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CHAPTER 1

e
o AR A QWAL T8 2T Aol S AYFUTh AGAE BEE 2 97 2
Hs % @ Ao L = ES T YA W, BUT ol B4 o)) BE Aol F4 FARIE A4S
AL FUTE o AElo] BFAI EAE 0] FAE F U A olHHET WEAT, FA REH 15
A g U Th 94 0 2, BHeF ol e R o] o) A 31 o] LA BO% Bl 4 S kA P 1 o
obubs ol /A2 WA of & Aol 1 A5 ol e dojE WEL Ao £ AYUrh W,
of &) o] o] ML ALg 3k 913 Aol o) S ool v & BEe 77 ol vhs) FFal 5 Slrkel Ael
3 ool A 2 X2 4 YUtk F U FAIE J S W3 Ak, ofuhE ol AL
7155 do] £5UT— 184 oW 22 A4S AU )
B2 R A YR Be PAARLANZE YL AL ATPY T 2L WAE 203 2L Aoje) o2
FAE EHE A 02 ST 5 YT ol (99 P80 AR AN E Fel A 5171 A
CPython & 714 Q2] AL8%) = shol 4l a0l 228 S8 e 4% 52 0z AR 7427 A5tk
o] 27he) A kS WEHFL Yt ASE 53 LG UL 1A, SAE FAEXFLS (P E)

[ LA
ZhHolve e AL BA 2 AYYrh
RE o] T B W RERE
" &

® So] kg Yth o] 252 library-index o] 7]€5 o] 95Ut
Ao oo FET vt iAo 2 AAE A EE YF RESS gz AFFEYth
11 CHt 7RIS
ol HA g AHEE = IholH Fd o] EXs7| = AT, SRS AAAE VM A EANA T4AES
7HA o gt FAE o] Atk
or

CPython 9% 0|7 % 3tx 714 & #els 1 9= Cx2 2" ol LY UTH dole] 2 7|5
HE A7AM As 3

]

Jython 3}o]® Apu}d. o] &L 2u}
gfol B2l & gga- g8z
H2AEE Bt g Al H 7|5 o

3 7
Python for .NET 0] :—,7— I <R éxﬂi CPython :|l§‘]j_ < /\]——%—6‘]— ] J— Hq ;(] = (managed) .NET cgwz
% 0] 1L .NET 2}o] H.2f 2] 2 4] 3 ] th. Bryan Lloyd 7} W& 15 U theh. B ApAl 9 % B+ Python for
NET &5 ©] ] o A &85 vtk

~IYE Ao} 2 AL E Ak, Auh e
g 5 g5tk £5 Ak ehol Hej e
Aol = oA 2 4 5T

_\:
°
k)
11‘“
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IronPython .NET 2 9|3l tjj ¢F 5} o] 4. Python.NET &= 22| o] A2 LS A A5, gfo]W T =5 NET
AdEg 2 A AudstE S shol A & ¢ Yt} Jim Hugunin ©] THE 1=, Jython o] ¥ A
Zo] 71 = gt} ZFA 8 A B = TronPython 9] AFo] E o] A A& 4= 95U th

Pﬂyﬂﬂd%]ioiﬂﬂﬂﬂﬂNQﬁ 228 2] 2 (stackless) A| Qo] U IIT ZA 5t 2 9} Zo] o} &
FRANAE 22 5 Gt 07 A5S AT UL o] TRAEY B F SR (ol WO 2907
wfEel) ez H 3= A ‘?}E‘ﬂ/ﬂ Aol Al th A H & HE=e AdUTE AHA T A E =
PyPy 2 2 A E o] F5o] A o A 25 4= 5T

24 29e o) AA A AEE & oIS 234 2] Fhe o2 Nl AL, T E sl 1 £ 4ol A
I ok e 2ol A8 59l TRl ish ol A& B Loboh

—h
o
o
N

|I:|-I
=

o]
A

ofo ot
2is
12
o
Sl
ok
o
N,
S
rlo
5
o,
i
o
Z
syl
d
i
B
N
i
o
>
ofo
o
<
v
o
pa)
rlo
kv
tlo
i)
Y
rlo
o
o
[»
Kuf
ne
o

EQ‘_',
<
o

name
lc_letter

lc_letter (lc_letter | "_")*

"a"' . ."Z"

iy
rlo
Q
E
o

(i
X

lc_letter & AJ&3aL, gLA Y 8L} 0]/49] 1c_letter Y WEo] Ffu=
tUoh 3 1c_letter = 'a' 9 'z' A}o] o] B} &t yUch (A4 o]
T AN FYE = ol 55 S #HYUth)

(5] 7 Holl S8k name) 3 1 1= 2 AIFFUTE A2 ()=
l F71HAA A7 7 R ARG T E 3 () & kel U

Ll Ol*c} HhEE 4 °‘EP Juldyh; vlskAl, gkl (+) = g W o] g vk

[DEEAA A2 Ao & A U2 5 931, A=k 7bs st

}71]"47:‘%‘414,—‘%*& 7k Vg e Th 2 b‘”‘ﬂﬂi%—t—tﬂ

EAg eHEe e ne SeAgUt FHe E2 5 %)

?‘&%E Ef‘d% oh igte]l 2 A2 e £2 2dE % Ql%tﬂ,%wri% ZEo A=tz

o}

ne ©
i)

>

10 2K
ot

u]ru o

I S22 Ao
ofs 0130 Mg X ox
4
N
fo &
-0,
o [rt
ftfo

+
2ol
:
S
iy
e o
B
[ El
9‘ ~
i ;u
}q.

A € o S
16] 400 01951 10 0§ (251 . 54 5o % 4 WS ASCI B 5 1 St
el B . ) o] Bol gl S, AT B a4 A2 AL
222949 (Ao 242 ABsted A58 5 95U

Mg = 78] A9 2ha SHE ehE, o} 99k B 49 kol Ak ol A& th ofF o
Qo] E Exo] 285 L e, £y Aot olf] B4/ BBt 25 48P UTh TS
A ((©13] 4] (Lexical Analysis)) ) ol 4 A8 & B BN o] 3] 3o U Th; 2 o] 5-9] ol = £
4oyt

4 Chapter 1. 7H2


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

CHAPTER 2

2
o
MHT
1%

shol A =2 1L ShA (parser) ol €3 S F LTk kA 9] L 015 £ A 7] (lexical analyzer) 7 T
Ut &2 (1oken) £ 2EY AU T o] FAAE o3 477 o] WA Y& E2EE L5
4y

ol e 22 1d dAES SUDE HEGOR PEUTH 44 50 AL AnY AAL F3
439 4 93, 7| B Ghe UTE-8 U th 2bA 8 ] -2 PEP 3120 o] Ut 22 9L a9 8 4
91 W& SyntaxError /b AR Th

2.1 & 71X (Line structure)

Jpold 2 a2 o) 2] 7| 9] =2 A < Z (logical lines) = & Ld U Th.

=g &9 £ Z2NEWLINEEZo 2 3Pt &
TEEA) EEL = ﬂﬁo = ke A la EZ]E#
=

o149 2L 29 22 B AAAR Bt 2459 AD2GYUTh 22 397 2ADel
BABEY EFF FEADVLEC BT AFE 5 UHUTH- ASCILF (B2 B A 3Hs 92
%, ASCIL Al 92 CRLE( 21 7] 2] 8l thgofl = A £4h) & AHg-she 959 8, ASCIICR( 2] 4] 2] =)
& AaE o4 WAEA B, o] AU EL BAE TRok DA FEAA AET + s
el B vkA T Bl HA F BAH FA4 9T Fuh

sl g WAL, &4 TE RABL WEN F 52 2 LT CFYASCILFE T3 \n
£AR 2ol FRHUHES 48304 Tol ¥ APIR 2D of of i,



https://www.python.org/dev/peps/pep-3120
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2.1.3 F4
FAHe BAY elE Wol £ A g A BA B AR B A Fe) TAA BRI FAHA
E A% FHe) fAAA ke o4, FHL A 22 FRAAUT FAL Tl AT

ol 22 g £ 3 AL A S 9 F40) B4 coding [=:]\s* ([-\w.14) FlA5|
W ol FA2 5 He10w A2 ch o A4Sl A WA 15 £s e HAS 23 o]
ARTUT Ao e & ol B2 ysho} BT GO E oA olofd PrEETREY
Slofop gt Q1md el A4 FelE £ ATk st

’# —-*— coding: <encoding-name> —*-

o1d] GNU Emacs | Al = 2141 Ut} T} 2 3=

’# vim:fileencoding=<encoding-name>

15 Bram Moolenaar 2] VIM of| A] 21 A1 g U]t}

o7 Ado] WAL R ko 7]H o
(' \xef\xbb\xbf')o]d 3} S17 o] U
notepad A A ALEYth)

] ] \_OJ_E’] s O]J—ﬂ o]%

SV e 1710l B3, 5] 7] o] UTES Bom
Ao BUTh (o] WAl nlo] AR 4B EC)

sholde] AN G 4 glofol Gtk ALY L FAL eE T, 24,

rlo

2.1.5 HA|HCl = ZE
zo

= ol B & A SUA EAN) E AMESIA el A0 E&2 A8 sy A5
Zo] 2A1d Bg o} 240 Ax7}old o A EAr TUH, o S} F e 8 A7)
AARD AZE, A AR L Y= =2 F QA Zol FAHH UL o & =91
if 1900 < year < 2100 and 1 <= month <= 12 \
and 1 <= day <= 31 and 0 <= hour < 24 \
and 0 <= minute < 60 and 0 <= second < 60: # Looks 1like a valid date
return 1
A ESYPAZ B 22 T4 28E T lsUth g SdlX = TS 2FA ZTdUTH J S A=
AL H DL AT ol E2E AGAA E R (S, ZAL AHd o] 9] oW £ 2% o £
IE AHEA A T Foll o] 7153 5 glsUth). £ 2lE E o)l Sl g S A7 el A A58
Za o]9) 9] o T A2 ol o X Eu

), TEZUN7HAEEHE ZEL2 F A olE o Ao edAd sr Y T

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

SAAOE )0 AE SEL FAL ZPY S AGTh 0|0 AL 2SS Sej2s = FRAA ok

F7bo] Wl Fo] ol 7h= GUrh HAA0® F A F 5 749 NEWLINE 20| ghEo] 24
GEUD BAA0E ool A FEE 45 ST H BALEANE 54 5 9w (oFeh B e,
U

o = TS
o] BFv FA ol 23

6 Chapter 2. 015 &M
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21.7 2l &

23| o], B, & 3] = (formfeed) &F AT 2 2AAE =83 &2 FAF Ut} (5 NEWLINE E£ 0]
s X2 5y th) sty oz 8o oY = 2]2] 7} REPL # & o u}e} depd 4=
AU T U5E Az e Ho &, &AS] W E (S oY FAZAYgE )2 g5 3 EHS

FEAQUTh

i
U

2.1.8 S0{M 7|

FTE2 Askes vl AFRE L, o=

A 2
tlo
o g
i)
0}1’14 1.0
?[F' i
2%
=
oo |/
3
u 2
T3
i)
o=
flo
N
1o
il
2
3
N,

a1}
flo
o
1B
K-
>
to
rlu
1B
|o
@
D

7

T

sso) g ABE L, AFE 9 F 25 0] 2 £4 57189
AEE = F Aol R AYUTh) R AA W] B9 2 oo
AU Bol27E o SN2 ALGHA o F e BelHQ
A oA FHlo] Sojxr] & AR Th

%, Wol g Ao A5 o] 2o s Gt of whet thE A 5 42

=
%
N
i)
bt
Jh
b1
o\
<
T
>
N 2

10 2

L @ 1c
)

|
fu
<
4
>
4>
ze,

[ oy
A
L
2 g
2% |y

N

[o
od 3
Lo
Flx 2
rr
oM,

222-BRE THY fo
7% 9l

o om, 1% o [»

A -
B aso]aB Ho] 2k AL AWE o] oh T e ZAEE
’ :

o] 92 4% gtk A Fo 5o

|o
QZJH m

o B =g
(e}
2 %y 0 qndﬂ N
P o [> rlodt ol wy

N

SO
i)
4
39
i
A
£

= ¢17] Aol 05t S 28 ol Y55 U B (push); 0] -2 ThA] 7 Ul (pop) o] §lsUth 2Eof
Mg osE o] ofgfoll A 9 2 gebd u] TR S YT =] A E9] Aol M 29 527

718 ol = gt vl g uth Zopd ok d A= dojubA] gyt o aow 1 g
] INDENT E2-5 vhguth. B Zthd o] g2 28] 9l gk 5 shifo] ofwt . o]
RE 299 Pe2 7AWl (pop), 7 35 7HF 2] DEDENT =23 v yth. 919 ZoA,
05T} 2 3t /473 DEDENT E 28 Wi uth

7)o (FEAH o EAetE) SutaA o027 d shold = 2 7)) g5yt

A
5&
T

-

o,
K
o
9,
30
rlr

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

= ol o8 7HA S 27] o E Byt

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

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

2.1. & X (Line structure) 7
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(A, S Al 79 o 8l = okA 7F A gy o ©hA] mhx] 2} of 2] vk o] 3] B4 7] 7} ZEA g o} — return
r o Eo27| 7t 28 I FI GAEA 5t

22 CIE EES

NEWLINE, INDENT, DEDENT &}+= ¥ = 2, o} 3 22 F3 9] EZ 5 o] &A1Y t}: 2 & X} (identifier),
791 E (keyword), @) &} & (literal), A} (operator), - 2} (delimiter). (2] 7 312 & %8 o] 9] 9]) 5
AL B2 oA W, B2 Relst 4TS PP BET 49, BN LEZOR 92
o, Shibe] ESe StEN A e G AT Folo BADR TS E AL AT P

2.3 AlHXIQ} 7| E

AP AL (0] F (name) o)2tal e FUTh & a3 22 o3 A= 7leg vt

shol Mo A AMAe] B UTE £F R4 UAX31 o 79He 5
W82 ofelol A el T Th & © A 8- PEP 3131 o 4] 22 4

ASCII ] 9] (U+0001..U+007F) Woll A, &rFE Al E A} & 2= 3ho] & 2.x 2F 55U T A ol A 2 91 9]
Aot 22 2L BE L, A A A9 staL, A0 ol A 9.

glo] A 3.0-2 ASCII H 9] wle] E2E5L & 9 gh ) (PEP 3131 I X). o] 2252 A%, unicodedata
B2E 23E HAY FUIZE A} dl o] g o] 20 nfgf F7FH Yt

2@ 2= Aol o]l Aol a1, Al o] 2 (case) & FEF YT

identifier = xid _start xid_continue*

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

HAelA A FUZE e e Z=E2] ovE o] F5Uth
e Lu - uppercase letters
» LI - lowercase letters
e Lt - titlecase letters
¢ Lm - modifier letters
* Lo - other letters
e NI - letter numbers
* Mn - nonspacing marks
¢ Mc - spacing combining marks
* Nd - decimal numbers
* Pc - connector punctuations

o Other_ID_Start - 319 T34 A Y92 913 PropList.txt o] A HA|H o2 YIdH EA}

i

8 Chapter 2. 015 &M
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e Other_ID_Continue - W} 27}
TE AW 21= 3140 93] NFKC A 73} 34 0 2 W3ks 317, 41 ¥ z2}o] n] 7= NFKC o] 7]%-g St}
FUT= 419 S0k A2 259 Hl+H A %% HTML 3} ¥ 2 A 23 F A https://www.

unicode.org/Public/13.0.0/ucd/DerivedCoreProperties.txt o| 4 | #H& 4= 5T
2.3.1 7|}/ E

The AEAES o ofo], i Qloje] A9, 2 ALSH I, ANAA ABAR AEE 5 95U o]
2ol 9 A A 25| 2A AHgH ook P Th:

False await else import pass
None break except in raise
True class finally is return
and continue for lambda try

as def from nonlocal while
assert del global not with
async elif if or yield

2.3.2 AExto| of|ef A

AT WA R) o HH o] ARAES B 9 v] 7 It o $7e] AUAE S A%} 29

Uz Exvdor TREFYr:

_* from module import * ol o3} JEEFH A k3t ST AHA}_ = th3}y Qe
upxjupol A3k Ao g A Fshe 852 A H U builtins F—‘Eroﬂ #1735 14
BEAbold A9 L =ueou7} g1, Ao H AT A th 9 E (imporr) T AAS HA L.

i ol & _ 2 %% A 3} (internationalization) & F & F o] AbZH Uth o] F o BA=
gettext EEY EAE IXHAL

—r Axd A ol F, M BAH 0 (UE [Gunden)) o) Eolek FEAFULE o] o] BEe
JH 1 PHER ol B e S EFFTh o AT AA) FB ALH o] ZL 54
WA S o] 5 AT 7 9] 9] ol A =9 F itk sho] Ae] vl el M e] A B B RS o] Held
b5 el FUTh ofH FHANA, A A0 E FA R WE0] A ALGHE Holths _x__ o] B
BEASS, 43 glol £48 5 A5 yth

_x FHAuFA o). o] 7Y 0| BES Fe)as A Ruol A ALgStE H 49 FEl= WPP Uk
2 Fdhas 4 2eos) (OB (private)) OS2l HE 28] o] & FEL 757 AgA
AL (o] F) 4G BA L

24 2|EE

2l (itera) = RH WH IS A A 271 Atk

24. 2|EE 9
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241 EXI€1 HIO|E

g 2lEE

PAY AE DL e 2L o)F o2 /& Hrh:

stringliteral
stringprefix

shortstring
longstring
shortstringitem
longstringitem
shortstringchar
longstringchar
stringescapeseq

bytesliteral
bytesprefix
shortbytes
longbytes
shortbytesitem
longbytesitem
shortbyteschar
longbyteschar
bytesescapeseq

o 473 7% o] HelFA

U 2] BB Aol of Fwl
S EEREE S

o
o

Ao Wz s, T 7

B o] gha g Th.

o) AHEE =, 2R 9 <

22344 ' U 'B E 2
HAE vhsYth 22 ASCI #AFS T 283 4= 9)

d}o] = & (bytes) 2] €]

15
|
PEEe B ) Aeu () I} 2WLE () BN
;514-6}H$¢]AP7~2lC)H}

[stringprefix] (shortstring | longstring)

"r" | "y"™ | "R" | "U" | "£" | "F"

| "fr" | "Fr" | "fR" | "FR" | "rf" | "rr" | "Rf" | "RE"
"'" shortstringitem* "'" | '"' shortstringitem* '"!'

mrvw Jongstringitem* "'''" | '"wn' Jongstringitem* ‘'""™"!'
shortstringchar | stringescapeseq

longstringchar | stringescapeseq

<any source character except "\" or newline or the quote>
<any source character except "\">
"\" <any source character>

bytesprefix(shortbytes | longbytes)

"b" ‘ "B" | "br" | "Br" | "bR" | "BR" | "rb" | n rB" | "Rb"
"'" shortbytesitem* "'" | '"' shortbytesitem* '"'
mrvarmn longbyteSltem* mrvrmn ‘ Tmwmwmwa longbytesltem* Twwmwa

shortbyteschar | bytesescapeseq

longbyteschar | bytesescapeseqg

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

"\" <any ASCII character>

Eol= 3 7R B A AL stringprefix Y bytesprefix 2 2]EE 9
S A Fethe A?J‘/W)r- a2 FAAFS AIY dde s Fogunh;
OSHUTF-8 YUt <159 Al AMdE HA Q.

ojaFA o] P o g FHF o]okFT}.

ExddlolEE glEE RE AR AF O Z 10
T A (raw strings) ©]2kal sk, o <2 /\1% 3
g Exlgo]] 9= '\U' & "\u' o]aFA o]z =

oJUb 'R FAE Ul £ 5 YHUTh o] FAAL
28 £ A2 e BB, o oA
S5 Aels A FEUh shold 2x9 F FURE

SlE1 Qo] ho] H 3x2h thE A F AR ths A8 LefalA, ur BHe A8 A gy
WA 330 F7h kol 2@ el H A bort 22 g u 7k Gk rrbt Aol 7 F ke g

M 330 271: 5ol 4 2:x 9 3x o A A AU TEFS) FARSE D331 913 Aol
A4 Y FURE 2B E (u'value') o] THA EH A5 Th A4 & AR = PEP 414 o U Th

E R § gRolR

e g B HE 2

T Ex4d ggHE (formatted string literal) QU oF; =

deaafgﬁﬂL'f~—wnméz§¥ﬂ§wW%vm}% ru s 29 5 i
mebd 2 2 4G L s, 2 kel £ d g P e Brbs g th

4% LT D A H DA, A AL o 250 5 4] 4 Y B A uhgE} 5 g L Th(1E 2 {A
U, el o) 3 2ol Al A9 o 2709 =4 b g E Lot A, PH P FRAAU
(T E) & P AFshe g EAGUTH S, 1 1)

e bR ATl BA e o), BAAG T vto| 29 Ble Pe] 2 o] Ao X NP2 BEC
o A AL8E Al 58 7 A 0w S A UTh A AE & o] ade]m A AAE o] FH U

10
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O|AAO|= A|ZA | 2[O| F2| Atet
\newline S ZaAS W EAT AT
\\ A=A ()
\' 22 3% ()
\" 2k E (")
\a ASCII ¥ (BEL)
\b ASCII ¥ 23] o] 2 (BS)
\f ASCIL £ 3] = (FF)
\n ASCI 2191 5= (LF)
\r ASCII 7] 2] 4] 2 € (CR)
T ASCIL 71 = & (TAB)
W ASCIL A2 & (VT)
\ 000 8 000 2 A H A} (1,3)
\xhh 1674 hh 2 A = A} (2,3)
 EEEEEREERESRPS P EPE PN
O|AAHO|= AR A | 20| T2 At
\N{name } FUIZE b o] el W] o] 20| A name ©| 2}l o] 5 X #2} | (4)
\UxXxXXX 16-bit 16 A 5> xxxx 2 A A= E X} 4)
\UXKXXKXKXX 32-bit 16 A5 xxxxxoxxx B A A = E2} 6)
$9) A
(1) EZCeupR7tA 2, H o Al 9] 81471 518 F Yth
(2) EFCo =2, A3 F /1Y 16571 AlF-5 of oF Tt
(3) Hro| £ e, 16055 815 o] AA o = AFF ] ol EE EAFU T £AY
e EAAL, o] ol 2ol e AFE gel RURE BAE FATUL
4) WA3304 HAG: A 2 Yo] 7 dHUTH
(5) A3 470e) 16058 Aoz U

S
o
oL
¥
[o
il
Sl
rn
Jo
-
]
[

0, 20 AN kM

[ T
Lialle)
3o M to

[k m[oé”; fr
e
B =
of _:,
mﬁu ﬂ
Bt
2 X
2
L

eprecationWarning= YHE YT}
1 A3 syntaxErrorZ} 2 A YU

0n
<
3
5
Q
X
=
Q
=
o]
2.
3
O
o
no

=
>
BN
N
k)
o
=]
rlr
12
iy
o)
>
u
o,
[>
N
-
[
A}
<
=
o
N
)
12
i
)
>,
N
i
i)
=2
ot
2
it
<
—

f[:
o BakelA BeAY, & e UL shike o ZelAE B 5 GEUTHS SeA LA b wg
sAlolz A7)/ R U Th. o S Al itz Fo) et AYEAL E Ao of
5 o) £ A= A A Fol Fof s of Pk

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

el e} Ao ulo| B BE Ae (B BeaA) del ) AR e A Udale Aol Fete 1,
79 u] = oo}l AT 25Utk 2 elE o] A U2 e EE ASHE Fuch 1efA, "hello”
'world' = "helloworld" & E5 8L o] 7|52 71 2198 A A o8} 22 s u F23 g

&
LU NS FAF U 2 24D Beiutet 242 Bolt A% s g o o
re.compile (" [A-Za—-z_]" # letter or underscore

"[A-Za-z0-9_7]*" # letter, digit or underscore

)
o] 7]Fol W TxolA BH = AAT, Ao A FHF O Fosf oF Fuch A3 A7l
EA4d FAL olol Rl ANA L (+) AWAE AL L FU L AR ool ol g ade TE
G EEAGE S YA (L BADHAF GLE BADL ool ol A2 AT h, 9 B4
JHBL 15 24D ol 2 Y 5 1ol 23] oF Fuch

»
w
H

20 2XE 2|HE

x b

gk b
T, 0 »g, |‘>“I

ol W it ©

601 7.

214 2 ¥l D (formatted string literal) === -5 A<D (f-string) 2 '£' L} 'F!
S RAYEABIEE TYL F AL, TS () 2 P

o] BAF AFS 1212 A3 A] 7hol| A AbE] = 3

Mo

oo
R[>

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

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

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

%“’Liﬂl’ﬂH%%‘Q‘?}ﬂaaﬂaﬁlﬂl_tﬂ Ol%—%—“éi Hryrry 7S &
A= Aok guth st o= 523 ' {' &= A} L E=EE A FA] 7| =, 3
"ﬂw}%“/]‘;}-%ﬂ—?%—@ﬁE—“/\EQ'OHQ‘%]\'Q—‘?—Frﬁ/\]ﬁ}ﬂqm(qﬂiﬂ"ﬂ% dch,
“U=H\E F T & AS . =T=E ”'!'E/\]Z}E}t, ¥ 3} (conversion) & & 7} F )
vl 2] 7 2} (format specifier) & 12 Y 4 J+=d, F& ':' 22 ANZAF Yt X3} F =

> 1%, 1o,

r'ir

U P
=, ok il

Fkl
ol 1> fob
foh O, fu

y
°
o

kel
Fr
I 30, 40 1y ofy

fu
mi
iy
iy
I
ol
i
M.

249 E PO FANL 52 B4 LAl shol 4 B0 A7
oA X3, lambda®t Y A A . A] Z

i oy © ooy R

B E =030

ﬂ
m
ol

o
i)
v
(‘g
By
5’2
rlr
[Ny
:i
=2
[0)]
@
a
|

H 2} (conversion) ©] A7 HAA S A7t 2 g Aol ¥
$=E3t, "' L repr() %i%»]—_ﬂ, "la' L ascii() &
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A= format () ZE2EEZE g3y
ANE 2 AdgUch 29 A F 27t A2k
AdgE ok

ot 2R A A 2@ Y A AIe]  format_ ()
Rl EAG o] gyt o)A Zuid Aart HF ALl

A TR AZAE FHE AV DEES TFT 5 AUk o FHE BSEL 15 AN WE
e TN ARAE EFT S UAT, 20 2PV AV BESS TP 2+ JEUh ER AR
Zhol doj= AL format() Pl A =l A AHEE = A 25T

EW G HEE S ojolEd v AARL A dETLoY HHEE 2N s syt
zy 24 PP o 59

>>> name = "Fred"

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

"He said his name is 'Fred'."

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

"He said his name is 'Fred'."

>>> width = 10

>>> precision = 4

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

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

'result: 12.35"

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

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

'January 27, 2017'

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

>>> number = 1024

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

'0x400"

>>> foo = "bar"

>>> f"/ foo " # preserves whitespace

" foo = 'bar'"

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

>>> f"/line "

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

>>> f"/line 20 "

"line = The mill's closed "

>>> f"{line 20"

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

Qut FHES TR AR A% A NF BEA AESH £ EAS0] £

o o x@
(A WS TG FE A ghotof Atk AU T

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

E9 BAANE o SAAE AT S 9, AHE I b FY th

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

o S|l o)Al 27 23 e S, YA HFE BHEd FUh

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

9 #49 HE DL 52T (docstring) © 2 A58 5 g5 Th EA4 0] A5 glrlehE mhsR U

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

>>> foo._ doc__ is None
True

24. 2|EE 13




The Python Language Reference, £A| H{H™ 3.8.12

ZW Bz 2le]lE 2710 v et A2 PEP 498 & 2351, #HE 29 B W AYSE AR 5=
str.format () & A9 X E Aol L5 Yt

244 X} 2|E{&H

57 2lE Lol & Al /1A 5771
A5t 552 Hal A BHE o F .
A) ek

245 M4 BlEE

A% gL e 2L o8 4ol maPULh

integer = decinteger | bininteger | octinteger | hexinteger
decinteger = nonzerodigit (["_"]1 digit)* | "O0"+ (["_"] "O")~*
bininteger = "o" ("b" | "B") (["_"] bindigit)+
octinteger = "0" ("o"™ | "O"™) (["_"] octdigit)+
hexinteger — non ("X" | "X") (["_n] heXdlglt)+
nonzerodigit = "rLLLu"on
digit = "o"..."9"
bindigit = "o | "iv
octdigit = "o"...""
hexdigit = digit | "a"..."f" | "A"..."F"
7HE R e ol AFE 4 deAe ENE A 2lHE ] Dol A2 flsuyTth
e gHEY A %S 24D o 1A A5 =4S Bol7] A8 xAES FE A
EE7F AU 852 A Aol U 0x 9F 2 X4 A A A} (base specifier) Th ol U2 & <=, &
Holl stk ALgE 4 A5y th
0 o] obd 107457002 A& 4 gl Fo 3o Fith 3.0 WA o] A el sho] Mol A AHE3C
sebe] 824 BlE Wt B AL ] AFY Uk
e eHE A E W
7 2147483647 00177 0b100110111
3 79228162514264337593543950336 00377 Oxdeadbeef
100_000_000_000 Ob_1110_0101
HA 3604 HG: BlHEoA A A5 2d T HFHoz UES sy

246 M4 2|HY

A dEde e 22 o3 Aoz 2dgYth:

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

fraction = "." digitpart

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

ARG A 2R FF 10 02 A ATHE Ao Fo3oF FLiTh. 8 Fof, 077010 & SHHE
TAO|L, 77010 T 2L £AHE BAGUTh A5 eH D HFB WAL T AR AFAU A5

14 Chapter 2. 015 &M
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HEH NG VA 2 RERE A Fag U
Az glgde 2 717 92 Sy}

A% A9 k.

rlr

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

24.7 5| BlEE

A5 Bg AL oo 2L ol3) Felz mAP ULk

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

AT ANEE ARRA00 BELE WEUT HaPE A9 e WA Ao AL 4 A
AU 00] ofyl A RE DE Bo5E EY, A5 E Hel By A& Sol, (3+43)

aTaaaqmnﬂﬂ FUth:

’3.143' 10.7 105 .0019  1e1003  3.14e-103j  3.14_15_937

A
A
\4
\2
2 %
— >t
*
>
[N
~
o°
Il
™

o4 Itk A5 H ol A e AR S 28 2 (ellipsi
= =3 .4 u| 7t 95 14 1:]— E5 Sute] S8 g1 Y <o A} (augmented assignment operator) S -2
o3 Ao g FRAR 7|5 HA R FAl A T

3o ml7k A, 1A goH o)F B4

T}29] Q145 & ASCI EAHE-S sho] Aol 85 A 5 th 2419 26 A7} 24 o] 9] o] Ftef 4
AREE AL 27 Qe Y
EE

2.5. 44X} 15



The Python Language Reference, £A| H{H™ 3.8.12

16 Chapter 2. 015 &M



CHAPTER 3

Hjole &

3.1 A, gt o

A A (Objects)~= 3}o] A o] ©] o] E] (data) & 5443}t 7] (abstraction) YU Th. 3}o]H T2 T3 9] BE ¢ o
B A AR k] BAE 2 H YT (& o] TH(Von Neumann) o] (2 730 W %2] 35 (stored

program computer)) ER S W2 7, & I FHANA T JA AAZ 2AEY})

B E AA| = obol §lE H (identity), 3 (type), gk (value) = ZE5 U Tth AA| 9 ofoldlE H &= & ¥ W&

Tl WAHA gsUTh AR F/V‘“’ﬂ/ﬂ-J AR FAZ BN E FFULH (is) A4 F ARG
ol B E vl @ Uth id() -+ olo|dEHEE AT E 53 S = FUTH

CPython implementation detail: CPython ©] 7%, id (x) + x 7} A 3" W2 89 FAYUth
AR L AR A Dot AdAES FY et ( ]% o, (BolE 21 JH?)) 1 FY AA =
AR 5 9E A5 hES A FUTH type () Bt AAS @ (012 AX AAh S e F ok
o} ]‘“E]F%ﬂu}?}ﬂx]i A2 & (rype) A W :

oW ANEY g2 WAL+ AUtk %S WAL 5 A AAES /b (mutable) ©| 2k T o,
dd o)X 2o g2 AT + = AAEE E W (immutable) o] 213 It (Z7HA A A o of gk
FxrE AL d= B AH WY g2 A AA Y ol Ad o ‘?i%‘%r/b— 255 dsdnh
stAIRE A skl Qe AAEY Aol v + gle Bz AH oY= o Hs] ERlolgtal of A UTh
kA EHA-E 9 AE WA E7bs e 3 e A3 e Ut & O B h) A 7hEA
(mutability) -2 2712} Feojl oJaf ZFFUTEH ol & 5 =2 v AL, F3 (tuple) = EH o] A 2, 9 A1 2]
(dictionary) 2} 8] 2 E (list) &= 7} Q4 Y t}.

A= A7 YA H o Z 3t 5 ] ¢FE Ut o FZ 5 A] ¢S vl (unreachable) 7}H] A| 4= 7] (garbage collect)

HUth. 7o) A 572 A AN 70} ofol ARFSE Aol PR U — o} FxHE AR EL
S 7817 ehe o)k A S 717 o} Aoz AR EAE A EA EAYIT

CPython implementation detail: CPython 2 & A ZZ 3] 4= A Ak (reference-counting) W2] & Al-& 3=t
(1 Ao w) 8oz A28 A0 A8 447 AR o 0w T A §
2} A AR AT AL 5 AT S sl e ST 8 2] Y A E S AR B g,
S04 A 72 Alojo] B AR Ege BE EAS F2od AUtk e FAEL OE Jog
&2staL, CPython &= W4 E 4 Q5 Uth F27HA| A2 wf 2424 0 2 s}o]d 2] A] o] A (finalization) ¥ =
2ol & &8t A] Hoto Furt (LA s er%_‘ = WAIA o7 Poloof T},

3

o S 9 AR T A o} M 48 AR ool

-

\_

O

ojm Alghe Ao 2, of@ 490 A4 FL WA E Aol 7
Sgonz duAos Fe 4z opguth,

17
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780l A FA0I T 3 ASE 197 o B 28 5 e AAEE Bolle
T QLo FYFoF FgUTh EB (try-except) FOZ JJE X

=
il =)
>

od AAELS 4 ol F T2 <ﬂT(external)>> A s tigt FERE 2FF UL o] AAAEL
A 7} 7}HIX1 TAE w vhgdE o= A uk, 7HH| A AL B = Aol o B R, 191 AAELS
RS vhdsts BAI A QA Y =5 Al E MD} B close() MIAETH 2O AT o=
83 A xﬂ—‘é—% A WA A o 2 olok(close) FUTH (try--finally) B3} (with) E& o]Z A

she A P AT T

ofd Az 5& the AA o i FxS 2odsty Qlsyth ol d ASS AH ° Y (container) 2FaL 5
FUDh F5, B2E, gAY e So] AH U o dUth. o] Fxs2 AH Y9 g IF AT
g5, w27 AHoI WY ghs =2 uls, Sol s AA S ofold Y Hrhs ge gy
SHA R, ZE| ol o] 7k Aol thall = wl= A5 74 AA 5] otolhE Bl wkE mA Yt A, (F2E
22) BW Aoyt 7bd A2 FxE shal vk, 1 7k AR 7 WA A oy e =
gy

B2 A9 ZE SHA AR 7L F A T ol G3FE FUTh AA Y ofoldE 7} e TS
ofd Mo e = wHyth: BWPY B, Al Fe WEE Ak A2 o] EASE A
FollA 22 B3 ghe e A8 S8 5 dsdnh e b AR M= o] | A o] 584 g
Utk & Eola = 1; b = 1 Fo,ab e #1& Ze 22 AL 5 93, obd & stk
SARbe = [1; d = [ 5o, c9de T/l ME 2, S A0]a, M= w50 Wl Bj A E Qo]
EAEUt (c = d = 1 =32 AAE cSacl I YTh)

32 2= AS

ofefell sfoj o] WgH J5o F5o] Yk (el wek C u Ay thE ol 2 24 d) 243
EESEF7H] F2 AT 5 st spojle v WA G G ASl F w5 e (s
s°l, fEl, EEHOR AZA Ayl d 55), FF gl B E gl 712 Ths Aol ¥ A7+

.

[e]
29,
é‘é
M=
L
l-o

AL (E4 o] E 8] B E (special attribute)) S 1} 3}
S AT, AuA A A8 A 2 o] obg

None 01 L S e 2aUT o e 2E she) AR A EAFYT o] Agele A=
o] % None & o 4 L2 AR Aol A 7hel AN 2] o] AT o F Sol,
WA Ao R AR E = ato) whak gkl Utk el ghe AR Yy,

NotImplemented ©] 3 -2 5]"/]'9] S ZESUTH o] FE ZEe sty AA ZF EAF U T o] AA el
= Y FE o] & Not Implemented 2 &3 A=Y} £ A} # A = (numeric method) £} B8] 3 (rich
comparison) ¥ A == A5 ¥] A A} EH%H Aske]l FEE A ko o] gk = F oF Pt
(L9 AH = ﬂ"ﬂ“ A skl whel F 8l AAtol}, of® thE i hS A=Y TH) = g2
Yt
t} 2FA| & Y-8 -2 implementing-the-arithmetic-operations < 2+ 3}

ElliPSiS o] 32 shite] FukS ZrsUth o] Fh2 Ze otk AA 7 EAF T o] AA o= BHE

. O]L]'LHZ}Q °|F Ellipsis & &3 F<FUh =82 Fd Yk

numbers .Number ©|Z &2 7;7<]- g e 2o o3 S X1, A A AT YA A

SHFULH A A= B dUth § W o] Rt ol A Aol HekA ¢

G5 o A0l £AE WHA B o] YEU, HAW AL %A BRG] A S
LLEURS g s

>
>
fo

The string representations of the numeric classes, computed by ___repr_ () and __str___ (), have the
following properties:

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

¢ The representation is in base 10, when possible.
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» 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.

shol e A5, A%, B a5 g FEGH

rUl

numbers . Integral o|Z5-& 4379l A4 A7 (P ) o ot 2 2 5S Yehioh.

F 744 £ 59 447 5

A4 (int) o] A (714 W 22l 7} 5 2o 2 Aok gl W] A8 BRI L AZE
(shift) 2} v} = (mask) A4te] HA L wj= o] 8 o] 7HFH AL, S5 45929 By
(2’s complement) £ 3 =0, RZ HEZ 9E 07 7313 49 Ay 2L ans
=

E9 (bool) o] AL =13t AR IS YEMY YT False &F True F AW &3 & AA Y
Utk £3 -2 int 3 2] 2-4] F (subtype) o] 3, T & Aol A ZH7) 0341 A & B2 ok
o9l = Bz M3y = F99d], 27 EAYE "False" & "True" 7} ¥F3E Yt}

numbers .Real (float) ©|ZAEL 7|4 &2 v] A %= (double precision) -5 25+ & el Y
ot S FE = 3o B LHEEY Aol A A= st 71 AlS] A A (8 C o ApaE 7 9) o
w2 = kel s yth 3ho] W& &4 = (single precision) 75 &7 & ;
O AEE AHE o o7t H = ZEA A9 vl 2 2o F7He sho] Mo x
Soj7he g7 A5 of HE T 2 Wl B0 T /A £70] BE 25 42 2lo]
B3pelA WS hA 7k gl o,

—4

numbers.Complex (complex) | AEL 7|4 & A E B2 24 A Sy Horg Al s
GEFUTE 5 45 29 SA% BARE BRIV Bad 2 o A5 5L,
A7 AE oJEYHE z.real ¢ z.imag 2 A & 5 h
AR2E 2ol obd 452 Ao (indexing D 5 Y= F A Aol9) £ Y= AT UG
WS len() S AlD27 7R 559 M4E 85 Uth Ald29 Zoj7ln d o, Qg
(index) F3-2 20, 1, -, n-15 TEFUTE A2 g FEFivali] EAHF UG
ARA2E 2ol A% ADTULh: ali:]) Sick<)j 8 WIS R E 2 k2 Ao gk
FH A A uf, Eetolas T2 F AU AP A JF2 00 A A ZE EF THA|

WE o)A G e

ofd@ Al A2 Al AA (2F (step)) AR FE AHE S
APttt ali:j: k]l =x = 1 + n*k,n>=0,i<= j

=gy}

j/@
o%
iy
)
o

14 (extended slicing) ) =
CENERATE e

>

)

[>

rr
=
AN
~
rt
=
Y
ok
rlr
[l
rln

r
i~
=,
a
©

117
E
0wy lo
go PN g
o
My

i (44
NP
rlo -‘ijl-kl rf,
2 oy
flo o g |y
127
X
28
rlr J;j
o
Oﬁlr o
L oo o
sV
—|>' rEI
2 ol
oy >= o
L
S rE o
oY e
o o,
i,

,d
e
=

o
ol
3.

oft
il

c
+
N
(@)
3|
&3]
o
&

b3
o
o
2l
it
2!
[r
ke
O,
|m
i
lo
M
2
e
fru

N i to

>

o

[
Fl
o
il
5
(@]
o
&
8
&
o)
e.
=4
il
filo
el
(ol
o
0, rlr
m ke 2y
r re

¢

30,
fy
T
=
i)
=
=2
rlr
Q
jnp
o))
]
oflt
o
z2
of>
v d
v
4
>
=2
M
>,
ne
=2
30
rlr
N
Ry
[t

19 FAE AA =z 2dF Ut WF T4 ord ()

10FFFE {99 A2 A& Yth chr () & WA
1Y F2E A2 AUt str.encode (
S bytes 2 W33} 1, bytes.decode () = 1

_°,|L:'{>

oll |
o

>, S gt HH
>
=2
n

—.~
o
ol

H
(@)
i
i
53|
m ]
1o, mfu
o
o
tlo M n2
e
N

i ol
N Q!
[0}

@

a

N
4

X n:E 2
o

-

o
oo 1
<
O

FZ (Tuples) FZ°

QELARTRY

o o,
P2 A
|t o e rlr
o> o> e St

(3o T
fu o

(L ke o o
) rﬁiL‘ b fu

oy &

ty <

rlo &
Q
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A3 HE (Settypes) °| A= 5 =
E S

] 5§ (Mappings) ©] 252 499 Add A oz Aqu s = AA S F3kat J7

Hlo] E 4 (Bytes) H}o] E & (bytes) A A= ¥ M YUt FE-28-HE vlo]EQIH], 0 <=x
<256 M9o] A4z AP ULk vlo]E AAE S wj= vlo]lEQ FEHE (b'abe' &}
2-2) 3 W bytes () A4 A (constructor) S AR 4= Q15U Th E3L Hlo| EE A=
decode () HIAEE E3] Ex<d2 tZYE 4 5 Ut

e AAA b AR A B Fol MAE 5 9

A7) % Al Y b A Aaw o] AU
2 2E (Lists) 21259 22 qlole) shold AR YU PAEE Friz Hejd B@4L
2T kol Yol A BE 5 A%tk (ol 001} 19] ] AEE BEsd W) 74 o

22 glsdth)

ulo] & ul & (Byte Arrays) v}o] E 8] & (bytearray) 2 2= 7 s € U th W bytearray ()
WA TS ol AU T hulol 2k A (el A 314 /PSS ERE 2) € A2 8h7, vhol &
2 2 Aol Ed (bytes) AA 9L 22 AE A 0|28} 7] 5& A5 F Ut

S BE array £ 71 7HA Al A & AF =], collections BE A u7HA]

Qg v A998

St
R, WA T len() 2 A <ol d=FEF=Y N+ E
W 4] 7 A} (fast membership testing), A| @20 A SHH

e
S asUh AW ol B =8 5

Qg Aasols dadel 79 2 B4 720 AP UL 24 9] A9E A v wof
23wl 47 o] AR AT Aol Fojaof gtk vk £ %17} 2Tk vl | (o] & Sol, 1

¥ o

F1.0), 2F st A jtel Eol2 + Y5uth

A F A W A B ol s Y

A Sets) ] AE2 7 JAES vYERY Y Th
HAEES AHEA Ysoll £48 5 Y5

2 g (Frozen sets) ©| A5 29 3¢ e UTh Y4 frozenset ) AYAR W5 5
9l Uth 29 A8 (frozenset) & 2ol 1 ) 4] 715 sl g, th2 Aate] fan), g g e
712 AHgE 5 lFUTh

By

7
FAAN ALY % 9, gAdoltt del B YAte] B 4% Q5 Uch U F

A7 @A) W g Pol Ak

9 4 2] (Dictionaries) ©] 2152 7] g9 dlx o= d A== AN A=
et Utk 712 AR 4 gle 2EL BaE, gAY I 98 7 E FollA] ofolwl
ElE| 7} ot et o 2 Hlu s = AER YUt g Z& A FHe, 719 s Al gke]
EFo AAFA FA AL L2 P FAHES 278 Q7| W EY Yt 7| 2 AR E =
A PO A= A vl Aol Aek Ak Qo] A g th: vhek F A7 2okl v w s ¥
& 5,1 %1.0), 22 9 5 Jdd A=t A2 5 s Uth
g E A SAE FAZRUS 717 gAY ol A o R M A9 22 SA R
AR S SFUTh 7€ 71 & AN E A& WA A FA T 715 AAATHT A 4FS)
s o] A 1A E F A8k thAl 2ol F7HE Ut
gAY = ZHRdUTh (.. Z7IH SR e S AUtk (HA e faZd o] AXdS
FAFAAL).

%7 2§ dbm.ndom 7 dbn. gnu &£ $712) 93 §& A FelE, collections BE %A
uhR 7R Ay o

W 37004 WA AL EE 3.6 0] 2] shol M)A 4+ A A8 F kT
CPython 3.6 A1, A4 =41 7 - 215 A =, 1 A A ol 9o} B o] obujeh 7@ A3 A
© 2 BFaAF U

20
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Z# £ (Callable types) ©|ZE2 T4 52 A2HE = A Fa)o] 4828 = = F=JUth
AR A G AR A B AN B A B WOl AT (5 A9 M A7),
g4 9 63 N uj] 7} *H 5= (formal parameter) & &3} 262 7|4 2] 322 35+ <l A} (argument)
220z 525 0oF Furh
4 o] E 2] H E & (Special attributes):
EZEE o[a]
__doc__ s AYets BAE B Qs A None; A B 27 7bs
SH2E AE5H A st
__name___ 3t o] o] = 2 7] 7hs
__qualname_ o] A —’ﬁ}ﬂ o] =, » 7] 7h=
WA 339 F7}
—module__ T A9 DSBS ol EE (G A9 None | 27 1S
_ _defaults___ O]Z]—.J 7|27 = (Y= AF) None 2.2 whE0] % »7] 7=
‘ITE
—code_ 351 7% o el oy & OIS = A | ST
__globals__ o A9 e 7 9 ol the 3 — A7 A&
d7tdod 2l Xd"ﬂ °] & & %} (namespace)
_ dict__ 4o g o EHEE Aot o] & F1 »7] 7Vs
__closure_ None ¥ = &4=9] x}-5 ¥ 4= (free variable) S ol Tf 31 97 A&
A4S 7 A (cell)%iﬂ 5. cell_contents
ASAREATT ARt IR RGNS
__annotations__ | I/l S o] = H o] AL 7FA dict. dict2] 7]% »7] 7V
o 7 ¥ 5 -4 o] &<l vkgk gt o] .o H o] M o] JIThH
'return' & 7| & A&
__kwdefaults__ | 7I9E FHEHAD 7t i As-E9] 7| 23S | 27 75
Z7}A dict.
(227] 7V5) otthal BA 9 R 2 A EREELS 3ol Y E of F= AAMR YT
4 AL 9949 AEUHES 93 & 4 Y AU, ol & Sof Bl sl o)
(metadita) & ol £ A48 5 5T EHEE YA L A Y A
Gotnoton 9 AL &5 1ok, S 286 § 4 A 29 Bt G oy o & 0 o
Fola ok FUTE W B49] B4 o B HEL vlefo] A AT 5 Yk
A AR = cell_contents |2 HEE 7443 it o) 3k 918 Bk oh 2} g
RS s 18T 5 dsth
G Aolo] B 2AHA ARE IE ANZRE 2L 5 Ytk okelel e U Be)
1€ AR L. N FL cypes LEOIA AA2T 5 250
A AH XA '] (Instance methods) A 2H X~ WA EE Fes, 2 A2dAG RE ZHE
2R (4F AR A9 B S AT o
E4 Q7] AR OJEGREE:  self  EZY2A2dA A, func_ = 34 AA|;
__doc__ WA= A% (__func__._ doc__ 3} 7"“4‘4) __name__ 2 W& o]F
(__func__._ _name_ module_ & WA E7} AoH REQ oS0 AL}
9= 7 None.
HAEE 7|94 RE L AJEREES 9 F IEFS ALFTUTGEHA T 27+
A 4314 9h4 U Th.
O E P HE S A 2] G A o) AL Feh 2 WA= AR, A e WA AR
Fojro] O ELHES 92 W WEold 5 US T (OIIIE 1 Fe Ao AABAE FaA),
Ards WA AR SA2 ALEAE B T2 AEA A B4 AAE JRo
AN orEo]dw],  self  OlEFREE Aa®xold, X E A= Z2E(bound) 3F5 thal
DU A wIAES _ func_ AJERE+ 9#iY 5 AA dch
ArEs WA AR Feh A} d2H AR FUA WA AAE L2 BE
Ao, __self OoEZHELEFH2 AAICL, _ func_ oEFFEL FH2 WA=}
32. EFEEH AS 21
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A

H| =

=
025

2 ks

=

e ES

2 E (Modules) & & & u}o]#
import_module () I Y
5

] s

A =

719bs = 35 AA Y h

A2EbAHMHE A7 EESE of, 7|9 F+= 4 (__func_ ) 7t &5 =4, A2 559
o] Fefa A2 (_self ) 7FAAEUTH A& E, c7t £ () Y HYE 23+
Zefxola, x ke AaEAad W, x. £(1) EIEFE A2C.£(x, 1) & EE3= A
54Ut

ArdAa e AR 7SR HMAE AANZRE S, __self o AZH (FeHxAd2d
2y EAARZE ZYA AAYULE 2 x.£(1) o]V C. (1) S EEFE= AL £(C, 1)
£ 3 &= AR ZFUT(E = 7R ey Th.

Fh AR A A A éﬂzﬂi«] HES A E*/\EHH ANEZRHEE oS ujuir) ol
F 9] 3l oF J‘%‘jr o Ao, JEGHEE AF Ao gstar, 1 AY HEE SE3}
= Aol 2344 4@5}7}9‘43} St o] HBko] AR A H ] Fhgrof ol A gk 228 3o
FolsfoF FgUh 2 ZHE AA (2ga FHEo] ofd EE AAD = W flo] gy Yth
FH2JAAHAY] AEYFEQ AR A T A7 s Uﬂ/ﬂ‘:i HEE ] et A%
T8 UG; o] i STt Fea dEYFEL T dojdh

#] o) €] &= (Generator functions) yield —v—(weld =3 #32)ES /\]'—3 = g uYAEE
Al °] B] 8+ (generator function) B+ F-HUT) o]# 45 S ESHH AL o] E F) o] E1
(iterator) 7"Zﬂ =, Eﬂﬂ—f—htﬂ, TE}-/FJ HF (body) € A3t o] AFEFH Ut ol # o] E 9

iterator. next Uﬂ/ﬂ £ 35 yield o] S Xﬂ*ﬂuﬂﬁ}ﬂ 7)1 Al
Hyth &7 return —E—E “‘6]-741/]-‘7101] E 3 StopIteration o9& o711
o] B & o] B} &= W&t = FhE9 ﬂoﬂ S25HA gHUyth

2 €] k4= (Coroutine functions) async def S Al&3A AT = Ty A E Z2E k¢
(coroutine function) 2t11 F-5 Ut} oA k-5 S &3 I F AE =HE=YULh await &
A HIESl, async with @ async for w2 AT AU th 358 A4 (Coroutine
Objects) A A& ZZ AL

7] A& ol ¥ —r‘ 4 (Asynchronous generator functlons) async def & AMg3A FoE = &
7V yield B& AFR5HE v 5 7] Al @l o] ¥ &< (asynchronous generator function) 2+11 K-35
Urtth o]# 42 3314 34 ¥ 5 7] o] H ¥ ] §] (asynchronous iterator) 2 A & £ 8] F =1,
340 H}D] (body) £ 4 ﬁ‘d}ﬂ -H & async for & A AHEH YT

H] 5 7] o]E]d|o]E] 2] aiterator.__anext_ () WA EE S&31H o o]HE &
S, avait e B 8 AL WA B2 AR ek R W recs
AP StAY ol =5 StopAsyncIteration d & o711, 8|5 7] olg o
Hrgshs e 2o =23A gyt

34> (Built-in functions) W7 3+ A= C 42 S A1 <5 U th(wrapper). W3 49
@]E“ len() ¥math.sin() (math = EFE WF EEYJYH 7F 5t} A=) 2}
98 C Bl oA AAT I B o] A ol BEE: o © H4el 47 £
dxr=9e A4 None 9YTH;_ _name_ &

AREYUG GRS & 5S EAA L), _module
R 47 None YUt}

I

e %

Bm
rr o 4N

—

t};  self E=Noneloo®#

U
S Aold RE o] S| ALt

) 4] = (Built-in methods) ©] 212 Abd W o] oh8 25 QU ojWoll= A A A 371
o] QAR C o] AR &= 7“%1]—“‘* 2 JEUth W MM = =z e alist-append()
7} Al alist = B 2E AAYUTE o] ol 54 7] A8 ERFE __self & alist

= radd Axz 445U,

2 (Classes) Fejae=ZHEYUTH o] AR EL 5 AN AEL JIAEAE TIE = A E 2]

(factory) 2 F2rst=0l|, __new__ () HIAEE XH A 9] (override) 3= Z A

FEIAFUTE S A= new () 2 ALGHI, Ut o8 A JAAEAE 27]3)3}7)

AW inic. () EE AP Y

2 AQAE A (Class Instances) S 2olA _ call () WAEE ZFozH, e A
HAE Y82 9E 5 JdS5 Yyt

o]}, importlib.

L E /\]/\r:ﬂ oﬂ

aEegad. ¥
REoA o=

22
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A& 2} A o] 8] A (Custom classes) AF-SAF Ao &

il
)

£ 59, m.xEm.__dict__ ["X"]B}Q%‘JE}-
EAAE 2 YA GsUH (LT =78 E

L
ruEl b

NEIRE HIL EEY o5 2 94 YHE AT UH dE S, mx = 1 2 m.

_ dict_ ["x"] 13 25Ut

g Zojd (27 7tsdh A EBHEE: name 2 RE o]EUT}; __doc_ 2 REI
A FAHE B 9l A F None dUth (8l &% &) __annotations_ & EE9 HlH &
A Y 5HH A 4@ W ol ol ES G g gUnl;  file L REo| 2xH 5l
AEYAUL dHze g FHor ‘E@% CEEH}ZLH FTFRY BRESAANE_ rfile

o E g HEZ} A FH A O}A‘Jr/]’, F 2}o] 2.2] 2] (shared library) 2 R E] 320 7 2 Wy = 3
wEo] 4 e 2% solHelele] A= ol ABH UL

ST 47 AEoERFES: _dict__ EYMYE 28FHE ZEY olF XYY

CPython implementation detail: CPython ©] 2 & Y X4 g
HES) ol e, B 50| A2 a S Hel1id 25
2

AU E AL A S A7 0 S5 S

o(Zels 40 AN B2), 2hAE TR AT o FAS Zeth 22 ol=g
HE 2t o QAU e 282 MR A F §o), Cx b0 _dict_[nr] 2
MSFUT (AT o S B E] 428 ohE HES S of 8 7HA B (hook) ©] %
b AZA ol = ﬂHEﬂEﬂmﬁﬂﬂ Gow, =Y HE FAL K1 FeYLEA

ALHULH o] B2 Zeix A2 C3 WA= 24 <Al (method reso
3 “ Lol 2 RE %EH/\E 5 o] (tho]of& = (diamond)) A<
4t slol Aol AHESHE C3 MROS| B¢ & o A48 0%
https://www.python.org/download/releases/2.3/mro/ o 4] Zto}E
Sels o =P HE 27 (EA A C Bt S S A WA AR
EZREZICRIRIAHA WA E AR 2 HSH T éﬂ‘% HAEE 7
ZL R g % TAZ Hg Ut SHAE2RE A2 oEYHE
FASUR= g PR o2 WRol taa 9 EH 7 0}71 ’EMioﬂ ISaaRE=

Qe Zejao) YN E ANT R, oW A9E HE oo IS

lution order) & A}-§ 5H=1),
T2} 2ANE b
223 WES FEE £ A

5
x0,
oy o
o
_YL

AE W=, __self o
24 Uﬂu_ﬂm HA =
7} __dict__ o] A &H

[
3
rr

ArEAE EAFES (OIS HAA L) £38 5 AHUTHAE HAN2)

2 29 O]%‘Q‘/]D‘r- __module__

m

9

(m

By}

|
Q.
n
"

|

e
mlu
g

[ flo

Ao, mly

Rope.)
Lo

i

)

oN
ol 1@

O

Sy 2
X o

D D [ 22
o 1oy
1 Mo
(R

X
4y o T
oY lo 0L

i
>

= ol AL Ut vtk A E S A o] ERHET}
AH&-2F 78 9 ff—r‘?i, self 01 ﬂ‘:' E7} AARAQARJAAEHA WA ERE HEE T AEE
HA ol Fef s v A= A =g Hg Ut 19 (AREAF B Y] F 22 (Custom Classes)) &=
HANL. ZHjl2a2 R A2 AEYREVZFe29 _ dict_ o A%4H %;Ur”ﬂﬂ‘:i“E%
o2 ol gaade s 7] Ado] yF Ut vk SeiA EYRER HAR A 2,
STt getattr () MIAEE 7HAW, 23] & WHHA717] A8 2 WA =E TEFUTH
AEYRE G AA= Jdad2re gAY e & AT #, 45 %ﬂl’\A gAaveE d=8A
dsUth wekFe ATt setattr. () o]V __delattr_ () PIANEE 7HAH, d2EH A9

AYEE 73*15}% e 2 HAEES SE2F
l E MAEES 7HAE, FEa
AL HAA L.

J

v 5, D2, WE A S Y5y

>

Ty r
mln

i class =282 F

oA i 2 g

o D

Lo = i
fm
i)
=
m
lly
|Q
o
Q
Q
Ir
2
fm
i)
S
m
i
e
v
i)

o,
i
v

3.2.

23

3]
Eh]
og
-}
Ol
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/0 AA (3t AAlglr® g8 A JdFUeh 3 244 & 49 S veERg Yt 3d A& i=
ol gl 71HA D‘rzt‘“’] A5 U TH: open ( 141%‘ 3, os.popen (), os. fdopen () I & F A2

R

makefile () WA E (28], ofvts & REE AlFste e 5s°ly UﬂfﬂE*
[}

SYS. L o]
39 5 AR SYUT; EE drEnER

=
stdin,sys.stdout,sys.stderr Bz 2= 949, &£9, 8 2Ego=Z 27
s

Al io.TextIOBase 4 & 20 ./]UH Aol=

QB3 o] 25 g Th.

3] (Internal types) A EZ 2B 7} YR A O 2 AR et= 2E HFEL AL Ao A =&FH Ul QdH=
ZEyo] ol W Aol A o) 5] Felt WAE & YA, A LS A8 o714 LT}?:MDP.

F & A (Code objects) T = AA|+= vlo|EZ A3t H (byte-compiled) A3 7153 glo| W T =

rulm

l

4&%”ﬂlr*%lE“Cﬂ¢+quﬂ-qcﬂﬂﬂﬁ”7hWW%—ﬂﬂﬂMGHq
S AA = sk A F7H(globals) (47 Ao H R5)S YA FA o7 FZ3 YA
2 AAs ﬂ@%ﬂ@mmocﬂﬁmﬂquq-wﬂﬂiﬂﬂa=ﬂu¢ﬁﬂﬂ
g o QA FE AR o= S0 A FFUT (AR A2l A = gh=< dEd )
WU th, B4 ARG E B, 5 AR L B ol v AR So e ol RAE (47
Fe A ens) 20 IA gk

ST 97 A& JEZHREE: co_name & FF2 01%?:]
2 A2E HA AE AR 7] 23kl A= AAEE
co_posonlyargcount + ¥ A A& AAE (7] 23] &= ?l
Yt}; co_kwonlyargcount = 7| HE AE ARE= (7] £ 3]
A+ dUth; co_nlocals & 7 AFEste A1 W& (Y
Yt} co varnames—?ﬂo—ﬂ. HPEY o] F2 9L Y= F
o
=

_argcount = ¢

%ﬂ#@uq,
quth e A5
= 23EYrhe)
Futh el 49
°ﬂeﬂ@ﬂL+
Qe Y

ol ©

[
EWL%
N T a
100

r( kﬂ

o
F

]_

%k it gt
1101'

TN 30 N o

(i, M
4
e
3L et

SUth; co_cellvars = HEH T4Eo] IFxsE= A
Ut}; co_freevars = A ‘ﬁ—.—(free variables) £9] o] & Y11 ; co_code
T H|E = g F /\]34,\3 et = Z]'Oa%}‘%r/]' co_consts & Z7AS 3=
ﬂﬁii“é E3ete FEYUH; co_names £ HIO|E FET7F AR S Ol%%% g e TS
AUt} co fllenamei?‘-}l—olﬂ IE=EE Zﬂ—‘—ﬁ}-’}o}/} o]E£<¢Yt}; co_firstlineno &
T A WA E HE YU co_lnotab 2 HIO|E FEA S A& & HIE mj g 3=
W EAde ATYE T8 B dHLeEs) 40 e Fus A L)
co_stacksize = H Q3 28 F7)YUT}; co_flags = AEHZ Y o 2] Z2| I (flag)
Az ARDD G

I

o]

u
o

@

o 24
il

nxL 1o

:(m
K
o
L

r[r o

I
£

r2 ZkEo] co_flags & 9130 7‘4-4301 A&Uth: 3227 7hA A 2=o] 9 %] QA=
7] 130 /\}B-Q— *arquments =S AF8381HM B E 0x04 7} 10] YUt 929
E QAAE WropE o] 7] 93l AFE- S **keyword s B LS A}2351H v E 0x08 ©] 19]

HUth B E 0x20 2 g7k Al ol B d off A gt

mln L

Nz L
S go mlo [

T
l

o

F2 715 A (from _ future_ import division) £33 I = AX 7 EA 7|50 &
33t ”EH AN A= A=A deERH 7] Y8l co_flags o HIEES /\}*‘lﬁ‘%‘?‘r =71
3+ 4] division o] &3} el ol Al Ao LH oW ¥ E 0x2000 o] AFF YT HIE 0x10 I}
0x1000 & oA WAL aho] WA AHE-H 5 U Th

co_flags & T2 M| EE2 R AHE-S 913f o &= o] 5t

wok 7= AR 7 S-S JEPA T, co_consts 9] A AA 2 A ExpPG o] ALt A9
= %] 9k oW None YUY TH

9] 7 A| (Frame objects) Z & 2 A= A3
ﬂﬂﬂ“”?#ﬂuuﬂw LR L%%%%@@#EE@%%H%

Il=l
k)
a1
)
o
£
o)
=]
=g
o
8
Q
o
v
iu)
e
A
i)
1y
o)
o
[>
_In:

7-]] F:E_,] H]—"J-O]E]—fﬂ None f code £ °] | dollA i

W22 23] 5t /\}—Q-Q = g1 g;f_globals & A W o *P%%WD}; f_builtins
= 7&]’3 (intrinsic) o] & AFEE YTH £_lasti & &St ulolE vg & (instruction) =
A

FUTH(FE A9 ol & 7= Exdol oha 994 Th),

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

OH £;<4>1>

EE:f _trace+,None o] ofyH, I = 419 ﬂoﬂﬂiol‘ﬂ‘fi"hﬂ
l—;—7

5t @ AUTHEM AN AGBUTH. 55 oM=L 2H A 22 oA BT Th-
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f trace_linesS False® AA3H o] AL &3t 4~ IS5

Ree Ao ® 8 WF L &I E (opeode) T o Wl E S
/\g P

= WA Lo vl o) A

f
i

THL f_trace_opcodesE True
H8% 5 deith 22 gl 9] 2

de AfzaE 542 H2T 5 AL

f_lineno = ZH Y9 A = @i%}ﬂl‘/]—— E g o] S (f_trace) o A o] gt 29 ST

EE FAzPFUch (4 71 ute =g d o A vk Zhs @y oh. t W A= f_lineno £ 7] 9] gk

Az Wy S AT 4 A5 THAEY Set Next Statement).

z28 d AA & A MAEE ALt

frame.clear ()
ol MIANEL =g Po] 2 AG el thst B E FRE A AT YT 3 vheF =
o] Al &l o] E] o] &3 ¥, Al & o] B} 7} OL%HD}(ﬁnahZC) o] AL = g AA 7 AHA
Bx <BL AL ELL FUG (18 Sol, 998 FHolH Edlo A0S FF 8L

sl A7 ).
gheF ma gl o] A A8 F o)W RuntimeError o €7} #A g ot
W7 340 =7}

E# o] 21 K| (Traceback objects) E | o] A= of &] o] A8} Ego] A5 EMY UL E
oj2ull AR = o2 7 I v WS o] A 1L, types. TracebackType%i%ﬁﬂﬁ gAH L
29 SE YEUn
BAHo R BER o)A e, o9 el /& Fopa] AW 298 5 72 u), 22t
H 7] dA vt @A Eg o] xul o] grof] Ed o] A A E 4] T o9 A 2|7l 5o
7hd, 2" Efo]2aE 2 O o] AR 5 AFYTH (ry & AA FE) sys.exc_info ()
7tEdFE FEY A AR FEFol 743l |29 __traceback_ AJEHFER AAAT
Z Tk
Z 2130 ;qufs]-jqa]y]e A FoFA G= A, 2H EFolAa=HFEF oy 2EHo R (HY]
ZA =g o) UL Wk A Z g E 7 o33 o] ¥, sys.last_traceback & &
g Aol A A E I o
BAAoE BAH EF o] A9, th_next o] E g
EfolaE PAMoFt=AE 24 _]'% A2 EY ol

_I\EII_
%
E4 97 AL oJEZHESE: th frame 2 & WA NAL A =g Addutl; tb_lineno
o
H,

= 04194 Zhgel 2o S E qu} tb_lasti AE3tulo]lE F& WS 7te) P ch ok
o] 2] 7} except & o] 1} finally & o] = try 2ol A HL/‘ﬂ stH, & HZ 9} Ed o] AW o] npx]at
1 2] (last instruction) & Z & ] A Zﬂ«] =2 H5 s = JdFYh

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

5 27 b5 o] EEHE: th_next = AH Ef o] A9 thS T (o & 7 B e =y g
T*OE)O]HUH:}S @A 7 gl2 W None YU Th

J
WA 37004 W3 Ed o] AR = o)A ol = 3
Aom 7| AL A0 th_next OJEZREE ‘?ﬂ%‘@f? A5y

& 2}o] A 7Y A (Slice objects) &e}o]x A= getitem () MAEE Y3t &elo]AE e
Uth g & slice () 2 e = d5Uth

EF 97 AL AEZHEE: start = ]—3P(lowerbound) A Ut}; stop = 43S (upper bound)
QAU step & 28 G ITh; 7t A2k 49 None ALY o] o S HESS A2
B PR
Sepol 2 AR L Sl WA =S AT
slice.indices (self, length)
O A =5 Sute) B A lengh WA Gekel 2 A7} B lengh 9 A1
28598 0l 1 sebol 2ol ha AR E ALTUCE A AL A5z TAE T
EHFUL: o] A2 7—.L7—,}start$]—st0 AL} step == S Bfo] A9 AE 2}o] E (stride)

o

=

N
=z o
= =

3]
Eh]
og
-}
ol
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ZoldUth A= A AU HYE Hlojd Al AE5L AdulA ol Lelolagt o upHo g

SRR R
2 €] g o A £ 2 4] (Static method objects) ~EJE Hl A= A A= QoA A3t s A S WA=
ANz W3t S ‘f‘Wdh P2 AlFdUch AHE HAE ARE e 999 A,

HE A8 e WA =S eawu} sEj e WA= S A B s ArE AR Y
93 W AA 7 AA R EFE AL Seidel 98 AN A, THE oW MIE 455 A
e el I Ee A AAE 2R T ek, 26 e HA S A A A= 22l ol opyuic,

QEHFJ HAE AR = WA staticmethod () FAAAZE w5 T

A uﬂx—]c 7} A (Class method objects) ~EjE] WA = A A H, FH 2 WA= AR GA] &
AAE i, o S 2 Jdad 22 R I A E AW G40l H3tE FUth
a7 23] A S mA = AR 7F 5 2 ek A ol el A= 91 (ARSAF 7 9] WA = (User-
defined methods) ) oA AW AL Ut ZelA A E DA = W classmethod () YAAAE
syt

ZHa= 5T EY HAEES FY TN SHI Y (s dakoludld olv setold )
of o AlZtE = oE AMES FIETE 5 AF ULk o] Z o] A4} @ W 29 (operator overloading) |
D ek kol He) 712 B, Sl 2ot Slol2) A kAol T A7) AN ERE A9l 4 9w S Tk
A o], ZehATetiton () olohe o e WA E A ohw, x 7} o Zohe] olsEschE,
x[1] &= = type (x) ._getitem_ (x, i) & F5FYTh Ad5H BFE AYstar, AETd vA=
7} ALY EH A S uf] A4 9 E doeYY (B E AttributeError Y TypeError).

4 WA= 8 None 0.2 4 45Hs A€ 319 @44) AT A RETH: A8 AT AF Sof, B}

SUWL7F__iter () S None 2% HASH, Zeie oE 22 o] obd Ut watA o] AAA'E 2o
iter () & 253} TypeError 7H A3 c(getitem () & IR A LA FFUTH)
Wdde FH e Sd2E 73T o, 202 2y 3}ste AA 0 2ol H= &7 F+ 88k 2o

s sol, B Adae MY FHEES AU ﬂUPOEEQEZ“E T AF U “5]'7“]“}

Sglol A AYE AL o] o+ = o] & 317} o &= W3C 2] Document Object Model 2]
P

4
30,
)y
<
kd

3.3.1 7|2=x0| HAE{O}O|A|O|M

object._ _new__ cls[ ])
Sellscls o A A2- S 1%71 i i%%‘/li}. new__ () € 2HE AA=EJYTH (2 A
HABHA ghobs & S0 A IuTh o, A WA AAR BEe W S daEre] Fojavt
Adgg . ymz < X}%% 7»‘1%1] *E**XPﬁﬁ(:ﬂii )l A" AUtk __new ()
o] Rbek gh2 A} A Ax"-xo]ofof Ut (HF cls o] A2E ).

Anka <l :rL§L super () .__new__(els[, ...]) ) ol AEFAASS Aot PP E 77
Zehie]  new () BEENAA ALUAE TE Fol, Se 7] X4°ﬂ e +4e 7Hh

If _ _new__ () is invoked during object construction and it returns an instance of cIs, 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.

eF  new () Zhes O] AABAS B FA GO, A AAFRY]_ init () £ ZEHA
AU Th

__new__ () = FE WY (int, str, tuple 4} Z-2) O] A| B FeR AT AAH
& AEE 3= ol AFSH YU Th T8 AR A A 9] HEF FE ol A FEa
A8l A5 AHE U T

2Ejuto] =gk
B uto] =317

[> X

2__hash_ (), __iter (), __reversed (), _contains__ () M EEo] o]d ALo] th3 EW3I A& &3t
Jd&Uth 2 ASE o A3) TypeError 2 407 A 8k &%) None o] 28] Eo] ofmz 28 AWt}
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object.__init__ (self],...])
o]

(__new__ () ol g=h)
O]XP‘: = Eale! “Z}E?ﬂ durh whekwlols Fej AT inic. () WA
HAEE, JATHE, AAE 2o A Wo] A~ ZFejA7}
Z}X]‘G}t Lol —QHPEH] 27]§‘r%% A3 517] e WA A o7 STEF Fojok UL o =
Eo]:super().__init_ ([args...]).

v ()%t _init_ () 7V RFESAL Y OBR (_new () & WS,
init__ () 7FNone ©]9]9] ZtS & FH 4

Fofl, AT T E A A 2 F7] Mol LEH Yk
()

d

ANE BE_new
__init_ () ¥ 3AAE
S A Zbol| TypeError &

I~

Q)

object.__del__ (self)

AAE A7 135 7] A Aol 5 F
vhek Wl ol FE ATt del ()
Aol= o] Qlth, A AaE Aof A wo
S Z Holx FYPAo HAHEE TE3
(AASFA = LA del () A== d2EH2 2 YT N2z FZE UFOZH AL
29 3} & A AAZ = JAF UL o] A A% 8

_del__ () o]l F AR ZEE A=+
TEFch

ez E 7t FRE W obd ol AR B HAAE __del () MAS TEe] HgH A
& h

Utk stoldefol A = (FA A stA) st 2hetar = Yot
WAZE 27 Quid, 24 Zere  del () HAEXE,
} A ke HEe Zi kA AfAls7] $8l, B A A

N

ml

|

rr

Fa: del x = A A x._del () EZTEIALFUTG —dof] = A2 x99 F=x 34
(reference count) & S} ZHAA] 7] 32, H ol Q= AL x o] FX 347100 D o T&F Ut

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

o B

A3 del () o] ZEFHE EXAGS A, o] Flo] A Fof DAY T E o2 =
FAE 2, thAlof] sys.stderr & A7t 8P Utk 53]
o del () 2(Yo9 2 EoA) ol FEVAYFHE FAETEE S dH U
_del__ () o] ZE dojokFAYYE B2 ALS TEFH,  del () S APT}
71 918 S e Z=7F ALY L o] AA P S  Jor g WA A o whE 4= 5y Tth
e del ()2 dHzIHEZET U AP ¢ AdHUh AAFH o2, AN A ok FH=
A He (2 25 28 71 o] v] 24HAH A AU None 22 AAEH P& 5 A5 YT Fol
WL o] 2o] 3} BEE A ZEE A AR 7 TE A AR SR HA AAE S B
Utk o] A2, wheF 1 A AR Eof Uls o2 H2U 2 A v, del ()
HAEZ S EH = A Z0, dXEH RESo] oI =S A3 sl =20 2 &
AsYTh
object.__repr__ (self)
repr () W& &5l 3] &5 o AAY (F 4 q‘ﬂ(ofﬁc1al)>> TAE £ -& AUt Thek 7t
%%}D}%, o] AL L (AAs Aol FoAd ) & HE= AAE AHE HPC T = 212 go| A
ZEAAYE HojofguUrth 7153 A vpd, <. .42 0 dY...> FH 9 FALE S EHFHoF
ﬂHWHW1k%PEM%}“ﬂﬂﬁﬁHﬂ=%%%ﬂé .

3.3.
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O] A2 Y ol AHEH 7] W Foll, 2 o] THTF HEE HAL o 8HA] oA st Aol T2

object.__str__ (self)
str(object ) &g 34 format (), print () o &&f &= o] AA|Y (1] 3 44 <l (informal) )
= W7 EA4 A4 7t53 BAE TS ALY T Bk ghe wkE A 221 AR o of F )

AMAEE str () o] SHHE oA BANS BHE Folehal Aths] A Shrhe B
object. _repr () HTHEUTH O Belsa AW HAol A4S 5 AF ULk

U3 object ol Ao H 7| F3HL object. repr () S ZTEFYTh

object.__bytes__ (self)

bytes of] ]3] TE= o] AA 2 vlo]EE FHS A4t WHE g2 M E A bytes 2 A o of
ek

object format__ (self, format_spec)
format () WA &<, s+, =W BX<4 2 B & (formatted string literals) 2] A A3} str.
format () WA Z o gl EE5 o], AA (2WH) FAE 3 Wt JUth format_spec
A2z 875 = 2 FHES 233 TAE YU th format_spec QAL |- format_ ()
2 PASE Fol THYON, B ZALE TUDS FFIE stz 9 ASAY, W%
PR R S e
£ Euj £ 9o] oo A= formatspec & 2348 H U o)

WHE ghe e A A o] o] of Fruich,

WA 34004 HA: object 9 _format__ WA = Zp4lZ, Wl FAFG o] ofd A7 ALE
TypeError & WA A ZA YT
WA 3704 HA: o]A] object._ format_ (x, '') = format (str(self), '') 7}o}lY
2} str(x) s HYTh

object.__1t__ (self, other)

object.__le__ (self, other)

object.__eq_ _ (self, other)

object.__ne__ (self, other)

object.__gt___ (self, other)

object.__ge___ (self, other)
o] AE2 &9 (&3 W 3L (rich comparison)) A =AYt A4EAL 715 9F WA = o] F ZH
HAe S ZF5U x<y £ x._1t_ (y) €EZT=@8Uthx<=y tx._le_ (y) E3ZF
Uth x==y £ x._eq_(y) E2TEHU x!l=y Ex._ne_ (y) EEZ=FUth x>y =

I )

x._gt__ (y) EEZEFYUhx>=y Ex._ge_ (y
z

Sk 2g2] AL Al s A

U B4, 83 A M@ False U True & B2 F YT
BFA| B, o] nﬂ"ﬁt% of® o 3ol EelE o sy th LefA vl A4 =2 9 (Boolean
context)(&ﬂ S =0 if 2 =7) oA AHE-H Eﬂ,ﬂr 122 Ae] & ARl shetatr] sl gholl o3l
bool () € &3t}

2 sEayo.
o] Al &

FS FE A = A2 oh 2} (singleton)

—

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 dele-
gatesto ___eqg__ () and inverts the result unless it is Not Implemented. There are no other implied re-
lationships 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 ().

AFe A} Aol vl AARE AYsty S YE 72 AFLE 4 Qe d A s AR S wte = Ao
L3 Lo]  hash () o &3 Eto Ur%l/]n}
He (@8 At Ak A A8 0};4*3&, LR
e gedh Ao e ()% gt ()

(e Az HAE AAdYTE  eq ()

A2l Uttt ghek 3] AAR} 7 A2 TR Fol1, L& J’]ﬁi
# 2, 229 g Abate] HAE w4

H 27} Al P e uf] AR =
= 1§-4 HA? Ard Yt
) <} () E=XZ2Y FAAS
29] fﬂo} A9 3 AR o
A7t =5 UL 287 god

(¢

)

¢

o

¢
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A9 AR A= A7 =5 YT 7HAF A E 8 A (virtual subclassing) 2 112 F A
aR =

object.__hash__ (self)
W7 3= hash () 9} set, frozenset,dict 2} Z2 A E A& A2 W of 43l
Byt _haSh_ ()= BTE EeF Ptk 2o v uE = AA S0l 22 3
Shob= 4 dvt 3?9 Ytk A A 9] vlaol AHEH = i%E %—%% TAsta, 1
AdezH 2459 A S A A= AFUh A&

m[n

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

Z3: hash() = AA 7 B8 _hash () MIAE7FEBF L Py _ssize_t 9 AV|E
A5 Y T} (truncate). ©] 212 W = 64-bit W = o A= 8H}o] E 11, 32- blt H‘ ZoAE=4utol EY YT
woF Aol hash () 7} /ﬂg T2 U E 378 2= 9T S Ao Oﬂfﬂ 7 AHG-H o] oF Fhrhd,
BE QG UESAIS] EL A oF Itk o 97 S 412 BH L python —c "import
sys; print (sys .hash_lnfo.width) n

ek FPaTt_eq () E BYIA Eo Eﬂ __hash__ () GA B 3tA Lofok Fct. ok
_eq () &R O}Zl“P hash__ () & R oA S+=thH, 149 ‘ﬂé‘?ﬂiL OH/*l 7t 29
oA AHg-E 4 gls YT U*‘)“EEH/VWP P AANE YL Yl __eq () E FHSITIH,
__hash__ () EF9¥ GW dotof k=, i A 7Hs ZAAES] FH o] H OH/“]%}"] EHoE S
Ssta Q7] wiE G U ThH(REeE A A 9] s Al o] Wk, R Al ¥ Z (hash bucket) o] 317
HUoh.
AR ALY a7 BHORE  eqg () 8 _hash () MAEE ZFHFULTH EE AAE
(ZF7] A}Al& Al 2] 3Far) %‘Xl D}i 31"’515’—,& hash_<) Ed4s gE Tl x ==y
du]x is y & hash(x) == hash(y) 7} SANAHE + A== gy}
() BB/ _hash. () ERYFA G FWAE_ hash () 7}Noneai %
9141‘/} SN2 hash () WA E7}None o], 2 AR A= Z 20| A FLS A
)

0o A= v TypeError & 4271, isinstance (obj, collections .abc.Hashabl
2 Ao s A] 7bs kA ekthar ke A Ut

WeF__eqg () EARYSE ZWNLIMRE FHAREE _ _hash () o FAS EHL A
3@ E% E]Eioﬂﬂ] YA Ao 7 o]FA A A FooF gt} _ _hash_ = <ParentClass>.

.’3"
(/}
D"

a Ao, Fefa oo __hash__
%o A4 TypeError & 427+
e) 3&0] A 7b5atria Z5 914

‘1F_eq_ () & AR etA o= Feh 27t Al X]T_a o
None = X FsloF Futh AN __hash () & B9 fi

+ isinstance (obj, collections.abc.Hashab

oy IR

L%o
o

Fa: 7B AO R stri}hbytes AAES] __hash__ () 2 AS5T 5 gl dFFCE (FET
(salted) ) %%‘41’% N sholH =2 A A Yol A= HEHA] 9= Fhe 2 FAH A g 3ho] A& vt
Aoz Agdu= ST = glA FUth

o] Z1-& dict /,“:,L 9] F oto] A9 A5 (worst case performance), O(n*2) B35, & &-8317] 98 9
A AElet 2ol o 3k A u] 2 7B (denial-of -service) & 2 o) Hl nuoa = Azl S = Ay
o}, X}/\ﬂ??} ‘41 £ http://www.ocert.org/advisories/ocert-2011-003.html o %Yt}

SfAIgEe] WA R eke] olE gl o] d Aol GRS FUTh stol S o] Ao thal] o HAg=
312 o}gqq(zaﬁ B & 32-bit 2} 64-bit H‘E } ] WE oS U h.

PYTHONHASHSEED & #1314 Al L.

WA 33004 A sA] G Bk 712 H oz &8k Ytk

object.__bool__ (self)
=g gk 74}\]-9]. W AAbool () FES Y& SE2H Yt} False Y True & S8]F oF Yt} o]

33. S+ 0HAMEOIEE 29
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WAE B A G A9, Aol drkE__len_ () o] EE of, gkol 0 0] oUW Fo
AAGUTE Bk ZeN 2T __len () F__bool_ () BT A5 gerhe, BE QagA
goz AggUrh

rr fu

3.3.2 O{E2|RE dHMA FHAEDOIO|AN|O|M
Zelx daE Ao oJEGRHE 2 (7], A7, x.name < AHA| 5} 7)) 2 ol u] & W A 517 £
S 22 HAAESe] Y2 & i’i%qﬁ‘r-

object.__getattr___ (self, name)
7B JEZHE M A7FAattributeError 2 AT u] SESH YT (name ©] A 2EHA O] E
BRHE Ex self & 22 Eo] e AERFET} ofY a}ﬂ __getattribute__ () 7}
AttrlbuteError = °‘ S 7| A}; name Eiii E]9]  get_ () ©] AttributeError & 4o
2 o). o] HA= (7:“}1\_]'%) HJEZHE 7H-& 33l AU AttributeError 9 & Lo AoF

S}
ARAJA M AUES S T3l ol ESREZF DA _getattr () o] LEHA k5ol s oF
T 1A getactr () 3 _serarer () A9 ARE MY Th. ] 9A e
olfFEZEE W/ oA, IFA A oW getattr () 7FA2EH2 G2 AJEHF
=0l 428 ol g7 mEel = Gtk Aolx dzds el 42, ol g dads
OlEZHE gMUelo] YA o2 (A IASS tE AAd Esuth A Ao
AAY S Y 4 DS TR HE A E AAE B9 = ol weel Aoh AL of el
U= getattribute__ () oA tFEYth

object.__getattribute__ (self, name)

Uz 20 oEeHE ANLE FANS Al 24 fo] 2T UL wel 24
27V getattr. () = @A FASH,  getattribute () 7t A AR TE3 A
AttributeError & ¥4 0 7] A &&= o] A /\7' _getatr = TEH XA FFUTE o] HIAEE SE
FHE (AAH) %};o EE%-,—ﬂ\J-AttrlbuteE‘.rror o2 E do Ao T} o] A =9
A} F-31 2] 7 (infinite recursion) 7} WA &= AL 7] Y&, —‘,Lzﬂ% AL} 3 o]EFHEI
HIet7] A8 22 o] 59 Wolx %"iﬁi«] Uﬂ/‘iEE STESoFFUth dE £, object.
__getattribute__ (self, name).

B2z Qo] Foluh g el o et B
N HANEE AR BL 5 AUtk AAD NS 55 A= 23] o A ST

o
ro
fo
i
o
i)
o
fru
A
4
=)
>
r1
[t
N
N
o
rlr
0.
o
2
rlr

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

object.__setattr__ (self, name, value)
AERE Tl AR w FEP Tk AUAA W AUZ (S Aade GAviele] ghg A s
Z) thAlel o] A o] T UTth name = o] E ] HE o] F 0|1, value % Ao sl = Yyt
_setattr_ () o N A2 ol EelHE0] YT T, 22 o] F2 Mol 2 Fe 2o
HAEE TE3oF gL} o & 50 object._ _setattr_ (self, name, value)

For certain sensitive attribute assignments, raises an auditing event object . __setattr__ with arguments
ob7j, name, value.

object.__delattr__ (self, name)
_setattr () U EFHAW ) ELHES TPk thAle] AR FU T o] AL del obi.
name | 24 o] o 1] 7} Qi 7ol @ A of of Tk,
For certain sensitive attribute deletions, raises an auditing event object.__delattr___ with arguments

obj and name.

object.__dir__ (self)
AA N dir() o] T2 wf SESFUTh AE2E S8FFFYth dir() 2 &9

M
>
)
[>
it
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25 MEEIRE HMA HAEDIO|AO]M

S48 o]5 __getattr_ I __dir = EE AJEIHEN U HZS AR F Y= o AL
S22 dFULh BE 59 __getattr_ FF £ Y QAR JEGFEY o] 52 o}
A AArE e 58 F A AttributeError ‘§ REAY Al A oF FHYth dubAE 9l 23] (5 object.

__getattribute_ ())E B3 oJJEFYHENE 7“11] oA AL R koW, AttributeError &
do717] Mol 5 __dict__ oA _getattr_ & AU THH Y, oJEYRE o]F0E 1
$4E 525w A8 BABY

Qi ol 52 Ueh s £A4G ) AALE SeiF o}

_dir__¥+E °1XP W2] ok A H2 T A+
gtk EAed, o) Fre EEA U R dir ) oS AZ I P
25 3 (o] E E]‘:'E A4, 22 9E 5)s Rt AL SHA AR A Ao ete ™, 8 AA9] __class__
oJEZFEE types. ModuleTypeA AB FHaE 4RSS dFULh dE %Eﬂ
import sys
from types import ModuleType
class VerboseModule (ModuleType) :
def _ _repr__ (self):
return f'Verbose {self._ name__ }'
def _ setattr_ (self, attr, value):
print (f'Setting {attr/f...")
super () .__setattr__ (attr, value)
sys.modules|[ name__]. class__ = VerboseModule

: E’_%_getattr_@-‘ﬂﬂ-‘i%_cla%_ AL JEGH E‘ﬂ.‘/‘ﬂi TS AR 23] ol v
Ut - 25 Ao thak 2549 °“Aﬂ/\ 2E Yo Zxo st A xolAY BES] A
Yl st F2E AX A+ dFEA g5yt

WA 3504 WA o)Al _class_ BE JEFEV 27 7HsFyth
W& 370 7} _getattr_ I} _ dir. RE oETHE.

o B

PEP 562 - 25 _ getattr__ 3} _ dir__ 25| 3t __getattr I _ dir

ot
=
i
>
of
o
<
Iy

CIA38IE F85H7]

2o LEHAES2 YAEE 7R S 2 (A Y2Z FH (descriptor) 3 22) 8] AA2EH AT AR
(owner) FA20] SR w e A SR U2 A = 274 229 AT G 1 2R 22 5
Spuke] A el ol Slojok T Th. ohele] oA, (ol EelHE) o] Fo] afrk 2eh2el _aice_
o] /1% AHBE T Y o 22 HEE b AL,

object.__get__ (self, instance, owner=None)

£ TGS AU RE A2 12 G2 Anb (@ nd 2 HE A2
o o=l RES Asteln T w) 2P U A E owner ARFE LA gyt whelo]
instance = S| EB]HE F27} oyl Y& AT 20| AL, ‘HEﬂw‘:%Eﬂ owner & 53l HA| 2
== 49 None U th.
ol YA EE= ALEH AJEZHE S S35 AV AttributeError 92 & 4O F oF T}
PEP 252 _ get__ ()°] Sty F 719 AR E = FEol8ta A xqaq\;}_ slo] # zFAl Q]
YW gazagde e o] WHE ALY 280, °“:' Xﬂ*PX}+€L°ﬂL S OSE RE QTEE
Y23 HE 7 dS = AdF5Uth Fol A zpAlel  getattribute () FHL A R3] L AA QY
ol B4 ¥ AXE BT ATk
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object.__set__ (self, instance, value)
2GR ZH 29 A2EA X instance ] AE T HEE A Ztvalue 2 AA ST o] =T Yth
__set__ ()oY _delete_ ()E F7ItH t2aHFEH FP o] (vl olE Y23 HYE (data
descriptor)) = W73 F ol Fo st Al 2. A& W& T~ EH §%6 71 FRAA L

object.__delete__ (self, instance)
A2 FH ALY A2E X nstance &) A EEHEE

object.__set_name__ (self, owner, name)

22 22 owner 7 A v &P Ut o] U HE 7 name ofl th = S5 Ut

-

Ao £=H

k9
=

ZP: _ set_name_ ()L type AR 4B 7 EAAH O , 7] A o] &9
HUaaygert Feiae] 71 o 83t w7 42 AFo R i%?—} 287 syt

class A:

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

9 AR &2 S e A4 7] & Fast Al L.

WA 3.69) 7}

olEgHE _objclass + inspect EE°] 93} 9] 7“14]7} .4% ZYPAE (A= Ao R A
HAUth(o] gt A A3 AASH 589 ZE A oJEGHE APA] \_Eii-ﬁ,/ﬂ(lntrospectlon) =
AT S m*wub ZoEo 49, 3 WAl 9 Ao, Fol W ¥ (EE B Feh2)o) Az
1A= AY 8782 7he A 5 st (el & S°1, CPython 2 C2 A8 A2 5 A 942 ¥ A = (unbound
method) ©] ©] 01_31%53 AR .

o,
T,
2
|o
fu
-

2] 1} 23 Y e = (A3 52 (binding behavior) ) & 7]—75_1 AR JEZRHEJYTLE oJETE
E WA A7 YAFTHE Z 2 EZF (descriptor protocol) &] WA &5 o8 A BJFH U _ get_ (),
__set__(),__delete_ (). o] INEE F sI}et= 7@4301 Row, taaygeHeta EE5yth

ﬂEﬂﬂ"%E °“/‘ﬂ/\«l 71355}3 A A ol EGREE 93, 23, AAF+= 2 YU
& Ea.xEa._dict_ ['x'] oA A &3 A type(a).__dict__ ['x'] & AA type(a) 9
el S 2E AL S wo] 2~ %Eﬂi%% AA 7He dAY =32 TP UTh

a2, ek 2338 ol YA HE WAEE 73S AAE, spo] WL 712 52 glAlo A3 Y E
HAEE TET 4 JdFUTE ST 55 A= YA odA o] do] dojrh=A& odH t2aHH
A7 AolE o] Qlal oj W 4] o7 T & =4 whe} ohF YT

TEY AR

A3 HE 3 A 22 A (binding) YUTH a.x. A AAFE O] RFFH A& a o WEF o5 Y

c}:

AH 5E AN AAE MG G A EH = EES AEAY ZEV AT HH A EE Y 55T
AU x.__get_ (a)

A2EIA A AA| Aadne] AFetd, a.xEold EEZ AP YT type (a) .__dict_ ['x"]

__get__(a, type(a)).

FP2AqFg A2 2 WE Ax v od T2 HFHYY: A.__dict_ ['x'].
__get__ (None, A).

Super 75"?}' super 9 AAE 0 A5, A% super (B, obj) .m() 2obj._ _class_ _._ mro__
E A A BHLE thgoll e Wola ZFejAa & e T o]FA HAIHHE TEFYTh:
A._dict_['m'] .__get__ (obj, obj.__class__).

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

vlo] W WA = (staticmethod () & classmethod () S £33 A) = vltolEl AT HEHZE L3 F
Ut ol w2, dx"dae A ES M2 AYstAU dolE 5 A5 Uh ol A2 7 A2H A7 22
S e dadasH e HE T8 de T AT B YT

) el daagez g U o e, d2" 2 Z 2 H E (property) 2
TES AT T sy

£ o

o2 (22 A AY) dolE WNE BAHOE HAAsT (s ol BAHOE AARAY
Rz By S8R &= D) _dia & weakref _ BAAE ART ¢+ JAEE FUh

_dici_ & A% wjo] v el Aok = e 4YE 4+ ASUh o EHE 28 SEE 2 A4S

object.__slots__

o] FEf 2 Aol = Adagxe) Yo AFEEH = HFEY o] 55 AlF sk E AL, o] Bl # £ (iterable),
ARG AN D27 Y E F AFUTH _slots. 2 AAH HEES 5 7+ o st 7
olxa"awity  dict @} weakref 7} e A= AL W5 U]

__slots__ AI20] &8t E

o _dict_WAF7LYPOBR JAAEAE slors_ Ao EH A ¢F2 A A4S RYT 5 st
UdE A g2y oz tfdste 1 8l AttributeError & d oYt Wk 2 0 2 A
g U Qddhe Aol B8, _slors__ AA9] FAG AlA 2ol ' __dict_ ' & F7MEU T

o Ax"auieh  weakref WS QOB R, sl E RO Fe Felas AaT 2o gk okt
= (weak reference) & A A 8HA] b5 U Th RbeF oFk Iz A o] ARsirhd, _slors A A9
EAE Al 2ol ' __weakref_ ' & F7FEUTH

o _slors__ = Zt A o) Eultt AT YPEHE HEE YA 0 R FEa FEANA FEAFYTH(H 2~
IHE 7). ARHoR, Y2 ERELE _slos_ E FYH JA2HAUFES AT
NEFSAZT 507 ALE F gFUth FH2JEYREL 2T YYS FER

o

_slots_ Q0.2 1% I T70] A8 AR 9 A g th FEAAAR _slots_
A el ol A DU A, A4 A B Feh2rk AN _sdors_ (A2 F71E = WS E
ol oF S Th & Aol 8 SF=ThA _dicr_ Sk _weakref_ & 57 BTk,

Zejash o) s SN2 dors_ o D o] B 2L ol F MEE slors_ o AAGTHH,
W02 el avt A g WL AAAT 5 Yt FE A BUTH ) A SHAZTH AT YHE
A4 233t A4S 9 Th. o AL Z2 U Folw A o AehE HhA Fuich wl el
o1 WA 5] A% AAEE 748 AU Tk

int,bytes, tupled} 22 ( 7b 2 o] (valiable-length)) o WA HEL ASshe
vl slots A L=}

kel rlo

=

(g

CEC PR

o _slors__ o= FAE o] 9 olHHES UYT 5 A5 Utk MHE A AT 5 dHUTh
SEA gk, wj g of], Zk 7)o t)-3k= s o7l RolE £ A5y
s FEZH2TL __slots__ & 2= A9 class__ tYJ o] 52T}
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c XS ARG A RE FHAES TS A4S 7 AATL LA Y RRG R o® vE
A AJEZREE 7 + AsUT (GE W22 W X2 WOFUJ FUth - ol & ol 7] d
TypeError & 423 Yth

2
>

e oJEj#E| o E} 7} __slots__
_slots__ A EBHEE W

| A5 ol E1e o)) ghol efal s 9 Rk oAl ok 2o,

olell ol B 7 Ut

rE

3.3.3 EalA MM FHAEOIO|AO|M

STt E SFHAE ASET o, JEEHAA —_init_subclass__ 7} IZPYrth o) om B Z
o] TS HA 3= 1= 3
FAE ] JdFYh '};qu}

__init_subclass_ ©@E=E0F 11 ‘] = 4-4'5]"_ :'EH/\.J uj) B Zs BFA 28]

classmethod object.__init_subclass__ (cls)
ol MMEE ¥t FUW2Y ME STt oA wuitt SEFH YT ds € A A E S8
2yt wer dubAQl AAHAWAER FofH T, ol AEE FAHOR FHANER
EEEE-IRLCY

AN Sz o)A 7)Y AARELS BE Zef29 _ init_subclass_ & AZFUrch
__init_subclass__ E Agdt= T2 2539 T3S A, 28 7= AAES
AW Fo e AES Wols Felaz Agslof FUth o A4yt
class Philosopher:
def __ _init_subclass__(cls, /, default_name, **kwargs):
super () .__init_subclass__ (**kwargs)

cls.default_name = default_name

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

718 3 object._ _init_subclass__ += o}F A% 3R] A A5 AR7 28 FH o] TEHH

o 9] & LAY

231: ve Z e~ 3 E metaclass = U A & Ao 98] 28| E 1, init_subclass__
2 AEE A Fsunh AA “ﬂE]r—:"EH/\ (BAIH < SE th4le]) & type (cls) B AT 5=
AsYTh

WA 3.6 7}

HIEF 22HA
712 H 02, FeaE type () & AHEAA THEAARA YT S0 vt = A o] F F7toll A A8E a1,
Ze 2 o]EL type (name, bases, namespace) & ZA3}o A|F Ao g AAE T}

ZPAEvle = PAHL ZPhA Ao Zo metaclass 7| PE AAE AL AL, 18 QAAE £3}H3) o] 1)
EASE SN AS VO 2R ALE T 28 5 Q%1 Th ThE o 914, MyClass S MySubclass
= E5F Meta 9 QadEHAYU T

class Meta (type) :
pass

class MyClass (metaclass=Meta) :
pass

class MySubclass (MyClass) :
pass
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Zef ool A A A T 7| = AAEL ol oA A s & REWE FHa A4ERE AGg UL
S Rt A o, 33 22 dAVE F g vTh:

* MRO &=o] ZA4g Ut

« A e Fe 272G Uk

R RN ES =R

Fg2 Ao JEFYE= o]~ FF 27 type 8 A~EATFold A, A7 A __mro_entries_
HAZE AT h B4R, e tlo]~ FE22 SEH YT o] HA == o] Wlo]A tAlof ALgE
2e)9) FES Bel 7ok FULE FES 0198 5 gB It o A3 Uoh w0l 2 E PAH Lk

Ze)a Aolo) A A% e Zeate veF o) 24 E U
« o]0} WA A 9l v e} 2 %
A A w27 A A 3, A o] type () o AxHA ﬂﬂﬂ%gl%%Wﬂ%ﬂéi

g E
s type () o AATAT HAA L v Ze AR Fol A AL, Wlo] 27k Bl H oW, A Bl

P ER T PEPIEE: 18
7 wro) ke vieh Fe Ak YA R AR vEh FYAET AR mE wel s T
S A SAXE (S type c19) TAA AU 1F el 399 W5 Felor oG ww o

X5 BF4] (subtype) 31 ] ok, ¥HOF o] 1 % o] £71€ vhE oA £RThE, 2ol ol TypeError &
4 A7) v 5 g o,

i)
[>
i
7
XN,
&
rr

ZeliA 0|§ 87 £d[517]
Ak AE3 e} ST A EE W, FE A o] 5 Fo] EnlFE Utk Bk v Er F A7) _prepare_
OiEE]-.‘E.'—E% 7}A ¥, namespace = metaclass.__prepare__ (name, bases, **kwds) Z-2 4]

°2 IEHYHF Vi‘ﬂ 719 = A7t ok Fel s Ao A & AYUTh. _ _prepare_ WA EE
classmethod () & F&E oJoF FUtTh _ prepare_ ol o3 9t3tH o] & F7F2 _ new_ o] AEH
A HE %?41& AR 7L o] A w] o] & F7bo] A ZE dictol BAE UL

BHoF W Bk el 2ol _prepare o EFREZ QITHE, Sl o] F 7S W £A gt vBom
z7189 Utk

o X7
PEP 3115 - 5}0] 81 3000 of| 4] ] W€l e~ _ prepare_ o1& ¥#7F2 =dWF Ut
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SeiA dHic| A3s}7|

Z Y2 vt = (W) exec (body, globals (), namespace) FZto] AP H Ut} AHLA 2l exec ()
583 £ Aol Y& 2o A5/} G WA oI008 1) o1 2233 lexical seoping) o] 2l
W (RS WAEE S EAA) 2 Sl T BAI% o An o] e o] FES ARAES BATIE

Ay,

AW S A7} B ] ol oA WA, B YA AoE WASEL 2o
S YT 2U2 S E QAEAY 2 A WASY 2 WA vl
55 5o AALHAY O AU AW T BAHCR offl 22AT _class_ BEE Faof

A A 7F metaclass (name,

At FEla o] 5 Fho] vy E AT ozH AYAWE, FHa
*kwds ki gl = 27139 Y E QAE L2

Sl AU 7oA A

1=]
o] F; 2 AA = super () o AAE

] 2 ke A F2HE AYUh __class_ = Z# 2 vig 9
YAEE 5 ol 3tuets _ _class_ U super & 2T A Hotd ol o8 TrEo A= FAF
Z 2 A (closure) FZ2 YUtk o] AL A}l FEN super () 7Fold] 23 7|Hto g2 A A= 1
e ZdaE EutEA 2SS £ UAEE FUth o ARl &4 AHSE Fdlay dadas
HAEZ Agd A HAY ARl 71 23)A A8 g Yt
CPython implementation detail: CPython 3.6 ©] A} A, _ class_ Al (cel) = W 2 o] & F7HY
__classcell  dEZZ e S0 AEg ek ek ARG, o] AL ST SHHEA
Z2713}= 7] 913}l type.__new_ SE7MA] AL A ATtE o oF it o] F A 81X F5hH Tho] % 3.8

o Al &= RuntimeError® o]o] & A9t}

712 HEl F 2 type S AT wj f 2 HEF S A7 2 type._new_ E 3ET ], FY~
ANE e Fof, th-2 3 22 F712] AxEnpolA o] A T A 7L AP F Yt}

_ set_name__ () & AY3t= FY L oS5 T REUAIYHHE

rr

« AR Z, type._ new

< AZPGH/]T;]_

c ERE, o] 8A +=H-H E% set_name__ & 3=, AYH I Y= FHaG YT HE
FolA ol AR}

. u].x]uLoE t}ﬂ}ﬂt:
Fuch

Zej A7} g0l A Foll, Zeh A Ao o] =R Zel A vl ol Sl A Tk 2 A AL
1,70 ARE 2 A7 AolE = 2 A o] 2 Z7bo A A s}
ol

type.__new__ 2 A FH} AT REEA A ], o] &
vjsg o 7 BAE A1, A2 o] ARl = w - YT A AR €17 %ﬂ%z
ol Zol Zefx AA __dict_ oEREZFUTL

] B

PEP 3135 - Al super 5A]Z ¢l _class_ 24 2 S A9yt

of e} 7bg Zph R RO Wl __init_subclass__ () o] &

155+ AA= ME e <A e
Al (read-only proxy) 2 2] #Fo]| =1

JEN

36 Chapter 3. H|0O|E{ 2 &!


https://www.python.org/dev/peps/pep-3135

The Python Language Reference, £ A| H{7 3.8.12

HEl EeijAaS 25
HEF S a2 A A S E AV Ut g4 F 2 7HA] ololt] o] Eoll = enum, 27, 1€ H| o]

2 AAL A5 3HE 9] o (automatic delegation), X}EE]—Q = 2 5] ] (properety) "8 A3, Z 2FA] (proxy), Z & ¢
(framework), 215314 21 Z 71/ 7] 3} (automatic resource locking/synchronization) 5 ©] 9154t}

3.3.4 QAUARA B ME A HAF HAEOHO|AO]M

T Ml =52 isinstance () & issubclass () W& 5459 712 5242 AP ot o AHE3

g},

E3], e} 28~ abe.ABCMeta = 34} W o] A Z 2] A (Abstract Base Class, ABC) & t}2 ABCE ¥ 33t
Qolo) Fel A 8 (NS E I o] (44F W o] & 22 2 (virtal base class)) & 274 4 QU
stej 7 o] A =SS T
class.__instancecheck___ (self, instance)
instance 7} (AR A AT HHALZ) dlass o) J2HB2E AFD 5 9o L BelF ) vt
AolE ¥, isinstance (instance, class) & #8357 98] =& Yok
class.__subclasscheck___ (self, subclass)
subclass 7} (AR A o) AV ZFH H 0 2) class &) A H ’ﬂP‘E HAwd ¢ od e EdFYch
glok AJolx) W, issubclass (subclass, class) & 73837 Y& = Utk
ol MNESE S F(HEFFH D) oA 23] H ke Aol o Ut AA S 2eA S
A= Fod ¢ gsuth ol A2 dad2o tis] TEH = ST HAEES 239 A3 A5
o] A5 ArdAL Zeh 2 AA T
o B
PEP 3119 - A Hlo]l A Ze|Ae] £9] _ instancecheck () & _ subclasscheck =3

isinstance () 9 issubclass () & 52L& 74’\151‘3]-0]7‘15]-—‘: Eﬂ Q3 ok 451'5]-%31] o]
7159 7]+ dojoll F44 Ho]a i"/H’\ (abc ZEE HAA L) E F718t 2} 8= o 54Ut

o

3.3.5 MUZ & SLH LH7|

0

~

T HIANES FoF o2 PEP 48404 A F A AW g Sl 2/ (€ ¥ List [int]) S 7EE

=

=

F 95Ut

classmethod object.__class_getitem__ (cls, key)

key ol 91 B Aol 3 A Y Fe)29] E53E Lhehfe AAE B F U

of A= e AR AA o)A 235 o], Zef 2 wirio] o B 7 o
WAEU T ol HAUZS 22 A4 3 A=9 87 A4 5] 98 el okl of 5Tk o
AAA k5 Th

o B7):
PEP 560 - typing 2 &7} Al & ol th s+ T o] X

3.3.6 222 2| SLH 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, ...).
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3.3.7 ZH|IO|HE S W47

LR T A5tk AE oY 2
(ﬂiEﬁ}%% 22y g (gAY e Z22) ol Atk thE AH oW E JA AT 4 dFUTh A HA
A= A Ada2UY i3S FW He ol ASF U Aol @2, AlA2Y B9 8 g8 = 7l N
o] Al 2] 7e°1 o0 <= k < NEWUEHS= AT LG FESY WA E o ote sehol= AAT
setdoe AYdUth el & gA v A v HA F 2=, s ol WA= keys (),
values (), 1tems(),get(),clear(),setdefault() rop (), poplt m(), copy (), update () &

Al F3l= Ao] £45 Ut} collections.abc EEL MutableMapping 324 H o]~ Z P AE A F 5=
o], 718 X3 getitem (), _setitem (), __delitem _(),keys() & F¥E o]E HAH=EES
BEEH =S FUTh Fojd e £ B2E AAAY, 7hHE AlFEaE WE append (), count (),
index (), extend (), insert (), pop (), remove (), reverse (), sort () = A|&3] oF &t} u}A
o8 Al F 2 ofefoll A “‘ﬁ%}% HXNE __add (), _radd _ (), ladd (), _mul__(),
_rmul__(),__ lmul_ () & RBYHA Bet7] (o]ol o7& @Y th & Ha7| (W= S3Yth &
T oF gt thE <A} AAALE L F Y 51A] Tolok Fhuth in AARALS] &34 Ql AR & E3)Y]
A8, B A A2 BF _ contains_ () MIAEE FHIESF AT ”H"‘-J A%, in 2 vj3
g 71E 75"—'.‘511"?@‘4‘3};/\]5"4’\-4 At HES 7&*“6110?3“4‘3} Ael ol 254 01‘:4?4]0]’&%
s g3t7] A, FA A A2 BT iter () MIAEE T 2 =S AZTUCH wHE A,
_iter__ () & AAY 71E g o] E @ of FUth; Al A2 A1, ghE= olH o] Edf of g Th

object.__len__ self

AR Len () & FHe] 93 E2HUT AA ) Lol & FeF ok Bt >= 09 Bt
‘I?&_bool_ () AAEE FstA] &2 AA S __len () 0l 02 = FH =] T YA

AR oz AFH U
CPython implementation detail: CPython | A, Z o] &= Zt}] sys.maxsize € Z o] & 7F Yt} ghoF
Z40|7} sys.maxsize BT 3, oW 7|55 (len() I Z2)L2 OverflowError &5 4o Z 4
AsUTE F AR AAA A overflowError 7} doiuvb= AL 47 &, AA = __bool () &
Aol soF gt

object.__length_hint__ (self)
operator.length_hint () & 7837 A3 TE=F Utk AA FHH dol& S F oF
SFUTHAA ZeolBt 2 AV &S . % =092l Bgofof gyt v g2
NotImplemented & &% Q2 =7} ol 2A)5HA] k= AR H A g
AUYUtTh o] YA B 58 H A3 ol &9 A= dsyth
WA 3.400 F7}

3:

ot
t
(o]
o
Y
o
k5 5
ruhL
HJ
rulo
jus)

F: epold e AR oE tdao e A =S s =g Ut

2 WelE T, o PE% vp 7R AU Tk wha Lot & 32 FA None 02 A9 MU Tk

object.__getitem
seitlxey] o & T8/ A TEA U N A2 A5, 459 ehole Ax Az
8P Utk 25 A (Rof Fe) 27 3 e
__getitem () WA Eq]
TypeError 7} A& = Q5 UTH

Al Bo])), IndexError = 42 A

£ doAck P

o] 25 2ntg A8 e, T2

i
rO
A_.4’
=
)
H
=]
Q.
0]
bl
[eal
[a]
=
o
(o]
N
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object.__setitem__ (self, key, value)
self] key 1 29 Ysle A A8 &8
o33 o] 7ol =, AA7F 7)ol thsl ghel WA
g2 o] WAE 4 9L whEk A of of Pk
22 o9& Ao o Fc,

object.__delitem___ (self, key)

th_ getitem () H} @& F7tBaFYh
YA 719 F7HE S g A, AlE 2] Aee
2R H key 39 A+ __getitem () oA}

self[keyJ-‘ll”xﬂ Tt Al Z=HUTh _ getitem ()TJr Ze 3ot dedyrch
v} g o] ol =, AA 7} 719 ”Zﬂ%?ﬂ%‘f%‘ B AA2Y BeE FENANILERE A AL
_/F_g}\.g_rq]u}q_:ﬂ_ﬂo]o}‘o‘l—qu}-_ 25 key gho %%%_getltem () NA &} 22 A&

2 © 7 of o,

object.__missing__ (self, key)
dict. getitem () o] dict JE S 2o A 7|7 G Elo] Yo self[key] & FAS}H]
98 B2k

object.__iter__ (self)
A el e olH e olg 7t B2 uf o] A =7 T ESH U o] WiA=E= l oj ol
AAE olH e o] ES 5 &= olH e ol B AAE 2 F oF Fuch mig o] A7, AH o
ol & o] E 3l oF g ot

olg #lo]H AA A o] A EE AT F
ol E] A Aol thsk 712 A B = typeiter o] U

object.__reversed__ (self)
reversed () W& &4 71 & o] E] g o] A (reverse iteration) 2 & 51 7] Y& (YtH) =3 th
Aol = AA =S J £ 2 & FAsH= Al o]lgd ol H AAE =5 oF Futh
_ reversed () WA EZ} A2 A &oW, reversed() WA TS = ANEx 2 2EF
(__len_ () 3 _getitem__ ())& EH"]‘OE/\]'&“L‘JE} NAx 22 EFS AD3E= A
L reversed() 7FA 2ol AERT H 2 AA FHS A FTF S Y2 wlwt reversed ()
A3 oF g o
WA AP AAANE (in FFnot in) 2 BE AH oY of thdk o] ol o ® AP YTt sHA| R

o m

e

N PU
e

13
o] 7

27} AUt A7) A4S EH Ao Futh ol H e
“uth,

o3

3
o3
=

fr ru[n

)

AHo] AR ) A TAL FET 22 B WA EE B AT Uitk o] A5 AR L

JHHEY BRE YUt

object.__contains__ (self, item)
4] DA Q1S TR A5 S Uk iiem o) self of 909 e, T8 grod Azl
= F oF Ut w3 AA S B9, 7]-3k %ol OME}UHJH 717P1 = o] of Fr}.
__contains__ () & A 8HA &= AA 9 -, WA A WA —iter () £ 53 ole
ﬂﬁ%ﬂiﬂi_imumm_m°Eﬂﬁﬁﬂﬂ*ﬂﬂﬂﬂﬁz 2R ATt Ao

dl ol elne] o] A AAFAA L,

3.38 <Xl & L LH7|

%749 FUh 7 A9 hest 2e MAEES 498 S A
o3 A A5 A G AE () B Sof, A7 ok 2AHE ol th ek
AelH A e A= W AS ook FLi

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)
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object.__and__ (self, other)

object.__xor___ (self, other)

object.__oxr___ (self, other)
o) N ESL o|F 4k AAS(+, -, *, @, /, //, %, divmod (), pow (), **, <<, >>, &, *, I) =
TR A £EF U AE Eol,x7b_add () WASE A Feae AxEAd o
A x + y o e Fo7] A, x.__add__(y) 7ZFEEH YTk divmod () Uﬂ/ﬂ‘: =

__floordiv__ () 3} mod__ () & AH&stE A FFallok dUTh; __truediv. () & AH

517 gporok Yt WA pow () WSl 4 A0 AU 7] AAAE, _pow () AT
A 5 9l Al A AR HE S 4 o] 5 of of Tl ] 5] of o,
ghef o] M =S F stz Algd ARl el AibS A FdHA] k2™, Not Implemented &
Eej7 of gt

object.__radd__ (self, other)

object.__rsub__ (self, other)

]o

ofr

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 EEL FH A3 g AARE 3l o] F Ak AAE(+, -, %,@,/,//, %, divmod (), pow (),
KR, << >, 08,0, )2 TS S8 S U o] e %%94 S R o o A E e = e
3}11 ‘%13 AR MZ E P et SSHUTH o & o], 24 x - vy g& 73}
E:]J_ F o, y7}_rsub_() £ 72tE= Y29 da"d2o|a, x.__sub__(y) 7} Notlmplemented
EE8FHy.__rsub__ ZFEEg Yt
2 Fpow() & _rpow () EEZESFHIALAESA ol FYsoF FUTH(FA St H
o] 74 o] W HHHLI YT,

P

ZF31: 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] u."}\ CE'\% %—H'— /\]—g I:H ?:] (+=9 It *=7 = /= //=s %=, **za <<=7 >>=9 =9 = ‘ _) = %646]—7]

3 oy7) A (R ABHA gheth) & Feart 2/ v A E% ZEA] A WA =7} Not Implemented € S8l 52 S¥UT L85
AR ARG AHEG 184 Ah2tol N e el ol =G one 22 YA Yook 29A e AE
T3 ek WA 0 2 A s Nk B3t

4 For operands of the same type, it is assumed that 1f 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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LS A AL ol A (self S R BNA) SF=2 A =5 oF 31, A3}
thE =85k ?:ME} ulok E4 w A =7}
Al A

A3 B2 UL o] HASE A4S
(BEA] 220 3 AL oh A T self D A%
Aol A o, FE e ANAA MAEES

o 123 T) o & 59, x7}_1add_()
HAEE 2= FY2Y Ad2EHAY, x += yEx = x._ _iadd_ (y) 4 55T U. 22X
s_tﬂ,x + y«] e FTUAY, x.__add__(y) &y._ radd_ (x) 7k gtk o9

ol A, 5 P2 A A Ko B2 o]ojd £ H T (faq-augmented-assignment-tuple-error
1

12
o
e
Hz
o
°
AUy

R HAYSE IR A5, _ipow__ ()& A3 A T Not Implemented s
tx._pow () Sy rpow_(x) = EW 57 irk, of 81 sl A

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

A F Ak AAH(-, +,abs (), ~) S T A8 &P Th

object.__complex__ (self)
object.__int__  (self)
object.__float__ (self)
LHXL 4 complex (), int (), float () & FH3H7] flal TEHUth A4S J 9 32 =87 oF

gyt

object.__index__ (self)

operator.index () & F+d3}7] Y3l === 1, E]—O]A‘ﬂol 5‘\—1} AAE AL AA 2 4 g9
W &sf of & wf (& 2fo 1*‘°]‘%H1%‘bin(>,hex() oct () &FEolM o) nttt T & Yt o
SRR P E e g U A AR SN

_int_ (), _float__ () " __complex__ ()7} Be= o] A o, i W T int (),
float () ¥ complex () ¥ _ index_ ()& A4t}

object.__round__ (self[, ndigits] )

object.__trunc__ (self)

object.__floor__ (self)

object.__ceil__ (self)
LHZ]' 4 round () @tmath ¥ trunc (), floor (),ceil () & FH3}7] Y3 = YTt ndigits
7} __round_ () B2 AEHA =3 o] YAEEL BF Integral (EE int) & 28 A4 9
#= S FoFdyth

int__ () 7k S S QA o, W & int () £ __trunc () EAEFYTH

3.3.9 with & ZHHAE zig|X}

AN E 2] A} (context manager) = with & AP uf] 28] = A3y ﬂ‘f—‘!/\ (context) & A 2] 5}
ARGk e B2 AW A, AGAE Dol Aok AYA 2 AYAE R AY DS
Ael gk AUAE Bel e B wich £ (i £ AHNA] SRFULH O 2 A28 A 1, 18
]/\11:‘__’_ T = —H,ﬂ 7(1;(4 }\]-_9_6]-/\12 01/\1/]1;]_

o o rlr

I

E2E Fejate] APAQd fEole thde 72 A AH (global state) S 2 A3t B354+ 4,
A& 27 (locking) 531 ‘ﬂiﬂ (unlocking) t+= 71, @9 IS &= 2 o] 5 Uth
A AE Fe| 2to] o 3 o 2} 3 A B = typecontextmanager ] V&L T}

object.__enter__ (self)
of A7 9} AFH AW A7 A A E
HA o] kg ghS A4 F T
object.__exit__ (self, exc_type, exc_value, traceback)
o] Ax|o} ATE ARA N AAEE FRFUT W ARSEL AdAso] 4 Roj 7] BE
el & 7ledct vk g AET} @ﬂﬂ ol TESTHA, Al AAF 257 None o] U th

N

19U T with B2 as A2 AAH thabo] grhd, o

¢
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Rhef o 9 7} Al T AL, W E7F A 9l & SAIA 714l A 0 W (5 BHtske A we g ) F(true)
A FUT 2FA God o8 o] I ETLFET T AL AFF Utk
__exit_ () WANEZL AL o 2] & TA] L L7) A (reraise) BFEF Fo S of FU T o] A2 2 E

A} (caller) o] A 1 4 Ut}
o B7):
PEP 343 - (with) & T}o]# with 2ol t)st 74, v 4, .

3.3.10 S HIME =35
NEA O] )20 AL, BAAA ES WA TEL A A2EA G 7} obd AR Fo
Qo w0l 9g Wu erh2s] 5 Al BARYT. oA $4L 2T 2L 2Es} o9 g Ao
AAdYch:
>>> class C:
pass
;;; c = 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()

old Fze Wi Foll Z2d =2, BE A (Y 7—’“?11355?3'11 Aol osf FHE = hash () W
o} ¥hef o] =

=

_repr () AL WS EFHAESH AH] AFUT wHeF o] A =S thE S A A 23] 7}
Al 23 mz Al as AACHY, 8 AR Ao el T2 2w A5 F o)
>>> 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

Zejo) ARNA G2 N =S 5L o) e 49 BRI N =L FF (Wt F o2 E (metaclass
confusion)) o2} el 3, 5 WA EE 23 T ALEAE SIS PHOT 3T 5 AU Th
>>> type(l).__hash__ (1) == hash(1)

True

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

True

SHE S 137 A A2t 2 o EYHEES 233t Zof g, ZAFA S+ A= 23]+
AR e A getattribute () AT 2AE 233

>>> 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()

(Th& sl AT ol A%)
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(o1 sl o] A A A%)

>>> 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

Sld AR getattribute () AAE LIATE AL S NS A2lel fAYE A Eoshe
Al (54 Bl =7} QU el ol s Q4 A TEF 7] SIS whE A Zel s A o AR of of
FUTh, B =8 el Ao &% H A58 9 Ao A5 A I

3.4 IR El(Coroutines)

3.4.1 0{<II0|E{E ZiA|(Awaitable Objects)

offlolH & A= gRkH o2 await_ () WHNEE FEFUT async def FF7t 8T 15
€ 4 019 o] 8 E Qv o}

Z3: types.coroutine () ©]Y} asyncio.coroutine ( Etﬂi gol A" A dolg 7 B =
A# ol g ol & o] e A E}ﬂﬂlolEiaolxluyiawalt ) & FE3HA] k5t

object.__await__ (self)
olH ol & EHF ok FUTh offolHE AXES F@ 8] Al AFEH o of Ut o & S,
asyncio.Future £ await X847 535 7] 938 o] HIA=E AL}

H A 3.50] 27}
o B
PEP 492 7} o} 9 o] ] & A A of] tfj st o] ApA|$ A B E 233t Q)

oy

U,

3.4.2 T EE| Z4x|(Coroutine Objects)

T8 A= ol gl o] B £ 7 21]?:]141‘/} B AYPL  await_ () BEZE30 I AFHE olEHHolE
ez AoE = stk 2 ] dPS 8ot B o, o]E gl 0|8 stoplteration
o 7], ﬂlﬂJ value 01 ?4%57} IS Zhs Zr 3 A5 unh TR AR R oo E doH
H Z3] A 92 stoplteration o2& Y27 X]% UELo].o]:

ITFE2 | Hdste MM =S =3 2o gl Ay ol B (Al v # o Bl-o] B # o] B MM = £
HAAN L) A @dsUth shA e, Zﬂﬁﬁﬂ olEjel= ©E, IFH2 olH o) dS AH A YA =

3
Y
L»-)
Lll
l\)
=2
_>L
oﬁ,
l‘lJ
St
o
o
Bl
rE

await 3}'H RuntimeError & 42 7 Uth

coroutine.send (value
AT AP S Al ZsE AU A 7N FU T value 7} None oW, __await__ () 7F E8 & o]H g o]
HE AR 7= 23 25 UTh value 7} None ©] ofU |, o] A E= FREHO| YA FAHES
st olEl g o] B Y] send () HIAEE AT T) éﬂ(%‘}ﬂ%k StopIteration o1 ThE o 9]) =
HollA At await_ () 9 B g2 o|EH H o] EE uf o} Tt

coroutine.throw (type[, value[, traceback] ])
TF oA A AT o e 7} DAY= T gt} o Uﬂ/\i = ZFEo] AN FAHEE T ol H
dolge] throw() MINERZ JAFUTHIE MM EE 7HA = 4-9). 234 o, dA T4
Aol A ol o 7F gy ot A (RERE 1, StOPIteratlon oy thE le)) & Aol 2T

N
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await_ () 2] ¥r3 7S ol @l o] E S w9} 4y t) wek o Q) 7F 2 Elof| A 23] A =i
2 Aol A 5 Sof Aok U,

coroutine.close ()

e Zéﬂ'é}l*E?}Ei st gk AR E o] A 53] Fold, o] ¥l =L WA
A2 H o] YA FAHES 3 oEH o]H 9 close () HINERZ A AFUH A HA=E 7]+
A 2t GA] %4 ) ol M GeneratorExit & BAA 7] =0, T2 Ho| Z/\] A&
A v Uth v o g IR d AP TR Y BAISHE=T, obF] Al FEHA] = A

AgS W= 1P}
F2E AA 7} 917 D wl = $ 9 Z g2 A 2o whet A5 o 7 23 U th(closed).
3.4.3 H|= 7| 0|E{al|0]|E{ (Asynchronous lterators)

Hl5 7] olH el o] 8 & A __anext_ PN EA HE7] ZES T F A5 U

H]5 7] o|H el ol Bl async for #olA AHEE 5 sy th

object.__aiter__ (self)
u)57] ol Elelol B 24 & B2 7] of gk,
object.__anext__ (self)

oJHH O HY s #S T A HE & s8FA Tt oHH oMo EYH
StopAsynclteration o8& 9o .

Hl5 7] ol E 2l & AA 9 o

class Reader:
async def readline(self):

def _ aiter_ (self):
return self

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

raise StopAsynclteration
return val

WA 3.50 F7}

WA 3704 A Fho] & 3.7 o] Hell, _aiter_ £ 4|57 o|EH#oH 2 ZAE oo HE S v
4 AJdsUTh

slo] W 3. 7HE, __aiter_ = WEA HE7] oJHHolH AAE EeFoFFUTE o2 AL S5
TypeError o & 7} A gt}

3.44 H|S7| HHAE 22|}

v %5 7] A~ E A2 R} (asynchronous context manager) = __aenter_ 2} aexit_ WA ZA AS

QA FAT 5 A AdAE el A} Gy

H|5 7] A2 E A A+= async with BANA AFREE 4 Jd5Yh

object.__aenter__ (self)
cnter () MIAES Su o2 $ARR, $U8 Aol L o} ol E B & Fe7lof Bk
Aquch

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

_exit_ () WMIAES uFo s FAEH], AT Aol H L ofHolHE & Ak A=
AdY
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H|5 7] Ag2E Fejzt FE 29 q:

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

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

v A 3.50] F7}.
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Spo]l L2 YL FT BEO 2 ol Y UTh B2 (block) & I T E AW &= 272 spoll X2
23 g aEQieh te 22 A5 0] BEYUh B E, 94 ike), 2o~ e g o R 4y
2 53e 2EquUrh 22YE 3 (EE 482 5o Az AT = shdoli} A5 meleof
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°
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[ re

v
et
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K
32
ln?
d

Koo Ml
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AZFYLH BEE A Z3HE o] B2 Al dyth
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N
Lo
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il
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(il
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W, nonlocal o]t global & A AE A 9= o]
of

R i
o

2 © o
Lo
EI
1204

*
\./r—|-4
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>
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>
ofo
hu
XN,
g,
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N
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Auf
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b2
38
|o
g
)
Jo

WS (free variable)

0 2 Ay 2,

2 ool b2+ ol A (name resolution) & of w2}

oty T 120 19
My v
rr g,
i,
[>
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ol
Do
of
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N
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4.2.2 0|&2| ZA (resolution)

L5 (scope) = BF U ol A ©] 59 ZFAIA (visibility) & 2 U Th A MBS0l HeH W
A A2 O E5S TAFYL vEeF Ao 7L o B 504 o] oA W, 234 %% o] 22 o] Zol
sl o2 ddS WeA Be o), 2Tz Aot s A el 2FE RE EF o= gyt
o]5°l ZE £ oM AR wl, 713 7H 7 Sl Qe a3 20l = Ao AAFE YL 2=

B0l & e BE 232 %S £5 &4 (environmenr) ©) il F-5 Ut

o] o] oAM= TAF R ¢k O HNameError 9 7} FAA T TH Tk AR AF L7} Shp A F Z o] 1,

X

201 0] A £ ARl o} A A5 A 9 A2 WA H UnboundLocalBrror o817 AT,
UnboundLocalError + NameError & A B S 2t

ok o 12 @tho] = 5 e ool A A Yol UEkE, 18 ol 2 0189 B E gL
A =Fs 7hele A2 AFEYS o2 A25 7] Aol S5 A ALEd o o2& o]0 4

Jut

&

91 LIt o 722 v B gtk shol Aol & A & (declaration) ©] §131, o] & A4 AA4bo] T = BE v
ot At Yol d 4 JE & FHach 7= BEE9] x o W4 —‘5%%0 BAE HAA oA o] F AZ
AMFE Fotof A4E & AsUTh

WeF global wo] 25 ol ved, A A A AT o] 5o BE AHE2 A4 o] F 37 (top-level
namespace) ol A4 A= 7He]71A FUth A9 ol 5 F0olA o5 AATHE AL, AY o5
S IE 852 X¥8E REY o5 3L H UF °o)F 3 EE builtins & o F ¥ =
AAGGE SSdUTh A o] F F7ol WA AP Utk AZolA o5l HAE A Fod, | o=
IS AAEYTE global & I ol 52 AHESE7] Aol yrehof it

global & 22 E59 o]F A4 AR} 22 232 & ZrFUth AF W59 A9 718 7Hrkol Al
SR 2T L7} global & ZFATHA, 2 A W= Ado® FHFg Ut

Eo] 7Hg kol A B A E g ATz A oju] AZH o] 2L VEYEE

nonlocal & &3} o]

W) woF 704 o 0] B el A B 232 ol tlol = fobA A5k Al 4ol syntaxerror &
207t

25 o|F B0L RE AL ATEH } AFO2 BEAYUD A2gEe A BES T4

Z 2 Ao EETexec() Seval () B2 AGH = QA= EE3L o] & AN B G U S~
Aol & o] 5& AHEsta Z*«lﬂ T AEAY 7T EFYYLE o] FRELS AAHA 2 A9 HFE
A o] & FdA ZethE S Xililﬁ}j% o5 A dvtH A S mE Ut S Y9
o5 T a9 oE EHjTE “’»ﬂiﬂﬂ%‘%ﬂ} FY2EZoA HoH o] S5 2F 2= ZHYA
EEo0Z AP Uh WA EEY ZE E5 0= S5 A gHutt- oA A=A AT} A d ol
2dE 2t oA s 5 2T ZE ASHA A7 Wl E YU o] A2 g3 T2 A9
A shohE =gyt

class A:

a = 42

o
Il

list(a + i for i in range(10))

aH

OIl

4.2.3 builtins 2} A|StEl Al

CPython implementation detail: A} -8 X}+= _ builtins_ & ZAX 8] X Wolof str}; o] AL & A
BRI U Th U o] & F7ke] S MATHL A AE A builtins RES import 541 1719

=2l Heg A gsA 44 oF gk

= BEo Ay A% W o] & B, A A9 o] e

Lo

o] bpuiltins__ & iﬁ 3o
}_

=

=4 BAGU o] 2 GAU Y} LEolojof U THEAS 4% Bae] GAU A EUTh
ZNEAoZ, main BE YL uwlE=_ builtins_ ZF W EE builtins o], T} = E’_'EZFQ]
A= W& __builtins__+builtins BES Ao gk B Yt
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2G4 WMo E o] 2 AL ATY Al Ao ol A A A o]F o]yt o] AL eI e
FE7MRE YT AS P

i =10
def £():
print (1)
1= 42
£()
eval () Fexec() FFE= o5 AL A3 AAZ Ao that F2 Aol JF UL o]l &2 TE9
A9 A o5 FHAA AAE = AF Utk A A= 71 7Hrko] 284 o] § w2to] ol A Y
o] & &t A AAFE UL exec () Feval () FFo= AL A Y o]|5 S AT 5 =A%
9l 5l

7H5 @ QA7 LU T BHOF BhA) 9 o] B B3

4.3 o2

=

of 2] = of| 2 1} ol 2] A ¢
A A Ao A ol 9

qcﬁioizﬂ

242 A2 57) 93] DE B5o) AurA Ao TEL AL
2o Y eh(raived) £ S B F 0]} 4
e REEEEEEE RS

SEgU L o8 7
shol 2 QI m el el 48 Ak o8] 002 it 2 22 I o) 92 9oLk shol 4l
.4

ER R L

o rulmr

)

°
=
ZE2IWL raise B /\P%ﬁﬁfﬂ PAHCR o5 dod £ U5 9| A8l 7] try - except
Ll 2 ARPHYY 21 2ANM finally 7= % ¥ (cleanup) IEE A ek o ALgE ), of 2] &
.]

A ks Zlo] ofyet b FEo A o9 7p s 28 A R Ay th

sho] W& ol 2] A o] (%2 (termination)) BB AR FUTE o 9] A 2] 7] 7} F 7} AR EA &
DL W2 EA NN AP E AL S g A, o el e) 9L A A Fol o3k AL AN =
Qe UTHEAS 7= 2718 AL oAl A2 71 AL 9 Y Th.

A AR A2l A e, Az HE 2229 AAE FaAAL HAY ) £r2
EoRtUth F 3¢ ZF, o9 7} systemExit o F-¢E A7, 29 Edo]am g
A2l Fee ARTA2 FRYUL. except A& Aadne) Fohso mep dugyr: dadae
Zelay 2R wola FHAE A TUT drdAE WS B

g #7149 ARE 2T 5 Aok

O

F3: o2 WA A shol 8 APL 37} ook, T 1 8-2 shol4ie] wiel whd wf A3 gle] WA=
593, sEs od WA ez 49D + 9t TEE o] Ao o £3514) Topol gt

AA iry T oA try 2, raise i AN A raise ol sk A o] Al-s-H Ytk

Lol @Al o] s ulgoll s FET RE] AHdH e A le SAA 37 etk
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5.1 importlib

importlib REX YEE A LHH A4S L5817 918 FHI APIE AlFF ULk & 9,
importlib.import_module () + YXE A5 FF5dl=d o] WA __import__ () o H]3)| A%
a1, o b3k APIE Al F gy th o AN Ul §2 importlib 2lolB 2] AHAE FZIA4A L.

5.2 17| X|(package)

gl W2 9 7hA] SR BE AW AL Y3, BERELS ZEC] go WOMC»}:L ahe) g2 o @
e %@ﬂ&’i Xlﬂ}“%%ic’l ol YUt RES 2 A3}t o5 AS TR E AlFt7] A8,
stol w2 3 7] 4] 2k A d g 23 At

7128 5 ALl Sl e eleka A 5 AW 7)o Lol AANsdo LR &
PRt gone of M§E T 24 Ik 5 AskA] Wojok itk o £A9 ZAA, Tl o) 52

£ A8 2 2 ,.LH7]7<]L74]1793§le§}0]—1,.4]7]%]

WERER op ok AR A7) A S T 5 o)
RE WA RECl g AS 71Gek= Aol T8 TYLE AT BRE EEo] 7] A A AL obd Yth

£ oz RS, A7) AL S8 ER) LEAUL FAALE, _pach_olEeRES £
e RERESHIIAZ AFH UL
BRERELZEO IFUTE AR H7]A] o] 52 Fto]# o] £F A EHE AN FHE ueh, £ 2 17
2] o] 53 A (dot) 2. &2 FEFHYth LEfA sys E‘ri Bl EEFemail ozt Bl = WA Y& 5
<& Ut email & THA] A H 3] 7] A email .mime 2 23, o] A H I 7] A] Yo EE email .mime.text
e % A

5.21 M 17| x|

ol F 744 F AJHﬂXlEX*AEMD} dt 3 7] 2] & o] 5 51k 3 7] Al A5t 7| A= ool A
329t °W°ﬂ ZZH std AE A A A YUTE Bt A7) A= HE __init__.py 42 71 0
Hele FAR VU A7 A7 A7 JEED W), o] _init_.py o] FAROR AP 7, T30
Yt AAS0] 7R Y o] F T ol EE AZ4FYTh _init__.py FEL T EESC]
5 Ge A 2 e St IEE 2 RT3, ol He JLED ) w5l B b JEYHES
78T,
A5 Sol, b 22 st A 2" wi A= 2 AS] parent 3] 7] A 2} A 7R o] A B 3} 7] A& A o] ]t}
parent/
__init__ .py
one/
__init__ .py
two/
__init__ .py
three/
__init__ .py

parent.one £ Y X EFYH parent/__init_ .py ¥ parent/one/__init_ _.py = BEA|F o =R
APstrc} F o] & parent.two & parent.three & A ZXEE Z}Zparent/two/__init__ .py
9} parent/three/__init__ .py & A3}
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(8]
N
N
=)
ol
Ok
s
=|=é
Al
Pal

27 A = ole] 7hA) £4 B BEA AW, 4 EAES
EAEL AN 290 e A Ao £ A 5 L EAEL zip sk o] L} Y| =S A1t sho] o]
) A5k o @ OhE gaol A BAY 5 QST o5 7 A7 A& st A 2w Al g}
AHBBAN YL FE YA TZA FL 4% AFUTh FAAA FE gt M REL S8

B2 37|22 AH 97| A 2 o] u}A] g

30 N o T o
t Homro o b o
oW

o
o
IO )
> K

71X & __path_ AEFHER dWAQl g AEE AR g5y T 4l 53t o]
P AHESkedl, 2 37 A W o JEE A= 717 (BB 3
ys.path) ] A2 AN CE A7 A A Bhe A AAE AF 02 =5 F ULk
ZF 3 7)1 A 9] ¢, parent/__init__.py 3L 0] | &
ent DB 2|7 948 5 93, 479 AL E E
2 0 F parent/two G § X 5}A ?%’3 T AF =
C S S B el 3 parent AAE AE I BT AAAE BEUS

ZF )71 A 2] F 4L PEP 420 & FZ 34 2.

0]

O oY

o)
Q
s d

OPJ

rlo
D)
rz
[r
-‘-’ =
s
£
N
N

L

o ofNrfo
o
I

ol

5.

w
oy!
>
=

DAL A Ao, To] W YEEY BF (E 5714, 341 o] =2 A Aol B2 58544 Shrh
o] 4A3] AfslE ol S EL2=E Ut} o] o] FL import B 7 AlwH o8] QALY importlib.
import_module () Y} __import_ () 2 AGH i/l ds-E2 2 U}

o] o] 52 D‘EE AR o dANA ALHEH, AL RERZ 7= For ZEA A2d 5 ¢
Ty s foo.bar.baz. ©] A, o] WA foo &, LTh 9l foo.bar &, UFA 2
Lo = foo. bar baz & X E3HIL /\]5?,5:}14 o}, Wk =7 Az EV) o FhueElE Ay sioid
ModuleNotFoundError 7} A g o}

531 55 FHAl

OxE AM T = AL 07 AAEE A= sys.modules YUTH o] M|FL =7 F 258 T3 A]
gjoﬂ AT E H BE RE MNAZ 7|53 th 2 A Wk foo.bar.baz 7} A IZE =},
sys.modules = foo, foo.bar, foo.bar.baz FEEL T3tk Z 7|0 L= FPE2 RE
A7 9 o,

AEZET = 52 BE o] 5= sys.modules o[ A 2Ha1, whek oot & gho] QX EE USs= 2 E
O] A, ZZ2 A 2= A5 H Y A9 o] None ©] ¥, ModuleNotFoundError & €7y} wheoF

EE olgo] ittd, oM BE S AL P
sys.modules & 27171 S 4G th 718 AR E 619 BES 53 A @A BH(OHE BES | o}

1=
I REA A FRE FASL S T J2BE), AT ol 4 25 g A E FRESA], Th
ALEM solH o ool F 1 EES OhA] ZEE B 7ol one & YR 4= S, o5
ol Z E uf] ModuleNotFoundError 7} o] =& w5t}
2E AA o st FZ2E FASTHY, sys.modules & A FES FEF 3 X T}A]
E A= 22 Ao] obYA Holl FYsoF Futh vkl importlib.reload() + 2
ZH /\P%"Sh—’—, detA RES ZEE A A A REY W& thA] 2713

zEd
EEE

rlo nQ
i

oy

I
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5.3.2 1}Ql (finder) 2} £ (loader)

kel

-.>Hﬂ—‘"~lm
fu

2§ 0] sys.modules oA WAR A oW, RES FobH ZEF] A5 shol A9 ¢
SgUth o) Z2EZL 5 Al A AN ER PAH O A5, 9 9 =
AFA6] LT S ALE A8, o)A o] B BES AE 4+ SlLA 44 AT
EEE UG ANES Y=L LEUG- LYV RES 2T 5 Aty HUD )

EF0]
el de
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=
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)
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\
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[
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)
3
Q
%]
z
o
i
)
N
rr
i
s
m
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rIr
l-n
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o
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g
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filo
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ofo
3
i)
T
v

)
o

= T
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ol [k
_ll-ﬂ.l HU
Ke)
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fr é
i i
ol
E?L
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ﬂA
;
&
_,_5
rlr
=
a
H
[
i)
)
il
_l G
oX
3
%
S

~
=2
b x
o
2
x
P
]IN

Yo E Q¢ o Kl
fr e ofdo 120
- ye)

Y =gy

iy

A8 = °M‘i°ﬂ/ﬂ g} 1E17}§n1 2 A =529 Al o] A= 2T
oL JXE =5 2T 7} opF] ALEH 1% AU 7 AL =4

o
g
v
iz
°

($)]
w
w
oo
Hl
[m
Hob

(import hooks)

T AEE A ASFUTH EAA QA HAYES YEZE F (import hook) YT F
7R 27 AdZE Fo] g ’\‘/]D} W €} & (meta hook) 2+ Y L E 7 2 = (import path hook).
2]

HEFZ2 AXE A2 39, sys.modules NA| 235 ALt ThE X E A 50| A|ZE 7] Ao
TEPYth o] A2 1 6‘01 sys.path A8, Z22 25, WH REES AARYE 4 A Uk
thZ ol el ol, WE F-2 sys.meta_path o A} 3}l A E F718t= WHOE 55T 5 UF
e,

AFE HA&E T L sys.path(ZFLpackage._ _path_ ) A dE=Z, AdE AE FES vhp= A Ao
T Ut ool AYstxel, O]JE A E & sys.path_hooks o | EHES F7Iet=FHOE
TEE T AF YL

EES sys.modules oA & 5 ¢l& f, o] WL sys.meta_path & A 3}=1,
et A= skl AA 59 555 38 Ut o 3IH o] Folxl o] 5] RES A2 st
RS ST e ]%L?lﬁ}ti 24 a‘%"/}- Me 32 3 HEL2 find_spec () Zhe °]F2 A ES
AR, (A= 7]— 3 B} A (target) &
2

R o, s A0S UL oIS d3E

Ao} A e ST R 0B SES AT 4 ALAE AR 9 o Aol 8 NS &
A=yt

B e} 42 HOIE 701 ol B o) BES AR Sh: WS AT, 2 AAE Belg i 39 4 9
o None & 3 FUTh T sys.meta_path A 2|7t 292 E 54 Xolal 552 2o =Lstd,
ModuleNotFoundError & 9o AU Y= 2 QAEL IY AN, YT E T ZNAE
gy,

HEr A& 391 H 9] find_spec () WA EE F HUA Y A2 TEF ‘/]D} l AA A= BEL
443 AF3H o] = (fully qualified name) ‘\/]T/}, o| & E90] foo.bar.baz. F ‘ﬂﬂﬂ O x}= BE HA
]‘ﬁ“ﬂ%i ol EF/]‘Q‘/]‘:]‘ A ZEol A5 F HA QA= None o] A T A| B B E oL} A H 3 7] 2] €]
AT A QA= B R 7] A ¢ _path EZRE grYduUth weF A zqﬁ}_path_ o] E g
HEE %23 4 90 2H ModuleNotFoundError & 4o Z1Uth A HA) C‘] A= olu] 2R 5= B E
AR A, F ol A E‘ﬂﬂ"ﬂ”’o] AUt dxE /\]é‘?ﬂ 2 T} A] 2 E (reload) & wf vk E} AL A3 o).

HE A2 HY AXE QAo tfsf o W &4 & = lF UL o & Eof, Y REE] oFF
A% M = A °}J‘3‘r g i, foo.bar.baz & YEXE 3t ¥, WA Zr et A= 3}AH (mpf) 5

=
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o th&ll mpf.find_spec("foo", None, None) & Z&&|A A4 YZEE PPt} foo 7}
AxE H Zof,vel FEE F HA &M A foo.bar & YZE =0, mpf.find_spec("foo.

bar", foo.__path_, None) 8 $E¥Urth ¥4 foo.bar 7} YXE =W, upX g} &2 ppf.

find_spec("foo.bar.baz", foo.bar.__path__, None) & Z&3r}

oW et A% AR EL 92 49 JEEW ALY o] YEAEE F WA AAH2 None )
old Zlo] £ &/ None & E8F YT}

glo]# o] 7] & sys.meta_path = Al 7§ WlEt & A HE 2t QU st W RES 9%
St WS €L, s Z2E RES YEESE NS YL, e A EE R A BES YEES
0 UTHE 42 73 511,

W 34004 A7 e F 2 319 find_spec () WA EZ}o]A H| A 9E find_module () & WA
U} 87 g0l E B2 7] ShA T AZE A 91T 7} find_spec () & THA oS ul
find_module () & AH&FYth

O

5.4 2%l (loading)

Ry odo] BANY, JZE AAE BES EGT 0 22 (240 7H 2H %) 2 AR FUTH o 7] 9
QEE 29 4 Fo Jofuh Jo B hFAA 1ol dHU T
module = None
if spec.loader is not None and hasattr (spec.loader, 'create_module'):
# It i1s assumed 'exec_module' will also be defined on the loader.
module = spec.loader.create_module (spec)

if module is None:

module = ModuleType (spec.name)
# The import-related module attributes get set here:
_init_module_attrs (spec, module)

if spec.loader is None:
# unsupported
raise ImportError

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

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

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

g 7} 2 AR AL ekl o) 3l of gt

« whoF Z0]7l o] 29] BEo| sys.modules of QIThH, JEEL ofn 18 Bei % AU

e TT7FRES AYT7] Aol EEL sys.modules o A& FE5 Ut o] AL A4A QY ZE |
(87 52 DRA02) A JEE T4 9] AEYL T UA sys.modules o F7Hee
24 2 o} 9] 433Fol A8 9 A7 (recursion) & WA 3131, B A9 Aol o2 W 2PH = AL

Egue,

e Qo] Au3tH, At RE (L At ZEW L sys.modules oA AAF YT} sys.
modules 7HAlol] o]W] Ql= REH} R4-A 338 43 A0 2HYH RES2 Aol Folglofof

I
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gk st} o]& At R E X A} sys.modules o] YolA == 2|23 UvE Y

o Bgo] RS o HAIRE, ofA ARYH 7] Hof|, 7 o] A4 oA 2 Ko, JEE A= X E #HE
EEAEIZIHEES AATYUT(H Y QA = o o A “_init_module_attrs”).

CRE AR Yol RF o] F B0 ANAL 2R A £2 U AGL AHO2 2ol
AdE =, 2671 o1E Zlo] o} B A A A oF sh=A 24 dYTh

+ 27 5 T ol A T exec_module() £ AEE = BES JEE| Eol whakE = Ao okd 5
e

WA 34N A WA QEE AL A BA BT 2He) AL ET AGUTH I ASS Al

S EL
importlib.abc.Loader.load_module () WA Z oA 3= 5}

541 2

RE EHE 2YY 2AFA 752 AFTFUY: B
importlib.abc.Loader.exec_module () HAEE &
exec_module () °] E¥F+E T2 FAF YL

2HE e 2L 87 2 A5 BEFoF U Th:

ulek mEo] slo] W RE (WA REo| L} EH o2 2Rg = o] ojlgp) o], 2t RE
£ FZ(module.__dict__)oA A oF gt
3

] % 5}, ImportError & Yo Aok ST} A W exec_module ()

) A ELE 2T 7} self 2

o
2
i)
o
v
1o
Fu
v
rr
m
rlo
=)
é
0,
<
o
W
T,
0.
4
Hh
H
o]
[OR
)]
o]
()]
Q

=z _ 3} <
U8 2 gt el A 2w 2, & pelEeln 20 5
create_module () & & AA| o o]EZHE ;

FH, QFEE AR A BES 228 BEULL

WA 340 F7}: 2] create_module () HAE.

WA 34004 HA: load_module () WA EE exec_module () E HWAIFH AL, dTE HAA7F 2HY
5 T Z (boilerplate) o] o] 3 2 A& A}

ojw] 2AstE 2HEAY THE A3, JEXE F A+ load_module() WA =7} E A8,
exec_module () & FH3FA &A™ load_module () & AFEFYth 3FA W load_module ()
L A= A5 UL 2HE A exec_module () & 733 oF gtk

load_module () HINE& 2E5S AW 5t 2 ﬂoﬂ 'Aoﬂ/ﬂ AF s EE &5 (boilerplate) 29 7] 5=
B slob Gt 28 A el B 4
o <k sys.modules o] Fo]F o] F 9] BE 14]7} oln] &35+, E_Eﬂ\—‘*_‘- 1A= ] O AR E A}
Salok gyt (28R ¢od, importlib.reload() ©] EVIE 5
sys.modules o] o] o] 59 EEo] §loW, Zr+= A REAAE ‘?_% il sys. modules 01]
F7bal oF i th
o AT e AT} o2 W 2EEE A WA A6, BEH 7t RE ZEE A6 Aol ZE 0
sys.modules o] £A)3l oF gt}

« b o] Afetd, T sys.modules o 4 g 2
AANESL, 27 I RES I A YA Fo7 2 =3}

pal

—lrl

ES A A oF sl=d], A ZETS
ENEEE B

WA 35004 HA: exec_module() ©] A P AT create_module () ©] FLYHA oy
DeprecationWarning ©] 23 g T}

=
=
3

Z importlib & & ¥k gh-& A A-8-3HA] uth thAlel, sys.modules oA BE o] &S
AL A= YEEFE LB sys.modules o] & 1S g 4= ke AUt o1 A
FANA 23Tt B AT A o5yt
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WA 36004 WHA: exec_module() ©] AL H YA T create_module() ©] AYF R ¢¢od
ImportError & ¢

£ o], importlib APIE, import Y import-from &, W &

import_()) A o, HEEE A2 QAL LB BEO ofF F1Io] o] Fol
AUt & £9], 7] A] spam ©] A H EE foo & 7AW, spam. foo & YXZE 3 Tl & spam 9]
AME RFo| AZH o]ERHE foo & 2 HUth b2 22 fEdHe 22 Hof Jltkal dAjth:
spam/
init Py
foo.py
bar.py

tjo
kel

e g

o

Atk

83l spam/__init__.py 7} SR 2L ES

from .foo import Foo
from .bar import Bar

2 b3t 2ol At spam ZE ] foo Shbar o thEt o] F A d ] dojdth

>>> import spam

>>> spam. foo

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

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

sholde] %3t ol A FHoNA B 299 AR WA 5 AUk HAW ARt JEE
Nade 2EAQ 75 AUtk 299 F4L o] @5k Wk sys.modules [ 'spam' ] 7 sy
o

skol] Q= A2] foo o E 2 HE 7} = o] of T,

s.
Al

= .-
543 & A4

UYTE FAEYZE A A EEN S thdst AR ES A FYTH 53] 29 Hof. tfiE FE &
REREY FEOIth BRE 2 EAL2 0] JXE A FHE REEE Qo5 AYUth

UXE FA 2 S AE3A A7 AZE AAFH] A 8452 AGE S UF UL A E S RE
29 E HEE BT S AYshe 2H el 7HE T2 AL, AXE EA7 2P Y 35 At
(boilerplate operation) & T3 & ¢ Y= F 5t= AdUth BE 23 0] glvtd 27 2 A S AA
HUoh

= .

RE 2o 2g AA S _ spec
ModuleSpec 2 HA| 2.

# A 3.40] 27},

Ay 29t 592U RES AYH] Aol REY 2% 71254 7 2E AA o]

__name___
__name__ o] EE|REE B9 &3] 734 (fully-qualified) o] 50 2 AA= of of Fjrt. o]
°]F2 YEE A ad o] BES 745 (uniquely) A E 8h= o] ARSH U
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_ loader__
__loader_ OJEIREE E%‘~E‘:6‘rﬂ1 AEE A7 AR 2T AA| = DA = ofoF 3
o] AL F = olE 2 2% A (introspection) & 9| & F o] A 7, 271 A ) 2o 3-8 7155 93
201712 gUth € o] 2H et 2de HolHE &€ Aol d5Uth

]1_0'L
°
o

package___
259 _package_ °|EFHRE= ‘?}E/\] A= o] of FUth & FAE o] o oF s,
_name_ ¥ Z27Ad 5 A5tk EEo 7 A Y ul], _ _package_ L _ name_ O F

A= of o g ek, ® OMM 17}°P”fq1,§4%—‘ﬂ EEold Wl FAE R AAHA, B EEold
FE 7128 o] 5oz HAH o of i th T A S &2 PEP 366 & Fx oA 2

PEP 366 o] 2|5 o] gl o], v 2l 25 of A Uﬂ/\]z%ﬂ SO AZEE A4S o, _ name_ thAl, o]
AEZRHEZIAEH YT __spec_ .parent I} T2 F L Aoz g Gk

WA 3.6004 HA:_ package_ 9 Fko] _ _spec_ .parent I} 7S Aoz Z[F Yt}

—_Spec__

—spec__ EREC RS YXE S AR EE odor AAFJoFFUTE _ spec
= A8 AR st A2 A 2B 7 55 = T 27315 = REE & A 2 H8H Y]
D}- EWPZ] AeE _main__ A, oH F-ol _spec__ o] o H-5-of] None &= 24 FH 1 th

o]
__package__ 7} AL F A ¢tod, tiA
WA 340 27},

WA 3.600A WA :__package_ 7} AR Fod, YA EE _ spec__.parent 7} AHRH
yrtt.

__path__
REC] WA (B E& o)F &7, BE AA9 __path_ oJEZFET} REEA] A5 ofof
duh g2 ol el Eolojoksh=tl, __path__ 7t H= on7t gled Rl o] B HE Y 5 A5 th
Wk _path_ ZFH] ] YA FrhH, S off FALE S Al Fal oF Pt _path_-‘ﬂ o uj o
HgE AA g W 8- ofef of] YU T

7| A] 7ot d RELS _ path_ o]EgHEZ} glojoF Tt
__file

2 __spec__.parent 7} AFEE UTh

S)ch. wor A= W, o] of 22l B e ghe BAGolojof k. YEE

= fI: w1
Al o u) 7t gl uff (] & 0] vl o] Bl H o] 20l A = _file <= AASA &=

I

i
td
i ¢

Wb file o] AAFW,  cached  JA AAFE Aol AP 4
WA (A& S0, vlol E Aot 401)07}317]L = <tk =1 =
] o] % : AerUth AR s et Ao 5ho] gojor & 2L el 4

spdo] H 2R o 8+ ¢

912U TH(PEP 3147 S H 4 )

__file_ o] AAFA A2 U=, cached_% AR 3= Zo] AT 4 Jd5 YTt shA v 19
Ayl ol A A JULE FFHoZ, 27} _file_ ©|Y}__cached_ E2EFRFE
AFEUTHE 28 22U ANAAE RES EET = YA Y2 RE A 22T 4 glrhd,
de] Al Alel e AdE 4+~ JdF5Uth

5.4.5 module.__path__

B b= W, BE| _path__ o{EelRE7} 9o, o] BEL 574Gtk
A7172) _path__olEEREL Hu 74 E 2 Y8 | AT JEE AR ol A, Y Eshe

FARES AT AANEY E5 S A dthes Aol sys.path &} 22 7]5S ZFUTh A v
__path__+ B sys.path B} Al ek 2 o] g5 Th
_path_ =& }C”‘«l olH HE o] AW ¥ UE = YFUTE sys.path I 22 F F o] 3] 7] A] 9

& A& L, |71 A8 _path_ & G F < sys.path_hooks (ofoll A et
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AAA] _init _.py L AA) _path  o|ECHEES MFHALMAT
PEP 420 o] Ao o] F T+ 7| A& 3= YO Z AFSSlS 1/]11]— PEP 420 2] =} &
297 A) 7 _path__ 2A DEWS Y _init__.py HAS AFE D

QEE AR AFOE o8 FLANAE NG _path__ £ 4

A;
ko i
_|\'_, o
5
2
o)
|
AW
=

5.4.6 2= repr
0, BERES NS T WS repr & 2L ‘21%14 D}. f‘f}ﬂ “PﬂH 01 EREET] EE 2H
RE 7 Rz Z

o] 23 (_spec_ )= 7MW, dXE A= laﬂi‘jlﬂ reprg o= 7 A3 Th 27 o]
At AY o] glod, AEZE A|AHL E’—‘Eioﬂ/ﬂ Zﬂ*‘—ﬂ = AEZ 7| Erepr & FA YT module.
__name__,module.__file_ ,module.__loader__ Sreprd YHOZ AL&3}18] 1 A|=35F=d], u}
AREE 7|2z HAFUTh
AHEE AL Qe BEE A2 o] gE YT
« BEol__spec_ o|EHEE AAH, A% o] St AH 2 repr-& AT T “name”, “loader”)
“origin”, “has_location” o] E 2] H E & o] Al-&H Ut}
« BEo|__file. oEZREE 7HAY, EEY repr o dF = AREHUTh
s BE50]_ file. AEYFEE ZA YA UNone o] obd _ loader_ & 7FA W, 2T repr ©]
250 repr o] AR AT
o 23 A ko, repr ol 2ES] __name__ & AR TH
WA 3494 HA: loader.module_repr () & A& o] H A FH Q3L o] A EF repr & W= =1
Aol o) 2 o] A4 UL

Z

AXE
A& 8t7] A, “*°“é94ﬂ°1 Ao, 2T
A0

Stold 3334e] 347 AL A%, A H I PUES
module_repr () HAEE SE3A ZE repr & YT 3HA 2 I A== H A5 5 YT

5.4.7 F|A|=! HIO|E I E 2535}

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.

o] H-2 w3t (3 A] 719y A 3t S A D=, A LS WEFH o B Al A spde] &
HAAIE AU A 710 cpyc F Lol F 7HA] HEF o] dFUth: AAF (checked) 3 ¥] A
(unchecked). AAFE sfA] 7|9 .pyc 3tL 9] 3¢, JJrOM‘i% 22 9 dg S AET A3 SAIE A A 9FL 2
A 2F vl Ete] A St o] FEAAS AAFUTE AN S A 71k A T o] R 2> Foz
A=, spel A A L& thA] A B A2 AA S A] 7] Jf'H/\] 4 vtk v FAY
Al 719 pyc FL ] A, gl 3] A I o] 2 A FEE T 7 Th s A
719 pyc 3+Y F &4 AAFE A2 ——check-hash-based-pycs S 12 Ao d + JdFUTh
=]

WA 3T A WA A 79 pyc A2 FAARG U o o, sho] AE ol = 2= A A 9 EFY
PCERUNEE S RS EE R

N
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5.5 A& 7|gt el

oA Ag X el, Fol % %0134 7]EUﬂE} AR IJEES 23 JAF YT o
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SEEOE A5 e 2% sheltiehe §oiE g sted vE A2 selr 9 e
T S o g E A O PSS
ARSI JEE DA A WS o] W 31 b= b A 19
i Aol T Tk 53, vet A2 el EE J=E Ax) A Lo 743kt sys.meta_path
EBAS =3 & qiq;}_

o], 4= A= stalee 2 7)) 3
meta path £ 26 AARE A A2 A AR 8 ZEAA 9o

oo, N oM 2 o b

L
[kl N,
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I,
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=
Qﬂfu H.I[O

b r
™
H
m[oé
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_c|>L
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-0,

nj

7%k 51 H 7} sys.

_:Li

1:11:0] Ol E ﬁgcq
XHMSHD}.

A2 7149 gy = AN MY W4 E AHE T YY, sys.path, sys.path_hooks, sys.
path_importer cache. 714 AAe] path  olEelHE EQAGHL o ASE JEE 4
2 A 2Evho 23 4 gt 279 RS ATTU

sys.path = 25 37| X9 AM A& A Fst= BEALEY E=22 £33 ). PYTHONPATH 3
Heol o] 7k A2 +d 53 7]L FERRE 27138 " Ut sys.path o] = dEZEL 3}
N Ea= R ‘?W‘Eiﬂi}lipjr 13 7he] 7] 31, gt AR H oz g gl AHEE 5 = (FAaE)
(site BES Heh & 7HE 2 4 &, URLOIL‘rEﬂ ]Eiﬂﬂol/\iﬂ 2o A=Y Yrth sys.path ol &=
TFAE T vl EG T Qoo FUTH TOHE EE J2 FAFEULL o] EE Y I g2 7 A= dEg

et AR el A, 4
A

rUQ, oﬁ

l

kel Eofl o8 248 g Ut

AR 7|k gpolt] = HEF AE 30l o] 7] w Foll, oA A glRol dxE A= H=E 7]”]'-401514
find_spec() HAEE SE3E= A2 JdXE AZ Zj S A 745]'1/]1‘/]- find_spec () o Al &5 =
path O]Z}l‘—%ﬂ i R ] ] el A O]“‘Eb‘]'tq JH7]7<]94 __path__

7]
o]E2]HE. path A7} None o9, 4] X E % Stal sys.path 7} AREH U T

Az e 4 A2 %
(PathEntryFinder) & 2+ Uth = S| T+ 9o UE(@] 01 7&"“
Aol star() TEE QAT o7 A2 5 AFUTh, = 7]‘?}@?_]31—‘:— 7éi AEHE 78‘E AE 3t
HaZ W FsE= AAE ZE Yt} o] A= sys.path_importer_cache o FAFH UTH (o] S0 =

BT, o] A= A2E AAE Ak A il AA 2= 3 Y AAE AGFUTh. o PR o R,
R EX EEEPEE R R FE R R R S

>
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sys.path_importer_cache o] 7§ A] AE 2] & AAB|A Z=Z 7|9 A7 2 B2 AEE 1A
AASHE S Sh Ao] SlgRUTh.

Az dEZ7I AN §lod, =2 7]6E 32l t & sys.path_hooks ol Y& EE ZHEES 2AFY
0ol B2 24z e &2 AN AT A= A4 3 S AR TEHU o] ZHEL
AT A S TS 4 gt A% Alte vl & Sl F AL, InportError & HAAZ & A&V T
ImportError & ZAE 7|RF ST 7 ojW Jo] o AR dEE EH3t A= dED ] E XA
S R82 Qe O AR o] & FAH T L= A% HAL ASTUTE T EAAol}
u} ]—«Eg 715110110]:@‘4‘?}, Ho]EG Y 7Y L Fo] ARSI (A E 50l, Y A" Az P ot
UTE-8 o] L} 71 9] th2 A9 4 &), Bof So] 942 O n 98 4+ 908 Inportirror &
2.2 7 of i,

B oys.path_hooks B4°] oe R 4w <l=el sholt & B FA £ohE, A% U AT
find_spec () WA E+ sys.path_importer_cache o] None & A A5t (0] ZZ AdEZE Y3 5}
"Jﬁﬂ‘“%g 7+e] 7] 7] 9180), None & Z&{F A o] Wt A = ﬁ]ro_“ﬂ ZHERES EHS T USS ¢HYTh
ThoF sys.path_hooks o 1= o= 3] Az e 5 FHEol A2 e 9 & 54,
JJrO]Eﬂ"ﬂ RE2HS g XJUVI Al 2ol e Z2EF S UL RE 2H2 RES 2YT

ol A8 B v .

) 29 t] & € 2] (current working directory) — ¥l E2}d &2 E_?ﬂ;ﬂr/}— + sys.path o = &2 4
Efsd i gEA HFgE Yt AAME, A4 Y dAH Y7t EA6HA ol HAHW sys.

path_importer_cache o= o}F & ZtE A T X] ?%'Q Uth SAZ, @A g4 ddHel = 4 28
zZ3) wutc} oA ElF Yt AA Z, sys.path_importer_cache o] AR5 = H 229} importlib.
machinery.PathFinder.find_spec() 7} E&FE= A2 =1 EXg o] olyel AA| dA) 2+ ¢

EEPEN Y

552 AR JEZ| 1l ZE2EEZE

“4—27]Q'Q JH?]Z]./] O]u_ ‘g‘ ]%8]'_1_’_ O]%%ﬂ'ﬂ?]Z}ﬁ] }:’-_/‘\j_gi O]H]’X]?_;]'7]%6‘H,7gi oﬂEa
-4’?_]‘:‘]‘: find_spec( ]/\-]_iEE— 233 oF st}
Find_spec() & % 7114 ARE WwolE LT JEE @ R 03 A7 ol 53} (4% 5
BA B E. find_spec () & gho] A AW R g 29 & EAFYL o] 29 F4 (loader) 7}

Ao 91 9% b,

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 HA: find_spec () ©] find_loader () & find_module () & YA st=tl, E ¢} o] A
AT AL £ind spee 0 o] 1A o o] HE & B

422 42 ALe) FATE Find_spec() PA ol T A E AAEES FEY S ATk
ol MINESS A T wFol ol = /\} AUt sHAIRE find_spec () ©] B2 AE AT
TEHE, A H A ESS FAFHUTH

find_loader () takes one argument, the fully qualified name of the module being imported. £ind_loader ()
returns a 2-tuple where the first item is the loader and the second item is a namespace porfion.

Qe Z2ERY e TAEHY FA TS A3, B A2 A=e HATEL et A= 3 v
ARSHE S D0 AE A tind noanie ) WA ET AL, 90¢ A2 ded S

find module () WA=+ A3 path A2 Egﬂ A AEUH(AREL FE TS H2 5w A4
dARAHEE 71 23& Ao g 7ltgUrh.
A2 AEE A9 find_module () HIANEE AR AE dt)7t o] F H 7| Aol 2o 2

STA S AL B2 7] el A BT, W A% A=) SHe1Ee] £ine Loader ) 9
find_module() o] 2% &X|3lH, X E A|2HL A4 find_module () B4l find_loader () &
TE¥YTh

3olAd FEA, sys. path importer_cache | A 1mp NullImporter & QAJAEHAE ZH=
None & AME-SI= 5 WA T A2 AR h o 2413 W& portingpythoncode 5 2 5HA &

pa )

o] A5Gtk BEF A
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)I

56 HEZE QI E A|AH! WAHISH|

r

PEZE A" AAE 2AeH7] sk 7P A A e WM AUS S sys.meta_path & 7| B ZES 2+
AtAls AL, AR e W AR FEE A= A9 Ut

ROF QT E A 2EE AT T APIS] GTE T4 $7, U4 AEE B FARE AN
Fhe, U4 _inport_ () B5E BATFE A0E 328 2% AU o] 1M e 54 2 E o
Hol YEE £o EAUE AN S £ E SEIA 488 45 A%t

HEF R GFof JE FofA ojH RES dXEEMEFHOZ o (XE YZE A AHS A3
B &4 3}5= th4D), find_spec () oA None & 585+ th4l, ModuleNotFoundError & 927+
Ao SRIUL. AAFE Hel 32 A4S AL oF BThe A A A B W, o9 2 Q07T A

FEAQ,

5.7 17 |X| &tc IEZE

AT JEEE A FS ST BD AW AL A 7 A4 A S5 4] JE =S vheb e,
E ) ol o] A RS A 7R BE(E)ol et At FTES epnl, 2wl 2 o

=)
st shute] &2 UEbdU T ol & S0, tha 3 22 71 A wj X 7 Al S ol

package/

__init__ .py

subpackagel/
__init_ .py
moduleX.py
moduleY.py

subpackage?2/
__init__.py
moduleZ.py

moduleA.py

subpackagel/moduleX.pylY} subpackagel/__init_ .py EFolA], 22 FE3 A dZEQ]
Utk

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

AY YEZE+E import <> EE from <> import <> FHEAET F AT AU dZEE F HA|

AT AR S AT T ol fE

import XXX.YYY.ZZZ

7} XXX.YYY. 2228 A S 4 Qe B4 02 = E31A T .moduleY &= &3 E 4] o] o} 7] Wl E Y

e,
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5.8 _main__ O CSt EE5 12

_main__ BE-L 3o|HY AXE A A EES H- YUt ohE oA A5 X0l _main__
RE2 sys 2builtins ¥ AE Z 2 E A2 of X”é z713g Yt stA ] T M= gEA,
o) AL AEEA W EERE AFH A %}’5‘4‘:} o] 22 __main__ ©] 273 E & A o] QB ZEEHE
A 2 B9k O SAS0) FL WA @ 2T

5.8.1 _ _main__. spec__

_main__ o] @A 27|FFH =X we},__main_ ._ spec_ 2 A A3 AAE7|E 5}3 None & &2
299 7% Tk

gtolH o] -mFHOE A ZSHH,  spec_ 2 Gt RECIUVIHIAY B Hoz AAHH YL}

) :
TS spec_ 2 _ _main__ EE°] YHE}zip fq’?—i"]‘/]—r/]— sys.path J_E]% AgYsl=diz
2rd o 2 Wgol A YTH

UmMA AL oE=_ main_ ._ spec_ 2 None 22 AAFE=Y,_ main_ S AFE=u ARH FZ=
7} ATE b5 ol 44 oS54 2] HE U
e Y =F=ZE
* —cwA
. wEYHos 4y
C 22Tl o) E RE Yz R A4 A
UW ot 9ol __main__.__spec__ ©] @4 None ol FolafoF Tt HA 2 5tYo] RO
£2 QFE D4 9olE 185U _nain_ ol UFE 25 Wekdlol 6 /h AR SR 1 A9 A 2
g ok
TS _main_ o] YXE 7Mest BEO| &5, __main__._ spec__ ] A3 AA =Y} 3
ol g2 gE REZ AFH FYMN ULt o] 22 if __name_ == "__main_ ":
AN E Ee AU B2 R0l _nain_ ol% B0L AL R AW, A AEE tt A

o] B8
H A dethe A =AYtk

5.9 €&l 0|

XXX E27F oW Au =)

XXX * (import_machinery.rst) =& 3} 3| 7] X] 2] o] E ]
2 A A2 o) o] 9k B FBEL B
o

XXX ko] B2 2] A 4 2] runpy, pkeutil 55
= o] ot gttt

XXX _main__ o] 27135 = e YH S T 2He H 2] oF i?
XXX _main__ o] 7ttkE g/o 2ol th ek A H S F7FekAF (5 PEP 395 o AR
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otk EAE FAA G o] 5o F7Ho Al R ALF o]
)]
A

T}. PEP 4202 find _module () & tj¢to g

PEP 366 2 W Q RE A WA A QA AH AXLEE 93 _ package_ oJEZHEL F7}of &5
A skl °‘g\4 =3

PEP 328 2 At} YA A A dEZEE =43 PEP 366 ©] 2=+ __package__ & A A 3A =+
MES 57] o] __name__ ©Z AU FY EP.

PEP338 & RES AT er Agsts AL Ao}

PEP 451 2 ) 47100 2EE YEE He1E 2ol A 2R, 2 5o ZolAH o
55 2= AQEE QEE B2 §711% DL o WAL AEE A4de] ofe) APLES 5175
=% BEQR, AT 9} 28] Al MAEES F7571E A
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6.2.1 A&} (0|F)

olEoE S A A= o5 YUt o3 Ao A= A At 7] = AL, o] 5 A A
gt FA = ol 5 A4 (binding) A A& HA Q.

ol go] AR ol AR wl, o} Eo] 4L T AA A FE Uk o) Fo] ARF A kS ), e T T
S} NameError o] 7} dof it
v]-Z 7l o] ¥ 41 7] (private name manghng) :g EH/\ A oo =7
/\] Z]—'(S]'_]—’_, _r,_'__ 7H]/]'.j_ 0] /‘]'.4 =i ZE J_‘LL]—Z] E (prlval‘e name) o7 7]._%_@-1414_
M%m”%%lg%%ﬂ”Eﬂ%Eﬂﬂ1ﬁﬂﬁﬂ%ﬂ Sh=] LT}, o] MBhe 1 o] 29| oo
%EH& o] 25 A Et=, S o2 AL 2= REUES ﬂﬂ 51 5, gL}o] W =L 2 15T},
o8 Sol, an o2kt o £9] FA20 At __span o SHHH, _an_span © 2 W Uk
ol E‘i?}ﬁ 41‘%*?‘}7} /\}35] Sk 4?_1 Elo] 23Ut} WEE o] 2o Zhd o AW (2552 o}
|Sol BE2T 45 o, Hahe

S
-{n lO
rl oI

1AL AT o] o] WE e

[J

fjy o

& 10

[>

1o

E, o,

o[-J _?L

E
rﬂ ay

m o
2
—LI
BL
JZ
o>4
o
£l
Y
]
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i
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)
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]
>
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6.2.2 2|E{=H (Literals)

sto] A& £AGT}uhol £ el Bt o8] /A 4 FIH B ES AW h:

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

o)

Foldl §(RAY, who| =9, A4, A%, BAS) T 2o) ghe 2t AM T LS
AL 2R & Atk AMT S BH L AL BA L

BE e Re 2 v o Wl B33ty o], A7 9] ofel e gk vk D Fagch 2L ko
2E Qo] tfe] WA 02 ke PolE (2RI MAE) 2& Fad AU e o] ge ) 2L
AANE AS S 93, 2L g TE AN E 4SS5 YU

parenth_form = "(" [starred_expression] ")"

23 o] YL BPA B2, B0l A 1 R BFo] A&t Aol FUth B0 Ho| % shite
AEE LTI, FEol YUth 124 FoW BEA 322 THA wd B@4 o] YUt}

NPT g N REAAES BEUT FEL 2vo) mjRo] ey o)A g 2L 7o) AgH U
& TR FE2E2AAL o5 J0 A S T 5 JdFUTh.

FEo] Z3o o ol A= Ao byl g & AR A ufE ol gk 7401] Folsf of it o8] +=
N ESdd, 227t B — Aol BE gt (Y-S (othing)) < s AL REFL
et A4 DA sk QEFE O] Ao A 2 A= A T AU Th
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6-2.4 EI éE, xul EI-’

Ja
x
I
[
Io
o

"
iy}
=)
2
[}
1
Q
<

ASE AT AU 2 Yo Ao el 02 (S o] diphy) D PRt ST Y

SR Y
o ZH Y W& HAHL ‘4'035]'74‘4'
A 3 Al4t= =4, Az 2 A A (comprehension) ©] 21l & U T}

ne
i
1o
B
I
1o
e
An)
o,
X,
m[n
o

o}m

comprehension = assignment_expression comp_for

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

comp_if = "if" expression_nocond [comp_iter]

Ped e shisl Y43 1A S ma 2P shie] for 434 YA olel ) for s
A= PARUL. o] A%, A A8 RL5S 7t for EE if Ao] AXOH LEXOE 574
22 023, 7bg HEel Qb BN BAA Y e PN BHEo W RS AU

A7, 748 A% for Aol Y= olEEl EAAL Ak, Az WAL B0 T
2Tz A APHUTE o] 2 A 3|A] target_list oA YT = o] Eo] EFHNE= 2T EZE (
57 == guch

7V %@4 for Ao oJH &

= uﬂ
0 g
= E
T
_{>, jisnl)
~ I

=

a9

2 EHAL, FUAE 2TxA A4 /1Y O, BAHOR
2n22 dA2 ALY AR for 27 713 A% for Qo RE BE 242, 1 9
oA e ghol mel Febd 4+ 0B SHAL ATz BT 5 gEU NS EH, [

for x in range(lO) for v in range(x, x+10)].
Azeago] G4 449 3 Aelo| = el BAH oz FHA ATzl A yield %yield
from_,—ifﬂ Ao ZzF Ut}
Ttol A 3.6 ¥, async def oM, b5 7] o|Hd olH & §A3L7] 98 async for 2 AT 5
UAFUTH async def @0l = Azl Aol deve 584 FAoll for Yasyne for Ho| &
4 A3, 3719 for Yasyne for ol & 4 U, await BHA T3 AR S 4 IS5 YTh A=A
o] async for Aot await EA S 23851 85 7] A= 3NA (asynchronous comprehension) ©] 2} 1L
2L W57 Azoaae 140] 528 22 Y o] AAE AN FAAD 5 At PEP
530 2 A=x3A L

WA 38904 W7 yield 9 yield fron BAAoR 78 A7 zo| A ZAH Yk

6.2.5 Z|AE C|AZH|0]

A E Y AF Y o]= ) 23 (square brackets) 2 F# AFQ £ A1) YFld v]o] & 5 AdF5Uth:

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

PArE fgaFd ol gaE AAE e, 2 W& 29 EFoy Pl er AT 5
gtk 4ER RelH BA4Y 5o AleD W, 1 2a IR EE
I AR AE Ao AdgUth Zzeddo] AlgE o, 2l2E= AZz Ao e A&
O/\Ei?./\-]gqq
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A% t2aEd ol FZ 3 (curly braces) £ E A= 11, 718} gt 8] 3F= F-E(colon) ©] Gl A2 E HA
ye tagdolet +i2E o syt

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

A daZdole A 7t J AA S vte e, 2 W82 *54*‘«1 /‘lﬂ"lﬁr Az og A
Mok g fold 24 S50l 4D 1), 1 285 A3
A7 : o

vEE ‘?}%14‘:]’.

6.2.7 ElMUH2| Cc|AZ Y| 0|

gAY g faZ# o)= 5235 (curly braces) & & AH21 7]/d o] E] AFo] g old] Bl IS = A5yt

dict_display
key_datum_list
key_datum
dict_comprehension

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

expression ":" expression | "**" or_expr

expression ":"

gxde gagdels Al 9Md e A€ vsyth

HER 329 S/ o) e ) N B2TL Fol A w), TAEL ARo| A L EH 02 ol 7342 YA
2o =25 Ao gtir: 7 7] ARE P A o) oot bl B & Agel ol 7= AL T
1AL AL B RO BE A\ el W AR 4 ATHe FeH, 1 719 25 T AV A G2 mhA el
2021 Ao] AUt

T 7H 9] o ~E 8] & A (asterisk) ** = YA g A 3§ 7] (dictionary unpacking) £ VFEFH U TE 3] A4k Ab=
i sg o] ofoftk ekt 7wl g 3&%3 A gAdelo] F7HE Ut Foll 2= geol 4o 71/l o B Aol
kol g E A A w2l AFE RES A FYTh

WA 3,50 S7b: PEP 448 of| A 22 A tE G- U8 gaZd o]z o 9 7.

YA el Az AL, Y AEe) R Az el W Aol tiusl A, AuA QA (fory 9 (if) A Fol TEOZ
2eld o B94L o gtk dzelddol AR u), UEol AL 719 gt 8 2 5o] BEolA =
sAdE 9o g o

A%ke) Wol e A kL %] AH EEY AZ oA FehAbR, 7] W2 oA s
sof shtl, L 7hA AASo] A9 Ptk F2E A gk ek o] Ao
sl A2 vhA e (T EAo R U AaEd o) g %%ﬂ%&ﬂﬂﬂﬁﬂ%éﬁﬂ%

W2 3,800 4 W7 : 3ol A 3.8 o] Aol iz, SV Pz elal

917 ek sks5 Uit CPython ol A, gto] 7 %o} 1A % 7} 9}
77} gke k@A 3 7hg Uk,

expression comp_for

>
Y
©
=y
S
< o
_>_
° N
L
o
L
I
3

6.2.8 A|L12|0|E{ B4l (Generator expressions)
5

Aoy @42 2oz A ae Aoy 71 At

generator_expression = "(" expression comp_for ")"

AMACIE LA A A0l AAE BTG SUL LG FRE A D2 Fel e
Avt A 9 hE Az e WA 2S5 T

Aoy 2@ 4l AHgE = HFE2 Aol AR __next_ () IAEZLEEE ) =381

68 Chapter 6. HE 314!


https://www.python.org/dev/peps/pep-0448
https://www.python.org/dev/peps/pep-0572

The Python Language Reference, £ A| H{7 3.8.12

) ko] 73141 LIE (2 AW o) 15} ok S, el 7 459 for Aol Sl el e
EHAL 24 ghe] T AN, TAE sl BAFE ol el R AR ghel AAH £ Aol oh 2t
d ol EAA o] BolE Aol 4 HAFUTE 5 for A7) /PE A% for o BE BE| 2L

Xﬂbﬂ | o] E
A2 am ez AA 7A€ ol weh gebd + o m e S A ~nmeld B 5 geiT
aﬂ%% (x*y for x in range(10) for y in range(x, x+10)).

2] st At Zte TEAE 22 E AHT ¢ AFUH AT UE2 S Ad S 2ZAL.

A ole 84 A8 7 the = AA4ke el sk 7] A8, FAIH = Aolh Al & o] E ol A
yield ®lyield from BHA 2 FXFH UL

Adole &4 o] async for oY await BHA S Z3H31E v 5 7] Al d ol e XA A (asyn-
chronous generator expression) olgtx EY Ut v]5 7] Al dolg a4 L2 A v]E5 7] AV olg AAE
EgFEyg ol AL u% 7] og#elE At} (v = 7] o] g & o] E Asmchmnous Iterators) & ZZ3HAH| K).

WA 3.60] 27} 8= 714 AlYdolE EAAlo] T gLtk
WA 3704 HA: 5ho] MW 3.7 o] Aol =, B = 7] A olE

Ao async def IFEH T UENE 4
At 3TRE S, BE B/ U4 A ol E A4S S S+ Tt
WA 38 WHA: yield P yield from2 EA Ao T Z=HH AFZ oA FAHYTh
6.29 2= E & Al(Yield expressions)
yield_atom = "(" yield expression ")"
yield_expression = "yield" [expression_list | "from" expression]

2= 2AANL Aol E] G2k o5 A o E G2 AT W e T, 2AA $4 A9l
HhE o A R AL 5 Sl

Utk o) upr oA °‘E ZAAES AR o AL FrE AddoHE
f%nﬂwmcmf@¢ﬂmuﬂﬂ4&dL e 1 7%d $4E 57 Ayl EHz BT
£
def gen(): # defines a generator function

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

yield 123
SR 27z U RAEoR s, yield BRAL Az A AT Ao BAAL THE
SRR RN R DE PEEE PRy
WA 3.80A M dE 2@ AuxedAdR AldolH @A S 7ot Hl AR EHE SAHoR
Bof Az A FAF UL

Aol g g¢e D}%oﬂﬁ Arggych didof b5 7] Al ol g g4+ v5 7] Ay el g g
A BER A

A & o] ¥ 6"“7}§% o, Al olH 2 & olH e oHE S8 Ut 281d L Al ol g 7}
Ad o8 g9 A3 Aot Ay olele A ES F vt E&d w] g o] AlIZg Ut 1
Al e, A2 A HWH A= FHA7A AP 3, A7|oAl A ThA] DAl S A] (suspend) 331 A| A &) ©] ] 9
i%x}oﬂﬂ] expression_list o] = SYFUTH A SAHHE AL, EE AF A7t REd s
Lolg], X A5 dA AdZ2E, H = 3 2 (instruction pointer), W] 5 A A i‘i“,(lnternal evaluation stack),
2E e A A7t 28 Uth Ay o8 Y WA EE F e SEA Aol A o, ¥
v} U= EAA 0] A E 9l 9% 529 AN AW+ A5tk AN Fol A= EAA
e AR ANFES BHE v o] TG UTh (F for Unexe () LS Fal)__nexc_ ()
A5 A A2 vone AUIEh TR A B, cona () 7} A AR, AAe 2 AL = A2

o) BE ASL AVdelE B4E TRE o5 ul LA BRI T o2 W ATE BEL, S o4k
A9 ARE 23 glov], Ado] YA FAH 5 ek FAs Aol AL A el o H B4 yield
3 ol Aao] ol tlof A A% of of S A B Aol & 4 ghrk AP Th Aol : B4 Al el ol B o]
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dE @42 ¢ o oA sgg Yk Ay ol8 7t (32 A57E00] 5 A 7 A
2719 0 2 M) JJro]ﬁa}o] (finalize) ¥ 7] A ofl A 7H%] 2] ko, A g o] el-o]H o] E & close ()
A=t ZEH 0], 7] S finally o] AYH == gyt

Whenyield from <expr>isused, 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 () willraise AttributeError or TypeError, while t hrow () will just raise
the passed in exception immediately.

Wof l= ojgdolE 7 &5 , A 8= StopIteration QIAE A9 value O EFHEE= I
—L?ﬂ“«] ol Fyth StOpIteratlon £ dodu YA AR E A AY, AR o & o] E 7} Al
Holgd A= A5 o= Ol—roﬂMD}(HE A | °l Ei 7} gk & (return) 5 S 2 A).

WA 3304 AA: AE ol FolHZE Ao & Ad}E= yield from <expr> & F7}
< o

Q= x4 0] thRlEe] W] E2 T BB E AR 5 AT

] B

PEP 255 - 2+kgt AVl gl o] €] sfo]#of Ay & o] e} yield B& S8k A<k
PEP 342 - 7§ A9 Al o6 & fﬂi—‘?—% A ol el o] API} #HZ MAShA, st IR H o g

T
BT S YLD BEE A

PEP 380 - HEXJI 131]0]5]%-,—1%“3}%-5-@ yield from#¥ & YA, AH A olH 22 A<

PEP 525 - 0] % 7] A4y al olg] FFH ggof Alvid olE 7]

off

S F7}3lo] PEP 4922 &-73431 A ok

M|LA2|0|E{-O|E{ 30| Ef TIM =

o] A A S AU A ol8 o el el o] WA= ES B FLITh AV H o] e T4 AL Aof s

A48 5 A%,

A olel 7} oju A3 = uf ofeflof] e = WA EELE $E3H valueError 98] & Yo7 = A0

Zol o} Tk,

generator.__next__ ()
Adelols ol A e AzsA heho 2 A e 5 d o)A A g Al ol
Fq57t  next () MANZZ AAD w), @A) A= BHAL FANone S ZETh AP L
& d = FHA7LR] o] o] X =], 23 A AlY g o) Bl = thA] DA %—Z]E]_T’_ expression_list
& __next_ () & ZEANA FeFUTE Aol 7} thE S yield 31X 1 FEH
StopIteration o2 7} WA YT

ol HIAEEHE BEAACZ SEH UL A& E9, for FZ U W& next () &0l 930.

generator.send (value)
AYS ANt A ole T2 g2 (B Y Uthsend)). value QA= AR 4= 849 gLol
HAUYth send () WA E+& Al d ol E 7lyield 3h= T 3= 81 F A, Al # ol 8 7L oh& 3k
yield 3} A] 911 £ 83} Stoplteration 2 Yo Uth send () 7FAYH o EHE A A 7| =&
220, ke We A= FAA o] Yom g, A= WEA None 2 A of Fick

generator.throw (type[, value[, traceback] ])
A el ol Bl 7F DAl A A - A A type B 9 E o7, Al d o] ¥ 47}yield ot th
#e =dFUTH Al d ol 7} th2 3k yield 814 ‘%_T’_ %—Eb‘}tﬂ StopIteration< 9o 3yth
Al ole 7 Add 2] & FAA FAL th2 e & do7d, 2 A9 = TEAE Ji"‘lfli}-

generator.close ()
A ol el 7} Al A A BF A Fo| A GeneratorExit & €Yttt 28 o} Al & o] g g7}
2 0}5} A (gracefully) %5 5171 L}, o] 1] B AL, (7 o] 9) S 517) 9k S © 2 A) GeneratorExit £
2o 71 ¥ close = TEALE SoF7y ) Al g o] ] 7} Zh2 yield 3} RuntimeError 7} 2HAY gy
th Al el g7 e oo & o7, TEAE AP UTH AlYdlolH7t v B4 TR E s
olm] FRHUTIY, close () & oM A = &4 g5t
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ALE ol
o 7ol Al gl o] 8 &} Al A &l o] B] 9] 5 2a Al Bk 1hegE o 7F Sl Ut
>>> 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))
2
>>> generator.throw (TypeError, "spam")
TypeError ('spam',)
>>> generator.close()
Don't forget to clean up when 'close()' is called.

yield from < AR 3}= o], (What’s New in Python.) ©f 91+ pep-380 = H A 2.

H|S 7| ML2|0|E] &%

async def S AFE3d T U YA ZA d= B2 EX= 2 T4 E v 57 Alvd ol S+=2
# o gt}

HE 7] A oly 47 S5 W, 85 7] Al dlole AR = L&l X vlE7] o5 °] HE 85U
2 ke 1 AA L AV A o8 Sol AS ACi T w15 AU olE AR B med gl
async for-zoA AbgE =, Al d ol 8 AR 7t for ol A AFHEH = A3} /*Pﬂ‘/lu}

H 57 Al ole e WAEE 5 s TEstd ol 9ol HE AAE S8 F, o] AAE await T f

Adgo]l AZAYUTE T A A, APL 3 Hx 4= T2 7}1R X]*Gﬂz?_ 5 A7) A ThA] D A] Z=3A]
(suspend) 3} 17 await % ¢ T2 E 0| A expression_list 9 gL SHFUTE AU olEAAAAH, DA
FAHYE A2, EE XA A7t R2dnE Qld], A d HeE9 34 A AZ4E, & 22 (instruction
pointer), W &1 4k 2~ ®H (internal evaluation stack), 2 of| 2] 2] 2] Abe] 7} £ Ut} ]57] Al 3 o] ¥ 2]
HAE7LE8E ths A& await A} A3 o] 712 of, 3= vhx] L= F 8 A o] ] & 3hte] o) §
TEU AAE I 5 dHUTh 7<H7H9 Tof 4= xHA Y F2 AYS AN ES THE WA =0
g JdFsUTth __anext_ () ZFAREE A THE 7éJ)rt None YUth 22 ¢k, asend () 7} AHEH 91
o, 2= 2 AAEE A gy

5 7] Avdlolg groll A, = A2 try FRE9 ool A A s =g Yt 3] g vlE 7] Al v
o] E] 7}(742 37100 H AV 7 A = A S 2 4) Tfo] d ko] = (finalize) = 7] Z ol A 71 =] 2] ¢F o,
try 7TRE WY d=E xd42 7] 5 flnally A& A= d “3ﬂﬂ AFYth o] A,
]£7] xﬂ"ﬂeﬂ 151 O]Eﬁﬂo]‘ﬂ-/] aclose() & EEB_]’—T-’-,:’— AVNZ o= FAFH 7—‘ AE A A, o 7]
%9 finally @o] AYH T E 3= A IS, v]5 7] AYd olHE A3 oMl E F = (event loop) L}
éﬂ]gﬁi (scheduler) ol A| OV\‘/]D}

1=)
=]
3
L
2 7
=

spold | Al o] g A st7] Ael, o|HE F2E= 2 1“ 2kol A (finalizer) T4+5 7 & 3 oF st=H]| ¥ 5 7]
A olH-olH & o] B] & ol olutk aclose () € TE8 I ZFES AFFU. o] sfejde}
°| A = sys.set_asyncgen_hooks () & ZE3|A %%@_}—’F e A= & 2 o), WF7) Al
g ole-olg g ol Bl ste] de|Al ol duf &2 552 ol detol A & AFT Ad Yt shojdetol A
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H A =9 =z Euksl o &= Lib/asyncio/base_events.py o] 91+ asyncio.Loop.shutdown_asyncgens
THE RA L.
#¥A yield from <expr> & H|E7] Al olE Tl A ARG 22 71 ol2ith

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

o] 4B AAE 5] ALl o) ] ol Bl w4 =& A sk, Aol W] A9 E A ol s
ol A28 Ut

coroutine agen.__anext___ ()
oAlolHE S SR, AgsH vEs] Avd oy 5o AWS AFe ALY npx oz
AgE = F3 4 oA XWH‘Q"/]‘:} H|-5 7] Al &l o] H %‘Aﬂianexti() “ﬂfﬂtixﬁﬂg ],
Elacins] 01%1] ol BoA Ao 4= R AL 4 None = 201 WHEHE o Hlo]EH &S A3 stH
Os 4= 2dA47HA] o] J Ut ¢ = 34 4 expression_list & 3t T E = A FHO|
9o 7l stopIteration 9 grPYth HlE 7] Al & o]l 7} th2 3h-S yield 314 ¢kal T 55 W,
3157] el 222 gy 9l o9 o) ] EH/\] StopAsyncIteration o8& dogYch

ol Bl &
ol MINEE HE async for Fxzof o3 FAHCE TEH U

0_4

coroutine agen.asend (value)
ofdlele e = wF e, AAsd n5 7] Al olE e dAS ANFYh A olH
send () MINE A7, o] AL gg vl57] Al ey 4= <<E‘41 (Send)>> AL, value 1 Ab= A AY
A= E 849 AL BT asend() WAL EHFE ol o] HHE-L AT ol €7} yield 312
o2 3 WA A7l stoplteration & o2 EF 7, vl 7] Al Lﬂ gl o8 7} o 3h< yield
3} 2] 0?%1 ?E?Sl—‘ﬁ StopAsyncIteration & €Ut v|E 7] AV olHE A A 7=
asend() 7t ZE3 W, g 8e 4= £FA 0 “EEE ¢ Z}= None 2 2 & &3] of g th

coroutine agen athrow(type[, value[, tmceback]])
ool &5 e, vlE 7] Al a o8 7t A A A Aol type Fo & dorn
A ol e 3 —’F7}y1eld S OhS 7S WAl Bl Stoplteration 999 o g B8 & qD} u]£7]
A o] ¥ 7} o} S yield 314 ¢4 F 231, of$J o] £ o) 9] 3] stopAsyncIteration ¢&]
7 dojdunh Ay ol e 7t AEE o9 & A FAU THE Y E 4o H, odllolEHE=
AP 1 o9 7t ol H B T EA A FH A YTh

coroutine agen aclose ()
ololHES EdFtd, AdsH, vlE 7] Aoy &7 A BAG AFo=
GeneratorEx1t E dAAYrh wek 1 O]—ﬁroﬂ v 5 7] Al g ol g Sh7} 0} 3FA (gracefully)
E3AL, o)v] @R AU, (2 o9 S AR &S0 ZH) GeneratorExit & YO 7]“'5', EE:]

01%] o|H &2 StopIteration €& Ut} oo} = HlF7] Al olE T &0] E8F

iﬂ'-/] o]l o] B 52 stopAsynclteration o2& oy} vk ul5 7] Al & ol H 7]'
fr= yield 5t o9l o] H E-of o] 8} RuntimeError 7} AU ot vhek u]E 7] Al o] § 71 2
ol o2 A9 & d oW, offllolBHEY TEAE H P YTh wrekv]E 7] Al o] Bl 7} o 9

Zé*c} FTERE OV FEICOH, H o] A= aclose () TEL oM A X oA g ofdllolHES

sHEY

6.3 Zz2o|o{2|

mebol W2l & Qojol A 71 FotA B A4S

olg5syrt:

o
rlo

Yerd . £

rlr

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

olEZRHE FEE vk 3K (period) 2} 0] F0] FHoll 22 = 2o|m 2t}

attributeref = primary "." identifier
zetolvel S THS w o= RE F2E A A3kE Y2 AR} vhetok ), B2 A7}
of Agtol S FFch o] AAE 1 o] 2 S AFAR = JEYRES YA S 2 WH T o]
A2 __getattr () MIAEE AP A AxEHupol= & 5 JF YT o] o] EF
AttributeError & 4o iyt 124 ¢ gtﬂ A= AA Q] i gk 1 AA o Q& 2 A
e o EYRE Fxol e ol W TahE 27 thE A7k ol A = g

6.3.2 MEA3ZIM (Subscriptions)

ARsagae AAa @AY, FE, 2503 (gAde) 449 352 A3

subscription = primary "[" expression_list "]"

zZgolH & S FAS W AEATHA S A Y3te AA 7 velof Ut (& E9, gl2aEU YA
Ya)). AFe A Aol AANEL  getitem () BIAEE ZTANA AEATHAL QS 4 Q5L
W AANES B, ANBEATHHALS Xl%ﬂ%—?ﬂxl TFY AA =] dFUT:

zejolvz| 7} o, BHA BELS
Wﬂﬂﬁlﬂﬂm—4hﬁ%ﬁﬁﬁqﬂ(4_@%%842&&44ﬂ%°ﬂﬂ%
A e e B2

zefolmel AR AW, BAA BFL he TS W ) Zehol 2 slice) (T A A A =9 gtk
7} kol Fu o

~

P 2o AAzol A g5 de o] sl 583 FAAA Utk AW, WG AD2EL BE
Qe 2o /\I%QA dolE Bl Aor S AYAE S| Hdt= getitem () FINEEAFTIUTH
(LA x[-1] 2 x o vpA e G5 AU, 23RS BEA] Ald 20 Qe FEEY et
Zhg 2o 0}‘4 Ap7tHolof otal, AR AT YA A A7 T gho] H FES A9 oh (094
T E Ath. 29 01‘“/‘9} ghol] ol thgk Al o] AA S getitem () BIAE]A o] Fo]2]7]
o Zoll, o]l HIAE=E A B st B Selae T ALS BAACR 273 7 syt
2AL] F52 BAYUL 2aHE 2r o) dlo e Fo) ok 3, shite] BAEE 4 EAL Ik
6.3.3 =2}0|2! (Slicings)
sehol 4L NBL AR (15 Bo), BAL FE 2 2E) A ojul 899 FEE5S Auhch Sl
e Z@A oG Y Bl ol th del ol AHEE = AU Th S2tol Ao B o] F 5 U th:
slicing = primary "[" slice_list "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 i= expression
o] @4 ol BEgol AUtk BAA BEXY Holk 5L BE Selo| 2 BE0 R oY%
A, RE BT HA] gRte]d oz siAE s JsUth S U B35 TrE= T, o] B¢
ol HH TP A 0= A3 Flo] Leko] o2 A sk Zlo] AT FOFhe A0 = o Fe
<) )

AAZU (0] A= <zt
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Sekol o) o vl hET} 24Uk Zejo|vel (AN AHADY AT RS geriten () WA
S 48904 L3 2ol Gefo] 2 R g0 e Eol AL A E AYF T Sefol Rike] ol
el A58 ZETY, A Sopol 4 FRES WBE TR FEAUT 194 oW Sebol 2
5 ko] Wako] /1A UT) AN Sebol s GO WAL T TA AT 172 2 2ol 2 (proper
slice) & &2 Sefola AR (A 253 A5 & e A, start, stop, step HEZREZ 247t
lower_bound, upper_bound, stride & Fo|ZX T3 Alo] 1, WX EHAES None 22 A3 Yt}

6.3.4

ol

=
=

£

m{w
rlo
]
e
\l
M
ll
=
%
j}
i
e
-
bl
30
rlr
ro
)
i
1o,
I
Jh
[o
fu
fol
i
]I..?l_ﬂ
v
i)

call = primary " (" [argument_1list [","] | 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
starred_and_keywords

assignment_expression | "*" expression

("*" expression | keyword_item)
("," mxn

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

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

ZFAAG 719 E QAR A o] YEbd 5 AAIRE o v & vHEA] 55U T

E2E AA AHEA A e, R g, A AA S vAE, 28 A4,
,__call () \INEE 7‘t 2EAAZFEHEYYU 7t veloR gy ok

AEa7] A0 go] FARUTE B4 o] H 5 m2e BRE T A

o,

2ol g (1R )
[>
ro,

%0, ot ©, o o mfu &L (A wfn (A alo

ok
4>
0,
rlr
i=)
N
=
)
3]

)

o &
Ach
||"_WL£
> [ 5
lo o
= H
o

n

AW rlo
o

>
[ )

b >
foi
i
ftfo

¢

O,
N
-

r
J
> o [0 ol gy

i

o
e

yo rE

WS Th WA 4 v A E o) A9 A A e
%ﬂeﬂ‘qﬁﬂ°Nﬂ4*iﬂd*Hqiwﬁwﬁ

il (2
=5
v
£
'EU[O
e
N
o
RS
o
_>\i
It

©
By
N
)
o
ok
rlr

-
(1
W~ O
fal
o

141‘/]’) Q%c‘] o] u] xﬁﬂiﬁio TypeError
HFUTH(ZEF 4] 9] None O]a} =I5 ah,

A A EFES T @4;#3

bule e 7 e e T4, 2l
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[y 022
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NEFEE XH HE} (7] = &7t A
‘Qﬂ%ﬁﬂaﬂﬂ%ﬁﬁi&%
Ut B5 o] ASF2 g sfof & dYth)
9thd, TypeError o] 9 7} A ]tk 12X
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&8
o
)
%Y

>,
ofo
il ¥
°
Ruys:)

CPython implementation detail: =23 -2 9] ] v 7| H =7} o] B2 2 X] ¢olA], AL EA3)e BAR o7
o]l E@lﬁi‘r stHete, 719 =R 52 o+ e ‘ﬂ* drES AlTE 5 A5y th CPython of A,
A=< 33tz A4l PyArg_ParseTuple A}ﬁﬁ}—CE THH 5ol o] AP Uth

;¢g%sﬁﬁwﬂoﬁﬂouvw1moLxummuﬁer%@§u+%¢%%éﬁﬂﬂ@#ﬂ
& Typenrror o8| Ao YT o A9, 3 Y4 vANGE dE A ARES EYSHE
BT (EE e A7 A5l 9o W

2k 7F @A Wi A S o] Foll th3-oHAl R 2’ **identifier TS AMEdhE &4
3, TypeError 9 & dogjurtt; o] A9, T F A vt de 719 = AAE

Velth g 912710 RS e] glod wl () G v e Aggy ok

rexpression o] 4 Bl S, expression ol ghe ol Fl7] o] sojok Fuiek. o] ol
9 825e, 1 ﬂ%ﬂAﬁﬂﬂﬂcﬂﬂﬂ%%%%W%i%mex% *y, x3, x4)
S AR R WA F e B vt
23t A3 55U

o
N, >,
Of :‘é
5‘:

29 rl

N
—ﬁﬂl

N
o [ o 5o

A7
£ s

S

rlo o
£

lo ®en 1myo
Me o 2 XN H0
Ly

o

&

= oY,
o o
foh =
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o] Z QA3 AI}= A Al rexpression FH Ol A A 7| E AR F o & £+ A=, 7|9 E AR
(L83l & **expression QIAME — o & Heh) Aol Aejdth= AGYth 1A :

>>> 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'
>>> f£(1, *(2,))

= A 7] HE O]Z}ﬂ*eXpreSSlon EHES EF ARRSEE A2 dubA o] z] ob7] wj Bof, A A =

5] **expression ©] 757‘—,— T2 53, expression & g2 w3 o] F ojof gy}, 1 Y§o]
Z7e) A= Qbel AR Y AFHUL ANEA (BAA A9 AL b o 57 02 ) o] 1]
A 9The TypeError o9 7h A T ok

B xidentifier oY **identifier & A}23t= FA |/ HLEL Y2 AR S E o} 7|H =
AR} o5 AHEE + gk

HA 35 HA: T4 522 Y /49 *and ** A F 7S wrolE0]al, 914 AAEo] ol HE
SE 2~ 917, 719 = A7 G- o _;H;'Ol (**)F o & 5 A5l H X2 PEP 448
ol

x
A A ¥ g o

552 )98 DONA it &, B oW e SHF U None 4 5 UL o] ghol oA A
HEAE 28 AA e Fo 2o A5k

gHeF T1510] —

A SR IR PSP LR SRk

e call () MAEEAYSor Ut 2 20 A MAETIEE

6.4 O{SJI0|E E Al

ool oA 7 o YL YA FAFULE 24 7Y T AT AST 5 AU

await_expr = "await" primary

v A 3.50] F7}.
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6.5 H5AlE HLEx}

ASA T A2k 1A A% B o 3 ANApE T T FebA 2RFTH 249 0 2o B o
G AR E ks oFakA g ch B oldsych:

power = (await_expr | primary) ["**" u_expr]

A, 237 e AFAET d F AR AlA 20 A, A AE L&A dF o7 Zho] T3 A
0 (6] Al SARAS] G T £AE AT AL U 122 1 o] Bl

A AlE A

T
-
e EZ w7

) B57H T RS A%tz £59 wWe 2L 9t dSUth 9% QA2
AE0GE TUT, 24 9L WA 55 5o ABm . Ao 1 3 cleh

intﬂ?ﬂé}x}ﬂ A%, T AR AA7F ST obd o] AdE v A4S 2 P S AH5 UL F HA
127} S, BE QA= float 2 W EE 11, float 237 AUt ol & 9], 10%*2 =100 & &8
FAWH 10**-2=0.01 & =8 E YT

0.0 8 T2 AGAHFY ze
(complex) 7F U U Th. (o] A

aly

oDivisionError & dofUth 45 B4 2 ASASstd 244
AoJA=vValueError & 42

25

u_expr = power | "-" u_expr | "+" u_expr | "~" u_expr
A G - (vholui2) AabAE 157} Azpe] Lo e Fuich

A}x}~ I AR S WA Q)

Q)
Qb o8 Al a%%uu}.

o5 4+ A4AHE B A S
ZolsoF guch AGAF A
shibe A E A4akE YT

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
C ) Qb AAEO B FU AAEE LF A, I A A5 e e s
ook gtk &Y Aol £ASS FF FOoT NHH F FAAU TR 39, ABL Wo]

FHFU; S vk G2 W AFAE BE
@ (at) A4 B FAlo AHgshE &= A9

FEyth
v A 3.50] F7}.

Yrk.
Utk stol i YRS ol AE o d4xtE TEA

rr
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/ (A3 7/ (B4 U4, floor division) AAFAFE -2 71 Q1 2}5 2] & (quotient) & F U T &4} QA E S
WA 3EYoe MBPU) 3550 AL A58 BEL U, 3550 44 A 450
2 2UH 2 A% #3890 Ul Aol (foor) B4 488 AAUTE 002 Lt AL
ZeroDivisionError 92 & 4o 7Ytk

§(2EE, modlo) A= A WA AAE WA WAL e I AE U 5 AAES WA $F
FJoz HIHYTH LEZF AR 00| zeroDivisionError 9 & Loyt Q&L A7 E
T AHUL, A& £01,3.14%0.7 0. 349}7“14&}(3 14 7b4*0.7 + 0.34 8} 0ong)BEZ
QAAAL G T WA A AN} S R EE e AT E FUCHEL 0 U Th; Ate] 2 T

AA 3] AbAke] A g R T 5y T,
A Ul REE AdAbe o3 22 54 ol lgUthix == (x//y)*y + (x%y).
d ol dFyth: divmod (%, y) == (x//y,

ZAEO tal] REE M-S 3 ‘}% Zel Haf, s A Z}“ o A 2849 E2+E 2" (A E 8 ¢]
Adejgtie gl A AFUth S +357] A8 2AE AA ol ol thAl Aojg Ut Zad g <]
2L slo|# gho] Bl g 3 @29 AA old-string-formatting o] A A ¥ g T},

A Al A7) REE A4}, divmod () & Hagol tisiA = A ow o 94 gkF Tt 4],
A Asthd, abs () & AFSIA AT 2 RS A L.

+(GAD) A4 2 AAES] 3 FUh AAELS E O AA W, & o 22 F AlAaoof gt
Y A, AL WA FEFoEZ vSH 3, A FAHAA UL 29 A A|dE = ool 2ol A
Fyth

A ZE A A AAHE T @ ¢4 & 25 UTh

shift_expr = a_expr | shift_expr ("<<" | ">>") a_expr

o] ANEL AL ES AR WolE AU th 3 WA AAE F A xR Fol 7 vE SulF A= o)y}
L E& o 7 Y]t} (shift).

QEZEO R pWEAZE S AL pow(2,n) & AF UxAss A Bt 4B pulE
AEE S A pow (2,0) B Aoe A0S A7 T

6.9 O|& H|E it

Al 7e] BE e 77 o

PHEAE ZEUTh

gl

and_expr = shift_expr | and _expr "&" shift_expr
XOr_expr = and_expr | xor_expr """ and_expr
or_expr = xor_expr | or_expr "|" xor_expr

& QA= 2 1SS H|EE ANDE S+, AAEL F4ojof it}

labs (x%y) < abs(y) ©] £8&d 02 Fo| x|l floatd] 4 Loll= A4 A AE (roundoff) ) £ o] 218 o7 Fo] o

£ 5o, gojA ﬂoat7]—IEEE754 AT 219 ZHES 71 AT o, —1e 100 ¢ 1e100 7}1el100 &} Z&
7FA 7] Y13, AArE A= -1e-100 + 1e100 9], £ H o2 = 12100 ¥ &3] 22 YUt e math. fmo
2}

Q -[E —_
|-O|l FUS:
ofo rlr wfn 4y

oo —

(
$E7 A A e E ool 231 A5E 37 W, o A% 1e-100 & AU ol® A2yl B A2 0A =
=290l 2ol ds

A
Lo
iy, —
i)
it
i
v}
o)
AW
BUE

divmod (x,y) [0] * + x % y7]— 9,]—0]—-?7}{} 23817) 9 3l, afo) ML

6.9. O|S HIE ALt 77
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» ARk T AAHES] W =8 XOR (W EFH OR) & Fd, A4S 4ol of Fu k.

| AaRAE T A=) W ER (Z 94, inclusive) ORE =T, =2 o oF G Th

comparison u= or_expr (comp_operator or_expr)*
comp_operator = P S e S L

| "is" ["not"] I ["not"] "in"
Hl2E =87 EYth: True E&=False
H = AFEA 922 S Ad5Uth dE €9, x <y <= z+x <y and y <= z & 553,
Hol Ly o g2 04 & MR FAGHE AYUG AR T A5 LT x < y 7} AROE 2 9 g
oA kU Th.
HAAOZ a, b,y z 7t EEHA )T, 0pl, 0p2, -, opN 7} Bl AAAH, 2 opl b op2 ¢ ... ¥y
opl 2z = 2t EAA ] G2 Hh 3 Ae 7 AT AL A HTE a opl b and b op2 ¢ and ...
y opN z ¢} &5 gYth

a opl b op2 c7ta$tc 7t oW /Y v E FAISHA] 7] wjZof|, & Eol,x <y > z 9]
2 SLA (obuf o] 2] = ¢kT 2t ) SutE the 2ol 5] oF Pt

6.10.1 g+ d|2

AL <, >, ==, >=, <=, 1= F AA Y g vugd U AA 50 22 Fd 2o+ stk

AA, 7k D A AAEC] (FH oboldE o Taf) gh= Zh=thal Wotal 5y th shol# oA A4 2
GE & AR LI A Fol, A Gl ek 0 A < canonial) A2 A € i
T3 AA| Y gho] 83 A (o & o], EE HOJE A ERRER P = 2) 22 FAH o of stk
BT ATE Ao o2 @A A el A A A8 5 AT ER AYE 7RI
AA e vuwE Sl A2 gt s = E5Th

2EYE (1A 52 A0 ) object 9 A M Fol7] g Rol, TES object & B 72 v
FASATHUG. FE52 1t () 2} 22 FHSH |2 A = (rich comparison methods) & -3 3) A
ZHA19] vl F A& ALEHuto| 28 4 gl 7] A 9l AAEupo] A o] A o A A Yt

B Bl (==} 1=) 9 7|2 T2 AA Y ofo]dlE E ol 7|¥hE FUth ZEjA, 22 ool EE S
2L QAT e B ulRE 23 P, UL ool E B S 2t d 28 A 2] S 0wt OhES
U o N2 E49] /5 R E AR HAE (reflexive) (2, x is y = x == y & LA T TH
O|E% BE A e 87T,

7] o & W] 1L (order comparison) (<, >, <=, >=) = A 25 | %}QWT‘/]—, A E 3l TypeError & 9231y
o} o] 1% o) B/ EE R 4419 B A7 o= AU,

THE ofe|dE Bl & 2= 250 FF AR tEE, 7|18 55 v 522, AA 9 g3 3t
Suke) 55 5ro] Ola o] Aol E 71 §50) Bew Se Avhe 27 hE 4+ 9ot 18 BE e
Q] V3 E S AXE Lo = B Bash I, A B A F o] 22 A o1 AT

= =
o U7 52 & ((typesnumeric)) 7+ 25 gfo] B 28] & fractions.Fraction ¥ decimal .Decimal
o %31 SAE-L, Badst ol WL E A QoA Stk Ao AR W, A e A E

zre) vl s g Th BAE YS9 B ol A, BUES] £4 glo] 2A o= (FnF
2 o) guteA ww g
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NaN(not-a-number) Zt = float ('NaN') ¥} decimal.Decimal ('NaN') 2 EHE UL ZE&E ¢
ﬂﬂMWGAMLtﬂﬂﬂﬁwWJM%OEHJ&EA A2, NaN o] 24417} 2H4] gkt
AJYUtH o & E9o],x = float ('NaN'),3 < x,x < 3Wx == -
xE ZFYgUrh o] 522 IEEE 7545 =43 th

* Noned} NotImplemented= AZSEYUTE PEP 82 AZEof T3
(equality operator) 7} o}'d ist} is not 22 83 ofstrtr Ay

o vlol 2] AP AE (bytes Ubytearray & AAEH25)2 83 A 5
OJAEL 8 4E9 A k= AHE3l A AFd 4] © & (lexicographically) H] 1§ T

s BALE (str Y J2d2E) & FAEY FUIE ZE £ E (Unicode code points) (W7 g4

ord() o ¥ AHM ARA 02 ML LH]
AL kel e s 44 vad 5 9l
ISP

=
. /\]34/\ (tuple, list, range 9] ?1~ € o 7o
HWE A Y54 gksUth A2 o F 5 1 55 ¥l
H]E’_% TypeError & 4o 7Yt}

AR ok 8k he] W mE AL A AL A0 2 u G ok g A o] v Aukd
£ 2 (dentical) 71 7} A 413} 201 (equal) 714 I T o 5 B
(cquality) 2 AHE 3] 5te] 452 A4 8ha U A2 A4 g o

g A AEe) A Al wlae g3t 2ol o Fol Pyt

- F Aol 2 By 7] YA s, 28 Folu, Zol7t 2L, t)S5tE 2459 7o
Zoha vja s o oF FUth (A& & ,[1,2] == (1,2) ©AAUH, o] =27 W] Y Y
oh.

- A HIE (Y= ZHAHAEL A HAZ T2 QAT 22 A E EUTH(AE 59,
[1,2,x] <= [1,2,y] ©x <= y & 22 gAdUh. 3= 847t =4+ o 82
Aol Aot vl g Uk (el & £o1, [1,2] < [1,2,3] 2 FYUth

e T} & (dict 9 A2"HAE) S 22 (key, value) =S 7 off, 18|31 2% o] -9k Zhxl
vl Pyt 718} 3 % vl A S AU T
4 M3 (<, >, <=, >=) = TypeError

e
e
|o
i
N, ©

il

(set o] frozenset & AI2HAE)2 7

&4 3 (subset) I 9] A & (superset) & 528 o & ‘ﬂ] o AMES AYFYh o
Al (total ordering) E AR FUT (A E B, FAHE (1,2 % {2,3y =0=d
A,

—

g
2 rlo
My -2

fZsy oot

o
]
Y
o]
&
A, S} o2 Shike] R go] A =, ShLbrk k2 SRk *Jﬁ@f&ﬂ A& g UTh. wet
A Aol o] 23t o) Adzpz e Ae3HA Sk Th (ol Sol, min (), max (), sorted () o
dgo= Jego e|2EE ATt FoH A ¢k AHE FUh.
Ao vae 1 2459 WA S ZA o
s QRE OE YAZFE A AAEES FAEA &7 wEol, 7|2 v F&4L AsT U
Hl 2 F2E ALEHulo] =23k AHEAL Ao FelaEL Jhesittd B 7HA] B FAS S oF
Stk
* &5 HlILE WM (reflexive) o] o oF T ThE WE B A SH, ofo Wl E ] 7} 22 AA = 2rha

£l o
Rl
2
L
%
i
Ay

T 3 9l E (code points) (S5 5, U+0041) &} A & A} (abstract characters) (9] S ], (LATIN CAPITAL
e FUTES Sl bR Ee] 2 Aol 94 Susl T £SO HAH AT 27k oy

lo o

=]
o)A I ZOE AAAR t FAEAE ] %ol dF UL dE , &4} 22} (LATIN CAPITAL LETTER C
WITH CEDILLA)Y = I E 9% U+00C7 Ol] Qe Sy B 7 ]'(precompoved character) U} & 9] %] U+0043 (LATIN CAPITAL
LETTER C) °f )+ 7] &} (base character) 2} W2 += T = £ X] U+0327 (COMBINING CEDILLA) o 1= A3 & 2} (combining

character) 2] A]iﬂx\i 249 2 95U

AL M A FUTE T2 EAE 2204 MU T o AL AR W AL 5 AU oE Fol, 1\
u00C7" == "\u0043\u0327" = AAYJUt} A1 F ExlFo] 2o 24 &=} ((LATINCAPITALLETTERCWITHCEDILLA)}
%ﬁ‘i‘i%‘ﬂi}‘: 255U

BERAGE ZA B} SFo A nuste d (2, AFEo A A@ A0 ¥ 0 2) unicodedata.normalize () S AFE3FAAl S
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X is yW¥Hx == y T}
o Bl U F A (symmetric) o] o] oF U th o} 2 T2 HHI Y, g3 22 5l 22 AHE
Fofo} itk
x == y %y == x
x !l=y2y !'= x
x <y%y > x
x <= y&y >= x
* "]l 5 o] A (transitive) ©] o] oF T T} th5 (B A 814 ¢4-2) el &) o] AS oAl Syt
x>y and y > z®¥x > zT}
x <y and y <= zWx < zT}
C o EmE oA £ Hojof GUTh e BT FURY, 0L EHAT| 2L @ Folof
du:
x == y&not x !=y

x < y@not x >= y(A LAY )
x > yQnot x <= y(A =AY FD)

mA e B @A A A 2] 48PS B0, ARl e A8 H AW, G v gL
82 445Ut} total_ordering () HEH olHE BAA L.

H
» hash() AT FEAT ABAL FANEFUTh 2L AANEL 2L A @GS ZAY A

o = A5 oF ek
shol A& o] Qe 75 ZAFA b UITh A NaN GhE€ o 772 W2 g o YUk,

A

—_

—_—

6.10.2 HH{A HA}

re

A 4k2} inJJrnot inZ WAWMAS AAFUTH x in s =x7bs Y AW Y o) True &, 18 A gk ol
False & Uk x not in sx in s9 ¥4 FUCh S e Bl ohgl WE g AAAE
;}@@@50] ol A& A dat=dl, 9 Y Y A9+ in o] r"*ﬂﬁﬂ"ﬂ Fo13 717} A=A AARY T
list, tuple, set, frozenset, dict, collections.deque &} Z2 AH o] HE2] A%, EHA x in yEany(x is
e or x == e for e in y) &5 Yrh

EAEF vl ED FY A9, x in y a7ty S FiE E AL (substring) 9 A9, 22 £ A T 9wk
True YU T5F A Al y.find(x) != -1 JUTh ¥l AL 4 e 2ALEY & 22

dz HAFH 7l w2ell, "" in "abc" 2 True & EHF U

contains__ () WIAEE A olsl= /‘]"9‘7(]’ Ao Z# A9 A$,x in y+=y._ _contains__(x) 7}
FE S True &, 1% A oW False & E8F YL

_ _contains__ () & RAYSA LA q__ite _() E Aot AR A Fea FF, vy € °1H

HolESw] 84 x is z or x == z & FO|HA st oW Gz 7t HEJA A x in vy & True

AUt} SAsE S0k o 2] 7 A EE in o]j_oﬂge o7 Ao HAFH Ut}

u}x]mo; LT~ E]— d (old-style) elH &l o] ZREFS AEFUTH 27t getitem () &
: i : Z3}= S o] ofd A4 Ad A7 A5,

15514 @ A9, el 02 2 AR

7 Ao AFHYh

=
JE\’/]-Z“’ 7= 7‘*’\ oldAE ]EHEH IndexError

True 7}%}14‘:}- (2 5he] of| Q] 7} A B in o] I o9
AR} not in ino =A RAo7 FojHr}
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6.10.3 OO|TIE|E| H|
AR} 159 is not & AAL) ofo HEHEE AT x is y xSy} ololHEE A 2L A Y

o, Tel3 0% 71 3w FAuch AA ofeldEElL id () B8 AN 2P Uk x is not
y & wed 1 e Funh

6.11 =2| ¢i2H(Boolean operations)

or_test = and_test | or_test "or" and test

and_test = not_test | and_test "and" not_test

not_test = comparison | "not" not_test

=] Azke] FHoA], 223 %3 A o] Ao} &5 & (control flow statements) ol 4| AH§-2 o], th S

ARO R 611“%14‘3} False, None, E% Fo 20, Wl AL AH o] Y (—rx}"é, &, fX&E,
‘”’v‘ﬂﬂﬁl A EW A (frozenset) = U h. 2 vhe] B & g2 F o2 S| g Uth AR 4 9
ANES_ _bool () WAEE AFHA =AY =g %k(truth value) & AL E ulo] = & 4= 9lF Ut

2 2 AR AR oW True &, 134 o False & FUTh

A4 x and y & WA e TFUHx A AR E 1 e BAF U 134 Fouy 9 g
Fo] 1 A%E S5

A4 x or y& HA xS FS FdUthx 7 Fold I ghe ESFUth 238X oy o ghe 73
1 2RE EHFUH

and &} or o= ZIE QEE Fhol L} 1 3 S False 2‘rTrue 2 AgketA] ¢kar, th4l upA]ghef gho] 23] X
AAHE gl oo Futh o] A2 W2 &7 AFUTH A E 50 s 7t EAFE o]l vjo] glod
71 B o R A= ofopsttid, 284 s or 'foo' = d3= @ Xﬂ*?:MD}. not 2 M 3 vHEo]of
StER, 11 A 93} &7 )0 =2 gl (boolean value) & =& F YT (€ E°], not "foo' &' 7}
oluztFalse & U TH)

Q,
m
RO
jnj
e}
ﬁ

ok gk

-k
=2, o

Jot

3O
=
o

L

6.12 CHY HB 4

assignment_expression = [identifier ":="] expression

o 9} & & 4 (assignment expressmn 2= (43 E &3 4] (named expression) ) ©] L} ( B}CHE 7] 2] (walrus) )
gux g \/] thH<L expressions identifierd] thY4dt= S A, expression? k& whasuth
Pz

AREA QAR A F Stube dA St A Ale A Wy

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

s, 32 od 2EE S AT u:

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

WA 380 27} T ) EAA ol 3k o 4413 U2 PEP 5728 2 381A 8

4 2}% 7}4] A]-4= A (automatic garbage-collection) 2} A5 =2 (free lists) 2 T] 2 = ¥ ¥ (descriptor) &] 52 ¢l A 2 wj &, is
43m*HAWHEEQQMT%ENLﬁﬁﬂ#%%%@dm”°i4&ﬁﬂﬂoiiﬂﬂo ;
PEUTH o QA AR E 259 EXE FQls AL

(o}

6.12. CH

L
H
r
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6.13 =74 E & Al (Conditional expressions)

conditional_expression = or_test ["if" or_test "else" expression]
expression i= conditional_expression | lambda_expr
expression_nocond n= or_test | lambda_expr nocond

F

AL (W2 (4 3 A 4R} (ternary operator) ) B}l B H U th BE mho] W Aitel A 7 W
faas s,

if C else y 2 WA AN 27 C 2 e FEUC C 7 FIH, x 9 gol ToA 3 1
FUTh 224 o,y o g 78 Fol 1 4B e EeFUL

%9 4o o3 o] AR 8 U8 PEP 308 & x84 2.

o N
r ey

oo
)

EN

2k
rﬁ fijo ek

6.14 ZiC}(Lambdas)

lambda_expr = "lambda" [parameter_list] ":" expression

lambda_expr_nocond = "lambda" [parameter_list] ":" expression_nocond
Pt @A (W) 2 Fo} §4) (lambda forms) o] 2k B Th o] & gl F4E BEE o ASF U h
#E3 4 lambda parameters: expression = &4 AR S ZUth o] o] 9= AA = °]‘37‘" A9

A ¢4 ANAY FAFgUh:

def <lambda> (parameters) :
return expression

LR DR

g fAdS HAL. g @A 0 w503 = £ (statements) ©] Lt
o] 1= )] o] A (annotations) < 333 4~ ¢l

6.15 E 34| 55 (Expression lists)

expression_list = expression ("," expression)* [","]

starred_list = starred_item ("," starred_item)* [","]
starred_expression = expression | (starred_item ",")* [starred_item]
starred_item = assignment_expression | "*" or_expr
At AY TaEdols AR e A, Aol 4RE YRRV B RIS
FUch $29) dol: B2 Q= BAAY ASYUch BILEL AZ oA LEFHOR gho] T

Sh=2

o) 2B 2] 2 = (asterisk) * = © Bl 2| & A 3 7] (iterable unpacking) & b]—E]—‘;E\JD]— .‘.4 & AL BEE A] o] E]
2] £ o]ojok Futh 1 o]E el Eo] FEE A FAE FFF oA, A ¥

Aol =gt

-}

WA 3500 F7h: @A BEFo A9 olE #E A 9|7, PEP 448 of| A H 2 2 A b 5 Th

2ol 2= dEE 92 7= (single tuple) (&9, 42 E (singleton)) = W5 Wt FLAYth oHE EE
Aol AHFE ¢ ASUh 2l B 427 e DY 23S RESUEA YL, 2 23X GE
FUth (I FES Is8W, W 235 84S AREIAIL: 0)

82 Chapter 6. T 514!



https://www.python.org/dev/peps/pep-0308
https://www.python.org/dev/peps/pep-0448

The Python Language Reference, £ A| H{7 3.8.12

6.16 2 F5t= =A

o] WL A 2 EZ 02 BRI e TEHUTL 9] S Tk £k, Sl gho] Fn )
WA 8 ol FE A L.

S ZEoA, BPAL 159 B B2 £A459] =AY gtol T TH:

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

g E = gtol A o A o] AxAl S HE 7 WS A (least binding) ol A 7+ -2 21 (most binding)
o gty th 22 ARl S0l AAAE S 2L FAEAE AUtk B0l HAH R
Zo) A A] gk o] A, AAAEL 0|8 (binary) Y U Th T2 Ao Y= AXNRAEL Y Zof|A e 2&0F
g q

AU ASABL 2 A, 2o A AZ oz 15 Ao HLTh),
S, WA FAL ofoldlE B AAME S BF 22 SAe9E 2t vl A A
E &0 F o]o]& o] 7] (chaining) 3= 75 S ZH YT

oTEFRT EE
- R
lambda gt e A
if—else ZAxdA
or =2] OR
and =3g] AND
not x =2] NOT
in,not in,is,1is not,<,<=,>,>=, = == v, WA AALe} olol Wl Bl E] AALE gt
| H| E OR
~ H] E XOR
& H]E AND
<<, >> AlZE
+r_ Ei él“’]’“g/v“
*@Q,/,//,% —S—Aé] ﬂeﬂ _T'_Aﬂ 1/].7\_/&11, xq_,_ 1/].7\_/&11 L]—lﬂ z]
+X, =X, ~X %, 2, H|E NOT
o A AT
await x o]do]E & Al
x [index], x[index:index], | AB 23T HAM &2lolA, &, ol EZHE X
X (arguments...),x.attribute
(expressions...), A3 (binding) == 235 2 94, gl2E &
[expressions...], {key: value...}, | @], 94z ﬂ Z o], A gAazZy o)
{expressions...}

; A3
Aol N E o F At E o okt A AT &, 2% -1 £ 0.5 Y th
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CHAPTER /

Cte= = (Simple statements)

AEUTE o e Dol AvEEo s #Ho] stite] £
t}:

simple_stmt = expression_stmt
| assert_stmt

| assignment_stmt

| augmented_assignment_stmt
| annotated_assignment_stmt
| pass_stmt

| del_stmt

| return_stmt

| yield stmt

| raise_stmt

| break_stmt

| continue_stmt

| import_stmt

| future_stmt

| global_stmt

| nonlocal_stmt

A w2 gh= AN S H3 A, (HF) ZEAA (procedure) (7] Q1= s w8 F= T
ol X ZE2 A A& None gh& EHFUHE £53H7] Sl (H+ E“:Hﬂd o2)AHEY
o HE AR E S w2 27 s YT

o
=2
(ol
1>

expression_stmt = starred_expression

9e) FA4 B2 ke Pk
oM™, W repr () B4 S A4 2ALE WekE 1, 187 o}
122 B UL (A5 None it 18A Bobd, Z2AA B

rlo rlo

85
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BYEL ol E2 ghol () AFFHL W AR 9 o2 HEY FEES S Pk

assignment_stmt
target_list
target

(target_1list "=")+ (starred_expression | yield expression)
target ("," target)* [","]
identifier
| "(" [target_list] ™)"
"[" [target_1list] "1"
attributeref

|
|
| subscription
| slicing

|

"x" target

(attributeref, subscription, slicing 2] ¥ A ol= Zglo|n g S
GYEL EDA 55 (o] A0 Fuhe EAAY SE, AER $olE 52
FEo BEol ks 22 7SN L) o @S THL, AFIN L BH
22 0] Z+7bo] tf & o).

AL B (5 ] ool ek 0.2 AT 610l 1A AN A GIZ AR E Tt
Az Mol &ekol4) B, /1A AR HE o2

obdAE AA kL, thY ol ‘i‘:LO} oA o des de %‘4\—9}%‘%"/]— E‘r 3 3 O] Z/\]‘G}L

S5 g, Fa9 J9E
=

, U] 23 AAE A

FHEH B o9 5L 1 AR B Ao A Fol AT (=

SRt
AAE B 55, 2o U2 SeNd ¢ e A= = sy o o
J

HN
ofh
)
ol
J>’

B BEo (MEHoE BEe] Solglt) Hutzt FE7 gl shbe) Blow ARl gol
o e,
- 3RA oW AR B B2 et Be] 9 2 5o FRES AT ol H el Lol
oF oL, FEREL, AXo| A S EEO 2 TS BT AP Th
— B} 55 0] o 2 F] 2] A (asterisk) B Foll 291 B2, ( ABFE (starred)) Bhlo]eha v T,
sg ke

@A AT B BB L A1) AR S A el BB
A B3 o el 2] Bol o] of Ttk o]l B s,

J AL FHEL, AFH 2 2F o, ~FHE
B kol o= Bl Sl v g Yt 1E1€1%ﬂ opA e FEE 2 2EE B o e e
B S dHUth o]E B YA FEE2 7Y g 2E7 A= B o] g gg Yt
(o] F2EE Ao gle 5 FUTh
- 237 god: AAE B F500 de e B9 8 22 0 FEES AlFote ol H
Eolojof s, FEHE2, KM L2&£ oz, tfSst= B Al hdg U Th
w3 2ol A H ez Fojg Ut

shibel ebzlol o et A 9 g2 o
- E}7lo] AR (o] B) W

— ;Lo]E<ﬂiﬂXHjiE_§§§
Y7y A o] 5 F kel Yy nonlocal o] o3 2AE = & ol F

QAU rh ol 22 7|2 AFxl o] A A F=E A57H0
© o 2.2] 7} 9hs) 31 5k9 A (destructor) (231 9ITHR) 7} B5

A

S
-

o) 2
AH o A0 ANE Fooh Sl 18 A 6 Tapertron o) ol et

ok

S

el
o 1

—d olr
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Ao FolZ AEYRER AAE
AttributeError o] X ¥ & 13 Z

FRIERNEA Y

Fo A A7 Fe s QAT 20T o B HE FETb Y A4 Pl BE S5,
% (right-hand side) £ A4, a.x = AAH A o EZHEY (A2EHA ERRHEVQHH) S8
JEZHES N2 5 A% UTh FH (efthand side) B A a.x &= B4 B2 5wl w5 o Jete
FHRAJA2EAAEYREES AAFUTE IHA, Fa.x 7t 22 AEREE 7He 7= A2
Fezo) ofurth: $¥l BAA o] Ze)x o ERHES ATy, AW L vgle] Blom A
A8 o =P RES HEUH
class Cls:

x = 3 # class variable
inst = Cls{()
inst.x = inst.x + 1 # writes inst.x as 4 leaving Cls.x as 3
o] A" o] property () 2 W50 22 3 ¥ (property) & T2 AT HE o]EFEC] 282
ZEEE S BE)
« Bl Ausagdeld: Fxo gt zetolne BR4Y ge FHUTh (AAE 2L
ARz ARG (A Z2) P AR} hehok Tk 29 e, A 23 E B840 e
gt

Zeto|lH g 7h (B 2E Z2) M Al A AA Y, HE A3 HEE 7 yelol dyth 244,
Aldxe] o7 Haf HUth ARz Ald 29 Dot 22 go] opd 4o of 3}a1, Al 20
I JAEAE 74 5o AAE tidstet L U AP A7 A9 E Bloj U, IndexError
S doUt(HE 23 HE A AJA2o| tig gL g aEd A F5S 2713 5 gy h.
ZefolH e 7 (B Z2) i3 AAW, AE ATHEE w39 7] I} S35 &= Fo]ofof
star, wfsgol L A B AT HEE AR o v F st /ol S e EF L AP ojuf 22
ARE 2w 712 217 S AT T2 A3, (22 7% 717 A A e A9 /‘H 7]/%,%”‘“’
%“?J@-T—E A5 th

1R
T

Ao AR Y e, ARTFJAAR  setitem () HIAE

7 52U,
+ BAS] eeol ol Gl meboluel T Aol e PR (2l
:

-
28 7hA A A7
2 o}

=
E 1_
-, AT sk

]
vhehob gtk T E & AA L 22 W) AAL A of P 1
4o DAY g 7Y m%-JM%A47wW+%a&%@#ﬂﬂﬂ%ﬂwﬂez
F o 210 A £57h e @, N D29 2ol8 U Th 18 ol A AAGEL 07 A AL
@q4:4ﬂw%ﬂﬂ%ﬁﬂﬂzsﬂ Utk B 2o 2 A A2 AR of Seto] 28 thdE &
NALE WRFEE 2 J LTk B A D27} S GRTHY, Leto] 9] Pol ko)

dol g thE 4 ALk,

CPython implementation detail: 32| =& ol A, B} 719 B2 &8 47} 27
F= B dA NN ARE 7] w2l ol & WA A7} B A s A = 2
%

<
¥
N
FPI

£

G119 A9l 7 HA T 90 2he] B 0] (FA1H (simultaneous)) 42 (15 E0l,a, b = b, atF
WSS BT Bl E, A H & W50 A ol He TP ABoN 22RO 2 oA,
U2 E5T 5 9t 298 G5 o2 Sof, e gL =2ade (0, 2] & AAFUD

X [0, 11

i=20

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

print (x)

o B7]:

PEP 3132 - &% olg] 8|8 A 9|7 *target 7|50l )&t +2
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7.21 S CH = (Augmented assignment statements)

SEAAES T EFoNA olF AT dEs FA= Ad Yk

augmented_assignment_stmt = augtarget augop (expression_list | yield expression)

augtarget = identifier | attributeref | subscription | slicing

augop :: "+:" ‘ nwn__m | mik_n | "@:" ‘ "/:" | "//:" | n %:" ‘ LIS O e |
| Ny s—n | "= ‘ ne="m | nA_mn | n|="

2 2(Q o =) 4
5 AR 4ol Tl o] Wol B o] g A4k 23 F, Aele] Bzlo] 1 2T AT B A
©2 3 Wwkgho] Fal AU Th

+ LA™ A & e, A ] 22 BhE ofy ARk Hl
x 9 g 27 Ak U 3L 7@, A A A4 Al A
B =, A AAE e AL B Al EngE, oA AAE AT s

AUt a= 2o, T Y2 FHY S 7ok ol Aol A s FEUTE A& £, ali] +=
f(x) = AFdali] € X3S, £ (x) o S 7o, QS gk, vpA o2 1 S ali]

Shtel Bol  FE7 THE Blow o dshe 212 o9 2 3w, 52 g oS Qv o)
e EEET S B

2w o 2 A F Uk AR, A Ak 2] AL ol 9 2 5
A

7.2.2 0{-E|0|EEl CH 2 (Annotated assignment statements)

o o] 4 B9 L, B E oA, WAt ol B HE ol B0l AT AT 4 Ik Y ES FAE AY
ek

annotated_assignment_stmt = augtarget ":" expression

["=" (starred_expression | yield expression) ]

A% FHaUREE AFTZ Yo, ool o] A &
HE _ annotations__ o AAEH =4, o] o] EREE (W] F7NH
A

o o U eAAE 9AuE MBIk o] =R REE 277

o
iy
)
[>
x
ko
il
1o
o

i o,
K
Ll
)
[>
o O
td
o
1o
>,
o2
o
>
LS

S uf ojicH o] o] Aoz A T YT

A4S &, olHol AL SR UY BE A2 Qe AAH kol FIMAA R A%

rlr o

o] Ty AF oA o] Ho|EF W, o] o] BL T AF =) XA (local) Y U Th T4 AT Z o) A
| o] 42 ghol T3l A Ak A= 2] st

EA8HE, o cH ol EH Y2 (A AT oA ol mH o] M kS 737 Aol A =
Tk A4 A0 49 S Ho] s o, el mel et B Ae] ghe Fahi, vhA T
__setitem () o)W __ setattr () ==L A=}

44 20 MD didtim & ao
o rE Bt XN zo xR o (L
(]
N

(
—

EER]

PEP 526 - i o] o] £ FA4S 53l st tAl, A (A2 b dad s da 234 9
B2 ol iElo] = s BH & F7h5Hs A%

PEP484- 9 912 44 24 £7 9L IDECIA A8 4 9 & o elo] o] @ £ 282 AT 3]
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A3l typing BEES o},
WA 3.804 WA oA o] cEH|o]EH thYEL dul of o UVWPXLEL Lo 2o THAS TR
th o]Aofl &, (ZZ P FZ 2N L) AR ZH AN EH A7 e5 U

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]

st e, assert expression 2 O3 5534t

if _ _debug___
if not expression: raise AssertionError

44 3, assert expressionl, expression2 = U3 EE3Ht}

if _ _debug__:
if not expressionl: raise AssertionError (expression?2)

SHES debug I AssertionError 7} & o] 2o YA M4 EL 7t 1ty 7 o)
T, W W7 __debug__ > REA S AZoll A True o] 1, H A3} 7 R FH = v (B
-0)False Ut} dAje] T = ,\g/\q 7= -1}01 /\] Holl 5 A3}7F 2 A= assert T2 $J8F 2
A h4uieh ol e A Ao AN BAAY 4 HES EHT D6 G2l £ AL T
Edo 2o gtz 2EH

__debug__ ol ti@Hth 42 3| &= 2] stk o] WA o) g2 ABz 2B Al g u] 4 g Ytk

rlo i o2

fo

pass_stmt = "pass"

pass £ Wl AU TH— D ), ol A AT AojihA] ehEUTh B AR Bl Dase
FAR G DL g2, Al AL FER L

def f(arg): pass # a function that does nothing (yet)
class C: pass # a class with no methods (yet)
=
7.5 del iy
del_stmt "del" target_list

N
A
o
[t}

)
L
1>
i)

AHA| = 43} o} v 3 A Al A o2 AP Yt AA NFE AMGES Uddhes o4,
o 7] 2 712 S EZ} 9}% =

B 559 A= 4 EAS FA LEZSZ A HSE AA T

o] 59 A= B2 ZE EF9 = global ol 2 o] o] T3 =R wel A Foly A o] &
FHo A o] 59 A4S AATUL o]Fo] AdA= o A %O W, NameError ‘ﬁlﬂ 7F dojdytt
NEZHE FZ, AB2aYgA, &etolA o AAl+= A3 d Zetolne] AA 2 ALGF Ut); £2to]lA 9
A= dutg o2 £ P vl SEfo]lAE Y stE AT YT AT °1Zﬂix Egtold H+=
7.5. del & 89

—_
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A 7} B o,
B 32004 WA ool ol o] FHH BB AF WS SAE A A9 o B F 1ol A

A S Aol 32k A FedH U

7.6 return &

return_stmt = "return" [expression_list]
return-& ETHA LR FYA Ao FHA A-77Fokzh e A Yot FHF o] YEbE 5 s Th

73, :Lam oo ™ None ©.2 x]w ek,

return o) finally 3¢ 2, B2 RE AR R}

742
Aol I finally @o] A3igk Ut}

Aq e ol oA, return & Alq e ol B 7 252 7Hel 7] 1, StopIteration & oy
t}. return Fof] Al &5 = H2 (JAthd) Stoplteration .4 A A ALef| QALE AP = o] Stoplteration.
value OiEﬂ-‘F’,—Eﬂ-%‘,HD]-

vl &5 7] Alyaoly oA, ¥ recurn 2 vl 57 AAYdoEH} EsS &8,
StopAsyncIteration 9o doxlyth HlE 7] Alvd olE 5o, Hlo] YA & return &

W oolH o

7.7 yield &

yield_stmt :u= yield expression

yvield it yield 3234 3 22 u 7t QJlF U 55 Styield @A oA D8 =2 3= ZEE A =Fal7]
A& yield &= AHE- U T A& S, yield &

yield <expr>
yield from <expr>

 The T 2L yied ERA 2AEH F5FUT

(yield <expr>)
(yield from <expr>)

yield 8 47} 242 A Vel o B $48 B W g A3 3, A e ol B B4 o] whriel A e g
Utk @5 497 DB G5 A AU H B4 E BEES S ol yield T AHSFHE Awe
FRgUT

vielde] SEo] gk A AR AFES A= 3 A (Yield expressions) A4S 15 Utk

ft ofo
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- =
7.8 raise &

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

FAA 0] 2| X7 oW, raise & A 2Tzl X FAFE v}A| v} o)) & THA Ao AT AA
2330 84348 9] 7} YThE, o) Aol o el A2 2] 7] 18] Runt imeError o2 & 2o U},

YA oW, raise & o9 AAE, A AR £HA Y S T FTh BaseException & A B
8 01"E4"°4°k5“4ﬁ} FeaH, OEHﬂ A2t r=daTuf Az glo] FH2Y AAEFAE v
AH&-g Y th

o191 9] 9 (1ype) & o 9] AAT20] ZeATL, G(value) & A H 2 241U T

= o] 2 A HE o7} Dol AFLE BEAAL 27 A5 E_cracevack o]
2o
Sl

ﬂll

_4—|—’

HEZ A8H . thg 3} ol with_tracehack ) A MHEE A8, 42 & BE D =a)o
s 3 ARFE A2 B WA TS ABFUT (R 9 A2HAE SR, 2 ARgroR
S RECERE L E S

raise Exception("foo occurred") .with_traceback (tracebackobij)

The from clause is used for exception chaining: if given, the second expression must be another exception class
or instance. If the second expression is an exception instance, it will be attached to the raised exception as the
__cause___ attribute (which is writable). If the expression is an exception class, the class will be instantiated and
the resulting exception instance will be attached to the raised exception as the ___cause___ attribute. If the raised
exception is not handled, both exceptions will be printed:

>>> try:
print (1 / 0)
except Exception as exc:
raise RuntimeError ("Something bad happened") from exc

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
ZeroDivisionError: division by zero

The above exception was the direct cause of the following exception:
Traceback (most recent call last):

File "<stdin>", line 4, in <module>
RuntimeError: Something bad happened

ofle] A el 7|v finally FollA] o 9] 7F A e WA U F o] FA A2 A-ZF Uth: ¢ o 9] 7}
M ele]e] _ context_ SJEEREZ FEFHYTH

>>> try:
print (1 / 0)
except:
raise RuntimeError ("Something bad happened")

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
ZeroDivisionError: division by zero

During handling of the above exception, another exception occurred:
Traceback (most recent call last):

File "<stdin>", line 4, in <module>
RuntimeError: Something bad happened

o] A= from Aol None & AQ3NA PA A2 FAAZ + 5T

7.8. raise & 91
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>>> try:
print (1 / 0)
. except:
raise RuntimeError ("Something bad happened") £from None

Traceback (most recent call last):
File "<stdin>", line 4, in <module>
RuntimeError: Something bad happened

LEREERERCE FEEEREE RERL S EE EEE R DL D EEE L)
Uk

WA 3304 HA: o]A] raise X from Y o)A Y & None ©] &5 Ut}

WA 3.30] F7}: o 2] &9 (exception context) 2] A5 &8 S A3 4~ = _ suppress_context_
P

SERELS

7.9 break &

break_stmt = "break"

break £ #WASE for U while F2o FHH AW e 5 dxUth AT 1 23 o)
Gk ez Ao F 95 AL FEU

A .
A Aol BeAD G RS SR, 1 R el
for 2XZ 7} break 2 T 2HYH, X A 3

break 7} finally A& 7} try oA Ao 7} ol YE & vt =
A I finally @o] AdH r}.

e A&z b A U th(skip).

2
)
=,
rlo
r i
2
=
fio
E
>,
)
<
o, v

9, 2z Y AAZ Yol

7.10 continue &

continue_stmt = "continue"
continue £ ¥HAHLE for Ywhile Tz FHE AT UEGE = JFUTE SHA T 1 F = Q9

P} 2e2 Bolo] 2 AR AL deUth A A7M0 A BAL e F27 e Aol 22 Yo}
=% gy

continue 7} finally B& 7} try B Ao 7t HJUyE 2 gl = A2 S £ E Xlo] & A&

317 Ao 1 finally & 9] P J3y g Ut

711 QX E (import) &

import_stmt = "import" module ["as" identifier] ("," module ["as" identifier])”
| "from" relative _module "import" identifier ["as" identifier]
("," identifier ["as" identifier])*
| "from" relative_module "import" " (" identifier ["as" identifie:
("," identifier ["as" identifier])* [","] ")"
| "from" module "import" "*"

module = (identifier ".")* identifier

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

(fromAo] g) 718 JEE £ ¥ Az AP
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A= vt g sPg U
AR GA, RS 2 26k 219 AR AZE dxE Al 2F o Qe Ao A o AAsH
QBSd, QEED 5 Y oJ] 27 AAAYG RESH AEE ALUE ALHvho] 230
AHEE F Qe BE Sl A A E AYeta dssuth
SAH BRENATALE glo] A, A 7HA F e R Ao o] F F 3ol &7 U
« 25 ol Aol as 7} £, a5 Hol 9 o Fo] ATET wE 4 A2H T}
s 8 ol Fo] AAFHA L, X EH = E50] 49 EEcld, EE8Y olF°] dEEH= ZEI
Wel Bz 2 A o2 g el Q2% Uk
s JEXEFHE Bl HAol BEo] oty 2td, I BES Xt A 71 A Y o] 5ol H 3
7] Aol et Fx e A o]F T AZF U G2EH B2 AP A7 Eihes &3]
Zdt3kd o] & (full qualified name) < &3l YA = of of g th
From @S OF7h Y BAAH AAE AR T
I from @ AFH &S 2, 2=8t1, Qs 27|33t}
2. import Aol AAR AARE 2 2ol ohe)
L QEE REo| 1ol ge ol EAREE AREA AT
2. oW, 2ol g AB EES JXES = AS AL TS JZEH BEX L oERRE
g o4 AAE T
3. JJEZREVILHAFXA ¢FO ™ ImportError & 4ot}
4. 2R o™, I gholl th3E FxTF A A o] F F ol AFE =, o] A8t A 7)ol A
AAE o) B2 AT, 18] O o E o) HE o 5L AL T}
AFE o

import foo

import foo.bar.baz
import foo.bar.baz as fbb
from foo.bar import baz
from foo import attr

foo imported and bound locally
foo.bar.baz imported, foo bound locally
“00.bar.baz imported and bound as fbb
foo.bar.baz imported and bound as baz
foo imported and foo.attr bound as attr

oW W W W
w
o
o

MRS BES AEH( 1) 2R, RE A8 BE 3 ol FE0] inport Fo| 4% ATz
Ao o] 2 g 7bel A2 H T,

250l AeA & 70 ol 5 (public names) & 2&9] o5 ¥t ]"1 all__ olgte= o] 59 ’E AASH A
ARP Ut old o] Jvid, FAE Y] Al Faoofsh=t], T EE0] YA X ESH= o559 Y
th__all_ oA ARTFo|EEL EFINEHAFTHILY ‘:/\] ZABoF AT __all__ o] FYH A
@28, 28 o8 FOIA WAR L 018 3, U8 82 (N2 AIA i nE olBol 72
HAFHUT _all_ & 274 APLAAE £ 3510k FUIT o] A2 BAL 952 g APL 927} ol
FEES w25 A2 BAE AQUG (4 1 B Eol JEET ALE e sholHele B E)

AZTEQ A7l FE ffrom module import * —+ BE FEATFHE UL S

iz
js s
o Aol A AHESHE = Al =& SyntaxError & oYt

AT ETFRES AT w BE A0 o] = (absolute name) S A F T A Q= g5
o2 3 7] A] <kl E@% ], 22 41 s 71 A Wl A= L 3l 7] X O]%:—% A5 FQ glo] Al %1555
(relative import) S & 4~ Q15U ). from—& o AAREH =7 AU RE gl Fol=HL

AAA s AR )7 A] ASE dupt AL ia]’ﬂ'o]:?ﬂ'* ] ]@@"F AT '5]'4-4 A2 ]
PEZEE 3= 5ol A= dA 71 A& SFUTE T4 A2 st o712 =55 AL %ﬂ’ﬂt
A Aﬂ"/]‘:} /‘ﬂ el HE F 7He 4\—53,%%%}‘45} T A pkg B 7] Al S %—‘?—%"ﬂﬂ from
import mod & A& 3}, pkg.mod & YEZEF}A H YT} pkg.subpkgl QoA from . .subpkg?2
import mod & A Hﬂip g.subpkg2.mod & YZESHA HUTh o) dZE tﬂbj':ﬁLzﬂ'To: 3f 7] A
A dxE Do EodHy T

7.11. X E (import) & 93
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SCYREE

o] Al U TH

9l 2} module, filename, sys.path, sys.meta_path, sys.path_hooks@ ZA} o] E import&

YA U T

ftfo
rlr
[l

ZAog ARG = 2L 2 IWEE A Y3} Y& importlib. import_module ()

7111 X 2
F A F (future statement) = AL 2] 7 SRS R52 SET THoAU NG S AHSa A Aods= =
TE = A Al o] (directive) Q1dl], L 7|52 v] 2ol SAIH = FFo] Mo A o] H= AUt
FA Y HHL Aol 2= A Ao E4E v WAL TfojH o2 FAVI= AL GA e+
AU 71 7)1 5 0] EFo] 5= W E o] Ao BE B2 A /5L A8 5 YR T}
future_stmt = "from" "__ future__ " "import" feature ["as" identifier]
("," feature ["as" identifier])*
| "from" "_ future_ " "import" " (" feature ["as" identifier]
("," feature ["as" identifier])* [","] ™M)"
feature = identifier
FA4 F2 BEY AY Aol vtk Utk 74 £ ol U2 5 e E52:
e 25 =2 E ¥ (docstring) (Y THH),
- 24
(R = A= )
- e A B
The only feature that requires using the future statement is annotations (see PEP 563).
HAN FH T2 3 SAIAFHE 7552 A3 FolH 3o g AAH U o &F

£ o]l = absolute_import, division, generators, generator_stop, unicode_literals,
print_function, nested_scopes ¥ with_statement 7} ESFH YT} o] ZAEL2 JoJ &2 &
A3, 2 A HA TEAEES A FAFHZ Q7 wE gy

kv

FA B PAAORE A9 A A4S 1 R AUTh B4 THEE gujo] A WAL FF
£ 35 A4S Bo 2R A 75 0] T8 A e (M2 oo A A2 e EUS Edshe
A923} b5 o], o] A AT AL} RES A FAT 5 Aotk 28 AAES AW A Row

2ot glow Aot AF o2l Jen

AHHA AP AN H AL ohe JEE RE} HUTh BEEE_ future, Fol 43U
o3, ) Bol AEE AH DA Yoz JrEH YT

TR AY AFY NIEL FA Fll g 8AsE = FAA Y 71550 E A5 U

o] 7l Aol ol A% 588 A o] Qo o3 of gtk

import future [as name]

o] AL FA Fo] ohdUth; o’ SRSt o] v E R A QI A oko] gle BT JZE T YU

FA4 T2 2= BE Mol 548 W &5 exec() ﬂcompile() E 34 AL = IS,

71314 SR, FA ROl A= M EHA NI S /\}36‘\44 o] A& compile () o T+ A= 753t
AAE Aojd = AUtk —AA T W &2 T T BAE H@/\h

ﬂ]ﬂfﬂ JE|Z |y ZEZEA 489 FA4 2 AdHZ B AAY G2 712 23 FAAA YT
AEZEE7L-i, AT 2T HE o] Fol AGF UL, FHASE /\1&‘6} , I XAHETFA E2

235, AT HETLAYH o] o A/ &E = 3 Al E EFE 7 ZH%HD}.
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] B
PEP 236 - W) & ] _ future__ _ future__ W AU Zof th3t ] x 9 A<k

712 global =

global_stmt = "global" identifier ("," identifier)™*

AAe] 485 AAUTh J2D 48RS o) Ao 34 of of
glo] A4 WaEo] AL 7Hed 4 917] SHA T, global $lo] A

N
off
]1;9(_5
°
vl

global ¥l 4@H o552 2L ZE EF0X global & %ol 54T + fs Utk

global ol B H o] 552 4 IhAsu for F2 Alo] 87, S & (class) B, o A9,

YEE (import) &, W o icE| o] d o g2 ol 5 A] ¢kofof Pt

CPython implementation detail: 7| & o] o] A| 9] KRS ZAoHA G 22T
& 8tA Hotopst=d], v e FAL 2AES 7”1]'5}741% zg2ae] ouE o gl

217] o & Yt

ne e

F

< ©]
ol MAE

PN
oﬂ, N
>

e

A] 2} (directive) Y U TF. global B3} Z+-2 A A o
G2 FFEE LG ol U ZE AA Oﬂ >3

S 2= I EE = 05‘5&& =7 ory, 718 BA1do] 28 AT A
= A kH U eval () Fcompile () S

il
bt

7.13 nonlocal &

nonlocal_stmt = "nonlocal" identifier ("," identifier)*
nonlocal B2 A A AL AAE AN ND A1 70l SERL 2ol 4 olv] @A
HTE 77 = E’}%‘/]DP. o] A %&& dl, A9 718 57 Ao o] 5 FHE WA A= A o]7]
BYT o] #FL AEE D=k A (2F) 273 9o] A 27z gte] MeBo| ALY 5

A== T

nonlocal Tl YEHE o] 552, global Tl YEH A=+ , S AT Z A o]u] & dh=

AZEES 7 AT FUTH(A dZ o] o A5z o ‘&%Oiﬁolﬁ“&ﬂ%xl HaeA 248 4 glsyh.
- o

nonlocal ¥l e A3zl o] n] 2R AAE T A4 A) ekoloF ).
o ®7]:
PEP 3104 - uy}Z A3 20| Y=

o
o
i
2
2
o
12
2
W
o]
O
o]
~
O
Q
j\))
e~
1
o
41
[,
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CHAPTER 8

2= (Compound statements)

i

BB OEEZE (Y 2SS 23Ut ojH oz I 08 BFE Ago 42 F A
AUt 7tdsHA 2@ uf), AA BIFES I EE L 5 Q7= A0 gukd o7 BIRRO oy
Zo Z2HYh

if, while, for 242 A5 HAA A 25 F2E FIFUY. EZE 2F ddl try & g
A2 71 Al (cleanup) TE = 1 5 EFE XA =, with B2 I E5 FHo g 27|39
slold Aol ZEE AYPT 5 J=E FUTh Tt o Fo] m FHAH o2 BEA YL
EEL s} 2 ojAke] (B e FAFE UL 2L FH e} (29 E (suite)) E FAFH U 5 B3RO
AIHE2 EF T2 5927 52 25Ut 4 A dlge SEA AdE = 7|9 =2 A &8t
FE2o07 ZdUth A EE o g AlojE = EHEY IF5dUTE 2 EE=FHe ZE FHolA
2o o MuZ 2oz B9 sty 2 ol TR Y £ 5yt B O0S Eo ST H
Sty 2 ol 4o EFEY FE A5 Uth 28 329 JHu S HE ERES 28T = A5t
23 22 AL gntEx o, A2 AuEs= else Zol Jthd oW i r Hoj| 35k=% Y &35}A
%7] Wl &Yt

’if testl: if test2: print (x)

3 o] FH oA AlpjEE o]l ZEE T Y et Ael A, k5t 22 ool A, print () TEEL EF

A AL ol s AR A g the Aol Folslo gtk

’if x <y < z: print(x); print(y); print(z)

2 ofst:

compound_stmt = i1f stmt
| while_stmt

| for_stmt

| try_stmt

| with_stmt

| funcdef

| classdef

| async_with_stmt

| async_for_stmt

| async_funcdef

suite n= stmt_1list NEWLINE | NEWLINE INDENT statement+ DEDENT
statement = stmt_1list NEWLINE | compound_stmt
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stmt_list = simple_stmt (";" simple_stmt)* [";"]
&= o] ¥4 NEWLINE © 2 2131 DEDENT 7} 71 5 5 w5 = 150l 53l oF dyrh. Lok, ek
7test A4 BEC T EZFS ARANZ F = 7IHNEE A7 £, RE3o] gitke A&
FESA L (Sho| M NE FHE ir ol 5§27 HE AL 27 FO 2 (W2 (dangling) e 15e)
TAE N E2FEUThH
BHAGL AN ol ok AN ot Y FHES 4 2L A5 2o 25 Y P
- =
81 if —|_|_—
irRe AR Age] AHgPUTH
if_stmt = "if" assignment_expression ":" suite
("elif" assignment_expression ":" suite)*
["else" ":" suite]
2ol He AL HAL WA RAAESY 3he b A o)z Tal A A2s] shte] A9 =S Ay
o} (T AR A ol= =2 AA(Boolean operations) MAS BAM ), 18 2 1 A~ EE AP}
(2E 3t ir B T2 oW REE AYs Av} gro] THAA Fuich. BE EANE] ARlolW
else A8 A9 EZH(IATHH) AP F U

8.2 while &

while B2 B4 0] 79 T 8L v s vl A8 Th

while_stmt = "while" assignment_expression ":" suite
["else" ":" suite]
AL EAAS WA 02 AT, FolH, 3 WA 29 ES AP

L H

. L= )

AU FE YFh else B AAEH (YD) AR 1 £ 2E FEF
E

o A] A= = preak FL else 2 E
QS & continue B A 29 (oA $HE AL 3

for 22 (£AE, 75, A2E Z2) Al A Y b oJHEE A9 2452 oJH U Es=H A

for_stmt = "for" target_list "in" expression_list ":" suite
["else" ":" suite]

284 FF52 AT gho] Fa A YT o B & AA 7} Vebok FUTh expression_list o AFE
ole #l o Bl 7} whE ol FUth 17 tha olE o] § 7} Al F Sk A& uit), ol HE ol B 7 EH T <A
W2, 29 =7k 3 WA AP Uk ¢ouie 2 ot £F 74 (U F S HAL) 08 B2
EZ ddE the, 2 EVFAEE UL FE S0l £23F S o] (¢]E 8 °] E 7} StopIteration
AL E Jod i ¥l A2 Fet A BAT D), the else B 29 E7F(Qlehe) A 2
22823

A A A ENA AYEE break B2 else ZS AYPSA G T2 E FEFYLE A A 2~ E
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N ABE = continue #-& 2 EL UMA| RES AUHIL th5 FH oz dol 7k AU, vk &)

of tHYFU T for-F 28] 29 =0 4] o] £ A REE ZFHA, 1 Ao

for i in range(10):

print (1)
i=25 # this will not affect the for-loop
# because i will be overwritten with the next
# index in the range
B 220 oS5 Rur FRE W) A4S A AW, AP 2T} ulojglekd, £zl o) A3 v ol
dojyA] S += AS5 UL I E: YA S range () = 3229 for i := a to b do¥ &FE
Tl =t A Z2 olHEolHE S8 F U ol & £9°1, list (range (3)) £ FX2E [0, 1,

i D272zl s 248wt w23 go] ABUTHI AL 2.4 /W Al Ao A dof g
Ytk 7Hg B 2E). bl of @l G2 o] AHEE A S FAH5H i 7H2 B 7k A8 31, 7 ol B o] A}
2T o] 72 E 7 AlA20] dolo] EPste 237} FRH T o 2L vhok 29 =7k A7 0] A
A} (1 ol e)) 52 A3, o AV A Brke EYUTH (O G50l o)v) g A
A4 FZ) AYAE 27 7] w2 oz AR~ GBS
Ao, A G52 7o) by < Fol A ]
oo}l 4 glitl, HAl A D20) Sefol A% Al AHRE BE oA I 5 Y Th o

d

for x in a[:]:
if x < 0: a.remove (X)

84 try =

2 2% 2E ol gk olle] A2 7] A 2] (cleanup) = = T 5 BFE A Qs ol AFSEUTH

M

try

try_stmt = tryl _stmt | tryZ_stmt
tryl_stmt = "try" ":" suite
("except" [expression ["as" identifier]] ":" suite)+
["else" ":" suite]
["finally" ":" suite]
try2_stmt = "try" ":" suite
"finally" ":" suite

The except clause(s) specify one or more exception handlers. When no exception occurs in the ¢ ry clause, no
exception handler is executed. When an exception occurs in the t ry suite, a search for an exception handler is started.
This search inspects the except clauses in turn until one is found that matches the exception. An expression-less except
clause, if present, must be last; it matches any exception. For an except clause with an expression, that expression
is evaluated, and the clause matches the exception if the resulting object is  compatible ) with the exception. An
object is compatible with an exception if 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 class of the exception object.

except A % ol A o2 9} v A 7] gkow, 2] 2 2] 7] A
SR

EHR I 5 & A A ALH

rlo

BHo except Ao] STl 9t B@A Y gk T2 w] o9 7h s, Aee] Aol /] AL Aoy
el et 5F 2ol A A oS ts) AAZE AR U (cry ARl E Do Aoz

'O A& dov)e finally Bl YA B G el 3F 2oz FPUh I A oY= A A& ol

84. try & 929
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AP,

w45 = except A o] WA W, 99 & T except ol Y as A= (7 Arkd) Fol AR D Ao
o % 3L, except o] AS1E7} AW EUTE BE except AL A 7153 B2 A of o). B2
o] e, uy & 2819 F oA A A o] A% H Ut (o] AL 2L o 9ol thal T 7o) 59
A 717k Q3L 917k 9H% A2l 719 ry Aol A LAY THA, uhg A2 7 o] A 5HA A ke

o] Huch)
9] 7}as target & ARESIA tl Y2 ul), except 2 Zo| A AAIF Ut o] A2 1}

except E as N:
foo

7 o2 WEE = AT} 2

b

Yot

except E as N:

try:
foo
finally:
del N
o] 21 except A Fof] =zt ® o9 & th& o] 5ol th sl of et S YU th A& & A Ast= ol =,
lﬂﬂﬂHQEﬂﬂﬁﬂoiﬁbﬁ*ﬂiﬂméﬁi€%%§ 93 A T 7kl 2] A 7k Lot
A7) 2 ze Qo] RE A WSS S Fol T eIk

except 2] A9 EV} F_]?'%JEJ 71 Ao, o 2] 2] AA U&o] sys ZEO AT =0, sys.exc_info() &
58] AAAT % D5t sys.exc.info() & A9 el A, 9] AATA, 619 7} w199 o)
i

OM DAY EAE ST EFo|ad AR (253 A5 & BAR) 2 o] FA3-FES EelFUTh
sys.exc_info () FEL 9= A3 T- 2B EA ST v o)d gter BgEYh
A 7538 else L A o §é o] try A9 EE 7har, o & 7F g sk A] ek kAL, return,

continue B+ break o] AP A o AYPF Ut else oA A= oo &= dofl Yo
= except Ao A A 2|F A ?s}gqq'-

finally 7} 2, (A2 (cleanup)) *] 2] 7] & A AT UL} except 2else DS £33 A, x% try
Aol Aggrh °] dE9 oy Aa @ﬂﬂﬂ °‘°ﬁ‘/‘r o2l = A A Uth finally Ho] A3
AUtk v AZE o9 7 9o, finally & ﬂoM ChA] A AR TE finally Aol thE o9&
doy |, AAE o 2= A o] e ﬂE—ﬂCE(context)i AA=E YL} finally @9| return, break E&
continue g Ay, AFH o= Ptk

>>> def f():
try:
1/0
finally:
return 42
>>> f()
42

finally 3L APsE 5o o9 AR = m 2 a9 Al FH A g5Uth

try-finally 9 try 2 E|A return, break, continue Zo] AP ulj, finally Z% (L7}

+ el AFH Lk

oo B e v ool AYT return £O2 AFFUTL finally Dol P4 4GS o,
inally Ao AR5 recurn ol 44 Aol AR5 A0l 500

>>> def fool():
try:
return 'try'
finally:
return 'finally'

(GFZ ol Aol A
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(o1 sl o] A A A%)

>>> foo ()
'finally'
o 9lof] BFE F 7o FH = o 9] MMM Zhg 5 AL, A E o7 A8l raise & AHE S A

ek AR raise 7 A0 22 5 dFTh

W 3804 WA spo]H 38 o] Ao, finally w°] @ AR 6l finally AolA Fa A
kU

8.5 with &

2E F2)AF (with & AEHAE Fe| A A A2 HAR) 7 E LR v ES
| A2 &3 tryexcept - finally AHE Q2 B A AAHEE 5 Y=F

o [m
oo

with_stmt "with" with_item ("," with_item)* ":" suite
with_item = expression ["as" target]

3t (item) 2 AFREFE with 2] A8L thg3) o] A8 )
1. AY~E Fe|A4E A7) A8l DHAE 384 (with_item ol F0]X expression) o] gt FE Ut

2. Usoll AMg3H7] el A AE #ejAe] _ enter () ZFREEH YT
3. ol AMgst7] el AEAE HE ALY exit () ZFEEHUTH
4 AEAE DAY _encer () MAZE SETUT
5. with o] o] 2 o™, 270l __enter_ () 9 ¥H2 g2 tHI U th
AV withBL  enter () HAEZ}OE glo] ZolgS ], exit () 71 FATE=HES
BT 2e A, B0l T SHe 5 <k ol 2] 71 S, 91 = <ol A o 8 7H B8 A} o)
HAwFUrch ot 6HAE HA 8
6. 2= AFF U
7. AEAE #HE2e] _ exit_ () QIAEE SSPULE A7t 29 EE FEHES ST,
3719 8, 3k, Edlo]awo]  exit_ () 9 AR A UTE 282 ko Al 7l 9] None ©]
AAE FHFHFUT
2FEZL o 9] W 2ol & R, exit_ () WA EL] REE Zho] AR CH, 1 AL E ThA
o0 eh M g1o] ol A B S o T S B AW AT
ARETLA 9 o] o] {2 FREW, _exit_ () Y NI FAH L, AT FHY TRl
gre S Aol H AR e A%,
|2 = EAs e R
with EXPRESSION as TARGET:
SUITE

oo 2 BT B 5T

manager = (EXPRESSION)

enter = type(manager) .__enter_
exit = type (manager) .__exit__
value = enter (manager)

hit_except = False

(Th& sl AT ol A%)

8.5. with & 101
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(o1 sl o] A A A%)

try:
TARGET = value
SUITE
except:
hit_except = True
if not exit (manager, *sys.exc_info()):
raise
finally:

if not hit_except:
exit (manager, None, None, None)

b R BS B FW, AGAE B AL with Fo FHE 4

_I_4

J:
d
-
o

with A() as a, B() as b:
SUITE

Jugos heT FEFh

with A() as a:
with B() as b:
SUITE

WA 3 1A R thF AY2E
o B
PEP 343 - (withy ¥ 3}ol % with £2] 77, 8] 4, .

Bl

249 29

T Aol = AR A AY T A (25 AT AME BAL) & AT
funcdef RES [decorators] "def" funcname " (" [parameter_list]
["->" expression] ":" suite
decorators = decorator+
decorator = "@" dotted_name [" (" [argument_1list [","]]
dotted_name = identifier ("." identifier)*
parameter_list = defparameter ("," defparameter)* "," "w/" [", "
| parameter_list_no_posonly
parameter_list_no_posonly = defparameter ("," defparameter)* ["," [parameter_ 1list_

| parameter_list_starargs

parameter_list_starargs = "*" [parameter] ("," defparameter)* ["," ["**" paramete
| "**" parameter [","]

parameter = identifier [":" expression]

defparameter u= parameter ["=" expression]

funcname = identifier
5 Ao e AWT 5 e YU AP A A o & F1e] FF ol 5L T AR (F5
A s TS S8 & 3 (wrapper)). ©] ¥ AA = AA Q| o] F Fol I HxE 2dst=,
G4l 2 0 A% 0B 0oz ASFUL.
A4 Aot B vt 2 QA Gtk §5 52D w) AP Yok
B4 Aol bt 2 o 4kel B o)e] BHA 02 A £ Ut BT olE AN L T4
FRYE W, g FYE T 2F oA e FRUT I AFde S Eolof ok sk, T

2 g4 ulele) 3 WA BF o2 S BAY L F4e) _doc_ olE@HER MET o] gae] 5223 o Huch
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AA RS AAZ ARG A SEF YT vES gho] S AR Al 49 o] ol A2t o2 749
tEdgelse $HEA= T2 A&FH U o & 0], 2R 22 2=

Qfl1l (arg)

Qf2

def func(): pass

def func(): pass
func = fl(arg) (£2 (func))

Aol 7F JAIZ o] F func ol AEH A Gevhe AT thE Uk

Slubu 2 o] A w7l H = £ o] parameter = expresszon FElE 7Hd W, E57F (71 wi7R e
Rethn R Th AR gl g v MAe] 2%, 528 o) o Sal o4} & e 5
uf v 7§ = 2] 7] gl o] aggqp}_ ghoF w7 = 7F 7] 2 gE2 7HA |, (<) 7hA]
WA 78S Ao BTk — ol 4.2 B 7 2ol EAH A o B HA Ak

g4 Aolsh A o, 7| B oA e 9B A 92X 0w gho] PR oA EHA ol
Gt A9lE ) 2 gho] TAA L, BEvE 2L (e AL ol s
AL olsf s AL 53 7 Hgke] A=y gAY

2 AAE S O, Bl AR 952 2R 3
ST S Aol ohleh of AT 5155k B S 1R one S D, T4 el
WAA oz AAsHE AU ol

e

k=)
32
rlr l‘J ;Z
el
ol o

o

def whats_on_the_telly (penguin=None) :
if penguin is None:
penguin = []
penguin.append ("property of the zoo")
return penguin

Function call semantics are described in more detail in section @ =. A function call always assigns values to all
parameters mentioned in the parameter list, either from positional arguments, from keyword arguments, or from
default values. If the form (*identifier) is present, it is initialized to a tuple receiving any excess positional
parameters, defaulting to the empty tuple. If the form (**identifier) is present, it is initialized to a new
ordered mapping receiving any excess keyword arguments, defaulting to a new empty mapping of the same type.
Parameters after (*) or (*identifier) are keyword-only parameters and may only be passed by keyword
arguments. Parameters before /) are positional-only parameters and may only be passed by positional arguments.

H A 3.8 4] ¥ 7 : The / function parameter syntax may be used to indicate positional-only parameters. See PEP
570 for details.

1} 7} \_TE U7 o] F Floll &+ (: expression) FEfS of mH o] HE M £ AFUTHE B E
v 7j LTL oJrH ol HAE 71d 4= =], *identifier U **identifier |22} 285U} S
=/ Hs BE FHojl = (-> expression) FE|Q HI3H((return)) o] = H o] A S 7 4 01/"141:]—
o] of Bl o] 21 & SR Shol 2 T A o] B of @ 2ol 2 B  sl4rLiTh of e Hl o] 49 £ A B2
ogulE HPFX] S UL o EH ol A FrE2 T AA Y _annotations_O%EE]—,‘E,’—EOﬂ/ﬂ ] 7)) = 4=

] S 7|2 3= gAY ez 11]15] Utk _ future_ oA annotations & YXE3}IH,
8 3717} B o ol el o4 2 AW Aol EAYR M EL 184 o 34 Yol
f F7HE Ut o] AfolH o2 22 FEO U= A thE AR F7HE 5 A5yt

oA 54 A8 57 A0, 018 Bl T4 (o1 8ol AU A e P E VEE AL AT
o} B A4S AB S, 2 (Lambdas) AANA ARG Do} AL st g
3 o}

> X 1o (o

N

F

=

2 o
A3l =9 T3 A A ?ﬁ}t = Ao FYFA8; (der) EFNA A T4 3
AoE deAE AGEH AU 2 o] Fodl Y2 & AdsUTh o8 N £4& A
o] & & hat7] Wil (def) FENZF AR O 7“’*”‘%@

HAE Z A (first-class) 2 A| T} T A 9] Shoj| A Nﬁgﬂ = <<def>> =
19 45 FoUrch FHE oA AFRE = A 452 T def
S 28 ¢ Jd5Urh o AT Y.L ol =3} A A (binding) A A

@ > oX Ok
2o W R o 1oy ek o%rﬂ.
L KUl o 2> ruﬂr
o2 N
b ot 1ok ofr
S EH
ot rlo <, ol

B Rl [k
ko o 4 |4
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o B7]:

PEP 3107 - 35~ o] o] A 5 o] H o] A9 I X 4.

PEP 484 - g 31 E oj:-Ho|Mof Ujst = oJv] Jo]: F 3=
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classname = identifier
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pass
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class Foo: pass
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class Foo: pass
Foo = fl(arg) (f2 (Foo))
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async_funcdef = [decorators] "async" "def" funcname " (" [parameter_list] ")"

["->" expression] ":"

Shol @ 31289 ABE e AR DA FAS AL ANE 5 Y5UTHE T & HAlL), mRee
HFT] SO A, await £} async A EAFE o oF 7| =7 HUth; oSl o) E (await) B8 4], async for,
async with+= IEE vlt] o A gk AR 4 9l th

async def o2 HolH = A F2E T2, await Yasyne 7|1 P EE =851A] &

suite

rlr

o] vt ¢tol| A yield from EHA S AHE 8t A& SyntaxError YUTh

async def func (paraml, param?2):
do_stuff ()
await some_coroutine ()

8.8.2 async for &

async_for_stmt = "async" for_stmt
H] & 7] ol Bl el & Ziter 7@ A H]57] ZEE T2 5 3L, H5 7] o B &l o] B = next W] A = o] A
M%7 AEg 5ET 5 syt
async for & HE7] olgj & o] Elof th3t A 2|5t o] H e o] = F =t
e e Fe;
async for TARGET in ITER:
SUITE
else:
SUITE2
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iter = (ITER)
iter = type(iter).__aiter__ (iter)
running = True

while running:

try:
TARGET = await type(iter).__anext__ (iter)
except StopAsyncIteration:
running = False
else:
SUITE
else:
SUITEZ2
Y AASt RS aiter ()& anext_ () B HUt}h

FE2E 9] uir] Hho)| A asyne for & /\]'%'3]'—‘5 Z1& syntaxError Yy}

8.8.3 async with &

async_with_stmt = "async" with_stmt
0% 7] 2 A E el 2} enter S exit (A =AM ARG QA FAT 5 gl AE A= welA) Juch
thew e mEt:
async with EXPRESSION as TARGET:

SUITE
ol 4o b B 53T
manager = (EXPRESSION)
aexit = type (manager) .__aexit___
aenter = type (manager) .__aenter_
value = await aenter (manager)
hit_except = False
try:

TARGET = wvalue

SUITE
except:

hit_except = True

if not await aexit (manager, *sys.exc_info()):

raise

finally:

if not hit_except:

await aexit (manager, None, None, None)

o A WS aenter () & __aexit_ () EEW FHYTHL
TZ8 g2 viy] ghol A async with 22 ARS3FE 212 SyntaxError YU Th
o B7]:
PEP 492 - asyne 9 await £ & AH83He 22 W 250 sl oA A4 E SYH Ao s

i, W A S F7hE A Sk
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9.3 CH=ald &3

B3P oA AL b 2L B 78 AT UTh

interactive_input = [stmt_1ist] NEWLINE | compound_stmt NEWLINE

A EFE2 U35 RuoAq W £ BoF oo o gt ukA 7 d g e 28 AR E=
o 223}

9.4 EA U

#2824 JYES sl eval () o] AHEHUTH doll &&= WS FAF UL eval () o F2E QA=
g3 2L B4 AsloF gtk
eval_input = expression_list NEWLINE*
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# Grammar for Python

# NOTE WELL: You should also follow all the steps listed at

# https://devguide.python.org/grammar/

# Start symbols for the grammar:

# single_input is a single interactive statement;

# file input is 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 = argqument (',' [TYPE_COMMENT] argument)*

# argument = tfpdef ['=' test]

# kwargs = '"**' tfpdef [','] [TYPE_COMMENT]

# args = '*' [tfpdef]

# kwonly_kwargs = (', ' [TYPE_COMMENT] argument)* (TYPE_COMMENT [ [',' [TYPE_
—~COMMENT] [kwargs]])

# args_kwonly_kwargs = args kwonly_ kwargs | kwargs

# poskeyword_args_kwonly_ kwargs = arguments ( TYPE _COMMENT | [',' [TYPE_

—COMMENT] [args_kwonly_ kwargs]])

(B sl ol Aol A1)
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(o] A o] A el A Al)

# 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] [
"x' [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 = "**' vfpdef [',']

# 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 ](',' vfpdef ['=' test])* '," '"/" [','" [ (vipdef ['=
—' test] (',' vfpdef ['=" test])* [',' [
txv [vEipdef] ('," vfpdef ['='" test])* ['," ['**'" vipdef [',']]]
| "**' vipdef [',"]]]
| '"*'" [vfpdef] (',' vfpdef ['=' test])* [',' ['"**" vifpdef [',"']]]
[ "xxt vfpdef [',']) 11 | (vfpdef ['="' test] (',' vfpdef ['=' test])* ['," [
'x1 [vEpdef] (','" vipdef ['=' test])* [',' ['**' vifpdef [',']]]
| "#**" vfpdef [',"']]]
| '"*'" [vipdef] (',' vifpdef ['=' test])* [',' ["**" vifpdef [',"']]]

| Txk Y vfpdef [I’IJ
)
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)

(B sl ol Aol A1)
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(o1 sl o] A A A%)

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 ‘ [ J— ‘ Tkt | l@:l | l/:l | re—1 ‘ rg=" ‘ vl:l ‘ A ‘
T<<=" | Te>=r | xRt | /=)

# 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

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

(Th& sl AT ol AS)
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(o] A o] A el A Al)

expr: xor_expr ('|' xor_expr)*

xor_expr: and_expr ('"' and_expr)*

and_expr: shift_expr ('s«' shift_expr)*
shift_expr: arith_expr (('<<'|'>>'") arith_expr)*
arith_expr: term (('+'['-") term)*

term: factor (('*"['@"|'/"['s"["//") 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))* [','])) )
classdef: 'class' NAME [' (' [arglist] ')'] ':' suite
arglist: argument (',' argument) * [, "l
# 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 )

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: 'vield' [yield_arg]
yield_arg: 'from' test | testlist_star_expr

# the TYPE_COMMENT in suites 1s 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

(B sl ol Aol A1)

112 Chapter 10. x| 28 7&




The Python Language Reference, £ A| H{7 3.8.12

(o1 sl o] A A A%)

func_type: ' (' [typelist] ')' '->' test
# typelist is a modified typedargslist (see above)
typelist: (test (',' test)* [','
["*" [test] (',' test)* [',' '"**' test] | "**' test]]
| "' [test] (',' test)* [',' "**' test] | '**' test)
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AR 7} 2 2 95U th PEP 4922 B A Q.

BDFL *}H] 2-¢ £ Al = 2 X} (Benevolent Dictator For Life), 2 Guido van Rossum, 3} o] %1 2] ZX] 2}

binary file (W}o] U 2] ) vl ELF AA =S ¢
U] B ("rb', 'wb' & "rb+') 2 I 9 3¢
io.BytesIO & gzip.GzipFile & Q1A H

str A4AE AL & 5 A= 3 AA ol A= =~ ﬁ?% =z L.
k!

bytes-like object (B} o] E € 7 A)]) bufferobjects = St C-AEHHE JATE ST
5% memoryview 7“ Zﬂ%—% EEo|1 bytes bytearray, array.array AAE .
Hlo| EQ{ AA S-S vkel v HlolHE = o8] 7HA dibsel AHEE S AdsUh oS,
woluiel S A4, A4S B8 A% 2 ATl St
o™ AisEe H} olve] tlelH 7 7k AL Ha7F Ut ofd Beol dHAE TF (AL
2 7] vlol EAR{ AA) gt T ch
memoryview 7]- JdsUth & Ar=E
AA )l AFEH =S 2FFUTH o]
.

_/'\_
],

qgr{n

nlru

0% FxH = AA} AFE g AE =01, AA o7t

71 W AA e o= bytearrayﬁ}bytearray«]
2 utol g tlolEl 7} B A (($17] A& vl EL R/
AE9 o 2= bytes bytes AA 2 memoryview 7}
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bytecode (H}o] E F.&) Sho]# 24 TE = ulo]E T = 2 75195 =], CPython 91 ] = 2] ] of] A] 5ho]
Z2 I YR TP vlolE TE = pyc 3Ll A Hof, 22 YL F AR AP u)
o ek A BHE U T (0] A HholE IE 2 o] AATAS T 5 dUrh. o] (F3FAel)
£ 7 vko] E o) g et 1A S Ad ke 714 717 Gl AR E Tk B vo]E AEx
A2 ke sholpl 7 A Al A A58 A0 R 7t EHA E, Shol M W) Zhe] QA H o] A = gk
Zloll 2] 8ff oF Pt
HlolE R Heo]So B dis 25 A Aol Y Th

|

Aol A3d qH 28 b

o

o o
Lo

9

I

AT FHE = H

coercion (Z.o] ) 72 o] F AAE Fuksl= dito] dojys 5o G o AdadAE 2oz
SAAo R AstE A olE £0°],int (3.15) £ AFE AT 302 AR YTh AW, 3+4.5
oAl A, Z+ QA= th2 § o] AL (BFih= int, TF2 3FLbE float), 58 T 317] Mol 22 P o= W 3sfof
Futh 2182 ¢¢ow TypeError® 42Utk ol Qlole, S8 = JERAE =2 18
W7t 22 gog Aste|Fojor FuUth o & S0, 1F 3+4.5 3=t Al float (3)+4.5

complex number (¥ 45) 538t A Al2g Y|, BE KA/ AFR SR oz 59
AUtk sl A5 &5 A 1Y AFDHE FH AU, TF TN = 18, A=
2 271 Uth gpol A T 2o YW E 2 BAFE 7|2 (G UY; d R AuAE

]

i 1ot
T
IS

ol
>

context manager (BRI AE AR} _ enter () _ _exit_ () HIAEE AT o 7N with Fo
A Bole 33 S A ofsl= 2

2]

context variable (AE]2E W) A AE me} th2 gS 7H §= e g o 4 Ad 2~ =7}
Ao sl o2 g M = e 224 A4 Ut a8y, AE2E WSS
Bl st A Az o] AHAETJS S o AHAE HEY F §5 = FA4
v 5 7] B30l A4 FA8k= 2 YUt contextvarsE FERTAY AL

contiguous (A1<%) W 3= &3] C-A % (C-contiguous) o) AL} TE T A

i o AU Th G N H s C-A%ol WA EEE A% YUTh A Dol A, T
Ao AR 3L, 090 A A ZFBHs @ 5 A A1d 2] A H) 2 v 2 el of w) 5] o] of Tl k. Tkl
C-QA% Qo] A, M m P F40 € AR FHEL HE Ll vhA T st g we] Wb,

AT, EE Y A W Dol A, 3 AR QY 27} 4wk A g,
coroutine (ZF¥) T HL queee o dwsd geduch AR
z

g2 AFZd gEgUth TFEL2 o8 th2 A FA A AY3ta, &
O|AEL async def o2 T84 95U h PEP 4925 H A 8.

2 s AAHANA A Y3t

staz, A7 = A5 T

coroutine function (Z.5€l ) F2E AR E SHF =4 IFE T4 asyne def 208 A=
43, await & async for® async with 7| ¥9EE £33 4 95Ut o] AEL PEP 492
of 3 == A5 YT

CPython 3}o]® =2 7] o] o] 7742 9l 23 Qld, python.orgo| A vl = Yt} o] £ S Jython o] 1}

IronPython ¥} Z+-& Th2 2153 +EE 2 87} Q1S wlf 8] (CPython) ©] A& YT}
decorator (]| Z & o]E]) T} 2 T+ & 85+ 49U, E5 @urapper T H S A T oz
ALFA Ut v ZHo)E e £3F o= classmethod () I staticmethod () YUt}

Hmeole B e v B B0 Bk 0 T H5 B e goz S5

def f(...):

f = staticmethod (f)

@staticmethod

(F= soTAT ol AS)
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(o1 sl o] A A A%)

def f(...):
2o Tl 2o 2ol £ANAY, & A5 2k dza ol eol v e © A e gL T
4] o 2o 4o o AWAE RY FTh

descriptor (]2 HE]) WME _ get_ () o|} __set_ () o|U__delete_ ()& Ao stE AAl.

Zo2oEgRE}Oaadg L), B HE 23|= 503 A2 48 doUr) BE,
abE AL, 2 AL, A St AFE T W), 2] 22 DA elol A b et o]
25Ut AR OAaREE, s Fets dAadE WA= 5EHY
olal sl AL ol Wol B3t 2L olale] A4 Ad, B4, WA=, 22 e, 2o
WA, 43 oA R S Be 750 7128 021 7] fE UL

oI ge o] vAEsel ek AAIRE W82 t2 T - E @8] o YF Ytk

dictionary (54 2]) d2l2] 7] & ol Ul Al 7]= A& v & (associative array). 7]=  hash__ () <}
_eq () MINEE Ze EE AA7E A5 UTh oA sl g FE Ut
dictionary comprehension A compact way to process all or part of the elements in an iterable and return a dic-

tionary 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, {3, YA ]9 t] = o] (display).

l(f

g
L Yeagee
WA=, 2

_—, =

o

[>

dictionary view (9 A 42] ) dict.keys(),dict.values(),dict.items () WA E7} E8F+= 2
Asg 9 E] Fet £5UTh o] A2 9- Y FEEo g 54 FE5 AlFske=tl, 9A
Qeloh 88 ), Bt o] MahE g drhe ERIUTE A e HE A% F2E R 0T E

list (dictview)E AF23FH B U th. dict-viewsE H A 2.

docstring (52 E %) Ze)2, 84, LEA 2 WA BAA0R Jehje A9 5. A9E7} A9
2 o= FAEA T Aapd o] s AAH o SR A, T4, BEY __doc_ OJEFRER
AU JER AR AL £o] A8T 5 gon, AR AUAE AR A T

duck-typing (Y] €}o]33) u}2 QA EH o)A E 7HH =X st AAY S HA G =208
2B Y Al s A=Y o EERHET]
HAARTH, 2212 2 2th)) SA 53 o4l
AA X2 S FFo 2N FAZS N = 5 UTh g Bold-2 type () ©]Uisinstance ()
& 88 AAE AU (BT, & ol Fo] 24k wo] s 2ol ~ 2 ek 4 9o a0}
Futh) tiAlell, hasattr () AR} EAFP 22 T2 & H T

EAFP 3 =R = 84 & +£317] 7} 4 ¢} (Easier to ask for forgiveness than permission). ©] &3] & 4
tol X I AEE L, SHE |V ol ES R ES S E MR, 1 7ol W A9 &
Utk o] ZFstmtE A8 d-2 W2 trytexcept w8 EHE EAA AF YT o] HlZY
o} 2o Th2 e lofol A A7 ALEE = LAY 25k 7 v Uk,

expression (FA4)) ol W ko 7314 4 g
ol &, A EZRE HAM 2, AL T4
e e dojo o, BE A
o% g4 R £4 ol g5

s

fol
i
Au
Al
v
>

fo
ik}
<
v
T-\g
vk
_>|i'4
uits)
f
o,
Kl
to
Ak
_)&
o

Mo
g\l N
-0,
BN
N
v}
il
1)
Hu
=
r U
ok
EE
=]
o
>,

|
o mN
e r]g 22
ol
ftfo I-
il
v
N
rir
E
"
ko =
B>
il
filo
s o
N
ftho r-
2 e

SRR
o
kA

ro{r Ny

L

o FH

o

>,

ro

S

flo

(o]

£

o Ll

A

ul

ta
i
0,
o)
[

(3

Tt 4T g

f-string (f-2£A1F) '£' Y ' & Yo B AL HHEES
A BlHE o 29T Yyth PEP 498 & E A 8.

file object (3} ZAA|) 3} Aol thal| 5L A FFA API(read () Ywrite () Z2 HAE
A, S o uel, 3t d A= AA gaz g Fdoly thE A FA
Y AR = 5L Z AA (file-like objects)} 2~ E F (streams) ©| 2t 1= B FH 1t}

AAZE AR5 5 AR S ] &L & (raw) vho] U] 2] 5He, 93]  (buffered) o] 1] ]
s}ol, H = 519 o] 9] Aol Ak io REAA B HUTh %Y AAE EE FHA
- open () B4E 2% AU

=
file-like object (3} ZJA]) s+ 24| o] v e 2.

(ot
o
/I/i
M
B

2
)
i)
kJ
4z
[rt
rlr
n}
kel
>,1j
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finder (¥}21t]) dXEF RES S 20 & Fog 1 A =3+ AA.

ol 33. o] % &, F T FY UG A5 YT sys.meta_path &F T AHESHE v E A 2
3191 ¢} sys.path_hooks 3 A AF&-3h+= A =2 A EZ Tkl H.

] ZA 3 U8 PEP 302, PEP 420, PEP 451 o] V-3 Ut}

ﬂoordivision(@ WA 748 W7k AR W "lste 84 A A5 A dabake /7 th
AE Sol, A 11 // 4 F227hHAR A A2 2,758 2T (-11) // 4
7} -2.755 W¥ gt -30] Holl o)l of T} PEP 2385 H A 8.

function (g42) S EA A o E & B8+ ?:_1%94 S AU Lol A7 AL E 4 e,
vit] o] Aol A2 %G\%D‘r. w7 A 5 <F m A = 9F -

function annotation (g o] =g o] A) T4 w7 H ) B3 Zho] o] :mH| o] Al
ol oL o R 3 JIE & }%%L}D}: e E
BLOPEO‘ A= 7IHH 3L, SA ol int ¥HH & & 2o = 7

N

def sum_two_numbers(a: int, b: int) -> int:
return a + b

B4 ol e o] d 2L T4 o] ol 4 AW T
o /)% AW BHE W4 o] w0l 4 7 PEP 4848 FE A 2.

_future__ Z =2 Iefu7} @A A Z 2B o} T A ok A 2o 7]
7H RE.
__future_ EES JYEESU I WMFEY gS5S FalA, Al 7150 QA Aoz Adojo] F7b
A3, AARH 22 0] 7120 He=A B s th:

filo

BT 5 =S 5

off

=
=

r[r

>>> import __ future_
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (7}8] X] =~ #) © AFE5 A b= W R 2 & ¥vhd3t= Ak Jo)u S Fx 3¢ FH3
Az <P AANL 2L 5 e w8 A £77 8 Bl A A 78 AU AAu A
FA7Egc PL%?:&,S_ AHEA A Al A5 T

generator (AU & o]€]) A #|olE o] do]E & & S Rt S g Kol =dl, €™ 3E

L S H A BB AT ol LT, o) BB for S ALE A et
B4z @ Wl sy AY 4+ dFUTh
HE Aol 8 7Fe] 7] A, of ® oo A& Al &
S o u) 7 B EetA] ¢k A, A ol E HA Ui
generator iterator (A @] o] €] o]E]d|o]¥]) A o|E T471H
Zyiclar QAR A2 B RS, 1 9A (49
A3 AEE 719k Ay ol o Bl ol H 7} A 7N
A2 A 2eh 4o} o el g U o,

_I_4
)
=)
o
_VE

= e ATk 9=

ok =5 =

ru]o
1 559

2

°

v

HY, g Xo® ﬁﬂgﬁf}(i%u}u}

generator expression (| U#|o]E] 2 4)) o|HHo|HE EdF+ 4. FZ UL A E FY o=
for Azt A bR is Aol Hol B+ VAN AY RelUTh AUV A e SR U4
A& e BEo WU th
>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81

285

generic function (A g 34) 22
uf oj T o] AREE A=
Atz 0] &3} functools.singledispatch () Bl Z | 0B 2} PEP 4435 H A Q.

GIL A9 ol =ZeE 2 2 HAS.

ALt %HE e dedd disl FAg oY g FAE . TS
239 2] &

kY
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global interpreter lock (A& ¢le]=2]E] &) 3l Hoj @ A d1}o] AH E7} glo] M vlo|E 7 & 2 A3Pe}
£2 R4e7] 918 CPyvhon QB2 B 7L BB W AUE, (dictst 2o F2 8 IDES E
Bohs) A7 20l SA402 5 ool G R o] Chython 201 & B0
eynh 9z Y JAE F 2 A2 dEZHE dsad =8 A dEE A, vE

z2 AN A7 Al B Wd e e RES S AT,

AL OB AL REEE HEol ] AU 0T GIlL oY T AR YA A2 £
k<) o
=

ok

) AL

EARE] ]/\ﬂz‘s}ﬂ] ZgHolHE ZAar) (AH B A2 - (free-threaded) ) QB Z 2 EH & WIS
A e Ao o g B EA e, E4 o = e A 559 A o) 2]
WESIL T o] A% ol & FEIE AL FAL BN BAA BEOIA §4 WEo] o Soj2
202 ol A7 Y%t
hash-based pyc (3] 2] 7] Qt pye) +273-5 W8 3H7] S8l sl A2 5hd o HF 54 AlZFe] ofd
AHE-3He HEo | E I = AA] 3h. A E HiolE I E B E Fz
hashable (3| A] 7}'s) A A7} A 1 Fhol WA g A gk 28 (__hash. () MINE7F 28 3%
yth, o2 AR vagE ¢ JoHl (_eq () MIAEZFZRFUT, A 7 sttial %“4‘3}
20w w4 b5 @ AR S A g Zobot Fint.
A e ANE DAl Al A Ee) B2 AR T 5 A e, o AR FEE)
BH O 2 A FE AR Wi E Ytk
o3 sl ale] Bl U AA S 3 A g ok (A s E A
la‘zl FsUh (F= oerrozenset Z2) B AHo s 18
A ALk A Aol Bazol daHs AASE AR o
M S A9 etalE) B thE2 0kl Bl E 3L, A g2 id () B FE
IDLE 3}0]2‘_%-14?_ =3} 7|3 37 (Integrated Development Environment).
7]

4 B9t e mele B4,

i AlE

ol

13“

e 7ha Arol U EL
el A s e Y

ofr

rti
ruin
2
i)
A
_E

)

DLE-S 5}o| # 9] %2 ul) & 5ho]

7

e Z2e A4 89 AA = 2L 4G, FEe AU o AAE2
ok Al gt A sk | A AAE t&‘éoiolﬁﬁ Ytk #skA] ok s Al gkl 3lo]oF
g AEES FUH AE S0, 9M U 9 71-

5

g

=

g

=

(¢}
m&ﬁA ko

s E’_%ﬂ sbolH T EZFTE R 5 ho| W I =AM ALEE £ I =S 3= F AL
importer (%]-‘LE]) ES 3| % st 2 V)% 3t AA; S Ao kel o]z 2 AR YUY Tth

o
interactive (t]3}3)) 3ol ML 318 =z E 2ty =, dE=Zg e 222 EXN 243 53
48 Qe 5 93, 52 AWD 272 B 5 drke £k A7 glo] ©A) pythong AR

A2 CAFES) Fuliwol A AHaE A% b 5 s th. Al ofolo] g AAaAY LED
57148 o] thi = o) 732 3 9H U T (nelp (x) & 7191 5H41 £).

Fl

[U
it
i
_l
p

interpreted (QIE]Z 2| E]&) nlo]E T = Auld o] &) o 2 FEo] 3R] 7|+= sHA gk, sho] A
2 At A7t ol Az gl E dofdUrth o] A A H o2 Ad 5td S THEA %}-T’—E
/\’\ SBdE AH AP = e EYdYeh 2 22O & ‘:‘] A A3 A 7] 3} ] gk
JdEzZEH ‘Hﬂ HE ASY dojH o %2 /g ]% kSt o 3he] & HA S

interpreter shutdown (21E]Z2Je] £8) £ 532l LS 2 o, glo| A QA Z el = EH 3 Al 7] 9
9=, —:-‘5011/]' Ay 7HA] S QSR T2 T EE @%% AAES dAFoZ
Hbdsty o =3 7 2] =47 & oy H S ES YT AR AR 9] 3H ]—L‘rweakref o) Q=
FEEY AR S AZANZL = AFULE TR A7) A AYE = I == g e ss e &
°““Eﬂ, :’—ﬂol AZd‘“ dEol 8 71534 <= = A7 EJUTH (E3 o= gho] B g

]_
Folu 41 FAE YU eh.

oz elE £89 FH 9AL AYPH = main_ BFE
A

]

W aagEs e Bl AU

=
2= (1list, str,

iterable (o]E]Z &) AHES 3t A 3 & 4 J+& 4A. o|HHE o9 =2
tuple 22) AW~ S, dict &2 WA M AAx F 5, 59 27 S — 0 Y AEA
MIE F8d=_ getitem () HAEE XA ALY RE Z 29 7H;<1].‘§ 1 4t
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HHEL for Fmo| AHE
o 82
o] e
g
IAE

s
T =

2 5239 (EL YF F5next () 2 ARFH) 2E o] gt FERES Aoz S F ) o
ol o] tlo 8 7} §l= wi= th4l stopTteration o9& ot o] A/ F oA, o]E & o] & 2
Ae 2R, 01Z] BE  next_ () WA E &L Stoplteration o & thA] 42774k
gt olg g olEH & olH oy AR A EHFE__iter () WIAEE 7HE Zo] 875 7]
ufZol, o] &l o] Bl & o] El 2] £ 0] 7] & staL ThE o] H H B 5w Wolsol& 29 oA AHSE
F dH5Uth 83t oy HY oJHH o] S AEdE ZEY YT (1ist Z-2) AE oY
AA = iter () ¥ 2 AGAY rfor Fxof| AE T wjuttt A o]H e o]HE v YTt o]/
A= olg g o B o thal| A 3 ste] i &Fd, At o] & o] A of] AHEH o]u] £ZH olEH o] HE
S F A, R A oY A Kol A vhE T
typeiter o & 1412 U 0] S,

key function (7] ) 7] & == Z 9| o] A (collation) <=+ A & (sorting) ©] 1} 8] & (ordering) o] AH-&-F
= #e EEFE FHEYUS o F £9], locale.strxfrm() < 2AY S PSS B2+
A4 718 v+ d A H YT
ol MY W2 =7 Q450 oA A A oA AL Fol=A & Aoty & 7] g whop
EYYth old A& Emin(), max (), sorted(), list.sort (), heapg.merge (), heapq.
nsmallest (), heapq.nlargest (), itertools.groupby () ©] UdF5Yc}
7] 5 HEEde oy BR o] s Uth ol E 0, str.lower () HAEE Alo]x &
AES A7) T2 ARE ¢ AFUTh HdH 25, 7] 5& lambda RHA S & W5
A=, ol AJYrtt: lambda r: (r[0], r(2]). =3} operator RELS A 79| 7
A AAE Al S8t} attrgetter (), itemgetter (), methodcaller (). 7] 45 W
AH8-3F= ol t) 3k o] 2 Sorting HOW TO & H A 2.

keyword argument (7] 9 & Q1 x}) <12} & HA Q.
lambda (2th 523 ) gro] T L Ste] el o2 THE ol & Gt Akl Y. woh FHE
o

N B2HL lambda [parameters]: expression YYrth
|

—

it aot oy 2o,
Ro > el

LBYL % 7| A ef X 2} (Look before you leap). ©] T AEFYE TE 0| U 23] & 17| Aol YA H o2 AA
< AARUTH o] 282 FAFP F2WH A o H 2, g2 i f Y 2R S A AU TH

2= &AM, LBYL 292 (E7]) 2k (F7]) 2ol 34 245 =7 2 S8 <] 2

M AgHomA HAT & ABUh

list (B]2E) W shold Al s T o]Fol= 273, Ao tha JA2701) o 7] o, 42
2 E (linked list) ¥ th= th-8 Aol o] vj 23 AR o}

list comprehension (Z] AE Az g3 A) A/ A2 45 AR = dRE Ay 1 2HE g rER
=8 FE 7028 . result = ['{:#04x}'.format (x) f a
% 2 == 0] =004 255 Atolel J+=&4EY 1674 (0x.) ES
TEYTh if A2 AR 5 lsyth AEhd, range (256) o 9l

Loader & HA| Q.
magic method (W] & W] A=) 5= v A = 9 u]F A Al v]2gh 2

mapping (W]3) &9 7] 23] & A Y3l Mapping ©] U MutableMapping 4 Wl o] & S| &
off AAH HAHEES FHE= A o)y AA. 9 2= dict, collections.defaultdict,

collections.OrderedDict, collections.Counter S & 4 95U rth
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meta path finder (W€} 2 5}QIt]) sys.meta_path & AMo] FejF+ 3hlH. HE A2 oA+
Az e It & #HAE o] 7] += A T YT
el A2 37t = WA EE] A= importlib.abc.MetaPathFinder & HH
Hyth

¢

metaclass (W€} F22) Feao] Sa ZHl2 HoE= Ze2x ol F, Fdl2 gAY, Hox ZHAE
o B2 wEyth HE S aE o] Al AAE wholN SHAE HEE IS FYTh g REe
AN AFY 2209 AojEL 7|2 TS AFFUh o] WS SE3HA e AL Axd
HEF FHAE TE F JdvhE AGYUTh dRE AR AL o)l =37 A8 28 AT Ze vt
A4 o, uﬂﬂ-i?/ﬂ/\‘— 7”“5}1% otgt s = Al FFUTH AAEEFHE HA 29 27 (logging),
2E = kA 27 AR A A2, ASE FEH L gE Fho A F YT
HE FE2 oA o AN YRS 2S5 s

method (WA &) S|~ H}Dl Sroll Al H o
I HAEE A HA] o2} (BT self
~FZ EHASK.

method resolution order (WA= AR +4]) HIAE Z2A A= X35}
Soj 5] A AU Th 23 e 25 E sho A ol E welElof A&
Python 2.3 Method Resolution OrderE X2 3 vt}

module (2.5) sho] A S=9] 223} B9 & FYSHE AH. BEL 999 st A AANES T o)
308 24Uth REE Q3 A o9 ol Aoz zehv

714 £ BA K.

module spec (5 2%) RE S 2E3l=0 A&5H = o
importlib.machinery.ModuleSpec & AX2HEH A,

MRO HAE AH =4 & HAMSQ.
mutable (7}H) 7PH AR = gho] M = AT id () & SAFFA FAGULH EH T HA L.

=
named tuple (W] = %) (named twple(V] = F5)) o] eh ol FEONA F5 3 o] & 2 o] =
HEE o] AUA B 5 It 2o A2 B 4 UL RE G} 2ejso] AEH UG

Folt Zesol e A5 E 92 4+ AU
time.localtime () os.stat () 7} ¥FE3E 2FS 351, A& WA o] I EZ Ut}
T O} & o= sys. float_infoYyr}:

>>> sys.float_info[l] # Iindexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

QR IE FEL A (S o) AU

Lrlr
MU
o,
!
>t
il
é
>
rr
&

collections. namedtuple ()=
FEAAME S e B 7HA F7HAAESE F

N
N
_<,>L
NE

krl

i
31

namespace (¢] S Z7hH WHEL7L A AT =
A= o Z

= O o
22k (v W4 o] F B7ro] A% Uth o § B o]

=]

2} X
R A REAS LT YT} o & &9, &4 builtins.open Fos.open() S I1ES
R

O o,
o o o

= 2oJdl BRE T4E FTHIF=AE THH T A
AT FA B4Adod =22 S Ut o & 590], random. seed () B ltertools islice ()
2t 2 I S5 0] ZFZF random I itertools BEO 9 & FEE 12 o] WEE U}

namespace package (°] S %Z}» 1A & A
o8 BT AT A= 2
7] 4] 9= ohE U o,

EE T HASL.
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nested scope (51 H A2Z) ¢4 Aol 4 W4 E F25HE 5. o & So], T2 T4 Yol A 4
9 Pt ik ool G ARES F2T 5 AEUD P 2nzt |R4o s Fa
R, e 5 A btk Aol RS ok FLith A MAE L g R 2mmolA] 9
ZHUTh 0 AR 2, Ao W4 5L 19 o] & BN B3 HUTh nonlocal & M2 AT E

2 AL ST

new-style class (5+ A€l ZeEjA) A ZL 2E Z A AAo ALH L d= Zal2 8@ oA o
£ 27|19 ol HAANAE, 2 & F2oetd FH AN slots, YAAHE, Z ) E,
__getattribute (), 22 WAL, 28 E HAEe 22 oM AME t}Y3 I sE

2 A2 3 24 99 Th.

object (AA) ) (AEHEY ) S 230 T2 (WA E) o] Fojd BE oy, =3 BE FoEtdd

Qmaqqz%owlAqwcgww

package (3}7] %)) X H R2F50] Ur, ARz NE A7 A S TS 5 e ol La5. 7eH oz,

37| A= _path__ A EZREZ} & gold BEJ YT
@%ﬂﬂﬂﬂﬂ%%lﬂﬂﬂEiw&

parameter (0] 7| ¥ 4) SH5 (= WA ) Bl oA 47 b £ Qe ol ap (B ol AL QAE) E
b o5 28 Aere), A 2ol AR S

4
» 91 X]-71 ¥ = (positional-or- keyword) A Q1 2k 7]-? =9
ik o1 o1 P e i) g e o2 ol b

’def func (foo, bar=None) :

o 9 X-A & (positional-only): A X Z T Al52 5 = AXE AZFULH J A AL wi s+
S Fol o wi/f A £S5l / FAME 238 1 F ol AT £ F U A& S0 ol

A posonlyl 3} posonly2:

def func(posonlyl, posonly2, /, positional_or_keyword) :

7|1 =-A & (keyword-only): 7| Q=2 R Al52 5 = AAE A FYL 7|9 =-H -8 w7}
M= b J oY v vl EF oA ghof] 3hte] 7HH - 2] wi A+ & T2 3| A
Aog 4= dF Ut A& £, b2 A kw_onlyl 2} kw_only2:

def func(arg, *, kw_onlyl, kw_only2):

o 7VH-9 A (var-positional): (T2 1) 7| H =50 2] S| A] o] ] gtol 5o A 9] %] AR}& °ﬂ o 3H)
AZE % 2 A7 ke Yolol AALE AR T, ol7 wAASE A o] B
£ ol BoA BgE 5 dF U A E S0l ool A args:

def func(*args, **kwargs):

o 7}H-719 & (var-keyword): (T+E o 7] A4S o] ] 3 4] o] u] WrolE o R 7)Y & Q1 AHE o T 3H)
AFE 7 de Y A 719 = JQAE= AR FUTE o) d wi7h &= w7 H S o] Fo
x5 grof] oA Hold 5 AU Al E =01 919 ool A kwargs.

As s A ARES AT /)RR b e A Aol A B5 AAEL AT F A%

mlo

;(}_9.017‘@] gm0 219} u A W 4= 2] x}o)of 1} 2= FAQ A&, inspect .Parameter 2|2, 34
<] A, PEP 3625 HAR.

path entry (B2 QlE2]) 42 7|9 7ot 7} QEE & RESS 27 8] Bnols v 4 4

shitel a4

path entry finder (73 2 Q‘]EE] 9}QlE]) sys.path_hooks o]l Y= ZHE (S, FE2 JEZ ) o] BEHF
=Y Jdd], FJ R A2 dER 2 RES = UHES €1 54U
o

BE e 3 H o] FH3}

path entry hook (2 QlE2] ¥) sys.path_hook B|2E9 &= ZHEQH, EA A2 AEZ oA
EESZEHS L Jud Az e gy & an Ytk

d

r[r
=
X
(A
m]n

importlib.abc.PathEntryFinder o] U3 4T}
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fifo
R

path based finder (% 2 7|4} 5helt]) 712 vl e} 4% 79l H S 5 shupele], QrE A2 o) BE
Z Ut

path-like object (3 25 A A|) 3L Al2" A2 & L}EML AA. A2F A= 425 e Y= str U
bytes AA o] A} os.PathLike Z2EZ S 73 3= A O‘L]I’% os.PathLike Z2EZ L
A Qo= A= os. fspath() & EEBHH str Wt bytes 34 A|2® g WIE 5
Jd5 Ut} th4l os. fsdecode () & os. fsencode () & Z+Zt str Y bytes 23S B A351=1
A58 4 A% o] PEP 102 % 945 514 11T

PEP 5}o 7] 41 ]9k PEPL= ol AR Elo] BEE AT 5 AL sho]f B 1 mRA|A EE
B0 3t A2 L /)5S BEshe A A QUTH PEPE A 9 7] 5ol th @ AT 7% ALk
B 272 A F s of gt
PEPE #.8 A2 & 7152 AU LAN 08 A% e QAL 244 shol dof o1 4
AR 57 918 718 WA S AUtk PEP A4 A AR UE Wel A 3l & 7553
2

242
ulth o A £A8 @ Aol Ygth
P1Ex3A L.

portion (£4) PEP 420 o A 2] g A 4, o] &
FAE9] Jg @ip 9ol A== A 7t

positional argument ($] ] ?12}) QAL & H A Q.

provisional API (3 API) 27 API:= %2 ghol B & g9 3}
X

- 3471 Aol o] ukA) sk Ste) Tl e el ol Sol 9l
Fuch.

ofr of

A58 A9 8
ﬂqq-ﬂaﬂm~4%@ﬂﬂﬂ@ﬂﬂL°HWP ol AL B, 0 ATLAE

23ttt A4 eerE 34 S8 o] FAH A g : Cadwge
%ﬂoﬂﬂﬂoi“ﬂ%ﬂ:%%ﬁﬂﬁﬂ—Am%EﬂWﬂﬁﬂ%ﬂ%ﬂ?ﬂ%%@ﬂ

A £ ool usia} ed N1 5 Y

provisional package (X"751 JH?] X]) 7 API E B A

O
Python 3000 (3}0] % 3000) “}o] 2 3.x vl 2 2elef W w (M 39} w27} W vjefj ] o]ofr] | Al ef| vt
Solxl o]Folth) o] A= (Py3k) 2 E 27]E 3

Pythonic (sho] AThe) THE Ao Sol A ANAA A ES AHEHN DES 7 A
NA 7V AT ALEH & ol AEL 717ko] w2t ofe]Tlof i} o], 5ol 2] A
A% 2L ot e for B AEHA o HHEBY BE 84 AYUch e B
QAofol & o] el 7o P B Yom, sl e %A e AFEL hA %4 72 E 2
g3t = g ok

—

oA, wko] 2 <l of

for i in range(len(food)):
print (food[i])

o 238, sl drhe e o 5]

=

for piece in food:
print (piece)

qualified name (J 7318 o] &) REQ AP 2FZ oA RE AYH Fd 2, T, HA= o2&
(BE)EHAFEHoEZ FEH o] F. PEP 3155 oA Hogguth A4S T FeHay

A9ol, AT o 5 AR o] BT} 2Tk

>>> class C:
class D:
def meth (self):
pass
>>> C.__ _qualname___

(Th& sl AT ol AS)
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(o1 sl o] A A A%)

YC’

>>> C.D.__qgualname___

'C.D'

>>> C.D.meth._qualname_

'C.D.meth'’

nES 718 7] o A2 o, &AB] AFEEA o) 2 (fully qualified name) S RE BE 3 7| A 5L
TN REE 7= ZJEE 2 H o] o ugdyt), o & £9],email .mime. text:

>>> import email .mime.text
>>> email.mime.text. name_
'email .mime.text'

referencecount(' IR 34 AA o 3 FRY NG AAY IR 34700 F Dol AW, Wl s}k
AUch Fx2 A5 FHL IRtH 02 sto|yl F= o = A= AT CPython 3] 34
’\‘?J‘%D}- sys BE2 54 AA Y Fx 3545 S8 F & getrefcount () & Yt
regular package (A 7] A)) __init_ .py FLL 3= e gt 2L A5 A 9] 7] 4.

o] E F 77| A = HA L.

_slots_ S o] Ao, ArEs o= HESS 9 1S v AAstE d2Hx A
e E AAGo A HEe S Adsht BHE FUC A7 Q7€ AT, o Hag e utes
AE3717 5 TR L HoehA, MRl MR 58 2RIl A Be 5ol AntAT)

=98 49 d4she Aol FHUT

sequence (A]F2X) _ getitem () EF MM EE T3 A4 AG2E AL w2 g¢ AN AE 2 Y
Stal, Al A28 Aol EHF+=__len () “ﬂ/ﬂE% %943}— olHHE. 22 WH AALES
L]-"‘%HE ,list, str, tuple, bytes 7} 01% dict =3t getitem () Z__len_ ()
= X]ﬂﬁ}zl OF, 23] o] F thAl doje £ 7)1 E AFS S| Wl ol Al AT o2t misd o'
43%"%‘_ Aol F 5] oF gt

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 ¢ in 'abracadabra' if c not in 'abc'} generates the set

of strings { 'r', 'd'}.See B|2~E, H3 " el ty2Zd 9| (display).
single dispatch (2 t] &3] x]) Fd o] stte] Aate] Fof| 7|2 A 2 = Alv| = o 23] 2] 9
slice("i}OI/‘) HEAA2 S AR E X236t A
F5 Ut} variable name[1:3: 5]
EHJ*PZ (ME23HE) 272 YWFH L

b

special method (5= || /H l:) g}o
AME. old MiE=EE F 79 |

—

text encoding (9| 2 E Q17 Y) FUIFE FALS Hlo|EER ﬂi%‘é}% 4.

fext file () A2 542]) scr AR E A3 2 % 9 919 A4, 55, GAE 598 AA 2 uho] = A%
Yol AERL AA e HAE o 2 A% A2 gtk GAE 5de ozt gt
Er('r'EE'w) 2 dd 3}, sys.stdin, sys.stdout, i0.StringI0 & AAEHAE E F

Uk

ol EG R 4] 8 932 4 9 9 AR ] AL vhol e 519 = FE AL
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(O Y22+ ﬁ(<)/‘ﬂ 7HE%EW}°JTX}°“‘ A
% ﬂd—ovl‘: ‘L% s Ojﬁ% 7FA] o] froll A &R 7t

A9 oo R 4 YEF o1, A4

type () 3}ol 7»‘1‘?1194 P2 aZlo] o FR7 AAAAE AAFTUY; BE AA = Fo] dH5UTh
i U type (obj) & ¥ 4 AFYTH

LI %_ Ry =
A FL_ class OJEFHEZ WA 4 QA
type alias (& ol dgo]2) I A Ao Y Y3te] BHER =

P o dejo it B I =S desie o 48T o2 S9:

from typing import List, Tuple

def remove_gray_shades (
colors: List[Tuple[int, int, int]]) -> List[Tuplel[int, int, int]]:
pass

o= 2ol o ¢7] 44 we & dsuth:

from typing import List, Tuple
Color = Tuple[int, int, int]

def remove_gray_shades (colors: List[Color]) -> List[Color]:

&t typingd PEP 4845 2 3HA 8.
P E) fg, FH2 A EYRE E 5 i AS U RkS g VdiE £ 32 A s o=
A
Y I E = A ALgolH -L‘rol oA ZAE A & dFUTh AT 34 3 4 =76 {8319
IDES] 7= &4 2 A EH S FHUTH

¥

=
A9 A4 g AYety, A9 A, Fda JEHHE ¢ 849 3 IdE L& typing.
A~
=R

o] 7]1%5S A sl typingd} PEP 4845 2314 S
universal newlines (UM A & d7)) thad 22 A5 EF £9 E0Z A48, HAE QEB%
A== Y2 N 2 #Y '\n', AES= FH "\r\n', g AL N EA] F

Z7}1A Q1 AFgof] B3|A = bytes.splitlines () ¥k olu] 2} PEP 278 &} PEP 3116 = EH]L.

variable annotation (H o] o] A) Hy = FP 2 oJESHEL] o] - H o] Al
M EE e ol Ee e o mHo] 42 D g AE AL
class C:
field: 'annotation'

ME ool de YO § AES AP UTH: o & o, o] WAL int FE AL Ao

7l g Ut

count: int = 0
W o] L H o] A B2 AA o] - H| o] EH U] ] (Annotated assignment statements) | A A4 % gt}
o] 7l%5< AW st= T ol :=H o] 4, PEP 484 % PEP 5265 FXSHA1 &

virtual environment (7} 81 7) u}o] 4 A& 212} %% Z2 o], Z+e A AH °ﬂ A A= = o2 gjol A
g 2T S JFS FA D Teel=

, g W WE 9725 AN FAY
5 37
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5L o)
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o
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(o]
fu
o2
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o
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)
o
%,
lo
N
N
W~
%,
N,
2
r
s}
=
o
o
&

virtual machine (7} 7] 7)) 2 Z Egojqlo
=P

g7t 2ot vholE =8 AR P UTh
Zen of Python (JI-OVH A) sho]l M t]zpol Yo} AetEo] BEoly|, doj = o]—éﬁfﬂ_:ﬂ_ A5 o £ 20
Huyth o - EHﬁ]rﬁo ZEZEA (import this) & YH3H B YUt}
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APPENDIX B

O] dHAOf 25}0q

o] A A<= reStructuredText 20| A hE01Z A 2, glolH AYAE 3l SH3] AZH A 87

9l Sphinx & AH&-H< o

A9} o B 915 B A LS Thol W AA| 2 v} AAA = WA 07 AQRAA L] = A Th 7)o 5
3 A ThE, o] 9o o) 8 4 2= reporting-bugs 5 0] A & 21 S A & A2 -& AHLBARRE AL}
2rod g TH

O3 2504 B2 ZAE =9 Utk
* Fred L. Drake, Jr., 92 sto] AA = o] 22| A @2 2Rl 29| 27}
« reStructuredText 2} Docutils 29 EE JIE &= Docutils ZZ2 A E,

* Fredrik Lundh, Z22] Alternative Python Reference 2 2 A E of| A Sphinx 7} -2 o}o|t] o] & A H Ut}

WA A 71 F YT 7] ol AFe] FE A
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appeENDIX C

oI b2} 20| Ml A

C.1 AZEQ0{Q A}

gfo] -2 ABC 2= Qo] o] T A A& A] W] g 2H= 9] Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/
%) 9] Guido van Rossumol] 2] 3l 1990 dth Zukol] ko] F5uth hol Mol thE AHEE9] e 33
o] 235 912 %, Guido= ol o] 78 A A= vho} 551,

1995, Guido+= Virginia 2] Reston ]| $1+= Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston.va.us/ Fr2) o] A Ihol A 2P -& AL, o] XA oy AL AZE OIE SAYUF UL
2000'd 59, Guido 9} 5}o] A 3 4] 725l & BeOpen.com 2 2 & 7 A] BeOpen PythonLabs 2 74 %
Yt} 22 3 104, PythonLabs B -2 Digital Creations(& ] Zope Corporation; https://www.zope.org/ ZZ) 2
A5 YTE 2001 d, 5}o]# 4 = E 9 o] A & (PSF, https://www.python.org/psf/ Z+Z) o] A H = A5t}
o] A= stol M HA A A AAHAS afote s 5835 AYH v D2 24 YUYt} Zope Corporation &

PSFo] 391 39191 Th,

Wi 272 F7 AP UTH(F N 22 Ao e sl A= https://opensource.org/E 2814

Ae). A0 =, L (3HA v A i obd UTh She] A W E B GPL} G TH ofele] Ei
cheFst vl Z S g okt APyt

HY = ot oHHE 2 | 6 ASXt GPL 5 &1?

09.0~1.2 | n/a 1991-1995 | CWI yes

13~152 | 1.2 1995-1999 | CNRI yes

1.6 152 2000 CNRI no

2.0 1.6 2000 BeOpen.com | no

1.6.1 1.6 2001 CNRI no

2.1 2.0+1.6.1 | 2001 PSF no

2.0.1 2.0+1.6.1 2001 PSF yes

2.1.1 2.142.0.1 | 2001 PSF yes

2.1.2 2.1.1 2002 PSF yes

213 212 2002 PSF yes

2.2 o] 2.1.1 2001-& 2 | PSF yes

Fi: GPLY} z&d = A2 2| 7FGPLE slol i v xdthE A2 dnsiAl = ddsunh EE
ghol A gholAla= GPLA 28] o] 2o WS 37/ 222 UaA G s Ad WA x5 A
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?—J_

Ytk GPL &3 eho] 4l 2= Sho] A3} GPL 3ol WEE The 229101 & 2FF 5 A Futh e
As

337 @5uh

Guido 9] A= 3tel| o] Wl E 5 7H5 317 T B 97 AL BARE N A FAEH U

C.2 TIO|40l HMASHHLE AFRSH7| $I5H 0| ofzt

vlolH Az E Qo] e} A M= PSF License Agreement©l| thg} gfo] Al a7} F ol g U th

glo] W 3.8.6 7 F, AW A9 oA, Z&|¥ Y 7]} T X = PSF License Agreement 2} Zero-Clause BSD license©l|
el o] 2 ol 7} % o151 0

Shol ol BTE A% 42 =g o]l hE eho] A2sh A& H LItk ehol A 3 kol 2o 35
£ TEo S A oo Shol 0] BAA BRE 85 4= =9 ofo] U]gh ko] Al
PREE = S

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.8.12

1. This LICENSE AGREEMENT is between the Python Software Foundation.
—~ ("PSF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.8.12 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 3.8.12 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2021 Python Software Foundation; All_
—~Rights

Reserved" are retained in Python 3.8.12 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 3.8.12 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
3.8.12.

4. PSF is making Python 3.8.12 available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY._
—OF

EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY.
—REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE

USE OF PYTHON 3.8.12 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
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5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.8.12

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A._
—RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.8.12, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material.
—breach of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. _
—This License

Agreement does not grant permission to use PSF trademarks or trade name.
—~in a

trademark sense to endorse or promote products or services of Licensee, .
—O0r any

third party.

8. By copying, installing or otherwise using Python 3.8.12, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License

(Th& sl AT ol AS)
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Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
Internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
Internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4., CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or

(Th& sToAT ol A%
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with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.8.12 DOCU-
MENTATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3.1 HE2M EQ[AH

_random B2 &2 http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html oj] A
Welh Feo 7Rt F=ES 243Ut b2 dd T2 A4S Iz &0 Addth:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array (init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m—mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C.3.2 43

socket R EL getaddrinfo () & getnameinfo () T+ E AFR Yt} o] 5L WIDE Project, http:

[lwww.wide.ad.jp/, A A & EE A2 3tY =2 I 5] 5T

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ""AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 H|S7| &3 MH|A

asynchat¥ asyncore 252 th33 22 £ A1S 233 oh:

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.3. Z3E 2ZE|0{oll it 2foldla K 52l
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C.34 37| |

http.cookies RE-S T}eT} 28 59 A3 LR T

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

o e 39 AL TP T:

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C3.7 XML & Z2A|IXH S&

xmlrpe.client REL The T 22 o] A5 TR

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.
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C.3.8 test_epoll

test_epoll RES b3t 28 79| AL ZFFUH

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE-2 kqueue Q1 E 3] o] 2ol thal THe 3} 2 3] AgHS ERFU T

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "~ "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

39 python/pyhash. ¢ 9+ Dan Bernstein 2] SipHash24 ¢+17 2] = 2] Marek Majkowski 2] 728 o] 2 3}5] of
AsUTH 7)ol &= v 22 W8o] 235 o] 5yt

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod 2} dtoa

C double 7} £ A+ 7He] W 2ha 913 C <= dioa 9} strtod S Al & 3k ¥} Python/dtoa.c < @A
http://www.netlib.org/fp/ o] A €& 4= 1= David M. Gay 2] Z+-2 o] £2] 9} d of| A A 21551 T} 2009
d3g 16Ye T2 Y& gdo& v T2 AZd 9 ol F A 7F £3E o] Y5t

/****************************************************************

*

* The author of this software is David M. Gay.

*

* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

*

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

*

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
*

WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

***************************************************************/
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C.3.12 OpenSSL

2 E hashlib, posix, ssl, crypt = %9 AAT AT 5 A st F7He] 52 93 OpenSSL
ghol B g & AHS Ut T o} ® OS X o] % A X =2 7132 OpenSSL 2ho] H & 8] AHES
2T FQong o7 OPGHSSL ‘ﬂ"’]’ﬁﬂi AHE S 23y Th

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-corelopenssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in
the documentation and/or other materials provided with the
distribution.

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)

FE R ST T S N S R TR S N S S S S S S N S S e T S S S S N SRS N S T S T S
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* ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

*

*

*

* This product includes cryptographic software written by Eric Young
* (eayl@cryptsoft.com). This product includes software written by Tim
* Hudson (tjh@cryptsoft.com).

*

*/

Original SSLeay License

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eayl@cryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
1. Redistributions of source code must retain the copyright
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY

ECRE T A A I S S N S N S S SN T N S N N . I T e N S N IS S S S N T N N T S S
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* OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF

* SUCH DAMAGE.

*

* The licence and distribution terms for any publically available version or
* derivative of this code cannot be changed. i.e. this code cannot simply be
* copied and put under another distribution licence

* [including the GNU Public Licence.]

*/

C.3.13 expat

pyexpat 82 WE & ——yith-system-expat & FA 34| &= oF E3H expat &2 AFE S ALE

shel Mg o}

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 & I & ——yith-system-1ibffi & FA SR &= 31 L4 libfli &2 AFE S AR

shof =g ok

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

(TF& sl A ol A%)
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NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

z1ib -2 A2l o A b

— B :’E
Ut

4

A zlib WA o] Y7 e ojA o AE & o™, 3 zlib &

AR g Ste] WEH
Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc o &8 A= & Al Hl o] 22 & -& cfuhash Z2 A EE 7|Hlo 2 It}

[kl

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
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from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

_decimal RE2 WE=E ——with-system-libmpdec & 74 3}A] ¢+ S, 234 libmpdec 42~ AFE
2 Agetel A= U

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. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N HIAE A2Q|E

test I 7| AL CIAN2.0 H|AE A9 E (Lib/test/xmltestdata/c14n-20/)+= W3C § A}o] E https:

[ Iwww.w3.0rg/ TR/xml-cl4n2-testcases/ | A} 7} ko w 3- BSD 2ho] Al 3}of| vl = Ut}
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
following disclaimer.
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* Redistributions in binary form must reproduce the original copyright notice, this list of condi-
tions and the following disclaimer in the documentation and/or other materials provided with the
distribution.

¢ Neither the name of the W3C nor the names of its contributors may be used to endorse or promote
products derived from this work without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
(ASIS) AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED
TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTIC-
ULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EX-
EMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PRO-
CUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABIL-
ITY, 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.
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APPENDIX D

sho] 3} o] WA
Copyright © 2001-2021 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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e

Non-alphabetical

., 115

ellipsis literal, 18
T

string literal, 10
. (dot)

attribute reference, 73

in numeric literal, 14
! (exclamation)

in formatted string literal, 12
— (minus)

binary operator,77

unary operator, 76
' (single quote)

string literal,9
" (double quote)

string literal,9
mmwn

string literal, 10
# (hash)

comment, 6

source encoding declaration,6
% (percent)

L=, 77

o\
Il

augmented assignment, 88

& (ampersand)
A= 77

&:
augmented assignment, 88

() (parentheses)
call, 74
class definition, 104
function definition, 102
generator expression, 68
in assignment target list, 86
tuple display, 66

* (asterisk)
function definition, 103
import statement, 93
in assignment target list, 86
in expression lists, 82
in function calls, 74

o2, 76
* *
function definition, 103
in dictionary displays, 68
in function calls,75
A LF=r, 76
* k=

augmented assignment, 88

augmented assignment, 88
+ (plus)
binary operator,77
unary operator, 76
+=
augmented assignment, 88
, (comma), 66
argument list,74
expression list, 67,68, 82,89, 104
identifier 1list,95
import statement, 92
in dictionary displays, 68
in target list, 86
parameter list, 102
slicing, 73
with statement, 101
/ (slash)
function definition, 103
A=, 76
//
oA Lh=r, 76
//=

augmented assignment, 88

augmented assignment, 88
0b
integer literal, 14
0o
integer literal, 14
0x
integer literal, 14
2to3, 115
: (colon)
annotated variable, 88
compound statement, 98, 99, 101, 102, 104
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function annotations, 103

in dictionary expressions, 68
in formatted string literal, 12
lambda expression, 82

slicing, 73
; (semicolon), 97
< (less)

A= 78
<<

AL TT
<<=

augmented assignment, 88
<=

o= 78
-

A= 78

augmented assignment, 88
= (equals)

assignment statement, 86
class definition, 34

for help in debugging using

string literals, 12

function definition, 103

in function calls, 74

o=, 78
—>
function annotations, 103
> (greater)
A= 78
>=
= 78
>>
=TT
>>=

augmented assignment, 88

>>> 115

@ (ar)
class definition, 104
function definition, 102
A= 76

[1 (square brackets)
in assignment target list, 86
list expression, 67
subscription, 73

\ (backslash)

\n

escape sequence, 10
\r

escape sequence, 10
\t

escape sequence, 10
\U

escape sequence, 10
\u

escape sequence, 10
\v

escape sequence, 10
\ x

escape sequence, 10
~ (caret)

A= 7T

A—

augmented assignment, 88
_ (underscore)

in numeric literal, 14
_, ldentifiers,9
__, lidentifiers,9

__abs__ () (object M| A=), 41
__add__ () (object Wl A =), 39
__aenter__ () (object |l &), 44
__aexit__ () (object A=), 44
__aiter__ () (object M|A =), 44

__all__ (optional module attribute), 93
__and__ () (object Wl A =), 39
__anext__ () (agen M| A =), 72
__anext__ () (object M| A &), 44
__annotations__ (class attribute), 23
__annotations___ (function attribute), 21
__annotations__ (module attribute), 23

__await__ () (object M|A =), 43
__bases__ (class attribute), 23
__bool__ () (object method), 38
__bool__ () (object | =), 29
__bytes__ () (object Wl A=), 28
__cached_ , 58

__call__ () (object method), 75
__call__ () (object |A =), 37
__cause___(exception attribute), 91
__ceil__ () (object A=), 41

__class___ (instance attribute), 23
__class__ (method cell), 36
__class___(module attribute), 31

escape sequence, 10 _ class_getitem__ () (object®] S| HA =),
\N\ 37
escape sequence, 10 __classcell__ (class namespace entry), 36
\a __closure__ (function attribute), 21
escape sequence, 10 ___code___ (function attribute), 21
\b __complex__ () (object ] =), 41
escape sequence, 10 __contains__ () (object Wl A =), 39
\f __context___ (exception attribute), 91
escape sequence, 10 _ _debug_ , 89
\N __defaults__ (function attribute), 21
escape sequence, 10 __del__ () (object M| A=), 27
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__delattr__ () (object M| =), 30 _le_ () (object WA =), 28
__delete__ () (object Ml A =), 32 _ _len__ () (mapping object method), 29
__delitem__ () (object WA E), 39 __len__ () (object Wl =), 38
__dict__ (class attribute), 23 __length_hint__ () (object A=), 38
__dict__ (function attribute), 21 __loader_ ,57
__dict__ (instance attribute), 23 __1shift__ () (object ®| A=), 39
__dict__ (module attribute), 23 _1t_ () (object WA =), 28
_ dir__ (module attribute), 31 _ _main___
_dir_ () (object 1A =), 30 25,48, 107
__divmod__ () (object Wl X =), 39 __matmul__ () (object WX =), 39
__doc__ (class attribute), 23 _ missing__ () (object M| A &), 39
__doc__ (function attribute), 21 __mod__ () (object Wl A =), 39
__doc__ (method attribute), 21 _ _module__ (class attribute), 23
_doc__ (module attribute), 23 __module__ (function attribute), 21
__enter__ () (object IA ), 41 _ _module__ (method attribute), 21
__eq__() (object Ml A =), 28 _mul__ () (object Wl A=), 39
__exit__ () (object WA =), 41 __name__, 57
_ file_ ,58 __name___ (class attribute), 23
_ file_  (module attribute), 23 __name___(function attribute), 21
_ _float_ () (object WA &), 41 __name___ (method attribute), 21
__floor__ () (object MIA =), 41 __name__ (module attribute), 23
_ _floordiv__ () (object M|AZE), 39 __ne__ () (object A =), 28
_ format__ () (object W] A &), 28 __neg__ () (object ¥l =), 41
__func__ (method attribute), 21 __new__ () (object | A =), 26
_ future_ ,119 __next__ () (generator M| =), 70
future statement, 94 __or__ () (object M| =), 39
__ge__ () (object W] A =), 28 _ package_ ,58
__get__ () (object Wl A =), 31 __path__,58
__getattr__ (module attribute), 31 __pos__ () (object H| A =), 41
__getattr__ () (object WA =), 30 __pow__ () (object | A =), 39
__getattribute__ () (object WA =), 30 __prepare__ (metaclass method), 35
__getitem__ () (mapping object method), 26 __radd__ () (object M| =), 40
__getitem__ () (object M|X =), 38 __rand__ () (object Wl A =), 40
__globals__ (function attribute), 21 __rdivmod__ () (object M| X =), 40
__gt__ () (object {l| A =), 28 __repr__ () (object M| A &), 27
__hash__ () (object ¥| A =), 29 __reversed__ () (object M| A=), 39
__iadd__ () (object Hl A =), 40 _ rfloordiv__ () (object M| A &), 40
__iand__ () (object M|A =), 40 __rlshift_ () (object M|X =), 40
__ifloordiv__ () (object W] A=), 40 __rmatmul__ () (object WA E), 40
__ilshift_ () (object M| X =), 40 __rmod__ () (object W] A =), 40
__imatmul__ () (object M| X =), 40 __rmul__ () (object WA =), 40
__imod__ () (object W] A E), 40 __ror__ () (object Wl A =), 40
__imul_ () (object Wl A=), 40 __round__ () (object M| A =), 41
__index__ () (object H]A E), 41 __rpow__ () (object W] A=), 40
__init__ () (object WA =), 26 __rrshift__ () (object WA =), 40
__init_subclass__ () (object®] S;l2MAZ), _ rshift_ () (object WA E), 39
34 __rsub__ () (object W] A =), 40
__instancecheck__ () (class Wl A =), 37 _ rtruediv__ () (object M| A E), 40
__int__ () (object M|M =), 41 __rxor__ () (object M| =), 40
__invert__ () (object M| A &), 41 __self__ (method attribute), 21
__ior__ () (object WA =), 40 __set__ () (object M| A=), 31
__ipow__ () (object W] A =), 40 __set_name__ () (object M| A=), 32
__irshift_ () (object M| =), 40 __setattr__ () (object M| A =), 30
__isub__ () (object WA =), 40 __setitem__ () (object M|X =), 38
__iter__ () (object Wl A=), 39 __slots_ , 125
__itruediv__ () (object W] A=), 40 __spec__,58
__ixor__ () (object W] A =), 40 __str__ () (object W] =), 28
__kwdefaults__ (function attribute), 21 __sub__ () (object Wl A =), 39
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_ subclasscheck__ () (class Wl A &), 37 break, 92,98, 100
__traceback___ (exception attribute), 91 class, 104
__truediv__ () (object WA =), 39 continue, 92,98, 100
__trunc__ () (object M| A =), 41 def, 102
_ xor__ () (object W] A =), 39 del, 27, 89
{} (curly brackets) for, 92, 98
dictionary expression, 68 global, 89, 95
in formatted string literal, 12 if, 98
set expression, 68 import, 22, 92
| (vertical bar) nonlocal, 95
A LF=E, 78 pass, 89
| = raise, 91
augmented assignment, 88 return, 90, 100
~ (tilde) try, 25,99
A L=, 76 while, 92, 98
Rk with, 41, 101
asynchronous—generator, 72 yield, 90
Boolean, 19 oA LF=F
built-in function, 22,75 % (percent), 77
built-in method, 22,75 & (ampersand), 77
callable, 21,74 * (asterisk), 76
class, 23,75, 104 ** 76
class instance, 23,75 / (slash), 76
complex, 19 //,76
dictionary, 20, 23, 29, 68, 73, 87 < (less), 78
Ellipsis, I8 <<, 77
floating point, 19 <=,78
frame, 24 =78
frozenset, 20 ==,78
function, 21, 22,75, 102 > (greater), 78
generator, 24, 68, 70 >=,78
immutable, 19 >> 77
immutable sequence, 19 @ (ar), 76
instance, 23,75 ~ (caret), 77
integer, 19 | (vertical bar), 78
list, 20,67,73,87 ~ (tilde), 76
mapping, 20, 23, 73, 87 and, 81
method, 21, 22, 75 in, 80
module, 22,73 is, 80
mutable, 20, 86, 87 is not, 80
mutable sequence, 20 not, 81
None, 18, 85 not in, 80
NotImplemented, 18 or, 81
numeric, 18, 23 <
sequence, 19, 23, 73, 80, 87, 98 AssertionError, 89
set, 20, 68 AttributeError, 73
set type, 20 GeneratorExit, 70, 72
slice, 38 ImportError, 92
string, 73 NameError, 66
traceback, 25, 91, 100 StopAsyncIteration, 72
tuple, 19,73, 82 StopIteration, 70, 90
user—-defined function, 21,75, 102 TypeError, 76
user—-defined method, 21 ValueError, 77
= ZeroDivisionError, 76
assert, 89
async def, 105 A
async for, 105 abs
async with, 106 SHE SEA 4]
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Ak

abstract base class (F4

115

aclose () (agen WX ), 72
addition, 77
and

bitwise, 77

o= 81
annotated

assignment, 88
annotation (o] = H| o] A), 115
annotations

function, 103
anonymous

function, 82
argument

call semantics, 74

function, 21

H| ©]

function definition, 103

argument (912}, 115
arithmetic
conversion, 65
operation, binary, 76
operation, unary, 76
array
8 5,20
as
except clause, 100
import statement, 93
with statement, 101
S| =,92,99, 101
ASCII, 4,9
asend () (agen WA =), 72
assert
2,89
AssertionError
1<, 89
assertions
debugging, 89
assignment
annotated, 88
attribute, 86
augmented, 88
class attribute, 23

Eal

class instance attribute, 23

slicing, 87
statement, 20, 86
subscription, 87
target list, 86
async
ALY =, 105
async def
2,105
async for
in comprehensions, 67
2,105
async with
2,106

fly

Bl

Ea

7

L

asynchronous context manager (H] 5 7]
A E B2 A}, 116
asynchronous generator
asynchronous iterator, 22
function, 22
asynchronous generator (H] = 7] A o]
B]), 116
asynchronous generator iterator (H]Z7]
A ol g o] H e o] 8), 116
asynchronous iterable (¥] % 7] o] E & &),
116
asynchronous iterator (H]%7] o] o] H),
116
asynchronous—generator
A, 72
athrow () (agen WA &), 72
atom, 65
attribute, 18
assignment, 86
assignment, class, 23
assignment, class instance, 23
class, 23
class instance, 23
deletion, 89
generic special, 18
reference, 73
special, 18
attribute (MJEEHE), 116
AttributeError
<, 73
augmented
assignment, 88
await
in comprehensions, 67
ALY =,75,105
awaitable (o8]0l € &), 116

B

b'

)’

bytes literal, 10
b"

bytes literal, 10
backslash character,6
BDFL, 116
binary

arithmetic operation, 76

bitwise operation, 77
binary file (8}o]\ g 3}Y), 116
binary literal, 14
binding

global name, 95

name, 47, 86, 92, 93, 102, 104
bitwise

and, 77

operation, binary, 77

operation, unary, 76

or, 78

xor, 77
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blank line,7
block, 47
code, 47
BNF, 4, 65
Boolean
operation, 81
AL 19
break
2,92,98, 100
built-in
method, 22
built-in function
call, 75
A, 22,75
built-in method
call, 75
A, 22,75
builtins
15,107
byte, 20
bytearray, 20
bytecode, 24
bytecode (H}o|E T X&), 117
bytes, 20
SiE S, 28
bytes literal,9

bytes-like object (H}o]EAF 2 A)), 116

C

c, 10
language, 18, 19, 22,78
call, 74
built-in function, 75
built-in method, 75
class instance, 75
class object, 23,75
function, 21,75
instance, 37,75
method, 75
procedure, 85
user—-defined function, 75
callable
A, 21, 74
callback (%), 117
C-contiguous, 117
chaining
comparisons, 78
exception, 91
character, 19, 73
chr
SiE Es, 19
class
attribute, 23
attribute assignment, 23
body, 36
constructor, 27
definition, 90, 104
instance, 23

name, 104
A, 23, 75, 104
2,104

class (E32), 117

class instance
attribute, 23
attribute assignment, 23
call, 75
A, 23,75

class object
call, 23,75

class variable (E3 2 W), 117

clause, 97

clear () (frame WA &), 25
close () (coroutine M| A &), 44
close () (generator M| A &), 70

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_f1lags (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), 117
comma, 66

trailing, 82
command line, 107
comment, 6
comparison, 78
comparisons, 28

chaining, 78
compile

SiE A, 95
complex

number, 19

I, 19

SiE A, 41
complex literal, 14
complex number (B4, 117
compound

statement, 97
comprehensions, 67

dictionary, 68

list, 67

set, 68
Conditional
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expression, 81
conditional
expression, 82
constant, 9
constructor
class, 27
container, 18, 23
context manager, 41
context manager (AEAE #g 2}, 117
context variable (AHE2E W), 117
contiguous (<), 117
continue
2,92,98, 100
conversion
arithmetic, 65
string, 28, 85
coroutine, 43, 69
function, 22
coroutine (ZFE), 117
coroutine function (ZF¥ &%), 117
CPython, 117

D
dangling
else, 98
data, 17
type, 18
type, immutable, 66
datum, 68
dbm.gnu
8 5,20
dbm.ndbm
25,20
debugging
assertions, 89
decimal literal, 14
decorator (€ 28 °]¥]), 117
DEDENT token, 7, 98
def
2,102
default
parameter value, 103
definition
class, 90, 104
function, 90, 102
del
2,27,89
deletion
attribute, 89
target, 89
target list, 89
delimiters, 15
descriptor (23 HH), 118
destructor, 27, 86
dictionary
comprehensions, 68
display, 68
), 20, 23, 29, 68, 73, 87

dictionary (944 %), 118
dictionary comprehension, 118
dictionary view (8A4zg H), 118
display

dictionary, 68

list, 67

set, 68
division, 76
divmod

SiER E A, 40
docstring, 104
docstring (E2AE ), 118
documentation string, 24
duck-typing (5 E}o]H), 118

E

e
in numeric literal, 14
EAFP, 118
elif
I E, 98
Ellipsis
3,18
else
conditional expression, 82
dangling, 98
19 =, 92,98100
empty
list, 67
tuple, 19, 66

encoding declarations (source file), 6
environment, 48
error handling, 49
errors, 49
escape sequence, 10
eval
SiE 2 s, 95, 108
evaluation
order, 83
exc_info (in module sys), 25
except
S E,99
exception, 49,91
chaining, 91
handler, 25
raising, 91
exception handler, 49
exclusive
or, 77
exec
S whs, 95
execution
frame, 47, 104
restricted, 48
stack, 25
execution model, 47
expression, 65
Conditional, 81
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conditional, 82

generator, 68

lambda, 82, 103

list, 82,85

statement, 85

yield, 69
expression (E84]), 118
extension

module, 18
extension module (% 2 &), 118

F
f'

formatted string literal, 10
f"

formatted string literal, 10
f-string (fFEA}9), 118
f_back (frame attribute), 24
f_builtins (frame attribute), 24
f__code (frame attribute), 24
f_globals (frame attribute), 24
f_lasti (frame attribute), 24
f_lineno (frame attribute), 24
f_locals (frame attribute), 24
f_trace (frame attribute), 24
f_trace_1lines (frame attribute), 24
f_trace_opcodes (frame attribute), 24
False, 19
file object (3} AA, 118
file-like object (L HF AA)), 118
finalizer, 27
finally

19 =,90, 92,99, 100
find_spec

finder, 54
finder, 54

find_spec, 54
finder (3}Q1 L), 119
float

ST oA, 41
floating point

number, 19

AL 19
floating point literal, 14
floor division (A4 YA, 119
for

in comprehensions, 67

2,92,98
form

lambda, 82
format () (built-in function)

__str__ () (object method), 28
formatted string literal, 12
Fortran contiguous, 117

variable, 47
from
import statement, 47,93
Y E, 69,92
yield from expression, 70
frozenset
A, 20
fstring, 12
f-string, 12
function
annotations, 103
anonymous, 82
argument, 21
call, 21,75
call,user—-defined, 75
definition, 90, 102
generator, 69, 90
name, 102
user—-defined, 21
A, 21, 22,75, 102
function (&), 119
function annotation (& o]k H|o]A), 119
future
statement, 94

G

garbage collection, 17
garbage collection (7}F8]A] =4), 119
generator, 119
expression, 68
function, 22, 69, 90
iterator, 22, 90
A, 24, 68, 70
generator (A d °]g), 119
generator expression, 119
generator expression (AU @ o] g E 3 4,
119
generator iterator (AU d o]g o]g & o),
119
GeneratorExit
A<, 70, 72
generic
special attribute, 18
generic function (AU ), 119
GIL, 119
global
name binding, 95
namespace, 21
2,89,95
global interpreter lock (A Y Q¥ =g H
=), 120
grammar, 4
grouping, 7

Fl

frame
execution, 47, 104 handle an exception,49
A, 24 handler
free exception, 25
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hash
SiE Es, 29
hash character, 6

hash-based pyc (G| A] 718} pyc), 120

hashable, 68
hashable (3] A] 7}%), 120
hexadecimal literal, 14
hierarchy

type, 18
hooks

import, 54

meta, 54

path, 54

|
id
S S E, 17
identifier, 8, 66
identity
test, 80
identity of an object, 17
IDLE, 120
if

conditional expression, 82

in comprehensions, 67
2,98
imaginary literal, 14
immutable
data type, 66
object, 66, 68
A, 19
immutable (£%), 120
immutable object, 17
immutable sequence
2, 19
immutable types
subclassing, 26

import
hooks, 54
2.,22,92

import hooks, 54
import machinery, 5l
import path(YXE F =), 120
importer (Y X ¥), 120
ImportError

A<, 92
importing (Y2 4¥), 120
in

instance

call, 37,75

class, 23

A, 23,75
int

Sl E A, 41
integer, 19

representation, 19

AL 19
integer literal, 14
interactive (th3}+8), 120
interactive mode, 107
internal type, 24
interpolated string literal, 12
interpreted (U EZEE ), 120
interpreter, 107
interpreter shutdown (AEZZE £58), 120
inversion, 76
invocation, 21

io
85,24
is
o= 80
is not
o LF=r, 80
item
sequence, 73
string, 73
item selection, 19
iterable

unpacking, 82
iterable (9] #E), 120
iterator (°]Ed o] ¥]), 121

J
in numeric literal, 15

Java
language, 19

K

key, 68

key function (7] ), 121
key/datum pair, 68

keyword, 9

keyword argument (7] 9= A=}, 121

L

? < :l‘, 80 lambda

142,98 expression, 82,103
inclusive form, 82

or, 78 lambda (1T}, 121
INDENT token,7 language
indentation, 7 c, 18, 19,22, 78
index operation, 19 J;V; ]é ’
%ndiC§S()(ﬂWEUWH55%25 last_traceback (in module sys), 25
%nherltance,104 LBYL, 121
input, 108 leading whitespace,7
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len

i 24, 19, 20, 38
lexical analysis,5S
lexical definitions,4
line continuation,6
joining, 5,6
structure, 5

line
line
list
assignment, target, 86
comprehensions, 67
deletion target, 89
display, 67
empty, 67
expression, 82, 85
target, 86, 98
A, 20, 67, 73, 87
list (8 2E), 121
list comprehension (E|l2E AZE3A), 121
literal, 9, 66
loader, 54
loader (2H), 121
logical line,5
loop
over mutable sequence, 99
statement, 92, 98
loop control
target, 92

M
magic
method, 121
magic method (W] 3 WA =), 121
makefile () (socket method), 24
mangling
name, 66
mapping
A, 20, 23, 73, 87
mapping (7§33), 121
matrix multiplication, 76
membership
test, 80
meta
hooks, 54
meta hooks, 54
meta path finder (WE} AZ 591 H), 122
metaclass, 34
metaclass (HE S 2), 122
metaclass hint, 35
method
built-in, 22
call, 75
magic, 121
special, 125
user—defined, 21
AL 21, 22,75
method (WA &), 122
method resolution order (WAE ZAA <A,
122

minus, 76
module
extension, 18
importing, 92
namespace, 23
AL 22,73
module (B &), 122
module spec, 54
module spec (RE 24 122
modulo, 77
MRO, 122
multiplication, 76
mutable
a0, 20, 86, 87
mutable (7}¥), 122
mutable object, 17
mutable sequence
loop over, 99
A, 20

N

name, 8, 47, 66
binding, 47, 86, 92, 93, 102, 104
binding, global, 95
class, 104
function, 102
mangling, 66
rebinding, 86
unbinding, 89
named tuple (U Y= FZ) 122

NameError

<<, 66
NameError (built-in exception), 48
names

private, 66
namespace, 47

global, 21

module, 23

package, 53

namespace (°] & &7, 122
namespace package (°]& &7t 37| A)), 122
negation, 76
nested scope (FHH 27 2), 123
new-style class (F2EY Z#2), 123
NEWLINE token,5, 98
None
), 18, 85
nonlocal
2,95
not
o=, 81
not in
o =1, 80
notation, 4
NotImplemented
I, 18
null
operation, 89
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number, 14
complex, 19
floating point, 19
numeric
I, 18, 23

numeric literal, 14

O

object, 17
code, 24
immutable, 66, 68
object (AA, 123

object.__slots__ (WA W), 33

octal literal, 14
open
i orE, 24
operation
binary arithmetic, 76
binary bitwise, 77
Boolean, 81
null, 89
power, 76
shifting, 77
unary arithmetic, 76
unary bitwise, 76
operator
— (minus), 76, 77
+ (plus), 76, 77
overloading, 26
precedence, 83
ternary, 82
operators, 15
or
bitwise, 78
exclusive, 77
inclusive, 78
o L=, 81
ord
SHEE r s, 19
order
evaluation, 83
output, 85
standard, 85
overloading
operator, 26

P

package, 52
namespace, 53
portion, 53
regular, 52

package (3] 7] A]), 123

parameter
call semantics, 74
function definition, 102
value, default, 103

parameter (W7} ), 123

parenthesized form, 66

parser, 5
pass
2,89
path
hooks, 54
path based finder, 60
path based finder (AZ 7|49l 5}l tH), 124
path entry (3 E dEz]), 123
path entry finder (F=Z AEg 3}204), 123
path entry hook (FE JdEZT %), 123
path hooks, 54
path-like object (AZF ZAA), 124
PEP, 124
physical line,5,6,10
plus, 76
popen () (in module os), 24
portion
package, 53
portion (A1), 124
positional argument (9] X] Q1%}), 124
pow
SiER B A, 40
power
operation, 76
precedence
operator, 83
primary, 72
print
s, 28
print () (built-in function)
__str__ () (object method), 28
private
names, 66
procedure
call, 85
program, 107
provisional API (FFA API), 124
provisional package (FA 3 7] A)), 124
Python 3000 (o] & 3000), 124
PYTHONHASHSEED, 29
Pythonic (Z}o] M TH2), 124
PYTHONPATH, 60

Q

qualified name (F41384 ©]§), 124

r'
raw string literal, 10

raw string literal, 10
raise

2,91
raise an exception,49
raising

exception, 91
range

HE EE, 99
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raw string, 10
rebinding
name, 86
reference
attribute, 73
reference count (ZFX 3 4), 125
reference counting, 17
regular
package, 52
regular package (B3 31 7] A)), 125
relative
import, 93
repr
SiEE F A, 85
repr () (built-in function)
_ _repr__ () (object method), 27
representation
integer, 19
reserved word,9
restricted
execution, 48
return
2,90, 100
round
T oA, 41

S
scope, 47,48
send () (coroutine W] A &), 43
send () (generator M| A =), 70
sequence
item, 73
A, 19, 23, 73, 80, 87, 98
sequence (A] A 2), 125
set
comprehensions, 68
display, 68
A, 20, 68
set comprehension, 125
set type
), 20
shifting
operation, 77
simple
statement, 85
single dispatch (A& Y29 X), 125
singleton
tuple, 19
slice, 73
A, 38
SiEF SR, 25
slice (£8}o]2), 125
slicing, 19, 20,73
assignment, 87
source character set,6
space, 7
special
attribute, 18

attribute, generic, 18
method, 125
special method (E4 WA E), 125
stack
execution, 25

trace, 25
standard
output, 85

Standard C, 10
standard input, 107
start (slice object attribute), 25, 73
statement
assignment, 20, 86
assignment, annotated, 88
assignment, augmented, 88
compound, 97
expression, 85
future, 94
loop, 92, 98
simple, 85
statement (3, 125
statement grouping, 7
stderr (in module sys), 24
stdin (in module sys), 24
stdio, 24
stdout (in module sys), 24
step (slice object attribute), 25, 73
stop (slice object attribute), 25, 73
StopAsyncIteration
A<, 72
StopIteration
<1<, 70, 90
string
__format__ () (object method), 28
__str__ () (object method), 28
conversion, 28, 85
formatted literal, 12
immutable sequences, 19
interpolated literal, 12
item, 73
A, 73
string literal,9
subclassing
immutable types, 26
subscription, 19,20, 73
assignment, 87
subtraction, 77

suite, 97
syntax, 4
SysS

2 5,100, 107
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
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sys.stderr, 24

sys.stdin, 24

sys.stdout, 24

SystemExit (built-in exception), 49

T

tab, 7
target, 86

deletion, 89

list, 86,98

list assignment, 86

list,deletion, 89

loop control, 92
tb_ frame (traceback attribute), 25
tb_lasti (traceback attribute), 25
tb_1lineno (traceback attribute), 25
tb_next (traceback attribute), 25
termination model, 49
ternary

operator, 82
test

identity, 80

membership, 80
text encoding (HlAE Q17 1), 125
text file (AI2E 3}9), 125
throw () (coroutine WA &), 43
throw () (generator ¥| A E), 70
token, 5
trace

stack, 25
traceback

A, 25,91, 100
trailing

comma, 82
triple—quoted string (4= 2% ¥

), 126

triple—-quoted string, 10
True, 19
try

2,25,99
tuple

empty, 19, 66

singleton, 19

A, 19, 73, 82
type, 18

data, 18

hierarchy, 18

immutable data, 66

SiE s, 17,34
type (%), 126
type alias (8 9| dgojx), 126
type hint (¥ 31 E), 126
type of an object, 17
TypeError

<<, 76
types, internal,?24

24

U

u'

string literal,9
u"

string literal,9
unary

arithmetic operation, 76

bitwise operation, 76
unbinding

name, 89
UnboundLocalError, 48
Unicode, 19
Unicode Consortium, 10
universal newlines ((+U®¥ A = 3d7), 126
UNIX, 107
unpacking

dictionary, 68

in function calls, 74

iterable, 82
unreachable object, 17
unrecognized escape sequence, 11
user—-defined

function, 21

function call, 75

method, 21
user—-defined function

A, 21, 75, 102
user—-defined method

A, 21

\Y

value

default parameter, 103
value of an object, 17
ValueError

A4, 77
values

writing, 85
variable

free, 47
variable annotation (M4 o] H|o]A), 126
virtual environment (7} &7), 126
virtual machine (7} 7] A), 127

W

while
2,92,98
Windows, 107
with
2,41,101
writing

values, 85

X

T T4
abs, 41
bytes, 28
chr, 19
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compile, 95
complex, 41
divmod, 40
eval, 95, 108
exec, 95
float, 41
hash, 29

id, 17

int, 41

len, 19, 20, 38
open, 24
ord, 19

pow, 40
print, 28
range, 99
repr, 85
round, 41
slice, 25
type, 17, 34

__main__ , 48, 107
array, 20
builtins, 107
dbm.gnu, 20
dbm.ndbm, 20

io, 24

sys, 100, 107

bitwise, 77

I E

as, 92,99, 101

async, 105

await, 75, 105

elif, 98

else, 92,98100
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from, 69, 92

in, 98

yield, 69
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