o] A EES BT Integral (B% int) 2 24 AA9 3H&
= oFgyth

The built-in function int () fallsbackto  trunc_ () ifneither _int () nor___ index _ () isdefined.

3.3.9 with & ZHEIAE Z2|X}

AEX~E H2| 2} (context manager) & with = AP wf] 242 = AP AE X E (context) E & ot A A S
Yok 2= 839 43¢ 95, Q2E Gl As Uk AP L 2= R0l AYA SEE A P
AHAE A2 2= B3 with & (wirh & Ao A dUth o2 AIZFH A 259 HAES SE5) A
A A8 4% Uit

A2 E A 219 A 2 o 5 o= v}l 279 A AE (global state) S H #3511 B3L5t= 2, 2192
2 7] (locking) 3} 11 01371 (unlocking) 3t+= 71, €9 914 & &+ 2 5o dFUth

A A E Fe| 2pol tf 3t o] 244 3 A B = typecontextmanager ] V&1 T}

object.__enter__ (self)
o] A&} AAH AFAIZGF AHAE AYJFUTH withE2as BE AHFH tfdo] AT, o] A
Z o] vk e A4y

object.__exit__ (self, exc_type, exc_value, traceback)
o] AR} ATA ABAZ AN AEES FRFUTE WAAFEL A 2EC| A ol U] vhe o9 &
e Hheh. Wt Qe 42 ot h9] glo) B2k, Al 814 55 vont o) 51T
whok o 9 7} Al E 31, WA ETL 9l & F A A 7] Ao (5 FHal 2
SHFHFUTE 287 ko o Q)= o] A =T F RS S AL P th
_exit_ () MINEZE AEH oA E thA] 2 7] A (reraise) FEF Fo & of Futh; o] AL & A}
(caller) 2] 3 1 9] L T},

o B

PEP 343 - (with) & 3}o]® with 2ol gt F4, wj 4, .

S

=
ok
o}

3.3.10 §4 OIME X35

A RO Feh el AP, BN S5 WA= BEL AR AAE A DA 7 opd Al ol
Belw o] 98wk Sul 2 E Aol RAH T o] FA4L 123} 2 RES o2 e r)e A

Yt

>>> 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()

ol& F &< vl A 2 A% &= hash () Y
_fepf_()-ﬂ'@'%‘i%}% I F "ol %l%‘/]rjr- 7ok o] “1]/‘11:‘:01]‘411' A& el 23] 7}
AubA QA 23] ZZMAE AT, & AA) Ao "8 SE5H QS w] AseA U

pul

33. S+ 0ME OIEE 43
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>>> 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
ZHae AAHA G2 WMAEE SE5H = o)d A9 FEA A=+ TF (HE ZH 2 & (metaclass
confusion)) o2} ¥ ¥] 3, 5 MM EE 23 T ALEAE SIS PYOT T 5 AU Th
>>> type(l).__hash__ (1) == hash(1)
True
>>> type(int).__hash__ (int) == hash(int)
True
vt = F77] S8l JAA2EH A o EYRESS 935k A ga, FAI A EF WA E 23]+ AA Y
UﬂE}%EHéA __getattribute_ () MIAE ZAE 3] Ft}:

>>> 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

G ACR _getattrivute () AAE LAKE AL EWAE Aelol §ATE I 2oIshe T
A= el of ofof 543 511 B 7] ok & A s A 8500 T T,
Aezele YRS SE A A5 E 98 4TS 19 E A

3.4 D FEl(Coroutines)

3.4.1 0{9|0|E{E ZH x| (Awaitable Objects)

_4

AdMA oz await_ () HAEE FIAFULL async def F¢7t EHFE 174

ZF31: types.coroutine () ¢t} asyncio.coroutine () Etﬂ golAH A dolE 7 8+ Ay
gl o] & o Bl | o] B AA| =3 o ¢l O]H%O]Z]‘ji_await_ ()& FdsHA 5 Uth
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object.__await__ (self)
olH# ol E & 8ok FUth ofdlolHE AAE F@SH7] A8l AH&H ook Pt o & F9,
asyncio.Future ¥ await 8 A7} 35 7] 93 o] HIA=E AT}

B A 3.50] &7}
o B7]:
PEP 492 7} o] o] €] 2 Az of] th o A3 A E EFT YUTh

3.4.2 I FEl 2| (Coroutine Objects)

258 AL o5l ol & AN YT, RFA) WL _awaic () B 52N I ARE olFeol
S wos Ao 4 95Ut ned ol ¢ 2ot %A ul, ol el e o StopTeeration &
21073, 19 9] value o £ B ES} 9het ke 231 A% LT ot mTEo] o9l B Ao, ol E el
Eloll o3 H Utk 22 ] A4 787 ¢ %StOpIteratlonoﬂﬂE0107]7‘]hm'°}°]:a"/]‘;}~

FFEHL2 vl gt A =S 3 2t e, Al ol B (Al vl el ol B-o] B g o] B] v A = & HAA
)8 AsH @ksuth stA R, Al el ol B ehs 22, TFUL ol H o] dE AF AdsA = A5 Th

WA 35204 HA: IFELE F H await 5F'H RuntimeError & 4o 7Yt}

coroutine.send (value)
FFEE Y AP A ZSA Y A 7 E U T} value 7F None ©]®H,  await () 7ZF =8 & o]g ¥ o] g &
AR 7= A 25Ut value 7FNone ©] o} W, o] A== TR E o] A FAFHEE 3o E o]
B8] send () WA= 915U T A9 gk, StopIteration o]t} hE ol 8l) = S0l 4 AW @
__await__ () o ¥kE kS olHH o] EE w2} 7"”4‘4

coroutine.throw (type[, value[, traceback] ])
FFEANA A AT o &) 7B EE Ut o] A== IR O] YA FAH =S 3 o] B g o] H 9]
throw() AIANEZ ALFUTHIE WA ES 7= A9). 2FA o, A SAAHAA 9] 7F
AU o AF (N g, StopIteration O THE ol 9)) & Aol A AT await () & RIS
= olHe ol ET o} ZF Utk vheF ol 7 IR "ol A 58] A] gtk T E Aol Al H Eof Aok
g},

coroutine.close()
sFde] 44 A Hn FRIEE GFUCh Bk a2 do] DA FA FolH, o WA= WA

E10] DA AT S 5 2o o EIE] Lot () oA 19 B T8 A A A
131 o2 Al S A A A A GeneratorExit & YAYA 7] =], ZFE| A AAE AT E

REUT. s vto 2 TR Eo] A9 e FR AL BA S, obd Al e A2 A ko e w1y,
258 AR 53D W 9] 22 A A0 B} AE 02 e Th(closed).

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

H57] ol # o8 = A48 __anext_ MIAEoA HFT] ZEE T s UTH
H]5 7] ol o8 = async for EolA AHEE & U Th

object.__aiter__ (self)
H]5-7] olE o] AAE =7 oF Futh

object.__anext__ self
olHHlHY tF e T ododHE = EHFF FUh olH#H o Ho] EUH
StopAsynclteration o8& 9O Aok g}

Hl5 7] o E 2l & AA 9 o:

3.4. I 2El(Coroutines) 45
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class Reader:
async def readline(self):

def _ aiter_ (self):
return self

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

raise StopAsynclteration
return val

WA 350 7%
WA 3704 M7 sho] W37 o] hell, _aiter =157 olHdlolE 2 AHY ool HE & w4
9% Th

glo] M 375 E], _ aiter

£ REEA b5 7] olE ol H AAE EFF ULk thE AL = FW
TypeError o 2] 7} &8 g oh

v 5 7] A ~E &8 R} (asynchronous context manager) = __aenter_ 2} aexit_ WA ZoA AW E
A & A Qe AYAE #E A JUth

H| %5 7] AYAE FE| A= asynce with B AFLE 4= IS5

A

c}.

object.__aenter__ (self)
__enter__ () WA ELL Yu|F o2 FASHH, F LS AFo]H 2 ofdllolHE & EeFoF st A Y
=8

object.__aexit__ (self, exc_type, exc_value, traceback)
_exit_ () WA=} G u e §ARH, $ AT Ao BL sl ol E B & B o Brie A

Ut
H 5 7] AEXE Fejat S 29 of:

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

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

WA 3.5 7}
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R
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Nd ol Eﬂﬂl
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R ]

) T

0
e Wﬂ
icrgz
Triz

|
o

=HE
Ol E

K

al

0

A A

Z B2 A
AYE HYG(-c A=

() Fexec() B ALH

iz
- 2
T O

H <1E

=3

o

Fsol JuUth B2 (block) &

o] 22Utk B, ¥4 v

2
el

u
L

A2 (2] 9 ol 189
243 o,

3k
AE

EREE

=

1 (execution frame
=2 7

R=N

4.2 0|1} ¢1& (binding)

4.21 0]

712l Gy e. o]

2442

o
—

°] £ (Names)

o X ol

o~
T
°]

duth, 124

A oA
t A9 asH. from ..

3

2H =
| A2%

BETEAS
ol ) T
ojn pjp <o 1 Np
" WE R Af

Zel71E

L.
-

2 5 FUTHAA v/t ol §2 QA A%

del &}

B

T
S|H]

o)
%0

X

o

4
=
=

Y} (
= B2 o] 4 AH A g, A7)0l A Bl H A Lo A-f WS (fiee variable)

=] 2~
SASE R

=
(BEs

Ao s

oA Ad=d

=
=TT

oA AZAEE, nonlocal |y global 2 AAFA] k&= 9]

=
bl
o]g!_
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Z2 I HAE o 55t 2447 o] 52 thEoll 2= o] & 7 A (name resolution) 7 2] o] w2} &4 = =
o] 59| 92 (binding) = 7}e] Y T}

4.2.2 0|E2| ZAH(resolution)

23132 (scope) = B WAl 0] 5] 7FA] A (visibility) & g o] U th A |47 EFoA FolHd, 2219
2FZE 3 EES 2T vk F o7 B0l A o] Fof lfﬂ, 23E 5] 1 o] 5o EH 3 th2
AEE HEA FE o, 272 FSA e A S 2FH RE EF 0= g ch

o] Fol = EF WA AMSE wl, 7 71 A EYAL e Tzl gl 2oz AP Yt ZE EF o
B AdeBeaazl S E5Y &7 (environment) 0] 2Fal F5 U th

o]E o] oY oA E WAL A O™ NameError 9| 7F AU TE Wt A A F Z 7} S AF Z o
a1, 2 o] 5 o] AFRE = Al A oA AAH A ¢k A9 W4 UnboundLocalError Q]ﬂ 7F A sy o)

UnboundLocalError + NameError & A2 S 24 Y D]—.

Bhef o] & A Aitol Z= E5 W9 ojtfollA] A dojdtid, 2 BX YojlA
E5S 77l A2 AP Uth o] 22 A9 7] Aol EF oA AS-E .
722 v Byt he] Aol = A (declaration) ©] R13L, o] F A A AA4to] = E5 e ool A} Lo
T UAEFARFULE ZE EFY A W4 BEFY HAE AA| oA o] AZ A4HE Fotof 4

<.

Aok global B0l B2 ol A o w, A e o] T RE AL H A4 o] & B2 (toplevel
namespace) o] 2 H AL 712 7)1 A B Uth AAS o] & F oA o] EE AT A
SRS ETEEWIC UE I8 30 AU oIR 20 R Ebuilein

FZro]l WA AAG Utk A7 A o] Fo] HHH A gke
global =< j_ o] 2L AFE3}7] A vpetof Y Tk

‘j
global w2 L E£E
25 = 7} globa e

3
o

u:[>

re

o
I_,,
ol
g
o
EE
[
2
Ho
2
ol
rlr
=

o3
nonlocal B2 WSt o) 2ol 71 h7tel 4 Bl At §4 2m x| oln] AAH o] 2L Fel =S
BHEUTh Bof R0l 7l o o] e AE §4 2T ojt)olE glrhd A3 Aol syntaxError & U0
Fueh
559 o] E 7 o}

olgtal £ Y

LATPE WA RES A} main

Ze)a 4o B2 exec () Seval () E HYH & AL 58S o8 4 BUS 25T Zels gols
olF& AHE St Ao e AW Ve FAAULE o] FREL AFAHA A2 AG HFTE IS o5
B Rtk A A HTE o8 Ao Al FH 2 GFUch 2elx 4ol o] F FHE
ool el RE gAY ULE 22 BEN JH o] E5Y Aunt Fes BEOR AY
FUth MAEEY I E E50 = S A ghsUtt-o] 22 Az A4 T Al v elolE S o=t
o|AEC] T 2FZE AGHA FEE ] WU o] AE b E2 A o] At Y uth:
class A:

a = 42

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

CPython implementation detail: AF-22}= _ builtins_ & Z’jEﬂ 2] Zrolol g t}; o] AL 1L A HA}SH
?JWT/} Yol & w7t @S WSt A2 A8 A =builtins B
A A8 543 oF gk

S5 BE0 A9 AR g o) B0E, A A0 o2 279 o] & _puiltins_ B ZHFOZA

WA U ol A GAU I} BEolo]of U THERS] A9 BES DAY ASHUTh. /]84

©%, main REEI YL u=_ builtins_ P F EE builtins o]T, T2 25 A4S =
builtins__ +=builtins EEY gAY thdk HA A}

A5 A5l B3l ol A Aok Al H o] oby ek A A F ol o Fol WUith o] A the e BET}
2293

42 2 Sk 2SSy )
i =10
def f():

print (1)
i 42
£()
eval () Fexec() TFE oS AL A3 SAT 3 of that F2Po] YFUTh o] 2L T2 A F 3}
A ol FoA AAE 4= JAF UL A W= 7HE 7H7ko] S8 ol & F 2kl ofy el A Y ol &
FH A AMGYTE! exec () Feval () FFol= G A o] & FHE AA LS 5 = A 753
o127} A5 U th wheF th] & o] & FHeE FojA| W, T o] F 7HA| BREZ AR FH UTH

el ogy e ded 2 Aty A8 T= EE9 dutFd Ao 52 Me Faddytt o7t
ZA " A A A A dE Lo AU raised); B T = EZo| U AHZA L b A 0= of g7} HA s
FE 55 e fE IE SFAMA oo = A2E + dsUH

gtol W AEZE B AP AT AH0SZE Uk 2 22)E AT u o2& doxiyth ol =21
W raise w2 AHEIIA YA HOZ oo & °‘2%1 T AFUTh A2 A 7)E try - except £ O E
AARB Yt 28 FNA finally ¥+ A8 (cleanup) T =& A G 3t dl AHSH =, o2& A g8t
Zlo] oby gl A T oA o Q] 7} Ay S A 18 A kA Al Yk

pol M2 o A gl (FZ (termination)) B & -& AREIHUTE ol Q] X2 7] 7 H7F HA P =R HA T &
S&‘El, uZ E‘r?ﬂloﬂfﬂ “f%‘% 7:11 E} T 0‘11“* 011814 DAL A AT Tof] At A4S A= 5=

ﬂﬂﬂﬂﬂﬁt%ﬂﬂﬂ%%@, el s A S Fao, B e S Eord
Stal, &~ .

Uth & A9 25, 997} systemExit ¢ -5 A9

A9 € Felo Andaz 2R cxoepr 2 doded FA def 4o dades
et 329 Wols ZU2E el Ak Funh A2HAL S SN 5 Y3 A HA 240
ge 327149 48 s 2eE 5 davnh

2 A N ol AP} ol 2 A EE Sholdel Wdol B W 3 Blol A3
3, A= oje] MA Al zelelo) A 4D 5 gle 2

Lol gtAl = o] AAE uo] A TE7t RE] AHLE & AR E EA8A 37 W2 duch

43. o2 49
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AR try T oA try &, raise & A A raise Tof thdt A o] Al FH Yt}

50
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CHAPTER D

IS
H
|m
>
|>
i

b 19

302 ol
=

Ko gl
m.ru{m o
o FE

fdre T

import &2 F 7FA A4k 2 A4 Uth; WA ] ol 7+e] 7]

Az o] Fo AZ T lmport T A A2 AESHJAAER _ import_ (
Aoz Ao Yrth _ _import_ () 9 HFQ} {}:— import £9]

o] o] 5 A ALk A &3tk /\ﬂ—‘jr/\]'%oﬂ i A= import & HA 8.

import_ () AHISELRE 7"3’_, HAETY, B ES e = A4

ggggt‘?}ﬂb‘r o] g 7H/\] (sys. modules = _-_@’3'14 thE 34

A7) AT 24 import B¥Ee] o] F AE A4S S AY

rlr
ko
i
tjo
L0
rlo
o
=2
W
o
of 1%
lo ¥
i
i)

o
all
re
v
e
[
filo
4
O (
ALz
rlr
=2
>~
>,
ofo
il

4

import Eo]l AgA ul), EF WA _ import_ () 7FEEFHY

(importlib.import module() Ze)2 _ import_ () &

AAlS] Y ALS T 4 &t

JEE B ), ol M2 R ES ATy, HARG, ¥
S A 4 9t ModuleNotFoundError & €2 .

5 Ml:}okdﬂako FEFULE o] AEL thg AMoA AHdte oy 714 Z&

BEO] X
9]

=]
0A: A N Age PoP 29 £ U AR 08 PAAES B ck ol
EA129 AEE Az gtk A YL E 210 oys neta_path & 59 =
=

S
1A16] A| o] A= 3 %‘%D‘r(PEP420 = HA8).

L_Hl

oi
i~
)
Y

I types.ModuleType < H A&

51
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5.1 importlib

importlib RE-& YZE A|AHN AT 2HE-617] 933
import_module ( d2HE &5k o o] W
G

B3 APIE AlFgUtt ol & £, importlib.
= EZ T _
APIE Al FgYth o AN e W82 importlib 2fo] B

import__ () ol wls} A= 1, o st
2] YA E TR A L.

ol WL 3 74A] /O BE AA VW 2EL 91, RE RELS BEO] 5oy MC\%J“H THE o | U
glo] o]l FPUTE BES 2 A3}etal o] F ASFXE AT A, stol

£
E
l
15
ne
>
[>
iy
)

i [o i

OJEZRE WA FH S wef, F 1 3 7] A
7 email o] 2hil Eele #7147k glE £
H 3] 7] A] Yo 2 & email.mime.text 7}

MHEﬁH?W oI5 shelalef £
A sys L B nE

Z] email.mime & Zt11, o] A B

b
g
\[g
u
4
s Mo
mﬂ
L
vl
W

3030 O [ 2 > fd

o =y ol rlr
L
)
(¢}
8
=3
_\1
>,
é
NS

o 7V AE AUt At 971 4] 2k o] 5 w3t 3 71 AL Bt 371 A= she] A 3.2

Al 2 F
9F 2 o] Fof] A o}f’d AZAA A7) AYUTtE AF A7) A= BE __init__.py 39S 71 d g =
FAFUh Bt A d2ED wf, o] __init  .py Lol FAHc® AP 1, 220 F st
AR S0l A7 A9 o] F T olgEE AZF UL _init_ .py LS HE EEE°] 7HE 5 Ae
A 2 ge|lx A= g 23 % EE F7HY

=2 =

== -
T A, el N JxED wf BE| B 7HA] o B2
=]

oA Sof, t}S 3} 22 FAA A8 v x| = H A parent T 7] A2} Al 719 A B 57| XS Ao g}

parent/
__init__ .py
one/
init Py
two/
__init__.py
three/
__init__ .py

parent .one 2 YZEJHparent/__init__ .py Fparent/one/__init_ .py S FA|ZFOoZ APt
Urth Hol& parent.two Y parent.three & YZE L= ZVZtparent/two/__init_ .py & parent/
three/__init_ .py & A3 gt
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5.2.2 0|8 &7t 17| x|

olF FX M7 A= o 7R 241 S BAA A, 4 2452 FE A7 A 8] A B 37| A &2 o] upA o
AL AN TE X d 7 A5tk THES2zip FLoJUY HEH I spof o] JEE
o A ol thE Faol A BAE = AFUTh o] F T 7 A= FAA 2" o] AR ef A A<
BABAZL NS TR AL IFA G2 = AFUTH FAAL FH7 e M EEL w5 AsUT

ol F 7| A= _path  oJEIRFEER WAl g2E S ARGSHA] kg Uth tiAldd S olH Y E
Fe Argstetl, 7 A WY o5 QEE A EolA 2R BB 7 A (e 4 H71AY A5
sys.path) & Z27F oW 3| 7] A T o thet A} e A5 o g 35 FY

ol 5 FH7 A9 -9, parent/__init__.py o] YFUTE AHY, AZE HA Ft ol 2 parent
gag e 7bdad = a1, 744 A2 v 2450 8] AlFg Utk 1efA parent/one 2 EEF o E
parent/two Aol A &= UFUTh o] B, shol W& A EE A EH 374 F ol sttt
Y E & ufjuitt H 49 parent 7| AE AT o] F T ;A E WU

ol & 7 H 7| A9 42 PEP 420 & Fx23A 8

(= 57 K], A% o] el oAl Aol AL F25 ereh
2 import w22 AFH o AR, importlib.
ADE wA RS E R g o,

g
o] o] T2 U X E A o DA NA AIGEH U, ANBEEEZ 7t Fo2 FRE AE2EY S UdsUth A&
£ o] foo.bar.baz. o] A%, Ffo]MLE WA foo &, IS0 foo.bar &, U}X 2O 2 foo.bar.baz
EAZESFHIL A ET YT wek 271 A Z E VL o]lw shutelxe A I3t} ModuleNotFoundError 7}
A ’5‘]—141;]—
= A=) .

5.3.1 2 & FHA|

YEE A4 £F A0 DAL FLE oye.modules AT o] AL B0 AZES TFHA A 4
ZTEHREREY INAE 715Ut 2efA] 9 foo.bar.baz 7} YA 9ZE T JQTHH, sys.modules
X foo, foo.bar, foo.bar.baz FEEL T3ttt 2z 7)o HLot= =2 285 AA Y YTt
PEZES= 52 EE o] 52 sys.modules oA 231, Wk ot | gho] A ZEE W&ot BEol,
Z2ZA 2 45 FYth AT 3ke] None ©] ¥, ModuleNotFoundError & o Yth w2 E o] Fo

ok, stol i 2 2 A4S AL AT

sys.modules & 2 7|7} et Ut 7] & AHAlS & sl R ES 319 3R &= &
.’_',:

2E A e FxE FATTHY, sys.modules O A FES FEE T T A YZESIH F B
AA = 22 Zo] ok YA Foll Fo s of Futh Bk importlib.reload() + %
3}, ZhdetA RES] T E oA APEA REY W8S oAl 27133 o
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5.3.2 1}Ql (finder) 2} £ (loader)

BE°] sys.modules oA LAF A QFow, RES Fotr] RESHY] 93] stolHo] JXE g8 E F o]
FERUTh o] Z2EZ2 F A NEdH AANERE FAH ] AF YT el Eﬁ oo d2
Aol &l = A ARG, FolX o] 59 BRES Fe 7 eA A5k AUtk 7 AE l
REEFAGAANES JEHBL RFUG- AT RES 2P ¢ vty A of ARl E S EUTth
ghol W2 o 2] 74A] 7] & ‘ﬂtﬂ%ﬂ AZHESS 2T YUt A A A2 W ZESY AAE &S
T QAL F A AL 22 E 25 (frozen module) & YA & 22 o+ 3, Al WA 212 288 dxE A=
oA AAFULE dxE A2 =3 Al2" o] AR Uzp 31D E 7El7]= AXEY HS5dUth 242
URLE A¥E ¢ Sl= ASAH, A ALE + de AL e A== 23E 5+ dsuth

YEE Fae= 373 7Hssl A, BE A A0 U9 E sty A8 A SIbE F71 4+ A5yt

I = AAZ RES ZEFA = dFUTE T o] 5 RES Fo JXEL AHH YR ES 3
B8 &3 (module spec) & &2 T, 92E 2= RS 298 0 o] A= AH&sHA Ut

O AL sk H gt 209 22 Egof thefl & § AA8] st dZE AAE gstr] 93l o 9
Mz Ase WEL SHI=AE 2T

W 34004 A o] WA sfo|yoA], sIE 7 =T & A EHFUAY, oAl 2HE 295t
e BE ﬁ*—*!:% HEUTH dZ2E 55 27} ob g ALEH 71% A 2 4L F4HJFUH
5.3.3 /EZE = (import hooks)

QEE BAE FIT 5 DS AT A5UTH QAR NAUZ L JEE F (import hook) U T F
) F7Y Q=

) —;:o] 1%141:]— W B} = (meta hook) 3+ QEE 7 & = (import path hook).
He F2 YT E ZJEH A& ell, sys.modules 7] Al +§ S AL ohE A2 E A2l 5ol A 7] Aol
SEHYLh o] AL vt £9] sys.path AP, T2 BRE YF EZEES H%Aﬂ’\ AA FU o ool

(M o

A8kl W]E]'—i—% sys.meta_path ol A} 3}t 7ﬂzﬂ g Z7lel= Wb o g 2% 4 9L tTh
YXEE H 2 FL sys.path (F2 package.__path_ ) A 472, Add F & F5S vhh= Al H ol
TEHEUT gl dHotke], 9XE FE F2 sys.path_hooks o] A} FHES F7tst= PR
%E%]— Z O]‘/—\—I/]Tq—

= = T A B .

5.3.4 Oi|E} 4= (meta path)

FoX o] 59 RES sys.modules oA 2H&
Az ooy AASe BEL Tately 9o o
&3 JQEA %"‘ﬂﬁ}ii JE}HD} ”11‘5}7:‘ b=
5}%11] Al 719 AAE TolEdUTh: o] &, Y2E F
FolA 5 BES AT 5 JEAE 23] A5l o Aol A P%%‘? %l%‘%"/‘r-
=

Wbl A2 AT Rl A o] 29 RES st P driel, Ad AN S
Rt None & S F Ut Wefsys.meta_path A 2|7t 295 2|52 Rt 559 £
ModuleNotFoundError & dozlych A= TE oo &L TF SAA 71, 9T E
FTEEU
HlE F 2 3Rl find_spec () WA ES F YAl 79 Atz EE%HD} A HWH A= ZEY
%‘rzjs] 24-}§}51 o] £ (fully qualified name) YU t}, o] & £ 0] foo.bar.baz. F HA Ax= 2E F Ao
A B AEZ YU H A9 BEe] B¢ F WA AA= None oA ¥h A B E%Olb}ﬁﬁ 3 7] 2] ¢
$ % WA QUARE 2 57149 _path__ ol E@RE gUth Mot A AF_parn_ o= RES
%% 4 9 2 W ModuleNotFoundError 2 doziUth A Al Q2= ojn] 2A5t= =& A A ¢4,
E\%“% tHALo] 91/]1;}. o]J_E }\]/\Eﬂ [e] r,].}\] Ec(reload)'d’lﬂ]m-ﬂ- .%;(L%l-‘?‘jh/]\;}_

3
D
e
pJ
*O
[0)]
2
jn
o i
Y
1
o
rlr
o
=
o

S.
| s H 5] Foi IE-"JET‘E

X

2
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HEe A2t A J2E g ths o] A A 2 5 Uth A& S5, A EEE°] ol F A=
N = A gkgiar EL“H foo.bar.baz & YXE ot ¥, WA Zt v e} Z & 9} (mpf) S0l 3l mpf.
find_spec ("foo", None, None) & i%ﬁﬂ/ﬂ AL AZTEE 3T ULH foo 7 AT E H T o, |
B} A2 E F AA GAF A foo.bar & YXEE 3l+=H, mpf.find_spec ("foo.bar", foo._ _path_,
None) £ &3t} 9 foo.bar 7} ?J:&L_E =, R ML npf, find_spec ("foo.bar.baz",
foo.bar._ _path__, None) & &34t}

old et B = It E2 24 /4 dZET ALIUT o] JxEE2 F HA IAE None ©] ofd
Z1o] 21 @4 None & EHF U

g}o] 4‘4-4 712 sys.meta_path < Al A vWlet A2 3AHE ZF3 sy th st W R85 92 ESH
= ¥, e Z2E RES YEET = % g, st GEE JE oA RES GEES= S

O rr k&

AUTHS 4= 7lﬂb}o1tﬂ)

WA 34004 WA vlet 42 9969 find_spec () WA E7} oAl FIAE find_module () & thAF
Utk ®4 °*°1C E&e7]= stA Y 2 E Z*x}“ QI 7} find_spec () & T HA ok wf gk
find_module( ) S AFgShU o

5.4 2%l (loading)

23 o] B
o 2 37

1o
B e

52 2Y%u 1A (0] A4 2H %) & g T o170
29l 1] g

falt)
o,
L
u:[>
<
:L

module = None

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

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

# The import-related module attributes get set here:

_init_module_attrs (spec, module)

if spec.loader is None:
# unsupported
raise ImportError

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

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

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

Ch3- 3 22 A5 Abaell 9] 8f oF S o)
o Wk Fo]7] o] 22 B E 0| sys.modules o Yo, YFZEE oju] 22 = AUtk
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—

c U7 REES AW5H7] Ao RE-2 sys.modules o A E A5 UTH o] AL 25 A Y BE
HACE) AN AZE T 5 7] W E JUTh; WA sys.modules of 7132 24
S ¢l A A (recursion) & WA 614, H A Al o W 2dE = A syt
S, A9t R E (LR A3 ZEW L sys.modules oA AHA|EH YT} sys.modules
AE B F4-H aRE H4FHoR 2H BRES52 A0 Fotdlookut 3yt o]+
Z 2} sys.modules o] Yol A == 2|23 glv] g Uk
AR A T o} A A 7] Aol 7] A oA g ek Kol dXE AA= JdXE HHA R E
2 AAFUTHY 9 YA ZE o o A] “_init_module_attrs™).
ANA BEY o5 Fol AYPA = A2HA P UTH AP AF o2 2o 94
Z o] o) @A 2} A oF sh=A] 44 FTh
1=

A1l exec_module() & ALEH =2 EL2 9 =Z

LY
Lo
ox
ot
2
)

=2 o
>
£

)
0

[moi & > ot 19
o
=} l.[]
e e

[(1EA

Ml 2

oft  rlr
inj
fru
n)
N
0 ofl
g2

off
2
rl:l
fr
o 2

fu

WA 34004 HA: dFEE A|2dHo] 7|2 FA Yt 2 A= =
importlib.abc.Loader.load_module () HAZo|A 3= J<5Lth

i)
Lo

541 2

REZYEZYY ZAAA 75E AT UL BE AW, X E A= 319 AAZE importlib.
abc.Loader.exec_module () HIAEE S&3l+=, A& 2 & AA 7 ALH Y} exec_module ()
o] EHF+= F2 FAFE YL

2ot e 2e 8T 205 wE s ok Pt

o Bk REFO] FolM REWHE EEOIUTAHLE 2HE = ol ohleh oW, B+ REY IE=E
2EY AY o] 5 FZF(module._ dict_ )ol|A A333]oF st}
o Wk EE 7L RES AP EA] B, ImportError S 4o Aok Yt} 314 ¥k exec_module ()
B¢ A thE A= dabg Utk
B At sHeG 2= 22 AAdUnh 18 B9 find_spec () WA EE 27 self 2 AAH
293 FHF U
R E BT & create_module () WANEE FTATCEZN 2Y e ¢ EE QA& U Lol AT 5
AFUTLE e QAL B A9, S ol5oll 2 F A RE AAE 85Ut create_module ()
ZEE AAY JEREEAAT 2+ 5 UTh ks XA =7k None & E815 W, dEE A= A
BES A28 WEYTh
WHZ 340 F7F: 29 create_module () WA E.
WA 34004 HM7A: load_module () WA E+E exec_module () E HAFHAL, d2E FA7L2H] FF

T Z (boilerplate) o] T g+ A A4S Y th

oju] EXste EHUEHY &S A&, dEXE F A& load_module() WA E7F & A 3L,
exec_module () & FH3}A &3k load_module () & AU TE 3 A2 load_module () < H &
HAEFUth 26+ 4l exec_module () & F 33 oF FUTh
load_module () WA E+= BES AYst= 2 ol flolA A58 EE &5 (boilerplate) 29 7] 55 78
s opRt Futh 22 Al kS0l BF AEH e, FAAA AH S B!
* Bk sys.modules o] 031 o] 59 & AA| 7} o|n] A5, ET& WHEA] I A E AHE3H oF
FYch (2384 4o, importlib.reload() ©] HIZ 523514 94A HUth) W sys.modules
of ZojR o]29 BEo] glow, 2= A REAAE VST sys.modules o 7130 oF U Th

2 importlib 73 -2 %k3k gk F4th o] A
T AA 5ol thE shol

5} 7k2 A AFREHA] ks UTh Ao, sys.modules oA BE o] &&
TR Be GEEFE ZEO] sys.modules o Y= A4S HHE 4 Yvke AY Yk o] A
FEANA FATTL B A FFU T




The Python Language Reference, £A| H{™ 3.8.13

c A gle AAY A A 2EEHE A FAGT] A, R 7 EE Z=E AP Aol 5
sys.modules ] &R oF gt}

o ek 2 o] AufslH, 26 & sys.modules o] 4 Y3
AAMNF L, 27 1 RES A BAIHoR RE3

EE< A ANk o=, A RETS
Solu e of gt

WA 350 A WHA: exec_module() ©] A9 H A9 create_module() ©] AT A o
DeprecationWarning o] @A},

WA 3694 HA: exec_module() © A9 = YA T create_module() ©] AL R oy

2
7

542 ME 2 &

ol HAYZ O 2 E (9 & 59, importlib APIE, import W import—from &, W& _ import__ ()
AB pEo] 2 W, AN nE Anzel dde LR nE o F g1l ol 2o} ULk o § Fol, 974
spam ©] A]H B & foo & 7}A| W, spam.foo & YEE 3 To|=spam o] A H BE AdZdH o]E8|HE

foo & 2 Ut th3 22 HHE 22 Hof ot FA o

spam/
__init__ .py
foo.py
bar.py

83l spam/__init__.py 7} b 22 EES 2SGA AT

from .foo import Foo
from .bar import Bar

I o3} Zro] A3 spam EE|| foo 2} bar o Uil o] F AZA o] o dFyth

>>> import spam

>>> spam. foo

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

<module 'spam.bar' from '/tmp/imports/spam/bar.py'>

gto] A o] o]=3t o] 5 A oA B ul 9o AFE HY 4 JFULE SIAI T AAZ = Y2 E A AH Y
ZE A 7|5 Jdytt 2o 2L o]g8 L&) WoFsys.modules['spam'] T sys.modules|'spam.
foo']l 7 AT (19 YEE o] Z ] Aej7F 2y FUth, Foll A= 22 vk=A] kol 9= 29| foo o] E g
FEZ} = ook .

QEE BAL JEE $X A BE U@ IIH ARES AEPUT 55 29 Aol PR E AuERE
2EY FFolth BE A9 BAL o] JEE B JHE BEUE 85 AUk

DEE o 292 ASSE Ut YEE Ao 24 Q452 A2 5 A5 U 8 Fo B E
sog BEL BHolHg IS AYSHE 20 o). A3 R AL, JEE At 2T FF A4
(boilerplate operation) & -8 & 4= £ F 3= AUtk 2F 27 o] grtdl 2o/t BE AYS A7 Pk,
5Ee) 272 wE AR _spec_ O ENRER =R 2E 279 & tja AR A

ModuleSpec & EA L.
v & 3.40] F7}.
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YEE A= 295te A 2H7F RS A6 Aol g 230 7|24 ZF 25 AA| o o] o] E g

FES= A9 954th

__name__
__name__ AEZRE+ BE9 &3] 314 (fully- quahﬁed) ol & A= ojop Fth. o] o] 52
A X E A Ado] B5E YA (uniquely) A8 3h= o] A& ‘/]D]'

__loader__
_loader_o|ERHELRES RS@ T QEE A AES 2 AR 245 0ok ]
o] AL F =7 A EZAH A (introspection) & 9] S Z1 o] X uk, F7}A 0l 2o Z3otH 7| 5E5S 93 ZiO]
NE Gich ol & Sol 2oie} Age ol A Aol Ay

__package___
259 _package_ﬂEﬂ%E = RFEA] AR E o] ok . gk EAFL o]ofof &=, __name__
F 2 AL T AU 250 3117] Al of, _package_ > __name__ o® HAF o] ok T}
2gol 7|2 7Fobd wff, H 9] REOlH Rl EAE R AT, A B EEolH FR sf7|x]o] o]F o8
AR o oF Ut o] AFAI T W82 PEP 366 & = 5hA 2
PEP 366 o] &= o] glxo], w2l REoA PA AN A QEXEE A4S o], __name_ Th4l, ]

AEZREZFAHEH YT __spec__.parent 7} 22 3 74 o= 7l gyt
WA 36904 WA : __package__ 9] 3ol _spec__.parent I} ZZ 2122 7| Ut
__spec__
__spec_ O|EZHEE EES UYXE T AE3 BE Ador AASoJoF UL __spec__ =
A ARsE AL AH e E /25 FO 2785 - RES % npRsbA 2 &8 Utk
St7bA] &)= __main__ <lH], 01‘5 7 o] 7ol None &= A7 tt.
__package__ 7} 3= A ¢ t 7F AR Yt
¥ & 3.40] F7}
WA 36004 W74 __package_ 7} AEA oW, YA EE _ spec_ .parent 7} AREHUTH
__path__
BEo] WA AW (P Tt o5 &7h, BE AA2] __path_ oJE F/l FE7FRE=A] A o oF T
o} 32 ol E y & o] o] oF 3=, _7} Eﬂ% ouiZt gloew Wl o]E &Y + 9}%143}- ook
__path__ 7Fu]oj A Jopd, g S o ExDS Al sl of guth __path_ ] o njof #3243
g2 ol 3y th
7|27t obd REL __path_ o] ERFE7} glojoF Tt
__file_

|o
é".:
i—”;
i
fru
[0}
o)
o)
Q
o]
)
s
0]
3
>,

o gerd 4 girk. WMo AR W, o] o= HES G EAGo|ojof Fuith 9=
Az e o) 7 g w (o & Sol Holeue) 2ol 2EE BE) __file_ & AAFA e

hoF_file_ o] 47 _dA4 | 448 5 g, 5= Asdd WA
(18 Eol, vhol= AU A 319) & 7127 = A2 UL o] JEHES 2G5/ A5 Yol B
Aol T Bat QEUTH A=t Besl A51AE shdo] Qojok & 2 7held & & ITHPEP

file ol 4AHA G o=, cached £ AHTE Aol AT 4 AF Utk A,
el le

Yl o= oz AUt 22Hoz, 2C 7}_f oJU __cached__ 52 &
AedUch 2N 2 AN RES 2@ 2= gl U2 HE 44 258 5 glopd,
del Aol AlLtel o7t B AE 4 Qg yTh
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5.4.5 module.___path__

3H7]Z]4 __path___ OEZHEL=ANH 7| XS 2T uj] AL = 3 2} ol A], O EE = ot
._1_'5‘—‘ 7—]/\“‘0‘1—'1411 ‘:-/1 %%g Z‘“‘J"‘?_]’E]'-‘i— Xt‘}oﬂ/ﬂ sys.pat _94_ 1—:}‘10? 7 %_E _{:'_\_ql;]_ B'}Z]U]- _ path__
= HE sys.path Rt} Ak 2 A o] wks )

_path_ £ ALY oJHHE AT v oA S 5 AFYTh sys.path I 22 52 o] 3 7] ] g
_path__ % HLH 3, 7] X9 __path_ & M3} &< sys.path_hooks (o} ol A A2 stth

ool 2w, 5ol __path_ AJEFFHET}JOH, o] EEL2 A AU

oA gAe EFUTH

A7) AS] __init_ .py IFLS H7|A Y __path_ AEFES AASGAUL AFT 5 §laL, o] Z o] PEP
420 o] Aoj] o] Z Z7F A S TS WHOoF ALHS UL PEP 420 & Q07 93], o] 2 27+
97| A7} __path_ ZZF F=9S :TL_@’G]—% init__.py 4 AFZ a7t glojAisUh 92 E

A7 A5 o= o] FHANAS AT _path_ S AAFYTH

5.4.6 repr
NEAHoR BERES A WS repr & 2E3 A5 U SHAI R H1 9] A ERRESH BE 29 &
Aol et 285 AA Y repr & & T BAIH L A

Ego] &3 (_spec_)e 7HAW, X E A= E5E repr = WS L AIEF YT 270 A
WA 2o glod, AZTE A 2HL BENM AFHE AEZ 7 E repr & A F Y module.
_ name__,module._ file_ ,module._ loader__ Srepr o] Y4B o7 A&3le 1 A|=5l=d], wA
AEE71EFgeZ Aeyth

AHEE AL Qe S F AL olFF T
e X509 _ spec_ OEFHEE 7IXH, 29 = ARZE repr S AT TE “name”, “loader”,
“origin”, “has_location” o] E 2] HE & o] Al-&F Ut}
« BEo]__file OEIREE7HAY, ZEY repr & R Z AHEH Ut
e XEO]_ file oE E]-.—.—E% Zr 2] kA 9k None ©| o}d _ loader_ & 7}A| W, 2T repr ©]

BE repr o AR 2 ARH UL

o 2% ko, repr o]l EES __name__ & AHEFUTH

H A 34004 M7 loader.module_repr () & AFRo] HAFH YL o)A ZE repr & V=0 YT E
Aol o) 2 & 27 0] ALEH U

SOl 33349 A TRAL AN, ANA A PUSTL A7) Ao, Wk A5 o] gow, 209
module_repr () HIAEE TEA ZE repr = W5 U TH A 2 2 WA =L #H A 5 g5 Ut

5.4.7 FHAIE HIO|E 2 E 2§35}

Before Python loads cached bytecode from a . pyc file, it checks whether the cache is up-to-date with the source . py
file. By default, Python does this by storing the source’s last-modified timestamp and size in the cache file when writing
it. At runtime, the import system then validates the cache file by checking the stored metadata in the cache file against
the source’s metadata.

stol & ek (A 714h) AN AL S A Asp=tl], AN L2 v e ] o] B} Al o] &2 skl o] v 3 A S
AU th siAl 719k Lpyc st el F 7FA ’F o] A5 Utk HAFY (checked) 7} W] F ALY (unchecked).
A B Al 718k pyc ahd 9] -5 JJrOl HEaxstds ﬁﬂﬂ‘é}i A7} 3 A5 7N A] 3L 9] B Al 9} 1] 3 5o
WA L] RS *}“‘Hi‘r AAFE A 71 A SHlo] SR e e Ao B H, sho| WS
A 3HL S ThAl sk 22 HAAFE s Al 718 A A 5h & wE U th v A A S Al 7] Lpye 9 9]
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35, ghol i 2 Tes] A o] AT AP FastHa ZHE AU A 719k cpye 3D a2 AA
%22 ——check-hash-based-pycs 12 A F Y2 4 dFYth

WA 37004 WA Al 718k L pye DS FAHS U o] "o, sho] W& Hfe] A1) B d arl
BRGNS h Y

QoA A F 5 ], T
(PathFinder) & £¢g

BEEe S XS

A2 7% shele] A4 2
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1 Az A=Y ;0 %%ﬂcﬂ%ogéﬂi%@&@
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)
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%
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fi oo U fg
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ool
r&
do
R
b
N
ll‘
ESL
<
ok

<l
O,
n
rlr
SN

[kl o —¥o¥ O &L H oM ol
N,

AeE AR AR £ ARG ALHri 2§ dw s
= URLE 72 =22 A95m Ao,
HﬂPﬂ%%%@?%%%&@LAm*wwwwzgagﬂ»mwﬂﬂmﬂLJEE
2o2 ded AEE Y
a%°w$ﬂaﬁa%%qg4%azﬂﬂﬂﬁi#Oﬂﬂﬂ 2 dee
o A AL Y 2 e A

K
fu

il

(¢
i
ok
3
A
Fx g
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lm
m]n
i

m
_.2

Lu

Y,
fru
2,

m
L)
)
ro,
fn)
i
i
L‘i
r]r
n)
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é
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i
filo
do
o

' |
Ax}e] AL ?gs}Ltﬂ SyS. meta_path E]' —H% 53l

HhHof, A2 dE2 siltjE A E 7R 31T 8 AA A, AHd AR 7]9 31015 7} sys .meta_path
2 REAAEYE, A2 JAEL FAHY NP & TS A g5 UTh

5.5.1 A& AdEZ| moly

4% 1S £ AR 32 e £ 98 ol REN AN A 4D 2= A
AUt tjf29 A2 AEZ = 3 Al X E 7H 7| A% o] 2o &2 g E B e+ syt

HEe A2 IRAHEA, 42 7|0k 9Fdt] = FollA 43 find_spec() ZEEZFS FAF YT} AW
REo] YT A% ol A o WA AR T 2 EH A & ALE b0 23k S D 5 U F7he £

s

A2 7lv gt = A MY A4 E ALY, sys.path, sys.path_hooks, sys.
path importer_cache. 3] 7] A AA 2 _ path_ o] E g
RE A2E ol 2% 4 gt 21 TS ABTUDG

sys.path = EE3 7|29 QM XS Algshe AL 555 AT PYTHONPATH #7449}
of 2] 7bA Ao} 38 5S4 7|2 S ERE 27 YUh sys.path of] 9l= A= FE 3 AJAHY
HA e 29} zip 9} & 7he] 7], bl FAH o2 BE G0 A8E 5 e (L) (site BES
Heh 2 7k 2 < 9l URL | L ] o] Ef v o] &~ 23] 7 %ﬁ—‘é—?ME} sys.path ol & EAFG I vpo] E
et gojoF AU e € B2 FAE Y vtelEd e} A3 92 7 A= =] 9l Sof o6

249U
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32 710 S8 £ A2 3905 o A, 3940 250 SLE Lk A2 70 v
flnd_spec HAEE 5E&3= Aoz A2 E A2 AMES A A YT} find_spec () o Al FE = path
AAE BN EAD AR A=) 5 F A oA YL B AIAS pacn ol

HE.path A&7} None oW, HAY] YEZEE 55313 sys.path 7FAFEH Ut

Az W due 44 Aze RE Asel g BAs T, Y s 493 4 A= 59
(PathEntryFinder)& Z5Ut) o] Z 2 ] & o] Wo] == AALY ¢ ]EEE(‘#]%% , o] AN E 98l
sai) 5 &% 9% L7} I 5 SIFUth, A% R st 4% A=DE Az A= st fRe
MAIE &gtk o] 7|Al= sys.path_importer_cache vZ]QqV/P(O] Fol= sk, o] WA=

e AANEATHA GAAAZE AU AN E AL, oW BULE, 54 3= A=l A7)

o&

Az =z sl of v

=

A 1 3t ok =3 Ut} A2 A T =7} sys.path_importer_cache
o] Al AE 2] & AHA] ) 1 dE

9, 73

_ﬂ‘

W otIE 7} 7 AE A= S ThA] AASES sk Zlo] 3k Lok,

H3HQI T &= sys.path_hooks ol = EE FHESS BAPYTLE o]
AEZ AR S NE AN SEHUTE o] EHES AR AELE
o3 , ImportError E A Z = Jd5 YT Im
Az Ase BT A2 A HoH £ WAY 5
= iﬂ”°ﬂ*gﬂﬂ~%%%ﬂdﬂ4ﬂﬂé
o

BE AEZ 7 A §
B A ARNEY = %
OE e A2 AEF E}OJ
AE 7] 31 7} o] ¥ o]
] ARE- U T o] o8] &= FA|
FUTH vl EE Y A ad S
AL 4= sy, Tk Fo] QAAE ¢
Ut oF sys.path_hooks B o] ol & 7 2 OﬂEE] gy & %E:]ZFZ]
rte

find_spec() WA E%+ sys.path_ 1mp
AY 7t fl=2 7Hel 71 7] $13l), None & Eﬁﬂﬂfﬂ

Ulok sys.path_hooks °f = ojx 3}e] A= o
gl & 23 2 FsH7] &) okl UrS’—%E
AHEE YT

A A 2 o] 2@ E 2] (current working directory) — W1 2 EE THA AT - = sys.path o] =& <
Efsd o gEA AUk AAZE, dA 2 ddE et Zxﬂﬁ}zl Fsol HAaEH
path_importer_cache o & o} ® 3t A=A gyt A=, A4 2 Z“" QE“ Hels 24t &2
Z3] wjuich thA] ol Utk AR E, sys.path_importer_cache o /\}3ﬂ = A 29 importlib.
machinery.PathFinder.find_spec() 7} 285 A2 = W ExL o] olyet A A A 244 o] &€

27k g yth.

ok obL

2

nd

[
&
-
9
z
>
o
o
I ky
o,
o
o
c
H
"11
00

4

552 AZ QdIER| I =Z2EEZE
537 27319 97179 A% S 7I Aol LA o= ojupA st fl6l, = AEF
.L]—C\’JE‘] += find_spec () HA =

find_spec () & F 79 AAE o : Iy
BtZl 25, find_spec() 2 go] &8 YN 259 &9

ARFUT @A A9 7} s Eh.

To indicate to the import machinery that the spec represents a namespace portion, the path entry finder sets
{submodule_search_locations ) to a list containing the portion.

WA 3404 WA find_spec () ©] find_loader () £ find_module () & thA|st=t],  t} o] A F X
HP5Yth find_spec() ©] AL H A oW o] A5 AHEFU T

o 29 74& °“EF4 98 = find_spec () thAlol] o] = 79 #H| A H WA EE
HAESE A S8 w7 oA = /‘F‘E’L%Mﬂr SkA| "k, find_spec () ©] =
od HAEES FAFEYTH

3" F= oA, sys.path_importer_cache 01]/\'] imp.NullImporter & SIAEAE 2= Ao| 753Ut F =7} thAl None
S AMESES WA 28 ALFTh o A48 82 portingpythoncode & F2 54 £

23] A F3tE ol 53 (A 7Hseh
Ut} o] ~= -2 &4 (loader) 7}
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find_loader () takes one argument, the fully qualified name of the module being imported. find_loader ()
returns a 2-tuple where the first item is the loader and the second item is a namespace portion.

JTE 2 ETY OE FASAY B TAAL AN, BL A2 A2 AAYEL W5 A2 s
A A Qs A5G AF A findnodule ) WAL ESAAYU T A0 42 AE2 Felo
find_module () WA EE A3 path AAE Egﬂ?(] U (OAEL FAE Y Hx 52 u] AT

BEAREE 71%”113 ALz 7Hg Y.

A7 dEz 5259 find_module () HAEE
HEA &t AL 3 gakA 7] wl &l 3 A= A%
find_module () o] B5% 21319, XL E A|~H)

AZ AEZ A7 ol g T A 7| X ZAHOZ 9]
Utk Wk A2 dEg gdyef find loader() &
L &4 find module () YAl find loader () E 3=

.

56 & L EZE A|AH! TH|SH7|

A2 E A 2" AANE A3 A 713 AFHA d+= Wl AYS S sys.meta_path 9] 7| EFES EF
AHAsEAL, M E e HE AR FEE AS= AY U

Tk A2 E A 2"S WA A= THE APIEC &S T4 9431, B4 X E F9 5841 HAMNE
o, W import_ () FFE ZAF= AR FET FE JAFULE o] 7[HE EH ZE U4
X E 79 5AUSE HAIES RE A 482 = A5yt

HE AR FFo) = FoA ojH REY AXEEAYF R o (RE YXE A 2H S A3
v &4 318l= thAl), find_spec () oAl None € E8F & th4l, ModuleNotFoundError & 40 7] =
Aocw SEFULE AA= v A2 WS ASdof sttt= 2 & A A8t W, & & o7 H SA
TEAAYT

5.7 17 |X| At 2 E

°
g
o
™
flo
)
2
E-)
oL
'
é
_>L
>

i
ok

Ir

=4 4=
)l 1’41?}’2}1'41 YZEZS UrE‘rH]U%,ii wA
= 22 3714 HHXVP ZﬂlQ o :

package/

__init__ .py

subpackagel/
__init__ .py
moduleX.py
moduleY.py

subpackage2/
__init_ .py
moduleZ.py

moduleA.py

subpackagel/moduleX.pyY subpackagel/__init_ .py BEFoA], t}2& F23t At d=ZEYY

t}:

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
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2 port <> TE¥E from <> import <> EHES AL = YA EH A s
340 AL 4 Ut T ol g

kel
mt
rlr

= WA

’ import XXX.YYY.ZZZ

TF XK. YYY. 2228 AF2T 4 Qe T3 A 07 231X 7 moduleY = § & 3F T3 Al o] o} 7] wj =T}

5.8 _ _main__ Ol CHSt EESH 1

_main_ REL wholde] QEE ALY S AL GUTh o2 ol AFBE], _main_
EEE ovs Souiltine Ad AExelel A4 m 24 271308 ek S o) 7Sk e, o) A e
YU AY 8 AT GG AAL _rain_ol 1AL YAl AR zeAHE AP T

Ze) 19 thE SAEC] FHE WA O E Y
5.8.1 _ _main__. spec__
_main__ o] oA 27|5H =Rl e}, _main__ . spec_ 2 HH3| dHFH 7% StilNone &8
A5 A= o,
gfo]H o] -mFHOE A Z ]- H, __spec__ 23 BECIUIAZNAY RE LA o7 AFHUTh £
__spec__ <> __main__ BEEo| HHEH U zip oY thE sys.path AELE APsl= IR 2 2=
o 2 &) A H Y
UM A A olE_ _main_ . spec_ 2 None &2 HAFH =Y, main_ & A$E=d AMLEH TV}

Qe b v A7 ook 9] WE ok
SEEL L e

* —cwA

=
VibolE = Az R e 44 49

Aol _main__.__spec_ o] 4None Yol Folalof gtk AA} A F o] Ve Ao BER
JEE D 5 olx 124 ULE _ main_ o] S0HE B E vl ehe o] e 7} B2 SHThe —n 29 X & A3 o

TS main_ o] YXE Mt BE &I, __main_ . spec__ o] AA3] AAH Yt} stEl gk,
ol E2 A3 2 REE AFHN FYSNFFUTh o]ZA2 if __name_ == "__main_ ": AAR
EHRAN EZO] BEC__main_ OF FES AL ul DAY, dubE ol Jd 2 E u &= AYE A =i
AR ] E U o}

5.9 €&l o|#=

XXX EE7F oW Ak =4}

XXX * (import_machinery.rst) =& 3} 3] 7] 2] 2] o]
H o Elx o] Ao Y= HH FEES ZF5HA

off

HESo| U 89H A ML o7 ol uhE bl o] g
o

O F 7} (See Also) H IS A2

& of of ek gt
XXX _main__ o] 27135 = e YH S T 22 H 2o shi?
XXX _main__ o] 7ttk2g/ol 2z ol ek B H 5 F 71514 (5 PEP 395 & AR

5.8. __main__ Ol CH3 EH3t 13§ 63
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510 123

YEE Fabe shol o) 2370 E 43 Ml Y5 th EHE LAY ol ol 47h] AR AL o] WA
A7) AT, H 29 974 774 2 obF 9 e % =2 dotgdg Ut

sys.meta_path & & F24& PEP 302 o] 1, F o] & %2 PEP 420 YUt}

PEP 420 & d}ol®¥ 33 o] o] = Z7F 97| A & = Y3 <5 th PEP 4202 find _module() & t¢to &
find_loader () Z2EF 9A =YgA5Yth

PEP 366 -2 W EEoA S YA A JEef YXEE 98t __package_ O] EFEL] F7}of &3l Asta

91Ut

PEP 328 2 A2} YA Z QA A YZEE =YL PEP 366 ©] A= _ _package_ & AF3A HE= Mg
2710 __name__ 22 A ST

PEP338 L R E2 A3 PEZ A3 212 AT
PEP 451 %éﬁﬂ WA REE dEXE AEHE 8= A& F71Eg UL 20 FoIRE R EY T F
F= AAES YEE Z*i}i% l7lE dFUtLh o] AL YXLE A AH] o3 APl & H A==
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CHAPTER O

H
ol
s

o] -2 whol Aol A A5

2 §9) A o] 7] 9} o] ol A= el A, o] 3 B A o] oh]e} £ AE 37 98] 24 BNF £/
AL BT 2 74 0] et 2L FEE A,

name .= othername

L= (semantics) 2 A ¢ o, o] FE] 2 name 9] 552 othername & Z5Uth

ool e ke Aabxte] Aol (A dAE2 35 Fe s o) ghe FEe AR S o, W3R el
A4kat TR e 2ol FATThE £y

s o B QAT HasH OE S BasE Ay,

o A A, o= AR A, bE stve A g dEg U,

o 2R o, F AR BF Fgojofsta, WEE 2 glsyth
o ANAE (B Fol, (%) ANAE AR AR Foj A= BAD) ol A £ B 74 R4 75 o]
&gt ﬂ"‘(extensmn) © 75 AAlL] W3 7 &L Ao ofF 3 th
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6.2 O} (Atoms)

EL EPA HY A EAA 24Utk 7HE BT ol ES A EAe) dH BT BF, HBE,
252 SeAd JHE BYA o okEoR RRP U obEe] #He ol FHu
atom = identifier | literal | enclosure
enclosure = parenth_form | 1list_display | dict_display | set_display
| generator_expression | yield_atom
6.2.1 A]&HX} (0|F)
CREOR SYTE AL AZAUCE A3 oyl e A9 s Ad e, A2 A D
TAl = ol 53 92 (binding) A /A& HA 2
oo AAel AT u), obEel S T AL b Utk ol B0 AATA Feke W), e P 1

5t NameError 9|2 7} doj gt}
H]|Z7) o] & ¥4l 7] (private name mangling): < 2j
NS, = Lo o] MER BibA o,
HF7) o] 52 1 S s =T HEA A 7] 2401]

Rolo] SRAE QWAL T A} 2 0|42 REE
o] & (private name) 2. 2 7+ T}
21 e = \ﬁ%]-%b]l‘/} o] 3L 1 o] F 9 ¢

[4 l>
i [UIM

N

o>

1o

)

of

)

@

S ol FE AYsted, FUdla o5 AL L BRELES AAST F, st UES ML
o & 0], Ham o] gt o] 59 Fe2e 482} spam o] 53, _Ham__spam 22 HEFH Ut} o]
A AT AR S = T A e FAg YT WEE ol o] SHA o AW @55 T A ),
Tdo] ot At 7] 7 HAT = AU S22 o] gol REET A oW, HE2 oA

Easagieg

6.2.2 2|E{= (Literals)

Tpol W2 FAEF Hio| EQ 2lH E 3 o] 7HA] AL B HE e A9

literal = stringliteral | bytesliteral
| integer | floatnumber | imagnumber
AH U g T 2010 FEAY o=, B AE HLH)F AT FE 2 AN R
A5} Aol Aot 24D 5 AF UL AT UL 2D AHL HA L
REZEEE 2l dolH o t3st7] wjZol, AA 9 otoldE & gt it & TPt 22 Y
gElgel tisl ME Aoz e oY (221 il 28 Fao] YA B Fho S o)) 2L
AANE A 75 L, 22 HY e AAE d= % dsUTh
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parenth_form = "(" [starred _expression] ")"
23 oo Y& A B2L, B0 T F U4 F2o] 4E 5 o] Utk B2o] ol x shio] YEE
2Pote, REol Urth 134 oW B4 252 T4 w4 B4 o] Ut}
92T 4L N FE AAE BEUL 22 Bl g2 e Bel Mgt 2 7o AgHUTHE, T
ANl FE2 22 AAL o5 9 2187 g 5 dFUh.
FEo] Z35of g3l ThEol A& Aol oy e}, & AR ARG wi ol gk Aol sl oF Pt dlel = W
FZod, 23t 22Ut — BF AN B3F Qe (S (othing) S ) Fets AL REFS fistn
AF s QS o] 2l A e A2 WA B AU
6.2.4 2|AE, I3t EIML2|2| C|AEZ|0|(display)
gaE, A gA el A7) A8, sl W (T o) displays)) 2 REE SR BHL 2]

= 747 ~Et = AT O
. ZElolis] Y-S WA 0= A AL,
. Aele] 2xe}l e Y ANSL S5 AN =], 2z e WA (comprehension) o) 2k B U Tk,

comprehension = assignment_expression comp_for

comp_for = ["async"] "for" target_1list "in" or_test [comp_iter]
comp_iter = comp_for | comp_1if

comp_if = "if" expression_nocond [comp_iter]

Az AL e BRAAD 1 HE w2t H4s e for A3 @AY A8 N for B if A
FARUT o A9, A AF 0|19 845 7 for B if o] YRo| N EXow FHHY BE
o] %1, 7HF ol Gl B A EHA Y ghe A BEo W AEJUTh

AW, g A% for Ao Qi olE B EAAL A AL, AnIAAL TAHOR 3
oA AF U o] A S| A target_list oA Y= £ ol 5ol e 2F 2= (F5) HA
g

7HE 9% for Ao oY E RFAL, EURE 2T LA A 37 = FAIACE SHE &F
=z e Adg Ut Am=E for A3 7P A% for Ao BE FEH 2U 2, 7Y 4% ol EEEA
Ao gol et gebd 4 Qleme TeAE Aol A AR 4 f5UTh 1E 59, (x*y for x in
range (10) for y in range(x, x+10)].

Az Aol G4 A4 GO Av o7t A Felm, FAHOR
from TAAL FAF Ut

_,d
X e
L L

HE 23720 A yield yield

ofy

shol # 368 El, async def FEol A, 157 o el el ol B & @87 3] async for & AL 5
A5 UTh async def g0l Qe Az WAL Ao e A4 F o for thasync for Ho] &
49131, 3749 for Yasync for Aol & 4 Q3, awai o]

t 2 ESAREE S Utk A=A
async for oY await EAS 285 H v 57| A= 2|3 A (asynchronous comprehension) ©] 2+l &
b w57 Az aae 20 S0 ReE g AAE YA FAAD 5 Atk PEP 530
Bz 84 2
S, .

WA 3.60] =71 u5 7] Az dA

(]

| == sy
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HA 38N HA:yield P yield from2 FAFOZ ZHA 2FZo A FAHYL

6.2.5 Z|AE C|AZH|0]

2|2 E tf2aZ o]l &= U] Z3E (square brackets) 2 S A0l T3 42 g old H]o] IS 5 dH YT}

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

Ao QAo A AR E BELH, 2L HRAY BSo} ALARHOE AL S
&UTh AEE Beld BAAY BEo AFY ], 1R4AEL A5 02X gho] PohA L, 1
TAHE ﬂ"E AN 4B Ut Az AT ], el2E= Az MR HEAA =8 4ER
P

%23 (curly braces) 2 FEA|H 11, 7] 9} Fh< 8] 5h= F & (colon) 0] gle A2 E A g
9 .

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

A3 dageole M 7 T AAE vetd, 1 gL B ARt Azl @M o= AP ok
AR Held BAAY B2o AT u), 1 245L A% LEXOE gho] Tal A%, A A o
e AUth Azgdde AT W, AT Az AHOR WS 2252 PARYUL

WS () 07 WEold & etk ol dEge Wl g el g et

6.2.7 EML42| C|AZ8|0|

94 e] U A e o)t FRE (curly braces) 2 A1 71/ o] 6] 4] 1A olH] #0912 LTk

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

key_datum = expression ":" expression | "**" or_ expr
dict_comprehension = expression ":" expression comp_for

9 e HaZeols A 9A W AAE By

A 228 AHolH 49 AR Fo A, TAFE ARIA £ EF 02 ol 1o BAU )
AEZES AYTUT: 7t 7] AAl= 9 Y ele tf&3t= vl o5& A st ol 712 AHS g Y th °]
A/ BRI 22 A1 ole W AR S 5 glrke A, 2719 A GA U e v ol Fola Aol
Fuoh

I 709 o ~F 8] 2 A (asterisk) ** = YA 8] A 9| A (dictionary unpacklng) Uetdych g d AR = v
ololobut Fuith. 2t v §2-2 A AV elo] 21 Uk Fol 9t gk o] el A/ o] 5] Aol i} ¢
9Ave A 7 eel 448 5L wA T ok

W 3.50] 71 PEP 448 o A A5 A A MY taZg ol 29 A 5.

gAqve AzgdAdL, g aE} Y Az eAAd ]WH]OH/H ArA <l (fory &} (if) A ol EBCE
SEE F Y 2842 o 2o 2 Utk gzl Mol AdgE uf, s A= 7]9}%k§15:‘é°] =0 A &=
A= SAU el A o,

lll.,a =
19 oL
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A%kl Foll v Al k2 o] A 259 A5 oA 4IdE A5 U (2F3HAE, 7] B2 8l A 7hs sl oF
sted], ZE 7H AR Sl Al g Uth) $5d 7] o] FE2 AAF A dFUth Folxl 7]l tisf A3
AR (TR L2 Hagd ol 7 2 8 9le) vl ol B 7t A gy Tk

o}9F % U] T}. CPythono] A1, gro] 7]t} 7] 3
WA B

6.2.8 A|L42|0|E{ E T4l (Generator expressions)
g

Aeole 234 ez A A AYE oy 271 d Ytk

rlo

generator_expression = "(" expression comp_for ")"
A el @A A Al oy AAE WUtk 22U 22 il 252 SHAAT=

Ak Al std A 25U

A ole @A) AHgH = AFES A ole AAE _ next () WAE7 E&E o] =35HA
(lazily) kol ol Ut (L RE Al &l o] B &F vk 7pA U Th). Z2ju 7Hg 9% 9 for Foll A& olH e E
FEHAL ZA o] FHAA, RS R A3 D= ol H = A AA ghol AAE = XA o] by g Al #
olE] & A o] HH A QAN BAFUTE F% for I 7T AF for B BE IH 2L, M 9%
olH EEoA 7L ol et dEtd F goeng EYNE A2FzoA F4E ¢ ST dE S
(x*y for x in range(10) for y in range(x, x+10)).

@A) shte] QA Zhe 2o E B E AT F A5 UTh AAT WSS o= AHS HA L.

A e ol A A AHA 9] 7IthE = AabS el ehA] k7] AAel, FA Aoz Fold Al olH ol A yield
9tyield from ®xdAL FAH Yt}

Adole H A o] async for oy await A4S E3Hs1H 05 7] AVl d ol E & 4] (asynchronous
cenerator expression) | 2k 31 £ QU k. 8% 7] A el 8] F AL A W57 A o] AAE Bl
ol A& ¥lE 7] o5& o] ¥ YUt} (] 5 7] o Bl & o] ¥ (Asynchronous Iterators) & 2 3HA| L),

WA 3.600 F7F: w5714 Ay dol8 284 o] == A5 th

B2 37004 W7 3ol 37 ol ol i, w57 A )8 EHA o] asyn
AGFUTE 3T RE &, BE 57k w574 A el e A4S

HA 380 HA: yield P yield from2 FAAOTE ZHH AFZ A F4 c}.
6.29 2= HE &4l (Yield expressions)

yield_atom = "(" yield expression ")"

yield_expression = "yield" [expression_list | "from" expression]

Q= FANL A e o)) Gt )57 Aol E G448 AT v AHEE 3, T G4 Bl 9 vheo]
AREASE S AUt F40) whrel A Q= FANS AE IR A G5B AV B R BETL, async
def G5l vhElo A AR AL 2 AFE $5E w5/ Aol E wEUTh g Sol:

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

async def agen(): # defines an asynchronous generator function
yield 123
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e K Rt
/\}*Q“E]L-JT/\V%Q o

WA 38 M dE A2 FzefAdR Aoy @A S 7t tl AHEEH = FAALR
14-4?/\:’—“31]/\1 AE Yot

A el ol g4t ol A AE gt el ul5 7] Al G el ol g b5 7] Al v el o) B 54 Aol A
ELERSL RSN

Avd ol g7t TE22 uf, AlvdolgHZ & A o HAolHE EeF Utk 28W 2 Ay g7}
Avd ey &4 Al Aok Aoy HAES %ﬁ}urﬂizg uf A3 o] Al & Y ok
T A, A2 A HA 4= A A7A] I s F, A7 ol A D‘r/\] A A] F A (suspend) 332 A & o] E] 2]
S EAo Al expression_list 9 3t EHFUL A SAHTE A2, BE AG A7 EEH T =
= 01 o], A1 "5 dA A4 E, W& 2 2l E (instruction pointer), W5 A AF 2~ (internal evaluation stack),

e A A7t 2@ E Yt Ald ol g WA EE F ohbE SEsA A3 o] A7NE o, &= vhA]
%lE A o] TR T shte] o7 T & AAH IS 5 s th A HE Fo %‘_E 23 2 AB 2
AN EE THE A= 28 dsyth (B 5 for‘/}next WAs S8l next_ () 7FAHEEH ATHH
A= None YUth 2872 ¢l send () 7F A SATHY, aJ)r—ilUﬂ/ﬂci A gdych

2 A elol el 48 T B3} ol v 23l W T o] 2] W ARE WE R, St )4l A9
glom, Aol AA FAD 5 AsFUTE F A Aol A2 Al o6 T4 yield g Fol o]

L5 ojofst=AE Al & oke AAUT Aloj= S A olH Y L2 AEdH Yt

© try 2B oo A A FBH YUtk AdolE 7} (FZ 35700 ALY A A £ A
) «L‘rOIHE‘rO] (finalize) &) 7] Ao A7 E A ko™, Al F @ ol El-olElH o] Bl close () WA ET}
sZ5 o], th7] 29 finally do] AYH == =g}

When yield from <expr> is used, the supplied expression must be an iterable. The values produced by iterating
that iterable are passed directly to the caller of the current generator’s methods. Any values passed in with send () and
any exceptions passed in with t hrow () are passed to the underlying iterator if it has the appropriate methods. If this is
not the case, then send () will raise AttributeError or TypeError, while throw () will just raise the passed
in exception immediately.

Wof 9l o] el o B 7} $E P uf, A B StopTteration AAH2Y value EREL d= £
219} ghol HUth stopIteration & 4o w YA H o2 A A, A H o]H ol 7 Al o] 8] L
AL 502 o Lol GUTF (B A 0|7} & E 2 (returm) F-20. 2 H).

WA 3304 WA AH o]EEolE & Alo] 2L 9 Ad=yield from <expr> = 27H%
Yrh.

Y= @A) hYRY ¢Hlol T2 et 255 4SS + dsUth

o B7]:

PEP 255 - Z+dgt Ay gl o] gl slo] ol Al el o] Bl ¢} yield #& F7Fsk= Al <k

PEP 342 - H’ﬂ% Ay el & &3 ZFY AlFd o8 o] APIS}F ZH S 7R A, tde IR o2 AR

3 4 9 2 ul= L g0},

PEP 380 - B A #lo]E| 2 Y Yste €W yvield from 22 =YX, AE Aoz 9 d<
HA T=E At

PEP 525 - 155 7] A el o6l 278 @4 AV elo] el 752 % 7hshe] PEP 4922 3733 A<,

E 3l yield 242 Az AT A ol8 4= 7= Tl

o] &

)

Voo [ Tomd (g

Hﬂ ke é o rln
2N sy

o 1> é }11 rLIIl'l

b

rlo

F

ot wo,

70 Chapter 6.

:
1z

—_


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

The Python Language Reference, £A| H{™ 3.8.13

JEE R EE RTINS
o AHA AL A ol E ol Bl ol E o] WA E=ES AWFUTh AT ol Fae] AWL Aol sher
A8 4 JEUTh

Aol g7} ol v A 5w ool 2= WA EESS 555 W valueError o9& do 7= Ao
o] 3] of g T},

generator.__ | next ()

l

g g7t next_() Uﬂ/ﬂEi =t Hﬂ ZH4 A= E?ﬂ—‘, o 34 PNone sh= 7LLD}- /\1514‘0_
O 4= A 7HA] o] oA =], T30l A Al ]H = Al Al S A L, eXPfeSSiOH list
o e _next__ () o ZEAANA FHFUE Al o7 b kS yield 514 92 T EHW
StopIteration 997} @A gt}

ol MNEE HE FAIACR SEHUL, & 50, for F2UY WA next () &=l o4.

generator.send (value)
A2 A7 sk XﬂLﬂEﬂ ol ¥4 & hZ (EWythend)). value QA= A 4= F8 A9 Zho
Gtk send () B S AV 8 0] 6 7 yield S 1S g B2 A AU el o] 8 7} T g yield
512 911 £ 53} StopIteration & oA Yth send() 7} AU oS AN EE 52T
W, e WE U= BB o] RO, QA& W= Al None & A2 of itk

—_

generator.throw (type[, value[, traceback] ])
Aol el 7} AR BA T ALONA type B N2 F 073, A ol 6] T} yield = T
@2 S ETh AV E 7l h2 22 yield 7] 931 5 2 5PA StopIteration & A2 Hu vk

A o 8] 7F AR o918 A FA, CHE ol E Do, LI 5B A= Rk

generator.close ()
A ol Bl 7F YAl B A gk A H el A GeneratorExit £ o Uth 28 thF Al & o] H & ?7}
2o} 3 A] (gracefully) 85t A L, oln] G H AL, (2 Y E FA SO0 7FH) GeneratorExit =
d o 7|9 close= T EAE Zolztyth Ay @ o] B 7} gL yield 31 RuntimeError 7} w8 gy o},
A elH 7t the o & do7|¥, AR AFUTH Adlelgrt v B4 S5 2 A8 o]y
FTEHJTH, close () & obFd 4% oA syt

AHE o
o} 7)o ALl o] B ok AL o] B} F40] 2L Al Ase heka o 7h A5 T
>>> 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()' is called for the first time.

1

>>> print (next (generator))

None

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

(THS sTolATell A1)
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(o] A sl o] A A M A%)

2

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

TypeError ('spam',)

>>> generator.close()

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

yield from & AF&3}F+= o=, (What’s New in Python.) ©f 91+ pep-380 & H A 2.

H|S 7| MA2[01E B

async def B AR FEUHASAN A= BRA Y £AE T B4 5] Adel o) e B4z Ao E
U,

H5 7] Al gel s &7t 2259, vl5 7] Al d o8 AA=Z 4K vlE7] olHE B & 8%
98 o 1 AR A el e B9 AL Ao Ptk wEs AeEolE AR HE mEE
async for ZoA AHLE =], Al d o8 AX 7} ror oA AFLE = B A3 S A th

H57] Alv e ol g e WA EE T stuE T2 ofsllol Bl & AAE 851, o] AA| & await T ufj Ao
AZFUth 2 A Zel, A2 A A d= A A7 AP s F, A7| A thA] Al F A (suspend) 3} L
await 5 9l ZFE of| A expressmn list 9] S E=HFYLH Xilﬁi‘ﬂ ol AAMAH, A FAHA = AL,
BRE A A7t REdte= “"Wﬂ, A9 Mg A AdAE, ¥ 2 Q1 H (instruction pointer), W& 14
2 ® (internal evaluation stack), 2= of| 2] % 2] Al 7} Z&FH Ut H]57] AFd o] e 9] o /ﬂ Z7lsEE oS
A E await | A AP o] A2 uf, T4 vpx] = FH 4] o] BA] & FFLt9 ﬂﬂt'—i A AAYE AP
AFUTH A7HE Foll = A4 2 AAS AN F whe vA =l 23l ‘JD‘r __anext__ ()
7FAREE Slehd A3 None Utk Z# A 4L, asend () 7H AR E ST, EJJr—l A=z A
Ak

HE7] Ald oy gl A, A= AAL try F2E9 ot oA szt Yt kAT, v 5 7] Al gl o]
= 7]' (7<L7< S F7F00] B A 7ha) A A F 2 2 4)) 3ol d gho] = (finalize) H 7] Aol AA7HH 2] 92 W, try
1S U= BUAL 07 5 finally B8 AFs o AAE 5 g Iek o] 2ol W5 A
| O]Ei-o]EiEﬂ °|E9] aclose () 3 &3y, 1 A2 2+ IFE AAE AP A, tl7] $< finally
o] AYPHEE 5= A YL v Z 7] AlF# o8 S A3 dl= oWl E & i (event loop) L} 2~ A = & (scheduler)
oNA A5t
gtold A o] A& A gl 5t7] Sl &, o] ME £ 2= sho]ldetol A (finalizer) T5 7 2 3l oF 3t=tl v 5 7]
A ol E-o] e & o] B & WobA] olutE aclose () § TE8IA 1 A FH-S AP P th o] gho]deto]A]
£ sys.set_asyncgen_hooks () & iéBH/ﬂ =& A5 Utk A5 234 2 o, vE 7] Al o] §-
olg#lolE & Ftold Al o] )] T EE 5 °] detol A & AT 74?3‘/]‘:} gho]dgto] A v A =9
2z &3l of| = Lib/asyncio/base_events.py ol $1 o= = asyncio.Loop.shutdown_asyncgens 73S RA &

A4 yield from <expr> & H%7] AU ol G40l A AH85He 22 2 ol ek

—

rﬂ

#

£

H| S 7| M|LA2i|0|E{-0|E{2l| 0B HIME

o] HRAAL W5 Aol E o e o]e o] vl =S Aw sl A aolE Fael AuL Ao} she
ol AHg-8 Uk,

coroutine agen __anext__ ()
oslolH B EHF L, AR 0F 7] A olE F4o AP XA AL vl uo 2 AP
d= A ANA ARG YTt vlE7] A dEolE 7 } anext__ () WA EE AQ7)E o, ‘?}%-ﬂ
ﬂl1ﬂuIﬂﬁﬂ4mcnﬁﬁ%ﬁwwmeﬂ°ﬂzmﬂaq41qaagﬂﬂﬂq
Z B8R oo AUt} 9= T HA Y expression_list & FL FFI= I FHo| o
StopIteration 9] ZtJUth v] %5 7] Al v & o] ] 7} t}2 g2 yield 314 @1 225 H, v]5 7] &4 9
FTEE ¢E7] A ol elBlEo] Al SstopAsyncIteration o9& oYt

ﬂ
N e
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ol YMEE R%E async for FZo 93] FAlFoZ TEH YL

coroutine agen.asend (value)
ool 2L S ], AWstd vE ) Avd e ARS AAFUTh A8l send()
WA= A", o] AL kS 8|5 7] Al d o] 1 St 2 <<ELH(send)>>I’_ valye Q1A= AR d & T3 29

A7 GUth asend() WA E7} S8 F g ol B B2 A1 & o] E] 7} yield 3h= thg ZHS A A
7 stoplteration & ez &7 Ur, H]5 7] Al eﬂ olE{ 7} T2 g yleld 32 k31 2259
StopAsynclteration & 4oyttt vlZ57] AlYdl o8 E A|ZAA 7| EF asend () 7} :9:% uf,

e e A= BAA 0 YOBE AAE None 27 BEF ok YUk

coroutine agen athrow type[, value[, tmceback]])
oJgolHELS Sz, u5 7] AlYd olE 7F YA 2R3 A Ao type Fo o2 doy|1
A g o] &l 47} yield §F T2 32 LAY SFE= Stoplteration 99 oz 8 F Y D]— H]57]
Al &l ol 7} ohE %k yield 3}7\] 0%5’- S25HY, offlolH £l &8l StopAsyncIteration &7}
dojduth Ay e o]y 7t AEd o9 & FA| AL T2 cl9 & 4o 7|9, ofdllolHES AT
uf 2 o 2] 7L o Al ol B 22 ZE Aol Al H Ut

coroutine agen.aclose ()

o150/} &-& £ 2170, AW, W 7] A2 o] E] §47} A BA A O2 GeneratorExit
= WAL wher 1 ol So] ME7] A a ol e 84 7b 2 obaHAl (racefully) E 8 A1}, ol

0 @AY (2 Y E 7R L0 ZH) GeneratorExit S Yo 7|W, T8 & ojgolgHEL
StopIteration 99l & o Utt o] A& vl F 7] Al ]E1 ZTEol EH T+ F7HY o4
O] EE 2 StopAsynclteration o2& Loyt weku]5 7] Al d ol 7} 32 yield 31
oj gl o] E &l 93] RuntimeError 7} H““?JHE} ghek u] 7] Aldd ol B 7L 21 5he] thE o9 &
do7|d, olflolHEY TEAE AR Yt woFu|F 7] ZﬂLﬂEﬂ"]Hﬂ AU AL TEE o1 FTE
/llo‘l‘ ‘31 o]oJ A& aclose () TEZ oFF AR oA b+ ofllolHES S8 UTH

6.3 =zlo|oqzZ|

°ol%

>

Yt

rlo

=
ArE

ek 29

rlr
o

zetolw el ool A 74 33HAl Agst
primary = atom | attributeref | subscription | slicing | call

6.3.1 O{EE|RE &X

Ol EFE FEE vF & (period) &} o] F-o] F ol 22 =ze}olw ]}

attributeref = primary "." identifier

sofol ol g8 FAE W ol 22 HE B8 AUSE Yo A7} 1hghol Shiel, T A7)
o 4R G T o AAE 2 oI5 AWAZ e I REE AN E 27 0% e o)
A getattr () MINEE A A oA A2Elnfo] = &

AttributeError & ??‘_2711/114— 1%‘11 oroy AALE AA I
AeelRE Bxel gk olel W FokE 2] BhE AA L 2ol 4 ek

6.3. Zzo|oqz| 73
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6.3.2 MEHA3JEIM (Subscriptions)

ABAIPAL AALEAD, FE, 22t (FA0e) A9 $52 A g

subscription = primary "[" expression_list "]"
zebolm el e TS W AHATHNL A A5k AR 7} vhohof FLTh (o Eo, P aEL A @),
AGAF Y AR S getitem () MINEE FHMA HE2ITHHAS ALL 5 A5 U
o

WA AR ES) A9, ARAIHAL AASE T K 79 AR S| A&

mefolmjel 7k v ol W, EHA B2 L g2 PR w P 7] 5 Sk Hojop b, AHATYML )
Foll A 2 7)ol th S 5he ke AH T Th (EHA B2 A8 sl FEL A= 9w A9 st

FEddrh)

zetolv 2t A AAH, BHA B5E e FHE 0] B4k S el 2 lice) (FH A4 oA =2 g Th 7}
vhotok gk

P4 B AP2o A S5 Qe 2o o5 w
Qlel 2o Al@ 29 Aol & v she A AABE  geritem () MIAEE AlEE
(A x[-1] S x & wpA 2 FES A= CARPS NEA A D2 e FEEY R F
0] obd BTt FHojokotal, AEAT YL Y A7 T gho] B = TS Aol (004 F B AT,
oo el as}ebol o gk A Qo] AR geritem () BIAEOIA o] 027wl o] WA =S
AAelshe Hu 2elas 1 ANE YRR 248 Bt syt

24D FBL EAYUL BAE BE dlo]eFo) oh, Shte] B /b BAL

6.3.3 =2}0| Al (Slicings)

Soto] A2 A2 AR (& 50, AL FE g 2E)oA ojd 99 FEES AU ol A&
@AY Y Bl oy del Zoll AHEE = AFUTH Setol A 2 oE5 Ut

slicing n= primary "[" slice_1list "1"

slice_1list = slice_item ("," slice_item)* [","]

slice_item = expression | proper_slice

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

lower_bound = expression

upper_bound = expression

stride = expression

o] YA Foll= ool lsUTth A ERAY Kol A2 BF Sehol2 5508 Hol7| = a4,
EEABxagdde]l ol oz siAE o= lsUth BHE U E3etA v+ th4l, o] A-fol A B
23 YPAC R A3t Aol Setol o At Aol AT FY et A= o miES Al AT
(°] A+ &gfolA BEZE o] 173 &2lo] 2 (proper slice) & StUE Z8H51A] 42 wjdyth
sohol gl o el ohe 3} 2Lk Zebol v e (AN AHAI YT e getiten () MAEE
AL M) TS} o] Skol 2 BE 0 2 RE B0l A= 712 AP YT Seho| A BEo] Mol Shte]
AEE Ze0hd, 71t Sohol 2 FREY WS TP FEAULL 184 o wl Setol» F= Shte]
W gko] 71Ut A4 Seto]l A FEY M I WA JYTh I3 & 2ho] 2 (proper slice) o] ¥ 8
S &gl A (A 2= A5 & Heh) A, start, stop, step A EE R E 7} 247 lower_bound,

2
™
E
e
1>
©

upper_bound, stride & F 2,3 EHAES None 22 A2t}

H
re
4
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TEEHEAACIE S, d) B s de A Y R TSP Y

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

["," keywords_arguments]

starred_and_keywords ["," keywords_arguments]

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

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

("," keyword_item | "," "**" expression)*
keyword_item = identifier "=" expression
AR S g vhA s GBI A AU AN E A F ol vhebd 5 AR, 9 0] S w2 gt
zebolul el g gk PR B AA (L&A FY B, WP B, WG AN S A, Seh s A,
Zos A2B20 WAL,  call () WASE 2E 2E AN} ARAUDH 7 oot Ttk wE
A RIAEL 52 AR Aol gol ARV I ol 259 e %5 o) ML
Fasta gk
71N = AA7F oW, WA thE 3 Zo] f1 A AR MSgHUTh WA FA RSS2 Q] A A >
SEEY HFFo] wEol AUtk N 7R $12] QA5 o] AvtH, A& N 7|8 &3 “’“‘43} v, ZF 719
T Aztwteh, AE AL S ot €25 285k Ul A}%%Hﬂ}(ﬂﬁéxﬁ}ﬁ WA A o 7)Ao o] 53
Zod, A MA X2 AL, olF Ao g ALY Th. &% o] olu] A Jﬁﬁfﬂ, TypeError o9 &
dogiyrh 2% o I A gE X0l A E5UTHEE A 0] None o] 2 &7 e, SE=
Ae-A FHUhH., BE AT A A JS W, oA APAA & xS T BYEREH L= WSk
ZNRFEE AUk V12 T/t AdE o @ Av e AU 2HA, ﬂ"Eb‘r‘af‘%Hﬂ
2 7FH A% I%Ol NEFer AHRHY G S50l AAS AR SA 2 BE T EoA FHF YT
HE old A2 sl & dduth) vheF 72 gho] AR A ¢FaL, obA = vloj le &% o] Folslthd,
TypeError 04191 ZhEAd Ut 2984 god, QPR X9 HEEo] 22 A EFo g AGH U

ARt ste s, 7] JCE*:L% F e NF T
A 5H7] Y3 PyArg_ParseTuple () S AES=CE
FA s EFER T B2 9 A AR}
‘L%t Sk TypeError o9& ¢ o 3Yt}; o]
AGdSUTH(EE e A A OW}‘:Ol RowH B2

71N E QA2 7 P A w5 o] Foll ‘41%“%1 9t o, **identifier £ HZ AHE3HE F A A RS 7}
UA] 92 8k, TypeError o9& 4o o] A%, 2 FA AT G IIHEJAAEE 2T/ =
gAML, de X7 IAE o] Gl W (A)) D’/‘%Lﬂal 3 A5yt

T4 *expression ©] & T & %7&*’6‘}‘3 expression 9 g2 o] & o] HoJok Tt o] o]HHE
o] 452 lﬁéﬂ%ﬂAHﬂﬂ}% AXE AFHYh 3E£(x1, x2, *y, x3, x4) 9 AT,
yg/] %}]\-% ?‘—’_U:H ]i]‘/—‘\— ) »yM 0] 1/]— [’4—111 017—] M+47H’4 "47(] O]Z]— XI,X2»)’1» "',yM,X3»X4E

o M
JZ
%0,
|o
M e
'_l
[oR
0]
o]
5
o
-
'_l.
(0]
B
o Ao
in)
o
>,
ofo
(o, ol

¢

TESh= AR Fe YT
o]& 913t AT} M A} *expression o] A A Q 7| Y& QA Ho UL £ o5, 7Y = A3t
(L83 € **expression A - ole] & Heh) Ao AgArhe= AYUch 1A
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>>> def f(a, b):
print (a, b)

>>> f(b=1, *(2,))
2 1
>>> f(a=1, *(2,))
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: f£() got multiple values for keyword argument 'a'
>>> £(1, *(2,))
12

22 3ZA 71N E AR} *expression wHS BT ARS8 212 dubF o] ] ¢ 7] w2 o], AA 2 &
ol E&ho] Yot grs Yt

4 **expression ©] I G0l 5FSHH, expression 9] gh2 vl o] H ook P, 2 Wf§o] F719
7= AA] AXE HFH Uk ZIF9=7HEA A A 71 9= A3k 7 o2 5E)) ojn] EAgrhd
TypeError o] 7} A gt}

¥4 *identifier o|U **identifier & AME3tE P4 i AFEL 94 AA SF ol 7)Y = AA
olFEE AHEE 4 s dth

WA 3500 A T 552 A N5 *and *+ A S| S Wrops o], 9 2] AARHE 0] o]EH 2 E
A () FHol & 5 AL, 719 E A&7 A E A A (+*) Foll & 5 AU Th ] 2 Z PEP 448 of A
A k=] A5 T

TEL2 A9 E oA ke 3 F old e EYF YT None € F F U o] ghol o] DA AE =
1=

or
v
ru o!
re
£

g s v A o}l M ES ol v @k 4 82 built-in-funcs
S HAL

SN AA™E: 2 Fe 9 A AAE AT YT

SR J2HAMAER: tgdte ASA A g7t T2 e, 2 A2"d27E 3 WA AR =
Stk o 2 A S50 AEE U

SAEJ2HA: T ZeAes call () WIAES Bl ¥yt L Sk A= S =
A% 25Ut

6.4 O{SJ0|E HEH Al

ool el oM 7 e o AFS YN FAFULE 24 77 B AT A 5 AU

await_expr = "await" primary

B A 350 F7}.
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9 AR FEA AR TR 2B B I P

N
-
%2 ol g% uth:

power = (await_expr | primary) ["**" u_expr]
2 A, BB G ASAFT L G AR AD2e A, AURHE L BB A 9B 02 gho] T3 AL Th
(o1 2 0] 3 At ghe FokE M S Al FahE 2L obguth: -1#%2 & -1 °] Yk,

H
AFAF A= W pow () 717 71 Az S29 wfof 22 9|7} 95y
3 a

AANF AFAFTT = FUSh A QA= WA 35 oz deeu, A=

int 3] A4b2Le] A, F AA AATE ST obd o]} A AR E R ZL Fe ZdaUth F A A
A7t g, BE AA s float® W &E 3, float ZF7F AEHUTh ol & 501, 10%*2 £ 100 & SHFAT,
10%*-2£0.01 & S5tk

0.0 & 52 AFAF3Y zerobivisionError & 42Ut S5& BF2 AGAFIE B4
(complex) 7} UFUth (o A WA oAl = ValueError £ 42 ZAFYTH)

u_expr = power | "-" u_expr | "+" u_expr | "~" u_expr

QG - (vhol U2 AAAE T 57} ARke] 9 ghe FUITh

d T+ () AAE 2 A AR g WA glo]l FUth

UG~ (AWE) A4k 1 5 ko] M= MAE e FUth x 9 WE WAL - (x+1) 2 4 BYTh
L 1

)
A Aol A-§H Yt
7

$ BT, A47t 2HHE 32 24 T, TypeError o191 7h B3 F U T

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
*(FA) AMAE AR5 FE FUT AREL BE SAAL, @ AAE A5 O A A A2 oo
El

2
U ore) Ao, A5 BE Bor WHE T A AUTh $A) A, AD2 whEo] UL
Sof vk ghe W A A2E BEY .

i
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@ (a) Arxak= FE FAoll Abgste = AdUth sto]He] AR E o= Ax o AxbAE FASHA A5

Ytk

WA 350 F7%

/ (b}j“r**‘)JJr // (%85 WA, floor division) A ARAHS -2 T Q1AHS 9] i (quotient) & F U Th A} AAHS -2 WA
=30z watg Ul A5 e A W, E0) A4 bl e

7%%% T3 9 Al o] Aatel] (floor) IS

ol 2] °‘_7‘HD}.

I

$ (2§ 2, modulo) 014%}5 A RA AAE F A JAR s UM A E FUS A JIAS2 HA ¥
Sz AP YL LEZ QA7 00| ZeroDivisionError & 4oyt AAEL A7)
D5 dS5UTh o & 50],3.14%0.750.34 9 2S5 UTH(3.14 7} 4%0.7 + 0.34 8 gomm ) RER
A g T HA D AR 22 RS E 2= A0S SUTHEE 0T, 23] Az F i
v AxkAte] AR o Z5 o

AF UAR RER QA 2H 22 F54 02 AAF JdFUThx == (x//y)*y + (x%y). &
FUAR ZEZE WA T4 divmod () = AZE O JH Ut divmod (%, y) == (x//y, x%y).”.
Aol el REE AAibs T3S 2ol g3l & AR ol d 28 Y 9 TXP ‘UHE‘ (A Zd oA
ol ¢HA JFUh S 337 98 AL AA o & ohA] AP Uk 228 2ujgo 22
go] A ghol B g &3 @A A old-string-formatting of] A A ™ & T},

A U A4 REE AR} diviod () & Bagdd tisiA & Ao E o] AR F YT 4,
A A3ttt abs () FFE AFSSIA A2 A Al L

s (R4 AAE 1 AAEY FL FUT AAELS E T 2AAY, B o 22 Y ADsclor Pyt
Qo) A9, FAEL WA FEYOR NIA 2, W GALUTE FAe] A9 AAAL ool i) A Atk
- (W 7)) AakAE 2 JAAEY AHE FUTH A JAAE L WA FEF o2 AP Ut

6.8 A|ZTE QiAl

NEZE Qe g AAE T e ¢S BT

shift_expr = a_expr | shift_expr ("<<" | ">>") a_expr

o ANEL ASES ARE WS YU Th A AA AAE F WA AR Fold HE I AZo|L}

Q== 0 2 Y t}(shift)
LEZOCFZ pHIE AIZE 3= A2 pow(2,n) B AL UxAsE 202 FggUnh. dF o2 nnE
ALE S AL pow (2,1 & BV A6 9 1ch

Iabs (x3y) < abs (y) ©] £88 0 2= Fo] A u, float] 70+ 447 A& (roundoff) W 20 523 4 0 2 7to] o}d 4= 5T
o & So], 5}o| M float 7} IEEE 754 ¥] A & S0l ZHZ L 7}753¥trﬂ,—1e 100 % 1e100 7}1e100 &} 22 RS E 712 7] 1), Al4tE
A= -1e-100 + 1e100 OJHL—’F?V* S 2+=1e100 B3| 22 gAY —rmath fmod () & F3 7} 3 AR AR F 5o
RHA AHE F7) wf &, o] B -1e-100 S EHF UL ojWl FIHel o dAAA = & Z2 P 2 dFth

2x 7ty A3 F4u) et °}—T— 7V 7k, 29 (roundmg) 2ol x//y € (x-x%y)//y Bth 1 & ¢ JdF5Uth 21d 49,
divmod (x,y) [0] * y + x % y7bx & ot 7MAEE fA517] 915, gholxe FH o 478 E2Fth
78 Chapter 6. FE&1Al



The Python Language Reference, £A| H{™ 3.8.13

6.9 O|S H|IE Qi4t

A e E Aske 7] e S M98 2tk
and_expr = shift_expr | and _expr "&" shift_expr
XOY_expr = and_expr | xor_expr """ and_expr
or_expr = xor_expr | or_expr "|" xor_expr

& A2rAbE 71 AR5 M EE ANDE FEd, JdAEE 5o oF gk
~ A4 2 QRS ] v EE XOR (W1 EFE OR) & 1), AAHE-S A 4ofof Pk

| AatAbE 2 AE 9] BB (Z 94, inclusive) ORE F=H, A= 2 B4of oF Ut

rlr

6.10 H|

comparison u= or_expr (comp_operator or_expr)*
comp_operator — LR I I e I e r L N

| "is" ["not"] I ["not"] "in"
Hl2E =87 EYth: True E&=False
Ha= 254 d2E F dsUth & E0l,x <y <= zEx <y and y <= z 2 553, 2]
A2y @S edd it 2t AU GHAREF A B5 x < y 7F AZ oW z & 32 7314
s h
El=] .
HAAORZ a,b,c, -,y z7FEAA L, opl,0p2, -+, 0pN 7} Bl 2 A4MA}FH, 2 opl b op2 ¢ ... y opN
ze R S HA AT FIE= S AYstal=a opl b and b op2 ¢ and ... y opN
z & F5 YT

a opl b op2 c7baStc7+e] ol F5H] HWE FASA 7] W Roll, ] & Sol,x < y > z o] &g
Al (otuf oM 2] = ok et E) FulE ohs Zlof] o3 of Fth

6.10.1 ZfH|

AR <, >, ==, >=, <=, =& F AAY g vlagdych AA S0 22 Fd 28+ glsytt

A, 7, @ &S AAE ol (B3 ofel e Bl ol Bal) 3t Z=thar Bl s U th sho] oA AR o 3k
T F4AA MG dUT: A& S0, AA Y gl gk 8 A < (canonical) FA| &~ Y- glsUth =3,
AA L ghol 5 A (o] & Eol, REHOH JEFRER AT+ 2) o2 FAFH ok stk= 87
AR glsuUth vl A4 AA 9] gho] FA Ao st £ T/ NS FEFUTE AA Y 3
HaE &3 At Ao E At g8 = E5UTh

EEF2FRAY F2 AL E)object & A B Fol7| wj o], 152 object  7H 7| & vl 52
AsTUth dE52 1t () & 22 F53 8] o WA = (rich comparison methods) S T @3 A AFA12] v
A4S A2Huto| 28 4 =], 7] A Ql A Eupol A o] A o A A g Yt

FTE A (==&} =) 9 7|2 T2 AA Y otoldlE Eof| 7IRES FUth ZEjA, Z2 ololHEEE Ze
ANAEA Y FF5 HAE S T, T8 ool HEHE 2+ 282 1Y 55 Hlue thae F4Yth
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o] 71 52 T 7= BE AA 7L REAMA (reflexive) (5, x is yEx == y & FAFYTH o] == 5314}
St & dyth

7] o) 4 H] 3L (order comparison) (<, >, <=, >=) = A2 ] 95Ut A E31H TypeError & 4 7 Yth
ol 7] T2 7= T¢I 74 "?_]’3&% HAZF ok A9t

o Y& =2+ & ((typesnumeric)) ¥} %5 2to]H 28] § fractions.Fraction ¥} decimal.Decimal
of £t RAES, Bas/t A v uE AWsHA et Al AT Mis, 2AYOE 5
7}«] ‘ﬂ]i’-ﬂ Pyt #dd P59 A oA, AEEY &4 jlo]l #tF o g (FaElF @23)
ZHREA B U ok

NaN(not-a-number) Zt= float ('NaN') ¥} decimal.Decimal ('NaN') & S 3 Uct 2 E =219}
NaN 7k9] W] AR Tk ¥ 2 BE 0 = EST 9 22, NaN o] 2413 27 eehe 29U o,
& E°l,x = float ('NaN'),3 < x,x < 38 x == xe= EF 73 A% x = x= FJuth

o] 522 IEEE 7545 &5+ 34 th

* None} Not Implementeds AFE YU TH PEP 8& AZE o o3l vl 2= FA 55 A AR} (equality
operator) 7} o}d ist} is not o & 433 oFsttt AR o}

* Ho ]Lial A FE2E (bytes Ybytearray o A2HA5)2 IS A A4S v|wE ¢ JFUTh oA
QAL S} 7HS AFR3 A AFA A © & (lexicographically) B] 3 g T}

%ﬂ_‘é(strA /\H/\E)q—_‘
A E AR A AP A e

Az}l ie NAaE 47 v 2T 5 fayh

flo ©
l=

odn =
_|>i

E2E9 U FE FE F 9 E (Unicode code points) (W] 74 &~ ord ()
e

Sl

e A|AX2E (tuple, list, range & AAA2HAE) 2 22 7|8 v|uE 4 J+=d, range= A v 2 E
AL GsUth AR EFE Y 55 HAETHES FIL AR GE ZE Y Ao vjus

TypeError 5 4234t}
NB2eE g3 84 7+ A E AL AHdH oz vlugUc Ul AElolves dwtz oz
5 < Sk (identical) 2} 2| 7} AFA1 7 2T} al (equal) 7FE U T} o] & F3) 5 LS 2 A ol Ul 3 554 (equality)
AAE 35 S MAS YE EdA4S AT YTk
Y A2l A S0 AbA A vl wE o) o] o] F ol FHUth:

Ae Aol 2oy vnH 7] YA E, 22 Fola, Dol 21, &3t
g v ojor gttt (& S0, [1,2] == (1,2) = AR

AvAE A AAPEL A AAE
x Z

o
N
N
i)
£

2 (key, value) %<
< A Z YT

S0, U+0041) &} A} B2} (abstract characters) (o] S S0, <<LATIN CAPITAL LETTER

EAE] 24 6}‘4«] FE ZJAETO T FHAF AT FIHE hit o] e 2=
Zol syt o= , A B2} (LATIN CAPITAL LETTER C WITH CEDILLA )
T —‘v‘f— ]—(precomposed character) 1/]- A= Z] U+0043 (LATIN CAPITAL LETTER C) ©f] i+ 7] &
T 9] %] U+0327 (COMBINING CEDILLA) o] 9= 23 & X} (combining character) & A A2 39

|
[ LR Sy

Ko=)
o
o

m[m

L r
S b

U
2

0,

Ir
-z
Me
Lo 9
02‘., i

A>>) = ?"" g ]4 D]’
EAEo| AGe 5UE 59
L FE 9 U+00CT7 o] Y=
—v—Z} (base character) 2} F| U} 2=

F g%k

B
1n
? Ay

FAE Y Bl AR FUIE I = 20 E £FofA vla gyt o] A2 Abgtol| Al §F A#F A 4= JlF Ut o & £9], "\uo0C7"
== "\u0043\u0327" &= AA YU} A F EAFE o] -2 =4 A+ <<LATIN CAPITAL LETTER C WITH CEDILLA ) & 23 &Xg}=

TALE FA A FEAA vaSHE (F, Aol A AFAH A WP 2 7)), unicodedata.normalize () & AHESHY AL
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Iﬂ

4 v (<, >, <=, >=) &= TypeError & o 7Ytk

* AFE (set oY frozenset Y JAXHAE) S L2 PSR AZTE

lZﬂ =< A (subset) 7 A A 6‘(SUPerset)% %5}5 2 | A Rt gyt o] AA=

A (total Ordering) e 8kA FFUTHAE E01, F AT (1,2} 94 = HEYEA L, sttt

€ stk FER GO AR, st o 6}4«1 "‘%’4 ﬂ@ol A= °}¢145‘r w}a}/\i, A A o

e o] Adxpze A3 BFUTH(IE E01, min (), max (), sorted () ol YHL 2 39
EICEEX11+O}%_ o= A o JJr 14E}).

Ao Nl E I 2450 WAL
2] o WAE 2 a4

e LD ES sSSP B B

Zholl Mlag == A5t

Ial

m]n m
N

o
=
, 3}

[\)

0_1.4
o
O\I
ﬁ
L
)

E5S 7A8A 7l d2el, 712 v Fae Atk

o
—rr‘l_,""

o =X 1) 7= W ALA (reflexive) ©] o] ©
H] 5] o oF gh o}
x is y®lx == yth
« ¥ 3 o) A (symmetric) o] o] oF T Th The W EHSH, Tk 2L BHA L e AT E Folo}
Furh:

x <= y oy >= x
* H]3LE 3 o] A (transitive) ©] o] oF Ut} Th5 (BA 8HA] 4-2) ol &0l ol AL STt
x>y and y > z®¥x > zT}
x <y and y <= zW¥x < zT}
. o W 28 B o] Hojof ST ChE W EAehE, 0 EAA S0 28 28 Folof Ttk
x == y&not x !=vy
x < y&not x >= y (A <A F9)
x > y&not x <= y(A A F)
mpA e F 2l A A Z2EAdd AP U (S Eol, Ald &= A8F A, A v
38 x] 5 Urth. total_ordering () HEH O E HAAA L.
 hash () A3HE SEAT QB KA} PULh 2L AANEL T AN A 2o
o2 745 oo} Tk,
Shol 92 o YA FHEE BAA B3Itk A NaN RHES o] 712 B2 g ol Yk

A2 in T not inE WHAS AAFUTHE x in sex7ts S B L W True &, 28 A S 0 False

: = ! SR AALED} AT
F=ol ol As APk, 919 in o] @A el Fo1X 717} Q= A FAF U o list, tuple,
set, frozenset, dict, collections.deque £} 72 ZAE| o] 4 A ' ;

e for e in y) 9 FSYUTh
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EALTH ol EL B A, x in yExT7by o BE
True YUtk 5 FAE y. find(x) 1= -1 Yk
' in "abc" & True £ EHFUTH

__contains__ () MIANEE AY 3= AR HY Fef29 F 9, x in y Ey.__contains__(x) 7}
FEE W True §, 194 ¥ W False E EHFUTH

__contains__ () & BYA AT _iter () ERBYFE= AR A FH2Y A9,y E olHE
OlETdu] EA x is z or x == z = Zo| ]?‘5]—%0]‘11 Zrz 7S] A M x in y+= True YYt}
RS 5ol o9} S 1o o] Lol E Lo Ao AL

nReto 2 8= AEFY (old-style) o] Eldl o] Z2 EFS A=Yt} S|V getitem () & A5}
H,x in yE=x is y[i] or x == y[i] & UEd}= 2o] old AL Ad A7 Z2A)5t, T HE T ZFHS
BE A a5 Ud] IndexError 92 & Lo 7|2 73—,—,1?‘/]_1_ A I BN True 7} EYTh
15}4 Q) 7FHASH ino] LS o Aew HAFH Y

AMA} not inL inQ =uA BAo7 HolE )

=A< (substring) @1 3%, L8| 2 & I F¢
Wl 2R e g oe EAEEY] R EAE

u
L
=

6.10.3 O}O|HIE[E| H|
A is 9 is not & AA| Y ofoldE E|E AANS YT x is y=x 2ty 7t ololdE E 7 2L AL

n 04 2 320 AUt AN Tl HE U ) B4 ABAA AR A« 1e oot y
o4 B gL FU

flo &8

6.11 =2| ¢12H(Boolean operations)

or_test = and_test | or_test "or" and test

and_test = not_test | and_test "and" not_test

not_test = comparison | "not" not_test
=g Jate] BEwloA], 181 T34 0] Al o] &5 & (control flow statements) ol A A} 22 uf, T} L FHEL
AR ez s AH U} False, , None, & € 39 A0, W1 BAL A dH o] | (A, 7, F/l——, gAe,

A3 £ A3 (frozenset) & ;6@}\41:}) 2o BRE O Ho g AP UL AR A AREL
__bool () MIANEZ AlFsiA 241 =2k (truth value) & 728 nfo] = & 4= 95Ut

A2 not & 2 AT AR Ol True &, 134 oW False & FUTH
F4 x and yE WA x 9 g FHEUTh 7 AR I e ESFUTh 28X edy o e 78

=

BN x or yE WA S FHUT a7t FoIW 2 e BAF UL 134 oWy gL 7
Fol 1 292 BeF

and @ orox AL H]—@_—gkoll%:l_ =R3 Falseﬂ—Trueixﬂ"ﬂ'Tﬂ-?ﬂ 231, T Al ulx] ahe] Zho] 23] 7
£ 5] a0k T o] AL W= LB} 5 Th o & S0l s 7} EAA L Wo] Slow 7
A E ojof stop, 23 A s or 'foo L Y3t 7+ AB UL not £ A S BEojok
Q17-9] %} 27 1.0] 2= 2 gk (boolean value) & 21 S V] T (]2 Hof, not *fo0’ &= '+ 7} oh]ebFa
wHsuUth)

rh rN

o

|o
m{m (]

4 2}% 7}8] A]-4= A (automatic garbage-collection) £} A 2= (fi ree lists) 2} T2~ H (descrlptor) ZA A
AAHA W AESO| A4S NRoE A% 2e SR HAo2 A8 T 0], Aoz 870 o 4D F4E A
ARG ARE 159 RS FARAA 2.

et
>

O
fy
=
i

82 Chapter 6.

:
1z

—_



The Python Language Reference, £A| H{™ 3.8.13

6.12 CH! FEoiAl

assignment_expression = [identifier ":="] expression
o] & 3% & 4] (assignment expression, W] 2= (H W H % & 4] (named expression) ) ©] L} ( B}T} 3 7] 2] (walrus) )
g

E3dYTH L expression identifiero] Y st A9, expression? ZFS wrEshyrc}
ARk QA AS AH T BtU e YA S Al A u Yyt

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

Te A3z od ~2=ES AT u):

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

WA 3.80] F7F: Y ®A Ao )5t v] AHA| S &2 PEP 5728 F 234 L.

6.13 =74 E 34l (Conditional expressions)

conditional_expression = or_test ["if" or_test "else" expression]
expression i= conditional_expression | lambda_expr
expression_nocond = or_test | lambda_expr_nocond

27 R4S (W2 (4 F A4} (temary operator)) 231 AU TH RE shol A A 4lel A 7HE Re 94l
HAE Z5UHh

EHA x if C else y2L HAAxhA 24 CY S F3UTh C7F Fo|WH, x 9 gho] Tl A 1 e
SRFUTH 294 o’y ol g 7 Fol 2 ABE EAF Y

EXE

k
o

& A o] ) 3t o A48 U2 PEP 308 & F 214 Q.

6.14 ZiC}(Lambdas)

lambda_expr = "lambda" [parameter_list] ":" expression

lambda_expr_nocond = "lambda" [parameter_list] ":" expression_nocond
gt 23842 () 2 2} 3 4] (lambda formS) ozl EHUYTH ol F flt T E vt o ARSEUTE &
Al lambda parameters: expression £ S AAE FUTh o] o] & Y= AA = o]FA AHHA &

AAAL AT

> et

def <lambda> (parameters) :
return expression

AR 550 FHE g Ao AdS EAL. gk i A2 s o) T 7 (statements) ©] L}
o] i= #]] ] /d (annotations) & £ 5 5ol F o off of Tt

6.14. ZiCl(Lambdas) 83
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6.15 EolAl 55 (Expression lists)

n

expression_list expression ("," expression)* [","]

starred_list = starred_item ("," starred_item)* [","]

starred_expression = expression | (starred _item ",")* [starred_ item]

starred_item = assignment_expression | "*" or_expr
PAEY FR UaSd oo AR WS A9, Had oo 4ES 2eE P BES EES
FUth $29) 2ol B2 Qe A ASFJUTh BIAEL AZo| A 2202 gho] FH P
o) ~ ¥ 8] 2~ 2 (asterisk) * += o] E] 8] & A 3| 7] (iterable unpacking) & VEFH Ut} 3] A A= HEE A] o] B 2] &
ojojop Ut T o]HHEC] FEEY AALE A, A s H AFAA A FE, B2E, FF ol

z3E Y
WA 350 37 BHA B2 A9 o] E A 3|7, PEP 448 o A} H X & A ot g5 U Th
Zof| 2= d i+ ¢ FZ(single tuple) (+$4, A FE (singleton)) & e wj T LA UTh U E 2 E F o=
Aeged o Uth T B dErl e dd 232 FE2S BHEA ¥, 2 3349 S FUth (W
Sz used, W 23 AS }*‘13}”/\13: 0.
6.16 Y= F5l= =Af
slo] W& YJFoA 22807 A S FFULE Y 7S #3559 e o] AT HA
T Aol FEIHA L

S EE5A, B4 L 259 o BL x50 =AY E gl el Ut

exprl, expr2, expr3, expr4

(exprl, expr2, expr3, expr4)

{exprl: expr2, expr3: expréd}

exprl + expr2 * (expr3 - exprd)
exprl (expr2, expr3, *exprd4, **expr))

expr3, exprd4 = exprl, expr2

oS 2= glo] 4 o A o] AR} AL E 7T 2 A (least binding) o A 7} & =2 7] (most binding) < 2
SRSt T2 At S0 AMAES B2 FAEHE ZFUTE Tl WA o R oA 7] g
o], A4MAFE 2 o] & (binary) YU th 22 FALe & AAAES AFAM LEZSZ TIF Ao YTh
AFAFL U], LEZANA AESZ TF AoJH/Y}.

v, WA AAL ofo]dEHE AAME S BF 22 A E 2y Aol A A st AXH AZol A
LEBZ O 7 o]o]E o] 7] (chaining) Sh= 7|5 & HFUTH
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PN My

i= EREER
lambda o 2 ¢4
if—else ZAxdA
or =2 OR
and =32] AND
not x =2 NOT

in, not in, is,1is not, <, <=,>,>=, =

H|E OR

~ H] E XOR

& H| E AND

<<, >> A|ZE

+, - Tl All 7} il Al

58,/,//,% wAL A A, oAl A Al U AP
+X, =X, ~X %, =, H|E NOT

* %

awalt x T A

x[index], x[index:index], x (arguments. | ABAAYHA, ol A, 5 &, JJEYHE IZ
..),x.attribute

(expressions...), A3 (binding) == 23 1 284, g2E a2y
[expressions...], {key: value...}, | o, 948 tgaZg o], g =g o]
{expressions...}

sl 14
4
AR T ks BT, 5, 2051 0.5 Auieh

6.17. A M=
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CHAPTER /

Tt F (Simple statements)

simple_stmt =

71 EoiAl 2
B F2 7S A4S
o A L E A A = Non
2 A5 3gE

expression_stmt

expression_stmt
| assert_stmt

| assignment_stmt

| augmented_assignment_stmt
| annotated_assignment_stmt
| pass_stmt

| del_stmt

| return_stmt

| yield stmt

| raise_stmt

| break_stmt

| continue_stmt

| import_stmt

| future_stmt

| global_stmt

| nonlocal_stmt

= starred_expression

2z 2 A A (procedure) (2] ] §l= 2HE EH T T

)
A2 EAFUHE B2o A% (R SR D) AT EAA
=

ol A EEL s 225 o shte] Sl U=

Mo gL
Lo o
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FAY EL G BEAY 5 d8) B B59 g T
3} R0 A, gho] None ©] obU ™, W repr () TS AHEa AEE WSS 1, 23 A Y2 £2Y
= HEY o BEE Y22 YU (277 None d W= I3 A FobA, Z2AA T2 oW 28
W= A sy,
o=
7.2 CHYE
WIEL o] L gkl () AFskw 7 AR o= REY FEEL ST
assignment_stmt = (target_1list "=")+ (starred_expression | yield expression)
target_list = target ("," target)* [","]
target = identifier
| "(" [target_1list] ")"
| "[" [target_1list] "1"
| attributeref
| subscription
| slicing
| "*" target
(attributeref, subscription, slicing ] " Y+ zefolH 2] AHA-E HAA L)
YEL EHA BE (o] 2o shite] RANY S5, YRE Hel® B2 L% Q] FAe) For FEo
BRSO AH: 212 7SN L) 9 g Foh, AXo| A 2RO R, St A AHE B BE

Zhzko] ) J ok,

WYL B2 (55) 9 Fejol wep A7 A0z AP YTk E2le] ¥ AR AR (=l HE Fxu
REsag Aol etel ) @, b AR H 5 A 02 oS S alslobut 331, 150] SulEA ol UAE
AR, tgo] Wolso] A4 glod 9 S Do 4 g
WA )AL T AH GO oA FoARTHEEF AF A4S HAA L),

AS
Udgse seid ¢ dsd A5 5 dsU ol i dsts A2 b 2o

AANE BA 2%, BT
AA A 0= e gk
c B BRo (MH Ao BEe] Solglt) Akt FE 7} gl shike] Bl AAlE 2ol B9
g
 3A oW AR B BRo] ot B4 £9} 2 £ FREL A o[ H e Eo|ofo}
i, FEEL, AZol A L EXO R, OS5 B B P UTh
- B}7 5 5o] of 2B 2] 2 2 (asterisk) & 9Pl £9 7, (S EHE (starred)) B el 2k ¥ VT,
FUHE EFHY: AA L Holk B BE0 ot B9 fu St 4L A5 IS
A3 ol H @ olofof Ttk olEj e Be] AL FBEL, AXO|N L EE 02, AEE B
ol he = B RS B9 Uth ol HH B nh 2 FBE S AEtE B Fof o BHAE
BAH U o)El2 2o YA FE 52 T4 el2E s} 26= B le] tdH Ut (o] PaEs
Hof 912 5 9% Th.
- 294 gow: AR B B ot 0] 59 2L £0] FBES A FFE o[ H e Eol
ool B3, FREL, AXe| A S EHO 2 ThS3E A hdB U
o ok ol A7 4o Felguth

shpel Bb2lo] t et AR o] T g)
- B} 7o) AR} (o] 8) |

- 2ol go] A ZE B2 Q& global Ynonlocal Fol 5464 kod: 1 o F
A o] 2 F7rll A Aol A2 Ut

A

rlo
r (
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1
o

Zroll A

0

H: 20|52 27 A o] & F koY nonlocal o 93l 2AE = 9K o] &
=)
=

HUth o] 22 7|&0 d2H o A AA 9 F=x §]—’57}00]
2] 7} whd=) 1 3} 3 2} (destructor) (211 2,11'/]-‘14) NNEEEE

* BHZlo] EERE Fxw: Fxo mgjolng @AY g FFUTH o] A2t 7t d o] E
FEE 7HA AA & S0 F?‘D‘}%Eﬂ, ¥ A koW TypeError 7F ol gy th Lol 2 Aol 01X

igil Uth tdS 38 4= ¢glitid o 9] (X% AttributeError

= =
A% % 18 ARt feh & e uck
F0] Ag: AA 7 2o AAE AT o ZelHE 27} o9 A4S FEA A B S,
99 (right-hand side) A 4], a.x = A2EH A o]EZH Eb]—(ol/\‘ﬂé oEFRHEVGUH) ZHd
AEZFREE AMET = 5 YT W (left-hand side) BH 2l a. x & 4 F 8 51H vE=ojA ke 4
ArBi oL RE S AT T, Fa.x 7} 22 ol S HES Shelolt AL Ao 20
P TH: 0 B Ao] e o SR RES AFel AThH, HUL 3ol BloE Al AATA o] =

x = 3 # class variable
inst = Cls ()
inst.x = inst.x + 1 # writes inst.x as 4 leaving Cls.x as 3

o] Aol property () 2 WHEo] X Z 2 5 €] (property) 2} T2 AT HE] o] ER|RE g2 Fe =
9zt
]

- B0 AEaI Mo E: Rxo] i Zetol vz BHA .
AR (F A 2] 22) vl ﬂﬂﬂ%ﬂ%ﬂQW:H®$%HEéﬂ%EEQQ°ﬁ%%%ﬂ%
:

Zeto| M7t (B LE Z2) 7hi Al i ﬁiﬂtd,x
Ald o] dol 7k Hsi Yyt 23k
T RJAYAE 7HR 5o AAE W Ys
JoAUTHAE AT HE A AP0
Zetolm 2| 7F (M e &) =g AAd fHHAa§ELw ﬂ7ﬁ%4 3hE] = 3 o] o] o 3} 71,
W%ﬂiL&Eéﬂ%E%ﬁﬂﬂH%1+7m%MﬂW§%%E 3ﬂzqqmmmﬂ°ﬂao
Zv= 7129 7/ AL PAT S5 Qa1 (B2 3o 717 2EAEHA = A2 A} A7 S YT
454¢ww

A A AR A, AATF ARE __setiten () MANET EEH YT

« Bilo] Sefoldolw: Fxof zetolnE] A4 S FHUH (F2E Z;%) 7P A A& A 7}

r2 PO Al AA o Yty 19 3

0 A @22 Aoty AAZGL AL

ZolA &47t e, A ZolE HgUch 224 dolA AA

I Apolol Soj e ghol Hw % A-E Uk, UWU‘OE/\]?M A A ol <2t

WA ES 2 3 FUth BIA Al A7 S v, Sko] 29 ol vy
T AsYth

g ¢®¢srrﬂiﬂﬂ
9 & ¥lojyd, IndexError &
& 2

& g oh.

5o, 41

%iﬂ
1 g 1O

£

(r > tlo o rix
()
i)
[» z
e
fo
N
o,
iv

CPython implementation detail: 3 %] <=3 of] A, Ff]r Y e A A FASH L, 5 EH Y2 e
3 dA A ARE 7] wj ol o & WA A 7FE A A= AAE T AU

A G o7 R ¥ e FH o] (FAIA (simultaneous)) A& (& £9],a, b = b, aE€ F
HEE AT UTH SN =, HdE = AT 2dM oA SHE AFNA LBH O R oLt
e 25d s de 2RE FrUth dE o, et 22 2292 (0, 2] € dAFYh:

0,

[N

X =

o

i =

72. o

o

a2 89
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i, x[i] = 1, 2 # 1 1is updated, then x[i] is updated
print (x)

| H7):
PEP 3132 - 27 o]E]2] & A 97 *target 7]5 ol t 3t 14

~
N
ol
AL
2
14

= (Augmented assignment statements)

SEHYES T EFNA olF A dEs FA= Ad YUt

augmented_assignment_stmt = augtarget augop (expression_list | yield expression)
augtarget = identifier | attributeref | subscription | slicing
augop = ny=mn ‘ w__m | Wx_—n | " @:" ‘ n /:n | " / /=u | nog—mn ‘

| nss=n | Neg="m ‘ ne=" | nA_mn | "|:"

x 4= 1F L2 FEUYZHESx = x + 1 AH A & 5 &, &3] T2 aFE= op A u| s 4
HE FUth SEHANAE, x 9 32 23 s Avk gy 3, 7bs g ul], A A AAR A A (in-place)
oA FE =Y, A AAE T IR el g dsl7| Hiks, oA AAE A ehokE 9 n g yth
Ut A= 28, SE NP FHY S F317] ol Aol HY TS FFYULE A& 9, ali] +=
f(x) EATNali] €2 oh, £ (x) o & Fotal, QS sk, v oz 7 A9E ai] 9
oAl Y

B AN T2 0F B R gYsts AL oY E ad, SRt dFol 93 g2 vl o
Ze oz g Utk 7R 2, A ztE] 5372 7teAd S YR s, SE O Wl Eofl A=
o] AArL Auk o] A Axba} 5yt

7.2.2 0{-E|0|EEl CH 2 (Annotated assignment statements)

—

LE o] YL, T EFNA, P U o ERRE o sH ol AR AT = e YT EA= Ad YT

annotated_assignment_stmt = augtarget ":" expression

["=" (starred_expression | yield expression) ]
Auk ol ) £ The) ol e 24 shtel epAEk HPH k= Y
B GAN GET I FE 2 AF, Seharf 2F 205 God ool de ol 70 % SUD
SZWHEUY EEL oJEFFRE _ annotations_ o AFE =T, o] A EZREE (W HF/HE FH 4 )
WM o] B g ool A how P eAFE G R YUk o] o EHEL 27]7} 52y 1,
Felau BE] AYS ATl of mElo]do] PH o2 BAR W BEol Ytk
g B R84S &, o eH oA ZFRA U RE 2T 2o Qle AXH gho] Fal| A A v A A= A=
Ay
1w H
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>
[>
Hy
I
=
>

o] 2o A o] B o] EH W, o] o] B-& T ATzl A oA (locah) A T T
e tlo\Ae gho) FA Ak A Re A Gaiet

B0 £ o 4 (40 ol 4) o) 1e8 0| 18] G2 F517] o] 1A vl Y& A ]
Sylo] 2AISA o, AB melElE Bl A9 ke Foheul, miA e secs
) T2 AU

29} IDESIA A8 % Qe 8 o welo] Ao T3t B2 2L AT 57

7.3 assert &

assert &2 = 2 13 of] Tj ] 7] o] A] A (debugging assertion) & 4} Y 3= H 2| g v YUt

assert_stmt = "assert" expression ["," expression]

7reb3l H e, assert expression 2 th23 S5 3HUt}

if debug
if not expression: raise AssertionError

449 3, assert expressionl, expression2 = U3 EE3Ht}

if _ _debug___
if not expressionl: raise AssertionError (expression?2)

o] %%@ £&  debug__ P AssertionError 7} 2L o2 YA HSEL /Mg 7tk 7HA
Aol A, Wl __debug__ 2 IR Aol A True o] 3, H A3 = 2w (B
o =

=2

A

re
2
-LI

“0)False JUT. @A T= AL A5 A Aol HH 57 2 35 W assert =
Atk ol @ WA Al A4 £x TES 2RY Do} glSo] FIHAAL; 1
Edlo)20) AR E 2HF Lk,

__debug__ of st tf ]2 & =] A kst o] W W9 gh2 Qe = el H 7F A& & w) 24 g Ut
74 pass &

pass_stmt = "pass"

pass & 9 (i) AAAUTH— 4D W), o} F A A DofubA) FEUTh BUH LR Fo] Basl e
SRS A2 QS ), A E e S EZ LRV AF UL A 99

def f (arg): pass # a function that does nothing (yet)

class C: pass # a class with no methods (yet)

7.4. pass =& 91
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75 del &

del_stmt = "del" target_list

AR th Qo] A o | WAl T} o} Wl 25 A AT A o AU Th AR AR RS S s T4, of7]
2 747 AE b AU

HAESY AL A HAL Aol N LERO 2 AA A2 AR Gt

0159 A e TE BB QY global B9 T o] Fo] 53] mhek K]S o] Lt A o] & F7HA
|59 AL AAGUTE o Fol A= o] 94 W, NameError o 9] 7k Aol o,

JEDRE B2, ABATYH, ekl 49 AL HAH efolie] AME ALY UL Lol 4o
AR QuAoE 9 Yo 8l et 28 BT A T AT FAW o A2 Serel 4 5 =
A7) 7} ek ghch

WA 32004 W7 AN o) Fo] FHB BEONA AF AR 5L A A o & FLNA AA =
Aol 3 2k= A ek o)

7.6 return &

return_stmt = "return" [expression_list]
return & BUAOE e ool FHE 397t obujeh B4 3o
EWY B=o] oWl g T84T, 137 €0 ¥ None 0 A B Y]

=
return & A BE (EX=None) 2 WSt o g2 a4, A9 a4+ 5=
Z A=y 7c:)]

il

|2 S35 o] vdebd 5 sy th

o

return ©] finally Bg& 7} try TolA A7t HoAUE S o
Aol 1 finally Zdo] A3 H Yt}

A ole oA, return B2 AV d o6 7 29SS 7HE] 7] 1, StopIteration o E doFAYrt}.
return =9 A&+ g2 (thH) StopIteration 9 ’;E“X]—Oﬂ OlAE A= o] StopIteration.value

SEEELPENEY

B]5 7] Ay d o8 ol A, ¥l return -2 H]5 7] AW H o] B 7 E55< €8] 31, StopAsynclteration
AL E dorth ulE 7] A o] g oA, vl o] A 9 return & 1 ol H Y

7.7 yield 2

yield_stmt = yield expression

yvield- it yield 34 3 2 o] 7} 5 UTh &5 Shyield £@ A oA 8 2 3= ZSE B sl7] 930
yield & AFEgHU o} Otﬂ =9, yield ¥

yield <expr>
yield from <expr>

_4

< O 2L yield 284 2=} U

(yield <expr>)
(yield from <expr>)
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yield 8 4 7} £ AV o o B §45 50| % W gk A8 3, A el o B B0 ke o A vk ALgH U T
e 4ol 7L ik B oA A o] ] B9 PHEES ol e yield 2 AL el Ave s FEFU,
vield el Sl eha AA AR AREE A= A A (Yield expressions) A& 23508 Bk,

. =
7.8 raise &

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

FAA o] FOIA A FOH, raise v+ A 2T Z X E431E npA et o & ThA] oyt FA &
zol &43LH of| Q] 7} githd, o] A o] el 2t A2 €2l 7] Y3l RuntimeError o9& o ch
:LE‘Z] ko, raise & oe AXE, A WA R4 gE LY BaseException o A H Fe2i}

Axdlxojop gyt Fejam, o2 dadas o uf Az} glo] Felas] AdadlAE TS AFEH
Yrt.

o9 9] & (rype) < o9 AH29 FH AT, Ff(value) S A2~H 2 22 G Y Th

kU

Ry

ar
pu

-

EFolaml A= RE Q7 dojdu] A5 o2 ThE0] A 7] 7153 _traceback_ JEFHRHEZ
Z“ﬂ%ME‘r th2 7 Zo], with_traceback () o8] HIXEE AHESHE, o9 & W= EFojawl S A
AR 22 S T 5 AFUTHE2 A9 AT AE FH T, L AAFLE Eojadi s HA
S5y Th:

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

AN A2l 7|k finally BollA o &7 B vl gk vl AU F o] FAIA o2 AEFUt}: b o &7 Af
o212 _ _context_ o|EFFREER FFHUh

>>> try:
print (1 / 0)
except:
raise RuntimeError ("Something bad happened")

Traceback (most recent call last):

(TF STolATell A%

7.8. raise & 93
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File "<stdin>", line 2, in <module>
ZeroDivisionError: division by zero

During handling of the above exception, another exception occurred:
Traceback (most recent call last):

File "<stdin>", line 4, in <module>
RuntimeError: Something bad happened

o €] A= from Aol None & A QM BA A2 FAAL 5+ JF U

>>> 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 elof thah o W2 AEE o] AdeA LA = AL, AdE Aelste Aol e BE =y & Aol
A=y

B 7 3304 W7 : o]A] raise X from Y °|A] Y & None ©

=+
WA 3.30] F7}: o 2] ¥ (exception context) &] AF &2 A3 4

SRS

£L

__suppress_context_ 01 E

7.9 break &

break_stmt = "break"

break € EWALE for Ywhile Fxo SR AL ebd & Jd5Uth shAI R I £ <ko ke

Sl Ao ZZJEV]E dsyrh

7} Zh7kol A BRI Qe FEZE FREAL, I FE 7 else B2 201 QT 7§ U o (skip).
for 27t break & TR W, FZ Ao 1AL AAZS FAFU T
break 7} finally BE& 7} try @olA A7 ol UE & gt A9, S22 RE % oj1}7] Z o

I finally Zo] AggYth
7.10 continue &

continue_stmt = "continue"
continue = BHA O R for Ywhile FZo ZHEF AT YEIY 4 A5 YTt A9 1 F= ok
Gt Zel2 ool FHH AL ehrUth 713 kel A SHAL Ik £} 0h Aol 22 dolbe g
w5 Yok
continue 7} finally A& 7} try ol Al Ao 7 A UE S e &= A, T FE Ao E& A &6}
A I finally @o] Ad ).
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7141 QI E (import) &

import_stmt RES "import" module ["as" identifier] ("," module ["as" identifier])™*
| "from" relative _module "import" identifier ["as" identifier]
("," identifier ["as" identifier])*
| "from" relative_module "import" " (" identifier ["as" identifier]
("," identifier ["as" identifier])* [","] ")"
| "from" module "import" "x"

module = (identifier ".")* identifier

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

2 JEE (import) Bol SHT AT 29 A% 0] & B7ho] o Bolu} o] BEL He T}
TRl (HEE 5 A /N A 2T, vhA] 2 o] Mo AR E Fof o3 29 AAH, F
WAL dviEE e S8y
A NA A, BES FI ot 29 AlF A 2 E A|AFE o 9l A ol|A of Al eHA AH T et
o, 42ED F =98 TRY WA REEH CXZE A 2H S AxEnpo| 2= AHEE 5 =
S S PR T A
S8AFH EEATHLE glo] SAAY, A 7HA] F st o R X o] F FZtol| 27 Ut

« % Ol Hol as 7t 27, as o] 2= ool T ROl 41 AT}

o ThE o] 5ol AARHA 4, X ER = EEO| I BECH, ZEY o]5o] YZEH = EE st

#xw Ao o] B2l AZH U}
c AXEF = EE A EE0] oh 2tH, I EE5E TS A 7129 o] 5ol 4 7]
A st FxE A o]F T AZFE UL dZEH BEL2 AP Ho| 7| Bt &8 B3
o] & (full qualified name) & F3)| B A 2 = o oF T}
fron e o T BE AAE ASFUT
1 from ol ARH BES 23, 2Eo1, Bashd 2733
2. import Ao AR A AHAE 22l th )
L 9EES 2E0 1089 o EHEES LA AATIS
2. glod, T oS ME BRES AXEF = AS AR TS dXEH BEA L oEYREE
ohAl A
3. EREVIHAS R 4O W ImportError 5 4o 7Yt
4. 28R ko, I gholl ti gt Fx27F A Y o] Foll AZE =, as Aol EA T A7 A
AAH o] 52 AHEstal, 18R] ko o EFRE o5& AT

AHE o

foo imported and bound locally
foo.bar.baz imported, foo bound locally
foo.bar.baz imported and bound as fbb
foo.bar.baz imported and bound as baz
foo imported and foo.attr bound as attr

import foo

import foo.bar.baz

import foo.bar.baz as fbb
from foo.bar import baz
from foo import attr

H F R W H

ABAEL] BES 2B (1) 2 HHRE, BE AW RE FA) ol BE ] import Bo] 5% 2mxnd
9] o] g7kl A2 F YT,

711, AEE (import) & 95
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250 HAH &N o] & (public names) & R &2 o] 5 &3+l W _all_ o]t o] 59 W& HAA
AE Utk Fo= o Jdotd, FAE ] Al Ao of }% i, 1 B2Eo] A AY Y2 EZ = o5 EY YT

_all__ oA AA3 0]—~£ F oMz AFHIIEA xH SoFFUTh __all_ o] oA oFow,
BEY o5 FNA HAF ol F T EE —‘%x}( YEZ A ZEA ke BE ol5ol FAME AFHE UL
_all_ E=-3/NAPIAAE 23 oF FUth o] 219 %14 ST X GAAPI L E 7 ol FEES &3

A2 WASE AAUT (1 2 2Eo] EEF L AT = eol ez LE).

AxEQ Y= FE] — from module import * — = EE FSEFJAT FSFA U Zd 2y 4
Ao o A A8t = Al =& SyntaxError 5 42Ut

VEEY BES AL u) 2E D) oS @bsolute name) & X JF ot itk REOIG A7 A7
£ 5714 okoll 3 W, 22 A9 7AW AL T o] 5L AFT DL glo] FT) A==
(relative import) & & = 915Ut from A A5 & A7) A BE ol Folt Ho=, FHa o] F2
AR A = A A7 A AZE Qolk Al Eeprlok Al AR T 5 sl shfe] AL o
YEEE ohe Wl 2T WA 7148 ST, £l Ae B A $EE AGe Lk A8

UG A Al B F ) SEL, ST 2944 picg A7 490 A& wRAN £ron . import
mod £ A 351, pkg.mod & YZEFA HUYTh pkg. subpkgl Sk A] from ..subpkg2 import mod
£ 988 pkg . subpkg2.mod & YEESHA Fuich, Ao AL ol ek 748 51714 4o 92 ol

it
[
ik
o
!
mm
tlo
of
2
[o
it
i)
o
o
rir
oo
oo
[k

E2EOHES A W3}7] Y8l importlib. import_module () ©]

Q1 2} module, filename, sys.path, sys.meta_path, sys.path_hooks®E A} o|HIE import & A)

NESICH

7111 X 2

F 2 B (future statement) 2 A5t L 2| 7 EAN R ES EHIA EHolY IS

Z| Al o] (directive) A1 Hl, 1 7]5-2 vlef o] 2 A= = o] Mo A HF ] H&= At
F4 29 BAL 2lojo] 59 A gz WA & 22
Atk 175 0] BE0] B & U|E o do] BE B2 A /5L A 4 YET BRI

future_stmt = "from" "__ future_ " "import" feature ["as" identifier]
("," feature ["as" identifier])*
| "from" "__ future__ " "import" " (" feature ["as" identifier]
("," feature ["as" identifier])* [","] ™))"
feature = identifier
F4 22 EEY AY Aol vdetoF FUth FA4 & ol U2 5 e E52:
e 28§ =2 E ¥ (docstring) (Y THAH),
Qe
e W E, 181
- EFALE

The only feature that requires using the future statement is annotations (see PEP 563).

FA FH £ Tl 243 HA 7552 A3 stolAH 3 o AAF Uk o
B Z o] & absolute_import, division, generators, generator_stop, unicode _literals,
print_function,nested_scopes @ with_statement 7} £FH UL} o] AEL o E Q] A &4

3541, 23 A A TS A FAEIL A7 =AUt
FA 2 FARLEE AL AR A2 R F YT HH FAHAEE 9

d

Jol the A& 5 o

rlu
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2= 4¢3 FARUD A 750 3HE A Pt AR dotol ) M2 BHE Eshe 4923
7bsstd], o] A= ALY EES UEA AT = ds5Uth 280 ZHZ S22 AP AF o vFd &
g5

w) Eojc}, A5t el ofwl 7)% o] S5 o] el o] gleA) LI, ok FA Fol A FoHe 75e EFET
o Astd A el g dount

4940 A8 NHe) AL T JEE FER 25U EFRE_ future_, Fo 43V o
913, FA Bol A £ Aol Yutg Yoz JErEP U

Tz Ag A AYEL FA £ A8 B4 £ TAA 7550 g Ak

o7 Bl o} A% S8 Zo] gl T3k Ttk

import future [as name]

A=
A EE ERAE 2 FAE WA B exec() Seompile() £ A 234
EAL L F o] AR A BUAAYE AFYUDL o122 compire) of 7
A2 AolB 5 PHFUT— AT N §S T G5 BAE HAAL.
1

Woy ez mEaEe A JHE FA £ Auz e Ade de /2 2HE TAA AU <
Hzelel7 -1, AT 22U E ol Bo] ALFULh GHO AR5, 2 23 ET} 3 :
~AYHET AR ol 5ol A4E B3 Y AN E ZHE GAF U

o ®W7):
PEP 236 - W ¥ ©] _ future__ _ future_ ®| AU Zo] o3k & % 9] A ¢k

712 global &

global_stmt = "global" identifier ("," identifier)*

global 82 BA S 2% A 485 =AY, A @A G A0 8 Kol of Boi

Ut} global 419 glo] AHf WEE o] AL 71e) P % A7) AT, global flo] A Mol g

Wt 2 Eohs gt

global ol UEH o] 552 22 = EE9A global & ¢l 53 4= glxyth

global #ol YEH o] 552 FA wi7hp U for Fx Ao B3, Fe X (class) B, - B, 4XE

(import) &, W4 of el o] 402 o= 4] gfobo} Firh

CPython implementation detail: & #] =3 o] o] A|FE9 X E A SR LA HL —Lil%}% o] A4& &

28317 Golop st mlele] FHL 1S FAAY 220 € A3 gl WAL 4 9]
TY9dth

Z2 e F9 A}8F: global -2 3bA o &= X A R} (directive) Y YT} global £ 22 Al Fof st E &=
Aot 48FGYth 53], W exec () ELAE FTeHE EAL Y ZE AA o £FH global 2 1

Y5 52 TP AT B0t JFS T4 %3, 1A B2 TYE 1= G4 P4 5ES TP

T 9= global ¥ F&FS WX] 5 UTh eval () Fcompile () F-EX up7EA ).

7.12. global & 97
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7.13 nonlocal &

nonlocal_stmt = "nonlocal" identifier ("," identifier)™*
ol A& A9 star 717 7H7rke] A %E‘Wh AFZ oA om] A
Food, A4 712 Fao] A o & F

S (0 Anm o] A A e Hg Bl A

nonlocal & Ugs
A7 =2 WEU T o2
AUt o] 242 Qs
ek

nonlocal Eo] UYgH o2&
AAEL 7he] Aokut Fuith () AQo

nonlocal w°l Y&+ o] FE2 A
o B
PEP 3104 - upZ 23 20 QL= o] 55 g AA X nonlocal 9 5H4.
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CHAPTER 8

(Compound statements)

5
%l

ol 2] 22 7]

W0 759} sho Qe A o]

JFo sl try

Nf- o1

=7 ByEe A
I ER A &St FEOR
2 Fol A 2e 2o
S} 2 o) 4be)
o AL gulzy

.

Al
g4
U

=
=
A7)
el
=4
=]
-

SRS
ez dne
of
Syt
OL%—

£ 585 4
Eal

B E 9} (A9 E (suite)) & FAF YT
=
Ytk
HE
I

e
Vﬂﬂﬂﬁm
T Fr o
%08 w5 o A

o W LUIE_
oy e
TN ook T
T oy 2
T M oKX
oly o) T man_rm,

i v TR e
LD 3 R o)
% AT o o8

’if testl: if test2: print (x)

bk
al}

o|J

= = =
TEE

Jok gt

ol

< Al

A syt

3
’if x <y < z: print(x); print(y); print(z)

Fol ZEHT Y Z3tA AFsA, tha3 22 ool A, print ()
ko

12
=4

if_stmt

compound_stmt

L
g D
8
n L
| ©
s <
IS i8] Py
DR E Y4 -4 O
n g EPH O Y
|0 P n O T | |
O ®v |T O OO
~ 1 19 0 n g g
HON D DT Dy Dy
< 0 N+ 3~ 00
TN PO RN O ®®

99
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| async_funcdef

suite o= stmt_1list NEWLINE | NEWLINE INDENT statement+ DEDENT
statement = stmt_1list NEWLINE | compound_stmt
stmt_list = simple_stmt (";" simple_stmt)* [";"]
T4E50] B/ NEWLINE &2 F13 DEDENT 7} 1 & W& 5 ol F58) of huth =3 A2 7hs 3ot
A4 A5l P4 B ALNL 5 Qe AR A w £, RS o] Qo Ax F25A R (3}
oo e FHE if Tol 27| He AL 27 F 2N (WL W (dangling) else) A s 2 Y Th.
B A8 heol & ATl et B FAEL 24 AL 9x Fo] =2 2k
81 if &
ifBe 2AY AYel] ASH U
if_stmt = "if" assignment_expression ":" suite
("elif" assignment_expression ":" suite)*
["else" ":" suite]

Fo 5 AL WAT Wb THAEY ghS b etz T4 P 2s She] 2= Ad P

(B3 AR A= =2 A4t (Boolean operations) AA-S BA ), 18 o} T A~ EE A (22
A if v e ojdl REE AYFH AY grol Pl A A FUTh. BE @A E0] ARo|H else F2
2= (Qrhe) AR Utk

s
o
f
e~
0]
Bl
rlo
Bl
o

1>

o

Y

[}

21 5o AL WS o A E U th:

m.mn

while_stmt = "while" assignment_expression suite

["else" ":" suite]

IHE A 0 2 AAbstal, Zo] |, A HA) A9
Uth else o 2YETH(QTHH) Al 3

=] =
EX AYE = break B else @_% -
+ continue T& A EQ UM RS AYHI 2349

for 22 (ZAE, 75, BlEE Z2) Al AA U e ol H & AA| o 2255 o|H e o] Est=t] AHSE Uth:

for_stmt = "for" target_list "in" expression_list ":" suite
["else" ":" suite]

EP4 522 9 A9 gl FAHPYCT o H el AA 7k hehok I th expression_list o A%E
o el o] B} 7} w5 o) Ut 28 Tk ol B &l o) Bl 7} Al B 5 G B uje, o o] El 7} B el R AT =,

100 Chapter 8. £2£&}Z (Compound statements)



The Python Language Reference, £A| H{™ 3.8.13

AREZ G NA WP UTh BT FBo| U] BE FH (YE & HAR) OF B B2
AT o8, 251 E7} AR T B 0] £WH AL ) (ol El o) 7} stopiteration o E A2
b Bl AR A9t ZA BAFUTH, the else B9] AAE7H(GITH) AR 1 £ 28 TR}
A A 29 B0 AW & break $L else A& AWSA 947 F2E SEFUTE A 0A 29 =04
AR £ cont inve B AAEY U A] $ES AUAL 1S RO oA, The Fue] glod

0]
e,
[0)]
D
iy
f
N
N
PO
=

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
B 259 gL 227 520 W A4 @AW, AAL vlol e, £l 15| A5 )
ol S 5 AFY SIE: Y 84 range () & 3222 for 1 := a to b do ¥ THE
F et AEe B9 °1Hﬂl°lﬂ%%ﬁ-§~‘4ﬂ;@l%%ﬂ,list(range(%) = g2E [0, 1, 2]
2 285k

| AL ek A ETLA|D A A AR (B

i AAah 22 o3 £ 42wt v B Fo] A5 UTHEI AL 2 & shu Ao A v ol gtk
71e) B 2E). Thol ofd A= o] AHEHAE FA5Hs Ui AL E7E S 3, 2 o] Bl el o] At} S 745
o). o] F2 B AR 20 Qojo] ETeH Rl FRAY F

@

= FEo] oju] Th A A A FE o

A xE 7‘7ﬂﬂ7lrﬂ%$ Jyrth. mt B A A2 FES 4GS, EA
& Fxo v ol A F KR R e S o]oag¢9,;_cﬂ
A AB2ro Eefol2az YA AHRS BHHo 2N 9T 5 A5 o5 £

1019 FEL A 5

for x in af[:]:
if x < 0: a.remove (X)

84 try =

try w2 28 Zwol gk o] 22171y 4 2] (cleanup) I = E= 11 5 55 A A 8= o] A Utk

try_stmt = tryl_stmt | tryZ_stmt
tryl_stmt = "try" ":" suite
("except" [expression ["as" identifier]] ":" suite)+
["else" ":" suite]
["finally" ":" suite]
try2_stmt = "try" ":" suite
"finally" ":" suite

The except clause(s) specify one or more exception handlers. When no exception occurs in the t ry clause, no exception
handler is executed. When an exception occurs in the t ry suite, a search for an exception handler is started. This search
inspects the except clauses in turn until one is found that matches the exception. An expression-less except clause, if
present, must be last; it matches any exception. For an except clause with an expression, that expression is evaluated, and
the clause matches the exception if the resulting object is  compatible ) with the exception. An object is compatible with
an exception if it is the class or a base class of the exception object, or a tuple containing an item that is the class or a base

84. try & 101
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class of the exception object.
except 2 5 o= A= o Q] o} v X F| 2] et oW, o] A7) AL =
THeFexcept Ao S H ol Qe RFA Y S 7 o A&7 T, Ao A A

o) %)) = except 2o WA W, 9] & T except Aol 9= as 719 S (7} Aeke) Aol 43D Aol v 95 L,
except A 2] 2291 =7H A AH Ltk BE except 42 A 453 222 Ak Gtk £5
try # AR FoI A uA A Aol ALH UL (o] 2L 22 o9 ol sl = A FHE Ael717 U,
ol 9] 7} ok A 2] 7)9] try Aol A LAYTHA, 1l A ) 7] o 98 A2l shA) oA Dk Fol

9] 7}as target & ARG A] thdE ), except E E ol A AHAIE Utk ©] 2L 1A

except E as N:
foo

7oA WaE = AT} 2

>

U

except E as N:
try:
foo
finally:
del N

o1 212 except A Tl FE W 9 S T2 o] Sl th A3 of ATk EAUTh )9 E A AL o] F,
0] BE Edlo] Moz ols, 28 o AT x5S FAHA T HulA £ A T Dol k] A7A
2= BE A ML FobT] WL

7)

except A AL ETF AYPE 7] Ao, o 29 A WL o] sys BE A==, sys.exc_info() &
E5 A28 5 dFUTE sys.exc_info() = 9 FH, A AdadA ey zz e oY
NAH BAPE=AE deFE= oo AR (25 A5 & HAL) B o]RAAA3-FZL EHFUTh
sys.exc_info () EZ Y E AT FTEREH EAT o o]d o E HFF Y

ek 7tsstelse A2 Ao} 7] try 2 EE mbA UL, o &) 7 A A 9FQEAL, return, continue
T break ol A ] gFow APFH Ut else oA T o &)+ oll Q&= except H oA

A2l s A gk y

finally 7} 1o, (A2 (cleanup)) 8] 7] & A QFUth except 2else & ZFNA], HA try o]
AP Ut o] A5 ol A7 A&7t dojutd, &= A AFFH YT finally o] Ag gt
Ro 7148 o917} 912 W, finally B8l Bo|A oAl BAAACLE finally o] o o9 Qo7 H,
AAE = A o o] AEAE (context) & AAFH YT finally o] return, break =¥ continue
e Adgstd, AGE o2l Wy roh

>>> def f():
try:
1/0
finally:
return 42
>>> f()
42

finally 25 Asle T Au = 22 a8 AlFH A d5Uth

try--finally ®9| try 2 EA return, break, continue ®o] A=A ul], finally 2% (UY7}l=
2ol) A ek

'Oedes doyle rinally o] AA G o= 5 & 2oz YUt 2 A o2& oA A& dofn A wyth
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G5 W e vA o] AYH return FOR BHP U rinally o] G4 A 7w 2o,
Einally Aol A AWE & recurn o B4 whA ool A a5 = 20l Fth:

>>> def fool():
try:
return 'try'
finally:
return 'finally'
>>> foo ()
'finally'

o o] of At F ko] AE= o 9] Ao e 5 AL, A2 E Do 7] 96l raise & ARSdHE A

BT HH = raise 7 AN A Fe F AFU T
WA 3804 WA : mto]lM 38 oA =, finally wo] T8 TARE QSN rinally BN FEIA AFUH
==

i

8.5 with &

with w2 852 AgS ALAE #H2| A} (with & AEAE A2 AMAE BA Q) 7F ZLst AEER
BAE U ABF UL o AL E& trymexceptfinally A NEE el A AALEE 5 A% S

with_stmt "with" with_item ("," with_item)* ":" suite
with_item = expression ["as" target]

stitel (item) = AR SHE with 9 AL vt o] AP Yt
1. Ad2E A222 A7) 8] Ad2E A (with_item o Fo] A expression) 2] 7FS U Th

2. UEo| AL&317] Yo AEAE AR o] enter () ZFREEFHYTH

3. UFol AHg317] H8l AEAE AR exit () ZFREFHYTH

4. AY2E A A] __enter_ () WAEE SSPYTH

5. withZo) Bl 2= o™, 239 __enter () 9] W3 S A YY)
FH3: with®2 __enter () WA EZLAE Qlo] Solk& ],  exic () 7P 3 ETEFS
Btk 28 A, el Aol ) 3kE 5ot ol g 7 A FE, 29 E QoA o ] 7} Ay & 2 3} o]
AFFUth ol 6HAE BA L.

6. 2 EZL A3PH Ut

7. AYAE FE ALY exit () YAEE TETULL A7 A2 EE FEHES BHEUYE, 2
A9 &, g EFolamo]  exit ()9 Az ALY 238 A ¢kod A /2] None ©] QAALZ
TFE U
AETLA WEAN FEFHJTL,  exit () HAEL WF gho] AR o)W, 11 o Q)& thA] 4ot
Hke}k gho] Fold, o9 & A2, with # Flo] L+ B2 A4S AL

ﬁ 7hoe] o]Qle] o] 2 FEHW, exit () YN FL FAFH L, G F5 FTHA W=
2N A AP ALY
g2 gL I=E
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with EXPRESSION as TARGET:
SUITE

oo 23 sedyTh:

manager = (EXPRESSION)

enter = type (manager) .__enter_
exit = type (manager).__exit__
value = enter (manager)

hit_except = False

try:
TARGET = wvalue
SUITE
except:
hit_except = True
if not exit (manager,
raise
finally:
if not hit_except:
exit (manager,

*sys.exc_info()):

None, None, None)

S} T B RS S0, AR Be e wich Bo] FHE AW AW

Ytk

with A() as a,
SUITE

B() as b:

oul 4o the3 E5 T

with A() as a:
with B() as b:
SUITE

A3 1A HA: T AY2E 5349 A
] B
PEP 343 - (with) ¥ 3}o]® with &2 #7, u} 4, 9.

SkEA KO
8.6 &+ ™9
T A= AHA B T AA (25 AT AALS EAL) E ZYFth:
funcdef = [decorators] "def" funcname " (" [parameter_list] ")"
["->" expression] ":" suite
decorators decorator+
decorator = "@" dotted_name [" (" [argument_1list [","]] ")"] NEWLINE
dotted_name = identifier ("." identifier)*
parameter_list = defparameter ("," defparameter)* "," "/" ["," [parameter_.

| parameter_list_no_posonly

parameter_list_no_posonly = defparameter (","

| parameter_list_starargs
parameter_list_starargs n= "*" [parameter] (","

| "**" parameter [","]

defparameter) *

defparameter) *

[","

[parameter_list_sta:

["," ["**" parameter
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parameter = identifier [":" expression]

defparameter = parameter ["=" expression]

funcname = identifier
T A= ARG ¢ e FAYUTH AYstd A Ao o] F T3 5 olg= T AA (T A
7he st ZEE S8 @ (wrapper)). ©] &5 A= AA Y o] F F3te gt 2 E xSk, 7t
S2d ) A o) & FoE AgFUrh
4 Aol e B v g A etk B2k 5D o APH U
S Aole st 2 ol HaeojE A w ARA  dFUTh HZolE A4 5Tt
Bola o, g FoE xFote 2T 2o A S FEUTE I Ae S Eololofsh=H, T4 A S
AL E AHEBA TEF YT Wk gho] I A Al F9 o] Foll AZF Utk o2 749 tﬂifﬂ olEl &=
TR HA R AgPUrh o & S0, A 22 I E
Qfl (arg)
Qf2
def func(): pass

def func(): pass
func = fl(arg) (£2 (func))

Aol 7F JAIZ o] F func ol AEH A Gevhe AW thE U

S 2 o] AF9] w7 ¥ = S0 parameter—expression FEE 7HE o, ok (712w ) & ZeTha
e 1 Bgkol gl vl NSl A%, £ 2T Ul 8ok o4 & Aeke - 9, 1 o) v
718gkel Ag&AUTh sk A7 7| 23S ZHA Y, () 7HA AR ETMEE RE USSR 7 7S

PR ok g Th— o] A B Ao A AT A ek £ A Aok oh,

BEAAA A, A 2E BN 2 2502 ol oA A e AN )
A8 ) o W grol oA, B avie 48 € Sy oA ol
st Ae 53 ARgol grev G 2L b 7ﬂxﬂ°‘tﬂ1 7

A (713, P22 352 25 Th, 1

S Aol ofUth o] £AIE 33 shE B 7
ARk AGU T g Sl

o o
)
hu
Zz
(@]
]
D
>
ofo
_?L
K
%
o
jus)
L
2
X
)
>
N
(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) ispresent, itis initialized to a tuple receiving any excess positional parameters, defaulting to the
empty tuple. If the form (**identifier) is present, it is initialized to a new ordered mapping receiving any excess
keyword arguments, defaulting to a new empty mapping of the same type. Parameters after ( *) or ( *identifier)
are keyword-only parameters and may only be passed by keyword arguments. Parameters before ¢ / ) are positional-only
parameters and may only be passed by positional arguments.

W A 3.89]| 4] ¥ 7 : The / function parameter syntax may be used to indicate positional-only parameters. See PEP 570
for details.

uf 7} ‘_—ra% W7 o] 5 Aol & (: expression) FE Y o] H o] HdZ 7 o JsUTH B
s E ol H ol AL 7E 4 9 =1, *identifier U **identifier FE|R =
o]

2@ uit e A WA 2o S5 AL HE L T4 __doc oERER WHY

32

]_
F4e) 5229 o Hu).
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AR 55 Fofl &&= (-> expression) FE|O] W3 (<<return>>) o] EH o] AL 7FA £ 94 yTh
o .- H o] 52 21k FholW A o]H ol Zlold F & 5 UTh ol H oY EAE T v E
HHEZ] oE5 Ut o H ol EE2 B AA 9 _annotations_ﬂEﬂ%Eﬂ/ﬂ w72} o] 52
712 3t= g el gto 2 A Z%L]l’/} __future__ 9| A] annotations & YXEZH, A AH F 717}

2

tilo

43} of o i H| o] -2 A Y A]Z_q]_“gx}cg_, E%%qp} _—La;q O]—otqg]_/\ ﬁqﬂﬂﬁnguﬂﬁﬂgqq
Z @A NN SA A3 Ad, ol F e & (O] = ] Oﬂﬁﬂz] oo a_fr_)_g_ Bl AT s
oL HT RS ]’%0}_13], q—( 717da€)/\“/\510ﬂ/ﬂ Htﬂﬁh,]r/]. aﬂ-ifﬂﬂ% L_{Eil_LﬁL/\ o=
A E AL ﬂﬂ‘%‘:‘r 01]1‘41‘?:1 T AsUH 98 7H.4 "‘%Z}%%@ﬂ%ﬁﬁrﬂiﬁl 1A 525
ujZoll, (def) 63317}4%1 1:1 7o¥e_ﬂ'§j]41;]_

_:__L.i_j.?’“ui '%9’] /K]'ﬁc-)]': ‘C:Y:]x"fl:‘lf‘ lﬂ/_\_E %EH/_\_(ﬁrst Class) 7“]]]14— 6“3 _g] o}oﬂ/\li /\]agﬂ <<def T'D:To:
Z3ote Fo A WS 9‘4/‘]&%‘" %A’“‘%D‘r 15 Z}/\ﬂ‘dlﬂ % o] & JJrOVJ(bmdmg)*—‘lﬁé H/\ﬂﬁ.
T B

PEP 563 - of iz o] 49] AAH F7k ZA F7hshs ) AGAI7ko] ol Bl o4& BAD YA o= HES
o] o]z H o] Wl Ao A FxE AAdFch
8.7 ZcHA A9
S A= 2l AA (Y AT AdS BAR)E BT
classdef = [decorators] "class" classname [inheritance] ":" suite
inheritance = "(" largument_1list] ")"
classname n= identifier

:’\’JV Ao = A 7ts s wF AU A (inheritance) 55
(E] A],_Q.oﬂ EHOH/\ﬂ HE W2 E E}\ﬂ-u—)7 529 7} =

%}ﬂé AR 7} = o] o FUTH Al BE0] gle iﬂﬁét, 718 H 02, wo]A FE A object & AlSEUTEH
2EjA

class Foo:
pass

e

class Foo (object) :
pass

Felasl afim A2 wael 4 A A
Q1 2 (binding) & HAR) A AT (R, 29 EE
A EZ AW vpA Y, A 2 s ol

3ol oo 3 AA EOE 545 BAD dHPL 1018 309 _doc FEoz WP o Fehae] 5E o

gy}
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229 oA 2UAER, HED A o8 UL JELRE G A8eNA A Zeha AR S
WEUTh 2e29 ol B2 Ak Ao o] 7kl A of Zeh 2 ARl AAH L,

Ze 2 vt oA A EGREZI A= <A, M ZH 29 __dict_ o BEF UL o] AL AT}
o2 AT, Y FHE AFSA HoE & FHaEANA T AFE T 5 ks Ao ) oF Pt
S AL v e 2 E ARSI A A SHAl AxE o] 28 4 ls Ut

S FA FrE R ol A Bl R ] ET 5 st

Qfl (arg)

Qf2

class Foo: pass

cdEdsd I

class Foo: pass
Foo = fl(arg) (f2 (Foo))

tlZe o]y @4 g2 ok A2 I I olE e Z2eunh 238 v I A3 S8 o] 5o
ddgdd

2270w $o) Ak Zol2 Aol A AL)F e MBS Fols ol SR EY YT ol 252 Axd
HE = HAEoA self.name = value 2 AAE 5 IdF5 UL 2

1=
ALHL | ERHE RE (self.nane) H7H 0 ALY S I ol A2 ALY T dE
JEHEL 2L o] 59 Zehs oY HES FHYT 25 =Y REL AL o= HEY
71RO R2 AEE & QAT 7 S AFE S A2 dAde A 2 AHE E F syt UAaIHH E
02 718 JAE 2 dada HeE ve s AR S 2115‘4\3}-
] B
AAS A 2oz A, ve ST A=

PEP 3115 - 5}o] 2 3000 2] W e} S~ W e =
PAE TS WY YuE A= AY

PEP 3129 - Z&|2 gl Zdlo]e] Fd A d T o8& F718l= At &
A =45 dF U

e
Al <.

2} | A = o Z g o] B} = PEP 3189

i

8.8 IFEI

WA 3.50) =7}

8.8.1 AFEl &4 Fo
async_funcdef = [decorators] "async" "def" funcname " (" [parameter_list] ")"

m.mn

["->" expression] suite

shold o] AL of g AAAA DA FAHAGAND 4 AFUTHEFHE & BA L), T2EY b}
o] Skl A, await SFasync A AR o oF 719 =71 P Ut} o 90| E (await) A4, async for, async
withis L2E wirol e A8 4 Yy

async def {22 FH 5+ P4 ZFH A, await Yasync 7| EE TR e A5

rlr

o] utt] ¢tell A yield from EHA S AHE3HH= 212 SyntaxError YU Tth
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async def func(paraml, param2):
do_stuff ()
await some_coroutine ()

8.8.2 async for &

async_for_stmt = "async" for_ stmt

M5 7] Ol EE L L iter PRONA M5 7] ZEE TEF 4 A, 15 7] o Bl o B £ newt ] A =0 A W E 7]

71 olE 2l ol Elof] th 3k A 2] et o Ef o] d = S =y o

V)]
0]
e
]
Q
h
O
[}
M
rlo
=
of

async for TARGET in ITER:
SUITE

else:
SUITEZ2

ooz 23 s dUh:

iter = (ITER)
iter = type(iter).__aiter__ (iter)
running = True

while running:

try:
TARGET = await type(iter).__anext__ (iter)
except StopAsyncIteration:
running = False
else:
SUITE
else:
SUITEZ2

o ARA S W82 aiter () & __anext__ () R FYr}

FEE 349 vl Hhol| A asyne for & AFRSl= AL SyntaxError YUYt
8.8.3 async with &

async_with_stmt = "async" with_stmt
W5 7] A e A Pe) 2 enter S exit WA A AHE UA FAT 5 G A e el 2 ek

)
= A

async with EXPRESSION as TARGET:
SUITE

oo v s dUth:

manager = (EXPRESSION)

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

aexit = type (manager)

aenter =
value =

hit_except

try:
TARGET
SUITE

except:

hit_except
if not await aexit (manager,

finally:

if not hit_except:
await aexit (manager,

.__aexit__
type (manager) .__aenter_

await aenter (manager)

*sys.exc_info()):

o AA HRLE  aenter () & aexit_ ()

28 g9 vir] groll A async with & A}

o X7

PEP 492 - async 9} await & A} &3= Z 2
TH A DS F7FsH A <

None)
25w gg
= 28 syntaxError YUYt

R R REEL S R T
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CHAPTER 9

Lo —
R 248

Shold QB Ze B ol el 44 EAwE 48 92 5 etk BE 9ot mr g de AL

sagE, gelgo s QeE 2 BE 44 5 55 o] 4L o 4950 8Tt U e AT

9.1 2LX mO|H =21

Aol FAo] o H Aoz olo] Azl e 7t AAHEAE v e FHF Der QAW $AW sold ne
lﬂﬂﬂ%ﬂﬁ%%Hf%%%Eﬂﬂﬁﬂﬂ’fﬂiﬂﬂméilﬂ%ﬂiii z2713+4 g7 ol A
APk BE W3} £F RE0) ABH A sys (4% A2 A 2E) Sbuiltins (NF T4,
619 €, None)F _main__o]9)9] o A% 271845 A @kt5uith v S AL ATz 9o AR
EEREEEEREESTEI A T s

AT o] T2 £ The Aol A AHE = T 4 ALYk

JHZ =3P oE A8 5 JFUTh o] A%, dHT 22 IS gloj A AR ¢kt st He
B (HEE Assth 4 dold Adgch 27 42 $A me R 2HU 4 B
__main__ 9] o]|E F 7 oA AFFH U}

At =22 aWL A 7HA] FElE A Z el Hol A A2E & AFUTH: —csming Y FHSE, 3 HA
BU9 Az A2 sde, 55 dgow. ol B2 dHoluy g W, AHzelH oY BER
QYT 1¥A o 1S ghd zeaRor Ayt

©

2 o U

H i3ty st 2 RE 88 BE €2 22 JHE AU
file_input = (NEWLINE | statement)*

o] £ L The T} 2o Aol A AL U
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o3 2 2y 71 AL FUTh

3}8 REoAe QL the ) 7

interactive_input = [stmt_list] NEWLINE | compound_stmt NEWLINE
(B 49) BEEL 3y Rool A vl F2 2ol oF Pol Fsiol Ttk A7 d e BS gASE

B2k

UL TAGY T eval () 9 EA4D A The

E84 482 9 eval () o] ASFUTE Foll o= T
2o 94 AsloF gtk

eval_input = expression_list NEWLINE¥*

0>
d0

}

b
0]
B
i

Chapter 9. Z|
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cHAPTER 10

HMH 28 7

o] 2ol FHA A& )87 911, Fol W 4o HAL FA T ASH £ AA Tol W Y ATk

# Grammar for Python

# NOTE WELL: You should also follow all the steps listed at
https://devguide.python.org/grammar/

He

Start symbols for the grammar:
single_input is a single interactive statement;
file_input 1is a module or sequence of commands read from an input file;
eval_input is the input for the eval() functions.
func_type_input is a PEP 484 Python 2 function type comment
NB: compound_stmt in single_input is followed by extra NEWLINE!
# NB: due to the way TYPE_COMMENT is tokenized it will always be followed by a NEWLINE
single_input: NEWLINE | simple_stmt | compound_stmt NEWLINE
file_input: (NEWLINE | stmt)* ENDMARKER
eval_input: testlist NEWLINE* ENDMARKER

#
#
#
#
#
#

decorator: '@' dotted_name [ '(' [arglist] ')' ] NEWLINE
decorators: decorator+
decorated: decorators (classdef | funcdef | async_funcdef)

async_funcdef: ASYNC funcdef

funcdef: 'def' NAME parameters ['->' test] ':' [TYPE_COMMENT] func_body_suite
parameters: ' (' [typedargslist] ')’

# The following definition for typedarglist is equivalent to this set of rules:
#

# arguments = argument (',' [TYPE_COMMENT] argument)*

# argument = tfpdef ['=' test]

# kwargs = '**' tfpdef [','] [TYPE_COMMENT]

# args = '*' [tfpdef]

# kwonly_kwargs = (',' [TYPE_COMMENT] argument)* (TYPE_COMMENT | [',' [TYPE_

COMMENT] [kwargs]])
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# args_kwonly_kwargs = args kwonly_ kwargs | kwargs

# poskeyword_args_kwonly_kwargs = arguments ( TYPE _COMMENT | [',' [TYPE_COMMENT].
— [args_kwonly kwargs]])

# typedargslist_no_posonly = poskeyword_args_kwonly_ kwargs | args_kwonly_kwargs
# typedarglist = (arguments ', ' [TYPE_COMMENT] '/' [',' [[TYPE_COMMENT].
—typedargslist_no_posonly]]) | (typedargslist_no_posonly)"

#

# It needs to be fully expanded to allow our LL(1) parser to work on it.

typedargslist: (
(tfpdef ['=' test] (',' [TYPE_COMMENT] tfpdef ['=' test])* ',' [TYPE_COMMENT] '/' [
—"'," [ [TYPE_COMMENT] tfpdef ['=' test] (
', " [TYPE_COMMENT] tfpdef ['="' test])* (TYPE_COMMENT | [',' [TYPE_COMMENT] [
'*' [tfpdef] ('," [TYPE_COMMENT] tfpdef ['=' test])* (TYPE_COMMENT | [', '
— [TYPE_COMMENT] ['**' tfpdef [','] [TYPE_COMMENT]]])
[ "**" tfpdef [','] [TYPE_COMMENT]]])
| '"*' [tfpdef] (',' [TYPE_COMMENT] tfpdef ['=' test])* (TYPE_COMMENT | [',' [TYPE_

—COMMENT] ['**' tfpdef [','] [TYPE_COMMENT]]])
[ "**' tfpdef [','] [TYPE_COMMENT]]] )

|  (tfpdef ['=' test] (',' [TYPE_COMMENT] tfpdef ['=' test])* (TYPE_COMMENT | [','_
< [TYPE_COMMENT] [
"< [tfpdef] (',' [TYPE_COMMENT] tfpdef ['=' test])* (TYPE_COMMENT | [',' [TYPE_

,COMMENT] ['**' tfpdef [','] [TYPE_COMMENT]]])

| '**' tfpdef [','] [TYPE_COMMENT]]])

| '*' [tfpdef] (',' [TYPE_COMMENT] tfpdef ['=' test])* (TYPE_COMMENT | [',' [TYPE_
,COMMENT] ['**' tfpdef [','] [TYPE_COMMENT]]])

| '¥*' tfpdef [','] [TYPE_COMMENT])
)

tfpdef: NAME [':' test]

# The following definition for varargslist is equivalent to this set of rules:

#

# arguments = argument (',' argument )*

# argument = vfpdef ['='"' test]

# kwargs = "**' vipdef [', "]

# args = '*' [vfpdef]

# kwonly_kwargs = (',' argument )* [',' [kwargs]]

# args_kwonly_ kwargs = args kwonly_ kwargs | kwargs

# poskeyword_args_kwonly_kwargs = arguments [',' [args_kwonly_ kwargs]]

# vararglist_no_posonly = poskeyword_args_kwonly_ kwargs | args_kwonly_kwargs
# varargslist = arguments ',' '/' [','"[(vararglist_no_posonly)]] | (vararglist_no_
—posonly)

#
# It needs to be fully expanded to allow our LL(1) parser to work on it.

varargslist: vfpdef ['=' test ]1(',' vfpdef ['=' test])* '," '"/' ['," [ (vfpdef ['='_
—test] (',' vipdef ['=' test])* [',' [
'x1v [vipdef] (','" vfpdef ['='" test])* ['," ['**'" vipdef [',']]]
| "F*" vfpdef [',"']]]
| '"*'" [vipdef] (',' vifpdef ['=' test])* [',' ["**" vifpdef [',"']]]
[ "**t vEfpdef [',']) 11 | (vfpdef ['=' test] (',' vifpdef ['='" test])* ['," [
'x1 [vipdef] ('," vfpdef ['=" test])* ['," ['**'" vfpdef [',']]]
| 'xx' vipdef [',']]]
| '*" [vipdef] (',' vipdef ['=' test])* [',' ['"**" vifpdef [',"']]]

| ' vEpdef [', ']
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vipdef: NAME

stmt: simple_stmt | compound_stmt
simple_stmt: small_stmt (';' small_stmt)* [';'] NEWLINE
small_stmt: (expr_stmt | del_stmt | pass_stmt | flow_stmt |
import_stmt | global_stmt | nonlocal_stmt | assert_stmt)
expr_stmt: testlist_star_expr (annassign | augassign (yield_expr|testlist) |
[("=" (yield_expr|testlist_star_expr))+ [TYPE_COMMENT]] )

annassign: ':' test ['=' (yield_expr|testlist_star_expr)]

testlist_star_expr: (test|star_expr) (',' (test|star_expr))* [',"]

augassign: (|+:v ‘ LR ‘ Tkt ‘ l@:| | l/:l | ro—1 ‘ l&:l ‘ vl:l ‘ TAT ‘
T<<=" | Te>=T | Txx=t | N/ /=)

# For normal and annotated assignments, additional restrictions enforced by the.
—linterpreter

del_stmt: 'del' exprlist

pass_stmt: 'pass'

flow_stmt: break_stmt | continue_stmt | return_stmt | raise_stmt | yield_stmt
break_stmt: 'break'
continue_stmt: 'continue'
return_stmt: 'return' [testlist_star_expr]
yield_stmt: yield_expr
raise_stmt: 'raise' [test ['from' test]]
import_stmt: import_name | import_from
import_name: 'import' dotted_as_names
# note below: the ('.' | '...'") is necessary because '...' is tokenized as ELLIPSIS
import_from: ('from' (('.' | '...")* dotted_name | ('.' | "...")+)
"import' ('*' | '"(' import_as_names ')' | import_as_names))

import_as_name: NAME ['as' NAME]
dotted_as_name: dotted_name ['as' NAME]

import_as_names: import_as_name (',' import_as_name)* [',']
dotted_as_names: dotted_as_name (',' dotted_as_name)*
dotted_name: NAME ('.' NAME) *

global_stmt: 'global' NAME (',' NAME) *
nonlocal_stmt: 'nonlocal' NAME (',' NAME) *
assert_stmt: 'assert' test [',' test]

compound_stmt: if_stmt | while_stmt | for_stmt | try_stmt | with_stmt | funcdef |_
—classdef | decorated | async_stmt
async_stmt: ASYNC (funcdef | with_stmt | for_stmt)

if_stmt: 'if' namedexpr_test ':' suite ('elif' namedexpr_test ':' suite)* ['else' ':'.
—suite]
while_stmt: 'while' namedexpr_test ':' suite ['else' ':' suite]
for_stmt: 'for' exprlist 'in' testlist ':' [TYPE_COMMENT] suite ['else' ':' suite]
try_stmt: ('try' ':' suite
((except_clause ':' suite)+
[Telse' ":' suite]
["finally" ":' suite] |
"finally' ':' suite))
with_stmt: 'with' with_item (',' with_item)* ':'" [TYPE_COMMENT] suite

with_item: test ['as' expr]

# NB compile.c makes sure that the default except clause is last
except_clause: 'except' [test ['as' NAME]]

suite: simple_stmt | NEWLINE INDENT stmt+ DEDENT

namedexpr_test: test [':=' test]
test: or_test ['if' or_test 'else' test] | lambdef
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test_nocond: or_test | lambdef nocond

lambdef: 'lambda' [varargslist] ':' test

lambdef_nocond: 'lambda' [varargslist] ':' test_nocond

or_test: and_test ('or' and_test)*

and_test: not_test ('and' not_test)*

not_test: 'not' not_test | comparison

comparison: expr (comp_op expr)*

# <> isn't actually a valid comparison operator in Python. It's here for the
# sake of a __future__ import described in PEP 401 (which really works :-)

comp_op: '<'['>'|'=="['">="|'<="|"'<>"|"I="|"in'|'not' 'in'|'is'|'is' 'not'
star_expr: '*' expr

expr: xor_expr ('|' xor_expr)*

xor_expr: and_expr ('”' and_expr)*

and_expr: shift_expr ('&' shift_expr)*

shift_expr: arith_expr (('<<'|'>>'") arith_expr)*

arith_expr: term (('+'|'-") term)*

term: factor (('*"|'@'['/"|'$'|'//") factor)*

factor: ('+'|'-"|'~") factor | power

power: atom_expr ['**' factor]

atom_expr: [AWAIT] atom trailer*

[
atom: ('(' [yield_ expr|testlist_comp] ')' |
"['" [testlist_comp] ']' |
'{" [dictorsetmaker] '}' |
NAME | NUMBER | STRING+ | '..." | 'None' | 'True' | 'False')
testlist_comp: (namedexpr_test|star_expr) ( comp_for | (',' (namedexpr_test|star_
—expr))* [', "] )
trailer: ' (' [arglist] '")' | '[' subscriptlist ']' | '.' NAME
subscriptlist: subscript (',' subscript)* [',']
subscript: test | [test] ':' [test] [sliceop]
sliceop: ':' [test]
exprlist: (expr|star_expr) (',' (expr|star_expr))* [',"]
testlist: test (',' test)* [',']
dictorsetmaker: ( ((test ':' test | '"**' expr)
(comp_for | (','" (test ':' test | "**" expr))* [','])) |
((test | star_expr)
(comp_for | ('," (test | star_expr))* [',']1)) )
classdef: 'class' NAME [' (' [arglist] ')'] ':' suite
arglist: argument (',' argument)* [, ']
# The reason that keywords are test nodes instead of NAME is that using NAME
# results in an ambiguity. ast.c makes sure it's a NAME.
# "test '=' test" is really "keyword '=' test", but we have no such token.
# These need to be in a single rule to avoid grammar that is ambiguous
# to our LL(1) parser. Even though 'test' includes '*expr' in star_expr,
# we explicitly match '*' here, too, to give it proper precedence.
# Illegal combinations and orderings are blocked in ast.c:
# multiple (test comp_for) arguments are blocked; keyword unpackings
# that precede iterable unpackings are blocked; etc.
argument: ( test [comp_for] |
test ':=' test |
test '=' test |
'RET test |
' test )
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comp_iter: comp_for | comp_if

sync_comp_for: 'for' exprlist 'in' or_test [comp_iter]
comp_for: [ASYNC] sync_comp_for
comp_if: 'if' test_nocond [comp_iter]

# not used in grammar, but may appear in '"node" passed from Parser to Compiler
encoding_decl: NAME

yield_expr: 'yield' [yield_arg]
yield_arg: 'from' test | testlist_star_expr

# the TYPE_COMMENT in suites is only parsed for funcdefs,
# but can't go elsewhere due to ambiguity
func_body_suite: simple_stmt | NEWLINE [TYPE_COMMENT NEWLINE] INDENT stmt+ DEDENT

func_type_input: func_type NEWLINE* ENDMARKER
func_type: '(' [typelist] ')' '->' test
# typelist is a modified typedargslist (see above)
typelist: (test (',' test)* [','
["*" [test] ('," test)* [',' "**' test] | '"**' test]]
| At o [test] (', test)* ['," "**' test] | '"**' test)
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def f(...):
f = staticmethod (f)

@staticmethod
def f(...):
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o] o s Ed gyt
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dictionary comprehension A compact way to process all or part of the elements in an iterable and return a dictionary
with the results. results = {n: n ** 2 for n in range (10) } generates a dictionary containing
key n mapped to value n ** 2. See 2|~ E, F 3}, YA Y 2] t]A~=d 9] (display).
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=2 9AYE F2t Utk o242 gAY FE S0l tish %ﬁ "E ﬂl*ﬂhtﬂﬂﬁ
27k WAd o, §7) ol WsE e £9Uch 94 e gdd e vy

list (dictview) & A3 F U th dict-views S H A 2.

docstring (52 E ) S, g, E0A 3 HA Efﬂd o7 JYeE 224 gEHE. A9 e A98E
&= FAE A Aapd ol o5) A Hol Ee Fef s, F5, REY __doc OEIRER 4Y
HUh JEZAAMS Faf AT - lou g, AX o] APAE et AN FadYrch

ducktyping (5] £}0]2) £V 9B} 50] 228 /A Shhe] A7) B8 A Sh= L2 1Y 254
Al &<es] M=y o ER R EY i%ﬂﬂ‘/}*&%‘%ﬁ‘r% S F/]?ﬂ‘j’* EO]E—OL A e Ao,
:L?ic+ﬂlﬁ‘r>>)‘57§3 3 F A 2l X =t
gslo 7 H $AXL NAE 2 9 1/]1:]— =] E]—O] type O]b]—lsnlstance() = 834
Yt (A, § EFol g o] —%*o Gl ]/\ ﬁﬁﬂ/\ =2 EQ}% Aol ol oF Fch) thalel,

hasattr () BAFVEAFP =2 1819 &ttt

EAFP 3 g X th= 8 A& +3}17] 7} 4 t} (Basier to ask for forgiveness than permission). ©] &3]
W EY 28, SHkE 7|y ol ERHEL EAE 7HE skl I 7HE o] 211 o9 .
2B WE 2EALS B try9texcept £ EA & QA o} F Ut o] Hl2Y %Cg} Zoge
w0 AojolA A /\}%ﬂ LBYL 2~} 3} o v] & U o}

expression (£384]) oj® zto g 232 4 Y= &
S| E P E A, A, BEET 28 %
dojg iz Ao R E ool 7HAEE )

e v Sl AF ‘4‘:} o ) =3 F Aol L, EE Ao of

H
extension module (23 2 &5) C U C++ 2 ZAH R EQH, 5tol A
FrotAts g skt

f-string (-2 21) '£' U P S ool B BAE BB EES E3) (FE2AY) ol R2e, 29 24
dZEHE 9 %%‘%?MD} PEP 498 & H A 2.

N
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:ﬁd SE
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é
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>
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o
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file object (3} AA]) a7 2o ﬂ%ﬂ 3t 23 A API(read () Ywrite () é‘% HAES)E =Y
23, %5 0] Q ol mek, shel A 4 T A3 o] shelel o} ke A A o
o, ZF 4=, Ad-vrRg A, &7, golz, 5l e AN2E FAT
AA = L F AA (file-like objects) } ~E & (streams) ozt EFP Yt}
QA2 A F591 5 A S0 G4tk & raw) uho] L 2] 52, W E (buffered) o] ) 5
TS0 e el 1o mEolA A UL, A9 ANE DL AL B e
open () B8 2r AT

file-like object (3} 7 2 A) v} 24| o] v] 53 T

finder (3}Q1t]) YXEE RES A% 20 & Z o83l A =5t= AA.
glo]# 3.3, o] T2, F £ 7] ull /) dHF Ut sys.meta_path & A AFR 5= HEF 2 1kl T
2} sys.path_hooks ¥ SHA Ab&3F= 42 A EE] 92ly.
o 2kA 3 Y28 PEP 302, PEP 420, PEP 451 o] \}-2 Utk

floor division (35 U4 719 Phe 352 HRehe 238 (Al % Al AARE // o o
Sol, A4 11 // a9 P27k HA Ae YAl 2,758 Y FUSh (-11) // 47F-2.75
£ 119 9 30] Hol £.91 8ok ST, PEP 2382 B

function (g4°) SEXNA oJH S = F= 49 EF=. oA
Whelo] Ao A28 % %I eh o S vl A= S 95 o] AAE AR,

o]

function annotation (34> 01_,_ Elo]A) 3 mj /) S 93 ghe

def sum_two_numbers(a: int, b: int) -> int:
return a + b

G4 ool A B @4 Ae] AolA A FUh
o 7% AW e W4 of 1o o] 4 7} PEP 4845 234 2.
ol

_future_ T2 22)v)7} @A) QAE el 2 58 A ok Al o] 755 BAE 5w
2E.

ol
rr

]_

My

_ future. EES JXEST I HSTEY

H5e oA, A 7150l AR Lo Ao]o] 2}H
13, AA T E 17 0] 7] o] 5 A B 4 U

>>> import __ future_
>>>  future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (7}4] X 4= & ) O AR A e wREEE Whdehs AL ol HAx ¢ A AR
82 AL FE 7 e S A FAZE S8 7HA S AE 3 FUh 7R A=
oo RES ALEHA Ao E Ao

generator (AU | o]El) A1 e o] €] o] E & o] & SRt §4. A F4LHY Ko, A 4SS

o S forFZ2 A F AL next () B2

ME= yield B4 S P Ak Fol thFUT o] @
gk o sk Al £ 9l5 Y

HE AV o E 58 el 7 A, o @ Ele) A AL dl o) o el o8 & 7bel Puith g ek
ojn)7} WEHelA) e A9k, AT Sl 8 M A BEHS YA Th

generator iterator (A U] @] o] €] o]l o]€]) #| e ol g 47 =
7t yielde= A A7 AHYE U, 2T YXY XA Hg
A NS A gk Al ol e ol Bl lo] el 7k A7,

A A G49) ol g U o).
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generator expression (AU & oJE] £H2]) o|HH O HE E8F+= R4, F2 A5 H9E A3+ for
A3 Ak 7Meshif Aol Flof B dub 234 A Bt 2 xd4 2 S g

@Ee wE AU

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

oX,

generic function (A 8] g) 22 A4S M2 2 FE5 &) 73 8 gz 24D 5. 550
o' FH o] ARRE A= tasf X darg)Fol 95 24H
A= a9 5] &o]F =3} functools.singledispatch () Bl Z# o] 6]} PEP 443% H M| 2.,
GIL A ol Z2[H 5 & HAM 8.

global interpreter lock (< Qle] Z 2]e] £) 3 Woj @ 2 311} A &7} nlo] A nlol E
HAZst7) S8l CPython A =2 7} A8 3 174‘4 S(dictS T2 F 23 Y
A7) Re] %4402 A o420 s HAFHES BHE o] A CPython 792
Aelzely AAE F21+e A2 JdHZHHE g =37 g4A O=
A7 AT BEA ) B e 8 AT T,

2, ojup A A} B, b S ot Bl 4 2 A4

AAE RS YT EE??},I/OE o= 4 GILE vha ok

AR o ) AHA F5 HolEE FaE) (2 =0 A2 -2 (free-threaded) ) QIE] Z 2] E S W5

6} HAY =g & AT Ao A ZP e, £ Fd ZEAA F-79 35 A7t ”5}7] o & YU
o7 9

“U
r[r
=
Ez
v}
ofy
[k

o) A ol B FHAL AL FAL WA BaHoH B oAl 4 58] B S0 2
9]z Ut}

hash-based pyc (3] A] 7] ¥t pye) - EAS T8 57 Ao s 2 A O] HF 47 A o] obd A& A
Sz vhol = 2= Al el /A F Bfol E B 55 RE AR,

hashable (3] A] 7}5) ZAA7F L8 1 gho] WskA = sl AIgE 2t (_hash () WINEZFE R
ShE AN RE S 9o W (co () WASA Sagh, o st S e, 2o
WSS & 1A b g AA S0 Al g
HA 7582 AAE YA Y] 71 A EY I E AR S 5 A Sh=tl, o] A s FR S0l WRA
o= HAGHS A S WE U
o7& steld o] £ g AAEL slAl Zbe Ut (Bl2EUY 9 e 2-2) 7HE dH oY &2
7] R (ROl froensec 92) ¥ Ao &2 280] 8450 AN s ufe o
ST A8 o Zelae] Aibs AAEL RN A ASFUC (7] AL
AL stale) B thE2 ok vl E oL, A g2 id () B E whs ol Py th

57 (Integrated Development Environment). IDLE-2 3} o] 2 o] 3% & ] 32 7}

el 52E 87

:L

S

U ol AR S

ore A1 gho) 91l oF Ss 2ol A

ll‘ rlo

o

importing (Y2 ¥)) 3 252 vlo] W F=7 T2 R EQ| o] W T = A AHE = JEE 3= H A
importer (YX£¥]) EES 27| % 311 2 E 8175 St AA|; Al 34l o)A = AA Yt
interactive (c)3}) zlo] W2 th3ly A ZHE 20 U, JHZ ey ZEZEX 240 T4 S
?JE”‘# A, E57 %L?MD} 12} glo] ©A] pythong 4l 3 5}HA
FES FHl ol A th. Aj ofelt] o] & AASHA L B %J%JH?WE
° 73l SHA 8).

eoil‘/}l"i“ - 2

Eml

ﬂ!I
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inerpreted (QIEJSeEJ) vhol= 5= Arhalele] 24 o] 1ol 3517 5
A3k QAo k ot ez el e Aol th ol AL YA Ao A YL HEA FIAE, b2
e 44 49T 4+ Yok QU 1 z2ade] 5 v A3 AW /L AT, Agze
Qojt R An Y dojurh G2 AWM /8 2 uUch dshe = HAL.

m]m

=]
interpreter shutdown (2] €] 2] €] OE_) %—Eﬁ]‘ﬂ% 2SS, go| A e = El= EW3 A 7)o A
Yot BEolv o2 7HA SRR F2 S 22 B 33 H AdsS dAA S Z vhdh
B3k 7Ha A A7 & o7 | %J‘/]D}- AH-&-AF 78 o 1t }b]—weakref—'—lioﬂ Ve FES9 APS
AZA L = dsUth 8 /\]7] FAAYH = I eSS e T %1%3],3—34\0] o) Edt=
A+ =0l Eﬂ 71534 ¢ °]’ = T A7l AU (8 o= 2ol HH"J EEoly B AASAYh.

TR
JdEzEE $59 FH AL AP E__main_ BEIU2IHEN AP L Zu AJUh
iterable (°]E]2]8) W5 e W i S8 € 5 9 A4l ol HH e A =E EE(Lis

HH A FEA~ 3 Al

2oy A BAFE dict T = 3Y AA =, _iter. () Y
St getitem () VA E ZY 29 AAEo] A5x4yt
NE2E IR 7 =2 B2 X (zip(), map (), =)
i () °l ?JXP Zil=as) Eﬂ,l 7“141«1 OlEifﬂlOlEi%
% FUTh o HHYES AT u],
SUYth for & 1145%0%3

= o)
‘é‘ =] .
R P AP P

B8 E2 for 20 AH&E —’F
8 G H AL A

=HF Y o] ]Hﬂ]"]ﬁ“ﬂ‘é
E%‘_lter( £ S E3AY, ol”HE ]
= AIS) A X} SR FE Cﬂ,—r:
O]Hfﬂlo]‘ﬂ,/‘]?ﬂi, A olE = BA Q.

iterator (o[E]&|o]E]) T|o|E]S] 2ERZ 8= AA. o|HHHY _next_ () FINEERIEHCR
TESH (EE 141” T next () 2 AESIH) 2EH J+= FHEL AUUE =854tk o
o] %+9] dl ol Bl 7+ 3L “ﬂ = StOpIterathI’l oA Q] & doFUth o] XA, o]E & o] ¥ AA=
AZEI,0lE BE  next_ () WAE ESL2 Stoplteration 98 & tiA] € o772 ghth
o] E] | o] B = ©] Eﬂ o] ¥ A A ZH‘J% EHFE__iter () HINEE 7HE Aol 875 7| wf o,
olEl#HlolE = o] B E o] 7| = &tal thE o|HH EES Wl & EH—,——.— XA AHEE 5 AUt

ZF8stoe= oy WY oJH Y o]l A Est= ZEY YT (List Z2) AH o] AA|= iter ()

R X*“'ﬁ}ﬂb‘rfor FZof| AR ufjuict A o] B & o] H & v Ut o] | 21 o] ¥ & o] ¥ ol t 3
Al dste a1 oHd, A o] H d o] M of] AFE-H o]n] 2K H olHd o]HE EHF A, ¥l AH o] A H
HolA vrEYth
typeiter o] ©f ZbA| g W -&-©] S5t

key function (7] ) 7] St == & o] A (collation) 4=+ A & (sorting) ©] L} Bl & (ordering) o] A} &5 =
#He =T EHE 5 o“/]"/} o & £9],locale.strxfrm() S ZAL EZ PAS == HLE 7 &
NSRS PUIFRE T 1=
to] A ] g E 7L 2 Aol oA A XA AL Fol=A & Alofstr] fE 7] FE otE Ut
o] ZAEo+=min(),max (), sorted (), list.sort (), heapg.merge (), heapg.nsmallest (),
heapg.nlargest (), itertools.groupby () °©] A& T}
7| g+ e dE oy ol dFsUth dE 9, str.lower () HIAEE Alolx F
%] Eﬂ o S A7 AT EAEE S AFUTE HAA SR, 7] & lambda A E WHE £ 5 9
Eﬂ, 0]% Allutt: lambda r: (r[0], r([2]). =3 operator EEL A MNY 7] &4 AAAE
AZ3UTh: attrgetter (), itemgetter (), methodcaller (). 7] &4+E W51 /\]——%6]—% = o
tj) 3t o]  Sorting HOW TO & XA 2.

keyword argument (7] 9 & ¢z} <A} & H A Q.

lambda (gth =2 uf Fho] F A= 3t e 4] o2 FAE o] 5 gle Ak
EHL lambda [parameters]: expression YUrth

LBYL = 7] ﬂ o] X 2} (Look before you leap). ©] T 2B 2 S &0 23] & 317] Aol YA H o Z ALA
252 QAT of 2HQ2 FAFP AU U 1L, BE 17 B9l £ 54401 U

s 2= 7oA, LBYL 22 (H7]) ¢k (A7) el A 23S A 2 A1) syt

f“_ﬂa

rﬁm

n Mo
0, TQ,
I rr

e

u
d

S L AN = o
T HggrE s
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d& 50}, ZE if key in mapping: return mappinglkey] & HAF Zof|, sl 9 23] A,
T} 28 S 7} key S mappingoll 4 A A S Ao e 5 55U T ol ol o]} EAFP 124 &
AgFozA 28 > A%

list (2122) U1 sfol 4l A 712, 1 o] ol £, Qo] thak A2 7L O(1) ol 7] Wl o, A7 el 2=
(linked list) 2. th= o2 A o] 9 o A3} F AU T

list comprehension (2] AE A=z 23 H) A A2 245 A = E XYty 1 2 E P ArER =7
Z‘—7]—75?ﬂ-tﬂ—t{j result = ['{:#04x}'.format (x) for x in range(256) if x % 2 ==

= 004 255 Abolof] = BFE9 1635 (0x.) 52 THS= ALY g2ES wEYth if

3__4_,% Ak 2= 9 T} Aga’cs}r‘ﬂ, range (256) ol & BE 847 AP ch

loader (2¢]) 252 ZE5h= A4l load_module () o2k o] 9 HIAEE AYsfiof FUth 2HE HE
ol 7 =8 E Utk AAS WL PEP 302 2, 24 o]~ Z ¢~ = importlib.abe.Loader
£ BEA L.

magic method (] 2 ] A=) =4 v 4] = o] w] 242 Q) w3t

mapping (W] 3) 9]¢ 7] 23] & A Y33l Mapping ©| Y MutableMapping 74 o] ZEf of] 2| HH
HAEELS T = A o)y AA. 2= dict, collections.defaultdict, collections.
OrderedDict, collections.Counter & & 4 ST}

meta path finder (W€} 2 3}Q1t]) sys.meta_path & AMo] Z&F+= 3l WE F & 3Rl 4=
AE] ol oF AHFE o Q1 7]&= A v thE Yt
HE A2 37 LA E HAEE A= importlib.abe.MetaPathFinder & ™4
e},

-111
K
m
—Hz

it

metaclass (e} F ) S22 FHa Se2 FY= Fex o5, FoHa gAY E, vlola FHaEY
E5S UEUTh HE FH A o] Al JIAE WobA ZHlAE e+ AdS AUtk g REEY A
AFY 220 A 52 717 TS AFFUTE stolHg 58 A vtes A2 ALY vE
ZH2E WE F v AUtk R E AR A A L o] B A 28 AW 28Vt AE
o, W el Feias FEsta fopst AU S AT Tt A EGRE AN 29 27 (logging), 28 =
RFAZY F7h AA AR F4, A2 TIH 2 T2 Aol A S U
HER Ze 2 oA B A S W8S 2S5 dFU T

method (WA =) S vhr] Qboll A Hoju &= T4, T Fea9 A2b 29 ofERF

e ° 5

HAEE A HA AAH(EE s
£ HAQ.

method resolution order (H| A= 2 £4) WA E 24 ¢A& 238t S AHE A= o~ F
259 =AdUTH 23 2E|2RE gho| A Qe Z e o] AHEH G125 <] A g 8- The Python
2.3 Method Resolution OrderZ X ¥ F Ut}

module (2&) Jto]¥ T =] 223 A9 & Gote AA. RE-2 9499 sty AA =
25uh BES 2 ARl o8] el Mo w 2o o,
712 & HA L.

module spec (R & A28) L ES Z 3=t AHETH
importlib.machinery.ModuleSpec & 91~

o
i}
rr
o
alf
ot
N,
o

MRO w4 = 274 A & HA L.
mutable (7} ¥) 7} A= Zro] W 4 QA
|

named tuple (U] Y E $Z) (named tuple(V| Y= FZ)) °]
HEE }\]-_&'5}-0:] ]1: /\-51-/\ O]‘C _g_/\oﬂ N x
St Vv E ﬁlg T st
time.localtime () os.stat () 7} 92 ek gk 283t o YR P ol vd=E FEHdUth =
o2 o= sys.float_info?jqﬂl-.

rH
-
0.
rlr
o,
o
ok
2
Ho
XN
i)
i
)
A
29
ki
o
=
ko
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>>> sys.float_info[l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

AR UVAE FE2 2 UWZIHHY o) JUth =+, tupledd A A58t o]%— 2o Jgr 2 Aol
AW Zoh 2 AT HUE FEL UE 5 YEUT AT FA2E 4 TANAY AE T
collections.namedtuple () 2 & 4 AS5UTh T2 7|HE A H AAFAY YF U L=
EZoAE RS 2 gt 2 7R 2w A EE 27 % gtk

namespace (0|5 F7H) W7 AT = F4. ol F 2 GAYEE FEFYE Ao FHE ol ¥
(MA = o A) Erkopet A, Ao, W o] F 5] s Uth o] F 3L o5 == YAMA
_‘?_T‘Z:r/‘éa A Ygguch o o], ¥4 builtins.open 3 os.open() 2 159 o] E F 7o 9 &
B Ee o8 0L OB B YE FANCAE LA B A A4 7
q01] E22 Uttt 9 & £9], random.seed () = itertools.islice() Bt 2 1 3

—O] Z}Z} random I} itertools BEEO) o5 +EE ¢ g o] B3} - Ut

namespace package (°] = LA AH 7 A =29 AdH ol ET 7] 535= PEP 420 3 7] #]. o] &
T 7 A= = A A AA T} %i% TE Q3,53 __init_ .py 3tgo| gloem g H4f 9 7| 2] &=

chEUTh

2E X HASL.

nested scope (548 AT3) o4 Golo] A A4S B2E S8, o & o, hE B4 Yol 4 Aol
FPE Az EAoss B2 A5 Y

T v ﬂ*oﬂ D WFES 32T 5 AU
® 0] 5 4] gt 2] 2o sok STk A
WA=, A M ELS A A

EEReIch

new-style class (+ 2Bt S 2) A5 2 BE S AR AFHIL Q= AW WA oA o
B 2719 dold WAME, 24 wogd SH AW siots , YA HE, e,
__getattribute__ (), 22 WAE, 288 A=l 22 slo]He] AFI It 7| 5ES

ST 5 A5

object (A4A]) e} (IESHELH gh B 2T E2 (N E) o] Aol B WE HolH. B, BE e Fe o
o A5 A wlo) 2 Zel AU Th

package (3] 7] 7)) A B REEo}, AA BT AHH 7 EL
l—‘Hﬂx]%_path 01 ﬂHE7]_O1L— _4_0]5(4 U\:ot}\/]q_

At W71 A & o] 5 FXH A = HA L.
parameter (|73 Sh (= WM =) Boj ol A Tk S 5 Gl A (s oW A AAS) €
ARt ol 5 & ﬂﬂﬂ oA E5of vl 7h A "r7} As Yt
e 9x-7]9 = positional-or-keyword):—‘Hi] b 719 E A2 A
H 3

ol
o] Aol 71& Fej o] mip A AU th A E &l kol Al foo &} bar:

3+
A=
)

e

i
-
30,
rr
rO
R
it
N,
o,
i)
A
v

’def func (foo, bar=None) :

o 9 - A& (positional-only): A2 Al52 5 A+ AAE AAZFUCLE A Ag A HF+=
S Ao /A S HE ) / FAE 2388 I F ol AY T S A5 oA E 0] thEolA

posonlyl 3} posonly2:

def func(posonlyl, posonly2, /, positional_or_keyword) :
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L]

\Ll

191 =88 (keyword-only): 79I =20 A B 5 9l ARE AF G 7151 =88 v

= T Ao i FFol A ol 3o 71-4 _‘]—“H AT 5 I 2 236 A Xq-/]?ﬂ'
T 9)\?5“4 t} o9 = 01 o} o A kw_onlyl 2} kw_only2:
def func(arg, *, kw_onlyl, kw_only2):

o 71H-9] X (varposztzonal) (T2 | A HFEo &S A o] u] holEo] A 9 %] 2 z}E9f B 3)) Al &2
T A=A AAEY g AAAE AAZFYTh ol w7 g = w7 H S o] Fofl * & kel
EAA Agd £ A5 Ut A€ Eof thaoll A args:

’def func (*args, **kwargs):

+ APAAE arkeyword): (2 w7} W50l 918 4 o] vl elEol A 9= ol Age] Hsl)
AZE 5 Sl Qo] A5 9= AAEE ARTUTE o) F w e v ol Fol <o &

ool 014 49 F 5 LT o & Fol 912} of o A kwargs.
ARG A AAEE NS 7 RgRE ol A Hol ALt B4 AAE LS AFT 5 YUk

Ol 2} g o] A &, o1x}e} v /|4 2] XJo]of L} L= FAQ A E, inspect .Parameter 82, T
o] d,PEP 3625 H A2

path entry (G2 =) 2= 7w sl A Q2 E B REES 2] 8] Faete Y e 42 A sl
7<1- A

path entry finder (% 2 S E 2] 5}21t]) sys.path_hooks | ¢ |
ol oy, oA A2 dED 2 BELS =9 e o7 ISyt

AZ AQEZ FJodygEo] +HI}= HAEEL importlib.abc.PathEntryFinder o] Y34t}

path entry hook (32 A =] %) sys.path_hook 2|~ Ed| gl F B, 54 J= A=l A RES
2E WS 23 dvhd 4= dlee) shold 8 BYF VL,

path based finder (F 2 7|9 5}2lt]) 7|2 ve} A2 s}t E F 3y Qld, Y¥XE A2 A BES 25

rIr
i
v
ln?
B
o,
fu
2
[
T,
i@'
s
il
v
N
rlr

Uk,
path-like object (27 AA|) 3L A|2® A2 E Uetll= AA. A2/ AA = £ Yed = str
bytes AR o] A} os.PathLike ZEEZS T3 = AA YUTh os. Pathlee 2 EFZ S RY

(e}

=
3l= AA| = os. fspath () F4E TZA str Ubytes 31 A28 A2 2 W3E 4 Q45U
th4l os. fsdecode () & os.fsencode () & ZZt str U bytes 2345 BEZF5t=0 AFE &+ U5

Uth PEP 5192 =915 95Utk

PEP 3}o]id 74 A<k PEP= 3ol AFUE o ZEE AFstAY sho] W e I 22 A2 Es &7
e N2 7 sS AYste AA A QUL PEP+ At 7] 5o tid 2% 7l AMS 2 2AE

Alza of gt

PEP= F 8 *HET 71%% At FA A g AFUE dH2S TR sty spoj ol St A A
P 718 Wl AY S AU o PEP 2 2k AR U E W ol A el & 758k i)

portion (S£4) PEP 420 o 4 2] 8k A &, 0% 32 317 Aol o wbA] 5= shitel plelejelo] Soj gl
ST A @p LN A & A% A5 FUh.

positional argument ($] ] 212} Q1A & H A Q.

provisional API (2 API) 74 API= & glo| BB 8|9 A T3 HFo
OlEF ol A0 2 g]r7]_ oq]/\LQ A= kx| uh AR Ao
Azkaehe 97 394 o) §AIF A Sk W o] Loy
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TR API N 2 A=, A S &g o] FAH A Ge W2 (259 —’F‘?}>> o7 047453‘4‘4 REAEH
-cxﬂ of thafl JA TS FA =M= o= %
o) AAe BE holuelelz oW A B BRH AA Lol B2 Fal A B3 B
syt o A S Y82 PEP 411

provisional package (23 2] 7] x]) &4 API & BA L

Python 3000 (3}0] %1 3000) o] 3.x viaE 2hle] ™ (M 39 w27} ¥ njef o] ojof7| | A Ao gt 3]
ol Fe°lth) ol 22 (Py3k) & S0 27| % Tt

Pythonic (s}o] Th-&) THE o} 504 AuhA Q) Y EL A3 A ZEE 785 41, 7o) 1 Aojol A
VA A S H £ ol A5 kol dE ofoltol i} ZE 27t o] & Sof, spo] Mo A A% 2k
T L for B AT o Ee B BE 24 hoe AAULL OE BE dojolx o)
F5e] TAEO] RLon R, sholulo] Q1551 A e ARE S tAlo] 27 S E B ARSI E gk

filo
27
(e
i)
v

for i in range(len(food)):
print (food[i])

o 2B, shol ATk Wy £ o Fguith

for piece in food:
print (piece)

qualified name (J 135 o] 2) ZEY A AF oA ZE AH Fe A, &5, wAE Oﬂ O]E% (A=)
= quzt Ho =z FEH o] F. PEP 3155 ol A FoF Ut H A4S ot Fa 2] Ao, A3t
]u 2 AA Y o] 5T

>>> class C:
class D:
def meth (self):

pass
>>> C.__ _qualname___
YC’
>>> C.D.__qgualname___
'C.D'
>>> C.D.meth._qualname__
'C.D.meth'’

223y

B2EE 77l AHE , AA S AF3E o= (fully qualified name) S & B 12 3] 7| X &
A REE 7= ZJEE E]% O]%%B]U]?QWTZ]- o & 50],email .mime.text:

>>> import email .mime.text
>>> email.mime.text. name_
'email.mime.text'

reference count (2% 314) Zﬂiﬂcﬂ EH'SP ZAzo] fe. A iﬂ-/] Fz 37007 ol X, W 2 e 7 v
Utk 2 35 F4L2 2 lol FE=of = QX]“:OJ'XII&,CP)zh(m—?@Q A AP YT

22N B R E.L ﬁ ’
sys BE2 54 AA9 = Q"F% E8 5+ getrefcount () < A}

regular package (A #|7]A)) __init_ .py YL 3= e gt 2o A5 A 7] 4.
ol I A = HAL

_slots__ S o] A, AT of
AAGe 2N HEZE Ass 23S
= 722 HolehA, ‘}ﬂ glof ve 58
g5k Aol F5UTh

)
N
I-mF
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sequence (| F2) _ getitem () SFHAEE S8 5 AGE ARG wE 24 AAHAE A PstaL
Algee dolg E8FE__len () WMAES AostE olH . R WE DS U EY,
list, str, tuple, bytes 7} 45 UTH dict =3 getitem () F_ _len () 2 AQ3A T
23]0) B4 Al QoI 9] Hul 7|2 ALg 37 w2 o] AlAL7t ok ek B oz HFAThe 2] 75
oF g th.
The collections.abc.Sequence abstract base class defines a much richer interface that goes be-
yond just _ getitem () and __len__ (), adding count (), index (), __ _contains__ (), and
__reversed__ (). Types that implement this expanded interface can be registered explicitly using
register ().

set comprehension A compact way to process all or part of the elements in an iterable and return a set with the
results. results = {c for c in 'abracadabra' if c not in 'abc'} generates the set of
strings { 'r', 'd'}.See F|AE, g, YA o] t2Ed o] (display).

single dispatch (A2 Tl A3 x]) & o] aF1te] AL Fof] 7| Z2A AAF & A g 4 a9 &
.

slice (£2ho]2) BB A7 o] QHE EPehe AR, Sebol At AR ATYE £7102 A THEY
t}. variable_name[1:3:5] A §, [] StollA] 2] 7o A& FE2E Utk 235 (M E
2TIYE) B7|HS WRrHes slice AAE AHE T

special method (54 WA &) F}o]#M o] Fof o] QAL BlAl 722 A
A B A EE F 7)o WEE AFet e BibE o 2L 27 A5
o #A = wEolA dF U

statement (%) =& 29 E (ZE9 (E5(block))) & 785t FEAUTE 82 294 o] A 719
EE AR 8k o8 7HA +2E 9 sty Utk 748 if, while, for.

text encoding (]| AE 017 4) FUIZE EXFS vlo]ELER AT Y3}

text file (A E 3}Y) str AAE 11 &
EREPER R PP S PNERE
FE'w') 2 99 99, sys.stdin, sys. stdout, io. StrlngIO .4 O]il%ji% = 4 JS Ut

dlel =GR A & 932 4 9t 5 AR el At welve] 52 = FashAl £,

rlr
Ry
in}

A
triple-quoted string (43 W& £ H 24 BeE (O W} 42 gE () A N2 A 249, 1
0 E SR E el ARl EAFLel Qi 715 AF AL BA T, o)) 1A ol fol A L H 7} AU,
ojAaFA o]l Z H A 2 A2uFE Y U REE EAYE ol 2FE £ JEF 0, AE BAE 2
RE oAy Fo 2 5 e, 52EHS &0 535 €2 Jd5UTh
type () shol#l A 2] & T710] oW E7] AN AAE FAFTh EE AA £ Fo] drch A9
3  class_ OEFYHEZ INAT L gAY type (ob]) B L F gS5 Yt
type alias (g ol de]o]x) & A z}e] tf Y 3te] WA= F o Foof.
P o deloj 2t @ =S dedlshe ol f 8P o2 51
from typing import List, Tuple
def remove_gray_shades (
colors: List[Tuple[int, int, int]]) -> List[Tuplelint, int, int]]:

pass

£ rhesh 2ol B 97 44 BE 5 de U

from typing import List, Tuple

Color = Tuple[int, int, int]

(TH& ST Aol A1)
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def remove_gray_shades (colors: List[Color]) -> List[Color]:
pass

kg ghe] 7o s = 8-S A AZ sk ol = H]

o] Al.
Y I E = A ALgo] i gho] Mo A ZAH A= Ut AT A § B T 831 IDE
gI= AL HAEHE FHUTh
A HEE AL, A Ay, FH 2 AEYFE L 49 P SIE=typing.get_type_hints ()
E AFSsto] AN AT S U
o] 75 A3t typingd PEP 4845 2814 8

universal newlines (+UHHd & 37) D} JJr 22 AES BT £9 o2 A3, HaE éE%% 3 A
SteElE: U A —‘jrx}ﬂraﬂﬂ LYEESZ A \r\n', A A AEA] A \r. FIHAQL
AF-g ol J?{roH/H = bytes. splltllnes () ol o} g} PEP 278 2} PEP 3116 & R A £.

variable annotation (H4* o] o] X)) Hy == ZHP 2 olETHE o] - H o] Al
HeEE FYgnoEREY ool AS G uf Y2 A8 AFGdyrt:

class C:
field: 'annotation'

WE ofHo|de duA o § A= ASPUTH: o Fof, ol WAk int g2 A Ao=

EEREE

count: int = 0

A o] e H o] d B2 A of . H o] E = T )< (Annotated assignment statements) ol A /3 8 g o
o] 7]1%5S A sl 34 o] - H o] 4, PEP 484 ¥ PEP 526 I 2314 8.

virtual environment (7}4} 317) 3}o] M A} A9} 2§ 2 T Wo], 2o A AH A A3 = T2 ghol A
& Z2IHEY T4 9FS T4 %}Efﬂ/ﬂ o] A HHJ_JH7]X] o AR FAY Q18 o] T ale
AL 7t o, Y Ao R Aejw A9 2.
venv &= E_}‘ﬂJJ_

virtual machine (7} 7] A]) &=
Z8H3=dlo]E I EE 2

Zen of Python (3}o] 4 ) 5te] 2 T 2}e
Utk o] 5L 5y mExE

ulo g Aolg AZE. go| W] 74 7| A= vlol E T = AnAd 7}

e} FEEo B2y, Ao E o531 AFL3E U =29
ol A (import this) & Jatd B},
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O] dH A0 2510

o] A A= reStructuredText A0 A FHE01 X A0 &, sho| W AP AE 98 583 A 2H 4] A g7
Sphinx £ AH&FF U T

A A9} o] 2 93 B4 Q1 L sho]l W A 9} v A IR 2 AR o7 AABARLY = F ) 7] oj st
AT, o] ¥ of] t 3 4 B += reporting-bugs #| o] A| & F LS Al & A 22 AL B AR QA VS
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U BEolA B2 AE =g yth

e Fred L. Drake, Jr., & 3to] A A PA =4 7o) 2 Aol A} gk Zel=
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-

« reStructuredText 2} Docutils 29 EE JIE &= Docutils ZZ2 A E,
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apPENDIX C

AALRL 2fO] Ml A

1 AT EQ0{e HAl

] WL ABCElE= Ao A AZ A v & &X 9] Stichting Mathematisch Centrum (CWI https://www.cwi.nl/
./] Guido van Rossum o] 9] 3 1990 At Zulef] rEo] H 50Ut 3tol M o= 2 A& 52 Be 33 o]
Q‘”Z}”&, Guido+= Fto] W o] £ 8 A AR o} Q5T

1995, Guido+ Virginia 2] Reston 9] 9]+ Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston va.us/ 2H2) o A1 5Fo] A 2 A2 A% B, o] ol A o] 2] 1 A2] 432 £ 9] 0] F 2 A WL T

20003 5¢Y, Guido 2} 5ol A a1 A 7 9FE]l & BeOpen.com 2. 2 & 7 4] BeOpen PythonLabs ¥ & A4 A5t} &
2 3 10%, PythonLabs & -2 Digital Creations(¥ Al] Zope Corporation; https://www.zope.org/ #Z) 2 & H 55Ut
2001 d, sFo] W 4 E ¢ o] A} Tk (PSF, https://www.python.org/psf/ Z2) o] A A5 5 th o] &A= gho] A
A A F QA S AFFEE 5E3] A H v 8 2 & YUt Zope Corporation PSF2] T 3] Ut

RE glold a2 g2 FI| A d Ut (F7] 22 F 2o o F A= https://opensource.org/E FZ 3 Al L).
Ao, PR (FA W AL obdyth shol Ml ER2 GPLI TP Uth obel o) Et chF T
(]

EE

1~l uN‘ 3,; (@]

Hf = =t oAM= 32T T S PNEY GPL &7
09.0~1.2 | n/a 1991-1995 | CWI yes
13~152 | 1.2 1995-1999 | CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com | no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 | 2001 PSF no
2.0.1 2.0+1.6.1 | 2001 PSF yes
2.1.1 2.142.0.1 | 2001 PSF yes
2.12 2.1.1 2002 PSF yes
213 2.1.2 2002 PSF yes
2.2 ol A+ 2.1.1 2001-#A] | PSF yes
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F3: GPLY ST 2S $2)7} GPLE shol i W E Btk 212 o84 & ok o, B ol Al
Shol Ml GPLT} 28] ol e 2e) AL 3/] £os BEA i 54T WAL WET 2 g Ttk GPL
S 2hol ks Sho] M3} GPL dhol REH ThE 22 EF0) S 2RS4 A FUTH OE A5 187
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Guido 8] A= 3}of| o] Wi £ S 7hsstAl vhe W2 o7 A B AAS o Al A= H U T
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C.2 mo| Mol HMASHHLE AFESEY| 2It 0|8 of&

1 -

r

gfo] A A Z E 9 o] @} AW A= PSF License Agreement©l w2} 2fo] Al 71 Hof 5 Ut}

glo] 4 3.8.6F €], A A2 oA, Z2]H Y 7]E} T =+ PSF License Agreement 2} Zero-Clause BSD license|
we} o] 5 ehol 4l 7} of L.

SolAo) B4 A% 4megofol i ChE ehol A7k 4 SH T ehol st 35 ehol Aol Bt
SE9) o h R Ut ol elat ehol A 55] BT BB S £ e 4 e gojo] T8 2ol 4l 3 S0l B
FzeAAL

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.8.13

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSEF"),.
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—Python

3.8.13 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.8.13 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2022 Python Software Foundation; All_
—~Rights
Reserved" are retained in Python 3.8.13 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.8.13 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made to.

—Python
3.8.13.

4. PSF is making Python 3.8.13 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION.
<~>OR
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT..
—THE
USE OF PYTHON 3.8.13 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.8.13

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.8.13, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

6. This License Agreement will automatically terminate upon a material breach.
—of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. This.
—License

Agreement does not grant permission to use PSF trademarks or trade name in.
—a

trademark sense to endorse or promote products or services of Licensee, or.
—any

third party.

8. By copying, installing or otherwise using Python 3.8.13, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

(TH& STl Aol A1)
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5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
Internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
Internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE

(TH& SOTATl A1)
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THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.8.13 DOCUMEN-
TATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

(9]

3 ZeHEl 2 Z Eq0foll chst 2lo|MlA RS2l

o] AL sho] A ) E ko] EFH AR 4z g ofol Tl g B ABA ¥ ol b1 Qe Thol sk 5ol
=29k

C.3.1 HZEM EQ|AH

_random EE-2 http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html o] A W &
e o 7Nt =5 XL 22 ddl =9 A4S IdE 57 Ad Yt

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand(seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,

(TH& ST Aol A1)
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EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C3.2 A%

socket EE2 getaddrinfo () 2} getnameinfo () &F&E A&t} o] 52 WIDE Project, http://www.
wide.ad.jp/, A & % 22 3td 2 FQE o] g5

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ""AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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asynchat3¥} asyncore RE2 t}2 3 22 =

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.3.4 #7| &z|

http.cookies RE2 thg3 &2 £ AHEHE 283Ut

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode 2! UUdecode &

uwu RES 023 22 o] AFLES 23

%

Y

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

(TF= ol ATl A%
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version is still 5 times faster, though.
- Arguments more compliant with Python standard

C.3.7 XML &4 =2 Al

ol
¥

xmlrpc.client BE2 b5 22 3o Abde 2943 th:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test_epoll REL T} 7} 28 29 S 2 HF T}

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF

(TH& ST Aol A1)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE-S kqueue QB 5] o] 2] Ta] T}g7} 22 Fo) S =TT

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

3}9 Python/pyhash.c °]+= Dan Bernstein ] SipHash24 €17 2] & 2] Marek Majkowski 2] - & o] 3 3}=] o]
AsUh o7+ o33 22 Y& £3F o JdFyth:

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

(TH& ST Aol A1)

C.3. Z&tzEl AmEQofof CHSt 2fo|MlA A S0l 145




The Python Language Reference, &A| H{& 3.8.13

(o] A sl o] A A M A%)

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

C double I+ &2 749 WIS 93 C &4 dtoa &} strtod S A2 5H= kY Python/dtoa c = A http:
/ Iwww.netlib.org/fp/ ol Al A& 4= 91+ David M. Gay 2 @8 o] &9 wtd oA FAE A5 YTH 20095 3y
16dol e AR stdo= tha 7 22 A&d B gtoldls F A 7F 23 of sy Th:

/****************************************************************

The author of this software is David M. Gay.

* % o

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* % o

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

* % ok X

*

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

***************************************************************/

C.3.12 OpenSSL

B 5 hashlib,posix, ssl, crypt + &
S EEREESENETI e
o= 2 o 7)o OpenSSL &Fo] Al 2 AFE

B A A7 AHEE 5 AA sHE F7He] A 5= #1301 OpenSSL gto]
X gho]lW A L2 7L OpenSSL 2fo] B &g AHL S 233
= T H:

o
>z

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

/* - - - =

* Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

(TH& ST Aol A1)

146 Appendix C. A}2} 2j0|MIA



http://www.netlib.org/fp/
http://www.netlib.org/fp/

The Python Language Reference, £A| H{™ 3.8.13

(o] A sl o] A A M A%)

L I I A I N N S N IS S S S S i S N N R S S S N S S S T SN S N S S S T S ST S S N S N .

/*

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)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

Original SSLeay License

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)

(cF
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All rights reserved.

This package is an SSL implementation written
by Eric Young (eaylcryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
1. Redistributions of source code must retain the copyright
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]
/
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C.3.13 expat

pyexpat &2 =5 ——yith-system-expat & FA SR &= 3, EHH expat 22 AHE S AR5} o]

dEgynh

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

_ctypes 8HAL WTCE —_yith-system—1ibffi & FASIA] &= 3t £ H libfi &2 AFES AR5 o]

e

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc ©f &3 AHE5 = al A] H| o] £9] FH - cfuhash ZE2AE

]
N
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Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS

(TH& ST Aol A1)
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FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

_decimal EE2 WY E=E —-—with-system-libmpdec & T4 3}X] &+ oF, Z3HH libmpdec 22 AFE S

Agstel =g o)

Copyright (c) 2008-2016 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 C14N E|AE AQIE
test F 7] X2 C14N 2.0 E|2E A9 E (Lib/test/xmltestdata/c14n-20/)+= W3C 9 A}o] E https:
[ Iwww.w3.org/TR/xml-cl4n2-testcases/ of| A 7FA 2k 2. ™ 3-4 BSD 2}o] Al o] v g Yt}

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang), All Rights Reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that
the following conditions are met:

¢ Redistributions of works must retain the original copyright notice, this list of conditions and the fol-
lowing 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.
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* 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 PUR-
POSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBU-
TORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUB-
STITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUP-
TION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY
WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH
DAMAGE.
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Copyright © 2001-2022 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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ellipsis literal, 18
T

string literal, 10
. (dot)

attribute reference, 73

in numeric literal, 15
! (exclamation)

in formatted string literal, 12
— (minus)

binary operator, 78

unary operator,77
' (single quote)

string literal, 10
" (double quote)

string literal, 10
mmwn

string literal, 10
# (hash)

comment, 6

source encoding declaration,6
% (percent)

L=, 78

o\
Il

augmented assignment, 90
& (ampersand)
oA L=, 79
&:
augmented assignment, 90
() (parentheses)
call, 74
class definition, 106
function definition, 104
generator expression, 69
in assignment target list, 88
tuple display, 67
* (asterisk)
function definition, 105

import statement, 95

in assignment target list, 88
in expression lists, 84

in function calls,75

L=, 77

function definition, 105
in dictionary displays, 68
in function calls,76
o Lr=r, 77

* k=

augmented assignment, 90

augmented assignment, 90

+ (plus)
binary operator, 78
unary operator, 77

+=
augmented assignment, 90

, (comma), 67
argument list, 74
expression list, 68, 84,91, 106
identifier 1list, 97,098
import statement, 95
in dictionary displays, 68
in target list, 88
parameter list, 104

slicing, 74
with statement, 103
/ (slash)
function definition, 105
A= 78
//
oA Lh= 78
//=
augmented assignment, 90
/=
augmented assignment, 90
0b

integer literal, 14
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0o
integer literal, 14

0x
integer literal, 14

2to3, 119

: (colon)
annotated variable, 90
compound statement, 100, 101, 103, 104, 106
function annotations, 105
in dictionary expressions, 68
in formatted string literal, 12
lambda expression, 83

slicing, 74
; (semicolon), 99
< (less)

A= 79
<<

A= 78
<<=

augmented assignment, 90
<=

L= 79
| —

oA L= 79

augmented assignment, 90
= (equals)
assignment statement, 88
class definition, 35
for help in debugging using string
literals, 12
function definition, 105
in function calls, 74

AL T9

function annotations, 105
> (greater)
A=, 79
>=
o= 79
>>
L=, 78
>>=
augmented assignment, 90
>>> 119
@ (at)
class definition, 107
function definition, 105
A=, 77
[1 (square brackets)
in assignment target list, 88
list expression, 68
subscription, 74

\ (backslash)

escape sequence, 11
AR\

escape sequence, 11
\a

escape sequence, 11
\b

escape sequence, 11
\f

escape sequence, 11
\N

escape sequence, 11
\n

escape sequence, |1
\r

escape sequence, 11
\t

escape sequence, 11
\U

escape sequence, 11
\u

escape sequence, 11
\v

escape sequence, 11
\x

escape sequence, 11
~ (caret)

o= 79

augmented assignment, 90
_ (underscore)

in numeric literal, 14,15
_, ldentifiers,9
__, identifiers,9

__abs__ () (object W| A =), 42
__add__ () (object W] A =), 41
__aenter__ () (object M| =), 46
__aexit__ () (object M| A &), 46
__aiter__ () (object M| X =), 45

__all__ (optional module attribute), 95
__and__ () (object W] A =), 41
__anext__ () (agen WA =), 72
__anext__ () (object M| A =), 45
__annotations__ (class attribute), 23
__annotations___ (function attribute), 21
__annotations__ (module attribute), 23

__await__ () (object A &), 44
__bases__ (class attribute), 23
__bool__ () (object method), 39
__bool__ () (object Wl =), 30
__bytes__ () (object W] =), 28
_ cached_ ,58

__call__ () (object method), 76
__call_ () (object WA =), 39
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__cause___ (exception attribute), 93 __ifloordiv__ () (object WA =), 42
__ceil_ () (object | A=), 42 __ilshift__ () (objea WA E), 42
__class__ (instance attribute), 24 __imatmul__ () (object M| X =), 42
__class__ (method cell), 37 __imod__ () (object Wl A =), 42
__class__ (module attribute), 31 __imul__ () (object M| =), 42
_ class_getitem__ () (object®] S WA E), _ index_ () (object WA E), 42
38 __init_ () (object M|H =), 27

__classcell__ (class namespace entry), 37 __init_subclass__ () (object®] S WA ),
__closure__ (function attribute), 21 35
__code___ (function attribute), 21 __instancecheck__ () (class /]| A &), 38
__complex__ () (object M| X =), 42 __int__ () (object M|A =), 42
__contains__ () (object M| A =), 40 __invert__ () (object WX =), 42
__context__ (exception attribute), 93 __ior__ () (object M| A=), 42
__debug__,91 __ipow__ () (object M| A =), 42
__defaults__ (function attribute), 21 __irshift__ () (object M| X&), 42
__del_ () (object WA =), 27 __isub__ () (object W] A &), 42
__delattr__ () (object ] =), 31 __iter_ () (object WA =), 40
__delete__ () (object Ml A =), 32 __itruediv__ () (object M|A =), 42
__delitem__ () (object | X =), 40 __ixor__ () (object W] A =), 42
_ dict__ (class attribute), 23 __kwdefaults__ (function attribute), 21
__dict__ (function attribute), 21 __le_ () (object Wl A =), 29
__dict__ (instance attribute), 24 __len__ () (mapping object method), 30
__dict__ (module attribute), 23 __len__() (object W] =), 39
__dir__ (module attribute), 31 __length_hint__ () (object WA Z), 39
_dir__ () (object Wl A =), 31 __loader_ ,58
__divmod__ () (object MM =), 41 __1shift__ () (object A=), 41
__doc__ (class attribute), 23 __1t__ () (object Wl A =), 29
__doc___ (function attribute), 21 __main___
__doc__ (method attribute), 21 8 §,48,111
__doc__ (module attribute), 23 __matmul__ () (object WA =), 41
__enter__ () (object W] A E), 43 __missing__ () (object M| A &), 40
__eq__() (object Ml A =), 29 __mod__ () (object | =), 41
__exit__ () (object WA E),43 __module__ (class attribute), 23
_ file_ ,58 __module___ (function attribute), 21
_ file_  (module attribute), 23 __module___ (method attribute), 21
_ _float__ () (object M| A &), 42 _mul__ () (object Wl A =), 41
_ floor__ () (object M| A &), 42 __name__,58
__floordiv__ () (object HI A E), 41 __name___(class attribute), 23
__format__ () (object M| X =), 28 __name___ (function attribute), 21
_ func__ (method attribute), 21 __name___ (method attribute), 21
_ future_ ,123 __name___ (module attribute), 23

future statement, 96 __ne__ () (object Wl A =), 29
__ge__ () (object Wl A =), 29 __neg__ () (object Wl A =), 42
__get__ () (object Wl A =), 32 __new__ () (object | =), 27
__getattr__ (module attribute), 31 __next__ () (generator M| A =), 71
__getattr__ () (object WA =), 30 __or__() (object A=), 41
__getattribute__ () (object M| A=), 31 __package__, 58
__getitem__ () (mapping object method), 26 __path_ ,58
__getitem__ () (object A =), 39 __pos__() (object | =), 42
__globals__ (function attribute), 21 __pow__ () (object | A =), 41
__gt__ () (object | A =), 29 __prepare__ (metaclass method), 36
__hash__ () (object ¥| A =), 29 __radd__ () (object Wl A =), 41
__iadd__ () (object Wl A E), 42 __rand__ () (object W] A &), 41
__iand__ () (object M|A =), 42 __rdivmod__ () (object M| X =), 41
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_ _repr__ () (object W] A &), 28 generator, 24, 69, 70
_ _reversed__ () (object M| A=), 40 immutable, 19
__rfloordiv__ () (object A =), 41 immutable sequence, 19
__rlshift () (object MM E), 41 instance, 23, 24, 76
__rmatmul__ () (object M| A =), 41 integer, 19
__rmod__ () (object H| A &), 41 list, 20, 68, 73, 74, 89
_rmul__ () (object WA &), 41 mapping, 20, 24, 74, 89
__ror__ () (object | A =), 41 method, 21, 23,76
__round__ () (object M| A &), 42 module, 23, 73
__rpow__ () (object W] A E), 41 mutable, 20, 88, 89
__rrshift_ () (object MIA =), 41 mutable sequence, 20
__rshift__ () (object Ml A =), 41 None, 18, 88
__rsub__ () (object M| A &), 41 NotImplemented, 18
__rtruediv__ () (object M|A =), 41 numeric, 18, 24
__rxor__ () (object M| E), 41 sequence, 19, 24, 74, 82, 89, 100
__self__ (method attribute), 21 set, 20, 68
__set__ () (object Wl A =), 32 set type, 20
__set_name__ () (object WA =), 32 slice, 39
__setattr__ () (object WA =), 31 string, 74
__setitem__ () (object W] X =), 40 traceback, 25, 93, 102
__slots_ ,129 tuple, 20, 74, 84
_ spec_ ,58 user—defined function, 21, 76,104
__str__ () (object WA =), 28 user—-defined method, 21
__sub__ () (object | A =), 41 2
__subclasscheck__ () (class M| A =), 38 assert, 91
__traceback__ (exception attribute), 93 async def, 107
__truediv__ () (object M| A =), 41 async for, 108
__trunc__ () (object M| A &), 42 async with, 108
__xor__ () (object | A=), 41 break, 94, 100102
{} (curly brackets) class, 106
dictionary expression, 68 continue, 94, 100102
in formatted string literal, 12 def, 104
set expression, 68 del, 27,92
| (vertical bar) for, 94, 100
A L= 79 global, 92,97
| = if, 100
augmented assignment, 90 import, 23, 95
~ (tilde) nonlocal, 98
A Lr=F, 77 pass, 91
T =) raise, 93
asynchronous—generator, 72 return, 92, 102
Boolean, 19 try, 26, 101
built-in function, 22,76 while, 94, 100
built-in method, 23, 76 with, 43,103
callable, 21,74 yield, 92
class, 23,76, 106 julaia)
class instance, 23, 24,76 % (percent), 78
complex, 19 & (ampersand), 79
dictionary, 20,23, 29, 68, 74, 89 * (asterisk), 77
Ellipsis, I8 ** 77
floating point, 19 / (slash), 78
frame, 25 //,78
frozenset, 20 < (less), 79
function, 21, 22, 76, 104 <<, 78
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<=,79
'=,79

==,79

> (greater), 79
>=,79

>>, 78

@ (ar), 77

~ (caret), 79
| (vertical bar), 79
~ (tilde), 77
and, 82
in, 82
is, 82
is not, 82
not, 82
not in, 82
or, 82

<]
AssertionError, 91
AttributeError, 73
GeneratorExit, 71,73
ImportError, 95
NameError, 66
StopAsyncIteration, 72
StopIteration, 71,92
TypeError, 77
ValueError, 78
ZeroDivisionError, 78

A

abs

HE B A, 42
abstract base class (Aol Z8 ), 119
aclose () (agen WA E),73
addition, 78
and

bitwise, 79

o LF=r, 82
annotated

assignment, 90
annotation (o] = H] o] A), 119
annotations

function, 105
anonymous

function, 83
argument

call semantics, 74

function, 21

function definition, 105
argument (1 Ah), 119
arithmetic

conversion, 65

operation, binary, 77

operation, unary, 77

array
85,20
as
except clause, 102
import statement, 95
with statement, 103
S =,95,101, 103
ASCII, 4,10
asend () (agen M A &), 73
assert
2,91
AssertionError
<1<, 91
assertions
debugging, 91
assignment
annotated, 90
attribute, 88, 89
augmented, 90
class attribute, 23
class instance attribute, 24
slicing, 89
statement, 20, 88
subscription, 89
target list, 88
async
A E, 107
async def
2,107
async for
in comprehensions, 67
2,108
async with
2,108
asynchronous context manager (H]% 7] A€
2~ E A A}, 120
asynchronous generator
asynchronous iterator, 22
function, 22
asynchronous generator (8] % 7] Ay & o] ),
120
asynchronous generator iterator (H]%—ﬂ
A gl o] g o] B &l o] EY), 120
asynchronous iterable (H]Z7] o] #E), 120
asynchronous iterator (8] % 7] o] g d o] §]),
120
asynchronous—generator
I, 72
athrow () (agen WA =), 73
atom, 66
attribute, 18
assignment, 88, 89
assignment, class, 23
assignment, class instance, 24
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class, 23
class instance, 24
deletion, 92
generic special, 18
reference, 73
special, 18
attribute (MJEZHE), 120
AttributeError
<, 73
augmented
assignment, 90
await
in comprehensions, 67
S =, 76, 107
awaitable (o]$lo]E &), 120

B
b'
bytes literal, 10
b"
bytes literal, 10
backslash character,6
BDFL, 120
binary
arithmetic operation, 77
bitwise operation, 79
binary file (8}o] g 3}+Y), 120
binary literal, 14
binding
global name, 97
name, 47, 88, 95, 104, 106

builtins
35,111
byte, 20
bytearray, 20
bytecode, 24
bytecode (H}o]E T X&), 121
bytes, 20
SiE g A, 28
bytes literal, 10
bytes—like object (H}O|EEH

C

c, 11
language, 18, 19, 22,79
call, 74
built-in function, 76
built-in method, 76
class instance, 76
class object, 23,76
function, 21,76
instance, 39, 76
method, 76
procedure, 88
user—-defined function, 76
callable
AL 21, 74
callback (1), 121
C-contiguous, 121
chaining
comparisons, 79
exception, 93

A ), 120

bitwise character, 19, 74
and, 79 chr
operation,binary, 79 SiEE 24, 19
operation, unary, 77 class
or, 79 attribute, 23
xor, 79 attribute assignment, 23
blank line,7 body, 37
block, 47 constructor, 27
code, 47 definition, 92, 106
BNF, 4, 65 instance, 24
Boolean name, 106
operation, 82 i), 23, 76, 106
A, 19 =, 106
break class (E8 ), 121
2,94, 100102 class instance
built-in attribute, 24
method, 23 attribute assignment, 24
built-in function call, 76
call, 76 A, 23, 24,76
A, 22,76 class object
built—-in method call, 23,76
call, 76 class variable (E3 2 HS), 121
A, 23,76 clause, 99
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clear () (frame M| A &), 25
close () (coroutine Wl A ), 45
close () (generator M| A &), 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 (Zo]A), 121
comma, 67

trailing, 84
command line, 111
comment, 6
comparison, 79
comparisons, 29

chaining, 79
compile

SiE e, 97
complex

number, 19

A, 19

T oA, 42
complex literal, 14
complex number (B4, 121
compound

statement, 99
comprehensions, 67

dictionary, 68

list, 68

set, 68
Conditional

expression, 82
conditional

expression, 83
constant, 10
constructor

class, 27
container, 18, 23
context manager,43
context manager (AEAE F#E| A}, 121

context variable (AYAE W), 121
contiguous (%), 121
continue
2,94, 100102
conversion
arithmetic, 65
string, 28, 88
coroutine, 44,70
function, 22
coroutine (ZFH), 121
coroutine function (ZFHE ), 121
CPython, 121

D

dangling

else, 100
data, 17

type, 18

type, immutable, 66
datum, 68
dbm.gnu

85,21
dbm.ndbm

85, 2]
debugging

assertions,91
decimal literal, 14
decorator (HZd o] ), 121
DEDENT token, 7, 100
def

2,104
default

parameter value, 105
definition

class, 92, 106

function, 92, 104
del

2,27,92
deletion

attribute, 92

target, 92

target list, 92
delimiters, 16
descriptor (2= HE]), 122
destructor, 27, 89
dictionary

comprehensions, 68

display, 68

A, 20, 23, 29, 68, 74, 89
dictionary (944 &), 122
dictionary comprehension, 122
dictionary view (84 zg 1), 122
display

dictionary, 68
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list, 68

set, 68
division, 78
divmod

T oA, 41
docstring, 106
docstring (BEAE ), 122
documentation string, 25
duck-typing (8§ E}o]3), 122

E

e
in numeric literal, 15
EAFP, 122
elif
S =, 100
Ellipsis
AL 18
else
conditional expression, 83
dangling, 100
S| £, 94, 100102
empty
list, 68
tuple, 20, 67

encoding declarations (source file), 6
environment, 48
error handling, 49
errors, 49
escape sequence, 11
eval
SHE b4, 97, 112
evaluation
order, 84
exc_info (in module sys), 25
except
S E, 101
exception, 49,93
chaining, 93
handler, 25
raising, 93
exception handler, 49
exclusive
or, 79
exec
SiEF er s, 97
execution
frame, 47, 106
restricted, 49
stack, 25
execution model, 47
expression, 65
Conditional, 82
conditional, 83

generator, 69

lambda, 83, 106

list, 84,87

statement, 87

yield, 69
expression (X3 4]), 122
extension

module, 18
extension module (% 2 &), 122

F

f'

formatted string literal,ll

f"

formatted string literal, 1l

f-string (FEA}Y), 122

f_back (frame attribute), 25
f_builtins (frame attribute), 25
f_code (frame attribute), 25
f_globals (frame attribute), 25
f_lasti (frame attribute), 25
f_lineno (frame attribute), 25
f_locals (frame attribute), 25
f_trace (frame attribute), 25
f_trace_lines (frame attribute), 25
f_trace_opcodes (frame attribute), 25
False, 19

file object (3} A, 123

file—-like object (Z}LF A, 123

finalizer, 27
finally
S =,92,94, 101, 102
find_spec
finder, 54
finder, 54
find_spec, 54
finder (3}l ), 123
float
SiE A, 42
floating point
number, 19
I, 19
floating point literal, 14
floor division (A4 U==4l), 123
for
in comprehensions, 67
2,94,100
form
lambda, 83
format () (built-in function)
__str__ () (object method), 28
formatted string literal, 12
Fortran contiguous, 121
frame
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execution, 47, 106
A, 25
free
variable, 47
from
import statement, 47,95
Y=, 69,95
yield from expression, 70
frozenset
A, 20
fstring, 12
f-string, 12
function
annotations, 105
anonymous, 83
argument, 21
call, 21,76
call,user—-defined, 76
definition, 92, 104
generator, 69, 92
name, 104
user—defined, 21
A, 21, 22,76, 104
function (&), 123
function annotation (&4
future
statement, 96

G

garbage collection, 17
garbage collection (7}F8]A] =7), 123
generator, 123

expression, 69

function, 22, 69, 92

iterator, 22,92

A, 24, 69, 70
generator (A d o] ¥]), 123
generator expression, 123
generator expression (AlY @ olE &34, 124
generator iterator (AU @ o] g o] ¥ & o] §),

123

GeneratorExit

A<, 71,73
generic

special attribute, 18
generic function (AYE ), 124
GIL, 124
global

name binding, 97

namespace, 21

LHo]A), 123

2,92,97
global interpreter lock (A< 2 ¥ = g ¥
=), 124

grammar, 4

grouping, 7

H

handle an exception, 49
handler

exception, 25
hash

S s, 29
hash character,6
hash-based pyc (G| A] 714k pyc), 124
hashable, 68
hashable (3] A] 7}%), 124
hexadecimal literal, 14
hierarchy

type, 18
hooks

import, 54

meta, 54

path, 54

|
id
S w17
identifier, 8, 66
identity
test, 82
identity of an object, 17
IDLE, 124
if
conditional expression, 83
in comprehensions, 67
2,100
imaginary literal, 14
immutable
data type, 66
object, 66, 68
2, 19
immutable (W), 124
immutable object, 17
immutable sequence
2, 19
immutable types
subclassing, 27

import
hooks, 54
2,23,95

import hooks, 54
import machinery, 51
import path(YEE F =), 124
importer (Y ¥), 124
ImportError

<1<, 95
importing (Y ®), 124
in
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oA LH=r 82

1Y =, 100
inclusive

or, 79
INDENT token,7
indentation, 7
index operation, 19
indices () (slice | A &), 26
inheritance, 106
input, 112
instance

call, 39,76

class, 24

A, 23, 24,76
int

i oA, 42
integer, 19

representation, 19

A, 19
integer literal, 14
interactive (th33), 124
interactive mode, 111
internal type, 24
interpolated string literal, 12
interpreted (A EH ZZE| E), 125
interpreter, 111
interpreter shutdown (JAEZZE £8), 125
inversion, 77
invocation, 21

io
15, 24
is
a8 82
is not
oA, 82
item
sequence, 74
string, 74
item selection, 19
iterable

unpacking, 84
iterable (9] EE), 125
iterator (] E]# o] ¥]), 125

J

in numeric literal, 15
Java

language, 19

K

key, 68

key function (7] &%), 125
key/datum pair, 68

keyword, 9
keyword argument (Z]YE <1z}, 125

L

lambda
expression, 83, 106
form, 83
lambda (¥1}), 125
language
c, 18,19,22,79
Java, 19
last_traceback (in module sys), 25
LBYL, 125
leading whitespace, 7
len

SiEE g, 19, 20, 39
lexical analysis,5
lexical definitions,4
line continuation,6
line joining,5,6
line structure,5
list

assignment, target, 88

comprehensions, 68

deletion target, 92

display, 68

empty, 68

expression, 84, 87

target, 88, 100

1A, 20, 68, 73, 74, 89
list (F]2E), 126
list comprehension (BAE A= 3A), 126
literal, 10, 66
loader, 54
loader (249), 126
logical line,5
loop

over mutable sequence, 101

statement, 94, 100
loop control

target, 94

M
magic

method, 126
magic method (W] 3 WA E), 126
makefile () (socket method), 24
mangling

name, 66
mapping

A, 20, 24, 74, 89
mapping ("§33), 126
matrix multiplication,77
membership
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test, 82
meta
hooks, 54

meta hooks, 54
meta path finder (WE} F & 3}21H), 126
metaclass, 35
metaclass (W EF FE ), 126
metaclass hint, 36
method
built-in, 23
call, 76
magic, 126
special, 130
user—-defined, 21
oA, 21, 23,76
method (WA =), 126
method resolution order (WA E ZAA <A,
126
minus, 77
module
extension, 18
importing, 95
namespace, 23
A, 23, 73
module (&), 126
module spec, 54
module spec (RE 23, 126
modulo, 78
MRO, 126
multiplication, 77
mutable
A, 20, 88, 89
mutable (7}H), 126
mutable object, 17
mutable sequence
loop over, 101
3, 20

N

name, 8, 47, 66
binding, 47, 88, 95, 104, 106
binding, global, 97
class, 106
function, 104
mangling, 66
rebinding, 88
unbinding, 92
named tuple (V]
NameError
<1<, 66
NameError (built-in exception), 48
names
private, 66
namespace, 47

Iy

global, 21

module, 23

package, 53
namespace (°] & &7, 127
namespace package (°]& &7t 3f7] A)), 127
negation, 77
nested scope (EJH AT Z), 127
new-style class (F+2EY F82), 127
NEWLINE token,5, 100
None

A, 18, 88
nonlocal

2,98
not

o LF=r, 82
not in

o LH=r 82
notation, 4
NotImplemented

L 18
null

operation, 91
number, 14

complex, 19

floating point, 19
numeric

AL 18, 24

numeric literal, 14

O

object, 17
code, 24
immutable, 66, 68
object (AA)), 127
object._ _slots__ (W HF), 34
octal literal, 14
open
SiE oA, 24
operation
binary arithmetic, 77
binary bitwise, 79
Boolean, 82
null, 91
power, 77
shifting, 78
unary arithmetic, 77
unary bitwise, 77
operator
— (minus), 77,78
+ (plus), 77,78
overloading, 26
precedence, 84
ternary, 83
operators, 16
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or
bitwise, 79
exclusive, 79
inclusive, 79
o LH=r 82

ord
S e, 19

order
evaluation, 84

output, 88
standard, 88

overloading
operator, 26

P

package, 52
namespace, 53
portion, 53
regular, 52

package (3] 7] A)), 127

parameter
call semantics,75
function definition, 104
value, default, 105

parameter (W7} H), 127

parenthesized form, 67

parser,5

pass

ol

, 91
path
hooks, 54
path based finder, 60

path based finder (AE 7|9l 3}l H), 128

path entry (F = dE=z) 128

path entry finder (A= JEg 5}2H), 128

path entry hook (B2 dEF %), 128
path hooks, 54
path-like object (A2 21A)), 128
PEP, 128
physical line, 5,6, 11
plus, 77
popen () (in module os), 24
portion
package, 53
portion (Z4), 128

SHEE E s, 28
print () (built-in function)

__str__ () (object method), 28
private

names, 66
procedure

call, 88
program, 111
provisional API (F+A API), 128
provisional package (FA 37| A)), 129
Python 3000 (3o]% 3000), 129
PYTHONHASHSEED, 30
Pythonic (3}o] AW TH), 129
PYTHONPATH, 60

Q

qualified name (B3} o] &), 129

R
r'

raw string literal, 10
r"

raw string literal, 10
raise

2,93
raise an exception,49
raising

exception, 93
range

“hE g s, 101
raw string, 10
rebinding

name, 88
reference

attribute, 73
reference count (ZZ 34, 129
reference counting, 17
regular

package, 52
regular package (A7f 37| A]), 129
relative

import, 96
repr

SiE 4, 88

repr () (built-in function)

positional argument (¥ %] ¢z}, 128 __repr__ () (object method), 28
pow representation
S A, 41 integer, 19
power reserved word,9
operation, 77 restricted
precedence execution, 49
operator, 84 return
primary, 73 2,92, 102
print round
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Y Y4, 43

S

scope, 47,48
send () (coroutine B A] ), 45
send () (generator W] A &), 71
sequence
item, 74
A, 19, 24, 74, 82, 89, 100
sequence (A]#A2), 130
set
comprehensions, 68
display, 68
i), 20, 68
set comprehension, 130
set type
A, 20
shifting
operation, 78
simple
statement, 87
single dispatch (AZ ty2 9] x), 130
singleton
tuple, 20
slice, 74
A, 39
SiE o, 26
slice (£8}o]2), 130
slicing, 19,20, 74
assignment, 89
source character set,6
space, 7
special
attribute, 18
attribute, generic, 18
method, 130
special method (54 WA E), 130
stack
execution, 25

trace, 25
standard
output, 88

Standard C, 11

standard input, 111

start (slice object attribute), 26, 74

statement
assignment, 20, 88
assignment, annotated, 90
assignment, augmented, 90
compound, 99
expression, 87

statement (£7%), 130
statement grouping, 7
stderr (in module sys), 24
stdin (in module sys), 24
stdio, 24
stdout (in module sys), 24
step (slice object attribute), 26, 74
stop (slice object attribute), 26, 74
StopAsyncIteration
A<, 72
StopIteration
A4, 71,92
string
__format__ () (object method), 28
__str__ () (object method), 28
conversion, 28, 88
formatted literal, 12
immutable sequences, 19
interpolated literal, 12
item, 74
A, 74
string literal, 10
subclassing
immutable types, 27
subscription, 19, 20, 74
assignment, 89
subtraction, 78
suite, 99
syntax, 4
sys
3 %,102,111
sys.exc_info, 25
sys.last_traceback, 25
sys.meta_path, 54
sys.modules, 53
sys.path, 60
sys.path_hooks, 60
sys.path_importer_cache, 60
sys.stderr, 24
sys.stdin, 24
sys.stdout, 24
SystemExit (built-in exception), 49

T

tab, 7

target, 88
deletion, 92
list, 88, 100
list assignment, 88
list,deletion, 92
loop control, %4

future, 96 tb_ frame (traceback attribute), 26
loop, 94, 100 tb_lasti (traceback attribute), 26
simple, 87 tb_1lineno (traceback attribute), 26
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tb_next (traceback attribute), 26
termination model, 49
ternary

operator, 83
test

identity, 82

membership, 82
text encoding (HlAE Q17 1), 130
text file (H2E 3}+4), 130
throw () (coroutine WA ), 45
throw () (generator ¥l A E), 71
token, 5

trace
stack, 25
traceback
A, 25, 93, 102
trailing
comma, 84
triple—quoted string (A% U2

130
triple-quoted string, 10
True, 19

try

2, 26,101
tuple

empty, 20, 67

singleton, 20
WA, 20, 74, 84
type, 18
data, 18
hierarchy, 18
immutable data, 66
SiEF g, 17,35
type (@), 130
type alias (8 9| g ojx), 130
type hint (3 3 E), 131
type of an object, 17
TypeError
A4, 77
types, internal,?24

u'
string literal, 10

string literal, 10
unary

arithmetic operation,77

bitwise operation, 77
unbinding

name, 92
UnboundLocalError, 48
Unicode, 19
Unicode Consortium, 10

universal newlines (FU®Ad & d7), 131
UNIX, 111
unpacking
dictionary, 68
in function calls,75
iterable, 84
unreachable object, 17
unrecognized escape sequence, |l
user—-defined
function, 21
function call, 76
method, 21
user—-defined function
AL 21, 76, 104
user—-defined method
AL 21

\Y

value

default parameter, 105
value of an object, 17
ValueError

<, 78
values

writing, 88
variable

free, 47
variable annotation (4 o] - H| o] A), 131
virtual environment (7} 273), 131
virtual machine (7F4 7] A), 131

W

while
2,94,100
Windows, 111
with
2,43,103
writing

values, 88

X

-
abs, 42
bytes, 28
chr, 19
compile, 97
complex, 42
divmod, 41
eval, 97,112
exec, 97
float, 42
hash, 29
id, 17
int, 42
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len, 19, 20, 39 PEP 420,51,53,59, 64, 123, 127, 128
open, 24 PEP 443,124
ord, 19 PEP 448,68, 76,84
pow, 41 PEP 451,64, 123
print, 28 PEP 484,38,91, 106, 119, 123, 131
range, 101 PEP 492,45,70, 109, 120, 121
repr, 88 PEP 498, 14,122
round, 43 PEP 5109, 128
slice, 26 PEP 525,70, 120
type, 17, 35 PEP 526,91, 106, 119, 131
15 PEP 530,67
__main_ ,48,111 PEP 560, 36, 38
array, 20 PEP 562,32
builtins, 111 PEP 563,96, 106
dbm.gnu, 21 PEP 570, 105
dbm.ndbm, 21 PEP 572,69, 83
io, 24 PEP 3104,098
sys, 102, 111 PEP 3107, 106
XOor PEP 3115, 36,107
bitwise, 79 PEP 3116, 131
PEP 31109, 38
Y PEP 3120,5
39 = PEP 3129, 107
as, 95,101, 103 PEP 3131,8
async, 107 PEP 3132,90
await, 76, 107 PEP 3135, 37
elif, 100 PEP 3147,58
else, 94, 100102 PEP 3155, 129
except, 101 d3 A%
finally, 92,94, 101, 102 PYTHONHASHSEED, 30
from, 69, 95 yield
in, 100 examples, 71
yield, 69 expression, 69
L - e b 2,92
PEP 1,128 I E, 69
PEP 8, 80
PEP 236,97 Z
PEP 238,123 Zen of Python (3to]# Al), 131
PEP 252,32 ZeroDivisionError
PEP 255,70 A<, 78
PEP 278,131
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PEP 338,64
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